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Abstract

On September 26-28, 1995, Sandia National Laboratories sponsored the first Joint
US/Russian Workshop on Fuel Cell Technology at the Marriott Hotel in Albuquerque,
New Mexico. This workshop brought together the US and Russian fuel cell commu-
nities as represented by users, producers, R&D establishments and government
agencies. Customer needs and potential markets in both countries were discussed to
establish a customer focus for the workshop. Parellel technical sessions defined
research needs and opportunities for collaboration to advance fuel cell technology. A
desired outcome of the workshop was the formation of a Russian/American Fuel Cell
Consortium to advance fuel cell technology for application in emerging markets in
both countries. This consortium is énvisioned to involve industry and national labs
in both countries. There were approximately 20 attendees each from Russia, Indus-
try, government and the National Laboratories. (For further information contact Al
Sylwester, Sandia National Laboratories, 505-844-8151.)

Background: The proposal for a Russian/American Fuel Cell Consortium was initi-
ated at the Third Entrepreneurial Workshop on US/Russian Technology Exchange
held in Livermore, CA in May 1994. In attendance at this workshop were represen-
tatives from the US Fuel Cell industry, US Research Institutes, Russian Institutes




and Ministries and US National Labs. Two outcomes were realized from this work-
shop. The first was the commitment for a direct relationship between a Russian
Institute (VNIEF, Arzamas-16) and a US Fuel Cell Manufacturer (M-C Power). A
feasibility study project which will evaluate cooperative Russian-American Fuel Cell
Manufacturing has received its initial funding. It should be noted that there are
additional ongoing discussions between the Russian Institutes and US Fuel Cell
Manufacturers and Research Institutes. The second outcome from this workshop
was the identified need for Russian/American Fuel Cell Consortium (RAFCO) to
advance fuel cell technologies for mutual benefit. A major focus for RAFCO will be
customer-driven, pre-competitive R&D that utilizes existing capabilities of the Rus-
sian Institutes and US National Labs. Sandia National Laboratories is hosting the
Joint US/Russian Workshop on Fuel Cell Technology to facilitate the formation of
RAFCO.
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Foreword

Sandia hosted the first Joint US/Russian Workshop on Fuel Cell Technology at the Albuquer-
que Marriott Hotel September 26-29, 1995. This Fuel Cell Workshop brought together nearly 80
participants from Russia and the US, representing government, industry, and national laborato-
ries. The 18 Russian participants included representatives from several government ministries,
including Gazprom, MINATOM, the Russian Ministry of Science, and the Russian Academy of
Science, as well as scientists and engineers from the Russian nuclear institutes VNIITF (Chelyab-
insk-70) and VNIIEF (Arzamas-16). Participants from the US side included 21 industry person-
nel and representatives from Department of State, Department of Energy (Energy Efficiency and
Renewable Energy, Fossil Energy, and Defense Programs), several national laboratories (Sandia
National Laboratories, Los Alamos National Laboratory, Argonne National Laboratory, Pacific
Northwest Laboratory), and universities.

Fuel Cells were first developed in the US and in Russia in support of space programs. Fuel
cells provide premium power with high energy efficiency and nearly zero emissions and are very
attractive for remote power needs. Both countries have substantial government-supported fuel
cell research and development (R&D) programs. Fuel cell technology is a national priority in
Russia as a source of remote power for Russia’s rapidly developing oil and gas industry. MINA-
TOM currently coordiantes fuel cell activities for all the Russian ministries and is involved in the
development of a fuel cell industry for Russia. Both VNIIEF and VNIITF have identified fuel
cells as a high priority technology and have established substantial programs for fuel cell R&D.

One of the goals of this workshop was to explore further the development of a Russian-
American Consortium on Fuel Cell Technology. The concept for this consortium was first pro-
posed by Bob Baker (now retired SNL) and Al Sylwester (SNL Department 6203) in May 1994 at
the Third Entrepreneurial Workshop held in Livermore, California. The Albuquerque workshop
was designed to involve a broad cross section of the key customers and stakeholders of fuel cell
technology in Russia and the US to determine whether the proposed Russian-American Fuel Cell
Consortium should exist.

During the three-day workshop, customer needs for fuel cells, the status of fuel cell technol-
ogy in Russia and the US, emerging market opportunities, and common research needs were iden-
tified. Important technical challenges which represent excellent opportunities for precompetitive
cooperative R&D, were also identified. The participants agreed that there should be continued
Russian/US interactions in fuel cell technology and that a Russian-American Fuel Cell Consor-
tium (RAFCO) should be formed.

At the conclusion of the workshop, a letter of intent (LOI) was prepared and was signed by
Sandia and MINATOM. This LOI identified the main goals of a RAFCO as follows:

« to coordinate R&D efforts in fuel cell technology that will result in cost-effective leverag-
ing of the research and financial resources of the participants;

» to seek and identify new and additional funding sources and obtain commitments from
these resources;

« to serve as a clearing house to facilitate interactions between the participants;
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« to encourage and facilitate nonproliferation safeguards through the redirection of the R&D
expertise in Russian and US nuclear labs for peaceful applications.

MINATOM agreed to commit initial financial support to realize the formation of RAFCO,
provided that the US would match their level of effort. Sandia agreed to lead continuing efforts to
establish RAFCO and to help establish an operating budget of $2-3 million per year. The man-
agement, operation, and contracting for the RAFCO will likely benefit from Sandia experience
and the existing infrastructure established in the Cooperative Measures Program for contracting
with institutes in the former Soviet Union.

Recently, a letter of appreciation from VNIIEF Institute Director V. Belugin was sent to Sandia
President Paul Robinson thanking Sandia for hosting the Fuel Cell Workshop and leading the con-
tinuing efforts toward forming RAFCO. Separately, a letter from Minister of Atomic Energy V.
Mikhailov to Secretary of Energy Hazel O'Leary suggested that the proposed Russian-American
Fuel Cell Consortium be a topic for discussion in conjunction with the next Gore-Chernomyrdin
Commission Conference.

Sandians from a wide range of organizations, including the Applied Energy Program 6200,
the Cooperative Measures Program 5331, Engineered Materials and Processes Center 1800, the
Strategic Alliances Department 4501, and Technology Transfer 4200 participated in organizing
and executing this successful workshop. Newly purchased simultaneous interpretation equipment
was used during this workshop and added substantially to the communication among the partici-
pants. The Sandia interpreters and support personnel provided exceptional service, ensuring a
successful workshop.



Ladies and Gentlemen, Dear Colleagues,

I would first like to thank the Organizing Committee for the invitation to take part in such an

important event like this Workshop.

I would also like to say a few words about the A.N. Frumkin Institute of Electrochemistry of
the Russian Academy of Sciences. The Institute was founded by Professor Alexander Naumovich
Frumkin in 1958 on the base of the Department of Electrochemistry of the Institute of Physical
Chemistry of the Academy of Sciences of the USSR. As B. Lyubovin noted in his speech yester-
day, since its foundation our institute has been a participant in all-union programs on fuel cells. I
would like to add that Professor A.N. Frumkin was also the first Chairman of the Council on Fuel
Cells of the Academy of Sciences of the USSR (1961).

Professor A.N. Frumkin was a great authority. In 1966 he was elected the President of the
International Society of Electrochemistry. He founded the journal Elektrokhimiya (English title

Soviet Electrochemistry). The journal is now call the Russian Journal of Electrochemistry.

Professor A.N. Frumkin was a member of more than 20 foreign academies of sciences and
scientific societies (two of which were in the USA: National Academy of Sciences, and the Amer-
ican Academy of Sciences and Arts) and also received the highest award of the American Chemi-

cal Society, the Palladdium Medal.

The 6th International Frumkin Symposium, “Fundamental Aspects of Electrochemistry,”
dedicated to Frumkin Centenary (1895-1995), was held in Moscow on August 21-25, 1995.

Thirty foreign researches took part in this Symposium.

I myself was involved in the decision of scientific problems of fuel cell in the sixties when
according to A.N. Frumkin’s recommendation, I was performing exchange work in the Prof.

J.O'M. Bockris Laboratory of Pennsylvania State University studying the adsorption of organic
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substances on metals by the radioactive indicators method with the aim to create electrodes for

the fuel cells working on organic fuel.

After the death of A.N. Frumkin, according to his recommendation, I was elected the Director
of the Institute of Electrochemistry. Since that time I have maintained interest in the problem of

fuel cells.

A
0% 0¥
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Background for the 1995 Fuel Cell Workshop
Bob Baker Sandia National Labs—Retired

As you may or may not know, this fuel cell activity was initiated in Moscow in
September 1993 in the planning for the March 1994 3rd Entrepreneurial Work-
shop. The entrepreneurial workshops, sponsored jointly by ACDA and the DOE,
are intended to teach entrepreneurial skills to the Russian Nuclear Weapon
Institutes. The first two of these entrepreneurial workshops were strictly aca-
demic in nature and the third was expected to broaden this scope. As the plan-
ning meeting progressed, it became obvious that the Russian customers wanted
three things:

1. Less theory and more application.

2. Direct contact with US industry in order to form joint Russian/American
ventures.

3. Afuel cell project.

None of the DOE Labs present or represented at the meeting were prepared to
present or accept a fuel cell project. Because of the strong Russian interest, |
accepted this project for Sandia. | had some skepticism for the success of the
project because | knew that the concept for a fuel cell was developed in
England in about 1839 and yet, 150 years later, commercialization was not a
reality. 1 returned to the United States and, still skeptical, started to try to
develop a fuel cell project—I-began talking to Government and Industry fuel cell
personnel to determine if fuel cells could be commercialized or were just
another thermonuclear power generation like project.

I found that from the industry view point, the lack of fuel cell commercialization
was caused by a lack of cost competitiveness with other power sources and an
undemonstrated reliability. In addition some solvable technical problems
needed to be resolved to achieve economical production. Industry sources
assured me that funds for solution of the technical problems and funds for
demonstration of reliability would solve these problems. Still skeptical, | contin-
ued my investigation. Eventually, | became convinced that fuel cell technology
was on the verge of commercialization. | think that if you listen critically to the
presentations for the next two days, you will come to the same conclusion.

The problem appeared to be funding. In addition to industry, | needed to talk to
funding and using agencies to solicit their participation in the Fuel Cell portion of
the workshop. :

Why should funding agencies be interested in funding fuel cell development?

12



In discussions with government agencies | found that their long term interests
included:

1. Conservation of fossil fuel supplies.

2. Solutions of environmental problems caused by power production and use.

3. Areliable low cost power source that does not generate nuclear weapon prolif-
eration concerns.

In discussions with fossil fuel producers and utility users, | found their interests to
be in understanding and leading chanqes in fossil fuel use in power generation.
Transportation users are vitally interested in reducing environmental pollution.

Because of fuel cells inherent ability to meet these stated governmental needs,
industry sees large potential markets particularly in transportation. A power plant
market might develop—first overseas, later in the U.S.

Immediately prior to the start of the workshop, | discussed fuel cell development
with representatives from several possible funding sources. These included:
ACDA, DOE, EPRI, the USIC Industrial Partnering Program, access to Nunn-
Luger funds, and access to fossil fuel producer funds. All looked possible given
the right circumstance.

The 3rd Entrepreneurial workshop convened with four DOE National Labs, two
fuel cell industries, DOE/AL, and EPRI represented. M-C Power and Arzamas-
16 quickly found a mutual interest that has resulted in a joint feasibility study.
EPRI became interested in the work of the Russian Institutes and has placed
R&D contracts with Chelyabinsk-70. These relationships were completed after
the workshop ended. An initial concept for a joint Russian/American fuel cell
consortium was developed that addressed organization, funding, and
implementation issues. The planned mission was:

To facilitate in the development and manufacture of power plants based on fuel
cell technology to meet industrial and societal needs especially environmental
needs. The consortium would work toward the realization of world-wide market
benefits and opportunities in stationary power and transportation applications.

The purpose of this workshop is to re-assess the value of the establishment of
such a consortium.

13
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Hcropayeckas copaBKa 0 ceMAHApe IO TOIUHBELIM djeMenTam 1995 rona
Bo6 Beiikep, Cananiickue HaquoHaJIbHbIE JJa00PaTOPHY - HA NEHCHH

Kak BaM, BO3MOKHO, H3BECTHO, 9Ta pab0Ta IO TOIJIEBHBIM dJIEMEHTaM Obl1a HadaTa B
Mocxkse B MapTe 1994 roga Ha 3acefjaHuy O NJJaHEPOBaHHIO TpeThero
[MpennpuaumaTebekoro Cemunapa. IlpeAIpAAEMATEIBCKAE CEMHAHAPHI, COBMECTHO
¢dunancupyemsie ACTDA u MuEHCTEpCTBOM SHEPrEeTHKH, IPOBOJAATCA C HEJIBIO 00yIEHAT
poccniicKux RHCTATYTOB 10 IO eJI0BBIM OpraHA3aTOpPCKHM cnocobHocTsM. IlepBBie B3 ABYX
IPOBECHHBIX CEMHHAPOB HOCHJM CYry00 aKaJJeMAYECKH XapaKTep H 0XKHAaJI0Ch, YTO TPETHI
CEMHHap BECKOJIBKO PACIIHPHT 3TH paMKH. B Xofie 3aceaHus CTaja0 OYEBHAHO, ITO
POCCHICKHM 3aKa39HKaM HY>KHBI TPH BEILH:

1. Menspiue Teopun | 6oJIblIe IPaKTHKH.

2. IIpsample KOHTAaKTHI ¢ mpoMbiiuieHHOCThIO CITA mi1g hopMupoBaHHES COBMECTHBIX
POCCHIACKO-aMEPUKAHCKUX NpEANPHITHH.

3. IIpoexT no TONJIHBHBIM JJIEMEHTAM.

Hu omAa 13 mpHCYTCBYIOIUHMX MJIM NpeicTaBJICHHABIX HAa ceMAnape jga0opaTopuii MHHEHACTEPCTBaA
DHEPreTHKH He OblIa roToBa K TOMY, YTO0B! BRICTYOHTh C MPOEKTOM IO TOIJIABHBIM
dJIEMEHTaM MJIM NPHHATH TaKoBoil. BBy 60/IBILOro HHTEPECa POCCHHCKON CTOPOHKI K JJaHHOH
TEMaTHKe, I NPUHSLII 3TOT npoekT oT yimna Canjang. [Ilance! Takoro mpoexTa Ha ycmex g
pacHeHHBaJI ¢ oJieil CKemTUIA3Ma, HOCKOJIBKY 3HaJl, YTO HAed TONJIABHOIO 3JIEMEHTa ObliIa
pa3paboTana B Anrsun B 1839 rony, HO TeM He MeHee, 150 JjieT cnycTd KoMMepnaaH3anas
9TOi AJeH TaK H He cTaJjia peaJibHOCTHIO. 51 BepHyJics B Coenunennsle IIITaTHl B, Bce TaK Xe
CKENTAYECKH HaCTPOEHbIH, HayaJl NpeHpUHAMATH NONBITKH OpraHu30BaTh NPOEKT IO
TOIJIABHBIM JJIEMeHTaM. 5 BCTYyNHJI B IEPErOBOPHI € NMPEACTABHTEIIMHE IOCYfapCTBESHABIX
yupesKaeHuil 1 NPOMBIBLIEHHOCTH, 3aHIMAIOIEMHACI TEMAaTHKOH TONJIMBHBIX 2JIEMEHTOB,
9T005! ONPEAe/IHTh, BO3MOKHO JII KOMMEpIHaJIA30BaTh TOIJIABHbIC 3JIEMEHTS! HJId 3T0 OyAeT
ele oOfHH, NoA0OHBIi “reHepHpPOBaHHIO TEPMOSICPHON MOLIHOCTH HPOEKT.

Y nanoch YCTaHOBHTD, 9TO ¢ TOUKH 3pEHAS HpeACTaBATEJICH NPOMBIILIEHHOCTH, OTCYTCTBHE
KOMMeplIAaJIH 3l TONJIHBHBIX 2JICMEHTOB 00bICHIETCS HX HEAOCTATOUHOM
KOHKYPEHTOCNOCOOHOCTHIO O CPaBHEHHIO C APYTEMHE HCTOYHAKAMH JHEPTHH, a TAKXe
HENPOJEMOHCTPHPOBAHHOH! Hale2KHOCTHI0. KpoMe Toro, U1 opraHA3anud SKOHOMHYECKH
BBIT'OJIHOrO MPOU3BOJCTBA HEOOXOMHMO PELIHATD PS HECJIOKHBIX TEXHHYECCKAX 3aha4. Mon
ACTOYHAKH HEOPMALHH B Kpyrax NpOMBIIUICHEOCTH 3aBEPHJIA MEHS, 9TO BbIJIEJICHHE
¢poHIOB Ha penienne TeXHAYECKNX 33129 0 POHAOB Ha AEMOHCTPANHIO Hale’KHOCTH PEIIHJIO
6b1 3T mpo6JieMbl. (JcTaBasich CKENTHKOM, g NPOROJIKHJI CBOH HccJieloBands. B xonne
KOHIOB, I YOSIHJICS B TOM, UTO TEXHOJIOTHS TOITABHBIX 3JIEMEHTOB HAXOAUTCS HAa I'PaHH
KoMMepIansawiy. [[yMalo, 910 KpUTHIECKA NPOC/IyIlaB AOKJIa[bl B TEUCHHE NOCJIENYOMEAX
IBYX HHEH, BBl NpILICTE K TOMY XK€ 3aKJIIOUCHHIO.

Kaxk oxazanoch, npofyema 3akJrodaeTcs B puHaHCHApOBaHAY. KpoMe IpOMBINUICHHABIX
KpPyroB, MHE HCOOXOAMMO GBLJIO 32PYIHTHCS COrJIacHEM CyOCHAHpPYIOIEX BEAOMCTB H
OpraHu3aIuii-3He profoJib3oBaTeseil 06 yJacTHd B YaCTH CEMHHApa, DOCBAMIEHHON TONIHBHBIM
DJIEMEHTAM.

ITouemy cyGenanpylole opraii3anid JOJIKHEI OBITh 3aHHTEPECOBaHbl B (DHHAHCAPOBAHHH
paboT no paspaborke TI?
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W3 o6cyX aeHnii ¢ NpeacTaBUTE ISIMU FOCY JaPCTBEHHEBIX BEJIOMCTE CTaJ10 SICHO, 9TO HX
JOJICOCPOYHBbIE HITEPECH] BKJIIOYAIOT B ceost:

1. KoncepBaniio 3alacoB HCKOOaeMOro TOILJIABA.

2. PemieHie 9K0JIOrAYECKHX npo6JieM, BHI3BaHHBIX NPOA3BOACTBOM H MCHOJIb30BaHACM
SHEprHH.

3. Co3panie HafaeXHoro, 5KOHOMAYECKH 3 (PEKTHBHOro HCTOYHAKA SHEPraH, HE
IpeCTaBJIOLIEero co00i 0NaCHOCTH C TOUKH 3PCHUS pacIpoCcTpaBeHHS AACPHOTO OPYXKHUS.

W3 Gecen c NPOH3BOANTECIIMH HCKONAaeMOro TONJIABAa B HOJIb30BATCISIMH YCJIYT
KOMMEPUYECKOT0 DHCpFOCHa6}KCHHH yAaJIoCh BBISICHHTD, 9TO HX HHTEPECH! 3aKJ1049a10TCA B
TOM, wTOGH! DOHITH H BO3rJIABHTH ACIATEJIBHOCTD IO BHCCEHUIO H3MEHEeHAH B HCHOJIb30BAHUC
HACKOHTAEMOro TOIJINBA AJISI HY2K] IpOH3BOACTBA SHEPrum. ITosp30BaTEIH TPAHCOOPTHBIX
CPEeOCTB KH3HCHIO 3aHHTepeCOBaHbl B YMCHBIICHAH 3arpA3HCHASL Oprxcaxomeﬁ Cpeabl.

TToCKOJIBKY B TOMIIBHbIE 3JEMEHTH 3aJ10KeHa CHOCOGHOCTD YIOBJICTBOPHTH BCE
IepeuncIeHHbIE Bblille FOCYIaPCTBEHHbIC TPEOOBARAS, HPOMBIIILICHHOCTD npeaBaIET GOIBLUIOH
PHIHOK HX COBITA, OCOGEHHO UL HY X/ TPAHCIOPTA. EcTh nepcueKTHBbI BO3HAKHOBEHAS
PHIHKA SHEProyCTaHOBOK - CHAYaJIa 32 py6exom, notom B CIIIA.

HenocpecTBEHHO NEpe]l HaYaIOM CEMHBapa s NpOBeJI o6cyxaenns no npodaemam T3 ¢
IpEACTABATEJISIMII HECKOJIPKHX NOTCHIHAIbHBIX HCTOYHAKOB ¢uBaHCHpOBaHHSL. DTAMH
geTowrRKaMi geasotes: ACTDA, Murrcreperso anepreTaks, EPRI (MiccienoBaTe JIbCKHil
HHCTATYT 3JIEKTpoaneprun), [fporpaMMa NpOMBILLICHHOro HapTHEPCTEA USIC
([Ipompuwiesnoit Koammun CHIA), nocTyn X dongam Hanna-JIyrapa g RoCTyl K dongam
IPOH3BOJIHTE IEHl HCKONAEMOro ToImBa. Bee 3TH BapuaHThl BO3MOXHBI IpH HaJINIHH
6JIarONpPHATHOrO CTEYEHHs 0OCTOSTEIILCTB.

Ha TpeTnem [TpeanpuinMaTe IbhckoM ceMusape GhLIM PEeICTaB/ICHE! IETHIPE HaOHOHAJIbHBIE
naGopaTopun MuHEcTepCTBA SHEPreTAKY, ABE OTPACJIH, IPOH3BOAINHC TOMIHBHBIC
aJieMenTHL. Mimmctepetso snepreTakn/AL u EPRI. Komanms “M-C Power” u Ap3amac-16
GBICTPO HALLTI 0OJIACTH B3aHMHOIO HHTEpECa, 9TO HPHBEJIO K COBMECTHOI pa3paboTKe
TeXHAKO->KOHOMITUECKOro o6ocHopanus. EPRI saunTepecoBaics paGoToi poccHiicKAX
EHCTHETYTOB i 3aKsuoun gorosopa no HAOKP ¢ YensouackoM-70. DTH B3aHMOOTHOICHHT
65UTH odbopMUIEH)! NIOC/Ie OKONYaHAS ceMuHapa. bhuia paspaGoTaHa mepBoHaYaIbHAL HICHA O
CO3/IaHHH COBMECTHOTO POCCHIICKO-aMEPHKaHCKOro KOHCOpIHyMa, KoTopas KacaJiach
BOIPOCOB Opranir3auiy, (PuHAHCHPOBAHNSA ¥ HPETBOPCHAS B XKA3HD. ITnarapyeMoe Ha3HaYCHHAE
KOHCOpIHYMa:

Oxasviéamp codeicmaue 6 pa3pabomie u U320MOGAeHUU IHEPZOYCIMAHOBOK HA OCHOBGE
MexHOI02UY TNONLIUGILLLY DTIEMEHIMOB C Yeiblo YO0GemBOpeHUs. RPOMBLULIIEHHDBLY U

06 ecmaeennbLX 1Ly#0, 8 0COGEHHOCIU HYHO, CBA3AHHBLX € oxpanoii okpyscaroujei cpeobl.
Paboma xoicopyuyma 0ydemn Hanpagcjiena Ha peau3ayuio npeumyecme GbLBeOeHUS
RpodyKyuu na MUPOGOL PLLILOK U BO3MONCHOCINEU ee NPUMEREHUS 0151 HY¥O
CIAYUOHAPHO20 NePeoCHAlNCeHUSL U MPAHCROPIMA.

HCJTI) HaACTOSIICTO ceMiHapa COCTOUT B NOBTOPHOM aHaJIM3C [eHHOCTH CO3JaHug YOIOMSIHYTOI'O
BBILIE KOHCOpUHyMa.
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Joint US/Russian Workshop on Fuel Cell Technology

Background: The proposal for a Russian/American Fuel Cell Consortium was
initiated at the Third Entrepreneurial Workshop on US/Russian Technology
Exchange held in Livermore, CA in May 1994. In attendance at this workshop were
representatives from the US Fuel Cell industry, US Research Institutes, Russian
Institutes and Ministries and US National Labs. Two outcomes were realized from
this workshop. The first was the commitment for a direct technology exchange
relationship between a Russian Institute (VNIIEE, Arzamas-16) and a US Fuel Cell
Manufacturer (MC Power). This joint-venture has received its initial funding. (It
should be noted that there are additional ongoing discussions between the Russian
Institutes and US Fuel Cell Manufacturers and Research Institutes). The second
outcome from this workshop was the identified need for a Russian/American Fuel
Cell Consortium (RAFCQ) to advance fuel cell technologies for mutual benefit. A
major focus for RAFCO will be customer-driven, R&D that utilizes existing
capabilities of the Russian Institutes and US National Labs. Sandia National
Laboratories is hosting the Joint US/Russian Workshop on Fuel Cell Technology to
faciliate the formation of RAFCO.

Consortium Customers: US Industry, US Government Agencies (e.g., DOE, DOC,
DOS), Research Institutes (e.g., EPR], GRI) and Russian Ministries (e.g., Gazprom,
MINATOM).

Consortium Purposes: Perform R&D in support of Customer needs in generic fuel
cell technologies to ensure their commercialization. Leverage scarce R&D resources
to access R&D capabilities at Russian Institutes and US National Labs. Promote
Russian/US joint-ventures in fuel cells.

Consortium Members: The initial members of the RAFCO will be the US Fuel Cell
Industry, Russian Institutes engaged in fuel cell R&D and the US National Labs.
Additional members may join as needed.

Anticipated Benefits: Customers will obtain effective R&D responses to prioritized
needs, technology to overcome barriers to fuel cell commercialization and increased
leverage for scarce R&D funds. The Fuel Cell Industry will obtain fuel cell R&D and
access to emerging markets identified by the consortium. US National Labs and
Russian Institutes will obtain funding for enabling R&D on fuel cells which
facilitates US and Russian defense conversion.

Mechanisms for Funding: Customers who contribute financial support will form
the RAFCO Guidance and Evaluation Board. Priority technology needs will be
determined and communicated by the G&E Board to the RAFCO members. RAFCO
members will define and propose individual projects consistent with the goals of
the consortium and responsive to Customer needs. Projects will be selected by the
RAFCO G&E Board. Customers will contribute funding to projects endorsed as
responsive to that Customer’s needs and consistent with that Customer’s missions.
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Poccuncko-aMepUKaHCKui KOHCOPLUYM N0 TONAUBHBIM IAEMEHTaM
(RAFCO)

Uctopuyeckas cnpaska: [lpeanoxedne o  cospanmm  Poccuiicko-
aMEepUKAHCKOro KOHCOpUWYMa NO TOMAMBHBIM 3AEMeHTaM 6blAO  BhEpsbie
BbICK838HO BO BPEMS NPOBEAEHUS 3-er0 CEMMHApa No NPeANnPUHUMAETEAbCKON
aearenbHocTy (“lLikoabl MeHepxepos') B AvBepMope B Mae 1994 ropa. B atom
CeMyHape NPUHUMAaAKN y4acTe NpeACTaBUTEAN aMEPUKAHCKON NPOMBILAEHHOCTH
No  NPOW3BOACTBY  TOMAMBHBIX  3AEMEHTOB,  aMEPWKAHCKMX  HaYYHO-
NCCAEAOBBTEAbCKMX WMHCTUTYTOB, POCCHUWACKMX WHCTUTYTOB ¥ MUHWUCTEPCTB W
aMEePUKEHCKMX HALUMOHEAbHBIX AabopaTopuit. 3TOT CEMMHAP UMEA ABA BAXHbIX
nocnepcTsng.  Bo-nepsblx, 6bINO AOCTUFHYTO COrAalieHWe O npsMoM o6MeHe
TEXHOAOTVIEV MEXAY BHl/lI/I3CD U 8MEPUKAHCKMM W3rOTOBUTEAEM TOMNAMBHBIX
3AEMEHTOB (hUpMoN "Im-Cu Maysp”. 3710 COBMECTHOE NpeAnpuaTME B TeyeHue
BAMXENWNX HECKOABKUX HEAEAD NOAYYUT MCXOAHOE uHaHCHMposaHue. (CaepyerT
OTMETUTb, 4TO OBCYXAEHUS BONPOCOB COTPYAHMYECTBA NPOXOAST B HacTosliee
BPEMS MEXAY POCCUNCKUMU UHCTUTYTaMU W aMEPUKAHCKMMI NPOUN3BOANTENIMM
TOMAVBHbIX 3AEMEHTOB M HAY4YHO-UCCAEAOBATEABCKMMW WMHCTUTYTamu). BropbiM
NOCAEACTBMEM CEMMHAPE 9BMAACH MAEHTUDMKAUNS HEOBXOAUMOCTH CO3AEHMS
Poccuncko-aMepukaHCKoro KOHcopLMyMa No TONAMBHBIM 3AemenTam [RAFCO)
AANS TOro, 4tofbl AOCTMYb NPOFPEecca B PassBUTM TEXHOAOTWM TONAMBHBIX
3AEMEHTOB B LEAIX B3auMHOW Bbiropbl. KoHcopumym B ocHosHOM 6yaer
3@HUMaTbCY NPEKOHKYPEHTHOMN HaY4YHO-UCCAEAOBATEALCKON paboTow,
PYKOBOACTBYSCb  HYXA8MM  3aKasuYMKOB M MCMOAB3YS  CyuwecTsyiolme
BO3MOXHOCTA POCCWACKMX WHCTUTYTOB WM  aMEPWKAHCKMX  HALMOHAEAbHbIX
nabopaTopui. CaHauckue HauWMOHaAbHble AabopaTopuy HaxoASTCa B
npolecce opraivMsaumm U“  NOATOTOBKM  COBMECTHOIO  POCCUMCKO-
dMEPUKAHCKOro CeMuHapa NoO TEXHOAOTWMM TOMNAMBHBLIX 3AEMEHTOB, OAHOW U3
Lieael KoToporo sBageTcs hopmmpoBanne KoHcopunyma.

KanenTtbl KoHcopunyMa: amepukaHckas NPOMbIAEHHOCTb, NPaBUTEABCTBEHHbIE
opraibl  CUA  (MuHucTepcTBO  aHepretvky, MUHUCTEPCTBO  TOProBAM,
[ocypapCTBEHHBII  AEN3PTAMEHT),  HAyYHO-MCCAEAOBATEABCKME  MHCTUTYTHI
(HanpumMep, MHCTUTYTBI UCCAEAOBAHMIM IAEKTPOBHEPIUM U rasa) u poccuickue
MuHucTepcTBa (HanpumMep, 'asnpoM, MuHaTtoM.

3apaun KoHcopuuyMa:  BbINOAHATL HAYYHO-UCCAEAOBATEAbCKME PABOThl AAS
YAOBAETBOPEHUS HYXA 38Ka3uMKOB B ccepe obumx TEXHOAOTUA TONAMBHBLIX
3AEMEHTOB B LIEAIX MX YCNEWHOM KOMMepLUuanmsaumm. PasymHO Mcnonbsosatb
CKYAHblE pEecypchl Ha HaydHO-UCCAepOBaTenbckue pabotel € TeM, 4ToGbl
MOAYYMTb AOCTYN K MMEIOWMMCS B POCCUICKMX WHCTUTYTax ¥ aMepuKaHCKux
nabopatopuax  BOSMOXHOCTIM  MPOBEAEHMS  HaYYHbIX  MCCAEAOBAHWM.
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CTMyANpPOBaTb CO3AaHME POCCUICKO-aMEPUKEHCKMX COBMECTHbIX TPEANPUSTUN
No NPOWU3BOACTBY TONAMBHBIX SAEMEHTOB.

Ynenbt KoHcopunyMa: Mpn cospanmm B KoHcopunyM BOMAYT NpeACTaBUTEAN
aMEPUKAHCKOM  NMPOMBIWAEHHOCTH,  BbiyCKaloWel  TOMAUBHBIE  IAEMEHTbI,
POCCUACKME WHCTUTYThl, B KOTOPbLIX BEAYTCHS MCCAEAOBAHWUS MO TOMNAMBHBIM
3AEMeHTaM, U aMmepukaHckue Aabopatopumn. NAONOAHUTEAbHbIE YAEHBI MOTYT
BNOCAEACTBUM NPUCOEANTLCY.

MNpeanonaraemMole BHIFOAbI: 3aKasuMkM  NOAYYET PE3YAbTaThl  HAYYHbIX
UCCAEAOBAHWIA, NPOBEAEHHBIX B OTBET HA BLICK@3@HHbIE MMM HYXAB W MO
ONPEAEAEHHOMY UMK NPUOPUTETY, 8 TaKXe TEXHOAOFUK, KOoTopble MNOMOryT
NPEOAONETb NPENSTCTBUS HA NYTV K KOMMEPLMAAU3aLMY TOMAMBHBIX SAEMEHTOB.
Kpome Toro, sHauntensHo 6onee achdeKTMBHO 6YAYT MCNOAb30BATHCY SHBHO
HEAOCTATOUHblE  PEecypcbl  Ha  MPOBEAEHWE  HAYYHbIX  MCCAEAOBAHWN.
[MPOMBILAEHHOCTb, BLINYCKAIOWAA TONAMBHBIE 3AEMEHTbl, NMOAYYUT PE3YAbTATHI
HaY4YHblX WCCAEAOBAHMMA W AOCTYN K pasBuMBalOWMMCS pPbIHKAM  cHblTa,
naeHTMbuUmMposarnibeiM - KoHcopunyMoMm. AMepuKaHCcKMe  HauMOHaAbHble
AabopaTopmMn U POCCUMCKWUE WHCTUTYTHl NOAYYaAT (DUHAHCMPOBAHWE, KOTOPOE
NO3BOAMUT NPOBEAEHNE HAYYHO-UCCAEAOBATEABCKUX PaboT, YTO, B CBOKO OYEPEAb,
6yAeT copencTBOBaTE NPOLECCY KOHBEPCHM B O6EUX CTPaHax.

Mexanusmel puHaHcupoBanug: KAMEHTB, BHOCSUME  ASHEXHbII  BKAAA B
KoHcopuuyM, cTaHyT uAeHaMM NpPaBAEHWS, 3aA3IOWEro HanpaBAGHUS W
MPOBOASWErO OUEHKY AEITEeAbHOCTU.  HyXAbl MHAYCTPMM NO CTENEeHU WuX
npuoputeTa 6yAYT ONpeAeneHbl NpaBAeHUEM 1 nepeaaHsl Yanedam KoHcopunyma.
Ynenbl KoHcopumyma oOnpeAensT TEMAaTMKy M NPEANOXAET WHAMBUAYAAbHblE
NPOEKTh, COOTBETCTBYIOWMNE UeAsM KoHcopuvyma wn oTsevaloue 3anpocam
KAneHTOB. [poekTbl 6YAYT OTOOPaHb! U YTBEPXAEHBI NpasaerneM KoHcopumyMa.
KAneHTb! BHECYT DUHEHCUPOBAHME Ha NPOEKTH, KOTOPLIE OTBEYAIOT BbICKA3aHHbIM
UMW HYXXAEM Y COOTBETCTBYIOT MX NOCTABAEHHbBIM 33A84aM.
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Consortium Decision Process
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Science and Technology Centers
in the
Former Soviet Union

Overview
Statistics
Processes

Science and Technology Centers
in the Former Soviet Union

* International Science and Technology Center
(ISTC) -- based in Moscow

» Science and Technology Center in Ukraine
(STCU) -- based in Kiev

* Objective: To prevent the proliferation of the
technology and expertise of weapons of mass
destruction by providing weapons scientists and
engineers of the former Soviet Union meaningful
alternative employment in their own countries
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Overview of the ISTC

 ISTC is an intergovernmental organization
+ Founding parties:

—U.S., European Union, Japan

— Russia
 Additional parties:

— Finland, Sweden

— Republics of Georgia, Armenia, Belarus, and
Kazakstan

Overview of the ISTC
(Continued)

« Full operation began in March 1994

« Governing Board meets quarterly to approve
projects and establish policy

« Through June 1995, over 450 proposals have been
received; they involve over 300 FSU institutes

« Through June 1995 Board meeting, a total of 157
projects have been approved for funding

« Total project funding to date has been
approximately $70 million (~$30M from the U.S.)
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Are the Centers Working?

» ISTC: As of June 1995, the ISTC Governing Board
had approved and funded 157 projects providing
support for over 9,500 CIS scientists.

e STCU: The Center has an office in Kiev, has issued a
first call for proposals, and is now reviewing projects
for approval later this year.

* The Russian parliament originally opposed the
Science Center concept. Russian board members say
the Duma is now positively disposed toward
ratification of ISTC agreement.

Whom Does the ISTC Support?

» The ISTC was established to provide peaceful non-
weapons opportunities to weapons scientists and
engineers of the former Soviet Union.

 The primary focus has been on FSU scientists and
engineers with knowledge and expertise related to
weapons of mass destruction (nuclear, biological, and
chemical), and their delivery systems.

 ISTC support is intended as a disincentive to provide
that knowledge to states aspiring to acquire or
improve weapons of mass destruction and their
delivery capabilities.
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What Kinds of Efforts do the
STCs Support?

+ Projects with commercial potential that can:

— Produce long-term, non-military, economic support for
weapons scientists and engineers

— Support the redirection of weapons expertise from
military to peaceful endeavors

+ Basic and applied research and development for peaceful
purposes in:
— Environmental protection and energy production
— Biotechnology
— Nuclear reactor safety
— Other technologies

The Regional Perspective

« For the years 1992-1995, Nunn-Lugar funding
restricted support to groups in Russia, Ukraine,
Kazakstan, and Belarus.

 For 1996 and beyond, funding through the Freedom
Support Act will continue to focus on weapons
institutes in Russia, Ukraine, Kazakstan, and
Belarus, but may include support to groups in
Georgia, Armenia, and Kirgizia, if they fit eligibility
and selection criteria, and if the projects are
consistent with U.S. policy priorities.
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The Future of the
Science and Technology Centers

* Original funding sources may not be available in the
future

» Implement two-part strategic plan:

— Make other U.S. Government funded programs aware
that they can use the Centers for projects that are
compatible with Center objectives (e.g., employing
weapons scientists)

— Establish procedures and policies to allow funding
from inter-governmental and non-governmental
(including industry) sources, universities, and
foundations

Project Implementation Process

» Overall objectives:

— Provide alternate employment for FSU weapon
scientists

— Non-weapons fields and subjects

— Good and useful work with emphasis on
civilian and potential commercial applications

~ Potential for continued independent support
— Establish collaborative arrangements
* Proposal submission (approved by host country)
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Project Implementation Process
(Continued)

Evaluation by supporting governments:

— Independent technical peer review

— Policy review

Recommendation to Governing Board
Governing Board approval

Implementation by ISTC
Project execution---possibly with collaborator(s)

Project Implementation Process
(Continued)

Funding procedures:
— Funding level determined for U.S. support

- U.S. transfers supporting funds to ISTC on
verification of signed Project Agreement

— ISTC disperses funds on basis of work records
and deliverables received

— Auditing procedures
Current and future funding levels

12
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Process for Collaboration

» Collaborative efforts with government, industry, and
universitics are encouraged
» Centers offer unique advantages:
- Tax and other protections
Access to multilateral funding to leverage
existing program support
 Criterta for collaborative projects:
- Efforts complementary to existing programs

- Willingness to provide substantive cfforts

Process for Collaboration
(Continued)

 Three cascs for collaboration:
In-place projects
Projects in proposal stage
New efforts
* On agrcement among, partics, notify ISTC, DOS
« Jomt proposal preparation-—-if desired (new cfforts)
« Assistance / collaboration with proposal revision and
development of Project Agreement

* Provide substantive collaboration for project duration
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Hayuno-mexnuueckue yenmpoi
6 cmpanax oviauLeco
Cogemckoco Coro3a

Oo630p
Cmamucmuka

Ilpoyeccor

HayuHo-TexHuueckue meHTpbl
B cTpaHax obiBmero Coserckoro Corosa

* Mexoynapoonviit nayuno-mexuuyeckuis yenmp
(MHTLU) — B Mockse

* YKpauncxkuit nayuno-mexnuueckKuil yenmp
(YHTL) — B Kuese

* Jadaua: npefoOTBPATHTDH PACIPOCTPAHEHHE TEXHOJIOTHH
M OMbITa pa3padOTKH OPYXKHUSI MACCOBOTO YHUUTOXEHHSI,
NPENOCTABUB YUEHbIM U UHXXEHEPAaM H'3 CTPaH ObIBLUETO
Coserckoro Cor3a, cneuyaau3upyouMcest B 3TOi
00J1aCTH, BO3MOXHOCTb OCMBIC/IEHHOH 4JIbTEPHATHBHOI
palOoThI B CBOHX CTpaHaX.
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O030p nesreabnoctu MHTIY

MHTLL — MCRNpaBHTC/bCTBCHHAS OPTaHIaLisl

e Crpanbl — ocHoBateabHiub MHTI
— CUIA., crpanbl Esponeiickoro cooduwecrsa, Snoxus
- Poccenst

e Jlpyric cTpanbl-yUacTHHLDI

— Duunsugus, Hseus

— PeenyOnukn I'pysiusi, Apmennst, benapycn
1 Kasaxcran

0030p nesreabHoctu MHTII
(MPOAOIKCHIIC)

e llenTp npucTynia K padoTe B OJHOM 00beMe
B Mapte 1994 r.

« PykoBomsiuiiii COBCT NPOBOAUT CXKCKBAPTASILHBIC
SacCOAHHs IU1S1 YTBCPKACHISE TPOCKTOR 1 NPABIL
BHYTPCHHCTO PAacnopsiaka

o K monw 1995 r. 6110 nonyucHo donce 450
NpEANOXKCHIL, NPEAYCMATPHBAIOWHX BOBJCUCHIC
B npockTh 6osice 300 nueriryron oviswero CCCP

« Ha cosewannn Pykosogsiwero cosera B mone 1995 r.
ObL10 yTBEPAK ACHO (huHaHcnposane 157 npoekTon

e Ha ceroansitnnii gcHb 00Wast cyMmma (DHHAHCHPOBAHIIS
MPOCKTOB COCTABSICT NPUMEPHO 70 MIJIJTHOHOB
posutapon (13 Hix 30 mimonos seigessitor CIHIA)
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Hacko.1bk0 2(p(peKTHBHA padoTa

HAaYYHO-TCXHHNYCCKHUX IIGHTpOB?

* MHATI: X uronro 1995 r. PyxoBopsuumit coper MHTI]
yTBEpAWI (puHaHcupoBanue 157 mpoekToB, 00ecneunBalOIHX
paboroit 6ostee 9500 yuensix ux crpan CHI®

 YHTI]: llenTp OTKpbLJI IpEACTaBUTEIHCTBO B KHieBe,
00BSIBUJI O IEPBOM cOOpe MPENJI0KEeH i, U B HACTOIIIEe
BpeMsI pacCMaTpUBaET NIPEAJIOKEHNS, YTBEPKIEHHE KOTOPBIX
IJTAaHUPYETCS B CIICAYIOLIEM F'ORY

» Poccuiickoe 3ak0HOAaTEIbHOE COOpaHNe NEpPBOHAYAJIBHO
BBICTYIHUJIO POTHUB Hjeu co3aannsa HaydHno-TeXHHIecKoro
LeHTpa. B Hacrosuee BpeMs npeacrassistomie Poccro
uJieHbl PyKOBOASILEro COBETa rOBOPAT, UTo JlyMa Tenephb
CKJIOHSETCS K NIOJIOXKHUTEJIPHOMY PELICHUIO BOpoca
0 paTuduKanuy corJianienus oo yuacrun Poccnu 8 MHTILLL

5

Komy okasbiBaet noaaepxkky MHTIL?

» MHTII 6511 co3[aH ¢ LEesIbIO NPEeOCTaBJIEHHST BOSMOXHOCTEH
MUPHOH, He CBSI3aHHOH C OpyXueM paboThl YIEHBIM
U uHXeHepaM u3 crpas opBiuero Coserckoro Corosa,
ClIelMaJIM3UPYIOIMMCS B 0071aCTH pa3pabOTKH BOOPYXKEHHIA.

» OcHOBHOE BHIMaHHE OBLIIO COCPEAOTOUEHO Ha YUEHBIX
U MHXeHepax u3 crpal OnBiero CCCP, oby1agaronux
3HAHUSIMH U ONBITOM, CBSI3aHHBIMH C OPYXKHEM MacCOBOI'O
YHUYTOXEHUA (IOEpHBIM, OMOJIOrHYECKAM H XUMHIECKHM),
a TaKXe C CUCTeEMaMH NOPaXeHUS NPOTHBHUKA STHMH BHOAMHU
OpYXHSL.

 ITognepxka co croponsl MHTII nipeqycMaTpUBaeTCs C LIEJIBEO
NpEAOTBPAICHUS NIepeiauy TaKUX 3HaHMH H OIBITa
rOCyAapcTBaM, CTPEMSIUUMCS IIPHOGPECTH HJIH
YCOBEPHIEHCTBOBATDH OPYKHE MaCcCOBOI0 YHUITOXKECHHUS
¥ CUCTEMBbI IOPa>KEHUS IPOTHBHUKA STHM OPYXKHEM.
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Kak ocyIecTBjiseTCsA NOAAePKKa
co croponbi HTI{?

o TIpoeKThl, OTKPHIBAIOLIE KOMMEPUECKHE BO3MOXKHOCTH

- JloJsirocpouHasi, HEBOSHHAST JKOHOMHYECKAS MOAAEPKKA YUCHBIX
H HIDKEHEPOB, CHElMa/M3HPYIONMXCs B 00J1acTH pa3paboTKy
BOOpPYXKEHUH

- TlopnepXKa HCIOJIB30BaHUS OIbITA, HAKOIUICHHOIO B Ipolecce
pa3pabOTKH OPYXHUS, B MUPHBIX IIEJIIX

o TCOpeTI/I‘-IeCKI/IC H IIPUKJIAHBIC UCCJICHOBAHIS K pa3pa6o'rKH
B MHPHBIX HEJIIX

- Bamura oKpyXaromieii cpefibl ¥ BbIpaboTKa SHEPrUuu
- Bbuorexuosoruga

- O6ecneuenne 0€30MaCHOCTH SIACPHBIX PEaKTOPOB

- JIpyrue TEXHOJIOTHYECKYE pa3paboTKy

PerunonajibHbie IEPCIICKTUBbI

o Ha nporsxermu 1992—1995 rr. B COOTBETCTBHH C 3aKOHOM
Hanna—JIyrapa Ob1J10 IpegyCMOTPEHO OrpaHHYEHHOE
dbunascupoBanue rpymt B Poccu, Ha YKpauHe,

B Ka3zaxcrane u benopyccuu

o Hagumasg ¢ 1996 r., puHaHCHpOBaHUEe HHCTUTYTOB B Poccui,
Ha Yxpaune, B Kasaxcrane u Besopyccuu Oyaer
IPOJOJIXATHCSA B COOTBETCTBUM C 3aKOHOM O MOANIEPXKKE
nemokpaTuu (Freedom Support Act); KpoMe TOr0, MOXET
OBITH IPEAYCMOTPEHO TaKXe (DMHAHCHPOBAHME HHCTHTYTOB
B I'pysun, ApMennu i Kuprisum, ecyi 3TH pecyOJMKy
OyayT UMETH IIpaBo Ha (pMHAHCHPOBAHUE U COOTBETCTBOBATH
KPUTEPUSIM 0TOOpa, a TaKXe eCJM TaKoe (PUHAHCHPOBaHUe
OyZieT COOTBETCTBOBATH NIEPBOOYEPEAHBIM
prHemHenosmTuueckuM neysam CIIA.
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Hay4Ho-TexHn4ecKkue NeHTpbI
B OyaymemM

* Hcrounuku CbHHaHCI/IPOBaHI/ISI, HCIIOJIb30BaABHINCCA
IEPBOHAYAJIbHO, BIIOCJICACTBUA MOI'YT OKa3aThCA HCAOCTYIIHBIMH

» IIpenycMaTpuBaeTCs BbIUIOJIHEHHE JBYXITAHOTO
CTPATErn4ecKoro IJjiaHa

- Pacnipocrpanenue urdopmanuu o ToM, 9o HTII MoryT GBITh
KCIOJIb30BaHbl B paMKax Apyrux dpuHancupyemsix CIITA
IpOrpaMM B LIeJIIX BBIIOJIHEHUS IPOEKTOB, COOTBETCTBYIOIIUX
npenuasHauennio HTII (T. e. npemocTaBiieHus paGoTsI
crenyamcTaM B 00J1aCTH pa3pabOTKy BOOPYK eHuit)

- Paspa6oTka npouenyp 1 NpaBuI, MO3BOJISIOLIHUX
¢puHaHCUPOBATH MPOEKTHI C UCIOJIH30BaHUEM
MeXIPaBUTEJIbCTBEHHBIX U HENPABUTEJIECTBEHHBIX (B TOM

YJHUCJIC HPOMI)IIHJ'ICHHI)IX) HCTOYHHKOB, YHUBCPCHTCTOB, (1)0H}10B
AT I

IIponiecc BHeApeHUs MPOEKTOB

¢ OcHoBHEbIE LIeJI

- IIpemocraBiieHue cnelaaucTaM Mo pa3paboTKe
opyxus u3 crpal 0bbiBIIero CCCP Bo3MOXHOCTEMH
aJIbTEPHATHUBHOM pabOTHI

~ He oTHOocd1Imecs K BOOPYKEHUSIM 00J1aCTH H TEMBbI
uccJieoBaHuUil 1 pa3paboTOK

— IoJste3Has u adpexTUBHASI paboTa, COCPEOOTOUEHHAS
B OCHOBHOM Ha BO3MOXKHOCTSIX I'PaXJaHCKOI'O
U KOMMEPUYECKOr'0 HCTIOJIH30BaHUS HMEIOIIETrOCs OIBITA

— BosMoxHOoCTH [aJIbHelIel He3aBUCHMOH OANEPKKHI
(caMOOKymaeMOoCTH) MPOSKTOB

- 3axJIr0YeHuEe COoTJIallleHni O COTPYAHNIECTBE

* IlpencrassieHue npensioxXeHuii (yTBepKaaeMbIX CTPaHOH,
B KOTOpOii OyZeT BBHIIOJIHATHCS IPOEKT)

10
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HpOIleCC BHEAPEHHUA IIPOCKTOB
(MPOIOJIX EHUE)

Ouenka IpoeKTa IpaBUTEJIbCTBAMU CTPaH,
NPUHAMAIOLIIHEMH yJacTye B ero (PUHAHCHPOBAHUM

- Onenka 1eJiecoo0pasHOCTH NPOEKTa HE3aBUCHMBIMHU
CIIEIMaJIUCTaMH, BEAYIIMMH UCCIISAOBAHUS B TOH XK€
o0JiacTn

— IlepecMOTp IipaBuJI BHIIOJIHEHHS IPOSKTA
IpencraBsiende peKkoMeHaanuli PyKoBoasIlieMy COBETY

YTBepXJieHHe NpoeKTa ¥ peKoMeHaauui PyKoBOASIIIIM
COBETOM

Breppenue npoekTa MeXAyHapOOHBIM Hay49HO-
TEXHUIECKUM HNEHTPOM

* BrmoJsmenure npoekTa (BO3MOXHO, B COTPY/IHUYECTBE
C IPYT'HMH OpraHU3aUsIMu)

IIpouecc BHeAPEHUA IIPOCKTOB
(IpOZI0JIKEHUE)

IIpouenyps! pUHAHCUPOBAHUS
— Omnpepesienue aosm CIOA B dyHaHCHPOBaHHAM
IpoeKTa

- Tlepeson BhinesigeMbix CIIIA cpencrs Ha cuer MHTIL]
II0CJIe TIpPOBEpKH noxnucagHoro CorJialeHns
O BBIIOJIHEHUH IPOEKTa

- Pacnpenesienne cpencts B MHTI Ha ocHOBe
IOJIyYEeHHBIX pa0ounx 3afaHuil ¥ rpaduka ux
BBIITOJIHEHUS

- Ilponeayps! peBuU3uii 1 IPOBEPOK
» YpoBHH (PHHAHCHPOBAHKS B HACTOSIIEM M B OyAyHieM
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IIporecc cOTpyTHAYECTBA

 TlommepKKa M CTHMYJISILHS COTPYOHUYECTBA MEXIY
TIIPaBUTEJIHCTBAMH, IPOMBIIIJIEHHBIMY NPEANPUITUIMHU
1 YHUBEPCUTETaMU

¢ YuukaJbHbIE Bo3MOxXHOCTH HTI]
— HaJtorossle u ApyTrue JIbTOTHI

- JocTyn X MHOIOCTOPOHHEMY (DHHAHCHPOBAHUIO,
o0eCreunBaoIeMy JaTbHEHIYIO TOAAEPXKY
BBINIOJIHSIEMBIX IIPOIPaMM

» Kpurepun, onpenesisrone BOSMOXHOCTb COTPYAHUYECTBA
B XOJi€ BHIITOJIHEHUS IIPOEKTOB

~ IIpunsarue Mep, JONOJIHSIOMIUX TEKYIL¥e IPOrpaMMEL
HOAAEPXKHU U (PUHAHCUPOBAHUSI

- CrpeMJieHHE BCEX COTPYOHUYAIONIAX CTOPOH
IpEAIPUHAMATE CYLIECTBEHHBIC IIaTd B 9TOM
HanpaBJICHUH s

IIporecc coTpyaHuvecTBa
(mponoJIXEHHUE)

o Tpu 3Tamna cCOTpyOHUUECTBA
- YXe BHEApEHHbBIE MPOEKTHI
- IIpoeKTel B CTaAuy pacCCMOTPEHUS PEAJIOKEHUH
- HoBpie npoeKTsI

» YBepgomuienne MHTII u I'ocynapcTBeHHOr0 fenapTaMeHTa
CIITA 1o corsiaiiesuto CTOpOH

o CoBMecTHas IOArOTOBKA IIPEJIOKEHUIl IO X EJIAaHUIO CTOPOH
(HOBBIE IPOEKTHI)

 Oka3zaHye IIOMOIH 1 COTPYIHHYECTBO B 00JIACTH OHEHKH
H PacCMOTpEHHS IPOEKTOB ¥ MOAroTOBKH CorJiarreHuit
O BBIIOJIHEHNU POEKTOB

¢ CyuiecTBEHHBI 00bEM COTPYAHUYECTBA B XO/I€ BHITIOJIHEHUS
IIpPOEKTa
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Gazprom Market for Energy Installations Using Fuel Cells

Yu.V. Galitskiy

Deputy Chief of the Administration for Scientific and Technical
Progress and the Ecology of the Gazprom RAO

Moscow
The Gazprom RAO [Russian joint-stock company] is a major industrial and financial
complex whose job is to provide gas for the national economy of Russia, as well as to

supply it under international and intergovernmental agreements.

The existing capacity of its production structures and high level of scientific potential
allow Gazprom to forecast the future with confidence.

Some figures on Gazprom:

e length of trunk gas pipelines — 140,000 km;

gas and gas condensate fields — 70;
installed capacity of equipment for the transmission and compression of gas — 37

million kW;

underground gas storage facilities — 16.

Principal engineering and operating characteristics of the Gazprom RAQ for 1994

gas production 570 billion cubic meters
oil and gas condensate production 7,881,000 tons

gas treatment 37.4 billion cubic meters
sulfur 2,123,100 tons

helium 3,727,000 cubic meters
liquefied gas 630,000 tons

diesel fuel 948,000 tons

gasoline 393,000 tons

gas ranges 473,000

profits 5488 billion rubles
capital spending 7472 billion rubles

total gas exports 184.7 billion cubic meters

including to CIS countries
share of Russia in international

89

78.8 billion cubic meters
38.9%



trade in natural gas
e percentage of gas among principal types 48%
of fuel and energy in Russia

Gazprom employs 340,000 people in the production, transmission and treatment of gas
and in other spheres of activity.

The facilities of the systems of energy supply in the gas industry are the gas production,
treatment and transmission points and drilling installations, as well as the storage
facilities for gas, auxiliary facilities supporting the vital activity of technological,
municipal and domestic consumers, and systems for automation, electrical and chemical
protection, and line remote control and communications gear.

The most numerous industrial facilities in the gas industry are the gas transmission
facilities and compressor stations of the trunk gas pipelines. Very high requirements are
posed toward the energy supply systems. The supply of power to the facilities of the gas
industry is accomplished through the regional and local electrical grids, as well as
electric-power plants for internal needs.

Electric-power plants for our internal needs, with piston or gas-turbine drive and
operating on natural gas, are used as the principal power source in areas with difficult
natural and climatic conditions.

The gas industry has quite a large quantity of LEP [electrical transmission lines] along
the rights of way of the trunk gas pipelines, which are intended for the power supply of a
host of consumers along the line (cathodic protection installations, valve sites, remote
control locations and the like). The power used by these consumers lies within the range
of 1-10 kW, but their overall number is considerable and lies within the range of 15,000—
20,000. The power is supplied from autonomous power installations where there is a lack
of external sources: power units with gas, diesel or gasoline engines of various models,
thermo-electric generators, turbo-alternators, wind-power installations etc. Both Russian
models — type GTG-150 generators operating as part of AIP autonomous power sources —
and power sources from foreign sources — ORMAT turbo-alternators, and
turbogenerators from the Canadian firm of Global Thermoelectric and TELAN in the
United States — are used.

The reliability of the electrical equipment, electrical transmission lines, transformer
substations and electric power plants supporting the operation of enterprises in the gas
industry should be exceptionally high, since most of the consumers are in the special
group of category one.
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The reliability of power supply for the enterprises of the gas industry is being increased,
both by means of raising the reliability of individual units and through the adoption of the
corresponding circuitry and engineering ideas that would provide for the uninterrupted
operation of the power supply through back-ups and the creation of surplus installed
capacity.

A large number of electrical generators and electric power plants of various types and
capacities are in operation at enterprises of the Gazprom RAO, and which support the
stable operation of gas-producing and gas-transmission systems when interruptions arise
in power supply from electrical transmission lines. The most numerous of these are
electrical units with a capacity of 100, 500 and 630 kW. These units correspond to
contemporary requirements for automation, and have acquitted themselves well in
operation.

The back-up electrical units and power plants are currently gas turbines, with some
outmoded models included among them. The existing inventory of electrical units in the
industry requires work for the systematic upgrading of the entire inventory. That work is
being performed, and the use of the most modern electrical equipment is planned with a
regard for the specific nature and principles of market policy.

The path of creating electric power plants to supply internal needs at the facilities of the
industry, providing for the reliable electric power supply for the enterprises in the sector
and the sale of the surplus electric power and heat to outside organizations, seems to be
the most efficient one.

The further improvement of the engineering and economic values of the electric power
plants and the improvement of all of their systems and equipment is of great importance.
The Gazprom RAO has developed a power series of electric power sources that is being
recommended for use in the industry.

The power series includes ten nominal capacities (14 types of power plant) of power
plants, of which five are in the range of 100 to 1,000 kW and five (with nine types of
plants) have a nominal capacity in the range of 1,500 to 6,000 kW. The production
capabilities of our machinery plants, as well as the contemporary level of development of
autonomous sources of electric power with piston and gas-turbine engines and the
prospects for their improvement, were taken into account in the development of the
power series.

Power Series of Electric Power Plants Recommended
for Use at Enterprises of Gazprom RAO

No. Usage class Power, kW Efficiency rating, %

1 AR 100 36
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2 AR 200 37
3 A,RO 500 34
4 A 630 38
5 AR O 1,000 37
6 AR O 1,500 21
7 R, O 2,000 21
8 R, O 2,500 27
9 R, O 4,500 24
10 R, 0 6,000 30

Power plants: A —emergency; R — back-up; O — primary.

In recent years, owing to the re-orientation of the economy as well as the refusal of state
structures to participate in the design engineering and construction of facilities in the
electric power grid and generating sources for new fields, the specialists of the industry
have had to solve problems in the emergence and development of electric power supply
systems independently. The Gazprom RAO has in this connection developed a
conceptual framework for building systems for electric power supply and a series of
standard documents governing their creation (the categorization of electrical receivers,
calculation of the number of electric power units for internal needs, configurations for the
electric power supply of compressor stations on trunk gas pipelines) with the optimal
combination of primary, back-up and emergency sources of electric power that have been
assimilated by the industry of Russia.

Considerable experience has been accumulated in the sector in the design engineering,
construction and operation of electric power supply systems for gas-producing and gas-
transmission systems, located both in the assimilated regions of Russia and in regions
with difficult natural and climatic conditions.

Gazprom has until recently been supplying gas to the electric power plants of Russia and
the near and far abroad without participating in the sale of the end product — the electric
power and heat; that is, it has acted as a raw-materials appendage.

Two avenues for the receipt of profits from the operation of electric power plants are
currently appearing for the Gazprom RAO: profits from the sale of gas, and profits on
the capital invested in the construction of electric power plants.

The Gazprom RAQ is conducting active negotiations with a number of firms in the
United States, Turkey and Italy, among others, in order to participate in the realization of
gas power projects in the near and far abroad.

The Gazprom RAO intends to participate in the design engineering, construction,

operation and ownership of electric power plants provided the following conditions are
met. An engineering feasibility study should be submitted for this or that project.
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Gazprom, after studying it and being convinced of the efficiency of the project, is
prepared to create any structures for the realization of the project.

Power installations based on fuel cells, data on which is coming to us more and more
often, and the development of low-power energy installations using phosphoric acid and
fused carbonate fuel elements, are being financed by the industry and are of undoubted
interest to the enterprises and facilities of Gazprom by virtue of their striking technical,
operational and other characteristics:

e high efficiency;

e ecological cleanliness;

o reliability in operation;

e high quality of the energy;

e safety in operation;

e compatibility with existing systems and units.

The discussion concerns both low-capacity power installations of 1-100 kW, as well as
large-capacity power installations of one megawatt or more.

Given confirmation of the consumer properties and acceptable cost of the power
installations, we are prepared to consider any project. We await specific proposals from

you.

Thank you very much.
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PBIHOK T'ASITPOMA JIJII BHEPTOYCTAHOBOK
HA TOILUIMBHBIX DJTJEMEHTAX

T0.B. Iaauurui
. Jamecmumend HA4AALHUKA YRPAGACHUA

Hay4HO-MeXHu4ecKo20 npozpecca
u 3roa02uu PAO "TA3IIPOM"

Mockea

PAO '"TA3IIPOM" npencraBnser co0OH KpYNHBIA IPOMBIUDIEHHO -
bUHAHCOBEIN KOMIUIEKC, 3aJayeil KOTOpOro ABJseTcs obecreyeHne rasoM HapoIaHOTo
xo3giictBa Poccuy, a Takke IIOCTaBKa €ro IO MEXTOCYNapCTBCHHBIM U
MEXIIPABUTEIHCTBEHHEIM COIVIAIIEHUSIM.

CyYIIECTBYIOIE MOIIHOCTH €ro IIPOM3BONCTBEHHBIX CTPYKTYP, BBICOKMH
ypOBeHb HAydHOro moTeHimana o3poysaioT TA3ITPOMy yBepeHHO IIPOrHO3UPOBAThH

Oyayuiee. .

Hexomopuie yugper no TA3IIPOMy:
®TIPOTSDKEHHOCTh MArMCTPAIBHEIX Ta30NpoBooB - 140 THIC. KM;

®Ta30BBIX ¥ Ta30KOHAEHCATHEIX MecTopoxaeHuH - 70;

®yCTAaHOBJICHHAs  MOIIHOCTh
KOMIIpECCHPOBAHuUS rasa - 37 MIH.KBT;
eII0/I3EMHBIX XPaHMIMIIL rasa - 16.

OcHogHble mexHUKo-3K0HoMuYecKkue noxasamenu desmenvnocmu PAO "TASIIPOM" 3a

1994 2.

oJlo0rIya rasa

oJ[00pya HedTHU U Ta30BOr0 KOHIEHCATa
eIlepepaboTtka rasza

oCepa

eleuit .

¢ CXIDKCHHEBIN ra3

oJI13eNbHOE TOIUIMBO

ebeH3UH

oI IIHUTEL Ta30BBIE

o] Ipu6GrUIL

¢OCBOEHO KaIlMTAJIbHEBIX BIIOXEHUI
®DKCIIOPT rasa BCEro,

B T.4. B ctpansl CHI'
oJlona Poccuy B MEXIyHApOIHOM TOPIOBJIE
MIPUPONHBIM ra30M
oB yyiciie OCHOBHBIX BUJIOB TOIUIMBA U SHEPTUHU B
Poccuu ra3 cocTaBisgeT

104

obopyloBaHMsa U1  TPaHCIOPTHUPOBKH

570 mMipn.Ky6.M
7881 THIC.T

37.4 Mipa.Kyo.M
2123.1 THIC.T
3727 THIC.KyO.M
630 TBIC.T

948 ThIC. T

393 THIC.T

473 THIC.ILT.
5488 Mipn.pyo.
7472 Mipa.pyo.
184.7 mupa.Ky6.M
78.8 miupH. Ky6.M
38.9%

48%



B noOplye, TpaHcropTte, IepepaboTke rasa ¥ MHBIX chepax OESATENBHOCTH
TA3ITPOMa 3ansto 340 THIC. YEIOBEK.

OOBLEKTAME CHOTEM SHEeprocHabXeHUs B Ia30BOM IPOMBIIIIEHHOCTH SBIIAIOTCA
IYHKTH JOOBIYY, NepepaboTKU, TpaHCIIOpTa rasa, OypOBBIE YCTAHOBKH, a TaKxke
XpaHWIMIA Ta3a, BCIIOMOTaTelbHbIe OOBEKTEL, obecIeyrBaoIye XKU3HEAEATeIbHOCTD
TEXHOJOTNYECKUX ) KOMMYHAaJIbHO-OBITOBBIX TIOTpEOUTEIIEN, CHCTEMBI
ABTOMATHM3ALIMY, DIEKTPOXUM3ALIUTEI, IMHEHHOHN TeJIEMEXaHUKH U CBSI3H.

HauGojee MHOTOUMCHEHHBIMM  IIPOMBIUUIEHHBIMA  OOBEKTAMHM  Ta30BOH
TIPOMBIILJIEHHOCTH SBJSIOTCS OOBEKTHl TPAHCIOPTa Ta3a, KOMIPECCOPHBIC CTaHIMH
MaTHCTpaJIbHEIX rasompoBofoB. K cucreMaM SHEPrOCHAOXEHUS IPEABSIBIISIOTCS
BecbMa BBICOKME TpeGoBaHMsA. DHeprocHabXeHue OOBEKTOB rasopoil Impo-
MBIIUIEHHOCTH OCYLIECTBIISIETCS OT PalOHHBIX M MECTHBIX CETell 3IEKTPHYECKHUX
CHCTEM, a TaKKe OT 9JIEKTPOCTAHIMM COOCTBEHHBIX HYXI.

B paifoHax co CIOXHBIMU IPUPOJHO-KIMMATUYECKUMHU YCIOBUSIMU B KaYECTBE
OCHOBHOTO  MCTOUHYIKA  9JJIEKTPOSHEPIMH  HCHOJB3YIOTCS  SJEKTPOCTaHIUHU
COBCTBEHHBIX HYXI C IOPLIHEBHIM ¥ Ia30TYpOMHHBIM IPUBOIOM, PaboTaloliue Ha
IIPUPOIHOM Tase.

B ra3oBoil IPOMBILUIEHHOCTA ¥MeeTcsl JOCTaTOYHO OONBIIOe KOTHYECTBO
BroJsTpaccoBbix JIBII, npeHasHaYEHHBIX I SNEKTPOCHAOXEHHUST MHOTOYMCIICHHBIX
NYHeWHBIX TOTpeOUTeNeil MAaTMCTPAIGHBIX Ta30NpoOBONOB (YCTAHOBKM —KaTOXHOH
3AIUTHl, KPAHOBBIE IUIOIIANKHM, IYHKTHI TEJIEMEXAaHUKM U T.II.). MOIIHOCTb Takux
niotpeduteneii texut B npepenax 1...10 xBr, onHako o0llee YMCiIo UX 3HAYUTEJIFHO U
HaxomuTcs B mpepmenax 15..20 teicsy. IIpM  OTCYTCTBMM — BHEIIHMX MCTOYHMKOB,
IIMTAHME OCYLIECTBISIETCS OT ABTOHOMHBIX Y. 3JIEKTpOarperaToB C TIa3OBbIM,
JIU3EJIbHBIM, OEH3MHOBBIM JIBUTaTEIISIMU Pas3IMYHbIX Mozeen, TEP-
MO3JIEKTPOTreHEPATOPOB, TYPOOATETEPHATOPOB, BETPOSHEPIETUYECKHX YCTAHOBOK M
1.1. Vlcrionp3yioTest KaK poccHiicKie paspaboTku - TepMoreHepatopsl Tuna I'TT-150,
paboTaloliie B COCTaBe aBTOHOMHBIX MCTOYHUKOB muTahust AMII, Tak U MCTOYHHUKH
3apyOexHbIX ¢upM - TypGoansTepHaTopsl "ORMAT", TypGoreHepaTopal KaHaJicKo¥
dupmsl "Global TERMOELECTRIC" u "TELAN" CLIA.

HagmexHocTs sMeKTpoodopynosanus, JIDII, TpaHchOPMATOPHBIX TOACTAHIMN U
ANEKTPOCTAHIM, obecIieynBaoIMX paboTy NPeANpPUATHIA ra30BOH IPOMBIIUIEHHOCTH
NOJDKHA OBITh MCKJIIOUMTENBHO BBHICOKOM, TaK Kak OOJBIIMHCTBO roTpebuTenei
OTHOCATCS K O0CODOi IpymIle NepBoi KaTeropuH.

[TOBBILICHHE  HANEXHOCTM  SHEProcHaOXeHus  NpedNpUATH  Ta30BOH
IIPOMBILIUICHHOCTH OCYILECTBJIIETCS KaK IyTEM MOBHINIEHUS HANEXHOCTU OTHENBHBIX
arperaToB, TaK M TPHHSATUEM COOTBETCTBYIOIIMX CXEMHO-TEXHUYECKUX pelLIeHU,
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obecreynBaomMX GecnepeGoiHOCTE ANMEKTPOCHAOKEHMS IIyTEM PE3ePBUPOBAHUS U
cO3JaHUs U3OBITOYHOCTH YCTAHOBJIEHHOM MOIIHOCTH.

Ha npennpusatuax PAO "TA3IIPOM" maxomuTcs B 3KCIUIyaTallud OOJBLIOE
KOJIMYECTBO  BJIEKTPOIEHEPATOPOB M SJEKTPOCTAHIMN  pa3MYHBIX THUIIOB U
MOIIHOCTEH, XOTOpHIE OOECIIEYMBAIOT YCTOMYMBYIO pPabOTy Tra3omoOBIBAlOLIMX U
ra30TPaHCIIOPTHEIX KOMIUIEKCOB TIpU BO3HUKHOBEHHH TIEPEPHIBOB B
anekrpocHabxeHuy ot JISII. Hanbonee MHOTOUMCIIEHHBIE M3 HUX - SJIEKTPOArperaThl
MorHocTeio 100, 506 u 630 xBr. BTM arperaThl COOTBETCTBYIOT COBPEMEHHBIM
TPEOOBAHMAM IO aBTOMATU3AIMY M XOPOIUO ce6s 3apeKOMEHIOBATH B SKCIUIYATALH.

PesepBHEIE 3yleKTpoarperaThl M SJEKTPOCTAHIMM B HACTOSINEE BpeMS -
ra’oTypOMHHBIE, CPEIM  KOTOPHIX  HMEIOTCA  ycTapeBlIde  MOAUMDMKALMH.
CywecTByonmuii ImapK SJIeKTPOAarperaTtoB OTPACHU TpebyeT IIPOBEAEHUS paGoT Iio
IUIAaHOBOM MONEPHM3allMM Bcero Iapka. Takag paGora BemeTcs, HaMeyaeTcsl
IIDUMEHATh CaMOe€ COBPEMEHHOE 3SJEKTPOTEXHHYECKOe OOOpYLOBaHHME C YYETOM
CHEeNMPUKY ¥ MPUHITUIIOB PHIHOYHOM MOMUTHKH.

Haubonee 3>¢GEeKTUBHEIM IIpefcTaBiuseTcss IIYTh CO3NAaHMsS HAa OOGBEKTAX
OTpaciyd  SJIEKTPOCTAaHLMII COOCTBEHHBIX HYXH, OOECIIEUYMBAIONINX HAIEXKHOE
3IEKTPOCHAOXKEHNE MPENNPUATHI OTPACIM U MPOJAXY M3OBITKOB 3JEKTPOSHEPTUM U
TETUIA CTOPOHHUM OpPraHM3alyaM.

BaxHoe 3HaueHMe WMeeT HaibHejilliee YIYYLIEHUE TEXHHKO-PKOHOMUYECKHX
XapaKTEpUCTUK  SJIEKTPOCTAHLIMM, COBEpIUEHCTBOBAHME BCEX MX CHCTEM W
obopyroBanus. PAO 'TASIITPOM" paspa6oTajo MOILHOCTHON DS HMCTOUYHMKOB
SJIEKTPOSHEPIUM, PEKOMEHAYEMBIH IS IPUMEHEHMS B OTPACIIH.

MourHocTHoO# psap BKIodaeT B cebs 10 HoMuHANOB MomiHocTelt (14 THIOB
CTaHLMIA) 3JIEKTPOCTAHLIMIT, M3 HUX 5 B AManaszoHe MomHocTeil ot 100 mo 1000 kBT u
5 HoMMHanoB (9 TMIOB cTaHuMil) B AuamasoHe oT 1500 mo 6000 xBrT. Ilpu
paspaboTKe MOIIHOCTHOIO pSia YYMTHIBANKMCH IIPOM3BOACTBEHHBIE BO3MOXHOCTH
HallnX MallMHOCTPOUTENBHBIX 3aBOMNOB, a4 TAKKE COBPEMEHHEINl YPOBEHb pPa3BUTHUS
ABTOHOMHBIX MCTOYHUKOB 3JIEKTPOSHEPIUM C HOPIUHEBEIMH M Ia30TyPOMHHBIMU
JBUTATEJIIMM U NEPCIIEKTUBEI X COBEPILIEHCTBOBAHUS.

A\l

106



MownocmHuoi psd anexmpocmanyull, peKkomendyemvix 0451 NPUMEHEHUS HA
npedonpusmusx PAO "TASIIPOM".

NN Knacc MoUIHOCTb, KU/,
HCIIOJIb30BaHHUS KBT %
1 AP 100 36
"2 A, P 200 37
3 A,P,O 500 34
4 A 630 _ 38
5 AP, O 1000 37
6 A,P,O 1500 21
7 P, O 2000 21
8 P,O 2500 27
9 P, O 4500 24
10 P, O 6000 30

ONEeKTPOCTAHIIUM: A - apapuiineie; P - pesepBHBIe; O - OCHOBHEIE.

B nocnennue roppl, B CBSA3Y C IIEpEOPUEHTAIIMEN S5KOHOMUMKH, a TAKKe OTKA30M
TOCYIAPCTBEHHBIX CIPYKTYp OT y4acTus B IIPOEKTUPOBAHUU U CTPOUTELCTBE
SJIEKTPOCETEBBIX  OOBEKTOB M TCHEPUPYIOIIMX . HCTOYHHKOB  JUIS  HOBBIX
MECTOPOXIEHMM, CHEIHAIMCTAaM OTPAciM IIPHIUIOCH CaMOCTOSTENbHO pellaTh
IIPOOJIEMEl CTAHOBJICHHUS U Pa3BUTHUS CHCTEM DNIEKTPOCHaOXeHus. W, B CBI3U C 3THUM,
PAO "TA3ITPOM" pa3paboTao KOHLEIIMIO JIOCTPOCHHSI CHCTEM 3SHEpProcHabXeHWs
M psl  HOPDMATUBHBIX  JOKYMEHTOB, PpEIJIaMEHTHUDYIOIIMX HX  CO3OaHHe
(kaTeropupoBaHUE 3JIEKTPONPUEMHHMKOB, pacyeT KoimdyecTsa syekTpoarperatoB CH,
cxeM osyekrpocHabxenus KC MI) npu ontuManbHOM coyeTaHUM ©a3oBBIX
PE3epBHBEIX U  aBapMiHBIX  HMCTOYHMKOB  3JIEKTPOCHAOXEHMS,  OCBOEHHBIX
IIPOMBILUIEHHOCTEIO Poccum.

B oTpaciy HakoIUIeH JOCTATOYHBIM OIBIT NMPOEKTUPOBAHMUS, CTPOMTENLCTBA U
SKCIUTyaTallUM CHCTEM 3JIEKTPOCHAOXEHMS Ta30Mo0BIBAIOIIMX M Ia30TPaHCIIOPTHBIX
KOMIUIEKCOB, PacIojiOXEeHHBIX KaK B OCBOEHHBIX paiioHax Poccum, Tak U B paifoHax
CO CJIOXXHBIMM MPHPOIXHO-KITUMATHYECKUMU YCIOBUSIMI.

T'A3IIPOM po nmociuegHero BpeMEHHM  OCYHIECTBISUI  IIOCTGBKM  rasa
aJeKTpocTaHUMsIM Poccuu, OMMKHEro M JajbHETO 3apyOexbsi, HE Y4acIByd B
peanusalliy KOHEYHOTO IPOAYKTA - SJIEKTPOSHEPIMH U TeIlla, TO €CTh BBICTYNAN B
KayecTBE CHIPhEBOTO IIPUIATKA.
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B nactosgiee BpeMs y PAO I'A3IIPOM rnossigioTcs nBa KaHajla IIOJIyYeHUS
INPUOBUIM OT SKCIUIyaTallMW SJEKTPOCTaHUMM: NpUOERUIb, OT pealusalluy rasa, U
MpUOBUIH OT KallUTala, BIIOXXEHHOTO B CTPOUTENBCTBO 3JIEKTPOCTAHIINIA.

C wUmenbl0 yYacTHsl B pEAlM3alM{ T[a309HCPreTHYeCKUX IIPOEKTOB Ha
TEppUTOPUM OMIDKHEro U jJanbHero 3apyoexpss PAO "TA3IIPOM" mnpoBomut
aKTHUBHEIE TIeperoBopsl ¢ psaoM ¢upM CIIA, Typuuu. Mtanuu u op.

PAO "TA3IITPOM" HaMepeHO y4acTBOBAaTh B IIPOCKTUPOBAHUU, CTPOMUTENIBLCTBE,
SKCIUIyaTallu¥d M BIAJCHUM JEKTPOCTAHLHUSAMHU IPYM BBHIIOIHEHHM CIIENYIOLNX
ycinoBuit. Ha TOT, WM MHOII IPOEKT JOJDXHO OBITh IIPEACTABIEHO TEXHUKO-3KOHO-
MuYeckoe obocHOBaHME. VI3yuuB ero M yoemuBIIHMCh B 3(POEKTUBHOCTU IPOEKTA
T'A3ITPOM roToB co3aaBaTh JI00BIE CTPYKTYPHI IS peajlu3allui IIPOEKTa.

DHEepProycTaHOBKM Ha 0a3e TOIUIMBHEIX SJIEMEHTOB, HAaHHBIE O KOTODHIX BCE
yanie IIOCTYNAlT K HaM, a pas3paboTka 5HEpProyCTaHOBOK MAJIOW MOLLHOCTA Ha
dbochopHOKMCIBIX ¥ pacIUIaBKapOOHATHHIX TOIUIMBHEIX 3JieMeHTax (UHAHCUPYETCS
OTpaciiblo, TPEACTABISAIOT HECOMHEHHBIH HHTEpeC IJISI IPEANpHATHHA M OOBEKTOB
T'A3IIPOMa B cwiy CBOMX AEKIADATHBHBIX TEXHUYECKMX, OKCIUIyaTAIMOHHBIX H
JIPYTUX XapaKTEpUCTHK:

®BEICOKOI 3D (hHEKTUBHOCTH;

®3KOJIOTHYECKOI YUCTOTORI;

®HAJIEXXHOCTU PaGOTHL

®BLICOKOTO KayeCTBa SHEPIUH;

©0e30I1aCHOCTH PabOTEHL;

®COBMECTHUMOCTH C CYLUECTBYIOIIMMHU CHCTEMaMH U arperaTamu.

Peun HLET, KakK 06 SHEProycTaHOBKax MaJIoi MOIIHOCTHU
1-100 xBr, Tax 1 06 sHeproycTaHoBKax GONBIION MOIIHOCTH - 1 MBT u BhILIE.

Ilpu ycnoBuM noaTBEPKIEHUS CBOMX IOTPEGUTENHCKYX KAYECTB U IPHUEMIIEMOM
CTOMMOCTH SHEProyCTaHOBOK, MBI TOTOBBI PacCMOTPETH JII000MH IpoekT. bymeM XmaTh
KOHKPETHEIX IpPeUIoKeHU ¢ Bamieit cTopoHEI.

Crracu60 3a BHUMaHue.
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FUEL CELL ENERGY SERVICE
ENRON’S COMMERCIAL PROGRAM

Malcolm W, Jacobson
Director, Marketing and Finance
Enron Capital and Trade Resources -
Emerging Technologies

Enron, the premier provider of clean fuels worldwide, has launched a unique
energy service based on fuel cell technology. The goal of this program s to bring
the benefits of fuel cell power to the broad commercial marketplace. These benefits
accrue both to end-users of power and distribution utilities.

Enron’s Energy Service is currently based on a 200 kilowatt phosphoric acid
power plant manufactured by ONSI Corporation, a unit of United Technologies, In¢.
This “super clean” power plant is fueled by natural gas or propane, and exhibits
extraordinary performance.

Enron offers a comprehensive “no hassle” package that provides customers
with immediate benefits with no upfront capital or technical risks. Enron installs,
owns, operates, maintains and procures fuel for the power plant. Highly conditioned
power and heat are generated on site and delivered to the customer under a long
term contract. Customers enjoy lower overall energy cost, enhanced reliability of
services, elimination of conventional standby generation and other benefits. Utilities
can also benefit from elimination or deferral of distribution upgrades, enhancement
of overall system reliability and environmental credits.
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KoMMepueckana nporpamMMa ycnyr aHeprocHabxeHuA KoMnaHuu “OHPOHI Ha
OCHOBE TEXHOSIOrMY TOMUBHBIX 3JIEMEHTOB

Manbkonbm Y. [)xerAko6COH
YnpasnAowuia hMHAHCOBLIMKU Aenamm U cny>x60il MapKeTuHra
KoMnaHuu “OHpOH: PecypcChl KanuTana 1 TOProBsu - pa3sBUBAIOLUECH TEXHONOTUUI
(Enron Capital and Trade Resources - Emerging Technologies)

Komnanns “OHpoHR”, OCHOBHOH MHAPOBOii OCTABIIAK 3KOJIOTHYECKH YHCTHIX BEIOB
TONLJIABA, HaYaJja IpeiJiaraTh YAAKaJIbHBIC YCJIyFH HO 3HEpProcHaGKEeHHIO Ha OCHOBE
TEXHOJIOTHH TOIUIHBHBIX 3JIEMEHTOB. 1]es1b 3T0i iporpaMMBI COCTOHT B HpE/CTaBJICHAN
IpPEeMYHICCTB SHEPrOCACTEM Ha TOIIABHBIX 3JIEMEHTAaX HA HPOXKOM KOMMEPUYECKOM DPBIHKE.
OTH IperMyIlecTBa HaKaMJIABAIOTCS CO BpEMEHEM B BH/IE CYMMAPHBIX BBIIOJ VIS KOHEUHBIX
I0JIb30BaTeJICH KOMMYHAJIGHBIX YCJIyT H KOMIAaHAH 00 CHa0KEHAIO 3JIEKTPOIHEPrHeii.

ITporpamma 3meprocHaGKeHAst KOMIaHAHE “OHpoH” B HacTosIIee BpeMs 6asHpyeTcd Ha
dochoprOokACIIOH 3HEpreTRUecKoil ycTanoBke MomuEOCTEI0 200 XBT, H3roTOBJICHHOM
" xopuopanueit ONSI, nonpasnesierneM Kopnopanad “TOraiiteny Texnosonxus” (United
Technologies). 3Ta “cBepxuncTas” yCTaHOBKA 3alpaBJISETCS HPHPOJHBIM Ia30M HJIH
IPON2AHOM H AEMOHCTPHPYET HPEBOCXOJHOE KaYECTBO pabOThHL.

Komnanus “OHpoR” mpexsiaraeT noJib30BaTe IIM BCeCTOPOHHHH, YAOOHbIH B
I0JI30BaHAH KOMILIEKC YCJIYT, IPEHOCSIIHA EeNOCPEACTBCHAYIO BEITOAY 3aKa34iKaM 0e3
TEXHAYESCKOro PECKa HJIA HeOOXOAHMOCTH HEMEAJICHHEOrO BJIOKEHHAS KanHTaja. KoMnanas
"DHpoH" MPOR3BOJIAT MOHTAXK 000PYAOBaHHAS, ABJIICTCS BJAACIbIEM, 00ccIeTHBaET
9KCIUTyaTauIO H TeX00C/yKABaHAE, H 3aKyIacT TOIJIABO JJI1 SHEProyCTaHOBKH.
[TpennprsgTae NPOA3BOAAT BHICOKOKaUECTBCHHEYIO 3JIEKTPOSHEPI HIO H TEIJIO H CHAGXKaeT HMHA
3aKa39AKOB B paMKax AOJIrOBPEMEHHBIX KOHTPAaKTOB. 3aKa3YHKH BHIPaXXaloT
yIOBJETBOpERAE O0MEeil HA3KOil CTOAMOCTBHIO 3HEProcHaG XK eHN s, HOBBIICHAOH HaIE>KHOCTHIO
ycJIyr, yeTpaHeHHEM Tpa[AMIHOHHOi pe3epBHOH BEIpaOOTKH 3JIEKTPOSHEPTHHA H APYTHMH
npermyiecTBaMa. KoMMyHBaIbHBIE CJIYKOBI MOT'YT TaKX€ H3BJICYb BHITO/BI B PE3YJIbTaTE
NpeKpalleHAs HIH OTCPOYKH B IPOBEACHAR MOJIEPHA3ANHE CPECTB pacHpecIeHHs,
HOBHILICHAS 00MIeil HaC>KHOCTA CHCTEMBI A B BHAE JIBFOT 32 OXpaHy OKPYyKarolIeh Cpelbl.
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DEVELOPMENT OF THE WORK ON FUEL CELLS
IN THE MINISTRY FOR ATOMIC ENERGY
OF RUSSIAN FEDERATION

Mr.Lubovin B.Y.,
Chairman of the Coordinative Counsil of Experts (CCE)
on MINATOM RF "Fuel Cell" Program,
Deputy Head, Chief Directorate of MINATOM RF

Dr.Novitski E.Z.,
Member of CCE of MINATOM RF,
Head of the "Autonomous Power Engineering" Department,
RFNC-VNIIEF

1.

1.1. The beginning of the practical work on fuel cells (FC) in Russia dates back to the
time border of 50s-60s when the Ural Electrochemical Plant (UECP) and the Ural
Electromechanical Plant (UEMP) of the Ministry of Medium Machine-Building of the USSR (
MINSREDMASH, the former name of MINATOM), All-Russia Research Institute of the power
sources (now it is a Scientific and Production Organization (SPO) "Kvant", Moscow) and
many other institutes of the Ministry of Electrotechnical Industry of the USSR got to the
development of the alkaline FC for the spaceships according to the tasks of the SPC
"Energy" and for the submarines on the tasks of the Ministry of Defense.

In 1971 a 4.5 kW power plant (PP) on the base of alkaline FC (AFC) for the Moon space
program was created, and in 1990 a 60 kW PP for the spaceship, Russian space shuttle
"Buran" was built. In October of 1992 in Nitherlands, in the European Center of Space
Research and Technologies they continued 10 days continuous testing of the
electrochemical generator that is the main component of the spaceship "Buran" power
supply system. These testings proved that as far as the out parameters, internal resistance,
starting-up efficiency and operational convenience of this system are concerned, there is no
its analogs in the world and that it may be used also in the European space programs.

1.2. By the end of the 80s in the Kurchatov Institute of Atomic Energy of the Ministry of
Medium Machine Building a group of scientists under the leadership of Academician
Rusanov V.D. that worked in the field of hydrogen energetics developed the technology of
the solid polymer ion-conducting membranes for the electrolyzers of different types, and
there was only one step left to the protone-exchange membrane fuel cells (PEMFC). Now
laboratory units of PEMFC stacks of 0.01-1 kW are developed and manufactured here.
Further development of PEMFC and related to them metanol FCs (MFC), development of the
electrochemical generators (ECG) and power plants on the base of PEMFC and MFC are
underway on the Plant of Electromechanic Equipment (PEE) (town Protvino) of MINATOM RF.

1.3. When the conversion of the MINATOM nuclear weapon complex began in 1989,
RFNC-VNIITF (Chelyabinsk-70) and RFNC-VNIIEF (Arzamas-16) started work on high-
temperature FC: solid oxide FC (SOFC) and molten carbonate FC (MCFC). At the same time
also within the conversion program UECP began the development of the phosphoric-acid FC
(PAFC) of the medium temperature range. Meanwhile this integrated plant preserves its
close and old collaboration with the SPC "Energy".

1.4. The trends of work mentioned above always based on the scientific experience
accumulated in the institutes of the Academy of Science of the USSR (AS USSR) or in the
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branch institutes. The works of the Institute of Electrochemistry of the AS USSR (school of
the Academician Frumkin A.N.), the Institute of High Temperature Electrochemistry (IHTE) of
the Ural Department of the AS USSR ( the school of the Academician Baraboshkin A.N., SPC
"Kvant" (Mr.Lidorenko N.S., Mr.Muchnik G.F., etc.), Moscow State University (Mr.
Damaskin B.B., Mr.Petriya O.A.), Moscow Power Engineering Institute (Professor Korovin
N.V.), etc. are well known now. The role of the Scientific Society on electrochemistry and
corrosion of the Russian Department of the Academy of Science (AS USSR) headed by the
Academician Kolotyrkin Y.M. in the development of the home works concerning the fuel cell

is notable.

1.5. We need especially distinguish the IHTE. The school of the Academician
Baraboshkin A.N. on high- temperature molten carbonate and solid oxide fuel cells is known
in the world for 30 years already. Works done within this school in many scientific aspects
were the pioneering ones for a long time. From our point of view they made a good service in
the world in 70s-80s when there was energy crisis first and then a boom of the ECG-
construction.

1.6. The comparison of the home and foreign technology developments of different
types of the fuel cells and power plants on their base shows that:

- as for the alkaline fuel cell technology (AFC) and ECG construction on their base the
results obtained in Russia are not less worse, but in some aspects are better their foreign
analogues. The task is to maintain and advance this level and adapt AFC technology to the
needs of the economy;

- in the field of the PAFC Russia lags behind the western countries, and it may seem
here more reasonable to organize the production of PPs on the base of PAFC buying
licences, organizing JV ,etc. with the leading firms of the USA and Japan,

- intensive work is conducted in Russia on MCFC, SOFC, PEMFC technologies that
gives Russia the opportunity to enter the world market with the PPs on the base of such types
of FCs at the same time with the western countries.

2.

2.1.°The general situation in energetics in Russia may resultin 4-6 years into the
unsatisfied demand for the energy resources. Difficuit situation in the economy of Russia
today does not allow make considerable investments into the construction of the new atomic
power stations (APS), heat-electric generating stations (HEGS), generating stations (GS) or
to finish construction of the old ones that has already been started, and also it does not allow
to increase the production of the fuel and energy resources and modernize centralized
power systems in a large scale.

2.2. Taking into consideration the situation given, New Energy Strategy of Russia
forsees the following:

- to form the reasonable needs for energy in the society,

- to pursue the active energy saving policy,

- effective usage of all energy and fuel resources instead of the previous orientation of
Fuel and Energy Industry { FEI )on the large scale increase of the production of the fuel
and energy resources, ) .

- search and development of the alternative sources of electric and heat energy that
are more effective and environmentally safe in comparison with the traditional ones,
especially for small energetics (0.1-30 MW) intended for energy supply of autonomous
customers.

2.3. The demand in Russia for autonomous decentralized electricity and power supply
sources is very great, they are necessary, in fact, in all sectors of the energy market. Nearly
50% of the territory of Russia where approximately 25 min. people live is not covered with the

176



centralized power supply (Extreme North, Far East, Siberia, etc). In this situation the
development of work on creation of PP on the base of the fuel cells appears to be one of the
most important trends in the development of the energetics of the country.

3.

3.1. Taking into the consideration this situation and basing on the support of the
Ministry for Science and Technical Progress of Russian Federation, of Russian Engineering
Academy, MINATOM RF in 1994 adopted the decision:" To consider the work on the
development and serial industrial implementation of fuel cells and power plants on their base
to be the priority conversion direction of the nuclear weapon complex of the branch®.

Itis supposed that energetics on the base of fuel cells together with the safe APS of
new generation, and along with and in combination with the gas-turbine stations and binar
gas and heat plants and non-traditional renewable power sources will form the energetics of
the of the XXI century for a long time.

3.2. Figure 1 shows the schedule of work on MINATOM Special Purpose Integrated
Program (SPIP) "Development and Serial Industrial Implementation of the Power Plants
Based on Fuel Cells" (code "Fuel Cell") that is meant for a period of 1995-2000. Besides the
general part this SPIP contains 10 subprograms that cover the work on 6 types of FCs, and
also on fuel preparation systems, secondary energy converters, heat utilization systems.

3.3. Taking into consideration the necessity of the quick enter into the Russian market
of energy and heat supply, and, first of all, into the market of gas and oil producing
industries, and also the status of development and the real capabilities of MINATOM
enterprises, regarding the experiense of the foreign corporations that concerns the fuel
cells commercialization, MINATOM Coordinative Council of Experts has established the
following priorities in the development and serial production implementation of the types of
FCs, ECGs and PPs: )

- in a short term perspective ( 3-4 years): .

- phosphoric acid and molten carbonate fuel cells, ECGs and PPs on their base in the
power range of 1-10, 10-100, 100-1000 kW,

- solid polymer and related metanol FCs, ECGs and PPs on their base in the power
range of 1-10 kW; )

- R&D on solid oxide fuel cells;

- in a long term perspective (10-15 years):

- molten carbonate fuel cells, ECGs and PPs in the power range of 1-100 kW;

- solid oxide fuel cells, ECGs and PPs in the power range of10-100, 100-1000 kW;

- solid polymer (metanol of direct oxidizing type) FCs, ECGs and PPs in the power
range of 10-100, 100-1000 kW.

3.4. Work on schedule of MINATOM SPIP in the period of 1995-2000 are meant for
funding of 230 bln. roubles, in 1995 - funding of 29.3 bin. roubles (in the prices of September
1994, 1 USD=3000 roubles). The sources of funding for the works on SPIP are supposed to
from the budget, non-budget sources ( funds ), money of potential customers and consumers
(direct agreements and contracts, etc.), credits and foreign investments.

3.5. MINATOM RF Coordinative Cousil of Experts works hard to give its special
purpose program " Fuel Cell" the status of the State Program, to attract the attention to this
program of the most possible number of the customers from the different sectors of Russian
Economy.
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PA3BUTVE PABOT NO TOMNMBHLIM SNEMEHTAM
B MMHWUCTEPCTBE POCCUNCKOW OEOEPALINN
NO ATOMHOW 3HEPIUN.

b.HO./MobosuH
Mpenpcenarens KOOPAUHALMOHHO-9KenepTHOro coseta (KOC)
no npobneme "TonnusHbi anemeHT" MUHATOMa PO,
3amecTuTesb HauanbHuka MasHoro ynpasneHua MMHATOMa PO

E.3. Hosuuxui
UneH KB3C MNHATOMa PO, HadanbHUK OTAENEHUA
"ABTOHOMHaA 3HepreTuka" POALI-BHUNGO

1.

1.1. Hauano npakTudeckvix paboT ¢ TonnueHbIMYK 3nemeHTamu (T3) B Poccuu OTHOCUTCA
K pybexy 50-x - 60-x ropoB, Korga Ypanbckuii anektpoxumkomburar (YOXK) u Ypansckuit
anexTpomexaHuieckuin 3asop, (YOM3) Muncpenmawa CCCP (npexcHee Hassarve
MWHATOMa), BHWW uctouHmukos Toka (HeiHe HMO "Keant", r.Mockea) v pAp, Apyrvx
uHCTUTYTOB MUHanekTpotexnpoma CCCP npuctynunm k paspaboTke wenouHbIx T3 AnA
KocMUueckux annapartos no sapaxuam HMO (PKK) "OHeprua”, anaA nogsoaHbIX annaparos
no sapanuio Munmncrepcrea ObopoHel CCCP.

B 1971 r. onA JyHHOM KOCMMUECKOit nporpaMme! 6bina cospara 3Y Ha ocHose LWTO
MOLLIHOCTBI0 4,5 KBT, B 1990 r. oA KocMu4eckoro kopabna "Bypan" - MoLwHoCTEIO 60 KBT. B
okTAGpe 1992 r. B MonnaHpuu, 8 EBPONENRCKOM LIEHTPE KOCMUYECKUX nuccnenoBaHuii U
TEXHOMOrui, 66NV NPOBEAEHb! HENPEPLIBHLIE AECATUCYTOUHbIE UCMbITAHUA
3NEKTPOXMMMUHECKOro reHeparopa, ABNAIOWEroCA rMaBHbIM 3/IEMEHTOM CUCTEMb!
SHepronuTaHuA KocMudeckoro kopabna "BypaH". 3Tu ucneITaHWA NORTBEPAUNY, YTO 1O
BLIXOAHLIM NapaMerpam, BHyTPEHHEMY CONPOTUBNEHUIO, ONEPaTMBHOCTH 3anycKa v ynobctey
BKCMyaTaLyy, OH HE UMEeT aHanoros B MUpe U MOXeT ObiTk UCTIONL30BAH TaKKe B
EBponeickux KOCMU4ECK1X nporpaMmax..

1.2. K KoHuy 80-x ropos B MIAD um. W.B.Kypuartosa Murcpeamatlua CCCP B pamxax
paboT NO BOAOPOAHOA SHEPreTUKe Fpynnoi akapemuka PycaHosa B.A. Gbina paspabotana
TEXHOMOrMA TBEPAOMNONUMEPHLIX MOHHO-NPOBOAALLMX MeMOpaH ANA SNEKTPOnM3epos
pasnMUYHOro HasHaudeHwA, OTKyAa OCTasasnocb CAenarb OAUH wWar K TBepaononMMEpHOMY
TONNUBHOMY 3nemeHTy. CeroaHAa 3aech paspaboTtaHbl U M3roTosneHb! nabopartopHsle
obpasubi 6arapeit TMNTS MotHocTbio o 0.01 po 1 kBT. [aneHeiwan paspabotka TMT3, a
TaKXKe POACTBEHHbIX UM METaHONMbHEIX TO, paspaboTka 3NeKTPOXMMUYECKNX reHepaTopos
(3XI) u sHeproycraHosok (3Y) Ha ocHose TIT3 u MT3 sepytca ¢ 1991r. wa [T "3asoq,
snexTpomexaHvueckoro obopyposarua” (M 33MO) MMHATOMa (r.MpoTeuHo).

1.3. C HauanoM KoHeepcun AOepHo-opyxerHoro komnnekca MMHATOMa, B 1989r.
POALL-BHUNT® (r.Yenaburck-70) v 8 1990r. POAL-BHUNI® (r.Apsamac-16) npuctynum K
pa3paboTke BuICOKOTeMneparypHblx T3: TeeppookeuaHbix (TOTI) v pacnnaskapboHaTHbIX
(PKT3) cooteeTcTBEHHO.

C 3T0ro e BpeMeHu 1 TaKkke B nopAake kossepcun YOXK npuctynun K paspaborke
cpenHeTemMneparypHoro dpoccopHokucnoro T3 (PKT3). [Npu aToM KoMOuHaT coxpaHAET
crapyto koonepauwio pabot ¢ PKK "Oneprua".
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1.4. MepeuucnerHble HanpasneHWA paboT B OCHOBE CBOEH BCErga uMeny Hay4Hbii
3apen, co3pnaHHbli B uHcTuTyTax AH CCCP vnu B oTpacnesbix MHCTUTYTax. Xopowo
u3BecTHbl pabotbl MHctutyTa anexrtpoxumun AH CCCP (wukona akapemuka @OpymkuHa AH.),
UHcTuTyTa BbicOKOTEMNEepaTypHoi anekTpoxumun YpO AH CCCP (wkona akapemvika
BapabowkuHa A.H.), HMO "Keant" (NMIupoperko H.C., Myurux I".®. v gp.), MY (JamackuH
B.B., Metpua O.A.), MGW (npocheccop Koposud H.B.) v gp. Xopotwo ussecrHa posib B (
passuTUmM oTeyecTBeHHbIX pabor no T3 Hay4Horo coseTa No 3NEKTpoXuMun U Koppoaun PAH
(AH CCCP) B0 rnaBe ¢ akapemMukoM KonotbipkuHbiM H.M.

1.5. Oco60o Hy»Ho ckasats 06 UBTO3. Llikona akapemuka bapabotuku+a A.H. no
BbLICOKOTEMMNEPATYPHLIM pachiaBkapboHaTHbIM ¥ TBEPAOOKCHAHLIM T3 M3BECTHA MUPY Yke
oxono 30 net. PaboTb! 3TOM WKOSL!I B HAY4HOM ANaHe gonro ¥ BO MHOrOM ocTasanuchb
NUOHEePCKUMU. Ha Hal B3rnNAfR, OHW XOPOLUO nocnyxunv B 70-e u B 80-e r.r. BCemy mupy,
KOrna Tam paspasuicA cHauana SHepreTu4eckuii Kpusuc, a notom - 6ym 8 SXI-cTpoeHuu.

1.6. CpaBHeHve oTeuecTBeHHbIX U 3apybexHbIX paspaboToK TEXHONOrUU pasnuyHbIX
TUnos T3 u BY Ha ¥X OCHOBE MOKas3bIBAET:

- no TexHonoruu LLITO, no OXI-crpoenuio Ha ocHose LTS B Poccuu pocTurkyTsl
pe3ynbTarhl, He YCTynaiolime, a No PARY XapakTepucTUK NPeBOCXOQALLUe 3anafHsLIe aHanory.
3apaua cocTouT B TOM, 4TOOb! 1 B ByAyLieM NOAREPKNBATL U Pa3BUBaTL ROCTUNHYTLIA
YPOBEHb, apantuposartb TexHonoruio LT3 K Hy»KaaM HapoaHOro X03ANCTBa;

- no TexHonorun OKT3 Poccua cumbHO oTCTana or 3anagg, v 3Aeck pasyMHbIM
NPepCcTaBnNAETCA HanaxuBaHue npoussoncTsa 3Y Ha ocHose OKTO nyTem 3akynku
nuvueHsuu, oprandusauuu CM v 1.n. ¢ Bepywvmu chupmamy CLUA vnn AnoHuy;

- o TexHonoruAM PKT3, TOT3, TINTO (MT3) B Poccuu BepyTCA UHTEHCUBHBIE paboTel,
YTO RaéT NPUHUMMMANLHYIO BOSMOXHOCTL POCCUM BBIATU HA MUPOBO# PLIHOK BY € 3TUMU
TMNamMu T3 ORHOBPEMEHHO C 3anaaHbiMy CTpaHaMu.

2.

2.1. ObLiee cocTorHue pen B sHepreTuke Poccun Takoso, UTo yepes 4-6 neT MOXeT
BO3SHUKHYTb HEYLOBNETBOPEHHbLIN CNPOC Ha sHeproHocutenyu. CRoXkHoe 3KOHOMUYecKoe
nonoxxexHue Poccuu He NO3BONAET CErOfAHA BKaablBaTb 3HaYUTENbHbLIE cpepcTsa B
CTPOUTENBCTBO HOBLIX UMK B 3aBEPLUEHUE CTPOUTESILCTBA 3aKOHCEPBUPOBAHHbIX KPYMHbLIX
A3C, TOC, N'POC, a takke npoBoauTb KpynHoMaclutabHoe HapawuvBaHue npousBoacTea
TONAMBHO-3HEPTETUMECKUX PECYPCOB, KPYNHOMAacWTabHyo MODEPHU3ALIIO
LLeHTPanM30BaHHbIX SHSProCcUCTEM.

2.2. YuutbiBanA CROXUBLLYIOCA CUTyauuio, HoBaa 3HepreTuyeckan crparerua Poccun
npepycMarpusaert:

- hopmuposaHue pasyMmHbIX 3HepreTudeckux notpebHocTen obuiecrea,

- NPOBEAEHWE aKTUBHOI SHeprocbeperatouiet NONUTUKY,

- 3chheKTMBHOE UCNONBb3OBAHKE BCEX BUAOB TONMBHO-3HEPTreTUHECKYIX PEeCypCosB,
B3aMeH npexkHen opuentauumn TOK Ha KpynHomacwTabHoe HapalivpaHdme NpoMsBoacTBa
TONNUBHO-3HEPrETUHECKUX PECYPCOB,

- NOUCK U passuTue anbTepHATUBHLIX UCTOUYHUKOB SNIEKTPUUECKON Y TENNOBOW IHEPIUY,
b6onee adhdeKTUBHLIX 1 BoNee IKONOrUHECKU YUCTLIX 1O CPABHEHUIO C TPAAULMOHHBIMY,
ocobeHHO anR Manoit aHepretvku (0,1-30 MsT), npeprasHadYeHHoOM ANA B3HeprocHabKeHna
aBTOHOMHbIX notpebutenei.
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2.3. B Poccuu cnpoc Ha aBTOHOMHbIE BEeUEHTPanM3oeaHHbIE UCTOUHUKU 3MEKTPO- U
TENNOCHabXXEeHWA OrpoOMeH, B HUX HYXK.AIOTCA, MO CYLLECTBY, BCE CEKTOPb! 3HEPreTU4ECKoro
pbiHka. Okono 50% tepputopun Poccuu, Ha KOTOPOW NPOXMUBAET OKOSO 25 MNH. YEnoBexK, He
0XBa4eHO LLeHTpanu3oBaHHbiM aHeprocHabxeHvem (Kpaithuin Cesep, LdanbHuit BocTok,
Cubups v 7.0.). B aTux ycnoevax passurtve paboTt no cospgaHuio BY Ha TOMNMMBHLIX 3neMeHTax
NPEACTaBNAETCA OQHUM U3 BRXXHENLLMX HarnpasneHuiA pa3suTuUA 3HEPreTMky CTpaHxsl. (

3.

3.1. Vicxopms M3 Takoi OueHKY cuTyauuu, OnNupanch Ha NopAepXXKy MuHuctepcrea
Hayku 1 TexXHU4ecKon nonutuku PO, POCCUIACKON UHXKeHepHO akagemun, MVUHATOM PO B
1994r. npuHAn pewenve: "Cuutars HanpasnexHue paboT No CO3RAHNUIO ¥ CEPURHOMY
OCBOEHMIO TONSIBHBIX 3IEMEHTOB U SHEProyCTaHOBOK HAa VX OCHOBE NPUOPUTETHLIM
HanpasfeHUeM KOHBEPCUM AREPHO-OPY>KEAHOro KOMNNeKca orpacnu”.

Mpu 3ToM cuuTaeTcA, uTo SHepreTuka Ha 6ase TS HapApy ¢ 6e3onacHbIMu ASC HOBbLIX
ROKONEHRW, HapRAY ¥ BMecTe (B KoMbuHauuu) ¢ razotypbudtbiMu (ITY), BuHapHLIMU
napora3osbiMu yctaroskamu (MIY) v ¢ HeTpaguUUOHHLIMK BO30OHOBNREMbBIMU NCTOYHUKAMMU
sHepruv gonro 6ypet onpepenAte 06AUK 3HepreTvku XXI Beka.

3.2. Ha puc. 1 nokasaH nnan-rpacduk eeinonHeHua pador 8 MMIHATOMe no Llenesoit
KOMMNEKCHOW nporpamMme "PaspaboTtka v 0CBOEHKE CepUitHOro Npov3sopcTea
BHEPreTUYeCKux YCTaHOBOK Ha OCHOBE TOMMUBHbIX anemeHTos" (Lwmudp "TonnuBHbIA
anemMeHT"), paccuutaHHoi Ha nepuog 1995-2000 r.r. Kpome obiueit vactu, LIKM copepxut
10 nognporpamm, oxsarbisatoLiux padotsl no 6 Tunam T3, a Takke No CUCTeMaM NOAroTOBKK
TONNUBA, BTOPUYHLIM NpeobpasosareniAM 3HEPruu, CUCTEMaM yTunusauuy Tenna.

3.3. Vicxopa 13 HeobxopumMocTu 66ICTPOro BbIXORA Ha POCCUICKUIA PIHOK SHEPro- U
TennocHabXeHuA, B NepBYI0 oYepenb,- Ha PLIHOK ra3o- U KedprepobbiBaroLLeh oTpacneit
NPOMBILINEHHOCTH, & TakKe UCXOQA 13 YPOBHA Pa3paboToK v peanbHbIX BOSMOXHOCTER (
npeanpuATUis MUHATOMa, yuutbiBaa onelT 3apybexxHbIX oupM no KOMMepLUManuaaumm
TONAUBHBLIX 3NEMEHTOs, KoopauHauuoHHO-8KenepTHuii coset MUHATOMa yctaHosun
chnegyrowue npuopuTeThl B paspaboTtke U B CEPUAHOM OCBOEHMM TUNOB T3, OXIM 1 JY:

- B KpPaTrKoCpoOuHOW nepcnextuse (3-4 ropa):

- chocchopHorucnbie v pacnnaekapboHatHele T3, IXI™ u BY B knaccax mowHocty 1-10,
10-100, 100-1000 KBr; .

- TBEPAONOSIMMEPHbLIE ¥ POACTBEHHbLIE UM MeTaHonbHbIe T3, OXIM v 3Y Ha ux ocHose B
knaccax mowHoctu 1-10 kBt; HUOKP no teepaookcuoHeiM TO;

- B ponrocpoyHoit nepcnektuse (10-15 ner): pacnnaskapbonaTtHblie T3, AXIT n 3Y B
Knaccax molwHoctu 1-100 MBT;

- 1BEppooKeuarbie T3, GXIM u Y B Knaccax mowHoctu 10-100, 100-1000 kBT;

- TBEpAONONUMEpPHLIe (MeTaHoMbHblE NPAMOro okucnernA) TO, 3XI u JY B Knaccax
mowHocetu 10-100, 100-1000 Br.

3.4. Paboret no nnad-rpacdomky LKMN MWHATOMa Ha nepuop 1995-2000r.r.
paccuntaHbl Ha (huHaHcuposanue B obbeme okono 230 mnpa. pyb., B 1995r. - 29,3 Mnpa.
pyb. (B uerax ceHTROpA 1994r., 3000 py6.=1 USD).

WerouHukamu couHaHcuposarma pabot no LIKIT pomkHb! ABUTLCA: GHof)KEeTHbIe
accurHosanun, BHebropKeTHbIE cpencTea (hoHAbI), CPencTBa NOTEHUUANBHLIX 3aKa3UUKOB U
notpebureneit (NpAMbIE AOroBOPLI U T.M.), KPEAUTHI ¥ MHOCTPEKHLIE UHBECTULIUK.
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3.5. KoopavHaumnoHHO-3kCnepTHbIA coset MMHATOMa PO® nposogut paboty Ham TeMm,
yTo6LI NPUAATE CBOEH Lienesoi nporpaMme "TonnueHblii anemeHT" cTatyc ocynapcTeeHHoM
nporpaMmebl, NPUBAEYb MHTEPEC K 3TOW NporpaMme Kak MoXXHO 6onbLiero yuena
NoTEeHUMANbHLIX NOTPebUTENel 13 pasnuMyHbIX CEKTOPOB HAPOJHOro X03AncTBa Poccuu.

Best regards, E. Novitski
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Fuel Cell Programs in the United States for Stationary Power
Applications

Marvin Singer
U. S. Department of Energy

Abstract:

The Department of Energy (DOE), Office of Fossil Energy, is
participating with the private sector in sponsoring the
development of molten carbonate fuel cell (MCFC) and solid
oxide fuel cell (SOFC) technologies for application in the utility,
commercial and industrial sectors. Phosphoric acid fuel cell
(PAFC) development was sponsored by the Office of Fossil
Energy in previous years and is now being commercialized by
the private sector.

Private sector participants with the Department of Energy
include the Electric Power Research Institute (EPRI), the Gas
Research Institute (GRI), electric and gas utilities, universities,
manufacturing companies and their suppliers.

Through continued government and private sector support, fuel
cell systems are emerging power generation technologies which
are expected to have significant worldwide impacts. An
industry with annual sales of over a billion dollars is
envisioned early in the 21st century. PAFC power plants have
begun to enter the marketplace and MCFC and SOFC power
plants are expected to be ready to enter the marketplace in the
late 1990s. i

In support of the efficient and effective use of our natural
resources, the fuel cell program seeks to increase energy
efficiency and economic effectiveness of power generation.
This is to be accomplished through the development and
commercialization of cost-effective, efficient and
environmentally desirable fuel cell systems which will operate
on fossil fuels in multiple end use sectors.
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The program objectives are to develop and demonstrate cost
effective fuel cell power generation which can be successfully
commercialized in the 1990s.

The program activities include basic and applied research and
development, proof-of-concept activities, precommercial
demonstrations, and associated private sector commercial scale
activity. Some of the key elements of the program include:

. Development and demonstration, by 1996, of commercial
size MCFC and SOFC integrated system units meeting functional
requirements for utility scale, distributed power and on-site
generation applications;

. Demonstration of cost reduction, performance and
durability improvements which would enable private sector
production of competitive market entry power plants before
the year 2000;

. Evaluation and identification, by 1999 of advanced fuel
cell concepts and configurations which would enable
efficiencies over 60% (on higher heating value basis) and
installed costs below 1000 dollars per kilowatt for utility scale,
distributed power and on-site generation;

. Support of advanced research which would ensure
availability of the critical materials and processes required for
commercial market entry units before 2000 and advanced
units by 2005;

. Cooperation with private sector commercialization
activities to facilitate rapid cost reductions and rapid market
penetration enabling industry growth to annual sales over $1
billion early in the 21st century.

. Coordination with other fuel cell development and testing
activities within the government and private sector in order to
leverage the available resources, avoid duplication, and
maximize taxpayer return on investment.
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The program strategy is to assist the private sector in
developing molten carbonate and solid oxide fuel cell
technologies and to participate in those field tests which would
greatly improve prospects for commercialization by the private
sector. The strategy also includes supporting advanced
research to provide solutions in critical areas and to identify
concepts which offer opportunities for significant reductions in
cost and improvements in performance.

This strategy has been selected in order to leverage and focus
the available resources of the government and private sectors.
The intent is to accomplish important advancements in these
technologies through research and development and foster the
translation of these advancements into actual economic and
environmental benefits.

Commercialization plans have been formulated by the private
sector for market entry of these power plants fueled by natural
gas in the late 1990s. Introduction of larger power plants with
integrated coal gasifiers is anticipated prior to 2010.

Congressional appropriations for this program in fiscal year
1995 are $49.6 million. This is similar to the appropriation
Jevels in fiscal years 1993 and 1994 of $50.4 million and $51.1
million respectively. Private sector resources being devoted to
fuel cell development in the United States have also been
estimated to be approximately $50 million per year.
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IMPOT'PAMMDBI 110 TOIVIMBHBIM SJIEMEHTAM JJISI CTAITMOHAPHEBIX
SHEPTETUYECKHX YCTAHOBOK B COEIJUHEHHBIX IITATAX
AMEPUKU

Mapsnn Cunrep
Mnunucreperso 3Hepreruxu CIIIA

Kparkas anHoTanmss:

OTpeJ1 yroieBoAOpOAHBIX HCTOUYHNKOB dHEPru MUHHUCTEPCTBA SHEPreTUKH
CIIIA cOBMECTHO C YaCTHO} IPOMBINIJIEHHOCTBIO IIPHHAMAET YYacTHE B
(uHaHCHpOBaHHH pa3paboTOoK pacnyiaBkapOoHaTHEIX (PKTD) 1 TBEpIOOKCHAHBIX
(TOT3) TONIMBHBIX 3JIEMEHTOB [J11 IPIMEHEHHSI P NPOM3BOJICTBE 3JIEKTPOIHEPIHH
A1 O0IIEro NOJIb30BAHM, a TaKJKe B KOMMEDPYECKOM U IIPOMBIIIJIEHHOM CeKTopax. B
NpebIAyLIUe FOAbl OTAEJIOM YIJIEBOJOPOHBIX HCTOUHHKOB SHeprui MuHUCTEPCTBa
snepreTuxu CIIIA ¢dunancupoBauchy pa3padoTku Mo GocOPHOKUCIIBIM TOIJIHBHBIM
anementaM (DKT3), u B HacTos1Iee BpeMs 3TH pa3paboTKH HaXOATCA B poLecce
KOMMepLHaJIi3alyy YaCTHOH NPOMBILIJIEHHOCTHIO.

B aroii nporpaMme cOBMECTHO ¢ MMHHCTEPCTBOM dHEPIeTHKH YIACTBYIOT
WncrutyT axeprerudeckux uccienopanuit (EPRI), MHCTHTYT ra30BbIX MCCIICHOBAHMM
(GRI), dupmbl, 3aHEMAOIECS JJIEKTPO- ¥ Ma30CHA0KEHHEM, YHUBEPCUTETHI,
NpOU3BOACTBEHHBIE (DUPMEI i UX ITOCTABILUKH.

IIpennosaraercs, 4To NpH NPOXOJIXKAIOILEHCS NOANEPKKE CO CTOPOHBI
NPaBHUTEJIHCTBA M YaCTHOIO CEKTOPA CHCTEMBI Ha TOIJIMBHBIX 3JIEMEHTAaX CTaHyT
TEXHOJIOTHSIMU NIPOU3BOACTBA JJICKTPOIHEPTHH, KOTOPHIE OyAyT HMETh SHAUHTEIbHBII
ryi00anpHeli a¢pdexT. Mbl npeaBHANM, UTO B HavaJsie 21-0ro BeKa aTa
NPOMBIILIJIEHHOCTD Oy AT NMETD rofi0BOji 000POT CBBIILE MHJIHAPAA AOJLIIAPOB.
Onepreruyeckue ycranoBky Ha MK T yxe HAUWHAKOT 3aHAMATD ONPEACJIEHHOE MECTO
Ha phIHKE COBITA ¥ NPEANOJIaraeTcs, YTo dHepreTudeckue ycraHoBku Ha PKTD u TOTD
Ha4HyT BBIXOOUTH Ha PHIHOK cOBITa B KOHUE 1990-X romos.

s Toro, yToOH o0ecrneynTs SKOHOMHIHOE ¥ 3 (hEeKTHBHOE HCITOJIb30BaHUE
HalUX NPUPOAHBIX PECYPCOB, IPOrPaMMEI IO TOIJIMBHEIM 3JIEMEHTaM 3aHHMAIOTCS
HCCJIEIOBaHNEM NyTeH MOBBILIEHNS 3(DPEKTUBHOCTH ¥ IKOHOMUYHOCTH IPOU3BOICTBA
sHepruu. Taxas HeJib OyAeT AOCTUTHYTA NMOCPEICTBOM pa3paboTKHu U
KOoMMepLyam3anun 3(pHeKTUBHEIX O ceGecToMMOCTH, 001aHatoLLKX BEICOKOI
NPOAYKTHBHOCTHIO H 9KOJIOTHUECKH NIPUBJIEKATEJIBHBIX CHCTEM TOIJIUBHBIX 3JIEMEHTOB,
KOTOpHble OYAYT 3KCIJIyaTHPOBAThCS HA NPHPOJHOM TOIJIMBE B CEKTOPAx C
MHOr000pa3HbIM IPUMEHEHUEM SHEPrUH.

I_Ienmo IIpOrpaMMul ABJIICTCA pa3pa60TKa 1 AEMOHCTpANHUA 9KOHOMHYHOI'O

NPOHM3BOACTBA DHEPTHH C HCIIOJIb30BAaHHEM TOIUIMBHBIX 3JIEMEHTOB, KOTOPOE MOXKHO
OyIeT UCIoIb30BaTh B KOMMEPUYECKHX LEeJIIX yKe B 90-¢ rofpl.
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JleaTeJIbHOCTh B paMKax NpOrpaMMBbl BKJIIoUaeT B ce0g pyHIaMEeHTaIbHbIE U
NPUKJIA[HBIE HCCJIEHOBAHNS ¥ pa3paboTKy, paboTy Ha MOATBEPXACHHE KOHIENLHUH,
IpPEeOKOMMEpPUECKHe JEMOHCTPALUY i CBSI3aHHBIE C 3TOH JIEATEJIBHOCTHIO
MEpOMNpPHUATHS, OCYLIECTBIISIEMBIE YaCTHBIM CEKTOPOM B KOMMEPYECKOM MaciiTale.
Huxxe npuBOISITCS HEKOTOPBIE U3 KJIIOUEBBIX 3JIEMEHTOB IPOrDaMMBL:

e Pa3paGoTka u meMOHCTpauysa K 1996-My roay cucreMel, HaTerpupyronieit PKTO u
TOTD B eauHble dJIEMEHTH], KOTOPas OB yAOBJIETBOPsIa (PYHKLHOHAIBHBIM
TpeGOBAHUSAM JAJISI IPIMEHEHNS B NPOU3BOJCTBE SHEPIiH JJI SHEPrOCHCTEM
0OIIEro N0JIb30BaHN, B PACHPEAC/IMTEIILHBIX CETIX U U1 IPOM3BOJICTBA SHEPIiU
Ha MecTe;

e JleMOHCTpaLHsI CHUXEHHUS Ce0ECTOMMOCTH, YJIydIIeHns Pa00UnX XapaKTEPUCTHK U
CpOKa CJIyK05I, KOTOpBIe HO3BOJIMJIH Obl 9acTHOMY cexTopy Ao 2000-ro roma
HavaTh KOHKYPEHTHOCIOCOOHOE IPOU3BOACTBO JHEPTUHM HA DHEPrETHUECKUX
YCTaHOBKAX;

e OueHnka u onpefieienre X 1999-My romy nepexoBbIX KOHIUENINH B KOHGUrypauuii
TOIJTMBHBIX dJIEMEHTOB, KOTOphIe Mo3BoJIaT noctuus KIII, paBHoe 60% (Ha ocHOBE
60Jiee BHICOKOH BEJIMUMHEI Harpesa), H CTOMMOCTD KOTOpBIX He npeBbicuT 1000
[0JUJIapOB Ha KUJIOBATT SHEPrHY IO OTHOMIEHMIO K NPOU3BOJICTBY dHEPrHHU B
MaciTabe 3HeprocucTeM OOLIero NoJIb30BaHus ¥ AJ1 IPUMEHEHHS B
pacnpefeJIuTEJIbHBIX CETSIX B B IPON3BOJICTBE JHEPTUH HA MECTaX;

o TIlommep>XKa NEPEeHNOBBIX HCCIIEAOBaHH, IeJIbI0 KOTOPEIX SIBJIseTCS obecrieuenne
HaJIHuKs KPHTHYIECKIX MaTepHaJIoB i MPOLECCOB, HEOOXOOMMBIX JIJI BBIXOJA Ha
PBIHOK KOMMepYecKHXx 3JieMeHToB 10 2000-ro rofa 1 HanboJiee COBEPIEHHBIX
anemeHnToB K 2005-my roay.

e COTpyAHHYECTBO C YACTHBIM CEKTOPOM B ACATEJIbHOCTH 10 KOMMEPUHAJIN3aLHH C
HEJIBI0 cofeficTBYS OBICTPOMY CHHKEHHIO CTOMMOCTH 1 OBICTPOMY MPOHHKHOBEHHIO
Ha PHIHOK COBITa, TAKUM 00pa3oM CrocoOCTBYS POCTY FOZOBOro 060poTa
IIPOMBILITIEHHOCTH 10 Gosiee 1 MHJInappa [0JU1apoB B HavaJsie 21-0ro Bexa.

e KoopnouHanus ycunuit ¢ ApYrIME MEPONPUSATHIMY 10 Pa3paboTKe TOIJIHBHBIX
3JIEMEHTOB ¥ MCIBITAaHUSIMHU, IPOBOOUMBIMH B PaAMKaX NPaBUTEJILCTBEHHOI'O U
YACTHOIO CEKTOPa, YTO0B! HPUBJIEUDh HMEIOILHECS PECYPCHI, H30€KaTh
IyGIMpOBaHus paboT U JOBECTH O MaKCHMYyMa IIPHOBIJIb Ha KalluTaJIOBJIOJKEHUS
HaJIOrOIJIATEJIBIIIKOB.

Crparerus, npiMeHseMas B paMKax IIPOrpaMMBbl, COCTOMT B OKa3aHHU
COIEHCTBUS YACTHOMY CEeKTOpy B paspaborke TexHosoruii PKT3 u TOTO, a Takxe B
yYaCTHH B TEX MOJIEBBIX HCIBITAHUAX, KOTOPBIE 3HAUUTEJIBHO YJIYYIIaT BO3SMOXKHOCTH
YaCTHOTO CEKTOpA [JI1 KoMMepuuausaui. CTpaTerus TakKe BKJIFOYAeT B ce0d
HOANEPKKY HOBBIX HCCJIEJOBaHHUii, HANPaBJICHHBIX HAa HAXOX/ICHHUE PEIUCHNH B
KpUTHUIECKNX 00JIaCTIX Y Ha ONpeAeJicHNe KOHIEIIMii, MPUMEHEeHHEe KOTOPHIX NOMOKET
3HAUMTEJIBHO CHHU3UTh CTOMMOCTD ¥ IIOBBICUTH Pabodne XapaKTePUCTUKH.

Taxas crpaTerus Oby1a n30paHa ¢ TeM, YTO0Ob! yPaBHOBECUTD M HANPABUTD B
NPAaBUJIBHOE PYCJIO PECYPCHI, UMEIOIHeCs KaK y PAaBATEJIbCTBEHHBIX OpraHu3aliyii,
TaK M Y YaCTHOro cexTopa. llesipro cTpaTeruu SBisgeTcs 3HauuTeJIbHas MOACPHU3ALIS
3THX TEXHOJIOTHIi B pe3yJibTaTe NPOBENEHUS HAYYHBIX HCCIIENOBaHuil 1 pa3paboToK U

138



CTUMYJIHPOBaHUE NEPEHOCA ITHX JOCTHZXKCHHH 14 NIOJIYYCHUA JEHCTBUTEJIBHBIX
OKOHOMHYECKHX H IKOJIOr'HYCCKHX BBII'OL.

YacTHBIM CEKTOPOM OBLIH COCTaBJICHBI IJIaHbl KOMMEpIHaJIN3aLyy 1J19 BEIBOJA
3THX DHEPreTHUECKNX YCTaHOBOK, pabOTAaIOMINX Ha IIPUPOJIHOM rase, Ha PhIHOK cOBITa K
xouuy 1990-x rogoB. BBop B 3KCIUTyaTall|iO 3HEProyCTaHOBOK 00Jiee BHICOKOMH
MOIIHOCTH C HHTErPUPOBAHHBIMU YTOJIBHBIMHI Fa30r€HEPaTOPaMHU HpeanosaraeTcs Ko
2010-ro ropa.

B 1995-om GroxeTHoM rogy kKonrpecc CIITA accurHoBaJi Ha 9Ty IpOrpaMMy
49,6 MusIHOHA OJUIapoB. Takoii ypOBEHb aCCUTHOBaHMil MPUOJIM3UTEIIHHO PaBEH
ypoBHIM accurqosanuii B 1993 n 1994 ropax, KoTophle COCTaBJISJIM COOTBETCTBEHHO
50,4 u 51,1 MusTHOHA JOJIIapoB. BKJIaf YaCTHOrO CEKTOpa B pa3pabOTKy TOMJIMBHBIX
asieMenToB B CIIIA Tax>Ke OLeHHBAETCS NPUOJIU3UTETBLHO B 50 MUJIJIHOHOB 0J1JIapOB B
rof.
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DOE Perspective on Fuel Cells in Transportation

Robert Kost
Office of Transportation Technologies
U.S. Department of Energy

ABSTRACT

Fuel cells are one of the most promising technologies for meeting the rapidly growing
demand for transportation services while minimizing adverse energy and environmental
impacts. This paper reviews the benefits of introducing fuel cells into the transportation
sector; in addition to dramatically reduced vehicle emissions, fuel cells offer the flexibility to
use petroleum-based or alternative fuels, have significantly greater energy efficiency than
internal combustion engines, and greatly reduce noise levels during operation. The rationale
leading to the emphasis on proton-exchange-membrane fuel cells for transportation .applica-
tions is reviewed as are the development issues requiring resolution to achieve adequate
performance, packaging, and cost for use in automobiles. Technical targets for power density,
specific power, platinum loading on the electrodes, cost, and other factors that become
increasingly more demanding over time have been established. Fuel choice issues and path-
ways to reduced costs and to a renewable energy future are explored. One such path initially
introduces fuel cell vehicles using reformed gasoline while on-board hydrogen storage tech-
nology is developed to the point of allowing adequate range (350 miles) and refueling con-
venjence. This scenario also allows time for renewable hydrogen production technologies and
the required supply infrastructure to develop. Finally, the DOE Fuel Cells in Transportation
program is described. The program, whosec goal is to establish the technology for fuel cell
vehicles as rapidly as possible, is being implemented by means of the United States Fuel Cell
Alliance, a2 Government-industry alliance that includes Detroit’s Big Three automakers, fuel
cell and other component suppliers, the national laboratories, and universities.

198



Ucnosnb30BaHUe TOMNMBHLIX SJIEMEHTOB AfIA HYXXA TpaHcnopTa:
MepcnekTuBa MuHMCTEPCTBA SHEPrETUKM

Po6epTt KocTt
OTtpen TEXHONIOrUMA TpaHecnopTa
MunucTepcTBo sHepretuky CLUA

AmmoTanas

ToNJIEBHBIE JIEMERTH! IIPEICTABIIIOT o000l HanGoJIee NEPCHEKTHBHYIO
TEXHOJIOTHIO, CIOCOGHYIO YAOBJIETBOPHTh GHICTPO pacTyIwil CHPOC Ha TPRHCHOPTHBIE
yCJIyTH TP ONHOBPEMEHHOM CHICKCHHH HE6JIarONpAsTHBIX BO3/IeiicTBHI Ha
SHEPTETHUECKAE PECYPCH H OKPYXatoumyo cpefty. [IoK1an HOCBSINCH aBa a3y
npemEMyecTs BEeApenns TO B TPaECHOPTHEI CEKTOp SKOHOMIKI. B fonoJiHeHAE K
PE3KOMY COKPALUEHHIO TPAHCHOPTHSIX BHIXJIONOB, TOILIHBHBIC 3ICMCHTEI
Ipe/IOCTABISIOT GOJIBIIYIO CBOGOAY B HCIOJIb30BAHHAR gedTAHOrO TOIJIABA HJIH €T0
3aMeRETe e, IMEIOT 3HAUATE IbHO G0JIee BRICOKHI SHEPreTHICCK Al KIIL [0
CPaBHEHHIO C JBArATC/IIMH BHYTPEHHETO CFOPaHASA H CYICCTBEHHO COKPAMIaloT
ypOBEHD ITYMOB BO BpeMs paGoTsl. B HoKJiajie paCCMaTPHBAIOTCS apT'yMEHTH B
TOJUIEPXKY 060CHOBAHHOCTH HCHOJIb30BAHAS MCMOPaHHEIX T3 ¢ IPOTOHHBIM COMEHOM
VIS TPAaHCHIOPTHBIX HyKJI, a TAKXKE TpeOyrolge pa3peicHus BONPOCE!
IPOEKTHPOBAHHS, CBI3aHABIE C 00ECICUCHAEM aISKBATHBIX SKCITyaTANMOHHBIX
KAYeCTB, YIAKOBKH B CTOHMOCTHE TO JUIs NPAMEHEHAS B aBroMo6mILIX. OnmpenesIeHb
TeXHIUECKHE UeJIH NOCTHXEHAS He0GX0MAMOl HeProRanpsKeHHOCTH, YACIHHOR
MOIIHOCTH, KOHICHTPAIAY IIATHEBL HA 3JIEKTPOJIaX; CTORMOCTH H APYTHX (PaKTOpOE,
oGpaTHBIIEX Ha ce0s BHEMAHHE B HOCJIE/(HES BPEMA. HccniemyroTest BOIpOCH BrGopa
TOMJIABA # HyTH CHAXEHAS ceGeCTORMOCTH C BRIXOJIOM Ha BO30GHOBJIEMBIE HCTOTHHEKY
aneprad B 6yrymem. OfEH A3 TAKAX IyTeil IPpeAyCMAaTPHBACT NEPBOHAYAJIEHOC
BHEJ[PEHEE TPAHCHOPTHBIX CPECTB Ha T3, paGoTatomex Ha pedopMmAT-GEH3HEE, A0
TeX 1Op, HOKa TEXHOJIOTHS BHyTPEHHErO BOXOPONHOTO aKKYMYJITOpa BE Oyner
Pa3BHTA JI0 TAKOH CTEHEeHH, ITO0H! 06eCHETHBATH JOCTATOYHO 60JTbIIHE PACCTOSHHES
(350 MuTB) B yAOGHYIO 103aIpaBKy TOIUIEBOM. IIpH TaKOM BapHAHTE OTBOAHTCS
JOCTATOYHOE BPEMS, UTOOH! YCHETH Pa3BATH TEXHOJIOTHH BO30GHOBJIIEMOTO
IPOH3BOJICTBA BOJIOPOAA H HEOGXOMUMYIO HOANEPXHUBAIOMYIO rEQPaCTPYKTYPY.
HakoHen, B J0KJIajic NPABOAATCS OMACAHHE IPOrpaMMsl MUHACTEPCTBA SHEPreTHKH
CIIIA no mcmoJip30Bagaio TO B TparCHOPTHOH HAXyCTpHEE. [IporpaMma, NEJIbi0
KoTopoi sBJisgeTcs OpicTpeiimas pa3paGoTKa  BECIPCHAC TEXHOJIOTHHE TPaHCHOPTHBIX
cpencTB Ha TO, BBUIOJIHACTCS CAJIAMH Ampsrca CIITA Do TONJTEBHBEIM dJIEMEHTaM
(United States Fuel Cell Alliance), rocyapcTBCHREO-IPOMBIIJICHHOIO COX03,
06'be ITASIOMIET0 aTOMOGHIECTpORTe IbHbIe KoMuanan Bosmmoi Tpolika #3 [leTpoiTa,
[IOCTABIIEKOB TOILUIMBHAIX 3JICMEHTOB H APYroif NpOAyKIHH, Hal@OHa IbHbIC
J1aGopaTOpAA B YHHBEPCUTETHL.
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° Reducing the level of investment necessary to advance and improve the reli-
ability of energy distribution systems from generating centers to end consum-
ers

Research and development carried on in the past few years in Russia, as well
as other industrially developed countries, has shown that all the stated requirements
can be completely satisfied by a trend now rapidly becoming apparent in the electrical
power industry: the use of fuel cells to generate electricity.

Studies performed by Russian and foreign scientific organizations together with
practical experience gathered worldwide in the use of fuel-cell power plants shows
that such installations will be of value chiefly to small and decentralized generating
systems—particularly in Russia, which has the world’s largest reserves of natural gas.

At present, up to 70% of Russian territory (inhabited by more than 25 million
persons) is not covered by central electrical distribution systems. Such areas include
the Far North, the Far East, eastern Siberia and other portions of Russia.

Widespread use of fuel-cell power plants and the solution of energy-delivery
problems will aid in reducing the negative environmental impacts of the energy indus-
try; improving the reliability of electrical and thermal distribution systems; creating a J
market for electrical energy and promoting independent generators; and increasing the
technical and economic performance figures of the electrical and thermal energy
industry for the country as a whole.

In the field of fuel-cell power plants, Russia is at parity with the leading for-
eign countries, with respect to both technical and economic performance and the level
of scientific research being conducted. Civilian use of these generating systems on a
broad scale, however, demands that a number of problems be solved, chiefly those re-
lating to the need for longer plant service lives, lower unit cost of electricity, and so
forth.

In April of this year, mindful of the importance of this task for the state and
the necessity to provide coordination between industries and plants involved in this
effort, the Ministry of Science and Technical Policy of the Russian Federation issued
a decree creating a new area of concentration, “Fuel-Cell-Based Power Plants for
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Civilian Needs,” in the GNTPR! “Environmentally Clean Power Industry,” which
will form the basis for financial support in this area out of the federal budget. The
Russian Ministry of Atomic Energy, which took the initiative in posing this problem
for solution by programming methods at the federal level, is now working with other
interested organizations and institutions in Russia to develop proposals for fuel-cell
power plant projects to be included in this area of concentration. Methodological
direction and coordination of this work is being provided by the Russian Ministry of
Science. By the end of 1995, the scientific council of the GNTPR “Environmentally
Clean Power Industry” is to examine and adopt a decision as to projects in the area of
concentration “Fuel-Cell-Based Power Plants for Civilian Needs.” Approved projects
will be carried out with funds from the federal budget as well as other sources, in-
cluding the budgets of subjects of the Russian Federation with an interest in establish-
ing the non-state sector of the economy.

The Ministry of Science, in view of funds allocated for the implementation of
the program, will provide an annual update of target figures, expenses for program
activities, the mechanism of program implementation, and personnel involved.

In performing the role of a state customer, the Ministry of Science will be
responsible for timely and correct preparation and implementation of projects, coordi-
nating domestic activities in this area of concentration, and the efficient use of re-
sources allocated for program implementation.

ITranslator’s Note: I cannot be certain of the meaning of this abbreviation; possi-
bly something like “State Scientific and Technical Development Project.”
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06 yyacTvu rocyAapcrsa B CO3AaHWU IHEPreTUiecKux YyCTaHOBOK
Ha OCHOBE TOMMIUBHbIX 3EMEHTOB ANA rPaXAAHCKUX HYXA B Poccuu

®.H.MexoTa
MUHUCTEPCTBO HAaYK¥ U TEXHUUECKON NOUTUKY PO

OHepreTuyeckad cTpaterua Poccuu CBA3LIBAET obecneyeHue yCTonumeoro u
3cpheKTUBHOrO 3HEProcHAGKEeHUA CTPaHb! C PeLeH1eM, B YaCTHOCTH, CReaytoLux
Hay4YHO-TeXHUYECKUX 3apau:

- TEXHUYECKOE NepeBoopyXeHue 1 06HOBIeHUE OCHOBHLIX MPOU3BOACTBEHHBIX
chOHAOB 3NEKTPOIHEPreTUKIU U TernsoBoro Xo3aicTBa:

- CO3AaHUe B COOTBETCTBUM C TpeGosaHuAMU DOPMUPYIOLLErocA B CTpaHe
SHEepreTyecKoro pblHKa YCoBUA ¥ TexHuyeckolt 6asbl ANA PA3BUTUA
peUeHTPANNU30BaHHOrO ANEKTPO- U TennocHabeHuA ypaaneHHO PacnonoXeHHbIX
OT LEHTPaNuU30BaHHLIX CUCTEM SHEpProo6ecneueHnA unv U30NMPOBAHHLIX
paoHoB;

- KOPeHHOe COKpaUieHUe HEeraTUBHOrO BO3AEUCTBUA 06bEKTOB 2MIEKTPO- U
TEMMO3HePreTUKU Ha OKPYKaIoLLYIo Cpeay:

- CyLLECTBEHHOe MoBbilLeHUe 3(PCPeKTUBHOCTY UCTIONB30BAHUA OPraHU4ecKoro
TOMAUBa, B MEpBYI0 Ouepefb, NPUPOAHOrO rasa npu NpOU3BOACTEE
3MeKTPO3Hepruy U Tenna:

- COKpALLLeHU® VHBECTULWA, HeoOXORUMbIX IR PasBUTUA U MOBLILLEHUA
HA[LeXHOCTA CUCTEM [OCTaBKM SHEpruv OT UEHTPOB ee Npov3BOACTEA AO
KOHeYHbIX noTpeburtenei.

VccnenoBaHusA U pa3paboTku, BLIMOSIHEHHbIE 33 NOCNeAHue roasl B Poccuy, a
TAIOKe B APYrUX UHAYCTPUANBHO Pa3BUTLIX CTPaHaX, CBUAGTENBCTBYIOT, YTO
BCEM MOpBeYUCHeHHbIM Bhille TPeGOBaHUAM MOXET B nonHo# Mepe 0TBEUaTb
6LICTPO pa3BUBAIOWEECA B MUPe HanpasneHue 3MeKTPOSHePreTuky,
6a3upyIoLLEECA Ha UCMOMIb30BAHUMN TOMIMBHBIX ANEMEHTOB.

WccrnenoBaHuA poCCUiiCKUX U 3apybexHbiX HayuHbIX opraHusauuu v
HaKONNEHHbI B MUPE NPAKTUYECKUI ONLIT MO UCTONBE30BAHUIO 3HEPreTu HECKUX
YCTaHOBOK C TOMNIUBHBIMY SIEMEHTaMU CBUASTENBCTBYIOT O TOM, HTO Takue
3HEepreTUUecKye YCTaHOBKY, 0COGeHHO B Poccuu. obnapatouieit KpynHeLLIMMuY B
MUpe 3anacamu NPUPORHOro rasa, GyayT uMeTb 3HaueHue, B Nepsyto oyepeap,
LA Masoil HEPreTuKy U AeUeHTpanv3osaHHoro 3HeprocHabxeHuA.

B Poccuu B HacToALee BpeMA A0 70% Bceit nnowaau (Ha KOTOpO# npoXxusaer
cBbille 25 MJH.UEM.) He O0XBaueHO CUCTeMaMu UEHTPanusoBaHHOro
3MeKTPOCHAGXKEHUA. K 3TUM TeppuTopuAM OTHOCATCA KpattHu Cesep, OanbHuid
BocTok, BocrouHas Cubupb u apyrue paioHs! Poccuv.

LLIMpOKOE UCHOSBE30BAHUE IHEPTETUUECKUX YCTAHOBOK HA OCHOBE TOM/IMBHBIX
SfIEMEHTOB HapAgy C PelieHueM 3apad no 3HeproobecneyeHuto bynet
COpEWCTBOBATL CHWKEHUIO HEeraTusHoro BO3{SWCTBUA 3HEPreTuku Ha
OKPY)KAIOLLYIO MPUPOAHYIO Cpedy, YBEUUSHUIO HaAeXHOCTU 3NeKTPo- U
TennocHabyKeHuA, hOPMUPOBAHUIO PbiHKA BMIEKTPOIHEpPrun U passutuio ee
HE3aBUCUMbBIX  MPOWU3BOAWUTENEH, MOBLILLEHUIO TEXHUKO-IKOHOMUUECKMX
flokasaTeneit Bceli CUCTEMbI 3NEKTPO- U TeNAoCHAGKEHUA CTpaHsbl.

Mo pAJY TUFOB 3HEPreTUUECKUX YCTAHOBOK Ha OCHOBE TOMNUBHLIX I@MEHTOB
PoccuA He YyCTynaeT nepeAosbiM 3apybexcHbiM CTpaHam  Kak o
TeXHUKE-3KOHOMUYECKUM MOKA3aTesNiAM, Tak U NO YPOBHIO BbIMOSHASMbIX Hay1HbIX
uccnepoBaHuit. OgHaKo, AS1A LIMPOKOro UCNONb30BAHNA TAKUX IHEProyCTaHOBOK
B rpaXAAHCKUX LeNAX HeOOXOAMMO PelluTs PRA Npobnem, B Nepeyto 04epeas
C:BA3AHHBIX C HEOBXOAMMOCTBIO CYLLECTBEHHErO yBenuUYeHuA pecypca pabote:
YCTaHOBOK, CHWKEHUA YAENBHOK CTOUMOCTH nony4YaemMon 3Hepruv 1 T.4.

YuuTbiBaA 3HAUUMOCTb NPOBAEME! [IA  rocyaapcTsa, HeoOXOAUMOCTb
KOOPAVHALLMY MEXOTPACcNesbiX CBA3EN TEXHONMOrM4eCKy CONPAXEHHBIX oTpacnew u
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NPOWU3BOACTS ANA pewieHUA AaHHOW npobnembl MUHWCTEPCTBO Hayku u
TexHudeckoll nonutuku Poccuitickon @Depepauuu B anpene Tekyulero roga
MPUHANO pelueHue O pa3paboTke HOBOFO OCHOBHOTO — HanpasfeHWA
"OHepreTuyeckvue YCTaHOBKv HA OCHOBE TOMAMBHLIX 3EMEHTOB ANA
rpaXkaaHckux Hyxa" MHTTPa "Okonoruuecku yucTan 3HepreTuka", Ha Oase
KoTopoit 6yaeT ocywecTBAATLCA OUHAHCOBAA MOAASPKKA 3TOTO HANPABEHUA 33
cueT cpeacTs chenepanbHoro Glomieta. B HacTonwee spema Munatom Poccuu -
UHULUATOP NOCTAHOBKW AAHHOW npobneMbl ANA PetleHUA NporpaMMHeIMU MeToAaMu
Ha QepepanbHOl YPOBHE - COBMECTHO C APYrMMU 3auHTepeCcOBaHHLIMU
POCCUIACKUMU OpraHv3auUAMU U YUPEXASHUAMY pa3pabaTeiaaeT NPeAnoXeHua no
cocTaBy MPOEKTOB B 06MACTV 3HEPreTWYecKuX YCTAHOBOK HA OCHOBE
TOMAUBHBIX BMEMEHTOB AMA BKIOYEHWUA B YKa3aHHOe HanpasfeHue.
MeTOAVYECKOE PYKOBOACTBO W KOOPAVHAUMIO 3TOW paboTel OCYLIECTBAAET
Munrayku Poccuu. HayuHbiit coset no FHTMP "Okonoruuecku yuctad
3HepreTuka" Ao koHua 1995 r. AOMKEeH PAacCMOTPeTh U NPUHATL peLUeHre no
COCTaBy MPOEKTOB HanpaeneHuAa "OHepretvuyeckue YCTAHOBKU Ha OCHOBE
TOMNUBHbIX SAEMEHTOB ANA MPAXKAAHCKUX HYXKA". YTBEPKASHHbIe NPOeKTH OyayT
peanu30BLIBATECA KaK 3a cueT cpeacTs DepepanbHoro O1oKeTa, Tak v Apyrux
UCTOUHUKOB, B TOM UMCIIe 3a CUET CpeacTs 6lomkeToR cybbekros Poccuiickoi
Qepepaumy, 3aUHTEPECOBaHHLIX OpraHu3auuit HerocyaapcTBeHHOro cexropa
3KOHOMUKU. .

MuHHayku Poccuu, C yveToMm BHIAENAEMbIX Ha peanusauuio nporpaMmel
hUHEHCOBLIX CPEACTs exerofHo OyaeT NpOBOAUTL YTOUHEHUE UenesbiX
rioKasaTeneii U 3aTpar no NporpaMMHbIM MEpPONPUATUAM, MeXaHusMa peanvsanuu
nporpaMMel. cocTasa UcronHuTenen.

BLINONHAA POfb FOCYAaPCTBEHHOrO 3akasuvka, MuHHayku Poccuu Hecer
OTBETCTBEHHOCTb 33 CBOSBPEMEHHYI0 U KaueCTBEHHYI0 MOAroToBKY W
peanv3aLulo NpoeKToB, OCYLUECTBAIAET KOOPAMHALUIO AGATESNBHOCTHU B CTPaHe B
3TOM Hanpasnenuu, obecneuvsaeT 3dhekTuBHOE WUCMONbL30BAHWE CPEACTs.
BHIASNASMbIX HA peanvsauuvio NporpamMmmel.
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@ DEVELOPMENT OF TECHNOLOGIES

DEVELOPMENT OF TECHNOLOGIES COVERS THE
WHOLE CYCLE OF INITIAL MATERIALS
PREPARATION, FC MANUFACTURE, ASSEMBLING
OF SOFC MODULES, ELECTROCHEMICAL
GENERATORS AND POWER PLANTS ON THEIR BASIS
AND SUBSEQUENT CONTROL AND TESTS.

996
CY-I%/%)B Ni
\<@/

; INITIAL

MATERIALS
U

FC

MANUFACTURE
|

+ MIANUFACTURE

OF FC BLOCKS

U

MANUFACTURE
OF
‘ELECTROCHEMICAL
GENERATORS,
POWER PLANTS

(02 ) U
‘*\/)

1

i

Lo .

e

obtaining of powders

making up compositions of powders
svathesis of powder compositions
griad, separation of powders
methods to control quality

preparation of compositions with thermoplastic
binders

molding of structural details (casting, pressing,
rolling)

annealing, caking

machining of ceramics

making of electrode coatings, caking
ion-plasma technologies for coating electrode
layers

methods to control the quality and the
characteristics of FC

connection of the construction elements by the
method of high-temperature hermetic sealing,
soldering, welding

methods to control quality, hermetic sealing and
FC block characteristics

technology for manufacturing and assembling the
elements of the construction. gas pipelines,
thermal insulation, body (case)

methods to control quality

technologies to investigate power plants
characteristics

technologies for enriching natural fuel
technologies for heat utilization
technologies for energy conversion
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[ll. ASSESSMENT OF COMMODITY MARKET
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SCHEME
OF MAIN GAS PIPELINES OF THE ENTERPRISE
“TYUMENTRANSGAS" (1994)
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PREDICTED COMMERCIAL PRICE
FOR POWER PLANT OF 1 kW POWER
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Designation of expenses Cost
(in thous.USD)
1 Materials 1,5
2 Wages 2.1
3 Taxes( 39 % .item2) 0,82
4 |Payment for resources (energy, 1,58
gas, heat, water, equipment)
75% ,item?2
5 Net cost 6.0
6 Profit ( 40%.item5 ) 2.4
7 Profit tax( 30%.item6) 0,72
3 Net profit (6 - 7) 1,68
9 Price of manufacture (5+6) 8.4
10 | Value-added tax ( 21.5 %,item8 ) 1.8
[ Commercial price (9+10) 10,2
@%BHHHT@
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IMTPOTHO3UPYEMA A KOMMEPUYECKA ITEHA
OHEPI'OYCTAHOBKH MOIITHOCTDBIO 1 xBt

Ne i/t Haunmenosanue 3aTpaTt CrommocCTh
' (TpIC. $)

| MaTtepuasi 1,5

2 Japniarta 2,1

3 Hayoru (39 % 11.2) 0,32

4 IInaTa 3a pecypcsl (3HEprus, ras, 1,58
TEILIO,BOZAa, 000PYyIOBaHUE)
75%m.2

5 CebecTonmMocCTh 6,0

6 Ipu6suts (40% 11.5) 2,4

7 Hasnor #a npubsus( 30% 11.6) 0,72

3 Uncrast npubps (6 - 7) 1,68

9 Ilena usrorosenus (5+6) 8,4

10 Hamor-HAC (21,5 % n.8) 1,8

11 Kommepueckas nena (9+10) 10,2

BHUUTOD
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(2) PC25 A Fuel Cell Durability

High time units (July 31, 1995)

- Owner Total Operating Hours
Tokyo Gas #1 17,033h
Tokyo Gas #2 13,13%h
Tokyo Gas #3 16,494h
Tokyo Gas 34 16,153h
Tokyo Gas 7#6 15,641h
Tokyo Gas #7 12,961h
Osaka Gas 31 15,275h
Osaka Gas #2 21,210h
Osaka Gas #3 — 12,067h
Osaka Gas #4 19,698h
Osaka Gas #5 13,201h
Osaka Gas #6 14 .975h
Osaka Gas #7 15,985h
Osaka Gas #10 11,811k
Toho Gas 11,031h
PEC - : 12,595h
Brooklyn Union Gas 20,9190
" Consolidated Natural 16,742h.
Equitable Gas 20,014h
National Fuel Gas 18,751h
People Gas Light 10,521h
Sacramento MUD 10,367h
Rochester Gas 14.341h
Southern California Gas 1 23,590h
Southern California Gas #2 21,874h
Southern California° Gas #5 17,421h
Southern California Gas #7 15,845h
Southern California Gas #8 14,238h
Anustria Ferngas 15,222h
CLC S.R.L 14,522h
Heag 15,630h
Imatran Voima 21,232h
Natur Gas 16,15%h
Ruhr Gas 19,535h.
Service Gas 18,681h
Sydkraft 20,949h
20,950h

Thyssen Gas
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(3) PC25 A Power Plant Longest Continuous Runs

(as of August 07, 1995)

Owner Run Hours Dates
Southern California Gas 8,029h 09/06/94 To Present
Southern California Gas 3,005h 09/07/94 To Present
Southern California Gas 7,570h 08/17/93 To 06/28/94
Tokyo Gas 6,325h 08/19/93 To 05/10/94
Brooklyn Union Gas 5,869k 03/15/94 To 11/15/94
Southern California Gas 5,675k 02/01/94 To 09/26/94
Osaka Gas 5,476h 12/10/92 To 07/26/93
Tokyo Gas 5,402h 10/13/94 To 05/26/95
Southern California Gas 5,371h 09/01/93 To 04/13/94
PEC 5,351h 01/11/94 To 08/22/94
Southem California Gas 5,296h 11/18/94 To 06/27/95
National Fuel Gas 5,177h 05/07/93 To 12/09/93
Sacramento MUD 5,105h 11/22/94 To 06/23/95
Thyssen Gas 4,988h 03/16/94 To 10/10/94
Equitable Gas 4.788h 03/11/94 To 09/26/94
PEC ' 4,704h 08/31/94 To 03/15/95
Southern California Gas 4.,660h 03/10/94 To 09/21/94
Sydkraft 4,598h 10/05/94 To 04/15/95
Tokyo Gas 4,513h 10/14/94 To 04/20/95
4 311h 09/09/93 To 03/08/94

Equitable Gas
Ruhr Gas

4,101h=== 05/03/94
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Voltage

Voltage (V)

(Wiciaz)

Densily

Powasr

A comparison with conventional electrode.

Anode: NifYSZ

Eiectrolyte: YSZ

Fuei: H2

Oxidant: Air

Test Temperature: 800°C
‘with wire correction)

/= 1.0142 - 0.26068x A2 = 0.991
0.4 \
\\
\
0.2 4 \
s = 2337 - 1775x 32 = 0.995

i 3

, \
3.0 AT Y

3 ‘ 2 3 4

Current Density (A/cmA2)

O_} v = - 4,8536e-4 -~ - 3180x - 3.26071x*2 R*2 = 1.000
!
1 .
i N\
2.84 / \
! \
5.6
Y = 1.666%e-3 -~ " 0068x - 1.1087x%2 R*2 = 0.999
\‘.
t
1 z 3 4

Current Censity {(A/lemA2)

and Power Density vs. Current Density with Improved Cathode:

8 Improved Cathode

¢ Conventional Cathode

@ Improvea Cathode

¢ Conventional Cathode
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Overpotentials of Y8ZTh20 and
Y8ZTb30 Cathodes on YSZ in Air

| (mA/cmZ)

Cathodic Overpotential (mV)

250 [
200 |

150 |

100

50 |

25

50

100

200 300

d H
! L

]
3

Pt
Sr
L&y g5

MnO, (

0.15

1

m)

- Th30D (13-15 um)

A

T=820°C

Tb30A (<10 um)
Tb30B
Th30C (17 um)

Tb20A (40 pm)
Tb20C (12-16 um)

Log | (mA/cmz)
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(2) IIponoJIXUTEeIbHOCTD CJIY2KObI TONJIMBHAIX 3JieMeHTOB PC25 A

YcTaHOBKHM € BHICOKHM NOKa3aTesieM HapaGoTku (Ha 31 mona, 1995 rona)

Bnapenen Obiiee BpeMs HapaOOTKH
Tokyo Gas #1 17033 4
Tokyo Gas #2 13139y
Tokyo Gas #3 16494 4
Tokyo Gas #4 16 153 4
Tokyo Gas #6 15641 4
Tokyo Gas #7 12961 4
Osaka Gas #1 152754
Osaka Gas #2 212104
Osaka Gas #3 12 067 4
Osaka Gas #4 19698 u
Osaka Gas #5 13201 4
Osaka Gas #6 149754
Osaka Gas #7 159854
Osaka Gas #10 118114
Toho Gas 110314
PEC 125954
Brooklyn Union Gas 209194
Consolidated Natural 167424
Equitable Gas 20014 4
National Fuel Gas 187514
People Gas Light 105214
Sacramento MUD 10367 u
Rochester Gas 14341 4
Southern California Gas #1 23590y
Southern California Gas #2 21 874 4
Southern California Gas #5 17421y
Southern California Gas #7 158454
Southern California Gas #8 14 238 u
Austria Ferngas 15222y
CLCS.R.L. 14522 4
Heag 156304
Imatran Voima 21232y
Natur Gas 16 1594«
Ruhr Gas 195354
Service Gas 18 681 u
Sydkraft 20949 4y
Thyssen Gas 20950 4
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(3) CaMrple moJIrHe HepHoab! HenpepbIBHOH paboTel DY PC25 A
(ua 07 aBrycra, 1995 rona)

Buiagesnen BpeMmda HapaOGoTku  HaThl
Southern California Gas 80294 06/09/94 mo Hacrosmee BpeMs
Southern California Gas 80051 07/09/94 no nacTosIIee BpeMs
Southern California Gas 75704 17/98/93 mo 28/06/94
Tokyo Gas 63254 19/08/93 mo 10/05/94
Brooklyn Union Gas 5869 4 15/03/94 no 15/11/94
Southern California Gas 56754 01/02/94 mo 26/09/94
Osaka Gas 54764 10/12/92 o 26/07/93
Tokyo Gas 54024 13/10/94 no 26/05/95
Southern California Gas 53714 01/09/93 o 13/04/94
PEC 53514 11/01/94 no 22/08/94
Southern California Gas 52964 18/11/94 1o 27/06/95
National Fuel Gas 5177 a 07/05/93 o 09/12/93
Sacramento MUD 51054 22/11/94 no 23/06/95
Thyssen Gas 4988 4 16/03/94 no 10/10/94
Equitable Gas 4788 4 11/03/94 o 26/09/94
PEC 4704 4 31/08/94 no 15/03/95
Southern California Gas 4 660 10/03/94 no 21/09/94
Sydkraft 4598 4 05/10/94 o 15/04/95
Tokyo Gas 45134 14/10/94 o 20/04/95
Equitable Gas 43114 09/09/93 no 08/03/94

Ruhr Gas 4101 g 03/05/94 no 21/10/94
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Development of Molten Carbonate Fuel Cell Technology at M-C Power Corporation

Daniel Dilger
Marketing Coordinator
M-C Power Corporation
8040 South Madison Street
Burr Ridge, IL 60521

ABSTRACT:

M-C Power Corporation was founded in 1987 with the mission to further develop and
subsequently commercialize molten carbonate fuel cells (MCFC). The technology chosen for
commercialization was initially develaped by the Institute of Gas Technology (IGT). At the
center of this MCFC technology is the Internally Manifolded Heat EXchange (IMHEX®)
separator plate design. The IMHEX® technology design proyides several functions within one
component assembly. These functions include integrating the gas manifold structure into the fuel
cell stack, separating the fuel gas stream from the oxidant gas stream, providing the required
electrical contact between cells to achieve desired power output, and removing excess heat
generated in the electrochemical process. Development of this MCFC technology from lab-scale
sizes too a commercial area size of 1m? has focused our efforts on demonstrating feasibility and
evolutionary progress. The development effort will culminate in a proof-of-concept 250kW
power plant demonstration in 1996. The remainder of our commercialization program focuses
upon lowering the costs associated with the MCFC power plant system in low production
volumes.

M-C Power has established and leads a commercialization Team consisting of
organizations with global experience, they include: Stewart & Stevenson Services, Bechtel
Corporation and The Institute of Gas Technology. This Team provides the expertise and
capabilities needed to develop and commercialize a cost-effective power plant based on M-C
Power's MCFC stack technology. M-C Power is also currently working with both VNIIEF and
Gazprom on a feasibility study to develop MCFC systems for Russian markets. This Russian/
American elliance greatly increases the potential of developing reliable low cost MCFC
technology.

Within our Product Development Improvemett effort we have recognized the need for an
aggressive approach to cost reduction. This is a factor being pushed by the market place, as
much as our fellow team members and program sponsors. This presentation will touch on the
direction of our overall commercialization program and will alsc address the current progress of
the technology relating to: performance, cost and the likelihood of achieving the goals we have
chosen to undertake.
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Pa3pa00TKa TeXHOJIOI'HH NPOU3BOACTBA TOIJIMBHBIX JIEMEHTOB Ha PaCIi/IaBJICHHOM
YIJIEpOMHOM TOIUMBE Koproparmeii "OM-Cu nayep Kopropeium"

HMauuen [uirep
KoopaunaTop 110 MapKETHHT'Y
Kopnopamus "9m-Cu nayep xopnopeiinm"
8040 Cayt M>mucoH CTpUT
Bepp Pumx, mrat Wmsolic 60521

PEMEPAT:

Kopnopanus "3m-Cu nayep xopnopefin" 6bis1a ocHoBaHa B 1987 rofy st
JaJipHeiiell pa3paboTKH U MOCJIEAYIOWIErO NPOMBIILJIEHHOT'O H3TOTOBJICHHU S
TOIJIMBHBIX 2JIEMEHTOB Ha paciuIaBJieHHOM yriepogHoM Tommise (MCFC).
TexHOJI0r|s, BHIOpaHHAs [J1S IPOMBILILUIEHHOrO H3TOTOBJICHHS, OblJla pa3paboTaHa
HucTuTyTOoM ra3oBoil TexHosord. B ocHoBe TexHos1oru MCFC JieXUT KOHCTPYKIHUS
CcenapaTOpPHOH IJTACTHHBI TEIIOOOMEHa ¢ BHYTpeHHUM KosuiekTopoM (IMHEX®).

Koncrpykuusa Ha ocroBe TexHosornu IMHEX® ofecneunBaeT BEHIOHEHNE
HECKOJIBKHX (DYHKIMIA B OMHOM y3J1e. DTH (PYHKIMY BKJIFOYAIOT HHTErPALUIO
KOHCTPYKIIHH Ta30BOr0 KOJIJIEKTOPA B 6aTapero TOIJIMBHBIX 9JIEMEHTOB, OTAC/ICHHE
I0OTOKa TOMJIMBHOIO 'a3a OT II0TOK2 OKHCJISIOLIEro rasa, yCTaHOBJICHHE HEOOXOMUMOro
3JIEKTPUUECKOr0 KOHTAKTa MEXAY dJIEMEHTaMH JJ1 obecredeHus TpedyeMoit
BBIXOHOH MOIIHOCTH, ¥ OTBOJ H30BITOYHOI'0 TENJIa, BEIpabaTHBAEMOI'0 B XO/IE
3JIEKTPOXUMHUYECKOro nporecca. B xone passutus rexnosorun MCFC ¢
J1aGOpaTOPHOTO YPOBHS O HPOMBIIIIJIEHHBIX MacIITab0B NpH IJIoWa M B 1 M%, MBI
COCpEeIOTOYMIIM HAIIK YCHIIUS HAa AEMOHCTPALMH 9KOHOMHYECKOI uenecoo6pa3Hocm U
3BOJIIONMOHHOrO pa3BuTus. I{esbro pa3paboTOoK SIBJIAETCSA CO3MAHHE
DKCHEPHMEHTAJIbHOM NEMOHCTPAMOHHOI ycTaHoBKH Ha 250 kBT B 1996 rony.
OcraJipHas 9acTh Haulell IporpaMMBI NPOMBILIJIEHHOIO HCII0JIb30BAHUS
COCpeIOTOYEHA Ha CHUKEHHE CTOMMOCTH SHEPreTHIECKHUX YCTaHOBOK HA OCHOBE
rexnosiorur MCFC npu HeGoJibimx o6beMax pOu3BOACTBA.

Kopnopanus "IM-Cu nayep KOpIopeHins" co3/1aja i OCyIIECTBIIIeT
PYKOBOICTBO IPYIIOif KOMMEpLHaM3alliH, COCTOSIIEH U3 OpraHnu3aiHii ¢ MUPOBBIM
ONBITOM, CPEIU KOTOpBIX: KoMnauuu "CrioapT 351 CTHBEHCOH cepBucH3", "BeKTes
Koprope#is", 1 MHCTUTYT ra30Boii TEXHOJIOrHH. 3Ta rpymmna obsafaer
He0OXONUMbIMH 3HAHHSIMHU K BO3SMOXKHOCTSIMH JUIS pa3paboTKy U IPOMBIULJIEHHOTO
NPOM3BOLCTBA IKOHOMUYHOMH SHEPreTHYECKOH YCTaHOBKY HA OCHOBE TEXHOJIOTHH
6aTapeit MCFC xopnopanuu "9M-Cu nayep xoprnopeiinm". Koprnopaius "OM-Ch nayep
KopropeHum" B Hacroswmee BpeMs padoraet ¢ mHCcTHTyTOM BHUMD® 1 I'asnpoMom
Ha[ TeXHOKOHOMMUEeCKHM oOocHoBanneM cucreM MCFC 11 poccHiCKOro phiHKa.
DTOT poccuiiCcKO-aMEepUKaHCKHil COI03 3HAUUTESIbHO YBEJIMYHBACT IIOTEHIHAIT AJIS
pa3paboTku femeBoil u HagexxHok Texnonorun MCEC.
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B xope Hanmix paGoT no yJIyunieHuro pa3paGoTKH H3es il MBI OCO3HAIH
HEOOXO/IMMOCTD B aKTHBHOM NOJIXOJIE K BONPOCAM CHIIKEHHS CTOMMOCTH. DTOMY
CIOCOGCTBYIOT K&K YCJIOBHS PHIHKA, TaK U HAIIM KOJLUIETH [0 IPYTIe H CHOHCOPHI
JIporpaMMB!. B HacTosIIel npe3eHTaIM: MBI KOCHEMCS OCHOBHOT'O HAlPaBJICHHS HAIIEH
IPOrpaMMbl IPOMBIIIJIEHHOI'0 OCBOCHHUS H PACCMOTPUM TEKYILEE COCTOSHAE [EJI C
TEXHOJIOTHEli B TAKHX €€ acneKTax Kak pabovHe XapaKTePHCTHKH, CTOHMOCTD U
BEPOSTHOCTD HOCTHXEHHUS LiesieH, KOTOPbIE MBI IIEpef] COG0H MOCTaBHIIH.
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STATUS OF DEVELOPMENT OF THE POWER PLANTS
ON THE BASE OF MCFC IN RFNC-VNIIEF

Dr.Novitski, E.Z.
Head of the "Autonomous Power Engineering” Department,

Dr.Savkin, G.G.,
Chief Technologist

RFNC-VNIEF, Arzamas-16
1. Introduction.

VNIIEF started work on Molten Carbonate Fuel Cells (MCFC) and
power plants (PP) on their base in 1991 when one of the priority
directions in the conversion of the Automatics Department within
VNIIEF nuclear weapon complex was finally determined. A group of
enthusiasts relying upon the scientific start of the Institute of
High-Temperature Electrochemistry of the Ural Branch of the Russian
Academy of Science (Yekaterinburg) has prepared their proposals for
VNIIEF and MINATOM leaders, developed technical proposals on
adjustment of the laboratory technology of the active MCFC components
using the capabilities of the Technological VNIIEF Department, and at
the same time it has worked out technical proposals on electrochemical
generator (ECG) with the power output of 1 kW for the needs of the
Joint Stock Company GAZPROM, in particular, to provide telecontrol and
communication, cathode protection of the pipelines. In a year on the
base of this group an independent Department (called "Autonomous Power
Engineering") was organized that has as the main direction of work
ECG-building. Some results of VNIIEF work in the direction of
Autonomous Power Engineering (AVEN) are presented further.

2. Technological Works on Active MCFC Components.

2.1. Anode (Ni+10% Cr) and cathode (NiO) are made now using the
method of powder rolling, matrix (g-LiAlO2) and electrolyte plate
eutectic K2CO3 and Li2CO3) are made by the calandre method of forming.
Now we can't say yet that we have optimized the electrochemical group
of MCFC. We continue this work and hope to go through with it.

In the power range up to 10kW the terms Power Plant and
Electrochemical Generator (ECG) coincide in their meaning, because PP
and ECG in this case have the same composition of units, assemblies
and equipment.

The best testing results of single MCFC are the following:
100-120 mA/cm2 at the voltage of 0.7V. We manage to preserve these
results while transferring from the FC with an active area 100mmx100mm
to the FC with an active area Of 210mmx210mm.

2.2, Along with this we conduct the works on manufacturing of all

the active components of MCFC using tape casting method on the
industrial equipment that makes it possible to cast the tape 350mm
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wide. The results of the first testings of the fuel cells with an
active area 100mmx100mm were positive: 90 mA/cm2 at voltage of 0.7V.

2.3. Maximum time of testing appeared to be 150-200 hours.

3. Technological Work {ESC}on Separator Plates.

3.1. The first experience of the separator plate with an active
area of 210mmx210mm manufacturing was explosive stamping.
Unfortunately, none of our reasonable innovations here gave us any
positive result, so we had to give up this method temporaly. But we've
planned some research work on physics and chemistry of explosive
stamping.

3.2. For the stacks containing 3, 5 and 10 MCFC pilot stacks we
use now separator plates that have mechanically processed active
areas. The thickness of these plates is 6-8mm. We have to undertake
this procedure temporaly. And all the disadvantages that we have in
this case in the design of MCFC stack are clear for the specialists
without any comments, I think.

3.3. We conduct active work on the adjustment of the separaror
plate 0.3- 0.5mm thick that is being manufactured by stamping on big
presses. By the end of 1995 we hope to obtain the first samples of
these plates.

4. Manufacturing and Testing of the Pilot ECG.

4.1. We have manufactured and tested the Ist and the 2nd
modifications of ECG-1000 using the mass, dimentional and heat
equivalent of the MCFC stack with the power output of 1kW at the
output voltage of 27V DC. Such ECG performances must be provided by 40
MCFC with an active area of each element 420 cm2, which is being
manufactured now.

4.2. The main blocks of ECG are desulfurization unit, natural gas
water steam reformer, water separator, starting and anode burners,
automatic unit, voltage inverter.

We have been working on all these units for a year and half and
all of them show good operability withi the ECG assembly.

4.3. The Process-Flow Diagram of ECG that we have chosen provides
the autonomous work of the generator according to the scheme: the main
pipeline - reducer - ECG - the load.

4.4. The difficulty that we have is connected with the parallel
work in VNIIEF on MCFC adjustment, on MCFC stack and on ECG at the
same time. And to work on the stack, for example, we have to use in
the thermostate the stack of, so to speak, mixed composition: we use
the assemblies of 3, 5 and 10 MCFCs and instead of MCFCs that we lack
we use their mass and dimentional and heat equivalent.
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4.5 Three and five MCFC stacks with an active area of 420 cm2 at
two- and three cycles of testing demonstrated stable results: 90-120
mA/cm? at the voltage of 0.7-0.72V.

Maximum power output at the load on 5 MCFC stack was
approximately 150V. Maximum time of MCFC stack testing is 110 hours.

4.6. While 3 cell stack testing we have recieved load power
approximately 50 W.

5. Calculating, Design, Research and Fundamental Works.

5.1. As it may be clear from the previous part, we have to solve
many problems concerning the provision of the ECG operability by
making calculations. Appropriate algorythms, mathematical techniques
are established, methods of control and measurements of mass transfer
and heat transfer in different points of ECG are worked out.

That demanded great efforts of our specialists and
mathematicians, but just owing to this it was possible to conduct
testings of the ECG of the mixed composition.

5.2. Basing on the results of work of 1 kW ECG we plan and design
MCFC stacks, MCFC ECG and MCFC PP of the following power ranges: 10
kW, 100kW, 200 kW, IMW.

5.3. Fundamental and applied research on the task being solved
are the parts of the PP on the base of FC development in VNIIEE. The
Program of this research work began to form in 1991 too. Now it is
constantly being increased. In this Program they formulated the tasks
on MCFC development as the main direction of VNIIEF research work in
the field of FC along with the tasks concerning other types of FC and
PP on their base and general tasks concerning several types of FC at
the same time.

A separate report will be presented to your attention by my
Deputy on R&D, Dr. Borissenok, V.A.

6. Our Main Goal.

6.1. Our main goal is to enter the market as soon as it is
possible, meaning, first of all, the market of GAZPROM. And because of
this we have to supply GAZPROM with several PPs for the joint
demonstration. This is the base of our relations with GAZPROM
nowadays.

6.2. At the same time we don't consider our primary task to
provide the life-time and reliability of work of the PP that are
demanded by GAZPROM. This task will be solved during the next stage of
the developments.

7. The Choice of Way to Follow.
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During the last a year and a hali after the Enterpreacural
Work-shop of the Weapon Laboratories of Russia and the USA in
Livermore the situation hasn't changed: we consider threz ways to
follow:

- we may continue working relyinng just on our own canabilities.

- we can have orientation on the purchase of separate components

for MCFC.

- we can have orientation on the joint manufacturing (Joint

Venture) together with M-C Power establishment.

We intend to use all the possibilities that any of these wzys can

offer untill we obtain some positive result.
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COCTOAHWE PA3PABOTKWY 3HEPIOYCTAHOBOK
HA OCHOBE PKT3 B POAL-BHUNID

E.3.Hosuukuis
HavanbHuk oTaeneHvA "ABTOHOMHAA 3HEPreTUKa",

ROKTOp chu3s.-mar. Hayk, npocheccop

r.r.Casxkux
HavanbHUK TeXHONOrMUYeCcKoro OTAeneHuA,
KaHAMAAT TeXHUYECKUX HayK

POAL-BHUNSO, r.Apsamac-16

1. BeegeHue.

K paspaboTtke pacrnaskap60HaTHLIX TOMSIUBHLIX 3MEMEHTOB (PKT3) u
SHeproyctaHoBok (3Y) Ha ux ocHose BHUMB® npuctynun B 1991r., Korga
OKOHYaTesIbHO ONPeaenUOCs OAHO U3 NPUOPUTETHLIX HaNpaBAeHUA KOHBOPCUW
OTAeneHWA aBTOMAaTUKU B COCTaBe AAEPHO-OpYKeiiHOro koMnsiekca BHAUDO.
pynna 3HTY34acToB, OCHOBLIBAACL HAa HayuyHOM 3apene MBTO YpO PAH
(r.ExkatepuHGypr) MOAroTOBURA CBOW NPeASIONEHUA ANd pykosoactea BHUNSD u
MUHATOMa, paspabotana TexHWYECKUe NPEeAnOXKeHUA o oTpaboTke
naboparopHolt TEXHOMOTUW aKTUBHLIX KOMMOHEHTOB PKTD cunamu
TexHonoruueckoro otaeneHua BHUNI®, u opHospemeHHO ¢ aTuM paspaborana
TEXHUYECKO® nNpepsioXkKeHue Ha SNeKTPoOXUMUUECKUit reHepartop (OXIN) ¢
BLIXOAHOM MOLUHOCTLIO 1 KBT anA Hyxa PAO ASMPOM, a uMeHHO: ana
obecrneyeHUA TeNeKOHTPONA U CBA3W, KATOAHOW 3aLLUTHI MarucTpanbHbIX
rasonposopos. Etue Yepes rog Ha 6ase 3TOW rpynrnbl 3HTY3WACTOB 6bifO
006pa30eaHO CaMOCTOATENLHOE OTASNEHUS "ABTOHOMHAA SHEpPreTUKa" (AB3H) ¢
OCHOBHLIM HarpasfieHueM paboT OXI-ctpoexwe. Kpatkue utoru pa6ot BO
BHUU3® no HanpasneHuo ABOH uanaratorca Huxe.

2. TexHonoruyeckue paboThi 0 aKTUBHEIM KOMMOHeHTaM PKTD.

2.1. Avop, (Ni + 10% Cr) u xarop (NiO) npoussonATCcA ceroaHd
METOAO0M NMOPUCTOro nNpokara, Martpuua (ramma - LiAIO2) u snekTponutHaA
nnactuHa (3sTektuka K2CO3 u Li2CO3) - chopmosanvem KanaHgposbiM
crocoboM. CeroaHa eLue Henb3A CkasaTb, YTO 3NEKTPOXUMUUECKAS rpynna
PKTO Hamu ontuMusuposaHa. Ota pabora MpOAOMKAETCA, U Mbl HamepeHkb!
AOBECTH e A0 KOHUA.

flyqwwe pesynetatel ucnbiTaHuit eguHuuHbIX PKTO coctasnaor: 100-
120MA™CM-2 npu HanpsxeHuw 0,7B. Takue pesynbTaTtel COXPaHAKTCA Mnpu
Nepexope OT AYelKU C pasMepamMy aKTUBHOM NOBEPXHOCTM 100MM*100MM K
AYelike ¢ pasMepamu 210MM*210MM.

B knacce MowHocTelt o 10 KBT NOHATUA 3HEProyCTaHoOBKA () m
SneKTpOXUMUdeckui reHeparop (OXIN) cosnapator, T.. Y u OXI uMeroT npu
3TOM OAWH U TOT X6 COCTaB Y3108, arperarvos u 060pya0BaHUA.

2.2. HapAgy ¢ 3TuM BeayTCA paGoTh! MO NPOM3BOACTBY BCEX AKTUBHBLIX
KOMMOHeHTOB PKTO MOTOAOM NEHTOYHOrO fAUTBA Ha MPOMbILLIGHHOM
o6opyaosaHuy, NO3BONAIOEM OTAUBATL SIGHTY WUPUHOH OO 350MM. Mepsbie
pesynbTathl UCMHTAHWUU AYEeK C nnowaasio 100MM*100MM Janu NONOXKUTENLHbIE
pesyneTaThi: SOMA™CM npu HanprXxeHuu 0,7B.

2.3. MakcumManbHoe BpeMA, B TeYeHUe KOTOPOro MNPOBOAWIUCH OMbITHI,
cocTtasnAano 150-200 yac.
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3. TexHonoruueckue paboThl o cenapaTopHbIM MNIACTUHAM.

3.1. lMepBbiM, He oueHb yAAUHLIM ONLITOM pa3paboTky cenapaTopHOW
nnacTuHbl ¢ paboyeit noBepxHOCTLIO 210MM*™210MM, ObiNa LUTAMNOBKA B3PLIBOM.
HuKakue pasyMHble YXULLPEHUA He Aanu, K COXaNeHUI0, MNOROKUTENbHOro
pesynbTaTta, TaK YTO OT MPOWU3BOACTBA MSIACTUH LWITAMIMOBKOW B3PLIBOM
BPEMOHHO NPULIOCL OTKA3aThCA. HamMeueHbi HEKOTOpbIe WUCCNeROoBaHUA,
CBA3aHHbLIe C PUSUKONA Y XUMUET LLITAMIOBKY B3PLIBOM.

3.2. Ana 3-x, 5-Tu 1 10-TU SNEMEHTHbLIX SKCNEePUMEHTaNbHLIX 6aTtapel
PKTO B HacToAUEe BpeMA UCTIONBL3YIOTCA CenapaTopHble MAUTH C MeXaHUuUYeCcKon
06paboTKOR UX aKTUBHLIX MOBEPXHOCTER. TONWMUHA TAKUX MAUT COCTABAARET
6-8MM. 3Ta Mepa NpuHATa HaMU Kak BblHYXAEHHAA U BpeMeHHaA. Bce MUHYyCHI,
KOTOpbLIe Mbl NPU 3TOM UMEeM B KOHCTpyKuuu Harapeu PKTO, cneuuvanucram
NOHATHBI, A AyMato, 6e3 KOMMeHTapues.

3.3. AKTMBHO BepeTcA 0TpaboTka cenapaTtopHOW MNacTvHb! TOALLUHOMN
0,3- 0,5MM C NOMOLLBIO LTAMMOBKY Ha MOLUHBLIX peccax. K KoHuy 1995r. Mbi
HapgeeMCA nosyuuth nepsbie 06pasiibl TAKUX MIaCcTHH.

4. VisrotosneHue U UCTbITAHUA SKCNepUMeHTanbHLIX 06pasuos OXI.

4.1. NsroToBnieHl ¥ UCNBITAHBI ¢ Macco-rafapuTHeIM U TOMNOBbIM
3ksuBasieHTOM batapeu PKTO 1-aa u 2-aa moaucbukauuu 3XIM-1000 ¢ pacyeTHon
BLIXOAHOR MOLUHOCTLIO 1 KBT Npu BEIXOGHOM HanpmKeHUU 278 NOCTOAHHOMO TOKA.
Takue xapakrepuctuku 3XIT pomkHa o6ecrnieuusats 6aTapen u3 40 wr. PKTO ¢
aKTUBHOW MOBEPXHOCTLIO KaXKAOro siieMeHTa 420 CM , KOTOpaA HAXOAUTCHA B
CTaguu U3roTOBNEHUA.

4.2. [nasHbiMu arperatamu OXIT ABAAIOTCA: 60K CEPOOUUCTKY,
napoBoAAHOW puchopmMep NPUPOZHOro rasa, CMecuTesib BOAOPOA0COASPKALLEro
TONAUBA C BOAAHLIM NApOM, BNarooTAenuTeNb, CTapToBasA U aHOLHAA rOpenky,
6nok asTomMaTuky, Nnpeobpasosartesnb HaNPAXKEHUA (UVHBEPTOP).

Bce nepeuucneHHbie arperathl NPOXOAAT OTPabOTKY B TeUeHUe yxKe
nonyrTopa neT 1 NoKasuBaT XopoLyto padorocnocobHOCTL B coctase OXI.

4.3. BuibpaHHanA Hamu B npouecce oTpabotku IXIM nHeBMoruapasnuyeckan
cxeMa ofecrneuvBaeT asTOHOMHYHO paboTy reHeparopa MO Cxeme:
MarucTpanbHbiR ra3onposog, - peaykrTop - OXIM - Harpyska.

4.4. CrioXKHOCTb Halell CUTyauuu COCTOUT B TOM, YTO oTpaboTka PKTD,
6arapen PKTO u 3XI™ nposoasaTcA Bo BHAUA® napannenbHo. Mpu 3TOM, AfA
oTpaboTku rnepudiepuiiHoro obopyaoeaHua IXI Mbl BbIHYXAEGHL! BBOGUTL B
TEPMOCTAT BMECTO nonHoMaciutabHo# 6Gatapeu 6araperd TaKk Ha3biBaesMoil
CMELUaHHOW KOMIAIeKTaLun: ycTaHaBnueaeTcA c6opKa U3 3-x, 5-Tu uau 10-Tu
wr. PKTO, a emecto Hepoctatowux PKT3 ux Mmacco-rabaputHblit ¥ Tennoeoi
3KBUBASIEHT.

4.5. [pyu AByX-, TPEXKPATHbLIX UCALITAHWAX (UMKAAX) HA CTEHAE 3-X U
5-Tu 3neMeHTHbIe 6aTtapeu C aKTUBHOMN MOBEPXHOCTLIO 420 CM MOKa3biBany B
paboyeM pexume ycToiuusbie pesynstarthi: 90-120 MA*CM npu HanprAXeHuu
0,7-0,72B.

MakcumanbHaa MOWHOCTb, MOMYYEHHAR B HArpyske C 5-TU ANeMEHTHOM
barapeu, cocrasnAna oxono 150BT. MakcumansHoe Bpema, B TeueHue
KOTOPOro NpoBOAUAUCH ucribiTaHud 6atapeii PKTY, cocrasnaeT 110 uac.
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4.6. MNpu ucnbiTaHMu 3-x 3nemeHTHOU Gatapeu s coctaee OXI 6uina
roflyyeHa MOLHOCTL B Harpyske okono 50 Br.

5. PacueTHsie, NPOEKTHBIE, MOUCKOBLIE U PyHAAMEHTaNLHLIS PaGoTh!.

5.1. Kak ACHO 43 npeawiayllero paspena, B yCnosuAx paboTsl ¢
batapeeif CMelWaHHOR KOMMIEKTAUUM MHOrMe sonpockt obecneyeHus
pa6otocnocobrocTy DX MPUXOAUTCA pellaTh pacyeTHLIM nyteM. Co3gaHhl
COOTBETCTBYlOWUE anropuTMel, MaTeMaruieckuil annapar, oTpaboTaHs MEeTOAUKY
M3MepeHuA U KOHTPOMA MacCco- U TeMSIONepeHoca B pasHbiX Toukax OXI.

OT0 noTpebosano GOMbLLUMX YCUNUA CO CTOPOHBI HALLIWX PaCcUeTUUKOB U
MaTeMaTuKoB, HO TOMbKO GnaroAapA 3TOMY U CTAI0 BO3MOXKHLIM MPOBEASHME
ucnbiTaHuia OXI° CO CMELLaHHOR KOMIIeKTaLuel.

5.2. Umen pesynbratel pabotst ¢ OXIT MOWHOCTBIO 1 KBT, Mul
paccuuTtbiBaeM v npoexTupyeM Garapeu PKTO, 3XI u JY criegyiouiux knaccos
mowHoctu: 10 kBT, 100 kB, 200 kBT, 1 MBT.

5.3. CocrasHoit 4acTbio pa3paboTku IHEPreTUUECKUX YCTRHOBOK (3Y) Ha
OCHOBE TONNUEHLIX 3INeMeHToB B0 BHUUBSD® aenAloTcA dyHRaMeHTanbHbe ©
npuKnapHele UCCNenoBaHuA Mo peluaemoi 3agave. OopMupoBaHue [MporpaMmel
3TUX UCCNeaosaHuit Havanoch Tawke 8 1991 rogy. B HacToAwee BpeMA oHa
NOCTOAHHO ROMINHAETCA. B lporpamme chOpMYNUPOBaHL 3aAa4u, OTHOCALLUECH
He TONbKO K paspaborke PKTO - OCHOBHOMY HanpasfieHUIO UCCAenoBaHuiA
BHUNOO® B obrnactu TO - HO ¥ 3334, OTHOCALUUECH K apyrum tunam TO u JY
Ha UX OCHOBe unu 061KMe ANA HeCKOosNbKUX TUnos TO.

OTo# YacTu Hawux paboT NOCBALLEH OTAENbHLIA AoKnag, Kotopuid 6ypet
npeacraeneH MouM 3amectutenem no HUP BopuceHkom B.A.

6. Hawa rnasHas uens.

6.1. Hawa rnaBHaA uenb - KaKk MOXXKHO CKOpee BLIATY Ha PbIHOK, PBIHOK
FA3MNPOMa B nspsyto ouepepb. A ofiA 3TOr0 HaM HEOGXOAUMO MOCTABUTH B
FASMIPOM  HeckonbkO 3K3eMMNAPOB 3JHEPrOyCTAHOBKU ASIA COBMECTHOM
nokasarenbHOM SeMOHCTpauuu. Ha 3TOM U CTPOATCA CEroAHA HalWU OTHOWEHUA
¢ FA3MPOMowm.

6.2. MNpy 31oM Mbt He CTaBuM cebe B KaUeCTBe NePBOCTENEHHOM 3agavy
o6ecnieuuts Tpsbyemuie FA3MPOMOM CpOK CryKObi W HAAEXHOCTb paboTtht
9HeproycTtaHosxd. Jra 3apaua OyAeT peiuaThCA Ha CRepyioleM 3Tane
paspabortku.

7. Beibop nytv.

3a ucTexwwe noATOpa roaa nocre MpeanpuHumaTensckoro CeMuxapa s
flusepmope ApspHO-opyXeitHbix nabopatopuii Poccuu u CLLA CUTyauua He
U3MeHUnach: Nnepef HaMu NO-NPeXXKHEMY TPU NyTu

- npopgomkare pabory B pacyeTe TOMLKO HA COGCTBEHHBLIC CUNbI U

BO3MOXKHOCTU
- OpUEHTUPO3aTLCA HA 3akasHble paboThl MO OTAENBbHLIM KOMMOHEHTaM
PKTO (Ha sakynky) ’

- C03aaTh CoBMeCTHOS Npou3BoACTEO (MpeanpuATue) ¢ M-C Power.

Mbi HamMepeHL UCNoMbL30BaTL BCE BO3MOXKHOCTH, KOTOpbLle MOXET AaTh
KaxKAbIA U3 3TUX NyTeik, rnoka He 6yAeT NOMYYOH NOMOKUTENLHBIA pesyneTar.
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Major Design Issues of
Molten Carbonate Fuel Cell Power Generation Unit
T-P Chen, Bechtel Corp.

Abstract

In addition to the stack, a fuel cell power generation unit requires fuel
desulfurization and reforming, fuel and oxidant preheating, process heat
removal, waste heat recovery, steam generation, oxidant supply, power
conditioning, water supply and treatment, purge gas supply, instrument air
supply, and system control, These support facilities add considerable cost and
system complexity. Bechtel, as a system integrator of M-C Power's molten
carbonate fuel cell development team, has spent substantial effort to simplify
and minimize these supporting facilities to meet cost and reliability goals for
commercialization.

Similar to other fuel cells, MCFC faces design challenge of how to comply
with codes and standards, achieve high efficiency and part load performance,
and meanwhile minimize utility requirements, weight, plot area, and cost.
However, MCEFC has several unique design issues due to its high operating
temperature, use of a molten electrolyte, and the requirement of CO2 recycle.

Bechtel has conducted a preliminary design and cost estimate for an 1 MW
commercial unit based on M-C Power's MCFC technology. This unit is
operated at 3 atm. It has 60% electric efficiency (LHYV) and costs $1,500/kW.
Bechtel is currently evaluting an alternative design based on ambient
pressure operation. This alternative design is expected to have lower
efficiency in return for reduced cost of the unit.
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OcHoBHblIe npobneme! pa3paboTku 3HeproyctaHoBku (3Y) Ha ocHoBe
pacnnaskap6OHATHLIX TOMUBHLIX aneMenToB (PKTI)

T-II Yen, xopunopanas Bekren

KpoMe HenocpeACTBEHHO TOIUIIBA, JULA o6Gecneuenns paGors OY Ha ocHOBE TO
HEOGXO0MAME! HPOLECCH 06eccepHBAHMSL H XAMAYECKOro NpeoGpa3oBanns TOILINBA,
Ipe/BapATENBEEI HArpeB TOILIBA H OKHCJIHTEJISL, OTBOJ OTPaGOTaHHOr0 TEIUIA H €TI0
yTHJIA3a0As, TeHepalds napa, Hoflada OKACJIATE IS, Pery/IHpoBKa MOIIHOCTH,
BOJOCHAG KEeHAE H OYHCTKA BOJIBY, TOAAYa NPOJYBOYHOrO rasa, mofaua Bo3fyxa Il
anmapaTypHl H yipasJieane Beelt cacTreMol. IlepeuncsieHHEOE BCIIOMOTaTeIbHOE
oGopyaoBaHAe 3HaUATE/IPHO MOBHIMIAET CTORMOCTD H CJIOXKHOCTh KORCTPYKIHH.
Bynyun roJioBEO# oprama3anaeil o HETErpanid CACTEM B Ipynme pa3paGoTIHKOB
PKTD xomnanna M-C Power, xopnopanas BexTest mpasioxusia GoJbIlae YCHIHS 00
YIPOIMERHIO H CBEJICHHIO K MEEAMYMY 3TOT0 BCHOMOTaTeJIbHOTO 0G0py/I0BaHHS C
TeJIbIO IpABECHA NOoKa3aTesiel CTORMOCTH H HaIC2KHOCTH B COOTBETCTBHE C
TpeGOBaHASIMH PHIHKA.

Iop06HO APYTAM TOIIHBHEIM 3JIEMEHTaM, pa3paboTka PKTO HamesieHa Ha HOHCK
myTeil 10 NpUBEACHAO KORCTPYKIHHE B COOTBETCTBHE C HOPMaMH H CTaHAAPTaMH,
JOCTHKECHHIO BHICOKO# HPOR3BOAHTEIIBHOCTH H 3p(eKTHBHOM paGoTHI ¢ HENOJIHOM
3arpy3Koif, OJHOBPEMEHHO CO CHIDKCHAEM TPeGOBaHAM 10 9HEProCHaGXeHmO, BeCy,
IPOH3BOJCTBEHHEBIM IJIONIA/IIM H CTOHMOCTH. BMmecTe ¢ TeM, PKTD3 06jaxaior
HEKOTOPHIME YHAKAJIBHBIMH OCOGEHHOCTAMH, CBS3aHHBIMHA C BO3MOXXHOCTBIO HX
paboThI IpH BEICOKAX TEMIEPaTypax, HCHOJIb30BaHACM PACIIaBJICHHOTO 3JIEKTPOJIHTA
1 06s3aTespHOi nepepaboTkoil CO..

Kopnopanus BexTe npoBeJia NpeBapATE/IbHbIE IPOPAGOTKH H COCTABJICHAE CMETHI Ha
pa3paboTKy KoMMepueckoii 3Y MommocTsio 1 MBT Ha ocHoBe TexHoJI0rEE PKTO
kxommaran M-C Power. YcranoBka paGotaeT npa 3 aT™. IToJiHbll 2J1eKTpHYECKAN KO
(LHV) cocrasier 60%, crommocTs - 1500 noJun./kBt. B HacTosmmee BpeMs
Kopuopanast BexTesi paccMaTpHBAaeT aJbTCPHATHBHYIO KOHCTPYKIHIO, OCHOBAHHYIO Ha
IpHEANENE paGoTe NpH BHEINHEM JaBicHn. OXHEaeTcs, Y10 Y aJIbTepEaTHBHOH
paspa6otku Gynet GoJsiee HE3KHiA KNIl KaK CJICACTBAE CHEXECHHOX CTORMOCTH
YCTaHOBKH.

407




uoneJsodio) |91yoeg

G661 ‘LZ Joquialdes
doyes)Iop 190 [ond eissnd/sSN

40N 40
S3ANSSI NOIS3AA HOIvIN

408



Major Design Issues of
Molten Carbonate Fuel Cell Power Generation Unit

Abstract

In addition to the stack, a fuel cell power generation unit requires fuel
desulfurization and reforming, fuel and oxidant preheating, process heat
removal, waste heat recovery, steam generation, oxidant supply, power
conditioning, water supply and treatment, purge gas supply, instrument air
supply, and system control. These support facilities add considerable cost and
system complexity. Bechtel, as a system integrator of M-C Power's molten
carbonate fuel ceil development team, has spent substantial effort to simplify
and minimize these supporting facilities to meet cost and reliability goals for
commercialization.

Similar to other fuel cells, MCFC faces design challenge of how to comply
with codes and standards, achieve high efficiency and part load performance,
and meanwhile minimize utility requirements, weight, plot area, and cost.
However, MCFC has several unique design issues due to its high operating
temperature, use of a molten electrolyte, and the requirement of CO2 recycle.

Bechtel has conducted a preliminary design and cost estimate for an 1 MW
commercial unit based on M-C Power's MCFC technology. This unit is
operated at 3 atm. It has 60% electric efficiency (LHV) and costs $1,500/kW.
Bechtel is currently evaluting an alternative design based on ambient
pressure operation. This alternative design is expected to have lower
efficiency in return for reduced cost of the unit.

409




wolsAsg

IV/MO/¢N

oljelaudn)
weols

1180 18n4d

Buiwloley

Ajddng
Uepixo

Bunesyaid
paod

uolnez
-unjnseq

<— |einleN

ser)

( Aaneey

~

_A

19M0d €<———o

1D 19n4d

e

Sen
|lednieN

[

ho:o_oo._mn_,

410



&

1IN 19)4eN Buneyien
pepuaixy 9YdIN jeniuj 0

0
0S¢
00S

084
000°t

0ge‘l
00G°L
0S.L‘L

000°2
ose‘e
00S‘e

000°‘c

1500 Wueld |[@D |end 1ebie]

MH/$ 1500

411




=

c

-

—_— AN

@ S

— "/ )g))
- g :/
m ”

 /

412



54%
82%

iciency

= 9O
W s 3

O o
o 90
Z Wo

by

Power
Fuel Cell
48%

Roeed,

e
N 2N h
IIIIIIIII////////////////)/))/////J) ’
/////I//////////////l//////////////////////////'
PILILIILLL LI PP LI 0107277,
/////////////// .

LEeELd:

\\\
AN
AN\
AN

(% Natural Gas Feed HHV)

AN
AN
AAANAALAANNNY
AR S SENNE NS

\\\‘

7/,
///////////‘
PR AR AALR L

////I//// -
////

Energy Conversion

-'--.-.-.

413




QUON :lly possaldwo) m
SUON :I9lep\ poo4 Jojiog m
auopN :(uonesado jew.ou) gN =
9UON :19)epn Buljoo) =

wdb Z :191ep\ MmeY =

sjuewalinbay Alljiin MO

414



SRR

. .
39|43

(M3 bs 52°0)

BalY 10|d |[eWS

415




Comparison of Two MCFC Designs
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Fundamental Research in the Area of High Temperature Fuel Cells in Russia
A.K. Dyomin. IHTFC. Ural Branch of the Russian Academy of Science, Ekaterinburg
Abstract

Research in the area of molten carbonate and solid oxide fuel cells has been conducted in
Russia since the late 60°s. Institute of High Temperature Electrochemistry is the lead
organisation in this area.

Research in the area of materials used in fuel cells has allowed us to identify
compositions of electrolytes. electrodes. current paths and transmitting. sealing and
structural materials appropriate for long-term fuel cell applications.

Studies of electrode processes resulted in better understanding of basic patterns of
electrade reactions and in the development of a foundation for electrode structure
optimization. We have developed methods to increase electrode activity levels that
allowed us to reach current density levels of up to 1 amper/cmz.

Development of mathematical models of processes in high temperature fuel cells has
allowed us to optimize their structure.

The results of fundamental studies have been tested on laboratory mockups. MCFC
mockups with up to 100 W capacity and SOFC mockups with up to 1 kW capacity have
been manufactured and tested at IHTE. There are three SOFC structural options: tube.
plate and modular.

Service life for single cells -- up to 10.000 hours. batteries -- up to 1000 hours.
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@DyapaMenTATbHbIE HCCJIEOBANMH 110 BHICOKOTEMIIEPATYPHLIM
TOILTMBHbIM 2JieMeHTaM B Poccnu
i- p Bemun A JK.HBTO YpoPAH. r.ExarepunOypr

Kparxasi aHHOTauusA.

lcenenoBanus B oOmAcTH pacriaBkapOOHaTHBIX  © TBEPIOOKCHUIHbBIX
TOMNHBHBIX SeMEHTOB npoBomsATcs B Poccud ¢ KOHIA 60-x romoB. Bemyiuas
opraﬂusaum' B noToM HampapleHud - VIHCTMTYT Bbrco;coremneparypnoﬁ
IMEKTPOXHMHIL.

Hccemopadsisi B 00OMACTH MATEPHATIOB I TOMUTHBHBIX HIIEMEHTOB [TO3BOIIHIIH
ofnpenenuThb COCTABbI SIIEKTPONHTOB. DIIEKTPOIIOB. TOKOIMPOXOHOB.
KOMMYTUPYIOLIHX, ~TePMETHUSHpYIOLHMX  H KOHCTPYKUHOHHBIX ~ MATCPHANOB,
[PHIOTHbIY JUTA JHTHTEIbHOH paboTs! B TOMNIMBHBIX IeMEHTAX.

MccenoBanus SNeKTPOfHBIX MPOLECCOB MPHBEIH X [TOHUMAHHIO OCHOBHbIX
3aKOHOMEPHOCTEH OSIEKTPOINHBIX peakuuid H  CO3AAIM [peNIOChUIKH I
ONTHMM3ALMK  CIPYKTYpbl SICKIPOIA. Paspaborasbi MeTOIObl [OBBILCHHA
AXTUBHOCTY IEKTPOOB, NO3BOIIIOLINE BOCTHIATh poTHocTel Toxa 1o | Alem2.

PaspaboTka MaTeMaTH4ecKhx Mozeneil IPOLIECCOB B BHICOKOTEMMEPATYpHbIX
TOILTMBHBIX SIIEMEHTAX TIO3BOMIIA ONTHMH3HPOBATE HX KOHCTPYKLIHH.

IIpaxTuueckas NpoBepka pe3yibTATOB gyHAaMEHTaIbHbIX yccIeOBaHuUH
mpoBefeHa Ha 7abOpaTOpHBIX MAKETAX. B MBTD i3roToBiicHbl H HCMBITAHDL
axers: PKTD mousocteio no 100 Br. TOTS - moumocrsio Ho 1kBr. BapuaHtbl
xoxerpykuuy TOTI 1 u3 TpyOUaThiX, NACTHHYATHIX H ONOYHBIX IICMEHTOB.

Pecypc paboThi eAUHHYHBIX STEMEHTOB - ZIO 10 000 yacos. Garapeit - o 1 000
4aCOB.
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PROTON EXCHANGE MEMBRANE FUEL CELL TECHNOLOGY FOR
TRANSPORTATION APPLICATIONS

Swathy Swathirejan
Physlcal Chemistry Dopartmant, RCEL
General Motors R&D Center, Warren, M 480980-9055

To be Presented at
Joint US/Russian Workshop on Fuel Celt Tachnology
Albuquerque, NM, Septembar 27, 1995

ABSTRACT

Proton Exchange Membrane (PEM) fuel colle are oxtramnely pramiging as future power
plants in the transportation sector ta achieve an [ncrease In enargy sfficiency and
sliminats environmental pollution due 1o vehicles, GM s currently involved in &
multiphase program with the US Department of Energy for developing @ proof-of-
concept hybrid venicle based on a PEM fuel cell power piant and & methanol {uel
processor. Other participants in the program aro Los Alamos Natlonal Labs, Dow
Chemical Co., Ballard Power Systems and DuPont Co. Inthe just completed phase | of
the program, a 10 kW PEM fuel cell power plant was built and tested to demonslrate
the feasibllity of Integrating & methano! fuel processor with a PEM fuel cell s1ack.
However, the fuel call power plant must overcome stiff tachnical and gconamic
challangas before it can be commercialized far light duty vehicie applications.
Progress achleved in phase 1 on the use of monalithic catalyst reactors in the fuel
Processor, managing CO impurity in the fuel cell stack, low-cost alectrode-membarane
assemblies, and an the integration of the fuel processor with a Ballard PEM fuel celt
stack will be presentad.

in the phase Il follow-0on effort, the primary objective is to develop and test & 30 kW
fue! cell power plant. In addition to fuel processor and fuel cell stack camponents and
systems developmant activities, conirol systems, sansors and ancillary equipment
neaded for integrating the system will also be developed and tosted. Major challenges
include the development of a compact and a quick starting methanof fuel roeformer with
good transiont charactatistics and low CO emissions, and & low cost fuel colt stack with
a high power density on reformate/air operation at relatively low pressures.
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TEXHOJIOTHS MEMBPAHHLIX TOIVITMBHBIX 3JTEMEHTOB C
IIPOTOHHLIM OBMEHOM JJIsI IPUMEHEHHS B TPAHCIIOPTE

Cyadu Cyacdnpanzxan
Ornen (pu3nyecKol XHMHH
Hayuwno-HccregoBaTesbekuil entp ¢pupmsl ' Ixenepan Motope',
Yoppen, mrat Muunran 48090-9055

C TOYKH 3pEHHs NPUMEHEHHUs B TPAHCIIOPTHOM CEKTOPE MEMOpaHHbIe
TOIJIUBHBIE SJIEMEHTH! C IPOTOHHBIM 06MenoM (MTIIIO) npeacTaBiistoT cob0iH
HCKJIIOUATEJIBHO MHOTOOOEIAOIIHE SHEPrOyCTaHOBKH OyIyIero, KOTOphIe MO3BOJIAT
3HAYUTEJIPHO YBEJIMYHTE SHEProNpOYKTHBHOCTD U JIMKBUANPOBATD 3arPA3HEHHE
BO3[yXa OT aBTOTPaHCIOpTa. B HacTosmiee BpeMs (pupma "JKeHepas Mortopc"
yuacTByeT B MHOrocasHoii nporpamMme MUHUCTEPCTBa SHEPTETHKH CIITA o
pa3paboTKe MOATBEPKAAOIEro KOHIENLHIO THOPHIHOr0 TPAHCIIOPTHOrO CPEICTBA Ha
ocHoBe dHepreTuueckoii yeranosku ¢ MTOIIO u nponeccopa METaHOJIOBOrO TOIJINBA.
Jlpyrue yJacTHHKH nporpaMMbl - JIoc-AsamMoccKas HaliOHa IbHASL J1A00paToOpHs,
dupmer "oy Kemukan", "Basnapg Iayap Cacremc” i "Trollont". BO BpEMS TOJIBKO
qT0 3aBepiueHHoi (as3pl I Gbla MOCTPOEHa U HCIIBITaHA DHEPrOyCTaHOBKA Ha MTIIIO
MOIIHOCTBIO 10 KHJIOBATT C EJTBEO AEMOHCTPAIMH BO3MOXKXHOCTH HHTErPalliH
Tpoleccopa MeTaHoJI0Boro Tonymsa ¢ 6arapeeit MTOIIO. Tem He MeHee,
DHEProyCTAaHOBKA Ha TONJIMBHEIX DJIEMEHTAX JOJIKHA eIl IPEOA0JIETh CEPbe3HBIC
TeXHUYECKHE ¥ DKOHOMHUYECKHE NPoGJIeMBI IO TOr0, KaK MOXKHO 6y[ieT HayaTh ee
KOMMepUecKoe HCIIOJIb30BaHMe B JIETKUX TPAHCTIOPTHBIX CpeficTBax. B noxmape Gyaer
u3J107KeHa HHOPMAIUS O MPOrpecce, JOCTHIHYTOM BO BPEMS BBINOJIHEHHS PaGOTHI 110
¢a3e I, o MCTIOJIb30BAHUEO MOHOJIUTHBIX KATAIMTHYECKHX PEaKTOPOB B TOIJIHBHOM
npoueccope, KoHTposto 3arps3uenusa CO B GaTapee TONJIMBHBIX 3JIEMEHTOB,
HEJIOPOTHM 3JIEKTPOA-MeMOpaHHbIM COOPKaM U 110 HHTErPallii TONJIMBHOIO
mponeccopa ¢ 6arapeeii TonmBHHIX 2J1eMenToB MTIIIO npou3sofcTBa HUPMEL
"Bantapq".

OcHoBHOI1 neJibio a3l 11 sBiiseTcs pa3spaboTKa U UCIIBITaHHE
3HEProyCTAaHOBKH Ha TOIJIMBHBIX 5JIEMEHTaX MOMHOCTBIO 30 KuitoBarT. Kpome
JIESTEJIbHOCTH 110 Pa3pab0oTKe XOMIOHEHTOB M CHCTEM TOIJIMBHOI'O MPOKECCOpa H
GaTapeil TOIJIMBHBIX 3JIEMEHTOB, 6YyT Pa3pabOTaHb!I ¥ HCIBITaHbl KOHTPOJIbHBIE
CHCTEMBI, HATUYNKY U BCIIOMOraTeJIbHoe 000pyAoBaHie, HEOOXOMMMBIE [J1s1 HHTErpaluy
cucrempl. OCHOBHBIE 339l U1 pemenns Bo BpeMs da3sl Il cocToaT B paspaboTke
KOMIIAKTHOH 1 GBICTPO 3almycKaeMoll yCTaHOBKH AJI pe(OPMHIHIa METaHOJIOBOT'O
TONJINBA C XOPOUIIMH NEPEXOAHBIMH XapaKTEPHCTHKAMH 1 HU3KUM BhifesienneM CO, a
TakKe B pa3paboTKe HENOPOroi GaTaper TOIUIMBHBIX 3JIEMEHTOB C BEICOKOM
IJIOTHOCTBIO PHEPrOBBIIEJIEHHSI [IPK PaboTe Ha CMeCH NMPOJYKTa pepOpMHUHTra C
BO3AYXOM IIOJI OTHOCHTEJIbHO HU3KHUM JIaBJICHUEM.
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On Direct and Indirect Methanol Fuel Cells For Transportation Applications

Shimshon Gottesfeld
Los Alamos National Laboratory
Los Alamos, NM 87545, USA

Polymer electrolyte fuel cell (PEFC) technology has advanced quite dramatically in the last few
years, to the point of being considered a viable option for primary power sources in electric vehicles. A
significant effort to advance this technology, to a point where lower cost can be achieved together with
high performance and reliability, has been invested at the Fuel Cell Core Research Group of Los Alamos
National Laboratory. Highlights of this work will be described.

The systems considered for transportation applications have been based on either hydrogen
carried on board the vehicle or on the steam reforming of methanol to generate a mixture of hydrogen and
CO, as the feed stream for the fuel cell stack. The latter system has been considered an attractive option
thanks to the high energy density of the fuel (methanol), its availability and the relatively simple fuel
distribution system required. On the other hand, the complexity and additional weight and volume
associated with the reformer on board the vehicle have presented significant challenges. This has brought
up again questions on the possible viability of direct oxidation methanol fuel cells (DMFCs).

Recent advancements in DMFC R&D have been impressive. The use of PtRu anode
electrocatalysts and Pt cathode electrocatalysts (albeit at relatively high loadings) in polymer clectrolyte
DMEFCs has resulted in significant enhancements in performance, particularly for cells operated at
temperatures as high as 120-140 C. Operation at such elevated temperatures is possible in such polymer
electrolyte cells by keeping the anode in contact with liquid films of methanol-water.

In work at Los Alamos on polymer electrolyte DMFCs, the same membrane/electrode assembly
techniques developed previously for hydrogen/air PEFCs were employed. Optimization resulted in high
performance from composite catalyst/ionomer layers on the order of 5 microns thick. Under such
conditions, the power density achievable in polymer electrolyte DMFCs can reach 0.35 W/em? (0.7A/cm®
@ 0.5V) in methanol/oxygen cells, with a typical lowering in cell voltage of 50-100 mV ata given current
density when the cell is operated with an air cathode.

This significant recent increase in demonstrated performance, has brought the power density of
polymer electrolyte DMFCs to a level which is only 3 times lower than that of methanol reformate/air fuel
cell.

Acknowledgment: This work was supported by the US DOE, Office of Transportation Technology.
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O npuMeHeHMU METaHOJIbHbIX TOMJIMBHbLIX JJIEMEHTOB NpAMOro U HeNnpAMOro
OKUCJIeHUA ANA HYXKA TPAHCNopTa

LLiumwoH Fotrecdrensp,
Noc-AnamoccKas HauuOHaNbLHaA nabopartopun
Los Alamos, NM 87545, USA

TeXHOJIOTHS JIEKTPOJIATHO-NOJMMEPHBIX TOWMBHBIX dJeMeRToB (SI1T3J) caenasna
HACTOJIPKO PE3KHil CKa4oK B CBOEM Pa3BHTHH 32 HOCJIC/(HAC TOABI, YTO B HACTOAIIEE BpeMA €€
CUHTAIOT PeaIbHbIM BAPAAHTOM OCHOBHOTO HCTOUHHKA NATAHHS 2JIEKTPOMOGHILSL. BoJIbImoi
06beM paboT 0 AajibHeiimeMy pa3BETHIO 9T0H TCXHOJIOTHE € IEJIbIO CHIDKCHAS €€
ceGeCTOIMOCTH HapsAAy ¢ yJIyIIneHAEM pab09aX XapaKTePHCTHK H HafIe2KHOCTH IPOBE/ICH
['pynnoi no Acc/ieJOBAHA0 paGoUnX YYaCTKOB TOMTHBHBIX 2JIEMEHTOB 13 JIoc-AJIaMOCCKOH
HaIHOHAJIBHOH JJaGopaTopEd. B HOXJiafie OMACHBAIOTCS OCHOBHBIE YTAIBI H PE3yJIbTATH 3TOH
paGoTHL.

CHcTeMBbl, paccMaTpABaeMbIe ¢ TOUKH 3PCHAS NIPAMEHEHAS B TPaHCIOPTHBIX
cpeAcTBax, 06Gs9H0 Ga3upyloTcs JiH00 Ha IPHANHANS BOAOPOAHOIO aKKyMYJISTOPa,
HaXOJSIIErocs BHYTPH aBTOMOGHIIS, JA00 Ha NPHHANHAIE pehOPMHERTa METaHOJIA NOJ
JAaBJICHEEM Ilapa JiJIL HOJIyYeHns cMecH Bofopoaa B CO, B Ka4ecTBe MOTOKA, NHTAIOMET0
TOIUTABHYIO CTPYKTYpY. IlocjieiEss cACTEMa Beer/ia CIATalach NPHBJICKATe IbHBIM
BapHAHTOM, GJ1arofiaps BEICOKO} 9HEProHaNpsKeHHOCTH TOIJIHBA (METaHO1a), NOCTYNHOCTH H
OTHOCHTEJIbHO IPOCTOR CECTEME pacupesiesicHAs Tolimsa. C ApYroi CTOpPOHSI, CI0XHOCTD, a
TaKe JONOJHATEIBHBIA Bec ¥ 06beM, IPHBHOCHMEIE pa3MeIIaeMoil B aBTOMOOHIe
YCTaHOBKOH Jy1s1 pepopMEHra, TOCTABHJIA NEpe] pa3paCoOTIHKaMH HOBHIC BaXXHEHIIHE
npo6iemsL. Eme pa3s GbuId HOAHATH BOIPOCH XKH3HECIOCOOHOCTH METAHOIBHBIX TO mpsIMOro
okacaenns (MTIIIO).

ITporpecc, AOCTArHYTHIf B HocJieAnee BpeM: B o6aacta HUOKP no MT3IIIO
3acJIyKHEBaeT GOJIBIIOro yBaXKeHHs. VICIoib30BaHHe 3JICKTPOKATaIH3aTOPOB C COACPKAHRAEM
PtRu f715 aHOAa ¥ ¢ cofepkanneM Pt 1uig KaTofia (XOTS H B OTHOCHTEJIbHO BHICOKHX
KOHICHTPAIHEAX) B 2JIeKTPOJIATHO-H0EMEpHBX MTOIIO nprBesio K 3HaYATe/IBHOMY
yJIydIIeHA0 paGounx XapaKTepPHCTHK, B 0COGCHHOCTH TeX T, KOTOphIC HCHBITHIBAJIACE IPH
120-140°C. Pa6oTa MTOIIO mpx TaKHX BHICOKHX TeMIEPaTypax BO3MOXKHA TIPH KOHTaKTe
aHOJa ¢ XXHAAKOH! IJICHKO! MeTaHOJIbHO-BOJITHOTO PacTBOpA.

ITpu pa6ote Baj dJexTpo mTHO-noAMepEEIME MTIIIO B Jloc Asamoce
ACHOJIB30BAJIACH Te K€ METO/(BI MEMGPaHHOH/>JIEKTPOHOI COOPKH, ITO H pa3paGoTaHHbIE
pamee JJI BOXOPOAHBIX/Bo3xymHbIX DIITO. B pe3y/bTaTe ONTAMHA3ANAE NOJIyICHE! GoJree
BBICOKHE BHIXO[HBIC IapaMeTphl, 00yCJIOBJICHAbIE IPEMECHEHACM KOMIIO3AMUOHNHBIX CJIOCB
KaTaJIE3aT0pa/HOHOMEPa HOPSKa 5 MEKPOH TOJIIEHOA. IIpH TaKaX yCJIOBHIX
3HEProHAIPSXEHHOCTh 3JIEKTPOJIATHO-ToMMepHEX MTOIIO mMoxer foctarats 0,35 Br/cm>
0,7 Alem? npu 0,5 B) B METaHOJIBHBIX/KHCJIOPOAHBIX TO, ¢ THIHIHBIM NOHIXKCHAEM
nanpsexerns TO 50-100 MB npe cooTBETCTBYIONICH IJIOTHOCTH TOKA B CJIydae, KOra
TONJIABHEIHA 3JIEMERT paboTacT C BO3AYIIHBIM KaTOJOM.

IMpoeMOBCTPAPOBAaHAOE 3HAUATEIHHOE YJIYYINEHAES BBIXOJHBIX IAPaMETPOB
IIO3BOJIHJIO BHIBECTH 3JICKTpoJmTHO-IotEMepHEbIe MTOIIO 10 sHSproHanpskKeHHOCTH Ha
ypOBEHb, KOTOPHIH JIAIIG B 3 pa3a HEXKE, YeM YPOBEHb METaHOJIbHO-Pe(hOpMEPOBAHHOTO/
BO3/YIIHOr0 TOIJIMBHOIO 3JIEMEHTA.

BnaromaprocTs cnoncopaM: [lanaas paGoTa IpoBoARJIach OpH noanepxke OtTnesna
TeXHOJIOrm# TparcnopTa MunrrcTepcTBa HEpreTakE CIIA
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"EUEL CELLS WITH SOLID POLYMER ELECTROLYTE AND
THEIR APPLICATION ON VEHICLES"
V.Fateev

Ecological problems in large cities result in significant changes in demands for
vehicles emission and the price for the purification systems is increasing contiguously.

One the best solution of the problem is the application of hydrogen fuel cells on city
vehicles.

Comparison of different types of fuel cells shows that high temperature fuel cells
(solid oxides and molten carbonates) can not be used because of high inertia and useless
heat losses when vehicles are used in cities.

Alkaline fuel cells are too expensive, very sensitive to impurities and have rather
small life time.

Phosphoric acid fuel cells may be useful for several kind of vehicles (for example,
locomotives, ships) but as for city vehicles they are not quiet sufficient because or rather
low efficiency, relatively high operation temperature and application of rather aggressive
electrolyte.

Fuel cells with solid polymer electrolyte are more convenient for this purpose as they
are working at temperatures < 100 C, have tow inertia, high productivity and are not so
sensitive to impurities, especially to CO2. But still there are some problems due to high price
of solid polymer electrolyte, application of noble metals and rather high demands for gas
purity.

In Russia solid polymer electrolyte MF-4-SK is developed for fuel cells. This electrolyte
is based on perfluorinated polymer with functional sulfogroups and it's parameters are
rather close to Nation.

Intensive investigations on optimization el solid polymer electrolyte properties and on
reduction of noble metal amount used for electrocatalyst are carried out.

It is obvious that though the fuel cell is the most important component of hydrogen
vehicle but systems of hydrogen production, storage and hydrogen safety are also very
important. ‘

Special super light balloons with pressure up to 300 atm and catalytic burners are
developed.

Methanol and natural gas conversion systems for production of hydrogen with reduced
concentration of CO are under development. At the same time investigations on catalysts for
fuel cell which are not sensitive to CO are carried out to reduce the price of converters.

At the same time problems of optimal transmission system development and the
arrangement of the whole systems on the vehicle have to be solved.

The first step in development of city hydrogen vehicle is the city bus. Large
cooperation consisting of several research and technological institutes and plants is
organized.
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ABSTRACT

The Commercialization of Proton Exchange Membrane Fuel Cejls
for Transportation Applications

Larry Wismer
AlliedSignal

Environmental concemns with air quality and global warming have triggered strict federal
ambient ozone air quality standards. Areas of non-attainment of these standards exist across the
United States. Because it contains several of the most difficult attainment areas, the State of
California has adopted low emission standards including a zero emission vehicle mandate that
has given rise to development of hybrid electric vehicles, both battery-powered and fuel-cell
powered. Fuel cell powered vehicles, using on-board hydrogen as a fuel, share the non-polluting
advantage of the battery electric vehicle while offering at least three times the range of today’s
battery technology. '

The basic technology of the fuel cell dates back over a hundred years. Fuel cell§ were used in
early space exploration, but had not been practical for terrestrial transportation due to size,
weight and cost. Recently, however, research has led to the advancements in Proton Exchange
Membrane (PEM) fuel cells that can provide sufficient power in a package smalf enough for
light-duty passenger cars and trucks. The remaining challenges are to reduce the manufacturing
costs of these power plants to levels competitive with conventional internal combustion engines,

gain user acceptance, and develop the supporting infrastructure to accelerate the transition to fuel
cell powered vehicles.

Recognizing the national priority to conquer this challenge, the Federal government is funding
development of direct-hydrogen fueled PEM fuel cells in conjunction with the multi-
agency/industry Partnership for a New Generation of Vehicles. As a recipientofa$

15MM award, the team of Chrysler and AlliedSignal, led by Chrysler’s Pentastar Electronics has
embarked on an aggressive 30-month program to develop a fully integrated fuel:cell syste:m that
employs design-to-cost methodologies resulting in a system that is transportable:to mass
production in an automotive cost structure. The mission of the program entitled Direct-
Hydrogen-Fueled Proton Exchange Membrane Fuel Cell Powered Hybrid Vehidle (DPHV) is to:

Design, fabricate, and test a complete direct-hydrogen-fueled PEM fuel cell system that

can be economically produced and comply with all safety, environmental and consumer
requirements for vehicle applications for the 21st century.
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Ladies and Gentlemen, Dear Colleagues,

T would first like to thank the Organizing Committee for the invitation to take part in such

important event like this Workshop.

T would also like to say a few words about the A.N. Frumkin Institute of Electrochemistry of
the Russian Academy of Sciences. The Institute was founded by Professor Alexander Naumovich
Frumkin in 1958 on the base of the Department of Electrochemistry of the Institute of Physical
Chemistry of the Academy of Sciences of the USSR. As B. Lyubovin noted in his speech yester-
day, since its foundation our institute has been a participant of all-union programs on fuel cells. I
would like to add that Professor A.N. Frumkin was also the first Chairman of the Council on Fuel
Cells of the Academy of Sciences of the USSR (1961).

Professor A.N. Frumkin was a great authority. In 1966 he was elected the President of the
International Society of Electrochemistry. He founded the journal Elektrokhimiya (English title

Soviet Electrochemistry). The journal is now call the Russian Journal of Electrochemistry.

Professor A.N. Frumkin was a member of more than 20 foreign academies of sciences and
scientific societies (two of which were in the USA: National Academy of Sciences, and the Amer-
ican Academy of Sciences and Arts) and was also awarded with the highest award of the Ameri-

can Chemical Society, the Palladdium Medal.

The 6th International Frumkin Symposium, “Fundamental Aspects of Electrochemistry” and
dedicated to Frumkin Centenary (1895-1995), was held in Moscow on August 21-25, 1995.
Thirty foreign researches took part in this Symposium.

_Imuself was involved in the decision of scientific problems of fuel cell in the sixties when

THE METHOD OF STANDARD POROSIMETRY
V.E.Kazarinov
1. Intreduction

An important part of the activities of the A.N.Frumkin Institute of Electro-
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2. Principles of the method

The method is based on the laws of capillary equilibrium. If two (or more)
porous bodies partially filled with a .wetting liquid are in the state of capillary
equilibrium then the values of the capillary pressure of the liquid in these bodies
are equal. When the wetting angle of the liquid with the bodies is the same (for
example if a liquid with a complete wetting - with a zero wetting angle - is used),
than, according to the well known Laplace equation, the largest pores filled with
the liquid are of the same size in both bodies.

[Laplace equation py =-20 c0s © / Iyax »

where o - the surface tension (interfacial tension) of the liquid,
O - the wetting angle, fyax - the maximum radius of pores filled
with the liquid}

If for one of the porous bodies (called standard sample) the pore size
distribution is known, then by determining for different overall volumes of the
liquid the distribution of the liquid between the two bodies, the pore size
distribution for the second body (test sample) can be calculated.

The amount of liquid in the samples is determined by weighing. As
working liquid usually hydrocarbons (octane, decane, and others) are used which
completely wet most of the materials. Thus the assumption of equal wetting angle
is fulfilled. In some special cases other liquids are used, e.g. water.

The porous standard and test samples are prepared in the shape of discs
with thickness 0.1-3 mm. They are washed, dried, weighed; after this they are
(under vacuum) filled with the liquid. The stack of porous samples is assembled in
a special clamping device (Fig. 1) in which the samples are tightly pressed to each
other. In the case of readily compressible (soft) materials the pressure must be
controlled (e.g. by sylphon bellows). In the assembly the test samples (1) are
usually placed between two standard samples (2).

From this assembly a small portion of the liquid is evaporated through the
open surface (3) by heating and/or vacuum treatment or by a flow of dry inert gas.

When a certain amount of liquid is removed the open surface of the samples is

closed up with a plug and the assembly is stored for a certain time (1-30 minutes)
to allow the establishment of a new capillary equilibrium. Afterwards the stock is
disassembled, the samples wheighed. After this the stock is reassembled and all
listed operations are continued periodically until all the liquid has practically
completely evaporated from the samples.

The attainment of capillary equilibrium can be controlled by the use of two
standard samples, one of which is placed at the open surface of the stack (where
the liquid evaporates) and the other one at the closed surface. If during the
experiment the amounts of liquid in both standard samples correspond to their
(known) distribution curves then an equilibrium is established throughout the
whole stack.
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With this method porograms can be measured also for powdered materials,
These materials are placed between two sheets of filter paper. Other samples of
filter paper without powder are also assembled in the stack. By substracting the
porograms of the "empty" filter paper samples from the porograms of the test
sample the pore volume distribution curve of the powder can be determined.

The pore size distribution for the standard samples must be deterined by
other methods, e.g. by mercury porosimetry. For these samples materials are used
that are sufficiently strong and are not deformed or amalgamated by mercury, e.g.
nickel or ceramic materials.

Standard porosimetry with suitable standard samples and working liquids
can be used for measurements of pore sizes in the range from I nm up to 100 pu
The time needed for the measurement depends on the pore characteristics of the
sample and varies between 2 and 10 hours. The accuracy of this method depends
mainly on the accuracy of measuring the pore size distribution curve of the
standard samples. This can be done by mercury porosimetry with an accuracy of
about 1% of the total pore volume. As was shown by special statistical
measurements under suitable conditions the error of the results due to the method
of standard porosimetry itself is about 1%.

3. Applications of this method

In the following I will give some examples of the application of this
method for the investigation of different problems with fuell cells and batteries.

3.1. Structural changes during charge/discharge of battery electrodes

The investigation of structural changes of battery electrodes during
discharge and during cycling is of great importance for a better understanding of
their properties. As most of the metals used in such electrodes (lead, cadmium,
silver, etc.) are easily amalgamated, mercury porosimetry can not be applied for
this purpose. An other disadvantage of mercury porosimetry is the impossibility to
perform repeated measurements on one and the same electrode. The method of
standard porosimetry is non destructive and allows such measurements at different
phases of the charge/discharge process. Indeed, even for soft or frail materials
there is no deteriorating influence of measurement on samples (in contrast to
mercury porosimetry) and after drying up it fully retains its previous structure.

From the porograms for the negative electrode of the lead acid cell (Fig. 2)
it can be seen that freshly pasted electrodes (curve 1) have a double porosity with
a great amount of pores of radii between 7 and 300 nm and a smaller amount of
pores between 6 and 10 p. The main effect of formation of this electrode is the
development of pores in a narrow pore size range between 800 and 3200 nm. A
significant part of these pores is maintained for all states of charge of the electrode
during cycling. It seems that these pores are important for the transport of sulfate
ions, particularly at high current densities.
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3.2. Porosimetry of deforming samples (electrodes, separators, etc)

Sometimes mercury porosimetry is used for investigation of samples with a
low mechanical strength. To reveal the influence of high mercury pressures on
such samples the results of measurements by mercury and by standard porosimetry
were compared. The effect of deformation depends on the nature of the material.
In Fig. 3 differential porograms are shown for a fibrous filter material FPIAN-5
which is used in our country as separator in batteries. It can be seen that the
deformation changes the shape of the curves: the number and the position of the
maxima on the curves is different. They coincide only in the pore size range from
100 to 1000 nm; this points to a rigid microporous structure within the fibers.

3.3. Swelling of porous materials (separators, membranes).

When a porous material with an insufficiently rigid structure is soaked with
a wetting liquid a volume increase (swelling) under the influence of the liquid's
capillary pressure py is possible. If such a material is used in a liquid medium it is
important to know its porous structure just in this medium.

The structure of chrysothyl asbestos widely used as separator in different
electrochemical devices (electrolysers, fuel cells etc.) was studied. As working
liquids octane, water and an alkaline solution were used. In Fig. 4 differential
porograms measured by this method are shown. In octane (curve 1) there is
practically no swelling of the asbestos and the porogram is characteristic for its
-pative porous structure. In water (curve 2) swelling is due to an increase of the
volume of pores with radii in the range 1 - 45 mm. In the alkaline solution (curve
3) there is a further volume increase in the range of the largest pores. In the case
of ion exchange membranes (solid polymer electrolytes) a different kind of
swelling can be observed. From Fig. 5 it can be seen that for the anion exchange
membrane MA-100 in water the pore volume increases almost an order of
magnitude mainly as the result of formation of smaller pores (below 10 nm)

3.4. The influence of pressure on the structure (catalysts, etc.)

Porous materials are often manufactured by pressing of powders. Standard
porosimetry (in contrast to mercury porosimetry) gives the possibility to investigate
the structure of porous and dispersed materials at fixed values of pressure.

In Fig. 6 porograms for Ramey silver (used as catalyst for oxygen
electrodes) measured during a stepwise pressure increase are shown. While
increasing the pressure from 0.05 to 5 MPa, first the volume of the largest pores
diminishes and then the volume of smaller pores in the range from 2.6 to 3.6 p.
These pores are located between individual particles of the catalyst. The structure
inside the particles with pores of lower radii (the primary structure) is not aitered.
However when increasing the pressure to 10 MPa and higher, a second stage of
compressing is reached comnected with a destruction of the individual particles.
The boarder between the primary and the secondary structures corresponds to pore
radii of about 3.6 p. Thus, standard porosimetry gives the possibility to
investigate separately the porous structure of individual primary particles and the
secondary structure of agglomerates of particles.

433



3.5. Measurement of wetting angles

The measurement of wetting angles for porous materials is connected with
difficulties, especially if these materials can not be prepared with a smooth surface
(e.g. carbons, soil samples, building ‘materials etc.). Standard porosimetry gives
such a possibility for liquids whose wetting angle is lower than 90°. For this
purpose porograms with the test liquid and with a standard liquid whose wetting
angle is known (e.g. hydrocarbons with a zero wetting angle) are measured. The
curves for the two liquids will be shifted along the log r axis (Fig. 7). From this
shift the ratio of the wetting angles of the two liquids can be determined. If the
value of the wetting angle for the test sample is not constant but depends on the
pore size, then there will not only be a shift but also some deformation of the
porogram. From this deformation the dependence of the wetting angle on the pore
size can be found. '

As an example in Fig. 8 the results of such measurements for samples of
activated carbon are shown. Decane and water were used as working liquids. It can
be seen that the micropores are practically hydrophilic. With increasing pore radius
up to 10 nm the wettability with water decreases (wetting angle increases). Almost
all the pores with a radius higher than 10 nm are hydrophobic.

3.6. Investigation of partially hydrophobic electrodes

Multicomponent porous materials with a mixed water wettability
(hydrophobic-hydrophilic materials) are widely used as electrodes in fuel cells and
other electrochemical devices, as well as in other fields. Standard porosimetry
gives the possibility to obtain information on the structure and surface properties
of such kind of materials. For this purpose, measurements are performed with
several liquids with a different wettability of each component of the material.

In Fig. 9 the results of such measurements for the active layer of fuel cell
electrodes containing platinum black and teflon particles are shown. In this figure
the dependence of the differential pore volume on pore size is plotted along the x -
axis, whereas the dependence on the hydrophobicity factor p (fraction of the pore
surface occupied by the hydrophobic material) is shown along the y - axis. Such a
differentiation between geometric structure and surface properties which was
achieved with the method of standard porosimetry is quite unique and previously
was not described in literature.
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4. Automation of measurements

The described method includes a great amount of manual operations:
multiple assemblage and disassemblage of the stack, weighing of the individual
test and standard samples etc. In order to reduce the amount of operations a
mechanical device was designed which allows an automatic assemblage and
disassemblage of the stack, partial evaporation of the working liquid and the
subsequent transfer of the samples to an electronic balance. The results are
accumulated and processed in a PC. In the near future the production of such
automated devices is planned (together with the firm "Sartorius” from Germany).

5. Conclusions

A porosimetric method was developed which allows the investigation of all
kinds of porous materials including soft or frail materials and powders. This
method is very well suited for the investigation of electrodes used in fuel cells and
batteries, as well of a variety of other materials. This method is nondestructive and
allows repeated measurements on one and the same sample. The method can be
used for a wide range of pore sizes from 1 nm up to 100 p. The accuracy of this
method corresponds to the accuracy of mercury porosimetry. The use of different
working liquids allows the evaluation of wetting angles and wettability of
multicomponent porous materials. No complex devices and high pressures are
needed.

The method of standard porosimetry is now widely used in many scientific
and industrial laboratories throughout Russia for the
investigation of porous materials used in electrochemical devices (electrodes,

membranes) and elsewhere.
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LEGENDS TO FIGURES

Clamping device: 1 - test samples, 2 - standard samples,
3 - open stack surface, 4 - vessel, 5 - an attached nut,

6 - centering ring, 7 - insert, 8 - a set of rings for ridge,
9 - a split (a disc with holes), 10 - a vacuum vessel,

11 - sylphone

Integral porograms for a lead electrode after different
stages of manufacturing and cycling: pasting (1),
formation (2), charging (3), discharge at low current
density (4), starter discharge at +20 C (5) and -20 C (6).

Differential porograms obtained by MSP (1) and MMP (2)
for FPIAN-5 filters.

Differential porograms for asbestos measured with different
working liquids: octane (1), water (2), solution of 7 M KOH (3).

Differential porograms for the ion exchange membrane
MA-100 measured by means of evaporation of octane (1)
and water (2).

Integral porograms for pressed Raney silver powder;
pressure (MPa): 1 - 0.05,2-02,3-5,4-10,5 - 15.

Integral porograms of a porous PTFE sample measured by
MSP with cyclohexanone (1), isopropyl alcohol (2),
decane (3) and measured by MMP (4).

Dependence of the wetting angle of water on pore size for
active carbon adsorbents SKN-1K (1) and SKN-4M (2).

Differential pore distribution function in terms of radii
and in terms of hydrophobicity factors © for a platinum
electrode containing 16% PTEFE.
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DEVELOPMENT OF PEM FUEL CELL TECHNOLOGY
AT
INTERNATIONAL FUEL CELLS
by
Douglas J. Wheeler
Manager, Techrology Development

IFC is Committed to Establishing a PEM Fuel Cell Business

The PEM technology has not matuxed to the level of phosphoric acid fuel cells. Several
factors have held back PEM and these inchade the high cost of membrane, sensitivity of PEM
fuel cells to low levels of carbom monoxide impurities, the requirement to maintam full
humidification of the cell, and the need to pressurize the fiiel cell n order to achieve the
performance taxgets. Because of the potential benefits associated with a PEM power plaat, IFC
embarked on a systematic program to resclve the technical issues and identify commercial
applications for the PEM fuel cell.

The immediate applications for a PEM fuel cell are those with a ready supply of high
purity hydrogen, meaning hydrogen with low carbon. monoxide content and reduced carbon
dioxide content. By definition, this inchudes those technologies where compressed hydrogen
can be readily apphied, such as fuel cells used for UPS and transportable applications. For
special cases, PEM fuel cells as portable devices can be considered where the weight of the
hydrogen container can be tolerated. The present cost of membrane and the lack of a low cost,
low weight hydrogen source comtinue to limit the PEM commercialization, limiting
applications to space and defense.

The IFC PEM Fuel Cell Concept

International Fuel Cells ( IFC ) has identified a hydrogen faeled PEM fuel cell concept
that leverages xecemt research advancements to overcome two major economic and technical
obstacles that have prevented the introduction of practical, commercial PEM firel cell systems.
The commercial barriers are (1) the high cost of the PEM membrane and (2) failure to mamtain
proper water management within the cell. IFC partially resolved the latter problem with the
invention of the passive water management system in the late 1980’s and demonstrated this in
an Unmanned Underwater Vehicle (UUV) PEM fuel cell On the economic side, precise
management of the water in a PEM fuel cell now permits operation at atmospheric pressure
eliminating the costly and efficiency consuming pressurization of a PEM fuel cell.

Even more important for the resolution of the economic cost limitations of a PEM fuel
cell, is the recent development of ultra thin, Nafion® based, mexmbranes. The ultra thin
membranes offer the opportunity to reduce the high cost of a PEM membrane that is a major
limitation to the commercialization of PEM fuel cells. International Fuel Cells will fuse these
technologies fnto a PEM firel cell power plant. The targeted stack performance specification is
800 - 1000 W/kg, 800 W/L with rapid start-up.

PEM Future T olo

Future PEM fuel cell technology development at International Fuel Cells will remain
applications driven with recognition of the advantages and weaknesses of the PEM fuel cell
IEC contimues to focus on driving the PEM fuel cell cost down through a combination. of
membrane development, cell stack design development, hydrogen stoxage, and improving the
tolerance of PEM fuel cells to carbon monoxide contaming fuels.
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PA3PABOTKA TEXHOJIOTYHA MEMBPAHHBIX TOIIMBHBIX
3JIEMEHTOB C TIPOTOHHBIM OBMEHOM HA DOUPME
"HHTEPHAIIHUHAJI ®BIOJI CEJUIIC"

Harnac . Yunep
MeHezKep 110 TEXHOJIOTHYECKHM pa3padoTKaM

®upma UOC B3sa Ha ce6s 0653aTebCTBO OCHOBATD NPENPUATHE o
POM3BOJICTBY MEMODAHHDIX TONIMBHBIX 3JIEMEHTOB C NPOTOHHBIM obMeHOM
MT3IIO0

Texuosorus MTIIIO euye He JOCTHrJIa yPOBHS, IPH KOTOPOM BO3MOXHO
npumeHeHne GocHOPHO-KUCTIOTHBIX roHBHBIX 1eMenToB (DKT3). Paspaborku
MTOIIO 3azepKaich 0 HECKOJIbKHM NPUIHHAM, B TOM HHCIIC, H3-32 BHICOKOH
CTOMMOCTH MeMOpaH, 4yBCTBUTEJIbHOCTH MTDIIIO K HU3KHM YPOBHSIM 3arpA3HCHUT
YIJIEKHCIIBIM Ia30M, TpeGOBaHHS 1O MOJCPKAHMIO [IOJIHOr0 YBJIAXKHEHHUS DJIEMEHTA !
13-32 HEOGXOMUMOCTH FepMETH3aLH TOIIUBHOrO 3JIEMEHTa IIJIA TOTO, 9T0OBI NOCTHYb
[IeIeBbIX paGoUnX XAPaKTEPHCTHK. Y IUTHIBAS [OTeHIaIbHbIE BHIMOMBI, CBI3aHHDIC C
SHEpProyCTaHOBKaMH Ha MTOIIO, dupma "ADC" nayana IpUMEHATD CHCTEMHBIi
NOIXOM K [IPOrpaMme, HanpaBJICHHON Ha paspelcHue TEXHHUECKUX 3a/1a4 U
onpefiesieH1e KOMMEPYECKUX coep npumenenns MTIIIO.

Hau6osee oueBuaHble 0071aCTH NPEMEHEHUS MTRIIO - aTo Te, rAe UMEETCA
JIErKO HOCTYIHEIH 3a1ac BbICOKOOUIHIICHHOTO BOJIOPO/Ia, @ KIMEHHO, BOXOPOAa C HUSKHM
copepxanneM CO U MOHMXKCHHBIM copepxanreM CO,. Ilo onpenesieHuio, Crola
BXOJISIT TaKHE TEXHOJIOTHH, B KOTOPBIX JIETKO NPUMCHHAM CXaTHI BOZOPON, HaNpHMEp,
TOIJTUBHBIE DJIEMEHTHI, MCIIOJIb3yeMbie B HCTOUHHKAX Gecriepe0OHHOTO NHTAHASI U B
TPAHCIOPTHLIX CPEACTBAX. B OTHE/GHEIX CJIydasix, KOrha Bec KOHTelnepa ¢
BOJOpOJIOM He SIBJISETCS NPENSTCTBHCM, MOXKHO paccMaTpHBaTh HUCHOJIb30BAHUC
MTDIIO B KauecTBe NOPTATHBHBIX YCTPOHCTB. J13-3a BHICOKOi CTOMMOCTH MeMOpaH U
OTCYTCTBHSL HEIOPOroro H JIETKOro HCTOIHAKA BOZIOPOZa KOMMeEpUHA/3aIKsL MT3IIO
B HACTOSIEe BPEMs OPAHHUYUBAETCS MX NPUMCHCHHEM B KOCMHYECKOH U 000pOHHOH
ofJ1acTAXx.

Konnemmusg MTOIIO, pa3paboranas hUpMOH "UDC"

Mupma "UOC" paszpaborasia KOHUCTIHIO MTD3IIO, paboTaroiux Ha BOAOPOAL,
KOTOpas HCNOJIb3YeT HEfIABHAC HayTHbIe MOCTHXEHH A pelleHNs ABYX OCHOBHBIX
SKOHOMHUECKUX ¥ TEXHHUECKHX NPo0JieM, KOTOpBIC 10 CHX TIOp NpENsSTCTBOBAJIH
NPaKTHIECKOMY, KOMMEPUIECKOMY Bcrosb3oBanuio cucteM ¢ MT3TIO. B
KOMMEpUECKOM T/IaHe TAKUMH [PeNATCTBIAMH ABJITIOTCA 1) BBICOKast CTOMMOCTD
MeM6paH ¥ 2) HeCIOCOGHOCTh MONACPKUBATD HeoOXOMUMBI YPOBEHD BJIaXKHOCTH
BHyTpU 2s1eMeHTa. C u300peTenreM HaCCUBHOI CUCTEMBI KOHTPOJISI BOJBI B KOHLE .
1980-X rofI0B ¥ YCIIEIHOMH JEMOHCTpalye# CHCTEMBL C MTOIIO, ycTaHOBJIEHHO Ha
apTOMaTHUECKOM noxBoHoM Tparcropre (UUV), dupma "HDOC" gacTHIHO
paspeluia BTOPYHO NpoGJieMy. JKOHOMHUECKAsI BBIMOHa U300peTeHHs COCTOUT B TOM,
YTO BO3MOXXHOCTh TOUYHO KOHTPOJIMPOBATh BOAY B MTOIIO Teneps NO3BOJIET UX
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SKCIJIyaTAIHIO [IOf] aTMOCEPHBIM J{aBJICHEM, JIMKBHAMPYS AOPOrOCTOAYIO U
HeraTUBHO oTpaxatoutyrocs Ha KT/ repMETH3aLHIO MT3IIO.

Eme 6oJiee BaXXHbIMHE JUIS Pa3pEIIeHHs IPOOIeMEl BBICOKOIT CTOMMOCTH
MTOIIO sBJISIOTCS HeABHO JOCTHTHYThIE YCIEXH B pa3paboTKe YJIbTPATOHKHX
OCHOBAHHBIX Ha Hacpuone MeMOpaH. C BHEPEHMEM Y IbTPATOHKHX MeMOpaH CHUBUTCS
crouMocTh MTOIIO, oTKphIBas MyTH U1 GoJiee LMPOKOH HX KOMMEPUHATIA3AHH.
MDupma "UDC" 06BEUHAT ITH TEXHOJIOTHH B SHEPreTAIECKYIO YCTaHOBKY Ha
MTOIIO. IIpoexTHbIe crielUbUKaLHH 111 pabouux XapaKTEpPUCTHK OaTapeH - 800-
1000 Batr/kr, 800 BaTT/1, GHICTpEILH CTAPT.

Bynayuiee Texgonorun MTIIIO

Bynyimue paspaGoTKy TEXHOJIOTHH MTDIIO na dpupme "UDC" 6ynyT
PA3BHBATHCS N0 HANIPABJICHUSIM, ONPEAEISICMBIM H3BECTHBIMHA NpeNMYIECTBAMH U
negocTaTkamu MTOIIO. Dupma NPOROJIKAET KOHICHTPHPOBATE CBOK yCcuJIMA Ha
camxenny croumoct MTOIIO. PaboTa B 3TOM HanpaBJIeHHH NPEACTaBIIACT co6oii
coueTaHne yCHMiil o pa3paboTKe MeMOPaH, KOHCTPYHPOBAHHIO OaTapeil TONJIMBHBIX
3JIEMEHTOB, Pa3paboTKe BOJOPOAHBIX KOHTEHHEPOB 1 CHIKCHHAIO YyBCTBUTEIBHOCTH
MTOIIO x BrAaM TONJIUBA, COASpXKalliM yrJIEKUCIIBIN ras.
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Plant of electrical and mechanical equipment
Protvino, Moscow region

Capabilities for Managing High-Volume production
of Electric Engineering Equipment at the
Electromechanical Production Plant.

The plant came into being in 1968 with the purpose to realize the definite tasks in the
field of atomic power. It is located in Protvino town in Moscow Region. It is provided with
reliable transport lines (motor and railroads). The continuity of service is maintained.

The Electromechanical Production Plant is essentially a research center with
experimental facilities and power full testing base with a usual for that type of organizations
structure (research divisions, design and processing divisions, manufacturing departments and
special departments on processing development and testing). Our production formerly was one-
of-a type rocket borne power units. Among the major production of the plant nowadays are heat
pipes and the devices of their basis of different function and power with the temperature range
from cryogenic to high. Today we are caring out the joint work with "Space system loral" (SS/L)
on research and development of the A/NH3 based heat pipes for usage in the spacecraft panels,
the cooperative work with Peking Institute of Space Mechanic and Electrochemistry Academy.
The development, production and testing of devices, units and apparatus for different purposes
such as medicine, atomic engineering, for usage into spacecraft’s, power plants, accelerator
complex of High Energy Institute , ext. is provided at our plant. The quantities of personnel
consist of 1000 persons.

Volume of output in 1994 consisted of 250$ min.

The product quality meets the requirements of Russian State Standards and is
controlled by State Atomic Inspection and War Ministry Inspection.

Scientific developments of Hydrogen Energy and plasma processing Institute of Russian
Scientific Center "Kurchatovsky Institute" and of Electrochemical Institute of Russian
Academy of Sciences became the basis of ZEMO conversion program in the field of industrial
production of electrochemical devices (ECD) based on Solid polymer electrolyte (SPE) with
Nafion ion-exchange membrane.

Atthe preliminary stage of production the reconstruction of the production building
with it's square of ~2000 m"2 was fulfilled to provide works on chemical processing,
mounting and testing of ECD of capacity up to 5000 kV based on SPE to meet all of the
requirements of no ecological harm and hydrogen security. The one-of-a-type base and test
equipment were developed, fabricated and mounted by our own forces. New operating
processes have been developed.

So the production of titanium profiled volume net to provide the optimum gas-liquid
flow distribution into membrane electrode assemblies has been developed.

The 800 mm® bipolar plates of complex configuration with separated leak-proof
channels were treated by the method of co-sintering with the fluorine-containing rubber with
special properties.

Considering the market analyses and taking into account considerations of adaptability,
3 dimension types electrolyzer modules have been developed to cover the whole range of
electrolyzer units.

the 1-st row: with hydrogen capacity up to 0,5 m°>/hour
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the 2-nd row: with hydrogen capacity up to 20 m’/hour

the 3-rd row: with hydrogen capacity up to 100 m>/hour The most of projects and
technological developments are copyright in Russian Federation.

To provide the industrial output of MEAs the industrial testing facilities were separated
into some divisions, each of them represents complex of separate industries to carry out special
chemical operations (see schematic 1).

Ion-exchange membrane treatment division provides multiple Ion-exchange membrane
treatment: soaking into organic (aqueous) solvent; treatment into hydrogen acid and bidistillated
water to improve it's structural properties and to reduce it's specific and resistance.
Quality control was performed by the methods of impedance spectroscopy, microscopy
and spectrophotometry (via the dyied complex combination of metal ions). The division
prozvides production of membranes with different configuration and surfaces square up to 2100
cm’.

The division of treatment of porous titanium and carbon-graphite current collectors.

Provide multiple treatment using ultrasonic alkaline, acid and distillated water bathes to
provide complete evaluation of impurities, such as Fe, and oxidation film from the surface.
Application of antitrust loading onto porous titanium collector is performed by the method of
thermolysis of platinum chloride hydrogen acid. This technique allows to obtain secure
coating to prevent current collector from oxygen and acid distraction under anode conditions and
to increase the unit’s service life, to decrease it's manufacturing cost and substantively (in some
times) decrease the amount of platinum comparatively with the alternative techniques.

Electrocatalyst synthesis division.

There the problems of high active platinum and iridium catalysts obtaining were
successfully solved. The volume output of obtained catalysts is sufficient for industrial
production of MEAs.

Quality control is performed by the methods of microscopy, sedimentation and
potentiodynamics.

Within the period of transfer to large-scale electrolyzer production we had to solve the
problem of reduction of platinum loading to decrease the cost of MEA. The novel methods of
electrocatalyst synthesis on such substrates as black carbon, titanium dioxide was developed in
cooperation with "Kurchatovsky Institute" provide 12 times reduction of platinum loading and 2-
3 times reduction of iridium amount comparatively with the initial. The usage of the reliable
methods of control and high effective equipment provided the high stability of catalyst quality,
what, in it's turn, provide the increase of production volumes.

Electrocatalyst application division.

Within the small-sized (working surface up to 100 cm”2) fuel cells production the
used method of chemical electrocatalyst synthesis into the interfacial zone of membrane
provided the timely variation of synthesized electrocatalyst layers parameters and the volume
of output.

Within the large-sized electrolyzers production so called "varnich" method was used.
The method includes application of high dispersed suspension of electrode composition, that is
dissolved into the ion-exchange membrane material (in "varnich") onto the current collector
surface with the given proportion of electric and ion transport component of charge-carriers.
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The usage of "varnich" technology provided the obtaining of uniform catalyst layers with
highly developed surface, with high performance and life time. The quality controls performed
by the method of impedance spectroscopy, potentiodynamics and potentiostatics. The high level
of processing development, the continuous control at the every stage of production provide the
stability of MEA performance.

Division of MEA modules mounting and preliminary testing provides units with
hydrogen capacity from 0,05 m”3/hour to 100 m?3/hour mounting, adjustment and preliminary
testing. Testing division provides testing of electrolyzers with middle (up to 25 m”3/hour) and
high (up to 1000m~3/hour) hydrogen capacities and includes 2 self-sufficient testing benches.
Each of the benches represents installations for water preparation, water pumping through the
electrolyzer, forming gases separation and monitoring of it's performance and based
parameters. Each of the benches includes control measuring system, electronic loading device to
provide every MEA control. Today we carry out SPE based electrolyzers serial production and
production of the devices on their basis, such as gas-flame treatment installations, oxygen
generators for medicine, installations for photoresistors burning out, gas generators for
chromatography, hydrogen generators for usage into heavy water concentration systems, into
water-chemical correlation systems of water-cooled reactors and other types of devices for
special needs under the concrete customers demands.

The experimental Fuel Electidlyzer with power capacity of 10-100Wt and efficiency of
60-70% was developed in cooperation with "Kurchatovsky Institute" and with participation of
Electrochemical Institute of Russian Academy of Sciences. Experimental modules with power
capacity of 1-10 kWt are fabricated. That is because of our high research potential and our
experience in space power devices development, that became a basis of newly developed
processing of SPE base electrolyzers production, and substantial reserve of industrial facilities,
ZEMO has been appointed to be the leading enterprise of the target-oriented program of
Atomic Ministry of RF on the development and working out power units based on methanol and
SPE based fuel cells.

5, Jeleznodorojnaya str.,
Protvino, Moscow region,
142284, Russia Chief manager

tel.:(095)217-59-41 Podlednev V.M.
tel./fax: (0967)74-64-44

tel /fax:(8)27 74-64-44

teletype:Serpukhov,KEDR 205110
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ApzaMac-16
HoBuuxoMy EBreHHN 3axXapOBHUY
_(ans. BopHCeHKa Banepusi ApKajbeBuva)

3aBOJ BIIEKTPO-MEeXaHHYEeCKOro o6opynoBarus (33M0)
Poccusi, MOCKOBCKasl 06JacThb, I'.IIpOTBHHO

3aBOJ OCHOBaH B 1968 rofy nns pelleHHs] KOHKPETHHX 3alad B 06JacTH
aTOMHOK BSHEPreTHKH. QPO 3aBoJZa, €ro HHTEJNJIEeKTYalbHHU IIOTEeHLHa)l COoC—
TaBJAKT CHeLUaJJUCTH, OKOHUMBIKE BeAylie BY3H cTpaHH. CerofHs 3aBoJ Ha
JOTrOBOPHON OCHOBE BHIOJNHSET WUPOKHU CHEKTP paboT LIS IOCYHNAapCTBEHHHX H
KOMMEepYeCKKX CTPYKTYP. Pas3pa6aTHBaeT, WUBrOTaBIKBAET K KCIHTHBAET NpPH-—
60pPH, MeXaHU3MH, YB3JH M annapaTH, NpeJHa3HavyeHHHEe NS HCIOJb30BaHHUA B
KOCMOCe, aTOMHOHN SHepreTHke, MeIUllMHe, pPaluOoBDJIEeKTPOHMKE, XHMHH.

HayuHtle paspa6oTK¥ MICTUTYTa BOJOPONHOM SHEPreTHKH ¥ IIA3MEHHHX
TeXHOJIOI'HK POCCHHCKOI'O Hay4HOI'O IeHTpa "KypuyaTOBCKHHN HHCTUTYT" KU HHC-
"TUTYTa SJEKTPOXUMUM POCCHHCKOM .aKaleMUH HaYK CTaJi 6a30/1 KOHBEPCHOHHOHN
nporpaMMH 39MO B 06JiaCTH IPOMHUJIEHHOI'C IPOMBBOACTBA 3JEKTPOXKMUYECKUX
ycrpo#icTB (9XY) C TBEpHAONOJMMEPHHMH BDJIeKTPOJHTaMH (TIS) (THH2 MOHHOOG-—
MEeHHUX MeM6paH Nafion).

CrnajuBamlasicsi B POCCHE BSKOHOMUUCCKAS CUTyalldsl AUKTOBaJla Heo6Xo-
JUMOCTBE OCBOEHUS MPOMHIUJICHIIOO MPOKU3BGJICTBa B KpaTualliie CPOKH. C BTOnN
1eJbo U3 Belyliux KHReHepHO-TeXHUYEeCKH: PaboOTHHKOB B 1990 roay 6HJ0
CO3JaHO ClelHaJIbHOE NOoJApPasjiesleHNe, BKJIKYARIee I'PYINH KOHCTPYKTOPOB IO
HanpabBleHUsaM, = TeXHOJOroB M IPOUSBOACTBEHHO-UCHHTATENbHHA KOMIJIEKC.
IIpON3BOACTBEHHO-UCIHTATEILHNN KOMINIEKC pasMelleH B OTHEJbHOM SHaHHK I0-—
Je3HOR mousabr 1.6 THC.KB.M. DBuJia npoBelleHa BHaYUTENbHaS PEKOHCTPYK—
s SBJaHUS KaK B apXUTEKTYPHOM IIJIaHe, Tak U B'YaCTH UHEEHepHO-TEeXHU-
YecKoro o6ecnevdeHysi, NO3BOAsSNNas NPoBeJieHHe Pa60T IO OPUIHHAJbHHM XH-
MHYECKHUM TeXHOJOTHUsIM, C60pKe U HenuTaHusiM, 3XY ¢ T3 (B YaCTHOCTH,
BJIEKTPOJNIN3EPOB NPOUSBOAUTENBHOCTBO A0 100 Ky6.M/4yaC BOJOpPOda) C yueTOM
TPe6OBaHUN MO BOJOPOAHOR 6630MNACHOCTH.

Pazpa60TKa ¥ HSrOTOBJEH{E ONHTHHX KU3HeJHH BeJHCh IapaelbHO C
Da3paGoOTKON TEXHOJIO'HUCCKON OCHACTKH M YHHKAJbHOI'O CIEelUaJBHOrO 060py-
JioBaHUsl. OJNHOBPEMEHHO NPOGCKTHPOBAJUCH U KHSTIOTABAMBAJNCH HCIHTATEJNbHHE
CTeHHH, pPa3pabaTHBaJICS TPOEKT PEKOHCTPYKUHH M NPOBOJUIACE DEKOHCTPYK—
I8 NPOUSBOLCTBEHHO-KCIHHTATEIPHOO KOMIIEKCa, €r'o OCHAlleHUE TeXHOJOoI'H-
YeCKUM O60PYJ/IOBAHUEM M CP&LCTBAMM KOHTPOJNSA U UBMEpPeHHU#l, OTDa6aTHBAJNHCH
HOBHE TeXHOJOru¥. Tak 6Wji0 OCBOEHO NPOH3BOLCTBO NPOPHINPOBAHHHX O6bLEM-—
HHX CeTOK K3 TUTAHOBOH JIEHTH (TOJUMHa gfo 0.2 MM, BHCOTa A0 3 MM, WHDH—
Ha [0 400 MM) o6ecneuMBaillixXx ONTHMAJBbHOE paclpeneieHue Ta30XKAKOCTHOrO
IIOTOKa B MEeMO6PaHHO—-2JIEKTPOJHHX 6JIOKAX.

OTpa6oTaHa TEXHOJNOIrHs O6PEe3UBMBAHUS OGMIIONAPOB CHAOXHBOK KOHOUI'YDa-
HUH C pazMepaMu 800*800 MM ¥ IepMEeTUYHLIMM DPasAelbHHMH KaHaJaMil C HC—
NOJIb3OBaHUEM ®TOPKAYUYYKOBOW DPE3KHH CO CIelUalbHHMH CBOHCTBaMi. OTpaco-
TaHL TEeXHOJOrMUYeCKHE IMPOIECCH MEeXaHMYeCcKOR O06pab6oTKY, CBapKU, WTAMIOB-
KU HOBHX HUBJAENUR U3 TUTaHa.

Ha ocHOBe aHaJu3a NOTPe6UTENbCKOIO PHHKA,  a TaK®e HCXOASl K3 yCclo-
BUN TEeXHOJOI'HYEeCKOHN LeNcCoQGPa3HOCTH 6ulY pal3paGoTaHH ¥ OCBOGHH B NIPO-
UBBOJACTBE TPH THNOpPaBMEPHH: paAjla DSIEKTPONUSHHX. MOAYJIEeH, IPaKTHUECKH
OXBaTHBaMIUX BeCh BOCTPEe6OBAEMU AUANa3O0H. )

1 pag — NPOUSBOAUTENLHOCTBHX IO BoAOpoAy Ao 0.5 Ky6.M/Hac
,2 psR — TPOU3BOAUTENLHOCTHB IO BOZIOpPOAY MO 20 Ky6.M/4ac
'3 psan - TPOMBBOJUTENBHOCTBK NO BOJOPOAY HO 100 ky6.M/4ac
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DONbWHHCTBO Pa3paboOTOK ¥ TEXHOJOTHH SaljHijeHH NaTeHTaMu PO.

- i1 OCBOEHHS - IPOMHIJIEHHOI'O0 HSI'OTOBJIEHHSA BJIEKTPOKATAINBaTOPOB,
KOJJIEKTOPOB TOKa M MEM6PaHO-3JIEKTPOJHHX G6JIOKOB B COCTaBe NPOMHNJIEH-
HO-MCNHTaTeJbHOI'C KOMILIEKCa Cco3JaHa XUMHUYECKas Na6opaTOpHs, npencrap-
Aawmast CO60H COBOKYIHOCTE OTJHAESJbHHX IPOMSBOJICTB, - O6eCHeYUBanIUX BHION—
HeHKe CIEeNHaNbHHX XEMHUYECKHX OoNepalnii.

B cocTaB XUMIAEOPATOPHU BXOJST:

— Y4YacCTOK BOJAONOAIOTOBKU (nponasonnTeanOCTb OKoJIO 200 J/CMeny),
o6ecCrneyHBapui XHMHYECKOe NPOUBBOACTBO JEHOHMB0BaHHON BOAOK C yIEJbHHM
CONPOTHBJIERMEM CBHEHe 1 MOM*CM. Paspa60TaHa OPHI'MHAJbHaS CXeMa OYHCTKHU
BOAH C IIpUMeHeHUeM nonnnpqnnnenoamx OUNBTPOB MONAA INpPeJABaPUTEJLHONK
OYHCTK} BOJAH M NocieAywillel 4-X CTYNeHYaTON AUCTHIIALMEH, YTO JOBBOJUJIO
MOJIYYUTh BOZJY BHCOKOI'O KauyeCTBa C HaHMMEHBUMMY SKOHOMUYECKHUMH 3aTpaTa—
MU. KaxAud KHCOHTATENbHHH CTeHJ CHAa6ZeH aBTOHOMHHM 6JI0KOM BOIOHNOIIOTOB—
KH¥.

— YYacTOK O6GPa6OTKH HOHOOEGMEHHHX MeM6paH.

[IpONSBOAUTCST MHOI'OKPAaTHas  O6pa60OTKa HOHOOGMEHHMX MeM6paH B BOIHO-
Opraluuyeckux KOMIOBMLIUSIX, aB0THOU KHCJIOTEe H 6UAUCTHINIRPOBAHHON BoJe C
Oenbyn YAYYEEHHS €€  CTPYKTYPHHX XapaKTepHCTHK ¥ YMEHBbUEHUS YAeJbHOI'O
CONPOTHBAEHUSI. KOHTPOJb Ka4yeCTBa MeM6paH OCYHeCTBJISETCS MeTOAOM UMIe—
AaHCOMETPHH, MHKPOCKOIHH N CHEeKTPodOTOMETPHUH (II0 ajCOP6IHMKY OKpalleHHHX
KOMIIEKCHHX COEAWHEHHH KOHOR MeTaJlJIoB). JYUacTOK oOf6ecneuuBaeT Ipou3-
BOOCTBO MEMO6PaH PaBIUYHOR KOHOUIYPpalLUM ¥ ILIoWajbl A0 2100 KB.CM.

— YYacCTOK.O6pabOTKH KOJJIEKTOPOB TOKAa M3 NOPUCTOrO THUTAHA.

IIpousBOUTCSH MHOT'OKPaTHasI 06pa6oTKa C IpUMEeHeHueM yanpaaBymoaux
‘BaHH B l{ejJoyax, KHCJIOTaX ¥ JAUCTHINKPOBAHHON BOJe C LesIbD o6ecnedeHus
NONHOT'O YZAAJIEHMS KaKk BarpA3HEeHUR M IpuMecell, Tak ¥ OKCHUAHOX MJIEeHKH C
IIOBEPXHOCTH, ¥ MNOAI'OTOBKY NOBEPXHOCTH THTAHOBHX KOJIJIGKTOPOB JJS HaHe—
CeHUs] aHTHKOPPOBHAHOI'O INOKPHTHSI. HaHeceHMe aHTHKOPPO3UOHHHX HNOKPHTUH
Ha KOJIJIEKTOPH M3 HNOPHCTOIN'C THUTaHa IMPOUSBOAXTCH METOHOM MarHeTpOH-
HO-MOHHOT'O PaCHHJIEHHSA ¥ TepMOJU32a IJATHHOXJOPHCTOBOAOPOAHON KHUCIOTH C
JCNOJL30OBAHKEM Ha KOHEWHOM CTajuM MeTola WOHHORK HMMJaHTALKH I8 K3Je-—
JYMf, Tpe6ypIUX NOBHUEHHHN PECYPC. 3TH TEXHOJOTHH MOSBOJSDT TNIOJIYYUTDb
HajexHoe NOKPHTHEe, NpelloXpaHsawiee KOMJIEKTOP OT BO3NERCTBUS KHCJIOPOAa H
KHCJIHX cpeXx NIPK aHOAHOY TOAAPUIALUK. Pas3pab0TKa U NPOMHIIJIEHHOE OCBOEe-
HHEe TEeXBOJIOMHM BalMTHUX NOKPHTHUH IO3BOJHIK PeUMUTbH Npo6ieMy HJOoJIroBeu—
HOCTH KOJJIEKTOPOB TOK2a ¥ SJHAYNTENbHO YBEIWYUTHL PEecypPC PaGOTH' HUBLENHf,
CYWEeCTBEHHO CHHZBUTb TPYAOEMKOCTb H B HECKOJIbKO pa3 CHHBHUTDL pacxon nja—
THHH IO CPaBHEHUD C aJNbTepPHATUBHHMH MEeTOLaMM.

— Y4YacCTOK CHHTe3a SJeKTPOKATaJH3aTOPOB.

Ha yvyacTke CHHTe3a BJeKTPOKATAJIN3aTOPOB OGN PelieHH npoGneuu o-
JAyYeHHsI BHCOKOAKTHBHHX IIJIATHMHOBUX U HPUIHEBHX KaTaJU33TOPOB C PaA3BUTOU
IIOBEPXHOCTBY, B O6HEMaX HEOOXONUMHX ISl IIPOMHINIEHHOI'O IIPOUBBOJACTBA
MeMOPaHO—-3JIEKTPOAHHX G6JIOKOB. KOHTPOJAbL 3a KaudeCTBOM OCYLEeCTBJASIeTCss C
HCOOJNb30OBaHHEeM MEeTOAOB MHKDPOCKOIHM, CeHUMEeHTalUM K NOTeHUNONUHAMUKM.

IIpy nepexolle Ha M3roTOBJEHME KPYNHOMACWTAG6HHX BSJEKTPOJU3EPOB K
Hapal¥BaHUM O6HEMOB BHIOYCKA MPOJIYKUKM BCTaN BONPOC O CHUEEHMH pacxola
AePULMTHHX ¥ JOPOIOCTOSIKX 6JArOpoJHHX MeTaJuloB. Paspa60oTaHHHE COB-
MecTHO C MB3IIT HOBHE MeTOAH CHHTE33 3JeKTPOKATANU33TOPOB H3 HOCHTENSAX
(cama, JUOKCHJ THTaHA) HOSBOJUIM B 12 pa3 CHUBHTHL pacxol NJATHHH ¥ B
2-3 paBa pacXol HMPHUIUS NO CPABHEHHE C NEepBOHAYAJbHHM. [IpHMeHeHle Ha-—
JEXHHX CIIOCOG60B KOHTPOJIS ¥ BHCOKO3PPEKTHBHOI'O O6G0PYAROBaHUSI OGECHNEYHIO
CTa6UJIBHOCTE BHCOKOI'O KaudecTBa KaTaJlU3aTOpPoOB, YTO AaeT BO3MOXHOCTDH "Ha-
pal(iBaTh O6B%EMH NPOUBBOACTBA.
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- YYaoTOK HAHECAHUA BIaKTpOKATANIH3ATOPOE .

Ins PasiKYHHX THIIOB 3JIEKTPOJN3EpPOB nejecoo6pa3HO NpHMEHeHue pal3-—
~IMUHHX METONOB-HAHECEHHS DJIEKTPOKATANIN3ATOPOB KaK Ha KOJUIEKTOPH TOKa,
Tax ¥ Ha 'NOBEPXHOCTb MEM6pPAaHHH. ISl DJIEKTPOJU3HHX sdeexk C MaJjon (no
100 KB.CM) pa6ouell NMOBEPXHOCTBHH (reHepaTOPH BOJOPOAa AJS rasoBoit Xpo-
MaTorpaduyu) MCIONbL3YETCS METOL XHMHYECKOro CuHTe3a BJIEKTPOKATAJKBATOPa
B NOBEPXHOCTHOM- -CJIOE MEMGPaHH , [OSBOJADIMA ONEPaTHUBHO BapbUpOBaTb_ Na-—
paMeTpH CHHTEBHPYEeMHX BJIeKTPOKaTaNUTHUEeCKUX CJIoeB H 065eMH TIPOK3BOJC—
TBa. s KPYMHOMACHUT26HWX 3JEKTPONUBEpPOB OCBOeHa "JaKoBas" TEeXHOJOI':d,
Kakx --Haub6oJee “TIOJNHO OTBeuawlas TPe6OBaHKSIM. IPOMHIIEHRHOro NMPOXW3SBOACTBA,
B2 KJINYaBNaSCsa 1B/ HAHECEHUH Ha NOBEPXHOCTD: ' KOJUJIEKTOPOB: TOKA :" TORKOIQUC—
‘IepcHON - HEYCNEHBsUN  BJIEKTPONHON KOMIOSHUNM B "Jjake" (pacTeope) .HOHOO6-
MeHHOI'0 MaTepuaja MeM6paHH, C 3aJlaHHHM COOTHOUIeHHEM DIEKTPOHHON!- U HOH~-
"HOW .cocTaBjasioled: TPpaHCNopTa HOCHTeJel 3apsaloB. : lip¥MeHeHue “JaxoBon"
- PEXHOJOPHH ‘TIOBBOJSET O6eCHeuYUTh NoJyUYeHUe DABHOMEPHHX, C DPa3BHTOH. IO-—
BEPXHOCTBLI 'TpexdasHO¥ I'PAaHUUHW paszela KaTaJETUUYECKHUK: CJIOoeB, 06Jafaomux

" BHCOKHMY ‘BKCIIAYATAIIMOHHHMKE KauyeCTBaMU M 60JNbEUM pecypcoM. KORTPOJD .32
'KaMeCTBOM OCYWeCTBJSeTCS MeToZaMy MMIeJaHCOMeTPHM, = INOTEeHUUOAMHAMHKHE M
OTEHIMOCTATUEY . PelenTypa XHMHUECKHX KOMIIOHEHTOB , TEXHOJIOT'MYECKHe pe-—
"RMMH, - TEXHOJIOTHUYECKHe INPHEeMH- C'HCIONb30BaHUEM KaK COBPEMEHHOI'0 CTaH—
“NapTHOMO O6O0PYHOBAHHUS, Tak U O60PYAOBAHUS OPUT'MHAJNILHON PpPaspatoTKN -—

" goy-xay, iscoszaHnHe. UB3NT wu 33MO0, ypoBeHb OTPa6GOTKH TEXHOJOI'MUECKUX
[IpPOLIECCOB, ~ KOHTPOJb Ha BCEX CTaAUSIX O6ECHeYnIK CTA6HILHOCTE XapaKTe-—
PMCTHK MEeM6PaHO—-BJIeKTPOJHHY 6JJOKOB B HejgoM. . . - - - _ -

— Y4YacTOK C60PKY M TPeJIBAaPUTENbHHX KUCHHTAHUE BJEeKTPOJH3epoB IO3—
BOJisieT NPOMSBBOAKTbL C60OPKY, OTJaAKY ¥ NpelBapHTeJbHHE HCHOHTAHNA. BJeKT-

'POJMBEPOB-C . JUANABOHOM NMPOUBBOAUTEIBLHOCTH OT ~0.05 Xy6.M/yac - fJo. 100

Ky6.M/4ac 10 ‘BOJOPOJY . : ©
:". OTHeNieHue MKCMHTAHUA DIEeKTPOJN3EepOB CpefHef ¥ ~60JbWOH TPONSBOAU-
"reJIbHOCTH BKJADYAKWT B Ce6s JiBa aBTOHOMHLUX WCIHTATEJBHHUX CTeHjja, TIO3BO—

“NSDUKX NPOUBBOAKTEL NOJHOMACHWTAGHHE MCHOHTAHUS BJEKTPONN3EePOB cpenHen
‘ IPOUBBOAUTENBHOCTH (RO 25 Ky6.M/Yac BOJOPOJa) H 607BbIOY TPOUSBOANTENb—
HocTH (Ho 100 Ky6.M/uyac BojopoZa). . Kamju#i U3 CTERIOB NpelcTaBifeT COo-
60# WHECHEPHHe'.COOPYEeHHusd, - [I03BOJsNIKe OCYU[EeCTBJIATh NOAT'OTOBKY BOJIH,
ee NPOKauKy- uepes BJIEKTPOJIK3ep,’ CenaprpoBaHHie reHepUpyeMHx' rasoB . ¥
KOHTPOJIb KX’ COCTaBa M TEeXHOJOI'MYECKHUX NapaMeTpoB. KaxOuii CcTeHll CHAab®EeH
CJIORHEMHM CHCTeMaMu KUIIMA, c6opa ¥ O6pabOTKH MHPOPMAUWK C HKCIOJb3OBAHH— -
eM OBM, HOSBOJADIMMH OCYUECTBISITH LHATI'HOCTHKY U KOHTPOJDb KAROON sIHEenKu
BJIeKTPOJNUBHOrO MOAYIS. ¢ S

B HacTOsllee BpeMs Ha 6a3e BJIEKTPOJAX3epoB C . TID 3aBOROM -CEPHHHO

" BHITYCKANTCH - YCTAHOBKY - Pas0IIaMeHHON O06Pa60TKH, YCTAHOBKH -BHEUIAHUS $O-
'TOpPEe3UCTOR, ' TI'a30BHe GJOKH JJsi XpoMaTorpaduy, yCTaHOBKH TIOJIYYEHRUS 'KHC—

~JIOPOJIa M ‘KMCJIOPOJO-OBOHOBHX CMecefl Ui MEAWIMHH, TeHepaTOPH BOZIOpPOZa
VIS CHCTEeM“O60TralieH’si TAXeNOX BOAH, KOPPeKHHH BOJAHOXMMHYECKOIO pesuMa
BOJOOXJIARNAEMHX peakTopon U JApyrue, paspabaTHBaeMHE NOJ KOHKpeTHHe
Tpe60BaHUA 3aKaBUUKOB. : A

BOABION ONHT HAKONJeHHHH Ha 33MO B o6JaCTH CO3A3HHA .Y . ¢ v THO,
co3nalHas UHOPACTPYKTYpPa U UMeRnlieecs o6OpyJoBaHHe TIOSBOJUIK AKTHBHO
BKJIKYUTHCH . B NPOGJEMy PazpabOTKM TOIJIMBHHX BJEMEHTOB C T3 ¢ nocrenyn—
el OpraHusallell CEePUIHOTO MPOMHWJISHHOrO NMPOH3BOACTEA . o

o I'naBHHA BHEZEeHep 33MO

Noanenues B.H.ngé“”ZZf”‘—’q
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World Wide IFC Phosphoric Acid Fuel Cell Implementation

Joseph M. King, Jr., Vice President, Technology and Business Development,
International Fuel Cells

Intemational Fuel Cells, a subsidiary of United Technologies Corporation, is engaged in
research and development of all types of fuel cell technologies and currently manufactures
alkaline fuel cell power plants for the U. $. manned space flight program and natural gas
fueled stationary power plants using phosphoric acid firel cells.

IFC’s phosphoric acid fuel cell power plant application experience involves over 200
power plants in ratings from 1.5 kW to 11 MW. Applications have included on-site power
plants providing power and waste heat or premium quality power to individual buildings
or critical loads, distributed power generators operating as part of the electric utility
system and power plants for portable military application. While most of the experience is
with natural gas fuel, IFC power plants have also operated on naphtha (a light petroleum
distillate) and methanol,

ONSX Corporation, a subsidiary of International Fuel Cells produces the 200 kW PC25™
phosphoric acid fuel cell power plant. The first commercial unit of this rating began
operation in April 1992. Since that date, more than 60 units have been installed in 12
countries in North Americe, Asia and Europe. The entire fleet of power plants has
experienced over 750,000 hours of operation and 10 individual units have operated for
20,000 hours or more,

These power plants demonstrate the ability to operate on natural gas supplied by
production and distribution systems throughout the world. They have been connected to
60 Hz and 50 Hz electrical grids of many different electric utility systems., One instatlation
in the United States operates independently from the grid providing high quality power to
sensitive electrical loads in a laboratory facility. Another unit operates conpected to the
grid under normal circumstances and powers a critical emergency load when grid outages
occur. Thermal output of over 700,000 BTU per hour has been interfaced with domestic
hot water, space heating, district heating, low temperature industrial process and
swimming pool loads. In several umits for which thermal datz are available, average
utilization of the heat produced was 60 percent contributing to an overall efficiency (which
includes electrical and thermal use) of 65 percent.  Overall availability is in the high
Tineties,

The PC2S exhaust is virtually free of emissions with nitrogen oxide and hydrocarbon
cmissions less than one part per million. The clean operation eamned them a blanket
exemption ffom emissions permitting in the South Coast Air Quality Management District
i1 Califomia and this permitting exemption is now in place in another air penmitting
district. Sound level is quite low and permits siting next to quality residential facilities
such as hospitals and luxury hotels.
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Installation and servicing are performed by customer personnel trained by ONSI using
ONSI supplied manuals. ONSI provides 24 hour technical assistance and same-day spare
parts dispatch. The power plant operates unattended with capability for remote
monitoring and diagnostics. The first scheduled maintenance outage is after one year of
operation. Water treatment system resin replacement while the power plant is operating is
conducted every 4 months. Unscheduled outages are rare compared 1o other equipment in
this rating class; the fleet meant time between forced outages is over 2100 hours.
Individual power plants have operated for over a year between forced outages with many
continuous runs exceeding 6 months, The longest continuons run now exceeds 8500
hours, Availability is in the high nineties.

In October 1994, ONSI began operating an improved model of its PC25 power plant.
This unit is one third smaller and lighter than the units currently in the field and rebability
has been improved by elimination of one guarter of the mechanical components and
simplification of the electrical system. The power plant includes complete remote coutrol
capability and many features suggested by owners of the current operating units which
reduce installation and servicing effort. Operating experience with the first improved unit
has been excellent. While developing the improved power plant, ONSI also simplified the
manufacturing process and upgraded the automated manufacturing equipment and facility.
The capability of most of the manufacturing operations is now 200 cell stacks per day and
the remainder can be uprated to this capapility on short motice. Production of the
improved unit in the enhanced facility is now underway. Development i1s underway on
further improvernents which will b¢ introduged to productiop during the next few years.

455




Intentionally Left Blank

456



BHEIPEHUE ®OC®OPHOKHCIIBIX TOITUBHBIX JJIEMEHTOB
®OUPMBI "Aii-3¢-Cu'" B CIIA U 3A PYBE2KOM

Jxo3ecp M. Kunr, MU, Bune-npesaiesT (pupMbI "UnrepHameny ¢pbroa cesuic'
110 Pa3BHTHIO HOBBIX TeXHOJIOTHil H Ou3Heca

Oupma "Ai-2¢-Cu'", noapasfesieHne KOpnopanun "FOuaittenq TexHOJIOMKHU3",
3aHUMAaeTCS MCCJICHOBAHHAMM M pa3pabOTKOH TEXHOJIOrMY NPOM3BOACTBA BCEX BUAOB
roruBHBIX 2sieMenToB (TD). B Hacrosmiee BpeMs (pHpMa BBITYCKAeT MICJIOYHBIC
SHEPrOYCTAHOBKM JUIL aMEPHKAHCKOH NPOrpaMMEbl MHMJIOTHPYEMBIX KOCMHYECKHX
T0JIETOB, A TAKKE CTAIFOHAPHBIE SHEProyCTaHOBKH, paboTarollye Ha IPHPOJHOM rase,
¢ npumenenueM ¢ochopHoxucbx TO.

B mepedeHb BHIIOJHEHHBIX (upmoil "Al-O¢-Cu" 3aKa30B BXOMUT 6oJsiee 200
3HEProyCcTaHOBOK Ha (PoCGOpHOKUCIIBIX T ¢ AHana30HOM MOIHOCTH OT 1,5 xBr go 11
MBT. DHeproycranoBKH (bHpMbI NPUMEHSIOTCS B KaYECTBE JIOKAJIBHBIX HCTOYHHKOB
SHEprHA ¥ COPOCHOTO Tellla, HCTOYHHKOB BBICOKOKQUECTBCHHOH SHEprud JyId
MHIUBHAYAJIbHBIX 3[aHMH, TMKOBBIX HArpy30K, PACIPENIE/IEHHBIX CUCTEM [POH3BOJICTEA
3JIEKTPOIHEPrUH, BXOAMIINX B KOMMYHaJbHble CHCTEMBI, 2 TaKXe B KadeCIBC
[IEPEHOCHBIX JHEPrOYCTAHOBOK BOEHHOrO 00pasna. BoJIBIIMHCTBO SHEProyCTaHOBOK
upMBl paboTaeT Ha NPHPOIHOM ra3e, OHAKO Y PUPMBI ECTh ONBIT paboTs! ¢ HaTOH
(JIErKMM JUCTHJIIITOM HE(DTH) H METaHOJIOM.

Koprnopaups "OHCH", mouepHss KOMNAHHSL "Ai-D¢p-Cu", npoU3BOIAUT
3HeproycranoBky THna PC25 MommocTsio 200 kBT Ha dochoprokucneix TO. Ilepsas
NPOMBIILIJICHHAS YCTAHOBKA STOr0 Uana3oHa paGoraer ¢ anpesg 1992 ropga. C Tex nop
Goslee 60 yCTaHOBOK OBUIO BBEJEHO B dKCIUIyaTaumio B 12 crpaHax CesepHoil
Awmepuku, EBpone! 1 A3zui. B 1esioM Bech KOMILJIEKC YCTaHOBOK npopaGoTas GoJiee
750 000 uacos, npudeM 10 MHOMBHyaJIBHBIX YCTAHOBOK MPOpaGoTaM MO 20000 wm
GoJiee JacoB.

OTH JHEPrOyCTAaHOBKH INPOAEMOHCTPHPOBaJI BO3MOXKHOCTH paboTel Ha
NPUPOJIHOM I'a3e PACTIPE/IEJIUTEIHHEIX CHCTEM Pa3HBIX CTaH Mupa. OHM NOAKJIOYJINCh
K JIMHMAM 3JeKTponepenad ¢ gacroroi 60 I'm u 50 T'y pa3JyiHYHBIX KOMMYHAJIBHBIX
cucteM. Opna ycranoska B CIIIA paGoTaeT HE3aBHCHMO OT CHCTEM paclpefiesIeHUs,
obecrieurBas HCTOYHMKOM BBICOKOKAUECTBCHHOH OHEPrHH YyBCTBUTEJIBHOE K
nepenajaM Harpy3oK JiaGopaTopHoe o6opynosatye. [lpyras yCTaHOBKA IIPHCOCAHHEHA
K pachpeie/IuTe IbHOl cucreMe, ofecneurBasi aBapuiHOe NATaHAE BO BPEM nepe6oeB,
BbI3BAHHBIX KPHTHUECKOH HATPY3KOil. DHEpProycTaHOBKH C MNOfave 700 000 BTU
(189000 xkas) Temsia B gac OBLIM CBS3aHBL C CHCTEMaMH MOAOrpeBa BOMp! U BO3/yXa
[UISL OTAEJTBHBIX TOMELIEHHUH 1 palfOHOB, a TAKXKe C HU3KOTEeMIepaTyPHbIMH CHCTEMaMH
NPOMBINIJIEHHEIX MPOLECCOB M CHCTeMaMu moporpesa OacceiiHoB. Ha ocHoBanuu
JAHHBIX, WMEIOIHUXCSI [JI1 HECKOJIBKMX JDHEPrOyCTAaHOBOK, CpefHee MHCIOJIb30BaHUE
TeIJa COCTABIISI0 60 MPOLEHTOB i, COOTBETCTBEHHO, OOLIHI K03 (PHIMEHT M0JIE3HOTO
[eHCTBUS cOCTABUJI 65 IPOLEHTOB (BKJIH0YAs HCIOJIb30BAHHE 3JIEKTPHUECTBA U TEIlIa).
CymmapHbiit K03 bHIHERT TOTOBHOCTH HAXOAWJICA B MPEAEsIax OT 95 no 99.
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Bri6poc sHeproycraHoBKH Mofem PC25 npakTHIecKu cBOOOJIEH OT dMUCCHH,
TaK, HaNpPUMEP, SMHCCHS OKMCH a30Ta WM YIrJICBOJOPOAA COCTaBJIfeT MEHEE oxHo#H
oM Ha MWUMOH. JucTOTa MpOHEcca MO3BOJIMJA NMOJHOCTBIO HCKJIFOUUTL €ro H3
TPOUEAYPH! HOJTydeHHs JIMLIEH3MA B COOTBETCTBHUH C "3 aKOHONATEJILCTBOM 00 OUUCTKE
BO3[yXa IOXXHOro TnoGepexbps LiTaTa Kamudopuuga"; Takue XK€ HCKJIIOYCHHS
IEHCTBYIOT B HACTOSIiee BPEMsA M 10 OTHOMIGHMIO K JPYrMM pEriOHaJIbHBIM
3aKOHOJATEJIGHBIM aKTaM II0 OYHCTKE BO3MyXa. HuM3KUH ypOBEHb lyMa NO3BOJIACT
MOHTHPOBATh JHEPrOYCTaHOBKH B HENOCPEeNCTBeHHOH OJIM30CTH K XKUJIBIM
COOpYKEHHSIM TOBBIIICHHOrO KadyecTBa, TaKWM, Xax OOJIbHMI[BI HJIH OOpOTHeE
TOCTHHHITBIL.

MouTax M OGCJIyKMBaHME MPOBOASTCS IO HHCTPYKLHH (PHPMBI "OHCH"
COTPYAHUKAMHU 3aKa34uKa, NPOLEIINIMH Kype o6yuenns ¢upms.. @npma "OHCHU"
ofecrneurBaeT KpyrJOCyTOYHYIO TEXHUYECKYIO IIOMOLIb U JOCTaBKY 3aNacHbIX yacTei
B TEdeHHe OOHOrO [HSI. IIPHCYTCTBHE ONepaTopa IpH paboTe yCTaHOBKH HE TpeOyeTcs:
MOHHTOPYHI M OMarHOCTHKA MOT'YT BBUIOJIHATHCA JUCTAHIMOHHO. IlepBptil NJIaHOBBII
OCTAHOB Ha TEKYILH PEMOHT IPEM0JIaraeTcs Noce rofa paboTsL. Bo BpeMs paboThI
SHEPTOYCTAHOBKH KaX[ple UETHpe Mecsua NPOH3BOAMTCS 3aMeHa CMOJI CHCTEMEI
BOJIONOMTOTOBKHA. He3anaHnpOBaHHbIE OTKa3bl OTHOCHTEJIbHO PEKH 1O CPABHEHHIO €
OpyruMyu BUfamMu oOODYHOBaHHS TOro Ke KJlacca. CpemHee BpeMs HapaOOTKH Ha
0TKa3 Bcex paboTaroILX dHEProyCTaHOBOK COCTaBHIIO 6osiee 2100 yacoB. OThesIbHBIE
SHeproyCcTaHoBKU paGoTaym GoJiee rofa 6e3 BEIHYXJIEHHOrO OCTaHOBA, MPUIEM OHCHD
MHOTHE W3 HHX TpopaboTayu HenpephlBHO 0oJjiee WIECTH MECALECB. MaxkcnmaJibHBIA
CPOK HENpepHIBHOH pabOTHl HAa CErOAHSAIIHMM [EHb MNPEBBINACT 8500 wuacos.
Ko3d duupeHT roTOBHOCTH HaXOAUTCA B NIPEAEIIax OT 95 no 99.

B okrabpe 1994 roma ¢dupma "OHCHU" nHauasa pabory 1O MOAEpPHH3aLUH
sHeproycranosku mopesm PC25. Hopast ycTaHOBKa Ha TPETh MCHBIIE U JIETHC, 4yeM
paGoTaromue B Hacrosmiee Bpems.  IloBplueHHAas HaJEXHOCTH obecrieynBaeTCs
COKpalleHWeM Ha YeTBEPTb UHMCJIa MEXAHWYECKHX KOMIOHCHTOB M 3HAUHTCIBHBIM
YIpOIIeHHeM 3JIEKTPUUECKOl CHCTEMBL. ~ DHEProyCTaHOBKa OCHAILCHA TIOJIHOCTBIO
aBTOMATHUECKOHl CHCTEMOIl [OUCTaHIMOHHOrO  YNpPaBJICHUL. Kpome ToOro, B
KOHCTPYKLHMIO BHECEHBI M3MEHEHHS, NPEMJIOKEHHBIC NOTPeGUTESIIMI CYLIECTBYIOLMX
CHCTEM, KOTODBIE MO3BOJISIOT YIPOCTATH MOHTaX ¥ PEMOHTHOC o6cnyxuBanue. OnbiT
paGoTel mepBoii  MOMM(UUUPOBAHHOH IHEPrOYCTAHOBKM  MOKa3aJl osectaue
pe3ysbTaThl. OXHOBPEMEHHO C PaGoToii M0 MOJIEPHU3ALMHI SHEPrOyCTaHOBKH dupma
"OHCH" ynpocTHJia NpOLECC H3rOTOBJIEHHS M IOBBICHJIA YPOBEHb aBTOMATH3ALMH
oGopymoBaHus M NPOM3BOJCTBA. IIpou3BOAUTESIBHOCTD  GOJIBIIMHCTBA
TEXHOJIOTMYECKUX OIepalii COCTaBJIsieT 200 Gatapeii B HeHb, OCTaJIbHBIE ONEPALNH
MOryT GBITh JOBEIEHBI I0 9TOr0 YPOBHA B KOPOTKHE CPOKH. MBI HaXOOUMCS Ha MyTH K
NPOM3BOACTBY MOJEPHH3MPOBAHIBIX SHEPrOYCTAHOBOK B  YIIyHHICHHBIX YCIIOBUAX
npousBOACTBa. MBI NPHCTYMISHM X pa3paboTKe aJIbHeHINNX yCOBEPILIEHCTBOBAHUH,
KOTOpBIe OyIyT BHEAPEHBI B IPOU3BOACTBO B GJIMIKAMIINE HECKOJIBKO JICT.
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Fuel cell generator development at the Ural

Electrochemical Integrated Plant

A.N.Arshinov, B.S.Pospelov, S.B.Puzhaev,
A.S.Stikhin, S.A.Khudyakov, V.M. Gutnik.

Ural Electrochemical Integrated plant (UEIP) is the world largest uranium
enrichment enterprise. For over 20 years it has been a reliable supplier of
enriched uranium for the nuclear power stations in USA, Europe and

Russia.

In 1966 based on production of cermet filters for gas diffusion separation of
uranium isotopes, development of alkaline fuel cells was started. In 1968
“Energia” Russian Space Corporation (RSC) placed the order with UEIP
for development of the electrochemical generator for the Moon space
program. Under this order in 1971 the “Volna” 1.5 kW mobile electrolyte
alkaline fuel cell generator was developed with 30 V output voltage, 60 kg

weight and 1 000 hours service life.

In 1978 we started and in 1988 finished development of the “Photon”
electrochemical generator for the “Buran” space shuttle type spaceship. It
had 29 - 31V output voltage. 10 kW nominal power, 160 kg weight (the
automatic control unit included) and 2 000 hours service life. The
generator high performance must be attributed to application of the matrix
type alkaline fuel cells. The “Photon” FCG has passed the full range of
design and process development and is ready to use In space programs
similar to “Space Shuttle” and “Buran” ones. In 1992 the “Photon” FCG
was subjected to the demonstration testing at the European Space Agency
fuel cell test facility (ESTEC) in the Netherlands. The tests lasted for two

weeks and revealed Russian fuel cell technology compatibility with the
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“Hermes” fuel cell requirements. Figure 2 shows the “Photon” FCG stack;

its power unit is shown in figure 3.

Reliability is one of the most important FCG features. It was confirmed by
a theoretical calculation method with the account of the test results of the
FCG as a whole and of its constituent systems as well. For the “Photon”
FCG, 1 000 hours was taken as a target operating time: this corresponds to
five seven-day missions of the “Buran” spaceship. The “Photon” FCG
reliability constitutes 0.984 at a confidence coefficient of 0.9. The level of
the “Photon”FCG development is clearly seen in figure 4 which shows all
FCG failures revealed in the course of its testing at different time starting
with 1983.

In recent years the alkaline fuel cell development work has been aimed at its
output voltage and service life increase. The results of this work are given in

table 1.
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Table 1. FCG performance characteristics

Ne | Number of | Service One cell
series life, hr Fuel cell characteristics voltage
connected drop rate,
cells mv/day,

pv/hr

1 Load 0 60 310 390

current, A

32 6150 Current 0 42.6 220 227 0.18(7.5)
density, at j=220
mA/cm? mA/cm?

Voltage, V. |34.8 32.1 |29.7 29.2
Power, W |0 1926 {920 11388

2 Load 0 20 40 - |60
current, A
115 Current 0 56.8 (113.8 |170 0.26(10.9)
density, atj=170
mA/cm2 ) mA/cm?
5050 Voltage,V |125 (112 [108.7 |[105.6
Power, W [0 2240 (4348 6336
3 Load 0 4 25 38 56
current, A
230 Current 0 22,7 |142 216 318.2 |0.13(5.5)
density, atj=216
mA/cm?2 mA/cm?

7300 Voltage, V 1246.6 1230.9 |217.2 [208.9 |201.6
Power, W {0 920 |5430 7938 11301

Thus, the increase of the alkaline FCG service life to 10 000 hours and of its
; voltage to 300 V and more looks quite practicable. Such performance has

been already reached by some fuel cell generators.

The “Photon” FCG pilot plant cost is about 400 000 dollars.
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Since 1992, in close contact with “Energia” RSC and gasds
Zgshdtey, UEIP has been working at development of mobile, stationary

and transport phosphoric acid fuel cell powerplants.

Materials technology research has been performed at UEIP and the basic
fuel cell construction materials have been selected. The principal
requirements to these materials as well as Russian enterprises capable of

performing these materials finishing have been established.

The approaches to materials, electrodes, catalysts and matrix development
are verified on fuel cell test assemblies with 25 cm? electrode area. Figures 5
and 6 show the current-voltage curves of the fuel cells with platinum
catalyst, which is applied in the “Photon” FCG. These curves were

obtained at different gas pressure with oxygen and hydrogen as reactants.

In an effort to lower platinum consumption a new procedure of the catalyst
application on the carbon carrier has been developed. Test results of fuel
cells with the catalyst coating applied according to the new procedure are
shown in figure7. From this figure it is quite apparent that platinum
loading can be lowered to 0.3 mg/cm? on the anode and to 5 mg/cm? on the

cathode without affecting the electrodes activity.

The way to development of the catalyst with ~I mg/cm? platinum loading
has been indicated. - We are close to solving the problem of creation of
corrosion resistant gas-tight insulating material for insulation of the
phosphoric acid fuel cells from one another. A new polymer composite
material with a fibrous filler is used in it. A special sealing material has
been developed. It has practically unlimited (with time) corrosion resistance

at direct contact with the phosphoric acid and air at 200° C.

At the moment a certain volume of development work on support systems
is finished at “Energia™ RSC.
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1. Design and technical documentation for the basic components of the

5 kW powerplant prototype is elaborated

2. High temperature steam reformer (the most sophisticated unit of the

fuel pretreatment system) pilot plant is manufactured and is being tested

3. Functional circuit diagrams of the powerplant control unit

instruments, electric energy ‘conversion system, etc. are developed.

The burner design is being tried out and optimized; its lighting up and

flame control process are being improved.

Figure 8 shows phosphoric acid fuel cell powerplant block diagram; the

basic predictable characteristics of the powerplants under development

are given in table2.

Table 2. Phosphoric acid fuel cell powerplant basic characteristics.

Characteristics Values for the different powerplants

SkW 20kW 100kW 1000kW
1. Nominal voltage, V d.c. 28.5 115 230 460
2. Number of series 40 40 160 320
connected fuel cells
3. Nominal current, A 275 275 275 650
Nominal current density, 70 70 70 150-200
mA/cm?2
Maximum heat output to the - 25 100 1000
consumer, kW
Efficiency:
overall 38-40 75-85 75-85 75-85
current 38-40 40-43 40-43 35-40
Weight, kg 900 4500 12000 60000
Life. vears 10

UEIP and “Energia” RSC possess high-level research, engineerig and test
base.

Fuel cell pilot-scale production at UEIP incorporates:

- catalysts and cermet parts section:

- electrolyte holders, polymer parts and chemical treatment section;

- mechanical section equipped with high-precision machines;
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Fig. 8 Phosphoric acid fuel cell powerplant block diagram
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- high-level process hygiene assembly shop;

- test facility capable of performing electrochemical, vibration shock,
centrifugal and thermovacuum tests.

At the moment 200 employees are engaged in work in the field of fuel cell
development.

The terms of development and starting-up series production of the afore-
mentioned units to a large extent depend on fuel cell research and
development work financing. This period can be shortened if the Russian
and American parties efforts were united; in this case joint entering the
Russian-American market could be considered.

An estimated 50-70% of the territory of Russia with 25 min. population (the
Extreme North, the Far East, Kamchatka, the Kuril Islands) belong to
those with the decentralized power supply. Along with power supply the
problem of heat supply is of vital importance there. The demand for small
powerplants (between 0.1 and 30 MW power) is also great. At present this
kind powerplants net power is 17 min. kW and their annual fuel

consumption constitutes 17 min. ton of equivalent fuel.

~
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Current Status of Westinghouse Tubular
Solid Oxide Fuel Cell Program

W. G, Parker
Manager, Applications Engineering
Advanced Energy Conversion Division
- Westinghouse Science and Technology Center
-+ 7 1810 Beulah Road
Pittsburgh, Penngylvania 15235

Solid Oxide Fuel Cell (SOFC) Power Systems offer the promise of highly
efficient (> 60%), environmentally benign, economic generation of electric power
from a variety of fossil fuels. In the last ten years, the SOFC development program
at Westinghouse has evolved from 2 focua on basic material science to the
enginesring development of fully integrated electric power aystems. Our endurance
goal for this cell is 5 to 10 years To date we have successfully operated cells at
power for over six years. For power plants it is our goal to have operated before the
end of this decade a MW class power plant. Progress toward these goals will be
discussed and test results will be presented.

Westinghouse has practiced the deployment with customers of fully
integrated, automatieally controlled, packaged solid oxide fuel cell power generation
systems since 1986 when a 400 Watt system was supplied to the Tennessee Valley
Authority. Subseguently, Westinghouse deployed two 3 kW SOFC systems with The
Tokyo Gas Company, Ltd. and The Osaka Gas Company Lid., and most recently
several 20 kW class systems. The UTILITIES, a consortium of the Kansai Electric
Power Company (KEPCO), Tokyo Gas, and Osaka Gas operated a 20 kW class
SOFC system for 7064 hours before planned shutdown in March 1994; the last 5200
hours of operation were without forced outage. The Southern California Edison
Company operated a similar 20 kW class SOFC system for 6000 hours before
planned shutdown on May 2, 1995. In late May, a Westinghouse field service team
exchanged an air electrode supparted (AES) cell stack for the porous support tube
type then in place, and restarted the system on May 23 after completing revisions to
the SOFC system to permit fueling by either natural gas or reformate from a logistic
fuels processor. Since restart, this system has aperated for over 2000 hours on
natural gas and is currently being operated on logistic fuel. Maximum power
achieved to date is 23 kW. A second MKG class AES SOFC generator module was
retrofitted into a 25 kW SOFC cogeneration system built for the Joint Gas Utilities
(JGU), a consortium of the Tokyo Gas Company and the Osaka Gas Company. This
system is currently operating at Westinghouse facilities in Pittsburgh. In addition
to providing benchmark endurance data for high temperature fuel cell stacks, the 20
kW systems have served to demonstrate at the system level the adsquacy of
automatic start-up, normal run, and shut-down controls and safety interlocks. In
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addition, operator feedback concerning installation, licensing, interfacing, and
operator interaction will guide design and development of the next SOFC field unit
of 100 kKW class. :

The first 100 kW SOFC field unit is scheduled to be delivered to a consortium
of Dutch and Danish utilities in late 19986, and will be operated at a test site
provided by NUON, one of the gponsoring Dutch utilities. This unit will use the
latest in Westinghouse's tubular SOFC technology, AES cells of nominally 22 mm
diameter by 1500 mm in active length.” A MWe-Class SOFC power systemn using
these larger cells is planned to be operational by the end of this decade.

Development of the tubular solid axide fuel cell technology is heing supported
by the Westinghouse Electric Corporation, the United States Department of Energy
(DOE) and various utility and industry sources. The Cooperative Agreement
between Westinghouse and DOE is administered by the Morgantown Energy
Technology Center (METC).
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COBPEMEHHOE COCTOSHHUE ITPOT'PAMMbBI ITO PASPABOTKE
TPYBYATHIX TBEPJOOKCHIHBIX TOIVINBHBIX 3JIEMEHTOB HA
®UPME "BECTHHI'AY3"

B.I'. Ilapkep
MemezKep OTAe/a NPAKJIANHBIX HHKEHEPHbIX Pa3pa0oToK H COBPEMEHHBIX
METOH0B dHEPreTHYeCKO! KOHBEPCHH
Hayuno-TexauyecKnil HeHTp pupMbl ''Bectarrays'
Hurrcoypr, mrat IleacunbBanns

DHepreTHYecKue CHCTEMB! Ha 06a3e TBEPHOOKCHIHBIX TOIJIMBHBIX 3JIEMEHTOB
(TOTD) mO3BOJIIOT HAfEAThCA HA MOJy4eHHe SKOJIONHYECKH YHCTOro MeETofa
NPOM3BOJICTBA JIEKTPOIHEPIMU C BBHICOKHM KOI(DMHUIUEHTOM INOJIE3HOrO HEHCTBHS
(X.ILJ.), MCHOJIb3Ys Pa3/IMYHBIE BUIB!I NPUPONHOrO TOIUIMBA. 3a NOC/ICIHHE 10 ner
nporpamma upMsl "BecTunrays" no paspa6orke TOTS mnpomuia myTh OT MPOCTOro
MaTepHaJIOBeeHUs. 10 HHKEHEPHOrO NPOEKTHPOBAHU KOMIIJIEKCHBIX SHEPreTHIECKHX
cucreM. Hama 3amava - HOBECTH pecypc paOOTHI JAHHOTO THIIA SJIEMEHTOB [0 MATH-
pecatd Jier. Ha ceromHsuiHmii [IeHb HAIIM JJIEMEHTHl YCHEWHO paGoTaloT Nox
HarpysKoii GoJiee wiecty jeT. B 06J1acTi 9HEPreTHIEeCKHX YCTaHOBOK MBI XOTEJIH OB
BBECTH B CTpPOH OSHEPrOyCTaHOBKM MEraBaTTHOrO Kjacca N0 KOHI@ TEKYLIEro
HecITIIeTHs. B MoKJiafe npecTaBJIeHb! Halll NOCTUKEHNS B PEIUCHAN IOCTaBJIEHHBIX
3af1ay, a TaKKe Pe3yJIbTaThl IPOBEICHHBIX HCIIBITAHUMA.

Dupma "Bectunrays" HIOCTaBJISIET 3aKas34uKaM HOJIHOCTBIO
aBTOMAaTHM3UPOBAHHBIE PHEProycTaHoBky Ha 6aze TOTI c 1966 roma, xorpa mepsas
400-BaTTHas cHcTeMa ObUIa IepefjaHa afMWHHCTpauuuM JoJmHbl  TenHeccu.
Brocsiencreun dupma "Becrunrays” ycraHosuiia ase cucremsl o 3kBt na TOTO - B
xommanugx "Tokuo ras, smruren” u B "Ocaka ras, jmruren"'. Kpome toro, copceM
HENABHO GBUIO YCTAaHOBJIEHO HECKOJIBKO cucTeM MomuocThio 20 xBt. Koncopuuym
"FQTisMTHC", B KOTOPBIA BXOAAT dHepreTudeckas Komnanus "Kanzau", "Toxuo ra3" u
"Ocaxka ras", sKCIlyaTHpoBaJia dHeproycraHoBky Ha TOTD B Teuenne 7064 vacos Jo
ee MJIAHOBOro 0CTaHoBa B MapTe 1994 ropa, nprdem nocseguue 5200 9acoB ycTaHOBKA
paGoTaysia 0e3 BBIHYXIEHHOrO OCTaHOBA. FOxHokamdopHuiicKass KOMIIaHHS
"3IUCOH" DKCIJIyaTHpOBaJia aHAJIOTHYHYIO SHEPrOyCTaHOBKY MOIHOCTHIO 20 KBT Ha
TOTD B Teuenun 6000 yacoB OO ee IJIAHOBOro ocraHoBa 2 Mas 1995 roma. B xonue
Mas Bele3nag Opuraga o6cTyXuBaHus (OUPMB] 3aMEHHIIa IPUMEHSBINECST 0 CHX TIOP
OaTapen Ha MOPHCTHIX TPyOUaThiX dneMenTax (IIT) Ha BO3MYIIHBIE 3JIEKTPOAHBIE (BO)
OaTapes M 3aTeM, JIOCJE€ BHECEHHS H3MEHEHH B CHCTEMY TOTO, no3BOJLIOIUX
HCMOJIb30BaTh NpPUPOAHBIA ra3 MM pedopMaT CO CTYNEHYaToro TOIJIUBHOIO
mpoleccopa, Pou3BeJia OBTOPHBIA MyCK dHEpProycTaHoBKH 23 mast Toro xe roma. C
MOMEHTa MOBTOPHOIO NMycKa ycraHoBka paborasa Gosiee 2000 wacoB Ha NPUPOAHOM
rase; B HacTosllee BpeMs oHa paboTaeT Ha pechopmaTe. MaxcuMasibHas JOCTUTHYTas
MOILHOCTh Ha CErofHSIIHUil OeHb cocTaBiyigzeT 23 KBT. Bropas 3HEproycraHoBKa
xacca MKT na 6aze TOTD Tuna BD 6pl1a NEpeKOHCTPYHPOBaHa B KOMOHHUPOBaHHYIO
3HEProyCTaHOBKY MOHIHOCTBIO 25 KBT, MOCTPOEHHYIO 111 KOHCOPIHYMa, COCTOSLIETO
u3 xomnanuii "Toxuo ras" m "Ocaka ras". CucreMa B Hacrosuiee BpeMs paboOTaeT B
nomerennun upms "Bectunrays" B IlnrrcOGypre. YcraHOBKa MOLIHOCTBIO 20 KBT
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II03BOJISET HE TOJIBKO MOJIyYaTh 3KCIEPUMEHTAJIbHBIC NAHHBIE HA CHCTEMHOM YPOBHE
mo pecypcy pabOTH ~BBICOKOTEMIEPaTyPHBIX TOIUIMBHEIX Oarapedf, HO H
LEMOHCTPHMPOBATh aJIEKBATHOCTh DAaGOThI aBTOMATHYECKUX YCTPOHCTB KOHTPOJIA H
3aIUTHOH GJIOKHpOBKH B peKMMax IIycka, OCTaHOBA M HOpPMaJIbHOH paGoTel. Kpome
TOro, 3aMEYAHHS OINEpaTOPOB MO MOHTAXY, JIMIEH3MPOBaHMIO, HHTepdeiicy H
yno6CcTBY OGCJIyKUBaHHS IIOMOIYT CKOPPEKTHPOBATH NPOLECC MNPOSKTHPOBAHUA H
pa3paloTKM DHEpreTHUeCKO yCTaHOBKM Ha Oase TOT? cnenyromero, 100 xBr-Horo
KJiacca.

TlepByio 3HEproycTaHoBKy MomHocThio 100 xBT Ha Gase TOTD nusianupyercs
nepefiaTh KOHCOPLUUYMY, COCTOSIIEMY U3 FOJUIAHACKHMX H JATCKAX KOMMYHAJIBHBIX
cucreM, B KoHue 1996 roma. YcraHoska GyzeT paGoTaTh Ha HCNBITATELHOM OOBEKTE,
NpEJOCTABJIEHHOM OfJHHM M3  WICHOB  KOHCOpUMyMa, ATCKOH  cuCTeMOii
KoMMyHaJbHOro o6csyxusanus "HYOH". YcraHoBKa BEINOJIHEHA HA Ga3e nocsenHe
Momean Tpybuathix TOTD upmbl "Becrunrays" ¢ 3J1eMEHTaMH THIR B3,
HOMHHAJTbHBI JMaMeTp KOTOPBIX paBeH 22 MM, a aKTHBHas jymHa.- 1500 MM, Ho
KOHIA TEKyUIEro NECATHJIETHsI MPEINOJIaraeTcsi BBECTH B CTPOH 3HEProyCTaHOBKY
MeraBaTTHOro KJjacca Ha 6aze TOTO.

Oupma "Bectunrays", MUHHCTEPCTBO SHEPreTHKH CIIIA, a Tak>Xe pas3JjIM4HbIe
KOMMYHAJIBHBIE M [POMBILIUICHHEIE —dHEpreTHYeckne, (UMb HUHAHCHPYIOT
nporpammy paspaGorku Tpy6uaTeix TOTS. Ilentp DHEPreTHIECKO! TEXHOJIOTUH
"MopranTays"  OCyIIECTBJISET ~ aAMUHHUCTPATHBHBIH  KOHTDOJI>  BBIMOJIHEHHST
"CorJialieHist O COTPYIHHUECTBE MeXHAy Gupmoii "Becrunrays" u MHHHCTEPCTBOM
snepretuxn CITA". : .
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PROGRESS IN THE PLANAR CPn SOFC SYSTEM DESIGN VERIFICATION

S. Elangovan, J. Hartvigsen, and A. Khandkar
SOFCo
2425 South 900 West
Salt Lake City, UT 84119

Abstract:

SOFCo is developing a high efficiency, modular and scaleable planar SOFC module,
termed the CPn design. This design has been verified in a 1.4 kW module test operated
directly on pipeline natural gas. The design features multistage oxidation of fuel wherein
the fuel is consumed incrementally over several stages. High efficiency is achieved by
uniform current density distribution per stage, which lowers the stack resistance.
Additional benefits include thermal regulation and compactness. Test results from
stack/modules operating on pipeline natural gas are presented.

Background and Summary:

The Ceramatec SOFC development program began in 1986,.under funding from the Gas
Research Institute (GRI). During the initial 5 years, efforts were primarily directed at
establishing basic fabrication technologies, development and optimization of key
constituent materials, and exploration of various cell and stack designs. With the addition
of Norcell (a consortium of Norwegian industrial companies) sponsorship, efforts shifted
toward scaling of cells and stacks and development of kilowatt class SOFC generators
fueled by pipeline natural gas. Significant progress has been made toward developing a
low-cost SOFC technology.

To accelerate the development and commercialization of planar SOFC power systems for
both military and civilian markets, the Babcock & Wilcox Company and Ceramatec, Inc.
have formed SOFCo, a research and development limited partnership. Ceramatec is
recognized throughout the world as a leader in ionic conducting ceramic materials and in
planar SOFC technology development. B&W, with its vast experience in power systems
engineering, component manufacturing and customer service, has been a leader in power
generation equipment for over 125 years. SOFCo combines each company's technical
strengths and market presence to form a product development team focused on rapid
commercialization of planar SOFC generators. SOFCo has a patented planar SOFC design,
the CPn design, which features a novel manifolding scheme maximizes reliability,
efficiency and modularity while minimizing scale-up costs. This multistack CPn design
concept has been verified in a 1.4 kW module test operafed directly on pipeline natural gas.
This modular design is being scaled up to a 50 kW packaged cogeneration demonstration
power plant, operating at high efficiencies on natural gas and coal gas. This will be
extended to 200 kW, 500 kW and 2 MW power plants in subsequent phases.

SOFCo has tested a number of cells, stacks and modules for extended periods. State-of-
the-art planar cells have been in operation under realisti¢ conditions for ~30,000 hours with
minimal performance degradation. Several demonstrations of the technology have also
been made and cells supplied for independent user evaluation for utilities and power
generation companies such as ABB and Sulzer. The 200 cell stack built for and operated at
ABB was the largest demonstration of planar SOFC technology in 1989 and the 100W
direct methane stack test for NorCell in 1992 was the first reported demonstration of a
direct methane fueled planar SOFC stack. In addition, cells have been supplied to a
number of participants such as universities and national labs.
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The CPa concept evolved from recognizing the impact of the balance of plant (B OP) on the
economy and efficiency of the total system. The design optimizes the total system and
maximizes the efficiency of the system while simultaneously reducing the number of high
temperature components peripheral to the stack. The CPn module consists of a multistack
arrangement that allows multistage oxidation of the fuel. Efficiency enhancement is
accomplished through effective thermal coupling of the; stacks and the fuel and air
processors. The CPn power system is comprised of planar SOFC stacks, fuel processor
components and the BOP equipment. The most significant feature of the CPn is the
Thermally Integrated SOFC Module, which houses the'fuel cell stacks, an air heat
exchanger, reformer catalyst tubes, and a spent fuel burner. Thermal integration of the
processes within the module housing provides for optimal performance and a compact,
cost-effective SOFC power system. The fuel processing system is coupled to the stacks
within the thermal enclosure accomplishing internal reformation of hydrocarbon fuels.
Thermal integration of key processes within the module provides for optimum system
performance and a compact, rugged power system. The system concept was verified in a
1.4kW multi-stack test. :
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JOCTUZKEHHS B OBJIACTH IPOBEPKH KOHCTPYKIIMA CUCTEMbI HA
IVTAHAPHBIX TOTO THITA CPn

C.DnanrosaHn, [Ix. Xapreurced u A. Xanjaxap
@dupma "CODKo"
Courr JI3iik Carh, mrat FOTa

Pe3ome

Qupma "COPQKo" BhIIyCKaeT CEeKIMOHHO-MAaCIITa0Hble MOJYJIM IIJIAHApHBIX
TOTD ¢ BHCOKHM KOI(DUIMEHTOM MOJE3HOro AefcTBHSA (K.ILJ.), NOJIyYHBIAX
nasBanue KoHcTpykipd CPn. Koncrpyxuus Gsuta MpoBepeHa BO BpPeMs ACIBITaHUH
MOJyJ1 MOIHOCTHIO 1,4 XBT, yCTaHOBJIGHHOTO HENOCPENCTBEHHO Ha TpyOonpoBoae
NPUPOJHOro ra3a. B KOHCTPYKIMH IPHMEHSETCS MHOTOCTYNCHYATOS OKHCIICHHS
TONJIMB2, NPH KOTOPOM TOINJIMBO HCHOJIB3YETCS MOCTENEHHO, B HECKOJIbKO ITaroB.
BBICOKHI K.IL.JI, JOCTHTAeTCs 3a CIET PAaBHOMEPHO Paclpe/ieJIeHHOM NIJIOTHOCTA TOXa Ha
KaXmoi CTYNEHH, UTO TIO3BOJIAET  YMEHBHIMTb  CONPOTHBJICHUE GaTapen.
JIOOTHUTE THHBIMH IPEHMYILIECTBAMH KOHCTPYKIHMH SBJITIOTCS TEPMOPEry /IMpOBKa i
KOMIIAKTHOCTb.  IIpefcTaBJieHBl pe3yJIbTarsl HCUbITaHAH OaTapeii/monynell Ha
TpyGONpOBOAaX NPUPOJHOro rasa.

Hcroprueckas CIpaBKa u KpaTkoe 00o0menne npoodJIeMbl.

IIporpamma paspaborku TOTI "Cepamarek" Hauasiach B 1986 romy. Owa
cy6cumupoBasach donnamu HaydHo-HCCIEA0BATE/IHCKOrO [a30BOr0 HHCTATYTA TPR).
B mepBbie NATH JIET yCHMsA Obliy NPEHMYIIECTBEHHO HANPABJICHBI HA pa3paboTKy
Ga30BOil TEXHOJIOTMM H3OTOBJICHHS, ONTHMM3ALMI0O OCHOBHBIX KOHCTPYKIHOHHBIX
MATEpHAJIOB U UCCJIEOBAHNE PA3/IMIHbIX KOHCTPYKIHH 3JIEMEHTOB U Oatapeii. Ilocse
TOJIydeHHs TONNEPKKH CO CTOPOHbI KOHCOPHIMYMa HOPBEXCKHMX NPOMBILIIICHHBIX
xomnanuii "Hopcesur" oCHOBHBIE ycuyus OBLIM CKOHIEHTPHPOBAHBI Ha CO3[AHHH
CEKIMOHHO-MacITabHBIX 3JIeMeHTOB U OaTapedf, a TakXxe Ha pa3paboTke
KHJIOBATTHOrO KJjacca sHepromcrounnka Ha TOTO ¢ HCMOB30BaHAEM NPHPOIHOro
rasa u3 TpyOoonpoBOf2a. 3HAYNTESIBHBIE YCHEXH GBI IOCTHIHYTE B 00J1aCTH CO3aHUsI
HEOpOroii TexHosoruy narorossienus TOT.

Jlng Toro, 9roGbl YCKODUTb pa3pabOTKy ¥ KOMMEPYECKOS BHCPEHHE
SHEpProMCTOUHMKOB Ha IUTaHapHbix TOTD UL TPAXMIAHCKOrO X BOSHHOTO PBIHKOB,
xommannu "Babkox m Bumixokc" (B&W) u "Cepamarek, MHK." opraHuzoBayii
HCCJIEIOBATE/IbCKYI0 M INPOEKTHYI0  (pHPMY-TOBApHLIECTBO  C OrpaHU9YECHHON
OTBETCTBEHHOCTBIO Mox HaspamueM "CO®Ko". @upma "Cepamarex" XOpOLIO
H3BECTHa BO BCEM MHpe Kax Beaywias ¢upMa B 00JacTH HOHOMPOBOISIIUX
KEepaMIYEeCKHX MATEpHAJIOB M DPa3pabOTKH TEXHOJIOTMH H3TOTOBJICHHA MJIAHAPHBIX
TOTD. B&W, ¢ ee OrpOMHBIM ONBITOM Pa3pabOoTKH, NPOH3BOACTBA KOMIOHCHTOB U
06CITyKMBAHUS 32Ka3YNKOB M3 SHEPreTHIECKOro CEKTOpa, SBJIACTCI NPA3HAHHBIM
JIEepoM B 06JiacTH 0GOpYNOBaHHs MO NMPOU3BOACTBY JHEPrHH YXE Ha NPOTAXCHHH
125 ner. @upma "COM®Ko" oObenuHusa CHJIBHBIC TEXHHYECKUE W MApKETHHIOBBHIC
CTOPOHBI O0eMX KOMIaHMii Ipy CO3[aHHU TpYIIbL pa3paboTKy, 3ajadeil KOTOPOiH

477




SBJIIETCS YCKOPEHHE KOMMEPUYECKOrO BHEJIPEHHS SHEPrOHCTOYHHKOB HA IJIaHAPHBIX
TOTD. Mopess CPn, 3anaTenToBaHHas XOHCTpyKuus mianapHoro TOTS dupMbl
"COMKo", omiMuaeTcs NPUHLHUIKAJIBHO HOBOH Ppa3BETBJIEHHOH CXEMOH, KOTOpas
I03BOJIZET HOBECTH A0 MAKCHMyMa HafeXKHOCTb, I(PPEKTUBHOCTD U MOAYJIBHOCTDH
KOHCTPYKLWH, OJHOBPEMEHHO MHHUMHU3UDPYS CTOMMOCTD €€ MaciuTaOHBIX U3MEHEHHH.
MynbTubaTapeitnas xoHcTpyKims CPn Gblia onpoOoBaHa Ha MCHBITAHHSIX MOIYJIA
MOMIHOCTBIO 1,4 XBT, yCTaHOBJICHHOIO HENOCPEACTBEHHO Ha TpybOonpoBojie
MPUPOJTHOTO Ta3a. DTa CEeKIMOHHAT KOHCTPYKUMs Gplia MaciTabHO yBenudeHa IO
HAEMOHCTPALHOHHOrO KOMOHMHMPOBAaHHOrO HMCTOYHHKA SHEPIMH MOLIHOCTBIO 50 xBrT,
KOTOphIi paGoTasm C BHICOKOH 3(pEKTHBHOCTHIO Ha TNPHPOAHOM Trase H
KaMEHHOYI'OJIbHOM  Tase. Ha rnoc/ieylomux CTYNEHSX MOLIHOCTb  3TOMH
sHeproycranosku 6yner ysesmaesa no 200 kBr, 500 kBt u 2MBT.

@upma "COMKo" NpoBOAKIIa HCIBITAHNAS LEJIOr0 pAAa 3JIEMEHTOB, OaTapeii u
MOpyJieii B TeUeHUe [AJMTE IbHOrO Nepuosia BpeMenn. COBPEMEHHDIE IJTaHapHBIC TOTD
paboTaiu B PEasbHBIX YCJIOBUAX NPUOJIM3HTEIIBHO 30000 yacoB npH MHHHMAaJIBHOM
YXyHUICHMH XapaKTEPHCTHK.  DBIIO TPOBE[EHO HECKOJIBKO [ACMOHCTPALMOHHBIX
HCTIBITAHMI TEXHOJIOIHH U, KpoMe Toro, TO OblIM HanpaBJieHB! Ha OT3bIB HE3aBHCHMBIM
NOTPEOUTENAM M3 KOMMYHAJIbHBIX CHCTEM ¥ KOMIaHWi MO NPOW3BOACTBY IHEPruH,
TakuM, Kax "ABB" u "3ysmuep". Cocrosmas u3 200 TD Gartapes, U3roTOBJICHHAS I
sKcIUTyaTammu gupMoit "ABB", mocstyxuiia caMoit KpYIHON JEMOHCTpalueil CHCTEMBI
Ha mwiaHapgeix TOTD B 1989 romy. HcnbiTaHus Oatapen momHocThio 100BT,
paGoTaroliell HemOCPEeNCTBEHHO HA MeTaHe, NPOBEJCHHBIC IJII ¢dupmer "Hopcest',
SBHJTACH IIEPBBIME OGUUMAIBHBIME HCNBITaHASME Oarapeif Ha NJIAHAPHBIX TOTD ¢
NPSIMBIM HCIOJIb30BAHHEM METaHHOro Tormsa. Kpome Toro, TD ObUmM nepefiaHsl
GOJNBUIOMY WGHCJIy YYACTHHKOB IIPOrpaMMbl, TaKHX, KaK YHHBSPCUTETBl X
HaupoHaJIbHbIe JiaGoparopun MO CHIA.

Konnemusa xoHncTpyknuun CPn ocHOBaHa Ha NOHHMAaHHWM BJTMSHUST Oamanca
BCIIOMOTATEbHOTO  OOODYHOBaHHS Ha OSKOHOMHMKY H K.LJA. BCEH CHCTEMEL
KOHCTpYKIsi TIO3BOJIIET ONTHMHU3MPOBATh BCIO CHCTEMY, FOBOAL 1O MakKCHMMyMa €€
K.JLJI. C OJHOBPEMEHHBIM YMEHbIIEHHEM YHCJIa BEICOKOTEMIIEPATYPHBIX KOMIOHCHTORB
Ha nepudpepun OaTapen. Mopgy/ab COCTOMT M3 MyJbTuOaTapeiiHbiX y3JI0B,
06eCHeUnBAIOIIMX CTYNEHYaTOe OKUCIICHUE TOIUIMBA. Y BEeJIMYEHNE K.II. 1. AOCTHraeTCA
nyreM 3((HEKTUBHOIO TEPMOCOCAUHEHHS OaTapeil ¢ TOIUIMBHBIM M BO3IYIUHBIM
mponeccopamy.  DHeproycranopka CPn cocTouT u3 Gatapeil miaHapueix TOTO,
TONJIMBHOTO MpOLECCOPa M BCIOMOraTEJIBHOrO  00ODPYHOBaHUL. OcHoBHO#’
0COBEHHOCTHIO KOHCTPYKUMH SIBJIIETCS €MHBIA TEPMUYECKHH MOJYJIb TOTS, B
KOTODOM pacrlosioXensl Oarapen TO, BO3JYLIHbIH TENJIO0OMEHHNK, NaTPyOKu
xaTanusaTopa pedopMara M TOpEJKH OTPaGOTAaHHOTO TONJIMBA. Tepmudeckoe
00BeUHEeHNe BCeX NpOLECCOB B EIMHOM KOprnyce MOIYJIT IO3BOJIAET JoouThCH
MaKCUMAJIBHOTO K.ILJI. ¥ CO3[aTh 3KOHOMUYECKH PeHTalesIbHYIO 3HEproyCTaHOBKY Ha
TOTD. CoemuHeHre CHCTEMB! TOIJIABHOrO Iporeccopa ¢ GaTapesMu B €[UHOM
TEPMHYECKOM KOpITyCe MO3BOJIIET OCYIIECTBUTD nepepaboTKy YrJIEBOAOPOJHOIO
TOIJIMBA BHYTPH MOAYJI. TepMudyecKas HHTErpalys OCHOBHBIX INPONECCOB BHYTPH
MofyJisi obecreunBaeT ONTHMAJIBHBIA K.ILA. CHCTEMBI, @ TaKXe KOMIAKTHOCTb M
IPOYHOCTD €€ KOHCTPYKIuH. KOHUenTyasibHBIH MPHHIMI CHCTEMBI ObLJI UCTBITaH Ha
MYJIbTHOATApEHHO! MOAE/ I MOILHOCTHIO 1,4 xBT.

478



FUNDAMENTAL RESEARCHES ON SOFC IN RUSSIA

A.EK.Demin, A.D.Neuimin and M.V Perfiliev
Institute of High Temperature Electrochemistry,
Russia Academy of Sciences, &20219, Ekaterinburg, Russia.

Abstract

The main results of research on Zr0,-based solid electrolytes,
electrodes and interconnects are review;d. The mathematical models
of the processes in SOFC are considered. Two types of S50FC stacks
composed of tubular and block cells, as well the results of their

tests are described.
1. Introduction

Direct transformation of the chemical energy of gaseous fuel

in the fuel cells is very attractive from technical, economical

and ecological points of view. Among different kinds of the Fuel
cells the solid oxide fuel cell (S0FC) is distinguished in respect
to its high efficiency, absence of liquid phase and possibility to
use all kinds of hydrogen— and CO-contained fuels.

Practically the single organization in the former USSR for the
investigations in the SOFC field was the Institute of Electro—
chemistry of USSR Academy of Sciences in Sverdlovsk {(now Institute
of High Temperature Electrochemistry of Russian Academy of
Sciences in Ekaterinburg). It carried out the investigations +rom
the beginning of 1960°s. Episodically some special investigations
was carrying out in this field in hurchatov Institute of Atomic
Energy (Moscow), Byelorussian State University and Byelorussian -
Technological Institute (Minst:, Institute of Physics and Power
Engineering (0Obninsk, kKaluga Feulon), Moscow Fower Institute.

The first stage of inve=t:qg:tivns was the study of materials:
solid electrolytes, electrodes, i1nterconnects, hermetics and other
construction materials, 1n respect tao their mechanical, thermal,
electrical properties and stability of the properties with time.
The next stage was the study of kinetics of electrode reactions
for different kinds of electrodes and different atmospheres.
The important part of the work was the modelling of the processes
in the SOFC and the cptimization of the SOFC design and operation.
The natural stage of the investigations was elaboration,

manufacturing and testing of SOFC prototypes.
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2. Electrolyte

The investigations of the zirconia—based electrolyte included
the study of its strength, thermal expansion, transport properties
including thermal-electrical properties, total conductivity,
transfer number, contact resistance of grains of ceramic samples,
aging processes i.e. stability of the electrolyte properties with
time. All these characteristics have been studying in dependence
on the mode of fabrication, temperature, electrolyte compdsition,
gas phase and other factors [1-33.

As a result of the investigations the solid electrolytes with
suitable mechanical and electrical properties and 1long 1life at
éDFC working conditions were found. The electrolytes of
composition O.?ZFD? + 0.1Y901 and O.9OZrDT + 0.04Yq03 + O.OéSCZDz
have practically i;deFinit; IiFE. The sec;nd beinng;re expensivé

than the first one, has by 1.5 time higher conductivity.
. Electrodes

As the electrode materials were studied nobel metals (FPt, Au,
Ag, Pd, =2lloy Ag-Fd), non—-nobel metals (Ni, Co, Cu, Fe), oxides

(FPrO., Cel,,, In?DS), oxide compositions (manganite— and cobaltite-

-~

based compositions) [3,43. The study of electrodes kinetics had
the aim to obtain the electrodes with the high electrochemical
activity. This study included the clearing up the electrode
reaction route and mechanism and the reason of the electrode
overpotential in dependence on the electrode composition and
structure, method and conditions of electrode forming. gas phase,
temperature, etc.

The investigations showed that the highest electrochemical
activity may be achieved if to introduce the oxide with the mixed
electron—ion conductivity into the electrode porous structure.
Such oxides are PrO, in oxidized atmosphere and CeQ, in reduced
atmosphere. These ttwa—phase electrodes were nam;d "activated
electrodes". The dependence overpotential-current density (np—j
curve) of the activated electrode is linear in the wide interval
of the overpotentials. In this case it is very convenient to
characterize the electrode by the value of Y"specific polarization
resistance®:

P, = n/i. (1)
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b d
The metal activated electrodes have pﬂ = 0.02 — 0.04 QOhm¥cm™ in
air at 900°C. The dependence of the specific polarization
resistance on the composition of the reduced atmosphere has a

minimum nea+r an equimole composition H,O + H, or CO + CO0. The
£ ‘e

2
~
average value of pn = 0.05 — 0.01 Ohm¥cm™ in the first atmosphere
s
and p77 = 0.2 - 0.04 Ohm¥cm“ in the second one at 900°C. 1In the

four component atmosphere HED + H, + CO, + CO the overpotential is

very close to that in H,O + H2 atmosphere.
4. Interconnect

A complicated part of the S50FC batteries is an intercon—
nection of the elements in series with respect to the current and
the gas flow. The main component of this part is interconnection
composition, which should be stable and, have high conductivity
both in oxidizing and reducing atmospheres.

As interconnection materials platinum and chromites of
lanthanum, neocdim and samarium with different dopants were widely
investigated. hNeodim and samarium chromites with two dopants from
the first and the second groups of the periocdic system have by 2 -
4 times higher conductivity in comparison with lantanum—-strontium

chromite both in oxidized and reduced atmospheres [6].
S. Electrical characteristics of the cells

The inner resistance aof the cell depends on the electrical
properties of the electrolyte and electrodes, as well as on the
size and shape of the cell. The dependence of the cell inner
resistance on the geometrical factors were discovered +for the
cells, which have form of plane plates, tubes, discs, plane rings
with different current collectors for each types of the cells [S51.
These results were generalized for the case of non—- homogeneous

gas atmosphere in the cell [3].

6. Influence of Gas Diffusion on Cell E.M.F.

The diffusion rate in gas phase is rather high to influence on
the distribution of gas components along the gas channel in _the
cell. On the other hand the diffusion rate is not se high to lead
to the homogenecus gas composition along the normal to the

electrode. The task may be solved for two extreme cases [31:




ac > oc

ay 7 an?
ac ac =
a—&; <« -é—}?’ 3
where ¢ — concentration of gas component, v - axis, which is
perpendicular to the electrode, » — axis along the gas channel.

The first case describes the fast diffusion along the channel, the
second one describes the slow diffusion to (out of) the electrode.
The first case occurs in a short, wide channel, when the current
density is low, the second one — in wide channel, when the current
density is high.

The dependence of the overvoltage on the main parameters of

the cell and the process for the first case is as follows:

n « kadT 8750 % ~ ko, (4)
where k — fuel utilization, r - channel average diameter, D - gas
diffusion coefficient at 273 E, T - absolute temperature, L -
channel length, x = 0 corresponds to channel inlet. The most

effective way to decrease this kind of the overpotential Ffrom
design point of view is to increase the channel 1length and +to
lessen the channel section area.

The analogical dependence for the second case is as follows:

.2

“/Dhkxdl — kx). (=)

Obviously, the lowering of this kind of overpotential depends on

n &« jdT

the channel width decrease.

From practical point of view these kinds of overpotentialé are
not so signiFicanﬁ. For example, in the middle of the ancde
channel of the hydrogen fuel cell with the parameters: d = 10 mm,
L =100 mm, j = 0.1 Q/cm2 the first kind of ocverpotential is equal
to 0.04 V and rather quickly increases in the direction of the
channel 1inlet. For the same conditions the second kind of
overpotential is less than 1 mV. The situation completely changes
for CO fuel cell with the active electrodes. I+ the current
density exceeds 1 A/cm25 the second kind of overpotential is more

than 0.02 V and the first one becomes negligible.
7. Hydraulic resistance

The tendency of the increase of the channel length and the

decrease of its width leads to the increase of the channel
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hydraulic resistance. 5o it is important to find the connection
between the pressure drop in the channel and the cell parameters.
The formula for the pressure drop in the plane channel is as

follows:

AR = (12VD/zF)jL26n/(pin - pnut)ds’ : {6)
where VD — mole volume at standart conditions, F — Faraday number,
z = 2 for fuel channel and z = 4 for air channel, 3 - average
current density, @ = T/273K, n — gas viscosity {(in Pak¥sec), p -
mole fraction of consumed component, d — channel width. The sqguare
dependence of the pressure drop on the channel 1length may 1limit
the stack size, the reverse cubic dependence of AP on the channel
width limits the compactness of the stack.

The use of the Reynolds criteria (Re) permits to estimate what
kind of gas flow (laminar or turbulent) occurs in the gas channel.
The dependence of Reynolds criteria on the cell parameters is as
fellows:

rRe = 4jLM6/an(pin - pout)’ ) . A7)

where M — mole mass. It is interesting that Re does not depend on
the channel width. Because of small change of the oxygen mole
fraction in the air channel there is a 1limit of its 1length to
avoid transfer of the laminar flow into turbulent one in the case

of high current density.
8. Tubular design of SOFC

The 1 kW methane fueled e¢iectrochemical generator based on
tubular cells were elaborated. manufactured and tested in 1989
[71. Ceramic tubes had the dimensions: © 10 mm. length 210 mm,
thickness 0.40 mm. The current leads were disposed along the tube.
The cell working surface was &6 cm:. the cell average power at
900°C was about 11 W, so the average power density was 0.17 N/cmz.
The best cells had the marimur power up to 15 W and the average
power density was 0.23 N/cmz.

The electrochemical generatsr i1ncluded 6 stacks consisted of
i6 cells sach. The fuel supply of each stack was separate. It was
possible to connect the stacks i1n serious or in parallel. The
total working surface was &000 cm™, the electrochemical part

volume was 3 litres.
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The electrochemical generator operated at the autothermal
regime. The partial methane oxidation was used as & method of
methane transformation into hydrogen and carbon monoxide. In this

condition the electrical efficiency was about 0.4.

9. Block cells based SOFC

The cell which is made of the monolithic electrolyte block
with the channels for fuel and oxidizer are called the block cell.
Such cells have the working surface 285 - 3C cmz, average wall
thickness 0.65 — 0.70 mm. Several such cells connected in series
comprise the module.

The anodes were metals (Ft, Ag. Ni, Co), the cathodes were
both metals {(Pt, Ag) and lanthanum manganite. As the interconnect
the Ft foil or chromite plates were used. The maximum specific
power of a block cell at 10000C was 0.14 N/cmz.

A number of batteries of the block cells were manufactured and
tected. The laboratory design of energetic device without noble
metals was elaborated, manufactured and tested. Its power wWas up
to S00 W. This energetic device contained all the main parts of
the electrochemical generator: the gas burner, the heat—exchanger,
the reformer for the methane steam reforming, the system for the
steam—-methane mixture preparing , the electrochemical battery, the
heat—proof jacket, the control system. All the parts of the device
worked satisfactorily during the testing.

The resource investigations of the single cells lasted for
10000 h, of the stacks — 400 h. The characteristics of the cells
and of the stacks were stable during the period of resource studies.

The study of the process of direct methane reforming on the
ze

he

SOFC—anodes led to the conclusion that it is possible to real

rt K

the steam reforaming on the Ni—anode. The only difficulty is

cooling of the cells near the steam—methane inlet.
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STABILITY OF SOLID OXIDE FUEL CELL MATERIALS

T. R. Armstrong, J. L. Bates, L. A. Chick, G. D. Maupin, L. R. Pederson, P. J. Raney,
J. W. Stevenson, and W. J. Weber
Pacific Northwest Laboratory
P. O. Box 999
Richland, WA 99352

Interconnection materials in a solid oxide fuel cell are exposed to both highly oxidizing
conditions at the cathode and to highly reducing conditions at the anode. The thermal
expansion characteristics of substituted lanthanum and yttrium chromite interconnect
materials were evaluated by dilatometry as a function of oxygen partial pressures from 1

atm to 10 -18 atm., controlled using a carbon dioxide/hydrogen buffer. The maximum
isothermal linear expansion for the chromite composition La0.70Ca0.30CrP3 in an

oxygen partial pressure of 10 -18 atm. at 1000 C was 0.35%, referenced against that
obtained at an oxygen partial pressure of 1 atm. This change in lattice parameters could
well lead to cracks and debonding in an SOFC. Data for other compositions indicated
that the extent of isothermal lattice expansion in reducing environments increased as the
size of the A-site dopant increased. Yttrium chromites were found to expand
significantly less than the lanthanum chromites for the same calcium content. New
chromite compositions were developed that showed little tendency for lattice expansion
under strongly reducing conditions.

The sintering behavior of doped lanthanum and yttrium manganite cathode materials was
found to be highly sensitive to changes in the A/B cation ratio. Compositions with an A-
site deficiency were more easily sintered to full density. This effect was attributed to an
increased concentration of A-site vacancies, which led to increased A-site cation
mobility. Modification of doped manganites by alteration of composition and calcination
conditions allowed their sintering shrinkage to be tailored to closely match the sintering
behavior of zirconia.

Interactions between the zirconia electrolyte and manganite cathode have been
investigated. Such interactions are of interest because they may lead to changes in the
cathode/electrolyte interfacial resistance. Interdiffusion profiles and diffusion
coefficients were determined by electrolyte/electrode couples that had been sintered at
temperatures from 1300 to 1500 C, processing conditions necessary in the fabrication of
some fuel cell designs. Manganese ions were found to be the most mobile species in
zirconia, while lanthanum was the least mobile. Manganese penetration into the
electrolyte was greatest for manganese-rich (A-site deficient) compositions and was
favored by high levels of substitution of calcium or strontium ions for lanthanum. The
formation of interfacial lanthanum zirconate, an insulating phase, was not observed at the
interface of zirconia and stoichiometry or A-site deficient manganites.
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YcroituusocTb MarepuanoB TBePAOOKCUAHLIX TOMJIMBHLIX 3JIEMEHTOB

T.P. Apmctposr, A4.J1. Beiite, N.A. Yuk, 4.4. MonuH, J1.P. MNegepcon, M.4. Pauck, 4.Y.
CruseHcoH n Y.[. Bebep
Na6oparopua Macucuk Hopaeect
P.O.Box 999
Richland, WA 99352

KomMyTanuonnke MaTeprasIs! B TBEPAOOKCHIHBIX TOIIABHBIX 3JIEMEHTAX (TOT3)
IOABEPraroTCs BO3ACHCTBHIO YCIIOBHI CHIFHOFO OKHCJIEHHAS B palione KaToAa H CHJIBHOTO
BOCCTAHOBJICHHA B pafioHe aHOAA. XapaKTCPHCTHKH TCILIOBOTO PACIIAPERHAS XPOMHITOB
JIaHTaHa ¥ ATTPHA KaK 3aMEHATeJIeil KOMMYTalHORHBIX MAaTEPHAJIOB ONPEAE/IIACH C
IIOMOLBIO METO/A NUJIATOMETPHA B 3aBHCHMOCTH OT IaPNHAJIPHOTO JIABJICHAS KHCJIOPOZia B
Anamasore oT 1 at™ o 10™® atM ¢ nenoss3oBanmem YTJIEKHCJIOTHOT'0/BOROPOAHOro Gydepa.
MaxcuMa bEOe H30TEpMAYECKOE JIHASHHOE PaCIpPEREe XPOMATOBEIX COeHRCHHAl
La0.70Ca0.30CrP3 mpu mapua isHOM AaBJieHHH Kacaopona 1078 aty apr 1000°C coctasnaio
0,35% 1o cpaBRERHIO CO 3HAYCHAEM, HOJIyICHHFIM IPH TAPHEAIHHOM JABJICHHH KHCJ0popa 1
aT™. Takoe H3MeHeHHe TapaMeTPOB PSHIETKH MOXKET NPHBECTH K BO3HEKHOBEHHIO B TOTD
TPCIER H HapyMIeHHIO BEYTPCHHAX CBsA3ei. [[anmble, DOJTyYeHAbIE 1O APYTHM COENBHCHHASIM,
IOKa3BIBAIOT, YTO BEJIAYHHA H30TEPMEYECKOTO PACHIHPECHAS PEMICTKH YBEAMIHBAJIACh IO
Mepe yBeJIMUCHHA pasMepa y3jia A B pelleTKe Jierapyomel no6aska. OGHapyXeHo, 910
PaCINpPeHAC y XpOMATOB HTTPHA 3HaUHTE/IGEO MEHBIIE, 9EM Y XPOMHTOB JIAHTAHA HPH OTHOM
H TOM K¢ CO/ICpKaHHA Ka/IbHHS. BBuUIH pa3spaGoTaHs! HOBEIE XpOMETOBEIE COCAHHEHA,
o6HapyxuBume c1a6yio TERACHIAIO K PaCIEPEHHIO PEMETKR B YCIOBASX CHIBHBIX
BOCCTaHOBHTEJIBHBIX IIPOHECCOB.

XapaKTEePHCTHKH CIIEKAEMOCTH JICTHPOBAHABIX MATEPHAJIOB MAHTAHATA JIARTAHA I HTTpHS,
HCIOJIb3YCMBIX Ha KaTO/E, OKa3aJIHCh BEChMa YYBCTBHTEJIGHBIMA K H3MEHEHAIM
COOTHOIICHAS KaTHOHOB A/B. Coenmnerns ¢ AeHIETOM y3/1a A B pemeTKe GoJiee JIErko
CICKaJIHCh /IO NOJIHOH IUIOTHOCTH. STOT 3(h(eKT 06BICHSIICS NOBBIIEHEEM KORICHTpAHH
BakamiCHi A, YTO NIPHBOAHJIO K NOBHINEHAIO HOABHXHOCTH KATHOHOB y3J1a A. Mopaduranus
JIErHPOBAHABIX MAHTAHATOBBIX COCAHHCHAI yTEM H3MEHEHAS HX COCTAaBa H YCJIOBHH 00XKHATa
HO3BOJIHJ1a NPABECTH NapaMETPHI CXAaTHS IPH CIEKaHAH B 6JIA3KOC COOTBETCTBHE C
XapaKTCPHCTHKAMH CHEKACMOCTH ABYOKHCH IAPKOHHS.

Hccaenosanmcey B3anMofeicTBES MKy MARTAHHTOBHIM KATONOM H 9JIEKTPOJIHTOM Ha
OCHOBE JByOKHCH OHPKOHHS. JTH B3aHMOJCHCTBHS IPEACTABISIOT coGol GoJIbIIOL HHTEpEC,
IOCKOJIPKY MOT'YT NPHBECTH K H3MCHCHHIO CONPOTHBJIEHHAS KOHTAKTA KATO/a/3JIEKTPOJIHTA.
Mexnuddysnonarie npodria B KoahEIEEHTS! maGGy3HE ONPEeNeISUIHCH C HOMOIIBIO
SJICKTPOJINTHO-3JICKTPOJHBIX Hap, KOTOPhIE CHEKaJIHCh IpH TeMuepaTtypax ot 1300 o
1500°C, uro npezcTaBseT coGoii pexxam o6paboTk, XapaKTEePHBIA JI11 A3rOTOBJICHAS
HEKOTOPHIX KOHCTPYKIHI TOIUIHBHBIX 2J1eMeRTOB. OGHApY:KEeHO, UTO HOHBI Mapranna
ABJILIOTCS HAHG0JICE NOABAKHBIMA 5/IEMEHTAME B IByOKHCH MEPKOHHS, 2 Y JIAHTAHA -
HanMEHee NOABIXHBIME. [IpORAKHOBERAE MapraHna B 3JIEKTPOJIAT OKA3aJI0Ch HARGOJIBIIHM B
060raleHHbIX MapranueM CoeHHEeHAX (¢ AeDHIETOM y3Jia A B pEIUETKE), NPH 3TOM
IIPOHCXOAHJIO HHTCHCHBHOE 3aMEIICHAC HOHOB KaJIbIHs I CTPOHNHSI HOHAMI JIAHTAHA.
(Dopmuposanns MexK(ha3HOro COeHHEHAS NEPKOHATA JIAHTAHA, u30JiHpyoweii ¢a 3u1, 1pu
KOHTaKTe JBYOKHCH HHPKOHHS CO CTEXHOMETPHYECKHM COCTABOM HJIH MaHraHHTOBBIMI
COETUHERHSMH ¢ AeDHOHTOM y3Jia A B peHIETKE He HaGJI04aJIoCh.

487




S661 HAGNALIAS — ANOJYANONI TV

OLUMHA %

786€—TzL (1S€) - L *ANOHd

NS TIHD 0LHD TINO®@NAYV ‘" TIVIN-J
LLOT—ETL (ISE) - L X VA

vISSNd m_& o'd

NOIOTAH ISNIFVATIHD “MSNIHZIANS 0L995Y

STONAIDS 40 “¥d ‘LSIDOTONHIAL 4AIHD — AHHDISHTI'N'NA
STONTIDS 40 “¥d ‘AVAH AYOLYY0AVT1240S - AHIVHINHD A

ALIINA NI DAOS HO
INANJOTIAAA THL OLNI SNOILVOILSHANI 4O SLTINSTA

(ALONA —DONJYH)
SHISAHA TVOINHOAL 0 ALNLILSNI HOUVISAY NVISSOH - TTV

—VALNID YVATONN TV IFddd NVISSN1d

488



-Surpepowt pue USSP ‘SIIF0[OUYII)} ‘S[RLIA B SPIILJ 1Y) Ul e&mb—..oo:oo
are suopedpsoaur pouioydd oy) y3noiry) posjos Supq suwjqoxrd Oiseq

"UMOYS I8 JLIINA U1 Jududoasap
JO A9 9y) SuizreIRYd SHNSAI dwos pue ‘HJOS U0 poseq sjueid mod
JO UOIJRZI[BIDIOUIMIOD - YSB) [BUL) ) 9AJ0S 0} d[qIssod JI soyewl SUIUBAPE NISSIIINS
asoym ‘paurioyad Sureq suone3NSIAUL JO SUOIIAIIP urew 3y} 310dax UIAIS YY) Uy

"SUOI}INIISUOD
aseq HJOS Jo siseq 3y} uo sjueld 1mod Jo SuLmM)dBINUBW 0) SHUIWS[ UOT)BINIIUWIOD
JO S[BLIdJEW ‘S[EIIdJBUN JpouE pue JpoyIed ‘9)L[0119[d pros jo suonisoduiod
apIxo ojul SulNd  syueuodwiod eIl Y} Sulule)qo WOy :FulmjdBINUBU
A0S JO 94 JoyM Y} SI9400 JLIINA W pourioyod Surq suopeSpsoauy

NOILODNAO™WINI'L
INI

489




*SONSIIRYIBIBYD DJOS JO [9AJ] Mdu ApAneIuenb
3y} Yowax 0) Jqissod 1 Suryewr pue [9AJ] ISAYSH| Y} JO SIASO[OUYII) Y
Suraq syuouodwiod I3Y) pue DJOS W - Uy} FULM)IBINUENE I0J SPOYIIUI [BIIUYD
2p vwise[d pue ewsepd ‘ewseqd - uor yo wononpoad ojur Sunnd pue JuUIdO[AI(T e

"UOTINIIXAI ISBI A PIZIIIIRBIRYD SuRq DJOS suLmjpdenueul
10] SPOYJdW JIWEBIID JO JUIWAOIGWI PUB uorInpord ojul sunnd ‘JUSWAO[IAI(

:sa1dojouyda |,

*§3ss0] uonezreod
ISEIIIAP 0) MIIA B [JIM UOIJBAI)IE SSUIJEO0D IPOIIII 10) SAes Y} Jo Judmdofasd(] e

*UOHINPUOI UOI)II[I PUE - UOT IUBYUI 0) MIIA B [}IM S[ELI9)BUI UOI)EINUIIIOD
pue IponRP “9)A[01I9[ pIjos Jo ampnys pue suonisoduwod yo uonezrupdQ e

S[ELID)EJAl

IMI

490



‘Souo nyromod axour ) pue A N00T 01 dn - 19mod Jeai3 Jo syued 1PMO e

Juejd omod
SSBP - AAY 0] JO smpout - D, JOS Teue[d uo paseq SI YoIYm AUl (Y Jo A1)jeq e

*SUOI}IPUO0) [eINJBU Ul SANI[IqIssod Jo uoneISuowdp
10] (MY T 03 dn) xomod moy jo syueid msmod [BLySNpUl 2 [BIUIWIIAAXT e

*SHOT)INIISUOI Iskq JO DJOS Ul $3ssad0xd
o) Surpepowr 10§ (AT 03 dn) omod mof Jo sjueld Liojeloqe] [BIUIWIIAXT e

:Surepoul ‘suoInIsuo)

IVI

—
(2]
~H




-paurio}iad d1e sayisodwodouru - sopmod
uonIugns dmd - BHXd Jo ZSXA Surmjpdenueul o) 399dsox Yjm SuoresrysaAuy e

*POI)SEUI U] SBY ‘“ZSX Jo 1opmod papIAlp Apaury Jo agesn )
pUE SSOUYOIY) IO[[BWIS Y} 03 NP o, O] A¢ PISLIIIAP SI RUELISISAI dYL3ds asoym
‘7QX 10 91410139910 prfos Jo sdjed (ww Z1¢p 03 dn) ury) sururejqo I0y Asojouyoa .

‘BIBp AIRId)|

YIIAL [[OM 9JB[31I0D - UID.UIYO 6 - OUE)SISAI IFIIAS JO SONSLIDIOBIBYD PAauUTe)qo YT,
"pazIfeal

UAd( SBY SSAUAIY) Wi § 0} dn JO S[[eM YIIM I9)oUIBIp Ul W (] ‘YI3ud] Ul Wil )€
7SX JO UOHPINISUOd Iengn dY) JO dMPeJnuBM [ELysnpul 3 jejusuwdxy

€OLX T°0 + COVZ 6°0 ( ZSX ) 410139 PIOS'T'T

STVIIHLVIA
AO ATAIA AHL OINI SNOLLVOLLSHANI 4O SLINSHAC

lml

492



‘pouriojrad dxe
UOI)BAIJOR SJI JOJ SPOYIOW Y} PUB 2INJINI)S SUI)eod Spoue dY) Jo SUOHESIISIAU] e

"UId . Wo
Z0°0 - T0°0 01 S)unowre 3dUB)SISAI Aroads ‘“ZSK “IN JO JudIu0d 3Y) 03 333dsax YIM
paziumdo weaq dary uopsoduiod punodwiod IPIX0 pue SISAYIULS JO AFO[OUYIIY, @

7SX + IN JO uonisodwod apIxo - [BLIJBW 9pouy ‘¢'7

"PaIpN)s 1B UOIIBAI}OE SUIIBOD IPOYILD
10] spoyjowr Yy ‘paurioyrdd die S[BLIdJBUI SPOYIBD JO SUONESIISIAUI [BMPNIS e

U -WyYo 7' 0~10°0 JO [9AJ] 3Y) I8 0URBISISAI IJ10ads Urejqo 03 sMo[[e jey)
‘poziuydo waaq sy uonisodurod punodwiod IPIX0 pue SISIYUAS JO AFO[OUYII], e
COUAX-TISX®T JO SIseq 3y} uo uonIsodwiod apIxo - [eLRYIeW IPOYIB) “T°T

lbl

493




£1R138q DHOS JO SUIqUIISSE o

A0S 3UIs JO SUI[qUIISSE o

Juaur}eax) amyeIdud) - ysiy e

(Sunyured)
gurio[0o uorsuadsns pmby jJo poypowr Yy £q s3upeod IpoxIP jo Jurkdde e

Weaq J9Se] pue [00) puowieip Aq ZSX JO Sumunpeur o

93£101339]3 pIjos Jo sisaypuAs Juanbasqns ay) pue Surnsed difs e
:Surpnpoul ‘padjsewt pue pado[asdp udI( Sey SIseq
19y} U0 SALRIeq DAOS pue DJOS Iemqn) Surnjoenuen 10y A3o[ouydd ], ﬂ €

. SHIDOTONHOIHL
AO ATATA AHL OINI SNOLLVOILLSHANI HO SL'INSHA’t

Ibl

494



amjeIdduid) uo mod Jo dudpuadd(- 31
damjeladuia} uo 934]01309]9 JO dUE)ISISAI JJIdads Jo duspuada( - €814

€ - 20006 T - Do0S6
‘I - Do000T 03 Jenba samjeraduwid) J0J JUALMD uo Pmod Jo sdudspuada( - Z°3L

€ - 20006 ‘T - D056
‘I - Do0007T 03 [enbo samjeradurdy 10§ sonsLRORIEY drduwe - JJoA - [°SIq

L | L | (410 | I'314
Do ‘Lomusdina g, 1/,01 ‘mendua], V ‘Tusimn) \'Apliciiig}
0001 086 096 0V6 076 006 viooer oz1oo L2 SV ET L0 g9 0% 0 o 07 01 00
B L = . 1 0 \1_,0/ [ m.
\\ = , T gk m ..m._ﬂl.\-mq\ rOd T -/// // 1 q <
TV s 3 \\ (0 \\_ s N 9 2
8 | S U P S O T o o e T e B A NN c B
pd « € d 4 < ANEN L%
y m.m M e € em .u.v\ m //wl/r/f mn <
= 3 \ 0°F
1
0' R T S - p e

UOIJONIISUOD JBNGN) JO S[[3I [9N] I[SUIS JO SIISLIvJIBILY)
le

495




pourio}iad axe AR))eq
YOS & oyl S[3d Ieue[d Jo WOIIUUOD J[JPULIY 0) 399ds31 Y)IM SUOI)ESIISIAUT o

Juaueal) dmjendun) - Ysiy .Ea:uema_sm
oyy pue (Surojod) Supured jo poyjpw Y Aq SSUNBOD IPOIV[ JO guidjdde e

SISOYpuAS dmyeIduid) - Y3y e

SSOUYOIY} A1ESSIIN 3Y) 03 ZSKX JO surf[oX e

xapuiq onserd ayy uo ZSX Jo uonisodwiod xpmod jo uoneredard o

PIIdISBUI UID( SBY
ZSX JO SSompNp) W g§x0S Jo DAQS Ieue[d Supmydenueur 10§ AZ0JOUYR], “T°E

lml

496



*SUOIJIAALP 3S3Y) JO §393dsoxd ay) Moys paurelqo s)nsY

S[BLIdJEW 9POIIIINA JO saseq snotod uo ZSx Jo Suideads uor-uorjougsew e

7ZSA pue ZSX + IN
‘CQUIAIX-T1SXe ] suonisodwiod IpIXo Jo Suifeids vwsed-uol fwedq-uoIdI e

:JN0 PaLLIBd 1€ spoyow ewse[d pue
gwsejd-uol Aq FDOS WY-uIY) SUTUTE)IGO YIIM PIUIIIU0D SUOIBSIISIAUL JAISUIM] "E'E -

Ic.HI

497




[BO113I9P9 ST dn-unrem gupnae)s

WS0IpAY - [N
M 0L - Baod pajer ‘sadaid gz - Ainuens HJOS
‘pamdBINUBW SI pue pIdofaAdp uddq sey DJIOS teueid uo paseq 1°0 - HDH e
[BI11399]9 SI dn-wrem gunae)s
3SE Ul J[IN( 19)19AU0))
UBYJIUW - [on
A 007 03 dn Jjo uaye) vamod ‘sada1d
ST 03 dn - 5yuens HJOS ‘DAOS Teqn) wo paseq 1°(0-9)DH JO so[dures Juwios o

:SUOIJB3I)SIAUI A10)eI0qB] 10J AN 00T 03 dn Jomod jo sojdwes 3oy, *1°p

ONI'TTHAQOW ANV

SNOLLDNYLSNOD 40 ATAId THL NI SNOLLVOILSAANI A0 SLINSTY b

I.H .Hl

498



VY ‘I uwaam)
PL C1 0L 8 9 v T O

0 0
=

S [nn VV///. S
< OL | A~ = | 0T
S ST -\ -t ST &
D086 2mjeIodwo) Jopun JuILIND AP s N N N A N S P

o

peo| uo 1mod pue dage)joa Jo duapuado(q (= / o E
< o€ |- :/;-\ O 1 0€ ¥

SE |- || - | | | SE

op - b1 b L op

HTdIAVS LSHL 1°0 - 90d 4O SOILLSIHHILOVIAVHD

IN,HI

499




pung sesd - dn-uriem surnae)s
aueyjom - PNy
A SL - dgejjoa mdinQ
AY T - 1omod pajey

ad£) xemqn} jo - DAOS

-pazrunydo a1e sAIjquIasse sj1 pue padojaaap usdq sey [-DDH JO IMPON MH-T "T'¥

lm,HI

500



IPuIng ses - dn-uem surae)s
uByjou - [Ny
A ¥Z-93e3j0A JndinQ
1g 00F - 19mod pajey
ad4£) remqm Jo H40S

00p-SOV ‘pado[aaap si ‘suonje)s uor)adjoxd apoyjed pue souipadid seg uo pajunour
‘Su9)SAS Surrajoudd) Jo Addns romod 103 (SDHV) 921N0S JUILMD SNOWOUOINY °€°f

lv.ﬂl

501




Aoy, ey dHINZVId ®
AOSEB[Y) ‘ZJAHD UONBII0SSY :o_uos?zm .
ysumqQO THA °

smqurleyd ALAIL ©

‘NOYA SHNOVATIOD HLIM

NOLLVYAJdOO0D HSOTD NI GAINIOATA ST YIOM NMOHS HHL'S

lm.ﬂl

502



S661 9dIBLHAD — AMNdANAIIIY

OLANHY %ﬁv

786€—T¢L (ISE-L ‘IrAL

NS TAHD 0LHD TLINO@DNAY “TIVIN-A
LLOT—€ZL (ISE) — L DAV D

BEUDDO0d 0L99SY

"I'90 HOMDHUNIBIIAR “MOHIMKAHD ‘ST B/LI

"H'L'Y ‘€ELOL NMNdOLVJOIVI MUHIUVhVH — HdVXAR' @4
HLY ‘JOIrOHXAL IIHAVILI — GAITIAIN H O1

€LOL UMIIVENL VIIIJANINON 1 A4 LDARMHI AdLOD
AINONDARMHXAL - OHhAVH OIT BMHAY O TAdII
‘®ILNNHYG 09 (E10.L) FOLHANAIE
XIIHIUITIOL XIIHITMDMOOI dAdL M109vVdeEvd
U NVHVIOIAIDON XIIHhAVH VININVAIOJIT

(oLVHA — IIB®d ) :
IDIMEN® HOMDIRMHXAL LAIMLOHA MDD IALVIOT ADION-OHh AVH MDD 0dHDd
~ dLHA YIIHJATE WITHIIV d30E® PIDDNDI0d |

503




OLIHY %

HAUHAROIINVE TA

"BULBUJIIAJIL
OJOHIDTNGOD OIMHVIE0D Ol UMHIK O AT LYAOJII "A

"VALDAhMHI AJLOD BUHALAVJIIVH "Al
"MLDONMOLD ‘YHHIAd VIHIIIO I
VELOY09EMOdL OJOHUULED ANHA0LEDO 'S

doIIEvdado
XI9HILVLHANAJANDNE BUHVIOX DO 1 ANHAIOLOIEN b

AMHATIVAIIVH A0OMDJdOIMALLIOHON ¢
ANHALIAVJIIVH A0NDTh N IOITOHXAL T
AVMHALIVIIIVH ZOXDAhIAIOI VIAJILVIA '1
MOLOIVAEVd AMHEOLDO0D U NMHVIOTAIDIU VINIAVJIOdITII
"AUHATAI] 1

ANHVJAT 0D

504



OLNHY %

"VAUIIIOL 940N XIIHhUI'EVd ANHYIOEIIIOLION — ¢
‘QLDOHRUIONONE — ©

‘QIDOHININAD®OEC BVIODIdd — *
ILIOUJALIVAVX AMMHIIATA
IQLUAVIV.I < @UHALGOYH TAIOIOHXAL AI9IOTAdAII -

MADEAID MOD) 91D0OHRAL0 IO+ (VHUINYID) LUIOdLIHIE NG JAIL - ©

TAVILYDMANAAAI WIIHHOMITVLY AITIDNE WITANNdOLD OHH
XU BAVITOIVI'd NMTHVIOETIr O NOMDThdINANOA
qd NTINIIHIM LA JAI FAIrOIUVH BD LOIBIrE €1OL T

(ALDOHRU IO OME
‘QLOOHININAD®DE) OJAMAT AT OJAMNY NI HNNLAIJHHE

9 WOLHANAIE WAMTAHK VI LAHVLD U BHIOJID INULIIJIHE 4
OLDAN HHIMGIr0d A09 LOIVINMHVE (1) ILHANWAIE AITHIUITIOL "1

AAHATAIT ‘1

505




OILNHNHA %
19H3M3d LATAG BW3dE

FIAMUVIKNLG g 19W3Lr90dU ULE OLh ‘WOL O LOIA9L09U3L3TNEGD
I9LHINNDILDNE U MIUHXTL UINAVYH TINLNGEYd ¥

"OIALUIAdLOI NIUHIXILOOY
NANVALOHOWIALI WVOHIIVAd °

NNV IALALLD TIANNIIDAhdANINON

D XVIMAOLII XI9HLDANIOD

d 9041LHATI XI9HJAYE

XUNDOUMDDO0d W XIDIDHVINJIANY
NUNI'NDA BUHAHNATA990

‘dOdLHAYI XI9HJATE 901LDUI'VUAIIAIID ‘ALDOINHOLD °
MLOIVIEVA M BUHALALAUJLL © ‘UAIOIOHXAL
‘BTHVIOJdDHVHUD NILDOHRUGUITAID 1 NLDOHXOID *
BENHAIMIDA 1 TNIIVALHAITHON ° SAHIC9O0dIT

XIDIDARTAIOUVIAdALVIA VITBd ©

-LO LNONGVE V€ — €U KOLIVANKLILD

EHIIOJIdD €101 BUIIVEUL'VIIIdANINO ‘€

506



SLUNHY @4@

VAALIALLD

BUHAIVJIIA Y A
“VEULVINO.LEV V41T AdD

VI’0dOr09 MANVJIAHAIAd
N EVMHAHVdX ITANALOND

VIIIAL
NAIIVENTTALA ITAALOUD

ENHVINHOdLIIIAIE Ol
~*OHhNdO.L9 NINHKhOLON

VaUImioL
IMIOLOJION ITNALDOHD

IMNINVdIO0dI

€L XITHITMOMO0O0I
-dd4)L. A90OHDO0 VH A€

€L
XIMHLVHOId VA VI
-OVd H4OHDO VH A€

€L XI9IIOUAOHdOP
-20® H40HDO VH A€

€L XI9HdANUIroLIoY
-d391L A90HDO VH A€

(L XIMHRhOLAI
mmOIUOkﬁ_ A€

CACRCRCECH®

€L XI9HIITOHV LA
H4OHDO VH A€

XVLHANWIALE XITHIHILIOL

VH MOEOHV.LOA XUNDThNIAIJIHE V41O 0IENOdLI
OJOHMNdID FNHIOIDO0 U VALOIVdEVd

ANINVJAIOdII OIAHOMAITINOM OIAHII'VIITAIID ATOI
S661 4 OIBEHU4AI 110D 0d MU LAIdIHE NTOHINOLY O4.L)dALIONHNIA

507



OILUHHY %

VALOT09ENOdII OIOHUNdAD ANHIAOIDO ST

d0I1eEvd90
XITHII'VLHANUJATIIDNE BUHVIOI DO 1 ANHAIIOLOIEN '+

NUIMAALIOHON VILOIVdEVd €T
N IOITOHXHL VILO9IVdEVd "T'C
BEUHVIOX IO AMIDIhTAGOI VIAdALVIAN "T'C
‘BNHAIdVdIIVH HITFHIOHOO —
"«€LOL HHOHOO VH
Ow@ AOdOHVIDAOIdHAHE ANHAFOLOJIEN HOHUNdAD U VILO9VdEVd
- ®LNVHY UVHVIOIAIDOU 91D0VIrd0 ! 9IrAll BVHI0OHDO -

®LUVHA IMILOIVIEVd 1 UMHVAOIAIDION 9LDVIrd0 11

508



LOARGI St %

£O0YA O ‘1D I9IVIID ‘ST(0D)1D “9d — FHOJOLD WOHIOdOIDUA VH —
ST(0D)1D IN — AHOJOLD VOHAUIIIOL VH -~
(MICALAHATIOD0MOL) [MIrodi9g0M oL (¢
STIN < BUITHOJLD — VHVLHVE — VIMHV.IHVIA
ALOHDO VH BUITHASOIINOM — (FOLVY) TOdINAIE VITHIMATEOd (3
ZSX + IN < ZSA INNAVIEI NOHLUAINOJdINILE 1 IN HIOHDO
VH BUIIMEOIINON — (COHV) TOJINALE VIIIHAUITIOL (9
7ZSX < BUALLU WOXVIDMO BVHHVIOJdUENITNIVILD
‘BUHONJINII IOMIOALY — IALOJLINAIE &Eﬁm.mme NI9IOEVd (v

BUHVIOTAIDON AN AR IAIOI VIJALVIA @

509




GOLUNHY %

"WAHIHNUITI0D X U gouvnd3Lvil XIGHHOUITIADLOHOMN
‘golfog1990)40.L ‘UNLIGdNOL XIGHITOdLYILE ‘goLuLrodiysire
xzu.mmm: U gouvndalvin XIGHaGULNIdoe FIL09 ANoUOoL

) .:L |- ):\I\J\;L:)-:).)):
Ol BURYSOH3U32U 831800808 OHHEOLO0U LUKNHE O

M9LVIUITIDOHYIJO
‘UAAEVIT ‘UONNdI TAMIHIALYJANILOMO0DIIE
‘ SOV FOIS « 08D TNVIAVIOL D O®d A40HDO VH
NNIVEOITAON — (MINLANIALYD BUHIHNTIOD HIIHHOUIMIAJILIHON (@
"IV U NIVLID AMIKOLDOAV © €OV ¢ OIS “(0®D) €0%A + “017Z
ATOHDO VH VIHNVAIN — MIVAdALYIA AMHHOMIDIALIHO (X

510



@ PA3BPABOTKA TEXHOJOI'TIA

PA3PABOTKA TEXHOJIOTAN OXBATBIBAET
BECHh IMKI IMOATOTOBKM HCXOJHbIX
MATEPHAJIOB, N3rOTOBJIEHUA T3, CBOPKHA
MOIVYIEN TOTD, DIEKTPOXMMUYECKHAX
TEHEPATOPOB 1 DHEPI'OYCTAHOBOK HA HX
OCHOBE U IIOCIEAVIOIIEI'O KOHTPOJIA U
HNCIIBITAHUMN.

e moJyYeHHe XHMHUECKHM CiocoGoM
HUCXOJHbIE BLICOKOYHCTLIX NOPOIIKOB
(——] ® cocramienne KOMAO3HIHil MOPOIIKOB
MaTepHaIbI ¢ CHHTE3 NOPOMIKOBBIX KOMIIO3HLME
e pa3MoJl, pacceB
| » MeTOJB! KOHTPOJIfAA KAYeCcTBa
e nNpHroToBJIEHHE KOMIO3HIMI C
TEPMOILIATHIHBIMH CBA3KAMH
¢ ¢opMopanie KOHCTPYKIHOHHBIX AeTanel (JIHTHE,
U3roToBJjicHue mpeccoBaHue, MPOKATKA)
¢ OTRHT, ClIEKaHHe
™ <— ¢ mexanmueckas 00padoTKa KepaMHKU
e HAHeCEHHE NEKTPOAHBIX HOKPLITHH, BXRHAraHHE
U ¢ HOHO-ILIA3MEHHBIE TEXHOJOTHH HAHECeHHS
. JIEKTPOAHBIX CI0EB
e MeTO/bl KOHTPOJIA KA9eCTBA H XapaKTePHCTHK
| 1
M3IOTOBJICHUE e COeJHHEHHE 3JEMEHTOB KOHCTPYKIH METOJAMH
BBICOKOTEMIEPATYPHO#
<] repMeTH3aUMH,NAHKH,CBAPKH
oaoxos TI e MeTOo[bl KOHTPOJIS KA9eCTBA, FepMETH3ALHH H
xapaktepuctnk BTJ
U e TEXHOJIOIHH M3roTOBJIEHHsI H COOPKH 3JIEMEHTOB
KOHCTPYKIMH, ra30BbIX KOMMYHHKAlHH,
TeIU1033HMTh], KOpIyca
nsrorosaenue XTI, |+ merom xoupons xauectsa
3y e METOAHKH MCCHENOBAHUA XapaKTEPHCTHK DY
® TEXHOJOrnH 000rameHHs IPHPOJHOIO TOIIMBA
[ ® TEXHOJIOTHH YTHJIH3ALHH TeIa
U _® TEXHOJIOrHH NpecOpa30BaHKs IHEPrHH
FC N -
@ BHUUT®
< g%
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[IPOrHO3UPYEMA I KOMMEPYECKA ITEHA
SYHEPIOYCTAHOBKY MOITHOCTBIO 1 xBt

Ne /ox HaumMeHoBaHue 3aTpaT CToumMoCTh
' (ThIC. §)

| MaTepuainl 1,5

2 3apmiara 2,1

3 Hasmoru (39 % m.2) 0,82

4  |IlmaTa 3a pecypcsl (3HEprus, ras, 1,58
TEeI10,B0/a, 000pynOBaHHE)
75%011.2

5 CebecTouMOCTD 6,0

6 ITpubeus (40% 1.5) 2,4

7 Hajror Ha npuosumb( 30% 11.6) 0,72

8 Yycrasg npubsums (6 - 7) 1,68

9 1lena msroronneHus (5+6) 8,4

10 HamorHAC (21,5 % n.8) 1,8

11 Kommepueckas: nesa (9+10) 10,2

BHUUTD

523




OLUNHA @
-€LOL VH MOSOHVIDAOIJAHE

XIDIDAhRIANINON OIMHAIIOLOIEN Y1 INLOIVdEVd ‘ UMHVIOTALDOH
XI9THhAVH OIMHAYAZ0dII Ol EMLENAIIAJI OIOHLDANIO0)D AUHVIE0D T

(‘dY 1 SOINOY BEMHARAIIDAIOOIdTHE
‘AIMITIVE NMOHTOLVI NMHHIM ‘BI'OdLHOM OJONDThAdLANWAIAL ITNELIAD

K'Y ) A€ M TXE SOINAQLI XITHIVAd VILOIVdIEVd EVHLOINEO0D °©
€LOL
VH MOSOHV.IDA XIYHII'VIHANAJAIDNE AMHVIOdULATON M VILOIVdEVd ©
(I9dOLVENLVLVY) IdANJODAd AITIOEV.I ©
VMHIAHNTHOD XI990NO0L MIVIAJALVIA *
IINLANIHAI ©
ENLIIdNOI AIIHITOLV °
BNLIIdMOII HAI9HIYOHV
MLAITOJdIMALNEC HI9TdAIL *

:€1OL
NNIDIAJLOHOM M1 UNIOIOHXAL ‘dOI VIJHLYIN OINMHVIOYHAIIDON
" DILOIVAEVd OII O4LDARMHIT AdLOD HOMDIhUHXAL - OHhAVH °1

V4LDTARVHI AJLOD BUHAIAVJIIVH "Al

524



O LUHY %

. "VINAUIIdODHOMN VII¥XIOI9 €Y1 AMHVIOdUDHVHUD
(0DAVH) VINAUIIdAODHON OJIOMOHVINdANY-OMONHDDO0d BUIIVENHV.IdO b

(dTHLIVII + GLUVHE) A90HD0 HO9AIroY VH ANHVIOdDHVHUD
. (1 *AL'ID LO9Vd XIDIDIIrALVIOTAIDON-OHhAVH OIMHATAIOdII
AWOHIDTNEOD OII (VITID ) WOdAHLAVII ¥ ®LVIHHE ATKIAN I9IIVALHON ¢

“TNONMNREVIVE BDLOIAdVDHVHU®D
(I *AI ‘1D 1OV XIDIDIIALVIOTAIDDN-OHhAVH XITHIIALLO
OIMHATALOJII OII (VIIID ) WOMUhEVIVE U ®LUHIHE AXNKIN I9LIVALHOM T

( Ad-IN IMEATVHAJLL BAT)

((GIrAIHYV ‘199 4Y.1 ) 'I9dODHOIID ‘1

VELDARVHIAILOD IINdOD

525




dIUNHA %
VLIDIARHHIAdILIOD OIOHITOIIT9ONHVET
@ ATTIOI CLVIRIAITT O GOLOT H IAVIVIITAII @IHHHY

"HIG0HD0 NOIAI'OY VH ANHVIOdVUDHVHU®

“VIHIId OJIONDOVINDDO0d AMHVIH0IVE U €LOL VH MOGOHVILDAOIJTHE
XIDIDHRJANINON AMHAIIOLOJIEN Y VILOIVIEVd ‘UHMHVIOTAIDDN XITHhAVH
AMHATAIOII - HhVI'VE MONDThIIALVALD OIMHAMAd OX (BULEUAJIT AdII
OJOHIDINI0)D) VILDAIMIO OIOHJAHOUIINY OIOMIOHVINdAINY
-OMONUDDO0d OJOHLITNG0D OJOHHANAJIOIIrOX BUAIIVENHV.1dO 9

“TI40HDO0
J09AIroY VH AMHVIOJdUOHVHN® “IIHI9d WOMXDHNDD0d VH VIMAYOdII
ANHDENDOJII ! 19 T OI9LDOHIMON MIIOHV.IDAOIJTIHE VIMIOII
O.JOHHVIO0DVIL.IOD O9LDIOIENOdII 1 VILOIGVIEVd - HThVIVE HTOHIIVIOK
OIVIHAIIA OII (BN LENJIITA4I OJIOHLDANEO)D) VALOAMIO OIOHdAHOUIDIV
OJONDHVINJANYV-OMDIVIID0d OJIOHLDANIOD BUIIVENHV.IJO °S

526



eEEE.%
NIII9ndil

ANHARAITOII ‘BUHVAIXAIDIO OIOMDARNHXAL BUIIVEUHV.IdO
‘UNDDO0d NOIIEV I, OVd WENLEUJIIAJI YOdOHVILDAOIJHHE
VY VIIOdII oﬁuqomgcmn HOHNNJAD ‘VALOTOIENOdII
OJOHNNJAD ANHAOIDO ‘BUHV LIIIDH ‘1431 OI91LDOHITION
szmom<50>oummmm NOMDThJAININOM VILOIVIEVd ‘UM IO OHXAL
Y IMHVIOAIDON X990V ANHAMJIAIVE - BHIOdA I VRVIIVE T

"MIIMI9IAdI AMHAh A0 ‘VIHIId OI0MOUMNDD0d AUHVITOIVE

‘€LOL VH MOdOHVIDAOIJAHE OALOTOIEMOIII 1 VILOIVIEVd
‘UMHVIOYAIDIU XIIHhAVH ANHATAIOII - 9IrAT BVHILVdIHII T

. - 0DJ0SVY -
- §OLHANWAILCE XIFHIUITIOL XIFHIT D00 dAdL
AIOHDO VH JOIOHVIDAOIJAHE OIMHAIIOLO.IEN Y1 MILOIVIEVd
‘NNHVIOYAIDOU XIIHhAVH OIMTHATAIOdII OII BMLEUJIAJIT
O IOMDHVINIINV-OXDNNDDO0d OIOHLIANIOD OIMHVIE0D ou
(OMLVY) TUHANXOLTAJII INAOJIT A

ILAOdII UI990MDHUd “AMHVINIHY

527



G.HS-\_:&%
VALY OdENOdII

OJOHUUJHAD OINIIVENHYV.IdO VH LATAdN ‘VALDIIALNTAdhA

ANHVIOdUDHVHU® AOFAILOY - IFHOJdOLD VOMDHVINUdAINY I'VIrId

NNIOI'OHXAL ‘[MIVAJILVIN ‘M9DdADAd ‘AMHVIOT AJOI0
‘BUHAITANOII ‘9L VIAITAIID - IIHOJO.LD MOMDOUHDDO0d XIVINA b

‘ITIHOdOLD NOMUE<¥EAHE.< J

ANHVIANALIDIO AONDAhNHXAL ‘VEVIIOJII

‘A€ IMJOID NOHIIALVREHOMO OII ANLEUAINAJII HOHNUJHD - €11€ -
MINLVINOLIV

U BUHAIGVJIIA SOLHANALLC ANHATIOLOIEN HOHUNJAD - EINEA -

€19 U €L ANHAI'FOLOIEN HOHUNJAD - EINh OII -

C€LOL UILIOIOHXHAL AIIHh OHAI'TIOMHOL - UED -

NN IOITOHXAL ‘BUHVIOTAIDOU AI9HhAVH - €L9U -

MNKhLOIVdIEVd NI9HIIVAAHAI - ®LNHY -

‘ITIHOdO.LD TOMDOHUHUID0d D

"BULBEAJIITAJI OIOHLOANIOD MINHLOVhA '€

528



dLUVHA %

"LAIC ST - 0T AN VXHAL'D VH YOHIId NI99MhHOLOA
ED LAV O NMIVIOHAd WOLThA O MOdOHV.LIDA 00ST TAHAN
TH BEDILAATAdL ACVIDOHVALHANOLL ONIIfOL - VIHIId 94LDOHIAd.LOIT L

dll I EV.IDHVALIVAA ‘€VIOHVALINIAN
‘WOdIIEVIdATAD ‘€VIDHVALHINOLL - UDD0d «INOdIIEV I>
OVd ‘€V.I ANMMOIAdNLJIOIIDHVIL ‘UANIVENHV.IJO - IILUIIdLOIT9

"FOYOdOdIIOEY.I - ALOAH (£1D) IMLNINVE NMOHITOLVI

VIMITHVLD BIY M 90Y090dIIOEV.I FOdLANVIVII O1LD) KI'OdLHOM

O.JOMDARNALANWALIAL NATHVID BUHVINIL BIY L1931 OILLDOHIIION
CLOL VH MI90HV.LDAOIJTHE -VALIT OIS OdI LANITHJLL'S

529




OLUMHA MV@

L6"SA]IT 9 MDOAINGE VIIHUAIED
L6893 II - 96" S]] VALDYOIEMOdI OIOHUNJAD ANHAOIDO *
06°83 AY - 06°8] KVTHV LGN

‘VIIEVd90 OJIOHII'VLHANUJAIIDNE
ANHALIOLOIEN ‘A€ VILOIVIEVd
‘NNHVIOX DO HNHAMIJAIVE) dMOUH e

‘qIOvV.LIE HIFHI0HOO0O01

"asn ‘DI9L 89°1 - I99UdII BVLOWh BYINAAJUHVIIIT
asn ‘DML 01 -
AM4OHVIDA <ﬂm-.~ BEVIDThJIANNOM BVINIAJNEOH.I0dII - OHLTRhDVd'6

‘TOI19 MOdOHV.LDA 0001 OY
- OILLEUAIIAJI ANOHLDANIOD Th1LD0Y BDILAVIVIrOINTAJII
NI9IdOLON ‘VIDANYII WH9I90 NITHIIVINUDIVIA'S

530



PLUNHY %

$°0 : 9°0 = SN : SNA UMAIIJOIIOdII 9 ASN ..EE.E 89T ANINAD
d V0.1 0007 D BDLAVHNAhVH 9I'I99UdII BVILDOUh EVAThIOLDA T

LA $°C ANHARAL 94 BDLAVIIIVA9E0d LNITAd
ATYOJI L661 4 ASN "HITA 8°T - LNITAJ *
1AL X-7 AVMHARAL 9 dSAQ "HIFN 67 - DOHEY NIIHIIALNTAJdRhA ©

:OINNIOX90dH VAAHIAVII OIOMDHVINUJAY LO
ENLENJINAJI OI0OHLDANIOD UNIIVEUHV.IJdO BITK 11

531




0D A0SV EUHBINOM — 0))
IATaAN — g

BOOHEE OJOHIIOLUTAdRA SEI0OREN € —

01 niagudu HOXoHh YOLeLd() *G'p
4 7'0 70 70 suHorgedid BH ‘p'p
210 paIOTOgENOdN
ouHegogLOHaMdsg0)) ‘¢'p
£0 8C°0 €0 4 dAOUH TV
- 71 S0 1°0 eLUISdM SMHSMIBIOL] ‘'Y
urragudu
HOLOMA auHaLaradine ¥y
89°1 89°1 0°'1 [<) qri9oHdu BR1OHR C'¢
7L 7L b0 70 nrkgindu S IO PE
v'T b'C bh'l TL0 _aumondlfreg
81 81 801 $S°0 JL'H T¢
0‘9 0°'9 9°'¢ 81 oarorodtinodu eH iedieg ¢
:0J8H €Y
701 7°01 719 090‘c ( ¢'HIN) HHITBENLBIA 1O TOXO)T €
0001 0001 009 00€ (IA1m) A€ BXOAIME HRI[T| ¢
7'0-0D 7'0-9D 7°0-0D 7'0-9D +C 0-SO| *20-SN SHHaIgRdIA BH ‘p']
g‘1-0D | (€°€x)8° 10D | (€°€x)8'1-0D| (2X)8'1-0D «81-SN ogroogenodu B '¢']
21°0-0D +ST-SN eardrogenodll SUH090() ‘7' ]
€0-0D 87°0-0D €0-0D 700D +€°0-SN | *€0-SNA
x0‘1-SN dAOUH 'T'1
29IOMh WOL € ‘( § "HIW)
T €7 €7 77 €z 0‘c ouHeg0dUoHEHU} SOWHITOXQOST] I
1002 000¢ 6661 8661 L661 9661 nursIeERMOoly | HO
9 S 14 13 [4 I 1970 ] NN

KUHVIOIUDHVHU® U VELOTOIEVOdLI MUITVENHV.IJO HVILI

532



O LINHA %

‘BUHVAOdNDHVHA® ANHAITMDA —
4OdLHAI XI9HdATE XMIDNNDI0d
 XVIDHVINUJANY 9OLOVIVUAITAL UUITNDA BUIIVALHAITHO —
9LVI0O91LI90D01) LAION UNIIVENL VAIIdANINON OIMHAJONDA *

I9HAINAd LAY A9

ENAJdd E::s<%s§ 4 AM9dOLOM ‘NArIOdII XMIDHARNIOIOHXAL

U XIDIDAhTAGOL VIJALVIN VITEd ML) OHHANTAd MOHRhOLVIDOITH
V€ - €1 BDLAVIMXJATD €LOL BUITVEULVAIIIANINOY *

A€ VLI WOMNHIId NI99MhUOLDA LAVIVIFI0 BMDDOd *

€LOL VH A€ MNLO9VJEVd BI'YY WOI'VIITHALOII WIIHhO.LVIDOI
LOIVIVI'90 NNDD0d VINOLVHUIN BULENJINTAJI A ®LUNHY °

NOMLOIVIEVd TOMDTRMHXAL
- OHhAVH HOHHANAJIO0D MOHIO.1I99 VI HOHAULIALIDJALT
‘MOHXAYVH BDLOIEI'SE €LOL VH NNI0HVIDAOIJTHE *

HAAHAhOIITAVE 'TA

533



S661 1Pquivydog —onbranbnqry

786€ TTL (1SE) L Puoyd

NS TAILD 0L TINO®DNAYV “TIVIN g
LLOT €2L(1SE) - LXVA

vissny 'S¢ 'O'd

UOISoY SulqRARYD "YSUIYZIUS (LY9SY

$OOURIIG JO “I(] ‘pro] Atojuroqef ).JOS — Adreyny) o ‘A
$92UD10S JO “I(T “ISISO[OUYI ], JAIY,) — ASYISIIY "N ‘NA

‘NOLLVZI'TVIDUYAININOD DA0S ANV NOILVIOIVTIOD
TVIINHOAL ® JDULINAIDS NO STVSOdOoidd
"ALLIINA NI (DAOS)

STTAD TANA AAIXO- AI'TOS 40 INAINJOTIATA
ANV SNOILVOILLSAANI DIALLNAIDS 40 NVIDOAd

(ALIINA — DONHY)
SOISAHd TVIINHDAL A0 ALNLILSNI HOYVASAY NVISSNU-T1V
— WALNAD ¥VATIONN TVIAAId NVISSNY

534



ALLIINA %

‘NOISNIONOD 'IA
‘NOLLVIUD ASIAJYLLNI LNIOF NO STVSOdOdd 40 LDALOUd "A
'NOILLVIOIVTTOD 40 SNOLLOHAIA "Al
"SLSOD ‘NOILLVILLSA LANAVIA 'HI
‘NOLLDNAOUd SHATYHAS 4O NOLLVIHJO OLNI ONLLLAd s
SHTAINVS TVINTATIAIXT 4O NOLLVOLLSTANI ANV HANLOVANNVIA ¥
NOILLDHAIA IONINDISHA "¢
NOLLOHIIA TYOIDOTONHOUL T
NOLLOTIIAd HOUVASHY STVIHHLVIA '
SSINTNAOTIATA HO HLV.LS ANV SNOLLVDILLSIANI 40 AVAIO U Il
‘NOLLINAOY.LNI I

SINAILNOD

535




ALIINA %

*STANA AJAL INAYTAAIA 40 HIVSN

AALAAVS TVIIDO0TODH

ew ~AAANTNE NN, NACRWRAN -
CAODNHIJIHAN K1 Jiax

. ‘SOLLSIYALDVAVHO
Uﬁ:UM&m,mZO_mZm:}:QAHAUZ_,_L<OU><~Emvmm:UOw_OZ-Um—H OHUZ<>Q<10

(AT ADIAYAS) ALITIGVINGA < (SOIAVIAD ) ALATOALDITH AI'T0S

:SHOVINVAAYV TVNOLLVIAJO FTdVNOILSANONN JIHHL OL
1A AOVSN TVIDITINNOD ATTH.L NI FAILDAJSTAd LSOW THL HAV DH0S T

(ALTAVS TVIIDOTODU
ADNADLAA ) TYNLNA LSTAVAN THL 40 ONTHTANIONHT ¥IMO0d FHL NI

INANATE INVLIOJNI LSO THL 34 T1IA ANV ONTITANIONT ¥IMOd
AVA-INASTA AHL NI ADVITd LNVIIAINDIS V ZAVH (D4 ) STTHAD TANA 1

NOLLDNAOULNI 1

536



TLHNA
% dWIL LSFHVIN FHL NI dIATTOS
34 T1IM SWFT1d0dd ISFHL LVHL 1VHOd0HdH40I SININIHIdXT
OSTV ANV DNIHYFINIONT ‘GONIIOS 40 LNINJOTINTA ¥

"‘SUHHNNASNOD OL SINHNAAUILIY

A0 NOLLVILSNOWHA TviHd *
SSHUNLDNYLS TVIDUITNINOD
LIA SLOACOUd INIOL HILL NI SLHOA4H
SUYHILNHD YVIIONN NVOIIAIY

ANV NVISSNY 4O ONILLVUIDHLNI e "SLSOD e
‘INFINdOTIAIA NI SLSI'TVIDAdS ‘SHIDOTONHDIL
SYALNHD dVHTIONN 40 ONIATTOANI * JO ALIDMHIDHJS ANV ALIXHTdINOD *

*ONIDNVNIA ‘SINAT90Ud

(O ONIDNVHNA ANV NOLLVILNIDNOD e ADOTONHOHAL STVIIALVIA 4O JHAINNN V *

‘NO SANAdHd A0 ASNVIOHE AANIV Y LSHH ST

NOILVZI'TVIDUHININOD DA0S LNASHId LV 't

537




Jd AdIXo-diI'tos
NO disvd dd

AAdNLONYALS
ALIINA % NVIDOUd

NOILVZILVINOLNY

oL |
HLVNOGUVD-LTAIN
NO diIsvd dd

ANV TOUINO.) 4O SNVHIN

_..II — _ DA ALV SNOYOIHdSOHJ
NOILLVIANADANU

L NO GESVE dd
ANV d49VIOLS SN
NADOUAAI YOd SIWHLSAS

D4 HHNATOd-dI'TOS
NO diasvd dd

NOILVZITILN LVAH
JO4d SWHLSAS

DA UNITVATY
NO dasvi dd

AT1ddNS HIMOd
AdVANOIIS 40 SHIUNOS

4 TONVHLINW
NO diaSvd dd

NOILVIVdAdd
TANA HOA m-zm%@»m

(1) ST1AD 1ANA NO aASve
(dd) SINVId WAAOd A0 NOLLINAOUD

SARAS O.LNI ONLLLAE ANY AINAINJAOTAANA

661 NI NVIDOAd XH'TdINODI TVIDOHIS V
JHAOUAAY SYVH ADUANA DITINOLY HOAd AHLSINIIA 1Y

538



A LIINA %

NOLLONAOUd SHIFAS O.LNI ONILLNd '$°C
SHTdIANVS TV.LINHAN—IAAXHT HO SNOLLVOLLSHANI ANV HUNLOVANNVIN +°C
SNOLLOOQYLSNOD HO INHINJOTIAHA "€°C
SATDOTONHIAL 40 INANJOTHAHA "T°T
SNOLLVODILLSHANI ADOTONHOHL STTVIIALVIA “1°C
‘SNOILLOHIIA DISVE —
"« 2405 40 SISV HH.L
NO (dd ) SINVTId ¥4MOd 40 NOLLDNAOUd SATIAS ANV INTINJOTIAHAA »
— SNOILVIOILSHANI ALIINA O dTHI4 ANV TVOD NIVIA —

LNHINJOTHAHA ANV SNOILVILLSHANI HLIINA 4O A'THIA '11

539




£O%A 94 ‘1D SAOTTV ‘S1(0D)1D dd — AAIS NAHDAXO AHL NO —

ISTTHA HHL NO —

a

S0} IN — @
SAVAT LNAYAND (p
STA < WNLINOYLS - WANVHINVT - ALINVONVIA
A0 SISVA AHL NO NOILLISOdNOD — (AJOH.LVD) dAOALIA'TA dIV (@

ZSA + IN <7ZSA SOIAVIAD DILATOYLOATH ANV
IN 40 SISV] dH.L NO NOLLISOdINOD — (AAONV) AAOUIDATH TaNA (4

ZSA < HAIXO NNI™LLA
A4 AZITIAVLS AdIX0Id WNINODYUIZ — ALATOULDATH AdI'TOS ASvd (8

*‘SNOLLVOLLSHANI ADOTONHIHL mw_<-—ﬁh<2®

540



ALIINA %
'SNOLLDANNOD HIAHL ANV STVINALVW

TVINIDNALS SAVAT INAYAND ‘SONILVOD HAAOYIDATH
SALATOILDATA arios ¥0:d  STVINALVIN  AALLDHAAH
JYOW A0 HOUVAS OL LOAdSAY HILIM dANWAOLdAd
ATINVISNOD HYV SNOILLVOLLSAANI AHL ALINA NI

SHLVDI'TIS DINVOYO

‘CIZVTD  SYAATOS AYNLVIAJNAL-HOIH

“ EOYV FOIS o 0B ‘SNOILIAAV HLIM Otd 40 SISVE NO
SNOLLISOdINOD — SANNOJINOD DNITVES U

"SAOT1V ANV STAALS INV.LSISTY-LVIAH © tOYV ¢ OIS ‘(0®D) tO%A + 017

AO SISVA HH.L NO SOINVIAD — SANNOJINOD TVINLINALS (@

541




@ DEVELOPMENT OF TECHNOLOGIES

DEVELOPMENT OF TECHNOLOGIES COVERS THE
WHOLE CYCLE OF INITIAL MATERIALS
PREPARATION, FC MANUFACTURE, ASSEMBLING
OF SOFC MODULES, ELECTROCHEMICAL
GENERATORS AND POWER PLANTS ON THEIR BASIS
AND SUBSEQUENT CONTROL AND TESTS.

MATERIALS .
B |
1 le
| MANUFACTURE | —
i | .
MANUFACTURE e
OF FC BLOCKS —.
MANUFACTURE
OF -
ELECTROCHEMICAL| <.
GENERATORS. |
| POWER PLANTS p
on! :
i

obtaining of powders

making up compositions of powders

synthesis of powder compositions

grind, separation of powders

methods to control quality

preparation of compositions with thermoplastic
binders

molding of structural details (casting, pressing,
rolling)

annealing, caking

machining of ceramics

making of electrode coatings, caking
ion-plasma technologies for coating electrode
layers

methods to control the quality and the
characteristics of FC

connection of the construction elements by the
method of high-temperature hermetic sealing,
soldering, welding

methods to control quality, hermetic sealing and
FC block characteristics

technology for manufacturing and assembling the
elements of the construction. gas pipelines,
thermal insulation. body (case)

methods to control quality

technologies to investigate power plants
characteristics

technologies for enriching natural fuel
technologies for heat utilization

technologies for energy conversion

\/
\V&\ VNIITF
@
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ll. ASSESSMENT OF COMMODITY MARKET
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SCHEME
OF MAIN GAS PIPELINES OF THE ENTERPRISE
“TYUMENTRANSGAS” (1994)
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" PREDICTED COMMERCIAL PRICE
FOR POWER PLANT OF 1 kW POWER

Designation of expenses Cost
(in thous.USD)
1 . Materials 1,5
2 Wages 2.1
3 Taxes( 39 % .item2) 0.82
4  {Payment for resources (energy, 1,58

gas, heat, water, equipment)
75% .item?2

5 Net cost 6.0
6 Profit ( 40%.item35) 2.4
7 Profit tax( 30%.item6) 0,72
8 Net profit (6 - 7) 1,68
9 Price of manufacture (5+6) 3.4
10 | Value-added tax ( 21.5 %.item8 ) 1,8
11 Commercial price (9+10) 10,2

BHUUTD
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THE MAIN DIRECTIONS IN TECHNOLOGY INVESTIGATIONS
OF SOLID OXIDE FUEL CELLS IN RUSSIAN FEDERAL RESEARCH CENTER
INSTITUTE OF PHYSICS & POWER ENGINEERING (IPPE)

J.I.Ievleva, V.P.Kolesnikov, G.S.Mezheritsky, I.M.Saratov,
I.N.Prilezhaeva, A.N.Ryzhkov, N.N.Haveev, N.I.Hramushin.

Abstract.

The main directions of science investigations for creation
of efficient solid oxide fuel cells (SOFC) in IPPE are considered
in this work.

The development program of planar SOFC with thin-film elect-
rolyte is shown.

General design schemes of experimental SOFC unlts are pre-
senfted.

The flow diagrams of processes for initial materials and
electrodes fabrication are shown.

The results of investigations for creation thin-film solid
oxide electrolyte at porous cathode by magnetron sputtering from
complex metal target in oxidative environment are presented.

Introduction.

The development of fuel cells (FC) and electrochemical gene-
rators (ECG) is the worth-while work for power production. The
electrochemical power plants are expected for successfully compe-
te with turbogenerators by 2010 [1,2].

The electrochemical power plants prov1de more wide power
range (from 1 kW to hundreds MW) than nuclear power reactor ones
being used as high power stations [R]. The governments of many
countries give financial backing for FC national programs.

Solid oxide fuel cells provide following advantages: no
electrolyte lose, high power density characteristics, low cost of
electrode materials, hydrocarbon fuel, not so unsolvable corrosi-
on problem.

The success in development of thin film fuel cells design
and results of Westighouse’s ECG testing roused interest to SOFS.
They reached very high SOFC resource (time of single SOFC testing
was more than 50000 hours) with output parameters degradation
0. 5%.

The SOFC investigations carried out by Russian Federal Rese-
arch Center Institute of Physics & Power Engineering (IPPE) in
frames of special joint Ministry of Russian Federation for Atomic
Energy program are discribed in this paper.
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Previous experience in ceramic insulation development, coa-
ting technology for thermionic fuel elements, solid electrolytes
YSZ (Zr0,-Y,0;) technology for oxygen sensors gave a good ground
for this research.

In IPPE experimental resources of suitable level were crea-
ted, the experience of work in material synthesis and in ceramic
products with required properties fabrication was accumulated,
many tasks in field of ceramic-metal composition under high tem-
peratures were solved, there are high experience scientists. The
tasks in corrosion strength of electrodes, leads, interconnectors
and other parts of SOFC are solving now.

The experimental SOFCs were designed, testing procedures
were developed, reconsruction of the equipment was made in IPPE.
New technologies for material synthesis, layer forming and speci-
mens fabrication are under development. One of experimental SOFC
with supporting electrolyte was fabricated and tested.

For getting SOFC following technology tasks have to be sol-
ved:

- preparation of solid electrolyte gas-tight films with op-
timized thickness;

- composition of cathode and anode materials with required
properties;

- creation of solid electrolyte and electrodes multilayer
structures where each layer material does not change its proper-
ties;

- development of additional catalyser layers for reaching
better SOFC characteristics.

Fig.1 presents main research directions for creation of high
efficient SOFC by IPPE and Russian Federal Nuclear Center Insti-
tute of Technical Physics (VNIITF).

The development SOFC program in IPPE and VNIITF is shown at
Fig. 2.

General design schemes of experimental SOFC.

The construction unit of experimental single planar SOFC
(Fig.3) is separator, which divides air volume from fuel one.
Supporting part of separator is porous lead with required conduc-
tivity. Air electrode layer, for example La,Sry_,MnO; (LSM), so0-
1id electrolyte layer YSZ and anode layer (porous cermet Ni +
YSZ) are sputtered one after another on porous lead -by special
method. Porous lead is connected hermetically to separator box
fabricated of special heat-resistant steel or ceramic. Thermal
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expansion coefficient of separator and lead are similar. Oxidant
inlet and outlet are organized in separator box. Separator box
serves as positive interconnector.

Multilayer structure may be formed at porous lead hermeti-
cally sealed +to0 separator or the structure may be formed before
connecting to separator. SOFC’s surface is covered with gas-tight
insulator to prevent direct ox/red contact.

Outer size of solid oxide elecrtolyte is up to 60 mm. Its
thickness is 10-300 mm (depending on technology). The separator
height is about 3.5 mm.

Fig.4 shows structural model of experimental SOFC battery.
The battery consists of 20-25 cells and generates output voltage
about 12 V. Series connection of cells provides elastic contact
for fuel/anode interaction. Fuel flow inside battery provides re-
moving of reaction products. Battery interconnectors provide com-
mutation 1in ECG stack. Experimental ECG sftack consists of seven
batteries inserted into hexagonal shell. There are pipes for fuel
and oxidant, interconnectors and special engineering equipment in
stack. Hexagonal packing is the most compact to arrange batteries
into stack if different electrical power is required.

The main directions in technology investigations.

Three main technologies for planar SOFC electrode forming
are studing now:

- magnetron creation of thin-film gas-tight solid oxide
electrolyte and porous anode (Ni/YSZ) at cathode (LSM) as suppor-
ting substrate;

- electrochemical vapor deposition from gas (EVD) for
thin-film so0lid oxide electrolyte at supporting substrate - cat-
hode (LSM) - forming with further anode layer (Ni/YSZ) sputtering
by magnetron method;

- ceramic (powder) method for electrode, electrolyte and all
multilayer structure forming.

Extensive studies are carried out in these areas.

such methods are wide applicable in USA and Japan science
centers [6-8]. We’ll give more detail discripltion of ceramic
technology and magnetron method.

Ceramic (powder) technologies are the base for obtaining of
porous supporting LSM or YSZ substrate for SOFC multilayer struc-
ture forming by different methods.

Classic solid electrolyte YSZ fabrication process (Fig.6) is
applicable for supporting unit. The technology developed allows
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to obtain vacuum-tight homogeneous ceramic with density up to 98%
of theoretical one and with thickness more than 0.25 mm. Stable
homogeneous structure and purity of original materials are gua-
ranted by thechnology. Vacuum sintering at 1900°C and firing at
1200°C using for restoration of stechiometry are the final opera-
tions in process. Heterogeneous interaction method provides con-
ditions for solid Zr0,-Y,0; solution (YSZ) preparation at low
temperatures and is suitable for temperature decreasing during
powder fabrication. Lowhydrated zirconium oxyhydroxide obtained
from zirconyl oxychloride and hydrous solution of yttrium chlori-
de are the initial materials. Chemical reactions in heterogeneous
systems cause new phases of zirconium oxyhydroxide with cation
and anion substitution. Specific surface of powders prepared with
this method are 20...50 m?®/g and theymay be sintered up to theo-
retical density at 1500°C. These powders are suitable for suppor-
ting element and solid electrolyte fabrication.

The method for YSZ thin films creation by sol-gel process
based on hydrosol obtaining from zirconia and yttrium oxide by
autoclave hydrolysis is developing now. Semitransparent films of
»8um thickness are the result of sols drying at leucosapphire
sheet and sintering at 1400°C.

LSM powder fabrication ceramic technology prevents impuriti-
es at all steps of process. It was achieved by special lining of
inner surfaces of equipment at mixing, crushing and grinding
steps. LSM structure synthesis is realized in closed volume with
addition of oxygen. This process may be combined with sintering
when LSM is used as supporting electrode.

Porosity of Ni/YSZ cermet is controlled by thermal treatment
conditions and by dispersion of initial powder. Required porosity
may be reached by using of monofractional and spherical powders.
Technological diagram of fuel electrode is presented at Fig.8.

Thin layer of YSZ solid electrolyte creation
by magnetron sputtering of metals in oxidative environment
and further improvment of the method.

For obtaining of YSZ solid electrolyte layer on substrate
(supporting element) high-frequency discharge have to be ignited
at cathode. The cathode is the target with surface S=S;+S, where
Sy 1s the zirconium surface and S, is yttrium one. Argon/oxygen
environment composition and 3; to S, ratio were governed by plas-
ma composition dependence on zirconium and yttrium sputtering ef-
ficiency. Sputtered atoms and ions condense on substrate and they
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are oxidated at the surface by ionizated and exited oxygen atoms.
Unbalanced magnetic field between target and substrate increases
flows of electrons and negative ions to substrate which is posi-
tive relative to magnetron cathode. The layer density may be inc-
reased by applying of positive relative to magnetron anode cons-
tant electrical field.

Developed configuration of magnetic field and experimental
determined S;/S, ratio provide stabilized YSZ layers of cubic
structure with 2 pum/hour rate of deposition and 4-15 mol% Y,03
on substrate.

X-ray photoelectron spectroscopy testing results for sputte-
red layer are presented at Fig.9. It shows that layer contains
as zirconia Zr0, so intermediate 2zirconium oxides and highest
yttrium oxide. These tests are based on Zrzg and Ys;4 peaks synt-
hesis of different oxides by Shirly’s method. The magnetron met-
hod gives possibility for oxides stechiometry variation by chan-
ging conditions and environment.

The morphology of surfaces of LSM substrate and YSZ sputfe-
red layer and their structure were tested by scanner ASID-4D of
electron microscope JEM-100CX under accelerating voltage of 40KkV.

The tests showed that LSM matrix is of porous structure with
facet cutted grains of 3-6 um size and includes many pores of ot-
her shape (Fig.10a). The texture of Y3Z layer surface 1s more
shaped and is formed by rounded cones (Fig.10b). The cones diame-
ter is about 1-10 pm and height is about 0.5-3.0 pm. The pores in
top surface of YSZ are not detected.

The bottom part of YSZ layer is of colomnar cristal structu-
re coupled with substrate (Fig.11a). It was discovered by testing
of cross sectional microstructure of specimens with YSZ coating.
The thickness of coating is 6-8 um. The pores in sputtered layer
of YSZ are not detected. Local pores are detected 1in interface
"substrate-coating" (Fig.11b) at the substrate frontier.

Our method provides higher rate of deposition than magnetron
sputtering of solid oxide targets method where deposed layer com-
position is fixed by target composition.

Developing thin-film SOFC technology we were based on follo-
wing conception: the efficiency and resource improvement may be
achieved by using of superthin SOFC layers and by their high pu-
rity.

Magnetron method may be used for following purposes in SOFC
technology:

- deposition of complex compositions by congruent sputtering
of target materials;

- mixed oxides preparation by sputerring of complex metal
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targets in active environments;

- ion cleaning of surfaces;

- ion etching of surfaces;

~ preparation of superthin interface layers connected with
main layer.

This method allows to optimize compositions and to 1ncrease
the interface of SOFC parts. Continuous process of SOFC fabrica-
tion by magnetron method is shown at Fig.12. The separator serves
as supporting element. This process includes following operati-
ons:

- ion cleaning or etching of separator surface using high
energy ion beam;

- magnetron creation of porous LSM layer (20-50pm);

- ion sintering of LSM layer;

- magnetron synthesis of additional cathode catalyser layer;

- magnetron synthesis of thin-film YSZ electrolyte by
high-frequency deposition from metal target;

- ion sintering of YSZ layer;

- interface layer of SOFC anode catalyst preparation;

- sputtering of SOFC main anode layer.

Now we study the possibility of further increasing of rate
of deposition using additional discharges which provide the fumes
of main materials. We study also new method of densifying of
sputtered layers applying constant and alternating voltage.

Microelectronic methods are used for optimizing of SOFC
structure.

Such methods as electron and infrared specrtoscopy, pho-
to-emission and impedance specrtoscopy, time-of-flight
mass-spectometry with laser induced ion probe, pulse methods and
voltage/current characteristics examining are used in studing of
cathode/anode processes. Now it 1s necessary to develop mul-
ti-purpose SOFC diagnostic methods for using during fabrication
and operation.

sSummary.

High technical advantages of SOFCs show that they will be
wide used for energy purposes.

The good technological ground and expirience in fabrication
and testing of hightemperature sources of electric power were ac-
cumulated in IPPE during thermionic converters of "TOPAZ" type
creation. We also have an experince in development binar ceramic
systems of "insulator-solid oxide electrolyte" type that allow to
fabricate hermetic ceramic-metal units for SOFC.
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The wide application of thin-film technologies (magnetron
sputtering and EVD) can result in decreasing of gas-tight YSZ
film thickness and correspondently operating temperature decrea-
sing and SOFC durability increasing.

Our opinion is that now the cooperation of scientists from
IPPE and designers of EVD and magnetron sputtering methods from
USA is very desirable. Such cooperation can result in creation of
special magnetron devices with high rate of deposition. This idea
is under development in our institute. It may be also developed
new SOFC techndlogy including additional layer of cathode and
anode catalysts. The cooperation can be arranged also in design
of diagnostic and testing devices.

We hope that the contents of this paper engage the scien-
tists of Russia and USA to integrate their efforts in order to
solve technical problem of SOFC and possibility of commercial
use.
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Fig.3. Schematic design of experimental SOFC.

1 - separator box; 2 - oxidant inlet; 3 - oxidant outlef;
L - hermetic unit; 5 - poruos lead; 6 - air electrode;
7 - solid oxide electrolyte; 8 - fuel electrode; 9 - gas-tight insulator.
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Fig.4. Structural model of experimental SOFC battery.

1 - cells; 2 - elastic connection; 3 - insulation:;
L - heater; 5,6 - heater leads; 7 - inlef fuel pipe;
8 - outlet fuel pipe; 9 - outlet oxidant pipe;

10 ~ inlet oxidant pipe; 11,12 - SOFC battery leads.
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Fig.5. Structural model of ECG experimental madule.

1 - SOFC battery; 2 - module shell (thermoinsulator);
3 -lead; &4 -lead; 5 - fuel inlet;
6 - oxidanf outlef; 7 - fuel outlet; 8 - oxidant inlef.
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Initial powder Initial powder
of Zr0, of Y,05

Mixing

Briquetting

Synthesis at T=1750°C

‘ Specific surface
Crushing and grinding [ testing
Thermoplast slip Paste preparation Hydroorganic agents
Plate casting ; Moulding Film casting

Preliminary burning
at T=1200°C

High temperature
burning at T=1900°C

Oxidizing ailr
burning at T=1200°C

Density, porosity and
gas-tightness testing

Fig.6. Solid electrolyte fabrication flow diagram.
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Initial powder
of manganese sol

Initial powder
of strontium sol

Calcining

rJ [

—
Mixing
(24 hours)

X-ray phase
analysis

Mn, 03

Briquetting
I

Air synthesis
at 1450°C

Initial powder Initial powder
of lanthanum of manganese sol
hydroxide .
l
Calcining Calcining
11 I
I |
X-ray phase X-ray phase
analysis Mixing analysis
La, 03 (24 hours) 203
Briquetting

Air synthesis
at 1300°C

Crushing and grinding

Crushing and grinding

Calcining at 700°C

Calcining at 700°C

X-ray phase
analysis SrMn0;

X-ray phase
analysis LaMnOj

LaMn0; and SrMn0O; mixing

[
Drying
I

Briquetting

Synthesis at 1100°C in oxygen

Crushing and grinding

X-ray phase analysis
Lay _4 STy Mn0;

[

Specific surface
testing

Ready powder

Fig.7. Flow diagram of powder for air electrode fabrication process.
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Initial powder

Powder of stabilized

Initial powder

of NiO Zr0, Y, 05 of carbonized Ni
I | | |
Testing of Grinding and Grinding and Testing of
specific surface— mixing mixing — specific surface
Drying Drying
| I
I I
Supporting Paste Paste supporting

electrode preparation preparation electrode
forming forming

l |

Air Coat Coat Vacuum
sinfering forming forming sintering
Coat fusing Coat fusing

Density, porosity testing
and X-ray phase analysis

Fig.8. Fuel electrode fabrication flow diagram.
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Fig.9. YSZ film spectrum.
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Fig.10. The morphology of surfaces: a) LSM substrate;
b) YSZ layer.

a) x 2000 b) =x 600C

Fig.11. The cross sectional microstructure
of LSM matrix and YSZ layer.
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OCHOBHBE HAIIPABJEHUA TEXHOJIOTMYECKUX PA3PABOTOK W WCCIENOBAHUA
TOIJIMBHLIX 3JIEMEHTOB C TBEPJIOOKCUIHEM 3JIEKTPOJIATOM B IHI PO @®3U

m. 1. NeBneBa, B.II. KojecHuko, I'.C.Mexepuukuii, U.M.CapaTos,
W.H.IllpunexaeBa, A.H.PwkkoB, H.H.XaseeB, H.U. Xpamyums.

AHHOTAlYA.

B paboTe paccMOTpeHH OCHOBHHE HaNpaBJIeHUs HAYYHHX MCCJieJOBAHUM
I'HIf P& ®3U 1m0 co3JaHun 3QQeKTHBHHX TOIJMBHHX 9JEMEHTOB C TBEPOOOK-
CUIHEM 3JIEKTPOJUTOM.

llokazaHa IuHaMuKa pas3BUTHA PaGoT Mo IUaHapHEM TOTI ¢ TOHKOIJIE—
HOYHHM 3JIEKTPOJIITOM.

[lpuBelieHs NMPUHUUNHANBHEE KOHCTPYKTUBHHE CXEMH 3KCIEePUMEHTAJBbHBIX
TOIJIUBHEX 3JIEMEHTOB.

PacCMOTDEHH HEKOTODHE TEXHOJIOTMYECKHE CXEMH IIPOLIeCCOB W3I'0TOB-
JIEHUS] MCXOJHHX MaTepyalioB U 3JIeKTPOJOB.

[IpencTaByieHH Pe3yJbTATH HCCJENOBaHUNA M0 QOPMUPOBAHUI TOHKOILIE—
HOYHOI'0O TBEPAOOKCHIHOTO 3JIEKTPOJIATA Ha IIOPUCTOM KaToe MEeTOoIOM MaI-
HETPOHHOI'0 DACIbUIEHUs] ¢ COCTABHOW METANIMYECKO! MUWEHW B KHCJOPOLCO-

Jepxallei cpene.
BBeneHnue.

PaspaboTKa W HCC.JeloBaHWe TOIUIMBHHX 3JeMeHTOB (T3), Cco3IaHue
JJIEKTPOXUMUYECKUX T'EHERATOpPOB (3XI') Ha HX OCHOBE OTKPHBAET HOBHE
[IEPCIEKTUBE B IIPOU3EOACTBE 3JIEKTPUYECKOH 3Hepruu. [0 NporHO3aM K
2010 Tomy 3MEeKTPOXUMUUSCKUE SHEPrOYCTaHOBKY (33Y) 6yIyT YCIEWHO KOH-
KYpUpoBaTh C YCTaHOBKZMH Ha OCHOBe TypOoreHepaTopoB [1,2].

Kak MCTOYHWK 3JEKTPOSHEepruu 33Y uMenT GoJee WAPOKY®w 00J1aCTh
JpuMeHeHus (0T emuHull KBT 10 coTeH MBT) 0 CpaBHEHHN C YCTaHOBKaMU
Ha OCHOBE SJIEpHEX PEaKTOpPOB, KOTOpPHE MOI'YT OHTh peaju30BaHH JUUL Kak
KPYIHHE aTOMHBE 3JIEKTLiYecKue cTaHiuu [2]. B HacTosiee BpeMsl MHOI'We
CTpaHH UMENT HallMOHAJBHEHEe NporpaMMbl 0 T3, (QUHaHCHpYyeMbe U3 OCoaxeT-
HHX CPENCTB.

JOCTOMHCTBOM TOILGBHHX 2JIeMEHTOB C TBEDIOOKCHUAHHM  3JIEKTPOJUTOM
(TOT3) saABAsieTCA: OTCYTCTBHE YTEUKH U HCHADEeHWs SJEKTPOJIITA, BHCOKUE
yIeJibHEE BECOBHE XapPaKTEPUCTIHKU, HCKJOYEHUe NpUMEHEHHs] HOPOT0CTOSIIX
KaTaJUTUYECKUX BJIEKTPCIOB U3 OJArOpOJHHX MEeTasuloB, BO3MOXHOCTb UG-
T10JIb30BaHAST  YIIEBOLOLJIHOTC TOILIMBA ¥ HE CTOJb OCTpas mpobJemMa Kop-
pO3un.

BospacTanne uHTepeca K TOT3 B MocjelHee BpeMsl CBSI3aHO C JOCTU-
HXEHMAMH B Da3pab0TKe KOHCTPYKLMH TOHKOIUIEHOYHHX T3 M ¢ peayJbTaTaMmu
ucnuTaHuy OXI' @upMb iestinghouse. QupMoil MOJIyYeHH HEIpPeB30HIEeHHHE
pea3yJpTaTH 10 pecypcy -0T3 [3,4] (ucnHTaHUA eIMHUYHEX TOT3 mpouu
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pyb6ex 50 000 yacoB) ¢ IerpajaliMeli BHXOIHHX NapaMeTpoB 0.5% 3a 1000
YacoB.

TCoCcyZapCTBEHHH HAy4HHI LIEHTpP Poccuiickodl denepaluy QU3MKO-dHEP-
reTudeckuil MHCTUTYT (CHI PO ®3M) HauaJ 3aHUMATLCS NpOGJEeMOd TOIJIMB-
HHX 3JIEMEHTOB C TBEpIOOKCUIHEM 3JIEKTDOJUTOM CPaBHHTEJBHO HelaBHO. B
HacTosllee: BpeMsi 9Ta pa6oTa BeJeTcs B paMKax [eJieBO KOMIJIEKCHOH
NporpaMMbl MUHMCTEpPCTB& ATOMHOW SHEPruM POCCHACKOW Pellepalliy.

B uccJenoBaHusaX OHJM WCMOJb30BaHH HAY4YHO-TEXHWYECKHe JOCTUXEHUs
B paspab0TKe U UCCIEeJOBAHWM KEpaMHYeCKOW 3JIEKTPOU3O0JISUUA, TEXHOJIOTUH
[IJICHOK U TOKDPHTUA 3JIEKTPOT'EHEPUPYDIUX KaHajoB TEePMO3MUCCHOHHBIX IIpE-
06pa3oBaTeliell ¥ TEXHOJOTHE TBEPHOTO 3JEKTposuTa YSZ (Zr0;-Y,03) Z4Jd
JATYMKOB KUCJIOPOJA.

B MHCTUTYTE CO3JaHa JKClepUMeHTaJbHasg 06asa COOTBETCTBYNUETO
YpOBHS, HAKONJEH ONHT palOoTH II0 CHUHTEe3y MaTepualoB U H3T'0TOBJICHHN
KepaMiyecKux u3ZeJuil ¢ 3aJaHHBM KOMIJIEKCOM CBOMCTB, pPelleHH MHOTWe
BOIPOCH COeIVHEHNUs KepaMHKVM C MeTaJJIOM IIPH BHCOKUX pabodux TeMrepa-
Typax, MNOATOTOBJEHH BHCOKOKBAJIMQUIMPOBAHHEE CHEUUAJMCTE. PellanTes
BOIPOCH KOPPO3WOHHOW CTOMKOCTH 3JIEKTPONOB, TOKOBHBOLOB, KOMMYyTallUd U
IeTajeil KoHCTpykuuu TOTa.

BHIIOJIHEHH IIPOSKTHHE paboTH M0 3KCIEepUMEHTAJbHEM o0pasiam TOTo,
pa3paboTaHH INpOT'paMMbl M METOIWKYM HCIHTAHWUK, IPOBeIeHa NEePeoCHaCTKa
HCIHTATEJBHOTO ¥ TeXHOJOTMYecKoro o6opyloBaHus. HadaTo OCBOEHHE HO-
BHIX TEXHOJIOTMYECKHX I[IPOLECCOB II0 CUHTE3y MaTepuajioB, (QOpPMUPOBAHUD
CJIOEB ¥ W3TOTOBJIEHUD SKCHEpPUMEHTAJIbHHX 00pasioB. U3r0oTOBJIEH U IpOolie
WCIHTAHUA OIUH U3 BapHaHTOB SKClepuMeHTasbHoro obpasta TO0T3 ¢ Hecy-
UM 3JIEKTPOJUTOM. ‘

lipu coz3zauuu TOT3 B TEXHOJOTMYECKOM acleKTe pellanTcs CJashyolie
3aayYn:

- TIOJIyueHHe IIOTHHX Ta30HEelpOHUIIaeMHX IJIEHOK TBEepAOI'0  3JIeKTPOo-
JUTa, OITUMU3UPOBAHHHX II0 TOJIIMHE;

- CHHTE3 KATOIOHOI'0O M AHOJHOT'O0 MATepualjioB C 3aJaHHEM KOMILJIEKCOM
CBOHCTB;

- paspal0TKa TEeXHOJOTMYECKUX [PUEMOB CO3JaHisd  MHOTOCJIORHBEX
CTPYKTYD C COXPaHEeHMeM TEXHWYECKHMX XapaKTepUCTHUK MaTepuasoB TBEpAOro
9JIEKTPOJIUTa U 3JIEKTPOIOB;

- pa3paboTKa LONOJHUTEJbHHX IePeX0IHEX CJI0EB KaTaju3aTOpoB, MO-
BHUIALIWX XapakTepucTuku TOT3.

Ha puc.1 mpelcTaBJieHH OCHOBHHE HampaBJjieHus ucchepopanuit I'HL PO
@9 110 CO3IAHWN COBMECTHO C PoccuilcKuM QenepaJsbHHM SJEepHEM LEHTPOM
BCEpPOCCHICKYM HayYHO-UCCJeN0BATENbCKIM MHCTUTYTOM TEXHWYECKOW QU3UKY
(BHUNT®) s@dexTuBHHX TOT3.

Ha puc.2 mokasaHa IuHaMuKa pasBuTHs paboT I'HI P® ®3M mo cosza-
HUI0 COBMeCTHO ¢ BHUMT® TOMMBHHX 3JIEMEHTOB C TBEPJOOKCHJIHHM 3JIEKTDPO-

JIUTOM.
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[IpuHIMNUANBHEE KOHCTPYKTUBHHE CXEMH
9KCIepuMeHTaJibHOrO TOT3.

OCHOBHBM 3JIEMEHTOM 3KCIIEDUMEHTAJIbHOT'0 OJHO3JIEMEHTHOI'0 MJaHapHO-
ro TOTa (puc.3) SBJASETCS CEMNapaTop, OTIENNUUA BO3AYUWHYKH I0JIOGTH OT
TONJMBHOX. OCHOBaHHE cenapaTopa - MOPUCTHNA TOKOChEM U3 MaTepuaa ¢
JOCTATOYHOH TIPOBOJUMOCTBI, HA KOTOPHE [0 OIpeJieJIEHHON TeXHOJIOI'MU Ha-
NHIANTCA  TIOCJEJNOBATENBHO CJIOM BO3AYWHOT'0 3JIEKTPOla, Hanpumep -
La,Sry_,MnO; (LSM), TBEpAOro 3JEKTPOJUTA YSZ U aHOZa (IOPUCTHN Kep-
MeT Ni + YSZ). [lopHCTHI TOKOCHEM COEIUHEH I'epMEeTUYHO C KOPIIYCOM ce-
napaTopa, BHIOJHEHHOT'O K3 CHNEelHaJlbHOT'0 #apOCTONKOI'0 CIiaBa MJIM Kepa-
MUKY, TIpU4YeM KO3(QUUMEHTH TEpPMUYECKOr'0 pacllipeHWs MaTepuaja cenapa-
TOpa ¥ TOKOCheMa OJW3KM MexIy co0oil. CemapaTop ¢ JIBYX CTODOH MMeeT
ra3oxofs IJd ToJBoJa U 0TBOJA OKMCJUTEJNs (KUCJIOPOL Bo3nyxa). Kopmyc
cemapaTopa SBJIeTCS NOJIORUTEJbHEM TOKOBHBOJIOM.

B 3aBuCHMOCTY OT BHODAHHOW TEXHOJOT'MY MHOT'OCJIONHAS KOHCTDYKLUS
BHIIOJIHAETCS J00 Ha TOKOChEMe, I'epMeTHYHO COeIVHEHHOM C CelapaTopoM,
Jub0 coelUHEHUE BHIOJHSETCS IMOCJe aBTOHOMHOT'O (QOpMHpOBaHHS MHOI'OC-
JIOMHO# KOHCTpYKUmM TOT3. I NpenoTBpalleHHs IPSMOT0 KOHTAKTa OKUCJIV-
Tessd C BOCCTAHOBHUTEJIEM MO O0KOBOW MOBEPXHOCTH TOT3 HAHOCHUTCS CJION
ra30IlJIOTHOT'0 U30JIITOpA.

JuaMeTp TOIJIMBHOT'O 3JIEMEHTA [0 TBEPIOOKCHUIHOMY 3JIEKTDOJHUTY — IO
60 MM, ToOJIHHA TBEpPIOT'0 2JeKTpoJuTa oT 10 mo 300 MKM (B 3aBUCUMOCTHU
OT TEeXHOJIOTHW), BHCOT& CelapaTopa Mopsika 3.5 MM.

Ha puc. 4 mnpuBeJieHa NPUHUKINAJNbHAS KOHCTDYKTUBHAS CXEeMa 3KCIepH-
MeHTaJbHO# OGaTapen TOT3. Barapes colepxdT 10 20 — 25 3JeMeHTOB U
paccuuTaHa Ha BHXOIHOE HalpsikeHue mnopsika 12 B. IlocjiefoBaTeJsibHOE CO-
elUHeHUe 9JIeMeHTOB olecleuyBaeT YOPYTHil KOHTAKT, obecleuuBabliiil oc-
TYI TOIJIMBA K aHOLy. BHYTpu OaTapey OpraHU30BaH HAalpaBJIEHHHH IIOTOK
TOILIBE IJd YHaJieHusl NPOAYKTOB peaklMK. baTapesd uUMeeT BHENHHE TOKO-
BHBOJE, oOecrneurBapliie KOMMyTalllo 0pH cOopke MoAyss X[, NPUHLMIAA-
JIbHasl KOHCTPYKTHUBHAS CXeMa KOTOPOr'0 IpuBeJieHa Ha pUc.5. JKCIepuMeH-
TaJbHEW MOLYJb JX[' COCTOMT i3 ceMu OaTapedl, UMeeT WECTUI'DAHHHR KOp-
nyc, uTynepa IJsd I0ABOJA H CTBOIA TONNUBA W OKUCJUTENSI, TOKOCHEMH U
crelyaJjbHEe YCTPOWCTBA IJisl BHIOJIHEHWS TEXHOJIOTMYECKUX ONepaiuit Ipu
cOopke. llecTurpaHHasi YNAKOBKA Ha Hall B3IVIAL SIBJASETCS DPALUMOHAJNBHON C
TOUKM 3PEHUs] KOMIAKTHOCTYU pasMelleHus GaTapeil oObeJWHEHUs MOLyJel ¢
L[eJIbl0 CO3IaHUsl YCTAHOBOK DAa3JIYHON SJIEKTPUYECKOH MOWHOCTH.

OCHOBHBIE HAaIlpaBJeHUA TEeXHOJIOTMYECKUX UCCJIeOBaHUIA.

B HacTosuee BpeMsa BelleTcs NpopaboTKa TpexX 06a30BHX TEXHOJOI'MYec-—
KUX HallpaBJieHu# (QOpMUpPOBaHUs 2JIEKTPOIOB IJaHapHoro TOTA:
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- TEXHOJIOTMM IOCJeZI0BATEJIbHOT'0 QOPMHUPOBAHUA Ha Hecylell OCHOBe -
KaTofle (LSM) TOHKOIJIEHOYHOT'0 I'a30INIOTHOT'O TBEPAOOKCHUIHOI'0 SJIEKTPOJIU-
Ta ¥ IMOpUCTOr0 aHoza (Ni/YSZ) MeTonoM MarHeTpOHHOI'0 HalBJIeHUs;

- TeXHOJIOTHM  QOpMUPOBAHUST  TOHKOIUIEHOYHOT'O  TBEpAOOKCHUIHOI'0
3JIEKTPOJIATA Ha Hecyuledl ocHOBe - KaToze (LSH) MeTOZOM 3JIEKTPOXUMUYEC-
KOT'0 OcaxJeHus1 U3 rasopoil Qasw (EVD) u nocJenywiiero GOpMHUpOBaHUA MO-
pucToro aHoza (Ni/YSZ) MeTOIOM MarHeTPOHHOT'0 HAIHJIEHUs;

- KepaMyuecKo# (IIOpPOWKOBOW) TEeXHOJIOTHU (QOpPMUPOBAHUS 3JIEKTPOZOB,
3JIEKTPOJIATA U BCEH CJIOUCTON CUCTEMH B IIEJIOM.

B xKaxnoM U3 paccMaTpUBaeMBX HalpaBJieHW# NOpPOBOJUTCA WHPOKUA
CIIEKTP HCCJIeNOBaHUM.

3BecTHO, 4YTO B HayyHHX LeHTpax CillA u@ HHIoHWM 3TU TEeXHOJIOI'MU
TIPUMEHSINTCA JOCTATOYHO WHPOKO [6-8]. OCTaHOBUMCH HECKOJIBKO IoApobHee
Ha KepaMH4yeCKUX TEeXHOJIOTHSAX U MarHeTpPOHHOM HalbJIEHWH.

KepamMuyecKue (IIOPOWKOBHE) TeXHOJIOTUH ABJAANTCS OCHOBHHMHU IJIS II0-
JIYYEHUS IIOPUCTON Hecylledl OCHOBH 4“3 LSM wimu YSZ mjd mnocJienyouero gop-
MUpOBaHUs CJOUCTON CTPYKTYpH TOTI pasjMyHEMH METOIaMu.

[Ipollecc W3TOTOBJIEHUS TBEPAOT'0 2JieKTposuTa YSZ MO KJaCCUYeCKOon
TEXHOJIOTHH (pUC.6) IpUMEHUM IJd CO3JaHUsd Hecyuero sjeMmeHTa. Paspabo-
TaHHas TexXHoJorusd ofecleyrBaeT IOJiyyeHWe BaKYYMHOIJIOTHOW OJHODa3HON
KepaMUKy C [JIOTHOCTBI [0 98% OT TEOPeTUYECKON C TOJIMHON W3Iesuit
20.25 MM. HcroJib3yeMee B TEXHOJOI'MU IpUEMH 00eclevuBanT COXpaHeHUe
YUCTOTH MCXOMHHX MaTepuaJioB, CTAOUNBbHYD ONHOPOIHYN CTPYKTYPY. OunHM-
HEME OIlepallsiMi TIpollecca SIBJIANTCSA CIIEKaHHe NpU TeMmmepaType 1900°C B
BaKyyMe ¥ OKUCJWTEJbHHRA OTHUI NPy TeMiepaType 1200°C z1Jis BOCCTAHOB-
JIEHHSl CTEeXWOMEeTPUUYHOCTH cocTaBa. JUIl CHUXEHWS TeMIepaTyph CIeKaHusd
IpyM H3TOTOBJIEHUW IIOPOWKOB HCIOJNb3YeTCs MeTOL I'eTepOT'€HHOI'0 B3auMo-
IeficTBus, ofecneyuBapilero HUIKOTEMIIEPaTYpHEN pexuM 00pas30BaHuUs TBep-
Joro pactBopa Zro0,-Y,0;. B KauecTBe MCXOIHHX MATEPUAJIOB UCIOJNb3YHTCS
MaJIOTHAPATUPOBaHHAS T'HAPOOKUCH LMPKOHMSA, MOJYUYEeHHad U3 OKCUXJIOpHZA
IIMPKOHKUS, W BOJHHI pPacTBOP XJOPUCTOT'0 UTTPHS. B I'eTepOreHHHX CUCTe-
Max TpOTEKaHue XUMUYECKUX Dpeakluil COIpoBoxIaeTcs o0pa3oBaHUeM (a3 Ha
OCHOBE T'MAPOOKMHCU IMPKOHWA C KATHOHHHM U AHUOHHEM 3aMelleHueM. [lopoll-
K, TIpUT'OTOBJIEHHHE 10 3TOH TEXHOJIOTHM, HMENT YIeJIbHYD MOBEPXHOCTH
20...50 M?/r U CIIEKanTCsl N0 TEOpETHYECKOR MJIOTHOCTH NIpHU TEMIEpPATYpe
1500°C. TlopoWKH NPUMEHMMH AJS HU3TOTORJEHWS HECYWETo 3JIEMEHTa U Iljle-
HOYHOT'0 BApuaHTa TBEpIOT'0 3JIEKTPOJUTA.

[lpopabaTHBaeTCcsd TEXHOJOTMUYECKH! BapyaHT 1[0 IOJYYEHHI TOHKUX
IJIEHOK U3 YSZ 30Jib-TeJIbHHM [IPOLECCOM, B OCHOBe KOTODPOT'O JIEKUT IIpo-—
1[ecc TMOJIyYeHHs THAPO30Jid U3 NUOKCHUJA LMPKOHUA U OKCUIA UTTPUS MEeTo-—
JIOM THIPOJIM3a KOHLEHTPUPOBAHHOI'0 PACTBOPa OKCUXJOPUIA UUPKOHUA U OK-
CUIa UTTPUS NpKU aBTOKJABHOH 00paboTKe. B pe3yjbTaTe CYUWKK MOJYUYEHHHX
30J1ell Ha MOLJOXKAX U3 JieliKocandupa U CeKaHus 1mpu 1400°C  moJiydeHH
TIOJIYTIPO3pAayHEe IJIEHKU TOJIMHHON >8 MKM.
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B TeXHOJIOT': 1eCKOM MNPOLeCCe U3TOTOBJEHUS IMOpoWKa M3 LSM B Bapu-
aHTe KepaMU4ecKO! TeXHOJIOTMH (PUC.7) obecreuynWBaeTCsl BHIOJHEHHE Tpe-
O0BaHUs MCKJIOYEHWs BHECEHUs INpHMeceil Ha BCeX OmepalusX. STO0 NoCTUI'a-
eTcd MNpUMEeHeHNeM CllellMaJbHEX QYTEepPOBOK pabouux 006beMoB  060pynoBaHUS
Ha olepaluax CMelleHusi, JpoOJieHus W KM3MejbyeHus. CUHTE3 CHUCTeMb LSM
OCYWECTBJIIETCA B 3aKPHTOM 00beMe ¢ IOANYBKOA KUCJOpOJa. 3TOT IPOLECC
MokeT OHTb COBMElleH C HPOLEeCCOM CHeKaHHs U3NeNusd NpPH KCIO0Jb30BaHWUY
LSM B KauecTBe Hecyuero 3JIeKTpoJza.

[lpy m3roToBJeHUM KepMeTa Ni/YSZ NOPUCTOCTb peryJupyeTcs PEeXNMOM
TEPMUYECKOoi 00paboTKM M IOUCIIEPCHOCTHO UCXOIHHX IOPOWKOB. HCMOJBL30Ba—
HHe MOHOQPaKUMOHHOT'O COCTaBa MOPOMNKOB ¥ COeporIajbHHX MOpPOWKOB Ni
Ni0 noMoraeT peuwuTb 3aJayy IO MOJNY4YeHHW TpebyeMmoil IOPUCTOCTH. TexHO-
JoTU4ecKas cxemMa MPUTOTOBJEHWA TOIUIMBHOT'O 3JIEKTPOJa IpHUBefeHa Ha

puc. 8.

[lonygenne TOHKUX CJI0OEB TBEPLOT'0 3JEKTpoJuTa YSZ
MarHeTPOHHEM DACIEUIEHHEM METaJJIOB B KHCJOPOACOLEpHalMX cpejax
U NyTH JaJbHENlero yCcoBEPUIEHCTBOBaHUS METOJA.

Ins moJyyeHus Ha MOAJIOXKe (Hecyuleli OCHOBE) CJIoS TBEPIOI0 3JIEKT-
posmTa YSZ BEHCOKOYACTOTHHHA pa3psl 3axurawT Ha KaTole - COCTaBHOIl
UUPKOHUU-UTTPUEBON MUWEHH IJomaneld S = S + S,, THe S, U S, — Io-
BEPXHOCTb MUWEHW, 3aHATad LUPKOHUEM ¥ MUTTPUEM COOTBETCTBEHHO. IIpu
BEHOOpE cocTaBa &prOHO-KUCJIODOAHOW Cpenb M OTHOWEHUS ILomazei Sy /S
UCXOJW/M U3 TOT'0, YTO COCTaB IUIa3MH ONpejensdeTcs BejuuuHamu KoS, u
kKBS,, rme o, B - KODOPUUMEHTH pACHHJIEHUs LUPKOHUS ¥ UTTPHS COOTBETC-
TBEHHO, K - KOSQQULMEHT, 3aBUCAUMA OT OTHOUEHHS IOTOKOB MOHOB HMHEpT-
HOI'0 ra3a ¥4 KHUCJIOpOZa Ha MulleHb. Ha IOBEPXHOCTH IOJJIOXKH IPOMCXOIUT
KOHJIEHCalUsl PacCHBJIeHHHX &TOMOB W MOHOB U UX OKHCJEHUE 3a CYET MOHU-
30BaHHHX ¥ BO30Yy#NEHHHX ATOMOB KUCJOPOZA. MarHUTHOE IOJie PACCEesHUS
MexIy MUWEHbW U MONJIOXKOH YBEJUYMBAET NOTOK 3JEeKTPOHOB M OTPULATEJb-
HHX HMOHOB K [IOJIOKMTENIPHO 3aDSKEHHONW OTHOCUTEJIBHO KaToJa MarHeTpoHa
nonnoxke. CHexkaHHe (YIJIOTHEHHE) IMOKDHTUS NMpoTeKkaeT 6oJiee 30OEKTUBHO
[IpY Mojavye YCKOPSAWUWET'0 MOHH MOCTOSHHOT'O 3JIEKTPUYECKOT'o IIOJS ¢  I0JIo-
KUTEJbHON NOJIIPHOCTBO OTHOCUTEJBHO aHOIa MArHEeTDPOHA.

PaspaboTaHHasi HaMM KOHQUIYpalldsi MarHUTHHX IOJIefi MarHeTpoHa U
SKCIIEPUMEHTAJbHO YTOYHEHHOE 3HaueHue S, /S, ofecnevynyd MOJy4YeHHEe Ha
MOJIJIOKKE CTAOMJM3UPOBAHHHX INEHOK YSZ ¢ KyOW4YecKO: CTPYKTYPO# co
CKOPOCTBI OCaiIeHUs IOpsfika 2 MKM/4ac ¢ comepkaHueM Y,0; 4-15 MoJ. %.

Ha puc.9 nnpelcTaBjieHH pe3yJbTATH aHaMM3a HaIHJISHHON IIJICHKU
METOLOM PEHTI'€HOBCKON (POTO-3JIEKTPOHHO! CIEKTPOCKONUM. BHIHO, 4TO Ha-
pAny C OKcuiaoMm Zr0, B IJIEHKE NPUCYTCTBYOT ¥ CYOOKCHUIH LMPKOHMA. WUTT-
puii OKHCJEH 10 BHCWEro OKucJa. AHAJU3 NPOM3BENIEH Ha OCHOBE CHHTE3a
MIKOB ZIzq U Yzq IO MeTONY WUpJIM M3 OTHEJBHHX KOMIOHEHT DAa3JIuHHX
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OKHCJIOB. MarHeTpOHHHHM MeTOJ HalbeHWs JaeT BO3MOXHOCTb BapbUPOBaHHU:A
CTeXVOMeTPHER OKHCJIOB M3MEHEHWEM pexuMa U c0CTaBa CPeJEH.

Mop@osioTHo [OBEPXHOCTEH OCHOBH {3 LSM ¥ HamBJIEHHOTO NOKPHTHA
YSZ, a Takke CTPYKTYpY NOKDHTHA u3ydand MeTomoM SEM C IOMOWbBH CKaHW-
pyoueii npucTaBki ASID-4D 3JEKTPOHHOTO Mukpockoma JEM-100CX mpu ycKo-
psibmeM HanpskeHuy 40 KB.

[lpoBeieHHOe HUCCJIeNoBaHKe MOKasajo, 4TO MaTpulia LSM uMeeT HOpHC-
Ty, COCTOSIyW U3 CJerka orpaHeHHHX (aceTOK 3epeH C XapaKTepHHM pas-
MepoM B 3 — 6 MKM B INONEpPEYHUKEe U MHOXSCTBEHHHX I0p, PAaKOBUMH ¥ SMOK
paz/uyHoi §opMH (puc.10a). [OBepXHOCTEH MJIEHKH YSZ uMeeT OoJiee pasBi-
THII pefibed, 06pPA30BAHHBI KOHYCaMyl CO CIJVIAXEHHBME, KYII0JIOOOpa3HHMY
BepuuHaMu (puc. 106).. Pas3Mep KOHYCOB B homepevHuke KoJeOneTcd OT 1 10
10 MKM, uX BHCOTa cocTaBjfeT ~ 0.5 — 3 MKM. B oT/muyMe OT IIOPUCTOH
0CHOBH LSM HecIJIOWHOCTE)l B MOBEPXHOCTHOM cJioe YSZ He 0OHapyXeHO.

llcciiefloBaHNe IMOMEPEYHHX CKOJIOB 00paslioB C IOKPHTHEM YSZ T03BO-
JUJI0 YCTAHOBUTb, UYTO IJIEHKA YSZ UMEeT Yy OCHOBaHUS CTPYKTYPY CTOJOYa-
THX KPUCTAJJIOB, IUIOTHO CLEINIEHHHX ¢ MOJJIOXKOo# (puc.1la). ToJmuHa
TIOKPHTHS COCTaBAseT 6 - 8 MKM. HecIUIOWHOCTEH B HAIEIEHHOM CJoe YSZ
He BHSBJIEHO. JIOKaJbHEHE HECIUIOWHOCTH OTMedanTCs Ha I'paHule paszeJtia
"[TOLJIOXKA — IOKpHTHE" B MeCTax BHXOZA Ha MOBEPXHOCTb MATPUIE MEJKHX
pakoBuH (puc.110).

Pa3pal0TaHHHN Hamy MeTOl [5] MMEeT 3HAUMTENBHO OOJbUYD CKOPOCTbH
HaMBUIEHNs 110 CPABHEHUW C MarHEeTPOHHHM DacHH/IeHWeM TBEDLOOKCHUIHBIX MU-
lieHel, T'Ile COCTaB HaIbUIIEMON IJIEHKHM 3a@UKCHPOBAH COCTABOM MUIIEHHU.

[ipn paspaloTke TEXHOJOTHM TOHKOIJEHOYHHX TO0TJ MB MCXOIUM W3
caenybueil KoHiemuu: moBHueHue KIIIl u pecypca Mo¥eT OHTb JOCTUI'HYTO
KaK IpUMEHEeHWeM 0c000 TOHKHX CJIoeB KOMIOHeHTOB TOT3, Tak X BHCOKOH
YUCTOTON WX U3T'OTOBJIEHHUS.

MarHeTpOHHHM MeTOX INpelcTaBjisieT OoJibliiie BO3MOXHOCTH, MaJjo HC-
I0JIb30BaHHHe JI0 HACTOsSWero BpeMeHH B TexHoJgoruud TOTo:

- HaIbJeHHe CJIOXHHX COCTABOB I[YyTeM KOHI'DYEHTHOI'0 MepelblieHNs
MaTepuasa MULIEHeH;

- CHHTEe3 CMECH OKCHIOB paclhJIeHUEeM COCTaBHHX METaJUIMYEeCKHX Mu-
lleHe#l B aKTUBHHX Cpelax;

- JHOHHAaA OYUCTKa MOBEPXHOCTH,

~ MOHHOE TpaBJIeHWE U Da3phHXJeHNe MOBEPXHOCTEN;

- BO3MOXHOCTb CO3IaHHSA 0C000 TOHKHUX IIPOMEXYTOYHEHX CJIOEB C [aJlb—
HejimyuM HeIpephBHEM [1epeXonoM Ha CJIOM OCHOBHOT'O COCTaBa.

3TOT MeTOJ II03BOJIIeT ONTUMM3MPOBATh GOCTAaBH ¥ pasBUTb pabouue
[TOBEPXHOCTH KoMIoHeToB TOT3. Ha puc. 12 NaHa cXeMa paspabaTHBaeMoro
HaMy HEe[pepHBHOTO Mpoliecca U3roTOBJeHUs A4eiky TOTS ¢ KCIOJb30BaHNEM
METOLa MArHeTPOHHOT'O HallbJleHus. PacCMOTDEH BapuaHT, KOT'[a HecyluM
5JIEMEHTOM f4ellkM fBJSeTCs MOPHCTHI TOKOCHEM. B TEXHOJIOTHYECKHH Ipo-
[IeCC BKJIWYEHH cJjejybliie Olepalllin:

588



-7 -

- WOHHAf OYUCTKA IOBEPXHOCTH TOKOCheMa (P HEoOXOLUMOCTH -
paspeXJeHue TOBEPXHOCTY MYYKOM MOHOB MOBHWEHHOW 3HEPTHH);

- MArHeTPOHHOe HalbieHue mopucTtoro cjos LSM (20 - 50 MKM);

- HWOHHOE ClekaHue cJjiost LSK;

- MarHETDOHHEW CHHTE3 CJIos JOMOJHUTEJbHBX KaTOIHHX KaTalu3aTo-
pOB;

- MATHETPOHHEH CHUHTE3 TOHKOIJIEHOYHOI'0 3JIEKTPOJMTa YSZ BECOKO-
YaCTOTHHM HalHJIeHUeM C MeTaJUIMYeCKUX MUleHewu;

- JIOHHOE CleKaHue C¢Jos YSZ;

- CHHTE3 MNepexoIHoi 006JacTh aHOIHHX KaTam3aTopoB TOTS;

- HallbIeHHe OCHOBHOT'O cJios aHopa TOTS3.

B HacToslee BpeMs HaMy pas3pabaTHBawTCs NYyTH JaJbHENllero yBeJd-
YeHUsl CKOPOCTHU HallbJIeHWs! 3a CYeT BHECEHUs JOIOJHUTEJNbHHX paspsloB,
JaolUX MCTOYHUKM IapOB OCHOBHHX KOMIIOHETOB, & TaKXe YCOBEpUEeHCTBO-
BAHHHII METOJ YIJIOTHEHUS HAIEJISeMHX CJoeB I[oJadyedl KakK IIOCTOSIHHOIO,
Tak ¥ MepeMeHHOI'0 HaNpskeHus.

[Ipy ONTHUMU3ALUU COCTaBa ! CTPYKTYPH KOMIOHeHTOB TOT3 I'HI P® ©3U
pa3BUBAET U HCMNOJb3YET TEXHOJOTHMHM MUKDO3JIEKTPOHUKH.

Ilns ucclenoBaHMi KATOIHEX ¥ AHONHHX IIPOLECCOB, IUATHOCTUKHU
3JIEKTPOOU3UYECKUX CBONCTB KaK OTHAEJbHBX 2JIEMEHTOB, Tak M TOT3 B ne-
JIOM UCIIOJIb3YWTCA CpeACTBa 3JEKTPOHHON U MHOPAKPaCHOH# CIEKTPOCKOINH,
HOTO-3MUCCHOHHOA W WMIIEINaHCHON CHIEeKTDOCKOINM, Ja3epHOW MacC-CIEKTPO-—
METpUM, & TaKkke UMIYJbCHHE METOJH I aBTOMATH3UPOBAHHHE HCCJENIOBaHUS
BOJIbT-aMIIEPHHX XapaKTEePUCTHK. AHAJII3 COCTOSHUS IPOOJEeMH MOKasHBaeT
HeoO6XOIUMOCTh CO3JaHUS YHUBEDCAJBHHX METOLOB IMarHocTHKKM TOT3 Kak Ha
CTaIuyl U3TOTOBJEHUs, Tak U B ra00oyuX YCJIOBUSX.

SE&RJI0YEHNe.

BHCOKHIE TeXHUYEeCKHUEe XapaKTepUCTHKM TOIIMBHHX 3JIEMEHTOB C TBEp-
JOOKCUIHHM 2JIEKTPOJIUTOM, UX ZXO0JOI'HYecKass YMCTOTa II03BOJISIOT MPOTHO-
3JPOBATh WHPOKOe HX WHPOKOE HCHIO0JIb30BaHWE B SHEPTreTHKe OYAyuero.

[HI ®34, paspaboTaBuiil ;@ UITOTOBUBUMA CEPUI SIAEPHHX TEPMO3IMUC—
CHOHHHX NpeofpaszoBaTelsiell sHepriy "Tomas-1", paclojiaraeT TeXHOJIOI'-
yeckoit 06az0il 1 ONHTOM PAGOTH 50 CO3IAHI'™ I HCIHTAHHW BEHCOKOTEMIIepa-
TYPHBIX UCTOYHUKOB 3JIEKTPUYECKO SHEpruu, .IMeeT OOJbIOH ONMT 3KCIEpU-
MEHTAJIbHHX ICCJENOBaHuil M0 -03JaHU0 OHHAPHHX KepaMUYeCKUX CHUCTEM
"U30JIATOP — TBEPIOOKCHUIHHI 3JISKTPOJUT", ofecledyuBapliX pelieHue 3alia-
Yy IIOJIYUYEHUS TepMETUYHHX MeTaJuIOKepaMUyecKUX y3JioB, YTO, HECOMHEHHO,
MOXeT OHTBb HCIIOJb30BAHO NpU pa3paboTKe TexHoJioruu TOT3.

lMpoKOe OCBOEHHE TOHKONNSHOYHHX TEeXHOJIOTHH (B IepByl oYyepelb -
MardHeTpOHHOT0 HambuieHust ¥ EVD) MO3BOJUT CYWECTBEHHO CHU3UTHL TOJUUHY
rasomioTHoro cJiod YSZ, a, CJ2ooBaTeJibHO, I pabouyyn TeMIoepaTypy, TeM
caMpM yBeJuuuB pecypc paboTh TOT3.
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MBI cuMTaeM, UTO Ha JaHHOM 3Tale OHJO O II0JIE3HO - B3aUMONEliCTBYE
I'HIl @3M ¢ paspaboTuuKaMii TeXHOJIOruii EVD ¥ MAarHeTpOHHOT'O HAalHJeHHS U3
ClIA [8,9]. Takoe B3auUMOJENCTBHE MOIVIO OH NPHBECTH Kak K CO3JaHMD
CIeuajM3MpOBaHHbX MarHeTPOHHHX YCTaHOBOK C IOBHWEHHOR CKOPOCTBI Ha-
IHIeHUs, HAes KOTOPHX Y Hac mpopabaThBaeTcsi, Tak U K paspaboTKe Ho-
BOW MpOT'PECCHUBHOM TexXHoJioruu TOT3, BKJANYALNEH [ONOJHUTEJNbHHE CJIOU
KaTOJHHX U 8HOIHHX KaTaJu3aToOpOB. BO3MOXHO Takke B3aUMOIEHCTBHE U
COTPYHOHMYECTBO B pa3paboTKe IMarHOCTHYECKUX U HCIHTATEJNBHHX YCT-
PO¥CTB.

IIpuBeZieHHEM MaTepual MOKasHBaeT HeoOXOIUMOCTb WHTETPALMH YCUJMAR
crielMaJicToB Poccur u ClIA mjist CKOpeiillero pemleHusi HMpoGJIeMH T3 u BHXO-
Jla Ha DHHOK.
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JCXOIHH TIOPOLOK

_14_

JICXOIHBL IIOPOWOK

r02 Y2 03
I |
L
CMeuBaHue
EpukeTupoBaHue
CuHTe3 mpu T=1750°C
KOHTPOJIE yOeJBHOM
IpobJieHrie ¥ u3MeJbueHHe [— MIOBEPXHOCTHU
TepMoIIaCc TUYECKUR [lpuroToBJIeHNe I'nnpooprasuyeckue
IJTEKED (GOPMOBOYHON MACCH CBs3ywle

JUThe MJIACTUH

DOpPMOBKA

JIUTbEe IIJIEHOK

[IpeiBapUTEJIBLHEN O0%UT
ipu T=1200°C

BrCOKOTEMIEepaTYPHEI
o0xur npu T=1900°C

OKHCJIUTEJbHHNA 00%UT
Ha Bo3nyxe, T=1200°C

KOHTDOJIb TIOTHOCTH,
TIOPMCTOCTH, TI'epPMETUYHOCTH

Puc. 6. TexHOJOTHYeCKas cXeMma Mpollecca M3T0TOBJIEHUS

TBEpAOIr'o 3JIeKTPOJMTA.
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VICXOIHHIA TTOpOWOK | | ICXOMHHEI TOPOWOK
coJieli Maprasia COJII CTPOHIUSA

[lpokaJBaHNie

I_II____

PEHTT'€HO-
(®a30BHH
aHaJ3 Mn, 0

—

CMellBanue
(24 yaca)

[IpeccoBaHue

CuHTe3 mpu 1450°C

Ha BO3IyXe

Jlpob6JyieHNe U u3MeJbyeHue

lpoxanuBanue mpyu 700°C

)

VICXOIHH MOpOWOK | | ICXOZHB TODOLUOK
T IPOOKUCH COJIi MapraHla
JIaHTaHa
|
[IpoxaJiiBaHue [IpokaiiBanue
11 | ]
l I
PeHTreHo- PeHTI'eHO-

($a30BHI
aHamm3 La, 03

CMenuBaHUe $a30BHHI
(24 4aca) | |aHayu3 Mn, 0

[ipeccoBanue

CuHTe3 mpu 1300°C

Ha BO3IyXe

IpobJieHle ¥ l3MeJb4yeHue

llpoxajuBaHue Ipu 700°C

PeHTreH0-(0a30BHi
aHaym3 Srin0s

|

PeHTTreHO-(a30BHI1
aHayu3 LaMnOs;

CvemBaHue LaMnO; u Srin0O;

Cyura

[ipeccoBanue

CunTes3 mpd 1100°C B KucJopole

Ipo6jeHue U U3MeJibYeHUe

PeHTTreHo-(0a30BEH
aHaju3 La; _,SryMn0;

KoHTpOJIb yIEJbHOI
[TIOBEPXHOCTHU

T'OTOBHI TOPOLOK

Puc.7. TexHoJiorMyeckas cxema IpoLecca H3T'0TOBJICHUS
[opoiika LJs BO3LYWHOTO 3JEKTPoXa.
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JcXonHbY IIOPOWOK

TIopoloK CTa6UNH3UPOBAHHOT'0

NcXomHHY TIOPOWOK

NiO 210,71, 04 KapOOHUJBHOT'O Ni
KoHTpoJb yIesbHOX| |Jlou3MeJibyeHue, JlonaMesibYyeHue, KoHTpoJIb yaeJbHOR
[IOBEPXHOCTH — CMellBaHue CMelliBaHue [I0BEPXHOCTHU
Cyuxa Cyuka
[IpeccoBanue [IpuroToBJieHE [I[pUroTOBJNEHNE [IpeccoBanue
Hecyuero MIacTH TIAcTH Hecyiero
3JIEKTpoOLa 3JIEKTpOJIa
Crexauue HaHeceHue HaHeceHne CriekaHue
Ha BO3OyXe TIOKPHTUH TIOKPHITHSA B Bakyyme
BiUraHue MOKPHTHA BxuraHue MOKPHTUSA
KOoHTpOJIb LJIOTHOCTH, IOPUCTOCTH,

PEeHTres0-(a30BHi aHaJKU3
Puc.8. TexHOJIOTHYeECKas CXeMma npouecca U3T0TOBJIEHUS

TCIJIUBHOI'O 3JIEKTpOJa.

598




- 17 -

Run: XAAUO07 Reg: 1 ’
Scan: 1 - Chans: 428 y I\M M J\/\ ,/J\\A
Start eV: 4189.93 V
End eV: 177.23

188 180

Fit: i.8

100% Intensity: 14792

100% Area: 644256

Line Eilmt. Energy Int. FWHM Area

GAUSS Zr02 185.39 &55.68 1.80 26.83
BAUSS Zr02 182.99 73.74 1,80 33.70
BAURD Trdud 8480 ABEER 3,74 4.8¥
GAUSS Zr203 1484.80 47.58 41.73 7.68
BAUSS Zrgt 188.24 E.88 4.80 4.38
BAUSS Zr20 179.83 48.147 4.80 8.73
BAUSS Zr0 183.34 144.32 1.90 5.43
GAUSS Zro 181.04 15,10 1.70 &.48

Binding Energy

Title: Zr + Y oxides
Run: XABD42 Reg: 4 (XFS )} Scan: 4 Base Cts: 41552 Max Cps: 308815

- [ |
-l vt ko]
40000 | 3 = @ i
h N
- o .
2 ? |
c . {. N :
3 30000 | i .
g . @ .
[
b N k
“ -
-:; A 4
9 20000 . . o .
byt 8.
ey [ ]
H i
10000 | 1 @
. ST S
] N
i
o ] T T - L3 Ll
1000 800 600 400 .. 200 0
; Binding Energy (eV)

Prc.9. PIIC-CHEKTp MJASHKU YSZ.

599




40

— mmmpem
R

Wl .,

[ i@ TCULIE

.
172

TGIETEL

1T

31
T

g
- Sive A

",

P Tacnd

4

—_—
B SN

37 -

-

600



"BIIHOLI9IIRH OJOHHOJLOHIRIW WOII0LaN
€0 BIHougoLoden eooomodu odoHalgdadiioH eWeX) 'ZT 0HJ

NS
IRELRIRRRNRARRARRERRARENARARRRRERERRRZENIN)
RS X Xt

111

1Y -

LT O VTR RO T TTTTEAT

—‘.l-\ R} .
\\
ENOLIONOL
LIHAZ 4N RS V2 NSl oaosoudoir SO
qruoonxdonol)
ECRIIAN f01ay fOo by RAY) irod,)y
ya NS
A
484 erodursve
Liirodanaue odoHmAweod NoLO0AOL - RAHOLNTO]]
qLooHxdagon nLondol]
HuHTnoNoowdany], sesondoy]
odsondepy [ unodusndaely | uodwornep |unodiatilep | wnsnidiony
exodidsue eiurodiisrre BHSLOONOL
erodidsue
O.JOHHIILUIOL oJoHTuMoordany OIOHIMATE0a odoroudot turedatio
atittaonten Alld0aHeN ENR BEYNIRNIGHREY]
I osaLn) 11 edaLHIL) SIHBOdHTH enLogedop -

LITHARKW

o.éLey {

|.‘.|rl|

1
!
1
]

Hrone

\
\
\
3
\

601



US/RUSSIAN FUEL CELL TECHNOLOGY WORKSHOP
September 26-28, 1995
Albuquerque, New Mexico

DEVELOPMENT OF PLANAR SOLID OXIDE FUEL CELLS
FOR POWER GENERATION APPLICATIONS

Nguyen Q. Minh
AlliedSignal Aerospace Equipment Systems
2525 West 190th Street
Torrance, California 90504-6089

ABSTRACT

Planar solid oxide fuel cells (SOFCs) are presently being developed for a variety of electric
power generation applications. The planar design offers simple cell geometry, high power
density, and multiple fabrication and gas manifolding options, Planar SOFC technology has
received much attention recently, and significant progress has been made in this area. Recent
effort at AlliedSignal has focused on the development of high-performance, lightweight planar
SOFCs, having thin-electrolyte films, that can be operated efficiently at reduced temperatures
(< 1000°C). The advantages of reduced-temperature operation include wider material choice
{including use of metallic interconnects), expected longer cell life, reduced thermal stress,
improved reliability, and reduced fucl cell cost. The key aspect in the development of thin-film
SOFCs is to incorporate the thin electrolyte layer into the desired structure of cells in a manner
that yields the required characteristics. AlliedSignal has developed a simple and cost-effective
mcthod based on tape calendering for the fabrication of thin-electrolyte SOICs. Thin-electrolyte
cells made by tape calendering have shown extraordinary performance, e.g., producing more
than 500 mW/cm? at 700°C and 800 mW/cm? at 800°C with hydrogen as fuel and air as
oxidant. Thin-electrolyte single cells have been incorporated into a compliant metallic stack
structure and operated at reduced-temperature conditions.
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Paspaﬁon(a nflaHapHbIX TBEPAOOKCUZHBIX TOMJIUBHBIX JJIEMEHTOB ANA
npUMEHEeHUA B COCTaBe 3HepreTu4eCcKux yCtaHoBokK

Hreex K. MuH
Kopnopauua “SnnaiapCurHasni
CucrteMbl 060pyROBaHMA aBMALUOHHO-KOCMUUYECKMX KOMNIIEKCOB
2525 West 190th Street
Torrance, California 80504-6099

AnmoTanas

B HacTosmee BpeMs IJIaHApHEIC TBCPAOCOKCHARBIE TOIIHBHBIE 31eMEeHTEH (TOTI)
pa3paGaTeIBAIOTCS JIS NEJIOro psAjia IPHMEHEHHAH B COCTABE YCTAHOBOK ICHEPHPOBAHAS
3JIEKTPHIECKOH MOIEOCTH. I1J1anapHas KOECTPYKIHAS 00eCIeYHBacT NPOCTYIO
reOMETPHIO 3JIEMEHTOB, BBHICOKYIO 3HEPrOHANPSIKEHHOCTD, 8 TAKIKE YHABEPCAIbHOCTD
A3roToBJieHEI TO | KOHCTPYHPOBAHHES CHCTEMBI ra30BBIX TPyO60ImpoBoI0B. TEXHOJIOrHA
mwiagapesix TOTO nosryunsia 60JibIIoe BHEMAHAE B MOCJICAHES BPEMS B CBA3H CO
3HAYHTEJILHBIM MPOrpPeccoM, JOCTHTHYTHIM B 310l o6s1acTa. ITocsreare pa3paGoTKH
Kopropanud “DJiiaiinCaraasr” NOCBAIIEHH CO3AaHHIO BHICOK03(D(PEKTHBHBIX,
o6JierueHnsIX, IiagapEsix TOTD ¢ TORKAM CJIOEM 3JIEKTPOJIHTA, CHOCOOHBIX
addexTABHEO paGoTaTh IPH NOHMXCHABX TeMuepaTypax (<1000°C). IIpeaMymecTsa
AKCILTyaTANAHA OPH NOHAXEHHBIX TEMIIEpaTypax 3aKJI0YaloTCA B 60Jice IMHPOKOM
BHIGOpEe MaTepHaJjioB (BKJIOYAS HCHOJIb30BaHHE METAJUIMICCKAX JJICMEHTOB
KOMMYyTanuy), IpeAnoJiaraéMoM JAJIETEJIbHOM pecypee T, CHIKCHAR BO3ACHCTBH
TeNJIOBBIX HArPY30K, HOBHINCHAR HaAeXXHOCTH H CHEKECHAR CEOECTORMOCTH
TONJIABHOTO dJieMeHTa. KiroueBbM aciekToM pa3paboTki TOTO ¢ TOHKOCIOHHBIM
IOKPHITHEM SBJIIETCS TAKOE BKJIIOYEHHE TOHKOT'O CJIOS JIEKTPOJIHTA B H30HpaeMyIo
cTpykTypy T3, IpH KOTOpPOM 06ECHETABAIOTCS HEOOX0qUMbIE BEIXOHEIE aPaMETPhL
B “Ounaitn Curaan” pa3paGoTas HpocToil H 5KOHOMHAUYECCKHE 3(ppeKTHBHBIA METON Ha
OCHOBE JICHTOYHOr0 KaJIaHAPOBaHAS I H3roToBjcHAS TOTS ¢ TOHKOCIOHHEIM
3JIEKTPOJIATHGIM NOKPHITHEM. DJIEMEHTHI ¢ TOHKHEM CJIOEM DJIEKTPOJIATA, Oy ICHHEIC
AyTeM JICHTOYHOTO KaJIaHAPOBaHHS, UPOJEMOECTPHPOBAJIA BEI/IaI0MIHACCS
XapaKTepHCTAKH, HanpAMep, Ipon3BeJH GoJice S00 MBt/cM? mpr 700°C 1 800 MBT/cM®
npu 800°C ¢ Bo{opoAoM B Ka4eCTBE TOIIHBA H BO3JYXOM B Ka9E€CTBE OKMCJIHTEIIA.
OrneJIbHbBIE 2JIEMEHTH ¢ TOHKOCJIONHBIM 3JIEKTPOJIATHHIM HOKPBITHEM OObEHHSIACH B
COOTBETCTBYIOLIYIO METAJUIAYECKYIO MHOTOYPOBHEBYIO CTPYKTYPY H IPOBEPSIIACH B
paGoTe B YCJIOBHSX NOHAXKECHHOH TEMIEPATYPHI.
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Poster Sessions

Note:

In most cases, only the abstracts from the poster sessions were available for publication.
Whenever possible, both English and Russian translations are provided.
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THE WAYS OF SOFC SYSTEMS EFFICIENCY INCREASING

A.K.DEMIN AND N.TIMOFEYEVA

INSTITUTE OF HIGH TEMPERATURE ELECTROCHEMISRY, RUSSIAN ACADEMY OF
SCIENCES. 6420219, EKATERINBURG, S.KOVALEVSEDY ST., 20, RUSSIA

THE PURPDSE OF THE REFORT IS TO SHOW HOW IT IS FOSSIEBLE TO INCREASE
THE SOFC SYSTEM EFFICIENCY EBY MEAMS OF THE GSOFC GSYSTEM DESIGN
IMFROVEMENT.

THE SOFC SYSTEM EFFICIENCY IS DEFINED AS A RATIO

ELECTRICAL ENERGY., PRODUCED FROM ONE MOLE OF FUEL

CHEMICAL ENERGY, CONTAINED IN ONE MOLE OF FUEL (1)

h =

IN THE TERMS OF ELECTRICAL CHARACTERISTICS THE FORMULA FOR THE
EFFICIENCY IS5 AS FOLLOWS:

h = i‘;l_ﬂ:uav/u1:h’

WHERE K . — FUEL UTILIZATION, U_ - AVERAGE CELL VOLTAGE, Uy =
THERMONEUTRAL VOLTAGE, WHICH IS DETERMINED AS

Uy, = —AH/=F, (=)
WHERE AH — ENTHALFY OF FUEL OXIDATION REACTION, F — FARADAY NUMEER,
z - NUMBER OF ELECTRONS IN REACTION OF ELECTROCHEMICAL FUEL
OXIDATION (= = 2 FOR ‘HYDROGEN AND z = 8 FOR METHANE).

THE FORMULA FOR THE CELL VYOLTAGE CALCULATION IS AS FOLLOWS:

= _ d - J 4
U=E- IR, — IF, __ > (4)

WHERE E — ELECTROMOTIVE FORCE {(EMF), IR — CELL VOLTAGE DROP {(ACTIVE
AND REACTIVE).

AT THE CONSTANT TEMPERATURE THE TWO LAST TERMS IN (4} DEPEND ON THE
PROPERTIES AND DIMENSIONS OF THE ELECTROLYTE AND ELECTRODES AND HERE
WE SUPFOSE THAT ONE CAN NOT INFLUENCE ON THESE FACTORS.

HERE WE CONSIDER HOW TO LIFT THE FUEL UTILIZATION AND/OR THE AVERAGE

CELL VOLTAGE WITH THE AIM TO INCREASE THE SOFC SYSTEM EFFICIENCY EY
THE IMPROVEMENT OF ITS DESIGN OR MODE OF OFERATION.

606



HYDROGEN FUELED SOFC SYSTEM WITH HYDROGEN RECYCLING L1131

80
| |
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. 2
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e
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65+
sHEAT EXCHANGER 8 . .
) § § 3.60 0.90 1.00
FARADAIC EFFICIENCY

Hvain H201(+N2) IDZ(AIR)

SOFC SYSTEM WITH DIRECT H., FLOW DEFENDENCE OF MAXIMUM SYSTEM
V. = INPUT HYDROGEN CONSUMPTION EFFICIENCY DN FUEL UTILIZATION:
V_, s — DUTPUT HYDROGEN CONSUMPTION 1 - T= 1000 ¥, 2 — T= 1100 K,
Vout T - T= 1200 ¥, 4 — T= 1300 K
K o.o=1 — =295 _ FUEL UTILIZATION
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V_ - HYDROGEN CONSUMFTION IN CYCLE INCREASING ON CYCLING NUMBER
¥ =V /Y. — CYCLING NUMBER T .= 298 K.
[y [y ir opnRg
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METHANE FUELED SOFC SYSTEM

THE COMPARATIVE ANALYSIS OF THE DIFFERENT SCHEMES OF METHANE FUELED
SOFC SYSTEMS WAS PROPOSED IN [23. THE ANALYSIS SHOWS THAT THE LEAST
EFFICIENCY HAS THE SYSTEM WITH METHANE TRANSFORMATION BY PARTIAL
OXIDATIOM. THE SYSTEM WITH STEAM REFORMING HAS THE EFFICIENCY BY 25
— 35X HIGHER AT THE SAME OTHER CONDITIONS. THE HIGHEST EFFICIENCY
HAS THE SYSTEM THE REFDRMING EY EXHAUST ANODE MIXTURE. THE ANALYSIS
WAS CARRIED OUT FOR THE CONDITIONS: RATIO HEDfCH4 IN REFORMER INLET
MIXTURE = 1 (1), 1.5 (2), 2 (3} AND 2.5 (4); RATIO OX/RED 1IN AMODE
MIXTURE = 2,

H, + CO 90
REFORMER |& G ge| |0%
851

G¢& | BURNER

HEAT EXCHANGER 5

S
A
fan
1iad s gt a2 3aal st aa a0 RN
/

75
L EVAPORATOP |« @ J AIR ]
T s Yoo 1200 1400
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COMBINED .50R-SOFC SYSTEM [Z3

THE SYSTEM CONSISTS OF A SOLID OXIDE REFORMER (SOR) AND A SOLID
OXIDE FUEL CELL (SOFC) WITH HYDROGEN RELCYCLING.

THE SOR TRANSFORMS METHANE INTO HYDROGEN WITH A RATIO 1:3.7. THE

HYDROGEN OUTFUT IN THE SOR COMEINED WITH SOFC IS HIGHER THAN IN THE
SEFARATE SOR

THE HYDROGEN-~-STEAM MIXTURE FASSES THROUGH A& CONDENSER AND THEN THE
HYDROGEN OF LOW HUMIDITY GOES INTO A HYDROGEN RECYCLING CONTOUR OF
THE SOFC.

THE QUANTITY OF HYDROGEM FRODUCED IN THE SOR IS EGUAL TO THE
GQUANTITY OF HYDROGEM USED INM SOFC.
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INFLUENCE OF FUEL FLOW DIRECTION IN A STACK ON ITS EFFICIENCY (41

THE INFLUENCE IS SHOWM IN THE SAMPLE OF THE STACK OF TUEBE CELLS
CONNECTED IN SERIES. AIR PASSES THROUGH THE INNER TUBE CHANNELS,
FUEL PASSES OUTSIDE THE TUBES. HERE ARE CONSIDERED TWO DIRECTION OF
FUEL FLOW: FPARALLEL <1) AND FPERFENDICULAR (2) TO TURES AXES.

IN THE FIRST CASE THE CURRENT DENSITY ALONG THE CELL DECREASES 1IN
THE DIRECTION OF FUEL FLOW, WHEREAS IN THE SECOND DASE THE CURRENT
DENSITY IN ALL THE CELLS IS THE SAME. AS A CONSERUENCE THE AVERAGE
ELECTROMOTIVE FORCE IN THE FIRST CASE IS LESS, THAN IM THE SECOND.

S0, IF OTHER CONDITIONS ARE THE SAME, THE STACK EFFICIENCY IN THE
SECOND CASE IS HIGHER, THAN IN THE FIRST CASE.
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SOFC WITH HIGH FUEL UTILIZATION [S3

THE TRADITIONAL SOFC SCHEME INCLUDES A BURNER. SINCE THE CERMET
ANODES DESTROIES IN ATMOSPHERE WITH SMALL CONCENTRATION OF REDUCING
COMPONENTS, THEREFORE OUTFUT ANDDE MIXTURE CONTAINS RESIDUAL FUEL
(USUALLY 10-15 %). SOFC ELECTRIC EFFICIENCY IS DEFINED RY TWO
FACTORS: FUEL UTILIZATION AND AVERAGE VOLTAGE OF THE CELL. ONE mMAY
EXPECT THAT FUEL UTILIZATION INCREASING MUST LEAD TO INCREASING OF
ELECTRIC EFFICIENCY. HOWEVER, FUEL UTILIZATION INCREASING LEADS TO
DECREASING OF SOFC AVERAGE VOLTAGE AND MORE ACCURATE ESTIMATION OF
CHARACTER OF ELECTRIC EFFICIENCY CHANGE FOR FUEL UTILIZATION
INCREASING IS REGUIRED. ON THE OTHER HAND, A NUMBER OF REPORTS
APFEARED ON ELECTRODES, WHICH ARE STABLE ROTH IN OXIDIZING AND 1IN
REDUCING ATMOSFHERES. ONE MAY SUFFOSE THAT FUEL CAN BE USED
COMPLETELY IN THE SOFC WITH SUCH ELECTRODES.

50 IT IS POSSIELE TO ANALYZE A SCHEME OF HYDROGEN-OXYGEN SOFC
WITHOUT THE BURNER. THE ANALYSIS SHOWS THAT IN A BATTERY WITH THE
CELL CONNECTED IN SERIES THE EBUIVALENT CURRENT CAN EXCEED THE
FARADAIC CURRENT, THAT IS FORMALLY FUEL UTILIZATION MAY BE MORE THAN
1. WHEN THE FUEL UTILIZATION INCREASES FROM 0.85 TO 1 THE LIMIT
ELECTRIC EFFICIENCY {(I=0) INCREASES PRACTICALLY LINEARLY, WHEN THE
FUEL UTILIZATION BECOMES MORE THAN 1 ELECTRIC EFFICIENCY GROWTH
DELAYS. FOR CURRENT MORE THAN ZERD THE ELECTRIC EFFICIENCY HAS
-MAXIMUM AND THIS MAXIMUM REMODVES TO & REGION OF SMALL FUEL
UTILIZATION VALUES WHEN CURRENT INCREASES.

THE WORK OF THE SOFC WITH THE FUEL UTILIZATION MORE THAN 1 IS
INTERESTING FROM MANY VIEW FPOINTS: ITS ELECTRIC EFFICIENCY IS
MAXIMUM, CONSTRUCTION IS SIMPLIFIED DUE TO EXCEFTION OF THE BURNER,
OUTPUT GASES DODES NOT CONTAIN RESIDUAL FUEL ¢CC AND HED)'
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Glass Sealing

Richard K. Brow. Larry Kovacic, and Robert S. Chambers
Sandia National Labs
Albuquerque, NM 87185

Hermctic glass scaling technologies developed for weapon componcnt applications can be
utilized for the design and manufacture of fuel cells. Componcnt design requirements, such as
hermeticity, clectrical isolation, scal strength, material vompatibilily and environmental stability.
provide the guidclincs for the scal requirements. Desiygn and processing of a seal are optimized
through an intcgratcd approach based on glass compusition rescarch, finite element analysis
(FEA), and scaling proccss definition. By tailoring the glass composition, given the constraints
imposed by the componcnt design requirements, an oplinsl mechanival and chemical stability
can be realized. The thermomcchanical propertics of the glass can then be used with FEA
techniques and SNL devcloped codes to design an optimal seal geometry for the desired scrvice
conditions, as well as to facilitatc scal manufacturing. Incorporation of the viscoelastic material
responsc into the FEA codcs improvcs the predictive modcling capability. Glass sealing
procedures arc sclected to accommodate the limits imposed by glass composition and predicred
by FEA calculations. Scaling processes tailored for SNL components iuclude localized laser
heating, low-tcmperaturc [icld-assisted bonding, and morc conventioual furiace techniques.
This integratcd systems approach to glass seal design and processing has resulled in the
successfil development of a varicty of high-reliability hermctic seals. Examples include high
strength glass-ccramic scals for Ni-bascd supcralloy pyrotechnic components, corrosion resistant
glass seals for lithium baticrics, and high expansion glass scals for lightweight aluminum
components. ‘The samc approach can be applicd to the unique scaling reyuircments envisioned
for fuel cells where mechanically and chemically stable materials we required for high
temperaturc, corrosive cnvironments and long service lifetumes.

This work was performed at Sandia National Laboratories and was supportced by the US
DNepartment of Encrgy under Contract No. DEE-AC04-94AL85000.
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CTEKNAHHBLIE YTMMOTHEHUA

Puuapg K. Bpay, Ilappu Koaunk 1 Pobept C. Yambepc
HavmoHansHaa naboparopua CaHgua
Anbbykepke, Hoto Mekcuka 87185

TexHONMorvA repMeTUUECKUX CTEKIAHHBIX YIIOTHEHWNA, NepBoHaYanbHo
pa3paboTaHHasa B COOTBETCTBUM CO crieumdurKaumaMi pasaviHbiX KOMNOHEHTOB
OPYXMA, MOXET NPUMEHATLCA NPY NPOEKTUPOBAHUN U U3TOTOBIEHUN TOTUWBHBIX
anemeHToB (T3). NpoeKTHLIE NMapaMeTpPbl, TaK1e Kak repMeTUIHOCTb,
JMEeKTpUIEeCKan 13onAumA, MPOUHOCTD YIBIOTHEHWA, COBMECTVMOCTb MaTepuaos
1 3KOnormyeckan crabuneHOCTb, ONPEAENAOT OCHOBHbIE XapaKTepUCTUKK
yINoTHeHWiA. [poeKTMpOBaHue 1 U3FOTOBJIEHME YMNOTHEHUIA OMTUMU3UPYETCA
Hrarogapa KOMINEKCHOMY NOJXOAY K UCCNe0BaHI0 KOMMO3ULIMIA CTeKNa,
NPUMEHEHVI0 METOa aHa3a KOHEUHbIX ANEMEHTOB U MacluTabHomy
“3MeHeHuio npoueccoB. OnTvManbHas MexaHuuecKas v XvMmuiecKan
CcTabUnNLHOCTb MOXET ObiTh AOCTUrHyTa NyTeM U3MEHEHWUA KOMMO3ULMKM C YUETOM
3a,aHHbIX KOHCTPYKTUBHBIX OrpaHuueHuit. [prmeHAa MeToA aHan3a KOHEUHbIX
SNEeMeHTOB U creumarnsHble, paspaboTaHHble Canament Kofbl, MOXHO
MCFIONb30BaTh TEPMOMEXaHUYECKME XapaKTepUCTVIKL CTEKNa Npu pa3paboTke
ONTVMAnbHOM AJ1A 3agaHHbIX YCHoBUA paboTbl reoMeTpun YNAoTHEHYA.
Bucko3onnactuuHan peakuya matepuana, Kotopas yUnTbiBaeTcs NOCPeACTBOM
BBEAEHVIA KOA0B B aHAIM3 KOHEYHbIX NIEMEHTOB, MO3BOJIACT MOBbICUTL TOUHOCTbL
MpOrHo3a MOZesvpyeMbIX XapakTepucTuk. lpouecc ycTaHOBKU yrnoTHeHWIA
BbIOMpAETCA B COOTBETCTBUAN C OFPAHNUEHUAMA KOMNO3WLIMM CTEKa U1
pesynbTaTamy aHanM3a KOHEUHbIX 3M1eMeHTOB. TexHomnorn4eckue npoLiecchl
YCTaHOBKY YIIOTHeHWIA, pa3paboTaHHbie ana CaHavm, BKIOUAIOT MECTHbIN
nasepHbli Harpes, HU3KOTEMNEPaTYpHYIO MMBKy Ha MecTe 1 bonee
TpagUUMOHHBI 06Xur B neun. CUCTEMHBIA NOAX0A, K MPOEKTUPOBaHMIO U
U3rOTOBNEHMIO CTEKIAHHBIX YNAOTHEHMIA NO3BONMMI YCRELIHO pa3paboTtaTh Lienbii
pAJ, HAAEXHbIX FepMETUUECKVX YINOTHEHWIA. [pyMepamMm Takvx YrioTHeHMi
ABNAIOTCA BbICOKOMPOUHbIE CTEKIO-KepamMuueckye ynnoTHeHuA anAa
MUPOTEXHNUECKUX KOMITOHEHTOB 13 CYrNepcnnaBoB Ha OCHOBE Ni, CTEKNAHHbIE
YMNOTHEHUA C BbICOKMM KO3 dULIMEHTOM paciLMPEHUA ANA NErkuX astoMUHNEBBIX
KOMMOHEHTOB. TOT Xe CUCTeMHbIV NoAX0H MOXHO NPUMEHATb Npu paspaboTke
T3, rae MexaHuueckas vim XvMudeckan ctabunbHoCcTL Matepuana Heobxoauma
Ana paboTbl B YCNOBUAX BbICOKVX TEMMNeparyp, KOpPO3uOHHbIX Cpea nnm
yBERMUEeHUA CPoKa CyX0Obl.

Pa6oTa BbinonHeHa B HauvoHansHoi nabopatopum Canpua no 3akasy
MunucTepcTia aHepreTuku CLLUA, Kontpakt Ne DE-AC04-94AL85000.
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PEM FUEL CELL BIPOLAR PLATE MATERIAL REQUIREMENTS FOR
TRANSPORTATION APPLICATIONS, R. L. Borup, K. R, Stroh and N. E. Vanderborgh, Los
Alamos National Laboratory: ESA-EPE, Los Alamos, NM 87345, (505) 665 - 9787.

Cost effective bipolar plates are currently under development to help make proton cxchange
membrane (PEM) fuel cells commercially viable. Bipolar plates separate individual cells of the fuel
cell stack, thus must supply strength, be clectrically conducting, provide for thermal control of the
fuel stack, be a non-porous material separating hydrogen and oxygen feed streams, be corrosion
resistant, provide gas distribution for the feed streams and meet fuel cell stack cost targets. The
design constraints suggest that advanced materials, such as conductive, corrosion resistant coatings
on metal substrates may be required for mass production of bipolar plates for large scale fuel cell
applications. :

Earlier fuel cell systems were designed for defense markets that dictated performance and
reliability as primary requirements. The current emphasis is on broader civilian markcts that work
today using established, competing technology. Consequently, fuel cell developers are focused on
new system approaches for this clean, cfficient energy conversion technology. Performance,
reliability and cost are the emphases. The major constraints include:

1. Electronic Conductivity 6. Low Weight

2. Gas Diffusivity 7. Low Volume

3. Corrosion 8. Strength

4. Chemical Compatibility 9. Thermal Control
5. Cost ' 10. Manufacturability

The design constraints are used 10 estimate materials that could be useful for current, large scale
markets, such as those requircd for transportation applications.

The materials must be designed to withstand the conditions of the operating environment of
the fuel cell. The cathode plate will be exposed to an O3 (oxidizing) containing environment. The
cathode plate will experience potentials of up 10 1.23 Vryp. The anode plate will be exposed to a
H, containing, reducing environment. The plate will experience smaller anodic potentials—at open
circuit the anodic plate will be near 0.0 VRJig. but could see potcntials up o 0.6 V as CO or COH
poisoning species are oxidized, if anodic pulsing were used for CO control.

Possible bipolar plate matcrials are being evaluated to meel the design conslraints and fuel
cell operating conditions. For [uel cells to be commercially compctitive with current energy
conversion devices, the fuel cell materials must be inexpensive and readily available. The change
in market supply of the materials used in fuel cells must be taken into account when considering
materials. Candidate materials include conductive polymers and metal plates with conductive,
corrosion resistant coalings. A possible manufacturing route for metal substrates, such as
aluminum, could be cutting and forming, followed by a corrosion resistant coating. Possible metal
substrates include: aluminum, titanium, iron / stainless stcel and nickel, although for transportation
applications the substrate will need w be of 2 material with a low density, probably either
aluminum or titantum.

Corrosion testing of any coated metal plates must be done emulating con ditions similar to

<

those projected during use of that material. Because these fuel cell plates will be exposed 0
constant potentials, the galvanostatic corrosion rate at relevant potentials is of interest. During
usual operation, the potentials for the anode and cathode are expected to be closer to 0.1 and 0.8
VRHE-: respectively. Anodic polarization and cyclic polarization are techniques used to determinc
passive/transpassive properties, and what occurs to test materials during the first polarization.

The electrochcmical corrosion mcasurements need to be conducted at {uel cell operating
conditions, replicating the chemical and potential environments, and both pressures and
lemperatures. A reducing hydrogen (anode) or an oxygen atmosphere (cathode) is required to
simulate either cathode or anode conditions. The electrical resistance of materials must be
measured and should not increase during exposure to the fuel cell environment For plate materials
in which gas permcability could be a concern, gas diffusion propertics also need to be evaluated.
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TPEBOBAHUA K MATEPUANAM OIMA U3rOTOBIEHNA IMMACTUH
MPOTOHHO-OBMEHHbIX MEMBPAH TOMMMBHBLIX 2NEMEHTOB (T3) AnNA
TPAHCIMOPTHOW NMPOMBILLUNEHHOCTW. P.J1.6opyn, K.P.CTpox u
H.E.Bannep6bopr, HaumoHansHas naboparopus Iloc Anamoc,

ESA-EPE, INloc Anamoc, Hbio Mekcuka, 87545 (505) 665-9787

InA NpakTMYeCKOro OCYLLECTBEHMA KOMMEPUYECKOro BHeapeHua T3 ¢
NPOTOHHO-0OMEHHOI MeMOpaHo, B HacTosALLIee BpemA paspabarbiBaloTca
3KOHOMUUECKU 3ddeKTUBHbIE BUNONApHbIE NNAcTUHBI . bunonApHLie MacT!Hb
pasgensioT oTaenbHble anemeHTol Hatapen T3, u, cnegosarensHo, MaTepuast NNacTuH
JOnXeH ObiTh JOCTATOUHO MPOUHBIM, INEKTPONPOBOAHBLIM 1 0becneuBaloLLIM
TEPMOKOHTpOsb 6atapen. MnacTuHbl JOMXHDBI BbINOSHATLCA U3 HE NMOPUCTOro
mMaTepuana, pasgenAoLLero NoTOKY BOAOPOAA U KACAOPOAA, NpUUeM MaTepuan JOJKeH
BbITb KOPPO3UEYCTOMUMBLIM, 0DecneuvBaTh pacnpegeneHye ra3os B NOTOKE NUTAHUA U
COOTBETCTBOBATb MOCTABMEHHOM 33faue CHUXEHUA CTouUMOCTU baTapeil. .
flepeuncneHHble KOHCTPYKTUBHbIE OFpaHUUEHVA NPeanonaraioT npuMeHeH1e
COBPEMEHHbIX MaTepuanoB, Hanpumep, MOXHO MCNOJb30BaTL SNEKTPONPOBOAHOE
KOPPO3/eYyCTOMUMBOE NOKPLITUE HA METAIMUECKOM OCHOBaHWUA )17 MaccoBOro
NpoM3BOACTBa GUNOMAAPHBLIX NNAcTUH baTapen yBenMueHHoOro pasmepa.

BOMBLUMHCTBO Npeapiayvx cucteM TO Obio CNPOEKTUPOBAHO AiA BOEHHBIX
HYXA, NPV 3TOM 3KCMNyaTaLMOHHbIE KaYecTBa 1 HaAeXHOCTb Oblii OCHOBHBIMM
Kputepuamy. CerogHsalLiHue TpebGoBaHUA AUKTYIOTCA TPaXAaHCKUM PLIHKOM CObITa, T.€.
pa3paboTKoi BHeAPEHs NPOBEPEHHON, KOHKYPEHTHOCTIOCOBHOM TEXHONOTM.
Paspabotunky T KOHLIEHTPUPYIOT CBOM YCUIMA Ha CO3AaHMM HOBOTO CUCTEMHOIO
nogxofa K Co3AaHuio TEXHONOM M U3roTOBJIEHWA 3KOIOTUYECKN YMCTOrO U
acbdekTrBHOro crnocoba npeobpasoBaHyaA IHeprm. IKCTyaTaLMOHHbIe
XapaKTepPUCTUKY, HafleXXHOCTb M CTOUMOCTb ABRAIOTCA Haubonee BaXHBLIMA KPUTEPUAMU.
OCHOBHBIMA OrpaHUYEHVAMM KOHCTPYKUWM ABNAIOTCA:

1. SneKTponpoBOgHOCTb 6. Hebonbiuo Bec

2. Na3zoBas anddy3voHHOCTb 7. Hebonblwion 0b6bem

3. Kopposua 8. INpouHocTb

4. Xumuyeckan COBMECTUMOCTb 9. TePMOKOHTpPOfib

5. CTomMmocCTb 10. TeXHONOMMUYHOCTb KOHCTPYKLIMK

MepeuscneHHble KOHCTPYKTUBHBIE OrpaHMUEHUA YUUTHIBAIOTCA Npy Bbibope
MaTepuasioB, KOTOPbie MOTYT GbiTb UCTONb30BaHbI ANIA YAOBAETBOPEHNA HYXA
COBPEMEHHOro MacLUTabHOro peiHKa CObITa, HarpyMep AAA HyX g, TPaHCNIOPTHOM
oTpaciu.

Bbl6paHHble MaTepuanbl JOSKHbI BbliaepXuBath YCIOBUA paGOTbl, aHanornJHole

ycnoeuam pabotel T3, KaTogHaa nnactvHa HaXoguTcA B cpege, coaepxalten O,
(okucneHue). TMoTeHuman Ha KaToaHOW NnacTyHe AOCTUraeT BennunHbl 1,23 Vige.
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AHogHanA NNACTVHA HAXOJMTCA B Cpefe, cogepxallei H, (B0CCTaHOBAEHNE). AHOAHDI
MOTEHLMAs NAacTVHbl BYAET HECKOMLKO MeHbLLie - okono 0,0 B pa3oMKHYTON Lien,
0ZHaKo Npy okvcneHumn “3noepegHsix” CO v COH, B criyyae KOHTpONA CO nytem
aHOHOU NyNbcaLyn, NoTeHUMan MoXeT A0CTUYb BeSunHbl 0,6 Vige.

Bo3MOXHble MaTepuankl 13roToBneHna GUNoNAPHON NAacTUHbI NPOBEPAIOTCA Ha
COOTBETCTBME KOHCTPYKTVIBHBIM OrPaHUUeHrAM 1 ycnosmam paboTsl T3. [ina Toro,
uTo6b! TD 6bIAM KOMMEPUECKM KOHKYPEHTHOCTIOCOGHbIMY, MaTepuanbl TS BOSKHbI ObiTh
HEeAOPOTVMA 1 NIETKO JOCTYNHbLIMA. CneflyeT Takke NpuHMMaTh BO BHAMaHME M3MeHeHuA
pbIHKa MOCTaBKM MaTepuanos. PaccMatpveaemble MaTepuaribl BKIIOUAIOT NpoBoAALLme
MOMMEPbI 1 METAMUECKME NNacTVHbI C NPOBOAALLIM KOOPO3/EYCTORUMBLIM
MOKpbITUEM. BO3MOXHbIE METaIb At 6a30BOI MNACTUHBI BKIIOUAIOT aliOMVHUIA, TUTaH,
CTanb/HEPXABEKY U HUKENb, OJHAKO JJiA TPAHCMOPTHOV NPOMBILLINIEHHOCTV MeTa
LOMXEH OblTh C HEBOMBLLIMM YAEMbHbIM BECOM, CKOPEE BCEro, altoMUHWA U TUTaH.

VcnbiTaHya Ha KOPPO3VEYCTOMUMBOCTL JOMKHbI NPOBOAUTLCA B YCIIOBUAX,
aHaNorMuHbIX Npeanonaraembim yciosuam pabotsl. Mockonkky niactukbl T3 byayT
MOCTOAHHO HAXOAUTLCA NOA LEMCTBMEM NoTeHuMana, cneayet obpaTtutb BHUMaH1e Ha
YPOBEHb ranbBaHoMIacTMYECcKoi KOppo3u Npy COOTBETCTBYIOLIEN BeMUMnHe
noteHuvana. Tlpeanonaraercs, uto BO BpeMA oObIMHOro pexuma paboTbl, NoTeHLman
Ha aHoge 6ynet 65m30K K 0,1 Vi, @ katoae - 0,8 Vi [[nA onpeaeneHun
MaCCYBHBIX/TPAHCNACCMBHBIX XapaKTepPUCTVIK MaTepmana 1 MsMeHeHVA UCbITbIBaemoro
MaTepuana B NpoLecce Nepsoi NoAPM3aLIM NPUMEHAIOTCA METOAbI aHOAHON
MofApu3aLmM1 1 LMKIMUECKON nonapuaaumn.

U3mMepeHua IMNEKTPOXUMUUECKON KOPPO3u JOJDKHBI NPOBOAUTLCA B YCTOBUAX,
UMATUPYIOLLIMX YciioBuA paboTel T3, ¢ BOCNPOM3BEASHUEM XUMUUECKMX NapaMeTpoB 1
foTeHUMana, a Takxe AaBneHVA 1 Temnepatypbl cpegbl. BoccTaHoBUTENbHbIE BOAOPOA
(aHom) M KucnopofHaa atMocdepa (kaToa) HeobxoAvMbl ANA MOAemMpoBaHyA
yCroBuii paboTel KaToga 1 aHoja. JNeKTPUUECKoe CONpoTVBIIeH/ e MaTepuasa,
KOTOpOE HeobX0aMMOo 3aMepATh B MPOLIECCE UCTIbITaHUA, He JOMXHO YBeMUMBaTLECA BO
BpEMA UCTIbITaHUI B ycnosuAX paboTol TO. B criyuanx vicnbiTaHA maTepuanosa, A
KOTOpbLIX ra30Bas NPOHULIAEMOCTb ABNAETCA KPUTUUECKON, ClIEAYET NPOBECTY OLIeHKY U
3amep XapaKTepucTUK rasoBou auddysum.
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FUEL CELL DEVELOPMENT FOR TRANSPORTATION;
CATALYST DEVELOPMENT

by

Narayan Doddapaneni
Sandia National Laboratories
Battery Research Department 2223/MS0614
Albuquerque, NM 87185-0614
(505) 844-2517

Fuel cells are being considered as alternate power sources for transportation and
stationary applications. The degradation of oxygen electrode catalysts (e.g., Pt. Ag and
others) and corrosion of carbon substrates make commercialization of fuel cells
incorporating present day technologies economically unattractive. In addition, with
Proton Exchange Membrane (PEM) fuel cells, the fuel crossover to cathodes causes
severe thermal management and cell voltage drop due to oxidation of fuel at the platinized
cathodes. The main goal of this project is to design, synthesize and evaluate stable and
inexpensive transition metal macrocyclic catalysts. These catalysts should posscs good
catalytic activity for the reduction of oxygen and chemically and clectrochemically inert
towards anode fuels such as hydrogen and methanol.

Sandia National Laboratories imitiated fuel cell work in 1992 and has evaluated metal
macrocyclic complexes for both oxygen reduction and direct methanol oxidation in Proton
Exchange Membrane (PEM) fuel cells and aqueous carbonate fuel cells (ACFC). Initial
results are very encouraging. Oxygen reduction on these catalysts showed lower potential
drop than that observed on platinum catalysts. In addition, these catalysts did not show
any deleterious effects on the air electrode performance after 60 days operation at 60°C.
At a current density of 100 mA/cm2, the voltage of an aqueous carbonate fuel cell built
with and SNL catalyst is higher by 150 mV compared to a fuel cell with platinum cathode
catalyst. This, we believe, a significant achievement. Similar results are also observed in
PEM fuel cells.

We propose to continue the optimization of composition of catalyst-substrate mixes.
Most of the work is dirccted to the catalyst stability studies in PEM fucl ccll cnvironment.
Both structural stability on long-term operation at elevation temperatures and the
poisoning effect by by-products will be evaluated. Building and testing of small fuel
stacks is also planned. Comparative catalyst performance of Sandia macrocyclic
complexes versus a baseline platinum catalyst will also be carried out.
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PA3SPABOTKA TOIUTMBHBIX SJIEMEHTOB JJIS TPAHCIIOPTHBIX CPEJACTB
PA3PABOTKA KATAJIN3ATOPA

Hapasu [Jonnananenu
Canppa Hammes1 jabopaTopus
Otpen uccnenopanus O6arapeit 2223/MS0614
Anbyxepk, mwrat Hero Mekcuxo 87185-0614
Ten: (505)844-2517

TonJIMBHbIE 3JIEMEHTHI pACCMAaTPUBAIOTCS B KAUECTBE aJIbTEPHATHBHBIX HCTOYHHKOB
SHEPruM OJ1 TPAHCIOpPTA U CTALMOHAPHBIX NpUMEHEHHH. [lerpanaiysg KaTaJu3aTopOB
KHCJIOPOMHBIX DJIEKTPOMOB (HAanpuMep, U3 IJIATHHEI, cepebpa U T.11.) U KOPpPO3us
YIJIEPOMHBIX IIOJIOXKEK [NEJIAI0T SKOHOMHYECKH HEBHITOHBIM IIPOMBIIIJIEHHOE
IPOH3BOACTBO TOIUTMBHEIX 3JIEMEHTOB, OCHOBAHHBIX Ha CETOHALIHUX TEXHOJIOTHAX.
Kpome Toro, B ciiyuae TOIIHBHBIX 3JIEMEHTOB C IPOTOHOOOMEHHBIMH MeMOpaHamMu
(PEM), nomnaiaHye TOIJIMBA Ha KaTOMAB! BHI3HIBAET CEphe3HbIE NPO0JIeMBbI Ieperpesa 1
HaJICHUS HaNpSKEHHUS 9JIEMEHTA B CBSI3U C OKHCJIEHUEM TOIIJIHBA Ha KaTOHAx ¢
IUIATHHOBBIM NOKPBITHEM. OCHOBHOI 11€JTbIO HACTOSILETO IPOEKTA SIBJIICTCS
pa3paboTKa, CHHTE3 U OIeHKa CTaOHJIbHBIX H HEIOPOTHX MaKPOLHKJIMIHBIX
KaTaJIM3aTOPOB HA OCHOBE NMEPEXOIHBIX METAJIJIOB. TaKHe KaTaM3aTOPbI JOJIXHBI
00J1aaTh XOPOILel KaTaTHTAIECKOH aKTUBHOCTBIO [IJISL BOCCTAHOBJIEHUS KHCJIOPOAA U
OBITH XUMHYECKH H JJICKTPOXUMUUECKH HHEPTHHIMY 10 OTHOILLEHHIO K aHOJHBIM
TOILINBAaM, TaKUM KaX BOJOPOA 1 METAHOJL.

PaGoTa Ha/{ TOIUIMBHEIMHE 3JIeMeHTaMH B Kommnanuu "Canyua HauHes1 JlabopaTopus"
HayaJiack B 1992 rogy. Briyia mpoBeneHa oLeHKa METaJTMIECKHX MaKPOLUKJIHIHbIX
KOMILJIEKCOB KaK IJI1 BOCCTaHOBJICHHS KUCJIOPOLa, TaK U AJIS IPSIMOTO OKHUCJIEHHS
METaHOJ1a B TOIUIUBHBIX 3JIEMEHTaX C MPOTOHOOOMeHHBIME MeMOpanamu (PEM) u B
TOIJIABHBIX dJIEMEHTAaX C BOJHBIMH yriiepomubivu BuaaMu Tomsa (ACFC). Ilepspie
pe3yJIbTaTh! OpLIH BechbMa 00HAAEKUBAIOIMME. BOCCTaHOBJIEHHE KHCJIOPOAA HA STHX
KaTaJIM3aTOpax MPOAEMOHCTPUPOBAJIO MEHbIIee NaficHue NOTEHIAaJIa, 9€M Ha
IJIATMHOBBIX KaTasu3aTopax. KpoMe Toro, Ha 3THX KaTaJi3aTopax He ObIJI0O OTMEYEHO
KaKoro-Jim00o OTPUIATEeSIbHOrO BO3ACHCTBHS Ha BO3AYIIHBI 3JIEKTPOJ 110CJIE 60 mueit
paGoTe! mpy Temrnepatype 60°C. IIpu niorrocty Toka 100 MA/cM” HanpsKeHue
TOINJIMBHOI'O dJIEMEHTA Ha BOAHOM YIJIEPOIHOM TOIUIMBE ¢ KaTasm3aTopoM SNL Ha 150
MB BBIIIE YEM Y TOIJIHBHOIO 3JIEMEHTA C IJIATHHOBBIM KaTaJIi3aTOPOM KaToda. Mel
paccMaTpUBaeM 3TO B KaUeCTBE 3HAUUTEJIBHOIO JJOCTHKEHHS. AHaJIOTHUHBIE
PEe3YJIBTATH! [OJIyYEHB! IS TOIUIUBHBIX 3JIEMEHTOB C IIPOTOHOOOMEHHBIMHU
MeMOpaHaMHu.

MBm! nipemoJsiaraeM npooJIXKUTh ONTHMHU3aI|I0 COCTaBa CMeCEH KaTa/l3aTopa H
noas10kku. OCHOBHASA 4acTh pa0oTHI OyIeT HanpaBJieHa Ha U3y9IeHHs CTaOHIIbBHOCTH
KaTaJIM3aTopa B TOIJIMBHBIX JIEMEHTaX C IPOTOHOOOMeHHBIMH MeMOpanamu (PEM).
Byper npoBefieHa OneHKa KaK CTPYKTYPHO! CTaOUJIbHOCTH B XOJIE IPOAOJIXKUTEJIbHOM
9KCILIyaTallHU NPH MOBHILIEHHBIX TEMIIEPATypax, TaK U OTPaBJICHHE KaTaJM3aTopa
noGouHsIMU poayKTaMu. TakKe IIaHHpyeTCs HU3roToBJICHHE HE0O0JIbIOl GaTapen
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TOILTHBHBIX 3JIEMEHTOB. ByeT TakKe NpoBeIeHO CpaBHEHNE pabOTHl KaTaiM3aTopa U3
MaKpOIHKJIHIHBIX KoMIIeKCcoB "Canna” ¢ 9TaJIOHHBIM IJIATHHOBBIM KaTaJIM3aTOPOM.
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Pyrolytic Carbon Film Technology
C.L. Renschler and C. A. White

Over the past several years, we have demonstrated the ability to produce thin films of
carbon with controlled morphology and electrical conductivity via pyrolytic
decomposition of a polymeric precursor. Specifically, we have developed techniques for
the deposition of polyacrylonitrile (PAN) on virtually any surface, allowing carbon film
formation with only the caveat that the substrate must withstand carbonization
temperatures of at least 600 C. In this presentation, we will describe some of what we
have learned about the influence of processing conditions upon the structure and
properties of the final carbonized films. Electrical conductivity, microstructure, and
morphological control will be described. We will also give an overview of a few of the
many applications to which we have put these film structures. A number of important
applications of this technology can be envisioned, including some specific to fuel cell
design and operation.
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TeXHONOrMA NUPORNTUYECKUX YTEPORHBIX MOKPLITUA
K.J1. PeHwnep u K.A. Yaut

3a mocJieJHEE HECKOJIKO JieT HaMH IIPOIEMOHCTPAPOBaHa BO3MOXHOCTD MOy YCHHL
TOHKOCJIORHBIX YIJIEPOHBIX IICHOK KOHTPOIMpYeMOii MOPOJIOraE i 3JICKTPHICCKOU
IPOBOJEMOCTH IyTeM HHPOJIATHYECKOTO pa3sIoKeHHs NePBOHaYaIbHOTO NOJIHMEPHOT0
npoaykTa. B gacTHOCTH, pa3paGoTaHEl METOJHKH OCaX/ICHAS NO/IHAKPH/IORATPHIIA
(PAN) IpaXTEUECKH Ha J1I06YI0 IOBEPXHOCTD C 06pa3oBaHHEM yIJIepoAHOH MJICHKH NPH
¢IAECTBCHHEOM YCJIOBHHE YCTOHIHBOCTH MOJJIOXKH K TeMIEPaTypaM HayrJICpOXKuBaHAs
no 600°C. B moxJiajie ONACHIBAIOTCS NOJIyYCHHDIC 3HAHAS O BIATHAR ycJIOBHA
06paGOTKHA Ha CTPYKTYpPY H CBOACTBa KOHCUHBIX HAYTJICPOXKCHHBIX IJICHOK.
OnncsIBalOTCS dJIEKTpHYECcKast HPOBOJAMOCTH, MAKPOCTPYKTYpa H MopdosioradecKHit
KOHTpOJIb. KpoMe Toro, faercst 0630p HEKOTOPHIX UPAMEHEHHH [0y ICHHBIX HAMH
CTPYKTYp IIEHOK. MOXXHO HpeyCMOTPETD ellie NeJIblil P BaXHBIX npAMEHCHHI
JAHHOi TEXHOJIOTAM, BKJIIOYAS CIENA]HKY, CBI3aHHYIO C pa3paboTKoi
’KCIUTyaTanueil TOIIABHBIX SJICMEHTOB.
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Poster 7:

Advanced Technologies in the Fuel Cell Program
(Photo album with abstracts)
N. V. Smotrov, Y. N. Kleschev, V. F. Chukharev

Photos and abstracts show scientific and technical possibilities of VNIITF

providing the development of a program on solid-oxide fuel cells, fragments
of advanced technologies and SOFC assembly.
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Power Source Evaluation Capabilities
at Sandia National Laboratories

D. H. Doughty and P. C. Butler
Sandia National Laboratories
Albuquerque, New Mexico 87185

Sandia National Laboratories maintains one of the most comprehensive power source characterization
facilities in the U.S. National Laboratory system. These capabilities could be well used in evaluation of
fuel cell technology.

This expertise primarily resides in the Battery Analysis and Evaluation Department. The department
has staff and facilities to test electrochemical power sources and to function as an independent test
facility for industry and government. One unique aspect of the department is our ability to design
testers for virtually any battery, which allows us to uniquely produce test data to analyze battery
performance.

Our power source testing facility is flexible, versatile and complete. In this facility we evaluate battery
performance under normal and abnormal conditions. When combined with our comprehensive failure
analysis capabilities, we provide in-depth analysis and high value to our customers.

The rechargeable battery test laboratory is a fully-automated facility used to evaluate various storage
and electric vehicle battery technologies. We use the results of these tests to characterize the
performance of advanced materials, cell and battery prototypes and to assist in identifying strengths and
weaknesses of emerging technologies.

Another tester area is used for performing nondestructive and functional computer-controlled testing of
cells and batteries. The thermal battery functional tester, which also tests active lithium batteries and
double-layer capacitors, does multichannel testing in any combination of resistance, constant current,
and constant power with a load-change time step of 10 milliseconds. We also perform pretest and post-
test analysis of thermal batteries.

All of these activities allow the performance and failure mechanisms of various components under
development to be characterized. Computerized environmental testing, (such as vibration, shock or
spin), abnormal environment testing (such as fire or crush), and safety testing (such as short circuit,
over charge and over discharge) are available.

As part of the Sandia Battery Group, the Battery Analysis and Evaluation Department teams with other
highly trained and experienced engineers, scientists, and to solve a wide variety of electrochemical
problems. Our staff members have backgrounds in chemistry, electrochemistry, metatlurgy, chemical
engineering, materials engineering, and physics. The facility includes twelve R&D laboratories, four
battery test laboratories, and two dry rooms. Our expertise spans electrochemical and materials
research, component design, development, prototype fabrication, and testing.
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B03MOXXHOCTM OLLEHKM UCTOYHUKOB 3Hepruu B CaHAVNCKMX HaLIOHaNbHbIX
naboparopusax

4.X. Daytu u .K. barnep
CaHpuiicKue HauuoHasnbHble tiabopartopum
Anb6ykepk, Hoto-Mekcuko 87185

W3 gncna HanuoHanbHEX JlaGopaTopuii CIIIA CannniicKue HalllOHAJIbHbIE JIAGOPaTOPHH PacloJIaraioT
OAHNMH 13 HauGoJlee YHHBEPCAIBHBIX CPECTB ONPEAE/ICHHS XapaKTEPACTHK HCTOUHHKOB SHEPTHH. OTH
BO3MOXHOCTH MOT'YT PaBHBIM 00pa30M HCI0JIb30BATHCS JIJIS ONCHKH TEXHOJIOTHii TOIJIMBHBIX 9JICMEHTOB.

DKcnepTH3a B 3TOH 06J1acTH B IIepBYIO ogepefb NpHHafisieXuT OTAe/IeHAI0 aHaJTH3a | ONeHKH GaTapeid. B
OTJIE/IEHHH UMEETCS IIEPCOHA ¥ 000pyAOBaHNE AJ1 UCIBITAHHH 2JIEKTPOXHMIYECKHX HCTOYHHKOB SHEPray, a
TaKKe paboTh! B KaUeCcTBE He3aBHCUMOI HCIBITATE/IbHOM IJIOLIAKH IS IPOMBIIIIEHHBIX ¥
rOCY/IapCTBEHHBIX HYXK. YHAKaIbHBIM aCIIEKTOM PaGOTEI OTACJICHHS SBJIIETCS CIOCOGHOCTD
KOHCTPYMPOBATh HCIBITATE/IBHBIEC IPAOOPHI (TECTEPH) IPaKTHIECKH UL Jr060H GaTapen, 9To MO3BOJISIET
10J1y49aTh YHUKAJIbHbIC AAHHBIC HCIBITAHMIT /IS aHA/IN3a BHIXO[HEIX XapaKTEPUCTHK GaTapeq.

Hamra nutomagKa /15T HCOBITAHMI HCTOUHUKOB SHEPTHH SIBJITETCS 3KCIUTyaTaNHOHHO FHOKOM, yHIBEPCaJIBHOMI
J1 IIOJIHOCTBHIO YKOMILJIEKTOBaHHOi. Ha 3Toll nytorafike NpOM3BOAUTCA OLEHKa PaG0YHX XapaKTEPACTHK
GaTapex NpH HOPMAJIBHBIX H SKCTPEMAJIBHBIX ycI0BuAX. CoueTas BO3MOKHOCTH IUIOMIA[KH C
0G0py/IOBAHAEM /151 KOMILIEKCHOTO aHaJIA3a OTKa30B, MBI IPEAOCTABJIEM HAIIAM 32Ka3UAKaM IJ1yGOKHi
aHAJIN3 BBICOKOT'O Ka4eCTBa.

JIaGopaTOopHs MCIBITAHUH aKKyMYJISTOPHBIX GaTapeil MOJIHOCTHIO aBTOMATH3UPOBAHA H HCIOJIB3YeTCs UL
OLEHKY Pa3/IMIHBIX TEXHOJIOrnil XpaHeHns 1 puMeHeRns GaTapeil B a/1exTpoMoOusisix. Ha ocHOBaHHH
pe3yJIbTATOB ITHX MCIBITAHAH COCTABJISIOTCS CleNu(PHKALUK Ha YJIyUIIeHHBIe MAaTepHaibi, 00pasnbi
aKKYMYJIATOpPOB U GaTapeii i ONpeeJITI0TCS CHIbHBIE | CJ1a0ble CTOPOHBI Pa3pabaThiBaeMbIX TEXHOJIOTHH.

Jpyras 9acTb HCHOBITATE/IBHOM IJIOIAAKH CHOJIb3YETC A1 IPOBEACHHS HEpa3pyAONUX X YIPaBJIAEMBIX
110 DBM (hyHKIHOHATBHBIX UCIBITaHNH aKKYMYJIATOPOB M GaTapeil. DyHKUHOHAJIBHEIH TeCTep TeNI0BOH
GaTapeu, CIIOCOGHBI TaX>Xe NPOBEPATH aKTHBHEIE JIUTHEBEIE OaTapeH | BYCJIOHHBIE KOHACHCATOPHI,
BBIHOJIHAET MHOrOKaHa IbHOE TECTUPOBaHue B JIF000H KOMOUHAINA IapaMeTPOB CONPOTHBJICHHAST,
MOCTOSIHHOT'O TOKA M MMOCTOSHHOM MouHocTH ¢ 10-TH MIVIIHCEKYHAHBIM IIOIIaroBBIM H3MEHECHACM HarpysKH.
Kpome Toro, Ml IpOBOAKM aHaJIA3 TEIUIOBBIX GaTapeil IO ¥ IOCJIC HCIbITAHMM.

Bce 2Td BEABL paGOT MO3BOJISIOT ONPEACINTD XapaKTEPHCTHKY H MEXaHA3MEI OTKa30B Pa3JIMIHBIX
paspabaThBaeMBIX y3J108. CyIECTBYIOT BO3MOXKHOCTH NPOBEAEHHS KOMIbIOTCPH3HPOBAHHEIX HATYPHBIX
MCIBITaHN (HapuMep, BUGPAHUOHHBIX, YAAPHBIX HJIH HEHTPU(YXKHBIX), HATYPHBIX HCOBITAHUA B
5KCTpeMaJsIbHBIX YCJIOBUAX (HAIpHMep, HA OrHECTOMKOCTD U pa3AaBJ/IMBaHue) U HCIBITAHMAH
NpeOXPAHNTEIBHBIX YCTPOHCTB (HANpHMep, Ha KOPOTKOE 3aMBIKAHHE, H30BITOT B 3apsiA A H30BITOTHBIN

paspsan).

SIBnssich wacThio CaHuiickoif rpymHib o pa3paGoTKe GaTapeii, OTAe/IeHAE aHAJIH3a H OLEHKY GaTapei
pa6oTaeT COBMECTHO C EPYrHMH BHICOKOKBa/IM(pHIUPOBAHHBIMA 1 ONBITHEIMY HHXCHEPAMHU H YUCHBIMA Ha{
pelleHreM [IMPOKOTo CIEKTPA JJIEKTPOXUMHUYECKUX NpoGsieM. 1/IeHb! Halero KOJUIEKTABA HMEIOT OIBIT
paGOTHI B 06/1ACTH XMMHH, 2JICKTPOXHMHH, METAJUTYPriH, XUMIUECKUX TEXHOJIOTHii, TEXHOJIOr K
MaTepuasioB u pusuku. Iliomaka BKIF0UaeT B cebs qpeHaauats Jlaboparopuii HFIOKP, wersipe
J1aGopaTOpHH 110 HCIBITaHMAM GaTapeil M ABe Cyxue KoMHaTHL. Haln cnenuasIbHbIe 3HAHHA OXBAaTHIBAIOT
06/1aCTh 3JIEKTPOXMMHUIECKIX M MaTEpPHAJIOBEAUECKUX HCCIICAOBAHHH, BONPOCH! IPOCKTHPOBAHHS,
pa3paGoTKH, H3rOTOBJICHUA 00pa3lOB M HCIBITAHHS OTACJ/IPHBIX Y3J10B.
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Metalloporphyrin Catalysts for Oxygen Reduction
Developed Using Computer-Aided Molecular Design

Gail N. Ryba, J. David Hobbs, John A. Shelnutt
Sandia National Laboratories, Albuquerque, NM

The objective of this project is the development of a new class of metalloporphyrin
materials as catalysts for use in fuel cell applications. Fuel cell efficiency and reliability are
controlled largely by the catalytic processes occurring at the cell electrodes. New classes of
metalloporphyrin materials, including the dodeca-substituted porphyrins and porphyrins with
hydrogen-bonding and ionic groups developed at Sandia, are excellent candidates for use as
catalysts at both the fuel anode and the air cathode. Proper design of these materials could provide
solutions to many of the present day catalyst limitations, particularly for the fuel cell systems that
are most appropriate for transportation applications (PAFC, AFC, and PEM fuel cells). Sandia
has pioneered the use of 3-D computer modeling to design metalloporphyrin materials to have
specific physical and chemical properties

The catalysts reduce O in 1 M KOH, as well as in 2 M sulfuric acid, where macrocyclic
catalysts are traditionally less stable. Using gas-diffusion electrodes, we found that the non-planar
porphyrins were slightly more active than planar porphyrins for O, reduction, whereas on solid
glassy carbon electrodes they were found to be inactive. This dependence on the nature of the
electrode points to the importance of the interactions of the catalyst with the carbon support.

For use in an actual fuel cell the catalysts were loaded onto blank graphite-based, porous
gas-diffusion electrodes. To optimize the electrode, changes in solvent, rates of drying, and
catalyst loadings have been made. All of the electrode preparation methods resulted in roughly
equal performance.

Covalent attachment of the catalysts to the carbon supports is being pursued by
derivatizing the carbon surface with an amino-pyridine which is expected to be an axial ligand for
cobalt porphyrins. XPS studies of two different solid carbon supports (highly-ordered pyrolytic
graphite (HOPG) and glassy carbon (GC)) were made and showed that loading of the catalyst
differed significantly for the two samples.

The computer-aided molecular design is an iterative process, in which experimental results
feed back into the design of future catalysts. Molecular modeling is performed using Molecular
Simulations' CERIUS? Version 1.6 and a research version of POLYGRAF. The binding of oxygen
in the pocket of the non-planar porphyrins is found to be enhanced by several kilocalories over the
planar porphyrin binding.
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Me'rannonopdmpnﬂonble KaTaJi3aTophl AJ1s1 BOCCTAHOBJICHHA KHCIJIODOAA,
paspaﬁoTaHHble C ITOMOIIbI0 KOMITbIOTEPHBIX METONOB MOJIEKYJIAPHOI'O KOHCTPYHPOBAHHA

Teiin H. Paii6a, Jx. dasun Xo66c, Jxon A. lennar
CaHpauiicKye HallHOHAJIbHbIE JJaG0paTOpHH

[1eJ1b10 HACTOAIIEro IPOCKTa ABJIAETCS Pa3paboTKa HOBOTO KJlacca
METaJLTONOp(HUPHHOBHIX MATEPHAJIOB IS HCIIOJIb30BAHUS B Ka4CCTBE KaTAJIH3aTOPOB B
TOIJIMBHBIX 2JieMeHTaX. K.ILA. H HaA€XHOCTD TOIUIMBHBIX DJIEMEHTOB B OCHOBHOM
KOHTPOJIMPYIOTCS KATAJTUTHIECKIMHU NPOUCCCAMH, TIPOHCXONSIIIMH Ha 5JICKTPO2X
JTeMeHTOB. HOBBIE KJIaCChl METAJIIONOP(HPHHOBBIX MATEPHAJIOB, B TOM YHCJIE, IOP(HPHHDI
¢ 12 3aMeHITE 1 IMH-JIMraHAAMH Ha DepuchepHH MOJIEKYJIbl, NOP(HPHHBI C BOLOPOIHOU CBA3BIO
} MOHHBIC TPYIIB], pa3paboTannbie B CaHuH, SBJISIOTCS NPEKPACHHIMU KaHIHNATAMA [UIA
NPHMEHEHNS B KAUECTBE KaTaJIi3aTOPOB KaK Ha TOITMBHOM aHO/C, TaK H Ha BO3NYIIHOM
kaTone. IIpaBHJIbHAs KOHCTPYKUHS 3THX MaTEPHAJIOB MOXKET o0eCleyunTh pelcHHe MHOTHX
CYUIECTBYIOIIMX CETOMHS NPOGIIEM, OrpaHIYHBAIOUIMX HCTIO/Ib30BAHHE KATAIH3ATOPOB, B
YaCTHOCTH, [JI YCTZHOBOK Ha TOIUIMBHBIX 3JICMCHTOB. B OCHOBHOM NPE/IHA3HAYCHHBIX [T
HCIoJb30Banus Ha Tpancrnopte (OKTD, IIT3, TIITI). B Cannuu BIepBbie HayasIi OPHMEHATD
TpEXMEPHOE KOMITHIOTEPHOE MOJCIHPOBAIHE 15 KOHCTPYHPOBAHI METaJJIONOP(UPHHOBIX
MAaTEpPHAJIOB C ONPENEICHHBIMH (PU3HIECKHMH ¥ XUMHUUCCKHMH CBOHCTBaMH.

KaTam3aTopsl BoccTanas uBaioT Ox B 1 M KOH, a Takxe B 2 M cepHOI KHCIIOTH, B
KOTOpO#l MaKPOLUKJIMYECKHE KaTaJIH3aTOPbL 0OBIYHO MeHee yeToiunBhl. JIpuMeHss
rasonud@y3HbIe 3JIEKTPO/IbI, MBI OGHAPYKHIIH, UTO HEIIAHAPHDIC nop(PHPUHBI NIPOSBJILIIA
HECKOJIbKO G0oJice BBICOKYIO aKTUBHOCTD IIPH BOCCTaHOBJICHHH KHCJIOPOA2, YEM IUIaHAPHEBIC, B
TO BpeMs KaK Ha TBEPMBIX CTEKJIOYTJICPOMIHBIX JICKTPOJAX OHH ObUTH HeaKTHBHbIMH. Takasd
3aBUCHMOCTD OT IPHPOIbI 3JIEKTPONA YKa3hIBAET Ha BaXKHOCTb B3aHMMOJICHCTBHS KaTaIn3aTopa
C YrJIepOZIHO# OCHOBOH.

JUTA MCIIOJIB30BAHHS B TOILUTHBHOM 3JIEMEHTE KAaTaIH3aTOPH! OBLIH HAHECEHDI Ha
rpacpUTHBIC TOPHCTHIE ra30au@dYy3HbIE 2JIEKTPOMBL. C 11eJ1bI0 ONTHMH3alMH ACHCTBHS
KaTaJIN3aTOpa GbUIM BHECCHBI M3MEHEHHS B COCTAB PACTBOPUTEJISE, CKOPOCTD CYIIKH U crocob
HaHeCeHHs KaTaiu3aTopa. HuKaxue MeTOnbl IOArOTOBKH JIEKTPONOB OCOOCHHO HE NOBJIMSLIIN
Ha padoyue XapaKTEpHCTHKH KaTaIH3aTOPOB.

TIpoBOASTCS NOMBITKY NOCTHYD KOBJICHTHOrO COCMIMHEHHS KaTali3aTOPOB C
YIJTepONHbIMU OCHOBAMH NIOCPENICTBOM 00DadOTKH YIJIEpOAHOi TOBEPXHOCTH
AMHUHOMMPUIHHOM, OT KOTOPOrO OXHIAETCS., YTO OH OYNET CIIYXHTh OCEBBIM JIMTaHIOM 11
K0GaJIBTOBOrO NTOpGupHHA. BBUIH IIPOBENECHBI HCCJICROBAHMS ABYX Pas/IMyHBIX
TBEpIOYTJIEPOMHBIX OCHOB (IMPOJIMTHUECKOro rpacpuTa BBICOKOrO MOPAAK? U TBEPAOro
YIJIepofa) ¢ IOMOLUBIO PEHTTEHOBCK O (POTO3JIEK TPOHHOM CTICK TPOCK OIHH. Onu moxasaj,
YTO 3arpy3Ka KaTaJli3aTopa Ha IBYX 00pasilax 3HaUNTEIbHO Pasjimiasach.

IIpH MpUMEHEHUH METOMIOB KOMIbIOTEPHOrO MOJIEK Y IAPHOTO KOHCTPYHPOBAHAL
AKTUBHO HCIIOJIH3YETCS OOpaTHAS CBS3b, KOTIA PE3YJIbTATH IKCIEPHMEHTOB YIHTBIBAIOTCA
NpY NPOSKTPOBAHKH OYAYLIMX KaTaJIH3aTOPOB. MoriexyJISpHOE MOJEIHPOBaHHAE IPOBOAUTCS
¢ IOMOMIBIO IporpaMMHoro odecreuerus “Molecular Simulations' CERIUS® , Bepcus 1.6, a
TaK3Ke C MOMOLIBIO HAYYHO-HCCJIENIOBATEIbCKOro BapHanTa NporpaMMel POLYGRAF. Cs3b
KHCJIopoia B "KapMane” HeIUIaHapHOro NopQupHHa BHIIIC Ha HECKOJIBKO KHJIoKasiopuii Mo

CPaBHEHUIO CO CBSI3b10 HelJIaHapHbIX IIOp¢HpI/IHOB.
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A Source of Electrical Energy Using an Air-Aluminum Element (AAE)
A.V. Anisin, V.A. Borisenok, G.A. Potemkin, A.V. Rudnev

Abstract of Paper

An air-aluminum element (AAE) is a chemical current source (CCS) with an aluminum
anode and an oxygen gas-diffusion cathode. An AAE may be relegated to intermediate
types of CCS, occupying a position between primary and fuel cells.

A primary cell includes a consumable fuel and oxidizer, after the depletion of which the
element is replaced with a new one. The fuel and oxidizer are fed into the fuel cell from
outside, which makes it possible to extend its service life considerably.

The consumable fuel material in the AAE is aluminum, and the oxidizer is oxygen in the
air coming from the external environment. The electrolyte is an aqueous solution of
sodium chloride. Sea water can also be used in this capacity.

The end product of AAE operation is aluminum hydroxide AL(OH)3, which is a valuable
chemical raw material. AI(OH)3 can be regenerated with relatively small expenditures
into the initial anode aluminum, as well as — being an absolutely non-toxic product that
does not pollute the environment — being able to be used, as follows from well-known
sources in the literature, for the treatment of waste water and in medicine.

The results of experiments to select the optimal variation for the design of an AAE show
that a current density of up to 30 mA/cm’ with an electromotive force on the order of
(1.4-1.5) V is entirely realistic.

It has also been experimentally established that an AAE with an NaCl electrolyte, as
opposed to those where an alkali is used as the electrolyte, has a markedly lower self-
discharge current, and is cheaper and safer in operation.

This, as well as the ecological cleanliness and possibility of recovery of the aluminum

scrap and its alloys by the most efficient means, indicates the promising nature of the
further development of such energy sources.
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AN ELECTRICAL ENERGY SOURCE
BASED ON THE ALUMINUM-AIR CELL

by
A.V. Anisin, V.A. Borisenok, G.A. Potemkin
and A.V. Rudnev

Russian Federal Nuclear Center—All-Russian Scientific
Research Institute of Experimental Physics
Arzamas-16, Russia

Introduction

The aluminum-air cell is a chemical current source with an aluminum anode
and an oxygen gas-diffusion cathode. The aluminum-air cell (AAC) can be classified
as a type of chemical current source intermediate between the galvanic cell and the
fuel cell.

Fuel-cell-based power installations appear most promising with regard to envi-
ronmental cleanliness and power capacity. This approach is being pursued vigorously
in Russia. It is anticipated that demonstration facilities using molten-carbonate and
solid-oxide cells, the most efficient types of fuel cells, will be built at the end of the
1990s and the beginning of the next century. Fuel-cell power plants will have capaci-

Original title: “Istochnik elektricheskoi energii na osnove vozdushno-alyuminievogo
elementa (VAE)” (in Russian). Translated from: Fuel Cell Technology Workshop
Compendium. Translated by Ben Teague.
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ties of 1 MW and up. These are considered high-technology installations requiring
heavy investment of materials and funds.

A galvanic cell contains consumable fuel and oxidizer; when these are exhaust-
ed, the cell is replaced with a new one.

Galvanic cells and batteries are widely used. A state may require tens of mil-
lions of such chemical current sources every year. In our country, for example, the
annual demand for chemical current sources just for children’s toys is over 10 million
units. Relatively costly materials, some of them toxic, are used in the manufacture of
the great majority of chemical current sources. The production of such devices is not
environmentally safe, and spent units are not generally recycled.

The fuel in the aluminum-air cell is aluminum, while oxygen admitted from
the atmosphere serves as oxidizer. The electrolyte is an aqueous solution of sodium
chloride.

The development and standardization of power plants using aluminum-air cells
will be a fairly inexpensive way to obtain an environmentally safe source of electrical
energy. These cells are estimated to have a generating capacity of up to 30 kW.

1. Current-Generating Reaction
The reaction producing current in the aluminum-air cell is

4Al + 30, + 6H,0 — 4Al(OH);
Theoretically, the oxidation of 1 gram-molecular weight of aluminum by oxi-

dation liberates an energy of 837.5 kJ/mol [1].
This energy can be transformed to electrical energy.
2. Experimental

The experiment involves measuring the specific surface area of cathode materi-

als, examining the electrical characteristics of mockup aluminum-air cells, and carry-
ing out preliminary studies of their service life.
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2.1. Experimental Cells

Mockups of the following types of aluminum-air cells were investigated:

“Bulk” aluminum-air cell. The cathode is a sheet of nickel oxide, S = 100
2. the anode is a sheet of aluminum alloy D16, S = 100 cm?; the electro-
lyte is a saturated aqueous solution of NaCl.

“Bulk” cell. The cathode is a sheet of a carbon-polymer composite supported
on a metal screen, S = 40 cm?; the anode is a sheet of technical grade (99.99)
aluminum, S = 40 cm?; the electrolyte is a saturated aqueous solution of
NaCl.

Matrix cell. The cathode is a sheet of nickel oxide, S = 100 cm?; the anode is
a sheet of aluminum alloy D16, § = 100 cm?; the electrolyte is a saturated
solution of NaCl. Specimens of fabric and paper having various wettabilities
were tested as matrix materials.

Matrix cell. The cathode consists of type UT-2 carbon fabric, § = 18 cm?; the
anode is a sheet of aluminum alloy D16, § = 18 cm?; the electrolyte is a
saturated aqueous solution of NaCl; the matrix is fabric.

Matrix cell. The cathode is made of a carbon-polymer composite supported on
a metal screen, § = 20 cm?; the anode is a sheet of technical grade (99.99)
aluminum, S = 20 cm?; the electrolyte is a saturated aqueous solution of
NaCl; the matrix is paper.

Matrix cell. The cathode is made of a carbon-polymer composite supported on
a metal screen, § = 20 cm?; the anode is alloy D16, S = 20 cm?; the matrix
is paper.

Matrix cell. The cathode is made of carbon fabric with a platinum catalyst
deposited on it, § = 20 cm?; the anode is aluminum alloy D16, § = 20 cm?;

the electrolyte is a saturated aqueous solution.
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2.2. Results: Measurement of Specific Surface
of Cathode Materials

In order to achieve a high electrode current density, the porous electrodes must
have a highly developed internal surface. The specific surface (area) S, of the materi-
al can serve as a measure. The specific surfaces of the cathode materials in the mock-
up cells were measured by the BET (Brunauer-Emmett-Teller) method. Table 1 states
the measured results.

Table 1. Measured specific surfaces.

Material Specific surface, m2/g
Nickel 0.13-0.17
UT-2 carbon fabric 4.0

Carbon fabric with Pt 23
Carbon-polymer composite 280

2.2. Results: Measurement of Electrical Characteristics
of Cell Mockups

The current versus voltage curves of the aluminum-air cells were measured by
the voltmeter-ammeter method. The ohmic load was a type R33 resistance box (1 to
99,999 Q). The voltmeter used was a type F203; the ammeter, a type V7-41. The
measurements were carried out at room temperature. The error was no greater than
2.5%. The measured currents and voltages were used in constructing current versus
voltage curves for the cell mockups. By way of illustration, Fig. 1 shows the plotted
curve for the cell described in paragraph (b) of Section 2.1; Fig. 2 shows the curve
for cell (). The results of these measurements are presented in Table 2 (absolute
values) and Table 3 (values per unit area). The tables employ the following notation: /
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is current, E is emf, U is voltage, P is power, R is resistance, and S is electrode area.
The current I and the voltage Uy are the values measured at the power maximum.
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2.2. Results: Measurement of Service Lives of Cell Mockups

Preliminary studies of the service lives of the cell mockups gave the following
results:
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Table 3. Specific characteristics of cell mockups.

Cell type 1., mA/cm? P_.., mW/cm? Iy, mA/cm?
(@) 4.0 0.2 0.25
(b) 30.0 14.5 28.8
© 0.48 0.09 ' 0.38
(@ 8.8 2.0 5.8
© 20.6 7.6 12.7
63) 18.0 2.8 8.0
9] 3.4 1.2 2.4

The electrical performance of cell (a), the bulk aluminum-air cell with nickel
oxide cathode, declines significantly in the first hour of operation. The main
reason is the formation of NaCl crystals on the free surface of the cathode,
which obviously hinders the access of oxygen to the reaction zone. The rate of
salt crystal formation was a factor of 5-6 lower in the matrix cell with nickel
oxide cathode.

For stable operation of cell (b) with carbon-polymer cathode, the electrolyte
must be replaced every 6-8 hours. The reason is that the properties of the
electrolyte are degraded by products of the anode reaction.

The matrix cell (c) with carbon fabric cathode operated for 180 hours with no
change in the current versus voltage curve. The experiment was terminated
after this time. The total charge passed through the load (R = 10 () was 2.7
A-h, the energy dissipated in the load was 60 J, and the consumption of anode
material was approximately 1 g.
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2.5. Analysis of Results

The experimental data permit the following inferences:

An emf of 1.4-1.5 V and a short-circuit current density of 30 mA/cm? are
realistic values for aluminum-air cells.

The matrix cell design offers the greatest advantages. This conclusion follows
from an analysis of the service life findings for the bulk and matrix types. A
further improvement in performance should come about through the introduc-
tion of a water-accumulating material into the cell design (the developer does
have such a material), which will extend the unattended service life of the
aluminum-air cell.

For the cathode in the aluminum-air cell, the material selected must have these
two features: a combination of hydrophobic and hydrophilic properties that
insures filling of 30% of the pore volume with the electrolyte, together with a
large specific surface. This follows from a comparison of the measured specif-
ic surfaces and electrical characteristics, where the maximum current density
was found for cells having a carbon-polymer composite cathode with Sy, =
280 m2/g, that is, cells (b) and (e).

The efficiency of the aluminum-air cell can be increased through the use of
catalysts. This conclusion is based on a comparison of the results for cells (€)
and (g), where the specific surfaces of the cathode materials differed by more
than two orders of magnitude but the current densities were less than a factor
of 5 apart.

A key problem in the development of aluminum-air cells is to select a matrix
material that insures good contact between electrolyte and electrodes. The lack
of such a material is apparently the only thing that can account for the differ-
ence in current density between cells (b) and (e), which had identical cathode
and anode materials.
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3. Applications of the Aluminum-Air Cell

Aluminum-air cells can be used in self-contained power supplies for a variety
of telemetry equipment, light sources, signal buoys, means of transportation (boats,
wheelchairs, electric cars and other vehicles), emergency and rescue equipment,
parking lot lighting, signal lamps for ships and barges, and toys and models.

These power sources are also well-suited to service in remote and difficultly
accessible regions where there is no electrical grid, including vacation homes, where
the cells can operate continuously for several months provided supplies of water, salt
and aluminum anodes are present. They can also be employed for tourist purposes and
during expeditions, since an aluminum-air cell can be carried in dry form and activat-
ed when needed.

The ultimate product obtained when the anode of the aluminum-air cell is
consumed is aluminum hydroxide Al(OH)5. This is absolutely nontoxic and is in itself
a valuable chemical. It can be used as a raw material in the chemical and ceramics
industries, as an aggregate in concrete, in wastewater treatment (since aluminum
hydroxide can absorb a variety of harmful substances), as a component in medicinal
preparations, and for other purposes. AI(OH); can also be regenerated into the start-
ing anode material, aluminum. The cost of regenerating aluminum from its hydroxide
is comparable with, or even lower than, the cost of producing it from native raw
materials (bauxites, kaolin, etc.).

In our view, the final development of aluminum-air cells will make it possible

o To replace today’s chemical current sources with an environmentally clean

source of electrical energy in devices with self-contained power supplies

° To create an environmentally safe urban transportation vehicle
o To utilize aluminum and aluminum alloy scrap in the most efficient way—as a
fuel

The authors wish to express their sincere gratitude to D.R. Agzamova, N.L
Puchkova, S.Yu. Rogozhin and E.A. Korochkina, their colleagues at Arzamas-16, for
assisting in the conduct of the experiments and the preparation of the paper.
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MCTOUHUK 9NEKTPUUECKOA SHEeprum Ha OCHOBE BO3AYLIHO-
anoMuHuesoro anemetra (BAS)

A.B.AuucuH, B.A.Bopucerok,l.A.lNoteMkuH,A.B.PyaHes

AHHOTaUUA goknapa.

Bo3apyLWHO-anoMUHUEBLIN anemerT (BAD) ABIIAETCA XMMUYECKUM NCTOYHNKOM TOKa (XUT)
C aNOMUHNEBRIM aHOZOM W KUCTIOPOAHEIM rasoanddy3voHHIM KaToaom. BAS moxeT BbiTh
OTHECCA K NPOMEXYTOUHOMY Tuny XWUT, 3aHMMatoLLemy nosnoxXeHne Mexay ranssaHn4eCckuMu
U TONNMUBHBIMY 3IEMEHTaMU.

B cocTas ranbBaHUYECKOro 3MeMeHTa BXOOAT pacxopyeMble TOMMMBO ¥ OKUCHUTEb,
nocne BbIPabOTKM KOTOPLIX 3IEMEHT 3aMEHAETCA Ha HOBbI. B TONNMBHBIA 9NEMEHT TONBO
Y OKMCAUTESb MOAA0TCA U3BHE, YUTO NO3BOMAET CYLLECTBEHHO NPOANUTL €ro pecypc.

B BAD pacxonyeMbiM MaTepuarnom CRy>XWuT TOMAUBO - altOMUHWUIA, & OKUCHUTENb -
KUCNOPOA, BO3AYXa, MOCTYNatoLLuii U3 BHELWHER Cpeabl. ONeKTPONTOM ABNAETCA BOAHbIN
pacTBOp XA0puUaa HaTpuA. B STOM KauecTse Takke MOXET ObiTb UCMONb30BaHA MOPCKaA
Bopa.

KoHeuHbIi npopykT paboTsl BAD - ruppooxeun anomunna Al(OH)3, ABAAIOLMACA LEHHBIM
XUMUYEecKUM ceipbeM. Al(OH)3 MoxeT BbiTb C OTHOCUTENBHO MasbiMi 3aTpatamu
pereHepupoBaH B UCXOOHBIA aHOOHbINA anioMUHNRA, a TaKkke, Oyayun abContoTHO HETOKCUUHBIM
MPOAYKTOM, HE BbI3bIBAET 3arpA3HEHNA OXPYXKAIOLLIE! CPefbl 1 AAXKe, Kak CepyeT us
U3BECTHBIX NUTEPATYPHBIX UCTOHYHUKOB, MOXET ObiTb UCNONL30BaH NPU OYUCTKE CTOUHLIX BOA
A B MeOuUUHe.

PesynbTaTbl 3KCNEPYMEHTOB MO BLIGOPY ONTUManeLHOro BapuaHTa NoCTPOEHUA BAG
NOKa3bIBAIOT, YTO BIIOSIHE pearbHbLIM ANA HUX ABNAETCA NAOTHOCTb TOKA A0 30 MA/CM2 Npu
3.0.c. nopApka (1,4 - 1.5)B. .

OKCNEepUMEHTANBHO TaKkxKe ycTaHosneHo, 4Tto BAS ¢ NaCl - snektponutom B OTaAMumMm OT
Tex, rAe B KAUeCTBE DNEKTPONMTA UCMOL3YETCA LLeSovb, 06napatoT CyLLIECTBEHHO MEeHbLINM
TOKOM camopaspaga, bonee geluessb! ¥ 6e3onacHbl B 3KCrulyatauum.

3710, a TaKXKe 3KOSorMyecKas uMcToTa 1 BOMOXHOCTb YTUIusauu noMa antoMuHua 1 ero
cnnaBoB Haubornee paLMoHanbHBIM MYTEM, YKa3EIBaOT Ha NEPCrEKTUBHOCTL AanbHenLen
pa3paboTKy TakuX UCTOYHUKOB SHEPruK.
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1. INTRODUCTION

Energy problems progressing constantly in the world require
their efficient and ecological solution. Along with the improvement
of the traditional methods for energy conversion (hydropower
engineering, thermal and atomic power engineering) the essential
contribution may and must be made by the alternative power
engineering and, in the first place, by that based on fuel cells and
having the higher coefficient of its efficiency and practically absolute
ecological safety (ejections of harmful substances decrease by a
factor of 100 and the more higher one). Being based on the direct
conversion of natural fuel (gas) energy just into the electric power
the fuel cells are able, under definite technical progress, to become a
seriour alternative to the traditional converters of electric power.

In this row a special role belongs to high-temperature FC (and
especially to those based on solid electrolyte) reaching the efficiency
coefficient equal to 80-85 % when using removed heat.

The noted progress in FC technology can be essentially
accelerated at the expense of involving the high scientific and
technical potential of Russian Nuclear Centers and USA National
Nuclear Laboratories into solving the problem due to the expanding
conversion of the military production (industry).

The given project is the proposal for the commercial and
financial circles to concentrate efforts and to organize the joint
activity on the base of RFNC-VNIITF and Russian enterprises
being conversed and engaged in development of power plants based
on SOFC with the subsequent commercialization of these plants at
Russian market with a view to get profits.
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2. ESSENCE OF THE PROPOSAL

Creation of Russian - American joint enterprise for performing
scientific investigations, development and manufacture of power
plants on the basis of solid oxide fuel cells RASOFCo =
Russian-American Solid Oxide Fuel Cells Company.

3. MAIN GOAL OF RASOFCo

Performing of scientific investigations, development and
manufacture of power plants based on SOFC, winning of Russian
market, getting of profit.

4. TASK OF THE FIRST LEVEL (1996-2000)

Completion of basic investigations and technologies,
development of commercial power plant of 1 kW power, tests,
putting into series production, series production, sale of power
plants to the Russian Joint-Stock Company "GAZPROM'.
organizing of maintenance, getting of profit.

5. TASK OF THE SECOND LEVEL (1998 and later)

Development and tests of power plants of 10 kW - 100 kW-MW
class, putting into production, marketing, sale, maintenance, getting
of profit.
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6. DESCRIPTION OF THE PRODUCT

When using the electrochemical method, at the electrodes of the
fuel cell the accumulation and transfer of electric charges into the
external part (electrons) and electrolyte (ions) take place as a result
of high-temperature catalytic oxidation reaction of hydrocarbon fuel
on the solid electrolyte surface. Using direct electrochemical
conversion the efficiency increases to 55-60 % but with taking into
account the removed heat - to 80-85 %. The essential advantage is
the ecological safety of ECG and PP operation.

A single fuel cell generates voltage in the range from 0.6 to 1.2
V at current density equal to 100-250 mA/cmZ2. For obtaining the
given output parameters the fuel cells are combined into the battery.
The structural combination of FC battery with the systems of
reagents feed and disrubution. removal of reaction products and
automatics of control forms the electrochemical generator (ECG).

If ECG is combined with the systems of fuel preparation,
current conversion, heat utilization, then such complexes are
converted into power plants.

ECG based on SOFC uses natural gas (methane) as a fuel.
When applying reforming the range of the used fuel , for example,
petroleum products, coal, peat (turf). wood can be extended.
RASOFCo will provide the series output of ECG of 1 kW power,
then of 5 kW and 10 kW power as well as the development and the
output of 10 kW PP with subsequent output of PP of greater power.
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7. PREDICTED TECHNICAL CHARACTERISTICS

OF POWER PLANTS BASED ON SOFC (I stage)

- Power (kW)

- Voltage (V)

- Type of current

- Current density (A/cm?)

- Total operating surface of FC (cm2)

- Flow rate of gas (methane) (I/kW/hour)

- Coefficient of efficiency

- Resource of operation (hour)
- Dimensions (mm)

- Weight (kg)

- 1.0

-24..48

- constant

-0.15...0.2

- 250...300

- less than 300

- 0.55...0.6

- up to 15 000
- @ =500, H=500

- less than 50

8. PREDICTED COST OF 1kW POWER PLANT

Ne Expense items Cost (thous.USD)
item
1. |Materials 1.5
2. |Wages 2.1
3. |Tax (39% .iten2) 0.82
4. |Payment for resources - energy. heat. 1.58
equipment. gas. water and so on (75" item 2)
5. |Cost price 6.0
6. |Profit (40%. item3) 2.4
7. | Profit tax (30% .item 6) 0.72
8. |Net profit (6-7) 1.68
9. |Price (5+6) 8.4
10. | Value-added tax (21.5% .item 9) 1.8
11. |Commercial price (9+10) 10.2
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9. COMMODITY MARKET ANALYSIS

According to assessments of scientists and RF MINTOPENERGO
specialists with participation of RF Engeneering Academy, steady providing
with decentralized electric power sources is required for 50% of Russia territory
with 20% of them being found in the zone of providing with natural gas.
Enterprises of gas production. mining, raw materials, agricultural, housing
facilities and public utilities are the basic consumers of electrical power and
population. However, at present the real consumers of power plants based on
FC can be only resource-extractive industries. Consultations with
"GAZPROM" experts confirm the potential need for power plants of wide
power class (from 0.5 kW to hundreds kW). But today the technical
possibilities for the development of PP based on SOFC are limited to the
k'Welass. From this class of PP the most acceptable and potentially realized are:

- autonomous current sources (ACS) with their power up to 0.5 kW for the
telemetering control of gas parameters during its production and
transportation ;

- cathode protection stations (CPS) of 0.5-1 kW power for gas pipelines :

- low power sources (5-10 kW) for power supply of dwelling houses and
watch houses removed from power transmission lines.

The first two tasks can be solved by the development of universal PP of |
kW power (PP-1), the third one - by PP of 10 kW power (PP-10).

At present at Russian market there are no manufacturers of power plants
based on SOFC. VNIITF is close to completion of development and to the
beginning of SOFC - based PP commercialization. Competition is possible on
the part of VNIIEF (Sarov) engaged in the development of power plants based
on melt-carbonate FC (MCFC) within the framework of the joint Program of
RF Ministry for Atomic Energy. However. the great extension of gas main
lines both in the European part of Russia and in Siberia allows to suppose that
in the nearest years the saturation of the market will not be reached and the
separation of influence spheres is possible. The important factors in
competition will be cost, terms of commercial products access to market.
quarantee term of their service life which should be taken into account.
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10. ASSESSMENT OF POTENTIAL DEMANDS FOR POWER
PLANTS OF LOW POWER FOR
TYUMENTRANSGAS

Tyumentransgas is a part of the system "GASPROM" (Russian
Joint - Stock Company) and transports gas from northern deposits
of West Siberia up to the Middle Urals (see map shown in Fig. 1).

Tyumentransgas has 17 gas pipelines with total extension up to
1500 km (see scheme given in Fig. 2). It is potentially required to
place (or to substitute) cathode protection stations through each 10
km of the route and telemetering control stations through each
40-50 km of the route.

Thus, for the whole route it is required to mount 2250 cathode
protection stations and 500 power sources for telemetry system
(power plants of power up to I kW). Demand for power plants of
power up to 10 kW is assessed by experts to be equal to 100-300
pieces.

Similar assessments of demands can be also performed for other
organizations transporting gas in the West Siberia Region, winning
of its market for Severgasprom. Perm'transgas, Uraltransgas, etc is
the VNIITF aim.

Taking into account that the guarantee service life of the power
plant can be set to be equal to 2 years (~ 15 000 hours), the
renovation (substitution) of the power plants provides their constant
production for a long term.

CONCLUSION : DATA SUBSTANTIATE THE
STEADY COMMODITY MARKET AVAILABILITY FOR
POWER PLANTS OF LOW POWER IN RUSSIA.
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SCHEME
OF MAIN GAS PIPELINES OF THE ENTERPRISE
“TYUMENTRANSGAS” (1894)
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11. PARTICIPANTS OF THE JOINT ENTERPRISE
- RASOFCo -

On the part of Russia :

1) Russian Federal Nuclear Center -

All - Russian Research Institute of Technical Physics

(RENC - VNIITF). Snezinsk - Main developer

- scientific investigations. development. technology, making of
test samples. tests, transfer to series production.

2) High - Temperature Electrochemistry Institute of RAS Ural Branch (IVTE).

Ekaterinburg -
. fundamental scientific investigations of SOFC. technologies.

3) Russian Scientific Center -
Physics-Power Engeneering Institute (RNTZ - FEI), Obninsk -
- development of thin-film technologies of SOFC.

4) Production Assotiation
"Chepetzky Machine Works" (CHMZ). Glazov -
- series production of FC and blocks of FC.

5) Ural Electromechanical Works (UEMZ), Ekaterinburg -
- series production of automatics and control elements.

6) Zlatoust Instrument Making Works -

_ series production for the final assembling of PP. sale, maintenance.

On the part of USA :
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13. CONTRIBUTION OF EACH SIDE INTO FOUNDING OF
RASOFCo

Russian side:

a)partial providing of financing for development and tests of
I kW power plant (PP-1kW) in VNIITF in 1996-1997 in the sum of
0,6 mln USD:

b) design plans and specifications, technology of 1 kW PP;

c) providing of possibility for using specialists, equipment, buildings,
resources, materials.

American side:

a) partial financing of power plant (PP-1 kW) development and test
in VNIITF in the sum of 1,0 min. USD and 0,2 min. USD - for
management in 1996.

b) financing of the stage for preparation and series production of

| kW PP since the second half of 1996 in the sum of 1,5 min. USD and
0.2 min. USD - for management in 1997.
¢) credit for series production (initial cycle) in 1997 in the sum of
1,8 min. USD with repayment of a credit during 2.5 years;

Sharing distribution of contributions is to be assessed as follows:
RUS:USA=0.6:0.4.
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14. STRATEGY FOR ORGANIZING MANUFACTURE
AND FINANCING

1) In 1996 VNIITF completes the development of the construction
and the technologies of the tubular type FC and the 1 kW power plant,
manufacture and testing of the test sample.

Financing: RUS - 0,3 min USD
US - 1,0 min USD + 0,2 min USD for management

in 1996.

2) VNIITF organizes the transfer of design plans & spesifications and

technologies to series production enterprises.
Those enterprises. (ZPZ, Production Association CHMZ, UEMZ)

organize putting into production the technological batch of 1 kW PP

during July 1996 - June 1997.
Financing: USA - 1.5 min USD + 0,2 mlin USD for management in 1997.

3) Series production enerprises (ZPZ, Production Association CHMZ,
UEMZ) organize output of 300 pieces of 1 kW PP during July -

December 1997.
Financing: USA credit - 1,8 min USD.

4) Series production enerprises (ZPZ, Production Association
CHMZ, UEMZ) increase the output of 1 kW PP up to 600 pieces in 1998
and up to 1000 pieces in 1999 at the expense of circulating funds obtained

due to realization.

5) Repayment of a credit is provided at the expense of the obtained

profit:
1997 - 0,1 min USD:
1998 - 0,5 mln USD:
1999 - 1,2 min USD.

6) Since 2000 year the net profit rest is ditributed between

participants and for the further production.
Plan for organizing production and financing is given in Fig.3.
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16. SCHEME OF RASOFCo MANAGEMENT

COUNCIL OF DIRECTORS: ~IRASOFCo DIRECTOR
Company President - RUS
Vice - President - US
VNIITF Director - — RUS
IVTE Director — RUS
FEI Director - RUS CENTRAL OFFICE
ZPZ Director - RUS Deputy Director ~ 1
P/A CHMZ Director — RUS Loper T
UEMZ Director - RUS .
Director . - US Ecgnomxst -1
_US Chief managers -3
_ US Secretariate -2
Director RASOFCo - RUS
Y

Y Y

MANAGERS - RUS | MANAGERS -US
VNIITF - -
IVTE -
FEI -
ZPZ -
CHMZ —

UEMZ —~
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CONCLUSION

Project of Proposals has been developed by Russian side and
here its conception is presented. Other proposals being of mutual
interest can be also considered.

INVITES
T0
THE MUTUALLY PROFITABLE JOINT

;A

!
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17.

2

COAEPXAHHE

. BeeneHne. JxeprerrdeckHe npodaemsr 1 TO

. CyTp HpemIOKeHNS

. I'enepampHas nem RASOFCo

. 3agaga 1-T0 ypoBHS

. 3axaga 2-ro ypoBHY

. Onucanrie NpoxyKTa

. IIporrosnpyeMbie TeXHHYECKHE XapaKTePHCTHKH
. IIporHosupyeMas 1ieHa OV MOINHOCTRIO 1 KBT

. AHami3 pbIHKa cObITa

. Pacuer norpebHOCTH DY Mamoit MOIIHOCTH
. Yaactauxu RASOFCo
. CxeMa BbIIyCKa NPOXVKIHH

. Bknag cropos B yapexaenyie RASOFCo

. C'I‘pﬂTCI'I/Iﬂ Opra’ny3anyy IIPOU3BOACTBA H Q)HHaHCHPOBaHHS{

. Tnan opraHH3aiivy NPOU3BOICTBA H PHHAHCHPOBAHHS
CxeMa vmpaeaerns RASOFCo

JarmoucHie
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I.BBEAEHHME

IToCTOSIHHO IIpOrpeECCUPYIONMIKE 3HEPreTHIECKHUe IpobIeMBI B
MHpE HACTOSITENbHO TPeOYIOT UX 3O PEKTUBHOTO U 3KOIOTHYECKOTO
paspemenns. Hapsany ¢ cOBepIIEHCTBOBaHHEM TPAAHUITIOHHBIX
cr1ocob0B npeodpazoBaHus SHEPTUH (THAPOIHEPIETHKE, TEINIOBasI U
aTOMHAs 3HEPTeTHKAa) CYIECTBEHHBIM BKIafOM MOXET U IOJDKHA
CTaTh aJbTEpHATHUBHAs OSHEPreTHKa U, B IEPBVIO OUepelb.
OCHOBaHHas Ha TOIUIMBHLIX djeMIleHTax, obnanaromas B 1,5-2 pasa
Bonee BrICOKHM Kk03b¢urrieHToM 50)EKTHBHOCTH H HpaKTHYECKH
aOCONIOTHOH  SKOJOTHYECKOH 9HCTOTOH (BRIOpOCHI  BpPENHBIX
BemiecTB cHHxkaroTed B 100 u 6oinee pas). OcHOBaHHBIE Ha IPSIMOM
IIpeoOpa3oBaHUM  SHEPTMH  IIPHPOAHOTO  TOImmBa  (Tas)
HEIIOCPEACTBEHHO B  3JIEKTPUYECKYIO SHEPTHIO, TOILIHMBHEIE
3JIEMEHTEHI IIPH OIPENEICHHOM TEXHUYECKOM IIpOrpecce CIIOCOOHBI

CO3IaTh CEPLE3HYIO anbTEepHATHUBY TPaAHIHOHHBIM
npeoOpa3oBaTesIM SJIEKTPOSHEPTHH.

Ocobas POIIb B 3TOM PAAY IIPHHAIEKUT
BLICOKOTEMIIEPAaTYpPHEIM T2 (1 ocobeHHO Ha TBEPIAOM

JNEKTPOJIUTE), HOCTHUTAIOMIUM KO3pPpHuIHeHTa 350GEKTHBHOCTH
80-85% 11pH HCONIB30BaHUH OTBOJAUMOTO TEILIA. :

Hamerusmuiics 1porpecc B TeXHHKE 1O MOXeT OBITh
CYIIECTBEHHO YCKOPEH 3a CUET IIPHBIIEUEHUS K PEIleHuI0 NpobieMbl
BBLICOKOI'O HAyYHO-TEXHWYECKOrO IIOTeHIHAaNa SAEPHBIX IIEHTPOB
Poccun 1 HalUOHANBHBIX SAepHBIX tadopaTopuii CIITA BcaeacTBHe
pacmupsrIonieicss KOHBEPCHH BOEHHOTO IIPOU3BOACTBA.

JaHHBIN IIPOEKT SBIAETCS IPEIOXEeHHEM K KOMMEpPUYECKUM U
(GHHAHCOBEIM KpyraMm CKOHIIEHTPHPOBATH YCHUIHS H OPraHH30BaTh
COBMECTHRIE  JneiicTBus Ha  Oasze  POAL-BHUHUTO® u
KOHBEPCHUPYEMBIX  Ipeanpuaruii  Poccun 1o paspaboTke
sHeproycranoBok Ha TOTD u xoMMepLHaim3allud HX Ha
PoccuiickoM pEIHKE ¢ UENIbIO ITOIY4eHHUs IIpUOBLTH.
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. CYTB IIPEJIJIO)KEHIMS - co3maHHe COBMECTHOTO PoOCCHICKO-AMEPHKAHCKOTO

TIPEMIPHATHS 10 IPOBEICHHIO HAVIHBIX HCCIIEXOBAHHIA. pa3paboTKe H H3TOTOBICHHIO
SHEPrOYCTAHOBOK Ha OCHOBE TBEPIOOKCHIHBIX TOIUIMBHBIX 3JIEMEHTOB —
RASOFCo = Russian-American Solid Oxide Fuel Cells Company.

.TEHEPAJIBHAS IIEJIb RASOFCo - npoBemeHHe HaY4HbIX HCCIECHOBaHMUIA,

paspaboTka 1 IPOH3BOACTBO 3HEproveranoBok Ha TOTD, 3aBoeBanne Poccuiickoro
PBIHKA, NOJIydeHHe IpUObUIH.

. 3AJZTAYA l-ro YPOBHS (1996-2000r.) - 3aBepmenHe 0a30BbIX HCCIEROBaHUH

U TEXHOJIOTHII, pa3paboTka KOMMepuecKoif 5HEProycTaHOBKH MomHocrb 1 kBT,
HCIILITaHHS, OCBOEHHE CEPHIHOTO NIPON3BOACTBA, CEPHHHOE MPOU3BOACTBO, TPOIAXAa
sHeproycranoBox npeanpustuaM PAO “TasmpoM” Poccun, opraHu3artsg TeXHHIECKOro
o6 CITy>KiBaHH, ITOTydeHHe ITPHObITH.

. 3AJZIAYA 2-ro YPOBHJI (1998 r. u painee) — pa3spaboTka U HCIIbITAHHS

sHeproycraHosok 10 kBt — 100 xBt — MI'Br kmnacca, OCBOEHHE IIPOH3BOJICTBA,
MapKeTHHT , NpOoJaXka, TeXHHYEeCKoe OOCIy¥HBaHHe, NOIYyYeHHE MPHObUIH.
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6. OTIMCAHUE ITPOAVKTA.

TIpu 3IeKTPOXUMHYIECKOM cTIocoOe Ha TEKTPOdax TOIUIMBHOTO 3JIEMEHTa MPOUCXOMUT
HaKOIUICHHE M Iepefada 3JIEKTPHUECKHUX 3apSHOB BO BHEIIHIOI JacTh (3EKTPOHBI) H B
SJIEKTPONMT (MOHBI) 33 CUET PEAKININ BbICOKOTEMIIEPATYPHOI'0 KATAJIYCCKOTO OKHCICHHS
YTIIEBOXOPOHOro TOIUMBA Ha TMOBEPXHOCTH TBEPAOro 3JjeKTpormra. Micnomb3ysa mpsamoe
3JIEKTPOXUMHYECKOE Tpeobpa3oBatHe, Ko3QGHIHEHT TTOIE3HOTO ACHCTBHA YBEIHIHBACTCA
110 55-60 %, a ¢ yueToM HCITONbL30BaHHS OTBOIHMMOrO Tera — o 80-85 %. CymiecTBeHHbBIM
NpeUMYIMIECTBOM ABIIETCS SKONOrHyecKkas aucrora paborsl OXI' u Y.

OmMH TOIUIMBHBIHA 3JIEMEHT reHepupyeT HanpssxeHue 0,6 — 1,2 B 1IpH IUIOTHOCTH TOKAa
100-250 MA/cM2. g omydeHns 3afaHHbIX BBIXOIHBIX NapaMeTPOB TOILUIHBHBIC JIEMEHTHI
cobuparoT B Tabapero. KoHCTpyKTHBHOE 00bemuHcHHE OaTapen T2 ¢ cHCTEeMaMH NoJaYH H
pAacIIpelellcHAS PpeareHTOB, OTBONA INPONYKTOB PCaKlMM, aBTOMATHKH YIPaBICHHI —
00pas3yIoT 3EKTPOXUMHYEcKHH renepaTop (OXT').

Ecm OXI o6bequHHUTh € CHCTEMaMH NOIrOTOBKH TOIUINBA, NpeoOpa3oBaHHa TOKa,
YTHJIM3aIIHY TEIUIA, TO TaKyie KOMIUIEKCh IIPEBPAIAIOTCA B 3HEPTOYCTaHOBKH.

OXI" ma ocoBe TOTD pabotaer Ha mpupomHoM raze (MeraH). IIpy npuMeHeHHH
pebopMHHra MOJKeT ObITh pAaCHIHPEH IHANA30H IPUMEHAEMOrO TOIUIHMBA. HaIpHMeD,
HeTENPOLYKTHI, yroib, Topdh, nepeBo. RASOFCo 6yner obecnieunBaTh CepHIHBINA BBIMTYCK
DXT MommuocThio 1 XBT., mamee 5 xBt u 10 xBT.. a Taxke pazpadoTky u Bbllyck 100 xBT
9V ¢ HOCHEeXYIOIHM BbIXOXOM Ha DY Soibmieii MOIMHOCTH.
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7. IIPOTHO3HMPYEMBIE TEXHHMYECKHUE XAPAKTEPHCTUKH
OHEPI'OYCTAHOBKH HA TOT?3 (1 s1amn)

— Mommsocts (kBT) -1,0
— Hanpsoxenue (B) -24..48
—Tox (A) -42.21
— Ponx Toka : — IIOCTOSHHBIH
— ITmoTHOCTH TOKa (A/cM?) ~-0,15...0,2
— CyMMapHas '
pabogas nosepxuocts TS (cM2) - 250...300
— Pacxomrasza (Merad) (JI/KeT uac) ~ MeHee 300
— KosdpdurmeHT sddexrasaocTy -90,55...0,6
— YpOBeHb BpEAHBIX BHIGPOCOB -
. — Pecypc pabotsl (3ac) —mo 15000
—Tabapurer (MM) - &= 500, H=500
— Bec (xr) — MeHee 50

8. IIPO'HO3HPYEMAS ITEHA SHEPT OYCTAHOBKM - 1 xBr

NN/m Cr1aTbli 3aTpaT i Croumocts (Th1c.USD )
1. i MaTepuaims ; 1,5
2. | 3aprimata i 2,1
3. Hamor (39% 11.2) : . 0,82
4. ID1ata 3a pecypcbI-3HEpPTHS, TEIIO, ; 1,58
obopynmoBanue, ras, poga u mp.(75% m.2) |
5. CebecToHMOCTD | 6.0
6. Ipubsum (40 % 11.5) ! 2,4
7. Hasor Ha npu6sum (30 % 1.6) , 0,72
8. ' Upcrag npubbUIb (6-7) ' 1,68
9. i Hena (5+6) ; 3.4
10. Haor Ha 106aBIEHHYIO CTOHMOCTb i 1,8
(21,5 % 1.9) '
11. | Kommepueckas 1iena (9+10) ; 10,2
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9. AHAJIN3 PBEIHKA CBBITA

ITo oueHxaM yueHBIX H CriElHaIMCTOB MuHTOMSHEpro PO ¢ yuactueM HmkeHepHOit
Axapemus P® Poccum Tpebyercs ycToiumBoe obecmeuenue 10 50 % TeppHTIOpHM
ACHCHTPaM30BaHHBIMH HCTOYHHKAMH 3JICKTPOIHEPTHH, U3 HHX X0 20 % Haxonsmmxcsd B
30He OOeECredeHHs NPHPOMHLIM ra3oM. OCHOBHBIMU IOTPEOHTENSIMH 3JICKTPHUCCKOL
3HEpruyu SBIISEOTCS PEHMYHIECTBEHHO NIPEMIIPHITHI ra3omoObIBaroIIero,
FOPHOAOOBIBAIONIErO, CHIPBEBOTO, CENIbCHKOXO3AHCTBEHHOTO, HKHIIHITHO-KOMMYHAILHOTO
Xo3qiicTBA W HacelenHe. OIHAKO, IO COCTOSHMIO IUIATE&XECHOCOGHOCTH CeromHs
PCaNbHEIMH  NIOTPEOHTEIMH JHEPrOYCTAHOBOK Ha IS MOTyT cTaTh TONBKO
pecypconobpmBaromue  orpacid. KoHcymbrammm ¢ skcmepraM  PAO  “Tasmpom”
CBHICTENbCTBYIOT O IOTEHIHANBHON HMOTPeOIIOCTH 3HEPTOYCTAHOBOK IMMPOKOrO KiIacca
mommHOCTH ( oT 0,5 kBt mo coren xBT). Ho ceromEs TeXHHUECKHE BO3MOXKHOCTH
paspaborku 3Y Ha TOTD orpaHHUHBArOTCS KHIOBATTHBIM XiIaccoM. H3 sToro xiacca DY
Haubolree NPHEMIIEMBIMH H HOTEHIMAIBHO DEATH3YeMBIMH SBIISIOTCS,

— AaBTOHOMHBIE HCTOUHHMKH NHTaHHY MOIHOCTBIO xo 0,5 kBt bini i1
TEHEMETPUIECKOTO KOHTPOJIS NapaMerpoB rasa IpH AoObrde H €ro TPaHCIIOPTHPOBKE
(AHT);

— CTaHIMH KaTOIHOMH 3aiMThl Ta30IPOBOROB MOIMHOCTEIO OT 0.5 o 1 kBT (CK3);

— HCTOYHMKH MajIol MommHuocTH (5-10 ¥BT) g sHeproo6ecrnedeHHs HIIbIX TOMOB
H BaxTOBbIX IOMHKOB, YNaJICHHBIX OT JIMHHI 3JICKTPONIEPEHay.

IlepBoie mBe 3amaun MoOIYT OBITH pemieHB! pa3paboTkol VHHBepcambHOH DY
MOIHOCTHIO | KBT (DY-1), Tperssa — MomBocThIo 10 KBT (3Y-10).

Ceromus Ha PoccuiickoM pbIHKE HeT MPOH3BOAMTENEH sHeproycraHoBok Ha TOTS.
BHHMHMT® nanbomee 6130k K 3aBepIUCHHIO Pa3pabOTKH H Hadally KOMMeEpPITHANH3ANMH
sHeproycraHoBok Ha TOTD. Kouxypemmo Moxer cocraBurs BHHHND® (r.Capos),
3aHMMalOIMica pa3paboTKol 3HEProycTaHOBOK Ha paciuiaBKapboHaTHbIx T2 (PKTD) B
paMkax coemecrHoi Ilporpammer MunatoMma P®. Omsaxo, Gombmas IIPOTSOKEHHOCTD
ra3oBbIX MarHcrpaici kax B Espormekickolf yactH Poccum, Tak u B CHOMpH Ho3BOISET
IIPEMIONOXUTh, YTO B O/mpKaiiiHe rombl He OyHeT NOCTHTHYTO HACBIIEHHE PHIHKA H
BO3MOXXHO paslieieHHe cdep BIHSAHHA. BakHbIM (GakToOpoM B KOHKYDEHITHMH OyIeT
CTOMMOCTb, CPOKH BBIXOHA KOMMEPYECKOH IIPOXYKIMH Ha PIHOK, FapaHTUPOBAHHbIM CPOK
CIy>xOni, Ha YTO XOJIDKHO ObITHL OOpameHO BHUMAaHHE.
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10. PACYET TIOTEHLIMAJILHOM MMOTPEBHOCTHY SHEPI'OVCTAHOBOK
MAJIOW MOHIIHOCTH IJISI TFOMEHTPAHCIA3A

TroMeHTpancras aBigerca ob0beuHeHHEM, BXoAImEM B cucreMy PAO “TasnpoM” u
TPaHCIOPTHPYIOMMM ra3 3 CeBepHbIX MECTOPOXKIeHHH 3anamuoi Cubupu no Cpemsero
VYpaia (xapTa — pHc. 1).

TroMeHTpaHcras uMeeT 17 ymHuA ra3onpoBofos obmel NpOTHKeHHOCThIO 1500 XM
(cxema — puc. 2). TloTenmmanbHO Tpedyercs YCTAHOBHUTH (WIH 3aMEHHTH) 4EPe3 KaKIbIe
10 xM Tpacchl CTAaHUIMH KaTOAHOM 3amHUThL. uepe3 Kaxmple 40-50 KM — CHCTEMBI
TesIeMeTpHYEecKOro KoHTpomns. TakuM oOpasoM, Tpebyercs mis Beel Tpacesl 2550 cramimi
KaTomHoM 3amuThl H 500 MCTOYHHMKOB TOKAa JUIS CHCTEM TEIEMCTPHMH (3HEPrOYCTAHOBKHU
MOIDHOCTBIO 10 1 kBT). IToTpeGHOCTL B 3HEProyCTaHOBKax MOIODHOCTBIO X0 10 xBT Ha
IIEpBOM 3Tare 3KCIEePTHO oneHuBaeTcs oT 100 xo 300 mryk.

ITomobubie pacuersi MOTPEOHOCTH MOTYT OBITh TaIOKE HPOBENCHB! NI APYTHX
OpraHH3alliif, TPaHCIOPTHPYIOUINX a3 B perunoHe 3amamuoii CuHOHMpH, Ha 3aBoeBaHHe
pbiHka KoToporo HanereH BHHUWT®, - i Ceseprasmpoma, IlepMbTpancrasa,
Ypanrpascrasa 4 ap.

VuureiBasd, 9TO TapaHTHHHBLIL CPOK CIykObl 3HEPrOYCTAaHOBKH MOMKET OBITh
yCTaHOBIIEH B Teuenue 2 ner { ~ 15 000 wacoB). 0OHOBIECHHE (3aMeHa) 3HEPTOYOCTaHOBOK
ofecnegriBaeT NOCTOIHHOE HX MPOU3BOACTBO Ha JUHTEILHBIH CPOK

BBIBO]] ; Jlausble OKA3bIBAIOT O HATHUHH B Poccuu ycroHuuBoro peIHka cOpITa
3HEProyCTAaHOBOK Maidoii MOHIHOCTH.
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11. VHJACTHHKY COBMECTHOI'O ITPEIIIPISITHS
-RASOFCo-

C Poccniickoit cCTOpOHbI;

1) Poccuiickuii Pepepasbublit SInepublii LlenTp —
Beepoccuiickuil HaygHO-HCCIEIOBATEILCKHM HHCTHTYT TEXHHYECKOH QH3HMKH
(POILI-BHUUTD), r. CHexusCK — I'eHepabHBI pa3spaboTaHk
— HayuHbIE UCCIIEIOBAHHUS, pa3paboTka, TEXHOIOT U, H3TOTOBIECHHE ONBITHEIX 00pas3loB,
HCIBITaHUS, Iepefada B CEpHIfHOE IPOH3BOACTBO.

2) HHcturyT BpicokoTeMlICpaTYPHOH DNEKTPOXUMHH YDPalibCKOTO OTASICHHT PoccHicKOH
Axanemun Hayk (MBT3 YpO PAH), r. Exarepunbypr —
— (pyHIaMeHTATbHbIE HAYYHbIC iu..icaoBarug TOTD. TeXHOMOT IA.

3) Poccuiickuit Hayunpnii LleHTp —
dusuxo-Onepreryueckuii Macraryr (PHL-D3N), r.O6HuHCK—
—- pa3paboTKa TOHKOIUICHOYHBIX TexHonoruii TOTD.
4) ITpouseocTBEHHOE OO BEMHHEHNE
“Yenenxni Mexanmueckui 3asox” (ITO YM3), r. I'mazoB —
— cepHifHOe n3roTosieHue TO u 6okxos T3.

S) Ypamnckuii 311eKTpoMexaHndeckuil 3ason (YOMS3), r. Exarepurbypr —
CEpUITHOE U3TOTOBJICHIIE AJIEMEHTOB YIIPABIICHHS H aBTOMATHKH.

6) 3nmaroycronekuii IIpabopocTponrensHbii 3asox (3113), r.3maroyer —
— cepuifHoe NPEMIPHULTHE II0 OKOHYaTenbHON cbopke DV, npoaaka, TEXHHIECKOE
obcnyxuBaHuUe.

C AmepHkaHCKOii CTOPOHBI:
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13
13. BKJIAZL CTOPOH B YUPEXXAEHIIE RASOFCo
Poccuiickag cropoHa:

a) YacTHYHOE HeleBoe obecmeucHue GUHAHCHPOBAHHY pa3pabOTKH M HCIILITAHHS
o BHUHT® sueproycradoBku 3Y-1 kBt B 1996-1997 . B cymme 0,6 MimH. $;

6) KOHCTpYKTOpCKas ZOKYMEHTAlH, TEXHOJOIHH Ha OY-1 KBT;

B) MPEXOCTABIICHHE BO3MOKHOCTH HCIIONb30BAHHS CIEIHUAIHCTOB, 000DYIOBaHHS,

3AHHI, PECYPCOB, MaTEPHATIOB.
AMepHKaHcKasi CTOPOHA:

a) gacTHUHOE LieneBoe GpHBaHcupoRaHue pa3spaboTku 1 uenbiranus 80 BHINTO
3HEproycraHoBkH DY-1 kBT B 1996 r. B cymme 1,0 vim. $ 10,2 v $ Ha
yrpasieHue B 1996 r.

0) brHaHCHpOBaHUE CTAIHH MOATOTOBKH H OCBOCHHS CEPHHHOrO IMPOH3BOACTBA
3VY-1 kBT co Bropoii nonosuHel 1996 rona B cymme 1,5 MimH.8 1 0,2 MIH$ Ha
ynpaenenue B 1997 roxy.

B) KpEIMT Ha CepHitHOC NPOH3BOACTBO (HayaibHbIH IMKI) B 1997 romy B cymMme
1.8 MIH.$ ¢ morameHHeM KpeiTa B TeUeHue 2,5 JeT.

JloneBoe pacupeneiIeHse BKIanoB npemiaraercy ouerurs RUS : US = 0,6 : 0,4.
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14. CTPATET'HSI OPTAHH3AIIVIH ITPOM3BOJICTBA
Y PMHAHCHPOBAHHU I

1) BHUHUT® B 1996 romy 3aBepmaer pa3spaboTKy KOHCTPYKLMH M TeXHOJOTHif
Tpybuatoro T3 u osHeproycTaHoBkM 1 XBT, U3rOTOBICHHE H  HCHBITAHHE
IKCIIEPHMEHTAIILHOTO 00pasna.

PunaHcupoBanue: RUS - 0,3 M. $
US - L,0Mm $ + 0,2 Mma § Ha ynpasyienne B 1996 rony.

2) BHHUT® co Bropod moOmoBHHBI 1996 roma oprammsyer mepemauy K[ u
TEXHOJIIOTHH Ha CEpHHHbIE ITPEAIPUITHS.
Cepuitnbie npempusras (3113, TIO UM3, YOM3) opraHusyior 0OCBOCHHE IIPOU3BOJACTBA H
BBITYCK TEXHOJIOTHYeCKOH MapTuH DY - | kBT B TeyeHue mroms 1996 r. — srons 1997 r.
PuHaucHpopanye : U S~ 1.5 mmi.$ + 0,2 Mim $ Ha ynpasnenve B 1997 1.

3) Cepuiinble npemmpmsaTis (3113, IIO UM3, YOM3) opraHH3yioT BbIIyck 300 1mrT.
9¥-1 kBT B TeueHHe WOMb-AeKabpp 1997 roxa.
OuHancHposBaHue : KpexuT U S — 1,8 M. § .

4) Cepuitnbie npemmpusTas (3113, TIO UM3, YOMB3) mosomar Bemyck OY-1 xBT B
1998 r. mo 600 mTyk, B 1999 romy — mo 1000 mTyx 3a cuer 0OOpPOTHBIX CPENCTB,
TOJIYYEHHBIX OT PealH3alliH.

5) 3a cueT moIyIeHHON NPUGLUIM IOrAMAETCS KPEMHT:
1997r. - 0,1 mms. §, 1998r. — 0,5 Mma. $, 19991, — 1,2 MiH.$ .

6) C 2000 roma ocTaToX WHCTOH NPHOBUIM PACIPENEIIeTcs MeXTY YIacTHHKAMH U
U1 JabHCHIIETO IIPOH3BOACIBA. '

IInan opraHu3aiiH MPOH3BOACTEA H PHHAHCHPOBAHHS [IPEACIABIIEH HA PIC.3
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16. CXEMA YIIPABJIEHITS RASOFCo

COBET AUPEKTOPOB:

IpesagenT xoMIagun
Brmte-npesmaent
Hapexrop BHHUHUTD
Huapexrop UBTS
Huapexrop ®OU
Jupexrop 3113
Hnapextop 10 UM3
Japexrop YOM3

Lnpexrop

Ilnpexrop RASOFCo

RUS

RUS
RUS
RUS
RUS
RUS
RUS
7S
us
USs
RUS

» | JupeKTOD

RASOFCo

y

KOpmer

OKOHOMHECT

Cexperaprar

LEHTPAJIbHBIHA ODUC

3ay. gupexTopa

I'maBAble MeHexmepsl — 3

-1

-1

-1

~

Y

MEHENXEPBLI-RUS

EHHHTD
HBT3 -
POHU -
313 -
UM3 -
YOM3 -

Pt bt et s bt bt
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SAKIIIOYEHUE

IIpoekT mOpemioxkeHHH  paspaboTaH  POCCHICKOH
CTOPOHOM W H3JIOXKEHa ee Touyka 3peHus. Moryr ObITh
paccMOTpeHbl JAPYrue MOpPeIJIOKECHUs, TIIPEACTaBIISIONINE
B3aUMHBLIA HHTEpeEC.

BHUHUT®D npuzaawaem K- COBMECMHOMY
63aumoevizo0nomy compyonuuecmey no SOFC.
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ELECTROCHEMICAL PROPERTIES OF MIXED CONDUCTING (La,M)(CoFe)
OXIDE PEROVSKITES (M=3DSr, Ca, and Ba)

J. W. Stevenson, T. R. Armstrong, J. L. Bates, L. R. Pederson, and W. J. Weber

Pacific Northwest Laboratory
P.O. Box 999
Richland, WA 99352

Electrical and oxygen permeation properties of solid mixed-conducting electrolytes in
the series Lal-xMxCol-yFeyO3-EB (M=3DSr, Ca, and Ba; 0.4 <x<1.0; 0.2<y <0.8)
have been characterized. These materials are potentially useful as passive membranes to
separate high purity oxygen from air and as the cathode in a fuel cell.

Many of the compositions in this series exhibited very high electrical conductivities.
At lower temperatures, conductivities increased with increasing temperature,
characterized by activation energies of 0.1 to 0.2 eV that are consistent with a small
polaron (localized electronic carrier) conduction mechanism. At higher temperatures,
electronic conductivities tended to decrease with increased temperature, which is
attributed to decreased electronic carrier populations associated with lattice oxygen loss.
Oxygen ion conductiivities, approximately 1% of the electronic contribution but still
higher than those for yttria stabilized zirconia at the same temperature, generally
increased with the cobalt content and also increased with the extent of A-site substitution
in these perovskites. Thermogravimetric studies were conducted to establish the
extent of oxygen vacancy formation as a function of temperature, oxygen partial pressure,
and composition. These vacancy populations, needed to model conduction behavior,
strongly depend on the extent of A-site substitution.

Dilatometric linear expansion measurements were performed as a function of
temperature and oxygen partial pressure to evaluate the dimensional stability of these
perovskites. Substantial expansions, on the order of 0.4% for La0.6M0.4C00.2Fe0.803-
EB were observed as the oxygen partial pressure was lowered from 1 atm to F710-5 atm.

Oxygen permeation rates were measured as a function of temperature. In the
compositional series Lal-xSrxCol-yFeyO3-=EB, oxygen permeation increased
substantially with increased Sr content. High oxygen permeation rates corresponded to
increased lattice oxygen losses at elevated temperatures. Compositions containing Ca in
the place of Sr showed the smallest oxygen fluxes of those examined, while those
containing Ba behaved similarly to those containing Sr. Ionic conductivities were
calculated from the flux rartes, oxygen partial pressure gradient, and membrane thickness.
For many compositions, the calculated 1onic conductivities were higher than that of
yttria-stabilized zirconia at the same temperature.
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OnekTpoxuMuyeckue CBOACTBA OKCMAOB NEPOBCKUTOB (M=3DSr, Ca u Ba)
cMewaHHoi nposopumoctu (La,M)(CoFe)

I1.V. CtuseHcoH, T.P. ApmcTpoHr, 1.J1. Beitre, J1.P. NegepcoH u Y.[. Bebep

Jta6oparopun Macucduk Hopasect
P.O. Box 999
Richland, WA 99352

OnpefeJieHs! 2JIEKTPAYECCKHAE NapaMeTpsl i CBOUCTBA KHCJIOPO/{HO} IPOHBKAEMOCTH B
TBEP/IBIX JIEKTPOJIATAX CMEIAHAOH HPOBOAAMOCTH, IPEACTABJICHEBIX CEPHIMA
Lal-xMxCol-yFeyO3-EB (M=3DSr, Caz Ba; 0,4 <x < 1,0; 0,2 < y < 0,8). D1 MaTepHaJIBI
IOTEHIEAJIHHO IPHATOHE! JUIS ACIOJIb30BARMAS B KaUECTBE NACCHBHBIX MeMOpaH It
OT/EJICHES BHICOKOUACTOr0 KACJIOPO/ia OT BO3/lyXa H B Ka4eCTBE KaTo[a B TOIIHBHOM
2JIEMCHTE.

MEOTHe I3 coeMHCHAN STO} CEpHE MOKa3aJIH BEICOKAC XapaKTePHCTAKE JJICKTPHIECKOA
npoBoEMOocTH. I1pH HE3KAX yPOBHAX TeMIepaTyphl IPOBOAHMOCTD HaqiHaJIa BO3pacTaTh IO
Mepe JaJTbHEHIIEro pocTa TEMIEPATYPhI C XapaKTePHOH suepraeii akTaBanmd oT 0,1 o 0,2 3B,
TTO COOTBETCTBYET MEXaHA3MY MaJiolf HOJIIPOHHOH IPOBOAEMOCTH (JIOKAJH30BAHHOTO
HOCHTEJIS 3J1eKTpoHoB). IIpH Gosice BRICOKHX TeMIEpaTypax GBUIO 3aMETHO YMEHBIICHHEC
3JIEKTPOHHOH IPOBOJEMOCTH HpPH HOBBINICHAE TEMIEPATYPbI, IT0 06bICHICTCS YMEHBIICHHCM
3aceJIEHHOCTH HOCHTEJIS 3JIEKTPOHOB BBHAY HOTEPH KHCJIOPOJia B pereTKe. Fonnas
IPOBOIAMOCTD KECJIOPOA, COCTABJIAIOMas NpAMEpHO 1% oT BKJIaza 3JICKTPOHHOM
IPOBOAEMOCTH, HO TeM HEe MEHEe BB, IEM Y OKCH/Ia HEPKOHAS, cTaGHIA3EPOBaHHOrO
OKCHJOM HTTpHS, IPH TOH K€ TeMIepaType, B NeJIOM, YBEIHIABAJIACh B 3aBACAMOCTH OT
CcoflepKanHus K06abTa, a TAKXKe CTCNEHA 3aMEIICHAS y3/1a A B PEIICTKE NEPOBCKATOB. Bsum
IpoBeJeHB! TeIUIOr paBAMETPAYCCKHE H3YUCHAS /I ONPE/IC/ICHAS CTCHCHH ¢dopMEpOBaHHAI
KHCJIOPOAHBIX BaKaHCH B 3aBECHMOCTH OT TeMIEPaTypPHl, HapNHajlbHOTO AaBJICHAS]
KHACJIOpOJA B XAMHYECKOTo COCTaBa. XapaXTepHCTAKHA 3aCEJICHHOCTH 3THX BaKaHCHH,
HeOGXOMAMBIE JJIS MOJIC/IAPOBAHAS MEXaHH3MAa HPOBOJAMOCTH, CHJIPHO 3aBACAT OT CTCICHH
3aMelleHns y3j1a A B pelleTKe.

TIpoBeeHs! JUIATOMETPHUECKHE H3MEPEHAS JIHHCHHOTO PaCHMAPERHAS C YISTOM TCMUCPATyPhI
H NapU¥aJbEOrO JaBJICHAS KHCJIOPOJa C HeJIbo ONCHKH CTAGHIBHOCTH Pa3sMEpoB
nepoBckaToB. CyliecTBeHHOE pacimapenne Ba nopsaaox 0,4% HabJI0aJ10Cch AJISL
1.a0.6MO0.4C00.2Fe0.803-EB pH NORAXEHAH NApI¥abHOTO JaBJIEHAS KHCIOPOAA OT 1 aT™
no F710-5 at™m.

KoadangenT KACI0PoAHOH IPOHAKAEMOCTH H3MEPSLIICS B 3aBECHMOCTH OT TCMICPATYPbL. B
cepusax coepurennii Lal-xSrxCol-yFeyO3-=EB npornkacMoCTh KHCJIOPOJ2 3HAUHTCIBHO
BO3pOCJIa ¢ yBEJIMYCHAEM CONepKanas Sr. BrIcoKHH KO3 HIAEHT KHCJIOPOJHOH
IPOHAKAEMOCTH COOTBETCTBOBAJI YBEJIHUCHHIO NOTEPh KACJI0PO/Ia B PCIICTKE IIpH
NOBBIEHAHIX TeMuepaTypax. Coefuaenns, cofepxamue Ca BMecTo St, OKa3aJIH
HamMEHbITHe TOTOKA KHCJIOPOJa H3 YHCJIa BCeX HCCJICAOBAaHHBIX 0Gpa3IoB, a COCAHCHAS ¢ Ba
06HAPYXEJIHE TO XK€ [OBeASHHE, ITO H COEHHEHAS ¢ ST. XapaKTepHCTHKH HOHHOI
TPOBOAMMOCTH BHIIACJISUTHCH C YIETOM CKOPOCTH IOTOKOB, I'PaicHTa NapiaaIbHoro
[AaBJICHHS KACJIOPOJA ¥ TOJIIEHBI MeMOpaHsl. [{/19 MHOTHX COCUHCHNIl pacUeTHDbIC
mapaMeTphl HOHHOH IPOBOAMMOCTH GbL/IH BHILIE, YEM IS OKCHAA MUPKOHAL,
CTaGHJIE3APOBAHAOrO OKCHOM HTTPHS, IPH TOH XK€ TeMuepaType.
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A Small, Rugged, And Inexpensive Hydrogen Sensor

Stephen J. Martin and Robert C. Hughes
Sandia National Laboratories

A new-generation hydrogen sensor that is smaller, faster, sturdier, and less
expensive to manufacture has been developed at Sandia National
Laboratories.

Early versions of this practical, refiable device for detecting hydrogen

already have completed the design, fabrication, and test stages and are now
in field application.

Existing techniques for detecting hydrogen have numerous drawbacks: limited

dynamic range; poor reproducibility and reversibility; subject to false
alarms; and tend to be slow, unreliable, and difficult to use.
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Ceramic Joining
by

Ronald E. Loehman
Advanced Materials Laboratory
Sandia National Laboratories
Albuquerque, NM

Ceramic joining is used to connect ceramics to metals in a variety of
devices and structures. Common examples include high pressure sodium
vapor lamps, vacuum tubes, ceramic multilayer structures for
microelectronic packaging, and feed-thrus for electronic components.
Some uses still under active development are heat engine components, heat
exchangers and recuperators, and solid oxide fuel cells.

For a number of years Sandia National Laboratories has had active R&D
programs in ceramic-metal and glass-metal joining. Early applications
were for high-strength, hermetic electrical connectors and feed-thrus and
for seals for battery headers. Some of the more recent ceramic-metal
joining research aims to develop sealing techniques for silicon nitride used
in aerospace applications and to seal gas separation membranes. The
techniques involved are broadly applicable to developing sealing methods
for solid oxide fuel cells as well.

This poster describes the relation between reactions at ceramic-metal
interfaces and the development of strong interfacial bonds in ceramic
joining. Studies on a number of systems are described, including silicon
nitride, aluminum nitride, mullite, and alumina. Reactions can generally
be predicted using thermodynamic calculations, as illustrated by interfacial
compositions and structures observed by scanning electron microscopy and
electron probe analytical techniques. Strong joints are promoted by
chemical reactions at the ceramic-metal interface, however joints can be
weakened by stresses caused, for example, by thermal expansion mismatch.
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Potential VNIITF Capabilities in the Area of SOFC Power Generation
(Poster)

Research areas included in the process of developing SOFC power supplies:
- Material Science
- Production Technology
- Design and Modeling
VNIITF has all the necessary capabilities to meet these challenges successfully.
Material Science
- qualified personnel
- necessary research and analytical equipment
- well developed and implemented research methodology.
Technology
- hardware driven by modern computer technology
- ion-plasma and plasma-chemical methods of thin film metals and oxides .
nitrides and carbides coating of different substrates
- advanced thermal and welding equipment that allows sealing of heterogeneous
materials to each other
Design and modeling
The availability of a computer center, design bureau. manufacturing tecnologies

division. prototype production and testing facilities allows us to conduct development
operations. testing. data processing and modeling of SOFC power generators as an
integrated cycle.
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MoTeHUnarbHbie BOIMOXHOCTU POALl- BHUNATOD
B paspaboTke aHeproycTaHoBOK Ha OCHOBE
TBePAOOKCUAHBIX TONMUBHBLIX 3/16MEHTOB

(CTenmoBH HOKIAN)

OBnacTy npobrem paspaboTkm BY Ha TOT3:
- MaTepuanopeaeHue |

- TexHonorma;

- KOHCTPYUPOBaHWe ¥ MOAenupoBaHue.

POAL- BHUNT® obnafiaeT HeobX0AUMbIMU BO3MONHOCTSIMU ANs ycnetHoro

pelleHus NOCTaBIeHHbIX 3apau.

MaTtepuanoseperHue

- KBaNMPULIMPOBaHHbIE Kaapbl ,

- HeoBXoauMoe UcCnefoBaTeNboKoe Y aHanuTU4ecKoe obopynosaHue
- paspaboTaHHble Y BHeAPEHHbIS METOANKH WCCIIeA0BAHWUNA. :

TexHonorus

- TeXHWuyeckan Ha3a, OCHOBaHHaA Ha COBPEMEHHOM NPOorpaMmmMHOM
obopynoBaHUA |

- MOHHO- NNa3MeHHbie ¥ NNasmo- XUMUUECKUe crnocobbl HAHECEHUA TOHKUX
[IeHOK METaNIOB Y UX OKCUAL0B, HUTPYAOB, Kapbuaos Ha pasfinitble
NOANONKM ;

- COBpEMEHHOe TepMnUecKoe 1 cBapouHoe obopyaoBaHve, nossonaiouiee
OCYLIECTBIATL COeANHEHUe PasHOPOAHbBIX MaTepuarnos.

KoHcTpyuposaHue 1 moaenuposarie

BLiuMCIUTENbHbIA LEHTP, KOHCTPYKTOpCKoe B1opo, TeXHONOrMUecKoe
oTaeneHre, OnbiTHOe NPOV3BOACTBO, UCTIbITaTEIbHARA Ha3a - NO3IBONAIOT B
eMHOM LUKNE OCYLWecTBNATL pa3paboTKy, UCNbITaH!A, 06paboTKy AaHHbIX,
mogenuposanme 3Y Ha TOTO.
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