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SUMMARY

This study was directed to establish hydrogen production technology in
electrolysis of water by means of Solid Macromolecular Electrolyte Method
that 1s expected to be more efficient and less costly than traditional
hydrogen production methods according to World Energy Network
(WE-NET)” which was started in fiscal year 1993.

In the fiscal year 2000, along with the development of large area electrolysis
cell lamination (electrolysis area 2,500 cm2, 10 cells), manufacturing of
electrolysis cell (electrode area 1,000 cm2, 25 cells) for hydrogen station has
started in connection with the Task 7 (the development of hydrogen supply
station). Also, the conceptual design of hydrogen production facility in full
production scale was carried out, and investigation was conducted to
examine the effect of optimum operating condition on hydrogen production
cost. In the R & D of high temperature resistance solid macromolecule
electrolyte film, a few different types of macromolecule electrolytes were
composed, and their characteristics were evaluated. Additionally,
literature searches were conducted on the latest water electrolysis
technology to gather information.

The outline of this report is presented below.

I . Reconsignment Research and Development by Mitsubishi Heavy
Industries, Ltd.

(Development of hydrogen production technology through Electroless
Plating)

1. The goal of this study

(a) Studies to improve long term durability

(b) Development of large area cell lamination technology

(¢) Trial stacks for hydrogen supply stations

2. Studies to improve long term durability

DSS evaluation test was conducted using a 10 cell stack with a 1,000 cm?
film-electrode combination at electrolysis temperature 80 deg. C, electrolysis
pressure 0.7 MPa, and it was found that the energy efficiency remained at
about 87% up to 220 cycles and the efficiency of better than 85% was
estimated for the long term goal of 400 cycles, although a drop of efficiency
from the initial 88% or thereabout to about 87% after approximately 100



cycles of operation was noted.
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3. Development of large area cell lamination technology

During the surface pressure test using a 10 cell stack, the current
separator processing accuracy was increased to about 0.05 mm finishing,
and applying jack pressure of 15 MPa and the bolt torque of 19.6 Nm. Asa
result, excellent sealing characteristics and electrolysis performance were

obtained by producing a uniform pressure distribution of electrode pressure



5. Conclusions

(a) Studies to improve long term durability
A durability test was conducted simulating production facility operating
condition using a 1,000 cm2. cell stack. As the result, an estimation of
durability was obtained at 400 cycles, which was the goal.

(b) Development of large area cell lamination technology
A trial piece of a 1,000 cm? 10 cell stack was made. When the
processing accuracy, compression condition, and stack structure were
optimized, a uniform contact was confirmed during the surface pressure
test.

(c) Trial stacks for hydrogen supply stations
Using a 1,000 cm? 10 cell stack, ordinary energy efficiency of more than
85% at electrolysis temperature of 80 deg. C; more than 90% at 100 deg.
C were achieved. Also, using a 1,000 cm2 25 cell stack, simulation
assemblies were conducted, and lamination processes were confirmed.

II. Reconsignment Research and Development by Fuji Electric, Co. Ltd.
(The development of hydrogen production technology using hot press
method)

With the purpose of establishing manufacturing technologies of a large
lamination electrolyzer using solid macromolecular electrolyte films,
developments of technologies in the operation of high temperature and
pressure, in large scale lamination, and in large cell manufacturing were

carried out resulting in satisfactory conclusions.

1. Development of large cell manufacturing technologies

(a) Studies to improve the characteristics of film-electrode bonded part
1. Improvement in uniformity of electrode weight
Manufacturing method of large area electrode was investigated to
1mprove bonding property of electrolyte film and electrode by improving
later weight uniformity. In the classical method, electrodes were
manufactured by evaporating moisture by heating after supplying
iriddium dioxide dispersant on a sheet of PTFE, but the weight of these
electrodes were accurate to within 28.8% and rather inconsistent. To
improve this weight accuracy, a system to precisely adjust the level of
the plate where PTFE sheet was placed and a system to uniformly
disperse the catalyst (Fig. II-1) were used. Then, it was possible to
produce iridium dioxide electrodes with weight accuracy of 9.1%.
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III. Reconsignment Research and Development by  Mitsui Shipbuilding,
Co. Ltd.
(Economic View on Hydrogen Production Plant)
1. Foreword
Referencing to the conceptual design and cost evaluation of a large scale
hydrogen production plant (hydrogen production capacity: 32,000 Nm3/h)
that was planned in the First Phase, and the same nature of study of a mid
scale prlant (capacity: 3,000 Nm3/h) which was conducted in fiscal year 1999,
an investigation was made on a plant with capacity of 10,000 Nm3/h during
this fiscal year. Furthermore, overall energy efficiency of a hydrogen
production plant for water electrolysis by the Solid Macromolecular
Electrolyte Method was estimated, and this method was compared with the
alkaline water electrolysis method. From these studies, features of mid to
large scale hydrogen production plants using the solid macromolecule
electrolyte water electrolysis method were grasped, and suggestions are

presented here as developmental parameters to realize such plants.

2. Conceptual Design of a 10,000 Nm3/h Hydrogen Production Plant

(1) Prior Conditions for the Conceptual Design of a Hydrogen Production

Plant

It is necessary to establish a list of basic prior conditions to make a
conceptual design of a hydrogen production plant. Table III-1 shows the
basic conditions required to estimate hydrogen production -capacity,
electrolyzer structures, major equipment structures, operating conditions,
and electrolyzer performance, etc. Currently, an electrode of 2,500 cm? is
being developed, but in this conceptual design stage 10,000 cm? was used

because it 1s assumed to be a full scale production plant.

Table [I-1 Conditions of Conceptual Design
Condition Specification Remarks
Hydrogen Output 10,000 Nm3/h
Electrode Area per Cell 10,000 ecm?/cell
Current Density 2.5 AJcm?
Operating Temperature 120 OO
Operating Pressure 0.44MPaG *1)
Cell Voltage 1.705 V *2)
Total Number of Cells 976
Number of Cells in Stack 122 /Stack
Total Number of Stacks 8
Number of Rectifier per Transformer 2 [Transformer
Train onfiguration 1/4 stacks




The total property area for the entire plant is 750 m2, and 320 m? of it 1s for
the buildings. These figures will be used, as will be presented later, to
calculate the costs of plant construction and hydrogen production.
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(4) Unit Cost to Produce Hydrogen
Hydrogen production cost was computed from the construction cost of the
basic plant. However, the following considerations were given in addition

to the elements used in calculating the basic plant construction cost.

* Electrolyte Film/Catalyst Unit Price: The ratio of electrolyte film/catalyst
cost to the total cost of electrolyte film was set to 30%, and was treated as
expendable item.

* Electrolyte Film Life Index: Film life has not yet been established at
present. Accordingly, it was assumed that the life is a function of current
density, and it was set as follows:

Current density 1A/cm? ---- eight (8) year life
Current density 1A/cm? ---- Life is 8/(1/1)» where n=0.5

* Maintenance, Tax, Insurance, Interest, General Management: Figures
previously used were also applied here.

 Labor Cost: A total of 12 personnel with a shift system was assumed.

Calculated results using above conditions are shown in Table III-2.



ignored. The estimated results are shown in Table III-3.

TablelI-3 Energy Balance in Hydrogen Production Plant (1200, 2.5A/cm?)

Item Energy Efficiency of Electrolyzer(1200)
100% 95% 90% 87% 85% 80%
Q 5.8 5.8 5.8 5.8 5.8 5.8
Heat Qs*1) 0.0 57.5 121.0 166.0 192.5 272.9
Input Qr 1069.6 1148.9 1212.3 1257.3 1283.9 1364.2
Qo 53.5 57.5 60.6 62.9 64.2 68.2
Qp 2.0 2.0 2.0 2.0 2.2 2.8
/NEt 1130.8 1213.7 1280.7 1328.0 1356.0 1441.0
Qe -161.5 -103.9 -40.5 4.49 31.0 111.4
Q4 2.4 2.4 2.4 2.40 2.4 2.4
Heat Qs 108.9 108.9 108.9 108.9 108.9 108.9
Output Qs 1.2 1.2 1.2 1.2 1.2 1.2
Q7 54.7 54.7 54.7 54.7 54.7 54.7
Hydrogen 1069.6 1069.6 1069.6 1069.6 1069.6 1069.6
Energy Efficiency| 94.6 88.1 83.5 80.5 78.9 74.2
of Plant % (82.8)*2) | (81.2) (81.0)

Note 1) Because Qs is included in Qe, Q3 is not included in the sub-total.
Note 2) The values in () were calculated with -Qz included in the heat input.

Table III-3 shows the results of calculation for the case of temperature 120
deg. C, Q2 (circulation water) is a negative value at heat output for
electrolyzer energy efficiency above 90%.  This indicates that the
electrolyzer internal temperature can not be maintained at 120 deg. C, and
it is the amount of heat that must be added from outside to the circulation
water during the plant operation. Therefore, the energy efficiencies
calculated with Q2 added to the heat inputs are shown in () in the line of
plant energy efficiency.

4. Alkaline Water Electrolysis

In order to compare with the solid macromolecular electrolyte water
electrolysis method, alkaline electrolysis method currently in operation was
investigated. As an example plant, it was constructed in Indonesia Plaju
Aromatics Centre in 1986 by C Co. This 1s a 100 Nm3/h hydrogen
production plant, and their electrolyzer specifications are as shown in Table
IT1I-4. A flow diagram is shown in Figure I1I-6 as a reference.
The biggest merit of the alkaline water electrolysis is its long life, and it is
guaranteed for over 10 years. It is said that a continued operation is
possible for 30 years by conducting overhauls. Therefore, from the

economical point of view, the alkaline electrolysis is an excellent method.



Furthermore, latest alkaline water electrolysis plants have been revised and
improved. The example of N Co.’s cell structure of bipolar type obtained
operating temperature 80 deg. C, current density 0.31 A/em2, and terminal
voltage 1.8V/cell, and the estimated plant energy efficiency is about 75%.

Type. : Mono pole tank type
No.of electrolysis cell : 18
Size. : H 1307 x W 606 x L1118(mm)
Weight(operation)(kg) : 1,616
No. of anode per electrolyzer : 7
No. of cathode per electrolyzer : 8
Effective area per electrolyzer (m?) 104
Operating temperature (0) : 65
Operating pressure (KPaG) : 4.4

Cell performance (per electrolyzer)
Current Load (kA) : 14.3
Current Density (kA/m?2) : 1.4
Cell Voltage (V) : 2.1
Hydrogen Output (kg/h) : 0.53
Oxygen Output (kg/h) : 4.26

Table [l[-4 Specifications of Electrolyzer in Alkaline Water Electrolysis Plant

Oxygen Gas
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Figure -6 Flow Chart of Hydrogen Production
by Alkaline Water Electrolysis Method
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5. Conclusions

For four years since fiscal year 1997, conceptual design studies of
different types of solid macromolecule electrolyte water electrolysis method
for hydrogen production quantity 300Nm3/h ~ 32,000Nm3/h have been
conducted in full production scale. At the same time, studies were made on
alkaline water electrolysis method including existing sights as examples.
Major results obtained are as follows, and it is suggested they are to be used

for future realistic development.

(1) It is preferable to select the operating condition of somewhat lower
cooling temperature from the condition that balance the input-output heat
value for the operating conditions of cell voltage, current density,
temperature and pressure.

(2) Regardless the plant scale, the utility cost and electrolysis voltage give
strong influence on the hydrogen production cost. Therefore, improving
electrolyzer cell voltage (lowering the cell voltage) makes a large
contribution to improve the entire energy efficiency.

(3) There are optimum values of cell price and operating temperature at

current densities between 2 A/cm? and 2.5 A/cm2.

(4) Data of cell manufacturing cost and film life are essential to improve the
accuracy of conceptual designs.

(5)The entire plant energy efficiency loss is the largest at rectifiers.

(6)For a constant current density, the plant energy efficiency is better at a
higher operating temperature.

(7)The advantage of alkaline water electrolysis is its longevity. In the
bipolar method, the cell voltage 1.8 V (electrolyzer energy efficiency 82%)
has been achieved and actually operated at operating temperature 80
deg. C. The cell lamination technology and others may be considered to
be useful sources for future technologies to realize solid macromolecule

electrolyte electrolysis.

IV. Reconsignment Research and Development by SRI International
Foundation

(Development of High Temperature Proof Macromolecular Electrolyte Films)

At SRI, we are developing new high temperature proof high strength
macromolecule electrolyte films to be used in high temperature water
electrolyzer as a substitute compound for Nafion and other Parfluorinated



V. Joint Research with Osaka National Industrial Research Institute

Osaka National Industrial Research Institute contributes to the
advancement of this project by evaluating the performance of water
electrolysis and high temperature proof macromolecule electrolyte films that
was developed by SRI International Foundation. In this fiscal year, a film
thinner (thickness:50.8 ~101.6 £ m) than that of last fiscal year was
developed. Ion conductivity and water electrolysis performance were
evaluated in the temperature range up to about 150 deg. C in pure water.
The ion conductivities of films with thickness of 91.4 4 m and 66.0 # M were
about 0.05 ~ 0.06 S/cm at 150 deg. C. At the current density of 1 A/cm2,
electrolyzer voltages for 91.4 4 m and 66.0 x m films were 1.72V and 1.59 V,
respectively. For the 66.0 #m film, the voltage efficiency of over 90 %
(AHbase) at 150 deg. C was recorded.

In comparison to the last fiscal year, film damaging situations have been
improved quite a bit, however pinholes and cracks were still developed and
continued measuring became difficult during bonding process of
electrode-film and/or making measurement. Thin films exhibited this
trend more significantly. In the future, it is required to further investigate
the range of high current density and improve the durability and reliability
of film including its mechanical strength.

VI.. Literature Search — Water Electrolysis

Water electrolysis has been an important industrial process that has been
in use industrially from the old days for the purpose of indispensable
hydrogen production for starting with ammonia composites to chemical
industries. However, recently this process has been pushed away by less
costly hydrogen production methods using steam refined gasoline or natural
gas. However, lately the water electrolysis has been watched as the only
industrially established method to produce hydrogen, which is valued as a
clean secondary energy, from water. We think it is very important to grasp
and comprehend current status of related researches.

Accordingly, we conducted literature searches on water electrolysis
related references published in recent institute journals and reports. This
year’s searches covered the materials published in one year from July 1999
to June 2000, and summaries and important figures or tables are shown
here. The main purpose here is to grasp the general trend of studies being
conducted, and as such for details, the original references should be
consulted.
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Type. : Mono pole tank type
No. of electrolysis cell : 18
Size. : H 1307 x W 606 x L1118 (mm)
Weight (operation) (kg) ; 1616
No. of anode per electrolyzer : 7
No. of cathode per electrolyzer : 8
Effective area per electrolyzer (m? 10. 4
Operating temperature (C) : 65
Operating pressure (KPaG) : 4.4
Cell performance (per electrolyzer)
Current Load (kA) : 14. 3
Current Density (kA/m?) : 1.4
Cell Voltage (V) : 2.1
Hydrogen Output (kg/h) : 0.53
Oxygen Output (ke/h) : 4. 26
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3 72.4 1.527 98.8 95.7 1.635 100.0 90.5
4 73.4 1.528 100.0 96.9 1.64 98.1 88.6
5 74.1 1.533 99.4 95.9 1.646 100.0 89.9
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BE mV 7 9 7
3A/cm? BAME mV 1.660 1.653 1.652
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#2241 EMERET & 2 HHERERE RO JE S AIEFER

Ao K EF X : 250 mm X300 mm BA7 : um

BlEALE 1 2 3 4 5 6 7
1 564 572 562 552 539 563 542
2 567 583 578 577 561 562 554
3 558 564 559 549 542 556 552
4 561 569 555 537 539 552 553
5 557 578 5565 546 549 562 554
6 558 570 569 561 560 568 555
7 551 561 556 543 545 548 553

SEE 558 um. BAMHE : 583 um. B/ME : 537um. ¥E 464m

2.2.5 2,500cm?IVAGEEDENREFIEORTER
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FPARFTHDTHDI-DEEZIOSND, TNERETAIZIINNEREZFERD D WITINER & 2R OM

T ENFNENOL A TH S RT SRR AT 2 LENH D,

#£2.2.51 KEF & BN O S HER RO

HBEINMRDOT Y HHEFSREREFACEETHO . 2OZD0D

HBAr: um

& 11 2f 38| 4 5| e 7| 8 9| 10| 11| 12| 13} 14| 15| 16| 17| 18| 19| 20| 21
1 |553|574{594|586|588|579| 599| 600|593|592| 582|594| 597|583 588| 575|604| 617|616 585|553
2 |518!539|543|548|570|560]569| 560|558| 562|555 571| 566| 550]556| 553{577|557| 568| 560{ 518
3 |526]549|535|542|546|562]|571|558| 568| 562| 560| 578] 558| 550|556| 553| 568] 568| 581| 552|518
4 |539|568|567|568|570|585|619|586|579| 585|594 | 590|584 581|568| 601|598| 593| 586| 578|549
5 |563[579|573!565|588|580|614|589|586|588|587|601|604|579|596|594|590|597|598| 587|557
K |563(579|594]586| 588|585|619|600]593|592|594|601|604|583|596|601|604|617|616|587|557
/N |518(539!535|542| 546|560| 569 558| 558| 562|555| 571| 558|550} 556| 553| 568| 557| 568 552|518
R 45| 40| 59| 44| 42| 25| 50| 42| 35| 30| 39| 30| 46} 33| 40| 48| 36| 60| 48| 35| 39

| &K | ®&D R i e
=4 N : = . 5 : 2
=73 1 619 | 518 101 nﬁ*4¢r§¢m 270mm. £Z 1,000mm HEfE : 1,694g/m
U H—H#ET 1 3,000
2252 KMFY MR OE X BT RO
Bf7: um
& 1 2| 3 4/ 5| 6] 71 8 9| 10{ 11] 12| 13} 14| 15| 16| 17| 18} 19] 20| 21
1 |540(565|567|574|563|576|577| 575|574 565|574| 585|577| 581|580|589|591|571] 558| 545(519
2 |524]550|581| 560|555 565|575 565|560|554|552{ 574|570|559| 572|571| 565| 549| 537| 550| 509
3 |530|545|546|549|558]566{571|579|571|561|566{571|569|565|575| 565|572 546| 529| 539( 499
4 |566]570]|578|572| 595|585]583| 579| 580| 580{ 594| 604| 585|578 583| 588| 580| 578| 555| 556| 544
5 |570!581|590|587]589|584| 584|585 580|589|582| 600|590} 606| 598| 592| 599|579 571| 585 564
&K |570]581|590|587|595|585|584| 585 580|589 594|604 | 590|606| 598| 592| 599| 579|571 585|564
B/ | 524]545|546| 549 555 565(571| 565| 560|554 552(571| 569]559| 572|565| 565|546 529 539|499
R 46| 36| 44| 38| 40| 20| 13| 20| 20| 35| 42| 33| 21| 47| 26| 27| 34| 33| 42| 46| 65
¥ | mA || R ABSHENE 270mm. £ 1,000mm  BfHE : 1,679g/m?
569 | 606 | 499 | 107

) —H#ET7 13,000t



2.3 MIRFHEIZ K SFaBEDOEHLOHFE
2.3.1 BHY
KB THBBAKREFE L THLWTWVWSES A v F LI F Y 2l Bes RITHHE O RREIAT K E
W, CO/DHBHENBVIALBEERESAEVHBRL. A2 7O ) -7 PRIZEORER L OEAMIC
KEERNRET D, ZOMRTIIHEHOBMIIHREZAREL TREADRELE EORE., FBIZT
ZOM EEMREREINHREXRITVELREAFENM D> TO SN EHEERICLIOAEL .
Fh, ZOFTHRENENTVLAEBDIZDNTIE 50 cm 2BV AOMERERAIEL. ILIZHESA
AWTHEEBIEAARZBELHE K> TWINERHEICEENELDARL 2,
2.3.2 F 5 2 KRR M RRAME RS A~ DR K ol & EE A Re i O 3FAT
T8 MRS IR OREME S M OB ORI RN F< A TRAEZFESIITH I EMNEET
BB, COTZOMBEREINRENEDIMKREREL AR 2 BELUMERE L TOREFFEZ TG
L7z,
a. H#H
I T8 R EE BEAS IR
i 1mm X 30mm X 30mm
b. REAKME
BMAKOHTRET. BB DIEWEEZSNZR)TFL >, RYTJoL >, RYFH
SINAOLFLREDERBEMEEL VN, FY MR EODEEMEERHEAOMEE
Llze E2321ITHWVWZ 12BEOMKROME,. R, #hE pEz25R7,

[

#2.3.2-1 REHMEDOELE

No ME ARE: BRI 2=
[ m T

1 RUTFL Y (PE) LE1080 6 107

2 RUVITFL > (PE) HE3040 12 124

3 Ay oL (PP) PPW-5 3~7 168

4 RUF RS 7040 FL > | MP-1300 9 328

(PTFE)

5 U h A Z-200 2.1~2.6 1600 LA E
6 2 Uh BY-001 13~15 1600 LA £
7 U h LP 10 1600 2L E
8 >UH E75 1.7~2.9 1600 LA E
9 U h N2N (EkiR) 6 1200
10 | BibtF4% > AMT-100 6 1825
11 | BfbF5 > AMT600 30 1825

c. BRFEEAEHR OBIE
MRS OEBICHREINVRORAEESICTEL R TR MTENH I BN THEHE X
NTVDRERDHD, TDD, RO ABEOHEICLOMREREL AR Z28EL /=,



1 BT EE
AR 2 K EICEZM R EZFTRIIH LU DT BN S BEORBICEDADX S ITUTHREAL
ZHICBEIZFEF LB ETLBOANSEHNWTERERE L.
O g AN ERE
i AR ZEKEIZEBZEMARZFTHRIZHL DRSS HHORBICEDAD I SITL THRHE
L7z,
I REIOBREICAHE LR E2TLHOANSZHNWTREEE L .
iRy FTL— b TMALMEREBIMIDRETEML., FRLEZS5TITHAL =,
N AR R FEEE
T RIZZFNTIN AN K EMAIEMLU TR—A b ZERL /=,
iR EKFEICBEER—Z MEFTRIZHL DT RNSHEHEORBEICBDATLSICZLT
FHELZ,
il ZMCBREIFE L B2 TLBONSZHNWTEZRE L,
Z 2 EmEAE
L HRICTFNTINI - AIKEMABRL TRN—A EERL .
il AR EKEICEEMREFTHRIHEL DR S HB#EOREICRDAD I DIZL THRIEA
L ZEBBICHE LR 2 L8O ZANTEEEELE
iv. Ry b 7L — b TMALBIENROSS M ATIORE THEMLUGH., BEHROEHEI
Ky 22T LU ERE USBAL BEElkT 2,
d. FMEaEh
1 BIEEE
MAFTHEL 2 F & DM DLW TREEE, BERERE, XEHS, BKEER EEARE
MHOBEZTT> T,

OxmEis
CCDAAZZMFI T NFEBEICLDERMBROILRERET o/,
QEKREIE

2321 IZRTEISNERAICAGAYFELEFY 7Oy 7 OMICEAB A, EREREE
FUCEBREEOHEKRERL. TOBOBEZRE L. dBHIFY > Toy JicEgsmEh %
IMPa &2 MPa &L THEHRDERZEEIT 3A/cm2IZREL 2.

@FRMAE M X

(K232 2 IRTHESHEORBMIGFY U Y —T7 6 ZHLABOXRERE ZHE L 7=,
@@ K

X 2323 1ZRTXIICRBROERMNEZIIRAXDICLEMICHMKEM#IBL . SR EE
ﬁtﬁ@?é*%%ﬂﬁbtoE%ﬁimuzmmmk\mmmgi%ttbto
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O HE RS R

72322 IZABOEARFEOREMERT, K23.2—4 ICRRABRIERGFEEZRT,
OXREBIRIEREE

FH HHEBHREB IR TR I ND ERAZEOMMED HO SEHEIL 506 LT TH >,
E<IZPTFE ¥MEZFHEL 72 No7, 8, 9 DK TITHEMED 56 2 L 30%FBETH - 7=,
ZOEIIIMEOTHEICL D EEBBESEICHEMT IBEORAENBITLIIEEEETD
HENRH B,

BlE & R L 25 TN L TEYEL 2N, BEEVREIZBEH L THWD X5 THERIBRS
NsmoTz, BHIEMAKDO R T EENTRETIMRAL LV ELERERICAE SN2, B
BOAKRZEVEABTIR2RZ2Z0X >R b O—)VEIHERE D ZEBICTHDIRIRNETH 5
Ho REWVHBITIIBEAZHENSIEIZHTHEI DR AENBELTHAD,
SUNZEEOMKRENR—A N THRELERL TR ERET 2 EBHICRD D THFEM
RTEENHS A oNLh o7,
OBKEE

EM (RHEEL) OFKEBLEIZ5.0mV (1 MPa 3A/cm?) TH-oAA, MRFAEL ZRAEHT
INEVBWVEERT I ENE Mo, ELIZV Y DPBILT Y MR EFEL ZalfTI3R
REENEN O, MBEMNH7ZDIL Nol3 THAEEIL 69.5mV THo7z. FF U HHEORK
EHZFEM AN E AL DI L REMOMMIMEL D EOFITIIMRDZRSTENEDITL AW EEKE
EDQEMIMZ 5NN THA D,
@M =

KEMET (Rmax) 2H8T2E, EMN105um ZA N7 RV F I 7L FAOIFL >
(5% MP-1300 #23X783H) A'68.3um. Noll U A (% AZ-200) 71523 um & BEFIRME
ZrRL7Tz,.
@a/kEE

A THARZRELZHBHL, WKRAEDICEER OB RPN TEZLD, BEDITH
AGEENPEMU TEZ. BERERZIZ 2000 TERL 23 HE, WICHIE IR 2 10BKHE
EME T 2HHENA SN,

e. &9

1 ¥R Fe L 7z el el 0 EAR MM

HBEOMKEFRET S5 AHIETEEL M RTETFT Y S HBERERIIERTA I NI N
LOMWE oz, RELMEERETSEBRBIENEFL, BKEEMET L. SEREE
DEBRTRIINSOHEN IS THLEDIIINRKRKOKHERBDODEEILEZHNLILE NH 5,

1 INBAVE BRI B AL 5 TR ORI

FetH U 72 ¥ oK 2 ke & HEHE O B IR ICIE B AL ITBHIE ¥ R 2 INBVE R 2 5 iR 3@ K EE D
ZEMEZTENTWE, ZOHBINMBRENSTE2ERMIBENBES Ao, &
SIZARAMENWRY ZFL O TIRBERBMICED S ZENTET, REHINREI NN



7".
o

HAEELST<SHEENRWEEZ SN RIBHE
FHEEFL LT < ERHFENERHNEN T ZDIE, Noé R O Y L > Fe#ENEERE

T, No 7. 8 9. 10D PTFE MEFRESR. Noll U AKER/RTH-77,
VMBI ELTEL Thh-o> 72K

BRRUARFELTHTSIBEHNS ZENTLESOT, FF¥ UHERIIKIIED &l
LRTWOTHRERAMREL TEL TWiaho7z,

%2322 MAELZMRTHEF Y D HHEREERORRSNE
No. | ZERHE F | B OB BEREE REME B E
H BE |mV ‘Am ml/em?/min
Vil T 7KiR 25
ME shE i 1 MPa | 2MPa Rmax | Ra 100 200
No 3A/cm? | 3A/cm? mmHg | mmHg
1 E%E PE | LE1080 A ;L 7.2 4.1 92.3 13.4 245 435
2 E%E PE | LE1080 =] 3 180 5.7 4.1 105.7 13.6 143 218
3 BEEPE | HE3040 1 L 7.3 4.9 99.3 12.9 622 899
4 BEEPE | HE3040 (=] mL 197 9.2 6.6 93.7 12.1 14 20
5 PP PPW-5 1 1 13.0 13.4 81.7 11.5 178 311
6 PP PPW-5 o L 210 83 5.3 61.0 8.5 55 128
7 PTFE MP-1300 | L 85 6.3 68.3 7.5 70 103
8 PTFE MP-1300 | O L 450 7.4 5.1 79.7 11.2 7.0 7.5
9 PTFE MP-1300 | /N | IFATH 12.6 7.6 64.7 10.3 2.4 5.0
a-W
10 PTFE MP-1300 | = |IFfh7h]| 460 4.4 2.3 65.7 9.4 8.8 13
-
11 PR AZ-200 |= |7 200 37.7 11.0 52.3 8.7 7.5 12
12 U BY-001 = |k 200 40.4 24.4 84.0 11.7 6.7 14
13 YU LP = | *® 200 69.5 37.3 63.3 8.0 5.6 12
14 D2bi E75 = |k 200 17.2 11.5 70.7 8.8 82 161
15 ERKh N2N = | K 200 29.1 14.6 | 100.0 14.1 253 447
16 Beicts AMT-100 | = |k 200 5.9 3.2 78.3 11.7 6.2 13
17 fEiLTs AMT600 = 7K 200 31.3 16.8 72.7 9.6 67 108
FRHEE (B 5.0 4.0 105 14.2 362 565

¥) PE: RUITFL >, PP

R 7oL >, PTFE :

AT I ThFDIFL
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PR
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" MP-1300

SR
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VTR REY MO & £ AMFEH L (AHPBRBOD Y C 22BN R A
EON DA} *2.C @2 ATEST BIFHREIDA(T CON OB S /1 SWIU K L (42—
CGUGY T @YY CHY > BB N U RO
THEHHBED 0N LUREYELELBOWE T &£ O M@K TILd B8 i wy
O2 "YCYBOY UV FRUWR) AULT GHBAZF VHIGHOEEYE R TON
OOFUT DY URHYGNHINLTORANL LY £ (LI YBBMBE YL CR2 AT )
HEE 2AF0QT WACRL A6TET WAROANT E%H0, WNVT WHBURYM “YC
G CHBE( A OYRYHAHY TILd Y0 TEET ¥R 66T HREY "YU T WOVE
‘2l ZEBWERD L HEY 0,08 B EHE YN UEZE RSB LNC I AEROHE
BETHHEE O

W& £H 0 XSH MLL&£FCXTDH WALLFCXEH &—A\MA
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W LW EBH L LORUNFAXSHUWAF U T OROHL LU EF T 1wl 2
FANHYELYY QB2 EIN DA L -V RETHZ (008-ZV 8Y) XH L (2O 8N 2ORA
MTHYELYVIOBL L2 X HNLTORNLEN L (O LON @@ Bl T T/38 [u B ) FEOH
THBEFEHCYL T YRBME "o RN H Y RHME Y L IR I RALOEH
MHONAEE YR OYRHAMEE J
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1.75

1.7 | b
i 1.65 —e—No.1+t L (PTFE)
IEITIP ——No.2®)L (P UH) |
2 16 —a—No.3t/L (ERE) |
Y
52um
1.5 EREH:
2 3 80°C. ¥ £
ERZE (A/cm?)
X 2.3.3-1 ¥ERFEHEEZRAV-ELEE (WIH) AIEER
#2.3.3-2 BMERFTEHEEIC L DBHEEREER
No.1 &1 No.2 ¥/ No.3 ¥V (kH/BE)
FIEF 1B No.7PTFE ¥k | No.11 > U Z¥ERFE —
FEiE i
BINEE EALEE (V) 1.556 1.531 1.529
14/cm? BRHE (%) 98.6 99.1 99.2
TEANYT -Fh R 93.8 95.8 96.0
(%)
BILE TAEBE (V) 1.632 1.590 1.586
2A/cm?2
ERDIE (%) 100.0 100.0 99.7
b S 7E I 90.7 93.2 93.0
(%)
BINKEE EAERE (V) 1.701 1.641 1.636
3A/cm?2
BITNE (%) 99.8 99.6 99.7
TAVE =B R 86.8 89.8 90.2
(%)
HESME - 80°C ®IE EAREHE : 50cm2 EMREEE X :52um



3 RBURRE Al D BAFE

3.1 B

SRR 11 1T 2,500em210 TIVIEEEME 2 A L 90k B S Es B A B L 2. KR
JEF. 80C, EREE 1A/cm2 DFEHEF FICBWTHHRRITIERE 1557V, TRNF—F 95.1%TH >
THEEZ LE2ERBEENEON, £, ZOBMEMHTS 4 OBMEZEMEIL 2. HHOD 50
~100 BRI OREITIIEIED 15.86V T T LR LET 22 TOREFEIL 15.8+0.1V OHEATLEE L /- 1E
ERLT, D OEFED ERIIEERESEFITKICE ENS AW E L ERERO T O b 8%
IMEFLAEZEIEDRELEEEZONDS, FRKETFTORFZREIIBDE T ppm THHEDAUK
FIZ LR LUEE ppm &78572. 500 BFfEERICIIBRMAGEAOMICH D LERERNEEL L. 20O
REIBRTHREEDESREEN 5 TEN > O TRMEIZL D BERIESEINBIEL F OBEFFD
PR EENEAL TRELZ. 20D, HOHTENZ TTELBMBOREENERTTSZE
WXV IBREREROEME LR TANEEZ Lz, ZOMR, EBEERITZ< BN, IV ERSE Dk
ENPHE L 2O THREBEEN LR L

FEEL BREENIOEL. BROREDEVKEEEEREZART I EZEMEL,
TDEDHIT, KT OBEEROBREICE D ESNRBICE DOV THRERE &K & BHAKSEA
EEEL, ZhSOHEVEEEEEL 2 /L — % ERBAK BRI A EOMH EZRBAEDET
BEBAEEA 2,500 cm 2DEILE 10 ©IVIERE L -8 B2 8UE L oI R R B & R ad B &
EMLz, ZHUCED, ERFEOSS. HAME. Slom. RESA. EOSGREFREOFTHE

o572,

3.2 2,500cm?210 IViE[SEHEE O BYE
3.2.1 4G

#3211 &3, 211 IR XD ICHEEREL BEMEGEORBRERO XMmICHERE L
NL—52BREOLBLELNLE 1I0BEEBLE 74 NY -7 L 2 HERKAEEL Lz, £3.2.1-1 ICEE
HARZRINEREES 1 Alem?2 & LEERICKXDBEKR 104ANm3 D KEZHET D ENTE S,
M 3.2.1-2 IZIXHL T/ g ERMEON B E R, %w%m@ﬁ%i§3112kr¢ﬁtw®%mi%
250mm £ X 1,000mm T. BEfEI 2,500cm2 & L7z, ZORBEEFEEIIRDOXSIC I ERERE
MARBE I OEBEICHG S NERMFICIDFEELZH TESMTHIC m&éh%%ﬁ&mo
Tnb, ZORLDEREEBRIIEXEICMKOMGE T AN E kB s, TRz BmASAD
EREMmAEE AN, FEMEICEBBATEH O & REATEE DA RMT S B s Lz,
ZOWED-OEMRITHERER. MKOME ERETN A OB FIEIIRDED &L,

DOBLR O
BRAOBERERIL. BRIDFROLELADMEIZH D5 24 MOFRTREBWTESL /-8



12 F0EHRERL TEERERERI D ffe s N7z,
Otk DR T %

BEA OFAKIZIFIRD FHEOE KO L D A S NHR S 5 WIZEBROREDFKE S56

BAOERANZEDERORMICHE I NZ,
Q@ AEH 2 OHEH

BMICEDRELAHAZEROREEZHENHEEDOERNZER LMK EEBROXTD

#HrEEABEL, LHOEBENIED SN, #IE LD SR OMRD LR O P O X

D E Nz,
#%3.2.1-1 2,500cm210 TV FEEEREOELR LT
BB EHEM F-I3RE T8
79 BRIV -RIE B B AR
BB 10
LY D EAREE 2,500cm?
BREE 0~4A/cm2 LAF
ITRIF—EIEK BIREBE 1A/cm2 K512 90% LA £
KEFRER 0~41NM3
REME 99.9% L4k
#.3.2.1-2  2,500cm210 IVIEEEHAE ORI DT
No | & . = <t &
1 | EESESE | X—7 ) Aoh—FR 2 AR B 524 mx 305 mmx 1020 mm
TR U LBERUOAS R 250 mmx 1,000 mm
2 | K BftEFyY M 40 mm X 340 mm X 1280 mm
3 | B EBAEFY R 16 mm X340 mm X 1280 mm
4 | BEAGES | A XA v FEREMTF Y #EMERIR | 0.65 mm X270 mm X 1,000 mm
5 | BEAKEEER | A VFEAT L AR K 1 mm X270 mm X 1,000 mm
6 |/NuFIK TwFEIL EX4mmXigs5mm GaHEHD)

EE 3mmXxXig5mm (AL

—67—




3.2.2 MEEMEGHRDOHIE
23221 ICBHEL ZEBHESHROHEERITNES 500 m OEMREITHEFREE 4 mg/em2 &L

B ) DU LROBEEEERE 3mg/om? ELAEHSREROBREETRY ML AIERICEDES

52 um OBEMERICHES L THELZ, EROKE IIIME 250mm. £ 1,000mm THEMEIL 2,500cm?

ELTz, 211 EBVLWTHWSNBEKEERBEBESSEEARIEBICEIVEBYEL =, ZOEMK

LEMEBROBESICIIKERERAER Yy ML X &AWV,

BUERIE

@ fid i 53 BHR D BAE
E— A=K EFTERBOMBM AR EZ ANBEEIBEEAVWTORLZOBMERIZHL T
10% (724 7 v ERIEM R MA BB L 72,

@ bR B DT
D IR E AT > L ZBESRITEL T 10 m UL EOR R ORI R ZIREL 7=,

@ il Jg O Bk
BEKEPERBEEBOATED LIZE W= PTFE > — O EOBERO NN S BUK %2 AN,
bE—STARGEHEFEL., MEEEREL .

@ &5y T ERERED IR
PTFE > — b RIZHBLZMERO AL D &S FERBERELTY 77 TREDITZOE ARE
Bl

®F v b T L RIZE S
PRIRARI S, EAAER. REMEEEERSDYE. MEHN 1~2MPa. #BE 140C O&HICED T
VA LTz,

®t LT
PTFE > — b & FBRE LMAKIC K Oikig L7z,

* 3.1.2-1 [EEME A OBELR

ek Lk
ERE FE¥A N=7NFAah -+
ANFEERE (B2)
A4 F Y E| 1,000
(EW)
Bz 51.m
Hik 305 mm X 1020 mm
k55 FR fir A 2 [ RV RIANN & S
(I r0O,200B)
EiEES 3~ 4mg/cm?
R2: i i 4 B4R
HErE 3mg/cm?
B iE [k 2,500 cm?2
MEX & 250 mm X 1,000 mm




3.2.3 faERDORIE
(DBUEFRE

READOEREER 3.1.3- 1 1R, BEAKEEIIHREHET &~ BEREIR. BEBAKRERZT
AT 2L AR R E MR E LRAICERENNSVWEBLEEEZRE L 2O F & Ml BE R
BHEAYF, AT L ABMEBRERIIEA Y FERL 2,

SAYFLEAT > L ABHEBRERIIRRBRAKEAR S LN, B A v FLAWRKEMT S >
HBERERIIRTZ LR ET A0 22 HICARBOFET L A2 HWCERREEZAVT Imm BE%
0.55mm DAY —% A K~ y/N—& LT 0.65mm BESITHEBIMTL TEELZ KRB EIIE. %K 3.2-1
IR X DIC Rmax OFHIHEIZK 50um TH-H7z, £ 3.22IZESOHEEMRRERTN, BESHE
SR RTAY 51~230 um. FREEDN 67~193um THO IR EFAURETH >,

3231 ICERTERELET L ABROESIOVPHEOMGBERTHN. BRITENSKEWVHPEVERN
@doohlk, £k, 3.23-2 1213 BFRUJEBETVAEOBEIHECRKRZEZRTA, BITEN
REWZE, BEENSKEVERAERLZ. 3.2.3-3 IIBMURERONBE L. ZOHBRERD
KEWCERTEFRTMELZEEY « W LORAKE 287, REKEIL S, HOFE L ABDE
IOARE—ERLTNS, EKICHBOERENKEN /-, ZOLD TV ADHBEDENDE—E
EEDDLENH D,

7% 3.2.3-1 faEEKD L

7 e AR FEOKRE | AvFEX SUHER
[%] [ m] [« m]
R H 4G E K [ERERE 45 IR 65 25~50 Pt 0.5 10
PR F 5 > HEHEHERS K
Fe MR (B #5 BB A AT L A MR A IR 70 12 Au 0.3 10

HRMBAKEEERIZ TV A Lo 7,

#3232 BEAKBERDTL ARBOES M ORIERE R
MEL: Be A v FHIRBMET & HHESEFEIR KE T 270mm X 1,000mm. n=30
TLZAHEZ um TUABEZ utm
e BEFE| S | BR[| &N R | EFE | BERXK | &HM| R
No.
1{ 1819{ 1053| 1074} 1023 51| 642 685 594 91
2| 1850f 1034| 1076| 1001 75! 637| 701 592| 109
3] 1777| 1037/ 1070| 1010 60| 608| 656] 586 70
4] 1799 1058 1094| 1009 85| 627 672 582 90
5| 1847| 1052| 1090| 1020 70| 642 707| 595] 112
6| 1829| 1056| 1083| 1024 59| 639] 676] 609 67
7] 1830| 1051| 1090| 1011 79| 623| 664 568 96
8/ 1837| 1026| 1070 994 76| 602! 648 565 83
9| 1901| 1042| 1235| 1005 230{ 638] 766 573] 193
10| 1865| 1032| 1147 994| 153] 619] 684| 573] 111
5 1835/ 1044| 1103| 1009 94| 628 686 584] 102




3.3.2 2,500cm?10 LIV HEEEMED BRI
(DRI HARe A BR
1 REBREHF
REERBIIINEMRTEEIZREIN 0.1 MPa ODEETHMITSN., REETFT TREZ 80CIZ
RENBREEENTA Y ELLBREHFIIDWTEERRTADN . RRLU-BHEEID 1
Alem?, 2 Alcm?, 3 Alcm?, D 3FEEL. BEREBEEICIBNT 1 KHOERZTOLERSEZ2HE
L7z,
o Iz e
i. BlExEE
BREE (R¥ v, &), BRYR. TRINVF—IR, BAKZR, KEHE OkKEDESE
BE)., EEST. BERSH . BESMELE,
i . EESM ,
ELNL—F OMEE O LM S FimOM O 5 BROBEFTICERM I ZEERTFICX DBEIEL =,
iii. i 53 1
X 3.3.1.-2 IR T K DIZHEIR O MR L7z 12 205 — T Vi A ERZRIEL 7=,
v IR '
BN —FIZE RN THRICES 5 ROB IO EFRIEEYL -0 B HFTH DB
EoHanBIE TN/,
V.ERSE, TRIINF-EOEH

AKFEZ A ENL/h) X 96500(7-1) X 2 X 100%

BIEE X 3600(s/ h)+ 22.4(NL)

1.48V
IRIF-2hERX% = FF—X%?ﬁE?jJ% %
B (V)

(AR
TREEOLEN EWMABD, WREHERZET, 80T, BREE] Aem? & LBHTE
B0, BE. THRVE-HE, BRHE. AAMEREQEEIIDLTHBELEBAL,



ISIERIRER SRR @R
=Tl 7

8

9

10

1

A

X 3.2.3-1 HRMARHFr — 7V OERFE

3.4 2,500cm?10 & /VEfE BAEME O EREFIERBE R
3.4.1 FIHARHERBRAE R
B 3.3.1-1 £ 3.3.1- 1 ILEMFHEOREFERE T TR ROLIILEERBERETIZBW TRV
F—PHROBNENTFERE LT,
(V)YEFRBE 1A/em? DFE
a . BE, ERPRLERANLF—FE
A B v EIE 15.74V, BHHE 100.0%, TRV F—FE 94.0% D BEEE LE 28R EGLN T,
BL. BT 10EOELOEHEFEITZ. DEREALTELNE 1.52V L HET 5 & 2REL 1.574V
Thotz, £2. ERMPEIILI00%ThHo7,
b EETT
BEEXMIIR 3.83.1-21RTBY Thole, FENDOEEIL, 1.574~1.592V OliZH -7, &b &
o7z Nod £/ T 1.592V THo 7=,
c B
£ 3.3.1-3 IR ETRTHERMEIL 195~228A OEIZH D r—T NIV B2 DEER LT,
dIEEST '
# 3. 814 ICHEREZRTN, BEIT73.7~82.6COMITH 7=, FH DR TITREMD 80T L Y 73742
VIESfEZ R L7, BB TIZ, 3XLE 77~83CORDEETRLT,
e KEHAFOBREBE
KFEH AIIEEE D 482ppm N TV Ve,
QEREBE 2 A/lcm2 DBRE
a BE, ERMPBRLIRALF—FHE
2% v/ BME 16.69V. BIAE 100%., TRV F—hE 88. 7% DIFENRHE LT,



b BEZAM

BESHITZE 3315 ICRTEITH . FEEILOBEEIZ, PLERMNHD 1.648~1.703V OHEIZH

o7, MOHBIENENS7ZDIE Nos DEIVTHD 1.703V TH-o 7=
c . Ennf

% 3.3.1-3 ICHREZRITNEFHEIL 386~454A ORI H DA —TNIC KD B> =EEZRL =,
d.IBEDf

F 3316 ITHEEARTD., BEIL76.6~834CORICH -z, M ADOWRIIMNAED

REMID 1~
2TCHEWEZRLZ. EBIKTIL, BEE 77~83COMDMEERL /-,
e KEH AR DOHERRE

KFEH AITIIEFREA 361ppm B EN TN/,

B)VEFREE 3A/cm2 DEE

a. BE. BRPIRLEIRIINF—HHE

A5 DB 17.47V, FHEIIVEE 1.747V. BRNE 100%. T3)LF—2h#E 84 7% DFRENE S
Nnrz,

b. &EES

BESFITX 331 TICRTEYTH o=, EEINOEFEIX. 2D RE->THWT 1.715~1.797V D

Mlizcdo/=. BHEENENS/~DIE No.b DEINTH- T 1.800V TH- /=
c . B

£ 3.3.1-3ICHREZRINEFMEIL577T~685A OHICHED Y —TINIZX D R > -EZRLT.
d.BESfH

% 3.3.1-8 ITHREZRTA, iREIL 76.0~83.8COMITH >z, W HDHRTITER

i BREMELD 2~3T
BWEERLZ, BERTIEIBLF 79.9~83.8COMDMEERL T,
e KBHATDBEREE

KFEA AVIIEEFE D 289ppm B EN TN,

#3.3.1-1 2,500cm210 )V iEE S O ¥ B E R

FEIREEA/cm?
1 2 3
IRIVF—E % | 94.0 88.7 84.7
BRE % 100 100 100
A5y 7 EEV 15.74 16.69 17.47
St IVEEV 1.574 1.669 1.747
KEDPHEZRBEEppm| 482 361 283
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BIESM
TILIRE . 80T
FE 51 KEE

2,500cm?10 L)V RS O BRI EERR



#%£3.3.1-2 2,500cm210 I EBEREOEITL

-EBIREE 1 A/em?-

(BHr V)
) No
BEME | 1 2 3 4 5 6 7 8 9 10 | ¥i15
B | 5 |1.571|1.574 |1.587| 1.57 |1.591|1.565|1.565(1.572(1.574| 1.575 | 1.574
® | 4 [1.573[1.573{1.586|1.569(1.591|1.566|1.565|1.57111.573|1.577 | 1.574
S | 3 |1.572)1.573|1.586|1.569]1.591]1.566|1.565|1.571{1.573| 1.577 | 1.574
W | 2 |1.570|1.5741.588(1.569{1.5901.568|1.565|1.570|1.574|1.576 | 1.574
& | 1 [1.567]1.575{1.587|1.571(1.588|1.568|1.565[1.569 |1.575|1.574 | 1.574
X | EH 11571 1.574 [1.587[1.570(1.590 [ 1.567 [1.565 | 1.571 |1.574| 1.576 | 1.574
% 5 |1.571(1.574(1.587| 1.57 [1.592{1.565|1.565|1.572|1.573| 1.575 | 1.574
[ 4 [1.572[1.573[1.586(1.568[1.59211.565|1.565(1.572|1.572|1.577 | 1.574
W13 |1.571[1.57311.586|1.568(1.592|1.566(1.565{1.572|1.572|1.577 | 1.574
m | 2 | 1.571574]1.587|1.568]1.591]1.567|1.566|1.571[1.573|1.576 | 1.574
| 1 [1567(1.575(1.587[1.569|1.590|1.567|1.566|1.570|1.574|1.574 | 1.574
X [FH|1.570(1.574 [1.587 [1.569[1.591{1.566 | 1.565 [1.571{1.573| 1.576 | 1.574
#3.3.1-3  2,500cm?10 CIVIRIGEREME OBHR D> A
—EBIRNEE 1,2,3 A/cm?-
BIREE
G B AR No. 1A/cm? 2A/cm? 3A/cm?
AR T 1 194 386 577
(Ems) 2 206 410 613
3 208 411 615
4 199 399 598
5 222 444 669
6 228 454 685
PR AR 35 i 7 220 441 665
(Emns) 8 195 391 589
9 200 396 594
10 198 396 594
11 208 416 626
12 219 435 655
V- E 208 415 623




#3.3.1-4 2,500cm210 LIV FEEE A DIRE N F

-EREE 1 Alem?-

(Bfr : C)
XL —%No
1 {2 | 3] 4|5 |6 | 7|8 1] 9110|1131} ¥HE
5 [758|77.8|78.6|78.8[79.0|788|788|——|786]78.1]|75.3 78.0
Al 4 |75.0]782(79.1]79.4(79.83(79.5|——|79.0|79.3|78.7|75.6 78.3
%) 3 176.9|79.4|80.1|80.3[80.2|80.8|80.2|80.3|80.3]79.779.2 79.8
& 2 |7741807|——{82.1|81.4(80.6|81.4(|81.4|81.2|80.7|78.6 80.6
= 1 [795[82.3|824|826(822(82.3|82.5(82.2(82.4]825]81.1 82.0
Y{E | 76.9 | 79.7 | 80.1 | 80.6 | 80.4 | 80.4 | 80.7 | 80.7 | 80.4 | 79.9 | 78.0 79.8
/XL —%No
1 | 23| 4|5 |6 | 7|81 9|10 |11 ¥HE
G2 5 |765|——|786(78.9|789|789(79.1]|79.2]|78.5|78.0|77.0 78.4
> 4 |782|1788(79.4{79.6|79.5(79.4(79.4|78.9]79.3|79.2(77.8 79.0
%) 3 |78.0|79.8(79.9|80.3(81.9(80.2(80.2|80.1|80.0|80.0|78.7 79.9
= 2 |789(81.0(81.3(81.4(81.4(81.3]81.2|81.1{80.7(81.1|—— 80.9
x 1 [826(824(828|832|826|——|82.4[82.4(82.3(82.4 |81.0 82.4
EHfE | 78.8 | 80.5 | 80.4 | 80.7 [ 80.9 | 80.0 { 80.5 { 80.3 | 80.2 | 80.1 | 78.6 80.1
/XL —%No.
1 2 3 4 5 6 7 8 9 10 | 11 S fE
5 173.9]|776[76.5[78.0/78.1|78.2{78.3]/78.2]|77.9|76.6|74.4 77.1
% 4 |—|——|780|—|783|78.4|780|784|782|771|—— 78.1
27 3 |——177.4|788[79.1(79.1|79.3(79.0|79.1|78.8]77.9|73.7 78.2
= 2 |——1782|——[80.1[{80.2|79.6|79.7/80.3(80.1|78.9|—— 79.6
X 1 76.7180.7 | 81.5|81.4|81.4|81.1|81.4|81.4(81.3|80.7|76.3 80.4
MK | 753785 78.7|79.7|79.4|79.3|79.3[79.5|79.3| 782 |74.8 78.7
% 3.3.1-5 2,500cm?210 IV FEBEEMREDOEIEH
-EBHREE 2 Alem?-
(AL 1 V)
‘) No
HIEAL & 1 2 3 4 5 6 7 8 9 10 =
Bi| 5 |1.666|1.669]1.697|1657|1.701|1.657|1.648|1.660|1.671|1.663| 1.669
Bl | 4 |1.671{1.667]1.695|1.656|1.702|1.657 |1.648|1.658|1.669|1.669| 1.669
| 3 |1.669]1.666|1.695|1.655|1.701|1.659|1.648|1.657|1.668|1.669| 1.669
M| 2 |1.665]1.668]1.698|1.654]1.700|1.661|1.648|1.655|1.670|1.668| 1.669
Ml 1 [1.658[1.671]1.698|1.658]|1.696|1.663|1.649|1.653|1.672|1.664| 1.668
X || 1.666|1.668|1.697|1.656|1.700|1.659 | 1.648|1.657|1.670|1.667| 1.669
%] 5 |1665[1.670|1.696|1.657|1.702|1.656|1.648|1.660|1.669|1.664| 1.669
] 4 |1.669|1.667|1.694|1.655|1.703|1.656|1.649|1.660|1.667|1.668| 1.669
W | 3 |1.668|1.665|1.696|1.653|1.703 |1.657|1.649|1.658|1.666|1.669| 1.668
W | 2 |1.666|1.666]1.698|1.654|1.700|1.6591.650|1.656|1.669|1.669| 1.669
& | 1 [1.659]|1.670{1.698 |1.655|1.699 |1.660]1.651|1.654|1.670|1.665| 1.668
T | ¥ 1.665|1.668 | 1.696 | 1.655 | 1.701 | 1.658 | 1.649 | 1.658 | 1.668 | 1.667 | 1.669




7 3.3.1-6 2,500cm?210 )V F& G EREME DR K H

-EREE 2 Alem? - (BAL 2 C)
/XL —4%No.
1 | 2| 3| 45 |6 | 7|8 ]| 9 |10] 11| PHE
5 775|788 (79.1|79.1|79.2|78.9|788|——|78.8]79.1 782 78.8
Al 4 |776|79.1(796|79.6|79.6|79.5|——|789|79.4|79.6 784 79.1
2]l 3 78.6 1 79.8 | 80.1 [ 80.2 {80.0 [ 80.5|79.8|79.9|80.0|80.1 |81.2 80.0
= 2 79.4|80.5|——|81.6|81.0|80.1|80.7|80.8|80.7|80.5 |80.1 80.5
X 1 79.7181.7181.8|82.0|81.5(81.8(81.8|81.4|81.8|81.9|80.7 81.5
SEH5fE | 78.6 | 80.0 | 80.2 | 80.5 | 80.3 | 80.2 | 80.3 | 80.3 [ 80.1 | 80.2 | 79.7 80.0
/XL —4No
11 2| 3| 4|56 | 7| 8|9 |1011 | FHE
H 5 780 ——|79.3(79.3179.2(79.1{79.3|79.4|78.8]|79.0 788 79.0
= 4 [79.3[79.4|79.8]79.9(79.9(79.6]|79.4|789(79.4|79.6|79.3 79.5
%l 3 78.7180.0 {80.1 { 80.3 | 82.1 {80.1|80.0|80.0|79.9|80.2|795 80.1
= 2 |79.4]|81.0(81.3|81.3|81.3|81.0|80.9/80.8|80.4|81.0] —— 80.8
X 1 83.11825(|829(834|826|—— (824824822824 809 82.5
SEHfE | 79.7 [ 80.7 | 80.7 | 80.8 | 81.0 | 80.0 | 80.4 | 80.3 | 80.1 | 80.4 | 79.6 80.4
N —%Na
1 {2 |3} 4|5 |6 | 7|8 | 9|10/ 11 ] FHE
5 76.6|79.2178.9(79.4|79.4{79.2|79.1|79.0|79.0|78.7|77.1 78.7
% 4 |——|——|794|——|795[793|787}|79.1]79.2|79.3|154 71.2
1 3 |——[795[79.9]|79.9|80.0|79.9]|79.5|79.5|79.5|79.6 |77.8 79.5
= 2 |——|79.8]——|80.5[80.7|80.0]79.9|80.5|80.5|80.1—— 80.3
X 1 79.4181.682.0/81.9(81.9(81.6|81.8|81.8|81.7|81.6|794 81.3
Y3l | 78.0 | 80.0 | 80.1 | 80.4 | 80.3 | 80.0 | 79.8 | 80.0 [ 80.0 | 79.9 | 62.4 78.5
% 3.3.1-7 2,500cm?10 VBB EHE OB L0
-BIREE 3A/cm?2-
({1 : V)
)L No.
il DA 1 2 3 4 5 6 7 8 9 10 Eig
Bl | 5 [1.744[1.747(1.788|1.727 | 1.796 | 1.733 | 1.715 [ 1.731 | 1.751 | 1.737 | 1.747
Bl | 4 [1.752(1.744]1.786]1.725|1.797 [ 1.734 | 1.715 [ 1.729 | 1.749 | 1.746 | 1.748
w0 3 |1.750(1.742(1.786 | 1.724 | 1.797 | 1.735 | 1.716 | 1.727 | 1.746 | 1.747 1.747
M| 2 [1.744(1.744{1.791(1.723{1.794(1.739|1.716 | 1.724 [ 1.750 | 1.745 | 1.747
| 1 [1.7341.748]1.791|1.729 | 1.788 [ 1.742 | 1.718 | 1.721 | 1.752 | 1.74 1.746
X | ¥ [1.745(1.745]1.788 [ 1.726 [ 1.794 [ 1.737 | 1.716 | 1.726 | 1.750 | 1.743 | 1.747
| 5 |1.743)1.74811.78711.727]1.797{1.732|1.715[1.732 | 1.749} 1.738 1.747
B | 4 [1.7501.743]|1.785]1.724|1.800|1.732 [ 1.716 | 1.731 | 1.745 | 1.745 | 1.747
W | 3 |1.7491.740|1.788 [ 1.722 | 1.800 | 1.733 | 1.717 [ 1.728 | 1.744 | 1.748 | 1.747
M| 2 [1.746(1.742]1.791{1.723|1.795 [ 1.736 | 1.719 | 1.724 | 1.748 | 1.747 | 1.747
& | 1 [1.736(1.747{1.792|1.725 | 1.793 | 1.737 [ 1.721 [ 1.722 [ 1.750 | 1.740 | 1.746
X | ¥ (1.7451.744]1.789{ 1.724 | 1.797 | 1.734 | 1.718 | 1.727 | 1.747 | 1.744 | 1.747




# 3.3.1-8 2,500cm?10 =V FEE EEE DIRE S

-EF#E 3A/cm?-
(BAz C)
/XL —ZNo.
1 (2| 38| 4|5 | 6| 7|81 9|10 11| EHHE
5 |177.6]80.5|81.0|81.0(81.2]80.7|80.4|—|80.3}|80.6|78.1 80.1
i1} 4 |77.5]80.7(81.5(81.4|81.6|81.4(——|80.3(80.7|81.0|78.6 80.5
5| 3 |78.6|81.1/81.6|81.6|81.5|81.9(80.9(80.9(80.9/|81.3|81.4 81.1
) 2 |79.2]81.2|—|82.3|81.7|80.6|81.2|81.1|81.0|81.0|805 81.0
x 1 79.8181.681.4|81.7(81.1{81.4|81.4|81.3|81.4|81.8|80.9 81.3
EH)fE | 78.5{81.0{81.4 | 81.6(81.4|81.2]81.0/80.9|80.9(81.1[79.9 80.8
L —ZFNo
1.0} 20380} 40 |50 |60 70| 80|90 |100]11.0| FEHE
H 5 |787|——{81.3/81.3|81.4|81.2|81.2|81.0{80.5|80.8|79.6 80.7
*z 4 [79.7/81.2]81.9{82.0|82.0|81.6{81.2{80.7|81.0(81.4|79.8 81.1
7 3 [79.3/81.5/81.8|81.9(83.8|81.8|81.4|81.3]81.3|81.4]|80.2 81.4
= 2 |79.8]81.9(825|82.3|82.5(82.1|81.8{81.6/81.2|81.9|— 81.8
= 1 |83.8|827/832|83.6|826|—|824|822/82.3|825]|81.5 82.7
JHfE | 80.3 | 81.8 1 82.1|82.2{82.5|81.7|81.6[81.4|81.3|81.6180.3 81.5
/L —%No.
1.0 2030|4050 |60 | 70|80 9.0 100]11.0| E¥HfE
5 |176.0]80.4|79.6|80.8{81.0|80.7|80.3|80.3|80.1]79.4]76.7 79.6
% 4 |—|—|806|—|80.9(80.7|79.9(80.4|80.3|80.1|— 80.4
% 3 |——[79.9|81.0{81.1[81.3|81.1(80.5|80.6|80.5|80.3]|76.5 80.3
= 2 |—|80.3|—|81.6|81.8{81.0|80.8{81.4|81.3|80.8|— 81.1
X 1 79.1(82.2|82.8|82.7(82.8|82.5(82.5|82.4|82.3|82.3]78.7 81.8
T¥fE | 77.6 | 80.7 [ 81.0 | 81.6 | 81.6|81.2]80.8|81.0|80.9|80.6|77.3 80.6

342 EEMAMERBRER L BE

RIUET. 80C. BIMEE 1 Alem® DT 800 RFEILL £, EH BRI S iz,

3.3.2 - LIZHIERREZRTH.EERMND. 1.5 7V Tho= A KEIZ LS L 800 BEI%IZ 1.63V
Lot ERPFIIND 100%, FOHLEAT DI & 72< 100%IFE=h,

TRAFE—ZNRIIFD 94.0% TH > - BREBIZEL 720 800 BFER%ITIT 90.1%127257-, X 3.3.2—2
WCAKFRROBRBEOEBERTH, 0155 04%FTERE LA, $/-X3.3.2-3 ICEETOAKREE
DEERTH 126 18%FTERELE, ZOXIIIBEBELREBEO I/ R Y —7 2R 4EIZ, BE
BIESEN VA TN BICBEE2 %), EREBEICAPH NI EETFR LTINS,
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4. =i EEEREN O
4.1 BH
BREELESTHIEICXIDHEGRBEEMESREM, FNENMD TR<BABEOEK T L EMRYE
BROBSENOE FICX2BEAEFEOBLMRNEGSND, COLDICERBENYID FFens &
LD, INETRARVEEREEFTZBENWTHIRNF—HROMENMAFETE S, —FH., HiEDOE
G FTIRERES FEREBIIEMENS <D, BEMETT 2, Z0D&Eik N T, Bfas FE
FREBOMAEN BB E /25, F=EHRE K UMK T AR B ONEZ &SE & T 5 @ik & T
BN GEEIS, AMETIR, IS OEBEMOMREEZHMNE LERAEA 1,000cm2 2L %E 3 &
WNEBL - EfmEZAMEL. ZOEBEORBIEOMNMEREL /-,

4.2 1,000cm? 3 )L HElEE iR E O RE
4.2.1 HEEEMHE DS
X 4.2.1°1 ITHARE RN FEL 2 EHEIIEMAMED 1,000cm2 Ot)L % 3 CIVFEE L - B3
BRI AN —TLARMELT, H4.21-1IZHABETE, K421 - 2108BRONMEERT. Z0OE
PR TR A B AR S AR & BRI AR O TR O L 0 8 S . RAMBOBR O LB S ifn it 5 %
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AHEAER (B

&8 1 2 3 4 5 6 7 8 9 10 11
g 2 N $isk ik Kk $hisk SRk %A 7 MEHR BEHR BEHR BMEHR KEH R
=R Ky
kg/h Wt% kgh  [Wi% kgh [Wi% | Kgh |wt% kg/h wt% kg/h wt% kg/h wt% kg/h wt% Kg/h wt% kg/h wi%| kg/h wi%
H,0(L) 18.015 8,208.4 56,352.8 82,083.8 82,083 8 8,042.5 48,255.0 23,4820 2,249.0 43,6465
AR 8,208.4 56,352.8 82,083.8 82,083.8 8,042.5 48,255.0 23,4820 0.0 0.0 2,249.0 43,646.5
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0, 31.999 71426 756 7,142.6| 75.6 7,142.6| 992
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0 9
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1. INTRODUCTION

Electrolysis is one of the best known and simplest methods for producing pure hydrogen,
either on a small or large scale, from an abundantly available source - water. Water electrolysis
plants operate with few moving parts, require little space, and are nonpolluting. Further, the
products of the reaction, H; and O3, are physically separated during their evolution at the
electrodes. Proton-exchange membrane (PEM) water electrolysis technology is currently based
on Nafion perfluorosulfonic acid membrane or other ion exchange membrane that performs the
function of the electrolyte. Teflon-bonded finely divided metal electrodes are pressed onto the
surface of the solid polymer electrolytes membrane to generate an intimate electrode-electrolyte
contact. During electrolysis, the electrochemical reaction taking place at the anode of the solid

polymer electrolytes cell is
6 H)O --—--- > 4H30*+4e +O
while at the cathode the hydroxonium ions are discharged to produce Hj gas as

4H30*+4e - > 4H>0+Hp

The overall reaction is therefore represented by

H,O ---- > 1/202 + Hp

Figure 1 illustrates schematically an electrode-membrane electrolyte assembly. Charge
carriers in the wet membrane are hydroxonium ions which migrate through the solid electrolyte
by passing from one sulfonic acid group to the adjacent one. The sulfonic acid groups are
chemically bound to the perfluorocarbon backbone and do not migrate through the membrane,
thus the concentration of the hydrate ions remains constant within the solid polymer electrolytes

membrane.

While operating proton exchange membrane (PEM) water electrolyzer, deionized pure water is
circulated at a sufficient high flow rate (to remove the waste heat) over the anode where it is
decomposed electrochemically, producing oxygen gas, hydroxonium ions, and electrons. The

hydroxonium ions move through the solid polymer electrolytes membrane and then recombine
with electrons, which pass via the external circuit, to form hydrogen gas at the cathode. Hp and

O gases are generated at the stoichiometric ratio at any desired pressure. Depending upon the
operating temperature and the differential pressure across the solid polymer electrolytes
membrane, a small quantity of water, coupled with the hydroxonium ions, penetrates through the
membrane and is finally discharged with the hydrogen gas evolved at the cathode.
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Figure 1. Schematic diagram of an electrode-membrane assembly.

pressure across the solid polymer electrolytes membrane, a small quantity of water, coupled with
the hydroxonium ions, penetrates through the membrane and is finally discharged with the

hydrogen gas evolved at the cathode.
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Most commercial solid polymer electrolytes water electrolyzers operate at about 80°C.
Temperature plays an extremely important role in improving the performance of a PEM water
electrolyzer. Thus, at a normally operating current density of 1 A/cm2, an improvement of ~ 150
mV in the cell voltage can be achieved by raising the operating temperature from 80°C to 149°C.
Some technical hurdles need to be overcome to allow the operation of a PEM electrolyzer at high

temperature. This include the following:

(a) The proton-exchange membrane needs to have demonstrated thermal and
oxidative stability at the operating temperature.

(b) Membrane with low gas permeability need to be used to prevent the diffusion
of product gases across the proton exchange membrane, thus enhanced
parasitic losses.

(¢) The solid polymer electrolytes mechanical properties need to be superior to
prevent the membrane creep.

(d) Chemically and mechanically stable materials for use as gaskets, sealant and

cell frames need to be identified.

Nafion®, which has been so far largely used as polymer membrane in PEM water
electrolyzers, is a copolymer of polytetrafluoroethylene and polysulfonylfluoride vinyl ether
containing pendant sulfonic groups. To exhibit proton conductivity, Nafion® must be pre-
swelled with water, usually by boiling it. In this state it has conductivity of 0.08 S cm-l. The
water uptaken into the fluorocarbon sulfonate is for the most part free and unbound and it is
quickly lost once temperature exceeds 100°C. By pressurizing the system, one can increase the
operating temperature. However, by the time temperature has been raised to 150° C, the thermal
stability of the perfluorinated ionomer itself is brought into question. The normally light brown
or clear membrane irreversibly becomes dark and brittle. Thus one cannot operate the

electrolyzer above that temperature.

To meet high temperature requirements of PEM electrolytes electrolyzers, SRI is
developing polymer electrolytes based on engineering polymers. Previous work was performed
to study the hydrolytic stability at temperatures as high as 400°C for a number of high
temperature polymers, including polyphenylene oxide, polyesters, polycarbonate, polyphenylene
sulfide, polysulfone, polyethersulfone, polyketones of variable ether and carbonyl sequence,
polyimides, polyetherimides, and polybenzoimidazoles. These polymers were tested for their
thermal stability under steam/H; and steam/O; at temperatures as high as 400°C. As a
comparison, the thermal stability of Nafion® under similar conditions was studied. It was
quickly found that Nafion® is not able to sustain elevated temperatures (i.e., 200°C) either

under oxidizing or reducing conditions. On the contrary, several engineering pol ymers,
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especially aromatic polymers, were found to have quite good stability at temperatures of 200°C
or higher. Liquid crystal polymer, polyesters, polybenzimidazoles, and some polyimides were
stable at 200°C.

Polyphenylenesulfide, polysulfones, polyethersulfones, various polyketones and some
polyimides were stable at 300°C. None of the polymer tested was found to be stable at 400°C.
While the thermal stability of these polymers appears to meet at least in part the requirement of
high temperature PEM electrolyzers, they do not have any significant ionic conductivity. The
objective of the work performed at SRI is to develop polymers with high thermal stability and
high ionic conductivity.
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2. GOALS FOR RESEARCH AND DEVELOPMENT

The use of proton exchange membranes in water electrolyzers offers several advantages.
Proton exchange membranes combine in one material the function of electrolyte and separator.
They are readily fabricated in thin flexible films and therefore allow the fabrication of thin
devices with variable shape. In addition, development of polymer electrolyte membranes
operating at moderate to high temperature will lead to significant increases in the efficiency of
water electrolyzers, because the electrical efficiency of steam electrolysis increases with
temperature, owing to the decrease in both thermodynamic (open circuit) potential and electrode
polarization (so that the kinetics at the electrodes are considerably faster). Commercially
available perfluorinated hydrocarbon sulfonate ionomers (e.g., Nafion®) are known to be
chemically unstable at temperatures higher than 100°-150°C and therefore cannot be used for

this application.

The ultimate goal of this program is to develop a PEM high-temperature electrolyzer that
produces hydrogen more efficiently than existing electrolyzers. The basis of this cell is a solid
polymer electrolyte (solid polymer electrolytes) that will operate at high temperatures (200°-
300°C). The solid polymer electrolytes performance goals include a conductivity of about 1-2 S
cm-1, chemical and electrochemical stability for at least 1000 hours of operation at 200°C and
300 A dm2, and minimal permeability to hydrogen or oxygen.
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3. RESULTS

We have developed high temperature sulfonate polymer membranes that can be operated
up to 200°C. The thermal stability of these polymers represents a tremendous improvement in
comparison with commercially available perfluorinated hydrocarbon sulfonate ionomers
presently used in electrolyzers, that usually cannot operate at temperatures higher than 80°C over
a long period of time. During the past year we have developed polymers that can be fabricated
in membranes with improved mechanical properties. Structures of the first generation of
fluorinated sulfonated polymers in comparison with the new generation of polymers with

improved mechanical properties are shown as follows.

Fn SO3H
o
L

Ar X Ar,
.

Fhliormnated Sulfonated Polymer

F, SO;H Fy

LT LT

Improved new polymer structure with better mechanical properties

A more detailed description on these polymer electrolytes is reported in Section 1.0 of the
Part Il Proprietary Attachment.

Our polymer electrolytes are based on high temperature polymers, which are selected on
the basis of their high temperature stability, hydrolytic stability and film forming properties. We
have synthesized polymers with different degrees of sulfonation and fluorination to optimize
their ionic conducting properties and membrane mechanical properties. Figure 2 illustrates our

approach.
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Figure 2. Approach to the development of high temperature polymer electrolytes.

We have synthesized several high temperature polymer electrolytes and prepared
polymer membranes from them. The polymer membranes were tested for their thermal stability
by thermal gravimetric analysis (TGA) and proton conductivity at variable temperatures by four-
electrode AC impedance analysis. We have also tested the mechanical properties of the best

polymer membranes.

3.1 MEMBRANE FABRICATION

Polymer membranes were prepared by solution casting. Casting and drying conditions
were optimized to produce thin pinhole-free membranes. Polymer membranes as large as 25 cm’
were fabricated with thickness varying from 100 to 175 microns. More details on polymer film
fabrication as described in Section 2.0 of the Part II Proprietary Attachment.

3.2 THERMAL STABILITY

The polymer membrane temperature stability was studied by thermogravimetric analysis
in air. Figure 3 shows the membrane weight as a function of temperature. The membrane was
initially heated at 100°C and held at that temperature for 2.5 hours for complete drying. The
initial weight loss, as reported in Figure 3, accounts for the loss of water from the membrane.
Then the membrane was heated at 150°C and held at this temperature for over 66 hours. No
significant weight loss was observed. Excellent polymer membrane stability is therefore
observed for continuous operation at 150°C. More details on polymer membrane characterization

are described in Section 3.0 of the Part II Proprietary Attachment.
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Figure 3. Thermogravimetric analysis of the polymer film.

3.3 CONDUCTIVITY TESTS

Proton conductivity was tested by four-electrode AC impedance method.

Conductivity Cell

Proton conductivity was tested on a four-electrode cell (Figure 4). The cell has a
longitudinal geometry in which two Pt foil electrodes are used to apply current to the ends of a
film sample of about 3 cm x 1 cm. Two platinum probe wires spaced about 1 cm apart were used

to measure the voltage drop along the film near the center of the sample.

—128—



~ Tefton Electrode Clamp

.- Stainless Steel Celi Clamp

T Polymer Membrane

© S %) Platinum Electrodes

Figure 4. Conductivity cell.

The conductivity of the membrane was measured in the longitudinal direction, and was

calculated using the equation
o= 1/RS

where 0, 1, R and S denote the ionic conductivity, distance between the reference electrodes, the
resistance of the membrane, and the cross-sectional area of the membrane. The current is passed
between the electrodes I; and I, while AC impedance data are gathered from the potential drop

between the platinum wire electrodes V| and V.

The impedance measurements were carried out in the frequency region from 10 mHz to

100KHz, using a Solartron 1250 frequency response analyzer under computer control.

Experimental Setup

The cell is inserted in a pressure vessel as described in Figure 5, suspended over some
water present at the bottom of the vessel. The pressure vessel is heated by a heating mantle,
while temperature is controlled inside and outside the pressure vessel with two thermocouples. A
pressure gauge allows us to monitor the pressure inside the cell. The cell platinum wires are
connected to a Solartron impedance analyzer SI 1260 and to an EG&G Potentiostat Mod. 283.

The membrane proton conductivity was typically tested from 80°C to 150°C at 100%

relative humidity.
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Figure 5. Experimental setup for conductivity tests.

Conductivity Results

Figure 6 compares the proton conductivity of two different polymer membranes, and for
one polymer membrane (SRI polymer 1) two different degrees of sulfonation. As expected,
higher degree of sulfonation results in higher proton conductivity. In general, however, proton
conductivity differences are more pronounced at lower temperatures and tend to level off at
150°C. More details on polymer membrane characterization are described in Section 3.0 of the

Part II Proprietary Attachment.
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Figure 6. Proton conductivity as a function of temperature.

3.4 MEMBRANE MECHANICAL PROPERTIES

The polymer membrane showed excellent mechanical properties in the dry state with a
tensile strength of 21,500 psi and a modulus of 500 kpsi. Both tensile strength and modulus
were lower after the membrane was swollen in water. Table 1 summarizes mechanical properties
of our polymer membrane in the dry and wet state. Some of our current membrane development
work is focused on modifying the polymer electrolyte blend composition to reduce the
membrane water uptake, while retaining high conductivity. This will allow us to achieve higher
tensile strength of the wet membrane, and should lead to exceptional dimensional stability of the

membrane under all expected operating conditions.
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Table 1

MECHANICAL PROPERTIES OF POLYMER ELECTROLYTE MEMBRANES

Polymer Break Stress | Break Strain | Modulus
Sample (MPa) (%) (MPa)
13320-53D 134.10 225 3812.12
13320-51D 133.48 25.6 3386.71
13320-51D after 18.56 41.9 481.94
boiling in water
13230-71E 137.20 325 3228.13
13230-71E 119.69 26.7 3582.52
Dry Nafion117 56.68 106.5 929.41
MD
Wet Nafion-MD 46.14 152.9 77.91
Dry Nafion-TD 46.49 333.9 968.02
Wet Nafion-TD 26.35 123.6 318.54
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4. CONCLUSIONS

We have synthesized new high temperature sulfonate polymer electrolytes that can be
operated at 200°C. The thermal stability of these polymers represents a tremendous improvement
in comparison with commercially available perfluorinated sulfonate ionomers presently used in
electrolyzers, that usually cannot operate at temperatures higher than 80°C over a long period of

time.

During the past year we have successfully developed a new polymer membrane that has
mechanical properties superior to that of our previous membranes. We have demonstrated that
the polymer membrane has good flexibility both at room temperature as well as after heating at
150°C with or without humidification. Improvement of the polymer membrane mechanical
properties was achieved without compromising proton conductivity. The use of this polymer

membrane in water electrolyzers promises to lead to optimized efficiency.
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Fig. 1, Fig. 2, Fig. 4
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evolution on silver
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Fig. 1. Tafel plots for h.e.r. on silver in pyrophosphate-fres
0.5 M perchlorate solutions in pH range between 1.3 and
11.9. Rotation speed 2000 rpm.
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Fig. 2. Tafel plots for h.c.r, on silver in 0.5 M perchlorate sol-
utions ¢contwning pyrophosphoric  acid/pyrophosphate  at
different pH values. Rotation speed 2000 rpm.
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Fig. 4. The diagnostic plot of polurisution 4t a constant cd
(0.288 A dm™~?) vs pH. o, experimental values; —, fitted func-
tion;=- =, possible deviation due to errors in determining ratc
constants; . . . ., discharge of hydronium ions,
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Fig. 3, Fig. 8, Fig. 9, Table 3
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—; Table 2
: D¢ valucs for A, oxidation process in 0.5 M H,S0,
g L}V (vs. RHE) E./V (vs. RHE) D2 C (mol s~ ¢m™Y)
v 0.68 0.86 0.5x 1077
= 0.68 9.95 2.0 % 10~7
0.68 0.9% 3.6 x 107
0.68 L2 44 x 10”7
“Loar =095V,
ElVive.RHE)
Fig. 3. Normulizzd CV response {j/z) of Ir oxide film
(CEP = 38), grown and cycled in 0.5 M H;S0, at 10 (--), 20 010 . T
(===}, 50 (<) nnd 200 (- - ~) mV/s.
N s
80}
"‘E &
o <
L& 4 -
€ "~
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'\ A 1M No OH
T3]
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t¥ia™ '
Fig. 9. ¢/t Y? daw for oxidation of two Ir oxide fitms in 0.5 M
HySOy E.-05 V und E.=125 V (CEF=400 (4) -
CEF =850 (A). 0 , PR
008 010 018

tis

Fig. 8. jfs data for oxidution (--) and reduction (~} of Ir
oxide film (CEF=830) in (a) 0.5 M HSO,, and (b) | M
NuOH, using £.=0.5 Vand E, =12V,

vifues increuse again when the A; process commences,
8t ca. 1.2 V for these electrochemically formed films.
In poraliel work with sol-gel formed Ir oxide films
[26), it is seen that peak A; occurs niready atca, 10 V.
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Fig. 2, Fig. 6, Table 2

—152—




Influence of hydrogen absorption in amorphous Ni-P electrodes on
54 )b | double layer capacitance and charge transfer coefficient of hydrogen
evolution reaction

MizE® | Electrochimica Acta
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Fig. 2. Equivalent circuits oblained of the NLLS 6it procedure
on ac impedance duta.

Table 2

influence of rbsorbed hydrogen on (he double luyer cupacitance C* of Ni-P(3} elecirode

EY) ¢CNml em=?) Guy’ (mC m™Y H:Ni Method Remark

-0.143 6.1 0 . 0.57 decuy Jrwam™=6.1 mA em™?

+0.013 6.5 ] 0.57 charging

+0.150 1.53 104.6 0.34 charging

+0.235 047 209.2 0.1 charging

+0.7 0.064 244.1 0.03 charging

+0.9 0.04 258.1 0 charging

-0.26 0.094 - decuy afier 20 8 al f=—6.1 mA ¢m™?

~0.21 0.13 - - decny alter 1800 s ul j=—6.1 mA em 2
“ L ¥ 4 L§
¢ 5

Fig. 6. Variation of capacitance ¢ with oxidation charge of
absorbed hydrogen Q).
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Fig. 7, Fig. 10, Fig. 11
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Fig. 7. CO experiment: typicu) voltammograms of 20 wt% Ir/C
aclive Jayer after electrochemical oxidation and carbon
monoxide bubbling (2 mV 5!, } M H,80,). Thin solid line:
first scan; thick solid line: second scan,
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Fig. 10. Typical current reported to the lotal aclive layer . ;-‘
loading versus time curve under oxygen evolution (4 =0.35 V). * " .
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Fig. 11, Quasi-stationary currcent densilies reported (o the real
surface clectrode arcas versus overvoltage under oxygen evolu-
tion in 1 M H;S0,. (B) AIRONP; (@, O) TOIROF reported
to the real surface area cakulated from our date (@) and from
Ref. {31) (D).
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Fig. 1, Fig. 2, Table 3
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Fig. 1. Ozone formution at F-doped PhO, anodes in a solid polynxe clectrolyle (spe) eleetrochomical cell: effect of the concentrution
of fluoride on Lhe O, current eficiency of and cell polential.
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Tubke 3

Results of MNDO calculations using the cluster models given
in Fig. 4 and showing the ¢ffect of fluorine substitution on the
energy purameters of for O, cvolution assuming the ‘oxide
path’ mechanism

Step A(AH), (keal mol ")
Pby(OH)2(H;0);  Pby(OH) o Fx{H,0)
(Cluster 1) {Cluster I}
S(OH ), 163.8 167.8
S S(OH"), + 2¢ .
S(OH"), 170.3 178.0

—$(0), +2H* +2¢
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Sol-gel derived spinel M,Co03,04 (M = Ni, Cu; 0 <x < 1) films and
oxygen evolution

MRS

Electrochimica Acta

45(2000) 1911-1919

R. N. Singh, J. P. Pandey, N. K. Singh, B. Lal
(Banaras Hindu University, India)

P. Chartier, J. —-F. Koenig

(Université Louis Pasteur, France)

M,C03,0(Z ZTM=Ni,Cy;0 = x = DEDEEHTH S
NV R EZ YT IUH B WIEER) DR AR R A SRR
N =T NI — MK D T4 I LDBIRIZER L. T DY
(L2 B OV E S AR, 2 SEM, XRD, Y1 7 ) w RIS
FEARN)—, ZAFaFU—pIVFYEA M) —5EHANTH
Llze ZNEDT AN LK VERR S NZEBRD S TR AT 7
=R % AC 1 2 E—F > AEHA 7w ITFIVITEAR
J—iZDRELZ. ZNH2DDOAEEZISHEL., BEER
ARRNOERTIE T, BRLZEAYE)DETIEEDK M
AIREIC/2 B £ DT LTz, EOEREEII/ NI Do 7228 PRI
WS WEEER LTz, 72, 70C T 30wt.% D KOH Z W T
1T -EBRTIIEANRREWEEZ RET,

X%

Fig. 3, Fig. 4, Table 2
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' Zasy Sol-gel derived spinel M,Co3,0, (M = Ni, Cu; 0 <x < 1) films and
oxygen evolution
HERs Electrochimica Acta
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Fig. 3, Typical Bode plot: CuCoy0¢KOH | M interface at 25°C (Ni support).
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Fig. 4. Typical cyclic voltummogrums in the double layer
region: CuaCe,0, ciectrode in KOH | M a1 25°C (Ni support).

Blectrode kinetic parameters for O, evolution on M, Co,_ Oy (M =Ni, Cu; 0<x<1.0) in 1 M KOH at 25°C

Electrode Tafel slopec (mV dec™") E (mV) at {,,, (mA cm~ 3y i {(mA cm~? at £ (mV) (Hg/HgO)
650 700
bl bZ 100 300 lnpp 1lr (]01) inpp ’ll “02)

Co,y0, 57 103 685 766 40 3 133 10.3
Nip,Co,40, 57 99 667 714 57 79 248 34.5
NisC0;:0, 47 104 667 72 58 74 251 34.0
NiCo,0, 52 80 650 695 102 4.7 324 15.0
Cuy,Coy 40, 57 121 701 773 29 7.1 101 25.3
CupCoy 0, 60 106 700 756 25 48 104 204
CuCo,0, 65 103 694 762 34 kRY 114 10.3

—159—




o1 | ER 2 | BREFREM
S ZaS) Development of electrode morphologies of interest in
electrocatalysis. Part 1: Electrodeposited porous nickel electrodes
MtiE% | Electrochimica Acta
/5 |45(2000) 2111-2120
e C. A. Morozzi, A. C. Chialvo
(Universided National del Litoral, Argentina )
SO OR—F AKX DHZ rIVENHE 02M D NiCl, &
0255 AMITIREZ (L S B2 NH,Cl & TEXR DR L 7-1AR
ICR OB L7z, ETEREE SRED NHC OEESHIR
(CDWTRET L 7z, EMOBEICBIT2RERE,. 77 57—
SHER, T T FIVRILIIDWTHIHMIEL THIZ, TS DFER
M5, IEFITENT TRAT 7 75— EHBEIRTTNIEEICS
STHR—FARBEY N v 7 ADNERINZ, £-IEFICH
NE | WEEERBEECAmHBIMAEFEOBLDER D ZET,
IS DEBERENDDERLT INRESINZTR—Zv
IVERIMER TE 5 b s,
X% |Fig.6
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P Development of electrode morphologies of interest in
electrocatalysis. Part 1: Electrodeposited porous nickel electrodes
HMERE Electrochimica Acta
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tig. 6. Dependence of the fractal dimension on the logarithm
ol the appacent current density of clectrodeposition, 0.2 M
NiCly. NHLCI concentration: (I8) 0.25 M; (@)1 M; (¢) 2 M;
(k) 4 M,
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Electrodeposition of PbO, + CoO, composites by simultaneous
oxidation of Pb** and Co” and their use as anodes for O, evolution

Electrochimica Acta

45(2000) 2279-2288

EH

S. Catarin, I. Frateur, M. Musiani
(IPELP CNR, Italy )

P. Guerriero

(ICTIMA CNR, Italy)

PbO, + CoO, EEMNIPY" &L Co" 1AL EEL AN T 73 >
BiEE7 ) — RMETBBITHTE T %, £2TD Co** & Po” ' IBE
Co™/(Co™ + Pb*" DI, &AL, pHT /— RD7 5 AE—R
5DOEEMIBNTOERSFHZHRLIE(LEIEZ, ZTN5D
WREERTDHE, O — Rt eREI B/ Em & —
L. ZOVATLOTRHRAOHFH ORI Z HD EBhis.
XRD & XPS 73HriZ L D, #rliNEER TdH 5745, PbO, ITHT
T 5EEMEEE Co DIHEBEZMIATLI EIITERDN D
7Zo NaOOHIBRHFTY / — REBFERAEITLDITER S E/
$E. PbO, + CoO, BEMIIY—T7 ) 2A0—TF ETHY—R
IZBNTIZ 60 mV decade’ TH V. KIKEITOH 1T LT 1
THDIENbNo7-, TS OBEFEIIRERET /— ML
95 ETERS®S PbO, + Cos0, EEMEEELIL Tz,
71— RT3 HERER L TERFEESI TS Z ETOPbO, + CoO,
EMROIEE(LIE Co FHBEDRERL DHATE, XPS &1
E—& 2 2A5—=%ICLDREIND,

Fig. 5, Fig. 6, Fig. 7, Fig. 8
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Development  of

1 M

electrode
electrocatalysis. Part 1: Electrodeposited porous nickel electrodes

morphologies of interest in

Mid s

Electrochimica Acta
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Fig. 5. Tulel plot for the oxygen cvolution reaction on cither
PbO, + CoQ, obtained by simultancous oxidation of Pb*
ang Co* * (i) or PO, + Co,0, obtained according to [17] (b).
Ohmic drop is corrected.

el VAR

] 24 48 T2 6
time/h

2 L L ayy
120 144 180 182

Fig. 7. Time dependence of thie potential (continuous linc} and
cupucitance (-LJ-) of u PbO, + CoO, clectrode (Co 15 ut.%)
during oxygen evolution al j=100 mA cm ? from | mol
dm ! NaOH. The solid circles represent the potential mea-
sured just before measuring the capacitance. Ohmic drop is
corrected.

0.4 1
[NaOH} / mot dm’

Fig. 6. Dependence of the oxygen evolution curreni density on
the NaQH concentration.

078
0.704
R
>
e '
068 . . . .
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Fig. 8, Dependence of the oxygen evolution polentia) (afier 30
min at 100 mA em 2 in { mol dm ~* NaOH) on the progres-
sive number of the deposit prepared from 0.3 mo! dm °
Pb?+ 407 mol dm ! Co?* (pH=1.5) at E=15 V and
2=1500 rcv min "
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The durability of manganese-molybdenum oxide anodes for oxygen
evolution in seawater electrolysis

Electrochimica Acta

45(2000) 2297-2303

K. Fujimura, T. Matsui, H. Habazaki, A. Kawashima
(Tohoku University, Japan )

N. Kumagai

(Daiki Engineering Co., Japan)

K. Hashimoto

(Tohoku Institute of Technology, Japan)

MnO, BID >/ —F ) T T VBT Y o HEEE O~
~L72 B0, TN DNOFHEFOREY J— RICHHIL, £Z°T
WKERES T, BERETIH(MT / — RO E{ 5
Uiz TR OBIEMDTHT 256, 8% LA EDE) T
TUONTF L EFOETOBHT /— KT, 30CTpHI2 D
0.5M NaCl IARIZEFREE 1000A m” 2 ~EIIMNF/= & &, 1T
i3 100% ONE T DB ER L8 Z R L, L LIRS,
B FRERIIERE DT, EITBADFEST S 2 L1k D
2D L TN<, 90 CTOEIR. 600mA m” DB WERE
EE. pH 7% 0 DIRWIREOEHE OFMA T TRITIRBEETEMN
BEZD., BT 5 & &, FIEEDEZ > THIHIE 5 2
EMDIMoTz. ZOXDIRIRETERENZT / — Rid 1000A
m>T1500h BREL 7= EETI R, BBREREMENIN99.6%LL L
ERBIENDON STz, SOCLATOEKIREDY / — R TOHH
WIINERFOBETEY > BB 4 > & L TERILENE
REHZ5T,

X%

Fig. 1, Fig. 3, Fig. 6
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The durability of manganese-molybdenum oxide anodes for oxygen
1 bV - :
evolution in seawater electrolysis

MiE4: | Electrochimica Acta

100?-——-0 v p——
k Anodic Deposition Time / min

’8

(Mn, Mo, )0, /IO,

fExpanded-T] (Mn, Mo )0,

Anodicaelly Deposited |

08 | 81800 Am? pH 0.5 -

o4 | .
| Elactrolysis

92 ) at 1000 A m™ J

In 0.5M NaCi, pH 12

#
Mn, ,, Mo, )0, ,Ir0, :
/Plate-Ti .]

Evolution Efficiency at 1000 A m® / %
8

90 . 1 A A A L 3 i L
30 40 S50 80 70 80 80
0.5MNaC), pH 8 Anodic Deposition Temperature / °C
°°° 50 100 160 Fig. 3. Change in the oxygen evolution efficiency, measured at
1000 A'm- 2 ir. 0.5 M NuCl solution at 30°C and pH 12, for
Time of Electrolysis / h the manganese: molybdenum oxides anodically deposited on
the kO, coated titanium substrate at 630 Am~2 in 0.5 M
Fig. 1. Chunge in the oxygen evolution efficiency of the NaCl solution at pH 0.5 with deposition temperature {deposi-
anodically deposited mangancse -molybdenum oxide anod tion time: 30 min) and deposition time {deposition tempera-
with time of the clectrolysis at 1000 A'm 2 in 0.5 M NaCl at ture: S°C).

30°C and pH 12. The manganesc—molybdenum oxides were
deposited at 600 A m~2 in 0.2 M MnS0,-0.03 M Na,MoO,
solution at 90°C and pH 0.5 on IrO,coated plane and ex-
panded titanium substrates,

00 Am*, 90°0, pHo.5, 20min

85 M Mo, JO, b
$00 Am*, 00°C, pHo.5, #0min 0.5M NeCl, pH 12
o4 R —— N
0 800 1000 1500 2000
Time of Electrolysis / h

Fig. 6. Change in the oxygen cvolution efficiency for the
manganese~molybdenum oxides anodically deposited on 1¢0,-
coated expanded titanium substrate under the various condi-
tions with time of the electrolysis at 1000 Am~2 in 0.5 M
NaCl at 30°C and pH 12. The change in the oxygen evolution
cfficiency of (Mnga,M0y, 1200, 12 [12] with time of the electrol-
ysis is also shown for comparison.
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Electrocatalytic properties of new electrocatalysts for hydrogen

aldlg evolution in alkaline water electrolysis
Mst4 | Int. J. Hydrogen Energy
B/ |25(2000) 111-118
4y Weikang Hu
i (Stockholm University, Sweden)
MmNi; ¢Cog7sMng4Aly 7, B4 (Mm=misch metal). LaNiyoSiq; &
&. TiNi 6%, ZvTI) - B TF>a—T4 > TDLDs
KBS 57555 L WERAME 2% L 7=, 250K
FRHITH T 55 2 SRR EMEIL 30wt. %6KOH, 70°C THR
BEIN, TOMFRL KERBIZTHT2EENE) T8
EOHEME EBITEML ., EMEMERICE > TRl S5 Z
EZRT, TS OEMmAMEI KV VKFZREEE B DZIT TR
<. HER, BB FAOTE O T TR BRI
ZEMEEH > TN,
s
% | Fig.3,Fig. 4
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Electrocatalytic properties of new electrocatalysts for hydrogen
14 MV o ; :
evolution in alkaline water electrolysis

HMzt4: | Int. J. Hydrogen Energy
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Fig. 3. Polarization curves of three electrodes at 70'C in 30
wi% KON.
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Fig. 4. Potential change of electrodes during power interrup-
tions.
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MFE4 | Int. J. Hydrogen Energy
EE | 25(2000) 627-634
- Trygve Burchardt
= (Agder College, Norway)
EARICKDERS N 15~27%D P 2 F 80 NiP, B EIZH
T BKFEMHERISHER) ZFE L7z, A0 P O&EIIfHE
LK > TR L 7z, EMOIEIEIL P DEE. REEDOERIC
KF L7z AT U7Z Ni O P IZ K D HER 1KY 5 RSHGHE S
ZL<SZTS, ZHUL. BES5< NP, BEANDKEDOLE
IR DBIER I SND, BEEEN S BaEEE TOEMAT
v TR DI E N KE OB T B IERME SNz, &
z. BROENE SRR EN/KFZOREOHENDND ., B
mWEEZ S DOEMITERDKEREREE R LT,
s
% | Fig. 1,Fig.7,Fig. 9
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The hydrogen evolution reaction on NiP, alloys

MERE

Int. J. Hydrogen Energy
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Fig. 1. The effect of deposition potential and current density
for the hydrogen evolution reaction on the P concentration in
a NiP, alloy.
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Fig. 7. Polarisation sweeps on NiP, clectrodes with various amounts of deposited alloy, in 2 1 M KOH solution a1 25°C with a
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Photoassisted hydrogen generation by integrated electroactive SPE
51 MV
membrane system
MR Int. J. Hydrogen Energy
/5 | 25(2000) 327-332
g Shilpa Khare, S.K.Tiwari, Nisha Gontia, S.K.Nema
(Macromolecular Centre,R.D.University, India)
TiCo- A% / — IV ERWZ/)N—7)F a1 F /) I —HAD
TiO, D DAHZBRNRS, BiIEMAEE L THW SN/,
BRZEMEZET/Z0IC, SMTRY Eo—)WPPy) TR &
Nz, EO0—)LONERIZE D —) ST TiO,-Pt-NaF %2
B9 5 ETIThiz, 7l# UV & FT-IR 72JGH5EIE Nafion
< KU w7 AN TiO,. Pt. PPy ORGHEIZEE L Tz, Tk
i3, ZORMEI AT LB LB Z R L, T DOKRFAERD ATHE
£ T AVAC IR
Pz
K% | Fig.4
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yZas)y Photoassisted hydrogen generation by integrated electroactive SPE
membrane system

iota | Int. J. Hydrogen Energy
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Fig. 4. The rate of H, formation dependence on time: Ti concentration on NAF 0.5 mg em? and Pt 0.5 mgoem™: film
area=13.75 cm®. (A) TiO,-Pt-NAF system. (B) PPy-TiO~Pt-NAF H™ syvstem.
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NiFeZn codeposit as a cathode material for the production of
hydrogen by water electrolysis

Int. J. Hydrogen Energy

25(2000) 621-626

M.J.Giz, S.C.Bento, E.R.Gonzalez
(Instituto de Quimica de Sao Carlos/USP, Brazil)

AIHFEIX NiFeZn G2 DEEE. KOH IBiRHP~DRHIC LD
ESL S 31/= NiFeZn O—F « > THEEMEIORFEE©BR RS, B
BRIA 2R 78 A F— )L FAR E D NiFeZn &42(55, 1, 44atom %)
DEEITH U THW ., KRBRHRISIZN T 2 B - LT
DO Z ORELDOFHIE. 7 IV ) AR TOEE /7RRHRERIZ & -
TITHN/z, 135mA cm® TOEHRIOEERIT 2000 F T+ 73
BEMZERLE. ZORY— RO, LB/ masEn
25~80CDIREPICEEL T 1 DO —T7 )i E RT3 =
EThHB,

BiFS

Fig. 3, Fig. 4, Fig. 5
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NiFeZn codeposit as a cathode material for the production of

Z1 R hydrogen by water electrolysis
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Fig. 5. Potential-time characteristics for (O) NiFeZn in 1 M
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on Pd-Ni alloys by ac impedance
MeiE4 | Int. J. Hydrogen Energy
/5 | 25(2000) 635-641
e N.V.KTrstajic, Lj.M Vracar, S.Burojevic
(University of Belgrade, Yugoslavia)
Pd-Ni EF S EEM TOKERHRKIGHER)IZac 1 > E—%
> AHES 0.5M NaOH KIBRHFTD de MRETROZEENIT X
S THIFEE T E Tz, MIBA T TDIER G &S DHETE
BIIEBME 7 4 T4 > JEICK D RED sz, 2RI
Volmer-Heyrovsky $#1Z K > THEITT 5 Z &b o7z, €D
WEREEMOBMRIZ, ac 1 Y —F > AFHERER S ELH
RHIERRZ T 5 I L TiEm I 15,
s
XZ% |Fig.2
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The determination of kinetics parameters of the hydrogen evolution
51 ML : .
on Pd-Ni alloys by ac impedance

Mt | Int. ). Hydrogen Energy
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Fig. 2. Experimental (circled points) and solid lines calculated from evaluated k; values complex plane diagrams for the HER on a
Pd-Ni electrode in 0.5 mol dm~* NaOH solution at 25°C, at several overpotentials.
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On the synthesis and photochemical studies of nanostructured TiO,
and TiO, admixed VO, photoelectrodes in regard to hydrogen
production through photoelectrolysis

Int. J. Hydrogen Energy

24(1999) 965-971

HE

R.K.Karn, O.N.Srivastava
(Banaras Hindu University, India)

7K D photoassisted EBARIZHTF B HT L W) TiO,(ns)-VO, HERE T
AT LZThRNB, F/HEEEFED TO, XEMIZIFS >
-tetraisopropoxide DK fEE, A d—TF 4 > JIC K5
BEDEHIZE > THEMB I N2, TiOy(ns)-VO, HEBAR Z VR T S
T2DITNFT D0 LED TIO(ms)iE EICEE N, FD1% 0,5
—uﬂPfﬁZ{{ LE 3z, TiO,(ms)IZFEEE 540 mV. FHEFK 32 mA
em? R L7ZDIZH LT, TlOz(ns) VO, XEMIIIEEIE, JE
MZNZ3680mV,11.0 mA cm? EHEHIL 7=, X # & SEM B3
78 TiOy(ns)-VO2 JEEEARD LM &NV 7 DREE B2 701217
DNz, HEH T TOKRELERDEISID. Tloz(ns) WXL T 6l
h'm™, TiO,(ns)-VO, KBTI L T~1301h' m? TH 2 Z &N
DN o7z, TiO(ns)CEMEIL, FAEIOEERIMEEMN SHEREL
THEUHEWIEIZL > T PEC BitichBnwTm EE2RT,
TiO,(ns)-VO,JEEMRIZ BT 5 PEC Dln)_HI3WRINEFH DN & T
TNF—F v v TORMNIEIDHDTH 3,

Fig. 6, Fig. 7, Fig. 8
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On the synthesis and photochemical studies of nanostructured TiO,
and TiO, admixed VO, photoelectrodes in regard to hydrogen
production through photoelectrolysis

Int. J. Hydrogen Energy
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H, production of (CdS-ZnS)-TiO, supported photocatalytic system

Int. J. Hydrogen Energy

24(1999) 957-963

S.V.Tambwekar, D.Venugopal, M.Subrahmanyam
(Indian Institute of Chemical Technology, India)

MgO,Ca0, 7 -Al,0;,510, WE /2 Mg0,Ca0 DX D73 HE
735 TR L ADRE S EMAK(CS-ZnS)-TiO(1:L:D)IEE > AT
LEHEREL, HiEE2 52, S7/SOTIRARIRP TOKREERIC
Xt U Tk 217 o /2. TiO, 7 Degussa(D)Fd Bl 5 & 53115 MgO
FE{K _E D(CAS-ZnS)-TiO»(D)V3. 206.7 £ mol/h D/KFZEARZE 5 A,
Z OIS EIARIKR K 2T 5. Li0,Cs,0 H 5 WiE
K,0 DX D73 dopants 13, ZNSMNR—T7 33, NEZ I GAE
IEMENEEINT 5 &, MgO < CaO BRI IEHEE MR b D X 5
W28 < . TiO, 28 20wt. % Li,0 T R—7& 7= CaO THEF I N/~
Ti isopropoxide 75 & 5 4172 (CdS-ZnS)-TiO,I) 5k &, 209.8 1
mol/h DIKFEAEKE1ES T ENHMN-> 77, UV-Visible A X7 K
V. XRD AXZ7 M)l SEM BEEDO X D72 BTN T XTO
gl U TiTh i, 25 OB ETER ST —FIER
FEH 537z, S*/SO5> substrate 7EEH TD Rz o 7= BRI EEd
% 7ZnCdS-TiO,(D/ND H,S JEAE DI, T DOANT O
B TOFAMBEE DR ER LUV SIEEIND,

BiES

Table 2
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Table 2

Variation H, evolution vs irradiation time for 10 wi% (CdS-ZnS)-TiOx(1:1:1) for the best catalytic systems reported in Table 1
Catalytic Catalytic
activity for activity for
1M §*- IM §2-

Name of Irradiation alone +0.1M SO3-

S. No. catalyst time (h) (pmol/h) (umol/h)

a CdS-ZnS-TiOLD)MgO

1 5 18.6 206.7

2 10 47 84.7

3 15 32 28.12

4 20 2.3 2.14

b CdS-ZnS-TiOy(I)/20wt% Li,0-CaO

1 5 60.4 209.8

2 15 39 146

3 20 0.80 10.5
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Semiconductor-septum photoelectrochemical solor cell for hydrogen
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MiEbt

Int. J. Hydrogen Energy

&5

25(2000) 495-503

O.N.Srivastava, R K.Karn, M.Misra
(Banaras Hindu University, India)

BITDWHRIZBNT, FEERE Ty L EERAL KB E
H < TiOyns),TiOx(ns)-In,OyTi 7% LADEF L W E ”@i‘éﬁf:k
b & KFBRH DR M NIRE éhtomMM
NaOH/TiO,(ns)/TVH,SO4+K,SO4/Ptc, Ptwe @EE%*C@ SC-SEP &
i, JEEIE 072V, JEER 8.6mA cm” %r? TiO,(ns)DVE
B3N/ 0, XEMEAZ H W/ SC-SEP & ith SCE/IM
NaOH/TiO,(ns)- In203/T1/HZSO4+Kst4/PtCE Ptwg 3. JE&EE
0.92V, %ﬁm 14 6mA cm” ZR9 . TiOxns)/Ti FEEMITE D
17z SC-SEP | T 2 /KEH ZMHIE, 82lh m* TH B &
Hnolz, ~75‘ In,0; TR T317= TiOs(ns)ld. 11.8Vhm> DE
WWKEH ARHEIEZ R L2, TiO, £E® In,0; DIFENT AT

23041 RAEVATLOFEEZSRE I EERTIEMN
BEINTWS, FILWHEEBMOLD LW T7 3 —< > A3,
IKFEHT A OFEEFRIZE L T, IngO; DfEIENE S tgE SN
JTe AR MVRBIZEZDHDEEZEZ TS,

X%

Fig.5,Fig. 7
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Fig. 5. Current-voltage (/-1') characteristics of Pt:1 M NaOH/TiO, Ti, PEC solar cell (inset showing short-circuit power charac-
teristics).
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IKE R SHER) VL. 307C, 30w/o KOH H1 T Ni-Mn-Fe &
K[A—T 4 > 77— R ETHEE /2. Ni-Mn-Fe &413.
i E U CRRER Y > B2 LnE 3 T suiphate {87 S &N T —
T4 T ELUTRMERAF =)V EICEE SN, FDHY—R
13, 71— REIREBE ic & 500mA cm™ T 30 57 D5 KT HER
DFEE )T XA —F —NRD SN DENICHIBRI N, SBHRE
& T Nirich EBfREN S5 D> EXIN/Z Ni-Mn-Fe I—F 1 >
3. HERBEICBITAENINCIE D, 30w/o KOH 1T HER
HRNIEEZE R EER72 2 EER U7z, HIEEOEIL. &
WITHIBHRSEE AN —FT 1 > HICER S NAEN
BRI E NS D EEICLDHDTH BT L5 R LT,

BES

Fig. 6, Fig. 7
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Fig. 6. Influence of deposition CD on Tafel lines for hydrogen evolution on Ni-Mn-Fe co-deposits obtained from bath B.
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O T—RICANSNEW, WilkEEME D HENE
NLCTOERNY > T AT K5 (GTWIP) DA Z %
ZEEFRA LU, GTWIP B pH & pWO S IZH LIEARRIZS
BEfRICH D, GTWIP O pH BEILX WEHEHMAR, BRIEHER
WO,+WO; * H,O0 IRE¥). WO, * 2H,0+HxWO; « 2H,0 [BEW).
A 7 2 ER HXWO;  2H,0 IE, T35 DL EBICXL D
B9 2FENTE S,

Pz
(¥ | Fig.1,Fig.2
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Fig. 1. Plots of potential vs. pH in buffer solutions for GTWIP (1),
commercial W (2), and high-purity monocrystalline W (3).
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Fig. 2. Potential as a function of pWO3~ in Na,WO, solutions for
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ANDRZEJ CZERWINSKI, TWONA KIERSZTYN, MICHAL
%% | GRDEN,JUSTYNA CZAPLA
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INT T LVE ND/KFE, BHKFEDOBLRIRSE ZHNT,
IKFE DR E HD)/Pd ITESULERNCHEIE L. ZACV O
EHEE LVE ORI ITKIFL TWB Z &AM 5 /=, PA-LVE %
AWTHEIET B2KEBRED 2 DO R DM, I EZILZAIC
KB EBRILFZAVWTICHEEG I NS FIEIIDNTIR
E L7,
N
K% | Fig.1,Fig.2
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Fig. 1. Cyclic voltammograms, at 5 mV s~ ', of a limited volume (0.2  DPd 11[ (b)
um) palladium electrode (Pd-LVE) in 0.5 M H,80, solution. The
potential range of electrode polarization: —0.10 to 0.64 V versus
RHE. Before the positive scan the electrode was held for 5 min at
—-0.16 V. 09

vivs™
Fig. 2. (a) H/Pd ratios versus sweep rate for palladium elecwrodes of
various thicknesses: (1) 0.2 pm; (2) 0.8 um; (3) 1.6 pm; (4) 3.2 ym in
0.5 M H,SQ,. (b) D/Pd ratios versus sweep rate for palladium
electrode polatisation of various thicknesses: (1) 0.2 pm, (2) 0.8 pm;
(3) 1.6 pm; (4) 3.2 um, (5) 6.4 pm, Solution 0.5 M D,SO,
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Electrochemical nitration of naphthalene in the presence of nitrite ion
in aqueous non-ionic surfactant solutions
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JUANA J. SLIBER, LEONIDES E. SERENO
(Universidad Nacional de Rio Cuarto, Argentina)

Brij 35 ZHWIEA A MEREOFEIZEX S Pt EE LICHLT
% NaNO, BT TDF 75 L > OB O EiT> 72, F
75L& NaNO, DEBE/QIEG L ERD D720 CV Z2 W]
EE{Tolz. 75 L DD E—21E NaNO, ZHMEET
WozEZED NO, T AEFTYLHFFSTHINDAE
kR LTS, EEMEL CPE O HPLC TS /-,
SEIFHDOEERYIT 1-nitronaphthalene, 2-nitronaphthalene,
1,2-naphtoquinone, 1,4-naphtoquinone T& > /=, Brij35 &L DIk
& Tl naphtoquinone VA FY 3% I FHEE (b X 7= £ BN 73 0,
2DDRMUETRANG D AMS RAMBEIHRSIND, 2t
IV IKESEHT D 1,1'-binaphtyl OEE{LIZK BT TF L 2 hFH >
TN 2EBEEEZSND. NO,DFTII L HFF 5T
T B HEIZ X HERE LIRS 17z,

BIFS

Fig. 1, Fig. 2, Fig. 4, Fig. 6
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Fig. 1. Cyclic voltammogram of an aqueous NaNO, solution.
[NaNO;] =1 x 10-* M, [NaClO,]=04 M. Working clectrode; Pt
disk (0.03 cm?), vm 0.1 Vs—'.
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Fig. 4. Cyclic voltammogram of NapH and NaNO, aqueous surfac-
tant solution. [NapH]=[NaNO,]=5x 10~* M, [Brij 35]=25x
10-2 M, [NaClIO,] = 0.4 M. Working electrode and sweep rate as in
Fig. 1.
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Fig. 2. Cyclic voltammogram of NapH aqueous surfactant solution.

[NapH] = 5.5x 107* M, [Brij 35]= 2.5 x 10~? M, [NaClO,] = 0.4
M. Working electrode and sweep rate as in Fig. 1.
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Fig. 6. Distribution of products in CPE as a funtion of amount of
NapH consumed. [NapH] =175 x 10~* M, [Brij 35]=2.5x 10~2
M, [NaNO;] =2 x 10! M, [NaClO,]=0.4 M. (W) BinapH prod-
ucts; (A) 1,2-NaphQ; (4) 1,4-NaphQ; (O) 1-NO,NapH; (@) 2-
NO,NapH.
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IKERFIZBITET T 771 ~ (HOPG) B TOEEFHR DN
BRULFEE T EFOMPE DOES(LFERRAERIZDON T
2T o7z, JEEFIL pHO.5M H,S0,)~pH14(1M NaOH) Till
ES Nz, JeEREN. FFEREEN. EROEEFREOR
X HOPG EMROD e & B ORITEERNREL TN Z
L E R T BT o 12, JEEFRIIEAE T L 2L ORI
Ko THU B S ETHEMR L ZRET & BAZEFLIZB AT B ZER] (scl)
ROBEHITE > TEM-ERERNTIBEI TN, 1V —Rh
57 ) — RANDOHEBROBLIIHTAHEMDO—FITIT TV &
N> RIRT 2> v)V (BFB) DO THDHEEZSND, B
FEROD EFB 13 SHE EHET OV TH D, pH ITIKF L 72y, —F
TEMAIHIBOERIL pH 12 L 54mV DL TEILL T
7o

Fig.4,Fig. 5
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Fig. 5. (A) Dependence of the normalized anodic photocurrent yield
Fig. 4. (A) Dependence of the normalized cathodic photocurrent yield on photon energy measured with the basal plane HOPG electrodes in
on photon energy measured with the basal plane HOPG electrode in 0.5 M H,80,: (C) E=062V; (0) E=072V; (2) E= 0.82 V: (x)
0.25 M KH,PO, (pH 4.5): (x) —0.18 V; (@) £= —048 V; (0)) E=0592 V; (0) E=102V; (@) E=112V,; (+) E=122 V. (B}
E= —0.58V,(®#)E= —0.68 V. (B) The same as {A) but the V-uxis The same as {A) but the Y-axis in logarithmic scale.
in logarithmic scale.
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BTH), BRACEWZ AT EEORIEIX 0.5M )V
BRISIRT TOI T = LB OREELRCFR R
WH Nz, BTV T 20 LBOREN ERHEKILFER DS
NEIIEBMEBOBERET 1 7)VEEE U THIE SN, F1HD
EBNNFRTAINDOHA T IRNIET T LEYAL Y
DRIV RTIT I LERNTEBIDOEREETD 6D
DERIZDNTER L /-, HEOEMIIAERN 5B, HDN
WIS S NIV T BENDOEBRIKEL TWAN ES MK
S THIES Nz, BMAERINY T T L EBRBOEILIIENZ
EHER Lz IR SNz, R BBEDOI T LA F
N ROFFH1 FEEKEFE INSIEFEERMITIZ 2N
REIEDEET %, BIBORTEMHIZEEIN T =T LD
INEIZERAEFA72 Ru@/RudIV)BEIZONED NZL-T
WE2, 11 27)1H7=0 RWRuO, BRIZL DB L7272
Ly 26ng WAHI L7z, BALS OV 25 1.0V O TREMEN
KIgIZIM EU7ze 2D —ZTid0.5Hz5400 Y1 7 V% THT
M 18ng VAR L 72720725 7=,

X%

Fig. 2, Fig. 3, Fig. 4
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Fig. 2. (A) Cyclic voltammogram at a sweep rate of S0 mVs~'in 0.5

M H,S0, of clectrodeposited ruthenium (20.1 pg), and (B) simulta-  Fig. 3. (A) Cyclic voltammograms at a sweep rate of S0 mV s~ in

neously recorded cyclic voltmassogram. 0.5 M H,S0, of 20.1 ug of electrodeposited ruthenium with succes-

sive shift of the upper limit for 200 mV, and (B) simultaneously
1k
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recorded cyclic voltmassograms,
E/V vs, Ag|AgCl

1/ mA

Am /ng
T

Fig. 4. Same as Fig. 3, but with further shifts of the upper limits.

be the case. Indeed, our previous thermogravimetric
measurements have shown that the electrodeposited
ruthenium layer contained about 50% of water [19].
Therefore, the electrooxidation reaction of ruthenium
can be also written as:
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ELR)IF—R—=)VI)NTL DAL /= Ti:Ru:Fe:0(2:1:1:2)
INESE O T IV VIEIR (IM NaOH) HOBSRULFERISE.
WA WESRIEE DB, FHOKERERISIZDWTHHE L, £
7= Ti:Rw:Fe(2:1:1) & Ti:TiO:Ru:Fe,05(3/2:1/2:1:12) & D ik b
o7z, KEBFRAEDIBZ2EBMOKEREEZY 17U v IR
W AR —, BEEEERET, K0/ R7F2>aAb
) —IZ X DR U7, Ti:RuFe:02:1:1:2) UM s DB AL Z Ut
'3 Ti:Ru:Fe(2:1: N DESILFIEEIZIZEAEN > TWAHN T
i:TiO:Ru:Fe,05(3/2:2/1:1:1/2) LV IARAMIZ 7z > T B, T3 U
RIE_DOREGYN B2 HEEH (FNEIL59. 9Twt.%). %
FHIIEZATVWRW D TH D, EFIREIZE N T Ti:Ru:Fe:02:
L12)MUNMEEL D H/B2 FHO LI 0.15 TH D, 0 vaE £/
WUNEELD 23 LR TH 5. Ti:RwFe:0(2:1:1:2)fU & F DK F
DOYIEBURENT 2.6 X 10 em’s? TH VL Ti:Ru:Fe(2:1: DA/ N S D
1B3LUTTH D, MHEDM/MERIBIT2KEUEFEOHE
mid. FNS OB HNEB AL FEmE R DEENSHE LM
N5,

BIES

Fig. 2, Fig. 5, Fig. 6, Fig. 10
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Fig. 2. Successive cyclic voltammograms of (A) nanocrystafline
Ti:Ru:Fe:0 (2:1:1:2), and (B) T TiO:Ru:Fe,0; (3/2:1/2:1:1/2) in I M
NaOH (scan rate is }0 mV 3~ '). The lower Limit of the sweep was
made more negative from the first (full line) to the second (dashed
line) sweep, while the upper limit was kept constant at +0.8 V
(SCB).
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Fig. 6. IR-corrected polarization curves for hydrogen cvolution on
nanocrystalline Ti:Ru:Fe:O (2:1:1:2) in | M NaOM.
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Fig. 2. Oxygen reduction on Cu(Aki) in 0.5 M H,SO, at 10 mV 8~ ": orr on (2) Cu(111) at 400, 900, 1600 and 2500 rpm and {c) Cu(100) at 400,
900, 1600 and 2500 rpm. The positive (solid line) going sweeps are represented for all rotation speeds and the negative {dotted line) is represented
for 1600 rpm. Detection of H,0, oxidation on the Pt ring (E, = 0.95 V) during the potential scan on (b) Cu(l111) and (d) Cu(100). The insert is
the comparison of the orr on the Cu(l11) solid line and Cu{100) dotted line (¢) disk current (f) ring current.
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Fig. 3. Comparison of the orr in H,SO, (dotted line) and HCIO, (solid line) solution on Cu(hk/) at 1600 rpm and 10 mV s~ ' (a) Cu(111) and
{c) Cu(100). Detection of H,0, oxidation on the Pt ring (E, = 0,95 V) during the potential scan on (b) Cu(111) and (d) Cu(100). The inserts show
the basic voltammetry in 0.01 M HCIO, for (¢) Cu(ll1) and (f) Cu(100).
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Fig. 2. Effects of temperature on (a) the loading ratio and (b) the
overpotential for H absorption into a f-phase PdJH electrode under
galvanostatic charging conditions. Current densities are shown beside
each curve. Mech, | and Mech. 2 represent the fast Volmer—slow
Tafel mechanism and coupled Volmer-Tafel mechenism, respec-
tively. The parameters: A, yag =4.13 x10% s—!, 4 _yao=1.60 x
10" 8=, A qAd, ol cm624x 10" cm® atm~' mol~! s—!,
A_p=351x10 cm? mol~' s~, A, p=125x10" cm® mol~'
37!, A_p=158x10'? ¢m® mol~' s~} U, =94, U_,m=0,
Uprt Uic—U_e=2T, U =83, U, =42, U_p=20, U,= 15
kj mol=';r=1, fy, = atm.
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Fig. 4. Effects of temperature on (a) the half absorption time ¢ and
(b) the maximum self-stress under galvanostatic charging conditions.
The current density and plate thickness are shown beside each curve,
the initial condition is the equilibrium state, the other parameters are
the same as those of Fig. 2.

—199—




T%E 1

FEER M2 | KEFREM

F14 M

Adsorption of atomic hydrogen on a polycrystalline Pt electrode
surface studied by FT-IRAS: the influence of adsorbed carbon
monoxide on the spectral feature

S

J. Electroanal. Chem.

485(2000) 128-134

Noritoshi Nanbu, Fusao Kitamura, Takeo Ohsaka, Koichi Tokuda
(Tokyo Institute of Technology)

H<& 24t REMZEE L OKRIEIZ DWW TRV %

BAWTHIE L 7z, BMEN ZKRENERT DT > ¥ —RT
¥ )VOHEICEDORIZEE, FEYOIRW 0.1M H,SO, 15
IRTE AT MN72CO, DIETCIZE DB S 117~ CO IREH DL
IN BAY 2010em™ 1IN D, W OBBIARICBIT A ROz
LA F INETET B Z EICE D BT AKERE R SOERT,
101V OIENRT > > v ))VEFICEET 2 HIZX AIUN> R
Y% 2070cm™ IR Z 5., —75 1mM H,SO, & 99mM Na,SO,
AEINARRICEEL Tt E RO A1 F 288 L TKES
FOFK S NDILRNRT > ¥ VT H N> R)SEAREICE
HIENS,KCl DX DBHMHEEKR TS Z HDFFNFUN B3
HHEZINS, E ROZU LM A > DBE L SMEMNOEMICE
VFB AR NVEREDKFEIL, H OWRIUN R2SE Koy
LA F 2 DEBSILFRIRETHTOFEARTH B Z L2 RmEL
'sz.) &/\7 13 0.1M H,SO, A HICHBNT, & L7z COo T
CO, DIETLICL DEBIZEREIND I EERLTZ,

Fig. 2, Fig. 4, Fig. 5, Fig. 6
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Fig. 2. SNIFTIR spectra for 0.1 M H,SO, solutions on a polycrys- - 2200 2000 1800 2200 2000 1800
talline platinum electrode measured with p-polarized light. Reference -l -1
Wavenumber / cm Wavenumber / cm

potential (Ex) was +0.2 V vs. SCE, and sample potentials (Eg) are
also indicated. The solutions were saturated with gaseous (a) Ar and

(b) CO,, respectively. Fig. 4. SNIFTIR spectra for solutions containing 1| mM H,S0, +99

mM Na,SO,. Ep was +02 V vs. SCE, and Eg values are also
indicated. The solutions were saturated with gaseous (a) Ar and (b)
CO,, respectively.
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Fig. 5. Cyclic voltammogram for a 0.1 M KCl solution. Scan rate was Wavenumber [ cm™

01Vs-l

Fig. 6. SNIFTIR spectra for a 0.1 M KCl solution. Eq was +02 V
vs. SCE, and Eg values are also indicated. The solution was deacrated

by bubbling Ar.
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Fig. 1, Fig. 3, Fig. 5, Fig. 9
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Fig. 1. Voltammogram of a Ti-disc electrode (Sy, = 7.85 x 10~ * ¢cm?)
in aqueous 0.1 M HCIO, solution. Scan rate v=50 mV s~ '. )
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Fig. 5. Tafel plots for the her on Ti/Pt and smooth Pt electrodes in
aqueous 0. M HCIO, solution. (1) Ti/Pt (z, = 2 s); (2) TifPt (1, =4
s); (3) TifPt (1, =10 s); (4) Ti/Pt (2, = 60 s); (5) smooth Pt. Current
densities are referred to the real surface area of the Pt crystals.

B/YV va. MSE

Fig. 3. Voltammograms of (A) freshly polished Ti and (B) Ti covered
by oxides in aqueous 0.1 M HCIO, +2 x 10-* M K,PtCl, solution
(Sri=785x10"% ¢cm®. Scan rate v=50 mV s—'. The voltam-
mogams were recorded afler the electrode was held for 10 s at
open-circuit potential.

103}, /A cm?

ty/s

Fig. 9. Exchange current density for the her on Ti/Pt electrodes vs.
time of platinum deposition at open-circuit potential.
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Fig. 1, Fig. 3, Table 1

—204—




1 R

Electrocatalytic hydrogenation of alkenes on LaNis electrodes

M

J. Electroanal. Chem.

i ) ' ' Table 1
A Electrocatalytic hydrogenation with LaNi, at room temperature *
Grid Organic Solvent 5% EfV vs. SCE®
compound
Al Methyl vinyl  H,0 90-100 -0.6
ketone
Fe Methyl vinyl  H,0 65 -09
ketone
Ni Methyl viny}  H.O 95 —0.8-+-0.9
ketone
Al 1-Decene Ethanol (96%) 100 -0.7-~08
Fe 1-Decene Ethanol (96%) 10-15 —07-+-0.8
@) Ni 1-Decene Ethanol (96%) 50-65 —0.6—-0.8
Ni 5-Hexen-2-one Ethanol (96%) 45-70 —-08--1.0
oA
100 b 4 *I=5 mA. Acetic bufferr 02 M CH,COO-Na*+0.1 M
CH,COOH.
% ps current efficiency, when several measurements have been per-
[ formed the range of current cfficiencies found is given.
® When two potential values are given, the first one indicates the
100 b J potential at the beginning of the experiment and the second the
potential when the experiment was stopped (typically after 4—6 h).
~200 f '[2-buunone]/ mol.L*
} —lIstcycle 0.08 M j ' i
300 === Activated (aftor 30 cyclos]] 007 b J
12 -6 68 06 04 02 00 006 } Lo E
) &1V v8 SCE 00s b e )
P [ ] L]
0.04 , " ] 1
Lo n
003 p .@® <
00 b L B 2.butanone ]
] === 1,=100% theoretical
[ a
001 F _f 1
000 ¥ . . .
0 100 200 300 400 300
Time/min
250 1 ——— Fig. 3. The product formation vs. time for the electrocatal);tic hydro-
[ 1/ - - < Activated (after 30 cycles) | genation of MVK with LaNis on Al grid in 10 ml 02 M
oy 00 L TTT Adived Gfter Moy CH,COOH + 0.1 M CH,COO-Na* + H,0. /=S mA; ¥= — 06 V.
-4 -12. -10 08 -06 04 02 00 02
(c) ErVva SCB

Fig. 1. Voltammograms for LaNi,. 25 um diameter cavity microelec-
trode; scan rate= 50 mV s~ !; T=1298 K. (a) in 9 M KOH; (b} in
0.01 M CH;COOH +0.1 M CH,COO~Na* + H,0; (c) in 0.01 M
CH,COOH + 0.1 M CH,COO~Na* + ethanol 96%.
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Fig. 2, Fig. 3, Fig. 4, Fig. 7
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_ Figure 3. X-ray diffraction patterns of precipitates calcined at various tem-
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Figure 2. UV-visible spectrum of [I{OH))>~ in NaOH solution after vari-
ous reaction time: (inset) time dependence of absorbance at 313 om of the

solution.
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Figure 4. TGA and DTA curves of the IrQ, precursor.
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Figure 7. Terminal voltage vs. current density curves of URFCs. A:lrOy/
PI(S0/SO) cell, @:1rO5(Wako)/Pt(50/50) cell, O:Iv0,/P1(0/100) cell.
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Figure 1. The relation between the cathodic current and the electrode poten-
tial obtained on copper in 0.1 N H,SO, + 0.9 N Na,SO,.
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Figure 2. The relation between the charging function and the square root of
the cathodic current obtained on copper in 0.1 N H,S0, + 0.9 N Na,S0,.
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Figure 3. The relation between the hydrogen surface coverage and the elec-

Sy b

trode p on copper in 0.1 N HyS0, + 0.9 N Na SO,
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Figure 5. The relation between the hydrogen surface coverage and the elec-
trode potentiol obtained on iron in 0.1 N H,SO, + 0.9 N Na,SO, using the
IPZ analysis and the analysis developled in this paper which uses polariza-
tion data.

", (mA om™'?

Figure 4. The relation between the charging function and the square root of

the cathodic current obtained on iron in 0.1 N H,80, + 0.9 N Na,SO,.

Table I. Comparison of the exchange carrent density, discharge and recombination rate constants, and the transfer coefficient for iron in 0.1

N H;SO, + .9 N Na,;80, obtained from the IPZ analysis
obtained for copper using the polarization dts analysis.

and the sbove polarization data analysis. The same quantities were also

io (A cm™?) &y (mol em™257") k(ems™) «
Analysis Fe Cu Fe Cu Fe Cu Fe Cu
)74 2.0 % 1076 - 26X 1078 — 13 % 107° — 05 —
Polasization data 20 % 1076 80 % 1078 30x 1078 1.8 x 1077 13x10°¢ 50%x 1078 0.5 0.5
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Figure 3. Micropore distribution in NiAly and NiyAly after leaching Al in

Figure 2. Cathodic polarization curves for Hy evolution reaction in | M 6 M NaOH at 343 K for | h.
NaOH at 303 K on a Ni and an electrode obtained from various Ni-Al pre-

cursor alloys after leaching.

Table 1. Kinetic parameters of H, evolution reactions on Ni and
Raney-NI electrodes prepared from various Ni-Al precursor
alloys in 1 M NaOH at 303 K: {,, exchange current density;

b, Tafel slope; a,, charge transfer coefficient; 14, H

overpotential at 25 A/dm?.
io b o s
Specimen (A/dm?) (V/decade) (-) V)
Ni 1.09 x 1073 0.120 0.50 0.522
R;3 —_ - - 0.186
Ry —_ — _ 0316
Ry 2.55 X 1072 0.121 0.50 0475
Ry 9.19 X 1074 0.115 0.52 0.509

Table I1. Relative surface area of Raney-Ni electrodes
determined by ac impedance in 1 M NaOH at —0.1 V vg,
RHE. C,; is double layer capacitance.

Relative surface

Specimen Ca (p.F/cmz) area (—)
Ni 52 1
R 836 X 103 12667
Ry, 617 X 103 9348
Ry, S5 1.1
Rs) 58 1.1
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Figure 3. Tafel plots obtained on an iron membrane 0.25 mm thick in 0.1 N
H,S0, + 0.9 N Na,SO, at different iodide ion concentrations.
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Figure 5. Relationship between the charging function, i; exp{aFr/RT), and
the steady-state hydrogen permestion current, i,. for an iron membrane
0.25 mm thick in 0.1 N H;SO, + 0.9 N NaySO,, at different iodide ion con-
centrations.
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Figure 4. Relationship between the steady-state hydrogen permeation cur-

rent, i, and the square root of the hydrogen recombination current, (i,

obtsined on an iron membrane in 0.1 N H;80, + 0.9 N Na,SO,, at different

iodide ion concentrations.
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Figure 7. Variation of the hydrogen surface coverage, 6, with the overpo-
tential of the HER obtained on an iron membrane 0.25 mm thick in 0.1 N
H,S0, + 0.9 N Na,SO,, at different iodide ion concentrations.
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45(2000) 2297-2303

P. Holtappels

(Ris @ National University, Germany)

I. C. Vinke, L. G. J. de Haart, U. Stimming
(Technische Universitdt Miinchen, Germany)

BRI ELETOZy IV —BL ) AT LERD 1 2B
— & AEKEBEEKOPEEELSE, BEOREEIZ/D LS
ICHFFE L Tz 7K IKERIEDA 2 E—5 2 AANRT BT 3D
DRI ISDFENEEZRL TWD, TNHIEFDESLET A,
OEROBHEREZ D =EEERTORIN (i) —HED T —
IN—=T A E—=F AL EDITIEIIERICE > TERINDILH
&, TdhbH. 890CLL N DIRE CERMBEIDIRITNED1T >
E—& 2 2A2AXRY MIVIZBITBHREZFTF S ORI DONTE
BTz RITHLERREE DN = o)L/ EFRE S O EfER TDE
SULFRNICERT 52D ET 5 &, BREBNOTO RO
PLHDHIR NS, ZOBE THEINAEETL > ZIVE—IT
120~160kJ mol' TdH 5.

X2

Fig. 2, Fig. 3, Fig. 10
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Reaction of Hydogen/Water Mixtures on Nickel-Zirconia Cermet
Electrodes II. AC Polarization Characteristics

Mt J. Electrochem. Soc.

YSZ

Figure 2. Model for the el hemical tion of g hydrogen and
water at the triple-phuse boundary end in the area of the Ni/Y SZ interface in
a Ni-YSZ cermet electrode.
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Figure 10. Temperature dependence of W2T2 at OCP. (O) py, =

0.19 bar, pyye ™= 0.05 bar; () pyy = 0.48 bor, pyyo = 005 bar; (L)

Pry = 0.48 bar, pyyq = 0.12 ber.

Pigure 3 Equivalent cirouits derived from the resction model Fig. 2: (a) elec:
trochemicel resction contralled by chavge wansfer and adsorption, (b) slec
trochonsical reaction contvolfed By diffusion, () overall equivalont circuit fin
 purailel acrangoment of (a) and ().
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A Study of Hydrogen Evolution at Irradiated p-InP Electrodes in
Nitric Acid Solutions

J. Electrochem. Soc.

146(1999) 4514-4516

EH

KENNTH P. QUINLAN
(Air Force Research Laboratory,USA )

BT DWZE T, HBRIANR T TD p-InP DHELILFET Y F
TETHERBA T LDEREKEDTEENENEND
ReRABEFN A SN2, BRI/ p-InP BMBTOKRFZEDFEAE
MR L7 EROFEZ B E LU T, iR T FE O 21T
oz AT 7 2 UBIIERICHE DR TAEHEL -, AT
7 2 VEEEIRG T 5 LIHERIAIRY TR XN/ pInP BN S
IKENFEE LTz, PEC Ty F 2 FIZKBKEFHEDRING,
p-InP _ETHR L 72/KBRRET O IG & EEEE T2 & EIE
MRRTH D, ANT 7 2 VEAFE T TIIKBR T RIS
UIKEDFRAET B, SEIOEER THEEE DR T S EEEIAR P TD
p-InP @ PCE L F > JIZIIAI S &2 T &V 7z,

X%

Fig. 1, Fig. 2
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A Study of Hydrogen Evolution at Irradiated p-InP Electrodes in
Nitric Acid Solutions

HMEEA

J. Electrochem. Soc.
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Flgure 1. Voltammograms of p-InP in (A) 5 M HNO, and (B) 12 M HNO,
(- « - <) with and (——) without sulfamic acid. Sulfamic acid conc. in § M

. HNO, 0.1 M, and in 12 M HNO, sat, <0.3 M. Light source. tungsten lamp
(0.25 W/cm?®). Scan rate (C.02 V/s), initial scan from positive to negative
potentials,

Figure 2. Comparison of onset potentials vs. HNO; concentrations for
cathodic currents at (A). irradiated p-InP and (B) smooth platinum elec-
trodes, Onset potentials for zp-lnP determined from reverse scan, Light source
tungsten lamp (0.23 W/cm?), .
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Hydrogen evolving activity on nickel-molybdenum deposits using
experimental strategies

Mirsta

J. Appl. Electrochem.

30 (2000) 499-506

C.-C.HU, C.-Y. WENG
( National Chung Cheng University, Taiwan )

%% @ Ni-Mo ETOD/KFEFHE%E FFD (fractional factorial
design) & RSM (response surface methodology) CHRHHIZ ELEL L
7zo pH,Ni/Mo IR FLb, 7V IZ2BBEEWNSTZNWDND Ay
FEMHDENIL, FFD OFREMN 5 KEREEEOBELFET
HBIEMRIMoTz, Ni-Mo R FHE XY FRD 7 TR
BV RNT FOEREE, sSEREE., KEAREDORH OIS
B(i/q*). D Mo/ (Ni + Mo)lbh S EIFET IV E N
THHE L7z, Response surface contour plots DX D72 21 5DE
TV TIE, pH=8. Ni/Mo [ Fit =33, 7V T EEIEE =40g]’
FHETTAYFEIN/ZNIi - Mo & NS EIKEFRAETFENER
2785 T EMMIno 7z,

X%

Fig. 1, Fig. 5, Table 7
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Hydrogen evolving activity on nickel-molybdenum deposits using
experimental strategies
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HEsS J. Appl. Electrochem.

AQ

kKA L

30

I N

20}

current densitylmﬁ\cm'2

10 “ . N . . . : N "
- + - + - + - + - +

Levels of electroplating variables

Fig. 1. Main effects of electroplating temperature (A), clectroplating
current density (B), pH (C), Ni/Mo ratio (D) and sodium citrate
concentration (E) of the plating baths on the hydrogen-evolving
activity of Ni-Mo deposits. (-+) and (-) indicate the high and low
levels of the these factors, respectively.

1.5

Fig. 5. Contour lines for constant Mo/(Ni + Mo) ratio within Ni Mo
deposits against the Ni/Mo ratio (xp) and the sodium citrate
coneentration (xg) in plating baths.

Table 7. Points of confirmation for Ni-Mo deposits possessing the
maximum activity for hydrogen evolution

Run  Ni/Mo ratio Sodium citrate/g 1™ i/mA cm™
I 33 50 119.37
2 33 45 127.89
3 33 40 141.53
4 33 35 126.41
S 33 30 119.89
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Effect of oxygen and titanium contents on the stability of
nanocrystalline Ti-Ru-Fe-O cathode materials for chlorate
electrolysis

st

J. Appl. Electrochem.

30 (2000) 491-498

L.ROUE, M. - E. BONNEAU, D.GUAY
(INRS - Energie et Materiaux, Canada )
M.BLOVIN, R. SCHULZ

( Institute de recherché d’Hydro-Quebec )

s & Ti: Ru: Fe 2-y : 1+y/2: 1+y/2;y X075 1 £7T0.25
ZFEHA).Ti:Ru:Fe:0(2:1:1:w;wiZ0M52FTOS5 %é“
M SRDEmEFAEL. ﬁﬂﬂﬁfgtﬁiwﬁa‘?ﬁw*#

VI BKRBEFRERIED I — R T E 17> /2. OB :M@?
FAEMHER)E OCP OEfEH A VINMNSRATI— 757 AN
THERINGEZ, T F A MRIChY— RBETLE2E_Y
—FBHIEIIMATERERZRET H7-DIC7 A hOBRKIC
BROERRIBZH -7z, Ti:Ru:Fe(2:1: VD EE 20 Y17
NWBIZRE WS — RIBEIFEEINMNR SN/, kI O 2
A5 EERMICBITLELWEMLZEROHENR SN, £l
TABPTTi:Ru:Fe:0(2:1:1:w)IZ10atm% D O ZHNZ /=%

DIX HER / OCP50 B J ) ARIZHEIIZS AT RS NT, B
RERIITHTHoZ. 51T 0 ZMATHEISRIHEITR
S5V D7z, TOT A BN THlifs S Ti: Ru: Fe (2-y : 1+y/2:
1+y/2, y>0) TH RWEEENME SNz, LML ZOBEHREL
NN y DIEITIKET 5. y 0.75 T—HRWHERMNMES 1=,
BEVWTIBAEEFIZ0BICE > TLRERNKEEINDEED
(KeMRE SN TN B, ?“‘ifﬁ%’li Ti:Ru:Fe OEZEEDHET
BIZKDHUREHRRIZDOW T Em L /2.

RIS

Fig. 4, Fig. 5, Table 2
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Effect of oxygen and titanium contents on the stability of

44 Bl | nanocrystalline Ti-Ru-Fe-O cathode materials for chlorate
electrolysis
Mizt4 | 1. Appl. Electrochem.
850 T T T T T T T T T T
w in milled
800 v 2Ti:1Ru: 1Fe: wO
] 900
750 ; i —4&—05
S —x—1.0
E 700 oy —o0—15
3 —o—20
T
650 4 x
; o g
%] coX A —2 A
550 T T L T T H T T T 1
0 5 10 15 20 25 30 35 40 45 50 55
number of OCP/HER cycles

Fig. 4. Vanation of the overpotential for the hydrogen evolution
reaction at —250 mA cm™" as a function of the number of OCP.HER
cycles for various nanocrystalline Ti:Ru:Fe:O (2:1:1:w) matenals.

850 T T
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Mg IMV
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y in milied

¥ 2y Tu w2 Ru tvyi2Fe

; -~ 0.00
-0 0.25
; —0—-050
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S el 100

Fig. 5. Varation of the overpotential for hydrogen evolution reaction
at ~250 mA cm™ as a function of the number of OCP/HER cvcles for

number of OCP/HER cycles

various nanocrystalline TLRwFe (2 - 301 +3/2:1 4+ 3/2}.

Table 2. Evaluation of the deterioration of the electrodes after an
accelerated aging test

Nominal composition

Damaged surface’ /%

Mass loss/%

TiRuFe:O

1.75:1.175:1.178
1.5:1.25:1.25
1.28:1.375:1.373
10:1.5:1.8

100 ~100
s 0

0 0

0 0

0 0
100 100
90 67
80 57
20 20
50 43

 The figures indicate the percentage of the surface which appear

damaged after the test
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 ZaS) Evaluation of the surface roughness of microporous Ni — Zn — P
electrodes by in situ methode
MERE J. Appl. Electrochem.
5|29 (1999) 979986
g R. KARIMI, SHERVEDANI, A. LASIA
(Universite de Sherbrooke, Canada)
%JLH Ni - Zn - P MO XKERLE in site EXALF5Mr(7
W, BREEOH, ERILFA E—F A, Y17 )y IR
IWE AR —, KEOBILERE. CO 7T 7 O—7 DHH
32 Fvy, 1M NaOH I THIFTL 72, |
ZORER, REAEIIN55X10° TH o /2. MOBIEEL D
LIz RERE RV ZR LT,
s
X# | Fig.1, Fig.8, Table 3
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Evaluation of the surface roughness of microporous Ni — Zn — P
electrodes by in situ methode

MizE4 | 1. Appl. Electrochem
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L YA
Fig. {. Sweady-state polarization curves obtained for the HER on

NigsZn 4P clectrode in 1 M NaOHM at 70°C in N, atmosphere at times
after application of a constant current.

i

1 i

0.25 0.00 -0.25 -0.50 -0.75 -1.00
E/V vs Hg/HgO

Fig. & Cyclic voltammograms obtained on polycrystalline nickel
electrode at 25°C in 1M NaOH. scan rate 20mVs~!; (1) the first
cvele in the absence of CO. (2) in the solution saturated with CO, (3)
after 25 min bubbling with CO followed by 25 min bubbling with N,
(4) after 25 min bubbling with CO followed by 100 min bubbling with
N2 or replacing the solution by a new and deoxygenated pure 1m
NaOH and (5) the second cycles for alf the cases.

Table 3. Charges of CO and Ni clectrooxidation and surface roughness obtained on NigeZn4Pa0 electrode in | M NaOH at 25 °C

Conditions Q)/C cm™? QC em™? Q1/0n @2l Qo2 R RiRes
from a’-b’ from a-b

Deoxygenated solution Q01203 Qo2=1.56 1.0 1.0 44x10° 069

CO saturated 5.70 4.69 2.8 3 6.2x 10* 0.96

CO + replacing with deoxygenated solution 3.88 3.09 1.9 2 42 %10 0.66
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Electrochemical treatment of waste solutions containing ferrous

ZA M sulfate by anodic oxidation using an undivided reactor
M J. Appl. Electrochem.
/5 | 30(2000) 399404
e J.M. BISANG
(PRELINE, Faculated de Ingenieria Quimica, Argentina)
AHIIFEEE (1) 25 DEHBIBRROBAE DD ERILEAD
BN T 0 —DEEFHTICDONTERB LIz, U T 75 —DFE
DFBIZDNTY /) — FEBRIETH DEEEFEEITDWTHIEE
Ul #ERELTY / — RART 22 v ) VN BRI O g hn & &
KT F—HREOENEOZ MR ERL T,
FEERAERITBIPEICE DN EEILE THIES N TN 5,
s
(7 | Fig.2, Fig4, Fig.6, Fig.7
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Electrochemical treatment of waste solutions containing ferrous
sulfate by anodic oxidation using an undivided reactor

Mt | 1. Appl. Electrochem

Y T T T T 8
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44 ™
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A e 1 L o
0.8 10 12 14 1.6 1.8

Egp/V

Fig. 2. Current efficiency as a function of the applied potential for the
batch reactor. Thick line; polarization curve of oxygen evolution from
0.5 M H,SO04, T=30°C.

0.05 i A i 'y 1
0.8 1.0 1.2 1.4 1.6 1.8

Ee/V

Fig. 6. Mean space time yield as a function of the applied potential for
the batch reactor. Full line: prediction of Equation 14 with the fitting
parameter of Figure 4.

In (Y)

Fig. 4. Lincarized representation of the fractional conversion data

according lo Eguations 17 and 18.
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Fig. 7. Specific energy consumption as a function of the applied

potential for the batch reactor.
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Hydrogen evolution incorporation and removal in electroless nickel
composite
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29 (1999) 837 — 843

I. APACHITE] J. DUSZCZYK
( Delft University of Technology, The Netherlands)

Ni-P B TOKFEFREE S TEREREZ 7 )L N Z R
HEL-, AFFETIET IV =7 A(6063-T6) EiZHT S 7=
NiP-X (X= SiC, ALO;, RUFER HBEMESI—T 1> L
TOKEFREICDOWTEIKRENEZBWTHEL /2.

BT I ERRICRE R E 2 KOKEZEBH ORI TDEE
MWaEMELZ ETHRBHANDKERHZCE ST LB END
%o BMILFE%(130, 160, 190°C, 1-5h). KEMHENZRILEE L7
IZ& DL 7=, [/ CBWILIER E(190°C,1-5h) TR ER 3 D& Rk
d—F 4 271 NiP B& D $80% )W RN #(35-54%) % 7R~
U. BRO—F« >R TOKEZEENEINT S &, ZOHRHE)
I3 7z,

X%

Fig.3, Fig.4, Table 2, Table 3
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Hydrogen evolution incorporation and removal in electroless nickel
composite

HMEaE2

J. Appl. Electrochem.

; ‘ : " Holing time = 1.5h

-

Hydrogen/ppm
©

2
1
0
As-deposited 130 160 190
Heat treatment temperature/*C

Pz 3. Coating hydrogen evolution against heat treatment temperature. Key: (A) NiP; (#) NiP-SiC; (O) NiP-ALOy-L; (1)) NiP-AL0;-8;
©) NiP-AL,03-F, (@) NiP-B

Hydrogenippm

6 4 W u s
H
Hydrogenmpe

. a4 N M B 8 8 -~

Hydrogenippes
L R e

L N

B2 R

Fig. 4. Amount of hydrogen incorporated during plating and released by hoat treatment: (a) NiP: (b) NiP-SiC; (c) NiP-ALOs-1; (d) Nk~
ALO:-S; (e) NiP-Saffil &A1,0y end (f) NiP-B.

Tabie 2. Hydrogen content in the Al-6062 substrate and as-deposited

coatings
Sample Hydrogen content/ppm
VYalues Average
A1-6063 initial 0.24 0.25
025
Al-6063 2nd zincating 0.40 0.36
031
NiP 1.81 174
1.66
NiP-SiC 1.93 1.98 . )
203 Tuble 3. Hydrogen content in particles
NiP-ALO51 214 207 )
1.99 Particle type Hydrogen content ppm
NiP-AlLOy-$ 1.90 2.00
210 SiC 323 = 042
NiP-Saffil 5-ALO; 579 5.61 Al:O5-1 1.32 = 0.27
54
? ALO:-S 057 = 020
iP-] 47 : c - -
P8 it B Saffil 6-ALO; 174 = 023
Boron 1773 = 18
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Spinel — type oxides LiMn, MxO, [M = Co, Fe, (CoFe) ] as
electrocatalyst for oxygen evolution / reduction in acid solution

J. Appl. Electrochem.

29 (1999) 1351-1354

N.Li, Y. Yan, Y. JIN, S. LI, B. LIN
(Institute of Physical Chemistry, Peking University, China)

2 ReE-ERBEMITENWI R F—DEDITHIEEEL
THIFFE N TS, UL L B R 2SR O FEARRY 72 SE M fiE
DAREDF=DITALFRIN TV, HEOEMIZE VI
P, (&g, 7V IBERP COREENVE LD, AR

IR R ENWREEZ R 2 BRANE I35 W Al %15 5 088
MDD, AEFIVRBALYIT VA ) IERD THEREREICBT
BE ETED Tz DT 225D B WEMAMEEE 2R D, A Ex
IV EIRE B A )(LiMn,..Co,O4(A series x = 0, 0.2, 0.4, 0.6, 0.8)
LiMn,_Fe, O, (B series x = 0.2 — 0.8 ) LiMn,.,Co,,Fe,,»04 Cseries x
=0.2-0.8)% IACP{ETHEMKR L. BRAMEZEENZ /T AYLEEM

TaHm L 7=,

IACP &I ORI FOHEE, FFEOREZENSE
%o TDREFRITA EFIVRIEELHI(RFIZ LiMn, ¢Coo,O,) 1 3EE R T
EREITITH L TRWERIL AR EZ R U -, EGEYZfE
A9 5 ETHM-BRI AT LADL I T —5NEE 10%EE
BINZ W5 r[EeENdH 5 Z ENgno Tz,

B

Fig. 2, Fig. 5, Fig. 7, Fig. 8
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Spinel — type oxides LiMn, M,;0, [M = Co, Fe, (CoFe) ] as
electrocatalyst for oxygen evolution / reduction in acid solution

14 MV

MEis4 | 1. Appl. Electrochem.

T T T Y T L T T T T T T T T T T T T L
10F 7 1 800 | ) a5 . a3 E
4 l/.///A</0 2 v?
. no IR correct // ——
0 1 = 7 .
6 % or -/lo/:/‘ 0/
% % /'/ / '/,/
ol 1S g !
[ 8 nd ve 4
» L -—
5>"2°° - "\C}' 2 s00f -/Jv{/ _
£ WS I
N % i a4 no IR correct
-300 = \ 4 3 2 '1 400 /"
r "g lo
400 I " 1 i . A U ) | i 4 i i 1 I 1 i s A L £ i
0 500 1000 1300 2000 2500 3w 0 20 40 B0 80 100 120 1?0 160 180 200 220 240
l/mA cm I/mA cm

Fig. 2. Cathodic polarization curves (for oxygen reduction) of gas-  Fig. 5. Anodic polarization curves (for oxygen evolution) of gas-
diffusion carbon electrodes loaded with LiMny,Co,O¢ with different  diffusion carbon electrodes loaded with LiMn,_,Co,O,4 with different
x values: (1) x =06, 2) x=0, (3) xm= 02, (4) x=08, (5) carbon  x values: (1) x =0.6, (2) x =108, (3) x=0.2, (4) x =0, (5) carbon

only. only.
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Fig. 7. Anodic polarization curves (for oxygen evolution) of gas- Fi . . . N
o L - g. 8. Cathodic and anodic polarization curves of gas-diffusion
diffusion carbon electrodes loaded with LiMno~yCoyzFeuyOu with (40 ol 5oy b 259 M, sCo0sOr @) lo

different x values: (1) x = 06, (2) x = 03, (3) » = 0.2 with 25% LiMn; Cop2Feo2O4, (3) loaded with 25% LiMn; ¢Feo4Os.
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Preparation and characterization of microporous Ni coating as
hydrogen evolving cathode

J. Appl. Electrochem.

30 (2000) 107-111

I. J. BROWN, S. SOTIROPOULOS
(School of Chemical, Environmental and Mining Engeering,
Nottingham University, Great Britain)

Ni {7V )RR R B R AR el DY /) — R &
5 & LT NiO 13 Ni-H,, Ni-Cd D71 — REMR, HHDKEL
RTIVA) KEMOKEZEREE LT NI BV —ROMEHENT
W5, GENE NI Y —RIAYv—% 7)) H—3—AFZE
IHRFZICESHED PHP IZBAT 5 E WD EM R E/MANTT
5o FERAYFERII—DMLUIZER—F X Ni DFfEE &
TV VSR CTOKEFRAICEL TR/, Ni 13V —R
227 O0R—F AR I —OMFLIZ A v F ZINFEDEIZED
FRIIVUR—F ANI £785, TD Y — RidBekE Ni OED TK
ZREICH LU THELEREREEZ KLz, ZOI70FR—F A
d—F 4 TR —DRSGFRIZERL TWT, HHEHERN
A =D BB 7B NI BRI —T ¢ > T OFEHO—
BFEEIZEITWS, UL UBERE Ni BhEN Wiz Znsid
EIREVEE Liah oz, BAITEI FIRER THHIREEDZ
teH 7270 Z—RIOEEEZTHAL TWAEADOTEEE
Ni/PHP EMOFEEIZDONWTHAEL /2.

Bl

Fig. 2, Fig. 3, Fig. 4
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of microporous Ni coating as

Mab 4
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e 1 () 0

Fig. 2. () SEM micrograph of a PolyHIPE polymer (PHP) sample at
a 350> magnification; (b) SEM micrograph of a porous Ni coaling ot
a Niwire at a 160 magnification; (¢) SEM micrograph of the Ni

coating of the previous micrograph at a 800x magnification,

10

k:
E Nicke: Costsd Wire
=

42 st €8 08 07 98 05 04 T3 02
E/Vvs SCE

Polisned Nicke! Disc

A2 R 08 08 04 2
E!Vvs SCE

Fig. 3. (a) Voltammogram recorded at a porous Ni coating on a Ni
wire in a deaerated 0.5 M NaOH solution at a potential scan rate of
50 mV s~'; (b} same as before but for a smooth Ni disc electrode.

(a) -1.021 V 1021V
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“1.200 V
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Wog 300
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w1480
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1.000 . ; :
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«jimAem.2

Fig. 4. (a) Potential sequence for electrade activation during collection
of steady state polarization data; (b) Tafel plots for hydrogen
evolution at smooth ([11) and porous {A) Ni-coated electrodes.
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Catalysis of oxygen evolution on IrO, / Pb anodes in acidic sulfate
electrolytes for zinc electrowinning

J. Appl. Electrochem.

29 (1999) 1347-1350

HE

C.LEPARE-REROLLE, R. WIART

( University Pierre et Marie Curie, France )

M. A. PETIT

( Laboratoire d’Environment et de chimie Analytique, France )

W-snoel IR FEBLELED B2 0D hONE BB E & /)
SE/Z OYE OEBRISIET 22BN 85, FUTINA TR
R U T DODDEACRISISERY / — R ETREI 5, %
U Mn', MnO, #8174 > EBRREHTHRET S, £LTHHL
7= A T4 LIRD MnO, Wi 2 & &)LV TR S N5, ﬁiﬁﬂ:’f 1
DU LB SRR AN T B E OB EIED =91 20 F
RIMSIERZBOTE 2, BICTF 5 =0 A EITHTH bf:ﬁféﬂ:
AT LEBIIRICZE DT ) — Rt OB aitiE e
IFDIELWWIINH - 7z, FENISH EAD O, DT ik &

BRI D-D OBRETOBEEREBEIC DWW THEEL
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Fig. 2. Polarization curves for various anode materials: Pb, Pb-Ag
{0.56%), and different IrO, deposits on Pb. The percentages on curves
indicate the Ir content on the surface of the electrodes.

Fig. 1. Typical SEM morphology of IrO, deposit on lead : the Ir/Pb
ratio decreases from region A to region C.
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Fig. 3. SEM morphology ol lead anode covered with 11O, after use in the zine electrowinning electrolyte,
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Fig. 6. Time dependence of the potential of a lead anode covered with
IrQ,, at i = 55mA cm~>. Dashed line corresponds to a Pb-Ag
(0.56%) anode.
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