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PROGRAM OVERVIEW

The U.S. Department of Energy Office of Industrial 
Programs conducts industrial energy conservation 
research and development activities. These activities 
are focused on achieving the objectives of improving 
energy use efficiency and providing for fuel flexibility 
within U.S. industry. To accomplish these objectives, 
the Office has adopted the basic strategy of identify­
ing, in cooperation with private industry, the techno­
logical needs for energy conservation in the industrial 
sector; identifying what private industry is currently 
doing or will not do alone; selecting the highest prior­
ity targets not being pursued by the private sector; and 
negotiating cost-shared contracts with private indus­
try, or contracts with universities and government 
laboratories to carry out the necessary research. 
Research is developed to the point that the new tech­
nology has been proven to work and sufficient “proof’ 
can be disseminated to the private sector end users.

To date, the Office of Industrial Programs has sup­
ported over two hundred research and development 
projects covering a wide spectrum of industrial appli­
cations—both generic conservation technologies and 
energy intensive processes unique to specific indus­
tries. Many of these efforts have resulted in the suc­
cessful resolution of critical technical barriers faced by 
industry in developing advanced energy conserving 
processes and technologies.

This report contains summaries for currently active 
projects supported by the Office of Industrial Pro­
grams. The report was prepared from the DOE Re- 
search-in-Progress data base maintained by the Office 
of Scientific and Technical Information.

Director of Industrial Programs 
FTS 896-2090, commercial (202) 589-2090.
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WASTE ENERGY RECOVERY

Advanced Heat Exchangers

Babcock and Wilcox Company 
Lynchburg, VA 24506-1165 
R and D Division

1. R&D of a Ceramic Fiber Composite 
Heat Exchanger
Parks, W.P.

This is the second phase of a potential three-phase effort. 
Phase I involved (1) determining the technical and eco­
nomic feasibility of an advanced material (ceramic fiber 
reinforced ceramics) heat exchanger; (2) identifying 
critical problems relating to development of the heat ex­
changer; and (3) identifying and detailing Phase II R&D 
required for the successful design, fabrication, and opera­
tion of the critical components. Phase II consists of (1) 
R&D to solve the critical problems and (2) completing the 
final conceptual design. Phase III will consist of detailed 
design and construction of a test module, and its installa­
tion and testing in an industrial waste stream. The heat 
exchanger will be designed for efficient and economic 
recovery of waste heat from major industrial high- 
temperature (20G0°F) corrosive/fouling gas streams 
existing in steel soaking pits, aluminum remelt, and glass 
melting operations. An industrial user will provide a con­
sulting role to provide user perspective of the work.

Oak Ridge National Laboratory 
Oak Ridge, TN 37831
Metals and Ceramics iff vision

2. Ceramic Materials Support
Long, E.L.; Moorhead, A.J.; Federer, J.L

This project provides materials technology support to the 
Waste Energy Utilization Branch of the Office of Indus­
trial Programs and their contractors in two general 
categories: (1) recuperator project support and (2) technol­
ogy development. Recuperator project support involves 
assistance to DOE contractors in the development of sys­
tems for recovery of waste heat from industrial processes. 
The operating conditions of these systems require qualifi­
cation of metallic alloys and ceramics for critical 
components such as heat exchanger tubes, seals, and 
structural members. The purpose of the project is to 
identify materials problems that significantly affect per­
formance and reliability and to resolve the problems by 
application of existing materials technology or by perform­
ing the analyses and tests required for material 
qualification. The technology development portion of this 
project is focused on materials and processes that enhance 
industrial acceptance of ceramic recuperators. The cost, 
performance, and reliability of ceramic materials and 
components are critical to the overall cost-effectiveness of 
both current recuperator concepts (emerging systems) and

advanced concepts. The objective of this project is to de­
velop improved materials and processes to overcome 
factors that increase cost (e.g., ceramic powder production 
and component fabrication) or that limit performance and 
reliability (e.g., corrosion and toughness).

Babcock and Wilcox Company 
Lynchburg, VA 24506-1165 
R and D Division

3. Assessment of Strength-Limiting 
Flaws in Ceramic Heat Exchanger 
Components
Powers, T.

The project objective is to determine if flaw growth occurs 
in ceramic heat exchange components under industrial 
operating conditions and the extent it affects ceramic com­
ponent viability. The first phase investigated specific 
nondestructive evaluation (NDE) methods to determine 
their effectiveness in identifying surface loss and 
characterizing flaw populations in ceramic specimens rep­
resentative of ceramic heat exchanger geometries. A 
variety of NDE techniques were investigated and exam­
ined to identify techniques applicable to the inspection of 
SiC heat exchanger components for inherent defects. Four 
techniques found to be suitable are microfocus radiogra­
phy, scanning laser acoustic microscopy, pulse echo 
acoustic microscopy, and acoustic backscattering. The sec­
ond phase will evaluate the possibility of predicting the 
minimum lifetime of silicon carbide ceramic heat ex­
changer tubes from NDE data, using the linear and 
elastic fracture mechanics concepts. This will be accom­
plished by determining fracture characteristics of silicon 
carbide through test samples using induced flaws, then 
attempting to predict failure in samples machined from 
silicon carbide ceramic tubes in which flaws have been 
identified by NDE methods.

Solar Turbines, Inc.
San Diego, CA 92138 
Research-Advanced Technology

4. Development of High-Pressure
Heat Exchange Systems (HiPHES)
Ward, M.E.

The project objective is to develop a high-pressure heat ex­
change system (HiPHES) based on composite ceramics. 
The HiPHES should be capable of transferring heat to air 
at high temperature (above 1500°F) and high pressure 
(above 100 psia), feeding an indirectly fired gas turbine. 
The heating source in the air heater will be provided by 
the exhaust gases from a municipal or hazardous waste 
incinerator. This will allow higher temperature operation 
of the gas turbine without introducing corrosive species 
into the turbine. An industrial host site for field testing 
was selected. Work is continuing on the preliminary
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ADVANCED HEAT EXCHANGERS 
Solar Turbines, Inc.

design of both the indirectly fired gas turbine and heat ex­
change systems for the HiPHES.
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Farfes, W.P.
The project objective is to develop a high-pressure heat ex­
change system (HiPHES) based on composite ceramics. 
The heat exchanger should transfer heat to air at high 
temperature (above 1500°F) and high pressure (above 100 
psia), feeding an indirectly fired gas turbine. The heating 
source in the air heater will be the exhaust gases from a 
municipal or hazardous waste incinerator. This will allow 
higher temperature operation of the gas turbine without 
introducing corrosive species into the turbine.
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6. Development of High-Pressure 
Heat Exchange Systems (HiPHES)
Williams, J.J.

The project objective is to develop an advanced high pres­
sure heat exchange system (HiPHES) for a convective 
steam reformer integrated with a directly-fired gas tur­
bine cycle. Tlie HiPHES steam reformer is a catalyst-filled 
tubular reactor that produces hydrogen at elevated pres-
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because any leakage would prevent its operation at subat- 
mospheric pressure.

Rensselaer Polytechnic Institute 
Troy, NY 12180-3590
Mechanical Engineering, Aeronautical Engi­
neering and Mechanics

8. Enhanced Shell-and-Tube Heat Ex­
changers for the Industry
Bergles, A.E.

The project objective is to evaluate enhancement of boiling 
heat transfer on the outside of tubes. It will address (1) 
ih c fit up mi hell- id Ii njjip ban vryh mill taf W
tube to a tube bundle, (2) the fouling of the enhanced
surfaces, and (3) enhanced shell-side boiling with multi- 
component fluids. Rensselaer Polytechnic Institute (RPI) 
is progressing with single-tube testing, and the construc-
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completing single-tube testing, final selection of enhanced 
surfaces for use in bundle testing will be made. Pool boil­
ing testing of Linde High Flux single-tubes with small and 
large pore sizes were completed. Tests with medium pore 
size tubes will be made. RPI completed all the work on the 
tube bundle test chamber. The installation of the plain 
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the data acquisition system program. Power failure warn- 
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9, Test Fouling and Corrosion Probes 
in Industry
p'hil i h P.
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INDUSTRIAL HEAT PUMPS 
Minnesota Mining and Mfg. Co.

Dynatech Scientific, Inc.
Cambridge, MA §2189 
Thermal Systems

10. Development of a Hanging (Plas­
tic) Film Heat Exchanger 
Gilbert, G.B,

The project objective is to investigate the design con­
straints, performance,, and economic viability of the 
hanging (plastic) film heat exchanger concept. It will (1) 
analyze the various plastic film and plastic film lami­
nates; (2) design and construct an exchanger and support 
equipment that will allow the testing of at least two film 
elements; (3) test various films to determine their resis­
tance to leaching, degradation, and diffusion, using 
several test fluids; (4) generate a cost estimation method 
for full-size units; (5) conduct a market survey to deter­
mine the numbers and sizes of units with which this type 
of unit would be competitive; and (6) design, fabricate, 
and field test a prototype in an industrial environment. 
Expected results are: (1) a design procedure; (2) knowl­
edge of the limitations of the use of various film materials; 
(3) a cost estimation procedure; and (4) appreciation of the 
users for whom these units would be best suited.

Industrial Heat Pumps

Minnesota Mining and Mfg. Co.
St. Paul, MN 55144-1000

11. Develop a Brayton-Cycle Heat
Pump for Volatile Organic Solvent 
Recovery
Berry, T.

The project objectives are to develop a Brayton-cycle heat 
pump solvent recovery system to a production-prototype 
level, to analyze the market and business potential for 
adaptation to this solvent recovery system, to evaluate the 
system first cost and actual annual performance and oper­
ating costs, and to field-demonstrate a system to obtain 
performance/cost data and to identify problems in actual 
service. The approach consists of four phases of develop­
ment: (1) system optimization, (2) system design, (3) 
system fabrication and development tests, and (4) demon­
stration by industrial facility. The Brayton-cycle solvent 
recovery system can be used effectively and competitively 
in a variety of applications, giving it a good market pene­
tration potential. Paybacks of less than two years are 
predicted for production systems. It also provides industry 
a means of cleaning the air of pollution. In areas with 
restricted emission quantities, such as California, it pro­
vides increased production.

Argonne National Laboratory
Argonne, IL 60439
Materials & Components Technology Division

12. Superconductors for Magnetic 
Heat Pumps
Uherka, K.L.

The project objective is to assess the use of superconduc­
tors in the magnetic heat pump. Magnetic heat pumps use 
the magneto-caloric effect of ferromagnetic materials such 
as gadolinium., and offer the potential advantages of: (1) 
significantly higher efficiencies relative to gas-cycle heat 
pumps and (2) elimination of chlorofluorocarbon refriger­
ants that are detrimental to the environment. This project 
builds on previous DOE-sponsored R&D efforts on mag­
netic heat pumps for industrial refrigeration applications. 
Conceptual designs and analytical tools will be developed 
for improving magnetic heat pump systems through incor­
poration of superconducting magnet technologies. Phase 
II includes preliminary design of an integrated magnetic 
heat pump/superconducting magnetic system, analysis to 
determine magnetic field configurations for optimized per­
form ance/ efficiency.

Astronautics Corporation of American 
Madison, WI 53716

13. Development of a Magnetic Refrig­
erator for the Liquefaction of 
Hydrogen
Barkley, J.

Magnetic refrigerators utilize the magneto-caloric effect 
whereby paramagnetic materials heat up when magne­
tized by a high-field superconducting magnet and cool 
down when demagnetized. By cycling the paramagnetic 
material in and out of the magnetic field a highly efficient 
refrigeration cycle can be achieved. The development of a 
magnetic refrigerator to liquefy a precooled hydrogen will 
be a four phase effort planned to span six years. Phase I is 
for a final design of a subscale prototype, Phase II is for 
subscale prototype fabrication and development testing, 
Phase II is a full scale design of a one-ton-per-day hydro­
gen liquefier; and Phase IV is the fabrication and test 
evaluation of the liquefier.

Minnesota Mining and Mfg. Co.
St. Paul, MN 55144-1000

14. Advanced Brayton Cycle Solvent 
Recovery Heat Pump
Nelson, R.

A second generation heat pump design is being developed 
to recover and recycle volatile organic compounds (VOC’s) 
from industrial air or gas streams. This technology is an 
alternative, and more economic (in many cases) means of 
controlling VOC emissions from industrial processes. Pre­
vious research has demonstrated the Brayton cycle heat 
pump (BCHP) capable of “shock cooling” solvent-laden air 
streams thus allowing condensation and collection of 
these solvents. Preliminary economic analyses show
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IMSDUC)TRIAL HEAT 
JlEnsn^rota Msnssig ood Mto A a

jtf i i* li\^ p^'i/h.icAt- Cun em ih-'. m-Ji 111»»r 6-
uiLnt ru ‘ii*‘ nvo^1! pinnjj rv L1’ m., ot*] iln- 
ii-tliji iiun >4 -ii(j _>» ><! ! -u ^ tL- hm-I
Uic did^'ln|iruer>! uf i • jpjmh/ li--)S pump ."'s# ju,
tin) will be marketable to small industrial solvent recov- 

rmpjjT'limiliOTn Sf> .ailcolty om- ioamtr'oiini.ntf ^ i<i Hr 
Ek'HP ihni bo’m been iijeistibml mb ue unik-i m ve / m 
ill ' pielhitmu / dit inn phtr e -m i 1 I pm #i< h u«‘d , itlwm 
solvent concentrator to reduce the turbomachinery size re- 
oeireunnts ) « i ilv. nnbzritioo m lm\ r td .m p« nsi EhlU
to removie water from. the sol Vient; gas st miio -ii id thus
avoid heat exch. own frost-up tblems. Present eiTorts
ilfiCllilL (he >lrcsu,0 01 , , irtobdr. BC■HP unit to allc>w field
testing ai; num i ii oi i host isites in order t<o gather d<jsign
data of larger stationar ,> nmi i

Meeli.mieail 1 bo Ii j>rnlii>g;/ S jKon.r. pnim r vdi
I^flszaiui*. Wi 17119

15. Ad'vanced B'# £fLytotii €Lf 7sVCM? Solve;wi
ReCOV€ r > iiL?£l# Pmnil
Koe•bbemian, W.ijp^

A second generation he;at ptump de;sign is 1Doing de’re].oped
to recovei' and :recycle isola!die oi nic compounds ( V(3C’s)
from indiistrial air or j?as :streams . This technolog i n i
alternatere, amd more t r ou omic (in many <cases) means of
controlling VO(^ emissiOils from inciustrial process!38* Pre-
vious res;earch has demonfstrate;d 1he Brayton eyele heat
pump (B(]HP) icapable of “shock cotding” s<olvent-laden air
streams thus allowinjo* tndensallion and collection of
these sojIvents I ) Jirnm iry c;conomic analyses show
attractive; payttacks. Curre:nt re arch in"'solves improve-
ment to 1 1 IT/erall litsat pit nip) C1pcle effiiciency ainc1 the
reduction of the capitail cost of lai'ge seale systems; and
the developmeiit of sm.alleir heat pump sy■stems tllat; will
be marketable to small inclustri.al solvent'-recover3 ippli-
cations, i■Specifiically, some: impro\mments; to the" BCHP
that have been identifusd airid anQ U 1! 3 , 1 view in the) pre-
lifirm t design phase are (1) an atctivated1 carbon Ivent
concentraitor tc» reduce thei turlI01Tlachineiry size r•equire-
ments, (21) the utilizat:ion iof selective adsorption be.ds to
remove w ater from the sol\fent g stream and thu ivoid
heat exch.anger‘ frost-u] i i oblems, and (3) the app lie:ation
of high speed electric mot,ors t0 I•educe (ttirbomaichiinery

pir \] i■st. Present efforts> inchidei the deisign oi a mobile
BCHP unit to a[How fielId testing numerc nli ' sit•os in
order to gLather design idata for 1:arg;er stationary urlit:

Kinetic:s Technology Inter’iiaitionalj CorpcUl*c

Monrovia, CA 91016
Research and Development

16*. Development and Test of Heat
Pumps in New Applications for In-
fhevrc
Woinsky, S.G.

Tli' pv)t‘M lb) rn u, I' i i 'I' nib I Im L i hIt I j it. 1'Bi M
h ii pi nip ..5r* bj!iur TT ill biiibi o pmsm ii < ^ i i111 , liu- 
iml Vv<u I' ’till iinvl w ri'iir 1.1ii 11 « ii tiii n ft cm c si't/ss 
infi ii-fh inn u io -i !lISb,!.l n ih n« itt. m ii, i!i frp-«Lb 
inooi pi u ( im o' u i ill 111 h i if limn i < Iuhjw i , mi I'm; r

1 R'-ce in b in inilnciii^! Pioqnms

piimip , Jn hi- liisi dPift i iHini rh pive'Sr. r'lim oibt b
techniques such as boilers, cogeneration, and process
mOtlibrjimm, i\;!! ho be ^ioiskVi v 1 vd mtiip.ii-d >\» ui > 
m i nil Plot# rib Li? hr u psniip m rl m The FFId'H ojmlv.o - 
ih < hroquiL sifFr;. j nil- iis to detn mpie Sberlih ol lb' ini i 
<1\ ujiuic f>K ilimi nht 1 Pli 1CB ' pniiii I c nhm llir p'm 
i heir bcoi m.i , l> pilliiprd lip io a hi oti0! iempti jins f Pi 
exchanged down to a lower temperature. Some applica­
tion* hi'me (omiderti’1 mdudr ■-c nibeii’ nbir= be m 
hir-iiiip liquw di.-nlhife 1 mi .m n miHmj, gulp -ind pc 

i pi nHu( hpp is i l line r | ifJiikwiimi ib'-’Ur 
chemical processing, and textile manufacturing.

Shajir.inHt'™ hi'a, Ser^'Ic•£*.>„ li’Fc,
S'lOtftiii'gliawd. hi 65*26^

* 1 l' ^hpn' f t) 1 i (v and Test of Heat
3» th1 '; ( ^ N ‘W Applications for In­
dustry 
Bowers, K.W,

See citation number 16.

113un ii In i iii '2 j i i1 ii i f c.
Leesburg’, VA 22075
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INDUSTRIAL HEAT PUMPS 
Oak Ridge National Laboratory

Oklahoma Gas and Electric, Co.
Oklahoma City, OK 73101

21. Development and Test of Heat
Pumps in New Applications for In­
dustry 
Prasad, B.H.

See citation number 18,

Duke Power Company 
Charlotte, NC 23242 
Marketing and Rates Department

22, Development and Test of He fit
Pumps in New Applications for In-
austry
Smith, S.

See citation number 16.

Utah Power and Light, Co.
Salt Lake City, UT 84104

23. Development and Test of Heat
Pumps in New Applications for In­
dustry
Drennan, G.B.

See citation number 18.

Rocky Research Corp.
Boulder City, NV 89005 
Nevada Division

24. Heat of Reaction, SolidfVapor 
Chemical Heat Pump
Rockenfeller, U.

Heat-activated heat pumps are being developed that use 
complex compounds. The use of complex compounds al­
lows the application of adsorption cycles for industrial 
applications at temperatures of up to 1500 °F. Both heat 
amplifier (HA) and temperature amplifier (TA) heat pump 
cycles are possible. In FY 89 the objectives include (1) 
screening of a various ammoniated complex compound 
medium and (2) development and test of a small bench- 
scale solid/vapor heat pump. High refrigerant energy 
density of these complex compounds applied to a reactive 
heat exchanger design offers the potential for the solid/ 
vapor heat pump to reduce capital cost and improve per­
formance over the state-of-the-art industrial heat pump. 
Potential host sites are presently under review.

Energy Concepts 
Annapolis, MN 21401

25. LiquidfVapor Chemical Heat
Pump, Ternary Nitrate (Alkitrate) 
Fluid
Erickson, D.

A liquid/vapor absorption heat pump is being developed in 
conjunction with the research on chemical heat pumps in 
progress at Oak Ridge National Laboratory. An aqueous 
absorbent is undergoing development which allows an ab­
sorption heat pump to operate at up to 280°C (500°F). The 
absorbent fluid, Alkitrate, is composed of water and (Li, 
K, NaINGg salts. Testing of the fluid is in a proof-of- 
concept unit (PCU) in both the heat amplifier and 
temperature amplifier modes. State-of-the-art Lithium- 
bromide (LiBr)/water absorption heat pumps, are limited 
to 170°C because of corrosion considerations. Test data on 
the Alkitrate fluid, however, show no significant metallur­
gical corrosive action on nonaustenitic stainless steels at 
temperatures of up to 250°C. An increase of approxi­
mately 80° 0 to the useful operating temperature and 
40°C in the heat pump lift temperature is therefore pro­
jected with the new Alkitrate fluid when compared to a 
LiBr/water absorption heat pump. These improvements 
will provide not only the enhanced coefficient of perfor­
mance (COP) of absorption heat pumps but will also 
increase the number of industrial processes where chemi­
cal heat pumps may be economically and technically 
applied. Host sites to field test this heat pump have been 
identified and industry response is enthusiastic.

Oak Ridge National Laboratory 
Oak Ridge, TN 37831 
Energy Division

26. Chemical Heat Pumps
Ally, M.R.

The project objective is to provide the DOE Office of 
Industrial Programs (OIP) with planning, analysis, exper­
imental, and evaluation support in developing chemical 
heat pump technology. This technology will reduce indus­
trial fuel consumption by recovering and reducing waste 
process heat. The amount of industrial waste heat 
potentially recoverable is estimated to exceed 3 quads. Re­
search is in areas of technology development not likely to 
be pursued by industry because of high risk or uncertain­
ties in either the economic payback or the proof of concept. 
The goal is to identify and evaluate chemical heat pump 
concepts, to develop working fluid experimental data, to 
carry applied research through the proof of concept, and to 
estimate the economic payback potential for appropriate 
industrial applications. This project makes use of the ex­
pertise existing in the field of project management, 
thermodynamics, materials, chemical systems, and heat 
transfer at Oak Ridge National Laboratory (ORNL).

Research in Industrial Programs 5
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Taratec Corporation

Improved Combustion Efficiency

Taratec Corporation
Columfov s OH -Hi 15

J Sfiu^y of Tc j /?'- ^
Research Opportunities for 
Improved Energy Efficiencies in In­
dustrial Applications

The project objective is to identify critical combustion 
h t Cr lui, aid Jm' ( l.ivmem a P unuua fb <
can provide energy savings and other process improve-
uKHti- oi m i|oi nuJa^iiiiI i t n Tcin<ilni_i hi Jhh
l f ma un ii- i rum *1 iuo[ ,ad in i* ui Piun u mi 
chiometry, heat transfer to the load, heat loss from, the 
process, combustion control, and diagnostic equipment. 
Extensive contacts are undertaken with industry to ob­
tain appropriate marketplace perspective on coiiibustio.ii 
technology requirements. These contacts include site 
visits and interviews and industry workshops. These ac­
tivities yield a set of combustion projects recommended to 
be executed by the U.S. DOE.

Stone and Webster Engineering Corp 
Boston, MA 02210

8. Assessment of an Industrial W
Oxidation Sys>tern for But'mijjgp

Waste and Lotv Grade „Wmels
Bettinger, J.A.

The project objective is to develop a weit 05ddat:ion system
to g'enerate supercritical steam for iridusitrial processes
from. industrial waste mattirials and/or low gracle fuels ex-
eluding coal and municipal1 waste. The pro||ram: is divided
into four phases: Phase I will invol\re a review of the
state eil rb m ■ 1 h ^ ii v'' it b son , idcmtification
and hL' n tmi >f poi m i 1 fn b in nhM ition and selec-
tion of generic industrial application levelopment of
coneeptual designs for eacli application ; and evaluation of
each design/application aombination. In Pha;se II, one
generic industrial design/;application 1vill be :selected to
prove the concept that wet oxidation is suitable for raising
supe^critical steam for ai; least one :indiistrhal process.
Phasse III will involve the> design and tessting of a pilot
scale* wet oxidation system for a specifyc applicaition of the
generic design from Phase II. The design will bes specific to
a hoist site committed to testing under l?ha:

University of Wisconsin 
MfsTiscni, WI 55706
Bepaitmenf of Mechanical Engiiievriii®'

;i0. Polymeric Memht anc
for Oxygen Emiehmeof ef Air
iiuy/rm/ K AI

Tfw prejet 1: obpoiive v; In i vaJitat the [rt i f'vm.mce ■ if i we
uwmhrnnL y stem^ fir iht prndm-lie?> of o ntvtetnri- tied 
u i lb'r t lb ii o mid he lieed in combniDion mpplin-ii im v 

One memhione sy U m v, ill be cpmafi e m ibe pr sminw d 
riHiif end fh' oihir m a vacuuin mi ale. The pmieO jII 
experimentally determine the operating performance of 
the systems over a range of operating conditions and eval­
uate the operating costs of membrane oxygen enrichment 
units for industrial burners sized for 300,000 to 3,000,000 
Btu/hr.

Union Carbide Corp.
Tarry to we, NY 10591
Li ijB.U Ifb«T< i m Mi n k-o Dei eiiipiiiwB

30. Industrial Oxygen Enriched Air 
Production System
Campbell, M.J.

The project objective is to design, to fabricate, and to pro­
vide for evaluation an advanced system, for producing an 
oxygen-enriched air stream of a nominal 100% oxygen in a 
tic i, a il,i pm o . o qm Oc hi m -Hi jiwmi id 1 

id b i !* i ii i imp! v 1 on 1111 pi i it * l hi Sit d i pul 
will soon be published. This report will include details of 
pressure swing adsorption. (PSA) technology, acceptance 
testing, system economics, and. performance testing at the 
test facility located in Irvine, California and operated by 
Energy and Environmental Research Corporation (EERO.

31. Oxygen-Enriched Pomoustion Sys­
tem Performance Study
Schroeder, R.W.; Kobayashi, H.

Phase 11 work includes (1) evaluation of the energy sav­
ings and the performaii.ee of a full-scale 90 to 100% oxygen 
combustion system in an on-line industrial glass furnace 
and (2) evaluation of the performance and cost effective­
ness of the oxygen generation system for combustion 
applications. The oxygen generation system to be used 
utilizes a pressure swing adsorption (PSA) process. This 
project, was preceded by recently completed Phase I that 
involved market and technical feasibility assessments us­
ing oxygen-enriched combustion.

Vortec Corporation 
Collegeville, PA 19426

32. Coal-Fired Glass-Melting Process 
Heater Development
Hnat, J.G.

The objective of this research is to use coal instead of nat­
ural gas or oil in a cyclone gasifier/combustor, and to use
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Acurex Corp.

the heat in an advanced glass-melting furnace. This is 
generating the technical, economic, and environmental 
data needed for private-sector decisions on the feasibility 
of choosing coal as a fuel. The work will be performed in 
three phases: (1) technical and economic analysis and pi­
lot facility design; (2) procurement and construction of the 
pilot facility, and testing of system components; and (3) 
addition of equipment to obtain an integrated system, and 
testing of the system. The potential benefits of this tech­
nology' over present methods are reduced size and capital 
costs, multifuel capability, integral emission control, rapid 
start-up and shutdown, rapid product changeover, high 
thermal efficiency, and fast payback time.

Combustion Engineering, Inc.
Windsor, CT 06095
Kreisinger Development Laboratory

33. Development of a High-Efficiency 
Advanced Coal Combustor and 
Process Heat Retrofit 
Rini, M.J.

The project objective is to develop a high-efficiency ad­
vanced coal combustor (HEACC) for retrofit to existing 
boilers currently firing oil or natural gas. It will develop a 
retrofitable suspension firing system adaptable to using 
ultrafine coal-water fuel (with and/or without alkali sor­
bent) or dry ultrafine coal. The maximum potential of the 
ultrafine CWF will be realized by using secondary atom­
ization. The project is divided into five technical tasks: (1) 
cold flow burner development; (2) pilot scale (5 x 106 Btu/ 
hr) testing at the Massachusetts Institute of Technology 
(MIT); (3) demonstration scale (50 x IQ6 Btu/hr) testing at 
combustion engineering; (4) data analysis and final re­
port; and (5) project management.

Manufacturing and Technology Conversion 
International (MTCI)
Columbia, MD 21045

34. Development of a Retrofit (Pulse) 
Coal Combustor for Industrial Ap­
plications
Durai-Swamy, K.

The project objective is to develop a pulse combustion sys­
tem for firing both micronized and pulverized dry coals 
applicable for retrofit to existing boilers currently firing 
oil or natural gas. The technology also provides an oppor­
tunity for combustion staging, NOx reduction, and sulfur 
capture by using dry sorbents and efficient ash and spent 
sorbent rejection. Phase I is comprised of laboratory-scale 
(2 MMBtu/hr) combustor design optimization, prior to 
scaleup, and the preparation of a pilot-scale (15 MMBtu/ 
hr) design. Phase II covers development of the pilot-scale 
pulse coal combustor, preparation of a complete retrofit 
subsystem, and commercial assessment. Phase III in­
cludes field testing.

Surface Combustion, Inc.
Maumee, OH 43537-0428

35. Development and Evaluation of a 
Workpiece Temperature Analyzer 
for Industrial Furnaces
Schultz, T.J.

The objective of this research is to increase the energy ef­
ficiency of industrial heating processes through the 
development of advanced measurement systems that mea­
sure the temperature of the workpiece itself, not the 
temperature of the gas cavity in which it is located. Work- 
piece is herein defined as a solid object, either metallic or 
ceramic. Examples of applications may include reheating, 
annealing, sintering, soaking, heat treating, thermal set­
ting, and curing or refractories. This analyzer must be a 
remote (non-contact) system, capable for use in moderate 
(>1000°F) to high temperature processes in both new and 
retrofit applications. The temperature profile and surface 
temperature of the workpiece will be determined either by 
direct measurement or inferred by calculation from direct 
measurements. An ultrasonic method of measuring the in­
ternal temperature of the workpieces will be developed. 
The system uses a laser to induce an acoustic wave 
through the workpiece. The speed of the acoustic wave 
through the workpiece depends primarily upon the 
temperature and is calculated by determining both the dis­
tance and time of flight of the acoustic wave. The arrival 
of the acoustic wave at the opposite side of the workpiece 
is detected by using a laser interferometer. A conceptual 
design will be developed and an analytical model will be 
generated which will include all laser, parameters, detec­
tion system parameters, workpiece properties, and 
furnace characteristics. Vendors will be contacted to deter­
mine availability of individual system components.

Acurex Corp.
Mountain View, CA 94042

36. Development and Evaluation of a 
Workpiece Temperature Analyzer 
for Industrial Furnaces
Dehne, H.

The objective of this research is to increase the energy ef­
ficiency of industrial heating processes through the 
development of advanced measurement systems that mea­
sure the temperature of the workpiece itself, not the 
temperature of the gas cavity in which it is located. Work- 
piece is herein defined as a solid object, either metallic or 
ceramic. Examples of applications may include reheating, 
annealing, sintering, soaking, heat treating, thermal set­
ting, and curing or refractories. This analyzer must be a 
remote (noncontact) system, capable for use in moderate 
(>1000°F) to high temperature processes in both new and 
retrofit applications. The temperature profile and surface 
temperature of the workpiece will be determined either by 
direct measurement or inferred by calculation from direct 
measurements. This project involves the assessment of 
two optical technologies to measure workpiece surface 
temperature. Industrial testing will be completed on an 
optical measurement device developed by Pyrometer In­
strument Co., Inc. and called the “Pyrolaser.” This system

Research in Industrial Programs 7
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Acurex Corp,
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to avoid the weaknesses of this technology: (1) effects of 
background radiation, (2) absorption of the signal by the
combustion gases, and (3) indirect measurement of emis- 
sivity. The second technology to be evaluated is Raman 
Spectroscopy in which a laser is used to excite the atoms 
on. the surface of the workpiece and the temperature is 
determined from the resulting Stokes and anti-Stokes ra- 
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fj. f, A

The pro;pose■d £serap preheating tem utili:zes a unique
combustion. i temi. called\ a rich. fum.e reactor q Fri n'i l
provides- tot<al indeipendeint coni;rol c>f the ]hea\tiniy process
The seraip is he;B.t0li in a cbarge budiet. Off gc1S0S from the
h i 1 i ire (dueted to tille KFK winere oil j moisture
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Babcock and Wilcox Company

and a random alteration in. phase caused by the vibra­
tional energy (a function of temperature) of the scattering 
molecules. This technique has the potential to eliminate 
all the barriers to the Pyrolaser technology. The Raman 
Spectroscopy system will be evaluated by developing a 
preliminary concept description and assessment of system 
economics. At the close of Phase I, a decision to proceed 
with an improved Pyrolaser or the Raman spectroscopy 
technology can. be made.
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Alzeta Corporation 
Santa Clara, CA 95054-1008

4b Research Program for Advanced 
Combustion Systems; Advanced Ra­
dians Combustion System 
Sullivan, J.

The objective of this research by Alzeta Corporation is to 
develop, test, and demonstrate an advanced gas-fired 
radiant combustion system for use in industrial manufac­
turing processes that require very high, controlled heat 
fluxes at elevated process temperatures ({greater 
tha}130GoF). The project will undertake the primary

objective of extending radiant burner use to higher tem­
perature processes. The system will use high-temperature, 
fast-response, porous-surface radiant burners combined 
with advanced combustion controls to allow profiling of ra­
diant output to process load requirements. The proposed 
initial installation is in a hydrogen-steam-reforming pro­
cess, whereby hydrogen is manufactured from methane. 
The combination of high heat flux at a lower uniform tem­
perature means that loads can be heated efficiently in 
small volumes without being subjected to localized over­
heating that might produce tube burnout, fluid coking, or 
material nonuniformities. An added advantage is that the 
low peak temperatures minimize or eliminate thermal 
NOx formation ({less tha}30-40 ppm), resulting in a more 
environmentally acceptable combustion process.

Babcock and Wilcox Company 
Alliance, OH 44601-2196

42, Development and Evaluation of a 
Workpiece Temperature Analyzer 
for Industrial Furnaces
Berthold, J.W,

The objective of this research is to increase the energy ef­
ficiency of industrial heating processes through the 
development of advanced measurement systems that mea­
sure the temperature of the workpiece itself, not the 
temperature of the gas cavity in which it is located. Work- 
piece is herein defined as a solid object, either metallic or 
ceramic. Examples of applications may include reheating, 
annealing, sintering, soaking, heat treating, thermal set­
ting, and curing or refractories. This analyzer must be a 
remote (non-contact) system, capable for use in moderate 
(>1000°F) to high temperature processes in both new and 
retrofit applications. The temperature profile and surface 
temperature of the workpiece will be determined either by 
direct measurement or inferred by calculation from, direct 
measurements. An ultrasonic method of measuring the in­
ternal temperature of the workpiece will be investigated. 
The system uses a laser to induce an acoustic wave 
through, the workpiece. The speed of the acoustic wave 
through the workpiece depends primarily upon the tem­
perature and is calculated by determining both the 
distance and time of flight of the acoustic wave. The ar­
rival of the acoustic wave at the opposite side of the 
workpiece is detected by using a laser interferometer. A 
potential triangulation technique to measure the 
dimensions of the workpiece (distance of flight) will be in­
vestigated. Preliminary concepts and specification will be 
developed. Laboratory work will be conducted in Phase I 
to examine major uncertainties identified during concept- 
development.

Research in Industrial Programs 9



Topping Cycles

K?.i ^>i*' w,| "> i.Vik’:1.E.i . 
A? ^^it'jif"- IL ''‘HAiLl1 
'I Lorni'i-A TE*dhH'mA>2r:' ALv-’i -’i,

In’ ’.p (i i( i i ‘,i Iji'J f,i> i(i ,u<l illlif i . i .1 T io ,1 i 
i I1’ !i > n, 111 «ii r 1if in^ j H ,m• • ‘tl .'o j? 1|,

. f. mi mi i inx ' flf Ik' h- ' i.ii1 1 ihH?, id iit>
(i m i! A r* A'1" , P ,h 1 m, P n 1 >H A ' Jn " ,>i Hil ir 
h' Pii i l ■ I ‘AHi f ii i'i 11 rSt ■ 11 iin t, i r?l i n ,n
,i 51 ^ 11 . i m t m‘ 11 i m n! 11 h! H m i I nt

-a ?' Ai'sn<^pi\ji;'h: PAji >i} n - >< Ah * ii-r,. - 
o'.fAiTtj? Ah lL.i’A‘rt 1 -A1.1 \r i

Akhi/ \Fl'1, flLt: A
i tit uni" I An n in J S P Hir ‘ iHp ■ ’ ! I m i miiln i ni. .......... >

• i | '"* E lA \| ,. i ’ ' 'l'"i >" tl <’ 1 1 I H . I i 1 1 I 1
x 8 ft atmospheric fluidized-bed combustor (AFBC) unit a'

>, i ». I) i I H H I IlMl 11. I I I • ! ' <* r I ’ I ’ 1 I t I I I 1 I i ,
‘"h .i i vm i i > i, I in h i . i h 11 ‘ ni I 11 ■ , i'm i .............................. 1 i i

Mi II 111 I 111 * pin' I I 1 lil'M 1 ’1 I ( I < III1 I > ..

I'! * i i- i Tip. i i i i ] 11 All" ! imhi ill i i i ii ii iii

'ii 11, ib" | !H 'Pi S ' o'(r .( < hi I > jir • I ii ! I.
i 1 , i . il h !m i1 i im ii. i i ilii. ’ i ' tl.............................

i i ,, 11 r i i 'i i i • i 111 i i i i 11 '
m it ii1 . ii1 n n ii ■ i n| i >. i i iin ml ihii 1 i i '

1111 mi m 1 ■ i nl i i ] i ii ' J f 11 nil & m 1 i , , i i

hmi ’|. i>m . m (ii 8 i 1 « IM i > 1 '

' i |ni 11 .1 ! r. 1 n m | ii . r I. Ii in i i i. i i, i n i

1 I iMlI I i i ‘ ............. .. ‘ 11! ii I 1 H i . M I

Il M1 '! M I 1M II I fl I H’l ' f Ol II I ‘ I 11 11 I I I II I H t II 
l| " I « t )l M i i t ' U , |l I | , |, , I i | i|

. i 11 i i ' m'. ! O'. I" ij' 1 mu' li t 11 ii up m H i i
,111' < |l ’ ,, I 1, I ‘M t i »! It 1

1 >iii i, i. dip i f'fiii i M n i 11 i i i . i .

mi i io ., nil' mi p| i t ,i p i * i i 11
rul<

ih ’ i, mm PA >m ’In
Madison, WI 5370©

i ' m P 'P nip i 1 1 -i it 1 mi A . p'k ’r Tm P

mbustor tc
IjrClS

i ■ , ,.1,
gas turbine
.ml, i

Pro led; obit

i>nstr&te I
nf I',, , ,

joti erupt
•ml . •

omb

imp; a coni.]
«l i i, . t 11" i m •

b Ii

.' i >iinl m 11 , " b i

,i i Ini. HI * J
md to;mDerature.

del

' 'I u ’'1 I _ • fliuO

in Diego, CA 92138
HM’i 'inn nrr mm'd 'fi-'1 b.m ,[

44. tl l§tlmJr€T'fOf'mCin€€ ol'PCIlfl Jr TOOf- Of” 
Concept Phase Cogeneration

a i r. T i"
r> I j n -|. >1 1 'I I |m 11 I m 1 ][ >. m i in! . I m , m I 1 i

• I im <1 • « -.1 mm 1MI 1 S lx o M I P . (m I

Tb 'i ,, m ii i i li tin) i; i H - 'I i ii i m 11 i i m, k i o I < ti
ilk bkl m I tl . Im af < 1 . P )_ IT 1 1 ’ I it f " 1

in i» m> v i , P n , ,< n i mil inn i < m if |i 1 hi Pi

m b im I Im 1’b .pi t. Ii ‘ m / i. s M t > >
11 U I n ii m pi. I mb i i Ulp i ‘ . moi • li ’ i>
' iim hi>t)iiiiie I ’‘ iui i i mo, p .I tiii- P . .1
, i 11 r 1 m i 1 m t< i * ‘ * AI ! t n jp Tim i i 11 i 8 * i mm
p , M rt | 11 , Il 1 IJ • f Ml t k i ' ’ l u 1 pil , I . I 1 •'1 '.

m hi ' m, i > > e .ii m it b* o 1 i . f mi m P m
mui .pi h .bt 11 . on i pi i 1 Tk ' ,. . o I , .. i fm j . m« I

> n n n . * u' > mP- ..‘o i pi p111 it 11 ip 11 '
if ■ pi 11 iP . P I 1 b i . 11 i r i ii' it i i >'t n p t m h t if

L I. I M- r 1, m.i .] i’ - ! I M L
trgomie, IL ©0489

mes

f P M' I i . i I mu ti •, m m . ) O 1 k k 1 * Ml P 

i m I iih p 111 b i 11 m p i i ii u- n ni i i ib,) im i i • in
‘ . M O “| k 1 ' 1 ‘Pi * O P t M ( n i1 I 1 I >i'M

i ui M ,i im 11 >i t' i' Iu ih> 11 i b pi f n i i i
. . 11 I , I i 1 . ' i 1P , n 1 i k 1 ' ’ - I' ‘lit >11 I

1 I J I I ,ll I S’d ‘ 1 M I I | . I I . f I I Ml b I 1
MM , 1 Ilk I tl' 11 IM“ 1 ' k Jt, ' J A 1 >>'

I t Ml k • b ill Ijl II' I 11 M I > 1 i djim 1

, M T i di M * Mil M J. I m mb
ki f1 ji i l h p .e PM p I’M, <’ L. b m . nd

A

Research in Industrial Programs



DIRECT CONVERSION 
Battelle Memorial Institute

Direct Conversion

Ford Motor Company 
Dearborn, MI 48121
Advanced Components and Energy Division

47 Ow kWe Sodium Heat Engine 
(SHE) System- 
Hunt, T.K

The project objective is design, construction, and testing of
sodium heat engine (SHE) systems of electrical output ca­
pacity up to 1 kW and thermal to electric conversion 
efficiencies up to 25%. Additional goals include (1) improv­
ing SHE operational performance, as a result of research 
into novel electrode materials and methods for their appli­
cation; and (2) completing' application and cost study to 
assess probable applications. The approach is through the 
iterative design, testing, and redesign of SHE systems, 
scaled-up from those investigated under previous efforts. 
Output power levels of 110 watts have been achieved, and 
(in separate tests) efficiencies up to 19% have been demon­
strated. The work is expected to lead to the demonstration 
of a SHE system performing at 1 kWe for a period of 50 h 
while operating at a high temperature at or below 900°C 
and an exhaust temperature of about 200°C. SHE devices

with these performance characteristics can find wide use 
in industrial and residential cogeneration and for remote 
power generation in terrestrial and space applications.

Battelle Memorial Institute 
Columbus, OH 43201

4$, Initiative on Ceramic Stationary 
Gas Turbines
Anson, D.

The objective of this work is to improve the performance 
of Stationary Gas Turbines that are used in Cogeneration 
and Self Generation service. The development will be 
based on utilization of the newly acquired ceramic tech­
nology that has resulted from the High Pressure Heat 
Exchanger, the Automotive Gas Turbine and the aero­
engine programs. An assessment and program plan will 
be prepared and then, a development program will be 
conducted with one or more domestic gas turbine manu­
facturers. The components to be improved will be divided 
into two groups, static and dynamic with the initial em­
phasis placed on the static parts. There is an existing 
market for retrofit equipment of approximately 6000 MWe 
with an annual increment of 800 to 1000 MWe. Fuel effi­
ciencies will increase by 12 to 15%.
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WASTE PRODUCTS UTILIZATION

Solid Wastes

Air Products and Chemicals, Inc.
Allentown, PA 18195

49, Utilization of Waste Tires Using 
Novel Surface ModificationTech­
nology
Bauman, B.D.
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Oak Ridge National Laboratory 
Oak Ridge, TN 37831 
Energy Division

50, Plastics Recycling in the Indus- 
trial Sector 
Curlee, T.R.

The project objective is to develop lechnologj io ec.iinmcjii- 
enJlv convert industrial solid mister, into high to value 
chemical feedstocks or fuels or recover oiul reeveT 
enntamed matenats. We will 11) sucvto, and assess, opimr- 
lunihcf. for use of induslnel solid masks. Wi ewalsiai.: 
lechnolugics for ihe eoni'crsion/re<ycliiig of solid waster; 
fib develop applicable teclinologies; and la) dtssemincue 
RAID results to industry

Solar Energy Research Institute 
Golden, CO' 80401

Si' Insuhiiiem, and Other
Hikes' Value Chemicals fi'&ms Weed
Wastes
Chum. H.L.
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Manville Sales Corporation 
Denver, CO 80217-5108 
Research and Development

52. R&D of Energy Conservation-
Through Recycling of Factory As­
phalt Roofing Waste 
Shepherd, P.B.

The project objective is to obtain process data and to mea­
sure shingle quality attributes that mull provide a sound 
technical basis for the commercialization of the direct re­
cycling concept. The recycling will be conducted on a 
factory scale during commercial production of asphalt 
shingles and will provide a quantity of product for proper­
ties and use testing. Research will include proof testing of 
the waste processing equipment, optimization of roofing 
production with scrap, effect on the machinery and plant 
protocol, evaluation of the product quality, updating of 
costs of recycling implementation and operation, and 
analysis of the financial, energy, and environmental bene­
fit to a roofing manufacturer.
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LIQUID WASTES 
Sawyer Applied Research Co.

Argonne National Laboratory 
Argonne, IL 60439
Energy and Environmental Systems Division

53. Research for Increased Utilization 
of Scrap Metal
Wolsky, AM.; Fraioli, A. V.

This project will perform research to increase utilization 
of three kinds of scrap metal: aluminum, zinc, and steel. 
Methods for removing impurities and contaminants that 
limit the recycling of these materials will be investigated. 
The scrap aluminum reuse activities involve cooperative 
efforts with concerned industrial agencies, such as the 
American Foundrymen’s Society (AFS), to determine the 
separate and combined effects of unacceptable levels of 
residual elements. Future studies will focus on the re­
moval or neutralization of these residual elements. The 
scrap steel reuse activities involve removing zinc from 
steel scrap by electrochemical separation. Argonne Na­
tional Laboratory Energy and Environmental Systems 
Division will perform laboratory tests to determine opti­
mal caustic electrolyte composition and cell resistance and 
to determine the impact of other impurities on the elec­
trowinning of the zinc. A pilot-scale test will involve an 
industrial firm with an existing technology base in remov­
ing zinc-like impurities from scrap metals. System 
analysis will identify other impediments and alternative 
strategies to increase scrap metal utilization. Combina­
tions of “identify and separate”' and “neutralize or remove” 
strategies may provide energy and economic benefits 
when applied at various steps in the recycling chain.

Liquid Wastes

Argonne National Laboratory
Argonne, IL 60439
Waste Management Operations

54. Energy and Material Recovery 
from Industrial Wastewaters
Coleman, R.D.

The objective of this project is to provide cost-effective pro­
cess options to industry to recover material and fuel 
constituents from industrial wastewaters having aqueous 
inorganic-organic and hydrocarbon content. Specific tasks 
include the following: (1) R&D of novel lactide copolymer 
with biodegradable-photodegradable links and initial 
product planning such as lactic acid purity specifications 
for various end uses; (2) strain improvement of two 
bacterial strains for D/L isomers lactic acid (yields and tol­
erances); (3) development of a continuous process: potato 

dextrose —» lactic acid polymer sequence, including 
the patenting of existing saccharification breakthroughs; 
and (4) exploration of a separation process for lactic acid 
from the fermentation broth using electrodialysis, liquid- 
liquid extraction, and esterification to methyl lactate. 
Potential savings of 30 to 40 trillion Btu per year are pos­
sible on potato waste alone at 90% penetration. Total 
possible impact is in 400 to 500 trillion Btu per year range 
using other carbohydrate sources such as cheese whey,

corn starch, grain sorghum, fruit, and wheat starch. This 
process will make a biodegradable plastic that can be 
made into thin film saran-wrap-type products as well as 
other types of throwaway plastic products. The biodegrad­
ability can be tailored to a shelf life of weeks to as long as 
two to three years. The plastic is nontoxic and is currently 
applicable for surgery use in degradable supports and su­
tures, but probably has much larger applications such as 
controlled release fertilizers and pesticides.

Purdue University 
West Lafayette, IN 47907 
Purdue Research Foundation

55. Higher Value Chemicals from 
Cheese Whey
Okos, M.R.

The objective of this project is to provide cost-effective pro­
cess options to industry to recover material and fuel 
constituents from industrial wastewaters having aqueous 
inorganic-organic and hydrocarbon content. Specific tasks 
include: (1) continuing operation and testing to evaluate 
the 30-inch immobilized cell reactor system at Ft. Wayne, 
Indiana located at Allen Dairy; (2) conducting laboratory 
studies to determine the feasibility of several alternate 
fermentation operations such as production of flavorings 
and of acetone-butanol-ethanol; and (3) testing the 
ethanol purification system to aid in the advanced design 
fermentation-separation systems.

Sawyer Applied Research Co.
Pacific Palisades, CA 90272

56. Acoustic Sludge Dewatering
Sawyer, H.T.

The purpose of this project is to test the dewatering per­
formance of an acoustic vibration dewatering device. The 
primary claim of the uniqueness of the device is that the 
coupling of the acoustic frequency to the vibrating screen 
is more efficient because of management of the harmonic 
characteristics and critical dimensions of the screen. 
Testing of the device will be performed on several food in­
dustry and paper industry sludges. An expert in the 
technology of creating cavitation as a useful physical phe­
nomenon in dewatering stated that both unbound and 
much of the bound water can be removed in this manner.
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GASEOUS WASTES AND WASTE REDUCTION 
Dow Corning Corporation

Gaseous Wastes and Waste
Reduction

Dow Corning Corporation 
Midland, Ml 48687-0994
Silicon Research

c: r Pf$ot-Scale Demonstration of Sili­
con Furnace Waste Gas Utilization 
Technology 
May, J.B.

The project objectives are (1) to demonstrate on a pilot 
scale improved operating efficiencies for the sealed fur­
nace and (2) to recover 80 million Btu’s per hour of waste 
energy in the off-gas stream. The off-gas will also be eval­
uated for use as a fuel or chemical feedstock. A 200-KVA 
pilot furnace was designed, constructed, and installed, 
and will operate to demonstrate the sealed furnace tech­
nology. A 75-kW carbon bed reactor has been designed 
and installed to perform the waste gas recovery analysis,

3M Company Research Labs 
St. Paul, MN 55141 
Science Research Lab

58, Waste Gas Minimizatim Paw A 
Cure Solventless Coating Process 
Chambers, W.L.

The project objective is to conduct research and develop­
ment on a dual cure (DC) photocatalyst system for the 
production of 100% reactive, solventless coatings from 
urethane and vinyl, and epoxide and vinyl monomer com­
positions. Testing emphasis has progressed from the 
baseline DC catalyst system to the three reference DC cat­
alyst systems each of which uses the same cationic 
organometallic material (1) alone, (2) with the same oxi­
dant used in the baseline system, or (3) with a free radical 
photoinitiator. Chemical property analysis is continuing. 
Molecular weight distribution tests were completed on 
two of three types of gel permeation chromatography. 
Small angle X-ray and differential scanning calorimetry 
tests were completed. The transmission electron mi­
croscopy tests and the characterization of physical 
properties are continuing. The complete set of Instron ten­
sile tests are complete. The dynamic mechanical analysis

iPM/’J tosto nn.ar-o)e (lie mechanical response of a mase- 
rial .<& it is ffilhrmerl wndei periodic r tress as a hind ton <4 
imie, temperature, and frequency, ami are lire mud vslm 
,<f»!e me shod tor datei mining the effect of the cotelysto on 
rite |ji-o|ict'Uer of the cured polymers. The thermagrnvi 
mott k .me lysis to sit t sample weight at a function oi 
moroasing f cm pc rat lire I are rump fete Pre-bmmoty anaiv- 
mo: wes e completed showing posiiw. results.

Argonne National Laboratory
Argonne, IL 60439

59, Recovery of Hydrogen and Sulfur 
from Hydrogen Sulfide Wastes
% i -yoii. •< f T f , toor to t \,J

The project objective is to investigate and develop a new 
mrt s s i a, re i re m aluabh h to <w,, i ird < ullui u ore 
gas streams contaminated with hydrogen sulfide. This 
» «i i f i it i cl'i> m site i \ i i t lip r inn t unvoc" c 
_,i n i ii 0 [»1 "mi in iw: un its* th to th< enn -iuf'iUi 
i ik i uf ml i !f* r t m und ' um1 u, nre Phi pi v • 
represents a significant improvement over the current hy­
drogen sulfide waste treatment technology that loses the 
nit* * i> ,ilot i* T ,<to» Tlu t c tirhso m b nr‘ito t f> i ” ^' 
ing hydrogen and sulfur in a relatively simple, integrated 
process amounts to a near-term energy savings of over 12 
trillion Btu/year. Longer-term savings could amount from 
30 to 70 trillion Btu/year. An added benefit of this process 

in i l» i n |M h1m[ tor tori u cm ,oli n mm-ujire 
from the current hydrogen sulfide waste treatment tech­
nology. The project consists of (1) a laboratory effort to 
verify the technical feasibility of the concept, (2) a systems 
engineering effort to evaluate the economic potential of 
the concept, and (3) a technology transfer effort to facili­
tate industrial acceptance of the process. The laboratory 
effort will involve experimentally determining the specific 
energy required to dissociate hydrogen sulfide, as wet! as 
the degree of conversion. The engineering evaluation will 
prepare a detailed, commercial-scale process design and 
use this design as the basis for an economic evaluation 
and market study. This study will determine the process 
sensitivity to the specific energy of dissociation and con­
version, and will evaluate alternative applications of the 
technology. The technology transfer effort established an 
industry working group to provide technical guidance and 
to maintain an industrial focus for the laboratory research 
and the systems engineering.
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LOW-TEMPERATURE PROCESSES

Advanced Sensors and Controls

Aguita Corporation 
Houston, TX 77043

60. R&D on a Fertilizer Sensor and 
■Control System 
Colburn, J.W.

The puipi'tot of this project ih io delermiiio mni
and kinetic chemical leoetmn rolai ionships of ^oil idiro- 
gen compounds and io demise irtohile samp]mg probe fnicl 
sensing ieehniqiies applicable a113 roRl-iime control mpm to 
far in-tractor fertilizer spreaders Computer models and 
breadboard laboratory experiments will lx used to design 
and develop a mobile piobe that will mcorporait,1 coniinei’- 
cial sensors. The sensor mrav will he \a1idaied foi its 
abilifce to measure spatial vai muons of w Ctv mtiate lev­
els io the pi esence of fypicol agronomicslly significant ion 
interferences Results me »mperled 1° con turn the hypotli- 
esis that applying nitrogen fertilizei according to local 
needs will reduce the waste thal results from applying an 
average value to a field.

National Institute of Standards and Technol­
ogy
Gaithersburg, MB 20899 
Center for Chemical Engineering

61. Development of Advanced Sensors
for the Paper Industry
Whitstone, J.R.; Semerjian, H.G.

The project objective is to investigate a combustion control 
sensor designed to measure temperature in the air/fuel 
reaction zone of a recovery boiler. Temperature is deter­
mined nonintrnaively in real-time via ultraviolet emission 
spectroscopy performed thiougb multiple fiber-optic 
probes. The intensities of tv o spectroscopic lines present 
in the leactioo zone are ineasuivd. The ratio of these con­
currently observed intensities uniquely identifies the 
combustion mne tempetaiure and stoichiometry. Mea­
surement of I he cnrimstcmy of pulp slurries is also of 
concern to pulp and paper mills since its control directly 
affects the uniformity of the product produced. Although 
consistency is defined as the ratio of the mass of fibrous 
material in a .slurry to Ihe tola! mass of the slurry, consis­
tency transmit teas almosi universally sense some 
property of the shiny oihei Us an the fiber/total mass ra­
tio. Many consist envy sensors use either shear stress or 
optical transmission rocasu rumen Is These sensors have 
been found to be inaccurate in high-consistency flows. An­
other objective is to develop a more accurate sensor for the 
high-consistency How range, in the new operation, consis­
tency is determined nonintrusively in real-time via an 
electromagnetic technique. Radio frequency energy is in­
put to a pipe carrying the solids-liquid mixture or any

mixture having two different dielectric constants. The pip­
ing acts as a waveguide; the input radio waves are 
propagated in a manner that is uniquely determined by 
medium’s solids content (dielectric constant), tempera­
ture, and electrical conductivity. Wavelength, frequency, 
attenuation, and temperature are measured and consis­
tency computed. A prototype unit has been designed and 
constructed and was evaluated in a pilot plant facility. 
The unit failed because of air entrainment and additives. 
Modification is in progress and a new sensor is being de­
signed. Successful development of these sensors could 
potentially save 0.07 quads annually.

Spectral Sciences, Inc,
Burlington, MA 01803

62. Economic and Accurate Moisture- 
Sensing System for Use in Harsh 
Drying Environments
Gersh, M.E.

The project objective is to develop mi economical and accu­
rate moisture-sensing system (a differential optical 
attenuation device using ultraviolet light) for use in harsh 
drying operation environments. The system wall be devel­
oped to meet the performance and cost requirements of 
various process drying applications. Accurate moisture 
sensing and moisture control will achieve energy savings 
through reduction of overdrying and increase of productiv­
ity for industrial processes. The project will consist of 
three phases. Phase I is a feasibility demonstration of the 
sensor concept. Phases II and III will result in design, 
development, and testing of a prototype sensor in an in­
dustrial environment.

TransMet Engineering, Inc.
Anaheim, CA 92806

SS, Developmer: cf a Metal Flux Dew- 
Point Hygrometer 
Roll D.

The piojecr objective is to develop a relatively inexpensive 
and accurate moisture sensing system (a heat flux dew­
point hygrometer) for use in the severe environments 
Ivpical of drying operations. The sensor employs the la- 
lent heat of condensation to determine the instant at 
which condensation occurs on a cooled surface. The sur­
face temperature of the cooled surface at the instant of 
condensation is the dew point. To date the concept has 
been proven. Design of a prototype sensor assembly has 
been completed, and fabrication of the test hardware is 
under way.
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Jet Propulsion Laboratory

Jet Propulsion Laboratory
Pasadena? CA ill©9

€4. Advanced Sensor Developme ^ c c - ’o-
(JPT 'P PsCf ' w f, > i> •

Research) for the Pulp and Paper 
Industry with Other Generic Appli-
u •: a s,m, x,« 9 s s,stt

distillation column control systems. The project is divided 
into three parts: (1) concept development, (2) prototype 
sensor system development, and (3) industrial testing.

Southwest Research Institute
San Antonio, TX 78284
Department of Electronics and Physii
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sulfonated fluorocarbon polymer’s (DuPont’s Nation 
changing electrical resistance, which varies as a functior 
of water vapor pressure found in the environment. A pix> 
totype has been fabricated, testing in two mills completed
-’I l * T- 8 t f ! ! fl l i « I T t IHl 1 I I I ^ I 111 V
cessful development of these sensors could save 0.01 
quads annually. A final technical report has been written,

University of Tennessee 
Knoxville, TN 37996
Measurement & Control Engineering Center

65. Development of an OnmLTne Chemi" 
cal Composition Analyzer
Muly, E.C.

The project objectives are the definition, fabrication, test­
ing, and application development of a composition sensoi 
system suitable for use in industrially important distilla­
tion processes. The sensor will be based on laser Raman 
spectroscopy. The sensor system must perform on-line, 
real-time data acquisition and analysis with accuracy and 
reliability sufficient for its inclusion in energy efficient

The objective of this research program is to develop a sen­
sor for measuring certain in-plane and out-of-plane
mechanical properties of paper on the paper machine in 
order to provide a continuous record of product quality 
and ultimately a means for controlling the machine. Fun­
damental research shows that elastic properties are very 
sensitive to paper machine process variables and also are 
highly correlated to paper end use performance. The re­
search will be a vital bridge between fundamental 
knowledge and its application in the industry. All paper 
grades are m anufactured to some type of mechanical 
property specification. Mechanical tests are usually de- 

r 11 i 6 mi ii p i (i'n * u T n l I ii i P t H Of
end of the reel of paper stock. This test made on several 
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data for the thousands of square feet of stock held on the 
reel that was sampled. Because no method is available for 
nondestructive testing of the mechanical properties of the 
roll stock during the production run, as much as an hour’s 
production can be substandard before a problem is 

i ni " n P|h 1m w mi in till 11 m j 1 1 i 
proximately 4% of the daily machine output. Reprocessing 
and remanufacture of this material requires about 13.8 
million Btu/ton of material stock. Four percent of the 70 
million tons of paper product produced annually will gen­
erate an energy waste of up to .04 quads of energy. A

Industrial Programs



BLACK LIQUOR RECOVERY 
University of Florida

major waste reduction and subsequent productivity im­
provement in the paper manufacturing industry would be 
attained from a sensor that could provide continuous mon­
itoring throughout a production run in the paper industry.

PEN KEM, Inc.
Bedford Hills, NY 10507

68. Development of Laboratory and 
Process Sensors to Monitor Parti­
cle Size Distribution of Industrial 
Slurries
Pendse, HP

A research program is being undertaken to develop new 
laboratory and process sensors to monitor particle size 
distributions of concentrated suspensions containing par­
ticles with diameters ranging from 0.01 to 1000pm. The 
need for a particle size distribution monitor has been 
recognized by process engineers involved in processing in­
dustrial slurries. Availability of such sensors will enable 
one to achieve substantial energy savings through reduc­
tion of grinding and/or dryer loads as well as to optimize 
product characteristics and increase productivity. In 
Phase I, the research experimentally evaluated a mea­
surement technique based on programmed ultrasonic 
spectroscopy coupled with a unique, powerful, mathemati­
cal model that relates attenuation, corresponding to 
selected frequencies, to particle size distribution and con­
centration. In Phase II, tasks related to the development 
of new transducers and a specialized apparatus will be 
undertaken. An engineering prototype complete with the 
software based on an improved mathematical model will 
be fabricated and tested. In Phase III, efforts will be di­
rected towards development, and associated industrial 
hardening, of process sensors suitable for use in a process 
instrument. The emphasis of Phase III will be on conduct­
ing a comparative evaluation of the proposed sensor with 
several currently used sensors on different key applica­
tions in pilot as well as in-plant conditions.

LASENTEC (Laser Sensor Technology, Inc.) 
Redmond, WA 98052

69. Development of High Performance 
Consistency Sensor for Paper Pulp
Preikschat, E.

This project involves a systematic research and develop­
ment effort specifically addressed to the pulp and paper 
industry. The measurement techniques and process con­
trol strategies, however, should be applicable to a number 
of other industries such as food processing, chemicals, 
pharmaceuticals, plastics, and so forth. Using the scan­
ning laser microscope (SLM) technology, LASENTEC will 
research and develop a consistency transmitter for the 
pulp and paper industry that: (1) may be used on most 
grades of pulp in the presence of a number of variables 
typically encountered in the pulp and paper industry, (e.g. 
variable content of fillers, black liquor and air bubbles); 
(2) will be largely independent of pulp brightness, kappa 
number, chemical composition of the pulp, and pulp 
grade; (3) will be compact enough to be insertable through 
a small ball valve assembly (1 to 2 inches diameter); (4)

will be constructed of materials to withstand the entire 
range of pH levels typically encountered in a pulp and pa­
per mill; (5) will be designed and packaged so that it can 
operate reliably in the hot, corrosive, and humid mill 
environment; and (6) will be simply designed, easily man­
ufactured and capable of being marketed at a price of 
approximately $20,000 or less. To achieve these objectives 
it is necessary to carefully research how the properties of 
the SLM are affected by these various parameters, and 
then to develop special algorithms that can be used with a 
new sensor design. The new design will use the SLM tech­
nology as its basic measuring and discrimination element. 
This R&D effort will deliver a sensor prototype for testing 
in the laboratory and at a pilot facility. On successful 
demonstration of pilot testing, the design will be frozen 
and packaged for final industrial utilization, application, 
and commercialization.

Black Liquor Recovery

University of Florida 
Gainesville, FL 32611 
Department of Chemical Engineering

70. Characterization of Physical Prop­
erties of Kraft Black Liquor
Fricke, A.L.

The project objective is to develop methods for measure­
ment of rheological, thermal, and surface properties of 
black liquor, and to develop or improve methods for 
chemical analysis of black liquor and for molecular char­
acterization of lignin. These will be applied to mill liquors 
and experimental liquors to develop correlations between 
properties and composition that can be used to design 
black liquor, recovery systems or to improve operations to 
increase energy recovery. Results to date demonstrate 
that the lignin polymer dominates high solids behavior. 
Properties data can be reduced and correlated by methods 
that are soundly based on polymer theory. These results 
represent the first (1) reliable rheological data as a func­
tion of solids, temperature, and shear rate; (2) successful 
correlation for heat capacity at all solids and tempera­
tures; (3) accurate measurements of M„ and Mw; and (4) 
statistical evaluation of Mw of lignin with pulping condi­
tions. Methods and/or data have been used for (1) 
evaluating new batch pulping to conserve energy, (2) 
designing three new high solids concentrators, (3) evaluat­
ing time trends of black liquor properties, (4) evaluating 
swings in type of wood and solids limit in firing, (5) evalu­
ating viscosity of polymer-solvent system for new polymer 
plant, and (6) estimating effects of changes in pulping con­
ditions and liquor viscosity. The final expected product is 
a set of correlations to be used to predict liquor physical 
properties from liquor composition. In addition, it will en­
able mill operator’s of recovery boilers to more effectively 
and efficiently burn black liquor and thus save on energy 
and reduce material consumption.
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University of Maine

University of Maine 
Orono, ME 04469
Department of Chemical Engineering

71. Black Liquor Droplet Formation 
Study INozzle Design
Stockel, I.H.; Bousfieid, D.

This project develops information, that can improve nozzle 
design for Kraft Recovery Boilers. The nozzles are oper-

. d u, Tli c’l iuiffi'i. ii If I 1l turn nih 11 p. ini 1 
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of statistical variation. These parameters will be regu­
lated in the presence of disturbances in the physical 
properties of black liquor. They are to be capable of con­
trol to accommodate changes in furnace conditions and 
production requirements. The project is an experimental 
tom i h‘ ci the 1 hiirg on me fnm ihon mr1 ohu i[ m i l 
of black liquor droplets from single streams and planar 
sheets of liquor.
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The project objectives focus on advancing kraft recovery
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processes; (2) applying advanced optical and spectroscopic
techniques to study the burning processes; (3) developing 
a data base of process fundamentals that will bridge and. 
.ihi a,i H> - iiuc sM ] , [ So ii n i ! i i n i ui tu ■ i
search findings. These objectives will be accomplished in. 
four phases: (1) in-flight chemical and thermal processes; 
(2) char-bed processes; (3) inorganic fume formation pro­
cesses; and (4) recovery-furnace simulation. The research 
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boiler technology. Two continuous laboratory-scale sys­
tems, one at IPC and one at NBS, were developed to study
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NBS dilute-phase system is for instrumentation develop­
ment and single particle tests. Potential energy benefits 
from this research could amount to 30 trillion Btu. Energy 
recovery increases often are an. additional benefit from, 
modifications made to increase black liquor throughput. 
Capacity increases of at least 5 to 10% are often achiev- 
,nl' Irk <V wto f HO) m j Iti ilvt r 0 «, , , to to d J mi ll
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fundamental knowledge into the technology used for 
boiler upgrades and new boiler construction.
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Champion International 
Stamford, CT 06921 
Energy Management Division

73. Feasibility of Black Liquor Pyroly- 
sis/Lrasificavion m Lomomea Lycie 
Cogeneration
Kelleher, E.G.; Kohl, A.
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kraft black liquor gasification and the use of the product 
gases in combined cycle cogeneration. The results of a 
small scale experimental study by Rockwell International 
Corporation indicated that gasification potentially could 
offer an alternative to the Tomlinson recovery furnace 
with its high capital costs, low energy efficiency, and ever­
present danger of explosions. Black liquor gasification 
products fired in a gas turbine cogeneration plant, inte­
grated with a bark and coal-fired combination boiler and 
steam turbine to form a combined cycle system, had the 
potential of higher energy efficiency, higher electric power 
production, and lower cost when compared with a state-of- 
the-art steam cycle system with a recovery boiler. These 
results led to a Phase II R&D study to experimentally in­
vestigate black liquor gasification, further on both a bench

idditiontal work) ;and <a pilot scale, In investigate
gas cleailing anc1, othcir equipment in. the system,
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Engineering/R&D

r4. Black Liquor Gasification (P 
Comb ustion)
Warren, D. Wg Kurai-Swafny, Kn, Man- 
sour. M.N.

sea

The MTCI proprietary pulse-enhanced, indirect, steam 
gasification technology was initially investigated under 
DOE Small Business Innovative Research grants that
liiiiil 1 dm vto H, fnn>vn , nt . J Io to Lu mi ii ilia, 
work the paper industry was interested in testing this 
technology with black liquor feedstocks. In order to fur­
ther develop this technology, waste gasification funding
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and the California Energy Commission. The objective of
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black liquor recovery technology, testing of a broad
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spectrum of waste feedstocks under varying process condi­
tions, and verification of gasifier scale-up to the 100 to 200 
Ib/li level. In recent tests, the MTCI gasifier was operated 
using samples of paper mill sludge waste. Despite high 
moisture content and the presence of plastic material in 
these waste products the MTCI gasifier operated without 
problems. Successful gasification of black liquor at a tem­
perature regime that avoids smelt formation has been 
verified. Specific gasification rates were measured and 
found to be consistent with predictions. The producer gas 
heating value varied fron 240 to 300 Btu/scf and contained 
63/65 vol. % hydrogen. The energy density of the producer 
gas was shown to be several times that achievable by au­
to thermal systems. In addition, and consistent with 
equilibrium predictions, the gasifier exhibited a high effi­
ciency for sulfate reduction.

Institute of Paper Chemistry (IPC)
Appleton, WI 54912 
Chemical Sciences Division

75* Black Liquor Delivery Systems
Adams, T.; Malcolm, E.; Grace, T.

The project will research and develop new commercial
black liquor delivery systems to allow' the pulp/paper in­
dustry (ppii to take advantage of the more fundamental
data currently being collected, via DOE-funded programs, 
regarding molecular structure (physical properties at 
Univ. of Florida), droplet design (droplet study at Univ, of 
Maine), and combustion processes (fundamentals of com­
bustion at Institute of Paper Chemistry (IPC)> of black 
liquor. This procurement will expand on this work in 
greater detail to characterize large spraying systems in 
terms of droplet size distribution, velocity, and mass dis­
tribution. The 'first year’s work will entail an assessment 
of the various possibilities for obtaining velocity data and 
distances required from the nozzle for spraying black 
liquor. New high-tech, high-resolution, high-speed flash 
X-ray techniques will be used for the first time in a full­
blown series of tests. The results of the X-ray imaging will 
allow development of the necessary techniques and will 
process the initial nozzle image. The results of this project 
will give a deeper knowledge of the liquor spraying opera­
tion; improve and control especially older recovery boilers 
with small modifications; and increase capability of exist­
ing recovery boilers. The actual value for a pulp mill with 
an existing overloaded recovery boiler will be many times 
greater than the cost, of the actual equipment. A high- 
technology, high-speed, flash X-ray imaging system is 
being provided via fun ding from the University Research 
Instrumentation (URD grants program at DOE. This flash 
X-ray system will be a civilian unit comparable to that 
originally borrowed from the military via Lawrence Liver­
more National Laboratory (LLNL). LLNL’s X ray was 
used to obtain results that were verified by LLNL as an 
outstanding technique and method to image liquor sprays, 
fiber orientation, and so forth for the industrial sector. 
Industry support includes Weyerhaeuser, Champion In­
ternational, Potlatch, Georgia-Pacific, HPD, International 
Paper, Mead, Westvaco, and others. The estimated energy 
savings is 0.07 quads.

HPD, Inc,
Naperville, IL 60566 
Engineering/M&D

75, Bipolar Electrodialysis for the Re­
covery of Kraft Black Liquor 
Lynch, J.D.

Work will involve a fea.-ilnhly stud\ and laboratory evalu­
ation to provide an initial technical and economic 
evaluation of bipolar electrodialvsis for kraft black liquor 
lecmvry. The research objectives define a process route or 
routes for krafl black liquor recovery using bipolar e 1 oc­
troi liafy sis, water spill tin-j techniques Research will 
invoke obtaining technical and economic data on 
well-defined commercially available process slops and col­
lecting data -.la laboratory experiments to define process 
steps (hat are not commercially available or where data is 
inadequate, Assuming that a process route can be defined 
and can be integrated into in existing kraft pulping flow 
scheme, the research will enable the construe!ion of a 
flowsheet and heat balances. Based on the flowsheet and 
heat balance results, the researcher will be able to con­
duct a preliminary economic analysis of the process and 
compare it to the existing kraft process Finally the re­
search results will define future work requirements to 
develop and commercialize the process.

Coating Research

Georgia Institute of Technology
Atlanta, GA 30882
School of Textile Engineering

77. Application of Chemicals to Sub­
strates Without the Lse of Liquids: 
Solid-on-Solid Processing 
Cook, F.L,

The objective of this research is to develop solid-on-solid 
(SOS) processing (the application of dry chemicals to dry 
substrates without use of liquids) to reduce energy 
consumption and process water volumes in the textile in­
dustry. Under development are continuous SOS processes 
for application of sizes, colorants, and finishes to textile 
substrates, followed by pilot-scale proof of principle. The 
systems will be built around electrification of chemical 
powders, rapid flowing/curing of binders, and dry thermal 
fixation. Focus is on uniform deposition of the chemicals 
and control of solid loading. Energy requirements of the 
SOS concept Include generation of electrical fields to 
charge the chemicals and dry thermal heat to polymerize 
the binding resin or sublime the solid into the substrate. 
An estimated 472 Btu/lb of combined electrical/thermal 
energy will be required by the SOS process. The concept is 
adaptable to all textile wet processes except singeing, 
preparation, and mercerization. About 4.84 x 1010 lbs of 
material are processed each year at an average energy con­
sumption of 4,400 Btu/lb. Maintaining the volume figures 
and using the projected savings of 3,930 Btu/lb for SOS, a 
50% applicability factor yields a national energy conserva­
tion potential of 1.66 x i0' BOE/year. The SOS concept is
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built around short high-speed continuous processes, such 
that even low-yardage lots should be economically pro- 
cessable on the continuous lines. The small number of 
components proposed for the SOS process and the applica­
bility to low-yardage lots dictate improved productivity for 
industry, enhancing its global position, SOS offers a dra­
matic reduction in water requirements and subsequent 
pollution treatments. The textile industry uses approxi­
mately 425 billion gallons of water annually, primarily in 
wet process. The technology can potentially reduce water/ 
sewer requirements by 213 billion gallons annually.
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State University of New ’York
.Albany, NY 12222

78. Energy Efficient High-Crystalline 
leti-Exchange Membrar^ ^ {^sses
for the Separation cf 1 ftr g ie Liq­
uids

No abstract provided.

Physical Sciences, Inc,
Andover, MA (1181©

A ii >ibrid Membrane Systems 
Gottschlieh, D.E.

T!k‘ project objective is to develop guidelines for analysing
and optimizing energy utilization of hybrid membrane 
separations and to apply these guidelines to recommend 
specific separation projects suitable for OIF support.. Four 
cases that will be studied are: hi) separation of propane/ 
propylene mixtures by pervaporation and distillation; <2) 
removal of N-> from natural gas using gas separation 
membranes and pressure swing adsorption; (3) concentra­
tion of kraft black liquor by reverse osmosis and freeze 
concentration; and 14) solvent recovery by ultrafiltration 
and distillation in crude oil deasphalting operations (the 
Allied/Signa! process).
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.Air Products arid Chemicals, ln.e»
Alleis I-" m Z1'' 1l* |)95

8i '" velopment of a. Nomf Active 
'I *. tnsport Membran >: Le</ >ice

No abstract |)rovided.

University of Wisconsin 
Madison, WI 53706

80, Colloid-Chemical Approach to 
fX sign at Phosphate-Ordered Ce­
ramic Membranes

The project objective is to produce new and novel ceramic 
membranes having desired pore size distribution and 
surface properties by controlling lire suspension and inter- 
facial chemistries of these systems. The major objectives 
are: (1) to understand the major solution variables l pH, 
ionic strength, specific solute effects, and so forth}, con­
trolling sol and gellation chemistries since these sols and 
gels serve as precursors to ceramic membranes; and (2) to 
study the effect of these variables and sintering' conditions
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Aluminum Company of .America 
Warrendale, PA 15086 
Separations! Technology Division

8t r,t velopment o>' Niq'* temperature
* imiyiie Membrane Reactors and 
A f 'sses for Chemical Production 
Li a P.K.T.

Ceramic membranes will be used as a catalyst support to 
enhance the conversion of cTliylbenzene to styrene and 
butene to hutadenes. The use of ceramic membrane can 
perform in-site separation of styrene and butadiene from 
hydrogen and achieve significant energy savings in the 
production of these two chemicals.
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National Food Processors Association

Idaho National Engineering Laboratory 
Idaho Falls, ID 83415

84. Polyphosphazene Microporous
Membranes
Frank, C.W.

This project consists of two tasks. Task 1 will demonstrate 
the feasibility of preparing microporous polyphosphazene 
membranes on ceramic porous supports to perform sepa­
rations in the 100 to 250°C temperature range. Task 2 
will be a detailed assessment of industrial applications for 
membranes stable at those temperatures. Task 1 activi­
ties include: (1) casting existing polyphosphazene
materials using solvent/nonsolvent, solvent/dopant, and 
compression casting methods; (2) optimizing the methods 
to produce uniform porosity in the membranes; (8) syn­
thesizing new polyphosphazene materials that will 
inherently lead to microporous structures; (4) studying ce­
ramic support morphology to obtain optimum pore size; 
(5) casting polyphosphazenes onto porous ceramic 
supports; and (6) determining membrane separation char­
acteristics, flux, and stability as functions of temperature. 
(Target process streams include food and sweetening 
industries.) Task 2 activities include: (1) identifying in­
dustrial applications that could use this technology, either 
as retrofit into existing processes or for new processes; (2) 
assessing the energy savings and economic impact of this 
type of membrane material; and (8) reporting on the feasi­
bility study and assessment.

Other Separations Research

Air Products and Chemicals, Inc.
Allentown, PA 18105 
Process Systems Group

85. Corrosion Study on the
MOLTOX™ Process
Brown, W.R.

The objective of the project is to develop the MOLTOX1 M 
process to the point where the process economics, based 
on the pilot plant operation, can justify proceeding to the 
next larger scale. New construction materials will be 
tested for their corrosion rates in laboratory reactors 
under simulated pilot plant conditions. Concepts for alter­
native desorber designs will be developed, and the 
MOLTOX process economics will be updated to reflect the 
new materials and designs. Test coupons from three types 
of materials will be prepared or obtained from outside 
sources. Materials will include: metal alloys such as 
Cabot 214, coated materials such as MCrAlY, and ceram­
ics such as zirconia. These coupons will be tested in a 
laboratory muffle furnace and/or batch reactors for pre­
liminary qualitative ranking of corrosion resistance. The 
most promising materials will be tested in laboratory 
batch reactors to determine a quantitative corrosion rate 
under static conditions and as a function of salt velocity. 
The existing laboratory reactors will be modified as neces­
sary to accommodate the dynamic testing.

Institute of Paper Chemistry (IPC)
Appleton, WI 54912 
Engineering Division

86. Advanced Water Removal Pro­
cesses for Drying in the Pulp and 
Paper Industry
Orloff, D.

The overall objective of this program is to improve “Im­
pulse Drying” an advanced water removal process for 
paper making, to a level suitable for commercialization. 
The impulse drying process brings the wet paper stock 
into contact with a hot metal roll (400 to 700 degrees F) at 
400 to 700 psi for 15 to 1500 milliseconds. Energy 
consumption is 12.5% to 50% of the normal energy re­
quirement of 1600 Btu/lb requirement for conventional 
paper processes. Commercialization of the impulse drying 
process is impeded by two process deviations, sheet de­
lamination during drying of heavyweight paper grades, 
and two-sidedness in lightweight paper grades. The cur­
rent work will involve further investigation of the drying 
conditions required for full commercialization of this pro­
cess for both light and heavy paper grades. Alternative 
materials for paper rolls which will suppress delamination 
will be evaluated and tested. Drying conditions required 
to avoid two-sidedness in lightweight paper grades will be 
identified. Results to date have shown that impulse dry­
ing can reduce the energy requirements for paper drying 
by one-half to two-thirds. Further savings may result 
from the ability of impulse drying to improve paper 
strength by a factor of two or more which would permit in­
creased use of high yield, non-energy intensive pulps and 
recycled materials.

National Food Processors Association 
Berkeley, CA 94710

87. Separation^ Fractionation^ Con- 
centration^ and Drying of Food 
Products
Rose, WM.

The project develops energy-efficient separation, concen­
tration, and drying processes for food products. Tomato 
juice will be separated into pulp and serum by three 
methods. Each fraction will be characterized, concen­
trated, then recombined. In addition, the serum will be 
fractionated into components using various ultrafiltration 
membranes of different molecular weight ranges. Finally, 
the concept of processing, preserving, modifying, and 
transporting concentrated, fractionated dried components 
will be assessed.

Research in Industrial Programs 21



OTHER SEPARATIONS RESEARCH 
Dairy Research, ine.

Dairy .Research, Ine.
KosemoMis II. 60018
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This project involves research and development of a freez 
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Kintfr’ffv Conservation Using Conti 
mows Annular Chromatography i.
Multicomponent Separations

Battelle Memorial Institute 
Columbus, OH 43201 
Battelle Columbus Laboratories

89* Development of an Electt 
Process for Enhanced Di 
of Food Suspensions

The objective of 
technical fe nd energy conservation/economu

1 1 ni *i)ii hs ) d 11 I] 11 mil 1 it ^1 • ir t1 ’ 1' 1 1 B 
veloping technology that allows truly continuous
chromatographic separations. Previous work has demon­
strated the utility of this technology for the separation of 
various .materials by isocratic elution on a bench scale. 
Novel applications and improved operation of the pro­
cesses are studied in this work, demonstrating that CAC 
is a versatile apparatus that is capable of separations at 
high throughput. Three specific separation systems were 
investigated. Pilot-scale separations at high loadings were 
performed using an industrial sugar mixture as an exam­
ple of scale-up for isocratic separations. Bench-scale 
experiments of a low concentration metal ion mixture
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cessing. Rlese<arch incfaded sellecti.11g, £icquiiring and chi"omatographie tecihniquci that d<screasea dilution anclin-
chairacterizing llitli3 fooid products>. Btitch d.ewatfiriiij tests ereuses sorbemt capability. Finailly, tl16 separeitior1 of
were performeid on 11111te food sui I* 11 isions while continu- mi:xtures of ainino acids bvr ion ex(change is invesstigeited
ous bench-:seale tegits were condmcted >n th f the same demonstra'te the use of' displa*cement. dieveloprnenl; on
food1 prodcsets. A prelimin* u ment of the effort thej CAC. This3 techrdque, 1vhich perhaps hsis the iinost po-
reg£irding ]piotentia1 EAD energy sav:in;gs and pi*oces ; eco- terdial, when. appli*ed to the CAC: allowred simultaneiOUS
.11011dcs in<licated that. substa.nlial snergty saving are sejlaration and coneentration of multicompcment nlixtures
attainable and. that the; technoloijy is scon<iiiiicailly ‘ri hi Oil a continue>us bagsis. Maithematical mt)deds wene devel-
The objective c>f Ptlase II was to iibtaii1 dat,a fro:m a >roof- op<id to describe tin3 CAC performance ;an«i optimize the
of-c*incept 1facility t;o pr*a mote actaptal;i<mi of' the t;eeh; alogy optmating coil'ditions>. For a11 the s:^sterns in'vestigated, the
by the food pre)cesssing iindustry. 1r>i- r na. : 11 ilaclufi lesign, coritinuous separati*on perlormance of tine C(AC wais found
consfiructio m-site p.erformanc ting of tvro p to 'be very neiirly the same; as the batch’svisie perfoiTIllSnice
rese(arch units (PR'Us), and four fbod iispension of convention;al chrc>matography. A CAC: has been devpi _

optid at Oak. Ridge National Laborat*orj 11 Mil 1C) Its
apjplication to coppe:r refining, separating( sugars, tseparat-

Purdue 1Iniversity ing; rare earthmeltats, and separating amint> aicids
West Laflivestte,, IN 47907 (di;splacement;) is still beinj% studieid. It is timate*d th.at a

lT- ,iU 1 T iL©search Foundation suinmation of’ 0.2 qrlads of energy can be
tl

ved in'■lT. ^ ,me ■var-
ioijis Industrie:s. Thei technology appears, IUS, to Up ^/ery
preimising for indusl;rial ap>plicatioins*

90. 13 im% a Control cif Amterg
EfR im # Dr:ying Pi”OC€•gge
f)hf}C Mr d oo*lar Ener;gy Reisearc:h Institute

Pres Gc»lden, CC1 80401
sent dr g prOC0S.ses requii ,C*00 1dtu/lt> Hi ) re- So>lar Fuelss Mesijarch Divisiionmo\ ed, wihichi is appiroximatel; q1ii al to tl ir

reqiliremeiits ()f shippiiig concentrate Stuclies vfill t)€: per- f
led to (combine the basic equipmeitil ut‘sign prir1Ciples 92. Sulfur-Pnce Se ve PiIflying O-

and advamced mois i lU measuremen't ;nietiwds 1vith 1 bet- cess
ter fund, anlentlal undei•standing of th ying proc:ess to Chimi HP. 1 8FRT); Dimi l 2) R . (IPC)1
design dry* with eneirgy requirements dc>wn ti0 200 Btu/
lb EI O PV"iporatedi. A fundamenital tIrying el w s de- Cooperative r<esearclti involving thej Solar EriergyR,eS6£irch
veloiped in Phsise 1’ of this project th 3 applicalbl e for Insstitute (SERI) arid the Institute of ]Pajper Chemii
dry«3r temperiitur<3S Olf 40 to €i0°C but macicur;atie at (IP€), along \vith veirious ]pulp andpaper companies 1hat
higller temperatur’es. isince mos t drT1srs c»peraite at tem- arcj part of th Project, Adviseiry Conimittee, vrill 1lead
penitures abcive 60° CJ, the m<)del will be irefirled to to an improvejd method for producing blea*died pulp. Re­
incc»rporat<i te:mperatuire effects eau id fo/ intcirna1 tem- irch will focusi on 1 1,ping cost-effective,
per*rture |jraddents. 11t will ah leternline additional quinone-basec1 pulpiing system. Siich a s-ulfur-free system
exp<erimemtal tlata required, to de termiTIP tflermial dif!usiv- is expected t0 be rnore s<elective than tin2 convijnticmal

and *ithe:r model coefficit;nts a function of knift pulping; proceiss. Hijgher selectivity will le;ad to a

22 Research: in Industrial Programs



OTHER SEPARATIONS RESEARCH 
Solar Energy Research Institute

more easily bleachable pulp and a simpler chemical recov­
ery system. The impact of all these process advantages is 
in conservation of wood resources, reduced environmental 
impact,, and a substantial energy savings per unit of prod­
uct. One can envision about 0.13 quads as potential 
savings just in the pulping process. Additional savings in 
energy consumption would be obtained from the simpler 
chemical recovery system.
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HIGH-TEMPERATURE PROCESSES

High-TemperatMi’e ^ !'
Controls

Battelle Memorial Institute 
RicMancL WA §9352 
Pacific Northwest Laboratory

9J; Development o/Psocess Control 
Sensors (Aluminum)
Windisch, C.F.

The project objective is to develop sensors for control of 
alumina concentration for use with inert anodes. The ap­
proach is to analyze cell signals by digital signal analysis 
(DSA), which is a nonintrusive technique or a pseudo- 
resistance electrode that monitors the reactions at the 
anode bath interface. The techniques, when perfected, will 
allow operation of inert anodes in commercial cells or im­
prove the present cell control practice to provide improved 
cell current efficiency and energy savings.

M, In-Plant Testing r ‘Jrgt -
Temperature EM Pulsar and EMAT 
Receiver
Boyd, DM,

This project was initiated to aid in the transfer of technol­
ogy developed during earlier, related research. A 
noncontact temperature measurement system has been 
developed and successfully demonstrated in the labora­
tory. This present research will implement this technology 
by measuring the temperature of a strand of steel emerg­
ing from a horizontal, continuous caster. A secondary goal 
is to show the position of the liquid-solid interface within 
the solidifying material. Participants include several steel 
producers and an equipment supplier.

Advanced! Electrode K&B

Battelle Memorial Institute
Richland* WA 99352
Pacific Northwest Laboratory

9B Development of Inert Electrodes for
Aluminum
Morgan, L.G,

The objective of the scaleup activities is to perform the re­
quired research and development of fabrication methods
for large anodes and to test the large units in a cell that 
represents sections of a commercial unit. The approach 
will be to allow the Pacific Northwest Laboratories (PNL) 
to perform the required critical path activities while cost

shore mw arch is pursued with Indio shy ihi ougli solicit, e-
iiim. A nlk da to > ns will cover both motorials lubrication raid 
mi! application ftosulto should provide I he industiy with 
via hi-? meij'Mids lor anode manitfartm-e and application,

ELTECH Systems Corporation 
Fairport Harbor OH o-iOT?
Research and Development

M, Self Forming Anodes for Alu­
minum Electrowinning
King, H.L.

The project objective is to evaluate cerium -oxide-coated 
ceramic and cermet materials as inert anodes in the Hall-
Mi iirwii hi n-ih in Min ck'tiioviimitug p» 'lO'ss The -toeewd 
sctoslr ikn uio iiilimmiv-dopcJ tin >wide and i < -
containing nickel ferrite cermet developed for DOE by 
Atom {Triuut i* ndu otoioys wii! to Joposiito uwnp n 
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also be eliminated.

Great Labes Research Corporation 
Elizabethton, TN 37643

97. Field Testing of Titanium Diboride 
Cathodes in Commercial Alu­
minum Cells
Morris, E.G,

The project, objective is to determine the technical and eco­
nomic viability of .graphite-containing titanium diboride 
materials in low-cost shapes for use as cathodes in 
aluminum electrolytic cells in aa effort to stimulate sub­
sequent demonstration and commercial application. 
Included are (1) mathematical models for the prediction of 
cost-reduction cathode shapes, (2) determination of opti­
mum electrode area ratios, (3) voltage reduction and effect 
on current efficiency by reduced anode-cathode distance, 
(4) production of cathode shapes using proprietary mate­
rial processing technologies, (5) commercial and pilot cell 
operation for data acquisition and cathode longevity de­
terminations, (6) analyses of as-fabricated and as-tested 
cathodes, (7) failure mechanism evaluation, (8) develop­
ment of cathode holder/anode stops, and (9) an assessment 
of energy savings and teclmical/economic viability.
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HIGH-TEMPERATURE MATERIAL PROCESSING
ARMCO, Inc.

University of California 
Berkeley, CA 9472#
Department of Materials Science and Mineral 
Engineering

98. Physical Modeling of Bubble Phe­
nomena, Electrolyte Plow, and 
Mass Transfer in Simulated Ad­
vanced Hall Cells
Evans, J.W.

The objectives of this project are to define dimensionless 
group correlations using physical models and selected 
working fluids, to recommend advanced (low-energy) Hall- 
Heroult retrofit designs, and to predict operating 
performance. The University of California, Berkeley, will 
construct water models for the development of physical 
data for correlation with a mathematical model. Advanced 
cell designs based on vertical and horizontal configura­
tions will be evaluated. Predictions of fluid velocities by 
mathematical model will allow evaluation of proposed 
large cell and commercial cell designs.

Battelle Memorial Institute
Richland, WA 993-52 
Pacific Northwest Laboratory

99, Anode ScaleupIPilot Cell Activities
Morgan, L. G.

The objective of this project is to determine the criteria for 
acceptable cell operation while using inert anodes. The 
approach has been to perform bench cell tests on various 
compositions of cermets of Ni-Fe spinels with copper ad­
ditions and to determine the effect of different bath 
chemistries on a standard cermet composition. Operating 
conditions have been identified that provide low anode 
wear rates in short-term bench cells. Confirmation tests 
for the operating conditions and boundary conditions are 
being performed for practical application of these elec­
trodes in large cells.

High-Temperature Material 
Processing

Massachusetts Institute of Technology 
Cambridge, MA 02139 
Materials Processing Center

100. Raman Scattering Studies of 
Aluminum and Magnesium Elec­
trolysis Cells
Sadoway, D.R.

The objective is to determine in situ chemical species in 
molten salt systems during electrolysis, with the ultimate 
objective of identifying the mechanisms that decrease 
current efficiency in primary aluminum Hall cells. The ap­
proach is to construct and operate laboratory-scale MgCfo 
AlClg, and cryolite-alumina electrolytic cells. Raman

spectra have been taken for the LG. Farben magnesium 
electrolysis process and for the Alcoa smelting aluminum 
electrolysis process. The principal chemical species in the 
bulk electrolyte have been identified. Efforts are being 
made to analyze the chemical composition of the cathode 
boundary layer during electrolysis. Spectra of the Hall cell 
electrolyte have been taken and laboratory-scale Hall cells 
have been operated. The results may be interpreted for 
operational changes that should improve cell yields, 
thereby decreasing the specific energy requirements to 
produce these metals.

U.S. Steel Corp. and Bethlehem Steel Corp. 
Monroeville, PA 15146 
Research Division

101. Thin-Section Casting Project
Moore, M.R.

The project objective is to develop a new continuous cast­
ing technology to produce the entire range of hot and cold 
rolled steel sheet. This new technology, according to 1990 
projections of U.S. energy demand, would save 0.191 
quads while reducing the capital and operating costs by 
$35 and $28 per ton, respectively. The approach is to 
adapt the Hazelett twin belt moving mold continuous 
casting machine commonly used in the nonferrous indus­
try to the steelmaking process. The caster will produce 1/ 
2- to 1-inch thick slabs at casting rates of 20 to 60 tons per 
hour per foot of width. The resulting hot band could be 
sold commercially or hot or cold rolled to commercial 
specifications. This technology can be retrofitted into inte­
grated steel plants where hot rolling will be done on 
existing rolling facilities or into minimills where rolling 
could take place on high reduction reversing or Senzemir 
or Platzer-type planetary mills. Early casting trials have 
concentrated on the development of two feeding systems. 
Feeding is considered the critical technology since the 
casting machine is believed to have proven its suitability 
in this application. Other work consisted of material 
rolling trials, coiling and uncoiling of as-cast slabs to de­
termine the applicability of coilboxes, refractory testing, 
and process-and water modeling studies. Work on this 
process has been terminated. A final report has been writ­
ten and technical transfer meetings have been held.

ARMCO, Inc.
Middletown, OH 45043 
Research & Technology Division

M2. Thin Steel Strip Casting Research
Sussman, R.C.

This project continues the thin strip casting research 
sponsored by DOE for the past several years. The project 
objective is to determine which technique, melt overflow 
or planar flow, is the most appropriate for casting low- 
carbon steel onto a single wheel substrate. The research 
will examine substrate effects, dynamic water modeling, 
and nozzle configurations. After about ten months of ex­
perimentation, the research will lead to a decision about 
whether to optimize the preferred technique.
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Bi-^i rCMPLRATURE MATERIAL PROCESSING 
Lawrence Livermore National Laboratory

Lawrence Livermore Nation^ I^^Loratory
Livermore, CA 94550

Diviciosi
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Processing
Goldberg, A.

This project is part of the Steel Initiative, the goal of 
which is to develop energy efficient steel processes. This 
immediate research is directed toward the production of 
superplastic steels on a large-scale basis using ultrahigh 
carbon (UHC) steels. These steels have shown superplas­
tic behavior after controlled processing' in. the laboratory. 
'T ^ ; vk] s i t mm nmti.i b i k fe y o b il inm l>
iiMidni cl , id tn u 1 U roiiiiipir c n or I ii'Wly - lii
rent efforts are underway to identify a preferred alloy 
analysis that overcomes the constraints inherent in the 
compositions used in the laboratory study. Later efforts 
will be directed towards the successful casting of the alloy
nils Itnyli I id Mini vo - I wi ; WM lu ifeM pi- m n din
tion of forging stock. Eventually closed die forgings will be
fiivfo u vi ll. up'yd sit- 3u ! tfo i hi tpw hi Hi-
hi m i ill ill "'ll! N'sviiy

Carnegie-Mellon University
Pittsburgh,, PA 15213
Department of Metallurgical Engineering’ and
Materials Science

104. Removal of Copper from Scrap 
Fruehan, R.T.

The project objective is to prove that liquid sulfide treat­
ment can be effective in removing copper from scrap and 
the sulfide matte can be separated, from the metal. Two 
processing concepts are: (1) feeding the scrap and sulfide 
into the rotary kiln that heats the scrap and. matte and 
mixes them to provide intimate contact of the matte with 
the copper in the scrap and (2) simple submersion of 
heated scrap into a large container filled with the liquid 
sulfide matte.

American Iron and Steel Institute
Pittsburgh, PA 15235

155 £?€ velopment of Direct Steelmaking
Aukrust, E.

This project is part of the Steel Initiative, the goal of 
which is to develop energy-efficient steel processes. This 
work is expected to lead to a continuous steel making pro­
cess that eliminates the need for coke. Current efforts are 
under way to conduct a fifteen-month experimental pro­
gram after a pilot plant is started up. In addition to the 
pilot plant program, supporting university research and 
large scale tests are being concurrently conducted. Even­
tually a new process to continuously produce liquid steel 
will be developed.

American Foimdrymens^ Society
Btes Plains, IL 60016

106. Development of Precision Evapora­
tive Casting Technology
Twarog, D.L.

I’fn p#r[,]t i tjfo. cu T<~ v- ii foiiSbw 0 t fop Mid - •
Evaporative Pattern Casting (EPC) technology for a broad 
based application. Sand flow and compaction will be eval­
uated. Factors that influence the dimensional precision of 
castings produced via the EPC process will be evaluated. 
Critical process parameters and system properties that 
control the dimensional, precision of the evaporative cast­
ing process will be identified. Compaction of granular 
materials, heat transfer, thermodynamics, casting defect

i inn ' i T man) mm Cm I i-b xti v * A i> i e;
to r mi [ d dmo if*i n ii ok fo „ Jn ‘ ur i jhon . nd

principles of vibration compacting are involved.

107. On-Line Process Modeling of a 
Cupola Furnace
Twarog, D.L.

The project objective Is to develop a model to optimize the 
process control and the efficiency of the cupola furnace as 
a foundry melting unit. The process model would permit 
control of cupola operation in order to meet the desired 
product quality with optimum efficiency and permit menu 
driven, user friendly, off-line studies to be made for deter­
mining process and cost impacts of intended changes in 
process inputs. The work involved consists of a critical re­
view of literature and. information available on existing 
cupola and blast furnace models to apply available tech­
nology. Thermochemical and kinetic data bases will be 
developed and a critical review of currently available sen­
sors will be performed to recommend sensor development 
activity not included in the scope. Conceptual models of 
heat transfer-fluid flow and heat and mass balances will 
be developed including equation statements. Industry re­
view will be obtained prior to verification of the model 
with operational data to compare computational results 
with actual cupola data. An expert system scoping study 
will be conducted, to integrate the cupola model into a 
broader foundry model. The results will be discussed with 
the foundry community.

Vesuvius Crucible Corporation 
Arlington, VA 22204

10S. Molten Steel Temperature Measure­
ment
Phillippi, R.M.

This project is a follow-on development of a DOE effort 
that identified a sheath material suitable for using within, 
a steel bath, namely boron nitride. The purpose of the 
present research is fo assess the performance of the se­
lected material in an operating melt shop environment. 
Thermocouples protected by the boron nitride sheaths will 
be tested to destruction in a continuous caster tundish. 
The results will be compared with the use of less expen­
sive, but short-lived, disposable thermocouples.
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SMALL BUSINESS INNOVATIVE RESEARCH

OPTRA, Inc.
Peabody, MA 01960

109. Real-Time, Noncontact Optical 
Surface Motion Monitor
Wyntjes, GJ,

Monif-ormg ol surface mof-ion, velociiv, nef- displacement, 
unit leiigxb produced, and difiererthdl motions (e.g- across 
s well of ma serial) ss essential in cett.un maimfaetiuing 
procefescs. OPTRA, Incorporated, is cinueiitly sieneloping a
noncontaci optical biirfece motion juoniiur for multiple In­
dus trial applications The system v.wh; in ledetticm OiS 
well &s transmission and Ytorks v/iHn only a minimal 
amount of lighl seattei fruin ma ten air The oroiMtyjX a 
remote, pnssiw optical lase* piohe ts so 1 is-faciory foi mea­
suring surface motion.j m a ^uiei’v of m Ho a tries The 
autniroi sysl jm t& cmrumly imderaoina iiiiiher lohomtoi t 
e"p e im e nr a t ion OPTFA has plan d<j\ ef »ped a paper pulp 
velocity stiirm A hue a diva id piOKurpo for ledsihihft 
demonstra tion al a pulp and pa pet mill b a,-, de-
upiicd. fahncmed ami hw.i cd D' monsti a tion of
Ibe device m m pu^'vr! Majoi Tmvi- vac tvyeiifid m di’- 
signing, fabricating, and testing a breadboard prototype of 
Im-et D-i do i Velijtirnciet (LITd'' i The h.ici Depp lei Ve- 
locimeter sensor is portable and meets the requirements of 
the physical test environment of the laboratory at this ppi 
iVilno Th - den» e t :m F.nf ofrimdoo im u[ie» cniuc pap-n 
mac him lor t,-d nag flTi. 1 v,, ,<}, DijppLi V r N mi mi i bi wtd- 
bmrrd wrr, le,.ign. »j i«. , s j, r i? a i c «m h hml 'r, !,-( 11 ns » 
''DuiousUtilOi The Je ai - v, " ed nm ? dh f . <ii;ie»‘nT- 
"c tight sc ti < y usv rule Dopul u tTiodiilaiien iiom n ' anir-ay 

"i olid sm bee;, muon i-d i o i i in ,1 mt > > l m it v D"‘'’ umbd

Intelligent Dynamics Systems, Sacv 
Conyers, GA 30267 
Research. Division

110, Hierarchical Intelligent Control of
Industrial Processes: An In-
0„ -.JT, 11«raraiie
Dave^

Ls&iitK Kiln
K.R.: Vachtsevanos

lion

Th:- proyii nbf .vn > o i- to dev.-t »p ' bmi arelu. nl uui 1U- 
gent controller and to implement a computer simulation of
I he siiategy iu paiallci whh liuii- hilu lime kiln i:* n
rhciiiiral r*-^ oil or desjeue'J iu i -O' nn lime iyoiii Iiihl 
mud us’no bn I com bu dim. £6" j*' md i- an T-iimural pul .n 
it] pulp and paper milk Eu ynn 'h-- kiln giveeA i, tcmi- 
pbeateij, lui.'olroiig mrvracoom- vi slur umI cojiiporilion 
variations in the lime mud as well as fuel and air flow 
rains, even (he nnibl e'poierr ei op raou 'lull,- j>e iarcv-l 
he--n ily Whnn . onventi'mal (.until)] rii -ny liicoifiO-
rated into the decision process, wide swings in kiln inlet 
and exit temperatures occur because of the slow response 
time of >he l:ihi Thi- rev md1 psopov , vi t-'iioroi chcileg:
jhc'ti itiiliroj nneralitiinl rip uomiy nsia.g \h- hia '■urbic i
’iitvlhgeui w>n)ruflu Thi-coiuohh.» wilf ic.ilw' cplmuiru 
ped’^mancp fo* ilm lime 1 iln f njh dmg’Uf i l i apebilih

and sycteni reconfigure turn during off-iinnnal eotidmtm'. 
hi so doiup. ii has a dneef impaci on Ore lulu ptoems in
iednting the energy’ consumption, incieasing iserioinumce 
productivifiie and enhancing a planl s compoUiive edge te 
ihe manufactme of id piodwct. The objecli i e of the 
hiciaithic d control straiegy being developed aie 'll mmi- 
mimup fneflinie ratio, (2) maximising lime quality; '31 
ininnnimng dust toss- and (D rmninazing an polknanis It 
m estimated that for a 1,000 iou/dav mill at 350 dovf/yTear 
a 4rt m-‘lease m lime yield saves tUte,S00/yca?, issuming 
SO 00/gallon itel and an average energy^ expend)lure te7 2 
MMBtu/icm D-q\elopm^nt of the liierarefnral comtol 
terateap lequires a sophi-.l icated analytical model of Urn 
kiln , vrhich is currcntlv under development The model 
comains the following basic elenitnts: ill energ hamnee 
iciiiivecmv lauialive, md condudnyr' trail,.fei f <21 mas* 
baLmi.r; 11) ehemicnl kinetics neacliou ratef and onuhaijjv 
ebange o end <4' tempnial and spahnl < hance -

£>:E, Inc
Amherst, MA 01004

ill. Reaction-Enhanced Extracti
Aromatics
KittrelL J.R.

The total U.S. commercial jet fuel market is about 11 bil­
lion gallons annually, and is forecast to grow at a rate of 
3% per year. Approximately 50% of the current jet product 
i I nmn > 11 te o i 'ifTrvi:- vmtwu tite m ",mikr piaoii ku- 

2,» null') '^mv ih tjii I1 n.-iid"' m i U'te hi qo i! # v. . fll 

require efficient processes for aromatics removal. Conven­
tional extraction or catalytic hydrogenation processes 
exhibit deficiencies for this application, except in special 
incum-.nucc; Th> pH'ite .ib)i-un e is te 8he
<i '< liur nl i‘ CLobllfiV >U ^ HMlipiC isswimi-eoh 'inmd tn .x- 
tion process. The enhanced distribution coefficient permits 
mv ji n-ru vn,h inglui w bis uid o iudimte , el ’tiu i,.. oil 
ratio, with associated cost and energy savings compared 
to alternative processes. This process appears to be eco­
nomically viable, to provide substantial energy savings, 
rind te piv hie 3 x-pite J1» te high end low ( di(te Thr 
project could provide energy savings of 1.7 trillion Btu an- 
no tlte arid p-juH gio". im [J iiiHiiui Bin m Sh. n „ d 
decade. It will benefit the refining industry through im­
proved profitability, employment, and energy savings.

.rteb cum ted Foel Sesenrcii, Gicv
East Hartford, CT 06108

ITJ, Zou^Cfai) Ymofilp Insirr^rcnhi-
lion fm Improved Pi oeesG CoinlM
Morrison, A !¥., Jr.

-co i rii pur i an] aspect of in any energy iiiierii.he processes
is the obihiy to have on-line monitoring This ensures 
unnimum downtime of the plant as well as operator and 
cm iroamenta) safety. Ccnsequenily, there is a gieat need 
Ur diagnt'shc instrumenlH tor multiphase media that can

Research in Industrial Programs 27



fiber opti to multiple piDint mu L ii 1 f se 11 will fo
cus on deiV»slop:ing improtmmtents to the FTIR. system anc
will fitdd t<sst the monitc)T iia three important industries
combustiiOili, paper mailoifaicturing, and semiconduetoi
procesising. Tlitj improvemenits will encompass both hard-
ware and software moidifi ' M W flU. i isearch will
produc:e a |jene:ric process m[1 PI ! 1 it - l ■ i 1 of an FTIR,
coupliiig ioptics bl r t W iB CS, ;analysis software i < 1 ' l Ml II1 K
soft ware tiltat £in engineeir ciin. easily modify to meet spe­
cific ntied.fe of an industrial clontrol problem. 1cie result ol
ir n v 11 will 1>e a second aeneration design suitable foi
coiiimt;rciiallization in Phiase IT » i «111 1 1 til! applications
Uli I H Sr3 the: conii til it iSfim! »' i Hi l i 7 i i ‘ • japer manu-
M ( il l| i ngy 1 ( i Hi ' i l 1Fi l 1 • device manufacture3, municipal
or hazardoUS Vrater disp<osa]!, distillers, evap<3rators, dry-
ers, anLQ. il ^/arkity of othe:r industrial processei

UFTKA, Inc*
Beverly, MA 01915 
Research D >velopment

Burliiigton,, MA 01803 J J *4L I
II

ttCGWllCHjiing Birtn€n8itonal Jr ft>-

2Ml £)evehopment of? ft iJi) phpr 'M,
AMSOF , t r F ?r-•Oijjribc ExptOht w Thi:s piroject concerns3 a met!iod for very rapidly *3btalining
M b (SAFER;1 £Jen com pie:t€ and accciu

rofilinf
"ate digital co.n tomr informsitiori (i.e.

p M W. dim.ens >nml p: y) for diffussely refit;cting objeccs The
projpOS1ecl 1teehilique <jombiee number■ of recenifly «*)pvp1-

Sobrent evapo'ration in indc ial drying ctlamber is an ope* ;hnolojgies (1ligh-poiver laser diodes, C«CD-array
energy*intensiwe process th;it (mrrent ’S ener| • in a • di * con J h-speed^ data j3FOClessing in an ineixpenisive
ver’y imsfficient manner. This is beeiausje thee dryeirs typi- compute low-cost itrame-grabbers), with a no1rel hard-
cally opicrate <it solvent vape>r c:onoentiration;s on th( order war X)imiigur:ation and daifca-rirocessmig algorithm., The
of 7 f the lower explosive iiiBtit (1LEIj) in oirder to ensure MM COBits1Ct dinaensio:nal profiler (1) will be relathrely inex-
safe sration . However, if;1 C(mtiimous vaj;)or con< aitra- penS1V< f, and v*irsatiie; i will be ideally smitf3d for
tion mionitor and safety iritei:ioclCS 1were :instalk b on-1ine inality■ control (QC) apjiicatioii;s; (3) will- improve
sol\rent concentration could be all ipproac;hi 50% mailufiactiiringf throuighput, reduce wasi56 and energ]/ con*’
LEL. 0iperatiimi at high solverit C(inc*siitrations pr‘O'duces SUITipti101i, and save time; aiid (4) can b>e appliedi to tasks
sigilific.ant, di:rect energy savirIgs, ancI it resuits 11i addi- as clive;rs as rnonitoring the; shape of fcjrmed sh<set-:motel
tiortal <sconomdc benefits of iniprcived. drybig equ:ip»ment panels , rm3asu:ring thte flatneiss c)f processed silicon w.afers?
profductivity and reduction of siz md cc>st 01 13Cdvent or chec:k]inigth.s surfstee cont<jur and voliime of ca:ndy bars.
rec<wery equipment. This prop<isal qJ(iresses the d /elop- Coniveiii<3nt tr.ade-ofifs betw*gen measur■ement nmgri and
meiit ol’ a Solvent AbsorptioiiFiber-Op'tic Explosive Itange pitilisi'ori i-an csasily 1ae achieved and in . n (> fi< 1 con-
(SAPER) sensor that would pnivide a sensillive, re;al. time figuratioii adynamic range(i.e. , ratio measuremtjnt irange
me?isurement of the solvent coneBlltlmtion in industria! to Ininlinnim i•esolva Im b u ght inereiiMmt) of more than
dryers .and that could be uspj in c1 pi'ocess/'safety ccmtrol 5 Of)0:1 ,n be achieved. The teschnology will make spossi-
sys1tem. The SIAFER instrurnent wouti use an inn*3\mtive hie the* r pid £md ac*curate j iling of tliffusely *teftt;cting
connl,ns ation o 1 (Ii * M t a ir 1lieac1 ori new IR fibc;r-optic suriface3S amd aibjects., By using stand ar<i componenb3, the
technol U' I ’ Fhl fiiHi1 111 II M on penmiti .h. , SAFER ensor cost, of tl16: instrumerit can hieke*pt low.-Com mereial <appli-
to Jjerft>rm its measuremenlts (lire(rtly in th'e containiinat- cati0116 vill center on quality ©ontrol, vrhere the lovf cost
ing environmcmt of the solvemt dryer, ■there!)j eliminating and higl1 thro*ughput of the noncontact: dimensfonai pro-
the blems of fouling and sa:mple line delays theit have filei• wiill 0 llow 100% inspect!ion. This, in. turn, will prwide
resl;ricted the utility of cur:renitly dlable sensoi . The bett;er prsO'ductss and i’educe v^3.sl;es of msiterials, labor*, and
obje3ctiv'6 Of tilie proposed project i^3 tbie developmeO't of a ene:
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SMALL BUSINESS INNOVATIVE RESEARCH
Spectral Sciences, Inc.

Manufacturing and Technology Conversion 
International (MTCJl 
Santa Fe Spring’s, CA 90670
Engineering/E^P

U5 Aio Advanced Sensor for Monitor­
ing Slagging and Fouling in Black 
Liquor Boilers
Warren, D.W,

Black liquor recovery boilers use Mack liquor as a primary 
fu>J nilji (ial oris 1 jry, t.monnlo 'iliguui sodium trrbnii- 
um si nli run sulfide au«*l '.null «. m* UTtilu <il endiutn 
Dommifiit rof^lv rtp^ii 3nd evui Ltlal •11 plo .lull' h 'll ^ 
bttn -c-i ‘jaruiei _jd m tShi_ oporalrin oi Ingt- icro ^iv

l-oiiei s SCgsaufe, 3inl ioulmg nl Hit hodei and in »me iii 
stances corrosion damage, frequently occur unless careful 
ope i a bon is mainl oiimO ve all nines becau.-e ol lb]." Mod' 
liquoi di 3 radon di.,-.u h 1aie>' ainouuP, o' S'ldmm-lu'-* 4 
rhcmicJs In plmcc I e"qV(.runc.iidllr v-iiqe4i ilie if mi- 
bibly nl ' Eje •TCiiKsii- deposHion m..un nr Ln01*1' n> a:-^ ilit 
ikTii3iim i esjumso 'Jiin/iunc- nfbkn' liq.i'’ i rt-aoveis b si 
eib lo de»online She joe and lof'ieiii oi 'Jac depouJnoi 
din'ine boiler opei nioa Thif. on-lute nioi iUe« mg I cdunqui. 
PKUid.u, a rti.dlin'i i n Hie iimMy i4ei»tificain>n ol IiuiLi 
-'leggiim and loitlint' jii*1 ‘rba eark .mu cfieuk'e aptdira- 
Oiiii .if deiomg iecliioqio s, Ihuvtbv icclu- mg boifji 
downtime and the risk of catastrophic boiler failure. In 
Mive 31 T*re tderinl ■ mid e: peiitTuiu oil* ch uacfioi *- 
high-temperature sensing devices and methods for apply- 

ADM L dr.ii logv lo 1 he opoi a!« ig -iii7o oimtoru id j 
iomniiorant n.irii'ioc 1 nmlm* Ine f'.OM u'slriu hi-

m-i"1! “f 'ia 4'.. - cl oil " on bi « .‘dm > »li>‘ ‘"ouii;.*'. v 
spectrum data collected into an image of the deposits 
mass distribution on the heat transfer surfaces of the
‘.ufli.i T Diari Ml'.hi h.ji .uldoisiu iL[«t’ ‘i'llLilPf- of ,1
<n boif it '-nvwmTiior oi .* ill •. uImPui* I < bcjn 1 c
concerns and provide the confidence necessary to design a 
prototype system. In conjunction with the Weyerhaeuser 
Company, we will prepare the preliminary design of a pro­
totype system for a phase III field test at a Weyerhaeuser 
commercial facility. The results and potential applications 
would represent a significant cost savings to the pulp and 
pep* r i hot i 11 y ho1!. ■ tog I la luru'i no ml«uduhiou m 
the black liquor recovery boilers, where the need is the 
nuB-D, «ji.' ,y Wa « an Mso be id'*mu' 3ud mnoJfw’;(4 
in coal-fired boiler systems.

Spectral Sciences, Inc,
Burlington, MA 01808

< th €\ velopment €»f a
Loser-AbmrptiAr, IJAfci SAdcpd
(FrjJFO*

Bien, F.
Industrial drying operations are major users of energy, 
representing approximately 4 to 6% of total energy use by

U S. indurfry m? opproximaiely 1 2 to 1.8 quods per ycarl 
Bignifiram Iro-Jions oi this drying energy are used bv in­
dustries that .ire capable of using sophisticated control 
rv stems fm I lien dwdng pro ceases, such as pulp and pa­
pal. food fertile? and innibei In addition, the use of 
hygrometers b> Lh<jse industries to monitor the humidity 
in their drying ch ambers and provide rool time process 
ronfr-nl informed ion is a route fo both signified oI energy 
savings and mi proved product quality. In order for these 
li.'gmnieki 3 111 he aroiii! to the above imduDriro, they 
iiinsf M able to mwisme huuiidity rollibly ai foiiipera- 
luie? u|j to 4Wi 0. at high humiditv (50 to l00Lb t, and in 
eiunvumm afs raning jnartionlates and/or fouling or 
vui ro.five -spurs Thro piv>p«roal addresses the derolnp- 
ment of eu rofitnatue nudiiple sensor Ircgiome im 
UPi’miHmg iiimivuvn'ieiiis of I Im ahsolale humidity in the 
t y f. 1. s 1 >f ind > 1t, m S m i’ ’i roi iroem s discu ssed above rod 
vhith iivaiVa fu n.-ed 111 a process comrn! s.vstem It would 

o-,. coniihiimi roi -if proven sensor head and iruim alive 
n ir mlrnivd diode le.mr Itahmilugies This combmation 
I ermif' o]i*rraiiun of se--ral r.cn&or heads connected by 
-.p uc id fiburo ro a single 1 a sc r/de tec tovA'lec Li's miro pack- 
ag*' ’viiwh i'",it m!tlolly ‘fibrs lowei stosor costs * and, 
iferebi, np plica bili tv to ■> wider range of in cl us Ida I urors) 
than roroung designs The ohiective of the proposed 
pi ay ci is I Sic do velopment M a cnniineicial sensor for 
m- on I * wmy and crodrifihne' hamidit.v in industiieil diymig 
vhainbers. As j info stop 1 oward this goal m Phase I a 
fohwafoiy pro, f-nf-voncepi hieadboard a* ill lee construe led 
tu iw o..lromfe the liindauionfal lindratu'ns on oensitlvity, 
.mleetwfiy, aii'l liner.]ir, fm veater vqpoi detecrion In 
Fho.ro if, 0 Fit. ..-.foavd FLAW8 melrmnenf will be ron- 
.J i’it* I * 4 1 fid crohr! m ,\n industiial diving chamber, 
iniWfoy m * be < dp -a ad [roper mvIu.'It" The roecvmfal 
dr-vclopm 511 of ro,; FLA¥TS insii urn tint vrouSJ lepreroni 
jJ vrw * ' in ihe irunhoiiiu jrJ control of hum fob ty in in- 
dft' rn al 4? yti , a. vroh s: in the utilirotioii of diode I wer 
ethnology f r if? qir.ujiieihv ckfociiou of grow one 

-.pc, ice T n ttsfiiupaitid ihut ilia FI.AW8 instrinmeni ’foil 
ft 1fT nr mh ut1 apph^rhoo 1 m I he riifip and pafro, food, 
mj LurJik- Liidirtrr.u, 7-iih aubhe-iucisf apilTCations fa 

nj .ing m 8';. lirnls a roil sgrVuHiuol products mdiiaiiiiis
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INSTITUTION INDEX

This index lists the institutions responsible for the projects cited in this publication. The corporate names are en­
tered in standardized forms found in the authority listing EDB Corporate Author Entries (DOE/TIC-4585). Each 
entry includes the project title and citation, number.

3M Company Research Labs
Waste Gas Minimization: Dual Cure Solventless Coating Pro­

cess, 58 
ARMCO, Inc.

Thin Steel Strip Casting Research, 102 
Acurex Corp.

Development and Evaluation of a Workpiece Temperature Ana­
lyzer for Industrial Furnaces, 36 

Advanced Fuel Research, Inc.
Low-Cost, Versatile Instrumentation for Improved Process 

Control, 112 
Aguila Corporation

R&D on a Fertilizer Sensor and Control System, 60 
Air Products and Chemicals, Inc.

Research Program for Advanced Combustion Systems; Ad­
vanced Glass Melting System, 40

Aluminum Company of America
Development of High-Temperature Catalytic Membrane Reac­

tors and Processes for Chemical Production, 83
Alzeta Corporation

Research Program for Advanced Combustion Systems; Ad­
vanced Radiant Combustion System, 41 

American Foundrymens’ Society 
Development of Precision Evaporative Casting Technology, 106 

American Iron and Steel Institute 
Development of Direct Steelmaking, 105 

Argonne National Laboratory
Superconductors for Magnetic Heat Pumps, 12 

Astronautics Corporation of American
Development of a Magnetic Refrigerator for the Liquefaction of 

Hydrogen, 13
Babcock and Wilcox Company

R&D of a Ceramic Fiber Composite Heat Exchanger, 1 
Battelle Memorial Institute 

Initiative on Ceramic Stationary Gas Turbines, 48
California, University of

Physical Modeling of Bubble Phenomena, Electrolyte Flow, and 
Mass Transfer in Simulated Advanced Hall Cells, 98

Carnegie-Mellon University 
Removal of Copper from Scrap, 104

Champion International
Feasibility of Black Liquor Pyrolysis/Gasification in Combined 

Cycle Cogeneration, 73 
Combustion Engineering, Inc.

Development of a High-Efficiency Advanced Coal Combustor 
and Process Heat Retrofit, 33 

Dairy Research, Inc.
Freeze Concentration Fundamentals, 88 

Dow Coming Corporation
Pilot-Scale Demonstration of Silicon Furnace Waste Gas Uti­

lization Technology, 57
Duke Power Company

Development and Test of Heat Pumps in New Applications for 
Industry, 22

Dynatech Scientific, Inc.
Development of a Hanging (Plastic) Film Heat Exchanger, 10

EG and G Idaho, Inc.
Test Fouling and Corrosion Probes in Industry, 9 

ELTECH Systems Corporation 
Self-Forming Anodes for Aluminum Electrowinning, 96

Energy Concepts
Liquid/Vapor Chemical Heat Pump, Ternary Nitrate (Alkitrate) 

Fluid, 25
Florida, University of

Characterization of Physical Properties of Kraft Black Liquor, 70
Ford Motor Company

One kWe Sodium Heat Engine (SHE) System, 47 
Georgia Institute of Technology

Application of Chemicals to Substrates Without the Use of Liq­
uids: Solid-on-Solid Processing, 77 

Great Lakes Research Corporation
Field Testing of Titanium Diboride Cathodes in Commercial 

Aluminum Cells, 97 
Gulf States Utilities, Co.

Development and Test of Heat Pumps in New Applications for 
Industry, 20

HPD, Inc.
Bipolar Electrodialysis for the Recovery of Kraft Black Liquor, 76 

Idaho National Engineering Laboratory
Polyphosphazene Microporous Membranes, 84 

Institute of Paper Chemistry (IPC)
On-Machine Sensors to Measure Paper Mechanical Properties, 

67
Intelligent Dynamics Systems, Inc. (IDS)

Hierarchical Intelligent Control of Industrial Processes: An In-
Parallel Lime Kiln Application, 110

Jet Propulsion Laboratory
Advanced Sensor Development Program (Process Instrumenta­

tion Research) for the Pulp and Paper Industry with Other 
Generic Applications, 64

KSE, Inc.
Reaction-Enhanced Extraction of Aromatics, 111 

Kinetics Technology International Corporation
Development and Test of Heat Pumps in New Applications for 

Industry, 16
LASENTEC (Laser Sensor Technology, Inc.)

Development of High Performance Consistency Sensor for Pa­
per Pulp, 69

Lawrence Livermore Laboratory
Development of Superplastic Steel Processing, 103

Linnhoff March, Inc.
Development and Test of Heat Pumps in New Applications for 

Industry, 18
Litwin Engineers & Constructors, Inc.

Development and Test of Heat Pumps in New Applications for 
Industry, 19

Maine, University of
Black Liquor Droplet Formation Study/Nozzle Design, 71

Manufacturing and Technology Conversion International 
(MTCI)

Development of a Retrofit (Pulse) Coal Combustor for Indus­
trial Applications, 34

Manville Sales Corporation
R&D of Energy Conservation Through Recycling of Factory As­

phalt Roofing Waste, 52 
Massachusetts Institute of Technology

Raman Scattering Studies of Aluminum and Magnesium Elec­
trolysis Cells, 100

Mechanical Technology Incorporated
Advanced Brayton Cycle Solvent Recovery Heat Pump, 15
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Minnesota Mining and Mfg. Co.

Minnesota Mining and Mfg. Co,
Develop a Brayton-Cycle Heat Pump for Volatile Organic Sol­

vent Recovery, 11
National Food Processors Association

0 JM Ml Pt Mini r I II ( I ill r (ill lilt n lil I MU M i.1!!
rrofiliras, n /

National Institute of Standards and Technology
1 fo < t pm tuof cP fnt mmt jV ill F ivi In In 11 i

New York, State University of
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GLASS
Melting

DISTILLATION EQUIPMENT 
Control Systems

Development of an On-Line Chemical Composition Analyzer, 
65

Energy Efficiency
Development of an On-Line Chemical Composition Analyzer, 

65
DOMESTIC WASTES

See MUNICIPAL WASTES 
DRYERS 

Control Systems
Development of a Solvent-Absorption Fiber-Optic Explosive 

Range (SAFER) Sensor, 118 
DRYING

Energy Conservation
Economic and Accurate Moisture-Sensing System for Use in 

Harsh Drying Environments, 62 
Energy Consumption

Development of a Fiber-Optic Laser-Absorption Water Sen­
sor (FLAWS), 116 

Monitoring
Economic and Accurate Moisture-Sensing System for Use in 

Harsh Drying Environments, 62

E
EFFLUENTS (GASEOUS)

See GASEOUS WASTES 
EFFLUENTS (LIQUID)

See LIQUID WASTES
ELECTRODIALYSIS

Feasibility Studies
Bipolar Electrodialysis for the Recovery of Kraft Black 

Liquor, 76
ELECTROLYTIC CELLS

Physical Modeling of Bubble Phenomena, Electrolyte Flow, 
and Mass Transfer in Simulated Advanced Hall Cells, 98 

Anodes
Development of Inert Electrodes for Aluminum, 95 
Anode Scaleup/Pilot Cell Activities, 99 

Cathodes
Field Testing of Titanium Diboride Cathodes in Commercial 

Aluminum Cells, 97 
Efficiency

Raman Scattering Studies of Aluminum and Magnesium 
Electrolysis Cells, 100

Membranes
Application of Fuel ' Cells to Chlorine-Caustic Membrane 

Technologies, 79 
Process Control

Development of Process Control Sensors (Aluminum), 93 
Systems Analysis

Application of Fuel Cells to Chlorine-Caustic Membrane 
Technologies, 79

F
FARM EQUIPMENT 

Design
R&D on a Fertilizer Sensor and Control System, 80 

FLOWMETERS
Development of Advanced Sensors for the Paper Industry, 61 

FOAMS 
Fabrication

Development of Precision Evaporative Casting Technology, 
106

On-Line Process Modeling of a Cupola Furnace, 107 
FOOD

See also MILK PRODUCTS 
Dehydration

Development of an Electroacoustic Process for Enhanced De­
watering of Food Suspensions, 89

Drying
Development of a Fiber-Optic Laser-Absorption Water Sen­

sor (FLAWS), 116
Separation, Fractionation, Concentration, and Drying of 

Food Products, 87 
Freezing

Freeze Concentration Fundamentals, 88 
Preservation

Separation, Fractionation, Concentration, and Drying of 
Food Products, 87 

Separation Processes
Separation, Fractionation, Concentration, and Drying of 

Food Products, 87 
FOOD INDUSTRY 

Energy Conservation
Design and Control of Energy-Efficient Drying Processes, 90 
Freeze Concentration Fundamentals, 88 

FOODSTUFFS 
See FOOD 

FOULING 
Monitoring

An Advanced Sensor for Monitoring Slagging and Fouling in 
Black Liquor Boilers, 115 

FUEL CELLS 
Membranes

Application of Fuel Cells to Chlorine-Caustic Membrane 
Technologies, 79 

Systems Analysis
Application of Fuel Cells to Chlorine-Caustic Membrane 

Technologies. 79 
FUEL SLURRIES

Combustion
Development of a High-Efficiency Advanced Coal Combustor 

and Process Heat Retrofit, 83
Combustion Products

Low-Cost, Versatile Instrumentation for Improved Process 
Control, 112 

FUEL SUSPENSIONS 
See FUEL SLURRIES 

FURNACES 
Oxygen Enrichment

Oxygen-Enriched Combustion System Performance Study, 31 
Waste Heat

Pilot-Scale Demonstration of Silicon Furnace Waste Gas Uti­
lization Technology, 57

G
GAS TURBINES

Air Heaters
Development of High-Pressure Heat Exchange Systems 

(HiPHES), 4
Development of High-Pressure Heat Exchange Systems 

(HiPHES), 5
Combustors

Gravel Bed Combustor for Solid Fueled Gas Turbine, 45
Fuels

Feasibility of Black Liquor Pyrolysis/Gasification in Com­
bined Cycle Cogeneration, 73

GASEOUS EFFLUENTS 
See GASEOUS WASTES 

GASEOUS WASTES 
Heat Recovery

Test Fouling and Corrosion Probes in Industry, 9
GASIFICATION 

Feasibility Studies
Feasibility of Black Liquor Pyrolysis/Gasification in Com­

bined Cycle Cogeneration, 73
GENERATORS (STEAM)

See STEAM GENERATORS 
GLASS 

Melting
Coal-Fired Glass-Melting Process Heater Development, 32
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GLASS INDUSTRY 
Furnaces

GLASS INDUSTRY
Furnaces

Oxygen-Enriched Combustion System Performance Study, 31 
GLASS MELTERS

See CERAMIC MELTERS 
GLYCIDES

See SACCHARIDES 
GOBAR. GAS

Sec INTERMEDIATE BTLJ GAS

H

HEAT ENGINES 
Design

One kWe Sodium Heat Engine (SHE) System, 47 
Fabrication

One kWe Sodium Heat Engine (SHE) System, 47
Testing

One kWe Sodium Heat Engine (SHE) System, 47 
Working Fluids

One kWe Sodium Heat Engine (SHE) System, 47 
HEAT EXCHANGERS

Development of High-Pressure Heat Exchange Systems 
(HIPHES), 4

Development of High-Pressure Heat Exchange Systems 
(HiPHES), 5

Defects
Assessment of Strength-!bmiting Flaw's in Ceramic Heat Ex­

changer Components, 3 
Design

Development of a Hanging (Plastic! Film Heat Exchanger, 10 
R&D of a Ceramic Fiber Composite Heat Exchanger, 1 
Enhanced Shell-and-Tube Heat Exchangers for the industry, 8 

Economic Analysis
Development of a Hanging (Plastic) Film Heat Exchanger, 10 

Performance Testing
Development of a Hanging (Plastic) Film Heat Exchanger, 10 

HEAT PUMPS
See also CHEMICAL HEAT PUMPS 
Advanced Brayton Cycle Solvent Recovery Heat Pump, 14 
Advanced Brayton Cycle Solvent Recovery Heat Pump, 15 
Development and Test of Heat Pumps In New Applications 

for Industry, 18 
Brayton Cycle

Develop a Brayton-Cycle Heat Pump for Volatile Organic Sol­
vent Recovery, 11 

Efficiency
Superconductors for Magnetic Pleat Pumps, 12 

Superconducting Magnets 
Superconductors for Magnetic Heat Pumps, 12 

HEAT RECOVERY EQUIPMENT 
Corrosion Protection 

Ceramic Materials Support, 2 
Heat Exchangers

R&D of a Ceramic Fiber Composite Heat. Exchanger, 1 
Materials

Ceramic Materials Support, 2 
HEAVY OILS

See PETROLEUM 
HUMIDITY

Measuring Instruments
Development of a Fiber-Optic Laser-Absorption Water Sen­

sor (FLAWS), 118
HYCSOS

See CHEMICAL HEAT PUMPS
HYDROCARBONS

See also STYRENE
Conversion

Development of High-Temperature Catalytic Membrane Re­
actors and Processes for Chemical Production, 83

Monitoring
Low-Cost, Versatile Instramentation for Improved Process 

Control, 112

HYDROGEN PRODUCTION
Development of High-Pressure Heat Exchange Systems

(HiPHES), 6
HYDROGEN SULFIDES 

Recovery
Recovery of Hydrogen and Sulfur from Hydrogen Sulfide 

Wastes, 59
HYDROXYBENZENE

See PHENOL
HYGROMETRY

Measuring Methods
Development of a Solvent-Absorption. Fiber-Optic Explosive 

Range (SAFER) Sensor, 113

I

USAGES
Noncontacting Dimensional Profiler, 114

INCINERATION
See COMBUSTION

INDUSTRIAL PLANTS
Cogeneration

High -Per for m a nee Steam Proof-of-Concept Phase Cogenera­
tion Service, 44 

Heat Recovery Equipment
Ceramic Materials Support, 2 

Process Control
Low-Cost, Versatile Instrumentation for Improved Process 

Control. TJ2
Steam Systems

High-Performance Steam Proof-of-Concept Phase Cogenera­
tion Service, 44 

INDUSTRIAL SECTOR.
See INDUSTRY

INDUSTRIAL WASTES
See also SPENT LIQUORS 

Heat Recovery
Test Fouling and Corrosion Probes in Industry, 9 

Materials Recovery
Plastics Recycling in the Industrial Sector, 50

Water Removal
Acoustic Sludge Dewatering, 56 

INDUSTRY
See also AGRICULTURE

BEVERAGE INDUSTRY 
FOOD INDUSTRY 

'GLASS INDUSTRY 
TEXTILE INDUSTRY 

Energy Conservation
Enhanced Shell-and-Tube Heat Exchangers for the fnduslty, 8 

Heat Exchangers
Enhanced Shell-and-Tube Heat Exchangers for the Industry, 8 

INFRARED SPECTROMETERS 
Field Tests

Low-Cost, Versatile Instrumentation for Improved Process 
Control, 112

INSTRUMENTS (MEASURING)
See MEASURING INSTRUMENTS

INTERMEDIATE BTU GAS
Production

Black Liquor Gasification (Pulsed Combustion), 74 
ION EXCHANGE MEMBRANES 

See MEMBRANES

J
JET ENGINE FUELS

Prodtietion
Reaction-Enhanced Extraction of Aromatics, 111
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OXYGEN ENRICHMENT 
Energy Conservation

1C
KILNS

Control Systems
Hierarchical Intelligent Control of Industrial Processes: An 

In-Parallel Lime Kiln Application, 110

L
LIGNIN

Measuring Instruments
Advanced Sensor Development Program (Process Instrumen­

tation Research) for the Pulp and Paper Industry with 
Other Generic Applications, 64 

Molecular Structure
Characterization of Physical Properties of Kraft Black 

Liquor, 70
LIQUID EFFLUENTS

See LIQUID WASTES
LIQUID WASTES

See also SPENT LIQUORS
Combustion

Fundamental Studies of Black Liquor Combustion, 72
An Advanced Sensor for Monitoring Slagging and Fouling in 

Black Liquor Boilers, 115 
Droplets

Black Liquor Droplet Formation Study/Nozzle Design, 71 
Electrodialysis

Bipolar Electrodialysis for the Recovery of Kraft Black 
Liquor, 76 

Gasification
Feasibility of Black Liquor Pyrolysis/Gasification in Com­

bined Cycle Cogeneration, 73

M
MAGNESIUM

Electrolysis
Raman Scattering Studies of Aluminum and Magnesium 

Electrolysis Cells, 100 
MAGNETIC TAPES 

Production
Advanced Brayton Cycle Solvent Recovery Heat Pump, 14

MANUFACTURING FACILITIES 
See INDUSTRIAL PLANTS 

MATERIALS (COMPOSITE)
See COMPOSITE MATERIALS 

MEASURING INSTRUMENTS 
See also MOISTURE GAGES 

THERMOCOUPLES
Design

Development of a Fiber-Optic Laser-Absorption Water Sen­
sor (FLAWS), 116 

MEMBRANE TRANSPORT
Development of a Novel, Active Transport Membrane Device, 

82
MEMBRANES

Hybrid Membrane Systems, 81
Development of a Novel, Active Transport Membrane Device, 

82
Development of High-Temperature Catalytic Membrane Re­

actors and Processes for Chemical Production, 83
Production

Colloid-Chemical Approach to Design at Phosphate-Ordered 
Ceramic Membranes, 80

Supports
Polyphosphazene Mieroporous Membranes, 84

MILK PRODUCTS
Freezing

Freeze Concentration Fundamentals, 88

MOISTURE GAGES
Economic and Accurate Moisture-Sensing System for Use in 

Harsh Drying Environments, 62 
Advanced Sensor Development Program (Process Instrumen­

tation Research) for the Pulp and Paper Industry with 
Other Generic Applications, 64 

Development of a Hydrogen Transient Nuclear Magnetic 
Resonance Sensor for Moisture Measurement, 66 

Design
Development of a Heat Flux Dew-Point Hygrometer, 63

Fabrication
Development of a Heat Flux Dew-Point Hygrometer, 63

MOLTOX OXYGEN PROCESS 
Materials Testing

Corrosion Study on the MOLTOX™ Process, 85 
MOTION DETECTION SYSTEMS

Real-Time, Noncontact Optical Surface Motion Monitor, 109 
MUNICIPAL WASTES 

Water Removal 
Acoustic Sludge Dewatering, 56

N
NATURAL GAS 

Purification
Hybrid Membrane Systems, 81

NEUTRON MOISTURE METERS
See MOISTURE GAGES 

NITRATES
Soil Chemistry

R&D on a Fertilizer Sensor and Control System, 60
NITROGEN OXIDES 

Monitoring
Low-Cost, Versatile Instrumentation for Improved Process

Control, 112

O

ON-LINE MEASUREMENT SYSTEMS 
Design

Development of an On-Line Chemical Composition Analyzer, 
65

Performance Testing
Development of an On-Line Chemical Composition Analyzer, 

65
ORGANIC SOLVENTS 

Materials Recovery
Develop a Brayton-Cycle Heat Pump for Volatile Organic Sol­

vent Recovery, 11
Recovery

Advanced Brayton Cycle Solvent Recovery Heat Pump, 14 
Advanced Brayton Cycle Solvent Recovery Heat Pump, 15

OXYGEN
Production

Industrial Oxygen Enriched Air Production System, 30 
Evaluation of Polymeric Membrane for Oxygen Enrichment 

of Air, 29
OXYGEN EFFECT (RADIOBIOLOGY)

See OXYGEN 
OXYGEN ENRICHMENT 

Cost Benefit Analysis
Oxygen-Enriched Combustion System Performance Study, 31

Energy Conservation
Oxygen-Enriched Combustion System Performance Study, 31
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Process Control
Development of High. Performance Consistency Sensor for

Paper Pulp, 69
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RADIOACTIVE GASEOUS WASTES 
See GASEOUS WASTES
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See IMAGES

RDF
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TUBES
Erosion

SLURRIES
See also FUEL SLURRIES 

Control
Development of Advanced Sensors for the Paper Industry, 61 

Particle Size
Development of Laboratory and Process Sensors to Monitor 

Particle Size Distribution of Industrial Slurries, 68 
SLURRIES (FUEL)

See FUEL SLURRIES 
SMELTING 

Cost
Development of Direct Steelmaking, 105 

Energy Consumption 
Development of Direct Steelmaking, 105 

SOLID WASTES 
Materials Recovery

Plastics Recycling in the Industrial Sector, 50 
SOLVENTS

See also ORGANIC SOLVENTS 
Recovery

Hybrid Membrane Systems, 81 
SPENT LIQUORS

Atomization
Black Liquor Delivery Systems, 75 

Chemical Analysis
Characterization of Physical Properties of Kraft Black 

Liquor, 70 
Concentrators 

Hybrid Membrane Systems, 81 
Gasification

Black Liquor Gasification (Pulsed Combustion), 74 
Physical Properties

Characterization of Physical Properties of Kraft Black 
Liquor, 70

STEAM CONDENSERS 
Tubes

Enhanced Tubes for Steam Condensers, 7 
STEAM GENERATORS

Design
High-Performance Steam Proof-of-Concept Phase Cogenera­

tion Service, 44 
Materials

High-Performance Steam Proof-of-Concept Phase Cogenera­
tion Service, 44

STEAM REFORMER PROCESSES 
Heat Exchangers

Development of High-Pressure Heat Exchange Systems 
(HiPHES), 6 

STEAM SYSTEMS 
Design

High-Performance Steam Proof-of-Concept Phase Cogenera­
tion Service, 44 

STEAM TURBINES
High-Performance Steam Proof-of-Concept Phase Cogenera­

tion Service, 44
STEEL-08G2SFB

See CARBON STEELS
STEEL- 12KH2MV8FB

See STEELS
STEEL-I2KH2V5FB

See STEELS 
STEELS

See also CARBON STEELS 
Casting

Thin-Section Casting Project, 101
In-Plant Testing of a High-Temperature EM Pulsar and 

EMAT Receiver, 94 
Melting

Molten Steel Temperature Measurement, 108 
Smelting

Development of Direct Steelmaking, 105 
Temperature Measurement 

Molten Steel Temperature Measurement, 108

STYRENE
Synthesis

Development of High-Temperature Catalytic Membrane Re­
actors and Processes for Chemical Production, 88 

SUGARS
See SACCHARIDES 

SULFITE WASTE LIQUOR
See SPENT LIQUORS 

SULFUR DIOXIDE 
Design
■ Low-Cost, Versatile Instrumentation for Improved Process 

Control, 112 
Monitoring

Low-Cost, Versatile Instrumentation for Improved Process 
Control, 112 

SULFUR HYDRIDES
See HYDROGEN SULFIDES 

SUPPORTS (CATALYST)
See CATALYST SUPPORTS 

SURFACE COATING 
Energy Conservation

Waste Gas Minimization: Dual Cure Solventless Coating 
Process, 58 

SURFACES 
Monitoring

Real-Time, Noncontact Optical Surface Motion Monitor, 109 
Motion Detection Systems

Real-Time, Noncontact Optical Surface Motion Monitor, 109 
Velocity

Real-Time, Noncontact Optical Surface Motion Monitor, 109 
SUSPENSIONS (FUEL)

See FUEL SLURRIES

T
TEMPERATURE MEASUREMENT

Molten Steel Temperature Measurement, 108 
Measuring Instruments

In-Plant Testing of a High-Temperature EM Pulsar and 
EMAT Receiver, 94 

TEXTILE INDUSTRY 
Energy Conservation

Application of Chemicals to Substrates Without the Use of 
Liquids: Solid-on-Solid Processing, 77

TEXTILES
Drying

Development of a Fiber-Optic Laser-Absorption Water Sen­
sor (FLAWS), 116 

THERMOCOUPLES 
Protective Coatings

Molten Steel Temperature Measurement, 108 
THERMOPILES

See THERMOCOUPLES 
TIRES 

Recycling
Utilization of Waste Tires Using Novel Surface Modification 

Technology, 49 
TITANIUM BORIDES 

Uses
Field Testing of Titanium Diboride Cathodes in Commercial 

Aluminum Cells, 97 
TUBES

Corrosion
Atmospheric Fluidized-Bed Cogeneration Air Heater (ACAH) 

Experiment, 43 
Erosion

Atmospheric Fluidized-Bed Cogeneration Air Heater (ACAH) 
Experiment, 43
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VAPORS
Materials Recovery

■ V
VAPORS

Materials Recovery
Develop a Brayton-Cycle Heat Pump for Volatile Organic Sol­

vent Recovery, 11
vinylbenzene'

See STYRENE

w
WASTE HEAT UTILIZATION 

Ceramic Materials Support, 2
Pilot-Scale Demonstration of Silicon Furnace Waste Gas Uti­

lization Technology, 57

WASTE PRODUCT UTILIZATION
So, > a No i V LST E 61C AT 1TTU JIWTI01]
III ill" if mu iif Wjmp Tue- 11 -niLt No> 11 Surface Modification 

Ti iTtnolnyt -tfi
WASTE SOLUTlUFfS

SLv T,lQi Hit AXS TES 
WPTEk fKChTMEhiT

Emijn at i I Mou rial Rei mv r, Irom Industrial Wastewaters, 
54

WOOD
Deuiii'ctive

1 Other Higher Value Chemicals
from Wood Wastes. 51 

Drying
Development of a Fiber-Optic Laser-Absorption Water Sen­

sor (FLAWS), 116
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