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PROGRAM OVERVIEW

The Lt.S. l)cl_uimcnt of l::,ncr_y (1)()i_) ()l'ficc t_f Indu'qrial c_mlmcrciali/_llion I_otCnti:ll of l,I._, bunincn,,cn, in addili(m,
'l_cchnolo<_.g,icn (OIF) ctuli.ltlctS rcnearcll alltl tlc\'¢lolinlcnl ()lT-sul-q_tlrtu'dllrojccln:u'Clyl_ic_lllyfundcdlmacosl-nhlucd
acli\'ilics which I'tlc'tik on iilll-lit_vii_ CllOl,,V clTicic'nc\' _.lllcl I_asi_ with the pri\alc su'c'i{iF.'1_oelate, ()1"i' has ._til_l_llricclC'.

i_rl_\'illin_ 1]_i'fuel flcxit_iliiy within t!.S. illtttlslr.v in lhc ;.ilL'i.i nl(ll'¢ than thrc'c hundrc'd IC:<,¢_.il'ch;lilt[ clc\'clc_lmlCi_l pro.tecta:
til industrial c'tm_crvalitm. The mission tfl'()lT i._to inel'Case Filally ot' those cll'c_rl_ hax.'c' hcll_c'd inllllc'n_L'lli L'llC'I'_)'-
lhc tllili/alitm (if L'Xi.',Iin7 L'nCu'_y-L'fficiL'ill L'tluil_illcull and h_ L'fI'icicncy illll_rtlvL'nlc'nls in a v_uiel\'t)filldtislri_il _il_)l_lic;lli(inn.
lincl and t_ion/olc now. C()Sl-Ct'I'L'L'IiVC\v_iys tt_r indusiri_ll

futilities I(_ ilnlmwc' lhcir CI1L'I'._Vcffi(.'icmc)' anti IllIIIIIIli/L" "l'licnc'ot:r;.l_2c'induslrial illlF)II2111L'IIIIIIJIiII(iI'L'I1CI'._)'-L'tIII_,L'I'VilI_2

waslc i_rt)ttticts, tcchnt_loTics, rcse_ii'ch _ii_cl dc'vclopilicnl ol'f(_rts al'u'
.',UI_I_IcuIILUllcclwilh _l_ai'iclv (ii' l(2chn_ihlL2ylian<,fL'r aci i_ii it's

"l"t_0nsi.llCi.itt\U.illC'C'lllCnloi'the icchnoloTic_ll Ic_ldci'shiI) _lfihc' _.liltl il_l(.Wlll;.ltiOii cxch_lnTcs.
I.Jniicd ,Stales_intllo iilll_)ro\'c' lhc COml)cliii \,ci_u'.,,.__f t\ nlcl'iC'all

induslrial i_roducis in world m_ukcts. OIT xwlrks cltlscl\, wilh This ru,l_ort coi_iaii_._,,umi_larics of lhc currc,nlly acli rC,i_rllicci,,
industrial i)aiii_ClS, lhc sl_lll's oilhc nalion_ll labtlraloric's, and .,,til_l_lOrlcdby lhc ()l'l'icc til" induslritil "l_c'chi_i_loTiC'n.
Ui_i\;crsiliL'_ ltl i(.lci_lil'y festalcb tiilcl dcvclot-)il/cni i_C'¢i_lsand
lo solve tcchnoloTic_ll ch_illu'nTcs.

DOI::,h_lssi{_ncdil}l_i'c than one hui_drctl ('oopcrali vc l_,csc_u'ch
aild IJcvch,l)llicUll ATl'CCliil2ills ((T]7,AI)A_J which c'()llll')illc' l)cl)Uly A,,ki.,,lanl SCLUClaiy
the l't2_Cal'chc_lp_lhililics of lhc ilalion_ll labor_ll(iliL's _lllcl lhc ()fficc iii Intlu,qrial TcmlmoloTiu'_,

Research in Industrial Technologies v



INDUSTRIAL ENERGY EFFICIENCY

ceramic materials and components are critical to the

Advanced Heat Exchangers ove,'an cost-effectiveness ()f both current systems and ad-vanced concepts. The objective of this project is to develop
impro\,ed materials and processes to overcome factors
that increase (:()st (e.g., component fabrication)or that

Babcock & Wilcox Company limit performance and reliability (e.g., c<)rrosi<m and
Lynchburg, VA 24506 toughness).
R and D Division

1. R & D of a Ceramic Fiber Compos-
ite Heat Exchanger
Barringer, E.A.

This project is in the last phase of a three-phase effm't. Rensselaer Polytechnic Institute
Phase I involved /1) determining the technical and eco- Troy, NY 12180
nomic feasibility of an advanced material (ceramic fiber Department of Mechanical Engineering, Aero-
reinforced ceramics)heat exchanger; (2) identifying nautical Engineering&Mechanics
critical problems relating to development of the heat ex-
changer; and (3) identifying and detailing Phase li R & D 3. Enhanced Shell-and-Tube Heat Ex.
required tbr the successthl design, fabrication, and opera-
tion of the critical components. Phase II consisted ot'(]_ R changers for the Industry
& I) to solve the critical problems and (2) completing the Bergles, A.E.
final conceptual design. Phase III consists of detailed de-
sign and construction of a test module, and its installation The project ot)jective is to evaluate enhancement of boiling
and testing in an industrial waste stream. The heat ex- heat transfbr on the outside of tubes, lt will address I1)
changer is designed tbr efficient and economic recovery of the scaleup of shell-side boiling from a single enhanced
waste heat ft'ore major industrial high-temperature (589 tube to a tube bundle, (2) the fi)uling of the enhanced
°CI corrosive-fouling gas streams existing in steel soaking sur[hoes, and (3_ the enhanced shell-side boiling with mul-
pits, aluminum remelt, and glass melting operations. An ticomponent fluids. Rensselaer Polytechnic Institute (RPl)

is progressing with single-tube testing, and the construe-
industrial user has been selected and will provide a ton-
sulting role to provide use," perspective of the work. tion of apparatuses tbr bundle test and tbuling tests. After

completing single-tube testing, final selection of enhanced
surfaces fbr use in bundle testing will be made.

Oak Ridge National Laboratory
Oak Ridge, TN 37831
Metals and Ceramics Division

2. Ceramic Materials Support
Karnitz, M.A. Solar Turbines, Inc.

San Diego, CA 92138
This project provides materials technology support to the Research-Advanced TechnologyIndustrial Energy Efficiency Division of the Office of In-
dustrial Technologies and their contractors in two general
categories: (1) high-pressure heat exchange system 4. Development of High-Pressure
(HiPHES) and Advanced Heat Exchanger project support Heat Exchange Systems (HiPHES)
and (2)technology development. Project support involves Ward, M.E.
assistance to Department of Energy (DOE) contractors in
the deveh)pment of systems for improved process heat ex- The project objective is to develop a high-pressure heat ex-
change and for recovery of waste heat ft'ore industrial change system (HiPHES) based on ceramics. The HiPHES
processes. The operating co_ditions of these systems re- should be capable of transtbrring heat to air at high tem-
quire qualification of metallic alloys and ceramics tbr perature (900 "C) and high pressure (1035 kPa), feeding
critical components such as heat exchanger tubes, seals, an indirectly fired gas turbine. The heating source in the
and structural members. The purpose of the project is to air heater will be provided by the exhaust gases ft'on) a
identit}" materials problems that significantly affect per- municipal or hazardous waste incinerator. This will allow
tbrmance and reliability and to resolve the problems by higher temperature operation of the gas turbine without
application of existing materials technology or by pertbrm- introducing corrosive species into the turbine. An indus-
ing the analyses and tests required lh,' material trial host site lh," field testing was selected. Work is
qualification. The technolog*y development portion of this continuing on the preliminary design of both the indi-
project is focused on materials and processes that enhance reetly fired gas turbine and heat exchange systems fi)r the
industrial acceptance of ceramic and ceramic composite HiPHES. Material samples are being exposed to the ex-
heat exchangers. The cost, pertbrmance, and reliability of haust of a hazardous waste incinerator.

Research in Industrial Technologies 1



ADVANCED HEAT EXCHANGERS
Stone and Webster Engineering Corp.

Stone and Webster Engineering Corp. 'l't_erm_] and sll'l,'lural m(_dcli,l_ and testing4, which arc
Boston, MA 02210 specific |_l |hc tlll'_(,it,(t ('()mlltlsti(H1 _ll)plicati(ms, will hc

perl'(,'mcd. Rt,slllts td' thc m,)(lcling and testing will be
used t(_ delermil_e material ct>sis and pcrflwmalice rc-

5. Development of High-Pressure qui,,<,,_,l_tS.
Heat Exchange Systems (HiPHES)
WE/mms, d.J.

The pr_)jccl oh,ieciive is t,_ (l_,\'(,l(_p an advanced hidh-
pressure ht'ai (,xchange system (1lil)llESl for a c_mveciivc
st,,;_m ref(wmer integrated with a directly tired gas iur- Amercom, Inc.
hin,' cyclc. Th(. llil>l-tl';_ steam rctbrnl('l" is a c_,ialyst-filh.<l Chatsworth, CA 91311
turhular rc_lct_)r thud t)r,)(itic('s hydr_)gen at elevated pres-
SU|'UH['()I' suhs(,tlUt,]_t l)l'nC('SSillg tl) methan(d or amm,)nia.

8. Chemical Vapor htfiltration of Sili-The I-|il)ltF, S system sh(_llld allow rcacti<)n tcmper_itures
160 C higher than the curr(,nl state ()t"the art. A high con Carbide
pr(,sstlrt., c,)ml_ustihle :llm()sph(,rt, furnace has heen di'- B/ml, J.O.
sicned and thhricated t_, lt,st candidate mat('vials ulider a
simul_t(,d rcli,'m(,r envir()limel_t. Results ,)['this tesiiiq4 (G]emical vap,)r infiltrati,ln <(I\;1) is a therm(ichemical
will help dett.rnlillc the materials used tbr c()nstructin/ pr(icc,ss tbr pr,)ducing a c<)ndensed phase thrmigh the r(,_lc-

ti,)n <ft' a volatile precurs()r ,)n a surf'act,. ('\:1 has
thctuI)uhirp(wli()nul'thedesign, dem()nstraied the ilear-net-shapc, fabricati,)n (if large.

thermally ef'ficienl structures, difficult t,) fabricate' tlsiilg
collventi(mal recalls, with a variety (li' refractory carbide,

Continuous Fiber Ceramic ,_t,._(t,,. ,)×|de, _nd h<)vide matrices. The ol)jectivc (ii" thispr,tie('t is t(_ use silic,m carbide as the hast matrix mate-

Composites ,.i._. reinli)rcing it with carbide, nitride. ()r ,)xi(tc fibers.
............................................................................................... (',l.ll'!'Olli efforts are fbcus(,d <m _I 1,)|)taini_i/a nonoxi(lizin_

fiber-matrix il_terl'ace It) ensure lhc appr,)priate th(,rmal

Alhed-Slgnal Aerospace Company and mechanical hehavior ,ii' the c()ml),)site; (2) deveh)pinga cold i()()lin/ pr,)cess t.o tool the ct)mp(lhc, ht at tempera-
Torrance, CA 90501 tul.cs h,ss than 500 (' during the initial del_silic_ti,)n
(7,arrett Ceramic Components t>r,ccss; (31 ()ht;lil_ilag graded matri× composites thai in-

ct)rpl)rate hldh silic,)n carhide and alumina ,)r mullite

6. CFCC Applications for Diesel En- ,)xi(tc materials t(/ impr,)\'e the chemical c()mpatihility;

gine Valve Guides _,_d (4) pr(,ducing controlled por()sity pref(,rms t,)withstancl ternp('rature and ()ther stresses, and filter un-
)_'h, H.('. desirable pattie',dates at vc,ry h)w pressure drops.

The object ire <)f'this pr<>ject is t() dcveh>p a component ['ah-
ricated ()['c(mtil_u()us til)ct ceramic c'omp_)site (CFC('_ l'()r a
specific induslrial application, that ()l" h)w heat rejection
diesel engine exhaust valve guides. The CFC,(_ material

will l)e a c(mtinuous carl>_)n tiber-re|nrl>reed silicon nitride. Babcock & Wilcox Company

The c(map,)site will he [<d)ricated by slurry infiltrati(m and Lynchburg, VA 24566
densificd h/ nilri(hiti(m, sintering, or glass encapsulation
h,)t is,)static pressing. This cfff)rr will include criteria dc- Lynchburg Research Center
term|nail,lh, ectm,)mic assessment, perf'()rmance targets.
and c,)mp,)nent and system design. An experimental 9. Research and Development of
pro,)lL()lLcllnccpt (Pi)C)will he performed involving tel|n- Advanced Ceramic Materi-
ing the processing, and screening candidate matt, rials tbr
their fi'ictit)n, wear, ,)xidati()n and corrosion resist.ante, als/Processing Methods
and l_echanical pr(ilierties. Ltmg, W.('7.

The (>hjectivc ()t" this pr()ject iu focttsed (in two liqtlid-io-
solid-based priicessii_g meth(ids, sol-gel ill_pret4'i)ati,)l] [llld

Alzeta Corporation liquicl il_tilti'ation, fi)r developing advanced t'(,ramit' com-
Santa Clara, CA 95054 t)lisite illittoi'illls. These ilpproaches st;mild he ideal for lhc

()xide-based crimp(is|tc S VS[(!I11, Sil'lCOlt will alhiw scaling

7. CFCC Radiant Burner Assessment t<, cost-effect|rc manul<_cturing ()perati,)ns. El'ft)rts will fo-
Sullit,an, d.I). cus on vtlriotis fiher coatings ii)obi, aii_ ()ptim:,d inter['ac,es

between the [il)ers till(| the c'eranlit' matrix. 'iii ['abricate

(]uiltinuiil_is fiber coranlic c'()n_pt)silt, ICF(I(;| I'il(tilll/t })til'II- i/c,ar-i'icq-shat)t, t;)rliducts, [ilanlt, ilt-w(itll_Cl, sol-gel illlt)reg-
til'S tll't' being devehiped ['(ii" ,is(? in residential _lll(] na,cd Itll)es will he produced. A(tditi(inally, ;lltol'nilto

industrial applicati()ils to ill(,i'(_iise thei'nlal ('|'||cit, no'y, pi'ii- inlpi't,gnati()il nlaLei'inls and t!(inlp()llt, ilts will he tested,
vide l]_tl)rt' tll_i['orill ill'iii c()lgr(lllat)l(, he;lt ti'i/ils['l.,l" t() the illld mod('ls deveh)ped t(, (len_()nstratc ll_e I)r(iperl, i(_'slille{
pr()coss, ;,ind rt,du('o (,lllissi()ns o[' nitr()t4el/ ()xich,s ;.llld Ciil'- reliahility ,)f t'(ill[inti()tis fiber ceramic c,)mp()sites I('FC('s)
t)t)ll i11()n()xi(;](,.])urillg the initial phase o[" lhc pi'()12,l'lil/I, t() £Fi;Alitl[]lCttll'Cl'S lind Olld-tlStWs. Assess|lit'Ills ()["st,v(,ral
specific c(n_d)ustil)n al)pli('ations will i_e identified that high-ten_t)()ratur(,, ei_ergy-iIlt(,l_._ivc industrial npplica-
ct)did i)ent,[it |'l'()nl the use o[' (It,'CC htlrnt, r Coilll)()litq_ts, li(ms will als,)[)(' t)ur['()rl_led.

_-.... Researchin-I;i-dL;s{ri=a/-Tech-r;oio-gies.................................................................................................................................



CONTINUOUS FIBER CERAMIC COMPOSITES
General Electric Co.

Dow Chemical Company t'_mal,()sil(,s int(_ these s.vstem_. ('urient oi'Ii,rts will tbcus
Midhmd, Ml 48674 <,n (I) ass('ssinl4 which ent'rt4y_il_tt'rtsiv(' _lt)plic:lti(,ll,_ will

Advanced Ceramics Laboratory benefit from the use (,l'ctmtinu(,us iii)ct c(,ramic ctmll)t,_itc
(CFC(',I c(,lnp(,ncnts, (2) ass(,ssing the p(,rli)rmanc(, a,ltl
coon(relic targets thr th.s(, applicati(,ns, 131 assessing the

I0. CFCCs for Chemical Processing best fill(.r, l.)r('lbrm, and oxi(hLti(,_l pr()t(,('ti.,i _y._tems Ii,,'
Applications thes,, comp_sites, aim (,I_ lubricating and testing thf'
Mugley, D.J. ('F('(: ,nat(,rials tcp t)r(,vi(to ii pr.(,l'-(H'-cmlcopt (1)()('_ li,F"

tlm selocted applioations.
The objective .f' this pl'eject is to develop c(mtinu(lus fiber

'1 • "1 1 )ceramic comp(isites (Cb( (,s ti_l" cise in energy, chenlical
pr(_ducii(m, and waste incinerati(m procesnes. A fiber-
reinfbrced, self:re,ni(weed silk:on nitride material will be DuPont Lanxide Composites, Inc.
used tc, tbrmulate l,ho (_,F(',C through tape casting. Tape Newark, DE 19714
casting is a technique whereby ceramic powders and or-

ganic binders are mixed and cast inr(, thin sh('(,ts that can 13. Directed Metal Oxidation Process-
be laminated together to f(,rm a desired shape. At'tor re-
moving the organic binders, the laminated shape c_m lie ing of Ceramic Composite
dens,lied using conventi(,nal techniques 1() F(,rm a dens(' Materials
article. An assessment [)F the energy savin_s and reduced Rc>ouzel/a. A4.A.
emissionn as well as an (mergy impact ewduati()n and eco-
hemic study of the manuihcturing I)r.cesnos will l-,o The oi)joel,rc, (ff this tit(tic,ct is h) dev(,h H) ('(,ram,(' lnat(,ri-
perfbrmed, aln through the novel I)]M()X '''_ld,reeled m(,lal c,xi(lali_ml

pr()cess for at)plicatiiirl in octal-fired (:onihilw(l-cycle I)(iwi'r
gOlgi!rating s.yst(!nls, sic,anl ref()rnling, iin(:t gas lurliine
sys{onls. Two [itlor-niati'i× ('.(in,pi,silo sysll,nis will I)(_oval-

Dow Corning Corporation uatod. A silicim carl)ide til)(!,'-roiill'(irced altiilliil_i illliIl'iX
Midland, MI 48686 c(nnt)(isito will tie evaluated fbr ilt)plicllti(ins ihlit roquir(,

t-T,(iod thermal stulck res,sill,li:e, tligh frucll.ir(' t.(,ti_hli('._s,

li. Polymer Impregnation and Pyroly- and excellent (_lovated t(.nll)(,rlitur(, slaliiliiy. Thr(,(, typ(,s

sis (PIP) ,,r silicon carbide fil)(,i+s will hi. illv(,stig_li(,d with this sys-tem. (,(n_tlntlllCi.; Niclil(m '''_ Iii)ors will Ii(, (.valuated iii th(,
(;(lll[, J.H. t'orm (H'2-1) brliided til)or architecturi!s. ('hill)lied Nii'al(in .....

"PDu first year objectives (ii' this el'li)rC iii'(' (1) to assess fihers will lie evaluai.ed fill" aplJiicali(ms d(,niandirig com-
industrial applications tbr C.Ol-itintiotis til)or" cei'ilillic cii,ii- plc,x shapes, hut I(,w (:(,st prcf(ii'ill illlirluf]l('ltir(, and hyl)rid

.... s fiber arehite(:tures will Iii, evaitlatod ti)l' al)t)iicliti()il ro-pes,res ((,_(_,(,,'J, fT) tc) donl()nstrato the tbasihility of'
fabricating 2-l) COITIpositoS using PIP pr(icessing, (3) I.() in- quiring specific engin(,c, ring I)r(,portie,_ such ,is high
vestigate alt,erl_lato fiber chc, lliisl.i'i(;s to illlprovc the tenlperature strength and i(mghness. Ali iilun/inunl lixi(h,
exinting materials base, and (41 to understand the lne- fil)er-reinfbrcod alumina matrix nyslc!ln will also tie (,viiitl-

chanical ['ailuros ot'(]F(](}s. In PII)pr(icessing, the matrix at,cd primarily f'(,r applicali(m wher(, exc(,i)ti(mal hot
p(iiymol' is first illlpi'ogntlted into the > tit)or archil(jcture COlT(iSi(in, li(li.le(Ius c()rr(isi(m, alld (,xidliti(m rt,sistlillC(, iii'(,
and cured t)y conventi(mal heating nlethods. The (:(,mi)(is- re(luirl'd. The ox,cb, tib(,rs thai will t)(, ('valualo(t with this
ito is then pyrolyzed to temperatures greater than 1000 system are the Almax"-' alumina 2-1) w.von ilml 2-1)
C, which converts the precerarnic matrix p.lymor ii, a hraidod tibersarchitocturcs.
porous ceramic. Tho c(mlplisite is reimpregnatod with the
preeeramic pMymer, and pyrolyzed li noc.ond time. This

step is l'epeated until the cim_l)llsiio I'OaCIiC_ iii(_' desired General Electric Co.

density. Four applications have been id(,ntified fbr evalua- Schenectady, NY 12301
tion: (ii gas turt,ine comhunti(m liners; (21 <gas Curl),no
blades, vanes, and blinks lt)laded discs); (3J high-pressm'o • Corporate Research and Development Center
heat exchangers; and (,1) atm()sph(.ri0 heat exchangers.

14. Toughened Silcomp Ceramic Com-
posite

DuPont Fibers Lulhr(_, K.L.

Wilmington, DE 19880 The I)Url)(,so(li' this pr(tiect is t. (11denl(instrateT(iugh-
Experiment Station 302 ened Silo(lm 1) techlmlogy, using ii tinel" dillllleiof filler; 121

irivestigatc and devch)p new i)refbrnl faln'icatilm tc'eh-
12. CFCC for Heat-Management nique._: 13) (lovel(,p impr(,ved fil)t,r c(,atings: (,1_ c,valuat(.

Equipment and ()ptimize matrix nlier(istructure; and lSi analyze the
Weddell, J.K. design illid I,en('fits i,[' using c(mtinu()us Iii)e," reinfbree(I

compi,._ite._ fin" gas ttirl)ino C()lllp(int, llts. T(lugl_(.ned Sil-
The goal of this prltiect is ii) iilllJi'oVC, et'ficiency avid rc(luee C(,iIlp C(mSists (ii' silicl)n carbide fibers rl,infm'cinv_ ii
po]iuliml in several onergy-int(,,_sivl, al)t)li('ati(m_ sucll as silic'(m--silic(,n carl)ido matrix, thr(,ugh m(,ll intiltrali(m
waste heat rec()v(.ry ii/ t)(iwc,r <gon('l'alioil s vstenls arid i)r()ct,ssing. Molten silic(m is pui int,) c(n_tllci with ii
high-temperature industrial cheinical I)r()t'('._sos.This _()al helit(,d I)rcq'_)i'nl i,f' ii Ctll't)()nll(-'elltis nlal(,i'ilil surrl)ulldii/t4
will be ptJrstiod Ii)' d(,v('lol)ing and in('(u'poraling chemical ,he r(,in/)li'(!ing tit)(,rs, pr(idu('ing _l ill;ill'ix wiih _l contiilu-
vapor infiltrati(m (('VII silic(m carl)i(to ('()lltii_tiotis til)(,r (,tis nelw()l'k (if' _ili(-'lln cart),do. T(,ul4hened _lill'lml t) will tie
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CONTINUOUS FIBER CERAMIC COMPOSITES
General Electric Co.

demonstrated in com[mst,or and turbine tip shroud appli ........................................................................................................

cations. These continuous fiber ceramic composites Industrial Combustion
((_F(_(',s) have higher temperature capabilities compared
t() superalloys, and will reduce cooling requirements, Equipment
alh)wing the turbine to operate with increased cycle cfff- ...................................................................................................
ciency, reduced fuel consumption, and/or increased power
()utput.

Alz,;ta Corporation
Santa Clara, CA 95054

17. Research Program for Advanced
Combustion Systems; Advanced Ra-
diant Combustion System

Oak Ridge National Laboratory Sulh, t an, J.

Oak Ridge, TN 37831 The objective of this project is to deveh)p, test, and demon-
strate an advanced gas-fire, d radiant combustion system

15. Continuous Fiber Ceramic Com- fbr use in industrial manufacturing processes that require

posites: Supporting Technologies very high, controlle, d heat fluxes at elevated process tem-
peratures (up to 1000 "C). The burner being deveh)ped

Karnilz, M.A. will extend radiant burner use to higher temperature pro-
The objective of this project is to study the fundamentals cesses, such as those in the petrochemical and metals
of materials, interactions, and failure analysis. Specific processing industries. The planned initial installation is in
tasks will [bcus on ( 1 ) composite design" deveh)ping micro- a hydrogen-steam-reforming process, in which hydrogen is
and macromechanical models that predict the properties manufactured from methane. The combination of high
and behavior of'composite components; (2) materials char- h(m! flux at a uniibrm temperature means that loads can
actevization: determining the ef'fbets of typical processing be heated efficiently without being subjected to localized
and service environments on composite materials; (3) test overheating that might produce tube burnout, fluid cok-
methods: ensuring quality control in characterizing, ing, or material nonuniformities. An added advantage is
processing, and quantifying continuous fiber ceramic com- that the low peak t)urner temperatures minimize or elimi-
posite (,l (,C) materials, using acceptable techniques and nate thermal NOx formation (<30 to 40 ppm), resulting in
sensors to describe and measure their properties; and (4) a more environmentally acceptable combustion process.
Iii'(, predict,ion and database deveh)pment: understanding
time-dependent behavior, environmental stresses, and
damage accumulation that can limit the life of t_r .,v,s,
and compiling a database to collect and summarize data Babcock & Wilcox Company
for ali the tasks. Alliance, OH 44601

Research and Development Division

18. Development and "Evaluation of a
Workpiece Temperature Analyzer
for Industrial Furnaces
Berthold, d. W.

Textron Specialty Materials The current industrial practice for controlling the opera-
Lowell, MA 01851 tion of"steel processing furnaces relies on measurements

of furnace gas temperature and workpiece surface temper-
16. CFCC Processing and Manufactur- ature. Knowledge of the workpiece bulk temperature

ing would be more useful, but it can only be estimated. The
Thomsotz, B.N. goal of' this project is to develop and demonstrate a work-

piece temperature analyzer to obtain the bulk workpiece
The objective of this project is to develop and demonstrate temperature. The analyzer relies on laser generation and
processing methods fbr the fabrication of continuous fiber laser interfbrometer detection of an ultrasound wave in
ceramic composites (CFCCs) for use in commercial and in- the workpiece. The time oi' flight of the wave between tw()
dustrial applications. The end objective is to manufacture points of known distance can be used to determine the ve-
low-cost, ceramic composite tubes that can be used to lm- locity of the wave. For a given material, the velocity of the
prove industrial energy efficiency and productivity. The wave will define the temperature and can be determined
processing approach will use various fibers reinforcing a with a calibration curve. This project first delineated
nitride-bonded silicon carbide matrix to fabricate tubular promising potential markets, identified applicable hard-
structures that will be impregnated and coated by a ware, and conducted a proof:of-concept (Poe)laboratory
unique process to enhance durability called rapid densifi- test. In subsequent testing, sound waves were initiated
cation. These ceramic composite tubes will be targeted fbr and detected in steel alloy samples at temperatures in ex-
a variety of applications, particularly in systems used for tess of 1200 _'C. Potential subsequent activities include
the recovery of waste heat and power generation. Specifi- the application of increased laser power and improved sig-
tally, their use has been projected for reformers, pyrolysis nal processing, Ii)lh)wed by the development of a prototype
fhrnaees, immersion heaters, burners, and preheaters, and its demonstration at a host site. Target applications
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INDUSTRIAL COMBUSTION EQUIPMENT
Sandia National Laboratories, Livermore

fi)r this analyzer _lre tlu,se very high temln'r_urt' pro- Praxair
(:esst,s asstwiat(,d with stt_(,I making: covlt,illuotls c_sting Tarrytown, NY 10591
and r(,heat.

21. Oxygen Enriched Combustion Sys-
tem Performance Study
Schr(,eder, R.W.

The objective of this project is to e.valuate the energy sav-
ings, environmental henelits, and overall t)er['(wmance o[' _1
full-scale, online inclustrial gl_lss fUl'll_lce ill which nomi-

Energeties, Inc. nal 10()_ . oxygen has replaced air as fuel _xidant. The
Columbia, MD 21045 expecl,ations that the replacement ot' air with oxygen

would cut fuel usage, eliminate the need ftw a checker ,'v

19. Program Plan Development for cuperatm" system, and improve glass quality and sharply
reduce emissions have heen verified hy a clemmlstration al

Industrial Heating Equipment Re- ca,-," l,owery and hy tile pe,'manent installation of'an "oxy-
search Ihei" fie'ing system at (lallo (lla.ss. AL (h.fllo, liquid oxygen
,](till, 1¢. was supplied hy truck for over tree year until oxygen ft'mn

tile world's lirst commercial-scale vacuum-pressure swing
rl •

The ()ffice of [ndustv'ial lechnoh)gles (()lT) report "Ad- absorpti(m (VPSA) system was in production. VPSA is a
r_ r

winced lechn_logy ()pl.ions for Industrial l leating (trot-effective means oi'supplying oxygen to the eolltaine.r
Equipment l{esem-ch" was sen! out on Noveml)ev" 30, 1992, glass and fiberglass production facilities. (lallo Glass is so
to over 90 executives and experts ft'mn heating equipment pleased with the benefits realized from oxy-fuel tirivlg that
industry, uniw'.rsities, trnde associatitms, and baLi(real it will ctmvcrt all remaining glass furnaces at its facility,
laboratories. This rt,pm't describes 16 optimls ['tw I{ & l) in the nations largest container glass phmt, to oxy-fuel lir-
eombtlsiiml of primary and waste-derived fuels, furnace, ing. The Gallo conversitm is merely one maniii:station ofa
heat transfer, and cmnbustion process control, along with trend strongly taking ht)Icl in the glass industry. At year-
tile propc)sed measures to dewdop a comprehensive pro- encl 1992, oxy-fuel tiring was used on glass furnaces with
gram plan. The covey' letter' not only solicited v'eviewev's' an aggregated capacity of 726 thousand kg/day (800 tons/
views on the tcc:hnologies ctescrihcd in the report hut also day) of glass. Within two years, oxy-Jhel firing capacity iu
allowed reviewers to identify any new technology options expected to increase by [bur-Ibid.
that might rank high in their .piniml. Ali reviews are ex-
pected to be in by the middle of February 1991:1tbllowing
which an analysis cd' these reviews must be made and
used to determine, the further direction that is most ap-
propriate towarcts developing the program plan. Sandia National Laboratories, Livermore

Livermore, CA 94550

22, Thermal Swing Absorption Process
for Oxygen Separation from Air
JAM,, R.

The objective of this research is to define the potential to
Office of Industrial Technologies use the Thermal Swing Absorption ('FSA) Process tbr oxy-
Washington, DC 20024 gen separation ft'ore air ibr the online generation of

oxygen-enriched air tbr combustion. This research is based

20. Program Plan Development ]br ,,n the premises that certain chemical compounds or sub-
strates are capable ot" selectively absorbing oxygen at (mc

Fundamental Research in Munici- temperature and desm'l)ing this oxygen at a dil'lbrent tem-
pal Solid Waste and Plant Waste pe,'atu,'e. The project includes (1) conducting a lite,'ature
Combustion review to delineate chemical compounds or substv'ates that

will selectively absorb oxygen; {2)experimentally measur-
dain, R. ing oxygen and nitrogen solubilities, oxygen absorption

The ()i'fice (;t' Industrial Technologies (OIT) has completed and desorption rates, and lilb of a few selec.ted chemicals;
an investigation on research in municipal solid waste /,3) designing, fabricating, and operating a bench-scale
(MSW) and plant waste vombustion, and has pr()duced a experinmntal unit t() wdidate the concept, obtain prelimi-
draft report. The investigation basically consisted of (1) nm'y at)sorption-desorption data, and understand the
collection of iniiwmation (m refuse-cb, rived fuels prepara- chemistry and engineering challenges; (4) designing, fab-
tion, direct combustim_, on-site hue'nine, gasification and v'icating, and operating a hd)oratory-scale experimental
pyrolysis and _2) discussions ()I' potential improvement unit with separated absorber" and desorber c.olumns tc)
areas with pv'ivate sector executives and government ex- collect more real-time data on absorber and desm'ber per-
perts. The repm't /:(mc]udes with the v'eeommendations of fiwmance, heat tv'anslL'r effects, pumping perlbrmanee,
general and specitic technical imprtwement areas where and sorbents' thermal stability; and (5) pv'eliminary tech-
further investigation through a workshop or joint mc,ct- nieal and ec(momic assessments of the system. Work will
ines would definc_ the t'unclamental work that is not only t'(flh;w at Sandia National Laboratory (SNL) to eev'try
lucking and useful bul als() intenclc'd to contribute to the perfbrmance ()f the best oxygen absorhing solutions syn-
w()rk oi'others, thesized by the University of New Hampshire and make
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sandia Nat!o__na! Laborateri_e.s.,.L!vermore_..................................................................................................................................................

t(,chm)-e(,()n(m_ic assessments ot'n t'ull-s('ale system, _s the 25. Development and Ei_aluation of a
b_,sis fm a full-scale dcvel.pmcnt ,,t' tht_ TSA system. Workpiece Temperature Analyzer

for Industrial Furnaces
Schultz, T.J.

The (4tjective .t' this pr..j_.ct i_ to develop and demonstrate
ali iristrunlelli that is capable of measuring the internal
Iof I)ulk) telllpel'tlttlre li(" workpieces during heat treat-

Stone and Webster Engineering Corp, illtqlt. I(().y t_ll'_el' lil;.ii'kets _lre iii ilOllliq'rol.ls strip and
Boston, MA 02210 phtt,e, steel strip, contilluous casting, and carburizing. Use

of this instrunlent will reduce manufacturing cost through

23. Assessment of an Industrial Wet inc,'eased manufacturing efficiency, ,'educed energy con-
sumption, scrap reduction, and improved product quality.

Oxidation System for Burning The system use_.; a laser t,> induce an ultrasonic acoustic
Waste and Low Grade Fuels wave through tile wm'kpiece. The speed of the acoustic
t7eltin<,,*er, J.A. waw, depends on the temperature and is calculated by de-

t,ermining the time-of'-ftight of the wave over tile distance
The project objective is to develop a system til oxidize traveled through the workpiece. Arriwil of' the acoustic
aqueous industrial wnstes under supercritical water con- wave is detected by using a laser interf'erometer. The
ditions with a goal of recovering energy f'rom this process instrumeilt measures the temperature (li' the workpiece it-
in the ["oi'ill of'electricity or steam. Small-scale expei'illlen- sell', not the te!llpel'attll'e Of the gas stlrrotlnding tilt)
tlltion has shown thnt "sticky" solids and corrosion of the workpiece. A slgiial processing technique has also been
unit's materials of construction were barriers to pro- developed that enables the detection of ultrasound
Ionged, continumis(Iperationot'thisprocess. A 18,93IJday through three inches or more of steel, aluminum, and
(riO0 gal/dayl pilot plant based on Modar vessel i'eactoF bl'tlss at temperatures Lip to 102,1 C. (]arbon steel phase
technology hns i)een constructed and will be operated to changes have also been detected. The system has i)een un-
demonstrate continuous solids removal, determine waste affected by vibrations, heat, and dirt that are common in
destruction efficiency, identify, improved construction ma- industrial environments. The next step is to construct a
terials, and determine the potential for energy recovery, commercial size unit and conduct a demonstration at a

The applicability of supercritical water oxidation technol- tal'get market host site.
ogy to chemical, pharmaceutical, hazardous, and fbod
waste processing was evaluated at the start of this
project. The evaluations showed that supercritical water
oxidation of hazardous waste wax environmentally and
economically attractive. Subsequent prqject phases in-
volve further scaleup and the identification of equipment
needed to recover exportable ener_, w.

Industrial Heat Pumps

Surface Combustion, Inc.
Maumee, OH 43537-0428

Astronautics Corporation of America

24. Research Program for Advanced Madison, WI 53716

Combustion Systems Ferrous Scrap 26. Development of a Magnetic Refrig-
Preheating System erator for Liquefaction of
Ma,_'eman,N. Hydrogen

Nearly 409_ of U.S. steel production is ft'ore recycled scrap Foster, R.
using electric al'c f'ul'Races (EAFs). II' the scrap enters the
EAF hot, more steel can be prudueed in less time at a Magnetic refrigerators that do not use chlorofluorocarbons
reduced cost. The preheater being developed and demon- ICFCsl utilize the magneto-caloric eft'ect whereby param-
strated for this project uses low-valued scrap steel coated agnetic materials heat tip when magnetized by a
with cutting oils. This oily scrap iu heated with a hot, in- high-field superconducting magnet and cool down when
err gas in the same bucket used to load the EAF. The oil demagnetized. By cycling tile paramagnetic material in
on the scrap wllatilizes and is ducted to a unique coinbus- nnd out of the magnetic field a highly efficient refrigera-
tion system called a rich fume reactor (RFR). In the I_.FR tion cycle can be achieved. The development era magnetic
the oil vapor along with natural gas are burned to ('ornl rel'rigerator to liquef_ a precooled hydrogen will be a four-
the hot inert gas that is directed back to the oily scrap in phnse effort planned to span six years. Phase I is for a
the scrap bucket. Ali vapors are burned prior to leaving final design of a subscale plototype, Phase II is for sub-
the system. Since the preheater operates independently of scale prototype fabrication and development tc.sting.
the EAF cycle, retrotit installation iu practical and process Phase II1 is a full-scale design ot'a 907 kg/day (1 ton/day)
scheduling is possible. This system will he installed and hydrogen liquefier, and Phase IV is the fabrication and
tested at a "mini-mill" host site in the Pittsburgh area. test evaluation of the liquefier.
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INDUSTRIAL HEAT PUMPS
Nuclear Consulting Services, Inc. (NUCON)

Duke Power Company Litwin Engineers & Constructors, Inc.
Chin ;otte, NC 28242 Houston, TX 77079

Marketing and Rates Department

30. Development of Advanced Proto-
27. Development and Test of Heat type Chemical Heat Pump for

Pumps in New Applications for In- Industrial Application
dustry Hal,sell, C.M.

Baslon, B. l,itwin Engineers and Construct(n's, Inc. is working coop-
The project o',_jectrive is to identii'y new and novel ap- eratively with Energy (1oncepts C,ompany to develop a
proaches of industrial heat pumpin_ {It-IPI over a wide liquid/vapor ahsm'ptim_ chemical heat pump system that
cross-section of industry, and then demonstrate to indus- will he demonstrated at a host site to be determined, rrhis
try the cost benefits of lttPs with working exarnph_s. The chemical heat pump system will utilize the tluid
scope of this project is divided into three phases. Phase l Alkitvate 'Mthat Energy Concepts has developed under OI:
assesses process designs oi' IldP retrofits in a number of rice of Industrial 'lL'chnologies (()I'r) supl)ort and with
select plants. Phase II comprises developing a detailed de- cooperation of Oak Ridge National lmboralory I()RNI,i.
sign and installing the IHI _, and Phase II1 encompasses
field testing of the IHP.

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

Gulf States Utilities Co. 31. Advanced Brayton Cycle Solvent
Recovery Heat Pump

Beaumont, TX 77704 dain, N.

28. Development and Test of Heat A third generation heat pump design is being dewdoped to

Pumps in New Applications for In- recover and recycle w4atile organic compounds _VOCs)from industrial air or gas streams. This technology is an
dustry alternative and more economic means of controlling V()C
Smilh, Iq.C. emissions from industrial processes. Previous research

has demonstrated the t3rayton cycle heat pump (BCHP_
The project objective is to identify new and novel ap- capable of"shock cooling" solvent-laden air streams, thus
proaches of industrial heat pumping IIHPi over a wide allowing condensation and collection of these solvents.
cross-section of industry, and then demonstrate to indus- Preliminary economic analysis shows attractive paybacks.
try the cost benefits of IHPs with working examples. The Current research inwdves improvement to the overall
scope of this project is divided into three phases. Phase I heat pump cycle etticiency and the reduction of the capital
assesses process designs of IHP retrofits in a number ot' cost of large-scale systems, and the development of
select plants. Phase II comprises developing a detailed de- smaller capacity heat pump systems that will be mar-
sign and installing the IttP, and Phase III encompasses ketable to small industrial solvent recovery applications.
field testing of the IHP. Efforts are currently focused on Specifically, some improvements to the BCItP that haw.'
Phase II of the project. A proposal has been received and been identified and are under review in the preliminary
accepted for one industrial plant, design phase are (1) an activated carbon solvent concen-

trator to reduce the turbomachinery size requirements
and (2) the utilization of selective adsorption beds to re-
move water from the solvent gas stream and thus avoid
heat exchanger ti'()st-up problems.

Linnhoff March, Inc.

Leesburg, VA 22075
Nuclear Consulting Services, Inc. (NUCON)

29. Development and Test of Heat Columbus, OH 43229

Pumps in New Applications for In-
dustry 32. Advanced Brayton Cycle Solvent
McMullan, A. Recovery Heat Pump

Kovach, J.L.
The project objective is to identit}¢ new and novel ap-
proaches of industrial heat pumping IIHPI over a wide The objective of this project is to cost-effectively control
cross-section oi' industry, and then demonstrate to indus- volatile organic compound IVOC) emissions streams ft-ore
try the cost benefits ot' IHPs with working examples. The industrial processes by capturing and recycling them back
scope of this project is divided into three phases. Phase I to reusable solvents in an energy et'ficient manner. This
assesses process designs of IHP retrofits in a number of project will complete the design and fabrication of a 1500-
select plants. Phase lI comprises developing a detailed de- SCFM mobile regeneration system on a truck. The
sign and installing the IHP, and Phase III encompasses mobilized system will supply hot inert nitrogen gas that
field testing of the IHP. Eflbrts are currently [housed on will regenerate the adsorbent beds located at small to
Phase II of the project. 'IXvo industrial plants are currently medium solvent user sites. The solvent laden nitrogen
under review, stream will then be returned to the truck and the Brayton
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INDUSTRIAL HEAT PUMPS
Nuclear Consulting Services, Inc. (NUCON)

system will condense the solvents out of the nitrogen sys- Rocky Research Corporation
tem. The 1500-SCFM mobile system is a follow-on to the Boulder City, NV 89005
small 250-SCFM mobile Brayton cycle solvent heat pump
system that is currently under operation at AeroChem,
Hickory Springs, Dolce Packaging, and High Shear. Field 35. Development of Advanced Proto-
testing of the Brayton system will address the most lm- type Chemical Heat Pumps for
portant factors affecting its marketability, which are the Industrial Applications
system reliability and the quality, and thus value, of the Kirol, L.D.
solvents recovered from the system. These factors are crit-
ical in affecting the economics and levelized annual cost of Rocky Research, working cooperatively with Standard Re-
any VOC recovery technology, frigeration, is presently developing a 1 mm Btu/h unit

that will pump heat from --9 to 54 °C using their newly
patented solid-vapor heat pump design. This heat pump
will be a single stage design and will pump heat from a
cold ammonia stream at -9 °C to a hot water supply at 54
°C. That is, it will service a cooling and heating load with
the same heat pump. The unit will be demonstrated to the
Biilman Foods plant in Zeeland, Michigan.

Oak Ridge National Laboratory
Oak Ridge, TN 37831

33. Chemical Heat Pumps
Olszeu,ski, M.

TENSA Services

The objective of this work is to identity, develop, and ell- Houston, _ 77058
courage industrial adoption of chemical heat pump
technology. By utilizing reject process heat as the primary
energy source, this technology offers industry the poten- 36. Development and Test of Heat
tial fbr maximum fuel utilization with reduced emissions. Pumps in New Applications for In.
The go_ls are t(_ identify and evaluate heat pump con- dustrycepts, develop systems through the proof-of-concept (POC)
stage, and commercialize the t echnolog_y thr(H,_h indus- Ti'ipalhi, P.

trial partnerships. Primary emphasis is being given to The project objective is to identi[_¢ new and novel ap-
high lift concepts that could potentially supply process preaches of' industrial heat pumping (IHP) over a wide
heat, steam and/or (sorption) refi-igeration to a central cross-section (£ industry, and then demonstrate to indus-
giant utility _rather than a unit process application). A try the cost benefits of IHPs with working examples. The
program plan fbr this area is being developed and imple- scope of this project is divided int.o three phases. Phase I
mented through a combination of in-house and industrial assesses process designs of IHP retrofits in a number of
contractor research, select plants. Phase II comprises developing a detailed de-

sign and installing an IHP, and Phase III encompasses
field testing of the IHP. Efforts are currently focused on
determining a new host site for an IHP.

Oklahoma Gas and Electric Co.

Oklahoma City, OK 73101
Utah Power and Light Co.

34. Development and Test of Heat Salt Lake City, UT 84104

Pumps in New Applications for In-
dustry 37. Development and Test of Heat
Prasad, B.H. Pumps in New Applications for In-

dustry
The project objective is to identify new and novel ap- Drennan, G.B.
preaches of industrial heat pumping (IHP) over a wide
cross-section of industry, and then demonstrate to indus- The project objective is to identify new and novel ap-
try the cost benefits of IHPs witb working examples. The preaches of industrial heat pumping (IHP) over a wide
scope of this project is divided into three phases. Phase I cross-section of industry, and then demonstrate to indus-
assesses process designs of IHP retrofits in a number of try the cost benefits of IHPs with working examples. The
select plants. Phase II comprises developing a detailed de- scope of this project is divided into three phases. Phase I
sign and installing the IHP and Phase III encompasses assesses process designs of IHP retrofits in a number of
field testing of the IHP. Eflbrts are currently tbcused on select plants. Phase II comprises developing a detailed de-
Phase II of the project, designing the isobutane column to sign and installing an IHP, and Phase III encompasses
imp:-ove the p,-,rfm'mnnvo _f' the heal pump. field testinu of the IHP.
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ERC, Inc.

Topping Cycles Tullahoma, TN 37388

40. WheelingTransmission Access for
Cogenerated Power Study
Tessmer, R.G., Jr.

The goal of this project is to determine the effects of
increased wheeling of power opportunities for new and ex-

Argonne National Laboratory isting cogeneration facilities.
Argonne, IL 60439

38. Gravel Bed Combustor for Solid Innovative Steam Technologies
Fueled Gas Turbine San Diego, CA 92123
Cole, R.; Jain, R.

41. High Performance Steam Systems
This project will demonstrate that an Allison Model 250 Developmentgas turbine rated at 298 kilowatts can be powered directly
by a gravel bed combustor using wood chips and crushed Duffy, T.E.

coal. Project objectives are (1) to design and construct the This project is developing an improved steam cycleto op-
pressurized gravel bed combustor, control system, and fuel erate at 10,345 kilopascals, 816 _C steam turbine inlet
feed system; (2) to conduct combustion tests of the pres- temperatures. A high temperature heat recovery steam
surized gravel bed combustor at 5 atm pressure and 200 generator IHRSG) and new steam turbine have been de-
°C air preheat (using a control valve instead of the turbine signed for these conditions. The new system will produce
to control the combustor back pressure), and to measure 100_ more power over conventional steam equipment for

- combustor performance and ash characteristics (the fuel a given thermal load (27,216 kg/h). A subscale HRSG was
will be approximately 2 cm pine chips); and (3) to develop tested for 500 hours with no measurable wear or corro-
a computer model of the gravel bed combustor that will sion; materials testing has gone 4000 hours with no wear
simulate the combustion rate as a function of fuel proper- or corrosion. A full-scale HRSG has been completed and is
ties and air-flow rate, pressure, and temperature. This currently being instrumented for a 1000 hour factory test.
research will help to promote efficient industrial cogenera- In addition, a 4 MW steam turbine is under construction
tion of electricity and process heat without the use of fuel and will be factory tested in 1993. A field demonstration
oil or natural gas. Since corrosion and erosion are inherent will be planned following successful factory testing.
problems tbr this combustor, Argonne National Labora-
tory (ANL) will perform techno-economic assessment of
the methods to remove ash and alkali compounds at the

" combustor exhaust and devise modified combustor design Oak Ridge National Laboratory
to alleviate the corrosion and erosion problems. ANL will Oak Ridge, TN 37831
also perform a comprehensive market analysis for the

: combustor in cooperation with the turbine industry. 42. Long-Term Testing of Ceramics for
Gas Turbines
Ferber, M.K.

The goal of this project is to provide creep and static fa-
tigue data on commercial ceramics after 2,000-10,000
hour exposure to test conditions. This data will be incorpo-
rated into the design criteria for ceramic components by
gas turbine manufacturers.

Battelle Memorial Institute
Columbus, OH 43201

Santa Barbara Air Pollution Control District

39. Ceramic Catalysts for Gas Turbine Santa Barbara, CA 93102

Systems 43. Low NOx Combustor Demonstra-
Anson, D. tion

The objective of this work is to examine new ceramic ma- Keller, E.
terials that act as both the substrate and active catalyst

" for gas turbine combustion systems. Laboratory work has A consortium of natural-gas fired turbine users is develop-
shown NO× emissions of less than 5 ppm are achievable, ing an improved combustor for existing online gas
This work will concentrate on durable ceramics, turbines in Southern California's nonattainment area for
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TOPPING CYCLES
Santa Barbara Air Pollution Control District

NOx emissions. Allison Gas Turbines will develop a modi- costs of electricity. Initial design studies will be started in
fled rich-lean combustor to replace current combustors on 1993.
engines at a Chevron gas pumping site. Consortium mem-

bers include San Diego Gas and Electric, Southern 45. Ceramic Components for Station-California Edison, GRI, DOE, and Chevron.
ary Gas Turbines
Van Roode, M.

Solar Turbines, Inc. The objective of this work is to retrofit key ceramic compo-
San Diego, CA 92138 nents into existing commercial stationary engines
Research-Advanced Technology for cogeneration service. The incorporation of three

components--the combustor, first stage nozzle, and first

44. Advanced Turbine Systems stage blade--will provide a 93 °C increase in turbine inlet
temperature, a 6% increase in efficiency, and a 25% boost

This 10-year project is a joint DOE-Fossil Energy and in power output. The retrofitted engine will be a Centaur
Conservation Energy effort to develop the next generation H with resulting output of 4.5 MW. Initial design studies
gas turbine systems for utility and industrial use. The will be conducted in 1993 with help from 12 subcontrac-
project goals include a 60_. system efficiency ibr utility tors including seven ceramic suppliers. The project rill
systems (15% improvement for industrial scale units), sin- culminate with a 4000 hour field demonstration at an
gle digit NOx emissions, and a 10% reduction in busbar ARCO Bakersfield cogeneration site.
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INDUSTRIAL WASTES

Closed-furnace techr_logy is expected to avoid the loss of

Waste Reduction: Gaseous about 25% of the input silicon and about 50% of the total
input energy. Annual energy savings of about 12 to 17 x

Wastes 10 `7 J/yr (86 x 10 'e Btu/yr) are predicted for the year

2010. Off-_as heating value is about 10 to 12 kJ/m :_(350 to
390 Btu/ft ). The retrofit of existing furnaces and building
of new facilities in the United States will save 9000 U.S.

Argonne National Laboratory jobs and avoid $1.7 billion/year in imported silicon. Based
Argonne, [L 60439 on successful tests in a 0.2-MW miniscale furnace, two

pilot-scale furnaces were built. A 6-MW closed furnace

46. Hydrogen Sulfide Utilization with a direct-current submerged-arc heat source was built
Harkness, J.B.L.; Gorski, A.J. as a test facility for precommercial demonstrations. An ex-

isting 1.2-MW direct-current closed furnace was modified
The project objective is to investigate and develop a new to demonstrate the production of ferrosilicon ft'ore low-cost
concept for recovery of valuable hydrogen and sulfur from feedstock (waste taconite, and waste coke fines or coke
gas streams contaminated with hydrogen sulfide. This breeze) fed through a hollow electrode. Optimization tests
concept involves using a low-temperature, microwave- for the 6-MW closed-furnace silicon pilot plant will be fin-
generated plasma to dissociate the hydrogen sulfide ished during FY93, and commercialization projections for
molecule into its elemental components. This process the closed silicon furnace will be updated. The project will
represents a significant improvement over the current hy- be completed with the publication of the final report in FY
drogen sulfide waste treatment technology that loses the 94.
hydrogen value as wastewater. The economic benefit of
recovering hydrogen and sulfur in a relatively simple, in-
tegrated process amounts to a near-term energy savings
of over 13 x 10 l'_ J/yr (12 trillion Btu/yr). Longer-t_.rm sav-
ings could amount from 30 to 74 x 10 I'_ J/yr (30 to 70
trillion Btu/yr). An added benefit of this process concept is
its potential for decreasing sulfhr emissions fi'om the cur-
rent hydrogen sulfide waste treatment technology. The
project consists of(l) a laboratory effort to verify the tech-

nical feasibility of the concept, (2) a systems engineering Membrane Technology & Research, Inc.
effort to evaluate the economic potential of this concept, Menlo Park, CA 94025
and (3) a technology transfer effort to facilitate industrial
acceptance of the process. The laboratory effort will
involve experimentally determining the specific energy re- 48. Membrane Vapor Recovery Systems
quired to dissociate hydrogen sulfide, as well as the Baker, _.W.
degree of conversion. The engineering evaluation will pre-
pare a detailed, commercial-scale process design and use The objective of this project is to develop and implement a
this design as the basis for an economic evaluation and new method oi' removing condensible organic vapors from
market study. This study will determine the process various gas streams arising from industrial and commer-
sensitivity to the specific energy of dissociation and con- cial processes. This method will permit substantial
version, and will evaluate alternative applications of the improvement in the efficiency of removing volatile organic
technology. The technology transfer ef'fu,'t established an compounds (VOCs) from industrial and commercial gas
industry working group to provide technical guidance and streams. The increased efficiency of the removal process
to maintain an industrial focus for the laboratory research will result in energy savings and a direct reduction in

= and the systems engineering. VOC discharges. There will also be a substantial cost ben-
efit through the captu,'e of expensive VOCs that would
otherwise be lost to the producer. This in turn will result
in additional energy savings tbrougb reduction in the

Dow Corning Corporation total production requirement for VOCs. The major techno-
Midland, MI 48687-0994 logical issue is the development of a membrane that will
Silicon Research function effectively and reliably under moderately high

_- differential pressure (10 to 20 atmospheres) which is com-

47. Silicon Oxide Utilization mon in industrial applications. The project is divided into

May, J.B. three phases and is currently in Phase II. The first phase
• consisted of the development and preparation of high-

The objective of" this project is to demonstrate, on a pilot pressure modules and the design of the demonstration
= plant scale, the commercial viability of new closed-furnace system. Phase II consists mainly of fabrication of the mod-

technology for smelting silicon and silicon alloys. The new ules and construction of the demonstration system,
__ technology will save materials and energy, reduce costs to followed by evaluation of the system performance, and at-

improve U.S. competitiveness, and eliminate emissions by rangement of' host sites for the field demonstration. Phase
converting from open fhrnaces to closed fhrnaces with III will consist of field demonstration tests at the indus-
fume (SiO)and offgas (75e)_ CO and 20c_ H._) recovery, trial sites and evaluation of the results.
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WASTE REDUCTION: GASEOUS WASTES
Minnesota Mining and Mrg. Co.

Minnesota Mining and Mfg. Co. Texas A & M University
St. Paul, MN 55144.1000 Texas Engineering Experiment Station

College Station, TX 77843

49. Dual Cure Solventless Coating Department of Petroleum and Chemical Engi-
Process neering

Keipert, S.U.: Sridhar, K.
51. Vapor-Liquid Equilibrium

The ot!jective ¢)t' this project is the development Bullin, J.A.
and conlnlercializtltitm o[' dual ctlre (I)C I photo-
catalyst systems for the production ,f solventless The ohjective of this project is to develop and implelnent a
coatings from urethane-precurstw-acrylate and epoxy- new method of nleasuril-ig vapor-liquid equilibrium (VLE)
acrylate monomer compt)sitions. Upon irradiation, new data using Fourier transform ini'rared (FTIR) analysis.
organtmletallic photocatalysts produce I)oth free radicals This method will permit substantial improvements in the
and l,ewis acidic species tbat cause monomer curin/_. This efficiency of amine s()lvent systems used to remove hydro-
is the first practical radiation curing of polyurethanes di- gen sulfide ft'ore industrial waste gas streams. The
rectly from monomers. Annual energy savings of i.6 x increased efficiency of' the amine systems will in turn
1()_" ,l/yr (1.5 x 10 l:_ Bttgyr) are predicted fbr the year result in ener_9' savings and a reduction in carbon monox-
2010. The physical pr<)pcrties lH'the c()atings have been ide, carhon dioxide, and nitrogen oxide discharges.
extensively characterized in laboratory tests, and found to Successful assemhly and testing of the 14-cnI gas trans-
lie generally superior tc) either ,it' the mt)ni)reefs alone. For mittance cell. the 86-m multipass gas transmittance ce!l,
example, the toughness of the ep()xy--acrylate coatings and the liquid Circular Internal Reflectance cell have
was t'ound t() he 111o1"ethan twice thai [ii' the tougher com- been compl(,ted. C,oniponerit |'requencies fbr IR calibration
p(inei_t (epoxy i Ill()ll()llIOl'. Catalyst production and have been c()mploted, the diethanolamino (DEA) VI,E sys-
coatings ['(u"metal suhstrat(,s were scaled tlp while contin- teln c()ml)(ments have been calihrated, the acid gas-water
uing ('(;rintllati[in devei(ipnlent and cilarac'terization. FY soluhility data has he(,n C()lnparcd with literature data,
92 activities included pro(if'-of-principle tests, lhc selectiim and acid gas--l)EA VIA'] Illeastll'enlollts have been com-
and preparati(in (ii' coatings test t,litlt)l)n illld tape si.di- pleted. I)uring FY 93, a j(lurnal article describing the
slrates, nptinlization (fir.t(ipc(iat lind primer coatings, and eqtiipnlent and [.[_nleasuronlent technique will De submit-
tape saturant t'ornlulatitins. Iii general, the coatings have led fbr puhlication, as will acid gas-DEA VLE
cured well despite significant piglllent loadinKs. Activities lneasttrelllenls. The sysioill ]inlits fbr quantitative mea-
f.(ir FY 9;{ will include c(m_t)leting t(ipc(iat and primer qual- surement will he determined and mettiyldiethan(ilamine
ificati(in tc,sls: ()l)timizing t(ipcoat and prilnt, r ctiating (MI)EAt st)lutions will lie calibrated. Acid gas-MI)Eh
application illld c'til'e techniques: updatiilg technical, \;IJ _] llleasul'elllellts will he completed and suhmitted for
ellel'gy, i,ild ec(illliillics perl.(Wl'llailce pr(tiecth)ns: arid COlll- puhlication. \'I_E nloasureilleiIts on {he MI)EA-DEA
pletin_ the pr(ricci with lhc' publicati(nl ()Fa final report, amine s>.'steni will als[_ be started.

New York State Energy Research and Devel-

opment Authority Western Reserve Manufacturing Company,
Albany, NY 12223 Inc.
Industrial Efficiency Programs Lorain, OH 44055

50. VOC Control Strategies 52. Electric Tundish
Howan,_ky, H. Nielsen, W.I).

The NI('E :l progi'anl, iii c(l(q)erati()n with Niagara Mohawk This pr(tiect pertains t(i the suhstantial industry that pcr-
P(iwer, (Tarrier ('(ifp., ('helll_5'stelllS. and New York State, flit'IllS (.'ontinuou._ casti:ig (ii' harstock iii certain c(ipp(:r
is devel(iping lid inno\ative approach til the development alloys. Such alh_ys, which generally include toxic lead and
and transfer (if' iilt'ormati(nl lin volatile ()rganic c()nlp(iunds nickel, are emph)yed ill the nlariu(t/cturing (if' t)eai'ings,
(V()Csl nlinimizati(in and I'ecovel'y technologies through- bushings, and other critical nlachinery parts. A sup(_q'-
()tit industry. This pi'ogranl \\'iii demonstrate a low-cost, heated reserv(iir of mtllten alloy is nlaintainod ill a
energy-efficient recycling and ('()ntr(ii techn()l(igy designed c()ntilluotlsly heated h()lding f'l_ll'llace (tundish)during
[iii" small businesses aim small applications. Many indus- casting. Th<_se iundishe._ are currently heated e×clusively
tries, including printing, chemicals, pharmaceutical, t)y t\lel gas or ,_il and al'o only 20<7 c,n(q'gy efficient. The
metal cleaning, and laundries, rely (iii the use (if' s()l\'ents National Iildusti'ial ('()repetitiveness through Energy,
at internlediate points in their produclion t)r(icesses. In Envir()nment, and Ec()nonlic's INICI"]:l! pr()gralll in cooper-
ill;.tlly processes, the sulvent ends its cycle as a vap()r c(ll'l- ation with \Vestern t{esei'\'e Manufacttlring (7oillpany, Inc.
taminant ill a warn1 air streaill. _esearcil \\'ill f'(icus oi_ the and the ()hie I)evel()t)ment Agency, is pi'oposing a new eil-
devehlpment ()['c(InlptitoF s()f'tware that will identify' ()pti- ergy efficient systc'In that w,uld heat the tundish by
real V()(I c()ntrol strategies for individual thcilities, and electric inducti(in i1)eilllS instead (ii' fossil f'uel. Addition-
delll()llstratc, _lil ellel'gy e('ticient soivevit-c'()ndensing sys- ally, electric inducti_m will substantially irnpr(ive the
ten1 for the captl_lre and recycling uf'V()("s. This pl'Ogl'_llll CLIlTC!Iltprocess t)3' e]illlillatiilg corrosive, polluting waste
will introduce industry t(i ii c(mlpreheilsi\'(!, c(ist-effective, gases aild making p(issibh_ the casting (iF lead-free bronze
and eriergy-e|'ficiei_t waste nlininlizati()n technique, and copper p]tunl)ing.



WASTE REDUCTION: LIQUID WASTES
New Jersey Department of Environmental Protection and Energy

injects steam directly into tile distillation column prevent-

Waste Reduction: Liquid Wastes i, g the buildup of undesirable quantities oi' hydrogenperoxide and metal cations. Current efforts have shown
that recovering the spent methanol through steam distil-
lation will allow over 9()_ of the volume of methanol now

Avery-Dennison used to be recowwed. Research is now focused on other in-
Painesville, OH 44077 dustries that have methanol waste streams tbr technology

transfer. A case study will also be written to provide

53. Ultraviolet Curing technical assistance to industry. This project involves spe-
cialized controls on the distillati(m process to avoid the

McKee, D.R. buildup of peroxide and metal-ion concentrations, which
The Avery-Dennison's Fasson Films Division manuthc- can cause exph)sions. FMC has started installing similar
lures pressure-sensitive labels with silicone-coated paper milts at its other thcilities, based (m very fhvorable results
or plastic release liners (backing material behind the peel- of this project.
off mailing label). In its cre'rent use, this process requires
hazardous-waste-producing solvents necessary in the
overall production of the liners. The National Industrial Los Alamos National Laboratory

Competitiveness through Energy, Environment, and University of California
Economics (NICE a) program, in cooperation with Los Alamos, NM 87545
Avery-Dennison and the Ohio Development Agency, is de-
veloping a UV curing process. This technology will use UV
light to cm'e the backing ibr adhesive labels, providing an 56. Solvent Reduction through Use of
alternative to solvents, reducing manufacturing costs, and Supercritical Carbon Dioxide
saving substantial energy. Cleaning

Benson, R." Maeslas, G.: Spa/l, D.

California Division of Water Resources The objective of this project is to address technical chal-
Sacramento, CA 94105 lenges to supercritical fluid (SCF) systems development

that will lead directly to commercialization of viable SC, F-
based technoh)gy for precision cleaning applications. The

54, Ultrasonic Dishwashing goal is to find acceptable replacement cleaning agents fi)r
Pike, C. undesirabh, solvents such as ozone-depleting hahms, chh)-

Current dishwashing technology was developed in the late rofluorocarbons, carbon tetrachh)ride, and other fully
1800s. Large volumes ot" water are heated to approxi- hah)genated alkanes. This project is developing data on
mately 82 "C, caustic detergents arc, added, and this applical)ility and operating parameters tbr supercritical

ca|'bon dioxide as ta cleaner. The advantage of supercriti-solution is pressure-jetted against dishes. A new process
is being deveh)ped by the National Industrial Compeli- (:al carb(m dioxide cleaning is that it will generate
tiveness through Energy, Environment, and Econunfics minimal waste, and the waste thai is generated, if re-
(NICE a} program in cooperation with the C,ali(brnia Divi- leased, will not signilicantly alter the environment. The
sion of Water Resources and Ultrasonic P,'oducts, Inc. to research will determine ii' the cleaning of the materials
reduce the current dishwashing telnpevature t() 38 C tested iu adequate, econ()mical, and the overall energy

' 's savings meet the criterion ()t' 10 _' J/vr II() le Bttdyr). Thethrough the use of ultrasonic cleaning. _Ihl.' new technol- • •
og_ uses transducers that converl electrical energy into research is perlb|'med in conjuncti(m with industry s() that

, ) the technoh)gv iu (,xchanged as ii is developed. Testingmechanical energy. Co( lcr water can be used because the •
cleaning action is derived ft'ore mic|'ol)ubbles that imph_de with lahorat()ry-scale equipment with several types of ex-
on the surface of the item to be cleaned at a rate of 40,000 tractors has begun, l)ata has been generated on the
times per second. Implosion creates the mechanical scrub- removal of specific c(mtaminants, response of some mate-
bing, cleaning action and is omnidirectional, which allows rials to cleaning media, and methodoh)gy tbr cleanliness
it to permeate into the interior of objects with no dead testing. A pilot-scale supe|'sc|'ul) with recycle was ordered
spots. A series of t(:sts will be used t() verify the etticiency and built. Planned activities tbr FY 93 include c(mtinuing
and effectiveness of the process, with the final product in\'estigati(m of cleaning effectiveness, efficiency, eco-
targeted at ali instit:utional-size disbwashers. I3enefits in- hemic studies ()I' various parts, and beginning equipment
clude substantially reduced water" and heat requirements, scah:up, l)uring FY 94 the study phase will be completed

anti technology transfer will be actively pursued.

FMC Corporation
Pasadena, TX 77507 New Jersey Department of Environmental

Protection and Energy

55. Methanol Recovery Process _Ih-enton, NJ 08625
Pulawski, M.

57. Ultrasonic Tank Cleaning
As a result of increasing methan()l prices and rising dis- Willenberg, N.: (;ethel, S." 7bcker, B.; Ni('-
posal costs, recovery and reuse of spent methan()l through hole, C,.
steam distillation is under investigation by the National
Industrial Competitiveness through Energy, Environ- Current cleaning t)r()cesses ti)r chmnical tanks and drums

_ ' Sment, and Economw." (NICE :_) program, ql:'.xas Water use c(msiderable thermal energy t() reprocess cleaning sol-
Commission, and FMC (]orp(wation. Steam dislillati(m vents, simultaneot_sly generating coilsiderablc_ amOullls ()t"
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WASTE REDUCTION: LIQUID WASTES
New Jersey Department of Environmental Protection and Energy

chemical waste. The National Industrial Competitiveness resistance (SIR) tests of a number of test boards were
through Energy, Environment, and Economics (NICE a) completed, and boards were sent to Los Alamos National
program, in cooperation with the New Jersey Department Laboratory (LANL) lbl" surface failm'e analysis. The test
of Environmental Protection and DuPont-Merck Pharma- results will be used to support changes in Mii-Spec 2000
ceutical Company, is developing an ultrasonic cleening to allow the new no-clean process to be used. Surface anal-
technology fbr tank cleaning that will eliminate solvents, ysis and accelerated life tests were performed, and the
chemical waste, and energy required to reprocess sol- assembly and soldering of all the boards used in all aspects
vents. Energy savings are estimated at 118 billion J/yr of the testing was completed. Activities for FY 93 include
(112 million Btu/yr). Ultrasonic tank cleaning has applica- finalizing the results of all tests and developing and pub-
tion to thousands of sites, lishing a final report that includes the optimization study.

PPG Industries, Inc.
Allison Park, PA 15101

Department of Environmental Engineering Waste Reduction: Solid Wastes
and Control

58. Reclaim and Reuse Wastewater
Palchek, G.E.; 7_l_ter, M.; Kolvalsky, D.A. AAP St. Marys

To insure quality of water-based coatings fin" the automo- St. Marys, OH 45885
bile industry, the processing equipment fbr the

water-based products is fi'equently cleaned with water. 60. On-Site Aluminum Recycling
This generates thousands of liters of wastewater, which is Kobayashi, F.
now being disposed of as hazardous waste by transport to
a state-licensed incinerator. The National Industrial AAPSt. Mary's makes cast aluminum automobile wheels
Competitiveness through Energy, Environment, and Eco- from ingots for domestic and tbreign automotive vehicles.
noInics (NICEa_ program, in cooperati(m with the Ohio Machining rough castings produces aluminum chips that
State Department of Deveh)pment and Pittsburgh Plate are contaminated with cutting oils and coolant. Typically,
Glass (PPG), is investigating a process to clean paint rinsc the contaminated chips are trucked to an oft:site recycler
wastewater to the point where it can be reused in the sys- where the chips are cleaned and melted into ingot tbr
tem. Modifications are required both to the treatment shipment back to AAP. There is a high amount of waste
process and the paint cleaner system to incorporate the byproduct, and a new technology is needed for stirring the
recycle process. The reclaimed water contains impurities molten aluminum during the recycling process. The Na-
at a low enough concentration that it can be reused. The tional Industrial Competitiveness through Energy,
impurities actually increase the cleaning effectiveness of Environment, and Economics (NICE :_) program, iii cooper-
the system. Therefore the water can be piped from the ation with AAP St. Mary's and the Ohio Development
holding tank back to various manufacturing areas for Agency, is investigating a solution by separating the chips
reuse. Current results have shown a substantial reduction from the ()ii contaminants and reducing the use of ma-
in the volume of hazardous wastewater requiring disposal chining coolant by 5()_5. On-site reclaiming of chips is
ft'ore 1.5 million L/yr to 75,000 L/yr. estimated to provide a 50(_ reduction in energy usage be-

cause the aluminum will be melted once.

Sandia National Laboratories, Albuquerque
Albuquerque, NM 98195

California Integrated Waste Management

59. Solvent Reduction through Use of Board

Self.Cleaning Soldering Process Sacramento, CA 95826
Inman, R.

61. Forty Percent Recycled Paper
The objective of this program is to compare the eapabili- Dunt_, T.X.; Hart, G.A.
ties of a new, no-clean soldering process with those of
existing wave soldering processes. It will develop data to In response to growing concerns about the amount of
prove electronic military hardware produced on the new waste being generated, the National Industrial Competi-
system is reliable, paving the way tbr military specifica- tiveness through Energy, Environment, and Economics
tion changes. This is important because approximately (NICE :_) program, in cooperation with the California ln-
50_)_ of ali electronic equipment is mal_uthctured per mill- tegrated Waste Management Board, has initiated
tary specifications, and many commercial manulhcturers demonstrati(ms on how a typical paper product manufhc-
use these as de facto specs. The new no-clean soldering turer can substitute 40_2_ of its raw fiber requirements
process utilized in this project eliminates the need tbr with post-consumer mixed paper waste, and that this
cleaning solvents by using a dilute adipic acid flux to rc- mixed paper waste is equivalent in quality and production
move oxidation prior to soldering, and a dilute ['ormic acid to virgin paper. This research is intended to veri[_¢ the effi-
in a nitrogen cover blanket to inhibit oxidation during sol- caw oi' the final product, with the product aimed at those
dering. The adipic acid is ew_porated during soldering, industrie,_ that have not traditi(mally used recycled paper
and the formic acid is converted to carbon dioxide and wa- fibers, such as the roofing industry. The energy reduction
ter. Environmental conditioning and surface insulation savings ()t'this technology has been estimated at 60r7,.
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WASTE MATERIALS UTILIZATION AND CONVERSION: LIQUID WASTES
Pacific Northwest Laboratory

Los Alamos National Laboratory University of Pittsburgh
University of California Pittsburgh, PA 15260
Los Alamos, NM 87545

64. Production of Bisphenol-A Polycar-
62. Electroplating Waste Minimization bonate Using Carbon Dioxide

and Treatment tbr Energy Savings Beckman, E.J.

Benson, R.; Maeslas, G. "Smith, B.F,," The goal of this project is to develop a method by which
Sauer, N.N. bisphenol-A polycarbonate (BAPC)can be produced using

Technologies for the reduction of electroplating wastes carbon dioxide.. Production by this method h)wers both en-
will be evaluated for their potential to increase the ct'the- ergy requirements and safety and envir(mmental costs
tiveness of energy utilization in manufactt:ring processes because of the replacement of the currently used phosgene
and to reduce the detrimental impact on the environment, monomer and reduction of the required process tempera-
Sludges derived ft'ore electroplating processes represent ture. The primary foci oi" the experimental work are the
both a high level of metal contaminants and energy loss effects of carbon dioxide density (a function ot" tempera-
when those metals are sent to landfills and not recycled, ture and pressure) and absolute temperature on the
Metal ions used in plating operations are currently dis- reduction rate of the nitrophenyl carbonate with
charged as waste. The goal is to separate and purify these bisphenol-A to form the polymer. Carhon dioxide inse, rtion
metal ions to allow reentry of this former waste into the reactions using molybdenum and vanadium compounds
front end of the process as reagents. These steps will give will be studied, as well as the use of tin-based catalysts.
rise to energy savings because of reduced raw materials, Activities planned for FY 93 are the procurement and in-
mining expenditures, metal pressing, transportation, stallation of high-pressure reactors and the evaluation of
sludge processing, and sludge disposal needs. This tech- oxy-tin compounds and other oxy-metal compounds fin"
rology is expec, ted to slow the increasing inventory of low-temperature reaction with carbon dioxide.
stored metal sludges, which are becoming a state and na-
tional liability.

Waste Materials Utilization and
Conversion: Liquid Wastes

Waste Materials Utilization and Pacific Northwest Laboratory
Conversion: Gaseous Wastes Richland, WA99352

65. Catalytic Conversion of Food Man-
ufacturing Wastewaters to Methane

Engineering Resources, Inc. Elliott, D.C.

Fayetteville, AR 72703 The objective of this research is to advance the Ttlermo-
Biomass Research Center chemical Environmental Energy System (TEES I concept.

This includes (1) operation and evaluation testing of the
63. Biological Conversion of Waste 454-kg/day continuous reactor; (2) catalyst deveh)pment

Gases into Acetic Acid and lifetime studies to solve the problems of physical dete-

Gaddy, J.L.' Ko, C.-W. rioration of the fabricated catalyst pellet and the loss,
• over time, of the catalyst activity; and (3_ technoh)gy

The objective of this project is to develop a biological sys- transfer activities to identify additional, appropriate
tem utilizing anaerobic bacteria to convert the C(), CO.,, waste streams ti)r early market development. TEES has
and H=, ft)und in certain industrial waste gas streams into the potential to help industry solve several energy and en-
acetic acid, which is a valual)le industrial product. The vironmental needs. TEES is a unique therlnocatalytic
proposed system will capture these waste gases in h)w c<m- gasification concept that converts wet industrial and tbod
centrations, which are not currently ec(momical to capture processing waste to methane for use in existing boilers
using chemical or mechanical methods. This technoh)gy and carbon dioxide (for bottling, packaging, and other
offers the potential to reduce energy consumption in man- uses). The process can also provide cogeneration, wastew-
uthcturing acetic acid while reducing the discharge to the ater treatment, and reduction in solid waste handling.
atmosphere of waste gases. The technical and economic TEES is distinctive in its application to the tbod process-
feasibility of _he hiological production ()f acetic acid ft'ore ing industry, and no biological or thermal process exists
waste gases has been demonstrated, and the [)est bacterial that has the potential to provide the [)\'end] systems
cu]ture tbr this conversiml has been selected. The process impact of TEES. Process research will be conducted in ex-
has been defined and very favorable economics projected, isting bench-scale batch an(t continuous-feed reactor
To inove this technology rapidly toward commercializa- systems to evaluate energy producti(m and the destruc-
tion, a prototype demonstration will be c(mducted in FY tion of organics contained in the wastewaters. A scaled-up
93 involving prototype design, prototype construction, pro- reactor system will be operated t,() determine the effects of
totype operati(m, process scaleup, and commercial design, scaleup and to document the prootZof-engineering tbr the

• • _ _I)uring FY 94 operation of the prototype unit will be process. Further development of FEE, is anticipated and
completed, a commercial facility will be designed, and con- will he col\reded by industrial partners, including con-
struction (li' the first commercial unit will I)egin. struction of a cost-shared on-site demonstration unit.
..............................................................................................................................................................................

Research in IndustrialTechnologies 15



WASTE MATERIALS UTILIZATION AND CONVERSION: SOLID WASTES
Air Products and Chemicals, Inc.

68. Research for Increased Utilization
Waste Materials Utilization and of Scrap Metal: Automotive Materi-
Conversion: Solid Wastes als Recycling

Daniels, E.J.; Wolsky, A.M.

The objective of this task is to maximize the energy bene-
fits resulting from cost-effective recycling of automotive

Air Products and Chemicals, Inc. materials and components. The near-term objective is to
Allentown, PA 18195 develop technology to provide fbr the recycling of the con-

stituents of auto shredder residue, whereas the long-term
objective is to examine the opportunities for "Design for

66. Utilization of Waste Tires Using I)isassembly" and Design for Recycling TM. This task is

Novel Surface Modification Tech- cost-shared by the Institute of Scrap Recycling Industries

nology and als() fbrms the basis of a cost-shared Collaborative Re-
search and Development Agreement (CRADA) with the

Bauman, B.D. Vehicle Recycling Partnership (VRP). The approach that
The project objective is to produce novel composite materi- will be taken in this program is (l) to identify and quan-
als by combining surlhce-modiiied, ground waste rubber ti[_ ali waste streams that result from the recycling of
with numerous commercially available plastics. Commer- obsolete cars, (2) to determine the current impediments to
cial incentives driving incorporation of surfhce-modified recycling of th()se waste streams, t3) to examine options
ground rubber will be manufacturing cost reductions or ibr minimizing those waste streams, and (4) to determine
property enhancements in the composite material, l)ot,en - which ()f those options is most cost-et'fective, environmen-
tial savings of approximately 82 million joules (78,000 tally acceptable, and institutionally acceptable within the
Btu) can be realized ft," every kilogram of surf,we- existing structure of the U.S. atm)motive recycling indus-
modified scrap rubber incorporated in polymer c()mposite try. Am(ing the broad options that will be considered in
systems. Task 1 markets applications development. Ser- this program to minimize the wastes associated with reey-
eral polyurethane and polysullide pr()ducts have been cling obsolete cars are (1) (leveh)pment of te,chnoh)gies to
identified; several demonstrations and evaluation tests increase the recyclability of waste materials tbr their ma-
will be done. Task 2 consists of designing a pilot plant and terial values, (2) deveh)pnwnt of techni(lues to increase
reevaluating the energy and economics <)t'the technoh)gy, the recyclability of components ibr their wdue as replace-
Applications that can consume significant v()lumes of ment parts, and (3) examination of materials and
stlrfa('e-modified rubber will be identified and developed, component design options to increase the recyclability of
Several approaches will be used including in-h()use R & 1), future autonmtivt, c()mponents (design fi)r remanufhctur-
contract research, and provisii)n of samples t() prlispective lng) and m'lterials !design tbr recycling).
end users.

Argonne National Laboratory 69. Research for Increased Utilizationof Scrap Metal: Recovery of Metals
Argonne, IL 60439 and Fluxes from Secondary Alu-

67. Research for Increased Utilization minum Smelter Salt Cake
of Scrap Metal: Removal of lmpu- I)a,ziels, E.J.' W(_lsky,A.M.
rities from Scrap Cast Aluminum The ()bjective of this task is t() deveh)p cost-effective tech-
I)ani(,ls, E.g.: Wolskv, A.M. noh)gy ibr recovery and recycling of the constituents of

• secondary alunlinum smelter (h'osses, slags, and salt
The objective of this project is to develop an effective tech- cakes. The development ()f this technology will result in a
nique for rcmmving trace amounts of antimony from significant increase in the production of finished alu-
secondary aluminunl to improve tile achievable mechani- minum from recycled aluminun_ and a decrease in the
cal properties of aluminunl castings t)roduced with the production ft'ore primary ()res, minimizing the energy con-
addition of strontium. The antilnony in the recycle stream sumption required tbr production. Secondary aluminum
comes fr(ma castings produced by European and Japanese recycling has the potential to conserve more than 316 x
thunders and used in automobiles, some of which are ira- 1()l' J/yr 1300 trillion Bttt/yr) of primary energy that
ported. The first goal is to survey members ()f the would be consumed ii' that metal were otherwise produced
Aluminum Recycling Association (ARA) t() determine an- domestically. II' the metal were imported instead, the
timony concentrations in secondary alulninum supply. The value of the metal would increase the trade delicit by
second goal is to (tctcrmine the effectiveness of calcium as about $2 billion per year. q\vo possible technology alterna-
a scavenger ()t' antimony. It' calcium is proven effective, it tires will be deveh)ped. The tirst approach uses a solvent
would probably provide the most cost-effective method tbr to precipitate the salts Ii'ore the saturated brine solution,
removing antim(my, as calciuna-aluminttm master alh)ys which then results in a water-solvent stream and a pre-
are used I)y the industry tbr the producti()n of certain cipitated salt stream. The second approach focuses on
types ()f secondary ingot. The third goal is the transfiw of minimizing the amount of water required and also con-
technology t() thunders and smelters, which will include verts the aluminuna-()xide fraction of tilt, salt cake to a
the presentation of results at the spring meeting of the material input tbr primary almninunl producers. 'rhis
'Ik_chnical (_ommittcc' of the ARA and at the 97rh Casting task is cost-shared by the Almninum Recycling Associa-
(;(regress of the American F()undrymen's Society (Ab'S). rien thr()ugh a CRAI)A.
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WASTE MATERIALS UTILIZATION AND CONVERSION: SOLID WASTES
Argonne National Laboratory

70. Research for Increased Utilization it be technically feusihle t(, el'ft,ct the selective remowd of

of Scrap Metal: Removal of Lead I_,:_d ft'(m) lead-containing copt)er-based scrap. This task is
cost-shared by the P,rass and Bronze Environmental v,e-

from Brass and Bronze Scrap ._(,,,,.,.t)(',ro'potation through a (ZRAI)A.
Daniel._, E.J.: Wolsky, A.M.

The objective oi'this t,asl¢ is to deveh)p techn(fl()gy that will
provide [_J_"c()st-efl'ective remowd of lead ft'on) high-I(md-
content scrap used for the p,'oducti,)n (,t'hv'ass and Iw(mze 71. Research for Increased Utilization
ingot. Coppe,'-basccl alloys, which are used by the foundry of Scrap Metal: Systems Analysis
industry to produce plumbing fixtures, hnve typically con- of Recycling Opportunitiestained about 6_ lead. The c(mtinued use of recycled
copper-based alh)ys could be threatened by anticipated I)ctniel,_, E.J.; Wol._ky, A.M.

regulations that may limit the lead content of plumbing The objectives oi'this task a,'e_l) to identil'y the (_pl)ortu-
fixtures. A technique that may reduce the lead content of nities I'm"increased recycling of materials ft'ore other scrap
lead-bearing scrap is liquati(m; however, it is unlikely sources, <21 to evaluate the energy impacts and economic
that liquation would be ('ompletely effective in removing b(m(,fits oi' increasing the level of metals and associated
the lead from the metal. (;omplete and selective removal materials recycling in industry, (3) to detine R & I) re-
of the lead would likely require the addition of a fluxing quirements, (4) t() ('(induct preliminary experiments, and
agent that would fbrm an insoluble lead comp(_und, which (5) t,o coordinate the research of this program with Lh(' rc-
could then be removed from the molten metal. Alternative starch ('I'll)rts of other organizations such as the Vehicle
separation techniques, such as electrochemical dissolution R(,cycling I'artnership as well as with the other research
and chemical lea('.hing, may also be feasible, del)ending on el'lhrts ()1'the OI'rice ()1' IndusLrial "[k_chnologies (OIT) and
the ft)rra of the s(-v'ap and the nature of the lead contained I)()E which relate t() scrap metal recycling. Future oppof
within the scrap (e.g., surthce coatings such as solder, lead tunities fin' increased recycling ft'ore potential sources
in solid solution, or alloyed lead). Two central issues that include the recovery of plastics fr(ma packaging materials
must be examined are (1) the need fi)r lead removal in the pr(,duction, primary lead furnace slags, and the recovery
first piace and (2) the imt)lications ()f"lead removal, should ()['naetals from "red mud".
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MUNICIPAL SOLID WASTE

MSW stream into a fuel source that could replace fossil-

Municipal Solid Waste fuel-based energy sources and ,'educe sulfur dioxideemissions. A cooperative research and development agree-
ment (CRADA) with two national laboratories and three
industrial partners has focused on this alternative by

Air Products and Chemicals, Inc. chal'acterizing the effects of burning a combination of
Allentown, PA 18195 binder-enhanced densified refuse-derived fuel (b-d RDF)

pellets and coal in a commercial-scale electrical generating
facility. Pelletized b-d RDF has been successfully burned

72. Cocombustion of MSW and Sewage in coal combustors, but only in quantities of less than 3%.

Sludge Current efforts focus on cofiring RDF in quantities up to
Shahani, G. 20_. Operating, technical, and economic viability data

will be obtained to determine the near-term commercial
In recent years, municipal planners have had to respond use of b-d RDF. In addition to the research, the CRADA
to stricter regulations governing the handling and man- participants are identifying any bar,'iers inhibiting the
agement of sewage sludge. With ocean dumping banned commercial implementation of this technology.
an(t landfill disposal limited, cities are seeking alternative
ways to manage sewage sludge. This project is investigat-

ing the use of oxygen-enriched combustion as a method for National Renewable Energy Laboratory
improving the incineration of sewage sludge. Sewage Golden, CO 80401
sludge can be burned in facilities designed for municipal
solid waste (MSW), but the kinetics of combustion require
that the ratio of sludge to MSW remain low. Efforts are lo- 75. High-Solids Content of Anaerobic
cased on doubling or tripling the sludge percentage by Digestion of MSW
inc,'easing the oxygen level in the combustion chamber Rivard, C.
ft'ore 21 to 25q:. Results have shown that waste streams
consisting of up to 10_)_sewage sludge can be burned sac- Anaerobic digestion has been known to convert the
cessfully in MSW waste-to-energ_ combustion facilities, biodegradable portion of municipal solid waste (MSW)

into methane gas, but has not been implemented in MSW
processing. Relatively large reactors and the low concen-
tration of solids processed have inhibited the utilization of

Argonne National Laboratory anaerobic digestion as a waste-reducing, fuel-producing
Argonne, IL 60439 option. The purpose of this project is to design, fabricate,

and test an anaerobic digester (high-solids fermenter) tbr

73. Landfill Gas Research processing an MSW stream containing high concentra-tions of solids. Cu,'rcnt efforts have shown that the
Bogner, J. high-solids fermenter can process tlp to 35% solids in the

Methane, as a source of energy, has been collected from reactor, producing methane gas at seven times the rate of
landfills tbr a number of years. Landfill leachate is ox- conventional systems. In addition, the system's innovative
pected to play a key role in inc,'easing the production of agitator design allows for extremely efficient mixing with
methane. The pm'pose of this project is to investigate the low energy consumption. This can reduce the need for pro-
effect of landfill leachate on methane production and dc- tess liquids as well as reduce the size of the reactor.
termine how methane gas migrates within a landfill.

Leachate is being recycled in an attempt to reduce its toxi- 76. Anaerobic Digestion of Municipal
city and increase n, ethane production. In addition, Solid Waste and Tuna Sludge for
through investigations of the quantity of methane gener-
ated ft'ore the refuse, the methane storage trends in American Samoa
landfills, lateral migration, recovery efficiency, atmo- Rivard, C.

spheric discharge, and the effect vi" methanotrophic The purpose of this project is to apply anaerobic digestionbacteria, a model can be developed that could be used _,)
estimate methane balance and to help design in,proved techniques to a mixed waste stream of tuna sludge and
methane recovery systems. Initial results have revealed municipal solid waste (MSW) un American Samoa. The
that methane recovery systems are not 100_ efficient and sludge produced by the island's two tuna canneries and

MSW produced by the population is creating a problem for
landfills may have detectable levels oi" methane migrating MSW management. American Samoa prohibits extensive
in subsurfaces and through the landfill cover. ]andfilling vf MSW. In addition, the tw() canneries con-

tinue to dump tuna sludge a few miles off shore, an action
74. Cofiring Refuse-Derived Fuel Pel- that is environmentally controw_rsial and expensive. Re-

lets and Coal in Power Plants salts have shown success in utilizing the high-solids

Ohlsson, O. fermenter to process the mixed solid waste stream in the
laboratory. Current fbcus is on tw() related efforts that

One alternative to accumulating municipal solid waste will lead to a pilot-scale demonstration on American
(MSW) is converting the combustible "components of the Samoa. The first is evaluating the maximum process Iced
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MUNICIPAL SOLID WASTE
Wheelabrator Environmental Systems, Inc.

rate for the anaerobic high-solids process and the second maintenance expenses, the ef'f_ect a facility will have on
is designing and fabricating an intermediate-scale reactor human health and the environment, and the role played
with a 1000-L capacity, by energy-driven activities (for example, transportation,

lighting, heating, and plant pr(,cesses). Current efforts are
focused on assessing the economic, energy, and environ-

Oak Ridge National Laboratory mental aspects of six operating MRFs.
Oak Ridge, TN 37831

79. Mercury and Dioxin in Waste
77. Socioeconomic Factors Affecting Streams

Decisions on Waste.to-Energy Pro- Shaub, W."Voell, C.
jects The combustion ()t' polyvinylchloride (PVC)- and mercury-
Curlee, T.R. containing products in waste-to-energy phmts is believed

A startling number of planned waste-to-energy (WTE_ la- by the general public to cause harmful emissions. Con-
cilities have been either delayed or canceled during the terns exist about the formation of dioxins during the
last five years. Oak Ridge National I,aboratory is conduct- combustion of PVC and the hazards from mercury-
ing research that will give waste planners a better containing household and hospital batteries that are
understanding of the technical, social, and economic fac- burned with municipal solid waste (MSW). The purpose ()t'
tots that contribute to the cancellation of planned WTE this project entails compiling ali the available inlbrmation

on the emissi(m of chh)rine compounds and mercury whentacilities. Current research is being conducted in tw()
phases. In the first phase, numerous WTE projects MSW is comhusted in waste-to-energy facilities. The rele-
throu;m":,t the United States will be examined. Data vant informati(m collected will be made accessible to the
models will be used to determine the degree to which the scientific community and to the public.
various demographic Iitct,ors influence the decision. The
second phase utilizes a team of anthr(q)ologists, geogra-
phers, urban planners, and economists to investigate fi)ur Wheelabrator Environmental Systems, Inc.
communities that chose to implement or abandon WTE Hampton, NY 03842
projects. Interviews and literature review will be con-
ducted, and the influence ot' regulatory issues, financial 80. Controlling Acid Gas Emissionsconsiderations, the level of public involvement, commu-
nity characteristics, and local envir(mmental issues will from MSW Combustion Units
be examined. (;clnolis, C'.

The purpose ()t' this research is t() determine it' lime

Solid Waste Association of North America _(!w ()]l_e _ and sodium bicarbonate INaltC():cJ injections

Silver Spring, MD 20910 can be used to succ(,ss['ully neutralize acid gas emissions
['r()m wast(.-to-energy c(mll)usti(m fiicilities, lame is C.ln-
m(inly used t()reduce acid (.,missions, but it (hies so at a

78. Evaluating Materials Recovery Fa- ,_(),;efficiency rate. Sodium bicarb(mate is more efficient,
cilities but ii is expensiv(, and can disc()lor the stack plume.
Frola C. Using the two reagents in cmlcert, called duel sorbent in-

' .jecti(Jn, increases their eflbctiveness, making the i)r()cess
Insufficient inti)rmati(m exists (m the energy consumption, econ(mlical and reducing the acid gas (,missi(m,,; t() levels
economics, and envir(mmental impacts associated with ep- required I)y the 199(I Clean Air Act Amendments. (:urr(,nt
crating a materials rec.v(,ry facility ¢MRF). The purp(Jse (q'f()rts will b(, fbcused on the reagents and variables such
of this project is to c()llect and analyze data on these tim- as in,jecti(m rates, in.jecti(m h_cati(ms, t)(filer loads, and fur-
t()rs so municipal pla_lners, waste managers, and lh nace ten)pcratures. The brag-term g_ml will dem(mstrat('
scientitic community can better assess MRFs as a _v_tst . whether dual sorbent injection technology is a viable and
management option. This research will give planners an( cost-effbctive alternative for reducing acid gas (,missions
administrators a better understanding ()I' ()perating ant: from municipal solid waste (MSW)c()mbusli()n facilities.
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SOLAR INDUSTRIAL PROGRAM

Decontamination of Water Industrial Processes

National Renewable Energy Laboratory National Renewable Energy Laboratory
Golden, CO 80401 Golden, CO 80401

81. Solar Detoxification of Water 83. Advanced Applications of Solar
Williams, T. Energy

There are almost 20,000 contaminated water sites nation- Williams, T.
ally, with an associated treatment volume of 28 trillion L/ There are a large number of industrial processes that can
year (7.5 trillion gal/year). Approximately one-fimrth of be conducted using solar energy. The market for advanced
these sites are located in high-solar insolation regions of materials, for example, is estimated to be $150 billion by
the country. DOE is working to reduce the cost of solar the year 2000. Solar applications are being explored in the
detoxification and increase its ctticiency. Field experi- areas oi' materials production and processing. Applicable
ments during FY 92 at a superfund site in Livermore, markets include aerospace, engines, electronics, optics,
California and the Tyndall Air Force Base near Panama and manufacturing. The High Flux Solar Furnace at Na-
City, Florida haw_ shown the technical feasibility of using tional Renewable Energy Laboratory (NREL) was
solar energy to destroy hazardous chemicals contaminat- designed and built to push the frontiers of solar under-
ing groundwater. Development of solar reactors has led to standing. This furnace, based on an optical concept
rapid cost reductions that put the solar technology within developed by the University of Chicago, has a unique ca-
reach of existing remediation technologies (carbon adsorp- pability for concentrating the sun's energy. It can produce
tion and UV-oxidation). Dm'ing FY 93 the program will a solar beam with the energy density found on the surface
cost share in the design of solar detoxification systems of the sun. It thus provides the program with an excep-
with industry. These designs will result in improvements tional tool tbr finding new uses of solar energy. The
in system operation, control, and safety. The designs will {hrnace was first used to determine if solar energy could
lead to cost-shared field experiments in FY 94 at indus- be used in materials processing. This work attracted in-
trial or remediation sites to show the effectiveness and dustrial interest and resulted in Cooperative Research
economics of the process. In parallel with system develop- and Development Agreements (CRADAs) with Coors Ce-
ment, catalyst development will continue at NREL and at ramies and Brush-Wellman dm'ing FY 92. The primary
a number of supporting universities. Improvements in the objective of this activity during FY 93 will be to establish
efficiency of the catalyst will enable the manufacturers to the feasibility of using solar energy to beneficially alter
demonstrate near-competitive economics with other waste the properties of materials. This effort will center on the
management techniques, two CRADAs: the one with Coors to develop a new low-

cost process for making silicon carbide, and the one with

82. Solar Detoxification of Soil Brush-Wellman to develop a method for.joining metal to
ceramics. These ef(brts will product pilot-scale demonstra-Williams, T.
tions o(' the processes at the industrial sites in FY 94.

There are an estimated 662 billion kg (730 million tons) of
soil needing detoxification. More than a third of this con- 84. Solar Process Heat
taminated soil is located in areas of high solar insolation, Williams, T.
providing a market opportunity for solar technology. All
eftbrts in this area are directed to a 2M-Agency project During FY 92, DOE conducted a survey of the states to
that was initiated to pool the resources oi' the Army's determine the extent of interest in solar process heat. lt
Toxic and Hazardous Materials Agency (THAMA), Envi- was found that over 20 states were not only interested,
ronmental Protection Agency (EPA), and DOE in but had funds available to cost share in solar industrial
demonstrating the concept at the Sierra Army Depot. projects. This interest was tempered, however, by the
Interest in the technology centers on the possibility, indi- need for information on the capabilities of the technology,
rated by laboratory experiments, that the solar process including energy output and the cost of operating systems.
may result in fewer products of incomplete combustion To obtain this information, the program is cooperating
than does incineration. During FY 92, Pacific Northwest with states to help them determine the potential of solar
Laboratory (PNL) (under contract to the Army) completed thermal energy and assisting the solar industry in initiat-
a feasibility study that concluded that the deveh)pment of ing projects. During FY 91 and FY 92, the program funded
solar detoxification systems could be justified on the basis prefeasibility studies to help solar companies and poten-
of either expected cost reductions or perlbrmance improve- tial end users develop solar heating projects. These efforts
ments. During FY 93, DOE will assist THAMA in the resulted in more than 20 projects being initiated that
design of a pilot-scale demonstration plant to be built at turned $160 thousand funding into $1.6 million in solar
the Sierra Army Depot. The plant will be completed and projects. Technical assistance is provided to the solar in-
operated during FY 94. Data will be analyzed and the re- dustry through the Sandia Design Assistance Center.
sults will be compared to other remediation technologies. Discussions with state energy offices and military bases
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INDUSTRIAL PROCESSES
National Renewable Energy Laboratory

during FY 92 will lead to more cost-shared solar projects
in FY 93. These projects will supply the data needed by
potential users to establish that the economics and energy
output from solar process heat systems can be accurately
predicted and that they can be reliably maintained. A
database will be developed and kept updated to provide
system performance information to all potential users of
the technology. The program will work closely with the fi-
nancial community to reduce the barriers associated with
insurance and third party ownership.
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COMBUSTION

Lawrence Livermore National Laboratory

Engine Combustion Technology University of California
Livermore, CA 94550
Physics Department

Drexel University
Philadelphia, PA 19104 87. Chemical Kinetics in Engines
Department of Mechanical _;_gineering and Westbrook, C.K.

Mechanics Lawrence Livermore National Laboratory (LLNL) is re-
sponsible fbr developing and validating detailed and

85. Hydrocarbon Oxidation Chemistry simplified global reaction kinetic mechanisms, to describe
Cernansky, N.P.; Miller, D.; Robinson, _ the ignition process, the rates of combustion, and the evo-

lution of pollutant emissions. These kinetic mechanisms
Drexel University has had an ongoing program (under are incorporated into th developing computer models ta
othm" sponsorship) in the area of low- and intermediate- predict performance, efficiency, and emission trends while
temperature chemistry of hydrocarbons. This research, engine design parameters are widely varied.
undertaken at atmospheric pressure, has potentially im-
portant applications to the chemistry occurring during

knock. Drexel University will expand work on chemical Los Alamos National Laboratory
studies in a static reactor to include gas sampling and University of California
analysis in a research engine on loan fl'om Sandia Na- Los Alamos, NlVl 87545
tional Laboratory. The objectives of this program are to T Division
develop an understanding of the oxidation chemistry of
engine combustion processes and to determine fuel prop-
erty effects on these processes. The scope of the research 88. Engine Combustion System Model-
program is directed toward the study of hydrocarbon ing
chemistry at low vnd intermediate tempe_'ature, with ma- Butler, T.D.
jot" emphasis placed on its relationship to autoignition and
engine knock. Eftbrts are being concentrated on aut,_igni- Ultraviolet and visible radiation ft'ore the sun and man-
tion chemistry; 1,he role and significance of the preignition made sources affect living organisms in several different
end gas reactions and heat release in autoignition and ways, some of which are harmful while others are benefi-
knock; pressure ef/bcts of hydrocarbon oxidation mecha- cial. Modern technologies may alter the intensity and
nisms; and fuel chemistry effects on hydrocarbon spectral distribution of solar radiation reaching the earth
decomposition processes. Experiments are being con- and thus alter the existing balance between the sun's
ducted using three separate, well-defined experimental harmful and beneficial effects. New man-made l_ght
systems; a static reactor, an atmospheric pressure flow sources also may alter this balance. Realistic evaluation of
reac:,or, and a knock research engine. These three comple- the possible biological hazards of visible and ultcaviolet
mentary experimental systems are being used to examine radiation requires an understanding of their various,
chemical processes and lhel effects ._cr v wide range of sometimes antagonistic, effects. This project studies the
conditions important in engine combustion systems. Re- damage inflicted on DNA irradiated in vitro and in vivo
suits ft'ore this project will provide a better ,mderstanding and relates specific types of molecular damage to cell
of the important chemistry and fuel-related problems in deatla, mutation, and cancer induction. Focus is on devel-
engine combustion systems, oping procedures fbr quantitating the damage done to the

DNA of human skin irradiated in situ and the subsequent
repair of this damage.

Imperial College of Science and Technology
London, GB

Massachusetts Institute of Technology
Cambridge, MA 02139

86. Experimental Measurements of Mechanical Engineering Department
Fuel Injection Processes

Whitelaw, J.H.; Arcoumanis, C. 89. Fuels Chemistry and Emissions In.
Imperial College will continue in situ measurements ot' teractions
time- and space-resolved velocity, turbulence, and concen- Keck, J.; Hochgreb, S.
tration during fuel injection into a reentrant bowl
configuration. Ensemble-averaged and instantaneous con- This project will determine i._,,ition delay times in the
centrations will be documented to illustrate the influence' fin'm of' pressure-time profiles fbr fuel-oxidan mixture, s
of injection characteristics, three-dimensionally, and rota- after rapid compression. Fuels investigated include: gaso-
tional speed. These data will be ccmpared with the results line blends, alkanes, aromatic hydrocarbons, ethers,
of the RPM tw'o dimensi,-na! computer mndol theft has alcohols, alkenes, and aldehydes. Insight gained from
been developed in parallel to simulate these processes, these studies will help define the characterization of
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ENGINE COMBUSTION TECHNOLOGY
Sandia National Laboratories, Livermore

species and the chemical kinetic mechanisms describing Princeton University
their formation. The project will develop and test simple Princeton, NJ 08544
and accurate models of hydrocarbon oxidation that can be Department of Mechanical and Aerospace En-

coupled with the 3-D fluid dynamic models to predict per- gineering
formance, fuel economy, and emissions.

92. DISC Engine Processes
Bracco, F.

The project objective is to integrate the understanding of
fuel injection processes and the fluid mechanics of com-

Pennsylvania State University, University bustion into the current multidimensional models. This
Park integration involves the comparison oi' model predictions

University Park, PA 16802 with the results obtained from well-defined experiments
that isolate the controlling subprocesses. Focus is on de-
veloping and testing spray models. The models will

90. In-Cylinder Soot and NO Produc- eventually be incorporated into the KIVA multidimen-
tion sional modeling code.
Litzinger, T.A.

The objective of this program is to develop an improved
understanding of the phenomenological nature of the in- 93. Hydrocarbon Oxidation Chemistry
cylinder processes of soot and NO formation and soot Dryer, F.; Brezinsky, K.
oxidation in direct-injection (DI) diesel engines. Measure-
ments will be made in an optically accessible, single Princeton University is developing chemical kinetic infor-

mation to support and interpret emissions effects related
cylinder, DI diesel engine of the spatial and temporal eco- to fuel characteristics for- spark ignition engines, diesels
lution of soot and NO using planar imaging techniques, and gas turbines. Present aspects of the work are relevant
These measurements are intended to provide new insight
regarding the interdependency of soot and NO emissions to improving how the blending characteristics of

petroleum-derived fuels and fuel additives such as oxy-
and lead to improved in-cylinder strategies for their con- genates affect hydrocarbon reactivity and emissions. Thistrol. To accomplish this objective, an experimental study
will be performed using laser diagnostic techniques to ob- research involves the use of a variable-pressure flow reac-
serve soot and NO within the combustion chamber of a tor, to quantit_/ the chemical kinetic processes under

realistic conditions.
specially built DI diesel engine. Planar laser" light scatter-
ing will be used to observe the soot, and laser-induced
fluorescence will be used for the NO measurements. To

,uple the in-cylinder measurements of soot and NO to
emissions, the particulate and NO_ exhaust emissions will
also be measured. Engine parameters, such as injection Sandia National Laboratories, Livermore
timing and air temperature, will be varied to observe their" Livermore, CA 94551
effect on soot and NO. From this information, an in- Combustion Research Facility
cylinder approach to reducing both NO× and particulate
emissions may be formulated.

94. Diesel Engine Processes
Dec, J.; Espey, C.; Carling, R.

9I. Turbulent Flame Initiation This is a cooperative eftbrt with Cummins Engine Com-
pany to contribute to the design of future diesel engines

Santavicca, D.A. by developing an improved understanding of the critical

The project objective is to understand the effect of turbu- in-cylinder combustion processes that lead to particulate
lence on ignition and early flame kernel growth under and NO× emissions. An optically accessible diesel engine
dilute charge conditions, both in terms oi' charge ignitabil- will be used to measure where particulates are tbrmed, lo-
ity and the related problem in cyclic variability, cation and timing of NO_ formation, fuel spray mixing,
Experiments will be conducted in a high-pressure turbu- vaporization, and combustion rates. This data will be used
lent flow reactor capable of simulating the pressure, to validate the 3-D computer simulation models developed.
temperature, equivalence ratio, and turbulence conditions
that occur in an engine cylinder. The project will charac-

terize both the turbulence intensity and the length scales, 95. Two-Stroke Processes
information critical to the development of turbulent com- Green, R.," Carling, R.
bustion models. As part of this research, Pennsylvania
State University will study the effect of incomplete fuel- This is a cooperative effort with General Motors to observe
air mixing on turbulent flame kernel growth; the effect of the flow field characteristics of the gas exchange process
turbulent intensity and length scale on turbulent flame occurring during the scavenging of the exhaust products
kernel growth; and the relative importance of thermal from an optically accessible two-stroke engine. 'l_vo meth-
versus chemical effects on ignition flame kernel growth, ods of removal will be evaluated, crankcase and external
Pennsylvania State University will also develop a spark- blower scavenging. Optical methods will be used to pro-
ignited, turbulent flame kernel growth model that vide GM with detailed knowledge on the gas exchange
incorporates the fractal turbulent flame kernel growth occurring, fuel injection and fuel-air mixture preparation,
modcl, flame propagation, and the chemistry of combustion.
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Southwest Research Institute

Southwest Research Institute Los Alamos National Laboratory

San Antonio, TX 78228-0510 University of California
Los Alamos, NM 87545

96. Particulate Formation in Diesel T Division

Engine Combustion
_ 99. Spray Combustion System Model-Schu alb, J.; Ryan, T.W., III

This research use.s a continuous flow simulator of a diesel ing
combustion chamber to investigate the effect of turbulence Butler, T.D.
length scales on the combustion process and the resultant Los Alamos National Laboratory (LANL) is responsible
emissions. The work will focus on determining the extent fbr developing multidimensional computer models to slm-
of the tiiel spray jet and comhustor wall interaction, the ulate complex process occurring in continuous spray
effect of tiiel st)ray and wall impingement on geometry of combustion systems. A 3-I) computer model, KIVA-F90, is
the spray, primary .jet breakup, and turbulence effects on under development to analyze the coupled l'uel spray, gas
emissions. The data generated by a well-delined system dynamics, comhustion and t)ollutant formation reactions,
will be used to update the KIVA code in a cooperative el: and heat transfer applied to process heaters. The focus of
f(n't with l_.s Alamos National Imboratory II,ANl,). the eff(n't is on adwincing efficient and effective means of

computing an overall numeric solution that is graphically
illustrated. This program is composed of detailed submod-
els that are being continu()usly updated and wllidated
with experimental test results.

General Combustion Technology
National Institute of Standards and Technol-

ogy, Gaithersburg
Gaithersburg, Ml) 20899

Georgia Institute of Technology
Atlanta, GA 30332
School of Aerospace Engineering 100. Spray Diagnostics

Semel:jian, H.G.

97. Effect of Pulsations on Black The objective ()t' the Nail,real Institute ,)t' Standards and
Technoh)gy (NIST) exp(,rimental program is to use a

Liquor Gasification lal)orat(),'y-scale spray combusti(m thcility to investigate
Zinn, B.7'.; Jagoda, J. droplet evaporati(m, combustion, and particulate fin'ma-

This research investigates the use ()t"pulse e(mlbusti(m t(i t i(m processes in spray flames, using both nonintrusive
provide the energy required tbr the gasification [)t' I)lack and intrusive techni(lues, and to delineate the effect o1'
lictuor in fluiclized beds. The work will determine to what chemical and physical properties oi' the thels. Research fi)r
extent the pulsations increase the heat transfer t'rmn the this project includes droplet veh)city distributions, polar-
pipes to the bed material and within the bed, determine ization sizing techniques, and the effect ot" fuel properties.
the effect of operating pressure on heat transfer within Emplaasis will be placed on waste-derived liquid fuels con-
the bed, determine the optimum temperature of the pro- taining ar()matic hydrocarbons.
cess needed to gasit_, bhick liquor but prevent melting of
the inorganic components, and determine the variability
()t' the resultant synthetic tilel gas and the emissions pro- Sandia National Laboratories, Livermore
duced from the coml)ustion of the syn gas. Livermore, CA 94551

Combustion Research Facility

101. Pulse Combustion Processes
Lawrence Livermore National Laboratory Bramlelte, T.T.: Keller, d.

University of California This activity expands the successful pulse combustion
Livermore, CA 94550 project to scale up the Sandia Helmholtz cornhustor by a
Physics Department thctor of 40:1 to validate the vortex dynamics computer

code to model the multiphase, transient, highly-coupled,

98. Chemical Kinetics in Industrial nonlinear fh)w field for hurner design. This burner will in-

Systems volve temperature and fluid dynamic mixing control toachieve less than 7 ppm NO×. This burner will also be
Westbrook, C.K. used to validate the pulse combustor ft)r the burning of

Lawrence Livermore National Imboratory (I,I_NI,_ is rc- liquid chlorinated compounds.

sponsible for developing and validating detailed and
simplified global reaction kinetic mechanisms to describe 102. Internal Mix Atomizers
the formation ot' toxic species that are a byproduct ft'ore Edwards, C.
the combustion of refinery process fuel gas. These kinetic
mechanisms are incorporated into developing computer This research tbcuses on the understanding o1"how atom-
simulation models to provide advanced burner designs tbr izer design impacts the structure of the flame and the
process heaters, resultant emissions. The work will study the atomization
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Sandia National Laboratories, Livermore

and flame structure of"heavy fhe] oil flames using nonin-
trusive optical methods. Measurements will be made of
the droplet atomization and dispersion oi' several atomizer
designs.

103. Burner/Furnace Modeling
Edwards, C.

The development oi" the next generation computer codes
will be based on large-eddy simulation (LES)models and
take advantage ot' advances in massively parallel com-
puter systems, The 2-D axisymmetric calculations using
the turbulence model has proven to be inadequate to sim-
ulate the swirling gas-phase flow in furnaces. This work
will develop a simulation where large-scale motion is ex-
plicit, and the small-scale turbulence is modeled.
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initial, somewhat crude, measurements of the emissivities

Advanced Conversion Processes or both electrode and BASE surfaces in an isothermal en-
closure within a vacuum furnace. Both surfaces showed
emissivities of 0.5 to 0.7, by comparison with standards
also measured by pyrometry, and thermocouples within

Idaho National Engineering Laboratory the enclosure. In addition, several tests were run in the
EG&G Idaho, Inc. electrode test cell (ETC) and the sodium vapor exposure
Idaho Falls, ID 83415 test cell for periods of about 1000 hours; however, RTC

test runs were not maintained longer than 200 hours.

104. Advanced Two-Phase Flow Model-
ing: Eulerian-Lagrangian Model lO6. Two-Phase Liquid-Metal Magneto-
Mortenson, G. hydrodynamic Generator

Fabris, G.
The objective of the generic two-phase flow and heat
transfer model development is to provide a generalized The primary objective of this project is to reduce the slip
tool of predicting heat transfer and pressure drop behav- loss between gas bubbles and the liquid metal by the use
ior fin' a wide spectrum of boiling-condensing two-phase of surfactants. Other potential improvements include (1)
flow operations in industrial equipment. In the Eulerian- designing a mixer that creates a homogeneous laminar
Lagrangian modeling approach, the two continuous bubbly flow pattern instead of the turbulent slug-flow
portions of the gas and liquid phases are represented as mixing observed in the past, 12) mixing at higher pres-
separate Eulerian fluids Ibulk of the fluids are observed at sures _i.e., at lower void ft'actions where it is easier to
fixed stationsi in the same manner as existing two-fluid achieve a bubbly flow pattern), ¢3) expanding the bubbly
models, while the entrained droplets lin the continuous flow at a faster rate and under a much higher pressure ra-
gas phasel and the bubbles /in the continuous liquid rio!about 20:llwithout disturbing the flow and achieving
phase! are represented as discrete Lagrangian particles, a higher w_id ft'action, I4) developing a more favorable
In this way, flow regime transitions can be represented dynamic-surface-tension distribution with enhanced heat
and predicted "mechanistically" as a consequence of more transfer fi'om the liquid to the gas (higher pressure ratio
basic processes such as bubble and droplet coalescence, expansion) which will help to inhibit their coalescence,
breakup, entrainment, and merging. Moreover, statistical and (51 preventing additional coalescence of bubbles dur-
effects fi'om the distributions of droplet and bubble prop- ing expansion in the LMMHD generator as a result of
erties {size, velocity, and so forth) which are largely surfactant-induced dynamic surface-tension effects. In FY
neglected in existing models, are automatically captured. 92, the construction of the major part of the liquid-metal
Because it is not feasible to represent each droplet and blowdown loop that will be used to investigate effects of
bubble, groups of physically similar droplets and bubbles mixer and surfactants will continue.
(obtained by random sampling)are used. The model and
associated numerical solution procedure are initially be-

ing formulated in one space dimension. The extension to a Los Alamos National Laboratory
corresponding 3-D model was initiated in FY 91 and will University of California
constitute the bulk of the effort in future years. Los Alamos, NM 87545

Jet Propulsion Laboratory 107. Thermoacoustic Engine Research
Pasadena, CA 91109 Swift, G.W.

A sound wave is usually thought of as consisting of pres-
105. Alkali Metal Thermal-to-Electric sure and displacement oscillations, but always attendant

Converter (AMTEC) to pressure oscillations are temperature oscillations. The
Fabris, G. combination produces a rich variety of "thermoacoustic"

effects, which can be harnessed to produce powerful, effi-
There are two objectives for the Alkali Metal Thermoelec- cient heat engines such as prime movers, heat pumps, and
tric Converter (AMTEC) task: (1) to characterize and ret'rigerators. The objectives of this research include (11
optimize the thermal performance of AMTEC cells utiliz- completing laboratory measurements confirming basic
ing large Ifull-tube) area electrodes and (2) to characterize thermoacoustic energy-conversion theory; (2) developing
the local temperature gradients within the cell that are improvements to the design code and documentation
important for fundamental understanding of device per- thereof, producing a code that can easily be used by other
formance and may significantly affect stresses within the thermoacoustic research groups; and (3) developing exper-
device. The recent focus of mis task has been to conduct iments showing the tolerance of thermoacoustic effects to
further experiments with large-area electrodes, including geometrical imperfections in heat-exchange elements. The
efficiency and thermal characterization, and to make the principal focus is on a helium thermoacoustic engine be-
first measurements of the emissivities of both AMTEC cause it is versatile and changes can be implemented
electrodes and the beta-alumina solid electrolyte (BASE) inexpensively. Heat input and work output are being
surthces. The task has also been successful in obtaining studied in detail. Based on current evidence, the work
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output of the existing engine is in agreement with theory, Pacific Northwest Laboratory
but the heat flow is significantly higher than theory pre- Richland, WA 99352
dirts. It is believed that the extra heat flow arises from

unidentified hardware problems, not from ally fundamen-
tal flaw in theory. 110. Bubble Dynamics

Liliegren, L.

The objective of"this project is to provide data from which
submodels describing the interaction between droplets,
bubbles, and continuous liquid and gas phases may be ob-

Oak Ridge National Laboratory tained. Fundamental experimental investigations into
Oak Ridge, TN 37831 bubble dynamics are being conducted to form and validate

the constitutive relationships necessary for describing in-

108. Thermomagnetic Heat Pump Pro- terfacial area transport and momentum transfer in bubble
swarms and the motions of bubble pairs. The first set oi"

cesses experiments are primarily oriented towards developing
Chert, F.C. the interfacial area transport equations require.d by Pa-

The objective of this project is to build a technology rifle Northwest Laboratory's (PNL's_ four-field model, but
database based on an improved understanding of the fun- also providing useful data tbr validation of Idaho National
damental thermophysical aspects of superconducting Engineering Laboratory's (INEL's) Eulerian-I,agrangian
thermomagnetic energy conversion ('PEC) processes. This code. Initial experimental investigations currently tbcus
knowledge will enable designers to develop environmen- on the phenomena of bubble coalescence, bubble shape,
tally safe and highly efficient TEC equipment for heating, and drag. Additional investigations on bubl_le interlh('ial
refrigeration, and cryogen production as well as power area growth-reduction mechanisms are required to
generation. Specific goals will inch, de (1) analyzing thor- develop constitutive relationships tbr ali phenomena de-
modynamic cycles and processes for TEC, (21 examining scribed in both the INEl, and PNl, numerical models.
and simulating important cycle loss mechanisms, (3) con-
ducting tests to delineate energy, flow between thermal 11I. Advanced Two-Phase Flow Model-
processes and working-media interactions, (4)identit_ing ing: Four-Field Model
desirable working-medium thermophysical properties, and
(5) investigating generic thermomechanical losses unique Lombardo, N.
to regenerative and recuperative superconducting TEC The objective of the generic two-phase flow and heat
concepts. Results in FY 91 showed that (1) the thermody- transtbr model development is to pr(wide a generalized
namic cycle irreversibility can be minimized by emph)ying tool of predicting heat transfer and pressure drop behav-
a regenerative cycle for the magnetic heat pump (MHP), ior fi)r a wide spectrum of boiling-condensing two-phase
(2) the MHP cycle pertbrmance varies strongly with the flow operations in industrial equipment. The four-field
selected working media and til(., range of temperature modeling approach treats tile continuous liquid, continu-
lifts, and (3) the irreversibilities in a regenerator are one ous vapor, bubbles, and droplets as tour distinct fields in
of the dominant losses in an MHP system. With a proper the flow. The fields interact both thernmdynan_ically
understanding of the regenerative-energy-transport pro- (evaporation and condensation) and mechanically (en-
cess and the working-media and fluid interaction, the trainment, deentrainment, coalescence, breakup, and
development of TEC systems can be successful, drag) across their interfaces. The essential tbature is the

application of the interthcial area transport c(mcept to
handle tile variati(m in dimensions of tile discrete fields.

109. Ammonia-Water Transport Proper- Extension of the fbur-field model to higher void fractions
ties could potentially eliminate the need for lh)w-regime maps,

and the abrupt transitions predicted fbr flow behavim'
Chert, F.C. that are inherent to models using flow-regime maps. The

The objective ot" this project is to systematically conduct extension of the four-field model to multicomponent mix-
single-tube tests to obtain transport properties of tures, while challengdng, is a relatively straightforward
ammonia-water mixtures. The intention is to develop a evolution of the mulLifield modeling capability, ii" multi-
sound engineering database covering a range of applica- component wdues of the thermodynamic and transport
tions critical to the design, development, and scaleup of properties can be defined. With the synergistic !inking
process equipment employed in advanced, binary with the Molecular Dynamics Modeling of Multicompo-
working-fluid energy conversion industrial applications, nent Mixtures project, one has the potential tbr
such as Kalina power cycles and compression-absorption deveh)ping "working fluids by design".
heat pumps. The initial fbcus of this project is on the

condensing-absorbing process ot' ammonia-water mix- 112. Molecular Dynamic Modeling
tures on the outside of a single tube. The test conditions Palmer, B.
will be representative of ones corresponding to the Kalina
power cycle, which is ot' interest to Exergy, Inc., under a The purpose of this program is to develop computational
fund-in Cooperative Research and Deveh)pment Agree- methods involving molecular dynamics (MI-))and Monte
ment (CRADA). The single-tube tests will include smooth, Carlo (MC) modeling techniques to calculate the.rmody-
fluted, and Exergy supplied tubes. The tube orientations namic and transport properties ot' engineering interest tbr
will include horizontal, vertical, and intermediate angles, both single and multicomponent fluids. During FY 91,
The heat h)ad, mixture concentrations, temperature eflbrt on deveh)ping a methodoh)gy fi)r calculating the ab-
range, and flow rate will also be wu'ied so that extended solute ewlporation rate of a simple liquid using
transport characteristics of the mixtures can be obtained, molecular-dynamics simulations was completed. This is a
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prototype problem for transport across the liquid-gas in- and mass transfer encountered in separation processes,
terfhce. 3h'ansition-state them'y (TST) is being used to Although direcDccmtact processes are generally related to
calculate a preliminary value of the rate, using free- the separati(m technoh)gies, the scope of the research ele-
energy differences and accounting for the effect ot' surt'ace merit was expanded to include tile mass-transl'cr aspects.
interactim_s on molecular motions. Models are also being In the present structure of the research approach, it in-
developed for doing realistic simulati(ms of a prototype eludes absorption, adsorption, drying, and membrane
binary mixture under constant pressure-constant temper- separation applicati(ms. This research element nlso in-
ature cm_ditions. Water-carbon dioxide mixtures have eludes heat- and mass-transfer processes in the advanced
been chosen fiw initial investigations, energy conversi<m syste.ms (e.g., Kalina cycle and chemi-

cal heat pumpsL

Heat and Mass Transfer t15. Heat 7Yansfer Surface Enhance-
Research ments

tCabas, T.J.......................................................................................................

The objeclive of this research is to iniprove energy el'li-

Argonne National Laboratory ciency in existing energy-cmwersion and p,'ocess plants by
Argonne, IL 60439 optimizing the perlbrmance ()t" existing types of heat ex-

changers. ()he majm" thrust is ttr advance tilt' knowledge
gained, which will be incm'pm'ated into a database made

113. Fouling" Mechanisms available t(t designers (,f"st,ate-()fthe-art heat exchangers.
I)an<,llal, C.B. Major progress and accmnplishments in FY 92 are(l) a

The objective of tta, tbr,ling research program is to under- nutm, rical analysis eflbr! to determine tire effbcts (_f'the
stand the mechanisms of the fouling process so that disruption shape and lh'andtl numl)er; (2)the use of the

transient, liquid-crystal mcttmd to obtain local ht;at-equipment may be designed to minimize the fouling
buildup and tc) mitigate the fituling after ii furms. Atr ira- transfer coefficients tbr square and circular enhanced
portant part ()t'the fouling reseat'eh is tr) determine the passages; (3) mean heat-transti,r and pressure-dr(rp re-
interactive effects <d' tbuling and enhancenwlrt mecha- suits tbr 24 enhanced tut)es with air(l)r :0.7) asthetest
nisms in ro'der to optimize the enhancelnent geometry fm" tluid; and (4) lhc exicnsim) (tfa single-phase enhancement• data bank.
maximizing the thermal per|'ornutnce v,'iih minimum
propeqsity for fituling. It;ffin'ts have been fiwuse(t in two

areas: I1) fi)uling and enhancement il_teracti(ms and (21 I16. Phase Change Heat Transfer
organic (luid fttuling. [nvestigati(ms ()f' the interactive Vvttm/)sgttnss, M.W.
effects (tt' fi)uling and heat-transfer (.,nhtttict'tllt,tlt tlltq/h_l-
nisms have yielded the lit'st [(rag-term fi)uling rate This ft'search is c<mlprised of lwo lypes ot" proiects: (1)
compnris(m ()[' plain and enhanced lubt's. While the ct>m- pr()jecls dirt,tied l()wnrd generic lw(t-t)h;tse flow and heat-
nlt'r(.'itt[ {,llhtttlt'ed tubes |bul at tt [itstt, l" l'ttte, the <wc'rall Iransf('r m<>ch,l ch,velopnlent, sttp.p<n'l.t,d by expt, rimerltal
thermal I.)erlin'mance was inlpr(tvecl (iter tilt> plain tubes studies tct dctt,rmine tlm correct constilttiive relati(nlsl+lil)S
based (m two years of Ol)erali<m with<mt cleaning, and (21 l)t'[).}t,t:ts tbcttsed or+ t.he tw,o-phnse It(tw in pavt.icu-
()rganic-iluid ('uuling has tbcused on the devel()pmeni of lar c(m[iguratiot_s tbr which" existing knowledge is
an analytical meth(_d (_I"determining tilt, rate c<mtr<>lling inadequate to provide desi/t) guidance. 'l\vo-phase dynam-
tnechanisms nnd effects (tt' the physical parnnlt,ters. The its (flow patterns and pressure (lrttps) and (h)w boiling in
analytical mt,tht>d will t>eused t() determine the threshold snmll channels typically representing plate-fin heat ex-
condititnls (tt" tbuling. An experimental pr()gram is cur- changer geometries art, curret_tly under investigatitm. In
rt,ntly being conducted to obtain data tbr validating the FY 92, the research was Ibcused (m the th)w-bt)iling exper-
analytical f()uling mt)del. 'INto majtn' tasks have been com- im(,nts and tm the (h)cumentatitm oi' results from
plt'ted in this area: (1) a critical review ttf' literature and adiabatic, twtt-phase [h)w experitnents with air-water
(2) t,he tbrmulation t)["an analytical t't)uling mt)del, mixtttres in small, rectangular channels (4.04 x 1.70 mnr ).

Single-phase and tlow-b(filing heat-transli+'r experintents

114. Direct-Contact Analysis with R-ll3 itr a small (2..¢)2 mm) diameter tub(+ were per-
Pancha/, (7.B. f(n'med ibr the purpose (tt"validating the instrumentatitm,

data-acquisiti(m and pr(tcessing system, and analysis
The ()bjective _)t'this research is tw()tidd: ( 1 ) tr) extend the methods, and to pr<>vide referet_c(, data against which the
existingArgtmne National 1,abt)ratt)ry(ANl,)m<)del t(t in- sttbsequent rectangular channel data can be ctmrpared.
elude mass transfer effects tbr drying applR'ations and (2) (2urrent eff(n'ts tbcus (m pertbrming heat-transfer expcri-
tu develop a I>asic urlderstar_ding ttf" the interfacial heat merits utilizing this channel.
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119. Synthesis and Design of Inter-
metallic Materials

Georgia Institute of Technology • ,_l.( _ a#'. R.A." lh,tr, vie, J.J." Rollett, A.I).
Atlanta, GA 30332
Department of Materials Engineering The purp(ise ()['this project is to deve, h)p and design inter-

nietallic lnllt',wials using the c,()mpllsite at)l)i'(lllch til lillt,liiil
fi'_ic|,ur(, r(;,_isl, liilco ill bril,l, lc nllll, l'i('_(,'s, l_]t'f(wl,s ili'(', I(it'ti._(_(I

117. Thin-Wall Hollow Ceramic Spheres <,,_ a high-ten, pei'atu,'e structural ,natc,'iai, MliSi,,,
from Slurries hecause irl' its good oxi(hll, iol_ i'osistlinc(_ and ductility at (,I-
Cochran, J.K. twii|,i,_d tP,11lt)iwiitllrP, s, Micrlinli,chliniclil nlod(;liilg iii' the

comph;x llliCl'liSti'tlCl, tli't, iii' thosl_ conll)o_ito,_ hll,_ boell Stl('.-
The goal of this project is to devchlp t)rocossos filr econ/)rn- c(,ssl'tll iii showing whictl l,ougheiling nlechallisins ill't,
icaily thllricating lmlhlw, thin-wall sphi,q'(;s /'rlml signilicant. The n)(Meling ims also d(;nlt)nsi, rlltcd that the
conv(rational CP,l'llmic powders using disporsi(ins and i,o lls- disl)i,wMon iii' the t(iughe, ning addil, i(ins in the silicide illil-
scss their t)otoni, ial tisiL Th(: fellsiliiiity of l)r(idu(',illg {rix is ci'itical Lt)n_axinlixiilgl, h(' tought;rlingel'fi,ct.
lllono,_iz¢' hollow ,_l)il(;rt;s til' iil_iny c/;raniic conli)ositions on
ii pr/idtlc|,iorl basis has bee,n successfully dcql_onstrlitod.
'I'he properties iii' the, spheres (i.e., me,chanic, al stl'cilgth
lllld thernlll] ctlriductivity) have [icon docunl(,qltcd and Oak Ridge National Laboratory
mathcmliticai modeling til" the sphi;re-forming prtlc(;ss has Oak Ridge, TN 37831
tlccn successful. Current research has three are, as ()[' Metals and Ceramics Division
emphasis: (1) to reduce thermal conductivity at high tem-

peratures using IR opacificrs in til(, sphere walls, (2) to 120. Ni3Al Technology Transfer: Casta-

cImvert the liquid slurries used Ii, ib,'m sphci'es [','om the bility and Weldability of Ni3Alt)rcscnt organic-based to an a(lu(,'(lus-liascd systcnl, and
j

(3) l,ll disseminate irll'ornlati(in ali(ltir sl)ht:re technohigy Alexander, I).J." <_gftlll( li(t, M.L.',S'ikkct, V.K.
illld pr(ip(wl,ie>s to t].S. industry, l)uctile Ni:_AI lllld Ni:lAl-based alhlys illiv(; t)Ot_ll i(hmti[i(;(!

rx N[iii" i1 i'_lilgP, (I['ilt)t)liC, ati(Ins. I he,'e applications requiru l,he
tlS(_ of illlit(',l'ilil,_ iii a wu'iety ()[' pr(i(luct [iirln,_ such Its
,_he,et, plate, hlii', tuhing, piping, wire, llil(l castings. AI-
though signifi(',ailt t)r()gi'(;ss has tit!cn ilili(h, in l,he ni(!lting,

Lawrence Livermore National Laboratory c,_isl,ing> and ilo{li" nel, shaping iii" nic, kcl alljmini(h_s, slii)iu
imptwtant technt)h)gical issties rehlted to the l)rilcessing,

University of California filtiricatit)n, aim mechanic, al t)ehavi(ir (if thes(_ alloys re-

Livermore, CA 94550 mliin uils(ilvod. The otticctivt; lit' this l)r.ject is til flicilitate

Department of Chemistry and Materials Sci- i,he ti'lii_isf't,_i• ()1' internletallic alloy tcchnohlgy t,o iiMuMry

ence l)y rcs()lving technical issues constraining til(; industrial
iipt)li('iiti(in (li' alhiy sysi,(,qlls lind i)y pr(ividing ii ['()l'l_ini ['(ii'

118. Three-Dimensional X-Ray Tomog- ,,x('t_ang,, ()1'data t)y industrial suppliers _md users. This

raphy of Crack-Resistant in_iudo_castallility (fluidity, hot shi,,'tn(_ss, and p(,i'.sity),weld repairability til" castings, hot workahility lit' cast iii-

Composites gi,t._, and ['racture toughne.,;s i)r(ii)ertics.
Kinney, J.H.; Sa royan, R.A.

X-ray tom(,graphic micr, iscl,py (XTM)is a ne, w technique t2t. Metallic and Intermetallic Bonded
Ibr noninvasivcly imaging mat,trials' nlicr(istructur(;s ira Ceramic Composites
three dimensions. The micr()porlisity t)otw(;c41 individual Ah'x(mder, K.B. "Bet:her, P.F. "Liu, C.T.'
fihuncnts iii the fiber bundl('s, the channel pllri)sity be- Schnetb(l; ' , J.ft.; "7_egs,"" "7.N:
tween individual chith layers, and the connectivity (if rh(;

hirgt; through-ply holes that r(:inain after pr(icessil_g olin 'I'() iinl)riive the reliability (ii" ect'tunic c(inlt)(incnts, new lit)-
ali bo L'xiinliiliJd without do,_ti'(lying l,hl; Silllil)lO. (Ytlri'(_nt t)rililc, h(,_ til ii_(',i't;liSillg the ('racttir(, LoutgtlilP, ss (ii' clWiillii(,,s
XTM rP,st,,llr(:h is [i)(',tlSt,_d (iii nlllnitl)ring the, (.ht;lni(l_ii vii- lift' rt;(ltlir(;d. The i_t)j(;ctive of this t).rojecq, is t,o establish ii
t)or inlill,ration ((;VI) processing iii' siliciirl carbid(; ['rl;u_lew(ii'k till" the dov(_l(il)mt_nt and fiilirication til'lni;tallic
luatrix--Nic, ahin fibt;r cllmt)(isil,(_s. I)irect vistuilizai, itlla o1" and intt;rn_i_'tallic-roilil'orcod C(_l'lllllit', inllti'ix c(inip()sites
tht_ evolving microsl, rtlt',tur(J (hiring (}VI will [)c C(llllpili'(_d with illll)rovt_tt ['rli(;tur(_ t,oug]riFl[;,qs lilld ['ill, igut_ rosistllllC(,,.
to ill(idol cli](:ulal, ioils tin(| corr(dlttil)ns |)(;l,w(JcI1 l)r()cessing The inc(ll'pl)l'ilti(lll o[' lnt;tallic t)hase_ illl,ll ii (',ei'iitllic nlliti'ix
coildil, i(in,_ ,_tich Its L(;nlp(;riituro and t)i'o_tii'(, (li_ (t(_n,_ity all(iws Ibr i(ical pla,_l, ic doFoi'inll|,i(in. 'l'his d(dbi'nliitilln a('L,_
lllld nlo(:hluli(',lil i)rol)(JrLios, t(i dissipate the sl,rliili (,qltwgy introcluced l)y till applied
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ENGINEERED INDUSTRIAL MATERIALS
Oak Ridge National Laboratory

stress, thus increasing the fi'acture toughness of the com- ordering energy of NiAI. With further research, these
posite. The research will focus on the deveh)pment of studies may explain why the maximum ductility occurs at
alumina-based as well as nonoxide-based lAIN, TiN, TiC, stoichiometry and is improved by very small amounts of
and WCJ ceramic composites reinlb,'ced with ductile nickel ternary addition.
aluminide alloys. This work will als() identify relation-

ships between material properties, st,'ueture, and 125. High-Temperature Precipitation-processing. Reinforced ceramic matrix composites have
potential use in advanced industrial applications. Strengthened Iron Aluminides and

Other Intermetallic Alloys
122. Advanced Ordered Intermetallic Hubbard, C.R.," Maziasz, P.J.," Sikka, V.K.

Alloy Development The purpose of this project is to produce precipitate-
George, E.P.'Horton, d.A.;Liu, C.T. and micrestructu|'e-based strengthening of the high-

temperature I32 phase Fe:_A! type alloys, while
The objective of this project is to develop low-density, maintaining the best possible combinations of weldability,
high-strength intermetallic alh)ys for structural use irl sd- room-tempe|'ature ductility, and other enabling p|'ope|'-
ranted heat engines and energy conve|'sion systems. Many ties. This project will exphwe the el'fbcts of solute
m'dered intermetallics have attractive high-tempe|'atu|'e additions aimed at producing fine, stable dispersions of
properties such as excellent ()xidation and corr<)sion resis- carbides m' other precipitate phases to strengthen the I]2
tance, high-elevated-tenlperature strength, low material phase at high tempe|'atures. Results reveal that modified
density, and excellent shape-memory eflbcts. However, alloys haw; improved |'(_om-temperature ductility and
brittle ['racture and poor ductility limit their use as engi- creep-rupture strength relative to the as-falwicated mate-
neerirrg rnaieria],,. The general api)roach is to improve the rial. Correlation (ii' this data with high-temperature X-ray
ductility and [hbricahility elfordered intermetallics hy con- dil'fraction data on the transition temperature and kinetics
trolling the cryslal structure. Current efforts are focused suggest that retaining the B2 phase is important to ob-
(m the developnmnt of a new generatiml of materials in- taining room-and high..temperature properties behavior.
eluding (1) NiAI alloys with high-temperature capability,
(21 TiAI and TiAI:_ alh)ys with high specific strength, and
13) shape-nmm()ry alloys based on NiA1-NiaAI. 126. Polymers with Improved Surface

Properties
123. Development of Weldable, Lee, E.H. "Lee, Y.; Mansur, L.K.

Corrosion-Resistant Iron- The purpose of this project is to enhance and improve the

Aluminide Alloys durahility, dielectric-electric-magnetic-lR properties of
Goodwin, G.M." Maziasz, P.J. polymers using surihce m<)dification treatments, and to

cor|'elate changes in microstructure and microcomposition
The objectives of the project are (1) to deveh)p weld- with surfitce property changes. Research will emphasize
overlay real and other intermetallic alloys as coatings _l)modification of surface-sensitive properties oi'polymers
and claddings on intermetallic and conventional struc- by mt|ltiple-ion beam treatments; (2) characterization of
tural materials and (2_ to develop weldable and induced changes in microstructure, mic|'ocomposition, and
corrosion-resistant reAl alh)ys. Effi)rts on reAl deveh)p- properties by means of analytical electron microscopy, ion
merit have shown that environmental eftbcts (hydrogen scattering-nuclear reaction techniques and mechanical
emb|'ittlement) generally are the mechanisms limiting testing; and (31 relation of ion heam processing parame-
|'oDin-temperature ductility, and that proper control of al- ters to microstructure and properties in order to develop
loy composition, microst|'ucture, and surface c(mdition principles tbr improved materials. Results indicate that
(oxide layer)significantly improves ductility. Current el'- nea|'-surlhce hardness values can be significantly lm-
forts are tbcused on the deveh)pment ot'FeAI materials for proved for shallow implants compared to unimplanted
coatings including weld-overlay coatings and claddings, polymers and thal shalh)w implants can he used to ira-
Studies have shown that such coatings are t'easible, but prove surthce mechanical pr()perties of polyme|'s.
that hydrogen-related cold-cracking of the weld-deposited

FcA1 and the dilution zone that tbrms between overlay de- 127. Development of Corrosion-posit and the base material are issues that still need to he
addressed. Resistant Iron-Aluminide Alloys

Liu, C.T." David, S.A.

124. Materials by Design: New Ordered The,,bjective,,rthis projecti_t,, identityan real c,,mp,,si-
Intermetallic Alloys tied with the best combination of room tempe,'atu,'e
Hazzledine, P.M.'Nichols(m, D.M. ductility and corrosion resistance in oxidizing molten ni-

trate salt envi|'onments. A binary base compt)sition oi'
The purpose of this work is to develop and use theoretical reAl was selected on the basis of tensile strength results,
tools uset'u] for" tile design of ductile high-tenlperattn'e in-- creep strength, thbricability, and corrosion resistance. Mi-
termetallics. This objective will be reached by the use o[' llor alh)ying additions inc)'(!ased the room temperature
dislocation theory, the embedded atom method, sitar|la- tensile ductility by fiveli)ld compared to tile pure bina|'y
tieD, and first principles h)cal density calculations. The aluminide, reAl compositim_s with excellent c(;|'|'osion re-
program will strive to determi|_e alh)y additions that duc- sistance in molten nitrate salts were also identified.
tilize intermetallics. Applications of this technology Weldability has also been Ii)und to be a strong t\mction oi'

• "_ ,|include calculating tile electrical conductivity in the cmn- composition and welding parameters. (rack-t "ce welds
inertial alloy Ihlstelh)y-B, which explains the peculiar have been ohtained ira real alh)ys with controlled minor
drop in resistivity at'ter cold working, and calcuhding the alh)y additions. Future activities include li) alloy design
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to improw,, creep strength, while maintaining ductility; (21 Idaho National Engineering Laboratory
ewduati(m to determine resistance of FeA1 compositions to EG&G Idaho, Inc.
high-temperature oxidation; (3) scale up to industrial size Idaho Falls, ID 83415
heats and further interactions with industry. Materials Technology Division

130. Superior Metallic Alloys through
Rapid Solidification Processing by
Design

Sandia National Laboratories, Albuquerque Flinn., J.E.

Albuquerque, Nn 98195 The industrial sector requires metallic alloys whose prop-
erties, performance, and reliability extend beyond those

128. Composites through Reactive Metal obtained from current processing practices, These needs
can be fulfilled by metallic alloys that have fine and stable

Infiltration (t<, high temperaturesl microstructure. Rapid solidifica-
Loehman, R.E.; Ewsuk, K.G. Lion processing (RSPI dL,.ring powder atomization and

Metal matrix ceramic composites have been fhhricated control of the minor elements, such as oxygen and strong
using a novel reactive metal infiltration processing tech- oxide tiwmers, can produce metallic alh>ys with superior
nique. The process involves reacting a molten metal with properties and perfin'mance compared to conventimmlly
a ceramic preibrm to produce a fine scale composite mi- processed alloys. Eflbrts will continue to collaborate with
erost,'ueture of ceramic particles within a continuous U.S. industries in applying rapid scdidification processing
metal matrix. Experimental variables include the reactive in combination with eompositicm adjustments to p|'oduce
metal and ceramic compositions, and the processing tem- superior metallic alloys.
perature and atmosphere. Advantages of reactive metal
infiltrated composites include lower temperature and near
net shape processing of ceramic composites and improved
toughness compared to traditional ceramics. Current el"
tbrts are [bcused on characterizing the aluminum-mullite
system.

Materials Manufacturing Lawrence Berkeley Laboratory
Technologies University of California

Berkeley, CA 94720
Applied Science Division

131. Development of Improved Aerogel
Idaho National Engineering Laboratory Superinsulation
Idaho Falls, lD 83415 Hunt, A.J.

The pu|'pose of this p|'oject is to develop Inethods of
129. Magnetic Field Processing of Inor- producing new ae,'<,gel-based mate,'ials using sol-gel pro-

ganic Polymers cessing and supercritical solvent extraction. Aerogel is a
Kunerth, D.C.;Peterson, E.S. porous, low-density, nanostructu|'ed solid with Illilnv

unique properties including transparency, very high ther-
The application of magnetic fields during processing has mal resistance, and low sound velocity. The primary
been shown to modify the physical and chemical proper- challenge is to develop new p|'ocessing methods to prepare
ties of inorganic polymers. I)evelopment of this technology ae|'ogel with imln'oved properties Ibr a cost el'fc'ctive, high-
will significantly imp|'c>ve current materials as well as perfornmnce thermal insulation. For example, aerogel can
lead to new materials tbr other applications. The objective be suhstantially improved by adding nanostructured
of this project iu to investigate and demonstrate the use, of phases to increase the thermal resistance by reducing
magnetic field processing, to modi(v the properties of radiative heat transtbr inside the material. Aerogel pro-
inorganic-based polymers, and to develop the basic techni- cessing techniques may also be used to make other
(:al knowledge required tbr industrial implementation, nancmompc_site materials, including new magnetic materi-
Current results have shown that (1) the physical and als. Applications fin" ae|'ogel-based materials, include
chemical properties of polyphosphazene polyme|'s have multicomptment ceramics, catalyst substrates, trallspar-

been modified using magnetic field processing, 12) the ent porous solids, and high-performance thermal
membrane mm'phtdogies and transport properties can be insulatcws that may replace existing chlorollum'oearbon
changed with the application of magnetic fields, and 13) (Cl+(?)-cm_taining tbams curre.ntly used in refi'igerators,
the polymer can be textured on the molecular level, water heaters, and industrial plants.
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Los Alamos National Laboratory microwave-driven processing, microwave energy is di-

University of California rectly coupled to the entire body of aerosol particle and
Los Alamos, NM 87545 filament by volumetric absorptit)n of the electric field. The

advantages of microwave processing are the direct rapid
heating by the volumetric coupling of clean energy with-

132. Microwave-Assisted Chemical Va- out chemical contaminants from fuel gas heating and from
per Infiltration hot reactor surfaces, shorter processing time, and the po-
Currier, R.P." Devlin, D.J. tentiai (if novel mi(_rostructures due to rapid heatup as the

filament is drawn thr(lugh the microwave cavity.
The purpose of this investigation is to develop a viable
micr(iwave-assisted process tbr the rapid production (if

ceramic matrix composites of arbitrary geometry by chem- 135. Conducting Polymers: Synthesis
ical vap()r infiltration (CVI). The potential adwmtage in and Industrial Applicationsusing microwaves is t(i heat the substrate internally, giv-
ing rise to "inverted" thermal gradients. With the internal Goltesfeld, S." Redondo, A.

region (ii' the substrate hot, co(li reactant gases penetrate This pr(),ject is pursuing new meth(ids tbr the synthesis of
inward prior to the onset of reaction. Consequently, depo- electronically conducting polymers, and the development
siti()n occurs ['rem the inside out. This could (lffer several oi'new industrial applications tbr these materials that will
advantages over c(mventi(mal techn(_hlgies including II! result in significant reductions in energ, y usage or indus-
removing constraints on substrate geometry; (2) obtaining trial waste. Applications addressed include (1) improved
more spatially unilbrm, high del_sity c()mp(isites; (3) sh(irt- industrial metallization methods that could replace cur-
(,ning pr(icessing times: and (4) machining t(i reopen rent costly and envir(inmentally damaging technologies,
cl()sed pores should n(it be n(,cessary since densification 12/ supercapacitors that could save large amounts of en-
would occur from inside out. ergy when introduced in power trains of electric vehicles,

('3) c()rrosi(in resistant c(mductive coatings, and (4) elec-
trochr(imic conducting polymer films for variable' opacity

133. Polymerization and Processing of wind(iws.

Organic Polymers in a Magnetic

Field Materials Science and Technology Division
Ellivli, N.E. "Jahn, R.K. "Liepins, R,.

The l)urpose of this lm),iect is t(i evaluate and m(idel the 136. Microwave Joining of SiC
et'ti, cts ()f' magnetic fields (m p(dym(q's during p(dymeriza- Blake, R.1)." Katz, J.D.
ti()n, scllidilication, and processing in m'(ler t(i imtmlv(,,
m(idit_', and control the mechanical, physical, (iptical, and The purpose (ii' this work is t() develop and optimize a join-
electrical properties. The orientation of polymers in a ing meth(id that can be applied to large-scale thbrication
magnetic tield and subsequent polymerization can lm- (ii' c(imponents such as radiant burner tubes and high-
prove the varimls properties of the material. ('um'ent temperature, high-pressure heat exchangers. ElIilrts were
research has shown that magnetic field pri)cessing (ii' f'(icused on (iptimizing the pr(iperties of SiC-SiC, joints
epoxy resins had a significant positive effect on tensile made using microwave energy and this resulted in ii 3-Hre
'_;trength, tensile modulus, reduced water alJs(irption, in- thin silic(m interlayer. In addition, research (in reaction-
creased hardness, and improved adhesion properties. The IJonded silic(m carl)ide, which contains residual free
wm'k at I,os Alamos National lmborat(iry (LANI_) silicon, showed no interlayer. Current eftin'ts are filcused
emphasizes the polymerization and pr(icessing ()t' liquid- (in ti)rming a carl)i(le interlayer thr(lugh an in situ teat-
crystalline polymers, n()nliquid-crystalline polymers, and tj(in.
organic c(imp()sites (ep()xy prepregs _. (:_uantitative cm'rela-
ti(ms have been made between the properties and
structure (ii' the material t)repared with and without the

presence of a magnetic field. Research will continue to lo- Michigan Biotechnology Institute
cus on dynamic "in-process" magnetic field processing of a Lansing, MI 48909
liquid-crystalline p()]ymer film.

137. Amylose-Styrene Maleic Anhydride
134. Microwave-Driven Spray Drying of Copolymer Composites

Ceramic Powders Argyopoulos, D.; Nie, L.; Narayan, R.

Gac, F.D.; Katz, J.D.; Vogl, G.J. The high demand [br use (ii' renewable sources has in-
The purp(ise (if this project is to develop generic mi- creased the interest (ii' empl(lying natural polymers
crowave processes by the direct coupling of microwave Ilignocelluhlsic, starch) in the chemical industry. One po-
power fin'the spray-dry preparati(in (if hom()gene()us oxide tential application is as fillers m" reinti)rcements in a
powders from aqueous and organic aerosols and tbr tlw synthetic polymer matrix. The fine-particle size and
drying and calcining (if green filaments t(i produce ceramic narrow-i)article size distribution of s(ime starches, to-
fibers. Microwave-driven spray drying and filament gether with the h)w price and density compared to other
processing are energy-efficient alternatives t(i the conven- sph(,rical tillers (like glass spheres) are a few adwmtages
thlnal thermal t)rocessing of aerosols and filaments, in of starch tillers. 'l'he ptH'pose ()f this project is to develop
thermal processing, thermal energy is transpm'ted from a and test the properties of various styrene maleic anhy-
hot gas or hot solid surthce through the exterior surlhce dride copolymers reinti)rced with a higtl-amylose starch
toward the center (if tlm aerosols and filaments. In filler.
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138. Engineering of Polypropylene- experimental proce,ss development and modeling tc) pro-

Lignocellulosic Composites by vide an understanding of microwave p,'ocessing that can
he used in industrial applications. Current efforts focus on

Reactive Extrusion (11 deveh;ping zire(mia-toughened alumina, (2)measuring
Mohanakrishman, C.K.'Narayan, R. the mechanical pr()perties ()1'zireonia-toughened alumina,

1'he purpose of this project is to ewduate lignocellulosie (3) testing the dielc'ctric properties, (41 characterizing the
materials as blend components in the preparation of ther- thermophysical properties of ceramics, and (51 modeling

the heating of an insulated ce,ramie: body in a single-modemoplastic matrices. One of the main concerns in any
polymer blend system is the interthcial adhesion between microwave cavity.
the components of the blend. Blends of lignoeelluh)sics

with synthetic polymers exhibit high-interiheial tension 141. Chemical Vapor Infiltration of Ce-

and low adhesion, resulting in materials with poor me- ramic Composites
ehanieal properties. Chemical functionalities, specifically
the anhydrides, have been used as adhesitm promoters in Besmann, T.M.

polymer systems. In this research, an effort has been This project is designed to develop continuous fiber rein-
made to re,aet the anhydride functionality with the, compo- forced TiI3,2 and Si(? matrix materials. Tit/=, materials may
nents of the blend system, instead of simply mixing it in bf., useful as ttall-lleroult aluminum sme.lting cathodes
as an additive. Polymer modification using reactive extru- having substantially improved properties. Carbon oath-
stim produced maleic anhydride flmetionalities in a (_des currently require significant anode-to-cathode
copolymer that were subsequently employed in the gener- spacing in ro'der to prevent shorting, causing significant
ation of in situ grafts between the e(_polymer and the electrical inefticiencies. The 'l'iB_ composite is thbricated
lignocellulosic component. Blends of this maleated poly- through chemical wq)or infiltration, producing a high-
mer with the lignocellulosic material exhibited improved purity Til3_ matrix without damaging the relatiw:ly fragile
tensile strength and tensile modulus, plain-weave earl)on fibers. (Xn'rent eft'cn'ts have Ibcused on

producing uni/brm composite specimens at the ehwated
temperatures required to prevent detrimental chhn'ine re-
tenti(m. Resulting samples exhibited chemical stability in

National Renewable Energy Laboratory short exp()sures (24-,18 h()urst to molten aluminum. El-
Golden, CO 80401 Ibvts will continue to design and evaluate potential fiber
Chemical Technologies Research Branch reinli)rcements, tahricate test specimens, and test the nm-

terials in a static bath and lah-scale Hall cell.

139. Chemical Recycling of Plastics
Chum, H.L.," (;zt mk, S." Et,an._. R.J.; Tat- 142. Advanced Microwave Processing
sumoto, K. Concepts

This research activity is aimed at deveh)ping cost-effective Lc,_uf, t_.d.

and envir(mmentally benign processes fbr recovering The purpose ()t" this pr(_ject is (11 t_) expl(we new tech-
mixed plastics from wu'ious s(mrces, such as auto- niques and uses fiw microwave processing, including
shredder waste, carpet waste, and other sourcc,-separated multilayer ceramic capacitors and polymer-matrix com-
mixed plqstic streams. (?urrent eflbrts are directed at the posites and 12) to develop varialde-frequency microwave
identification of experimental ctmditions fin" the chemical
recovery of ro(roomers and other high-value chemicals sources since existing microwave sources are confined t()extremely narrow ['requency ranges. The new variahle
from plastic mixtures using controlled catalytic and microwave process will permit _1_more efticient use of mi-
thermal processes. The National RenewaMe Fnergy l,abo-
ratory's (NREI,'s) moh.,cuhu'-beam mass Sl)t_clrometer is crowave energy in pr(w.essing cd' materials by being able to• operate _tt oi)timum frequency m" change lhc, fl'equency as
being used to detect real-time pr(;duets ()t'th(,se t)rocesses the material iu he:tied and (2) more effective microwave

and establish conditions fi)r industrial deveh;pment, field unitbrmity that allows fin" the unilbrm heating ()f sin-
Chemical recycling technology has heen applie(| tu the re- bde and multiple t)arts in furnaces. (',u,rent effi;rts are
ct;very ()t"caprolaetam from waste nylon carpel and tc) the tbcused (m the sintering of multilayer capacittws. Multi-
recovery of dimethylterel)hthalate from positr(m emissi(m layer capacitm's will provide an oppm'tunity to study the
tomography (PI,;TI in mixed-waste plastic hottles, vt'fect of internal metallic phases (m the t)ehavior ()f' parts

during microwave t)r()cessing.

Oak Ridge National Laboratory
Oak Ridge, TN 37831 Pacific Northwest Laboratory
Metals and Ceramics Division Richland, WA 99352

140. Microwave Sintering of Composites 143. Biomimetic Thin-Film Synthesis
"_ ) 1 • 1 . "

Bealt.v, tt.L." lhecher, I'.I"." ,](innev M.A. " KiR- M('Vay, (,.L.: l?ieke, I .( .: ]ar(_set,mh, B.J.

gins, d.O." Kitnrey, ILl). The ol)jt'etives ut' this i)r(_.ject nrc, (1_ t(_ devel()p a mc,th()(l ()l'
The purpose of this pr(_ject is I. (h'vt,h)t) ceramics fin" ell- fiJmning artificial m'gat_ie intt,rfaees (ml[_ i)nlymer a_M ox-
ergy tin,version systems with improved strt,v_gth, ich, sul)slrat('sanclt2)toch'm(mstratel)i(mlimt'ticthin-film
toughness, relial)ilily, aim tlllil'(n'mity o1'pr(q)urties usivlg cl(,t)nsiti_m of' vnri(;us materials. ()rganic Ill()]eCtl[('S ('HII lie
microwave p,'oc(,ssing I.oengin(,,r _t11(Icontrol critical (:(m> _tl_tcht'd to suhstrat(,s and used tc) t)rom()te (lel)(_sition ()1'
l)()nent microstructuvt,s. The apt)r(mch ('(,ml)im,s I)oth mait,ri;lls t'r(u;i s()luli(m. This is a similar api)roach used
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by biological organisms in the lbrmation of structural ma- Sandia National Laboratories, Livermore
terials such as shells, bones, arrd teeth. The goal of this Livermore, CA 94550
project is to tailor the organic interlhce to have wu'ious
surface end-group sites densities, site functionalities, and
site st,'uctures in order tc) cont,'ol the prope,'ties of the in- 146. High Deposition Rate Chemical Va-
organic deposit such as orientation, phase, and deposition por Deposition
location. Protective coatings fbr corrosion-, chemical-, and Allendor£ M.D.
abrasion-resistant applications are currently under inves-
tigation in cooperation with the automotive industry. In Comprehensive models, including detailed gas-phase and
addition, oriented, anisotropic, magnetic iron-oxide fihns surface chc, mistry coupled with reactor fluid mechanics,
are being developed fi)r use as magnetic storage devices, are required to optimize and scale up chemical vapor de-

position (CVD) processes. Several investigators have
proposed models that simulate aspects of silicon carbide
(SiCI CVD processes; however, these models predict only
deposition rates and not deposit composition. Therelbre,
the purpose of this investigation is tc) deveh)p a quantita-
tive understanding of the chemical and physical

Polytechnic University mechanisms that result in high-deposition rates and fully
Brooklyn, NY 11201 dense materials from innovative high-temperature ce-

ramic synthesis processes. Current results indicate that
gas-phase chemistry is an important element in determin-

144. Recoverable Thermosets ing both the deposition rate and the elemental
7}_soro, G.C.; Wu, Y. composition. Research will continue with attempts to

The principal objective of this project is to develop viable model the gas-phase chemistry occurring during SiC CVD.
approaches to the recovery of materials of value from
cured unsaturated polyester resin for the purpose of pro-
viding new avenues to industry participation and University ofSouthernMississippi
potential technology transfer efforts. Current research el: Hattiesburg, MS 39406
ft,rts focus on investigating the chemical reactions (,f Department of Material Science
cured unsaturated polyester yielding well-characterized
products, and identit_cing potential applications of
compounds recovered. Neutral hydrolysis of cured unsatu- 147. Improvement of Wood Properties by
rated polyester resins was shown to be a viable approach Impregnation with Multifunc-
to the solubilization of the thermosets and tc) the recovery tional Monomers

of chemical compounds in good yields. In addition, poten- Mathias, L.J.
tial applications of the recovered products have been
explored with promising results. The objective oi' this project is to develop new, commer-

cially applicable methods of fabricating wood-polymer
composites (WPC)with improved dimensional and degra-
dation stability, and improved physical properties. The
approach is based on a new monomer, ethyl r_-
hydroxymethylacrylate (EHMA), that has alcohol and
ester groups capable of penetrating in interacting with the

Sandia National Laboratories, Albuquerque wood components. Initial results have provided (1) a reli-
Albuquerque, Nn 98195 able laboratory scale synthesis of the new monomer
Inorganic Materials Chemistry Division EHMA ft'ore inexpensive acrylates and [brmaidehyde; (2)

a WPC with excellent stability and improved physical

145. Chemically Specific Coatings properties; and (3) an extensive database ft)," southern
Doughty, D.H.; Frye, A.C. pine and balsa wood.

Chemically selective fihns have potential application in

membrane, chromatographic separation and chemical Thermo Electron Technologies Corporation
sensor technologies. While many techniques exist to pre- Waltham, MA 02254
pare chemically specific coatings, sol-gel processing offers
substantial advantages in being able to tailor" physical
and chemical properties of the coatings. Pore size, pore 148. Development of Chemical Vapor
size distribution, pore volume, surface chemistry, and Composite Materials
composition can be varied tc) provide optimal selectivity. Reagan, P.
Moreover, surface derivitizing reagents have been used to
modify surface chemistry. The goal of this project iu tc) de- TI,e purpose ()t' this project is to develop a reliable, flex-
velop a new class of chemical sensors through sol-gel ible, and economic process to fabricate strong,
processing that can be used to process m()nitors to lm- fracture-tough ceramic composites to net shape i,i one
prove process energy efficiency. Films have been applied step without machining. The chemical wlpor composites
to quartz oscillators in order tc) study the selectivity of (CVC) process has the potential to reduce the high costs
their interactions with aqueous solutions. In addition, in- and the multiple thbrication steps presently required tc)
organic polymeric films have been applied to porous produce ceramiccomposites. Composites are [hbricated by
ceramic supports with the goal ()f preparing sol-gel metal- simply mixing powders andor fibers with wlpor reactants
oxide films for gas separation, that are transported and codeposited on a hot machined
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University of Wisconsin at Madison

substrate. Current effbrts are focused on the development synthetic materials. Wood-based fiber and plastics can be
of the CVC process with various powder and fiber combi- used to produce a wide spectrum of products ranging fr(ml
nations in a silicon carbide matrix, large market commodity products where peribrmance

requirements are minimal, to low-volume but high-value-
added specialty products with rigorous perfi_rmance

University of Wisconsin at Madison requirements. Fiber" technology, fiber moditication, and
Madison, WI 53706 bonding performance can be used to manufacture wood-
Department of Forestry plastic composites with uniform densities, durability in

adverse environments and high strength. Current efforts

149. Plastic Wood ira this project have been focused on developing a
technique to estinaate the shear' strength in wood-

Young, R.A." Rowell, R.M. thermoplastic systems, in order to optimize strength

The purpose of this work is to develop a lignocellulosic- properties ofcellulosic-thermoplastic composites.
based composite from combinations of lignocellulosic and
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enzyme characteristics as desired (e.g., to increase and re-

Bioprocess Engineering tain activity or change specificity).
__

Oak Ridge National Laboratory
Allied Signal, Inc. Oak Ridge, TN 37831
Des Plaines, IL 60017 Chemical Technology Division
Engineered Materials Research Center

152. Immobilized Cell Bioreactor and
15o. Reactions Catalyzed by Immobi- Multi-Phase Immobilized Bioreac-

lized Enzymes in Organic Solvents tor
Zemel, H. Scott, C.D.

To extend the practical use of enzymes to industrially fea- Development of the Oak Ridge National Laboratory
sine processes, the use of immobilized enzymes in organic (ORNL) immobilized cell bioreactor for the productio, of
media will be studied for typical condewation reactions ethanol from corn and sugar byproducts by Saccha-
(i.e., lipase-catalyzed synthesis of esters like chiral precur- romyces and Zymomonas has increased the bioreactor
sors of phenoxyacetic-acid-derived herbicides). Already, productivity by more than an order of magnitude and the
lipases have been shown to catalyze traasesterification re- yield of ethanol to _bout 98% of theoretical. It is a tubular
actions in organic solvents. The generic physicochemical continuo-s flow f'.uidized-bed bioreactor with the biocata-

principles on which this technique relies will be studied in lyst trapped in beads that remain in the bioreactor while
detail: the role of the support geometry and surface, the the substrate solution flows through it. The project is co-
influence of water activity in the organic phase, the influ- funded by the National Corn Growers Association, St.
ence of pH memory, and the effect of coimmobilized Louis, Missouri. The use o dense product-absorbing heads
enzyme activators. This approach toward a more detailed in the continuous flow reactor has already been shown to
understanding of immobilized enzyme reactions will lead nmet Lhc necessary physical requirements, namely that
to a wider range of enzyme applications in organic synthe- they can be added at the top of the column and pass
ses. slowly through the bioreactor for collection at the bottom

of the column. They can thus be separated fl'om less dense
cell-containing beads tlmt are retained within the flu-

Massachusetts Institute of Tecknology idized bed of the bioreactor. In the case of lactic acid
fermentation, it has been shown that the lactic acid can be

Cambridge, MA 02139 continuously removed, better pH control can be attained,
and that the product can be removed from the beads and

151. Enzymes for Use in Organic Sol- the beads regenerated for reuse. Research is now focused
vents on engineering scaleup of the advanced bioreactor design.

Klibanov, A.M.

A major obstacle in using enzymes as practical catalysts Tufts University
in organic chemistry is the necessity to conduct enzymatic Medford, MA 02155
reactions in water, which is a poor medium for most in- Department of Chemical Engineering
dustrial chemical processes. For example, '_he enzyme
polyphenol oxidase in principle has a great potential for
selective hydroxylation of aromatic compounds, an often 153. Electrochemical Oxidations and
desirable but very difficult problem in organic chemistry. Reductions in Fused Salts
However, polyphenol-oxidase-catalyzed oxidations cannot Stoukides, M.
be conducted in water on a preparative scale because (1)
most phenolic substrates are only slightly soluble in wa- High-temperature proton and oxygen ion conductors can
ter; ;21 quinones, formed as the product of the enzymatic be applied in heterogeneous catalysis to electrochemically
oxidation, spontaneously polymerize in water; and (3) dur- modify the catalyti_ rates of hydrogenation and oxidation
ing that polymerization the enzyme is chemically modified reactions. In this project, the electrocatalytic methane up-
and consequently inactivated. A novel approach is being grading to dimerized products and to synthesis gas is
implemented where an enzyme is b ophilized ft'ore an under investigation. Early experimental work in the labo-
aqueous solution containing an appropriate ligand, then ratory shows that upon passing a current through a
washed with an organic solvent to remove the ligand. Pre- proton-conducting solid electrolyte, the rate of methane
liminary results indicate that the enzyme, while dry or in dehydrogenation to ethane and ethylene can be enhanced
organic solvents, retains the conformation induced by the up to 8 times the open-circuit rate at 750 °C over Ag elec-
ligand and has enhanced catalytic activity, altered spect- trodes. This research endeavor" will be continued and
ficity, and greater stability. This phenomemm will be completed with further electrocatalytic studies and more
invc,_tigated tc dete,'mine it_ scope _.nd generality, with fl_ndamental ._tudies with electrode kinetics and elec-
the objective of developing a rationale ibr alteration of trolytic transport. The objective is to determine the
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relationship between the ohmic-free potential and the re- specific activities and to _stablish optimum growth condi-
action rate enhancement. Upon passing a current through tions of the organism for maximum enzyme production,
an oxygen-ion-conducting solid electrolyte, methane con- including determination of cofhctor or inducer require-
version to synthesis gas was promoted with selectivities ments. The second approach is to isolate the DNA or
near 90% over Fe electrodes at 900 °C. It also appears mRNA from the white rot fungus, use restriction endonu-
that oxygen supplied through the electrolyte can be more cleases or eDNA methodologies to insert fungal genes into
selective than gaseous 04. This ,.esearch endeavor will be E. coli, and screen E. coli colonies for PPO production and
continued and completed by further examining the prod- secretion.
uct selectivity and reaction kinetics on Fe in the presence
or absence of H20 vapor in the methane feed stream.

California Institute of Technology
Pasadena, CA 91109

Molecular Modeling and Cataly- 156.Biocatalysis by Design: Predictive
sis - By Design Models and Effects of Structure on

Catalytic Properties
Goddard, W.A., III

Ames Laboratory A critical problem in the design of"new biological catalysts
Iowa State: University is the limited current capability for pre, diction of the struc-
Ames, IA 50011 ture and properties of the new system. It is necessary to

be able to predict secondary and tertiary structure on the
basis of amino acid sequences (primary structure) because

154. Catalysis by Design physical and chemical properties depend on the 3-I)pro-
King, T.S. tein conformation. If the catalytic tunction and other

. properties of' modified or synthetic enzymes could be pre.-
Despite the widespread use of three-way catalysts, rela- dieted, a new biological system could be designed and
tively little is known about the interaction between the synthesized to perform only those specific thnctions that
metallic components. Synergistic effects occur when two are desired on the basis of structure and functional
metals are mixed together, and the effhcts are often characteristics. Prediction of protein structure is being in-
attributed to two broad but incompletely understood prin- vestigated by three approaches that combine random
ciples termed geometric (or ensemble-size) and electronic fluctuations with molecular dynamics to alh)w molecular
effects. Als(), structure sensitivity of the catalytic behavior forces to guide optimization of local structure. The first
is a factor in small metal particles, especially when one of approach is full optimization, where a combination of
the constituent elements preferentially segregates to carl- molecular dynamics and random processes is used to
ous surthce sites. These phenomena are intrinsically tied search for energy minima of protein structures. Although
tc) the structm'e of the metal particles. This project will only the anaino acid sequences are required, several years
elucidate these eftbcts by (1) theoretically predicting of research and development are expected. The second ap-
surface morphology, including site composition and mi-

preach is conformationally constrained optimization,
cromixing of constituent metals, ftJr small particles and where X-ray data places certain restraints on possible
sing "_, crystals as a function of reactive environments; (2) coniigurations. The third approach is NMR pair-
characterizing thesurfaceofthesupportedmeta] partMes constrained optimization, where NMR results thrther
in actual catalysts to confirm the utility of the theoretical reduce the possible configurations that are feasible.
predictions and to provide a basis for evaluation oi'
catalytic behavior; (3)investigating the chemisorption be-
havior of various molecules on multimetallic single-crystal
and supported-particle surihces; and (4) correlating the Lawrence Berkeley Laboratory
catalytic behavior of weil-characterized surfhces for the University of California
pertinent reactions with surface morphohJgy. Berkeley, CA 94720

157. Catalysis by Design: Metal Clusters
Atlanta University and Zeolite Catalysts
Atlanta, GA 30314 Bell, A.T.

The majority of industrially significant catalysts in cur-
155. Hyperproduction and Secretion of rent use arc either zeolites or some kind of metal or metal

Polyphenol Oxidase oxide on an inert support. Although a large amount ot' re-
Dashek, W.V.; Williams, A.L. search has been carried out on these catalysts, much of it

is empirical, and catalyst evaluation and selection is still
The objectives of this research are (1) to purit_ intracellu- based upon extensive screening programs. The purpose ot'
lar and extracellular polyphenoi oxidases from C. this project is to develop theoretical models that could be
versicolor maintained in liquid culture, (2) to determine if used to assist in the design of metal and zeolite catalysts.
intracellular polyphenol oxidase is either de hove synthe- Quantum mechanical calculations will be carried out on
sized or activated from an intracellular precursor, and (3) the atomic-scale structure and catalytic properties of
to clone the gene and express it in Escherichia coli. The zeolites and mono- and bimetallic surfaces, and of the in-
first approach is t(, o_!ohli,_h the time courses for the ap- teractions of small organic molecules with catalytically
pearance of two enzymes and to subsequently determine active sites in zeolites and at metallic surfaces. Molecular
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dynamics will be used to determine diffusion coefficients methane to methanol. The modeling activity is to be c,,)m-
tbr molecules sorbed in zeolites, and dynamically col plemented with an experimental program to provide
rected transition state theory will be used to describe the validated modeling tools for industrial catalysts•
dynamics of desorption and reactive processes for both
metals and zeolites. The results ot' all calculations will be
validated by comparison with experimental measure-
ments. The ultimate goal of the project is to assemble and
integrate the individual elements of theory needed to de-
scribe the overall behavior of complete reaction networks.

158. Catalysis by Design: Novel En- Pacific Northwest Laboratory

zymes Using Catalytic Antibodies Richland, WA 99352
Schultz, P.

160. Periodic Ab Initio Hartree-Fock
Recently, antibodies have been found to be capable ot"
acting as catalysts tbr a number ot' different reactions. An- Theory/Site Isolation in Selective
tibodies a,'e proteins produced by animals in response to Alkane Oxidation
the deliberate or accidental injection of foreign molecules. Hess, A.C.; Thompson, M.R.
Designing antibodies as catalysts is based upon the obser-
vation by IAnus Pauling many years ago that "enzymes The development of experimental and theoretical tools to
have high a('finity for the transiti()n state oi"molecules un- study heterogeneous catalysis has been the fbcus of this
dergoing reactions, while antihodies have high affnity for effort. Research focuses on the development of novel solid-
molecules in their ground states." The procedure is to hb'- state formalism, its application to zeolites and clays, and
pothesize what the transition state of the desired reaction experimental validation of molecular-level processes in
would look like, synthesize a stable analogue of that tran- commercial catalytic reactions. As part of the Catalysis-
sit,on state, use the stable analogue as an antigen to by-I)esign program, Pacific Northwest Laboratory (PNL)
produce antibodies to the anah)gue, and examine these is pursuing the deveh)pment ()t' several tools aimed at
antibodies for catalytic activity. This can be done very eas- fhcilitating the study of solid-state structure in heteroge-
ily now using the techniques of monochmal antibody neous catalysts. These include the development of periodic
production. In this way, once created, the antibody- ab initio Hartree-Fock theory and its application to alu-
producing system can be stored frozen indefinitely, and minosilicates and metal oxides, and the tbrmulation of a
the techniques of site-specifc mutagenesis used to create model to describe the phenomena of "site isolation" in se-
m,nor changes in the antibody tbr structure-function lective oxidation catalysts•
studies. Catalytic antibodies (als() known as "Abzymes")
haw,' been produced that catalyze the Diels-Alder reac-
tion. This reaction, a fusion of a conjugated diene and an
olefin to produce a six-membered ring, has not been ob-
served in any natural enzyme system. This raises the
possibility of designed catalysts tbr carrying out unusual
reactions of economic significance with great specifcity.
The industrial partner tbr this project is Affymax Inc. The
specific focus will be on enhancing the catalytic power of University of Pittsburgh
antibodies by allowing the substitution of chemically reac- Pittsburgh, PA 15260
tire and nonnatural amino acids and cofactors into their
active sites. Computer models will be developed based
upon experimental results and an understanding ot" the 161. Theory of Biocatalysis: Electron
underlying science. They will bc designed to predict the Transfer Reactions
eflbct of amino acid substituti(ms and other modifications Beralan, D.N.
on enzyme stability, specifcity, and activity.

The t)rincipal project goal is the computer-aided design ot'
enzyme biocatalysts with taih)red catalytic rates. The tb-
cus ()f this project has been on electron-transfer enzymes, a
major class of biological enzymes. In this project, a theory

Los Alamos National Laboratory for protein electron tunneling pathway has been devel-
University of California oped and implemented as computer models, which connect

enzyme electronic structures and their reaction rates. Spe-
Los Alamos, NM 87545 cifc project objectives include ( 1 ) developing algorithms to

nmp the key residues in proteins between electron-
159. Theoretical Studies of Hydrocar- transfer sites that mediate electr(mic coupling and alh)w

bon Catalysis on Zeolites electron-transfer reactions to proceed; (2) identifying "hot"
Hay, P.J. and "cold" spots with respect to electron transfer in native

• and modilied proteins; (3) deveh)ping an understanding of
The goal of this project is to deveh)p computational tools primary, secondary, tertiary, and quaternary structural
to model chemical transformations of small hydrocarbon effects on electron-transfer rates; (41 using knowledge
molecules within zeolite catalysts. The focus of this rc- gained to stabilize energetic charge separated states and
search is on the details of carbon-carl)on bond tbrmati<m to enable the development of semisynthetic-modified pro-
..:,1_:._ ,1......... , .... :1 ...... );,, _z_ 5, for _t,,, ,............ ; ...... r _,,;,_ ,,n,,,,,_,, ,.,m,,,,.,_irm sys_.'2ms.WILIIIil LIIU ]JUIIL_tOll /ak;/Jllt_%_? /_JtJill t_l,_ _ull ) _,l t)l,.,tl t,a _IA. _.._. mO ...............
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SEPARATIONS AND NOVEL CHEMICAL PROCESSES
Idaho National Engineering Laboratory

Sandia National Laboratories, Albuquerque ......................................................................................

Albuquerque, NM98195 Separations and Novel Chemical

162. Computer-Aided Molecular Design rr0cesses ...................................................................
(CAMD) Methodologies
Shehnut, J.

Carbon dioxide represents a "free" source of carbml fbr the University of Hawaii
production of organic chemicals ii' suitable, fixation cata- Honolulu, HI 96822
lysis can be devised. Reduction of carbon dioxide is an

endothermic process, and the only ft'ce source of energy is 164. Product Recovery Using Reactions
solar energy as is used by plants in photosynthesis. If car- in Supercritical Solventsben dioxide could be activated it might react with the
organic molecules and produce, fbr example, acetic acid by Antal, M.

reaction with methane. The, goal of this research project is For this pr(iject, the recovery of pr(/ducts from dilute aiiue-
to deveh)p generic conlputer-aided nmlecular design ous solution will be at,tempted by direct chemicM reaction
(CAMI)) methodoh)gies and apply them to the design r)f' a under supercritical conditi(ms, such as 300 "C and 43 kgl
new generation of carbon dioxide actiwltion catalysts. The mm e ( 1500 psi) iii the presence of very dilute mine,'al acid.
CAMI) el'ft)rr will he guided by struct,ural and chemical lt, has been sh(iwn that many organic compounds undergo
characterization of enzymes that activate and convert C()., an El type oi'elimination reaction, and in lt dilute aqueous
Lo organic miilecules. The biochelnistry of (.",():>c(lllverM(in solution ethan(li is converted t(i ethylene, which separal.cs
has only ri;contly roached a suf'licienl, level (ii' tlildcl'_i_ll/d- t'r(lin the wliLor ;is so(iii lis the l.)l'(,S_ill'l.;i_ released. |)reliin-
ing s(i thai the probioni of nlinlicking lhc CI elltaiysis of inary oxperii/lents have shown that Silnilarly, n-liutan(ll is
nlethanogons and other gas-mei,ab(ilizing bacteria t,llli lie dehydrated {o ii nlixturc [)f l)tlteiic-I llll(] bUtOllO-_, with
coilfrontod. The tlltinltite objective of this pr, ricci is ii pro- yields ()l'l_,_5; ]A',ononllc eviiitlatiOllS will be conducted and
tess ('(it"solar-driven "artificial rnothanog(wlt_,sis ''. the ciiiMiti(ins o[' dehy(h'atii)n ol)timized, with the main

elnphasis on the l)utan(ll ilild ethan(ii systenls. After Mud-
ies on syni, hetic lllixtures, (lxl}('_rillleili,s will be Colldtlt',tcd

(in actual tbrinenl.ai.i(m broths to test out l)racticaliiy and
d(_l,(:i'illiilo ii' ililv mJditi(inil] steps lil'O n(,(,.i_liry.

.............................................................................................................

Process Design and Analysis
...................................................................................... Idaho National Engineering Laboratory

Idaho Falls, ID 83415

165. Biological Extraction of Phosphate

National Renewable Energy Laboratory from Phosphate OreGolden, CO 80401
Rof4ers, ILl).

163. Bioengineering Simulation Tech- 'ri,(, I)hiisl)h;lle industry tl,_es aiJout 316 × le in ,],/yr {0.;{

nology (BEST) Development quads/yri tbr the ._epa,'ati(,n ,,t' phosphate from apaliW ,,r,,.
'/'his task is directed toward devehlping a l)iopr.ccss lhrl_{wnan, (7;.
solubilization arid separatilin (if phosphate from (ire. The

A government and industry consortium has been estab- specific objectives (if the research arc ( l ) t() define a micr(i-
iishcd at the National lienowable Energy I_aborat(,.y I)iological system that will extract phosphate fr(ml its ()re,
INREI,) to deveh)p and int,egrate a series ot'ciilnl)uter pr(i- (2) to deveh)p ii basic understanding (if.the l)iochenlical
grams to simulate process and unit operations iii the lliechanisms involved, and (:_)to use niodern bi(itechlml-
biopr(icessing til'Oil. A I)iol)rocess mlidtd C{II1 i)(_ tlS()(I to COill- (igy til develop ii l)iolJr(icessillg system ('of ti'illlSfi'l" h) the

pare Olltil'gy and econllnlit', t)ene(il,s o[" Vlll'iOtlS ])iol)rocesses lih(i,_phate induslry. The litJi)l'o;ich will lit: t() gllill ii lhoi'-
relative to colweiltiona] chemical processes, and t() sel(;ci ough l_inderstandilU_ of LhL, tiiocholllical intoracLi(ins thai
the most efficient proc(;ss (li' those assi;ssed. AI, present, cause the microbial rt;h, ase ()['phospha{e ('rem its ore. This
mo,st llCW I)i[q)roccss dt, sign._ ill'e derived ()1/ Lhc basis (if" will lie acc(iml)lishi,d I)y st'rt!(_llirig nlit'roorgllllislns oh-
the interests and technical capabilities (if the propiisor tained froill ;ll'(_Ils irl' high phiisphate c()ntei_t (i.e.,
with(mi, due coilsidoi'ation of aiterilat, ivos. Fin" example, phosphate toillOS, t)r(iees_ waste _(r(!aills, f(,rlilize(I ligi'i-
the fermentation 1)riic.es._may i)e considered without the cull.ural lands, and so t'orthl tbr their atiility 1o solubilize
Ilt,¢'css{li'y Sltl(_|y ()li llr(iduct isolation. The t)url)(is( , (if this t)]losphate, lt(!s(,iir('h has shl)wl) that I)h<),_l)hat(' _a'eC;lll lie
task will define I)l'()('(_ss fh)wsh(,ets fbr (,n(u'gy-effichmt, so]ubiliz(,(l lly ii wide i'lil-i_'(., i)(' ])al't.(will ltlld [tingi. ']\v(i or-
c'(>si-efR,ctive biopr(icess(;s. The l)ro('('dur( ' will assist in Si'- ganisnls, one I)aclerial and one fungal, w(wt' selected (_,"
](!cti(lll (i(' unit proc(,ss(>._equipnl_,ll| _ind illl(,rc()nnections, li/iii'(, d(qailed ,_tudy ill1(| kinetic studies _ln (ire solui)iliza-
identify iint)ortanl design par:inlt, lers, and list altei'na- li(in lil'O now cOinl)leled. ],at)orai()ry-scal(_ ext)(,rin_(,nls lil'(_
tires to be c(msidei'ed, li will slaY( wiih the I_I()A_PEN t)(!ing c()nducL(,d l.(i deternlin(! wh(,thor I)_lich or c(inliriu-
t)i'(igi'iim, lind modit), iiild (_,xi.end its ()t)erati(m. l)arli(!i - ims operati()n is nifisl effi(:i(,nt. Del(,rminatioll will })e
pants in the con.sortiun] will have access I() the prl)gi'illll iii lll;i(](J (d' rh(, ll('('('sSil)' for si'])iii'iii(' t)ro(]ucli(/Vl ()|' the nii-
NItEL, receiv(; in,_truction in its /IS(', ilil(i i'('(,eiV(> pr(I- Cl'()()l'gHiliSi]l, Initial designs _)('lt t)l'(icos._alld _l pil()t plant
................ I A .... I,m,,vit_iti<lll fTll" il_O iii th('ir owll f,M]ilies. }iii\'(' })OOl'l Ill;talc,
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Lawrence Berkeley Laboratory

Lawrence Berkeley Laboratory implementation and regeneration, as well as rational con-
University of California ceptual design and economic evaluation, and (2) improving
Berkeley, CA 94720 processing technology, including novel methodc for sepa-

ration and regeneration. Current efforts include (1)
identification, development and characterization of adsor-

166. Separation by Reversible Chemical bents and extractant capable of taking up carboxylic acids
Association at pH substantially above the pI_. of the acid, yet capable
King, C.J. of regeneration by means that do not involve chemicals

consumption or waste production; (2) investigation of
The objective of this project is to investigate and evaluate water-enhanced solvation of solutes of interest (acids, al-
the use of reversible chemical association, or complexa- cohols, and so forth) in hydrogen-acceptor solvents; and
tion, as a method for separating polar organic substances (3) implementation of regenerable complexation o1"chemi-
from dilute aqueous solution. Research will focus on (1) cal reaction for recovery of glycols, polyols, sugars, and/or
obtaining a sufficient understanding of underlying chemi- hydroxycarboxylic acids from aqueous solution.
cal, thermodynamic, and transport phenomena to enable
rational selection of separating agents and methods of
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Babcock & Wilcox Company

Advanced Sensors and Controls Alliance,OH446O1
Research and Development Division

169.Development of an Online Sensor
for the Measurement of Lignin

Advanced Fuel Research, Inc. Concentration in Wood Pulp
East Hartford, CT 06108 Berthoht, J.W.; Jeffers, L.A.; Ronzan, G.W.

167. A Rugged, Stable, FT-lR Interfer- The objective of this project is to develop a sensor thatmeasures the concentration of lignin in wood pulp, online

ometer for Process Monitoring and in !'eal time. The sensor will be based ¢m laser excited
Solomon, P.R. fluorescence and will not require sample extraction or

sample preparation. It will be configured to provide feed-
Innovative concepts are needed in advanced online sen- back control to the digester as well as Ik:edlbrward control
sots ibr application in industrial control systems leading to tile bleach phmt. Controlling the concentration oi'lignin
to decreased energy consumption, better environmental in wood pulp is crucial to the amount of energy consumed
control, better quality control, and increased productivity by the digester, the quantity of bleach used after the di-
in U.S. industry. The goal of this research is to deveh)p a gestion process, and to the product yield and quality. This
vibraliCm immune, rugged, permanently aligned, ther- translates into energy conserwlti(m, economic savings,
really mable, low-cost F()urier transfi)v'm (FT) mid-Ill anti recluction ot'downstreanl pollutants. The sensor l)eing
absorption spectrometer tbr process and environmental developed will be nonintv'usive and operate continuously,
monit,,,n'ing. The innowltion in this system is an adwmced making real-time control possible. This initial investiga-
and novel dynamically balanced "isolation interfev'onmter" tion was performed on northern spruce and southern pine
with corner cube optics in which the mirror motion is de- pulp samples and included specimens with KAPPA hum-
coupled ft'ore external vii)rations. In Phase I o1'the project, bets ranging from 15 to 60. The cuv'rent research et'ti)v't is
an isolation interferometer was deveh)ped that demon- concentrating on testing aclctitional wood species, a
strated the ability tr)reduce external vibrations, l'hase I1, broader range of KAPI)A nunlbers (3 tr) 10()), and is also
currently in progress, is t.o design, construct, anct test a investigating the effect of black liquor on the [lutwescxmc.e
complete FT-lRabsorpti(m spectv'ometer incorporatitlgthe spectra. ()nec the current research cfff)rts have been
corner cube isolation interferon_eter and other aclwlneed completed, a protolype sensor will l)e designed aecl c(m-
components fin' applications in process and environmental structed. This prot()type sensor will be v'elined cturing
monitoring. Stone at)plic.ations inclucte c(mfl>ustion ctiag- hd)oratory testing and will then I)e fielct tested in an
nostics, continuous emission monitoring of smoke stacks, operating pulp mill to vev'ify its operation in a mill envi-
auto emission testing, medical diagnostics, and ambient ronment.
air monitoring.

168.In Situ FT-lR Monitoring of a
Black Liquor Recovery Boiler
Soh>m<m, P.t¢.

The purpose of this project is to deveh)p anct tesi a rugged,
commercial Fourier transfi)v'nl-int'v'ared (FT-lR) spectrom-
eter based on an advanced vibrati(m immt, ne instrumenl
fi)r operating and analyzing data in black liquor recovery
boilers as well as to deveh)p control strategies fi)r improv-
ing boiler perlbv'mance and emission levels based on these Energy and Environmental Research Corpo-
measurements. The application of this technology fi)r on- ration
line monitoring of recovery boilers could lead (l) to better Irvine, CA 92718
understanding of the processes occurring in the boiler, (2)

to technoh)gy lhr online monitoring and control, and (31 to 170. Glass Temperature Sensor
data tbr the cteveh)pnvent and validation of recovery boiler Koppang, R.I'_.
models. The tirst in situ diagnostics within an operating
black liquor recovery boiler using FT-IR emissi()n and The objective oi'this project is to develop an advanced non-
tv'ansmission spectroscopy have been successfully pev'- contacting temperature sensor to be emph)yed fi)r use in a
ft)treed. In actdition, the use of FT-lit tomogv"q)hy to thermal analysis system fi)r glass furnaces to an accuracy
convert multiple lines-of sight into spatially resolved data of t 1 "(',. A lab furnace has been built and test data will
and the measurement of emissivity, temperature, and t)e colh;cted ibr veri[ication of previous calculations and

physical properties of stlrlhces has been demonstrated tbr inclusion of data in the control computer algorithm. Field
the first time. tests ()t' tile sensor will be completed hy micisummer 1993.



ADVANCED SENSORS AND CONTROLS
University of Florida

University of Florida tested and the device was able t,) distinguish between
Gainesville, FL 32611 samples having slightly diffcre, nt hydroxyl contents in the

Department of Chemical Engineering methyl ester mix. This demonstration illustrates the tlp-
plication of the sensors to fluids where n()rmal light,
transmission is not possible and separation techniques

171. Characterization of Physical Prop- may bc either too slow or costly, fbr example, characteri-
erties of Kraft Black Liquor zai,)n (,f" crude oils, polymers, oi" catalytic reactor
f'ricke, A.L. pcribrmance. In addition to the industrial test, a proto-

type pr(ft)e, will be devehJped to advance the sensor to an
The project objective is to dovelop methods fbr measure- inline device not requiring a slip stream.
ment of rhe()logical, thermal, and surfhce properties of
black liquor, and to develop or improve methods ft)r
chemical analysis of black liquor and lhr molecular char-
acterizati()n of lignin. Results t() date demonstrate that
the lignin polymer dominates high solids hehavi()r and the
properties can be reduce(I and correhited by methods
based on polymer theory and/or dynamics. These results

i'(,pr('sont rho first (1) reliable rheological data as a rune- Institute of Paper Science and Technologytilin o[' solids, tenlt)erature, and shear rate; (2)successful
c()rrelatiim (ii' heat capacity at ;iii solids and tenll)t;raturo; (IPST)
(3) quantil, ativ(_ deternlinati(m ()[' heals of dilul, i(in ltir Atlanta, GA 30318
black liquor solids; (4) determination M' enthalpy- Engineering and Paper Materials Division
c.nc(mtration relati(ms; (5) det(_rminati(ms ()f vapor

I)r(,ssurc equilibria f()r black liquors over an extensive 172L On-Machine Sensors to Measure
range ()t' solids c(mcentrati(m and pl'(,sstii'o; (6) determina-
ti.ns ()f density and thormal expansion at s,)lids Paper Mechanical Properties
c_,ll(x,ntrations up tr, 100'k" (7i dom()nstrati()n of therlno- H(I/I, M.S." Brmleur, P.H.

(lynanlic cl)nsist(,ncy (li' thermal and \'all(lr prosstlrc, data; The illt, aSUl'Cm(.qlt (li" t.he vehMty of ulirasimnd pr(irides a
18i accurlil(' di,ttq'illilla{i()ll iii" M,, and Mw ()t' lignins; (9) n(nMesti'uctiv(_ Lt,chliiqti(! t(i d(_tcrmint; the elastic, stiff-
stlllistic'al t,valtlalilin ill' M,, Of lignin with pulping condi- ncsst_s of paper. These nwchanical properties ill'O vgl'y
li(ins; I l(il universal c.(nT(_lations ['(lr viscosity ;is a ['tincti(nl sonsitivo t,(i pal)or machine process variables lind also art;
_Jf"s.licls ('oll('.(,lltrali(uls, t(,nip(,rattlr(_,, and shear rate for highly c()rrt)latod with pap(,r end use performailc(;. The
t('nlt)eraltircs tip t(i 140 (7 and solids c()ilc(,iltrati(ins ti i) til inlnlcdiai.o (_l)iective is to devehip St;lls(irs callable of mca-
S,_r,_• Hlld ( ] 1) r(!lati(m of black liquor solids (.onlplJsitilm to Stll'illg the vehicity (li' ultras(rand in the in-plant; and
pulping conditi(ms fin' slash pine. The final (+xpeeted pr(ld- thic, kn(.,ss directions (li' paper while the pal)er is moving tit
tic'ts (ii" rh(' prilgralll art, 21];irgc data bank ;illd ;i set of line speed on the i)al)er machine. The goal is to oi)rain a
c(n'relati(ins Iii. be used t(i predict liquor physical pr(ip(u'- c(llltintl(lus ret'(ird (ii' product quality and Lt) provide the
ties f'l'()ili liquor c(mlposit.;on or pulping conditions for data fbr contr()iling the papermaking process. Currently,
design iii' design inlpr(ivtmlcmts iii' i'ocov(21"ysystenls, efforts ill'g placed establishing a working re.lationship with

a vendor (ff instrumentati(m and c(mtrol systems for paper
machines. Prototype sensors and electronics will be built

Guided Wave, Inc. and evaluated in the lal)oratory in preparation lhr testing
El Dorado Hills, CA 95630 on a paper machine at a trust mill test side. Successful on-

line implenK.qltation til' this instrumentati(nl will permit
energy savings by ()l)timization of energ,w_ intensive pro-

172. Thin-Film Device for Process Mea- _,ss_,s and avoid wasto by minimizing substandard
surement: Phase III Industrial Test producti(,n.
(,o/di zan, D.S.

Phase II1 of the deveh)pment of a compact analytical de-
vice, based on thin-film optical waveguide techliology, tbr
online chemical analysis (lt'complex process fluids is eval-
uating industrial test strategies (iii" chenlical and
petrochemical application. Prototype devices ('or visihlc

and near-IR ['rc_quencies, and a test fhiw cell have been de- Oak Ridge National Laboratory
velopcd. The advantage (ii' this techn(ih)gy is its ability to Oak Ridge, TN 37831
examine light-scattering mixturos quickly and without
separation costs and delays. The sample is "sensed"
within a micr(>n<)f'the surface<li'an inter,miretlect_nce 174. Online Sensor for Magnesium Pro-
el(relent titeach reflection without transmitting light duction
across a volunw (,t' sample. Thin films, less than 1-t_m Ybung, J.P.
thick al'(! used allowing thousands of internal reflections
til (iC('UI"that int(.q'act with the licluid. (}(}llipit!X fluid sam- The ot)jc,ctive (ii' this l)rojoct is t(i devehlp s(qls()l'S to lll(I;l-

pies ('l'(lIll industry were solic'ited and tested. White (Ti()=>) sure the collccntration of magnesiunl ions, fluoride ions,
and I)]ack faetivated carb(m) slurries containing organic aim impuriLios in niagnesiunl molt(m salt bath and
and aqu(_,()Lls-()rganic matorials wor(,, successfully t'harilc- altlnlina (',onc(,'ntratioll in nl()]tOll cryolite baths for Hall-
terized without any adverse sp(!ctral et'lbcts from the lteroult cells. Researchers will tlSO Raman studies t()
suspendL, d particles. A set ()t' activated carbon slurries was determine chemical species in the bath.

,#lt3 i 1"3_,-,..-,,r.h ;,-, In,-t,,,-tri"ll Tr',.'hnr-, _r3i_,.z



ADVANCED SENSORS AND CONTROLS
University of Tennessee at Knoxville

Pen Kern, Inc. enviromnents is oomph, ring the industrial testing phase
Bedford Hills, NY 10507 at tile 1_mnessee Eastman ('orp,.u-ati(m ill Kingsport, 'lkm-

nessee. The prototype sensor system has been installed on

175. Development of Laboratoo, attd a bottoms product recovery colunm and is currently beingtested. The Ranlan spectrum of a mixture t'l'()lll an inter-
Process Sensors to Monitor Parti- nal stage of a distillation column has been obtained using

cle Size Distribution of Industrial a test ('ell, and 35-m fiber-optic extension cables, with a
Slurries g,,,,d spectral signal-to-noise ratio. "\n empirical mathe-

matical model based m, correlation between tilt' spectral
Pendse, H.P. features and the comp ,str ion has been developed that pro-

In 1988, a cooperative research program was undertaken rides a root-mean-square uncertainty of less than 2':; in
to develop laboratory and online PSI) sensors to in(miter tile data analysis. Static and dynamic modeling of the dis-
industrial slurries without dilution, addressing the submi- tillation column before and after sensor installatiml are
cron particle population, with rapid response capability, providing a total systems approach to utilizing internal
Iii this project one online and two laboratory prototypes chemical composition data fbr improved control. The goal
have been built and evaluated in the titanium dioxide of tile project is lt) lower distillation column energy use

mamfl:aeturing thcility at tilt, Du Pont plant over a three and increase product throughput by improved control.
month period. The sensor proved to be robust, and pro-
vided reproducible data that were sensitive to changes in
processing conditions. The PSD sensor development
project has resulted ill successful technology and proto-
types that form the basis of n commercial instrument
currently under deveh)pment. Further work is under way
on active ultrasonic spectroscopy for simultaneous size
and shape analysis. Other potential applications include
use of ultrasonic spectroscopy for monitt)ring coating for-
mulations used in papermaking.

University of Tennessee at Knoxville
Knoxville, TN 37996

Measurement & Control Engineering Center

176. Development of an Online Chemi-
cal Composition Analyzer
Garrison, A.A.," Mo()rc, (".F.'t¢obcrts, M.d.

The developlnent of an onli_',e Raman spectrometer sys-
tem tbr chemical composition determination in distillation

................................................................................................................................... Researcti;m inoi;strtal Toch;iOiog'eS " 43



SEPARATIONS

Idaho National Engineering Laboratory

Separation Systems EG&G Idaho, Inc.Idaho Falls, ID 83415

179. Sonic Sensor System
Battelle Columbus Laboratories Beller, L.S.

Columbus, OH ,43224 The objective of this project is to develop a laboratory pro-
totype sensor to determine the interior temperatures of

177. Improved Electroacoustic Dewater- particulate foodstuff during processing. The project uses

ing Belt Press for Food speed-of-sound tomography as a noninvasive method of in-
Chauhan, S.P. ternal temperature measurement. The concept is expectedto save a minimum of 11 x 10is J/yr (1 x 101:3Btu/yr);

The objective of this project is to develop and test an solve a product waste disposal problem; reduce operating
enhanced prototype device to demonstrate the electroa- costs by eliminating punctured food cans and other con-
coustic dewatering concept for a food material (corn fiber), tainers; and permit the widespread use of aseptic selected
optimize the process, and disseminate the results to pro- food materials, the requirements of the tomographic pro-
mote commercial adaptation of the technology. Phases I cess; and design approaches for the ultrasonic sensor. The
and II, now complete, proved the technical feasibility of process was shown to be technically feasible. Phase II is
the concept at laboratory scale and then concentrated on well under way with the objectives of developing a proto-
design modifications of larger scale dewatering units, type system.
Phase III, currently in progq'ess, has made modifications
to a commercial 1-m belt press. Initial shakedown tests at
the press manufacturer have shown the need for addi-
tional modifications to the belt design and construction. National Food Processors Association
Field tests at a food processor will follow the modifications Oakland, CA 94568
to the belt.

180. Sonic Temperature Sehsor Develop-
ment

Georgia Institute of Technology Kimball, R.N.
Atlanta, GA 30332 This project supports the sonic tomography project being

researched by Idaho National Engineering Laboratory

178. Sensor System to Monitor Nitrogen (INEL), and provides guidance and data about the opera-tion of the food industry. The prototype sensor system will
Transfer from Agricultural Crop- be tested in the National Food Processors Association
land (NFPA) pilot plant.
Walsh, J.L., Jr.

The project objective is to develop an integrated-optics
(IO) sensor capable of measuring gaseous ammonia con- Purdue University
centrations in the range of 100-ppb. The sensor can then
be used to measure the losses from agricultural croplands West Lafayette, IN 47907
after the application of nitrogen fertilizers. The IO sensor Department of Agricultural Engineering
could be installed on an anhydrous ammonia fertilizer ap-
plicator and used to control the application rate and depth 181. Crop Ripeness Sensor
settings of the applicator. The sensor could also be used to Krutz, G.W.
measure the loss of nitrogen after the application of a
urea-based fertilizer to determine the need for additional Nuclear Magnetic Resonance (NMR)spectroscopy is recog-
fertilizer application. The project will consist of two nized as one of the most powerful techniques fbr chemical
phases. During Phase I, an IO sensor will be developed analysis. The NMR spectrometer provides an accurate
and tested using a soil simulator test bed. Upon successful and nondestructive method oi' determining chemical struc-
completion of Phase I, a Phase II field testing program turfs in liquid and solid materials. The main goal of this
will be initiated to determine the performance of the IO project is to investigate the possibility of developing a low-
sensor system under actual field conditions. The project cost NMR-based sensor to determine the ripeness (i.e.,
will be conducted by a joint team of investigators from the sucrose content) of fruit. Improved monitoring of ripeness
University System of the State of Georgia. The sensor de- of fruits and vegetables from production to distribution
velopment will be the responsibility of the Georgia Tech could be achieved by using the proper sensors. This would
Research Institute at the Georgia Institute of Technology. provide high-quality and value-added products tbr both
The field testing will be the responsibility of the Griffin distributors and consumers. With improved sensors,
Georgia Agricultural Experiment Station of the Univer- production costs could be reduced and more effective pro-
sity of Georgia. cessing standards and controls could be implemented.
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SEPARATIONSYSTEMS
TECOGEN, Inc.

Southwest Research Institute been made to reduce the eonsun_ption cii'energy using ex-
San Antonio, TX 78284 haust waste heat recovery techniques, improved dryer
Department of Electronics and Physics designs, (ii' even the deployment of advanced m(,chanical

dewatering techniques. I)espite those el'lin't,s, a large
amount cii' thermal energy is still lost because til(; latent

182. Development of a Hydrogen Tran- heat of evaporal,ion is not rccover(,d ft'ore the evap(irat('d
sient Nuclear Magnetic Resonance wal,er. The objective of this project is to estahlish l,h(, fea-

Sensor for Moisture Measurement sibility ii[' using a supe.rheated steam atmosphere [iii'
Niclmlls, C.I. drying granular material. TECO(IEN, Inc. is dev(;loping a

steam-atnlosphere dryer system that provides the means
The objective of this project is to develop a hydrogen tran- tiir recovering this latent heat, thus significantly incrcas-
sient nuclear magnetic resonance (HTNMR) sensor that ing the dryer's thermal efficiency. The advanced ccmcept
monitors tile in(iisture ccintont (li' materials being dried, uses a uili(lUe drying chaniber di;sign that is int(!gral,(_d
minimizing drying onel'gy requirements and nmximizing with a steam i'oclinapi'ossilin syst()in. The use ()[' this n(ivel
process efficiency. Emphasis is (m applications inv(ilving drying chtilllliel" design is th(lught to lie Ii major c()nl,ri[iu-
the drying of'processed agricultural products such as e(il'il, tion i,(I the scienc(; lind al'l, of drying. Thernlcidynlunic
wheat, maize, and soybeans as they are c(inverted in(ii analysis has projected that the drying energy require-
commercial items such as animal feed, starch, grain pro- nmnl,s lhr the integrated system using the new dryer plus
teins, flour, and si) fiirth. This pr(ricci, involves HTNMR sl,eanl rc:conlpression can he reduced lay as much as 5(E'4
sensor devehlpnlent wit.ta (wentual ctimnmrcializal,ion (if ()ver present air dryers. This energy r(_ductilin is accoln-
the process. Phase I involves develciping tile sons(n" con- plished lay allowing the (_vllporated fce(lst(ick's latent heat
(:cpt and investigating its feasil)ility, developing the cmltenl, i.o be directly rel,urned to the drying chiinlh(w.
seFis(ir system, and v(;ril'ying tilt.' technical and e(,.Oll(inlic
feasibility cii"the SellSOl'.

TECOGEN, Inc.
Waltham, MA 02254

183. Superheated Steam Atmosphere
Draying with Exhaust Recompres-
sion
DiBella, F.

Ii'cir the thermal drying processes where water is {o be re-
nl(ived via evaporati(in from the feedsl,cJck, atl,elnpts have
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MATERIALS PROCESSING

process. The COMMIX thermal-hydraulics code, previ-

Foundry Technology ously developed under DOE sponsorship, will serve as thebasis for this software development to predict mold filling
and solidification of cast materials. The costs of mold de-
sign will be reduced through the prediction of the mold

American Foundrymens' Society filling and temperature distribution, natural convection
Des Plains, IL 60016 and solidification, gas entrapment, and premature freez-

ing. Energy will be saved through reduced materials
melting requirements, reduced scrap, and reduced

184. Online Process Modeling of a environmental operating costs. An energy savings of ap-
Cupola Furnace proximately 46 billion joules (44 million Btu) annually is
7tvarog, D.L. possible.

The project objective is to develop a model to optimize the
process control and the efficiency of the cupola furnace as
a fbundry melting unit. The process model would permit
control of cupola operation in order to meet the desired Glass
product quality with optimum efficiency and permit menu
driven, user friendly, offline studies to be made for deter-
mining process and cost impacts of intended changes in Vortec Corporation
process inputs. The work involved consists of a critical re- Collegeville, PA 19426
view of literature and information available on existing
cupola and blast furnace models to apply available tech-
nology. Thermochemical and kinetic databases will be 187. Research and De oelopment dfa
developed and a critical review of currently available sen- Rapid Glass Refiner
sors will be performed to recommend sensor development Bartone, L.M., Jr.
activity not included in the scope. Conceptual models of
heat transtbr-fluid flow and heat and mass balances will The objective of this project is to develop an advanced
be developed including equation statements. Industry re- rapid glass refining system that can be applied to both con-
view will be obtained prior to verification of the model ventional and advanced glass melting furnaces to increase
with operational data to compare computational results the productivity of and improve the energy efficiency of
with actual cupola data. An expert system scoping study glass melting furnace systems. The quality goals for the
will be conducted to integrate the cupola model into a glass produced by the rapid refiner include blister-free
broader foundry model. The results will be discussed with glass with _ 1 seed/gram for container glass and <7 seeds/
the foundry community. 100 grams for flat glass applications. Batch tests on an

18,000 kg/day (20 ton/day) unit.will be completed in 1993.

185. Development of Precision Evapora-
tive Casting Technology

D.L. Metals Initiative
The project objective is to further develop and optimize
Evaporative Pattern Casting (EPCI technology for a broad
based application. Sand flow and compaction will be eval- _MCO, Inc.
dated. Factors that influence the dimensional precision of Middletown, OH 45043
castings produced via the EPC process will be evaluated. Research & Technology Division
Critical process parameters and system properties that
control the dimensional precision of the evaporative cast- 188. Direct Strip Casting of Low-ing process will be identified. Compaction oi' granular
materials, heat transfer, thermodynamics, casting defect Carbon Steel
detection by various methods, refractoriness of coating Sussman, R.C.
materials, dimensional analysis, glue tbrmations, and

The objective of this project is to C_Aablish the technical
principles of vibration compacting are involved.

and economic feasibility of casting a low-carbon steel sheet
on a single-wheel caster utilizing the open channel pro-

, cess. Eflbrts are fi)cused on (1) casting approximately 180
Argonne National Laboratory heats of steel ranging ii'ore 227 to 1361 kilograms (500 to
Argonne, IL 60439 3000 pounds) to produce a steel strip on a single-wheel

caster; (2) developing mathematical models oi" heat trans-

186. Casting Modeling le,. and solidification, fluid flow through tundishes and
Sha, W.T. nozzles, and peribrming a parametric study of the casting

variables; (3)developing process improvements including
The purpose of this project is to develop state-oi:the-art pouring box heating, sensor development, and e]ectromag-
computer software for simulating the materials casting netic containment; (4) pertbrming refi'actory studies; (5)
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METALS INITIATIVE
Lehigh University

l)ev'l'orming material .tutlies on as-ca.t and finishecl strip.; Argonne National l,aboratory

and (6) providing techllical Ill,ii economic, a._cssvuents ot' Argonne, IL 60439
Lhc dit'ect strip casting pv'oce,_s, and concepLual a,;d llud-
getav'y e,vlgineering lhr" a pilot planL lmt)lerueilti|lg the
(tirect strip cast, ing t,roces, w,,uhl eliminal,e the need tbr 191. Electrochemical Dezincing of Steel
reheat I'tlrnacc!s and hot .trip mill., The energy savings Scrap
associated wilh t,his t,echnoh)gy are esi, imal,e,d 1,o he 14 x Dudek, F.
10lr; .i,ules pev ,war _0.13 quatirilliuv) l_,l,u/ycar), reducing

operating costs by aptn'oxi|ual.ely $43/ton cmui)av'ed 1,o The ohjective o1' this pv'qiect is 1,ohuild and Ol)er;|t.e a pilot
conventional operating l)V'actic(:s. Noi)e|lev'gy saving, l)lanl, to (hmui|istv'ate a tw()-sl.e I) l)rOcc'., l'(iv"thf conl.iilu(uis
in('lu(h_ a rc(lucti()n in ('.()_ t,vnissiolls Icy I9 l)illion kihl- (h:zim, ing cii' .I.(.el .oral). The l)|'()(lucts l'rmn this l)V'()ce.s
gv'nnls/Vellv" (21 million l,ons/yeliv')and N()_ eniissh)ns liy will iii; t'lelln, dezinced ,_i.eel .ct'tlp and nieLallic zinc. A
ICi t)illi(in kihlgriilliS/vl_lil'(ll't niillion tons/ylqir). .ct'tlp ii(,ZiliCii)_._ iii'oct,s, will sliv(, the lllil.ion Iii)pro×i-

• ' liilil,l,ly ,53 x 10'" .imih's pcr yeiir (,50 l,rilli(in llil, ti/y(qir), lind
i'l'(ltl('(, I'liw illlltcq'ilil cl),'4i,s hy $16(I inillioll ti(,i • yiqil'. Iii lid-

dil, ion, the l)l'l)c'(_ss t)rovides si)Illl, (H1Vil'lililiil, n[,lil l)enelits
.uch Ii. iliC.l'(,llSillg I,he rt,cychlt)ility iii' sl,(_.Olllllikillg t'tillll,

American h'on and Steel Institute lind i,linlinlil, ili_ zinc ['roln wli.tl,will,tq' .{i'(qiliiS.
Pittsburgh, PA 15235

189. Development of Direct Steelmaking
Aukrusl, E.

This proj, ct is plirt, lit' the Metals Initiative, the g()al ot'

which is tc) (hwt.hlp energy-e|'ficienl, _LeeI pi'(Ic(,,,es. Tit(, Lawrence Livermore National Laboratory
i)tiri)(),.;e of the (iirect .t,eelnlIlking ln'qi('ci, is ii) devehl t) lilt
onel'g,y-ei'th'iellL (;t'(lll()lllic'.IllIv c()nll)cd_iLive, conl, inuous University of California
i)roc(;s, that derives Ill, h;ast lilli't iii" its Ii({VllllLll_(!s t'l'(llll Livermore, CA 94550
lhc elilninal.ion ()t' coke lind lhc; higll Clil)il, lil requii'enlent. Engineering Sciences Division
acid envirlinnl(;ntal t)i'()hhqn,_ li.';s(icili{Od wii, h coke ()vi,ii..

The adv_Lntages (ii' such a ilr(icess would he (I)rn(u'e efTec- 1(,)2. Superplastic Steel Processing
five ii.O Iii' donlestic raw milli, rials; (2)ccintintll)llS, rIllher La#_Uinl4Dam, R.
I.han I)al,ch, ()l)erliti(in; (3)elinlillIiticnl cff cllke and il,s llss(i-
cillt(,(l onvirtmin(qlt, Ill t)rolihqn.; (,1) (;iisc, (ii' _l.ai'i-up lind The (lltii,cl, ive (ii" this i n'qii,ct is hi cb,vi'hi I) lind dt,nl|ui_ti';itt,
.htll.(hiwn; ailcl (5) inodlihir (h.sign, which will flicilitllte ii l)l'()('(.s_ for the nllinufIicl,ur(, of .utwi'i)lii.l, ic ull.i'ahil_h
rapid tt,(lhn(ihlg,7 i.i'ansl'er and inert!iii,Ill,al ll(lju.l.nit, nt,._ iii Ciil'l)on .Lt,el lilhlys. I_]t'l'lll'tS iii't, t'ocu.(,(! iii four lil'(qis: (l)
capacity lind l,hus easy achiptii)n IAi nlnrk(,t ('ondil,imls. The idolilil'Viliff ;illoy.' I(li'lllillt4 and (:;IStillff I)r(ii)erlie,';, (2) dl'-
e×tlcq'iilienl, li] work iii this lJrqjt,cl incltldeS live iniiin lit'- tei'ininillg lit)l)licliLil)ns lind idenl, illyin _ l)lil'l., for lin'inint.(,
ells: (ii laliorlltory stuclies ()li the ph.y.ical lind ch(,illic'lll (iii clesil_ning cites lind Ibl'ging (lt" i)lirl,';, ilncl (/li clevehipinl4
phc_nonlc_nll of .lilt,lt ing lillCl i'c,[ining .teel; (2) lilhi)i'lii(iry indu.lrial st.'lth, c,ll.i, ilig iJrliclico. As.tinliilg i)i'o(liicl.il)n
(,×tiCWilil(,ill,ill work ()li pcr_;LCOllll)llStil)il iillCl hiuii, llll(i illliss level, clt'2 hilli(in kihigl'llllis/yelir (9. millicni tl)liS/viqir), the

1.rlinsf'ei'; (3) liih(n'lit(iry anti i)ihll.-scilh, prereducLion (ii' t_llt_l'g,7 Hiivin_. hy initih, illenlin _ .<4iil)(,i'l)llisl.ic .l.t,t,I Iii'(, (,s-
hemal, iLe (Fe,!():l) l)ell(,ts to wti._l.il,e if'e()); 1,4) ,_inelting tinlllt(,cl I,() lie appr()×inlal,(,ly !1 × 10 :' .iOlllC,S/y(,_ir II),1)!
arid rofiilill_ ill ii t)ihlt-scllle ,_;lnell.er ;it llnivei'slil, (itill(li'illi(lli IIl, u/ve_ir). MlililllilC{tll'in_ cii,,-;|, cotil(I lie i'('-
PenllsyIviiniIl; I tnd (,5) l)(i,_l,c.oilll)ti_lh)rl iii llll'_e-.cilh! HL(,el- (ltir'(,(! Ii), 17% Ibr fol'gilll4 and nnlchinin_ oi)erliLi()n.,
Inliking trial,.

190. Advanced Process Control
Research Program for the Steel In-
dustry
Ka.t.,un...A4_,L. Lehigh University

']'Ii(; objective _)!"this i)rllgi'liril is Lc) (h,sign, t,(_st,, lind ct)m- Bethlehem, PA 18015
mercialize selected SOIl"Iii'S, ('.(tlll, rol device., illiCl "Clt'l,Wlil't'

Ibr .teelnlaking, casting, r()llirlg, and c(,ating ()p(..ati(i,ls, 193. Rapid Analysis of Molten Metals

The p,',)g,'a,n con.stsf. (lt' six p,'qiects i,i f(lu,' ,,,',,,is: (1) p,'i- Using Laser-Produced Plasmas
nlary steclmaking, (2) c(mtinuous casting. (3) r(dling and Kim. Y.W.
linnealirlg, and (4) coatc,ci t)roclucl,.. If' .ticc'.esshil, l,tlc:sc_
t)i'qjects cmlhl Hit\'(, ],5 × 101:, jmllc;s _!llctl .¥(qir ((i.()l.l The ()itic;c'tiw, ofl.hi,_ project, i. to (hweloi) ;i S(_llSlli" pl'llht, l,(i
tttllldrilli(nl 171ttUyt,ai'l lind I'C'duct_ opt'ratint4 c(ist I)y rlil)idly (hd,(,rnlint, t h(! (,henlicnl c()int)(i.ili(lll ()['ln()ll.(ql iron
ilppro×iniliitdy $31,5 milli(ul annually. Eack ()1' tlu, six t)ro- and .Lc('l u.ing spc,ctroscopic ai-ia]y,_;is i)t' hl.er l)r()duce(I
,it;ct. iH oi'galiized with ii re.(qlrch t)lii'l,nt_r t,(i l)erl'ornl lh(! i)lasnilis, l)rot()l,yl)e unit._ will he I,(,.L(,(I iii l,w(i (lilTer<,ni
work, a .t)on.orilig .{eel ct)nit)lilly t(i guide lill(t cb, iii(ii/- ._t,eelnlakinl4 l)hint,_, This L(,c'hn()hlgy i,_ lii)l)licntlh, t,() ii
sri'IcL(; the rc!st:lit'cii, and ii C()lllmc;rcializiiti()il i)lirl, ilcq ' L(i wicl(, i'_iilg(, ()1' s_lli(t lii_(! liquid rll(,tli]s. Wich,.pr(uid iinl)](,-
iillintil'_iCttlre _ill(l sell the t)i'(tjc_c{'_ (h,vt,hlpnitqlL Thi_ mellLiil_il)n (lt' i,his pr(llle hy I,h(, ciirh()n steel induslry c()uhl
()i'tz,liniziitiolllil Stl'tlt:Ltirc., ,_hmild lead h)rapid coilllll(!i'Ciill- siivo ill)pl'()×inllltoly 11 x 1015 jmih, s/ycuu' (10 trilli(in Illu/
iziltion of StlC.Ct_SSl'Llld(wc!lopnlent., y(!£1ri iilld l'c!dtlc(_ op(,i'lltilig t!lr'4ts hy $,F4_ llli]]il)ll _lllllllil]ly.
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METALS INITIATIVE
National Institute of Standards and Technology, Gaithersburg

National Institute of Standards and Technol- Goals include inert HSAA corrosion rates that result in

ogy, Gaithersburg commercial-purity aluminum, and economically viable an-
Gaithersburg, MD 20899 ()de live and cell performance. Deliverables sought are a

125-kA retrofit cell design with a 20% specific energy re-

194. Intelligent Processing of Rapidly duction and the determination, at pilot scale, that usingHSAA and a low-temperature molten salt is technically
Solidified Metal Powders by Inert viable and sufficiently attractive to achieve commercial
Gas Atomization implementation.

Pugh, N.

The objective of this project is to develop an intelligent
processing system that will permit online control of the Dow Chemical Company
particle size distribution of rapidly solidified metal poT- Midland, MI 48640
ders. Efforts will focus on (1) demonstrating real-time
particle size sensing; (2) designing, building, and evaluat-
ing fluid-flow sensors; (3) developing material properties 197. Inert Ceramic Anode for Maine-
for Alloy 625; (4) developing a computational fluid dy- slum Production
namic model; (5) fabricating process control hardware; Brubaker, B.D.
and (6) demonstrating control strategies. Energy- and
cost-savings analysis will be provided because many pow- Contemporary ceramic science and engineering will be ap-
der production processes obtain 50_ or less yield due to plied in a four-year project, with go-no-go decisions after
suboptimal particle size distributions. Application of exist- the first two phases, to the fabrication of an inert ceramic
ing industrial power-producing facilities will enable a anode for increased energy efficiency in electrolytic mag-
reduction in the Gaussian distribution of particle sizes, nesium production. The objective of the first of three
thus increasing yield, phases (in progress) is to fabricate crack-ft'ce anodes capa-

ble of low-wear rates in a 7 to 10 d laboratory operation.
The objective of Phase II is to demonstrate a six-month

Weirton Steel Corporation lifetime of a full-scale inert anode with electrical perfor-
mance equal to a new graphite anode in a commercial

Weirton, WV 26062 magnesium production cell.

195. Integrated Manufacturing Infor-
mation System
Murphy, W. EMEC

New Kensington, PA 15068
The objective of this project is to develop a material man-
agement system for inventorying cold rolled steel coils.
This system incorporates real-time tracking of the coils 198. Electrolysis of Neodymium Oxide
during and after rolling, and continuous integration with Keller, R.

production, scheduling, customer orders, and inventory The objective oi' this project is to develop an electrolytic
strategies. Up to 30,000 different coils can be present process for the continuous and economic production
within a steel mill at any given time, varying only by the of neodymium metal and neodymium alloys fl'om
different rolling, annealing, trimming, coating, and wrap- neodymium oxide. Phase I, currently in progress, is to
ping processes. Losses from excessive coil handling, select an efficient electrolyte for operation (electrical con-
replacing damaged coils, and idle processing lines is in ex-
cess of $2.78/metric ton ($3/ton). One solution currently ductivity, and metal and oxide solubilities) relatively ft'ce
being examined is the use of a radio transmitter attached of envisioned problems (anode effect and cathode scum),and to perform an economic and energy-savings assess-
to the individual coils. These transmitters will periodically ment of the process and the end-use motor applications. If
broadcast identii_ing information, and through triangula- continuation is warranted, Phase II will verify technical
tion techniques, the location of each coil can be monitored. feasibility at laboratory scale, and Phase III will provide a

proof-of-concept for this technology at the pilot scale.

Process Electrolysis
Metalor USA Refining Corporation
North Attleboro, MA 02761

Alcoa Laboratories

Alcoa Center, PA 15069 199. Fluidized Bed Electrowinning of
Armor Systems Development Copper

196. Low-Temperature Electrolysis of Ninny:berg,D.J.
Alumina The objective ot' this project is to show that fluidized bed

electrowinning (recovery of metals from solution by elec-
LaCamera, A.F, trolysis) is viable ibr industrial operations through design,

The objective of this project is to assess the commercial construction, and operation of a 10-kA fluidized bed
viability of high surface area anodes (HSAA) and a h)w- copper-producing electrolytic cell. This technology is to be
temperature electrolyte in aluminum reduction cells, transferred to others through licensing agreements.
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REFRACTORIES
Schuller

Pacific Northwest Laboratory ...........................................................................................

Richland, WA 99352 Refractories

200. Development of Inert Electrodes for
Aluminum
Windisch, C.F. Aluminum Company of America

Alcoa Center, PA 15069
The objective of the scaleup activities is to pevlbrnl the re- Alcoa Technical Center
quired research and devel(_pment of fabricatiim meth(Ms
tbr hirge anodes and to test the large units in a cell that
re.presents secti(,ns (ii' a c(immerciM unit. The approach 202. Lightweight Refractory Aggregates
will be to allow the Pacific Northwest Imb(iratory (PNI,I t(i Pearson, A.

perfiwm the required critical path activities while The objective of this project is to (level(q) a lightweight,
cost-share research is pursued with industry through so- higla-temi)erature, aggregate tbr us(; in ii variety of
licitation. Solicitations will cover both material fabrication high-performance insulating refractory al)lilicati(ms. Ap-
and cell application. Results should provide the in(tustry plication of these aggr(;gates in the alumirlum, glass,
with viable methods lhr anode manulhcture and applica- cement, and iron and steel industries will signilic.antly de-
tion. crease energy c(msurnpti(nl and will increase domestic

en(l-user industry c(mlpetitiv(;n(_ss. The established

Reynolds Metals Co. prqie('t goals ar(, to produc, e an alumina-I)ased aggregat(;with 3()_/<less bulk densily, with at least 8(Y)_ of current
Richmond, VA 23225 aggregate crushing strength, and with costs not t()exci;e(l

existing alurnina aggretx, ates by m()re than 25¢_.

201. Field Testing of Titanium Diboride
Cathodes in Commercial Alu-

minum Cells Schuller
Richard,_, N. Littleton, OH 80127

The project ot)jective is to determine the techni('al and ec(i-

n(imic viability of graphite-c(intaining titanium dill,wide 203. Development of High-Performance
materials in low-cost shapes Ibr use as cathodes in
aluminum electrolytic cells in an et'tbrt t,l stimuhtte sub- Refractory Fibers with Enhanced
sequent demonstration and commerc.ial application. Insulating Properties and Longer
Included are. (11 mathematical nmdels for the predicti(in (if Service Lifetimes
cost-reduction cathode shapes, (2) (leterminittion of opti- i(trlin, P.C.
mum electrode area ratios, (31 voltage re(lucti(m arid effec.t
on current efficiency by reduced an<Me-cath(ide distance, 'l'h(_ objective of this iJrqject is tc_ (h!v(dop impr(wed high-
(,1) producti()ll (ii' cathode shapes using t)r(q)rii4ary inert,- i)c,rl'(irmance rel'ril(_t(iry Iitlers with higher service
rial processing techn(ihlgies, 151 c(mlnit:rcial and l)ihit cell temperature and hlwer shrinkag(_ In'operti(_s than existing
operation for data acquisiti(m and cathode hmgevity de- tihers in (w(ler to (,nlaance insuhiting pr()l)erties and
terminati(ms, (61 analysis of as-thl)ricated and as-tested lengthen service tim(_s. Applicati(m M' these fibers in the
cathodes, (7) thilure mechanism (rvaluati(m, /8)develol)- alurninuna, ghiss, cement, and ir(m and steel industries
ment ()t'cath(ide holder-an(idc, stops, and 19) assessment (ii' will significantly decrease (;nei'gy cunsuinptiml and in-
energy savings and technical--ecormrnic viability, crease domestic end-user industrial cmnpetitiveness.
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SMALL BUSINESS INNOVATIVE RESEARCH

conditions, thus providing for enhanced boiler capacity, ef-

Small Business Innovative ficiency, and availability, as well as reduced emissions. In
Phase I, a functional specification is being provided for

Research this system, as well as a preliminary design or specifica-
tion of the hardware and software and a statement of its

cost and benelits. A site and a cooperating utility or indus-
" trial organization will be identified for a prototype

Advanced Technology Materials, Inc. demonstration. Phase II will include the detailed planning
Danbury, CT 06810 and design of the demonstration, fabrication of the test

hardware and software, and installation and operation of

204. A Real-Time X-Ray Detector the system at the cooperating site.
Kurtz, D.

In situ monitoring of critical material properties would Chromex, Inc.

greatly enhance process control of a wide variety of manu- Albuquerque, NM 87107
facturing technologies. Position-sensitive fiber optic X-ray
scintillation detectors (PSSDI can be used to simultane-

ously measure several critical solid polycrystalline 206. A Rugged, Online, Multiple-Input
- material parameters such as thickness, crystal structure, Fiber Optic-Based Raman Sensor
_ cr_;stal perfection, preferred orientation, and residual for Industrial Process and Moni-

stress. Compared with traditional X-ray detectors, the toring Control
PSS'D systenl is very compact; requires no scanning; and,
most importantly, has very rapid sampling time ( _:;1-secl. Bret, G.G.

Ai, these attributes make it ideally suited for real-time Research in this project is being conducted to develop a
analysis. Phase I of this project addresses the develop- compact, rugged, online, multiple input, fiber-optic-based
ment of a real-time X-ray detector tbr use in harsh Raman process monitoring and control sensor capable of
environment coating systems. In Phase II, the PSSD X- operating in harsh industrial envirenments. Charge-
ray monitor will be incorporated into manuihcturing coupled device array detector-based Raman spectroscopy,
processes fi)r feedback process control, employing laser diodes and optical fiber" probes, capable of

sensitivities comparable to or better" than the Fourier
transform Raman method, has already been demon-
strated. This new multiple input online sensor can

Caldon, Inc. probably be implemented in a 'sealed, compact, and
. Pittsburgh, PA 15216 rugged instrument having no moving parts. The instru-

ment being studied in Phase I, is based on an existing

205. Measurement of Pulverized Coal 100-mm f/2 imaging spectrograph design that, because of
: its high throughput and imaging capability, is capable of

and Primarj Air Flow to Individ- simultaneously monitoring and controlling a number of
= ual Burners of Industrial and input spectral channels. The instrument has a high

Utility Boilers signal-to-noise ratio, which promises to make the method
Archer, D.H. a t,'ue trace detection technique. Theoretical arguments

= supported by experimental results show that it is reason-
In the operation of large industrial and utility boilers, able to anticipate a compact, rugged (even portable),
variability in the flow of puh, erized coal and air infeed multiple input Raman system capable of convenient and
pipes results in flames from the multiple, individual burn- rapid multipoint detection and quantification of analyses
ers that vary in the temperature, shape, and composition in process environments.

" of the combustion products, including excess oxygen (O._),
nitrogen oxides (NO_), carbon monoxide (CO), and un-

burned hydrocarbons. Large imbalances in coal and air Ciencia, Inc.
flows among burners can lead to such significant boiler op- Weet Hartford, CT 06108
erating problems as reduced steain production; increased
energy losses ira the heat of the stack gases and the carbon
of the aoh; decreased boiler efficiency; boiler tube wastage; 207. An Advanced Fluorescence Sensor
an increased potential for" leaks, increased slagging, and for Process Control
ash deposition; and excessive emissions ot NO,, CO, or Fernandez, S.M.
unburned hydrocarbons. In this program, a team of small

3" businesses is developing, demonstrating, and evaluating a The development of an advanced fi'equency-agile sensor
system composed of ultrasonic coal and ai1 flow for online chemical analysis of fluorescent species in pro-
instrumentation together with manual adjustments or au- cess streams is the objective of this project. This sensor is
tomaUc controis to maintain balance amung cual and ai1 _".... *_'-_,,.,,_,,_,,,.;....... +;..... ase of h,_hl,,._._,... ............-_o,,_f,_optlr" fi!t,_r_
flows to boiler burners. This system helps boiler operators to achieve rra|dora-access wavelength selection with mi-
achieve uniform flames over the full range of ope',atiqg crosecond switching time, high optical throughput for"
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Direct Measurement Corporation

enhanced sensitivity, and high spectral resolution for continuous temperature measurement required by the zir-
accurate measurements with high background discrimina- conia cell was never available; second, zirconia is very
tion. The sensor will be compact, rugged, and suitable for sensitive to thermal shock. Overcoming these obstacles re-
deployment in harsh industrial environments. In Phase I, quires the use of spin-off technology from earlier efforts
a rugged prototype device is being built and tested by that led to a shock-resistant continuous temperature mea-
monitoring a model organic compound. If successful, the surement device suitable for steel mill service. In Phase I,
proposed technology will bring to online, real-time sens- a robust zirconia cell with an ablative cap is being
ing, sophisticated spectral analysis now available only designed, fabricated, and iteratively tested until a config-
offsite in the laboratory with a very slow turnaround time uration capable oi' direct immersion is achieved. The
for results, recently developed continuous temperature measurement

technology will then be adapted for close proximity mea-
surement to the zirconia cell. The steel oxygen content is

Cushing Associates, Inc. determined when electromagnetic force and temperature
Annapolis, MD 21401 are measured simultaneously and a known oxygen con-

tent reference material (typically chrome/chrome oxide) is

208. A Comprehensive Flowmeter for Ali placed in contact with the zirconia cell.
Materials
Cushing, V.J. Dexter Research Center, Inc.

It has long been established theoretically and experimen- Dexter, MI 48130
tally that performance of the electromagnetic (EM)
flowmeter does not, in principle, depend on any constitu- 210. Multiplexed Thermopile-Based IR
tive property of the metered material. It therefore holds Dnaging Arrays
promise of metering any material that can be blown,
pumped, or extruded through a pipe. To date, the princi- Toth, R.
pal practical problem with the EM flowmeter involves the This project investigates the development of thermopile-
tradeoff that must be made to extract the flow signal based IR imagers using silicon integrated-circuit
while discriminating against triboelectric noise (when the technology and state-of-the-art micromachining. The de-
measurand is an insulator) and/or zero-point drift (a spu- vices should permit the remote monitoring of temperature
rious signal) when the magnet frequency is above the and temperature uniformity in furnaces and other process
triboelectric noise spectrum. The EM flowmeter operates facilities for which contact measurements are not possible.
unequivocally as a volumetric flowmeter; by utilizing the The project also provides the key element in advanced
Clausius-Mossotti relationship for insulating materials, it the_'mal sensing systems capable of automatic compensa-
operates optionally as a mass fiowmeter for measurands tion for device offsets and nonlinearities as well as object
in the solid, liquid, or vapor phases, or any combination emissivity variations. Building on research performed at
thereof. In light of today's capability in digital signal con- the University of Michigan, the work tbcuses on transfer-
ditioning, it appears feasible, using a square-wave ring that technology to a commercial product. In Phase I
magnetic induction, to ascertain at ali times (1)the true of this project, the University's previous research vehicle,
flow signal and (2) the spurious, drift signal. Phase I will a 32-element linear imager, is being redesigned to make it
demonstrate this by obtaining EM flowmeter flow signal more compatible with foundry fabrication and to optimize
data, digitizing and storing it, and carrying out the it f lrther for specific applications. Micromachining capa-
discriminating digital process with a 486-class microcom- bilities are being installed so that eventual production
puter. The achievements of the Phase I effort should wafers, when returned from the foundry, can be etched in-
result in the design of a dedicated digital signal condi- house as the final step in the process to create the finished
tioner, operating in real time, to enable EM flowmetering irr.agers. In addition, a package that preserves the high
of any material, performance of the detector, and is consistent with high

production volumes at low cost, is being developed. Fi-
nally, prototype arrays fabricated at the University are

Defense Research Technologies, Inc. being tested to determine their perfbrmance. Phase II
Rockville, MD 20850 would initiate imager wafer fabrication at a commercial

foundry and explore practical wafer performance and

209. Development of an Oxygen Sensor yield in high volumes. It would also investigate full areaarrays based on this technology.
for Continuous Measurement in
Molten Steel
Phillipi, R. Direct Measurement Corporation

This effort is directed toward the development of a contin- Longmont, CO 80_01
uous reading oxygen sensor fi)r liquid steel service.
Although well known as a critical parameter in the 211. An Advanced Multisensing Coriolis
energy-efficient production of quality steel, oxygen content Gas-Flow Meter
is currently measured using a disposable zirconia sensor Cage, D.R.
capable of only intermittent operation. Despite the fact
that fundamentally nothing has precluded the use of such This project is developing a new multisensing gas flow
a zirconia based sensor for continuous determinathm c_f meter that can accurately measure the mass flow rate,
oxygen content, two major obstacles have prevented this pressure, density, temperature, and viscosity ofany gas in

= important technical advance. First, the simultaneous and a pipeline. All measurements are taken from a single
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Direct Measurement Corporation

rugged nonintrusive and simple device that uses a unique low-cost spatial tracking (positioning) instrument to be
method to create and utilize Coriolis forces to directly used in intelligent control systems. This instrument uti-
measure the mass flow rate of any gas moving in a lizes miniature sensors (microsensors)that are fabricated
pipeline. By virtue of an unusual sensor design and signal by using micromachining techniques. The objective of the
processing method, the same signals generated from the Phase I work is tc) define the system specifications, includ-
device to measure mass flow rate can als() be used to con- ing the requirements of the sensors, their interface
currently measure gas pressure, density, temperature, electronics, and a microprocessor suitable tc) develop the
and viscosity, all in real time with an estimated response instrument. During the subsequent phases of the pro-
of a fraction of a second. The Phase I research activities gram, the components defined during Phase I will be
attempt to(l) fully understand this unique Coriolis eflbct, built, assembled, and tested. This includes developing a
(2) gain the ability to predict the magnitude of the effect new solid-state angular rate sensor that meets the identi-
on any arbitrary sensor design, and 13/ analyze the tied requirements. The developed positioning instrument
relationship between the effect and fundamental gas prop- will be commercialized through a collaborative joint ven-
erties such as temperature, pressure, and density. The ture approach. The self-contained instrument will be
capability of this technology will then be compared with smaller and lighter than any available positioning instru-
that from currently available alternative technologies, ment with similar characteristics. Its production cost

could be several times less than those of similar systems.

Integrated Systems, Inc.

Santa Clara, CA 95054 Lektrox Company
New Port Richey, FL 34654

212. Hidden Markov Modeling for Intel-
ligent Control of Industrial 214. Improved Control of Pulp and
Processes Chip Refining through Direct Mea-
Kosut, R. surement of the Number and

The principal objective of Phase I is development of meth- Severity of Fiber Impacts
ods for obtaining process models fi'om in situ and Brenholdt, I.R.
postmortem measurements that can be used tbr either
quality control or tbedback control. A novel fbature of this The objectives of Phase I were (1 ) to construct a sensor in-
approach is to identit}¢ the process by using the Hidden corporating new methods tbr measuring electrical
Markov Model II-/MMt, which has been used extensively impulses in the refiner housing; (2) to demonstrate the ca-
in speech recognition. HMMs provide a natural means to pability of the sensor to acquire and process the signal in
use data fbr identifying a complex, uncertain, nonlinear a pilot-plant refiner on a single wood species; and (3) to
system such as a processing plant. In Phase I, the HMM show that the acquired signal correlates with traditional
methodology is being extended fi)r control system design, methods for measuring refining results, such as horse-
trained with simulated and actual data, and tested. A power days per ton, pulp freeness, and the physical
second related objective, more suited to Phase II, is devel- properties of hand sheets made from these pulps. These
opment of computer-aided control engineering (CACE) limited objectives have been met. lt is well known in the
design tools that appeal to the needs of process control en- industry thai: there are many process variables that influ-
gineers. Despite many theoretical and computational ence a given pulps response to refining action. A major
advances in the control sciences, there remains a substan- objective of Phase II is to learn how these variables influ-
tial gap in its application by en_,dneers in the process ence the output of the new sensor, and to what extent this
industries, where such a desigm approach could signifi- new measurement, derived from the refining action itself,
cantly enhance productivity. With the appropriate CACE predicts both drainage and paper properties for a wide
tools, these engineers can pertbrm sophisticated designs range of typical mill conditions. These typical conditions
without demanding substantial increases in skill level, will include other types of pulp (e.g., unbleached, hard-
Such tools also extend the life cycle of control designs, de- wood, and recycled). The effects of pH, conductivity, and
creasing the need for maintenance of control loops. The zeta potential will also be determined. These results will
overall benefit to the process industries is improved per- lead to the development of a control strategy that will be
formance from automation projects, which enables more demonstrated in a mill site. Another important objective
profitable, cleaner, and safer operation of process plants, of Phase II will be to determine the capability of the sen-

sot to measure and control chip refining.

IntelliSense Corporation
Boston, MA 02115 On-Tech Joint Venture

East Hartford, CT 06138

213. An Inexpensive Miniature Position-
ing Instrument for Intelligent 215. A Rugged Stable Fourier Trans-
Control Systems form Interferometer for Process
Maseeh, F. Monitoring

Solomon, P.
Significant commercial opportunities exist for systems
!h_qt can contrcd such industrial processes as those used Innovative concepts are needed in advanced online sen-
for the intelligent control of a robot. This multiphase sors for application in industrmi controi systems ieading

= project addresses the development of a novel miniature, to decreased energ.w consumption, better environmental
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TPL, Inc.

control, better quality control, and increased productivity bleaching. The sensor is based on a proprietary, inte-
in U.S. industry. During tile last several years, Fourier grated optical interfbrometer. The interferonmter's unique
Translbrm Infrared (FT-IRl spectroscopy has been design minimizes thermomechanical noise to provide a
identified as an important lmw teel to obtain species com- highly stable ph ttfbrm capable of detecting low eoncentra-
position, concentrations, and temperature data in process tions of specific chemicals in fluid environments with high
monitoring. If FT-IR is to realize its potential in process spatial resolution. The approach relies on the detection of
monitoring, improvements must be made in mechanical small refractive index changes in a thin surthce iilm.
stability, thermal stability, ruggedness, size, weight, cost, Specificity ibr chlorine dioxide is achieved by using a sur-
and serviceability ot" the instrument. This project ad- thee film that is reactive or interactive with chlorine
dresses the development of an advanced process FT-lR dioxide. A mixing sensor based on this approach has sew
based on innovative technohigy that will allow it to have eral key advantages: ( 1 ) it allows real-time, continuous, iri
the required properties for process monitoring. The tech- situ monitoring; (2) it has a broad dynamic range, yet is
noiogy is the subject of ibm" patent, applications. The capable oi'sensitivities down to the parts-per-tiillion (ppb)
Phase l tests are determining vibration toh;rance, rugged- level; (3) it can be fully reversibh.,; and (4/it permits spa-
ness, energy throughput, potential speed, and potential tial resolution well behiw l-mm. The resulting product
maximum resolution, among other properties. A prototype will be suitable ibr assessing both macroscopic and micro-
will be designed on the basis of these results. SCOl)ic mixing, and it will permit automated feedback

control of pulp mixers. Moreover, development of sensors
fin" other bleaching chemicals (e.g., ozone, hydrogen perox-
)de) would be a direct extensi(m (ii' tills el'|i)rt. In Phase I, a

Pen Nem, Inc. prelimiriary selection of'candidate waveguide coatings will
Bedford Hills, NY 10507 be made and they will he screene(l and .ptilnized ti)r their

resp(mse to aqueous solutions of chlorine dioxide.

216. Development of a Dielectric Spec-
troscopy
Goetz, P. Research & Manufacturing Co., Inc.

This project fiicuses on designing a stable and rohust nii- 'l_acson, AZ 85714
erosensor probe tbr dielectric spectroscopy that is capable Department of Whermosonics
(ii' oi)crating over a wide fi'equency range and eliminates
ali known l)rohlems in the measurement systems used at ,218. Novel Ultrasonic Thermometers
various laboratories. To interpret the dielectric spectra, with Nonmetal Sensing Elements
deconvolul.ion methods are being developed to estimate
the particle-size distribution t\lnction and the surthee- for Hostile Environments
charge density. Finally, tests are t)eing conducted on Varela, D.W.

weil-ibrmulated and well-characterized coli(tidal suspen- The (ibjectives of this research proj(!et are to develo I) and
sions to evaluate perlbnnance of the microsensor probe test ultrasonic thernmmeters with n()nmetal sensing eh,-
and de convolution algorithms. The innovation results nmnts ibr temperature measurenmnt and c()ntrol in highly
fi'om a combination of(l)expertise in design of electrical corrosive manuliacturing envir(mments Candidate non-
signal processing fiir colloidal instruments inr(living mi- metal materials tbr tile sensing element include sapphire,
croelectrophoresis and vibration potential to obtain zirconium oxide, graphite, silicon carhide, and halhium
particle zeta potential and (21 experience in deconv(duti(m oxide. The Phase l research concentrates on the design,
of ultrasound and Fourier Translbrm Infrared (FTIR) ('al)rication, and in-h(lus(; fiirnace testing and calibration
spectra to ot)tain particle-size distributions. Phase I of the of ultrasonic st.,.nsors fabricated from these candidate ilia-
project addresses the issues of designing a specialized mi- tc,ri_,ls. Phase II will be devoted to installing, (waluating,
crosensor probe for dielectric spectroscop5 and developing and quali[ying the sensors (selected t'ronl the Phase I
deconvolution of dielectric spectra through inversion Fred- research) in production plants where the process is so eor-
holm integrals in complex number domain. This sensor is res)re that it precludes the successful use of c(mventional
expected lo meet the needs of industry in the field of size instruments. Nonmetal sensors can potentially eliminate
and charge characterization of colhddal systems with low- sensor degradation fr(ml chemical and erosive attack, thus
density contrast, whet( • the ultras(rand-based sensors improving and, in stone situations, making possible tbr
currently available or under development are tbund to I)e the first time the real-time c()ntl'(ll of many industrial i)1'()-
of limited use. c('.ss(;s.

Photonic Sensor Systems, Inc. TPL, Inc.

Atlanta, GA 30318 Albuquerque, NM 87109

217. A Novel Integrated Optic Sensor 219. A Noninvasive Elemental Analysis
for Inline Measurement of Mixing System for Process Control in
Quality in Chlorine Dioxide Pulp Harsh Environments
Bleaching 77e,',m,_.7'.C.

Chiang, H.K. M::lny industrial processes arc not c(mtr(;lled ill real time
'rlii._ p,_tject -'."......... the a..... 1....... , because they !,,,,1<c,mt,.,4 ,_,,r_,,,..<_.and qwt,,m._ _llit:lhlo fnrill-lUltJ_i2h UlCt(_ltitllilt:lit. M'an inline :;,"ni;or ..................... .,.
for measuring mixing quality in chh)rine dioxide pulp use iii extremely harsh el-lviroillnents. Neutron activatiml

Research in Industrial Technologies 53



SMALL BUSINESS INNOVATIVERESEARCH
TPL, Inc.

analysis (NAA) is a noninvasive technique that exposes a bination of high speed, high stopping power, and good
sample to neutrons and examines the gamma rays emit- spectral response required for fast data collection; mini-
ted as a result of scattering and nuclear reactions. The mum pulse pileup and summing effects; and rapid,
gamma ray spectrum provides detailed information on the detailed elemental analysis. A novel scintillating material
identity and quantity of the elements present in the sam- has recently been developed with the combination of high
pie. NAA has the potential to provide rapid, accurate, density and photoelectric cross section, ultrahigh speed,
noninvasive elemental analysis ill a variety of harsh in- and scintillation efficiency required for real-time noninva-
dustrial process control applications. Although NAA is sire process control based on NAA. This new technology is
currently used in areas such as oil well logging and scan- being developed for process control in harsh environ-
ning of airline luggage for explosives, its potential has not ments. In Phase I, scintillator material is being
yet been fully realized, even in those fields, largely be- synthesized, fabricated into detectors, and evaluated.
cause of the pertbrmance limitations of existing radiation
detectors. In particular, available detectors lack the com-
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