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LASER ISO?’OPF. sEPAR4TIoK TECMW3LOGY

by

R. J. Jensen and L. S. Blajr
Un]v*rnity of Callforola

LOF lIJKIOS NJtIoaJl Laboratory
P, O. BOX 1663

Los AlmcIs, MI 8156S

ABsTMCT.— —

The !fol~rul~r Lasrr IsotopsM SrpdrJt~on (!’fLIS) proir~k currrlltly undrr devi-lqlmc,nt at 1111’
Lob Alamos k~tional Labroatory ik disrussrd ●s ●n op@rJllvr exdmplr 01 thr use r,f l~sers
for mdlrrlal prorezslnR. Thr HLIS prote!is, whlrh usrh lnfrarrd JllIf ullrJvIo]vl ]d$rr$ t:I
pror~ss uranium h~~afiuorldr (bTd) rrsu]ting In enr!chrd urJrllum furl 1(I Iv, usrd IfI
clectrlral-pou~r-produl lnR nuclear reactor, It rrvirwd.

Thr ●connmlrs of thr tfLIS rnrlrhmrnt ptncrss is cc.rnpdrrtl blth ~OIIVII III 1~111,11 wnrl~ hmr I: I
trthltlqurh, ●rrd tIIr proJrr!.’d av~ilal)llity of HLIS rnrl(hmrn: CdlQt,l]l!~ I% rrl.ltr,l III
rsl IrhJIFd drmandk for 1’. S. rIIr I~hmrnt srrvlrr. TtIr ]ascr:. rrqul red III thf” h,% ~lJn, >

?1115 pro~ram arr cfisiussrd III tfrldll, •n~ Lhc-lr prrlorm~n[r and oprratlnllwl tl!Jr.t~ttl-

I



. .

Th~ bssls of the ~]j process 16 ● ●electlve threr-cclor dlssoclatlm ci L!Ft. The f.rst
~nfrtrea frequency 1- Lrrned LO opLimize Isotopic selectlvlLy. Tne S~CGfifl infrared fre-
quenry 1s chGsen LO ●ddre~s only LhGse ●c]ec,iles stroriglv ●xcited b}- t~e flriL laser. ●r,:
the riltrav]oleL freq.lenry of 306 rumphotGdlssoclates the vlBratlGna]]y ●xcltrd mti]~.~les
Th@ u]travlo]et freq.ency 1s chosen ●s ●n ●cenomlc tradeGff of ●wera~e cross Srctlcri fG.
Lhe WhGIP gas ● lx versks Se]ectlvlty of photo]ysls fGr LrrGse ●OleCu.eS ●xcited E>- tl,:
Infrared.

Becauce ?ILr vlbraLlonal levels of UFc ●re hlgh]y degenerate ●nd ●le 10b lylng. ttie} ●r+
heawlly pcpulatrd st room temperature ●nd give rise to m Isrge rnrm!er of hoi-band s~cr-
Lra] features In ●d.llilc.r. to th~ fundament~l barid. but ●ach partlclpatlng ●G]ecult has

lt- V3 q.,afitu~ nm.t rr JhF+fi@ by Gr,c lnle~rr Triesc hrn hznds recti]l in ● :! Lra]

~ldenlnt that ●xce?ds Int magnitude cf tr,c spectral lsotopr sn]ft bt-rrfi Lnt ●fi.1
‘Sau malecules The GfWIGKS remedy for the rGom-tem~erat.re sprctra] owrla~ IS LG CG.1
the #a6 Lo ● ]o~ Lcmp@raLure Cas-dy~amlc coclln~ IS used to •cfi~~~-e sp-ctral xlm.l ifi-
callwn !!Aftrr Lhe pnGLodl$SOClaLIOfI by LILe Ut laSer. thr ISGtGplCally se]erL~d 2 CL 1$
in Lne UT* mcir.ule. wrilct, grchs to purLlC]e6 trial are readily re.n:.wd frGm, tl.tLFt g-=
flo. by sLafidard Lechrilquea The result IS ● phynlca] separaLIGri Gf the :J; frfin. th~ -W
~rafiifi A LaDu]ar com~arlscn of ~msrcus dlffuslori ●n~ IIL15 lS glv~r. lr. Tal.IF ] TI.,

hL15 process s based on LnC samr process #as. (.Tc. as gaseGUs d~ff”$lGfi. LIIUS L~F ●r.rii-
nrrr~fi~ drs-rlcpmcht of HL15 Cafi Lake full ●dvanLagr Gf L5r man> }rari Gf @d5Fcu= dJl-

f“sic.li cprratll.~ rxperlerict uslrig LfFr

r~). .- .f n
.IL,,=C,. 1:11.I!



A typical uv laser systrm cons]st6 cf ● rare-gas-halide m~ster osrlllator and a s]ngle
powr ●mplifier. io achieve the correct rrwrgy in the uv beam, the OUIIIUtS from indl-
vldua] amp]ifyillg unit~ ●r? tipatla]]y mu]tiplexrd togrlhrr using a d~hedral beam com-
biner.

A conceptual design of ●n ir lasrr ampllfaer unit is shoun An FIRS. ~(a) ●nd (b). A*
shown, the C02 pump Iasrr consists rf two dischargr heads rmlwdder.f in t comon recircu-
lating flow myslem, The conr~ptual drs~an of the uv lasel IS very similar to thr ir in
●ppearance.

A. ?rmporal !lultlyirx]n}

As noted Jhnvr, Ihr indu~.;rl~llzatloll Of ttw YLIS uranium pror~ss rrqulrrs both Jr and uv
lasers thal oprrate at kilohertz pulb+ repetition rates, TrI ohlalll thr proces~ rrpcti-
tion rate ncrded to irradlatr al] of Cht gas passlrlg Lhrough thr ph~,to]ys]s ZOIIP, Lhr
ind~vldtial lastr beams must br temporally comhlncd to form t rnultlplexed slnRlr beam. A
pr?llmlnary d~tlgn of a temporal multlp!rxrr, wt)lch b’il] also scrw JS d MdstFr tlmrr fur
]aser LrlR~rrln~, has hren accoml,]ishrd. This d~vlc~ consists of ● fa(rtrd WIIFF1 with
ea~h mlrr~,r facrt-s]zrd LO ir(twrsnndJtc thr cross-sectional ● rrJ of I’IF!I( l~srr hrJm+
klthout civrrlap, The whrrl IS water-coo]rd ●nd ●ttarhvd to a splndlr thal IS drlvrn WIIII
* constarrt-sprrd ●lrc~rlr mt,tor through a tlmln; belt drive. TIIr m)rror fa(~ts drr

mJ:tlln?rf h)’ dlam)nd lurhlng and thrn Codtrd for opllmurn rrfirrllon of thr Jr hram$ WI 0111
slrfr anrr fot ll,e uv br~ms 011 thr OppOSItF sidr, Ttllb drvlre, hunt from COIIVIIrrCld]l~

a\’dlldt,lC roml,t,nrllts ●xcept tor thr ktlrt,], Oprrdtrs al ● ]nh’ rotatlolld] speed, Ih (oml,dll

dlld ClmplF In drsign, and is drslgned 10 mdlnLalll Iasrr beam qua]lty by ]Iml’.lllg (hrrm~]
dislorllon 01 lhr rrilrrllvr riur!arrh,

i, Illd,fl,l{l,”l l’h.ld’rr Collnldrrdtl(,llh... ----- —-. -—,. . .



Figtire 6 snaws the propagatlcri criaracterlstlcs Gf cilpped Causs~an beams A Sid~-t,>-SlilF
]risertlon scheme prcildes mere Luilfem, beam d,scrlE.LIGns over large areas

Figure 7 srto~s typlcai lnterrsltles across a center llne of thr react]cn criafnher f=r
T~e 1 ln~tit, where thr aide-by-side heam,s fsapperi to llne ..p ~rs ~hase. and Type 11 jfi~ut.

where the side-by-side beams are Gut of phase Flnal]y improved perfcrm~nce 1S G&taiG-
●l!le ultfr the use of super-12a.,sslari beams cf Lfie form f s f •xp[-~(x>w) ]. Tn~ super-

Causslan beams fiave z better fzlllng jacter Lhan normal Ga.gslan beams fcr N ag sm.-ii as
5. but they Introduce trte problem rif rap~d aegradatlori of the beam ● s At propajraLes

For Lhe several meters of patfilengLfr required for ●ach pfiOLC]ySiS chamber. theoretical
ca]cU]aLlcris uElng a deLa;]eti muitlleue) rode] predict LnaL self-fc.cuslrig in trie ~rccess
gas of Lhe resonant Irl fseam tiIli net be ● p:ot!]ern

slrIrplE. straigrtti~rbard rsas-pfiase lasers are used lri the tfLiS prccess ~,peratl~riaj

requ]rehrr~s f9r these Ia.=er, . s“rh as fr+uency sLaklilty. phase frofit diStCrLlar.. ar..2

cpt~ral C.2MpU1#eLiL requiremerits ire mJnlrHi l.lkek~se. mirilrnai require.meriLs are jm~tised

Gn the plan[ ● nv.r~rtnrenl by the FfiIS lasers, temperature SKaEiiity. nM.iiljL~. aria cLhcr

Pfi\irariier,Lal factcrs ● rc ●asily chLainat.le fcr LGe ~Ll:- lrifrare.d an.ci uitraij61eL iasers



In summary, the basic physical principle of the tlLIS process has been adequately demon-
strated in integral ●nrichment experiments at Los Alamos. The technology requ]ted to
extend the tfLIS process to production plant scales exists today. The project(.d economics
of an tfLIS production plant compare very favorably with those of gaseous dlffuslon and
gas centr~fuge plants, and substantial electrical ●nergy cc,nservation may be real ~zed by
timely integration of the tfLIS process Into the ●xisting uranium enrichment capacity III
the United States.

The key to the ultimate success of tlLIS uranium ●nr)cbncnt is the development of lok
cost, highly efficient ultravloJet and infrared lasers. Tbe industrial laser comrnun]ty

1s challenged to become involved in an aflgressive development program directed toward thr
production of the requiied laser systems.

TABL] ]

COMPARISONOF MOLECULAR LASER ISOTO*E SEPARATION
W!TH GASEOUS DIFFuSION

GASIOUS MGLECULAR

DIFFuSION MLIS

FfEDM4TERlAL LM6 LN6

SELCCTIVllf 1011 2s 10’ 115

tNEnGY IkWhIIWU’ 2600 60120

NET btPAq ATIOhJ COST ISI*UI 60140 1530

POWER COSTS IS OWUI m -2

STATUS PRODUCTION RbO

TABLr 11
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TABLE V]

SUMMARY OF ANNUAL MLIS COSTS

● ANNUAL COSTS

CAPITAL AT 0,t)O17fYR $1S1.S4 M
PO\’,ER 300 mdlIhW14 1056
OTHER OPEnATING COST 71,46

TOTAL ANNUAL COSTS G

● UNIT COS7 OF SCPARATIVC WORK 2B,06/lwu

● UNIT CO$TOF PROOUCT 7oo.wL#u

TABLE v

MLIS PRODUCTION PLANT COST ESTIMATE

TOTAL PROCESS WILOiNC AND AUK.

TOTAL SUPPORT FACILITIES
SITE PREPARATIoN
PLAW STAnlUP CXPENSS

SPECIAL EOUIPMENT
lNFnAnt O LASERS

ULTRAVIDLST LASfnS

NOZZLES

cOMPRESSORS, DRWCRS, COOLERS
PROOUCT COLLECTORS

H~A7 txCtAANGtns

WTICAL BEAM CONTROL SVSTEM
BUDTOTAL

s!88.3 M

045

20s
11.Q

$1761 M
74 .s

9.$
46.s
10.4

2.4

TOTAL DIRCCT CAPITAL COST1 U1.4

S!: GINISRINO US%) W0,3

CONTINGtNCV (4S%1 440,0

lNTt RCSTOURING CONS7RUCT10N 11S%) 2237

TOTAL PLANT CAPITAL COSTS G

T4JLE

DIRICTCA~lTA: COST
ULTRAVIQLIT AND

QiSI R SUBSYST,M

POWIR SUPPLV

MOOULATOR

PUL4S PonMING LIWS

lLtC7mCAL swim

OAI CLSANL?

PLOW SUBSVSTQM

PRS10tu121R

OPTICS

lNSlflUMt NTA710tI S CONTROLS

$vS?KM ASSIMBLv

WALIPICATION TISTINO

DATA A DWLAMIN?A710N

PKKINO h SMIWINO

INSTALLATION t ACCS?TANCS TCSTINO

10TAL

lM J
200 140

AASA ) 17,42
1119

13J2 3.33
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Figure 1 Pro.lrcts’d demand for enriched

uranium ttlrough the year 2WCJ The

United States production capability for
Gaseous D]ffusion (GDP) and Gas Centrl-
fugr En. lchment (CCEF’) IS also sho~n

[Ipure 2. Cost i,rojections for ga~rolJs

~JftI)SJ(III, Ras c~ntrlfu~r and ad$’arl~~~
]soln~, v ari,iiratlon uran]um ●nrjthm~nt

~------ -. - - - - -. - --- - .--- ,

-4!”1
H--lBEl-.’.. ●..1

F]gure 3. Schematic layou, of the ]ntra-

red laser system for an IILIS plant.

.
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RAMAN CONVERSION W** ANOo~~~
DCAM PROflLCS

Figure 5. Oscilloscope traces depleting
Raman conversion. (a) Input COZ pump
pulse (upper) and depleted C02 pulse Figure 7. Typical lntensit:: profiles

after Raman conversloo (Iok’er). (b) Out- across the photolysls chamber cenLer]lne.

lay of ten 16-pm OULpUt pulses. Note:

Temporal pulsew]dth limited by the opti-

cal detector used.
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IRBLAM PROFILES l!{ PH3TOLYSIS CHAUBCR

Id
I ,, I
I ,, I

CAPITAL COST [S/WATTl

Fi~crt’ t) Infturrd beam clipplng, (a)
Performallrr as a furlcLlou of c]lpplrlg FIgurr 8, Etlrict,mrnt COS1 sensitivity to

10ss?s Approxim~tely 25% clippln~ is lasrr capItisl costs,

opt lm(Jm (h) lrrftarrd beam profll~s at
Jnsrrtlut) arid aftrr 2 m of propagation,


