(£ Magrox Fuel Fabricatien, (F] AGR Fuel Fabrication, (5} CANDU Fuzl

Fabrication, and {9) Eeprocessing.

Yol lowedke Production

1n 21 cases the slarting peint is uranium ore.  Uranfum is explored for and
produced fwich 1ike base metals - lead, iron, zine, copper - with a fow
interesting varistions, In nature uranium t:mm‘ists- of about 9'5‘.,23‘5 ye3s,
0.71L% 6233, and Lhe balance other isofopes. Mined uranium ore 13 cheri-
cal 1y and physically srosessed Lo produce Uity or yellowcake. FPhysical

ind chemfgal processing of the ore is as follows Tn som2 typical processes.

s Ths ore 4% romoved from the uraniun mings viz a series of conveyor
melte or trucks to ore crushing siations. AL the ore crushing
stations, the gare Undergges reduciion 1n sizs to prepare it for

chemical processing, blending and storage.

e Urarium ors Teaviny Lhe crushing statiom 5 mizad with water and
around to 2 size that fits through a fine mesh screen. This process
produces 4 mud slvrey of approximately 50% solid and 50% water. The

pre 15 now ready for chemical treatment.

e The mud slurry is pumped Lo leaching agifaturi. A% Lhe sTurry en-
Lers the leaching eircuit, sulphuric actd (HesCy) énd sudium
chiorate (NztlO3}) are added. Uranium and any other metals soieble
i1 sulphurie acid are leached or dissolved. The scdium chiorate
anidizes the gra, which tpeeds up the leiching process and fmproves

FECOVETY.

¥-d




T —

L
— ol e —

a Atter approximately eight heurs o 1eaching, Reavier particles | samd}

are separated from Tishter particles (sline] by cenbrifugal fowrce in

class fier separatiuns.

The sand is remcved fram the bottan of the classifiers and the s]iue
from the top.  The sand, still in slurry Tom, 15 fed into a fTive
stace rake classifiar where it °5 thoreughly washed with an acid-
wator solution. As the sand 15 wshad, the wranium, now in solution,
iz eaparated from individual grains of sand, At the end of the rake
claceif!er circuit, the barven sond 19 pusped 1o the tailings dis-

pasal pond.

Twe lighter component of the ora =lurry {511me] 1s pumped to &
thiekenar ¢freuit. The s1ine gaes thraugh a six stage washing cycle
to remove uraniun attached to mioepperticles of slime.  Barren gl ime

fs pumped to the tailings pond.

fs the zcid-water-uraniom solulion leaves the thickener, 1T has
advanced through five steges of slime weshing. The solation now cor-
taine 211 the uraniam thet can be rengved ecyromically from the dre.

This completes the sscord stage of ore processing.

Kext, the uraniun solwbyan enters tHE solvent eatraction (5X) civcuit
to remove wrantun from the acid=vet er solutien which may conbain
traces of vanadium, iror, solybcarun, etc. As the uranimm solution
antora the one end of the SX circuit,. barren solvent, uﬁuﬁ1ly tri-
bityl prasphate (TBF), g introduced al Lhe other snde The twd
salu-fons advance countercurreet 1o sach othar and proceed throvgh

faLr stayes of mixing and settlbing.
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The solyent sxtraction, or len-exchange process, nevforms tup basic

funetions. First. 1t selectively vemoves the yranlun frow the acid-

water solution leaving the unwanted metals 1n solulion. Second, the

aranium is concentrated in the solvent thresfold.

The barren scid=water saluticn, or raffinste, free cf uranim, lagves
the last stege of the solvent sytraetion circeit anc is pumped back
into the thickenar clpcuit as a washing solution or to she tailings

disposal pond.

[rom Lhe 5% eircuif, the concentrated wraniom in the solvent solulion
<5 pumped to the stripping circuit. Here the uranism 15 stripped
from the solvent in a four-stage mixer-settler and agein congen-

trated.

Leawing the stripaing cirguit, the stripping solutign, centaining
concentrated uranium, fldws 16 4 precipitation circuif. Fevs the
uranfum, which has been up te this paint in selution, is caused to
precipitete or “feil out® of snlution. The addition of awmoria, air
and heat in the precipitatien circuit cavses uranivm Lo becare
ingaluahle in the acid steip solution. Ouring precisitation, ihe
wranfJn solution s constartily @gitated 12 keep the solid particies

of wranium in suspension.

Lepying the procipitatien clrcuit, the yranium 15 purped o a
thickensr tark where the solid is allowed Lo settle ta the betton of

Ehe tank.
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e From the tottom of the product thickener tank the precipitated ura-
niun in the form of a slerry is punped Anto 2 three stage drum Filter
cireuit. Moving through Lhe drum Filter circuit, the wranivm Is
thornughly washed to remove any saluble 3alts that mignt be en-

tralned in the predict.

s The weanfum leavas the Tast washing Filter in tho form of a filter
cake. 1L is then dropped ontc a perforated plate wrere a roller
pushes the neterial theowgh apenings Into spaghetti-1ike particles.

The uraniwd in this form is Fed to difyars.

s [n the dryer, the product 15 dried by steam heat &nd readiad for
rackagirg. The Tinal product - Uslg, oF wellowcake - is packaged
in 55 gellom drums for shipeent-

There are a nuiber of uariaﬁiﬂns +o the process for producing Uzdg de-
pending upcn the Aaitial fem af the ore and the location of the mill, Other
processing variztions arel 1) Acid-Leach/Iun Exchange (LX) /Precipitation,
i2} Acid l[en Exchange {1%)/tluex/Frecipitation, i3] heid-Leach/Razip- {n-Tulp
(RIPY Frecipitation, (4] Ht1d-LeaﬁthipIE1uexHFre:ipitatinh, (%) Akaline
Leach/Caustic Precipitation, (6} akalire Loach/Rip/Precipitation, et.

Itnce these procassing variations are similar to the cne &lready cescribed,
ne further infarmation will beprevided gther than to vecognize that they du

piist.

UFg Conversion

Thu next step in the fuel cycle is the chemica]l conversion to U (LuR and
AGRY. The convarsion of uranium concentrates tn Urg eonsunes Lresendous

quantities ef indtustrial chemicals., Every ton of processed uranium requ i res
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meve than & tom and a hal§ of flugrspar, tuo Chirds of & ton of hydroflugric

acid znd alwost twn thirds of a ten of sulphur,

There <fe twe Drocesses usad in the commarcizl producklon of Ubg Trom

Uslla. Thase tWd processes ars (L) tne Dry Fluoride ¥olatility Frocess

and the (23 det Solvent Exlraction ProGess (Fefining Fluorinatian Process).
For the purpose of this section, hoth of these precesses will e wriefiy de-

ccribed.

1 we will see, the processing of uraniuw concentrates (Uzdg) into ura- |
nium hezgfluoride [UFg] has tws ohjectivas - wemoval of imourities, and
the conversien of the concentrates into a chanica’ form required by =n-
richment. The Dry Volatility *rocess, developed by Atlied Chemicatl Core-

poration, procesds as ot ows :

¢ The cuncentrates are raceived at the cormversion plent and shigrds

welghing, sampling, snd nodsture content deterninatian.

s Machamiczlly =izad concentrates are £1aced in 2 chemical reactor ta

react with et “cracked” ammonia Eo form uraniun dioxide.

g The uranium dioxide [J02} 15 placed i ancther reactor to react
with veporized anfhydrous hydrnf]uuric.acid to form wranfum
tetraflupride {UF4], or "graen 5a1L"L fAt this point, the UFgq’
could be drawn off and used to produce Macnox Tel aftar a series of

purificetion skeps.)

s The UFg i3 cerbined with gazecus Flusrine in a fluidized bed at
tuneratures approaching 1000%F.  The aranium is volaftized am Ubg

LT
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s The UFg is cooled and separated From obher gaseous comporenks | khen

revaporized and fractional 1y 21stilled to remove 2Ny pomz 1 ning

mpurities.

s The LF5 is fed as &8 ligquid inta carbon steel containers [cylindars}
which fgld up to L4 toms of product. in eonling, Lhe UFg hecames a
wpite crystalline solide  In This Torm the UFg 1s shipped ta an en-

richmant facility to underge the nest $tnp in the fusl cycino.

! The ¢lzcsic crocess for ore concantrate conversion was developed by the US

i Atomic Energy Commission and s the pefining- Fluorination process. The M-
fining step invalves purtfrcation of & yranium solution by solvent gxtrac-
tfan with tributylphosphate (TEP]. Therz &re two variations to the process
requiring different equipment ard oprrating conditions but overa'l the basic

eperotions are similar.  The refining-Flugrination Process proceeds 85 Tol-

Tams:

¢ “he first step in Lhe process s digestion.  The ore cencenirate
[Ugla] 13 digested with 40% nitric acid (HNDR) im & heated tank

te fort & S1UFFY.

g The aquacus slurry o Ted to a series of pumper decertsr contatbdvs

for extraction of wraniaw intg 2 30% TEFP salution. The solvent and
glurry are contacted 7n the purmper decanter contactors eOuRtaviur-
rently. {The sulvent Flows in one end, the sTurry from the.uther.}
The ratio of the organic TBP to Lhe agquedus spfution s anout 131
laffinate Tzavee the fast decanter wilh & uranium concenbration 1258

than 0.1 g Uf1.
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s After poapval of traces of TEP, Lhe raffinate is neutralized with &

11 slurry which causes the r=sidual irace yraniun to precipitate

and tettla 1o the battom of apen tLorage pondis.

s« The precipitale - urany! nitrate [UDp{HO3l2) = 73 pumiped 1n
soluticn Lhrough an evaporator where Lhe solubion 75 concentrated 10

the approdimacs corpnsition of Jdranyl nmitrate mexzhydrete [UNH).

g The UHH it now fed into heated troughs with rounded bolloms to under-
oo denitratign. In the denitration trough, rotating agitators keep
the bed thoroughly mixed. The end result of denitration is wranium

trinxide (U03).

& The U0y is now transferred inte bwo vertical stainless steel reac- .
Lors. Dissaciated amrenia is f=d into DOLR reacturs. The UDg is
sartially reduced in Che Firct reactor and overflows into the secord
shere reduction is completed and K s formed. The two stages are

controlled at 1100%F.

e Dz from Lhe fluidized bed redycers is screw fed into tha Tirst
stage hydrefluprinalor where 1T 15 gunlonled with IIF cxhavct ges
from the sacond stzge.  The partially reactad solid is sevew fed LG
Fhe second stoge where it reacth with anhydrous HF.  The s017d Formed

te uranium tetrafluoride (UFg], o “green salt”.

¢ The final step of Lha fluorination grocess ic the reaction of UFg
with elenental Tlusrine LD produce UFgs The UFg and pure T1 =

rine are introduced at the top of & vertical tower reactor. The
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anliqd reacts with the gas gimest fenediztely inoa flawe reaction hav-
ing an estimated temperature of FI0°F, Eszantially conplete Cor-

verslon of the WFg to UFg 19 achieved.

s Tho outlet gas stezad, containing O0g, Fluorine, ard dilugnt jases
is opoled to 300°F and passed through gyclang s{]ters and & sintered

Mupel filtar to remove entrained solids. The UFg ig then readied

far packaging.

The purity of the g produced by the vt ining-Flupringtion process ig 2=
ceptional. The chemical purity of the product 1% consistently 99.57%, amd

Lhe everall yield of the process 15 bettar than 39.0%.

UF g Lonyersion
The Mogquoy resctors requirg that wranium concentrates be chemically con-
verted 1o weanio tetrafluoride (UFq), wr “grocn se1t". The conversion

process procoeds 28 follmas:

s Paw material, granium ore cotcentrates, AF€ carpled and sheoked for

purity and moisture contant.

g The are fs then dizenlved 1n nitric acid (N2 to Torm aranyl mit-
rate {UUELHG3JE}‘ the nitric acld serves 1o dissolve soma Of

the impurities but still rhere ave 2 few left 10 sus pars i on.

s The mixture 0OfF uranyl pitrate, mitric arid, and impurities i3 then

Filtered t¢ remove The undissolved fnpurities.

a The Tiltered liquid passes thry & purification efrcuit which
weparates the uranyl nitrate wsing & solvent extraction process
lgimilar to thosa Jascribed eardier].
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» The purd uranyl nitrate 15 then passed thrgugh Evaparators Lo TENoVE

syroos water ard tcongentrate the 1iguid.

s The concentrated Tiquild is sprayed inile 4 charical reactor conteinihg
= pad aof agout 10 tons of urantum grinzade [U0a) powder which 1s
alectrical 1y heated and kapt wfluidized” by a stream of compressed

i~ drawn up into the vessel #rom the bottom.

s Tne sprayed uranyl nitrale deconnnips Lo form more wraniyn Lrivxida
{Udq] powdsr. As the bed builds up, the powder cverflows to 2

seeond Fluidized bed poaclar.

s 1n the secand flwidized bed resctor, the Ulg 15 reduced by a §tredn

of hydrogen Lo uranium dio=ide.

e The uranium diox-de [UDs) passes o A third Fluicized bed reactor
Whare it is converted Lo granium tetrafluaride (UFg) by intro-
duction of hydroflueric acid gas. The UFg or "gresn zalt’ 1s ready

for shiprent to @ Magnow fuel production facility.

ane Erieidiment CHOCCES

For tha LMWE and the AGH, errichment in the yi35 jgobope s reguired.

There are two rajor commercial rethods of earichment being ueed today. These
crocEsses are (L} the Gaseous Diffusion rrocess and (2] the Gas tenbrifuge
proces<. There arg clther advancod tachnigues heind investigated on pilot
and Teboratory 3cale thal show promiss canmercial 1y, but that will rot he
available for years. These adwanced enrichment technologies fnvalve plasma

and liger anplicationss
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() Magrox Fuel Fabricatien, (/] AGR tuel Fabricatlon, (8} CAKDU Fuzl

Fabrication, and (9] Eeprocessing.

Yol lowcake Production

1 "1 cases the slarting peint is uranium ore.  Uranium s explored for and
produced nuch 1ike base metals - laad, fron, zire, copper - with a few
interezting variations,  In natwre urarium l:unsisti. af abaut. 9'3'.-235 ye 8,
0.711% 8235, and the balance other 1secopes. Mined uraniun ure is chet i=
cal 1y and pavsically srocessed fo produce Uglin or yellowcake. Physical

and chemical processing of the ore 43 25 follows tn sone typical procecses:

s The ore is remaved from the uranium minss vin § series of comweyor
relts or trusks io ore crushing stations. At the ore crushing
stations, the gra undergoes reduction in sirz to prepare it for

shemical procassing, blending and storage.

¢ Uranlum ora Teavinyg Lhe crushing statiom {3 mixed with water and
ground to 2 size that fite through a fine mesh screen. THis process
produces a mug slerty of approsinately 60% golid and 50% water. Tha

oree 15 mow ready Tor chemical treatment.

o The mud slurry is pamped o leaching agitators. As lhe sTurry oda-
Lars the lezching ¢ivcuit, sulphuric acid (HpSOg) and sodium
chlorate {Hetlly) are added. Uranium and any oiher metals soluble
in tulphuric acid are Teached or dissolved. The scdtum chlaras2
anidizes the cre, which speeds up the lTeaching process and {mproves

FECovEery.




The gaseous difflsiun Nr0CEsS involves che diffusion of isatopes of UFg
through @ porols rephrane - the barrier-  The diffysion process 15 ba sad on
rhe fachk that when 3 Q3 pakses Lhrough a menbrane or pert of & diameter
smaller than Lhe mean free path of the waletules im the gas then Ehe flog iz
guyerned ¥ Yrdsen's Law. Eaudsen's Law slates that foar 2 givan pressure
differerce, diffusion iz inversely propovtigral to the. sguare reat of tha
molacular wedght of the gas. Im the case of WFg, 11 is 1.00423. {The
point of this chemical and chysical Taw 15 that 1235F; is sligntly lower

in malecular welght then LIE-?'E'FE. fe a rasult, it is Lhe I.JE35F4_=l

rolacele that selectively pass=s chraugh tho barrier 3lightly more Lhan the
IJEEEFE malocule.) This indigates that enrichmant per stage i3 very

qnzl1l and o large number nf stagas in sgries is required to produce pract -
cal enrichment. For exantle, prouction of f.0 weo - U235 fean natural

praniuym {0.711 wfo 1735} reguires about 1500 stages.

The masegus diffusion process proceeds as follows:

e UFg is introduced al high pressure inside 2 Darrier tube. Rbout
half of the oas diffuses Lhrough the harriar and is fed to the next
higher shate. The reject, or unditfused stream, 8 reeycled to the

next lowsr staye. (Figure Y-5).

A twpical arrzhgement of gesecus diffusion equipent in g series of stages
15 shewn in Figure Y-8, The Urg oas is moved DY axial flow comaressars

in the larger SLd0es. fhese CONPTESSLYS are driven by elsgtric wotors, sone
ng 1apge 4s 2000 HP. A cooler j5 provided to TEMOVE the heat of compression

gt sach stoge.
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Gasegus Ditfusiom Slage
Figure V-5
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Figure ¥-b
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The barrier Lubes are conseined in largs cy1indr1na]-uegse1ﬁ called conver-
ters. [0 provide proper OO balance of Lne stream, a ccatrol valve is uged
in Lthe reject SLresn outlet from the comvarter. The enriched strean fron
the bootorn stage eniers the central comprossor and after heing partiatly
covpressed 15 mixed with the deplated stream from the top Shage. AfTer
Furthor compression, the Ges ic then fed to the converter 1n the center.
Groups of such stages are combinod to make up operating units which, in

Lure, make uf the drffusion cascades

To discuss erpichment serviced, i1, 15 mecessarcy to understand the concapt of
separabive work. This concept providfs @ unfyer=al method for defining
quanlitatively in terms nfF a single measurement wnit the enrichment sersices

being periormed.

Separative wavk 1s best understad in tevms of the "separative potensial”
[&] - & yuantiTy asseciated with a unit mass of waterial at a given an-

richieht or concentrztion et

c
b= (26-1) Togg [ T-C 1+ AC + B

(h & B are constants)

Fassaga Lhrough 2 spporation harrier produces two fractions, an enriched
product af copcentration Cp and mass ¥p and o depleted {waste] fraction
characterized oy Cw and Mw. Since the conversion of total mass and yELs

wass T3 reguired, the following equations apply-

Wy + My = M
MpCp + #wlu = MO



The total separaticn wotantial bimes nass, howaver, 5 increased Ly an

amount 5 Wich we term SFFARATIVE WRE-
5 = Moap -+ “Wetw - M

Thus, as evidenced by the above squation, 2 sezific enrichmenl task can bo
deecribed 1n terps of The guantity of naterial fed and the cuantity
withdrawn from the cascade as product amd tails znd the W30 jsotope con-

rent of each of these thres streans.

In esepnin, saparchive wore 15 1he wark or Pnercy Pecuired Lo carry put this
coparation of foed inte product and L2ils. —he units of separariive werk
are Metric Tons Separdtive Work Units (MTSWU). This 1z rat a mass upit but
gimply the units that result from the derivation of the separative wirk

equation.

The deqrze of depletion of U2 ip the tatls stream 13 significant in de-
termning the smount af spparat ive work reguired 1o accomplish the produc-
tian of a stated amcunt of enriched preduct. It alse has an important
hazring an Lhe awount of UFG required [and consequently the Uzlg re-
quiredl.  With @ higher tails assay, lass separative wark is required but
more Teed 15 required 10 orodure specific {enriched] product. Thus, there
15 a trede-off between the uze ot fesd and.the yse of scparative work Tn

produc Tng enriched paterial .

Centrl fuge teehnal ooy hasically involves & cylinder containing the UFg gas
rotating et o high rate of speed. The Ubg Qa8 within the cylinder has the

came rotationa) speed as the cylinder. This vatational speed imposes & cef-

y=20



trifugs] force an the Ukg molecules [U23EF, ang UEIBFg) which mod-
ifigs the d=nsity distributian resulting From randon kinetic motion.  The

rpsulting densily distrisution for 2 gas of malegular weight M 7s:

L —

p{r) = 0(0) exp [Huzrz
)

where ofr} is the density al radius r and w the anguler velocity of robd-
tipn. Tha key fealura of this formula is that the malecular walght M oap-
pears in dt. Thus, if tWd mplecular spaciss ars present in the Fas
(1235 and u23EFg), the conceniratien of one in relation to the

athar is d&ifferent at the centsr fron tha pim of the cylinder.

In the early stages of developrent the simplest techniquas were used to de-
sign a functioniny centrifuge. The result of Lhis early work Was the Con-
cuprent Centrlfuge (Figurs ¥-7]. I ityis zeheme, the gas [UFg) tlows fn
one erd and tokes up Lthe rotational speed by coliisions with the walls of
the centrifuge, By the LIMe the nas reaches the athor end _-:-F the oy inder,
the aquilibriem radial denzity distribution should e st Up making it re-
Tatively simple to draw of f the heavy {12387 and 1ight {LIEIEF.;]}

fractiani.

Fram this early work, countercurrent centrifuges wWers dasigned affering Let-
tar perioraanct. MOsl of todays large scale centrifuge facilities unilize
coyptareurrant nachines [Figure ¥.7). In the countercurrent arrangenent,
the fed UFg is passed through an annular space and emerges fato the center
af the motar. Pitot tu_l:nes, or 'scoops'. ara ysed tooexteact the gas from
the top ahd battem of the rotor which will be depleted and cor iched, re-

spectively, 1n The Tight isotape.
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The ralin of The U3 comcentration batween prodact and wisle is given

C k. y
A, L
Cw q4 BT

where L and d are the rouor langth ond diamalar, ¥ the pericheral yelogity,

thepretically byt

%4 a Tactor depending ue throughput. At maxinum spparative work gubput,

the ratio Cp/fiwr 78 ahout malf its maximum ¢alue.

Tha naw- num separative anrk gutput 15 given by

5 = (“EF'P:".L"E-)EI";
ZRT v

shere [oanc U are the donsity and difEysion enefficiert in the gas, and ka2
12 = design constant. Hote that the Tonger the centrifuds Ehe more GUSPGEL .
Lhat for & given wall spesd, rotor padius is imraterial, and finally and
nesl imgercantly brat on thig simple “heary, separative work gutput depends
on the fourth poeet of well speed,  1n realily, separabive wak pytput de=
yiates significantly from 113 fourth power dependance om ve‘luﬁty but 15

sti1% o very dnporiant factor-

o much For the physics of eentrifuges. For oracticel outputd and enrich-
ments “hey have v be aperated in casradas, Just as do diffusion plant
stages. SCmE simpl1Ficat ter pasults fron the fact Lhat the output of a3 cen-

trifuge is measured N kilograms of separalive work DEr _anmum, rather than

matric tons per_annun fram 2 large diffusion plant stage. Thus, whilst dif-

Fysion plant sLages of soveral different 3izes hayve to be designed ans
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installed, the optinam chaping of = centrifuge czocale can be achigved chea-
ply amd simply by employing ceniri fuges af a single si2e 4and connecting the

in g seriles arrangenent.

Ledp=froguing techmol oy, &8 COMe 1O sdvarced 1s0Topd lgnrichnent ) separ-
atign techmigues. There are three advarced enrichment processes betng
investingeted. These Frocs:ses are the Plasne Separation Procgss [p5P], the
Mot acular Lasar [sotope Separation {M.[5) Frocess, and the Atomic Vapor
lazer lsotope Separation {A¥1.IS) Processs A1l of the procesaes wark on
phys cal peinciples which giva yise to greater (sotopic selestivity than

sither gasoous diffusion or Jasenus centrifuges

To stdrt with, the P3P Lakes sivantage of the o flference in the oyrating
froquency af difFerent mass iens 1n 4 marnetic field. The fact bthat moving
charged particles are deflected by @ magnetic field 13 an old physical fact.
This orocess exploits Chat Fact. By apolying =n alectromagnetic fiald whose
frequency equals the Freguency of the UT42 fan, it 1s possidle to accale-
rata the U232 jon over UZ38 which 15 nol in restnoned with the T eld.

n this manrer, tha resonant Y23 jgn geing enrergy amd increases its crbit
tize. A5 1he U233 jan 13 hested it poves towards @ collector arrdy. Tha
nigner enerdy U23% qpn has 4 1ar§er orobability of being gollected A5 pro-
duct than Lhe Tower gnaroy Y238, At peesent, thers are several areas re-

cufring further resnl ut iE.

The next twe proCesses ave Laser Laotope S:Ep_ara.l;fnn [L15) processes. These
srocasses also take advantaga uf i Fferert resonances in U235 and UZ3E,

but these resoninces are 1xternzl.  Recause theso intgrnal reschances
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fenargy <tates) corrogpond to Jifferent degrses af internal enerdy, the rim
sgnant &l ectrouvagnesic froguencies aro cansiderably higher Lhan that of P5P.
In the case of a molecule, the internal vibraticnal and rotaticnal levels of
the malestde correspond Lo Fadigtion in the infrared portion of the §3ec-
tp-  Far atons, Tha electromic energy slates eorrespnnd to radiation 1N
che ¥isible partior of the gpectrum.  Thus, these processes use lasers as

Epeir radiatier soneae.

Tpa Molecular Laser Lsolupe Separaticn fML1S) Process involves the Follow-
‘ng. UFg 9as ‘s expanded through a nozzle alend with an imert buffer Qas-
The established cupersanic T1oW lowers the internal temporature af the mole-
cule. This dincreases Lhe spectral resolution {clarity) of the wibrat tonal
senils, and separates the UL and u?-“'El resonances Lo the point wero 4
precisely tuned i frared laser can preferentially pugite gr heat the e
Thig increased heating makes it phssibla for a secord lager {high power
pleravislet leser) to preferentisl 1y dissociate the U235, into UF5*F.

he new Tiel goule UFC Nas o TOWEr wagor pressure than Urg and can be

made to condense on an approprinste calTector.

The aparoaches te Atreric Vapor Laser lsotope Separation (AVLIS) urilize the
raasonahly large sepsration hetwean the sbsorption bands of LEID and

y238 . 1sing tunable dye lssers operating on excited Tevals of the atow,
cqtrictent snergy can e imparted o preferentially famize only the 1235
fnee the LE35 45 fomizad (chirged), one can use elegkric andfor magnetic

Figlds to eetract the dons crto 3 collector.

Tz concluda, while conceptually thase advanced jsetops separation procRsses
appest Lo DS relalivaly sinple, the dsvelcpment beyond scientifle feasibil-

ity are for more coripl icated and yedrs andy.
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