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x

DUCTE R,
VRAKTING AE¥AFLUOMINE PRIDUCTIM AT wATIIRAL LEAD - FEZHALD

D. L. foesch, -, f. fmos sod the writex visited Netional Lead
at Yernald on July 2, 1938 to discuss problems cawerned with
the production of vraniom bexefluoride,

<@ were et in Lhe lubby of the Adsianlstystion bullding by
Wy, {. Pepper, who 1is in charge of emalyticsl ilnstrusentstion,
Hr., Pepyer eacorted va to the oifice of Wr, J. . Roblngon
heed of soslyvtical chewistry. dere we had & dlscussion
explaining our visig to Femmald., Tyow oy felephofe covverss«
tion with Mr. Eobipmon on July 1, 1 lesrsed that they prepered
vranium hexaflivoride from gram guantities of ersnive salit. in
awr discussion with Mr. hobinasn end My, Pepper, we leavoed
that wmost of thely vveniuvem hexallvoride ymfmmﬁima ware fyom
sne-half greas gquantities of "*@5. Jerasionally they reacied
as mach as five (4} greme of {435 to produce ursaium bexrs-
floaride, They produce this materisl only for wmasz gpectro-
meter izotopic avalysis. Jne-hs!!d gram of Uil is e sufil~
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cient quentity for the analysis.

PFroduction of uranium hexafluvoride is op 2 beteh scale et
yoom tewpevature oy colder with the ald of & catalyst oo
soged of 73 per cemt BUL smd 2% per cent ¥i. me~isll grasm
Joi U3z iz lomded in 2 one-fourth inch 0.0 copper tube
dreactor {see ITigure 1;, tbe vesctuy is tapped 80 88 Lo spresd
Ythe somplie eveniy over the bottom. <fatalyst, abowt the size
doi the bead of a kitchen mateh iz duped on top of the
fsampie. The reacter is closed by means of attaching the
Jresctor to # loke sugle valve {({ 411 2) with a {lave fitiing.
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Trip Report - bational Lead snd GRAL Lo
Yraniue Senafliveride Produwtion vo tes DODEE

The reactor iz compected $o 2 vecvem puvep end ¢ atesd whije
tiw outside »f the resctor is hweted to just & hlm ealore~
tiom with 2 tereh fn vewvve Lraces of molatvre in the sempile.
it is pumped for five winutes end the velvwe ia ciosed, The
vosctor is tromsferred to the fiuvorine reaction rack and
atmm by weans of a Ovgwiord fitting. ’!‘Zm mﬁm w&m
is evecumted and the valwa (n the line betweer eaervoiy
ad the mmx is closed. ﬁmr&m é,s aﬁm =¥ t%aa veser>
wiy to & pressure of foul pounds. A Uwrmoesuple i ;
to the bottom of thus rmmrméaﬁmmaf 1&@1&&&:‘ i,s
placed syovsd the vesetor and cooled uatil Irost appesrs
the tme of the flave floting., Te velve oo toe wmtm is
closed snd the liguid sly fwuay remowed from the resctor.
Fivarine is allowed Lo go into the resctor. The tempgeralure
gaege 13 cavefully ocbserved for sodder deflection t‘zm& by
the meaction of ﬂmim with the U303, This resction cccurs
mewwﬁww:‘mmam. Thes & cold trap
- grishloroethyisne ond dvy ice iz placed arowmd the resctoy
te m&iﬂify tzm txmaim mxafloaride. The vent line to the
roactor is opened slowly to resd the pressure snd the preseure
of mm ﬂmm. #F snd wnste geses aze released slowly to
ecephere to a presgsure of abost v poumds.  The rensdn-

wamped off through the trap system of rock aalt and
amrzw to resove all the weste prodects. The doke sngle
valw o the resctor ia closed and the resctor removed asd
warmed wnder 8 hot weter tap. Then 1L ig comwcted to 8 vaous
e mk and cosled {n & trichlovosthylene dry ice bath and
pamred apain o respve Urépped gases. Thes the valwe on the
mmnwglwmmmmmfmm

R LY mlyﬁa {Mass Spectromster by Consolidatod

meice Corporation, Model 21-230A)

painted out that it iz very imgovisst iyt monlgtore,
Frease m& wwim be ?@t free fyom contecting the ﬂwm
heve had 2 sumber of vicolent ewplosions with these
t:mz. ﬁmmmg of approximetaly one-fourth inch stesl




comgpletely enclosed the rsactor chambey snd Dewer flask dur-
ing the flworisetion. They mm the vse of Mooel valves,
tubing and fittings., ioke diaphraps valwves with Teflon
gaskats ave uvsed, ol Ma valves (two of them, Ho. He341)
are ueed on the high pressure flvovioe lines from the floore
ine oylinder which {5 stoved outside the bulldisg in 2 smell
mlm The wives are outside the bullding with

extonded handles through the building wall to the ingide.
'ftmmdiemlmmﬁwemmmm&m
mmm with & Telflon thresd compownd (&, Co. Enginee
omparty, New York 12, Rew York).

¥r. Sobinson thought thet we zhvuld be sble to get move

information partinest to our problem from J. ¢. Barton ag

5-23, ek tidge, also from Y~12 reports. He also saeld that
Iverr at ceverly might be sble to help us.

Fyom what we have learmed of tiw difficuitles Femald had
in getting thely squipsent set up for handling fivorine and
rescting it vith ove-half to five (5} grem guentities of
3;;33@3, I feel that it is quite essentis] that wveo moie a
tharough lavestigatrion of this problem before attempting
m mdartake vranive hexaflusride processing. Ferneld
wrmi mwmhtmgtw@uxmm.gmfm
sxperience. ilamdling flmorive gas is very dangerous smd
it is absolutely vecessary that ail lines, m\ms md sguip-
st be free of molisture, grasse and othwr organic matter.
x Mi thet it iz Wtimlly ispogsible to set up ouy
gquipment md test it with depleted urentum in 2 couple of
m&m. I alse feel it i3 enxtremely eagsentisl to test the
ipment carsfvily with depletad vreniuve, es an explosion
with mﬁw??ﬁ covld cause & rather serious contaminetion
prablaem.
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Trip RBeport - Hatdomsl Lead and RN pL |
Drenium Hexafluoride Production «» L. fPents

{2k Xidge Natiownsl Labovatory)

Sm July 14, 1938, I visited the lLaborstories of the ¥-23
mmm&mmymum Ridge, Tanmsssoe for the pur-
pose of obtaining informstion on how to produce uranitm
hesafluoride on 2 1ab ascele.

1 was escorted to the asﬁm af by, Harvey Eewnbardt by o
plant guard., 1 told Dr. Lermherdt oer gm&m m& zm puy-
pose of my visit to xszﬁ. Ba fimt started by dypwing &
yough shetch on the blackbouwrd of the 'set-up’ e felt would
be sstiafactory for sur V¥ production (see Figuve la). He
WmmmﬁfspimaiSMI pipe with thresdad ends
for a resctoyr and pipe caps with tublog for the enda. The
cap could be teken off snd & nickel boat comtsimdng the UFy
put in the Nomel pipe to be rescted with fluvorine gas.
Teflon or sluminuos gaskets could be used as seals, depending
upon the amount of hest present. ‘rtumemmi&b&m
in 2 tube furnace and veasted with {lwwine #t 2 temperatwne
of 450 to 506%C. The tube furnace comnected to & gyum
af flvorine gas wicth 2 wive and joint (ﬂm flrting) between
the cylinder and resetor. VYollowing the vesctox with » jai.m
and thes & trap mede of Monel to freese out Lhe Ukg. The
UFg fs solidified by mm&ng thm tysp with a dry ice tri-
mmm bath, Yollowing the UFg trap is 2 chasbey
ntaining Mz% ox sods iim to sentralize the excess fluox~
Mml reaction of £lmworine with ¥y 15 as follows:

{A50~500°C)

UF, £ ¥y

r=2% obtaing fluorine in 1%~pound conteiners fllled on the
site. Or. Bernbardt thought that we would probably be using
Ceneral Chemical fluorine in cylindevs of 768 to 750 pounds
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Trip FKaport -~ Hetiomal Leasd sod OREL
Urasnive Hewafleoride Praduction L. L, Bemtwm

contapinsted witis fleorvine vee WL oil, a flwrinaced hydeow
cexrbon, this 2il will not bwre wp., Pegps using MFL oll most
ammmwaswmwmuwm starting
Yesvo valves may be uvsed in temporatures up to 1609 {?m
flactroniec Corporstiom; omevhalf inch -~ 518.060). Nesdle
valves axe wsed for thyottliiog purpsass.

In preparing to staxt wp the equipment fm‘ t:he production

of 23?5 m s:im shanld be c:amfu‘ily mgreased. The system
can be degreesed with Treom 113 oy cmmumt!ylm. The
mmh lesk tosted with helium snd a lesk detector.
It is leperative that all gresse ov oxldizable materiais be
Temoved, as fluorine in comtact with gresss or oxidizable
material wiil emplode. Finger prints on & Teflmm gaskat iz

& bellows valve {z sufficisnt to cause i mmm when
contacted with fluorine., After degreased the agquip~
ot itMéﬁawwmamﬁw&&:mm
twlp drive off the moisture. The squipsent should be cou~
deioned or pretrested with {loorine (five~inch vacwum to
sllow for expsnslon) and hesting at 130 overnight. Fiverins
and 7, resct with weter ss follows:

5%5 # 8 g e Oy F Oy f B W
UFg # 2 g0 2 UOgly # 4 B

DOgFe 1s & s0lid and can be remdved by passing chiorine tri~
fluoyide (Ciry) overx it, m, it i» vexry lsportant to

koep the system dyvy ond thus avold its forestion. Pretreat-
ment of the oetal system with fluorine foxes the flupxide of

HL # Fp b HFs
Ctt f ¥y oty Culy

Falluwre to pratrest the system with flusrioe will ceuse the
formetion of U, a 821id venidue thet is insoluble,



Trip Repert ~ Hational Lesd end JRNL o
Uraniue Hexafluoride Froduection L. L. Beota

%L 2 Ubg —> RBi¥s ¥ 2 Ui
Cu ¢ 2 W ~> Cufg ¢ 2 UFy

once formed on the surfsce of @ nickal vessel will protect

%nwinzmiy as it bes a almilay coelificient of era as
n:&tkei. Dr. Bexnhsrdt will be giving & paper at the Fall ACS
memmﬁmfm FWMW
ties af Wﬁ, suggssted tha Journal of Chemical Soctety (Lot~
don) ; Some Fhysical Propmyiies of Ukg' ’ Jmm 1953, b, B.
Lissrellyn. fernharde sisc gave fm e:a}.mln-
ting vepox gmmw af iquid UFg st m&m tensparet

on 5470 sad ¥7°¢C

Log By, w 6.994864 «

Betweer YO0 amd 23°C

08 (pa1) = 377883 - T TAE

over 1200°C
230.2 4 2.2%

é&'n5 " G.ﬁ &2&.
126 wm

Pissociation tempersture (U7Fg)
mtml SRS T AT
?W mm Wa £259¢)

' 2 I

Following sre the solid fluoride cowpmmds of uranim; UF;,
UF,,UFg, UgFg, UsFyo, OF (gas). UF; hes the lowest melting
point, 3530C. It is oecesssmry Lo heep UFg below 130 mm to
keep it as 8 gas. At $6,059%C, 1113 owm af UFg i3 a salid,
ligquid Séme! vapoy in milihﬂm* The spparent boiling wm
is 56,59,

sty



Trip Report - National Lesd and ORNL L B
Uranium Hexafluoride Production « L. Bentz

To prepare uranium hexafluoride at atmospherlc pressure it is
necessary to keep the lines carrying the gas around 70°C, This
can be done by means of Nichrome tape (0.9 ohlm/ft) insulated
by placing in glasg tape (Raybeatos, Manhattan Inc.)

Compression fittings are used with brass ferrules or Teflon
ferrules. With Teflon ferrules a new ferrule mist be used
each time a comection is broken.

The UFg flow can be measured by means of a pressure transmitterx
made by Taylor Instrument Company (see Figure 2). Two pieces
of equipment are used:

1. Absolute pressure (PBEM~Pressure Blind Multiplier).
2. Differential pressure (DBM-Differential Blind
Multiplier - $250 each).

An orifice made of Monel is used with such an instriument.
Formulas for calculating size of orifices:

Flec/min) = 2 f B Vif AT
F = Flow
A o= Constant
B = Constant
Py = Fore Pressure
AP = Pressure drop across plate

Formula from Perry - Chemical Engineering Handbook, section
on orifice starting (page 403).

F=Af (BPPp¥% £ CVPL AF 4D -%;_:?- VPE AP

* Correction term added.
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Irip Report - Hetiomsl lead and DR ko &, Bemte

& Fresgove sps, upstreem tap 4¢ least two (2
m - mmy i’m tiw ovifice, dowstreoes tap one (1)
pim éimm from the orifien. 4 0.1° nole is esousl te 8
et 20 iitere per winute,

isotople amalysis is perfovced by 6 radius dier type musse
mzmm it by GCewwwvsl Llsctyic. They heve jwt
received two 5 radiuns, 160° Madel 21+220, Hase Spectzometers
(550,000, They are having a special Lnatrvment Mﬂt by
&&1&,& myxia &mﬁ&m, Htate College, ?mimia;
o :it s.a & mw mfm fonization specteo

handle ml! &wiw ar m& n&li&m - ﬁmgm ot~
MW:BS wan M -";:‘3-53.- 1 Jie: h? fimm Eas A 50 PV BT
with less precision. Hess ratio 2f aiphs e =
in the budget veport for work te be done. W»lmz th—
wmekry is being veed ot K-23 for "Gumk’ soiutions of S to 10
per cent, however this wethod is a2 lomg way off. They cen
maolve vraniue-27) from vranium-235%, ima: wrEnioe-2 34 way
glvwe them & 1itkie trouble, Yor a peperetion foctor of
Lok, z;:%w liasit of exyor for & 55 pex mt confidence foy

a2 single mepsorenmnt {s ploe or wious L.0003 o G.O0068, It
wonld be m*g @iiﬁm&t to abisin plus oy minueg one w sent.
Tesenty o thirty minetes ave reguived for one readin

w2

k-4 i -wﬁ

B ow Sesevsation factor




Trip Report - Sstismal Lead snd OREL G, L. Bentz
Uranioe Hesaflooride Prodaxction ¢

£ EWo-gram ssmple cout i
As moch ag 100 ppm of wmim-ﬁaﬁ would hnw o aifm:z: on &
vranive233 determnduation. An anslysis periormed on o
somple with & seperation fasctor of 1.45 i not difficult but
for an smelysis on a sseple with o aseperation factoy of
1.085 4t fs ouite difficult.

K=25 will be glad o rup cur preliminery semples. Yound
shw.m check Opk Ridge Operxrstions Oifice regquesting ml&
containars smd analyszis. PFPrints of thelr sssple conteinerxs
con be fornished. They were womdering if ser mﬁm—?ﬁ’*
contained smy fisalon produets, also the guestion of alphe

. activity was raiged., ldoke 411 welves with Hoke 1/8" cone
Troamectors sre uvsed on the 1/4 emd 1/ Wowmel szoople buibs,
The 3/8° bulb will sccosmodate approzimately 20 grams of

- Ay tolerapce on uranium besring matevisls they nommally work
with is 3.2 disintegyations per wimats per cubic foot.

\ /\\7‘ ; ,/3L - y"’-g?{, mé? -
.. L. Bentz
hpsesyen Myistion
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