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VRANIEM AEXAFLUORIDE PRODUCTION AT ATIORAL LEAD -~ FERNALD

O, L. Boesch, ~. E. ‘mos and the writer visited Nstionsl Lead
at ¥ernald on July 2, 1958 to discuss problems concerned with
he production of wraniom bemafluoride.

g were met in the lobby of the Admimistration bullding by

Mr. . Pepper, wiw iz in chevge of snalytical instrusmentstion.
My, Pepper escorted us to the office of Wr. J. .. Robinson,
head of apalytical chemistry. Here we tad & discussion
expisining our wvisit to Ferneld. Yrom my telephone conversa«
tion with Mr. Pobinson om July 1, 1 lesyned that they preperxed
vraniwm hexafluoride from gream quantities of uvranive sslt. In
aur discuvsslon with Mr. Hobinson and My, Pepper, we learned
that most of their uvraniuwm hexaf{ivoride prepevations were fyom
one-half gram gummtities of U.0gz. Jecasionally they reected
a5 mueh as five (3) grams of ¢ 31y Lo produce ursnium hexa-
{flvoride. They produce this saterial only for masz spectio-
meter isotopic apalysis. Une-hs!! gram of Uiiy is e suffi-~
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cient guantity for the mmelysis.

Production of ursniuwm hexafluvoride is oo 2 bateh scale at
room temperature oy c¢oldey with the aid of a catalyst com~
sosed of 75 per cemt ¥CI emd 25 pex emt ¥i. Unpe-hali gram
Jof Uy23 is loaded in 2 ope~fourth inch 3.1, copper tube
dreactor {(see Tigure 1), the reactoxr is t:nymei 80 88 to spreafd
Jthe sample evenly over the bottom. Catalyst, about the size
Hof the head of a kitchen meteh is dumped on top of the
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sampie. ihe reactor is closed by means of attaching the
Jresctor to 2 Hoke sngle valve ({ 411 &) with » {larve fitting.
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The reactor is comected to 2 vecuun pump and evacuasted whiie
the outside of the reactor iz hmated to just & blue colora~
tion with 2 torch to rewove (races of molsture in the semple.
it i3 puaped for five minmutes snd the valve is closed. The
resctor is transferved t:a the fivorine reaction rack and
attached by weans of a Crewford fictting. The entire system
is evecuated and the valve in the line between the yeserwir
and the reactor is closed. flworine is added to the reser~
voly to & pressure of four pounds. £ thermoesuple is attached
to the bottom of the resctor sud a Dewmy of ligquid aix is
placed aroend the resctor and cooled until frost appears om
the nut of the flave fltting. The velve on the resctor is
closed and the liquid aly Dewar resoved from the resctor.
Filuvorine is sliowed to go into the resctor. The temperature
gauge is cerefully observed for suddem deflection caused by
the reaction of fluorine with the U;03. This reaction occurs
snywhere from -10°C up to room tempevsture. Them a cold trap
of trichloroethylene and dry ice is placed around the reasctor
to solidify the vranive hexafivoride. The vent line to the
reasctor is opened slowly to vead the pressure and the pressure
of emcess f{luoxrine, #F and wmate geses ave miw siwly to
the stwosphere to s pressure of about two pound

dey is pomped off through the trap system of mt«e selt and
Drierite to resove all the wsste producta. The idoke angle
mnmmth&xmmiaeimmmmmmm
warmed woder & hot water tap. Then it is commected to & vacu~
ws rack and coocled in & trichlovoethylene dry ice bath and
mmped sgain to resove Crapped geses. Then the valve on the
reactor iz again closed and the reactor removed for mass
spectromster anslysis. (Mess Spectrometer by lomsolidated
£lectrodvammics Corporation, Model 21-2204)

it was pointed out thet it is very important thet molstuors,
W and organics be lept free from contecting the fluorine
They have had 2 number of violent esplosions with these
W&tm shielding of approximately one-fourth inch steel
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completely enclosed the reactor chamber and Dewar flask dur-
ing the flvorinetion. ’I‘My recommend the vse of Monel valves,
tubing and fittings. iicke diaphwragn valves with Teflom
gasiets ave used., Hoke m&lc wxm {two of them, No. H-341)
are used on the high pressure fluovrine lines fyom the fluoy-
ine cylinder which is stored outside the building in a small
enclogure. The mlm are outside the bullding wich

extonded handles through the bullding wall to the inside.

The needle valves have pipe threads snd the threads are
iubricated with & Teflon thread compoumd (£, Co. ingineering
(omparyy, Hew York 12, New York).

Mx. Robinson thought thet we should be able to get wmorve
information pertinent to our problem from J. ¢. Earton at
=25, dak Ridge, alsc from V-12 veports. He also sald that
Goodyear at -averly might be able to help us.

¥yom what we have learned of the difiimmm Fermald had
in getting their equipment st up for hamdling fluwrine and
mtmg it with one~hslf five (5) W quanitities of
U40g, 1 feel thet it 1s quim essentisl that we make a
thorough investigstion of this problem before attempting

to undertake uranium hezafluvoride processing. Fermald
wmimwmamaabw@mmmml
experience. dmdling flvorine gas is very dsmgercus and
it is absolutely necessery that all lines, valm md equip~
ment be free of moisture, grease and othey organic matter.
I feel that it is practically impossible to set up ouy
eguipment snd test it with depleted ursnium in & couple of
wegks, 1 also feel it is extremely essentisl to test the
equipment carefuvily with depleted uremium, az an explosion
with ureniom=233 could esuse & rether sevious contamination
probles.
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(08t Hidge Natiomsl Lsbovratory)

an July 14, 1958, I visited the Laboratories of the K-25
Wmfmmrlmnmmw,wmmmm
pose of obtaining informstiom on how to preduce uraniues
hesaflvoride on 2 lab scale.

1 was escorted to the office of Dr. Harvey Bernhardt by a
plant gumrd. 1 told Dr. Eermbardt our problem and the pur
pose of my visit to E=~25. iHe fivst stavrted by dyswing a
rough sketch on the blackboard of the 'set-up he felt would
be satisfsctory for our UFg production (see Figure la). le
the use of a piece of Monel pipe with threaded ends
for & reactor sud pipe ceps with tubing for the emds. The
cap could be taken off snd a nickel boat contsining the UF,
put in the Nopel pipe to be rescted with {luworine gas.
Teflon or aluminum gaskets covld be used as seals, depending
upon the amount of heat present. The resctor could be put
in 2 tube furnace and reacted with fluvorine st 2 temperature
of 450 to 500°C. The tube furnace comnected to a cylinder
of fiuvorine gas with a valve and joint (ﬂm ficting) between
the cylinder and reactor. F¥ollowing the resctor with 2 joint
and then a tvep made of Momel to freeze out the UFg., The
UFg &8s solidified by suryowmding the trap with s dry ice tri-
ehlmmkm bath. Following the UFg trsp is a2 chawbey
conteining 21903 or soda lime to neuvtralize the excess fluor-
immhfmmmswm;mmwmm The
chemicel yeaction of fluorine with UF, is as follows:

(450~500°C)

UF, 4 B,

> UFg ¢ £ {excess)

=25 m fluorine i.n ﬁ%mé containers filled on the
titm : thought t;imt we mm pliy be asing




Trip Report - National Lead and ORMNL L. L. Ben
Uraniwm Hexsfluoride Production . e te

pressure. 43 for materisls of construction ie contact with
flvorine or uwranium hemafluoride, Inconel is good, Momel is
better and nickel is best. For gasket materials, Teflon,

23 gnd 35 slumioum sre vexry good. Teflom will stand tem~
peratures wp to 150°C. Fluworoethene is supposed to be all
rimbutﬂli eventuslly burn uwp and carboneup the system.
Honel containers are such move preferred becsvse of its sase
of mechining., Closed contsiners are heliarc welded. Plain
copper is fine, they have some in use for 13 yesrs. Erass
{s O, but not as good as copper. Stainless steel is not
too good. Sylphon was suggested for bellows for tempersture
expansion (Fulton Sylphon, ¥noxville, Tennessee). Copper
bellows would probebly be 0K, Silver solder is used for
joining materials. (No. 1800 Eutectic flux and EZE~FLO
ASTM Grede 6, Butectic welding 2lloy Covporstion, 172nd 3t.
snd Northern Zlwd, Flushing, NHew York.) -

Yalves are clemned after soldering with dilute nitric acid,
Ursniws hexafluoride is moved by B4 pumps opersting at
850 to %00 rpm with s capacity of 40 to 80 liters per minmte.
These pumps can be completely throttled dowm. They are @
bellows (Sylphwa) type paswp. Phosphor bromse, nickel plate,
manufactured by Stewart Metal Fabricators, 710 uest <almut
jtreet, Jolmsen City, Termessee (price $1500). For moving
smell quantities, approximately 1-i/2 liters per minute,
mehw Tor informstion see
K-833, Wﬁ Pamp for Corrosive Goses and Lm&‘
413 dlephragn needle vaim sre uveed and Crane HCP (btum
type, boc ows-phosphor bronsze) valve are used
quite wmﬁy‘ Mn ﬂm wl.w corresponds very closely
with the Hoke bellows type valve we used on the ANP salt
purification work. Revotest valves ave also used. They are
disphrage valves with brass body (515.00 to $16.00). Pres-
mmmﬁbymafw%mﬁmw
EROZeS mz’; be silver soldered and equipped with bronze
gears (Lonerges » Philadelphis, Penmsylvemia; 3¢ 1b
to W m, $16.30). Vacowm pumps that might be

- b -
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contaminated with fluorine uvse MFL oll, a flworinsated hydro-
carbon, this oil will not bamrn wp. Puamps using ML oil must
either be kept operating or the pump hested before startiug.
Veeco valves may be used in tesperstures up to 1609C (Vecuoum
Electronic Corporstion; one~half inch -~ 313.00). DNeedle
valves are used for throttling purposes.

in preparing to stert up the equipment for the production

of UFg the pleces should be cavefully degreased. The system
can be degressed with Freon 113 or trichlorcetiyiepe. The
systam can be lsak tested with helium end 2 lesak detector.
it is imperative that all grease or oxidizeble materiais be
removed, as flvorine in comtact with grease oy omidizeble
material will explode. Finger prints on s Teflon gasket in
a2 bellows valve s sufficient to cause am explosion when
contacted with fluorine, After having degressed the equip-
ment, it should be pumped dowm and flamed with s torch to
help drive off the moisture. The squipment should be con~
ditioned or pretreated with fluvorine (five~inch vactam to
allow for ewpsnsion) snd heating at 150%C overnight. Fluerine
and T, vesct with water as follows:

5Fg 48 Hgd eeds Oy # OF, ¢ 3 WF
Ukg # 2 Hp0 3 Ulglp # &4 HE

U0gF9 i3 a solid and can be removed by passing chlorine tri~
fluoride (Clrj3) over it, however, it is my iqm:m: to
keep the system dyxy amd thus avold its formation. Pretreat-
ment of the metal system with fluorine fm the fluoxide of
the metal.

Bl ¢ Fg ——d NiFg
Co # ¥y ey Culy

Failure to pretreat the system with fluvorine will ceuse the
formation of UFg, & solid residue that is insoluble.

‘?ﬁ
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HL # 2 UFg > NiFp § 2 Ukg
Cu # 2 UFg ~-> Cufg ¢ 2 UFy

NiFo omce formed on the surface of & nickel vessel will protect
it indofwuly as it bhas a similay coeificlent of expamsion as
nickel. Bernharde will be glving a paper at the Yall AC3
m:mmmwmmﬂmm For chesical proper-
ties of UFg, he suggested the Journal of Chemicsl Soclety (Len-
don); Some Physical Properties of UFg', Jenuery 1953, D. R.
Liswellyn. Dy. Bemhsrdt alsc gave some formulas for caleula~
ting vapor pressures of liquid UFg at various temperstures.

Between 547C and 92%C

10g Py = 6.99464 = T30S 221.963

Between UC and 230°C
g 49

Log (pu1) = 377865 = o7 %&.1@5
Dissocistion temperature (UFg) -~ over 1200°C
Critical temperasture - 230.2 Efu
Criticsl pressuve - 45.5 5 atm.
Vapor pressure UFg (259C) - 120 wm

following are the solid fluoride compoumds of uraniuve; UF;,
UF,,Ukg, UaFg, UsFys, UF (gms). UF; has the lowest melting
point, 3530C. It 1is necessary to heep UFg below 120 mm to
keap it as 8 gas. At 54.059C, 1113 mm of UFg 15 a solid,
liquid 55? vapor in amlimazmﬂ The spparent boiling point
is 56,.5°9C.
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To prepare uranium hexafluoride at atmospheric 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 ohm/ft) insulated
by placing in glass tape (Raybestos, Manhattan Inc.)

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

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

1. Absolute pressure (PBM-Pressure Blind Multiplier).
2. Differential pressure (DBEM-Differential Blind
Multiplier - $250 each).

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

A FBVPE AP
F Flow
A Constant

F(cc/min) =
e
-
B = Constant
-4
=

Pf Fore Pressure

AP

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

F=A# (BP2O% 4 CVF AP #D -%-fl VPE AP

Pressure drop across plate

%* Correction term added.

~9-
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Yena amtmﬁa Pressure taps, upstresm tap #t least two (2)
pipe dismeters sway from the orifice, dowmstresm tap one (1)
yimﬁm&&fmt&ewiﬁum A G.1 hole is equal to B
to 20 ilters per winute.

Isozopic musiyeis is performed by 6 radius Kier type mess
spectrometers built by Gensral Electric. They heve just
received two 5 vadiua, 140° Hodel 21-»22%3 Hase Spectrometers
($56,000). They ave having 2 speclal instrument built by
Buclide Anslysis Associates, State %XW, Fm‘imﬁ.a;
Le ¥. Heraog, President. This instrument will handle solids
sod it 19 2 large surfece ilonization spectyometer. It wili
handie smel]l sampies st most milligras or ﬁ.ewgtm quanti-
ties. Uranivw234 i3 detormined by alphs cowmting
Uranium-235 can be determined by fiseion mtiﬁg m
with less precision. ¥Ness ratic of alphs energy is listed
mmwmmﬁwmmwm pticail wm-
my i.s w usad at K-23 for "Gumk’ sointions of 5 to 10
owevey this wetind is & lw way off., They can
rmiw Mm—ﬁi% from vrewiwm-235, but wmim—m& ey
give them s little tyouble, For a separetion facior of
L.0U5, the Limit of exryoxr for a 55 m mt confidence foy
2 single messurement is plus or wious U.0003 to 0.0068, It
Mﬁ%m&fﬁwitm@tﬁaﬁwwﬁmmwm
Twenty to mm minutes ave requirved for one readin

i = Sepavation factoy

For 2 = 1.05, 9 measurements = ¢ 4,00017 or U.3 pexr cent.
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A cwo-gram ssmple container is equal to iU determinations.
As moch as 100 ppm of ursniume-235 would heave no effect on &
uraniwvm~23] determination. #n analyeis pexformed on a
somple with & sepavation factor of 1.0U5 is mot difficult but
for an smelysis on a saple with a separstion factoy of
1.605 it is quite dlfficuit.

¥~25 will be glad to run our preliminsry sesples. Mowmd
should check Opk Ridge Operatioms Oifice requesting sample
containers snd sualysis. Prints of thely semple containers
can be furmisbed. They were wondering if our urantum-213
contained any fission products, also the question of alphe
activity was raised. Hoke 411 velves with Hoke 1/8" cone

The 3/8" bulb will acc
liquid UF,.

2 approzimetely 20 grams of

" 4ir tolerance on uranium bearing meterials they normally work

with is 3.2 disintegrations per minute per cubic foot.
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