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A B S T R A C T  

P i l o t  plant  experiments a r e  described. i n  which t r ichloroethylene was 
used f o r  the reduction of uranium hexafluoride t o  uranium t e t r a f luo r ide .  
After the  preliminary r e s u l t s  w i t h  l i qu id  phase reduction had proven t o  
be unsat isfactory,  sa t i s fac tory  r e s u l t s  were obtained w i t h  a vapor phase 
reduction system, 

It w a s  found t h a t  vapor ‘phase reduction a t  approximately 450°F,, pro- 
duced a low densi ty  product which contained only small quan t i t i e s  of 
uranium(V1) ; s in t e r ing  the uranium t e t r a f luo r ide  i n  a hydrogen f luor ide  
atmosphere increased t h e  product densi ty  t o  approximately 3 g./cc The 
reduct ion was e s sen t i a l ly  complete, and the  e f f luent  gas contained l e s s  
than 1 ppm. of uranium hexafluoride. The pu r i ty  of the  uranium t e t r a -  
f l uo r ide  produced w a s  equivalent t o  t h a t  of t he  uranium hexafluoride 
used as feed. 

d 

A complete discussion i s  given of the operation of t h e  various p a r t s  
of the system. 

*------I__ --- 
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A PILOT PLANT FOR FEDUCTION OF URANIUM BEXAFL'LTORIDE 
TO URANI-JM TETRAFi'UORIIIE W I T 7 7  TRICHLOROETHYLENE 

Early i n  1947 t he  K-25 Laboratory Division showed t h a t  t r ichloroethylene 
was a promising reducing agent fo r  the  conversion of uranium hexafluoride 
t o  uranium t e t r a f luo r ide .  Based on the  Laboratory r e s u l t s  the  Design and 
Development Department s t a r t e d  p i l o t  plant  work i n  October of 1947. 
f i r s t  experiments were performed with t r ichloroethylene i n  the  l i q u i d  
phase, 
t h a t  a sa t i s f ac to ry  uranium t e t r a f l u o r i d e  product could be obtained, but 
t h a t  t h e  separat ion of so l id  uranium-tetraf luoride from l i q u i d  t r i c h l o r o -  
ethylene w a s  not prac t icable ,  HoweTJer, it w a s  judged t h a t  t he  major 
operating d i f f i c u l t i e s  encountered i n  spray tower operation would be 
eliminated if the reac t ion  Were car r ied  out i o  t h e  vapor phase, 

The 

The operation of a 16-foot t r ichloroethylene spray tower ind ica ted  

Since t h e  Laboratory Di-vision had, independently, begun work on a small 
sca le  vapor phase reactor ,  f u r t h e r  inves t iga t ions  by t h i s  Department were 
temporarily suspended. A f t e r  subsequent laboratory experiments showed 
that uranium hexafluoride could be s a t i s f a c t o r i l y  reduced t o  uranium 
t e t r a f luo r ide ,  and t h a t  t h e  product could be pu r i f i ed  and dens i f ied  by 
s i n t e r i n g  i n  an atmosphere sf hyhogen f l u o r i d e ( l ) ( 2 ) ,  a p i l o t  plant  u n i t  
w a s  b u i l t  t o  obtain engineerfng da ta  f o r  t he  design of a system capable 
of operating under plant  condfticns, A process has been worked out f o r  
t h e  continuous production of uranium t e t r a f luo r ide , .  

The reduction of uranium hexafluoride t o  uranium t e t r a f l u o r i d e  employing 
t r ichloroethylene as the  red-ucis;g agent xas studied a t  th ree  d i f f e r e n t  
temperatures and corresponding phase condi t ions,  

1, Liquid t r ichloroethylene at approximately 70°F., where the  
vapor pressure of t r lch lorae thylene  is r e l a t i v e l y  low ( the  
"cold" l i qu id  sys-tem) a 

'"Allen, A.  L , ,  Bernhardt, E ,  A p p  Mahuney, W. L., Massey, € 3 ,  J., 
Schaffner, J.. G., Wig 

Oak R i  
t o  UFI+ 

y 17, 1948 (K-215). 
- .  

(*)Bernhardt, H. A.,' Gustison, Rb A,,  Kirslis, S. S., Posey, J. C . ,  
The Batch'Reduction of UF6 t o  UF!&TrLchloroethylene, Union Carbide 
Nuclear Company; O a k  Ri-dge Ga.seok D i  sfon Plant ,  February 9, 1949 
(K-348) e 
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2. Trichloroethylene a t  180°F., where the- vapor pressure of t r i ch lo ro -  
ethylene is  almost one atmosphere ( the  "hot" l i qu id  system). 

3. Reaction at  450'F. , where the  reac t ton  is  completely i n  t h e  vapor 
phase. 

Liquid Trichloroethylene Systex 

Cold Trichloroethylene.System. 
the  cold l i qu id  t r ichloroethylene systex,  

Figme h is a schematic flow sheet of 

A mixture of uranium hexafluoride i n  nitrogen (0.6 t o  2.5% uranium 
hexafluoride by volume) was fed t o  a 16-foot spray c o l m  i n  which 
l i qu id  t r ichloroethylene was circulated a t  ~ o o m  temperature. 
uranium hexafluoride gas flows of '750 and l 5 O O  scfd? were employed. 
Under these conditions, t h e  concentration of uranium hexafluoride i n  
e f f luent  gas was reduced t o  0.001 t o  0.1 mol $ (PO t o  100 ppm.). No 
s ign i f i can t  difference f n  e f f luent  gas composltion w a s  observed when 
the  e f f ec t ive  height of the  column was reduced t o  8 f e e t ,  ind ica t ing  
t h a t  the  i n i t i a l  r a t e  of react ion Bs probably very rap id .  

Nitrogen- 

After one t o  two hours of continuous operation, plugs developed i n  the  
uranium hexafluorPde feed nozzles even though protect ing umbrellas above 
t h e  nozzles tended t o  prevent. d i r e c t  contact of t he  process gas with the  
l i qu id  spray. 

Hot Trichloroethylene System. Figure 2 is a schematic flow sheet of 
t he  hot l i q u i d  t r ichloroethylene system. 

Heating the  t r ichloroethylene t o  180'~. improved t h e  e f f ic iency  of t he  
react ions occurring i n  the  16-foot spray 'cower. A t  a flow of 1500 scfd.  
with a feed gas containing 1,6 mol $ uranium hexafluoride, t he  e f f luen t  
gas contained only 1 ppm. of uranfwn hexafluoride.  

The solid uranium t e t r a f l u o r t d e  from the  hot l fqu id  system contained 
54$ uranium(V1) i n  the  e a r l i e s t  runs. This la rge  amount of hexavalent 
uranium-in the  form'of uranyl f luor ide  resu l ted  from the  hydrolysis of 
upanim hexafluoride 
the  reac tor .  It w a s  
with t r ich loroe thyle  
t r ichloroethylepe before use 
removed from the  system was 

Some improvement i n  -gas f 
nozzle was heated e l e  
exit veloci ty  of 30 f 
t i o n  severa l  hours w i  
completely separate t h e  so l id  product from t h e  Iliquid,'but the  removal 
of so l id s  f r o m t h e  centr i fuge bowl introduced a ser ious handling 
pro blem . 
*standard cubic f e e t  per day. 

of the  product 

ening r e s t r i c t e d  t o  produce an 
With t h i s  arrangement, t h e  nozzle could func- 

r p l e s  -Super Centrifuge would 
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Vapor Trichloroethylene System 

Figure 3 presents a flow sheet of the vapor phase reactor pilot plant 
which was used in most of the runs, !Chis arrangement allowed better 
study of each of the connponents than was possible with the vertical, 
tandem arrangement of the apparatus used in the final runs (Figure 18) 
where safety, ease of handling, and general practicability were govern- 
ing f a c t o r s ,  

The f i r s t  r m s  were made at atmospheric pressure in a 4-foot Monel 
reactor, 5 inchzs inside diameter, Performance at sub-atmospheric 
pressures was studied in a 7-foot reactor, which was equipped with a 
funnel to irrcrease t h e  gas path to 11 feet, The preheated uranium 
hexafluoride-nitrogen and trichloroethylene gas streams were intro- 
duced separately to the reactor through. two nozzles, No difficulty 
was encomtered with nozzles plugging during operation in the vapor 
phase, 
nozzle in these rms was approximately 200 fps, at operating temper- 
atures and pressures, Employing feed gas flows of 3200 scfd, with a 
ura.nim hexsfluoride concentration of 2,O mol '$ and a pressure of 3 
psia,, t h e  ef"f"1uen-t gas contaiced less than 1 ppm, uranium hexafluoride, 
Other ruiis w i t h  flows from 750 to 2100 scfd, and concentrations in 
excess of 3 mol 8 resulted in less than 1 ppm, of uranium hexafluoride 
in the exit gas at yressures from 2 to 4 psia, 

The minimum gas velocity from the uranium hexafluoride-nitrogen 

Operating the reactor a h  450"F, yielded a low density product with only 
small quantities of lara.nium(V1) Sintering the uranium tetrafluoride 
in a hydrogen flL1Qride atmosphere increased the product density to an 
acceptable value (approxhately 3 g,/cc,) 

The ultimate particle size of the uranium tetrafluoride product was 
determined to be 50 to 90% less than 1 micron and 95 to 99% less than 
5 microns; km7ever, much of the product agglomerated to form larger 
aggrega.tes 

It waa observed that 50 to 75% of the solid product settled. out in the 
reactor, Cycl.one separators placed in series with the reactor reduced 
the solids content of the gas to 5 to 10% of its original value. 
sintered metal filter placed directly after the reactor removed all of 
the solids but plugged rapidly because of the large solid load to which 
it was subjected, Tibe combination of an electrostatic precipitator and 
a sintered metal filter r--a however, was 

A 
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efficiency, and produced a uranium tetrafluoride product which was 
of the same purity as the uranium hexafluoride feed to the system, 

LIQUID TRICHLOROET5YIEHE REDUCTION 

Cold Liquid System - Equipment 
The original pflot plant (Figure 1) was designed to recirculate 
trichloroethylene through the system at room temperature, The liquid 
was introduced throu& a spray nozzle at the top of the column where 
it fell countercurrent to the rising gas stream containing uranium 
hexafluoride. m e  suspension of uranium tetrafluoride in trichloro- 
ethylene drained into a settling tank 5 feet in diameter and 4 feet 
high, and a pump recirculated the liquid from the tank, through a 
filter and a metering orifice, to the spray nozzle. 

The column was built of 4-inch Monel pipe with the liquid spray nozzle 
at the top and a liquid outlet at the bottom, Flanges were provided 
at four positions to install gas feed nozzles, 4, 8, 12, and 16 feet 
from the top of the column, 
dows placed slightly below the uranium hexafluoride feed nozzles. 
Overflow valves placed at four levels in the liquid outlet line con- 
trolled the effective column height, 

Tine liquid level was observed through win- 

Trichloroethylene lines were made of iron pipe and copper tubing, and 
the settling tank and liquid valves were made of steel. All gas stream 
lines and cold traps were copper with brass Kerotest valves. 

Uranium hexafluoride, vaporized from a cylinder which was heated in a 
water bath, was introduced into a metered nitrogen stream through a 
needle valve. 
a mixing orifice chamber to insure homogeneity. Analytical samples were 
withdrawn from a sample t a p  near the gas feed nozzles, The nozzles were 
made of copper tubing bent downward with a bell shaped umbrellas surround- 
ing the discharge ends. ’ 

The uranium hexafluoride-nitrogen stream passed through 

Leaving the top of the colm, the exit gas flowed through a Westinghouse 
mist filter which removed considerable entrahed trichloroethylene and 
to a cold trap and carbon trap to remove traces of uranium hexafluoride. 

A recording ionization chapiber was installed to provide continuous analytical 
data on the uranium hexafluoride concentrations in the feed and e&aust 
streams but was found unsatisfactory due to relatively large amounts of 
trichloroethylene in the system. 

Cold Liquid System - Results 
In all runs, the maximum trichloroethylene flow of 85 pounds per minute 
was maintained, 
at 750 to 1500 scfd, 

Uranium hexafl-uoride-nitrogen gas flows were adQusted 
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Uranium hexafluoride concentrations i n  nitrogen were var ied from 0-6  t o  
2.5 mol $ e  Column heights of 8 and 16 feet were employed. 

Analysis of t h e  e f f luent  gas indicated t h a t  it contained from several  
t o  approximately 100 ppm. of unreacted uranium hexafluoride. Since no 
s ign i f i can t  difference i n  the  uranium hexafluoride concentration of t he  
e f f luen t  gas was observed when e i t h e r  t h e  8 or 16 feet of column were 
employed, it was judged t h a t  a t  t he  lower temperature of operation, t h e  
reac t ion  had a t t a ined  equilibrium f o r  a l l  p r a c t i c a l  purposes, 

Plugging of the gas feed nozzles occurred a f t e r  one t o  two hours of 
operation. Apparently, a f i n e  spray produced by t r ichloroethylene 
drople t s  s t r i k i n g  the  nozzle umbrellas was ch ie f ly  responsible  f o r  t he  
plugging, s ince uranium t e t r a f l u o r i d e  w a s  produced in s ide  the  gas nozzle 
opening. 

Appreciable quan t i t i e s  of uranium t e t r a f l u o r i d e  s o l i d  w e r e  detected i n  
t h e  f i l ter  placed i n  the  t r ichloroethylene feed line, ind ica t ing  that 
the  s e t t l i n g  tank w a s  only p a r t l y  e f fec t fve .  

Hot Liquid System - Equipment 

The use of hot t r ichloroethylene necessi ta ted some changes i n  design t o  
condense the  vapors and t o  separate  any l i q u i d  entrainment which might 
r e s u l t  

A Sharples Super Centrifuge w a s  employed t o  determine whether complete 
separat ion of uranium t e t r a f luo r ide  product from the  t r ichloroethylene 
l i q u i d  was prac t icable .  

The t r ichloroethylene spray nozzle i n  the  r eac t ion  tower w a s  mounted i n  
the  f lange located fou r  f e e t  from the  top  t o  provide free space f o r  some 
of t h e  t r ichloroethylene m i s t  t o  sett le, ,  

The s l u r r y  leaving t h e  tower drained t o  a pump which discharged i n t o  a 
s i z e  16 Sharples Super Centrifuge. The suPernatant-.was.stored i n  a 30- 
gal lon  s ta inless  s t e e l  drum from which it w a s  pumped through the  metering 
o r i f i c e  and a copper tube heat exchanger where it w a s  heated t o  180°F, 
Since the  hot l i q u i d  was t h e  only source of heat f o r  t h e  reac t ion ,  t he  
column w a s  w e l l  insulated.  

The gas feed system was modified by adding a surge tank t o  reduce pressure 
f luc tua t ions  while gas samples were withdrawn, 

A t r a c e  ind ica tor  sampler w a s  used t o  de tec t  s m a l l  quan t i t i e s  of 
uranium(V1) i n  t h e  e f f luen t  gas. 
denser t o  remove t r ichloroethylene vapor and then through a cyclone t o  
reduce m i s t  entrainment. 
system were used t o  pick up the  las t  t r aces  of uranium hexafluoride i n  
e x i t  gas. 

,. The exhaust gas passed through a con- 

Traps similar t o  those i n  the  cold l i q u i d  

' \  
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d A new nozzle design w a s  employed which incorporated e l e c t r i c a l  heating 
and used a higher ve loc i ty  Je t  (30 Tp,.) tcgether  w i t h  a spray s h i e l d ,  

Hot Liquid System - Results 

. 

The r e s u l t s  of t he  experlments w i t h  t he  hot t r ichloroethylene system 
are shown i n  Table 1. An invest igat ion t o  determine the  cause of the 
high uranium(V1) concentrations i n  the  so l id  prod-uct from Runs L-1, L-2, 
L-3 showed that  the t r ichloroethylene r ec i r cu la t ing  system contained 
r e l a t i v e l y  la rge  amounts of water. Although the  t r ichloroethylene w a s  
not analyzed, it probably contained some dissolved hexavalent uranium. 
It i s  suggested tha t  t he  high uranim(V1) concentrations i n  the  e f f luent  
gas of these ear ly  runs was partly caused by entrainment due t o  f o r -  
mation of t r ichloroethylene mist .  
system w a s  carefu l ly  flushed with commercial t r ichloroethylene.  Runs 
L-6, L-7, and L-8 were performed with trichloroethylerEwhich had been 
p a r t i a l l y  purified* by d i s t i l l a t i o n ,  

It w i l l  be noted that  reasonably low uranium(V1) concentrations i n  the  
s o l i d  product were obtained i n  Runs L-6, L-7, and L-€3- 
i n  t h e  e f f luent  gas w a s  also low even a t  re la t iv .e ly  high gas flows, 
Reducing the  t r ichloroethylene flow from 55 pourrds per minute t o  18 
pounds per minute had no s igni f icant  e f f e c t  on the  column s t r ipp ing  
eff ic iency.  

Runs L-4 and L-5 were made a f t e r  the 

The uranium(Vi) 

The gas feed nozzle, although an improvement over the  one used f o r  t he  
cold t r ichloroethylene experiments, plugged a f t e r  severa l  hours of 
operat  ion.  

The l i q u i d  leaving the  Super Centrifuge contained less than 0,1 ppm. 
of uranium. 

Upon completion of these t e s t s ,  work on the  hot l i q u i d  spray system 
w a s  suspended i n  favor of a p i l o t  plane inves t iga t ion  of a vapor 
phase reactor ,  since Iaboratory s tudies  indicated greater  f e a s i b i l i t y  
f o r  such a system, 

*The d i s t i l l e d  t r ichloroethylene contained s m a l l  concentrations O f  
pyridine, a corrpsion inh ib i to r  

P 
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TABLE T 

TRICHLOROETHYLEME AT 180 OF L) 

Effect ive Trichloro- Effluent UFh Product 
Gas Feed Gas Feed Collmn ethylene Gas Analysis 

Run Rate, Composition, Lengtho Flow Rate, Analysisg $ Uranium(V1) 
f t ,  l b s  /mine ppm UF6- not r e  dtlc ed . - No. <scfd .  'Mol '$ UF6 - 

* ~ - i  800 
*L-2 750 
*L-3 750 
L-4 750 
L-5 750 
~ - 6  1400 
L-7 1800 
L-8 1500 

12 
16 
8 
8 
8 
8 

1.2 
16 

53 
53 
53 
55 
18 
55 
55 
55 

30 
5 

2 1  
7 
10 
6 
2 
1 

*In Runs L-1, L-2, L-3, r e l a t i v e l y  large amounts of water were present i n  
the  system. 

VAPOR TRICHLOROEWmm REDUCTION 

Figure 4 i s  a schematic representat ion of changes mad.e i n  the  p i l o t  plant  
set -up as d ic ta ted  by operating experience, 

Equipment 

Uranium Hexafluoride Feed System, The o r ig ina l  uranium hexafluoride feed 
system involved the  use of a gas sa tura tor  t o  introduce uranium hexafluoride 
i n  t h e  nitrogen stream. A small metered flow of nitrogen was passed through 
a heated horizontal  tube 3 inches by 3 f e e t  long, containing s o l i d  uranium 
hexafluoride; the uranium hexafluoride sublimed and w a s  carr ied out by the 
gas stream, -4 second metered nitrogen stream di lu ted  the  e f f luen t  from the  
uranium hexafluoride saturator t o  the desired feed concentration, 

The sa tura tor  method proved aarasatisfactory when the reac tor  w a s  operated 

hexafluoride shipping cylinder (50 lbs .  capaci ty) ,  which vas heated i n  a 
temperature controlled water bath,  
f luor ide  w a s  indicated by a pressure gauge. 
nitrogen flows were control led by means of Hoke needle valves, and the  gas 
streams were mixed i n  a chamber t o  insure homogeneous feed. The uranium 
hexafluoride concentration w a s  determined by laboratory analysis,  and the  
i n e r t  gas flow was measured by a rotameter on t h e  vacuum pump discharge. 
A surge drum was ins t a l l ed  t o  provide capacity so t h a t  feed samples could 
be withdrawn without a f fec t ing  the  system. Before enter ing the reactor ,  
the  gas mixture passed through a preheater (a Monel c o i l  i n  an oven main- 
ta ined  a t  450 OF. ) 

spheric pressure,  The saturator tube w a s  replaced by a uranium 

The vapor pressure of t h e  u ran im hexa- 
The uranium hexafluoride and 
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d Trichloroethylene Feed System. The trichloroethylene system consisted 
of a boi le r ,  a f l Q w  control  valve, an o r i f i c e  type flow meter, and a 
pressure control  valve located downstream from the  o r i f i c e .  A l l  of these 
u n i t s  were manually operated. 

The bo i l e r  was a s t a i n l e s s  steel  container having a Calrod heater  with 
a Variac t o  control  t he  temperature. A thermo-well with a thermometer 
and a pressure gauge indicated the  temperature and pressure, while a 
Hoke needle valve controlled the  flow, The AP across the  0.0135-inch 
o r i f i c e  was measured and recorded by a DBM and a pressure recorder.  
convenience, the downstream pressure a t  t h e  o r i f i c e  w a s  maintained a t  
atmospheric pressure f o r  a l l  runs.  

For 

The t r ichloroethylene vapor passed through the  preheater where the  temper- 
ature w a s  r a i sed  t o  450°F. before enter ing the  reac tor .  The t r i ch lo ro -  
ethylene used w a s  t reatedwith su l fu r i c  acid t o  p rec ip i t a t e  t he  pyridine 
inh ib i to r  and w a s  then doubly d i s t i l l e d ,  Results of a spectrographic 
analysis  on a sample of tr ichloroethylene,  as used i n  the  system, a r e  
presented i n  Table 2 ,  

RFSULTS OF SPECTROGRAPHIC ANALYSIS FOR METAL IMPITRITIES 
I N  DOUBLEl - D I S T I U D  TRICHLOROETHYLENE 

cu  
Fe 
M g  
Mn 
M i  
s i  

0.1 ppm. 
0.5 PPm, 
1.0 ppm, 
0 , 1  ppm, 
1,O ppm. 
1.0 ppm. 

Elements not found : 

Ai3 
A1 
A s  
Be 
B i  
Ca 
Co 
C r  
G a  
Hg 

I n  
L i  
Mo 
N a  
P 
Sb 
T i  
T 1  
v 
W 
Zn 

Fluorine Feed System. 
header. 

Fluorine was supplied t o  the un i t  from a bui lding 
Flow w a s  control led t o  the  system by a Hoke needle valve, w a s  
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measured by an or i f ice ,  and transmitted through a D 3 M  t o  a pen pressure 
recorder.  The f luor ine  w a s  fed in to  the nitrogen-uranium hexafluoride 
gas stream a t  a point. before the gas preheat oven and reached the 
reac tor  through t h e  nitrogen-uranium bexafluoride nozzle, 

Coolant Feed System. 
i n t o  t h e  nitrogen-uranium hexafluoride gas stream from a burette a t  a 
paint  before t h e  gas preheat oven, 
by a Hoke needle valve. The coolant vapor was introduced i n t o  the  
r eac to r  through t h e  nitrogen-uranium hexafluoride nozzle 

The coolant (perfluorodimethylcyclohemne) was fed  

Flow from t h e  bu re t t e  w a s  control led 

Sample Taps, Figure 2 and Pigilre 18 show the locat ion of sample 
taps  i n  the  u n i t ,  The concentration of uranium hexafluoride i n  the  gas 
stream was measured before enter ing the reactor ,  after leaving the 
reactor ,  and af ter  leaving t h e  f i l t e r .  

Reactor, The reac tor  consisted of a 5-inch inside diameter reac t ion  
chamber, a s e t  of feed nozzles, a sett ler,  and a gas o u t l e t .  The e n t i r e  
reac tor  was heated e l e c t r i c a l l y ,  
entered the  top  of t he  reac tor  and were directed toward each other  so 
the gas streams met several  Inches below the nozzles, The reac tan ts  
passed i n t o  t h e  reac t ion  chamber where the  uranium t e t r a f luo r ide  powder 
w a s  produced, The dxst-laden gas continued down through t h e  f u n e l  
(except R u n s  following R u n  17 - P i p e  4 
abrupt change i n  d i rec t ion  of flow occurred as the  stream turned up 
around the funnel spout toward t h e  o u t l e t .  The powder f e l l  through a 
s t e e l  gate valve and was removed i n  a nickel  receiver  which w a s  bol ted 
t o  the bottom of t h e  r eac to r ,  

I n  R u n s  1 through 20, the nozzles 

- Arrangement 10) and an 

The f i rs t  reactor  w a s  a 4-foot Monel tu'be w i t h  a funnel sxspended ha l f -  
way down. 
a flow of 1500 scfd,  the  gas passed through *he reac tor  i n  about 15 
seconds. Two 1,000-watt heatfng c o i l s  maintained the reac tor  a t  oper- 
a t i n g  temperatures and w e r e  control led mnual ly  by Vaziacs, 

The ou t l e t  was located d i r e c t l y  below the f u n e l  cone. A t  

The reac tor  height w a s  later increased by adding a 3 
The funnel and take-off points  were r a i sed  and i n s t a l l e d  at t h e  point 
where the two s e c t i o m  joined (Pigme 5 ) .  The new sec t ion  w a s  heated 
by a 1000-watt heating c o i l ,  
r e t en t ion  t i m e  of t h e  reac t ing  gases w a s  near ly  30 seconds at atmospheric 
pressure w i t h  a flow of 1500 sefd,  When the  system operated a t  2 psia. ,  
t h e  contact time was reduced t o  4 t o  5 second, For Runs 18, 19, and 20, 
the funnel i n  the reac tor  w a s  rephced.  by a '  3/4-inch .pipe which. extended 
t o  the bottom of the  reactor* t o  prevent short  c i r cu i t i ng  and t o  car ry  the  
e f f luent  gases out of t he  system, 

*Solid uranium t e t r a f h o r i d e ,  formed i n  the reactor ,  bridged the funnel 
opening and created a prohibi t ive pressure drop across  t h e  r eac to r ,  

Usin$ t h e  l a rge r  reactor,  t h e  average 

8 
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d The t r ichloroethylene and uranJ: m hexafluoride -nitrogen nozzles iere 
made of brass  and s ized  t o  provide a minimum veloci-ty of 200 f p s .  a t  
450"F., 750 scfd.  and 2 ps i a .  

Upon completion of the f i rs t  20 runsg enough data  Wf?re_COlleCted t o  
ind ica te  that  a v e r t i c a l ,  tandem arrangement of components w a s  des i rab le  
and f eas ib l e .  For Runs A - 1  through A-5 t he  equipment w a s  rearranged as 
shown i n  Figure 18, - and Figure 9. The 7-foot reac tor  employed f o r  
the  preceeding runs was a l s o  used i n  t h i s  s e r i e s  of runs.  However, the  
3/4-inch pipe was removed and no other funnel or  b a f f l e  was 
The gas feed l i n e s  were introduced i n t o  the reac tor  a t  a point about 
3 feet from t h e  bottom of the chamber and continued down t he  ins ide  
w a l l  of t he  reac tor  t o  a point about 1-1/2 feet from the  bottom where 
they terminated i n  the  gas feed nozzles,  

subs t i tu ted .  

The t r ichloroethylene and uranium hexafluoride-nitrogen nozzles were 
made of n icke l  and s ized t o  provide a minimum ve loc i ty  of 100 f p s ,  at  
450°F., 750 scfd.  and 2 ps ia .  

Cyclone Separators.  Since the uranium t e t r a f l u o r i d e  produced wag  a 
l i g h t  powder of small p a r t i c l e  s i z e ,  a la rge  percentage of it w a s  
ca r r i ed  out of the r eac to r  w i t h  t h e  e x i t  gas. 

The f irst  device employed t o  c o l l e c t  t h i s  dust w a s  a- cyclone separator 
followed by a Ful-Flo cot ton f i l t e r .  
very l i t t l e  w a s  known about the  s i z e  or other  c h a r a c t e r i s t i c s  of the 
uranium t e t r a f luo r ide  powder. The cyclone, however, w a s  designed t o  
handle a gas flow of 1500 scfd,  and t o  remove p a r t i c l e s  a s  s m a l l  as 10 
microns i n  diameter. 
a Ful-Flo cotton f i l t e r  arranged i n  se r i e s ,  and th ree  experiments were 
conducted w i t h  two cyclones i n  s e r i e s  before the  cot ton f i l t e r .  Monel 
rece ivers  were bol ted t o  f langes on the  bottom of the  cyclones f o r  removal 
of t he  product, 

A t  the time the cyclone was designed, 

Four runs were made using t h e  reac tor ,  cyclone and 

S e t t l i n g  Drums, To study the  s e t t l i n g ,  rates of the  uranium t e t r a f l u o r i d e  
product, t he  cyc-lones were removed and two s e t t l i n g  chambers i n  series 
were used d i r e c t l y  a f t e r  the r eac to r .  The s e t t l e r s  'were cyl inders ,  each 
with a cross  sec t iona l  a rea  of about one square foo t  and about four  f e e t  
i n  length ,  Two runs were made using $his arrangement. 

Sintered Metal F i l t e r s .  The performance of a s in te red  metal f i l t e r  w a s  
next determined, The first f i l t e r  u n i t  consisted of a bundle containing 
f o u r w t u b e s  of s in t e red  metal. 
sealed with a n icke l  plug welded i n  place, and the top  ends were r o l l e d  
i n t o  a n icke l  sheet, 
en ter ing  the f i l t e r  flowed from the  outs ide of t he  tilbes t o  the ins ide  
through the  tube walls. 

The bottom end of each tube w a s  

The tube bundle w a B  mounted i n  a s h e l l  so that gas 

bundle twice i n  subsequent runs t o  obtain f i l t e r s  w i t h  g rea t e r  
It w a s  necessary t o  change the s i z e  of the 

expectancies; Thus, the  second f i l t e r  w a s  a bundle of four d t u b e g ,  
and f i n a l l y  t h e  f i l t e r  contained a bundle of four F L F i g u P e  6 
presents  t he  s t r u c t u r a l  d e t a i l s  of 
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Prec ip i t ron ,  After t e s t i n g  the  cyclone as a possible  so l id s  remover, 
a Precipi t ron w a s  i n s t a l l e d  i n  i t s  p lace ,  
designed and b u i l t  by the  Instrument Department, i s  shown i n  Figure 7 "  

The Precipi t ron,  which w a s  

The Preciprtron, constructed of nickel,  consisted of a 4 -foot v e r t i c a l  
sect ion of 4-inch pipe with a 1,5-fnch diameter e lectrode suspended from 
t h e  cover. The electrode was insulated from t h e  s h e l l  by a fluorothene 
gasket. The u n i t  w a s  equipped with a nitrogen bleed t o  keep the  uranium 
t e t r a f l u o r i d e  dZkst from gathering on t h e  in su la to r .  
w a s  mounted on the  bottom flange of t he  Prec ip i t ron  f o r  ease of removal 
of product, 
po ten t i a l  of 15 ksr, 

A n icke l  receiver  

The Prec is i t ron  w a s  designed t o  operate with a maximum 

For t he  series of runs A - 1  t o  A-5 a new Precipi t ron w a s  used, This 
p rec ip i t a to r  re ta ined  a l l  the  fea tures  of t he  f irst  Prec ip i t ron  and 
a l s o  included a manually operated. scraper device f o r  keeping t h e  product 
from accumulating on t h e  electrode and ins ide  wall of t he  Prec ip i t ron .  
The Prec ip i t ron  w a s  constructed so t h a t  it could be mounted on top  of 
t h e  reac tor .  
arranged a t  a 22" angle t o  the  Precipi t ron w a l l  and leaving the 
Precipi t ron about 1 f o o t  from t h e  top  ( see  Figure 

Gases e x i t  from the Precipi t ron through a 2-inch pipe 

Results - Runs 1 - 20 (Components of t he  P i l o t  Plant. Arranged t o  Test 
Individual Unit Ef  fgi enc ies 1 

I n  a l l  of t he  tes ts  w i t h t h e  vapor phase reactor ,  e s s e n t i a l l y  complete 
conversion of tine uranium hexafluoride t o  uranium t e t r a f l u o r i d e  w a s  
rea l ized .  The concentratfon of ura,nium hexafluoride i n  t h e  e f f luent  
gas w a s  l e s s  than 1 ppm,, and as can be seen i n  t a b l e  3 the  uranium(TT1) 
content of t h e  product w a s  low, 

Product Density 
produced by th i s  react ion was found t o  vary f r o m  0,22 t o  1-62 g,/cc. 

The apparent densi ty  of t he  uranium t e t r a f luo r ide  

The uranium t e t r a f luo r ide  was s in te red  i n  a platinum l ined  bomb i 
an atmosphere of hydrogen f luor ide  a t  1650"F, f o r  about 2 h o u r ~ ( ~ 7 . '  The 
bomb w a s  then cooled and opened, and the  product w a s  removed and ground, 
S in te r ing  the  product i n  a hydroger! f luor ide  atmosphere increased i t s  
dens i ty  t o  an approxLaate value of 3 g./cc, (Table 4) 

ha l f  

Posey, J. C , ,  The 

, February 9, 1949 
Union Carbide 

(K-348) 
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TABLE: 3 
‘LJANIUMQVI) CONTENT OF PRODUCT (VAPOR PHASE REACTOR) 

After S in te r ing  
Run No. Total  IJranium, $I Uranium(V1) %* 

6 75 05 3.8 
7 75.1 5 -0 
10 and 11 76.1 0,15 
14 
17 75 06 2 .o 
18 77 00 701 
20 76 .o 5 a 9  

75 07 

75 08 
76.1 
75.7 
75 08 
75 07 
75 09 

0 03 

0,o 
0.15 
0 03 
0.1 
1.6 
2 07 

I 

q h e  a n a l y t i c a l  procedure employed t o  determine t h e  uranium(V1) content 
w a s  la ter  found t o  be inaccurate (biased high i n  most cases) and i s  
probably responsible f o r  t he  high values obtained before s in t e r ing .  

TABLE 4 
APPARENT DENSITY OF URANIUM TETRAFLUORIDE :PRODUCT 

(VAPOR PHASE REXTOR) 

Run No, 

5 
6 
7 
14 
1.7 
18 
20 

Apparent Density 
Before Sinter ing,  

g ./cc 0 

0.22 
0 -50 
0.40 
0.71 
0 *68 
1.25 
1.62 

L 

Apparent Density 
After Sinter ing,  

8 .  cc ,  

2 -87 
1 :94+ 
3 .oo 
2 039 
3.01 
3.28 
3 076 

*Firs t  sample sintered. - Procedure changed so t h a t  s in t e r ing  and grinding 
times increased, 

P a r t i c l e  Size of Product. P a r t i c l e  s i z e  measurements w e r e  made on t h e  un- 
s in te red  uranium te$raf luoride (Table 5 ) ,  by making photomicrographs and 
measuring the  s i z e s  of t he  magnified p a r t i c l e s .  It w.111 be noted tha t ,  on 
t h e  average, 50 t o  90% of t h e  product w a s  l e s s  than 1 micron and 95 t o  99% 
was l e s s  than 5 microns, P a r t i c l e  s i z e  d i s t r ibu t ion  :for runs 18 and 20 i s  
shown i n  Figures 8 and 9. 



TABLE 5 
PARTICLE SIZE OF PRODUCT (VAPOR PHASE RFACTOR) 

Pa r t i c l e  Size Distribution, k Xun 
No. 

7 Reactor ' U . 8  46 -48 5.2' 1.6 

Cyclone No, 2 F i l t e r  47.1 49.5 2.8 0 -6 

<0.6 c1.0 0.6-1.5 1.0-3.0 1.5-3 3-5 5-10 >5 >lo microns -- ?quipment 

Cyclone No. 1 

.- 

52 -7 42.1 4.3 0 -9 

8 Reactor 
F i l t e r  

10 and 11 Reactor 
F i l t e r  

35.7 51.8 9 -2 3.5 
47.8 47.4 2 "9 1.8 

74.9 19.5 4.4 0.7 0.5' 0 .G 
41.3 44.8 11.1, 2.1 0.7 0.0 

14 Reactor + S e t t l e r  60.6 32.7 4.5, 2.1 0.7' 0 .o 
15 and 16 Reactor + S e t t l e r  

No. 1 60.8 31.7 5.4 1.5 0.5 0 .o 
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Vapor Phase Reactor Performance. In  a l l  runs, where the  components 
of the  un i t  were mounted independently, t he  uranium t e t r a f luo r ide  pro- 
duced i n  t h e  reac t ion  formed a 2oat on the  walls of the  reactoq but 
excessive build-up w a s  prevented by occasionally rapping t h e  outside 
of the  reac tor ,  A small, and more o r  l e s s ,  constant amount of uranium 
t e t r a f luo r ide  w a s  held i n  the  reac tor  i n  the  form of a hard t h i n  c rus t  
which adhered tenaciously t o  the  w a l l s ,  but t h i s  mater ia l  could be 
readi ly  removed by scraping. 

Some d i f f i c u l t i e s  were experienced with plugging of t h e  funnel when 
uranium t e t r a f luo r ide  product bridged the  opening and created a prohibi-  
t i v e  pressure drop i n  the  system, The funnel w a s  removed and a 3/4-inch 
pipe w a s  i n s t a l l ed ,  which extended t o  the  bottom of the r eac to r  and 
served as the  e f f luent  gas l i n e ,  Although t h i s  l i ne ,  too, plugged event- 
ual ly ,  it was thus possible t o  co l l ec t  performance d,&a on the  other pa r t s  
of t h e  withdrawal system. No d i f f i c u l t i e s  were experienced with nozzle 
operation when a minimum escape ve loc i ty  of 200 fps .  w a s  maintained*. 

The pressure drop across the  nozzle a t  a gas ve loc i ty  of 200 fps .  w a s  
approximately 0.1 p s i ,  

Approximately 50 t o  75% of the  uranium t e t r a f luo r ide  produced s e t t l e d  
out i n  t h e  reac tor  (Table 6) A 

Cyclone Separators.  
shown i n  Table 7 1 . .  

The d i s t r ibu t ion  of product f o r  runs 5, 6, and 7 i s  

An empirical  re la t ionship  involving gas flow, so l id  "loading" (g.  uranium 
tetraf luoride/cu.  f t . )  and the  eff ic iency ~f so l ids  removal can be derived 
i f  the  reac tor  and cyclones a re  considered as pa r t s  of a s ingle  unit., 

The over -a l l  efficiency, E, a t  t h e  e x i t  of each port ion of t he  uni t  i s  
r e l a t e d  t o  t h e  "loading", 1, and t h e  gas flow rate, 17, according t o  the  
following empirical  equat iom 

For t h e  reactor:  

Q 

100 - E = 45.5 V J l  (1) ** 
For cyclone No. 1: 

100 E = 1z7 v J i  ( 2 )  ** 
*Although Laboratory studies ind ica te  t h a t  plugging w i l l  not occur i f  
the  ve loc i ty  of t he  gas a t  the  nozzle i s  as low as 30 f p s .  t h e  higher 
ve loc i t i e s  were studied t o  determine pressure e f f e c t s  i n  t h e  system. 

**Motes G o  H. Montillon t o  S.  H, Srniley, 



For cyclone No. 2: 

100 - E = 8,o V d 1  ( 3 )  * 
The curves of equation (l), (2 ) ,  and (3) a r e  p lo t t ed  i n  Figure 10 and 
the  agreement with the  experimental data  i s  indicated.  It should be 
recognized t h a t  equations (l), (2) ,  and ( 3 )  are empir ical  and, there-  
fore, applied only t o  t h e  spec i f i c  equipment employed for t he  study. 
However, it should be r ea l i zed  t h a t  similar equipmeat should produce 
comparable but not i d e n t i c a l  curves. 

TAELG 6 

REACTOR PRODUCT REMOVAL EFFICIENCY (VAPOR PHASE REACTOR) 
- . -  

% UF4 Flow, Pressure,, Length of Mol % iJF6 
Grams of UF,- 

Run I n  
N o .  Reactor Total  I n  Reactor Scfd, Ps ia .  - Run, Hrs, i n  Feed - 

5 380 460 82.8 
6 1013 1516 67.0 
7 1157 2211 52 03 
8 1457 204 7 70.8 
9 594 796 74.6 

i o  1016 1457 69.5 
12 426 768 55.5 

13 1980 2847 69.5 

1 4  1762 2324 76 -37 
15  1599 2 1-39 74 07 

17 3266 5200 62.8 
18 8714 17031 51.8 
19 1650 2724 60.5 
20 3112 4751 65.5 

560 Atmospheric 
680 Atmospheric 

1040 A t m o s  pher i (: 
1130 3 - 7  
750 2-1/2 - 4 

5 
3 - 5*4t 750 

750** 
2000** 10 - l2+* 

750** 3 - 5*IC 
2000to 6 - 9 
2400 
1800 7 - 10 
1750 t o  2 - 3  
3100 
1000 2 -1/2 
1800 2 -1/2 
1800 2 -112 
1830 2 -112 

2.25 
3.08 

io .  16 
9.85 
10 ., 16 
4.5 

6.4 

3.65 

2 .o 
2 .o 

8.4 
33 033 
13 -83 
10.66 

1,1 
3 .f 
1.5 
0 -9  
00s 
2.4 

0.46 

2.6 

3.45 
2 -6  

3.3 
1 . 5  
0.57 
1.3 

NOTE:  Runs 1, 2, 3, 4, 11, and 16 are not included i n  t h i s  t a b l e  s ince 
no mater ia l  balances were made for these  runs. 

./' 
**Pressure and flow conditions were changed during run. I 

*Notes G o  H. Montillon t o  S o  H ,  Smiley. 
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TABLE -7 i 
DISTRIBUTIOEJ OF PRODUCT - EFFICIENCY OF COMPONENTS 

(VAPOR PHASE  ACTOR) 

‘ \  

Run - 5 
Reactor 

Cyclone No. 1 

Cyclone No. 2 

F i l t e r  

Run - 6 
Reactor 

Cyclone No. 1 

Cyclone Ho. 2 

F i l t e r  

Run - 7 

Reactor 

Cyclone No. 1 

Cyclone No. 2 

F i l t e r  

Weight Total  Efficiency 
Product, g . Product Rmoved, % of Unit*c, % 

380 

53 

7 

19.1 

1013 

367 

62 

74 

82.8 

11.5 

1.5 

4.2 

67 .o 

24.1 

4.1 

4.8 

1157 52.3 

764 

109 

34 .4 I” 

4 09 
189 8.4 

fo r  each un i t .  amount removed 
*Based On amount received 

€3 

67 

27 

100 

67 

73 

46 

100 

52 

72 

37 

100 

3 .. 

.. 
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Figure 10 
EFFICIENCY OF SOLIDS REMOVAL AS A FUNCTION 
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S e t t l i n g  Drums .  A t  an absolute pressure of 2 psia .  and a flow of 2200 
scfd., the  re ten t ion  time of t he  gas, which w a s  t rave l ing  at s l i g h t l y  
over 0.2 f e e t  per second, w a s  20 seconds i n  each cylinder.  

Most of t he  product t h a t  escaped the  reac tor  was found i n  the  f i rs t  
sett ler w i t h  very l i t t l e  i n  the second one or  i n  the f i l t e r  located 
af ter  t h e  s e t t l e r s ,  
caused by impingement from the inlet  pipe, t h e  material w a s  d i s t r ibu ted  
evenly around t h e  periphery over t h e  e n t i r e  length of t h e  set t ler .  
t r u e  grav i ty  s e t t l i n g  w a s  noted, 

Except f o r  a small pile-up of uranium te t ra f luor ide ,  

No 

Precipi t ron.  
Precipi t ron under varying uranium t e t r a f luo r ide  loadings and gas flows. 
F i g u r e 1 8  i s  a p lo t  of Frecipf t ron e f f ic iency  versus uranium t e t r a -  
f luor ide  loads f o r  constant flow conditions, which demonstrates that  
the  e f f ic iency  i s  a d i r ec t  function of the amount of material fed.  

Table 8 shows the  e f f ic iency  of so l id s  removal by the 

I n  order t o  ca lcu la te  Precipi t ron e f f i c i enc ie s  a t  an;y uranium te t ra-  
f luo r ide  loading and gas flow, use w a s  made of the following equation: 

That is ,  f o r  any given dispersoid of uniform s i z e  and character  i n  a 
given prec ip i ta tor ,  the Frecipftroo efficiency, E, i s  r e l a t e d  t o  the  
time that t h e  gas remains i n  the ac t ive  f i e l d  of the  prec ip i ta tor ,  and 
K, t h e  so-called prec ip i ta t ion  constant for that type of p rec ip i t a to r  
i s  always less than 1. 

I n  order t o  f i t  t h e  experimental conditions, equation (4)  was modified 
t o  include the  e f fec t  of the uranium te t r a f luo r ide  load on t h e  Precipi-  
t ron .  It was found that t h e  following empirical  re la t ionship  cor re la ted  
the data  and allowed predict ion of Precipitron e f f ic iency  under plant  
operating conditions,  

log K 
V X  Jr- log (1 - E)  = 

where, E = ef f ic iency  (a f r ac t ion  of" 1) 
V = rate calculated as fte3/min0 
1 = loading i n  grams/ftO3 

log  K = a negative constant 

(5)** 

*Perry, J. H . ,  Chenical Engineering Handbook,, 2nd ed. New Y Q r k ,  
McGraw-Kill, 1941, p.  1869 e 

. **Notes G. H. Montillon t o  S ,  13. Smiley, 
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A I800 SCFD 
0 1000 SCFD 

1.3 MOL % UF6 
1830 SCFD 
34.5 % SOLID TO 

-- PRECl PI TRON 

1000 SCFD 
37.2 % (SOLID TO 
PRECIPITRON 1 

\ 1.5 MOL XUFg 
I800 SCFD 
48.2. OF SOLID TO 
PRECIPITRON 

I 

I JLOADING (GRAMS I FT 3 ,  

Figure 11 
PRECIPITRON EFFICIENCY AS A FUNCTION 

OF SOLID LOADING 
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TABU 8 ' e  

EFFICIENCY OF PREXTPTTRON 

9 UF Conc, 
Efficiency $ Total  

Run of , ? I - ,  
Solids Removed .," G a s  Flow 6 - No, Length of Run Precfpftron Reactor Precipftron - scfd ,  mol '$ Remarks 

17 8 h s .  25 min, 9600'$ 62.8 35 07 1000 3.3 

18 33 bxs. 20 m i n ,  g l o b  51.8 44 .o 1800 1.5 

19 13 hrs0 50 min, 98,3 60.5 38,8 1800 0,57 Pptron, 
heated t o  
400 "F ., 

20 10 h s .  40 min, 94.2 65 05 32 05 1830 1.3 

Figure E? p lo t s  the experimental data i n  r e l a t i o n  t o  the  curve calculated by 
equation ( 5 )  
r e l a t ed  t o  a Precfpi t ron eff ic iency of 518~5%. Runs 17 and 18 were made with 
t h e  Precipi t ron a t  room temperature, 

Point A on tke  curve denotes plant  operat:Lng conditions and i s  

Most of t h e  uranium te t ra f luor ide  product which w a s  b u i l t  up on.the walls.of 
t h e  Precipi t ron and on the electrode could be removed by rapping t l e  outside 
of the uni t ,  pa r t i cu la r ly  when tbe Precipi t ron w a s  operated a t  an elevated 
temperature (400°F,) ( R u n s  19 and 201, 
found desirable  t o  f i t  t he  Precipi t ron w i t h  a "scraper" device which w a s  used 
t o  prevent an excessive accumulation of mater ia l  on t h e  walls. The input 
voltage t o  the Precipi t ron w a s  approximately constant a t  about 9000 v o l t s  
fo r  a l l  runs,  

For continuous operation, it w a s  l a t e r  

F i l t e r s .  
Run N o .  8 w a s  made w i t h  a small f i l t e r  on t k e  ef f luent  gm from t h e  r eac to r ,  
The f i l t e r  downstream pressure was maintained a t  105 ps ia .  w i t h  an average gas 
f l o w  of 1300 scfd,  and a uranium hexafluoride concentration of approximately 
one mol $. 
t h e  590 minute run. 

With t h e  Precipi t ron i n s t a l l e d  after the  reactor,  R u n  No, 1-7 w a s  made using 
a f i l t e r  w i t h  a l a rge r  f i l t e r i n g  area, 
this  run appeared t o  l e v e l  off  w i t h  t i m e  ( f igure 14), From this figure, it 
can be seen that t h e  f i l t e r  plugged from an i n i t i a l  AP of 0-57 p s i ,  t o  1,42 
ps i . ,  an increase of 0,85 p s i ,  i n  the 

In order t o  obtain data on the  plugging cha rac t e r i s t i c s  of the f i l t e r ,  

Figure 13 shows a uniform increase i n  AP across the f i l t e r  during 
The average increase i n  pressure waa 0.244 p s i ,  per hour, 

The plugging r a t e  of t h e  f i l t e r  during 

over a period of  e i&t  hours and 25 

a 
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minutes, 
average uranium hexafluoride concentration of 3.6 mol %. 
of the run, 77 grams of uranium t e t r a f luo r ide  were removed from the  f i l t e r  
(1 a 35% of t h e  t o t a l  so l ids  processed) 

Flows during t h i s  run were maintained a t  1000 scfd.  w i t h  an 
Upon completion 

I n  Run Ho. 18, (Figure 14 >, a f i l ter  w i t h  an even l a rge r  surface w a s  
used. 
concentration w a s  1.5 mol O f  the uranium t e t r a f luo r ide  produced, 715 
grams or 4.2% of the t o t a l  w a s  collec-ked by the f i l t e r .  
the  f i l t e r  increased by 0.42 ps i .  over the  33-hour period, and the plugging 
rate decreased after the  fourteenth hour of operation and remained nearly 
constant f o r  the r e s t  of the  run,  I n  Rua N o .  17 where flows were main- 
ta ined a t  1000 scfd., 1.35% of" the  t o t a l  product reached the  f i l t e r ,  and 
i n  Run No. 18, w i t h  flows held a t  1800 scfd., approximately 4% of the 
so l id  reached the  f i l t e r .  

Flows were maintained a t  1800 scfd. and t h e  uranium hexafluoride 

The AP across  

It i s  f e l t  t ha t  the rapid. i n i t i a l  plug of the tubes was caused by the  
f i l l i n g  up of a large percentage of the pores w i t h  uranium t e t r a f luo r ide ,  
However, it i s  possible that  the plug was produced b,y some of t he  reac t ion  
products . 
It was not possible i n  any of the runs t o  remove a l l  of the product 
adhering t o  the  f i l t e r  tubes without carefu l ly  removing the  tube bundle 
and manually scraping the mater ia l  off the tubes.  

Gs 

Results - R w s  A - 1  t o  A-5 (Cmqonen-bs of Unit  Arranged Ver t ica l ly  i n  
Tandem) 

Data on the  performance of the  individual components of the product w i t h -  
drawal system indicated an arrangement of p a r t s  as shown i n  Figure 1& 
Since a more compact and p r a c t i c a l  arrangement i s  expedient f o r  operation 
i n  the  plant  t o  meet heal th  and c r i t i c a l  hazard requirements, the  follow- 
ing modifications were made, 

1, In order t o  have only one product w i t h d r a w a l  point and t o  
eliminate the  necessi ty  of" having small l i n e s  car ry  r e l a t i v e l y  
la rge  amounts of sol ids ,  t he  Precipitron w a s  mounted d i r e c t l y  
above the seven-foot r eac to r ,  The length of the  prec ip i t ron  
w a s  increased t o  s i x  f e e t  t o  compensate f o r  any addi t ional  
load that might be placed upon it  by the new equipment arrange- 
ment, and it was equipped with a scraper (Figure 15  ) f o r  t he  
reasons described e a r l i e r .  

2. Although it i s  desirable t o  have the f i l t e r  mounted d i r e c t l y  
above the  precipi t ron,  it i s  a l s o  necessary t o  have two fil- 
t e r s  on the un i t  t o  insure continuous operation i n  the plant  
( i . e s ,  when the  pressure drop across  one f i l t e r  becomes 
excessive, it i s  valved off and operation i s  continued w i t h  
t he  second f i l t e r ) ,  Although th i s  operation prohib i t s  a 
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6 3 .  

G3 

3 .  

4 .  

5.  

6 .  

v e r t i c a l  tandem arrangement of components, t he  f i l ters  can 
be mounted higher than t h e  Brecipitron, but not d i r e c t l y  
above it. The experimental. u n i t  w a s  b u i l t  with only one 
f i l t e r  

All baf f l e s  i n  the  reactor  were eliminated. The: feed gas 
and t r ichloroethylene were introduced approximat,ely 1 .5  f e e t  
from the  bottom of the  reac tor  (Figure 16 
reac tor )  a 

shows the  new 

The uranium hexafluoride-nitrogen nozzle was s ized t o  pro- 
duce a J e t  ve loc i ty  of 100 fps .  a t  standard plant  operating 
conditions 

The reac tor  w a s  b u i l t  t o  accommodate a product withdrawal 
valve (Figure 17) 
uranium t e t r a f luo r ide  under "always safe" condit,ions. 

which would permit periodic removal of 

The reac tor  w a s  f i t t e d  w i t h  an electromagnetic rapper which 
automatically rapped the reactor  she l l  once every three  
seconds during operation, 

The new eqEipment assembly i s  shown i n  Figures 18 arid 19. 

A shakedown run and four long runs were made w i t h  the newly arranged 
un i t .  In  the  last  run amounts of f luor ine  and perfluorodimethyl- 
cyclohexane (C8Fh) were introduced i n t o  the reac tor  along w i t h  the  
uranium hexafluoride-nitrogen stream, An excess of t r ichloroethylene 
over that  required t o  reduce a l l  uranium hexafluoride and f luor ine  pre- 
sent w a s  added. (See Table 9 .) 

The u n i t  w a s  operated with t h e  system pressure varying from 
1.75 t o  4.0 psia,  

The gas flow was varied Prom 500 t o  3000 scfd, ,  while the 
uranium hexafluoride m a s s  flow varied from a minimum of 0.41 
mol $ at a gas flow of 800 scfd.. and a system pressure of 2 
ps i a ,  t o  a maximum of 1-50  m o l  f o r  a gas flow of 690 scfd.  
and a system pressure of 2-25 ps ia .  
made where the  uranium hexafluoride concentration w a s  main- 
ta ined  a t  0,36 mol $ with a gas flow of 3000 scfd., and a 
system pressure of 4,0 p s i a ,  

A run w a s  made i n  which f luor ine  and perfluorodimethylcyclo- 
hexane were introduced i n t o  t h e  reac tor  along w i t h  the  other  
reac tan ts .  I n  t h i s  run the uranium hexafluoride concen- 
t r a t i o n  was maintained a t  1.50 mol % a t  a gas f l a w  of 690 
scfd. and a system pressure 02 2.25 ps ia .  
i n  the amouctt of 2 m o l  per cent and perfluorodimethylcyclo- 
hexane i n .  'the amount of 0 14 mol per  cent (0 37 pound/day) e 

This run w a s  continued f o r  72.5 hours, 

One high flow run w a s  

Fluorine w a s  added 
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Reactor and Precipi t ron.  
reac tor  and Frecipi t ron performed very w e l l .  The mechanical scraper 
i n  the  Precipi t ron and the  electromagnetic rapper on the  lower pa r t  of 
t h e  react ion chamber functioned t o  prevent a la rge  holdup of product 
i n  the system. 
(Table 9 )  varied from 97 t o  b e t t e r  than 9%. 
were encountered i n  t h i s  s e r i e s  of runs.  

During the  se r i e s  of runs A - 1  t o  A-5 the  

The combined reactor  and 3rec ip i t ron  e f f i c i enc ie s  
No mechanical d i f f i c u l t i e s  

F i l t e r  Performance. During the  72.5 hour run, (Run A - 5 )  In  which f i v e  
gases were introduced i n t o  the  reactor,  the  pressure drop  cross the  
s in te red  metal f i l t e r  increased 0-05 p s f .  while removing 33 grams of 
wranium t e t r a f luo r ide  

Less t h m  1 ppm. of uranium hexafluoride w a s  found i n  the gas stream 
a t  the e x i t  of the f i l t e r .  In  instances where analyses were made on 
gas samples of 10 l i t e rs  volme,  or greater,  t he  uranium hexafluoride 
in the eff luent  was found i n  every case t o  be less than 0.1 m m .  For 
run A-3)  t he  f a l t e r  plugging curve followed t h a t  of Figure 14 
e a r l i e r  work ( i o e . 9  0,6 p s i ,  Fliig occurred i n  the  f i r s t  t e n  hours of 
operation) 
t o  get  measured values fop t he  increase i n  AP across  the  filtei. C Y  
R u n  A - 4 ,  
plug during the  &hour r u r  w a s  of the same order of magnitude as tha t  
measured for Run A+. 

from 

Some d i f f i c u l t y  with the  MFL manometers made it impossible 

Bovever, other  system pressure measurementi3 showed that the  

Product Pupity. 
runs with t h e  v e r t i c a l  tandem un i t .  The analyses of t h ree  batches of 
uranium t e t r a f luo r ide  product from the  l a s t  r m  are  presented i n  Tabl?11. 
Analyses performed on the  uranium hexafluoride few3 mater ia l  used i n  the 
same run m e  presented i n  Table 10, 

Consi&eration was given t o  product pu r i ty  i n  t h e  last  

The t o t a l  impurit ies average 24 ppm. i n  the  feed material. I n  the  un- 
s in te red  product t he  6,otal impurit ies average 68.7 ppm.,  79% of w h i c h  i s  
iron and nickel, and in the sintered product the tota.1 impuri t ies  average 
38.0 ppm., 89% of which ic: i r o n  and nickel .  
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UF In  System 

ppm Ps ia .  Duration of Run No. Sckd. Mol ‘$ 
A - 1  sb0 0.41 <l* 2 .o 12 hrs. 37 mink. 

t 1.30 <l* 1.75 24 hrs. 33 min. A-2 500 
0.36 <1* 4 .O 23 h r s .  0 min. 

1.05 <l* 2 .o 88 hrs. 42 minl 

A-5 69f 1.50 U* 2.25 72 h r s .  42 mini; 
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Run Flbw, UF6 Conc., E f  9 luent, Pressure, 
-- 

t 
f 
d 

A-3 3000 

A-4 6795 
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! \ 

i 
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We i ght of UF4 
Produced, 8. 

680 
2,656 

4,657 
10,542 

14,500 \ 
33 

g 2 .G 
2 .j i! 

+ 

h 
0.32 

o .23 

“For each {un severa l  l a rge  gas samp-2s were measured t o  contain l e s s  than 0.1 p y .  of uran,um( f) . In  no cese  
was t h e  value grea te r  than 0.1 ppm. 
claiming <$l ppm. of uranium(V1) i n  the  e f f luent  gas. 

However, t he  m b e r  of l a rge  samples taken cannot jus t i$  (at  t h i s  time) ---- 
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TAB= 10 

RESULTS O F  SPECTROGRAPHIC ANALYSES PERFORMED ON UF6 USED AS FEED MATERIAL I N  VAPOR PHASE REACTOR 
_- 

Sample N o .  

1 

2 

3 

4 

5 

A v e r a g e  

A g  Cd C r  cu Fe M g  N i  s i  T o t a l  

N F  N F  10 2 5 2 N F  1 20 

0.2 N F  1 1 5 2 N F  1 10 

0.2 N F  20 2 5 2 N F  1 30 

Q.5 N F  20 1 

0.2 N F  20 4 

0.2 N F  .- 14 2 

5 

5 

5 

2 

2 

2 

N F  1 

N F  1 

EJF 1 

29 

32 

24.2 



RESULTS OF SPECTROGRAPHIC 

TABLE 

ANALYSES OF 

11 

PRODUCT, BEFORE AND AFTER SINTERING 

Batch No. 1 Before S in te r ing  Ag Cd C r  Cu Fe & N i  S i Total  Impurit ies 

Sample No. 1 N.F. 0.2 N.F. 5 4 0 9 30 4 88.2 ppm. 
Sample No. 2 N ,F. 0 .1  N.F. 5 50 9 30 9 103.1 ppm. 
Sample No. 3 1 .O 0 .1  N .F. 5 20 9 40 ' 2 77.1 P P ~ .  
Sample No. 4 0.2 0.2 N.F. 5 30 9 30 6 80.4 ppm. 

-- - - 

Batch No. 2 Before Sinter ing 

N.F. N,F. N.F. 

Batch No. 3 Before Sinter ing 

N .F. N.F. N .F. 2 10 1 15 N.F. 28 ppm. 

Average 0.2 0.1 N.F. 4.5 26.3 6 .3  27 .5 3.7 68.7 ppm. 

Batch No. 1 After Sinter ing 

Sample No. 1 0 .1  
Sample No. 2 0.1 

N.F. N.F. 
N.F. N.F. 

1 
N.F. 

42.2 ppm. 
26.2 ppm. 

Batch No. 2 After  Sinter ing 

Sample No. 1 0.1 
Sample No, 2 0 .1  

N.F. N .F. 
N.F. N .F. 

M.F. 
N.F. 

41.6 ppm. 
21.6 ppm. 

Batch No, 3 After S in t e r i ng  

Sample No. 1 0.2 
Sample No. 2 0.2 

N.F. N.F. 
N.F. N,F. 

. r W  cn 8 

54.2 ppm. (U I-' 

43.2 ppm. 9 P 

;--. - 
;!Average . - 0.13 N,F. N.F. 0 .87 20.8 2.3 13.3 0.67 38.0 ppm. 
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	PARTICLE SIZE DISTRIBUTION - RUN
	NF NF 10 2 5 2 NF
	0.2 NF 1 1 5 2 NF
	0.2 NF 20 2 5 2 NF

