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THMOTCCTIZN o X-1131

The feed plant Pacility in K-1131 was started up in 1950 with three
lines of equipment for comverting U0p to UFg and UFy to WFg. Both steps
were acccmplished with vibrating tray reactors. Development of a tower
reastor for fluorimntion of TPy hod been started Awring =ctusl construction
of E-1131. 3By the time X-1131 wms completed the tower reactor had been
advanced 0 3 stage sultable for considerstion =a s production unit, When
the fluorination tray reacior presented rather serious operational problems
during ths startup pericd a tower reactor was installed for irial pwrposes.
This tower reactor performed 20 well that it was deeided to convert the
threes flucrination trays to hydrofluorination units in series with the
hydrefivorination trays alresdy in existence and, at the same time, o in-
atall a fluorination tower reactor at the end of each hydrofluorination
line, This system functioned well enough to meet production requirements for
some time. However, with continued usage at the vibration frequencies
necessary for efficient operetion, thece trays became progressively more
subject to atructural failures of fatigue origin. At the same time the
towver system presented inswrmowntable problems of contamination control
because of both equipment design and arrangement.

Realizing the foregoing situation and in the face of the steadily
rising schedule for UFg commitments, it was decided to proceed with a walle
to-vall replacement of the hydroflucrination and flucrinmation systeme. In
viev of favorable operating experience at both Mallinkrcdt and Ferpald, it
mg decided to install screv reactors. Ay the same time, applying knowledge
that had Yeen gained at both K-1131 and Paducah, an entirely new tower
syston was proposed. It would retain all the operatiomal advantages of
Previous asystems but would, by msans of overall improved design and a plan
of mss fiow type of powder coanveyors offered a unit operation that, with
reasomable care, could be kept radiation-clean, Cleanup cold traps of an
sitogether nevw design were to replace the fragile traps that had been
salvaged from gaseous diffusion plant operation., Hew powder handling and
vacuas clsaning facilities, and positions for ten fluorine cells were also
mud in the flaal project.

. ﬁpmntpzantmhuacmcityotlzmmmmpermotwc.
It hes, furthermore, entirely fulfilled expectations with regard to contami-
mtion gontrol.
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REDUCTIOR SYSTEM
K-1131

vibrating tray resctors, electrically heated, with dimensions,
«18* x 2' x 5.
- alating pumps are of the centrifugal displacement type, using

¥ comes from Hp cells at rate of 5 1b. mols/hr, or 10.2 1b. Hp/nr, at
M 8,200 amps for 15 EHp cells.

iBp from Fp cell at rate of .3 1b. Bpfeell at 3500 amps.

Jp coneentration: 87-100%.

{fnlet Hy temperature: 1000°F.
4B usege: 7.93 1b. Bo/br. (125% of stoichimetric)
93 flov concurrent vith powder movement.

it Pray reactor temperature: 11000F., ~ 12000F.

on U0y to Uop: 94975 |

Al frequency: 1000 cycles/min.

"$ stroke: 1/8"

M!ray cycles: Feed screv on time 12 sec.

Y Tray shake time 19.5 sec.

i Tray off time 10 min.

! patention time: 1 to 1-1/2 hra.

1190y feed rate is b 'm/daa/lim or 405 1b. hr.
- product rete is 4 TU/day/line or 382 1b.” U0/ hr
A

MAIRTENANCE EXPERLERCE

No tray failures to date.
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 BQUIPMERT
" three process lines.
Each line has three electrically heated screw reactors, 20' x 167,
vith HF preheated and carbon filter with associated re-feed hopper.

Screws rotated by direct mechanical drives with varisble voltagse speed
ecntrol. )

OPERATING CONDITIONS

Temperature Gradients Reactor Speeds
lst reactor: GOO-TOOCT. 10 r.p.m.
2nd resctor: 800-1000°F. 1 r.p.m.
3rd reactor: 1000-1100°F. 15 r.p.m.

Retention time: 5-6 hours
HF flow is counter current to powder travel.
HF flow rate is 100% excess of stoichimetric.

Powder conversion anslysia 89-93%
| ’ %’a 4-5%
W 3-6%

Production: 1307 1bs./hr. or 12 tons U as UM,/day.

Only one sorev failure sinece startup.

%y




K~1131 has three lines of screw reactors that are in general quite

-~ gimilar to those installed in the green salt plants at Mallinckrodt and
ferrald. There are three 20' screws in each lipe, staggered above each
other with sufficient roam for convenient screw resoval. This arrangement
{s in contrast with Fernald ard Mallinckrodt installations which have their
{ndividual reactors on separate floors with reversed direction of powder
flov at each succeeding reactor. The K-1131 units have direct mechanical
drives with speed control accomplished with a varishble voltage ocutput.

Jis

: Electrical rod elements are used for heating purposes. Forced air
oooling 1s instailed on all sections of the first reactor. Depending upon
the characteristics of powder and the production rate desired, temperature
gredients for all three reactors may range from 600 to 1100°F.

The EF flov is adjusted to & rate of 100% excess of stoichimetric.
fmis rate supplies optimm excess required for conversion and at the same
- ¢ime allows the recovery of 70% acid.

The EF flow rate for screw reactors is the same as that for iray
yeactors. Also like tray reactors, the HF flow direction is counter current
X to the movement of the powder. From the standpoints of cspacity and product
7 " sonversion, the screwv reactors appear to be superior to the tray reactors.
iy - The exact difference between these two systems has never been firmly estab~
, 11shed because of varying produstion requirements between Faducah and Oak

Ridge. In addition, the two plants have, for the most part, been using
-  powders of diffevent reactivity and physical characteristics. The most

- {mportant reason for improvement of capacity of screw reactors would be

the factor of mixing and the feasidility of higher temperatures. It has
been shown that in a tray reactor material moves in what amounts to
essentially a solid sheet of material. In the case of the screw reactor,
the open flight serewvs effect continucus stirring of the powder bed and
also promote a considersble dusting condition, both of which improve surface
exposure.

One distincet advantage of acrew reactors is the fact that in the event
of powier leskage at any location, the powder does not have the opportunity
of geattering as it does with a vibrating system. ‘
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Fig.4 - FLUORINE GELL HEAD ASSEMBLY
(Fluorine Gell - Dykstra et al.)

A

HEAD

[———CARBON

ANODE

3'0\
O ’\
Q‘ \‘0 .

SCREEN
(WIRE MESH)

ELECTRODE
SUPPORTS

CATHODE




CENTRAL |
COOLING TUBES

Fig. | = GELL BODY
(Fluorine Cell — Dykstra et al.)
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Thirty-five small Fg cell positions. Twenty-four anodes, 18" x 8" x 1-1/4",
! @en large Fg cell positions. Thirty-two anodes, 26" x 8" x 2%,
" Phirty-two small cells in electrical series,
Ten large cells in electrical series.
9hree single cells in parallel eircuits,
“Cell electrolyte: KF'2HF, with 41-43% HF.

32 small cells -~ 34004000 amps
%000 anmps
10 large cells - 5000 amps

B
F
g
E

Cell voltage: 8-12 volts.

. Electrolyte temperature: 200-220°F.
 Cooling water temperature: Inlet 1h0-150°F.
o Outlet 160-165°F.
Cell level: h-léa to 5".

Cell Press: 0-2" water (alarm at 2").
Pluorine pump suction: O-1" HgO.
Pumps cut off at t 2" HgQ, or at P of 2" Hg0 between Hy anf Fgp.
. Cell efficiency: 88%.
Cells produce: 1,375 lbs, Fa/l000 amps.
Product analysie: 88 Fa
11% HF
1% iperts _
Average 1ift of cells: 5.0 x 10% for small. Not enough data for large.
Fg passes through condenser at -115°F, to remove HF.
Analysis of Fp to tower: 95% Hp
by HF

1% inerts
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ﬁimmsemeﬂectiveawdem;frmﬁ.sq. ft. to 42 aq, £¢.
Hoch more efficient and undform electrolyte cooling.

;:‘fmmmtummmamrwawmmmnw
' longer operating life for both types of cells. These improvements
bediviAedintotvoheuungs.

Cell Assembly

Tighter specifications for cleaning and degreasing of cell
component parts.

R)ldingalleeuponentpu'u, particularly anode assemblies, to the
¢losest possible tolerances. Thig policy requires the contsct surfaces
otmodestcbemothmﬂfmorchipaordeepamtches;m
msmmmgemmumowmorammormmn;
mcdcboltstohsveam.deruvhiehmmtammothstthepom

of eontact with pressure plates.

Ruiatancebertweenemhamdeandthehmgeriammredtobem
of the best contact and clogest uniformity among 8ll ancdes.

Mngmottmumlimnsofmwiesaudmomntwtz
mrtothetimofﬁnalaumbly.

Closer control of syacingandﬂimztbetueenmdesmcathcdea.
ration |

Closer control of HF concentration and cell level.

Reduction of pressure gurges by improvement of instrumentation.

Refinement of techniques for despolarization. |
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: In the case of the modified cells, K-11l3) has experienced only one
T fatlure. This failure can de attributed to a defect in skirt fabrication
' which eventually allowed cross-mixing.
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' mh line has 10' x 6" water-cooled tower reactor with fluorine preheater,

vibrating powder dispenser, Fp Jot assembly, cyclone, and combined
.. eyclone and barrier filter umit,

nwine cleanup resctor consists of insulated 8' x 6" water cooled tower
. “yesctor with caleining type cooling screvw.

%G CONDITIONS

gg&w. gas flow to towers: 8-10 mols/hr or 48-60 sefm.
%‘ Irebsat: 300-500°7
.Qéwer skin temperatures T50-900°F.

#¥g usage: 192 1bs/br or 4600 lbs/day at 12 T/day rate.

; Primary Towers _
| Without Cleanup Resctor With Cleanup Reactor
: Inlet: 50-65% P 50-65% 7,
2-64 Urqg v2—6$ ng
Y inerts 30-48% inerts
L Outlet: 6-10% Py 16-20% Fa
. 30-506 e 20408 s
5 hO-64% inerts Lo-6i% inerts
Cleanup Reactor
Inlet ' ' Qutlet
20-35% Fp 1% Pp
8-12% Ure ~ 20-35% We
53-T2% inerts 65-79% inerts

!anr exit gas pumped to Modine cold traps. Major partion of exit gas from
.. Modine trap goes to tower recycle. Over-pressure is sent to cleanup
e mtOr.

S
¢




Primary towers in K~1l13l are arranged to alloew removal of Jet and
paffle assemblies at a convenient working height from floor level., This

48 a matter of considerable advantage both in the efficiency of the mainte-
pance job itself and the control of contamination. All alse being equal,

‘¢the more elevated the point of spill the more widely spread will be the
yesultont contamination,

Real merit exists in locating ash receivers and berrier filters in a
. .single enclosure completely isolated, ventilation-vise, from the rest of
~ the duilding. There is always the possidility that the removal of an
. ash receiver will be the occasion of a UPg release, Furthermore, it is
impossible to remove a tower plug and to change out an ash receiver or
woyier filter without producing some degree of seattered contamination.

these oparations to a single separated area greatly reduces the
m of containing a releasc or spill.

' %he location of the four primary towers and the cleanup reactor in
¢ompact stralght line system has permitted the use of shorter and
aighter lengths of lines than have previously been feasible in a tower

ptem. Process lines also prove 1o be much more acceasable for maintenancs

The UF, storage silo, with a capacity of X0,000 pounds of green salt,

des a stoeckplle of immediately available powder without the a2xpense of
mination problem to be sssociated with any type of drum transfer. The
rer unit, which removes all objects which sould possibly obstruct comveyor
&, has undoubtedly prevented a number of costly and untidy shutdowns.
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FLUCRINE CLTAN-1Z BEACTR

X-31131

BQUIREZNT
BQUIPMENT

Stendard <7 primary tcwer reactor shortesed o J'. Insuiated, and with

V

heeting clements oo oosure o temperature of JCOSF.

Cooling serew la i0' x 10", ias ecoling cuil Zor water and/or ateon.

QPERATIY: COMDITIOINS

Utilizes approximntely 20% of {luorine producticn.
UFy, excess is about 40%.
Zxit gas from coollag serew L3I00F,

uas corposition

BAITTENANCE “XPERISNCS

ne tower has been rerplaced. Jooling eoils Jailed for reason et ¢

detormined.
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To assure satisfactory afficiency of the »rimary flucrinsiicn 5, Laey
gust be operated wita a comstaat ecxcess of Iluorine, Allcwizng ring rane
to come within 5% excess of stoichimetric mavy appreciably lnerezse tihs ash rata;
ove!'“ with 2 leficiency of flucrirne will zause Tower plugginsz. The action
of clearing 2 tower ‘le’ reguires extensive effort and will always te responsitie

£ ggr conditions 30 mewhat nazardous tecause of Lotk venstrating and non-nenstrating

I s v - - -
lucrine vent resuliing

A clean-.p reactor L <
from an 2XCest oI Pluorine %o primary tovers.

The ¥{-1171 clsan-up reactor fumetions on the principle that 2 larse excess
of powder dropping through a tower reactor of standard design will secrub out
virtually the last traces of flucrine, Formaticon of a cake of intermediaze
i wranium ceopowmdsion the walls of the tower is prevented by maintaining a surface

unperat.ure azova <00°T, Suffizient unreacted powder 3Ls out ¢ sni=ld the

ux and o rosuiting from the towder which aas teen reactec. us the relatively

mge quantity of ash may be Iimmediately blended with regular >rimary tower Ized,

A cooll serevw similar Lo a hydrofluorination screw re2acior serves o

V4

reduce the temperature of ithe tower exit zas %o less than 150 so that it

sy pas3s through a barrier filter without danger of burning the component iLubes,

The cooled zas, with a content of approximately 25% UF flows throuzsh two ccid
& y 13 J =F) &

traps which are in series and chilled to -50°F,

Aside Trom the usual difficuities of startup, the clean-up rescior nas had
relatively Tew interruptions. It appears on the basis of two onths expericnes
that there are no basic design weaknesses in the unit,
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OAK RIDGE FEED PLANT

Production and Cost

Frodustion — Ualt goducti?%L Unit ?roductigi Unit
Pounds Cost Pounds Cost Pounds Cost
33, Tk 1.202 123,050 JA51 292,190 416
80,425 s 5T1,91% AT 6h7,848 .302
85,665 6T7 597,726 139 559,215 295
103,569 952  636,63% L6k 730,185 313
133,456 .T78 810,860 .136 o2k, 897 .‘265
140,219 790 889,650 149 1,023,119 2T




