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ABSTRACT

C-21h4i, used as a lubricant in the circulation pumps in the cascade strean,
becomes contawinated after extended periods of use. For purposes of
economy, a method for reclaiming pure (-214L was needed. Reclamation by
distillation, one of several methods suggested, is considered here. The
necessary supplementary operations of water extraction, clarification,
stripping and carbon tetrachloride extraction are also discussed. In each
case specific details concerning design of equipment, operution, and results
are given. Wwith this method it has been possible to recover approximately
eighty percent of an original charge of contaminated sludge as useable

. =214k that meets standard plant specifications.
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L.
RECOVERY OF C-—-214lk

H. A. Bernhardt, B. J. Massey, J. G. ochaffner, E. Staple,

Introduction

This report is concerned with a method for the recovery of C-2144 for
reuse in the K-25.Gaseous Diffusion Plant.

After C—2144 has been used in the plant's pumps, it becomes a viscous
sludge. This results from tne Weracking" of the (—2l44 and from the
presence of impurities, notably uranium compounds. Various other im-
purities are also introduced in the prodessﬁof,removing,qulhh trom the
pumps. . .

R

Development of kethod

Some work had been done on recovery in connection with studies made on
the decomposition of (—~2144 and other substances in the presence of
(-216 at elevated temperatures. This work was carriea out by Sgts.
Schneider and hassey at rord Sacon and uavis between hovember 15, 1944,
and January 15, 1945.

A description o1 tne subseguent development may be separated into five
unit operations: '

1. Water extraction

2. Clarification

3, Stripping

L, Wistiliation

5, Carbcn tetrachloride extraction

1. Vater Zxtraction

The C-214L sludge atfter removal from the pumps contains both hexavalent
and reduced uranium cowpounds. The fexavalent uranium is removed by water
extraction. It is round tnat by heating the sludge and water to a tempera-
ture of about 70° C. the water layer separates easily and can be decanted,
leaving the (-2144 practically water free.

2. Clarification

Attempts were made to separate the solids formed oy decomposition and those
_introduced by .improper handiing. These solids contain some reduced uranium,
The nature or theé suspended solids precludes the possibility of an efticient
filtration. Hicroscopic examination of tne sludge reveals tue presence =
of small flake-like particles, ranging in size from sub-microscopic to L
microns in diameter. Tuese particles seal the filter medium and effective-
ly stop filtrataion. ‘

— GONSIBENTIAL




2.

In order to achieve erficient riltration, it is necessary to use such a
quantity oi diluent (C-714 or sreor—113) tnat this method becomes un=
reasible. The use of diatomaceous earth as a filter-aid does not markedly

improve the rate of iiltration ana absorbs appreciable amounts of C-2Lhk
and C-71l4.

A Sharples super—centrifuge, having a bowl 1-3/4" 1.U., operating at 25,000
to 28,000 r.pdi., was also used in an attempt to clarify the sludge. Three
runs were made on dirferent dilutions of sludge, C-71h4 ang Freon-113 being
used as diluents; the most dilute of the solutions being 1 part sludge to
L, parts C—7l4. In all iustances no clarificaticn was apparent and an
appreciable guantity of C-714 was lost by volatilization. However, since
the (—2lhh sludge contains impurities wnicn are both lighter and heavier
than the C-21h4, centrifugal separation can not be. accomplished.

Use or an adsorbent for clarification gave good results although, it was
spent too quickly to be practical. Alumina, silica gel, and activated
carbon were used separately anc in mixtures. Alumina gave the best resulic,

but it was spent after passing through it less than an equal volume of
sludge anc C-71lk.

It was noted that samples which 1ad been left undisturbed for several days
became clear; the impurities separated to the top and ocottom leaving a
glear layer of C-2li4k and diluent. Separaticn rates were found to vary
with viscosity, the less viscous solutions settling more rapidly. A sample
of G=214J - C=71k (1:1) required four days, and anotier sample of C-2Ll4k
Freon—113 (1:2) reyuired eight hours to clarify. The reauced uranium '
compounds, which exist 1n tue solid state, sektle to the bottom of the

container, leaving a clear (-zlih (wicale) layer. This method of clari-
fication was adopted.

3. -Stripping

The rewoval by distillation of tihs diluent used in clarifying was sub-
sequently found troublesamne pecause of roaming. Tiiis condition was
minimized by using a separate coluun designed to allow adequate free space
for foaming. This coluun operating continuously attained maximum efficiency
using a clean dry air sweep and gave a product which was relatively free
from C-714.

L. Distillation

The first distillations were made in glass systems using small charges.

In these distillations a standarc distillation flask was used, and no
attempt was made to separate the C-<li into fractions although it was
noted that fractionation would be desiraple. The data from these runs

are given in Table I. The quality of the distillates is measured by an
ninertness factor". In acetermining iinertness", C-2l4k is exposed to

C-616 for three hours at 999 ¢. and the amount of reduced uranium after
exposure is analytically deteruined. The "inertness factor® is then
computed by dividing the weignt of the reduced uranium by the weight of the
C-214k sample; therefore, the greater tiwe tinertness", the lower the "inert—
ness factor®. The "inertness ractor" 1or the first run was slightly lower
than for tue second, probably due to une lower operating pressure in the

first. rrom tne data obtained in these distillations, a metal still was *
designed.

T TOnelLeNTIAL - -

-




3.
TABLS I
DISTILLATIONS Iiv GLASS E<UIFLENT

Distillation 1

Tiie (hrs.& Mins.} Vapor Temperature Oc. Pressure ma. of Hg. Remarks

0:00 2.4 Heat on
0:05 120 b fogging due tu
. decomposition.
0:13 155 ‘ 1.7 (—21idy distill-
' . ing.
0220 157 1.5 aoout 10% over
0:25 162 1.5
0:35 . 17t 1.5 Less trogging
O:45 176 1.5 sbout 50% over.
0:50 176 1.6 Darker color
(=214 coming
' over
1:00 180 1.5
1:08 184 1.5 Shut down, about
25% left in
still pot.

NOTE: "Inertness
factor! for
distillate 2.8&6%

COnFL DENTIAL —meeeee———
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Distillation 2

Time {hrs.& kins,) _Vapor Temperature OC, Pressure mm. of Hg. _Remarks
0:00 ’ 3.0 Heat on
0:05 28 2.8 rogging
0:15 121 2.8 C-21h4d G-
tilling,
. still foziin,
0:18 130 - 2.7 C-2144
clearing.
0:25 Lk 2.5 Approximar.elr
: 20% over. ,
0:31 155 2.2 Approximatel?
35% over.
Os34 162 2.2 Approximately
50% over,
C-<lh4 very
clear.
0:39 168 2.1 Approximatel;
: 65% over.
Q45 170 2.0 apgroximately
5% over.
0:50 180 2.1 Approximately
80% over.
057 - 180 2.0 Shut down,
. about 15%
left in
boiler.

NOTE: "Inertness
factort*for
distillate
3,01%.
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5.

5. GCarben Tetrachloride sxtraction

The Minertness factor" oi (—<lhk recovered o, distiliation is higher than
is permitteu by plant speciiicatloas. This is p-opably causeu by the
presence oi a coampound which boils at approxiLiately the supe temperature
as (—2144 or a compound iomued by decasposition since it zs noted that He
is evolved during tne distillation. An extractior wes made using CCly in
an attempt to remove this reactive component frori the distillate. This
improved the gquality cf the product and as the .iotadne of eatracilion was
further improved, the “inertness Iactor" was reduced to a va.ue lower
tihan that speciiied.

The elimination of the reactive components could bs Cue to tne extraction
itselt or to socme otner operation in the extraction process: Both of

the following possibilities were ccnsidered: (1) Aeration of tne extrached
(-2L44 to free it from CCl,, (2) Ageing of the C—<li44 since all the CCL
extractions were made on products whicn had aged for a considerable time.
Tuese possibilities were investigated and it was proven that the CCll+ ex—
traction improved tnc inertness. (See Table II.)

TAZLE 11

EXPERILENT OK AGSING aib AERATION-

Treatment . "Inertness ractor!¥
Cut i#2 As distilled 0.90%
Cut #2 Arter standing one month 0.78
Cut #2 After standing five weeks 0.80
Cut #2 aerated 24 hours at 60° C. 0.78
Cut #2 serated 48 nours at 60° C. | 0.80
Cut #2 aerated 96 hours at 60° C. 0.81
Cut #3 As distilled | 0.60
Cut #3 Ai'ter standing one month 0.55

It should be noted in all instances that initial ageing of the fresinly dis-—
tilled C—2l4k caused some reduction in its reactive component. The magnitude

of this effect was approximately O.l%, and aeration of tne agea samples pro-
duced no furtner improvement.

# nInertness factor" values should not be considered reliable beyond the
trirst significant figure.

- ~-CONFIDENTIAL -




6.
Apparatus

The final apparatus used for the five unit operations mentionea in the
preceding section are aiscussed below:

1. ‘.eter mxtracuion

Tne laboratory eyulpmeni consists of a hot plate, beaker and agitator.
saparatory J{urmel is usad te make a close separavion of the layers.

~

Z. Jlaraiication

Tnis ~wuipment consists of & glass jug ecuipped with a glass ciplion
arrangement for the purpiss ol withdrsuing Tae clear laye: ov C-Z1lh4h.
(See rigure 1)

3. Stripping

This equipment consists of a glass tube 1-1/3" i.d. x 4' long around which
is spirally wound nichrome riboon. (See rigure 2) Rubber stoppers are
inserted in the top anc bottoa of the tube which is mounted at au angle

of about 45°. Tne top stopper is bored ror the vapor take—off and the
liguid feed, and the bottom stopper is bored for the ligquid take—off, the
air inlet, and a thermometer. The heat on the column is controlled by &
variable transformer and in normal operation O.04 K.l.. are used. 4
maximum of 4 gallons of a C-2lu4 - C-714 (1:2) mixture can be stripped in
8 hours.

L. bistillation

a monel still was made with tine following specifications: (see rigures

3 and 4)

Capacity of boiler 6 gallons
Volume of reciivers 2 receivers of 3 gallons each
oize of column Lv i.d, x 3!
Packing o: column 31 or 1/2" ceramic Berl sadules
Lesign pressures 1 mm. Hg. at receivers
2 mm. Hg. at ooiler

Design reflux ratio 2tol
Velouity oi vapor tarough

column 5,800 ft./min.
Lapacity or still 5 gallons/day

Jlnhough thie still was designed to nave a pressure drep of 1 im. Hg. across

cnoumn, 17 practice it was found To be sligrily nigner “han this due

i ¢ oS pesecus decompositicn Iroiucis fuch as CE, idr, etc., was not
tager. artn consicderafion. oince taes. ¢

~

bly to tre fach, tnat in compul.rg tns veloolly wnprovga the column the

aurds aave sa2li molecular weights

their volumes when present even in small amovnos woule he lerge compared to

+he volumz 07 geseocus (-2ib4.

o ——————
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7.

A barostat is used to maintain the pressure on the receivers at 1 mm £
0.1 mm. Hg. This pressure is attained with 2 elch Luo-seal vacuum pumps
operating in parallel.

The heating element oI tuv odoiler is a 2 K... 220 volt immersion ieater.

i 220 volt 2 K.V.A. variable transformer is wired for 110 volt input and
235 volt maximum output to control this neater. “Tne colwin is heated b¥ a
spirally vound nichrome rbbon to insure adiabatic operation. Tne input
is controlled by a 110 volt 5 ampere variable transformer. TIne boiler,
column anu header are insulated with 1-1/2" magresia insulation which es-
teads tc tie condenser, :

To compencate for the viscous nature or (-2LLA4 2ll valves ana pipes are
oversize. The bottom of tue boiler is eyuigpea with 2 olind flange *o
facilitat: withdrawal of tiue extremely thick residue.

Teaperatures are wmezsured by a tpermometer in an oil-ifilled w2ll in the
boiler and by an Iron-(onstantan tieraocouple silver-solderec to the lheader
midway oetween the column ana tie cgnaenser.

5, Carbon ietraciiloride axtraction

This apparatus as useu in the luboratory consists of a hot plate, a beaxer,
an agitator, & thermo-regulating device and a source of clean, ary air.

As in tine case of the water extractions, a separatery iunnel is used to
erfect a cleun separatiocn of tue tuo layers.

Operation

The contaminated (—21l4i; is strained througn 20 mesh wire cloti wiich removes
the large particles sucii as metal chips, gaskets, etc. Tuen to each liter

of U=zilly 250 ml. of tap water are added. The mixture is heated to about

75° C. anc agitated at tinat temperature for 15 minutes, The mixture is -

then allowed to stand undisturbed until tne layers have separatea. The water
layer is decanted; final separation is made wits a separatory furnel. The
water layer froam this extraction is retained for uranium recovery.

The C—2lhiy layer is traensferred to the clarifier . Tc each liter of ex-
tracted C-21lik, 2 liters of (-714 or Freon—-113 are added and the mixture
wigoronsly agitated for approxiuately 15 minutes. Lo is taen allowed to
atand until impurities n:ave separated to the top and . pottom. A clear

leyer of (~2lL4 and diluent is left in the middle of thes vessel. This clear
iayer 1s witndravn for tue stripping operation.

Tiue claritied solution of U-2lii aac C-71li is allowed to run down the

stripping column in 2 steady streau. e hest ingut to the column is sO
ceg.lated that Siue L=21i44 in the bottoar o tie sclimn is at a temperature

of net Jess chan 1107 C. nor greater *..an 125% 0. The concentrated (2144

it drawn olf a% *he bottom of the coluwe continuoasly. rhe low boiling
censtitients ere veporized, swept froa t.e colam by k3 edmission of air at
+1.e bottom anu ccllectec ir a water cocled condenssr. This maverial is set
zsile for reuse as uiluent. - T ———

o e 1T em—
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8.

4

The concentrated (-zl4L, now relatively free of (=714 or ireorn-113 is
transferred to the still anc neatec to 110° . at atmospheric pressure.
Tue pressure is slowly decreased to 1 mm. Hg. while maintaining the same
temperature ana is neld at this value tnroughout tne distillation.

Before taking the first fraction, tne still is operated at rfull rellux
for approximately 15 minutes. The reflux is gradually reduced to 1:1
ratio ror 30 minutes, tiien decreased again to 1:5 anc held at this ratio
for the remsinder of tue run. Tae still can be more easily operated ir
the condensed (-2l4h is warm. (35- 45° C.) (3ee Tavle IV)

To one liter o: distilled U-2l4hk, one liter oi CCl, is added. The mixture
is neatea ©o 60° C. ana agitated for one liour. Agitation is stopped and
tue (~21L4 allowed to cocol to room tewperature. Tae CCl, layer is thern
~decanted. This is repsateu witn iresu (Li, three times. After tie CClh
layer is decauted the rourth time, the C-2144 layer is heated to 70° ¢.

and clean, dry air is blowi across tne surtace wnile it is being agitated.
This is continued for ai:out iour hours; taen tne air flouw is stoppec, the
neat and agitation discontinued and the solution allowed to stand ror 1

to 20 hours. Tae solution 1s again aeratecd at 70° G, for about iour hours.

Results

Two runs were waae in tiie .etal still. In both cases it was charged with
stripped clariiied sludge. asbout 80% by volume of the original sludge was
recovered as useable C—<li4., :

although the stripping process removed nearly all the (-714, enough was
left to give trouble by "ianging-up" in the column. sbout 500 c.c. oi
G-71/, were nield in tne column despite the fact thiat the coluun and boiler
were at a temperature of 100° ¢. It was necesaary to withdraw this with
tihie pumps, thereoy endangering tueir rotors.

Preliminary investigations ingicated that tas rate of thermal decomposition
taking place during distillation was a function of time and temperature.
Therefore, at times it was desirable to take more procduct than was in—
dicated by the design reflux rate in order to remove tiie recovered C-2144
from tine boiler and column. It was found tiwst after tire still -had come
to the range (150° C. to 155° C.), the reflux rate could be cut to 1:5
increasing the yield vathout greatly arfecting the quality or the re-
coversd C-<lhi.

A swmmary of tie cnalyses ci the distilled products is given in Table V.
p &

it ic of interest that the'inertness factor" averaged C.5% higher in the
first run than in tne second. This wus prooably due to impurities in the
lus

stili whieh weres rlusned out in the first distilla’ion.

—ay -
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9.

Most of the 1mpur1t1eu causing a high "inertness fzctor" were distilled
and collected in the iirst fraction. b5y carelul oPe”atlon, tne "inertness
factor?! oif tne untreated (-2144 fraction (131° ¢. - 160° C.) could be kept
to a waximum oi 0,7%.

A summary oi the analvtlcal adta on tile treated distiliates is given in
Table VI,

It was round that the presence of even small amounts oi CCl, in the purified
(-21L4) raised tne "inertness factor! and the vapor pressure. The last traces
of CCl; were dirficult to reuove. It was tound that by drying the purified
C-21L4 for about four nours at a temperature oi 70° U. and allowing it to
stainc overnignt, it was possible to cumpletely cdry it in an additicnal Iour
Lours of heating. It was also round necessary to use cnemically pure CCl,
in the extraction.

Recomunendations.

This report is concerned only witia tue possibility of recovery of (-2144
by distiliation; it may be possible to recover it by chemical weans.

Suumary

It was possible to recover tae greaber part of tne sludge taken from the
pups as usable (-<l44 with a purity well within plant specifications, by
fractional distillation under readuced ressure.

!

— e
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Time

0:00

2:05

2:25

4,200

Li25

4330

6425
7315

Charge:

Boiler

23
100

112

1ol

165

165

165

171

179

189

Boiler
brs. diin, Temp. °C. Voltage

183

165

183 '

183

183

183

183

10.

TABLE IV

deader
Temp. °C.

40

55

81

102

107

129

14l

155

Column

DISTILLATIONS IN METAL STILL

Pressure
Voltage mm. Hg.

Remarks

60

60

65

60

70

89

80

6 liters of strippec clarifiec (—<li4.

760

100

Start heat on.

freon—-113 coning
over.

Lov boiling com-
pounds over-first
fraction.

rfirst drop ot (-
214l distilliate,
total reflux.

feflux ratio 1l:1
fairly large stream
coming over.

none
Second fraction
reflux ratio de-

creased to 1l:Z2.

Reflux ratio
decreased to l:3.

Thirgd fraction
shut down.

Sore TN T LAl

4
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TABLE IV
DISTILLATIONS IN iiTAL STILL

Second Run

Time Boilero Boiler  ieader Column: Pressure
ars..iin. Tesp. C. Voltage Temp. °c. Voltage ma. fg. Remarks

Tow Start heat on.

2:30 172 220 99 75 1 rirst drop dis-

' tillate~ total
rerlux tor 10 min.,
then ratio changed
to 1:2.

3:15 181 220 133 75 1 rirst fraction
about 1 liter.

5:10 202 220 159 85 1 Snut down to clean
vacuwn pump.

Qv 25 — - Sturted.
2:15 204 220 157 80

.

first drop dis-
tillate ~ total
rerlux for 10 min.,
tuen ratio changed
to 1l:2. '

L3I0 218 220 158 30 1 No reflux-second
fraction about
4 liters.

4320 225 220 158 80 1 No reilux - shut
: down because of
decomposition.

Last fraction about -
1-1/2 liters.

Charge: 8.5 liters or stripued clariried C—<1h4,.
i

T ————— 7
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13.

T4BLE VI

ANALYTIGAL DATA Ob TRETJU FRODUCTS

R
Distillation Sample Inertness Treatment
Run 2 2nd cut 0.90% Aerated 1 hour at 70-75° C.

" " 0.50% fxtracted CCl, at 70-80° C.

" it 0.90% Aerated 3 hours at 70-80° C.
o 1.13%  ZExtracted CCL,*

" " J.51% Extracted CCl,, dried &4 hours.

" 3rd Cut 0.57% ixtracted CCly, dried 2 hours.

" 2nd Cut 1.10% cCly, Extracted, dried .4 hours.®

" n 0.20% CCl, sxtracted (4 times, 1/2 hour

eacn) Aerated 2 hours.

" 3rd Cut 0.57% CCl, Extracted (4 tuues, 1/2 hour
each) Aerated 2 hours.
" " 0.25%  CCl, Extracted (4 times, 1/2 hour
: each) Aerated L hours, aged 16
hours, aerated 2 hours.

J " 0.25% CCl, Extracted (4 tumes, 1/2 hour
eacﬁ) Aerates 4 hours, aged 16
hours, aerated 2 hours.

*Impure (Cl, was used.
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