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ABSTRACT

Experiments coy*ring tbs aopreeipitation of Thorlxai and Uranium perox-
ides are dsocribod on synthotic wed aolual 1300 oycle machine wash

effluents.

The more important factors affecting the successful reaction are
discussed.

Datasra preseated on tbs recovery of tbs Initial thorium and its reuse
as a precipitant in numerous runs, both in synthetic and 1300 nachine
wash effluents.

Atentative procedure for the oopreclpltatlon of ThjOI"UOM Is outlined.
It has been shown in practically every case that the oopreclpltation
process will reduce Date machine wash affluents to less than 1 ny

ursniua per gallon.

Almost no uranliu la lost in the proposed cycle end the precipitant can
be successfully recovered end reused.

The reeotlon beoonss more quantitative with increasing pH and wt.Th/wt.
Uratio.

Kith the ability to successfully recover uranium concentrations as high
as 200 cg/L - if a snail quantity of uranium is present as colloidal
UO* « there are indications that enriched material, other than from

machine wash effluents, can be troatod also.
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| flatroduoticn

riacently this laboratory developed a mew processl, conoeraed
primarily with the ronovel of urtniua froa aachine wash effluonta resulting
froa tha Bata Cold ftroxlda im tant, Us fundamentals of which ora based
specifically on tha theory of ocoprecipitation.

At tha tint of tha initial investigation, radioaotivo traoar work
wea a major prohlaa of thin group and, raallsing tha eignificanca of oarrlar
methods, it was suggested that tha uaa of another elament, forming an in-
soluble peroxide in an aold solution, night raact in ainiliar fashion to tha
regular paroxida praolpitation and qunatitatlvaly oopraoipitata with it any
uranina in solution*

Since thorium la tha only othar conmon elament to fulfill tha
*bows requirement#, it was decided to investigate its behavior In pure solu-
tions. Thorium paroxida formation, reenabling aluminua hydroxide, was more
evident with Increasing thorium concentrations, while dilute thorium solu-
tions precipitated more readily with tha presence of increasing amounts of
electrolytes.

Addition of email amounts of uranium (10 ng/L) to tho thorium
system resulted in tha formation of ¢ bright yellow-orange solid after
treatment, which appeared of waxy texture upon continued drawing of air
through it.

Analysis of thin precipitate indicated tha presence of the greatest
percentage of uranium, while it was practically undetectable in the filtrate*

With tha development of an affective fluorescence method of analy-
sis for detcotion of mlerogrea quantities of uraniua in tha thorium efflu-

ents, it hacane feasible to vary techniques and conditions of this copracipi-



tetion process sort completely. Progress froa those variations baa to#an
such that at present, numroua successful synthetic runs have bow under-
taken at tba Purdue University Beta Pilot Plant2 which emulates axaot Bata
plant conditions, and ooaplata data not only on thaao nma, but $1 others
in our laboratory, of a fiva gallon oapaoity, utlliiing 1300 cycle aatorial,
haw boon tabulated*

Toa major portion of notarial cowrad by thin raport indudaa work
aooonpliahad on a laboratory pilot plant ecale. Tilth tba aid of thla plant,
it haa bwun poaaibla to develop tha basic theory of ooprecipitatlon to tha

point obaro a quantitative r«nonl of uraniun from tha nachina wash efflu-

ents la non a reality,

11 Diaouaelon of Qualitative Aspects of iVopoaad Procoon

Parallel with the developamnt of an optima conditioned precipi-
tation prooaea, has been tho derolopaent of a aothod for the oeparation of
uranium froa the naae of thorium. This constitutes a simple conversion of
the Th"iyUO”, when treated with oxalic acid, to the insoluble ThCCjOM)2
and eoluble U3GO~ the separation at preeent has attained as high ae 96$
efficiency end with considerably nore work contemplated on this phase It is
highly probable that a separation approaching quantitativenese will be
achieved. Howewar, this apparent 4% lose of uranium In tho IbICjO”g cake
should be of no groat concern after the proposed "preoipitotlon-reoovery

cyclel is understood.
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ThnrluaE fflurnt

Disoard er storage
(itsa than 1 ogu/gallon)

Steps 1 through 5 oo#ﬁ@t the primary cycle of tht process
while A* and 4b, « recovery of tht preolpittnt, can be regarded tv t too*
ondary cyclo.

In a more detailed faohion, let uo conaider the abort prootat.

Aotually no naterlal la unaccounted for or wasted in the cycle.

The Th207*UO" preoipitota, resulting from treatment of tha machine wash ef-
fluent with a 10)1 aqueous Th(HOj)” solution, it digested with oxalic acid,
and the Insoluble htCgO” i* filtered and washed free from It

Is planned to return the uraniun onlete solution containing approximately
%IC of the U from the cold peroxide machine wash effluent directly to the
original machine wash eolation. Current investigations eeem to indicate

that tha oxalate to be returned aa UOpC”, Is of insignificant concentration
to affect the cold peroxida precipitationQ.

The initial thoriua, now as ThfCgO”g, and containing approximately
IS Uunrenoved by the oxalate extraction tan be treated with an acid MbO®
solution, to deoonpose the oxalate and be reused in the original thorium

copreoipltatlon. Thus any uranium ooeluded with the oxalate cake la aventu-

*0



ally returned, to the machine wash after repeatod reuse In the primary and
aeeondary cyclee.

The effluent from the thoriua peroxide, containing Use than 1

mg/gal. of uranium, oaa he diecarded or salvaged.

Il Faotors Effecting Suooessful Copreolpltatlon of Tt"O*UO/

Considerable prelininary work involving » u scale pure and
synthetic aysteas produced valuable data concerning the effeot of other
Mtal ions, pH control, minim wtlh/wtU rqtio, EXCL concentration, limits
of Uconcentration, tins of eglng and rate of centrifugation, on the co-
preolpltation of TI"OpUOX.

A, Effect of pH

Efflolent Uranium removal becomos more perceptible with increas-
ing pH over a range of 1.0 to 2.0, end although control of the pH is not
critical (10.15) et 2.0, incomplete precipitation and an unfilterabla
product readily results at a range leas than 1.8. Precipitation above the
range of 2.3, as in any cold peroxide treatment, usually results in the
hydrolysis of iron, considerable cake contamination, and subsequent peroxide
decomposition.

B. Presence of Other Metal lona

Other metal ions present in solution, when in the range of Beta
process machine wash affluents, seemed to have very little affect on the
precipitation. A comparison of the centrifuged cakes and those filtered
through fine sintered glass, showed s more compact and cleaner product in
the former cue. It was evident only with increasing concentrations of

ojotal ions (.3% Fe and .3» Cu) that uranium solubility increased signifi-

cantly. >

Os



Incomplete data on oak* contamination indicates that under optimum
oondltlonai contamination by other metal iona la negligible, itogerdlesa,
this should be of no great concern, for the product ii eventually returned

to the original machine wash solution and reprecipitated with the bulk of

uranium aa TO""O.

C. WHtIh/fft.O rtatio

A more thorough investigation of the wt.Ifc/wt. u ratio la neoee-
aary before a definite conclusion can be dram concerning its optimum range.
* At present a Th/wt. 0 of 20 to 30 haa producod excellent results and the
efficiency aeeme to inoreaea with Increieing ratios. Decreasing this ratio
tends to delay precipitation and one run, ft-18, after aging for one hour

showed a marked increase in uranium solubility.

TABIE |

EFFECT OF wt.Th/wt. U VAIUAS

otin fill MfiT/lL Addtd wt.Th/wt. U  MU/L off.(fluorescence)
R-15 1.5 50 10 9.2

iu13 1.5 50 20 7.5

it-18 2.0 300 3.33 80 .

Krl7 2.0 100 10 1.0
*A-12 2.0 51 20 0.26

0-1 2.0 30 33 0.09

Conditional 1 liter solution precipitatodi -piEZ.Oj tonip,** 4°Cj
30 gma. NH/NOM) (IUQu)s.5H - * - 1 hr. aging before
centrifugation.
ifesuits of the preceding pure Th-U solutions Indicate very
strongly that ths coprecipitation bocomos nsoro quantitative with Increasing

pH and wt.Th/wt. U ratio.

04* Fe added



Further investigation is planned shortly on the effect produce«
by varying the Tb/wt* Uratio with varying pHI*.

D. Concentration

Numerous rune sees to substantiate ovidenco that significantly
deortaoing concentration retards the formation of thorium peroxide.
The optimum HfeCfc conoentration appeared to be approximately .5 1 and de-

crease In uranium solubility remained negligible with increase of HeCt

above this range.

TABLS 11
EFFECT CF IfeCh COKCEHTNATION GH COPXECIPITATION

M 1 HjO, HIL [hu/i. IfeTh/L ItoUA effluent
pP-17 A 30 1000 1*6
P-16 2 30 1000 0.3
P-10 .5 30 1000 0.2
P-30 1.0 30 1000 0.2

Conditional plP2.0> Tom.s 4<( synthotio machine wash usod con-
taining Fee.05"1 Cus0.3"i Cae.l*, Cmllis.02% and
*7%e Aged 1 hour and oentrifuged.
E. MPilith  Omnium Conoentration
- It wna previously reported that 1 gran of Th/Liter was incapable
of coprecipitating 100 ng U/L oucesafully. Since 100 ngU/L io inconsistent
with normal Beta machine wash offluonte, It was not conslderod of a eoricua
nature. Nevertheless, it seemed to Indicate that Increasing U concentre*
tiom vo a critioal factor in offloient uranium removal.
More recent work (Table V111) Involving actual enriched Beta

machine wash effluents eoomed to discount this theory, for rune w'th



effluentj containing 100 - 200 ag U/L and 1 gr Ih/L were reduced upon
coprecipitation to aore negligible quantities than effluentr oontaining
approximately 10 eg IL.

Closer investigation of actual plant offluonto roveoled that part
of tho uranlua actually existed as oollpidal UOYSHgO. The poctprecipi-
tntod UO. Dooaod to aot as a seed for tha precipitation, onA nos remlily
occluded with tha formation of Th"O" insuring a nore ooapleto U renoval.

It can presantly be eteted that a concentration of approximate*;
200 ng O/L can bo efficiently reacted by the coproeipitation prooees If a
significant part of Uls present as colloidal 00™211"0, It th>a appears
very poeslhla that additional notorial with snail anounts of U daatlned for_.
eventual recovery can be blended into nochine wash effluents end successful*
ly treated by tha tnoriun coprecip*tatlon proccse.

Efficiency of the ooprecCitation appears to deorosse with U
concentration lass than 5 rag/L, DlIs condition nay not be entirely mild,
for the few runs observed produced conflicting results due to inooaplote

centrifugation. Considerably aore investigation is contenplated on thla

phase shortly.
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TAELE 111
CT OF U CONCEHTftATIOH OH THORIUM COParJCiriTATIQN

/in Initial 0 ur/l U/mn/L pff_ y Procent nb

P-14 100 13 UONNOM2 - added with Thorium
39 108.8 3.6 UWMHG)2. <« before »
42 108.8 0*80 3/4 UCL(VDI)2 1/4 TO, ADDED BEFOHE

; 4 THOIOBII

*B* 8 100 0*03 007(803)2 toA

*U-18 120 0.07 w «

*B-34 157 0.08 n a

*B-27 6.9 0.80 «

*b-39 10.0 0.03 «

X4 0.5 0.2 a

G-15 2.0 0.06 n

Conditional Thti gr/Lj pH; 2*0; Temp, s 4.0°] I"Op . .5
aged 15 ninutoe to 1 hour before oentrifugation.
Synthetic solution used » Fo s .05/tj Cu - 56&

C«- 13 Crs His ,02£j HiYCI | WLMVOI s 1.7%,

* 1300 Uranlua used

F. itate of Addition and Time of Aging

Hito of precipitant addition and aging of precipitate have always
boon important factors in the successful development of any process.

Present information snows no evidence that the rate of thoriua
nitrate addition has any influence on the results of the process. Numerous
runs were undertaken in which the precipitant was added rapidly to tbs solu-
tion. Efficient agitation with addition of tto thoriua nitrate solution
aeons to insure quantitativeneas of the reaction alnost immediately, and as

presupposed, it la no longer neoeosary to extend the tine of agln~ffe? the



precipitate, more than 1$ minutes, after addition of the precipitant.

In the rone illustrated in fable 1V a close study was made of
rate addition of the precipitant, tins of aging and corresponding effluent
analysis. In practically all cases, It appeared that uranium solubility
las at a minimum about 15 minutes after completion of the reaction. Ilbis

imediate quantltatlTeness la of prime importance In reducing the time
element of Mr cycle.
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TABUS IV
EFFECT g CF TKO10UM BITKA3E ADDITICH1
AMD THE < AGgP CF SUBBUS
Tima of Aging Before tle U/1 of Centrifuged
m MtUA Effluent
44 28.1 5 ,031 .03
37  26.1 i 72| .66
38 28.1 5 ) .29
49  28.1 10 18) .1
45  28.1 15 «B) .05
47  28.1 15 .9) .09
48 28.1 15 2) .16
50 28.1 15. .07 .07
51  28.1 15 .08) .12
43 # 28.1 30 20) .20
36 28.1 *5 D) 2
46  28.1 45 24 .15
*B*44 31 15 .05) .03
*B-45 22 15 12) 12
*B-46 24 . 20 .00 .07
*B-47 23 20 .07 .03

Conditional 20 liter polutiona precipitated Th Z 1 gr/L)
pH s 2.0 = 4°Cj HgOg s HJ* Synthetic solution
approximating actual Beta effluent used - Fe Z
.06, Co - .3*, Cae .1%, Cr sHi - .02*, H4C1Z
14w 3 2 #e X
Indicates adsteal B-cold peroxide effluent need. "1 Xh(Hji),

Solution in all caeee mas added rapidly or orar a 1 - 2 mind
period.



13 .

0* Effluent Solt Concentration

Since tbs plant effluents contain sufficient salt concentration,
no further addition Is necessary.

Synthetic runs were usually enhanced with npproxlnately a 3%

solution to Insure the repld coagulation of the precipitate.

Actual plant and synthetic runs were studied closely with and
without the addition of electrolytes. In each case, whore synthotic runs
were precipitated without the addition of electrolytes, extensive delay was
observed In the tine of precipitation and rarely eras the precipitation
quantitative.

In the presence and absence of additional elactrolytes to ectual

plant effluents, the efflolenoy of recovery renainod unaffected*

TABLE V

OF EU&TU31HES OH COPFIBCIPITATIOH

Run Ual. U/L fin Iboriun/L Electrolyte

40 30.5 1 mmmm 1.02, .99

41 30.5 1 3% NHAC1 A2, 27
*B-40 30.0 1 106, .06
*B-41 24 1 3* HH4»03 12, .06

Conditionsi pH : 2.0 0 4°C] 1y>2 t «5U actual and synthetlo
gunks used to nako up preolpltating radium.
Actual cold peroxide machine wash effluent.

H.  ComrHAighd.(n

Greet care is necessary in adjusting the rate of centrifugation.

IT not oontroiled properly, this simple operation may readily result in the

loss of considerable uranium.

Q



la the laboratory pilot plant, one liter per 2-1/2 minutea seemed
a reasonable rate for successful centrifugation. Frequent sampling of the
affluent may shorn slow formation of solid material. This, obviously indi-
cates too rapid centrifugation and accordingly, the flow rate should Imme-
diately be.reduced until the separation is complete.

Pilot plant runs at Purdue University involving 100 gallon syn-
thetic batches, successfully averaged approximately one gallon per minute
for centrifugation. It ia obvioua then, that efficiency of the process In-

creases also with siss and type of equipment.

v the Conteoloitation of »Tid Thoriiui

Poroxldaa from Synthetic Solutions

A. Pilot Plant Dntn

A series of runs, Table VI, utilising 15 Liter synthetic solu-
tions previously enhanced with sufficient ion ooncentratione comparable to
those found In Beta cold peroxide machine wash offluents, were conducted In
the laboratory on a pilot plant scale.

Each run was made under predetermined basic optimum conditional
pH - 2.0, HgOj = .5M temp. £ 4°C, 1 gr Thorium/L. For control purposes
the concentration of Uranium was maintained constant, except ha a few cases
where the effect of its concentration was being investigated..

Considerable emphasis was laid on rate of addition of the precipi-
tant and tins of aging before centrifugation. Although 15 minutes seem suf-
ficient for addition and aging time before centrifugation, it is well to
note that this time is not a oritical factor, for the precipitation is prac-
tically quantitative immediately.

In all runs except where extreme variations were exerted, effluent
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\

analysis wer® vell uder 1 rg/fallc,
The pH 2.38 = 4°C *as tok.ni aa correeponding to H ion oonoontratiOd
(0]
of 1*0 x 10 froa Beckman temp, corrections, after the Beckman aster van

adjusted to read 4*0 when the elootrodea sera immersed in standard pH 4*0

buffer at 25°C,
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36
37
38

39
40

a

42
43
44
45
46

47
48
49
50
51

*to

\Volume of
Solution-

20
20
20
20
15
15
20
15
15
15
15
15
15
15

15
20

Temperature 4°C. Composition of synthetio gunki Fe z .05%, Cu I
NHIC1 S HHHO3 s 1.7%.

251
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38
2.38

PR SR SN RS VRS R S NS B B B B S B L B R A )

Initial Thoriun

1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000
1000

TABLE VI

28.6
28.6
28.6
108
30.5
30.5
108
28.1
28.1

28.1
28.1
28.1
28.1
28.1
28.1
28.1

Initial U

tfeoA
Effluent
0.22, 0.22
72, .66
32, .29
3.6 , 3.6
1.02, .99
12, .27
93, .67
.20, .20
.03, .03
.05, .05
.24, .15
.09, .09
22, .16
A1, 11
.07, .07
« .08, .12

Total Time for Bata of Addition
and lain, fUfore Centrlfiumtian

45 minute8

5 [

10 o 1

1 hour y
no electrolyte added
NHACI added
1/4 0 as WA

30 minutoo

10 [

15 [

45 w

15 »

5 "

10 [

15

15

Caz .if, CrZ Ni : .02%,

In every case Uge. Uranium /| effluent mere analysed in lir. C. D. Suaano's laboratories by Ponta-
ether ertraction-fluoreecence analysis.

Thorium added oe 1% Th(NOY" solution.

* See page 15, last paragraph for pH convention.
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B. Use of Hacnrcled
Comoetoitatlon

Since tho wt.. thorium / irt. uranium ratio 20 - 30 ham proven moat
satisfactory, it mao decided to reclaim and reuse the original charge of
thorium as many times as neoesaary to proms the feasibility of treating the
actual plant material In sudd a manner.

A 15 liter synthetic solution emulating a typical machine V;/vash
effluent mas precipitated under optimum conditions. The ThgOpUO" oaks mmes
treated with oxalic sold, tho resulting insoluble Thorium oxalate decomposed
with KIfaO" and dissolved in HHOY The oxalate filtrate was analysed for re-

covered T.

The solution containing the reclaimed thorium vms returned to

another original synthetic machino mash effluent for reuse as the precipi-

tant.

This procedure mas repeated as many times as indicated under

"tooyole f\ Table VII.

tabu: VII

EFFECT (F IECyCIED THOHITOI GM COPIECIPITATIOM

_ _Initial Th 6 fifes U/L 0in Oxfiltrate
itocrole 1 effluent BEFij
0 1000 458 30.5 *15» .12 411
1 1000 458 30.5 .28, .24 482
2 1000 458 30.5 .30, .21 461
¢« 3 1000 458 30.5 «31, .31 448
4 1000 458 30.5 *60, .48 416
5 1000 no U added *06, .06 19.7
6 1000 458 30.5 .60, .53 45!
7 1000 458 305 .a, .15 434 Oiti
8 e ThrCgO~” eol.

from
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A Uranium balance on the recycle Indicated that of the total 3206

mgs. involved, 3135 mgs vara accounted for in the oxalate filtrate and 35 Aft

escaped with the Thoriumeffluent. Remits based on volumetric end flucres-

canoe analysis respectively.

dense of 15 grans of Thorlun as a precipitant on eight suooesslva

runs, thus resulted ina 9tf recovery of Uranium and an average affluent

loss of nail under 1 eg/gallon. The unaooouated 2% can be attributed to the
prepent inofficient laboratory pilot plant centrifugation ayatea.

It la safe to asiume that with the increased efficiency of centri-
fugation and general procedures resulting from actual large seals plant

equipment, no nmetorial will remain unaccounted for. Sons data Ife presently

/availsVie on the lose of thorlun from the original charge (see page )
According to Alpha counting experiments*, and TO" solubility

determinations® equilibrium constants for Th and U shows-

(Th)C%%0)3* : i : i.5*icr3

(h

(DO) K~™Og) : i : 1.3x10-3
H )2

Since thorium solubility is relatively similar to that of uranium, then on
a plant seals, one pound of thorium oan be successfully reused many tinea

without fear of significantly reducing the optimum Th/nt. U ratio.
V Quantitative Data Enveloping Copreolpitation of Th"O™UO. from 1300 Cycle
Machine Hash Effluents.
A. Pilot Plant Data

* Work done by H. Cregg and H. Grady respectively. Armors complete discus-

sion of these phases |11l be presented in separate reports in the near
future. « \ (y

<>1lu
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Aseries of 51 runs sore carried out on actual machine each efflu-
ents obtained from the Beta plant after cold peroxide treatment of Machine
wash solutions*

Tao batches each day were received from the process group, Theso
batches, usually 18-20 liters 9 were maintained at 4°C until precipitation.

Prior to precipitation, samples of esoh corresponding batoh re-
ceived vers analysed by C* D* Suaano* group for total uranium. As the
initial uranium concentration varied considerably day by day. It mes decided
to obtain a rapid polarographlo analysis. This method noticeably decreases
in efficiency with increasing uranium concentration and so, too much empha-
sis cannot be placed on the results, if a uranium balance is being sought*
Ibs analysis mas desired primarily for a rough determination of the total
uranian presont end thus an estimate of the efflolanoy of the thorium car-

rier method.

Effluents from the thorium oopreolpitation mere analysed by the
more accurate and reliable fluorescence method.

Upon reoeipt of the effluent, a permanganlootric determination for

mea performed* The pH, if necessary, was adjusted to 2,38 at 4°C be-
fore addition of sufficient to moke the effluent *5£*

A 10% aqueous solution of the Th(ROM", based on one gram of
ftiorlum/llter of effluent, mes added to the solution end the pH readjusted*
in cases where necessary* Quite often the pH of the plant machine wash
effluent reoieved in the laboratory ranged froa 2.6-2.8 ©4°C, and in this
0aoo no adjustment mas neoesoary, for upon addition of the thorium, the pH

usually dropped to 2.3 ©4°C or the true pHs 2.0 0 25°C.

Centrifugation wee usually in progress 15 minutes after preoipi- »

"20
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tatlon and two effluent samples in each caso uero taken for analysis.
Table VIII.

The purpose of using actual plant effluents was towfold. First
to measure realistically the efficiency by which small quantities oi uraniua
could be recovered with aid of the thorium coprecipitation prooeea, and
secondf the separation of uraniua froa thorium end reclanation of thorium
for reuse as a precipitant.

As can be established froa Table VIII under ooluan labeled "Cycle ™,
the initial charge of 20 grams of thorium - based on the average volume end
1 gram Th/liter - was reoovered and reused a total of seven times.

The method of reoyelo consisted of combining six separate charges
of thorium as into one large batch, froa which the total thorium
was recovered as Tho recovered thorium was divided into 6 equal
volumes and reused as previously. This process was ropasted on 7 occasions.

After the fifth recycle, it was found that W of the Initial
thorium charge wes still present. Tho final two recycles showed no decrease
in the thorium carrier efficicncy.

Iho tborlua loss was of no great consequence for it's initial
ratio of 20-30, wt. Tk/wt. U, was considerably in excoss. Nevertheless It
may be valuable practice to check the strength of thorlua In the recycle at
various Intervals at tho start of the procoos. Since i° yeT7 in-
soluble, theoretically the only thorlua capable of escaping is that through
poor centrifugation.

As previously stated, aha polargrnphlc analysis offers no great
accuracy with increasing uranium concentrations, results, often varying by

10%. Thus no desire to maintain an accurate uranium balance was intended.
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.03
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TABLE V IE

(ContIn\Bd frcw the preceding page)
«STUDY OF THORIUM CARRIER ITOCSSS UTILIZING 1300 URANIULM

Effluent Tnitinl
Volume Uranium PH Cycle  Aging Centrifuged  Uranium Rennrks
Run In Liters Lps Start Finish It tine- hr8. Effluent-age g HgOg added
w) 19 42 — 2098 61 3 30 1 15, .21 300 OOoM
— 10.3 42 — v 62 3 R « 15, -15 t R
LL] 20 7.8 — m M 3 R n 64, 48 350 H
LO 20 6.9 — n Mh 3 > n 71, *97 " R
. — 20 60 _ n 18 V- It R 6.0, 6.9 t .00
— 20 54 - « 19 4 n n 1.5 1*3 n .00
B-50 20 1058w N 22 4 R e .09, .15 ~ 23
B-51 m 15.6 — R *23 4 : n .10, .06 350 *25
*.30 20 06 — R 15 4 it n 15, .24 t A
M 3 20 26 — n 15 4 n R 15, .18 « 54
B-3U 20 157 — n M2 3 it R .05, .12 © cn
<35 20 126 n 42 5 n n 09, .54 350 00
»-36 19 13 - i *30 5 35 R Mb, MI e
M 7 20 lii - n .38 5 40 n MI, .50 350 12
1-98 a 9*7 — « .as 5 57 n .20, .55 - < "3.1
B-39 19 10 " « 28 5 46 R er3» .03 350 22
v4|0 20 30 —~ S 6 35 n .06, .06 — « K

(Concluded on next page)
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tabie Vni
(Continued from preceding page)

study CI racnnm carrier frocks uthjzdo jsoojManM

Effluent Initial

\oluzne Uranium PH Cycle Aging Centrifuged  Uranium Remarks
Hn  in Liters o Start fairish WOV % mine. hra. Effluent-age "W H,Q, added
B a0 * —  2*56 6  to 1 12, .06 350 10U
B-4? 2 25 — " .56 6 105 1-1/2 .16, .19 — u
D5 20 26 — " 56 6 25 ? 61, .10 350 12
&L . 51 _ N 57 6 15 n 12, .05 - .
B-U* 2] 22 - L 57 6 15 » 05, .03 350 13
B 19 a2 - “ 26 7 2 t .07, .07 — W
D4V 19 © — * 26 7 20 « .07, .03 350 a*

18 52 — o« 62 7 15 « 22, 07 — t

s 18 Lo t 62 7 15 n «CO, .00 -
B-y 19 25 - w 25 7 15 n - 85
M i 18 la _ N 25  F 0 ©« J2 350

Conditionsi  Thoriumr 1 gr/t| HOg- 511  j PH: 2.0 at 25°C or 2*36 0 4°C| effluent fro® actual cold HyOg
precipitation need la precipitating raidturn.

tao

>S4
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The prin# purpose was to prows the efficiency of the carrier process on

actual plant caterial and of 225 gallons treated the affluent loss aweraged

call below 1 ng/gal.

B. Effect of Temperature on Goprecipitation

Recently a desire n i expressed to investigate the possibility of
carrying the reaction out at higher teapsnatures.

It does not saaa very feasible to carry the reaction cue at rooa
tauperature 25°C, in the pressnoe of decomposing lona# Although their
concentrations are not graatf tbs resulting catalytic action on the dacon™
position at 25°C say bo sufficient to retard, and cause incouplete precipi-
tation along with considerable oontadnetlon of the preolpitate.

8inoe it la not reasonable to expect that tba temperature of a
oold peroxide Machine wash effluent, upon prolonged standing and continued

water cooling, should rise above 15°C, this temperature was selected aa the

heals for further investigations*

TABS IX

ACTIOH <F CQPriBCIPITATION AT 1&C

1 liter aolutiona precipitated ftan 1 Hon 2
Settling of preolpitate normal normal
HQ decompose = a
Me U/l effluent 22 24
Conditional Th: 1 gr/L. V Z 22.9 ag/L, Cfcz -5i. P®* 2.0,

Teap. : 15°C.

Actual thoriue centrifuge affluent froa original Beta atchine woah effluent

used for preolpitating medium. Both aolutiona filtered 10-15 aiautes after
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precipitation.
Both precipitates settled at a normal rate and ttg& decomposition,
although normal, «aa noticeably sort rapid than runs at 4°C.

Effluent analysis Indioato that both runs art belov 1 ng D/gallon.
Further investigation on the action of higher temperatures is

contemplated shortly on numerous pilot plant batches.

Plant Operating Procedure
It is intended by the proposed operating procedure to develop a
basic plan for plant use which will include apacific optimum conditions
that have already proven eucceaaful in numerous laboratory pilot plant e»-

parlaants.

As stated this la merely a basic plan, end undoubtedly consider-
able oirtloisa end Improvements can be offered*

1* Adjust the pB of the peroxide effluent from the machine wash to

2.7-2.8 « 4°C * approximately 2.35 it 25°C with the appropriate

neutralising agent.
2. Titrate peraanganimatrloally, an aliquot sample of thn affluent

for available hgOg end add sufficient to meke the solu-
tion .5&

3. Add to the effluent, over a few minute period, e 10$ aqueous
Thorium nitrate solution 1 g-Thborlua/llter effluent
4. Upon complete addition of the thorium solution, the pHe 4°C

should drop to 2.3-2.4. If belov or above this range, readjust

with appropriate sold or base.

$¢ Agitate solution for 5 minutes after precipitation, and begin

* See page 15, last paragraph, for pH convention
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centrifugation about 19 ndnutae after reaction in complete.
8lon agitation in necessary throughout the Centrifugation to
prevent the precipitate from dogging or eeeping through the
centrifuge bod in one naae.

6* Considerable care ehould be taken to observe the passage of any
solid aaterial through the centrifuge. If this condition is evi-
dent, imnedlate reduction In the floe rate is neceeeary for a
nore oonplete centrifugation.

7. Upon completion of the centrifugation the ThgOMUO" oaks le
quantitatively reaoved from the centrifuge bowl and digested for

one hour on e etean bath with the theoreticalf plus ID# exoees,

oxalic acid added In solid form.
8. The Insoluble Thoriun oxalate is filtered froa the solution,
treated potentionetrically with an aoid KI"O" solution to dacom-

pose the oxalate and the solution reused per second as the pro*
clpitant in the next cold peroxide effluent.

9. The filtrate containing the bulk of uranium, from the naohlne
wash effluent, as UO”O”, is returned as ia to an original

machine sash solution for blending and precipitation by the cold

peroxide treatment.

A. Fluorescent Analysta for Minute Amounts of Uranium 11th

Thorium Present

Ib date the fluorescence method of analysis for nlnute amounts of

uranium in solutions with comparable thorium concentrations has proven to

b. tt» moot f.a.lhlp.



Thorium in concentrations of 10*15 rag/L exhibits a quenching
effect on the analysis, but due to the fact that the thorium concentration
in the reported analysed solutions ie oomparable to the U concentration,
the results can be considered approximating the true values.

To subetantlata this statement, samples euboitWd for the regular
pentather extraction and fluorescence analysis mere alio analysed by the
recently developed diethyldithlocarbarnste-fluorescenoe method.

This method is an extension of the pentaethar fluorescence and
although more tedious, clains a higher degree of accuracy In the preoenoe
of thorium.

The method developed in the analytical research eeotion of this
division, takes advantage of the preliminary pentaether extraction. By

pH adjustment of the solution from the etherate to 6.7-0.1, and the ad-
dition of a 2% diethyldithiocarbamate solution, a 0 complex, easily extraot-
able with CHCI® ie formed. Subsequent fluorescence analysis can then be
carried out on the thorium-free CHCI layer.

A comparison of the penteether fluorescence and dtathyldithio-
oarbamate methods follov in table X As indicated, both methods agree

fairly mall and differencea at the moat average no more than a factor of
2-3.



28

TAME X

CAHBAVATB FLOOISSCENCE AHAUSIS PfIAHIUH. mg/L

M fonts Ether Carbamate
F-24 0.2 0*18, 0.17
P-28 0.2 0.0 ©O.o
P-33 0.2 0.29, 0.45
*B-44b 0.12 0.22
*B-45b 0.03 0.09
*B-450 0.05 0.10

Above runs under optimum conditions*
* Indicates 1300 material used in run*

further evidence supporting tho accuracy of fluorescence methods
ires obtained from a series of runs in which solutions of known uranium con-

centrations wore submitted for analysis*

In each case, results corresponded very closely ..ith the material

added



29.

TABUS XI
m T /yNimr*FLUQI*"CKNCE ANALYSIS (F SOLUTIONS WTH

NON WRAfilUM ADDED

Added |[B 0  Q.i-ne pence-Ifee D foimd

HATA3 1.1 .96
NATB-3 - .06 A5
HATE-1 .00 A2
NATE-2 .55 .52
NATD-1 .00 .00
*HATT-2 6.3 5.7

All above solutions from synthetic thorium affluents, precipi-

tated under optimum conditions, before uranium added*

* Run HATR2 - 1000 of effluent containing 2.5 nguranium by previous
fluorescence analysis and svfflolsnt uranium to total 6.3 ng added.

B. Analysis of Th” * UQ Cekas for Uranium

la. each case where a material balance or a check on the efficiency
of the thorium and uranium eeperation was desired, the cake mas quantita-
tively removed from the centrifuge bowl, dlgeeted on a ateam bath for one
hour with the theoretical plus 10£ excess oxalio sold solution and .1JI HHQY
and the Th~rO ™ filtered off. The filtrate tbo fumed vlith insolu-
ble SO4b filterod off, end the solution electrolysed to remove Fe and other
reducible lone. Upon completion of the electrolysis, the solution was passed

through « Jones reduotor and titrated with for uranium.

The oaks was treated with theoretical KHaO* to deoompose
the oxalate, the solution treated with HCIO" electrolysed, and prepared for

analyeia as above.

U
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C. Jowly*Is of n*"Oy - WO Solutions for Xneressix* Thoriue

foaoaatywtlon

O i f«« e«cessions where rtcycled thoriua «u used, it iu dealred
to cheek end compare it with Iti Initial concentration. Arapid determi-
nation wee performed by precipitating an aliqjct of the Tbcrluc nitreto
eoiutioo with filtering the ~(CgO”, drying end Igniting it et
10CV to the oxide end celcoleting per oeat Th.

Af la to be expected for safety end control Measures, e fairly
repid aetb»d for the determination of minute amounts of thoriua la eolation
la deetreble. Many Method# have been proposed* but ell sees iMpreeticable
becanoe of eerloua limitations iMpooed by the preeenoe of increeaini amounts
of urenlua.or failure to detect aiaute anoints of thoriua.

A search of the literature has produced one Method™* which aeons
promising. Xt Is eapeblt of dstemlalng thoriua in the range of 5 to 85
eicrogrena, with urenlua in quantities less then 1000 microcraae causing no
Intsrfereoos™

The nethod cakes use of ¢ recently reported complex organic ra-

[
agent , 2-hydroxy-3, 6-disulfonspthalenasoberaerw-2-areonic eoid, ehloh forna

* precipitate with

thoriun, the color of which differs free that of the reagent. Dotsruination
of the thoriua present is ecoonpliahad Merely by ph adjustment, addition of

the organic reagent, dilution to required volute and epectrophotoaetric
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meaeunsment against « reference solution of the reagent.

Considerable work it contemplated shortly with this reagent, to
deTalop a rapid analytical procedure or spot teat for obvious plant control

nurcoaai.

Dun to the difficulty of obtaining tha reagent, it hat reoeally
beta ayntheeiaed.*

D. Determination of in plant Ounks

Slnoe It it advantageous to aalatlan a concentration of 0.5i
excels daring tha reaction, it mi found feasible to Mature tba EgQOg con-
centration praaent la aaohina aaah effluents, prior to tha thorlua traataant,
by a simple penmaganimetxlo titration.

c« AlriM favnlinp Expo”isynta

From tha results of earlier work on tha development of a control
Mthod for tha dateotion of minute amount* of ursnlui in tha thorlua plant
affluent,counting does not appear eery possible doe to the incomplete
precipitation by of oartain highly radio active substances la tha
thorium salts* 1t maa found that the residue from a single 1" precipi-
tation filtrate contained material which often give count# up to 8000/aln/ag.

It la obvious thot a count of this sagnltude would reader it
impossible to deteot even milligram quantities of uranium ia the presence
of Th212 disintegration products 0 z approximately 790 c/a/igg and any
further attempt to develop an ° (- counting method for plant control saa
discontinued on theme grounds.

However, a counting mthod to substantiate the quantitativeness

of the thorium ooprecipitation was developed, utilising previously purified

y
* Synthesis being carried on by K Crsgg, according to ftusneteov’s method.

7if7

e



thcrlssu  fhij esthod proved to te 01x7 tedious, for it necessitated mot-
one iteom In prooljxlteticai of the Initial thorium.

Xaoretslag the notesr of precipitation®* and reducing tbs ties
lateral between precipitations produced favorable results, tad it ms shorn
thet by the use of highly purified thorten, results comparable ho the flao-

reeoeaos eethod ooeld be obtained.

M effort to redoes this tedious prootes of purlfloatlan led te

the use of estbyl isobutyl heteas eBe*see* a.

la aqueous eolation of thQH”™ me extracted elth hexmw, the
hexene layer beohMhed with ester, repreeiplteted with HO" sad tee pre-
clpltete redlesolved la B3O3.

k single extraction eteeod te xsaove practically ell tee To™ 2
disintegration products or eh leeet reduce the Igpnrlttes to « eount oo*»
parable te approxlsately 6 successive IfeCj preoipitetlons. The rteides
oounte la this oaes ranged fro* approximately 100*150 t/e end so it wee
evident that with tee addition of son purified 1300 cycle urealue any ap-
preciable filtrate oouit oould ten te attributed te uraaine.

Approximately one gras of 1300 urealue see purified by ether ex-

traction after electrolysis sad counts vere taken oa increasing concentra-

tions of this eeterial.
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It. of iIQJOO)

1X02
2008 10 -
3*6 10 .
S5VO0 °JO -
020 40 o
50 o
02U 60 -
TO o
9632 90 -
10,120 10 -

Although oouftW/ftlsuU dtertaatd by O » 0 itf with conaaatrmtloaa
of 130C urgflw raoglai abovu ,4 «li iatenalty of tha radloaatlrity of X

Of of 1300 notarial la atlll tpproxlaately teal** tiM fruiter than 1 m

of W38. 11th thia la alad It « e« fairly tlsplt to oount alaate giaatltloa

of uraalua la tho pracaooa of daughter frot Thorlaa.

C.P. th(BOj)" ota attracted with haxoo* tad half of aa aliquot
tat ptoolpAtawd tf | to tha othtr half tat addtd 10 ag of (1300)
uraalva aad th» aolatloa oaa praeijdtatad hy HQg la a ilalltr fAthlon.

Both oolntlooi tort filtered tad oqual portlona of tha flltntet a*aporated

to drjaaaa aad mated.
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