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TECHNICAL COOPERATION PROGRAM 

Visit of Lawroski and Stevenson (U. S.) 
To Chalk River on December 9-10, 19k8* 

By S. Lawroski and C. E. Stevenson 

l£Di 

SUBJECT: Separation Processes, 

In order to decrease the extractabllity of rutheniiim in the Butex 
process, the addition of hydrazine to the dissolver was -suggested. It 
should be possible to decc»ipose the added hydrazine by heating before 
processing. The success of such a step might depend upon operation with 
IV-valent plutonium as the Canadians propose, whereas such a step would 
be less successful in our processes where it Is necessary to utilize V-I-
valent plutonium in order to minimize the salting strength required. 

In the British plant it is proposed to process metal at a rate of 
approximately 87O kilograms per 2k hours.. This would contain about I50 
grams of plutonium and woxxld be in the form of slugs, each about 1" in 
diameter and 12" long. Three such slugs would be dissolved per minute in 
a continuous dissolver. The latter would be maintained at a hlg^ acidity. 

The Chalk River Trlgly process plant, which la just going Into oper-
atlozt, was described at some length. 

The metal slug which Is In the form of a bar about lO' feet long and 
1 Inch in diameter (approximately 50 kilograms) is stripped of Its alumi
num Jacket and dissolved In two steps. The slug is hxing from a stainless 
steel cradle which has a hook at either end and is lowered into 505̂  caus
tic solution to dissolve off the jacket which is presumably of very pure 
aluminum. The altminum end caps fall off during the jacket removal proc
ess and continue to dissolve in the caustic after the slug, still hung 
trcm the cradle, is transferred to another vessel for dissolution. Both 
vessels are in the form of long, narrow tanks. A small amount of active 
tiranium also dissolves during the jacket removal step. This amounts to 
1 or 2 grams frcna a 50 kilogram slug. The UNH solution is then prepared 
In the second vessel using 10 H nitric acid (58^). The temperature Inl-

*Nlnute8 of conferences held at Chalk River, Ontario on Decomber ' . 
9th and 10th, between Dr. Lawroski, Dr. Stevenson, and various Chalk 
River personnel. The subjects discussed related primarily to separations 
processes. 
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tially is held at 70° C and this is sustained for the first part of the 
reaction. Before dissolving is ccaapleted the temperature is raised to 
104° C. During the course of the dissolving nitric acid la added to main
tain a strength of 8 N in order to keep the rate of solution high. When 
the slug is completely dissolved, acid is boiled off to reduce the strength 
of k N. The temperature may rise to a maximum of lll»-° C vThe dissolver 
is vented to the stack at a rate of about 300 cfm. The off-gases are not 
scrubbed in any manner. There are, however, a large number of baffles in 
the off-gas duct b^ore they reach they .reach the ejector and stack, and 
it is presxmed that all entrainment and spray which contain activity is 
caught by the bafflinsc. Some measiirements have been made of the gases 
emitted from the top of the stack, •vrtiich also removes all exhaust gases 
from the process area including the analytical laboratories. No activity 
was detectable at the top of the stack. 

The concentration of the luranium solution from the dissolver is sTich 
that it gives a freezing point of 60° to 70° C. This solution is then 
mixed with a concentrated ammonium nitrate solution (freezing point 50° C) 
to give a feed solution -iriiich is 8 M in ammonium nitrate, 2 N in nitric 
acid, and contains 0.5 grams uranium per cc. This has a freezing point 
of 20° to 25° C, and is then ready for use as the feed solution to the 
Trlgly process. '"•• 

The Trlgly process -consists of multiple batch extraction of feed 
solution with triglycol dlchloride (Trlgly). The feed solution is con
tacted seven times with l/Hh its volume of Trlgly, each sweep of solvent 
being then scrubbed with successive batches of acid ammonium nitrate solu
tion. Solvent-to-aqueous distribution coefficients for tetravelent plu
tonium in the extraction steps are of the order of 7 to 35> the low value 
being obtained at high uranltmi concentration and the high value at low 
uranium concentration (of the order of 1 mg/ml). The corresponding ura-
nl\3m distribution coefficients are of the order of 0.6 to 0.9. 

Initial tests of the process were made with commercially-available 
solvent. When re-distilled solvent was substituted for the latter, a plu
tonium distribution coefficient of the order of only 0.1 was obtained. 
Investlgatlcais of the cause of this very marked difference indicated that 
the presence of certain lower boiling or head fractions of the solvent 
were necessary in order to obtain high plutonium distribution coefficients. 
These were tentatively identified as aldehydes, chloraldehydes, or chlo-
ralcohols. Tests were performed which indicated that compounds such as 
acetaldehyde or proplonaldehyde could be added to the solvent in order to 
regain a high plutonium dlstrlbuticp coefficient. Aromatic aldehydes were 
less effective. Hydrogen peroxide could also be used to obtain high dis
tribution coefficients, but it was observed that such a high K rapidly falls; 
1. e., in less than 15 minutes a low distribution coefficient again is 
obtained. Normally, with solvent containing aldehydes or other effective 
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compounds, a time of the order of 10 minutes is required to reach maximum 
distribution coefficients. It was also found that the use of hydroqulnone 
(0.1^) was necessary as an aldehyde stabilizer and that the presence of 
scMe nitric acid was also desirable (the acid strength used is approximate
ly 1 H) . With such modified solvent a distribution coefficienrt for pluto-
nitim of the order of Ik is obtained. 

The following data were given to indicate the density differences 
obtainable in the system: Trlgly - 1.2; feed solution - 1.7; feed after 
removal of viranium - 1.6. 

The extraction system consists of five similar vessels •?*ich may be 
designated as A, B, C, D, and E, arranged in cascade. At t&e start of a 
run, one volume of feed solution is placed in vessel A and an equal vol-
vme of an aqueous phase 8 M in ammonium nitrate, and 2 N In nitric acid 
is placed in vessels B through E. One-foTirth volume of solvent is then 
added to vessel A and the two phases are agitated for perhaps 25 minutes. 
After settling for a similar period, the solvent phase is then transferred 
to vessel B by allowing a hydraullcally-operated piston to descend directly 
into the vessel in order to cause the solvent to overflow from a weir. The 
latter has electrodes inserted in the path of the liquid Just preceding the 
weir which stop the descent of the piston when aqueous phase comes in con
tact with them. This enstrres that substantially all the solvent and none 
of the aqueous phase passes into the next vessel. A second l/̂ i-th voltxme of 
solvent Is then added to vessel A and both A and B are agitated as before. 
After settling, the solvent from B is transferred to C, that from A to B, 
and a third l/i|-th vol\aae of solvent is placed in vessel A. This is contin
ued until a total of seven sweeps of solvent has been agitated with the 
feed solution. The sweeps of solvent then pass successively -ttrrough B, C, 
D, and E, with agitation and settling, and are then combined in a sixth 
vessel at the end of process. When this operation is completed, the com
bined solvent phase contains 99«85̂  of the plutonium with about 1% of the 
original uranium and is 1 N in nitric acid. It also contains traces of 
ammonium nitrate. A distribution coefficient for this compoan In the aboye 
system has been measured to be about 0.0001. 

At this stage the plutonium is decontaminated form fission products 
to the extent of about 105. Of this decontamination, a value of about 103 
is effected by the first solvent contact. Additional factors of about 10 
are achieved in the second and third contacts. With respect to uraniiam, 
decontamination of the plutonium has been of the order of 20 in plant oper
ation and 10,000 in laboratory tests. A goal of 100 is the aim:. 

At the conclusion of the run, the uranium originally present in the 
. feed is fo\md distributed in roughly equal parts in the aqueous phase pres
ent in vessels A, B, and C. The aqueous phase in vessel D contains a rela
tively small amount of uranium. The spent feed from vessel A, which 
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contains substantially all the fission products, about 3056 of the uranium, 
and about O.l'jt of the plutonium is sent to storage. The aqueous phases 
from vessels B and C, which contain about 70^ of the uranium, 0.1^ of the 
plutonium, and some fission activity, are sent to separate storage. Scrub 
solutions from vessels D and E are transferred to vessels B and C, respec
tively, and fresh scrub solution is added to vessels D and E for the suc
ceeding run. The total volume of waste by this means is thereby only three 
times that of the original feed, with the bulk of the fission activity con
centrated in the original feed volume. 

Plutonixim is recovered from the solvent phase by two batcli extrac
tions, each with a l/3rd volume of distilled water. Before recovery, the 
solvent is further agitated with an additional l/3rd volume of distilled 
water. The latter is then used for the initial contact with solvent from 
the succeeding batch. The first two water extracts contain all the plu
tonium, decontaminated to a level of about 2 x 105, in a solution which is 
2 N in nitric acid. A small amount of uranium is also present. Before 
reuse in the process, the solvent is vacuum distilled form sodium carbon
ate, following ^Ich it is reacldified and additional aldehyde stabilizer 
added. 

The aqueous plutonium extract is then subjected to a precipitation 
step. Ammonium acetate is added to a concentration of 5^ &nd. a pH of 3*8, 
and the solution Is neutralized with ammonia such that it becomes 2 N In 
ammonium nitrate. Ferric nitrate is then added In quantities vtilch may 
be between O.O5 and 50 mg/ml. The solution is heated to 90*̂  C to precip
itate the ferric hydroxide and the plutonium. The solvitlon is then cooled 
to 60° C before centrifugatlon. At this point a fission product decon
tamination of the order of 10^ and 10° is achieved, and the decontamination 
with respect to uranium is about 5 x 103. The precipitated pltrtonium is 
then subjected to a modified Redox process for further decontamination and 
purification. The feed for this Is prepared by dissolving tho precipitated 
iron and plutonium in nitric acid and ammonium nitrate to provide a solu- ' 
tion 8 M ammonium nitrate, and 0.2 M in nitric acid; The solution is then 
made 0.05 M in ferrous sulfamate and is ready for extraction. This solu
tion is approxlBwitely 10"5 M in uranium. 

Removal of the last traces of uranium and extraction and recovery 
of the plutonium is effected in a two-step, semi-continuous process uti
lizing a pair of extraction colxjmns, which may be identified as columns X 
and Y, respectively, with hexone as the solvent. The aqueous phases are 
static for both steps of the process and only the solvent flows throtxgh 
the columns. The solvent enters the bottom of column X and, after over
flowing from the top, it is sent directly to column Y. From colxjmn Y the 
solvent goes directly to a recovery stage and is rettrmed via the bottom 
of column X to complete the cycle. Column X consists of a piece of about 
I-I/2" Pyrex pipe approximately 10 feet long in which the phases are mixed 
by a reciprocating agitator. The later consists of a slrles of perforated 
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plates spaced about 2 Inches apart and moxmted upon a shaft triiich runs 
axlally through the tube. The agitator drive is placed at the top of the 
column which is covered with a Koroseal diaphragm. The agitator operates 
at about 60 cycles per minute with a stroke of about 1/2". Column Y is 
of similar size and is packed with l/k" Berl saddles, and is'not equipped 
with an" agitator. 

In the first step of the process, the remaining uranium is extracted 
frcM the reduced feed solution contained in column X, and column Y serves 
to strip out plutoni\jm (trivalent) removed by the solvent. The static aque
ous phase in column Y consists of 8 M ammonium nitrate. UranlTim is then 
removed from the solvent by contact with an aqueous strip solution and the 
solvent is distilled and returned to the process. For both this and the 
succeeding plutonitmi recovery step, the amount of solvent circulated is 
three times the vol\ime of feed solution. 

In this first step, reduction of the plutonium is effected in the 
column and not in a preceding feed makeup stage; i.e., the plutonium solu
tion containing iron and ammonium nitrate and nitric acid is placed in the 
column, and ferrous sulfamate is added directly thereto, using the recip
rocating agitator to ensixre mixing. For the conditions applying to column 
X, i.e., a solvent strength of 8 M ammonium nitrate, uranium distribution 
coefficients have been found to range from 22 at the start to 10 at the 
end of the extraction process. At an ammonium nitrate concentration of 10 
M, distribution coefficients of 25 at the start to 13 at the end have been 
obtained. For the plutonium scrubbing operation effected in the fir^t 
step in column Y, distribution coefficients ranging from O.OO5 to O.OOO9 
have been obtained depending upon the ferric-to-ferrous ratio. 

It has been foimd that In the feed used in this part of the process, 
80^ of the activity coming through is attributable to ruthenium, i.e., the 
latter element is the chief limitation to decontamination in the Trlgly 
process. 

Following removal of the tiranium in the first step of the process 
the plutonium is oxidized, extracted, and stripped form the solvent in a 
similar cycle. The oxidation of trivalent plutonium is effected by use 
of sodium dichromate in. O.O3 M excess over the stoichiometric amount. It 
appears that a mixttire of tetravalent and hexavalent plutonium results 
from this operation. The gross distribution coefficient for plutonium 
for this step in the process has been found to range from 7 to 15 In the 
presence of 8 M ammonitim nitrate and at an acid strength of O.3 N nitric 
acid. Distribution coefficients for other elements in column X at this 
stage of the process have also been measured. The coefficient for ferric 
iron has been found to be about 0.0001, that for ammoniim nitrate to be 
about 0.0005 (with much uranium present, the coefficient for ammonium 
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nitrate may rise to as high as 0.001), and the coefficient for chromium 
has been foimd to be about O.OOOO9. Only traces of sulfamic acid or of 
aluminum would be extracted at this step. 

Other problems under study by the Chalk River Chemical Engineering 
Group were also discussed. 

Consideration is being given to the separation of llthlum-6 from 
llthlum-7 in order to use the latter as a liquid metal pile coolant. 
Cross-sections of 6OO and O.33 bams were quoted for the 6- and 7-lso-
topes, respectively. It was considered that the separation might be ef
fected by distillation, either of the metal or of s<aiie compound.' For 
example, it has been calculated that it might be possible to purify the 
7-i8otope sufficiently by a 70-plate column. 

Some work was also being done upon the concentration of fission 
products from the waste solution, both from the Trlgly and from the Butex 
processes. It was proposed to treat the ammonium nitrate waste solutions 
from the Trlgly process by refl\ixlng with acetic anhydride. The latter 
woxild remove the water present and decompose the ammonium nitrate to ni
trous and nitric oxide and would form acetic acid. The latter would then 
be removed by distillation and returned to chemical processors. The Butex-
process would produce a waste solution containing only ammonium nitrate 
and fission products. Some work had been done upon the direct thermal 
decomposition of the ammonium nitrate. In laboratory tests it was pos
sible to effect this decomposition at high temperature in a controlled 
manner by introducing the solution in small volxime into a heated zone, 
i.e., essentially a flash decaaposltion. It was felt that the require
ments for shielding a highly active feed of this nature would be such as 
to enstcre that the equipment woTild be protected by an essentially explo
sion-proof installation. 

Their 23-process was also briefly discussed. This depends upon the 
fermation of a complex with the sodium salt of diethyl dithlocarbamic acid 
in ammonium nitrate solution at pH values above 2.5. High distribution 
coefficients, of the order of I30, are attainable with this compound. The 
complex Is quite xinstable which limits the time which can be allowed for 
its formation, and for settling from solution. The feed may consist of 8 
liters of a solution which is 1 M in thorium nitrate, 1.6 M in ammonium 
nitrate, 2.5 In free ammonia, and has a pH of 3« The complex-forming sub
stance is added as a solution containing 6k grams of soditmi diethyl dlthi-
ocarbanlate in 320 cc of aqueous solution. The complexed uranium is ex
tracted by stirring for three minutes with 8 liters of hexone from which 
separation is effected after"a miiiimum settling time. The 23 is recovered 
from the hexone solution by carbonate extraction, i.e., with three l/30th 
volumes of 10^ ammonitan carbonate. The complete description of this proc
ess is contained in Chalk River docvmient MX-219. 
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Dxiring an inspection of the pile area, it was indicated that the 
flux in the central thimble amounts to 3 x 10^3 and that the pile contains 
about 20 tons of uranium. It was stated that great difficulty might be 
experienced if blistering of the slugs were to take place, and it was in
dicated that some such tendencies have been detected, but that - fortu
nately - the effect of irradiation on the uranivmi is to lengthen the slug 
without increasing the diameter. 

The subject of dissolving under basic conditions and of the Inextrac-
tability of ruthenitim were also discussed at some length. It was indicat
ed that the inextractable ruthenlTm obtained when dissolution was conduct
ed at low acid concentrations was also difficult to determine analytically 
either by perchlorate or bromate volatilization methods. The quantity of 
ruthenium determined by this means was about five times as great as was 
In'licated by the tetrachlorethfeine extraction method, but was still by no 
means quantitative. It was felt that a good part of the dissolution where
in the inextractable ruthenixim was obtained occurred at a pH greater than 
k. Ammonium eerie nitrate would not oxidize this ruthenium. 

Reference was made to studies of ruthenium chemistry, and that of 
other platinum group metals at the University of Toronto. 

It was noted that cerivua coTild be removed by oxidation to the tetra
valent stage and extracting with dibutoxytetraglycol. It was stated that 
ammonixmi cerlc nitrate will extract rapidly and that the pressence of chlo
ride ions will accelerate the extraction of cerium. 

Some concern was expressed as to whether decontamination with respect 
to yttrium would be satisfactory in the Redox or Butex process, as some 
studies which had been made preliminarily indicated that yttrium might con
stitute 5 to 10^ of the activity to be removed. 

Plans for a new chemical engineering building to be constructed at 
Chalk River were also briefly discussed. These are still in a tentative 
stage subject to modification and approval. The proposed building would 
cover a ground area of approximately 15,000 sq.ft. and would be 50 feet 
wide by 300 feet long. The central section would be two floors in height, 
the lower being shops and similar facilities, and the upper being offices. 
This section would not be used for active work but the whole building would 
be treated as possible to contaminate. One end of the building would be a 
conventional unshielded pilot plant area providing about two stories head 
room balconies on all sides. The other end of the building would be for 
work with active materials requiring shielding. Several variations in this 
construction have been proposed. One would be to provide a series of cells, 
each about 15 x 15 feet with varying head rooms and with either 1 or 2-foot 
concrete shield walls". Alternately, the entire wing woxild be a shield wall 
construction with shield wall partitions, The maximum head room proposed 
would be 60 feet. The largest proportion of the area would provide only 
single story or 25-foot head room. _ _ _ _ _ i _ 
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