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SOLVENT STABILITY IN NUCLEAR FUEL FPOCESSING: 

CYCLIC IRRADIATION STUDIES OF 15 v o l % 
TBP-n-DODECANE 

J . G. Moore 
D. J . Crou/ie 

ABSTRACT 

Cyclic irradiation tests were made in which 15 vol % 
TBP—n-dodecane in contact with 0-38 M U0 2(N0j a~3 M 
HN0 3 was irradiated hy a 6°Co source for 20, 60, or 
120 min (single-cycle radiation doses of 0.3* 1> or 
2 whr/liter). The uranium i:as then stripped from the 
organic phase with dilute nitric acid, and the solvent 
was regenerated by washing with a0.3W Na 2C0 3 solution. 
This cvcle was reseated until the solvent had received a 
total radiation dose of 6 to 10 whr/liter. Periodically, 
the solvent was sampled and its extraction and metal 
retention characteristics were determined. In each test, 
the phase separation was rapid and clearly defined; there 
was no evidence of the formation of solids. Exposures at 
a level of 0-3 whr liter-1 cycle-1 bad no detectable 
effect on the solvent performance. At the higher expo
sures, there was slight retention of uranium by the 
stripped solvent and an increase in the ability of the 
solvent to extract zirconium. The zirconium extraction 
coefficients for solvents irradiated at 1 and 2 whr 
liter""1 cycle"1 were about two and three times, respec
tively, those obtained with unirradiated solvent. How
ever, the coefficients did not increase with cycling, 
indicating that the degradation products formed during 
the irradiation were removed effectively from the solvent 
by the sodium carbonate wash. 

Assessment of these results in terms of the solvent 
exposures that are expected during the processing of 
30-day-cooled IMFBR fuels in pulsed columns indicates 
that process problems arising from irradiation of the 
solvent will be minimal. 
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1. INTRODUCTION 

Because I/4FBR fuels will be irradiated to high burnups at high specific 
power and, for economic reasons, will be processed after relatively siort-
decay (possibly as little as 30 days), the aqueous solutions prepared by the 
dissolution of these fuels will have high radiation power densities. For 
example, it ii estimated that a feed solution prepared by dissolving 30-day-
cooled mixed-core-and-blanKet materials from the Atomics International 
Reference Oxide Reactor to a heavy-metal concentration of about 70 g/liter 
would have a power density of about 6 (̂  + y) w/liter.* Dissolution of the 
core alone and/or preparation of more-concentrated feed solutions would 
increase the power density of the solution severalfold. One of the major 
questions of the applicability of tributyl phosphate (TBP) extraction 
(i.e., the Purex process) to the recovery of -uranium and plutonium from 
highly radioactive feeds concerns the effects that irradiation will have on 
the solvent and its subsequent process performance. It is known that solvent 
degradation products (TBP decomposition products and nitration products of 
the hydrocarbon diluent) can decrease separations from fission products, 
increase plutonium retention by the solvent, and contribute to the forma
tion of cruds and emulsions. In the Purex process, the solvent is washed 
with an aqueous solution of Na 2C0 3 after each cycle to remove TBP decomposi
tion products and thereby prevent their accumulation to a level that would 
cause severe process problems. 

A recent review and assessment of past laboratory studies and production 
experience concerning solvent stability showed that, unfortunately, most of 
the available information is of little or no use for predicting solvert 

•z 

performance during the processing of short-cooled high-burnup fuels.^ In 
most of the solvent irradiation tests described in the literature, the 
solvent received a large radiation dose (in some cases, without nitric acid 
present), and then its extraction characteristics were tested. Thus, the 

This estimate assumes that all of the fission products would dissolve. 
Actually, dissolution tests with irradiated IMFBR fuels have shown that 
some of the more important fission products such as 1 0 6 R u and 95Zr-Nb 
are not dissolved completely by boiling 8 to 12 U HN03. 
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results are not useful for predicting solvent performance in an actual 
processing system, in which the solvent receives a relatively small dose 
during each cycle and is washed between cycles to remove offending degrada
tion products. In addition, kerosenes or "naphthas,'' which are now known 
to be much lesn stable in process use than the presently favored normal 
paraffin hydrocarbons such as n-dodecane, were used as the diluents in most 
of the earlier studies. 

This report describes the results of a ser?.es of batch cyclic irradia
tion tests in which we used n-dodecane as the diluent and attempted to 
simulate processing conditions more closely. In these tests. f\) 15 vcl % 

TBP in n-dodecane was mixed with 0.38 M U0 2(N0 3) 2—3 W ffliOr, while being 
irradiated by a 6 0Co source (i.e., a simulated extraction step), (2) the 
uranium was stripped from the extract with dilute nitric acid, and (3) the 
stripped solvent was washed with 0.3 M Na 2C0 3 solution and 0.1 M HN0 3. 
This complete process cycle was then repeated until the desired total 
solvent radiation dose was obtained. Samples of the solvent were withdrawn 
periodically for characterization tests. 

In general, the test results indicate that, =ven when short-cooled 
LMFBR fuels are processed, problems arising from solvent radiation damage 
should not seriously affect the efficiency of ths Purex process. Similar 
batch cyclic tests are being made with fuel solutions derived from leaching 
irradiated IMFBR fuel specimens to confirm this preliminary conclusion. 

2. REAGENTS, IRRADIATION PROCEDURE, AND CHARACTERIZATION TESTS 

2.1 Reagents 

Technical-grade TBP was purified by boiling with a dilute aqueous 
k solution of sodium hydroxide. One volume of TBP was added to five volumes 

of 0.1 N NaOH, and the mixture was distilled at atmospheric pressure until 
two volumes of distillate had been collected. After the mixture remaining 
in the pot had cooled to room temperature, the TBP was separated from tze 

aqueous phase, washed three times with water at a phase ratio of l/l, ar.i 
stored in the dark prior to use. 

The n-dodecane, obtained from Union Carbide Corporation, was 99-75 
mole % pure according to chromatographic analysis. 
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2.2 Irradiation Procedure 
One volume (1500 to 2^00 ml) of freshly prepared 15 vol % TBP in 

n-dodecane was adoed t> 0.5 volume of 0.3£ M U0 2(N0 3) 2—3 M HN0 3 in a 
stainless steel reaccor vessel (Fig. 1). As the phases were mixed, the 
6 0 C o source capsule was lowered into the well of the vessel, and the mixture 
was irradiated for 20, 60, or 120 min. These periods were equivalent to 
solvent radiation doses of about 0.3, 1, and 2 whr/liter, respectively. 
After irradiation, the mixture was immediately transferred to a separatory 
funnel, the phases were allowed to separate, and the aqueous phase was 
r'anoved. The organic phase (the organic extract) was stripped of its 
uranium content by five copsecutive contacts with 0.5 volume of 0.01 M HN0 3 

and was then washed twice with 0.5 vorume of 0.3 M N^COa and once with 
0.2 volume of 0.1 M HN0 3. The complete procedure was repeated until the 
solvent had received an integrated radiation dose of 6 to 10 whr/liter. 
Samples of the organic and aqueous phases were taken periodically after 
the irradiation, stripping, and solvent wash steps for uranium analyses 
and solvent characterization tests. Samples that could not be analyzed on 
the day of collection were refrigerated and stored in the dark until used. 
The organic samples taken after the carbonate—nitric acid wash treatment 
were reloaded with uranium before the 9 6Zr and 1 0 6 R u extraction and reten
tion tests were begun. The testing procedure and sampling points are 
summarized in Fig. 2. 

2-3 Zirconium Extraction and Retention Tests 
Extraction of zirconium by the solvent was measured by contacting 

Hliquots of uranium-containing solvent from the irradiation contact and 
of carbonate-washed solvent (after it had been reloaded with uranium) with 
a solution of the following composition for 5 min: 

Constituent Concentration 
U 10 g/liter 
HNO3 3 M 
Zr 0.9 g/liter 
9 5Zr- 9 5Nb ~8 x 10 B counts min"1 ml" 1 
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The phases were separated, the organic phase was centrifuged for 2 aiin, 
and a gross gemma count was made of the organic and aqueous phase*. I he 
organic phase was then stripped by five consecutive 1-jnin contacts with 
0.01 N HN0 3, each at a phase ratio of l/l, and a gross gamma count was made 
of the stripped solvent. All tests were made in duplicate. Since niobium 
is only weakly extracted by T3P, the zirconium extraction coefficient was 
calculated by assuming that all gamma activity in the organic phase in 
excess of the activity arising from uranium was due to 9 5Zr. In addition, 
the aqueous fe*.±d was assumed to be at equilibrium with respect to the 
9 BZr- 9 5Nj couple so that about hof, of the total activity in the original 
feed was due to 9 BZr. 

The zirconium feed solution was prepared by adding 9 5Zr- 9 6Nb tracer 
to 0.63 W oxalic acid. The oxalate was destroyed by adding equal volumes 
of concentrated HN0 3 and 30$ H 30 2 to the tracer solution and heating alsiDst 
to dryness. This procedure was repeated three times. After the last 
evaporation, sufficient uranium, nitric acid, and zirconium nitrate were 
added to give the desired concentrations in the _eed solution. 

2A Ruthenium Extraction and Retention Tests 

Three solar nitric acid containing about 0.3 g of ruthenium per liter, 
l c 6 R u tracer (̂-1 x 10 6 counts min""1 ml" 1}, and 30 g or uranium per liter 
vas shaken for 5 miti with a sample of uranium-bearing solvent from the 
irradiation-extraction step. The organic and aqueous phases were then 
separated, and the organic phase was centrifugsd prior to determination 
of the ruthenium concentration by gross gamma counting. Ruthenium retention 
in the organic phase vas measured after five consecutive 2-min contacts with 
0.01 N HNO3. Similar extraction-stripping tests were made using samples of 
the carbonate--nitric acid—washed solvent after the solvent had been Loaded 
with uranium. All tests were made ir. duplicate. 

In order to obtain reproducible results, precautions were taken to 
ensure that the desired ruthenium species was present in the aqueous phase 
at the time of its contact with the solvent. A ruthenium stock solution 
was prepared by adding *°8Ru (as PuCl3 ir. 2.3 N HC1) to 6 M HN03 having a 
rathenium concentration (as RuCl4) of 19 g/liter. The chloride was removed 
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by repeatedly distilling off 0.5 volume of the aqueous and adding 0.5 volume 
of 5 y HNO3 to the residue until the distillate no longer contained chloride. 
The residue was dissolved and then diluted to 5 volumes with sufficient 
concentrated nitric acid to give a final nitric acid concentration of 10 M; 

the resulting solution was refluxed for 1 hr. One hour prior to determining 
the ruthenium extraction coefficient, 1 ml of this ruthenium stock solution 
was added to 10 ml of U0a(N03)a-HN03 solution to make up the aqueous feed 
for the extraction test. 

2.5 Plutonium Extraction and Retention Tests 

Plutonium extraction and retention tests were mode with samples of 
the solvent extract obtained frosi the irradiation-extraction ster^ and with 
the carbonate-washed solvent after it had been reloaded with uranium. The 
organic solutions, each having a uranium concentration of about 35 g/liter, 
were contacted f »r 2 min with equal volumes of 3 M HNQ- having a plut-oni'ĵ . 
concentration of about 0»6 g/liter and a uranium concentration of 15 g/liter. 
The plutonium concentration in each phase was measured using an alpha liquid 
scintillation counter. The organic phase was stripped by t1 ee consecutive 
contacts with 0.5 volume of 0.17 M HN0 3—0.1 M FeCSOaNHg^, and the residual 
alpha activity was measured. 

3. RESULTS 

The only observed changes that occurred in the solvent performance as 
the radiation dose per cycle was increased were: (l) an increase ii the 
9 BZr extraction coefficient, and (2) a slight re^2ntion of uranium by the 
stripped solvent. These effects did not build up with cycling, however, 
indicating t.'iat the solvent wash treatment was effective in removing the 
offending solvent degradation products. 

3-1 Retention of Uranium 

There was a sr̂ all incre.ise in the amount of uranium that was retained 
by the solvent after stripping as the radiation dose per cycle was increased 
from 0.3 to 2 whr liter"1 cycle"1 (Table l). The quantity of uranium 
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Table 1. Effect of Irradiation en Uranium Extraction and Retention 

Uranium in Stripped Solvent 
Solvent Radiation Dose ^mg/liter) 
(whr liter - 1 cycle - 1) Range Average 

0.0 (unirradiated solvent) 0-7-1.3 1-0 
0.3 0.2-1.0 0.6 
1.0 1.2-5-5 3-3 
2.0 12-15 lk 

retained by solvent receiving a dose of C 3 whr liter"1 cycle"1 was 0.2 to 
1 mg/liter, which is essentially the same range of values obtained n paral
lel tests for solvent that had not been irradiated during extraction. With 
radiation doses of 1 and 2 whr liter"1 cycle"1, 1 to 5 and 12 to 15 mg of 
uranism per liter, respectively, were retained. Presumably the observed 
retention was due to the presence of HDBP (a degradation product of TBP), 
which was formed to a greater extent at the higher irradiation levels. How
ever, the quantity of retained uranium did not increase with cycling (Fig. 3), 
indicating that the carbonate wash treatment efficiently removed the HDBP. 

3.2 Extraction and Retention of Zirconium 
The most significant observation in these tests was the increased 

ability of solvent that had been irradiated to 1 or 2 whr liter"* cycle"1 

to extract 9 6Zr (Table 2). The average 9 B Z r extraction coefficient obtained 
with unirradiated solvent was 0.012. Irradiation to a level of 0.3 whr 
liter"1 cycle"1 caused no detectable increase in the extraction coefficient. 
However, solvent irradiated to 1 or 2 whr liter"1 cycle"1 gave 9 6Zr coeffi
cients of 0.027 and 0.036, respectively, or coefficients that were a factor 
of 2 to 3 higher than the coefficient obtained with unirradiated solvent. 
In addition, results showed (although the data are very scattered) that 
more zirconium was retained by the more highl;r irradiated solvents on strip
ping with dilute nitric acid. 
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Table 2. Results of Zirconium Extraction and Retention Tests 

9 6 Z r Extraction 
" n l l i n n t U n t i l n t l r m Tkr.rn C O e f f I C i e i l t S 

t of Original 
9 6 Z r Retained 

(whr l i t e r " 1 cycle" 1 ) Range Average Range Average 

Organic Samples Taken After Irradiation Contact 

0.0 0.009-0.015 0.012 0.10 -1.23 0-57 
0.3 O.006-O.018 0.011 0.0^7-0-57 0.20 

1.0 O.G22-0.029 0.027 0.*K> -1.32 0.81 
2.0 0.033-O.OfcO 0.036 0.53 -1.28 0.70 

Organic Samples Taken After Carbonate—Kitric Add Wash 

0.0 0.009-0.017 0.012 0,21 -1.08 0.$7 
C 3 O.OOU-0.012 0.008 0.0B7-0.87 0.23 
1.0 0.009-0.01U 0.011 0.29 -0.76 o.kd 
2.0 0.009-0-01^ 0.012 0.29 -O.78 O.56 

The zirconium extraction coefficients, although larger at the higher 
exposure levels, did not increase with cycling (Pig. h). Irradiated solvent 
that had been washed with a sodium carbonate solution gave coefficients 
equal to, or less than, those obtained with unirradiated solvent (Table 2). 
These results indicate that the degradation products responsible for the 
increased zirconium extraction (presumably mostly HDBP) were effectively 
r<3noved by the alkaline wash treatment. In fact, there is some indication 
that, at low dose rates (e.g., 0.3 whr liter"1 cycle - 1), the extraction 
and retention of zirconium are diminished slightly. The data are too 
scattered and insufficient to confirm this; however, the effect has been 
observed by others. 

In these experiments, as described previously, the solvent was irra
diated while it was in contact with UO a(H0 3) 3—3 M HN03; no fission products 
were present* Samples of the irradiated solvent were theu withdrawn for 
zirconium extraction tests. To ensure that the results would be the same 
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with zirconium and ruthenium present during irradiation, as they would he 
in actual fuel processing, two additional experiments were made with 3 M 

HN03~0.U M UO a(N0 3) 8 aqueous feeds that contained either (l) 0.9 g of 
zirconium per liter and 9 BZr- 9 BNb tracer or (2) 0.9 g of zirconium per 
liter, 9 BZr- 9 6Nb tracer, and 0.3 g of ruthenium per liter. Each experiment 
consisted of three cycles at a radiation dose level of 0.3 whr liter'1 

cycle"1. In addition, a parallel (control) three-cycle test was made with 
the first aqueous feed outside the radiation field. Results (not presented 
here) indicated that the presence of zirconium and ruthenium during irradia
tion had no effect. As before, the 9 BZr extraction coefficients were the 
same as, or slightly lower than, those for the unirradiated solvent, and 
any 9 BZr remaining in the organic phase after stripping with 0.01 M HN0 3 

was removed by the carbonate wash. 

3*3 Extraction and Retention of Ruthenium 

Irradiation up to s dose of 2 whr liter"1 cycle"1 had no effect on the 
extraction and retention of ruthenium. Both the l o 6 R u extraction coeffi
cients obtained with unirradiated (control) solvent and those obtained with 
solvent that had been irradiated to about 0.3, 1, and 2 whr liter"1 cycle"1 

were about 0.002 (Table 3). From 0.11 to 0.l6£ of the l 0 6Ru in the feed 
was retained by the stripped solvent; variations within this range showed 
no dependence on solvent radiation dose-

As in the tests with 9 6Zr (see Sect. 3*2), additional tests, each 
consisting of three cycles of irradiation at 0.3 whr liter"1 cycle"1, were 
made in which ruthenium or ruthenium and zirconium were present during the 
irradiation-extraction step. Again, irradiation at this level appeared to 
have no effect on the i 0 6 R u extraction and stripping behavior. 

3*+ Extraction and Retention of Plutonium 

The quantities of plutonium that were extracted or retained by the 
solvent after stripping were the same for unirradiated solvent and for 
solvent that had "been irradiated up to 2 wbr liter"1 cycle"1. After 
extraction, each solvent had a plutonium concentration of about 0,k g/liter. 
Thin concentration was reduced to less than 5 x 10" B g/liter by stripping 
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Table 3* Results of Ruthenium Extraction and Retention Tests 

1 0 6 R u Extraction i of Original 
Coefficients l o 6 R u Retained Solvent Radiation Dose — 

(whr liter" cycle-1) Range Average Range Averse 

Organic Samples Taken After Irradiation Contact 

0.0 0.0019-0.0026 0.0022 
0.3 O.OOlU-0.002^ 0.0020 
1.0 O.OOlU-0.0028 0.0022 
2.0 0.0021-0.0026 0.0023 

Organic Samples Taken After Carbonate—Nitric Acid Wash 

0.13 -0.19 0.16 
0.076-0.1U 0.11 
0.12 -0.18 0.15 
0.15 -0.17 0.16 

0.0 0.0019-0.0026 0.0022 0.13 -0.19 0.16 
0.3 0.001^-0.002^ 0.0020 O.0T3-O.13 0.11 
1.0 0.0016-0.0025 0.0020 0.12 -0.17 0.15 
2.0 0.0016-0.0023 0.0019 0.13 -0.1-3 0.1U 

the organic phase with ferrous sulfamate solution. In the stripping con
tacts, the plutonium was reduced to Pu(IIl), siiarolating plutonium parti
tioning from uranium. At the higher irradiation levels (1 and 2 whr liter"1 

cycle - 1), where significant amounts of HDBP were undoubtedly formed, 
measurable retention of plutonium hy the solvent might be expected if the 
plutonium were stripped with dilute nitric acid. 

3.5 Measurements of Surface Tension and Interfacial Tension 

The cyclic irradiation in the tests just described had essentially no 
effect on either the surface tension of the regenerated solvent or the 
interfacial tension between the solvent and the aqueous uranium feed 
solution. The measurements were mad3 with a Kruss' du Nouy Tensiometer 
immediately after the solvent had been contacted for 2 min with 0.5 volume 
of a uranium feed solution of the same composition as that used during the 
irradiation-extraction step (see Sect. 2.2). There was less than 8$ 
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variation in the surface tension values and less than 6^ variation in the 
interfacial tension values (Table k). 

4. DISCUSSION 

The effects of irradiation on solvent properties, as observed in the 
cyclic tests described in this report, are sjEasasfzeo. in Table 5» Irradia
tion of iyf> TBP~n-dodecane at 0-3 whr liter"*1 cycle"1 to an integrated 
dose of about 6.5 whr liter"*1 had no apparent adverse effect on solvent 
performance. The quantities of uranium, piutonium, zirconium, and rritnenium 
that were extracted and retained were the sane as those observed for unirra
diated solvent. Increasing the dose level to 1 and 2 whr liter*"1 cycle""1 

increased the 9 eZr extraction coefficients by factors of 2 and 3, respec
tively, and caused only a slight retention of uranium. However, cycling 
caused no buildup of the effects; they were apparently caused by the presence 
of HDPP, which would be formed in significant amounts at these irradiation 
levels. The carbonate wash treatment, which removed HDBP effectively from 
the solvent, eliminated the irradiation effects; that is, the performance 
of the washed solvent was equivalent to that of unirradiated solvent. In 
each test, phase separation was rapid and well-defined* Even at the highest 
irradiation level (2 whr liter"1 cycle"1), there was no evidence of the 
formation of solids (e.g., precipitation of the zirconium salt of HDBP, 
which has a low solubility). 

Recent estimates by Groenier' indicate that, when 30-day-cooled mixed-
core-and-blanket material (average burnup of 33,000 Mwd/metric ton) from 
the Atomics International Reference Oxide Reactor is processed in pulsed 
columns, the solvent doses will be about 0.12 and 0.26 whr liter"1 cycle'1, 
respectively, for 1% and 30f, TBP solvents. The estimated solvent doses 
are almost insensitive to changes in the heavy-metal concentration of the 
feed in the range of 70 to 210 g/liter. The estimated exposures for process
ing core material (burnup of 80,000 Mwd/metric ton) alone are about 60& 

higher than for processing mixed-core-and-blanket material. 
As discussed above, the solvent performance in the cyclic irradiation 

tests described in this report was not affected by radiation doses of 0.3 whr 
liter'1 cycle"1, which is higher than thp rtosp expected to be received by the 
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Table U. Effect of I r rad ia t ion on the Surface Tension of the 
Regenerated Solvent and the Tnterfacial Tension Between 

the Solvent and the Uranium Feed Solution 

Solvent Radiation Dose 
(vhr l i t e r " 1 cyc le" 1 ) 

Surface • 
(dyne-

tension 
-cm) 

Average 

In t e r f ac i a l Tension 
(dyne-cm) 

Range 

tension 
-cm) 

Average Range Average 

26.U26,3 26.6 lUA-16.2 15.5 
2^.2-2^.8 2U.6 15.2-15.7 15.5 
2U.6-2U.9 2^.7 lU.3-15.0 lfc.6 
2k.9-25 A 25.2 15.1-15-^ 15-2 

0.0 
0.3 
1.0 
2.0 

Table 5- Cyclic I r r ad ia t ion Tests with 1% TBP—n-Dcdecane 

Test 

Exposure 
per Cycle 

(whr / l i t e r ) 

Number 
of 

Cycles 

Total 
Exposure 

(whr / l i t e r ) Effect on Extraction Propert ies 

0.29-0.3^ 

0.93-1.01 

1.9^-2.02 

20 

10 

6.5 

9.5 

5.9 

No change observed 

Quantity of zirconium extracted 
was twice that obtained for 
unirradiated solvent; stripped 
solvent retained 3 mg of U per 
liter 

Quantity of zirconium extracted 
was three times that obtained 
for unirradiated solvent; 
stripped solvent retained ik mg 
of U per liter 
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solvent when mixed-core-and-blanket materials are processed with either 
15$ or 30$ TBP. For the most severe case considered by Groenier, that is, 
the processing of core material alone with 30$ TBP, where the exposure 
would be 0.^2 whr liter"1 cycle""1, some increase in 9 6Zr extraction might 
conceivably occur. However, this effect should be small (much less than a 
factor of 2) if detectable at all. Of course, the use of fast contactors 
would decrease the solvent dose to a level far below that where effects on 
solvent performance have been observed. Our tests, therefore, lead to the 
preliminrry conclusion chat problems arising from solvent radiation damage 
sustained during the treatment of short-cooled IMFBR fuels will be minimal. 
This conclusion needs confirmation in tests with actual fuel solutions. 
Also, it must be remembered that these tests do not show the effects of 
extended use of solvent in a processing plant. This can lead to a slow 
accumulation of degradation products in the solvent phase that iaay impair 
solvent performance. These degradation products usually derive primarily 
from the reaction of nitric acid with the diluent, the reaction rate (and 
thus the accumulation of degradation products) increasing 'hen the extrac
tion process is conducted at elevated temperatures and/or in a high radia
tion field. The use of normal hydrocarbons (principally dodecane) as 
process diluent has greatly decreased the extent of problems arising from 
diluent degradation; but, if necessary, the solvent can be purified periodi 
cally by distillation to remove offending degradation products. 
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