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ABSTRACT

The principal products of sclvent degradation during
two of the scolvent extraction steps of the curlum process
were l1dentifled as primary and secondary amines (from the
tertiary amine extractant) and aromatic alcchols and ke-
tones (from the diethylbenzene diluent). In batech tests,
the principal causes of sclvent degradation were radi-
olysis in the extraction banks of the nitrate-to-chloride
conversion step and chemlcal oxidation durlng solvent
waghing in the lanthanlide remcval step. Hydrazine wasg
shown to inhibit solvent degradation in the conversicn
step.
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FOREWORD

This report is one in a series that describes the develop-
ment of separations processes for purifying #44Cm produced in
Savannah Rlver reactors. The series is belng issued under the
general title Curium Procegs Development. Followling the general
title, a roman numeral deslgnates the subJect area of the report,
and an arablc numeral designates the series report number in that
subject area. A subtitle describes the content of each report.
Subject areas foreseen for this serles are:

I. Genersal Process Descriptiion
ITI. Chemlcal Processing Steps
IIT. Analyticel Chemistry Support

Reports issued in thils series include:

I. General Process Description by I. D. Eubanks and
G. A. Burney (USAEC Report DP-1009 ). :

ITI-i, Analyticsal Technigues for Characterizing Solvent
hy R. Narvesez (USAEC Report DP-1010}, :

III-3. Analytical Control by E. XK. Dukes (USAEC Report
DP-1039). _
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INTRODUCTION

The Savannsh River program for producing Z44cm includes
the development of ‘séparations processes for purification of
the 244Cm produced in Savannah River reactors.!!’ This report
summarizes a study of: solvent degradation during two solvent g
extraction steps: ;

e Nitrate-to-chloride conversion step, for con-
version of “a nitrate solution of curium, amerlcium,
and lanthanides to a sultable feed for the subsequent
lanthanide removal step.

. Lanthanide'removai'step, in which the trivsalent
actinides are preferentlally extracted from the
trivalent lanthanldes.

The objectives of thls study were to determine the major
degradation products, thelr sources, and thelr rates of produc-
tion and to investigate means of inhibiting degradation. The
scope of the work was limited to batch exposures of solvent
components to environments that simulated those in the processing
steps.

SUMMARY

‘ The major products of solvent degradation were ldentifled

In two solvent extraection ateps that slmulated conditlors of the
. eurlum process, Primary and secondary amines, from the tertlary
amine extractant, and aromatic alecohols and ketones, from the
dliethylbenzene dlluent, were the principsl products detected 1in
degraded solvent from the nitrate~to-chlorlde conversion and the
lanthanide steps., Gas chromatography, infrared spectrometry
with a multiple-reflectance cell, and thin-layer chromatography
were the analytical methods used.

Rates of degradation, derived from beteh tests that simu-
lated processing steps, revesled that radlolyslis in the extractlon
banks in the conversion step and chemical oxldatlon durling solvent
waghing in the lanthanlde removal step were the principal causes
of solvent degradation. Hydrazine was shown to inhlblt solvent
degradation in the converslon step.




DISCUSSION

Batches of solvent were exposed to chemlcals and radlation
that simulated those in the two solvent extraction steps. The
major degradation products were determined by analytical tech-
niques described in a previous report in thils series.2) Flow-
sheets for both steps of the process, includlng solvent recycle,
are shown I1n Figures 1 and 2.
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DEGRADATION IN THE NITRATE-TO-CHLORIDE CONVERSION STEP

Test Conditions

Curium process solvent, 30 vol % tertlary amine in diethyl-
benzene (DEB), was mixed for 48 hours with an equal volume of an ‘
agquecus solutlon of the following composition to simulate the Lt
extraction banks of the nitrate-to-chloride conversion step: .

A1(NOg )a 1.1M

LiNOg b, 5M E
HNOg 0.2M e
cm 4.3 x 10*° dis/(min)(m1) ‘ ?;
Ce 1.7 x 10° dis/(min)(m1) é;

On the basis of the activity extracted intc the organic phase
and the exposure tlme, the solvent was calculated toc have N
received a radiation dose of 26 watt-hr/liter. The actual o
radlation dose to solvent in the conversion step wili be
~1 watt-hr/liter per cycle.

ldentification of Degradotion Products

Thin-layer chromatcgraphic analysis of the solvent showed
~0.5 vol % each of primary and secondary amlnes, Thus, ~3% of
the criginal tertiary amine mixture degraded under these condi-
tions. The solvent was subsequently neutrallized with dilute
gsodium hydroxlde solution and analyzed by gas chromatogrsphy
(60).* Figure 3 shows two major components, labeled "A" and "B,
that were not present In the original solvent. The concentra-
tlons of components A and B present were estimated at 2 and 12
vol %, respectively. In the following paragrephs, these com-
ponents will be shown to be derived from DEB; thus, ~20% of the
original DEB degraded under these conditlons.

n

Component A was easlly removed by washlng the solvent wlth
water, and its GC retention time was identlcal to that of ethanol.
Therefore, component A was tentatively 1ldentified as ethanol from
the alkalline hydrolysis of an ethyl ester. This ldentification
was further supported by batch irradiation of DEB mixed with
dilute nitric acid (112 watt-hr/1 from ®°Co). Component A digd
net appear in GC analysis of the unwashed DEB, but dild appear

* Direct GC analysis of the solvent in the nitrate form is compli-
cated by reaction of the nitrlic acid with the amlnes in the gas
chromatograph.

- 10 -




‘Conditions for Chromatograms

Column: 6 ft x Y in. OD, 5% silicone gum rubber (General Electric SE-30) on diatomaceous earth
£120- to 140~ mesh ""Gas Chrom'* Z from Applied Science Laborateries, Inc.)

Carrier Gas: Helivm

Program: 9°C/min

Range: 100 to 235°C

Sample Aliquot: 1 pl

Irradioted
(26 wott-hr/liter)

Unirradiated

T

Detector Rasponse

!

DEB  Mmajor .
\ - a _mpuity Degrodatio
Impurity DEB Degradation '
in DEB leodicer (172 scale)
] f : /¢ scole ]
0 5 10 15 0 5 10 15
Elution Time, minutes Elution Time, minutes

FIG. 3 GAS CHROMATOGRAMS OF CURIUM PROCESS SOLVENT

* after washing with dilute NaOH. In addltilon, component.}A was
detected in the NaOH solution that was used to wash the solvent.

Component B was also produced on irradiatlion cf the DEB-HNOg
mixture with ©°Co. Subsequent analysis of the DEB on & column
of "Apiezon" L* wax showed that component B was a mixture of at
least three components. (The "Apiezon" I column has higher
resolving power among alcochols, aldehydes, and ketones than does
the SE-30 column used in Figure 3.) A typical gas chromatogram
is shown in Figure 4. Comparison of the retention characteristics
of the peaks on the SE-30 column with those on the "Aplezon" L
column indicates that the pesks By, Bp, and Bg were in the B
region of the SE-30 chromatogram, whereas the peaks between DEB
and Bp probably were masked by the DEB peak on the SE-30 c¢olumn
and thus were not detected.

*"apiezon" 1s a trademark of Metropollitan-Vickers
Electriecal Co., Ltd.

- 11 -
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Because the B reglon represented the msjor degradstion
products, emphasis was placed on further identification of the
Bp, Bg, and Bp peaks. The retention times of Ba, B, and Be
relative to that of DEB. are shown in Table I. {(The relative
retention times of unknown compounds are customarilly compared
wlth those of known compounds to provide qualitative ldentl-
fication.) Although compounds I-IV below were not available,
comparison of the relative retention times of simllar compounds
indicated that compounds I-IV would be expected to have relative
retention times in the range covered by Ba, Bp, and Bg of
Figure 4.*

II

I § ‘ i ‘
HC-CHs Secondary HC ~CHaOH Primary
CoHm Alcohol CoH Alcohol
IIT ¢ S O
¢=CHs {Ketone ) He-C= { Aldehyde }

OCEH-_-, chHs

Additional identification of peaks Bp, Bp, and Bp was
obtalined by GC-IR snalysis, in which esch of these three fractlons
was collected separately from the gas chromatographic column into
an internal-reflectance infrared cell, snd the IR absorption
spectra were measured, ZEach of the fractlons showed IR absorption
frequencies that were characteristic of an alkyl-substituted
benzene compound. In addition, peaks Bp and Bg exhibited absorp-
tion frequencies (Table I) that are charscteristic of aromatic
carbonyls, probably ketones. The absence of functional group
absorption in peak By does not preclude the presence of weakly
absorbing groups, such as alcohols.

Chromatographic fractions also were collected directly on
a thin-layer chromatographic (TILC) plate as separate spots, and
their mobilities were compared with known compound types (GC-TIC
analysis). On the basis of the relative mobilities (Rg) shown
in Teble I, By was ldentified as an aromatlc alcohol, and Bp and

*Only the meta isomers are shown; the sample that was degraded
was 90% meta-DEB. Concurrent work at ORNL with para-DEB
showed that the para ketone corresponding to compound III was
a princlpal degradatlon product.(a)

- 12 -
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Column: 12 ft x 1/8 in. OD, 10% "Apiezon” L
on diatomacecus earth (120~ to 140~
n mesh "Gas Chrom" 2}
Carrier :  Helium at 35 cc/min
Column Temperoture: 150°C
'DEB Detector: Flame ionization
(_L) Sample : lju_ﬂ of unwashed, irrodigted DEB
Impurity s4 By [Bs g,
in DEB T
] (% scale) N
=
o
(=8
o
v
S
Q
2
133
o
J\L \J
lIlI_L!IIIIIlLilll1!|IIFI_]
0 5 10 15 20 25
Elution Time, minutes—
FIG. 4 GAS CHROMATOGRAM OF IRRADIATED DIETHYLBENZENE
TABLE T
Characteristics of Degradation Products of Diethylbenzene
Peak GC : '
Deslgnation Retent%o? IR Absorption TLC Ret?ggion
(Figure %) Ratioc'® Frequency, cm™* (Re)
Ba 2.0 None 0.35
Bp 2.4 1680, 1353, 1265 0.50
Be 2.7 1680, 1353, 1265 0.42

(aj Ratio of retention time of peak over that of DEB on
"pplezon" L column at 150°C.

(b) In addition to those attributed to alkyl-substituted
benzene skeletal frequencles.

(¢) Component/benzene ratio of mobility on Eastman chro-
matogram sheet; type K301 silica gel with fluorescent
indiesator.
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Bp as aromatic carbonyl compounds, The guantitles of material
were not large enough to permlit removal of the TIC aspot fractions

for subsequent IR examinations.

Infraered analysis of specific fractlions separated by the
analytlcel separation scheme (2} revealed, 1ln additlon to aromatic
carbonyl absorption bands, bands which were attributed to nltra-
tion products (Figure 5). These nitration products were present

only in trace quantities.

T T T T
Conversion Step Lonthanide Removal Step
(26 watt-hr/liter) (7 watt-hr/titer)
1877
l Liquid Vo
53
2
84
=3
a
<
=]
=
£ u
=
L
)= g 2
1720 i
Film cz=0
C-NO,
| | Yo ] |

1800 1700 1600 1500 1800 1700 1600 1500

Wavenumber, cm-!

FIG. 5§ INFRARED SPECTRA OF DEGRADED SOLVENT

- 14 -

RS E8 13 S ot o




In the absence of radlation, no degradation was detected when
the solvent was exposed up to 17 hours to any of the chemical
environments of the conversion cyele, including the wesh steps.

Degradation Rates
The maJor degradation of solvent in the conversion step is
radlation-induced oxldation. The degradation per unit exposure

(watt-hr/1) is summarized in Table II. The rate of nitration
was <0.01% nitration per watt-hr/1.

TABLE IT

Degradation in Simulated Conversion Step

% Degradation per

watt-hr/1
Diethylbenzene 0.8
Tertlary amine 0.1

DEGRADATION IN THE LANTHANIDE REMOVAL STEP

Test Conditions

Curium process solvent was mixed wlth agueous solutions that
simulated the environment in the extraction banks during lantha-
nide removal. The solvent was mixed for 3 hours with an agueous
solution of the followlng composltion:

Licl 10.5M

HC1 0.07M

SnClz 0.05M

Cm 9.4 x 10*9 dis/(min)(ml)

After the phases settled for 18 hours, the solvent was removed
and mixed with 8M HC1l for 3 hours. On the basis of the activity
in the organic phase and the contact time, the solvent recelved
a radiatlon dose of 7 watt-hr/1.

- 15 -




Identification of Degradation Products

6 and TLC analyses showed only aromatic oxidatlon products
(components A and B) and primary and secondary amlnes. Infrared
analysis showed only absorption bands which correspond to
aromatic carbonyl compounds (Figure 5).

No significant degradatlon was detected on exposure of
solvent to similar aqueous mixtures in the absence of radiation.

Extensive degradation of both the DEB and tertlary amines
was observed when the solvent was contacted wlth & NaOCl-HCL
mixture that simulated the wash step(l) employed in the lanthanlde
removal step. More than 10% of the tertlary amine degraded to
secondary amines in s 24-hour pericd of contact. In addltion,
there was extensive (not measured ) degradation of the DEB to
produce oxidation preducts.

Degradation Rates

The rates of degradation in the lanthanide removal step
(based on the primary and secondary amlne products for tertlary
amine degradation and oxidation products for DEB) are shown in
Table III. The tertiary amines are more susceptible to degrada-
tion in the chloride matrix (lanthanide removal) than is the DEB;
the opposite is true in the converslon step.

The relatively high degradation of the tertiary amines
observed in the lanthanide removal step represents a maximum
because the SnCls, was not replenlshed during the test and probably
was depleted. In the presence of radiation, the hydrochloric
aclid 1s decomposed.

G~ 2

and

Cly + Hz0 — HC1 + HOC1

In addltion, sn2t 1s oxidized in s radiation field; a G value of
1.25 was reported by Arnell!4) in a 0.8M HC1l solution in the
absence of oxygen. In the present test, the solution was stirred
in the presence of alr; therefore, the sn®t was probably depleted,
leaving the solvent in an oxidlzing medium. If a reducing medium
were malntained by adding fresh Sn®*, as it 1s under process
conditions, solvent degradation should be negligible,

- 16 -
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Although no rate measurements were made, extensive oxldative
degradation was cbserved in the hypochlorite wash step. Because
the Na0Cl-HC1 mixture is & strong oxidizing medium, it 1is
probably a major cause of solvent degradatlon.

TABLE III

Degradation in the Lanthanlde Removel Step

% Degradation per

watt-hr/1
Diethylbenzene <0.07 ta)
Tertiary amlnes ~1

(a) Value reported represents limit of
analytical method; therefore, no
arcmetlc degradation was detected.

EFFECT OF HYDRAZINE AS A DEGRADATION INHIBITOR

The major cauge of solvent degradation in the converslon
step is radiation-induced oxidatlicon in the sclvent extraction
banks, Addition of 0.2M hydrazine reduced the DEB degradstion
from 0.8 to ~0.08% per watt-hr/1, as shown in Figure 6. No
tertiary amine degradetlon was detected., On the basls of these
experiments, the addition of hydrazine was included In the con-
version step flowsheet., Demonsiration of thls modified flowsheet
wilth minlature mlxer-settlers will be described 1n a subseqguent
report 1n this series, ;

S—r— T T T T T T 71

Organic Phase: 30 vol % tertiary amine in disthylbenzens
§ | Aqueous Phose: 4M LiNOa, ™ Al.(NOB)a, 0.4M HN03, and —

0.2M N HNO4 (changed after 1 hr and 4 hr to replenish hydrozine)

2 /

/ Aq Yol =Org Vol

| —© Continuous mixing —
/ Dose rate 3.3 watts /liter

— R
0 5 10 15 20 25 30 35 40 45
Radiotion Dose, watt-hr/liter

Percent DEB Degraded
w

FIG. 6 RADIOLYSIS OF DIETHYLBENZENE IN PRESENCE OF HYDRAZINE
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