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ABSTRACT

Secondary amines were found to be the major impurities
in commercial lots of three tertiary amines: "Alamine" 336,
"Alamine" 336-8, and "Adogen" 364, These impurities form
precipitates or emulsions when the tertlary amines are used
a8 the extractant for americium and curium in the Tramex
process. Tentatlve purchase specifications for Tramex
extractant are proposed.
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STUDIES OF TRAMEX SOLVENT

|. EFFECTS OF MAJOR IMPURITIES
IN TERTIARY AMINE EXTRACTANTS

INTRODUCTION

A tertiary amine extractant is used in the Tramex process for the
gseparation of americilum and curlum from lanthanides and flsslon
products.(1) In laboratory-scale demonstrations of the process with
nonradicactive synthetic feeds, problems arose when highly astable
emulsions were formed or when voluminous precipitates appeared In the-
solvent phase. This adverse behavior was attributed to impurities in
the extractant, and a program was initlated to identlfy and characterize
the behavior of these impurities.

This report describes the determination of the major impurities in
commercial lots of "Alamine" 336,%* '"Alamine" 336-8, and "Adogen" 364**
and recommends speclfications for the purchase of amine extractants for
use in the process.

SUMMARY

Secondary amines were the principal lmpurities in commercial lots
of "Alamine" 336, "Alamine" 336-S, and "Adogen" 364. Conditions were
defined under which these impurities tended to precipitate or form
emulsions, Other impurities were shown to be present but were not
identified.

Tentative specifications feor the purchase of Tramex extractants
were established.

* "Alamine" 18 a trademark of General Mills,
*% "pdogen” 18 a trademark of Archer Daniels Midland Company for ratty
nitrogen compounds.



DISCUSSION

COMMERCIAL TERTIARY AMINE EXTRACTANTS

Three commercially available tertiary amines, "Alamine" 336
(technical grade), "Alamine" 336-5 (reagent grade), and "Adogen" 364,
were investlgated during May 1963—February 1964, The manufacturers'
specificatlions for these products are ;1sted in Table I. Since the
time of this work, both manufacturers of the amines have expressed
wlllingness to supply fatty tertliary amines of exceptionally high
purity.

TABLE T

Manufacturers' Specifications for Tertiary Amine Extractants

"Alamine" 336  “Alamine" 336-5 “"Adogen" 364

Alkyl=-chain length distribution Cg-C;o mixture Cg-Cip mixture 5% Ca
wlth the e with the Cg 60% Ca
predominating predeminating 33% Ci1p

| 2% Cip

Amine value(a) 134 j (v) 141

Tertiary-amine content, %

Minimum Q0 99 95
Typlcal 95 a7

Secondary-amine content, %

Mex1mum 4 (v) 4
Typlcal 1.5 1.4

Primary-amine content, %

Maximtm ' 2 (b) 2

Typical - -
Water content, %

Maximum 0.5 (b) 0.5

Typlcal o} 0.1

(a) KOH equivalent: mg KOH per g amine.
(b) Wot stated, but should be at least a8 good as "Alamine” 336

Early analytical work was concerned with the identification of
deleterious impurities in "Alamine" 336 and "Alamine" 336-3. However,
after available commercial lots of "Adogen" 364 performed more
efficlently under Tramex process conditione than available commercial
lots of "Alamine" 336 and "Alamine" 336-S, subsequent analytical work
was centered on "Adogen" 364. Consequently, evaluation of "Alamine"
336 was discontlnued before definltive data were obtained, and certain
phases of the work on "Alamine" 336-S were not completed.



PRIMARY AND SECONDARY AMINE IMPURITIES

The mogt probable impurity in a tertiary amine 1s gecondary amine.
O0f several known methods for the determination of secondary (and/or
primary) amines, the near-infrared spectrophotometric method of Lohman
and Norteman!Z2’ was chosen. Though the 1limit of detection is relatively
high (0.3 wt % as dloctylamine), the method was adopted because of 1its
simplicity and speed. Reference standards of tertlary amines were
cbtained by acetylating "Adogen" 364 with acetic anhydride to conver
the secondary and primary amines to the corresponding acetamldes, gy~
do not contribute to the analytical absorption band, "Adogen" 364 and
"Alamine" 336-S each contalned about 2 wt % secondary amine {as dioctyl-
amine)., "Alamine" 336-8 contained only 1.0 wt % secondary amine after
being passed through & charcoal column, No primary amines were detected,
but the detectlon 1limit for primary amines was 0.2 wt % (a8 octylamine).

Poor phase separation resulted when diethylbenzene (DEB) solutions
of primary and secondary octylamines were contacted with solutions of
11M L1C1—0.02N HCl. When 1 wt % dioctylamine in DEB was contacted with
the IACl soclution, phase separation was quite glow and some solids were
produced in the organic phase and settled at the interface. In contrast
tec the behavlior of dloctylamine, mono-octylamine at concentrations of
~0.7 Wt % 1n DEB produced some foaming, and although disengagement was
falrly rapid, the aqueous phase remained turbid. At higher concen-
tratlons of mono-octylamine, the aqueous phase formed & solid gel,

Pagsage of free "Alamine" 336 through & coconut-charcoal filter
removed the pale yellow coloration from the amine and produced an
extractant that performed satlsfactorily in subsequent mixer-settler
process studles, This charcoal-treated materlal produced no precipltate
upon contact with 11M LiCl—0,02N HCl either as the free amine or as the
amine hydrochlorlide. Analysis of a chloroform eluate from the charcecal
indicated that the charcoal ¢olumn had reduced the concentration of
secondary amine. The yellow component was eluted also, but 1t wes not
separated from the residual tertiary amine with which it was co-sorbed
on the charcoal,

The samples of "Alamine" 336-S and "Adogen" 364 that were contacted
with 11M LiC1—0.02N HCl gave almost equal amounts of precipitate, but in
subsequent process development tests in the mixer-settlers, "Adogen"

364 performed better than "Alamine" 336-S, "Alamine" 336 gave signifi-
cantly greater amounts of precipitate and performed poorly in the process
tests. Samples that were first charcecal treated produced little or no
precipitate and performed adeguately in process tests,

Repeated contact with 11M IA1C1—0.02N HCl1l depleted the deleterious
specles from each of the extractants that were tested, Depletlon of



the preclpltate~-forming specles dild not iremove the yellow coloratlon
from the extractant, From thls 1t was concluded that the coloration
was not deleterlous to the process,

OTHER IMPURITIES

"Alamine" 336 and "Alamine" 336-S contained a reducible species
detectable by polarcgraphle methods at +1.8 volts vs. a standard calomel
electrode, Charcoal treatment removed the species. "Adogen' 364
did not contain such a species. The reduction wave did not result
from amine oxides or lower amines, but thls specles was not identifiled
further,

Impurities that might be deleterious could arise from the production
process for the tertiary amine. Such impurities were not detected in
"Alemine" 336, "Alamine" 336-8, and "Adcgen" 364, but were detected in
"Adogen" 363, a tertilary amine differing from "Adogen" 364 only in that
its &lkyl-chaln distribution is C;p-centered instead of Cg-centered
(Table I above). '"Adogen" 363 precipltated solids when maintained at
20°C. When these solids were washed with cold hexane, a wnite powder
remalned, The X~ray diffraction pattern of the powder approximated that
of typical glycerides. Hydrolysis of the powder with sodlum hydroxide
yielded a solid, whose infrared spectrum was typlcal of a long-chain
carboxylic acid salt, Acidification of thls salt produced a solid, whose
infrared spectrum was that of & carboxylic aclid. It was concluded that
certaln fatty-aclid starting materlals were carried through the process
unreacted or that crosscontamination had occurred during menufacture or

packaging.

Cne lot of "Adogen" 364 contalned a volumlnous solid, which was
removed by centrifugation before the extractant was used in the process,
The removed solid was flltered free of excess tertiary amine and washed
wlth cold hexane. X-ray diffraction data indlcated a crystal structure
similar to that of refined paraffin wax. The melting point was 70°C.
The gray coloration of the materlial indicated a posslble mixture. The
major fraction (~80%) of the solid wae soluble in chloroform, and the
insoluble residue was olive brown and apparently inorganic. Evaporation
of the chloroform produced a white solid. Neither solid weas ldentifiled.

PRECIPITATE FORMATION ON AMINE CONTACT WITH LiCl-HCL

All precipitates were obtained by contacting the free amlnes in
hexane with 11M LiC1—0.02N HC1i, since considerably larger quantities
of precipitate were formed when tests were made wilth free amines Instead
of amine hydrochlorides, and with hexane diluent instead of DEB. The



preclpltates were washed with hexane and water without appreciable
losses, Data on the precipitates formed from various extractants are
summarized in Table IT.

TABLE II

Obgervetions and Comparisons of Exiractants

"Alamine" 336-3} "Adogen" 364
Untreated Chercoal-Trested Untreated
T
Tich precipitate(a) coplous nohe moderate
Licl precipitate(b) modersate none very light
Iicl precipitate{c) very light none none
Secondary amine, %(d) ~2 ~1 ~2
Reducible species polarographic no wave ne wave
: wave at -1,8 v
ve, S.C.E.

(a) Formed when free amine undiluted or wilth hexane diluent was con-
tacted with 11M ILI1C1—0.02N HC1.
(p) Formed when 0.6M free amine in DEB was contmcted with 11M LiC1—0.02N

HC1.
(c) Formed when O,6M amine hydrochloride in DEB was contacted with 11M
LiCcl1—0.02N HC1.

(4) By near-infrared spectrophotometric method of Lohman and Norteman, (&

The precipitate from "Adogen" 364 was mainly dioctylamine hydro-
chloride, but the precipitate from "Alamine" 336-S was identified as
a mixture of secondary amine hydrochlorides with an alkyl-chain
distribution different from that of "Adogen™ 36L. Dilute hydrcchloric
acid was solely responsible for the precipitation. The "Adogen" 364
preclipltate was similar to dloctylamine hydrochloride with respect to
color (pink), melting point (205-220°C), crystal structure (X-ray
diffraction), infrared spectra, and reactivity with varlous reagents
such as concentrated H,80,. The "Alamine' 336~8 precipltate compared
simllarly except that 1ts color was off-white and it was more gelatinous.

A precipltate that formed when 11M LiC1—0,02K HC1l c¢contacted &
process solution of 30 vol % "Alamine" 336 hydrochloride in DEB was
not identified. However, 1t 1s unlikely that this precipitate was
entirely secondary amine hydrochlorlde in view of the solubility of
dloctylamine hydrochloride in solutlons of tertlary amine hydrochlorides
in DEB.



Befere the precipltates were ldentifled, they were thought to be
carpamates, because upon exposure to alr primary and secondary amines
were observed to form sollds that were ldentifled as ammonlium carbamates.
Such carbamate salts evolve carbon dioxide when treated with sulfuric
acld, However, when gas evolved from the precipitates was analyzed
by mass spectrometry, carbon dloxide weas found to be a minor constituent
in comparlson with hydrogen chloride. Though the presence of significant
quantities of carbamate may be rejected, small quantitlies may be present,
and 1f the primary-amine contents of the extractants are not kept guite
low, trouble from carbamate formation might arise,

SPECIFICATIONS

There are & number of potentlal impuritles in tertlary amine
extractants that could cause emulsificaticn or precipitation problems
in the Tramex process 1f present in sufficilent quantities, Secondary
amines are quite troublesome because thelr acld salts can preclpitate
when the extractant is contacted with acidic 1ithium chioride solutions.
The solubllity of the acld salts in DEB apparently varles wlith the
alkyl-chain length of the secondary amlne impurity. Although "Adogen™
364 with 2 wt % secondary amine has performed adequately in the process,
a secondary amine specification of 1 wt % maximum would be desirabvle
in view of the fact that alkyl-chaln length dlstributions might vary.
Primary amines, although not likely to be present to any great extent
in the eXtractants, cause poor phase disengagement. No detectable
amounts (~0.2 wt % by near-infrared method) should be present. Other
impurities, e.g. the reducible species present in "Alamine" 336-S, in
the starting materials and in the manufecturing intermediates must be
excluded.

It 1s impossible to predict all impurities that could be present
in tertiary amine extractants, and some varlaticons in purity have been
chgserved from lot to lot of the same extractant. To provide guldelines
for the purchase of a satisfactory extractant from any commercial source,
the followlng tentative specifications mre recommended:
1. Tertiary amine content: 99 wt % or greater
2. Secondary amine content: 1 wt % or less

3. Primary smine content: 0,2 wt % or less

4, Particulate solids: absent

- 10 -




Alkyl-chain length distributlion: greater than G0% in
Ce-Cio range; no components with chaln lengths greater than
Ci2s nor less than Cga.

Starting materlals or production interm%diates, e.g., glycerides,
amines, and alcohols: absent w '
I

Polarographically reducible species (especially those giving

a wave at -1.8 volts vs. S.C.E.): absent

|

Use test (must pass satisfactorily): i

a., Make a solution of 30 vol % extractéht in diethylbenzene,

b. Neutralize extractant by contacting solvent wlth an equal
volume of 1M HCI.

c. Remove agueous phase and contact neutrallzed solvent with an
egual volume of 0.01M ECl, The contact with 0.01M HC1 will
remove exces8s hydrogen chloride from the sclvent.

d. Remove agueous phase and contact organic phase with an equal
volume of 11M LiC1-0.02M HCL. ’

No precipitates should form and the pha%es should disengage
cleanly within 5 mlnutes. Disengaging time 1is highly dependent
upon the hydrochloric acid concentration in the aqueous lithium
chloride solution.

- 11 -
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