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ABSTRACT 

"Ultrasene 11 * typically contained 57 wt %branched parafi'ins 
and cycloparaffins, 40 wt % n-paraffins, 3 wt % aromatics, 
and less than 0.1 wt % olefins. The n-paraffinic fraction 
from "Ultrasene" was stable to chemical' and radio·lytic 
degradation, whereas the combined branched paraffinic and 
cycloparaffinic fraction, and the aromatic fraction, were 
significantly less stable .•. 

* Product of the Atlantic Refining Co. 
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COMPOSITION AND STAB.JLITY OF "ULTRASENE" 

INTRODUCTION 

The Purex process is a solvent extraction process that is employed to 
separate and recover plutonium and uranium from the fission products. 
Tri-n-butyl phosphate (TBP), diluted with a hydrocarbon diluent, is the 
usual Purex sol vent. 11 Ultrasene 11 *, a purified kerosene, is a diluent· 

'-:--=~---=~-"-:---=--------employed at the Savannah River Plant. Radiolytic and chemical degradation 
of the solvent complicate and limit the efficiency of the Purex process. 
During the extraction process, both the extractant, TBP, and the 
diluent, 11 Ul trasene 11

, degrade to form small quantities of trouble some 
ligands that complex zirconium and other undesirable fission products.( 1

) 

The principal zi;rconium ligand prnrlnt:>ed from TDP l:;J a,··...,.Tl-b\.ltyl ·phosphate 
(DDr), whicn may be rcmovell from degraded Mlvent by a cauBtic wash. 
HnwPver, oome of Lhe ligands produced from the degradation of 11 Ultrasene 11 

are not removed by either caustic or ac:td wasb.es.( 2 ,~ 1 

The ligands carry zirconium with the plutonium and uranium as they are 
extracted into the solvent phase in the Purex process. Some of the 
extracted z;lrconium is stripped with the plutonium and uranium in the 
second and third contactors, respectively, and a substantial amount- of 
zirconium remains- with the spent_solvent from the first cycle of solvent 
extraction. The zirconium that is extracted into the plutonium and 
uranium product streams causes poor product quality. The buildup of 
zirconium in the strippe_d sol vent complicates the washing of the sol vent 
and the maintenance 'of the solvent handling system. 

D
~is report describes the work that was done to determine the compounds 

and classes of compounds in 11 Ultrasene 11 that clegT.'ade to form zirconium 
ip;ands. , 

SUMMARY 

Compositional analyses showed that 11 Ul trasemei 11 is composed principally 
of normal, highly branched, and cyclic paraffins in the C11 to C16 range. 
A typical composition for 11 Ultrasene" was 57 wt %branched and cyclic 
paraffins, 40 wt % n-paraffins, 3 wt % aromatics, and less than 0.1 
wt % olefine. Gas chromatog:caphy .• infrared spectr·ophotometry, .and 
low ionizing; voltage mass spectrometry were employed in the 
compositional analyses. 

The n-paraffins in 11 Ultrasene 11 were stable to both radiolytic and 
chemical degradation, whereas the nonlinear components were unstable. 
The tendency of the normal paraffins in 11 Ultrasene 11 to form zirconium 
ligands was approximately the same as for n-dodecane, which was employed 
as a standard for stability. The aromatic components degraded to form 
relatively large amounts of zirconium ligands. However, the. stability 

*Product of the Atlantic Refining Co. 
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of aromatic-free "Ultrasene" was not improved over that of virgin 
"Ul trasene" • 

The data indicated that the principal precursors of zirconium ligands 
in "Ultrasene" are highly branched paraffins or cycloparaffins 
containing 11 to 16 carbon atoms. On the basis of this study a Purex 
diluent containing only normal paraffins of 11 to 16 ·carbon atoms was 
recommended. 

DISCUSSION 

EXPERIMENTAL METHODS 

Since "Ul trasene" is a refined kerosene and probably contains thousands 
of compounds, a simplified approach was selected for isolating the 
precursors of zirconium ligands. "Ul trasene" was first fractionated 
a~cording to compound class, then the composition and stability of 
each type were studied. The separation scheme, shown in Figure 1, was 
chosen because it could be employed with reasonably large s~ples 
{500 ml) and relatively simple equipment. In this scheme, the 
"Ultrasene" was first treated with urea according to the method of 
Zimmerschied< 4 l to separate the linear components from the nonlinear 
components. The nonlinear components were then separated into aromatic 
and nonaromatic fractions by liquid-solid chromatography on silica gel.<s> 
Finally the nonaromatic, nonlinear components were separated into a. 
highly branched paraffinic and cycloparaffinic fraction and a slightly 
branched paraffinic fraction by treatment with thiourea.< 6 l 

Compositional analyses and stability tests were performed on each of 
the fractions. Gas chromatography, infrared spectrophotometry, 
ultraviolet spectrophotometry, and low ionizing voltage mass spectrometry 
{LIVMS)( 7

) were employed in the determination of the composition of the 
fractions. The radiolytic and chemical stabilities* of each fraction 
were determined by degrading 30% TBP solvents made from the fractions 
and measuring the concentration of zirconium ligands in the degraded 
solvents with the "Z Test".<eJ Although this test was designed to 
determine the stability of the diluent, TBP was added to more closely 
simulate process conditions and to extract more acid into the organic 
phase during degradation. A detailed description of the degradation 
conditions and postdegradation treatments is given in the Appendix. 

Two different lots of "Ul trasene" were analyzed in this study. Lot 1 
was del1vered in a tank car from the Atlantic Refining Co. in 
February 1960, and was the Purex diluent employed in the Plant at the 
time of this study. Lot 2 was purchased from the same source, prohably 
in a 50-gallon drum, in early 1959. Because Lot 1 was the current 

* In this report "stability" means the resistance of the diluent to 
degradation, under the conditions defined in the Appendix, to form 
ligands that complex zirconium. 
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diluent, ·it was taken as typical of "Ultrasene". Only the aromatic 
contents of the two lots differed significantly, and the difference. 
is discussed in more detail under "Stability of Components in 
'Ultrasene'". 

I ' 1 
. · Nonlinear Ccimpon~nts Li neor Components 

(13ruon..lo~tl pafcittm~, cycloporaffins, (n-paroffi ns) 
ond aromatic components) 

.. 

Liquid-solid Chromatography 
.. 

(Silica Gel) 

I -

.Aromatic Components 
Nonaromatic; Nonlinear Components 

{Br(lnched paraffins 
and cycloparaffins) 

Thiourea Treatment 
-· 

I I 
Highly Bra~ched Paraffins Slightly B~anched Paraffins 

and Cycloparaffins 

FIG. 1 SEPARATION SCHEME FOR "UL TRASENE" 



COMPOSITION OF '~ULTRASENE" 

Compositional analyses showed that "Ultrasene" is composed principally 
of normal, branched, and cyclic paraffins with small amounts of aromatics 
and essentially no olefins. A typical compositional analysis of 
"Ultrasene" is given in Table L 

TABLE I 

Typi_c:al Composition of "Ultrasene" 

Component 

n-Paraffins 

n-Nonane and lower 

n-Undecane 

n-Dodecane 

n-Tridecane 

n-'l'etradecanE: 

n-Pentadecane 

n-Hexadecane and above 

Branched paraffins, cycloparaffins, and 
polycycloparaffins 

Aromatic Compounds 

Alkyl benzenes 

Aromatic-cycloparaffins (mixed type) 

Alkyl indenes 

Alkyl naphthalenes 

Other aromatic compounds 

Ole fins 

Concentration, 
wt % 

40 

< 0.2 

1 

4 

14 

16 

4 

1 

(1 

57 

3 

1.8 

1.1 

0.02 

0.1 

< 0.01 

< 0.1 

Gas chromatographic ·analyses of the fractions from th~ urea treatment 
of "Ul trasene 11 provided a reasonably complete analysis .for the 
n-paraffins but the branched and cyclic paraffins were not sufficiently 
resolved by the gas chromatograph to permit identification and analysis. 
Separation 'of "Ultrasene" into linear and nonlinear fractions with urea 
gave the yields shown in Table II. Gas chromatographic analysis of 
these two fractions, Figure 2, showed that the linear fraction was 
essentially a mixture of pure n-par~ffins and the nonlinear• fraction 
contained about 15 wt % of the n-parafflns. The data given in Table I 
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for the n-.paraffins were computed from the gas chromatographic analyses 
of the fractions from this urea separation. 

TABLK II 

Yields from Urea Treatment of "Ultrasene" 

Fraction 
Yield, wt % of 

Starting Material 

Nonlinear components 

Linear components 

Total yield 

Loss 

Total 

en 

. 150 208 250 

55 
30 
8.!;:1 

15 
100 

Column: 4m P.E "K" 
T nmperoturc: 150 "C 
.He.Carrier Flaw 75 cclmin 
Perkin-Elmer Model 188 
Vapor Fractometer 

(a) 11 Uitrasene" 

Nonlinear Fraction 

Peoks lor C 12 and C 13 are abouf 

twice asJ1ig~ C]S shown:-

(c) Linear Fraction 

·. 

c 5 

·-: .; ... ' . ' 

. Temperature; ·°C·at1 AlM (TI . . . 

275 

·FIG: 2. CHROMATOGRAMS.OF. "UL TRASENE"- FRACTIONS 
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The·gas chromatograms of Figure 2 are presented as differential . 
d!stillatio~ curves to provide additional information concerning the 
composition of the sample. To obtain this curve, the chromatograph 
was calibrated for the boiling point of hydrocarbons so that the time 
scale on the conventional chromatogram became a measure of the boiling 
points at one atmosphere. Since the detector of the chromatograph was 
a differential thermal conductivity cell, the response was equivalent 
to the change in weight of eluted material with a change in time (or, 
with calibration, a change in boiling point). Thus after calibration, 
the conventional. chromatogram was utilized as the differential of an 
analytical distillation curve and thereby provided information on the 
boiling point~ of the components in the sample. 

An'alysis by LIVMS of the fractions from a liquid-solid chromatographic 
separation of Lot 1 "Ultrasene" on a silica gel column revealed at least 
19 different aromatic compounds and 12 different cycloparaffins. The 
LIVMS work is described in detail in another report.( 7 l A list of 
the aromatic compoundo that. were observed is shown in Table III. The 
LIVMS data were employed to estimate the typical concentrationR of 
aromatic compounds shown in Table I. The 12 cycloparaffins observed 
in 11 Ul trasene 11 by LIVMS analyses are shown in Table IV. 

TABLE III 

Types of Aromatic Compounds Observed in "Ul trasene 11 

Alkyl benzenes C H n 2n-6 c11 through cl4 

Aromatic-cycloparaffins (mixed C H ell through cl4 
type) n 2n-8 

Alkyl indenes CnH2n-10 ell through cl4 

Alkyl naphthalenes C H n 2n-12 ell through c13 

Other aromatic compounds C H n 2n-14 c12 through cl4 

TABLE IV 

:!XE.es o~ Cycloparaffins Observed in 11 Ul trasene 11 

Monocycloparaffins C H2 n n c11 through c.:l4 

Dicycloparaffins C H n 2n-n ell through c.:l4 

Tricycloparaffins CnH2n-4 c11 through cl4 
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The olef'in content of' "Ultrasene" was determined. f'rom the "bromine 
number"(s) and f'rom inf'rared analyses of' the eluates f'rom the silica 
gel chromatography of' "Ultrasene". A "bromine number" of' 0.08 with a 
s.tanda~d deviation of' 0. 04. indicated that the olef'in content of' · 
"Ultrasene" was less than o.i wt %- Inf'rared analyses of' cuts f'rom 
the ef'f'luent of' the silica gel column revealed less than 0.01 vol % 
a-olef'ins. 

STABILITY OF COMPONENTS IN "ULTRASENE" 

On the basis of'/the stability test, the n-paraf'f'ins in "Ultrasene" were 
stable, whereas the nonlinear f'raction, even with the aromatic 
components removed, was unstable. The "Z" numbers obtained were 
typically t;ho.se shown in F1gnrli 3· The eli f'.t.'erenoe betwe~n the ".z" 
number· !Or the highly brartched and cyc.lic pal'affins and that f'or the 
slightly b~a.twhed paraf'f'ins was not considered signif'icant. 

Aitho}lgh a:r.ornatic compounds degraded to f'orm zirconium ligands, the 
aromatic compor1ents in "Ul trasene" were not the principal precursors to 
zirconium ligands as shown by the instability of' the nonlinear f'raction· 
af'ter the aromatic components were removed (Figure 3). Two lots of' 
"Ul trasene" that contained dif'f'erent amounts of' aromatics were degraded 
chemically and radiolytically as 30% TBP sol vents and tested by the· 
"Z Test" to determine the ef'f'ect of' the aromatic content on stability. 
The results in Table V show no ef'f'ect on the stability of' "Ultrasene" 
f'or aromatic contents dif'f'ering by a f'actor of' 6. 

"Ultrosene" 
Radialytically Chemically 
Degraded Degraded 
300* 1000* 

·~ 

Nonlinear Components Linear Components 
Radiolyticolly Chemically, Rodiolytically Chemically. 
Degraded Degraded Degraded Degraded · 
500 2000 : 150 20 -I 

Aromatic Components Nonlinea~ Nonaromatic Components 
Rodia)ylically ·Radiolytically Chemically 
Degraded Degrn..led Degraded 
2000 400 2000 

I 
Highly Branched Paraffins Slightly Branched Paraffins 

anrl Cycloparaffins Chemically 
Chemically Degraded 
Degraded 2000. 
1600. 

• Typical "Z" numbers after rodiolytic degradation (107 rep) and chemical 
degradation (7days al 70°C) in 4M HN0 3 - 0.2M HN0 2 as 30% TBP Solvents · 

A "Z" number of 10 was obtained for degrader! TBP n-dodecane (Humphrey-Wilkinson, Inc. 
olefin-free grade). 
Typical "Z"· number lor undegraded TBP-"Uitrasene" mixlure.was 3. 

FIG. 3 STABILITIES OF FRACTIONS FROM "UL TRASENE" 
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TABLE V 

Stabilities of Two Different Lots of "Ul trasene" . 

"Ultrasene" 
Lot # 

1 

2 

Aromatics, 
volume % 
by FIA(a) 

3 

0.5 

"Z" Number 
Radiolytically Chemically 

Degraded Degraded 

300 

300 

1000 

1100 

(a) Fluorescent Ind:i,cator Adsorption Method, ASTM D-319-56T 

Attempts to improve the stability of "Ultrasene" by removing only the 
aromatic components also were unsuccessful. The data in Table VI show 
that neither oleum washing nor silica gel treatment improved the 
stah1.11ty of "Ultrasene", although both of these treatments removed 
all of the aromatic compound~ as shown by nltrav!olet analyses. 
Although no significant improvement was made in the stability of' 
"Ultrasene" by the removal of aromatics, it is still recommended that 
Purex diluents have a very low aromatic content (( 0.1 vol %) • This .. 

I 

recommendation is based on the potential of the aromatic compounds to 
form zirconium ligands as shown in Figure 3 and as reported previously 
by Dennis. < 10 l 

TABLE VI 

Stability of Treated "Ultrasene" 

"Z" Number 
Radiolytically Chemically 

Degraded Degraded 

"Ult:rasene" 300 900 

Oleum-washed "Ultrasene" 350 1000 

Silica-gel-treated "Ultrasene" 200 900 

n-;Dodecane (a) 250 10 

(a) The olefin-free grade n-dodecane (Lot 131A) obtained from 
Humphrey~Wilkinson, Inc., New Haven, Conn. is the most stable 
hydrocarbon diluent that was tested, and was used as a reference 
standard during this work. 

The stability of the linear components from "Ultrasene" (Figure 3) 
inqicates that n-p~raffins in the c11 to c15 range make superior 
·Pu:rex diluents. Jf a kerosene could be economically processed by the 
ure·a method to yield n-paraffins, the product should be essentially 
equivalent in stability to n-dodecane. 

- 11 -
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The identity of the compound type that is the principal precursor of 
zirconium ligru1ds was not established. The data indicate that the major 
precursors are in the combined isoparaffin-cycloparaffin fraction. 

~~J/J-
David L. West . .. 
Analytical Chemistry Division 
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APPENDIX - STABILITY TEST 

CRITERION FOR STABILITY 

In this report, "stability" means the resistance of the diluent to 
degradation.to form ligands that complex zirconium. The diluents. were 
made up as Purex solvents (30 vol % TBP - 70 vol % dilu~nt), degraded 
and washed as described later, and the "Z" numbers were determined by 
the "Z Test". (a l In the "Z Test" the degraded and washed solvents were 
equilibrated with a solution of zirconium tracer ~nd the concentration 
of zirconium retained·after tbree scrubs with 3M HN03 solution was 
determined by counting an aliquot of the solvent. The HN0 3 scrubs were 
designed to remove the bulk of the zirconium complexed by TBP. The "Z" 
number is the number of moles of zirconium retained per billion liters 
of sol vent. The stability of the dilu~nt is inversely proportional to 
the "Z" number .. 

DEGRADATION CONDITIONS 

The samples were degraded chemically by contacting approximately 2 ml 
of each with an equal volume of 4M HN0 3 - O.lM HN0 2 for 7 days at 70°C. 
The 4M HN0 3 - O.lM. HN0 2 solution was prepared by the addition of BM 
HN0 3 to an equal volume of a 0. 2M NaN0 2 solution and adjusted if 
necessary. The No; concentration was determined by the addition of 
an excess of standard 0.05N eerie ~monium sulfate to the HN0 3 -NaN0 2 
solution, followed by titration of the excess eerie sulfate with 
standard 0.1 normal ferrous ammonium sulfate. The test materials were 
contained in 15-mm-OD "Pyrex" tubes, loosely stoppered with plugs of 
"Pyrex" or "Teflon". 

RadioJ.ytic degradation was accomplished by exposure to the level of 
107 rep ±10% as measured by eerie sulfate dosimetr•y in a beta-gamma 
source from irradiated fuel elem~nts. Approximately 2 ml of the sample 
was sealed in 15-mm-OD "Pyrex" tubes in contact with an equal volume of 
4M HN0 3 - O.lM HN0 2 • The residual volume, approximately 15 cc, contained 
air. The extent or chemical degradation that occurred during radiolysis 
was not deter~ined but was low. In a typical irradiation, the samples 

6 ' ' 
were irradiated to 2.5 x 10 rep/hr (0.4 watt-hr/1) for 4 hours and 
reached a maximum temperature of 60 ±2°C. 

POSTDEGRADATION WASHES 

After degradation the organic phase was given single, successive washes 
with equal volumes of distilled water, 1M NaOH, distilled water, 1M 
HN0 3 , and then repeated washes with distilled water until the washings 
were neutral. After the samples were washed the extent of ligand 
format:l.nn tn the degraded component was measured by means of the 
"Z Test".(e) · 

- 13 -
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