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ABSTRACT 

The tendency of various classes of pure hydrocarbons 
to form zirconium-complexlng llgands during chemical 
or radlolytic degradation was evaluated. Olefins and 
aromatlc-cycloparaffins (mixed type) formed the most 
llgands and normal paraffins the fewest. 
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RADIOLYTIC AND CHEMICAL STABILITY OF PURE HYDROCARBONS 

INTRODUCTION 

In processing Irradiated fuels by the Purex solvent extraction 
process, components of the kerosene diluent degrade to form llgands 
that complex certain of the fission products. ' These llgands 
are not removed by conventional caustic and acid washes, but remain 
to cause poor removal of fission products from the desired end 
streams, to cause high losses of products, and to necessitate frequent 
recycling. '̂ ~® 

Prior studies of the stabilities of various diluents and of specific 
types of hydrocarbons showed that normal paraffins were probably 
superior in chemical stability to any other types of hydrocarbons. ̂''''' 
The reported chemical stability of olefins and Isoparaffins was poor 
and that of aromatlcs was varied.'"̂  ^°' Very little was reported 
about the relative stability of various compounds believed to be 
present in a kerosene type diluent. 

The present work was undertaken to provide a more comprehensive 
survey of the relative stabilities of various types of pure hydro
carbons. Knowledge of the stability of pure isomers was expected to 
simplify the problem of studying the degradation of the various 
mixtures that are proposed or used as Purex diluents. 

SUMMARY 

The chemical and radlolytic degradation of 21 high purity hydrocarbons 
in the molecular weight range of kerosene Indicated that olefins and 
certain aromatic hydrocarbons are major precursors of zirconium llgands. 
The aromatlc-cycloparaffins (m.lxed type), tetrahydronapthalene and 
Indan, and the olefins, 1-undecene, 1-dodecene, and 1-hexadecene, 
were highly unstable to the degradation procedure as measured by 
zlrconl\;mi retention, or "Z" numbers •"• . In addition, tetrahydro
napthalene, indan, and 1-hexadecene formed stable emulsions during 
the post-degradation washes. The instability of mixtures of 
1-dodecene and n-dodecane was a direct function of the concentration 
of 1-dodecene. The stabilities of mixtures of aromatlc-cycloparaffins 
(mixed type) and n-dodecane were not simple functions of the aromatic 
content, and in the case of n-dodecane - indan mixtures the results 
were completely anomalous. Dilute mixtures of indan in n-dodecane 
were as stable as pure n-dodecane. 

The alkylbenzenes tested ranged from stable to moderately unstable. 
The position of the alkyl groups on the benzene ring had no significant 
effect upon the stability of these compounds. The aromatic compounds 
were highly colored after degradation and, in general, the Intensity 
of color Increased with increasing zirconium retention. 
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The compounds tested in the isoparaffin, cycloparaffin, and normal 
paraffin classes were comparatively stable. A synthetic kerosene 
made from the relatively stable pure compounds was also stable. 

DISCUSSION 

EXPERIMENTAL METHODS 

CRITERION FOR STABILITY 

The relative stabilities of the diluents and pure hydrocarbons tested 
in this investigation were determined by means of the "Z test". ' 
In this test the degraded and washed diluent is equilibrated with a 
solution of zirconium tracer. The concentration of zirconium retained 
by the diluent after it is scrubbed with JM HNO3 is representative of 
the solvent quality and is expressed as the "Z" number. The "Z" 
number is the niimber of moles of zirconium retained per billion liters 
of solvent. 

"Ultrasene*", a refined kerosene used as a Purex diluent at the 
Savannah River Plant, and n-dodecane were employed as controls in 
all of the degradation tests. 

DEGRADATION CONDITIONS 

Conditions for chemical and radlolytic degradation were chosen such 
that the extent of ligand formation in "Ultrasene" as determined by 
the "Z test" would be approximately the same for both types of 
degradation. The samples were degraded chemically by contacting 
approximately 2 ml of each with an equal volume of 4M HNO3 - O.IM 
HNO2** for 7 days at 70°C. The test materials were contained in 
15-mm-OD "Pyrex" tubes loosely stoppered with plugs of "Pyrex" or 
"Teflon". 

Radlolytic degradation was accomplished by exposure to the level of 
10 rep ±10^ as measured by eerie sulfate dosimetry in a beta-gamma 
source from irradiated fuel elements.*** 

*Atlantic Refining Company 
**The 4M HNO3 - O.IM HNO2 solution was prepared by the addition of 

8M HNO3 to an equal volume of a 0.2M NaNOg solution and adjusted 
if necessary. The NOg concentration was determined by the addi
tion of an excess of standard O.O5N eerie ammonium sulfate to the 
HNOa-NaNOg solution, followed by titration of the excess eerie 
sulfate with standard O.IN ferrous ammonium sulfate. 

***The extent of chemical degradation occurring during radiolysis was 
not determined but was low. In a typical irradiation, the samples 
were irradiated to 2.5 x 10^ rep/hr (8.4 watt-hr/l) for 4 hours 
and reached a maximiim temperature of 60 ±2°C. 
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Approximately 2 ml of the sample was sealed in 15-mm-OD "Pyrex" tubes 
in contact with an equal volume of 4M HNO3 - O.IM HNOa- The residual 
volume, approximately 15 cc, contained air. 

POST-DEGRADATION WASHES 

After removal of the aqueous phase, the organic phase was given single 
washes successively with equal volumes of distilled water, IM NaOH, 
distilled water, IM HNO3, and then repeated washes with distilled 
water until the washings were neutral. After the samples were washed 
they were made up to JO^ tri-n-butyl phosphate with virgin TBP °' 
and the extent of ligand formation in the degraded component was 
measured by means of the "Z test". 

RESULTS 

COMPARATIVE STABILITIES OF PURE HYDROCARBONS 

The stabilities of 21 pure compounds were compared with those of 
"Ultrasene" and of n-dodecane*. The compounds tested were the purest 
available; 19 were obtained from the National Bureau of Standards and 
2 from Eastman Kodak Company. The compounds and their relative 
stabilities, as determined by the "Z test", are shown In Table I. In 
the normal, Iso-, and cycloparaffin classes the tested compounds were 
stable toward both chemical and radlolytic degradation. The olefins 
and certain of the aromatlc-cycloparaffins (mixed type) were highly 
unstable under the same conditions of degradation. These results 
agree with previous work except for the Isoparaffins which previously 
were reported to be unstable.'''''•'"°' Two possible explanations of the 
differences in the results obtained with isoparaffins are: since the 
availability of Cg - C15 Isoparaffins of high isomeric purity is 
limited, the isoparaffins tested In this investigation may not be 
entirely representative of this class of compound; or, the Isoparaffinlc 
diluents tested In previous work may have contained significant amounts 
of unstable impurities, since commercial grades of diluents were 
tested. 

Alpha-oleflns were the least stable of the compound types tested. In 
addition to producing zirconium llgands, 1-hexadecene formed a stable 
emulsion during the caustic wash. 

The tendency to form zirconium ligands was a function of the structure 
in pure aromatic compounds and varied over a wide range. The 
aromatlc-cycloparaffins (mixed type), tetrahydronapthalene and Indan, 
were the least stable of any of the aromatic compounds tested. Both 

*"01efIn-free" n-dodecane obtained from Humphrey-Wilkinson and found 
to have stabilities identical to those of n-dodecane from the 
National Bureau of Standards. 
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TABLE I 

Stabilities of Pure Hydrocarbons (a) 

Class 
Compound (b) 

(e) 

Normal Paraffins 
n-Dodecane, 
n-Dodecane 

Isoparaffins 
2,2,4,6,6 -Pen tame thy Ihep tane 
2,2,4-TrIme thylpentane(^) 
2,5,5-Trimethylhexane 

Cycloparafflns 
n-Butylcyclohexane 
cis-Decahydronapthalene 
trans-Deoahydronapthalene 
Cyolohexanel^) 

Olefins 
1-Undeoene 
1-Dodeoene 
1-Hexadecene 
2,5-Dlmethyl-trans-5-hexene 

Aromatic Hydrocarbons 
Isobutylbenzene 
sec-Butylbenzene 
l-Methyl-4-tert-butylbenzene 
1,5-Dime thy1-5-e thylbenzene 
1,2-Dlethylbenzene 
1,2,4,5-Tetramethylbenzene / , 
5$6 Naphthalene in n-Dodecane 

Aroraatic-Cycloparaffins (mixed type) 
Te trahydronap thalene 
Indan 

Radlolytic (o) Chemical w 
Moderately Moderately 

Stable Unstable Unstable Stable Unstable Unstable 

(a) 

(b) 
(<=) 
(d) 
(e) 
(f) 

Stability was divided into three classes according to the ratio, "Z" no. of pure compound/"Z" 
no. of n-dodecane. The range for each group is as follows: stable, <2; moderately unstable, 
2-8; very unstable, >8. 
From the National Bureau of Standards except where noted. Impurities certified to be <0.2 mol 
Irradiated to 10'' rep ±10^^ in contact with 4M HNO3 - O.IM HNO2. 
Contacted with 4 M HNO3 - O.IM HNO2 for 7 days at 70°C. 
Humphrey-Wilkinson "olefln-free" n-dodecane. The n-dodecane used as a control in these tests. 
Eastman white label grade. 
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compounds increased in density during degradation and formed emulsions 
with the post-degradation washes. The chemical and radlolytic stabili
ties of indan were comparable to those of the olefins. The alkyl 
benzenes ranged from stable to moderately unstable. The position of 
the alkyl groups on the benzene ring had no significant effect on the 
stability of these compounds, which suggested that reactions of 
addition to the benzene ring, such as nitration, do not contribute 
significantly to the formation of zirconi\am llgands. The color 
of the aromatic compounds after degradation ranged from a light 
yellow to a very dark brown. In general, the "Z" number increased 
as the intensity of the color increased. 

DEGRADATION OF MIXTURES OF PURE HYDROCARBONS 

Stability tests on mixtures of pure hydrocarbons in n-dodecane 
indicated that the stability of the n-dodecane may be reduced to 
that of "Ultrasene" by the presence of 0.25^ of 1-dodecene or a few 
per cent of naphthalene. Aliquots of n-dodecane were spiked with small 
quantities of these two hydrocarbons to determine their effect on the 
stability of the resulting mixture. After degradation and the usual, 
post-degradation washes, the concentration of zirconium llgands was 
measured by the "Z test". The results are shown in Table II. The 
dilute solution of the alpha-olefin in n-dodecane is comparable to 
"Ultrasene" in being moderately unstable. 

TABLE II 

(a) 
Stabilities of Mixtures of Pure Hydrocarbons 

Moderately 
Stable Unstable 

0.25^ 1-Dodecene in n-dodecane x 

5^ Naphthalene - 95^ n-dodecane x 

2J>% n-Dodecane \ 
l6$g 2,2,4,6,6-Pentamethylheptane I 
55^ n-Butylcyelohexane \ x 
10^ trans-Decahydronapthalene I 
16^ Isobutylbenzene | 

"Ultrasene" x 

n-Dodeeane x 

(a) Stability was divided into three classes according to the ratio, 
"Z" no. of pure compound/"Z" no. of n-dodecane. The range for 
each group is as follows: stable, <2; moderately unstable, 2-8; 
very unstable, >8. 
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The stability of a synthetic kerosene, a mixture of five hydrocarbons 
of high purity, was comparable to that of the individual compounds in 
the mixture, and to that of n-dodecane. The mixture was degraded to 
determine if there was any synergistic action between compounds that 
may promote zirconium ligand production. The five compounds were 
combined in the approximate concentrations that these compound types 
occur in the kerosene fraction of one representative sample of 
petroleum. This mixture was radlolytically degraded and given 
the usual post-degradation washes and "Z test". The data are shown 
in Table II. 

The stabilities of mixtures of tetrahydronapthalene with n-dodecane, 
and of indan with n-dodecane varied widely from those of 1-dodecene -
n-dodecane mixtures. Although tetrahydronapthalene and indan both 
formed large amounts of zirconium ligands when degraded as pure 
compounds, concentrations in the range of 0 to 10 vol ^ of these two 
compounds in n-dodecane had only minor effects upon the stabilities 
of the resulting mixtures. The stabilities of the tetrahydronapthalene 
mixtures were only slightly poorer than that of pure n-dodecane and the 
stabilities of the indan mixtures were comparable to that of n-dodecane. 
This anomaly was not explained. The data obtained for these mixtures 
are shown in Figure 1, together with the "Z" numbers measured on 
degraded aliquots of the pure compounds. 

4 6 8 
Vol % Component in n- Dodecone 

10 100 

F I G . 1 C O M P A R A T I V E S T A B I L I T I E S OF M I X T U R E S 
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"Z TEST" EVALUATION 

An evaluation of the "Z test" showed that the test distinguishes 
between diluents that are stable, moderately unstable, or highly 
unstable. The coefficient of variation of the "Z test" was 20^ for 
"Z" numbers in the moderately unstable class. Precision data were 
determined on degraded n-dodecane, "Ultrasene", and 1-dodecene. One 
sample of each material was divided Into several aliquots and the 
aliquots were tested. The results of the tests are shown In Table 
III. 

TABLE III 

Precision of the "Z Test" 

95^ Confidence 
No. of Avg. "Z" Limit for Individual Coefficient 

Material Aliquots Number Determination of Variation, % 

n-Dodecane 9 6.2 ±5.8 4l 

"Ultrasene" 9 28 ±15 22 

1-Dodecene 8 2400 ±940 I7 

The data obtained confirmed the utility of the "Z test" for screening 
diluents; however, the data also showed that considerable refinement 
would be required before the test could be used to distinguish between 
diluents within a given classification. 

B. P. Dennis 
Analytical Chemistry Division 
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