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The classification of oils with respect to differences in composition is important in their

use in the manufacture of oil-extended butadiene-styrene rubber.

A rapid chromatographic

method of analysis has been developed in which 2.5- to 3.0-gram samples of oil are desorbed
from silica gel into five different fractions by successive elution with pentane, benzene, carbon

tetrachloride, and ethanol as eluents.

Six extender-oils were analyzed by this method.

Physical properties of the separated fractions showed marked differences between fractions

of the same oil and similarities between corresponding fractions of the different oils.

The

chromatographic separation of extender-oils into compositionally different fractions provides
a method for evaluation of the effect of different components on specific properties of the

finished rubber product.
1. Introduction

High-boiling oils of petroleum origin are used in the
preparation of oil-extended rubber. The oils are
complex mixtures of hydrocarbons and also contain
compounds of nitrogen, sulfur, and oxygen|1, 2, 3, 4].?
The different components in these oils impart certain
desirable and undesirable properties to butadiene-
styrene copolymer. Classification of the composi-
tion of these materials is necessary for proper
formulation of such rubbers [5, 6].

Rostler and associates [7, 8] classily these oils
according to the solubility of the oil with sulfuric

acid of varying concentration into four groups;
namely, nitrogen bases, first acidaffins, second
acidaffins, and paraffins. Kurtz and associates

have published data supporting a classification of
these oils based on the relationship between the
viscosity-gravity constant and viscosity [9, 10], the
viscosity-gravity constant and refractivity intercept
[11, 12], and the density and refractivity intercept
[13].  Chromatographic techniques [14, 15, 16, 17]
with measurements of the physical properties of the
separated fractions have also been used to classify
these oils.

The chromatographic method of analysis described
in this paper was developed as a rapid method for
characterizing these oils. It differs from previous
silica-gel adsorption  methods for viscous oils
[14, 17, 18] in that the oil is separated into five
compositionally different fractions instead of two
fractions. Samples of six oils certified for use as
rubber-processing oils by the Federal Facilities
Corporation were analyzed by this procedure.

2. Adsorption and Elution

The adsorption column used was 85> 1.5 em, and
was fitted with a reservoir at the top and a 1 mm

1 This work was performed under the sponsorship of the Federal Facilities
Corporation, Office of Synthetic Rubber, as part of the Government Synthetie
Rubber Program.

2 Figures in brackets indicate the literature references at the end of this paper.

apillary 0.5 em long at the bottom. It was packed
in the usual way with about 90 ¢ of silica gel (28-200
mesh).  Removal of the lower boiling solvents from
the eluted oil in each fraction was accomplished by
distillation in a stream of nitrogen from a pot heated
by a water bath.

In preliminary tests of the effectiveness of removal
of the solvent by distillation, it was found that a
solution of 100 ml pentane and 3 ¢ n-dotriacontane
allowed a substantially complete recovery of the high
boiling compound; the amount recovered was the
same within 0.02 percent of the amount added.

The eluting agents (pentane, benzene, carbon
tetrachloride, and absolute alcohol) were redistilled
solvents. Preliminary tests indicated that these
agents would remove small amounts of nonvolatile
material from the gel. On the basis of 2.5-3.0 g
samples of oils separated, the error introduced by
alcohol extraction of the gel amounted to about 0.2
weight percent; with the other eluting agents, the
error was about 0.02 weight percent.

3. Chromatographic Separation

3.1. Procedure

A sample of 2.5 to 3.0 g of the whole oil was weighed
in a 10 ml beaker and transferred to the column by
a few washings of 5 ml pentane each. The reservoir
was then filled with 250 ml pentane and this solution
allowed to drain. This elution was followed suc-
cessively by 100 ml pentane, 160 ml benzene, 160 ml
carbon tetrachloride, and 250 ml ethanol. Each sol-
vent was added just before the last of the preceding
liquid entered the adsorbent; the reservoir was not
allowed to become completely empty. The collec-
tion of a fraction was terminated when the next
eluent was about two-thirds down the adsorption
section. The visibility of the fronts between the
different eluents in the column made it easy to ob-
serve the above condition. Before exchanging re-
ceivers, the tip of the adsorption column was washed
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with some of the appropriate solvent to redissolve
deposited material. After the final fraction had been
collected, carbon tetrachloride was used to wash the
tip because of the very slight solubility of the last
fraction in ethanol. In the separation, the less
strongly adsorbed components are eluted first, fol-
lowed by those more strongly adsorbed. An import-
ant function of the carbon tetrachloride, as an eluent
preceding ethanol, is to solubilize the ethanol-desorb-
able constituents which are very slightly soluble in
ethanol. By this procedure, the entire sample was
recovered. The volatile solvents in the eluted frac-
tion were removed by distillation and the weights of
the oil residues were determined.

3.2. Evaluation of Procedure

The effectiveness of the chromatographic separa-
tion was evaluated from experiments performed on
solutions containing known amounts by weight of
“saturates’” (paraffins and cycloparaffins) and ‘“‘aro-
matics” that were separated from an aromatic type
oil (Sundex 53). For this separation, 150 g of the
oil was processed according to the prowram shown
in figure 1. For this large-scale separation, a 70 mm
diam column, packed with 1,750 g of silica gel (28-200
mesh) was used. Five main fractions (I-P, 11-B,
ITI-B, IV-B, and V-M) were eluted from this column
with pentane, benzene, and methanol, respectively.
Fractions I-P and I1I-B were rechromatographed m
smaller columns. The refractive indices given in
figure 1 refer to those of the oil portions. A still
further separation of lot II-P was made in order to
remove some material having a higher refractive
index. The amounts of these fractions in lot I1I-P,
expressed as weight percent, were: II-P1, 96.6;
11-P2, 1.5; 1I-P3, 1.0; and 1I-P4, 0.6.

The saturate portion, lot II--P2, used in preparing
known solutions A through H (table 1) was investi-
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processing oil.
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saturates and aromatics for evaluating the analytical chromatographic proce-
dure. np=refractive index at 25 °C.

Ficure 1.

gated for possible inclusion of some 1-ring aromatic
material. The refractive index of this portion was
1.4797 at 25 °C, whereas the refractive index of the
eluted portions of the test solution K was 1.4790.
Some of lot I1-P was further fractionated by adsorp-
tion as shown in figure 1. The infrated analysis of
these fractions showed that benzene ring compounds
were present in fraction II-P4 and absent in fraction
II-P1. A second series of solutions, I through K in
table 1, was prepared from lot 1I-P1, which was
substantially free of aromatics.

TaBrLeE 1. Chromatographic separations of test solutions of
saturates (paraffins and cycloparaffins) and aromatics
Amount of Saturates
Solution solution Saturates found by Difference ©
chromato- in solution analysis (cale-found)
graphed
Series 1 &
[ wto wt% wto

e 2.5 5. 86 6.28
6. 22 —0.3(—0.5)

6. 00

FF 2.5 10. 28 10. 36
10. 42 —.1(—0.4)

10. 43

(G 2.5 25.93 25. 71
25. 65 } -3(=0.9)
DN 2.0 45.97 44. 48 1.5(0.1)

) 1 SN e 0.5 49. 51 47. 50 l
47.15 2.0(0.5)
47.80 l

2.5 49.51 47.72
47.75 1.9(0.4)

47.43
4.5 49. 51 47.67 1.8(0.3)
2.5 52.25 50. 47 1.8(0.2)
2.5 75.47 73. 54 1.9(—0.3)
2.5 89. 81 86. 44 | 3.4(0.7)

Series 2 b

R 2.5 26. 28 26. 02 0.3
e 2.5 47.18 46. 71 | 5
L 2.5 | 74. 26 73. 41 9

a These solutions were prepared from lots II-P (saturates) and III-B (aro-
matics). It was later found that this saturate portion contained some aromatics.

b These solutions were prepared from lots II-P1 (saturates) and III-B1 (aro-
matics). This saturate portion was free of aromaties.

¢ Values in parentheses corrected for about 3 percent aromatics in saturate
portion II-P.

A summary of the results of a study of the infra-
red spectra ® of the fractions separated from this oil
follows:

1. Lot II-P1: no aromatic rings.

2. Lot II-P2: indication of aromatic ring com-

pounds.

3. Lot II-P4: polynuclear aromatic or single-ring

aromatic with long straight chain.

4. Lot ITI-B1: large aromatic type molecules with

few side chains, slight indication of NH

group.

Lot ITI-B2: aromatic pattern about the same
as lot III-B1, but indicates more NH or
possibly OH; p0551ble presence of carbonyls
which were not present in lot ITI-B1. The
combination of NH, OH, and carbonyl would
indicate the presence of carboxylic acid or
acid amide.

(%1

3 The infrared analyses were performed by J. E. Stewart, formerly of the Gas
Chemistry Section, Chemistry Division.
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6. Lot ITI-B3: greatest number of aromatic rings,
different from lots I1I-B1 and I11-B2; pos-
sible presence of a sulfoxide or a sulfone.

7. Lots II-B, III-B, and IV-B: largely aromatic;
no indication of oxygen, sulfur, or nitrogen
compounds.

8. Lot V-M: resembles lot T11-B2.

Experiments were performed to determine the re-
lation between the volume of eluent and the amount
of oil desorbed. In the first of these experiments
about 0.7 g of saturated hydrocarbons (lot P-1, fig.
1) was adsorbed on 90 g of silica gel in the small
column and eluted with pentane. A series of 20 ml
fractions were collected and the weight of oil in each
determined. These results are shown in figure 2.
The bulk of the oil was recovered in the first two
fractions; the amount recovered in each of the suc-
ceeding fractions is shown on an expanded scale.

Similar experiments were performed in which
0.84 ¢ of aromatic hydrocarbons (lot I11-B, fig. 3)
were adsorbed and then eluted with pentane and
benzene. The results are shown in figure 3. The
amounts of material recovered in successive 20-ml
fractions of the pentane eluent are shown on an
expanded weight scale. It will be noted that only
0.012 g was eluted by pentane; the remainder was
rapidly eluted by benzene, the bulk appearing in
the first 20 ml.

In a third experiment, a solution containing both
saturates and aromatics was adsorbed and eluted,
first with pentane, followed by benzene; the results
are shown in figure 4. The original solution was
prepared from 0.2875 g of fraction I-P (saturates)
and 0.9845 ¢ of fraction I1I-B (aromatics). These
experiments established the volumes of pentane
and benzene required to separate a saturate portion
and an aromatic portion.

Experiments were also performed to establish the
reliability of the method for the determination of
saturates (paraffins and cycloparaffing) in an ex-
tender-oil. Binary solutions of saturates and aro-
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Ficure 2. Weight of o1l eluted with pentane from test solution
of saturates.

Source of saturates; lot II-P, figure 1.
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Source of saturates; lot I1-P, figure 1.
Source of aromatics; lot 111-B, figure 1.

matiecs were prepared from fractions II-P and 111-B
for series 1 and from fractions I1-P1 and ITI-B1 for
series 2. These solutions were chromatographed
and the results are given in table 1.

The large differences found for solutions of 50 to
90 percent saturates (solutions D-H) can be ex-
plained by the presence of a small amount of
aromatic-type material in lot IT-P. One-ring aro-
matic compounds containing paraffin side chains are
adsorbed on silica gel only slightly more strongly
than three- or four-ring cycloparaffins containing
paraffin side chains. In solutions D through H,
such aromatic compounds would be retained on the
silica gel; but in solutions (A through C) having
a lower content of saturated hydrocarbons, they



TABLE 2.

Results of the chromatographic separations of six extender-oils

Oil portions in eluted fractions

Extender-oil type 1st pentane 2d pentane Benzene Carbon tetra- Ethanol
chloride Total
wt %
250 Grib 250 25b 25b recovered
wt%a np wt,b ny wt%pa np wt%a np wt%P np
graphthenic: Circosol 2XH ... ___ 53.4 1.4882 2.0 1.5017 41.3 | 1.5635 0.7 1.5552 2.6 (© 100.0
romatic:
Sundex 53 (Oil IT)_______ e s 25.1 | 1.4805 1.7 | 1.4992 68.0 | 1.5796 9| 1.5630 6.0 (&) 101.7
Shell SPX97____ . ____ 26.0 1. 4800 4.8 | 1.499 64.3 | 1.5865 ohil e 5.0 (©) 100.9
Highly Aromatic:
Philrich 5____ < 11.0 1.4845 6.2 1.5015 75.7 1.5780 6.3 (®) 99. 5
Dutrex20_______ - 5.9 1.4915 1:2 1. 5020 80. 6 1. 6065 10. 6 (°) 99. 1
Califlux T'T 11.8 1. 4923 0.7 1.5018 74.9 1. 5885 11.8 (°) 99. 7

a Expressed in terms of weight of sample of oil chromatographed.
b Refractive index of components from oil in eluted fractions.

¢ Refractive index not determined because these fractions were highly colored liquids which contained dispersed solids.

would be eluted. When lot II-P1, which had been
further fractionated to remove aromatics, was used
for the saturate portion these large differences did
not appear (solutions I through K). When the
compositions of solutions A through H are corrected
for the 3 percent of aromatics found to be present
in lot II-P, much better agreement results (see last
column of table 1).

Analyses given in table 1 show that oils containing
about 5 to 75 percent saturated hydrocarbons may
be analyzed by this procedure with an uncertainty
of less than one percent. This range of composition
embraces all oils now being used in the manufacture
of oil-extended rubbers of the butadiene-styrene
types.

3.3. Analysis of Extender Oils

A summary of the weight percent and refractive
index of the five fractions separated chromatograph-
ically from each of the six extender-oils is given in
table 2. The infrared absorption spectra of these
fractions [19] showed that there were marked differ-
ences between fractions separated from the same
oil and marked similarities between corresponding
fractions separated from the different oils. The
spectra have been compared with those [20] for
fractions separated from asphalts [21] and by acid
extraction of an extender-oil [22]. A more com-
plete study of the composition of the extender oils
will be given in another report [1].

4. Conclusions

The chromatographic procedure described in this
report provides a simple, reproducible, and relatively
rapid method of analyzing rubber-processing oils.
The selective solvents, pentane, benzene, carbon
tetrachloride, and ethanol, separate the oil adsorbed
on silica gel into five compositionally different frac-
tions. The analyses provide a means for evaluation
of the oils as rubber extenders.

(Page 66A2-152)
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