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. Chromatographic Analysis of Petroleum Fractions Used
in Oil-Extended Rubber'

Dominic J. Termini and Augustus R. Glasgow
(October 10, 1961)

The classification of oils with reasac’b to differences in composition is important in their

mae in the manufacture of oil-extende

butadigne-styrena rubber,

A rapid ehromnatographics

method of analysis has been devaloped in which 2.5 to 3 0-gram samples of ofl are desorbed
froom siliea pel ibto Bve diferant fractions by sucesssive plutlon with pentane, benzene, carbon
tetrachilorids, and ethanol ss eluents. 8ix extender-vils were anulyzed by thls method,
Fhypical praperties of the sepurated fractions phowed roprked differences between fractions

of the pame oll and gimilarities between correaponding fractiona of the differsut oila,

The

chromategraphic separation of extender-oils into comporitivnally diferent fractions providea
A method for evaluation of the efect of diferent components on specific properties of the

finighed ribber product,
1. Introduction

High-boiling cils of petrolenm origin are used in the
preparation of oil-extended rubber. The cils are
complex mixturea of hydrocarbons and also contain
compounds of nitrogen, sulfur, and oxygen(l, 2,3, 4.2
The different components in these cils impart certain
desirable and undesitable properties to butadiene-
styrene sopolymer. Classification of the composi-
tion of these materials is necessary for proper
formmulation of such rubbers [&, 6].

Boatler and associates [7, 8] classify these oils
according to the solukility of the eil wath sulfuric
acid of warying concentration inte fonr groups;
namely, nitrogen bases, first acidaffins, second
noidalfine, and paraffine. Kurtz and sssociates
have published data supporting a claseification of
these oils hased on the relaticnship batween the
viscosity-gravity constant and viscosity [9, 10], the
viscosity-gravity constant and refractinity intercept
[11, 12], and the density and refractivity mtcrecpt
[13]. Chromatographic techniques [14, 15, 16, 17}
with tueasuvements of the phvsical properties of the
separated fractions have aleo been used to classify
thase oils.

The cheomatographic method of annlysis described
in this paper was devaloped as a rapid methed for
characterizing theze oils. It Jdiffers rom previous
silica-gel  adsorption methods for wiscoua oils
[14, 17, 18] in thet the oil is separated into five
compozitionglly different fractions ipstead of two
fractiona. Samples of six oila certified for use as
rubber-processing cils hy the Federal Facilities
Corporation wore analyzed by this procedurs.

2. Adsorption and Eluticn

The adserption column used was 85X 1.5 cm, and
wae fitted with & reservoir at the top and & 1 mm

1 This work wet peyformed under the sponsorship of the Federsl Facllides
Corporstlon, Ofles of Eyntlsetin Bobher, 20 pact of the Governeoeot Syothethy
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capillary 0.5 cm long ab the bottom. It was packed
in the ususl way with about 90 g of silica gel (25200
mesh), Removal of the lower Boiling solvents from
the elated oil in each fraction was accomplished by
digtillation in a stream of nitrogen from a pot heated
hy a water bath.

In preliminary tests of the effactiveness of removal
of the solvent by distillation, it was found that a
golution of 100 ml pentane and 3 g w-dotriscontana
allowed a subatantially comnplete recovery of the high
boiling compound; the amount recoverad was the
same within 0.02 percent of the amount added.

Tha eluting agents (pentane, benzene, carhon
tatrachloride, a,n{:ig sbsolute aleohol) were rediatilled
aolvents, Prcliminery testa indicated that these
agents would remove amall amounis of nonvelatile
material from the gel. On the basis of 2.5-3.0 g
samples of oils aeparated, the error introduced by
aleohol extraction of the gel mmounted to about 0.2
weight percent; with the other eluting agents, the
arror 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 & 10 ml beaker and transferred to the colomn by
a few washings of 5 m! pentane each. The regervor
wak then filled with 250 m] pentane and this solution
allowed to drvain. This elution was fellowed sue-
cessivaly by 100 ml pentane, 160 m] benzene, 160 ml
carbon tatrachloride, and 250 ml ethanel. Fach sol-
veuk wue added just befors the last of the preceding
hguid entered the adsgrbent; the reservoir was ot
allowed to become mmpletef:,? empty. The collec-
tion of a fraction wae terminated when the next
eluent was about two-thirds down the adsorption
saction. The visibility of the fronts betwesn the
different eluents in the column made it esay ic ob-
serve the above condition. Before cxchanging re-
ceivars, the tip of the adsorption colurn was washed
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with soma of the appropriate solvent to redissolve
deposited material. After thae fina! fraction had been
collected, carbon tetrachloride was used o wash the
tip becavse of the very slight solubility of the laat
fra:ct.mn in ethanol. r%n the separation, the less
B{FIF adeorbed components ate eluted first, fol-
by those more atrongly adsorbed.  An import-
a.nt. function of the carbon tetrachloride, as an eﬂwnt
preceding ethanol, is to solubiliza the ethanol-lesorh-
able constituents which are very slichtly apluble in
ethanol. By this procedure, the entire sample was
recovered.  Tha velatile solvents in the eluted frae-
tion were removed by distillation aod the weights of
the oil residues were detarmined,

3.2. Evaluation of Procedure

The effectiveness of the chromatographic sepnm-
tion wae evaluated from experimenta performed on
solutions containing known amounts E}r waight of
“saturates” (parafiins and cycloparailing) and "“aro-
matice” that were scparated from an aromatic type
oil (Bundex 53). For thiz scparation, 150 g of tE
oil was processed according to the program shown
n figure 1. For this la; le separation, 8 70 mm
diam column, packed with 1,750 g of silica gel (28200
mesh) was used. PFive main fractiona (I-P, Ii-B,
III-B, IV-B, and V-M) were eluted from this coelomn
with pentane, benzene, and methanel, respactively.
Fraciions 1-P and III-B were r&uhmmat.ngmphed In
smaller columne. The refractive indices given in
figure 1 refer to those of the oil portions. A still
further zeparation of lot II-P was made in otder to
remove gomo materisl baving a higher refractive
m-::l&:t+ The aroonts of these fractions in lot J1-P,

xpresaed as weight percent, wers; II-Pi, 96.6;
II—P2 1.5; 1I-P3, 1.0; apd II—P-l 0.8,

The saturate puﬂ-lun lot TI--P2. uged in preparing

known solutions A through H {tai)le 1] wae investi-
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Ficure 1.

gabed for possible inclusion of some l-ring aromatic
tnaterial. The refractive indox of thiz portion was
1.4797 at 25 °C, whereas the refractive index of the
eluted porsionz of the test solution E wae 1.4790.
Some of lot II-P was further fractionated by adsorp-
tion as shown in figure 1. The infrazed analysis of
these fractions showed Lhat benzene ring compounds
were present in fraction II-P4 and absent in fraction
II-F1. A =zecond zeries of solutions, I through K in
tabla 1, was prepared from lot II-Pl, which was
substantially free of aromatics,

Tagwe 1. Chromelogra njrﬁu: separations of leel soludions of
safurades (parafine and cpeloparafing) and aromatics
Awmgunk of Entynitos
Boloticn moluthon Batarstas found by Diderence +
chovmate- | 1o selotan Fr AT feabrFnmdy
Brapbed
ariea 1 »
'] wm TG
R, 23 B [ 3
B =03{=0 5
B Ot
T 2.5 1028 1).38
Lih. 42 ’» = L=t 4}
s [ITREE
Lo e Li M Fal -s-en
T ] Lo 45,97 4,k 1.6(D.1)
B F) | 47,50
AT 16 i FALUN 3
47, 80
15 o6 47,73 }
LTS -1 B
L4
4.5 44, 6l .67 1 ! l}\.a-}
2.5 5.5 50, 47 1.8
G e taEEdcaEEL—sanE rh 5,47 1A l.ﬂ{—l}.%
H.o oL L5 4,81 B, 44 )i
Barles B
]
N 28 o b e L%
F FN 45 18 4 71 N ]
[ 15 ™. .4 o

= Theas aolutlens wees pu'eu]::md trom lokz II-F {saturates) and ITI-B {aro-
matica),  Ibowss Juter foowed] T $hiq qalurake partion oWELAEn eyl aote ARMIIALIS:,
& ‘These golutlanz wera prepated from lota 1 PI (maturotes) snd TI-Bl (aro-
watlgs). This aaturate portlon was free of aromalica.
-b';’a.]uﬁa ll;u porooibbicaés corrected R aboul B peresnt ancmatles In satmraby
porctico IT-

A summary of the resulis of a study of the infra-
red spectes ® of the fractions seperated frora this ol
follows:

1. Lot II-P1: no aromatie rings.

2. Lot I1-P2: indication of arcmatie ring com-

pounds,

3. Lot. II-F4: polynuclear aromalic or single-ring

aromatic mtﬁ long steaight chain.

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

{aw s:da chains, slight indication of NH

5. Li:ﬂ; III—~BE aromatic pattern about the same
gs lot TI1I-B1, but indicates more NH or
possibly OH; poaslhle prosence of carbonyls
which ware not present in lot JII-B1. The
eombination of NH, OH, and carbonyl would
indicate the presenca of carboxyhe acid or
acid amide,

A The Infrared aos
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6. Lot ITI-B3: greatest number of aromatic rings,
different from lots ITI-B1 and ITI-B2; pos-
gible presence of & sulfoxide or & sulfone.

7. Lots 11-B, I1I-B, and IV-B: largely aromatic;
no indication of oxygen, aulfur, or nitrogen
compounds.

%. Lot V-0 resombles lot TIT-B2,

Experiments were performed to determine the re-
lation between the volume of elnent and the amount
of oil desorbed. In the ficst of these experiments
about 0.7 g of saturated hydrocarbona (lot P-1, fig.
1) was adsorbed on 90 g of silica gel in the
column and eluted with pentane. A series of 20 ml
fractions were collected and the weight of oil in each
determined. These resulta are shown in fipure 2.
The bulk of the oil was recovered in the first two
fractions; tha amount recovered in each of the sue-
ceediny fractions is shown on an expanded ecale.

Sim experitnents were performed in which
0.584 g of aromatic hydrocarbons (ot ITI-B, fig. 3)
wore adsorbed and then eluted with pantane and
benzene. The resultz are shown in figure 3. The
amounts of material recovered in successive 20-ml
fractions of the pentane eluent are shown on an
expandad weight seale. It will be noted that only
0.012 ¢ was eluted by pentane; the remainder was
rapidly eluted by benzeme, the bulk appearing in
the first 20 ml.

In & third experiment, a solulion contsining both
saturates and aromatics was adsorbed and eluted,
first with pentane, followed by benzene; the results
are shown in fipura 4. The original solution was
prepared from 0.2875 g of fraction I-P {saturates)
and 0.9845 g of fraction 1II-B {sromatics). These
experiments established the wvolumes of pentane
and henzene required to separate a saturate poriich
and an aromatic portion,

Experiments were also performed to establish the
relinbility of the method for the determination of
saturates (paraffins and cycloparaffins) in an ex-
tender-oil, Binary solutions of saturates and aro-
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matics were prepared from fractions II-P and I1T-B
for series 1 and {vom fractions 1I-F1 and ITI-B1 for
garies 2. These solutions were chromatographed
and the resulis are given in table 1,

The large differences found for solutions of 50 te
9 percent saturates (solutiona D-H} can be ex-
plained by the presemce of s small amount of
aromatic-type material in lot II-P. Omering aro-
matic corrpounds containing paraflin side chains are
adsorbed on silica gel only slightly more strongly
than three- or four-ring cyeloparaffins cunt.uimﬁg
poraffin side chains. In solutions [} through H,
such aromatic compounds would be retained on the
silica gel; but in sclutions (A through C) baving
& lower content of saturated hydrocarbons, they




TaBLE 2, Resulls of the chromedographic yeporalions of sfz extender-oils
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would be eluted. When lot 11-P1, which had been
further fractionated to remove aromatica, was used
for the saturate portion these large differences did
not appear (zolutions I through K}, When the
cotnpoeitions of selufions A through H are corrected
for the 3 percent of arcmatics found to be present
in lot 1'[—1?, much better agreement resultz (see last
column of table 1},

Anglyses given in table 1 show that oilz containing
about 5 to 75 percent saturated hydrocarlhons may
be analyzed by thiz procedure with an uneertainty
of leas than one pereent. This range of composition
amnbraces all oils now being used in the manufacture
of oil-extended tubbers of the buiadiene-styrens

Ly pea.
3.3. Analyzis of Extender Qils

A summary of the weipht porcent nnd refractive
itlex of the five fractions separated chromatograph-
ically Trom each of the six extender-oils is givon in
table 2. The infrared absorption spectra of these
fractions [19] showed that there were marked differ-
ences between fractions separated from the same
¢il and marked eimilarities between corresponding
fraetions saparated from the diffarent 0i£, 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 procedura deseribed in this
report provides n simple, reproducible, and relativaly
I‘ﬂ[]:)ld method of analyzing rubber-processing oils.
The selective solvents, pentane, benzene, carbon
tetrachloride, and ethanol, separate the cil adsorbed
on silica gel into five compositionally different frac-
tions, Tha analyses provids & means for evaluation
of the oils us rubber extenders.

(Page 66A2-152)

these [rctons wers highly solored Houids which con taimie] dbsparsed sliil,
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