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By the surface tension depression method, the same
conditions resulted in an increase from 4.2 to 13.9
pmoles per liter. This is in contrast to the data ob-
tained by Schick (16) and by Ginn and co-workers
(18). They reported that CMC values of oxyethylated
alkanols and alkyl phenols, in general, decreased with
increasing temperature.

After this investigation had been completed, it was
reported (19) that the CMC’s of Pluronic polyols 162,
1.64 and F68 were 2.40, 2.20 and 0.1 g/dl, respec-
tively. We are unable to account for the discrepancy
in the data.
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Neutral Oil in Linear Alkyl Benzene Sulfonate Slurries:

Determination and Composition

K. KELLENBACH, E. EMERY and E. W. BLANK, Colgate-Palmolive

Research Center, New Brunswick, New Jersey

Abstract

A method of improved aceuracy and acceptable
precision for the determination of neutral oil in
detergent slurries is described. The inerease in
accuracy results from minimizing loss of highly
volatile constituents of the neutral oil.

The composition of the neutral oil in linear
alkyl benzene slurries has been determined utiliz-
ing infrared and mass spectrometry techniques.

Highly branched, saturated aliphatic hydro-
carbons constitute the principal portion of the
neutral oil. Traces of aromatic hydrocarbons are
also present. The balance of the neutral oil
comprises dialkylsulfones together with trace
quantities of unidentified sulfur containing
components.

Analogies are drawn between the composition
of neutral oil from linear alkyl benzene sulfo-
nates and branched alkyl benzene sulfonates.

Introduction

N A STUDY OF THE COMPOSITION of neutral oil from

linear alkyl benzene sulfonate detergent slurries,
it was necessary to isolate a large quantity of the
neutral oil without loss of components. An attempt
was made to isolate it by scaling up AOCS Tentative
Method Dd 4-60 (1). Low recoveries of neutral oil
indicated that highly wvolatile materials are present
and lost by volatilization during evaporation of the
petroleum ether extract. Weeks et al. (2) describe
the determination of unsulfonated oil * by distillation
of neutralized sulfonate (slurry) with ethylene glycol.
The distillation operation is quite rapid, requiring
approximately 10 min, and there is no loss of volatile

1 Unsulfonated oil is frequently confused with neutral oil and free
oil. The term unsulfonated oil is specific but all three have been used
interchangeably. In this paper mneutral oil refers to material which may
consist of unsulfonated oil, sulfones and other concomitant organic
constituents in admixture.

materials. In their opinion the primary properties
influencing the quality of alkyl benzene sulfonates
are: (a) the amount of unsulfonated oils and (b)
product eolor. For this reason they are not particu-
larly interested in the sulfone content of the neutral-
ized sulfonates except to note that sulfones can be
recovered from the still residue by extraction of the
latter with petroleum ether. However, in our view,
the amount of sulfone present in slurries designated
for detergent formulation is considered significant
sinee it exerts a deleterious effect on the performance
of formulated products.

Part 1 of this paper presents evidence that the
method of Weeks et al. (2) for the determination of
neutral oil when performed in two operations (distil-
lation and extraction) yields results of the same de-
grec of precision but of vastly improved accuracy
over the results obtained by use of AOCS Tentative
Method Dd 4-60. Part IT incorporates a discussion of
the composition of neutral oil isolated from typical
commercial linear alkyl benzene sulfonate slurries.

Part I—Determination of Neutral Qil

AOCS Tentative Method Dd 4-60 yields results for
neutral oil which include such sulfones as may be
present. However, inadvertent losses of neutral oil
are oceasioned in the performance of this method dur-
ing the operation of evaporation to constant weight.
Tt will be shown in Part IT of the present paper that
some of the constituents of neutral oil are highly
volatile and evaporate spontaneously at room temper-
ature. By determining the volatile constituents of
the neutral oil by distillation with ethylene glycol
and determining the sulfones and other nonvolatile
organic constituents by petroleum ether extraction of
the residue in the distillation flask as deseribed by
Weeks et al. (2) and combining the two quantities, a
result can be obtained for neutral oil which is inde-
pendent of the variable loss of highly volatile con-
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TABLE I

Comparison of Resulis for Determination of Neutral Oil Content
of Detergent Slurry by Three Methods

Weight of Et}ll.ylerlle Petrﬁleum Total
eight o glyco ether

Method sample, g distillation.  extraction, ’l:i‘llt';}l
A % + 7O

I 52.61 0.41 0.37 0.78
28.02 0.43 0.37 0.80

32.09 0.41 0.37 0.78

1T 4.13 0.40
5.52 0.45

4.54 0.50

11T 32.49 0.63
31.86 0.63

37.18 0.63

39.16 0.62

Method I: Method of Weeks et al, (2); combined distillation-extraction.
II: Nentral Oil by AOCS Tentative Method Dd 4-60.
III: Neuwtral oil by evaporation of petroleum ether extract at
room temperature.

stituents resulting from evaporation to constant
weight.

Experimental

Weigh 25 to 30 ¢ = 0.5 mg of the sample slurry by
difference into a 2-liter distillation flask and follow
the procedure described by Weeks et al. (2) for the
distillation step.

The specific gravity of the ethylene distillate must
be determined for use as a faetor in converting the
volume of distillate to a weight basis. In our work
a micropicnometer possessing a water value of 0.08978
ml at 23C was emploved. The specific gravity of the
distillate usually approximates the value of 0.856 at
23C/23C.

After cooling to room temperature, transfer the
still residue to a 1-liter extraction cylinder. Wash
the flask with several successive volumes of a 1:1
water-alecohol mixture and add the washings to the
still residue in the extraction cylinder. Finally bring
the contents of the extraction cylinder to a volume
of 600 ml by addition of the required volume of 1:1
water-alcohol.

Add 300 ml of petroleum ether to the contents of
the extraetion eylinder and shake vigorously for sev-
eral minutes. Allow the extraction cylinder to stand
until the layers separate. If an emulsion forms it can
be broken by the addition of a few granules of an-
hydrous sodium sulfate.

Siphon the ether layer into a tared 500-ml Erlen-
meyer flask. Evaporate the solvent on a steam plate
using a stream of clean dry air to facilitate the
evaporation.

Repeat the extraction an additional five times. The
extracts should be clear and free of suspended mat-
ter. Branched alkyl benzene sulfonates usually yield
clear extracts; linear alkyl benzene sulfonates, on the
contrary, often require filtration. This appears to be
a characteristic of the extracts obtained from linear
alkyl benzene sulfonates. If filtration is necessary,
filter through a Whatman No. 42 paper and wash the
paper thoroughly with additional volumes of petro-
leum ether.

Add the successive extracts to the Erlenmeyer flask

TABLE II

Neutral Qil Content of Three Sulfonates Prepared from
Typical Commercial Linear Allylates

Ethylene Petroleum Total
Alkylate glycol ether neutral

No. distillation, extraction, oil,
Yo Y% %

1 0.13 0.252 0.38

2 0.43 0.362 0.79

0.39 0.40 0.79

3 0.20 0.32 0.52

® Petroleum ether extract required fliration.

Vor. 42

and evaporate to dryness. Finally heat the residue
in an oven at 105C for 3 to 5 min.

Caleulate the amount of neutral oil present as
follows :

M distillate X 0.856 X 100 ) .
= 9% Volatile neutral oil

Weight of sample
Weight of extract X 100

= 9% Nonvolatile neutral oil
Weight of sample

¢ Volatile neutral oil & 9% nonvolatile nsutral oil= % Totq.} neutral
oi

Discussion

Table I presents a comparison of results for the
determination of the neutral oil content of a commer-
cial sodium alkyl benzene sulfonate by the method of
Weeks et al. (2) and AOCS Tentative Method Dd
4-60. Results by a third method in which the ex-
tracted neutral oil was permitted to come to constant
welght by spontaneous evaporation at room tempera-
ture are included in the table.

It is apparent from an inspection of the results that
the AOCS method yields low results as a result of
evaporation of the petroleum ether extract of neutral
oil to constant weight on a water bath. The neutral
oil results obtained by combined distillation-extrac-
tion are appreciably higher due to avoidance of the
losses oceasioned by heating to constant weight, and
the third method yields results that are intermediate.
In the latter case it is believed that the extract finally
attains static equilibrium during spontaneous evap-
oration of the more highly volatile constituents.

Seven replicate determinations of the neutral oil
content of a typieal detergent slurry by one analyst
vielded a high of 0.660 and a low of 0.605% neutral
oil by the distillation-extraction technique.

The standard deviation of these results is 0.018, an
estimate of the same relative order of magnitude as
the precision of the current AOCS Tentative method ;
however, the results are inherently more accurate
since there are no losses of volatile neutral oil in
bringing the petroleum ether extract to constant
weight.

Part II—Composition of Neutral Oils from
Linear Alkyl Benzene Sulfonate Slurries

A number of studies, undertaken to elucidate the
composition of neutral oil, have been reported (3.4).
The work described to date has been concerned mainly
with branched alkyl benzene sulfonate slurries and a
corresponding paucity of information exists in respeet
to the ecomposition of the neutral oil from linear alkyl
benzene sulfonates.

The current availability and interest in linear alkyl-
ates prompted an investigation of the neuntral oil iso-
lated from detergent slurries produced by the oleum
sulfonation of three commercial linear alkylates. The
linear alkylates were selected to cover the range of
material presently available on the market and are
representative of production by three different sup-
pliers of alkylate.

Experimental

Preliminary work indicated that the neutral oil con-
tained highly volatile fractions. The method of Weeks
et al. (2) is ideally suited to avoid losses by volatiliza-
tion, and it was, therefore, employed to isolate a suf-
ficiently large quantity of the neutral oil to permit
a study of composition.

Detergent slurries in the form of sodium salts of
the respective sulfonates of three different commerecial
linear alkylates resulting from plant production sul-
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TABLE IIT
Mass Spectrometric Data on Ethylene Glyeol Distillates of Sulfonates

Prepared from Three Typical Commercial Linesr Alkylates

1 2 3
Alkylate — . S B . .
No. Ne(l)litlral Standards Ne(l)l;;ral Standards Neu;;ru Standard®
Mol. Wt.b 247.79 254.23 259.23 256.12 259,38 236.88
Distribution®
Mass 176 C-7 3.8 0.6 1.2 0.5 0.8 0.4
180 -8 6.8 0.8 1.8 0.7 1.1 0.9
204 €9 3.8 0.7 1.5 0.6 1.1 0.8
218 C-19 3.9 0.5 0.7 0.5 5.9 10.2
232 C-11 8.1 7.2 2.3 8.2 42.3 51.2
246 (-12 22.6 37.1 23.8 31.7 37.6 29.6
260 (C-13 24.4 34.1 44.3 47.8 9.5 6.7
274 C-14 25.8 18.7 17.3 14.2 1.5 1.0
288 C-15 1.5 0.2 1.8 0.8 0.8 0.02
302 C-16 0.3 1.8 0.1 0.04
316 C-17 1.9 0.1 0,03
330 C-18 1.1 0.1
344 C-19 0.5 0.04
358 (C-20 0.5 0.09
Unsatm;t-esc 41.97 5,85 5.75 5.93 3.28 3.80
Phenyl Positions
2-phenyl 7.4 29.17 6.8 82.99 17.7% 35.98
B-phenyl 181 17.61 13.8 17.98 30.5 20.07
4.phenyl 20.2 15.28 17.9 14.37 14.9 12.98
5-phenyl 24.9 19.98 28.7 18.12 20.9 16.53
6-phenyl 29.3 17.94 32.9 16.54 16.0 14.49
Diphenylalkanes Absent Absent Present Present Absent Absent
Dialkylbenzenes Absent Absent Present Present Present Absent

¢ The standard is alkylate obtained by desulfonation of the detergent slurry from which the neutral oil was isolated.

» Molar mol. wt., and distribution of normal alkylbenzenes.

¢ The per cent unsaturates is relative to the alkylbenzenes.
fonation were selected for study. The neutral oil was
isolated utilizing the distillation-extraction procedure.
Parallel quantitative determinations run on smaller
quantities of the identical samples yielded results for
the neutral oil content shown in Table I1.

The physical characteristics of the distillates varied
widely. The distilled oil from the alkylate designated
as No. 1 (Table II} was colorless and possessed an
odor similar to that of paraffin wax. The distillate
from the second sample was pale yellow in eolor with
the typical odor usnally associated with neutral oil.
Sample No. 3 yielded a colorless and almost odorless
distillate. In all cases the petroleum ether extract of
the still residue after evaporation was odorless.

Composition of Neutral Oil

The distillate from No. 1 (characterized as eontain-
ing the smallest amount of neutral oil of the three
samples examined) was found to econsist of linear
mono-alkyl benzenes, a trace of linear p-dialkyl ben-
zenes and aliphatic linear hydrocarbons. The extent
of branching of the aliphatic hydrocarbon chains is
very low. An infrared spectrum of this material is
shown in Figure 1,A.

Mass spectrometrie examination of the distillate
from No. 1 disclosed large yields of unsaturated spe-
cies (approximately 42%) compared to normal alkyl
benzenes (ef. Table TIT). The unsaturated species
possess a chain length of Cy to (i carbon atoms.
Branching is apparent. Practically no high molecular
weight materials are to be found above the normal Cqs
alkylate. The excessive amount of unsaturates is un-
explainable, but it is evident that these entities are
preferentially concentrated in the neutral oil. While
alkylates from sulfonation-desulfonation processes are
essentially unaltered, possible structural changes, dis-
proportions, or branched species may be concentrated
in the neutral oil and thus become greatly magnified
compared to the total sample.

The distillate from sample No. 2 was determined to
consist of linear mono-alkyl benzenes, appreeciable
quantities of p-dialkyl benzenes and aliphatic linear
hydrocarbons. The extent of branching is again low
but higher than found in Sample No. 1. Figure 1.B
shows the infrared spectrum obtalned with this
material.

Mass spectrometric examination of the distillate

from this second sample disclosed it to be definitely
branched and rich in alkylate content (ef. Table III).
Essentially normal amounts of unsaturafes were
found. A possible explanation for this would be a
lower degree of sulfonation, resulting in a higher
neutral oil econtent and possibly maintenance of the
ratio of unsaturates to normal alkylates. This distil-
late shows twiee as much light ends and approximately
a tenfold increase in the heavy ends, compared to its
standard.

The distillate from the third sample possessed a
fairly high mono-alkyl benzene content and showed
appreciable branching of the alkyl chain. Di-alkyl
benzene was not detected. The amount of aliphatic
hydrocarbons is very low. The infrared spectrum of
this material is shown in Figure 1,C.

Mass spectrometric examination of the distillate
from sample No. 3 revealed high amounts of the cus-
tomary alkylbenzenes together with dialkylbenzenes
(small) and moderate amounts of paraffin. An un-
identified component of mol wt 326 was detected. The
extent of branching is greater than normal.

The corresponding petroleum ether extracts of the
still residue for all three alkylates were found fo be
nearly identieal in character and gave infrared spee-
tra typical of di-(p-linear alkyl aryl) sulfones. Ex-
amination of the petroleum ether isolate from the
third sample disclosed fairly appreciable alkyl braneh-

TABLE IV

Summary of the Composition of Neutral Oil Present in
Branched and Linear Sodinm Alkyl Benzene Sulfonates

Linear alkyl benzene sulfonaled
Neutral oil: ethylene glycol
Distillation fraction

Paraffing, cycloparaffing or

olefins, Marked branching
npresent in some samples.

Linear monoalkyl benzenes.
Linear dialkyl benzenes.

Indane, indene types may be
present with tetralinics.

Branched alkyl benzene sulfonale®
Neutral oit: Ethylene glycol
Distillation fraction
Extremely complex, highly
branched hydrocarbons exhibit-
ing t-butyl groupings:
Mono- and dialkyl benzenes,
Cs to Co.
Conjugated diolefins,
Carbonyl compounds (Ketones).
Newtral oil : extraction fraction
after distillotion
Di(p-linear alkyl aryl) sulfones.
Small to trace quantities of
carbony! compounds.
Traces of unidentified sulfur
containing materials.

Neutral oil: eviraction fraction
after distillation

Di(p-alkyl aryl} sulfones.

Trace amounts of carbonyl
compounds.

a Components are listed in order of dgcreasing amounts in each frac-
tion. The table embodies results of both infrared and mass spectrometric
examination.
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ing in the side chain. TInfrared spectra of all three
petroleum ether extracts are shown in Figure 2.

Discussion

Complete mass spectrometric data for the three sam-
ples studied are shown in Table 1TI. Methods for the
derivation of molar distributions (5,6) and phenyl
position computation (7) have been published else-
where. In each case the standard employed eonsisted
of desulfonated alkylate obtained from the detergent
slurry from which the neutral oil was isolated. The
sulfonates were reduced to the original alkylates by
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Fia. 2. Infrared spectra of petroleum ether extraet of still
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desulfonation with phosphoric acid (8,9).

A general observation can be made relative to the
composition of the alkyl benzenes obtained by ethylene
glycol distillation. In each instance it appears that
the principal chains are shifting to inereased chain
lengths, In addition, light and/or heavy ends are
becoming more evident. This conclusion i1s apparent
from examination of the data presented in Table I11.

A further significant fact is that all of these distil-
lates show an obv1ouq drop in the 2-phenyl content.
This alteration is quite striking but no explanation is
available at this time. The third sample shows a
marked excess of 3-phenyls which suggests that a
greater degree of branching is present than normally
encountered in linear alkylbenzenes.

Table IV presents a summary of the volatile and
non-volatile components found in neutral oil isolated
from linear sodium alkyl benzene sulfonates respec-
tively by combined distillation over ethylene glycol
at 185C and extraction of the still residue. The com-
position of neutral oil from a typical branched alkyl
benzene sulfonate, previously examined, is included
for comparison.

In evaluating the infrared and mass gpectrometric
results, particularly the latter, for the composition of
the neutral oil isolated from branched versus linear
alkyl benzene sulfonates, an obvious difference is ap-
parent between the chaotic mixture of components
present in neutral oil from branched alkyl benzene
sulfonate compared to the fewer and less complex
components that constitute and distinguish the neu-
tral oil in linear alkylate sulfonates.

Attention is called to the small or trace quantities
of carbonyl compounds found in that portion of the
neutral oil obtained by petrolewm ether extraction of
the still residue remaining after the ethylene glycol
distillation of linear alkyl benzene sulfonates. It has
been observed that in separating the inorganic salts
from a linear sodium alkyl benzene sulfonate slurry
by extraction with aleohol, the carbonyl content of the
aleohol soluble material (active ingredient) increases
proportionately with length of time required to dry
the aleohol soluble material, eventually reaching a
relatively high conecentration as the length of time of
heating at 105C increases. This is readily observable
when infrared spectra of the organie aleohol soluble
material are run at suceessive intervals of drying time
and later compared. An hypothesis to explain this
observation is that the secondary hydrogen on the
a-carbon to the phenyl ring readily oxidizes fo a hy-
droperoxide aleohol which in turn oxidizes to a ketone.
Since this oxidation proceeds readily in linear sodium
alkyl benzene sulfonates it may be of importance in
the evaluation of spray dried detergent formulations.
The exact nature of the carbonyl compound is un-
known. Infrared spectra also indicate the possible
presence of an acid carbonyl.
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