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machine foam, but the differences are not large
enough to be noticeable in a wide-range produet. For
example, Ciy.14 random LAS and high 2-phenyl LAS
whose 2-phenyl contents are ea. 18 and 32%, respec-
tively, are compared in a 25/40/7/1/19/8 formula at
the bottom of Table IV. There is no difference beyond
experimental error between the two.

Solubility is also influenced by isomer distribution
as shown in Figure 14. The C,» end isomers sulfonate
has a very flat clear point curve reminiscent of a
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number of pure straight-chain surfactants (12).
(Pure 2-phenyldodecane sulfonate itself has a curve
ca. 10F higher.) The C;; internal isomers sulfonate
which contains no 2-phenyl isomer has a very steep
and straight clear peint curve. The random C;» and
Cyiae LAS which have low 2-phenyl contents (ca.
18%) are also steep but show a little tendency to
curve over at low temp. The flattening out is quite
pronounced with the high 2-phenyl LLAS which con-
tains about 32% 2-phenyl isomers. Therefore, in-
creasing 2-phenyl content up to at least 32% increases
room temp solubility.

I:AS is basically equal to or better than PPABS,
except in dishwashing foamability. The separate LAS
isomers show a small advantage to the end attach-
ment in detergency and washing machine foaming and
a large advantage for the internal isomers in dish-
washing foam tests. The latter effect appears large
enough to be noticeable when the 2-phenyl content
varies in commercial-type produects.
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Abstract

An intensive study of the mass spectral char-
acteristics of straight-chain alkylbenzenes has
been made in conjunction with their ultimate per-
formance as sulfonates in heavy duty formula-
tions. Two variables of the alkylates, earbon-chain
length distribution (which fixes the mean mol wt)
and phenyl position on the chain, have been suc-
cessfully related to the observed dishwashing per-
formances. Formulas are given which allow
accurately predicting this performance criteria.
The important role of phenyl position is illus-
trated by a detailed study of each phenyl isomer
in the tetradecylbenzene series.

Introduction

HE MOST WIDELY USED SURFACTANT in household

detergents for the past 10 years has been poly-
propylene tetramer branched alkylbenzene sulfonate,
commonly known as ABS. Since World War II, the
usage of ABS in the U.S. has grown to approx 560
million lb/year. Concurrent with increased use of
ABS detergents, our laboratories investigated several
hundred commercial polypropylene derived alkylates
and were able to correlate performance characteristies
with the mass spectrometric analyses.

Fundamentally this correlation depended on the
observed molar distribution and also on a branching
parameter, both derived from the mass spectral analy-
sis of the alkylate prior to sulfonation.” The degree of
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TABLE 1 o ever. Let us briefly describe this method of computa-
o : : ’ LA tion. The characteristic fragmentations of pure Cy»
Mean | 2-Phenwl ‘ Plates washed <5 = i - alkvlbenz il serve as —~ le:
Alkyinte Mean, content ABS inear alkylbenzenes will serve as an example:
{ % — T [ et o e e - L.
O 1 50 ' —" v T - - . P e g
PN J— T S S . 6,« }_JI){““ . .wﬁ.li:"». Pasition of pheny! on Ci: chain:
1. 3625 242 34 A7 76 Intensity at: - i - o
2 3362 256 32 | es , A3 P N
2. 3420 257 . %4 a6 | a3 R e — e — :
4. 3211 268 30 I 75 R muss 81 7% 12 106 100 oy 100
5. 3136 27 ‘ 40 62 -66 92 i 100 i a 9 9 g
6. 9139 285 2 .62 .65 106 TS 100 3 @ 11 13
119 6 I 61 3 4 3
. . o 133 7 3 37 2 2
correlation can be exemplified by the fact that the 14t 3 Y
mass spectral analysis has been employed for over 161 ... 2 2 2 g9

five years for pre-screening polypropylene alkylates,
with remarkable accuracy. It is our purpose here only
to note that this part of our research efforts greatly
assisted the detailed work to be deseribed today and
will itself form a separate communication for publica-
tion.

The advent of the importance of biodegradability
dramatically shifted the emphasis from ABS to
Linear Alkylate Sulfonates (ILAS). The primary ob-
jective of our work was to develop an alkylate strue-
ture which would meet three major requirements.
Kirst, performance must at least equal that of propyl-
ene based ABS. Second, the economies must be in
the same range. Third, it must be biodegradable. Our
main concern in this paper will be the first require-
ment; that of optimization of the LAS to equal the
performance of the ABS to be replaced. Beeause of
the economies, our work was devoted principally to
commercially-feasible carbon-chain and phenyl posi-
tion isomer mixtures. With the initial suecess with
the ABS type materials, our work on LAS seemingly
should have been much simpler and straight-forward.
Our first efforts in this area began ca. four years ago
and resulted in a 90% correlation of the mass spectral
analyses to the performance properties of the linear
alkylates of that time. The technigque employed molar
distribution once again and phenyl position analysis.
This latter parameter was used to measure the extent
of branching and in certain cases the amount of ABS
type alkylate present. It is particularly noteworthy
that this work was all performed long before the great
social and political clamor for biodegradable (e.g.
LAS) materials. Indeed, it was recognized as early
as 1955 by our laboratorvies (1) that factors affecting
performance of linear alkylbenzenes included phenyl
position and chain length.

With the newer and much more linear chained ma-
terials going into [LAS, these same two parameters
derived from the mass spectral analysis have been
greatly refined in predicting performance character-
isties.

Mass Spectral Analysis

Sinee the correlations to be described today are
based on mass spectral analysis of the starting alkyl-
benzenes, it is imperative to rapidly summarize this
aspect of the work.

The derivation of molar distribution in our labora-
tories is not markedly different from those methods
already published (2,3). While our results do show
certain inter-laboratory diserepancies at times, they
have been most meaningful in these correlative ef-
forts. The application of either published method
would also yield the same correlative degree.

Phenyl position analysis, the second mode of char-
acterizing alkylates in our studies, is by no means
unique. That this analysis can be satisfactorily per-
formed by mass spectrometry may be unusual, how-

It is readily apparent from this format that the
underlined data forms the prineipal diagonal of a
6 x 6 matrix array. By inverting and applying ap-
propriate sensitivity data, it is a straight-forward
matter to solve 'y alkylbenzene mixtures for these
six isomers.

That this same matrix can be employed for deter-
mining the one-through-six phenyl contents for shorter
and longer chains that the C;» would alone require
more time than we have for our purpose here today.
We will, however, describe typical results for several
other chain lengths, both for individual isomers and
for known mixtures.

Alkyt t Cale. position of phenyl on chain:
chain Compounds(s) sy o s . 5. 6
& 1-phenyloctane 99,96 4] 0 o U 0.04
16 . 1-phenyl-
hexadecane 93,96 0.70 O O O 0.33
10 2-phenyl-
decane 0.80 9846 025 004 045 0
20 3-phenyl-
eicosane 0.62 0.45 98.93 0 0 0
12 HF-isomers 0 21.4 187 19,1 21.8 19.1
12 AlCls-isomers 0 37.7 17.5 15.0 15.7 2.3
i6 AlClyisomers o 368 20,7 4.5 157 12.3
18 i HF.isomers | 0 16,5 18.2 20.0 23.0 223

Without discussing this table at length, it is important
to comment on two significant points. First, for
authentic samples of individual isomers, the calculated
position commonly runs 98% or better. Second, dis-
tributions found for specific olefin-benzene-catalyst
reaction produets are indeed indicative of the one-
through-six isomer distribution found by either frac-
tionation euts or V.P.C. analyses.

One almost invariably asks the question, ‘“ What
happens to the 7-8- and 9-isomer content of a Cyg
isomeric mixture?’’ In general, these isomers do
contribute a very small amt to the calculated one-
through-six isomers. However, it is readily apparent,
on re-examination of the original 6 x 6 array that the
really significant peaks produced by these particular
isomers are not included in the matrix. For instance,
the 7-phenyl Cyg isomer shows its strongest fragment
ions at 91, 175 and 245-—none of which are involved
in our system. Thus, the calculation of one-through-
six isomers should and does agree closely with their
corresponding one-through-six isomeric distribution
found by other techniques. We are aware of certain
branching and contributory limitations, not unlike
those found in V.P.C. and other methods of isomer

TABLE 11

LAS

Mean l 2-Phenyl | Plates washed:

ABS

Alkylate mol wt | c(?:;e;n _ L )

¢ 50 ppm ‘ 150 ppm
7. BI&6 .. 247 23 68 85
& 3427 T o et l 1,08
9. 3BB6. 256 | 26 : B4 KES
10, 3209 257 | 28 ez o2
i1, 3133 1 ozes | 25 a2 78
12) BIB6... sl 278 |18 e . 68
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determination, but need not pursue them in this
discussion.

Evaluation Techniques

As cited earlier, the mass spectral data was deter-
mined on the original alkylbenzenes. All evaluation
data has been generated using the corresponding alkyl-
benzene sulfonate as the sole active organic ingredient.
The typical heavy duty detergent formulation wutiliz-
ing either ABS or LLAS consisted of 20-25% active
ingredient, 35-40% sodium tripolyphosphate, 5-10%
sodinm orthosilicate, 25-30% sodium sulfate and 5-
10% moisture. The foam stability test used was a
designed Practical Dishwashing Procedure described
in an earlier publication from our research laborato-
ries (4). In this test, all products are examined at
0.15% conen, at 115F and at 50 and 150 ppm hard-
nesses, employing a hydrogenated vegetable oil type
of soil. Under such test conditions the standard ABS
washes 20 plates at each hardness. (A total difference
of 1 plate is significant at the 95% confidence level.
A pooled error variance from 100 sets of duplicate re-
sults gave a standard error of 0.55 plates.) This
dishwashing test, along with the additional perform-
ance parameters of simulated dishwashing and sebum
foam tests, have found great applicability in our
laboratories because of the close correspondence to
actual laundry performance as regards foam stability.

The standard ABS employed in these studies was a
branched ‘‘tridecylbenzene’” sulfonate derived from
essentially Cyy through (¢ carbon-chained alkylben-
zenes bimodal at Cye and Cy5. All alkylates were sul-
fonated using standard oleum batch sulfonation. The
neutralized LLAS and ABS slurries were roll-dried to
give a dried sulfonate of ca. 90% active ingredient.

Discussion and Results
1. Work with Mixed Chains

A. Foam Stability Studies

Our earliest studies included numerous linear
alkylates having a 2-4 carbon range in the
alkyl chains, with some averaging as low as
Cyp and as high as Cyg. The failure of these
latter materials to perform in heavy duty for-
mulations surprised no one. They did serve as
the extreme boundaries, however.

The first attempts to define alkylate composi-
tion related performance to mol wt range. A
series of alkylates made by AlClz-type catalysts
suggested that the preferred mol wt was 252-
266, This is illustrated in Table I. We have
chosen to define all alkylates with a 2-phenyl
content of 28% and above to have been made
by an AlClg-type equilibrium catalyst.

Two facts became immediately evident. First,
all the alkylates gave substantially poorer per-
formances than the standard tridecylbenzene
sulfonate. Second, the one low and two higher
mol wt alkylates have significantly poorer per-
formances than the intermediate mol wt com-
pounds. It is of interest to note that a standard
branched chain material in use today, trideeyl-
benzene, has a mean mol wt approximating 264
and that the linear alkylate series with this
mol wt approximates the upper limit of the
satisfactory performers described thus far.

Qur attention was then directed to alkylates
made by other methods than AlClz-equilibrium
catalysis, e.g., HF or modified AlCly recycle

Vor. 41
TABLE IIT

2- e en s LAS

Alkyl distribution Plates washed : ——

Aliylate | Mean | Thensh ABS

(%) Cra Cra Cu 50 ppm. t 150 ppm
18. 38632 257 | 32 31 46 19 74 84
14, 3576 257 31 39 31 27 682 .78
15. 3125 264 32 21 29 30 .55 .70
4. 32111 263 30 20 42 30 .75 B4

methods. An alkylate with below 28% 2-phenyl
was arbitrarily defined as being made by these
other methods. As can be noted from Table 11,
the preferred mol wt range again centered
around the 252-266 area.

Thus we arrived at the same preferred area
of mol wt 252-266 for alkylates made by both
aluminum chloride or hydrogen fluoride cata-
lyzed reaetions. The contribution of chain
length and of phenyl position becomes evident
if we combine portions from Tables I and II
with additional mass speetral and performance
data. This is illustrated in Table I11.

These pairs illustrate the influence of chain
contributions, being essentially independent of
phenyl position. In particular, the last pair
show that the redistribution of Cy3 content into
Cy1 and C;; homologs materially lowers the
performance.

Table IV, on the other hand, is ecomposed of
essentially identical alkyl chain distributions,
thereby effectively making the sole variable the
phenyl position. The specific alkylate pair, 18
and 8, were known to differ only in the mode of
catalysis. The improvements in performance
found in this table must be attributable to the
effects of phenyl position alone.

Outside the range of optimum (mol wt 252
266), where substantial quantities of Cy; or
Ciy5 are present in mixed chain alkylates, the
contribution of phenyl position is diminished
but still present. The inferaction of chain length
and phenyl position effects undoubtedly pro-
duce this apparent diminution. It would be
erroneous to asswme that in higher or lower mol
wt compounds the phenyl position plays no role.
In the pure tetradecylbenzene series, as will be
demonstrated later, the effect is very pro-
nouneced,

Once having established the preferred mol wt
area of 252-266, many types of carbon-chain
distributions as well as phenyl position isomer
combinations were studied within this narrow
range. These studies led us to a direct relation-
ship between foam stability characteristics and
the amt of 5- and 6-phenyl isomers present.
Consider the following series of 12 alkylates
illustrated in Table V.

Particular note should be made that Table V
was composed of alkylates having 90% or more
in the Cje through Ci4 chains. The correla-
tion is not restricted to the 90% level, however.
It was found that even when the summation of
the 12 through 14 chains fell to 50%, one could
still aceurately predict the performance. This
was achieved by employing the same constants
already used in calculating performances in
Table V, and incorporating an additional de-
ficiency term for the decreased amt of C;o—Ciy
chains. Results obtained for these lower Cjo—
C14 alkylates are illustrated in Table VI.
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TABLE TV
LAS
| 2-Phenyl I Plates washed : ——=
Alkylate nl:{o?avgt cor:;ent Cn Ciz \ Cis I Cis C1s washe ABS
(%) 1 50 ppm 150 ppm
16. 255.8 34 | 9.0 8 7 20.5 1.3 .78 .76 ’
17. 255.6 25 7.4 34.0 32.7 24.5 .90 1.08
18. 256.7 34 4.5 33.9 43.0 15.7 2.3 71 .76
8. 256.0 19 4.8 34.5 42.8 16.0 1.2 97 1.08
2. 256.0 32 4.1 31.7 48.2 14.8 ! .3 .68 .83
10. 256.7 26 .3 3 2 | 14.4 6 .92 .92
It can be seen that, to a close approximation, TABLE V
the analytical data can be used to predict the o LAS
observed performance. The real import of these u . 516 ates washed: 75
. . . . ean en;
relationships lies in the fact that one can screen Allylate | 0 | CiosCie | content 50 ppm 150 ppm
the linear alkylate raw material and very rap- LR e Fe—
idly and quite accurately predict its ultimate s o
performance as a sulfonate. The greatest devia- o Saac| 2880 o3 FEC I e S A R
om s oti i 10, 3209 256.7 98 371 | 92 | 86 | 92 | 95
tion in predlctl'on_to date has been 2 plates, with 19 2299 2581 o5 gL ol oas | 22 22
most results within 1 plate. (4 8211 2625 92 342 75 | 79 | .84 87
The data thus far has been based on diverse 12: Saeg| 2558 o jaal ah | T3 | 38 B8
1 1 1 3. 3632| 257.0 96 31.6 .74 .73 .81 .81
commercial alkylates. A pair Qf synthetic blen(.is 15 3832|2870 58 e G I -5 &
were also studied. The major component 1in o3 8420|2570 99 306 | .76 | .71 .83 .78
each was an AlCly-type alkylate, with the minor 15, o871 5367 | 95 | 304 | 71 | ‘ex | 6 | '1a
component being pure tetradecylbenzenes dg- 12.32 X (54 6%) X 10,
rived from each of the two classes of catalysis 22.55 X (5+6%) X 10
already described. The phenyl position plays
the same crucial role in these mixed compounds. TABLE VI
The results are illustrated in Table VII. It can = s
be seen that blend 2 has superior performance 546 Plates washed : 5
as predicted from all of our earlier observations. Alkylate | Mean % Phenyl
v e mol wt C12—C12 | content 50 ppm 150 ppm
B. Detergency and Biodegradability : (%)
. . . 1
Studies in our laboratories have shown the low Known| Cale? |Known| Cale?
o 1 r n 12. 3156 | 277.7 53 44.1 .63 .60 .68 .66
2-phenyl mixtures to be bette detergents tha 2. 8156 277.7 53 adl | &3 | 80 | B8 | B8
the high 2-phenyl mixtures in the mol wt range 21. 3134| 269.8 62 386 | .63 | .62 | 63 | .67
J : . 5. 3136 273.1 69 34.3 .62 .61 .66 67
of 252-266. This will be reported more com- 25, 8286]| 2831 88 3¢5 | 78 | 75 | 78 | 8%
prehensively in a future publication (5). 23. 3429 267.0 78 32.3 | .66 | .65 | .70 | .71
15. 3125 264.2 73 32.1 .55 .60 .70 .66
Another area of research also reports (6) 24. 3309 ! 262.1 82 26.6 58 | .60 .70 67
that mixed chain alkylates with both high and 12,32 X (5+ 6%) X 10-2 X (O1=—C149 ) /90.
22,55 X (54 6%) X 102X (C12—C149% ) /90.

low 2-phenyl contents (e.g. 8 and 18) degrade
essentially the same.

TABLE VII
2. Work with Pure Isomers LAS
A. Foam Stability Studies Alkylate ] Mol wt CroCrCie Plates washed i o
Our results on pure phenyl isomers in the ’ 50 ppm | 150 ppm
tetradecylbenzene series show that the foam ~ Blond 1 } 259 31-56-31 75 | 88
stability of the sulfonates is increased as the ** Blend 2 259 31-36-31 81 | .90
phenyl group is moved down the chain from the ¥1 859% 3. 3420 and 15% 25. 3545 (C-14—AICk).
one to the silz): position. We have used two dish- "r2 85% 8. 3420 and 15% 26. 3546 (O14—HE).
washing foam tests as well as the sebum foam
test which have been recently published (4) and TABLE VIII
which show good correlation to practical laun- Practical Simulated
dry performance. The results are summarized dishwashing dishwashing
in Tables VIII and IX. Alkylate-tetradecane Plates Washed:ABS Plates washedzzﬁ
It will be noted that the same general trend 50 ppm 150 ppm | 50 ppm 150 ppm
is evident using both dishwashing tests. The —
5-, 6-, T-phenyl isomers are the best performers. 3 bpenst - a2 0 s gsnetTun) o
The break is sharp in both dishwashing series g Pheny) &8 I8 83 92
at 5-phenyl. The unusually low value for 7- 5-phenyl ... .90 .93 92 1.08
: . . 6-phenyl ST 1as 90 1.08 1.08
phenyl (Practical—150 ppm) 1is being re- 7-phenyl o 1.00 ‘80 1.00 1,08
checked. At 50 ppm, an increase in performance
of approx 55% was found in going from the
2-phenyl to the 7-phenyl isomer. Similarly, at . T;:‘BLE =
150 ppm, one of 20% was found for 2- through (SF?O;III? he?gx‘ﬁzisiﬁéi&'é‘)
6-phenyl. Thus we see that the influence of
phenyl position on performance, originally ob- Sofi ebdad ’ A58 ‘2‘1’}‘6’“” 3-Phenyl|4-Phenyl | 5-Phenyl| 6-Phenyl
served and evaluated in the mixed isomers and Tnitial—0 me | 1% 1 1 % ™ o
mixed chains, has been confirmed with the pure 200 mg 114 . % 1 1i4 1%
isomers of the Cy4 chain length. The poor per- 2o me 18 - - % 18 1%
formance of 1-phenyl tetradecane is due to its 300 me 1 - - 1 e
extreme insolubility. It is not included in the 700 mg | .
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TABLE X
Detergency—Average Rd Reflectance Values

U.8. Testing

1-Phenyl { 2-Phenyl I 6-Phenyl | 7-Phenyl | Std ABS
50 ppm 30.2 32.8 34.1 ‘ 34.5 30.3
150 ppm 31.7 32.9 ’ 35.1 36.4 ! 36.6
200 ppm 28.6 32.8 35.8 36.4 ' 36.6
Test Fabrics | !
50 ppm 43.2 44.1 45.8 47.1 42.8
150 ppm 441 443 . 458 . 41.6 443
200ppm | 384 444 | 470 1 418 44.1

sebum foam test that follows because it had no
initial foam.

The 2- and 3-phenyl compounds had a lower
initial foam height which collapsed quickly
under the initial sebum soil additions. The 4-
phenyl had an intermediate foam pattern
whereas the 5- and 6-phenyl compounds were
equal to standard at 500 mg soil load and the
whole foam pattern closely resembled that the
standard. For a detailed analysis of the sebum
soil and simulated dishwashing tests, refer to
the work of W. Spangler (4) of our laboratories.

B. Detergency Studies

Detergency was measured as the increase in re-
flectance after washing U.S, Testing and Test
Fabric soiled cloths in a Terg-O-Tometer at
0.15% conen, 6 swatches/liter, 10 min at 120F
and 100 rpm. There was significant increase
(1.2 units is significant at 95% confidence level)
in detergency for the 6- and 7-phenyl tetra-
decylbenzenes as compared to the 1- and 2-
phenyl tetradecylbenzenes. This is illustrated
in Table X.

‘We have established that the internal 5- and
6-pheny] isomers are better foamers in mixed

VoL. 41

chain alkylates than the 1-2-3- and 4-isomers.
We have shown that the performance of tri-
decylbenzene sulfonate (ABS) can be matched
in detergency and foam performance by opti-
mizing linear alkylate structure. This structure
should be in the mol wt area of 252-266 with
90% of the carbon chains being C,., C13 and
Ci4 and with less than 10% C;; or Ci5 and
should have approx 40% 5- and 6-phenyl con-
tent and 20% 2-phenyl content.

We have also shown that in the pure tetra-
decylbenzene series of isomers, those with the
phenyl centrally located on the chain are ca.
50-80% better foam performers than the 2-iso-
mer. Similarly, the detergency using standard
soiled cloth is also better for the internal
isomer.
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An Evaluation of the River Die-away Technique for

Studying Detergent Biodegradability

E. A. SETZKORN, R. L. HUDDLESTON and R. C. ALLRED, Continental Oil Company,
Research and Development Department, Ponca City Oklahoma

Abstract

The accuracy and reproducibility of the river
die-away test has not been well defined. This in-
formation is required to establish the validity of
observed differences in degradation behavior.

The present paper presents data on the ac-
curacy and repeatability of the methylene blue
analytical procedure using both the standard
method and the automated ‘* AutoAnalyzer’ ver-
sion of the methylene blue method.

Data are also presented showing reproducibility
of the biodegradation curves obtained by replicate
analysis of a single detergent under 1) identical
die-away conditions, and 2) different conditions
obtained by die-away studies in various river
waters.

The effect of detergent mol wt and mierobial
adaptation to the test substance on the degrada-
tion pattern is also discussed.

Introduction

ETERGENT BIODEGRADATION STUDIES have been re-

ported utilizing a variety of biological test sys-
tems. Generally, however, these systems may be
classified as either static or dynamic. Recent efforts
in the development of dynamie systems have been
directed toward the development of apparatus and
procedures that are simple to maintain and operate
in an average laboratory. These dynamiec units are
operated on the continuous feed principle, designed
to simulate conditions in an activated sludge type
sewage plant.

The river die-away technique is an example of the
statice type biological system, and has been extensively
used in detergent biodegradation studies. This test
have several advantages over other biodegradation test
systems. These include the experimental test simplic-
ity and the low solids content of the system which
facilitates isolation, or other analytical techniques



