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machine foam, but the differences are not large
enough to be noticeable in a wide-range product. Fo r
example, Cl1:14 random LAS and high 2-phenyl LAS
whose 2-phenyl contents are ca. 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 differeme beyond
experimental er ror between the two.

Solubil i ty is also influenced by isomer distribution
as shown in Figure 14. The C~2 end isomers sulfonate
has a very flal c lear l)oin~ curve reminiscent of a

mnnber o f pure straight-ehain surfactauts (12).
e(Pure 2-ph nyldodeeane sulfonat:e i tself has a curve

ea. 10F higher.) The C~2 interna l isomers sulfonate
which contains no 2-phenyl isomer has a very steep
and s t ra igh t c lear po in t curve. The random ()~ and
CI1-1, LAS which have low 2-phenyl contents (ca.
18%) arc also steep but show a little temleney to
curve over a t low temp. The tlattening out is qu i te
pronomlced with t h e high 2-phenyl LAS which con-
t a lus about 32% 2-phenyl isomers. Therefore, in-
creasing 2-pllenyl content up to at l e a s t32% increases
room temp solubility.

LAS is basically equat to o r b e t t e r 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 fo r the in terna l isomers in dish-
washing foam tests. The la t te r effect appears large
enough to be noticeable when the 2-phenyl eontent
varies in commercial-type products.
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Abstract
An intensive study o f the mass spectral (ihar-

acteristics o f straight-chain alkylbenzenes has
been made in conjunction with their ult imate per~
formance as sulfonates in heavy d u t y formula~
tions. Two variables of the alkylates, carbon-chain
leng th distribution (which fixes tbe mean reel wt )
and p h e n y l position on the chain, have been suc-
cessfully re la ted to t h e observed dishwashing per*
formances. Fornmlas are given which al low
accurately predic t ing this performance criteria°
The important role of p h e n y l position is illus-
t ra ted by a detailed study o f each phenyl isonler
in the tetradecylbenzene series.

1 Colgate-Palmolive Research Center, New Brunswiek~ N.E.

Introduction

T t IE ~OST WIDELY USEI) SURFACTANT in bmlsehold
detergents fo r the past 10 years has been poly-

propylene te t ramer branched alkylbenzene sulfonate,
commonly known as ABS. Since World W a r II, the
usage o f ABS in the U.S. has grown to a p p r o x 560
million ]b/year . Concurrent with increased use of
ABS detergents, o u r laboratories investigated severM
hundred commercial polypropylene derived all~qates
and were able to correla te performance characteristics
with the mass spectrometric analyses.

Fundamental ly this correlation depended on the
observed molar distribution and also on a branching
parameter , both der ived from the mass spectral ana ly -
sis of the alkylate pr ior to sulfonation. The degree of
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T A B L E I

2 . P h e n y l I P l a t e s
L A S

Mean w a s n e a :"~, i~S
content

m ° ' ' t I ( ~ ) / % o , p , , , l ~ o l j ,Y

3 0 . 7 5 / , 8 4
3 0 . 6 2 .66
2 ~ . 6 2 . 5 5

ever. Let us briefly describe this method of computa-
tion. The characteristic fragmenlations (if pure Cv2
l inear alkylbenzenes will serve as an exanu)le:

P,*siti~m o f 1 , h e l / y | o n (h~ c h a i n :
I n t e n ~ i l y a t : . . . . . . . . . . . . . .

I- 2 " 3. 4 - 5. 6 ~ ' ' -

mass i l l . . . . . . . . . . . . . . . . . . . . . . . --7'g 12 I0{} 1 0 0 1 0 0 1 0 0
9 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . i 1 0 0 1 9 9 9 9

1 0 5 . . . . . . . . . . . . . . . . . . . . . . . . I 12 ~ 1 0 0 8 9 11 13
1 19 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 I 61 3 3 3

correlation can be exemplified by the fac t that the
mass spectral analysis has been employed fo r over
five years fo r pre-sereening polypropylene alkylates,
with remarkable accuracy. It is our purt)ose here only
1o note that this part o f o u r research efforts great ly
assisted the detailed work to be described today and
will i tself form a separate communication fo r publiea-
tion.

The advent of the importance of biodegradability
dramatically shifted the emphasis from ABS to
IAnear Alkylate Sulfonates (LAS). The t)rimary ob-
jective of our work was to develop a n alkylate struc-
ture which would meet th ree major requirements.
Fi rs t , performance m u s t a t least equal that of propyl-
cue based ABS. Second, the economics must be in
the same range. Thi rd , it nmst be biodegradable. Our
main concern in this p a p e r will be the f i r s t require-
ment ; t h a t o f optimization of the h A S to equal the
performance o f the ABS to be replaced. Becmuse o f
the economies, o u r work was dew)ted principally to
commercially-feasible earbo||<~hain and phenyl posi-
tion isomer mixtures. With the init ial success with
the ABS type materials , o u r work on IJAS seemingly
should have been much simpler and straight-forward.
Our f i r s t efforts in this area began ca. fou r years ago
and resulted in a 90% correlation of the mass spectral
analyses to the performance properties of the l inear
alkylates o f that t ime. The technique employed molar
distribution once again and phenyl position analysis.
This la t te r parameter was used to measure the extent
o f branching and in certain eases the amount o f ABS

1;13 . . . . . . . . . . . . . . . . . . . . . 7 3 3 7 2 2

1 4 7 . . . . . . . . . . . . . . . . . . . . . . . . . l 2 3 2 4
161 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 2 2 " 1 9

It is rea(lily appa ren t from this formal lhat the
underlim~d da|a forms the pr incipal diagonal of a
6 x 6 m a t r i x ar ray . By inverl ing and at)plying ap-
p]a~priate sensitivity d a t a , it is a straight-forward
mat ter to solve ('12 alkylbenzcne nfixtures fo r these
s i x i s o m e r s .

Tha i this same m a t r i x can be en|ployed fo r deter-
mining the one-through-six p h e n y l contents fo r shor l e r
and hmger chains t h a t the (),~ would alone require
more lime than we have fo r our purl)ose here ~oday.
We will, however, describe typ ica l results fo r several
other chain hmgths, both fo r individual isomers and
fo r known mixtures.

! C s l e . Dosif:ion of t ) h e n y t o n c h a i n :
( . 'era l m a r i d s ( s ) ' . . . . . . . . . . . .

~. 2 :i. 4, ---L 6:'--
1 i p h e n y l o c t a n e 9 9 . 9 6 0 u 0 ( i 4

A l k y /
c h a i n

N
I6

1 0

2 O

J 2
12
1 6
I8

i ~ ' ~ o
l q ~ h e n y l

hexadeca~e } 9 8 ° 9 6 0 . 7 0 0 0 0 0 . 3 3
2 ~ p h e n y }

d e c a a e 0 . 8 0 9 8 . 4 6 0~25 0 . 0 4 ( k . 1 5 0
3 - p h e n y l ~

e i e o s a n e 0 . 6 2 ( / . 4 5 9 8 . 9 3 0 0 0
t~F~isomers 0 2 1 . 4 1 8 , 7 t 9 . 1 2 ] , 5 19.1
AlCh- l somers 0 ;17,7 1 7 . 5 1 5 0 1 5 . 7 1 2 . 3
AlCladsomers 0 3 6 . 5 2 ( } 7 14~5 1 5 . 7 1 2 . 3
H F d s o m e r s I 0 16,5 1 8 . 2 2 0 0 23A) 2 2 . 3

W i t h o u t discussing this table a t length, it is iml)ortan!
to comment ou two significant points. F i rs t , fo r
authentic samples o f indiv idual isomers, the calculated
position commonly runs 989~. o r better. Second, dis-

type alkylate present, it is particularly noteworthy
that this work was all performed long before the grea t
social and political clamor fo r biodegradable (e.g.
I ,AS) materials . Indeed, it uas recognized as early
as 1955 by o u r laboratories (1) that factors affecting
performance of l inear alkylbenzenes included t>henyl
position and chain length.

With tile newer and much more l inear chained ma-
terials going into LAS, these same two parameters
derived from the nmss spectral analysis have been
great ly refined in predicting perf(/rmanee character-
istics.

Mass Spectral Analysis
Since the correlations 1o be described today arc

based on mass spectral analysis o f the s ta r t ing alkyl-
beuzenes, it is imperative to rapidly summarize this
aspect o f the work.

The derivation of molar distribution in o u r labora-
tories is not markedly different from those methods
al ready Imblished (2,3). While o u r results do show
certain inter-laboratory discrepancies a t l imes, they
have been most meaningfnl in these correlative ef-
forts. The application of e i the r published method
would also yield the same correlative degree.

Phcny l position analysis, the second mode of char-
acterizing alkylates in o u r studies, is by no nlcans
unique. That this analysis can be satisfactorily per-
formed by mass speetro|netry may be unusual, how-

tributions foun(l fo r specific olefin~benzene-catalyst
reaction products are indeed indicative (if the one-
through-six isomer distribution f o u n d by e i the r f rae-
tionation cuts o r V.P.C. analyses.

One ahnost invariably asks the question, " W h a t
haI)pens to the 7-,8- and 9.isomer cm~tent o f a C,s
isomeric mixture?" in general, these isomers do
contribute a ve~T small am( to the calculated one-
through-six isomers, lh)wever, it is readily appa ren t ,
on re-examination of the or iginal 6 x 6 array t h a t the
really significant peaks produced by Ihese par t icular
isomers are not included in the matrix. Fo r instance,
the 7-phenyl C,s isomer shows its strongest fragment
ions a t 91, 175 a n d 245--none o f which are involved
in o u r system. T h u s , the calculation of one-through-
six isomers shouhl a n d does agree closely with their
corresponding one-through~six isomerie distribution
f o u n d by u t h e r techniques. We arc aware of certain
branching a n d contributory limitations, not unlike
those found in V.I:'.C. a n d o t h e r methods of isomer

T A B L E I(
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7 .
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1 2 .

3 1 8 6 2 4 7
2 5 6
2 5 6

2 Pheny}
c~ntent(%)

LA,~

50 p p m 150 ppm

26 : ~9~ °92
2 5 ~ ~ 2 ' . 7 S
1 8 * , 6 3 ~6X



824 TIlE JOURNAI~ OF TIlE AMERICAN OIL CtlE~llSTS' SOCIETY Vm,. 41

determination, b u t need not p u r s u e them in this
discussion.

Evaluation Techniques

As cited earlier, the mass spec t r a l data -was de te>
mined on the or iginal alkylbenzcnes. All evaluation
data has been generated u s i n g the corresponding alkyl-
benzene sulfonate as the sole ae t ive organie ingredient.
The typ:ieal heavy duty detergent formulat ion utiliz-
ing e i the r ABS o r LAS consisted of 20-25% active
ingredient, 35-40% sod ium tripolyphoN)hate, 5 - 1 0 %
sod ium orthosilieate, 25-30% sodium sul fa te a n d 5-
10% moisture. The foam stability test used was a
designed Pract ical Dishwashing Procedure described
in an earl ier publication from o u r research laborato-
ries (4). In this test, all products are examined a t
0.15% cohen, a t 115F a n d a t 50 and 150 p p m hard -
nesses, employing a hydrogenated vegetable oil type
o f soil. U n d e r such test conditions tile s t andard ABS
washes 20 plates a t eaeh hardness. (A t o t a l difference
o f 1 pla te is significant a t the 95% confidence level.
A pooled error variance from 100 sets o f duplicate re -
sults gave a standard er ror of ± 0 . 5 5 plates.) This
dishwashing test, along with t h e additional perform-
anee parameters of s imulated dishwashing and sebmn
foam tests, have f o u n d grea t applicability in our
laboratories because o f the close correspondence to
ac tua l laundry performance as rega rds foam stability.

The standard ABS employed in these studies was a
branched "tridceylbenzene" sulfonate derived from
essentiMly C,~ through (~16 carbon-ehained alkylben-
zenes bimodal a t Cle a n d C~. All alkylates were sul-
fonated u s i n g s tandard oleum b a t c h sulfonation. The
neutrNized LAS and ABS slurries were roll-dried to
give a dr ied sulfonate of ca. 90% active ingredient.

Discussion and Resul t s

I. Work with Mixed Chains
A. Foam Stabil i ty Studies

Our ear l ies t studies included numerous l inear
alkylates hav ing a 2-4 carbon range in the
alkyl chains, with some averaging as low as
C9 a n d as high as C~s. The failure of these
la t te r materials to perform in heavy duty fnr-
mulations surprised no one. They (lid serve as
the extreme boundaries, however.

The f i r s t a t tempts to define aIkylate composi-
tion rela ted performance to tool wt range. A
series of alkylates made b y A1Cla-type catalysts
suggested t h a t the preferred tool wt was 252~
266. This is i l lus t ra ted ill Table I. We have
chosen to define all alkylates with a 2-phenyl
content of 28% and above to have been made
by a n A1Cla4ype equil ibrium catalyst.

Two facts became irnmcdiately evident. F i rs t ,
all the alkylates gave substantially p o o r e r per-
formanees t h a n the s tandard trideeylbenzene
sulfonate. Second, the one low and two h ighe r
tool wt atkylates have significantly p o o r e r per-
formances than the intermediate tool wt corn-
pounds. It is o f in t e r e s t to note that a st~mdard
branched chain material in use today, trideeyt-
benzene, has a mean tool wt approximating 264
and t h a t the l inear alkylate series with this
tool wt approximates the u p p e r l imi t o f the
satisfactory performers described thus far.

Our attention ws:s then directed to alkylates
made b y o t h e r methods than AtCla-equilibrimu
catalysis, e.g., H F o r modified A1Cla recycle

T A B L E III

Alky la t e a ' : ~
5 0 p p m { 1 5 0 p p m

1 3 . 3631 . 7 4 , 8 4
1 4 , 3 5 7 ,62 . 7 8
1 5 , 3 1 2 . 5 5 . 7 0

4 . 3 2 1 : . 7 8 , 8 4

methods. An alkylate with below 28% 2-phenyl
was arbitrarily defined as be ing made by these
o t h e r methods. As can be noted from Table II,
the preferred tool wt range again centered
a r o u n d the 252-266 area .

Thus we arr ived a t the same preferred area
o f tool wt 252--266 fo r alkylates made by both
aluminum chloride o r hydrogen fluoride cata-
lyzed reactions. The contribution of chain
leng th and of p h e n y l position becomes evident
if we combine portions from Tables I and I i
with additional mass spectral and performance
d a t a . This is illustrated in Table III.

These pairs i lhls t rate the influence o f chain
contributions, be ing essentially independent o f
p h e n y l position. In part icular , the last pair
show t h a t the redistribution o f Cla content into
Cn and C1~ homologs materially lowers tile
performance.

Table IV, on the other h a n d , is composed o f
essentially identical alkyl chain distributions,
thereby effectively making the sole variable t h e
phenyl position. The specific alkylate pair, 18
and 8, were known to differ only in the mode o f
catalysis. The improvements in performance
f o u n d in this table must be attrilmtable to the
effects of phenyl position alone,

Outside the range of optimmn (tool wt 252-
266), where substantial quantities o f C:u o r
()lr, are present in mixed chain alkylales, the
contribution of phenyl position is diminished
but still present. The interaction of chain leng th
and p h e n y l position effects undoubtedly pro-
duce this appa ren t diminution. It would be
erroneous to assume that in h ighe r o r lower tool
wt compounds the phenyl position plays no role .
In t:he pure tetradeeylbenzeue series, as will be
demonstrated later, the effect is very pro-
nounced,

Once hav ing established th,e preferred tool wt
area of 252 -266, many types of carbon-c:hain
distributions as well as p h e n y l position isomer
combinations were studied within this na r row
range. These studies led us to a direct relation-
ship between foam stability characteristics and
the amt o f 5- and 6-phenyl isomers present.
Consider the following series of 12 alkyla.tes
illustrated in Table V.

Part icular note should be made that Table V
was composed o f alkylates hav ing 90% o r more
in the Cle t h r o u g h C1~ chains. The correla-
tion is not restricted to the 90% level, however.
It wa~ f o u n d t h a t even when the summation o f
the 12 t h r o u g h 14 chains fell to 50%, one could
still accurately predic t the performance. This
was achieved by employing the same constants
a l ready used in calculating performances in
Table V, a n d incorporating a n additional de-
ficiency term for the deereased amt of C~2-C~4
chains. Results obtained fo r these lower C~2-
C14 alkylates are illustrated in Table VI.
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T A B L E I V

A l k y l a t e

1 6 . 3 1 6 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 7 . 3 3 0 5 ..................................
] 8 . 3 2 8 7 ..................................

8 . 3 4 2 7 ..................................
2. 3 3 6 2 ..................................

1 0 . 3 2 0 9 . . . . . . . . . . . . . . . . . . . . . . . .

Mean
real w t

2 5 5 . 8
2 5 5 . 6
2 5 6 . 7
2 5 6 . 0
2 5 6 . 0
2 5 6 . 7

2 - P h e n y l
c o n t e n t(%)

3 4
2 5
3 4
1 9
3 2
2 6

C n

9 . 0
7 . 4
4 . 5
4 . 8
4 . 1

.3

C12

3 2 . 8
3 4 . 0
3 3 . 9
3 4 . 5
3 1 . 7
3 3 . 8

Cla

3 5 . 7
3 2 . 7
4 3 . 0
4 2 . 8
4 8 . 2
5 0 . 2

2 0 . 5
2 4 . 5
1 5 . 7
1 6 . 0
1 4 . 8
l a . 4

C15

1 . 3

2 . 3
1 . 2

.3

. 6

L A S
P l a t e s w a s h e d :

A B S

5 0 p p m 1 5 0 p p m

.78 . 7 6

.90 1 . 0 8

.71 . 7 6
. 9 7 1 . 0 8
. 6 8 . 8 3
.92 . 9 2

B .

It can be seen that , t o a close approximation,
the analytical data can be used to predict the
observed performance. The real import of these
relationships lies in the fact that one can screen
the l i n e a r alkylate raw material and very rap-
idly and quite accurately predict its ultimate
performance as a sulfonate. The greatest devia-
tion in prediction to date has been 2 plates, with
most results within 1 plate.

The data thus far has been based on diverse
commercial alkylates. A pair of synthetic blends
were also studied. The m a j o r component in
each was an A1C13-type alkylate, with the m i n o r
component b e i n g pure tetradeeylbenzenes de-
r i v e d from each of the two classes of catalysis
already described. The phenyl position plays
the same crucial role in these mixed compounds.
The results are illustrated in Table VII. It can
be seen that b l e n d 2 has superior performance
as predicted from all of our earlier observations.
Detergency and Biodegradability
Studies in our laboratories have shown the low
2-phenyl mixtures t o be better detergents than
the high 2-phenyl mixtures in the mol wt range
of 252-266. This will be reported more com-
prehensively in a f u t u r e publication (5).

Another area of research also reports (6)
that mixed c h a i n alkylates with both high and
low 2-phenyl contents (e.g. 8 and 18) degrade
essentially the same.

2. Work with Pure Isomers

A. Foam Stability Studies
Our results on pure phenyl isomers in the
tetradecylbenzene series show that the foam
stability of the sulfonates is increased as the
phenyl group is moved down the c h a i n from the
one to the six position. We have used two dish-
washing foam tests as well as the sebum foam
test which have been recently published (4) and
which show good correlation t o practical laun-
dry performance. The results are summarized
in Tables V I I I and IX.

It will be noted that the same genera l t r e n d
is evident u s i n g both dishwashing tests. The
5-, 6-, 7-phenyl isomers are the best performers.
The b r e a k is sharp in both dishwashing series
at 5-phenyl. The unusually low v a l u e for 7-
phenyl (Practical---J50 ppm) is b e i n g re-
checked. At 50 ppm, an increase in performance
of approx 55% was f o u n d in go ing from the
2-phenyl to the 7-phenyl isomer. Similarly, at
150 ppm, one of 20% was f o u n d for 2- t h r o u g h
6-phenyl. Thus we see that the influence of
phenyl position on performance, originally ob-
served and e~aluated in the mixed isomers and
mixed chains, has been confirmed with the pure
isomers of the C14 c h a i n length. The poor per-
formance of 1-phenyl tetradecane is due t o its
extreme insolubility. It is not included in the

T A B L E V

A l k y l a t e

8. 3 4 2 7
9. 3 5 8 6

1 0 . 3 2 0 9
1 4 . 3 5 7 6

4 . 3 2 1 1
1 6 . 3 1 6 0

2 . 3 3 6 2
1 3 . 3 6 3 2
1 9 . 3 4 2 3

3 . 3 4 2 0
2 0 . 3 6 2 6
1 8 . 3 2 8 7

M e a n
mol w t

2 5 6 . 0
2 5 5 . 6
2 5 6 . 7
2 5 7 . 3
2 6 2 . 5
2 5 5 . 8
2 5 6 . 0
2 5 7 . 0
2 5 7 . 0
2 5 7 . 0
2 5 6 . 9
2 5 6 . 7

%
C I ~ - C ~

9 3
9 3
9 8
9 7
9 2
9 0
9 5
9 6
9 6
9 9
9 7
9 3

I5 + 6
P h e n y l 5 0 p p m
c o n t e n t

( % ) - - - -
K n o w n Ca!e x

3 9 . 7 . 9 7 - ~ -
3 8 . 2 . 8 ¢ . 8 9
3 7 . 1 .92 I . 8 6
3 4 . 3 .62 ' . 8 0
3 4 . 2 ' . 7 5 .79
3 2 . 4
3 1 . 9
3 1 . 6
3 1 . 5
3 0 . 6
3 0 . 3
2 9 . ]

L A S
P l a t e s w a s h e d : - -

A B S

1 5 0 p p m

Ign°w~ _ _

.78 .75

.68 .74
. 7 4 .73
. 7 0 . 7 3
. 7 6 . 7 1
.71 .68
. 7 1 .68

1 . 0 8
. 9 3
. 9 2
. 7 8
. 8 4
. 7 6
.83
. 8 ¢
. 7 6
. 8 3
. 7 4
. 7 6

Calc ~

1 . 0 1
.98
.95
. 8 7
. 8 7
. 8 3
. 8 1
. 8 1
. 8 0
. 7 8
. 7 5
. 7 4

a 2 . 3 2 X ( 5 + 6 % ) >( 10-'- ' .
2 2 . 5 5 X ( 5 - [ - 6 % ) y(10 '2.

T A B L E V I

1 2 . 3 1 5 6
7. 3 1 8 6

2 1 . 3 1 3 4
5. 3 1 3 6

2 2 . 3 2 5 5
2 3 . 3 4 2 9
1 5 . 3 1 2 5
2 4 . 3 3 0 9

Mean
Alkylate tool wt

2 4 6 . 9
2 6 9 . 8
2 7 3 . 1
2 5 3 . 1
2 6 7 . 0
2 6 4 . 2
2 6 2 . 1

%
C I ~ - C ~

7 1
6 2
6 9
8 5
7 8
7 3
8 2

5 + 6
P h e n y l
c o n t e n t(%)

3 9 . 5
3 8 . 6
3 4 . 3
3 4 . 2
3 2 . 3
3 2 . 1
2 6 . 6

L A S
P l a t e s w a s h e d : - - - -

A B S

5 0 p p m 1 5 0 p p m

K n o w n t C a l e 1

. 6 3 . 6 0

. 6 8 .73

. 6 3 .62

. 6 2 .61

. 7 9 . 7 5

. 6 6 .65

. 5 5 .60

. 5 8 : 6 0

K n o w nI C a l c 2

. 6 8 . 6 6

. 8 5 . 8 0

. 6 3 . 6 7

. 6 6 . 6 7

. 7 8 .82

. 7 0 .71

. 7 0 . 6 6

. 7 0 . 6 7

1 2 . 3 2 X ( 5 + 6 % ) X 1 0 - ~ X ( C ~ 2 - C 1 4 % ) / 9 0 .
2 2 . 5 5 X ( 5 -~- 6 % ) X 1 0 -2 X (Cl~--C14v/v)/90.

T A B L E V I I

A l k y l a t e Mol w t

* B l e n d 1 2 5 9 / 3 1 - - 3 6 - 3 1
** B l e n d 2 2 5 9 [ 3 1 - 3 6 - 3 1

* 1 8 5 % 3 . 3 4 2 0 a n d 1 5 % 2 5 . 3 5 4 5 ( C - 1 4 - - A I C l a ) .
* * 2 8 5 % 3 . 3 4 2 0 a n d 1 5 % 2 6 . 3 5 4 6 ( C - 1 4 - - t I F ) .

T A B L E V I I I

[ ) L A S
Ca~-Cla-C14 P l a t e s w a s h e d : A B ~

. 5 0 p p m 1 5 0 p p m

.90

A l k y l a t e - t e t r a d e c a n e

P r a c t i c a l
d i s h w a s h i n g

L A S
P l a t e s w a s h e d : ~

S i m u l a t e d
d i s h w a s h i n g

L A S
P l a t e s w a s h e d :

A B S

5 0 p p m 1 5 0 p p m 5 0 p p m 1 5 0 p p m

1 - p h e n y l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3 0 ( n o t r u n )
2 - p h e n y l . . . . . . . . . . . . . . . . . .6 5 . 7 8 . 6 3 .88
3 - p h e n y l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 8 . 7 8 . 6 3 .92
4 - p h e n y l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 0 . 7 8 . 7 9 . 9 6
5 - p h e n y l . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 0 . 9 3 . 9 2 1 . 0 8
6 - p h e n y l . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 1 5 . 9 0 1 . 0 8 1 . 0 8
7 - o h e n y l 1 . 0 0 . 8 0 1 . 0 0 1 . 0 8

T A B L E I X
S e b u m F o a m - - 1 5 0 p p m
( F o a m h e i g h t s i n i n c h e s )

M g s e b u m S t d
soil a d d e d A B S 2 - P h e n y l 3 - P h e n $ 1 4 - P h e n y l 5 - P h e n y l 6 - P h e n y l

I n i t i a l - - 0 m g
2 0 0 r a g 1 % .. x~ 1 1 % 1 ~
3 0 0 m g 1 % . . . . a~ 1 % 1 %

7 0 0 m g I
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T A B L F X
Detergency- -Average R d Reflec tance V a l u e s

U .S . T e s t i n g

5 0 p p m
1 5 0 p p n l
2 0 0 p p m

T e s t F a b r i c s
5 0 p p m

1 5 0 p p m
2 0 0 p p n l

1 - P h e n y l 2 - P h e n y l 6 - P h e n y l 7 - P b e n y l

31. 3 2 . 9 3 5 . 1 3 6 : 4

I 4 3 . 2 4 4 . 1

4 4 4 i i

S t d ABS

3 0 . 3
3 6 . 6
3 6 . 6

4 2 . 8
4 4 . 3
4 4 . 1

B.

s e b u m foam test t h a t follows because it had no
init ial foam.

The 2- and 3-phenyl compounds had a lower
init ial foam height which collapsed quickly
u n d e r the init ial sebum soil additions. The 4-
phenyl had an intermediate foam pat tern
whereas the 5- and 6-phenyl compounds were
e q u a l to standard a t 500 mg soil load and the
whole foam pat tern closely resembled that the
standard. Fo r a detailed analysis of the sebum
soil and sinlulated dishwashing tests, refer to
tile work of W. Stlang]er (4) of our laboratories.
Detergency Studies
Detergency was measured as the increase in re-
flectance af te r washing U.S. Testing and Test
Fabric soiled cloths ill a Terg-()-Tometer a t
0.15% conch, 6 swatchcs/liter, 10 rain a t 120F
and 1()0 rpm. There was significant increase
(1.2 uni t s is signifi(:ant at 95% confidence level)
in detergency fo r the 6- and 7-phenyl te t ra -
decylbenzenes as compared to the 1- and 2-
pheuyl tetradecylbcnzenes. This is illustrated
in Table X.

We have establishe(l that the in terna l 5- and
6-pheny] isomers are better foamers in mixed

chain alkylates than tile J-,2-,% and 4-isonlers.
We have shown that the performance of tri-
deeylbenzene sulfonatc ( A B S ) can be matched
in detergency and foam performance by opt i -
mizing l inear alkylate structure. This structure
should be in the tool wt area of 252-266 with
90% of the carbon chains being C12, C13 and
C14 and with less than 10% Cll or C~5 and
should have a p p r o x 40% 5- and 6-phenyl con-
tent and 20% 2-phenyl content.

We have also shown that in the pure te t ra -
deeylbenzene series of isomers, those with the
phenyl centrally located on the chain are ca.
50-80% b e t t e r foam performers than the 2-iso-
mer. Similarly, the detergency using standard
soiled cloth is also better fo r the in terna l
isomer.
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c o o p e r a t i o n o f t h e Ana ly t i ca l Sec .
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An Evaluation of the River Die-away
Studying Detergent Biodegradability

Technique for

E. A. SETZKORN, R. L. H U D D L E S T O N and R. C. A L L R E D , Continental Oil Company,
Research and Development Department, Ponca City Oklahoma

Abstract
Tile accuracy slid reI)rodueibility of the r iver

die-away test has IlOt been well defined. This in-
formation is required to (,stablish the val idi ty of
observe(I differellees ill degradation behavior.

The present p a p e r presents data on Ill(' ac-
curacy and repcatability of the mcthylene blue
analylical procedure using both the standard
method and tile automated "AutoAnalyzer" ver-
sion of the methylene blue nlethod.

Data are also presented showing rel)rodncibility
of the biodegradation curves obtained by replicate
analysis of a single detergent u n d e r l) identical
die-away conditions, and 2) different conditions
obtained by die-away studies in various r iver
waters.

Tile effect of detergent reel w! and mi{.robial
adaptation to the test substance on the degrada-
lion pat tern is also discussed.

Introduction

D E T E R G E N T B I O I ) E G R A D A T I O N S T U D I E S have been re-
ported utilizing a var ie ty of biological test sys-

tenls. Generally, however, these systems may be
classified as e i the r static or dynamic. Recent efforts
in the development of dynamic systems have been
directed toward the development of apparatus and
l}rocedures that are simple to maintain and operate
ill an average laboralory. These dynamic uni t s are
operated on the continuous feed t)rinciplc, designed
to simulate conditions in an activated sludge type
sewage plant.

The r iver dic-away technique is an example o f the
static type biological system, and has been extensively
used in detergent biodcgradation studies. This test
have several advantages over o t h e r biodcgradation test
systems. These include the experimental test simplic-
i ty and thc low solids content of the system which
facilitates isolation, o r other analytical techniques


