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All the processes discussed here remove significant
amt of impurities o t h e r than ABS. They might , there-
fore , be used whether or not ABS were present. Most
of the processes would, in fac t , operate more efficiently
if ABS were not present. Foaming is a possiMe excep-
tion. The synergistic action between small amt of ABS
and o t h e r organic materials in waste wate r is, in many
instances, very effective in producing stable foam.
I Iow strong the foaming tendency of waste wate r
might be in 1he absence o f the presently used ABS is
not well known. A reduction in foamabili ty would
eertahdy be expected. This might be overeoro~ partly
by ehanges in the design o f foaming equipment. It
might also be possible t o add small amt of foaming
agents to produce a more stable foam.

Products and environmental patterns change with
time. W e cannot expect to ta i lor waste t rea tment fo r
each new problem compound lhat comes along. W a t e r
reuse considerations will demand that only a very

h)w level o f many eontamilmnts be allowed to remain
in water . W e need a n arseHM of highly efficient t r ea t -
meat methods to cope wilh all types of contaminants.
There is no question t h a t o u r technology can develop
such methods. We nmst provide the t rea tment means
if the clean wate r needed and demanded by the public
is 1o be available.
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Performance of Straight-Chain
(LAS) in
W. A. S W E E N E Y and A. (2. O L S O N ,1 California Research Corporation, Richmond, California

Abstract
Tile foamability (dishwashing and washing ma.

th ine ) and detergmiey of LAS in heavy-duty de-
tergents is directly emnpared with polypropylene
ABS ( P P A B S ) a t various reel wt, Cohen, wa te r
hardnesses and temp. In every case a peak in
performance is obtained in the Cn to C17 side
chain range . The peak is shifted to lower reel wt
as wate r hardness is hmreased, especially a t low
detergent cones. LAg opt performanee is gener-
ally e q u a l to P P A B S , except in dishwashing foam
in soft water . The I~AS peaks, however, are
shifted to ca. one carbon lower m(fl wt than the
PPABS. Therefore, best eve>all performaIme is
obtained fo r LAS whose average reel wt cor-
responds to a 3.2.5 carbon side chain, whereas
P P A B S is best with a n average 13.5 carbon side
chain.

Dishwashing foamability is markedly different
fo r the different isomers contained in LAS. When
the phenyl g r o u p it attached to the middle o f the
alkyl cha in , surpr is ingly high results are ob-
tained. This dishwashing difference is grea t
enough to be noticeable when the isomer d is t r ibu-
tion ehanges in whole products made u s i n g differ-
ent alkylation catalysts. Detergency a n d washing
machine foam are not affected enough to see dif~
ferences between whole alkylates.

LAS solubility is g rea te r than P P A B S a n d is
influenced by isomer distribution.

Introduction

T IIERE ItAVE BEEN* m a n y reports on various aspects
of the performance o f detergents containing te t ra -

propy/ene ABS since it has been the roost Mdely used
synthetic anionic su r fac tan t fo r many years. In the
last few years the performance of some o f the com-
mercial polypropylcne alkylates has been improved b y
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ra is ing the average moI wt to equal about a 13.5
carbon side chain (1).

There ha~'e m)t been many repor ts on performance
o f LAS. Gray et al. (2,3) prepared several pure
compounds arid obtained wet t ing time, detergency
and foam d a t a . Bamagar tner (4) prepared and tested
a number o f dodeeylbenzene isomers. Koelbet and
coworkers (5) reviewed the literature on t h e effect o f
s t ruc ture on properties of a number o f straight-chain
and branched-chain alkylbenzcne sulfonates a n d o t h e r
anionies. Most of the da t a are on physical properties,
sueh as sur face tension and eri t ieat mieelle eoneentra-
tion (CMC). Recently, Stanberry e t al. (6) presented
some da t a on perfomnanee of LAS vs. moI wt , but the
LAB source was not specified and no direct compari-
son with polypropylene products was given.

Therefore, the question o f how LAS performs in
heavy-duty formulas in "praetieal-type" tests in
direet comparison with P P A B S has not previously
been answered. The present report comes to b e a r
on this question and on whe the r there is a n oppor-
tun i ty to ta i lor straight-chain alkylbenzene sh i re -
nares t o obtain the supe r io r properties o f the h ighe r
reel wt polypropyleue products. The dishwashing foam
test is o f par t ienlar interest because it was folmd t o
be a sensitive test fo r showing the improvement as
reel wt was bmreased in the polypropylene ease.

Unfor tuna te ly , polypropytene alkylbenzene sulfo-
nate has become general ly known simply as "ABS."
Therefore, to avoid a n y confusion between materials
and to emphasize the considerable difference between
polypropylene and straight-chain products, we will
refer to Ghe la t te r as LAS, standing fo r l inear alkylate
sulfonate, The polypropylene p roduc t will be cal led
PPABS.

Experimental
PreparaHo~ of Materials. The alkylbenzenes used

in this work originated from several sources as sum-
marized in Table I. They were bateh sulfonated with
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TABLE I
MageAal ned Abbreviations

Teerapr~py}eae al~lbeaseae ~ulten~te Orenite A~ka~e 56

~Trid~yI" polyphony!erie aNytbengene sulf~maN. . . . . . . . . . . . . . . . . I Orenl~e A~kane 60

D~s*tllutlen ofI~ber~¢ory
I prepared polyprepylene

Nulfe~a~ frem narrow fr~etlo~ of prepytene eiky~a~ea a/kylagee

.Mi~ea seee~da~ etrMghtoehein e ky|beuzeae eultena~e~ . . . . . . . . . . . . . . . . . . . . HF alkyiatiea ef a o|eflne

~ i x ~ eeeendg~ e~ratgh~ehM~ Mky!be~ene sulftmgges wi~h
velaflvNy Mgh (80£35%) 2 phe~yl eonte~ ; .............. 1 A|(Jls alkylatiee of a elefiae

S~eg~e eurbo~ g~rMghtoehata alkyihee~e~e su/fe~ates cen~aigtng niu~illat~on ef HF/ae~efin
u~a~tiy 2~phenyl ieemer a~ky~at~tfigheat bailiffs frae~ie~

Single earbaa e¢¢aightchain alkyiben~ene uuifeue~es containing nisg}ilaflea af tIP/a-oiefi~
meagly5-~ 6., 7~, S,phenyl ieemers alkylate--lewes~ hoigag fraefi~a

p ~arestra~gh~.ehM~ ~2}kylben~ene suif(ma~e~ Gri~nard~ dehydratien~ hydrege~a~i(~n
a SebseApt numbers i~dicate t.|e e a r b ~ numi~r of U~e side chain

Abbreviatim~*

P P A B S ~

PPABS~ s

PPABN

Random LAS

High 2 phenyi
LAg

Nag ~ e r s

Ie~erna/I~om~r~

otemn u s i n g a s~andard procedure (7). The PPABS~u
and PPABS~ss are sulf(mates from Alkanes 56 and
60, which are commercial products o f the California
ChemieN Co The ~nar row frac t ion" P P A B S sam-
ples are sulfona~es of laboratory distillation fraetio~s
from wide range polypropylene alkylates~ Each f r a ( -
tion contained 84-96% o f a three-carbon spread in
reel wt , with no single reel wt be ing more than 5(}%
o f the tota l , except fo r the 333 reel wt suifonate which
was 63% C~ and tJ~e 34S reel wt suifonate which was
76% C~.

LAS o f different reel wt were made by H F a / k y l a
tion of ~olef ins followed by suIfonation. Since a
roughly random mixture of secondary a~kylbonzem~s is
obtaim'd b y this procedure (8), these alkylates are
called ' r a M o m " LAS. The even numbered a olefins
were obtained from Humphrey Wilkinson & Co. The
odd-numbered were prepared by coupling the ape
pr~)priate alkyI magnesium bromide with alkyI bro~.
mide. These olefi~s were a t least 91t% ad-olefin.
Some alkylates were prepared by A1CI~ alkylation of
~-o/efius. This Nves a n alkylate which contains 30-
35%. 2.phenyl isomers (8); and the sul%nate, the re .
fore , is called "high-2-phenyl" LAS.

Some o f the rand~m HF/1-olefin Mkylates were care-
fully distilled (3~ft by l i r a Penn Sta te column with
2011 reflux ratio a t 10-ram Hg) into several fractions,
thereby obtaining a par t ia l s(~paration of isomers. The
lowest boiling fract ion was rich ( N ) 9 0 % ) in 5~, 6-, 7-
a n d 8-phony1 isomers and t h e highest boilfi~g fract ion
was rich (ca. 90%) in the 2-phenyl isomer. The
former, sulfonated, is called "internal" isomers and
the la t te r ' e n d " isomers.

A nmnber of pure straight-chain alkylates were

TABLN II
Cemposa~en ~,f ~/eav~D~y Deterge~ Formulas

Alkyl~n~ene s~lf~ma~a

S~ium t~uene sulfenute

Sodiume ~I*

SediumsalfaIe .............................
Water . . . . . . . . . . . . . . . . . . . . . . . . .

17

23
45

5

1
19

S

prepared by addil ien o f the appropr ia te Grignard
reage~lt (walkyl magm~sium bromide) to a u-alkyl
phenyl ketone, followed by dehydra~io~ over CuSOt
and hydrogenatio~ with CuCrO.~ eatal~e~t. Specifically
a s~:~rws of pure 2-pd~lellylalkanes (C~(~ to C~s) am~
~entrally attached isomers (6-phenyldodeeane, 7~
phenyltetradeeane, 8.pheaythexadeeane) were pre~
pared.

The sbl~le earbo,~ random LAS, nar row frae t io~
P P A B S and pure (ompounds were desalted a n d de-
oiled in 70% ethanol before testing~ Others were not~
All samples were desalted and deoiled before r m m i n g
solubility t e s t s

Perfo~m~r~we l'esti~g~ Detergency has bee~ me~s-
ured by washing earbo~eontainb~g soil from cotton
swatches (Fos t e r D Snell) in a TergO:Fometer
(Model B D d 0 1 , U.S. Testing Co.). Soil removal is
m~asured in lhe usual way be reflectance (Photov01t
Model 610 reflection meter), and the results are nor-
realized by the use of two cow,trots, one of whieh is
pi(ked to give a good cleaning job (6 o~l the scale)
and the o t h e r a poor job (2 on the sca le ) In ibis way,
periodie fluctuations in soil removal r~sults are over-
eolne.

Washing machine foamabili ty has been obtained 1)5,
averaging the observed he igh t iu inches af te r 2,5,I0~
15 and 20 rain agitation in a twin-tub topoNading
washing machine (Dexter Vpe) containing twelve
164n. x 37 in. 3-rail polyethylene s h e e n and 54 p p m o~
Neic acid.

The d~d~washing test is basi(:ally similar m a num-
ber of published "pract ical" dishwashing tests ( 9 , I 0 )
The detailed procedure was recently published b y
Spang le r (11). The plates are soiled with 2 g o f
vegetable shortening (Criseo)eontaining a red <~\e
and are washed unti l the %am disappears~ The foam
is oNginally generated by allowing wate r to run tim)
the dish p a n containing the test detergent from a
height of 18 in .

Solnbi/iW data have been obtained by observing
the temp a t which a dist i l led wate r solution o f the
desalted, duelled sodium sul%nate becomes clear when
the temp is raised slowly (less than IF/rain).

Several heavy-duty formuNs have been used in this
work as shown in Table II. They are not intended
to exactly duplicate any commercial produets b u t are
considered to roughly simulate them. The ingredients
were mixed together just: pr ior to each test.

R ~ u l ~ a n d D i s c u s s i o n

Random LAS vs PPABS . Results o f detergency
~s t s vs. moI wt are shown in Figures I and 2. The
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PIG, 1. Terg-O+Tometer d+qergeney of I,AS and P P A B S vs.
reel w t (no foam booster).

T,',,tp ++I :J(+F ; F I }S sml
l l a rd hess :

V 2 0 p p m + + Mngle~lrh(m ran , |om I+AN
@ 50 ppm + {arrow fraction PPAI¢S

l gO ppm

vahw Iflott,,d is the averaf f , o f relaiiv,, deterg+'m'y rat-
ings obtah,,d at 11.(15, 0A0 amI 0.15~,.; ,.m,m~ of the
full fm'nmla, (lu lhis relative det~,rgelwy raling seaIe,
5 l o 6 rm,ghly equals 51l to t;5¢; soil r, moval and 1 t(~
2 roughly ~quais 2(1 to :1(1~. Some (,f the results
shown are qui te low in (h,tergeney be,cause of the low
doter~el l ( co | le t | ehose | l f o r s t u d y , I f one l l s e s 0 Or,;

or higher, almos! all the sulfmmtes perform w~,ll; and
therefore lhe differemu,s tend to be obscured. (See,
fo r example, Fig. 8.)

The gellera[ pat te rn for ahnost any detergent per-
forman(.e test (as opposed to same o f the physi(,al
meas|tremeuts) is fo r (he propmqy to go through
a max when l)lolte(l against m-I wI. This is seen fo r
{|lo detergel|ey tests in Figm'cs 1 and 2. Both the
I~AS aml P P A B S give about lhe same ,'esults, except
thai the I~AS curves are shifted to h ,wer reel wt by
ca. I c a r b o n .

Hardness has a drasiie effect on both peak heigh|
a n d poe(lion when detergency is tested at these rela-
tively low (~onen. The peak is shifted by ~-a. 3 earbous
to lower mol wt at 180 p p m hardness fo r both I~AS
and PPABS. 5[ost o f the drop i,, performa,w(, e , m w s

from the high me1 w t sulfonates giv ing values down
in the --1 to +2 range a t 0.05 and 0.10~(~. A I i).15~j~
in 1S0 p p m hardness water , there is ~uflieicnt dolor-
gent to overcome ti~e hardness and give relat ive de-
t e r g e n c y ra t ings around 5. (This kind of behavior
van be seen in detai l in Fig . 8.) Apparently, wi(h
high me1 wt sulfonates (LAS o r PPAI~S), the full
detergency power of t h e surfaetant is not obtained
m~til enough phosphate has been added t o seqnester
the hardness.

Figure 1 gives (leter~em,y in a si,nplc formula em~-
laining no foam booster, whereas Figure 2 is fo r a
formula containing :3~ laurie isopropanolamide foam

817
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Molecular Weight
(Carbon Number of Side Chain)

Fro, 2. Tcrg ()-Tome(or detergewey of LAS and P P A B N vs,
me| wt (with foam hoosier),

F'm'mulat i~m: 17/3/5u/5/ I /24 ;
T e m p ~ 1 2 0 F ; NI)S soil

IIardness:

20 ppm ~ _ single ,.~,rbol, random g A S
0 50 ppm . . . . . . narrow fraction I~PARS
Z~ 180 ppm

bo¢,s(er. The curves o f F igu re 2 are qui te similar to
Figure I, except that they are a liltle flatter alld show
re la t ive ly beth ' r reel{its at low reel wt. i.e., thor(, i x
a sidft in positim~ o f ca. I ~,arbon.

Washing machine foam results are strewn in Figure
3. The curves are very similar in shape and posilion to
lhe (leter~e)wy enrw,s. The LAS peaks are at ea. 1
,:arbon lower me1 wt lhan the PPABR peaks and
hardaess has a drast ic effect fo r both I ,AS am1
I ' P A B S .
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Molecular Weight
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(18)

FI~. 3. WasMng machine foam of LAg and P P A B S vs. reel
~t (no foam booster).

FormMation : 35/40/5/1/19;
Conch--0.07% ; t e m ~ 1 2 0 F

Hardness:

V 2 0 p p m . . . . s ing le carbon rare'lore I,AS
O 50 ppm . . . . . narrow fraction P P A B S180 ppm
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Molecular Weight
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Fro. 4 . l)ishwashing foam of I , A S and P P A B S vs. ,nol wt
(no foam booster).

Forntuhttion: 3 5 / 4 0 / 5 / 1 / t 9 ;
('onen--0.15%; t e m p - - l l 5 F

}ia rdness :

V 20 ppm ---- single earl)on randoni I.AS
O 50 ppm . . . . . . narrow fraction P P A B S
A 180 ppm

D i s h w a s h i n g f o a m r e s u l t s a r e s h o w n i n F i m i r e s 4 , 5
a n d 6 . A g a i n , we s e e t y p i c a l p e a k s l)h)tted a g a i n s t niol
wt a n d t h e [ , A S p e a k s a t ca. 1 e a r b o , h ) w e r too l w t
f r o i n t h e P l ) A B S p e a k s . I[(4",,, h o w e v e r , t h e p e a k
p o s i t i o n s a r e a t h ) w e r niol wt ( i l l t h e (~t~ to (11~ side
c h a i n r a n g e , w h e r e a s t h e d e t e r g e n ( , y a n d w a s h i n g
m a c h i n e f o a m p e a k s w e r e g e n e r a l l y in t h e C l a t o CI7
r a n g e ) . T h e ('fleet o f h a r d n e s s i s r e l a t i v e l y s m a l l ; t h e

40

30 ~ Rk\ \

z "

-~ 10
' / ~ i , . ,,

0320 3~8 376 4(~4 472
(I0} (12) (14) (16) (18)

Molecular Weight
(Carbon Number of Side Chain)

Fie. 6 . Cold w a t e r dishwashing foam of L A S a n d P P A B S vs.
tool wt (no foam booster).

Formulation: 28/31/5/0.8/35.2 ;
Concn--0.15% ; temp---80F

t [ardness :
V 20 ppm
0 50 ppm . . . . . . single earl)on randoni I,AS
A 180 ppm . . . . . narrow fraction P P A B S
[~ 300 ppm

p e a k s a r e s h i f t e d o n l y 0 t o 2 c a r b o n s to l o w e r m o l wt
a n d t h e p e a k v a l u e o n l y d r o p s m o d e r a t e l y f o r P P A B S
a n d a c t u a l l y r i s e s s l i g h t l y f o r LAS.

F i g u r e 5 g i v e s r e s u l t s f o r a f o a m b o o s t e r f o r m u l a .
A s b e f o r e , t h e f o a m b o o s t e r t e n d s t() f l a t t e n t h e c u r v e s ,
m a l t i n g t h e d i f f e r e n c e s b e c o m e l e s s n o t i c e a b l e . I n -
c r e a s i n g h a r ( t n e s s to 180 p p m h a s p r a c t i c a l l y n o ef-
f e c t . D i s h w a s h i n g f o a m in (;old w a t e r w i t h o u t f o a m
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1 o °.

) ~ ~

x ,

32o 3~ 3~6 4~ 4~2
(I0) (12) (14) (16) (18)

Molecular Weight
(Carbon Number of Side Cha in )

Fro. 5 . I)ishwashing foam of I,AS nnd PPAI:~S vs. tool wt
(with foanl hoosier).

Formula(ion: 17/3/5t)/5/1/24 ;
Com!n--O.15r/r ; temp--l15F

Hardness :

V 2()l ipni - - single earl)onrandonlLAS
0 5 0 p f ) n i . . . . . i l a r r o n ' f r , q c t i u n P P A B S
a 1 8 0 I ) p m
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Solubilities of random L A S vs. P P A B S (sodium
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T A B I , E I I I
Sum narY o f P e r f o r m a n c e V s . M o l W t f o r Random L A S a n d P P A B S

O p t i m u m perfnrmance peak

H a r d -
ne~s.
p p n l

D i s h w a s h i n g f o a m , p l a t e s
: t 5 / 4 0 / 5 , / 1 / 1 9 l 1 5 F , 0 A 5 % . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ] 2 0

5 0
J 1 8 0

1 7 / 3 / 5 0 / 5 / I / 2 4 1 tSF , O , l S q ~ .................................................. ] 2 0

S0I% 0 . 1 5 % ..................................................... IS050
2 8 , / 3 1 / 5 / 0 . 8 / 3 5 2 0

5 0
; 1 8 0

W a s h i n g m a c h i n e f o a m , i n c h e s 3 0 0
3 5 / 4 0 / 5 / i / 1 9 1 2 O F , 0 , 7 % ] 2 0

I 5 O
, 1 8 0

Terg-O-Temeter d e t e r g e n c y , te l def. r a t i n g
3 5 / 4 0 / 5 / 1 / 1 9 1 2 0 P . avg o f 0 . 0 5 , 0 , 1 O , 0 . 1 5 % . . . . . . . . . . . . . . . . . . 2 0

o

5 0
1 8 0

1 7 / 3 / 5 0 / 5 / 1 / 2 4 1 2 F , a v g o f 0 . O S , 0 A 0 , 0 . 1 5 % . . . . . . . . . . . . . . . . . 1 20
5 0

1 8 0

P P A B S

S i d e
c h a i n V a h l e
size

14 45
[4 4 5

1 2 - - 1 4 3 5
1 3 ~ 1 4 2 5
1 3 - 1 4 2 5
t 3 - 1 4 2 2
1 3 - - 1 t 3 2
1 3 - - 1 4 3 2
12-13 2 6
1 2 - - 1 3 26

1 6 - 1 7 4~7
16--17 4 , 6

13 2J1

1 6 ~ 1 7 5 . 2
1 6 ~ 1 7 4 , 7
1 3 - - 1 4 3 . 3
1 5 - - 1 6 4 . 3
15--I6 121

~- -13 2 5

819

R a n d o m L A S

S i d e
c h a i n V a l u e

s ize

l
1 2 - - 1 ! 1

t 3
1 1 - - 1 2
1 2 - I 3 2 2
12--1:¢ 2 2
12--I3 2 2
1 2 - - 1 3
1 2 ~ | 3
1 1 - 1 2
11-12

1 4 - - 1 6
14--16

~12

1 4 - - 1 6
1 4 - - 1 6

1 2
13-15
1 3 - 1 5

2 4

4.4
4 . 5
2 . 6

5 . 4
5 . 0
4 , t
4~7
.1.4
3 1

Performanee a t a
fixed reel w t

P P A B S
wi th
(ha~
s i d e

c l e a t , .......

2 5 4;I i
2 a 43
3 1 3 4

2 5
25 I
22 I

15 3 !
1 7 3 3
2 2 2 2

2 0

3 . 0
L 6

2 1

:¢,4
3 , 4
a , 2
a . 7
3 , 7
2,4

|¢andem
L A S
wi th

s i d e
c h a i n

2 4
2 4
2'¢
2 2
2 2
2 2
1 5
1 6
20
I7

3 . 2
1 , 6
2 . 3

4 . 2
4 . 2
3°9
4,1
4 2
3 . 2

booster is shown in F i g u r e 6. These results are gener-
ally quite similar to those in F i g u r e 4. The values
are lower because a lower active f o r m u l a was chosen.
111 this ease, tests were run at 300 p p m hardness, as
well as the usual 20, 50 and 180 p p m because in some
foreign a reas cold, very hard w a t e r is used. The re-
suits are only shifted slightly t o lower tool wt com-
pared with 180 ppm.

6 0.05% 0.10%

The mosl important difference between dishwashiug
foam and the other tests is that the r a n d o m LAS max
performance does not equal that for P P A B S .

All the above data are summarized in Table I l l
where the nlol wt and v a l u e are tabu]ated for each ef
the performance pealcs. Also, Io obtain a better evahla-
tion of a l)artienlar LAS versus a particular P P A B S ,
values are shown for P P A B S with a 13.5 earbon side
c h a i n and LAS with a 12.5 carbon side chain. These
both appear lo be the opt tool wt where the best com-

, : : , , 2c::

' - ' 0

6
ag,
> ,

4

N IA~

7 . 0

6.01
&.2

, . 5.0

4.0
~ t t ~

7-+ 3.0ve to

~ ' ~ 2.0t . .

I.O

\ %
\

0
*u v~ 18 10 14 18

Carbon N u m b e r of S ide Chain
Fro. 8, Terg-O~Tomcter detergency of pure 2-phenyl sulfo-

n a r e s ,
FO: : m u l a f i o n : 3 5 / 4 0 / 5 / 1 / 1 9 ; t e m p - - 1 2 0 F ; F I ) S s o i l

H a r d n e s s :
~ 7 2 0 p p m LX 180 p p m
O 5 0 p p m [_7 3 0 0 p p m

0 I , , ,, 4
(I0) (12) (14) (16) 118)

C a r b o n N u m b e r of S ide C h a i n

FIts..% Dei:ergency of pure 2qdmny] sulfonates vs. random
LAS.

Formulation: 35/40/5/1/19; temp--120F; FDS soil
IIa rdness :
V 20 ppm

. . . . . . p u r e 2 q d w ~ y i s u l f o n a t e s
( 7 ) 5 0 p p m . . . . . . r a n d o m I , A S
A 1 8 0 p p m
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Pure "Middle Phenyf'
Su Ifonates

30~

25.

N

15

10.

"Random"

P u r e 2-Pheny!
• SuIfonates

/ S, C~

O4-- , . . . . . . . . . .
10 11 12 13 14 15 16

Carbon Number Of Side Chain
FiG, 10. l)i.~hwashi~g foam of pure isomers and random I,AR

vs, tool wt.
Formulation: 35/40/5/1/19; hardues~ -50 ppm;

C,nelb 0,15%; temp--ll5F

promise between performance in various tests is ob.
tained, We often find with mixtur~,s of homologues in
the detergent range that a 4 carbon spread will show
performance equal t o its average tool wt. Therefore.
1:1.5 earb(ms for P P A B S ~,an be a C~ to C~a mixture
of hmnologues like the commercial IH)ABS~a.~, as well
as the. C13 plus C~ m i x t u r e it implies. Similarly, C12..~
for I~AS can be a C1~ t o C~ mixture. This comparison
shows aga in that , while random ]~AS ix equal t o or
better than P P A I t S in detergency and washing ma-
chine foam, it is inferior in dishwashing foam,

The solubility of three wide-range r a n d o m I,AS
samples is shown in l,'igure 7 in comparison with the
commercial P P A B S produ(.ts. As expeete(t, solubility
decreases with increasing tool wt. R a n d o m LAS
is generally more soluble than P P A B S , especially at
or below room temp. Even the high tool wt I,ASI:,_~
is ahnost as soluble as the I'PABSI:~,:, which is ea 3
carbons lower in tool wt. T h e r e ix a noti(.eable differ-
enee between I,AS~_~ and LA,~q~,~.

Performance o f LAS l:~omcrs. I~ is known that
isomer distribution of I~AN can vary with the alkyla-
ti(m catalyst employed (8). Previous investigators
(2--5) had shown some (tifferen(~es in properties be-
iween I,AS isomers, bm there was no c l ea r indication
of how the isomers might behave in practical tests. For
example, some e a r l i e r work in our own laboratories
u s i n g |he lloss-Mih,s foam t~,st showed a little prefer*
enee for the 2- and 3-t~henyhtod~'cane sulfonales over
~he 5- and 6=phenyl isomers, but the ]~oss-Miles ?es~
d~+es m>! correlate well with formabili!y in use (9).
Therefor(,, t he following work was undertaken.

One investiga!ion involved synthesizing and tes t -
ing a series of even-membcred 2-t)henylalkane sulfo-

35, 35

3 0 . t "lnternal"lsoreers

E
Z

25-

0 -

15-

I 0 -
"End" Isomers

5 ~

% n .... ,;
Carbon Number of Side Chain

FIG. 11. ])ishwashil~g foam of end aml interuat isomers vs,
tool wt,

I~omnulation: 25/40/7/1/19/8; hardness--50 ppm ;
Concll~0.15% ; temp~.115F

~ - ' ~ "Internal"
30

-o 25.

,,, 20.

Q,.

E

z 10-

5 .

0 1o fl h h f4 --15
Carbon N u m b e r of Side Chain

FIG. 12. Dishwashing foam of elld ; ~ n d internal isomers vs.
tool wt.

Formulation: 25/40/7/1/19/8; hardness--150ppm;
Concn--0A5% ; temp-~115F
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T A B L E IV
T e r ~ . O . ' P o m e h ~ r Detergency *ff E n d Isomers V s I n t e r n a l l somer s :Re l a , t i v e Detergency RaNnIL 1 2 0 F , FI)S S o i l

_ _ F o r m u l a t
}Iard,~ess~ lU0m

¢hmem % 01~5

C~I ]n t t ' ! rna i . . . . . . . . . . . I ¢ i t
E n d . . . . . . . . . . . . . . . . . 0 , 6

e~= ln te rna~ . . . . . . . . . . . . . . . . . . 0 6
E n d . . . . . . . . . . . . . . . t 2

(?~ I n t e r n a l . . . . . . . . . . I : I
Ead . . . . . . . . . . . . . . . . . . . . . . . 4 A

(.b~ In te rna l . . . . . . . . . . . . . . t , l
End . . . . . . . . . . . . . . . . . . . 4 . P ,

C*~ ]111ern~t,l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (IN
E n d . . . . . . . . . . . . : L O

W h o l e L A S i,~ 2 5 , 1 0 7 7 / 1 / 1 9 / 8
forIn tllla

C~ l ~ ra~dora . . . . . . . . . . . . . . . . . . . . . . O , 7
(b~ u~igh 2D!um>! ~ _ _ 1.3

8:!I

5o m)m !~. ppm ........I
, , . , , , . | 5 ".""L-I " . - ' " _, ,5
0 7

2~q i2 1
4 7

6 , O I
4 , 9 ,
5 . 7
I 3
5 , 5

5 3
5 1

l A) 0 , 3
6.1 1,7
5.0 0 ' .~
5 / } L 7
5 , 8 o 6
6 , 3 ( } ~
5 4 1,2
5 S 0 . 1
5 2 - - 1 . 2
5 . 7 I t

509 O,2
5 o 0 , 7

0 . 4

3 , 9
4 . 5

t 1
1.6
4 . 4

, I ,o
0 . ~

2 . 7
207

o , 0 5

16 0.9
~ . 6 0 9
6 ~ I t
5 n 1.5
5 . 7 o~6
6 , ~ 2 5
5 S 3 5
6 5 4 . 4
1.0
a ~

55

5 0 pOIl~

OA0

l . l

a , 7

fi,5
5 . 4
5 , 3
5 . 3

1 7 3 / 5 0 1 5 ~ 1 / 2 4

I
, , , 7 I ¸ . ° 5

4,1 0 . 5
6,O 0 , 4
4 . 7 o , a
5A) 0106
6 , 9
6, :1 0 . 7
5 7 -~0.I
5 . 6 0 , 4

8 0 pl)lu

o, I0 oo15

1 0 :/.5
2 .a 5 . 8
2~6 5 . 9
3 . 9 6 1
1 8 6 . 6
2 , 6 6 . 2
1,5 6 . 4
3 . 8 6~4

mites. Tergo()-Tometer deterge||cy fo r this series is
,hewn in Figure 8 fo r each cohen separately arm in
Figure 9 fo r the average o f the 0.05, 0.10 and 0.15%
c(men. The random I~AS (tat a ( Fig . 1) also are plot|ed
i|| Figure 9 fo r comparison. The 2q)henyl sulfo||ates
are marginally superior to the random LAS, b u t
the difference is small and is not enough to be notice-
able if the 2-phenyl con |en t of a whole alkylate were
only changed moderately, e .g . , from 20% to 35%.

Dishwashing foam results fo r the 2q)he||yl sulfo-
|roles are shown in Figure 10 in comparison with the
random LAS and three pure compounds in which the
phenyl g r o u p is attached to the middle o f lhe alkyl
chain. In this ease, the 2q.d|e||yl (.on|pounds are ia-
ferior Io the random LAS; and, in agreement with
tha | , the 6q)he|}yhh)(leeane and 7.phenyltetradeeane
sulfonates are superior to it. The 6 phenyldodeea||e

35

30

,= 25-
02*

2 0 •

¢tl

IX.

"g 15-
*D

321
E
=t
z 10.

/// ~ 4 \ "Internal"

10 ii 12 13 14 15
Carbon N u m b e r of Side C h a i n

Fro . 1 3 . l ) i s h w a s h i n g f o a m o f e n d a n d i n t e r n a l i s o m e r s v s .
t o o l . wt .

F o r m u | a t i o n : 1 7 / 2 / 3 / 4 5 / 5 / 1 / 1 9 / 8 ; h a r d n e s t - - 5 0 p p m ;
C o n c h s 0 . 1 5 % ; t e m p - ~ 1 1 5 ; b '

value is unexpectedly high mM is approaching the
performmwe o f the besl I)PA BS,

Further informatio,~ on isomer eJI'(q |s has bee|| el>
lained by carefully distilling ('~eh of the rando,n
alkylates to yield a low boili| |g fraction containing
80-90% o f the in terna l isomers (i.e., 5-, 6q)henyl, etc.}
and a high boil ing fract ion containing ea. ,q()'}~: 2-
phenylalkane. Af t e r snlfonation, the former is called
"internal" isomers and the lat ler " e n d " isomers,
Dishwashiug data fo r these materials are shown in
Figure 11. (Note t h a t the formula used b | ibis ease
is similar to the previous one used but has a lower
active content.) The same paltern seen in Fignre 10
is evidem, nan|ely, that the end isomers gave relatively
poor results, whereas the in terna l isomers a t C1~, C,a
and (71+ gave exeeplio||ally high values. (PPABS,~
washed 10 plates and I)I)ABS,a.5 24 plates in this
formula.)

Figure 12 shows dala fo r these same sulfonates in
hard water . One sees little ehauge except to lower
the C,t in te rna l isomers and to raise slighlly both
lhe end and interna l C,2 and C,a isomers. Dishwash~
ing data fo r a foam booster formnla arc shown in Fig-
m ' , ' 13. The curves are very similar to Figure 12.
except that the C,, and (1,, results are improved by
lhe foam booster.

Therefore, the big advantage o f lhe 0,2, C,a and CI4
inh, rnal isomers exists u n d e r all the conditions tested :
namely, in soft o r hard wa~er withont foam boosh,r
and in soft wa te r with foam boosler, The 1% to 15-
pla te advantage o f the i|l~e|'||al isomers suggests that
var ia t ions in the isomer d istribulion o f whole alkylales
should make a nolieeable difference in dishwashing
foamability.

Terg4)-Tometer detergency and washing machine
foam results fo r the various end a n d in terna l sulfo-
,rotes are shown in Tables IV and V. There is a
marginal advantage Io the end isomers in detergency
(as there was in comparing the pure 2q)henylalkane
snlfm|ates to the random bAN above) and in washing

T A B L E V

W a M d n g M a c h i n e Foam o f El~d V s I n t e r n a l I s o m e r s
F o r m u | a : 3 5 / 4 0 / 5 / 1 / 1

C o m n : 0 . 0 7 5 % ; % ~ m p : 1 2 0 F

t~a~ ] rdr~ n M . . . . . . .
Eml . . . . . . . . . . . . .

Cja Internal . . . . . . .
l::~d . . . . . . . . . . . .

C ~ l~tetnM . . . . . . . .
End . . . . . . . .

( ~ l~ l te rmt | . . . . . . . .
Eml

I AW r a g e fo,~m h e i g h t , irtehe~;! -
At f o l l o w i n ~ w a t e r |tar4ne~, ppm

~o I 5o { 18o
1, I 0 0
2,,~ 0 1,5
3 , 6 0 . 5 t , ~
5 3 a 2 | , 5
a l a 4 ~ . a
4 . 3 4 , 3 1,3
5,4 5,6 1,5
6,1 5 , ~ 1 2
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FI~, 14. I s o m e r effects on solubility (sodium salts) ,

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


