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Abstract
Soaps of lnonohydroxystearie acid, prepared by

sulfalion of oleie acid followed by hydrolysis, have
been evaluated in syndet compositions. They can
be used t o replace a substantial proportion of the
synthetic surfactant in both liquid and solid de-
tergent compositions without loss of detergent
efficiency or foaming properties, hi contrast, so-
dium stearate and sodium ()Date adversely affect
performance. Coml)atlbl lt,y is improved when
these hydroxystearate soaps are incorporated in
built liquid (:ompositions. Sinee these materials
exhibit the usual response of soaps t o i) tI change
and to divalen! cations, t h e r e is complete assur-
ance that flley will be inactivated in g r o u n d water
as well as in sewage treatment plants.

Introduction

L I N E A R A L K Y L B E N Z E N E SITLFO-N*A'PE ( [ ~ A S ) is the cur-
rent answer of the detergent industry t o the prob-

lem of biodegradability (11. At the same time it is
recognized that LAS is a compromise betweeu require-
meuts for a detergent material that can be produced
in abundance at low cost and r a p i d degradability.
LAS does not degrade as quickly as the alkylsnlfates
urlder aerobic conditions (2), and it: is doubtful that
it will degrade at an adequate rate in g r o u n d w a t e r
(3).

Soap or some form of soap should be considered
as at least a partial replaeement for synthetic surf-
actants. Fats and oils necessary for their manufacture
are also available in good volume at reasonable cost.
Since soaps are inactivated by water hardne.ss as well
as by p H adjustment, they cannot present a problenl
of carry-over from g r o u n d water or sewage treatment.
Thus, if half of the synthetics were rel)laeed by soap,
the magnitude of the problem would immediately be
reduced by half.

l;nfortunately, conventional soaps in conlt)ination
with synthetics dv not l)erform quite as well as the
synthetics alone. We have recently f o u n d that a
nmnohydroxystearate soap is especially suited for use
with synthetic surfa('tants. ])etergency and foaming
properties are not impaired and w a t e r solubility is
enhanced in the presence of this soap.

The hydroxystearate soaps used here were prepared
according t o a proe.edure described by Roe et al. (4).
The method consists of sulfating oleic acid with
II.,SO4, followed by alkaline hydrolysis. The. proce-
(lure is said t o give predominantly 10-hydroxystearie
acid, with lesser anlt of the 9-hydroxystearie acid and
other isomers. Some polymeric materials may also be
present. Repeated reeryslallizations resulted in a
product melting at 58-59C, as compared with reported
melting point values of 8()-85C for pure 10-hydroxy-
stearic acid.

T A B L E I

C o m p o s i t i o n of B u i l t l ) e t e r g e n t s

I } ) a r t s l)~" w t

A B

S u r f a c t a n t s ( 1 0 0 % a c t i v e b a s i s ) . . . . . . . . . . . . . . . . . . . . 1 5 2 2
S o d i u m t r i p o l y p h o s p h a t e ........................................ 3 0 3 0
T e t r a s o d i u m p y r o p h o s p h a t e . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 1 0
S o d i u m s i l i c a t e ( N a e O : 3 . 2 S i O 2 ) ............................ 5
S o d i u m carboxymethyl cellulose ............................. 3 1 3 ~
S o d u i m s u l f a l e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

8 4 t

Syndet Compositions

Experimental

a) ][ydroxystearie acid was prepared from a 93%
tee.hnieal oleic acid. The aeid, 244.7 g (0.9 moles),
was i)laeed in a 2-liter flask and cooled t o 10C in an
i(.ewater bath. Coned IIcSO4, 214.0 g (2.2 moles) was
a d d e d slowly with stirring over a period of 1 hr. The
reaction nlixture was cooled t o 5C and was maintained
at this temp for 30 rain. W a t e r was then a d d e d to
b r i n g the total volume to 1.5 liters, and the mixture
was boiled for I hr. The aqueous l a y e r was withdrawn
and the oil l a y e r was washed with additional boiling
water. It was then refluxed with 0.5 liters alcoholic
potassium hydroxide for 4 li t . Tim alcohol then was
distilled over, the soap was acidified with dilule II2S0t
and extracted with warm n-hexane. The hexane l a y e r
was washed with hot water umil sulfate free. The
hydroxystearic acid was ('rystallized from hexane by
standing overnight at --25C,. Repeated reerystalliza-
tions from a high boiling pet rolemn e t h e r yielded 207
g of a white wax-like product me l l i ng at 58-59C, with
an acid v a l u e of 187.0 and a hydroxy v a l u e of 180.4.
Sulfur-containing snrfactant present was less than
0.0o5%.

b) Soil removal data w e r e obtained by washing FDS
Soiled Cotton in a l~annderomeler at 550 (5). Each
test result reported is the ave.rage of a min imum of
six swatches from fllree separate Launderometer runs.

Ross & Miles foam test data (4) are the average of
duplicate determinations.

For the dishwashing tes t , porceiaiu d i n u e r plates
were smeared with 0.5 tsp/plate of a melted soil con-
sisting of 80% hydrogenated fat , 20% flour and
enongh O i l d a g for a distinctive d i r t y eoloring. The
soiled plates were aged for 24 hr at room temp before
use. The detergent was dissolved in 1 liter water at
45C in a dishpan. An ad(litional 3 liters water at 45C
were poured into the dishpan t h r o u g h a 2-qt glass fun-
nel from a he igh t of 30 in. direetly above, the center
of the dishpan. The funnel was partially filled with
small g r o u n d glass stoppers t o control the rate of
water flow. A f t e r 30 see, the soiled (lishes were in-
(lividnally washed with a dishrag u n t i l clean. Addi-
tional dishes were washed u n t i l the foam disappeared.
Detergents were compared at 0.10% conch.

e) Materials used in this investigation were as fol-
lows, ABS: Ultrawet K, Atlantic' Refining Co. ; laurie
monoisoprot)anolanfide: Ninol AD31, Stepan Chemi-
cal Co.; l a u r i e diethanolamide: Ninol AA42 E x t r a ,
Stepan Chemical Co. ; sodium xylene sulfonate: N i n e x
303, Stephan Chemical Co. ; oetylphenol • 9-111 ETO:
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'FA H L E I l l
S o i l R e m o v a l U ~ i n g C o m b i ~ a t i o n s o f Hydroxye tea ra te Soap wi th Oley l

l s e ~ h i o n a t e a n d wiIh T a l l o w S u l f a t e a~ 5 5 C
( o t h e r i n g r e d i e n t s i n accordance wi th T a b l e f)

S u r f a e t a n t c o m p o s i t i o n , ~)~

O l e y I [ L a u r y l S o d i u m Rei lee tanee u n i t s ga ined
e s t e r o f S o d i u m I m o n o ~ h y - ~ . . . . . . . . . . . . . .
s o d i u m t a l l o w i s o p r o - d r o x y * ~ 2-gr w a t e r 1 5 g r ~ a t e r
i s e t h i o - su l fa te 1 pmeV s(ea . . . . . . . . . - -

ha te _ '~ am~de rate 0°20% ,0';~5~ 0.20 '~ n . 3 5 ~

5 . . . . 2 1 5 [ 1 4 1 1 7 , 7 6 . 4 I @ 8
2 0 ] 2 ; , , 1 2 9 ] t 7 . 7 9 . 6 1 3 . 6

.... I0 [ 2 I 10 i t 3 . 4 I 1 9 . 7 9 . 6 1 6 . 6
5 I 2 ] 1 5 I 13.8 2 0 , 2 8 . 9 18~5

Tri ton X100, Rohm & ltaas Co. ; oleyl ester o f sodium
isethionate: Igepon AP-78, General Anil ine & Film
Corp.; sodimn tal low sul fa te : Sipex TS, American
Aleolae Corp.; sodium lauryl su l fa te : Duponol W A ,
E. I. d n P o n t deNemours; I ,AS: Calsoft F, Pilot Ch~em-
teal Co.

Discussion of Results
The built detergent eonlt)ositions used in this pro-

gram are shown in Table T. They are representative
of commercial practice. Soil removal data using both
15 and 22% active are shown in Table IL All com-
positions in this series contained 2% lauryl isopro-
panolamide and e i the r ABS or a mixture of ABS
and soap. Except fi)r the lowest test eoncn in hard
water , combinations containing hydroxystearate soap
outperforrned ABS. In contrast, combinations o f
sodium stearate o r sod ium oleate with ABS were
generally less effcetive than ABS witllout soap.

Soil removal results in Table I i1 were obtained with
built compositions containing 22% active, u s i n g e i the r
the o ley l ester of sodium isethionate or sodium tal low
sulfate as lhe m a j o r aei ive . Wi th one-half of the
isethionate ester replaced by the hydroxystearate
soap, performance was as good as t h e p roduc t without
soap. With three-fourths o f the isethionate ester re-
placed, there was some decrease in effeetiveness, par-
ticularly at the lower cohen in 15 g water , hl the
case of sodium talh)w sulfate~--sodium hydroxystearatc
Mends, detergency was excellent even with th ree -
fourths o f the ta l low sul fa te replaced by the soap.

Ross a n d Miles foam test dala are shown in Table
IV for ABS-soap eombinaiions. The hydroxystearate
soap (lid noi depress the foam volmne o r stability,
(yen in hard waler. Oleate soap depressed the foam-
ing ac t ion to a moderate exient , while stearate soap
substaniially lowered foaming action. Similar results

T A B L E I V
R o s s & M i l e s Foam T e s t
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T A B L E V
D i s h w a s M n g Test, 0 . 1 0 % Cohen

W a t e r : In i t i a l l ya~: 4 5 0

Voi~. 41

L A S ...............................
Sodium lauryl sulfate .......
Lauryl diethanolamide
O e t y l p h e n o l - 9--10 E T O , ,
S o d i u m hydroxystearate.
W a t e r . . . . . . . . . . . . . . . . . . . . . . . .

2 ~gra in w a t e r ................
1 5 - g r a i n w a t e r . . . . . . . . . . . .

Par~a b y wt

a b c d e f g h

8 0 8 0 2 5 2 5 . . . . . . . . . . . .
. . . . . . . . . . . . . 3 0 3 0 2 5 2 5

5 5 5 5 5 5 5 5
5 1 0 5 .... 1 0

g io s 15
~(l 60 6(i 60 ~iii so 6o 6o

l ) i she s w a s h e d t o foam e n d p e i n t

a b e d e f g

8 9 9 1 1 . 5 l l 8 . 5 9
7 1 0 9

h

6 . 5
1 0 . . . . . . . . . . . . . . . .

were obtained when these soaps were used ill combina-
tion with o t h e r anionic surfactants in built composi-
tions.

Dishwashing test results are shown in Table V.
The formulat ions shown are not necessarily repre-
sentative of commercial practice, b u t are indieative
of the effect of sodium hydroxystearate on foam sta-
bi l i ty in the presence of food soil. One series of for-
mulations consisted of I ,AS in combination with an
alkanolamide a n d t i the r an ethoxylated octylphenol
or sodium hydroxystearate. The presence of the soap
increased the number o f dishes washed to a foam end
point. In a second series, s ~ i u m lauryl sulfate was
used in place o f LAS. lIere, the hydroxystearate soap
had a deleterious effeet.

Built liquid compositions can be readily com-
pounded with tile hydroxystearate soap. Fo r exam-
pie, a eomI)osition consisting of 20~)~ of ABS and te t ra -
potassium pyrophosphatc, 2% o f tau ry l diethanol-
amide and the remainder wa te r separated on standing
into two layers o f a p p r o x e q u a l volume. The same
resul t was obtained when one-half o f the ABS was
replaced by sod ium oleate, potassium oleate o r sodium
12&ydroxystearate. l lowever, when the par t ia l re-
placement was rnade wi|h e i the r the sodium o r potas-
sium salt o f isomeric hydroxysiearate a single phase,
viseous solution resulted.

Conclusions

The experimental data clearly (hmmnstrate that
these isomeric hydroxystearate soaps can play a
signifieant role in this new era o f biodegradable de-
tergent comt)ositions. They can be used to replace a
substantial proportion of the synthetic surfaetants
in both liquid arid solid detergent emnI)ositions, wi th-
out any loss in 1)erformance properties. In some in-
stances these proi)erties are enhanced. Compatibility
is improved when these soaps are in(orporated into
built liquid compositions. Since these materials ex-
hibit lhe usual response o f soaps to p H change and
to divalent cations, lhere is complete a~suranee that
tlley will be inactivated u n d e r all t rea tment conditions
and that they will not find their way into wells o r the
effluent from sewage trea tment plants.
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