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FIG. 3. T h i n - l a y e r  s i l i c i c  a c i d  a d s o r p t i o n  c h r o m a t o g r m n  of  
a l d e h y d e s .  

S o l v e n t  s y s t e m :  9 5 : 5  p e t r o l e u m  e t h e r  (b.  p. 3 0 - 6 0 ~  
-e thy l  e t h e r  

I ) e v e l o p m e n t  t i m e :  30 m i n .  
I n d i c a t o r :  I o d i n e  v a p o r s  

a )  C r u d e  l i n o l e n a l d e h y d e  c o n t a i n i n g  f a t t y  "~cids, b )  u n d i s t i l l e d  
l i n o l c n M d e h y d e ,  a c i d - f r e e ,  c) d i s t i l l e d  l i n o l e n a l d c h y d e ,  d)  p o t  
r e s i d u e  f r o m  the  d i s t i l l a t i o n  of  l i n o l e n a l d c h y d e  s h o w i n g  p rod -  
u c t s  of  t h e r m a l  and  o x i d a t i v e  d e c o m p o s i t i o n ,  "tnd c) u n d i s t i l l e d  
a l d c h y d c s  f r o m  m e n h a d e n  oil,  a c id - f r ee .  

are only slightly segregated even by thin-layer chro- 
matograI)hy, which gives more discrete separations 
than does column chromatography.  Molecular distil- 
lation of crude linolenaldehyde improved the pur i ty  
only slightly, as may be seen from the chromatogram 
shown in Figure  3b, c. 

Methyl esters derived from menhaden oil exhibit 

subfract ionation (F igure  ld )  when chromatogrammed 
on thin layers of silieic acid (6).  This phenomenon 
was observed in the present work with the acyloins 
and the aldehydes as well (Figures  le, f ;  3e). 

Summary  
The preparat ion of linolenaldehyde and of mixed 

aldehydes from highly unsatura ted  sources, such as 
menhaden oil via the aeyloin condensation, is de- 
scribed. Reduction of the aeyloins and subsequent 
cleavage of the glycols gave over-all yields of 85 to 
90% free aldehydes. 

The intermediates in the synthesis as well as the 
final products  were analyzed in par t  by the novel 
method of thin-layer silicic acid chromatography.  
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Sulfates of Ethoxylated Tridecyl 
Dishwashing Formulations' 

Alcohol in 

W. C. SCHAR, M. H.  PAULSON IR., F. N. BAUMGARTNER,  and E. I. WICKSON,  

Enjay Laboratories, Linden, New Jersey 

T 
IlE DEMAND for l ight-duty liquid detergents for 
household dishwashing has grown rapidly  over 
the past few years. Present-day products are 

generally based on alkylaryl  sulfonates, fortified with 
various auxil iary foam boosters. Sulfates of ethoxy- 
lated hydrophobes have found broad acceptance be- 
cause of their abili ty to impart  excellent foam stability 
to fomnulations, especially in the presence of greasy 
soil. In  addition, they are relatively low in cost as 
compared with other competitive materials. 

Ear l ie r  work in this field has been reported by Well 
et al. (1),  who investigated the performance of the 
sulfated ethoxylates of the tallow alcohols in the 
Ross-Miles foam test. These investigators also used a 
dishwashing test, based on the Terg-O-Tometer as de- 
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veloI)ed by lmencrts (2),  to measure the relative 
cleaning-l)ower of a pure  surfactant.  They fourld 
that  wetting time increased while foam height and 
the ability to clean dishes d(,ereased with increasing 
ethylene oxide content. 

Current ly  there are three impor tant  sources for 
sulfated ethoxylate derivatives. These arc the alkyl- 
phenols, oxo-based tr ideeyl  alcohol, and lauryl  alcohol 
from fa t ty  sources. The object of the work reported 
in this paper  has been to compare the relative efli- 
ciencies of sulfated ethoxylates, in par t icular  those 
based on tridecyl alcohol, as foam stabilizers in typi-  
cal l ight-duty, liquid dishwashing formulations. The 
effect of both ethylene oxide to hydrophobe mole ratio 
and various sulfating agents has been established. 
Emphasis has been placed on a careful ly controlled 
dishwashing procedure as the best available measure 
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of perfornlan(m for this type of su r fac tan t  applica- 
tion. To our lomwledge pre(,ise, s(;icl,tific measure- 
ments  which direct ly correlate with actual household 
dishwashing perfornlanee have not been developed. 
In  addition, the sulfated cthoxylatc derivatives have 
been examined ill the Ross-Miles foam test and the 
Draves-Clarkson wett ing test. 

Exper imenta l  Procedures  

Preparation, of Sulfated Etho:cylates. The ethylene 
oxide adducts  used in this s tudy were prepared  in 
pi lot-plant  quanti t ies hy the Jeffersoll Chemical Com- 
pany.  The t r idecyl  ah',ohol, lauryl  ah,>hol, and nonyl 
l)henol wore ethoxylated in identical equipment  to the 
desired ethylene oxide content. The adducts  were 
then sulfated in our laboratories, using sulfur  tri- 
oxide, snlfamic acid, and chh)rosulfonic acid. The 
sulfat ion procedures employed (3) ill our laboratories 
have been shown to give excellent yields with a mini- 
mum of side reactions. Af te r  neutral izat ion the prod 
ucts were analyzed by cationie t i t rat iml aeeording to 
the method of House and Dar ragh  (4) to determine 
the act ivi ty  of the final product.  On the basis of this 
analysis these materials  were adjusted to the same 
act ivi ty  pr ior  to test ing or fornmla t ing  for dishwash 
ing. Since there is some question about  the precise 
ethylene oxide content in these adducts,  no a t tempt  
was made to isolate or analyze for pure  compounds. 

Product Evaluation Tests. The sulfated ethoxy- 
lares were tested in the Ross-Miles foam test and the 
Draves-Clarkson wett ing test as described by  Har r i s  
(5).  The ammonium salts of these mater ia ls  were 
formula ted  with ammonium dodeeylbenzene sulfonate, 
isopropyl  alcohol, and water.  Dishwashing evalua- 
tions w e r e  m a d e  a c c o r d i n g  to t h e  p r o c e d u r e  d e v e l o p e d  
in our laboratories (6).  Reproducibi l i ty  of duplicate 
determinat ions for  this test is -§ dish at the 95% 
confidence level. The s tandard  soil consists of molten 
vegetable shortening weighed onto each plate and aged 
over-night.  In i t ia l  foam is developed by  directing a 
c a r e f u l l y  c o n t r o l l e d  s t r e a m  o f  w a t e r  i n t o  t h e  d i s h p a n  
containing the concentrated detergent  solution. Dishes 
are washed by  hand under  a careful ly  controlled time- 
eyele. The test is concluded when less than  half  the 
surface of the dishwater  is covered by  a thin film of 
foam. 

Discussion 

Wetting Properties. Both the ammonium and so- 
dium salts of the sulfated ethoxylatc derivatives were 

evaluated. For  convenience only the data for the 
sodium salts are presented since both salts gave ap- 
proximate ly  the same results (F igure  1). The data 
indicate tha t  the greater  the ethylene oxide content of 
the t r ideeyl  alcohol derivatives, the less efficient these 
materials  are as wett ing agents. This observation is 
consistent with that  of Weft (1),  who found the same 
t rend for  the sulfated tallow alcohol ethoxylates. 
Relat ively small differences were noted between the 
tr idecyl  alcohol and nonylphenol  derivatives in our 
study. 

Foam Properties. The Ross-Miles foam tests were 
carried out in zero hardness  water  at  1 wt. % snrf-  
aetant  concentration. As shown in Table l, the initial 

TABLE I 

Ross Miles F o a m  Tes t  of Su l fa ted  E thoxyla ted  I Iydrophobcs ,  
25~ ?i \Vt. ~Z, Sur f~e tan t ,  Dis t i l led W~tter 

Sul fa ted  a(hl u ('t 

Annnon ium sa l t - t r idecy]  ah.ohel ......... 

Sod ium sal t - t r i (h .cyl  Meohol ............... 

A m m o n i u m  s~dt-nony]phenol  ............. 

Ammoniun l  s a l t - l a u r y l  idc(fllol ........... 

Motes 
e thylene 

ox ide /mole  
hydrophobe  

I n i t i a l  5-Minute  
f e a m  ht., foam hr., 

( ' I l l .  CII] .  

I 8 . 0  1 7 . 5  
I S . 0  1 7 . 5  
18.5 17.5 
IS,()  15.5 
17.5 15.5 
]7 .5  11.0 

1 7.O 1 4 . 0  
] 6 . 5  ] 6.O 
17.5 10.0 

16.5 l 6.0 
17.0 16.5 
I6 .0  I 5.5 

1 4 . 5  ] 3.5 

foam height was comparable for  all the derivatives 
tested and did not vary  significantly with the ethylene 
oxide mole ralio. Foam stability, in general, was quite 
good. This text, when used with pure  surfaetants ,  
does not correlate with dishwashing texts on the same 
sur fac tants  formulated with a lkylaryl  sulfonate. On 
the other hand, it is more likely that  the relatively 
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FIG. 2. Dishwashlng foam-retention performance, ammonium 
s~lts of sulfated ethylene oxide adducts. 

Water hardness: 135 p.p.m. 
Formulation Wt. % 

Sulfated ethoxylate .......................................... 15 
Ammonium dodecylbenzene sulfonate ........... 15 
Isopropyl alcohol .............................................. 20 
Water ................................................................. 50 

O Tr idecy l  alcohol der iw~tive 
[ ]  Nonylphenol  d e r i v a t i v e  
�9 L a u r y l  alcohol d e r i v a t i v e  

All su l fa tes  p r e p a r e d  us ing '  chlorosulfonic  acid.  
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FIG. 3. D i shwash ing  foam- re t en t ion  pe r fo rmance ,  ammoniuln  
sa l t s  of s u l f a t e d  e thylene oxide adduets .  

W a t e r  ha rdnes s :  360 p.p.m. 
F o r m u l a t i o n  Wt .  % 

S u l f a t e d  e thoxy]ate  .......................................... 15 
A m m o n i u m  dodeeylbenzene su l fona te  ........... 15 
I s o p r o p y l  alcohol .............................................. 20 
W a t e r  ................................................................. 50 

O T r i d e c y l  a lcoho l  d e r i v a t i v e  
[ ]  N o n y l p h e n o l  d e r i v a t i v e  
�9 L a u r y l  a lcohol  d e r i v a t i v e  

Al l  s u l f a t e s  p r e p a r e d  u s i n g  c h l o r o s u l f o n i c  acid .  

small diameter  of the Ross-Miles tube supports  even 
a t ransient  foam for  much longer periods of t ime 
than possible in a dishpan. 

Dishwashing Characteristics. The sulfates of the 
one through six mole ethylene oxide adducts  of tri- 
deeyl alcohol were compared with the eorresl)onding 
four  through six mole adduets  of nonylphenol  and the 
three mole adduct  of lauryl  alcohol in dishwashing 
tests. Various two and three active-component sys- 
tems were investigated, All fornlulations were 30 wt. 
% active and contained 15 wt. % ammoninm dodeeyl- 
benzene sulfonate. 

An op t imum in dishwashing performance  was ob- 
served with the sulfate of the 4 to 5 mole ethylene 
oxide t r idecyl  alcohol addnets  in t)inary systems. This 
opt imum was independent  of either water  ha)'dlwss 
or detergent  concentration :in the range tested (Fig- 
ures 2 and 3). The sulfated t r idecyl  alcohol ad(hl(,~ts 
were somewhat more effective in foam stabilization 
than the corresponding lauryl  aleohol and nonyl- 
phenol derivatives. The sulfated 4 mole adduets, 
when tested at  zero hardness, gave very  poor foam 
stabil i ty (Table I I ) .  Collapse of the initial foam at 
this hardness level was almost instantaneous. 

Although no quant i ta t ive measurements  were nlade, 
quali tat ive observations indicated that  the abil i ty to 
remove grease in soft water  continued long af ter  col- 

T A B L E  ] [ 

D i s h w a s h i n g "  P e r f o r m a n c e  of  B i n a r y  S y s t e m s  a t  V a r i o u s  Wate) '~ 
t I a r d n e s s e s ,  4 Mole  A d d u c t s ,  0 .05  W t .  % A c t i v e  

] :Dishes wash( ,d  
Sulfated ethoxylate ] Sulfating - - ~ - -  , 

of  a g e n t  0 35 135  360  

T r i d e c y l  a lcoho l  ........... ] CISOoH I 4 ] 22 ] 27  ] 29 .5  
L a u r y l  a lcoho l  .............. CISO.~H I 4 1 22 ] 23 [ 25 
N o n y l p h e n o l  ................. ] C1SOaIt  { .... I .... I 22 .5  I 22 
N o n y l p h e n o l  ................. I Nt-I2SOaH / 2 / 25 I 26  I 27 .5  

F o r m u l a t i o n  W t .  % 

S u l f a t e d  e t h o x y l a t e  ( a m m o n i u m  sa l t )  ...................... 1 5 
A m m o n i u m  d o d e c y l b e n z e n e  s u l f o n a t e  ....................... 15 
J s o p r o p y l  Mcohol  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
W a t e r  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50  

lapse of the foam. Since the housewife judges the 
qual i ty  of a detergent  by the s tabi l i ty  of the foam, 
this aspect may  not be significant to her. 

As mentioned above, three-component  systems were 
also investigated. Fo r  these studies total  active con- 
centrat ion was again mainta ined at 30 wt. %, com- 
posed of 15% ammonimn dodeeylbenzene sulfonate, 
7.5% sulfated ethoxylate,  and 7.5% laurie diethanola- 
mide or other ethoxylated derivatives. Inva r i ab ly  the 
addit ion of this th i rd  component  increased the over-all 
per formance  over tha t  of the corresponding binary  
system. This effect however was not un i fo rm and de- 
pended upon both the type of added component  and 
the water  hardness. 

A premium grade laurie diethanolamide was found 
to :impart excellent soft-water per formance  to the 
fornmlat ions (F igure  4). A peak in per formance  

o.o~ wt. % Actlv, 

30 

25 

Formulation ~ wt. 

Sulfonate 15 ] 5 ID 15 
Alkano l~ide 7.5 7.5 7.5 
A~ni~ Tridecy] I~voxy - 

15 ethylene (4) Sulfate 7.5 15 
A~nium Nonylphenolpolyoxy- 

ethylene (4) Sulfate '{.~ 
Trldecyl Alcohol -Etlkglene 

Oxide Adduct (I:15) ~ - - 7.~ 

0 50 io0 150 :!00 250 300 350 

W&ter Hardness, ppm 

FIG. 4. ] ) i shwash ing  fomn-re teu t ion  per fornmnee ,  influence of 
water  hardness  on fo rmu la t i ons  c (mt ;dning  a lkano lamide .  All  
su l f a t e s  pr(,i):u'ed l)y us ing  (qlh)rosulfonie acid.  

occurs at about 35 p.p.nl, hardness. Above this point  
the advantage for  the alkanolamide formulat ion over 
the b inary  system (lilnillisltes and becomes relat ively 
insignificant. A eoml)ination of ammonium dodecyl- 
benzene sulfonate, laurie (liethanolamide, and snlfated 
t r ideeyl  alcohol ethoxylate (4-mole adduct )  gave the 
best soft-water per formance  in this series. 

Combinations of ethoxylated derivatives were also 
evaluated (Figure  5). The best l)erformanee was given 
by a formulat ion containing ammonium dodeeylben- 
zone sulfonate and eqllal par ts  of the sulfated 4 moh: 
adducts  of nonyll)henol and t r ideeyl  alcohol. Al- 
though these t e rna ry  systems were equivalent  to the 
b inary  system in ze)'o and 360 p.p.m.-hardness water, 
they gave much bet ter  performance in intermediate  
hardness  water.  

in comparing all of the systems tested in this study, 
no one formulat ion was superior  at all water  hardness 
levels (F igure  6). Sulfated t r ideeyl  alcohol ethoxylate 
(4 mole) in combination with laurie diethanolamide 
and dodecylbenzene sulfonate was the best formulat ion 
in soft water. On the other hand, above approximate ly  
100 p.p.m.-har(hless a t e rna ry  system also containing' 
sul fa ted t r ideeyl  alcohol ethoxylate (4 mole) with 
sulfated nonylphenol  ethoxylate (4 mole) gave the 
best performance,  in  very hard  water  (360 p.p.m.) 
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O.O~ Wt. ~ Active 

15 Ammonium Dodecylbenzene 2ulfonate 5 5 i 
[ ]~ Ammonium Trldecyll~lyoxyethylene (i~) 
II~ Sulfate (Chlorosul fonlc ) 15 7-5 -- 
I~ Ammonium Nonylphenyll~lyoxyethy]ene (h) 
H n  Sulfate (2ulf~nle) -- "(.~ 7,5 

[O~ Tridecyl Alcohol - Ethylene Oxide .... {, 
I Adduct (1:15 ~le ratio) 

Isopropyl Alcohol 20 20 20 
Water 5o 50 )0  

~ 5~' LI~ ' 1oo ] 1 ' 25O 300 "e 2 
Water ItardJleaa, ppa 

l, 'm. 5. ] ) i s h w a s h i n g  f o a m - r e t e n t i o n  p e r f o r m a n c e .  

the differences between all systems, including binary 
systems, were relatively slnall. 

Effect of Sulfating Agc~,t. Laboratory sulfations 
of the ethoxylated adduets of tridceyl alcohol, lauryl 
alcohol, and nonylphenol have been carried out with 
stabilized sulfur trioxide, chlorosulfonic acid, and 
sulfamie acid. Trideeyl alcohol ethoxylates give essen- 
tially quantitative yields of sulfate with sulfamie acid 
and 95 99% yiehls with tile other sulfating agents. 
The l)oorest unl)lea(',hed color is obtained with sta- 
/)ilizcd sulfur trioxide. The alc<)hol cthoxylates gave 
lighter-colored sulfates than the corresponding nonyl- 
phenol adducts. 

Dishwashing performance of the sulfated alcohol 
ethoxylates was indepel~dent of the sulfating agent 
employed (Table IH) .  On the other hand, the nonyl- 
phenol ethoxylates must be sulfated with snlfamie 

TABLE I I I  

Influence of Various  Sulfat ing Agents  on Foam Stability, 
B inary  System, 4 Mole Adducts 135 p.p.m. 

Dishes washed 
Sulfat ing 

agent  SMfated ethoxyla~e 0.03% 0.05% 
Active Active 

Tridecyl alcohol ...................... SOs 16.5 27 
Nonylphenol ........................... SO~ 14.5 21 
Tridecyl alcohol ...................... C1S 0.~H 16 26.5 
Nonylphenol ........................... C1SO:~:H 13.5 22.5 
Tridecyl alcohol ...................... NtIeSOa:H 16.5 27.5 
Nonylphenol ........................... N~IeSOaI~ ] 6 26 

Formulation Wt. % 

Sulfated ethoxylate (ammonium salt) ...................... 15 
Ammonium dodeeylbenzene sulfonate ....................... 15 
Isopropy~ alcohol ........................................................ 20 
Water  ......................................................................... 50 

I 
3o 

25 

2o  

�9 . c ve 

A.=m~nium Dodecylbenzene Sulfonate 15 15 15 
Ammonium Trldecylpolyoxyethylene (4) 
Sulfate (Chlorosulfonlc) 15 7-5 7.~ 

Ammoni~ Sonylphenolpolyoxyethylene (~) 
2ul fate (Sulfamic) - 7.~ 

Laurie Dieth~nol~ide - 7,b 
[sopropyl Alcohol 20 20 ~!0 
Water 50 50 '50 

- I I 

510 i010 15[02001 2150 300 350 

Water Hardness, ppm 

F r o .  6. D i s h w a s h i n g  f o a m - r e t e n t i o n  p e r f o r m g ,  nee,  inttuenet> o f  
w a t e r  h a r d n e s s  on b i n a r y  a n d  t e r n a r y  s y s t e m s .  

acid in order to achieve maximum performance and 
good color�9 This limitation should enable the manu- 
facturer of sulfated alcohol ethoxylates to realize 
certain ec/momies through use of the less (~ostly sul- 
fating agents. 

Summary 

The foam stahility of several light-duty liquid dish- 
washing formulations containing sulfated ethoxylates 
of trideeyl alcohol, lauryl alcohol, and nonyll)henol 
have been compared. The effects of water hardness, 
sulfating agent, and ethylene oxide/hydrophobe mole 
ratio have been examined. In very soft water forrrm- 
lations containing alkanolamide and tridecyl ah;ohol 
derivatives were shown to be especially effective. At 
higher water-hardnesses, combinations containing sul- 
fated ethoxylates of tridecyl alcohol and nonylphenol 
performed best. Optimum ethylene oxide content for 
the sulfated trideeyl alcohol ethoxylates has been 
shown to be 4 to 5 moles/mole of alcohol regardless of 
water hardness or detergent concentration. The alco- 
hol ethoxylates were shown to be more tolerant of 
stronger sulfating agents with respect to product 
quality than the alkylphenol ethoxylates. 
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