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Abstract 
Mono-, di- and t r ie thanolamine sulfates of 

several different molecular weight alcohol ether 
sulfates were formula ted  into shampoos. The 
ethylene oxide content of the alcohol ethoxylates 
var ied f rom about 20 to 60%, al though 40% was 
usual. The shampoo formulat ion was 20% active 
ether sulfate and 5% foam stabilizer. Laur ic  
diethanolamide and amine oxides were used as 
foam stabilizers. 

The shampoos were tested for  quali ty and 
quant i ty  of foam, viscosity and  cloud point. 
Although no "hair  effects" tests were run, a 
l imited home use test was made. 

Alcohol ether sulfate shampoos are equal or 
superior  to several popular  commercial products  
on the basis of a laboratory  foam test. They are 
comparable in foam to alcohol sulfates in similar 
formulations. Cloud points of these shampoos 
were generally good. Amine oxide foam stabi- 
lizers reduced the cloud point  more than  the 
amide. Viscosities of the shampoos were readily 
controllable. Although the choice of alkanol- 
amine, alcohol molecular weight and degree of 
ethoxylation had some effect on these properties,  
none were highly crit ical;  this allows considerable 
leeway in their  selection. The home use tests 
assured us tha t  these shampoos were not ob- 
viously deficient in the desired "hair  effect" 
properties.  The l i terature records that  alcohol 
ether sulfates are prefer red  to alcohol sulfates 
for  low skin and eye irri tation. 

By vary ing  the free oil (unsulfated ethoxylate) 
content and making the p roper  choice of ether 
sulfate and foam stabilizer, br ight  and clear 
liquid shampoos with viscosities f rom about 10 
centipoise to over 50,000 centipoise were made. 
The lat ter  are essentially gels. Paste shampoos 
were also made f rom these ether sulfates. 

Introduction 

T 
HIS WORK EVALUATES the potential  use of ether 
sulfates in place of alcohol sulfates in shampoos. 

The effect on foam, cloud point  and viscosity f rom 
different amines, i.e., mono-, di- or t r iethanolamine as 
the base, the ethylene oxide content of the ethoxylate, 
alcohol molecular weight changes in the hydrophobe,  
the foam stabilizer used and the unsulfated mat te r  
level were studied. The reported lower skin i r r i ta t ion 
of ether sulfates (1,2) suggests that  this basic in- 
format ion will be useful in designing improved 
shampoo formulations.  

Experimental Procedures 
Test Procedures 

Foam is of p r i m a r y  interest  in evaluating shampoo 
formulations.  Our foam test is run  by st i rr ing 200 
ml of a 5% solution of the shampoo in a liter beaker 
for 1 rain with the revolving brush. I f  hair  clippings 
are to be used, 2 g are placed in the solution before 
stirring. A qualitative and quant i ta t ive evaluation 
of the foam is made immediately  and another  Js 

1 Presented at the AOCS ]~eeting, Chicago, October 1967. 
Now with Stepan Chemical Company, Northfield, Illinois. 

made af te r  the foam stands for several minutes. The 
evaluation comprises visual paired comparisons 
among products  tested within a short  period of time. 

Originally we ran the foam test by st irr ing a 5% 
solution of the shampoo with a mixmaster.  Then 
in an a t tempt  to get quant i ta t ive foam measurements,  
a method using a revolving brush in a graduated 
cylinder was used. I t  soon became evident that  foam 
quant i ty  was less meaningful  than  quality. Con- 
sequently, the graduate  was replaced with a beaker 
and we were essentially r ight  back where we started. 
Although foam test ing is somewhat subjective by 
this method, reasonable estimates of both foam qual- 
i ty and quant i ty  can be made. 

Soil in the form of hair  clippings can be added to 
observe its effects on foam. In  addition, the hair  
clippings serve to increase the sensitivity of the test. 
The hair  clippings have a strong foam depressing 
effect and exaggerate differences between samples. 
This means that  if  differences are not noted between 
samples run  without hair  the addit ion of hair may  
show differences. Thus samples are usually tested 
without hair  clippings first and then rerun with the 
hair clippings if no differences are seen. 

A major  disadvantage to the use of hair clippings 
is the lack of homogeneity which makes replicate 
runs necessary. This defect can be somewhat re- 
duced by chopping and mixing the hair  as much as 
practical.  The use of a synthetic soil might be even 
more practical.  

In  addit ion to foam, we measured viscosity and 
cloud point  of the shampoo. Viscosity measurements 
were made with a Brookfield Viscometer. Cloud point, 
a measure of solubility, was determined by cooling 
in a jacketed tube in an isopropanol-dry ice bath  
with constant agitat ion until  a cloud formed. 

Al though no "hair  effect" tests were run, a limited 
home use test elicited favorable reports,  assuring us 
that  these shampoos were not obviously deficient. 

Sample Preparation 
The mono-, di- and tr iethanolamine sulfates used 

in this work were made by sulfat ing the ethoxylate 
with chlorosulfonic acid and neutral izing with the 
desired alkanolamine. 1.03 mole of the acid is added 
to a mole of ethoxylate in a three-neck Morton flask 
equipped with a stirrer.  The reaction product  is 
posts t i r red and blown with d ry  a i r  or nitrogen 10 

T A B L E  I 

l~oam of Shampoos Containing 20% Ether Sulfate ,  5 %  F o a m  Stabilizer 

F o a m  stabilizer 

Hydro- Base L a u r i c  C1~ 
ph°bea diethanol- Alkyldimethyl 

None amide amine 
oxide 

Clo14 T E A  ........ Very good Excellent 
C~14 T E A  ........ Very good Excel lent  
C 1 ~  T E A  Good Very good Excellent 
C1412 D E A  Good Very good Excellent 
014~ H E A  Good Very good Excellent 
C14~ M E A  C~  alkyldimethyl Very good 

amine oxide 
Commercial shampoo "P" Excellent 
Commercial shampoo "H" Very good 
Commercial shampoo "B" l~air to good 

a All ethoxylates had 40% ethylene oxide. 
1014  is 3 0 %  Clo, 4 0 %  C~, 3 0 %  C24 alcohol blend.  
1214  is 55 % C~, 45 % C1¢ alcohol blend.  
1412 is 3 5 %  C~, 6 5 %  Cla alcohol blend. 
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T A B L E  II 

Effect  of E thy lene  Oxide  Content  on F o a m  of 2 0 %  A c t i v e / 5 %  
F o a m  Stabi l izer  Shampoo  

W A T A N A B E  A N D  G R O V E S :  A L C O H O L  E T H E R  S U L F A T E S  I N  S H A M P O O S  

T A B L E  I V  

Effect  of F r e e  Oil on Cloud P o i n t  of Shampoo  

A;kanol-  Cloud point,  °F  
T E A  C~.,1~ alcohol e ther  su l fa te  amine 

I tyd ro -  to F o a m  H i g h  L o w  
% EO F o a m  F o a m  phobe a neut ra l -  s tabi l izer  f ree  f r ee  

s tabi l izer  w i t h  ize oilb oil b 
soil E S  
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11 L D E A  Excel lent  Clo14 T E A  L D E A  
28 L D E A  V e r y  good Clo14 T E A  C14 A m i n e  oxide 
40 L D E A  V e r y  good C~1~ T E A  L D E A  
60 L D E A  Good C14a~ D E A  L D E A  
11 C14 a m i n e  oxide Excel len t  C~4~ D E A  C14 A m i n e  oxide 
28 C14 amine  oxide Excel lent  
40 C1~ amine  oxide Excel len t  a All e thoxyla tes  h a v e  4 0 %  ethylene oxide. See Table  I for  alcohol 
60 C1~ amine  oxide Excel len t  d i s t r ibu t ion  of blends.  

b Va lues  in  p a r e n t h e s e s  a re  f ree  o i l / ac t ive  levels for  the  ether 
sulfa tes .  

rain to facil i tate the removal of tIC1. The acid is 
neutralized by pour ing into the selected alkanol- 
amine, observing the usual precautions. 

The ether sulfates had a p H  f rom 7.0-7.5 and 
were 30% aqueous solutions or 40% active pastes. 
The unsulfated compounds, except where noted, were 
3.5-5.0% based on active content. 

The shampoo formulat ion contained 20% active 
sulfate and 5% foam stabilizer. The ingredients 
were combined and st irred unti l  dissolved. Hea t  is 
helpful  in effecting solution. 

Discussion 
:Foam 

The foam of three popular  commercial shampoos 
were run  to provide a basis for  comparison. Dif- 
ferences among the commercial products  could be 
observed by feel, bubble size, stability, thickness and 
viscosity of the foam. 

Among the first objectives in evaluating ether 
sulfates in shampoos was to observe differences caused 
by the foam stabilizer and compare experimental  
formulat ions with commercials. 

The data in Table I show tha t  the foam stabilizer 
has a significant effect on foam. The use of laurie 
diethanolamide showed a noticeable improvement  in 
foam quality. Tetradecyl  dimethyl  amine oxide is 
even more effective, giving an extremely luxurious 
foam, comparable to the foam produced by the best 
commercial shampoo we observed. Dodecyldimethyl  
amine oxide is only about  as effective as tile tauric 
diethanolamide. The te rm "very  good" describing the 
amide stabilized samples is descriptive of the second 
best commercial shampoo as based on our foam 
preference. These data show that  the use of different 
alkanolamine as the cation has no effect on foam 
stabil i ty or less than can be detected by the foam 
test used. Similar ly the alcohol base used for the  
ether sulfate had no effect on foam. Thus f rom the 
foam quali ty s tandpoint  there is considerable lat i tude 
in the selection of the alkanolamine ethoxy sulfate 

T A B L E  I I I  

Effect  of F o a m  Stabi l izer  on Shampoo  Cloud Po in t s ,  ° F  

F o a m  Stabi l izer  

H y d r o -  Alkanol-  C14 
phobe a a m i n e  None  L D E A  Amine 

Oxide  

CioI~ TEA 30 56 
C~1~ T E A  30 68,64 
C1~1~ D E A  30 55 
Ca~14 M E A  30 50 
Cm'z TE  A 30 30 70 
C14~ D E A  30 30 56 
Cm_,2 I ~ E A  30 32 47 

Commerc ia l  " P "  40 
Commerc ia l  " H "  23 
Commerc i a l  "'B'" 22 

a All e thoxylates  h a d  4 0 %  ethylene oxide.  See Table  I for  alcohol 
d i s t r ibu t ion  in  blends.  

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

and such a selection could be based on factors  outside 
of foam performance.  

The ethylene oxide content of the ethoxysulfate 
affects the foam of the shampoo. The data in Table 
I I  show tha t  increased ethoxylation has an adverse 
effect on foam when laurie diethanolamide is the 
stabilizer but  not when tetradecyl  dimethyl  amine 
oxide is used. This points out the importance of 
considering the entire formulat ion when evaluating 
one variable. 

S o l u b i l i t y  

The foam stabilizer used has a great  effect on the 
cloud point of the shampoo. All of the shampoos 
made with laurie diethanolamide have cloud points 
below 32F. There is no apparen t  effect f rom the 
other variables. Tetradecyl  dimethylamine oxide 
stabilized shampoos have cloud points above freezing 
and effects of the other variables on cloud point  can 
be seen. In  Table I I I  we see that  monoethanolamine 
sulfate shampoos have the lowest cloud point  while 
the t r iethanolamine gives the highest. Also there is 
an increase in cloud point  with an increase in the 
molecular weight of the base alcohol. 

The free oil content has very little effect on the 
cloud point as shown in Table IV. This means tha t  
cloud point specification will not restrict  the use of 
free oil to adjust  viscosities of the finished shampoo. 

As is generally known, increased ethylene oxide 
content helps solubility. This applies to the shampoos 
containing amine oxide foam stabilizer as shown 
in Table V. 

V i s c o s i t y  

The choice of the alkanolamine has a noticeable 
effect on the viscosity of the shampoo. The data in 
Table V I  show tha t  t r ie thanolamine sulfate gives the 
least viscous and the monoethanolamine sulfate gives 
the most viscous shampoo. 

Amine oxide stabilized shampoos are more viscous 
than  the laurie diethanolamide stabilized shampoo. 
Therefore this can be another  advantage in the use 
of amine oxide over laurie diethanolamide. 

These differences can be drawn with assurance 
f rom the data, but  the apparen t  difference in viscosity 
between alcohol bases should not be given significance. 

T A B L E  V 

Effect  of E thy lene  Oxide  Conten t  on Cloud P o i n t  of Shampoo  f r o m  
C~1~ Alcohol T E A  E t h e r  Sul fa tes  

Cloud point ,  °F  
% E O  

L D E A  C~ A m i n e  oxide 

17 28 70 
28 28 66 
40 30 62 
60 28 54 
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T A B L E  V I  

Effect of Atkanolamine  on Viscosi ty of Shampoos 

Hydro-  Alkanol- 
phobe a amine  

J O U R N A L  O F  T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  V O L .  45  

T A B L E  VIII 

Shampoo Viscosity as a F u n c t i o n  of Free  Ethoxyla te  
in  E the r  Su l fa te  

Viscosity in cp. 
foam stabil izer  Shampoo composition 

None L D E A  Amine  %a % % Viscosity, 
Unsu l f a t ed  Nonionic  cp. oxide Ether L D E A  
ethoxylate in  total 

10 17 63 sulfate added b active 
12 20 154 
12 90 960 16 1.1 6 4 5 15 
.... 15,22 120,246 13,6 3.9 22.3 5 175 
.... 59 633 12.4 5.4 30.4 5 1580 
.... 170 2930 11.2 6.8 37.8 5 ~ 5 0 0 0  
.... 13 18 

a Ether sulfate is  monoe thanolamine  neutralized sulfate of 1214 
alcohol plus 4 0 %  ethylene oxide. 

b Ethoxyla te  is that used to make the ether sulfate. 

C14~ T E A  
C z ~  D E A  
G l ~  MEA  
C~14 T E A  
C~x.~ D E A 
G~¢4 M E A  
01o14 T E A  

a All ethoxylates had  4 0 %  ethylene oxide. See Table I for alcohol 
d i s t r ibu t ion  of blends. 

Although very large, the difference could be due to 
variables in ethoxylation or sulfation as well as 
alcohol hydrophobe. The unsulfated mater ial  is lower 
on the series with the Cle14 and C1614 alcohols than  
on the C1412 alcohol series (Table IV) .  This only 
confuses the analysis of viscosity/alcohol or free oil 
relationship. We must  assume tha t  there may  be 
an alcohol/free oil effect which we cannot define 
without more data. 

We also feel that  the ethoxylation level of the 
ether sulfate could have an effect on the shampoo 
viscosity. Two series made at  vary ing  levels of 
ethylene oxide in the ether sulfate are shown in 
Table V I I .  The free oil analysis of the ether sulfate  
is also shown. While these products  all have low 
levels of unsulfated ethoxylate it does suggest tha t  
free oil may affect viscosity. 

There is no consistent relationship between 
ethylene oxide level and viscosity as shown. In  some 
cases free oil appears  to have an effect on the re- 
sults and in general the lower levels of ethylene 
oxide give higher viscosities. We would not be able 
to predict,  however, the viscosity effect for any 
projected series. 

We have seen that  free oil (unsulfated ethoxylate) 
very likely affects viscosity of the shampoo. 

Some high free oil products  were p repared  and 
evaluated for  foam. No obvious differences were 
seen between the high and low free oil samples. 
These tests inferred that  as much as 15% of the 
active content can be unsulfated nonionic without  
detract ing f rom foam. Table V I I I  shows intentional 
blends of ether sulfate and unsulfa ted nonionic and 
demonstrates the continued increase in viscosity with 
higher ratio of nonionic to ether sulfate. 

The relationship of f ree  oil and foam stabilizer on 
viscosity is shown in Table IX.  

Observe that  the viscosity increase caused by the 
high free oil is dependent  on the presence of a foam 
stabilizer. Neither  the extra free oil nor laurie 
diethanolamide causes a marked  increase in viscosity 
with this ether sulfate, but  a combination of the two 

T A B L E  V I I  

Effect of Ethylene  Oxide Content  on Viscosi ty  of Shampoo 

% EO % Free oil 
Viscosity, cp. 

L D E A  AO14 

TEA C1214 Alcohol ether sulfates 
17 3.88 2 7 ( 1 8 )  ~ 400 
28 2.02 60 1,100 
40 5.24 2 8 ( 2 0 )  350 
60 5.91 2 8 ( 5 2 )  50 

MEA Cle Alcohol ether sulfates 
0 6.5 5,800 26,000 

11 4.9 12,400 54,000 
26 2.7 3,200 15,200 
40 7.0 450 2,100 

a F igu re s  in  parentheses  are f rom duplicate products. 

produces a substantial  increase. On the other hand, 
a high free oil is not needed to get the viscosity boost 
f rom amine oxide. 

While it is possible to increase the viscosity of 
these shampoos with sodium chloride, most of the 
shampoos so thickened did not remain clear and 
b r i g h t - - t h e y  developed a slight haze. While this 
would not be a disadvantage in an opacified type 
shampoo, it  would be a prohibit ive disadvantage in 
the clear liquid type. 

A shampoo should have excellent foam and as low 
as possible cloud point. Viscosity may  va ry  with 
sales objectives. Upon reviewing our data  we find 
that  with an  amine oxide stabilizer we can obtain 
excellent foam at  any  of several levels of ethylene 
oxide in the ether sulfate. With  an amide stabilizer, 
foam is bet ter  as the ethylene oxide level decreases. 

Cloud point  with the amide stabilizer is not a 
problem. With  an amine oxide we pre fe r  a mono- 
ethanolamine ether sulfate  and a higher ethylene 
oxide level. Free  oil up to about 15% on the total  
active should not cause a problem with either foam 
or cloud point. 

Table X lists compositions using each foam stabi- 
lizer to give the max imum range of viscosity con- 
sistent with sat isfactory foam and cloud point. I t  
is obvious tha t  a commercial product  of any  desired 
viscosity should be obtainable using either of the 
foam stabilizers and an ether sulfate f rom an ap- 
propr ia te  combination of alcohol, ethylene oxide, 
alkanolamine to neutralize and free oil. 

P a s t e  S h a m p o o  

A cursory investigation was made into the suit- 
abili ty of using ether sulfates in paste shampoos. 
They were made as 20% active with stearic acid 
and sodium hydroxide to form sodium stearate as 
the hardening agent. 

The foam response of these shampoos gave com- 
para t ive ly  the same differences among products  that  
the liquid shampoos gave. Differences due to foam 
stabilizer or degree of ethoxylation were of the same 
visual order as on liquids. However,  the paste sham- 
poos gave less foam volume and higher density with 
smaller bubble size. 

E thoxy  sulfates were basically no different f rom 
the alcohol sulfates in fo rming  a paste. The texture 
of the ethoxy sulfate shampoos was different f rom 

T A B L E  I X  

Free Oil and Foam Stabi l izer  Effect on Viscosi ty 

~ormulation number i 2 S 4 5 

TEA-"ALFONIC" 1412-40 ES, % 20 20 20 17 20 
Unsulfated Ethoxylate,  % 5 3 .... 
LOEA, % :::: ~ .... 5 .... 
Dodecyldimethyl Amine  Oxide, % 5 
H~O, % s5 ~5 75 ~5 75 
Viscosity, cp. 10 50 45 1015 750 
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TABLE X 

Predicted Optimum High  and Low Viscosity Shampoos 

W A T A N A B E  A N D  G R O V E S :  A L C O H O L  E T H E R  S U L F A T E S  I N  S H A M P O O S  

Alcohol E.0 .  AlkanoI- % Foam Vis- 
level amine Free  oil stabi- Cloud in E.S. lizer pt. °F cosity cp. 

1214 17 TEA 5 L D E A  28 24 
1214 17 ]~EA 16 L D E A  33 3450 
1014 40 )£EA 5 AO 35 36 
1214 40 MEA 14 AO 49 8000 

those of the alcohol sulfate shampoos but could not 
be described as being necessarily better or worse. 

In  the formation of these paste shampoos the cation 
of the sulfate has a very significant effect. The mono- 
and diethanolamine and sodium sulfates formed 
pastes while the triethanolamine sulfate did not do 
so consistently. The sodium sulfate seems to work 
best followed by the diethanolamine sulfate and mono- 
ethanolamine in that  order. The amine sulfate sham- 
poos are inclined to be gummier than the sodium. 

Penetration tests were run on some of these sam- 
ples to determine difference in hardness as a func- 
tion of the sulfate and amount of soap. As the re- 
sults in Table X I  show, it is possible to attain a 

TABLE XI  

Penetration of Pas te  Shampoos, 0.1 mm a 

Type sulfate b Foam 
stabilizer 

Amount  sodium stearate  
in shampoo 

10% 5% 2 .5% 
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Na C~4~ Ether  Sulfate None 141 
Na C2~ Alcohol Sulfate None 185 
Na C1~ Ether  Sulfate 5% L D E A  171 
TEA C~14 Alcohol Sulfate None Liquid 
TEA C~z4 Alcohol Sulfate 5 % L D E A  Liquid 
TEA C~_4 Ether  Sulfate 5 % A014 Liquid 
DEA C~1~ Ether  Sulfate None 245 

Commercial Pas te  Shampoo t IC 
Commercial Pas te  Shampoo LO 
Commercial Paste  Shampoo NT 

295 Too soft 
237 

325 
325 
295 

a Value is depth of penetration, so low value is stiffest. 
b Ether  sulfates have 40% ethylene oxide, alcohol blends are 

described in Table I.  

hardness about equal to those of commercial paste 
shampoos by adjusting the soap content. The test 
used was the Shell modification of the Cone Penetra- 
tion Test, ASTIV[ D217, using a half  scale cone. 
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