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ABSTRACT AND SUMMARY 

The process for the sulfation of tallow isopropano- 
lamide or of a 50:50 mixture of tallow diglycolamide 
and isopropanolamide with chlorosulfonic acid was 
studied. The major obstacle to complete and uniform 
sulfation was the high viscosity of the sulfation mix. 
This could be overcome most advantageously by 
cosulfation with lower molecular weight alcohols, 
preferably isopropanol. The most fluid reaction mix 
and product were prepared from the mixed amides. 
No chlorinated solvent is required for such cosulfa- 
tions. 

I NTRODUCTION 

Soap compounded with various anionic lime soap dis- 
persing agents (LSDA) has been found to wash fabric in 
hard and soft water as efficiently as commercial high phos- 
phate detergents (1). Among the anionic LSDAs studied, 
the sulfated tallow alkanolamides appeared attractive from 
a performance as well as from an economic point of view. 

Since monoethanolamine is the least expensive alkanol- 
amine, a sulfated tallow monoethanolamide would appear 
to be the most likely candidate for a practical lime soap 
d i s p e r s a n t .  H o w e v e r ,  the  sulfated fatty monoeth- 
anolamindes were found to be less hydrolytically stable 
than the sulfated fatty monoisopropanolamides (2). On the 
other hand, sulfated fatty diglycolamides were found to be 
substantially more stable than either the above (3,4). A 
sulfated 50:50 mixture of the isopropanolamide and di- 
glycolamide of tallow fatty acid appeared to be the most 
suitable lime soap dispersant of the sulfated alkanolamide 
class (5). 

The sulfated fatty alkanolamides were first synthesized 
over forty years ago (6,7) and were found to be effective 
detergents. This type of surfactant has been produced inter- 
mittently on a commercial scale with the aid of a variety of 
sulfation techniques with varying degrees of success. Ac- 
cording to Dutton and Reinisch (8), it is extremely difficult 
to control the sulfation procedure to insure that the 
product is free from undesirable by-products which impair 
efficiency. It is unusual for fatty alkanolamides to achieve 
maximum sulfation. There are several reasons for this: (a) 
The high viscosity of the molten alkanolamides prevents 
effective mixing with the sulfating agent which is usually 
chlorosulfonic acid; (b) the resulting unneutralized sulfated 
alkanolamides are even higher melting and much more 
viscous than the alkanolamides so that intimate contact 
with the sulfating agent is increasingly impeded; and (c) 
neutralization of such hot viscous material is difficult and 
slow, and a substantial amount of hydrolysis may occur 
during this step. The viscosity problems can be partially 
alleviated by sulfation at high temperatures (60-100 C), 
which leads to charring and side reactions (9). The use of 
large amounts of inert solvents such as dichloroethane, 
methylene chloride, carbon tetrachloride or 1,1,1-trichloro- 
ethane, eliminates the viscosity problem and the need for 
elevated temperatures. However, removal of solvents from 
such surfactant solutions by distillation is difficult and im- 
practical on a commercial scale. Thus the solvent would 
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have to remain in the product which would add to its cost, 
and removal of the solvent in the subsequent spray drying 
of the finished detergent slurry would cause a substantial 
safety and environmental hazard. Sulfation of a 50:50 mix- 
ture of isopropanolamide and diglycolamide of tallow fatty 
acid, as mentioned above, resulted in a product of improved 
hydrolytic stability (5). In addition, because of the lowered 
melting point of the mixed amide and lower viscosity of the 
sulfated product, some of the processing difficulties could 
be alleviated. However, some chlorinated solvent was still 
required to effect smooth sulfation. 

Because of the attractive lime soap dispersing and deter- 
gency properties of the sulfated alkanolamides, the present 
process study was undertaken with the following three 
objectives: (a) Elimination of use of chlorinated solvent, (b) 
achievement of high sulfation yields, and (c) at tainment of 
industrially feasible reaction conditions of low viscosity and 
moderate temperatures. These goals were reached most 
readily through cosulfation of the amides with low 
molecular weight alcohols as is shown below. 

EXPERIMENTAL PROCEDURE 

Materials 

Methyl esters of tallow fatty acids (TE1618) were sup- 
pried by Procter and Gamble Chemical Division, Cincinnati, 
OH. 1-Amino-2-propanol (isopropanolamine) was pur- 
chased  from Aldrich Chemical Co., Milwaukee, WI. 
2(2-Aminoethoxy)-ethanol (diglycolamine) and chlorosul- 
fonic acid were obtained from Matheson, Coleman and Bell, 
Norwood, OH. 

Synthesis 
Preparation of  tallow alkanolamides: Methyl tallowate, 

16.70 g (6.1 moles), and 1-amino-2-propanol, 490 g (6.2 
moles), were heated at 145-155 C with stirring under nitro- 
gen atmosphere for 18 hr or longer until  an IR spectrum 
indicated a low amount of ester present, according to the 
calibration curve described below. Vacuum was then ap- 
plied to remove methanol and unreacted 1-amino-2- 
propanol. Yield = 1,960 g (98% yield) containing 3% un- 
reacted ester and 3% free amine. Tallow diglycolamide was 
prepared similarly from methyl tallowate and 2(2-amino- 
ethoxy)-ethanol in 98% yield and contained 2% unreacted 
ester and 2% free amine. Mixed tallow alkanolamide, a 
50:50 mixture of the tallow monoisopropanolamide and 
tallow diglycolamide prepared simultaneously, was ob- 
tained in 97.3% yield and contained 2% ester and 2% free 
amine. The alkanolamides are very hydroscopic and care 
must be taken to avoid moisture adsorption from the air. 

Sulfations: The following serve as examples of the sulfa- 
tion procedure used. 

Neat sulfation: Tallow isopropanolamide, 100.2 g (0.305 
mole), was sulfated with chlorosulfonic acid, 42.7 g (0.37 
mole), at 55-60 C over a period of 80 min. The sulfated 
amide was quite viscous and was heated at 65 C so that it 
could be removed from the reaction flask. Hydrogen 
chloride vapors were removed by application of slight 
vacuum. Potassium hydroxide, 25 g (0.45 mole), dissolved 
in 20 ml distilled water and 20 g isopropanol, was required 
for neutralization to pH 9-9.5. This product was dark 
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T A B L E  I 

Reac t i on  Cond i t ions  and Analyses ,  Su l fa ted  Ta l low A l k a n o l a m i d e s  

VOL. 54 

N u m b e r  
T y p e  o f  

t a l low am i de  

%a Reac t ion  Acid  su l fa ted  Ac t ive  
Cosu l fa t ion  1,1,1- T e m p e r a t u r e  amide  l iquid Ing red ien t  

a lcohol  %a T r i c h l o r o e t h a n e  C at C Solid 
% 

Sulfa t ion  

1 I s o p r o p a n o l a m i d e  
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

Mixed a lkano lamides  

. . . . . . . . .  60 b 65 0 .46  53 

. . . . . .  80 45 b 60 0.41 53 
Methano l  10 25 40 40 0 .70  105 
E t a h n o l  10 25 40  40 0 .86  105 
I sop ropano l  10 25 45 40 0 .83  95 
I s o b u t a n o l  10 25 40 40 0 .83  100 
2 - E t h y l h e x a n o l  10 25 45 50 0 .89  102 
Terg i to l  15-S-12 c 12 10 45 b 65 0.42 52 
Methano l  10 --- 45 45 0 .60  85 
Methano l  15 - -  40 30 0 .59  93 
I s o p r o p a n o l  10 --- 45 55 0 .69  87 
I s op ropa no l  15 - -  40 40 0.51 80 
I s op ropa no l  20 --- 40 30 0 .53  82 
n -bu tano l  10 --- 40 50 0 .67  88 
I sobu tano l  20 - -  40 30 0 .57  86 
2 -bu tano l  10 - -  45 55 0.51 77 
2 -bu tano l  20 --- 40 30 0 .49  75 
I s o p r o p a n o l  10 25 45 35 0 .66  94 
l s op ropa no l  15 --- 4S 35 0 .66  88 
I sop ropano l  20 --- 40 20 0.61 91 
n -bu tano l  10 --- 40 25 0 .80  99 
n -bu tano l  15 --- 40  23 0 .60  86 
C a r b o w a x  200  d 10 --- 50 b 60 0 .43  60 

aBasis we igh t  o f  amide .  

bSol idif ied at  r eac t ion  t e m p e r a t u r e .  

CTergitol 15-S-12, U n ion  Carb ide  Corp. ,  N o n i o n i c  con ta in ing  C 11-C15 alcohols  plus  12 moles  e t h y l e n e  oxide.  
d C a r b o w a x  200 ,  U n i o n  Carbide  Corp . ,  P o l y e t h y l e n e  glycol  average  mo lecu la r  we igh t  200 .  

T A B L E  II  

Degree o f  Sul fa t ion  

Chlorosu l fon ic  acid 

A l k a n o l a m i d e  + I s o p r o p a n o l  
m o l a r  ra t io  % Sul fa t ion  a 

1.00:1 76 
1 .05:1  89 
1.10:1 93 
1.15:1 98 
1.20:1 102 

a D e t e r m i n e d  by  Cahn  Test  M e t h o d  (10).  

colored. Y'ield: 203.1 g of  a solution containing 36.2% 
active ingredient and corresponding to 53.2% sulfation. 

Cosulfation procedure: The mixed tallow alkanolamide, 
108.4 g (0.32 mole), was melted (about 50 C) and isopro- 
panol, 20 g (0.33 mole), was added. The mixture was 
cooled to 40 C and chlorosulfonic acid, 92.1 g (0.78 mole), 
was added dropwise over a 75 rain period. Rapid chlorosul- 
fonic acid addition causes a severe foaming problem due to 
the generation of excessive amounts of hydrogen chloride 
gas. The reaction temperature was maintained at 40-45 C 
by means of a cold water bath. Upon completion of  addi- 
tion, agitation was continued at 30-40 C for a half hour 
while HC 1 vapors were removed under a slight vacuum. A 
small sample was removed, neutralized to pH 8-9, and an- 
alyzed for active ingredient content by cationic titration. 
An active ingredient content of 66.3% corresponds to 100% 
sulfation. A 95-100% sulfation was desirable. If the sulfa- 
t ion yield of  the unneutralized sulfated alkanolamide was 
below 95%, more chlorosulfonic acid was added until 95% 
was attained. 

The sulfated alkanolamide was neutralized continuously 
with potassium hydroxide with a potassium cabonate buf- 
fer system. Potassium carbonate, 14 g (0.1 mole), was dis- 
solved in 15 mt distilled water, cooled at 20 C, and placed 
in a four neck, 1 liter round flask. Potassium hydroxide, 
50 g (0.9 mole), was dissolved in 50 ml distilled water, 

cooled to 20 C, and placed in an addition funnel. The 
hydroxide solution was added to the carbonate solution as 
needed. The sulfated mixed tallow alkanolamide, which was 
quite fluid at room temperature, was poured in a thin 
stream into the alkaline solution, the temperature of which 
was maintained at 25-30 C. The potassium hydroxide solu- 
tion was added in about ten increments at a point when the 
reaction mass began to effervesce. Isopropanol (80 g) was 
added in portions to the neutralization mixture in order to 
reduce viscosity. A total  of  47.9 g of  potassium hydroxide 
was required for neutralization to pH 9-10. Hydrogen 
peroxide, 5 g of  a 30% solution, was added to bleach the 
product. Adequate provision must be made for foaming 
encountered in this step. The product was a soft paste 
which liquified at 30-35 C. Yield = 321 g containing 42.7% 
active ingredient corresponding to 91% of theory, solids 
content 70.2%. Other cosulfations were run similarly, and 
the reaction conditions and yields are shown in Table I. 

Variation of chlorosulfonic acid/amide 
and Isopropanol Ratio 

A series of cosulfation experiments of  tallow isopro- 
panolamide and isopropanol in the presence of 25% 
1,1,1-trichloroethane was carried out in which the ratio of  
chlorosulfonic acid to alkanolamide plus isopropanol was 
changed and the degree of sulfation was determined (Table 
II). 

Alcoholysis 
The stability at 40-45 C of the unneutralized sulfated 

taUow isopropanolamide as a function of time was estab- 
lished in the following manner. Samples were withdrawn at 
1 hr intervals from the sulfated reaction mixture and neu- 
tralized rapidly to pH 8-9. Each sample was then analyzed 
for active ingredient by cationic ti tration according to Cahn 
(10). The extent of transesterification of the acid sulfate 
with isopropanol was studied in the following manner. Iso- 
propanol, 10 g (0.17 mole), was added to 0.16 mole of  
unneutralized sulfated tallow isopropanolamide and the ac- 
tive ingredient content after fixed time intervals was deter- 
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mined as indicated above. The results are shown in Figure 
I. 

Analyses 

Free amine content of tallow alkanolamides was de- 
termined according to AOCS Test Method Nb 3-62. 

Free ester content of  alkanolamides was determined 
with the aid of a standard calibration curve from IR Spectra 
(ester absorption at 5.75/1 and amide at 5.95p) of known 
blends of amide and methyl tallowate. Purified stearic 
monoisopropanolamide, containing methyl tallowate at 
levels of  2.5, 5.0, 7.5, and 10%, respectively, was dissolved 
in chloroform, 2 g/100 ml total concentration, and the rela- 
tive intensity of  absorption was measured in a 0.5 mm cell 
in a Perkin-Elmer 257 Infrared Spectrophotometer.  The 

ratio of absorption intensities ester 5.75/2 plotted against 
amide 5.95/2 

the mole ratio" amid'~eester formed a straight line. The calibration 

curve is given in Figure 2. 
Percent active ingredient (a.i.) and degree of  sulfation 

were determined by titration with 0.001 N solution of  H3~a- 
mine 1622 (Rohm and Haas Co., Philadelphia, PA). 
Sulfated tallow alkanolamide, 0.5 g, was neutralized with 
sodium bicarbonate to pH 7, and the volume was made up 
to 1 liter with distilled water. A 10 ml aliquot, together 
with 10 ml chloroform, was placed in a 50 ml stoppered 
graduate cylinder and the indicator, 2,7-dichloro fluores- 
cein (0.1% in 70% ethanol), 5 drops, was added. The end 
point was reached when the chloroform layer became 
slightly pink. 

lO ml x N x Titer x Molecular We!ght (Sulfated Amide) % a.i.  = 
Sample Weight 

% a . i .  x 1 0 0  
% of sulfation - 

% theoretical a.i. 

Physical and Surface Active Properties 

The following two tests were carried out on each sample 
for "qual i ty  control"  purposes. 

Lime soap dispersant requirement (LSDR) was deter- 
mined according to the method of Borghetty and Bergman 
(11). 

Detergency measurements were carreid out in 300 ppm 
hard water in the Tergotometer at 120 F with three types 
of test soiled cloths, EMPA 101 cotton (EMPA, St. Gallen, 
Switzerland.), (EMPA), U.S. Testing Company Cotton 
(Hoboken, NJ) (UST), and Testfabrics (Middlesex, N J) 
polyester-cotton blend with permanent press finish (TF). 
The tests were carried out as described in previous publica- 
tions by Well and co-workers (4,12)o Solutions of 0.2% 
detergent in 300 ppm hard water were prepared of  ternary 
mixtures containing 65% tallow soap, 20% lime soap dis- 
persant, and 15% sodium silicate (Na20:SiO 2 = 1.:1.6). 
The detergency and LSDR data of  all samples which were 
obtained in greater than 70% sulfation (see Table I) were 
identical within the limits of experimental error and are not 
shown. 

RESULTS A N D  DISCUSSION 

Since purification of the intermediate alkanolamides or 
of the finished sulfates is not feasible, it is extremely im- 
portant that the reactions be run to completion as much as 
possible. The presence o f  unreacted fatty ester can depress 
detergency. Unreacted alkanolamine, residual methanol,  
glycerol, or moisture in the amide would require additional 
sulfating agents and give rise to inert nonsurface active 
by-products. 

The fatty alkanolamides were prepared either from tal- 
low fatty acid or methyl tallowate by conventional techno- 
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FIG. 1. Stability of sulfated tallow isopropanolamideat 40-45 C. 
Curve A - after addition of 0.17 mole of isopropanol; Curve B - no 
addition. 
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logy. When fatty acid was used, a reaction period of 4-5 hr 
at 140-150 C was generally adequate to attain a 91% com- 
pletion of  the reaction�9 The course of  the reaction was 
followed easily by free fatty acid titration. Since amidation 
of  the acids leads to by-products as disclosed by Garrison et 
al. (13), the amidation of ester was the preferred route. 
Amidation of  the methyl  ester required usually 15-18 hr to 
reach a 98% completion of the reaction. Use o f  an alkaline 
catalyst did not offer any tangible advantage. Residual ester 
was determined by IR absorption spectroscopy with the aid 
of  a calibration curve as shown in Figure 2. Preparation of 
the amides directly from tallow glyceride offers no ad- 
vantage, since the glycerine formed in the reaction must be 
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washed ou t  t h o r o u g h l y ,  wh ich  is a t ed ious  p rocedure .  A 
typ ica l  a l kano l amide  in th is  s t udy  c o n t a i n e d  up  to  3% 
m e t h y l  es ter  or  f a t t y  acid and  up  to  3% u n r e a c t e d  amine .  

Since the  t a l low derived hydrophobic p o r t i o n  of  t he  sur- 
f a c t an t  molecu le  con ta ins  some  u n s a t u r a t i o n ,  a t t a c k  b y  t he  
sulfa t ing agent  u p o n  the  doub le  b o n d  can occur ,  a l t h o u g h  
Weil et  al. (3)  f o u n d  tha t  the  presence  o f  the  amide  group  
gives some p r o t e c t i o n .  We have  observed  t h a t  w i t h  a suffi- 
c ient  excess of  ch lo rosu l fon ic  acid,  yields of  su l fa t ion  above  
100% [as d e t e r m i n e d  by  ca ton ic  t i t r a t i o n  (10) ]  can be  ob-  
t a ined ,  which  ind ica tes  the  p resence  of  m o r e  t h a n  one  
an ion ic  f u n c t i o n a l  g roup  in t he  molecule .  We have experi-  
m e n t a l l y  d e t e r m i n e d  t ha t  20% mola r  excess o f  chlorosul-  
fonic  acid resul ts  in  a su l fa t ion  yield of  95-100% (Table  II) ,  
and  d i su l fa t ion  (o r  s u l f ona t i on )  is kep t  to  a m i n i m u m .  Sub-  
s equen t  su l fa t ions  were carr ied ou t  using th i s  m o l a r  excess 
of  ch lo rosu l fon ic  acid.  

In  an ef for t  to  lower  the  viscosi ty  of  the  unneu t r a l i z ed  
su l fa t ion  mix tu re ,  in i t ia l ly  i s op r opano l  was added  to  the  
u n n e u t r a l i z e d  p roduc t .  U n f o r t u n a t e l y ,  as Figure  1, Curve 
A, shows,  a lcoholys is  set in i m m e d i a t e l y  so t h a t  the  act ive 
an ionic  su r f ac t an t  c o n t e n t  of  the  p r o d u c t  was r educed  un t i l  
an equ i l ib r ium was a t t a ined  b e t w e e n  the  a lkano lamide  sul- 
fate and  i sopropy l  sulfa te .  This  equ i l ib r ium at  75% was 
u n e x p e c t e d  bu t  was no t  exp lo red  fu r the r .  The  un-  
neu t ra l i zed  sul fa ted amide  was qui te  s tab le  at  40-45 C, as 
ind ica ted  by  Curve B. 

The  results  of the  var ious su l fa t ions  are s u m m a r i z e d  in 
Table  I. Neat  su l fa t ion  or  su l fa t ion  in t he  p resence  of  80% 
ch lo r ina t ed  solvent  were b o t h  unsa t i s fac to ry .  Cosu l fa t ion  
of t he  i s o p r o p a n o l a m i d e  w i th  10% of  a low molecu la r  
weight  a l coho l  in  a relat ively smal l  a m o u n t  of  ch lo r ina t ed  
solvent  b r o u g h t  a b o u t  a dras t ic  i m p r o v e m e n t  in yield bu t  
the  su l fa ted  p r o d u c t s  still had  to  be  m a i n t a i n e d  at 40  C or 
above  to  re ta in  f lu id i ty .  Cosu l fa t ion  wi th  h igher  mo lecu l a r  
weight  a lcohols  such  as 2 - e t hy l hexano l  or  a n o n i o n i c  sur- 
f a c t an t  (Tergi to l  15-S-12) did no t  i m p a r t  t he  degree of  
f lu id i ty  as was o b t a i n e d  w i th  lower  molecu la r  weight  
a lcohols .  

Since the  ch lo r ina t ed  solvent  appea red  to  c o n t r i b u t e  
very l i t t le  to  the  f lu id i ty  o f  the  cosul fa ted  p roduc t s ,  a series 
o f  cosu l t a t ions  w i t h o u t  the  so lvent  was carr ied ou t .  This  
series of su l fa t ions  (9-16)  ind ica ted  t h a t  by  the  use of  
15-20% low molecu l a r  weight  a lcohol ,  t he  su l fa ted  p r o d u c t  
a t t a ined  a b o u t  t he  same f lu id i ty  ( in t e rms  of  t e m p e r a t u r e  at  

wh ich  t he  p r o d u c t  r emains  l iquid)  as could  be  achieved 
wi th  the  use of  10% a lcoho l  and  25% ch lo r ina t ed  so lvent .  A 
f u r t h e r  i m p r o v e m e n t  in f lu id i ty  was accompl i shed  b y  
swi tch ing  f rom the  s t ra ight  ta l low i s o p r o p a n o l a m i d e  to  t he  
mixed  amide  in t he  cosu l f a t ion  w i t h  i sopropano l .  A poly-  
glycol,  such  as C a r b o w a x  200  (No.  20),  p roved  to  be an  
unsa t i s f ac to ry  cosu l f a t ion  a lcohol  for  the  mixed  amide .  

Because o f  p o o r  su l fa t ion  yields ,  runs  1, 2, 8, and  23 
gave p o o r  de t e rgency  results .  All  the  o t h e r  su l fa ted  ba t ches  
gave good  de t e rgency  data  and  t h e r e , w e r e  no  s ta t is t ica l ly  
s ignif icant  d i f fe rences  b e t w e e n  the  runs,  h e n c e  no  de ter -  
gency da ta  are r epo r t ed  here .  

In s u m m a r y ,  we have f o u n d  t ha t  the  m o s t  manageab le  
su l fa t ion  can be  ach ieved  by  the  cosu l f a t ion  o f  the  mixed  
ta l low a lkano lamides  w i t h  15-20% of  a lower  mo lecu l a r  
weight  a lcohol .  Because of  the i r  re lat ively low cost ,  on ly  
m e t h a n o l  and  i s o p r o p a n o l  need  to  be  cons idered  here ,  and  
i sop ropano l  has  a d i s t inc t  advan tage  over  m e t h a n o l  since it  
requi res  on ly  a b o u t  one-ha l f  the  a m o u n t  o f  ch lo rosu l fon ic  
acid for  comple t e  su l fa t ion .  
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