
Volume 32 JUNE, 1955 No. 6 

"instantaneous" Sulfation of Fatty Alcohols 
DAVID D. WHYTE, Research and Development Department, 

�9 Procter and Gamble Company, Cincinnati, Ohio 

KYL SULFATES have been a major  component in a 
number  of detergent  products  for a good many  
years. Dur ing  this t ime changing products  and 

specifications have resulted in numerous changes in 
the materials  handled and in methods of processing. 
However  the basic problem, conversion of f a t t y  alco- 
hols to alkyl sulfates, has remained relat ively un- 
changed;  different solutions are required as changing 
conditions deniand. 

B a s i c  C o n s i d e r a t i o n s  

Conversion of a f a t t y  alcohol to the corresponding 
sodium alkyl sulfate proceeds in two steps: sulfation, 
then neutralization. The first step is the more critical. 

While sulfation can be affected with any  of a great  
var ie ty  of different sulfat ing agents (1, 2, 3, 6), vary-  
ing in their  potency f rom mild to vigorous, the more 
common materials  are l imited to those in the "v igo r -  
o u s "  category. Consequently the possibility of the 
occurrence of undesirable side reactions must  be 
considered. 

Usual ly  some form of sulfuric acid, containing 
more or less water, is used. Consequently a consider- 
able excess is required to displace the equil ibrium to a 
reasonable degree of conversion. The desired reaction 
is, of course, the format ion  of the monoalkyl  sulfuric  
acid ester. 

Side reactions that  may  occur (5) include: 

a) dehydration of one molecule to the olefin, 
b) elimination of water between two molecules to give the 

ether, 
c) oxidation to the aldehyde followed by further oxidation 

to the acid, and 
d) esterification of this acid with fatty alcohol. 

Other side reactions are possible, of course, involving 
isomerization, chain cleavage, carbonization, etc., re- 
sult ing pr imar i ly  f rom insufficient mixing at  the point  
of acid addition. The first group of reactions is fa- 
vored by excessive reaction times or temperatures ,  
especially when an excess of sulfa t ing medium has 
been employed. This suggests that  the side reactions 
result  f rom the action of acid on the alkyl sulfuric  
ester tha t  is first formed. 

Under  normal conditions these side reactions are 
limited in extent, and the major  consideration is the 
obtaining of a max imum conversion of the alcohol to 
the sulfate. 

Ea r ly  work with low molecular weight alcohols (5) 
has indicated tha t  only the mono alkyt  ester is 
formed, regardless of whether  an excess of alcohol or 
of acid is present. Our experience with f a t t y  alcohols 

1 P r e s e n t e d  a t  t he  fall  mee t ing ,  A m e r i c a n  Oil Chemis t s '  Society~ in 
Minneapol i s ,  Minn. ,  Oct. 11-13, 1954.  
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s t rongly suggests however that  these higher molecular 
weight materials  when present  in excess, as in a batch 
sulfat ion for  example, form the dialkyl ester. This 
breaks down upon the addit ion of more acid to yield 
the mono ester. 

Confirmatory evidence for this hypothesis is shown 
in F igures  1 and 2. These data  were obtained dur ing  
batch sulfation with an equimolar usage of ehloro- 
sulfonie acid. 

In  F igure  1 the max imum refract ive index occurs 
when about half  the theoretical  acid has been added. 
indicating a max immn in the average molecular 
weight. The actual  max imum occurs apprec iably  be- 
fore the half-way point ,  p robably  because both reae :  
tions take place concurrent ly  ouee an initial  concen- 
t ra t ion of the monoester has been built  Ul~, 

F igure  2 is even more interesting. Sixty per  cettt 
of the total  reaction heat is evolved when only 20% 
of the acid has been added;  by the time 30% of the 
acid has been added,  the rate  of heat evolution has 
fallen to a ra ther  low value. This can be explained by  
postulat ing a low heat  of reaction for  the conversion 
of the diester to the monoester. This heat distr ibution 
is of importance  in the batch sulfat ion of alcohols 
with chlorosulfonie acid, the process used almost ex- 
clusively dur ing  the early days of synthetic detergent  
production. 

Given a fixed heat  exchange capacity, the initial 
high heat  load results in a lower permissible acid 
addit ion rate  dur ing the first port ion of the reaction 
than  would have been calculated, using the over-all 
heat of reaction. 
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Fro. '2. Effect of Acid Usage on Heat Evolution. 

The lost time cannot be made up during the second 
part  of the reaetion since during this period the acid 
addition rate is usually controlled by foaming of the 
reaction mix. 

Process Development  

As the technology and marketing potential of syn- 
thetic detergents improved, the batch ehlorosulfonic 
process became increasingly inadequate. Because of 
the inherent ly long batch cycle time a considerable 
capital outlay would be required for product ion to 
keep up with increasing sales. 

Formulat ion changes called for the use of increas- 
ing amounts of sodium sulfate. This was accomplished 
by adding powdered Na2S04 before spray drying. 
The presence of increased amounts of comparatively 
coarse crystalline material in the mix led, in turn,  to 
great ly accelerated pump wear and higher mainte- 
nance costs. Final ly  the disposal of by-product  HC1 
became a progressively more difficult problem. 

I t  became imperative therefore to develop a new 
process, preferably  continuous and preferably em- 
ploying concentrated or finning sulfuric acid as the 
sulfat ing agent. Attempts to sulfate with H s S Q  
batchwise were unsuccessful because of the instability 
of the sulfuric ester in the presence of the excess acid 
that  is required to obtain a reasonable reaction 
completeness. 
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Fro. 3. Instantaneous Sulfation Process. 

The first continuous runs were pat terned after  the 
batch reaction;  i.e., the acid and alcohol in the desired 
proportions were mixed, held for a predetermined re- 
action time, and neutralized. I t  quickly became evi- 
dent  tha t  little could be dpne to limit the reaction 
temperature  to anyth ing  even close to that  normal for  
batch ehlorosnlfonic sulfations. The heat of reaction 
is about 150 BTU/lb .  of alcohol reacting, and the re- 
action rate is such that  while passage of the reacting 
mix through a cooler resulted in a reasonable exit 

t empera tu re ,  the temperature  still " r a n  a w a y "  in the 
first portion of the cooler. The end-result was a badly 
over-sulfated product.  

The next  approach was the mixing of the stock and 
acid followed by passage of the mix through a reac- 
tion volume such that  times of 60 seconds or less could 
be obtained (4). No at tempt was made to control the 
reaction temperature.  Figure 3 shows a schematic 
diagram of the process, called " I n s t a n t a n e o u s "  or 
" F l a s h "  sulfation in order to emphasize the short re- 
action time used. The success of this method of sulfa- 
tion depends upon the fact that the desired mono- 
alkyl sulfuric ester is the first reaction product  and 
that  the sMe reaction products previously indicated 
are actually degradation products of the ester. By  
terminating the reaction, by neutralization, in just  a 
few seconds, these secondary reactions are minimized. 

Figures  4-6 show how the sulfation completeness 
varies with the variables of acid strength, acid usage, 
temperature,  and reaction time. 

Sulfat ion completeness is normally determined 
from the analysis for  total active and the petroleum 
ether extract. The secondary reaction products are 
soluble in petroleum ether as is any unsulfated f a t ty  
alcohol. Ordinari ly  no effort is made to determine 
the relative amounts of oversulfated and undersul- 
fated materials in the extract. Obviously, then, t h e  
drop in completeness af ter  the maximum, as shown in 
these plots, is due to increasing concentrations of 
these secondary reaction products. 

Notice that in Figure  4 both 96% and 1.00% H._,SO., 
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FIG. r Effect of Acid Usage and Strength. 

will give comparable results but  that,  when using the 
latter, the reaction is much more sensitive to acid 
usage above the points of maximum completeness. 
This also appears to be true of acid usages below the 
optimum, but here the longer reaction time used with 
the weaker acid gives considerably higher complete- 
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nesses than would result at a 15-second reaction time. 
The 93% H2SO 4 curve is surprisingly low. Appar- 
ently the reaction time is such that the secondary re- 
action products are present in significant amounts, 
even at low acid usages. 

The effect of reaction time is illustrated in Figure 
5. The usages of ]70% and 178% of theoretical acid 
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were designed to give about the same ratios of active 
to sodium sulfate in the neutralized pastes. Again, a 
greater tolerance for the lower strength acid is noted. 
An important observation is that the higher strength 
acid will give a higher completeness than the lower 
strength acid under the proper conditions. This fol- 
lows from the fact that sulfation is an equilibrium 
reaction. Obviously, then, the potential completeness, 
for a given molar ratio of SOn to alcohol, will increase 
as the acid strength increases and the amount of wa- 
ter present decreases. To realize a gain from this in- 
creased potential requires closer and closer control of 
the process as acid strength is raised. As Figure 6 
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shows, temperature is as important as time in obtain- 
ing a high completeness. In the factory the alcohol 
and acid were precooled, controlling the maximum 
sulfation temperature at about 160~ 

The maximum strength acid that can be satisfac- 
torily used in plant operation is 99% H2SO4. One 
hundred % acid would be more desirable were it not 
for the sharp peaking in corrosion occurring at about 
100% concentration. Acids in the oleum range cannot 
be used in this process because of charring. This re- 

sults from a combination of factors. First, the oxidiz- 
ing potential of the oleums are higher than for sul- 
furic acid. Second, the heat of reaction of oleum and 
alcohol is higher than that of sulfuric acid and alco- 
hol. Third, as acid strength is increased into the 
oleum range, less is required. Therefore less mass is 
present to absorb the heat of sulfation, and the tem- 
perature can no longer be held to a value that will 
give a usable product. 

Neutralization 
Irrespective of how well the sulfation step has been 

carried out, the acid mix must first be neutralized 
before it can be used. A poor job of neutralization 
can nullify much of the effort that has been expended 
to achieve a good sulfation. 

The heat load during neutralization is considerably 
higher than that during sulfation and can result in 
temperatures well above the boiling point of water. 
Attempts to use a continuous process similar to flash 
sulfation failed due to the higher temperatures de- 
veloped, which led to steam puffing and poor mixing 
of the acid mix and the alkali. As has been pointed 
out previously, sulfation is a reversible reaction, and 
if the mixing during neutralization is poor, local 
zones of low pH will develop which can lead to con- 
siderable hydrolysis, especially at higher temper- 
atures. 

The order of magnitude of this hydrolysis loss was 
shown by splitting a quantity of acid mix into two 
parts. One part was neutralized with good agitation, 
the other with poor agitation. The first sample showed 
a 90% completeness, the sample made with poor agi- 
tation dropped to 79%. Table I shows the effects of 

TABLE I 

Effect of Acid Strength and Neutralization TQmperature 
on Completeness 

% Acid Final Neut. 
Temp. ~ % Comp. 

100 159 88 
173 80 

96 181 86 
190 80 

temperature and acid strength on batch neutraliza- 
tion in which the agitation is what might be termed 
fair. 

A process of neutralization was developed which 
employed a circulating system made up of a pump, a 
heat exchanger, and connecting piping. The pump 
served the dual purpose of circulating a large volume 
of neutralized paste and acting as a mixer to blend 
the streams of acid mix and caustic into the paste 
stream. The comparatively large volume of  circulat- 
ing mix dilutes the fresh paste made and prevents 
local high temperatures by virtue of the sheer mass 
of material present. Also the large volume of paste 
permits good velocities through the heat exchanger 
and therefore good heat transfer. 

A large number of comparisons was made of com- 
pletenesses obtained in the factory by this process 
and by neutralizing on a laboratory scale with dilute 
lye and ice. The use of dilute caustic kept the paste 
viscosity low and ensured good agitation. The labora- 
tory neutralized samples analyzed almost 3% higher 
in completeness than obtained by factory neutraliza- 
tion, indicating that mixing in the factory unit was 
still inadequate. 
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An additional mixer was designed and inserted in 
the circulating system. The circulating paste passing 
through the mixer and the injected acid mix were 
subjected to intensive mixing action. Completenesses 
obtained in the fac tory  with the neutralizer added to 
the system were equal to those obtained with the best 
laboratory techniques. 

Conclusions 
A continuous process has been developed for sul- 

fa t ing fa t ty  alcohols with sulfuric acid up to 100% 
H2S04 concentration. 

The success of the process depends on maintaining 
a proper  balance among the factors of temperature,  
reaction time, acid strength, and acid usage. 

In  general, best results accrue from use of as strong 
acid as is permissible (99% in plant  operations), 
about 160~ and 10 seconds reaction time. 

Neutralization is quite simple, requir ing only effi- 
cient mixing and adequate heat removal. 
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:Solubility of Tristearin and Hydrogenated Cottonseed Oil in 
Certain Aceto- and Butyroglycerides I 

T. L. WARD, AUDREY T. GROS, and R. O. FEUGE, Southern Regional Research Laboratory, 2 
New Orleans, Louisiana 

T 
HE SOLUBILITY Of hard fats in liquid oils is a 
p roper ty  of importance in the formulation of 
commercial fa t  products like s h o r t e n i n g  an d  

margarine oil. In such products the proportion of 
fat  crystals which dissolves in the oil or liquid phase 
over a given tempera ture  range has a decided influ- 
ence on the consistency of the product. I t  is recog- 
nized, of course, that  crystal size and shape and mode 
of dep6sition also are important  factors, but  they are 
outside the scope of the present discussion. 

Solubilities of hard  fats in some of the more com- 
mon liquid oils have been determined by Hofgaard  
(2), Kraemer  and Bailey (5), and Craig et al. (1).  
Possibly others have published data which included 
isolated determinations of solubility. There appears 
to be no published information on systems containing 
aceto-oleins or butyro-oleins. 

In  the course of earlier work by two of the present 
investigators (4) it was discovered that  the consis- 
tency of mixtures of an aceto-olein product  and hard  
fat  did not undergo as marked a change with a change 
in temperature  as did the consistency of a mixture  of 
the same hard fat  in liquid soybean or similar oil. 
Some of the mixtures containing an aceto-olein prod- 
uct possessed an almost constant consistency over the 
temperature  range of --15 to 50~ 

The present investigation was undertaken to estab- 
lish the role of solubility in the consistency of fa t  
mixtures containing aee tog lyee r ides  and to obtain 
fundamental  information which could be used in the 
development of new fat  products. The solubility of 
t r is tearin and hydrogenated cottonseed oils (iodine 
values, 1.1 and 29.3) in binary mixtures with aceto- 
oleins and other liquid fats was measured by the so- 
called "syn the t ic  me thod"  of Harwood, Ralston, and 
Selby (3). 

Experimental 
Materials. The samples of 1,2-diaeeto-3-olein and 

1,2-dibutyro-3-olein were prepared by a procedure es- 

- ~ Presented at the 45th annual meeting of the American Oil Chem- 
ists' Society, San An~onlo, Tex., April 12-14, 1954. 

One of the laboratories of the Southern Utilization Research Branch, 
~.a~ricultural Regeareh Service, United States Department of Agriculture. 

sentially as described by Feuge et al. (4). Purified 
methyl oleate was converted to 1-mono-olein by in- 
teresterification, molecular distillation, and fractional 
crystallization from acetone. The 1-mono-olein (pur i ty  
about 98%) was mixed with chloroform and pyridine 
and allowed to react with a slight excess of acetyl or 
butyryl  chloride in chloroform solution. The reaction 
product  in each case was purified by washing with 
dilute acid and water, bleaching with clay and car- 
bon, and repeated fractional  crystallization from com- 
mercial hexane. The purified 1,2-diaceto-3-olein had 
a melting point of --18.3~ an iodine value of 57.5 
(theoretical, 57.6), and a hydroxyl  value of 0. The 
purified 1,2-dibutyro-3-olein had an iodine value of 
51.3 (theoretical, 51.1), and a hydroxyl  value of 0. 

The aeeto-olein product  which was used was the 
same as that  described previously (4).  For  its prep- 
aration commercial oleic acid was purified to yield a 
fract ion containing about 97% of oleie and iso-oleie 
acids. This fract ion was converted into a glycerol- 
free, technical grade monoglyceride (62.5% of mono- 
esters) and acetylated with acetic anhydride.  The 
reaction product  obtained was washed with water, 
bleached with clay and carbon, and steam-deodorized. 
The final product  had a melting point of --24.0~ 
an iodine value of 63.9, and a hydroxyl  value of 6.8. 

Triolein was prepared from purified methyl oleate 
by lett ing it react with glycerol in the presence of 
lithium hydroxide and then pur i fy ing  the reaction 
product  (4). The triolein had a melting point of 
5.0~ and iodine value of 85.3, and a hydroxyl  value 
of 4.9. 

The tr istearin was prepared by esterifying stearic 
acid (pur i ty  better than 99%) with glycerol, using 
stannous chloride as a catalyst. The reaction prod- 
uct was first washed with dilute hydrochloric acid, 
then with a solution of sodium carbonate, and then 
purified by fractional crystal l izat ions from hexane 
and absolute ethanol. The final product  had a hy- 
droxyl value of 2 and a melting point  of 72.3~ 
(generally accepted melting point, 72.5~ 

The cottonseed oil used was a commercial, alkali- 
refined and bleached oil having an iodine value of 


