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SULPHATION OF SECONDARY ALCOHOLS 

This invention relates to a new method for using sul~ 
phur trioxide as a sulphating agent for saturated secon 
dary aliphatic alcohols to obtain alkyl sulphates useful 
as- detergents. 
Hitherto there has been little large scale use of sul— 

phur trioxide in a gaseous form for the sulphation of 
long chain secondary alcohols because of their ten 
dency to undergo dehydration during the process to 
form olefins and to char the product. This resulted in 
an unsatisfactory yield of alkyl sulphates which more 
over were highly coloured and it has therefore been be 
lieved that the use of gaseous sulphur trioxide for the 
sulphation of secondary aliphatic alcohols was to be 
avoided. 

In order to overcome these disadvantages it has been 
proposed to carry out the sulphation reaction very rap 
idly so as to cut down the length of time during which 
the product was exposed to the reaction conditions. It 
has also been stated that dehydration and charring of 
the product does not begin until more than a certain 
percentage of the alcohol has been sulphated, the par 
ticular percentage in a given instance being stated to 
depend upon the conditions employed. A proposal 
based on these ideas had been made to carry out the 
sulphation comparatively slowly using conventional 
methods until this point is reached and then to transfer 
the reaction mixture to another vessel, suitable for use 
in high speed reaction, and to complete the reaction 
rapidly. Such a process would require the transfer of 
the reaction mixture from the vessel to another and the 
use of complicated and expensive cooling means asso 
ciated with rapid reaction, such means being used only 
intermittently and therefore inefficiently. 
We have now found that we may completely dispense 

with a stage in which a high reaction rate is required by 
carrying out the sulphation to the desired degree and 
then neutralising the reaction product, a mixture of a 
salt of the alkyl sulphate and unreacted alcohol being 
obtained. The unreacted alcohol may be separated 
from the mixture for re-use, preferably by solvent ex 
traction into an organic solvent, the removal of which, 
for example by distillation liberates the alcohol for re 
use if desired. 
Accordingly, the present invention provides a pro 

cess for-the production of mono-alkyl sulphate salts 
from saturated secondary aliphatic alcohols having at 
least eight carbon atoms and free sulphur trioxide, 
which comprises: (l) adding to the secondary alcohol 
free sulphur trioxide in an amount sufficient to react 
with from 20 to 80% of the secondary alcohol present 
but insufficient to cause substantial dehydration of the 
alcohol or charring in the reaction mixture under the 
conditions employed: (2) neutralising the reaction mix 
ture so formed with a base; and (3) separating the unre~ 
acted alcohol from the salt of the alkyl sulphate 
formed. Preferably the unreacted alcohol is separated 
by a process of solvent extraction and the unreacted al 
cohol will then normally be released from the solvent, 
for example by distillation of the solvent, and recycled 
for a further reaction with sulphur trioxide. 
Accordingly, a preferred feature of the invention is 

the provision of a continuous process for the produc 
tion of mono-alkyl sulphate salts from saturated secon 
dary aliphatic alcohols having at least eight carbon 
atoms and sulphur trioxide, which comprises: (1) add 
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2 
ing to the secondary alcohol free sulphur trioxide in an 
amount sufficient to react with from 20 to 80 percent 
of the secondary alcohol present but insufficient to 
cause substantial dehydration of the alcohol or char 
ring of the reaction mixture under the conditions em 
ployed; (2) neutralising the reaction mixture so formed 
with an aqueous solution of a base; (3) separating the 
unreacted alcohol from the salt of the alkyl sulphate 
formed, preferably by a process of solvent extraction; 
and (4) recycling the separated unreacted alcohol to 
stage (1) of the process where it is mixed with a further 
quantity of the alcohol. 
The process of the invention is suitable for the sul 

phation of saturated secondary aliphatic alcohols hav 
ing from eight to 26 carbon atoms preferably those hav 
ing from 10 to 20 carbon atoms and particularly so for 
those having from 13 to l8 carbon atoms. The process 
may also be used for sulphating mixtures of such alco 
hols. The alcohols used may have inert substituents, but 
it is much preferred that there is no steric hinderence 
of the hydroxyl group. Alcohols for use in the process 
of the invention are conveniently made by the oxida 
tion of paraf?ns obtained by fractional distillation of 
petroleum. Such alcohols have: unbranched chains 
wherein the hydroxyl group is preferably in the 2- or 
3¢position, for instance 2- or 3-decanols, -dodecanols, 
-tridecanols, -hexadecanols, octadecanols, and 
-duodecanols and mixture thereof. 

In carrying out the process of the invention it is pre 
ferred to add to the secondary alcohol as much sulphur 
trioxide as possible commensurate with the avoidance 
of the undesired side reactions. Thus normally is is pre 
ferred to use an amount of the free sulphur trioxide suf— 
ficient to react with from about 50 to 70 percent, more 
usually 50 to 60 percent, of the alcohol present when 
operating at ambient temperatures. 
The temperature at which the addition of sulphur tri 

oxide to the secondary alcohol is carried out will nor 
mally be as low as is possible to maintain the alcohol as 
a liquid, this allows the maximum possible amount of 
sulphur trioxide that will not cause dehydration of the 
alcohol to be added. It is preferred that the tempera 
tures used should not be very much greater than ambi 
ent, desirably not greater than 50°C, and we have found 
that for sulphating a mixture of alcohols having from 13 
to 17 carbon atoms a temperature of about 35°C is sat 
isfactory. With alcohols of shorter chain lengths lower 
temperatures, say less than 10°C, can be used with ad 
vantage. Thus it may be desirable to fit a cooling jacket 
or some internal cooling system to the reactor used. 
Although the sulphur trioxide used may be dissolved 

in a low boiling solvent, such as carbon tetrachloride, 
methylene dichloride, low boiling petroleum ethers or 
liquid sulphur dioxide, or if refrigerated apparatus is 
used, be in the form of pure liquid sulphur trioxide, the 
use of gaseous sulphur trioxide is preferred. The sul 
phur trioxide may be added in a gaseous form either as 
pure sulphur trioxide vapour or more preferably ad 
mixed with an inert gas diluent. Suitable inert gas dilu 
ents include dry air, nitrogen, sulphur dioxide, carbon 
dioxide and argon. If the pure gas is used it is then 
highly preferred that the apparatus be kept at a subat 
mospheric pressure, at say less than 3 p.s.i., preferably 
in the region of from 0.5 to 2.0 p.s.i. If gaseous sulphur 
trioxide is used in an inert gas diluent, the diluent can 
be introduced at a pressure of from 0.5 to 20 p.s.i.g. to 
suit the convenience of the operator and the sulphur 
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trioxide desirably comprises from 1 to 15 percent by 
volume preferably from 5 to 10 percent volume of the 
gas mixture. 
The reaction vessel used for this ?rst stage of the pro 

cess may be any conventional sulphation vessel appro 
priate to the use of liquid or gaseous sulphur trioxide 
as the case may be. 
The product obtained from the partial sulphation of 

the secondary alcohol is mainly a mixture of alkyl sul 
phate and unreacted secondary alcohol. lf gaseous sul 
phur trioxide is used the product should be degassed at 
this stage to remove any sulphur trioxide remaining. 
This can conveniently be done by use of a centrifuge. 

In the second stage of the process of the invention 
this product is neutralised with a base to convert the 
alkyl sulphate to its salt with the base used. It has been 
found convenient to carry out the neutralisation in a 
convergent-divergent type of neutralising apparatus, 
for example to carry out the neutralisation by means of 
the process described in British Patent No. 1,052,976. 
It has also been found that under some conditions there 
may a tendency for the pH of the solution to fall to less 
than 7. Should such a pH drift occur it may be cor 
rected by the use of a slight molar excess of base in the 
neutralisation process. The base used will normally be 
an aqueous solution of an alkali, amine, or alkanola 
mine which is‘ inert to the unreacted alcohol. It has 
been found that it is preferred to employ a solvent for 
the base in which the alkyl sulphate salt formed is also 
soluble. For example, the use of aqueous methanol, 
ethanol or isopropanol is often more preferred than the 
use of water itself. Such solvent or solvent mixture may 
be added to the reaction mixture at the same time as 
the base or subsequently thereto, in either case the 
presence of the solvent aids the separation of the unre 
acted alcohol from the neutralised alkyl sulphate. The 
base may also be used in the absence of a solvent, al 
though this is not normally preferred. However, in the 
case where ammonia is used then this may with advan 
tage be blown through the mixture as a gas. 
The alkali will often be sodium hydroxide, but potas 

sium or lithium hydroxide may be used in special cir 
cumstances, for example in the preparation of deter 
gents useful in carpet shampoos, as also may dilute so 
lutions of calcium hydroxide. The alkanolammonium 
alkyl sulphates ?nd particular application in shampoos 
and other similar light-duty detergent compositions and 
thus there may be used as the base monoethanolamine, 
diethanolamine, triethanolamine, monoisopropa 
nolamine or tri-isoporpanolamine. It is often desired to 
convert the alkyl sulphate to its sodium salt and this can 
be brought about by adding a strong aqueous caustic 
soda solution, often derived from soda ash, of about 25 
to 60 percent by weight, preferably from 35 to 45 per 
cent by weight, to the mixture of alkyl sulphate and un 
reacted alcohol. If a solvent were used for the sulphur 
trioxide it would be removed for example by distillation 
at this stage. 
The unreacted alcohol can be removed by extraction 

into an organic solvent. The solvents to be used are 
those which are immiscible with water and will dissolve 
the unreacted alcohol but not the alkyl sulphate salt. 
Such solvents should be those of low boiling point so 
that they may be easily separated from the unreacted 
alcohol by distillation. Solvents of particular use in the 
process of the invention are low boiling point petro 
leum ethers that is those having a boiling point in the 
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4 
range 40° to 70°C. Other solvents which may be used 
include benzene, alkyl benzenes, and diethyl ether. 
The solvent extractions may be carried out in any 

convenient fashion. For example if continuous extrac 
tion is required a countercurrent system may be em 
ployed, whereas if a batch process is operated it is pos 
sible to bring about the extraction by simpler methods 
of agitation to mix the two phases and then allowing 
them to separate by settlement. 
The organic solvent can be stripped from the unre 

acted alcohol by conventional distillation means, often 
using reduced pressure. The solvent may be consensed 
for re-use and the unreacted alcohol returned to the 
sulphation reaction vessel for re-use in stage (1 ) of the 
process after mixing with a further quantity of the alco 
hol. 

If the solution of base used contains an organic sol 
vent for the alkyl sulphate salt, then this is usually re 
moved from the aqueous phase remaining after the sol 
vent extraction of the unreacted alcohol, for example 
by distillation though depending on the detergent for 
mulation in which the alkyl sulphate is to find use, and 
the nature of such a solvent, it may be allowed to re 
main associated with the alkyl sulphate. 
The overall process may be carried out on either a 

batch or on a continuous basis, the latter normally 
being preferred for commercial reasons. 
This process yields as its product an aqueous solution 

of a salt of an alkyl sulphate. This salt may then be sold 
either as a concentrated solution, optionally mixed with 
some other surface-active agent or agents or other ad 
juvants for detergent compositions of various kinds. It 
may also be sold in a ?ake form after drum drying, or 
a powder form after spary drying, the drying having 
been carried out either on the solution of the salt itself 
or on the salt in admixture with some other surface ac 
tive agent or agents suitable for use in a detergent op 
tionally together with other adjuvants. 
The process is illustrated in its preferred continuous 

form with reference to the accompanying flow sheet. 
Sulphur trioxide gas and liquid alcohol are passed 

into the reactor 1, the proportion of sulphur trioxide to 
alcohol being controlled to the amount that is required 
to bring about the desired degree of sulphation. The 
product from this reaction is passed into the neutraliser 
2 where it is contacted with the calculated amount of 
base and also with an aqueous alcohol mixture. The re 
action mixture is then passed to a solvent extractor 3 
where it is contacted with an organic solvent in which 
the unreacted alcohol, but not the alkyl sulphate, is sol 
uble. After separation of the phases the aqueous phase, 
which contains the alkyl sulphate salt, is then passed to 
a distillation column 4 where the solvent alcohol added 
to assist the solubility of the alkyl sulphate salt in water 
is stripped from the aqueous solution of alkyl sulphate 
salt and recycled to the neutraliser 2. The aqueous so— 
lution of the salt is then removed for concentration or 
drying. The extracted phase taken from the extractor 
3 is passed to a distillation column 5 wherein the sol 
vent is stripped from the unreacted alcohol and recy 
cled to the solvent extractor 3 the unreacted alcohol 
being returned to supplement the intake of alcohol into 
the reactor 1. 
The invention is further illustrated by the following 

examples: 
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EXAMPLE 1 

A batch reactor was charged with 1,000 parts by 
weight of a commercial C13." secondary alcohol ob 
tained from the oxidation of normal paraffms. The sam 
ple used had an iodine value of 5.0. To this sample was ' 
added, with efficient agitation, 55 percent of the theo~ 
retical amount of sulphur trioxide needed to react with 
all of the alcohol used. The sulphur trioxide was in the 
form ofa 5 percent by volume mixture with dry air. The 
sulphur trioxide-air mixture was introduced to the reac 
tor through a sparge pipe over a period of 70 minutes 
and the reaction temperature was controlled in the 
range of 30°—35°C by circulating coolant through the 
jacket of the reactor. Upon completion of the addition 
of sulphur trioxide the reaction product was immedi 
ately neutralised with a mixture of aqueous caustic 
soda and isopropyl alcohol to give a 48 percent yield of 
the sodium salt of sulphated C,3_Cl7 secondary alco 
hols. The unreacted alcohol was recovered from the re 
action product mixture by extraction with petroleum 
ether and this was then distilled to reclaim the alcohol. 
lsopropyl alcohol was distilled from the aqueous solu 
tion of sulphated secondary alcohols to yield as product 
a pale yellow aqueous solution containing 40 percent 
of the sodium salt of sulphated C13." secondary alco 
hols, 0.65 percent of sodium alkenyl sulphonate and 
0.3% of unreacted organic matter. 

EXAMPLE 2 

A mixture of 500 gms. of the unreacted secondary 
alcohol recovered from Example 1 having an iodine 
value of 6.4, and 500 gms. of fresh C,3.C,7 secondary 
alcohol having an iodine value of 5.0, was sulphated 
with 55% of the stoichiometric proportion, of sulphur 
trioxide under conditions identical to those employed 
in Example I, and neutralised with a mixture of aque 
ous caustic soda and isopropyl alcohol to give a 48 per 
cent yield of the sodium salt of sulphated secondary al 
cohols. The unreacted secondary alcohol was recov 
ered by extraction with petroleum ether and the isopro 
pyl alcohol was distilled from the surface active solu-‘ 
tion to obtain, as product, a pale yellow aqueous solu 
tion containing 39.6 percent of the sodium salt of sul~ 
phated C13—C,7 secondary alcohols, 0.4 percent of so 
dium alkenyl sulphonate and 0.28 percent of unreacted 
alcohol. 

EXAMPLE 3 

A mixture of 500 gms. of unreacted secondary alco 
hols recovered from Example 2 having an iodine value 
of 7.0 and 500 gms. of fresh C13 — C17 secondary alco 
hols having an iodine value of 5.0, was sulphated with 
55 percent of the stoichiometric proportion of sulphur 
trioxide under conditions identical to those employed 
in Example 1, and neutralised with a mixture of aque 
ous caustic soda and isopropyl alcohol to give a 5l per 
cent yield of the sodium salt of sulphated Cm-Cl7 sec 
ondary alcohols. The unreacted secondary alcohol, re 
covered by extraction with petroleum ether, had an io 
dine value of 6.7. The isopropyl alcohol was distilled 
from the surface active solution to obtain, as product, 
a pale yellow aqueous solution containing 4l .5 percent 
of the sodium salt of sulphated secondary alcohols, 0.8 
percent of sodium alkenyl sulphonate and 0.35 percent 
of unreacted organic matter. 
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6 
As comparative tests the following experiments were 

carried out using the amount of sulphur trioxide theo 
retically required to react with all of the secondary al 
cohol: 
Comparative Experiments 

EXPERIMENT l 

A commercial Cm." secondary alcohol having an i0‘ 
dine value of 5.0 was sulphated in a batch reactor at a 
temperature of 35°C with the amount of sulphur triox 
ide theoretically required to react with all of the alco 
hol, in the form of a 5 vol percent mixture with a dry 
air stream. After neutralising the reaction product with 
aqueous caustic soda a 52 percent yield of alkyl sul~ 
phate, calculated on the starting weight of alcohol, was 
obtained. The unreacted organic matter, which was re~ 
covered from the neutral product by extraction with 
petrol, had an iodine value of 30, showing that exces 
sive dehydration of the secondary alcohol had occurred 
during sulphation. The recovered unreacted organic 
matter was saponi?ed by heating it with aqueous caus 
tic soda at 80°C for 6 hours and then extracted again 
with petrol, to recover the unsaponifiable matter. The 
aqueous layer from this second extraction was found to 
contain sodium alkenyl sulphonate formed by the dehy 
dration and sulphonation of 16.3 [percent of the starting 
alcohol. Thus, under the reaction conditions employed, 
68.3 percent of the secondary alcohol had reacted to 
yield a mixture comprising 76 percent of alkyl sul 
phates and 24 percent of alkenyl sulphonates. 

EXPERIMENT 2 

The unsaponifiable residue recovered in Experiment 
1 was reacted again with the amount of sulphur trioxide 
theoretically required to react with all of the secondary 
alcohol, in the form of a 5 vol percent mixture with dry 
air and the reaction mixture neutralised with aqueous 
caustic soda to give a product so dark in colour that all 
attempts to bleach it were ineffective. The active ingre 
dient in the product, after saponi?cation at 80°C for 8 
hours, contained 64.8 percent of alkenyl sulphonates 
and only 35.2 percent of alkyl sulphates. The weight of 
unreacted organic matter was equivalent to 22 percent 
of the weight of unsaponifiable residue from Experi 
ment 1. 
We claim: 
1. A process for the production of monoalkyl sul 

phate salts from secondary alkanols having from 8 to 
26 carbon atoms by reaction with free sulphur trioxide 
comprising (1) adding to the secondary alkanol free 
sulphur trioxide in an amount sufficient to react with 
from 20 to 80 percent ofthe secondary alkanol present, 
the reaction being carried out at a temperature not 
greater than 50°C, (2) neutralising the reaction mixture 
so formed with an aqueous solution of a base selected 
from the group consisting of aqueous solutions of alka 
lis, and amines, which is inert to the unreacted alkanol; 
(3) separating the unreacted alkanol from the salt of 
the alkyl sulphate formed by contacting said unreacted 
alkanol and said salt of the said alkyl sulphate formed 
with a solvent which is immiscible with water and 
which will dissolve said unreacted alkanol and will not 
dissolve said salt of the alkyl sulphate; and (4) recy 
cling the unreacted alkanol separated in stage (3) of 
the process to stage (I ). 

2. A process as claimed in claim 1 wherein said amine 
is an alkanolamine. 
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3. A process as claimed in claim 1 wherein the 
amount of free sulphur trioxide employed is sufficient 
to react with from about 50 to about 70 percent of the 
alkanol present. 

4. A process as claimed in claim 3 wherein the sul 
phur trioxide is employed in the form of a gas. 

5. A process as claimed in claim 4 wherein the sul 
phur trioxide is mixed with an inert gas diluent. 

6. A process as claimed in claim 3 wherein the prod 
uct of the ?rst stage of the process is neutralised by a 
solution of an alkali metal hydroxide. 

7. A process as claimed in claim 3 wherein the prod 
uct of the first stage of the process is neutralised by an 
alkanolamine. 

8. A process as claimed in claim 1 wherein the sol 
vent employed is a mixture of low boiling petroleum 
ethers. 

9. A process as claimed in claim 1 wherein the sepa 
ration operation (3) is carried out by means of a 
counter current extractor. 

10. A process as claimed in claim 1 wherein an 
amount of lithium hydroxide, sodium hydroxide, potas 
sium hydroxide, calcium hydroxide, or alkanolamine, 
sufficient to react with all of the sulphonic acid product 
present, is added to said reaction mixture to neutralise 
said reaction mixture at stage (2) of the process of 
claim 1. 

11. A process for the production of monoalkyl sul 
phate salts from secondary alkanols having from 10 to 
20 carbon atoms by reaction with free sulphur trioxide 
comprising (1) adding to the secondary alkanol free 
sulphur trioxide in an amount sufficient to react with 
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8 
from 50 to 70 percent of the secondary alkanol present, 
the reaction being carried out at a temperature not 
greater than 50°C, (2) adding sufficient lithium hydrox 
ide, sodium hydroxide, potassiumlhydroxide, calcium 
hydroxide, or alkanolamine to react with all of the sul 
phonic acid product present in said reaction mixture 
and form the corresponding salt of the alkyl sulphate; 
(3) separating the unreacted alkanol from said salt of 
the alkyl sulphate formed; and (4) recycling the unre 
acted alkanol separated in stage (3) of the process to 
stage (1). 

12. A process as claimed in claim ll wherein the salt 
of the alkyl sulphate is separated from the unreacted 
alkanol by means ofa solvent extraction separation em 
ploying a solvent selected from the group consisting of 
low boiling petroleum ethers, benzene, alkyl benzenes, 
and diethyl ether. 

13. A process according to claim 12 wherein said sec 
ondary alkanol has from 13 to l8 carbon atoms. 

14. A process according to claim 13 wherein the sul 
phur trioxide is admixed with an inert gas diluent in an 
amount of between about 5 and 10 percent of the vol 
ume of the gas mixture. 

15. A process as claimed in claim 14 wherein the sol 
vent employed is a mixture of low boiling petroleum 
ethers. 

16. A process according to claim 15 wherein said re 
action is carried out at a temperature of about 35°C. 

17. A process according to claim 16 wherein said free 
sulphur trioxide is in an amount sufficient to react with 
from 50 to 60 percent of said secondary alkanol. 

>l= * * * * 
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