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The Separation of Iso. and Normal Butyl Alcohols from Hydro-

            carbons by Azeotropic Distillation. 

                 By Ryoji NEGISHI and Chiharu ISOBE. 

                           (Received June 17, 1941.) 

    Two of the promising methods of the synthesis of iso- and normal 
butyl alcohols are first, the reaction of a mixture of hydrogen and carbon 
monoxide(1-5) under pressure in the presence of a suitable catalyst and, 
second, dehydration and polymerization of the lower alcohols(G-8) under 
ordinary or elevated pressures in the presence of a catalyst. By either 
method, the products are not pure iso- and normal alcohols,, but contain
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a large number of hydrocarbons. Ordinarily, the alcohols are separated 
by distillation because of convenience and simplicity. However, owing to 
the circumstance that the alcohols are susceptible to the formation of 
azeotropic mixtures with a large number of hydrocarbons, straight for-
ward distillation cannot be expected to give accurate results. Because of 
the fact that the alcohols form also azeotropic mixtures with water, dis-
tillation method can be so modified, taking advantage of the fact, to give 
a convenient and accurate separation of the alcohols from the hydro-
carbons. 
   The purpose of this paper is to describe this method in some detail 

and to give the experimental results obtained from the measurements of 
alcohol-toluene and alcohol-gasoline mixtures. We have assumed in our 
case that the only water soluble substances are the alcohols. The separa-
tion of the alcohols from the mixtures containing such oxygenated com-

pounds as the lower alcohols, aldehydes, and ketones, besides hydrocarbons 
will be the subject of a subsequent report, which will appear later in this 
bulletin. 

   In the present method, the following properties of the alcohols have 
been taken advantage of:

(1) The alcohols dissolve appreciably (9) (at 20•Ž. the normal dis-

solves 7.8% and the iso- 8.5% by weight) in water, while hydrocarbons 
do not(10). 

    (2) The alcohols dissolve completely in ether, while water does not 
but slightly. 

   (3) The alcohols form azeotropic mixtures with water, but not with 
ether.

Experimental Details.

   A) Purification. Normal Butyl Alcohol. It was purified by a 
method similar to that given by Weissberger and Proskauer(11). It was 
washed with dilute sulphuric acid and then with sodium bisulphite. Then 
it was boiled with an aqueous KOH solution. A boiling fraction, 116.5-
118ｰC.,was first collected, and the final distillation was made over CaO.

Afraction boiling at 117-118℃. was used.

Iso-Butyl Alcohol. A commercial product was first treated with quick 
lime and then distilled. A fraction boiling between 106.9-108.5 was 
collected. (12) 

Toluene. It was purified(13) by washing with concentrated H2SO4 and 
with water. It was then dried over CaCl2, and the final distillation was
made over metallic sodium. A fraction boiling at 110-112℃. was collected.

Gasoline. Commercial gasoline(*) was purified by treating it with con-
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centrated H2SO4, KOH, H_O, dried with CaCl2, and finally distilled over
metallic sodium. fractions boiling from 50 to 130℃. were used.

Ether. It was first treated (14) with concentrated sulphuric acid and then 

washed with KOH and water. It was then distilled over metallic sodium.
Afraction,36.0-37.0℃. was used.

B) Method. No special apparatus was used. 500 c.c. and 100 c.c. (for 
ether extractions) separatory flasks; calibrated 30 c.c. graduated cylinders, 
which were graduated to 0.1 c.c., with well-fitting ground glass stoppers ; 
and a distillation set-up made of Terex glass with interchangeable ground 
glass joints were used. The distillation column was insulated by an 
annular space of air formed by fitting a glass tube over its whole length. 
The column was about 60 cm. in length and contained a T-erex glass spiral. 
Heating was made either electrically or by gas. The temperature was 
measured by means of an alumel-chromel thermocouple connected to a
potentiometer whose scale readings could be estimated to about 0.2℃.

   The alcohols were first separated from the hydrocarbons by adding 
water 20 times(15) the volume of the sample and shaken and left alone 
until all the alcohols had separated out from the hydrocarbon phase. It 
was shown by the results of Table 1 that 1.5 hours were sufficient to 
separate toluene completely (and also the alcohols; compare the results 
of Table 2) from the mixture. In order to break up the last traces of
the emulsion formed by the system, the mixture was heated at 60℃. As

it was indicated by the Table,50℃. seemed not sufficient, and at this

temperature the time of heating had to be longer. One shaking was 
adequate to remove practically all of the alcohols. The non-dissolving 
fraction was considered hydrocarbons. The validity of this assumption 
is justified, as shown by the results of Tables 1, 2, and 3. 
    To extract and concentrate the alcohols from such dilute aqueous 
solutions by means of some selective solvent appears unnecessarily tedious 
and wasteful in view of the fact that iso- and normal butyl alcohols form 
azeotropic mixtures with water in the respective proportions(16) (by weight 
of alcohol), 67% and 57.6%, at the constant boiling points(16), 90.0 and
92.6℃.,respectively.

   Distillations were carried out in the apparatus, which has been men-

tioned above. Until the last traces of the alcohol had disappeared, the 
boiling point was constant; moreover, the distillation could be made quite 
rapidly and roughly without fear of introducing serious errors. It was

continued until 100℃.(17). When it was completed, the distillates, which

had separated out into two layers, were shaken to bring about an equili-

brium between alcohol and water, and the respective amounts of the 
alcohol in the water and the water in the alcoholic phase were corrected 

for at the experimental temperature. The above method was sufficient to 
determine accurately the amounts of the alcohols in their binary systems
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  Table 1. Effects on Separation of Toluene of Time and Temperature. 

                          Toluene-Iso alcohol Systems.*

* Break-up appeared not quite complete . 

                    Toluene-Normal alcohol Systems.**

   ** Conditions : toluene 10 c .c. ; alcohol 10 c.c. ; water 400 c.c. ; time of shaking 5 
minutes. 

with hydrocarbons. If, however, a system contains both alcohols and 
hydrocarbons simultaneously, several additional steps must be made in 
order to separate the respective alcohols from each other. These addi-
tional operations involve, first, the extraction with ether(5) of the alcohols 
from the aqueous phase and, second, the separation of the alcohols by 
distillation. 

   Results. The simpler method has been used for the separation of 
iso- and normal alcohols from their respective binary systems with toluene,
and the results obtained at 15℃.(unless otherwise stated)are shown in

Table 2. The actual amounts of toluene and the alcohols lost are inde-

pendent of the amounts of the respective components in the system. What 
this means is, among others, that the loss is mainly operational. The 
results of our measurements indicate that the method is quite simple and 

fairly accurate. At present, we do not have a suitable explanation of the 

fact that the loss of toluene in the normal system is consistently smaller 
than that in the iso- system. 

    For the mixtures consisting of i.so-, normal butyl alcohols, and com-

mercial gasoline, the more involved method was used. The alcohols were 
separated from the gasoline and concentrated as in the simpler method,
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Then to the distillates a sufficient amount of CaCl2 was added to saturate 

the aqueous phase. Then by four separate additions of the same volume as 
that of the distillates of ether, the alcohols were completely extracted from 

water. Ether and the alcohols were, then, separated from each other 
by distillation which presented no difficulty. 

                       Table 2.

Normal Butyl Alcohol-Toluene Systems at 15℃.

* At 10℃ .

Iso-butyl Alcohol-Toluene Systems.

The iso-butyl alcohol range was taken from 100 to 111℃., and what

had been left over undistilled was considered all normal alcohol. As indi-

cated by Fig. 1 and Table 3. the separation of iso-butyl alcohol is complete,
and although a range from 100 to 111℃. has been taken, in reality, prac-

tically all has come out at a constant temperature,108.4℃. The range

of temperature,100 to 108℃., is due to the time lag in bringing the

thermocouple to the proper temperature. 
    As can be seen from Table 3, the actual loss in c.c. of the gasoline is 

about the same in each run, but it is larger than that of toluene. This is 

probably due to a.: higher volatility of the gasoline. Regardless of the 
amounts of the individual alcohols, the loss in each run is about the same; 

moreover, it is of the same order of magnitude as that in the toluene-
alcohol systems. This indicates that the loss is, as it has been already
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Fig. 1.

mentioned, chiefly mechanical. 
When the results of the two 
tables are compared, some in-
formation as to the sources of 
error involved in the present 

method may be gained. In Table 
3 the amounts of iso- and of 
normal alcohols finally separated 
are always less than the original 

amounts and they are about the 
same as those in Table 2. What 
it means is that during the ether 
extractions and the final distilla-
tion the loss is negligible, and the 
main source of error seems either 
in the extraction by water of the 
alcohols or in the distillation of 
the azeotropic mixtures. By a 
number of preliminary runs the 
latter has been shown to give 
negligible error; therefore the 
chief source must be the former. 
The same inference can be drawn

Table 3.

Iso-and Normal Butyl Alcohols-Gasoline Systems at 15ｰC.

from the fact that some difficulties, which have been already referred to, 
are encountered with in connection with the extraction. 
   Finally, a word may be mentioned of the accuracy of the method. 

Since the actual loss is independent of the total amount of each component 
in the system, the larger the amount of the component, the smaller will 
be its percentage error. If the alcohol to be separated is about 5 c.c., the 
percentage error is about 5 ; for 10 c.c., it is about 3 and for over 15 c.c., 
it can be reduced to about 1 %.
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                         Summary. 

   A new method has been devised, employing the principle of az3otropic 
distillation, to separate iso- and normal butyl alcohols from hydrocarbons. 
   This method has been applied to the binary systems of iso- and 
normal alcohols with toluene. It has also been tried with the mixtures 
of the alcohols and gasoline. The individual components have been 
separated, and it has been shown that this method is accurate within 
5 % when the amount of the component to be separated is about 5 c.c. ; 3 % 
when it is 10 c.c.; and about 1% or less for the amount larger than 15 c.c. 
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