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SUMMARY.

Dehydration of n-butyl, ‘butyl fraction’, sec-buty! and prim-iso-amyl alecohols have been studied over
three highly efficient dehydrating catalysts, namely, activated alumina, calcined alumine and alumina-phos-
phoric acid. Pure butene-1 was obtained by dehydrating n-butyl alcohol over activated alumina (Brockman’s)
at 400°C. The efficiency with which specially calcined alumina catalyses dehydration of these alcohols and
gsimultaneously promotes isomerisation of thé resulting olefins has been found remarkable. Thus on dehy-
dration of iso-amyl-alcohol over this catalyst at 400°C., an equilibrinm mixture of the isomers of methyl-

butenes was obtained. Alumina-phosphoric acid catalyst has been found most suitable for the production
of butenes from the *butyl fraction’.

Considerable attention has been paid in recent vears to the problem of dehydration of”
buty! and iso-amyl alcohols in view of the fact that this reaction involves isomerisation which
leads to the formation of isomeric olefins of great technical value. The extent of the isomeric
interconversions of the olefins which accompany the dehydration process and the mechanism
involved therein have been studied by various workers. Le Bel and Green (1880) were the first
to obtain butenes by dehydration of n-butyl alcohol over zine chloride. Ipatieff (1903) carried
out dehydration of butyl alcohol over alumina at 300°C., and obtained a mixture of isomeric
butenes. The quantitative study of the relative formation of different isomeric butenes by
catalytic dehydration of butyi aleohol over phosphoric acid was first undertaken by King (1919)
but his results have subsequently been contradicted (Komarewsky ef al., 1934). Matignon,
Maureu and Dode (1933) record formation of 85%, butene-l and 159, butene (cis and frans) by
dehydration of n-butyl alcohol over activated alumina. Pines (1933) contradicts the results of
Matignon et al. and observes that pure butene-l without a trace of butene-2 is obtained under
those conditions. This result has been confirmed by Ipatieff, Pines and Schaad (1934). Koma-
. rewsky, Johnston and Yoder (1934) have studied the activity of alumina-phosphoric acid and

phosphoric-pumice as catalysts for the dehydration of n-butyl and sec-butyl alcohols at 350°-
400°C. and always obtained a mixture of isomeric butenes.

The simultaneous formation of the three isomeric butenes is due to the existence of the
following equilibrium relationship :
CH;—CH CH;—CH
CH;—CH CH—CH,
and their exothermic heats of hydrogenation (Kistiakowsky et al., 1935) indicate that conversion
of butene-1 to butene-2 is probable.
Catalytic dehydration of prim-iso-amyl alcohol results in the formation of three isomeric
methyl-butenes, e.g. 3-methyl-butene-1, 2-methyl-butene-1 and 2-methyl-butene-2.

?Hg - CH, CH, (I}Hs
l 'z
CHy-CH~CH,~CH,0H »CHg-CH-CH = OH, = CH, = C-CHy-CH; = CHy-C = CH-CH,.

Norris and Reuter (1927) have carried out dehydration of iso-amyl alcohol over alumina at
450°C. and reported 90%, yield of 3-methyl-butene-1. By using aluminium sulphate as catalyst
they obtained 799, yield of 2-methyl-butene-2 at 345°C. The equilibrium relationship existing
among the three isomeric methyl-butenes has been studied by Ewell and Hardy (1941). They
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isomerised 2-methyl-butene-1 to an equilibrium mixture containing 27-0%, 3-6%, and 69-4%,
of 2-metbyl-butene-1, 3-methyl-butene-1 and 2-methyl-butene-2 respectively, by a prolonged
recirculation over activated alumina at 357°C. Practically the same results were obtained with
3-methyl-butene-1 and 2-methyl-butene-2.

The rolative stabilities of the methyl-butenes can be compared from the values of their
exothermic heats of hydrogenation determined at 82°C. [expressed in Kilo calories per gram
mole}—3-methyl-butene-1: ¢ = 30,336; .2-methyl-butene-1: @ = 28,491; 2-methyl-butene-2:
@ = 26,920. _ .

These values indicate that 3-methyl-butene-1, 2-methyl-butene-1 and 2-methyl-butene-2
are in the increasing order of stability.

In the present investigation, the dehydration of n-butyl sec-butyl and prim-iso-amyl alcohols
have been studied over three important catalysts, namely, activated alumina, calcined alumina
and alumina phosphoric acid with the following objects in view:

(1) Preparation of pure butene-1 and 3-methyl-butene-1, required for equilibrium studies.

(2) The extent of dehydration and simultaneous isomerisation of the resulting olefins in the
presence of the above-mentioned catalysts, .

(3) Production of butenes from the butyl alcohol fraction (B.P. 100-114°/680 mm.) which
was obtained from the fermentation products of maize.

EXPERIMENTAL.

Materials : Normal butyl alcohol: purified by distillation (B.P. 113-14°/684 mm.), was
employed for the preparation of pure butene-1.

Butyl Fraction: boiling between 100-14°/684 mm. was separated by fractional distillation
from the fermentation products. This was directly used for dehydration experiments without
any further purification.

Sec-butyl alcohol: boiling at 95-6°C. was used.

Prim-iso-amyl alcohol was purified by fractional distillation. The fraction boiling at
128°C./684 mm. was used.

Catalysts : (1) Activated alumina (Brockman’s) was used for the preparation of butene-1
and 3-methyl-butene-1.

(2) Calcined Alumina: Aluminium hydroxide was precipitated from a solution of aluminium
nitrate by dilute ammonia. The hydroxide gel so obtained was washed ion-free with distilled
water, dried at 100-20°C., ground and screened to produce articles of 10-15 mesh. The catalyst
was then heated slowly in a tube furnace to 700°C. and calcined in a dry current of air for a
period of about 6-7 hours.

(3) Alumina-Phosphoric acid: This catalyst was prepared by following the method of
Komarewsky (4). Alumina 42-0 gms. (taken as hydroxide gel from ecalculated amount of
aluminium nitrate) was mixed with 160 gms. of 909, phosphoric acid to a smooth paste. The
mixture was dried at 100-150°C. in an air oven, broken into pieces, and sieved to give 10~15
mesh granules. The catalyst was then heated at 400-500°C. in a tube furnace for a period of*
3-4 hours. »

Apparatus gnd Procedure : The apparatus has been illustrated in the accompanying Fig. 1.

The reaction tube, K, made_of hard pyvrex glass, was heated in an electric furnace, and the
temperature of the reaction was measured by the thermocouple 7', imbedded in the catalyst.
Alcohol, to be dehydrated was placed in the graduated vessel # and dropped into the preheater
P, through the capillary dropper D. The steady rate of flow of alcohol, in the preheater was
maintained by applying pressure on the liquid in F. Before starting an experiment, the furnace
was heated to the desired temperature and then the alcohol to be dehydrated was vaporised
at a steady rate in the preheater P and allowed to pass over the catalyst. Water and other
liquid products were cooled in the condenser K and collected in the receiver @. The gassous
olefins were condensed in the traps 7'y and T'; surrounded by a freezing mixture of salt and ice.
For the collection of the gases which escaped condensation in the traps, the gas holder @ was
used. . :
Estimation of #he isomeric olefins : Estimation of the different isomeric butenes by the usual
dibromide method has been shown by Komarewsky ef al. (1934) to give inaccurate result. The
recent method consists in distilling them in the low temperature apparatus of Podbielniak
(Lang, 1935). As this apparatus was not available the dibromide method has been adopted
in the present work for the approximate estimation of the different butenes.



CATALYTIC DEHYDRATION OF BUTYL AND ISO-AMYL ALCOHOLS. 139

The different isomeric methyl-buitenes have been estimated by careful fractional distillation
in a specially devised ice-cooled fractionating arrangement. Since the boiling points of the
three isomers of methyl-butenes are:

B.P. at 760 mm. B.P.°C. at Bangalore (680 mm.)

3-methyl-butene-1 .. .. 20-1 17
2-methyl-butene-1 .. .. 31-0 28
2 methyl-butene-2 .. .. 386 35

their separation by fractional distillation did not offer much difficulty.

Fia. 1.

RzsvLTs.

Normal butyl alcohol (B.P. 113-14°/680 mm.) on dehydration over activated alumina
(Brockman’s) at 400-450°C. gave pure butene-1. Under optimum conditions, about 65%, of
the alcohol could be decomposed per run. As there was practically no side reaction, the re-
covered alcohol could be used again. Dehydration of n-butyl alcohol over calcined alumina at
350-400°C. was very rapid and complete conversion to olefins took place. Analysis of the
gaseous product indicated considerable formation of butene-2. Dehydration of n-butyl alcohol
over alumina-phosphoric acid could be brought about as effectively as that over calcined alumina,
The results are rocorded in Table I. In all the experiments the volume of the catalyst was 25 c.c.
and free space 65-70 per cent.
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TaBLE 1.

Dehydration of n-butyl alcohol.

STUDIES ON THE FORMATION OF OLEFIN-ISOMERS IN THE

Temp. of Rate of Per cent
No. Catalyst reaction | flow in mols.| conversion Reaction products.
°C. per hr. of alcohol.
1.  Activated AlyO4 400 0-784 62 Butene-1.
2. Activated Al,Og4 - 450 1-125 51 Butene-1.
3. .Calcined Al,0O4 350 1-352 100 Butene-1, Butene-2.
4. Calcined AlyO, 400 1-730 92 Butene-1, Butene-2.
5. Alumina-phosphoric acid 350 0-812 84 Butene-1, Butene-2.
6.  Alumina-phosphoric acid 400 1-108 96 Butene-1, Butene-2.

In the dehydration of the butyl aleohol from the ‘Butyl Fraction’ some difficulties were
encountered at first in securing complete conversion to butenes. The presence of small
amounts of acetone, ethyl alcohol, water, ete. (not exceeding 109,) in the fraction inhibited the
reaction rate and caused formation of some liquid products. By using activated alumina at
400—450°C. the occurrence of side reactions could be appreciably avoided but as the rate of
decomposition of the alcohol was very slow, the catalyst proved unsatisfactory. The efficiency
of calcined alumina was high as will be evident from experiment No. 2 and 3 {(Table II), but its
activity lasted only for a few hours and then required recalcination. The use of alumina-
phosphoric acid catalyst has been found most suitable for the present purpose. Dehydration
proceeds at the lower temperatures of 325-50°C. and only small amounts of liquid products are
formed. Higher temperatures of reaction were unfavourable. The experimental data are given
in Table II.

TasrLe I1.

Dehydration of ‘Butyl Fraction’.

Rate of P
flow in er cent .
No. Catalyst. Temp. mols conversion Reaction products.
. of alcohol.
per hr.
. Butene-1
1. Activated Al,Og 450 0-556 45 ‘
2. Caleined Al,Oq 400 0-621 04 Duteno-1 and Butene-2.
3. Calcined Al,O4 450 0-790 05 utene-1, butene-2, liquid
products.
4. Alumina-phosphoric acid 350 0-572 92 ptene- 1, butono-2
5.  Alumina-phosphoric acid 400 0-786 90 utene-1, butene-z, some
liquid products.
6.  Alumina-phosphoric acid 450 1127 84 Butene-1, Butene-2, and
liquid products.

Dehydration of sec-butyl alcohol was relatively simple. Dehydration over all the three

catalysts resulted in the formation of mixture of butenes. Three typical experiments are given
in Table III.
Tasre III.

Dehydration of Sec-Butyl Alcohol.

Rate of P
flow in or cont
No. Catalyst. Temp. °C. mola conversion Reaction products.
per hl: of alcohol.
1. Activated Al,Oy 450 0-556 82 Butene-1, Butene-2.,
2. Calcined Aly04 350-400 1-130 100 do.
3. Alumina-phosphoric acid 400 1-217 96 do.

2B
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Results of particular interest were obtained on dehydration of iso-amyl alcohol over activated
alumina and calcined alumina. Activated alumina has been found most suitable for the
preparation of 3-methyl-butene-1 at 375-400°C. The rate of decomposition of the alcohcl
was rather slow, but an yield as high as 93%, of 3-methyl-butene-1 could. be secured in the
gaseous reaction products. By using higher temperatures of reaction the decomposition rate
of alcohol could be increased but the yield of 3-methyl-butene-1 was correspondingly lowered.
Results -of dehydration of iso-amyl alcohol over calcined alumina at 400°C. has been found
remarkable as the resulting olefins consisted of an isomeric equilibrium mixture of the composition,
3% 3-methyl-butene-1, 209, 2-methyl-butene-1, 779, 2-methyl-butene-2. [Cf. Ewell and
Hardy, 1941.]

Tasre IV.

Dehydration of pri-iso-amyl alcohol,

Per cent composition of the

Rate of | Per cent reaction product.

Temnp. flow in | conversion
J v

No. Catalyst, o1, mols. of

per hr. aleohol. | 3-methyl- | 2.methyl- | 2-methyl-
butene-1. | butene-1. | butene-2.

1. Activatod Al,O4 - 400 0641 32 93 5 2
2.  Activated AlyOg .. 450 0-783 66 90 5 5
3. Activated AlyOg4 . 500 -826 78 88 4 8
4, Calcined Al,O3 .. .. 350 0-819 160 8 27 63
5. Calcined Al,Og .. .. 404 1-135 100 -3 20 77
6.  Alumina-phosphoric acid .. 350 0-764 96 29 57 14
7.  Alumina-phosphoric acid .. 400 1-120 92 21 43 36

This result is of considerable significance, firstly because, it shows a remarkable change in
the catalytic properties of alumina by different methods of activation and secondly, it shows the
occurrence of isomerisation equilibrium of the methyl-butenes simultaneously with their forma-
tion in the dehydration process. Effective dehydration of iso-amyl alcohol over alumina-
phosphoric acid catalyst has been found to oceur at 400°C. but the resulting olefins consisted of
21Y%, 3-methyl-butene-1, 439, 2-methyl-butene-1, 36%, 2 methyl-butene-2, thus indicating much
less activity as compared to calcined alumina. Results of some typical experiments are recorded
in Table IV.

My best thanks are due to Sir J. C. Ghosh, Director, Indian Institute of Science, Bangalors,
for his kind interest in the work.
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