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INTRODUCTION. 
Althou& there are numerous papers on esterification equilibria 

i n  vapour phase, of ethyl alcohol and acetic acid, there has beell no 
attempt so far,  to  find out the corresponding equilibrium constant ill 
the reaction of methyl alcohol with acetic acid. 

According to Menschutkin [Ann. L'izinz. Ph~ls., 1880, (5 )  20, 
3021 the limit of  esterification in the liquid phase of an  equi~nolecular 
mixture of methyl alcohol and acetic acid is, at 69.9% esterificatio~l 
(I<?, = s . 3 ) ,  and according to  Berthelot [Ibid., 1863, (3)  68, 23.51, 
67.5%. Tt appears that in Iiqnid phase, the equilibrium constants 
fo r  the formation of esters from normal aliphatic acids and primary 
alcohols, a re  about the same order of magnitude. 

I t  is now well known that the equilibrium constants for  the re- 
action of ethyl alcohol with acetic acid in vapour phase, are aerq- much 
higher than the values in liquid phase. In this paper it is shown that 
this holds good even for the vapour phase esterification of acetic acid 
by methyl alcohol, and that, c~~r ious ly  enough, the equilibrium con- 
stant is nearly the same as that for the vapour phase esterification of 
acetic acid by ethyl alcohol, a t  the samc tcmperature. 

I t  was shown by us (/our. Amer. Chem. Soc., 1937, 59, 798) 
tha t  although potassium alum is far  more actke than silica gel for 
esterification, the lower limit with this catalyst is clue to the simul- 
taneous establishment of ether equilibrium. I t  was therefore interest- 
ing  t o  find out if there was any formation of methyl ether, when 
vapours of methanol and acetic acid were passed over alum catalyst, 
and also to compare the relative activity of silica gel and alum for the 
vapour phase esterification. Both methanol and acetic acid can be 
made available in large qcluantities in Ehadravati. . 

EXPERIMENTAL. 
T h e  apparatus used and the experimental procedure folhwed 

the same as  that dcscribed by Gajendragad, Jatkar and Watson 
(This Jow?znl ,  lSA, 59-69). 



T h e  copper tube was not attacked by acetic acid a t  tctnperatures 
hig-her than 200". The  mixture of alcoliul and acitl was allowed 
to flow drop by drop into the copper tube vapouriscr, superheated and 
then passed through the catalyst tube. The  resulting products were 
condensed in a test tube kept in a freezing misture. 

Analysis.-A large nnmber of preliminary experiments x e r e  
made to find out if there were side reactions, S L I C ~  as  the dchyciration 
of alcohol to cthers and decarbosylation i l l  the acitl to c:lrbon tliozitle, 
water and acetone. The  latter could not bc tl~tectctl. l 'hc  de- 
hytlration of methyl alcohol to methyl ethcr-, did liot occur c\-ell at  li)w 

sl,ace velocities, owing to the lower acti\.ity o l  ihc alunl c:~t:~lyst Tor 
this reaction than f o r  the decomposition oF ethyl alcol~ol, and. to the 
gencral preference of the esteriiication to etherification over dehydrat- 
ing catalysts. 

The absence of any side reaction such a s  etherification was easily 
proved, a s  thc coi-resl~oncling ether is a gas  which could br cstimatetl 
by absorbin,q in su1phu1-ic acid. 

Optimtlm temperature for the silica catalyst was determined by 
passing, a t  the rate or  10  c.c. per hour, an  equimolar n ~ i s t u r c  O F  methyl 
alcohol and acetic acid, at  various tcmpcratures from 200"-270' and 
finding out the percentaze of acid esterified. The  results a r e  fiiven 
in the following table. Experiment No. 8 was done with the rate of 
12 c.c. an hour. 

C&talyst,: 60 grams of ailioa. 

These results show that the optimum temperature was in the 
region 230"-270". IIeating the catalyst to 270' did not appreciably 
change the activity oF the same a t  lower temperatures. Thus  experi- 
ments 3 and 9 gave the same result. 

Study of the reverse reaction CH, COOCH:, -t H,O -> CH, 
C O O H  f CE1,OH over silic-a catalyst a t  260" was taken up. Pure  
methyl acetate was taken in the burette and the ester vapours saturated 



with water vapour were passed into the reaction chamber through 
the superheater. 

T h e  ester vapours thus saturated with steam were initially con- 
densed and analysed for  f ree  acid. I t  was found that under these 
circumstances the ester was not hydrolysed. Thus the initial mixture 
container1 the vapours of the ester and the water only, the relative 
pro1mrtion being controlled by the temperature of the hnmidifier. 

According to the equation CH:: COOCfJ, <- H,O = CH3 C O O H  
+ CH,,OH equivalent quantities of acetic acid and alcohol are pro- 
duced. Tn these runs the total acid and free acid per gram of product 
are  determined, the quantity of the alcohol is assumed to be equi- 
valent to the free acid, and the water is estimated by difference. The 
results obtained are summarised in the following table. The composi- 
tion of the product in mols %, is given in colunlns 4, 5 and 6, and the 
apparent value of 

calculated from the composition of the product is given in column 7. - 
Expt. 
No. 

- 
171 

172 

173 

174 - 

I n i t i d  nmirt. 

Ester : Wstor 

Compos~tion of thp product 
In mols O, 

Rate 94, Conver- 
sion 

I n  the last column the apparent equilibrium constants are trans- 
lated in terms of percentage conversion of equimolecular mixture. 

I t  appears from these results that the equilibrium constant in 
the vapour phase esterification of acetic acid by methyl alcohol cor- 
responds to 76% conversion of the equimolecular mixtures at  260°, 
which is the optimum temperature for the silica gel catalyst. 

Estcrificatioa o f  Adethyl Alcohol a$td Acetic Acid over Po fas -  
s i z r v a  A1zm C'atalyst at Z3O0.-The same apparatus and materials were 
used a s  in our experiments with silica catalysts. 

T h e  temperature for  the esterification over potassium 
alum catalyst prepared as described by Jatkar and Watson (lac, cit.) 



Mols 
H.0 

35.8 

38.0 

37.2 

37.7 

37.5 

37.8 

is the same, vi:., 230" as has been found for the dehydration of 
methyl and ethyl alcohols to ethers. 

Erperime~~ts  were made to find out the maximum esterification 
at various rates and the results are given in the following table. In 
all t h e  following experiments the initial and the final total acid agreed 
within experimental error. 

Catalyst : Potwsium Alum. 
2310". 

I I I I 
These results also indicate that the reaction reaches the limit 

within a few per cent. even at the rates up to 20 C.C. per hour, the 
maximum conversion being 75.8%. 

9:: / Rate 1 Acid I Ester - 

The above results show that a limit is reached even at high rates 
unlike the silica catalysts. 

In order to duplicate the above values, a fresh sample of the 
potassium alum catalyst was prepared and put in the apparatus. A 
mixture of methyl alcohol (35% ), acetic acid , ( 6 3 .  Sy* ) and water 
(1.21 7 6 )  was passccl over the fresh catalyst. The results are given 
in the fcilloming table :- 

1 / Composition of tho distillsrto 1 I -. 

0, i a t  1 j ~~s;ri .  
fie4 

-- 

1 

2 

3 

4 

5 

73-1 

76.1 

73.1 

74.7 

73.8 

68.1 I 
6G.8 

68.2 

7 2 4  

74.2 

8 . 3  

37.6 

30.4 

30.6 

30.4 

6 

7 

8 

10 

11 

14.5  

9 7 . 8  

2 8 . 3  

27 .2  

49-1 

12 

12 

$1 

6 

6 

6 .6  

13.5 

13.2 

10.6 

l i . 1  

.. .. ~. 

' 1 I 

9.1 

3 11.1 

6 

6 

10.4 

10.7 



Rczwsc Reactiox-The study of the hydrolysis of methyl 
acetate has been made on the same catalyst with the arrangeneni 
&scribed in the case of silica catalyst. The lowest value for Kp was 
about 7-8. 

Expt. 
No. 

*4? 
Conver- 

sion 

, * I h e  following experiments were made by passing over the 
catalyst a cluadruple nlixture of ester, water, acid and alcohol cor- 
responding to  Kp = 8 a t  various rates. 

W i t h  potassium alum as catalyst, the lnaximl~m conversion of the 
equimolecular mixtures of methyl alcohul by acetic acid is 75 .XgL in 
the direct reaction. This was conhrn~ed by passing equilibri~un mis- 
tures over the catalyst. . - 

Conver- 
sion 

Passing m equihhrium mixture 

Mols Mob &Is Moln 
Ester I Fi.$ / NeOH 1 Aci& 

K p  



The  results obtained in the prcscnt investigation point out an 
elegant way of preparing methyl acetate on a lahorntory scale. 7'he 
same plant which is used for  the production of ethyl ether and ethyl 
acctatc, can be used for  thc prepnl-:ltilm o l  niethyl acetatc.. 

SUMMARY. 

Silica gel has been shown to be a very ineflicicnt catalyst fni- thc 
vapour phase esterification of acetic acid by mctl~yl alcol~ol. -\ctivated 
potassium alum has been found to be f a r  more efficient for this re- 
action, and has been s h o w ~ ~ ~  to be quite sntisfactory 101- the study of 
thc equilihriuni constant at 230°, which corrcsprilitls to 7.5 .ST;, con- 
version of the ec~uimoleculat- n~i r turcs ,  in :~gt-cement nit11 the value 
obtained at 2h0" with silica xei. 

In the case of vapour phase cslerification of acetic acid by ethyl 
;ilcohol, it was shown that there was simultaneous cstahlishn~ent of 
ether equilibrium a t  low space velocities. 'I'hc corrcsponrling side 
reaction did not occur in the case of mixtures of acetic acid and methyl 
alcohol, showing the preference of esterificatiou over dehydration of 
the alcohol. 
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