
ACTlVlTY OF DIFFERENT CATALYSTS FOR 
VAPOUR PHASE ESTERIFICATIQN. 
B:I' S. k'. K~rlkargtl . / a t kn r  ai l t i  R. K. ~ ~ l ; , , ~ k ~ ~ - .  

INTRODUCTION. 
111 the cvurse of the work on tile systematic jWgestigations of 

yapour phase equilibria in organic reactions of industrial importance 
which is being carried on in our laboratory jcj .  Jarkar and \vatson 
( T ~ x  ifJ2~t'md. 1926: 9A, 71-1091, Gajendragad, Jatkar alld iXjatson 
( Ibid . .  1932. 15A, 59-70), Gajendrag-ad and Jatkar (Jotir. Ilzd. Cliel,l. 
So?., 1935, 12, 4 8 6 9 3 )  and Jatkar and Gajendragad ( l o u r .  ,41130,. 
Cl%c.r~z. Suc , 1037, 59, 798)] a very ac t iv  catalyst was prepared from 
~ m t a s s i ~ ~ m  alulil for  r re paring ether, and  as tried for esterification. 
i l b ~ , l ~ ~  1026, lK!l~Ot-l~ i,f h i ~ l i  percentagi. of e~terihcati~ll obtained 
with silica gel ccralyi~ in vapour phase, were current, and the alum 
catalyst was found to be much more active than silica gel. However 
the l in~i t  oi  e~reriiicaricm observed, n.ai the same as in liquid phase. 
The furtuirous cuincitlence of this value with the esterification in the 
liquid phase has subsequently been proved to be due to  the simultane- 
ous establishnlent of ether equilibria, the preference of esterification 
be in^ only limited in effect (Jatkar and Gajendragacl. lor. c i t . ) .  

. \ ithougi~ the percent-a~e :elf esterification in the capour phase at 
equilibrium i i  high. the reaction velocity even with al~1.m as the catalyst. 
is y I .  For this reason, it i, not possible to employ the vapour 
phase esterificatiun for commercial work. ?Ye have. therefore. s td ied  
the comparative activity of difierent catalysts ior vapour phase esteri- 
licatirln of acetic acid by ethyl alcohol at l j0"  where the thema- 
dynainira! equilibrium is more iavourable. 

HISTORICAL. 

Sabaiier and Mailhe (Compt. Rcild., 1911, 152. 358 and 493) 
nsinji titoiii!iqri ;lnd t!!oriuiii ox ides .  showed that the limit of esttri- 
fication at 280-300' was about 70 per cent. and the reverse reaction 
also went up to  30 per cent. hfailhe an! Godon [ B d .  SOC. Cjzifl$., 
1021. 29, ( 4 ) .  101 1 u?ing : ; i~ror! i ! r i l !  m i d c  a> the catalyst, obtnined 
a maximum conversion of 69.5 per cent. 

Fartrickis silica gel has a surface of 2 . 5  X 10' cm.?:'gram. 
~ ~ ~ t ~ l o L I R - ~ l  ;( is esccllent adsorbent it possesses 110 ~ a r k e d  



:atalytic activity. Bancroft suggested that it \vould bc interestingr to 
try this substance with rnised vapours of cthyl alcohol and acetic acid 
because the esterification takes place to an  appreciable extent i n  the 
absence of any catalytic agent. Milligan, Chappell and Reid (Jozw. 
P k s .  Chenz., 1924, 28, 872) used the above su~ges t ion  and obtained 
89.4, 84 and 77.5 per cent. conversions at  150". 200' and 250" res- 
pectively. 

Frolich, Carpenter and Knnx (Jour. A7nrr. C : h ~ l l .  Soc.. 1930. 
52, 1565-70) studied the vapour phase esterifcation of  acetic acid 
by ethyl alcohol in the presence of a'rc016w1z oxide catalyst over a 
temperature range of 250-300". At 250" the reaction proceeded too 
slowly for equilibrium to be reached in the flow system employed. 
l h o v c  300", there was a tendency for simnltane~ms tlchytlration oi 
the alcohol into ethylene. Esterification experiments with equimole- 
cular concentrations of ethyl alcohol and acetic acid aave 87.5 per 
cent. conversion at  280". and 88.8 per cent. a t  300". 

Tidwell and Reicl (Jour.  Aqner. C'hcm. Snc.. 1931. 53,  43.3-58) 
studied the vapour phase esterification of ethyl alcohol and acetic acid 
in thc presence of silica gel, and obtained SS per- cmt.  conrersion at  
150" am1 75 per cent. a1 300". 

E s s ~ s  and Clark (lbici., 1932. 54, 1290-306) studied the equi- 
librium constant K a  for the equation I G a  - (a,,,,, x a,,,,,) 
(a,,id x a,,,.), in which the n's are the ac t i~i t ies  o C  the respective 
com~munds in  the equilibrium mixture, by approaching- cquilibri~mi 
f rom both sides in the nresence of silictr m i  as  :L catalvst. ?'he aver- 
age ralues of Ka fo; the temperat~~rhs ,  150°, 165"'antl 200" are 
33.62, 26.38 and 16 .07  reipectively. 

Dolian and Rriscoe (Proc. I.it.dial~n A c a d  Sci., 1933, 42, 
101-7) found that aluminium sulphate and potassium alum had little 
effect on the yield of csters in vapour phase esterification equilibria. 
Jatkar a n d  Gajendragad (loc. cit.) showed that the optimum tempe- 
rature for silica gel catalyst is 260". Relow this temperature the re- 
action is too slow to  attain equilibrium and above this temperature 
side reactions occurred. They also pointed out that potassium alum 
was f a r  more active than silica gel, but the conversion tiid not rise 
~b0W h6%, althoug11 the equilibrium value was 7774,. 

A study of the papers on this subject shows that the esterifica- 
tion equilibria in vapour phase is very much hi, .-her than that in the 
liquid phase, and that the equilibrium conversion is more favourable 
at lower temperatures, where the activity of silica %el catalyst is very 
poor. Epsex and Clark (lac. cit.) got over the low activity of this 



catalyst, by u s i w  1100 grams i,f catalyst in a tube 0.3 Inetres 
long. Apar t  from the of keeping such a large tubr at uni- 
furm tcmpcraturc, there is tllc vexed c,i shift of 
the ecluilibrilin~ the large lllass of the highly silica, 
the slightest change of rate or temperature. Silica is thus un- 
suitable a s  a catalyst fo r  e(pi1ibrium studies at lower temperatures. 

-,\s most of the researches given above, deal mainlv ,,,ith the equi- 
librium studies, it was thou,oht wclrth while to stLldydthe of 
cliffcrent catalysts fur  estcrificati~tl from a technical point of vie,,.. 
I n  th? present pawr  we have made a comparative studS- of 
tht- :~c t io i t~  of different catalpsts at  150", and ~xre discovered 
some catalysts which are  f a r  more active than silica gel. But it was 
C~unil tha t  tlw limiting c~nvers io t~  in most of the esperitnenis, n-as 
ionrer than the theoretical equilibrium value, which was attained only 
a t  inconveniently low rates. This peculiar result has been explained 
by assuming that the catalyst gets saturated with products of re- 
action, so that it  is 'poiso1led' when the reaction proceeds to scme 
specific value for  each one of the catalyst, indicating thr necessity of 
work in^ at higher temperatures. 

EXPERIMENTAL. 
The  apparahis consisted o f  a long copper cylinder with a round 

bottom which served as the container for the thermostatic liquid. 
I-Ieavy miucl-a1 oil was used as the liquid for the bath, in thc earlier 
experiments. As this oil began to form a thick viscous sediment 
\\,it11 use. nntl Fumed appreciably at ZOO", it was rrplaced by a nlisturc 
of ten parts of cottonseed oil and one part of bees-war. The liquid 
in the bath was heated by a coil \vouncl round the cylinder and supple- 
mentetl by an  additional heater dipping in the oil at  the bottom. The 
bath v:as stirred with a long stirrer and the temperature was niain- 
tained rt l o  xvith the help of a spiral thermo-regulator intrnd~lced in 
the bath. 

The  catalyst tube was made of pyres das s  I cm. diameter and 
100 cm. long bent into the form of U. The reaction products were 
condensetl in a tube snrl-ounrled by a misrure of ice and salt in a 
De~var ' s  flask. 

The  mixture to be passed over the catalyst, mas dropped in. 
th,-ough ;I dropper connected to a burette with a side tube attached 
near the top. The level in this burette was kept constant by rnaintain- 
inK the flow of mixture from another burette fitted above this, 
sli,Tlltly faster than the rate of the dropper, the excess of the mixture 
being collected separately. 



Ferric a h t t  was dried in a n  oven a t  110". Sodiic*~?-h-vdro~m- 
sudphate was dehydrated a t  150" under reduced pressure. Z I Y C O W ~ ~ L ~ ~ Z -  
o.ri(lr was prepared by l~recipitation f r ~ m  zircrmil~tll nitrate con- 
taining free nitric acid, by sodinm silicate sc~ltitiun. 'I'he catalyst 
contained 10yo zirconium oxide. Pota,rsium 1i.ydrogcn szrlp/~nte was 
dehydrated at  150" under reduced pressure. Silica ge l :  A sample from 
the "Silica C k l  Corporatio:i" w>s used first. ;~tlcl ~ ; L \ . c  1111~atisf;~c- 
tory results. Hence an  active varicty of the silica gel was prepared 
:~ccording to the method described by Holnles and Anderson ( I r t d  Eng. 
Chew., 1925, 17, 280) .  ,500 c c. of sodium silicate sdution of density 
1 ,375 diluted t u  1 0  litres were trcatecl with 1410 c.c. ~i 2 N. ferric 
chloride solution with vigorous stirring. The mixture was allowed 
to stand for 2 days, and filtered. The wet mass cin the filter paper 
was spread o t ~ t  and dried in air. These were treated with warm 
hyclrochloric acid in order to remhve the iron-oxide i n  the dried g-el. 
The ferric chloride forrned was washed out, leavirtf: n hard white gel 
of hydrated silica which was dried in a current of dry air at 150" 
for twelve hours. 

Actir~c rhnvcoal: A sanlple from "Sut-ton 2nd S~~icliTic" n.as used, 
after heating in a currei-it of dry air at  200". 

The results obtained wirh the various catalysts are  summarised 
in the following table and shown in Fig. 1. 
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FIG. 1. 

DISCUSSION. 

W i t h  equal rat-es of flow ferric alum, 10% zirconiun~ oxide, 
sodium hydi-osull>llate, silica g-el, phosphoric acid, activated carbon 
and potassium hydrosulphate gave at lSW, 5, 38, 40, 50, 75 
and 80% conversions respectively. The conversion with potassimn 
hyclrosull)hate and activated carbon catalysts did not increase with 
I-etluction of rate, beyond SO and 75771, although the equilibrium con- 
version is 85 % at this temperature. Potassium hydrosulphate is the 
most active catalyst. The failure of this catalyst as also of acti- 
vated carbon, in attaining equilibrium even at low rates may be due 
to the fact that the optimum temperature is higher than 1.50". The 
equilibrium conversion at  higher temperatures is, however, less favour- 
able f o r  esterification. Results of the experiments conducted at higher 
temperatures will he reported in a subsequent corntnunicatiot~. At  
15Oo, the reaction does not proceed abovc 90% o i  the eclld!ibrium 
value, on:ing to the high adsorptive power of the activated carbon. 
'I'l~e results with other catalysts can sitnilarly be explained on the 
assuniption of temporary poisoning of the catalyst mass by water 
vapour formed in the reaction, so that the reaction proceeds until the 



partial vapour prcssure of water forinetl, is equal to thc v a p o ~ ~ i -  Ires- 
sure of complex hydrates of the catalyst mass. 'I'hus, only a portion 
of the catalyst in initial portions of the tube is effective. This is 
proved bv the fact that in the cast: of lmtassium hyclrosulpl~ate, similar 
results were obtained even when the length of the catalyst employed 
was dot~bled by joining one more U-tube in series. A quadruple mix- 
ture o i  ethyl acetate, water, ethyl alcohol and water, corrcsljonding to 
80%) conversion, was also receivecl unchanged, a l t h r ~ u ~ h  the equilibrium 
conversion is higher. 

SUMMARY.  
Conlparati\-e activities o l  cliiierent catalysts For vapour phase 

esterification equilibria of acetic acid by ethyl alcohol, have been studied 
at  150". Potassium hydrosulphate and activated carbon have been 
found to be the best. 

In  the case of both the catalysts, the n~axinlunl conversion ob- 
served is 94% and 89% of the erluilibrium conversion a t  high space 
veiocities. owing to the temporary poisoning of thc catalyst mass by 
water vapour. Silica gel is the most unsuitable catalyst for esterifi- 
cation in vapovr phase a t  150". 
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