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ABSTRACT KEYWORDS
Synthetic methods of ethyl acetate (EA) such as an esterification method Overview:
with acetic acid, amethod of condensati on with acetal dehyde, the catalytic Synthetic methods;
dehydrogenation of ethanol and the direct addition of acetic acid to Ethyl acetate.

ethylenehave been reviewed. Synthetic methods of ethyl acetate (EA) using
different catalysts such as sulfonic acid (p - toluenesulfonic acid), inorganic
acids (the weight ratio of carbon to H,SO, (0.51 %) and H,SO, with the
microwave heating method), inorganic salts (Al,(SO,),, CuCl, and
NaHSO,),heteropolyacids (silicotungstic acid),carbon nanotube, styrene-
acrylic acidcopolymer, ionicliquids (1 - hexyl - pyridiniumtetrafl uoroborate
and N -methyl imidazole hydrosulfate), strong acid cation exchange resins,
heteropoly acid (phosphorus- molybdenum-vanadium heteropoly acid),
Cu0/ZnO/AlO,and solid super acid (SO,?/TiO, and S,0,*/Fe,0.,-TiO,-
Nd,O,) have also been discussed. © 2013 Trade SciencelInc. - INDIA

INTRODUCTION terification method with acetic acids, themethod of con-
densation with acetal dehyde, the catalytic dehydroge-

Ethyl acetate(EA) isacolourlessliquidwithapleas:  nation of ethanol and the direct addition of acetic acid

antly fruity odour. Itsmolecularformula, melting point,
boiling point, and flash point are C,H,0,, -83.6 °C,
77.2°C and -4 °C, respectively. Ethyl acetate is hard
to dissolveinweter, but dissolvesin organic solventg?.
Duetoflord fragrance, itiswidely usedin different ar-
eas such as coating, fibre, artificialleather and
syntheticrubber, etc?. Synthetic methods of ethyl ac-

etate consists of four types of methods such asthees-

to ethylene. The esterification method with acetic acid
has not been used around theworld. The catalytic de-
hydrogenation of ethanol and thedirect addition of acetic
acidto ethyleneareused inthe new unit. However, the
edterification method with aceticacid isgenerally used
in Chinal®. TABLE 1 show different synthetic meth-
ods of ethyl acetate.

In the present paper, synthetic methods of ethyl

TABLE 1: Different synthetic methodsof ethyl acetate

Name Eqn. Catalyst Country
The esterification method with acetic acids C,HsOH + CH3;COOH = CH;COOC,Hs+ H,0 H,SO, China
The method of condensation with acetaldehyde 2CH3;CHO = CH3;COOC;Hs Al Japan and Germany
the cataytic dehydrogenation of ethanol 2C,HsOH = CH;COOC,Hs + 2H, Cu-Zn-Al Japan and South Africa

the direct addition of acetic acid to ethylene

C2H4 + CH3COOH = CH3COOC2H5

Heteropolyacids Japan
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acetate (EA) such asan edterification method with ace-
tic acid, amethod of condensation with acetal dehyde,
the catal ytic dehydrogenation of ethanol and thedirect
addition of acetic acid to ethyleneare discussed. differ-
ent catalystssuch as sulfonic acid (p - toluenesulfonic
acid), inorganic acids (the weight ratio of carbon to
H,SO, (0.51 %) and H,SO, withthe microwave heat-
ing method), inorganic salts (Al(SO,),, CuCl, and
NaHSO,),heteropolyacids (silicotungstic acid),carbon
nanotube, styrene-acrylic acidcopolymer, ionicliquids
(1 - hexyl - pyridiniumtetrafluoroborateand N -methyl
imidazol e hydrosulfate),strong acid cation exchange
resins, heteropoly acid (phosphorus- molybdenum-va:
nadium heteropoly acid), CuO/ZnO/Al, O, and solid
super acid (SO,7/TiO, and S,0,7/Fe,0,-TiO,-Nd,O,)
area so explained.

RESULTSAND DISCUSSION

An esterification method with acetic acid

Theedterification method with acetic acid meansthat
aceticacidreactswith a cohol under thecondition of the
cadys. Theadvantageof thismethodisbeing very ma-
ture, eadlly getting feedstocks (acetic acid and dcohal),
and requiring lessinvestment. Ontheother hand, this
method hasalot of disadvantagessuchasrequiringhigh
temperaturetofinishthereaction, havinglow utilization
of acetic acid, more secondary reaction taking place,
difficultly tregting theproduction, easly damaging equip-
ment, gettinglow yid d of ethyl acetateand requiringhigh
operating cost. Effectsof different cataystsontheyied
of ethyl acetateareintroduced asfollows.

p - Toluenesulfonic acid asa catalyst

Wu Yanhua? used p - toluenesulfonic acid asthe
catalyst to synthes seethyl acetatefromaceticacid and
acohol. Theoptimd conditionswerethemolar ratio of
aceticacidtoacohaol (1.0: 2.5), thereactiontime (1
hr), thereaction temperature (80 °C) and the weight
ratio of p- toluenesulfonicacidto aceticacid (7.94 %)
respectively. Themaximumyield of ethyl acetatewas
91.5 %.

Carbon/H,SO, asa catalyst
MaPeihud® described asynthesisusing theweight
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ratio of carbonto H,SO, (0.51 %) asthecatalyst. The
optimal conditionswerethereactiontime (2.0 hr), the
molar ratio of aceticacidtoacohol (2.5: 3.7) andthe
weight ratio of carbon/H,SO, to acetic acid (20.0 %)
respectively. Themaximumyield of ethyl acetatewas
64.0 %.

H,SO, as a catalyst with the microwave heating
method

Zhang Xinwei® used themicrowave heating method
to study onthe synthesisof ethyl acetate. The optimal
reaction conditionswere: the microwave heating time
(0.083 hr), themicrowave heating power (400 W), the
reaction temperature (110 °C), the molar ratio of ace-
ticacidtoacohol (2.5:3.7), theweight ratio of H,SO,
to acohol (120 %) respectively. Themaximum yield of
ethyl acetate was 92.0 %.

Al(SO,),asacatalyst

Sun Jingxia™ described the synthesis of ethyl ac-
etateand usedAl(SO ) asthecatdyst. Theoptima con-
ditionswere: thereaction temperature (70 °C), the mo-
lar ratio of aceticacidtoa cohal (1.0: 6.0) and theweight
ratio of Al(SO,), tototal reactant (0.5 %) respectively.
Themaximumyidd of ethyl acetatewas97.8 %.

CuCl, as a catalyst with the microwave heating
method

ChenWeiping® used CuCl asthecatalyst withthe
microwave heating method to synthesize ethyl acetate.
The optima microwave heatingtime (0.2 hr), themi-
crowave heating power (400 W), the molar ratio of
aceticacidtoacohol (5.0: 1.0) and theweight ratio of
CuCl, to acetic acid (2.0 %) were introduced. The
maximum yield of ethyl acetate was 68.0 %.

NaHSO, as a catalyst

MengXiangfu'®¥ used NaHSO, asthe catalyst and
explained thereasonsfor itsuse. The optimal reaction
conditionswere: thereactiontime (2.5 hr), themolar
ratio of acetic acid to alcohol (3.3 : 4.95) and the
weight ratio of carbon/H,SO, to acetic acid (3.33 %)
respectively. Themaximumyield of ethyl acetatewas
87.5 %.

Silicotungstic acid asa catalyst
GaoLiquan® used orthogond experimenta design
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method to study on the synthesisof ethyl acetate. The
optimal reaction conditionswere: thereectiontime (1.0
hr), themolar ratio of aceticacidto alcohol (1.0: 2.0)
andtheweight ratio of silicotungsticacidto aceticacid
(4.17 %) respectively. Themaximumyield of ethyl ac-
etatewas 92.2 %.

Carbon nanotubeasa catalyst

Yi Huiyang™® described the synthesis of carbon
nanotubeand ethyl acetate. Theoptima conditionswere:
reactiontime (2.5 hr), themolar ratio of aceticacid to
alcohol (1.0 : 2.5) and the weight ratio of carbon
nanotube to acetic acid (12.5 %) respectively. The
maximum yield of ethyl acetatewas80.4 %.

Syrene- acrylicacid copolymer asacatalyst

LiuShenghuan™ described the synthesisof ethyl
acetate by using styrene - acrylic acid copolymer as
thecatalyst. Theoptimal reaction conditionswere: re-
actiontime (0.83 hr), themolar ratio of aceticacid to
alcohol (1.0: 1.0) and the weight ratio of styrene -
acrylic acid copolymer to acetic acid (25.42 %) re-
spectively. Themaximum yield of ethyl acetatewas
90.0 %. The performance of the catalyst was very
good when it was reused. For example, theyield of
ethyl acetate was about 90.0 % even after it had been
used 9 times.

1- hexyl - pyridiniumtetr afluor oborate asa cata-
lyst

Wei Zhiping!*d described the use of 1 - hexyl -
pyridiniumtetrafluoroborate asthe catalyst. The opti-
mal molar ratio of aceticacidtoalcohol (1.1: 1.0) and
themolar ratio of 1 - hexyl - pyridiniumtetrafluoroborate
toacetic acid (1.0: 8.0) ontheyield of ethyl acetate
were mentioned. The maximum yield of ethyl acetate
was 66.0 %.

N - methyl imidazole hydrosulfate asa catalyst

Tang Xiaoli™ described theuseof N - methyl imi-
dazolehydrosulfateasthecatalyst. Theoptimd reaction
conditionswere: thereactiontime (4.0 hr), thereaction
temperature (60 °C), the molar ratio of acetic acid to
acohol toN - methyl imidazole hydrosulfate(1.0: 1.5:
0.2) respectively. Themaximumyield of ethyl acetate
was 84.2 %. The performanceof N - methyl imidazole
hydrosulfate asthe catalyst was very bad when it was
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reused. For example, theyield of ethyl acetatewasonly
74.6 % even after it had been used 3times.

Srong acid cation exchangeresinasa catalyst

Li Xu™ described the use of strong acid cation
exchangeresin asthe catdyst. Theoptimd reaction con-
ditionssuch asthereactiontime (0.92 hr), thereaction
temperature (70 °C), the molar ratio of acetic acid to
acohol (1.0: 1.5), theweight ratio of strong acid cat-
ion exchangeresin to alcohol (23.83 %) wereintro-
duced. Themaximum yield of ethyl acetate was 62.5
%.

Phosphor us- molybdenum-vanadium heter opoly
acid asa catalyst

Li Jinlei™*™ used phosphorus- molybdenum-vana-
dium heteropoly acid asthe catayst. Theoptima reac-
tion conditionswere: thereactiontime (0.5 hr), there-
actiontemperature (120 °C), the molar ratio of acetic
acidtoalcohol (1.0: 2.5), theweight ratio of phospho-
rus- molybdenum-vanadium heteropoly acid to d cohol
(5.0 %) respectively. The maximumyield of ethyl ac-
etate was 84.7 %.

CuO/ZnO/Al O, asacatalyst

XiaoYonghong™® described how to prepare CuO/
ZnO/AlL O, and introduced the synthesis of ethyl ac-
etate by using CuO/ZnO/Al, O, asthe catalyst. The
optimal reaction temperature (120 °C), the reaction
pressure (1.05 M Pa), the cal cination temperature (400
°C) and the molar ratio of Cu to Zn (1.0 : 1.0) were
mentioned. Themaximumyield and selectivity of ethyl
acetate were 82.35 % and 89.62%, respectively.

SO, #ITiO, asa catalyst

HouWeiyan!*"! described the synthesis of SO,/
TiO,and ethyl acetate. The optimal reaction conditions
were: Ti loading time (12.0 hr), the cal cination tem-
perature (400 °C), the calcination time (2.0 hr), the
reaction temperature (80 °C), the reaction time (3.0
hr), themolar ratio of acetic acidto alcohol (1.0: 1.8)
andtheweight ratio of SO,?/TiO, to acetic acid (33.33
%) respectively. The maximumyield of ethyl acetate
was 97.0 %.

S,0,7/Fe,0,-TiO,-Nd,O,asa catalyst
Yang Chunhud™® described theuseof S,0,%/Fe,0,
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- TiO, - Nd,O,as the catalyst to synthesize ethyl ac-
etate. The optimal reactiontime (1.5 hr), themolar ra-
tio of aceticacidto alcohal (3.0: 1.0) and theweight
ratio of S,0,*/Fe,0, - TiO, - Nd,O, to acetic acid
(19.98%) wereintroduced. Themaximumyied of ethyl
acetate was 92.0 %.

CONCLUSION

Based on the above discussion and review, p-
toluenesulfonic acidisoneof the best catalystsfor the
highest yield of ethyl acetate (91.5 %). On the other
hand, strong acid cation exchangeresinistheworst of
the catalystssince the maximum yield of ethyl acetate
wasonly 62.5 %.
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