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Esterification of Acetic Acid with n-Butanol Catalyzed by Metallocenes
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Abstract: Efficient esterification of acetic acid with n-butanol has been achieved using metallocenes as the catalyst, and the ester can be
produced with a high yield. The effect of several factors such as reaction time, molar ratio of catalyst/alcohol, and different metallocenes on
the vyield has been investigated. The results of homogeneous -catalytic reaction show that Cp,Fe, Cp.TiCl, Cp,ZrCl, and
[o-MeOC¢H,C(Et).Cp].ZrCl, are effective catalysts for aliphatic acid esterification at a very low catalyst/alcohol molar ratio. When Cp,TiCl,
was used as the catalyst at a molar ratio of Ti/n-butanol equal to 0.049%, 90% yield was gained after 30 min. Silica gel (400 mesh) was used
as the support to load metallocenes. The supported Cp,ZrCl; catalyst exhibits high activity as that of Cp,ZrCl, under optimum experimental
conditions (calcination temperature = 400 °C, calcination time = 4.0 h, the molar ratio of Zr/butanol = 0.487%, reaction time = 45 min) with
the ester yield of 90.6%. The use of supported metallocenes as the catalysts results in a cleaner process for esterification without wastewater
produced. Moreover, the catalyst is easy to recycle.
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Fig. 1. Effect of the molar ratio of the catalyst (M) to alcohol on the
yield of butyl acetate for the esterification of acetic acid and
n-butanol catalyzed by metallocenes. Reaction conditions: acetic
acid = 0.1 mol, n-butanol = 0.1 mol, reaction time = 40 min.
Cp",ZrCl, = [0-MeOCgH4(C,Hs),CCsH4].ZrCl,.
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Table 1 Changes in yield and TOF with reaction time over the metallocene catalysts

Catalyst M/alcohol molar ratio (%) Reaction time (min) Isolated yield (%) TOF (h™)
Cp,Fe 0.0511 20 53.9 7143
0.0511 30 52.3% 4621
0.0518 40 57.8% 3777
0.0505 45 60.9% 3206
0.0514 50 65.8% 3917
0.0511 60 53.0% 2341
Cp,TiCl, 0.0472 20 75.4 12677
0.0492 30 90.0 9675
0.0484 40 80.4 6590
0.0496 50 72.8 4657
0.0516 60 65.4 3350
Cp,ZrCl, 0.0510 20 75.9 6167
0.0527 30 77.1 4035
0.0524 40 81.5 3224
0.0531 50 69.2 2162
0.0527 60 65.3 1711

Reaction conditions: acetic acid = 0.1 mol (*0.3 mol), n-butanol = 0.1 mol (®n-butanol = 0.3 mol).
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Table 2 Effect of calcination temperature on silica gel properties, Zr content, and catalytic activity of the Cp,ZrCl,-Si catalyst

Calcination

Surface area (m?/g)  Pore volume (cm®g)  Zr content (%)  Zr/n-butanol molar ratio (%)  Yield (%)  TOF (h)
temperature (°C)
400 201 1.37 4.37 0.0829 43.9 840
600 213 142 6.35 0.0799 49.7 890
800 228 153 8.42 0.0819 45.9 912

Reaction conditions: acetic acid = 0.1623 mol, n-butanol = 0.1084 mol, time = 45 min.
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Table 3 Effect of Zr/n-butanol molar ratio on the esterification over
CpZZrClz—Si

Zr/n-butanol . o n-Butanol
. Yield (%) TOF (h™) .
molar ratio (%) selectivity (%)
0.0566 37.9 1092 88.6
0.0616 445 1223 87.9
0.0768 48.8 1078 86.5
0.0829 53.9 1104 88.8
0.0909 67.8 1265 90.9
0.1081 84.1 1321 93.2
0.1233 86.9 1197 92.8
0.1560 89.8 979 94.2
0.4870 90.6 318 92.3

Reaction conditions: silica gel calcination temperature = 400 °C,
acetic acid = 0.1623 mol, n-butanol = 0.1084 mol, time = 45 min.
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Table 4 Effect of acetic acid/n-butanol molar ratio on the esteri-
fication over Cp,ZrCl,-Si

Acid/alcohol Acetic acid . i
. Yield (%) TOF (h™)
molar ratio amount (mol)
1.00 0.1082 37.9 764
1.25 0.1353 40.0 806
1.50 0.1623 45.9 912
1.70 0.1839 50.1 1050
2.00 0.2164 51.4 1079

Reaction conditions: Cp,ZrCl,-Si = 0.95 g, molar ratio of Zr/
n-butanol = 0.0808%, n-butanol = 0.1084 mol, time = 45 min.

224  RRIATE R 520

L 400 °C K% e i) fit Ji 11 48 CpoZrCly Jh fii 4k 71,
1E Zr FIE T /14 BE 7K BE 2k 0.0808%, R 1 Lk ok 1.70
ZAF T REAT BRGSO N, P55 T OIS [RDR] I A4, e B
PEREMIRE MY, 45K S, R AT, 2 KN I R) /b
T-45 min i, BEAL SRV ISR ARG, A0 R A
WA, B A B NI IA) PR SE K, R A SR TR 1AL 28 38
. 8RR, MHRRENEARE, CBMT
et 5 AT AR AL P T A R ke 384 A 7R
P, 55 ¥R B AR AR B, R I ) P S B33 R 11 [
AR ] g A BT SN ) A8 B AL I8 O o A1
TIIAASAT P RO R, (HEREA VR K, 15
TR NI IR AR 2%, 5 SUHE AL 7 (1 TOR 238 B 1K

Fz 5 =Nz E) % EE 1k = R Y 52
Table 5 Effect of reaction time on the esterification over
szZl’C'z-Si

Zr/n-butanol

. . : ~1

molar ratio (%) Time (min)  Yield (%) TOF (h™)
0.0962 35 27.2 593
0.0906 40 30.1 610
0.0909 45 69.8 1428
0.0963 50 75.2 1193
0.0963 60 76.9 1016
0.0928 90 78.8 690
0.0974 120 83.8 524
0.0887 240 87.1 299

Reaction conditions: n-butanol = 0.1084 mol, acetic acid = 0.1839 mol.
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Table 6 Recycling of Cp,ZrCl,-Si catalyst in the esterification of
acetic acid with n-butanol

Cycle Yield (%) TOF (h™h)
1 43.1 870
2 37.2 782
3 33.5 702

Reaction conditions: Cp,ZrCl,-Si = 0.95 g, Zr/n-butanol molar ratio
=0.0808%, n-butanol = 0.1084 mol, acetic acid = 0.1839 mol, time
=45 min.
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