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Catalytic synthesis of isoamyl acetate by amino acid functional

heteropolyacid as catalysts and its Kinetics

LIANG Juanjuan', ZHAO Yugian®, LI Fanghao', HAN Xiaoxiang', FANG Miaoli' **
(1. Department of Applied Chemistry, Zhejiang Gongshang University, Hangzhou 310018,
P.R.China; 2. Hangzhou Medical College, Hangzhou 310053, P.R.China)

Abstract; The organic-inorganic hybrid catalyst, namely [GlyH], H, , PW,, O, (x = 1.0-3.0), was
prepared by combining phosphotungstic acid and glycine (Gly). The effects of various factors on the
catalytic synthesis of isoamyl acetate with using [ GlyH ], H, , PW,, O,, (x = 1.0-3.0) as catalysts were
studied, and the synthesis process of isoamyl acetate was optimized by response surface methodology
(RSM). The results show that [ GlyH ], ,-H,, PW,, O,, catalyst has the highest catalytic esterification
reactivity and reusability. The optimum conditions are n (isoamylol) :n (acetic acid) = 1.05 :1,the amount
of catalyst to acetic acid 4. 5%, reaction time 2.0 h and water-carrying agent 10 mlL. Under these
conditions, the yield of isoamyl acetate reaches 98.5% , which is in basic agreement with values predicted by
the mathematical model. Under the optimal conditions, the active energy of the esterification is 79.73 kJ/mol.
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Table 1 List of isoamyl acetate yield during esterification of acetic acid

and isoamylol over various catalysts
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[GlyHT;0PW,, 04 72.8

SR A5 A« BERR R JRBOEL S 1,050 1, A AL 4 4 06 . OB AF ] 1.5 h, 10 mL PR 4.
22 REEFMHXLGIyH]  H, PW, 0, X & B Z B 5 1K B Y72 00

PALGLyH o Ho o PW o, O A REAET L AT £ R 55 5 6T 4 TR A6 B BT AT 5« 4% TR 3N & TR S T TG )™ R 1Y) 5%
M 25 R 1R

100 100 100
5 L
? & 98 |
90 } 90 |
S 8 s 9%}
¥ 85 | ¥ o8| e
£ £ Lo |
80 | 80 |
75 L 75 | 92 |
70 1 L 1 L 1 ) 70 1 1 1 1 1 ) 90 1 1 1 1 1
2 3 4 5 6 05 10 15 25 26 4 6 8 10 12 14
AR /% BB [R/h 7K & /mL
(a) (b) (c)

B1 AEREEZFHXNZCBRRKESEZNZMN

Fig.1 Yield of isoamyl acetate over [ GlyH], , H,,PW,, 0y as a function of reaction conditions
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Table 2 Experimental range and factor levels for esterification process

i 5 7K -
(S A5
—1 0 1
T/ Yo x, 3 4 5
S N B} [8] /h x, 1.0 1.5 2.0
K/ mL z, 7.5 10.0 12.5

PA oo Bl s O HEBE S ZR S IR 977 3 O 0 LA (YD B8 T R M A R L3R 3. Hp st 1~12 2
B 13~ 17 J2 XS i D SE IR A2 5 U UG TSR 1R 25 (BRifE iR 22 0.35) .
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Table 3 The design and results of response surface methodology

4K g 7= 5/ %o
SLIG S " - , -

AL =/ % S g B[] / b K&/ mL S g E o
1 —1 —1 0 93.50 93.34
2 1 —1 0 96.09 95.70
3 —1 1 0 95.12 9551
4 1 1 0 98.53 98.69
5 —1 0 —1 96.64 96.53
6 1 0 —1 97.26 97.38
7 —1 0 1 91.06 90.94
8 1 0 1 95.50 95.61
9 0 —1 —1 97.82 98.09
10 0 1 —1 97.34 97.06
11 0 —1 1 90.52 90.80
12 0 1 1 97.25 96.68
13 0 0 0 98.71 98.23
14 0 0 0 97.69 98.23
15 0 0 0 98.35 98.23
16 0 0 0 98.39 98.23
17 0 0 0 98.01 98.23

H1 e 3 Bl AT LAt S BR 7™ 38 5 TN 7 48 (A 5 0 30 o 0 P o 7 T [ 19 6 Y i 08 s -l T 1 A% i
e A Y 56 R o I R Bl H 5 7
Y =98.23 + 1.38x, +1.292, — 1.84x, — 1.522% — 0.90x; — 1.602 + 0.20x,x, + 0.95x &, + 1.80x,x, .
HI5% 3 M A RGBT 220 e b3k 4, thak 4 nl 8 F (B0 58.29. F >F, 1 (9,7) =6.71; 4
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x 15.29 1 15.29 81.04 <0.000 1 % %
Z, 13.29 1 13.29 70.43 <0.000 1 * %
xs 27.12 1 27.12 143.75 <0.000 1 X %
z} 9.71 1 9.71 51.48 0.000 2 * %
2 3.42 1 3.42 18.13 0.003 8 * %
! 10.73 1 10.73 56.86 0.000 1 %%
x,x, 0.17 1 0.17 0.89 0.376 6
x,x, 3.65 1 3.65 19.34 0.003 2 * %
., 13.00 1 13.00 68.88 <<0.000 1 X %
B2 1.32 7 0.19
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Fig.2 3D response surfaces and contour plots showing correlations between a pair of experimental variables

and relevant effects on predicted isoamyl acetate yield while keeping other variables at a constant level of 0
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Fig.4 FT-IR spectra of the fresh [ GlyH], ,H,cPW;,0,, and the corresponding spent catalyst

regenerated after six consecutive cycles
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isoamyl alcohol and acetic acid
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