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Abstract

Di-(2-ethylhexyl) phthalate (DEP) has been synthesized using a novel silicoaluminophosphate molecular sieve CHSAPO-1
as catalyst for the esterification reaction of phthalic anhydride with 2-ethylhexanol. The effect of some factors such as reaction
temperature, the molar ratio of 2-ethylhexanol/phthalic anhydride, the amount of catalyst used, the amount of cyclohexane
used and reaction time on the reaction has been investigated. The yield of di-(2-ethylhexyl) phthalate obtained was over 95%
when the reaction conditions used were as follows: the molar ratio of 2-ethylhexanol/phthalic anby@rié, the amount
of cyclohexane used 25 ml/mol phthalic anhydride, the amount of catalyst usedl.1 g/mol phthalic anhydride, reaction
temperature= 200—-220C, and reaction time= 2 h. H-CHSAPO-1 catalyst also possesses high selectivity and good activity
stability for the reaction. The physical properties of the esterified product synthesized are in accordance with the literature
values. For comparison, some zeolites were also tested in the esterification reactions.

Butyl pentanoate has also been synthesized by the esterification reaction of pentanoic aciduwtéhol over novel
aluminophosphate and silicoaluminophosphate molecular sieves. The effect of the procedures of synthesizing the molecular
sieves and preparing the catalysts, and reaction conditions on the yield of the ester has been systematically investigated. The
yield of the ester obtained when using aluminophosphate molecular sieves as catalysts depends upon synthesis methods of
the molecular sieves (mainly template and synthesis system).

The aluminophosphate and silicoaluminophosphate molecular sieves modified with Sn possess higher catalytic activity
than those not modified. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction di-(2-ethylhexyl) phthalate and butyl pentanoate are
very useful products industrially. Therefore, develop-
Some conventional catalysts such asSHy, etc. ment of more efficient catalysts will be interesting and

have been used for preparation of di-(2-ethylhexyl) useful. It is well known that the use of heterogeneous
phthalate from the esterification reaction of phthalic catalysts for liquid phase organic synthesis reactions
anhydride with 2-ethylhexanol, and for the synthesis can give a lot of benefits [1], for example, a clean
of butyl pentanoate from the esterification of pentanoic reaction product solution can be obtained after sim-
acid withn-butanol. Unfortunately, the applications of ~ple filtration, the catalyst is easy to be recovered and
those catalysts cause some problems such as corrosionieused, and avoidance of corrosion, etc. Hence, some
loss of catalyst, and environment problems. However, attention has been paid to the use of heterogeneous
catalysts in the esterification reactions of carboxylic
* E-mail addresszhaozh@hunnu.edu.cn (Z.H. Zhao). acids [2-5].
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Aluminophosphate (AlPg) molecular sieves are
porous crystalline inorganic solid materials which are
formed from alternating Al@ and PQ tetrahedra.
AIPO4 molecular sieves were first synthesized by Wil-

son and coworkers [6,7]. It has been shown possible to H-CHSAPO-1

perform isomorphous substitution [8]. The materials
obtained when silicon substitutes into the framework
of the AIPQy molecular sieves are known as silicoa-
luminophosphate (SAPO) molecular sieves [9,10].
The catalytic activity of some AlIP9 molecular
sieves such as AIP£12, etc. in the esterification reac-
tion of propionic acid witm-butanol has been reported
[11]. Now we would like to report an efficient cat-
alyst, novel silicoaluminophosphate molecular sieve
CHSAPO-1 [12] synthesized first by us, which was
used for the preparation of di-(2-ethylhexyl) phthalate
from the esterification reaction of phthalic anhydride
with 2-ethylhexanol, and the application of some novel
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Table 1
Comparison of catalytic activities of various catal§sts

Initial rate of esteri-
fication (mol PA/I'h)

Catalyst

3.05
H-SAPO-12 2.96
HZSM-5 2.98
291

aEthylhexanol:phthalic  anhydride:catalyst:cyclohexane=
1mol:3.0mol:2.0g:25 ml at 200-220.

observed within a reaction time of 2h is as follows:
H-CHSAPO-1 > H-ZSM-5 = H-SAPO-12 > HY
zeolite. It is worth noting that H-CHSAPO-1 catalyst
prepared by ion exchange from silicoaluminophos-
phate molecular sieve CHSAPO-1 possessed the
highest activity for the reaction.

A series of experiments [Runs (5-10) in Table 2]

aluminophosphate and other silicoaluminophosphate has been carried out by varying the amount of the
molecular sieve catalysts in the esterification reaction catalyst used but keeping other conditions, such as

of pentanoic acid witln-butanol.

2. Results and discussion

2.1. Esterification of phthalic anhydride with
2-ethylhexanol

The esterification reaction of phthalic anhydride
with 2-ethylhexanol in the presence of catalyst and in

the case of heating can be represented in Scheme 1.

Table 1 shows the initial rate of the esterification

2-ethylhexanol/phthalic anhydride molar ratio, the
amount of cyclohexane used, reaction temperature
and reaction time, constant. The results obtained show
that the yield of di-(2-ethylhexyl) phthalate increased
with increasing the amount of the catalyst used. How-
ever, when the amount of the catalyst used was varied
over 1.1 g/mol phthalic anhydride, an increase in the
yield was no longer evident.

A rise in 2-ethylhexanol/phthalic anhydride molar
ratio (Runs 11-16) led to a slight increase in the yield
because of movement of chemical equilibrium of the
reversible reaction towards the direction of forming

reaction over various catalysts. The results indicate the ester. It is evident that 2.8:1 is an appropriate molar

that the catalyst H-CHSAPO-1 is more effective

than others. As can be seen from the Runs (1-4) in

ratio of 2-ethylhexanol/phthalic anhydride.
Cyclohexane was employed as a solvent to pro-

Table 2, the results obtained using various catalysts for mote separation of water formed during the ester-

the reaction indicate that the order of catalytic activity

0

I
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Yo 4 Rom—Cu H,0
s 200 - 220C o
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I |

0 (4]

R = 2-Ethylhexyl

Scheme 1. Esterification of phthalic anhydride with 2-ethylhexanol.

ification reaction from the reaction system. A rise
in the amount of cyclohexane added led to a slight
decrease in the yield (Runs 17-22). This decrease
could be because the addition of the cyclohexane to
the reaction system caused a decrease in the reflux
temperature, i.e. reaction temperature. However, the
addition of an appropriate amount of cyclohexane is
necessary in order to remove the water formed during
the esterification reaction from the reaction system,
leading to movement of chemical equilibrium of the
reversible reaction towards the direction of forming
the ester to increase the yield of the ester. On the other
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Table 2
Esterification of phthalic anhydride (PA) with 2-ethylhexanol (EH)
Catalyst Run Amount of catalyst EH/PA Amount of cyclo- Reaction tempe- Reaction Yield of
(g/mol PA) (mol ratio) hexane (ml/mol PA) rature (C) time (h) DEP(%)
H-CH-SAPO-1 (HCSAP1) 1 2.0 3.0:1 25 200-220 2 97.8
H-SAPO-12 2 20 3.0:1 25 200-220 2 96.2
HZSM-5 3 20 3.0:1 25 200-220 2 96.3
HY 4 20 3.0:1 25 200-220 2 95.4
HCSAP1 4a 0 281 25 200-220 2 30.1
5 10 2.8:1 25 200-220 2 93.1
6 11 281 25 200-220 2 96.7
7 15 2.8:1 25 200-220 2 96.9
8 20 281 25 200-220 2 97.1
9 25 2.8:1 25 200-220 2 97.2
10 3.0 281 25 200-220 2 97.5
HCSAP1 11 25 2.0:1 25 200-220 1 88.7
12 25 2.4:1 25 200-220 1 89.1
13 25 2.8:1 25 200-220 1 90.5
14 25 3.0:1 25 200-220 1 90.8
15 25 3.4:1 25 200-220 1 90.8
16 25 4.0:1 25 200-220 1 90.9
HCSAP1 17 11 281 0 190-240 1 91.2
18 11 2.8:1 10 220-230 1 90.5
19 11 281 15 210-230 1 90.2
20 11 2.8:1 20 200-220 1 89.9
21 11 281 25 200-210 1 89.4
22 11 2.8:1 30 180-190 1 88.1
HCSAP1 23 3.0 3.0:1 25 150-160 1 69.2
24 3.0 3.0:1 25 160-170 1 73.6
25 30 3.0:1 25 170-180 1 7.7
26 3.0 3.0:1 25 180-190 1 81.1
27 3.0 3.011 25 190-200 1 85.6
28 3.0 3.0:1 25 200-210 1 88.9
29 3.0 3.01 25 210-220 1 90.5
HCSAP1 30 3.0 3.0:1 25 210-220 0.5 77.8
31 30 3.011 25 200-220 1 89.9
32 3.0 3.0:1 25 200-220 15 96.3
33 30 3.011 25 200-220 2 97.6
34 3.0 3.0:1 25 200-220 25 98.2
35 3.0 3.011 25 200-220 3 98.7

hand, the reaction can proceed at a lower temperature,by filtration after reaction. It was then reused in an

decreasing the possibility of side reactions.

identical reaction without further treatment for the

An appropriate rise in the reaction temperature catalyst. Table 3 lists the results obtained. The pro-
(Runs 23-29) can increase the yield of the ester, prob- cess was repeated five times, and the catalyst retained
ably due to an increase in the activity of H-CHSAPO-1 its full activity even in its fifth reuse. It is possible,

catalyst for the reaction.

therefore, that a continuous process could be utilized,

Runs 30-35 demonstrate that a rise in the reaction although we have not attempted to carry out the re-

time led to an increase in the ester yield.

action in this way. This illustrates that H-CHSAPO-1

In order to establish whether the catalyst could catalyst possesses excellent activity stability in the
be reused, a sample of H-CHSAPO-1 was recovered esterification reaction.
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Table 3

Activity stability of H-CHSAPO-1 catalyst (all reactions
were carried out using 1.1g catalyst/20 ml cyclohexane/2.8 mol
2-ethylhexanol/mol phthalic anhydride at 200-220for 1 h)

Yield of DEP (%)

Times of using the catalyst

First 89.8
Second 90.2
Third 89.5
Fourth 89.1
Fifth 88.7
Sixth 87.4

In addition, the esterification reactions of phthalic
anhydride with n-butanol, n-pentanol,iso-pentanol,
n-octanol andso-octanol have also been investigated,

Z.H. Zhao/Journal of Molecular Catalysis A: Chemical 168 (2001) 147-152

2.2. Esterification of pentanoic acid with n-butanol

In the case of pentanoic acmdbutanol molar
ratio = 1:1.2, the amount of catalyst used1.0 g/mol
pentanoic acid, the amount of cyclohexane used
5 ml/mol pentanoic acid, and reaction temperatgre
140-150C, the aluminophosphate and silicoalu-
minophosphate molecular sieve catalysts prepared by
various methods were used for the esterification reac-
tion of pentanoic acid witm-butanol. Tables 46 list
the results obtained.

As shown in Table 4, the catalyst prepared from the
AIPO4 molecular sieve synthesized using ethylene-
diamine as a templating agent possesses the highest
activity for the esterification reaction. The AIRO

respectively, under the same conditions as those usedmolecular sieves synthesized in different systems

in the esterification reaction of phthalic anhydride with

possess some differences in their crystal structures,

2-ethylhexanol. The results obtained indicate that the leading to slightly different catalytic activities.

order of the ester yield change with different alcohols
is as follows:n-octanol > n-pentanol> n-butanol;
and normal alcohols- iso-alcohols. For the series of
normal alcohols, this could mainly be due to the differ-

It can be seen from comparison of Table 5 with
Table 4 that the AIP® molecular sieve catalysts
modified with Sn exhibit higher catalytic activity, in
particularly the modified CHNUAP-7, than those not

ence of the boiling points amongst the alcohols having modified.

different carbon atom numbers; but for the normal and

The results given in Table 6 indicate that H form

isomeric alcohols with the same carbon atom number, SAPO molecular sieves possess higher catalytic ac-

this could mainly be attributed to both the boiling point
factor and different molecular structures and sizes.

Table 4

tivity than non-H form SAPO. Both the H form and
non-H form SAPO molecular sieves modified with Sn

Esterification reaction of pentanoic acid withbutanol over various aluminophosphate molecular sieves

Number of catalyst Templating agent used in

Esterification reaction Yield of butyl

synthesis of molecular sieve time (h) pentanoate (%)
AP-9012016 BN (EtsN/Al203 mol ratio = 1.5) 4 70.9
AP-89012013 EMN/AI,O3 = 1.3 5 68.7
AP-7-24 Cyclohexamine 4 16.0
AP-89012026 Ethylenediamine 5 74.3
AP-898012031 Inorganic ammonium 5 69.8
NQ-AP-9011013 Non-aqueous system 4 61.9
AP-9002020 Non-organic system 5 60.3
Table 5

Esterification reaction of pentanoic acid withbutanol over various aluminophosphate molecular sieve catalysts modified with Sn

Number of catalyst Type or synthetic system of

Esterification reaction Yield of butyl

AIPQO4 before modifying with Sn time (h) pentanoate (%)
AP-9012016M EN system 4 89.5
AP-9003026M Ethylenediamine 4 81.0
AP-7-24M CHNUAP-7 4 74.9
NA-AP-9011013M Non-aqueous system 4 63.6




Z.H. Zhao/Journal of Molecular Catalysis A: Chemical 168 (2001) 147-152 151
Table 6
Esterification reaction of pentanoic acid withbutanol over various silicoaluminophosphate molecular sieves
Number of catalyst Type or preparation Esterification reaction Yield of butyl

conditions of catalyst time (h) pentanoate (%)

H-CHSAPO-1 H form 4 76.0
H-CHSAPO-1M H form, modified with Sn 4 81.5
H-SAPO-12028 H-SAPO-12 5 74.5
H-SAPO-12D H-SAPO-12 modified 5 95.2
N-HSAPO-CH-1-28 Synthesized in non-aqueous system 5 65.4
N-HSAPO-CH-1-28M Synthesized in non-aqueous system, H form and modified 5 91.7
N-HSAPO-CH-1-26 Synthesized in non-organic system 3.5 66.5
N-HSAPO-CH-1-26M Synthesized in non-organic system, H form and modified 3.5 74.6
CHSAPO-7-17 CHSAPO-7, no ion exchange 3.5 60.0
CHSAPO-7-17M CHSAPO-7, no ion exchange, modified 3.5 76.4
CHSAPO-8-28 CHSAPO-8, no ion exchange 4 67.6
CHSAPO-8-28M CHSAPO-8, no ion exchange, modified 3.5 71.8
CHSAPO-9-20 CHSAPO-9, no ion exchange 4 64.5
CHSAPO-9-20M CHSAPO-9, no ion exchange, modified 4 83.1
SAPO-9012002 SAPO-17, no ion exchange 4 65.7
SAPO-9012002M SAPO-17, no ion exchange, modified 4 79.2
CHSAPO-10-4 CHSAPO-10, no ion exchange 4 59.1
CHSAPO-10-4M CHSAPO-10, no ion exchange, modified 4 83.8

exhibit higher activity than the SAPO not modified.
The H form SAPO molecular sieves modified with Sn

4. Experimental

possess higher activity than the non-H form SAPO 4.1. Catalyst

modified with Sn.

3. Conclusions

H-CHSAPO-1 is an effective catalyst with high
activity, excellent selectivity and activity stability for
the esterification reaction of phthalic anhydride with
2-ethylhexanol.

The catalytic activities of different AIP£molecular

Syntheses of AlIP@molecular sieves were carried
out according to the procedures described by Zhao
et al. [11], using phosphoric acid (85%PIOy) and
aluminium hydroxide as the sources of phosphate and
alumina, respectively.

A novel SAPO molecular sieve, CHSAPO-1, was
synthesized in the system triethylamine>@$—P,Os—
SiO—H,0 [12]. The synthesis of other SAPO molec-
ular sieves were performed according to Lok et al. [9].

sieves in the esterification reaction depend upon the The synthetic products were characterized using

synthesis methods of these molecular sieves.
The modification of the AIPQ and SAPO molec-

ular sieves with Sn can markedly increase the cat-

alytic activities of these catalysts in the esterification
reactions.

Table 7
Chemical composition and adsorption data of CHSAPO-1

powder X-ray diffraction (XRD), SEM, IR, DTA,
chemical analysis and adsorption measurement.

The chemical composition and adsorption data of a
novel SAPO molecular sieve, CHSAPO-1, were given
in Table 7.

Weight loss after
calcination (%)

Composition (wt.%)
Al»,O3 P>0Os5

SiO

Molar composition
AlegZPzOsZSiOz

Adsorption data (wt.%)
H>0O

Cyclohexane

13.41 32.68 37.36 16.55

1:0.82:0.86 9.3 9.5
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H-SAPO catalyst was prepared by a series of treat- 4.4. The reaction rate measurements

ments. The SAPO molecular sieve was first calcined
at 540C in order to remove the organic template, it

The rate measurements of esterification reactions

was then ion-exchanged with an aqueous solution of were made by determining the concentration of ph-
0.5M NH4Cl. H-SAPO was prepared by calcining the thalic anhydride at different reaction periods with

NH4-SAPO at 540C. Finally, 25wt.% of a binder

chemical analysis, and then by drawing the concen-

(Al203) was added to the H-SAPO, and H-SAPO cat- tration of phthalic anhydrideQy) versus reaction
alyst was prepared after further a series of treatmentstime (). Thus, the reaction rate is equalt@Ca/dt.

including crashing, sieving and calcination at 3@0
for 3h.

SAPO catalysts modified with Sn were prepared by Acknowledgements

impregnation or mechanical mixing.

4.2. Esterification procedures

General procedures for catalytic esterification were
described as follows. A freshly activated molecu-
lar sieve catalyst was added to a mixture of ph-
thalic anhydride, 2-ethylhexanol (or pentanoic acid
and n-butanol) and cyclohexane in a three necked
round-bottomed flask equipped with a thermometer, a

The author acknowledges financial support by the
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