
Korean J. Chem. Eng., 25(5), 1018-1021 (2008)
SHORT COMMUNICATION

1018

†To whom correspondence should be addressed.
E-mail: inksong@snu.ac.kr

Effect of reaction conditions on the catalytic performance of H3PW12O40 heteropolyacid 
catalyst in the direct preparation of dichloropropanol

from glycerol in a liquid-phase batch reactor

Sang Hee Lee*, Dong Ryul Park*, Heesoo Kim*, Joohyung Lee*, Ji Chul Jung*, Sung Yul Woo**,
Won Seob Song**, Myong Suk Kwon**, and In Kyu Song*,†

*School of Chemical and Biological Engineering, Institute of Chemical Processes,
Seoul National University, Shinlim-dong, Gwanak-gu, Seoul 151-744, Korea

**Samsung Fine Chemicals Corporation, Nam-gu, Ulsan 680-090, Korea
(Received 11 February 2008 • accepted 6 March 2008)

Abstract−Direct chlorination of glycerol to dichloropropanol (DCP) was conducted in a liquid-phase batch rector
using homogeneous H3PW12O40 heteropolyacid (HPA) catalyst. The effect of reaction conditions (reaction time, reac-
tion pressure, reaction temperature, and catalyst amount) on the catalytic performance of H3PW12O40 in the direct pre-
paration of DCP from glycerol was examined. The optimum reaction pressure and reaction temperature were found
to be 10 bar and 130 oC, respectively. The reaction temperature was more crucial than the reaction pressure in improving
the selectivity to DCP. Selectivity to DCP increased with increasing reaction time and with increasing catalyst amount.
Acid sites of H3PW12O40 catalyst favorably devoted to the chlorination of glycerol. H3PW12O40 served as an efficient
catalyst in the direct preparation of DCP from glycerol under the mild reaction conditions.
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INTRODUCTION

Bio-diesel has attracted worldwide attention as a green fuel [1-
7]. However, a major problem in the production of bio-diesel is that
considerable amount of glycerol (ca. 10%) is formed as a by-product
[8]. This results in an over-supply of glycerol and decreases its com-
mercial value. Therefore, much attention has been paid to the direct
conversion of glycerol to high-value chemicals [9]. One of the pro-
mising methods to convert glycerol to high-value chemical is to
produce dichloropropanol (DCP) from glycerol in a single step. DCP
is mainly used as a feedstock for the production of epichlorohydrin
(ECH).

Fig. 1 shows the commercial process for producing DCP from
propylene. The conventional preparation method of DCP is com-
posed of two consecutive processes, which include the preparation
of allyl chloride through chlorination of propylene at a high tem-
perature and the preparation of DCP through subsequent chlorina-
tion of allyl chloride under the condition of excess amount of in-
dustrial water [10]. Therefore, the direct preparation of DCP from
glycerol has many environmental and economical advantages over
the conventional preparation method. Several processes utilizing car-
boxylic acids as catalysts have been developed for the direct prepa-
ration of DCP from glycerol [11-13]. However, it is known that these
processes have some problems in separation of DCP from organic
catalyst and in reuse of the catalyst. Therefore, the development of
an efficient and reusable catalyst for the direct preparation of DCP
from glycerol would be worthwhile.

Heteropolyacids (HPAs) are early transition-metal oxygen anion
clusters that have been widely employed as homogeneous and het-

erogeneous catalysts for acid-base and oxidation reactions [14-22].
One of the great advantages of HPA catalysts is that their catalytic
properties can be controlled in a systematic way by changing the
identity of heteroatom and framework polyatom [23-30]. Their ex-
cellent thermal and chemical stability also makes HPAs good candi-
dates in catalytic applications that may require extreme environments
[16-18].

A series of preliminary experiments investigating the catalytic
performance of heteroatom- and/or polyatom-substituted HPA cat-
alysts (H3PMo12−XWXO40 (X=0-12), H4SiMo12−XWXO40 (X=0-12),
H3+XPW12−XVXO40 (X=0-3), and H3+XPMo12−XVXO40 (X=0-3)) in the
direct preparation of DCP from glycerol in a liquid-phase batch reac-
tor revealed that the catalytic performance increased with increasing
acid strength of the HPA catalyst [31]. It was found that H3PW12O40

with the highest acid strength showed the best catalytic performance
among the HPA catalysts examined. In this work, therefore, H3PW12

O40 was chosen as a model catalyst for the direct preparation of DCP

Fig. 1. A commercial process for producing dichloropropanol
(DCP) from propylene.
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from glycerol. The effect of reaction conditions (reaction time, reac-
tion pressure, reaction temperature, and catalyst amount) on the cat-
alytic performance of H3PW12O40 in the direct preparation of DCP
from glycerol in a liquid-phase batch reactor was investigated. We
are the first to report the catalytic activity of HPA catalyst in the
direct preparation of DCP from glycerol.

EXPERIMENTAL

Commercially available H3PW12O40 catalyst was purchased from
Sigma-Aldrich Chemical Co. H3PW12O40 catalyst was thermally
treated at 300 oC for 2 h for precise quantification, prior to use in
the reaction.

Direct preparation of DCP from glycerol was carried out in a liq-
uid-phase batch rector (200 ml) using homogeneous H3PW12O40

catalyst, with a variation of reaction time, reaction pressure, reac-
tion temperature, and catalyst amount. Interior parts of the batch
reactor were made of Hastelloy C and Teflon which were highly
resistant to the chlorination agent. 12.6 g of glycerol (reactant), 78.9
g of aqueous HCl solution (37 wt%, chlorination agent), 20 g of H2O
(solvent), and a known amount of H3PW12O40 catalyst (15-48 g) were
charged into the batch reactor. After the homogeneous solution was
heated to the reaction temperature (100-150 oC) with vigorous stir-
ring (450 rpm), nitrogen was fed into the reactor to keep the reac-
tion pressure at a constant level (1-25 bar). The catalytic reaction
was carried out for a given time (5-30 h) with vigorous stirring. The
reaction products were analyzed with a gas chromatograph (HP 5890
II) equipped with an FID. Conversion of glycerol and selectivity to
DCP were calculated according to the following equations.

Conversion of glycerol (%)

(1)

Selectivity to DCP (%)

(2)

RESULTS AND DISCUSSION

Fig. 2 shows the effect of reaction time on the catalytic perfor-
mance of H3PW12O40 in the direct preparation of DCP from glyc-
erol. H3PW12O40 catalyst showed 100% conversion of glycerol in
all the experimental runs. In the catalytic reaction, small amounts
of acrolein, dichloropropane, propanediol, and dichloroethane were
formed as by-products. Importantly, monochloropropanediol (MCPD)
was produced as a major intermediate. As shown in Fig. 2, selec-
tivity to DCP increased with increasing reaction time. Selectivity
to by-products was ca. 8% with no great difference. The balance
selectivity in Fig. 2 corresponds to the MCPD selectivity. This result
indicates that glycerol is converted to MCPD, and in turn, MCPD
is further chlorinated to DCP via the reaction route of glycerol→
MCPD→DCP.

Fig. 3 shows the effect of reaction pressure on the catalytic per-
formance of H3PW12O40 in the direct preparation of DCP from glyc-
erol. H3PW12O40 catalyst showed 100% conversion of glycerol in
each run. Selectivity to DCP increased with increasing reaction pres-
sure at low pressure region and showed the maximum value (32.9%)
at 10 bar. However, selectivity to DCP was slightly decreased at
reaction pressures above 10 bar. Thus, the optimum reaction pres-
sure was found to be 10 bar.

Fig. 4 shows the effect of reaction temperature on the catalytic
performance of H3PW12O40 in the direct preparation of DCP from
glycerol. The HPA catalyst showed 100% conversion of glycerol
in all the experimental runs. Selectivity to DCP increased with in-
creasing reaction temperature at low temperature region and showed
the maximum value (78.0%) at 130 oC. However, selectivity to DCP
was slightly decreased at temperatures above 130 oC. This result
indicates that the optimum reaction temperature was 130 oC. As

= 
Moles of glycerol reacted

Moles of glycerol supplied
---------------------------------------------------------------- 100×

= 
Moles of dichloropropanol produced

Moles of glycerol reacted
---------------------------------------------------------------------------------------- 100×

Fig. 2. Effect of reaction time on the catalytic performance of H3

PW12O40 in the direct preparation of DCP from glycerol:
reaction temperature=110 oC, reaction pressure=10 bar, cat-
alyst amount=15 g.

Fig. 3. Effect of reaction pressure on the catalytic performance of
H3PW12O40 in the direct preparation of DCP from glycerol:
reaction time=20 h, reaction temperature=110 oC, catalyst
amount=15 g.
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shown in Fig. 3 and Fig. 4, it is noticeable that the reaction temper-
ature was more crucial than the reaction pressure in improving the
selectivity to DCP.

Fig. 5 shows the effect of catalyst amount on the catalytic perfor-
mance of H3PW12O40 in the direct preparation of DCP from glyc-
erol. H3PW12O40 catalyst showed 100% conversion of glycerol in
all the catalytic reactions. It was observed that selectivity to DCP
increased with increasing catalyst amount. This indicates that Brön-
sted acid sites of H3PW12O40 catalyst were favorably devoted to the
chlorination of glycerol. It also means that large acid amount of H3

PW12O40 catalyst was favorable for the direct preparation of DCP

from glycerol. It is concluded that H3PW12O40, which retained the
highest acid strength among the HPA catalysts, served as an effi-
cient catalyst in the direct preparation of DCP from glycerol under
the mild reaction conditions.

CONCLUSIONS

Direct preparation of DCP from glycerol was carried out in a liq-
uid-phase batch rector using homogeneous H3PW12O40 catalyst. The
effect of reaction conditions (reaction time, reaction pressure, reac-
tion temperature, and catalyst amount) on the catalytic performance
of H3PW12O40 in the direct preparation of DCP from glycerol was
investigated. It was revealed that selectivity to DCP increased with
increasing reaction time. Selectivity to DCP showed the maximum
value at a reaction pressure of 10 bar and a reaction temperature of
130 oC. The reaction temperature played a more important role in
improving the selectivity to DCP than the reaction pressure. It was
also found that selectivity to DCP increased with increasing catalyst
amount. Brönsted acid sites of H3PW12O40 catalyst were favorably
devoted to the chlorination of glycerol. It is concluded that H3PW12O40

efficiently catalyzed the direct conversion of glycerol to DCP under
the mild reaction conditions.
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