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bstract
Hydrolysis of propylene carbonate to 1,2-propylene glycol was performed by using a SBIL catalyst. The effects of temperature, reaction time,
he molar ratio of water to propylene carbonate, choice of catalyst, and the amount of catalyst were investigated. It was found that more than 99%
ield and selectivity were obtained in the presence of SBIL under the optimum conditions. Additionally, the catalyst could be reused at least up to
ve times with slight loss of catalytic activity.
2007 Published by Elsevier B.V.
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. Introduction

1,2-Propylene glycol is chemicals of acknowledge commer-
ial importance. It can be used in many applications areas such as
ntifreeze agents, brake fluids, intermediates in the production
f pharmaceuticals and fine chemicals, the diol component in
he manufacture of polyurethanes and the starting point for the

anufacture of poly(propylene glycol)s. Therefore, a number
f routes leading to the manufacture of 1,2-propylene glycol,
uch as the addition of water to 1,2-propylene oxide [1], the
reparation from propene via 1,2-diacetoxypropane followed
y saponification thereof [2], the single-stage hydrogenoly-
is of dihyfroxyacetone [3], the hydrogenolysis of glycerol
4–6] and the hydrolysis of propylene carbonate [7–10]. How-
ver, currently all these methods suffered from low selectivity
nd/or yield of 1,2-propylene glycol, and high pressure and high
emperature are required. Development of a method for the man-
facture of 1,2-propylene glycol with high selectivity and yield
nder mild conditions still remains a challenge.

In recent years room temperature ionic liquids have attracted
ncreasing interest in the area of green chemistry [11–17].

oom temperature ionic liquid was initially introduced as an
lternative green reaction media, but today it has marched far
eyond showing its significant role in controlling the reac-
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ion as catalyst [18–22]. Numbers of acidic ionic liquids and
eutral ionic liquids have been developed and successfully
pplied to catalyze esterification reaction [23–26], cleavages
f ethers [27,28], alkylation [29–32], aldol conedsation [33],
poxidation [34], Michael addition [35–38], protection of car-
onyls [39], Koch carbonylation [40] and chemical fixation
f carbon dioxide [41–46], since the first successful use of
ialkylimidazolium chloroaluminate as a catalyst in Friedel-
rafts acylations [18]. Recent, basic ionic liquids have aroused
nprecedented interest because they showed more advantages
uch as catalytic efficiency and recycling of the ionic liquid
han the combination of inorganic base and ionic liquid for
ome base-catalyzed processes [47–49]. Basic ionic liquids
ave been successfully utilized to catalyze the Michael addi-
ion [50,51], Heck reaction [52] and Markovnikov addition
53].

Although the ability of ionic liquid has been demonstrated
uccessfully in many reactions, the chemical industry still
refers to use heterogeneous catalyst system, because of the
ase of separation and the possibility to use a fixed-bed reac-
or, a solid catalyst is highly advantageous for the chemical
eaction. On the basis of economic criteria and possible toxico-
ogical concerns, a new method is to immobilize ionic liquid onto
olid supports [54–57]. Recently, the supported ionic liquid has

een used for the hydroformylation [58,59], hydrogenation [60],
riedel-Crafts alkylation reaction [61], Mizoroki–Heck reaction
62], chemical fixation of carbon dioxide [63–66], hydroamina-
ion reaction [67], aldol reaction [68], epoxidation [69]. Herein,
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e, for the first time, use the supported basic ionic as the catalyst
n hydrolysis of propylene carbonate.

. Experiment

.1. Materials and analysis

Chloromethylated polystyrene (4–5% Cl content and 2%
ross-linked with divinylbenzene) and the hydroxide contain-
ng ion exchange resin (exchange capacity 5.0 mmol/g) was
ommercially available. Propylene carbonate was prepared
ccording to the procedure in the literature [41,45]. Other
eagents were analytical grade and were used as received.

The amount of attached ionic liquid on the polystyrene was
etermined from elemental analysis of nitrogen. The reaction
ixture was identified on a GC–MS (HP 6890/5973). FT-IR

pectra was obtained on a Bruker IFS HRFT-IR Spectrometer.

.2. Preparation of supported ionic liquid 1 [70]

A mixture of polystyrene resin (10.0 g) and 1-
ethylimidazole (4.0 mL, 51.1 mmol) in toluene (100 mL)
as refluxed for 24 h. After cooling to room temperature, the

eaction mixture was filtered, and the supported ionic liquid 1
SIL 1) was washed with toluene, 0.1 mol/L HCl, water and
ethanol, followed by drying under reduced pressure to give
IL 1 (Scheme 1). The loading of the ionic liquid was obtained

o be 3.6 mmol/g by the means of the nitrogen content obtained
rom elementary analysis.

.3. Preparation of supported basic ionic liquid 2 and 3
50,52]

Solid potassium hydroxide or potassium hydrogen carbonate
50.0 mmol) and SIL 1 (10.0 g) were added to water (100 mL),
nd the mixture was stirred vigorously at room temperature for
4 h. then the mixture was filtrated and washed with water until
eutral, followed by drying under reduced pressure to give the
upported basic ionic liquid 2 (SBIL 2) and supported basic ionic
iquid 3 (SBIL 3) (Scheme 1).
.4. Characterization of ionic liquid

IR is known to be useful for detecting functional group in
he molecular. We found the absorption maximum of imidazole

d

O

Scheme 1. Preparation of the
Scheme 2. The hydrolysis of propylene carbonate.

n SIL 1 at 1570 cm−1, the hydroxyl band of SBIL 2 appears at
he 3392 cm−1 and the absorption maximum of bicarbonate in
BIL 3 at 1404 cm−1. Therefore, the FT-IR data also provide
vidence that we have obtained supported ionic liquid

.5. Hydrolysis of propylene carbonate for the manufacture
f 1,2-propylene glycol

The hydrolysis of propylene carbonate for the manufacture of
,2-propylene glycol was carried out in a 50 mL stainless steel
utoclave equipped with a magnetic stirrer (Scheme 2). For a
ypical reaction process, the supported ionic liquid (175 mg),
ropylene carbonate (2.55 g) and water (0.81 g) were charged
nto the reactor. The reactor was heated to 140 ◦C for 4 h. Then
he reactor was cooled to ambient temperature, and the result-
ng mixture was transferred to a 50 mL round bottom flask by
ltration. The catalyst separated from the resulting mixture by
ltration could be reused directly. Qualitative analyses were con-
ucted with a HP 6890/5973 GC–MS and quantitative analyses
ere carried out over a Agilent 6820 GC.

. Results and discussion

.1. Catalytic hydrolysis of propylene carbonate in the
resence of SBIL

The activities of different supported ionic liquid were tested
or the hydrolysis of propylene carbonate to produce 1,2-
ropylene glycol. Table 1 shows that the SBIL 3 exhibits the
ighest activity. Excellent selectivity (>99%) and yield (>99%)
f 1,2-propylene glycol was obtained in the presence of SBIL
. The activity of SBIL 3 is higher than that of SBIL 2 and a
imple hydroxide containing ion exchange resin was probably

ue to the reaction of OH−, CO2 and H2O (Eq. (1)).

H− + CO2
-H2O� CO3

2− CO2�
+H2O

HCO3
− (1)

supported ionic liquid.
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Table 1
The effects of catalyst on the hydrolysis of propylene to form 1,2-propylene
glycola

Entry Catalyst Amount of catalyst
(mg)

Selectivity
(%)

Yieldc

(%)

1 SIL 1 175 >99 28
2 SBIL 2 175 >99 76
3 IERb 126 >99 85
4 SBIL 3 175 >99 >99
5 SBIL 3 50 >99 79
6 SBIL 3 75 >99 87
7 SBIL 3 100 >99 95
8 SBIL 3 125 >99 97
9 SBIL 3 150 >99 98

a Reaction conditions: propylene carbonate (25 mmol), water (50 mmol), tem-
perature 140 ◦C, reaction time 4 h.
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Table 3
The effects of the different molar ratio of water to propylene carbonate on the
hydrolysis of propylene carbonatea

Entry Molar ratio Selectivity (%) Yieldb (%)

1 1:1 >99 92
2 1.2:1 >99 95
3 1.4:1 >99 97
4 1.6:1 >99 98
5 1.8:1 >99 >99
6 2:1 >99 >99

a Reaction conditions: propylene carbonate (25 mmol), SBIL 3 (175 mg), tem-
p
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b IER was the hydroxide containing ion exchange resin.
c GC yield.

The amount of catalyst has significant effect on the yield of
he 1,2-propylene glycol. As shown in Table 1, the mount of
he SBIL 3 had a positive effect on the hydrolysis of propylene
arbonate to form 1,2-propylene glycol. While the reaction was
onducted with various amounts of SBIL 3, the propylene con-
ersion and 1,2-propylene glycol yield uniformly increased with
ncreasing amount of SBIL 3. When the amount of SBIL 3 was
75 mg, a satisfaction selectivity (>99%) and yield (>99%) of
,2-propylene glycol were obtained (Table 1, entry 3). Therefore,
he optimum amount of SBIL 3 was 175 mg.

Temperature has a significant effect on the yield of 1,2-
ropylene glycol when the temperature varied from 100 to
50 ◦C. Table 2 shows that the yield of 1,2-propylene gly-
ol increased with increasing the reaction temperature under
40 ◦C. However, the continuous enhancement of the temper-
ture beyond 140 ◦C gave only a very slightly increase in the
ield of 1,2-propylene glycol. When the reaction was carried
ut at 140 ◦C, a satisfaction of the selectivity (>99%) and yield
>99%) of 1,2-propylene glycol were obtained (Table 2, entry
). Hence, the optimum temperature was 140 ◦C for hydrolysis
f propylene carbonate to form 1,2-propylene glycol.

A significant drawback associated with the hydrolysis of

ropylene carbonate is that a large number of water is necessary
n this reaction. So we investigated the effects of the molar ratio
f water to propylene carbonate. The results are shown in Table 3.

able 2
he effects of temperature on the hydrolysis of propylene to form 1,2-propylene
lycola

ntry Temperature (◦C) Selectivity (%) Yieldb (%)

100 >99 25
120 >99 72
130 >99 96
140 >99 >99
150 >99 >99

a Reaction conditions: propylene carbonate (25 mmol), water (50 mmol),
BIL 3 (175 mg), reaction time 4 h.
b GC yield.

s
c

T
T
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erature 140 ◦C, reaction time 4 h.
b GC yield.

hen the molar ratio of water to propylene carbonate is 1:1, 1,2-
ropylene glycol was obtained at 92% yield. With increasing the
olar ratio of water to propylene carbonate under 1.8:1, the yield

f 1,2-propylene glycol was increased. The excellent selectiv-
ty (>99%) and yield (>99%) of 1,2-proylene glycol was given
hen the molar ratio of water to propylene carbonate is 1.8:1.

t was obvious that nearly no change of the 1,2-proylene gly-
ol yield had been taken place when the molar ratio of water to
ropylene carbonate was increased further (Table 3, entries 4,5).
o the optimum molar ratio of water to propylene carbonate was
ept about 1.8:1, at which the satisfaction selectivity and yield
f 1,2-propylene glycol were obtained.

The effects of the reaction time on hydrolysis of propylene
arbonate to form 1,2-prolyene glycol was investigated. The
esults are summarized in Table 4. Reaction time has significant
ffect on the yield of 1,2-propylene glycol when the reaction
ime various from 0.5 to 4.0 h in the presence of SBIL 3. When
he reaction carried out for 0.5 h, the dissatisfactory yield (41%)
as obtained (Table 4, entry 1). The yield of 1,2-propylene gly-

ol could be improved to >99% when the reaction time was
ncreased from 0.5 to 4 h (Table 4, entries 1–5). In order to obtain
n excellent yield of the product, 4.0 h was the optimum reaction
ime.

.2. Possibility of recycling the supported basic ionic liquid
catalyst
A series of catalytic cycles were run to investigate the con-
tancy of the catalyst activity and recycle. In each cycle, the
atalyst was separated by filtration and then used for the next

able 4
he effects of the reaction time on the hydrolysis of propylene carbonatea

ntry Reaction time (h) Selectivity (%) Yieldb (%)

0.5 >99 41
1.0 >99 63
2.0 >99 91
3.0 >99 96
4.0 >99 >99

a Reaction conditions: propylene carbonate (25 mmol), water (45 mmol),
BIL 3 (175 mg), temperature 140 ◦C.
b GC yield.
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Table 5
Catalyst recycle studies in hydrolysis of propylene carbonatea

Entry Reuse Selectivity (%) Yieldb (%)

1 Fresh >99 >99
2 1 >99 >99
3 2 >99 >99
4 3 >99 >99
5 4 >99 98
6 5 >99 98
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a Reaction conditions: propylene carbonate (25 mmol), water (45 mmol),
BIL 3 (175 mg), temperature 140 ◦C, reaction time 4 h.
b GC yield.

xperiment directly. The results listed in Table 5 show that this
atalyst can be reusable for at least up to five times with slight
oss of activity, while the selectivity of catalyst remain almost
he same.

. Conclusion

The supported basic ionic liquid (SBIL) exhibited a high
ctivity for the hydrolysis propylene carbonate to 1,2-propylene
lycol. It was found that excellent yield (>99%) of 1,2-propylene
lycol, more than 99% selectivity, could be achieved in the pres-
nce of SBIL 3. This catalyst can be reused at least up five times
ith slight loss of catalytic activity, while the selectivity of the
,2-propylene glycol remains more than 99%.
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