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ABSTRACT

Themain propertiesof propylene carbonate have been introduced. Different
catalysts that consist of inorganic salt like basic zinc carbonate-activated
carbon, metal matrix composites of Al,O, and MgO with loading Cu and
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magnaliumhydrotal cite with |oading Snhave also been introduced. Effects
of different reaction conditions such as the calcination temperature, the
calcination time, the reaction temperature and the number of reusable
catalyston the synthesis of propylene carbonate fromurea and propylene
glycolarediscussed. The optimum cal cination temperature, the cal cination
time, the reaction temperature and the number of reusable catalystare
beneficial to improve the yield of the product, propylene carbonate.
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INTRODUCTION

Propylene carbonate (PC) isonekind of organic
solventswithahigh performance such asahigh boiling
point and ahigh polarity, etc!¥. Propylenecarbonate as
amgjor feedstock iswiddy usedindifferent fieldssuch
asorganic synthesi g3, gas separationt® and the battery
eectrolytd, etc. Therearefour synthetic methodslisted
asfollows, such asphosgenation’®, transesterification
method®, chlorine/propanol method™ and thesynthetic
method of carbon dioxide and propyleneoxide®, etc.
The synthetic method of carbon dioxideand propylene
oxidegradually takesthe places of other methodsdue
to poor product performance. These advantages of
propylene carbonateinstead of carbon dioxidearewrit-
ten asfollows, decreasing the greenhouseeffect inthe
atmosphere, high value chemical productsand energy
utilization rate, so the synthetic methods of propylene

carbonateisgradually focused on.

Inthe present paper, different catalystssuch asin-
organic sdt likebas ¢ zinc carbonate-activated carbon,
metal matrix compositesof Al,O,and MgOwith load-
ing Cuand magndiumhydrota citewithocading Snhave
been eval uated inthe synthesis of propylene carbonate.
Effectsof differentreaction conditions, such asthecal-
cination temperature, theca cinationtime, thereaction
temperature and the number of reusablecatalyst, on
the synthetic method of propylene carbonate have been
reviewed. Furthermore, theoptimized reaction condi-
tionsare also pointed out.

RESULTSAND DISCUSSION

Thepropertiesof propylenecarbonate

TABLE 1 showsthe properties of propylene car-
bonate®.
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TABLE 1: Thepropertiesof propylenecarbonate

Items Properties
Molecular formula C,HsO5
Molecular weight 102.9
Refractive index 1.4218
Mélting point (°C) -49.2
Bailing point (°C) 2384
Flash point (°C) 128
Relative density 1.2047
Vapor pressure
(2"(")8 o /Fl)aa) 17.33 N
poprace - CTlem e qid
Solubility Easily mix with diethyl ether, acetone,

benzene, trichloromethane, ethyl acetate, etc.

EFFECTSOF DIFFERENT CONDITIONSON
YIELDSOFPROPYLENE CARBONATE

Effectsof thecalcination temperatureon yieldsof
propylenecarbonate

Du Weichao!'? devel oped amethod for the prepa:
ration of propylene carbonate and effects of reaction
conditionsonitsyie d werediscussed. Usingbasiczinc
carbonate-activated carbon asacatalyst andureaand
propylene glycol asfeedstocks, propylene carbonate
was generated. It was observed that the molarratio of
propyleneglycol to ureaand theamount of basic zinc
carbonate-activated carbonwere 2.5:1.0 and 1.0 %oof
total reactant weight, respectively. Furthermore, the
reaction temperature, thereaction time, thereaction
pressure and the calcination timewere 170 °C, 2 hr,
0.04 Mpaand 2 hr, respectively. Effectsof theca cina-
tion temperature on yieldsof propyl ene carbonate had
also beendi scussed. Figure 1 showed the effect of the
cacinationtemperatureonyiddsof propylenecarbon-
ate. Theexperimental resultsshowed that theyield of
propylene carbonateincreased withanincrease of the
ca cinationtemperature. Whenthe calcination tempera-
turewas 220°C,the maximum yield of propylene car-
bonate was 94.5%, sothe optimized cal cination tem-
perature was proved to be 220°C.

Effectsof thecalcination timeon yields of propy-
lenecarbonate

Du Weichao™ explained why basic zinc carbon-
ate- activated carbon asacata yst generatedpropylene
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carbonate. It was observed that themolar ratio of pro-
pyleneglycol to ureaand theamount of basic zinc car-
bonate-activated carbon were 2.5:1.0 and 1.0 % of
total reactant weight, respectively. Furthermore, the
reaction temperature, thereaction time, thereaction
pressure and the cal cination temperaturewere 170 °C,
2 hr, 0.04 Mpaand 220 °C, respectively. Effects of
thecal cination time onyields of propylene carbonate
hadbeen discussed. TABLE 2 showed the effect of the
cacinationtimeonyieldsof propylenecarbonate. The
yield of propylene carbonatefirstincreased and then de-
creased with anincrease of thecdcinationtime. When
thecacination timewas 2hr, themaximumyield of pro-
pylene carbonate reached 94.5%, so the optimized
cacinationtimewas2hrs.
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Figurel: Theeffect of thecalcination temperatureonyidds
of propylenecar bonate

TABLE 2: Theeffect of the calcination time on yields of
propylenecarbonate

Calcination time, hr Yield of PC, %
0 84.5

91.9

94.5

91.7

89.8

85.8

a b~ WODN P

Effects of the reaction temperature on yields of
propylenecarbonate

LiuYuan™ used metal matrix compositesof AlLO,
and MgO with loading Cuasacatayst whilethe mo-
lar ratio of propylene glycol to urea(4.0:1.0), there-
action time (3hr) and theweight ratio of metal matrix
composites of Al O, and MgO withloading Cuto to-
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tal reactant (1.0 %) were kept constants. Effects of
the reaction temperature on yields of propylene car-
bonate, TABLE 3, indicated that theyield of propy-
lene carbonate first increased and then decreased
withan increase in the reaction temperature. It was
observed that the maximum yield of propylene car-
bonate reached 95.2 % when the reaction tempera-
turewas 170 °C.

TABLE 3: Theeffect of thereaction temper atureon yieldsof
propylenecarbonate

Reaction temperature, °C Yield of PC, %

140 85.6
150 88.7
160 93.7
170 95.2
180 89.3

Effectsof thereaction timeon yieldsof propylene
carbonate

LiuYuan™ described the synthesis of propylene
carbonate and studied effects of different reaction con-
ditionsonyields of propylene carbonate using metal
matrix compositesof Al,O, and MgO withloading Cu
asthecatalyst. Themolar ratio of propyleneglycol to
urea (4.0:1.0) and the reaction temperature (170 °C)
andtheweight ratio of metal matrix compositesof AlLO,
and MgOwithloading Cutototal reactant (1.0 %) were
kept congantswhilestudying effectsof thereactiontime
onyieldsof propylene carbonate. TABLE 4 showed
that theyield of propylenecarbonatefirstincreased and
thendecreased with anincreaseinthereactiontime. It
was observedthat themaximum yield of propylenecar-
bonate 95.2 % was attained when the reaction time
was 3 hr.

TABLE 4: Theeffect of thereaction timeon yieldsof propy-
lenecarbonate

Reaction time, hr Yield of PC, %
2 86.3

95.2

92,5

86.9

725

69.1

68.2
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Effectsof thenumber of reusablecatalystonyields
of propylenecarbonate

LiuYuan™ introduced asynthetic method of pro-
pylene carbonate and evaluated effects of
reactionconditionson theyield of propylene carbon-
ate. Propylene glycol was reacted with ureato pro-
duce propylene carbonate with magnaiumhydrotal cite
with loading Sn asthe catalyst. Thereactiontime, the
reaction temperature, themolar ratio of propylenegly-
col to ureaand theamount of the catalyst were kept to
beconstantsat 3 hr, 170°C, 4.0:1.0 and 1.5 % of total
reactant weight, respectively. Magnaliumhydrotal cite
with loading Snasthe catalyst wasreused five times.
Figure 2showed the rel ationship between theyield of
propylene carbonate and the number of
magnaliumhydrotalcite with loading Sn reusing.
Whenmagnaliumhydrotal citewith loading Snwasre-
used 5times, theyield of propylenecarbonate still kept
at above 81.07 %, somagndiumhydrotal citewith load-
ing Snwasproved to bethe best catalyst.
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Figure2: Therelationship between theyield of propylene
carbonateand thenumber of magnaliumhydr otalcitewith
loading Sn reusing

CONCLUSION

Based on the abovediscussion and review, using
ureaand propyleneglycol asfeedstocksand basic zinc
carbonate- activated carbon, metal matrix composites
of AlLO, and MgO with loading Cu and
magnaliumhydrotal citewith loading Snascatayds, ef-
fectsof the ca cinationtemperature, thecacinaiontime,
the reaction temperature and the number of reusable
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cataystonyiddsof propylenecarbonatehavebeendis-
cussed. Theexperimental resultsobtained arethefol-
lowing:

(1) Themaximumyied of propylene carbonate was
94.5% when the calcination temperature was
220°C.

Whenthe calcination timewas 2hr, the maximum
yield of propylene carbonate reached 94.5%.
The maximum yield of propylene carbonate
reached 95.2 % when the reaction temperature
was 170 °C.

Themaximum yield of propylene carbonate 95.2
% was attained when thereaction timewas 3 hr.
Themaximumyield of propylene carbonatewas
still kept 81.07% even after 5 recycling of
magndiumhydrotacitewithloading Sn catay.

2
3

(4)
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