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SYNTHESIS OF PROPYLENE CARBONATE
FROM UREA AND 1,2-PROPYLENE GLYCOL
OVER METAL CARBONATES

A serfes of single-metal carbonates and Pb-Zn mixed-metal carbonates were
prepared as catalysts for alcoholysis of urea with 1,2-propylene glycol (PG) for
the synthesis of propylene carbonate (PC). The mixed carbonates all show much
better catalytic activities than the single carbonates, arising from a strong sy-
nergistic effect between the two crystalline phases, hydrozincite and lead car-
bonate. The mixed carbonate with Pb/Zn = 1.2 gives the highest yield of PC,
followed by the mixed carbonate with Pb/Zn = 1.3. Furthermore, Taguchi me-
thod was used to optimize the synthetic process for improving the yield of PC.
[/t is shown that the reaction temperature is the most significant factor affecting
the yield of PC, followed by the reaction time, and that the optimal reaction
conditions are the reaction time 5 h, the reaction temperature 180 °C and the
catalyst amount 1.8 mass %, resulting in the highest PC yield of 96.3%.

Key words: urea alcoholysis; propylene carbonate,; mixed carbonates; Taguchi

method.

Propylene carbonate (PC), one of commercially
important chemical intermediates and highly polar but
aprotic solvents, has been widely used in organic syn-
theses, cosmetics, gas separation, battery electroly-
tes, metal extraction, etc. [1,2]. Several methods were
reported for the synthesis of PC, such as the phosge-
nation of 1,2-propylene glycol (PG) with phosgene [2],
transesterification of PG with alkyl carbonate [3], re-
action of carbon dioxide with o-chloropropanol [4],
cycloaddition of propylene oxide with carbon dioxide
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[5,6], and alcoholysis of urea with PG [7-14]. Com-
pared with traditional methods, urea alcoholysis is a
new route for preparing PC and shows many advan-
tages, such as cheap and easily available feedstock,
mild reaction conditions and safe operations [9-12].
More importantly, the route for the synthesis of PC is
the first step in the two-step transesterification pro-
cess for the production of dimethyl carbonate (DMC)
[11-15], shown by Egs. (1) and (2). The PG produced
in the second step may be recycled as the raw ma-
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terial in the first step, which will increase the efficiency
of utilization of raw material and greatly lower the cost
for the production of DMC.

Su and Speranza [7], for the first time, synthe-
sized alkylene carbonates via urea alcoholysis over a
toxic organictin catalyst, /.e., dibutyl tin dilaurate. Doya
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et al. [8] improved the yield of alkylene carbonates by
using zinc, magnesium, lead, calcium, or their oxi-
des/hydroxides as catalysts. Li et a/. [9,10] used a se-
ries of metal-oxide catalysts to produce PC from urea
and PG, and found that the amphoteric ZnO showed
the highest catalytic activity and the yield of PC
reached 98.9%, while the activity decreased for basic
oxides with strong basic sites, and acidic oxides had
no activity. Gao et al. [11] reported that both MgCl,
and ZnCl, showed good catalytic performances to-
ward the urea alcoholysis and the yield of PC reached
96.5 and 92.4%, respectively. Moreover, Zhao et al.
[12,13] performed the alcoholysis of urea with PG over
homogeneous zinc acetate, supported zinc acetate
and zinc-iron double oxide catalysts, and the yield of
PC reached 94, 78 and 78.4%, respectively. The latter
two heterogeneous catalysts had poorer catalytic per-
formances than the homogeneous zinc acetate which
suffered from problems associated with catalyst reco-
very and reuse. A serious loss of zinc acetate was
also observed for the supported zinc acetate [12].
Zhang et al. [14] examined the catalytic activities of
several single-metal carbonates and mixed carbona-
tes in the urea alcoholysis, and the highest yield of
PC reached 98.9%.

Although an amount of information is already at
hand concerning the alcoholysis of urea, two serious
disadvantages exist in these previous studies from
the viewpoint of engineering application. One is that
most of the PC syntheses were carried out under re-
duced pressure, leading not only to an extra con-
sumption of energy owing to assembling of vacuum
equipment, but also to loss of raw material and then
change of raw material proportioning; the other is a
large molar ratio of PG to urea often used by previous
authors, e.g., 4:1[11-13] and 5:1 [14]. The yield of PC
may be increased if this ratio is increased. For ex-
ample, for the mixed-carbonate catalyst with Pb/Zn =
= 3:1 as the PGl/urea ratio arrived at 5:1 the PC yield
reached its highest value [14]. A much more excess
of PG will make trouble for the product separation
process and is not expected in industry.

In this paper, various single-metal carbonates and
Pb-Zn mixed-metal carbonates with different Pb/Zn
molar ratios were prepared as catalysts to synthesize
PC from urea and PG at atmospheric pressure. The
Taguchi method, a powerful tool to the optimization
for quality [16-18], was used to optimize the synthetic
process factors for improving the yield of PC. The
PG/urea molar ratio was fixed at 1.5:1 for overall
study.
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EXPERIMENTAL

Catalyst preparation

All chemicals used were of analytical-reagent
(AR) grade and purchased from China market. Lead,
zinc, magnesium and chromium carbonates were pre-
pared by a precipitation process using sodium carbo-
nate as the precipitating agent, followed by drying
overnight in air at 110 °C. Calcium, potassium and so-
dium carbonates were directly obtained by drying of
as-received AR chemicals at 110 °C in air for 3 h. Five
Pb-Zn mixed-metal carbonates with different Pb/Zn
molar ratios were prepared by a coprecipitation me-
thod. Under vigorous stirring, a mixed aqueous so-
lution of zinc nitrate (0.1 mol/L) and lead nitrate
(0.033, 0.05, 0.1, 0.2 or 0.3 mol/L) and a solution of
sodium carbonate (0.2 mol/L) were added slowly and
simultaneously into a 500mL three-necked round-bot-
tom flask at room temperature. The precipitation pH
was kept constant at about 8.0. The precipitates were
aged at room temperature for 30 min under stirring,
then filtered and thoroughly washed with deionized
water. The precipitates were dried overnight in air at
110 °C.

Catalyst characterization

X-ray diffraction (XRD) patterns were collected
on a Shimadzu X-ray diffractometer operated at 25 kV
and 40 mA, using V-filtered CrKo radiation (4 =
=0.22897 nm). The angular scan was performed from
10 to 90° (26), at a scanning speed of 2°/min. The
crystalline phases were identified by reference to
powder diffraction data (JCPDS-ICDD). The average
crystallite size was estimated using the Scherrer
equation [19]:

Do 0.904
pBcosb

@)

where D is the average crystallite size (nm), 4 the in-
cident wavelength (nm), & the Bragg diffraction angle,
and fSthe corrected full width at half maximum (FWHM)
of the diffraction peak (radian).

The surface acid/base properties of the catalyst
samples were examined through the changes in color
of Hammett indicators adsorbed on the catalyst
samples [20]. The Hammett indicators used were
bromthymol blue (pA, 7.2), alizarin yellow R (pA;
11.0) and 2,4-dinitroaniline (pA, 15.0) for determi-
nation of the basic strength, and dimethyl yellow (pA;
3.3), methyl red (pA; 4.8) and neutral red (pA; 6.8) for
determination of the acid strength. Typically, 100 mg
of a dried catalyst in powder form was mixed with 2.5
mL of an indicator solution (~0.1 mass% in dry ben-
zene), shaken, and then allowed to sit for at least 1 h.
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Catalytic test

The catalytic activity in the synthesis of PC was
measured at atmospheric pressure in a 250-mL four-
necked round-bottom flask equipped with a mecha-
nical agitator, cycle reflux condenser, thermometer,
and nitrogen inlet. After addition of 0.4 mol urea, 0.6
mol PG and 0.63 g powdered catalyst (0.9 mass%
relative to the total weight of urea and PG), the flask
was heated under stirring to 170 °C in oil bath and the
reaction proceeded at this temperature for 4 h. The
nitrogen gas was continuously passed through the flask
during the reaction to protect the reaction system and
to drive out the byproduct NH3. The resultant mixture
was cooled to room temperature, filtered to remove
the catalyst, and then analyzed by a gas chromate-
graphy equipped with a FID detector and a packed
column filled with organic support 402. The yield of
PC was calculated as follows:

Yield = Moles of PC produced <100

each process factor, three levels were selected, as
shown in Table 1, where the catalyst amount was de-
fined as the weight ratio of catalyst to urea and PG.

Table 1. Factors and their levers under investigation

Value
Symbol Factor
1 2 3
A Reaction time, h 2 3.5 5
B Reaction temperature, °C 150 165 180
Cc Catalyst amount, mass% 0.9 1.8 2.7

_ Weight of reaction liquid obtained x Weight percent of PC

Three factors, each at three levels, were con-
sidered; therefore, an Ly orthogonal array with four
columns and nine rows could be employed if the
interactions among these factors were neglected. This
array has eight degrees of freedom and it can handle
three-level process factors. Each process factor is
assigned to a column, nine process-factor combina-

~ Moles of urea in feed

Design of experiments and optimization method

The Taguchi method is a fractional factorial de-
sign and allows one statistically and ideally to obtain
similar information to a full-factorial experimental de-
sign, but with fewer experiments [16-18]. It uses a
special design of orthogonal arrays to study an entire
parameter space. The experimental results are then
transformed into signal-to-noise (S/N) ratios. Taguchi
[16-18] recommended the use of the S/Aratio to mea-
sure quality characteristics deviating from their de-
sired values. Based on the analysis of the S/A ratio,
the optimal levels of the process factors are deter-
mined. Furthermore, a statistical analysis of variance
(ANOVA) is performed to see which process factors
are statistically significant. Finally, a confirmation ex-
periment is conducted to verify the optimal process
factors obtained. The Taguchi method has been shown
to be a great success in industry for improving the
quality of products and processes. The rapid growth
of interest in the Taguchi method has led to numerous
applications of the method in various fields in a world-
-wide range of industries and nations [21-23].

In the PC synthesis, the reaction time, reaction
temperature, amount of catalyst used and molar ratio
of PG to urea are possibly four key process factors af-
fecting the PC yield. In this study, the PG/urea molar
ratio was fixed at 1.5:1 and the first three factors were
selected as controllable factors to optimize the PC syn-
thetic process with the Taguchi method. Their ranges
were chosen based on the conditions often used in
industry and reported in the literature [7-14, 24]. For

Molecular weight of PCxMoles of ureain feed

x100 (4)

tions being available. Therefore, only nine experi-
ments are required to study the entire parameter space.
The experimental layout for the three factors using
the Ly orthogonal array is shown in Table 2. Since the
Ly orthogonal array has four columns, one column of
the array is left empty for the error of experiments;
orthogonality is not lost by letting one column of the
array remain empty. The detailed PC synthetic pro-
cess and the reaction conditions except the three
factors examined were identical with those mentioned
in section Catalytic test.

Table 2. Experimental layout using an Le(3') orthogonal array

Factor and level

Trial no.
A B C Error

1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 3 2
5 2 2 1 3
6 2 3 2 1
7 3 1 2 3
8 3 2 3 1
9 3 3 1 2
RESULTS AND DISCUSSION

Physical characterization of catalysts

Figure 1 presents the XRD patterns of the seven
catalyst samples listed in Table 3, /e, lead carbo-
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nate, zinc carbonate and their mixed-metal carbona-
tes. It is clear that only one crystalline phase can be
identified in the two single-carbonate samples, /e,
hydrozincite (JCPDS file No. 19-1458) in sample 1
and lead carbonate (JCPDS file No. 47-1734) in
sample 7. In the mixed-carbonate samples, only two
crystalline phases, hydrozincite and lead carbonate,
can be detected, and no diffraction peaks of zinc car-
bonate, lead hydroxide, double salt or other phases
are observed. It can also be seen that the PbCO;
phase shows far sharper diffraction peaks than the
Zn5(CO3)2(OH)g phase, indicating that the former exhi-
bits a better crystallinity. Moreover, the peaks of the
Zns5(CO3)2(OH)e phase are broadened compared with
those of the PbCO; phase, which means that the
Zn5(CO;3)o(OH)g crystallites are smaller. According to
the Scherrer equation, the average sizes of crystal-
lites were estimated for these samples and are given

in Table 3. It seems that, under the same preparation
conditions, the Pb/Zn molar ratio has no significant ef-
fect on the PbCO; crystallite size, but has a negative
correlation with the Zn5(CO3;),(OH)s crystallite size.

The strengths of the acidic and basic sites in the
catalyst samples were analyzed qualitatively using
Hammett indicator experiments. As shown in Table 3,
samples 2 and 3 possess basic strength AH. values in
the range of 7.2 to 11.0, while sample 1 is more basic,
as evidenced by its ability to effect a color change
with alizarin yellow R (pA; = 11.0). It is also seen that
samples 4-7 have no obvious basic sites on their sur-
faces. Furthermore, Hammett indicator measurements
showed that all the basic indicators exhibited no color
change when they interacted with any sample in Ta-
ble 3. That is, these samples all have acid strength H;
values larger than 6.8, revealing that there are no sig-
nificant acidities on their surfaces.

Intensity (a.u.)
SN

1 v v vV v

10 20 30 40

60 70 80 90

26 (degree)

Figure 1. XRD Patterns of the catalyst samples listed in Table 3; VY : PbCO;s, V: Zns(CO3)s(OH)s.

Table 3. Results of the catalyst characterization and activity measurements

Crystallite size, nm

Sample Pb/Zn mole ratio Basic strength PC Yield, %
PbCO; Zn5(CO3)2(OH)s
1 0:1 - 18.9 11.0<H<15.0 48.8
2 1:3 64.3 15.3 72<H<11.0 83.2
3 1:2 56.3 13.2 72<H<11.0 86.6
4 1:1 48.9 8.9 H<72 79.4
5 2:1 58.0 10.7 H.<7.2 81.9
6 3:1 49.2 8.5 H.<7.2 78.7
7 1:0 48.3 - H<72 65.5
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Catalytic performances

Figure 2 shows the catalytic activities of various
single-metal carbonates in the urea alcoholysis. The
blank test without catalyst, conducted under the same
conditions, gives the PC yield of only 21.5%, indica-
ting all the single-metal carbonates examined are ac-
tive in the PC synthesis. It can also be seen that the
lead carbonate leads to the highest yield of PC, fol-
lowed by the zinc carbonate prepared by precipitation
method.

70

PC yield (%)

PbCO; MgCO3 ZnCOs Cry(CO3); Na,CO3 K,CO3 CaCO; Blank

Figure 2. Catalytic activities of single-metal carbonates.

In view of the good catalytic performances of the
lead and zinc carbonates, their mixed-metal carbona-
tes with different Pb/Zn molar ratios were further exa-
mined. The experimental results are displayed in the
last column of Table 3. Clearly, there does not exist a
simple correlation between the PC yield and the sizes
of the PbCO; and Zns(COs3),(OH)e crystallites. How-
ever, the mixed carbonates all show much better ca-
talytic activities than the single carbonates, which pro-
vides support for the existence of a strong synergetic
effect between the PbCO; and Zn5(CO;),(OH)s phases
in the mixed carbonates. It can also be found that the

Pb/Zn molar ratio has a great impact on the catalytic
activity of the mixed carbonates. The mixed carbo-
nate with Pb/Zn = 1:2 gives the highest yield of PC,
followed by the mixed carbonate with Pb/Zn = 1:3.
The two samples are slightly alkaline, while the other
mixed-carbonate samples are approximatively neut-
ral, as mentioned above. It suggests that a slightly
alkaline mixed carbonate would be favorable to pro-
mote the synergetic catalysis of PbCO; and
Zn5(CO;)2(OH)e, and hence exhibit an excellent cata-
lytic activity in the urea alcoholysis. Similar result was
also reported for the urea alcoholysis over basic oxi-
des, where the catalytic activity decreased with in-
creasing basic strength [10].

It should be pointed out that the thermal decom-
position of hydrozincite and lead carbonate occurs at
220 [25] and 315 °C, respectively; therefore, the cata-
lysts are all stable during the reaction, though they
are prepared at 110 °C.

Optimization of the PC synthetic process

As shown above, the mixed carbonate with
Pb/Zn = 1:2 has the highest catalytic activity, so it was
used as catalyst to optimize the PC synthetic process.
Taguchi method uses the signal-to-noise (S/N) ratio
to measure the quality characteristic deviating from
the desired value [16-18]. The S/N ratios are different
according to the type of characteristics. For the-high-
er-the-better quality characteristic, the S/N ratio 7 is
defined as:

77=—1OIog(M.S.D.)=—10|09{1il2J ©®)

re=1 Yy

where M.S.D. is the mean square deviation for quality
characteristic 4, and rthe number of repetitions done
for each experiment in the orthogonal array. Clearly,
the-higher-the-better quality characteristic must be
taken for the yield of PC to obtain the optimal syn-
thetic process.

Table 4. Experimental results for the yield of PC and corresponding S/N ratio

Trial no. Reaction time, h Reaction temperature, °C Catalyst amount, mass% Yield, % S/N Ratio, dB
1 2 150 0.9 52.1 -5.663
2 2 165 1.8 71.6 -2.902
3 2 180 2.7 81.7 -1.756
4 35 150 2.7 60.2 -4.408
5 3.5 165 0.9 78.4 -2.114
6 35 180 1.8 84.4 -1.473
7 5 150 1.8 70.9 -2.987
8 165 2.7 80.1 -1.927
9 5 180 0.9 93.5 -0.584
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Table 4 presents the yields of PC obtained by
Taguchi experiments and their corresponding S/N ra-
tios calculated using Eq. (5). Since the experimental
design is orthogonal, it is then possible to separate
out the effect of each process factor at different le-
vels. For example, the mean S/N ratio for the reaction
time at levels 1, 2 and 3 can be calculated by avera-
ging the S/N ratios for the experiments 1-3, 4-6 and 7-
-9, respectively. Consequently, an S/N response table
can be obtained, as shown in Table 5. In addition, the
total mean S/N ratio 7 for the nine experiments was
also calculated and listed in Table 5. Figure 3 shows
the corresponding S/N response graph.

Table 5. S/N response table (mean S/N ratio, dB) for the yield of PC

Level

Factor Max-min
1 2 3

A -3.440 -2.665 -1.833 1.607

B -4.353 -2.314 -1.271 3.082

C -2.787 -2.454 -2.697 0.333

The total mean S/N ratio, 77 -2.646 dB

Regardless of the category of quality characte-
ristics, a greater S/N ratio corresponds to a smaller
variance of output characteristic around the desired
value and hence to a better quality characteristic.
Therefore, the optimal level of the process factors is
the level with the greatest S/N ratio [16-18]. From
Table 5 and Figure 3, it can be found that the optimal
reaction conditions are the reaction time at level 3,
the reaction temperature at level 3 and the catalyst
amount at level 2, denoted as A3B3C2.

-1.0

2.0

25 | G//a\‘e

-3.0 |

Mean S/N ratio (dB)

35 |

40 |

-4.5

A1l A2 A3 B1 B2 B3 C1 C2 C3
Factor level

Figure 3. S/N graph for the yield of PC.
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Effects of the process factors

In order to see which process factors signifi-
cantly affect the quality characteristic, an analysis of
variance (ANOVA) [16-18] was carried out. First, the
total variability of the S/N ratio, which is measured by
the total sum of the squared deviation from the total
mean S/N ratio 77, SSr, is decomposed into contri-
butions by individual process factors and by the expe-
rimental error, /e., the sum of squared deviation due
to individual factors, SS,, and the sum of squared de-
viation due to the error, SS.. [16-18].

n _ n 1 n 2
SSTzz%(U/_U)Z:Z%U/Z_;(;U/j (6)
ss, =0, -7 =¥, 2 jzm

P p/_:1 77,;,/ n _tp ! /:177/7,/,/ n /_:1771‘
SS,=88,-3 SS, (8)
p=1

In these equations, n is the total number of ex-
periments in the orthogonal array, m the number of
the process factors, g, the number of levels of factor
p. t, the number of repetitions of each level of factor p
in the orthogonal array (17 = £,xq,), 17;the S/N ratio for
the th experiment, 7,,,the S/N ratio for the th experi-
ment with factor p at level j and 77, ; the mean S/N
ratio for factor p at level j(see Table 5).

Then, the mean of squared deviation due to indi-
vidual factors, MS,, and the mean of squared devia-
tion due to the error, MS,, are derived as follows:

MS, =28 = 22 (©)
» f, q,-1
ms, =SS __SS. __ S5, .
o £K-3f n-1-37
p=1 p=1

where £, and £ are the number of degrees of freedom
of factor p and the error, respectively, and # the total
number of degrees of freedom of the orthogonal ar-
ray. After factors having lower MS, are pooled to the
error, the F-test values (variance ratios) for individual
factors, £, are simply calculated by:

Ms,
Fo=rc (11)
(e)

where MS is the mean of squared deviation due to
the pooled error. The process factor with a larger F-
-test value has a more significant effect on the quality
characteristic [16-18]. For significant factors and pooled
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error, their percentage contributions, p, and g, can
be determined, respectively, by:

= SS; 100 SS,-1f,MS,, (12)
P 8S; SS;

pe = |- p = = =
© " &P ss; SS; 13

5S¢+ X FiMS,
=100 =

SS,

where SS, and SS(,, are the pure sum of squared
deviation due to individual factors and due to the
pooled error, respectively, S5, the sum of squared
deviation due to the pooled error, and o the number of
the main process factors that affect the quality cha-
racteristic significantly.

Table 6 shows the results of ANOVA for the
yield of PC. It can be found that the reaction tempera-
ture gives the largest F-test value and the contribution
of 72.65% and thus it is the most significant factor
affecting the yield of PC, followed by the reaction
time. The change of the catalyst amount in the range
examined has, however, less effect on the yield of PC.

The process factors have effects on the yield of
PC; therefore there is a great possibility of improving
the yield of PC with the optimization of the process
factors. As shown in Table 5 and Figure 3, as the re-
action time increases, the mean S/N ratio increases,
/.e., the PC yield increases. It indicates that a longer
reaction time may cause a more complete reaction as
expected. Furthermore, the PC yield increases with
increasing the reaction temperature. Thermodynamic
analysis revealed that the urea alcoholysis is endo-
thermic [12], so the increase in temperature promotes
the synthesis of PC. It is also seen that when the ca-
talyst amount is 1.8 mass% the PC yield reaches its
maximum value, and then the PC yield declines slightly
with the further increase of the catalyst amount, though
the effect of this process factor is statistically insignifi-
cant.

Table 6. Analysis of variance for the yield of PC

Improvement of the PC yield

Once the optimal levels of the process factors
have been selected, the final step is to predict and
verify the improvement of the quality characteristic
using the optimal levels of the process factors [16-18].
The S/N ratio for the optimal factor levels, 77,,, can be
estimated as:

pu— O pa— pu—
770pt =7 +pZ::1(77p,opt _77)

where 7, ., is the mean S/N ratio for factor p at its
optimal level (see Table 5). Based on the 75, value,
the PC yield for the optimal factor levels can be pre-
dicted with Eq. (5). To verify this prediction, two addi-
tional experiments were conducted at the optimal le-
vels of the process factors. One used the optimal ca-
talyst obtained in this study, and the other used a
commercial catalyst in service in Chinese industry for
synthesizing PC from urea and PG.

Table 7 shows the comparison of the predicted
and experimental values of the PC yield. A good
agreement is observed between the predicted and
actual experimental values of the optimal catalyst, in-
dicating that the impacts of the interactions among
the process factors are relatively small and that the
experimental results have a satisfactory reproducibi-
lity. It can be found that the PC yield for the optimal
factor levels is higher than any of the yield data
shown in Table 4. Moreover, the increase of the S/N
ratio from the commercial catalyst to the optimal ca-
talyst is 3.590 dB, which means that the yield of PC
increases by about 1.5 times. All these results confirm
the “no-interaction” assumption, experimental repro-
ducibility, and prior design and analysis for optimizing
the process factors. The yield of PC is greatly im-
proved with the optimization of the process factors
through the Taguchi method.

It should be mentioned that the optimal factor
levels obtained for the reaction time and reaction tem-
perature are their respective top values examined in
this study, as shown in Figure 3. It seems to tell one
that the yield of PC might be further increased if a

Factor Sum of squares Degrees of freedom  Mean square F-test Pure sum of squares Percentage contribution, %
A 3.877 2 1.939 7.825 3.382 17.24

B 14.74 2 7.371 29.75 14.25 72.65

c? 0.178 2 0.089 ° - - -

Error 0.813 2 0.407 - - -

(Error) (0.991) 4) (0.248) - (1.982) (10.11)

Total 19.61 8 - - 19.61 100

#The variance of factor C (with open circle) is pooled into the error factor
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more wide range of the process factors was explored.
However, the normal boiling point of PG is about 188
°C, and an exorbitant temperature will lead to its fast
evaporation. The elevation of temperature may also
cause side reactions such as the polymerization of
PC [26]. In addition, in this study the alcoholysis of
urea proceeds at atmospheric pressure at a very low
PG/urea ratio of 1.5:1; however, by the optimization of
the process factors the highest PC yield reaches 96.3%
and is close to that obtained at a PG/urea ratio of 5:1
[14]. This PC synthetic process, therefore, provides a
great convenience for actual industrial production.

Table 7. Results of the confirmation experiments (level ASB3CZ2)

Commercial catalyst Optimal catalyst

Parameter - - —
Experiment Experiment Prediction

Yield, % 63.7 96.3 94.9

S/N Ratio, dB -3.917 -0.327 -0.458

Improvement of S/N ratio 3.590 dB

CONCLUSIONS

All the single-metal carbonates examined are
active in the PC synthesis operated at atmospheric
pressure, and the highest catalytic performance is
achieved over the lead carbonate and then the zinc
carbonate. Compared with the single carbonates, the
Pb-Zn mixed-metal carbonates show much better ca-
talytic activities, which is attributed to a strong syner-
gistic effect between the two crystalline phases, hyd-
rozincite and lead carbonate, in the mixed carbo-
nates. Especially, the mixed carbonate with Pb/Zn =
= 1:2 gives the highest yield of PC, followed by the
mixed carbonate with Pb/Zn = 1:3. It is also found that
mixed carbonates with slightly basic strength are fa-
vorable to promote the synergetic catalysis and hence
exhibit an excellent catalytic activity in urea alcoho-
lysis. Furthermore, optimization experiments show
that the reaction temperature is the most significant
factor affecting the yield of PC, followed by the re-
action time, and that the change of the catalyst amount
in the range examined has less effect. The yield of PC
can be improved significantly with the optimization of
these process factors. For the PC synthesis from PG
and urea in a molar ratio of 1.5:1, the optimal reaction
conditions are the reaction time at 5 hours, the reac-
tion temperature at 180 °C and the catalyst amount at
1.8 mass%, resulting in the highest PC yield of 96.3%.
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JANCHENG ZHOU | SINTEZA PROPILEN-KARBONATA IZ UREE |
DONGFANG WU 1,2-PROPILEN GLIKOLA POMOCU
BIRONG ZHANG METALNIH KARBONATA

YALI GUO
School of Chemistry and Chemical Karbonati olova i cinka, ukijucujuci i mesSovite, pripremijeni su kao katalizatori alkoholize
Engineering, Southeast University, uree sa 1,2-propilenglikolom (PG) za sintezu propilen-karbonata (PC). MesSoviti karbo-
Jiangning District, Nanjing 211189, nati su se pokazali kao bolji katalizatori od karbonata pojedinacnih metala zbog jakog
P.R. China sinergistickog efekta dve kristalne faze, hidrocinkita i olovnog karbonata. Najveci prinos
PC se ostvaruje koriscenjem mesovitog karbonata sa odnosom Pb/Zn = 1.2, a zatim sa
NAUCNI RAD odnosom Pb/Zn = 1:3. Osim toga, Taguchi metod je koriscen za optimizaciju sinteze,

radi poboljsanja prinosa PC. Pokazalo se da na prinos PC najveci uticaj ima tempera-
tura, a zatim vreme reakcife, pri cemu su optimalni reakcfoni uslovi: vreme reakcije 5 h,
temperatura reakcije 180 °C i kolicina katalizatora 1,8%, kada je ostvaren najveci prinos
PC od 96,3%.

Kiljucne reci: alkohoiliza uree, propilen-karbonat, mesoviti karbonati, Taguchi-je-
va metoda.
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