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A series of micro-sized MgO with various morphologies have been prepared by varying the reaction temperature and stirring time during 

precipitation, and were investigated for the production of glycerol carbonate from the transesterification of glycerol with dimethyl 

carbonate. In contrast to other morphologies of MgO (e.g., rod-like, spherical, flower-like and nest-like), trapezoidal MgO demonstrated 

a superior performance with a yield of glycerol carbonate more than 99%. Various techniques including N2 physical adsorption, XRD, CO2 

chemical adsorption and EDS revealed that the unique catalytic activity of trapezoidal MgO was related to its lower specific surface area, 10 

bigger crystallite size, weaker surface basicity and less Mg atom vacancies compared to other morphologies of MgO. The experimental 

conditions (e.g., catalyst amount, solvent, reaction temperature and the molar ratio between glycerol and dimethyl carbonate) were also 

found playing crucial roles in determining the yield of glycerol carbonate. Furthermore, CO2-TPD profile and FT-IR spectra indicated that 

the weak surface basic sites occurred at 150 oC and the CO3
2- stretching vibration around 1448 cm-1 were responsible for the catalytic 

activity of developed trapezoidal MgO in regeneration. 15 

1. Introduction 
As a high value-added glycerol derivative, glycerol carbonate has 

been applied as solvent, electrolytes liquid carrier, cement and 

concrete, liquid membrane, chemical intermediate and so on 

because of its special properties such as high boiling point, low 20 

melting point, dielectric constants close to the one of water and 

low toxicities 1-4. However, its market price is greater than 8,141 

dollar/ton 4, which greatly limits its usage in various fields (only a 

few kilotons per year) 2. To address this issue, different synthetic 

routes 2-7 have been developed to prepare glycerol carbonate. The 25 

most used route is through the transesterification of dimethyl 

carbonate and glycerol (Scheme 1) in terms of its mild reaction 

conditions, high glycerol carbonate reaction yield and 

environmentally benign 8, 9. In the synthesis, catalyst plays a 

significant role in determining the reaction efficiency. Taking into 30 

account the high boiling temperature of both glycerol and glycerol 

carbonate, a heterogeneous catalyst is preferred for the 

production of glycerol carbonate. Up to now, various 

heterogeneous base catalysts, including CaO 6, 10, MgO 8, 11, Mg/La 

mixed oxide 12, Mg/Al hydrotalcite 9, Mg1.2Ca0.8O2 mixed oxide 13, 35 

Mg/Zr/Sr mixed oxide 14 and Mg/Al/Zr mixed oxide 15, have been 

receiving more considerable attention than acidic ones because 

the latter gives poor reaction performance resulting from the 

limitation of mass transport 4. Among the heterogeneous base 

catalysts, MgO demonstrated a low catalytic activity with only 40 

around 10% glycerol carbonate yield 9, 15, 16 attributable to its 

weakest basic strength among group II oxides 17-19.          

As reported in numerous studies 20-26, the catalytic performance 

of MgO was heavily dependent on its morphology. For example, 

Zhang et al. 25 reported that parallelogram-like mesocrystal MgO 45 

had superior catalytic performance to trapezoidal MgO in the 

Meerwein–Ponndorf–Verley catalytic reaction between 

benzaldehyde and ethanol. Sutradhar et al. 21 observed that the 

MgO with shapes of flower and house-of-cards demonstrated 

highly catalytic activity in the condensation reaction between 50 

benzaldehyde and acetophenone due to the large amounts of step 

edges and corners, low coordinated sites and lattice defects in 

their structures, and the high reactivity of nanoflake MgO was 

attributable to their high surface area. Li and Shen26 

comprehensively reviewed the important progress on the 55 

morphology-dependent phenomenon of rod-shaped metal oxides 

with characteristic redox and acid-base features. To improve the 

catalytic activity of MgO in the transesterification of glycerol and 

dimethyl carbonate, Simanjuntak et al. 8 compared three 

morphologies of MgO (e.g., flake-like, irregular and spherical-like), 60 

and found that spherical-like MgO synthesized using a Pluronic 

P127 surfactant exhibited the highest activity. A glycerol carbonate 

yield as high as 75.4% was obtained owing to its higher basic site 

concentration on the surface. 

Inspired by those reports, herein we prepared a series of micro-65 

sized MgO with trapezoidal, rod-like, spherical, flower-like and 

nest-like structures in the temperature range of 30 - 80 oC via 

precipitation approach employing Mg(NO3)2, Na2CO3 and Na2C2O4 

as raw materials 25, 27-30. Their catalytic activities for the 

transesterification between glycerol and dimethyl carbonate were 70 

compared. To elucidate the high catalytic activity of trapezoidal 

MgO (more than 99% of yield), various techniques, including X-ray 

diffraction, N2 physical adsorption and CO2 chemical adsorption, 

were employed to characterize the MgO with different 

morphologies. In addition, the influences of experimental 75 

parameters (e.g., catalyst amount, solvent, reaction temperature, 

H3C
O O

CH3

O

HO OH

OH
OO

O

OH

+ 2CH3OH+

Glycerol CarbonateGlycerolDimethyl Carbonate

Scheme 1. Synthesis of glycerol carbonate from dimethyl carbonate and 

glycerol. 
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the molar ratio between glycerol and dimethyl carbonate, reaction 

time and reusability) on the yield of glycerol carbonate were 

studied in detail.    

2. Experimental 

2.1 Catalyst preparation 5 

All reagents including magnesium nitrate [Mg(NO3)2·6H2O], 

sodium carbonate [Na2CO3], and sodium oxalate [Na2C2O4] were of 

analytical grade or better and used without further purification. In 

the present study, five morphologies of micro-sized MgO particles 

were prepared, and Table 1 lists their experimental parameters. It 10 

was interesting to find that as Na2CO3 was employed as a 

precipitant, the experimental parameters such as reaction 

temperature and stirring time had pronounced effects on the 

morphology of resulting product. However, little effect was 

observed when Na2C2O4 was used, and only trapezoidal particles 15 

could be obtained. 

In a typical synthesis, 10.26 g of Mg(NO3)2·6H2O was dissolved 

into 50 mL of double-deionized water, which was then transferred 

into a 250 mL three-necked flask and heated to 30 oC. Afterwards, 

100 mL of 0.4 M Na2C2O4 solution was also heated to 30 oC. Under 20 

vigorous stirring (ca. 800 rpm), the prepared Na2C2O4 solution was 

poured into the Mg(NO3)2 solution in 10 s followed by stirring for 

1.5 min. Subsequently, the mixture was maintained at 30 oC for 1 h 

without stirring, and then the generated product was collected, 

filtered and washed with double-deionized water and absolute 25 

ethanol several times. The MgO sample was fabricated by 

calcination of the obtained product in air from room temperature 

to 550 oC in a muffle furnace, and then maintained at that 

temperature for 3 h. 

2.2 Catalyst characterization 30 

The morphology and size of the obtained particles were 

examined by a JEOL JSM-6390A scanning electron microscope 

(SEM), and the energy dispersive spectroscopy (EDS) analysis was 

performed on a Carl Zeiss SIGMA scanning electron microscope. 

The crystal structures of the as-synthesized products were 35 

characterized by X-ray diffraction (XRD) on a XRD-6000 

diffractometer using Cu Kα radiation. The operation voltage was 40 

kV, and the current was 30 mA. Nitrogen adsorption–desorption 

isotherms were obtained using a Micrometrics ASAP 2020HD88 

instrument at 77 K. for which the samples were degassed at 200 oC 40 

for 12 h before the measurement. The surface area was calculated 

by the Brunauer-Emmett-Teller (BET) method. Temperature-

programmed desorption of CO2 (CO2-TPD) was carried out to 

determine the basicity of the MgO particles using a Micromeritics 

ChemiSorb 2750 reactor. The IR spectra of the obtained samples 45 

were recorded with a Bruker vertex 70 series FT-IR spectrometer in 

transmission mode in the range of 4000–400 cm-1. The resolution 

was 4 cm-1 and eight scans were signal-averaged in each 

interferogram.  

2.3 Catalyst evaluation 50 

The catalysts were evaluated by the transesterification reaction 

between glycerol and dimethyl carbonate. Specifically, glycerol, 

dimethyl carbonate and absolute ethanol with a molar ratio of 

1:3:3 (the weight of glycerol was 10.0 ± 0.5 g) were added into a 

100 mL round-bottomed flask having reflux condenser. After a 55 

stirring time of 5.0 min for thorough mixture, MgO catalyst with a 

weight of 3% glycerol was added into the reaction solution. The 

mixture was heated with stirring at a desired temperature using 

bath oil. After the reaction, the catalyst was separated from the 

reaction mixture using centrifugation separation. The collected 60 

products were analyzed with an GC-2000 gas chromatograph 

(Focused Photonics Inc., Hangzhou, China) equipped with a DB-

Wax capillary column (30 m × 0.32 mm I.D., 0.25 μm film thickness) 

and a FID detector. The carrier gas was nitrogen with a flow rate of 

20 mL min-1. The yield of glycerol carbonate in reaction production 65 

was calculated using internal standard method, in which butanol 

was as the internal standard.  

3. Results and Discussion 
3.1 Preparation and catalytic characterization of MgO particles 

with various morphologies. According to our previous reports 25, 
70 

27-30, five types of MgO particles with trapezoidal, rod-like, 

spherical, flower-like and nest-like structures were prepared via 

the reaction between Mg(NO3)2 and Na2C2O4 or Na2CO3 by varying 

the experimental parameters such as reaction temperature and 

stirring time as listed in Table 1. Figure 1 shows the typical SEM 75 

images of obtained MgO particles by calcining their precursors at 

550 oC for 3 h. As Mg(NO3)2 and Na2C2O4 were used as the raw 

materials at the reaction temperature of 30 oC, trapezoidal MgO 

with a topline width of ca. 3.4 µm, baseline width of ca. 8.6 µm 

Table 1. Experimental parameters for preparation of the MgO with different 
morphologies  

Morphology Magnesium Salt Precipitant 
Reaction 

Temperature (oC) 
Stirring Time 

(min) 

trapezoidal Mg(NO3)2·6H2O Na2C2O4 30 1.5 
rod-like Mg(NO3)2·6H2O Na2CO3 50 1.5 
spherical Mg(NO3)2·6H2O Na2CO3 70 1.5 
flower-like Mg(NO3)2·6H2O Na2CO3 70 3.0 
nest-like Mg(NO3)2·6H2O Na2CO3 80 1.5 

(c)(b)

X5,000

(b’)

(a)

X5,000

(a’)

(d)

X10,000

(d’)

(e)

X5,000

(e’)

X2,000

(c’)

Figure 1. SEM images of different morphologies of MgO particles: (a) and (a’) trapezoidal MgO, (b) and (b’) rod-like MgO, (c) and (c’) spherical MgO, (d) 

and (d’) flower-like MgO, and (e) and (e’) nest-like MgO, in which (a), (b), (c), (d) and (e) are the panoramic morphology, and (a’), (b’), (c’), (d’) and (e’) are 

the individual particle. 

Page 2 of 7CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 2
5 

Ju
ne

 2
01

8.
 D

ow
nl

oa
de

d 
by

 U
ni

ve
rs

ity
 o

f 
Su

ss
ex

 o
n 

7/
4/

20
18

 1
2:

35
:1

5 
PM

. 
View Article Online

DOI: 10.1039/C8CE00808F

http://dx.doi.org/10.1039/c8ce00808f


 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

and height of ca. 8.6 µm were obtained (Figure 1a and a’), in 

agreement with the previous report 25. When Mg(NO3)2 and 

Na2CO3 were employed for reaction at a temperature of 50 oC, rod-

like MgO particles with an average diameter of 4.1 µm were 

achieved, and their length was in the range of 41.2 - 63.8 µm 5 

(Figure 1b and b’). With increase in the reaction temperature from 

50 to 70 oC, spherical MgO with an average dimeter of 22.8 µm 

could be obtained (Figure 1c and c’). Under the same reaction 

temperature as the spherical MgO precursor but different stirring 

time (3.0 min), flower-like MgO with a diameter of around 6.5 µm 10 

could be achieved (Figure 1d). The particles were composed of 

layer-like structures, and the thickness of each layer was around 50 

nm (Figure 1d’). This fact might result from the prolonged vigorous 

stirring, which disturbed the self-assembly orientation of MgO 

precursor. Thus different morphologies of products were 15 

generated with variation in stirring time. As the reaction 

temperature increased up to 80 oC, nest-like MgO particles were 

obtained, and their average length, width and height were 3.17, 

2.26 and 0.83 µm, respectively (Figure 1e). Careful observation 

could be found that the particle was composed of layer-like 20 

structure, and the thickness of each layer was about 120 nm 

(Figure 1e’). From the above discussion, it is obvious that the 

experimental parameters have a great effect on the shape of 

resulting MgO. As reported in the literature 20-26, the catalytic 

performance of MgO was closely related to its morphology. To 25 

evaluate the catalytic activity of the obtained MgO with various 

morphologies, dimethyl carbonate and glycerol were used as 

reactants, ethanol was employed as solvent. Figure 2 shows the 

yield of glycerol carbonate after a reaction period of 1 h at 70 oC. 

Apparently, as trapezoidal MgO particles were used as catalyst, the 30 

yield of glycerol carbonate was as high as 93.0%. However, the 

catalytic performances were comparable for other morphologies 

of MgO (e.g., rod-like, spherical, flower-like and nest-like 

structures), and the yields were all below than 6.5%. These results 

illustrate the catalytic activity of MgO is highly dependent on its 35 

shape, in consistent with the previous reports 20-26.        

3.2 Correlation between the catalytic activity of MgO and their 

physicochemical properties. To get an insight into the catalytic 

activities of the MgO with different morphologies and their 

physicochemical properties, various techniques were employed to 40 

characterize the surface properties of obtained MgO particles. 

Their porosities were obtained from the N2 adsorption isotherms. 

As listed in Table 2, the specific surface areas of obtained MgO 

changed significantly with variation in their morphologies. For the 

trapezoidal MgO, its specific surface area was as low as 31.8 m2 g-
45 

1, whereas the values were in the range of 116.2 – 160.1 m2 g-1 for 

the MgO with rod-like, spherical, flower-like and nest-like 

structures. After comparing with their catalytic performances 

(Figure 2), no direct correlation was found between the specific 

surface area and the catalytic capacity. In addition, the average 50 

pore diameter and pore volume were not directly related to the 

catalytic performance of generated MgO. Careful observation 

could be found that the specific surface area and pore volume of 

the trapezoidal MgO are much lower than those of others, 

whereas it demonstrates the highest catalytic capacity. As 55 

reported in many studies 31-35, a higher specific surface area and 

pore architecture would lead to a more favorable catalytic 

performance. The opposite case in the current study suggests that 

those parameters are not the dominant factors in determining the 

catalytic performance of generated MgO with different 60 

morphologies.     

 Figure 3 shows the XRD patterns of the generated MgO with 

different morphologies. Obvious diffraction peaks of cubic phase 

of MgO with a lattice constant of α = 4.21 can be seen in all samples, 

in good agreement with the reported value in the literature (JCPDS 65 

no. 45-0946). In addition, it could be seen that with variation in the 

morphology of generated MgO, the intensity of diffraction peaks 

has some differences. For the trapezoidal MgO, it illustrates the 

most intensive and the sharpest diffraction peaks in contrast to the 

MgO with rod-like, flower-like, spherical and nest-like structures. 70 

For the latter, their diffraction peaks are comparable, which 

suggests that they should have similar crystallite sizes. After 

calculation using Debye-Scherrer formula based on the full width 

Table 2. Texture properties of as-synthesized MgO particles 

Morphology 
Specific surface 
area (m2 g-1)[a] 

Average pore 
diameter 

[nm][b] 

Pore volume          
[cm3 g-1] 

Crystallite size          
(nm) [c] 

trapezoidal  31.8 19.5 0.13 23.1 
rod-like 160.1  5.7 0.34  9.0 
spherical  136.1 12.3 0.58  8.2 
flower-like 116.2 11.4 0.38  8.8 
nest-like 141.8 11.3 0.49  8.1 

Note: [a] Using the standard Brunauer-Emmett-Teller (BET) method; [b] 

Using the Barret-Joyner-Halenda (BJH) method; [c] Using Debye-Scherrer 
formula based on the full width at half-maximum (fwhm) of (200) plane. 
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Figure 2. Comparison of the catalytic activities of MgO with various 

morphologies in the transesterification of dimethyl carbonate and glycerol 

into glycerol carbonate (Note: reaction temperature, 70 oC; reaction time, 

1 h). 
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at half-maximum (fwhm) of (200) plane, the crystallite size for the 

trapezoidal MgO is as high as 23.1 nm, whereas the values are in 

the range of 8.1 – 9.0 nm for other MgO particles as listed in Table 

2. According to those results, it is interesting to conclude that for 

the studied MgO, the bigger the crystallite size of generated MgO, 5 

the more the catalytic activity (Figure 2).     

As reported in the previous studies 9, 15, 16, MgO demonstrated a 

low catalytic activity attributable to its weakest basic strength 

among group II oxides 17-19. To get an insight into the correlation 

between the catalytic performance of generated MgO and their 10 

basic properties, the surface basicity of collected MgO particles 

was examined by the temperature-programmed desorption (TPD) 

of CO2. As shown in Figure 4a, the surface basic properties of 

obtained MgO varied significantly with variation in their 

morphologies. Among the studied products, the trapezoidal MgO 15 

illustrated the weakest basicity, and there was a sharp CO2 

desorption peak centered around 155 oC. For the MgO with rod-

like, flower-like and nest-like structures, they showed a stronger 

surface basicity than that of trapezoidal MgO, whereas the 

abundance of CO2 desorption peaks were comparable, suggesting 20 

that they had a similar surface basic property. For spherical MgO, 

it illustrated the strongest basicity, and there was an intensive CO2 

desorption peak around 370 oC. According to those results, it was 

obvious that the catalytic activity of generated MgO had little 

correlation with their surface basicity, not in 25 

agreement with the previous reports 9, 15, 16.  

Careful observation could also be found that 

with variation in the morphology of the MgO, 

these desorption peaks could be divided into four 

groups exhibiting weak (CO2 desorption in the 30 

range of 50 - 300 oC), medium (CO2 desorption in 

the range of 300 - 500 oC), strong (CO2 desorption 

in the range of 500 - 700 oC) and super basicity (CO2 

desorption above 700 oC), which was similar to our 

recent report36 but different from the previous 35 

reports 30, 37, 38 with only three types of basic sites 

in an order of low coordination oxygen anions > 

oxygen in Mg2+ and O2- pairs > hydroxyl groups at 

the surface of MgO. According to the results, we 

quantitatively described the correlation between 40 

the areas of CO2 desorption peaks at different 

temperature ranges and the MgO morphology as 

shown in Figure 4b. It was clear that in the 

temperature range of 50 – 300 oC, the CO2 desorption 

peak of spherical MgO demonstrated the highest 45 

value, which was 2.5 – 5.8-fold higher than those of 

other MgO. In the range of 300 – 500 oC, both 

trapezoidal and spherical MgO illustrated 

comparable values, which were 2.1 – 2.7-fold lower 

than rod-like, flower-like and nest-like MgO. As the 50 

temperature was increased to 500 – 700 oC, 

trapezoidal MgO exhibited the lowest value followed 

by rod-like, flower-like and nest-like MgO, whereas 

spherical MgO showed the highest value, which was 

230-fold higher than that of trapezoidal MgO. 55 

However, comparable values were obtained for all of 

the studied MgO as the temperature was increased 

above 700 oC. Despite this, no direct relationship was 

observed between the surface basicity of obtained MgO and their 

catalytic performances. 60 

According to many experimental evidence and model 

calculations 39-43, there were different oxygen vacancies at the 

surface or sub-surface region of MgO. It is different from other 

covalent oxides, and the removal of oxygen atoms in the structures 

of MgO will not lead to the formation of new bonds but rather 65 

cavities, which might be responsible to the different catalytic 

performances of the MgO with various morphologies in the 

current study. To confirm this assumption, the contents of O atom 

and Mg atom in the structures of obtained MgO with different 

morphologies were analyzed using EDS measurement. As shown in 70 

Figure 5a, with variation in the morphologies of obtained MgO, the 

percentages of Mg and O atoms in their structures changed 

significantly. But different from the above assumption, the content 

of O atom (ranging from 50.4 - 55.5%) in the structure of MgO was 

much higher than that of Mg atom (changing from 44.5% to 49.6%). 75 

This fact reveals that there are a certain amount of Mg atom 

vacancies in the generated MgO with different morphologies. 

Careful examination could be found that among them, trapezoidal 

MgO had an equivalent ratio between O and Mg (namely 1.02), 

whereas for other morphologies of MgO, the ratio changed from 80 

1.11 to 1.25. According to the report by Simanjuntak et al.10, in the 

transesterification reaction between glycerol and dimethyl 
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ethanol solution after mixing 0.1 g different morphologies of MgO and 3.5 g glycerol and 10.37 

g dimethyl carbonate in 6.58 mL ethanol at 70 oC for 1 h, respectively. 
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carbonate, the used catalyst CaO would first attack the hydroxyl 

groups in glycerol followed by the carboxyl groups in dimethyl 

carbonate, and then the resulting intermediate further reacted 

with glycerol by production of glycerol carbonate. For the reaction 

using MgO as catalyst, glycerol and dimethyl carbonate might 5 

experience a similar mechanism as that on CaO (Figure S1 and the 

related discussion). In this process, it could be concluded that the 

interaction between a solid base catalyst (e.g., CaO and MgO) and 

glycerol or dimethyl carbonate was crucial in determining the 

reaction efficiency. If there were more O atoms in a catalyst such 10 

as the studied MgO, it would become hard to attack the hydroxyl 

groups in glycerol followed by the carboxyl groups in dimethyl 

carbonate owing to a stronger electron repulsion force between 

MgO and reactants, thus leading to a lower reaction efficiency. On 

the contrary, a high-efficient transesterification between glycerol 15 

and dimethyl carbonate would occur. To get a direct evidence on 

this, the interaction between the MgO with different 

morphologies and glycerol and/or dimethyl carbonate was 

investigated. Figure 5b illustrates the residual content of glycerol 

and dimethyl carbonate in ethanol after mixing them with various 20 

MgO for 1 h at 70 oC. It is apparent that in contrast to other 

morphologies of MgO, trapezoidal MgO with a lower O:Mg ratio 

exhibits more favorable interactions with glycerol and dimethyl 

carbonate, respectively, which results in a lower concentration in 

the solution. This fact to a certain degree explains why trapezoidal 25 

MgO was prone to give a higher reaction efficiency relative to 

other morphologies of MgO (Figure 2).           

3.3 Experimental parameters in determining the catalytic activity 

of trapezoidal MgO. As reported in the previous study 4, the yield 

of glycerol carbonate in transesterification reaction are 30 

significantly affected by the reaction parameters. In the present 

work, we systematically investigated the influences of the amount 

of trapezoidal MgO catalyst, solvent type, reaction temperature, 

reaction time and the molar ratio between glycerol and 

dimethyl carbonate on the yield of glycerol carbonate. Figure 35 

6a shows the effect of trapezoidal MgO catalyst on the yield 

of glycerol carbonate. It is apparent that by fixing other 

parameters, the yield demonstrated a gradually increasing 

trend followed by keeping almost constant with increase in 

the added amount of MgO catalyst. As the added amount of 40 

trapezoidal MgO was 0.3 g, namely 3% relative to the amount 

of glycerol, the yield of glycerol carbonate reached the 

maximum value (around 94.3%), in good agreement with the 

previous report 44. Further increasing the catalyst amount led 

to a slight decrease in the yield probably attributable to the 45 

involved side reaction 45. In the synthesis of glycerol 

carbonate, addition of solvent is essential to increase the 

miscibility of glycerol with dimethyl carbonate. Figure 6b 

shows the effect of various solvents, including methanol, 

ethanol, isopropanol, n-propanol and N,N-50 

dimethylformamide, on the yield of glycerol carbonate. It is 

obvious that when n-propanol was used as a solvent, a yield 

as low as 19.6% was achieved. For methanol, isopropanol and 

N,N-dimethylformamide, comparable conversion efficiency 

in the range of 57 – 70% was obtained. As ethanol was used 55 

as solvent, the yield reached the maximum value of 92.4%. In 

the current study, we also found that reaction temperature 

was a crucial factor in determining the yield of glycerol 

carbonate. Figure 6c illustrates the variation in the yield with 

increase of the reaction temperature ranging from 40 to 90 oC. For 60 

this figure, it can be seen that when the reaction temperature was 

in the range of 40 - 60 oC, the reaction yield maintained constant 

with a value of around 70%. However, as the reaction temperature 

was increased up to 70 oC, a reaction yield as high as 93.7% was 

obtained, and further increasing the temperature (80 – 90 oC) led 65 

to a slight increase in the reaction yield, in consistent with the 

previous reports 45-48. This phenomenon could be in part due to 

the fact that a higher reaction temperature would result in an 

increase in the collision between reactants and thus leading to a 

higher reaction yield 4. In the transesterification of glycerol with 70 

glycerol carbonate, the product yield is also greatly affected by the 

molar ratio of reactants. As shown in Figure 6d, as the molar ratio 

between glycerol and glycerol carbonate was 1:0.5, the yield was 

only 33.8% even after a reaction time of 180 min. As the ratio 

became 1:1, the value was improved to 68.1%. Further enhancing 75 

the ratio to 1:2, a yield of 96.2% could be achieved after a reaction 

time of 120 min. When the ratio was 1:3, the reaction efficiency 

was significantly increased. It is obvious that after a reaction time 

of 60 min, the yield could be as high as 96.6%, and increasing the 

reaction period could lead to a reaction efficiency above than 99%. 80 

Owing to the high yield, no more ratio was conducted. From the 

above discussion, it can be seen that the reaction parameters such 

as the catalyst amount, solvent, reaction temperature and the 

ratio between reactants are crucial in controlling the final yield of 

glycerol carbonate over the developed trapezoidal MgO catalyst. 85 

3.4 Reusability of trapezoidal MgO. Reusability is another 

important consideration in developing a catalyst. In the current 

study, we found that the yield of glycerol carbonate was pretty low 

by using the following ways to handle the developed MgO catalyst 

for recycle: (a) after the reaction between glycerol and dimethyl 90 

carbonate, the catalyst was centrifuged, washed with ethanol for 
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Figure 6. Influences of experimental parameters on the yield of glycerol carbonate 

over trapezoidal MgO: (a) effect of the added amount of trapezoidal MgO catalyst 

relative to the content of glycerol, (b) effect of solvent including methanol, ethanol, 

isopropanol, n-propanol and N,N-dimethylformamide, (c) effect of reaction 

temperature ranging from 40 to 90 oC, and (d) effect of reaction time and the ratio 

between glycerol and dimethyl carbonate. 
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three times, dried at 80 
oC and reused for the 

next reaction, the 

reaction yield was low as 

5.3%; (b) after 5 

centrifugation and 

washing with ethanol for 

three times, the 

obtained catalyst was 

calcined at 300 - 900 oC 10 

for 3 h and reused, and 

the yields were all below 

than 10%; (c) according 

to on the report by 

Simanjuntak et al.8, after 15 

centrifugation, the 

collected catalyst was 

first heated to 400 oC and maintained for 3 h in a nitrogen 

atmosphere followed by calcination at 550 oC for 3 h in air, the yield 

was as high as 97.4%. As shown in Figure 7a, the activity of 20 

collected catalyst was maintained at this level after three cycles. To 

figure out the variation in the surface properties of trapezoidal 

MgO by calcination in air and in both N2 and air, we compared the 

collected catalysts from different conditions. Figure 7b illustrates 

the CO2-TPD profiles of the generated MgO prior to catalysis, after 25 

catalysis and calcination at 550 oC for 3 h in air and after catalysis 

and calcination at 400 oC for 3 h in a N2 atmosphere followed by 

calcination at 550 oC for 3 h in air. From this figure, it is obvious 

that for the catalyst prior to catalysis, there is a sharp CO2 

desorption peak around 150 oC attributable to the weak basic sites 30 

on the MgO surface. However, after one cycle and calcination at 

550 oC for 3 h in air, this peak hardly observed although others kept 

almost constant. However, after one cycle and calcination at 400 
oC for 3 h in a N2 atmosphere followed by calcination at 550 oC for 

3 h in air, the peak reoccurred at 150 oC. Meanwhile, as the above 35 

discussion, the catalytic activity of collected MgO maintained after 

treatment with this way. This fact suggests that the basic site may 

be responsible for the high catalytic performance of trapezoidal 

MgO. We also used FT-IR spectra to probe the surface variation 

with experimental conditions. As shown in Figure 7c, with change 40 

in the treatment conditions, only two bands occurred at 3454 cm-

1 (O-H stretching vibration in H2O) and around 1448 cm-1 (absorbed 

CO3
2- stretching vibration) took place a great change. It is 

interesting to observe that for the MgO catalyst after one cycle and 

calcination at 400 oC for 3 h in a N2 atmosphere followed by 45 

calcination at 550 oC for 3 h in air, the band around 1448 cm-1 

maintained almost same as that without use for catalysis, whereas 

it became much weaker as it was directly calcined at 550 oC for 3 h 

in air. This case illustrated that the intensity of the band occurred 

at 1448 cm-1 was probably another indication of the catalytic 50 

activity of developed trapezoidal MgO. Despite this, it should be 

mentioned here that for the products after calcination at 400 oC 

for 3 h in an N2 atmosphere and in air, it was favorable to see their 

appearance difference, but it was hard to distinguish their exact 

compositions using our available techniques such as FT-IR of XRD 55 

techniques (Figure S2). Further investigation is still under the way. 

4. Conclusions 

Various morphologies of micro-sized MgO particles have been 

prepared by a facile precipitation method via the reaction between 

Mg(NO3)2 and Na2C2O4 or Na2CO3 under different reaction 60 

temperatures and stirring times. Their catalytic activities were 

investigated for the synthesis of glycerol carbonate from the 

glycerol transesterification with dimethyl carbonate. The results 

demonstrated that in contrast to the MgO with rod-like, spherical, 

flower-like and nest-like structures, trapezoidal MgO exhibited a 65 

superior catalytic performance in production of glycerol carbonate. 

This fact revealed that the production of glycerol carbonate was 

highly dependent on the morphology of used MgO. We also found 

that the developed trapezoidal MgO had a lower specific surface 

area, bigger crystallite size, weaker surface basicity and less Mg 70 

atom vacancies in its structure compared to others. After 

investigating the influences of experimental conditions on the 

yield of glycerol carbonate, it was found that the catalyst amount, 

solvent, reaction temperature and the ratio between glycerol and 

dimethyl carbonate were responsible for the reaction efficiency. 75 

Furthermore, the developed MgO catalyst could be recycled three 

times after first calcination at 400 oC in a N2 atmosphere followed 

by calcination at 550 oC in air, and the catalytic activity was closely 

related to the weak basic site occurred at 150 oC in CO2-TPD profile 

and the CO3
2- stretching vibration around 1448 cm-1. We believe 80 

that these knowledge is crucial not only in developing high-

efficiency MgO catalyst for production of glycerol carbonate, but 

also in better understanding the correlation between the catalytic 

activities of the MgO with different morphologies and their 

physicochemical properties. 85 
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Trapezoidal MgO has been developed for transesterification of glycerol and dimethyl carbonate with a glycerol carbonate yield more than 

99%. 
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