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ABSTRACT
In the present work, a reaction methodology was implemented using a batch reactor, which 
synthesized glycerol carbonate (GC) using glycerin and CaCO3. A crystallographic analysis of CaCO3 
was performed to determine its crystalline form. The obtained product was characterized by infrared 
spectroscopy, thermogravimetric analysis and nuclear magnetic resonance (1H and 13C). Our analysis 
demonstrated that the obtained product with the implemented reaction methodology has GC, FTIR 
showed the signals of the carbonyl groups, and the NMR spectrum confirmed the presence of cyclic 
carbonate structure in addition to linear carbonates. The thermogravimetric study showed that the 
thermal stability of the product is highly similar to that reported for GC. These results exhibit that the 
synthesis process produces linear and cyclic carbonates.
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Introduction

The development of environmentally friendly processes 
which allow the use of materials considered as waste, is 
a common area of interest for various research groups. 
This has promoted the development of different synthetic 
routes [1]; particularly, a route to obtain monomers with 
low environmental impact. In recent years, a boost in the 
biodiesel-producing industries has resulted in an over-
production of glycerin (a by-product of this process), 
resulting in a remarkable price drop. Production in 
United States of America exceeds 350,000 tons per year 
[2]. One of the chemical derivatives produced from gly-
cerin is glycerol carbonate (GC), a high-value product with 
a wide range of applications [3,4]. Glycerol carbonate has 
an excellent chemical stability, it does not present flamm-
ability and is soluble in water; the latter goes hand in 
hand with its zero impact on health and the environment 
due to its low toxicity (not mentioned R-Phrase in its 
Material Safety Data Sheet). Due to its water solubility, it 
possesses good biodegradability and low volatility (bp 
110–115°C a 0.1 mmHg) [5]. There are different pathways 
for the synthesis of glycerol carbonate [6] (Scheme 1).

Glycerol carbonate has several applications: as 
a chemical intermediate in the production of polymers [7], 
as a curing agent [8], a surfactant, as the electrolytes of 
choice in the production of lithium-ion batteries and as 
a carrier solvent [9]. Glycerol carbonate can be obtained 
by transesterification with a cyclic carbonate such as 

ethylene carbonate or other alkylene carbonates [10]; 
Marya et al. [11] reported the synthesis of glycerol carbo-
nate and diethyl carbonate catalyzed by hydrotalcite com-
pounds. Recently, Angela Dibenedetto et al., experimented 
with direct carboxylation using CO2, developing a synthetic 
pathway using CO2 and a metallic catalyst [12]. Within the 
synthetic processes to obtain glycerol carbonate, the synth-
esis through CO2 has been carried out in both homoge-
neous and heterogeneous catalysis. The first experiments 
were performed in the presence of metal alkoxides such as 
n-Bu2Sn(OMe)2 and n-Bu2SnO [13–14]. In addition, López 
Ortiz et al. [15], performed a thermodynamic analysis and 
process simulation for H2 production by dry reforming of 
ethanol using CaCO3 as the CO2 source for the reaction 
system, an innovative approach in the use of a solid carbo-
nate to serve as a source of CO2 to produce hydrogen- 
synthesis gas (H2-syngas). In order to avoid toxic agents, 
the use of ethanol was proposed for the synthesis of GC 
coupled with calcium carbonate, where a closed system 
(batch reactor) was implemented, in which the CO2 

released by CaCO3 was reused during the reaction.

Methodology

In order to synthesize the glycerol carbonate, Omyacarb® 
UF calcium carbonate (Omya, Switzerland) was employed, 
with a particle size of 0.7 μm, without any surface mod-
ification treatment. Additionally, we used > 99% purity 
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glycerin (Sigma Aldrich, United States) and 96% purity 
ethanol (Fermont, Mexico). This reaction was performed 
in a 2 L Parr reactor as shown in Scheme 2. As it is known, 
CaCO3 decomposes at very high temperature, forming 

CO2 which is needed for the synthesis. 500 ml of glycerin 
was employed to react with CaCO3 in a 20 % ratio (gly-
cerin/ CaCO3). In order to facilitate the process of decom-
position of CaCO3, ethanol was incorporated at a 1:0.5 

Scheme 1. Synthesis routes of glycerol carbonate.

Scheme 2. Batch reactor with double propeller stirrer.
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ratio, concerning the volume of glycerin. The 
glycerin/ethanol/CaCO3 mixture has been studied pre-
viously by Dang et al. [16] to produce synthetic gas, with 
the reaction between ethanol and CaCO3 being: 

C2H5OHþ CaCO3 ! CO2 þ 2COþ CaOþ 3H2 

As shown in Scheme 2, the reactor has a double propel-
ler stirrer, which adds CaCO3 and ethanol into the gly-
cerin. Since the low solubility of CaCO3 requires vigorous 
agitation. The synthesis was performed in the time span 
of 8 hours, under similar conditions at a temperature of 
250°C and a pressure of 45 PSIA.

After the reaction, the obtained product was fil-
tered and centrifuged in order to remove all solids. 
After this, all volatile compounds were removed 
using a rotary evaporator. Finally, ethyl acetate was 
employed to extract the organic fraction in the solu-
tion using a separation funnel, and later the ethyl 
acetate was recovered by rotary evaporation.

Next, the identification of functional groups was 
performed using a FTIR spectrophotometer with dia-
mond ATR (Spectrum 100, Perkin Elmer, USA) to 
determine the presence of the GC, through the 
identification of the expected functional groups. 
The thermogravimetric analysis was carried out on 
a TGA/DSC (Model SDT Q600, TA Instruments, USA), 
and it was possible to observe the degradation 
temperature of the product obtained from the reac-
tion. Calcium carbonate was analyzed by X-ray dif-
fraction to determine its crystalline structure and 
purity. Finally, through a proton NMR analysis 
(Advance III HD 400 MHz equipment Bruker, USA), 
the structure belonging to the GC was identified in 
the obtained product.

Results

Glycerin is chemically similar in its hydrocarbon chain 
with three functional OH groups. Therefore, if the cal-
cium carbonate performs the Ca+2 ion displacement at 
constant pressure and temperature [17,18], we had the 
opportunity to achieve the reaction.

Calcium carbonate (CaCO3) is the most abundant 
mineral in nature, making it one of the most eco-
nomical inorganic materials [19]. X-ray diffraction 
was used to determine the structure and purity of 
CaCO3. Our study shows that there are particles with 
high crystallinity. In Figure 1 Diffraction patterns are 
observed in 2Ѳ in 23°, 29.8°, 36.7°, 39.9°, 43.5°, 
48.25°, 49.6° and 58.3° which represent lattices (0 
1 2), (1 0 4), (1 1 0), (1 1 3), (2 0 2), (0 1 6), (0 1 8) 
and (1 2 2), respectively. The signs are present at 
29.8° and 43.5° CaCO3 in the form of calcite [20]. 

Sharp signals are presented, which can be indexed 
in the CaCO3 diffraction chart (JCPDS88-1808). No 
signs of impurities were found.

NMR analysis

Product formation was confirmed through proton NMR. 
1H NMR has been used to determine the chemical struc-
ture of the GC molecule, previously [21,22]. In the 
1H NMR spectrum (Figure 2(a)) we can see the mixture 
of GC and glycerin, we can notice in Figure 2(b) the 
signals in the 4.4–3.6 ppm regions of the proton c, b, a, 
belonging to glycerin, there is also an overlap of the a1 
signal of the glycerol carbonate. Signals belonging to 
linear chains are observed at 4.3 ppm, 3.69 ppm, and 
3.68 ppm; these signals have been previously reported 
by Acemoglu et al. [23]. The glycerol carbonate NMR 
1H are 1H (DMSO, 500 MHz), δ (ppm), 4.41 (H1, CH2), 4.83 
(H1, CH) 3.63, 4.01 (H1, CH-CH2), 2.63 (H1, OH). In Figure 3, 
the 13C spectrum of the product is observed, and it 
presents signals from cyclic carbon atoms, as well as 
linear units. Only a few representative standards of oli-
goglycerols are described in the literature [24–27]. The 
spectrum presents the signals 2 = 77 ppm, 3 = 65.6 ppm, 
1 = 65.2 ppm, 4 = 155 ppm characteristic of glycerol 
carbonate; these signals have been reported by Aresta 
et al. [28]. Linear carbonate signals are located at 
64 ppm, 76 ppm for linear carbon atoms of 1–3 units. 
This indicates that the synthesis pathway facilitates the 
formation of cyclic carbonates such as glycerol carbo-
nate and linear carbonates, as shown in Scheme 3.

After the synthesis process, the sample was analyzed 
by FTIR, in Figure 4, the product spectrum obtained as 
a result of the reaction is observed, in which the bands 
3323 cm−1 and 1400 cm−1 are noticed, due to the 

Figure 1. Diffraction patterns of CaCO3.
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O-H vibrations of the 2-hydroxymethyl chain [29]. In 
addition, the absorption bands close to 2950 and 
2900 cm−1 are present due to the vibrations of the CH2 

and CH [30] bonds of the O-methylene and 
O-methylidyne cyclic groups belonging to the carbo-
nate. At 1770 cm−1, the absorption band originated by 
the stretching of C=O groups is appreciated [31]; this 
double stretching is due to the formation of linear car-
bonate groups and cyclic carbonates [32]. Around 

1170 cm−1 and 1030 cm−1, the signal of the C–C and 
C–O stretching, respectively, of the chain, two hydro-
xyethyls appear [33]; all these signals confirm the pre-
sence of glycerol carbonate in the product obtained 
from the reaction. It should be mentioned that the pre-
sence of glycerol in the product is notorious due to the 
signs at 1480 cm−1, 1340 cm−1, and 1160 cm−1 [34]. 
Indran et al. [35] reported similar signals after their 
synthesis route.

Figure 2. NMR 1H spectrum of product.

Scheme 3. Cyclic and linear structures formed.
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Thermogravimetric analysis

The thermogravimetric study showed the thermal stabi-
lity of the product; in Figure 5(a) the thermogram is 
appreciated. The CG has excellent chemical stability, 
Flash Point > 204° [5]; the latter is observed in the 
curve of the TGA (black line), which exhibits a 10% 
weight loss between 50°C and 100°C, probably due to 
remnants of both water and glycerin, next to 
a noticeable weight loss at 170°C and the major weight 
loss occurred between 200°C and 245°C, a clear indica-
tion of the breakdown of glycerol carbonate. In 
Figure 5(b), the derivative of weight percentage shows 
again that the total loss occurs below 250°C, something 
plausible due to the previously mentioned weight loss 
due to moisture and remaining glycerin.

Figure 3. NMR 13C spectrum of the product.

Figure 4. FTIR spectrum of the product obtained after reaction.

Figure 5. Product thermogravimetric curves.
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Conclusion

Our results show that the reaction process synthesized 
glycerol carbonate in a batch system implementing 
CaCO3 and a reaction time. The FTIR study showed the 
presence of carbonyl groups in the synthesized product, 
while the thermogravimetric study showed that the pro-
duct has thermal stability close to that of GC, with mag-
netic resonance confirming the structural presence of 
GC, in addition to the presence of glycerin. Similarly, 
the NMR spectra revealed the presence of the cyclic 
structure of glycerol carbonate, in addition to the pre-
sence of linear carbonate group chains. The synthesis 
process proved to be suitable for producing a monomer 
of interest, which by known polymerization routes can 
generate a product of high economic value.

Acknowledgments

Supported by Tecnológico Nacional de México “Nueva ruta de 
Síntesis de Carbonato de Glicerol base alcohólica, solvente 
verde”, convocatoria 2021. This project was carried out in the 
postgraduate course in Master of Science in Chemical 
Engineering (MCIQ), CONACyT grant number: 786536.

Disclosure statement

There is notconflict of interest by the author(s).

Funding

This work was supported by the Consejo Nacional de Ciencia y 
Tecnología [Grant Number 786536]; Tecnológico Nacional de 
Mexico [No. 10221.21-P].

ORCID

Ana Beatriz Morales Cepeda http://orcid.org/0000-0002- 
2376-5511
Luis A. Macclesh del Pino http://orcid.org/0000-0002-9398- 
6571
Claudia Esmeralda Ramos Galvan http://orcid.org/0000- 
0002-6727-006X
Luciano Aguilera Vazquez http://orcid.org/0000-0001-8095- 
6528

References

[1] Soares RR, Simonetti DA, Dumesic JA. Glycerol as 
a source for fuels and chemicals by low temperature 
catalytic processing. Chem Int Ed. 2006;45:3982–3985.

[2] José RO-G, Gómez-Jiménez-Aberasturi O, Maestro- 
Madurga B, et al. Villarán-Velasco “Synthesis of glycerol 
carbonate from glycerol and cimethyl carbonate by 
transesterification: catalyst screening and reaction opti-
mization. Appl Catal A Gen. 2009;366:315–324.

[3] Sarma Kovvali A, Kamalesh K. Sirkar “Carbon Dioxide 
separation with novel solvents as liquid membranes. 
Ind Eng Chem Res. 2002;41:9.

[4] Selva M. Massimo Fabris “the reaction of glycerol carbo-
nate with primary aromatic amines in the presence of 
Y-and X- Faujasites: the synthesis of N-(2,3-dihydroxy) 
propyl anilines and the reaction mechanism. Green 
Chem. 2009;11 :1161–1172.

[5] Clements JH. Reactive applications of cyclic alkylene 
carbonates. Ind Eng Chem Res. 2003;42:663–667.

[6] Van Mileghem S, De Borggraeve WM, Baxendale IR. 
A robust and scalable continuous Flow process for gly-
cerol carbonate, demonstrating that GC could be pro-
duced continuously at a pilot-scale although the 
industrial process currently used are batch ones. Chem 
Eng Technol. 2018;41:2014–2023.

[7] Helou M, Carpenter J-F, Guillaume SM. Poly(carbonate- 
urethane): an isocyanate-free procedure from α, ω-di 
(cyclic carbonate) telechelic poly(trimethylene carbo-
nate)s. Green Chem. 2011;13:266–271.

[8] Magniot C, Escadeillas G, Oms-Multon C, et al. The benefits 
of incorporating glycerol carbonate into an innovative poz-
zolanic matrix. Cement Concr Res. 2010;40(7):1072–1080.

[9] John HC. Reactive applications of cyclic alklene 
carbonate. Ind Eng Chem Res. 2003;42(4):663–674.

[10] Climent MJ, Corma A, De Frutos P, et al. Chemical from 
biomass: synthesis of glycerol carbonate by transesterifica-
tion and carbonylation with urea with hydrotalcite catalyst. 
The role of acid-base pairs. J Catal. 2010;269(1):140–149.

[11] Alvarez MG, Segarra AM, Contreras S, et al. Enhanced use 
of renewable resources: transesterification of glycerol 
catalyzed by hydrotalcite-like compounds. Chem Eng J. 
2010;161(3):340–345.

[12] Dibenedetto A, Angelini A, Aresta M, et al. Converting 
waste into added-value products: from glycerol to gly-
cerol carbonate, glycidol and epichlorohydrin using 
environmentally friendly synthetic routes. Tetrahedron. 
2011;67(6):1308–1313.

[13] Aresta M, Dibenedetto A, Nocito F, et al. A study on 
carboxylation of glycerol to glycerol carbonate with 
carbon dioxide: the role of the catalyst, solvent and 
reaction condition. J Mol Catal A Chem. 
2006;257:149–153.

[14] José RO-G, Gómez-Jiménez-Aberasturi O, Ramíres 
López C, et al. A brief review on industrial alternatives 
for the manufacturing of glycerol carbonate, a green 
chemical. Org Process Res Dev. 2012;16(3):389–399.

[15] López Ortiz A, Pallares Sámano RB, Meléndez 
Zaragoza MJ. Thermodynamic analysis and process 
simulation for the H2 production by reforming of etha-
nol with CaCO3. Int J Hydrogen Energy. 
2015;40:17172–17179.

[16] Dang C, Shijie W, Yang G, et al. Syngas production by dry 
reforming of the mixture of glycerol and ethanol with 
CaCO3. J Energy Chem. 2020;43:90–97.

[17] Vergaro V, Carta E, and Panzarinib E Elisabetta Carta, 
Elisa Panzarinib, Francesca Baldassare, Luciana Dini and 
Giuseppe Ciccarellaa, et al. 2015. AIP Conference 
Proceedings;1667:020014. doi:10.1063/1.4922570.

[18] Papirer E, Schultz J, Turchi C. Surface properties of 
a calcium carbonate filler treated with stearic acid. Eur 
Polym J. 1984;20(12):1155–1158.

30 A. B. MORALES CEPEDA ET AL.

https://doi.org/10.1063/1.4922570


[19] Islam KN, Bakar MZBA, Ali ME. A novel method for 
the synthesis of calcium carbonate (aragonite) nano-
particles from cockle shells. Powder Technol. 
2013;235:70–75.

[20] Manna SK, Sarkar S, Barr J, et al. Single-walled carbon 
nanotube induces oxidative stress and activates nuclear 
transcription factor-kappaB in human Keratinocytes. 
Nano Lett. 2005;5:1676.

[21] Rokicki G, Rakoczy P, Parzuchowski P, et al. 
Hyperbranched aliphatic polyethers obtained from 
environmentally benign monomer: glycerol carbonate. 
Green Chem. 2005;7:529–539.

[22] Noriega DO, de Souzade Souza SP, Leao RAC, et al. 
Process intensification for tertiary amine catalyzed gly-
cerol carbonate production: translating microwave irra-
diation to a continuous-flow process. RSC Adv. 
2015;20945–20950.

[23] Acemoglu M, Nimmerfall F, Bantle S, et al. Poly(ethy-
lene carbonates)s, part I: syntheses and structural 
effects on biodegradation. J Control Release. 
1997;49:263–276.

[24] Amstutz ED, Fehnel EA, Neumeyer CR. The synthesis of 
benzene derivatives structurally similar to Penicillic acid. 
J Am Chem Soc. 1946;68(3):349–354.

[25] Granick S, Michaelis L. Thionol and its semiquinone 
radical. J Am Chem Soc. 1947;69(12):2983–2986.

[26] Wittcoff H, Roach J, Miller S. Polyglycerols 11. 
Syntheses of diglycerol. J Am Chem Soc. 
1949;71:2666–2668.

[27] Cassel S, Debaig C, Benvegnu T, et al. Original synthesis 
of linear, Branched and cyclic oligoglycerol standars. 
EurJOC. 2001;2001(5):875–896.

[28] Aresta M, Dibenedetto A, Di Bitonto L. New efficient and 
recyclable catalyst for the synthesis of di- and tri-glycerol 
carbonates. RSC Adv. 2015;5:64433–66443.

[29] Jiabo L, Wang T. On the deactivation of alkali solid catalyst 
for the synthesis for glycerol carbonate from glycerol and 
dimethyl carbonate. React Kinet Mech Cat. 
2011;102:113–126.

[30] Nguyen-Phu H, Park C-Y, Shin E. Activated red 
mud-supported Zn/Al oxide catalyst for catalytic conver-
sion of glycerol-to-glycerol carbonate: FTIR analysis. 
Catalys Commun. 2016;85:52–56.

[31] Rujuan L, Liu J, Tao H, et al. The investigation of the 
thermal pyrolysis of glycerol carbonate derivatives by 
TG-FTIR. Thermochim acta. 2016;624:76–81.

[32] Kudo H, Morita A, Nishikubo T. Synthesis of a hetero tele-
chelic hyperbranched polyether. Anionic ring-opening 
polymerization of 3-Ethyl-33(hydroxymethyl)oxetane 
using potassium tert-butoxide as an initiator. Polym J. 
2003;35:88–91.

[33] Ain Syuhada Zuhaimi N, Indran V, and Asyrak 
Deraman M, et al. Reusable gypsum based catalyst for 
synthesis of glycerol carbonate from glycerol and urea. 
Appl Catalys A. 2015;502:312–319. doi:10.1016/j. 
apcata.2015.06.024 . General.

[34] Striugas N, Skorčinskiene R, Paulauskas R, et al. Evaluation 
of straw with absorbed glycerol thermal degradation dur-
ing pyrolysis and combustion by TG-FTIR and TG-GC/MS. 
Fuel. 2017;204:227–235.

[35] Paroo Indran V, Ain Syuhada Zuhaimi N, Asjyrak 
Dereman M, et al. An accelerated route of glycerol car-
bonate formation from glycerol using waste boiler ash 
as a catalyst. RSC Adv. 2014;4:25257–25267.

DESIGNED MONOMERS AND POLYMERS 31

https://doi.org/10.1016/j.apcata.2015.06.024
https://doi.org/10.1016/j.apcata.2015.06.024

	Abstract
	Introduction
	Methodology
	Results
	NMR analysis
	Thermogravimetric analysis

	Conclusion
	Acknowledgments
	Disclosure statement
	Funding
	ORCID
	References

