
Glycerol in nano oxides synthesis | Encyclopedia.pub

https://encyclopedia.pub/entry/3528 1/9

Glycerol in nano oxides synthesis
Subjects: Engineering, Biomedical

Contributor: Ana F. Cristino , Inês A. S. Matias , David E. N. Bastos , Rui Galhano dos Santos , Ana P. C. Ribeiro ,

Luísa M. D. R. S. Martins

The transformation of biomass and the utilization of all the by products derived from chemical conversion of

biomass resources is one of the most important challenges nowadays. The impact in society and the level of

awareness that already exists inside and outside the scientific community, makes the challenge of improving

conversion of biomass to commodities a hot topic. Glycerol, a by-product obtained from the biodiesel production, is

a key player compound due to its chemical versatility. The possibility of being used as solvent, reagent, reducing

agent (in the polyol method), and so forth, makes glycerol an extremely appealing commodity. When used within

nanotechnology, namely combined with nanomaterials, its potential becomes even higher.

glycerol  oxidation  nano oxide  catalyst  nanoparticles

1. Introduction

Global warming is one of humanity’s major concerns in view of the continuous increase of greenhouse gas

emissions that results from the anthropogenic activities (consequence of rapid population growing).

Currently, fossil fuels carbon sources (e.g., natural gas, oil, or coal) constitute over 80% of the world’s primary

energy supply. As an outcome, the climate stability of the biosphere is affected with countless consequences. In

December 2015, the 21st Conference of the Parties, COP21 (the United Nations conference on climate change),

brought public awareness to the measures required to slow down global warming. Moreover, a framework to

mitigate climate change was set, by agreeing on 17 SDGs—sustainable development goals. In addition, the

Intergovernmental Panel on Climate Change (IPCC) set as an aim to keep the warming under 2 °C above

preindustrial levels and to pursue efforts to restrict the temperature increase to a limit of 1.5 °C above preindustrial

levels, whereas the European Union set the aim of reducing 80% of domestic emissions by 2050 (when compared

to 1990) . The use of greener fuels to address such envisaged goals is pointed out as one of the most promising

solutions, unlocking a competitive, low carbon, and energy efficient future.

By using wastes and emissions as feedstock to produce fuels, a new sustainable alternative to traditional

petrochemical feedstock processes (avoiding their uncertain availability, and their environmental concerns) can be

attained, which is imperative, especially to the transport sector . However, there is still much to overcome to

achieve a cost-effective and operationally feasible methodology that can be incorporated in a biorefinery, where,

through jointly applied conversion technologies, almost all types of biomass feedstocks can be transformed into

different classes of bio- fuels and chemicals.
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There are several methods to produce biodiesel that includes transesterification, blending of raw oils,

microemulsion, dilution, and pyrolysis or thermal cracking. The predominant biodiesel production process, which is

also the easiest route, being consequently the most cost-effective approach, involves a step of transesterification

yielding glycerol (1,2,3-propanetriol, Figure 1) as a by-product .

Figure 1. Glycerol (1,2,3-propanetriol) structure.

Increases in biodiesel production in many countries, to replace the traditional petroleum-based energy have led to

an excess of crude glycerol. This represents the main bottleneck in the biodiesel production chain. Simultaneously,

such a glycerol surplus has created new challenges to its sustainable use. In fact, although available on the market

at a very low cost, glycerol contains a number of impurities (e.g., un-reacted glycerides, water, methanol, free fatty

acids, methyl esters and other organic materials or inorganic salts ), which affects its properties (biological,

chemical, and physical) and therefore inhibits its direct usage in industries.

The composition of crude glycerol depends on the process used for the production of the biodiesel as well as on

the nature of feedstock . As such, there is a wide variety of potential alternatives to add value to glycerol, which

fall into the following main categories of applications: (i) manufacture of commodities; (ii) production of polymers;

(iii) production of biofuels and biogas; and (iv) use of purified glycerol. Thus, the multifunctionality of glycerol makes

it a suitable bio-renewable platform chemical. Figure 2 presents different chemical reaction pathways of glycerol.
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Figure 2. Various glycerol conversion pathways. Adapted with permission from Bartoli et al. , published by

IntechOpen, 2019.

Glycerol is considered a particularly interesting building block to provide added-value bio-based compounds. In the

chemicals market, the production of bio-based products has become a priority for the industries of plastics,

solvents, lubricants, and surfactants. The forecast period of 2019–2027   expects an increase at a compound

annual growth rate (CAGR) of 16.67%.

The production of bio-based compounds offers an excellent alternative to reduce the dependence of petroleum-

based feedstocks, to improve the environmental balance (decreasing CO  emissions), to boost cleaner, more

efficient, modern and future oriented industries, and to meet the increasing of consumers demand for healthier and

safer products.

Besides the several pathways to obtain molecules derived from glycerol (Figure 2), there is a much less explored

application of glycerol that can be as important and relevant as the currently most known ones: the production of

nanomaterials. In fact, nanosciences and nanotechnology assume a pivotal role in the processes of accelerating

the energy transition to the use of renewable sources through the development of new materials, which increase

the efficiency of processes, rationalize the use of resources and raw materials, and help to reduce the costs.

[3]
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The use of glycerol as solvent for the dispersion of metal oxide nanoparticles presenting catalytic abilities (Figure

3), increasing their lifetime, is also an emerging field of research.

Figure 3. Example of the use of glycerol with nano oxides. Reproduced with permission from , published by

Elsevier B.V., 2017.

In fact, glycerol has been successfully used as a solvent, a co-solvent with water, ethanol, and any other polar

solvent, for the synthesis of a huge variety of nanomaterials . Recently, it was reported that glycerol can act

both as solvent and reducing agent . Regarding the present environmental legislation as well as the substitution

of the most often used sources of hydrogen, the use of glycerol turns out to be either economically appealing and a

highly promising alternative to develop sustainable synthetic processes of materials . Thus, the use of

glycerol as solvent, co-solvent, and reductant is not only a fascinating area of research but is also gathering

tremendous interest in the development of sustainable protocols (in line with green chemistry) for nanomaterials

synthesis.

Despite the above-mentioned potential, the utilization of nanomaterials-based catalysts for scalable industrial

processes is still highly challenging. In fact, the search for cheap and accessible non-noble metals exhibiting high

activity, selectivity, and stability, is a crucial issue that needs to be addressed. In this regard, metal oxides appear

as attractive alternatives to noble metal catalysts. In particular, the ability to tailoring both size and morphology of

such metal oxides contributes significantly to improving their catalytic performance .

2. Glycerol Oxidation with Nano Oxides as Catalyst

As stated previously, this work overviews the use of glycerol in the production of nano oxides than can be further

used as catalysts in a glycerol oxidation process. Although glycerol oxidation is a well debated and published field

due to the interest arising from being a biomass derivative, there is still a need for further studies in the research of

a catalyst that can be cheap and robust. Metal oxide nanoparticles are quite stable and production methods are

becoming simpler and easier to replicate. The possibility of using a solvent in the synthesis of nanoparticles that

then becomes the target for a catalyzed reaction is a challenge, but it can be the solution for larger implementation
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of glycerol application and transformation. This “one-pot” procedure is a challenge that some researchers have

started to investigate, and their findings are as follows.

Several different value-added chemicals can be obtained from glycerol oxidation (Figure 4).

Figure 4. Products from glycerol oxidation. Adapted with permission. from Bartoli et al. , published by

IntechOpen., 2019.

Han et al.  studied the performance of different cobalt-based spinel oxide nanostructures (MCo O , M = Mn, Fe,

Ni, Co, Zn, or Cu) as electrocatalysts in the conversion of glycerol into formic acid. According to the authors, the

catalytic activity showed by the catalysts, in alkaline media, had the following order CuCo O  > NiCo O  >

CoCo O  > FeCo O  > ZnCo O  > MnCo O . Based on this sequence, the authors used the nanomaterial with

best catalytic activity and combine it with carbon fiber paper electrodes for the electrolytic oxidation of glycerol at a

constant potential (1.30 V) versus the reversible hydrogen electrode; a glycerol conversion of 79.7% was achieved

as well as a high selectivity of 80.6% towards formic acid.

Several mixtures of Cu oxides (CuMgAlO, CuNiAlO, CuMnAlO, CuFeAlO, CuCoAlO, and CuZnAlO) were analyzed

by Zhang et al.  for glycerol oxidation employing two types of oxidants, H O  and O . According to Table 1, the

use of H O  as an oxidant leads to the highest conversion of glycerol, 33.6%, for CuNiAlO along with highest

selectivity for formic acid, 57.2%. Concerning the use of O  as oxidant, the major conversion of glycerol occurs with

CuMnAlO, 34.5%, being glyceric acid produced with a selectivity of 53.6%.

Table 1. Obtained results for the oxidation of glycerol, using two different oxidants, in Zhang et al.’s work  .
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1.  Reaction conditions using H O as oxidant: glycerol (10 mmol), 3% H O  (25 mL), catalyst 0.2 g, 60 °C, 4 h.

 Reaction conditions using O as oxidant: glycerol (10 mmol), O  60 mL/min, catalyst 0.2 g, NaOH 40 mmol,

80 °C, 8 h.

Kaskow et al.  studied the catalytic performance of ZnO towards glycerol oxidation, being possible to observe a

10% conversion of glycerol, with the best selectivity, 45%, for glycolic acid.

Over the last five years, nano oxides are mostly used as catalyst support more than as the catalyst itself, in the

oxidation of glycerol. Due to this, we decided to, as mentioned below, present some examples of it.

An example of glycerol oxidation is demonstrated by the work of Lakshmanan et al. which used CeO -supported

gold nanoparticles as catalysts to obtain lactic acid and glyceric acid as main products . The authors observed

that the ceria supported AuNPs (chemically reduced samples) are more efficient catalysts for the aerobic oxidation

of glycerol when compared with hydrogen reduced samples due to the larger size of the AuNPs. The highest

selectivity towards lactic acid, 83%, was achieved for 1% Au/CeO , corresponding to a glycerol conversion of 98%.

    Selectivity (%)

Catalysts

Glycerol

Conversion

(%)

Glyceraldehyde
Glyceric

Acid

Tartronic

Acid

Glycolic

Acid
Formic Acid

H O O H O O H O O H O O H O O H O O

CuMgAlO 33.1 28.9 12.5 1.3 32 52 2.5 3.1 0.5 7.5 52.5 36.1

CuNiAlO 33.6 27.9 9.5 0 30.1 55.9 3.2 3.4 0 5 57.2 35.7

CuMnAlO 22.2 34.5 10.3 3.1 33.7 53.6 2.8 0 1.2 17.2 52 26.1

CuFeAlO 32 26.2 8.7 2.7 35.6 48.5 2.7 0 0.8 20.1 52.2 28.7

CuCoAlO 30.3 23 9.5 1.5 37.3 51.7 1.6 0 0.5 24.9 51.1 21.9

CuZnAlO 29.1 28.6 9.7 1.9 41.8 53.2 2.3 0 1.1 19.5 45.1 25.4
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Glycerol oxidation using nanocrystalline CeO supported catalysts was evaluated in aqueous solution in the

presence of a base and oxygen by Jayanthi . A selectivity towards lactic acid of 80% concomitant with a glycerol

conversion of 99% is achieved by Au-Pt/nCeO  catalyst. Therefore, the authors conclude that bimetallic

nanocrystalline CeO supported Au-Pt systems present higher catalytic performance than the monometallic ones

(nanocrystalline CeO supported gold and nanocrystalline CeO supported platinum).

Catalytic performance of TiO  nanofiber supported platinum catalysts and TiO  nano powder supported platinum

catalysts were evaluated by Chornaja et al.  for the oxidation of glycerol, to obtain as main product glyceric acid.

A selectivity towards glyceric acid of 63%, with 100% conversion of glycerol, was achieved using TiO  nanofiber

supported platinum as catalyst and in the case of TiO  nano powder supported platinum the selectivity to glyceric

acid was 68%, corresponding to a glycerol conversion of 95%.

According to Chornaja et al., in a separate study, alumina-supported palladium catalysts were used for the

oxidation of glycerol to obtain mainly glyceric acid . The authors proved, with the TEM technique, that the

palladium exhibits a nano-size on the carrier surface. They could also conclude that the best catalysts for the

oxidation of glycerol were 1.25% Pd/Al O and 2.5% Pd/Al O .

References

1. Global Climate Change. Available online: https://www.climate.nasa.gov (accessed on 16 October
2020).

2. Ribeiro, A.P.C.; Martins, L.M.D.R.S.; Pombeiro, A.J.L. Carbon dioxide-to-methanol single-pot
conversion using a C-scorpionate iron(II) catalyst. Green Chem. 2017, 19, 4801–4962,
doi:10.1039/C7GC01993A.

3. Bartoli, M.; Rosi, L.; Frediani, M. Introductory Chapter: A Brief Insight about Glycerol, Glycerine
Production and Transformation—An Innovative Platform for Sustainable Biorefinery and Energy;
IntechOpen: London, UK, doi:10.5772/intechopen.88062.

4. Dobrovolný, K.; Ulbrich, P.; Švecová, M.; Bartůněk, V. Affordable, Green, and Facile Synthesis of
Copper Nanoparticles Stabilized by Environmentally Friendly Surfactants. Metall. Mater. Trans. B.
2015, 46, 2529–2533, doi:10.1007/s11663-015-0424-9.

5. Ong, H.R.; Khan, M.R.; Ramli, R.; Yunus, R.M.; Rahman, W.; Hong, C.S.; Ahmad, M.S. Formation
of CuO Nanoparticle in Glycerol and Its Catalytic Activity for Alkyd Resin Synthesis. Mater. Today
Proc. 2018, 5, 3165–3175, doi:10.1016/j.matpr.2018.01.124.

6. Wang, Z.; Suo, Q.; Zhang, C.; Chai, Z.; Wang, X. Solvent-controlled platinum nanocrystals with a
high growth rate along 〈100〉 to 〈111〉 and enhanced electro-activity in the methanol
oxidation reaction. RSC Adv. 2016, 6, 89098–89102, doi:10.1039/c6ra18171f.

2 

[20]

2

2 

2 2 

2 2

[21]

2

2

[22]

2 3 2 3



Glycerol in nano oxides synthesis | Encyclopedia.pub

https://encyclopedia.pub/entry/3528 8/9

7. Dang-Bao, T.; Pradel, C.; Favier, I.; Gómez, M. Making Copper(0) Nanoparticles in Glycerol: A
Straightforward Synthesis for a Multipurpose Catalyst. Adv. Synth. Catal. 2017, 359, 2832–2846,
doi:10.1002/adsc.201700535.

8. Global Bio-based Chemicals Market Forecast. 2018. Available online:
https://www.prnewswire.com/news-releases/global-bio-based-chemicals-market-forecast-2018-
2026-300646520.html (acessed on 26 October 2020).

9. Favier, I.; Pla, D.; Gómez, M. Metal-based nanoparticles dispersed in glycerol: An efficient
approach for catalysis. Catal. Today 2017, 310, 98-106, doi:10.1016/j.cattod.2017.06.026.

10. Wolfson, A.; Dlugy, C.; Shotland, Y. Glycerol as a Green Solvent for High Product Yields and
Selectivities. Environ. Chem. Lett. 2007, 5, 67–71, doi:10.1007/s10311-006-0080-z.

11. Escudero, A.; Moretti, E.; Ocana, M. Synthesis and Luminescence of Uniform Europium-doped
Bismuth Fluoride and Bismuth Oxyfluoride Particles with Different Morphologies. CrystEngComm
2014, 16, 3274–3283, doi:10.1039/C3CE42462F.

12. Sinhamahapatra, A.; Bhattacharjya, D.; Yu, J.S. Green Fabrication of 3-dimensional Flower-
shaped Zinc Glycerolate and ZnO Microstructures for p-nitrophenol Sensing. RSC Adv. 2015, 5,
37721–37728, doi:10.1039/C5RA06286A.

13. Diaz-Alvarez, A.; Cadierno, V. Glycerol: A Promising Green Solvent and Reducing Agent for
Metal-catalyzed Transfer Hydrogenation Reactions and Nanoparticles Formation. J. Appl. Sci.
2013, 3, 55–69, doi:10.3390/app3010055.

14. Gu, Y.; Jerome, F. Glycerol as a Sustainable Solvent for Green Chemistry. Green Chem. 2010,
12, 1127–1138, doi:10.1039/C001628D.

15. Amaniampong, P.N.; Trinh, Q.T.; Varghese, J.J.; Behling, R.; Valange, S.; Mushrif, S.H.; Jérôme,
F. Unraveling the mechanism of the oxidation of glycerol to dicarboxylic acids over a
sonochemically synthesized copper oxide catalyst. Green Chem. 2018, 20, 2730–2741,
doi:10.1039/C8GC00961A.

16. Han, X.; Sheng, H.; Yu, C.; Walker, T.W.; Huber, G.W.; Qiu, J.; Jin, S. Electrocatalytic Oxidation of
Glycerol to Formic Acid by CuCo2O4 Spinel Oxide Nanostructure Catalysts. ACS Catal. 2020, 1–
33, doi:10.1021/acscatal.0c01498.

17. Zhang, F.; Wang, X.; Wu, G.; Zhang, C.; Song, S.; Lan, J. Selective Oxidation of Alcohols
Catalyzed by Supported Nano‐Au Catalysts. ChemistrySelect 2019, 4, 13876–13883,
doi:10.1002/slct.201904004.

18. Kaskow, I.; Decyk, P.; Sobczak, I. The effect of copper and silver on the properties of Au-ZnO
catalyst and its activity in glycerol oxidation. Appl. Surf. Sci. 2018, 444, 197–207,
doi:10.1016/j.apsusc.2018.02.285.



Glycerol in nano oxides synthesis | Encyclopedia.pub

https://encyclopedia.pub/entry/3528 9/9

19. Lakshmanan, P.; Upare, P.P.; Le, N.T.; Hwang, Y.K.; Hwang, D.W.; Lee, U.H.; Kim, H.R.; Chang,
J.S. Facile synthesis of CeO2-supported gold nanoparticle catalysts for selective oxidation of
glycerol into lactic acid. Appl. Catal. A 2013, 468, 260–268, doi:10.1016/j.apcata.2013.08.048.

20. Jayanthi, S.S. A novel eco friendly synthesis of cerium oxide nano particles using glycerol as
stabilizing agent. Nano Sci. Nano Technol. Indian J. 2014, 8, 274–278.

21. Chornaja, S.; Sile, E.; Drunka, R.; Grabis, J.; Jankovica, D.; Kunakovs, J.; Dubencovs, K.;
Zhizhkuna, S.; Serga, V. Pt supported TiO2-nanofibers and TiO2-nanopowder as catalysts for
glycerol oxidation. React. Kinet. Mech. Catal. 2016, 119, 569–584, doi:10.1007/s11144-016-1067-
9.

22. Chornaja, S.; Dubencov, K.; Kampars, V.; Stepanova, O.; Zhizhkun, S.; Serga, V.; Kulikova, L.
Oxidation of glycerol with oxygen in alkaline aqueous solutions in the presence of supported
palladium catalysts prepared by the extractive-pyrolytic method. React. Kinet. Mech. Catal. 2013,
108, 341–357, doi:10.1007/s11144-012-0516-3.

Retrieved from https://encyclopedia.pub/entry/history/show/10926


