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Introduction

Heterogeneous metal catalysts rather than homogeneous ones are 
recommended for industrial applications after considering their performance 
in activity, separation, and recycling [1]. The recycling of metal catalysts is 
important from economic and environmental points of view. When supported 
and bulk metal catalysts are used in liquid-phase organic reactions, there 
is a possibility that active metal species are leaching away into the liquid 
phases [2,3]. The metal leaching would make it difficult for the catalysts 
to maintain their desired initial performance for repeated batch reactions 
and during continuous ones. The metal leaching would also cause some 
undesired contamination of products by the metal species dissolved in the 
reaction mixture, and the separation of the metal contaminants would be 
required to purify the products. Therefore, various novel methods have 
been proposed so far to immobilize/stabilize the active metal species 
and to separate/collect/reuse the dissolved metal species [4]. In addition, 
knowledge on the heterogeneous and homogeneous natures of organic 
reactions using heterogeneous catalysts is important to discuss their 
reaction mechanisms and catalytically working active species. 

This is interesting for original and review articles on such organic synthetic 
reactions as CO2 conversion, biomass conversion, selective hydrogenation, 
C-C coupling, and reductive amination reactions. The design of magnetic 
catalysts is one of the most efficient strategies for the synthesis of durable 
and reusable catalysts, which can be easily recovered by magnetic forces 
and recycled. Reviews the design, preparation, recyclability of various 
nanostructured magnetic catalysts for, in particular, the reduction of 
nitro aromatic compounds. Promotional effect of SnOx on the catalytic 
performance of Ru/Al2O3 catalysts in the selective hydrogenation of 
m-dinitrobenzene to m-nitroaniline [5]. They explain that electron transfer 
between active Ru species and SnOx additives modifies the adsorption of 
the nitro group of the substrate, influencing the product selectivity, and also 
improves the stability of the catalysts. Catalytic performance of phosphorus-
doped Ni/Al2O3 catalysts for the hydrogenolysis of a biomass-derived 
compound of glycerol. These are recyclable and selective catalysts for the 
production of 1, 2-propanediol. The relative amounts of Ni and NiO species, 
which depend on the presence of a phosphorous dopant, are significant in 
determining the catalytic performance; a slight loss in activity occurs due 
to the deposition of carbonaceous materials on the catalyst surface. Linear 
polystyrene-stabilized Pd nanoparticles are active and recyclable catalysts 
for a series of C-C coupling reactions in water. In these reactions, some Pd 
species leach and the dissolved Pd species are stabilized in the presence of 
tetrabutylammonium bromide and may participate in the catalytic processes 
[6]. These Pd species may redeposit onto the polystyrene support and 
are recyclable even though a slight increase in the size of supported Pd 
particles occurs during the reaction. Polymer supported triphenylphosphine-
palladium acetate complex catalyst for the indirect reductive amination of 
aldehydes. The catalyst is highly selective to the formation of the desired 

products and can be recovered and recycled without loss in the activity. 
Catalyst containing guanidine hydrochloride and ZnI2 for the environmentally 
benign synthesis of cyclic carbonates under mild reaction conditions [7]. 
The catalyst gives a high yield of propylene carbonate and can be recycled, 
which is versatile for the cycloaddition of CO2 to other epoxides. 

Heterogeneous catalysis is widely used in the synthesis of bulk and fine 
chemicals. In a general, small scale batch reaction, the catalyst, reactants, 
and solvent are stirred together until completion of the reaction, after which 
the bulk liquid is separated by filtration. The catalyst can then be collected for 
either recycling or disposal [8]. In a continuous process, the catalyst can be 
fixed in space and the reaction mixture allowed to flow over it. The reaction 
and separation are thus combined in a single step, and the catalyst remains 
in the reactor for easy recycling. Beyond facilitating separation, thecatalyst 
may have improved lifetime due to decreased exposure to the environment, 
and reaction rates and turnover numbers can be enhanced through the use 
of high concentrations of a catalyst with continuous recycling. The benefits 
of flow are seemingly obvious, yet it has only recently become a widely 
adopted method for bench-scale synthesis [9]. The most common application 
of continuous heterogeneous catalysis is in hydrogenation reactions,2 
where the handling and separation of solid precious metal catalysts is not 
only tedious but hazardous under batch conditions. Moreover, the mixing 
between the three phases in a hydrogenation is generally quite poor. The 
use of a flow reactor gives a higher interfacial area between phases and thus 
more efficient reactions. For example, Ley and co-workers found that the 
hydrogenation of alkene 1 to 2 was challenging in batch, requiring multiple 
days at 80 bar of H2 (Scheme 1).3 Using a commercially available H-Cube® 
reactor, the reaction time was shortened to 4 hours, the pressure reduced 
to 60 bar, and manual separation and recycling of the catalyst from the 
reaction was unnecessary. The increased efficiency is due to a combination 
of improved mixing of the three phases, as well as the continuous recycling 
and high local concentration of the catalyst. The H-Cube offers a further 
safety advantage because it generates hydrogen gas on demand from 
water, obviating the need for a high pressure H2 tank [10].

Acknowledgment

None

Conflict of Interest

Author declares there is no conflict of interest

References
1. Sheldon, RA and Bekkum H. “Fine chemicals through heterogeneous catalysis.” 

Org Proc Res Dev (2002)

https://pubs.acs.org/doi/10.1021/op020035e


Page 2 of 2

Wang, L J Material Sci Eng, Volume 11:02, 2022

2. Zhao, F, Bhanage BM, Shirai M and Arai, et al. “Heck reactions of Iodobenzene 
and methyl acrylate with conventional supported palladium catalysts in the 
presence of organic and/or inorganic bases without ligands.” Chem Eur J 
(2000) 6: 843–848

3. Zhao, F, Murakami K, Shirai M and Arai M. “Recyclable homogeneous/
heterogeneous catalytic systems for heck reaction through reversible transfer 
of palladium species between solvent and support.” J Catal (2000) 194: 479–
483. 

4. Bhanage, BM and Arai M. “Catalyst product separation techniques in heck 
reaction.” Catal Rev Sci Eng (2001) 43: 315–344

5. Shokouhimehr, M. “Magnetically separable and sustainable nanostructured 
catalysts for heterogeneous reduction of nitroaromatics.” Catalysts (2015) 5: 
534–560

6. Cheng, H, Lin W, Li X and Zhang C, et al. “Selective hydrogenation of 
m-dinitrobenzene to m-nitroaniline over ru-SnOx/Al2O3 catalyst.” Catalysts 

(2014) 4: 276–288 

7. Li, X, Cheng H, Liang G and He L, et al. “Effect of phosphine doping and the 
surface metal state of ni on the catalytic performance of Ni/Al2O3 catalyst.” 
Catalysts (2015) 5: 759–773

8. Ohtaka, A, Okagaki T, Hamasaka G and Uozumi Y, et al. “Application of 
“boomerang” linear polystyrene-stabilized pd nanoparticles to a series of C-C 
coupling reactions in water.” Catalysts (2015) 5: 106–118

9. Ekbote, SS, Gadge ST and Bhanage BM. “Polymer supported 
triphenylphosphine- palladium acetate complex PS-TPP-Pd(OAc)2 as a 
heterogeneous and reusable catalyst for indirect reductive amination of 
aldehydes.” Catalysts (2014) 4: 289–298

10. Liu, B, Liu M, Liang L and Sun J. “Guanidine hydrochloride/ZnI2 as 
heterogeneous catalyst for conversion of CO2 and epoxides to cyclic 
carbonates under mild conditions.” Catalysts (2015) 5: 119–130

How to cite this article: Wang, L. “Recyclable Heterogeneous Catalyst.” J 
Material Sci Eng 11 (2022); 1-2

https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/%28SICI%291521-3765%2820000303%296%3A5%3C843%3A%3AAID-CHEM843%3E3.0.CO%3B2-G
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/%28SICI%291521-3765%2820000303%296%3A5%3C843%3A%3AAID-CHEM843%3E3.0.CO%3B2-G
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/%28SICI%291521-3765%2820000303%296%3A5%3C843%3A%3AAID-CHEM843%3E3.0.CO%3B2-G
http://en.fyzhao.ciac.jl.cn/project/5-f-zhao-k-murakami-m-shirai-and-m-arai-recyclable-homogeneous-heterogeneous-catalytic-systems-for-heck-reaction-through-reversible-transfer-of-palladium-species-between-solvent-and-support/
http://en.fyzhao.ciac.jl.cn/project/5-f-zhao-k-murakami-m-shirai-and-m-arai-recyclable-homogeneous-heterogeneous-catalytic-systems-for-heck-reaction-through-reversible-transfer-of-palladium-species-between-solvent-and-support/
http://en.fyzhao.ciac.jl.cn/project/5-f-zhao-k-murakami-m-shirai-and-m-arai-recyclable-homogeneous-heterogeneous-catalytic-systems-for-heck-reaction-through-reversible-transfer-of-palladium-species-between-solvent-and-support/
https://www.tandfonline.com/doi/abs/10.1081/CR-100107480
https://www.tandfonline.com/doi/abs/10.1081/CR-100107480
https://www.mdpi.com/2073-4344/5/2/534
https://www.mdpi.com/2073-4344/5/2/534
https://www.mdpi.com/2073-4344/4/3/276/pdf
https://www.mdpi.com/2073-4344/4/3/276/pdf
https://www.mdpi.com/2073-4344/5/2/759
https://www.mdpi.com/2073-4344/5/2/759
https://www.mdpi.com/2073-4344/5/1/106
https://www.mdpi.com/2073-4344/5/1/106
https://www.mdpi.com/2073-4344/5/1/106
https://www.mdpi.com/2073-4344/4/3/289
https://www.mdpi.com/2073-4344/4/3/289
https://www.mdpi.com/2073-4344/4/3/289
https://www.mdpi.com/2073-4344/4/3/289
https://www.mdpi.com/2073-4344/5/1/119
https://www.mdpi.com/2073-4344/5/1/119
https://www.mdpi.com/2073-4344/5/1/119

