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RESEARCH & SCOPE
 Several thousand reviews, original papers, 

and patents from the last 5 years were 
considered when writing this report, and 
over 1200 publications are cited. 

 Research into support material synthesis 
continues to grow at an exponential rate. 
Well over 50k articles journal articles and 
patents dealing with catalyst supports have 
been published to date. Of these, roughly 
30k were published in the last decade 
alone. 

 The versatility of the subject and the 
limited space and time demanded that this 
report focus on chosen aspects of advances 
in catalyst supports. 

The scope and depth of this report examines several support types: 1) Oxide, 2) Non-
oxide, and 3) Custom, including zeolites, monoliths, carbon (e.g., graphite, nanotubes, 
and Starbons) and ionic liquids.

 This report is an update to the report delivered in 2014 (as 
Advances in Catalyst Supports I).

 It summarizes the driving forces for the continued research 
on traditional materials and the introduction of new supports 
such as zeolites, ordered mesoporous carbon, metal organic 
frameworks (MOFs), and their relevance to large scale 
productions.

 The importance of the nature and role of interactions 
between the support and the active phase are addressed. 

 The basic principles of support material design and the 
current methods by which catalysts and supports are 
produced are presented. 

 Some of the challenges of going from the bench top to an 
industrial reactor are also discussed. 



DRIVERS  Limitations due to mass and heat transport, 
thermal stability, relevance of active phase support 
interactions for improved catalyst performance, 
and mechanical properties 

 New requirements for catalyst materials and 
supports and challenges due to pressing global 
problems such as future energy supplies and 
changing raw material sources 

 The potential of a broadened base of materials 
with new structural and morphological properties, 
resulting from progress in the nanosciences and 
new binary, ternary, and composite materials 
prepared and characterized in the last decade 

Driving forces for the 
continued research 
on traditional materials 
and the introduction of 
new supports are: 

Three of the most common support materials are: 1) alumina, 2) silica, and 3) 
activated carbon. Of these, the most frequently used support is y–alumina 
because of its favorable bulk density, price, and thermal stability.



LIMITATIONS & POTENTIALS

Not only are oxide materials continuously being 
researched for improvements, but also non-oxide 
materials are being developed and have found 
some applications in industrial processes. The 
utilization and the introduction of new support 
materials continues to grow for several reasons: 

1. The need and the development of 
nanoporous and mesoporous materials, 
especially of oxides, with optimal pore sizes, 
morphologies, diffusion properties, and 
stabilities for applications in catalysis;

2. The introduction of new, innovative non-
oxide materials with varying porosity or that 
are nonporous with interesting, new chemical 
and physical properties; 

3. New challenges and requirements for 
catalyst materials and supports that address 
the pressing global problems that now face 
mankind such as uncertain future energy 
supplies, changing raw material sources, and 
global warming.

When evaluating and drawing conclusions from academic literature on interesting, 
future developments of practical (industrial) importance in heterogeneous catalysis, in 
general, and advances in supports, in particular, differing aims and approaches in 
academic research and industrial interests must be considered

Even “critical” reviews focus on new approaches instead of on critical considerations 
of the current state of the literature. Academics are now starting to become aware of 
this problem and are seeking to improve it; however, funding for such research is 
practically non-existent, meaning the situation is unlikely to change any time soon.

Number of publications 
(e.g. journal articles, 
patents) in five year 
periods starting in 1920. 
Before 1920, there was 
only one publication. The 
search was conducted 
using CAS SciFinder on 
May 2, 2019 using the 
search term “catalyst 
support preparation.” 
Other search engines and 
similar terms give 
comparable results.



FOCUS ON: 
OXIDE SUPPORTS

 The use of metal oxides as catalyst supports 
has evolved over the last century from natural 
to synthetic oxides. 

 This has made it possible to develop new 
structures with tailor-made properties. 

 Detailed studies to elucidate catalytic 
mechanisms have led to a better understanding 
of the different catalyst properties and their 
influence on catalytic reactions. 

 Materials most commonly used as catalyst 
supports include single or mixed metal oxides 
such as aluminum oxide, silicon dioxide, cerium 
(IV) oxide, magnesium oxide, titanium dioxide, 
zirconium dioxide, and aluminosilicates. 

Due to the different properties of the oxides used, the (redox) stability, and the manifold
application possibilities, this chapter is divided into three categories: nonreducible, 
reducible, and mixed oxides.

RECENT DEVELOPMENTS IN:
 PREPARATION
 CHARACTERIZATION
 APPLICATION 



NONREDUCIBLE OXIDE SUPPORTS 
Al2O3

Among the metal oxides used as catalyst supports, aluminum (III) 
oxide is perhaps the most prevalent. However, not all aluminum 
oxides are exactly the same. Al2O3 is characterized by a 
pronounced polymorphism. This means that the term "alumina" 
can refer to any number of Al2O3 materials with differing 
structures.

SiO2

Silica is a nontoxic, tasteless, and environmentally friendly 
inorganic material. The silicon-oxygen bond in the lattice 
structure of the material contributes to the formation of three-
dimensional chain structures through cross-linking. This results in 
unsaturated residual bonds and different bond states of hydroxyl 
groups on the surface. 

MgO 

MgO is a promising support material in heterogeneous catalysis 
for many types of chemical reactions. It differs from alumina and 
silica in its basicity and reactivity with Brønsted acids. Advances 
in the synthesis methods for mesoporous and nanocrystalline 
materials have made it possible to produce MgO with a high 
specific surface area. 

Crystal phases of alumina starting from two different hydrates

Schematic representation of 
channel structure in calcined 
SBA-15 powder (surface area of 
3274 m2 g-1)

Catalytic performance of various 
supported gold catalysts in the 
oxidative gas phase 
dehydrogenation of 
cyclohexanol at 260 °C. 



REDUCIBLE OXIDE SUPPORTS 
TiO2

TiO2 is a popular material that can be used as a promoter, a support for 
metals and metal oxides, and as an additive or catalyst. TiO2 exists in 
three crystalline forms—anatase, rutile, and brookite. Each polymorph 
has different physical properties. 

ZrO2

A considerable number of publications and patents deal with the 
catalytic use and the preparation of zirconia. Zirconia is often used 
together with other metal oxides as a catalyst support.

CeO2

Ceria is used efficiently as a support, additive, and active component in 
a wide range of heterogeneous catalytic reactions. CeO2 is often used 
as a catalyst support due to its redox properties and the associated 
storage and release of oxygen. 

ZnO

A reducible catalyst support of great industrial importance, Crystalline 
ZnO is a thermochromic white powder that changes color from white to 
yellow when heated. ZnO is almost insoluble in water, but soluble in 
most acids and bases (amphoteric oxide).

TEM images of TiO2 nanomaterials 
synthesized by a sol-gel method (a) 
calcination at 250 °C, (b) calcination at 
400 °C, and (c) calcination at 600 °C

ZrO2: Scheme depicting the surface-casting process for zirconia materials

CeO2: Illustration of Pt nanoparticle sintering, 
showing how ceria can trap the mobile Pt to 
suppress sintering. Cubes appear to be less 
effective than rods or polyhedral ceria

ZnO: Experimental methanol (MeOH) rate as a 
function of experimental Zn migrated for three 
different designs of Cu-ZnO based catalysts: 
mechanical mixtures (gray squares), coprecipitates 
(red circles), and core–shell (blue triangles). 
Corresponding morphologies of the different 
catalysts are also represented where light gray is 
ZnO, dark gray is CuxZn(1-x)Oy, yellow is a CuZn
alloy, and orange is
metallic Cu



FOCUS ON:
MIXED OXIDES, ZEOLITES, 
& MONOLITHIC SUPPORTS 
 Mixed Oxides 

Mixed metal oxides contain two or more metal ions in different proportions. They can be obtained either 
by doping a small amount of a second metal component into the lattice of a metal oxide or as well-defined 
structures with mixed stoichiometry (e.g., spinels, perovskites). 

 Zeolites

Zeolites are crystalline aluminosilicates with three-dimensional microporous structures. Due to their 
structure, they possess many properties, such as framework and composition flexibility, physical and 
hydrothermal stability, nontoxicity, high surface areas, exchangeable cations, and a good cost-benefit 
ratio, that make them interesting for practical uses. A feature that only zeolites have is the ordered 
nature of their pores as far as their size, orientation, and mutual position are concerned. 

 Monolithic Supports 

Monolithic catalysts are an important catalyst material widely used in the automotive, chemical, and 
energy industries. In the last 30 years, the use of monoliths as catalyst supports has gradually increased. 
During this time, monoliths were used mostly in environmental applications, requiring high gas throughput 
and low pressure drop. 



FOCUS ON: 
NON-OXIDE SUPPORTS

Tens of thousands of papers and patents have been published in the 
last five years that deal with the preparation, characterization, and 
applications of non-oxide materials. This section on non-oxide 
supports is divided in three parts. 

1. Carbon-based support materials and recent examples of their 
application are discussed in the first part. The topics that are 
covered include: graphite, nanotubes, graphene, mesoporous 
carbon, starbons, and carbon aerogels. 

2. Recent progress in the fields of carbides, nitrides, fluorides, 
and chlorides are presented in the second part. Rounding out 
this section, recent developments concerning borides and 
silicides are briefly discussed. 

3. Miscellaneous other non-oxide support materials are 
addressed in section three. Besides polymeric and metallic 
supports, metal-organic frameworks are described. MOFs are a 
fast growing research area with an overwhelming number of 
recent publications; hence, a short overview focusing only on 
recent review articles is given. 

The developments of the non-oxide materials is completed with a 
brief analysis of supported ionic liquids.

RECENT DEVELOPMENTS IN: 
 PREPARATION
 CHARACTERIZATION
 APPLICATION 



FOCUS ON:
CARBON SUPPORTS 
 Zerovalent carbon is one of the most 

investigated elements on the periodic table 
because of its unique bonding abilities, 
forming covalent C-C bonds in different 
hybridizations. 

 Carbon supports offer some unique 
advantages for heterogeneous catalysis, 
including high thermal and chemical stability 
(in acids and bases), low corrosion capability, 
low price, hydrophobicity, and are easily 
recovered from the reaction mixture. 

 Depending on the type of carbon support, 
not only can large specific surface areas be 
achieved but also controlled morphology. 

The classification of carbon-based materials based 
on their dimensionally

Types of specific carbon support materials include: Graphite, Nanotubes, 
Graphene, Mesoporous Carbon, Starbons, and Carbon Aerogels.



FOCUS ON:
NON-OXIDE COMPOUNDS AS SUPPORTS

 Carbides - Carbide materials were introduced in heterogeneous catalysis in three different contexts: 1) catalytically 
active species both as bulk catalysts and supported species, 2) support materials for catalytically active phases, and 3) 
additives to dilute a catalyst in order to improve its engineering properties. 

 Nitrides - Nitrides and carbides have very similar fields of application in catalysis. The main reasons for the 
application of nitrides as supports materials are their good thermal conductivity, inertness, modified basicity, and 
enhanced hydrophobicity compared to more traditional systems. 

 Fluorides - Fluoride materials can act as support materials and as active species in catalytic processes. The role of 
fluorides as active components is to provide Lewis acidic centers. Lennon and Winfield published a review article on 
metal fluorides, chlorides, and halogenated oxides and their roles as Lewis acidic heterogeneous catalysts.

 Chlorides - In order to complete the overview of non-oxide supports covered in this report chlorides, borides, and 
silicides should be mentioned. Only a few publications have been written on support materials based on borides and 
silicides. Among the chlorides, the only notable example is magnesium chloride, which is used as a support material for 
Ziegler-Natta-type catalysts in polymerization reactions.  

 Borides - Although there are a few recent publications on boride materials, in most of these publications, boride 
materials are applied as the active components and not as a truly “inert” support material. 

 Silicides - The application of silicides as support materials is rather limited. Silicides were used as the support on 
which to grow carbon nanotube (CNTs). Li et al. presented the synthesis of high density CNTs on a conductive titanium 
silicide substrate 



FOCUS ON:
MISCELLANEOUS OTHER SUPPORTS

 Polymeric Supports 

Among the organic solid supports, polymers are generally considered to be 
nonreactive and thermally stable materials. In the last few decades, polymeric 
supported catalysts have revolutionized organic syntheses. This is due in large 
part to the uniform dispersion of metal complexes on the polymer matrix, 
significantly improving the catalytic activity of the metal complexes. 

 Metallic Supports

Metallic support materials are a class of their own because metals are often 
the active materials for catalysis. Metals are used as bulk catalysts, meaning 
the entire catalyst consists of the active component. Examples for the 
application of metallic bulk catalysts are the well-known Ostwald and Haber-
Bosch processes. Furthermore, a recent contribution dealt with the application 
of metallic bulk catalysts (e.g., a Ni honeycomb) for methane steam 
reforming.

 Supported Ionic Liquids (SILs)

Ionic liquids (ILs) are organic salts with low melting points (melting point 
below 100 °C) and with low vapor pressures. They are employed to substitute 
volatile organic solvents. Furthermore, they are non-inflammable, liquid in a 
wide temperature range, and exhibit a chemical and thermal stability

Examples of polymeric supports commonly used for 
immobilization of chiral catalysts.



 The use of metal oxides as catalyst supports has shifted over the last century from natural to synthetic oxides. 

 Further progress in the development of ordered mesoporous materials has made it possible to develop new structures with 
tailor-made properties. Due to their flexible and tunable chemical composition and physical properties, layered double 
hydroxides (LDHs) are suitable for a wide range of catalysis applications. 

 The development of hierarchical zeolites has been of interest to many researchers in recent years because their remarkable 
structural properties allow for a combination of shape selectivity and efficient mass transfer. 

 Recent advances in material science (i.e., nanotechnologies and the controlled synthesis of ordered mesoporous oxides), have 
allowed for materials with a wide range of pore sizes. 

 Even with established substrates such as alumina and silica, the path from "research catalyst" to real, “technical catalyst” is 
an empirical process. 

 Although non-oxide materials are an important and growing field in scientific research, one of the major drawbacks of many 
non-oxide materials is their relatively low stability (i.e., oxidizing conditions). 

 Carbon-based supports, especially graphene-based materials, have excellent electronic properties, making them ideal 
candidates for applications such as fuel cells, batteries, and sensors. 

 In some cases, carbon-based materials can eliminate or drastically reduce the amount of costly precious metals required in 
the application. 

 Transition metal carbides (TMC) and nitrides have found applications both as support materials and as active components. 

 As support materials, noble metals or noble metal oxides supported on TMCs have been employed for several types of 
electrocatalytic reactions. 

 Stability is an important issue for many non-oxide materials and often restricts their applications in large-scale or industrial 
processes. Despite these well-known problems, rarely are these disadvantages discussed in the literature. Furthermore, most 
publications lack an in-depth analysis on the alterations of the catalyst during the reaction as well as characterizations of the 
spent catalyst.

CONCLUSIONS & RECOMMENDATIONS 



Access to Deliverables is Exclusive to CAP Members

Catalytic
Advances
Program
(CAP)

The Catalytic Advances Program (CAP) is an information resource for research and 
development organizations in the chemical, polymer, and petroleum industries.

Via their annual membership, companies that join CAP combine their resources to jointly 
explore the world’s most promising catalytic technologies. Every year, the program 
publishes three in-depth technical reports that are written by leading scientists and 
experienced industry professionals. These reports examine new process technologies and 
the very latest in technical developments with topics selected by the membership.

 REPORTS
Depending on their membership choice, either Full Member or Associate Member, CAP 
members may receive all three or just two of these reports.

 Weekly CAP COMMUNICATIONS
This bulletin, delivered via e-mail, provides the latest updates on technical 
breakthroughs, commercial advancements, noteworthy conference proceedings, and 
exclusive development opportunities.

 ANNUAL MEETINGS
Membership also includes attendance at a CAP Annual Meeting, with dates, location, and 
topics selected by the membership. It is an opportunity to see the latest work presented 
by leading scientists.



Contact & More Information

More information about this and other services of the Catalytic Advances Program (CAP) 
can be seen at https://www.catalystgrp.com/tcg-resources/

member-programs/catalytic-advances-program/. 

Call +1-215-628-4447 or e-mail Chris Dziedziak cdziedziak@catalystgrp.com,
and we’ll be happy to discuss these and other interesting membership benefits.

www.CatalystGrp.com

The Catalyst Group Resources (TCGR), a member of The Catalyst Group Inc., 
is dedicated to monitoring and analyzing technical and commercial developments in catalysis as they apply to the 
global refining, petrochemical, fine/specialty chemical, pharmaceutical, polymer/elastomer and environmental 

industries.

https://www.catalystgrp.com/tcg-resources/member-programs/catalytic-advances-program/
mailto:John.J.Murphy@catalystgrp.com
http://www.catalystgrp.com/

	ADVANCES IN CATALYST SUPPORTS II
	RESEARCH & SCOPE
	DRIVERS
	LIMITATIONS & POTENTIALS
	Focus on: �oxide supports
	NONREDUCIBLE OXIDE SUPPORTS 
	REDUCIBLE OXIDE SUPPORTS 
	Focus on:�MIXED OXIDES, ZEOLITES, �& MONOLITHIC SUPPORTS 
	Focus on: �NON-OXIDE SUPPORTS
	Focus on:�CARBON SUPPORTS 
	Focus on:�Non-oxide compounds as supports
	Focus on:�Miscellaneous other supports
	Slide Number 13
	Slide Number 14
	Contact & More Information

