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O U T L I N E  O F  T H E  T O P I C

❖Geology , mineral and ores

❖Mineral formation

❖Beneficiation

❖Silica

❖Silicates

❖Clay and Kaolin, Mica, Mullite

❖Oxides

❖Alumina, Magnesia, Zirconia, Zincite, Rutile and anatase

❖Nonoxides

❖Silicon carbide, Titanium carbide, Aluminum Nitride, silicon nitride, zirconia diboride, tungsten 

carbide, carbon



G E O LO G Y  ,  M I N E R A L  A N D  O R E S

• Major elements in the continental crust -O, Si, and Al almost 90 wt% 



M I N E R A L  F O R M AT I O N

• Minerals - constituents of rocks, which make up the entire inorganic, solid portion of the earth.

• Rocks - not composed of a single mineral - aggregate of two/more minerals. 

• 3 types of rocks: igneous, metamorphic, & sedimentary









B E N E F I C I AT I O N

• Beneficiation - process that most minerals need to go through before they can be used in producing ceramics.

• Physical beneficiation - crushing + grinding of coarse rocks.

• The particle size of the raw material may affect subsequent steps in the production process

• Chemical beneficiation

• processes of separating the desired mineral from unwanted waste products

• by dissolution in a suitable solvent followed by filtration.

• The purity of the raw materials is reflected in the composition of the final product.

• For ceramics -control over purity is required- the raw materials are synthesized.

• Several important ceramics do not occur naturally in mineral form & must be fabricated chemically.

• Synthesis of ceramic powders can have advantages

• purity

• generation of fine particle sized powders - well-defined morphology



S I L I C A

• Silica (SiO2) is an important raw material for ceramics- glass manufacture. 

• The SiO2 content of high quality optical glasses can be as high as 99.8 wt%. 

• A major source of silica is sand. 

• Industrial sand and silica sand -used by the ceramics industry for sands that have a high SiO2 %. 

• In some of the high quality silica sand sources mentioned below the SiO2 content is >99.5%





S I L I C A  I N  

M A L AY S I A

https://jmg.gov.my/add_on/fb/malaysian_minerals_yearbook_201

3/mobile/index.html#p=112

The Department of Mineral and

Geoscience Malaysia (JMG)

has estimated that there are

approximately 148.4 million

tonnes of silica sand reserves

located in the states of Johor,

Perak, Terengganu, Kelantan,

Sabah and Sarawak. Presently,

Malaysia is the world's sixth

largest exporter of processed

silica sand.
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https://www.mida.gov.my/diversifying-

investment-opportunities-in-silica-sand-in-

malaysia/#:~:text=The%20Department%20

of%20Mineral%20and,exporter%20of%20p

rocessed%20silica%20sand.

https://jmg.gov.my/add_on/fb/malaysian_minerals_yearbook_2013/mobile/index.html#p=112
https://www.mida.gov.my/diversifying-investment-opportunities-in-silica-sand-in-malaysia/#:~:text=The%20Department%20of%20Mineral%20and,exporter%20of%20processed%20silica%20sand


S I L I C A  R E S O U R C E S &

S I L I C A  B A S E D  I N D U S T R Y  

• The most common forms of silica sand in Malaysia:

• Natural sand deposits made up of beach sand and ridges

• Man-made deposits of tailing dumps from alluvial mining areas. 

• In terms of industry, the silica-based industry can be divided into 

four categories

• Glass industry (container, crystal, flat, funnel, tableware, 

insulating, laminated-tempered, optical, speciality glass) 

• Foundry industry (mould) 

• Chemical industry (sodium silicate, silicon wafer fabrication) 

• Others (water filtered sand, bunker sand, cement, 

construction, etc.)



S I L I C AT E S
C L A Y  A N D  K A O L I N ,  M I C A ,  M U L L I T E



C L AY &  K A O L I N
• Clay is the primary ingredient in traditional ceramics and is a general name given to the layer 

silicates with a grain size <2 mm. 

• Any of the layer silicates could qualify as a clay mineral. 







M U L L I T E

• Mullite (3Al2O3.2SiO2) does not exist in nature in large quantities & must be produced synthetically. 

• Mullite has many properties that make it suitable for high-temperature applications. 

• It has a very small coefficient of thermal expansion (giving it good thermal shock resistance) & is creep 

resistant at high temperature. 

• It does not react readily with molten glass/with molten metal slags & is stable in the corrosive furnace 

atmosphere

• used as furnace lining & in other refractory applications in the iron and steel-making & glass 

industries. 

• There are two commercial approaches to producing mullite

• Sintering

• Fusing 



OX I D E S
A L U M I N A ,  M A G N E S I A ,  Z I R C O N I A ,  Z I N C I T E ,  

R U T I L E  A N D  A N A T A S E

• The raw materials used for oxide ceramics are produced by chemical processes 

• to achieve a high chemical purity 

• to obtain the most suitable powders for component fabrication





N O N O X I D E S
S I L I C O N  C A R B I D E ,  T I T A N I U M  C A R B I D E ,  A L U M I N U M

N I T R I D E ,  S I L I C O N  N I T R I D E ,  Z I R C O N I A  D I B O R I D E ,  

T U N G S T E N  C A R B I D E ,  C A R B O N

• Most of the important nonoxide ceramics do

not occur naturally and therefore must be

synthesized.

• The synthesis route is usually one of the

following:

• Combine the metal directly with the

nonmetal at high temperatures

• Reduce the oxide with carbon at high

temperature (carbothermal reduction) and

subsequently react it with the nonmetal





A S S I G N M E N T 1

• Describe the properties of the ceramic raw material, the processing/production in Malaysia and 

also its application. Select and present one of the ceramic raw material below:

• Silicate & alumina

• Magnesia & rutile & anatase

• Zirconia and zincite

• Silica carbide & titanium carbide

• Silica nitride & zirconia diboride

• Tungsten carbide & carbon.


