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What is a refractory?

The term refractory appeared in 1539 in Robert 

Estienne’s dictionnarium latino-gallicum. 

Etymologically, it comes from the Latin word 

“Refractarius” meaning quarrelsome and 

disobedient.  

A material can be described as refractory if it can 

stand up to the action of corrosive solids, liquids or 

gases at high temperatures  (>?°C)



What does a refractory do?

Put simply:   ‘Contain or work within high 

temperature environments’

To do this a refractory must be able to withstand :

 high temperatures

 variable temperatures

 chemical attack by gases

 chemical attack by liquids

 physical stresses

 mechanical wear

(both separately and in combination)



• Frank Scott Russel (1878-1943) : “ We 

know full well, that there can be not a gun, 

not a tank, not a ship, not a shot, not a 

shell – nay, not even a needle for a 

bandage – without refractories,….”

The importance of Refractories  



Refractory Applications

Glass

Waste incineration

Aluminium

Petrochemical

Iron & Steel

Cement/ lime



Industry Segments – Refractory 
Utilization



Sources of Important Raw 
Materials for Refractory



Suppliers of Refractory Products 
and Raw Materials 



Six Oxides of Refractory

Cr2O3 
Chromic oxide

C
Carbon

Al2O3 
Alumina

MgO
Magnesia

ZrO2 
Zirconia

SiO2 
Silica

CaO
Lime

spinel

FORMULA MELTING 
POINT 

  
Al203 2050°C 
Cr2O3 2275°C 
CaO 2570°C 
MgO 2800°C 
SiO2 1725°C 
ZrO2 2700°C 
C >3000°C 
 

However, the melting temperature is generally decreased by impurities 

in the same way as salt decreases the melting point of ice.



Mixing two high purity oxides



Influence of Sodium as impurity



What are refractories made from?

Source RHI



Source of raw material



Source of raw material – hand 
picking



Source of raw material –
variation in quality



Crushed raw material



Purification of magnesite used for 
production of Magnesia bricks



Sintered Magnesia (Periclase) 



Fused Magnesia (Periclase) 



Firing of pressed bricks



Structure of Refractory brick

Visual image of 50% Al2O3 used for alkali environments



Structure of Refractory brick

Optical image of 50% Al2O3 used for alkali environments



Structure of Refractory brick

SEM 

30X 

SEM micrograph of 50% Al2O3 used for alkali environments

Large grains 

cracked by 

pressing 

process, black 

areas indicate 

open pores



Structure of Refractory brick

SEM (100X) micrograph of 50% Al2O3 

Large alumina-

silica (51%-

46%) grains 

with 3:2 

mullite and 

cristobalite

crystal 

structure



Structure of Refractory brick
SEM (1000X) micrograph of 50% Al2O3 

Silica rich 

matrix  

with 

evidence 

of 

phosphate 

bond and 

SiC grains



Refractory castable



Structure of Refractory castable
SEM (50X) micrograph of 85% Al2O3 castable

350°C

1700°C

Circular black 

areas indicate 

castable air 

bubbles



Structure of Refractory castable
SEM (300X) micrograph of 50% Al2O3 

Large  uniform 

alumina-silica 

(78%-22%) 

grains – mullite

(3Al2O3:2SiO2)350°C

1700°C



Structure of Refractory castable
SEM (1000X) micrograph of 85% Al2O3 

High purity 

alumina matrix  

with zirconia 

particles
350°C

1700°C



Structure of Refractory castable

SEM  micrographs of 60% Al2O3 castable from cold to hot 

face
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Structure of Refractory castable

SEM  micrographs of 60% Al2O3 castable from cold to hot 

face
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Final Comment

Raw materials are the first step to produce a quality 

refractory product and is very similar to wine making: 

“you cannot make a good wine without a good grape”

Enjoy the rest of your day.  


