


• Formula/comp: SiO2: 100% SiO2

• Hardness/S.G: Mohs 7/2.65

• Geology: One of the most abundant and chemically resistant polygenetic minerals in
 the Earth’s crust occurring in igneous, sedimentary and metamorphic rocks 
 Three main deposit types: A) massive coarsely crystalline metamorphic rocks, 
 B) compact fi nely crystalline cemented sedimentary rocks, C) silica sand that is 
 either the naturally weathered or benefi ciated from A and B.

• Refractory grades: Deposits >96% SiO2; up to 4% CaO added to aid sintering 
 with the formation of wollastonite above 600°C. Fused silica: >99.5% SiO2; silica 
 sand fusion by carbon electrode, carbon arc, plasma arc, or gas-fi red continuous 
 extrusion; very low thermal expansion and resistance to shock.

• Production: 120m. (all types industrial silica sand)

• Sources: Commercial deposits worldwide.

• Applications: Silica bricks generally contain 95-97% SiO2, <1.5% Al2O3, 2.5% Fe2O3, 
 0.2% TiO2, and 4.0% CaO. In fi ring, degree  of conversion of quartz is key. Silica bricks 
 have good  thermal shock resistance above 600°C and premium qualities to 1,700°C, 
 plus good  corrosion resistance to acid slags. Very dense silica bricks with high heat 
 transfer use silicon carbide or silicon nitride in the batch composition. Fused SiO2 used 
 in glass refractories, coke ovens, and critical parts in non-ferrous metals industry.
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Refractory minerals
A snapshot of minerals and their key characteristics used in refractories

Refractory materials, utilised as insulation, are essential to any manufacturing process employing high temperature heating and a corrosive environment. Primary industries demanding refractories include the manufacturing of 
steel (accounting for some 70% of the refractories market), non-ferrous metals, glass, lime, cement, ceramics, petrochemicals, and incineration.  Such refractory linings comprise products as either bricks (shapes) or monolithics 
(unshaped). The chief raw materials for these refractory products are specifi c industrial minerals which in part refractory properties, which is why refractories are such a signifi cant market for industrial minerals. A plethora of binders, 
additives, and other chemicals are also required for refractories manufacture. The relentless challenge for the refractory user industries has been to improve refractory performance in terms of increased tonnes of processed 
product per unit of refractory used, whist simultaneously containing costs and facing stiff competition. While this has led to an overall decrease in the specifi c volume consumption of refractory per tonne of end product, it has 
increased demand for higher purity, higher performance refractory products, and thus similar for refractory industrial minerals. At the same time, continuing development of infrastructure and industry worldwide has maintained 

(Production = global tonnes per annum)

SILICA

Pyrophyllite
• Formula/comp: Al2Si4O10(OH)2: 28.35% Al2O3, 66.65% SiO2, 5.00% H2O

• Hardness/S.G: Mohs 1-1.5/2.84

• Geology: Predominantly a hydrothermal acid alteration product of aluminous rocks at
 temperatures >400°C; Agalmatolite: massive varieties with other minor constituents 
 such as muscovite mica, quartz, kaolin and kyanite (China); Roseki: pyrophyllite with 
 minor sericite, kaolin and quartz (Japan and S. Korea); Wonderstone: pyrophyllite with
 minor chlorite, rutile and epidote (South Africa).

• Refractory grades: Refractory properties dependent on mineral content. Decomposes 
 at 1,200°C to mixture of cristobalite and mullite with a corresponding increase in 
 hardness from Mohs 1 to 7-8. Requires low sericite and alkali contents, <1.0% Fe2O3 
 and TiO2, up to 21% Al2O3. Calcined pyrophyllite: 25-29% Al2O3.

• Production: 2.5-3.0m.

• Sources: Brazil, Canada, China, India, Japan, N. Korea, Pakistan, S. Korea, S. Africa, USA.

• Applications: Al2O3-SiO2 monolithics, insulating fi rebricks, kiln cars.

LOW ALUMINA
ALUMINO-PHYLLOSILICATES
Clay Group

Kaolinite
• Formula/comp: Al4(Si4O10)(OH)3: 41.2% Al2O3, 48.0% SiO2, 10.8% H2O

• Hardness/S.G: Mohs 2/2.6

• Geology: Alteration product of anhydrous aluminium silicate mineral-rich rocks such as 
 potash feldspar in granite by weathering or hydrothermal or both. Deposits may remain in 
 situ (Cornwall, UK) or be transported to form thick layers of soft sedimentary rock 
 (Georgia, USA). Degree of kaolinisation, rock formation, and post diagenetic processes 
 provide variety of sources of kaolin-containing refractory raw materials: high purity 
 kaolin, bauxitic kaolins, fl int clay, fi re clay, ball clay = “refractory clays“.
• Refractory grades: Calcined and uncalcined, >35-38% Al2O3, and generally 42-47% 
 Al2O3, low iron and alkalies. High purity grades calcined at 1,200-1,500°C in rotary/
 shaft kilns to produce calcined kaolin or chamotte. Mullite, cristobalite, and glassy 
 phase contents are critical.

• Production: 44.8m. (all kaolin types)

• Sources: Fireclay: widespread; Flint clay: Australia, China, Israel, N. Korea, S. Africa,
 USA; Ball clay: France, Czech Republic, Germany, Hungary, Spain, UK, Ukraine, USA ; 
 Calcined kaolin: Australia, China, Czech Republic, France, Germany, Iran, Poland, Spain,
 S. Africa, Ukraine, USA.

• Applications: Fire clay bricks <45% Al2O3 (super-, high-, and medium-duty and 
 semi-silica); high alumina bricks >45% Al2O3 (50%, 60%, 70%, and 80% Al2O3) and 
 wide range of monolithics.

Bauxite
• Formula/comp: A rock primarily comprising a mix of the three 
 aluminium hydroxides; boehmite, diaspore and gibbsite in varying 
 proportions along with impurities such as oxides of iron and titanium,
 silica, and clay minerals.

Boehmite:   AlO(OH): 84.98% Al2O3, 15.02% H2O

 • Hardness/S.G: Mohs 3.0/3.0

Diaspore:   HAlO2: 84.98% Al2O3, 15.02% H2O

 • Hardness/S.G: Mohs 6.5-7.0/3.3-3.5

Gibbsite:   Al(OH)3: 65.35% Al2O3, 34.65% H2O

 • Hardness/SG: Mohs 2.5-3.5/2.4

• Geology: Bauxite, found in younger Tertiary and Mesozoic rocks, 
 is the tropical weathering product of rocks containing aluminium.
 The degree of bauxitisation, separation of original constituents, and 
 form of the deposit is dependent on a variety of factors.

• Refractory grades: Raw bauxite: min.55% Al2O3, max. 2% Fe2O3; 
 Calcined bauxite: calcined at 1,650°C by shaft/rotary/round kiln; 
 min. 85% Al2O3, <2% Fe2O3, <4% TiO2, <7-10% SiO2; BD 3-3.25 g/cm3

• Production: Raw bauxite for non-met. use: 18-22m.; 
 Calcined refractory bauxite: 1-1.2m.

• Sources: Raw bauxite for non-met. use: Australia, Brazil, Greece,
 Guinea, Guyana, Italy, Russia, Turkey; Calcined refractory bauxite:
 China, Guyana.

• Applications: Typically bauxite bricks range from 55-95% Al2O3, 
 used in ladles, electric arc furnace roofs, and rotary cement kilns. 
 Phosphate-bonded bauxite bricks have been used in aluminium 
 melting furnaces.

HIGH ALUMINA
ALUMINIUM HYDROXIDES
Bauxite Group

Magnesite
• Formula/comp: MgCO3: 47.81% MgO; 52.19% CO2

• Hardness/S.G: Mohs 4.0/2.9-3.0

• Geology: Two main rock types: A) Cryptocrystalline massive deposits formed by alteration of serpentine and weathered 
 ultrabasic rocks; B) Crystalline deposits formed by Mg-rich fl uids altering dolomite/limestone rocks.

• Refractory grades: “Natural” MgO sourced from magnesite rock; “synthetic” MgO sourced from seawater and Mg-rich 
 brine deposits reacted with limestone or dolomite. Dead burned magnesia (DBM): calcined to 1,430-1,540°C in rotary or
 shaft kilns, 88% to >99% MgO, levels of minor constituents of CaO, SiO2, Fe2O3, Al2O3, B2O3, variations in CaO:SiO2 ratio, bulk 
 density, and crystal particle size owing to source and calcination. High purity DBM: >97% MgO, BD >3.40/ g/cm3, crystal size 
 >120μ. Low-medium purity DBM: 90-97% MgO. Electrofused magnesia (EFM): usually CCM (but also DBM or raw 
 magnesite) fused in electric arc furnace (Higgins or tilt); 96% to >99% MgO with varying concentrations of minor consitutents
 as for DBM; CaO:SiO2 2:1; >3.50 g/cm3; crystal size >1,000μ.

• Production: 18-20m. natural MgCO3; 5-6m. DBM; 1-2m. CCM; 0.5-1m. EFM.

• Sources: 
 DBM (natural): Australia, Austria, Brazil, China, Greece, India, Russia, Serbia & Montenegro, Slovakia, Spain, Turkey.
 DBM (synthetic): Ireland, Japan, Mexico, Netherlands, USA.
 EFM: Australia, Brazil, Canada, China, Russia, Mexico.

• Applications: Bricks: low-iron (90-99% MgO), high iron (88-95% MgO), carbon-containing MgO, MgO-carbon (fl ake graphite
 92-95%C used with pitch and synthetic resins binders), MgO-chromite, MgO-spinel, spinel, MgO-zirconia, MgO-zircon, 
 MgO-doloma. MgO bricks have high hot strength and great resistance are used in high wear areas in steel and cement 
 making. Lower grade DBM used in monolithics.

Dolomite
• Formula/comp: Ca,Mg(CO3)2: 30.41% CaO; 21.86% MgO; 
 47.73% CO2

• Hardness/S.G: Mohs 3.5-4.0/2.85

• Geology: Common sedimentary rock accumulated in thick 
 layers. Also formed by the action of Mg-containing 
 seawater on limestone – dolomitisation. However, 
 refractory grade dolomite is relatively rare. Raw rock 
 chemistry, crystallinity, and overall mineralogy affects the
 degree of densifi cation that may be achieved so 
 determining potential refractoriness of the end product.

• Refractory grades: Dead burned (and fused) dolomite:
 raw dolomite calcined at 1,800-2,000°C in rotary or shaft 
 kilns, 56-62% MgO, 36-40%, CaO, <2% SiO2, BD 3.30-3.50 
 g/cm3

• Production: 1-2m.

• Sources: Belgium, Brazil, Canada, China, FYR Macedonia,
 Germany, Italy, Poland, Russia, Spain, Turkey, UK, USA.

• Applications: Variety of monolithics and bricks. Ceramic 
 or chemically bonded bricks with 40-70% (rarely 90%) 
 MgO, and a range of other products with carbon, magnesia,
 zirconia, iron oxides, fused minerals for a multitude of 
 uses in metallurgy, cement, and lime manufacture.

Olivine
• Formula/comp: (Mg,Fe)2SiO4: forsterite: 57.11% MgO; 
 42.89% SiO2  fayalite: 70.51% FeO; 29.43% SiO2

• Hardness/S.G: Mohs 6.5-7.0/3.2-4.3

• Geology: A major constituent of basic and ultrabasic 
 igneous rocks with dunite comprising over 90% 
 olivine. Forsterite occurs in dolomitic rocks subject to 
 metamorphism. Most commercial operations exploit
 olivines altered to serpentine.

• Refractory grades: Most refractory olivines are 
 forsteritic: 40-50% MgO; 35-45% SiO2; <6% Fe2O3

• Production: 8m.

• Sources: Austria, Australia, Brazil, China, Greenland, 
 Italy, Japan, Mexico, Norway, S. Korea, Taiwan, Turkey, 
 USA.

• Applications: Various mixes for spraying, ramming and 
 gunning applications; tundish spray linings; EBT tap hole
 fi ller; bonded bricks in storage heaters.

Chromite
• Formula/comp: FeCr2O4 with 32.09% FeO; 67.91% Cr2O3: 
 typical: (Mg,Fe)(Cr,Al,Fe)2O4

• Hardness/S.G: Mohs 5.5/4.5-4.8

• Geology: Found in ultrabasic rocks such as peridotite, 
 dunite, or serpentine; large stratiform deposits account 
 for 98% chromite reserves and output. Also occurs in 
 smaller, irregular deposits in ophiolite complexes.

• Refractory grades: 31-57% Cr2O3, 12-29% Al2O3, 
 12-20% MgO, 15-28% Fe2O3 and critically less than 6% 
 SiO2 (as low as possible) and 0.80% CaO.

• Production: 125,000

• Sources: India, Iran, Oman, Pakistan, Philippines, 
 S. Africa, Turkey.

• Applications: Chromite increases thermal shock and 
 corrosion resistance to slags. Chromite bricks <30% 
 MgO, >30% Cr2O3; picrochromite products >75% Cr2O3. Use 
 in steel and non-ferrous metallurgy, and glassmaking. 
 Cement refractories use has been largely replaced by 
 MgO-spinel bricks.

Graphite
• Formula/comp: C; 100% C
• Hardness/S.G: Mohs 1-2/2.09-2.23
• Geology: A product of contact and regional metamorphism of sedimentary 
 rocks containing carbonaceous material producing very fi ne to coarse 
 crystalline graphite. High purity coarse fl ake graphite found in hydrothermal 
 vein systems.
• Refractory grades: 75-97%C fl ake graphite (5mm) and amorphous 
 graphite; 75-99%C, synthetic graphite and carbon products manufactured 
 from mine coke, gas-calcined anthracite, electrically calcined anthracite, 
 petroleum coke, and pitch coke.
• Production: 2m.
• Sources: Brazil, Canada, China, Czech Republic, Germany, India,   
 Madagascar, Mexico, N. Korea, Norway, Russia, Sri Lanka, Ukraine.
• Applications: Electrical and thermal conductivity are very good, and 
 expansion coeffi cients are low. Used in carbon/graphite bricks: amorphous 
 (92%C), part-graphite (94%C), and graphite (99%C). Linings in the lower 
 parts of blast furnaces, as ramming mixes in aluminium electrolysis tanks, 
 EAF, and acid resistant tanks.

Baddeleyite
• Formula/comp: ZrO2: 74.03% Zr, 25.97% O
• Hardness/S.G: Mohs 6.5/4.6-4.7
• Geology: Baddeleyite is a relatively rare accessory mineral in acid to 
 intermediate igneous rocks and carbonate intrusive complexes containing 
 apatite, forsterite, magnetite.
• Refractory grades: 66% ZrO2

• Production: 7,000
• Sources: Russia.
• Applications: Zircon and baddeleyite extremely refractory with high 
 melting point >2,430°C. Being chemically stable with low and predictable 
 thermal coeffi cient, low wettability by molten metal, and excellent thermal 
 diffusion zircon-based refractories are used in steel ladle linings, 
 continuous steel casting nozzles, glass melting furnaces, and refractory 
 cement. Also used with other refractory feedstock such as silica and 
 alumina in alumina-zirconia and alumina-zirconia-silica refractories.  
 Fused zirconia has high purity, hardness, density, and toughness and 
 melting point well above alumina at over 2,700°C, has a variety of specialist
 uses.

Quartz

Andalusite
• Formula/comp: Al2SiO5: 62.98% Al2O3, 37.02% SiO2

• Hardness/S.G: Mohs 7.0/3.1-3.2

• Geology: A typical contact metamorphic mineral found in clay rich 
 sediments subjected to heat from an igneous intrusive mass and also in 
 regional metamorphic rocks such as schist and gneiss. Also found in 
 pegmatite vein assemblages.

• Production: 300-350,000

• Sources: China, S. Africa, France, Peru, Spain.

Sillimanite
• Formula/comp: Al2SiO5: 62.98% Al2O3, 37.02% SiO2

• Hardness/S.G: Mohs 6.5-7.5/3.23-3.70

• Geology: Typical of high temperature metamorphism in schists and 
 gneisses.

• Production: <30,000

• Sources: China, India.

• Refractory grades: Unfi red andalusite, kyanite, and sillimanite require 
 60-65% Al2O3, low alkalies.

• Applications: Used in high alumina (45-85% Al2O3) bricks, impart excellent 
 resistance to creep, thermal shock, and attack by low iron and low lime 
 slags. Used in the iron and steel, waste incineration, glass, and furnace 
 engineering. Andalusite substituting bauxite in certain uses.

Mullite
• Formula/comp: Al6Si2O13: 71.79% Al2O3, 28.21% SiO2

• Hardness/S.G: Mohs 6-7/3.0-3.1

• Geology: Uncommon mineral formed by the natural remelting of Tertiary 
 age clays. No commercial exploitation of mullite deposits.

• Refractory grades: Synthetic mullite produced by calcination (sintered 
 grades) and fusion (fused grades) of selected, and blended aluminosilicate 
 minerals, including kyanite, bauxite, calcined alumina, silica sand, 
 and kaolin. Commercial grades 40%, 50%, and 70% Al2O3, <1% Fe2O3, low 
 cristobalite, and 65-87% mullite. Zirconia may be added.

• Production: Sintered: 500-650,000; Fused: <100,000

• Sources: Sintered: Brazil, China, Germany, India, Japan, USA; 
 Fused: Brazil, China, Hungary, Germany, Japan, USA.

• Applications: Sintered mullite bricks contain 72% Al2O3 while fused mullite
 bricks reach 75% Al2O3. Mullite from calcined bauxite and silica is used in 
 refractories for glass and steel.

HIGH ALUMINA
ALUMINO-NESOSILICATES
Sillimanite Group

• Formula/comp: ZrSiO4: 67.22% ZrO2, 32.78% SiO2

• Hardness/S.G: Mohs 7.5/3.9-4.7
• Geology: Main commercial source in river and beach sands. A frequent 
 accessory mineral in acid igneous rocks such as granite and syenite, a 
 principle constituent in certain nepheline syenites.
• Refractory grades: 66% ZrO2, <3mm grains
• Production: 0.9-1.1m.
• Sources: Australia, Brazil, Gambia, India, Indonesia, Russia, S. Africa, 
 Sri Lanka, Ukraine, USA, Vietnam.

Zircon

Silicon carbide
• Formula/comp: SiC
• Hardness/S.G: Mohs 9.5/3.21
• Geology: Very rare mineral known as moissanite found in trace amounts 
 only in some kimberlites and better known as a meteorite constituent.
• Refractory grades: All commercial SiC synthetically manufactured, 
 heating silica sand and coke >2,300°C around carbon electrode (Acheson 
 process); black SiC, 95-98% SiC (min. 93% SiC).
• Production: 0.78-1m.
• Sources: Canada, China, Germany, Japan, Netherlands, Norway, Romania,
 Mexico, Russia, Spain, Ukraine, USA.
• Applications: Silicon carbide has a sublimation temperature of 2,700°C, 
 high strength up to high temperatures, high thermal conductivity, thermal 
 shock resistance, and abrasion and corrosion resistance against molten 
 metal, acids, slag, and various gases. SiC bricks, ramming and gunning 
 mixes, castables, mastics, mortars and monolithics are used in the 
 metallurgical industries and refuse incinerators.

Diatomite
• Formula/comp: A siliceous rock comprising the 
 skeletons of minute aquatic plants called diatoms. 
 Contains up to 75% SiO2.

• Geology: Predominantly young beds of Tertiary age 
 sedimentary rocks of variable thickness accumulated 
 with varying proportions of shales, clays or limestones 
 with the purest deposits being almost exclusively the 
 shells of diatoms.

• Refractory grades: >75% SiO2

• Production: 1.5-2m.

• Sources: Argentina, Australia, Chile, China, Denmark, 
 France, Japan, Mexico, USA.

• Applications: Blended with about 30% of plastic clay 
 into refractory shapes.

 

• Formula/comp: A silica-rich volcanic rock containing
 entrapped water.

• Geology: Formed by the extrusion and rapid cooling 
 of silica-rich viscous lava to form steep-sided volcanic 
 domes with subsequent hydration by meteoric water.

• Refractory grades: 65-80% SiO2,12-16% Al2O3

• Production: 1-2m.

• Sources: Armenia, China, Greece, Italy, Japan, Turkey, 
 Hungary, Mexico, Russia, USA.

• Applications: Comminuted perlite heated to about 
 1,000°C expands forming white spheroidal hollow material 
 which fi nds refractory applications below 1,100°C in 
 variety of shapes and castables. Above this temperature 
 perlite refractories used as back-up insulating linings for 
 the primary refractory material.

Vermiculite
• Formula/comp: Mg3(AlSi3O10)(OH)2.nH2O

• Hardness/SG: Mohs 2-3/2.4-2.7

• Geology: Shallow deposits formed by weathering or 
 hydrothermal alteration of phlogopite and biotite and other 
 ferric minerals in complex ultrabasic and carbonatite deposits. 

• Refractory grade: 45% SiO2, 31% MgO, 13% Al2O3, 7% 
 Fe2O3

• Production: 500-550,000

• Sources: Australia, Brazil, China, Russia, S. Africa, USA,
  Zimbabwe.

• Applications: At 900-1,000°C vermiculite expands to 
 around 10 times original volume with reduction in bulk 
 density. A sintering temperature of 1,260°C and melting 
 point of 1,315°C allows exfoliated vermiculite to be used 
 as an insulating refractory in a variety of metallurgical tasks.

Perlite

Synthetic alumina
 • World production: Produced via Bayer processing of bauxite
  (12-14m.) – digestion,precipitation, rotary kiln calcination; >99.5% 
  Al2O3; standard, 0.3-0.7% Na2O, intermediate, 0.1-0.3% Na2O, low 
  soda, 0.03-0.1% Na2O, high purity, <0.01 Na2O. 

 • Calcined alumina: 2.0-2.2m.

 • Sources: Australia, Brazil, China, Germany, Hungary, India, 
  Netherlands, USA.

Tabular alumina: milling and pelletising calcined alumina, sintered in
  shaft kiln at 1,815-1,925°C; almost 100% Al2O3; large, fl at, hexagonal 
 tablet-shaped crystals.

Brown fused alumina (BFA)
 • Refractory: Abrasive grade bauxite calcined at 1,100°C, then 
  fusing (Higgins/tilt furnace) calcined alumina with coke and iron at
  >2,000°C; >96% Al2O3; regular 2.7%TiO2, semi-friable, 1.4% TiO2;
  Mohs 9/SG 3.95

 • World production: 0.9-1m.

 • Sources: Brazil, China, Czech Republic, France, Germany Hungary,
  India, Japan, Poland, Slovenia, Ukraine, USA, Venezuela.

White fused alumina (WFA)
 • Refractory: Higher purity than BFA; fusion of Bayer alumina 
  (99.5% Al2O3) in an electric arc furnace at over 2,000°C; 
  99.5-99.9% Al2O3; regular, 0.4% Na2O, medium, 0.05% Na2O, low, 
  0.018% Na2O; Mohs >9/SG 3.97.

 • World production: 400-500,000

 • Sources: Australia, Brazil, China, France, Hungary, India, Japan, 
  Russia, S. Korea, USA, Venezuela.

Applications: Alumina grades impart high mechanical and chemical 
corrosion resistance and are used in a wide range high alumina 
monolithics and shapes, calcium aluminate cements.

Aluminas

Kyanite
• Formula/comp: Al2SiO5: 62.98% Al2O3, 37.02% SiO2

• Hardness/SG: Mohs 4-7 /3.5-3.67

• Geology: In regionally metamorphosed clay-rich sedimentary rocks (gneiss
 and schist) associated with garnet, staurolite, mica, quartz. Also as large 
 elongated crystals in pegmatite and quartz veins and in some beach sand 
 deposits.

• Production: 200,000

• Sources: Australia, China, India, Ukraine, USA, Zimbabwe.

Think alumina, think Almatis.
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• Formula/comp:
• Hardness/S.G:
• Geology: One of the most abundant and chemically resistant polygenetic minerals in
 the Earth’s crust occurring in igneous, sedimentary and metamorphic rocks 
 Three main deposit types: A) massive coarsely crystalline metamorphic rocks, 
 B) compact fi nely crystalline cemented sedimentary rocks, C) silica sand that is 
 either the naturally weathered or benefi ciated from A and B.

• Refractory grades:
 with the formation of wollastonite above 600°C. 
 sand fusion by carbon electrode, carbon arc, plasma arc, or gas-fi red continuous 
 extrusion; very low thermal expansion and resistance to shock.

• Production:
• Sources: Commercial deposits worldwide.

• Applications:
 0.2% TiO2, and 4.0% CaO. In fi ring, degree  of conversion of quartz is key. Silica bricks 
 have good  thermal shock resistance above 600°C and premium qualities to 1,700°C, 
 plus good  corrosion resistance to acid slags. Very dense silica bricks with high heat 
 transfer use silicon carbide or silicon nitride in the batch composition. Fused SiO
 in glass refractories, coke ovens, and critical parts in non-ferrous metals industry.
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Refractory minerals
A snapshot of minerals and their key characteristics used in refractories

Refractory materials, utilised as insulation, are essential to any manufacturing process employing high temperature heating and
steel (accounting for some 70% of the refractories market), non-ferrous metals, glass, lime, cement, ceramics, petrochemicals, 
(unshaped). The chief raw materials for these refractory products are specifi
additives, and other chemicals are also required for refractories manufacture. The relentless challenge for the refractory user
product per unit of refractory used, whist simultaneously containing costs and facing stiff competition. While this has led to 
increased demand for higher purity, higher performance refractory products, and thus similar for refractory industrial minerals
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SILICA

Pyrophyllite
• Formula/comp:
• Hardness/S.G:
• Geology: Predominantly a hydrothermal acid alteration product of aluminous rocks at
 temperatures >400°C; 
 such as muscovite mica, quartz, kaolin and kyanite (China); 
 minor sericite, kaolin and quartz (Japan and S. Korea); 
 minor chlorite, rutile and epidote (South Africa).

• Refractory grades:
 at 1,200°C to mixture of cristobalite and mullite with a corresponding increase in 
 hardness from Mohs 1 to 7-8. Requires low sericite and alkali contents, <1.0% Fe
 and TiO2, up to 21% Al

• Production:
• Sources: Brazil, Canada, China, India, Japan, N. Korea, Pakistan, S. Korea, S. Africa, USA.

• Applications:

LOW ALUMINA
ALUMINO-PHYLLOSILICATES
Clay Group

Kaolinite
• Formula/comp:
• Hardness/S.G:
• Geology: Alteration product of anhydrous aluminium silicate mineral-rich rocks such as 
 potash feldspar in granite by weathering or hydrothermal or both. Deposits may remain in 
 situ (Cornwall, UK) or be transported to form thick layers of soft sedimentary rock 
 (Georgia, USA). Degree of kaolinisation, rock formation, and post diagenetic processes 
 provide variety of sources of kaolin-containing refractory raw materials: 
 kaolin, bauxitic kaolins, fl
• Refractory grades:
 Al2O3, low iron and alkalies. High purity grades calcined at 1,200-1,500°C in rotary/
 shaft kilns to produce 
 phase contents are critical.

• Production:
• Sources: Fireclay:
 USA; Ball clay:

Quartz

ACIDIC REFRACTORY RAW MATERIALS
SiO2-Al2
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SPECIFICATIONS



Banners
Dimensions
468 wide x 60 high pixels
Format: GIF static or animated or
SWF target hyperlink must be
embeded within FLASH movie
Size: 30K

tablets
Dimensions
108 wide x 72 high pixels
Format: GIF static or animated or
SWF target hyperlink must be
embeded within FLASH movie
Size: 30K

WEB

online advertising electronic requirements

*  High resolution Portable Document 
Format (PDF) Please embed all fonts and 
convert colours to CMYK version 1.3

*   Quark Xpress including fonts, images and 
all colours converted to CMYK

*  Adobe Illustrator with text as outlines and 
all colours converted to CMYK version 
10 or below

*   Adobe InDesign including fonts, images 
and all colours converted to CMYK File 
formats for supplied images

File formats for supplied images

*    High resolution Portable Document 
Format (PDF) version 1.3

*   Tiff  minimum 300 dpi to ensure 
sharpness of image

*   EPS all text saved as outlines 
if vector image

* JPEG high quality

Please convert all colours to CMYK. Please 
supply proof of your advertisement in 
advance (Low res pdf or laser-printed 
separations). Production print style 
specifi cations are available upon request.

delivery methods
Please advise method to be used in advance

* Email:mcollingwood@metalbulletin.com

* CD-ROM

* DVD Extractable fi les

*  Download from your FTP site please 
provide user name and password

acceptable fi le formats for advertisements in order of preference

Half page vertical
Type area size 
242mm x 87mm

Half page vertical
Bleed size 
291mm x 104mm

Half page horizontal
Type area size
118.5mm x 179mm

Half page horizontal
Bleed size
151mm x 216mm

Quarter page vertical
Size
118.5mm x 87mm

Full page
Trim size
285mm x 210mm

dPs
Trim size
285mm x 420mm

dPs
Bleed size
291mm x 426mm

PRINT

ADVERTISING SPECIFICATIONS

Full page
Type area
257mm x 179mm

Full page
Bleed size
291mm x 216mm

Quarter page horizontal
Size
57mm x 179mm



 JanuarY FeBruarY MarCH aPril MaY June JulY auGust sePteMBer oCtoBer noveMBer deCeMBer JanuarY 2011

Mineral Lithium Aluminosilicates Fluorspar Lithium Silicon carbide Rare earths Graphite Aluminas Caustic calcined 
magnesia

Kaolin Zircon Dolomite Ti-feedstock

MarKet Metallurgical fl uxes Oil & gas drilling Fertiliser Sulphuric acid Ceramics Cement refractories Foundry New energy Steel refractories Plastics
Speciality Clays

Glass Asian paper Pigments

reGion Brazil China North Africa Australia Turkey Saudi peninsula Russia India Ukraine sub-saharan Africa Vietnam Kazakhstan Mongolia

strateGiC suPPlY 
CHain

Refractory bauxite Graphite Frac sand Zircon Fused magnesia Borates Mullite Rare earths Lithium Olivine Dead burned 
magnesia

end user Photovoltaic Refractories Fuel cells Paper Plastics Food/Pharma Ceramic glaze Batteries Abrasives Oil & Gas drilling Fertillisers

suPPleMent Magnesia Logistics Lithium Processing

distriBution1 lithium supply & 
Markets
Las Vegas, 
26-28 January

Processing of iMs
Istanbul, 4-5 February

ireFCon 2010
Kolkata, 4-6 February

Cevisama
Valencia, 9-12 February

sMe annual Meeting
Phoenix, 28 February - 
3 March

iM Congress
Miami,
21-24 March

Mining World russia
Moscow, 14-16 April

PoWteCH
Nurnberg, 27-29 April

16th international 
Bauxite & alumina
Miami

Ceramics China 2010
Guangzhou, 18-21 
May

1st Congress on 
spanish industrial 
Minerals
Zaragoza, 25-28 May

Flame retardants 
2010
Nottingham, 5-7 July

XXv international 
Mineral Processing 
– Brisbane 6th – 10th 
September

53rd international 
Coll. on refractories
Aachen, 8-9 
September

4th China liaoning 
international 
Magnesia exposition
Dalian, 22-24 
September

tecnargilla 2010
Rimini, 27 September - 
1 October

speciality Clays 
Chicago 10-12th 
October

K2010
Dusseldorf, 23 October 
- 3 November

Fluorspar 10
To be confi rmed

ads CoPY deadline2 7 DECEMBER 2009 15 JANUARY 2010 12 FEBRUARY 2010 12 MARCH 2010 16 APRIL 2010 14 MAY 2010 11 JUNE 2010 16 JULY  2010 13 AUGUST 2010 17 SEPTEMBER 2010 15 OCTOBER 2010 12 NOVEMBER 2010 10 DECEMBER 2010

*as of 01/10; other event distributions may be added and subject to change as year progresses. Plus each month's issue of IM 
includes: regular news pages - News at the Core, Strandlines, Market Monitor, Refractories Hotline, People & Places, Comment 
regular departments - Continental Drift, Minerals on the Move, Freight Market Report, Exposure, Making the Grade, Legal Eye

1 subject to the event being run
2  copy deadline subject to change
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EDITORIAL SCHEDULE / DISTRIBUTION

For further information please contact
ismene Clarke, Advertisement Manager  
t. +44 (0) 20 8224 0425  e. iclarke@indmin.com
rehia Giwa-osagie, Sales Executive
t.  +44 (0) 20 7827 5264  e. rgiwa-osagie@indmin.com






