(Refractories)

1500 '8, (Melting point)

(Deformation)
(Refractoriness under load)
(Chemical attack from slag or furnace atmosphere)

(Thermal shock resistance)

(Tableware) (Sanitary ware)
(Tile) (Electronics)
(Constructional refractory) (Refractory brick)
(Liners) (Kiln  furniture)
(Crucible) (Cutting tools)
(Heating elements) (Thermocouple tube)
(Thermal insulation Insulating refractory)

(Heat face insulations)
(Back up insulations)

(Ceramic fibers)



21
(Insulating refractories) (Low
thermal conductivity)
(Light weight) (Low density) (High porosity)
60-75 8,

(Thermal insulation)

(Low specific heat) (Low heat capacity)

(Low slag and severe atmosphere resistance)

(Refractoriness)
(Mechanical strength
and constant volume at high temperature)
(Spalling and thermal shock resistance)
(Low thermal expansion coefficient)

(Refractory phase composition after firing) (9)

00,

ASTM C 155 ISO 2245 DIN
En 10%4-2



2.1

Group

16(874°C)

20 (1,110

2 (1250°C)

ASTMC 1%
Test
temperature
which no more
then 2%
permenent
linear change
after 24 h (°C)

845

1010

1230

1400
1510
1620
1730
1790

Bulk density
(¢/em3

<054

<0.64

017

<0.87
<0.96
<109
<1%2
<1%2

2.1<)
1502245 DINEN 1094-2
Test
temperature
which nomore  Upper limit of
Group than 2% mean bulk
permanent  density (g/em3
linear change
after 24 h (°Q)
B 750 <0.40
& 800 050
& 850 055
% 900 0.60
% 950 065
100 1000 0.65
106 1050 065
110 1100 0.70
115 1150 0.70
120 1200 0.70
125 1250 0.75
13 1300 0.80
135 1350 085
140 1400 0.90
150 1500 0%
160 1600 115
170 1700 13
180 1800 160

ASTM C 155



30

ASTM group
classification temperature t
test temperature X

a » *a 3
I fm o W B0 w0 m
ml 0% i o B0 B0 70
E » BW BB b D D o
K M

1SO group
test temperature X 1 «Slm  DMIMIK M so  »
kieselguhr/moterTpertrte
vermiculite — =
Ca-Al-sillcate (anortMta) r ~ r
fireclay /s
Silica N I il ’ : .1 IMIIIIIIh
alumina-silicate, rmjiite/corundum 11
corundum
2.1
(Perlite) (Vermiculite) 1000
(Anorthite) 1250-1260
(Fire clay) 1400-1430
1620-1650
1730
2.2
(Insulating refractory brick)



. 1930
il

silicate)

(Carbon)

carbide)

(Magnesia)

12

(Chemical and mineralogical properties)<d 12 13)
(Acid refractories)
(Silica) ' (Alumino-
(Zircon) (Zirconia)
(Neutral = refractories)
(Chrome)
(Non-oxide refractory)

(Graphite) (Silicon

(Basic  refractories)

(Dolom ite)



2.3

(Homogenous materials)
(Heterogeneous materials)
e
(Aggregates)

(Additives)

(Binders)

(Pore formers)

10



23.1.1

$i02
22451

(xQartz 80c 1 (CTcymte 140t OCOisoeie 173 1 Fisdsilica

(Triclinic) (Othohontic) ™ (Tetragrel (Amormhos)
IT 573¢ 1 16 IT 20255C It
HQartz P-Tricymite PQisotelite Qartz gass

(Hoegor) (Hoage) Qb
|| 117
yTrioymite
(Othorhontaic)
2.2
513
600
1.25-1.30x106
600-1700
20-30
96-93 0.05-0.15
0.05-0.10 (Alkaline)
(Nar0) (82,0) (Alkali

earth) (Ca0) (MgO)



(Quartzite) 92
1700-1750
5
(Glass sand) 95
1710
9,
(A120 3 (Si02)
2.349P
| 50400C mYC B 5% i -
BA0.20.H) ) BARS) - JADRSONI2 b LD
Kaolinite Metakaolin Spirel Mulite
2.3
(Glassy phase)
161
(Clay mineral)
(A1203.2S5102.2HN) (A120 3.4Si02H2 ) 1617,
, 45-50
* 1., ' 0 " ' " 1
35-40 (Impurities)
(Iron oxide : Fe2 3 (Titania : Ti02

0.5-0.8



1-3.5 ,
60-90 10-30
0.7
1
1750-1790
? 5.5x106
11
(Fireclay) :
(Fireclay refractory)
30-45 48-
80 115
5
1555-1725
5.1X106
9’
3A120j.25i02
2 (Sintered  mullite)
(Rotary kiln) (Fused mullite) (Electric arc
furnace)"a
1810
4.3-5.0x10"6 9’
Zr02 ,

(Baddeleyite) ' :

(Fuse zirconia) 66



“0r, il 11

14

30
1 1
"2.49
2680'c
210, < 2102
Cubic Liquid
(Monoclinic)
1170
(Ca0)
(Stabilized

(Microcracks)

1170°c 2370‘c
210, « * 2102 )
Monoclinic Tetragonal @6@)@‘0
2.4 '
(Tetragonal)
(MgO) 2-5
(Cubic)
zirconia) 2590
4.5x10"6
2312
2050
(Hydrated alumina)
A120 3H:0) , (Boehmite)
25
A120 33H2) (Bayerite)

(Gibbsite) 60

(Fused bubble zirconia)

A1 3

(Monohydrated
58
(Diaspore) 75-58
(Trihydrated
(Nordstrandite)



5 (Bayer process)*d

258
particle size< |y S 1200°C
Gibbsite Al,OJ'JHgO—;—m.C—’ x-Al,03; — x-Al;03
00C l’ 500°C 800°C
Boemite  AlOsHz) ——————> 1ALO; —5ALDs 1000c  1150°C [Coraraur
200°C particle size <1y, . 6-Al,03 —» a-Al,O5
Bayeritt  AlO3+3H,0 —225—p 7-Al;0; B A: =
Nordstrandite AlgO;-BHzO—M
550°C
Diaspore Al,0;°H:0
900°C 1200°C
Tohdite 5A1,03 H;0 ——— x-Al;03
25
1150-1200
(Corundum)
(Digestion) 224
2.2 )
Bauxite ore Digestion reaction and condition After flow C02gas
Gibbsite a-Al(OH)]
' 2A10(0H).HD + 2NaOH — --— -G > 2NaA102+ 4H,0 ]
Bayente. (0H) T (3-AKOH)3
Nordstrandite Y-AL(0H)3
Boehmite 205-250°C y-AIO(OH)
Diaspore ZAHIMUny 4+ zJN aUn3540MPa> zINaAIU,Z zrLU AR
(Sodium
hydroxide : NaOH) (Calcium hydroxide : Ca(OH),) ,
‘ ‘ 135250

35-4.0 (Autoclave)
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(Sodium aluminate : NaAlO,)
(Carbon dioxide)
(Sodium  carbonate
NaC03 (Aluminium hydroxide : Al(OH)j)

(p-AlD3J (a-Al1D3
(Nap)
(Low soda alumina)
1800

(Fused bubble alumina) 4

90 3-4
9%

1750-2000
85 xi06

X0.Y203
X0 (Magnesium oxide : MgO) (Ferro : FeO)
(Yittrium oxide : Y23
(Chromium oxide :Crd 3 (Aluninium oxide : AD 3
(Spinel) 2.30



17

2.3
Mineral Chemical formula xo :Y,03ratio Melting paint (‘c)
Spinel MgO.AljO3 238707 2135
Picrochromite MyO.Crd 3 585 :415 2350
Hereynite FeO.AID3 413 :58.7 1780 (clecomposition)
Chromite Fe0.Cr,03 32.1:679 2075 (dlecomposition)
Magnetite Fe0.Fed) 3 31.1:689 1591
(Picrochromite) 11-14
30
20-30 15-20
(High corrosion resistance)
2135
7.6x106
8-13x106
' 3
23.13
Ca0.Al2) 32Si02
(Plagioclase) ’ !
20.2 36.6
432
1553 2.16
(Triclinic)
(AlbiterNaj0.AEQ}"SIO)) (Orthoclase:K20.AI2) 32Si02)
4.8x106



carbonate : CaCOj.MgCQ))

(Magnesite)
Ca0.MgO’
41,63
2300
11x106
(Compressive strength)
232
oxide : B3 (Ca0)m

46

99

, 2
(Calcium carbonate and Magnesium
, (Limestone) ,

(MgO) 700-800

(Ca0) 800-900
58,37

2100

(Mineralizers)

(Boric

(Calcination)
54



9
emulsion  Wax)
acetate) ]
(Stearates)

(Magnesium stearate)

(Aluminium stearate)

(Stearic acid)

(Pitch) (Tar/9

(Parafin
(Cellulose

(Zinc  stearate)

(Barium stearate)

n
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233
(Green strength)
1 1 0o 2
2331 (Inarganic binclers)
3 "f
(Ceramic)
; (SINg
(SIAION) (AIN) "
(Chemical inorganic)
(Gels)
5
(Ethyl silicate) (Boric acid)
(Phosphoric - acid) (Sodium

phosphate) (Aluminium phosphate) (14) (H3P04)



(Hydraulic)
(Cement) (Portland cement)
(Alumina cement)
(HD)
(Hydration)
(Hydrate) (Hardenting)
(Hydraulic setting)06*
2332 (Organic binders)
1 1 l& 2
o =)
(Soluble organic)
(Dextrin) (Gum
arabic) (Lignin extract) (Methyl cellulose)
(Methyl ethyl cellulose) 1 (Sodium carboxy methyl
cellulose : CMC) (Molasses) "T
(Insoluble organic)
(Com flour)
(Starch) (Tannic acid) (Ceresin wax) "T

(Carbonaceous hinders)



05'17,

2.3.4

(Microstructure)

09'20,

(Ca(OH)2 1-2
(Sulphite lye) 0.25
(Green strength)(9)

(Organic matter)

85

(Form)

2



2.6

2.7

2341

2342

600

23

(Flake)

2.6)

= b) 300
d) 900

(Granular)

2) 2000 b) 6500



24

2.3.4.3 (Cellular)

(Foam)
(Quasi-discontinuous gas

spaces into a solid continuum) <)

(Slip)

2.8 a) ' b)

(Sulfates) (Carbonates)

(Thermal decomposition)

(Carbonate of ammonia)



2

(Shaped products) (Insulating refractory brick)

(Unshaped products)

(Insulating refractory cements or concretes)

(Insulating refractory plastics) (Insulating refractory
coating) (Powdered or granular insulating refractory materials)
144'%)
!
' 15

26'



24

28

(%) 4 71

(Municipal solid wastes)

(Industrial solid wastes)

(Precipitators)

(Sludge)

1(Mineral extraction solid wastes)

10
(Fossil fuels) 20

(Landfills) (Dump)

26

Vi)
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(Agricultural solid wastes)

4
2.4.1
(Electrochemical)
(Abrasion resistance) (Electrical
resistance) (Titanium)
(Tantalum) (Niobium) 7
|28!
(Cleaning)
(Etching)

(Brightening)
(Nitric) (Sulphuric)

(Desmutting)

(Anodizing)

(Coloring)
(Sealing)



2.9TM

(Rinsing steps)

28

Cleaning Edcking/

Brightening|

Desmrtiag Anodising

R

’
oy

Colouring | | Scaling

Pre-treatments

2.9

(Anodizing mud sludge) 18l

Post-treatments

(Neutralization)

(Waste water)

2.1049




(Oxy-hydroxide) (Basic
sulphate/3 (Calcined)
(Aluminium sulphate Alum)
I
Ewais, E.M.M 01’
(Aluminium slag)
45-50
37.5-41.25 12.5-13.75
1400-1550
(CA) (CAJ) (CAS)
Ribeiro, M.J. ]
(As received) 85
110 24 2
1400 2
(Soluble salt) (Ct-Al2 3
32
1400-1650 5 1
770-860

217



ISV CL ) F R—

2.11

(Single crystal mullite)

(NaAl, 1 10

(Refractory inertness materials)

8.4x106

1000

Ribeiro, M.J. 02’

A120 3+ 350]

5.2-5.7x10"6

30



24.2

(Bottom ash)

(Lignite)

2,000

70

(Antracite)

|341

10,000

2.00-2.60

(Class F)

50-70

2.12.3)

(By product)

ki

(Pulverize)

1-200

(Bituminus)

40,000

|351

ASTM

(Class C)

(Sub-bituminus)

8,000

1-150

C618



2.12 a) b)

(Cenosphere)
(Plerosphere)
(Aluminosilicate glass)

2,134

2.13 a) b) ¢)

32



Zimmer, A. Bergmann, c¢.p.3)

60
1150

(Amorphous glassy phase)

Xu, L. ST '

1050

Kumar, ., Singh K.K. Ramachandrarao, p.1'8
(Cordierite refractory)

(Loss on ignition)

250

1350

(Sintering)

70

30



5
((3-Cordierite) (OC-Cordierite)
(Impurity)
Gonzalez Otero, J. 39,

(Sodium silicate) 10
(Hydrogen peroxide)
1250
45

Bergmann, C.0.
1350

(Amorphous materials)

2.4.3

22.5-25.2

(Densification)

A0,

2144

2.67

Braganca, S.R., Zimmer, A.

10



214

40

800

Chiang, K.Y.

5-25

(Lignin)

1441

600

1100

20

105

Xio b x50
30
4‘1
2
§00-1100

2151



2.15 a) ! b) 10
15 d) 20

Guo, ., Lu, H.
(Porous cordierite) Lap3

(Amorphous silica)
3
540
LaPj

900-1350

36

Feng, C.|®

(PVA)

42-45



244
25.2
3880
174 1
7
0k
600
700
700 (Crystalline silica/41
600-700 2.16<6
2.16 600-700
(Semi-conductor) W
Prasad, C.S., Maiti, K.N. Venugopal, R.47

(Calcined quartz)

88

(Whiteware)

3

22.5-

70-90



4.62
35 (Potash feldspar)
5-25
(Vacuum extruder) 1100-
1300 3.5 1
50-100
573
(25 )
Goncalves, M.R F. Bergmann Cp@
700 (Flux)
(Liguid phase)
(Crystalline
lattice) (Polysaccharide)
15
(Laminating effect) (Bentonite) 15
1350 1250
250
50

(Irregular arrangement)
(Interconnected pore)

(Vitreous phase)



Ahmed, B

1330

12

16'

1340

3

110
75
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