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Ceramics:

Ceramics are inorganic solid materials.
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ceramic
Traditional Ceramics Advanced Ceramicics
[ | | | | [ | | |
Brickand Porcelain  Glass Refractory Structural Magnetic Optical Electerical ~ Bio
Tile Ceramics
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Ceramic raw material

Plastic non - Plastic

Primary clay Secondary clay Flux Filler
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Glass
Glass is made by melting inorganic raw materials.

Yoy Y UsSS

Glass has various applications such as buildings, optics, tableware, automotive, laboratory
and some other special technical applications.



. o oledbl cans :0 loogy

Glass

\ Applications
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Laboratory glass .
Building glass .
Tableware glass .
Automotive glass .
Optics glass .

Soda-lime glass

The most commercial glass is Soda-lime glass. This type of glass is produced by melting
raw materials such as Soda, lime and Silica. Soda is the source of sodium oxide. Lime is

S 9 Al
smgkﬁu)Ti&*&
(29,09 dduds
Lg;‘ ~'LMJ‘:.":.

«—éjj-'é 5

the source of calcium oxide. Silica is the source of silicon dioxide.

Soda

— Lime
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1- Which one is the formula of sodium oxide? Y
Si0, o Na, 0[] CaO Ll

2- Which one can be provided by quartz?
SiO, o Na, 0[] CaO

3- Which one can be provided by lime?
Si0, o Na,0 [ CaO [

Refractory / Refractories

Refractories are nonmetallic materials. They can withstand high temperature without
changing in physical and chemical properties. Refractoriness of a material shows the
range of temperature that it can be used.

Ladle for molten steel Refractory bricks in contact with molten steel
A [ )
P TN 3
WS aseio |y i dlex> o9 dale b oo
A refractory brick has low melting temperature. True [ False [ %//5

Refractories can protect shell from high temperature, corrosion and erosion.
True [ False [
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Also, refractories reduce heat loss and energy consumption.
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Refractory, Refractories, shell %//5

Firing ceramics without
kiln with........




Refractories are produced in special shapes for various industries. Usually we can
classify refractories in different ways. For example, we can classify according to the
physical and chemical properties like shape, density and the kind of used material.
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S0, V Joue
Oxide

Nonoxide

Dense oS5z

siC =

Porous

Shaped

Unshaped

Mortar
s

Brick

Insulating brick . i
sulating bric Gl 2]

JAN SH Dense brick
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Which one of the refractories is dense and which one is porous? V)
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Dense bricks are heavy, but insulating bricks are light.

heavy and dense refractory brick insulating lightweight refractory brick
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Unshaped Porous Oxide

Insulating castable

Porous

Insulating brick

E o

Silica brick

Graphite crusible

Unshaped Oxides

Dense Oxides

Calcium aluminate cement




Melting points of refractories

Usually pure metallic oxides have high melting point but it is not economical to use
them. Therefore, we use minerals or combinations of these oxides. Refractory materials
are mixtures of different oxides. They have a wide range of melting point depending on
the type and percentage of oxides and presence of fluxes.

Y Jou=

Melting point of pure oxides

Material Formula Melting point (°C)
Pure magnesium oxide Pure MgO 2800
Magnesium oxide (90-95)% MgO (90-95) % 2190
Calcium oxide CaO 2570
Pure silicon carbide SiC 2830
Chromium oxide Cr,0, 2138
Pure aluminum oxide ALO, 2050
Silicon oxide Sio, 1715
Zirconia Zro, 2700
LS LTS
Melting point of mixed oxides
Composition The n:;inczf:;?silg:;em in Melting point (°C)
Kaolin ALO,, SiO, 1750-1760
Fire clay ALQ,, SiO, 1500-1775
Mullite ALO,, SiO, 1920
Cordierite MgO, ALQO,, SiO, 1400-1470
Talc MgO, SiO, 1500
Olivine MgO, SiO,, Fe,0, 1650-1760
Calcium aluminate cement Ca0, AlLQ, 1600-1800
Chromite sand Cr,0,, Si0,, Fe,0,, MgO, ALO, 1650-1850
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Which one of the below oxides has the highest melting point? g
g ap %

ALO, [ MgO [ 210, [

Which one of the below materials has the highest melting point?
Mullite [J Cordierite [] Fireclay [J

Which one of the below materials is nonoxide?
Talc [ SiC [ Zirconia []

Cement
Do you know how Portland cement is made?

VA JSis

Concrete is a mixture of Portland cement, sand and water. Cement is an adhesion of
sand particles.
WSS g o)l Jobe Ly JB slal> cp polad jo

Concrete




Portland cement is a dry and fine powder. It reacts with water and forms a water resistant

adhesive material.

Portland cement contains Iron oxide, Alumina, Silica and Calcium oxides

Fe,O, ALO, Sio, CaO
N )|~>9.o$
NS Cullad
Some raw materials like clay, Lime and Iron rock are mixed to make Portland cement. ﬁ
/A
& Jou=
Raw Material CaO Sio, ALO, Fe,0, MgO Lor*
Lime 50-60 - - - - 40-50
Clay - 55-65 15-20 8-12 - <10
Iron Rock - <10 <2 90 - -
Shale - 50-55 15-20 5-10 - -
Slag 30-35 30-35 5-10 - 20-15 -

# Loose of ignition
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Main oxides Raw materials
CaOo
AlLO,
SiO,
Fe,O,
MgO Slag
) NS b
s |y 5 gosly ()8 Jolao
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LOI Raw materials | Clay Lime Ironrock | Shale Slag
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Classification of Portland cement
Cement is classified according to color into White and Gray. Gray cement has 5 differ-
ent types for different applications and places to be used.
— White
— Type 1
Cement types  Type2
~— Gray — Type3
— Type 4
— Type 5
14 )‘.59.4)5
a2 gly 5 Jlges 4 =
Which of the below oxides causes Portland cement to be gray? N
JAlumina [J Silica [ lron oxide [] Calcium oxide —E
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Manufacturing process of Portland cement
In the manufacturing process of Portland cement, after crushing, lime is milled and
mixed with other additives like Clay, Silica, Iron rock and other materials. Then the
mixture of raw materials is fed into preheater to be heated and calcined. Preheater is
made of some cyclones. Then rotary kiln melts raw materials to form cement clinker.
ooy 2 el )3 1) Ol adgi Jolie 1S5 o ()b Jolese
Ja

Manufacturing process of Portland cement
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Slip casting

Slip casting is a method of shaping ceramics parts. In slip casting a slip (suspension
of clay and other solid particles in water) is poured into a porous plaster mold. After a
few minutes a layer is formed on the mold inner surface. Then the slip is drained from
the mold. After slip casting the layer shrinks and can easily be removed from the mold.

An example of a ceramic pottery made by slip casting

A JSas



Slip casting process
An important step in slip casting is preparation of slip. The figure 19 shows a typical
slip casting process.

Weighting Conrse grains . 'ﬂ-'nighing

Fm = -ﬁpﬁ!ﬂ FL
] Water & ; .

Milling of hard matenals
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Irom seperatorn

Filter Press
Mliner

sionpoud awos 104

Additives :
é::f: w Filter Press Cake
Waler #4 w

Blunger
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................................... Filter press cake
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Designing 98,5 b
Modeling Sl Joe
Block mold S JG
Test sample byl &iges
Case B jole
Production mold g B
Ceramic part Sesal yan dalad
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Some ceramic bodies and the mixture of raw materials

s Jolae £ O S Dy Sl G P&l
Color white white white or semi white Semi white
Kaolin 35-45 45-55 25-30 60-75

Feldspar 25-35 20-25 25-30 20-30
Silica 25-35 20-30 25-30 10-15
Ballclay - - 25-30 -
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L.O.l 7+1 9+1
SiO, 73£1 63+1
Al,O; 14.5+0.5 24+1
Fe,O; 0.7+0.1 0.55+0.1
TiO, 0.04+0.01 0.04+0.01
CaOo 4+1 1.2+0.2
MgO 0.25+0.05 0.55+0.06
Na,0 0.2+0.05 0.4+0.1
K0 0.2+0.05 0.3£0.1
SO, _ -
M.O.R(kgf/cm 2) 2-3 3045
Peff.Plasticity _ 31+1
Brightness(1180°C) 77+3 9242
Drying Contraction(110°C) 35 5+0.5
Firing Contraction(1180°C) 2.5 3.5+0.5
Physical Form Crushed Noodled
Moisture <8 <10
Packaging Bulk Big Bag
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Ceramic powder pressing
You can press ceramic powder to shape ceramic parts in three steps:

Y s
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Ceramic tile
A ceramic tile is a thin slab generally used to cover floors and walls. According to the
application, tiles can be classified to floor, wall and roof types.

A T

Floor tile Wall tile Roof tile
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Main Technical Parameters
Maximum pressing force 1000 (kN)
Press body net weight 7800 (kg)
Motor power 7.5 (kW)
Over size 3000 x 1880 x3116 (mm")
hydraulic pressing Machine Maximum tile/brick size 800 x 800 (mm")
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Drying and Firing
Shaped ceramic parts contain a large amount of water. We should remove water by
drying and increase the strength of ceramic parts by firing.

s 0 0 O

Fired Clay

Loose Pwders Clay and water Dried Clay

SN Sl
A A A

Air Pores

Y s

The temperature of drying is less than 120 °C and the temperature of firing is more

than 900 °C.
Ceramic parts shrink after drying and firing.
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Which one contains less moisture? %//5
Green body O Dried body O Fired body O
Which one has the highest strength?
Green body O Dried body O Fired body O
Which one needs higher temperature?
Shaping o Drying o Firing o
Which shaping process needs more water?
Slip casting O Powder pressing O Injection molding O
b oSang o 8 Slasin 4 wb oS w3 slln cul Sl o515 (5500 Slazs 51 (S 0,55
sl 00 00,551 alislo;l 0,95 S (gl oabas] )| ledlbl 5l Jlie 5 Jgaz 40 bl 5Lis g0 Lal i ilae
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Main Technical Parameters
. | Model K24398
. ' 208V, 50.6Hz single phase
Electrical Requirements 240V, 50.5Hz single phase
Temperature Range Ambient to 1100°C
Temperature Control Stability — |£3°C
Power 3.6KW
Programmable Furnace
NS b
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Operation
General Notes
1.The insulation consists of high-quality refractory material which is susceptible
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to shock. Take care not to knock against the refractory material when charging the
furnace to avoid damage.

2.In order to achieve an even temperature distribution the furnace should be charged
in such a way that products have a certain distance to each other and also to the side
walls. Koehler offers shelves, etc. So that the furnace chamber can be used in the
most efficient way possible.

3.If the furnace is charged with a high quantity of products the heating time may be
prolonged considerably.

4.The furnace heating is stops when the door is opened and is switched on automat-
ically when the door is closed.

5.Do not open the furnace when it is hot. If the furnace must be opened at high tem-
peratures do this as quickly as possible. Wear personal protective equipment and
clothing and provide sufficient room ventilation.

Sl o 0,L5l 0,65 538 1 5l il e b7 4y 3 90 plaS LS [
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Main Technical Parameters

Model WEW-080-SW

Volume Size 72 Liters Laboratory Oven

Interior Size (W*H*D)mm 450*400*400 mm

Exterior Size (W*H*D)mm | 700*840*540 mm

Max Shelf Load 25 Kgs

Power Supply AC220V+10%

Temp. Range 220°C £15°C

Heat Up Time 6 min /50 °C to 200 °C
Power Watts (KW) 3.0 KW

Laboratory Oven

Gross Weight (Kgs) 65.0 Kgs
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Safety in ceramic industry

Dust
Dust contains particles with less than 10 microns in size. Dust particles are hazardous

for lungs. The most hazardous dust is silica dust.

YA S
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Particle size Particle size

(pm) (mm)
Human hair
Dust

Fine beach sand

Hot surface
Firing of ceramics is done at high temperature. We should not touch ceramic parts
when they are hot. To carry hot crucibles, tongs and insulating gloves are needed.
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Lifting heavy objects
Try to lift heavy objects correctly.
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. Electric shock risk
. Noise area
. Highly flammable
. Mind the step
. Men working overhead
. Slippery floor
. Fragile roof

. Radiation risk
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Hydrofluoric acid

DANGER

ﬁ Fatal if inhaled, if swallowed, or in contact with
skin. Causes severe skin burns and eye dam-

age. Effects may be delayed. Do not eat, drink

or smoke when using this product. May be

corrosive to metals. Contaminated skin must be

treated with calcium gluconate solution.
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