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Ceramics & Refractories

mmmtm{!fmmm,ﬁhﬁrpmpﬂﬁﬁ and applicati

: arg
summarized beiow in Table 1.

Table 1.

Cerarxiz Material - Properties | Applications :
| 1. Caorundum, Boron | Hardness and Resistance | Grinding and |
fi A, 10 wear | et mmﬁ:
| 2. Cement, brick Much legher compres- [ Cﬂmuuu:lh‘i:h:.rem'!

sive strength than tensile | ferably used in com- |
: strengh | pression than in tension |
| 3. Banum Gtanate and | Piezodestric property Gramophomnes piﬂi-up'&,l
| modified lzad zirconate | [propertyoftransforming = Roughness meters !
| titanate mechanical deformations ;
E into voltage changes and | !
| vice-versa| : |
| 4 Magnesiz,  Zirconia, | Very good chemical | Cruchble and  furnace |
| Porcelain, alumina etz. | resistance even at very | linings |
! high temperatures | -
' 5. Glazed porcelain Excellent chemical | Chemical vessels
! resstance I.
l |
| & Glasses Refractive index easily ! Manufacture of lens |
! variable | |
_ 7. Ferrites High mﬁwﬂy and ' Electronic applicabons
! : magnetic properties :

8. Refractoges Excellent chemical, heat | Furnace walls and roofs,
| into mould etc.




. CERAMICS & REFRACTORIES ACIST

The existence of mapy ceramic materials with quite different properties is due

~ to thy fact that many combinations of the metallic and non-metallic atoms, with

‘ structural arrangements for each combination, are possible, The constitu- .
ceramic material may form covalent or ionic bonds. Most of the ceramics are
s like other covalent materials. They are highly stable and have high
points which indicate that there exists ionic bonding as well in them.

REFRACTORIES

R:frl"mmirs are ceramic materials that can wi‘&;smﬂhigh_g:utumsuwdi
as abrasive and corrosive action of molten metals, slags and gases, without suffez-
ing a deformation in shape. The main objective of  refractory is to confine heat.
Classification of Refractories i -~

On the basis of the chemical properties of their constituent substances, refrac-

! Clessifcation of Refraciories l
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lﬂmtnlr:hldmim i Ak rhiradhatien | Nasic refractories

(@) Neutral refractories like graphite, zirconia and SiC (carborundum) refracto-
ries. These refractories are made from weakly basic/acidic materials like carbon,
zirconia (Zr0,) and chromite (FeO.Cr0,)

() Acid refmcmﬁdsﬁkealm.aiﬁcamﬂhtdqmmse refrac-
tories consist of acidic materials like alumina (AlOy) and silica {E;D;};J“Tl';ﬂ
neh:cwymaurhhmnﬁshnttumdmgﬂlihiﬁu]dmnﬁm as
containment vessel for them. On the other hand, they are readily attacked by basic
slags (like CaO, MgO etc.) and contact with these oxide materials should be
' - {ﬂ},.ﬂﬂﬂcrf_]ﬁﬁctﬁﬁti Ijke-mgnﬁittan&dﬂhnﬁuwmﬁe refractories
© " consist of basic materials like CaO, MgO etc. mdmupﬂ]’fﬁtm.nt to basic
¢ slags. That's why they find extensive use in some steel making open hearth
';.': furnaces. The presence of acidic materials like silica is deleterious to their high-tem-
rF
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fusion temperature. It should be infusible at the
ik Ennm&muWF :
R “ﬂuuﬂhmud structure, at
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'I‘Eﬂ*hmuuum; undergo considerable v
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CHRAMICS & RIFRACTORIR ACAN

(&) Refractorimess, "It e the ability of a refrectory material 1o withstand ihe heat
mmmmﬁ o efirmation inder gioen serpiee conitions 10 be geners
ally mveaxured as the softening tempersture 1t is necessnry (o relosciory material
should have a softenling tomperatire higher than e ppseraling lemperiiue of the
furnace i which (1 i to be used Seetiines, 10 can bo employed o willistand &
- emperature higher than s soltenbing tompesature e e outer patl of reletory
I8 ata lower temperature and still in wolid state, providing steength This, refractory
w does not melt away although iner refractory liing In o furnace is at 8
-+ higher temperature than the owter anes. Most of the commarcial refractories

not exhibit sharp melting points and they soften gradually over a range al
tempetatures. This is due 1o the fact that they are composed of several minerals,
both erystalline and amocphous in nature. Fusion temperatures of some nrltll‘ih
acidic and basic refractories are given in Table 2.

Table 1: Fusion Termperatures of Newtral, Actdic anil Wasic refractories

SNo. | Refractory type m;;m-f.: Punion W“;"r:t’? o
1. Neutral Graphite (C) e w0
1 Neutral Zirconks (Zr)y) 270
1 Neutral Silicon carbide (51C) 20
& | Addic Aluming (Al70) w050
5 Acidic Sikica brick (S10;) 4
5 e Pire clay brick 16001750
7. | Basic Magnesia brick .. l

LMHIIH of Refractoriness. The softening temperatures of refractories are
generally determined by seger comes (also called pyrometric cones) test, In this test,
behaviour of heat on cone of refractory (to be tested) and series of seger cones of

standard dimensions are compared. These cones are senall pyramid shaped with
sides. The test refractory in the form

triangular base, 38 mm high with 19 mm long,
standard cones and all are heated

of & cone is kept along side similar sized
uniformly at 20°C /hr or 100°C/hr or 150°C /hr or occasionally at 600°C [hr. As
cones are made of a particular refractory of a definite softening temperature

50 ﬂu:.‘ are assigned ascending seger cond: pmbaers wath inereasing salbening
When the test cone softena aned Lo il wdhiaaper, e il e stamalagd

mnhnlnﬂuumd lﬂlhm puwnrm il gt T fopareess eoich v biw Uit

of the test cone. The serial number of this standard wger vone B pierbed] and this
Ty pirvidier Hhat fiesl WHI."II

number s the Pyromsetric cone equivalest (PCL) of the el
i “‘l:'l softens earlier than one standard cone, but later than the previous one,
 the PCE valueof the test sample is approxi11 1

g, -

o as average of the two,



Table ‘lismlt g
of seger cones ltmw
Seger-come mumbser  Temperature(*0)
) 110
- 1180
10 1300
15 1438
0 1530
b 1670
35 70
(&) Refractoriness-under-

Load (or Strengti), Temperature resistance and load
'hu'hqupudt! are hmwmﬁ:m.muhm&ﬂm
MWMMMMHMHﬁHmhmaH
expected to withstand varihg loads of the charge. Hence they should possess high
strength and excellent temperature resistance.

Mm.mmmmmapplmmﬂﬂumﬁamm
Because, some refractories soften gradually over a range of temperature. but 1nder
appreciable load, they collapse, tar below their true fusion temperiture High
alumina bricks and fire-clays are examples of such retractan matenals Thero aoe
some other refractory materials like silica bricks which cvert fownd foad bearng
charactenstics apto their fusion temperatures a2 ey sotten over a relativ ey
narrow range of lemperature. Thus, for gonnd resuilts. Retractoniness Vinden -1 oad
(RU.L.) test is performed by applving aload of (3500 1750 am) tothe cetractory
specimen (of size 5 ¢n v and 75 om hagh). The sample i then hept in carbon-resis
tance furnace and heating is started at the rate of 1O munute. The height of the
specimen is plotted vs. temperature and RUT is evpressed as the remperatine ot
which 10% defcrmabion takes place

Based on R.UL test, retractory materials ane classibed into H!uwing three

() AnighReat-duty brick, (which does not deform more than 10 percent al
1350°C).
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() o imbermediate heat-duty brick, (which daes not deforim more than 10%
(i) ?w_ﬂ]hﬂ fwhich does not deforml more than 10% at
(c) Dimensional stability. “Dimensional stability i
| stability is the resistance of a material fo
I-"WM Himlﬂﬂnﬂﬁwtuhigﬁ umpﬂuyllmq,murnpn:{:{glim."
Tvpes of dimensional changes ;
(1) Permanent contraction. When i
e . a refractory is subjected to high temperatures
mmmmmwmt@mamﬁmmhﬂgﬁqﬂd“m ;

» (sp. gr. = 3.05) (sp. gr.= 354)
ith memumhduﬂy,mmisshnnkagemmagnﬁﬁebﬁck

(#1) Permanent expansion. Transformation of '
| : one crystalline form of refractory
into another of low density leads to expansion when a refractory is subjected to
high temperatures for ]mgu-_duraﬁm. Silica brick is one such example, which
undergoes permanent expansion in service. For instance, crystalline transforma-

- tion in silica brick is given below :

Quartz —— tridymite —— cristobalite
(sp. gr. =265} (sp-gr-=226)  -(sp.gr=2)

(d) Chemical inertness. The refractory material which is used as liner for
furnace walls should be chemically inert to the chemicals charged into a fumnace. It
should not react with the reactants, slags, furnace gases, fuel ashes and the products
involved inside the fumace. Such reactions can contaminate the product and/or
gradually corrode the furnace. Hence, it is inadvisable to employ an acid refractory

_ in contact with an alkaline product or vice-versa.

(¢) Thernial expansion and contraction. A good refractory material should

mmm&mu{mmmim.mwumm,

refractory also expands when heated and contract when cooled. Repeated expan-
sion and contraction contribute much towards rapid wearand tear of the refractory
structure and its rapid breakdown. Sustained strong binding between the refrac-

lining and base structure and within the refractory matter is possible only

tory
_-whmhﬁmﬂﬂdavﬁnw{mfﬁdmtﬂfexpm]ismgﬁgibhll!h
thermal shock, a substandard refractory develops cracks and then detachés itself

Eunﬂuwﬂﬁiﬂﬁﬂmemfm,auuwmhumhmdehm
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() Thermal conductivity. It is t | the i
refractory material since it determi ll'lﬂ;'il:‘-gmh it lmmp-ﬂﬂ-lﬂt e
due to rediation through it. REa g R o

Refractories with low thermal conductivities are used for liming the walls of

blast furnace, copper hearth fumnace etc. because they minimize the heat losses to
outside -y radiation and help in the maintenance of high temperatures inside the

ace. On the other hand, refractories with high thermal conductivities are used
for lininz the walls of muffle fumnace, coke-oven retorts ete. because 1, these cases
efficient heat transfer from the outer surface to charge is needed

Hence, depending upon the type of furnace, refractory materials of high or
low thermal conductivities are required by industrial operations

() Resistance to Corrosion and Erosion. The higher temperatures at which
the furnzce is operated, viscosity of slag decreases which accelerate the chemical

“~reaction between the-slag-and refractory lining. This might lead to corrosion of
refractory lining. Greater wetting of the refractory by the slag also increases corro-
sion. Erosion 15 gradual wearing away of a material from its surface due to the
mechanical action of flue gases escaping at high velocities, carbon-particles and
descendinz hard charge inside the furnace. Erosion produces cavities on the surface
of refractories which in tum increase the probability of corrosion.

For a refractory to last longer, it is desirable that it should have excellent
corrosion and erosion resistance. This property is very important for the seiection
g{frﬁrﬂn:}r material for by-product coke-oven wall and lining of discharge ends

rotary cement kilns etc.

(k) Electrical conductivity. A refractory material of low electrical conductwvity
is desired for lining the walls of electrical furnace. For proper selection of refractory
material it be always remembered that electrical conductivities of these
material increases with rise in temperature. In general, all refractory materials,
(except graphite) are poor conductors of electricity.

(7) Porosity. Porosity of a refractory material is the ratio of its pore’s volume to
the bulk volume. Pores are present in all refsactory materials and these can be open
or closed. Porosity affects many characteristics of a refractory material. For in-
stance, flu= gases, slag and /or molten charge can penetrate to greater depth and

may react and reduce the life of refractory material of porous refractory. Porosity
can also increase the thermal shock resistance. In addition, air is entrapped in the
pores and increase the insulation characteristics of porous bricks. In contrast, the
densest ard least porous bricks have the highest thermal conductivity, strength,
resistance to abrasion and corrosion.

1)) Thermal spalling. Rapid changes in temperature, cause uneven expansion
udmmw:limnfm&mymm&ud:t ing to develo t of internal
stresses and strains. This in tum are responsible for cracking, breaking or fracturing
of a refrztory brick or block under high temperature, collectively known as thermal

ing. Thermal ing can also be caused by the variation in the coefficient of
expansion due to slag penetration in the refractory brick. A good refractory must
show a good resistance to thermal spalling. Thermal spalling can be decreased by
. minimising the develppment of internal stresses by : )

(¥ ﬁs‘fuga:eﬁmu? with high porosity, good thermal conductivity and
coefficient of expansion,

(i) Awvoiding sudden temperature changes,

¥ifi) Proper furnace design.
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- wjﬁ:ﬂm:
(a) Fire clay refractories are mog :

ies
crucible furnaces ete. hearths, !tﬁvﬁflu;':
] Thm&mahuuﬁﬁﬂ}.uﬂdh foundries
pottery and me s oae s lme, continy Ceramic,
e i hﬂufﬂlcﬁlhlns,glm,brumd ._-ﬂppﬂﬂﬁm; J
(if) High-alumina Refractories - .
When the alumina (

&
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(iii) Silica Bricks
Preparation. The raw materials used for the mamufacture of ek ]
: silica bricks are
quartz, quartzite, sand, sandstone, ganister etc. Siliceous rock is first crushed and
pﬂm?dwiﬂliﬁ.hhmeﬁWEtu.ThermmantiﬁiMihmadEMIubﬂﬂsby
machine pressing. bricks are bumt
tﬁmpmmreisﬂﬂwml - drying, are in kiins. In about 24 hours, the
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(a) mﬁmmﬁ%mmmmmmmmﬁw

(k) mmbfmmmmdk&mmu&mwhtmmmm !

() Silica bricks are remarkable for their load beating capacity. They can | |
mmalmdﬂmutﬁmm’qhm%%wm /4

(d) Silica bricks are not susc to thermal spalling at

: susceptible ipﬂl'lmga_l‘empeﬂhm.

.~ (©) Thesebricks are light & possess high rigidity & mechanical strength. |
~ () Thesebricks donot contract in use. ' ]

e



- I Basic Refractories

(1) Magnesite Refractories "

Preparstion : It is made from dead-burnt magnesite grain which are property
crushed into powder form of proper size. Molasses or sulphite lye is used as a
binder. Thermal shock resistance is imparted to the magnesite refractory by adding
2 to 6% of alumina. The ingredients are blended after adding requisite quantity of
. water and the mix is aged for 1 to 10 days to ensure complete hydration of any free
N
q - ricks are is b
B kept at this temperature for about 8 hrs. and

Properties : Y A
e

(¥) ‘They possess good crushing strength.
] lml.zieusedup to 2000°C without load and under a load of 3.5
kg/cm”, it can be used upto 1500°C. )
{#) Ithas poor resistance to abrasion and spalling.
Applications :
{a) Mainly used in steel industry for the lining of basic converters and.
' (b) These refractories are also used in the roofs of non-ferrous reverberat-
i‘mi!.g,,ﬂmmdfnrﬁ{cumﬂ&h -
. {ﬂﬁhnmdfurﬂmlhﬁngufu&hgfum'ﬁrxﬂd.nﬂmand
| (i) Dolomite Refractories
: W:Aﬂuwashmgandumlﬁngﬂdmﬁte[mﬁmdmﬂfﬂL
.mmmtcpcca+nigcngnmmnuhnﬁuwmgive
;ﬁﬂmdhigﬂdmﬁgm]dnaﬁmlhisisthmmﬁedwiﬂmﬂimbfwﬁﬂiutSas
:Ehdﬂ:lmdwﬂmﬂumlﬂureis allowed to stand for sometime and then moulded
into bricks. The bricks are then fired at 1500 °C for about 24 hrs. ina kifn. '
() hdrmgﬂlmdlmvreshtmﬁhﬂmﬂm
(B) HM'mdpomtyndh}rgmmpﬂrmdmdﬁnhge.
Stabilized dolomite bricks do not have the above mentioned limita-
ﬁdﬂmditisnmdebyhmrpmﬂqm-pmthm{h{gﬂﬂhjhtdulu—
e have very good resistance to basic slags.
. w: . ._
¢ (e Dolomite refractory is generally used as a repair material.
\  (5) Swbilized dolomite refractory is used for basic electric fumace linings,
oo ladle-linings, open-hearth furnaces etc. i
" {¢) Swabilized dolomite reﬁ-acturjrmtéﬁalisulmusaiﬁdﬂgmﬁ-

B s !




