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The group of furnaces used for *Re-
heating’ and ““Heat treatment’ covers
wide field in the processing of both
ferrous and non-ferous metals. Reheat-
ing or heating furnaces are used for
heating metals to the required tem-
perature for changing their shapes or
fbrm by stamping, pressing, rolling,
extending sheating, forging, moulding or
similar process. Heat treatment fur-
naces are used for stress relieving and
for changing the physical p operties of
the metal after the product has attain-
ed its final shape. The furnaces may
generally be classified into two types as
follows :

Reheating furnaces

Aluminium, axle heating, bar mill,
billet heating, butt & lap, weld pipe,
copper, forge, preheating before melt-
‘ing, plate heating, seamless tube,
-slag heating, structural mill, upsetting,
welding. Soaking pits which are also
classified as heating furnaces are des-
cribed later,

Heat treatment furnaces

Aluminium casting, annealing, braz-
ing, carburising, hardening, nitriding,
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Reheating, soaking and heat treat-
ment furnaces are primarily responsi-
ble for shaping and treating of . steel

for its ultimate usage. Though, con-

sumption of refractories per tonne of
steel may not be as high, but use of
appropriate combination of different
quality refractories for different zones
of furnaces goes a long way to ach-

.Jeve economy and better result.

In reheating furnaces, . operating
conditions differ from zone to zone
and is the severest in hearth area.

~Based on practical experience and

simulative trials,. combinations of
semi silicajsuper duty fireclay|high
alumina light weight|/high alumina in-
sulating have been suggested for side
walls and roof depending on operating
conditions of furnaces and of dense
fireclay | sillimanite | superdense high
alumina | dense chromite bricks for
hearth area. Present practices in the
country as well as abroad have heen
discussed ,supplemented by result
data. Reactions with different indi-
genous products have also been re-
ported based on simulative laboratory
trials.
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normalizing, stress relieving, temper-
ing, vitrecous enameling. In no other
group of furnaces, c¢here are such a
great differences In size, design ‘and
operating conditior?, * Eviry gradation
in 'size " is found from small rivet
heating furnaces to the huge
heating  furpaces .and from small
boX type heat treatmert furnaces to
several hundred feet long,  Heat
recovery units may or may not be
provided. The furnace may be any
one of several types i ‘Hearth, plt,
muffle, tunnel or others. [t may be
stationary, rotating, stationary except
for rotating hearth, and in some cases
even portable. The material under
treatment may be heated in batches In
an *In & out’ type of furnace; or it
may pass Intecmitently or in a moving
hearth,

Reheating furnace

The modern continuous reheating
furnace Is 2 mechanically complex unit
which can put considerable stress on

billet

Recent developments for heat treat-
ment furnaces and suitable econo-
mical products have been recommen-
ded and discussed

Refractories in soaking pits have
been discussed besides economical |
suitable recommendations of fireclay|
high alumina|basic refractories.

The area presenting greatest problem
is the hearth of a pusher-type furnace,
which demands high strength and abra-
slon resistance at temperature upto
1400°C. Most effective . material for
the hearth is either a rammed ' mix of
chrome ore, clay and sodium silicate
or dense chrome bricks besides normal
magnesite and -chrome-magnesite bricks.

" One means of reducing abrasion of the

refractories being used in it. Pusher -

type and walking-beam furnaces em-
bodying up to five heating zones may
incorporate both under and over firing,
batch type furnaces, though often equi-
pped with a wheel-bogie hearth, are
basically of box form and hence place
relatively light demands on their refrac-
tory linings. ( They typically employ
bricked walls, with upto 429, alumina
fireclay bricks backed by insulating
bricks. Mouldable or castable refractory
with an insulating backing may also be
used, Its lower conductivity giving
lower heat detention).

143

a pusher-type unit, which is
- formed of 54-609,

‘hearth is the incorporation of raised

skids of a dense chrome-alumina solid
solution bonded 909, alumina brick or
fusion cast refractories. In the notched
hearth or walking beam furnace, the
hearth condition Is less severe than In
normally
dense alumina

bricks.

Side walls and roof of continuous re-
heating furnaces employ. a wide variety
of refractory materials and forms. At
the entry end, 409 alumina bricks
meet the relatively low temperature
conditions and at the hot exit end,
bauxite based 60% alumina bricks,
backed by insulation fire bricks will
serve better than conventional super
duty bricks. Thinner wall can be
obtained by the use of monolithic facing



materials of the similar composition.
Roofs may be made of high duty dense
fireclay bricks having good spalling
resistance property or 60—709%, alu-
mina bauxite based bricks can be used
with advantages which will require
appreciably less malntenance and offer
a long working life. '

Soaking pit

Basically, soaking pit can be. consi-
dered as flame fired or electrically
heated refraccory lined boxes in which
ingots, slabs and blooms are placed,

- In both cases, temperature rarely ex-

ceed 1500°C. Many arrangements of
soaking pits are in use in modern steel
making plant. The prime objective is

to heat all the ingots to an equal degree
and at the same time avoid impinge-

ment damage to the roof and sidewall
refractories. Even heating can be achi-

eved by correctly placing the ingot
within the furnace, and centrolling
flame length by proportioning direct
and secondary air stream. Theidea Is
to ensure the correct heating pattern;
the system must also prevent flame
impingement on the opposite wall,
Electrically heated soaking pits have
traditionally been used in Scandinavia
and certain other countries where
low cost hydro-electric power is readily
available. In India, A.S. P, Durgapur
is also having electric pits. In these,
heating Is by radiation from -electrical
resistors running along each side of the
pit; heat discribution is even through-
out the pits length and temperature
- contrcl more readily carried out than
in the gas or oil fired furnaces. From

-the refractory aspect too, the problems. .

are much less severe, and relatively
little maintenance is required.

Varlous refractory materials are used
for different parts of soaking pits.
The principal criteria effecting - their
choice include the form of heating
cycle, maximum operating tempera-
tures, extent of flame impingement and
degree of contact between the refrac-
tory and the ingots forming the charge.
Three areas of the soaking pit structure
must be considered—the hearth, side-
walls and roof, The pit hearths are
lined with chrome-magnesite bricks
having holes in order to clean out the

molten slags generated during the

| operation, Over the chrome-magnesite

lining, a bed of coke breeze is provided.
The molten scale falls into a layer of
coke breeze, this In turh rests on
refractory brick hearth backed berieath
by insulating bricks. The top layer of
bricks is commonly magr.esite, chrome-
magnesite or high alumina bricks.
Dense chrome bricks can” be used with
advantage as they have very high
mechanical strength éd‘mblngd with
higher refractoriness under load and
good spalling resistance. Lower side-
walls, to avold under-cutting by slags
often employ bricks of the same mate-
rial backed by fireclay and solid Insula-
tion. Mouldable or castable refrac-
tories are finding incrzasing use in both
soaking pits and reheuiing furnaces.
They offer a tharmal conduttivity atout
half that of brick, rx;ing 7assible the
use of thinner stock, and ‘considerably
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reduce the mainterance required dur=
ing each campaign, One. area of the
soaking pit'demanding particular atten-
tion is the seal between the roof or
cover and the top of the sidewall. The
traditional sand s.al can be superseded
by a sealing {a, 3r of low density alu-
minaesillicaze fibreweol which readily
compresses to forad a ceal under the
roof. ’ :

Heat treatment furnace

Heat treatment furnaces generally
operate in the temperature -range of
400 °C to 950°C and . are seldom
designed for temperature above 150°C.
The various heét treatments are accom-
plished in furnaces capable - of heating
the product to a specified moderately
high temperature for a sufficlent time
to permit the occurarce of phase and
surface changESv,‘ fodowed by a cooling
cycle which determines the final physi-
cal properties. This final phase may
be achleved by controlled rates of cool-
ing or by various quenching procedures.
Many heat treating process also employ
prepared gaseous atmospheres of ‘vari-
ous compositions, These atmospheres
may be used only to prevent oxidation
or scaling of the surface, or they may
be used to change the chemical tompo-
siton of the product by addition of
carbon, nitrogen or other elements or
by removing carbon asin decarburizing.
If controlled atmospheres, containing
appreciable quantities of carbon mono-
oxlide or h)}drogen. come into contact
wlith the refractory lining, care must be
taken to select refractories which have
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unusually fow contents of reducible

oxides. This can be accomplished —

i) By selecting refractories contain-
ing absolute minimum of free iron
oxide or other oxides which are

reducible in their free state, Or

i) By  selecting refractories which
have been so processed. that -
these oxides have been rendered
inert by chemically combining-
them into stable compounds.

Combustion chambers or baffles are

" usually built of high duty fireclay bricks,

supper duty fireclay bricks or high
alumina material depending on the fuef,
temperature and degree of flame impin-
gement and heat shock.

in furnaces by electrical resistance,
the rate of temperature change is very
moderate. Very dense and strong high
duty fireclay shapes for some furnace
designs are used to  support the
resistors.

Since the operating themperatures
are relatively low and the service con.
ditions such as corrosion- and abrasion
are rélatlvel;} mild in heat tresting
operating, -insu1atlhg firebricks - are
widely used in building the furnaces.
In the case of continuously operated
furnaces, the use of Insulating firebrick

_is specially advantageous, because of the

{ow rate of heat loss through such ref-
ractory linings. For intermittent or
batch type operations, insulation fire
bricks provide alining with a low heat

storage capacity. Thus the minimum



amount of fuel is wasted in heating up
and cooling down the furnaces. More.
over, use of insulating firebrick enables
the operator to keep very close tem-
perature control during all phases of the
heat treating cycle. Except where load
bearing or resistance to abrasion must
be high, or high porosity is undesir-
able, insulating firebricks should find
lnéreaslng use in heat treating furnace,

Discussions

The conditions prevailing in various
parts of the furnaces mentioned above

have been discussed In detail in Tables
I to IV along with the suitable refrac-
tories. - The general recommendations
of ORIND Products for the various furna-
ces based on present practices are given
in Annexure—Il. The datailed specifi-
cations of the products discussed are
given in Annexure -II, - The result of
the simulative tests carried out in the
laboratory for the reacaion against mol-
ten scale have been given In Annexure
lll and the photograph of the cut
specimens are shown In figs, | to 3,

Fig. 1-—Bricks after iron oxide scale resistance test. 1 Corod—SD; 2 Corcd—D1;
3 Corod—D2; 4 Corod—L2 ; 5 Corod—L1.
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Fig 2—Bricks after iron oxide scale resistance test. 6 Korond—90 D; 7 Orimul;
8 Sillimax—IV; 9 Orind—AL—70; 10 Orind—AL—60.

Fig. 3—Bricks after iron oxide scale resistance test. 11 Chromel—D; 12 Chrome-
Magne B; 13 Magne—B.
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application datas

Having ccnsiderable CCS
of 60—-80 kg/em and insula-
ting properties

Bricks made of purer raw

HITEMLITE—130

SUPER—IIH

ORIND refractories which Laboratory test and
HITEMLITE—100

withstand the vagaries
and have reqd. propertigs

properties

Insulating type bricks having
purity

considerable strength and
Dense fire bricks having good

Types of refractories
which have the required
spalling with low iron and
low réducib!e oxide contents

the

-t
conduc-

thstan:

d tow
furnace vagaries.

quire
Dense & abrasion resistance

tent of reducible oxides) be-
sides low thermal

Refractory properties re-
tivity.

resistance, purity (low con-

Table—~IV Service.conditions and types of refractoriés used in heat treatment furnaces.
Mechanically strong spall

the furnace.
tuation, reducing atmosphere

Description of vagaries
Moderate temperature, fluc-
and gaseous reaction (CO,
Abrasion ( in case of conti-

Hz etc) in some cases.

n

Conclusion ;

To sum it up briefly, one needs the
following classes of refractories to re-
solve the problems of most applica-
tion areas 1—

a) Dense chromite bricks for the areas
where the molten slag and scale
reactlon is very severe, besides

material having low iron

content.

other severe conditions in reheat-
ing furnace soaking zone, hearths,
soaking pit, bottom and sidewalls
upto slag line.

b) Dense solid solution bonded 909,
Al,O; bricks, where abrasion Is
most severe at unusually high tem-
perature as in case of pusher-type
roller hearth and in ejector axis
area where presently fusion cast
bricks are used.

c) High alumina bricks of 60—709%,
Al,O; range for sidewalls and roofs
under critical operating conditions
specially in soaking pit which faces F.
severe spalling conditions and '
needs longer down time for main.
tenance and repairs as required by
the conventional practice of using
silica, '

or
COROD D—1

d) Semi silica brick for building upper
wall of soaking pit,"which in service
tend to acquire a glaze contribute
to fairly long life. This brick with-
stand the rapid temperature chan-
ges and possess the desirable pro-
perties of volume stability and rigi-
dity at the working temperature.

B

ORIND has already carried out some
panel trials In integrated and mini-
steel plants which has shown en-
couraging performances. More cons-
tructive response ‘from manufacturers
and users are needed to Introduce
modern  practices  ( internationally
accepted) for higher economy,

nuous and rotary furnaces)
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ANNEXURE—III

Simulative Test Details

SI. No. Product Dimensions of the - Specimen Extent of penetration

cavity Size Depth wise Side wise
Dep_th Dia mm . mm mm
mm mm
.

1. Corod—50 45 40 100 x 100 x 100 13 9
2.  Corod—D1 45 40 100 x 100 x 100 16 20
3. Corod—D2 .- 45 40 100 x 100 x 100 16 21
4. Corod—L2 * 45 40 100 x 100 x 100. 25 22
5.  Corod—L1 45 40 100 x 100 x 100 28 24
6. Korond—90D 45 40 - 100 x 100 x 100 6 3
7.  Orimul 45 40 100 x 100 x 100 7 4
8  Sillimax—IV 45 40 100 x 100 x 100 7 6
9.  Orind AL—70 45 40 100 x 100 x 100 8 7
10.  Orind AL—60 45 40 100 x 100 x 100 8 8

11.  Chromel—-D 35 30 75x 765x 75 0.5
12,  Chrome-Magne B | 35 30 75x 75x 75 2 3

35

13, Magne—B 35 30 75x 75x 75 2

Experimental Details

All the groupwise specimens were packed with the equal quantities of iron oxide scale and fired
in oil fired furnace at 1550 °C for 4 hrs. The specimens were then cut. from the centre and
studied. ' ‘
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