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Introduction

Ncw a.
gaining wide popularity In Steel Plants
and other industries due to certain ad-
vantages in application. They have
got the advantageous property of de-
formability without rupture and reten-
tiviey of deformed shape after release
of stress. They are monolithics pre-
pared In stiff plastic condition of pro-
per workability for use without further
preparation, They are mixtures of
graded refractory aggregate and a plas-
tic fraction with or without plasticizers.
Thelr applicatio:i is easy and time sav.
ing. They can be applied in intricate
positiens locally without disturbing the
rest of the lining and can be moulded
to any shape in situ, thus eliminating
the requirement of special refractory
shapes.

dys plastic refractories are

A number of monolithic refractories
such as, ramming masses, castables and
gunniting materials were developed and
used successfully in Tata Iron -and Steel
Company till - recently. But plastics
were yet to be developed. Feeling the
necesstty‘of plastics for better main-
~ tenance at certain [ocations, develop-
ment work of high alumlna plastic was
taken up.

Laboratory work was taken up to
develop high alumina plastic for
maintenancée of furnaces in authors’
plant. Laboratory data:-of raw mate-
rials taken are given. In order to have
a product-with better workability an
attempt was made to improve the
plasticity of clay. Laboratory data of
different mixes are mentioned.

The developed material was put on
trial at various installations in the
plant. One of the areas where ex-
tensive " trial was conducted is the
mill side. The plant trials gave quite
encouraging results which are stated
in detail.

Experimental work
Laboratory data on raw materjals are

given in Table | and Table II.

The high plasticity of plastic fraction
In a plastic mix Is of prime importance,
If the clay available is highly plastic,
mere mixing of graded refractory aggre-
gate and plastic In right proportion will
give a suitable material. But in absence
of highly plastic clay the alternatives
left are, addition of plasticizers or
ageing of clay or blending it with
another clay of ‘more plastic nature.
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Since no highly plastic clay was avall«
able an attempt was made to enhance
the plasticity of available clay by addi-
tion of plasticizers and by ageing.

Addition of p-lasticizers

- Plasticity index (Atterberg number)
of clay (as such ) i.e. B was deter-
mined according to standard method
(1S-4589-1968). Different plasticizers
Adl, Ad2 and Ad3 were added in dif-
ferent percentages to B and after tho-
rough mixing, plasticity iIndices were
determined. The results are given
in Table 1ll,

A'geing

Weighed quantity of powdered clay
was taken in a clean glass container
and measured volume (43%) of water
was added to it. After thorough mix-
ing the slurry was left for agelng, To
prevent rapid vaporisation of water,
the container was kept covered with
moist gunny bag. The slurry was
- agitated once a day. From 6th day
onwards the consistency of slurry was
watched. On eleventh day when the
consistency was found suitable the flow
limit was determined. The paste was
then dried and plastic limit was found
out at proper time. . From the two
figures of flow limit and plastic limic
plasticity index was found out,

Little more water was added to the
paste in the glass containr and thoro-
ughly mixed and left for further age-
ing. Consistency was watched daily.
On |6th day when the proper consis-
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tency was arrived, plasticity index was
determined as already stated. x

Some more water was added to the
paste and after thorough mixing left
for still further ageing. On 3ist day
when the right consistency was arrived
plasticity index was determined. The
results are given In Table IV

After working on the aspect of im-
proving the plasticity of clay (B), the
grading of refractory aggregate was
done. The selected plasticizer was
added in required percentage to clay
(B) and intimate mixing was done.

The graded refractory aggregate and
the above clay  plasticizer mix were
mixed in different proportions and
required quantity of léquid was added
to each mix. '

The . different compositions were
tested for workability index as per
ASTM standard method (ASTM Desig-
nation C—I181—47 (1971).

175 mm x 25 mm x 25 mm briquet-
tes and 50 mm x 50 mm cylinders were
made from these compositions., The
briquettes were tested for drying and
firing changes, apparent porosity, bulk
density, apparent density and cold
crushing strength after firing at differ-
ent temperatures.

The properties ar. mertioned in
Table V. Chemlcsl anaiysis, P. C: E.
and screen anaI/sli ¢f the salected high
alumina plastic are given In Table VI

and VIl.
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Discussion _ Lo
A survey of Table Il 1eveals that
the plasticity IndeX of B rises from 20

to 27.5 with 5% .f "All. and. to 3l
with 107, of th.” same material. In

case of Ad3 the. plasticley index rises.

from 20 to 25.6 with 59 and to 29.6
with 10 of the material,

_ But addition of 5%, and 10% of Ad2
increases the plasticity index from 20

“to only 20,5 ‘and 21.5 respectively.

That means among the. plasticizers
added Adl was most effective whereas
Ad2 was the least.. Ad3: Is an organfc
plasticizer added in the: form of paste.
Table IV shows that plasticity index of
B rises from 20,0 to 22.5 after 10 days
of ageing, 20 to'23.0 after fifteen days
of agelng and 20,0 to 23.5 after ageing
for a month. This leads to the Infe.
rence that process - of ageing Is not
enhancing the plasticity of the clay In
question to that extent as s obtained
by addition of plasticizer Adl.

In ylew of the above findings, com-
positions were made with -clay which
was intimately mixed with 10% of AdlI.
Table V. reveals that out of three
cbmpos’ftlons- '{'ma'de,,PZ Is. having lower
drying and firing changes compared
to Pl and higher C, C. S. than P3.

Considering the :workability Index
it Is observad that workability Index
of P2 is lower than that of Pl and P3
crumbled during the test..

'On the basis of applicability P2 was
preferred to Pl - and P3 was discarded
due to ‘poor workability. * Thus P2

was selected from the Jot.

215

Plant trials

The develcped high alumina plastic
was_ first manufactured by extrusion
process in Refractories. Plant in the
form of 230 mm x [14 mm x 75 mm
bricks on 23rd December, 1974, for
trial purpose, The bricks were wrap-
ped in plastic paper and sent to the
site of trial. The trial was conducted
first In reheating furnace No, 2 of
Rail Mill whichIs a continuous type
gas fired furnace and works at a tem-

perature of |300°C.

The plastic was applied at a few
places on roof in the ~heating zone of
the furnace covering a total area of
roughly three square meters. At one
or two places full bricks were Intro-
duced and compacted by wooden
mallet to fill the cavity. Over and
above the rectangular areas between
burners above the suspended arch in
soaking zone were filled up by plastic
bricks at three places. After roughiy
one and half months when the furnace
was down the area was inspected. All
the patches were found in-tact. There
was neither any trace of crack nor any
patch “or part of patch had fallen.
Figs | and 2 are the photographs of a
few patches taken during inspection,
In Fig. I, the piastic patches are marked
as P. The photograph clearly shows
that the patches were in good con-
dition. Fig. 2 shows the photograph
of plastic brick introduced Into the
cavity and placed by hammering. Some
plastic patches are also visible In the

- top of the photograph, A fresh lot of

plastic was made and applied in the



Fig. 1 Plastic patches (P) in the
roof of Rail Mill, Reheating Furnace
No. 2 in heating zone ( after cne and a
half months of service).

Fig. 2 Plastic brick in the roof of
Rail Mill, Reheating Furnaca No. 2, in
heating zon> (after one and a half
months of gservice).

soaking zone of the same furnace on
6-2-1975, covering a total area of
roughly three to four square meters,
Fig. 3 is the photograph of the same
old plastic brick taken after a service
of 13 months. A look at the photo-
graph very clearly shows that the
surface is exactly in the same condition
as It was earlier. Fig. 4 is the photo-
graph of patches in the soaking zone
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of the same furnace after a service of

roughly one year. The patches are .

visible In the top and right side of the
photograph. Getting the encouraging
trend the trial was extended to reheat-
Ing furnace.in other mills.

The next reheating furnace where
trial of high alumina plastic was con-
ducted was Merchant Mill furnace,
This also s a continuous type gas flred
furnace and is operating regularly at a
temperature of 1250°C-1300°C. Though

Fig. 3 Plastic brick in the roof of Rail
Mill, reheating furnace No. 2 in the
heating zone (after 13 months of
service).

Fig. 4 Plastic batches in the roof of
Rail Mill, reheating furnace No. 27in
the soaking zone (after 3 year of service)
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the shut dowsn period alloted was -only

48 hours still plastic could be applied.

in the furnace . roof on 26-2-1975 in
heating as well as soaking zone, cover-
ing a total area of roughly 4—5 square
meters. When observed on 28:3.75
the condition of the patches was found
to be good. Patch work was done In
other areas on 28-3-75. On 3-4.76
the bricks in'a very big area of the
roof were found to hava badly spalled.
So a decision was taken to knock the
area and do a fresh brick work in the
region. In the process of knocking the
roof in that region the plastic patches
automatically came out along with the
bricks. Fresh plastic was applied in

other part of the roof,

The next place where high alumina
plastic was applied in re-heating furnace
was Skelp Mill. This furpace is also a
continuous type gas fired furnace and
is being operated at a temperature of
1250°C. On 16-4-75, a total area of
roughly 5 square meters was covered
with this plastic In the heating and
soaking zone, - The patched area was
inspected thricd I. e. on 20-7.75, 17-9-
75 2nd 8-10-75, Every time the patches

were found in good condition: But

the roof was changed during the annual
shut-down period when the bottom of
the furnace was lald with fusion cast
blocks.

High alumina plastic was also applied
in roof of Plate Mill reheating furnace
on 4-6.75 at some places covering a
total area of five square meters. It Is
* - a gas fired batch type of furnace opera-

ting at a temperature of. 1300°C. The.

patches were observed on 2.8-75, 30-
10-75 and, 6-12.75, No flow was ob-
setved any time in any of ‘thé patches.
Another fresh lot of material was ap-
plied at few other places covering a
total area of 3—4 square meters on
3-10-75. On 7-3-77 when observed all
the patches were found to be.in posi-
tion. The patches are still surviving,

The trial of high alumina plastic was
at length extended to medium & light
structural mill reheating furnace, The
plastic was applied In the whole lintel
arch area over delivery ‘slope of fur-

" -nace No. 2. The skid supporting cross:

pipe of the furnace was also covered
with plastic at few places, Fig. 5 Is
the photograph of the lintel ‘arch area
taken after 433 days of service.” The
photograph* clearly shows that' the
plastic Is still in- position. Fig. 6"'_I's'
the photograph of the skid support-
ing cross pipe taken after 433 days of
seryice. Here-also thé  plastic ‘was
found 1a falrly good <onditioh,

Fig. 5 Lintel arch of medium & light
Structural Mill, Furnace No. 1 covered
with high alumina plastic ( after
433 . days of service ).
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.Fig. 6 Skid supporting cross pipe of
medium & structural mill: Furnace No:
1, covered with high alumina plastic.
(.after 433 days ).

The trial details are given in Table
Vil

Use of high alumina plastic in re-
heating furnaces has become a common
feature of the day. Its application has
simplified the repair job at a lower
cost,

Conclusion

I High . alumina plastic of suitable
workability was developed for the
maintenance of reheating furnaces.

2. Even without a plastic clay, plas.
tics can be developed with the
_help of suitable plasticizer.

3. Mzjor shut downs In reheating
‘furnaces were avoided by applica-
tion of high alumina plastic, The
down time, cost and man-power
have been saved considerably.
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