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ABSTRACT

Manufactured refractory brick from used refractory of kiln cement plant with the variation of sintering
times had been done. The purpose of this research was to find the effect of sintering time toward
physical properties of refractory, such as the apparent porosity, the bulk density, cold crushing
strength and thermal conductivity. The used refractory which used on this research was magnesia with
the addition of kaolin clay as adhesive. Total weight which used was 300 grams with the composition
of 85% used refractory, 15% kaolin clay, and 12%wt of water was added. The larger agregate was
40+80 mesh in amount of 65,6%, the smaller agregate was -80 mesh in amount of 34,4% and kaolin
clay was -100 mesh. The materials then mixed and stirred till it perfectly blended, and after that it was
molded with the size of 5x5x5 cm using hydraulic press under a load of 10 tons so it formed
greenbody. Greenbody then dried and sintered at 1200 °C with time variation of 2 hours, 4 hours, 6
hours, 8 hours and 10 hours. The recycle refractory brick had been made the compared with the used
refractory before it was recycled and also new refractory. Based on characteristic test that had been
conducted, it shows that the longer sintering time decrease of apparent pororsity and increase of the
bulk density, Cold Crushing Strength (CCS) and thermal conductivity.
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1. INTRODUCTION

Refractory is one of ceramics that able to
hold its physical and chemical properties at
high temperature. Generally, refractory is
made from silicon oxide (SiO,), potassium
oxide (CaO), magnesium oxide (MgO),
aluminium oxide (Al,O3), zirkonium oxide and
some other oxides such as carbide, nitride,
boride, silica and graphite. In cement industry,
refractory is used for isolator rotary kiln to
protect kiln from high temperature, chemical
reactions, and abrassions. In Indonesia,
Wiharja (2006) had been studyng that the
replacement of refractory of kiln cement is
frequently done for 3 to 4 times in a year [1].
That frequency increase the used refractory
which can not be used because had been
damaged. Actually, refractory is one of the
most spent cost of cement plant operation and

made from rare material because of its limited
availability. So, it needs more efforts to make
it usable again.

This research was done to make refractory
from kiln used refractory of cement plant with
the purpose to improve the physical properties
of used refractory. Refractory which used was
Magnesia. Refractory was made by using
general refractory producing method by
crushing, sift, presing and heating (sintering).
The common refractory physical properties
were the bulk density, the apparent porosity,
cold crushing strength, and thermal
conductivity.

The chemical composition of the used
refractory and kaolin clay raw material is
shown in Table 1.



Tabel 1. The chemical analysis of the raw materials
used for the production recycled refractory

bricks.
Component wt% in Used wt% in Kaolin
refractory clay
MgO 86,83 0.35
AlyOs 1,59 28,90
Si0,, 1,16 4232
Fe, 05 0,34 1,76
CaO 2.76 1,89

Almost all refractory physical properties
were formed in sintering process. Sintering is
the heating process of solid powder into more
compacted solid under its melting point. The
influencing factors of sintering were
temperature and sintering time, particle size,
raw mix material composition and green body
density [2]. This research specifically discuss
about effect of sintering time toward refractory
physical properties. The physical properties
then compared to used refractory and new
refractory.

2. MATERIAS AND METHODS

2.1 Materials. Material which used was
magnesia used refractory of rotary kiln from
cement plant in West Java, Indonesia. Kaolin
clay was added as adhesive from Kemiling
Kaolin claye Mine, Bandarlampung.

2.2 Procedure for recycle refractory brick
production. Total composition a refractory
recycle sample (Rr) was 300 grams with 85%
of used refractory and 15% kaolin clay and
water was added as much as 12%wt. The
larger refractory size was -40+80 mesh in
amount of 65,6%, the smaller refractory
agregate size was -80 mesh in amount of
34.4% and kaolin clay was size of 100 mesh.
All materials then were mixed and stirred till it
was perfectly blended, then molded in size
5x5x5 cm using hydraulic press under a load
of 10 tons till greenbody formed. Greenbody
then dried at room temperature for 2 days after
that dried in oven at 110 °C for 24 hours.
Sintering temperature in furnace was 1200°C
and cooled in furnace till reach room
temperature [3]-{6]. The sintering time were 2
hours, 4 hours, 6 hours, 8 hours and 10 hours.
The refractory without kaolin clay was made
as standard of comparison with composition
was 100% of used refractory with addition
water of 12%wt, 300 grams. Agregates were
made in the same size. The larger refractory

size was -40+80 mesh in amount of 65,6%, the
smaller refractory agregate size was -80 mesh
in amount of 34.4% then sintered at 1200 °C
with 6 hours sintering time.

2.3 Thermal Conductivity Test. Thermal
conductivity is the heat amount which pass
through a material at a unit of time, per unit of
temperatures gradient as long as stream
direction per unit of area. Sample thermal
conductivity is tested by using standard
guarded hot plat method ASTM C177-04 [7].
Sample which tested were recycle refractories
and used refractory.
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Figure 1. Tlustration of thermal conductivity test

With absorbed energy equal to the released
energy of heater, so:

O=kxAx(AT/Ax) (1)

With Q (watt), k (watt/m.K), A sample surface
area (m?), T temperature (K), and x material
thickness (m).

The equation for conductivity (k) calculation,
was as follows:

_ Q
k= D@, @
2.4 Apparent Porosity and Bulk Porosity
Test. Apparent porosity and bulk density is
tested by using standard method ASTM C20-
00 [8].

2.5 Cold Crushing Strength (CCS) Test. Cold
crushing strength or pressure strength is the
maximum load when cracking occur or
material destruction per unit surface area when
pressured at room temperature [5]. Cold
Crushing Strength test was based ASTM
C133 [9].



3. RESULT AND DISCUSSION

Characteriation of recycle refractory with
kaolin clay bricks after sintering:

3.1 Apparent Porosity and Bulk Density.
Sintering time of refractory will affect to pores
and density from refractory material which
stated by apparent porosity and bulk density.
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Figure 2. The effect of sintering time to apparent porosity
and bulk density of refractory

Figure 2 presents that bulk density of
recycle refractories increases and apparent
porosity decreases with increasing the
sintering time. Sintering was carried out t at
1200 °C with variations of sintering time : 2
hours, 4 hours, 6 hours, 8 hours and 10 hours.
The result of the bulk density are 1,038 gr/cm’;
1,046 gr/cm3; 1,049 gr/cm3; 1,051 gr/cm3 and
1,058 gr/cm’. The apparent porosity are
19,79%; 19,65%; 19,63%; 19,23% and
19,11%.

Porosity of refractory was begun to form on
molding process. On molding process, the
fusion and compaction process occur cause of
the given pressure so there will be empty
spaces between particles. The smaller particle
will penetrate to the empty spaces between the
larger particle so the refractory will become
more solid, is called as greenbody. Greenbody
then be more solid and more powerful through
sintering process.

Porosity of recycle refractories decreases
with increases of sintering time. At sintering
occur diffusion of atoms which move from
particle surface to pores so there will be fusion
one particle to another particle called as neck.
The neck growth on specific temperature is
depend on the sintering time. The neck growth
will influence the shrinkage of material pores.
The porosity can be formed because the

unbalanced diffusion and trapped gas in
material [2]. The lower porosity of refractory
bricks the higher material density of materials.
This statement is displayed in Figure 4 .

3.2. Thermal Conductivity. There are several
parameters influencing the thermal condutivity
such as bulk density and apparent porosity.
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Figure 3. The effect of sintering time toward refractory
thermal conductivity

Figure 3 present that thermal conductivity
of recycle refractories increases with
increasing sintering time. The result of
conductivity at sintering time 2 hours, 4 hours,
6 hours, 8 hours and 10 hours are 11,7120
WmK; 11,9179 W/mK; 12,1749 W/mK;
12,2188 W/m K; 12,2188 W/m K.

Thermal conductivity is affected by its
refractory density. The higher density the
easier heat to pass through material because
the restriction in form of porosity in getting
lower. The low thermal conductivity is needed
for refractory which used as isolator in
industry, to hold the heat for it will not be
released to environment and also protect
equipments from the high temperature.

3.3 Cold Crushing Strength. Cold crushing
strength (CCS) is standard of refractory which
stated the strength of refractory to the given
maximum load. CCS does not indicate the
characteristic of refractory when it is used and
more state the strength of refractory when it is
transported. Refractory with the good strength
is not easily crack or damage when it is
trasnported. It is same with thermal
conductivity, CCS also have relation with
density and porosity of materials.
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Figure 4. The effect of sintering time duration towards
Refractory Cold Crushing Strength

Figure 4 present that cold crushing strength
increaces with increasing of sintering time.
CCS at sintering time of 2 hours, 4 hours, 6
hours, 8 hours, 10 hours are 5,28 Mpa; 5,76
Mpa; 5,76 Mpa; 5,84 Mpa; 6,58 Mpa.

Refractory CCS has relation with its
density and it porosity. The higher refractory
density so the better strength of the refractory.

3.4 The Effect of Kaolin clay Addition to
Refractory Composition. Kaolin clay is one of
clay that has good plasticity when it is mixed
with water [10]. Accordance with clay
characteristic in common, kaolin clay will be
flexible when it is mixed, it will be hard when
it is dried and it will be solid and strong when
it is burned. )

Table 2. The comparison of recycle refractory with
kaolin clay dan without kaolin clay.

. Bulk ..
CCS  Porosity . Conductivity
Sample Density
(Mpa) (%) gr/em’ (W/mK)
Recycle
+ Kaolin 5,76 19,63 1,049 12,1749
clay
Recycle
without 5 o 1653 1.189 12,1835
Kaolin
clay

According to Table 2, refractory with
kaolin clay has the lower bulk density than
refractory without kaolin clay, but has the the
better strength, it is based on its cold crushing
strength value.

Around temperature 450°C, the chemically
combined water in clays is release and leaves a
large pore within refractory body, resulting in
the formation of metakaolin clay. As
metakaolin clay is heated around 980°C, spinal
phase is formed, an amorphous siliceous
phase. As the temperature increases (at about

1100°C), the spinel is transformed into mullite
and, simultaneously, SiO? is expelled in the
form of glassy phase. Then glassy silica
promotes sintering, which is identified by the
third shrinkage phase found above 1200°C [6],
(11]

Mullite is considered as a binding phase in
most of refractory brick and it has a high
resistance to melting and minimum thermal
expansion as well as low thermal conductivity

13].

3.5 The Comparison of Recycle Refractory,
Used refractory and New Refractory. The
comparison of recycle refractory, used
refractory and new refractory is shown in table
3

Table 3. The comparison of recycle refractory, used
refractory and new refractory

. © Bulk ..
CCS Porosity i Conductivity
Sample Density
(Mpa) (%) gr/om’ (W/mK)
Kiln Used 4838 549 2.82 13,5440
Recycle + 6,58 19,11 1,058 12,2188
Kaolin clay
New 34.47- 2.84-
Refractory[12] 5516 17 39 10:56

The recycle refractory has not reach the
best characteristic, which improve the used
refractory characteristic resemble to new
refractory characteristic.




b)
Figure 5. a) SEM from recycle refractory with kaolin
clay addition with sintering at 1200 °C for 10
hours. b) SEM from kiln used refractory.

Figure 5 present the SEM result that
recycle refractory sintering had occur with the
presence of particle grains which united one to
another (neck), but sintering occur
imperfectly. It is proved by the growth of
imperfect grains and its various size. The
growth of too big grain will eliminate the bond
between particles which located at the edge of
grain borders (grainboundaries), therefore will
decrease the strength of refractory, and it will
cause the refractory to become fragile.
Besides, the imperfect grains growth will
affect untoward pores because the increasing
of refractory porosity. It is different from SEM
result of used refractory which looks more
compact and united so it has the better
physical properties.

4. CONCLUSION

The manufacture of refractory from kiln
used refractory from cement plant had been
done. According to physical test that had been
conduct, it shows that the longer sintering time
cause the lower apparent porosity, bulk
density, cold crushing strength (CCS) but it
cause the higher thermal conductivity.
Refractory with addition of kaolin clay has the
bigger apparent porosity amd lower bulk
density, but it has the better cold crushing
strength (CCS) and thermal conductivity than
refractory with the absence of kaolin clay. The
recycle refractory has not the characteristic as
good as the used refractory.

Physical properties of recycle refractory is
still not the same as new refractory, so it is not
aplicable yet. Even so, this research is very
suitable to continue, it is because the

availability of kiln used refractory from
cement plant that still can be used. There are
some treatment that can be done to increase
the recycle refractory properties. First,
compaction pressure when molding can be
increased in order to gain more solid
greenbody. In industry, pressure which
commonly used is 100 Mpa or in the sample of
this research is about 25 tons. Second,
sintering temperature is also can be raised, for
magnesia refractory the temperatures are about
1500-1750 °C [5]. Heating rate in sintering
process must also be a concern, it can not be
too quick, so it will not cause fracture of
refractory.
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