Vol. 49 2006

Shinagawa Technical Report

ASETET K~ D Y 34 7 )V )51k

Technology for Recycling Unshaped Refractories

=8 o =
Yuichi TAKAKURA

e = K A B b

Hisaharu SASAKI

i i

Makoto NANBA

Abstract

Recycling used refractories is one of the key technologies for improving the global ecology.

Unshaped refractories are widely used in steel making furnaces, but there are some problems in

recycling unshaped refractories. This paper introduces some examples of recycling technology for

unshaped refractories
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1. Introduction

Recently, many steel plants recycle used
refractories, in order to improve the earth's environ-
ment. Used bricks are recycled by crushing them
and adding them to bricks or castables. But used
unshaped refractories are not recycled much.
Unshaped refractories are widely used in steel
making furnaces such as ladles and tundishes. Slag
penetration and metal adhesion make it difficult to
recycle unshaped refractories.

We report the influence of recycling used
refractories on the qualities of unshaped refracto-

ries.

2. Recycle of Used Bricks in Unshaped

Refractories

As an example of recycling used bricks in un-
shaped refractories, we show the experimental
results of recycling used slide plate refractories in
castable for the iron treatment lance pipe. The used
slide plate refractories were crushed and added to
the castable in a controlled grain size distribution.
The slide plate refractory was alumina-silica mate-

rial. As shown in Fig.1l, alumina-silica lance pipe

1 EATREE A 55 2 WS 2 v — 7 5 2 WF9EF — 4 ) — 4 —  Team Manager, Unshaped Refractories R&D Group, Research Center
2 HAREFERT 55 2 W9/ v — 7 FE(LIFZEE Managing Research Engineer, Unshaped Refractories R&D Group, Research Center

*3 TIER ST H¥ERE Sales Office Manager, Chiba Sales Office



Shinagawa Technical Report

Not add Add used material
s
B
c |
.0 ¥
B
3 -
2 |
o B
&) ‘
a
o
Fig. 1 Cross section of samples after penetration test.
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Fig. 2 Appearance of lance pipe after use.
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Fig. 3 Cross section of used castable for steel ladle.

Table 1 Chemical Composition of used Material
Penetration layer Original layer
Al,Os 70~73 82~87
Chemical SiO, 6~8 1~2
Composition | Fe,0s 3~4 0.3~0.8
(%) CaO 7~9 1~2
Na,O 0.5 0.3

castable containing slide palate refractories sup-
presses the loosening of structure caused by pene-
tration of soda ash. In actual use, the life of the
lance pipe is not decreased by adding used slide plate
refractories. On the contrary, the appearance of the
lance pipe after use is smooth with decreased peel-
ing, as shown in Fig.2. By adjusting the grain size
distribution of the base castable, used slide plate

refractories can be added up to 30%.

3. Recycling Used Unshaped Refractories for
Unshaped Refractories

3. 1 Recycling of Alumina-magnesia castable for
the steel ladle

As an example of recycling used unshaped
refractories for unshaped refractories, we show the
experimental result of recycling used alumina-
magnesia castable for the steel ladle.
3. 2 Sample preparation

The penetrated layer of used alumina-magnesia
castable from a steel ladle was separated from the
layer of original unpenetrated material. The two
layers were pulverized and the iron components
were eliminated. The powders were classified into
three groups, namely, coarse, medium, and fine
powder. Each powder was used as starting material

instead of alumina medium, and fine powder and
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Table 2 Composition of samples
<Base : Al,0:-MgO castable >
A B C D E F G
Coarse |20%

AlOs Medium |20% | 20% 20%
Small 20%|20% | 20% 20% [20%
Coarse 20% |20% | 20%
Penetration | pedium 20% | 20%
ayer
Small 20%
Coarse 20% |20% | 20%
Original Medium 20% | 20%
ayer
Small 20%

Used material content | 0% |20% |40% |60% | 20% | 40% | 60%

% Fine grain content of samples is the same.
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Fig. 4 Effect of used material content on required
water.

also used as a starting material instead of alumina
aggregate. Test samples were prepared using these
recycled powders in additions of 20, 40, and 60
mass%. A standard sample, consisting of virgin
(unused) raw materials was prepared for testing in
a steel ladle. The composition of matrix (alumina,
silica, magnesia, cement)was the same for all sam-
ples. Fig.3 shows a cross section view of a used
castable from a steel ladle. The chemical composi-
tion of the used material is listed in Table 1. The
composition on the test samples is listed in Table 2.
3. 3 Test methods

To investigate the effect of the penetrated layer
and the original layer materials on the properties of
castable, the following characteristics were evalu-
ated:
(1) Fluidity: Plastic mixes which had the same V5
flow value were prepared by using various sample
powders, and the water content of each mix was
measured. The V5 flow value was measured by the
spread of the material after vibration on the test
table for 5s. The test cone specified in JIS 2521 was
used.
(2) Linear Thermal Change: After heating samples
(40 X 40 X 160mm)at 1500°C for 3h, the length was
measured.
(3) Thermal Expansion: The thermal expansion
coefficient was measured using a temperature rise
4°C/min in an oxygen atmosphere.
(4) Creep: The creep value was determined using a
load of 0.2MPa at 1500°C for 3h in an oxygen
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Fig. b Effect of used material content on linear
change after 1600-3h heating.
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Fig. 7 Effect of used material (penetration layer)
content on thermal expansion curve.

R IRT, FERBORINT X > TAERRIARE K
BDEEREN 5o FHPOPOAHBETH 205, T OIRIE
DI VAR IRE SR E K L2 HRPICH 5,
EERBARINL 754, $91400°C & T IREEZRIN & g
L CEERB IR E K BB RERE I o 7o 1o LAEE
Z20% ML 72 & D 131500°C & Thgsk L7z oicxf L, 40
%R L 72 & D 13491400°C, 60% 740 L 72 & D 13491350
CTH OMEERPNES ot ZD72H1500CTIREAE
JE%60% RN L 72 & O AN D & & » BUEZRFE 3013
DN KL BHER &85 72,

@) 7V — 7

Fig.8 B £ UFig. 9 ICEMOTMA 27 ) — 7 RIcE x
LB ARYT, FHEEBXUOLHEEE bICZDIRINED
BEhmciew s ) — 7R3N s8R L o7, 27
) =7 EROBMFEREEZRNLGE6 XD bAEE%
BIMLIGBEOHEBRELB->TBY, BEBE60%R

Vol. 49 2006

2.5

_O_A

—~ S

2:0 [ %’/

Thermal expansion(%)
P

05 : : s :
1000 1100 1200 1300 1400 1500

Temperature (°C)

Fig. 6 Effect of used material (original layer)
content on thermal expansion curve.

atmosphere.
3. 4 Test results
(1) Fluidity

Fig.4 shows the effect of the content of used
material on the water required to maintain the
desired V5 value. The water requirement increased
for samples that contained both penetrated or
original unpenetrated used castable materials. The
fluidity of samples containing used material de-
creased. The data also show that the samples con-
taining original unpenetrated material had a
slightly larger effect on the fluidity than samples
containing material from the penetrated layer.
(2) Linear Thermal Change

Fig.5 shows the effect of the content of used
material on the linear thermal expansion after
heating at 1500°C for 3h. As indicated in the figure,
the original unpenetrated material showed no clear
effect on the expansion behavior, however, the
linear change of the sample with penetrated mate-
rial decreased with increasing content.
(3) Thermal Expansion Characteristics

Thermal expansion of the samples containing
original unpenetrated material increased with the
increase in content, all of which were greater than
the virgin sample, as shown in Fig.6. But the addi-
tion of penetrated material showed different behav-
10r, as shown in Fig.7; the thermal expansion of the
samples containing penetrated material was greater
than the virgin sample and increased with tempera-

ture, but the curves of samples with different
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Fig. 8 Effect of used material (original layer)
content on Creep value.
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Fig. 9 Effect of used material (penetration layer)
content on Creep value.
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contents of used materials were different. The
sample with 20 mass% recycled castable expanded
up to 1500°C, however, the 40 and 60 mass% recycled
castable samples began to shrink at 1400°C and
1350°C, respectively. It can be seen that the thermal
expansion of the 60 mass% sample was significantly
less than the virgin sample at 1500°C.

(4) Creep Characteristics

Fig.8 and 9 show the effect of used material
content on the creep value, as a function of soaking
time at 1500°C. As shown in both figures, the creep
value increased with increased content of recycled
(used) material. Comparing both figures, the creep
value of samples containing penetrated material is
greater than the sample containing original
unpenetrated material. Fig.9 shows that the creep
value of the sample with 60 mass% of penetrated
material was about 18 times greater than the virgin
sample.

3. b Consideration

The used alumina-magnesia castable was divided
according to layer (i.e., unpenetrated or penetrated
materials), and used as filler for castables, after
crushing and pulverizing. Evaluation of the samples
confirmed that various characteristics of the
castables containing used material were different.

Since the penetrated layer contains impurities and
glass phase, it retained it's flowability very well
compared with the unpenetrated layer, which was
more porous. However, the linear expansion, ther-
mal expansion, and creep values of the castables
containing penetrated material decreased. These
characteristics suggest that the castables contain-
ing penetrated material sinter, with liquid phase
formation at high temperature.

It is known that spinel is formed at high tempera-
ture in alumina-magnesia castables by the reaction
of alumina and magnesia. The spinel forming
reaction reduces stress in castables, and controls the
thermal expansion. It is considered that the anti-
thermal spalling character of castable ladle linings
1s based on the spinel phase formed in the matrix.
There is the possibility that the performance of
castables containing used material decreases in

service due to thermal spalling and flaking
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conditions.

This study indicated that the thermal properties
of recycled castables are significantly affected by
the addition of material from the penetrated layer.
From the result of this experimental conditions, in
the case of a 20% recycling ratio, thermal expansion
and creep values show a similar tendency. So about
20% recycled unshaped refractrories can be added
to alumina-magnesia castable for steel ladles by
controlling various characteristic. However the
influence of various characteristics on the castable
vary with the used material. Therefore, the content
and particle size of such materials must be carefully
controlled. When an acceptable design is developed
for the application of recycled castables, the content
of recycled materials can be increased by the addi-
tion of some materials that contribute to the reduc-

tion in thermal stress.
4. Summary

In the near future, requirements to protect the
earth's environment will increase and the ultimate
goal of the technologies for saving energy and
resources will focus on the generation of no waste
materials. For the refractory industry, it is impor-
tant that recycling technology will be developed
from the standpoint of cost performance for the
users, in addition to performance. There are
many problems in the recycling technology for
refractories. The authors consider that the recy-
cling technology for unshaped refractories can best
be developed by close cooperation with the user

industries.
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