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Abstract

Recently, attention is being given to cement free castable using colloidal silica as a binder. In
this report, the hot modulus of rupture of a cement free castable was investigated. As a result, it
was found that the hot modulus of rupture was greatly improved by adding additive X. The newly
developed cement free castable containing additive X was tested in an actual furnace with good
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results.
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1. Introduction

Today, cement castable is applied to almost
every blast furnace trough in Japan. Cement
castable has excellent properties such as the
ease of installation and dense texture.

On the other hand, there is a castable without
cement using colloidal silica as a binder (here-
inafter referred to as cement free castable). In
previous studies, cement free castable showed a
lot of excellent properties such as high explosion

* 1R FZERT 45 2 WFZEEE 45 1 if%E= Unshaped Refractories R&D Sec. No.l, Research Dept. No.2, Research Center

*2pE - TV THER WIET LA ATV v —
* 3 Manager, Grindwell Norton Ltd., India

Manager - Marketing and Sales, Overseas Business Dept. for China & Asia



AL TWIZHANT, IHRRERT R EN L 2
EREVPIEINTVDY, IhbHoWMER, f

M3 25 oHmE IR, —F, FIHIVEY
RE¥ExAZTNIE, A NIATOFYRAYT
WV TH T A ALOs-SiO-CaO % Ol W E 7
R LWz, B TORMEIRE R LD S
ENRFHEIND, £ TRBF T, kot
YENIATOR Y ZF TV LD KRB
I EESRTIHNVKRY FEY A Y TIVORE
~HIF L7z

T2 OGS AT 72/ R, 7 I VARV Fdy
A8 TIAZERINX 2 A9 5 & B 58 FE 23K
I B2 2 EDbhro iz FIFEHRESRD BIF
Thorzlz0, UTFICHET 5,

2. BIFEMDYH

Al OBENZ W72 A % Table 112 /R $, 4
YTIWVAER, ERHO—KN R A MY AT D
¥y RAYTINVTHDL ek ¥ 7TUBIE, &
MX%2mmL7z, /v Ay NI ATDr I Hh
VR FEFx AT TV THL (5N

EEZLE, AR, WS, S,
i, WENTRILE, »SHEOHER R
Figl~7127R9 o > 7IVBIZ, 1000T hn#z o i
RS, AR S, BRI O 7OV A
TEWEZ R L72e —75, 1500C iz o #hi s
X, EAERR S, BRI Y SIVAICHAR TR

Table 1 Chemical composition and water addition
Sample I.D. A B
s | Cotos

Al:Os 70

SiO; 2 3
Chemical SiC + Si 22 23
composition
/ mass% C 3

Others 7 3

Additive “X” a 10a
Water addition / mass% 6.5 6.2
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resistance and drying ability"?. While these
reports mainly focused on the properties of
installation, there are few reports regarding the
service life. Meanwhile, cement free castable can
be expected to differ in hot properties because
no eutectic reaction among Al:O3, SiO2 and CaO
that produces liquid phase at low temperature
is assumed since it exclude cement. In this
report, therefore, the hot modulus of rupture
of cement free castable was investigated. As a
result, cement free castable with significantly
improved hot modulus of rupture compared to
conventional cement castable was developed
successfully.

After many investigations, it was found
that the hot modulus of rupture was greatly
improved by adding additive X. In this paper, the
properties and actual use results of cement free
castable containing additive X are described.

2. Characteristics of the Developed Cement
Free Castable

Table 1 shows the compositions of the speci-
mens. Sample A was designed on the bases of
general slag runner cement castable. Sample
B was newly developed cement free castable
containing additive X.

Figures 1 to 7 show the weight change, lin-
ear change, modulus of rupture, cold crushing
strength, dynamic modulus of elasticity, appar-
ent porosity, and bulk density, respectively. After
heating at 1000 C, the modulus of rupture, cold
crushing strength, and dynamic modulus of
elasticity of sample B were higher than those of
sample A. On the other hand, after heating at
1500 C, the modulus of rupture, cold crushing
strength, and dynamic modulus of elasticity of
sample B were lower than those of sample A.

Figure 8 shows the hot modulus of rupture.
The hot modulus of rupture were measured at
1500 C in an N, atmosphere. For hot modulus
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Fig. 5 Modulus of elasticity.
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Fig. 2 Linear change.
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Fig. 4 Cold crushing strength.
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Fig. 6 Apparent porosity.
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Fig. 7 Bulk density. Fig. 8 Hot modulus of rupture at 1500 °C.
Sample A Sample B
SEM
image
Fig. 9 SEM images of fracture surface after hot modulus of rupture test.
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1500 C-3 h followed by natural cooling at room
temperature, and then reheated for testing. The
hot modulus of rupture of Sample B was higher
than that of sample A.

Figure 9 shows the microstructure of the frac-
ture surface after the hot modulus of rupture test.
In Sample B, a large amount of needle-shaped
minerals (diameter: ~1 yum, length:~10 um)
were observed. The needle-shaped minerals
originated from additive X. In Sample A, on
the other hand, whiskers (diameter : ~0.1 um)
were observed. The whiskers originated from
metallic additive.
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Fig. 10 Comparison of wear rates of conventional
and developed products.
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3. Actual use Results

Figure 10 shows the actual use results of the
newly developed additive X-containing cement
free castable for the slag runner spout. The wear
rate was significantly reduced by applying the
newly developed cement free castable. After the
tests, the newly developed cement free castable
has been used as regular products.

4. Summary

- The hot modulus of rupture of the cement
free castable was improved by adding addi-
tive X.

- The cement free castable containing additive
X was applied to an actual furnace with good
results.
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