e | SHINAGAWA
TECHNICAL
REPORT

ThVIF—ZAERXRINVEF+ AT TND

BERIR RN R 12 5. 2. B URINA D 52 2,
Effect of Additives on Post Firing Linear Change
of Alumina-Spinel Castable

X H = i B —

Kosuke Ot1a Kazuya NakaBo

[T I

Shigefumi NisHIDA

6o Ml ¥ 3k

<€ &)V IS5H -tk Ea4t

SHINAGAWA REFRACTORIES CO.,LTD.




Vol. 62 2019

TIVIF-ACRIVEX Y A Y TINVOBRBRGEBIEICS 2 5
UINF) o 5 2

Effect of Additives on Post Firing Linear Change of Alumina-Spinel Castable

[T == S S A

Shigefumi NISHIDA

AXoH o= T H

Kosuke Ota

5 oo— we

Kazuya NAKABO

E F
TIVIF - AERNVEF Y AY TIVIIHERLZEEICENL Z EPMOLNT WA, LA LRI
LHOHHEIOFEIC L > TERKREL BRI LIEEBOONe TNETTIVIF-AERIVED
JEiE1ZCa0-6ALO; (LLTFCAsE KT %) DAEMEOWINIL D EEZLNTE DY, Ry ¥
B M) AZRMT AL, Cas(PO) DR L TEET S Z E05bho 7z,

Abstract

Alumina-spinel castable is known to have excellent volume stability. However, the marked
expansion phenomenon was observed according to the kind of the dispersant added. The expansion
of alumina spinel castable has been considered to be due to an increase in the amount of CaO-6Al.0;
(hereinafter referred to as CAs) produced. Contrary to this, it was revealed that Ca;(PO.): is
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generated by the addition of sodium polyphosphate and this caused castable expansion.

1. ®8

TNVIF-—TATTHE, TIVIF-ZAERL
BX v A5 7V ENRZ T L, KREREFICL
CEHENTWS, BT VI F - AR VEIX
TV FEEE A ROVERTRER SN TS 7
WD, TVIF-XTATTEOL) L AR IVE
B R LI C WAL E R ICEN TV 5, T
VIF =T AVTHE ThVIF-AERVE
F v ALY TIVOMBAANE ) BRI OWTIEINnE
T L OWMERDH Y, TVIF LTI FER
Y INORIBZ L ACADERDFHEL Tnb L%
AENTWDY, 72, VA T757—=hEd
BHECADERIRAE S, BRI L ) KE R

1. Introduction

Alumina-magnesia castables and alumina-
spinel castables are widely used for the work-
ing linings of various furnaces such as the steel
ladle. Especially, alumina-spinel castables show
competitively excellent volumetric stability
after firing because alumina-spinel castables
consist of alumina and spinel and have no spinel
forming expansion that is observed in alumina-
magnesia castables. Many academic studies and
end-user reports about the thermal expansion
of alumina-magnesia castables and alumina-
spinel castables have been reported. It is thought
that CAs which is generated by the reaction
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Fig. 1 Effect of additive type on linear change.
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between the CaO in the alumina cement and

12 influences thermal

AlO; at high temperature
expansion behavior. Some reports mentioned
that the coexistence of silica flour accelerates
CAs-forming and increases the thermal expan-
sion of castables”.

We found that alumina-spinel castables with
sodium polyphosphate addition showed abnor-
mal thermal expansion behavior during our
study of alumina-spinel castable thermal expan-
sion (Fig. 1). There is no report about the effects
of sodium polyphosphate on the expansion of
alumina-spinel castables. Therefore, we investi-
gated the effects of sodium polyphosphate on
the permanent linear change after firing in
alumina-spinel castables.

2. Experiment

2. 1 Test samples

Table 1 shows the mix compositions of sam-
ples. Fused alumina, fused spinel and alumina
cement were used as the main raw materials.
In order to observe the effects on the linear
change clearly, raw materials under 1 mm grain
size were used because small grains show
high reactivity better than large grains. The
amount of sodium polyphosphate addition was
changed in No. 1, No.2 and No. 3. No.4 contained
not sodium polyphosphate but phosphoric acid
aqueous solution without sodium. For purpose
of comparison, polyacrylic acid was added to
No.b.
2. 2 Experiment method

The samples were mixed by planetary mixer

Table 1 Composition of samples
Sample No. 1 2 3 4 5
Fused Alumina 58
Composition .
/ mass% Fused Spinel 25
Alumina Cement 17
Polyacrylic acid 0.28 0.28
Additive Phosphoric acid agueous solution 0.6
/ mass% .
Sodium polyphosphate 0 04 0.8
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Fig. 2 Effect of three additives on linear change.
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for 3 minutes with 11.5mass% water content.
The samples were molded by a metallic mold
(25x25%x120mm), and then cured at room
temperature for 24 h. After setting and remov-
ing from the mold, the linear change of samples
was measured. Then, samples were dried at
110C for 24h and fired at 1500 C for 3h. The
measurement of linear change was based on
JIS R2554. The mineral phase of samples were
identified by X-ray diffraction. The post firing
microstructures of castables were observed
by scanning electron microscopy (SEM) and
elemental analysis was performed by Electron
Probe Micro Analyzer (EPMA). The equilibrium
production phase was simulated by using ther-
mochemical calculation software, FactSage®
(developed by GTT-Technologies, Thermfact
Ltd.).

3. Result

3. 1 Permanent linear change

Fig. 2 shows the permanent linear change
after firing at 1500 C. Although No.2 with
sodium polyphosphate and No.4 with phos-
phoric acid aqueous solution shows expansion,
No.5 with polyacrylic acid shows contraction.

Fig. 3 shows the effect of sodium polyphos-
phate additive amount on the permanent linear
change after firing at 1500 C. No.2 and No.3
with sodium polyphosphate shows expansion
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Fig. 3 Effect of sodium polyphosphate on line
change.
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with the increase of sodium polyphosphate
amount whereas No.l without sodium poly-
phosphate shows shrinkage.
3. 2 Mineral phase

Fig. 4 shows the X-ray diffraction patterns of
No. 2 and No.b5. The peak intensities of CAs were
almost the same on both samples and differ-
ences of the mineral phase were not obtained.

Fig.5 shows the relationship between the
sodium polyphosphate content and the first peak
intensity of CAs. The CAs generation hardly
changes irrespective of sodium polyphosphate
content.
3. 3 Micro structure

Fig. 6 shows the micro structure of No.1 and

50

® Spinel  A:CAs o
o
g [ ) A A No.2
Z Sodium polyphosphate
2
2
E o
o )
= ® A | A A
A A No.b
JL]\J\ Polyacrylic acid
T ~A T T
30 35 40 45
26/ deg.
Fig. 4 XRD pattern of samples (No. 2, No. 5).
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Fig. 5 Effect of sodium polyphosphate on amount
of CA; generation.

Fig. 6 Microstructure of samples (No. 1, No. 2).
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Fig. 8 EPMA image of sample (No. 2).
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No. 2. Needle-like CAs crystals were generated
in the castable matrix in both samples. How-
ever, there are no obvious differences between
the microstructures.

Fig. 7 shows the compositional image of No. 1,
No.2 and No.3 as well as the distribution of P
and Ca. A concentration spot of Ca and P was
observed locally in No.2 and No. 3 which contain
sodium polyphosphate. The composition of the
area surrounded with an oval was CaO : P.O; =
24 :1, and it was confirmed that the compound
was Cas(PO,); from its composition ratio. Fig. 8
shows enlarged images of the concentration
spot of Ca and P in No.2. An approximately
10-20 um void space around particles which
contain a high component of Ca and P was
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Fig. 9 FactSage generation simulation of minerals
at 1600 °C.
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observed.
3. 4 Simulation of equilibrium phase

Fig.9 shows the result of the equilibrium
phase simulation at 1500 C when the amount
of phosphoric acid was changed. As the amount
of phosphoric acid increased, the amount of CAs
decreased and Ca;(PO.), increased.

4. Discussion

In this section, the expansion of alumina-
spinel castables caused by adding sodium poly-
phosphate will be discussed. Although it was
thought that the expansion of alumina-spinel
castables was generally due to CAs—forming,
the expansion caused by adding sodium poly-
phosphate was not related to CAs from the
results shown in Fig. 5.

Ca;(PO.). generation was observed in the
sample which showed high permanent linear
change after firing. According to references"”,
the coefficient of thermal expansion of Cas;(PO.)»
is 14.8x10°K™. This is larger than 8.8x10°K™
of ALLOs; and 7.6x10°K™ of spinel. The genera-
tion of the void space around Ca;(PO.), particles
suggests that the expansion of Cas;(PO,). is
larger than that of the circumjacent matrix.
Therefore, it is thought that Cas;(PO.). genera-
tion was increased and castables showed high
expansion in accordance with the increased
addition of sodium polyphosphate.

Since the equilibrium phase simulation cor-
responds to the test results, it is assumed that
the expansion caused by adding sodium poly-
phosphate was not caused by CAs—formation
but was caused by Cas(PO.). generation. On
the other hand, the expansion of No.2 and No. 3
caused by Cas;(PO,). generation was clearly low
compared to the result shown in Fig. 1, which
showed abnormal expansion even after taking
into consideration that only under 1 mm gains
were used for No.2 and No.3. Hence, we think
that there is a possibility of another factor that
contributes to expansion. In the future, we will
continue to study and aim to figure out the
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mechanism for alumina-spinel castables expan-
sion.

5. Conclusion

We investigated the effect of sodium poly-
phosphate on the permanent expansion of
alumina-spinel castable after firing. As a result,
the authors found the following.

- The permanent linear change after heating
at 1500 C was increased by sodium polyphos-
phate addition. Furthermore, the permanent
linear change was increased in accordance
with the increase in the amount of sodium
polyphosphate.

- CAs generation did not change much irre-
spective of increased sodium polyphosphate
content.

- When sodium polyphosphate was added, CAs
and Cas(PO,). were generated. An approxi-
mately 10-20um void space around the
Cas(PO,), particle was observed.

- We consider Ca;(PO.). generation to have
contributed to expansion because the coef-
ficient of thermal expansion of Cas(PO.,), was
larger than that of Al,O; and spinel which
were used as the aggregates for castables.
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