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Effect of Calcium Hexaluminate Aggregate Content on Mechanical Properties and
Fracture Behavior of Corundum—Calcium Hexaluminate Castables
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Abstract: Calcium aluminate cement bond reacts with matrix to form flake calcium hexaluminate phase at a high temperature,
thus effectively improving the thermal shock resistance of the material. However, too much cement will produce a large volume
expansion that affects the properties of the material. In this paper, calcium hexaluminate aggregate was used to partially or
completely replace the tabular corundum aggregate to prepare castable, and the effect of aggregate porosity on the mechanical
properties of castable after curing and high-temperature treatment was investigated, and the fracture behavior of castable was
analyzed via wedge splitting experiment. The results show that at 25 °C, compared with tabular corundum, water absorption and
release effect of pores in calcium hexaluminate aggregate promote the formation of more hydration products around the aggregate,
accelerate the hydration reaction of cement, and favor the interface meshing between aggregate and matrix. After heat-treatment at
1 600 C, the hydration product is transformed into a secondary phase CAg, which improves the interface strength of aggregate and
matrix, and increases the proportion of crack propagation in aggregate during material fracture. The castable with 30%CAg
aggregate has an optimum crack propagation resistance.
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Table 1 Formula table of corundum—calcium hexaluminate

castables w/%
Raw materials RO R30 R50 R70
Tabular corundum(<5 mm) 70 40 20 0
Calcium hexaluminate(<5 mm) 0 30 50 70
Alumina powder(<0.088 mm) 19 19 19 19
a-ALO;(<2 um) 6 6 6 6
Secar71 5 5 5 5
FS60 +0.1 +0.1 +0.1  +0.1
Water +4.0 +4.6 +5.0 +5.0

w—Mass fraction.
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Table 2 Physical properties of tabular corundum and calcium hexaluminate aggregate

Average pore size/

Specific surface
w(Water absorption)/% P

Raw materials Bulk density/(g-cm™) Relative density/% Apparent porosity/%

um area/(m>g ")
Tabular corundum 3.59 92 3.36 0.93 1.31 0.03
Calcium hexaluminate 3.14 88 11.27 3.51 0.73 0.24
0.12 0.001 0 0.000 10
— 0.0009 &= CA, 0.000 08
bo 0.10 00008 —*TC <15 0.000 06
é =[5 000004 .
< 0.08 0.0007 0.000 02 \ £
(=} fones N A/ X >
.% 0.0006 0.000 00 A R S
= 020406081.01.21.41.6|
= 0.06 N %D 0.0005 Pore diameter/nm
= LS
=1 0.000 4
= 0.04
2 0.000 3
=
5 0.02 0.0002
g 0.000 1
0.00 . . . . 0.0000 . .
10 100 1 000 10 000 100 000 1 10 100 1000
Pore diameter/nm Pore diameter/nm
(a) Mercury injection test (b) Specific surface area test
2 HRHLAES A

Fig. 2 Pore size distribution of aggregates
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Table 3 Physical properties of samples cured at 25 C and treated at 1600 C

Sample No. Apparent porosity/% Bulk density/(g-em™) Cold modulus of rupture/MPa Permanent linear Change/%
25°C 1600 C 25°C 1600 °C 25°C 1600 C 1600 C
RO 3.240.1 15.440.1 3.344+0.01 3.20+0.01 8.53+0.11 39.35+4.14 0.1440.06
R30 3.5+0.7 17.4+0.3 3.2420.01 3.10+0.01 8.47+0.49 39.3740.15 0.1620.06
R50 4.0+0.5 19.120.1 3.18+0.01 3.02+0.01 7.91+0.08 38.57+0.39 0.16+0.03
R70 4.840.8 19.8+1.1 3.09+0.01 2.954+0.01 8.46+0.01 37.26+0.71 0.17+0.04
2.3 YIRERS BHEH EN3.73%, TIFEARTOKAAR FHK & B i83.97%.
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Fig. 3 XRD patterns of castables samples and aggregates and cement cured at 25 'C
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Table 4 Water quality of samples after curing at 25 °C by

freeze—drying test wi%
Sample No.  Adding water Freeze—drying water ~ Structural water
RO 4.0 0.54 3.46
RO 5.0 1.41 3.59
R30 4.6 0.94 3.66
R30 5.0 1.27 3.73
R50 5.0 1.17 3.83
R70 5.0 1.03 3.97
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Fig. 4 XRD patterns of samples after 1 600 ‘C heat treatment
Kl 6 FEMZE 1 600 CHULHLS ¥ SEM R
Fro HIEL 6 FTIL, FKAGAH I 70 AR S BRI
I TR AHAE G AHEET TC Bk CAq B
JIFERE L CAcH, HEIE CAsHRI& RN,
JrR CAgfEF I L ATAS L2 . FEHE 5 A A1 1L
b, RS EERE.



CTERR 2R 400 J Chin Ceram Soc, 2022, 50(12): 3293-3304

2022 4E

TC
aggregate

(b) R30

aggregate

(c) R50 (d)R70

K5 BEAhZ25 CHRAP R ISEME )T
Fig. 5 SEM photographs of samples after curing at 25 ‘C

aggregate

(a) RO (b) R30

CA,
aggregate .- . ‘ ag(SeAgGate
&

aggregate

(¢)R50 (d) R70

Ko FEimZe1600 CHALHL S FISEMIE J1
Fig. 6 SEM photographs of samples after 1 600 ‘C heat treatment
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Fig. 7 SEM photographs of fracture surface of samples after curing at 25 °C and 1 600 C heat treatment
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Fig. 8 Force—displacement curves of wedge splitting of corundum—calcium hexaluminate castables
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Table 5 Wedge splitting test results of corundum—calcium hexaluminate castables
EIGPa Fonax /KN G¢'/(J-m™) oxnt/MPa Len /mm
Sample No.
25°C 1600 °C 25°C 1600 C 25°C 1600 C 25°C 1600 C 25°C 1600 °C
RO 104.5 171.5 0.52 2.39 140.4 260.4 5.0 229 595.5 85.5
R30 85.8 148.5 0.52 2.07 145.1 292.6 5.0 19.9 496.8 110.0
R50 772 135.2 0.50 2.02 167.3 260.3 4.8 19.4 557.9 93.4
R70 75.8 124.1 0.57 2.24 116.7 256.7 5.4 21.5 300.0 68.5
E—Elastic modulus; F,,«—Maximum vertical load; Gy —Specific fracture energy; oxt—Nominal notch tensile strength; /;—Characteristic length.
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==Cracks propagation along the interface between aggregate and matrix; ==Cracks propagation in aggregate; ==Cracks propagation in matrix.
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Fig. 9 Cracks propagation in corundum—calcium hexaluminate castables
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Fig. 10 Expansion ratio diagram of cracks in the interface. aggregate and matrix in four groups of samples

(a) SEM photograph (b) SEM photograph in Fig. 11(a) and EDS spectrum of point 4

Bl 11 1600 CHALERFEHE S R30 s/ RS B R 24480 SEM iy
Fig. 11 SEM photos of crack in calcium-hexaluminate aggregate in sample R30 after 1600 ‘C heat treatment
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P
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Fig. 12 Schematic diagram of water absorption and release of aggregate in mixing and curing stage
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