5% 51 &5 3 ] JiE S > B < N Vol.51, No.3

I

2023 4 3 /] JOURNAL OF THE CHINESE CERAMIC SOCIETY March, 2023

http://www.gxyb.chpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20220858

BT K B RERR BESS M ALk ) e (AR B e TR

FRHEY OB T AXEL KERL RS RAEL W OEL FAEY

(L HHWRYE, HHGLEMES RN HEARE A=, 7T 8100161;
2. RHE RS, EEAM R S R E R o BEA TR A0, B 430081)

B E. KEEHRELHENEFIREP RGOSR N EZLEGH, HEEZ DICERIERIRE KN ATAEL
N&SiO3-9H,0 1 MgCly-6H,0 AL RAIK A S MUK G IR EE(MgO-SIO,H,0, M-S-H), BT 1 Kkeii S ATRE e kAL
XK ERERRBR I GEAACHZ R s BEJR R TG i M=S-H B SRR H & B beitkl, W R O S Gei B PR RE I FE M . 45
PR BRI ECT 400 CHY, KERERRBEAA G Rt SR OCEOE I FIT M-S-H EJih 2 MR,
R 3E AR G5 A oL IO M S R R R I B v s AR BRI e kb ) 26 1 A v ST\ — E BRIl BOK & R RR B AN b B O ek
By AR A R B MG A RN L 08 I LIS S i s RIS D T s IR A B R R R BRI A B TR s ke
NTTRARRE ok B B et R 4%

KRR BOBEERL (REERCE: AKARERREE: “SHCIZ R RIS
FESES: TQL75  XEREE: A XEHS: 0454-5648(2023)03-0649-09
P4 HRRE 18] 2023-02-08

Effect of Magnesium Silicate Hydrate on Properties of Low-Microsilica Bonded
Magnesia-Based Castables
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Abstract: Magnesium silicate hydrate (MgO-SiO,—H,O M-S-H) is a main bonding phase for microsilica bonded magnesium-
castables used for tundish. Its content determines the mechanical properties after demolding. In this paper, M—S-H was synthesized
with Na,SiO3-9H,0 and MgCl,-6H,0 as raw materials. The effect of M—S—H at different calcination parameters was investigated by
X-ray diffraction, scanning electron microscopy, specific surface area measurement, nuclear magnetic resonance, and
thermogravimetry-differential scanning calorimetry. Moreover, the synthesized M—S-H with microsilica powder (1%) was introduced
into the magnesia-based castables to evaluate their influences on the properties. The results show that M—S-H has a memory effect
when the calcination temperature is below 400 ‘C. Increasing the calcination time can facilitate the insertion of interlayer hydroxyl
groups in M—S-H gels and contribute to the formation of a lamellar structure with a higher structure stability. A certain amount of
pre-synthesized M—S-H and a small amount of silica powder can assure the castable with a good workability and a sufficient early
bonding strength. The reduced silica can suppress the formation of large sized defects due to the volume shrinkage of matrix, in the
interface of aggregates and matrix, thus improving the mechanical properties of castables. This work provides a support for the
development of magnesia-based castables with alow silica content.
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Table 1 Batches compositions of magnesia-based castables w/%
Sample No. Fused magnesiaaggregate  Fused magnesiapowder Microsilica MSH MSH-200 MSH-400 MSH-400*3 FS20 Deionized water
6 74 20 0.25 5
SiM1 74 20 1 0.25 5
S1IM1-200 74 20 1 0.25 5
S1IM1-400 74 20 1 0.25 5
S1IM1-400*3 74 20 1 0.25 5

w—M ass fraction.
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Fig. 1 XRD peatterns of the calcined M—S-H and their
re-hydrate samples

212 B B 2 kR KL M-SH
FE S I R /) SEM BRI 2 AT I, A Rl
SRR ER, RYIEBKEFERSE+
M-S—H R[4 2 E—#, R~I24 100~200 nm, £



. 652 (RERR 2h2230)

J Chin Ceram Soc, 2023, 51(3): 649-657

2023 4F

200 ‘C F1 400 “C K558 J5 £ fih M=S—H Fi0kL X~ BE Gl
Fru /N 1K S G FE S RH-MSH-200 F1AE &
RH-M SH—400 H [#) F0kL R~ 18 K 22 150~300 nm, &

500 nm

(d) MSH-400

(€) RH-MSH-400

W EKEERE T M=SH W HO e Atk —
B, (AR5be 400°C B8 2 3 TR R
SPHEIAN B

500 nm

(f) RH-MSH-400*3

B2 REBef Kk M=S-H £ 5 i1 B A 1
Fig. 2 Microstructure of the calcined M—S—H and their re-hydrate samples
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Table 2 Specific surface area of M-S-H after calcined at
different temperatures and their rehydrated

samples
Sample No. Specific surface areal(m*-g™)
MSH 415,05
MSH-200 40157
MSH-400 277.82
RH-MSH-200 435.88
RH-MSH-400 474.17
RH-MSH-400*3 364.03
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Fig. 3 FT-IR spectra of the calcined M-S-H and their
re-hydrate samples
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Table 3 Mass loss of M-S-H and re-hydrated samples

obtained from TG results w/%
Sample No. 30-200 ‘C  200-400 ‘C 400-750 ‘C 30-750 C
MSH 19.70 5.42 522 30.34
RH—M SH—200 18.24 5.54 5.83 29.60
RH-M SH-400 16.53 3.85 6.27 27.65
RH—M SH—400*3 11.06 322 7.38 21.66

x4 BFERRISRIRAME

Table 4 Flowability of magnesia-based castables

Sample No. S6 SIM1 SIM1-200 S1IM1-400 S1M1-400*3

Flowability/mm 128 118 115 120 120
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Table 5 Apparent porosity and bulk density of the magnesia-based castables treated at different temperatures

110°C 1550C
Sample No.
Apparent porosity/% Bulk density/(g-cm™) Apparent porosity/% Bulk density/(g-cm ™) Permanent line change/%
S6 11.3+0.2 2.92+0.01 16.8+0.3 2.91+0.01 -0.38
SIM1 12.3+0.1 2.96+0.02 15.8+0.1 2.97+0.01 -0.59
S1M1-200 11.9+0.7 3.01+0.03 16.3+0.4 3.00+£0.02 -0.64
S1M1-400 9.2+0.2 3.04+£0.01 15.4+0.3 3.03+0.02 -0.60
S1IM1-400*3 11.4+0.0 3.01+0.01 16.8+0.0 2.99+0.00 -0.50
*6 ARIERFINERETERELEREENITERE
Table 6 ocpmor Of the magnesia-based castables treated at different temperatures oemor/MPa
Temperature/'C S6 SiM1 S1M1-200 S1IM1-400 S1IM1-400*3
50 10.4+0.4 8.2+0.2 10.5+0.2 10.9+0.3 10.4+0.2
110 11.3+0.9 11.0+0.6 11.9+0.4 14.6+0.7 12.6+1.8
1550 10.5+0.7 16.0+0.3 18.2+1.8 15.3+0.2 17.3+0.4
ocmor—Cold modulus of rupture.
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Fig. 6 XRD patterns of magnesia-based castables after treating at 1550 C
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