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Effect of Silicic Acid on Water Resistance of Magnesium Oxysulfate Cement
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Abstract: Silicic acid was used as a modifier to magnesium oxysulfate (MOS) cement to improve the water resistance of MOS
cement. The effect of silicic acid on the mechanical properties, volume stability, and water resistance was investigated. The phase
composition, microstructure, and ion leaching concentration were investigated. The co-existence of magnesium silicate hydrate
(M-S-H) gel with MOS system was also analyzed. The results show that the addition of silicic acid enhances the mechanical
properties and improves the volume stability of MOS cement through promoting the formation of 5SMg(OH), MgSO,-7H,0 crystals
and M—S—H gel. When MOS cement containing silicic acid immerses in water, the residual silicic acid continues to react with free
Mg®" and OH™ to form M—S—H gel. Meanwhile, 5SMg(OH),-MgSO,-7H,0 crystals and M—S—H gel coexist in MOS cement, resulting
in an improvement in the water resistance of MOS cement.

Keywords: magnesium oxysulfate cement; silicic acid; water resistance; hydration product; microstructure

B BE(MOS) /K U8 /& BRI BE BRI K RIB AU @S RO, B M S B SRR B K I

VAT A TG AR 1T B — B A Bt A ) 5%
FERR Hh/K Ve, MOS JKJe RAT it SRR, it
KAERE A0S, O T2 B B RS ARANB K

WeRE F . 2022-12-05. BT HM: 2023-01-01.
HEUH: EXAAREEES L1H (52178189).
HEF: BWEE(1993—), B, Ewiak.
WAEEE: K983 —), &, it #R.

WOR & R R P 2T ROCE 2 ALIEHEIR Mg(OH),,
HAE MOS KU IS PEREREAR' 7. 15 MOS /K¢
h B NAHLETEHL ISR & LA (n . AT

Received date: 2022-12-05. Revised date: 2023-01-01.

First author: CHEN Xiaoyang (1993-), male, Doctoral candidate.

E-mail: askdcxy@126.com

Correspondent author: ZHANG Tingting (1983-), female, Ph.D., Professor.
E-mail: tingtingzhang@dlut.edu.cn



+ 2018 - CRER 3h 4R ) J Chin Ceram Soc, 2023, 51(8): 2017-2026 2023 4E
Mo WRR. SEREEA. BERRAVE)S, BB T 6 100
FE P 5 37 1 R A BE KA 2 2 ) F e B A £ P A1 3k £ 5y Cumulative curve — {50 2
T MOS 1k & A A4 K B A 2 () 35 78 4 10 400K £ 41 g
5SMg(OH),-MgSO,-7TH,O(517 )ikl 10, it 5 44 i £ 1% %
AR A MOS KR HIFLESH, AR MOS kIR 1. 48.9L 2’ Lo 2
B, $EE T MOS KUE AR 22 g

EARBE UM IS () MOS 7K 28 d 470K B8R R 1} 120 3
PTIREE 53 W] T 25 ~75 MPa fll~15 MPa, {H 2 0 Lo ; . 0

0.1 1 10 100 1 000

ANINFAITEAR 22 R 43 16 23 (B A BSOS B IR T MOS
KV IR R, Sl MOS 1A R AL BT A R I7
REE 15%~25% (RESE). 24 MOS Kik
BKJE, A F R S S ) A A B AR K TR P R
IKWTE R Mg(OH),, i MOS /KieB Iz, 1L
BREPE R, JIEMEREREAR, S MOS il i 7E oA
T TR A (1 A2 R,

KA B R B (M—S—H) /K Y8 /2 Hi i 1 S8 Ak B B
Mg(OH), 5l ¥EMRETR (I : FERK . FEFFR. FHIHEK
S ) VR G T T RS ) — e B s P EBRREE R
BRI BRI M—S—H & & pH 4 9.5~10.5,
5 MOS K&K pH (9.0~10.0)413, i8] M-S-H
B 5 517 M S AR 2 A AT g EAT R ISR

VB —Fh IR LR B 75, Ak IR v 36 3k R P
RETHESRBMWEFELEBIMA[: MO,
Mg(OH),IFR g e g e 18, Bk, %5 DARERRAE A
EJREINZE MOS 1A R, EEFR T it 5 MOS 1A & H
) A e N B AL BEFT Mg(OH), I M IE R, M-S-H it
Jig, AT R /K 1 MOS 7K ¥ i AR Fe e A
J1%EVERE . AR TTAE BESE = MOS 7KV 1 7K 1,
1] MOS & R NFERR, 704 7 RERAHE /K 5 1Y
MOS KeJ12EvERe . AR E . AR ZH ORI B
eyl Al

1.1 FER

It F R 2 Jo S8 A B M 1 A 2 2H Rl (ot 220 300 -
MgO (85.83%)+ SiO; (2.02%)~ CaO (3.49%). Fe,05
(1.42%)~ A1,0; (0.35%)+ Others (6.89%), FKIHTIL
TG, 1E 850 °C KrbeZZ 8 2 h i, Gt
WEE S BOKEHEN A 65.50%. -LKERIREE. —K
Fr A& 2 (CsHgO7-Ha0, CA)FIHE R (H,Si03, SA) ML
o prain, BkIETEZ LR . B 1 AR
AMBE(LBMYR ORI EE s A i 26 B 1 7]
FH, BERAMBERIRE S N: Di=1.8 um.
Dso=16.3 um. Dgy=45.6 pm.

Particle size/um

K1 RReE LB oL RLEE 20 Aii i 24
Laser particle size distribution curves of the
light-burned magnesia (LBM) powder

Fig. 1

1.2 #HmblE

RN R R R G MOS KB, HOE M
MgO/MgSO/H,O I JBE /K LL i 45 i) 7£ (7~ 10):1:
(1821221, A ik B i 13 £ MgO/MgSO,/H,0
[P BE R bR 8.5:1:19.5. FTFERIRFIEERR 1415 R 1%
BIREWER TR, 737008 0.5%H1 2%~ 8% (2%-
3%- 5% 8%). F 1 NERIECLL. HA, MOSC ik
FENZE AR MOSC-AX iR FE N MOSC A &RHBA
X% (57> B0 RERR R « AR 75 (1 LK R R Bk
K, RE T E R MRS 78 ViR, LIS 2
FHE IR B KV KPR BT T BRI RV T
BRI, IRAEFE 3 min, PRI #0395
PEBh; R R )RR R BN 2 &
MR, dREEERE 5 min, /325 HUA 5 MOS
G, BHHIFEAE 40 mmx40 mmx40 mm. 40 mmx
40 mmx160 mm F1 25.3 mmx25.3 mmx285 mm 4N
B A MOS AR IS B T A XTI EE 65%.
WER 25 CHERERFF IR HRE, 24 h
JERURE, R TR RS E TR A R
28 d J&, HIAFERIBAE K R 4k sk 74 2 T TR Y.

F1 HIEHRAFEMOS)HCRIR AR FRIELLL
Table 1 Ratios of raw materials for the synthesis of the
magnesium oxysulfate (MOS) cement samples

m/g
Mixtures LBM MgS0O4-7H,0 H,O CA SA
MOSC 340.0 161.1 147.4 1.7
MOSC-A2 340.0 161.1 147.4 1.7 6.8
MOSC-A3 340.0 161.1 147.4 1.7 10.2
MOSC-A5 340.0 161.1 147.4 1.7 17.0
MOSC-A8 340.0 161.1 147.4 1.7 27.2

Note: LBM is light-burned magnesia; CA is citric acid; SA is silicic acid; m
is in mass; MOSC is blank sample; Mosc-Ax is a sample of MOSC

system with X% (mass fraction) silicic acid (Xis 2, 3, 5,8).
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Fig. 2 Compressive and flexural strength of MOS samples
with SA after immersion for different days
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Fig. 3 Shrinkage of MOS samples with SA after curing in
water for different days
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(b) Curing in water for 60 day
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Fig. 4 XRD patterns of MOS samples with SA before and
after in water
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Fig. 5 Changes of mineral phases content for MOS cement
with SA after different immersion time
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Fig. 6 High-resolution XPS curves of the MOSC and MOSC-A3
samples after curing in air for 28 day
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Fig. 7 *°Si MAS-NMR spectra of the MOS-A5 sample after
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Fig. 8 SEM images of MOS samples with SA before and after soaking in water
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Fig. 9 HR-TEM images and mapping analysis of the MOSC and MOSC-AS5 samples after curing in water for 60 day
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Fig. 10 Pore structure of the MOSC and MOSC-AS5 samples curing in air for 28 day and curing in water for 60 day
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2 MOSC #1 MOSC-AS iR/ BIFRIFLLEH
Table 2 Pore structure of the MOSC and MOSC-AS samples before and after soaking in water
Volume fraction/%
Samples No. Curing age Total porosity/%
<10 nm 10-100 nm >100 nm

MOSC In air for 28 d 13.95 8.73 71.05 20.22
MOSC In water for 60 d 15.13 6.25 69.17 24.58
MOSC-AS In air for 28 d 10.61 24.45 64.29 11.26
MOSC-AS In water for 60 d 9.92 29.67 60.59 9.74
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