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Table 1 Chemical composition of high-activity MgO  w/%
MgO CaO Fe)O; SO; P,0s Si0, Cl Other

95431 232 1.035 0467 0244 0227 0.115 0.161

W is mass fraction.
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Fig. 1 XRD pattern and particle size distribution curves of
high-activity MgO
1.3 MOSC 89#1%&

MOSC i} B /R A n(a-MgO):n(MgSOy):
n(H,0)=8:1:16. ANLERIIMAE N 1% 2%~
3% 4%(MgO, JRE E). RS ZIRINT
BAVERE T K, A MgS0,-TH,0 it £ 2 453
fift, M\ MgO ¥R, 7E 300 r/min fRIEFE R 55T
(25 C)FUERIRKKHT, 0~5 CHiFEEA 5 min.
FFIERHREA)E, TEA 40 mmX40 mmX40 mm
(B E IR 27 8, R T 8 a5 R IS B TR
FER(25+2) °C v AHXIEE 9 (60% £ 5%) I [l 46 46
HE A 24 h, ECBUBARL S, REREREAETRT R
i€ e 31 o
1.4 MgO EHERINE

Z 8 WB/T 1019—2002 (ZEEE0 i AL
BR) FE BIFR K B AT MgO W PERINE o R
2.0 g MgO ¥y, B TEEMIEEHRERS, A
20 mL ZMWK, MABFETT 110 'CKIiL 6 h, A&
JaTHRZ 150 C, 2~3 h it TEFREAL)E, B

—
=
8



+ 398 - CRERR Sh2230)

J Chin Ceram Soc, 2025, 53(2): 396405

2025 4F

MREHRE TRt A R s, BREITE.
w, =2 M 100 )
0.45xw,
Hrre w HIEMEEACEE S E(%); Wy AR5
s wy AZKALET MO i .
1.5 MWRAE

KA pH 1F (B E ML PHS-3E) M & i 14
MgO /KALIEFE(2 h P pH EARALIE I, KL R
HHEFSE IR AT IE, BRI IL pH fH, W
W3 RGP 1E.

TEHERQRS C)&ME 721 GB/T 8077—2012

CIREEL AN A B 58 ) & GB/T 1346—
2011 COKVEFRAEMFE FH K BEESINA) . 22 5E A
B 75950 ME MOSC AR 5 5 Rt 4t i (] o

K4 B Eh Pt PR e — AL AL R ik
XA PR A E DYE-300S Z)E MOSC 1712
SR IR R — g W HA R 40 mm X 40 mm X 40 mm
IR ERLL 2400 N/s A INA8cIH BE AT P % 5 FE Mk,
FANIK 6 MRPECTFIIME -

K H 4 B 7 B R B (SEM)(1E ZEISS
Gemini 300)#lik MOSC MM IESE, 7P 28 d
ik TR B R E S, PR AR B 7R R T 5%
4, WEZWTZLAE MOSC IO TS -

KA X FHEATHX(FEE Bruker D8 advance)ill

RIEY 28 d ) MOSC HIIAH 4% -

SR FH i A SRS (UL 253G B i SR A A R A ]
RC-4HC)MiX MOSC FARRIKWILEE, 7 BN AE
TRAMIGIR T R 218 % 8 MOSC AR E T8
HE[(2542) CHEMEHHXTHEE N (60% 1= 5%)) 1 [ 1k
Far, WSO 12 h WERAREIKAGIR RS, ARALRR A
3 331

K HERAL(AUTOPORE 9600)illi% MOSC ]
FLEER), K FRP 28 d [ MOSC RFERIFE R 2~3 cm
A WEAE, T2 R EAL TN,

2 EREH®

2.1 AREBHEXEEME MgO KL HIZRI ST

A TAE B AR 26 10 28 4k R AE A AR X i v
MgO KRR FEmRE L, G lAE 75 "C M
Lh BIFES . A RIAPLERE, SiEPE MgO 7K
2 83.5%. W13 1 Fivr, MIAAFA HLE X &
TEPE MgO 7K A S RN RIFR BEAN R . @&iEPE MgO
(7K AY % — i BE A LR N B (R 38 I PR . L
BRI R, i tE MgO /KALZR I g
BN BRI RN 3% & B0, AR
FPEERR AN EL RN s MO B /K Ak HERE 1 S i A
RN, IKILZEH 83.5%7) PR A 44.0% 49.4%
F159.7%.

£2 75 CIARREAHERRSEE MgO IR
Table 2 Hydration rate of high-activity MgO with different organic acids at 75 'C

Hydration rate/%

Organic acids

w(acid)=0.25% w(acid)=0.50%

w(acid)=0.75% w(acid)=1.00% Ww(acid)=3.00%

Tartaric acid 81.8% 77.5%
Citric acid 79.3% 75.3%
Oxalic acid 78.4% 75.2%
Lactic acid 80.2% 79.9%
Salicylic acid 78.1% 75.6%
Lauric acid 81.2% 79.3%
Stearic acid 83.2% 83.1%

75.2% 72.6% 44.0%
73.1% 69.5% 49.4%
73.5% 70.6% 59.7%
76.7% 73.6% 70.9%
73.6% 73.5% 71.9%
78.4% 76.1% 73.7%
80.9% 78.6% 78.5%

2.2 AR EFAREX S ESE MgO KRR
A R b R RN R R AT IS SRR A
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PETR I FF R BR AV BRI, = iG M MgO 7K 4k 2%

I3 33.3%F 42.6%. Rk, B TFORTE 45 CH4k
SEAIF 7T N I )3 v s 4 MgO 7K AL R 52 .
Kl 2b v 0L, it RS MAGIER, &iEtE Mgo
(17 7K A 26 1) B e S92 B ] SaE 17 2 o 224 5 L B[]
N2 h, MABEATR . R AR J5 s 1% MgO
(RIKAL R 5 BN 37.5% 48.5%F1 49.3%, i F K
Tz FEARINANRME R . AR &
T T MgO KAk 26 4 1 58 70 i s BMRAR U : T
AR MBERR. HR.
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(b) High-activity MgO hydration rate at different reaction times at 45 C

K2 AHRIEAFIREE T RN 1 h & 45 CA A SR )6 @il ik MgO KAL Z 1§20

Fig. 2 Effect of organic acid reaction at different temperature for 1 h and different reaction time at 45 ‘C on hydration rate of

high-activity MgO
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Fig. 3 Change of pH value of highly active MgO in the
process of hydration
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(c) Setting time and fluidity of MOSC before and after oxalic acid modification
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Fig. 4 Setting time and fluidity of MOSC before and after organic acid modification at room temperature (RT) and low temperature (LT)
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Fig. 5 Compressive strength of MOSC before and after organic acid modification at room temperature (RT)and low temperature (LT) at
7 d and 28 d ages
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Fig. 6 XRD patterns of 12 h hydration and 28 d age of MOSC before and after modification at room temperature and 28 d age of
MOSC before and after modification at low temperature
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Fig. 7 SEM images of MOSC at 28 d of age before and after organic acid modification at room temperature and low temperature
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Extended Abstract

Introduction Magnesium sulfide oxide cement (MOSC) is an air-hardening cementing material, which is produced by the reaction
of light calcined MgO with a certain concentration of MgSQO, aqueous solution. Light calcined MgO raw materials have large
differences in the aspect of MgO activity due to different calcination processes, and the MgO activity has a large impact on the
performance of MOSC. For the preparation of MOSC, the increased MgO activity usually accelerates the hydration reaction speed of
cement paste, leading to the increased exothermic amplitude of the system and the accelerated growth of Mg(OH), crystals in MOSC.
As such, the process of condensation and hardening of MOSC is accelerated, which is unfavorable to the growth of the 5-1-7 phase,
leading to an inferior compressive strength of MOSC. Therefore, efficiently inhibiting the hydration process of high-activity MgO
plays a crucial role in the preparation of high-performance MOSC. In this work, a series of organic acids and high-activity MgO were
used to prepare MOSC. The effects of organic acids on the hydration process of high-activity MgO, the setting time, the compressive
strength, the phase composition, the micro-morphology, the pore structure, and the exothermic temperature of hydration of MOSC
were investigated in detail.

Methods The high-activity MgO powder from Hebei Magnesium Sheng Chemical Technology Co., Ltd. was used, and the content
of active MgO was 85% as determined by the hydration method, with an average particle size of 20.82 um and a specific surface area
of 47.45 m*/g. The MgSO,-7H,0 was of industrial grade with a purity of 99%, and the citric, tartaric, oxalic, lactic, salicylic, lauric,
and stearic acids were all analytically pure, purchased from Tianjin Hengxing Ltd.

Hydration experiments of high-activity MgO: The hydration reaction was carried out under the conditions involving the
temperatures of 45, 60, 75, 90 ‘C, the reaction times of 0.5, 1.0, 1.5 h and 2.0 h, and stirring rate of 300 r/min, with a fixed solid-liquid
ratio (Mye0: Mye) of 1:10. The additions of organic acids were 0.25%, 0.50%, 0.75%, 1.00% and 3.00% at the MgO mass fraction.
The pH value of the slurry during the hydration of high-activity MgO was monitored by a pH meter. The white solid obtained by
filtration at the end of the experiment was calcined at 500 “C for 2 h. Then, the hydration rate of high-activity MgO was calculated.

Preparation of MOSC: The raw material ratio for preparing MOSC was fixed to be n(Mg0O):n(MgS0O,):n(H,0)=8:1:16. Organic
acid was added at 1%, 2%, 3% and 4% of the mass fraction of high-activity MgO. MgO powder and MgSO, aqueous solution were
mixed together at a rate of 300 r/min at room temperature (25 ‘C) and low temperature (ice water bath, 05 ‘C), respectively. After
the raw materials were mixed uniformly, the fluidity and setting time of MOSC paste were determined at room temperature (25 C) by
referring to the national standards GB/T 8077—2012 "Test Methods for Homogeneity of Concrete Admixtures" and GB/T
1346—2011 "Test Methods for Standard Consistency of Cement in terms of Water Consumption, Setting Time, and Stability",
respectively. The prepared MOSC slurry was placed in a curing box with constant temperature ((25 + 2) ‘C) and constant humidity
((60% = 5%) relative humidity). The hydration temperature of the slurry was monitored by a RC-4HC-type temperature sensor for
12 h. The specimens (40 mm*40 mmx40 mm) cured in the curing box until 7 d and 28 d were tested for compressive strength. X-ray
diffractometer, scanning electron microscope and mercury injection apparatus were employed to test the physical composition,
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microstructure and pore structure of the specimens cured for 28 d, respectively.

Results and discussion All the tested organic acids such as citric, tartaric, oxalic, lactic, salicylic, lauric, and stearic acids inhibited
the hydration process of high-activity MgO, of which the hydration rate decreased with the increase of organic acid addition. Tartaric
acid, citric acid and oxalic acid can effectively stabilize the hydration layer of high-activity MgO and inhibit its hydration process.
The inhibition ability of organic acids on the hydration process of high-activity MgO can be summarized as: tartaric acid > citric
acid > oxalic acid. The addition of tartaric acid, citric acid and oxalic acid as modifiers in the preparation of MOSC can effectively
inhibit the hydration reaction of high-activity MgO in the slurry during the prehydration period. Thus, the generation of Mg(OH), was
suppressed, and the growth of the 5-1-7 phase was promoted, resulting in the extended setting time and improved compressive
strength of MOSC. The low-temperature preparation of MOSC significantly prolonged its solidification time and improved the
fluidity of the slurry. Among them, the modification effect of tartaric acid reached the optimal performance with adding 2% (mass
fraction to MgO) at room temperature. The addition of tartaric acid could effectively prolong the time required for the early hydration
reaction to reach the maximum exothermic temperature, reduce the maximum exothermic temperature, stabilize the hydration layer of
MgO and form an organic-magnesium complex to impede the generation of Mg(OH),,. As a result, the growth of the 5-1-7 phase was
promoted, with reducing the most available pore diameter of the product. Finally, the setting time and the compressive strength of the
MOSC were significantly improved.

Conclusions Tartaric acid could effectively inhibit the hydration process of high-activity MgO. Tartaric acid showed a good effect on
suppressing the hydration of MgO, for which the the hydration rate of MgO was reduced from 58.7% to 19.2%. The addition of
tartaric acid effectively prolonged the initial and final setting time of the slurry, inhibited the generation of Mg(OH),, and promoted
the formation and growth of the 5-1-7 phase in the preparation of MOSC with high-activity MgO. The compressive strength of the
MOSC at 7 d and 28 d were 48.4 MPa and 54.8 MPa, respectively, which were increased by 111.4% and 83.9% compared with that of
the MOSC prepared without tartaric acid.

Keywords high-activity magnesium oxide; hydration process; hydration rate; magnesium oxysulfide cement; compressive strength



