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Abstract: To investigate the early hydration characteristics of magnesium-doped tricalcium aluminate (C;A) in the
absence of gypsum, C,A samples incorporating 16.67 % and 28.57 % MgO were prepared by calcination, and the
evolution of phase composition and hydration degree during hydration were analyzed. The results demonstrate that
MgO significantly promotes the hydration of C;A, with magnesium-aluminum layered double hydroxides(Mg-Al
LDH) forming within 1 h of hydration. The content of Mg-Al LDH increases markedly with higher MgO
incorporation in the samples. The sample with 28.57 % MgO achieves a C,A hydration degree of 95% after 2 days,
representing a 20% —30% improvement compared to the sample with 16.67 % MgO. Mg(OH), cannot be observed
during the formation process of Mg-Al LDH, indicating that the formation of Mg-Al LDH does not transfer from
an intermediate product of Mg(OH), but rather through direct reaction between Mg”™ (from MgO hydrolysis) and
A" (from C;A hydrolysis) under alkaline conditions. Consequently, the formation of Mg-Al LDH also accelerates
the hydrolysis of MgO.
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Fig.1 XRD patterns of Mg-doped C,A prepared at 1 400 ‘C
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Fig. 2 BSE images of Mg-doped C,A prepared at 1 400 °C
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Fig. 3 XRD patterns of sample 1 after hydration for different ages
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Fig.4 XRD patterns of sample 2 after hydration for different ages
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Table 1 Rietveld phase contents(by mass) of samples at different hydration ages
Unit: %
Sample 1 Sample 2
Mineral
1h 1d 2d 3d 1h 1d 2d 3d

C.A 31.38 27.07 21.53 14.37 12.85 3.53 1.05 0.57
CLA; 1.09 0.93 0.97 1.01 5.81 3.14 1.85 1.21
MH 0.43 0.84 0. 36 0. 06 0.61 0.04 0 0. 06
C,AH, 51.50 55.66 61.92 68.83 24.07 37.23 42.59 43.84
MgO 15.09 14.63 13.28 13.58 29.02 27.45 24.63 22.10
CH 0.03 0.07 0.45 0. 86 21.43 21.83 20.94 19.09
Mg,Al(OH), 0.40 0.74 1.29 1.23 2.73 4.19 6.22 10.41
Mg;AL(OH),,* 4(H,0) 0 0 0 0 1.95 1.67 2.48 2.32
R,/ % 16. 44 17.62 16. 56 16.31 18.72 17.14 17.43 16.94
b 1.31 1.39 1.40 1.40 1.95 1.74 1.85 1.74
GoF 1.15 1.18 1.18 1.18 1.39 1.32 1.36 1.32
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Fig. 6 SEM images and EDS spectra of the hydrated samples at different hydration ages
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Fig.7 FTIR spectra of samples after hydration for different ages
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Fig.8 TG and DTG curves of sample 1 after hydration for different ages

100
$ 95+
S
5]
o 90 F
E
g
= 85¢
3
S
& 80|

75 . . . . . . . . 77'55

0 100 200 300 400 500 600 700 800 9001 000
Temperature/C
(a) TG

125°C 210°C 280 C

420 C

100 200 300 400 500 600
Temperature/°C

(b) DTG

B9 #Eah 2 KA RIS B9 TG A DTG £k
Fig.9 TG and DTG curves of sample 2 after hydration for different ages

PR K AT B 1) CHL TR RE 7 3 A4S DX JR) 2R 3 5 B i 2 L
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f-CaO 58 2 /KA /K B BT i, 10 o BRI K ALFE
mm 7E 1 000 “CHBERE S5 1) 8 2k 7K 1 (&1 9) 1B 190 “CLA
PR 2 T (R B ZKO) ™, B R im0 s/ B R 7K AR
AR KRR EE o FESh 2 HLRESD 189 CoA & i A,
i MgO BAR A K AL R B0 219 1 hK 4k
JEAR T RE S 1o H 2B 5 K AL B E] A 28 4, CLA
MgO X3 K A P2 SE 7 S BURE 2 5 L d R Y
FRAGFR B B A 1. X 6B Mg-Al LDH I 1%
Wi 7 MgO By 7K it .
2.2.5 “AINMR

10 A it 2 K AR A TR 8] /5 6 A1 NMR 3
H1 & 10 AT DL, 7K Ak 1 h R b 18 ALK 24 6 B8 © 43 A
TE 30~ —5 1 90~70 Z [8] , 90~70 2 [8] B 45 fiF 14 XF

F2 KUERESREREMEIEEMKLEE
Table 2 Mass loss ratio at different temperatures and

corresponding hydration degree of samples

Mass loss ratio/ %

S e A Hydration
ample Age _ _ _
<190°C 190 220 370 degree/ %

220°C  370°C 460 °C

1h 0.92 0. 30 11. 36 1.25 44.80
1d 0.73 0.32 12.20 1.33 49.00

2d 0.71 0.37 13.95 1.58 55.32
3d 0.68 0.42 15.18 1.93 62.53
1h 1.44 0. 30 5.53 5.78 41.40
1d 1.83 0.53 8.85 6.05 52.85
’ 2d 2.00 0.70 10. 34 6.10 65. 90
3d 2.03 0.83 11.13 6.15 70.57
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3 d, experimental
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‘ 1 d, experimental
15—}, —124

1 h, experimental
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40 20 0 20 40 60 80 100
s
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Fig. 10 Al MAS NMR spectra of sample 2 after hydration
for different ages
3 Hit
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