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Microstructure of Magnesium Silicate Hydrates in Long Curing Age

XIAO Jianmin, HU Yaru
(College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: The microstructure of magnesium silicate hydrates pastes in different Mg/Si molar ratios was investigated by X-ray
diffraction, Fourier transform infrared spectroscopy, solid-state nuclear magnetic resonance and thermogravimetric analysis,
respectively. The results reveal that the formed magnesium silicate hydrates (M—S—H) is a main structure of layered tetrahedra with
some chain tetrahedra and branching chain tetrahedra. The layered tetrahedra is dominated by Q°, at a higher Mg/Si molar ratio, and
the layered tetrahedra is Q% at a lower Mg/Si molar ratio. The contents of Q', Q* and Q°, especially Q* in the system of
MgO-SiO,-H,0, all increase as the Mg/Si molar ratio increases. Also, the content of magnesium hydroxide (MH) increases, the
content of unreacted Q* silica decreases rapidly, the degree of hydration reaction increases, the degree of gel order and the degree of
gel polymerization decrease. At a long age, the decomposition rate of MH increases, and the complexity of the gel structure increases,
and the prolonged hydration time is conducive to the formation of diversified layered silicon-oxygen tetrahedral structures and the
occurrence of M—S—H polymerization. The water structures of M—S—H are free, confined and structural water. The hydroxyl group is
bonded with Mg®" ions or combined with adsorbed water. Chain tetrahedra and branching chain tetrahedra are linked to hydroxyl
groups, but Q? silicate sites are not directly linked to hydroxyl groups. The molar ratio of Mg and Si or structural water and Si in a gel
is a fixed value.
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Fig. 1 XRD spectra of MgO!
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Table 1 Chemical composition (mass fraction, w)
of silica fume wi%

CaO Si0, AlLO; MgO F,0;  SOs IL Total
0.08  90.72 0.42 0.85 0.12  0.66 2.28% 95.13

1.2 Hmbl&EMREE

AR Mg/Si BER LEfi % MgO-Si0,-H,0
(MSH)FE, WFEaENSg, BARME K 2.
FREUAN[E SR & ) MgO A1 SF ¥R, FIHFsh AL
FEAL R AR BEAT IR & AIBEFE, v 1 7840 Il e B it
&, fRIUE MSH UFERRE 56 4 OB, K 7K K LU A
1017 2B S BR AT (1 254K I E] 100 mL
RS T, SR 5 IR AR AR IR T N 31 28479
KR, FEBCEES AT K I KR A Y8 A1 5 R 43 il
FEHERIFYE 1.5a. BNARHGE, il LEE
HEAAREIN 10 mL B OEHE T E OV TS
DA, #1000 r/min, 2500 8] 30 min;
TERESE G E ARG H ARl & H R A
FEMMNTC/K B2 24 h, b3, SR HE 2,
e, W EAARRERCE T2 KLY, 78 40 CEZT
B HHE T 2 R R E E .

*2 RHEAL

Table 2 Starting materials for the different Mg/Si of
M-S-H samples
o Mass/g

Sample No. Mg/Si ratio .

MgO Silica fume Water
MSHO0.6 0.6 1.45 3.55 50
MSHL1.0 1.0 2.00 3.00 50
MSHL1.5 1.5 2.50 2.50 50

MSH2.0 2.0 2.85 2.15 50
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Fig.2 XRD patterns of MSH samples
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Fig. 3 FT-IR spectra of SF and MSH samples
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Fig. 4 FT-IR spectra of MSH samples
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Fig. 6 Deconvolution demonstration of »Si SSNMR spectra for MSH pastes
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Table 3 Relative concent of different silicon sites of MSH pastes obtained from deconvolution demonstration of ’Si SSNMR

spectra
Relative content (M-S-H) 7/% Relative content (Unreacted silica) 7/% s , Condensation Reaction degree

Sample IQYIQ)

Q. Q% Q@ Q. Q% Q. Qsiica degree(CD)%  (RD)/%
MSH0.6 26 69 176 17.1 181 113 26.5 2.6 83.4 73.5
MSH1.0 39 57 230 161 201 112 20.0 2.1 82.4 80.0
MSHI1.5 74 79 246 273 153 5.1 12.4 1.9 79.0 87.6
MSH2.0 6.6 107 286 297 133 7.6 3.5 1.8 78.2 96.5
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Table 4 Mass loss data obtained from deconvolution demonstration of DTG and mass data of various components in paste

and Mg/Si molar ratio of M-S—H gel

Mass fraction/% Mass/g
Sample No. Mg/Si molar ratio H,0/Si molar ratio
AM, AM, AM; MH OH M-S-H
MSHO0.6 12.29 1.85 7.49 0.38 0.48 4.27 0.68 0.65
MSH1.0 11.81 3.08 7.79 0.64 0.50 4.46 0.97 0.74
MSH1.5 9.88 5.03 8.94 1.06 0.59 4.54 1.21 0.95
MSH2.0 7.00 5.99 12.67 1.30 0.85 4.88 1.41 1.45

Won =AM, / 1-AM, - AM, — AM,)]-

Wse + Wyeo) 4)
Wasn = @ygo Wago =W " Mygo / M) +
asilica ' I/VSF + WOH (5)

Hor: Wsio, Fl Wigo 7~ Si0, 1 MgO FIHI46 i & 5
My~ Mygo M My, 731277 MH. MgO 1 H,O
MIBE IR s ango 678 MgO HITHFER:, XTI
HARAFE ameo BN 100%,  agitica 77~ SF [ M FE
F£, AT HH NMR 73 UEU& 5 Bs AN X (6) AT 115 .
Uiica =1~ 1( Q) /LI(QY) +1(Q*) +
Q)+ 1(Ql)] (6)
& 4 7] W, B Mg/Si BE/R L3 K, 100°C
FE A H K S B 45 A K B R R R A8 A N5
385 C/iti MH B4 g BRI K, R MH &
= MgO & EMRIMIE 2, X5 XRD Ml FT-IR
SINTAF IS — 8 A, MSH BRI 5 = bE
Mg/Si BE/R ELITHE KBS B K. MRS M-S-H Btk
(10 52 o B Ak R IR LU AR e 45 M /K S5 R R R LE, w4
Wr R R 1 2 7 4 i s MSHO0.6 R
0.68MgO-Si0,-0.65H,0, MSH1.0 ¥ 0.97MgO-SiO,
0.74H,0, MSHIL.5 ¥ 1.21MgO-Si0,-0.95H,0,
MSH2.0 ¥ 1.41MgO-Si0,-1.45H,0. HIEEH 7> T2
AR, BT B Mg/Si BE/R LEAE 0.68~1.41 2 [H],
H5¥15 Mg/Si FE/REL 0.6~2.0 HZER, RWHE
Mg” 1E B4 I 7 3t R A e 20 TR HE L R P (1
Mg/Si BE R LA e {8 s V5 Bt R 45 i 7K 5 ek
JEE IR LLTE 0.65~1.45 2 [8], FRIATEYI UG Mg/Si BE/R
F— @ MRie ~, BEREGMKE Si iR oy [
AR, LU HP ek A DY T A 2 T e A T K 3R S
B, SRkE—mHENRE, XE—EREE LEE
TRIRBE e m R s ga% 3 L 4
s, FEE Mg/Si BERELIE K, S5RI/K & =180
MEREA K T, RPLEMWKEESRRES
PR R L, AT DAJE i 25 4 7K A5 ] 42 40 W 2 e

REE.

gk, IR AT R a, BEE Mg/Si
FE/REEHE R, MSH A MH S &K, SF 25
IS IS FRYRE JEE 8 1 » 5t P2 St ek A, DY T 5 e e e
Ko BBAT 7 BT B, B3R A BEBRAIS, AR S 2
FEFE SR M=S—H I T4 J2 R S DY T A 4
W, EEERIET M-S-H BREMU Qy HE, &/
BT M-=S-H ARG L Q% . Kb
AT M=S—H BERZ AT 1 MH i B 530K,
SF 25 R NI REBEE s AEK U AT A 1 S BERE
VY EAR T G, R S R 2R G R, AT T
JRIRRERR B a5 2 AL TE G, A7 B M—S-H %
(e ANA Y &

M-S-H Ktk ULE HK. 455 KME
WK RAFAE, Horb, AT RGOS MR 7 11
MR B ZKAE 100 “CH 12K, AL RE R £h ke _E 1)
BEIET B IURBRKTE 140 CH AR R 5k
i, BRI MgREABUSMKAA, R
VU ] A R S B R S DY T A 5 e O EL AT, JRIRRE
AT AR BEiE SRER S, BT Mg 5 Si &
itk S si MEE/REON I EE, e A sl A
S A AR Mg

3 £

1) M—S—H DLZtRAEE S DY ik 246 o8 4k,
T A A S R A, EEEAMR
M-S-H JZIREEMLL Q°, AE, LM TLL Q)
HE.

2) % Mg/Si FE/RELHE K, MgO-SiO,—H,0
hZ MH &8k, M-S-H %K Q'. Q% Q°
SEBN L, Kb QP MIREA, KRN Qi
FrEIME G, KR NARER S, BRAFET
B, HERR & PR

3) K WIS R T ER AR A DY AR 454 2
FEAGHITE R, MH B 210K, B A M B R B
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WK, T M-S-H K&EA K.

4) M-S-H Btz gk 3k 5 Mg i A ok 5
W B 7K 25 A i e A, D T AR R 2 ek S DY T A 5
PR E M, EIREE A DU TH A 5 R B
DY s A 1 B I 43 - X3 il s 0.68MgO-SiO,-
0.65H,0. 0.97MgO-Si0,:0.74H,0. 1.21MgO-SiO,
0.95H,0 1 1.41MgO-SiO,-1.45H,0.
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