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Microstructure of Magnesium Silicate Hydrates in Different
Mg/Si Molar Ratios
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Abstract: The microstructure and formation mechanism of hydration products of magnesia/silica fume (MgO/
SF) pastes in different Mg/Si molar ratios were investigated by X-ray diffraction(XRD) and *Si solid state nu-
clear magnetic resonance (”Si SSNMR ) respectively. The results reveals that the formed magnesium silicate hy-
drates(M-S-H) is a complex structure with a high degree of polymerization, and the formation of M-S-H is relat-
ed to the formation and decomposition of magnesium hydroxide (MH). It is inevitable that M-S-H and MH com-
petes for the acquisition of Mg” . MH is mainly formed in the early hydration age of MgO/SF pastes while
M-S-H is mainly formed in the late hydration age. The prolongation of hydration time is conductive to polymer-
ization of M-S-H, and the long curing age is good for the conversion of Q'to Q*and Q’*to Q. The MgO/SF
paste with higher Mg/Si molar ratio promotes the formation of M-S-H, and Mg”" plays the role of dismantling
network in long curing age, as the result, the content of chain tetrahedra increases. A large amount of unreacted
SF remainsin the MgO/SF pastes with lower Mg/Si molar ratio, and Mg*™ plays the role of network supple-
mentation in long curing age, which is used to construct layered silicate skeleton of M-S-H. M-S-H is a complex
amorphous structure with mainly layered tetrahedra and chain tetrahedra and branching chain tetrahedra.
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Fig.1 XRD spectra of active MgO
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Table 1 Chemical composition of silica fume

w/%

CaO S0, ALO, MgO F,0, SO, IL  Total

0.08 90.72  0.42 0.85 0.12 0.66 2.28 95.13

BTN 5 g, HARECA UL 2. B EUA [ 5 Y
MgO Fl SF 3 A, FIH T shi FEUL B iR AT IR &
T R R ARAIE MgO/SF i FERE % 58 4 U
S B W 9 LV W pH E B R 8 K K L E
1077 S B B B 2818 A A 3 100 mL R 4 Ja )
PO, SR 5 1 TR A 1A 7 i A B 2808 K L 59
FE A DB MKIR A YA G IR B W R SR R
3.7.28.180 d. 2 i5 B2 14 W1 5 , B i 1A 10 mL
BOEIFE TE O T 8O 8AE e
1000 r/min, 0B ] 30 min, 850 J5 09 WK 5 K
Gy bRic g H L AR R ML T I K 2 B 24 h, &
1B 7K AL, 88 5 048] 2 R A R RE il B T 7% kL
oL FE A0 CHLZS THRA LT 21

£2 MgO/SFiX#HEAL
Table 2 Mix proportion of MgO/SF samples

n(Mg)/n(Si) mMgO)/g m(SF)/g
0.6 1.45 3.55
0.8 1.75 3.25
1.0 2.00 3.00
1.2 2.20 2.80
1.5 2.50 2.50
2.0 2.85 2.15

FORUARESE T FHPRTRNA R R TG pH T BT
I, pH R 9 LA 0~14.00, 15 BE A M2 5 [ g O~
60.0 °C . ¥ & 4 128 B 8 By AR | #F 47 XRD F1*Si
SSNMR T . XRD 43078 H H A #2% Rigaku B X 52k
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Table 3 pH values of MgO/SF paste at 20 C

n(Mg)/n(Si) 3d 7d 28d 180 d
0.6 9.30 9.65 9.68 9.28
0.8 9.35 9.60 9.72 9.33
1.0 9.38 9.63 9.71 9.33
1.2 9.38 9.72 9.69 9.35
1.5 9.39 9.72 9.75 9.38
2.0 9.55 9.84 9.87 9.38
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Fig.2 XRD spectra of SF and MgO/SF pastes
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n(Mg)/n(S1)=1.0 R4 : =4 3 d B}, 7K f A4 B MH 5
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I 1) 48 K 2 28 d i, M-S-H A7 5 g # , MH &5 i
WY A 72 40 180 d B, MH 7 5 B = e Ik, K
M-S-H BE e B AR . 3 2 B B % 1] 4 K MIH 32 ¥ i 25
Y5 SF J b A= il M-S-H BE i
2.3 NMR4&#R

3 AR R MgO/SFikAE R *Si SSNMR
i 42 180 d i n(Mg)/n(Si) 4 0.6.1.0.2.0 1Y
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AT MgO/SFE il rh 25 Q45 # 1y AR & 1 1(Q")
R e

w1 & 3(a) AT %1 n(Mg) /n(Si)=0.6 By iR BE7E 1k
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— 75.0~ — 100.0, 15 J& F MgO/SF il #: /K 1k 7= ¥y
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I SF H = 4E R 25 H Qb UZIREEHY QJ 1Y S1O,, H:
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OH. i & 3(a)~ (DA UL, B n(Mg)/n(SHRYIE K, &1k
TSR RS A2E N I R 25 4E £+ 0.8 Z ], &
B n(Mg)/n(Si) %t M-S-H 2544 821 AR Kk, M-S-H ik 5
ZRIAT Pl i A SR DU TR QL S A A SR DU TR QR R
FE4AU DU AR QPAA

Phn(Mg)/n(Si1)=1.0 R4, L A [E] n(Mg)/
n(Si) AL 191 12URE 45 Ah 27 7 8% A ) e 5k 85 T T
UL 3(c) ) 7E R AL, M-S-H B TE 1 34 A 1]
B,Q QM QR E R , SFILT- KRS 5 RN,
KAk 3.7 d i A R ) ST 5 R G T B LT A 45
KAE 28 dJF , Q" I QU TH AR5 8 1 7 o B AH BE 3
AR, QAT QAN Er i AR fL A AN B B Ly R 4 W] L
KR () SF AR & ok 56.2 % , Hodp 200k S10, 450
Qo FHXF 5 3 R 4.376 5180 d A, Q7 AT QU 1y BH %
28 d B 3G MR AR R, QU AH X B i ph 28 d B Y 16.2 %6 1
F45.2% (I(Q™) +1(Q™) ) , & K I i SF AH X 7 1t N
e 2 25.8%0 (I( Qi) , HJZAR SI0, 454 Qi TH 2K
R 2 R B M-S-H A X R B R U 0 E K i
W2 RV SF A Qe FHX 55 1 Bl I 40 19 42 <
11 B A . 7E M-S-H 98 i B8 v, QPR Q7 YT il ik
JERTF Q' i AE KA (3~28 d) , Q° B A ek 2
BT QKA I, QI B B b, 4 K K Ak B
] 5 F Q' Q°LQ7 ] Q°Fe Atk JuHAR 12 IR Ak
DU T A QR TR G, i B R, M-S -1k 4 I o 1k 2R
A R 180 A M-S-H 254 Q' 30k 2 g 5 Y
(Q™) FIZEH A7 AL (Q™) (130 4 K 4548, 43 1) e /R B A
T 4 U T 4R )23 =2 T A L A 1 SiC A R R R DY T
JZ PR R STBC A, 2 0K feke 4 Y T R 485 440 1) 22 R M IE
T K W 3R 7 25 ) T W2 AR R B 45 4 5 i SF
2R 10,8548 Q' T 2%, RIE R B =4 T
IR Si0, 8 B 5% v MgO 45 4 4 i M-S-H.

1E 180 d i}, B AN 6] n(Mg) /n(Si) i iR #E ' Si
SSNMR E % Fl 4 W U5 I 25 S5 R AR 6 & i (WL 4)
A n(Mg)/n(S1)<<1.0 i, Q' Af %t & 48 1k R 1
B, QA X R AT, T J2 DR A R DU T A QU AH X i
R, 3% B M-S-H B R & JE 2 55 ,M-S-H 2140
JZAREE R EL 454, LR Mg® i 2 T AN R T
Fy g EOR A RR B B 5 1.0<<n(Mg)/n(Si)<<2.0 i},
& n(Mg)/n(SD R R, QH XS & FEAR , Q AH T
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SR, QUAHRT & B FEAR, UL IAE Mg® & R
TEOLT S AR A R 3 B 48 ) B I, JB W R Ak 4 D
TR, L Mg™ 2] TR AR

FIH #Si SSNMR 3 & 43 W 0L & T Q' FN QA X
FEA O I(QY) /I(QY) W] i & M-S-H BEIE 1 R4
FUAFEBE IR M-S-H R 25 ¥ R AE . 3 5o SCRRAFF 52
A5 A A b SOV S R ) ELRBEERR R
FI(QM) /I(Q7) >> 1.0 = Alh IR Aok 4 U T 4 I 28 1 6 )1
A IQY /I(Q)=2.0; M fE45 47 Ca;SisO,,(OH), 1
I(Q)/I(Q)=0.5, H. ik i £h B JR 245 ¥ S W% , H 4 2
A SCHENL AR S—O—SIA Wit . iR 4 7] W . 180 dIFA
6] n(Mg)/n (S BYIRAE 1(Q") /I(Q°) 5 B 75 14 K 5
INFEHE R s n(Mg) /n(SH=0.88F I(Q") /I(Q*)HE
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-60 =75 -90

B, N 3.6, H4 n(Mg)/n(Si) F 2.0<< I(Q")/1(Q")
<40 %GR E M-S H BRI AR & A P g5, 1
RE BB m, HAHE S I8 DUZARAE S0 R 3
T4 A i e 0 S ek R DU T AR ) R 2R AR AR A S5 A
FLRE PR R 4 v e 4 8 12 B A B S

N T BE— 2 E AR MgO/SF iR K 4k 5% L
FLAK AL = )RR 42T L0 H B M-S-H BE R G
CD A XS B F2 B RD™ 45 5151 F 4 4.

. 3[(Q°)+ 2I(Q°)+1(Q")

D= Q@) @) 1@y ] 1 D)
RD— HQH+1(Q)+1(QY

QN+ 1(Q)+ I(Q)+ T( Qi)+ T( Qi)
100% (2)
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P
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Q3
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)
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Fig.3 *Si SSNMR spectra of MgO/SF pastes under different ages
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Fig.4 Deconvolution demonstration of “Si SSNMR spectra for MgO/SF pastes with n(Mg)/n(Si)=0.6, 1.0, 2.0 at 180 d
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Table 4 Relative concent of different silicon sites of MgO/SF pastes obtained from deconvolution demonstration of *’Si SSNMR spectra

M-S-H Unreacted silica .
‘ Q)
Q%)) 1(Que)/ 1(Q%

Age/d  n(Mg)/n(Si) CD/% RD/%

y y 1Q)/ % 1QY/ % y y
0.6 3.9 4.1 12.3 23. 4 0.3 55.9 1.9 78.4 43.7
0.8 3.0 6.9 12.4 23.2 2.8 51.8 1.9 76. 4 45.5
1.0 5.4 6.8 15.3 16.2 4.3 51.9 1.1 69.7 43.7
* 1.2 5.0 4.6 21.3 17.2 14.0 38.0 0.8 71.9 48.1
1.5 7.5 4.0 20.3 18.3 9.2 40.6 0.9 71.2 50. 2
2.0 0 7.7 6.7 28.0 1.8 54.0 4.2 82.6 43.2
0.6 2.1 9.2 15.4 34.6(Q™),6. 3(Q"™) 32.5 2.7 81.3 67.5
0.8 5.2 6.0 11.7 31.6(Q™),10.0(Q™) 35.4 3.6 82.4 64.6
1.0 4.4 9.9 14.6 39.5(Q™),5. 7(Q™) 25.8 3.1 80.6 74.2
150 1.2 3.6 5.8 18.9 35.8(Q™),7.8(Q™) 28.1 2.3 82.5 71.9
1.5 4.7 2.9 18.7 31.3(Q™),7.8(Q™) 32.2 2.1 82.7 67.0
2.0 3.0 7.6 18.7 43.5(Q™),6.7(Q™) 20.5 2.7 83.3 79.5

R4 28 A M-S HEKREAE CDRE P MgO & & & 4, Fl T I 5% A1 52 55 £ 4 D4 1 1k
n(Mg)/n(SHIE KR SE AR B, 5 n(Mg)/ () T AT BE 15 2 R R D R O %, CD R
n(Si)=0.6 B FEM Lo, ALK FE CD A BT T B 5180 d BF CD Bl n(Mg) /n(Si) 38 A48 Ak e $h b
B (n(Mg)/n(S))=2.0 B bR A1) X R WKL RIATE  MEARE (H& K CD Y KT 80%, R KB T
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M-S-H B e € i BE R G J2 R0 S 00 1w 4R )5 3L 3=
S5 s MR n(Mg) /n (ST, CD Bifi # # 4E K 177 38
K, RIS EE KA B T M-S-HI R A K i 57
PAMTQMQ . QM QM FEKIBIWT,
WO A (1.0<<n(Mg)/n(Si)<<2.0) b 8 8 51
(n(Mg)/n(Si)<<1.0) A 1 AH XF B hy ## J RD 22
LR E AT M-S H AR, SF 2 5
MR RR B, B R SF R 2 5 R AE
M-S-H & & 4, i 45 K i 6 B SiO, 5% 4% 5 4 [F]
n(Mg)/n(Si) T RD Fifi # #4171 (1 2 < i 15 <, R K
A L A R MH, M-S-H BERE & 550, K SF
B Ax , AKAK I 1 M-S-H B IS 5 B R WG, X 5
XRD 53415t i 4518 — 2.

25 b AR XRD #4043 BT 5 St SSNMR 45 14
S3 BT 45 ST, M-S-H B At U th MgO i %
fi#t \MH [ B . MH ¥ f#% 25 5 SF 1 J 455 25 SR A4
B, MH J& M-S-HJE J 09 H ] 7= 4, 2 6 BE Ak iR 4
KR K AR =), M-S-H 19 TE 1 AR FF MH /Y JE B
R, Mg 525 AR F LR,
M-S-H #E i & ik B & 7K Ak R0 HE R R R % i kG %
M-S-H B8R A BER R AR S50 5 2%, 2 DL R IR AR 4R
DU A A A 04 52 2%l R A TE P S5

3 it

(1)MgO/SF XA LY Wi pH {A Fifi % 1] 422 4 17 S
T 5 TR ATG , A TR0 i 4000 il 8 ok 8 K B i i 34 K
pH H R, KW B 7= 4B 1 OH £, MH &
I

(2)MgO/SF ik K Ak 52 7 1] 32 22 A4 i MH,
M-S-H & & 80 5 J5 1 MH % 8982, M-S-H #§
JBE 5 i AN W HE L K AR R SE AT B T M-S-H Y
RE . KBMAEPFAR T QM Q .Q'IM QHHAL .

(3) BRI T M-S-HR 4 1l , SF 2 5 %
INF PR A v IR TR Mg R BRI AE A SR A
VYT A BB £ BB SR T UREAE AR i M-S-H
Y JIC A ] BF 3 R Ay KB SF L, Mg™ 2 2] T A RAE A
FHF Mt 2R ek iR R 22

(4)M-S-H B R A FE R i, o DA AR Ak 4 0 T
ARy A A g R S e AR D T R 1 2 2 I A
FTC 7454 .
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