Eﬁbfﬁl'i*ﬁ F3cHE  FHoM 2 A 2019 4

Acta Materiae Compositae Sinica Vol.36  No.2  Feb 2019

DOI: 10. 13801/j. cnki. fhelxb. 20180427. 001

i

B2 M A% pH EXTFERR R /KR EIE
C-(A)-S-H B R &R &

ﬁ&{il,Z,ﬁ%é\*l,Z’ %iﬁﬂil,Z,i" {%1,2,15%%1,2, iﬂaﬂl,?

(1. ZRUEFURS: MRS TR B AL 2306015 BUE SR UM R I LB, AL 230022)

E: C-(A)-SH &I A5 AL Z K Je S48

AR (NMR) 455 £ HBREOR, %Eﬁ‘[lﬁﬁﬁ& A pH X RERR SRR PRI AR Th C-CAD-S-H BB 45 1 19 3%

M

EREW] . BREL R A h, ATt

(CAIO, DA B R4 il CQ BRI 457 THEIC(MCILO S8 A, sesbh, R pH B REAR, fE3ET
FARBKAL  (EI0H T 3 A @ ATCAFO 94 1
KER: HRERM; QSR pH (H; All41/Si; FH TR @9@

062-0441-09

AN %S TW XEEE®: A TEHES: 100038
3; ZHANG Xiaojia"" *, ZHANG Gaozhan”

Abstract:  C-(A)-S-H gels are not on

the structure of

iomo
o)
[ cement pastes

C-(A)-S-H gels in Portlag

Ox\ Effect of pH-value of Na,SO, soluti
e

N Daosheng' ?, LIU Kaiwei'" %,

XOWANG Yueming''* @
i ing, Anhui Jianzhu University, Hefei 230601, @9

China
o]
anced Building Materials, Hefei 230022, China)

CHENG Xin
(1. School of Materials and Chemical E
2. Anhui Key Laborato

fected by the composition of cement-based material lso affected by

the environment. The effect ofgsl%es of Na, SO, solution on the structure of C-(A)-S was studied by sol-

decrease of the erosion solution pH value promotes the migration of Al[4] f
position of Al[4] shifting to a negative value. It is found that the aver
gel increases due to the polymerization among [ SiO, ] ([AlO, D
the pastes is improved with the decrease of the pH-value, wh }%s
Keywords: sulfate attack; C-S-H gel; pH-value; Al[4]/S g

RBE A B B iz 19— M S AR,
B EE A oy K AR R 5 (C-S-H SR (i T3

id-state nuclear magnetic @ pee YNMR) with deconvolution technique. The result@y that the Al[4]/Si value
of C-(A)-S-H gels decrease¥’in sulfate attack process, due to Al

" entering into g ly and coming out later. The
gﬁH gels, which leads to the peak
ecular chain length (MCL) of C-S-H

. In addition, the degree of hydration of
ot favorable to formation of AFt.

erage molecular chain length

(A)-S-H BB . C-(A)-S-H BEE A Z IR & 1 rp
e O] L R S A MR UK A TN B

HURRT W& B s G R e, R GEMEENR, Wik, C-(A)-S-H BRI 451 i A2
i C-S-H BERE— B 28 AL BRW T Fx oy C- MA K IOk & &2 0. 1811k A% g 36 Ik B0 R

Wi B8

2018-02-02; RFAHHA: 2018-03-19; ML HARAHE: 2018-04-27 14:46

P 48 AR 3k« https://doi. org/10. 13801/j. enki. fhelxb. 20180427, 001

HEeUWH:

BiLEE
5| AEK:

TE R SRR 5 S TR SRR 22 108 T A S e 2 TR R (JZCL20160122) 5 % 1 SA Bh2 5 4 (515780045 517785135 51608004)
) 58 T R BE R T R A B R HOR B T 5 7l A T R TR (2017 YFB0310001)

KR, WL, BIEUR, DRSO e K R A MR E-mail: gaozhanzhang@126. com

ke, sk R, FhE M, . BRI ER MBI pH EXTRERR LK IR C-(A)-S-H B sz []. 8 Me2Ed, 2019, 36
(2): 441-449.

ZHANG X J, ZHANG G Z, SUN D S. et al. Effect of pH-value of Na; SOy, solution on the structure of C-CA)-S-H gels in Portland
cement pastes[ J]. Acta Materiae Compositae Sinica, 2019, 36(2): 441-449 (in Chinese).



o 442 -

EAMBENR

(NMR) I 4K 8% 712 I F 7K U6 5% b1 kL i) 25 #4
GyHT . ol i e AL SE LA 1Y AR ALk R AE T R S5 4
WAL . ZBEAR AT X C-(A)-S-H BE K1Y
SERHEAT RE MRS AT, () B 34 A X A8 £ 3R A 1 oK A R
JE . C-CA)-S-H BE I ik B %8088 - 2 0 T4 K
(MCL) M U BELAL 4R (ALL4 D5 Si By H Al (Al
[47/SD % 317 & & 0 'Y, 1 Richardson™™ 0
Wang %5 F FH* Si A% i PR H R (7St NMR) %t 3%

A St NMR #3825 28 91 45 &
SEA T (B-C.S 5k C,S) Ak AL
(515 4% T K e LA KB ST 5. B G2
SRESPES S %%\F@ﬁMMa 0%

j‘lﬁﬂ:ﬂé, )Ib\ :
S5 1) 18 72 A2 ) [ P

B EE 22 R C-(A)-S T HE e 45 Hi 1 3 745 1
177 S BRI S T — & 51 0 BF 5 R

Ding 5" R ROGAE O AR RN . R R R b

S RER AR T C-(A)-S-H By 55 FE8 K& ai\:@

B Ca®™ B, 2 2% H A R
(A)-S-H 5 i % 78 1 TG I 8 1 1) MaSED E JiE
ﬁ%%?ﬁ%ﬁ%ﬁﬁ@@%%ﬁﬁ%%ﬁ
B C-(A)-S-H BE e 25 48 AN 1# AR UL 23 JF 4138
AR S I AR B R R AR ARG pHL (B, JF R Y
Si NMR F1*" Al #% #6 Pz £ R 7 Al NMR) 2 R 43
Br 7 Na, SO, 12 0l W pH {8 X ik B2 #h K Jé 5 K
C-(A)-S-H B Al[4]/Si F1°F 34 43 F4% K (MCL)
5 LA, T T X R AR K R oK A R
(a) M5,

S . HS9 WP Ar 12 Mg®' i, Kﬂ'é/‘g &2

L= B A
1.1 E##

S KR R sk K e A= P.152.5 K
e, % BHh 3200 kg/m’, HLRMMAN 3 446 m’ /ke,
SEERIAR A 1332 pm, ARZERLT ULER 1, KA AR
FHAY Sk 7K . Na, SO, Ak Hrati

1.2 HmblE

FIH b ek 2 R K Je i A K BE Ll 0. 4 f g3
B P R Y I R 5 L YRR R B IR AR
45 mmi R EL B, BIERE AN 2 mm, bRIE
24 h, B BALE A A 23 0 A BT 2 BCR 5 060 Y)
Na, SO, B . B3 A a8 19 77 7 B B (AR
KA LByl & B MR &) % B & TR =,
@ﬁﬁﬁiﬁ%%%%i%@?%%@ﬁﬁﬁ(pH5\

@%\ 9. 13). fHEMEMERE 3 d. 28 d UK.

J T ARG [E R Y Na, SO, 7 W0k i 1k K e
SR ZE AL B 5 R0 K AR ok 2 B0 O 3 1 31
HE . AR SR 2 bkl FE T 40CHE
2 TR P E A T AR 24 b, BESE TS T BB
RRIE S 2258 2 80 pem AL O, A5 B AH N 40 1 By
&, TSI NMR\&NMR i
1.3 e ©

K H r AVANCE [ 400MHz [ {4 #% w4
FEHR ISR 43 B C-S-H BERE > Si A2 Al {3135
IR, 2 St NMR . 2 Al NMR 4381 3k e, 43 50 i

@ 7 mm MAS. 4 mm MAS #:3k, FLIRF R 55N
©79.3 MHz. 104.3 MHz, Bkt £k v 55

5 N

4.0 ps, 0.5 ps, JF P HEIR B 8] 43 51 @9\ 0.5 s,
Q

JBE A TR W 42 53 31y 8 kHz, 12 Z W5 5l

DU BB (TMS) . AICNOGDTR R .

R PeakFit 4. 12 %ﬂ’i?@ﬁﬂ)ﬂﬂ i1 — 791

5T IR A T2 F1% Si NMR i 4%

ST 05 A BB A I 4 2 (5 5 il it 4
ﬁﬂﬁﬁiﬁgﬁﬁmﬁﬁﬁcnoﬁﬁﬁﬁﬁ
F é§

a, o /Lo (1

2[Iq + Iy +1.51¢ (1AD /Iy (2)

O
4]/51 O.SIQZ(lAl)/I:IQ] +IQZ +
'Q‘ Iy (1AD] (3)

A T AUEREERR TR K ARk G £ KL KT Q°
TR0 TR T X 7 ) R 6T 5 5 5 T o AR Bk TR R /K U
RIAK AT K I8 Q" B X R 1 A X SR . T . I
I QAD G RERAKA M Q'L Q. QT (TAD
3 TR T XTI 0 AR X 5 B s MR R C-(A)-S-H B
IR 5y FAE K . RERR SR K PRI AR C-(A)-S-

£1 P I52.5KBHUFHER

Table 1 Chemical compositions of P. 1 52.5 cement wt %
Element SiO; Al; Os Fe; O3 CaO MgO SOs Na; O K, O Loss on ignition
Cement 21.35 4.67 3.31 62. 60 3.08 2.25 0.21 0.54 0.95
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Table 2 Calculation results from deconvolution of >’ Al NMR spectra in Na, SO, solution with different pH values

AT relative intensity %

Age pH AIL6]-T AIL6]-M AIL6TE A5 AlL1]
5 19. 23 6. 25 31. 41 13.55 29. 56
8 16. 81 6. 05 36. 98 6.79 33. 37
sd 9 14. 50 5. 65 37. 31 7.81 34. 74
13 12.78 4.45 38. 57 7. 41 36. 79
5 16. 98 17.99 @38. 04 7.17 19. 83
. 8 14. 45 13.92 O@ 44. 70 2.42 24.51
9 13.78 10.9 @ 45.50 3. 80 25. 93
13 13. 04 ;.@ 48.11 5. 45 29. 46

Notes: Al[6]-T—Third aluminate hydrate, which consist of\@)]—[ﬁf octahedral units; Al[6]-M—Monosulfoaluminate; Al[6]-E—Ettring-
ite; AlI[5]—Occupancy of interlayer sites of C-S-H pa %1[4]*()ccupancy of bridging tetrahedral sites of C-S-H particles.
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Table 3 Calculation results of deconvoluti 8i NMR pattern of cement hardened slurry in
 \Wwith different pH values

Na, SO, sol
Age oH Q" relative intensity I/ % ‘ ‘ ‘ /% M AIL47/Si
Q Q' Q! Q2(1AD Q Qr
5 52.69 7.33 19.78 2.15 5.98 12.07 47. 31 4. 15 0.027
34 8 53. 55 5.21 21. 27 2.71 5.74 11.52 46. 45 4.01 0.033
9 53.92 4. 65 21.49 3.05 5.67 11.22 46. 08 4. 00 0. 037
13 56. 81 1.47 23.08 3. 89 4. 94 9. 81 43.19 3.78 0. 047
5 43.19 6.57 22.59 1. 29 8.62 17.74 56. 81 4.51 0.013
28 d 8 46. 38 3. 16 23.66 2.17 8. 27 16. 36 53.62 4. 36 0.022
9 47. 83 1.23 24.02 2.77 8. 11 16. 04 52.17 4. 36 0.027
13 50. 21 1. 21 25.41 3. 74 6.52 12.91 49.79 3.97 0.038

Notes: Q"—Q is a silicate tetrahedron and » is the number of oxygen atoms which bridge to adjacent tetrahedra; Q"—1Isolated tetrahedral;
Q"H—Hydration cement tetrahedra monomer; Q'—Disilicates & chain end group tetrahedral; Q?—Middle chain groups; Q? (1Al)—Middle

chain groups where one of the adjacent is occupied by aluminium; Q?®— Bridging tetrahedral; Q?"— Paired tetrahedral; M—Molecular chain length.
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