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Effect of Calcium Silicate Hydrate/Citric Acid Nanocomposites on Hydration of
Portland Cement
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(1. School of Material Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, Henan, China; 2. School of
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Abstract: Nano-sized calcium silicate hydrate (CSH) is an efficient nucleating agent for Portland cement, which can improve the
early strength. In this paper, CSH/citric acid nanocomposites were prepared via nucleation and growth isolation with citric acid as a
dispersion stabilizer at different citric acid concentrations. Effect of citric acid dosage on the structure and particle size distribution of
CSH/citric acid nanocomposites (nano-CCNs) as well as the properties of Portland cement was investigated. The results show that
citric acid can intercalate on the CSH, and the average particle size of nano-CCNs is between 90-160 nm. The higher the content of
citric acid in nano-CCNs, the smaller the particle size and the more citric acid released in the alkaline solution at pH=13. Nano-CCNs
accelerates the cement hydration, modifies the pore structure and increases the compressive strength of the cement (12 h, 1d,3d, 7 d,
28 d) due to the synergy between the nanocrystal nucleus and citric acid released from the CCNs.
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1.1 Eéet

P-0 42.5 /KYelly sk B AEAETALA R AR, HE K
LR T RRIPHIRLE 2 514 3 500 em’/g R 35 pm,
WA WAR 1. 28 RIBOKGRIRIE B AR e 2
A PR R o & K E A6 REET R Al R 4
R . SEMNE . R MEA SIS N
Hrati.

®1 KREHHERS

Table 1 Chemical composition of cement w/%
SIOZ A1203 NaZO KzO MgO CaO FCQO} 803 TIOZ Loss
21.65 9.15 0.24 0.66 4.09 54.06 2.85 2.85 0.49 1.96

w is mass fraction.

1.2 #92K CSH & CCNs Bl & 755%

gk CSH J CCNs M B} H Bt sn b g 2 &
BRo F— B BRI VU KRR ES . FOKEERREN I A A
BN VSRR T LB FKH, 15E0RE 508 0.6+
1.0 J 1.2 moV/L [IRSERES IR FERRENIA I L AR
BN PR — 5 BT IR IR AR T 25 1K,
330K 4 0.00.0.04.0.06.0.08 mol/L /% 0.10 mol/L
MR AE BRI W - BCREARARI Lk 4 Ff s v [ B i N
SRR TR SN %%, (E 4 000 r/min FRFE N I 215
1B 3~5 min, 33 FRBAERTTH T T 50 CREI
it 2 h, SR 5 2 AR AROK B0 ek 2 pHAE 7~8
Z 18], 43 B o KRR BRI 46 FH & 43 1) 4 000 0.04
0.06+ 0.08 mol/L & 0.10 mol/L #1445 3 1 7= 4 7
Al 44~ CSH. CSH-N0.04. CSH-N0.06. CSH-N0.08
J% CSH-N0.10.
1.3 RIEFZE
1.3.1 gKRMELRIAE RAMEE Bruker A
D8 Advance ¢ X SFEATHAN(CuK, HF2k, WK
0.154 06 nm, VG 5°-60°) 3 [H PerkinElmer
A 7] ¥ Frontier B 21 4065 WU 572 25 B & (1) SR AR 45 4
I L E /R LA F] ) Zetasizer Nano ZS 49K 57 &

LSRR B R B 53 A o K FH € [E PerkinElmer 23 &
STA 8000 ZY A3 b A A R} i #v e F AL, ik
JEE 50~900 C, FHEEZE 10 ‘C/min. i EE T
AU P AR G647 45 BR VA T A i AL 72
JERRRAE BTGRP A LRk E, 193] CCNs AR
B2 & . K 0.8 g CSH-J0.01. CSH-J0.04. CSH-J0.07
S CSH-J0.10 43 5 f#AE pH N 13 1 40 mL ¥
, 43t 4. 8. 12h K 24 h, MAREBR PRI SAHL
.
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FEIZARE GB/T 17671 X /KRR AR RIPUE R FAT T
MR, BT KK EG 9Kk 28 RIBOUK A & 5
KALHDR A H EAHE, 76 20 mmx20 mm*x20 mm
RN BEs, BEJEIRE) 2 min. EFRPE[EE



. 2184 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(8): 2182-2189

2022 4

(20£2) 'C, AHXIREE =90% 747 BIFE W B, SR)5
7£ WDW-20 B! i1 A5 pL kAT 5 it K H
%[ Quantachrome A F] 1] Autosorb L7 Hr 43l ik
A S R R AR FLEE 1), IRFEAE 40 CHILS 6 h,
£ 77.35 Ko AN A7 0.01~1.00 [¥765 FBl A 547 0%
B o

2 EREH®

2.1 40K CSH K CCNs L& KR Hh

gk CSH S CCNs WL eig &l 1 Fros.
3500 cm ' A1 1 634 cm™ AT T CSH K&
CCNs JZ a7k R R AR s R K . 450 em™'
654 cm '\ 857 ecm ' J% 960 cm ' AT A HIHIR T
0—Si—O0 & RN, 8o s M4 HREN Si—O
= REN P2 K Si—0—Si 2 RS, AT
gk CSH. 1 486 cm™' 4bi) C=0 M4 R%)
U 2 ) £ B AR o PR R R A5 o 1 418 e AR FIFR 4
I T RE A C=0 X FRIRBIEK & (0—C=O0){Rzh. 5
YK CSH FEfhiANF, CSH-N0.04. CSH-NO0.06-
CSH-N0.08 1 CSH-N0.10 7E 2 940 cm™' #4130 7 1
Wi, KB CCNs HEEITEIR. A, FAEE
FrAE IR 2 LM A% sUAE7E T CCNs H1.

CSH-N0.10 \
CSH-N0.08 P
CSH-N0.06 P
__\_/_}/_,_L_’—’\/‘\

8 | CSH-N0.04 P

< ' !

E |csH AN

@B S~ T

g v 1636 i

= g 1486 / 654

857
%0 450

1 n 1 L 1 L 1 L K L 1 " 1 n 1

3900 3600 3300 3000 2000 1500 1 000 500
Wavenumber/cm™

K1 99K CSH [ CCNs ) FT-IR i
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Table 2 Cumulative pore volume fraction (p) by pore size

0/%
Sample No. <10 nm 10-50 nm 50-100 nm
Control 25.56 56.07 16.19
Nano-CSH 26.83 55.90 15.83
N-0.04 30.60 53.63 14.87
N-0.06 2531 52.20 13.53
N-0.08 32.00 52.78 14.21
N-0.10 23.71 58.39 15.37
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