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Influence of Calcium Silicate Hydrate Seeds Modified by Polycarboxylate
Superplasticizer on Cement Hydration Process
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China; 3. Nanjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract: To study the promotion process of cement hydration by polycarboxylate superplasticizers modified calcium silicate hydrate
(C-S-H/PCE) and understand the mechanism of C-S-H/PCE seeds promotion of cement hydration. Acrylic acid-based
polycarboxylate superplasticizer (PCE-1) and silane-based polycarboxylate superplasticizer (PCE-2) were used to surface modify the
hydrothermal synthesized calcium silicate hydrate (C—S—H/Unmodified) seeds, resulting in the polycarboxylate superplasticizer
modified C—S-H seeds (C—S—H/PCE-1 and C—S—-H/PCE-2). Subsequently, these three C—S—H seeds were added to the cement paste.
The compressive strength, phase composition, and heat release curve of cement paste and the surface tension of C—S—H seeds were
tested. The results showed that the surface modification of PCE-1 and PCE-2 resulted in an increase in the surface contact angle of
C—S—H seeds from 36.9° to 41.1° and 42.9°, resulting in lattice mismatch of the sedimentary phase (hydration product) on the surface
of the substrate material (C—S—H seeds) and inhibiting the epitaxial growth of cement hydration products on the surface of C—-S-H
seeds. PCE modification reduced the promoting effect of C—S—H seeds on the hydration process of Portland cement. Moreover, the
degree of reduction in the hydration promoting effect of C—S—H/PCE-2 on Portland cement is significantly greater than that of
C—S-H/PCE-1 crystal nucleus. Tests of the adsorption equilibrium of PCE in the pore solution indicated that the C—S—H/PCE seeds
did not directly introduce new crystal nucleation sites but exposed new C—S—H surfaces through the desorption of PCE on the surface
of C—S-H/PCE seeds. The desorption degree of PCE on the surface of C—S—H/PCE seeds determined the promoting effect of
C—S-H/PCE seeds on cement hydration.
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MR AR AR A A K(Ca0, i
WIE=98%, EZEFMNFAFARAF): LKL
Pt (0 IR =99.7%, [ 25 L 1k 2255 IR A
Al); KEFK. HEREKYE PL42.5, HALZEAE R
W 2.

x1 BERRBIKFINS FLEE
Table 1 Chemical composition of PCE

PCE  NaaMgusioiNupecaqo0  Mo/(g'mol™)  My/(grmol™)  PDI
PCE-1 5:0:1 18114 33148 1.83
PCE-2 2.5:2.5:1 16124 30958 1.92

Naa, Nkns7o and Nppegaago is amount of acrylic acid, Silane coupler KH570
and HPEG2400 substances; n is in mole. M, is number average molecular
mass. My, is weight average molecular mass. PDI is index of degree of

polymerization.

F2 KRWFLEARK
Table 2 Chemical composition (mass fraction, w) of
cement w/%

SIOZ A1203 F6203 CaO MgO Kzo SO3 LOI
20.14 5.71 2.65 63.64 3.15 082 284 265

1.2 K#HERK C-S-H &%

KA BER R % C-S—H 5%, BARERIE
Wir: #EFIFRE 3.58 g 99K SiO, 1 3.34 g CaO B T
TR DU IR A AT, ARG T IFLL 10 1/min
R BERE S min, FBBIGZIEINAN 30 ¢ K51
K, B R VU M A, TERE 345 F 200 r/min
FER AR S FE 30 min, B SR IUR OGN AT E T
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Fig. 1 Particle size distribution of different C—S—H seeds
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Fig. 2 Mechanical properties of hardened cement paste
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Fig. 3 XRD patterns of hardened cement paste at 1 d
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Fig.4 DTG curves of hardened cement paste at 1 d

Mass change rate/'C~!
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Table 3 Mass lose of hardened cement paste at 1 d
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SRTFE, IR RBLE R IR B Rpearr  HH T HAZ IS
FERAEI ST iAZ, TR I A% A A K S R 1) S I3 R
PR = A K 2 T R R 2 4 AT 4
C—S—H/Unmodified fi#% toear 3/ H. Rpear K K
#& C-S-H/PCE-1 fi#%, #)5 & C-S-H/PCE-2 fit%,
XRPLEIEIAN, SRS R4 A K
A R AN Z 24> 8 C-S-H//Unmodified &
¥+ C-S-H/PCE-1 §:#%. C-S-H/PCE-2 f:#%. M4t
i E il A SR U R 3R Kag AT AR KA P ) 35
MAKER, A4 PCE otk il B3l i 1
C-S-H fiZR K= L KiE =, H PCE-2
PCE-1 i/ F 50 2. 3% .
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Table 4 Parameters related to the hydration exothermic
rate curves

C-S-H/ C-S-H/ C-S-H/ Groups ti’h Ri peak Rpeak Kas
Temperature Blank .
Unmodified PCE-1 PCE-2 Blank 4.08 0.789 22.07 10.639 0.502
<200 C 4.08 6.46 5.80 491 C—S—H/untreated 1.83 1.769 9.18 17.596 2.056
370480 C 1.59 2.70 2.33 2.16 C-S-H/PCE-1 1.88 1.782 10.81 16.171 1.502
510-730 'C 3.42 4.49 4.41 3.93 C-S-H/PCE-2 1.95 1.141 16.01 13.254 0.678
3.5 f%fmA

(a) Cement hydration exothermic rate curves

£ ) |/ Cos-HPCE2

5 {_ C-S-H/PCE-1

= C-S—H/Unmodified
4 ‘ s X ‘

0 9 18 27 36 45 54 63 72
Time/h

(b) Derivative curves of hydration exothermic rate

Bl5 Sz K e 8 KA B E = it A2 5
Fig. 5 Effect of crystal seedson heat release rate curves on
cement paste

RTFFWIEE R AL ACIEIITIT 48 RO Rl —
BEAFES R, H KRR TS M8 ik 2
VAR T 75 B 18] ot 4 AT A1, NN C-S-H
B RE K I AR I 18] 6o RIS ARG, 7K
IKACHE NP SR A A 7], AR AR R

K FH B2 fb /R B2 004K 7 PCE 3% T o4 %
C-S-H @i% 3K Gibbs H HRERIZIEN . K 6 45
T3 R R A . K 6 mTA, BT
C-S-H/Unmodified /1%, PCE [ P #15 C-S-H
o A% R LA I 7 — @ MREE S, PCE %
T C-S-H %1 Gibbs [ HfiE. @ % AN C-S-H
i A% B T SR A 22 20 i 5 7K e /KA =4 2Lk, 7K
F=REfE C-S-H Mz R AMEA K, BRI H
R R mC AR T Ak A iR 36 K B PCE ik e 4s
T C-S-H @b i% 3R 1 5 A 1 B B g, &R 1 ITRAH (K
TN AEART AR SR AZ) 2 THI R A i SR T, AT
il 7 PR ARAEAT A R SR TH AN A 4 o 3K 350 B 24
KH PCE £itPEEE /il C-S-H i, kg
C-S-H/PCE @iz A BA ERIARF F. X 2 Fh
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3.6 NMIEEEH
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25

(a) Water on C—S-H

(b) Water on C—S—-H/PCE-1

(c) Water on C—S—H/PCE-2

Bl6 B KAE SRz R i Hefi

Fig. 6 Contact angle of deionized water on the surface of
C—S-H seeds

Absorption
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Fig. 7 Absorption amount of PCE on cement surface and
C—S—H seeds surface
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Fig. 8 Effect of equilibrium concentration on PCE adsorption
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Table 5 Adsorption parameters of PCE on solid surface
(Langmuir model)

Groups R? Intercept Slope AJ/(mg'mL"') k/(mL-mg")
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