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Effect of Organosilane-Modified Polycarboxylate Superplasticizers on Grain Size of Calcium
Silicate Hydrate Seeds

WANG Xuechuan', QIAN Shanshan', WANG Ziming®, LIU Xiao>, ZHENG Chunyang®
(1. Jiangsu China Railway ARIT New Materials Co., Ltd, Jiangsu Province Engineering Research Center (ARIT) of Concrete
Polymer Additives, Nanjing 211505, China; 2. Faculty of Materials and Manufacturing, Beijing University of Technology,
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Abstract: In order to obtain stable and dispersed calcium silicate hydrate (C—S—H) crystal nucleus, improve its crystal
nucleus-inducing effect on cement hydration, and realize the efficient utilization of cement clinker. Polycarboxylate superplasticizers
(PCE) with different proportions of acrylic acid (AA) and silane group (KH570) were prepared via free radical polymerization to
disperse calcium silicate hydrate (C—S—H) seeds. The corresponding C—S—H/PCE seeds were synthesized by a solution precipitation
method. The grain size/size distribution, the stability of C—S—H/PCE seeds and the bonding mode of PCE on C—S-H interface were
investigated. The results show that the PCE with an appropriate proportion of KH570 can effectively control the grain size of
C-S-H/PCE seeds. The adsorption mode of PCE on C-S-H surface changes from Ca® complexation to a more stable Si—O—Si
chemical bond, and the grain size of C—S—H/PCE seeds firstly decreases and then increases with the increase of KH570 ratio. At a
KH570 to AA ratio of 1, the adsorption layer thickness of PCE on the surface of C—S—H is 2.5 nm, the grain size of C—-S—H/PCE seeds
is 60 nm and the stability is optimum. The PCE undergoes an intramolecular dehydration condensation process under alkaline
condition with further increasing the proportion of KH570, forming a reticulated silicone resin structure, which is unfavorable for the
regulation of grain size of C—S—H/PCE seeds.
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TERR S (C-S-H)dn iz & — Mgk E-a kL, 5L
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ETTIEIED, KD R AR i e T A
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ZITIEN S LA, fekes, AT~ T
FERBEELHANE SR LR, B ARl
I SRR G, 2T C-S—H S A%E KB
K, BN T C-S-H/ER R IR 7 #7H)
(PCE)ift%, ZEAEH I K AT, BA 20
JSFH T 5

C-S-H/PCE A% RESRHLAMAM4h b A, (248
IKAK SN B 380 S5 A 1) AR 34 R R A% B AR, W AT R
RO N R AR B SR L 2 g AL, BRT
TR AKIB KA AR . Plank 2602V ) & R 5L 55 B R
PCE I H 5 3] C—S—H Sk A KRR, ERE %
S AN R RE K, A% RIARIE Wi 4R K . Fang 4610
I SR X T A F B B3 A% C-S-H/PCE #&
oy BrERE I sE e, 45 AR R BRI R R LA
U fR R 42 4% . Kanchanason! i it 425 1] & B0V Wi
pHE R 11.7, FIIE R 7 RAR FE EAEHFE 100 nm
VAW i) C-S-H/PCE ###%, {H C-S-H/PCE ##Zxt &
VAR pH B EURR, 18 Tl A P i sl . o g
R C-S-H #EI R MATIE K =R FE IR, PCE
I TEER PR EEN Ca” B A EHITE C-S-H &
W AR AT F AT, 7= A 2 () A BELORE,  # ]
C-S—H St Kk, X P Ca® B &1 I P2 AL W I 2
RMEEEARkaE, 149 C-S-H/PCE S kifm i, A
R 7 E AR, KRR E A B .

T RN N E A C-S-H/PCE
ik, A TAELA BT T 450 b B b S S e b 1
PCE 4}, B8 o 4 7 R 3 A e SR S ek o L 451
MHi e PCE 4r BN UTIE IR B, A — R 51
C-S-H/PCE §i#%, %t C-S-H/PCE @it%/Kie/Kik
TRHERR . R o B LT T A

1.1 [FE#r#

SRR (AP) L-PUAA MLER (Vo) 3-5i 25 T R
(MPC), Zrirat, EZjERERAARAR; y-H
FE A I P SR A A 2 = AR R R R (KHS 70) . I R

(AA)- VOKAEERES « JUKEERR SN VU KM (THF),
arrat,  BigRTR T AR R AR AE: 5T
W58 £ B (HPEGa400), LMVZ, 377 B ik
At BRR AR s FERRER/KVYE PL42.5, F EEA LR
KRERAT, GFAEHABIE 1); brderd, EI]
YRR B R A

R OKRICFER

Table 1 Chemical composition of cement w/%
Si0, AlLO;  Fe,05 CaO MgO K,O SOs LOI
20.14 5.77 2.65 63.64 3.15 0.82 2.84 2.65

w—Mass fraction.

1.2 PCE #l|&

KH AA 1 KH570 {F R/ 5§44, HPEGaao0 1E N
KEAR, BARBEARLEI IR 2 Frox. 76 4 DB
BN 0.6 g AP, 120 g HPEGo400 A1 100 g THF, #A
Ny, B3 E, KB mHE 35 C. FE IR
A (H 0.3 g Ve 1 0.8 g MPC [{] THF ¥R ZH )1 B
(1 AA 1 KH570 ff) THF Va2 %), [EINREm A
REFT B RE, SENEHECA 3 h, fRE 1 h, fRREH G
BAF BN R A WEAE 50 CRFE LT 72 h, BH)
2 EIRFENRE AR AN bR PCE, B N5
N 1 R

%2 PCEHEHENSTFE

Table 2 Composition and molecular mass of PCE
M,/(g'mol™)  PDI

PCE naakusi0EpEGaa00  My/(g-mol ™)

PCE-0 5:0:1 18114 33148 1.83
PCE-1 4:1:1 16 124 30958 1.92
PCE-2 2.5:2.5:1 21 652 38 541 1.78
PCE-3 1:4:1 15112 28 411 1.88

Note: n is mole; M, is number average molecular mass; M,, is mass average
molecular mass; PDI is polydispersity index.

1.3 C-S-H/PCE &i%#&

¥ 5 g PCE VA RAE 50 g 2538 F/K 1 NERL
FHMERA 50 g FETFARIMENRE, BA Ny, ¥
0.083 mol PY/KAHERESIEMALE 50 mL 1) B /KH1E
NN C Ak 0.069 2 mol FLKImAERRENTAMFAE 100 mL
WA F/KPENEN D R, R EE D)6
(800 r/min), /KIFTHEZ 60 C, RN C BLF D
BE WINETECA S b, ISR GER 1 h, iR
Ay #UA R B A B bR C-S-H/PCE #:#% .
1.4 FRIE

1) PCE 43 F-&5#4)

¥ PCE ¥ e il 1% 105 29 FE K i H
0.22 pm S PEZTIE S B TR AL . RABRISIE A
WA (Waters 1515)ill %€ & B PCE )T &340, it
314H759 0.1 mol/L NaNO; A, it i# € 4 1 mL/min.
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Fig. 1 Polymerization process of PCE

KA ARX-400 %G LR P 3 A (Bruker) X PCE
FESL THNMR #EATI0R, R4 A 400 MHz, FE
i LUK (D,0) N7 o

¥ 0.2 g KBr 14 mg [#l /& PCE ¥ i (ERT A T 13
S EE, SRJE LA 5~10 MPa K /106 Fro RH]
Vector 333 FT-IR Y4 (Brook)* & %1 PCE #E47
30T .

2) C-S-H/PCE #i#%

¥ C—S-H/PCE @i B B 1% 0.2 g/L &I
FH AR 7 9 KB /3 UKL 15 min, B J5 R sh& 6Bk
S5 (DLS) A & 5 b AT WL P 3 AT

B 50 g i 4% C—S—H/PCE 4% B 12545 100 mL
BRI LB R E 0+, KA ZONKIA
SC-04 BB HLFEAT BS 0S5 . 43 I 7E 1 000 r/min.
2 000 r/min~ 3 000 r/min. 4 000 r/min. 5 000 r/min
B0 30 mine BOEHE, B E LR AR E
HIEAIATIIE, A TIRIEDE, dEF I E IR R
5, DUV C-S-H/PCE ftZfa e 1k

WA C-S-H/PCE fiiZAE 50 CHZ T4
7d, 3K {EA C-S-H/PCE. #[#{A& C-S—H/PCE
R AR BT 52 10° 20)/NMAFE X SHERAT 43T,
KN 0.5 (O)/min, BURJEKH 40 mA 1 40 kv
TP Cu-K, FE ST X B4R

K F Axis Ultra DLD Y& i 6 C-S—-H/PCE 3K i
HATEEST, AN ALK, HEARTE 150 W (10 mA
15 kV)K I RE X 4k, MESZKA 0.1 eV, fi
F Advantage B ARG AT 704, BN 284.80 eV
[R5 Cls iIE(C—C, C—H)BHT R IE,

2 ER5W%®
2.1 PCE 9F4&#

AN 5T 4581 PCE BB E % K 2, Xt
N AR . T EES S T8 M, MEL)ST

& MM TR 2 B (PDD WA 2. AAL,

PCE-0. PCE-1. PCE-2 7;F & K/MHY. 24 KH570
5 AA BEIRER 4:1 B, & RUY PCE-3 43T &= Wik
HAELTE RS ERN, XEELHT

KH570 AR AT, 5RKBARZ BRI R EZA
N
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Fig. 2 Gel permeation chromatography spectra of PCE

B 3 NSRS 4549 PCE ¥ 'H NMR . 1k
RiREN 2.4 XRL T EFEH G IRIIX L H, 3.7
X T SR Tk 7 S R S AR I ) R R
MEER R O R AL |, 1.7 BR8N
IR A SRR E A P T 2 H, R 5 A
(AL H ISR EAE 0.8, 2 EFTA, AT HiF
724 PCE-0. 48| A\ KH570 ¥4 )5, "H NMR %
BRI T 3.3. 1.8 F1 0.7 Z5ig, HARIXTN T
KHS570 = %% ()30 B 3% H. =88 A 30 B 3E J AT
PR H, FIEAT LA PCE-1.
PCE-2.PCE-3 7345t H 51 N T KH570 &4,
PCE-3 45y 5.6 247 B0 1 /DB A WU 7 36 H,
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Fig.3 'H NMR spectra of PCE

B 4 45 T A 9> T S5/ TR IR 43 857 PCE 1
LLAMSOEHE, Wk 1 113 em ' A C—O (H4ETR
Z, WeUIg 1 728 cm ' AA R KHS570 51N\ C=0
I ZEIRS, WIS 2 889 cm ' Jy C—H (H4EHRE) .
920. 1080 cm' I 680 cm ™' #iA N2 Si—O BEAIHR
Nt BT 920 em '\ 1 080 cm ! 4R B4 4 HPEG
MRZhIE B B, H s 680 cm ™' ISR AR RE
FEEEH], EARBEE KH570 BR8N, 680 cm™
W AT Ve B I W 2, X B AE PCE 43745 K4 v s i i)
5INT KH570.
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Fig. 4 Infrared spectra of PCE

2.2 C-S-H/PCE &#%
221 KR AR Kl 5 C-S-H-PCE f#:#kite
A . FIEN PCE 43T &5 vp A & H 3L B L [

(PCE-0)& i) C—S—H/PCE-0 % kif2 %179 150 nm;
K KHS570 EE/REUAR 20% AA, &% C-S-H/PCE-1
A% IR AR PR ZE 130 nm; ZREEIIN AA 1 EE /R EX
RFERE, C-S-H/PCE-2 @if%(KH570 EE/REUAR 50%
AA)RIZRFRZE 60 nm; 24 KHS570 BE/REUR 80%
AA, & C-S-H/PCE-3 fi#Z ki {245 4 210 nm.

X#EW, f£ PCE T4t gl Ni& Y tfil(AA 5
KH570 JE/RECA L:D)RIREREIEHE], ] DL 2 i
CSH %MK, A B /NREAZ ¥ C-S-H/PCE fif% .
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Fig. 5 Particle size distribution of C—S—H/PCE seeds
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Fig. 6 Centrifugal stability of C—S—H/PCE seeds
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C-S-H/PCE-1, ] 2 ff C-S-H/PCE /% H A+
(RIRLA% 23 A, {H C—S—H/PCE-0 Fi B Lo ke g A A K
C-S-H/PCE-1, % 210 nm ffJ C-S—H/PCE-3 TEi#1)
KV FLER I AR E P EE 150 nm ) C-S—-H/PCE-0

ERE
223 C-S-H/PCE /¥ W) HH &5 14 N T T

PCE % C-S-H/PCE #:iZ it Fke e I s, 4
BIXTAEIN PCE il % 1) C-S-H AN iR A Ak
PCE ] C-S-H/PCE g% 7E 5°~10°3H4T/NA B X 4
LRATHSEES, X FERATHERME 7. HE 7 A,
AN PCE A i) C-S—H 7E 26=6.9° H B R i,

WESE T C-S-H AJZIRE5H, HIZMFESA 1.261 nm;
AR A RIS BUR PCE I, C—S—H BRI 7 1tk 184
I, ATSTIEARTS R, YW PCE X C-S-H 45 &
KR TESRIMHEIER, 4REEK. BT
)2 07 R C-S—H 94 L, BN HLAE v
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Fig. 7 XRD patterns of C—S—H/PCE seeds
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(f) Effect of KH570 on complex Ca content
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Fig. 8 XPS spectra of Ca elements on C—S—H/PCE surface
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Ca 2ps, HIEAL BT 346.78 eV, Ca2p, HIEH & 1E
350.28 eV, H53CHA[18]—3. M PCE J5 Ca it
BT e, XEZRZHETHS Ca BT EEH
FEL A4 Ca ) Ca2py, HIERLELE 346.05 eV,
Ca 2p1, HIELIELE 350.55 eV, KA Themo
Avantage 34T /UL FL S, AT3RTS C-S—H/PCE
KM Ca CRMAR LG, H1E C-S-H & A
Iy T2 R AR IE L B 4 1) PCE-0, C-S-H %
[l Ca th7 45545 87% ¥ 4% & Cas AA # KH570
BURJE, & HUf C-S-H/PCE £ % & Ca XITHAI
b2 5 & AR, 29 KH570 BUX 80%(K) AA I,
C-S-H K24 A Ca b LR 42%. XK
i L LR IEAE NI B L 1 PCE B R/ 8GRI, 3=
EUREE S B A EHWE C-S-H K, H7E
PCE 43 145Ky rp 5] N B ik e AR R IE I, Bt 7
RRA T, Ca® 28 B MR I P A

FIF Si 2p FEAE G TR ST C-S—-H KL
B J2 5 BE AT A0 A o AN PCE 1) C-S-H, JInA
PCE J& C-S-H i Si 7t 2 1% FL ¥ 5 B2 B i PG,
WK 9. MRIECHR[20-211F7id 115 PCE £ C-S-H
R ZEE, HELE Rk 3.
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Fig. 9 XPS spectra of Si elements on C—S—H/PCE surface

PR B 2 J5 5 C-S—-H/PCE kit /i /E K 10,
A A T B2 R R S 0, 3K A3 C-S-H/PCE #hit%
FIARHR /N o 7 PCE 3 F 250 51 & 24 Eu il AR o
BH, BRT M EEERRA, RH 20%0)
KH570 BUfX AA J5, Wb ZE R 1.55 nm 340
F]2.05 nm; 4K 50%01) KH570 BUC AA )5,
W B 2 BB Rl LLIA S 2.50 nm; 4EEEHE i KHS570
&R, W EEEREIKE 0.67 nm. P — 8
FEmEAA RS, TR TR T,

18 PCE 4> 25 5% ] C-S—-H F 52, 12w kA b
5 C-S-H £ Si—OH i /K46 & 2, K k& E
HI B )2

%3 PCE 7 C-S-H/PCE B#ZFTA LM EEE
Table 3 Adsorption thickness of PCE on the surface of
C—S—-H/PCE seeds

Sample Height
hv/eV  Ey/eV Iy
No. counts

Adsorption
thickness/nm

Blank 1486.60 101.63 24737 50085

C-S-H/ 101.65 16 741 34258 1.55
PCE-0
C-S-H/ 101.66 14 557 30227 2.06
PCE-1
C-S-H/ 101.63 12963 27 186 2.50
PCE-2
C-S-H/ 101.72 21194 42 539 0.67
PCE-3

Note: hv is the incident electron energy; E, is the binding energy; I, is the
initial photoelectron intensity; J, is the initial photoelectron intensity after

passing through the absorption layer.
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Fig. 10 Effect of adsorbed layer thickness on particle size
distribution of C—S—H/PCE seeds
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