5 51 545 5 4] e S R N Vol. 51, No.5
2023 /£ 5 A JOURNAL OF THE CHINESE CERAMIC SOCIETY May, 2023
http://www.gxyb.chpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20220821

8 % A R R B R BB AR K P~ AR A R AR
g3 R RE R 52 IR0

# & EAKL REFEL B BN AKREL X AL BT

(1. mtERe LR TR R E K E sk s, VL AR BRI A B A ), B 211103; 2. ZRERFEM B S TR
Bi, FE&{ 211189)

W F: A E YRR AR SRR IR kK 71U B AT 9 (R 5 2 DR DR FIFE L D TR e - rh 7 OV RE A SR R B 7o B T 0
A GRS i AR TR I S A BB, F BB T 17 A0 SR PR IR el /K 77U AN 5 N BT 22 ) DK RIS K R A
K FEARTAAT NIRIFE o 51 NBERREE AT LLSR Bl KRR GURH AR SR T AR B S TR A PR AR O MR S RE [ I 38 i ¢
BRI TP 2R BE, B 1 IR FIE KRR A B S AR Th B VR R, A7 RLERAR TR ARRMURE L . MR R P R A B &
BN, SRR LI LA E R B s KGR RE S L5

KRR SEERRIEIBUKA: LR MR AR KRR AR
FESES: TUS28  MRKRER: A XEHRS: 0454-5648(2023)05-1126-10
4% L AR AT IE] : 2023-04-14

Effect of Preferential Adsor ption on Dispersing Perfor mance of Phosphate-Containing
Superplasticizer in Cement—Microcline Powder Paste
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(1. State Key Laboratory of High-Performance Civil Engineering Materials, Jiangsu Sobute New Materials Co., Ltd., Nanjing 211103,
China; 2. School of Materials Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract: The performance of polycarboxylate (PCE) superplasticizer in concrete with machine-made sand greatly depends on the
adsorption behavior on stone powder, which is concerned with the lithology and specific surface area. The workability can be
improved via enhancing the adsorption of PCE on stone powder. In this regard, the rheological behavior of cement paste and
cement/microcline paste with conventional PCE superplasticizer and phosphate-containing PCE superplasticizer was tested. The
incorporation of phosphate group can enhance the adsorption of PCE molecule on the surface of microcline, thus improving the
packing density of cement/microcline mixture. The average particle separation distance increases. Therefore, the dispersing
performance of PCE superplasticizer in the mixture is obviously improved. The apparent viscosity of paste is reduced. The
performance of phosphate-containing superplasticizer is even better when incorporating high content of microcline.
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(a) Schematic diagram of PCE samples
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Time/min

(b) GPC traces (eluted by 0.1 mol/L NaNOg3) of PCE samples

a, b, and c are average numbers of each chain unit within single polymer
chain
K11 PCE HoKFIFE 451 5 GPC 1
Fig. 1 Schematic diagram of polycarboxylate superpla sticizer
(PCE) samples and gel permeation chromatography
(GPC) traces

NRFE R EE R E—2, ¥ C20 1 65%fH)
MAA e 28 E 1 MAPhos #oc 8 #ie, 2 Fl
YT ERE A RN, itk 2 MRS
V)5 IE R YRR T B A AH I R E R 5 AE B A
C7P6.5 MM EE Ay 2 FE AR R o, FR 4 T 5 A THI
i P PSR AT AL S = = N )
2 T TR 2). BT DAHELS, 23
EAHME, ATLLIAKN C20 Al C7P6.5 W it 7E & 14 i

L T OB B AR — B, P IR 2 R A 4,
2 (AL REAR Y o T 22 9 35 7E [ 4 ROk 2 17 DA B 437
JE B R A B 78 SRR B (0=1)i, P AL
B> THE AR Y, {H C7P6.5 MM TIRE T K —
g, H IR B S RE =T C20.

1.2 MG E

121 wARtERE  WEA TORFIECEG N AR AR
PERE . T SEBR R BINLHI MR E L oa o & &
HE T KPR T IS 10%F1 20%47 H} (5 & 4>
) 2 oL, LR E T 4R, 1) KeEK,
JKIKEE 0.3;2) 7E/K K H: 0.3 ByEEAt &AM N 10%
IR E T MCP, SR KR A 3 ] 444 2K 1) it &= L
(KB EE) A 0.273; 3) fEKIKLE 0.3 (AT EATAMNA
i 20%7K Y2 Jii F: ) MCP, SEFR/K# EE A 0.25; 4) 7K
P, KK 0.25,

WG GBIT 8077—2012 (iR #kE+4Mm7) 51 it
ML) AT RS MRS . RARRAR
P ALK A Brookfield i 24X (R/SP-SST, USA),
RSy CcC25, MARFEFWE 3 Fim. Hikid
TR DABTY)# % 100 s 1 A0@E Wi BTY) 30s; Fisy
DI )5, 10s WIRZES)H FfF% 0; #E 30s )5,
BUYIER DA BER M O B9hNE 100s™, 485 F LARY
BER AN 100 s RFER] 0. &% BY VI 4 RS2 [A]
N 10s, KA JE 5 s BT J1 P 3B AE AE M BT
TR . R B ER T BB AR A T
HE R ( 1), WA BT HBEALR Herschel—
Bulkley f& 7!,

r=r,+a-p° (1)
Hor: gy NBIYIEREY: « NN H1(Pa); w0 M
WA RS S (Pa); a A1 b 4y B B B R B AR
Newton 545 .

R SR 7K 8 2R A H ) B P 25 -4l i, o A
PLFLIE M [c(KOH)=1.77 g/L. ¢(K2S04)=9.74 g/L .
c(Na,S0,4)=4.63 g/L Fl ¢(CaS0O,4-2H,0)=1.161¢/L, ¢
NIRFE], HREAFRE PCE MMIREE. &
TG BE RIRER A B AR A e, Ry 8]
ERAE 1 min A O 2 i3S hnZE 100 s, sizfr bl
WEE T MR, RMFEIEE, ¥ Newton Jitf4
122 WHHERE  SRAEA PR (TOC) MR J ik
AT TR R & KR I . v T b RK
I E B KIS FERT TOC IR 45 5 i 5 LA K
P R AR R 1, PR e i B A R (1) 7K
TR EE A7 L I 52 N 0.6, W e TV A8 P B il ik it
T o MR BRI R R AR R EFE: 1) 4liKiE; 2) 4b



%5 51 &5 5 ) RF#R . LRFRVERPRON S BERR ARG AR Pe— AR A FR AR T ) HIUPE RE KR + 1129 -

| 1.07 J1.Uv L. 11 14.77 |
5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 0.5
Chemical shift 0
(a) C20
2 2 2 882
-t o — —_ o o
I N
Sret
T T ol T
425 91.00 2.79 11.12
5.0 4.5 4.0 35 3.0 2.5 2.0 1.5 1.0 0.5 0.0
Chemical shift &
(b) C7P6.5
Values below and above each peak are integral of peak area, and the chemical shift of each peak, respectively.
Kl2 C20 1 C7P6.5 IIZHEILIR A, DO
Fig. 2 HNMR spectrum of C20 and C7P6.5, D,O
#*1 PCE HmEHEH
Tablel Structure parametersof PCE superplasticizers
ab:c 1 1 :
PCE - - 1 My/(kg-mol™) Mu/(kg-mol ™) PDI Conversion rate/%
Feeding ratio Measured by "HNMR
C7P6.5 0.70:0.65:1.00 0.70:0.60:1.00 11.8 233 197 88.9
C20 2.00:0:1.00 2.00:0:1.00 11.9 20.8 1.75 90.2

ab:c is the molar ratio of chain units in Fig. 1(a); M,, My, and PDI are number-averaged molecular weight,

polydispersity index of polymer, respectively.

weight-averaged molecular weight, and
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% 2 PCE ¥mpyRMitag
Table2 Adsorption conformation of PCE superplasticizers

PCE n P N Adsorption layer thickness/nm Surface-occupied area/nm? Surface-adsorption density of side chain/nm™
C7P6.5 1842 2273 231 2.98 80.5 0.229
C20 16.77 2273 3 291 79.3 0.211

Calculated by Flatt's model*®, n, P, and N are structure parameters of polymer, which stand for number of smallest repeat unit (with single side chain), number

of ethylene oxide unit in each side chain, and number of backbone structure unit in each repeat unit.

K3 JpAm AT
Fig. 3 Rheological test program for cement paste and cement-
MCP paste
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Fig. 4 Effect of PCE dosage on the flow spread of cement
paste and cement-MCP paste
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Fig. 5 Adsorption amount of PCE at varied dosages in
different pastes

1EKJe-MCP B &1k &, C7P6.5 fEIKB &
(<1.0 mg-g )M ME TR BT C20, XiiW]
MCP [ INZFE T #84r C7P6.5, f#15 C7P6.5 #ii/k
W FERIER 0L o 75 s B B4 (=2.0mg-g ™),
REDUINE 7R, AR R F CTP6.5 Lt & MCP
W B B S KT IR B L ¥ T C20.

N TR PCE 5 B 44 J0RL 2R T I AH AR
o AN ) 4k 2 H ] A4 ke () 2R 1D H A 2R 47 T AR
S BIIAR T 4li7K . NaOH YA #(0.1 mol/L) AT
FLEBH MCP (R AAL, 45 355 ~-79.6.
-136.2 mV f1-13.0 mV. M-79.6 ¥|-136.2 mV, Ji



« 1132 - (RERR Th22 40

J Chin Ceram Soc, 2023, 51(5): 11261135

2023 4F

DR R E B PRSE R OH WP, B SR 858 Hh i gk T
MCP KGRI B, 74 T KB f s,
M~136.2 mV F|-13 mV, & i TBLHFLE A 1 FH
BT LU B NI 55 1 B4 R0k 2 1T (1 7 F A L
TER U ZA ), Ca Bt T MCP &, EfEd
T #4120, fE R =P Es F, Calt St
PR B A A 5 T Na Al K2 — 1 BH S 7,
{AHAEFLIE A PR AR R BB MCP [)3R T HE
PEo BT MCP ERHE A, [tk PCE £ MCP
MR AOIRED 1 R Bk Ca %A VE T F AR
FL 51 AH ELAE FH

B PCE J&, MCP {3 B AL & 4B T 484k
(Kl 6). C20 JFARAE MCP K i i 51t BEE S
BN, A AXHEE, XEHTRERS
I B S, 3T B S 10 B A5 A5 Vi RS TH A S [ A
R, TR R, R T S [ A R
T e, AL . 1 C7P6.5 M 5E 4= AN ]
HAEAS MCP R IH HA AR IE, [ AR F0R 2R 1 i
C7P6.5 H KB R IL 4 A I T 2 1 Ca, C7P6.5
5 Ca Iy am s A /E G 98 1 HAE MCP &1 (KM -

—m— C7P6.5, Cement —o— C20, Cement
—e— C7P6.5, 10% MCP —o— C20, 10% MCP|
11+ \—a— C7P6.5,20% MCP —a— C20, 20% MCP

Zeta potential/mV

PCE dosage/(mg-g™')

Kl 6 A[EHAMA PCE 5 &% 2R i AL s
Fig. 6 Effect of PCE dosage on the zeta potential of particles
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