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Synthesis and Mechanism of Polyphosphate Superplasticizer
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Abstract: Polyphosphate superplasticizer (PPS) was synthesized via free radical polymerization of isopropenyl-phosphonic acid
(IPPA) and isopentenyl polyethylene-polypropylene glycol (IPEPPG) in the presence of ammonium persulphate (APS) as an
intiator and sodium hypophosphite (SHP) as a chain transfer agent. The effects of n(IPPA):n(IPEPPG) molar ratio, APS amount,
SHP amount and IPEPPG average molecular mass on the properties of polyphosphate superplasticizer were investigated to obtain
the optimum parameters of technology and the appropriate proportion of raw materials. The molecular structure of polyphosphate
superplasticizer was characterized by gel permeation chromatograph, Fourier transform infrared spectroscopy, and 'H nuclear
magnetic resonance, respectively. The surface tension, hydrodynamic radius, adsorption behavior on MMT, heat flow evolution
over time during cement hydration, rheological behavior of cement pastes and application performance in concrete were
determined. The results show that polyphosphate superplasticizer has viscosity-reducing effect, clay tolerance and retard cement
hydration.
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x1 EEKRUEFEST YIRS
Table 1 Chemical and mineral compositions of reference
cement wi%

SiOz A203 F203 CaO MgO 503 NzOCq f-CaO C3S Czs C3A C4AF

2291 429 2.89 66.23 1.93 0.34 0.71 0.63 58.68 21.48 6.49 8.79

w is mass fraction.

R2 ERIUHFESTHIRS

Table 2 Chemical compositions of clay w/%

Clay SlOz A1203 MgO F6203 CaO NaZO Kzo TIOZ SO3 Loss

MMT 77.09 10.76 2.83 095 427 027 155 0

BT % SR e & HL an sk 3 P
*3 HEURRLIEAL

0 15.69

Table 3 Mix proportion of SCC kg/m’
Cement Sand Coarse aggregate PCE Water
520 826 894 52 165

1.2 BBERRIKTIBH &

%R 4 WIS T %, KAKEBAHERS
%, ¥ TPPA. IPEPPG(A B4+ &) 31 &Kl
APS J % 7% 771 SHP % B A [F) B4 Le A5 3L JR 15 21 08
LY # IPEPPG. APS Fl— & & /KfE A\ 500 mL
P e, #ERE 20 min, FHEZE 65 Cla, 2 5
Jn TPPA VA0 SHP ¥, My 1824 3.5 h, A5
f#35 1.5 h J5 H 32% NaOH ¥ 8015 pH {5 6~7,
BI1S SRR VK ), RO TR 1 s o

x4 LGBHYKTERZER
Table 4 Table of level and factors of Ly(3%)

Factor

Level M,
n(IPPA):n(IPEPPG) x(APS)/% x(SHP)/% O
(IPEPPG)/(g-mol ")

1 3.5:1 3 8 800
2 4.0:1 4 10 1500
3 4.5:1 5 12 2900

x is molar fraction.

CH, CH, CH, CH,
xHC=C p HC=C ———» —éHzc—éax—QCHQ—é-—);
H H
: L, b
HO-p-OH HO-P-OH
6 b

H,C

=
(@]
iy~
oz VEE
w wiy,
O e 2y 2

K1 SRIBERR el 7 S R 75 A X
Fig. 1 Reaction equation of PPS
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0 AA AN MPC ¥, INBFEA 3.5 h, A5
{535 1.5 h J5 ) 32% NaOH V&5 pH (N 6~7,
B 15 SRR R IR KT .
1.4 SHFRIES MK

Bl K Ve FLBR AR 1) pH B 12.8, HH 1.720 g
CaS0,-2H,0. 6.959 g Na,SO4- 4.757 g K,SO4 F117.120 g
KOH % 1 L =B 7Kg,
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ZAHN 0.1 mol/L NaNO; ¥R, #iti#A 1.0 mL/min,
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NI SONE A 2R 2 B TR B0 SR B IR D K 7
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Table 5 Orthogonal optimization design scheme and
results for PPS synthesis process considering the

key factors

Sample #(IPPA): x (APS)/%  x (SHP)/% My (IPEPfG)iF]uidity/mm
n(IPEPPG) Ag'mol™)  Tnitial 0.5h

1 3.5:1 3 8 800 185 165
2 3.5:1 4 10 1500 220 193
3 3.5:1 5 12 2900 215 190
4 4:1 3 10 2900 215 185
5 4:1 4 12 800 206 190
6 4:1 5 8 1500 220 208
7 4.5:1 3 12 1500 208 185
8 4.5:1 4 8 2900 220 195
9 4.5:1 5 10 800 210 180

Factor Initial 0.5h Initial 0.5h Initial 0.5h Initial 0.5h

K1 207 183 203
K2 214 194 215
K3 213 187 215
R 7 11 2 15 7 3 17 17

MF 5 FTEUE H, 254K IPPA 5 IPEPPG /K
Eb A 4:1, APS FHI &~ IPEPPG BE /R 73 31 5%, SHP
Fl &8 IPEPPG EE/R 70501 8%, IPEPPG [1)J5i$514)
T8 1500 g/mol B, & R R IBEIR IB/K A R
T HIRTAE AR BE o
2.2 BBERBIKFINERRZERIE

P A U PERE ) PPS T B & T2 & il 3
RRBIE KGR KBt b IPEPPG #: iy IPEG, B

178 208 189 200 178
193 215 186 216 195
193 210 188 217 190

R SHP #:4 MPC), AV ETXfH, &
it R IR K 1) (PCS) 5 S B IR I 7K 511 (PPS) A AH
I RBELE A EBEKE, TR TEIM R
BNk 2 P

—— PCS (M,=22 300 g/mol, M,/M,=1.49)
»»»»» PPS (M,=13 200 g/mol, M,/M,=1.46)

Concentration/(moL-L™")

0 5 10 15 20 25 30
Time/min

B2 REBHRIGKIE GPC 1
Fig.2 GPC spectrum of PPS
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Ko T REMEE R A MK sE B c—O0—C Bk
S il LA IR B 6 L ELTE 2 866 em ! A,
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Fig. 3 IR spectra of PPS
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Fig. 4 'H Nuclear magnetic resonance spectroscopy of PPS
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Fig. 5 Surface tension of PPS at different concentration
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BT RAESE, BRESY, SEILEERT
PR 7 omBERRAR, AT/ 1 AH B AR 22 18] i HE 5
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A& LN S 5 R i B, RS IR
73 B B 7 UL R TH

32F
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0 I 8 I 16 I 24 I 32
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K6 BRRRI/KFIE IR HR AR S22
Fig. 6 Hydrodynamic radius of PPS
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Fig. 7 Adsorption of PPS on cement and MMT
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Fig. 8 Heat flow evolution over time during cement hydration
in presence of PPS
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Fig. 9 Influence of different concentration of PPS on plastic
viscosity of cement paste
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Table 6 PPS influent on properties of concrete mixed 3%

MMT
V funnel/s Tsols Slump flow/mm
Superplasticizer
Initial 0.5h  Initial 0.5h Initial l1h
PPS 6.5 9.2 35 5.8 630 610
PCS 9 12 8.5 11 610 585
PPS 10 13 7.5 10 595 525
PCS 19 495

MK 6 \TLLEH, £ 3% MMT FIf&ELF, PPS
iR RiFrmshtERe. HETHa 74540 1)
BE ERINE I, FRAC T HLB HE, 0% 3 H7K
P a, fEdknal, RN TIRRBEHRE. 2)
PPS Vifk 71542/, BEE M EHE, e
TREE LR G, PR, S SRshTE: 3) PPS
SRR A 2 M, HR AR IR
—COO 55, LI BJe R, HEEMRIET
1R DA El N/ 3 S 1T N B S = W 44
BARAR IR K ) 3T 5 b - 3 T R AE W B AR A %

3 i

1) 44 B EA TR 9T 454 . GPC
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B, R B B AR

2) SRR IR ) BB A5 Ak VR4 - R /K e LU AT
MRS RAK IR Fom KA R S B THE B bk, b
JEE R ]

3) RBERR LK EA R HIFE . Priefis
BERCR, HAEFINLEL Y. PPS 74 EIN T 1Y
IKIE PR FEAE HLB {8, 204G K74, w L

FEUE —E =M E K PPS WiikEARAN, AAEHE
e E R, BENE AR TR R BRI B, 3
DU RR AR EE A = s s PPS 73145y
(IR IR FE L B E /05 T-—COO, IS b B - 3%
[LTIO SR 718 Sl 1A S 7 NP s T U B
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