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Free Radical Polymerization Reactivity Ratio of Polycarboxylate Superplasticizer by
Microwave Synthesis
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Abstract: The microwave synthesized polycarboxylate superplasticizer (MAS-PC) was prepared by a microwave synthesis method
using acrylic acid (AA) and methylene polyoxyethylene ether (TPEG) as main raw materials. The essential difference between the
polycarboxylate superplasticizer structures in microwave and conventional heating systems was analyzed by calculating a reactivity
ratio between the two systems. The composition of the copolymer was determined by a chemical titration method. The reactivity ratio
of monomer was obtained by the Yezreielv Brokhina Roskin (YBR) and the Kelen Tudos (K-T) methods. The polycarboxylate
superplasticizer (CHS-PC) synthesized via water bath heating and the MAS-PC were analyzed by means of infrared spectra,
molecular mass, molecular mass distribution, and anion charge density, respectively. The results show that the mass average
molecular mass (i.e., 93 100 g/mol) of MAS-PC is greater than that of CHS-PC (i.e., 78 270 g/mol). The conversion of MAS-PC is
greater. The MAS-PC has a better dispersion performance rather than the CHS-PC for flocculated cement structure. By YBR and K-T,
the reactivity rates of MAS-PCE were 0.170 and 0.155, which were superior to CHS-PCE (i.e., 0.307 and 0.294). The systhesis of
MAS-PCE is close to alternating copolymerization.
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Table 1 The chemical and mineral composition of cement

Chemical composition w/%

Mineral composition w/%

SO3 SIOZ Fe203 A1203 CaO MgO NaZO
2.83 21.58 3.46 4.03 61.49 2.60 0.62

f-CaO Cr LOI Total CsS C.S C4AF C:A

0.007 1.98 99.44 56.00 21.14 11.05 6.45

w is mass fraction.

1.2 MAS-PC, CHS-PC #l#&

A T ) BRAR TS R TR (A A) 7 BT 4o Tl 4 Yk
1B A CIRTE(TPEG), NI T B e A
PRAF TR (T8 2 400, BEWIE n=53, 4
FE>90%). 5l RFIMEKMH0,), HEFHEH 3-5m%E
218, EIRF Ve Bt
1.3 MAS-PC, CHS-PC §l#&

PATH IR TR(AA) FIHE 4% TH 2k 3R 46 O ) TiE(TPEG)
AR, KK R A B AR AT % MAS-PC.
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Table 2 Synthesis ratio in synthesis of MAS-PC/CHS-PC

polymers
No n(AA):n(TPEG) m(3-MPA)/g  m(H,0,)/g m(Ve)/g
W-1/C-1 4:1 0.149 7 0.708 3 0.118
W-2/C-2 3:1 0.119 8 0.566 7 0.094
W-3/C-3 2:1 0.089 8 0.4250 0.071
W-4/C-4 1:1 0.059 9 0.283 3 0.047
W-5/C-5 1:2 0.044 9 0.2125 0.035
W-6/C-6 1:3 0.037 4 0.177 1 0.030
W-7/C-7 1:4 0.0337 0.1593 0.027

n is in mole; m is mass.
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MAS-PC, CHS-PC are superplasticizers synthesized by microwave and

water bath heating, respectively.
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Fig. 2 FTIR spectra of MAS-PC and CHS-PC
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Table 3 Molecular mass and polydispersity index 7 of
MAS-PC and CHS-PC superplasticizer

M,/ M,/ Mass
b, AN 5 BR AR N FA R v 1 3R 5 SO E A e A %/ Superplasticizer mol)  (gmol’) fraction/%
REHER, RILHHEIAEBAIR S, Bl MAS-PC 93100 81380 1144 717
j:/l'—\'ﬁgu T }i@ﬁﬂ% R CHS-PC 78270 58 350 1.341 69.6
%4 MAS-PC 71 CHS-PC £ EBYIRY L LA
Table 4 Monomer composition of MAS-PC and CHS-PC
Sample No. fil% Fi/% X y Sample No. fil% Fil% X y
M-1 0.80 0.64 4.00 3.96 C-1 0.80 0.77 4.00 3.41
M-2 0.75 0.59 3.00 2.56 C-2 0.75 0.69 3.00 225
M-3 0.67 0.53 2.00 2.07 C-3 0.67 0.59 2.00 1.44
M-4 0.50 0.37 1.00 0.95 C-4 0.50 0.53 1.00 0.95
M-5 0.33 0.32 0.50 0.66 C-5 0.33 0.42 0.50 0.59
M-6 0.25 0.28 0.33 0.39 C-6 0.25 0.30 0.33 0.38
M-7 0.20 0.24 0.25 0.27 C-7 0.20 0.27 0.25 0.26

Conversion rate is less than 10%; f; is mole fraction of AA in monomer mixture; F is mole fraction of AA in polymers; x is mole ratio of AA to TPEG in raw

materials; y is mole ratio of AA to TPEG in polymers.
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Table 5 Comparison of the reactivity ratio between MAS-PC and CHS-PC

Reactivity ratio

Positive sequence Reverse order

Sample

r ) rir " ) rir " " ryr
MAS-PC 0.244 0.698 0.170 0.223 0.692 0.155 0.221 0.689 0.153
CHS-PC 0.591 0.519 0.307 0.578 0.509 0.294 0.578 0.509 0.294
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5 CHS-PC #EAT R AL sr vt fE K . 5 CHS-PC

1+ (58 350 g/mol)fH Lk, MAS-PC [+ &
(81 380 g/mol)i K, HAorFEAMBAE, HiLZFH
s SRR OB BR AR () FELA B B R T AR KT
G AL PC, #E—2BI84AFE T MAS-PC [ LR
Ko T P TR B A SRS W AR L 0 R s,
MAS-PC AT R Bk fE, XKV M 2kt s
PR 23 BUSCRAR T CHS-PC.
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235174 0.170, 0.155; CHS-PC f#] YBR A1 K-T
EH v 28908 0.307. 0.294. T & G X4k
FIHI rr=0.170(0.155) 21 /N T 5 # K 36 hn 4
r1'1=0.307(0.290) E ik T 0, HPHE L T2
HE,

3) PR R N RERE, W T RS
VI AR T A o A SR 2 TR IR R o IROSLTE T
FEXTEL R AR AA TESR G RBYTIIE AR R, 1
NEEY) TPEG-AA ] AA Hti£2, MEtE KK
HfA TPEG (5L AL BIAR b . DRk, @it
TERA RIS AA I 5IN, 1RGN Ja BAXT
Pl A VERE R R FAR AA BEAT kAN, AT BUR
W R TERREL R A B RS =M e e . [RIE %
ik TPEG MIZkF 2, 2 mdL SRR KIS AR 1 431K
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