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ABSTRACT Graft copolymerized polycarboxylate(PC)-type superplasticizers which have carboxylic acid with m bond among the
molecular structure and polyethyleneglycol methyl ether methacrylate(PMEM) were synthesized by free radical reaction. To investigate
their chemical structures and molecular weights, PCs were analyzed by FT-IR(fourier transform spectrometer), C-NMR(nuclear magnetic
resonance spectrometer) and GPC(gel permeation chromatograpy). When types of carboxylic acids(methacrylic acid, acrylic acid, maleic
anhydride, and itaconic acid) and molar ratios of carboxylic acid / PMEM) were varied, adsorptive and fluid characteristics in cement paste
were discussed. As the molar ratio ofcarboxylic acid/PMEM) was higher, amount adsorbed on the cement particles and the fluidity of
cement paste by mini-slump spread testing method were increased. When main chain of PC was methacrylic acid, a larger amount was
adsorbed on the cement particles. PCs with acrylic acid as main chain showed higher dispersing power. However, it was confirmed that
PCs with dicarboxylic acids(maleic anhydride, itaconic acid) didn't have good adsorption and dispersibility.
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Table 1 Starting materials for synthesis of polycarboxylate-type superplasticizer

Function Starting materials Linear representation of chemical structure
Methacrylic acid H,C = C(CH;)CO,H
Mono - : -
. . Acrylic acid H,C = CHCO,H
Main chain : :
Di Maleic anhydride C,H,0;
i

Itaconic acid HO,CCH,C(= CH,)CO,H
Graft chain Poly(ethylene glycol) methyl ether methacrylate H,C = C(CH;)CO,(CH,CH,0),CHj;
Initiator Ammonium persulfate (NH,),S,04
Chain transfer 2-mercaptoethanol HSCH,CH,0OH

OlEA FFZA(PC copolymerys 4T

ZH= Aldrich AHS] AloFe Zejdlgd 22F A€ 9
H = uelol=E 2 o] E(polyethylene glycol methyl ether
methacrylate; *H v ¥-A3(Mn) =2080)5 AME-I T, F
e 259 2xFHEAAKmonocarboxylic acid)? 29| ¢
7H5- Al <H(dicarboxylic acid)yS ZHzt g4l AHE-FTh

FHE AFE BExIEALARS A|okE YElola g A
(methacrylic acid, 99% ; JAL), oF= 2 4HKacrylic acid,
9% ; JAb), 23 YFHEAIMRE Alokg FadE At
(maleic anhydride, 98% ; SAL)# o] E}Z4H(itaconic acid,
99% ; JAL)YE AHE-3ITH

2oz wkg- 7A)A (initiatorye Y2 HH 45 0] E (ammonium
persulfate, 98% ; JALYE AR Ex1FF AlojE A A
3} ©]%&A(chain transfer)® 2-M7HElHE-(2-mercaptoethanol,
98% ; ArL) & AHE-3HR

2.2 £2|75420|E(PC) &4

= 47+ 2.0, 3.0,

Table 2 Types and synthetic conditions of PC copolymers

synthesized
Sees 10, | ttreiuion) | abreitony | MO
VIAAZ Methacrylic acid 2
ethacrylic aci
MAA3 (MZA) 3
MAA4 4
AA2 2
AA3 Acrylic acid | poyy ethylene 3
AAS (AA) glycol 2
VAL methyl Ether 5
Maleic anhydride | mMethacrylate
MAL3 (MAL) (PMEM) 3
MALA4 4
ITA2 2
ITA3 Itaconic acid (ITA) 3
ITA4 4

" Molar ratio of main chain/graft chain

490 | e+=232|Ests] =22 H18A HN|45 (2006)

Fgo Ao APt ey L
80+ 1°CE A8t A4 F917] 3tollA] 14w (monomer)
Sk AAAE 4, SAZE A4 Tt whge] FRE o
& 40wl FASHPEFNaOH)E °l§3te] 7.0+1.09]
pHE 313130t} Table 291 &4 PC Z5EAE A
718 Jehidth

2.3 PC &}8t 1= &0l

$IE PC 3EHAES] 38k 725 As] AaliM FT-
IR(fourier transfer infrared  spectrometer), “C-NMR(nuclear
magnetic resonance spectrometer), 28] GPC(gel permeation
chromatography) ¥4 AAISA T BE &4 A
PC ANE= §i(E)E &A3] AAT v AHR-3IATh

2.3.1 F-IR

o] AAE FX(wax) = filme 22 A5 9 PC
4 AIEE Bio-Rad Digilab FTS-165 FT-IR spectrometer
2 ARE-atod 4000-400 cm™ B HONM HAM FF S
=

2.3.2 PC-NMR

% A5 4 PC AEEY 318 72 9 F58
£ #olst7] Y3iA chloroform-d(CDCL)E £0F = Bruker
AMX-500 FT-.NMR SpectrometerS ©]-&3}o] A-20)A] &
2 A7) 3 SHEYS S

2.3.3 GPC

2l =42 Water 26902 E-83] St ol 7
ZF NS 3 BF AlEE Zgd"ddZe] Z(polyethylene
glycolyS AH&-3T}.

24 NHE HE A H

2 A7olM A" PC T EA Sl AHE 43} 7
S0l vlAE FFES BIE] AsiM AREHLE
o] f82 ARl wel SHUL, AME A &
el PCAl A-58kA1S] T3 Al AlZE st w)



Table 3 Chemical compositions, physical properties of cement and major cement minerals

Chemical composition (wt%) Specific | Fineness (%) [Composition of major cement minerals (wt%)
] surface area
Ca0 | SiO, | ALO;|Fe, 05| SO; | MgO |Free CaOl|lg. loss (cm¥e) 44 um |88 um| C5S (&N GA C,AF
6295(21.77)| 532 | 3.52 | 2.13 | 242 0.78 0.66 3,250 72 1 09 48.0 24.0 7.0 9.0
2 2x30}.
AREE S HAR] § AIHES AR, sk =
43 geld 54, 2UT 58 FEAe st z4e (@A
Table 33} 7t} Eg5EE ©@ol2(de-ionized water)E 8 (d) MAL
Mg ST, § ] T e VW
2.4.1 2% ®)t B W
AWE Q7 Aol FHE PC Fe & 7] @ 347
(total organic carbon analyzer, TOC-5000A ; SHIMADZU)Z (@) PMEM
AHEE ST AREHC)EE A42 WIC=102%

PCE AWE 5% tiv] 0.1-08wt%S &3 Az =
O] 2~E shaker(SI-300R ; JEIO Tech) & &83] %71&
A3 ZHAIZH30, 602 FA 150 pme 2 whkstsit) &
A A QAEE7)(Z 200A ; HERMLE LABORTECHNIK)E A&
gl 3,000 pme 2 5E St 94 B T F5ds F

3, 045 um 718 2719 EHE 83 o3std AR

¥ blank®] TOC A 2z &4 A7+ AP EF o] A~
E9] TOC #4 fra AME ) Zoll 28 PC F2
2 A4

2.4.2 NHEHOIAE RFE &JHmini-slump)

AHEF o) 2E] Azt BE §54 H7E H8) A}
SFNHANEW/C) B2 0322 33N, F4E PC F
FTHAES ANE FF dH 02wmi%E H &k 7Y-
ZHZ AEE Zo] 572mm, AF A7 19.1 mm, st
2174 38.1 mme] & AFE-3le] Kantrool] &8 Aot =
W) F&) s Hol2E A F Agr] Zo B
2 OF 5 AASIEL 5o ZAHNES o 49te] o

3.1 PC &t&t 3= =0l

€ PC FeHAES 3 1x2E
FT-IR, "C-NMR #4]8 HA8l91, 2¢=E g3t
82 GPC B8 A8 A3
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Fig. 1 FT-IR spectra of main starting materials used for
syntheses of PCs
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Fig. 2 FT-IR spectra of PCs synthesized with four types of
carboxylic acids (Molar ratio of [main] / [graft chain] = 3.0)
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Fig. 13} Table 4914 PMEMS] 54 T3+ 2,870~2,880cm’
N4 Yehte C-H A% 2% (-CH,—, -CHy), 1,720cm™ o)A
dlzelZ Agol Y3 C=0 4= 2F, 1,600~1,670 cm ™o
Al C=C A= A%, 1470794 C-H 53 JE(-CHy),
1,290~1,150 cm™'ol| A} o 2|2 Aol st C-O A& A%,
283 1,150~1,100 cm ol A @A SALo) = 1Fol| o
3 C-0 A= A% 53 I 3,600 cm™ FE-2ol| A o 2H
2 u] 88121 poly(ethylene glycol) methyl ether®] —OH
IES 9T = U =3 Fig 19] FHEAALe] F
8 B4 JARE 3,400~2,500 cm ')A FHE-A Ak o) F)
O-H A& 2% 1,700 cm oA} 7HEAA ] 28 C=0 4
%= A%, 1,600~1,670cm A C=C 2% IE, 283
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Table 4 Assignments on principal functional groups of starting
materials and PCs synthesized

Vibration Chemical Absorption (cm™) | Intensity
-OH 3,650~3,600 b, s
O-H stretch
-COOH 3,400~2,500 b, m-s
sp’C-H, olefin 3,100~3,000 m-s
C-H stretch —
sp'C-H, alkang 3,000~2,800 m-s
Anhydride -1,815, —1,755 ]
C=0 stretch | Ester —1,745 s
-COOH -1,695 3
C=C stretch | Olefin 1,670~1,600 w-m
sp’C-H bend| Alkane 1,470~1,370 w-m
-COOH 1,320~1,210 m
C-O stretch | Ester 1,290~1,150 1,125~11,00 s,m
Dialkyl ether 1,150~1,100 S

s :strong, b:broad, m : medium, w: weak

1,320~1,210 cm™ o} A] 7HEA| 2] )8k C— 0 A& AFS
Fagth za} (d)2) MALS 3,100~3,000 cm™'olA) sp’C-
H °o1&4%, 1,815, 1,755 cm 'ol4] anhydride®] C=0 4=
AFoz2ie 74 JadS AT F A

Fig. 2= Fa/&389 247t 39 o 7HEA4) /)
e} FAE PCse) FLIR AFE 0|1 Fig. 3& 7HEA]
2l MAAY A9 /&3] &4 Wl & FTIR
24 EY Asjolt}y, 1 A3 T Al Sl gisk F3 ¢
S WESo] 7-25wi%E AR Zu, & A5
F PCs9 71AQ) B4} F+27t FARE] Wl Figs. 2,
39] PCse] M 2" ER]o] PMEMe 133 Ao
At g g 4 Atk 23y Fig. 19] PMEM
FHEA 2] A o) AslE-lA EA s 1,600-1,670 cm
A= Figs. 2, 3004 ARBHAY 478 Zad 2=
FEH 5 §48 81T F UJTHC=C - C-0).
HESH Fig. 2014 O7MEAIAHSE A 83 (), (d)9} Fig. 39
A FHEA AL SHeE Zote] W w13 A7) FUbe S8 Al

(c) MAA4
g (b) MAA3
€
5
F | (a) MAA2

T T M T I T M ] M T M T T
4000 3500 3000 2500 2006 1500 1000 500
Wavenumber(cm™)

Fig. 3 FT-IR spectra of PCs with various molar ratios of
[main] / [graft chain] when the main chain was MAA
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Fig. 4 °C-NMR spectra of main starting materials used for
syntheses of PCs

Table 5§ Assignments on chemical shifts of starting materials

Assignment | Chemical shift Starting material
1 R,COOR, i
7 RCOOH Y
3 T
2 C=C alkene %g,gn,o@i,sn,ég'm
5 CDCls @
6 R;-CH,-R, O S,
7 g R
'L ramso o @ e
m ol
1 CH;-0 %
12 R-CH; ZTaj(e)

At}

Fig. 4, Table S2%E &
9 #}4S 4 F Aok 2 A3 PMEM F3 FF
BAIE BF C=C o|$4%S 23 dden C=0 9
2H 2719} 7547 7F Zh2E SR8 ST 60~70 ppm
o4 PMEM®] 54 ¥ Z(R-CH,-0), 38 ppmolA ITA &
A ¥ AR;-CHy-Ry), 18 ppm?] R-CH,ZHF-E MAAS} AA

g 7EY F 99k

Fig. 5= 3o 20 wigd ga §48 F58AY
"CNMR ~HEH A3z 29 SN FFHIA
C=C °|3A%(128~135ppm) H A7} AA ZFAHA ALY
EH)7} 715l wet ARk Ae 33 £ A =
& 40 ppm o3tNA F3 whgol oJs) AAHE C-C ©HY
A% o222 Af FUL ubge] o FEA &
He e £ YU MAA2S] 7S C=C o= A%

o] BAYE YA A W HE7} WE MAAY B



(c) MAA4
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Fig. 5 °C-NMR spectra of PCs with various molar ratios of
[main] / [graft chain] when the main chain was MAA
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Fig. 6 °C-NMR spectra of PCs synthesized with four types of
carboxylic acids (Molar ratio of [main] / {graft chain] = 3.0)
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Scheme 1 Schematic illustrations of estimated chemical
structures of polycarboxylate copolymers

Table 6 Average molecular weights of PCs according to
various starting carboxylic acids and molar ratios

Mw" Polydispersity (P1)” | Mz/Mw
MAA2 31,537 2.4 1.4
MAA3 27,254 2.6 1.5
MAA4 25,412 2.7 1.5
AA2 37,146 2.8 1.3
AA3 35,363 3.0 1.3
AA4 35,767 2.9 1.3
MAL2 23,593 2.5 1.4
MAL3 18,707 25 1.4
MAL4 17,444 2.7 1.5
ITA2 25,012 3.1 1.8
ITA3 23,246 3.3 1.9
ITA4 23,004 3.2 1.9

" Weight average molecular weight

2 Mw/Mn(number average molecular weight)

3 .
) 7 average molecular weight
g
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