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Preparation of High Range Water Reducers Containing Carboxylic
Acid and Their Cement Dispersion Properties(Il)
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Abstract

Styrene-maleic anhydride copolymers with different composition (1:1SMA, 5:1SMA)
were synthesized and further reacted with sulfuric acid to obtain water soluble
copolymers (1:1SSMA, 5:1SSMA). In the flow experiments of cement mortar mixed with
copolymers, 5:1SSMA showed higher fluidity than 1:18SMA. The cement mortar mixed
with 1% 5:18SMA maintained 95% of original flow after 60 min. On the other hand, the
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compressive strength of the hardened cement mortars containing 0.5% copolymers after
28 days curing was also examined. The compressive strength of hardened cement mortar
containing 5:1SSMA was increased up to 41% compared to the plain while 1:1SSMA was
increased up to 29%. As the results, the 5:1SSMA used in this study are greatly
expected as a new high range water reducers for the concrete.
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Table 1 Tvpical properties of portland cement
used in this study

Type [Specific| Blaine | Setting time | Soundness{ Compressive

gravity| em/g) | (hrmin) stength
Initial | Final (kef/em’)
3 7128
Portland 3.15 | 3,240 | 5-06 | 7-20 good  |Days |Days
cement | "‘ b
! | 194126‘1 323

228 4

2.2.1 1:1SMA9 34

1000ml 37+ EetA ) L4t 100mlE T e
% oil bathg AH&3le] 110C2 528 &¥h
~g#@ 20.8g (0.2mol), ¥ ')fmfﬂc’l’{‘} 19.6g
(0.2mol), a—a’, azobis(isobutyronitrile) 0.66g
(0.004mol, ©HEAH] 1%)E t]S4F 100midll ¢
M8l &3i~17) ¥ dropping funnel:vt %) A7)
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5:1 SMA

Scheme 1 Synthesis of styrene-maleic anhydride
copolymer{(SMA)

2.2.2 5:1SMA®] #4

2¥]# 57 44m] (0.5mol). FEiel4t 9.81g
(0.1mol), a—a’, azobis(isobutyronitrile)
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€ Scheme 2 YERAT}

Hener-cr-crg, 150
cf\o/% 40°C, Z;h
SMA SO3H
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Table 2 Formulation recipe of cement mortar
mixed with polymer for flow test

Cement:Sand | Cement| Sand| Water Ww/C [ Polymer
|
ﬁ(Weight Ratio) (g) (g) (g) xatlo(%V (g)
12 250 | 500 875 5 ] 13

Table 3 Formulation recipe of cement mortar
mixed with different amount of water
for flow test

Cement:Sand !(‘ement Sand | Water WiC Polymer
(Weight Ratio) | (9 ! (w0 | (9 lwatiol%) | (o)
875 3
1:2 250|500 | 938 | 375 | 1.2
w0 [ w0
| | 1063 | 425 |

Table 4 Formulation recipe of cement mortar
mixed with water reducing agent

Cement:Sand | Cement Sand Polymer Flow
(Welght Rdllo) (g) (g) (g) (mm?
] ‘ 250 500 | L3 145-150
VAE BAAA FEYE SR AWE
R R AE T D JEE S EREENERS I 1Y
i gl 2o oFS 7 aAl7) A Biok

L 1SSMAS®F 5:1SSMAE H7Hsh AW E »agl
2ol Fu AN E vy rhelr) o) Al ehel
=gl vrga-yage FEE (NSOS ¥
7hek Al E melz o] AF L 3 é}fzir}.

Table 591 71t ol whel A 2
vk Abgste] gk 2 ERE
[kt A171°l B Wi 2292 24819

th

—_

Table 5 Formuiation recipe of cement mortar
for elapsed time flow test

(*ementSand ‘(,emont Sand | Water W/C | Polymer
Weight Ration).  (g) (g) (gl | ratioCa)] () | (%)
248 33
12 w0 | 1500 | 00 | 4o =d8L030
_ 75 to.
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Fig. 1 FT-IR spectra of (a) SMA and
(bYSSMA copolymer by KBr disc method.

Table 6 Characteristics of copolymers prepared in

this study
AIBN | Reaction | Mn | Mw | Mw/Mn
fopul\mu iy ol e e |
| tmol%) y Templt) | (X107 | (X109
FISMA |10 110 13 | 4T 19
58MA | 1D 13 1 14 1.4

* meagured by GPC

Table 7 Result of elementary analysis of SMA

copolymer
Polymer Elementary analysis Composition
e H | o oo ow
T ealeulated T3] a8 w6 | 050 | 050
VISMA G orved | 605 1 494 | 2350 | 050 046
(alculated Rh.4 68 7.80 0.17 017
VISMA hrved | w08 | e | o | onm | om

*() (%) =100 - (CH+H+N) (%)

*1 = feed mole fraction of maleic anhydride monomer

*F1 = mole fraction of maleic anhydride units in the
copolymer
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wt%9 M2 Frrste] A 23 AHE 2229
298 ZAs¥ e 1 32 Fig. 20 ey
Aok 1:1SSMASH 5:1SSMAFE FEEa|o) ~

240

Transmittance

T 1 T
0.0 5 1.0 1.5 2.0 2.f

>

Content of polymer(%)

Fig. 2 Flow of fresh cement mortar mixed with
copolymer as a function of content of
polymer : ®; 1:1SSMA, ®; 5:1SSMA,
¢ NSC, A; PS, ¥; PMA, (C:S = 1:2,
W/C = 0.35). W/C = 0.35
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g. 3 Flow of fresh cement mortar mixed with
copolymer as a function of W/,C ratio:
® [ plain, m: NSC, A: 1:1SSMA,
¥ 5:1SSMA, (C:S = 1:2, polymer = 0.5%)
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Fig. 5 Relationship between elapsed time
and flow of cement mortar mixed with
polymer: @ ; plain, ®; NSC,

A 1:1SSMA, ¥ 5:1SSMA, (C:$=1:2,
W/C = 0.4, polymer = 0.33%).
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Fig. 6 Relationship between elapsed time and flow
of cement mortar mixed with polymer:
® ;plain, w; NSC, A: 1:1SSMA, ¥. 5:1SSMA,
(C:8 = 1.2, W/C = 0.4, polymer = 1.0%)
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Table 8 Formulation recipe of cement mortar for
compressive strength test

Unit Weight(KG/M") Flow
(Weight Ratio)| rATIO%) | Water | Cement| Sand |Polymer| (mm)

(ement:Sand Water/Cemen

Nesignation

Plain 122 35 160 457 914 ¢ 112

1718RMA 1:2 30 132 457 914 2285 | 113

SISSMA |12 2 24| a5 | oo | ans | 14

500 B

L
PR

300 =

Compressive strength(kgf/em?)

200 ! I
3 7 28

Curing time{(day)
Fig. 7 Compressive strength of hardened cement
mortar mixed with polymer as a function
of curing time: ® ; plain, ®; 1:1SSMA,

A 5:1SSMA, (C:S = 1:2, polymer = 0.56%
flow=112 - 114mm)
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