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Flow and Strength Properties of Cement Mortar Mixed with High
Range Water Reducer Containing Carboxylic Acid( 1)
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Abstract )

In the previous study, styrene-maleic anhydride copolymer(SMA) was synthesized from
styrene and maleic anhydride and further reacted with sulfuric acid to obtain water-soluble
SMA. In this study, the flow and strength tests of cement mortar mixed with copolymers were
carried out to evaluate the capability of copolymers as high range water reducer for the con
crete. It was found from flow experiment that the fludity of cement mortar mixed with
sulfonated SMA(SSMA) was larger than that mixed with aminophenol-substituted SSMA
(SmSMA).

The decreasing rate of the flow of cement mortar mixed with SSMA and Sm5SMA was signifi-
cantly lower than that mixed with naphthalene condensate(NSC). The compresssive strength of
the hardened cement mortars containing (.5% copolymers after 28 days curing was examined,
The compressive strength of hardened cement mortar containing SSMA and SmSMA was
increased up to 31% and 13%, respectively, when compared to the plain. As the results, the
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copolymers(SSMA and SmSMA) used in this study are greatly expected as a good high range

water reducers for the concrete,

Keywords : carboxylic acid, high range water reducer, flow properties, ulfonated SMA,

aminophencl-substituted SSMA
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Table 1 Physical properties of high range

Designation Main component Phase | Color
SSMA sulfonated styrene-maleic anhydride copolmer powder brown
SmSMA sulfonated (m-aminophenol substituted styrene-maleic anhydride powder dark brown
copolmer)
Table 2 Typical properties of portland
T Specific Blaine Setting time(hr-min) Sound Compressive
. — oundness
ype gravity (cm? /g) Initial strength(kgf /cm?)
Ordinary 3 Days 7 Days 28 Days
Portlant 3.15 3,240 5—06 od
ortian g0 194 261 323
cement
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Table 3 Formulation recipe of fresh cement mortar with
different amount of water for flow test

Cement : Sand Cement | Sand | Water [Water /Cement|Polymer
(@ || (& ratio(%) (g)
87.5 35
. 2.5 37 1.25
12 250 | 500 | 97.5 39 (0.5%)
102.5 41
158

Table 4 Formulation recipe of fresh cement mortar with
different ratio of cement and sand for flow test

p
Cement| Water [Water /Cement| Sand | Cement : Sand (glir:f;
. a, . Q
(g) | (g) | Ratio(%) | (g)]| (Weight) S5V AlSHSHA
0.5 0.5
500 1:2 1.0 10
250 | 100 40 L5 15
0.5 0.5
750 1:3 1.0 1.0
L5 1.5
(C/S)E 1:221:322 3l C/S9 EE%
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Table 5 Formulation recipe of fresh cement mortar
for the study on relationship between elapsed
time and flow

Cement : Sand|Cement | Sand | Water Water /Cement Polymer(g)

(Weight) (g} | (@ | (g) | Ratio(%) |Plain|SSMA| SmSMA
0 0 0
1:2 750 | 1500 | 338 45 0|75 0
01 0 75
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Table 6 Formulation recipe of fresh cement mortar mixed
with polymers for the measurement of
reduced water

Cement : Sandi Cement | Sand 1 Polymer(g) Flow

(Weight Ratio)] (g) | (g) FSMAE&;{M {mm)
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Fig. 2 Fiow of fresh cement mortar as a function of poly-
mer concentration (W/ C=0.4, C/ S=1:2).
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Fig. 3 Flow of fresh cement mortar as a function of poly-
mer concentration (W/ C=0.4, C/ S=1:3).

160

Z7 sk wel AlWME wEetee] T8 v
Mo Zrvlatdu). B3 2EFAE 1.5wi% H
7}s 72 plain(10omm)ell  Hl&l SSMAE
172mm#&  veEble] 64%° S7hE dERD
SmSMA 170mm# Jehfo] 62%9] £2 571
Z78 A o g luh e g oS o
) 225 58S C/S7F1: 201 RS o e
Ql 44 AA viebwth, Loy Hago) Mok
& st C/S1:29 BA7FC/S1:3%0 4
Fach S HepsiEh eIt dsta e gk
s Ay C/S7 & AIME m2glZ o] {54

Oﬂ FEeHA gk A% A 5 Uk

10

3.1.3 Al W zepR el Fag- A
5]

R e EX IS
,

8 (NSC)o] AlWlTE 5 ephiol Mklw
a2 :

W REEtEe] f54s d%
oln] & ety k¥
ME wEEE o] {2 A '(PO
FHeA T
(}3\)11:]_— (27
WA M= FEgA s HobE
e l TR PAsts 2ARsHY] Ya) C/S&
2, W/CH 45% iz ngatil g3 A
1 1% #H7Fsted AlWE m2ep2 5 A%
StAth Wt Mt 913 NSCH H7heh AlilE
YEEPRY A Zsdvh AW w EEpE L A5
S B AE] 90N /b R] vl 1Skl B o] 3
2448 Fgste 1L daks Fig. 40] vepdi vk
HE & ’L’-E}"i—i% et A8 Fx & 4
11 NSC+= 242mm, SSMA=238mm, SmSMA
= 233mmit LMLH t}, & NSC > SSMA >
SmSMAO] wow Eeg-vh Fvkskdvh Sreiu
155 73 —?-Oﬂt— NSCeo| Zg 91 7Hsld
SmSMAS®} 5 g gh& e gL, 604 Fol
NSCe] 4% 182mmir vhebdlo] 25% 2] /54 %
v}, wbH el SSMAY 11%, SmSM
14%<] vlul® e §=A &48 Vel

Az

-
olel L

Al E =

> 1

Lv-r

l[‘

2o ¥l

» *

et 9oy ol v 4
A L Sl 70 ol A @
ka7 el mAaie] A 96l

SEEII=LE LY



dal Abgso] 2 o] Abdoeli} Fig. 404 4H
woppel gro] gl Al mA e Ale -
A7 atol] whel mEetRe] fE Aol wAs 3t
AFBE o]F wetslr] sl UrmedA =3E
& getdon FAEAY E2e FAEE ¥l
7] 9lall FFERAA PS5 Aol gk vl g
6_}14_‘(@,11,1:’

B oad o)A 48 SSMA 2 SmSMAE AWl
e mpaeaed HEAE W 607 Fol 7Hzt
89%¢9} 86% ¢} B2F K2 &S JepHol NSCe
75%0l Hls) ER$ fF2lgo] =& AL 5 3

u}, ‘

H‘

250
|
TVN!\i\\V
w\ﬁ\i\v\
200 | NG T s
— .\\\\T )
E e
x b T
o =
150 |
T
o
100 —

Time (min)

Fig. 4 Change in the flow of fresh cement mortar as a fun
ction of elapsed time(polymer=1.0%, W/ C=0.45,
C/ 3=1:2:%, SSMA:7, SmSMA:@, NSC:{,
plain.

3.1.4 2 F A o3t AWl niEtae) he

228 7} o
& s B,
Pl AR g g

SEFEE AR
9] oF AW E

£ 297} 145 - 150mm7} ¥ 2 F o

M 73 3% 19956.

& plang A A8¥ B9 & 160Kg /m’o] Y
o1} SSMAE 0.5% H713 4% 208 %9 4
& 128Kg /m’e 2 A 20%° #ZFes BRYx
SmSMAZ®| 22 140Kg /m*e. 24 13%9] 258
& JeEh ALt ol 9} o] FEFAE HITLR
A AL Eg] Babdo] ghadzlo} thel g &
iz

il

FaAA & A wEEAel Hopel o4 3
Faohe RPoR sk AWE naE2e 3

g
sEddw £ Jdae nad gew 7yuc Y

3

160

140

Urut water weight (kg /

120

plain SmSMA  S5MA

Fig. 5 Unit water weight required to maintain same flow
level of fresh cement mortar(polymer=0.5%,
C/ 5=1:2, flow==145-150mm)

32 2% AHE R=El29| 2E

AHME m2eglze] 24 dde Al C/SE1:
28 3ti qrle] FEFAE AlHE] i 0.
Swtfo ¥ Wil & Hrlste] AlWE g2 E e
Z2.9% 111-113mm# 23359t Table 79
= oolEol wigtu e ALEE Feo] oF f18la A
E g REEe] 59 ghg el g F
A g WA @& plainw 282 W /C7}F 35
olltt. wro] SSMAE 0.5% H7IHE wWo
W /C¥ 3175019431 SmSMAY: 32% & VeI
t} & pedaAls Holsluza W/C gast
¢ i1 SSMA7F SmSMAR t} 1 A o] Eof AHA
[Eaa ey

D oy =

161



Table 7 Formulation recipe of cement mortar for the test
of compressive strength

. |Cement : Sand[Water /Cement| ~ Unit Weight(kg /m3)  |Flow
Designation ) ) o —
(weight ratio) | (ratio %) |Water Cement| Sand [Ploymer|(mm)
Plan 1:2 k) 160 | 457 |94 | 0 |11
SSMA P12 3 M2 | 457 914 | 2.285 | 113
SmSMA 1:2 32 146 | 457 | 914 | 2.285 | 112
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Fig. 6 Relationship between compressive strength and cur-

ing time of the fresh cement mortar containing 0.
5% polymer(C/ S=1:2, flow=110—113mm).

Fig. 6= ¢3S 0.5% H7Fsk AlelE o
ZEetZ o] oAzt wWE FE2 AT ele] wBAE
VER QAT 1 A2 AP A 2ol 3 AIgle] SSMA
= 7t & 422 E JERAA S SmMSMAS 3
7+t FA A= plainy}t SSMAS] #7ae Vel
Kok 289 7te) kA ¥ plaine 292Kgf /m*
o AFUEE YERNA 2 SmSMA ¥ SSMA
7bz} 329Kgf /m*n} 384Kgf /m*E vhehdjo)

13% 2 31%°) 2535715 Jdehldet. olg
e rEwe] Zvhe HUtE 2EEAT AWE
At FEwo] AlME Qzpe] Bare FapH o
2GRN ERA ol FS AT o]
L]» (3)

4.4 B

AU HAEARgRE ooy e 288 oS

ZEg=2 l SMAQ} SmSMA & Z?

%ﬂd 35 EE} z=z
5 MOI d?ﬂ L}E}LH:} o] A& SmSMAS9} H]
&tol SSMA7ZF Al Eo] tist 280l o 27
w0 7 A zrE o)
2) AME megZo SSMA, SmSMA, NSC
Zrzy H7)Eled F29 AAHE A st
7}, SSMA ¥ SmSMAE NSCHT} E2$ &
8 °l =4 e
) A HE ZZElZ0] SSMASF SmMSMAE A
DJIE T Wal 0.5% Hotstd e w 2hz 20%
o} 13%9] &8 vehdo,
4) C/SE 1:28 3t ¥ZFAEF 0.5wt% 3
713k Al fﬂl!’é E.b}EOI 28 7ol X SSMASH
z}t 32269k 13%°] 4% F71E Vet

A r_h i

2 A sassigde] 548472 A7
H(1990) ¥ FFEYATLe A7v] AQdow
ol ol 7l Qi ofel {FAbEG YT

=

1. V. S. Ramachandran, “Concrete Admixtures
Handbook”, Noyes Publications, p. 211(1984).

2. W, CEEAET, dxdUvEsddE, p
13(1988).

3oy —xai—, “H- oy 27— b EERME,
Py & ", (1988).

4. M. R. Rixom, “Chemical Admixtures for Con-
crete”, London E & F. N, SPON LTD. (1978).

5. 1 AE “F%‘b’if“‘j > ) = MIZH O B
", MRS . 104, No. 1285(1989).

32| E8E =2



10.

11. &

12.

13.

15.

16.

17.

. RE CHE, ME A baxr b

RRERf—, "o v ) — b IT&7, 14, 12(1976).

L ARE HAEAQRE p, 195(1982).
. Della M. Roy et. al, Cement and Concrete Re-

search, Vol. 3, 807-820(1973).
av 7V )-h,
546, 24-32(1992).
K#E W, a0 - FHBHME-ERo L 2
U= b CE) B T, (1974).

, “(EMREARRUKED M RSB E, MEEne
<¥frﬁ+'rw>:z )= kD7, (1993)
m - oKH, “(EHEEAERKBOCERREE & 1E
RBHE ", T R A -, No. 9, 5-11,
(1992).
M. Absi-Halabi,
Khaled, J. Appl.
(1987).
M. Absi-Halabi,
Khaled, J. Appl.
(1987).
M. Absi-Halabi and S. M. Lahalih, J. Appl.
Polym. Sci., 36, 1-9(1988).
M. Absi-Halabi, S. M. Lahalih, and I. S.
Dairanieh, J. Appl. Polym. Sci. 37, 2251-2262
(1989).
G. Dezhen, X, Dayu, and L. Zang “Model of
Mechanism for Naphthalene Series Water-Re-
ducing Agent”, ACI
September-October, 378-386(1982).

and A.
2975-2984

S. M. Lahalih,
Polym. Sci., 33,

S. M. Lahalh,
Polym. Sci., 33,

and A,
2997-3004

Journal,

7 3% 19956,

19.

20.

21, #

22.

23.

24.

25.

26.

27.

KE, &%, L%, txo b

#, No. 47, 220(1993).

HEFAT © H AWML HE g $32% .

FEHBEL RV ALK BEL Vo -0

A & B, p. 69(1988).

KH, Wb, M4, Polymer Preprints(Japan),

Vol. 38, No. 7, 683(1989).

18k, st HAE, A4, BdR, e

oA nd st el Az 9 1E] AWEF

A4, Ghar Az B =83, FaF

AEE, Adr, A, A4S, “UEEdA 1

AsrAe] §4 9 g AdEete] FE 3t

&7 ¢ FAagEEs =3 A 59 23, 121

(1993).

HebE, AT, dAE, WY, 248, ux

gl A g Eibr A g ﬁﬂﬂ "1"“‘: 5’“"—’5194

FE54 9 FeBAA7, %

A 67 4.8, 85(1993).

D. H. Napper, “Polymeric Stabilization of

Colloidal Dispersion”, Academic Press, N, Y.

(1983).

AEINK L ST OB LR EALERE, &Sy

F, 404, 786-789(1991).

A, 299, £4 071, REIYE

3 =5, A 34 4%, 125(1991).

AR FR, “FEHRERBKET, oo 2y - T8

Vol. 26, No, 3, 32(1988).
(Mt

a7 - bRX

1995. 3. 20)

163



