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Preparation and Application Characteristics of Carboxylated Styrene Butadiene Latex for
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Abstract — For the purpose of development of the latex suitable for polymer cement mortar, experiments on the prep-
aration of carboxylated styrene butadiene latex by the method of the two-step emulsion polymerization were performed.
Methyl methacrylate, methacrylic acid and acrylic acid were selected as carboxylic co-monomer, styrene and butadiene
as monomer, sodium dodecylbenzene sulfonate and sodium salt of lauryl sulfonate as anionic emulsifiers, and nonylphe-
noxy poly (ethyleneoxy) ethanol (n=10, 20, 40) as latex stabilizer. Potassium persulfate and sodium bisulfite were also
used as redox initiator, and sodium monohydrogen phosphate and potassium carbonate as electrolytes. The effects of cat-
egories and concentration of carboxylic co-monomer, molecular weight control agent, crosslinking agent, and styrene/
butadiene monomer ratio on the characteristics of latex were investigated. Polymerization recipes for preparation of
polymer cement mortar could be proposed. The prepared latexes were tested for the physical properties such as com-
pressive and flexural strength when latexes were mixed with cement mortar. The results showed that the latex could be
adapted to polymer cement mortar. Also, it was recognized that the compressive and flexural strength were exhibited
25.4% and 45.3% respectively higher improvement than the quality standards at 28 days curing time.
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Table 2. Physical properties of ordinary portland cement
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Table 1. Chemical compositions (wt%) of ordinary portland cement
Si0, ALO; CaO MgO SO; K,0 Na,O Fe,O; Ig-loss
207 59 631 32 1.6 084 009 32 1.2

Specific gravity Blainess specific surface Setting Initial Time Final Compressive strength (MPa)
(20°C) (ecm*g) (min) (hr) 3d 7d 28d
3.15 3200 300 7:10 19.61 27.94 36.76
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Table 3. Properties of fine aggregate

Max. size Unit weight Specific gravity Water Solid volume
(mm) (kg/L) (20°C) absorption (%) percentage (%)
<1.2 1.5 2.62 0.40 58.1
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Fig. 1. Effect of concentration of carboxylic comonomers on viscosity
of latex.
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Fig. 2. Effect of concentration of carboxylic comonomers on reac-
tion time.
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Table 4. Effect of carboxylic monomer on properties of carboxylated styrene butadiene latex

Monomer MAA AA 1A FA

Amount [phm] 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5 0.5 1.0 1.5

TSC [wt,%]? 48.3 47.6 47.0 48.0 47.3 47.0 47.0 44.0 39.0 46.5 43.0 40.0
Viscosity [cP] 67.0 87.0 150 78.0 95.0 176 130 202 380 150 230 300
Conversion [%] 99.8 99.9 92.0 99.7 99.6 93.0 90.0 78.0 77.0 87.0 80.0 79.0
Coagulum [%]? 0.2 0.3 0.01 0.3 0.04 0.01 0.1 0.01 0.01 0.2 0.1 0.1

Mech. stability® 0.4 0.1 0.05 0.5 0.5 0.2 0.05 0.1 0.1 0.05 0.2 0.2

Curing time [hr] 18 24 48 14 22 47 22 28 48 24 36 50

Reaction time [hr] 3:30 4:00 6:50 3:40 4:05

7:00 7:15 10:00 15:00 7:30 11:00 13:00

dTotal solid content, ®Polymerization stability, “Mechanical stability [coagulum %]
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Table 5. Effect of ST/BD monomer ratio on properties of carboxylated
styrene butadiene latex

Sample no. S-1 S-2 S-3 S-4 S-5
ST/BD ratio 49/44  52/41 55/38  58/35 61/32
TSC [wt%] 489 50.0 48.8 475 48.0
pH[-] 10.3 10.3 11.0 10.8 10.5
Viscosity [cP] 140.0 120.2 132.1 64.7 80.4
Particle size [nm] 164.0 162.2 163.1 164.3 162.5
Gel content [wt%] 77.1 79.3 80.0 78.2 84.5
Tg[°C] -9.58 -4.74 3.56 7.30 20.92
Reaction time [hr] 4:30 4:00 4:00 4:35 4:40
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Fig. 3. Tg dependency on ST/BD monomer ratio.
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Table 6. Typical polymerization recipe of latex

Ingredients Content? Ingredients Content
Styrene 55 NP-40 1
Butadiene 38 Na,HPO, 0.5
MMA 5 K,CO4 0.5
MAA 1 KPS 1.5
AA 1 SBS 0.2
DBS-Na 1.0 TDDM 0.2
ES-528 0.5 DVB 0.2
NP-10 1 DMS 0.6
NP-20 1

3phm]: Parts per hundred monomer

793

£

- A2ke] B8 [815 AHEst] AABISITE. o] T8 Al whebA

Az e 71—@” A& Algs 43, BydAa7] 163.0 nm
A7 140~250 nm), 5215 0.02%(E 2715 0.1% ©18}h), AL
f%%i'_—?:;ak 48.8 wi%(E A 7] 46~53 wi%), pH 110(%%;171

12), Tg=3.56 °C(EA] $=: —2~4 °C)2 =7 =] ﬂq‘ﬁ*

A} EANEE BT 2E3)0] g ARIE EEl=9] £3]

£ gEnEA] st EY9S ERIsIiT

_|_4

IS

3-5. Z2|H AHE BEIZ°| M8y AlY

Table 69l #|A3F F3apto 2 A %3 eAs £33 AME
EEF29] 284S AR flate] ] AlHIE EEFE0] HigY|
F(KS F 2476: 2007)° 2)A duk EAT AmES} 2aiedrl 7
)5 ARESo] AIHIE/SLE 8] C/S=1/3, B/AIHE H] W/C=0.47, 3L
G BEIAAIRIE 8] P/C=0.155 W Eet HEFES] FAIAIE A
Zsto] A 7, 14, 21, 282 FAES} AFAEE S AV
Fig. 6ol YERASITE, vigst EEf=o] £2 4%k 160 mmEE
71 190430 mmyE YERNSI T, 37152 A2l A A dimethyl
siloxane (DMS)S- 0.6 phm 5<47]-3” S 5.1 vol%®= S7gEo] £4
715(6.0 vol% ©J3hell 595 RIS Fig. 6l 44T
© A3 147 A= %7%17} W= A 218y =] 2|9t O]? A
wo] AsAIRE 7ol uhebA] BPFER o|shs AES KHolal
Stk A3PAIZE 28U 2 UEH T 33.87 MPas UERO] S
FZAF FA7IF(27 MPa o’hHT vwaiA 25.4% SR ETE K
olH, FZE A AEAZE Tkl whebA A SRS B

ol AzAI7F 2801011 A 37k 6.54 MPaS E27]55(4.5 MPa ©]
et 45.3% Sl -‘%EO I 54 TE}OJ%‘ - O‘E} Yun

HIston & AFte] Aol 24 Jﬂ% Ho ] At o]
o} o] AdEAEe} AL & FHAEI= TAIA Uil ¥4
E= EEn FEel st 1Y el VIlEE 2R A7t
ok
7.0
‘@
o i
= s
_ S
= - 5.0 =
(=]
_ =
e i<
@ @
2 Iz
7] I
i 3.0 5
o @
g C
]
0 T T 1.0

7 14 21 28
Curing time [day]

Fig. 6. Curing time profile of compressive and flexural strength (O:
compressive, A: flexural).
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