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g~ i Z32Ee] 23k elelAs st E"*i carboxylated styrene butadiene ZFE)AE- o|THA| {35
o2 Alxsta ZATE HEshs APS S8l 202 f3AZ= sodium dodecylbenzene sulfonateS}
sodium salt of lauryl sulfate= A173}53 a1, efel~ ‘ﬂ"@ A Z1= nonylphenoxy poly(ethyleneoxy) ethanol A€ 2] 54
S(n=10, 20, 40)=, Z12]1 potassium persulfate®} sodium bisulfites redox 7|AIAZ, Na,HPO,2} K,COE AsdZ
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Abstract — For the purpose of development of the latex suitable for latex modified concrete, experimental researches
on the preparation of carboxylated styrene butadiene latex by the method of the two-step emulsion polymerization and
application to concrete were performed. Sodium dodecylbenzene sulfonate and sodium salt of lauryl sulfonate were
selected as anionic emulsifiers, and nonylphenoxy poly(ethyleneoxy) ethanols (n=10, 20, 40) as latex stabilizer. Potas-
sium persulfate and sodium bisulfite were used as redox initiator, besides Na,HPO, and K,COj; as electrolytes. Poly-
merization recipe of latex suitable for latex modified concrete were suggested from the experimental researches on the
effects of anionic emulsifiers and their concentration on the polymerization stability, and the effect of electrolytes con-
centration on the particle size of latex. Physical properties, such as slump, air contents, compressive and flexural strength, of
latex prepared by suggested polymerization recipe were examined. The experimental results showed that latex modified
concrete satisfied the quality standards in slump and air contents. Furthermore, it was turned out that the compressive
and the flexural strength of latex modified concrete with 28 days curing time showed appreciably improvements.
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A SN Akl gk AgH g T sk Zo® B
LA QITH3 4]

A wo] ALLE I 9= LMC 318 2 AZ A= styrene
butadiene rubber latex (SBR latex), ethylene vinyl acetate copolymer
emulsion (EVA emulsion), polyacrylic emulsion latex (AE latex) &
o] ARG-E|IL QLo o] 52 Alx Al 3| kg0 ® Qlsto}
LMCoN 5 4%, 4545, WFds, ¥4, WTdelA
Al EE AL Qlo] ol feAl AREES ti% EolAY
A AR b= 3 TRl gk Ad7RE0] BarE an QIuHs-7].
ekl 2sliA o= latexE TS W SBR latex= T HEEE
SFIAI717] 918k potassium persulfate (KPS)2} sodium bisulfate
(SBS)E s} 8h ZNAA|Z ARE-31 EVA emulsion®]t} EA latex
o] Apels TSI mErR S s S oAl
£1311 ammonium persulfate (APS)E 7NAIA|Z ARSI, Lee 58]
2 24 AE latex A|Zo4 acrylic monoersS 3l55re U
MAAIZ APSE ARGl ke, A=l v e W frelxdeo]
2o gk AR feAle] FEEas ATEIh A8 5
dAES ARSEto] Al ARSRS Tl Eo] 39St carboxylated
styrene butadiene 2FE|A~= T3 o] 11 A=) EE7F o
Aol Agko] gobx] AR at 71A1A B skebA Qg Ade] ¢
Folal AIE EefEu FI2|EL o BAES AA A
Folermg 7 o]grEx7} ATH9,10].

2 Gl LMC &3kl 433t 848 7F carboxylated
styrene butadiene BFE|A~E A|Fskal 11 84S HES HHo 7
SR s e A8ete] sole kAl AR EAEHA
HAAZ10L, LMCE g2 F47]50) 298t ixtar] = Alojat
7] $1810] seed BFEIAE o] 8ak= oD fraksdie A8sisick
e B0l JERE T ol skl B Ml Fek AR
ol ghelxe] Qixtar]el A= S sl LMCo] 8
S s = Q= 20 S8 (polymerization recipe)yS |
Aleti o, B o] FRAPTO R AT SIS E513E LMCO &
o} BTNkl gk =R AL FAVIEE T o Eklst
Rom, A8k A At FA7IEe] st S B
o] FXadE A=

INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis (Solid Particle)

GAUSSIAN SUMMARY:

Mean Diameter =37.8 nm Variance (P.1.) =0.088
Stnd. Deviation =11.2 nm (29.6%) Chi Squared =0.877
Norm. Stnd. Dev. = 0.296 Baseline Adj. =0.038 %

(Coeff. of Var'n)

Z-Avg. Diff. Coeff. = 1.12E-007 cm2/s

REL. INTENS-WT GAUSSIAN DISTRIBUTION
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Fig. 1. TEM photograph and particle size distribution of seed latex.
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2-1. EEIAO| X[Z=HHH

2 AFA AMESE FERES7]= 2L Autoclave Agitator (Jeiotech
Co., Koreays ARE3FSITE

WA FEREST|o] = XM Z styrene?} butadiene, 71252 T
=2 methyl methacrylate, methacrylic acid 2 acrylic acid, 37}
A2 3, dalld, FA = 2844, 7tnA 9 g o] 278 F%
HES-7]of] Wil &2 50~80 °C, Aol mHkELE 350 ipmO 2 T
A7 ZEete] AAdE BEAE seed latex® ARE-SIITE A Z 3
seed latex?] 71522 T 35 wi%, 1AF =71 37.8 nm, pH
2.0, A% 31cPE HERASITH

oA 3ol = vle] A Z3F seed latexS 25 wi%, 75 wt%
o sk FF B IpA S 2 HAES Y
seed latex®] A|ZZAT} 22 &5, oHE W wHEES LA 47 5
QF =53tk Fig. 19 2 Addof|A A3} seed latex®] TEM A}

A} Qs A9 Verigc.

=

2-2. 2E|AS] 7IREY FH

e A0 FUFPRIES Hhso] SR ARE ey
oM AxF F Aol AXksIsi o, FRES SEhkel
S5 F Juang S1110] T LR ARFSiGInt. 2HElng] Qi
2 Malvern Zetasizer (1000HSA, Malvern Instrument Co., UK)& 5
skl om, M 7 AS TEM (Jeol 1220, Japan)S- ©]-8-510]
60 kel 100,000 Hli&=2 HF8ISitt. efe) 0] 7]A14] QgL
Maron Tester (Richenseiki No.156, Japan)E- ©]-8-5}0] S7g3IiTh.
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24 9 LMCO A4S S F AISHPH(KS F 2402)0] u}
2 S E S 0m, 37 5714 S (KS F 2409)
o7 =43t LMCY) 28ha 7FE = stainless steel 2= 4T
£(KS F 2408)7 57 5-8(KS F 2405)0.2 FAAS A2sod A]
Y 7] BT 2042 °C, FUEFE 95% ©13e] =352l oA
PN T AT 7, 14, 28U 2] FFAES) FAEE Sl
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3. Zdu} g4 jEk ARgSPAE RESA| 2] o] A sk of SRt 9/ 7 ehels Qg
o] Wojx| 11, Wo] ARgald LMCO] WA T H&A 2 w=RAo)
3-1. RENC| MF3} 2E|A0l OFY S} okslgl o2 AHgt oF 0.5 phmS, DBS-Na= 0.3 phms AMEFOZ
N Tkl 2ol 31E 3~5 phm =5 ARESlok A7t
%g%g] ZUL‘-?PSV‘] 011}5_7] g}gﬂ/\v’] 7]7;| ;H o]—7gH o) xﬁx]— o} LMC & ReR=ge) g}g}/\i;q ZQ3 %/Ré 194 ;].L].7]. a].al/kﬁ_ =24
drdol gt BFEIAE e QlUH12] ey SHEAE ARIE 2 ESL 7IAIARY &3t A] st a1 wntel] ikee] vehu=s A
o} et off So]2A] °§‘r1ﬂe ol Akgste] T SFEIASS S ARIES] 7*%7}31*3 HEgol AY 4= Q= 71A14, 3Hek4] <F
AHEN 855 Ca¥f, AP, Mg 52| o] 25 ujio] f‘]“ﬂ g/30] et & AgelA= vk T8 F QPAIEA] nlolAd
Egl oA=L = 0]'74 S e B e e B B 3 =4 nonyl phenoxy poly(ethyleneoxy)ethanol A|E 2] F=4
Bl ~0] o1 AT} O] AR YT Wl QYA e 2 9IS u|X|A] =1, Pham (n=10:NP-10, n=20:NP-20, n=40:NP-40)Z Z}7} 1 phm® Y11, 3]
5131 miniemulsion F &l 28|14 cetyl alcohol®} sodium 2} o] kS mx)= A A9 Q] A3EA| dimethyl siloxane
lauryl sulfate®] &3 F-3l415 ARg-80] $/d% PVC 2FE) A~ ot < 0.6 phm 75153}
WA P vA| = ﬂﬂliﬂ P AES A3 FAE
PVC g].al/\/] gjﬁ O 0).4~0.7 pum 4 ]E oJo{ﬁgm] qjﬁ 07|Jm 3-2. x-[ﬁHxlol A-|7g|1|. h-_|:o| oq%t
o] §Irk= SR EePdsigivkal Harsigivt. ol FEHAIE AREShE freledelr %] Haljds A7kt
= AelMe Tk 3kl delE Alete] A4 ¥ A TR0 o] 2A717h Wstekr w ehel s b dekse] vh
A9 methyl methacrylate (MMA), methacrylic acid (MAA) a1l gof| 9Jg]] ghex2] kg do] STl §iFo] Tkl U A
acrylic acid (AAYE ARE[9,101610] 0] F3HA12] ARES AA ATH14].
sl ZQ)0mM AREele] $ARES WSt ehelno) e, 3 AR LMCE ehels Aol A3 Aale) £5el s
A Y, S B 2 S VPSR SO R, U RS S Sistel A sl B ARk 1)
A, U 2 el S 1 AsA0) ER ek A8 Wsksto] ehese] gAYk B
Ol F3HAe] Fet F%‘P‘% A7sl7] flslo] Fol2 113t 747d& A% A= Table 201 HERASITE. Table 20114 el &
AE AL)eH J-E2] AR 117941711, sodium monododecylphenyl H7NEIA] 9k AG-(S-1) SUBHE TR TAR] LMCE 2
benzene sulfonate (DOWFAX-2A1), sodium dodecyl benzene sulfonate A FA71F0.1% °ol3hE F5HA T FadAT7 = FAVFE
(DBS-Na), sodium lauryl sulfonate (SLS) % sodium salt of lauryl (140~250 nm)°l| WX|A] F5kar ok, 452] Hafi2S 1.0 phm AR
sulfonate (ES-528)2] 0] -3k ARE-el gt T3P, & St 7A(S-2~5) AR 9} SarERo] Ao Fell uhE 2k
iﬁﬂ‘ﬂf‘m 4l At A3 s AvFE Table 10 WERASITE Table o7} A9 glom FAV|ZES FEapAut 8 FHe] Hadut AL
o] W 4555] §012 SIS ALBT AT SR A B sl ST LMCE ALBE o Asiee) 20 o5l Bk sl
Aol = ?S]—O]—X‘]/\‘] = PR ul Aldeto] 79 tlEs4o]3k 7k AL 23N 247+ 1.0 phmm ARE-3E 73_?_(5 g~10)0ﬂ Zghlgo] &
= VERAAL Qlet JEM DOWFAX-2A 1 27)19] 3152715 H-A3} obgatol g-aEao] Tt wAUsIGICE M)A Na,HPO = HH-S7
3L o] LMCE Aleeh o] A3kt Ui Ads= dido] 9lo o] A0 7 pHE PIAIA A7 S W TP
U% SLS= ZGLOL}ZMJ, gpel A obgA] 1l AlH E9Le] TalAlolA] = AS AASHA T LMC A5 Al B3RS 7HAaAA 29 x7]
A 2 Auks gtk webd 2 AdelMe T8 P9 2 &= A8l 7R dAAslett e dRbA o w o
Bl QA B AIHE E351go] F2 DBS-Nad) ES-528& &0l B2 Al Al iAkL7] 23 Al $-0] s AlolE f1aliA
F3A= 78I} 9 (amphoteric) 314121 ES-5282 2] A K,COE T ARS8l SITh Na,HPO,S} K,CO,5 7+t

Table 1. Effect of emulsifier concentration on polymerization stability

Emulsifier DBS-Na DOWFAX-2A1 ES-528 SLS
Amount [phm] 0.3 0.5 1.0 0.3 0.5 1.0 0.3 0.5 1.0 0.3 0.5 1.0
TSC? 46.5 47.5 47.0 46.1 47.5 47.5 45.6 46.9 47.0 453 473 47.6
Gel content 78.0 78.5 78.0 71.0 78.0 77.8 71.0 78.2 78.0 78.0 79.0 76.0
Coagulum® 0.03 0.02 0.01 0.05 0.02 0.01 0.06 0.03 0.01 0.12 0.05 0.05

dTotal solid content, ®Polymerization stability [coagulum %]

Table 2. Effect of electrolytes on particle diameter and polymerization stability

Electrolytes S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10
Na;PO, 0 1.0 0 0 0 0 0 0 1.0 0
Na,HPO, 0 0 1.0 0 0 0.25 0.5 1.0 0 0
Na,CO4 0 0 0 1.0 0 0 0 0 0 1.0
K,CO;4 0 0 0 0 1.0 0.25 0.5 1.0 1.0 1.0
Diameter [nm] 91.6 156.3 148.9 152.5 153.9 122.8 156.7 229.2 213.8 207.2
Coagulum [%] 0.02 0.05 0.02 0.02 0.03 0.01 0.03 2.90 2.80 2.30
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INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis (Solid Parti INTENSITY- Analysi id Particle)

GAUSSIAN SUMMARY:
Variance (P..)  =0002 Mean Diameter = 156.7 nm

5000

INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis (Solid Particl

GAUSSIAN SUMMARY:
Mean Dia =156.3 nm Variance (P.L)  =0.012

INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis (Solid Partic

GAUSSIAN SUMMARY:
Mean Diameter = 122.8 nm

GAUSSIAN SUMMARY:

Variance (P.1)  =0.009

s e e Lomance (P1) 29947 Stnd. Deviation = 16.9 nm (10.6%)  Chi Squared =0428  Stnd. Deviation =6.0 nm (4.9 %) Chi Squared -0299  Stnd.Deviation =14.6 nm (9.3 %) Chi Squared =0379
gz iy = nm(: ) sl g ” Norm. Stnd. Dev. = 0.108 Baseline Adj =0.005% Norm. Stnd. Dev. = 0.049 Baseline Adj =0.080 % Norm. Stnd. Dev. = 0.093 Baseline Adj. =0122%
Norm. Stnd. Dev. =0.216 Baseline Adj =0.000 % v
(Coaft-of varn) Z.Avg. DM lc oeff. - 4 69&-00¢ (CO°M of Varn) Z-Avg. Diff. Coeff. = 2.71E-008 (Coeff. of Varn) Z-Avg. Diff. Coeff. = 3.45E-0C (Coeff. of Varn) Z-Avg. Dift. Coeft. = 2.70E-008 cm2/s
REL. INTENS-WT GAUSSIAN DISTRIBUTION REL. INTENS-WT GAUSSIAN DISTRIBUTION REL. INTENS-WT GAUSSIAN DISTRIBUTION REL. INTENS-WT GAUSSIAN DISTRIBUTION
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Fig. 2. TEM photographs and particle size distribution on amount of electrolytes.
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Fig. 3. Effect of amount of electrolytes on particle diameter.

0.25 phm A3 -9(S-6)x= YAA77F vigH gl om, 24zt
1.0 phm AR8-(S-8)3+ 73-9+= -S-arEo] et HgsiSitt Na,HPO o}
K,CO5E 217} 0.5 phm ARE-8E Z-9-(8-7)= IAk1719) 8ol
FAFE T5oto] o] F B Al 283130 Fig. 20 Halale]
FRoh AMgEel thet gelne] TEM AR ey S Avs
YERHSITE. Fig. 32 Na,HPO,9} K,CO;= 3% T3t o= At
$3190S W ARgEFe] wh gheElse] QIxk=7] WskE vl 1)
3olw, A19] W elell el AR Sl wekd dAk=717F A

o] AR 0w T8l les & vk

3-3. B AY

LMC £%=0f] 233t carboxylated styrene butadiene ZHE]~E- A|
z3p7] flato] gole {3kl 9 dafade] HAa ARgE et
A= AEst] TS 2 Table 300 AT f-8kA12t

Table 3. Polymerization recipe for latex used in this experiment

Ingredients Content? Ingredients Content
Styrene 55 NP-40 1
Butadiene 38 Na,HPO, 0.5
MMA 5 K,CO, 0.5
MAA 1 KPSY 1.5
DBS-Na 0.3 SBSY 0.2
ES-528 0.5 TDDM?Y 0.2
NP-10 1 DVBY 0.2
NP-20 1 DMSP 0.6
3[phm]: Parts per hundred monomer
YPotassium persulfate

9Sodium bisulfate
9t-Dodecyl mercaptan
9Divinyl benzene
DDimethyl siloxane

AN ALl e JEEl TR A S3[151E AESt] 4
J3elet. &, o] Tl webs] Azt gl al] BAS AlEst
A3} QA7) 156.7 nm, S 0.03%, TLHE SHFEF 47.5 wit,
pH 10.5, £8742 34 dyne/em, = 60cPZ A O] S - & FA}
FANES BF 58900 LMC 31 glelaw A3kst B4
JS gl

o
Of

d

34. LMC2| Mg 5N &

Table 3] 8ol s %3k gl AS E318t LMC2 o
4 B8 AR st SEE Al nHEdE LMCY
Hig7 |l Ak & =A HUAT 13 mm, =/AHE Bl(W/
C) 33 wt%, AL (s/a) 58 wt%, T A RS
SINHE F32] 15 wi% £33 LMCE 715319 £ = (slump),
371, B 2 AR AT

SYUITE AT A ZA] 4 LMY 5498 BN EFE 2 ER
A ZPARAIZEeN 233211 S m]XIT). Fig. 4% Table 39] 84
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Fig. 4. Effect of amount of electrolytes on slump (mixed equalizing
weight of Na,HPO, and K,COj).

oA A A= AFE-SE Na,HPO, 9k K,CO5E 27} 53 E3tat
o] 0.5, 1.0, 1.5, 2.0 phm H7}510] A28} el s zgw LMCe)
SHEE S Taj3zo|th Fig. 404 AsA ALg-&o] F7lahd
Y= Ao A o7 7H4ASHS Holy 9tk ARk o7 As)
] ARl F7kekd YAt A7o] AxAM Aol ghasto] &

ﬁj} SV Aoz odE ARl &k K,Coae AlMES] 523}
el 2 Alo)EA shekae] FERke-& golatA

% FolEe] &7 $ANES-S X0 EN 23| SHEIF 1A

k= Aoz dekEint, B A3 Al AR RIlelA 32

718211943 em) <ol 23HE| ] 3] Aaldwke] dist &
HX = 20.5 emE YERRIT

It 0 F 4| 92 LMC U] 37|52 23 ES] 294
(workabilityys @dA1713 FAg3lel gk AgAS TA 7NAA
ok 5, AP E 2] vMskal 559 ARE7 = AldEY =4
o] Al F-2hwo] A FRlA & wlolg i 22 25 sfod
ZAYES] APE Nl T, @] s EEd
(bleeding) d%% %O%E} ook 2R 7120 AT e e
*713%1]/\1 EAHE v]7F 2A] =o] FAEg3e] Agdel o

< vA H%EEH**OH TralszXE} &, ZAYEZ} sAFAE Ho
*ELFAE 2] AH7E FAH e o] Wi A= A E el 2
gk §hHo] FAREE Gt o|u ATT]= AX W ¢
6H YR R= UiFdgel oisiA 28-S a7 wiitolt). 371%

& A AR O R 2EEY E AFeA= dimethyl siloxanes
0.6 phm ARS8 ©] LMC 371%°] 4.8 vol%z S350 #4715
(6.0 vol% °o]8h e Z=313c}.

Fig. 5% 2 2 f:é oM A% BEAS 15w 23810 7183t
LMCS] 984 Zeg Algst AaE vepd T8zo|n] 4573E
of FHE B :@W 7 Tel] whebA] S7stkar Sk, A skalgE 28
Dol EHFEE 377 MPa S H 0] ST ERFAL FATFE
(27 MPa o1hel] HI81A 39.6% & SR aIE Ko, LT
8.4 MPa =7 %|o] E47]55(4.5 MPa o[AH)KT} 87.3% & e
7t HEEE BAS RIS 0131 LMC vl 3/ £
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el A ZIYES] E3E gtEAaE AL 5HoR
carboxylated styrene butadiene ZFEI~E o]t F3ETHOE A
Z3al LMC 28735 AIEsh A3 tat 22 dE2s 2=+ 3

et

(1) 20]-& 434 DOWFAX-2A1, SLS, DBS-Na 2! ES-528% A}
%ak 03~1 Ophm tg_r]oﬂ/q =3} J-XJ/HJ,]_ = sti_b,i_ﬁ-ak ) 74161—Bk
AlEst A} fokA| SRk ARl & Aol HolA| = A
P2 Aglon B A= E3kebgAd T} efelaelgAd W Ael
Eg}o] 23142 11851] DBS-Na9}l ES-528S 5012 342 A
;ﬂg]_oﬂl:]_
(2) A3ld Na,HPO,, K,CO;, Na;PO, 2 Na,CO,°l| tish ==
719} T3R8 AR A3} LMC A3 Al9] A AlolE ¢
8141 Na,HPO,8} K,COsE 717} 0.5 phm AR o] $J=k=1719) &

BN FA71E0] FHH.
(3) FrakAlsh el 2e F9E Axsto] LMCE el
Az A FPARS AYslel Apatglon], o FaAgow

Azt epel o] 7| EEA o] A7 AEES RIS

(4) 2 Aol Az Ele] LMC 850l tigh 28735 Al
At Ao, EHzel 7| FAVIES FEIeH, Akt
280l EAV|FERT} GEFEE 39.6%, BATE 873% ] 52
FRaI] vy 548 FRlE 4= Qo)
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