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Abstract

This study was attempted to develop appropriate carboxylated styrene
butadiene latex for cement modifiers and to investigate the characteristics
such as workability, compressive and flexural strength and durability on
latex modified concrete, very-earlysstrength latex modified concrete and
latex modified mortar’ when resulting latex were mixed with cement.
The polymerization process of latex was performed by the method of
the two-step . emulsion polymerization advantageous to controlling
particle size, particle size distribution and reaction time.

Some obtained results from experimental research were as followings.

The properties of latex were investigated on various styrene/butadiene
monomer ratios and styrene/butadiene monomer ratio affected a little
total solid content, pH, particle size, gel content and reaction time, but
affected highly glass transition temperature(Tg) and viscosity. From the
test results, Tg was linearly increased with an increase in styrene/
butadiene monomer ratio and Tg 3.56C measured was satisfied Tg
range (-2~4°C) for cement modifiers.

A study was made of the effects of carboxylic co-monomers on the
polymerization stability, mechanical stability, total solid content,

minimizing coagulation, tensile strength and curing time when prepared



latex were mixed with cement. The experimental result showed that it
was adequate to select in methyl methacrylate, methacrylic acid and
acrylic acid with concentration of 5, 1, 1 phm, respectively as carboxylic
co-monomer.

To determine the categories and concentrations for anionic emulsifiers
we were performed the experiment on polymerization stability, total
solid content, gel content and miscibility when latex were mixed to
cement. Sodium dodecylbenzene sulfonate 0.3 phm and sodium salt of
lauryl sulfate 0.5 phm were selected as anionic emulsifiers.

The experimental results showed that suitable chemicals for
preparation of cement modifier were sodium monohydrogen phosphate
and sodium carbonate as electrolytes, potassium persulfate and sodium
bisulfite as initiators, t-dodecyl mercaptan as molecular weight control
agent, and divinyl benzene as crosslink agent.

We could suggested the typical polymerization recipe for preparation
of latex applicable for cement modifier from the experimental researches
on the effects of styrene/butadiene monomer ratios, carboxylic co-
monomer and additive chemicals. Also, it was recognized that resulted
latex could satisfied the quality standards.

The prepared latex were tested for the physical "and mechanical
properties when it was applied to cement modifiers. The test results
were recognized that -latex. modified concrete and very-early-strength
latex modified concrete were exhibited higher improvement in
compressive strength, flexural strength, workability and durability
evaluation at optimum mixing ratio P/C=15 wt%.

Finally, from the application experiment of latex modified mortar, it
was identified that sand/cemet=1 1.25 was optimum mixing ratios and
compressive, flexural and adhesive strength were exhibited remarkable
improvement at polymer/cement=20 wt%, water/cement=47 wt% and

curing period=24 h.
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2.2.1.1. Harkins model
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propagation
termination

POLYMER
PARTICLES

MONOMER
DROPLET

=

1FI¥
MONOMER cﬁ ‘O
SWELLEN MICELLE

T SOAP
MICELLES

—O" WATER

Fig. 1. Harkins model of an emulsion polymerization [60].
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Conversion [%]

100 =
Interval II
no micellar soap
- monomer in droplets
manomer in polymer particles
constant number of particles
80 l
1 |
go /o |
Interval III
| no droplets
= I —= monomer in polvmer particles
I constant number of paticles
a8 1 :
= | '/
A Interval 1
l manamer-in-micelles
L. manomer 0 droplets
| manamer in polvmer particles
arowing number of polvmer particles
0 | ] 1 i ¢

Time [h]

Fig. 2. A typical course of emulsion polymerization.
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TSI mAoF =7k 10"/ ml Al JHAE =T 107 /s - mL 7] 9]
gt zo]l AAEE A AeA g el FZ-L Interval I & Z7]0]
10° 2 vtk g s mAWR gabs] Eojzith. 12 v o] A7} Interval I
o] A& wet wdFEErt F4sty] Wil o] Azte] F43] Fopxith
g Ao gugoe], dA57E AFH e 10M/mL A S, Interval 9}
MEoll= B 1020t & /o] Yol Eoi3ith

=
AL oM TdEEE BAAUAY s= [Pk & A WelA 9
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Rp k [M][P] 1)

P1= "y, (2)
A71M, N’ vd3 Ao el &, ne v A T H FHze
<, Ny& Avogadro <Fo|th. &7 4 (1)3 (2)°llA]

10°N'n k, [M]

Rp = N, ©)

1

ol

o|t}. Interval 1&] Z7]oll= n = °]|EE N'n = 0°]t}. Interval 194 N' &=
A

Z715tH N'n& Alztell whe} =713t} Interval 19 7|

N

rlo

2 n

X
2

Jol A N AgdEle] A Nol =24 Bk AAA sEe] AU
bl ANSES} 348 gastd B FGud S Aag F7 9

A9k Interval MIoA = ALl EASAY 7154 Aok wela wjado] A

o
ol

5 flar 82 YAREe] EA)SHE Interval 9 MolA HE 7hs3 42

!
Il
il
=
—~
N
N

olt}. Interval 1.8} MFol no # RpE ZAAS=0H olF FR3NA o|&
A e Agdez B2 dF7t o] FoIHH 53] Smith®} Ewart= Al 7F
A A9 [69,62]0 #sted BastAoh Al 7HA] A9 & He 24 gz

o TEA YA WoEel 4 AHY A4, AAWS FH, AASE

A

S AR g Toll ARolrt = Aol

Case 1 :n <05 A%

YA G BTGB FE ek YABERE BB GH 54

2717F A3 AN EETE =eF v A Fadu.
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o] A= tHEe #FEFdol HLHW el 22 dojux &
Au gREE7 g o] Aol Sorte skl HlsiA FAY F Ae
e}, JA7E 282 BANES LS5 (bimolecular  termination  rate
constant)oll Bl FoiF oz UF zol 3 7 o oS 8 F
e o dojdtt o] =M= ARBAAA N o7k T JhY gz o]
I AAFO ZEA = OE o] SojekA AAN-So] dojd Wt
A ARES ALY F, o= 3t B a2A AR v 3 7R
gz 7R At o Ty A wke FA el Aok mhEkA
A dASNM BEE dA B 0

Case 3 : n > 05 4%

nol 05HTH F7] fjsiq oAH AEAUAES AR T 2~37¢] o
= 7FA L lofok Foh eiubstd efHES ZhA o2 AR Y EAE

I Sde A7)l wWiEelthiel Aes sl ARSI 232 gl

221.2. Smith-Ewart Y1345 8

Harkins®] A42 =4 [60]S 712 Z Smith®} Ewart [59]o] sl A
2 oo wHEeH, o] & B Ao AEV}F o] FolHth
PAoll thste] Smithet Ewartw F3kA19] A&FS Szt sty 0|7 wA
< B v F8A SmFA FHEHD A= F3A SpY F 2ok

S =Sm + Sp )

_15_



AE Agste AE M EHAN

AR ASE e A vl wae] EAs: @ 44E wE o
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= WA ALE A AR mAdSe ¢ 2o fdozEse xI sy
ZNR1T o AL AARES WA= Aot} o] u thSao] AL

dN Am s
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ol
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rlr
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£ 1 Aol Rus dAke veaeh Baka) gl

H7F AASE YA & A AHZEE (e mL/s) e The A3 2,
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N
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’M]V,
T o1y, ©)

ol 2olA, [M]2 dAFe dFA F=, k= VH

r]I.
olo
I
iy
o
+
:<
rr
l_,

A FEE Y A, v @AY AHEE°IH Interval 914 T
MAEE g = xke] A F o] A rolA dAT &(u)= F7FstaL, AlRE

ol AR el AAe 27 wAde AHE FASE (- )2 £AE

t
Ay =lar)? 3pP (¢ — DBpdr=]0.6[ (4n)'/*3ulPpt™®  (11)
0

AE T3 @9 el RAetE ERE, ST F3AY FHoE e
F52}t 3t Interval Io] By AIZE t, oA Tk 2lo] AHgt
AS = 06 (4m) 2 3,3 p 28 (12)

ArEH e A4EL 4 (13)o2 TAEN.

7 = 2N, k, [1 (13)
, [11E AAAL &

.{[:
Soltt. mASe] RaHE SE()E e A (192 Y 5 At

A71M, B AfTEgel 44E HAMAUAE Bold HEL ek
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o 9 =& AYstH Interval Io] U AlIZE t,2 24 (15)2 Hth

AS) ¢
te 037 w2 (15)

wteba g 713 (Interval I)o] B¢ W AR EHE AR NS o A
palen

N = pt, = 0.37(A,9)" (Z/p)"* = 0.37 (A, S)"® (2N, ky [1]/p)"* (16)
2 16)A T3 AL No| F3A FX(5)2 065, z& [1]o] Hl#Es
B2 AAA s29 0450l Bl TTE AR ot

Interval 1= #8344 v[Ao] 225o] A2 BgHol o o] dojux

L
o
=2
>
2
ﬂllﬂ
2
)
ol
ok
A
=
iR
2L
=
ft
Jo
o
s
]
o
2L
il
lo
e
&
A
)
ofj
giA
ol
Y

4 (18)2FE Interval HolAM FTHEE== #3419 0.6, /AAAL] 045
of HETS & F Atk AGr|A zE NAA Fxol vlEsta, o w

A A& Interval IA e MAA BE=EAULS Fdslor 3ttd, wralA Interval
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OoM AAAE B A7t S3EEs 9% T4 gt 22y 7

AAE B A7 & A4S FRE DP)

r=pg/N=+~Z/N=2~N,ky [I]/N (19)
FHE F¥E (OP ), YA T AT SFA 22ES A T @z
2 Uyol & o] HEa 2 a7nF (18)ZHEH 4 202 I

kyCi N
RNk (1]

21 (2009 &) 13)3 (16)=H dstAE 4 21)= =T

- 0-37 k, Cy (A, )"°71S%°
(Dp), = 6 0.4 [710.6
(2N, kq) ° 4 (u)2tlT]™

oo

wehA, o]dH 3%
Z9 06%, MAA 59 0450l B

<, MAA FE9 -0.65 _Bl#EstA ok

o A% FUEEL 4 (18)02YH f3A 5

Smith®} Ewart®] Case 2+ Hlald oz AAAEE7F v Z8v A
©] 10~150 nm¢l 2=H:e] F3}Fgtol] 2 FgHAT. Zgn YA zxn

god APEETE ¥ mE A S¥SEERpT U 2 #Fe UEGh
Ewart®} Carr [63]+= ©] HloldS §F(flocculation) W&l ASE A}
2™, Roe2} Brass [64] ©lgke] 0.5ET A0ty X133t} Vanderhoff
T [65]2 74A-8% 7)< (competitive-growth technique)<s &

Smith-Ewart Case 22] 25189 A4 3st= 52 A3t Hu3¥
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222 F24E A 5 XA

Medvedev [66]° oJ3tH f3l5de v, @aFA HF, Zw Yz F
of #AIRlel F&E F3HAl Foll o] FAH Tl /MAEHE=E A
oty £ &4 Aol 9JstH Rpe A FEHA JE3HA HU o] &

223. &R MAAE

Jacobi [67]¢} Fitch & [68]2 vinyl acetate -2 methyl methacrylate$}
| Aol A THAE
te dojty. FEAGNA AE SHESo] A A8 whgste] A

ol HuF F8A40] & FFAJ BF MAIRES ]

"

t Mol o] e fotAl sk YAMAEE olStNAE Be 2 YRS
=

Oe A<= sl YREARQl Smith-Ewart o] &3+ OE H3lE

il

224, GFA HF PAA
o Al 7bA Aol wiste] @A A AAEL A oE GFgA o
o] AA Ao Aoz Houg ZFasA wystA Ltk 18
U 2 Vanderhoff [69], Ugelstad & [70]° 2|a} whakaA] 429 dx}b7}
o 2hg wf okoflA Awd mdMe g & AE WPt kA o

A= Fguol ARG Bustdh
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2.3. o|FA F3 5

geol 97 9 YAREE 2SS F PHOE owA AHFTY

of Utk o] B% FBA BAL B wgoln AvAA Ae mF
o

ges gA el Folsl HEE YuA fHFFAA Y45 W}
VA 3, oJeA FHFTANAE A Ful 5& A%How U

AeHA FUsE W EA Wk oz AAHT £ seed latex YAES A
A71E Bolth olu AAste ZEp YAE HASHA 7] fEte #3)
Ae AAste ZEiv YRbelnt FarEojok sl MEL YAE FA A
¢t g0z AAG Fo7 R, o

_(’3_
A AASA =3 Trommsdorff effect 5= 3+ AA YFo A% gy

g
o

seed latex YAES %

Zol U} 914 +5 Q| Mo STl =Uol % folsof At ol
9A REAEG PES G BaAY PHE ded Fo PHos

Vanderhoff & [71,72]°] A 23EZF & Hughes & [73]2 polystyrene
(PS)-polymethylmethacrylate(PMMA) composite” 2t8] 29 HIEH AF
(torsional modulus)7} & FZA BT =& 2o 3ty Histg o
™, Paxton [74]> PS-PMMA<®| composite 2t EH] {34 F2E54
<= WA= olgA FEtEdHe ol &t =

PMMA-polyethylacylate(PEA) composite 28] 28] J[IAZF=E FFA717]

o

Yamazaki 5 [75]<

g WO E, Matsumoto & [76-78]2 HEl 2 UAES] FEHE WHIAY)

FHORE ot 73T H<e ol &3

rr
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24, ZEYH-A|HE Co-matrix A w7}y &

YA oz AWE BE2s FaES Eejvd] 9% At 159
EY A AME FEagy Zein BE FAAH dsiA co-matrix

phase®] A wi7zlFo = AW T Ohama$} Schwiete 5 [79-81]2 Al

!

HWE Ay ZEw FES co-matrix phase F4#Ao 304 ZES AA

Fig. 39 24 19A oA Eeu7t 24 &2 ARIE ZEZ2 =& F3g
Eot 32 o Zd9 e dAA ARE HO|2E o EA4kdEr
olgldt EgH AIRE Ho|2EdA AMIET}L s3lgo whet Fa ARE
Aol YAHY, viFE FHA Foll A E FasdEoz T3

o o2 dth ¥, FeH YASE FEAH o2 AHNE A-nFiE-A

HE TH=E YA mhd FolA Hn =& e FAtsEEse A4
Z(calcium silicate layer)= ¥A3t7] <&l =Ao A7t £HH HH-g3l=

o= dHA Jow, AHME F5=3 IA ARl HEZHA Fiksd
3 M7t EASteE ¢ tricalcium aluminate”7} ¥HE-3ste] A E & ol
E Aol E(ettringite)®] B2 15 Abolo HARAEE FXAZIG

w9 pRAME AME A T2 e HE Y5 st EH
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W nmo] ool BESL U vk kAl gE s Lo Fv YA
I #tt. polyacrylic ester,

poly(styrene-acrylic) ester, poly(vinylidene chloride-vinyl chloride)$}
chloroprene }8 29} 22 WA el e YAEAA Ca ©, Ca(OH),
. Apololl A 3hehz wkg-o] dojdtt

ojggt Wh-go| o3| -ZglH AIHME co-matrix, AMNE F3t&E, ZA Ao]9]
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(a) Immediately after mixing

/R \\
% 2 k\\\ Unhydrated cement particles
Ry LI yRanie . Polymer particles

: v o 2 ﬁ Aggregates
: '* : e ; (Interstitial spaces are water)
N\

(b) First step

Mixtures of unhydrated cement
o " P particles.and cement gel
£ N (On which polymer particles

&i\\\:—. "'ﬁ 'M deposit- partially)

(c) Second step

P §
g

Mixtures of cement gel and
unhydrated cement particles

d enveloped with a close-
packed layer of polymer
particles

(d) Third step (Hardened.structure)

Cement hydrates enveloped
with polymer films or

O
membranes

& /M H Entrained air

Fig. 3. Simplified model of formation of polymer-cement co-matrix.
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3. A 3

31. e 29 A=

3.1.1. AHg AleF
B AgoA A3 AGE] tidt ARE A5l Table 101 YEUA
th o] & A¢F WA 38ty tjal ko] TS ARSI TH

k-
20]& 734 DOWFAX-2A1S sodium monododecyl phenoxy benzene
ylL p y

disulfonate 70 wt%$} sodium didodecyl phenoxy benzene disulfonate 30

==
S T

rlo

wt%E EH7 26 wt% T&Ne ARSI SHEESOl ARER =

ZE millipore A5AAE EHAZ Po]&4E AL 83T

312. Ad A8

B Ao A Azt dE 28 AHNE, A 53 34 o ARSI AR
EE g SA AFS] Ee EEIE AP E(ordinary portland cement :
OPQC), &7 X EWE AWl E(high early strength portland cement : HES)
9 =47 AW E(very early strength cement : VES) ©]t}h. Table 2 £
ddol A AHER OPCet HES®] 3hehd =448+ =24 4% 3 VESY

A Aes BE XEAE AWES KSHA(KS L 5201)3% ®lwste]

A

g
ERRTh B ANA el AT FEAE
# 0 A% 13 mmel AEEE B8-S AEHYO KA
e 4¥e Fokel T BUH 542 Table 39 vheh ik

A FEAE AL

rlo
i
2
rlr
N



3.13. 438 A

[>
ol
ot

2 AFA AWE 7HE 8§ carboxylated styrene butadiene £}
AFE Q) AHES TFAXY NL8E Fig 40 YeEAS. Ad A=
=7 ST# BDO| 3H® A, s@dFAd 8 A/HAES dAFECeE 3+
3 & THE7|(mixing chamber), &% 4L Autoclave agitator (Jeiotech
Co., Korea) ¥ F&uHE719] jacketel hot water®} cooling waters & 43l
FT Baz FAHY v EF8TIe TE SvIgAANA W] Aba
= AAsH] A8 Aartas SAAL wof ojgA FITH A I

A, F2A, A d, JAAA, BAT =dA B 7twa] & EFste 4

|

FTHRES 7)ol F53l F= AR olth. Autoclave agitator W] F-of =
= HY Y a7t AFZE i hkr) v Ax)Eo] lon,

2l &2 S(shaft) ofefet el HAA|ZE A= 2 EINl(pitched-blade

)
L
iS
ikl
rlo
e
v
r_
‘@
3
o,
[p]
»
o
3
aQ
£
E
o]
(oW
[p)
=3
=
Q.
=]
L&

%
YAz PYP 3HFERF] SEh 9ok ofelol YAels A1 glof

hot water®} cooling waterE &w3dt ¥HE7] 55 Zd3stes 4Gl
o, U182 3| F(helical-type baffle)o] WHg-7] B8 &R} FA| 8 i
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Table 1. Chemicals used in this experiment

Chemical name Abb. ’ Molecular structure Manufacturer
Purity
Styrene ST C H,CH CH, Aldrich Chem.
>99%
Aldrich Chem.
1,3-Butadiene BD CH,=CHCH=CH, drich Chem
>99%
Methyl :
Y MMA | CH, C(CH;)COOCH, Aldrich Chem.
methacrylate 99%
Aldrich Chem.
Methacrylic acid MAA H,C = C(CH;)COOH ric em
99%
Acrylic acid AA CH,=CHCOOH Aldrich Chem.
>99%
Aldrich Chem.
Itaconic acid IA HO,CCH,C (= CH,)CO,H drich Chem
>99%
Fumaric acid FA HOOCCH =CHCOOH Aldrich Chem.
>99%
Sodium dodecyl DBS- Aldrich Chem.
CH4(CH,);,C4H,SO;Na
benzene sulfonate Na 859
Sodium mono DOW 50, Na= & Dow Chem.
dodecylphenyl FAX-
B O — SO 3Na o
benzene sulfonate | 2A1% 80%
Sodium lauryl ) -
SLS CH,(CH,);,050,Na Aldrich Chem
sulfate = 099%
Sodium salt of ES- | CH3(CH,y)y;— (OCH,CH,)s | Aldrich Chem.
lauryl sulfate 5289 —0S0,Na 97%

a) Abbreviation, b) Commercial name
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Table 1. (Continued)

Chemical name Abb. Molecular structure Manufacturer
Purity
Sodium Junsei Chem.
monohydrogen Na HPO,
phosphate 98%
unsei Chem.
Sodium phosphate Nay; PO, Junse e
99%
. Junsei Chem.
Sodium carbonate Na,COg4
99%
Potassium K,CO; Junsei Chem.
carbonate 99.5%
t-Dodecyl Aldrich Chem.
TDDM CqoHysSH
mercaptan 98.5%
Aldrich Chem.
Divinyl benzene DVB C¢H, CH = CH,),
80%
(CH,)3S10 [(CH;3),Si0], Junsei Chem.
Dimethyl 'siloxane | DMS ]
Si (CH )3 n=0~ 2230 989%
Potassium Junsei Chem.
KPS K S,04
persulfate 95%
Junsei Chem.
Sodium bisulfite SBS HNaO3S
98.5%
C9H19_ O O - (CHchzo )1'1
Nonylphenoxy NP-10 NP-10 — n=10 Korea Polyol
poly(ethyleneoxy) | NP-20 NP=20 — n=20
ethanol NP-40 NP-40 — n=40

97%
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Table 2. Chemical compositions and physical properties of cements

used in this experiment

Chemical composition [wt%]

Cement
Si0  AlL0; Ca0 MgO SO; K,0 Na,0 Fe, O, Ig loss
OPC 20.7 5.9 63.1 3.2 1.6 0.84 0.09 3.2 1.2
HES 19.7 6.9 62.1 3.0 4.2 0.75 0.10 3.0 1.1
Physical properties
Cement | Dlaine Curing time Compressive strength [MPa]
test
[’ o Early[min] Finallh] lday 3day 7day 28day
OPC ) 3200 260 6:40 9.0 20.0 28.5 375
HES 4850 170 4:00 19.0 38.2 47.7 62.0
VES 4800 25%) 45Y 300 350 400  44.0

15°) 258

a) KSL 5201 OPC, . b) Winter petiod, ¢) Summer period
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Table 3. Properties of aggregates used in this experiment

Type Maximum Specific Water Fineness
of size gravity absorption modulus
aggregate [mm] (20 ) [wt%]
Fine 5> 2.60 1.74 2.8
Coarse 13 2.62 1.10 6.9
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@® BD storage tank @ ST storage tank (@ Mixing chamber
@ Agitator system ® Hot water tank ® Cooling water tank

@ Line of chemicals Level gauge ©@ Pressure gauge

 Temperature gauge @ Bottom valve @ Sampling cock

Fig. 4. The schematic diagram of experimental apparatus.
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7}%1  carboxylated

o= 7HA &= AHE QA
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styrene butadiene 8 2& A|=x
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seed latex

e

A} Aol

]

o

dAs S 5 A%

sl gol A=
seed latex YA AN T +=

Al

B ol .

5)wa whey

it

3.14.1. d9A 735 (Seed latex )

7}

N

=
of

X
i

TS A EPIEARE 4L autoclave agitatorol S/

11=8

284

lol ¥-g7] YHEE BD 722

719 SgAE2 25 wtkel

olo
T

=]
o

NAIA KPSeF Eol2E ¥al A=<lA 30

kt}. temperature indicator alarm(TIA)

<)

7t 350 rpm S Z u¥k(pre-emulsion)

o =

S

48 = setting

o
=
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A z2H seed latexE Wi, THAYY 75 wt%oll 4@st= ST BDS 45
AL FY AT IS5 oR IFFEHESE FRAIE =AdMEH. TIAS
53C 2  Astal o dste] 53Tl SBSE  FASFal  temperature
recording controller(TRC)E 65C & 1A FTE. DBS. Na®l KPS& w37

of €& Fstil STH BDE 4543 &<t dAFHFoRE A& FFTd0h

RS w 25 wt% NaOH 8H 2 pHE 2~4°]|A 95-11F2 243t e

2o ABAE GANA Br) el ze] QA ARE E54 D S

o
=)
[-'E
olo
N
=
e
F%O
rlr
o)
7
@
ol
b
_
g
H
I\J
el
=
Yy
)
as,
=]
[6)¢]
t
>
ol
oy
fluj
utl
=)

HESES SEAN F 40C7HA W43stal AXAE FUST T 25 wt%
H

3.2. el x9] 7|2 EA Ad

321 F&€ A¥

Z & &(conversion of polymerization)®] =742 Juang¥ Kriegerd %
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FH O [29]0] mEteh RESAIRE] mEl FAIE RkEES 3
&Fulg HAlo Hob A& ¥ 1.0 wt% hydroquinone &% 1 m
of TS BAAZIIL 120 AL Hdz7]A 30&3F FF
U A&Fste] thg Aol ofste] e ALtsdt.

Conversion %) = A ><1\S/[—B % 100 (22)

o 7] A,

A BBV WE=9 FF [g]

. Az 3 Iy FA
?5:]_1_:,]_}—51;-_ . 8 il o o
S:ANBTES APz D hszaen 10
B: Hk&7] U&E Az T 3 E FA [¢g

322. A B A:AF A

A3 (gel content)? W& A (swelling index)= 8 2x 0.3 goll HlAl

=

75 mLE 713 AL QbAoA 24A17F v EE 3100 mesh screen®. = & 3}
st BEE g 2o FAK )%}t o] BEEH SEHAE dxste 2 W
EE87Y FADLE AEFsta, AgAs Z2 WHoE ARt 42 dA

ol FA(E At ts Aoz Adtsian.

b 03—c
Gel content [wt%] = 0g <100= T 7 X100 (23)
L a a
Swelling index = 03 —c b (24)

_34_



3.23. AuPEdwE AME

TSC)& A

(total solid content :

Qs

Fato] the 4o A

(25)

Vvd
TSC wt%] = W > 100

o 7] A,

5 AR % [g]

N
T

Wy

A ANRY TF [g]

N

e

324. 71A4 AR AlE

KS M 6697(2006)°l &4 <& ztEl2=e] 7]A1d <A Al F(mechanical

] A AW Maron Tester(Richenseiki Co.,

stability test) A

50+1 g<&

e

é‘_]__

w5 Az

Japan)

1000 rpm ©-=-10+%

A
o

ofn

Nlo

Z

FA0)] £l 10kg, 3

oo

B E 80 mesh screene FHAIA ZF 33L& (coagulum)]

FSA T

S

2A4 Ak

o tigk nl&

)
o

o

[a]

—

X

O o
= 2 S
_d %
Il

IS
E

g

=

&

3]

o

O

o 7] A,
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325 FE2 94 34 2 dAs EE 4E

e 9] {]7 (particle diameter) 82 5 mW HolAE FUSE 3=
QELS(quasi elastic light scattering)®-& ©]-83l= Malvern Autosizer
(Malvern Instrument Co. ModellIC, UK)E AF&3t3ith. &tE 2~ 0.1~0.2
mLE 2ol F3 ta 23 AH7E o]&ste fE X dAE 1
2ZA E4AA713, AFRE sample cellol o] pin holes 150 m AEE =

gt SA sk

21 (29)9 BEAAS dAT7] BEFAONA z-average mean diameter

(D) YBdH. 4 (27)°] 8T UA(D,)S D(¥A 19 uA)ek Ny(D;
dEe 712 AR A=EHY, A 80)° dAFEZ(U)= FaldT. AR
T WE(N,)= AutosizerICe YAE7] BEFH 22 HE 4 (31)ol <A
ArEshn WAL ARV 2 X HolHzREH 4282 D& T8t 4

@1l st & 1 mLs QAFE A-E38kATh

D, =X (N;D)/Z N (27)
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Table 4. Experimental polymerization recipe used in this

experiment
Ingredients Concentration ’ Functionality
ST 49 Main monomer
BD 44 Main monomer
MMA 5.0 Carboxylic co-monomer
AA 2.0 Carboxylic co-monomer
DBS-Na 0.7 Anionic emulsifier
NasPO, 1.0 Electrolyte
KPS 1.5 Initiator
SBS 0.2 Reductant
TDDM 0.1 Molecular weight control agent
DVB 0.1 Crosslink agent

a) Unit : [phm]: Parts per hundred monomer
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Table 5. Tg dependency on ST/BD monomer ratios of carboxylated

styrene butadiene copolymerization

Ingredient ’ R-1 R-2 R-3 R-4 R-5
ST 49.0 52.0 55.0 58.0 61.0
BD 44.0 41.0 38.0 35.0 32.0
MMA 5.0 5.0 5.0 5.0 5.0

AA 2.0 2.0 2.0 2.0 2.0
DBS-Na 0.7 0.7 0.7 0.7 0.7
Na PO, 1.0 1.0 1.0 1.0 1.0
KPS 1.5 1.5 1.5 15 1.5

SBS 0.2 0.2 0.2 0.2 0.2
TDDM 0.1 0.1 0.1 0.1 0.1
DVB 0.1 0.1 0.1 0.1 0.1
TSC [wt%] 48.9 50.0 48.8 475 48.0
Gel content [wt%] 77.1 79.3 80.0 78.2 84.5
pH [-] 10.3 10.3 11.0 10.8 10.5
Viscosity [mPa sl 140.0 120.2 132.1 64.7°  80.4
Reaction time [h]-. 4:30 4:00 4:00 435  4:40
Particle size [nm] 164.0 162.2 163.1 164.3  162.5
Tg [ ] -9.58 ~4.74 3.56 10.12  20.92

a) Unit : [phm]: Parts per hundred monomer
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Table 6. Effect of carboxylic monomers on properties of carboxylated

styrene butadiene latex (ST /BD=55/38)

Co-mon | Conc. | TSC Conversion Viscosity Coagulum ’ Curing Reaction
-omer | [phml | [wt%] [%] [mPa s] [%] time [h] time [h]
3.00 47.3 98.4 120.0 0.23 24 3.8

5.00 49.5 99.8 170.2 0.15 27 4.1

MMA 7.00 50.0 99.7 210.1 0.18 33 4.6
10.0 51.5 95.7 223.6 0.08 46 5.7

15.0 52.4 98.7 239.2 0.05 54 9.1

0.50 48.3 99.8 67.1 0.20 18 3.5

0.75 47.9 99.7 70.0 0.26 21 3.9

MAA 1.00 47.6 99.9 87.5 0.31 24 4.0
1.25 47.2 96.0 109.1 0.09 36 4.9

1.50 47.0 92.0 150.0 0.01 48 6.8

0.50 48.0 99.7 78.0 0.28 14 3.7

0.75 4717 99.7 80.2 0.13 18 3.8

AA 1.00 47.3 99.6 95.4 0.04 22 4.2
1.25 47.2 99.4 120.0 0.03 35 5.3

1.50 47.0 93.3 175.7 0.01 47 7.0

0.50 47.0 90.0 130.2 0.11 22 7.3

0.75 45.6 84.2 155.1 0.06 25 8.5

IA 1.00 442 78.4 201.7 0.01 28 10
1.25 41.7 79.2 270.2 0.01 37 12

1.50 39.1 79.8 350.0 0.01 48 15

0.50 46.5 87.1 150.2 0.19 24 7.5

0.75 44.8 84.0 184.3 0.15 29 9.3

FA 1.00 43.0 80.0 229.8 0.10 36 11
1.25 41.6 79.5 258.4 0.09 44 12

1.50 40.1 78.9 299.5 0.09 50 13

a) Polymerization stability [coagulum %]
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Table 7. Effect of anionic emulsifier concentration on polymerization

stability (STBD=5588 and MMA 5, MAA 1, AA 1 phm)

Anionic Concentration Total solid Gel content Polymerization

emulsifier [phm] content [wt%] stability
[wt%] [coagulum %]
0.3 46.5 78.0 0.03
0.4 47.1 78.3 0.02
DBS-Na 0.5 47.5 78.5 0.02
0.7 47.2 78.2 0.02
1.0 47.0 78.0 0.01
0.3 46.1 77.0 0.05
DOWFAX 0.4 46.8 78.6 0.03
-2A1 0.5 47.5 78.0 0.02
0.7 47.4 717.6 0.01
1.0 47.2 77.8 0.01
0.3 45.6 77.0 0.06
04 46.4 71.2 0.04
ES-528 0.5 46.9 78:2 0.03
0.7 47.0 78.1 0.02
1.0 47.0 78.0 0.01
0.3 45.3 78.1 0.12
0.4 46.4 78.4 0.08
SLS 0.5 47.3 79.2 0.05
0.7 47.4 77.6 0.06
1.0 47.6 76.0 0.05
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Table 8. Effect of electrolytes on particle diameter and polymerization
stability (ST/BD=5588 and MMA 5, MAA 1, AA 1, DBS-Na

0.3, ES-528 0.5 phm)

Electrolyte R-1 R-2 R-3 R-4 R-5 R-6 R-7 R-8 R-9 R-10

Na PO, 0 1.0 0 0 0 0 0 0 1.0 0
Na,HPO, 0 0 1.0 0 0 025 05 1.0 0 0
Na,CO;4 0 0 0 1.0 0 0 0 0 0 1.0
K,CO4 0 0 0 0 1.0 025 05 1.0 1.0 1.0

Diameter® 91.6 156.3 1489 1525 153.9 122.8 156.7-.229.2 213.8 207.2
Coagulum? 0.02 0.5 0.2 0.2 -0.03 001 0.03 290 280 230

a) Particle diameter [nm], b) Polymerization stability [coagulum%]
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INTENSITY-Weighted GAUSSIAN DISTRIBUTION Analysis (Solid Particle!

GAUSSIAN SUMMARY:

Mean Diameter =37.8 nm Variance (P.1.)
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concentrations of electrolytes.
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Fig. 11. Effect of concentration of electrolytes on particle diameter
(mixed equivalent of Na HPO, K,CO,), (STBD=5588 and

MMA 5, MAA 1, AA 1, DBS-Na 0.3, ES-528 0.5 phm).
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Fig. 12. Effect of KPS concentration on particle diameter and

viscosity at SBS 0.2 phm (STBD=5538 and MMA 5,
MAA 1, AA 1, DBS-Na 0.3, ES-528 0.5, Na HPO, 0.5,

K,CO4 0.5 phm).
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Fig. 13. Effect of concentration of TDDM and DVB on gel content
and swelling index (mixed equivalent of TDDM DVB),
(STBD=5588 and MMA 5 MAA 1, AA 1, DBS-Na 03,

ES-528 0.5, Na HPO, 0.5, K,CO; 0.5, KPS 1.5, SBS 0.2 phm).
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Fig. 14. Effect of concentration of TDDM and DVB on flexural

strength and compressive strength (mixed equivalent of
TDDM DVB), (STBD=5588 and MMA 5 MAA 1, AA 1,

DBS-Na 0.3, ES-528 0.5, Na HPO, 0.5, K,CO4 0.5, KPS 1.5,

SBS 0.2 phm).
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Table 9. Typical polymerization recipe of carboxylated styrene

butadiene latex for paving materials

)

Ingredient Concentration Functionality
ST 55.0 Main monomer
BD 38.0 Main monomer
MMA 5.0 Carboxylic co-monomer
MAA 1.0 Carboxylic co-monomer
AA 1.0 Carboxylic co-monomer
DBS-Na 0.3 Anionic-emulsifier
ES-528 0.5 Anionic emulsifier
NP-10 1.0 Nonionic-emulsifier
NP-20 1.0 Nonionic emulsifier
NP-40 1.0 Nonionic emulsifier
Na,HPO, 0.5 Electrolyte
K,CO4 0.5 Electrolyte
KPS 1.5 Initiator
SBS 02 Reductant
TDDM 0:2 Molecular weight control agent
DVB 0.2 Crosslink agent

a) Parts per hundred monomer, [phm]
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Table 10. Polymerization recipe for preparation of seed latex

used in this experiment

)

Ingredient Concentration Functionality
ST 52.7 Main monomer
BD 47.3 Main monomer

DBS-Na 1.2 Anionic emulsifier
KPS 0.7 Initiator
SBS 0.2 Reductant

a) [phm] : Parts per hundred monomer
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seed latex.
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Fig. 16. Variation of gel content and total solid content on

reaction time in 2nd-stage emulsion polymerization.
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Fig. 17. Variation of particle diameter on reaction time in 2nd

-stage emulsion polymerization.
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Fig. 18. Variation of viscosity on reaction time in 2nd-stage

emulsion polymerization.
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Table 11. Properties of carboxylated styrene butadiene latex

prepared by typical polymerization recipe

Property Result Standard ’
Total solid content {wt%] 47 46 53

pH [-] 10.5 8.5~12.0
Polymerization stability [%1? 0.03 0.1>
Surface tension [dyne/cm] 34.0 50>

Viscosity [mPa s] 60 100>

Particle size diameter [nm] 158.7 140 ~ 250
Freezing-thawing stability [%]° 0.1>
Content of butadiene [wt%] 30 40
Glass transition temperature [ | 3.56 =

a) The Quality Standard of Korea Expressway Corporation
b) [coagulum %], " c) [coagulum %]
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Table 12. The quality standard of latex for paving materials

Test item Standard ’ Method of test
Total solid content [wt%] 46 53 KS M 6516
pH 8.5~12.0 KS M 6516
Coagulum [%] 0.1> KS M 6516
Surface tension [dyne/cm] 50> KS M 6516
Average particle diameter [nm] 140 250 FHWA-RD-78-35
Freezing—-thawing stability [coag.%] 0.1> KS F 2560
Content of butadiene [wt%] 30~40 FHWA-RD-78-35

a) The Quality Standard of Korea Expressway. Corporation
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Table 13. The quality standard of LMC for paving materials

Test item Standard ’ Method of test
Flexural strength [MPa] 45 KS F 2476 : 2007
Compressive strength [MPa] 27 < KS F 2476 : 2007
Latex content [wt%] 15
Unit water content [kg/m ] 150 >
Size of coarse aggregate [mml] 13>

Slump [mml] 190+30 KS F 2476 : 2007

Air entraining [%] 6.0> KS F 2476 : 2007

a) The Quality Standard of Korea Expressway Corporation
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Table 14. The quality standard of VES-LMC for paving materials

Test item Standard ’ Method of test
Degree of fineness [cm gl 5,600 ~ 6,000 KS L 5106
Stability® <0.8 KS L 5107
Curing time [min] Early : =25 KS L 5103
Final : <60 KS L 5103
Compressive strength [MPa] 3 hour : =25 KS L 5105
1 day : =30 KS L 5105
28 day : =45 KS L 5105

a) The Quality Standard of Korea Expressway Corporation

b) Unit: [dilatation of autoclave %]
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Table 15. Cement concrete mixing design of LMC and VES-LMC

Tzfe pic) | Wiy | s/ad Mixing proportion [kg m®]
9 9 9 d) e) ) ) h)
concrete | [WEP1 | Iwt%] | [wt%] | ¢ L w/ gs A
5 45 42.6 | 1574 959 694
10 42 856.1 | 1229 958 694
LMC 58.0 400
15 35 1277 | 72.3 960 695
20 31 170.2 | 33.8 959 694
5 45 426 | 1574 957 693
VES 10 42 85.1 |122.9 958 694
_LMC 58.0 400
15 35 127.7 | 72.3 960 695
20 31 170.2 | 33.8 961 696
a) Polymer/Cement, b) WaterCement, ¢) Sand/Aggregate, d) Cement, e) Latex

f) Water,

g) Sand, -h)-Aggregate
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Fig. 19. Variation of compressive strength on latex contents for

LMC (O : Prepared by D Co. at PL=15 wt%).
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LMC (O : Prepared by D Co. at PL=15 wt%).

_91_



410.2.3. LMC2] W+4 H7}
TE2u#e] EYH ngde 2 Rjol Ao Hls] ZHAQ xFo

F5a g3 FYOE Aste] WFoIA BAHE S| thREo] HHz

B Agdae Az gExg BE TEWSAWE E315 LMCY
S EZ(slump) 2t A7

¢ 1T, A FEe UTASL APl FEAT Ade @3
AZAANELA o Fet FPdstder, Hal AES st 2 2 A
A5 DARS] EAAE ghE 2o tig AFE WSttt A HFAAE
oA WFA Hrhg LMCO HigES P/C=15 wt%, W/C=33 wt%,

(air entraining)S 438t 2% (workability)

S/a=57 wt%olH, THAANR AHEFH(kg m)2> & AN A= ZHEx=
128 kg(TSC 47 wt% &H7]1F), BEs EZENAHME 400 kg, = 64 kg, %t
=4 944 kg, e =4 721 kgolH, HluL AES 93 vl DA 2hE 9]
MEzAE FYsHA At

ol

4102.3.1. LMC9 24 H7}

ZA F& LMCO A (workability) H71HE 8] £ Z(slump)St F

o

7] % (air entraining)= 5783 A¥= ot Tabledt ok SAHAN <
= 2% gYa BT dITE2 A EFAVF(1943 cm)S FE3Pon, &

7= FA471EQ 6% olskE UERAL Ut & AdAM Az HEs

_92_



A A s-1) | s-2" H]
<92 [em] KS F 2402 19 18 SHZTE A
7% [%] KS F 2421 5.2 4.0 714 FH

Note : a) Resulted latex, b) Prepared by D Co.

41023.2. Ao|¥H3 AlY

2

o] M3} AFS KS F 2424 (Y E o3l AlFurg)ol] wskon,
125744 S48 A

2t Al A s okl Eof 2o

A2 dHA Sledl, & 43
AE 3EnAe] dzasEd UstE AP A, dnFIgES fAE
FEREAZE AH 2899 #ARFFF : 2 Axi0 HeE Yehiga
Atk gE 2 FFHel mEtd e S27b 27ldlE 33 $7)dE tha AR
Z Apol7h Utk
CIRZ PN dolshs (x1077)
T 13 2 F 3+ 4 F 8F | 123
S-1 -0.89 -1.67 -2.12 -2.78 -3.82 -4.58
S-2 -0.98 -1.65 -2.14 -2.53 -3.53 ~4.49

_93_



410233. 323 AIAH Ad

KS F 2456 (§<4 28300 dg I E AFAIF)e H5Hel o3|
THAATE SAHGAeH AA= ot Tabled} 2o A A= B AF

A AZ3 FEH2AE ALL3I LMCYF = DA AZTHRT ¢33 2

=1
Ll

e St olAL T2 88 AdA el srFed A FHeHed & A

Ffﬂi

ol Az gelze] LMC F71Fo] vF DA AFRT Eof d5a)

=

Uehd 23t e HT 2AZAYES] 3V dYaEs W

O_u

Ju
Jo
b
QL
£l
pass
2
]
o}
)
A%
el
i
L¥
A
(rrt
lo
o
N
o
flo
B
>,
Ul
N
o
>
o
u
)

30 60 90 | 120 | 150 | 180 | 210 | 240 | 270 | 300

S-1 | 9921 934 | 978, | 969 | 95.67| 9.2 | 946 | 932 | 90.3 | 84.2

S-2 | 9777 |96.54:9556 1 945 | 93.0 | 91.7 (887 | 86.5 | 842 | 774

410234, A8Eole T34 FIHRCPT)
AslEole FHAAFLS ASTM C 1202-94 (Electrical indication of

concrete’s ability to resist chloride ion penetration)®t AASHTO T2599]

Holl mebA 28€7F YA AFdH S o R dlEole FAE =HH3H
A= ol xeo} 2o LMCO gEXFo st AdAdF +=dA4S HU)
3 Ay EEF ATA L 1246~ 1463 coulomb F&Eo 2 IHl EZIHE

_94_
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Fig. 23. Variation of compressive strength on S/ ratios for LMM
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Fig. 24. Variation of flexural strength on S/C ratios for LMM
at PLC=20 wt% and W/LC=42 wt%.
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Table 16. Cement mortar mixing design of LMM

Mixing proportion

. Organic
P/C W/C Inorganic compound compound Total
[wt9e] | [wt%] Cement Sand Latex [kgl kel
Total
oPC | VES | o6 | (141 [TSC | Water
[kgl | [kgl kel [kg] [kg]
17.15 | 31.85
51.0 100 10.0 23.3 133.3
49.0
20 47
12.87 | 23.89
38.26 | 75.02 7.50 17.48 100.0
36.76
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Table 17. Test result of durability evaluation for LMM

Test item Unit Standard ’ Test result
Latex TSC wt% 30 37 35.0
Compressive strength MPa 20 36.5
Flexural strength MPa 6< 8.8
Adhesive strength MPa 1.0< 1.7
Alkali-resistance MPa 20< 24.6
Neutralization—resistance mm 2> 0
Water permeability g 20> 4.6
Water absorptivity kg/m? h%? 0.5> 0.1
Moisture transmission—resistance m 2> 0
Chloride ion penetrability Coulomb 1,000 > 629
Length contraction % +0.15> 0.05
a) KS F 4042
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