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Abstract: In this work, styrene butadiene rubber (SBR) and styrene butadiene styrene (SBS) were used to modify asphalt,
resulting in SBR- and SBS-modified asphalt, respectively. The two modified asphalts were emulsified with a nonionic emul-
sifier (Span 60) and cationic emulsifiers (ID, DDA) and their phase stabilization was investigated via particle size, Zeta
potential, and flow behavior analysis. With increasing amount of the mixed emulsifier, the particle size decreased, leading
to an increase in viscosity. The shear thinning behaviors and Zeta potential values ranging from 35-65 mV were determined
and remained considerably stable. In addition, the adhesion strength and compression strength of the SBR-and SBS-mod-
ified asphalt emulsion were evaluated via surface free energy examination. The remarkable adhesion and compression
strengths were estimated when 5 phr ID and 6 phr DDA were added to the emulsified asphalt modified with SBR and SBS.
Therefore ID and DDA, the two cationic surfactants, played significant roles in improving the dispersion and interfacial
adhesion strength, resulting in the improved adhesion and compression strength of the emulsified asphalts modified with
SBR and SBS.
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Table 1. The Composition of Emulsifies for SBR-Modified and
SBS-Modified Asphalt Emulsion

unit (phr)
Ingredients Emulsifier
Asphalt  H,O
Sample Span 60 ID DDA
SBR-SID4 100 60 5 4 -
SBR-SID5 100 60 5 5 -
SBR-SID6 100 60 5 6 -
SBR-SID7 100 60 5 7 -
SBR-SDD4 100 60 5 - 4
SBR-SDD5 100 60 5 - 5
SBR-SDD6 100 60 5 - 6
SBR-SDD7 100 60 5 - 7
SBS-SID4 100 60 5 4 -
SBS-SID5 100 60 5 5 -
SBS-SID6 100 60 5 6 -
SBS-SID7 100 60 5 7 -
SBS-SDD4 100 60 5 - 4
SBS-SDD5 100 60 5 - 5
SBS-SDD6 100 60 5 - 6
SBS-SDD7 100 60 5 - 7




Emulsification of Asphalt Modified with Styrene Butadiene Rubber (SBR) and Styrene Butadiene Styrene (SBS)... 337

4. HIERHS 5%

AELA 9 =72 Potal ESL-Z (Otsuka Co, Japan)S A3}
o AN A7FF S5 S, Aeddle =
Helmbholtz-Smoluchowski4]of] td3}e] 31Tt

_ &gl
H 4zni

AN pe A719EEE, ¢ 8L, it AR, A HA
T, p: ZE, ¢ AHYE 42 yeRdT. ZetaMetero]]
A&ENS FAst 4 D[RS 7IsHAl =HH dstof st
o A5 A7|F9e&E=7E FalAL Bl ¢ i, n, D A9
BA o] ©J5}o] zeta potential (&) ZHS F3+ETh

¢

5.

08

2=

e

SBR 7| f3} of~BEQ} SBS 7HA {3} olARE
mmx20 mmx2 mm=zZ E3E3}o] Ao A 18A]7F F<t A
sho] FRao] 4847F B2 AAAZL 5, o] Boj Gl
& AAST $AZ ZHsHE0H, off o) AL o] §5te]
+=E A

rulm

of mr N &8

% Swelling = (WV_VOWO) % 100
A7 A, We AZE 7R {3 ofAZE O] RAjoj W=
HA F AR R olr@EY Boolrt.

6. EH XIolLHx| &4

SBR % SBS /I {3} ofATES] BHAHE 317] 4
to] EHAE S 93 Q= 7549} diiodomethaney} §-3}+
ofATE 7] HEZFS sessile drop HHYC 2, SEO 300A
model SEO Co.& AME3lo] =434t

7. 7|7 Ed

SBR 7jd 3} opx
e 4 JEPES

ZEQ} SBS 7jd {3 ofATES]
Z74317] $Iste] KS 3705 +Z o] o
2 AJHE 9HE9] UTM (Universal Testing Machine, Lloyd)
2 AHE3H ). o] 1, crosshead speed= 250 mm/min Z 7 of|
A 23asc

Results and Discussion

1. SBR & SBS J{&E /3 OIAZES| MoPHYM L FH
X 7S

o

1.1, alory

3t ofATEE A9t o EQHYSty] ol AlTto]
7 aFgtol whet YAF 4Z3E A 718, van der Waals 2 H
E ERo|E AR Bk 5 ol A EAter R, A
U3t 2|3 FA7F S st AR e sh wAgi 0 & Bt

& = T8 YAt F2AES Bkl o] A2 ?JXV]’ 7‘]
Zlof] SEsHA = A9 P Ee S-S AAsh=
g aglo] "k I EE {3 P ES e 8t O]')\"J'E

£ Az Slote] AAF BA714 vkl ejstor &
ok 4R F9oll 250l 4= 0] van der Waals 2129]|
3 S0l dofd & U= A Je A=l AR 24
shA] okl 34 R A9 TS Fasleto] AMAE
FIAAE = A H]"]—Q—Zﬂ il'xﬂ Span 80 ARE-3tA]
oi%t Ay 28T S 2R, Span 60 ARSS 2
I P A B lﬂiﬂi H|o] 27 §-3}A]| Span 60
2 ID % DDAE &3 AHg-3t 3} of~
ZEE ARSI 480l 9FS A= 89 F pHE

£ 4 Gl oFABES §8HA1Y A9 pH TolstelA o
AL 2 5 Yok T B ATeld e A48

2 2 5582 TANZ AT B
NATL Beith o 2A AL ok2BE A4S
AN A, §BAL B3t okABE ARl 7V &

2 F2o] Yolut YA o] At B3 A
£ = stel WAL HI S @A To2H UL S
2 #|2:8ksto] Qe 47AFS Holt SBR 2 SBS A §
o ol A BES AZT 4 YT E v]o]2 GBHAR Span
600} %Fol & £1314] ID % DDAL Al Faste] Tels
S GaAA e A% 27) Fyol Bad oINE 2F
B AR B FHTORR AT 1L W o] 4

22 ASE 9T It AL ¢ 4 Ytk 5 A%
X, 444 o] BhE F Ao ol 23} ol EF &
AS TN ¥ 2UL F7 B EFZo) B
HE O PRGN wkelo] Yxzre] n 2 e
A BE Qo] S AANH O Yestel 39S
sigto. 24 4 QPFEsL kel SBR 9 SBS 44 £13} ofx

TES AT =+ AsH

[Ho
l
L 1o

Soim AR, YA FE Aol 4Bl SJaf
fA%50] 274" HA Bk 48t olABEL Ao
7] dhimel QAIZk] AT YA A GOR
A BASHA Bk 3 okABE Y ey e 37
A9 A BE WA ek YR 27N A
e f%—% 3] el A% AASETL ol

Ao HE HED YA AS ST 5 Yk 1

_?L
o &

o

il

2

o]o

_Il-ﬂl _E’_‘, 010 ot &

i
T
2

£

N
~
o
k1
F:Lllm



338 Eun-Kyoung Lee / Elastomers and Composites Vol. 54, No. 4, pp. 335-344 (December 2019)

gy =0l A e YAt =] WIHsHA T A
g300] WAEo] 2 AX7E AHEIL ololl A& A%
I PRALE HaEo] A7 A EH

Figure 1 ¢fo]& 3HAQl ID2} DDA ol @& 71d &
o ofATE) 9Jxh7] ATkS ek Aotk SBR A4 &
3} oA E 2] SBS 7JZE 83} ol AT E B DO} DDA
of opol Z7katel wet A1)} Aashe AL ST &
SIck. ol & B4} Ujoll 254 BRI A4 BS54
o ZH= A7 B ofAZE Ao F2Fste] Ao A}
FARAE B3 HE ofATE YAE =0 4] Z H
2 9z} 277} Hobdl A2 T 3 SBR A &
3} olAREY 79 DDA §3AIS A8E 97 D $5
AT AT AuTH A IR 2 AT Y 4
itk vhlol SBS 7| 3} olAWEQ 9= DDA $3}
A A48T F97h o e YA 3718 Bl AL ol
g+ 4= qlth. o= SBR 7 & o}AZE L Span 603} ID7} SBS
A oFAZE L= Span 602 DDAV} o} AL E 9 E0] A
urt anae s FHao] o 2USL 2tk HAZ EFS
= FAAIA olATE JAATIE Hh AA B4 AL
itk Q1A 2717 28§18 oARE Al A% E
S AaA7]AL o]of T3 S o] B
Ao AABE Uehfe] o)2} 2L A £3} ofaE
AR S =2 AOE AAtE

o47) Fol B|YAHE BRI 71 v RSl Aol 83
AL Bt WA RE3rt dAste] B4 H =7t
21t} '751t}. Figure 29} Figure 3-& ID DDA 71k o2
SBR W §:3} ofABES| AekEd] e HE A7E 1}
e sich. AIAIE whe} 2] 1D W DDA $54A1] o] 57}
ol et A=t S7ke Ae € 5 Ut EAY 5=
7b S7vstell et AR=7)7F ZHobR| A HaL, o] YRA7]=

)
Y
it
T

R

fr SLore hu
22 e

204 —m— SBR-SID
—e— SBR-SDD

. —A— SBS-SID
—w— SBS-SDD

Droplet size(10°m)
g

40 45 50 55 60 65 7.0
The amount of ID and DDA (phr)
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