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Abstract: In this study, a low-heat additive with a crosslink structure was dispersed in asphalt to simultaneously lower the
production temperature of, and to modify the asphalt binder. This low-heat additive was prepared by different feeding ratios
of styrene-butadiene-styrene (SBS) and polyvinylchloride (PVC) as polymer modifiers, and ZnO as a crosslinking agent.
In order to confirm the crosslinking density and compatibility of the crosslink structured low-heat additive with asphalt, sur-
face free energy, swelling ratio, differential scanning calorimetry (DSC), and scanning electron microscope (SEM) param-
eters were carefully investigated to examine this relationship, and the role of the crosslink structured low-heat additive. In
addition, by measuring the penetration and softening point of the asphalt binder, it was confirmed that it corresponds to PG
64-22. With increasing ZnO in the crosslink structured low-heat additive, the swelling ratio decreased, leading to an increase
in crosslinking density. The crosslink structured low-heat additive and the asphalt binder were found to be compatible with

each other by DSC and SEM analysis.
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Experimental

1. XM=

SK Co.9] PG 52-228 HAYE=7} 120~150,
T4l OtABES ARG

Azt o] 38~40
, NEA 2% LG chemical Co.
9] styrene-butadiene-styrene (SBS)2} polyvinylchloride (PVC),
7}A) 21 Daejung chemial Co.2] ZnO2} R 7FA|Q] CaCO;,
Lotte chemical Co.2] carbon blacks AR5} T

Table 1. The Recipe for the Low-heat and Crosslink Structured

O8BEE B doixe B84 7futxE 72k /g & Additives unit (phr)
7HAE otATE | BAXA A 2EE IFET} FA9 of Ingredients Modifiers
2ABE dllEE AYAI LA ek olo] TEA ADAIL gy SBS PVC #n0
SBS2} PVCof| 7FuLA|}] Zn02] 7ol whE A8 ¥ &7 70 714 28.6 -
H b7z A7) B ARy, BeE L tuds 72 714 26 2
£ SAst] 7t A Y] Aas glskitt £3F SEM % DSC 74 71.4 28.6 4
BAHAL B8 AE 2 EYF 7tagtR VA ofARE 9] Z6 71.4 28.6 6
BAA T A28 8013tal CaCO;2}t carbon blacks Wk 78 714 28.6 8
wjRtete] ofATE uholele] Hewok AstEL STt Z10 714 286 10
Table 2. The Recipe for the Asphalt Binder unit (phr)
Ingredients Low-heat and crosslink structured additives
Asphalt CaCO; carbon black
Sample Z0 7?2 Z4 Z6 Z8 Z 10
AZ 0 100 2 - - - - - - -
AZ 2 100 - 2 - - - - - -
AZ 4 100 - - 2 - - - - -
AZ 6 100 - - - 2 - - - -
AZ 8 100 - - - - 2 - -
AZ 10 100 - - - - - 2 - -
AZ 100 100 - - - - - - - -
AZ 101 100 - - - - - 1 - -
AZ 102 100 - - - - - 2 - -
AZ 103 100 - - - - - 3 - -
AZ 104 100 - - - - - 4 - -
AZ 105 100 - - - - - 5 - -
C0,Cb0 100 - - - - - 2 - -
C0.1,Cb0 100 - - - - - 2 0.1 -
C0.2,Cb0 100 - - - - - 2 0.2 -
C0.3,Cb0 100 - - - - - 2 0.3 -
C0.4,Cb0 100 - - - - - 2 0.4 -
C0,Cb0.1 100 - - - - - 2 - 0.1
C0,Cb0.2 100 - - - - - 2 - 0.2
C0,Cb0.3 100 - - - - - 2 - 0.3
C0,Cb0.4 100 - - - - - 2 - 0.4
C0.1,Cb0.1 100 - - - - - 2 0.1 0.1
C0.2,Cb0.2 100 - - - - - 2 0.2 0.2
C0.3,Cb0.3 100 - - - - - 2 0.3 0.3
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Figure 1. A sessile drop of liquid on low-heat and crosslink
structured additives film."®

Table 3. Surface Free Energy Characteristic of Testing Liquids'
unit (mJ-m?)

Wetting liquid yfp i Ve
Water 51 21.8 72.8
Diiodomethane 1.3 49.5 50.8

SP .
v. : Specific(or polar) component
¥i : London dipersive component
Y. : Surface energy

2 (Te) Y AA3 EF(AHe)yS E913}17] §J3}1¢] Differential
Scanning Calorimetry (DSC, DSC Q2000, TA Instruments)&
ARESFR LT —50~150C oA 10T/ming] 52 2 YZh&e
2 243kt

W1-wo0

Swelling ratio(%) = 100 x 70 1)

WO: Weight of dispersant with ZnO specimen before in water
W1: Weight of dispersant with ZnO after in water

5. SEM 24

olABE ) B4 SaTas 2 Ad WA 24t

£ &Q13}7] 9J3) Field Emission-Scanning Electron Micro-
scope (FE-SEM, JSM-7610F)& AR5} 600X Hjl&=2 =
Bkt
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Figure 2. Variation of the surface free energy of the low-heat and
crosslink structured additives according to ZnO amount.
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the low-heat and crosslink structured additives.
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Table 4. Tc and AHc Values of Asphalt Binder According to ZnO
Amount with Modifiers

AZ 0 AZ2 AZ 4 AZ 6 AZ8 AZ 10
Te(°C) - - 37.45 29.61 28.72 28.23
AHc(J/g) - - 0.568 0.782 0.808 0.883
Tc: Crystallization temperature
AHc: Heat of crystallization
—AZO0
) ---AZ2
"""" o ——-AZ4
Yre T e AZ6
P i bl PP LT TS -~ T -----AZ8
f1e R PPRS AZ 10
S Lo T-Tc_ _______________________________________ ]
g ST
o L--_ Ao TRl
£ el e
T T
0 50 100

Temperature (°C)

Figure 4. DSC analysis result of asphalt binder according to ZnO
amount with modifiers at cooling rate.

SakA] grok B2l Zhmirgo] dolun] g Ao et
Hoh 284 ZnO 4 phr~10 phro] 718 AZ 4~AZ 102 ZnO
of Qfo] Z71B4R Tegtel 4skR AHezlol S715hs 4
FL % 5 Uk o) BalF Al ooy Age

=

et B glo] golsHA 32k W WAz S =
T o 3ol F50l20] YUEE FAsH £ 7}JJ-H

off Zef¥ P& 4= 9lom, o|uf Teghe] 49t AHegEe] S7F
£ 7tad=rt Z7PEE uishA "ot a8Eg 2 A3
oA Azt 224 7tut2E 2= AQ J7HIY Tt
AHZES] 2R 2 Zn*'o]-20] SBS} PVC Ak&o] HH8-511 Zn
NS P4 %80 EEd stagkgo] o] oSS &
Q1% 4 SISict. Eik o)o} B o)A SaPER 2lste] o
Aozt WA st =AY AAE S Wellstes W &
To A AR o] FA4ME Bt of et AAS}e] Bagt Gl
S7PPE B2 Zn07}F H7ME|A] e obARE HIQIE AZ 0
2} W3S W ZnOQ o] £71&4E Figure 49} Table
404 Lperd vheh o] Tegke] 229k AHGZk 2712 7
U7t S74E ATk A 4= Qo oFA &9 X}v°ﬂ‘41]
27014 2n0e] ool Z7katel keh wFAl G vt 7 57
sel Barelo] Z7heh A& ¢ 4 Uitk o1 F3te] Zn0
7} 22} ¥ SBS} PVC EX} Alo|2 HAEEo] Zn YIS
Hg0stel 2214 TkmARo] o|ROIAT Tegko) Zhae}
ARG 37h2 ARUETE F7HE S AT 4 ek o
o2& AE Fofel 24 Sapart B4E AL 24
¥ 5 Qsiow A 2009 o] FAULE faUE
7} Z7VEICH A 4 9l

2. OlAEER} 22| JIWREE = XME HIINIe| 482
&0l
2.1. SEM A

(d)
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Figure 6. DSC analysis result of asphalt binder according AZ 10
as low-heat and crosslink structured additives amount at heating
rate.
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Table 5. Penetration of Asphalt Binder According to CaCO; and

Carbon Black Amount unit(mm)
Measurement .
Sample T o Penetration

C0*Cb0 92

C0.1-Cb0 65.3

C0.2°Cb0 74.9

C0.3-Cb0 83.0

C0.4:Cb0 91.8

C0°Cb0.1 60.5

C0°Cb0.2 60.6

C0°Cb0.3 64.4

C0°Cb0.4 65.3

C0.1-Cb0.1 61.0
C0.2:Cb0.2 56.6
C0.3:Cb0.3 64.7

7} 3}etA By F o 2 73t A%t 3]— 2 carbon black
o] A7 e Co-Cho Hr} zk;ggﬂ 3 Aoz
=k 28 carbon black®] & 7}EFo| —57]-521'—,% ofAZ
E whelnfe] AYEE Sk AL Bela 4 ot ol
carbon blacke] o] Z715] uje} w22 Feof Jstol

£ BAote] §30] Wolut Batelo] Ztasol 2513 of
2ZE HRIE 9 RY=rE F1EE Aes HQlrh Egh
carbon blackS & 7}8F C0-Cb0.1~C0-Cb0.47} CaCO;S A7}
3 C0.1 -Cb0~C0.4‘Cb0 Bl Z4E AYEE Hgon o]
CaCO;9] EHo| HpA o R o]Ro|Aglo)’ W{F7]Ql o
ZE Uof| A —‘LZ‘O] o 2 9ASLE 2 carbon blacko] of AT
E et o YRS a7l o avhaele el 4
AT EGF CaCOs9} carbon blacke FA]9f A761HES 74
© CaCO;&} carbon black?] ¢fo| Z7} & A= A
BHAT 0.2 phr A7} C0.2-Ch0.2= PG 64-22 A= F2
2l 60~80 mmETt o @2 HJ=g Bt o] CaCOs9t
carbonblackS 0.2 phr SA]o]| H7}A] SBSQ} PVC ARE7HY]
ol Agte] AgHom doju AY=rt 7P W2 g v
B Ao g waEL PG 64-22 AYE F40f whEsHA] &
3hct W o) 0.3 phr 713 C0.3-Ch0.32] AYP=L 038 2
7k8l= AL 218 4= 919t} 0] CaCO;9} carbon black®)
ek A7k 0388 olABE Yo $xlo] Yolup o ATE
ulelele] HYUEE Z7H1Z & 9SS g 4 ek 1
Y Z}2+ CaCO; 0.3 phr, 0.4 phr A7}t C0.3-Cb0, C0.4-Cb0
1} CaCO59} carbon blacke 25 0.2 phr 273t C0.2:Cb0.25
Al oLATE HlIEE BE PG 64-220] ol AE
FA2A 60~80 mmE FHETHS 1 4= Ut

3.2. sk AIE™

Table 62 KS M 2250 F-Zoj wet dsldLe Adst At

o|al AIHHE EA oA LEA ARSo] 5
HEH YR & A S ofn| et A Aol A %o AHEE
AR o] £4=8F AZ 1029 CaCOs2} carbon blacko] H 7} A
22 C0-Cb02] A3t Al A= 40.8C7F YRt 17
B2 PG 64-229 == A3 44~52T& T35 9
3ho] CaCO; 2 carbon black H7k3te] 131 AlBL 31
t}. Table 60 Uehd HEQ} Zro] CaCOsE A 7F3t CO.1-CbO~
C0.4-Cb02] @3- CaCO:E H7}8lA] kL C0-Cb0 Hrh
7kt em CaCO,9 o] 57,5 ofATE HRQIE ¢
At E3 FTHE RS FRAE 4= Aot o= CaCOs7t
AHE9 o] 5L AR et Akl A 27 fEl o &
2 2571 QstE R ofATE HIQIE 9 ABM o] Sttt
o gtk a7 & carbon black 713 CO-Ch0.1~
C0-:Cb0.42] ¥3}A-& carbon blacks A 7}5}A] &2 CO0-Cb0
B}t =751 21 carbon black®] oFo] 27182 ol AT E
HiIE o] dshyo] F71%t e YT = U o=
carbon black®] mlA|lF2Z Qdf W2 BIEHA I} | 7]
TR717F ol EAsto] dletH o7 SE BHS MR

2 Exfeto] ubgdo] FR3IEY o] 2 Qlate] FtA &
ﬂzq_g_g 701-{5_}- 7‘__,33;-:]-.% fﬂ/ﬂfﬂ- /\ 01 onog o}-/\SfJ-E 7Hx1;q]
S 2% Jolvi
B2 BSIA|7]7] 5t o w2 227t BRstEE Ay
o] Z7)stcta TdHch E3F CaCO;E A7 C0.1-Cb0~
C0.4-Cb02} carbon black2 718t C0-Cb0.1~C0-Cb0.4= &
Agt A3 AkE Ho|EE CaCO;%} carbon black 2F A
3ol T FFE F= AS & 7 ATk 2 AL CaCO;
9} carbon blacke S-A]o A7F5I9E A9 CaCO59} carbon
black®] o] F7te45 ATH2 F7HHAAT CaCOs9t
carbon black& =5 0.3 phr A 7}3F C0.3-Cb0.32] A3}H& 2
32 7rashs Ao2 vehytt ol AUE A Aol &

4E 7HA

o]./\u.]-E \;]].0]]:-17], OEA—] 01‘— /\]-

Table 6. Softening Point of Asphalt Binder According to CaCO,
and Carbon Black Amount unit(°C)

Sample Measuremef Softening Point

C0-Cbo ) 408
C0.1°Cb0 434
C0.2°Cb0 43.5
C0.3:Cb0 45.7
C0.4:Cb0 45.6
CO0-Cb0.1 40.9
C0°Cb0.2 42.1
C0°Cb0.3 42.7
C0-Cb0.4 432
C0.1-Cb0.1 44.9
C0.2:Cb0.2 459
C0.3:Cb0.3 41.5
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AFSHA CaCO;9} carbon blacke] T=3g H7F2 Ql3te] 33
o] doju} FAt o] ZFaEo] Aol A AoE AR
Het a82 2 ofA"E Yo Z+ZF CaCO; 0.3 phr, 0.4 phr
Z7}st C0.3-Cb0, C0.4-Cb0x} CaCO;2} carbon blackS 2%+
0.1 phr, 0.2 phr 7}t €0.1-Cb0.1, C0.2-Cb0.2%= PG 64-22
A HE% 44-52CE ST AS E = USH

Conclusions

2 AFoIAE SBSS} PVC J213 7HmA Zn0% AME
stol &e)H FfaTaE 2E Ad WIS AzsAD A
4 H7HA, CaCO; ¥ carbon blacks OFATE Yjof BARA|
A okAE WIE S Azt 123 Zn0) F Ha)
A7 Az BoH ARTRE 2 ALY AriAL) T A
S0l 247 23} z009] ol F7HAHS HIFA 8
47} B7ksted ZnO 10 phr H7He AD 7R Z 109
Aol M fdE € o T B3 Fe= 3 DSC
2404 Zn0g] o] 71 F Fa= Tegho] A4astal
Tggtt AHcgho] S717t 23E $3t9 7 d =7t 719t
< Fsten E94 7t 27 AN EUg
AT SEM 2404 F2)3 7tut2E 2te AE A7HA
?l Z 10& 3 phr o) ofATE] HI7HA] AR FH A oF
7t} A dE ERAAT 2 phr 0|3} H7HA] wt@Ae] LE
Uil S @l BEHA| o DSC 24 oA 25 3 7
of Teghs Ueiidlet. 1B E213 7haly 28 2=
g H7HAIS} ofABE ZHo AL vrde € 2
2

I~

S
=4
A3AL 243+ A3} CaCO5¢} carbon black 25 0.1 phr 3
7Fat C0.1-Cb0.17} Al =9} A8k T2l PG 64-222 WhE
SHAT. 150C ool A ARE-El= ot AT E 9} AL 71414
=4S Uehd 5 gleg= gttt A 83 H7HA o i
2 2ATIA O v EFFo] A Byt ofy g B2 2= oA
T ofATE A 9 AlF I o] ThssHA Eof sraFHA
ol 73 5= s Ae= AAH
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