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ABSTRACT

The objective of this paper is to evaluate the performance of low CO, asphalt binder properties using LEADCAP*(Low Energy and Carbon
Asphalt Pavement) additive as function of various aging methods such as RTFO(Rolling thin film oven), Ultraviolet(UV) lay. In order to simulate
the short-term aging of asphalt binder that occurs during the hot-mixing asphalt process, the Rolling Thin Film Oven(RTFO) was used. Asphalt
binder using LEADCAP® is prepared by addition of a photoinitiator activated by ultraviolet lay. The mechanical and rheological properties of the
asphalt binder were estimated using UTM(Universal Testing Machine) and DSR(Dynamic Shear Rheometer). The test results showed that the
asphalt binder using LEADCAP® additive was improved the rutting resistance at testing temperature (70°C) and increased tensile strength at low
temperature. Also, Thermal analysis shows that the Melting Point(Tm) of asphalt binder using LEADCAP" additive was constant although the
asphalt binder was aged by Ultraviolet.
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1. M2
A AAA A F2dste} o] g7 A 5 e
of gk dilo] nEHUAM AT st FHQ o] ksheka
of WAL AAAFI LA} she mHo] THESE I glon,
19979 129 nEAA A8} WA 2k 319 (The 3rd
session of the Conference Of the Parties to the United
Nations Framework Convention on Climate Change) &
3t 20129714 19909 9] CO, wiE@= 5.2%7H4] A
7Hle AL #olat9th(Angelo et al, 2008). @A) HiH-E
o] 2 XA A A E 71E olAZE E3HE(Hot Mix
Asphalt) 322(160~170T)lA ikt & 2AE = Al
T 3= AA v AfrelluA7F &0 Ha a2 31 &
ojptstetagl e thErel fafztrt tile] WEEHL
It} (Angelo et al, 2008) o|e]gt thFe] ofjifx] ARg- &
| 247128 CO, WiEe EA-ES 72 e |48 7}
Of~TE XA IS A A FHoEA T of~
2 AlF 7% (Warm-Mix Asphalt
Technology)©] @A 1996 & 7He¥ e} (Prowell
and Hurley, 2007: Angelo et al, 2008). 52 o}~ZE
&35 (Warm-Mix Asphalt, WMA)2 71¥ ol~ZE 53}

0 £

N

e e

ZE £¥E AL H

o] A 2=(160~1707C) < vlwste] <F 30~50TC %

2EoA E3FE] AT AlFe] 7Hsste] oA 7‘%7:}5_’.
B2 fa7tx wiES dAs] AN § e 33
o] ¥4 7]&o|th(Angelo et al, 2008). 74313140 &
OfARE x| T8 fRelA 7HE ofAFE(HMA)

x4 vluste] e A713-EE Uehe 3o R 4%
At (Angelo et al, 2008). vl=<] A5, 2002 F&
ol~ZE EAH(Warm-Mix Asphalt) 7]&°] =E o] 3 vl
FAA AFE HIEG ADA T AEe] P ot
(Anderson, 2009). Al A3 Aol oJEstA] a1 AHA
T& of~TE IS ARl A8 W 1 TS H

7Fsb7] flal Y/ ¥ (Washington) 5 x5, WA Yo}

(Virginia) & &= SolAx+= ZE5EZ(Interstate
Highway)oll A4 S o}A~ZE 23 7|&S &83 AP X
e Bl 4 71t B FHARALE AATCEZN WEH,

Hdx T ok 8ahso] aeld F8A HFAFE A
& Zoll AtH(Diefenderfer and Hearon, 2010; Russell et
al, 2009).

Ty & okABE I AR 7Y ofA~BE IR A
=of vl3] oF 30~50C7HA] #& 2% (Diefenderfer and
Hearon, 2010 Angelo et al, 2008)4 &3 4 thxlo]
o] Foix] 71 of~TEC] Aol WA sh= @ west 5]
W e 2] ol Al 250 LA ek A gHAde] A st
g ksl gith Ao g PG S e TFE @

RS

71=8ke] 28 Aol whel 1 2ol S Helw 7]E 163Ce
A w3t AR gk Ao} 130ColA w3t A E e g AR
Hlwe] ¥ 4 4 gtk 53] 130TCodA = 163CHT=
G'/sind7} & A3E ekl or], ol PG SReIA 12
53¢ Agaed WS Fod arwq 44990 =
o AlfE Eote] e SHl WE 2AJHE Y =S H
71 Ax Al 12C Ve 1L 5FS 7?1“5 of2
AE7t agWide] BT Ths/do] of 4ul
=2 YERSTHNCHRP 9-43, 2008).

oo & Aol T3} A7 AHERE T2 ok=BE
ZAS Al S AA 7 ZoF gkl ==Ho] w3
2B E vifltle] 4 W3t S84S5 %78
: g& BARs] flal Apelad s E o
gatsion, At &7 stellA 5 st w2 2] kol B
k= 3417 Eou A AL eFS FE ofABE H
tell 7Rlek. o] F Bol wahe F& ofrBEG v
obABE wolve HEY AF(G/sind) SHE Bt
95kl DSR(Dynamic Shear Rheometer) A& —’FEE 3
th o] 940]] 20 1;\:JrE =L o]./\JJrEg]. 7]-&1 o} JE 1:1]—
olbe] 47 A®S 2Ale] 8] 4EA M) NETZSCH
Akl Thermogravimetric Analyzer(TGA, mode STA
409)& AHESIGiTh. HgE A olAe] 23t IS AR
s 0}*3*‘5 vRRIn o] =2]%] AFS B7sb] flste 137

AEE A =% AFE £ 0R FPsion, A
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2. AFZT = 2 AlelaH
2.1. Al BN =
2.1.1. OIAZE HIQIG

2 AFedA ARESE o}~ FE BRI (Control Binder)&
U SAlelM AatE e Y= 71E 70~80 E PG 5H
64-229] EGE OFABEES AMSIGT X 12 ofABE
vRlt) o] #4 Ald Az vepd Aol

1.2. &2 &I
E AR AFeE Ze3) " kA9 LEADCAP & Z¢)
El

ded Ad g2 7uto g & o}l AZE vkl %
BE IR B ol ~BE EF/E] Ax 2 Y T
A 2EE AATE 89E O3t addx Bsta

h=3
AeoA BYEE LAY g AP FAHS F

Aol ok ABE £ A4 AAE 5 9
NAE #H7HAo ZEdElA 4AE A
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# 1. OAZE HIQIH o] FZEAIY Zut

Original Binder

—+CH,—CH,+-

Softening point [*C] 52.0 I|'I I|'I III II_I I|'I I|'I II-I III II_I I|'I III
80T 23,200 wwir—— 0 —C—C—C—C—C—C—C—C—C—C—www
Viscosity [cPs] 100C 4,200 I|-I I|-I ﬁ Il-I I|-I I|-I Il-I ﬁ Il-I I|-I I-|I
27spindle, 60rpm 120°C 1150
140 413 a7 1. =Rl Aol BX 2E
DSR (G*/sine) [kPal e v
1.0kPa, Tmm 70¢C 0.63
76C 0.32
RTFO
DSR (G*/si 64C 2.58
2.2kP:n16r)nE:Pa] 70t 120
76C 0.58
PAV
DSR (G* - s 25T 2,222
5,000kPa Sc;Tgi [;r?:n] 28¢C 1388
32T 880
BBR Stiffness[MPa] | -12°C 188.9
M-value |-12C 0.33
Result
PG | 6422 a8 2. Z2lolga oA
Zeollgdl A5 ttes B Y A AL 2.2. XI2|M A5}
ey 2] e A7) w2E A5, A SgEES 44 94
Zeldgd FAS dEAAA BAFE FaA7le 2El(Main Chain)7b £21H 3 o] o weh 2 22 o] 549
W HstetA H=t of~BE uRRItie 2 Afolle AsE
M EZZH (Fischer Tropsch Synthesis) 22 A2 FAAA &84 AF 5L /71 71E =s d
Sk W Ak 235 Uehlle 53 7RI EEs 5, 2009).
B AT e TUFE AEZE o] 8ato] AL TAA]T
ZeloealA g0 B FARES AT Bk © A As1E ARslslon, A Zs]E ARt
el ARH = FAFEY APl F75 A A0 e Astes Uebd  9lom o]of] i ofAZE vy
S7keted =elA 4o #A HH Eakde] 29 &iE 2 £9EY =2A A 54 WsE H1e Ao A4
9 E84 E4o] #/ do FEvgd 1d5d A = AdAdFe o
=L §‘r°ﬂ Al gar= e HArol AjEorn o & 106.9mW/m*(sec’) 0] (23] 5, 2001), AlHo] =LA
23 245 7HA o stetl FARER oA AU dESE As] el we Z:/‘}%*% 18mW/m*(sec™)elth(Z+&
E il o‘go};ﬂ Zeldgal gae IMERZFE o8 Al & F, 2009: 23T 5, 2001). AL ASAIHE oF 34
H Zeldgdll gao g dEgAe] "ol B §4F U F AR =E9%s 78‘—?* AR A4 S B F o
FIATN A HE7) ol T3 A7 = ARg-o] A4 A B B =E2EHE AL Fel sldeiy 71 7]t
olt. AR (PAV) BT} A1 Wi o] 7 sfan 5“1&1’/} o @ Azt
wbs] B AT e JMERIG o8] Al2d &1 &9 2T AHE AN F e Aol AReltth. whebA
AdA G5 AHEsiHen, a9 13 a8 25 ZEldd &2 dFoM e Hd T T2 ofABE vy AsE AT
gA g0l FA F29} B AFolA] AME F23F H 7 at7] fAslAl 3AIRE Bk AR Adel] w=EE nRRIN S =24
£ Yehd Aot AE 4 H7HE Tt
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2.3 EXFCI

S/ =TT

DSR) Al2!

=3t T AE of~ZE vl (71E o} ~ZE HRRIT,
T2 ofAFE HRQIT] ) &% Wzt wE e AeS 3
o+st7] siA (2™ 3) TA Instrument DSR(Dynamic
shear rheometer, Model: AR 1500 EX) 4] & o] &3}
G*/sindE 43t &0 we Hed Aol oigh ¥is)
E4% Frlelidt. DSR ZEadA Gt 4
(1)< AH&ste] AR ATt

S7|(Dynamic Shear Rheometer:

3 3. DSR Al7|

x Tnax— Tmi
G- — max min
ymax_ ymin (1)
o71A,

_2T

= 7
T =A% 7kl At B2
r =okaBEA 2o W

_6d
"= 2n

d =oh=BEA 2] 47

h=otAZEA 7O T

2.4. d2M(Differential Scanning Calorimetry :
DSC) Al

2 AFE s3] A (2" 4) NETZSCHAR
Thermogravimetric Analyzer(TGA, Model STA 409)&
ARgSte] 25~600T TRtellA s $EE 10T/ mine®
ato] Alzoll gl og M el & 55 (Heat Flow)# &
=9 g WAE ST A & AskE WAls] $lst
of AFEo AAE o] gate] AEE SIS

TGA |

==

2.5. QIEZT AlE]

hABE HIHE HGete] ojymee] Mol RFEe|
o QgZmel AT AN AL on, A

5 A Al
AR Y& (-10C)olM st AlHe] A= =%
2 s BA1E 7] (UTM, Daekyung Co)E AH&ste] 5%
dlom =W 228 -10CE ndtd S 319
o s $92(2009) AFEREH -10TE AHES| =
Axsiion, olgfgt AFAHE Fall Aol of~BE

g =

HRelr ] o —V—*. EAE gotd ¢ glt QA& EE AUl
o2 &4 10mm/min. &2 A8l om, Al27d2H(Grip)
A8E Tem® 123 6491 T},

l]9.l_'

Zat
=M(DSC) &4 21t
—Er@q Differential Scanning Calorimeter : DSC)l i
Ak Fag 94 449l ol 2% (Glass Transition
Tg), 243 2%
Temperature), £-8§<%(Melting Temperature, Tm), 7
3}, 4z}, gpehakg 2 stwukg- G3k(Degradation) el
gk 71241 A o] Ths ettt (3helg et g BAE ).
AR DEAE AL 294 niEAs 4o 25
A Zol &5 FHE HSlE ke 545 AYa Atk T2
st H7MA7Y AHEE S o} ~ZE HRRITIY] A Ase ¢
ofE7] 93] TGA HHE o] &ste] H&A] A2 st
on F23} H7H AR -, AR
A & 28 el A Qe SH g @J/}% .
I 2 7ol YRt a8 b= §]‘ 7S A7F

A @& ~EF|E o}ABE u}om (2]

3|
3.1.
d

Temperature, = (Crystallization
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A28 U970 flew, 29 68 Fes WhAE 7
F& ofABE vl 2 Q9G] wEEA e FRA
m~ AgaFa 9l
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% 6. LEADCAP® &7t5t 52 OIAZE HIoIH | E2A Znt
a8 5ellA= 50CelA 200C &= HY] HelA 2=l ¥
§]r"ﬂ w}% 435 5(Heat Flow) 37t glo] 4833 vepd
1 \4. l‘aj 62 ,9_3?:1. 7‘<47];]—”5é }\]-_9_?5]— ZL o]_/\JJ—E
‘ﬂ]'?lﬂ“ a9 58 Aol A S-S UESITE 11 69
A BE vle} 2ol 50T ~200C <% 7 100TC Al
A 55 (Heat Flow)7} 8 0.2 ZFssto] I (Peak
Pomt HoFe A%4E —“?—O%ZF o} ole 258 ¥
T2 71EE o oju EYLEoA FEE st HAS=
Jfﬂﬁfﬂ et ZiO]Ur(Saunders, 1988). o] Hid& ~
EYo]E of~ZE ulely o £3F o] JE g2 e F
23} H7A7F DB FEE o1zl Dol oA Aol A
A= Wglst= 525 (Melting Temperature ; Tm)o|™,
ol &2 Ee T3t AL oF 110TlA Ao A
HA &2 WAstE A S tha AsHA717] Wil T2} A
7HA| & A}8-3) ol AT E E31Eo] 7} ol AR E FTIEHT}
30~40C W& 2&oA A4 gl AlFo] 7hsgk Aot
a8 T T3 HVHRE ARG T2 of~ZE vyt

Ape] A o] | Wglsl=A o] K5 go}

B7] gaiA 2 FF79 o2 UVl 221737, 6417H) 9
o2 QR8N AoE HoFm vk a7 7oA Hel uhe 2
o] 2t M =F o I A7) w2 A AFo| ez
FAE AAL A9l U3 LmfoA Tmeo| UehdS ¢
4= 919t} o] LEADCAP #7HA7} XM*&OH EEEAE
Bfde 718 B4 Hgte B du fAES A
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2 OtAZE HiQIHo| E24A 21t

O3 7. LEADCAP® AL&St

3.2. SHMHH(DSR) 4 &8 A1}

SHRP(Strategic Highway Research Program)oiA 7}
Fol 9 3 o] B (Superpave)® PG &7 7= 1212
2 A BAM = G/sind 7} 1.0kPa ojdd el &
Asta 9lom, @] w3 BoE G*/sind7t 2.2 ©]
2 =& F4sta itk (Asphalt Institute).

8o ~EY ]E o}/\ﬁlE H]—O]Eﬂ (H4d= 60-80)<
9gom T8 9=

= OVJ*E HMKH DSR A1

AR HAFa St} EE'& T OFAZE v ] Ed

T

p
|o

ox Ml ot w
wo,

I
éﬁﬂé:u

We A% 542 washl 7l A5 PG SFIA A1E
A e 535 2T FE ALRE  10KPa

; 2.2kPa)< Zt7f 19 84 a9 99
\%E]-LHO;ID} ad 801]}\19]. 2ol }\Eaﬂo]E o} ~ZE ujoly
(Pure Vlrgm%_ @] =3HRTFO) ¥ G*/sind o] &7}st
= & 5 ek EF AL 3k EOP 29 ofx%E
vl & =3} A (Pure Virgin)3 A2l 43 A%S ke
Aoz eyt ww a8 98 o] Feg AU
(LEADCAP )7} H7Fe F& ol 22 E #lig oA &
G*/sind gko] Alget BE 2% oA oF 2~3u) H=
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d Ao vehkon, 53] zpe el 3A13F =& of
Eo] -9} wglEA] g2 ol AR EQ] 9ol 76T
DG FelA <F 2] Hro] F7HE YERAITE E3 T2
st A7 EYE T of~ZE dRldE 12 550
2HAIE VI ARE Yehllen, w3}
A A5 AgolE T6TAME 715 S Tl Jos

© T3 A7V S o 2N of~ZE 1t
A T oMo B 54 S7MA ¥
ol gt AL AA SN Aoz dd,
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2 |
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S2 OtAEE HIRIG Q| DSR Al Zut

O 102 AA w=E2 8l w3ld ofATE vl 9
DSR A1d A7E Aejste] Yehd Aolth. flellx] Age A
I o] AWA o g F23t A/ EYE FE ofEE
BRI o] G*/sind7} A 7FE]A] 92 2EH|O|E o}~ B E HiRl
o (Pure UVO) BT} 27 $715& 2 & & At 53]
=7t S7FE el we G¥/sind #te] WglEo] $& ofAZE u}
AHHEL} H7te)R] & AEH | E ofAZE uRly/ ] A
A Yepgth. ol 23 M7 EYEezs 2=
2 ol~ZE ulolye] G*/sind gtel WBtES ZFaAT)E A
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a3 10. Al =E0f WE =3t OAZE HIQIE Q| DSR Alg! Zut

a8 112 @71:=3HRTFO) A&l thg DSR A1 23t
ol thek G*/sind gk ekl Aoz, 53] 70T F23¢
A7HI7E 1 @71w8t S of2FE HQIY e A
PG TRl 12 S5 7IEaE ST & 5 U3
o ol F2 of2ZE HRITZE folM AEE A 2ol
a2 BAE = 3le 24 sEY 22 M g A
B S7ME Ao AdEy, dA] o 4 a2 283t
e AT AU 22 I v g S S
AA WfrEde T Aor dddd.
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60 r

G*/sInG (kPa)
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g

30 r

Temperature (T)

O3 1. B3t HE OLAEHE HIQIG2| DSR Al 21t

3.3. OLAZIE HiQIn| QIR 1}

BB o} ABE Hlelte] F% wg 0 AsE B
W olaBEY A% SHE AR 249 540 2
27ksPA slo) el Nl WY Aol Z7ksn M2id
of U@ AL Fase so] dwAe Stk
5, 2009). w=3E WA A% A9 wF PEe D
Hoz BAL o7t /12 BATEE st oF AT
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A= E Sl o7 Bxle] Hek(scission)o] 2} stal &
stgasletEo A AA A-8sHA ®oh(Saunders, 1988).
olAZE nlelt| ¢} o] 90~95%7) o8] deje edlai

2 A 2B e A wdol o5 2Ael A
0] 27 Aol olrBES] wHEAS BAT 5 9
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