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8. Ethylene vinyl
9. Acetate

10. Styrene

11. Butadiene
12. Nano silica
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2. Nano clay

3. Rheological

4. Rheometer

5. Zycosoil

6. Viscoelastic

7. Nano composite



IWFIY C0F0) 50) ¥ o,leds (B o o 5 bumo 5 o3 yos (omvciteo 3 i | oyl yS0d g el o 14

(V) Jedz 50 gl pl j0 colatuwls e dlgegil Sliogas
6))5; e X9 ubd}xb o)lda‘ lela))‘ Lgl)" ] 00 Aﬂ)‘
el ol oolatwl | g ,uSIl CeSug Ko 5l B o il 3t
Silonsal Glp SorSI Al Sl SeS GoSins e

Sailo i (658 Slusgas ol 1,8 ob51e,00 1, sheb,
G sl 0als &l)1 (V) Jgaz jo g cpl jo colaiwls jee
ol cwl sas 5138 (V) Jgao 50 5w gdlas () (s olﬂ

A Veeee b wilgico cyg,iSI! S o LT 51 S o oaliciad
Oy psSwg Sl il (Sye s slapgisd 5l el
b oSe (nl )18 (695 oSy Sn 4 S (65t SIS
Fooer oliS )L wad oo colin () 5 (V) JSo ,o oS
el ol ol IS il angs g oS 10 515 L

il e slopls Lo s

ool o] Cwsty SBen Ldz olKiws iulesl 5l s
Slgngil ~Y-1-Y

SeeST8l lapl 4 (318 STl 9 51 gy cnl 5
ool oo oolaiwl lpl Ll o Ssxge pained] g al

oolaiwls 90 slrailo S 8 Oluogas -) Jgus

FWIRN RYNES oS Sl S 3, st oialesl

(alocds )3) o505 o339

_____ Yieo¥ YIZNY T
YIEFY

_____ YIFEY ASTM C 127 Fye
Y/5Y

_____ Y/say /504 spb

(&l32)) o523 033

..... Y504 YISVA o>
_____ \tizd! YIEYY ASTM C 128 F5e
..... YISAA /50N spb
..... Y0¥ Y00 ASTM D854 SO
Yo Sl e vols ASTM C 131 ol Gl iSlas
Y/A VY % ASTM C127 ol Lix Sl
V0 zSTas \ £ ASTM D 4791 o g e 23
Sdly bl Qv A ASTM D 5821 S Aoy
A pSlas 0 ¥ ASTM C 88 o Sllgs il 55 plgo

(Y410 (gool>) LasloKiuws xbaw o131 85550 132! -F Jou

e 52 sk = bl 5= b > U5 b o1 (g3 s g5
Y#INY OYFIvD YY#IYS VYIoY yav/va cul S S
VEIYA ARAVAR Vav/a FYNY YOy Sal Ko

39 59938l ey 5l laedsl gl pioren Ll oolail
Slacand 5l 3 8 Slasie pess bl 8 SIS
00, 35 e a5 0 ool o liske

(05 Sl yd g (g S Sdeas ol 0lST &l gl

ol by pgaiee 5JT ST lydgil g azils (g oassTy, cJl>
B ] IRV KPSt PRVEL PN SR NEI P WEr Sl S
53 539 doy0 Y g 0[O slaylade [0 0lgegil pul slaas e



IPE-NY ((0F) 50 0) ¥ oo)lods (BT ol oy ) bumo 9 oyl o (i 49 285 [ (550 g xS .0 Y.

abai oS bl dai 3gk 4z e

P
(0 5  (m) (0 (mm/10) &

b 8

‘sﬁliwl.o)i a0l -Y-Y

@idee OloS 5 51 B cal ool s gk opl
ool sugb, o3 plp 0 Oglite slo il b odlaw]
G o938l olpemay Fo-Ve aly 3 alixe bl GBS
> Al 2o yd 90 )0 paineg] BnSTeil 5 ol wSTgils
8lp lows oyhad iolesT caslol o058 5 18 oolitwls 9o yub
A C)Lo‘ g ab ola 8 ‘577.1:_.: ol)'—l Sipl Gzl s
oS Al )5 cole G10 oBiws 3l o gkaie oy .o oolasuwl
g o odpline Q—I 3 sles (F) UKo 0 a5 ol oolasul QL)JT

Sl ¢ a8 0,8 25 a5l oole Ho JS el 3T (55 5]
oykd O )ygon &5 plamle sln izl (nl o9t e S5 3k 5
&b vl ST aiies polee wigh oo i) 8 SG s, 2
g oalitl 8 Sy (59, 2 Gl 0k Lialejl (61 chlisee
Slale (l 3k g Gl (kB 050 252 092 polas 4 azgi L
A dolee dw oBiws S LSS g ) dlolee 5l oolawl b
e ) 58 63l g el (oS ot i Bloe (Joeme
(Y+\¥ Hamedi 5 Arabani) »,5

I(1+cos6)= ZK\/I‘LIW P )+(\/FL+FS_ )+(\/FL‘1~S+ H

M

(o) 0 as
5 OL) gle —58 S e o plos agly 0
LV) S5 oo o jiie sans  ulos as
Sype gl ool oy mlaw ST 35 T

otales]

73 kb oyt b ST o5 T

Sype @le (mlaw T @53 gl s> T
ol

PO P [ ST TS S S O
ol

JRCEN SN DS RENWRISESN o
Ao sl sl Ty
gl J5 b Sl g5t Ty
(S5 aiged silwoslel (sl bz okad (ales] o
SV B oy 98 28 JBIs o) lased axmio SO Wl

oolawld ya0 00logil £45 90 (SO b Wluogas - Jgu
poringll anSlyls al apuSTsl S

Cubic Cristal

Alpha, Gamma Slojlo jsle

oA -7/t Y/F-Y/a (gr/cm3) ogase o,
¥ Vo= A Sl s ls
oty YALY (m2/gr) ojs gaw Colus
Y= o= (nm) &,3 ojluwsl .Sl
AY —a/4 IASRRY 4 ECIRVW PESRY
<-/f <-lf olasyo

L
E -
A = .

oy L #1S. BKYV _XE6@. 0K

0Ll 530 e oI T oS 1950 13 - ¥ S

g -Y-)-Y
3ok az o b ol 8 s 5l (Bpae pd (Bedos o0l o
b Slaseine b agd lerol oKVl 5l as Al o FeIY
6‘)‘.‘ Sl 00l 00)5] ) Jsd? o o;.\.&c)Lo‘ 9 :uL. uﬁ,a.a
goad p,S a0 V0 gleo U yud laul 8 b <l j3gil YL
2 oyl Sldeil casine oy Juolsd b el o Jsbo o
o0 Joo (o ol 0dl aBu; g0 Ve e e b e anlS

Gl a2l dalol 485 VO Soe a4y g a0 V50 glod yo (49



IWFIY C0F0) 50) ¥ o,leds (B o o 5 bumo 5 o3 yos (omvciteo 3 i | oyl yS0d g el o m

5 YOV (LK g Nejhad) oS ol wilgs oo 1) (5540
(Y- -0 Zollinger

"S5t e e yd kb g ikl il b sl Sl s
odpline (F) IS5 j0 a5 Hobylen .l oas 1,1 (V) B (F) slo
Sl 23 cpgrinagd] 0STgl suoy /0l eoliiuwl 54 o
a4 YNAGrgs/em) 51, ab 8 xhw ol 65,0
AeST5b doyo V(o lade ol s oo LalS YV O(ergs/cm)
Slgiiee |y stelioe L5 2, cewl Y1) F(ergs/cm) pguices|
Gt Sl ol pl o oS caslin el allSTel gl
el ooy yiion by 50938yl lade caz ool (6318 Blgegils
ol a8l oS oaizdal sl 8 gupl Cosl>

oiT il b e Ll el &ldgl 5l soliiwl
©) JS5 slowsls J| o jsbolan 55500 3 rb
Slaogas U cul oads celh Olp340 51 oolaiwl cuwl jasin
Ol e S9zge sboosls sleslanul bl Gl 4l 128 5k
VIVF(ergs/cm) 5l by ;8 xbaws ol31 (65,50 (5L 532 a5 i
doyo ) g 0[O o V/FA(ergs/cm) ¢ V/TO(ergs/cm) lude 4
08 Lol 590 53 Wiy, b el aidly Al ol aSTgl
€5 ol 5l ool a5 5gd o sablive oo pgriieg)l auSTgl
aly b b ST (551 3k 5z 50 Rl el oolegil
ol 00l i ﬁwﬂ KV U ERR VSR E S LW W
oud ity b (b Sl 555 3l adlge o aalil (e
oW

3 ool (il astin (F) JSo slaosls 1S ol lan
8 (o) (53l sl ooy b el o el )35
G (SS9 s Wl o0 E9d90 (n] 45 Wl T
wited Yo el Slesgas glils a5 olaalo S L oole
b —osal addie a5 W o lid 39z g0 (sdosls o4l
034 YIAY(ergs/cm) Sogsl fyaas el yo (o ol31 (55 5]
oo el pgaiagll anSTgl 5l oo, V 5 /0 (G933l 4S
5 YN A(ergs/cm) 4 Cwiga adie ol Uocul
0958 9y50 0 |y seliee Wi, b il3dl FIY' (ergs/cm)
a3 ) g /D o938l AT vged sdmlive lei o0 Q.:J KWL PHE
G i alie cnl B cwd oad el ool wSTel
Sl iwlisl /1 #(ergs/cm) 4 F/YY (ergs/cm)

cel poriegllonst g alos &ldglh 5l solarul
IS Ballas auly o8 (ol ol ST (651 lime o Sz el
Aoy VL oalp Mol sleyud o500 jo Ll L .ol oals (V)
Sz il38l el ool oy 5l eoliiwl a5 ol o] anSTgil
sbolad ool 0a 55 xbans oI 53] et adlgo o
gl ;3 58 (oxlans Ol3T (551 (ol i 55 Sl (e &S
Sluogas pd @8ly y0 .l 555 il o] (b ey b

75 b 9 2 mle Su sl leskad 5 USS (T s,
S oSe SO aryee 5l oolaiwl b calasd ] )8 06 0 aiBu
Aa—l Cawddy o).]aé L}“L"J 443‘)14&9“(54 M;C.la*udj) OJJQS

Olow 0,3 i lojl il g - ¥ S

clasie b bz mle a6l oo | Gialesl ol
cooled gloaysl; 5l oolizal L b ols alool agles xdaw ol;T g3,
Gzl e 5 ey ] Cewsay 8 (o SI3T (65, Sl
3165l pls Cams p3 b g a3 (had ol 5 (55b csml
Ot Sz ST (655 dY) Jgoz 0 (S las (o
Arabani) o5l cavody pjalal) b lei oo |y (Sow las 5 .8
(Y- ¥ Hamedi 4

w7

)

UT )o as
¥z il 55 4G

75 b ol 53 3k 5 Ir

73 b Sl3T (6531 (gl 3> Ir
PO ST UV ST e
dlas (s ol (51 53 25> Is
Flas b ol5T 65,50 (ol e3> Ist

las (o o1 (65,51 ooad 0 55 st

@b -y
S 3 xbans 33T (65531 (5132 (5 oIl olis )Y
saigMel g 4y

sl 23 S (oxdan ol3T 65,0 sl 6 pSeslnl s

A oo Hlis bosls .canl ool &1l () Jguz ;o oalizdlal
ORI Al B 4 bgye S (b l5T (6550 o350 oS
695 2 3D G e B 38 oo oo Egdge ()l S o
SN e Sl g S plil g diloSiw maw



IWFIY C0F0) 5l) ¥ o,leds (DY o o3 bumo 5 o3l yos (omvciteo 3 i | o3y g el o0 WY

e ~
>
9
=z, A—. -~
5 P ~a
/
—
- | S Al2
L 03 __
2
2
s

% o3l ,laiie

. J

W B o 13T (55,51 oabad 5 30 —F S

e N\
X )
I'? /
& 7
rd
- -

”
S| .=
E " Al2
=4 03
T
=

% o933l e

AN J/

W b e 3137 (5551 el s 535 —V JSCB

Bl Ko b 8157 55591 -Y-¥
e (V) Jgoz 50 baloSiws daw ol31 65,31 sl5=]
ol3T (6553l ol adlge a5 ol lis wlas Slastin iadb
s o131 (65 51 (ol adlge 51 il S sladilo S  xbans
350 30 Xg, ipl eSe Cal 5,5 Sal Sow slaailoKiw
S5 3k adlie a5 o)l sgzy (b ST (5550 (3L adlsa
aloSin 63550 ik addse 1 il bR xbaw ol
oboB Adlge a5 558 o oadliie ¢ pizmen ol S Sal K
b opl el i gulS abKin (xbaw o515,
59 oolatuls g0 il 5 slaailo S a5 el ol sasmslas
JS8 Gladign it (&8ly 50 )l (6 it Conda gy
ol &S ol odnd glan @b 5l Ao S - 18 o a8 S
g 0dd auSd o, () pow ok 03l jpa> ) ladign
Oyge0ds 8l o Gl wloSKn mhaw (g9, 5l ;8 (Sable
i S5 (6531 ek 0528 Al 45 095 o0 0aliie ¢ ugSiae
ol cllae cpl el i cuil 551 Sal S slaailsSw
salbSn ;o odad d slaaisy JSis 4 Jles a5 a2 0

SOl slowisn i s aasie las 055 5l 1) (hens (oo
lgagil a5 Cowl Lae lay oyl el ((oudnd pu8) (cnd¥IsS g4
“78) o= YsS Slaaign wlanlgs ;8 ol s 585 L (5518
78 slad pllotial Gl corge 5 s g 1) 8 (kb
(b8 0708 Slaign (5318 dlgagil fiivn do)d ((izren Nigh
Sl 08,5 sl |y (6 s
iz slaasys Fl )bl sleduds @l (#) Jsux
oL 8 Bl g oo (g3l gl 252 2 ) (5518 olgagil
&,50 Design-Expert 6.0.6 ,1338ls 5 b o fdo ol 0o g0
S O)lge ST 0 06d o cdalive A jeblen ol 4338
v ;o syblins Jlass ) g /0 4 jao jl slge 6l ws o
Slpss ol el ails szl cpl s oo, 0 ol
0 Hloebs! zhaw 10 (gawwl £33 50 eyl aSTel 50 o

el 03545 ol oo

ool (510 15 5 auly S JS b S13T (535 -0 Jsr

7\ 710 7\ 10 j
STl STel STl aeSl ” Olgis
. B . . &b
o2 o®! poeeesl]  poinesl]
o515,
YA AUYS VUYA VAVE J5 bl s
(ergs/cm)
~
A=
l-:o ~
s W Al
? N
N 03
- -
_ \
o \
5 =
5b
)
% gl laiie

1y oxbas 13T (6531 (gmasl 52 —F S

P

(erg/em2) =t o137 o5,
&
S
\Y
|

Al2
03

% 59391 lade

.

W b et 13T (65581 (53 =32 —0 JSs




IWFIY C0F0) 50) ¥ o,leds (B o o 5 bumo 5 o3 yos (omvciteo 3 i | oyl yS0d g el o wy

S iz ol3T (655 ladiges dad ;0 sl atuive 45 gl jles
4 (M) JK8) Sis bald jo cude Slade 5l oS - 8
Ny crl S oo i ((V0) JS8) O jei j0 Gike (5o
s o151 (5550 sl sl T 5 050 Uil s 50 55 5 5|
yed 00le dus aS B (ol b il oo 18 A G (6 5T
ponns 31 (6531 T 0105 18 o b ulad 0 oS § O
e &) (SaBok e U ows oo 5ot 655w (S @ )
Oy 25L oS Ol jgax 50 (Satez ol 65,0 jaiz e
@S Cried B30 &) St S b 55l (S @
5 sl,S lailSin b sabaizle sldiges wims oo lis
b dmlio 0 gihte Sz ol @55l @llo @l 53
a5 am o ol cdlae oyl ies  Sal Ko slaails i
Jade of 35 b ailoSow mhaw (53, 5l 8 ad lax 1 o
ol 3 (FTaBokse 4 hles 1 5 09300 SlT 555 55
o 538 laalS el rimmen ] i laashh S
SalS (6 lade il § 58 Soens ol51 (65,5l b wlos
e Jeo a5 Cenline ol (nl (050 S5 jhe @) Wb
&iAl S bl cdl a4 o, 5 Sadobse sl
i 21y 58 Slpasls i 1 gl el (V) Jpar
Sl g il T sbabSw 4 8 Saiae ol 655l
28 Sz T 50 R L ol g sk e s St Lalpo
5 10 9538l wms o lis Jdog ol s se las o g
ST 50 5o Jlobiae okl Cge (allE 13 4 0lgegils S0
95, 50 gl S g Sal glalbSiw 4 ol 3 S
3T 6551 50 jloline s (ol el 0o igh o g St >
98 ;o ke il S el sanlie BB 55 Ol g pB
S Sz Sl51 65,50 Jlake jo deye Y 4y /D 5l (o508 eolegil
3,5 ol ,3b Gk ye o o ailoKiw § 13 oy

Cob yo 5 Suiid Lyl b 3o (S 15T (g5 ¥ ¥

Cudte (S 5T 65,5 il asine a5 5 jles
Ol eeaplis 555 cute palie 5 958 Bpo (55l Wb
ol)—l S5 @Lu ol 00 w.mljs S e ij aS col
odizdal g 4l o d § bale S (S o
59 058 o0 oddline 4 jeboyles el ons oo)51 AN 5 jo
1 g el oo o0le 59y (S 5T (5 ladiges s
gl (851 510,00 9929 (5551 a4 5L S0 5l slulo ln
Wb Kw G (Sdwz w0 ol balo S g9 oy
)ﬁéjsxg|;43|a&;gw§wj|4il§ﬁ§3&ﬂ®
Sis bln o a aeo e sl Cdlae ol ol i al
Al mhaw oxly 5l al 3 gilulas (O jea> 50)
@ g ol S ]S Al K o s Sl S
a5 wes oo lis @l immen Syl LS g 655
ST 655 B el oads Gl o3l sloonSTel 5l ool
50 o0laiuls e dlgegil woys Lialial bal ioli8l  Sacs
3 led gl )3 (SuenS ly 5Ls 50 5351 GReeh 0
ol 00l it S bl o aloKn

sl 5958 5leslaul 1 jo Ol -3 Sascs ol 45,
wasins odls 5las joboylon .ol oo 00)5'1 Q) J 0 4k
sl 559580 5l eolaul 1 0 OT- 18 Sariwe oljl 5550 cel
3oslaial a5 aes oo las cdlae ol el @il ol ol
gl Gl O -3 CuS 5 4 oo b ol ons el slgagils
P =8 sleelle 5l (S a5 GogFane (gedgal
Al Gl sugh

5 ab sloyd 5 babSiw o Sowws ol &35,
ol ool @)L (V) USS 0 gbye Lalid o eadpdlal

W kb pué g (oo (53 sl <32 32 9 (39381 1 s 5 el Julows —F Jgar

rhBnd 52

b e ke

Sl £

\ 1D . \ <10 . \ <10

SRl deys T Syl gy

Y Y - Y Y - Y Y

Y - Y - Y

S5l

ol

RWE

ol

730 oliabl mhas 45 jlolins Sslis ¥
738 Glpabl mlas o sbine Sslis g N



IWFIY C0F0) 5l) ¥ o,leds (DY o o3 bumo 5 o3l yos (omvciteo 3 i | o3y g el o0 WE

Ol g 8 9 WIS 9 (o (S 551 32 96 (F09381 F1 s bl Julow -V Jgu

Cob e ailo K -8 ol - .8 S oK - 8 | RS WO
33938) sy 309381 £
\ N \ 0 - \ 10 . s e RN
Y Y - Y Y - Y Y -
opuSlgly  —————
Y - .10 . cusl,s
\ pregll
v v Y Y Y Y -
N - Y - Y - - 10 o1 STl O K4
- \
Y Y Y Y -
SS9l
N Y Y - 10 e Sal
n ) ouiogl |
Y Y Y Y -
Y - -1 R R RE Sal
- \
Aoy 0 lisebl mhaw jo jlobas Gglas Y
2o, 0 luebl mhaw ;o jlobas &glas s N
ACH1.0%  ACH0.3%  AC+L.0% ACH0.5%
AC Al203 Al203 Fe203 Fe203
-100 — . 7 T || WK
= o s
by kY
9 -105 2
S vy —
> IE‘
}' -110 A I _
! i
g -l1s , — ' —] — — —
E’ % =
= 20 _X;\ e E, W ] ] ] | -
o0
&
-125

Cob e

ok 3 (Sadpm &5 Sl oad (asie ojg

wse i |y il labglie oo Shee sla )k,
¥-V) ),Ken 5 Omranian V- VA .| ,Ke2 ¢ Abdullah)
wasb, L8, 0ed e slpriy (YY) S ¢ Golchin
Sxbym Ll 50 (G318 dlgagls jeam 50 Hlaw labylse
SSRIS KRN NA SRV BE
oVl g bl psle by p (linl slabgline slals,
oy (YY) )Ken ¢ Hamzah) cool b8 Jb
18 eslils jge ST Slinios jo Tl mhaw by, 5l 09 e

S S

(erg/em)  Socomz 331 g5 5
I

O = (S 3151 (5551 -8 IS

13. Response surface method



IWFIY C0F0) 50) ¥ o,leds (B o o 5 bumo 5 o3 yos (omvciteo 3 i | oyl yS0d g el o wo

&=l -0

Abdullah NH, Hamzah, MO, Golchin B, Hasan MRM, “An
alternative protocol to artificially simulate short-
term ageing of binders for selected regional
condition”, Construction and Building Materials,
161, 2018, 654-664.

Apeagyei AK, Grenfell JR, Airey GD, “Observation of
reversible moisture damage in asphalt mixtures”,
Construction and Building Materials, 2014, 60, 73-
80.

Arabani M, Hamedi GH, “Using the surface free energy
method to evaluate the effects of liquid antistrip
additives on moisture sensitivity in hot mix
asphalt”, International Journal of Pavement
Engineering, 2014, 15 (1), 66-78.

Galooyak SS, Dabir B, Nazarbeygi AE, Moeini A,
“Rheological properties and storage stability of
bitumen/SBS/montmorillonite composites”,
Construction and Building Materials, 2010, 24 (3),
300-307.

Golchin B, Hamzah MO, Valentin ], “Effects of Combined
Environmental Factors on Stiffness and Rutting
Properties of Warm Mix Asphalt”, International
Journal of Transportation Engineering, 2021.

Hamedi GH, “Moisture damage modeling based on
surface free energy theory”, Department of Civil
and Environmental Engineering, Amir Kkabir
University, Iran. 2015.

Hamzah, MO, Golchin B, Woodward D, “A quick
approach for rheological evaluation of warm
asphalt binders using response surface method”,
Journal of Civil Engineering and Management,
2017, 23 (4), 475-486.

Jahromi SG, Khodaii A, “Effects of nanoclay on
rheological properties of bitumen binder”,
Construction and Building Materials, 2009, 23 (8),
2894-2904.

Karahancer S, “Effect of aluminum oxide nano particle
on modified bitumen and hot mix asphalt’,
Petroleum Science and Technology, 2020, 38 (13),
773-784.

Kelsall RW, Hamley IW, Geoghegan M, “Nanoscale
science and technology”, 2005, Wiley Online
Library.

Omranian SR, Ghanizadeh AR, Golchin B, Hamzah MO,
Van Den Bergh W, “Application of Conventional
Mathematical and Soft Computing Models for
Determining the Effects of Extended Aging on
Rutting  Properties of Asphalt Mixtures”,
International Journal of Transportation
Engineering, 2021, 8 (3), 247-260.

Nejad FM, Azarhoosh AR, Hamedi GH, Azarhoosh M],
“Influence of using nonmaterial to reduce the
moisture susceptibility of hot mix asphalt”,
Construction and Building Materials, 2012, 31, 384-
388.

Nejad FM, Hamedi GH, Azarhoosh A, “The Use of Surface
Free Energy Method to Evaluate the Mechanism of
the Effect of Hydrate Lime on Moisture Damage of
Hot Mix Asphalt”, Journal of Materials in Civil
Engineering, 2012.

Rajasekar R, Heinrich G, Das A, Das, CK, “Development
of SBR-nanoclay composites with epoxidized
natural rubber as compatibilizer”, Journal of

&S Az - F

Aoz Sl e Sl (5550 by, 5l lie ool yo
ity 52 501 415 5 sl ATyl s o
5 325 () ooliil i (sla bsline s, 5
ols

Gl iz 5 omb slaae)s 3 (g e So98l (nl
gools yrals ws o 1 g cuipa |, 8 b ol5l (65l
Pl onl e ge il ]y 8 g (Siw dlas o (S
iz 203 g S5ety |y (ol slabslne (usb) conglie
s I 5518 gl ko 13 15 soeb 0 slaigs
S slad )3 (St Ll cusls sl 15 o a5
g S p il .l e slajl slhls LIS 13 0l alS
5 ppnirod] S S g5l 8 (S 55, Sy loand
4 ol ooled 50 23 i sla )b e 2alS )0 plgse | 0l
Cadls e sla L b (S wlas

3 sl alb S daw ol51 (65, gal adlie
0% (Sal S Gladilo S o oljl (65, (0wl adlse
S35 3k adlge 3 90 50 gy (ul S a5 e
2,18 0925 o 5l

poegdl 5 ol oSt Gl 3gl soye Sl eolal
Gl Sleogas U ol oads cely Limghy () )0 colaiwls,ge
5 oS e gile 5 Sl o g o/eq lade a4 4l 8
Fogil g SH1 VY g 2TV plie 4 18 3k Sloogas
s Sz U oosde ol ggose nl b (R
Al gl ladilo s 8 50 H0 by 8 4y Cond oulizdlal
b Sy e ol ugb ) ol A Cod a5 il I

a5 a2 oo ol ailoSaw - 8 Sais ol 6550 el
O (S ¥zl aly 28 g Sl S oS o (Sainr
St fagile n SHITIT jlade 4 4l ;8 5 (!5 ab S
J3a> Gedy) Sis bl l o dS aes e plad cllae ol el
s S| K il rhw oy slal 5.8 o5luloas (1
3 e @l g Sl G S (SIS Ao ans
3 slidl el 658 slbanSTal 5l ool cpuzmen 0)l0
el o0 Ao - 18 Saws o1 (55,1

Lls o cwlS slealoSiw b osdasly sladiges
gl 1o (5 hre (St ST g5l Al ;3 L oadasle
a3 o plas cdlae opl ailassls Sal Sow slaasls S b
Ol 39i b locSiw aoly mhaws (59, 51 B (o lax 51 j0 &5
2 S0k 4 hled 1V g 055 o ol5T (651 (5 o
el s bdilo S o



IPE-NY ((0F) 50 0) ¥ oo)lods (BT ol oy ) bumo 9 oyl o (i 49 285 [ (550 g xS .0 Y&

Nanotechnology, 2009.

Sadiq Bhat F, Shafi Mir M, “A study investigating the
influence of nano Al,03 on the performance of SBS
modified asphalt binder”, Construction and
Building Materials, 2021, 271.

Shafabakhsh G, Sadeghnejad M, Ebrahimnia R, “Fracture
resistance of asphalt mixtures under mixed-mode
I/1I loading at low-temperature: Without and with
nano SiO2”, Construction and Building Materials,
2021, 266, 120954.

Wang R, Yue M, Xiong Y, Yue ], “Experimental study on
mechanism, aging, rheology and fatigue
performance of carbon nanomaterial/SBS-
modified asphalt binders”, Construction and
Building Materials”, 2021, 268, 121189.

Wang ], “Nanomaterial-based electrochemical
biosensors. Analyst”, 2005, 130 (4), 421-426.

Yao H, Dai Q You Z, “Chemo-physical analysis and
molecular dynamics (MD) simulation of moisture
susceptibility of nano hydrated lime modified
asphalt mixtures”, Construction and Building
Materials, 2015, 101, 536-547.

Yusoff NIM, Breem AAS, Alattug HN, Hamim A, Ahmad ],
“The effects of moisture susceptibility and ageing
conditions on  nano-silica/polymer-modified
asphalt mixtures”, Construction and Building
Materials, 2014, 72, 139-147.

Zollinger C], “Application of surface energy
measurements to evaluate moisture susceptibility
of asphalt and aggregates”, Texas A&M University,
US, 2005.



Journal of Civil and Environmental Engineering
Volume 52 (2022), Issue 3 (Autumn), 117-126

University of Tabriz

EXTENDED ABSTRACT

Effects of Metallic Nano Materials on the Cohesion and Adhesion
Properties of Asphalt Binders and Aggregates Using Surface Free
Energy Method

Babak Golchin®*, Ali Hekmat®, Gholam Hossein Hamedi®

@ Department of Civil Engineering, University of Mohaghegh Ardabili, Ardabil, Iran
® Department of Civil Engineering, Ahar Branch, Islamic Azad University, Ahar, Iran
¢ Department of Civil Engineering, University of Guilan, Rasht, Iran

Received: 06 October 2019; Accepted: 14 April 2021

Keywords:
Moisture damage, Nano materials, Cohesion, Adhesion, Surface free energy.

1. Introduction

One of the most common damages in asphalt mixtures is due to the destructive effects of moisture on the
cohesion of asphalt binder and adhesion of asphalt binder-aggregate which is called moisture damage (Xiao et
al, 2010). Moisture damage can be divided into two mechanisms, adhesion and cohesion. They are related to
the strength loss of asphalt mixtures (Tan and Guo, 2013). Water can penetrate between the surface of asphalt
binders and the aggregates. It reduces adhesion between binders and aggregates. Also, water can be absorbed
in the asphalt binder. It decreases the cohesion properties of asphalt binders. When the cohesion and adhesion
properties of asphalt binder reduce, stiffness of asphalt mixtures reduces. There are several different
approaches for improving adhesion and reducing moisture sensitivity in asphalt mixtures. One convenient
approach is modifying the asphalt binder with a suitable agent. Most of road and transportation agencies have
tried to use anti striping additives to increase adhesion at the aggregate-asphalt interface (Kakar et al, 2015).
Liquid anti strip additives are chemical surfactants that decrease the aggregate’s surface tension and improve
the surface coverage of aggregates. In contrast in this research, the potential of two types of metallic nano
materials in two different percentages (nano AL203 and Fe203) were evaluated.

2. Methodology

A 60/70 base asphalt binder, two different aggregates including siliceous and lime aggregate and two types
of nano materials in two different percentages (nano AL203 and Fe203), were used for fabricating the samples.
Figs. 1 and 2 show images of nano AL203 and Fez03 in 500nm. To assess the effect of these nano materials, the
concept of surface free energy (SFE) was applied for determining the adhesion and cohesion properties of
aggregate and modified binders. Surface free energy is defined as the energy needed to create a new unit
surface area of material in vacuum condition. A sessile drop test was used for determining some basic
components. Acid, base, polar, nonpolar and total surface free energy of binders was calculated. Also, adhesion
free energy between binders and aggregate in both dry and wet condition were determined for siliceous and
limestone aggregates.
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3. Results and discussion

Table 1 show the effects of metallic nano materials additive on the surface free energy of adhesion for
siliceous and lime stone aggregates in wet and dry conditions. The value of adhesion free energy is positive for
dry conditions, while it is negative for wet conditions. From the table, modified binders have higher values of
surface free energy when compared to base binder. It means that, nano metalic additives enhance the moisture
sensitivity of asphalt mixtures. In dry condition, surface free energy of adhesion increases when additive
content increases. Higher surface free energy value are preferable than its lower value. The improvement
effects of these additives for lime stone aggregate are higher than those for siliceous aggregate.
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Fig. 1. Image of Nano AL203 Fig. 2. Image of Nano Fez03

Table 1. Surface free energy of adhesion

Aggregate Without additive Al203 Fe203
0 0.5 1 0.5 1
dry 150.2 151.9 153.4 152.4 153.3
Siliceous aggregate
wet -123 -111.1 -112 -112.2 -116.3
dry 154.6 156.1 157.5 156.3 157.4
Lime aggregate
wet -119 -111 -111.9 -112.1 -116.4

4., Conclusions

This study showed that nano material significantly improves the moisture strength of samples made with
the modified asphalt binder in comparison with the nonmodified asphalt binder samples. Results of surface
free energy theory show that the nano materials increase the cohesion free energy of the asphalt binder and
decrease the probability of the occurrence of cohesion failure in the mastics. Also, nano materials decrease the
acid component and increase the base component of surface free energy of the asphalt binder which increases
its adhesion with the aggregates.
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