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Modifier Type

Class

Effect on Distress

pPD*

FC" LTC* | MD*

AG®

Fillers

Carbon black

Mineral: Hydrated lime

Fly ash

Portland cement

Baghouse fines

Extenders

Sulphur

A B B B R

Wood lignin

Polymers - Elastomers

Styrene butadiene di-block SB

B

Styrene butadiene triblock/radial block (SBS)

Ed

Styrene isoprene (SIS)

w

Styrene ethylbutylene (SEBS)

Styrene butadiene rubber latex SBR.

Polychloroprene latex

Matural rubber

Acrylonite butadiene styrene (ABS)

Polymers - Plastomers

Ethvlene vinyl acetate (EVA)

Ethylene propvlene diene monomer (EDPM)

Ethylene acrylate (EA)

Polyisobutylene

Polvethylene (low density and high dengity}

Polvpropvlene

Crumb rubber

Different sizes, treatments, and processes

Oxidants

Manganese compounds

S E P P S E A E L P P

Hydrocarbons

Aromatics

Napthenics

Paraffinics/wax

Wacuum gas o1l

Asphaltenes: ROSE process resins

SDA asphaltenes

td

Asphaltenes: DEMEX asphaltenes

Shale oil

=

Tall oil

Natural asphalts: Trinidad

Gilsonite

Antistrips

Amines: Amidopamines

Polvamines

Polyamides

B B L L

Hydrated lime

Organo-metallics

EaES

Process-based

Air blowing

Steam distillation

Propane de-asphaited (PPA)

Fibers

Polypropvlene

Polvester

3

Fiberglass

Steel

Reinforcement

MNatural: Cellulose _

Mineral

B RS

Antioxidants

Carbamates: Lead

Zinc

Carbon black

Calcium salts

Hydrated lime

Phenals

Amines

E L E L L L

* Permanent deformation

* Moisture damage

b

Fatigue cracking

* Oxidative aging

3

Low-temperature cracking
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Test Specification Results Specification limits
Penetration (25 °C; 0.1 mm) ASTM D5 EN 1426 63 50-70
Softening point (°C) ASTM D36 EN 1427 49 46-54
Viscosity at (135°C)-Pas ASTM D4402 0.51 -
Thin film oven test (TFOT) (163 °C, 5h) ASTM D1754 EN 12607-1
Change of mass (%) 0.07 0.5 (max.)
Retained penetration (%) ASTM D35 EN 1426 51 50 (min.)
Softening point after TFOT (°C) ASTM D36 EN 1427 51 48 (min.)
Ductility (25°C) (cm) ASTM D113 100 -
Specific gravity ASTM D70 1.030 -
Flash point (°C) ASTM D92 EN 22592 +260 230 (min.)
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Property SBS content (%)

0 2 3 4 5 6 Specification limits
Penetration (1/10 mm) 63 61 51 49 48 48 20 (min.)
Softening point (°C) 49 50 54 57 67 69 65-75
Penetration index (PI) —0.92 —0.73 —0.16 0.35 2.18 2.46 -
Change of mass (%) 0.07 0.06 0.06 0.07 0.07 0.07 1 (max.)
Retained penetration after TFOT (%) 51 41 31 24 21 21 40 (max.)
Softening point difference after TFOT (°C) 2 4 4 2 3 2 7 (max.)
Storage stability (°C) - 3 3 2 3 2 4 (max.)
Brookfield viscosity 135°C (i) (Pas) 0.51 0.55 0.62 0.76 1.20 1.50
Modification indice (HpmB/base) 1 1.08 1.22 1.49 2.35 2.94
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G*hin SE0.02 Hz (Pa) G*fsin $@1,59 Hz (kPa)
Einder Rel. 40°C Ranking 60 Rarking 4050 Ranking T Ranking
Bit M 3600 14 % 14 162 13 68 14
Bit ¥ 2400 15 6 15 103 15 51 15
MSE 22,500 4 447 1 442 2 26 4
MTE 31800 3 BAG 3 485 L W3 1
RSE 14,600 6 447 6 %2 3 133 g
R7E 38,300 1 1638 2 %0 3 26 3
V5E 19,500 5 550} 5 27 5 163 E
VIE 36,800 2 2075 1 3 1 268 2
35 =4 13 151 13 150 1 g2 13
R5S 7500 10 254 1 00 ] 113 0
k7S 500 g 365 10 102 0 131 9
Vi 6200 1 224 12 166 ” 102 1
V&S o1 8 437 8 A 8 161 7
VI3 12,300 1 644 4 o 7 03 5
Prop & 5900 12 96 ] 116 14 96 12
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Binder Ref. F .cin M@ | 50 Hr (WPa) Ranking
Bit M 6.8 13
Bit vV ER") 3
NSE T.9 15
MTE 6.9 14
R5E 6.7 11
RTE 6.5 10
V5E 4.7 T
VTE 4.6 G
R35 5.5 9
R55 5.1 B
RTS 8 12
Wis 4.2 5
V55 3.8 2
VIS 4.1 4
Prop 8 13 1
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Asphaltic concrets (AC) Stons maati ¢ asphalt (SMA)

Binder Raf. Ult. strain (%) Ranking Strain rate (pedoyel) Ranking Uit Brrain (%) Ranking Strain rate (pefcycle) Ranking

Bit M - - - - 167 12 173 14
Bit ¥ 1.3 4 155 14 - - - -
MSE 069 13 0.366 13 070 9 030 9
MTE .62 12 0.26 12 118 13 032 11
RSE 048 10 .00 7 0.70 10 030 10
RIE .41 7 011 & 114 12 030 13
V3E 043 8 012 0 T4 i1 036 12
VIE .51 11 02 11 0.63 2 028 8
R3S 0.35 6 005 5 051 4 018 5
R55 027 4 [LENS) 4 056 & nls 4
RTS 020 1 [LENE] 2 047 2 13 1
Vis 44 L) (1B E o (1K) r 025 T
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Asphaltic concrete { AC) Stose mastic asphalt (SMA)
Binder Ref. Faigue funetion R Fatigue function L
BitM - - W =676 % 1112537 085
BiL ¥ - - - -
MSE Np= 206 % 10" g =2 .66 Np= 106 | Mg .88
M7E Np= 450 % 101 g2 e 099 Np=T.07 % 17132 088
RSE Np=135% 107 g™ 075 Np= 173 % 1M 31 081
RTE Np= 114 % 10¥ g 2% 0T Np= LE4x 112 31 0.88
VSE Ne= 114 % 10V g 2™t .80 Np=214 3¢ | )Pg 5 .50
VTE Np= 120 % 10" g2 .65 Mp=123% )25 072
RIS Ne= 191 % 10 2575 191 Np=T153% 1y~ nar
RSS = 926 % 107 g =™ 002 Ny = T.43 3¢ )10 2800 0.9%
RTS Np= 143 x 10" g~ .97 Np= 123 3¢ | 3"~ 81
Vis Np= 483 % 101 g~ 2823 097 M= 5.62 % 1 2By 259 0.56
e K= 248 3 108 L0027 098 By =213 3¢ 12— 3302 008
VTS Np= 478 % 107 g 23! DR M= 1223 | g 097
Prop § Np= 193 % 101 52 .91 Wy =381 x 171735 098
[V] Airey jags 5o (Hlwl b &g u.{..,, LY DI A S PR
Asphaltic concrete (AC) Stone mastic osphalt (SMA)
Binader Ref. £ 10 (e Ranking W Ranking £107 (pe) Ranking wje Renking
Bit M - - - - 64 B | &6, (0H) 9
Bit V - - - - - - - -
MSE 80 5 309,000 5 83 5 138,000 6
MTE 74 7 284,000 7 83 4 468,000 5
RSE 63 8 129,000 9 9% 3 £49,000 3
RIE LT 10 TL300 11 69 7 277,000 1
VSE 30 13 15 800 13 &) [ 160,000 1
VIR as 11 43300 12 5 12 107,000 13
R35 114 k] 2150000 k| i3 14 59.600 14
RSS 124 2 330,000 2 55 1 184,000 10
RIS 104 4 1,230,000 4 55 10 246,000 8
vas a6 12 10,900 10 40 13 114,000 12
V5§ 75 6 30,700 6 Bl f 506,000 4
VIS 51 9 21,000 8 98 2 240,000 2
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Polymer Properties Value Test Method
Toluene solution viscosity 25% Pa.s 5 MA 04-3-064
Toluene solution viscosity 5,23% cSt 13 MA 04-3-003
Volatile matter, % 04 ASTM D-5668
Hunterlab color 2 ASTM D-1925-70
Total styrene (on polymer), % 31 ASTM D-5775
Hardness, “Shore A 76 ASTM D-2240
Insolubles in toluene, 325 mesh, % <01 MA 04-3-018
Ashes, % <0.35 ASTM D-5669
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Polymer Property Value Test Method
Toluene solution viscosity 5.23%, cSt 11 NM-300-11
Volatile matter, % max 0.75 ASTM D-5668
Block styrene, % min 28 NM-202-07
Total styrene (on polymer), % 30 ASTM D-5775
Specific gravity 0.94 DIN-53479
Melt index, g/10 min (200 °C, 5kg) <0.5 ASTM D-1238
Hardness, °Shore A 78 ASTM D-2240
Tensile at break, MPa 17 ASTM D-412
300% modulus, MPa 2.7 ASTM D-412
Elongation, % 800 ASTM D-412
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Rotary Viscosity(135 °C)
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Abstract

In this paper the effect of two grades of Styrene-Butadiene-Styrene on bitumens
AS/Y v+ & VY /Y04 was studied. Physical, mechanical and the most important, rheological
properties of polymer modified bitumens and the original binders are studied and compared
with each other. Modification of bitumen with polymer nanocomposites was done for the first
time in Iran. Also hysical,mechanical and rheological properties of bitumen/polymer/nanoclay
composites were compared with bitumen/polymer too. Rheological experiments were done
according to the SHRP method.

Keywords: Bitumen, SBS, Nanoclay, rheological properties, SHRP experiments.
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