-

Al 45

_ el Gally el aula) Bl
¢Qqﬂ\gﬁ

Ao o,iliy gl llaal) culial Aducal) datlaal)
g — ldul milial OJAN Ayl

AR Gua Ao o ode

ale Al
Aus il slaastl) [ slaastl

-
&

il

aaa) Jes laad Gla) 5y 538401 a0 Losall 3L

?\HYG AV¢¢7



-~

dadAl)
chUaY) el Hsaall caliayl e caeadial Aale ) Ll dsas alaal) 25 as

Syhall el & aly 3Uas e Waste tier rubber — modified Asphalt (RMA)  dlaxicadll

oS 8 5l BIEAY) G, el ske (3815 Chain e Sg3na alasil) 138 i oSy

Ca ine giya) il (b e Abaa 53a) Ll ¢y bl ciliaally Laas)

- (lsnlSs ulel

esail oy Jalnall Zsh g ehal ap Jalaally il isat ) o3 Wiy b Ligad)

P Gob e

Crumb Rubber «f)Uay) clidl guuds # L) olya) a3 Pre- Swelling Gewal) #Lasy)1-A
el Ligma Blyag Aisaall 3od llagall 2953 Stock £+ ) ) oty (CR)
Fla) e Talhall @lidl 3)S CR4p dandl) Liaadialy & Uay) Cigan

Ll Leadialy - Jaldaall mhais (3haaly Joedil Jandin JuleS Furfural J)sé)sdll axanul-B
il dalleall axy blaall @ilid) 50 < CRE

U glad) o bl e puaad 2 Gl aa

oo Lt 3l Cyang %0(AT,6,Y) aing (CRag— LN Caliad) (ha geilie Bae yaaad —)
Sl Jageal) i) o BN i Jlagid

Oeen) 212311 e g )5l dgall L3ST e SBS gl — ol oUign —pbias 255 =Y
e i) lya Upan 3 clawsY) jipan 8 CRap ae SBS plasia o3 131 i) dia )
(2S5l Jagaaally 35Lal) claa¥) e Gaesil) STy SBSZY 5 %(A,1,£,Y) cawsts CRao

Sl asls opa 0V % Bl Sy o) A i) ae Anlad) Adaiil) 8 lgad g 3laill piaat Y
-zl (e 8aY) delu (il i Poly phosphoric acid (PPA) eli)giu s

o) shaiul 9 %(ATEY) g (CRE — Hladll i ) alaaials silya jaaasi =
el iy CRp2uS3al) gl

tove IS ) Tyg 4% Aty €l ddla) il Ay -0



(CRF%8, SBS%2 8Ll ciliws) zope —
(CRF %8, SBS %4 s)Lall cilew) iy —
LYy Jalaall il o Compatibilty daaslall 52l Jal ce @l

Al sy 5 sl dnpy (a5 Al Cluldl) DS e Bydandll alall ads o5
st FTIR ehyeall cant dad¥) gl (el oo Slaad gl op3aall olyiads Uiy
.zl

2Ssal Jagall ] yioa o lgle Jyemnll & Al i) Juadl (e o) gl gl
CRup /£ zisaill 3 A3l daps cazly Goin SBS /Y ualgng Adlide raing CRyp pladiudy
. -1.304 3)5aY) didag 80Cm alsnayls YV 43l dsjag /00

Lol 45,09 CRap /71 &ty 5 o311 5 AV z3s il o dael G} S
. -0.99 &laY) Jdadag 65Cm sl YY ddlaill 4 jag /0A

Al pmels Bla) a5 Al z 3l 8 Lgle Jsanll o5 A bl (bl e @ll3S
asls 35505 SBS /Y 5 /) + duusing CRyp = lsse saally 2uSall el PPA clssish
19Cm aaia¥y YY audlaally /1A daglll dapn casly Gasa /00) L PPA eljsinst (Aol
H0.676 3 1aY) daag

Llaall b aladial HLEN Clin) pat 6 Lgde Jsanl) & ) 30 Juadl e @lliSy
L0l dapag oA Lgll) daal miliall ulael Gun Furfural o G gllaal 74 doasy dllgil)
AoV GlaaY) Jaag VY Aty YY

@il plaaial 2Siall digall i) ygat 8 Lgdle Joamnll a3 3 gLl Juadl Lol
Aaydg ATY Aagll) dnjal milall cudae) Gus Furfural o G gllaall A dowsy @lgid) Tt
- () LAY g Vv Uil VY L3l




Abstract

With the growing interest in bituminous construction materials. Waste tire
rubber — modified Asphalt (RMA) has been widely used in road construction,
which was traditionally limited by the poor compatibility of RMA. In this study,
we adopted a pre-treatment approach for crumb rubber (CR) using two different

methods prior to its application in asphalt modification:

A- Pre-Swelling A pre-swelling process was carried out for crumb rubber
(CR) using base oil Stock 40 under ultrasonic waves and controlled temperature

to ensure swelling. The pre-swollen crumb rubber was designated as CR40.

B- Furfural Activation Furfural was employed as an activating agent to
enhance the surface reactivity and penetration of the crumb rubber. After
activation with furfural, asphalt blends were prepared according to the following

axes:

1- Preparation of several blends of (Qayyarah asphalt — CR40) at different
concentrations (2%, 4%, 6%, and 8%). The same blends were also prepared

by replacing Qayyarah asphalt with oxidized Suheil asphalt.

2- Styrene-Butadiene-Styrene (SBS) is one of the most commonly used
polymer modifiers for improving asphalt pavements. Given the increasing
interest in waste tire recycling, it was necessary to attempt the incorporation
of SBS with CR40 in asphalt modification. Therefore, blends of asphalt with
CR40 at concentrations of (2%, 4%, 6%, and 8%) and 2% SBS were
prepared for both types of asphalt (Qayyarah and oxidized Suheil).

3- The same blends as in the previous point were prepared, with the
modification that 0.1% polyphosphoric acid (PPA) was added during the last

30 minutes of blending.

4- Preparation of several blends of (Qayyarah asphalt — CRF) at concentrations
of (2%, 4%, 6%, and 8%), with the same blends reproduced using oxidized
Suheil asphalt instead of Qayyarah asphalt.



5- Investigation of the effect of adding 3% sulfur by weight to each of the
following blends:

- (Qayyarah asphalt — 8% CRF — 2% SBS)
- (Qayyarah asphalt — 8% CRF — 4% SBS)

- This was carried out to enhance the compatibility between crumb rubber and

asphalt.

It is worth noting that the prepared blends in all the aforementioned axes
were subjected to physical property evaluations, including softening point,
penetration grade, ductility, and storage stability, in addition to Fourier-

transform infrared spectroscopy (FTIR) analysis.

The results showed that the best results were obtained by modifying
oxidized asphalt using CR4o at different percentages and 2% SBS polymer. The
4% CR40 sample achieved a flexibility of 55%, a permeability of 27, an

elongation of 80 cm, and an index of penetration of -1.304.

Similarly, another sample with 6% CR4o yielded a flexibility of 58%, a

permeability of 23, an elongation of 65 cm, and an index of penetration of -0.99.

Furthermore, the best results were obtained in samples where
polyphosphoric acid (PPA) was added to the oxidized asphalt previously
modified with CR4o at a percentage of 10% and 2% SBS, in the presence of
0.1% PPA. These samples achieved a flexibility of 68%, a permeability of 22,
an elongation of 19 cm, and an index of penetration of +0.676. Similarly, the
best results were obtained in modifying Al-Qayyarah asphalt using 8% pre-
treated used rubber crumb with Furfural, yielding a plasticity of 58%, a

permeability of 22, an elongation of 22, and a penetration index of 1.07.

The best results were obtained in modifying oxidized Al-Sahil asphalt
using 8% pre-treated used rubber crumb with Furfural, yielding a plasticity of

63%, a permeability of 17, an elongation of 10, and a penetration index of zero.
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