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Abstract

The conventional Hot Mix Asphalt (HMA) may suffer from several distress
such as fatigue cracks and rutting. These distresses increase with severe climate
conditions and reputation of traffic load. The High Modulus Asphalt Concrete
(HMAC) designed according to the French method (EME) can be considered as one
of the important solutions for these distresses. The production of HMAC requires hard
grade bitumen. The current research involved a novel way to produce hard grade
bitumen (asphalt binder) to be consonant with the requirements of hard grade bitumen
used for a HMAC. The experimental work involved mixing polymer and cross-linking
agent with conventional bitumen to get the new bitumen. Since the most concern with
hard grade bitumen and HMAC is the fatigue cracks, Crumb Rubber (CR) was added
to the obtained bitumen to improve the fatigue performance of the pavement. Fourier
Transform Infrared Spectroscopy (FTIR) and Scanning Electronic Microscope (SEM)
tests were carried out on the conventional and hard grade bitumen. The optimal value
of additives was selected to meet the requirement of hard grade bitumen was 4%
Novolac from weight of bitumen and 10 % of Hexamine from weight of Novolac (i.e.
0.4% of weight of bitumen), while the selected CR ratio to improve flexibility was
0.5% from weight of bitumen. FTIR and SEM test results showed that a mechanical
interaction was occurring between the bitumen and the additives leads to greatly
improve the mechanical properties of resulting bitumen. The obtained bitumen is
satisfied to required standards and can be used for HMAC according to French
method.

Key words: Hard Grade Bitumen, High Modulus Asphalt Concrete (HMAC),
Polymer, Novolac, Hexamine, Crumb Rubber, Enrobés A Module Eleve! (EME).
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1. Introduction

The flexible pavement is one of worldwide used pavement type. Its structure
usually composes of asphalt concrete layer(s), granular base and subbase courses
resting on a well-prepared subgrade. Asphalt concrete and bituminous base have the
major effect on structural capacity of the pavement since they carry the most portion
of the applied load (traffic and environmental loads). Although the state of granular
bases and subgrade courses may have a significant impact on permanent deformation
(rutting) and other majors distresses in flexible pavement, many studies demonstrated
that the design of asphalt mixture and material adequacy (quality and gradation of
aggregate, and binder properties) have a significant effect on these distresses. [1]

As the traffic intensity and axle load increase rapidly during the last decades, the
highway agencies around the world facing big challenges to provide heavy duty
asphalt cement to carry that growing demand without sever deformation. One of the
new techniques has been proposed in France is producing high modulus hot mix
asphalt can sustain these demands. Enrobés a module élevé (EME) has been
introduced during the last three decades in France as new mechanism for designing a
HMAC mainly used in base and binder courses of bituminous pavements. This
technology was transferred recently to several countries such as UK, Australia, and
some of European Union countries [2][3]. The EME can be considered a performance
based method taken into the account the moisture susceptibility and fatigue
performance of the pavement. It also puts high restriction on permanent deformation
of flexible pavement (Rutting).

EME method producer requires hard grade bitumen; this type of bitumen either
obtained as refinery produced or may be achieved using some additives. Many
additives have been used to modify the original characteristics of bitumen. The most
commons types were polymers and several studies have been carried out in this aspect
[4]. Each type of polymer has special properties and gives specific effect on bitumen
performance.

The using of High Modulus Asphalt Binder (HMAB) significantly improves the
mechanical characteristics of Hot Mix Asphalt (HMA). These properties include
stiffness, elastic recovery and resistance to cracking. These enhancements
consequently cause reduction in pavement thickness by about 20% [5]. However, the
use of this type of bitumen at a temperature lower than -10 °C should be with caution
due to the cracking probability [5][6]. Some additives may be used with HMAC to
enhance cracking resistance especially in very cold regions [7][8]. These additives can
improve the cracking resistance and keeping a high stiffness modulus for asphalt
mixture. Several studies have been carried out to produce Polymer Modified Bitumen
(PMA) to be used in manufacturing of high modulus asphalt concrete. One of these
was the using of Fiber/polymeric compound asphalt to produce high modulus asphalt
concrete [9]. The outcome HMA showed a significant resistance to permanent
deformation during hot climate in summer time in addition to overall improvement of
mechanical properties of HMA.

Another study was conducted to obtain high modulus asphalt concrete using
HMAB [10]. During that study HMAB was tested by using scanning electron
microscope to evaluate the characteristics of this type of binder. The results of the
study showed that, the permanent deformation (rutting depth) and deflection of layers
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made with mixtures contain HMAB is much smaller than that produced with
conventional or SBS modified bitumen.

The main objective of this research is to produce a heavy grade asphalt binder
used for production of HMAC. The research plan involved using newly economic
sustainable materials to produce this HMAB (hard grade bitumen). These material
were phenol formaldehyde solid resin (Novolac) and cross-linking agent Hexamine

(Hexamethylene tetramine) to meet the requirement of EME class 2. To complete this
task several percentage and deferent ways of mixing were adopted to select the
optimum percentage of Novolac and Hexamine. The results of previous study of
author showed that using of Novolac and Hexamine can increase the viscosity and
cohesion of bitumen and consequently improve the properties of obtained asphalt
mixture [11].

Since the obtained asphalt binder has low penetration grade, a Crumb Rubber
(CR) was added to obtained binder to maintain the flexibility properties of a new
binder [7][12][13].

As it’s well know that the HMAB include three types: hard grade asphalt binder
(refinery produced), asphalt modified with harder addition (natural asphaltite) and
polyolefin asphalt modification [10][14]. The obtained binder can be considered as
hard grade bitumen meets the requirement of binder used in EME design method for
high modulus asphalt concrete produced in similar way of obtaining polyolefin
asphalt modified [5].

2.1.Methodology of the research
2.2. Materials
2.1.1. Conventional asphalt binder

In this research, conventional bitumen binder with a penetration grade of 40-50
was brought from al Nasiriya refinery, south of lIrag. The bitumen was tested
according to the specification requirement of EME2. The properties of conventional
binder (penetration, softening point, ductility, viscosity and thin film oven tests) were
tested through some of conventional tests described in international standards
mentioned correspondingly. Table 1, illustrates the tested properties of conventional
bitumen. All tests were conducted according to BS EN (British Standards - European
Standards) Standards according to requirements of hard grade bitumen and EME2
method except the ductility of bitumen was tested according to ASTM since it is not
specified as a requirement for hard grade bitumen and EME2 method, and due to
unavailability of test equipment of force ductility according to BS EN 13589.
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Table 1. The properties of conventional binder

No. Test Type Results | Requirement Reference standard
(according to
Iraqi
specification)
1 | Penetration (0.1 mm) 43 40-50 EN 1426 [15]
2 Softening point (0C) 51 EN 1427 [16]
3 Flash point 290 >232 EN 2592 [17]
4 Ductility (cm) 121 >100 ASTM D 113-99 [18]
After Rolling Thin Film Oven Test
5 -
5 Y0Retained 58 > 55 EN 12607—1+ EN 1426
penetration
6 Softening point (°C) 54 EN 12607-1+ EN 1427
7 %Mass loss 163 °C,
50gm. 5 hr 0.36 <0.5 EN 12607-1 [19]
2.1.2. Modifier

The Novolac polymer (Phenol formaldehyde solid resin) and cross-linking agent
Hexamethylene tetramine (H.M.T.A) (See Figure 1, for Novolac and Figure 2 for
Hexamine) were used in this research as a new technique to produce hard paving
grade asphalt binder. The properties and composition of Novolac have been illustrated
in Table 2. Hexamine is a hardener added to cross-linking the Novolac. The hard
grade bitumen binder is usually used to produce a high modulus asphalt concrete
according to French method (EME). Since, the most concern of hard paving grade
asphalt is the fatigue cracks, a low percentages of Crumb Rubber (CR) were tried to
enhance the fatigue resistance of asphalt mixture. Particles of crumb rubber (CR) (see
figure 3.) used in this research were reclaimed from old scrap tyres. They contain
rubber hydrocarbons such as natural rubber, butyl rubber, and styrene—butadiene
rubber (NR, BR, and SBR). it also provides a chance to recycling this waste material
and reduce the environmental pollution during disposal them [4].

(B) (C)

OH OH

Figure 1.Novolac (Phenol formaldehyde solid resin) :( A) Novolac particles, (B) Grinded
Novolac, (C) Structure of Novolac [20].
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Figure 3. Crumb Rubber (CR)

Table 2. Characteristics and composition of Novlac resin [20].

Properties Value
Phenol-Formaldehyde (wt%) 100
Density (gm/cm?®) 1.25
Melting point °C 95
Thermal conductivity (W/m °© C) 0.2
Viscosity (poise) 13-18
Properties medium Under acidic conditions (HCL)

The addition of Hexamine to Novolac produces cured Novolac (Novolac resol)
which has more reactivity to interact with polar components in asphalt and
consequently increase the physical interaction between asphalt molecular. The
following equation shows a simple explanation to that interaction [21].

(CH2)6 N4 + 6H20 —— 4NH3 + 6CH20
(H.M.T.A) + (moisture and heat) (Ammonia) + (formaldehyde)

?H ?H OH ?H
/CHA HOCH,, |  CHX CH;0H

(Novolac) (Formaldehyde) (Cured Novolac)
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2.3. Description of production process

To describe the mixing operation of conventional asphalt with additives to
obtain hard grade bitumen, the following steps were adopted in sequence:

1. Novolac was grind by using the electric mill to be used as dry powder additive
with conventional bitumen binder.

2. The bitumen binder (40-50) grade was heated to a temperature of 150 °C in an
oven, then the appropriate weight was added to pre-heated automatic shear mixer.
Novolac was added gradually to bitumen binder to avoid agglomeration of polymer
and mixed automatically at temperature 0f160 °C with cross-linking agent
Hexamine (H.M.T.A). The duration of mixing was 1 hour to achieve good
blending and dispersion of the polymer into the bitumen binder. The Novolac was
added as a percentage from asphalt binder while the Hexamine was added as
percentage from Novolac to act as a hardener cross-linking for the Novolac.
Different percentages of Novolac (1%,2%,3%,4%,5% ) and Hexamine
(5%,10%,15%) were used. Conventional tests of bitumen binder (penetration,
softening point, ductility, flash point) have been conducted for each percent of
(Novolac and H.M.T.A) to find the optimal ratio of additives to obtain hard grade
bitumen. The produced bitumen met the requirement of hard grade bitumen used in
EME?2 method, see Table 3, to produce a HMAC.

3. The CR was added to the produced hard grade bitumen (with optimal ratios of
Novolac and H.M.T.A) and mixed by shear mixer. Three ratios (0.5%, 0.75%, 1%)
for CR from bitumen weight were tried.

4. The adopted ratio of CR was based on keeping approximately same penetration
value and improving ductility value by using the minimum amount of CR.

Table 3. Specifications for hard paving grade bitumen — Properties applying to all hard
paving grade bitumen [22]

. Test . Classes
Properties methods Units 5 3 7
Penetration at 25 °C EN 1426 0,1 mm | 15-25 12% 5-15
. . 58- | 60-
0 -
Softening point EN 1427 C 55-71 78 76
Change of mass % <0,5
: Retained 0
Re3|stan§:e to penetration EN 12607-1 & =33
hardening -
Increase in 0
. . C <8
softening point
. EN ISO o
Flash point 9592 C > 235
Solubility EN 12592 | %mass | >99,0

2.4. Experimental tests
2.3.1. Preliminary test for the additives

Infrared spectrometry (IR) is a practical method adopted the infrared to analysis
the samples by identify the infrared absorption of samples and consequently provide
chemical information about the molecular structures (molecular bonds) of chemical
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compound. Spectral data is gathered in wide range wave lengths [23]. Fourier
transform infrared spectroscopy (FTIR) considered as a specific type of infrared
spectrometer device was used for testing the main two additives used in current
research as shown in Figure 4. The functional groups of Novolac were identified
using Fourier transform infrared spectrometer device as shown in Figure 5. The test
was conducted in the Department of Chemical Engineering, University of Al-
Qadisiyah.

Figure 4. FTIR testing equipment
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Figure 5. FTIR test results of Novolac

The spectral data of the sample showed the following elements were included
with Novolac: Phenols (O-H bonds), Aldehyde (C-H bonds), Alcohols (C-O bonds),
Aromatic (C=C bonds) as shown in Table 4. This justification based on wave number
of elements appear in the test results comparing with correlations chart used to
interpret FTIR results.[24].

Table 4. Summary of the FTIR result of Novolac

\-ri%?z?igr]: Frequency (cm™) Elements from test fre-lt;tzlr:cy
phenols (O-H) 3200-3400 Phenols (O-H bonds ) 3306.85
Aldehyde (C-H) 2800-2900 Aldehyde (C-H bonds) 2924.1
Alcohols (C-O) 1000-1300 Alcohols (C-O bonds ) 1225.83
Aromatic (C=C) 1475-1600 Aromatic (C=0 bonds) 1507.97
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FTIR test was also carried out for Hexamine, and the spectral data are illustrated
in Figure 6. The results showed that the following elements were included with
Hexamine: absorption band of CH2 at (1465 cm™), (C-H) aliphatic at (3000cm™) (N-
H) in the Amine group at (3500 cm™), and (C-N) at (1350Cm™). The interpretation
also based on the previous mentioned chart used to interpret FTIR result [24].
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Figure 6. FTIR test results of Hexamine

2.3.2. Laboratory tests of bitumen binder

The standard tests of bitumen were made for both conventional and produced
hard grade bitumen. These tests include penetration, softening point, ductility, flash
point, solubility, rotational viscosity and rolling thin film oven (RTFO). The tests
were also repeated for hard grade bitumen after adding the CR.

2.3.3. FTIR and SEM tests for obtaining bitumen

In order to understand how the obtained binder can blend or react with another
component of asphalt mixture, FTIR (mentioned previously in section 2.3.1) and SEM
(Scanning Electronic Microscope) tests were carried out on the obtained binder. SEM
IEDS (Energy disperse x- ray spectroscopy) analysis is one of three modes used in
SEM test. It was used in this research to obtain compositional information of a
material by applying beams of electrons on it to get information about their
composition (element concentrations and compositions) [25]. Small and thin samples
of (pure and hard grade bitumen binder) at solid state were tested by SEM equipment.
This test have been conducted in a Central service laboratory, College of Education
for Pure Sciences, University of Baghdad. Although these tests (FTIR and SEM) are
not standard tests of bitumen, but they were conducted to give an indication about the

type of interaction between the bitumen and additives and to show the homogeneity of
obtained bitumen. [10][23][26].
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3- Results and discussion
3.1. Laboratory tests results of hard grade bitumen

The selection of the optimal value of additives was based on the physical
properties of asphalt required to produce hard grade bitumen. Table 5 shows the
results of the whole laboratory tests for different percentage of the main additives.
The following Figures (7, 8, and 9) show the penetration, softening point and ductility
tests results with the minimum and maximum limits as recommended by the
specifications of hard paving grade bitumen. Although the ductility of hard grade
bitumen was not specified as a requirement, there are some studies showed that the
minimum acceptable value for ductility at 25 °C for hard grade bitumen is 10 cm [6].
In addition, it may give some indication about the flexibility and cohesion properties
of bitumen. Even the obtained hard grade binder within the requirements of binder
used for EME, the forthcoming tests for HMAC (rutting, fatigue, and moisture
sensitivity) should confirm that. These tests are the part of the future work of authors.

Table 5. Selection of optimum ratio of additives

% of Movplas, fom weight of asphalt binder
Nataral
*a:phalt 1% 2% 3% 3% 3%
Test (433':22 %% of Hexamine (H.T.M.A) from weight of asphalt Nouglac
5% | 10% | 15% | 5% | 10%] 15% | 5% | 10% | 15% | 5% | 10% | 15% | 5% | 10%] 15%
Densfoaticn | 4 43| 30| 28|30 27| 22| 2020|1231 12|135]|11] 8
(1/10mm)
Softening 51 5 5 53 | 5 52| s 53 | 55 | 55 2 5 7
poizt °C) 51 50 51 53 51 52 54 53 5 35 56 61 62 61 63 6
Ductility | 1o |113|10s| 78| o1 | 85| 50 | 65| a4 |37 | 38| 8| nn |17 | 5| s
(cml.
Flazh point| . Z
200 > 300
(°C)
After Thin Film Oven Test
%% Retaimed
penetration, | 58 | 71 | 65 | 67 [ eo | so| 57| 77| 60| ss | 82| 62| 61| 52| 64| &
of original
Increase in
softening 3 3 |3 |2 | 4| &l 2|3 2|91 S 1|32 3
point (°C)
Ductility of
Residue 72 73| 57| 71| 61| 45| 36| 46| 34| 26|27 20]| 15|25 18] 14
(cm)
Yellazs
gsiolg_; 036 |0.11]008|010]|014|012|009]|011(010]012(0.12]|009]004]006]000]011
Shr
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Figure 7. Penetration of bitumen has different ratios of Novolac and Hexamine [22].
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Figure 8. Softening point of bitumen has different ratios of Novolac and Hexamine [22].
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Figure 9. Ductility of bitumen has different ratios of Novolac and Hexamine [6].

The optimal value of additives was selected to meet the requirement of hard
grade bitumen used in an EME2 method to produce a HMAC (see Table 5) was 4%
Novolac of weight of bitumen and 10 % of Hexamine from weight of Novolac (i.e.
0.4% of weight of bitumen). Table 6 also shows all tests results for selected ratios of
additives. The dynamic (rotational) viscosity was adopted to measure the viscosity of
bitumen because of using the capillary tube procedure may cause the tube to be
clogged due to using CR in the next step [27].

Table 6. Specifications for hard paving grade bitumen [22] and the obtained physical
properties of bitumen (without CR)

Test Requirement
Property Test method result | (according to EME?2)
Penetration,100gm,25
°C 5sec (1/10 mm) EN 1426 [15] 17 (15-25)
Softening point (°C) EN 1427 [16] 61 (55-71)
Flash point, (°C) EN 2592 [17] > 300 > 235
Solubility EN 12592 [28] 99 >99
Dynamic (Rotational)
viscosity at 135 °C EN 13302 [29] 0.85 0.6
(Pa sec.)
Kinematic viscosity at
135 °C (mm?/sec.) EN 12595 [30] 817 > 600
— 5
Ductility,25°C,5 | AsTmM D 113-99[18] | 18
cm/min, (cm)

After Thin film oven test BS EN 12607-1 (163°C, 50gm, 5 hr.)
Softening point (°C) EN 12607-1+ EN 1427 63 > orig. min. + 2 °C
Retained penetration | e\ 15607 1+ EN 1426 | 63 > 55

of original (%)
Increase In sOftening | g\ 15607 14+ EN 1427 | 2 <8
point( °C)
Mass loss (%) EN 12607-1 [19] 0.09 <05
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CR was added to optimal ratio of Novolac and Hexamine to improve the fatigue
performance of asphalt mixture as reported in literature. The adopted ratio of CR was
0.5 % from bitumen weight as shown in Table 7. The selection was based on keeping
approximately same penetration value and improving ductility value by using the
minimum amount of CR. The details of test results are shown in Table 8.

Table 7. Selection of CR ratio to be added to hard grade bitumen

0
Property 0.5 % CR O'Z:SR/" 1% CR
Penetration,100gm,25°C,5sec (1/10 mm) 18 20 24
Softening point (°C) 61 61 62
Ductility,25 °C, 5 cm/min, (cm) 24 31 36

Table 8. Specifications for hard paving grade bitumen [22] and the obtained physical
properties of bitumen after addition of CR

Test i
Property Test method result Requirement
Penetration,100gm,25°C,5s i
ec (1/10 mm) EN 1426 18 (15-25)
Softening point (°C) EN 1427 61 (55-71)
Flash point, (°C) EN 2592 > 300 >235
Solubility EN 12592 98.6 >97 [31]
Dynamic (Rotational)
viscosity at 135 °C (Pa EN 13302 0.87 0.6
sec.)
Kinematic wsgosny at 135 EN 12595 844 > 600
°C (mm?¢/sec.)
— 5 -
Ductlllty,Z?CnC]:), 5 cm/min, ASTM D 113-99 24
After Thin film oven test BS EN 12607-1 (163°C, 50gm, 5 hr.)
Softening point (°C) EN 12607-1+ EN 1427 65 > orig. min. +2 °C
Retained penetration of | g\ 19507 14+ EN 1426 | 63 > 55
original (%)
Increase in soocl:";enlng point( EN 12607_1+ EN 1427 4 <3
Mass loss (%) EN 12607-1 0.10 <0.5

3.2. FTIR test result

FTIR test has been conducted on two sample of asphalt (pure and hard grade
asphalt) as shown in Figure 10. The results of the test revealed there are no new
function groups (appear as peaks) in FTIR results for hard grade asphalt compared
with pure asphalt. This can be indicated there are no new chemical components and
consequently, there is no major chemical reaction occurred due to production of hard
grade bitumen (asphalt) by adding the mentioned polymer and other additives.
However, what was happening can be explained by physical blending or interaction of
polymer with asphalt in presence of heat and mechanical mixing. During the blending
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process, Hexamine cured the Novolac resin to make cross-linking polymer. This
polymer tends to surround the bitumen molecules to protect them from the additional
aging process during the pavement life. This behaviour can be confirmed by
increasing the area under curve for hard grade bitumen (see Figure 10); also by the
results of thin film oven test presented in Table 6,8, in which; it can been seen higher
% retained penetration and less loss of weight for hard grade bitumen compared with
pure asphalt. Also, the addition significantly increases the viscosity of bitumen which
in turn, increases the cohesion between bitumen molecular and the adhesion between
bitumen and aggregate in asphalt mixture. This action significantly improves the
mechanical properties of bitumen and leads to obtain hard grade bitumen used to
produce high modulus asphalt concrete.

100 +
90 - /

| [
80
70
60
50
40
30
20 . -
4| —— Modified(hard grade) bitumen |

10 1| —— Pure bitumen

0 T T T T T T T T T T T T T T T T T T T T T T T T
0 1000 2000 3000 4000 5000
Wavenumber cm-1

% Transmittance

Figure 10. FTIR test results for pure and hard grade bitumen
3.3. SEM/EDS test result

The test was carried out on unmodified and modified (hard grade) bitumen. Two
spectrums were tested for each sample of unmodified and modified bitumen. The
outputs of the test were presented as element analysis shows the percent of elements
in each spectrum. Minor differences can be seen between the percentages of elements
in the two spectrums for each sample due to the different places of machine focusing
during the test.

Figure 11 and Figure 12 show the tests results for the pure and hard grade
bitumen respectively. These figures show no significant changes in weight of
elements between pure and hard grade bitumen which confirmed there is not a major
chemical reaction. However, there are some changes in weight of both carbon (C) and
oxygen (O) elements, because the additives contained both of these elements and they
may combine to the original components of bitumen. In addition, the mixing process
may bring some amount of oxygen to the bitumen. Some elements (such as
manganese element (Mg) and chloride element (CI)) also appeared in hard grade
bitumen due to the addition of crumb rubber. Although the asphalt is mixture of
hydrocarbons, the hydrogen does not appear in the results of element analysis due to
its low atomic number [25][32].
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The picture of hard grade bitumen obtained from SEM /EDS test (shown in
Figure 12) reveals that the addition made the obtained bitumen more homogenous and
consequently improves their cohesion and mechanical properties.

Element | Weight% | Atomic %
CK 72.45 76,94
0K 26.96 22.79
NakK 0.12 0.06
AlK 0.06 0.03
SiK 0.05 0.02
SK 0.33 0.13
Cak 0.02 0.01
ot Scie 2287 ‘w c:‘-:f. - e L s .:' Totals 100.00
Spectrum 1
Element | Weight% | Atomic %
CK 74.25 78.45
OK 25.2 213
Na K 0.11 0.06
AIK 0.06 0.03
SiK 0.05 0.02
SK 0.31 0.12
Cak 0.02 0.01
i.n Scn:::v-.'m;vw ::'-:-: : ': b & > : "-.J Totals 100

Spectrum 2

Figure 11. Elementary analysis for conventional 40-50 (unmodified) bitumen

Element | weight Atomic %

CK 67.05 73.55
0K 30.87 25.42
Na K 0.75 0.43
Mg K 0.2 0.11
Al K 0.16 0.08
SiK 0.35 0.16
SK 0.47 0.19
Clk 0.15 0.05
[Full Scale 2267 cts Cursor: 0.000 Ke! Totals 100
Spectrum 1
Element | weight Atomic %
CK 69.03 75.15
OK 29.02 23.89
Na K 0.71 0.40
Mg K 0.19 0.10
AlK 0.15 0.08
SiK 0.33 0.15
SK 0.44 0.18
Clk 0.14 0.05
2 4 6 8 10 12 14 16 18 20
[Ful Scale 2267 cts Cursor: 0.000 ke Totals 100.00

Spectrum 2

Figure 12. Elementary analysis for hard grade (modified) bitumen

The SEM/EDS test results showed slightly more oxygen in obtained bitumen,
which may give more concern about more aging for the obtained asphalt with long-
term performance. However, previous studies showed that the rate of aging with long
term performance for modified asphalt is quiet less than that of conventional asphalt,
which reduce the concern of aging with long term performance [23]. This can also be
confirmed by the comparing the results after RTFOT for unmodified and hard grade
asphalt (modified), in which the percent of retained penetration is higher for modified
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asphalt than that of unmodified asphalt and the loss in heat is quite less for modified
bitumen as shown in Table .6,8.

2. Summary and conclusions

The current research involved newly method for production of hard grade
bitumen used in design of high modulus asphalt mixture according to EME method
from conventional bitumen 40-50 grade. The process consisted of addition of polymer
and cross-linking agent (Novolac and Hexamine); so, it is similar to production of
polyolefin asphalt modified. Since the most concern with hard grade bitumen is the
fatigue performance of mixture, CR was added to improve this behaviour.

The main outputs of the study can be listed below:

1- Several percentage of additives were tried to get the optimum ratio of addition. The
optimum ratios of additives to produce hard grade bitumen were 4%, 0.4 % and
0.5% of bitumen weight for Novolac, Hexamine and CR respectively.

2- The mechanical properties of obtained bitumen were corresponding to that of hard
grade bitumen binder used in design of HMAC according to EME method. This
achievement is helping to use the obtained binder (hard grade) in forthcoming
work to produce high modulus asphalt concrete.

3- The increasing of oxygen in obtained bitumen may increase the aging process
during the early stage of pavement life. The aging of bitumen at an earlier stage is
good for pavement, regarding to the performance (decreases the moisture damage,
improve rutting resistance). The rate of aging decreases with long-term
performance of pavement as confirmed by RTFOT (in which the percent of
retained penetration is higher for modified asphalt binder than that of unmodified
asphalt and the loss in heat is quite less for modified bitumen) and previous study.

4- Although, the FTIR and SEM tests are not standard tests for binder, they were used
to show if there are major chemical changes were occurred during the blending
process. These tests showed no major chemical changes were occurred in spite of
the great improvement in mechanical properties of binder; also, they clearly
showed the homogeneity of obtaining binder.
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