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pavements. In this research, two methods of producing nanomaterials have been applied to

produce nano hydrated lime (NHL). The first method was a mechanical process of milling [<€ywords

hydrated lime with the application of a planetary ball mill, nano hydrated lime particles in Nano-Hydrated Lime
powder form were produced. The second method was chemical processing of dissolving certain  (NHL)

chemical materials (qamely, palcium nitrate Ca(NOs),, sodiu_m hydroxide_NaOH and sodi_um Milling process (physical)
dodecyl sulfate SDS) into distilled water. The process resulted in the production of NHL solution

that after drying in an oven resulted in NHL particles. The sizes of the NHL products were Dissolution process
measured using two methods of Field Emission Scanning Electron Microscope (FE-SEM) and ~ (chemical)
Dynamic Light Scattering (DLS). The size analysis was performed on NHL samples that were Nanoparticles size
produced after different milling periods in the physical method; and at variation of the

concentration of the solution, mainly calcium nitrate (Ca(NO3),) and sodium dodecyl sulfate Bitumen rheological
SDS, in the chemical method. The average particle sizes in the physical method, after 6 hours of ~ properties

milling, were 211 nm, as measures in DLS and 114 nm as measured in FE-SEM. These in the

chemical method, at concentration of 3 ml of calcium nitrate solution (Ca(NOs),), were 379 and

124.615 nm respectively. With the chemical method, the nano particles were formed in the plate

form with average thickness of 68.5 nm. In addition, X-Ray Diffraction (Nanomaterials have

been used in the recent years to improve rheological properties of the asphalt binders and

increase mechanical properties of the asphalt mixtures. The high cost of producing nanomaterials

is one of the major obstacles that has limited their application in road pavements. In this research,

two methods of producing nanomaterials have been applied to produce nano hydrated lime

(NHL). The first method was a mechanical process of milling hydrated lime with the application

of a planetary ball mill, nano hydrated lime particles in powder form were produced. The second

method was chemical processing of dissolving certain chemical materials (namely, calcium

nitrate Ca(NOs),, sodium hydroxide NaOH and sodium dodecyl sulfate SDS) into distilled water.

The process resulted in the production of NHL solution that after drying in an oven resulted in

NHL particles. The sizes of the NHL products were measured using two methods of Field

Emission Scanning Electron Microscope (FE-SEM) and Dynamic Light Scattering (DLS). The

size analysis was performed on NHL samples that were produced after different milling periods

in the physical method; and at variation of the concentration of the solution, mainly calcium

nitrate (Ca(NO3),) and sodium dodecyl sulfate SDS, in the chemical method. The average

particle sizes in the physical method, after 6 hours of milling, were 211 nm, as measures in DLS

and 114 nm as measured in FE-SEM. These in the chemical method, at concentration of 3 ml of

calcium nitrate solution (Ca(NOs),), were 379 and 124.615 nm respectively. With the chemical

method, the nano particles were formed in the plate form with average thickness of 68.5 nm. In

addition, X-Ray Diffraction (XRD) and X-Ray Fluorescence (XRF) analysis were performed in

order to determine the composition of the produced nano materials. These indicated that with the

physical method, a higher lime content material was produced. Physical properties of two

bitumen types (60/70 and 85/100 penetration grade) that were modified with 2, 4, and 6% of
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NHL were determined using Dynamic Shear Rheometer (DSR) and Rotational Viscometer (RV)
tests. The results showed that adding 4% of nano hydrated lime (produced by physical method)
improved the properties of bitumen to the best. At this percentage, the viscosity of bitumens
modified with nano hydrated lime produced by physical and chemical methods improved by
about 33% and 18% for the bitumen 60/70 pen and by about 20% and 16% for the bitumen
85/100 pen, respectively. The rutting resistance of modified bitumens increased by about 70%
and 54% for the bitumen 60/70 pen and by about 30% and 17% for the bitumen 85/100 pen,
respectively. The results also indicated that the addition of NHL (in physical production method)
improved the best the bitumen physical properties, penetration was reduced and softening point
was increased. In addition, the temperature susceptibility of the modified binders were reduced
too. Assessing the change of the viscosity of the NHL modified binders, it resulted that 4% NHL
would provide the optimum conditions. Finally, properties of the 60/70 pen bitumen, modified
with NHL were better than those of the 85/100 pen bitumen.XRD) and X-Ray Fluorescence
(XRF) analysis were performed in order to determine the composition of the produced nano
materials. These indicated that with the physical method, a higher lime content material was
produced. Physical properties of two bitumen types (60/70 and 85/100 penetration grade) that
were modified with 2, 4, and 6% of NHL were determined using Dynamic Shear Rheometer
(DSR) and Rotational Viscometer (RV) tests. The results showed that adding 4% of nano
hydrated lime (produced by physical method) improved the properties of bitumen to the best. At
this percentage, the viscosity of bitumens modified with nano hydrated lime produced by
physical and chemical methods improved by about 33% and 18% for the bitumen 60/70 pen and
by about 20% and 16% for the bitumen 85/100 pen, respectively. The rutting resistance of
modified bitumens increased by about 70% and 54% for the bitumen 60/70 pen and by about
30% and 17% for the bitumen 85/100 pen, respectively. The results also indicated that the
addition of NHL (in physical production method) improved the best the bitumen physical
properties, penetration was reduced and softening point was increased. In addition, the
temperature susceptibility of the modified binders were reduced too. Assessing the change of the
viscosity of the NHL modified binders, it resulted that 4% NHL would provide the optimum
conditions. Finally, properties of the 60/70 pen bitumen, modified with NHL were better than
those of the 85/100 pen bitumen.
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Properties A60/70 A85/100 Test Method
Penetration
(100 g, 55, 25°C), 0.1 mm 66.4 96.5 ASTM D5
Softening point, °C 49.2 45.9 ASTM D36
Flash point, °C 327 320 ASTM D92
Specific gravity
at 25°C, g/cm3 1.016 1.013 ASTM D70
Ductility
(25°C, 5cm/min), cm 109 108 ASTM D113
Viscosity 293 2658  ASTMD2170

at 135°C, cSt

Table 1. Characteristics of the asphalt binders
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Fig. 1. Flow chart of the research
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Specification Hydrated lime filler

Calcium nitrate

Sodium hydroxide Sodium dodecyl sulfate, SDS

(HL)
pH level 12.4 6-7 14-13 6-9
Source Industrial Industrial Industrial Industrial
Melting point (°C) - 561 318 204-207
Boiling point (°C) - 132 1388 >150
Appearance Powder Powder Soda perk granule Powder
Color White Colorless White Light yellowish white
Particle shape Hexagonal or spherical Cubic Crystal s:ig;ir particle Spherical
Chemical formula Ca(OH), Ca(NO3y), NaOH CH3(CH,)1;SO4Na
Molecular weight 74.093 164.088 40 288.38
(g/mol)
Density (g/cm®) 2.211 2.504 2.13 11
. . Water, alcohol, Solubility in e Solubility in water at 20°C (150
. - Low soluble in water in o Solubility in water at -
Dissolvability the form of suspension water at 20°C (121.2 20°C (1110 g/l) gm/l) and in ethanol

g/100ml)

(9.96 g/l)

Table 2. Specifications of the HL filler and the chemical additives
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Fig. 2. FE-SEM image of the HL filler
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Average particle size of nano hydrated lime (nanometers)

Before Milling Time (hour)
Test type Millingg 2 4 6 8 10
DLS" 794 433 307 211 274 287
FE-SEM™ 206 185 166 114 138 144
The total number of 30 samples (24" DLS samples and
samples 6" FE-SEM samples)

Table 3. Average NHL particle size after different milling times
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Fig. 3. Average NHL particle size distribution at different milling
times in the physical method
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Fig. 5. DLS results of particle size distribution of chemically
produced NHL
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Fig. 6. FE-SEM image of chemically produced NHL particles
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Sample NHL particle sizes (nm) produced from Ca(NO;), and NaOH applying chemical method

Sodium Dodecyl Sulfate SDS (g) Calcium Nitrate Ca(NOs), used (ml)

First attempt

0.10 0.40 0.60 1.0 20 25 30 40 420 5.0
1 : 630 577 490 411 493 984 1607
2 0.20 SDS+H,0 6002 11065 983 6058 6134
Second attempt Ca(ggg)(zggm') 050 10 15 20 25 30 35 40
3 0.4 12834 6023 3478 1674 1837 943 965 1322
4 0.3 630 598 489 452 546
5* 0.2 558 423 387 379 452 480
6 0.15 605 552 540 397 517
. Ca(NOs3); (ml) attempt (0.1) from the weight of (Ca(NO3),) and (NaOH)
Third attempt SDS (g) 215 220 225 230 235
7 0.2 2224 494 417 432 593
Ca(NOs3); (ml) attempt (0.01) from the weight of (Ca(NO3),) and (NaOH)
Fourth attempt SDS (g) 48 49 50 51 52
8 0.2 1261 715 480 551 947
The total number of samples 45

Table 4. Average NHL particle size in different concentrations of Ca(NO3),
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NHL produced

Composition HL NHL produced by physical method by chemical method
Calcium Oxide (CaO) 74.896 73.716 63.120
Silicon Dioxide (SiOy) 0.537 0.640 0.342

Aluminum Oxide (Al20,) 0.175 0.216 -
Hematite (Fe20,) 0.205 0.217 0.328
Magnesium Oxide (MgO) 0.431 0.424 0.309
Sodium Oxide (Na,O) 0.017 0.022 2.765
Manganese Oxide (MnO) 0.036 - 0.023

Zr (zirconium) 0.003 - -
Phosphate (P,0s) 0.101 0.118 0.024

Potassium Oxide (K,0) - 0.088 -
Titanium Dioxide (TiO,) - - 0.018
Sulfur Trioxide (SOs) 0.046 0.052 0.061
Sulfur (S) - - 0.732

Chlorine (CI) 0.017 0.018 -

Strontium (Sr) 0.016 0.017 0.006

Pb (Plumbum) - - 0.015

Cerium (Ce) - - 0.004

Vanadium (V) - - 0.003

Zinc (Zn) - 0.005 -
Nickel (Ni) - 0.007 -
Weight percentage of heat loss (L.O.I)  23.52 24.46 32.25

Table 5. Results of XRF analysis of the HL filler and NHL
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Fig. 10. Penetration of of the virgin and the NHL-modified
bitumen in physical and chemical methods
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Fig. 13. Rotational viscosity (RV) results of the virgin and the
NHL-modified bitumen in physical and chemical methods
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Fig. 14. The effects of NHL on mixing and compaction
temperatures
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Fig. 15. Results of complex shear modulus (G*) of the virgin and
the NHL-modified bitumen in physical and chemical methods
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Fig. 16. Results of phase angle (8) of the virgin and the NHL-
modified bitumen in physical and chemical methods
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Fig. 17. The results of the rutting parameter (G*/sind) of the
virgin and the NHL-modified bitumen in physical and chemical
methods
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