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Shimi Tejarat Naghshe Jahan is
one of the leader and experienced

companies in the production of high
quality bitumen in Iran.

The bitumen produced in this factory
is available in various forms,

2 300kg and one ton jumbobags and
bulk bitumen.

The Africa continent, India, China,
Singapore, Vietnam and other East
Asian countries are among the
export destinations of the company’s
products.

OUR PRODUCTS

. Penetration Grade Bitumen

CONTACT US

« Viscosity Grade Bitumen (VG) g R s e e

. ,  RR s www.stnjco.com ¥ T
. Performance Grade Bitumen (PG) . ... ... U4

« Asphalt Cement Grade (AC) info@stnjco.com n

----------

..........
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DaryaPaya

ESPHL
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www.espad-co.com

As Iran’s largest private sector shipping company, Espad Darya
Paya takes pride in delivering excellence in maritime
transportation. With a fleet of over 300,000 containers and
regular services from major Iranian ports to global
destinations, we ensure seamless and reliable logistics
tailored to your needs.

Weekly Regular Services

o Extensive Coverage Across 350 Ports in 30+ Countries
Fast, Secure, and Dependable Solutions

Flexible Services Designed Around Customer Requirements

(¢]

O

O

2nd Floor, No. 17, 13th St., Vozara St., Tehran - Iran
+9821 581 63000

info@espad-co.com
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Neyzar Bitumen Izetmery

LV+971568962 106
Neyzar.com info@Neyzar.com
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BITUMEN REFINERY

Akam Bitumen Refinery has been established in the year 2009 based
on International Oil and Gas Standards which could achieve “Quality
Management System [S02001:20015” , “Environment Management
System IS01401:2015” , “ Health & Safety Management System
OHSAS 1801:2007 “ and “European Standard CE” successfully.

‘Worth to mention that Akam Bitumen Refinery is distinguished to have
the production capacity of more than 2500 MT/DAY of all Grades of
Bitumen in various Packings in order to respond to our valued
customer’s requirement.

Riyoniz Bitumen Refinery which was established in the year 2012 is
privileged to be located in an industrial area near Bandar Abbas port
which has the production capacity of more than 2500 MT/DAY of all
Grades of Bitumen in various Packings.

Relying on our Refineries and our capabilities we are honored to be
one of the leading companies in the industry in this region , trying our
best level to provide our valued customers with the best Quality and
Services to meet their satisfaction.

JUN-2025 WPB
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@ FJ FRONTIER COMPANY

PHOENIX PHOENIX REFINERY

NTERMATIONAL A/S  FRONTIER CO,

-In 1907, Phoenix International A/S was found in Denmark/ Europe

-1n 2012, Frontier Co (Phoenix Refinery) has been established a new refinery in Slemani/lraq
-1n 2015, Frontier Co. started exporting Bitumen to Asia, Africa, India, China, Brazil,

Pero, Turkey, Georgia, Romania, Armenia, Malaysia, United Kingdom, and EuropeanCountries
-1n 2020, a new technology VDU refinery has been installed in Slemani/lraq

Our Products:

-Vacuum Diesel Qil (VDO)

- Light Vacuum Gas Oil (LVGO)

- Heavy Vacuum Gas Qil (HVGO)
-Vacuum Residue (VR)

- Paving Bitumen Grades

- Viscosity Bitumen Grades

-SG Bitumen Grade

- Oxidized Bitumen Grades

- Polymer Modified Bitumen (PMB)
- Mastic

- Flynt Coat

- Tack Coat

- Prime Coat

- Waterproof Membrane

More information catl us e VISITOUR WE_.BSI"I:.E
+964(0)770 065 0000 WS PHOENIXREFINERY.COM
< ARBAT- SULAYMANIYAH, IRAQ (5 +964 °])'”°"5° 6843 PHOENIX@PHOENIXREFINERY.COM

c ADDRESS:
+964(0) 750 150 6843
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~ADIAN

DARYAYE MAHAN

Tehran Office Address:
First floor, No.6, 10" Alley,Ahmad Ghasir,Argentina Sq.
Postal code: 1514735434 +98 21 57396000

—
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Hebei Qunbang Chemical Co., Ltd

Hebei Qunbang Chemical Co., Ltd
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TAR PITCH

/ﬁ Building 6,Industry city,Congtai District,Handan City,Hebei Province,China

a 00863107056581

WY industrial +8615231050888

. hthal
N s b4 hdsqbwz@hdqunbang.com

& www.gunbangchem.com
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@ Bulk Liquid Transport
BLT FLEXITANK

Make Your Liquid Transportation Safer, Easier& More Economical

BLT—World's Largest Flexitank Manufacturer

Our manufacturing base is one of the most experienced in the
flexitank industry, producing over one-third of the world’s flexitanks.

540.000+ 10 Billion Liters+

Liquid cargoes
transported per year

200.000m?

Self-owned factory
with a complete supply chain

Product Introduction

Flexitanks
manufacurered annually

11

Food-Grade Flexitank

For all kinds of food-grade liquid or slurry liquid transport

B Chemical Flexitank
The product is widely used in non-hazardous chemical liquid
packaging and transportation

Use BLT flexitank to make your products
more competitive

4 20-30%
a» Iransport Volume

High Temperature Flexitank

Suitable for transporting non-hazardous chemical liquid
materials with high temperature and low fluidity

50-80%

Transport Cost

Tel: +86 15820083862 Add: 24F, Golden Light Tower, No.56 Hongkong Middle Road, Qingdao, China

E-mail:BLT@flexitank.us Web:www.bltflexitank.com

JUN-2025 wpe H
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RAHA Bitumen Co

Member of RAHA GROUP

Penetration Bitumen
Viscosity Grade Bitumen (VG Bitumen)
Performance Grade Bitumen (PG Bitumen)
Polymer Modified Bitumen (PMB)
CRUMB Rubber Modified Bitumen
Cutback bitumen
Bitumen Emulsion

Oxidized Bitumen

¥ info@rahabitumen.com

AN

858 www.rahabitumen.com 3 Dubai(UAE): +971 (4) 566 4998
whatsapp: +97156 281 7292
Turkiye: +90 312 544 5481
Iran: +98 31 32355207

$
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BITUMEN MAGAZINE

MAG.COM

EDITOR’'S MESSGAE

With a decade of activity in the
bitumen and petroleum deriva-
tives industry in the field of
printing and publishing special-
ized news and selected scientific
articles from conferences, sym-
posiums, research centers and
universities, and introducing
brands and companies produc-
ing petroleum and bitumen, the
World of Petroleum and Bitumen
Journal has been able to gain the
trust of more than 6000 perma-
nent audience in such a way that
they would like to receive the
print version of the journal
every month.
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BIG

Accommodating operator preferences, the 525-60 and
530-60 have an ergonomic and comfortable design for
long hours working on the farm.

=
- !

ENHANCED OPERATOR
VISIBILITY

Split stable door, tinted

cab glass and new and
improved mirrors, boost
all-round visibility.
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Chevron, Shell, and BP-Strengthen LNG
Presence in Egypt Amid Global Energy

Shifts

24

According to WPB, global energy giants Chevron, Shell, and BP
are intensifying their involvement in Egypt’s natural gas sector,
positioning the country as a critical hub for liquefied natural gas

(LNG) in a rapidly evolving geopolitical and energy landscape.

The conflict in Eastern Europe significantly disrupted traditional

supply routes,

particularly from Russia to

energy

Europe, prompting a major
shift in global LNG strategies.
As Western nations sought
to reduce their reliance on
Russian resources, LNG

emerged as a flexible and
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strategic alternative, capable of
being traded globally without
the infrastructural and political
limitations of pipelines. This
surge in demand repositioned
Egypt as a focal point due to
LNG export
facilities and strategic control

its operational

over key transit routes, notably the Suez Canal
and the Suez-Mediterranean Pipeline.

Major international players have moved
quickly to capitalize on Egypt's advantages.
Chevron has recently been highlighted in local
media for expected new exploration rights in
the northeastern Mediterranean, following
previous discoveries near the Sinai Peninsula,
including the promising Nargis-1 well. Chevron
also maintains operations in nearby energy-
rich zones such as Israel's Leviathan and Tamar

fields, and Cyprus’s Aphrodite project.



Egypt’s geographic position further
amplifies its importance.
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The Suez-Mediterranean Pipeline also serves
as a vital alternative for oil transport between

the Persian Gulf and the Mediterranean.

In contrast to other strategic maritime
passages such as the Strait of Hormuz or the
Bab al-Mandab Strait, both under growing
Chinese influence through strategic alliances
and infrastructure investments, Egypt’s transit
routes remain independent, making them
crucial assets for Western energy security
planning.
From a geopolitical standpoint, Egypt
continues to hold a central role in the Arab
world. Historically viewed as a leader in
pan-Arab unity and regional cooperation, its
alignment with Western interests carries both
symbolic and strategic weight. This alignment
is seen as particularly valuable in light of the
shifting alliances in the Middle East, notably
the closer ties between Saudi Arabia and the

China-Russia axis.

Western support for Egypt's LNG ambitions

has also included economic assistance
aimed at managing the financial strain
caused by rapid energy sector development.
According to a senior EU energy official,
Egypt's capacity to meet its debt obligations
to Western developers has declined, but
coordinated financial relief measures have
been implemented. One such measure is the
expansion of Egypt’s financial support program

with the International Monetary Fund, which

recently enabled access to an additional $1.2

billion. Further aid remains available from
institutions such as the World Bank and the
European Union.

As Egypt deepens its role in global LNG
supply chains, its strategic relevance — both
economically and geopolitically — is likely to
increase, making it a key player in the energy

dynamics of the coming years.
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Chemical Characteristics of Bitumen
through Accelerated Chromatographic
Fractionation

WPB,
advancements in bitumen analysis

According  to recent
have brought forward a novel and
efficient methodology for separating
its core components. Bitumen, a
dense and multifaceted by-product of
petroleum refining, is a fundamental
material in road construction. Its
durability and functional properties
are inherently connected to its
internal composition, which includes
four primary groups: saturates,
aromatics, resins, and asphaltenes—
SARA.

separation techniques,

collectively ~ known  as
Traditional
while widely used, often suffer from
extended durations,

limited efficiency, and suboptimal

processing

sample recovery.
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To address these challenges, Hallmark-
Haack and colleagues have introduced
an enhanced technique based on
automated flash  chromatography.
This modern approach aims to refine
the fractionation process, enabling

more precise and faster isolation of

Hallmarh-

Haack and

colleagues

Such
particularly

bitumen’s chemical groups.
improvements  are
vital for the asphalt sector, where
a clear understanding of each
fraction’s characteristics can directly
influence the quality, resilience, and

sustainability of pavement materials.

In their experimental framework, the
researchers tested four commercially
available chromatography columns,
each containing a distinct stationary
phase, to evaluate their performance
in isolating bitumen’s molecular
groups. The goal was to determine
which column provided the best
resolution,
speed, and

balance between

processing sample

integrity. The comparative analysis




emphasized efficiency in separation, the amount of
material recovered, and the clarity of analytical outcomes.

Among the various columns, the C18 type emerged as
the most proficient in delivering a clear, high-resolution
fractionation. This column facilitated a more detailed
exploration of bitumen’s molecular architecture, allowing
researchers to pinpoint the individual roles of each

component in influencing the material’s overall behavior.
The compatibility of the C18 column with bitumen’s
intricate chemical matrix highlighted the importance of
carefully selecting chromatographic tools that align with
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the unique attributes of complex samples.

Following separation, the individual fractions were
subjected to a comprehensive battery of tests. These
included both analytical
rheological assessments, designed to measure the chemical
composition and mechanical responses of each group
under different environmental conditions. By integrating
these two analytical dimensions, the researchers were
able to construct a thorough understanding of how
each component contributes to bitumen’s performance,

particularly under thermal variation and mechanical stress.

chemistry procedures and

‘ . The goal was to determine which column provided the
best balance between resolution, processing speed, and

sample integrity.

The implications of this study are substantial for the
pavement and construction industries. The adoption
of time-saving flash chromatography enables a more
effective quality control process, paving the way for
bituminous materials that are both more durable and
economically viable. This technique not only enhances
the efficiency of laboratory workflows but also supports
broader objectives related to sustainable infrastructure
and long-term performance optimization.

In summary, the investigation led by Hallmark-Haack

et al. represents a meaningful advancement in bitumen
characterization.

Their deployment of flash chromatography addresses
the shortcomings of conventional methods and offers
a reliable alternative for dissecting bitumen’s complex
chemistry. Beyond its immediate practical benefits, the
study establishes a foundation for ongoing research into
the interplay between chemical structure and material
behavior, ultimately contributing to the evolution of
asphalt technology and infrastructure engineering.
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CMA CGM RESTRUCTURES

FLEET STRATEGY TO BYPASS
U.S. CHARGES ON CHINESE-
MADE SHIPS

According to WPB, French maritime
giant CMA CGM has decided to reor-
ganize the deployment of its vessels

across global routes in an effort to side-
step upcoming U.S. port tariffs target-
ing ships manufactured in China. The
financial chief of the company, Ramon
Fernandez, explained that this strategy
is a direct response to the anticipated
levies which will be implemented in the
near future.

These new port charges present an
additional challenge for international
shipping companies already coping with

wes JUN-2025

the repercussions of ongoing U.S. trade policies. However,
Fernandez noted that recent modifications by U.S. authori-
ties, following strong opposition from industry players, have
made the fee structure less severe than initially anticipated.

The U.S. administration has introduced the tariffs as a coun-
termeasure to China's dominance in the shipbuilding sector,
aiming to encourage a resurgence in America’s maritime capa-
bilities. CMA CGM, the world’s third-largest container carrier,
intends to leverage its existing fleet capacity to mitigate the
financial impact of these charges. According to Fernandez,
fewer than 50% of the company’s approximately 670 ships
were constructed in China, which allows room for strategic
adjustments.
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Under the new U.S. fee frame-
work, ships both built and operated
by Chinese companies will incur the
highest charges when docking at
American ports. Despite these penal-
ties, Fernandez expressed confidence
that shipping lines—including China's
COSCO—will adapt accordingly. He
refrained from discussing how the new
policy might affect the Ocean Alliance
partnership, in which both CMA CGM
and COSCO participate.

CMA CGM,

which

received praise from the
U.S. government for announcing a $20
billion investment in American infra-
structure, reported solid growth in its

latest quarterly performance. A pre-
emptive surge in shipments, driven
by the looming U.S. tariff announce-
ment, contributed to a 4.2% year-on-
year increase in transport volumes,
boosting the group’s overall revenue
and earnings.

Owned by the Saade family of Franco-
Lebanese heritage, the company also
has significant interests in
logistics

and
media. Like many peers
in the shipping sector, CMA CGM
observed a sharp decline in trade
activity between China and the U.S.
following a tariff escalation, before
seeing a rebound due to a temporary
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agreement between the two countries
to ease trade restrictions.

Fernandez confirmed that nearly half
of the scheduled shipments for the
China-U.S. route were canceled earlier
in the season, although recent devel-
opments have revived booking activ-
ity. He stated that expec-
tations

for
upcoming trade
movements are now more optimistic
than they were just several days ago.
Nevertheless, he declined to forecast
annual growth for the company’s con-
tainer operations, pointing to contin-
ued uncertainty surrounding the fluc-

tuating trade landscape.

JUN-2025 wpe H




$

WPB  www.bitumenmag.com

Low-Carbon Future

According to WPB, the role of base oils in modern
energy and industrial systems has reached new
levels of importance. As global industries work
toward sustainability and strive to reduce their
carbon footprint, innovations in base oil technol-
ogy are becoming central to meeting both envi-

ronmental and performance objectives.

This evolution extends beyond merely complying
with regulations—it represents a proactive shift
toward long-term efficiency, cost-effectiveness,
and environmental responsibility. With significant
progress in synthetic lubricants, bio-based alter-
natives, and digital integration, the base oil sector

is entering a new phase of innovation.

Toward Low-Carbon Lubrication: New Formula-

tions and Cleaner Processes

Progress in base oil production is increasingly defined by
the development of low-carbon solutions. These include
advanced refining techniques that reduce greenhouse gas
emissions and a shift toward renewable feedstocks. Hydro-
processing technologies—particularly hydrocracking and
hydrotreating—have been enhanced to use cleaner energy
inputs and optimized catalysts, leading to base oils with su-

perior thermal stability and lower environmental impact.

A major breakthrough in this area is the advancement of
bio-based base oils. Sourced from renewable materials such
as vegetable oils and animal fats, they present a biodegrad-
able and low-emission alternative to conventional mineral
oils. Their application is growing rapidly in areas sensitive to

environmental risk.
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Equally impactful are re-refined base oils, which are
created by processing used lubricants. These recy-
cled oils now offer comparable quality to virgin prod-
ucts, thanks to improvements in vacuum distillation
and hydrotreating. This innovation promotes circular

economy practices and minimizes waste.

Additives Engineered for Sustainability

Modern additives are being re-engineered to match
the low-carbon priorities of contemporary lubricants.
These formulations are designed not only to protect
and enhance the performance of machinery but also

to cut down emissions and fuel use.

Friction modifiers now leverage advanced chemis-
tries to reduce energy loss between moving parts,
significantly improving fuel efficiency and cutting CO,
emissions. Similarly, detergents and dispersants are
optimized to ensure cleaner combustion and longer
engine life, while newer anti-wear compounds elimi-
nate toxic components such as chlorine or heavy

metals without sacrificing protection.

The Strategic Rise of Synthetic Lubricants

Synthetic lubricants have become indispensable in
supporting low-carbon initiatives. Developed through
controlled chemical processes, these lubricants offer
superior molecular uniformity, resulting in minimized
friction, better temperature stability, and lower vola-

tility.

In automotive systems, synthetic oils perform reliably
under extreme conditions, helping reduce energy loss
and prolonging engine life. They also improve fuel

economy and lower overall emissions.

Their value is even more evident in electric vehicles,
which require efficient thermal management and spe-
cific dielectric properties. Synthetic lubricants are tai-
lored to meet these needs, increasing EV range and
energy performance while reducing lifecycle emis-

sions.

Driving Sustainability in Industrial Applications

High-performance lubricants are essential in main-
taining operational continuity across industries. Syn-
thetic options stand out in sectors such as manufac-
turing, aerospace, and renewable energy, where they
reduce downtime, extend service intervals, and mini-

mize environmental impact.

For instance, in wind turbines, synthetic oils ensure
functionality under intense stress and weather condi-
tions, aiding the transition toward renewable energy.
In manufacturing, they optimize machinery perfor-

mance while reducing energy waste.

One of their key environmental advantages is their
extended service life. Less frequent oil changes mean
reduced waste and lower overall resource consump-
tion, aligning with sustainability targets and delivering

long-term cost benefits.

Market Transformation and Strategic Positioning

The implementation of low-carbon base oil solutions
is increasingly seen as a strategic investment. As mar-
kets grow more eco-conscious, companies adopting
sustainable lubricants gain a competitive advantage.
Certification schemes, governmental incentives, and

rising consumer awareness are accelerating this trend.
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Driving Sustainability in
Industrial Applications
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These technologies are being recognized not only
for their ecological advantages but also for their con-
tribution to operational efficiency. Forward-looking
manufacturers are leveraging these benefits to en-
hance their brand reputation and future-proof their

operations.

Integrating Smart Technologies: The Rise of Digital

Lubrication

Digital innovation is redefining how lubricants are
monitored and utilized. With smart sensors embed-
ded in lubrication systems, real-time performance
tracking and predictive maintenance are now pos-
sible. These capabilities help optimize lubricant us-
age, prevent machinery failures, and reduce overall

waste.

The integration of data analytics and loT within lubri-
cation practices further enhances energy efficiency

and extends equipment lifespan, contributing to



Collaborative Innovation and Research-Driven Progress

The momentum behind these advancements is support-
ed by cross-sector collaboration. Partnerships among
manufacturers, universities, and research institutions
are enabling the development of pioneering solutions—
such as bio-catalysts for converting unconventional
materials like algae into base oils, or nanotechnology-
based additives that operate at the microscopic level to

reduce friction and wear.

These cooperative efforts are accelerating the indus-
try’s shift toward a sustainable model while expanding

its capacity for rapid technological integration.

A New Standard for Lubrication Technology

In this era of transformation, Group Il and Group Il hy-
droprocessed base oils have become foundational due
to their high purity and excellent performance. Simul-
taneously, bio-based and synthetic options are carving
out substantial roles in both traditional and emerging

applications.

Synthetic base oils—including PAOs and esters—remain
crucial for demanding environments, and efforts to im-
prove their environmental footprint are making them
more accessible and responsible. Their use in EVs is ex-

panding rapidly, reflecting the growing need for special-
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ized lubricants in an electrified world.

Complementing these formulations, low-carbon addi-
tives are now an essential part of lubricant innovation,
ensuring compliance with global sustainability objec-

tives while maximizing performance.

The Road Ahead: Toward a Greener Industrial Ecosys-

tem

As the lubricant industry continues to align with envi-
ronmental imperatives, its path forward is being shaped
by a blend of innovation, digitalization, and cross-indus-
try collaboration. Producers are responding not only to
regulatory changes but also to the broader call for cor-

porate responsibility and efficiency.

By investing in low-carbon technologies, smart sys-
tems, and sustainable production methods, the base oil
sector is redefining its role in modern industry. These
advancements are not just technical achievements—
they are building blocks for a cleaner, more resilient,

and high-performing future.
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“ A Step Forward in Pave-

“ ment Durability and En-
vironmental Efficiency

According to WPB, recent evaluations of multiple infra-
structure projects demonstrate the powerful impact of
aramid fiber reinforcement in boosting asphalt pavement
performance while promoting sustainability. This approach,
tested and reviewed by Kindler and Associates Engineering
through advanced analysis tools including ASTM D 6433
standards and the PAVER Pavement Management System,
is gaining recognition for its capacity to enhance structural
reliability, reduce long-term maintenance expenses, and

prolong service life.

Strengthening Infrastructure: Three Practical Examples

Public infrastructure authorities continually seek innovative
strategies to extend the lifespan and strength of roadways.
One such innovation—aramid fiber reinforcement—is deliv-
ering promising results across various applications. Three
evaluated road sections from Pennsylvania and Maryland

present valuable insights into its effectiveness.
Project Review 1: Clearfield County, Pennsylvania
On a section of SR 4014 Rockton Road, an experimental
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overlay using aramid fiber-reinforced warm-mix asphalt was
placed alongside a standard mix for comparative analysis.
The reinforced overlay, consisting of a 9.5-mm surface layer
installed to a depth of 1.5 inches, showed significant dura-

bility over time.

When re-evaluated years later, the fiber-reinforced sec-
tion maintained a high Pavement Condition Index (PCI) of
92.3, displaying only mild surface weathering and cracking
with no signs of rutting. In contrast, the conventional sec-
tion, which had been chip-sealed, presented a PCI of 87.6.
Joe Kindler, Sr., P.E., an expert with decades of experience
in pavement assessments, anticipates that the reinforced
overlay will preserve its solid condition well beyond the

non-reinforced segment.

Project Review 2: Tyburn Road, Bucks County, Pennsylvania

Another comprehensive application occurred along SR
2020 Tyburn Road, where aramid fibers were incorporated
throughout all pavement layers to support heavy industrial
traffic. This roadway was engineered to endure over 30 mil-



istration. The test aimed to assess cost-effectiveness and

performance under similar conditions.

Later evaluations showed that the aramid fiber segments
achieved a PCI of 86.3, marginally surpassing the 85.4 PCI
of the premium mix. While the gap-graded mix exhibited
early surface raveling and wider cracking near stress points,
the fiber-reinforced areas remained more intact, indicat-
ing superior surface resilience. Moreover, the aramid blend

achieved these outcomes at a lower overall cost.

Environmental and Economic Implications

The long-term data collected from these projects empha-
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lion Equivalent Single Axle Loads
(ESALs), with nearly half of the
volume comprising large vehicles
such as waste transporters and
freight trucks.

Long-term monitoring of this
route revealed outstanding per-
formance. The westbound and
eastbound sections recorded PCI
scores of 85.7 and 86.1, respec-
tively, with only minimal deterio-
ration—an annual decline of just
1.5 points. The primary issue ob-
served was limited centerline joint
cracking, easily addressed through
standard maintenance procedures.
By comparison, older nearby seg-
ments lacking  reinforcement,
constructed one to two decades
earlier, had degraded to an aver-
age PCI of 49, with much steeper

deterioration rates.

Project Review 3: US Route 40,
Washington County, Maryland

A multi-section trial along this
route contrasted aramid fiber-
reinforced asphalt with a premi-
um gap-graded mix used by the
Maryland State Highway Admin-

size the practical benefits of aramid fiber reinforcement, es-
pecially in terms of sustainability. Lower degradation rates,
reduced need for repair, and longer pavement life result in
fewer resource demands and lower carbon emissions. From
a financial standpoint, fewer maintenance cycles translate

to reduced life-cycle expenditures.

Overall, findings from SR 4014, Tyburn Road, and US Route
40 offer compelling evidence in favor of integrating aramid
fibers into asphalt mix designs. Their inclusion not only bol-
sters performance metrics like PCl scores but also supports
broader environmental and economic goals for infrastruc-

ture development.
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“India's Green Shipping Gains

Strateglc Mometum

P By Bitumenmag

According to WPB, India’s maritime sector is entering a criti-
cal phase where environmental sustainability is no longer a
peripheral goal but a strategic imperative. This transforma-
ion is being shaped not only by government-led policies
but also by the contributions of global infrastructure lead-
ers such as Johnson Controls, which is actively working with
Indian maritime stakeholders to drive the transition toward

greener and more efficient operations.
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The Indian government has launched a series of initiatives
aimed at reducing emissions across its shipping and port in-
frastructure. These include the formation of a Rs 25,000
crore Maritime Development Fund to boost green invest-
ment, as well as programs such as the Green Tug Transition
and Harit Nauka (Green Vessel), which are designed to pro-
mote decarbonisation. Measures like shore-power integra-

tion and green hydrogen hubs further reinforce India’s vision




for a low-carbon maritime future.

Johnson Controls India, the local branch
of the Ireland-headquartered sustainable
infrastructure firm, has aligned itself with
these national priorities. The company is
helping modernise the shipping ecosys-
tem by deploying smart technologies that
enhance energy efficiency, operational
safety, and environmental compliance. Its
investments in local engineering capac-
ity and responsive service networks are
aimed at accelerating India’s shift toward

sustainable maritime infrastructure.

The company’s president in India has stat-
ed that the intersection of sustainability
and economic competitiveness is increas-
ingly critical. As global trade corridors
evolve and carbon-related trade regula-
tions—such as the EU’s Carbon Border
op-
erational, ports and shipping operations

Adjustment Mechanism—become
that can demonstrate lower emissions will
hold a decisive advantage.

India’'s broader port-led development
strategy is supported by landmark initia-
tives like the Sagarmala Programme and
the establishment of the National Centre
of Excellence in Green Ports and Shipping.
These demonstrate a clear policy orienta-
tion towards environmental responsibility
without compromising economic momen-

tum.

However, challenges persist. A large por-
tion of the national fleet comprises aging
vessels that are not equipped to meet up-
coming environmental norms. Retrofitting
such ships with alternative fuel engines or
energy-saving systems requires significant
capital investment, often with delayed re-
turns that discourage private stakehold-
ers.
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Another obstacle is the limited availability
of infrastructure for green fuels—such as
bunkering facilities for LNG or hydrogen—
hindering rapid adoption. Furthermore,
aligning domestic regulations with interna-
tional standards, especially those set by the
International Maritime Organisation (IMO),
requires regulatory reform and greater in-

centives for the private sector.

Johnson Controls has pointed out that
bridging the gap between policy and ex-
ecution is essential for fostering innovation
and long-term transformation. The com-
pany continues to collaborate with both
government bodies and private operators
to develop scalable, future-ready solutions

for maritime infrastructure.

Complicating this transition is the volatile
nature of global trade, shaped by geopoliti-
cal disruptions that affect shipping routes,
fuel prices, and logistical operations. In
such an environment, India must carefully
navigate the interplay between sustainable
development, economic priorities, and in-

ternational competitiveness.

Creating a coherent framework that sup-
ports green innovation, de-risks invest-
ment, and delivers practical regulatory
guidance will be crucial in making India a
resilient and sustainable maritime hub for

the future.
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According to WPB, the familiar black asphalt un-
der our tires — held together by bitumen — faces
a future crossroads. As the world steadily moves
away from fossil fuels, industries must confront
a pressing challenge: how to maintain and build
roads without relying on petroleum-derived mate-
rials. Bitumen, once a residual waste from oil refin-

ing, has evolved into an indispensable product in
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BITUMEN ON THE
ROAD TO SUSTAINABILITY

} AND INNOVATION

road construction. Yet, the need for sustainable,
climate-friendly solutions is driving innovation

across the sector.

Bitumen'’s role is both essential and problematic.
Each ton of asphalt contains around 50 kilograms
of bitumen, which acts as the binder holding the

aggregate together. One of its advantages is that




it can be re-melted at temperatures above 150°C,
making recycling theoretically easier than with
cement-based materials. But the material has a
hidden weakness: over time, it ages. Under the ef-
fects of sunlight, air, and high temperatures, some
of bitumen’s thousands of chemical components
evaporate or transform, leaving it brittle and less

effective at bonding the asphalt mix.
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This aging means that when old road material is
reused, it must be supplemented with fresh bitu-
men or special rejuvenators designed to restore
flexibility and adhesion. The market already offers
numerous rejuvenating products, some derived
from renewable raw materials, opening the door

to more sustainable recycling practices.
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In countries like Switzerland, where roads are more often rehabilitated than newly built, recycling has become an

attractive path forward. Asphalt researcher Martins Zaumanis from Empa in Dibendorf points out that significant

recycling potential lies hidden in existing road surfaces — but it's not fully tapped. Currently, recycling is common

in the lower layers of a road, yet the top layers, which face the most wear, still mostly rely on virgin materials.

Promising experiments are already underway. For example, a test section in Uster, near Zurich, was constructed

with a surface layer containing nearly one-

third reclaimed asphalt. Meanwhile, on the
Lukmanier Pass, connecting the regions of
Graubiinden and Ticino, researchers pushed
the recycling rate in the lower layers up to
85%, using tall oil (@ byproduct of the paper
industry) as a rejuvenator. These high-recy-
cling pavements, despite facing heavy traffic
and harsh weather, are reportedly perform-
ing as well or even better than conventional

roads.

Environmental impact is a central concern.
Producing asphalt releases significant CO2
— about 50 kilograms per ton — mainly due
to the extraction and heating of bitumen and
aggregates. Extending the lifespan of roads
thus plays a crucial role in reducing the over-
all carbon footprint. Chemist Hinrich Grothe
from the Technical University of Vienna is
investigating how bitumen’s aging process
itself contributes to emissions. Using a com-
bination of spectroscopic analysis and me-
chanical tests, Grothe's team aims to reveal

how chemical changes alter the material's

properties over time.

The search for sustainable alternatives has also led to
major collaborative projects. One such effort, the No-
bit project (short for “No Bitumen”), has secured over
€700,000 in funding. Led by asphalt expert Michael
Wistuba from the Technical University of Braunsch-
weig, the initiative aims to develop systematic testing
methods and design strategies for creating high-per-
formance asphalts from recycled and plant-based ma-
terials. From 2026 onward, test sections — ideally at
least one kilometer long — will be laid, potentially on

highways, to trial these innovative mixes.

Several bio-based additives are under examination.
Among them are modified vegetable oils from Car-
gill, plant resins from the plastics company Kraton,
and rejuvenators made from the caustic liquid found
in cashew nut shells, supplied by the Dutch company
Ventraco. While some of these products have already
gained attention — such as the “biobitumen” offered
by German startup B2Square, which integrates cash-
ew-shell derivatives — questions remain regarding the
sourcing of fossil components in these mixtures and

whether the label “bio” truly applies.
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Meanwhile, researchers and engineers in Basel are exploring yet another approach: incorporating biochar — a
carbon-rich material similar to charcoal — into asphalt. Produced from green waste at high temperatures under
low-oxygen conditions, biochar offers a way to lock carbon dioxide directly into road surfaces. For every ton of
biochar-infused asphalt, approximately 50 kilograms of COZ2 can be sequestered. Early tests also suggest perfor-

mance benefits, with improved resistance to rutting compared to conventional asphalt.

Although these biochar-enhanced mix-
es have so far only been applied to the
thicker, less stressed lower asphalt layers,
the potential remains significant. Pilot
installations are currently being moni-
tored both in quiet residential streets and
on heavily used truck routes in the Ba-
sel region. Even neighboring areas have

launched their own trials.

The long-term results of these pilot pro-
jects will be crucial. Only with time and
real-world data can the road construc-
tion sector determine whether these in-
novations will allow roads to shift from
being climate burdens to becoming ac-
tive contributors to climate solutions. By
combining advanced recycling, bio-based
additives, and carbon-sequestering tech-
nologies, the industry may be paving the
way — quite literally — toward a more
sustainable and resilient infrastructure

future.

Although these biochar-enhanced mixes have
so far only been applied to the thicker, less
stressed lower asphalt layers, the potential re-
mains significant.

WWW.BITUMENMAG.COM
JUN-2025 wee W



Magazine

The World of Petroleum and Bitumen

WPB: In a significant step toward decarbonizing
its operations, Hapag-Lloyd AG has secured
long-term green financing for the procurement
— of 24 technologically advanced container vessels,

0 ordered in October 2024. The investment—valued at
approximately USD 4 billion—marks a major milestone
-~ inthe company’s transition to more sustainable
=1 maritime transport.

bl

~ . The financing package is structured across four main
~ components. Approximately USD 900 million will be
- funded from Hapag-Lloyd’s own capital reserves. Two
-~ Dbilateral mortgage loans from banking institutions will

~  contribute an additional USD 500 million. A further

-~ USD 1.8 billion will be secured through three distinct

.. leasing arrangements. The remaining USD 1.1 billion
will be sourced via a syndicated loan facility supported
by the China Export & Credit Insurance Corporation
(Sinosure). In aggregate, external financing accounts

for roughly 80% of the total investment, with debt
maturities ranging from 10 to 18 years.

The financing adheres to Hapag-Lloyd’s revised Green
Financing Framework, which has been externally

reviewed and certified by DNV in accordance with

the Green Loan Principles issued by the Loan Market . .
Association (LMA). The certification also verifies the i

high environmental performance of the newbuilds and 1\%
their alighment with the EU Taxonomy criteria. ‘%
According to Mark Frese, Chief Financial and T
Procurement Officer of Hapag-Lloyd, “This financing }?."
demonstrates the growing relevance of sustainable N ‘
funding mechanisms in maritime transport. It .i':"
also marks our first green-financed shipbuilding

engagement in China under the Sinosure framework, I

\
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reflecting our broader strategic alignment with
international partners.”

The vessels, scheduled for delivery between
2027 and 2029, will be constructed in Chinese
shipyards and equipped with high-pressure
dual-fuel engines designed for low-emission
liquefied gas propulsion. The engines will also
be capable of operating on biomethane, which
offers the potential for up to 95% reduction

in CO,-equivalent emissions compared to
conventional fuels.

Moreover, the ships are engineered to be ammonia-ready, positioning them for future
compliance with emerging fuel technologies.This initiative forms part of Hapag-Lloyd’s
broader climate commitment, which includes a 30-35% reduction in absolute greenhouse gas ===
emissions by 2030 (relative to 2022 levels) and a target of net-zero emissions fleet-wide by
s : 2045.-The program underscores the growing importance of aligning capital investment with -
= = sustainability g_g?ls'in the global shipping industry.
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Bill Gates’ Carbon-Absorbing
Asphalt Begins Real-World Use

Roughly a year ago, Bill

Gates visited the Seattle
headqguarters of Modern
Hydrogen — an environmental
tech venture he's backed — and
lent a hand in a demonstration,
filling a test pothole with a
new kind of asphalt. Despite
some awkwardness handling
construction tools, the
billionaire philanthropist
helped showcase a promising
innovation: a road surface
material infused with captured
carbon.

This material, known as
Modern Carbon, incorporates
solid carbon derived from
natural gas. The carbon is
extracted and locked into the
asphalt, forming a carbon-
sequestering mixture that
functions like traditional
pavement. According to
Michael Baba, the company’s
senior product development
manager, the test patch
remains intact after a year

$
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of daily traffic. “It blends in
seamlessly with the road — just
what you want from a well-
performing asphalt,” he noted.

Founded in 2015 with Gates’
support, Modern Hydrogen
developed a unique process
using a methane pyrolysis
reactor. This device separates

These developments
reflect the
infrastructure sector’s
growing commitment
to sustainability and
innovative materials.

carbon from methane — sourced
either from fossil fuels or
renewable materials like manure
— producing clean hydrogen gas
that emits only water vapor. A
byproduct of the process, the
extracted solid carbon, can be
directly used in asphalt, replacing
petroleum-based bitumen. This

shift results in lower greenhouse
gas emissions, permanent carbon
storage, and up to 20% cost
reduction.

Given that asphalt covers about
90% of the world’s roads, and that
bitumen is a major contributor

to the sector’s carbon footprint,
the implications are significant.
Modern Hydrogen states that
using Modern Carbon can cut
material emissions by 20% and
reduce overall lifecycle emissions
of pavement by 11%.

The performance of this new
asphalt — including its durability
against rutting and cracking —
has earned recognition from the
American Association of State
Highway and Transportation
Officials and meets ASTM
International standards.

Since Gates’' hands-on demo
in early 2024, the material has
transitioned from prototype to
practice. In November, Bexar



County, Texas, in coordination with
Clark Construction, applied 100
tons of the product during road
maintenance in San Antonio.

Aaron Martinez, a superintendent
at Bexar County Public Works,
expressed optimism: “We're always
exploring better materials. Carbon-
sequestered asphalt is definitely
part of our future.”

Modern Carbon has since been
utilized in several U.S. states and
Canadian provinces, including
Alberta. In Long Island, Modern
Hydrogen worked with National
Grid to integrate the product
during gas line replacements,
reducing emissions in tandem with
infrastructure upgrades.

Smaller community-based
applications have also taken

place. In Long Beach, California,
the Family of Faith Christian
Center repaired its parking lot
using around 100 tons of the
material. Likewise, in Snohomish,
Washington, a one-mile residential
road was resurfaced using Modern
Carbon, showing its effectiveness
for neighborhood-scale projects.

5 "y

While Modern Carbon garners
attention, broader industry trends
in reducing asphalt’s environmental
impact continue. Notably, the use
of recycled asphalt in new road
construction rose from 15.6% in

2009 to 22.2% in 2022, according
to the National Asphalt Pavement
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Association.

These developments reflect the
infrastructure sector’s growing
commitment to sustainability and
innovative materials.
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last-ditch effort to hold on to its final major buyer.

However, China's response has been less than enthusiastic. Reports suggest that Chinese authorities are de-
manding deeper price cuts and are pushing to revise existing agreements. Being the only significant customer

remaining gives them considerable leverage to negotiate tougher terms.

Meanwhile, Venezuela's oil export levels are in freefall. Shipments have already plunged by nearly a fifth as PDVSA
halted Chevron'’s scheduled loadings prematurely. Desperate tactics are becoming more visible, with disguised oil

tankers—dubbed “zombie ships’—attempting to bypass international tracking systems. Such maneuvers under-

score the gravity of the situation.

Although China remains Venezuela's biggest credi-
tor and continues to receive oil as loan repayments,
even that flow is waning. Output at the once-promi-
nent Sinovensa joint venture between China’'s CNPC
and PDVSA has tumbled to 103,000 barrels per day,
a stark drop from 160,000 in 2015.

Adding to the pressure, the U.S. administration is
now warning that countries persisting in Venezuelan

oil trade could face additional penalties. This raises

the stakes for China, which might become the next
target of secondary sanctions. For Venezuela, losing
its last dependable oil client could deal a devastating
blow. The nation’s foreign reserves are vanishing, its
currency is nosediving once again, and inflation con-

tinues to rise sharply.

Although Rodriguez described her meetings in China
as “‘confidential” and expressed satisfaction, observ-
ers view the trip as a desperate gamble to rescue a

collapsing lifeline.
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POSITIONING THE
TRANSPORTATION INDUSTRY IN =4
THE SUPPLY CHAIN OF PETROLEUM 7=

AND PETROCHEMICAL PRODUCTS  RrvAbiti:

(Part Two: Topics Related to the Petroleum and Petrochemical Product Supply Chain)

By Amir Rezaei from Sokan Arya Darya Company

In today's globally competitive market, supply  transporting them, warehousing, using raw
chain management holds significant importance. materials for producing and distributing products,
The strategy of supply chain management serves and delivering goods to the end consumer are

Tl

48

as a framework for optimizing the performance of all components of the supply chain. Individuals
organizations and companies, and it is considered such as raw material suppliers, manufacturers,
one of the key managerial indicators today. At its investors, wholesalers, retailers, and distributors
core, supply chain management refers to managing all play roles within the supply chain and are
the process of producing and delivering goods and considered part of it

services, including planning, execution, quality

control, and the delivery of products and services However, supply chain management consists
to meet consumer needs in the most efficient and of five main components, each playing a crucial
optimal manner. role in the process. These five main components
Activities such as supplying raw materials, are as follows:

wPE JUN-2025



Planning: This is the most fundamental and

essential stage of supply chain management.
In this phase, business owners should focus on
developing a strategic plan aimed at increasing
profitability. Supply chain management mainly
focuses on planning and developing a set of criteria
to efficiently meet customer needs and demands.

Sourcing: After detailed planning, the next step is
to develop and find appropriate sources. This means
identifying suitable suppliers for obtaining raw
materials and essential inputs for your products.

Production: The production phase involves

manufacturing and supplying the products
needed by customers. At this stage, products are
designed, produced, tested, packaged, and prepared

for delivery to customers.

Delivery: The delivery or logistics segment is

responsible for coordinating and managing all
aspects of product delivery to customers. Final
products are delivered from the supplier to the
end consumer. This stage is commonly referred to
as logistics, and companies collaborate on order
receipt and delivery, warehousing, and selecting
appropriate transportation methods. This segment
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connects supply chain management with logistics.

Returning: This is the final stage of supply chain
management, in which defective or damaged
products are returned by customers to the
supplying
In this phase, the company must address customer
complaints and requests and resend the correct or
satisfactory product.

company.

Refineries, petrochemical plants, storage facilities,
and demand centers are the key components
of the petroleum product distribution network.
The growing demand in recent years, along with
differences in the infrastructure of various modes
of transportation between these components,
necessitates the optimal distribution of petroleum
products.

This excessive demand itself becomes a factor

that threatens the sustainability of the supply
chain, particularly within the distribution chain —
including distribution channels, distribution sites,
and transportation systems — leading to various
operational challenges.
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Bahrain’s Bitu
Exports Set to
Fall as Refineri
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ccording to WPB,
bitumen availability
for export from
Bahrain is set to
contract in the near
future as the state-owned Bapco refinery in Sitra
undergoes scheduled maintenance and continues
its transition under a major modernisation initiative.
Sources among global bitumen traders and importers
confirm that output from the 267,000 barrels-per-
day facility will be affected as part of operational
adjustments linked to the plant’'s ongoing upgrades.

The upcoming shutdown of the vacuum distillation
unit (VDU), a core component in bitumen production,
is anticipated to significantly limit the refinery’s
capacity to supply export volumes. Market players
familiar with the refinery’s operations noted that

the maintenance period is expected to span several
weeks. During this interval, waterborne bitumen
shipments will reportedly be suspended, with existing

$
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stocks prioritized for internal demand. No further
technical details regarding the maintenance duration
or extent have been disclosed.

Currently, seaborne bitumen offers from Sitra remain
stable at $370 per tonne on a free-on-board basis—
unchanged for several weeks. However, shipping
data from analytics provider Kpler reveal recent and
upcoming movements of the Sidra Al Wakra vessel,
which loaded a 3,100-tonne cargo from Sitra for
delivery to Qatar. Another similar cargo is scheduled
to be loaded shortly, though it remains uncertain
whether this will be the final shipment before
operations pause.

Export interest in Bahraini bitumen has diminished
throughout the year due to more competitive pricing
from regional rivals. Iranian suppliers, in particular,
have drawn attention by offering considerable



Bahrain's
Bitumen

Currently, seaborne
bitumen offers from Sitra
remain stable at $370 per
tonne on a free-on-board

basis—unchanged for
several weeks.

discounts. On average, Iran’s bulk bitumen prices
have trailed Bahrain's fob rates by $109.90 per
tonne throughout the year, with the gap widening to
as much as $201 per tonne during previous market
cycles. As of a recent assessment, Iranian cargoes
were priced at $342.50 per tonne—$27.50 below
Bahrain’s listed rate. Current demand for Bahraini
bitumen is primarily limited to select markets such
as Qatar, the UAE, and South Africa’s Durban port,
where buyers have specific grade requirements not
met by alternative suppliers.

Simultaneously, the Sitra refinery continues to
progress through the $7 billion Bapco Modernisation
Project (BMP). This long-term upgrade is designed
to boost overall processing capacity to 380,000
barrels per day. Although the facility’s enhancement
is expected to
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production of higher-value middle distillates, it

also implies a reduced share of heavier outputs,
including bitumen, especially with the activation of
new secondary processing units. Full details on the
status and output configuration of these units remain
unavailable.

With export constraints looming and structural shifts
in product output underway, stakeholders across
the region are closely monitoring the evolution

of Bahrain’s position in the international bitumen
market.
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ENHANCING BITUMEN SUSTAINABILITY
THROUGH NANOTECHNOLOGY: A
COMPREHENSIVE REVIEW

Abstract

The increasing global emphasis on sustainable

infrastructure has intensified the demand for
environmentally resilient materials in road construction.
Bitumen, a crucial binder in asphalt mixtures, has faced
mounting challenges related to performance, durability,
and environmental impact. Nanotechnology—an
emerging field that manipulates matter at the molecular
scale—offers promising solutions to these challenges.
This review comprehensively explores the integration of
nanotechnology into bituminous materials, highlighting
advancements in mechanical performance, aging
resistance, moisture susceptibility, and emission
reduction. Additionally, it discusses current research
trends, practical applications, and future prospects
of nano-modified bitumen in fostering long-term
sustainability in the pavement industry.

1. Introduction

In the wake of global environmental concerns and the
pursuit of sustainable development goals (SDGs), the
transportation and construction sectors have been
underincreasing pressure to adopt greener technologies.
Bitumen, traditionally used as a binder in asphalt
pavements, contributes significantly to greenhouse gas
emissionsandrelies heavily onnon-renewableresources.
Moreover, conventional bituminous pavements often
suffer from premature degradation due to traffic loads,
temperature fluctuations, and oxidative aging.

Recent advances in nanotechnology present a
transformative opportunitytoovercometheselimitations.
By incorporating nanomaterials such as nano-clay, nano-
silica, carbon nanotubes, graphene oxide, and nano-
TiO into bitumen, researchers have observed marked
improvements in various performance attributes of

$
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asphalt mixtures. These enhancements include increased
stiffness, better temperature susceptibility control, and
enhanced resistance to fatigue, rutting, and moisture
damage.

This article delves into the pivotal role of nanotechnology
in revolutionizing bitumen performance and sustainability.
It aims to provide an in-depth understanding of the
mechanisms by which nanomaterials influence bituminous
properties and to assess their viability for widespread
implementation in sustainable infrastructure.

2. Types of Nanomaterials Used in Bitumen
Modification

Nanomaterials are categorized based on their chemical
structure, origin, and dimensional characteristics. In the
context of bitumen modification, they are selected for their
specific physical, chemical, and mechanical properties that
influence the binder's performance. Below is an overview
of the most commonly used nanomaterials in asphalt
technology:




2.1 Nano-clay

Nano-clays, particularly montmorillonite, have layered
silicate structures that offer a large surface area and high
aspect ratio. When dispersed uniformly in bitumen, nano-
clays enhance stiffness, thermal stability, and resistance
to aging. Their lamellar morphology can create a tortuous
path for oxygen and water molecules, thus slowing down
oxidative degradation and moisture penetration.

2.2 Nano-silica

Nano-silica, typically synthesized through sol-gel
processes or extracted from industrial byproducts, is
known for its high surface area and pozzolanic activity. It
improves the viscoelastic properties of bitumen, reduces
penetration depth, and enhances thermal resistance.
Moreover, nano-silica can fill micro-voids in the bitumen
matrix, reducing permeability and improving fatigue life.

2.3 Carbon Nanotubes (CNTs)

CNTs, including single-walled and  multi-walled
variants, possess exceptional tensile strength, electrical
conductivity, and thermal stability. When incorporated into
bitumen, they significantly enhance mechanical strength,
elasticity, and rutting resistance. However, dispersion
challenges and high costs limit their widespread use,
although surface functionalization techniques have shown
promise in addressing these issues.

2.4 Graphene and Graphene Oxide

Graphene derivatives are among the most promising
nanomaterials for bitumen modification due to their unique
two-dimensional structure and multifunctional properties.
Graphene oxide (GO), in particular, improves stiffness,
reduces temperature susceptibility, and provides excellent
anti-aging performance due to its barrier properties and
interaction with bituminous components.

2.5 Nano-Titanium Dioxide (TiO)

Nano-TiO is widely used for its photocatalytic properties,
which contribute to self-cleaning and NOx degradation in
asphalt pavements. In addition to environmental benefits,
nano-TiO enhances UV resistance, surface reflectivity, and
aging resistance of bitumen. Its integration is particularly
relevant in urban areas seeking sustainable and smart
infrastructure solutions.

2.6 Other Nanomaterials
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Additional nanomaterials such as nano-zinc oxide (Zn0Q),
nano-alumina (AlO), and nano-calcium carbonate (CaCO)
have been studied for their roles in improving rheological
properties, enhancing stiffness, and reducing oxidative
aging. Their selection depends on project-specific
performance targets, economic considerations, and
environmental  compatibility.

3. Effects of Nanomaterials on Bitumen Properties

The incorporation of nanomaterials into bitumen leads
to significant improvements in its physical, chemical,
and rheological properties. These enhancements
directly translate into better performance, durability,
and sustainability of asphalt pavements under diverse
environmental and traffic conditions.

3.1 Rheological Improvements

Nanomaterials such as nano-clay and nano-silica improve
the complex modulus and reduce phase angle in bitumen,
indicating a stronger elastic response and enhanced
resistance to deformation. These changes are particularly
beneficial in resisting rutting at high temperatures and
cracking at low temperatures. Dynamic Shear Rheometer
(DSR) tests have shown that nanomodified binders exhibit
superior performance grading compared to conventional
ones.

3.2 Enhanced Thermal Stability

Nano-additives help maintain binder integrity across
a wider temperature range. For instance, nano-silica
and nano-TiO increase the softening point and reduce
temperature susceptibility, which ensures a more
consistent performance in both hot and cold climates.
This thermal resilience is critical for pavements exposed to
extreme seasonal variations.

3.3 Improved Aging Resistance

Oxidative aging is a major factor in bitumen deterioration.
Nanomaterials such as graphene oxide and nano-clay act
as effective anti-aging agents by forming physical and
chemical barriers that limit the penetration of oxygen and
UV radiation. Long-term aging simulations (e.g., Rolling
Thin Film Oven Test and Pressure Aging Vessel) reveal that
nanomodified bitumen retains higher ductility and lower
stiffness compared to unmodified binders.

3.4 Moisture Damage Resistance

JUN-2025 WPB
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Bitumen

Moisture sensitivity in asphalt mixtures often leads to
stripping and loss of cohesion. Nanoparticles improve
moisture resistance by enhancing the adhesion between
bitumen and aggregate. The hydrophobic nature of certain
nanomaterials (e.g., modified nano-silica) reduces water
absorption, while their small size helps fill microvoids and
create a denser matrix.

3.5 Improved Fatigue Life

Fatigue cracking occurs due to repeated loading over
time. Nanomaterials increase the binder's elasticity and
flexibility, thereby reducing the likelihood of microcrack
formation. Laboratory fatigue tests (e.g., Time Sweep,
Four-Point Bending) show that nanomodified binders
extend the service life of pavements by delaying crack
propagation.

3.6 Enhanced Storage Stability and Workability

Some nanomaterials contribute to better compatibility
between bitumen and other additives (e.g., polymers
or recycled materials). This leads to improved storage
stability, reduced phase separation, and better workability
during mixing and compaction. For instance, nano-TiO
and CNTs enhance the dispersion of other modifiers
within the binder.

4. Nanotechnology and Bitumen Sustainability

Nanotechnology not only improves the technical
performance of bitumen but also plays a pivotal role in
enhancing its environmental and economic sustainability.
This alignment with sustainable development goals
(SDGs) is particularly critical as the construction industry
seeks greener and more durable infrastructure solutions.

4.1 Energy and Resource Efficiency

Nanomaterials can reduce the energy consumption
associated with bitumen production and application. For
example, warm mix asphalt technologies, which operate at
lower temperatures, benefit from nanomaterial-enhanced
binders that maintain performance despite reduced heat.
This results in lower fuel use, decreased emissions, and
improved worker safety.

$
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Furthermore, the improved durability of nanomodified
bitumen reduces the frequency of maintenance and
rehabilitation, indirectly minimizing the consumption of
natural resources and energy over the pavement's lifecycle.

4.2 Reduction of Environmental Impact

The environmental footprint of asphalt pavements
can be significantly lowered by using nanotechnology.
Nanomaterials help reduce emissions during the
production and laying of asphalt. Moreover, their ability to
enhance the performance of recycled asphalt pavement
(RAP) increases the use of reclaimed materials, thus
diverting waste from landfills and reducing the demand for
virgin aggregates and binders.

Some nanoparticles, such as nano-TiO, also exhibit
photocatalytic properties, enabling the breakdown of
pollutants (e.g., NO and VOCs) from vehicle exhaust when
used in surface layers. This adds an air-purifying function
to pavements, contributing to better urban air quality.

4.3 Life Cycle Extension

Nanomodified bitumen typically exhibits improved
resistance to rutting, fatigue, thermal cracking, and
oxidation. These characteristics significantly extend the
service life of pavements, reducing the need for frequent
repairs or overlays. A longer pavement lifespan equates
to fewer disruptions, lower lifecycle costs, and reduced
environmental impact over time.

4.4 Compatibility with Bio-based and Recycled Materials

Nanotechnology can also facilitate the integration of
eco-friendly additives like bio-asphalts and industrial
by-products. The addition of nanoparticles improves the
compatibility between bitumen and bio-based materials,
ensuring performance is not compromised. This synergy
supports circular economy principles and the development
of low-carbon road construction techniques.

4.5 Economic Sustainability

Although the initial cost of nanomaterials may be higher,
the long-term savings achieved through extended
pavement life, lower maintenance needs, reduced energy
consumption, and higher resource efficiency make
nanotechnology a cost-effective investment. Life Cycle
Cost Analysis (LCCA) models demonstrate favorable
economic outcomes when nano-enhanced binders are
employed in road infrastructure projects.



5. Case Studies and Practical Applications

The integration of nanotechnology in bitumen modification
is not merely theoretical—it has been successfully
implemented in various real-world applications across
different regions. These case studies highlight the practical
benefits, challenges, and outcomes of using nanomaterials
in asphalt technologies.

5.1 Nano-clay in Indian Highways

India's National Highway Authority conducted field trials
using nano-clay-modified bitumen on stretches of high-
traffic roads. The modified binder demonstrated enhanced
rutting resistance and better thermal stability under high
ambient temperatures. Over a two-year monitoring period,
the pavement showed fewer surface distresses compared
to conventional asphalt, validating the efficacy of nano-
clay in hot and humid climates.

5.2 Nanosilica in European Cold Regions

In Scandinavian countries, where freeze—thaw cycles are
a significant concern, nanosilica has been introduced to
improve resistance against thermal cracking. The fine
particle size and high surface area of nanosilicaimprove the
elasticity and reduce stiffness of the bitumen, maintaining
flexibility in sub-zero conditions. These modifications have
resulted in fewer maintenance cycles and improved ride
quality.

5.3 Carbon Nanotubes in the United States

Pilot projects in the U.S. have utilized carbon nanotube
(CNT)-enhanced bitumen in heavy-load transportation
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corridors. These routes experienced substantial reductions
in fatigue cracking and deformation due to the superior
tensile strength and electrical conductivity of CNTs.
Although cost remains a concern, the high-performance
metrics observed have justified their use in critical
infrastructure segments.

5.4 Photocatalytic Nanoparticles in Urban Settings

Several urban municipalities, including in Japan and the
Netherlands, have deployed nano-TiO-based asphalt
in pedestrian zones and parking lots. These materials
provide self-cleaning properties and actively degrade
air pollutants through photocatalysis. Monitoring data
has shown measurable reductions in NO concentrations
around these surfaces, supporting their role in enhancing
urban air quality.

5.5 Recycled Asphalt and Nanotechnology in China

In China, efforts to improve the performance of high RAP-
content mixtures have involved the use of nanosilica and
nano-Zn0. These nanoparticles improve the cohesion
between aged and virgin binders and reduce oxidative
hardening. This has enabled the successful construction
of eco-efficient pavements with up to 50% RAP content,
demonstrating both environmental and cost benefits.

6. Challenges, Limitations, and Future Prospects

While nanotechnology presents significant potential for
transforming bitumen performance and sustainability, its
widespread adoption faces several technical, economic,
and regulatory challenges that must be addressed.

6.1 Economic Barriers

One of the primary concerns is the cost of nanomaterials,
particularly carbon-based nanoparticles such as CNTs
and graphene. Although they offer exceptional mechanical
properties, their high production and processing costs
limit their use to specialized applications. For more cost-
effective adoption, scalable and affordable synthesis
methods are needed.

6.2 Health and Safety Considerations

The toxicological profile of certain nanomaterials is
not fully understood. Prolonged exposure to airborne
nanoparticles during mixing or construction processes
may pose respiratory hazards to workers. Rigorous health
risk assessments and proper handling protocols must be
developed and enforced.
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» a 1 Y 6.4 Lack of Standardization

Currently, there is alack of standardized
testing procedures and specifications
for nano-modified bitumen. This makes
it difficult to compare results across
studies or implement quality control
measures in production. Industry-wide
collaboration is needed to establish
consensus-based  guidelines  and
benchmarks.

6.5 Environmental Impact and Life
Cycle Assessment

Although nanomaterials can enhance
sustainability by extending pavement
life and enabling higher RAP use, their
full life cycle environmental impacts
are not yet completely known. More
research is required to evaluate
potential nanoparticle leaching,
persistence in ecosystems, and long-
term ecological effects.

6.6 Future Directions

To fully harness the

HEALTH AND SAFETY CONSIDERATIONS

ECONOMIC BARRIERS

promise of nanotechnology, the
following developments are essential:
+ Green nanotechnology: Research
into bio-based and biodegradable
nanoparticles that can replace
conventional options while minimizing
environmental  risks.

+ Smart pavements: Integration
of functional nanomaterials (e.g.,
piezoelectric, self-sensing, or self-
healing) to enable intelligent road

$
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systems.

+  Al-assisted material
design: Use of artificial
intelligence and machine
learning to optimize
formulations and predict
long-term performance.

o Policy support:
Government incentives and
R&D funding to support the
commercialization of nano-
enhanced bitumen products.

7. Conclusion

Nanotechnology is emerging
as a transformative
force in the bitumen and
asphalt industry, offering
unprecedented opportunities
to enhance the performance,

¥ FUTURE DIRECTIONS

durability, and sustainability of
pavement materials. The integration
of nanomaterials—such as nano-
silica, nanoclays, carbon nanotubes,
and graphene—into bitumen can
significantly improve mechanical,
thermal, and aging resistance
properties,  while  simultaneously
contributing to environmental
sustainability goals through reduced
energy consumption and enhanced
recyclability.

Despite these advantages, several
technical and non-technical barriers
must be overcome before widespread
implementation becomes feasible.
These include high production
costs, safety concerns, dispersion
difficulties, and a lack of regulatory
standards. Nonetheless, the ongoing

advancement of material science,
coupled with growing support
from governmental and industrial

stakeholders, signals a promising
future.

For countries seeking to modernize
their infrastructure and reduce the
carbon footprint of road construction,
nano-engineered  bitumen  offers
a compelling solution. Continued
interdisciplinary research and
collaboration  between academia,
industry, and policymakers will be
essential to translate laboratory
innovations into scalable, real-world
applications.

In conclusion, nanotechnology does
not merely represent a marginal
improvement to traditional bitumen—
it has the potential to redefine how
we design and build the roads of
tomorrow.
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AN ORGANISATION WITH ALMOST 3 DEC
ADES OF BITUMEN SUPPLY EXPERIENCE
IN INDIA

GO

Bitumen Corporation India PVT. LTD. (BITCOL)
27/28 A, Nariman Bhavan, Nariman Point, Mumbai-400 021, Maharash-
tra, INDIA

T:+91 22 228 70691 | +91 22 228 70692
E: info@bitcol.in
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INCORPORATED IN
MALAYSIA IN APRIL 2003,
KEMAMAN BITUMEN COMPANY
SDN. BHD. (KBC), ISWHOLLY
OWNED BY THE TIPCO ASPHALT
GROUP OF COMPANIES.

KBC'S ONE-OF-A-KIND REFINERY IN
SOUTH-EAST ASIA IS DESIGNED TO
PROCESS HEAVY NAPHTHENIC CRUDE OILS.
LOCATED IN KEMAMAN IN PENINSULAR
MALAYSIA, THIS ASPHALT-FOCUSED REFINERY
IS LICENSED TO PROCESS 100,000 BBLS OF CRUDE

OIL PER DAY AND PRODUCES HIGH-QUALITY
NAPHTHENIC ASPHALT, ATMOSPHERIC GAS OIL (AGO),
VACUUM GAS OIL (VGO), AND NAPHTHA.

TO FURTHER ACCELERATE OUR GROWTH, KBC TRADING SDN
BHD WAS ESTABLISHED IN JULY 2015 TO MANAGE THE RETAIL
SALES OF PETROLEUM BITUMEN IN THE MALAYSIAN MARKET.

[ 6098601800

[@ nroeksc.commy WWW.KBC.COM.MY

Lot No. 5957 (Plot PT 7195), Telok Kalong Industrial Area,
Kemaman 24000, Terengganu Darul Iman,
Malaysia
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2025 Overseas-China Bitumen Resources Matchmaking Confierence

Contact with: Ms. Maggie Sun  Mobile/Wechat: 86-18663835052 Email: maggiesun@enmore.com

JUN-2025 WPB




[l Magazine

62

The World of Petroleum and Bitumen

E+NEhE

BEaakl kiE. BRL
Bk R R A X AL E R M
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The 16 International
Exhibition of Bitumen | Asphalt
Cement ,Concrete Insulations &
Related Machinery | Tehran Int'l.
Permanent Fairground | 1- 4 February 2026

@ WWW.AMPEX.IR ®+9821-22567291 | +9821-22564051
@© +989120398226 ® Email | info@ampex.ir@ @baiexir
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Bitumen and Road
Conference

‘ 26-27 Nov, 2025, Hanoi

L7 HOTELS BY LOTTE WEST LAKE
HANOI, VIETNAM
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Convention & Exhibition

New Frontiers, Demand Hubs and Next Level Networking

MARK YOUR CALENDAR!

5th AMEA Bitumen, Base Oil
and Logistics
Convention & Exhibition

will be held on

October 29t 2025
Conrad Dubai

Organized By
P .. BOOK NOW &
i SAVE 25%

www.amea-conventions.com

Early Bird Fees!
Register By
. 20™ Sept, 2025
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BITUMEN VARIOUS PACKAGING INCLUDE
NEW STEEL DRUMS,
JUMBO BAGS,
FLEXITANKS,
AND ALSO BULK

WWWwW.hormozan.com

Bitumen Manufacturer, Cutback, Viscosity, Penetration and Performance grades

Instagram/hormozan.group
LinkedIn/hormozan group
Tel/(+98-21) 52 707
Email/info@hormozan.com
Fax/ (+98-21) 88 30 53 88

Head Office/No.41, South
Kheradmand St., Tehran, lran.

HIGH-POWERED AND PIONEER

IN BITUMEN INDUSTRY

Factory/Hormozan St., North side
of Bandar Abbas Refinery,
Bandar Abbas, Iran.
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Export Terminal/Shahid Rajaee
Port Complex, Bandar Abbas, Iran





