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Novel Development of a Bio-Based
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From Waste to Treasure

Since asphalt is made from crude oil, costs
to construct a road using asphalt can vary.

If crude oil prices run high, so can the price
for asphalt.

However, construction costs are not the

only factor that State departments of
transportation consider. These departments
also may consider using alternative materials
and practices that manage the risk of cost
and supply volatility, especially because
petroleum-based asphalt comes from a finite
natural resource. Using recycled materials,
such as waste cooking oil, is one way to
address highway and road construction

in a sustainable manner.

With those factors in mind, researchers at
Washington State University developed and
tested a waste cooking oil-based bio-binder.
Waste cooking oil is a renewable feedstock
and is available at a substantially low cost. To
develop this bio-binder, which would function
as the glue connecting the coarse and fine
aggregates of asphalt mix, waste cooking oil
underwent a chemical reaction to increase its
molecular weight, known as polymerization.
This was done by controlling factors such as
temperature and cross linker concentration.
Researchers took the waste cooking oil, mixed
it with maleic anhydride at 185°C, and used
iodine as a catalyst.

Lignin, a byproduct of the paper pulping
process, also underwent chemical processes
to chemically combine it with the bio-binder
and asphalt binder to make an epoxy-modified
binder. Lignin is a highly branched aromatic
polymer, meaning that it has a chemical
structure that can help the bio-binder be more
stable at higher temperatures; this stability
may also potentially lower production costs.
Researchers developed a lignin-derived epoxy
or adhesive that improved the road
performance of the bio-binder and asphalt
binder by making it more resistant to

rutting or developing well-worn depressions
and grooves.
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Researchers conducted a
Hamburg wheel tracking
test on a hot-mix bio-binder
to evaluate any permanent
deformation of the
bio-binder. This device
simulated traffic loading on
a pavement that would be
considered early age. The
wheel load was 158 Ibs, and
the frequency of passing
was 26 Hz.

Publication No.
FHWA-HRT-18-030
HRTM-30/09-18(WEB)E

After the
researchers
created the
bio-binder,
they then
made a
hot-mix
bio-binder
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24 hot-mix
epoxy-modified bio-binder. The bio-binder and
epoxy-modified bio-binder were mixed with
aggregates in a hot drum, and the mixes were
cured at a compaction temperature for 2 hours.
Following that, the researchers used a gyratory
compactor to compact the hot-mix epoxy
bio-binder and the hot-mix bio-binder.

What Happens Next

Although Washington State University
researchers have completed their research,
future research efforts can expand and build
upon these findings. Washington State
University’s efforts included scaling up the
production of a hot-mix bio-binder that is
similar to petroleum-based asphalt in its
resistance to fatigue, rutting, and thermal
cracking. Future work can further enhance this
bio-binder targeting different performance
grades, which are comparable to current
petroleum-based asphalt binders.

Researchers can also work with industrial
partners to look at how to improve the ability
of the hot-mix bio-binder and its bio-based
components to withstand traffic loadings and
volume. Research will also be needed to study
how different degrees of polymerization affect
performance under various climatic conditions.
Additional future work can include process
modeling to assess the equipment sizing,
energy usage, and material requirements for
manufacturing the bio-binder at an industrial-
scale facility, and economic assessments to
see how to reduce the costs associated with
making these substances.

“This research project is one example of testing
out an effort whose aim is to identify and
advance potential non-petroleum-based sources
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What Is the Exploratory
Advanced Research Program?

The EAR Program addresses the need
for longer term, higher risk research
with the potential for transformative
improvements to transportation
systems. The EAR Program seeks to
leverage advances in science and
engineering that could lead to
breakthroughs for critical, current, and
emerging issues in highway
transportation by experts from
different disciplines who have the
talent and interest in researching
solutions and might not do so without
EAR Program funding.

To learn more about the EAR
Program, visit https:/highways.dot.
gov/research/exploratory-advanced-
research. The website features
information on research solicitations,
updates on ongoing research, links to
published materials, summaries of
past EAR Program events, and details
on upcoming events.

for asphalt,” says Jack Youtcheff of FHWA’s
Office of Infrastructure Research and
Development.

Learn More

For more information about this EAR
Program project, contact Jack Youtcheff,
FHWA Office of Infrastructure Research
and Development, at 202-366-2842
(email: jack.youtcheff@dot.gov).
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