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HOW WE CAN INCORPORATE RECYCLED
PLASTICS IN ASPHALT PAVEMENT

Editor’s Note: This article includes opinions
of the author.

As a sea turtle conservationist, I
“ want to see the floating island(s) of

plastic pollution eliminated from
our planet. Contrary to popular belief, we
cannot use our roadway system as the new
landfill. Even back in 1998-99, a researcher
bemoaned the problems with using recycled
glass in mix designs during a presentation
at the University of Missouri-Rolla, giving a
scathing review of Glasphalt.

P've not forgotten the spirit of his lesson.

Throwing trash into our roadway sys-
tem is not the climate-change solution we
want it to be when one considers the health,
safety and environmental (HSE) implica-
tions alongside the lifecycle cost analysis of
a pavement that may or may not perform to
our standards for the lifetime that it should.
‘What I mean is the asphaltindustry currently
designs low-carbon-footprint pavement sys-
tems that can last 33, 45, 65 years and beyond
(see Sarah Redohl’s excellent report of a Per-
petual Pavement Award winner on page 48).
How much of the asphalt pavement’s carbon
footprint savings do we sacrifice to increased
maintenance activities by adding an unveri-
fied waste product?

In their “Interim Guidelines for the Use of
Recycled Waste Plastic in Local Government
Road Surfacing Applications,” published July
2021, Austroads’ Azeem Remtulla and Steve
Halligan found anincreasinginterest in using
recycled plastics, but found “no independent
or comprehensive research has been under-
taken into the effect of incorporating recy-
cled waste plastic in agphalt and bitumen in-
cluding HSE impacts, potential microplas-
tic generation, leaching, fuming, reuse of as-
phalt incorporating recycled waste plastic
and whole of life sustainability.”

With this article, we will look at the “whole
of life sustainability” concept and use that to
consider HSE impacts. We will also look spe-
cifically at the idea many environmentalist
groups have suggested regarding the leach-
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ing of microplastics from pavement systems
once recycled plastic waste becomes stan-
dard. There is a way to guard against that
potential for harm, and the industry has al-
ready considered how to prevent it.

Let me oversimplify the incorporation
of recycled plastic waste to make my ini-
tial point.

ODON'T CROSS THE STREAMS

To incorporate recycled plastic waste in
pavements, conveyors and machines pow-
ered by coal-fired electricity must sort the
plastic streams. In the three-part series “In-
dustry Incorporates Sustainability at As-
phalt Production Plants,” which AsphaltPro
published in 2019-2020, Malcolm Swanson,
P.E., proprietor of es Engineers, Chickamau-
ga, Georgia, reminded us that all plastics are
polymers, but not all polymers are suited for
use inall processes.

“There are several types of plastics to be
considered,” Swanson shared. “But only two
ways of incorporating the plasticsinto the as-
phalt. The two methods are ‘wet’ and ‘dry.”

Krishna Srinivasan, president of Sripath
Technologies LLC, Mahwah, New Jersey,
listed the differentiation of methods as a
top priority for the asphalt industry to keep

Photo by Naja Bertolt Jensen on Unsplash

in mind when incorporating any form of re-
cycled waste plastic inan asphalt mix design.

“For dry modifiers, in many cases, the
waste plastic functions as a filler,” Srini-
vasan said. “Even so, workability of the mix
isimportant. The optimum binder content in
mixes is defined by looking at density after a
certain number of gyrations. If the plastic in-
terferes with the packing, then more binder
may be needed, obviously impacting cost of
the mix.

“For wet modifiers, several factors come
into play,”he continued. “The first is the sort-
ing issue—separating out the different plas-
tics and incorporating only those with melt-
ing points that are compatible with the pro-
cessing of the binder. High viscosity in such
systems is also an issue. In the case of par-
tially melted plastics, the particle sizes of the
unmelted materials may interfere with mea-
surement of key properties needed for verifi-
cation of the binder grade used in the mixes.

“Finally, one of the most dominant issues
in waste plastics use in asphalt is the stor-
age stability of the binder incorporating such
plastics; often it is quite poor.”

Swanson listed for us the waste materials
where researchers were focusing their efforts
in 2019/2020; where researchers saw the best
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potential for polymers/plastics to make their

way into asphalt pavements with the best

benefit for the system. He listed:

e high-density polyethylene (PE-HD), com-
monly used to make grocery bags;

» low-density polyethyiene (PE-LD),used to
make frozen food bags; and

» polypropylene (PP), used to make micro-
waveable food conrtainers.

Once the waste plasticitemsare sortedand
selected, other machines must melt, manipu-
late or otherwise break down the waste prod-
uctinto pelleted, wax or fiber form for blend-
ing. It must then be transported to the termi-
nal or plant where it will be injected inline to
aliquid asphalt cement (AC),added to theag-
gregate weigh bridge for blending or another
similar method to be discussed below.

In other words, the recycled waste plastic
productis treated like an additive.

Because this recycled waste plastic ad-
ditive does not naturally blend molecular-
ly with asphalt—they are not compatible
in nature—we must force the reaction via
a modifier. The modifier’s purpose is to fa-
cilitate the recycling process. Once broken
down, the recycled waste plastic additive
often requires 2% to 4% of Polyphosphoric
acid (PPA), by weight, to improve blending
capability, as discussed in the January 2020
edition of AsphaltPro.

The first priority our industry must con-
sider before incorporating recycled plastic
in the asphalt mix design is the recycled plas-
tic sourceand composition. It doesn't take an
expert in recycling to recognize there are dif-
ferences in recyclate streams, Toget aquality
mix with recycled plastic included, the plas-
tic may require modification to meet perfor-
mance specifications of the city, state, region
and so on. Experts in polymer and additive
manufacture remind us that it will take the
correct elastomeric compatibilizer to en-
sure the resultant asphalt mix can deliver a
long-lasting road pavement performance, no
matter the country or climate.

Add the modifier’s production tothe whole
of life sustainability concept we are discuss-
ing, but keep in mind, the modifier is not only
making it possible to use recycled waste plas-
tics in the mix design; it is often improving
the properties of the recycled waste plastic so
that the new mix design will continue to per-
form well upon placement. As these experts
are showing us, the asphalt industry is not
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interested in increasing a mixture’s carbon
footprint at the expense of pavement perfor-
mance. That is creating a loss-loss.

Instead, if we must add steps that gener-
ate whole of life sustainability costs for the
purpose of cleaning up plastic pollution, we
would like to retain—if not improve—per-
formance in the end. Let’s make it a win-win.

The good news is incorporating the recy-
cled waste plastic additive and its modifier can
be done in a way that offsets the carbon foot-
print increase. In the discussion below, we will
see additive manufacturers offer information
on this possibility, thus showing how the as-
phalt industry can turn the inclusion of recy-
cled waste plastics intoa win-win-win,

WET VS DRY ENERGY

CONSUMPTION

The dry method of blending recycled waste
plastics into the asphalt mix involves intro-
ducing the product as adry additive—withiits
modifier entrained—directly into the hot ag-
gregate. The wet method involves introduc-
ing the product to the liquid AC binder be-
fore adding the binder to the mix. As Swan-
son pointed out two years ago, “[i]ntroduc-
tion by wet method appears to be most likely
to succeed; however, just because two mate-
rials exist in liquid state within a certain tem-
perature range does not mean that they will
automatically blend well. We are all familiar
with oil and water.”

That’s where modifiers come in to facili-
tate blending, as well as performance char-
acteristics.

Toby McCartney, CEO of MacRebur, Lock-
erbie, Scotland, stated: “Our products are
designed to be mixed via the *dry process,’
which means that we don’t heat any plastics
or bitumen before the asphalt is made. The
polymer modification happens when the bi-
tumen and aggregates are mixed in the drum.

“Asphalt containing waste plastics is made
at the standard temperatures and is mixed
for the standard times, which again helps
keep the manufacturing process as energy ef-
ficient asit canbe.”

McCartney explained how the MacRebur
mix is delivered, “All MacRebur’s products
have been designed with the asphalt produc-
tion process in mind. Our products can be
added in the same way thata fiberisadded to
make an SMA or via any additions system at
an asphalt plant. For example, a weigh hop-

“Some polymers are easy
to dissolve in the common
range of temperatures used
for binders, and here the
energy requirements are
low.”—Krishna Srinivasan

per can be used, or product can be added via
the RAP belt or through a hatch—or through
any other system that is in place at a plant
looking to replace part of its imported bitu-
men with MacRebur’s waste plastics.”
Srinivasan shared with readers how ener-
gv consumption will depend on plastic type:
“Thiswould depend onthe type of waste plas-
ticbeing incorporated into the asphalt. Some
polymers are easy to dissolve in the common
range of temperatures used for binders, and
here the energy requirements are low. Some
others—including some virgin polymers
used in manufacture of PMBs—require high
shear and high temperatures for incorpora-
tion into asphalt. Here, obviously, the energy
requirements are considerably higher.”

THE MICRO-DISCUSSION

Currently, conversations outside the asphalt
industry don’t center on how to sort plastic
waste for optimum efficiency or energy sav-
ings at the asphalt plant. When I discussrecy-
cled waste plastics in asphalt pavement out-
side of mix design or paving circles, [ am in-
undated with environmental justice warriors
shaking their fists about microplastics escap-
ing the system. Experts share how we can as-
suage their fears,

“Again, the answer depends on whether
waste plastics are used as dry modifiers or
wet modifiers,” Srinivasan said. “In the case
of dry modifiers, leaching could be an issue,
not enly of the vulnerable molecular weight
segments in the plastic, but also additives
used to improve the processing or use of the
plastic in its original, intended application.
For wet modifiers, this is not an issue. A vir-
gin polymer like Sripath’s PGXpand® melts
into the asphalt during processing and it los-
esits original identity. In such cases, leaching
out of the mixis not aconcern.”

“The polymers used to modify a road are
melted into the bitumen to form a homoge-
nous mix and so there are no actual plastics
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in the road, but instead a polymer-modi-
fied bitumen,” McCartney provided. He ex-
plained that prolonging the stable life of a
pavement in any way reduces the amount of
any microparticles that might be released.
When paving with plastics, we are inte-
grating recycled plastics into the asphalt.
As shown in this article, the recycled waste
plastics are selected and separated from
their streams. They’re processed into a us-
able form—TI gave the example of pellets or
fibers; some experts call them “shredded.”
The modifiers we discussed chemically bind
the recycled waste plastic to the asphalt mix.
They become, as McCartney suggested, a ho-
mogenous mix; a blended unit from which
microparticles are not leaching.

SOLVE PAIN POINTS

Avoiding leaching of microplastics is merely
one pain point that departments of transpor-
tation may not yet have placed on their col-
lective radar. I asked additive manufacturers
what other challenges they are addressing for

agencies and contractors/producers alike. A

handful of additive manufacturers weren’t

ready to share their secret sauce, thus are not
included in this discussion.

McCartney shared that the MacRebur
product addresses pain points for both the
DOT and contractor, including, but not lim-
ited to:

e The quality of roads. MacRebur's MR6
product has been proven to enhance the
performance of asphalt, which results in
less maintenance of roads and a reduced
cost for future maintenance.

» For producers there is money to be saved,
as MacRebur’s waste plastic products cost
less than bitumen, [At press time, that dif-
ferential was around £50 per tonne. ]

e MacRebur’s products have also been de-
signed with ease in mind, requiring no
change to the manufacturing process
or from the surfacing contractor’s per-
spective.

Srinivasan’s Sripath Technologies is in the
research and development stage for its plas-

tics offering. The team is looking at a host of
issues they would like their resulting pro-
duct(s) to address.

“Obviously, the sorting—and the atten-
dant characterization—issue is the first hur-
dle,” Srinivasan said. “What is the starting
point raw material that we are working with?
We all know that quality is dependent on the
ingredients used in the binder/mix. And the
answer we are finding varies quite a bit by
country or region. Pre-qualification testing
of the waste stream may be important here.

“The next issue is how do we get it into
a form that can be easily used by the pro-
ducer/manufacturer? What does it contrib-
ute to the properties of the binder/mix and
how do we reliably and reproducibly con-
trol those properties? Stability is a big con-
cern here.

“Finally, one big area of study is end-
of-life issues,” Srinivasan concluded. “As-
phalt is the most recycled material in the
USA. Responsible use dictates that what-
ever we do to incorporate waste plastics in



All plastics are
polymers, but not all
polymers are suited for
use in all processes.—
Malcolm Swanson

asphalt does not degrade the recyclability
of the RAP. For high RAP mixes containing
Sripath’s ReLIXER® rejuvenator, we have
been able to convince customers that the
RAP from the resultant roadway can be re-
cycled when the roadway reaches the end
of its useful life. We want to be responsible
stewards of the environment, and this dic-
tates that any technology we introduce has
the same degree of future recyclability.”

By pumping the brakes on theidea of turn-
ing roadways into landfills, the industry has
encouraged the public at large to let it take
the idea of recycling waste plastics one step
at a time. The asphalt industry has an excel-

lent record of accomplishment for reducing
emissions, for increasing recycling abilities,
and for taking the time necessary to perform
carbon-reducing and carbon-neutral pro-
cesses in the most planet-friendly manner
possible. Incorporating recycled waste plas-
tic is one more example of this good track
record playing out before us.

One step I believe we need to take now is
looking at the recycling of roadway systems
that have incorporated recycled waste plas-
tics. As both Austroads and the National As-
phalt Pavement Association (NAPA) have al-
luded to in their guidance documents, asset
managers must, at this time, perform their
own assessments of how roadways will be
treated in future. If diamond grinding a dis-
tressed pavement 25 or 30 years from now re-
leases microplastics, it is not the treatment
to perform on a system containing recycled
waste plastics, according to this sea turtle
conservationist.

“The issue that concerns me most is pre-
serving the recyclability of pavements,”

Swanson agreed. “As mentioned, it would be
adisaster to find out 20 or 30 years down the
road that “plastic” roads don’t recycle very
well.” He cautioned that getting out and pav-
ing ahead of the research could result in fu-
ture failures. “Failures that show up early can
derail the whole effort. Failures that show up
late have even worse consequences. I under-
stand the frustration of contractors while
waiting on research results that always seem
to be one more research project away. At
some point, you have to pull the trigger, but
not before recyclability is proven.”

We are at a point in history where we
can evaluate the methods used to design
and place these environmentally sustain-
able structures. I would prefer we not be
so hasty that we present ourselves with an
environmental debacle 35 or 45 vears from
now. In fact, I see the opportunity before us
to build an environmental win with logical-
ly sourced recycled waste plastics and their
wisely planned modifiers. [

- BY SANDY LENDER
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