13 Manufacturing Sites

Global Specialty

Chemical Company 6 Regional Headquarters

9 Innovation Centers

e 70+ Countries
A 700+ Customers
6,000+ Suppliers

A LEADING GLOBAL PRODUCER OF 1,800+ Employees
Styrenic Block Copolymers & Pine Chemicals

1,000+ Patents &
$37M Innovation Patent Applications

Investment Annually 100 Years of Pioneering
Innovations
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DL Chemical History

DL Chemical was the first to commercialize metallocene polyethylene in Korea, exporting petrochemicals to 2010 Commercialized Korea's first
the U.S. market for the first time in the industry, becoming world’s No. 1 in the production capacity of highly reactive polyisobutylene
polyisobutylene with yearly 200 KTA of production capacity (open market standard), etc. 2015 Exported independent

polyisobutylene technology to
the U.S. market for the first in

Korea
2017 Expanded PIB#2 factory
(100 KTA)
2019 Expanded PIB#1 factory
1992 Developed common grade polyisobutylene (100 KTA)
1993 Manufactured common grade 2020 Acquired Cariflex
polyisobutylene 2021 DL Chemical launched
1994 Started up new LLDPE plant Started up expansion of PE#2

1975 Established Honam Ethylene (250KTA) with independent

. NCC Division established Yeochun NCC
1979 Acquired Honam Ethylene 1999 jointly with Hanwha Group RS ¢=te aTaTe] o o \V ANNENES

2022 Acquired Kraton

After 2010

1987 Daelim Industrial Co., Ltd. merged with 2000 The PP Division established PolyMirae as a joint venture
Honam Ethylene and launched the with LyondellBasell

peeensuie] DRI O s Gelulei 2006 Succeeded in commercial production of metallocene

polyethylene(mPE) for the first time in Korea




Sustainable Solutions.
Endless Innovation.™
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Asphalt Binders-a review

Gary L. Fitts, P.E.
Kraton Polymers




Asphalt-what is it?

From the “Energy Information Administration Glossary”:

Asphalt: A dark brown-to-black cement-like material obtained by
petroleum processing and containing bitumens as the predominant
component; used primarily for road construction. It includes crude asphalt as
well as the following finished products: cements, fluxes, the asphalt content
of emulsions (exclusive of water), and petroleum distillates blended with
asphalt to make cutback asphalts. Note: The conversion factor for asphalt is
5.5 barrels per short ton. (emphasis added)

The term “asphalt binder” is commonly used and relates directly to the
primary usage of the material-as a material that binds and waterproofs
asphalt paving mixtures.

° KRATON


https://www.eia.gov/tools/glossary/index.php?id=A

Refinery Products

Crude oil distillation unit and products AKA —vacuum tower bottoms/VTB’s

boiling range products

£ lighter ‘ﬁ
{low boiling point) | ——> <B85°F ——3 butane and lighter products

—p §3-185 F = gasoline blending components

—> 185-350 °F —> naphtha

Or Vacuum Distillation

> 350-450 °F > kerosene, jet fuel Temperature and Pressure Products

cia
150°F and 10 mmHg
—> 450-650 'F ——> distillate (diesel, heating oil)

> light vacuum gas oil

LES » heavy gasoil atmospheric column
bottorms
heawvier :
(high boiling point) — > 1050 °F =3 residual fuel oil
: i l (‘i-‘f s heavy vacuum gas ail

Atmospheric Distillation

5 slop

s fvacuum column bottoms
F90-F70°F and 20 mmHg
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Asphalt Binder

According to EIA data, vacuum tower bottom products have

been about 9.5% of the total refinery output from domestic
refineries over the last 10 years

Asphalt binders are ~2% of the total output

Unlike other VTB products, asphalt binders are not made for
energy production/combustion

8 KRATON
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Asphalt Binder

P & Anal
eia LLS. Energy Information
: Administration

A
PETROLEUM & OTHER LIQUIDS \ )

About 24 .4 million tons - -

OVERVIEW | paTA = | AMALYSIS & PROJECTIONS =

supplied in US in 2021 .-

148% ImpOrted, 95% Of Erg:LSE:F;Eu':u;T:;?f::ZLT;e;T;ndﬂgaqmleummdum

Wthh |S from Can ad a View Fistory. O Morthly @ AAnual Download Data (XLS File)

5.5% exported, mostly T & oo

to Canada and Mexico
Since 2009, ~86% e L

. N ————

used for paving e
applications

T T
2000 05 2010

=— LL5. Product Supplied of Asphalt and Read Qil

This saries is available through the EIA open data AP and can be downloaded 0 Excel or embedded == an intemaclive charl ar map on your website,
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Asphalt Binder Supply

Nationally, 60-75% supplied through terminals, rather than
refineries
No. of facilities included in the Florida DOT APL, by grade:
PG52-28: 17
PG58-22: 17 }Unmodified grades
PG67-22. 21

PG76-22 (ARB): 3
PG76-22 (PMA). 17
High Polymer: 8




FDOT Approved Asphalt Binder Terminals
(from Howie Moseley)

FDOT) Florida Department of Transportation
—— -
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Performance Graded (PG) Asphalt Binders
(AASHTO M320)

Product of the Strategic Highway Research Program (SHRP)
New tests and specification for binders used in hot mix asphalt

Provides a temperature range over which the asphalt binder must meet
certain physical properties to resist rutting and cracking

Includes conditioning procedures to simulate changes in asphalt
properties during mixing and over time through field exposure

KRATON



Asphalt Binders-the PG System

PG 64-22
\ )

\ Control physical properties
of asphalt binder within this

range of pavement

temperatures (Celsius)




What Physical Properties?

High & Intermediate Temperature

complex shear modulus (G¥)

phase angle (d) Dynamic Shear

Rheometer (DSR)
Low Temperature
logarithmic creep rate (m) Bending Beam N
Rheometer (BBR) o

creep stiffness (S)

Measured on Lab Aged Binders

Rolling Thin Film Oven (RTFO) Pressure Aging Vessel (PAV)

KRATON



lllustration of PG Binder Tests

Low Temp. Fatigue Rutting Handling
Cracking Cracking
==
- 20 20 60 135

Temperature, °C




Dynamic Shear Rheometer (DSR), AASHTO T 315

<]

- Oscillating Plate

Binder
Sample

Fixed
Base Plate

Measures response to loading
G* (complex shear modulus), d (phase angle)
Used for rutting, intermediate temperature cracking parameters

KRATON



DSR Output

Stress

A=6 —f |- .
I T | | | > Time

Lower & = more elasticity

Strain

KRATON




Multiple Stress Creep Recovery (MSCR),
AASHTO T 350

Uses the DSR to measure compliance (permanent
deformation after repeated loading) and recovery (elastic
response) at high temperatures

Compliance (J,,,) has been shown to be better-related to
rutting than the original parameter (G*/sind)

Recovery indicates the level of elasticity of the binder at high
pavement temperatures




MSCR-Single Load Application

14

12 J}ooooooooooaooooooon PNRRLEE L e e e e e e L e E e E L e CE L R EEPEREEREEE T ......
© 10 - Recoverable deformation
g 8 L T .......................
© |
£ 0 Response to Compliance
O 4 - Load
a

2 -

0 . . Y

0 2 4 6 8 10

Time, seconds
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Bending Beam Rheometer (BBR), AASHTO T313
/ Deflection Transducer - Test performed at 10°C

higher temp. than low

== ] ] temp. grade
: — / Air Bearing At -12° for g -22
Control and Fluid grade
ane Load Cell A sustained load (~980
Data Acquisition Bath sustained load (
mN) is applied,
Asphalt Beam | deflection measured
\ I v continuously for 4 min
Stiffness (S), m-value
Asphalt Binder Sample (change in S with time)
/ determined at 60 s
Temperature Probe Loading
Frame
Supports

KRATON




BBR Data-Highly Modified Sample at -18°

2.5
............................. °
........... ..
N
....... o
E 15 e
g 5>=178 MPa
48‘ L4 m = 0.315
() 1 .".
B @
0.5
0
0 60 L | 240

Time’ sec




Additives

For FDOT projects, products added directly to the binder must
be added at the asphalt terminal, not at the hot mix plant

These include:

Liquid antistrips
Chemical warm mix additives
Silicone (anti-foaming agent)




Liquid Antistrips

Generally, surfactants that improve the ability of the asphalt
binder to wet/coat aggregates

Results in improved adhesion, resistance to moisture damage

In liquid form, added at the terminal
17 products currently listed in the FDOT APL
Most require dosage of around 0.50% by mass of binder




Warm Mix Asphalt

Additives or processes that allow for improved workability,
thus allowing for mix production, placement and
compaction at reduced temperatures

Additives are chemicals added at the terminal

Processes usually include either equipment or materials that
iIntroduce small amounts of water, resulting in foaming

Additives typically provide improved lubricity, thus better
workability

Some warm mix additives also function as liquid antistrips




Chemical additives

FDOT Approved WMA Additives/Processes

Approved Additives/Processes

Product

Company

Web Address

Ad-here ULTRA

Road Science Division
of ArrMaz

https://arrmaz.com/products/road-science-asphalt-technology/asphalt-additives/hot-mix-

asphalt-additives/

Aqua Foam System

Meeker Equipment

http://www.meekerequipment.com/new warmmix.html

Aspha-min

Aspha-min

http://www.aspha-min.com/

Double Barrel Green
System

Astec Industries

http:/fwww.astecindustries.com

System

Eco-Foam |l AESCO/Madsen (TBDY)
Evotherm DAT Ingevity hittps:/fwww.ingevity.com/markets/asphalt-and-paving/evotherm/
Evotherm M1A Ingevity hittps:/fwww.ingevity.com/markets/asphalt-and-paving/evotherm/
Evotherm M14 Ingevity hittps:/fwww.ingevity.com/markets/asphalt-and-paving/evotherm/
Ultrafoam Gencor Industries (TBD)
Warm Mix Asphalt Terex Roadbuilding (TBD)

Zycotherm

Zydex Industries

http:/fwww.zydexindustries.com/




Modifying
Asphalt Binders

“Hard” asphalt
(e.g., PG76)

Extend the temperature range R
over which the asphalt binder
has acceptable performance

Elasticity at high temperatures

More resistant to cracking at Semi-solid
intermediate and low
temperatures

SBS (styrene-butadiene-styrene)
Is a thermoplastic elastomer. It
absorbs some of the I|?hter
fractions of the asphailt,
expanding to per_manentl)( _
change the physical/rheological
properties of the material | Service | | comp Mix

Modified Asphalt

“Soft” asphalt /"
(e.g., PG-28)

Viscosity

Fluid

Temperature

KRATON



FDOT Binder Acceptance

See FDOT Materials Manual, Vol Il, Section 3.5

Suppliers must provide a QC plan meeting the
requirements described in Section 3.5.7.1

Details for which binder grades are supplied from the terminal,
storage and handling, sampling procedures/schedule,
laboratories, etc.

QC testing required at least weekly, Specification Compliance
sampling/testing performed monthly or when materials change-no
more than 35 days between SC testing




Legal Disclaimer
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