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NEW NANOTECHNOLOGY BASED SOLUTION FOR ENHANCED PET FOAMS

SABIC SPECIALTIES
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Sl
SABIC: ONE OF THE WORLD'S MOST DIVERSIFIED CHEMICAL COMPANIES |

BUSINESS PORTFOLIO

PETROCHEMICALS SPECIALTIES AGRI-NUTRIENTS

Polyolefins Specialty Engineered Nitrogen Long Steel
Polycarbonates and Blends Thermoplastics Prilled Urea Rebar
PVC, Polyester and Polystyrene . Granular Urea Wire Rod
Functional Forms Specialty Compounds Ammonia Rebar in Coil
Synthetic Rubbers Advanced Composites Phosphate Flat Steel
Specialty Polymers & Polymer Additives DAP and Dark DAP Hot Rolled Coils
Fltiids Al MismuitEring MAP Cold Rolled Coils
. . Galvanized Rolled Coils
aGrI?éczlrsgrgi?cnss, Oxygenates Thermosets and Additives SpNT_-)(':éalty pre-painted Rolled Coils
Chemical Intermediates & Industrial TGU
Gases

* Supplied under SABIC brand through Hadeed, a fully-owned SABIC Affiliate 4
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MARKET TRENDS
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FOAM CORE MATERIAL FOR WIND TURBINE BLADES - INDUSTRY TRENDS salbie

APPROXIMATE GLOBAL MARKET SALES VALUE BY MATERIAL MATERIAL TRENDS

2016 2019
13%

m Cores m QOther

MARKET GROWTH DRIVERS

Rising demand for Wind Energy

Europe: from current 12 GW to expected 300 GW in 2050

for offshore wind energy capacity

g/ Larger blades

Approaching 120m and requiring robust materials

@/ More differentiation in foam properties

@ Sustainability — Recycled / Recyclable

{1 Balsa wood shortages (COVID19)
% Lower resin uptake for lightweight

> PET is one of the fastest growing materials

Repowering
Expected to increase blade demand in ~2GW in 2020
to ~5GW in 2025

Local supply chain
% pply

Leveraging local production to avoid potential
disruption on global sourcing

Source: AMI consulting



NEW NANOTECHNOLOGY BASED SOLUTION FOR ENHANCED PET FOAMS

LNP™ COLORCOMP™ COMPOUND:
NEW NANOSTRUCTURED
MASTERBATCH FOR FOAMS
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WHAT IS NEEDED TO MAKE A RESIN/COMPOUND FOAMABLE? selie
Gas diffusion and Nucleation Growth and Stabilization
FOAM PROCESSES Q
| T8 O
E [ ?
xtrusion — Q O
Injection Molding
Bead foaming &
< —— O O
-
Dissolution and surface tension driven Surface tension and viscoelasticity driven
CONTROL OVER NUCLEATION CONTROL OVER CELL GROWTH
RESIN Chemistry, morphology RESIN Melt strength, glass formability

crystallization

ADDITIVE  LNP™ COLORCOMP™ compound ADDITIVE LNP™ COLORCOMP™ compound

> The right balance and control of material properties controls foamability
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LNP™ NANOSTRUCTURED MASTERBATCH FOR IMPROVED FOAMABILITY
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sabia

CUSTOMER CHALLENGE

Cost efficient production of foams with wide variety
of densities on a flexible processing window with
enhanced mechanical properties.

NANOSTRUCTURED MASTERBATCH

Special LNP™ nanostructured masterbatch can be
used to achieve low-high density foams with
potential for improved mechanical properties and
extended foamability window by increase of melt

strength and nucleation efficiency.

O
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Better control over nucleation and cell growth while
decreasing cell size and improving cell size
distribution over the entire foam.
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> LNP COLORCOMP masterbatch for foams are a SABIC proprietary technology
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CELL MORPHOLOGY sadbia

At same foam density: Conventional

nucleating agent

2 ‘3X reduction on average cell size

Up to SX reduction of cell size dispersity

LNP™ COLORCOMP™
Masterbatch

O
Up to 40 /O reduction of resin uptake

> LNP™ nanostructured masterbatch based foams show smaller cell sizes
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SHEAR PROPERTIES VS DENSITY sabic
SHEAR STRAIN SHEAR STRENGTH
e PET Foams
30 ° o Balsa wood
e LNP COLORCOMP enabled _
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> LNP™ masterbatch based foams show higher shear properties over PET foams of the same density

M
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SECONDARY POTENTIAL BENEFIT - RHEOLOGY MODIFIER sene
STANDARD CHEMICAL ROUTE FOR IMPROVED MELT STRENGTH Rheology control
o o { 107 ®PET-A2
®PET-A3 ...’
@ fast @ slow el 106 ©PET-A4 . P
LNP™ MB1 '.0 .o..
EMDA4 =€ cham extension Jour-arm star PET ¢ LNPTHMB2 ‘.0’ o".
10° gpeT o o o0 .:.0

comb-shaped PET with a very short backbone

Extensional viscosity [Pa.s]

Figure 5. Possible topologies of PET after reacting with PMDA and ADR molecule. 0.01 01 ;

Normalized step time t, [s]

Current solutions act by reacting with the PET base resin (branching or cross-linking) to give melt strength.
Our solution gives also melt strength thermoformability to PET via a blending approach.

Yang, Z.; Xin, C.; Mughal, W.; Li, X.; He, Y., High-melt-elasticity poly(ethylene terephthalate) produced by reactive extrusion with a multi-functional epoxide for foaming. Journal of Applied Polymer Science, 735, 12
45805, 2018.



CONCLUSION - LNP™ COLORCOMP™
BENEFITS
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LNP™ COLORCOMP™ BENEFITS salbie
@ VALUE FOR FOAM MANUFACTURERS @ VALUE FOR WIND ENERGY INDUSTRY
« 2-3x reduction on average cell size and reduce the * Less epoxy resin uptake when making sandwich
cell size dispersity by a factor of up to 5 at same structures
density «Lower weight
» Replacing nucleating agent & reducing chain «Lower cost
extender » Potentially allowing the replacement of balsa
* Good shear strength, shear strain and resilience wood and PVC
» Potentially allows the use of rPET with less *Thermoplastic solution: lower lead times vs
processing restrictions, improved foam recyclability balsa wood
for scrap material (no mineral filler present) *Closed cell foam and potential benefit of less
» Different densities are reachable broadening the water uptake vs wood
scope for diverse range of CTQ’s *Better environmental footprint vs PVC
£|2 * Melt strength enhancer
e L« Thermoformability
L = -« Propriety technology is resin independent, thus expanding the application space into insulation,
5 g building and construction, automotive, packaging and others

14
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DISCLAIMER salbic

DISCLAIMER: THE MATERIALS, PRODUCTS AND SERVICES OF SAUDI BASIC INDUSTRIES CORPORATION (SABIC) OR ITS SUBSIDIARIES OR AFFILIATES
(“SELLER”) ARE SOLD SUBJECT TO SELLER’S STANDARD CONDITIONS OF SALE, WHICH ARE AVAILABLE UPON REQUEST. INFORMATION AND
RECOMMENDATIONS CONTAINED IN THIS DOCUMENT ARE GIVEN IN GOOD FAITH. HOWEVER, SELLER MAKES NO EXPRESS OR IMPLIED
REPRESENTATION, WARRANTY OR GUARANTEE (i) THAT ANY RESULTS DESCRIBED IN THIS DOCUMENT WILL BE OBTAINED UNDER END-USE
CONDITIONS, OR (ii) AS TO THE EFFECTIVENESS OR SAFETY OF ANY DESIGN OR APPLICATION INCORPORATING SELLER’S MATERIALS, PRODUCTS,
SERVICES OR RECOMMENDATIONS. UNLESS OTHERWISE PROVIDED IN SELLER’S STANDARD CONDITIONS OF SALE, SELLER SHALL NOT BE
RESPONSIBLE FOR ANY LOSS RESULTING FROM ANY USE OF ITS MATERIALS, PRODUCTS, SERVICES OR RECOMMENDATIONS DESCRIBED IN THIS
DOCUMENT. Each user is responsible for making its own determination as to the suitability of Seller’s materials, products, services or
recommmendations for the user’s particular use through appropriate end-use and other testing and analysis. Nothing in any document or oral
statement shall be deemed to alter or waive any provision of Seller’s Standard Conditions of Sale or this Disclaimer, unless it is specifically agreed to in
a writing signed by Seller. Statements by Seller concerning a possible use of any material, product, service or design do not, are not intended to, and
should not be construed to grant any license under any patent or other intellectual property right of Seller or as a recommendation for the use of any
material, product, service or design in a manner that infringes any patent or other intellectual property right.

SABIC and brands marked with ™ are trademarks of SABIC or its subsidiaries or affiliates, unless otherwise noted.
© 2020 Saudi Basic Industries Corporation (SABIC). All Rights Reserved.

Any brands, products or services of other companies referenced in this document are the trademarks, service marks and/or trade names of their
respective holders.

16



