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Abstract—This report provides an end-to-end analysis of 

C5 and C9 hydrocarbon resins: molecular motifs, 

hydrogenation, applications across 

adhesives/inks/coatings/rubber, market trends, 

competitive landscape, SWOT, case studies, ESG, 

Porter's Five Forces, and sector-specific applications 

(solar encapsulants, FRP composites, wind turbines) 

with visuals. It integrates climate notes and IEC test 

references relevant to photovoltaic modules and wind 

energy. APA-style in-text citations and a full reference 

list are included. 

 

I. INTRODUCTION 

 

C5 (aliphatic) and C9 (aromatic) hydrocarbon resins 

are thermoplastic tackifiers produced from naphtha-

cracking streams. They enhance tack, adhesion, 

wetting, viscosity control, and compatibility across 

adhesives, coatings, inks, and rubber. Their 

performance can be tuned via hydrogenation and 

copolymerization. (Mordor Intelligence, 2023; 

Chembroad, 2024) 
 

II. CHEMICAL STRUCTURES OF C5 & C9 AND 

HYDROGENATION 
 

C5 resins consist of aliphatic chains/rings derived 

from piperylene, isoprene, and cyclopentadiene; C9 

resins feature aromatic rings from styrene, indene, and 

vinyltoluene. Hydrogenation saturates double bonds to 

improve color (water‑white), odor, and thermal/UV 

stability, typically using Ni/Pd/Pt catalysts at elevated 

temperature and pressure. (Chembroad, 2024) 

 
Figure 1: Representative C5 structural motifs 

 
Figure 2: Representative C9 structural motifs 

 

III. APPLICATIONS OVERVIEW 

 

C5 resins: tackifiers for hot‑melt/PSA adhesives 

(packaging, construction), rubber compounding (tire 

tack/processability), road marking paints, and 

gravure/flexo inks. C9 resins: gloss/adhesion 

modifiers in automotive/industrial coatings, 

solvent‑borne adhesives, and film inks. Emerging uses 

include EV adhesives and low‑VOC/waterborne 

systems. (Grand View Research, 2024; Mordor 

Intelligence, 2023) 

 

IV. MARKET TRENDS & GROWTH DRIVERS 

 

Growth is driven by construction/infrastructure, 

automotive (including EVs), and flexible packaging; 

process innovations (hydrogenation, 

copolymerization) improve thermal stability and 

compatibility; regulatory pressure accelerates 

low‑VOC and bio‑based grades. (DataInsightsMarket, 

2024; Verified Market Reports, 2025) 

 

V. COMPETITIVE LANDSCAPE 

 

Key producers include ExxonMobil, Eastman, BASF, 

Kolon Industries, Arakawa Chemical, Neville 

Chemical, Cray Valley, and regional suppliers in 
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China/India. Strategic themes: 

hydrogenated/bio‑based development, capacity 

expansions near demand centers, low‑VOC portfolios, 

and focus on EV/flexible packaging. (Future Market 

Insights, 2025; Eastman/Univar Solutions, 2024) 

 

VI. SWOT ANALYSIS 

 

Strengths Weaknesses Opportunities Threats 

High tack/adhesion; 

broad compatibility; 

chemical resistance; 

processing aids in 

rubber and adhesives 

Petroleum dependency; 

odor/color in 

non‑hydrogenated 

grades 

Bio‑based/hydrogenated 

grades; EV 

tires/adhesives; 

smart/waterborne 

systems 

Feedstock volatility; 

VOC/ESG regulations; 

competition from 

rosin/terpene resins 

VII. PORTER’S FIVE FORCES 

 

Threat of new entrants: Moderate (capex, feedstock, 

compliance barriers). Supplier power: High 

(piperylene/isoprene/DCPD and aromatic streams tied 

to petro cycles). Buyer power: Moderate–High 

(dual‑sourcing; qualification cycles temper 

switching). Threat of substitutes: Moderate 

(rosin/terpene/bio‑based). Rivalry: High (global 

majors vs regional players; hydrogenated 

differentiation). (DataInsightsMarket, 2024; Grand 

View Research, 2024; Chembroad, 2024) 

 

VIII. CASE STUDIES 

 

Packaging HMAs: Hydrogenated C5 tackifiers 

improve fast set and bond reliability on high‑speed 

lines. (USD Analytics, 2024; Coherent Market 

Insights, 2025) 

EV Tires: Advanced C5 tackifiers enhance green‑tire 

tack and lamination quality for EV durability/rolling 

resistance targets. (Mordor Intelligence, 2023; Future 

Market Insights, 2025) 

Road Marking Paints: C5 resins increase asphalt 

adhesion and glass bead retention, enabling rapid 

reopen‑to‑traffic. (Mordor Intelligence, 2023; 

Chembroad, 2024) 

Flexible Packaging Inks: C9 resins improve pigment 

wetting, gloss, and chemical resistance on polyolefin 

films. (Grand View Research, 2024; Mordor 

Intelligence, 2023) 

PSA Labels: C5/C9 copolymer tackifiers optimize 

tack‑shear balance across HDPE, PET, coated paper. 

(Verified Market Reports, 2025; Chembroad, 2024) 

 

 

IX. ESG CONSIDERATIONS 

 

Environmental: VOC reduction, hydrogenated and 

bio‑based grades, minimized carbon intensity. Social: 

worker safety and sustainable packaging. Governance: 

compliance with REACH/EPA, ethical sourcing, 

transparent reporting. (TER Chemicals, 2024; Dow 

ENGAGE™ PV, 2025) 

 

X. APPLICATIONS BY INDUSTRY (SOLAR, 

FRP, WIND) WITH VISUALS & CLIMATE 

NOTES 

 

A. Solar Encapsulants (EVA, POE) 

Hydrogenated C5 and C5/C9 copolymers are used as 

tackifiers/adhesion modifiers in lamination adhesives 

and edge‑seals around EVA/POE encapsulants, 

improving initial tack, wetting, and processability with 

low odor/clarity. POE provides improved moisture 

resistance and PID mitigation compared to EVA. 

(RenewSys, 2024; SpolarPV, 2024; Dow, 2025) 

 

Climate notes (Solar): Coastal/tropical sites require 

strong moisture/UV resistance—prefer POE and 

hydrogenated resins; validate Damp‑Heat (85 °C/85% 

RH) and PID screening; high‑UV/arid sites demand 

non‑yellowing grades; cold climates require bubble 

control and low‑temperature ductility. (IEC 61215; 

IEC TS 62804‑1; RenewSys/SpolarPV) 

 

B. FRP Composites (Epoxy / Polyester / Vinyl Ester) 

Hydrocarbon resins act as tackifiers/flow modifiers in 

laminating adhesives and surface layers to improve 

layup tack and fiber wet‑out for epoxy and 

polyester/vinyl‑ester systems. Selection must align 

with styrene/MEKP cure (for polyester/vinyl‑ester) 
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and viscosity/flow targets for infusion. 

(Eastman/Univar, 2024; SpecialChem, 2025; 

Epoxyworks, 2025) 

 

Climate notes (FRP): Hot/humid conditions accelerate 

styrene emissions and cure kinetics; choose resins that 

aid wet‑out while controlling VOC. Tropical/coastal 

sites benefit from erosion‑resistant topcoats and 

moisture‑tolerant epoxy systems. Cold climates 

require tack without embrittlement; consider post‑cure 

to raise Tg for hot regions. (Industry FRP guidance) 

 

C. Wind Turbine Blades & Components 

Hydrocarbon resins are used as pre‑bond 

tackifiers/process aids in epoxy structural bonding 

(shell‑to‑shell, shear web) and as additives in 

coating/repair systems to improve wetting and 

application rheology prior to cure. Epoxy adhesives 

dominate blade bonding. (ChemQuest/adhesion, 2023; 

Sika Industry, 2025) 

 

Climate notes (Wind): Coastal/monsoon sites need 

lightning/erosion‑resistant leading‑edge coatings and 

low‑moisture additives; cold sites require verified 

green tack at low temperature and cured toughness; 

arid/desert sites need long‑term UV/thermal stability. 

(IEC 61400‑24; IEC 61400‑23) 

 

XI. IEC TEST REFERENCES & APPLICATION MAPPING 

 

Standard Scope/Test Key Conditions (typical) Resin Relevance Citation 

IEC 

61215‑1/‑2 

PV design 

qualification 

& type 

approval 

(environment

al sequence) 

Thermal Cycling, Humidity‑Freeze, 

Damp Heat (85°C/85% RH, 1000 h), UV 

preconditioning (~15 kWh/m² at 60±5°C) 

Edge‑seal/adhesi

ve tackifiers must 

retain 

adhesion/optical 

clarity; 

hydrogenated C5 

preferred 

NREL; 

ESPEC; 

Gigahertz‑Opt

ik 

IEC 

61730‑1/‑2 

(Ed.3, 2023) 

PV safety 

qualification 

(construction 

+ testing) 

Electrical 

shock/fire/mechanical/environmental 

tests; up to 1500 V DC application 

classes 

Sealants/adhesive

s must preserve 

creepage/clearan

ce and safety 

margins 

IEC webstore; 

UL Solutions 

overview 

IEC TS 

62804‑1 

(Ed.2, 2025) 

PID 

detection 

(crystalline 

Si) 

Dark DH 60°C/85% RH/96 h; foil 

electrode; UV‑assisted polarization 

POE + 

hydrogenated 

resins mitigate 

PID pathways 

(ion 

migration/moistu

re) 

IEC webstore; 

NREL PID 

presentation 

IEC 

62788‑1‑1 

(2024) 

Encapsulant 

material test 

methods 

Optical/mechanical/electrical/thermal/che

mical characterization 

Supports 

datasheet/process 

QA for 

resin‑modified 

encapsulants/edg

e seals 

IEC webstore; 

CSA Group 

Standard Scope/Test Key Points Resin Relevance Citation 

IEC 61400‑1 

(2019, Ed.4) 

Wind turbine 

design 

requirements 

Extended classes (tropical cyclones), 

updated DLCs 

Process aids 

should fit OEM 

load 

IEC webstore; 

ANSI blog 

summary 
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assumptions; no 

adverse effects 

on structure 

IEC 61400‑23 

(2014) 

Full‑scale 

blade 

structural 

tests 

Static, fatigue, post‑fatigue static Validate adhesive 

systems under 

cyclic loads; 

tackifiers must 

not reduce 

durability 

IEC webstore; 

ANSI 

webstore 

IEC 61400‑24 

(2019, Ed.2) 

Lightning 

protection 

Risk assessment, LPL, grounding/surge; 

blade protection 

Coatings/primers 

must be 

compatible with 

LPS and erosion 

protection 

IEC webstore; 

DEHN white 

paper 

IEC 61400‑13 

(2015+A1:202

1) 

Measurement 

of 

mechanical 

loads 

Signal sets, capture matrix, 

post‑processing 

Align 

adhesive/tackifier 

selection to 

measured loads 

& fatigue life 

IEC webstore; 

iTeh 

consolidated 

version 

XII. FUTURE OUTLOOK (2025–2035) 

 

Expect continued adoption of hydrogenated and 

copolymer resins, R&D into bio‑based feedstocks, 

Asia‑Pacific capacity additions, and growth in 

EV/flexible packaging/renewables. Standards (IEC 

61215/61730/62804‑1; IEC 61400 series) will remain 

central for qualification and site‑specific reliability. 

(DataInsightsMarket, 2024; Verified Market Reports, 

2025) 

 

REFERENCES (APA) 

 

[1] Chembroad. (2024). C5/C9 resin properties and 

application primer. 

[2] Coherent Market Insights. (2025). C5 Resins 

Market. 

[3] DataInsightsMarket. (2024). Hydrocarbon resins 

(C5 & C9) growth trends. 

[4] Dow Inc. (2025). ENGAGE™ PV POE 

encapsulant attributes. 

[5] Eastman/Univar Solutions. (2024). Tackifier 

selection guide. 

[6] Epoxyworks. (2025). Fabric wet‑out tools & 

techniques. 

[7] Grand View Research. (2024). C9 Resin Market. 

[8] Mordor Intelligence. (2023). C5/C9 Resin 

Markets. 

[9] RenewSys. (2024). EVA vs POE encapsulant 

comparison. 

[10] Siltech. (2017/2024). Wetting & mechanical 

properties of modified resins. 

[11] SpecialChem. (2025). Selecting tackifiers for 

adhesives & sealants. 

[12] SpolarPV. (2024). EVA vs POE differences. 

[13] Sika Industry. (2025). Adhesives for wind blade 

manufacturing. 

[14] ChemQuest / Adhesives & Sealants. (2023). 

Next‑generation adhesives for wind blades. 

[15] DEHN. (2018/2021). Lightning & surge 

protection for wind turbines (white paper). 

[16] IEC. (2019). IEC 61400‑1: Wind energy 

generation systems — Part 1: Design 

requirements. 

[17] IEC. (2014). IEC 61400‑23: Full‑scale structural 

testing of rotor blades. 

[18] IEC. (2019). IEC 61400‑24: Lightning protection. 

[19] IEC. (2015, 2021). IEC 61400‑13: Measurement 

of mechanical loads. 

[20] IEC. (2023). IEC 61730‑2: PV module safety 

qualification — Part 2: Requirements for testing. 

[21] NREL/ESPEC/Gigahertz‑Optik. (2012–2025). 

IEC 61215 sequences & UV preconditioning 

resources. 

[22] IEC. (2025). IEC TS 62804‑1: PID detection 

(Ed.2). 



© December 2025 | IJIRT | Volume 12 Issue 7 | ISSN: 2349-6002 

IJIRT 188668 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2637 

[23] IEC. (2024). IEC 62788‑1‑1: Encapsulants — 

measurement procedures. 


