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Largest Producer of Pine Chemicals 

• Largest Producer of Pine Chemicals 

– Hold 50% global capacity of crude tall oil 

production at 800,000 tons/year 

• World class manufacturing facilities and practices 

– Favorable carbon footprint balance 

• Products range from 50-99% Bio-renewable 

content 

– 75% fewer CO2 emissions than oil-based 

substitutes 

• Committed to continuous improvement  

– ISO 14001 

– ISO 9000 

– OHSAS 18001 

– Responsible Care Program  
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Case & Carton Sealing Non-Wovens PSA Tape & Labels Building & Construction 

Transportation Bookbinding Product Assembly Wood Assembly 

Raw materials for Adhesives 
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Key Challenges in Adhesive Design 

• Current adhesive design is an art 

– Formulations may become overly complex 

• Too many “critical” raw materials 

– Development is time-consuming 

• With too often a dead-end road taken 

– Depending on the experience of a few 

• Not sustainable 

– Inability to adapt (quickly) to new technologies 

when they appear 

 

The 
Mysterious 

Smile of 
The 

Formulating 
Artist 
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Adhesives – improving by using a model 

Step 1 
• Creating a model of PSA action 

– shows the action(s) of the components 

• Components interact 
 

Step 2 
• Map the non-linear interactions: DoE 

 

Step 3 
• Create model for formulation  
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Adhesive Model Building – in pictures 
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What is a PSA? 

• PSA’s 

– are materials that are aggressively and permanently tacky at 

room temperature and that firmly adhere to a variety of 

dissimilar surfaces upon mere contact without the need of 

more than finger or hand pressure 

 

 

• Hypothesis: 

Adhesion is less of a surface phenomenon, 

much more a bulk material property 
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Look what happens: 
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Reconsidering old truths… 

Water will spontaneously wet PE …… 
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Adhering - in pictures 

Pictures  and animantions used with permission - Prof. Steven Abbott (http://www.stevenabbott.co.uk/PracticalAdhesion/IdealPSA.html) 
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Adhering - in pictures 

Pictures  and animantions used with permission - Prof. Steven Abbott (http://www.stevenabbott.co.uk/PracticalAdhesion/IdealPSA.html) 
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Adhering - in pictures 

Pictures  and animantions used with permission - Prof. Steven Abbott (http://www.stevenabbott.co.uk/PracticalAdhesion/IdealPSA.html) 
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Modelling of Pressure Sensitive  

Adhesives using DMA 

• Old adage “adhesion is a surface phenomenon”  

is not valid 

– Need to study bulk properties as well 

• DMA viscoelastic profiles: 

–  Study, explain & predict PSA behaviour 

• Ultimately: facilitate more intelligent formulation 
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The principle and result 
Dynamic Mechanical Analysis 

• What is Dynamic Mechanical Analysis? 

 

– For a start it is: 
 

• “An Accurate Way of Feeling"  
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The principle and result 
Dynamic Mechanical Analysis 
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The principle and result 
Dynamic Mechanical Analysis 
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The principle and result 
Dynamic Mechanical Analysis 
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DMA – how does the machine feel ? 

PSA Sample 
 

2mm thick sample 
8mm wide sample 

Stationary geometry 

Oscillating geometry 

           1 CM          
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DMA – Measurement (50x real time)   
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Connection to Reality 
Dynamic Mechanical Analysis 

Typical viscoelastic response of a “real Hot Melt Pressure Sensitive Adhesive system” 

Glass 

Region 

Transition 

Region 

Rubbery 

Plateau 

Melt Flow 

Region 

tanδ 

G’ 

G” 

Ingredients: 

-Styrenic block copolymer 

-Resin 

-Oil 
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Connection to Reality 
Dynamic Mechanical Analysis 

Typical areas related to HMPSA characteristics 

Network

+ ─ ─ + ─ +

+ ─

+

─

+

─

Tack
Flow/Melt
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Ideal (HM)PSA / Key Parameters 
Dynamic Mechanical Analysis 

• An SIS/Resin/Oil blend. 

– Hard Styrenic domains connected by elastic isoprenic 

midblocks; K2 

– Local resin has temperature dependent damping effect on 

movement K2; η2//K2 

– Free flow at high temperature; η1 

– Glassy at very low temp.; K1 

• Model is known as the “Burgers model” 

Network
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Tack
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Ideal HMPSA / Key Parameters 

The Luth-Burgers PSA Model 

Facts: 

Fixed values for K1, K2, η1, η2, represent 

an unique viscoelastic profile. 

G’(ω) and G” (ω) @ T=const.; 

Introducing temperature dependent 

dashpots will result in G’(T) and G”(T) 
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Ideal HMPSA / Key Parameters 

The Luth-Burgers PSA Model 

Facts: 

{(-), Tδmax, G’p, Tcross}; {(K1), K2, η1, η2} 

Temp. sweep; η(T) η=η0exp{-A(T-Tref)}. 

i.e varying “log1/ω” or “T” will result, 

apart from a scaling factor, in a similar 

viscoelastic profile {WLF TTS}.  
10

2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

Pa

G'

G''

10
-2

10
-1

10
0

10
1

tan( )

-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140°C

Temperature T

13-03-12

Rl130119, V4111/ Escorez 5400/ Primol 352; 100/154/046

K1=109Pa   

K2=105Pa   

η2=l05Pa·s  

η1=l09Pa·s 

Tδmax 

G’p 

Tcross 

-60°C 140°C 

25 Towards Better Adhesive Design - Using Scientific Tools 



Interactive version of the  

Luth-Burgers PSA model (Now available on the internet!) 

Pictures  and animantions used with permission - Prof. Steven Abbott (http://www.stevenabbott.co.uk/PracticalAdhesion/IdealPSA.html) 
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Ideal HMPSA/ Key Parameters 
Dynamic Mechanical Analysis 
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Adhesive property “Burgers model” “DMA control” 

Glassy Glassy 

Mobility/Fast 

processes 
Tack/ Recovery 

Strength/ Hardness 
Cohesion/Adhesion 

balance 

Melt Viscosity 
Creep/ Relaxation/ 

Melting temp. 

Summary: Ideal HMPSA/ Key Parameters 

The Luth-Burgers PSA Model 
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Example A: varying (just) G’P  
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1. G’P major variation! 

SIS/SYLVAGUM™ TR 90 /ZONATAC™ NG98 /Oil 

1 
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Example B: varying (just) Tcross 
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1. The Dahlquist parameters kept constant 

2. Tcross is reduced by introducing ZONATAC™ 

SIS/SYLVAGUM™ TR 90 /ZONATAC™ NG98 /Oil 
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Relating model expectations to actual values 
“Outliers” well identified - deeper study 

Looptack Peel 180° / 20 min Peel 180° / 24hr Shear @ 23°C 

Expected trend from 

Model 

Actual Data 

Tcross controls slow processes; 

Loop tack and Peel constant 

Shear: no decrease 
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Taking to the next level 

Why measuring everything on all samples was 
outdated in 1920. 

 

“Early in the 20th century it was proven that changing one 
factor at a time does not necessarily provide information 

about the optimum conditions”(1). 

 

Let’s take a smarter path, limiting the amount of 
experiments and using smart tools to get the most 
valuable data. 

(1). Design of Experiments Principles and application – Page 3 – UMETRICS ACADEMY - 2008  
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Formulation influence: 

adhesive properties 

Focus area 
 
Real application data on 
formulations 
 
• Loop Tack SS 
• 180° Peel SS (20min + 

24hr) 
• …. 
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Formulation influence on Peel 
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C: oil B: Resin 

A: Polymer 

3D 



Expanding to a DoE Model:  

prediction vs actual 

Purpose is to predict 

the effect of the 

resin on the 

(required) properties 
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Conclusions 
Modeling of  Pressure Sensitive Adhesives 

• (SBC-HM) PSA systems and the Burgers model have 
matching viscoelastic profiles 

– Model defines the PSA key parameters. 

• The Luth-Burgers DMA parameters: 

– Also describe real PSA systems 

– Allow a straightforward connection between  
viscoelastic and adhesive properties 

• LB-Model is sound basis for step 2 

– (non-linear) interactions study using DoE 

– Predicting performance 

• Hypothesis: “adhesion is a bulk phenomenon” is 
not disproven 
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Contact details 

• Application Development 

Evert Smit (evert.smit@azchem.com) 

Danny Beekman (danny.beekman@azchem.com)  

• Science & Technology / Rheology 

Roelof Luth (roelof.luth@azchem.com)  

The information set forth herein is furnished free of charge and is based on technical data that Arizona Chemical believes to be reliable and falls within the 
normal range of properties. It is intended for use by persons having technical skill, at their own discretion and risk. This data should not be used to 
establish specification limits nor used alone as the basis of design. Since conditions of product use are outside our control, we make no warranties, express 
or implied, and assume no liability in connection with any use of this information. As with any product, evaluation under end-use conditions prior to 
specification is essential. Nothing herein is to be taken as a license to operate or a recommendation to infringe on any patent. 

  

ARIZONA CHEMICAL™, the ARIZONA CHEMICAL logo, ZONATAC™ and SYLVAGUM™ are trademarks, registered in the United States and/or 
other countries, of Arizona Chemical Company, LLC. © Copyright 2015 Arizona Chemical Company, LLC.  All rights reserved. 
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