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Introduction: Polymer types, chains, & cross-linking
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Fabrication/curing (polyethylene)
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Variations on 
the basic 

polyethylene 
structure
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Epoxy
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Cure Modeling
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Cure Models

• Reaction rate d/dt = k f(), where k = A exp-(E/kT)
– k = chemical rate constant, f () reactant concn. 

–  = degree of cure

• N-th order model:  f() = (1 - )n

• Calculate degree of cure:
– 1st order: d/dt = k(1- ),   = 1-exp(-kt)

– 2nd order:  = 1 - (1 + kt)-1

• Auto-catalyzed model:
– f () = m (1- )n

– Linear combination: d/dt=k f()=(k1+k2 m)(1- )n
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Differential Scanning Calorimetry (DSC)5/14/2012 17

Cure Calculations
• k found for each T from E, A (experimental)

• E, A found from DSC, heating rates 
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- ie var’n of peak exothermic temp with heat rate
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Calculation 
Results: 

Degree of 
Cure vs. Time 

for 3 
Adhesives
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Cure Optimization

• Removal of volatile organics
– Organic liquids/solvents added
– Viscosity control for printing

• Complete cure
• Polymer degradation
• Problems:

– Bubbles

• Plasma polymerization
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Structure
(polyethylene)
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Polyethylene
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Copolymers:
Alternating

Random

Block

Graft

Terpolymers
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Alternating

Random

Block

Graft
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Branching
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Van der 
Waals

Chains

&

Viscosity
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Crystals
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Crystallization
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Nucleation 
& growth of 
spherulites

↓
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Proportion of 
crystalline and 
amorphous phases
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Glass Transition Temperature Tg
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Tg effects
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Thermoset (epoxy) properties
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Thermoplastics
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Polyimide & silicone rubber are thermoplastics
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Polyimide
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Polyimide properties
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Chemically cured 
(film) PI
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Thermally 
cured 

PMDA-
ODA

Interface 
properties:
Metal on PI
PI on metal
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Elastomers (category & application)

*
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*
595/14/2012

*

*
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Adhesives
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Encapsulants
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Assignment #7
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Dally et al: [Read Dally, Sections:

(1) 5.16 6.7 Plating

(2) 5.17 6.8 Solder mask

(3) 5.18 7.3 Soldering

(4) 7.26 7.5 Solder paste]

(5) Describe the composition of 70/30 Sn/Pb solder at 
room temperature following rapid cooling from the melt.

(6) List the five things you like the most about the course 
and the five things you dislike the most


