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Historical Background 

• Issue: Predictive Life Testing of P/S Hoses 
• ASTM Technical Reports SR-93-199, SR-94-164, SR 

94-165 by R. Pett and M. Nichols of Ford SRL: 
Isothermal DSC to determine Activation Energy 
from Polymer Oxidation  

• Ford CL (Doyle, Edmonson, Mehandru, Nguyen, 
Hoffman): Numerous DSC runs over 100s of hours 
but no exotherm; no Activation Energy values  

• Outcome: DSC not a good technique (2/21/1996) 
• New Plan: Investigate Pressure DSC 



HEAT 
 

 



HEAT 

 

 

• Work is energy, and the 
unit is the Joule.  

• Joule = N·m  

• = kg·m/s2·m  

• = kg·m2/s2  

 





Heating is transfer of energy from a 
hotter body to a colder one 



Same amount of heat energy yielding 
different temperatures 





The heat energy needed to raise the temperature of an object by 1 K is called the 
HEAT CAPACITY of the object. 
 
The SPECIFIC HEAT CAPACITY of a substance is the heat needed to raise the 
temperature of 1 Kg of the substance by 1 K (or by 1  oC) 
 





Definition 

Differential Scanning Calorimetry or DSC is a 

 thermoanalytical technique in which the  

difference in the amount of heat required to 
increase the temperature of a sample and 
reference is measured as a function of 
temperature (Wikipedia). 

 







Heat Flow 

Whether less or more heat must flow to the 
sample depends on whether the process is 
exothermic or endothermic 

 

 



Exothermic Reaction 
 

sugar and concentrated sulfuric acid 
C12H22O11 Dehydrate  12C(s) + 11H2O(l) Oxidise CO2, 

SO2  
 
 

 



Endothermic Reaction 
Barium Hydroxide and Ammonium Nitrate 

Ba(OH)2·8H2O(s) + 2 NH4NO3(s) → 2 NH3(g) + Ba2+(aq) + 2 
NO3-(aq) + 10 H2O(l)  

 
 











PDSC Work Plan Outcomes 

• Temperature Calibration (NBS Tin SRM) 

• Temperature Stability (< +/- 0.5 C at 200 C for 900 min) 

• Effect of Sample Size: (thin disc: 83 min, powder: 61 
min) 

• Repeatability (isothermal 227 C:  +/- 0.5 C)  

• Effect of Pressure (69 min@500 psi, 56 min@600 psi) 

• Effect of Temperature (69 min @ 227 C, 201 min @ 207 
C, 648 min @ 187 C) 

• Effect of Purge Rate (69 min @ 20 cc/min, 68 min@ 0 
cc/min) 





A: Activation Energy 
B: Potential Energy of the 
Reactants 
C: delta H  
D: Activated Complex 
E: Activation Energy of 
Reverse Reaction 
F: Potential Energy of the 
Products 



Where  
 
k is the rate constant  
A is called the frequency factor 
Ea is the activation energy  
R is gas constant (8.314 x 10-3 kJ mol-1K-1) 
T is absolute temperature 
Thus plot of lnK versus 1/T yields a straight line 
whose slope which is negative is equal to -Ea/R. 
 
 

























Polymer Oxidation Cycle 



Polymer Antioxidants 

• ANOX®, LOWINOX®, WESTON® and NAUGARD® 
phenolic antioxidants  

• NAUGARD®, OCTAMINE® and FLEXAMINE® aminic 
antioxidants  

• DURAZONE®, FLEXZONE® and NOVAZONE® 
antiozonants  

• LOWINOX® and NAUGARD® metal deactivators  
• ALKANOX®, WESTON® and ULTRANOX® phosphite 

antioxidants  
• NAUGARD® thioester antioxidants  
• GENOX® amine oxide antioxidants  

 



Where PDSC has been Useful 

• Activation Energy Determinations for Elastomers 
and Plastics 

• KTP E-Coat Oven Fire Investigations 

• Grease Blend Optimization (L. Mastro) 

• Polymeric Part Useful Life Predictions 

• Underhood Part Fire Investigations 

• Power Steering Fluid Oxidative Stability  

• Polymer Failure Analysis 

• Additive Package Depletion Studies 

 



Published PDSC Test Procedures 

• ASTM D3895 Oxidative Induction Times of Polyolefins by DSC 

• ASTM D5483 Oxidative Induction Time of Lubricating Greases by PDSC 

• ASTM D6186 Oxidative Induction Times of Lubricating Oils by PDSC 

• ASTM E1858 Oxidation Induction Times of Hydrocarbons by DSC 

• ASTM E2009 Oxidation Onset Temperature of Hydrocarbons by DSC 

• ASTM E2046 Reaction Induction Time by Thermal Analysis 

• ASTM E2070 Kinetic Parameters by DSC Using Isothermal Methods 

• ISO 11357-6:2008 Plastics -- Differential scanning calorimetry (DSC) -- Part 
6: Determination of oxidation induction time (isothermal OIT) and 
oxidation induction temperature (dynamic OIT) 

 

 

 



Summary 

• PDSC is an accelerated calorimetric technique 

• Still considered new (on market since early 
1960s) 

• Can obviate the need of other, often tedious, 
long-term aging tests 

• More and more industries are using this 
technique to make useful life predictions 

 

 

 



Questions 

(Operating Limits, Safety, Price, etc.) 


