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Homogeneous Polyethylene @  0.920 g/cc.

TEM Micrograph

DSC 

• Peak melting temperature

• Melting distribution

• Weight‐% crystallinity

• Glass transition temperature                    
(of amorphous phase)
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Polyolefin Characterization Using DSC

• DSC Calibration ‐‐‐ Instrument Baseline & Indium

• DSC cooling and heating rate ‐‐‐ 10 oC/min.

• DSC cooling curve ‐‐‐ Crystallization Onset temperature

Crystallization Peak temperature. 

• DSC melting curve ‐‐‐ Glass transition temperature

Melting Peak temperature

Total heat of Fusion (e.g. ‐20 oC to melting)

Heat of Fusion from 23 oC to melting

Shape of Melting curve (composition distribution)

• ISO 11357‐3 or ASTM D3417‐97 and D3418‐97
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• Temperature Calibration standard

‐ Indium (Onset of melting = 156.6 oC)

• Heat of Fusion Calibration standard

‐ Indium (Heat of Fusion = 28.57 +/‐ 0.17 J/gm)

• Instrument baseline

Calibration of DSC
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Indium Calibration – Temperature and Heat of Fusion

Indium
Tm = 156.6oC
Hf = 28.57 +/‐ 0.17 J/gm

156.53 oC
28.84 J/g
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Applications of DSC

• Melting and crystallization peak temperatures

• Resin or film crystallinity

• Glass transition temperature (Tg)

• Crystallinity at high temperatures (residual crystallinity)

• Characterization of oxidation induction time (OIT)

• Semi‐quantification of LDPE/LLDPE blends 

• PCR Characterization
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Cooled and Heated at 10 oC/min

LLDPE and LDPE resins
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Heat Flow (Watts/gm)

DOWLEX* 2045

0.920 g/cc

LDPE

0.923 g/cc

109.9 oC

122.4 oC

Could be used in 
Dish washer

Z-N Octene LLDPE

DSC Comparison of ~0.920 g/cc Polyethylene Resins
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• Lamella thickness determines its melting temperature.

• Gibbs‐Thompson equation

T  =  T
Lm m

o e

c f

1
2















Tm = Observed Melting Temperature in oK
Tm

o = Equilibrium Melting Temperature 
= 414.5 K (141.5 oC) for PE

e = Surface Free Energy = 93 ergs/cm
2

Lc = Lamella thickness = typically 30 to 300 Å
Hf = Heat of Fusion per unit volume 

= 292 x 107 ergs/cc = 292 Joules/cc = 292 Joules/gm

Melting Temperature of Lamella
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Melting Temperature vs. Lamella Thickness
Polyethylene Lamellae
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Melting Temperature vs. Lamella Thickness ( of Polyethylene)
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DSC Second Heat (Z‐N Octene LLDPE)
Measured Quick Density @ 23oC  = 0.9207 g/cc
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Measurement of Crystallinity

• Density

− Plaque Density (Buoyancy Principle)

− Density Gradient Column 

• Heat of Fusion (DSC)

• X‐ray (WAXD)

 These techniques assume a simple two‐phase model for semi‐crystalline polymers 

(amorphous and crystalline phases). 

 Since, these techniques measure degree of crystallinity using different principles, 

values measured are usually slightly different for a given polymer.
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Polyethylene Density (Crystallinity)

• Density () = grams/cc @ 23 oC

– Density range ‐ 0.853 g/cc to ~ 0.970 g/cc.

– Density is determined by the percent crystallinity.

» 0.853 g/cc =  0%  Crystallinity

» 0.970 g/cc =  82% Crystallinity

W t%  C ry s t .  =  c a

c a




  
 









a=0.853 g/cc

c=1.000 g/cc
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Heat of Fusion @ 23oC = 142.0 J/gm 

Wt% Crystallinity @ 23oC = 142.0/292*100
=  48.6 wt%

DSC Second Heat (Z‐N Octene LLDPE)

Measured Quick Density @ 23oC  = 0.9207 g/cc

Wt% Crystallinity = 50% 
From Density

14 Rajen Patel  – DSC for polymers/PCR characterization and applications development - 17th TAPPI European PLACE Conference 2019 Porto - Session 14 - Paper 2

84.75oC

58.41oC

33.20(46.52)J/g

-30.00oC

23.00oC

13.32J/g

0.3

0.4

0.5

0.6

H
ea

t F
lo

w
 (

W
/g

)

-40 -20 0 20 40 60 80 100 120 140
Temperature (oC)Exo Down Universal V2.5H TA Instruments

DSC Second Heat (Polyolefin Elastomer)

Measured Quick Density @ 23oC=0.870 g/cc

Heat of Fusion = 33.2 J/gm 
@ 23 oC

Wt% Crystallinity = 33.2/2.92
@ 23 oC           =  11.4%

Wt% Crystallinity = 13.3% 
From Density
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Wt.% Crystallinity from DSC vs. ASTM Annealed Density
  

0.84 0.86 0.88 0.9 0.92 0.94 0.96 0.98
0

10

20

30

40

50

60

70

80

0

20

40

60

80

Annealed Density (g/cc)

Wt.% Crystallinity from DSC

Single Site

PE

Singel Site

PE

LDPE

LLDPE

Wt% Crystallinity

From Density

Wt% Crystallinity from DSC =690.9*den.-589.3

Perkin-Elmer DSC-7

Weight‐% Crystallinity from DSC vs. ASTM Annealed Density
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Tg = ‐ 54 oC (Glass Transition Temperature)

-40 oC

87.3 oC

58.7 oC

23 oC

Glass Transition Temperature ‐ DSC Melting Endotherm
1 MI, 0.87 g/cc, Octene Polyolefin Elastomer (POE)

Cooled and heated at 10 oC/min
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• Obtained from partial area calculations.

• Useful for characterizing resin melting behavior.

• Useful for understanding various applications such as sealants, shrink film, durable 
applications requiring high temperature performance, etc.

• Shrinkage ‐‐ inversely related to film residual crystallinity at a given temperature.

Seal initiation temp. ‐‐ temp. at which a critical amount of residual crystallinity is obtained.

High temperature performance  ‐‐ Mechanical properties at a given temperature depend 
upon residual crystallinity at that temp. 

DSC Residual Crystallinity
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DSC Residual Crystallinity (@ 90oC)

Wt% Crystallinity @ 90oC 
= 102.8/292*100
=  35.2 wt%
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Wt% Crystallinity @ 110oC 
= 58.7/292*100
=  20.1 wt%

DSC Residual Crystallinity (@ 110oC)
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• Based on ASTM method D 3895 (ISO 11357‐6:2008).

• OIT is a relative measure of the degree of oxidative stability of the material.

– OIT is primarily determined by amount of primary antioxidants (Phenolic AO)

• Method involves heating a thin film of sample in DSC to 200 oC  in nitrogen purge 

environment (50 cc/min).  Once temperature equilibrium has been established, 

purge gas is changed from nitrogen to oxygen (50 cc/min).  The changeover point 

is considered the zero time of the experiment.  Continue isothermal operation 

until well past the onset of the oxidative exotherm.

• Fast method to quantify oxidative stability of Polyolefin & PCR

DSC – Oxidation Induction Time (OIT)
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DSC ‐ Oxygen Induction Time (OIT)

200oC

OIT ~ 11 min.

24 Rajen Patel  – DSC for polymers/PCR characterization and applications development - 17th TAPPI European PLACE Conference 2019 Porto - Session 14 - Paper 2

• Blend density is given by :‐

• LDPE density (1) can be estimated from the melting point of LDPE fraction.  Z‐N 

LLDPE melting point is almost independent of density.

• Blend density (b) can be estimated from overall heat of fusion. 

• W1 and 2 are unknown and can not be determined.  Need reference DSC curves.

1 11

1

1

2  b

w w
 



LLDPE‐LDPE Blends Quantification
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Tubular LDPE (1.9 MI, 0.921 g/cc)
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Z‐N Butene LLDPE (1 MI, 0.918 g/cc)
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80/20 LLDPE/LDPE blend
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60/40 LLDPE/LDPE blend
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40/60 LLDPE/LDPE blend
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20/80 LLDPE/LDPE blend
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DSC of PE/PP Blend or Co‐ex – How to Calculate PE/PP Ratio ?

• Drop perpendicular at 140oC
• Only PP contributes to heat of fusion 

above 140oC
• Heat of fusion above 140oC = 56.5 J/g
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DSC of 100% Polypropylene (PP)
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• DSC of 100% PP reference
• Drop perpendicular at 140oC
• Heat of fusion above 140oC = 93.2 J/g
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DSC of PE/PP Blend or Co‐ex – How to Calculate PE/PP Ratio ?

• Drop perpendicular at 140oC
• Only PP contributes to heat of fusion 

above 140oC
• Heat of fusion above 140oC = 56.5 J/g
• Wt% PP = 56.5/93.2 =  60.6%
• Wt% PE = 100 – 60.6 = 39.4%
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DSC Characterization of PCR
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DSC of PCR #1 (HDPE)

Wt% Cryst. = 222.4/292*100
= 76.2%
~ 0.961 g/cc
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DSC of PCR #2 (HDPE)

Wt% Cryst. = 220.6/292*100
= 75.5%
~ 0.960 g/cc
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DSC of PCR #3 (Lot A)

Wt% Cryst. = 151.7/292*100
= 52%
~ 0.921 g/cc

hPP contamination
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DSC of PCR #3 (Lot B)

Wt% Cryst. = 153.4/292*100
= 52.5%
~ 0.922 g/cc

hPP contamination
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DSC of PCR #4

Wt% Cryst. = 147.9/292*100
= 50.6%
~ 0.920 g/cc

hPP contamination
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DSC of PCR #5

Wt% Cryst. = 144.5/292*100
= 49.5%
~ 0.919 g/cc

RCP contamination
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DSC of PCR #6

Wt% Cryst. = 145.2/292*100
= 49.7%
~ 0.920 g/cc

No PP contamination
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Commercial Fabrication Processes Use Fast Cooling Rates
Blown film line

Cast film line

Injection molding

1) Fill

2) Cool

3) Open

4) Eject

http://uakron.edu

http://www.eastman.com

http://flexpack.info

102 to 103 oC/s rates are common

additional 
processing

Chill rolls



22

43 Rajen Patel  – DSC for polymers/PCR characterization and applications development - 17th TAPPI European PLACE Conference 2019 Porto - Session 14 - Paper 2

Flash DSC (Chip Calorimetry) vs. Conventional DSC

0.5 mm

Parameter DSC Flash DSC

Max Heating Rate (°C/min) 100 3000000

Max Cooling Rate (°C/min) ~60 240000

Typical Sample Size (mg) 2‐10 0.01‐0.2

Flash DSC

Reference

Sample

Entire DSC cell on a chip:

 Ability to approach rates comparable to or faster than commercial processing/fabrication 
conditions to study kinetic processes (e.g. crystallization).
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• Thermal properties are very important in polyolefins/polymer 
characterization, product research and applications 
development

• Differential Scanning Calorimetry (DSC) is a  primary tool for 
characterization of polyolefins, including PCR characterization

• DSC is also an effective tool for characterization and           
semi‐quantification of polyolefin blends/PCR

Summary
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Thank You
Presented by:        

Dr. Rajen Patel                 
Dow Packaging and Specialty Plastics
Freeport, Texas
rmpatel@dow.com


