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Collaboration
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Introduction
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 Ethylene-vinyl acetate (EVA) is a copolymer of 
ethylene and vinyl acetate.

 Of great concern with EVA is the generation of 
acetic acid as the material ages.



Introduction (cont.)
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 Is the acetic acid leftover from the formation of 
the polymer and trapped in the EVA matrix? Or is 
it generated with time/aging?
 The heating associated with accelerated aging could be 

driving the acetic acid out of the EVA ‘inventory’.

 If true, predictions and degradation models for EVA would 
need to be  modified.

 The purpose of this research is to understand 
acetic acid in EVA; inventory vs. generation; rates 
of formation/quantification



Methodology – sample preparation
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 Obtain samples of unaged and aged EVA.
 Perform a solvent extraction to pull any acetic acid out of the EVA 

matrix.

 8 samples were used including:
– EVA “goo” → Celanese DUR-O-SET® E-200 HV

– EVA at zero point → “goo” thermally cured

– Cast EVA → water removal from zero point with vacuum oven

– 40°C aged EVA → Cast EVA aged 564 days at 40°C

– 65°C aged EVA → Cast EVA aged 564 days at 65°C

– 80°C aged EVA → Cast EVA aged 526 days at 80°C

– 124°C aged EVA → Cast EVA aged 564 days at 124°C

– 138°C aged EVA → Cast EVA aged 526 days at 138°C



EVA samples

 “Zero Point” EVA is the raw Celanese material thermally cured 
The curing process includes:
 Raw material poured into flat glassware.

 One day in oven at 80°C.

 Two hours in oven at 138°C.

 Two weeks at 80°C.

 “Cast” EVA is “Zero Point” EVA vacuum baked at 40°C.
 This is done primarily to remove water.

 All aged samples were aged starting with “Cast” EVA.
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Methodology – sample preparation
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 50 milligrams of each EVA sample was placed into a 
separate scintillation vial and 10mL of Methylene 
Chloride was added as the solvent.

 The mixture was left seaked for 72 hours.

 The remaining liquid was then extracted and filtered 
into sample vials for analysis.



Methodology – sample analysis
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 A Waters GCT Premier Gas 
Chromatograph/Mass 
Spectrometer was used to 
analyze the samples.

 A calibration curve was generated using known standards 
of acetic acid in methylene chloride of 1pg/µL, 10pg/µL, 
50pg/µL, 100pg/µL, 500pg/µL, and 1ng/µL

 The EVA samples, standards as quality control and 
methylene chloride blanks were ran in series.

 Five total sample sets were performed.



Methodology - instrument
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 GC method:

 30 meter/.25mm diameter/.25µm film J&W HP-FFAP 
column

 1µL injection

 Initial temperature at 70°C with 15°C ramp per minute 
up to 200°C

 Time of Flight Mass Spectrometry in positive 
electron ionization mode was used.



Results - representative methylene chloride blank

10

Scaled chromatogram is normal for instrument noise and methylene chloride trace



Results - representative acetic acid peak
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acetic acid



Results - representative calibration curve
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Results – quantification table
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This column give the calculated pg/µL
from the calibration curve.



Results
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 Five total sample sets were performed with each giving near 
identical results
 The results were averaged to calculate total acetic acid

Material Sample Material Treatment Total acetic acid 
extracted from 50mg 
sample

EVA goo No treatment 561 ng

EVA at zero point Cured with thermal treatment 524 ng

Cast EVA Vacuum baked at ~40°C 41 ng

40°C aged EVA Cast EVA aged 564 days at 40°C 23 ng

65°C aged EVA Cast EVA aged 564 days at 65°C <10 ng

80°C aged EVA Cast EVA aged 526 days at 80°C 176 ng

124°C aged EVA Cast EVA aged 564 days at 124°C 105 ng

138°C aged EVA Cast EVA aged 526 days at 138°C 312 ng



Conclusions

 Acetic acid is seen in the methylene chloride extraction from 
the raw material as well as the cured material.

 Most of the extractable acetic acid is driven off during the 
vacuum bake casting process to remove water.

 It appears acetic acid generation is then taking place and is 
extractable in the aged material.
 During the aging process for these materials, nothing was done to 

ensure no loss of gaseous species.

 Therefore, the quantification of total acetic acid generated by the 
material is unknown.  This study was only able to identify any 
remaining acetic acid that could be extracted.
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Future Work

 Start with equal mass unaged samples.

 Age the samples while ensuring a sealed volume to collect all 
generated acetic acid.

 Thereby making quantification of acetic acid generated during aging 
possible.
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