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Introduction )

= Ethylene-vinyl acetate (EVA) is a copolymer of

ethylene and vinyl acetate.
!

O

= Of great concern with EVA is the generation of \]/
acetic acid as the material ages.
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Introduction (cont.) ) 2.

" |s 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’.

= |f 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 @&

= 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
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EVA samples

= “Zero Point” EVA is the raw Celanese material thermally cured

The curing process includes:
= Raw material poured into flat glassware.

= One dayin oven at 80°C.

= Two hours in oven at 138°C.
= Two weeks at 80°C.
m “Cast” EVAis “Zero Point” EVA vacuum baked at 40°C.

= This is done primarily to remove water.

= All aged samples were aged starting with “Cast” EVA.




Methodology — sample preparation @iz

= 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 T S

= 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/uL, 10pg/uL,

50pg/uL, 100pg/uL, 500pg/uL, and 1ng/plL

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

= Five total sample sets were performed.




Methodology - instrument LUl

= GC method:

= 30 meter/.25mm diameter/.25um film J&W HP-FFAP
column

= 1ul injection

= |nitial 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.
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Methylene Chloride Blank Ei+ GCTP #CAB225 09-Aug-2013 15:22:33
Metfiyiene Chloride blank_8-9-2013_03 TOF MS El+
348 _ TIC
100+ 83.95 2 Bde3d
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Scaled chromatogram is normal for instrument noise and methylene chloride trace
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Results - representative acetic acid peak

500 pg Acetic Acid in MeCl Ei+ GCTP #CAB225 09-Aug-2013  16:14:30)
AcefieAcid 500 pg STD_8-9-2013_01 Sm (Mn. 2x3) TOF MS El+
435 _ . . TIC

] £0.00 acetic acid 5.83ed
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Results - representative calibration curve Lf

Compound name: acetic_acid_Elpos

Correlation coefficient: r=0.999534, r'2 = 0.999868

Calibration curve: 15.1046 * x + 22.7918

Response type: External 5td, Area

Curve type: Linear, Origin: Exclude, ‘Weighting: Null, Axis trans: None
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Results — quantification table ) .

Compound name: acetic_acid_Elpos

Correlation coefficient: r= 0999934, r2 = 0939563

Calibration curve: 151046 *x + 227918

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: Mull, Axis trans: Mone

This column give the calculated pg/pL
from the calibration curve.

# Mame Type Std. Conc RT
1 1 Acetic Acid 1 pg STO_82-8-_. Standard 1.000 437
2 2 Acetic Acid 10 pg 2TD_&-2... Standard 10,000 437
3 3 Aetic Acid 50 pg STD_E-2... Standard 50.000 438
4 4 Apetic Acid 100 pg STD_B-... Standard 100.000 g.51
5 5 Acetic Acid 500 pg 5TD_8-... Standard 500.000 434
i g Acetic Acid 1 ng 5TC_82-8-._. Standard 1000000 435
7 T Methylene Chloride blank_... Blank 432
2 2 CastEVA_2-12-2013_01 Analyte 438
g 9 Zerg Point 2VA_E-12-20132... Analyte 437
10 10 40C EVA_8-12-2013_1 Analye 437
11 11 Acetic Acid 10 pg CQC_2-12.. AC 10,000 438
12 12 85C EVA_8-12-2013_I1 Analyte 448
13 123 1240 EVA_E-12-2012_011  Analyte 437
14 14 CastEVA 2Z_3-12-2012_01  Analye 4.54
15 15 Zero Point EVA 2_8-12-20... Analye 432
18 18 EVA GO0 _8-12-2013_01  Analye 435
17 17 Acebc Acid 100 pg QC_2-1.. QC 100.000 438
18 15 80C EVA_8-12-2013_I1 Analyte 428
18 18 138C EVA_E-12-2012_011  Analye 438

Ares IS Ares Response Detschi..  pgiul
57.788 5T.TEE MM 2.3
Z27.284 227288 MM 13.5
202,138 202133 MM 2.1
1387 854 1387856 MM g1.0
TH14.127 TE14.127 MM 5028
15118328 15118326 MM 289.5
1.385 1.385 MM
142849 142040 MM 2.0
BV1E23 873322 MM 43.1
§2.983 52908 MM 4.0
207587 207.587 MM 12.2
21.577 21577 MM
204.318 204318 MM 12.0
42,228 42228 MM 1.2
&01.200 B01.200 MM 8.2
251.637 231537 MM 5.8
1852417 1852417 MM 108.3
238302 338302 MM 20.8
E41.181 F41.181 bl 34.3
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Results )

= 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 at40°C 23 ng

65°C aged EVA Cast EVA aged 564 days at65°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  1(Q5 ng

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

= |t 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.




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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