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ILEPMI | Overview
I Grenob)

e - Chombéry

= Operating conditions in building
» Depends on applications, climate, face, season, ...
» Severe conditions: 70°C — 90 %HR

= Goal:
» Durability: capacity in time to insulate to the required level under these conditions

|—> Example after 3 years of ageing

t0 450 days 870 days
A =4 mW/(m.K) A =20 mW/(m.K) A > 20 mW/(m.K)

IVIS 2015 — 09/19/2015 — F.Dubelley, E.Planes, C.Bas, B.Yrieix & L.Flandin 2



T3
o,
e
pleted
)
(oL

Ove rVi ew Barrier envelope

T
&
25
255
’*’

T

S5
S5

Seled
el

!LQPMI

3 e
Grenoble - Chombéry PRI

= After ageing @ 70°C/90%HR ,

= ™

» Aluminum loss » Delamination § Embrittlement of PET‘
o & won ? ‘ By SeanningsEiestien Microscopy (SEM)
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|_ € PM]| | Degradation of PET

q’...renobn'e - Chambéry

= Well-know mechanism - Hydrolysis*

0O 0O ) Heating 0O 0O ® 0O
—O—éll‘@'%—CH —CH O (”3—0— —_— —O—(HJ‘Q'(”)—CH —CH @ + O (”3—0—
2 2 HZO 2 2

= Goal:

»Study of the degradation kinetic by IR spectroscopy
-> Identification of markers

» Evidence for a degradation gradient in the three PET layers of the barrier
envelope by IR microscopy ?

* Adapted from:
T.Wu and Y.Ke, Polym.Degrad.Stabil. 91 (2006), 2205-2212

B.J.Holland and J.N.Hay, Polymer 46 (2002), 1835-1847
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ILE€ P MI | Hydrolysis of PET
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Grenoble - Chombéry

= Carboxylic Acids (COOH)

» V(OH)
» broadband and high intensity between 3500 cm and 2500 cm-?!
» two shoulders close to 2600 cm ! and 2500 cm-?
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LE PMI

Chambéry

Grenoble -

= Carboxylic Acids (COOH)

Absorbance

» v(C=0): 1700 cm?

Hydrolysis of PET

2/6

*J.V Gulmine et al., Polymer degradation and stability 79 (2003) 385-397
B.Du et al., Chinese Journal of Polymer Science 32 (2014) 230-235

» Wavenumber modification of band with neighboring links*
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||_ e P M| | Hydrolysis of PET

le - Chambéry

= Chain scission
» N chain length =—> 22 Amount of small chains —> Crystallization
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|L P M| | Hydrolysis of PET
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Grenoble - Chombéry

= Crystallinity change
» 1120 cmL: v(C-0-C) in crystalline phase + trans conformation of CH,-CH,
» 1096 cm-?: v(C-0-C) in amorphous phase + gauche conformation of CH,-CH,
» 973 cmt: v(C-H) in trans conformation of CH,-CH,
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Grenoble - Chombéry

Hydrolysis of PET
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= Correlation trans Conformation / [COOH]

Crystalline phase
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A trans conformation

!

Confirmation of the PET hydrolysis
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ILE€ P MI | Hydrolysis of PET
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= Evaluation of crystallinity ratio X, by IR spectroscopy
= Correlation with DSC (Differential Scanning Calorimetry) measurements

55

| ® IR »DSC measurement:;
50L| O Dsc Hypothesis: uniform degradation of the
three PET layers

40'_ i + » Hypothesis: degradation gradient

35| i 1
30t
| ‘% Study of degradation of the inner PET

A L e, e layer by IR microscopy
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Time (days)

IVIS 2015 — 09/19/2015 - F.Dubelley, E.Planes, C.Bas, B.Yrieix & L.Flandin 10



1/5

ILE€P M| | Degradation of the inner PET layers

Grenoble - Chombéry

* IR microscopy
« Spotlight 400 PerkinElmer

= Sample preparation
* Hold in a cone
« Cut with microtome

Resin | PET PE Resin
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IL € P M| | Degradation of the inner PET layers

Grenoble - Chombéry

= Treatment

« ~ 3000 spectra / analyzed area

- Each pixel is a IR spectrum
Cartogpaphy: absorbance fora given wavenumber
" talculations for dach individual pixél (with ImageJ)
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|_ S P |\/| | ‘ Degradation of the inner PET layers e

= Application on the barrier envelope reference ( t0)

PET PE
| | | Resin

Resin
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|_ e P M| | Degradation of the inner PET layer
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n'-l.’hr".t.'y

= Results 11150 / 11096
Variation of degradation

1. . :
0> ' PET1<PET2< PET3
0.95 ~ 1
© Not in agreement with gas transfer*
o '
— |
TC\’. 0.85 - | 1
= ' .
- Other origin
0.75 - , Hypothesis: Hydrolysis of PU adhesive
; L |
T T s !
065 | | J % % :l | | .
‘0o 450 870 Study of the second IR ratio lg5/1,5,
Time (days)

* E.Pons et al., Energ.Buildings 85 (2014) 604-616
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lo73 / 1720

le - Chambéry

= Results lg,5 / 155

Degradation of the inner PET layers
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5/5

* PET1: Measure in agreement
with the macroscopic study

* No degradation gradient :
PET1 =PET2 =PET3
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L PI\/|| Conclusion

Grenubfe - Chambéry 1/2
10+ PET1 * E.Pons et al., Energ.Buildings 85 (2014) 604-616
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—> Loss of barrier properties
— Inner PET layer degradation

Embrittlement of PET
Delamination Delamination PET/PET
PET/PE¢ Aluminum loss ;

450 days 870 days

Degradation of PET

PIV

96 days

Aluminum loss T
Delamination PET / PE

200 days
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ILE€P MI | Conclusion

Grenoble - Chombéry

= Optimized Structure @

= Components optimization
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-> Ageing at 70 °C — 90 %HR — 200 days

Envelope A (Ref) Envelope B (New)
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Grenoble - Chombéry

BACKUP
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|L epPMI Degradation of inner PET layers

Grenoble - Chombéry

= Influence of the polyurethane adhesive 0.8
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