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Organic Materials Aging and Degradation

Long term aging programs: years

L DrRT— . Different types of polymers
Q-rings Nuclear Power Plant Cable Insulation  Aircraft Wire Insulation

g e S g - . .
_ it %o RS A Specialized instrumentation
NN -~ {
tHy cH g iy, S Bl g
n n ::Q‘:\:::: :\‘ —‘;"(
Ak = P T
N ZBR A
CH,—CH 3CH2—CH N = .:"""': -.-.
s ¢H; D SRt i 5, T
e S
" " bl iy T o
Labeled Polypropylene Textiles
Approach/Goals
Macroscopic level Molecular Level
Physical property Chemical Property
@ . Infra-rac
S 2 Pectroscopy
W \]\5009“ o 5\6@ s
Tensile Property gpet™® v&“ ~a é? ‘?-"40
(P é\(\q ‘E" '@; Q{"e.
RS S o " a0
@ & % 3@"“
&F additives F o
,g@‘ 8 Wa®
3 &
Goal i § W &
oals

* Prediction of physical properties vs. time
* Predict remaining lifetime of field materials
* Develop condition monitoring method



Humidity

Simplified Nylon synthesis
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@ Nylon Tensile Comparison
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124 °C 109 °C
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}8 4 :|~15.6
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Combined rate ca. 3 times sum of individual rates



100% RH O,

Average % tensile strength remaining

Shift factor, a;
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(f) Thermal-oxidative Aging: Nylon

Average % tensile strength remaining

_ <
100 O O o X X pg K A ®gﬁ
o o M X §
90 A %% i
& R B " &
O D%N 4
OOO RN A + ¥
70 — ®0
g ;
0]
607 [e 138°C o) 2
O 138 °C 2nd Spool
504 | W 124°C Co M A8 4
X 124 °C 2nd Run o) HBEF
_ X 124 °C 2nd Spool
40 A 109 °C ® A O +
+ 99°C O a
30 B 95°C é@)
B 95 °C 2nd Run i3
20— | % 80°C P, nX A
® 64°C
10 4 # 48°C ®e
¢ 37°C A
0_
T T T T T III| T T T T T III| T T T 1 II| T 1
10 100

Time in days at temperature

1000 T

2000 days ~ 5.5 years




Thermal-oxidative Aging

Average % tensile strength remaining
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@ Thermal Exposure

Thermal-Oxidation
Polymer + O, > Oxidized Polymer

Quantify amount of oxygen consumed

Simple in theory
Difficult in practice
Amazingly sensitive
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Extrapolation ‘Validation’
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@ Nylon Oxygen Consumption
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W)

‘Accelerated Aging’
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Temperature

Reaction Coordinate
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@ Thermal-oxidative and Humidity Comparison
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@ Conclusions
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Nylon has linear oxygen consumption

Nylon thermal-oxidative degradation has significant curvature

Nylon humidity may not be relevant at lower temperatures

Future Work

Mechanistic studies...

13C and '°N labeled Nylon 6.6
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