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ABSTRACT: Factors affecting useful storage and in-service life of polymeric and rubber
products and how'these can be related kinetically to property degradation are discussed. From
kinetic considerations, a new semi-empirical expression has been derived for prediction of
long term behavior of polymeric materials, in which a new parameter B, “modified activation
energy” was introduced in order to account for differences in property degradion rates of
variety of polymeric systems. The equation proposed is of the from zp/f;=exp B(T1—T2)
/Ty T2). The values of B were found to range from a few thousands to tens of thousands
in degreesKelvin for the systems one frequently encounters. Error analysis indicates that
the prediction by use of the proposed model in conjunction with accelerated aging data
is in good agreement, allowing an average error less than 309%, with respect to actual
measurements in the field. Experimental design in accelerated and subsequent data reduction

produre are illustrated to help the designers and analysts make of the proposed equations.
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Table I. Loss of Stabilizer of Nitrocellulose-
Nitroglycerin Composite (7)

Temp

Low 5 | X°C | € | T°C | arc oG
10% | 0.42D| 1.67D| 6.67D| 21 D| 14YR
20% | 0.79D| 3.1 D|12.5 D| 36.67D| —
30% | 1.2 D| 4.6 D| 19.58D| 67.92D| —
40% | 1.59D| 6.11D| 26.92D| 112.5D| —
50% | 2.26D| 7.62D|37 D] — | —

Note : D-Days, M-Months, YR-Years
R.T.-Room Temperature

Table I3} Fig. 12 nitrocellulose-nitrogly-
cering FURR 3 HAEH A ZERY &
Bol MEEL BES HE(Q0°C)olA #l &
=Y 10%, 20%, 30%, 40% 2 50% WA
sled 2858 E FEE ez sl

Table I 2 Fig. 2+ A& 71A E5F H&A
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Table I. Loss in Elongation of Elastomers(1)

Approximate Time to Percent Loss
NO. Elastomers Type 10% 259% 509 759%
26°C 100°C | 26°C 100°C | 26°C 100°C | 26°C 100°C
1 SBR 1500 6 M| 1 D|1 YR| 25D | 4YR{ 55D 10YR > 14D
2 Nitrile-Butadiene 6 M| 1.5D |1 YR| 45D | 7 YR|13.5D >10YR [> 14D
3 Isoprene, Synthetic 1 YR| 15D |55YR| 45D | 10YR |[>14 D [ >10YR —
Ethyle Acrylate~Chloroethyl _
4 Vinyl Ether 1.5YR | 2 6 YR| 7 D 10YR (>14 D -
70/30 SBR 1500/Ethylene—
5 Propylene Terpolymer B Blend 1 YR| 3 2.5YR|[12 D |>6 YR [>14 D — —
70/30 Nitrile~Butadiene
6 Ethylene-Propylene 6M | 3 1.5YR| 55D | 6 YR [>14 D - —
Terpolymer B Blend
T T ! T T T ] Note : D-Days, M-Months, YR-Years
L ., —
‘e Hitrile-Butadiera
& Isoprene Synthetic
< Eﬁ'ﬁ:‘": A&g:_m-cnlaroetm
* W
=
= 1~r|£y|1lAil_LrllI”“swm
=
8 Figure 2. Loss of elongation vs. Time : Case of ela-
C stomers (source : 1).
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Figure 1. Degradation of stabilizer vs. Time: Case 1 1 B s, dp
og = Lo+ Belog[[P—2 ] ~tog 4
of nitrocellulose~nitroglycerin  composite € 2. 303 T "8 s S(D) log £
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Table Nl. Comparision of Calculated Time Versus Measured
Time : Case of Nitrocellulose~Nitroglycerin Composite (7)

Temp R.T. (20°C)
90°C 80°C 70°C 60°C
Percent Loss ) Theoretical l Measured
10% 0.42D 1.67D 667D | 21 D 12.5 YR | 14YR
20% 0.79D 31D | 125D \ 36.67D 23.5 YR ! —
30% 1.2 D 46D | 105D | 67.92D 35. 69YR —
40% 1.59D 6.11D | 26.92D | 112.5 D 47.29YR —
50% 2.26D 762D | 37 D — 67. 21YR —

Note : D-Days, M-Months, YR-Years,
R.T. -Room Temperature

llll IREE LR RS BRRREN Illlll TS T LTI T T T ITT

IIIIIII

TIME (DAYS)

10% Degradation

1

o 20% Degradation
® 30% Degradation
® 40% Degradation

50% Degradation

B I S I A | LJ

W1 FERTERNRNS REREUURENY SNSURETNTE ANNTAT:
2.7 2.3 2.9 3.0 % 107%%

Figure 3. Reciprocal of accelerating temperature vs.
Time: Case of nitrocellulose-nitroglycerin
" composite (source: 7).
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Table V. Comparisions of Calculated Time Versus Measured
Time : Case of Elastomers(1)

Approximate Time to Percent(26°C)

NO Elastomer Type 25% 50%
Calculated | Measured | [(A)-(B)|/ | Calculated | Measured | | (A)-(B)|/
(A) ® (A) x100(%) (A ® (A) X100(%)
1 SBR 1500 1.27 YR 1 YR 27 3 YR 4 YR 25
2 | Nitrile-Butadiene 1.54 YR 1 YR 54 4.62YR 7 YR 3H
3 | Isoprene, Synthetic 3.1 YR 5.5YR 4 9.6 YR 10 YR 4
Ethyle Acrylate-
4 Chloroethyl Vinyl 5.42 YR 6 YR 10 10.8 YR 10 YR 8
Ether
70/30 SBR 1500/
5 Ethylene-Propylene 4.1 YR 2.5YR 64 >4.8 YR >6 YR 20
Terpolymer B Blend
1730/3?1 Nitrile-
utadiene
6 Ethylene-Propylene 0.935YR 1.5YR 38 >2.4 YR >6 YR 60
Terpolymer B Blend
7 | Average 40 25
" - N Table V. B-Values (°K) of Elastomers
- ~ [ T =
E . NO. Material B(°K)
i 1. SBR 1500 . 1 | SBR 1500 7830
" 2. MNitrile-Butadiene _
. Isoprene Synthetic v, e .
i j Eih{ﬂ] AC;; T tetrioroethyl | 2 Nitrile-Butadiene 7210
Vinyl Ether
5, 70730 SER 1500/Ethylene- 3 Isoprene Synthetic 8260
2 t_ Propylene TerpoXyme;r g Blend
10 6, 70730 Nitrile-Butadiene -
£thylene-Propylene . Ethyle Acrylate
- Terpatymer  Flend . 4| Chloroethy! Vinyl Ether 8440
gz | ] 70/30 SBR_1500/Ethylere-
3 | 5 Propylene Terpolymer B 7210
o r Blen
] 70/30 Nitrile-Butadiene
6 Ethylene Terpolymer 6170
e — B Blend
- i
L . ®o] Ak, zE v SFECl @ AHRWEY
i i A4l B 1088 23dde A= ¢ +
- T agsk
1 l 1 L A9 HERRE AANR, R 7 T HE
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Figure 4. Reciprocal of accelerating temperature vs.
Time: Case of elastomers (source : 1).
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Figure. 5. Changes of chemical and’ physical proper-
ties vs. Time.
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Figure. 6. Degradation time at temperature T; vs.
Degradation time at temperature T.
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