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Table 1 The kinetic equations applied in acceleration aging test domestic standards for composite solid propellants and polymer
materials
o kinetic
No. standard number standard name scope of application .
equation
1 GJB10021-2021"%1 Accelerated aging test method for composite solid propellants composite solid propellant  Arrhenius
. Test method for temperature accelerated aging of composite solid . . .
2 QJ2328"7% composite solid propellant  Arrhenius
propellant
Test method of propellant-Prediction of safe storage un propellant & DB pro-
3 GJB770B. 506.1-2005"1 prop ) & gun prop P Berthelot
life-Temperature accelerated aging method pellant
initiating explosive device ~ Modified
4 GJB736.8-90'"" Initiating explosive device method of the test at 71 °C with known acceleration Arrhenius
factor (Berthelot)
[ Method of initiating explosive device test-Accelerated life L ) ) .
5 GJB736.13-91"" initiating explosive device  Arrhenius
test-Method of constant temperature stress
[12] Rubber, vulcanized-Directives for determination of storage charac- ) .
6 GJB92-86 o ] . X vulcanized rubber Arrhenius
teristics using accelerated ageing or teat air-oven method
[13] Rubber, vulcanized or thermoplastic-Estimation of life-time and vulcanized rubber & ther- .
7 GB/T 20028-2005""" Arrhenius

maximum temperature of use from an Arrhenius plot

8 GB/T 11026.1-2006'""

moplastic rubber

Electrical insulating materials-Properties of thermal endurance-Part

electrical insulating material Arrhenius

1: Ageing procedures and evaluation of test results

9 JB/T 1544-99!"%

varnished cloth-Thermogravimetric spot-slope method

10 GB/T 2689.1-81"° o
principle

Rapid heat aging test for electrical insulation impregnated paint and electric insulating coating

Arrhenius
& cloth

Methods for constant stress and accelerated life test-Part 1: General

electronic component Arrhenius
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Table 2 Aging activation energy of different materials used

in solid rocket motors**

material name aging-sensitive parameter . .
/ kJ-mol
gum, sealant physical property 50-63
insulation tensile strength or elongation 67-100
liner Gas generation 29-42
organic case fracture strength 63-84
Solid propellant - 96-142

R3O R AR TR A 43 2 B A AL RE S R
Table 3
types of solid propellant classfied by USSR!

The range of aging activation energy of different
24]

type aging characteristics E /k)-mol™
with good chemical stability, their

A aging-sensitive parameters are mechanical 75-105
properties (typical one is HTPB propellant)

B between A and C 108-142

their aging-sensitive parameter is chemical
C - , , 104-126
stability (typical one is NEPE propellant)
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Table 4 Two-reaction aging activation energy and the cross-

over temperature of several polymer materials’"’

E, at high E at low turning
name temperature temperature temperature
zone / kJ-mol™ zone / kJ-mol™ /°C
PU rubber 110-125 60-70 55-65
EPDM rubber 127 78 123
butyl rubber 100 60 55
polypropylene 107-156 36—-49 82-85
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Fig.1 The relationship between aging process and storage

life of solid propellants
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Table 5 &, of a solid propellant tested by accelerated aging"

t/w 70 °C 60 °C 50 C 40 °C
1.4 35.4 35.4 35.4 35.4
3 33.7 33.8 32.5 34.6
4 34.4 37.1 32.2 35.2
6 30.8 34.9 34.1 33.6
8 33.1 32.6 32.0 35.3

10 - 33.3 - 32.4

12 32.4 - 31.5 32.6

14 - 30.1 - -

16 - - 33.1 -

18 - 30.6 - 34.4

20 28.0 - - -

26 26.4 27.4 31.4 33.0

36 30.3 32.5

Fo 5 HE Y IR [R] X B TR 01 A 5 SR
Table 6

logarithmic-time model

Fitting results of the values in Table 5 by a

Note: tis Aging time.
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0.10)E Jy R A H0 4, W) w5k 45
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parameters 70°C 60°C 50°C 40°C
Py/% 37.32 37.72 34.63 35.71

k 6.524 5.570 2.251 1.965
correlation coefficent  -0.8699 -0.8317 -0.6757 —0.7009
confidence probability >99 >99 >95 >95

Note: P, is Initial value of aging sensitive performance parameters. k is aging

rate constant.
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Fig.3 Effects of parameters on predicted lifetime by a loga-

rithmic time model
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Table 7 Fitting results by a logarithmic ¢, vs time model

t/w 70 °C 60 °C 50 °C 40 °C
InP, 3.565 3.562 3.515 3.548

k 0.01106 0.006581 0.002782 0.00202
correlation coefficent  —0.9403 -0.8017 -0.6751 -0.6995
confidence probability >99 >99 >95 >95
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Fig.4 Effects of parameters on predicted lifetime by a loga-
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Theories and Methodology of High Temperature Accelerated Test for Composite Solid Propellants ( I ): The
Applicability of Arrhenius Equation

CHI Xu-hui, PENG Song, ZHAO Cheng-yuan, YANG Gen, ZHANG Feng-tao, CAO Rong

(Science and Technology on Aerospace Chemical Power Laboratory , Hubei Institute of Aerospace Chemotechnology, Xiangyang 441003, China)

Abstract: The Arrhenius equation has been widely used as kinetics model for predicating aging property and shelf life of polymer
materials by extrapolating high temperature accelerated test data. However, the suitability of the equation to composite solid pro-
pellants was questioned. Therefore the application history of the Arrhenius equation on aging of composite solid propellants has
been reviewed. By combing the theoretical evolution process of Arrhenius equation, physical meaning of the equation parame-
ters was clarified, and the misunderstanding on the equation was revealed. Theoretical analysis shows that only one of the two
parameters (frequency factor and activation energy) is relative to temperature in the Arrhenius equation, and the parameters can
be regarded as constants to solid propellants aged between the highest acceleration temperature allowed by current
industry-standard and room temperature. The following conditions should be met to apply the Arrhenius equation: 1) it can be
considered as the same aging mechanism in the range of temperatures involved in, 2) it has similar aging levels at the deadline
of different acceleration temperatures, and 3) it has a parameter k with physical meaning of rate constant exactly. Mathematical
models with logarithmic time are unsuitable to fit performance-time relationship, while those with logarithmic performance are
suitable.

Key words: composite solid propellant; high temperature accelerated test; aging kinetics; Arrhenius equation; rate constant; acti-
vation energy
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