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Study on the Influence of Vulcanization Temperature on the Insulation Layer Performance
of Solid Rocket Engine
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Abstract: Aimed at the insulation layer of solid rocket engine with the same formula, a study was conducted on the
influence of test temperature on viscosity and initial vulcanization of unvulcanized insulation layer, as well as the influence of
vulcanization temperature on the property, interface bonding effect, macromelecular structure, and ablative resistance of insulation
layer. The results show that with the increase of test temperature, the Mooney viscosity value of the sample decreases, and the
vulcanization time is shortened. The vulcanization temperature has a direct and significant impact on the mechanical properties of
the insulation layer, and the effect is directly related to the testing environment temperature; As the vulcanization temperature
increasing, the glass transition temperature of the insulation layer is also increased, while the thermal property is unaffectd; The
vulcanization temperature has a direct impact on the interface bonding performance and ablation resistance of the insulation layer
sample , it is confirmed that the insulation layer has been already over-vulcanized at 170 °C.

Key words: Vulcanization temperature; Mechanical properties; Crosslinking density; Interface bonding; Glass transition

temperature; Ablation property
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Tab.1 Mooney viscosity (ML) test results for unvulcanized
insulation layer at different temperatures
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Fig.1 Mooney viscosity test curves for unvulcanized
insulation layer at different temperatures
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Fig.2 Relationship between Mooney viscosity and
temperature
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Tab.2 Comparison of initial vulcanization test results of
unvulcanized insulation layer at different temperatures
e
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Fig.3 Initial vulcanization test curves of unvulcanized
insulation layer at different temperatures
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Tab.3 Effect of vulcanization temperature on the tensile
strength of insulation layer body

BRI RS/ C
/C 70 50 -20 -40 -50
140 1494 2935 15937 23375 26626
150 2727 3970 17325 23 431 26843
160 2849 4681 16 833 23 065 25616
170 3146 4656 16 969 23 868 25416

x4 MUBENERERFHRHERENZE (%)
Tab.4 Effect of vulcanization temperature on the fracture
elongation of insulation layer body

BRI DR A C
/'C 70 50 -20 -40 -50
140 122 148 275 184 114
150 193 221 295 204 125
160 216 275 322 191 132
170 192 255 308 183 121
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Fig.5 Effect of vulcanization temperature on the mechanical

performance of insulation layer body
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Fig.6 Schematic diagram of vulcanization reaction of
insulation layer
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Tab.5 Effect of vulcanization temperature on the

crosslinking density of insulation layer

TifbiEEEPC 140 150 160 170

AEBRAEREEX 1075/ (mol + cnn®) 5.76 8.74 8.92 8.25
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Tab. 6 Effect of vulcanization temperature on the glass
transition temperature of insulation layer

TifbiEEE C 140 150 160 170
BRI/ °C 534 5211 51.8 -50.0

3% 6 A, BALIR R X e A Z B A B
—ERIRON , BALIEEGS , a2 Mgl (IR
s AEE 4L RS TN, BEE SR
i, SREWIR A BRI, S SR B2
PRI, FHRRSCH S Z AP RN, 8k
PR T o

2. 3. 3 BRALIR E T 4 R RS R AR 0 B R
FIH TG-DTA PRI XF b A A Bl AL iR
A2 IFOMEERE, LR 7.

301
—— 140°CHfifk
——150°CHiifk

160 °CHiifk
—— 170 °CHiifk

DTA/pV
/
)
"
J
?)

200 400 600 860
77°C

(a) DTA W& H

100 ———————

T 140 °Chitfl.
150 °Clift
801 160 °CHiifk
170 °CHiifk
260t
S
F.
40f
s
20F ——
0 200 400 600 800
T°C
(b) TG whk
7 HURERRER SRR

Fig.7 Effect of vulcanization temperature on thermal
decomposition performance of insulation layer
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Tab.7 The shear strength of insulation layer interface at

different vulcanization temperature

A E i/ ~C
/°C 70 20 -40
140 1909.0 2640.0 5567.5
150 2702.5 37550 8245.0
160 2762.5 4270.0 8335.0
170 2502.5 31475 7345.0
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Fig.8 Effect of vulcanization temperature on the bonding
effect of insulation layer interface
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Tab. 8 Effect of vulcanization temperature on the ablation
property of insulation layer

T/ C 140 150 160 170
i/ (mm-s) 0.198  0.127 0135  0.140
Hik,C 728 510 52.1 53.5
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