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Figure 1 'H NMR and "C NMR of 2a-2d (color online).
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Table 2 The composition of nitrocellulose samples BHSWISEH—2%. S5EEN (60~72 ppm)tljfﬂ4
Vit NC A AN 5 R AT E B4 sp’ C, #E110~140 ppm
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Figure 2 FTIR spectra of 2a-2d (color online).
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Figure 3 DTA curves of nitrocellulose samples at different heating rates. (a) S1, (b) S2, (¢) S3, (d) S4, (e) S5 (color online).
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Table 3 Thermal decomposition parameters of nitrocellulose samples

E,

WA wER & maol_]) logd (s™) R T (C)

S1 - 170.35 14.62 0.9920 179.60
S2 2a 211.49 19.15 0.9995 187.22
S3 2b 203.74 18.36 0.9912 185.83
S4 2c 213.15 19.42 0.9993 183.29
S5 2d 217.52 19.93 0.9962 179.96

T4 AR PSR AT e

Table 4 Discoloration time of methyl violet paper test at 134.5 °C

i LEH I [A] (min) A7I5 h
S1 - 60
S2 2a 125
83 2b 118 g@%ﬁi’%
S4 2¢ 113
85 2d 100
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Figure 4 Iso-TG curves of nitrocellulose samples at 134.5 °C (color
online).
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Figure 5 Relationship between time of iso-TG and discoloration time
of methyl violet paper of nitrocellulose samples (color online).
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Figure 6 Adiabatic decomposition curves of nitrocellulose samples. (a) S1, (b) S2, (¢) S3, (d) S4, (e) S5 (color online).
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Table 5 Adiabatic decomposition parameters of nitrocellulose samplesa)

REE 2R T, (0) P, (MPa)  my ('C min™") T; (C) P;(MPa)  m,, (‘C'min™") T, (C) AT, (C)
S1 - 146.12 0.181 0.03 188.04 1.039 1.08 172.08 41.93
S2 2a 150.51 0.308 0.098 179.96 1.05 0.62 169.93 29.46
S3 2b 155.14 0.264 0.068 178.94 1.016 0.62 168.88 23.8
S4 2¢ 155.07 0312 0.07 180 1.037 0.64 170.31 24.93
S5 2d 160.97 0.378 0.036 174.22 1.181 0.63 169.36 13.23

a) Ty, UM, C; Py, BRI 71, MPa; mo, EEARIRTHER, 'C min™'; T, BURSMRIRIE, C; Py, SAIMRIES1, MPa; m,,, i

FH#Z, C min™'; T, fsin S I (IR B, MPa; AT,q, 53R TF,

I I
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Figure 7 Hazard classification for nitrocellulose samples (color
online).
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761=2.089—1.562xexp((0.005—0,)/0.074) (R*=0.9937)
75:=0.976—0.664xexp((0.010—a,)/0.084) (R°=0.9764)
753=0.901—0.660x%exp((0.005—0,)/0.069) (R°=0.9996)
754=0.971—0.678xexp((0.001—0)/0.019) (R*=0.9595)
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Table 6 Conditions and results of the DSC tests of the “interruption
and re-scanning” method

W BER Taw () T,(C)  AHQUg))
S1-1# — 200.5 208.8 2207
S1-2# - 195.7 207.7 2184
S1-3# - 194.1 206.8 2151
S1-4# — 189.2 205.9 1692
S1-5# — 180.9 204.9 941
S2-1# 2a 203.7 206.5 2041
S2-2# 2a 199.4 205.9 1889
S2-3# 2a 190.5 205.4 1560
S2-4# 2a 189.6 205.2 1378
S2-5# 2a 185.0 204.9 1131
S3-1# 2b 201.0 207.3 2071
S3-2# 2b 194.5 206.8 1937
S3-3# 2b 188.5 206.4 1743
S3-4# 2b 187.8 206.0 1620
S3-5# 2b 185.1 205.8 1066
S4-1# 2¢ 203.2 206.8 2082
S4-2# 2¢ 199.2 206.2 1952
S4-3# 2¢ 192.8 205.1 1638
S4-4# 2¢ 190.6 205.0 1537
S4-5# 2¢ 185.0 204.8 1149
S5-1# 2d 201.8 207.6 2045
S5-2# 2d 201.0 206.8 1944
S5-3# 2d 200.8 206.3 1772
S5-4# 2d 199.8 206.0 1622
S5-5# 2d 199.1 205.2 1106

y5=1.253-0.845xexp((0.005—a,)/0.137) (R*=0.9971)
16 m) X LU RS AL AR IR FE S 1~S S IR 34 L 0.2 11
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Figure 8 DSC curves of nitrocellulose samples by the “interruption and re-scanning” method. (a) S1, (b) S2, (c) S3, (d) S4, (e) S5 (color online).
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Figure 9 The relation curve between y and o, of nitrocellulose
samples (color online).
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Table 7 The y of nitrocellulose samples at the ¢, of 0.2 and 0.5
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Effect of aniline-fullerene-based stabilizer on thermal decomposition
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Abstract: The influence of aniline-fullerene-based stabilizer on the thermal decomposition behavior of nitrocellulose
was studied by thermal analysis, isotherm thermogravimetric test, methyl purple paper test, adiabatic accelerated
calorimetry and differential scanning calorimetry. The results of the differential thermal analysis showed that the critical
temperature of the thermal explosion of nitrocellulose increased 0.36—7.62 °C with the addition of aniline-fullerene-
based stabilizer. The results of the isothermal thermogravimetric analysis are in good agreement with the conclusions of
the methyl violet test paper. The results show that an aniline-fullerene-based stabilizer can effectively prolong the
discoloration time of methyl violet test paper and the time required to achieve the same weight loss rate of nitrocellulose
samples. The results of adiabatic accelerated calorimetry showed that although aniline-fullerene-based stabilizer had
little effect on the pressure and temperature at the initial stage of adiabatic decomposition of nitrocellulose, it could
effectively reduce the maximum temperature rise rate. The effects of thermal history on the thermal decomposition of
nitrocellulose samples are investigated by DSC interruption and re-scanning method. The results showed that the
aniline-fullerene-based stabilizer had obvious thermal stability effect on nitrocellulose and inhibited the autocatalytic
decomposition of nitrocellulose.

Keywords: nitrocellulose, stabilizers, fullerene derivatives, thermal decomposition, adiabatic accelerated calorimetry,
differential thermal analysis
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