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Fig.1  Typical IR spectra of the condensed products of
..NC (14.149%N) thermal decomposition (open, heating rate: 20K+ min™')
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Table 2 Intensity of IR characteristic absorption peaks of NC (14.14%N) vs ii

time and temperature {open, heating rate; 20K-min~!)

. C-H =0 - NG, C-0-C -NO
£/ min (3010-2813)  (1815-1693)  (1309-1253) (1193-957) (905-777)
0.28 11.83 C0.00 44.15 82.89 59.04
0.84 11.82 0.69 44.44 82.69 59.69
1.40 11.80 1.26 44.61 82.49 58.98
1.95 11279 2.05 44.43 82.41 . 58.73
2.51 11.77 2.60 44,44 82.17 58.82
3.07 11.74 3.38 44.50 82.09 58.70
3.63 11.84 . 4.06 44.08 81.88 58.53
4.19 11.76 4.71 43.76 81.83 58.28
4.74 11.75 5.35 43.70 81.60 57.96
5.30 11.71 6.12 43.29 81.47 57.78
5.86 11.63 6% 42.85 81.18 57.20
6.42 11.53 7.96 41.98 80.95 56.39
6.70 11.42 8.62 41.74 80.66 55.82
6.98 11.26 9.67 41.25 80.28 55.06
7.25 10.93 11.40 41.01 79.32 53.55
7.53 10.38 14.08 37.54 77.07 50.22
7.81 9.96 18.01 33.62 71.41 45.17
8.09 4 9.61 25.09 25.85 55.83 35.01
8.37 > 8.97 38.13 12.90 30.15 16.23
8.65 9.06 42.19 4.08 14.77 4.50
'8.93 6.47 41.61 1.13 9.72 b
9.21 1 6.52 40.85 0.2 7 ' 0.17
9.49 6.66 40.32 0. 5.54 0.00
9.76 6.71 39.59 0.06 4.53
10.04 6.10 38.64 0.05 377
10.32 6.62 37.76 0.00 3.14
10.60 5.1] 37.50 0.03 2.53
10.88 4.93 36.98 ©0.02 2.13
1.16 3.15 T 3651 0.05 1.77
11!38 5.87 36.01 0.05 1.65
11.66 4.47 35.62 0.07 1.08
11.94 5.76 34.86 0.09 0.9
12.22 5.63 34.52 0.08 0.53
12.50 5.09. 34.15 0.09 0.28
12.78 4.53 33.84 0.09 0.12

t/min 0 1 2 3 4 5 6 7 8 9 10 11 12; 13

T/7K  298.7 309.0 324.2 341.5 359.7 378.4 397.1 416.3 435.3 454.5 473.7 493.0 512.2 532.3

>



g%

162 =) fie # 2 956 %

$3 NC(13.54%N) IR $54F R U 6435 B B B 18) F0 R B A FE 4L (B O, AR % - 20K min™')
Table 3 Intensity of IR characteristic absorption peaks of NC (13.54%N) vs
time and temperature { open, heating rate : 20K+ min~!)

. C-H =0 - NG, C-0-¢C - NO,

e (3040-2813)  (1815-1693)  (1309-1253)  (1193-957) (905-777)
0.22 6.54 0.00 22.66 41.36 27.66
0.79 6.57 0.07 2.61 41.21 27.61
1.35 6.58 0.45 22.52 41.22 27.65
1.91 6.55 0.79 22.50 41.19 .21
2.47 6.53 (.10 2.4 411 27.65
3.03 6.55 1.49 - 22.35 41.04 27.62
3.59 6.54 i.86 2.28 40.97 27.65
4.15 6.58 2.22 2.16 40.90 27.60
4.7 6.57 2.61 22.08 40.91 27.51
5.27 6.57 3.03 21.91° 40.80 27.33
5.83 6.54 3.56 21.72 40.80 27.09
6.39 6.45 4.16 21.38 40.63 26.78
6.67 6.38 4.56 21.08 40.47 26.45
6.95 6.32 5.07 20.66 40.20 25.92
7.23 6.15 5.97 20.03 39.61 25.15
7.51 5.90 7.25 18.86 38.25 23.66
7.79 5.62 9.32 16.36 34.29 20.50
8.07 4.94 12.82 12.25 26.93 15.36
8.35 4.45 18.05 6.35 16.18 7.46
8.63 3.81 19.83 2.04 9.47 2.15
8.91 3.35 19.65 0.42 6.77 0.39
9.19 2.9 19.17 0.10 5.40 0.03
9.47 3.04 18.74 0.04 4.60 0.00
9.75 2.82 18.30 0.04 3.89

10.03 2.79 17.91 0.03 3.37

10.31 2.55 17.55 0.03 2.89

10.59 2.73 17.18 0.04 2.54

10.87 2.91 16.85 0.04 2.17

.15 2.59 16.49 0.04 1.91

11.38 2.81 16.21 0.04 1.69

11.66 2.32 16.10 0.04 1.50

11.94 2.11 15.91 0.04 1.30

12.22 2.04 15.71 0.4 1.16

12.50 2.29 15.52 0.04 1.00

12.78 2.29 15.36 0.04 0.88

¢/min 0 1 2 3 4 5 6 7 8 9 10 11 12 13
T/K  299.7 309.5 324.5 341.0 359.2 377.8 396.9 416.1 435.5 454 .3 473.6 493.] 512.1 532.3
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Table 4 Intensity of the IR characteristic absorption peaks of NC (12.97%N} vs
time and temperature {open, heating rate: 20K-min""')

, C-H =0 - NO; C-0-C - NG,
t/min (3040-2813) (1815-1693) - (1309-1253) (1193-957) (905-777)
0.28 8.4 0.00 21.79 41.38 25.32
0.84 8.02 0.24 21.70 41.28 25.31
1.40° 7.99 0.49 21.69 41.21 25.34
1.95 7.97 0.83 21.63 4a1.13 25.39
2.51 7.96 1.11 21.58 41.08 25.39
3.07 7.98 1.41 21.52 40.99 25.38
3.63 7.9 1.70 21.42 40.91 25.39
4.19 7.9 2.02 21.33 40.84 25.38
4.74 7.94 2.36 21.18 40.77 25.30
5.30 7.96 2.73 21.02 40.67 25.17
5.86 7.90 3.23 20.81 40.65 25.00
6.42 7.83 3.79 20.45 40.51 24.66
6.70 7.73 4.18 20.16 40.35 24.34
6.98 7.62 4.72 19.76 40.06 23.84
7.25 7.52 5.45 19.14 39.50 23.07
7.53 1.2  6.57 18.00 38.01 21.75
7.81 6.96 8.40 15.61 33.88 18.92
8.09 6.46 11.92 11.49 26.75 13.92
8.37 5.86 16.24 6.18 17.43 7.09
8.65 5.02 17.75 2.22 11.08 2.29
8.93 4.58 17.58 0.53 8.15 0.47
9.21 4.53 17.16 0.12 6.52 0.02
9.49 4.19 16.58 0.07 5.42 0.00
9.76 4.24 16.13 0.06 4.45
10.04 4,21 15.70 0.06 3.72
10.32 4.12 15.25 0.06 3.15
10.60 3.83 14.81 0.07 2.66
10.88 39N 14.48 0.07 2.26
11.16 3.80 14.12 0.06 1.95
11.38 3.53 : 13.92 0.06 1.70
11.66 3.77 13.64 0.06 1.47
11.94 3.39 13.36 0.07 1.25
12.22 3.51 13.16 0.0 1.08
12.50 3.35 - 12.98 0.07 0.95
12.78 3.34 12.78 0.06 0.77 .

t/min 0 1 2 3 4 5 6 7 8 9 0 1112 13

T7K 299.6 309.4 324.2 341.2 359.3 377.9 396.9 416.1 435.0 454.4 473.5 492.9 512.0 532.1
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Table 5 Intensity of the IR characteristic absorption peaks of NC (11.92%N) vs

time and temperature (open, heating rate : 20K-min~')
C-H =0 - NG, C-0-C - NO,
t/min
(3040-2813)  (1815-1693)  (1309-1253) (1193-957) (905-777)
0.28 6.42 0.00 18.50 39.58 20.83
0.84 6.40 - 0.15 i8.45 39.49" 20.91
1.40 6.42 0.35 18.39 39.38 20.95
1.95 6.41 0.53 18.35 39.26 21.0i
2.51 6.40 0.71 18.28 39.16 21.03
3.07 6.40 0.91 18.20 39.07 21.10
3.63 6.43 1.07 18.14 38.95 21.18
©4.19 6.39 1.27 18.06 38.85 21.21
4.74 6.38 1.51 17.97 38.74 21.20
5.30 6.37 1.82 17.83 38.64 21.15
5.86 6.38 2.29 17.60 38.64 20.91
6.42 6.23 2.9 17.17 38.47 20.40
6.70 6.20 3.41 16.84 38.31 19.99
6.98 6.06 3.93 16.38 38.03 19.42
7.25 6.01 4.57 15.64 37.36 18.53
7.53 5.82 5.45 14.40 35.74 17.08
7.81 6.00 7.20 2.3 31.93 14.41
8.09 5.49 10.15 9.13 26.05 10.36
8.37 5.46 12,76 5.28 19.36 5.63
8.65 4.72 13.76 2.11 14.25 2.13
8.93 4.69 13.84 0.45 11.00 0.40
9.21 3.98 13.55 0.06 8.43 0.00
9.49 3.89 12.94 0.03 6.06
9.76 3.73 12.38 0.04 4.23
10.04 3.31 11.87 0.05 3.12
10.32 3.40 11.43 0.04 2.43
10.60 3.44 n.04 0.05 1.96
10.88 3.17 10.65 0.04 1.56
11.16 2.69 10.39 0.04 1.24
11.38 2.63 10.16 0.04 1.04
11.66 3.00 9.94 0.06 0.82
.94 3.20 9.76 0.06 0.67
12,22 2.95 9.53 0.04 0.49
12.50 2.47 9.37 0.06 0.36
12.78 2.94 9.23 0.05 0.24
t/mn 0 | 2 3 4 5 6 7 8 9 10 1 12 13

T/K  298.7 308.7 323.6 340.6 358.9 377.9 396.8 415.9 435.0 454.4 473.6 492.9 511.8 532.1
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Table 6 Frequency and absolute intensity of IR characteristic absorption peaks
of rapid-thermolysis gaseous .products of NC (13.78%N)

SHEY E sem™! s X B /em ™2 MPa™!
€O, 2349 25800
co 2143 2680
NO 1876 1330
HCOOH 1790 7590
NO, 1621 14190

®7 NC(B.78%N)¢9Ei§i¥l§ﬁ%*ﬁ?*%ﬂ’~]ﬁﬁ_ﬁ%ﬂﬂﬂE‘J’ﬁ.’ﬁilf]ﬂ?.’.tii%: 50K-s1)
Table 7 Composition of rapid-thermolysis gaseous products of NC (13.78%N)

vs time {heating rate; 50K-s™!)

SHEPAEN/ x 107 *MPa

£48 o, o NO HCOOH NO,
3% i 0.037
4.08 0.058
R 0.092
4.56 0.040 0.382 0.274 0.006 0.102
4.80 0.079. 0.660 0.602 0.017 0. 180
5.04 0.146 1526 0.835 0.247 0.190
5.28 0.279 2.545 1.549 0.624 0.201
5.52 0.333 2.784 1.586 0.610 0.200
5.76 0.376 3.168 0.812 0.646 0.194
6.00 0.396 3.291 1.962 0.670 0.192
6.96 0.439 3112 1.913 0.634 0,195
7.92 0.491 2.847 1.774 0.581 0.178
8.88 0.548 2.769 1702 0.556 0.178
9.84 0.598 2772 1683 0.546 0.175
11.04 . (.642 2.481 1.677 (J.548 0.170

R 8 NC(13.78%N)RiE RSB =4 0 40 A BERT I A9 ZE 4L (N MSEE : 100K-s~!)
Table 8 Compasition of the rapid-thermolysis gaseous products of NC {13.78%N)

vs time {heating rate; 100K-s~!})

t/s

SA=PR R/ x 107 *MPa

CO, cO NO HCOOH NO,
2.16 0.357 2.485 1.203 0.125 0.064
2.40 0.407 2.515 1.398 0.273 0.066
2.64 0.419 3.530 2.105 0.494 0.117
2.88 0.482 3.843 2.293 0.574 0.130
3.12 0.502 3.996 2.308 0.600 0.131
3.36 0.575 4.276 2.323 0.644 0.135
3.60 0.555 4.026 2.406 0.597 0.135
3.84 0.600 3.877 2.323 0.609 0.132
4.08 0.619 3.608 - 2.000 0.581 0.132
5.04 0.709 2.937 1.887 0.448 0.106
6.00 0.821 2.937 0.450 0.125

1.892
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Table 9 Composition of rapid-thermolysis gaseous products of NC (13.78%N) |E
vs time (heating rate: 140K-s™!) |

SHPWHAM/ x 107 'MPa - :
€O, O NO HCOOH NO,

i/s

1.68 0.595 4.750 3.120 0.428 0.105
1.92 1.117 8.396 4.752 0.588 0.092
2.16 1,041 8.751 5.218 0.770 0.179
2.40 1.174 9,101 6.489 1.010 | 0.25|‘4
2.64 1.240 9.000 6.615 0.980 0.259
2.88 1.259 8981 6.59 1.000 0.283
3.12 1.257 8 451 . 5.9%2 0.936 0.283
3.36 1.379 8.470 5.947 0.890 0.279
3.60 1.458 8.455 6.038 0.959 0.314
3.8 1.578 8.205 T 6.481 1.000 0.343
4.80 1.880 7.347 5.820 1.033 0.328
5.76 2.219 6.847 5.956 1.009 0.390
6.00 2.211 6.716 5.895 1.007 0.392
;
5 & &
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A STUDY OF THE THERMAL DECOMPOSITION
MECHANISM OF NITROCELLULOSE

Wang Yuan Liu Rong Ning Binke Pan Qing Hu Rongzu
( Xi'an Modern Chemistry Research Institute , Xi' an 710065)

ABSTRACT Two simultaneous devices, the rapid thermolysis reaction cell (gas reaction cell) in
situ in conjuncton with rapid-scan Fourier transform infrared spectroscopy (RSFT-IR),and the sotid
reaction cell in situ with RSFT-1R, are constructed for measuring the gas products and condensed
phase products of thermal decomposition of nitrocellulose (NC) in real time.- Two methods for deter-
mining the above mentioned products are presented. Under linear temperature increase condition, the
thermal decomposition reaction of NC are experimentally studied, and a mechanism for this reaction
is proposed based on the results.

KEYWORDS mechanism, NC, rapid thennolysis reaction cell/RSFT-IR, solid reaction cell/RSFT-
IR, thermal decomposition. |
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