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Fig.1 Structures of four typical stabilizers
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Table 1 Composition of nitrocellulose samples %
sample N1 N2 N3 N4 N5
nitrocellulose 100 97 97 97 97
stabilizer® 0 3 (DPA) 3(C2) 3(AKI) 3 (MNA)

Note: a.inside () is the stabilizer of nitrocellulose sample.

2T (DTA) 4R AEIR N 313~623 K,
AR R 3 mg, ARSI E 30 mLemin™,
FHiR R 2,5,10,15,20 K-min™' . 48 #4545 Hr
(ARC) : BEVE IR E 4 313~623 K, JE /1 4 0~30 MPa,
DU AE i 1R 80 mg s IR 7 0 48 n AR5 1 -1 R
(H-W-S) "B FHR H A  10 Kemin™ 48 R I 7] 24
30 min, BEEREE R 373.15 K, HEEE 4 0.02 Kemin™,
2578 F 4 B AT (DSC) 4R AE IR JE S 313~623 K,
BRSO 3 mg, BUAUR AUR T 30 mLemin,
FHEHE R 10 K-min™',
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Table 2 Thermal decomposition parameters of nitrocellulose samples
sample stabilizer E,/ kJ-mol™ R? T/ K T,/K Topo / K Theo / K
N1 none 230.47 0.9945 452.70 449.06 460.34 456.58
N2 DPA 273.76 0.9954 453.96 450.33 460.40 456.66
N3 Cc2 247.58 0.9917 454.02 452.02 461.16 459.10
N4 AK I 253.04 0.9930 454.35 452.26 461.34 459.19
N5 MNA 223.37 0.9883 453.96 452.14 461.90 460.02
3.2 EH|MEEHE S 56 45 SR Ak il A A R Y 2 B0 A D R B — IR
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Table 3 Adiabatic decomposition parameters of nitrocellulose samples
sample stabilizer T,/ K po/MPa  m,/K-min™" T,/K pi/MPa  m_,/K:min”" T /K AT, /K
N1 none 379.15 0.15 0.06 495.56 0.86 1.00 449.66 116.41
N2 DPA 379.15 0.15 0.06 485.16 0.83 0.61 440.69 106.01
N3 C2 399.15 0.15 0.06 468.46 0.87 0.36 442.25 69.31
N4 AKT 384.15 0.14 0.05 481.06 0.74 0.30 442.21 96.91
N5 MNA 379.15 0.14 0.05 473.02 0.74 0.35 443.64 93.87
Note: T, initial decomposition temperature; p,, initial decomposition pressure; m, initial temperature rise rate; T;, maximum decomposition temperature; p,, fi-

nal pressure; m_, maximum temperature rise rate; T, temperature at maximum temperature rise rate; AT,,, adiabatic temperature rise.
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Table 4 Kinetic parameters of adiabatic decomposition of ni-

trocellulose samples obtained by model-fitting method

E,
sample  stabilizer function ° Ig(A/s™") n a
/ kJ+mol™’
Fn 324.97 35.71 271 =
N1 none
Bna 244.51 25.58 2.26 0.27
Fn 273.22 29.40 2.50 -
N2 DPA
Bna 151.74 14.30 1.61 0.26
Fn 247.03 26.32 1.77 =
N3 c2
Bna 197.01 20.04 1.54 0.05
Fn 262.04 28.01 2.00 -
N4 AK T
Bna 199.05 20.01 1.82 0.23
Fn 221.23 23.06 1.65 =
N5 MNA
Bna 152.93 14.38 1.74 0.12

Note: E,, Apparent activation energy of thermal decomposition of nitrocellu-

lose samples, kJ-min~"'.
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Fig.5 The DSC curves of nitrocellulose samples by the “interruption and re-scanning” method
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Table 5 Conditions and results of the DSC tests of the "interruption and re-scanning" method

sample stabilizer Toneet / K T,/ K AH/J)-g™" | sample stabilizer Tonset / K T,/ K AH/)-g™!
NT-1# none 473.65 481.95 2207 N3-3# C2 463.65 481.15 1684
NT1-2# none 467.25 479.95 2151 N3-4# Cc2 459.95 480.65 1566
NT1-3# none 462.35 479.05 1692 N4-1# AK T 469.45 482.35 2162
NT-4# none 454.05 478.05 941 N4-2# AK T 466.95 481.25 2054
N2-1# DPA 475.25 482.35 2140 N4-3# AK I 464.25 480.95 1974
N2-2# DPA 470.15 480.95 1968 N4-4# AK I 464.95 480.75 1767
N2-3# DPA 467.85 479.85 1836 N5-1# MNA 471.55 481.50 2049
N2-4# DPA 466.65 479.25 1775 N5-2# MNA 469.05 480.55 1995
N3-1# C2 470.65 482.75 2236 N5-3# MNA 465.95 480.35 1886
N3-2# C2 465.95 481.75 2008 N5-4# MNA 463.75 480.25 1601

Tei) e BT 30 3 o A [l 4 ) 0 7 sk S B0 Ak AR SRR B 43 fi
) A T I R VR B2 4 ) el IR IR B8 3l T 19.60 KRR
3.90 Ko 225 77 5 il A6 AR 52 OB Y 1 n 8 e 1k
JOT A 235 45 S8 DR 1 o s A 9 50T i A A T A b7
FHU BRI, 22 5 T 06 S o 2 D 55 FA 7 s i Ak AR A
RIS . SEIR A R L8 4% 3% DPA,C2,AKII
FMNA BTl £b KRR 28 57 = O 305 300 i 1 S 4R
YL 43 ) ) AR R #% 56 8.60,10.70,4.50 il 7.80 K I
(B RE 20 ) 1R IR A% 30 17 3.10,2.10,1.60 A1 1.25 K.

R T U X b S Rk AR AR S
PE B 52 MR AR BE B LR A A AR R 76 A ] R in A 1k R
o, I A ISR AR AL R y AT R MBS, 15 8 y 5 o, B K
g, ik 6 firR .
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oyl %

Bl6 o ANIE 22 R 7 0 i AR A B9 - 25
Fig.6 y-a, curves of nitrocellulose samples with different sta-

bilizers

HI I 6 AT R, NT 1Y y 5 o 05 1 40 b 38 R0 I
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N2~NG5, 6 B F 7 50 6 N1 i it 4 06 T 1) 52 e T
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1)y 5 o 1 K R AT
y(N1)=0.79 + 7.26 a, (R* = 0.997)
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y(N2)=0.56 + 4.19«a, (R* = 0.998)
y(N3)=0.18 + 2.91a, (R* = 0.997)
y(N4) = 0.43 + 1.83, (R’ = 0.999)
y(N5) = 0.35 + 1.60 a, (R* = 0.995)

R T F 5 A A AR R RE A B A B 55 R
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FON 0.2 F10.5) B iy 06 8 A8 £k 5, IR 11 53 45 SR 8 1
F6H,

R6 AR LURE AR IR B AL A< 0.2 1 0.5 I AY IR 22 fb

Table 6 The v of nitrocellulose samples at the o, of 0.2 and

0.5
sample stabilizer v/ %
a,=0.2 a,=0.5
N1 none 2.24 4.42
N2 DPA 1.40 2.66
N3 Cc2 0.76 1.64
N4 AK T 0.80 1.35
N5 MNA 0.67 1.15
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M A B ) R R R i B 55 09 00T O : MNA>C2>AK T
>DPA ; 75 fiff £k K5 24 20 i I 7 e U B0 1 R g P ), o=
0.5 i, JLFp 82 780 22 55 590 % i A AR 11 88 1 B 1o 4% 1 1
SRR 5 20 55 09 A : MNA>AK T >C2>DPA,

i LRI 45 BRI MINA T R AR AR A Ak
N5 PR B 5 B B, DPA Y B2 IR B 55 . MNA 2 145
v ) i R R OR D s 1 R LB R i R v g kA
Gy FEHE, AT R WO ZA AL BRI b 3R T
R W RE 1, R A AR SR YR T A K
N Lk
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Effects of Four Typical Stabilizers on the Thermal Decomposition Behavior of Nitrocellulose

ZHAO Yang ; ZHENG Tian, DING Ling, PENG Ru-fang, JIN Bo
(State Key Laboratory of Environmental-friendly Energy MAterials, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: The effects of four typical stabilizers (DPA, C2, AKIl , MNA) on the thermal decomposition behavior of nitrocellu-
lose, the thermal decomposition parameters of nitrocellulose samples under different conditions are obtained by DTA, DSC and
ARC. The results of non-isothermal calorimetry show that the critical temperature of thermal explosion of nitrocellulose increases
by 0.06, 0.82, 1.00 and 1.56 K, respectively, after adding four typical stabilizers. The adiabatic thermal test show that the stabi-
lizers have limited effect on the initial temperature rise rate and pressure of nitrocellulose at the initial stage, but reduces the max-

imum temperature rise rate of nitrocellulose by 0.39, 0.64, 0.70 and 0.65 K-min™

. The effects of thermal history on the thermal
decomposition of nitrocellulose samples are investigated by DSC interruption and re-scanning method. The results show that four
typical stabilizers have good thermal stability. Although the initial thermal decomposition of nitrocellulose is less affected by sta-
bilizers, but with the progress of thermal decomposition reaction, the severe autocatalytic decomposition caused by nitrocellu-
lose thermal decomposition products could be alleviated by rapid reaction with stabilizers, and the influence of thermal history
on the thermal decomposition of nitrocellulose could be reduced. N-methyl-4-nitroaniline has the most obvious inhibition effect
on the autocatalytic decomposition of nitrocellulose.
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