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Table 1 Sample composition for stability testing
sample main component(97%) stabilizer(3%)
S-1 NC lycopene
S-2 NC B-carotene
S-3 NC xanthophyll
S-4 NC astaxanthin
N-1 NC/NG lycopene
N-2 NC/NG B-carotene
N-3 NC/NG xanthophyll
N-4 NC/NG astaxanthin

1.3 Mk AE
1.3.1  FREMEMIK
NVEAG SIS N R A S R SR B T AR
KR R PGB A X 4 R 2R N R TR
0 B & A g, B AL BT 5 100 mg, il 5 I R
70 °C IR &} 75% RH, MK ] Ky 72 h,
1.3.2 HAEMERZEMEMK
(1) % % NATO-STANAG 4147 47 1 fk Hh 12,
K 22 03 01 i (DTA) PPAG 28859 2 b 28 5 i £k A A
W 5 2 1 AH 2 M R S BT S 1.50 mg, TR Rl
N Lk

www.energetic-materials.org.cn



KA b N 6 AR AR /I 2 Y % E A

10 C-min™ AT AHHAZE A

(2) R H W BR 504K S2 30, A5 R A S0 00, FLos &
S P 00 Rt A S e A S A 0 3K 9 4 ) X 2
8N R EIEAT TS, Horh, B R AR S
R4 GJB 770B—2005¢ Kk 245 5 7 75 ) ik 503.37,
W FE & B 300 mag, i A I 50 25 I3 5t 1) 3
9 95 B 4y B R 134.5 °C il 120 °C 5 45 i #1452 56
(iso-TG) : ML AL S i R 1.5 mg, A M &R (R
M35 mL-min™') IR B 134.5 °C, P[]
6 h; B AL e MRS (VST) R4 GIB 772A-1997(1EZY
I 15 ) i 501.22% 3 BE IR E S 100 °C, 3 [R]
48 ho HEFNE SIS R iR 35 mg, Tt
BRI -AE R 48R FHEE A R 1.00 C-min™, i
G 140.0 °C.
1.3.3 HBFIR#ELIRIE

HRUH SNPI(2 mmol - L), DETCH(40 mmol - L),
LK B AR W (20 mmol <L) 4% 50 wL, 239 5 A
[ ¥ 2 (0,1,2,4,8 mmol- L") 92 5 IV W 300 pl
BARA R AT oo #E o 3373.05 G, H
Bi 4 150.0 G, gfti} 2.0400,

2 #R5WiE

2.1 BEMSW

KRB oE 2 B 7RG AR 9 g U A7 AT A (Il
JE<25 °C; 1B E<80%RH) ™0 b 8 N 2 % fiit vl
PLZWEAS 120700 R Bl 25 IR 2 B A4 R} A7 20 BT
ka5 Z , il A Al R AT 24 1 2 1) 2 R b Rk T Il o 7™
T I B P R, R ) R AR B R I (=55~70 °C) & A
TR EMET R H R w0 X — R St i
Bl T2 T M RE A T SR AR AL AN AT A LN AR A
PR ORFFRRE M5 W 2 T R B T AR e MK
MU, A N R AT T R e A O R A
AR WL 1 X 2 A R 28R N R TR
fE, G5 E 2 Frs o B 2am LB L 7 72 /N2
PRI 56 J5 L 4 Fh ST B I 3 Y 28 0w i il 22 34 R F5 F
ELARMEE B AR MG . KRR E SR
(F 2b) ifF— 2B UESE T 2580 8 b R R4 R0E M 8-
BNER O E R AR R AR BRI 93%; 1M &
i 212 4 1 45 8 P AUAE T e e A G A Y K B 0
Je P R R R 86% Ao
2.2 HBEEITH

B BEREREAS [ 41 43 22 1) B4 AR 25 M TE A0 R 605 10 BT S

CHINESE JOURNAL OF ENERGETIC MATERIALS

3
02 o
mm initial sample Initial sample
lycopene agingfor2n | 10p-carotene  — agingior72n
[©)
8
£ 01
2 A 05
g
0 0.0
520 480 440 w0 49 455 420
™ initial sample ' i = initial sample
- xanthophyll Pt ot astaxanthin - — agingfor 72h
[<)
8
g 0.1
_‘_‘: 04
00585 520 ~ 45 300 07 4 455 420

wavelength / nm wavelength / nm

a. UV-Vis spectra

15+ .
=
>
&
e 101
()
5 14%
g
5 9 -
3
5%

chobene P-carotene  xanthophyll ~ astaxanthin
carotenoids

b. degradation efficiency

B2 il e g A AT 2 D 3 SR Sl i 2 A i R
Fig.2 UV-Vis spectra and degradation efficiency of carot-
enoids before and after high-temperature and high-humidity

aging

) b BHR & 5 02 5 43 Kk AR s R, Sk fifh A7 il 2
A PR K o He T AL L 1 IR A S A AR (ElTR i
25) 52 R E S  DTA & hiIR &1k R 58—
Y153 10 3 Ak W TR R 78 B (AT WEAR AR A M o a2
RAnR 2 R . RS RIEIR BUE 8 AT, /N T 2.2 °C,
R STANAG 4147 b5 (AT, <2 °C 3w M &M 47,
2 C<AT,<5 CHR/RAAMER LS ), R YT 4 Fh 2l &
I 255 Al A R 24 X B B A A
2.3 REMITEM
231 EHWERNEXHUBHEREER

SR FH P 6 | 45 I B O o 3 R L s 2 M
I M 4 Fh A N XA A AR 04 28 52 1 Tt 45
RWE 3R K 3a s, 858 RS A RUE K
il A A ol R R 58 40 1 AR €8 ) (] 28~40 min, Jf H AL
AR T A Bt 22 5 ) 4% Bl (i A A PP 2 58 40 £
IFENEE R 11 min®) o M 3b Al LA HY 4[] i [ Py

N XK XXXX HF & XX & XX# (1-9)



4

T2 R DT AR A 2y Y A A I 2 R

Table 2 Compatibility parameters of carotenoids with nitrocellulose and absorbents

sample T,/ °C AT,/ °C  compatibility level ~sample T,/°C AT, /°C  compatibility level
NC 197.8 — — NC/NG 202.1 — —

lycopene/NC 197.9 0.1 compatible lycopene/(NC/NG) 201.3 0.8 compatible
B-carotene/NC 195.6 2.2 compatible B-carotene/(NC/NG) 202.0 0.1 compatible
xanthophyll/NC 195.8 2.0 compatible xanthophyll/(NC/NG) 200.3 1.8 compatible
astaxanthin/NC 196.4 1.4 compatible astaxanthin/(NC/NG) 201.3 0.8 compatible

Note: Tp, Decomposition temperature, °C; ATp, The variation of decomposition temperature, °C.
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Fig.3 Assessment of stability for four carotenoids on NC
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Table 3 Adiabatic accelerated calorimetry analysis of ther-

mal decomposition kinetics for S-1~S-7

P, T P, m T AT,

0 0 f f m m

/MPa /°C'min'/°C  /MPa /°C'min"'/°C  /°C

T m
sample

S-0 145.58 0.158 0.0249 173.19 0686 0.1779  161.18 27.61
S-1 156.62 0.210 0.0574 165.02 0.385 0.0722 159.72 84
S-2 150.80 0.173 0.0300 164.01 0388 0.0678  157.33 13.21
S-3 150.82 0.181 0.0305 162.30 0.349 0.0495 155.61 11.48
S-4 145.64 0.148 0.0206 162.03 0341 0.0439  156.27 16.39

Note: T,

Initial decomposition temperature, °C; P, Initial decomposition
pressure, MPa; m, Initial temperature rise rate,°C * min~'; T, Maxi-
mum decomposition temperature, °C; P,, Final decomposition pres-
sure, MPa; m_: Maximum temperature rise rate, °C-min”'; T.: Tem-
perature at maximum temperature rise rate, °C; AT : adiabatic tem-

perature rise, °C.
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The Stabilizing Effect of Carotenoids on Nitrocellulose and NC/NG

Ll Liang, ZHAO Yang, JIN Bo
(School of materials and chemistry , Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: Carotenoids, valued for their exceptional free radical scavenging properties and low biological toxicity, were systemat-
ically investigated as potential stabilizers for propellants. A comprehensive evaluation strategy, incorporating differential thermal
analysis (DTA), methyl violet test strips, isothermal thermogravimetry, vacuum stability testing, and accelerating rate calorime-
try (ARC), was employed to assess their stabilizing effects. Four representative carotenoids-lycopene, B-carotene, xanthophyll,
and astaxanthin, were examined for their stabilization performance in nitrocellulose (NC) and absorptive composition systems.
All tested carotenoids demonstrated superior thermal stability compared to conventional stabilizers. Notably, astaxanthin exhibit-
ed the most significant enhancement: it prolonged the methyl violet discoloration time of NC by 40 min, reducing mass loss by
17.90%, decreased the maximum adiabatic decomposition temperature rise rate by 0.134 °C+-min™', and lowered gas pressure re-
lease per unit mass by 12.0 kPa. In absorptive compositions, it extended the methyl violet discoloration time by 34 min while re-
ducing mass loss by 14.18%. Free radical scavenging tests and intermediate structural analyses revealed the underlying stabiliza-
tion mechanism: carotenoids effectively suppress autocatalytic decomposition via nitrogen-oxygen free radical capture, achiev-
ing nearly 90% scavenging efficiency at 8 mmol-L™". Additionally, secondary derivatives formed during carotenoid degradation
were free of nitrosamine groups, significantly reducing toxicological concerns.
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The stabilizing effect of four representative carotenoids (lycopene, B-carotene, xanthophyll and astaxanthin) on NC and NC/NG

was investigated via differential thermal analysis, methyl violet test, vacuum stability test and adiabatic accelerated calorimetry.

CHINESE JOURNAL OF ENERGETIC MATERIALS N XK XXXX HF & XX & XX# (1-9)



