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Rapid Determination of the Content of Stabilizer in Double-Base Propellants
during Storage
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[ABSTRACT] Given that the disadvantages of traditional detection methods such as time-consuming and complex opera-
tion, near-infrared spectroscopy (NIRS) was used to rapidly detection the stabilizer content of SF-3 double-base propel-
lants. Appropriate modeling band was obtained by analyzing the characteristic spectral range of stabilizer. The quantitative
correction model of the stabilizer was established by partial least square method after pretreatment of the optimal spectral
and determination of the optimal number of principal factors. Finally, the predictability of the developed model was evalua-
ted by external validation. Results show that using 1 100-1 248 nm and 1 323-1 515 nm bands, when the original spectra
are pretreated with standard normal variable change (SNV), the quantitative correction model with a principal factor of 7
had high prediction accuracy and stability. The determination coefficient of calibration model (R..) and the determination
coefficient of cross validation (Rt ) are 0.991 and 0. 987 respectively. The corrected standard deviation ( Ry ) and cross
validation standard deviation ( Rygey) are 0. 065 and 0. 077 respectively. The average error between the predicted value
and the reference value of stabilizer content is 0. 044% . This method could be used for the rapid determination of stabilizer
content of SF-3 double-base propellants. It can be seen from Vieille test that NIRS can be used as a method to evaluate the
stability of SF-3 double-base propellants.

[KEYWORDS] double-base propellants; stabilizer; near-infrared reflectance spectroscopy ( NIRS) ; component model
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Fig. 1 Distribution of stabilizer contents
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Tab. 1

Content range of stabilizer in samples
ittt 74 WfE, b 22/
HEH/ % % %

0.96~2.95 1.91 0.69

1.05~2.82 2.00 0.64
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Fig.2 Raw NIR spectra of double-base propellants
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Tab.3 Quantitative model performances of stabilizer with different pretreatment method and
different modeling interval
e ) S \ " R’ Ry
T TIAL BTy HAEIX ] /nm F T 5 5
R(l R(IV RMSEC RMSECV
SNV 900~ 1 700 6 0.974 0.967 0. 108 0.122
SNV 945- 1663 4 0.973 0.968 0.111 0.122
SNV 1100~ 1248 .1 323~1 515 7 0.991 0. 987 0.065 0.077
SNV +1° 900~ 1 700 7 0.991 0.989 0. 062 0. 069
SNV +1° 945~ 1 663 5 0.984 0. 980 0.085 0. 096
SNV +1% 1100~ 1 248 .1 323~1 515 4 0.979 0.973 0. 096 0. 109
SNV +8-G +1%" 900~ 1 700 6 0. 989 0. 986 0.073 0.082
SNV +8-G +1°%" 945~ 1 663 4 0.975 0.970 0.103 0.113
SNV +8-G +1°" 1 100~ 1 248 1 323~1 515 4 0.987 0.985 0.077 0. 084
Base + 1 900~ 1 700 6 0.988 0.984 0.075 0.087
Base +1° 945- 1 663 6 0.987 0.983 0.076 0. 089
Base + 1 1 100~ 1 248 1 323~1 515 5 0.981 0.977 0.093 0.105
Base +S-G + 1" 900~ 1 700 7 0. 989 0. 986 0.071 0.083
Base +S-G +1°" 945~ 1 663 5 0.975 0.971 0. 106 0.117
Base +S-G + 1" 1 100~ 1 248 .1 323~1 515 4 0. 986 0.983 0.078 0.087
S-G+1%" 900~ 1 700 6 0.988 0.985 0.075 0. 086
S-G+1% 945-1 663 4 0.962 0.959 0.132 0.138
SG+17 1 100~ 1 248 .1 323~1 515 4 0.981 0.977 0. 094 0. 104
1 900~ 1 700 7 0.988 0.984 0.075 0.087
1 945-1 663 3 0.961 0.959 0. 130 0. 134
1 1100~ 1 248 .1 323~1 515 5 0.981 0.977 0.093 0.103
— k4 FRANEERA S HRIIE LR
3.01 25_3093;7 Tab.4 External verification results of calibration
25k R;ZEC=0.065 models %
\° R0 =0.077 — : — —
S 2.0F R =% FAL-1 FEAY-11
. G5 BN PR BN PR
& L3f 1°1 2.690 2.722  0.032 2.795  0.105
1.0¢ - RRIEAET 1*2 2.690 2.708 0.018 2.816 0.126
. - SLEYE 21 2.600 2.553  0.047 2.671  0.071
035 10 15 20 25 30 22 2.600 2.534  0.066 2.681  0.081
SHMHI% 30 1,290 1.322  0.032 1.388  0.098
(a) BUR-I 32 1,290 1.349  0.059 1.389  0.099
- 4% 1 2.040 2.019  0.021 2.013  0.027
30l Ri=0.991 ) )
R.,~0.989 A 42 2.040 2.029  0.011 2.035  0.005
25F R=0.062 o 51 1.700 1.678  0.022 1.710  0.010
°\° Ryyspcy=0-069 B2y 52 1.700  1.691  0.009 1.741  0.041
iﬂl 201 . o 6°-1 1.050 0.998  0.052 1.081  0.031
Z 15} . & < 6*2 1.050 0.994  0.056 1.137  0.087
ol g — 7% 2.820  2.751  0.069 2.946  0.126
e R E 7*2 2.820 2.747  0.073 2.952  0.132
S 10 15 38 35 30 8.1 1.450 1.502  0.052 1.549  0.099
BEH % 82 1.450 1.509  0.059 1.566  0.116
(b) AL 9%.1 2.390 2.435 0.045 2.504 0.114
Bl6 AmigR 9*2 2.390 2.466  0.076 2.519  0.129
Fig. 6 Modeling resulis B 2.003  2.000  0.044 2.082  0.083
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Tab.5 Results of Vieille test

FE I [E]/h
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2% 79
37 54
4* 70
5" 64
6" 35
7* 85
8* 59
9* 77
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