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Table 1
distributed propellants

The physicochemical properties of nitro gradiently

mean web content of content
) . discoloration explosion )
samples thickness stabilizer ) _, of volatile
time / min heat/]-g

/mm /O/o /O/o
o# 0.92 2.06 >70 4001 -
1# 0.91 2.01 >70 3858 1.13
2# 0.89 1.98 >70 3773 1.20
3# 0.90 1.96 >70 3624 1.17
44 0.89 1.95 >70 3517 1.38
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Fig.1 The static combustion properties of propellants

L,,s is initial dynamic activity; B, is relative pressure corre-

sponding to maximum dynamic activity; L, is maximum dy-

namic activity; L, is an average dynamic activity
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Fig.2 The mass of charge, bore pressure and muzzle veloci-
ty of nitro gradiently distributed propellants
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Fig.3 The fitting curves of bore pressure with respect to mass

of charge for nitro gradiently distributed propellants
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Fig.4 The fitting curves of initial velocity with respect to

bore pressure for nitro gradiently distributed propellants

Table 2 The fitting results of internal ballistic performance parameters

samples fitting curve equation of p and m R’ fitting curve equation of v and p R’

1# p=0.0108m*-3.023m+233.45 0.996 v=1.09p+783.7 0.998
2# p=0.0326m’-17.046m+2452.65 0.997 v=1.20p+755.5 0.992
3# p=0.0547m’-31.029m+4624.03 0.999 v =0.94p+849.5 0.997
4# p=0.0331m*-18.379m+2737.41 0.998 v=1.15p+808.8 0.995

Note: pis bore pressure. v is initial velocity.
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Table 3

gradiently distributed propellants and camphor-deterred pro-

Theoretical calculation on explosion heat of nitro

pellants with different formulations

NC N diphenylamine camphor Q,

samples . . . . o
/% /% /% 1% /J'g

0#-TC 98.00 13.15 2 - 3996.67
1#-TC 98.00 1291 2 - 3857.56
1#-C-TC  96.74 13.15 2 1.26 3858.08
2#-TC 98.00 12.76 2 - 3773.07
2#-C-TC 9597 13.15 2 2.03 3773.38
3#-TC 98.00 12,50 2 - 3622.50
3#-C-TC 94.60 13.15 2 3.40 3622.69
4#-TC 98.00 12.31 2 - 3515.64
4#-C-TC  93.63 13.15 2 4.37 3516.00

Note: NC is content of nitrocellulose. N is nitrogen content of nitrocellulose.

Q, is explosion heat.
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Study on the Effect of Nitro Gradiently Distributed Propellant Charge for a Small and Medium Caliber
Weapon

LI Shi-ying'*, XIAO Zhong-liang'*, LI Yu'**, DING Ya-jun'**, SHI Yu-dong’, ZHAO Jian-chun’

(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Special
Energy Materials (Nanjing University of Science and Technology) , Ministry of Education, Nanjing 210094, China; 3. Lu Zhou North Chemical Industries
Co., Ltd., Luzhou 646003, China)

Abstract: In response to the serious problems involving large smoke, flame and pungent smell known for a small and medium
caliber weapon, the single base seven holes propellants were treated by chemical denitration method to prepare nitro gradiently
distributed propellants with different denitration degrees. Their physicochemical, static burning properties, interior ballistic per-
formance and emission hazard phenomenon were investigated. Based on the minimum free energy method, the influence of
amount of camphor agent and the denitration degree on the combustion gases (CO, H,) produced and unoxidized carbon were
studied. The results show that with the increase of denitration degree, the explosion heat of propellants decreases from 4001 J-g™'
to 3517 J-g™', the web thickness reduces from 0.92 mm to 0.89 mm, the content of stabilizer declines from 2.60% to 1.95%, the
stability remains unchanged, B, value increases to 0.66, and the progressive burning property enhances gradually; the better
progressive burning of propellants, the higher initial velocity of the projectile under the same bore pressure condition was ob-
served, the numerical expression and control method of ballistic performance for this investigated propellant were obtained
based on the enantiomorphic coupling relationship established between the mass of charge, bore pressure and initial velocity; in
comparison with the camphor-deterred propellants, the nitro gradiently distributed propellants demonstrated the promising char-
acteristics of lower concentration of combustible gas, and less unoxidized carbon; in addition, the small flame, less irritating
odour and low emission harmful phenomena are found for nitro gradiently distributed propellants during the firing test.

Key words: small and medium calibre weapon; nitro gradiently distributed propellants; physicochemical properties; combustion
performances; internal ballistic performance;emission harmful phenomena
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