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Abstract: In view of the inherent limitations of traditional gun propellant with deterring and coating method, based on the
molecular characteristics of nitrocellulose and the basic principle of energy release process control method, the concept and
method of surface molecule (functional group) tailoring of propellant were proposed in this paper. The propellant prepared
by this method is called nitro gradiently distributed propellant (NGDP). The forming process of the propellants is that, the
nitrate esters in the surface layer are hydrolyzed and removed by certain ways, the nitrate esters finally gradiently distribute
in the surface layer of propellant. This ideal structure realizes the burning progressivity during propellant burning. It is es-
sentially different with the deterred propellant and coated propellant, which achieves a progressive increase in burning rate by
adding deterring agents. Finally, this paper further introduces the characteristics of the NGDP, including its superior storage
stability, internal ballistic performance and low emission of harmful phenomena in weapon applications, which proves the ad-
vanced nature of the proposed new tailoring method.
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Fig. 1  Structure of nitrocellulose
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Fig. 2 Model of nitro gradiently distributed spherical propellant; (a) structure schematic of propellant, (b) distribution of burning

rate coefficient and nitro group content
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Fig.3  Microscopic image of nitro gradiently distributed spherical propellant
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Fig. 4 Distribution of functional groups: (a) full Raman spectra at different locations, (b) functional group characteristic peak intensity

variation curve at different locations
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Fig. 5 Comparison of the combustion performance of spherical propellant before and after molecules tailoring: (a) p-t curves, (b) L-B curves
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Table 1 Interior ballistic properties of nitro gradienty distributed pro-
pellant
Nitro gradiently
Property items
Toperty tiems distributed propellant
Average chamber 295. 3
pressure/MPa
Average muzzle
: 886
Normal velocity/ (m/s)
temperature M burm
(+15C) aximum burning 022
pressure/MPa
Muzzle veloci
uzzle velocity 25
range/ (m/s)
High temperature Average chamber 2021
(+50 C) pressure/MPa :
Average chamber
294.9
Low temperature pressure/MPa
(-40C) Muzzle velocity 12

reduction/ (m/s)
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Table 2 Comparison of smoke effect

Type of gun Visible light Increase
. Remarks
propellant transmittance/%  rate/%
DBP deterred 545 P <310 MPa
propellant ’ v, =865 m/s
Pol .oated Pm =310 MPa
olymer coate: 67.9 35.2
propellant vy =865 m/s
i adiently =295.3 MPa
. N-ltro gradiently 778 53,6 Pm
distributed propellant vy =886 m/s
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Fig. 6 High speed photographs of muzzle smoke of three types of propellants: (a) DBP deterred propellant, (b) polymer coa-

ted propellant, (c) nitro gradiently distributed propellant
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Fig. 7 Comparison of flame intensity at muzzle of three types of propellants; (a) DBP deterred propellant, (b) polymer coated

propellant, (c¢) nitro gradiently distributed propellant
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