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Theoretical Study on the Effect of Dibutyl Phthalate on the Generation of

Combustible Gas in the Combustion of Propellant
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Abstract: Effects of dibutyl phthalate [(DBR).on combustible gas products of single-base propellant were studied by
computational method of minimum free energy, and theé\computational results were verified through closed vessel ex-
periments. The results show that the combustion‘of propellant can generate free carbon residue when the DBP con-
tent in propellant exceeds a critical\yalue, \As the DBP content in propellant increases, the yield of combustible gas
increases, and reaches a maximum at the DBP critical content, then decreases. When the DBP content is lower than
the critical content, the amounts of combustible gas can be decreased with the increase of the nitrogen content of ni-
trocellulose. While the DBP content is higher than the critical content, the amounts of combustible gas can be in-
creased as the descent of combustion equilibrium pressure or heightening of nitrogen content of nitrocellulose. The
computational results and experimental results are consistent. In addition, the function of the DBP critical content
and the nitrogen content of nitrocellulose, combustion pressure is established based on the computational results.
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Table 1 Basic compositions of gun propellant

BT A4FR  w(NO/% w(N)/%  w(ZH M)/ %
NC-1 99.0 12.1 1.0
NC-2 99.0 12.6 1.0
NC-3 99.0 13.1 1.0
NC-4 99. 0 13.6 1.0
NC-5 99.0 14.1 1.0
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Fig.1 Relation curves of DBP content vs. combustion

products of gun propellant
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balance of gun propellant
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Table 2 Critical content of DBP at different conditions

w(DBP) /%

J¥'%  p/MPa NC-1 NC-2 NC-3 NC-4 NC-5
WRE MaE HHEE el HRE BaE IHEE BaE HHEE USE
1 50 14.3 14.3 16.2 16. 2 18.0 18.0 19.6 19.7 21.2 21.5
2 100 13.1 13.2 15.0 15.1 16. 8 16.8 18.5 18.6 20. 1 20.3
3 150 12.3 12.3 14.2 14.2 16.0 16.0 17.7 17.7 19.3 19.5
4 200 11.6 11.7 13.5 13.6 15.3 15. 3 17.0 17.1 18.7 18.8
5 250 11.1 11.1 13.0 13.0 14.8 14.8 16.5 16.5 18.2 18.3
6 300 10.6 10.6 12.5 12.5 14.3 14.3 16.1 16.0 17.7 17.8
7 350 10.1 10.2 12.1 12.1 13.9 13.9 15.7 15.6 17.3 17.4
8 400 9.7 9.8 11.7 11.7 13.5 13.5 15.3 15.2 17.0 17.0
9 450 9.4 9.5 11.3 11.4 13, 2 13.1 14.9 14.9 16.6 16.6
10 500 9.0 9.2 11.0 11.1 12.8 1248 14.6 14.6 16.3 16.3

F 2 R LML IRE NC & & BRI B
JE 7 AT LA e i B A AR L) DBP s G A . 8
F 2 A R T BUE G 15 B & G 25 PR B
B2 L DBP & & i FE 5 NCGE RS- 7
1 2Z [ BB R, ANl (3D FraR A 4 R 3 2
FIi7R o
y=3.561(w(N)X100—10. 266)+0. 680 X

exp<—(f(;77%o6))+7. 196exp<—i]5)(;7282> (3)

Ay i 5 DBP & &, 005 p R Be 5 1k 5
MPa;w(N) Ry ZEafi it o NC & & &, %,

12 (3) W] 1, I - DBP & i 5 NC & & & &
TE B 0 2R 1 5 BRI T4 1 R B 3R

2 ERMBEIE

2.1 TS

FEG & R IR 1 i NC-3 JERE B J7 , 354
—E [ DBP, il 13 ¥ 4k | R AE | By 25 )2 O
M2 T SR 0. 5mm, 1K 10 mm ) 1E )7
&R IR & 825, Hoh  DBP AN B 55 5ok 0.
10.0% .16. 8%, 25. 0%, Ml & 4 FBC 7 & 9 245
#H

%% 50mL % M AR & 4 0 kR g, A il

KM9106 I fifi # = 25 A 00 <43 M1 %€ B KANE
/nCi e
2.2 BEFUHNKES ST

AT A TC T I 2 0 2 2 i 1 O AR R I
KHE 7R (100. 043, 0) MPa, 47 %5 P K 5 55 50 5
BRI JE Vo 10 2 T WSCER A e SR O R R 10 A5 )5
F RS A3 A AL 53 A CO W BE
2.3 LIWHER

TERIRBE SIS CO W3 3 FraR .

3 TEMEXBER

Table 3 Test results of closed vessel experiments

F 5 w(DBP)/ % oo/ (pg » mL™h)
0 2198.2
2 10.0 2947.4
3 16. 8 3033.8
4 25.0 2707.6
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