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Table 1 Physical parameters of auxiliary solvents in different
samples!”7"%)
o boiling 1)

sample auxiliary solvent point / °C S eme n/D
1% DMF 153.0 24.5 3.86
2# DMSO 189.0 26.7 3.96
3# cyclohexanone 155.6 19.0 3.10
4# cyclohexane 80.7 16.7 0.00
5% trichloromethane 61.3 19.2 1.10
6" n-butyl acetate 126.5 17.3 1.80
7% ethyl acetate 77.2 18.4 1.90

Note: & is the solubility parameter. u is the dipole moment.
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(R 38
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(50 C)H# IR 4 h, X Instron3367 B 7 fig 4 RHK I HL
W A S 24 0 e Fe i B, >R B SE2 78 ] = 3 243 e
I HLI 3 K G 24 B ok o
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Fig.1 SEM images of 15/1 single-hole tubular single-based

propellants
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Table 2 Compressive strength test results of 15/1 single-hole

tubular single-based propellants

o./ MPa
sample

-40 °C 20 °C 50 °C
o* 99.16 69.98 37.61
1# 110.51 73.28 45.22
2# 109.17 76.98 45.43
3# 100.17 73.83 38.83
4% 100.65 77.92 44.92
5% 87.70 73.38 43.59
6" 114.69 72.99 44.26
7# 105.79 73.98 41.46

Note: o is the compressive strength.

ME2RUFEH,-40 CF,5" L 525 (=&
e ) (40 H 3 BE 2 87.70 MPa, ik T O 5L Al o 5 % 5%
21 99.16 MPa, AR5 T 0TS fili PR 5E R S 24, L
SO R G (LR T IR HAEAR &1 F 4
5B B O, O 114,69 MPa. iE— 20 4% 6" B BE R ) 2)
(R T HR) 5 O" KL Rl 5 5L K 5 245 1) R 40 1 ) 5 6 46 1
A5 (o) MR HEAT LSBT, 25 R UL 2.

MNTEL 2 0] DUBA S8 Y B I T v AL R
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IR AR BARSN T 551 T & 2B R, D 24 58 5 -t B AIK
MNIEL 2 0] LA 67 5 & S5 24 (470 R 5 2 LE OF il B
BE R S 25 (0 5 BE v, AR SR TR R AN 5 T
TS AR 43 B 2 8] VR T 0 o5 1 AR AR 3 6 1Y
i sl T B R Y R J R 4y F 2 R) Y AR
M.
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Fig. 2 Compressive stress-compression strain curves of 0*

and 6" single-based propellants at different temperatures
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BE B G2 T R

3 15/1 HALAE IR BEL K S 2 T i o i K A AR
Table 3

lar single-based propellants

Impact strength test results of 15/1 single-hole tubu-

o,/ kl-m™
sample

-40 °C 20 °C 50 °C
0* 7.08 9.90 10.93
1# 9.07 12.71 17.40
2% 7.33 15.34 22.77
3# 8.78 17.45 20.26
4* 8.63 16.73 18.08
5% 8.31 13.14 14.99
6" 9.20 19.49 29.51
7% 7.91 18.79 20.12

Note: «, is the impact strength.
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Table 4 Solubility parameters of mixed solvents

Wt \OIR TR . OTR O BE R = TR A W 7 B9 1 2508
Bb Wl — DT R A 75 70 10 1 B2 2 800 S [l B2 B2 1R BRI
D B0 S R0 i AR AR v A Y I i e T £
i fE AR A S8 AL A B . %S il DMF 5 DMSO [ =i &
VA 3R 1) I T 2 00 T R 6 W R ) A B L G,
1 1] %1 DMF F1 DMSO ) {8 8% 45 43 %1 & 3.86 D Al
3.96 D, ME T N B AN £ B 5T 25 B S AS AR AR 4 T8 T
4 & AT BEATAH ELAE AT B IR T R Ak A 43 22 Rl
A A ELAE 7, 825 5 e A A 1A T I i A S AL

sample o* 1* 2 3#

4# 5# 6# 7#

8, /)2 cm™2 22.60 22.60 22.70

22.50

22.41 22.54 22.45 22.48

Note: & _ isthe solubility parameters of mixed solvents.
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f52 R, 7 20 °CTF A i #5153 2 19 & 51 15/1 5L AR
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Table 5
gle-based propellants

Energy properties of 15/1 single-hole tubular sin-

sample f/kj-kg™! a/L-kg™!
o* 982.34 0.89
1% 969.08 0.89
2# 975.67 0.91
37 955.38 0.91
4# 969.49 0.92
5# 971.58 0.91
6" 962.34 0.94
7# 969.94 0.90

Note: fis the propellant force. « is the covolume.
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Fig.3 p-t, u-p and L-B curves of 15/1 single-hole tubular sin-

gle-based propellants
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Effect of Ternary Mixed Solvents on the Single-based Propellants with High Nitrogen Content

YU Ai-ping, XU Bin, WANG Bin-bin, LIAO Xin
(School of Chemistry and Engineering , Nanjing University of Science and Technology, Nanjin 210094, China)

Abstract: To improve the mechanical property of single-based propellant with high nitrogen content, nitrocellulose/2, 4-dinitro-
toluen/diphenylamine (NC/DNT/DPA) , 3% dimethylsulfoxide (DMSO), N, N-dimethylformamide (DMF), cyclohexanone, cy-
clohexane, chloromethane, ethyl acetateandbutyl acetate were added to alcohol ketone respectively to form ternary mixed sol-
vent, plasticizing high-nitrogen nitrocellulose and obtaining the corresponding single-based propellant. The microstructure of sin-
gle-based propellant samples were observed by scanning electron microscopy, and the mechanical properties were tested by uni-
versal material testing machine and beam impact testing machine. In addition, the energy of single-based propellant samples
were studied by closed bomb test. Results show that when the auxiliary solvents are added, the mechanical properties of the
high-nitrogen single-based propellant samples are improved. The compressive strength of the sample with 3% butyl acetate at
low temperature (=40 °C), normal temperature (20 °C) and high temperature (50 °C) increases by 15.7%, 4.3% and 17.7%,
and the impact strength increases by 26.9%, 96.9% and 170.0%, respectively. The addition of the auxiliary solvent has little ef-
fect on the combustion of single-based propellant. And compared with the basic single-based propellant, the gunpowder force of
the single-based propellant samples prepared by the ternary mixed solvent has a small decrease.

Key words: single-based propellant;high nitrogen content;additional solvent; mechanical property;combustion performance
CLC number: TJ55 Document code: A DOI: 10.11943/CJEM2018312

o
Il

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A R 2020 % F 284 % 34 (235-241)



