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Table 1 Formulations of the involved samples

nomenclatures ingredients and their mass fractions

HY-2 C/S/KNO,=15/10/75

Mg/PTFE Mg/PTFE/Adhesive=47/47/6

B/KNO, B/KNO,/Adhesive=24/71/5

HY-2/XWS C/S/KNO,/Cellulose=15/10/75/50
Mg/PTFE/XWS Mg/PTFE/Adhesive/ Cellulose=47/47/6/50
B/KNO,/XWS B/KNO,/Adhesive/ Cellulose=24/71/5/50

Note: The proportion of these samples is not turned in to percentages in or-
der to show their connection of corresponding normal igniting pyro-

technics expressly.

WA, WF 5 AU T T A S Bl A R O
I AE I R [ 2 2 4548 A [R) 2 24t KA [A) 1 T
R 2 1Y K LR AT TR R TR 2N
ARG R BAEARIE NEAEEIE 758 B 5
&5 R WE s
1.3 MXFEELWEH

3T R I TG-DSC [A] 2 o A A8 , 76 3 2
50 mL-min™ (5 Ar R T L BFSE T RE AR AT O
A BT 1~2 mg, FHREH 5 °C-min™, FHil 6 Fl 50~
500 °C(Mg/PTFE JHili #5 [l 50~800 °C) .
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Fig. 1 Typical ignition cartridge shape and number in the article
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Fig.2 Schematic diagram of the simulated rocket engine ignition
chamber: (a) the overall structure of the combustion chamber
layout; (b) three views of combustion chamber; (¢) two cam-
era layouts

1—seal head, 2—sapphire glass window, 3—ordinary glass
window, 4—igniter connection hole, 5—pressure hole, 6—

sample placement,7—infrared camera, 8—high speed camera
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Fig.3 DSC and TG/DTG curves of igniting pyrotechnics and its cellulose composites (The temperature in brackets corresponds

to Mg/PTFE and Mg/PTFE/XWS)
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Table 2

the corresponding composites at a heating rate of 5 °C -min~

at Ar atmosphere

MR R HERZZ FYEINAE R A 5 °C-min™ BYR

TG/DTG parameters of igniting pyrotechnics and

TG DTG
samples T T, T, ML T, Lo

/C /C /°C /% /C /% +C™"
HY-2-1* 190.0 1953 215.0 3.4 1925 -0.2
HY-2-2" 345.0 345.2 4425 29.3 407.5 -0.5
Mg/PTFE-1* 450.8 536.0 578.3 42.1 5583 -1.0
Mg/PTFE-2" 690.7 690.7 725.7 2.8 710.7 -0.1
B/KNO, 367.5 369.6 4325 5.8 4175 -0.2
HY-2/XWS-1* 177.8 188.2 220.3 19.3 200.3 -0.7
HY-2/XWs-2™ 337.8  359.7 420.3 20.2 3953 -0.3
Mg/PTFE/XWS-1% 185.0  194.7 235.0 14.3 202.5 -0.6
Mg/PTFE/XWS-2" 517.5 5559 577.5 18.7 567.5 —0.5
Mg/PTFE/XWS-3" 672.5 682.8 707.5 1.7 700.0 -0.1
B/KNO,/XWS-1*  172.5 190.1 2225 13.8 202.5 -0.5
B/KNOs/XWS—Z"d 307.0 318.6 3475 7.8 327.5 -0.3
B/KNO;/XWSJrd 360.0 371.1 405.0 9.4 380.0 -0.5
Note: T,, the initial temperature of thermal decomposition. T, initial ther-

mal decomposition temperature T,

change. ML represents mass losses. T,

mal decomposition. L

max *

1%, 2™, 3" represent the peak temperatures of the first, second and

third weight loss peaks, respectively.

the end temperature for heat
the peak temperature of ther-

the maximum thermal decomposition rate.
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P FE WK 3a iR, i B AT KNO, 1R
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Fl Mg/PTFE/XWS 1Y &4 i #4 & 43 i 2 1045.4 )-g7',
810.4 J-g™', K T I o5k 25 19 S 4R i (HY-2 il
Mg/PTFE Bt f2 43 5 4 3108 )-g™' \1157.4 )-g™), 1M
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Table 3 The DSC parameters of igniting pyrotechnics and the corresponding composites under Ar atmosphere

exothermic peak / °C

-1
samples T AT T,-T./%C AH/)-g
HY-2 344.4 409.4/none/none 65 3108.0
Mg/PTFE 445.7 505.8/none/none 60.1 1157.4
B/KNO, 377.3 413.4/none/none 36.1 412.0
HY-2/XWS 180.3 200.3/397.8/none 20 215.2/830.2
Mg/PTFE/XWS 182.5 202.5/575.0/none 27 234.6/575.8
B/KNO,/XWS 179.7 201.7/326.2/379.2 22 263.4/84.0/1050.0

Note: T,, the initial temperature of thermal decomposition. Ty the peak temperature of thermal decomposition. T, T and T, represent the first, second and

third exothermic peak temperature, respectively. AH, heat release.
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Mg/PTFE 1 340.8 CIff it & A= PTFE 1) il £k W 4
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J N R % o B g Mg/PTFE/XWS 1 W #4 JIF 8 35 ©
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B o fife W I | FE Mg/PTRE #A il & v JF R B, X
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N7 JE (450.8 °C) , # Mg/PTFE Bl #4 J o 8 5 o
SN T 27 4t 0 RE S B RN A AR R R A
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P TR, £F 2 2t Al A5 Mg/PTFE [ il HR 06 1) 5 38 #%
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Fig.4 FTIR spectra of the decomposition gaseous products at peak temperature

2.2 mUNBRBERE E B4R

H b SCRTH, 27 4 2R 2o 2508 i 2 B TR R A
fifp R AR SN B A S R A i R . Ot — b
9 A KL T AR S A v 27 4 3258 1k % 2 U &85 g X o5
KR T AERE TR A SE A, F 57 340 38 o A0 6 K LA KT
AL AT KRR R 2 X A [ 25 25 4 AN [ 256 24 it
LA TR E 5 2 80 24 19 1 K ELAE i AT T A4 i ks
B o Horp AN TR 24 G5 AR K 2 H R F HY -5 Rk
2y, A2 10 g0 AR 25 S A0 n K S A i R
HY-5,%410,14,18 gf120 g 4 Fh LR 258 k25 &
KR BIREARTE o B XA [a] 2 0 5 B A0 K S 38 F
a2 AR R B AR 2, il K2R 2 R k2
(HY-2 HY-5) Mg/PTFE .B/KNO,, HA: 25 4l 10 g
221 NIBEH

R FH H I RA S % 0T & 5 KRR i I B AEL A MR %
R FEVEAT RIS, AN E 5~7 5359 A [R) BE 7 2R iy AN
[Fi) < 245 285 AL Ao ity LA [) 26 245 0 ik L R ADL i JCHR

5a~5b K HY-5 HY-2 {55 kR # , w] Dl B
TR R . UK B BRI (K 52 0.6 ms,
1 5b K 0.6 ms Ak IR ) | bifi J5 3 24 245 Bl R & 250K 5 5
A KUK RR R 1B 18] A J R A J e BRI HE R IR, 2k
YA S IR S B R KR IR ) A R AR 5l
PR 2 ORL DA oK 2 D S B R A AR (K] 5ah
6.3 ms. & 5b Ky 7.5 ms AL EE) BB ZL AT WL B 5 i
PR FORL . £ 4l R e R AE R K AN A i
BT — i W HE TRRON , WG SO R S BEE TR SR

Chinese _Journal of Energetic Materials, Vol.31, No.10, 2023 (1013-1025)

Fehil . Mg/PTFE Fll B/KNO, [ s KOk B i 72 5 BB ok 2y
FARL AH I R U5 B TR L B2 . Mg/PTFE s kK Bk ] 3=
e 24 5 JRy BB SRR B S 58 A SRR L KM B S A
W 5d, B/KNO, [ 55 2k & Jé i #4587, JLF- 7 50K B
[F1) 3 2% 2 5t 4 A [ kAT LWL € 2 B ) SR
BEbe . MK E B TAERTEEFR 10 g2y T, 4
L &l 5a A1 5b, BT 0L R 728 B8 ok 24 0 ok H He /N R 72 B
K2y kBT AR i B/KNO, sk B T4 fe
K, Mg/PTFE T 1 fif ] 5 4 o

Pl 6 A AN [7] 4 24 285 K6 FE & (0 B 8L 05 IR e ot 7
25 HE it A KRR Ao R R R Fh e R AR R R Sy 4 T
B o NFIAEAIE I8 (R IE 25 SRR & BITE 4.6,0.5,
2.3 ms WL 5 24 & 7 VR 4 3 10 I () 26 B A AR op i
[ii] Bt At AT D 38 R ek A ok 24 JORE T (k2 B I
K2 ORI B AR R AR ) o ABRBE TR ZURR T ok
O RIE GRS G s R AR KR T
YERFRN R A, 5 /NBIFERTE 25 G 50k B TAERT R 42
[, 77 T8 R IE 25 & d K B TARERT e . &1 7
O[] 2 24 6 B BB Ak R be i B . N Al 7 TR,
e 2 1 X K B AR B DS AN K e 2 A R
10,14,20 g M FE i DA 52 4 s B8 31 05 K &5 o) 14 15 [R] 43
M 126,157,145 ms £ 47 (18 g B2 mbf il TR
PR B AR EE A, RAEXT ) o 45 B i 19 SR b Sk
JAFEAG I RN 3 4 T
222 HBRERMEEIHEESH

I R S T AMEALARAS T K rG T B 43 A7 RO
FFAIE A5 A0 38R 3 AR Tl 28 7] 8~9 S RS [ K 0y 2L R i
At

www.energetic-materials.org.cn



KB 2 R 3 R T AR e e R R R P A R T ML AR 1019

23 ms 6.3 ms m

a. HY-5

.
"- :' ‘.; .
| . -

b. HY-2

4 ?-. l-' Yo
S & 4
1.9 ms I 353 ms IS 1404 ms | 2582 ms

d. B/KNO,
Bl 5 N[ O7 32 mi ok H R S KIS R
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Fig.7 Effect of charge mass on ignition and flame propagation
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Table 4 The burning node time of each sample

samples precombustion / ms completely ignited / ms  fierce burning / ms  finish burning / ms
HY-5 0.6 6.3 48.0 126.0
different formula HY-2 0.6 7.5 96.7 247.2
charge igniter Mg/PTFE - 4.6 4.6 19.6
B/KNO, - 0 21.9 258.2
small cylindrical - 2.9 42.8 115.0
Square - 2.8 9.8 67.6
charge structure
ring - 1.9 14.0 69.4
irregular shape - 2.3 77 .4 117.3
10g 0.6 6.3 48.0 126.0
14 g - 0.6 17.9 157.1
charge mass
18g - 0.6 16.2 -
20g - 1.2 19.1 145.6
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Fig. 8 Comparison of the highest flame temperature distribution of each sample
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Fig.9 The combustion chamber pressure and combustion temperature of each sample change with the flame propagation process
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Influence of the Charge State of the Igniter on the its Energy Release Characteristics during Its Working
Process

TIAN Xiao-tao'?, LI Yu-xue', XIAO Bing’, WANG Shuai-zhong’, MA Yi-fan', LIU Pe-ijin', YAN Qi-long'

(1. Science and Technology on Combustion , Internal Flow and Thermostructure Laboratory , Northwestern Polytechnical University , Xi'an 710072, China
2. Xi'an Modern Control Technology Research Institute, Xi' an 710065, China)

Abstract: In order to study the interaction between igniting pyrotechnics and packaging cellulose materials during the working
process of traditional igniters for rocket engines and the influence of the structure of igniting pyrotechnics on flame propagation
characteristics, igniting pyrotechnics/cellulose composite samples were prepared. The effects of cellulose shell on the thermal re-
action performance of igniting pyrotechnics were studied by simultaneous thermal analysis (DSC-TG) and Fourier transform in-
frared spectroscopy (FTIR). On this basis, the influence of charge structure, charge amount and formula composition on flame
propagation process and combustion temperature distribution was studied by using simulated combustion chamber. The flame
structure and flame temperature distribution of different igniters were obtained by high-speed camera and high-speed infrared
thermal imager, and correlated with the collected pressure data. The results show that the cellulose shell reduces the total heat re-
lease of the condensed phase reaction of the black powder and the Mg/PTFE ignition powder. When the cellulose content is
33.33%, the total heat release of the two igniting pyrotechnics is reduced by 66.36% and 29.98%, respectively. However, the
heat release of B/KNO, increased by 2.39 times. The analysis of gas phase decomposition products and combustion condensed
phase products showed that cellulose did not change the thermal reaction path of black powder and Mg/PTFE. The simulation of
ignition process shows that the pre-ignition phenomenon will occur in the ignition and combustion process of the black powder
igniter with a cylindrical charge of 10 g. The igniting pyrotechnics generates a large amount of gas to carry some unburned parti-
cles to break the shell before ignition. The cellulose shell has a certain pressurization effect, which lays a pressure foundation for
the establishment of the initial flame. The charge structure and charge quantity have no significant effect on the combustion tem-
perature of the igniter, and the difference of the combustion temperature does not exceed 50 C. However, the working time of
the igniter of the square and annular igniter cartridges is shorter, which is about 42.4% shorter than that of the small cylindrical
and shaped igniter cartridges, which is beneficial to improve the ignition efficiency. In terms of formula influence, Mg/PTFE has
the highest combustion temperature and the shortest working time, while the combustion temperature of large particle size black
powder is higher than that of small particle size, so the former works longer.
Key words: igniting pyrotechnics;thermal interaction;flame structure;flame propagation characteristics
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