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Table 1 Formulations of four different propellants

absorbed tablet OPS content  RDX content
sample

content / % ] % ! %
RDX-20 80 0 20
OP-2-RDX 78 2 20
OP-5-RDX 75 5 20
OP-8-RDX 72 8 20

1.2.2 HEMRIE
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Fig.1 propellant sample photographs
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Table 2 Test parameter

sample charge mass /g Ignition charge mass /g
RDX-20 1.2758 0.45
OP-2-RDX 1.2941 0.45
OP-5-RDX 0.9711 0.45
OP-8-RDX 0.8165 0.45
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Table 3 Ablative results of 4 propellant samples with differ-
ent content of OPS

ablative tube absolute ablation  relative ablation

sample number amount/ g rate / %
RDX-20 SO 1.2758 —
OP-2-RDX S1 1.2941 -1.4
OP-5-RDX S2 0.9711 23.9
OP-8-RDX S3 0.8165 36.0
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Fig.6 SEM images of product composition of the inner surface of the ablative tube for 4 propellant samples

3 4 i

WFFE T T AR OPS & ik 1 il e & G 24 4, 8 2o
DSCHFSE T OPS 5 fiFf Jfie & 5 245 20 43 (0 AR 25 M | 3 3 4
S AN R P R RS P R AR A IR T R S
25 10 RE B R AR BRBE Mk BE DL BRI AR L ZE S T T
OPS & it Xt & 5 24 58 pl ke M 1) 52 i R AL B . 75
FLLF 458

(1) OPS 5 1 Jiie & 3t 25 41 53 A 25 VL 4, OPS I LA
AR & S 25 MR 3 I KR T fk 25 1. OPS & ik
2% 5% 8% B K 5F 25 4 B A3 I REAR T 2.7% .8.9% .
15.2% , e K 13 5l T 3.0%.5.9% .8.8% , K 24
T4y BT 5.0% .7.7% .10.8% . 1] UL OPS % # ik

CHINESE JOURNAL OF ENERGETIC MATERIALS

1o X R G 24 AR T 5 e e

(2)OPS A 23 5% Wi & 333 25 By e Dl e 1 L 2% &
Y OPS ZZ b U AN Bt PRy g T o R R AR A i A
OPS & 4% J5 1) SiO, URL 1ty il 7 F K F =R 9776 H .
5% 1 8% 75 fi 1Y) OPS 1T LA 2 F A% b il , B b il 5 43
Wh 23.9% F136.0% . OPS Y F& 52 ih HL B 2 OPS 43
fiff W WS RE i, 20 B SR 7 ) A STO, kL . S1O, TE
PEE LB RCGR A2 A R0R 4 T v TR ORI ] R A
XoF PN RE 1) 52

AR 2% 5% 8% OPS & & &
S 205 1) RE PR BB BR R R BB DL B b R b 5%
OPS & £ (1 & S 2 02 A U 56 19 S JL I 1L, e 8 H#s
B A 1) o o ol P B ) PR 45 2 e A 1) 80 i

A et A 2024 % F 324 H 8 (824-831)



830 XS Bl AR Sk, R R R
EENEN
c 19.49 38.20
N 0.30 0.50
o} 26.21 3855
Fe 54.00 22.76
a. ablative tube of RDX-20

. C 597 15.80
- o 15.16 30.12
: Si 16.32 18.47
: Fe 62.55 3561

b. ablative tube of OPS-2-RDX
5.50 14.60
18.00 36.10
9.20 10.60
67.30 38.70

c. ablative tube of OPS-5-RDX

T T

36.34
40.03
1631
7.32

d. ablative tube of OPS-8-RDX

7 ARNRIE R S 2 Be il A5 P BE SR TE W EDS &

Fig.7 EDS images of the product composition of the inner surface of the ablative tube for 4 propellant samples

SE

(1]

FT, WA AR, TOCOR, AR R AN e R 24 5 i AR A BT ()],
Bl AR5 T/, 2020, 20(21): 8563-8567.

WEI Ding, JIN Jian-wei, YAN Wen-rong, et al. Analusis of the
erosion characteristics of high energy nitramine propellant [J].
Science Technology and Enginnering, 2020, 20(21): 8563-
8567.

ORF, R, AR, S SRR 2 AR b Dl R A L LR
(). &hEM K, 2024, 32(8): 818-823.

WU Rui, XIAO Yi-jie, LI Qiang, et al. Thermal Erosion Char-
acteristics and Variation Law of Triple Base Propellant[J]. Chi-
nese Journal of Energetic Material (Hanneng Cailiao) , 2024,
32(8): 818-823.

e, IR . SO B B AT A [)]. = R A TR
2. 2018, 39(5): 66-69.

JIAO Gui-wei, HU Chao-gen. Gun barrel life evaluation and
prediction [J]. Journal of Ordnance Engineering, 2018, 39
(5): 66-69.

IR, TAS, BB, AF . T A Bbe i B BURAE 19 O
WP EAFSE )], & T4, 2019, 40(5): 968-977.

JIN Wen-qi, NING Jin-gui, WANG Jian, et al. Simulation of

artillery interior trajectory based on full bore ablative wear

Chinese Journal of Energetic Materials, Vol.32, No.8, 2024 (824—831)

Sttt

characteristics [J]. Acta Armamentarii, 2019, 40 (5)
968-977.

SCWITE, BOH A, BUZLEG, S5 . JOM S A DB e B R K R T
FHm )] P EZEER, 2023, (3): 97-99.

XIA Mi-qi, DUAN Yan-jun, ZHAO Hong-rui, et al. Anti-wear
ablative technology of gun barrel and its development trend
[J]. China’s Military to Civilian, 2023, (3): 97-99.

FT, EoObk, 30, A BRSO R K
257441, 2020, 43(4): 351-361.

WEI Ding, WANG Qiong-lin, YAN Wen-rong, et al. Research
progress on reducing ablative properties of tube [J]. Chinese
Journal of Explosives & Propellants, 2020, 43(4): 351-361.
COUNTRY L, GILLARD P, EHRHARDT J, et al. Experimental
determination of ignition and combustion characteristics of in-
sensitive gun propellants based on RDX and nitrocellulose[]].
Combustion and Flame, 2021, 229: 111402.

X, PR, TR, & =K G Re iR 5w R R 8 SE
W], SREMEL, 2014, 22(3): 392-396.

LIU Jing, HUANG Zhen-ya, WANG Jun-jie, et al. Experimen-
tal study on influencing factors of ablative properties of three
base propellant[]]. Chinese Journal of Energetic Material( Han-

neng Cailiao), 2014, 22(3): 392-396.

www.energetic-materials.org.cn



N TR AN B 2 ik S e TE iR M S 25 P Y % il R T 831

(9] #hAFr, BV, Ay T, 4F . B be i K 22 1) 46 FH AL BT 5 B 484-490.
ARDY]L KM 58 5 45 2742, 2016, 37(1): 92-96. [15] XUARM, RN, VFar4, . FEBURF Rk U8 ) i o 0 A B
LIN Shao-sen, YAN Jun, YU Wei-bo, et al. Research status of AW AR )], B4R, 2022, (6): 22-35.
tube ablation and corrosion inhibitor action mechanism [J]. LIU Shu-jing, ZHU Peng, XU Li-dong, et al. Preparation of
Journal of Artillery Launch and Control, 2016, 37(1): 92-96. cage sesquioxane and its application in flame retardant poly-
[10] COMTOIS E, FAVIS B D, DUBOIS C. Linear burning rate and mers|J]. Polymer Bulletin, 2022, (6): 22-35.
erosivity properties of nitrocellulose propellant formulations [T16] B, G, 230y . RANKB BT & e b B e i B e ()], &
plasticized by glycidyl azide polymer and nitroglycerine [J]. REMEL, 2023, 32(4): 422-434.
Propellants Explosives Pyrotechnics, 2021, 46(2): 494-504. ZHAO Yang, JIN Bo, PENG Ru-fang. Progress in reducing sus-
[11] HORDIK AC, LEURS O. Gun battel erosion-Comparison of ceptibility of carbon nanomaterials to energetic materials [J].
conventional and LOVA gun propellants [J]. Journal of Pres- Chinese Journal of Energetic Material (Hanneng Cailiao) ,
sure Vessel Technology-Transactions of the Asme, 2006, 128 2023, 32(4): 422-434.
(2): 246-250. [17] SOBME, BOBE, gkl /CRIEIRACEIE A% 1 ik e 1Y 45 B R
(12] sy, e, BMRE, S W 0OR T ABS BRI M R B AEL)). A WU Tll, 2012, 35(5): 343-346.
BEHFIE)]. R, 2018, 32(11): 24-28. ZHANG Guang-ya, HUANG Guang-su, ZHANG Dian. Syn-
DAL Jian-jian, HE Chao-xiong, GUAN Huan-xiang, et al. thesis and characterization of polyhedral ctaphenylsilsesquiox-
Study on weld mark strength of talc filled ABS material[}]. Chi- anel]. Synthetic Rubber Industry, 2012, 35(5): 343-346.
nese Plastics, 2018, 32(11): 24-28. (18] MPIFFHA TR 2. GJB 770B: k255 Jy ik ([ S]. bt
(13] 3, AR, EEW . AR BRAE K I 25 88 BE i) B VE BT Hh [ A o 4 R, 2005.
gl)]. EREA KL, 2005, 13(2): 99-102+66. Technology and Industry for National Defense. GJB 770B: Ex-
DU Ping, HE Wei-dong, WANG Ze-shan. Study on flame re- plosive Test Method[ S]. Beijing: China Standard Press, 2005.
tardancy of titanium dioxide in propellant combusion[J]. Chi- [19] LIANG Yue-gan, CHENG Bei-jiu, SI You-bin, et al. Thermal
nese Journal of Energetic Material (Hanneng Cailiao) , 2005, decomposition kinetics and characterisstics of spartina alterni-
13(2): 99-102+66. flora via thermogravimetric analysis [J]. Renewable Energy.
(14] ARFR, AALRE, TP, 5. BREERR/TIO, & & Rk 22 th 5] 2014, 46(2): 111-117.
Al f S PERERALL) ). A REAT Y, 2020, 28(6): 484-490. [20] % 51 24 b p VeI 06 | - 3 PR 2 b Il A L W/Z 259-1990
LIN Shao-sen, DU Shi-guo, WANG Hai-yang, et al. Prepara- [S]. R AT b, 1990.
tion and characterization of urea formaldehyde resin/TiO, Ablative test of propellant, Ablative, tube method of
composite microsphere corrosion inhibitor[J]. Chinese Journal semi-closed exploder, WJ/Z 259-1990[S]. Industry standard
of Energetic Material (Hanneng Cailiao) , 2020, 28 (6) : of military and civil products, 1990.

Corrosion Inhibition Properties and Mechanism of Octaphenyl Cage polysesquioxane in Nitratemine
Propellant

LIU Ze-hao', CHEN-Chong ', LU Jia-xin', ZHANG Bo-bo', XIAO-Fei ', LIU-Bo*, LIANG Tai-xin'
(1. School of Environmental and Safety Engineering, North University of China, Taiyuan 030051, China; 2. Xi’ an Modern Chemical Research Institute,
Xian 710065, China)

Abstract: In order to study the corrosion inhibition characteristics and action mechanism of octaphenyl cage polysesquioxane
(OPS) in the propellant, nitramine propellant samples with OPS content of 2%, 5%, 8% and control samples with no OPS were
prepared. The ablation characteristics, combustion characteristics and energy properties of the propellant were studied using a
semi-closed explosive device, a closed explosive device and an oxygen bomb calorimeter. The compatibility of OPS with nitra-
mine propellant was studied by a differential scanning calorimeter (DSC). The microstructure, element distribution and product
composition of the inner surface of the ablative tube were characterized by scanning electron microscopy (SEM) and energy dis-
persive spectroscopy (EDS). The results showed that OPS had good compatibility with nitramine propellant. When the OPS con-
tent was 5% and 8%, the ablation reduction rate was 23.9% and 36.0%, respectively. With the increase of OPS content, the ab-
lation reduction rate gradually increases, while the energy and work ability of the propellant are reduced. The analysis of cracks,
products and their distribution on the inner surface of the ablative tube showed that SiO, generated by OPS at high temperature
was uniformly distributed in the inner layer of the tube wall, forming a protective layer with excellent thermal resistance charac-
teristics, and reducing the erosion and scouring effect of high temperature gas and solid particles on the tube wall.

Key words: octaphenyl cage polysesquioxane (OPS) ;function additive;ammonium nitrate propellant;ablative property
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