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Table 1

with coated microporous spheres

Process conditions for the preparation of flat drugs

foaming time wrapping time aging time
sample / min / min /d
original 0 0 0
F10 10 0 0
S0-10 0 10 0
F10-10 10 10 0
F10-20 10 20 0
F10-30 10 30 0
F10-10-3d 10 10 3
F10-10-5d 10 10 5
F10-10-7d 10 10 7
F10-10-14d 10 10 14
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a. coating time vs. mass growth rate

b. sample before and after coating
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Fig. 1  The relationship between coating time and mass

growth rate and sample before and after coating
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Fig.2 Appearance and cross section morphology of coated microporous spheres
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Fig.3 ATR spectra of flat propellant of foam ball before and

after coating
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Fig.6 Combustion performance of coated microporous oblate spherical propellant
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Table 2 Combustion characteristic parameters of coated microporous oblate spherical propellant
sample p,, / MPa ¢,/ ms L,/MPa'-st L /MPa'-s' B AL/MPa™'-s" A, /MPal-s
original 280.34 2.34 9.76 9.76 0.15 0 0
F-10 297.42 1.47 11.93 0.24 0.24 0.73 1.13
S0-10 268.42 4.17 4.71 5.31 0.31 0.61 0.84
F10-10 274.16 3.60 5.99 7.53 0.34 1.54 1.30
F10-20 265.94 6.01 3.67 4.33 0.29 0.66 0.59
F10-30 254.20 8.42 2.67 2.96 0.35 0.29 0.58

Note: p, is the maximum combustion pressure. t_is the time to reach the maximum combustion pressure. L is the dynamic activity value for B= 0.15. L_ is the

maximum value of L. B_ is the relative pressure where the L _is. AL is the combustion enhancement value,AL=L —L . A, ,is the combustion asymptotic eigen-

value.
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Fig.7 Gradient distribution of core-shell structure and the energy gradient release process
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Fig.8 Combustion performance of coated microporous ob-

late spherical propellant after aging
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Table 3 Combustion characteristic parameters of coated mi-
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P t L, AL
sample / MPa / ms " /MPa'-s7" /MPa -5
F10-10 265.94 6.01 0.29 4.33 -
F10-10-3d 265.47 5.88 0.31 4.52 0.19
F10-10-5d 263.00 5.53 0.30 4.61 0.28
F10-10-7d 261.15 6.45 0.30 4.59 0.26
F10-10-14d 262.32 6.86 0.30 4.41 0.08
3 &g

K H SC-CO, il 4 i 1y A &8 AL 485 A 5 3 Ak IR A
T 2 T B AR AR & 0y O ik T T Re i R
Bl L 7 S PLER e 2, e R R BT A ST
BOIESE 1 i A R AT DL o 592 B 3K i 245 1 R J2 A0 8T [
ik ) FH %% DA 9 & A SRR O T i A B T L R S 5 1 R e
PEREFI AER e k. BRI FZEe T .

(1) 24427 iF ] A 5 min 30 % 30 min IS, 40785

N XK 2024 % F 324 # 8 (795-803)



802

I, P B2 I SCEE, TR

2 B R A3 BN 2.32% 2 9.79% , K BRE M 7 um
R E) 33 wm, B8 Al R 083 B R BE 0% S B 4 7 Bk
i 245 1) i)

(2) M T 25, 498 10 min (4§80 FL 3K W 25 19 %)
o 1 ORE L, B K BE L, o B BE AR T 62.34% Al
55.61% , AL W PERRE(E AW B35 K, N0 K &
1.304 MPa™ -s™', 3 W] 40 7 1ol L BR i 25 A R 47 i R
P vk . AR R, B R e M 2
BRIGE R BE T A Ry BFL K 24 1 e R be it AR L A b )
S 000 S Bl L 3K i 245 1 L DX IR e 2 e

(3) ik %Ak Je EC £ 7 5K i 24 1 R b 1 i 28 fb 5%
IN,75 CHA T4 dJE , BALFE & 5 oA A B J5 06 #F 5
1) p-t il L-B il 2 Fe A O 4 — 300, BF il 9 BR Be A7 R LR
PRI AT & A B R AR Ak, 6 B EC AL B FL Bk 24
HA R A A fa e vk .

B Z 3k

(1] EFE, T AR IR . KBRS 25325 BT B S HoR (M ]
Jemt: JERH TR A, 2014,

WANG Ze-shan, HE Wei-dong, XU Fu-ming. et al. Gunpow-
der charge design principles and techniques[ M ]. Beijing: Bei-
jing Institute of Technology Press, 2014.

[2] WANG Y, ZHU W, DI J, et al. Study on the analysis method
on ballistic performance of deterred propellant with large web
size in large caliber artillery [J]. Defence Technology, 2018,
14(5): 522-526.

[3] DAHIWALE S, BHONGALE C, ROY S, et al. Studies on ballis-
tic parameters of di-butyl phthalate-coated triple base propel-
lant used in large caliber artillery gun ammunition[]]. Journal
of Energetic Materials, 2019, 37(1): 98-109.

[4] WALSH M, HEWITT A. Energetic residues from field disposal
of gun propellants[J]. Journal of Hazardous Materials, 2010,
173(1-3): 115-122.

[5] BRODMAN B W, SIPIA JRJ A, SCHWARTZ S. Diffusion of de-
terrents into a nitrocellulose matrix. An example of diffusion
with interaction [J]. Journal of Applied Polymer Science,
1975, 19(7): 1905-1909.

[6] BRODMAN B, DEVINE M, FINCH R, et al. Autoradiographic
determination of the dinbutyl phthalate concentration profile
in a nitrocellulose matrix[J]. Journal of Applied Polymer Sci-
ence, 1974, 18(12): 3739-3744.

(7] AXC, XV, FROT, & BB =R 2GR be ks ()], & he
#2010, 18(6): 677-680.

ZHEN Shuang, LIU Bo, YU Hui-fang, et al. Combustion char-
acteristics of desensitized triple base propellant [J]. Chinese
Journal of Energetic Materials (Hanneng Cailiao) , 2010, 18
(6): 677-680.
(8] XUAE, XU, KBHL, 45 . 5 o7 B G LE P A A 5 25 vh i i B
PEREL)]. S REM KL, 2010, 18(6): 635-638.
LIU Shao-wu, LIU Bo, ZHENG Shuang, et al. Migration per-
formance of polymer deterrent in two kinds of pro Chinese

Journal of Energetic Materials (Hanneng Cailiao) , 2010, 18

Chinese Journal of Energetic Materials, Vol.32, No.8, 2024 (795-803)

[9]

[11]

[18]

Sttt

(6): 635-638.

LIANG H, DING Y, LI S, et al. Combustion performance of
spherical propellants deterred by energetic composite deter-
ring agents[J]. ACS Omega, 2021, 6(20): 13024-13032.
HAAR, TWE, 25, 5. L yREHIEMERN LS
B[] o BRI, 2022, 41(2): 92-97.

XIAO Zhong-liang, DING Ya-jun, LI Shi-ying, et al. Gradient
tailoring method and effect of nitro gradiently distributed pro-
pellant[J]. Materials China, 2022, 41(2): 92-97.

LI'S, CHEN H, LI'Y, et al. Surface denitration structure on dy-
namic combustion performance and muzzle flame of mixed ni-
trate gun propellant[J]. Propellants, Explosives, Pyrotechnics,
2023, 48(9): 93-105.

BE = U, VFEER . R 25 IR AR AL s R BT D) ] SR T
4R, 2013, 34(8): 1028-1036.

YING San-jiu, XU Fu-ming. Research on supercritical fluid
foaming technology for preparation of microcellular foamed
propellant[J]. Acta Armamentarii, 2013, 34(8): 1028-1036.
FRidan, BE=Ju, B IEN]. Bl 5 CO, il & B L Bk kW 25 1Y 5F 52
[)]. T4 ,2012, 33(5): 534-539.

CHEN Xi-ru, YING San-jiu, XIAO Zheng-gang. Research on
preparation of microfoam oblate spherical propellants by su-
percritical CO, [J]. 2012, 33 (5) :
534-539.

DING Y, YING S, XIAO Z, et al. Microcellular oblate propel-

lant with skin-core structure deterred by Poly (neopentanediol

Acta Armamentarii,

adipate) [J]. Central European Journal of Energetic Materials,
2020, 17(1): 49-65.

MANNING T, WYCKOFF J, KLINGAMAN K, et al. Enhanced
propellant performance via environmentally friendly curable
surface coating [J]. Defence Technology, 2017, 13 (3) :
131-142.

HE W, TAO B,
polydopamine-directed
n-Al@PDA@CuO metastable intermixed composites[J]. Chem-
ical Engineering Journal, 2019, 369: 1093-1101.

HE W, AO W, YANG G, et al. Metastable energetic nano-
MOF-activated
multi-level energy releases|)]. Chemical Engineering Journal,
2020, 381: 122623.

THRR, B2, TW%, 5. DBP I NATE K 25 b § bk i iy
Gy T IR ] S REAORE, 2021, 29(1): 53-61.

DING Yin-feng, LIANG Hao, DING Ya-jun, et al. Molecular

dynamics simulation of DBP and NA diffusion properties in

YANG Z, et al

crystal

Mussel-inspired

growth  of  core-shell

composites  of aluminum featured with

gun propellant [J]. Chinese Journal of Energetic Materials
(Hanneng Cailiao), 2021, 29(1): 53-61.

KT, TIEZE, B R OBUREBR i 25 A SR RS B 5 R X
IABRPEREIE L) ]. S REMRL, 2021, 29(3): 220-227.
ZHANG Yong, DING Ya-jun, XIAO Zhong-liang. Migration
phenomenon of deterrent in double-base oblate spherical pro-
pellant and its influence on combustion performance [J]. Chi-
nese Journal of Energetic Materials(Hanneng Cailiao) , 2021,
29(3):220-227.

TR, R, & BSOSO & O 25 2 AT A2 L M 3l
JioEid L)) Figs R, 2021, 29(11): 1080-1088.

LIANG Hao, DING Ya-jun, LI Shi-ying, et al. Aging migration

mechanism and kinetic process of deterred DB propellants [J].

-
B,

Chinese Journal of Energetic Materials (Hanneng Cailiao) ,

www.energetic-materials.org.cn



4 Tl L B O 24 1Y 25 R 5 P ik 803

2021, 29(11): 1080-1088. ZHANG Yi-ming. Preparation and investigation of structured
[21] Bk—ng . 254 S FLBR R 25 Ml 4 5 F9E (D). m ot T B TR microcellular oblate spherical propellants[D]. Nanjing : Nan-
%, 2017. jing University of Science and Technology, 2017.

Structure and Properties of Coated Microporous Oblate Spherical Propellant

ZHOU Gang-ao'*, TAO Zhong-an’, FAN Wen-hao'*, DING Ya-jun'*

(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Key Laboratory of Special
Energy Materials, Ministry of Education, Nanjing University of Science and Technology, Nanjing 210094, China; 3. Heilongjiang North Tools Co., LTD,
Mudanjiang 157000, China)

Abstract: Oblate spherical propellant is the main charges for small and medium caliber and light weapons, and the method of
controlling its progressive properties has consistently been a hot research topic. The ethyl cellulose (EC)-coated microporous gun
propellant was developed by combining internal microporous combustion enhancement using SC-CO, and the surface coating
flame retardant via fluidized bed coating, resulting in precise and controllable energy release. Scanning electron microscopy and
infrared spectroscopy were applied to investigate the microstructure and composition, and the closed bomb device was used to
analyze the combustion and storage performance. The results showed that the coated microporous gun propellant exhibited sur-
face structural integrity and density. The mass fraction of the coating layer increased from 2.32% to 9.79% when the coating time
was increased from 5 min to 30 min, and the corresponding film thickness increased from 7 pm to 33 wm. Compared with the
original gun propellant, the initial and maximum activities L, and L, of the microporous gun propellant with 10 min coating time
were reduced by 62.34% and 55.61%, respectively, with an A, characteristic value of 1.304 MPa™'-s™". Accelerated aging tests
showed minimal changes in the combustion performance of the coated spherical propellant. The p-t and L-B curves of the aged
samples were consistent with those of the untreated samples after aging at 75 °C for 14 days. This indicated that the EC-coated mi-
croporous gun propellant exhibits excellent storage stability.

Key words: propellant; coating;core-shell structure;high progressive property;storage stability
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