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Table 1 Technological parameters of foaming process
sample ty/min T;/°C ti/s
o* 0 0 0
i 2 85 20
2% 10 85 20
3* 20 85 20
4% 2 70 20
5% 2 98 20

Note: tyis desorption time, T;is foaming temperature, t;is foaming time.
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Fig.1 SEM images of fracture surface of original propellant
and microcellular oblate spherical propellants with layered

structure
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ent desorption times
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ent foaming temperatures
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Fig.5 L-B curves of original propellant and samples with dif-

ferent desorption times

BUIEER i 24 S 25 (0°) FIR ) & 6 3 B B (17
4% 5" L-B iiZE B 6 FiR, 4" BER (T,=70 °C) 5
JE 2GS A ], WA B3 &k 0 2 i R et g . 5TRE ML
(T,=98 C)ny L {6 W] 5 fm T HABAE S, U IHZHE
et R IRIEN o LB A UR B B T R, K IR
T IR 2 A AR & JRAE B=0.25 Hh ik Bl fE, {2
i, L AE B>0.25 Ji itk B ARG, B it A 8 08 38 386 o i

FIAE
18
i —=—0
16 .
14} ——1
e 12} —y
e o ——5
= g
3 g
4L
2

0 01 02 03 04 05 06 07 08 09 1.0
B

B 6 IR A il B R AN R 2 Y L-B il £k
Fig.6 L-B curves of original propellant and samples with dif-

ferent foaming temperatures

ZEERER NIRRT 2,18 3) KB, B A 1 B2 )=
JEEEARKRLIE Fojese T HMR e i e, R 17 3R

2017 % #25% #34 (248-252)



252 K-y, TR, Boud, W=

L I A R s i e ,U‘E%Jﬂﬂ%g( 245 20 }Lm) R WANG Ze-shan, HE Wei-dong, [XUJ Fu-ming. Design principle
N N N N e e and technique of powder charge[ M]. Beijing: Beijing Institute
&jﬂéfio Z#ﬁtﬁl ‘3#1¢'ﬁ’ ‘4#1:%#'55 E‘Jﬁ}%@gﬁﬁﬁiﬁ' of Technology Press, 2006: 210-219.
e, 0 G P G R R B L S S RE (2] BREEIN, RE=JL, R IR CO, % AL Bk R 25 1 BF 5
. N N JoN . [J]. T 2H#,2012, 33(5): 534-539.
11k | / AR, B B MR e
R RRE T DAy A A L 7 B SRR SRR B CHEN Xi-ru, YING San-jiu, XIAO Zheng-gang. Research on
Jﬁ%[ﬁ]ﬁﬂ{}ﬁﬁ'}%i}é , 3 :%W%ﬁfﬁ?Ljﬁ{@E ,%i}%ﬁﬁ:{ preparation of microfoam oblate spherical propellants by super-
Eﬁﬁﬁkiﬁﬂ ,'}:%L:‘L*%ﬁiii$ij( ,%%%{ﬁﬁiﬁﬂ i ﬁ%@ critical CO, [J]. Acta Armamentarii, 2012, 33(5): 534-539.
[3] Tomasko D L, Burley A, Feng L, etal. Development of CO, for
Eﬂzj( , W%Igi Ei%d%ﬂg Z'{(@ [Zil’ifj’jﬁﬁlj\ , ﬁé@%?&ﬁ polymer foam applications[)]. The journal of Supercritical Flu-
E"J:%J:&‘( 88 79 % E&o 5# S n,jéz%{@,‘/ﬁ ﬂ:; ‘J;% ids, 2009, 47(3): 493-499.
SR BRI H IR e e i 56 2 2 AR IR [41 BCH, A, PTAEH. R PR 4 B30 £ 0 B
AR B B A il PR S L 5 B A R 25 S AN SEUEREL)]. ®i4 TR, 2009(3) ; 1-10.
Ziﬁr‘rijs/_ﬁhﬁgﬁiﬁz@imi Jﬂiﬁ&ﬁ%%ﬂlﬁ B ZHAI Wen-tao, YU Jian, HE Jia-song. Research progresses in
- ‘ N o ’ preparation of microcellular polymers by supercritical fluid tech-
B 1 AR o T 14 1 nique[J]. Polymer Bulletin, 2009(3) ; 1-10.
[5] Reverchon E, Cardea S. Production of controlled polymeric
4 g:él: -L/I,: foams by supercritical CO,[)]. The Journal of Supercritical Flu-

ids, 2007, 40(1) . 144-152.

. N — [6] Krause B, Sijpesma H J P, Munukli P, et al. Bicontinuous nano-
(1) AE R ) AN 22 fY e SR HIE 2 3 porous polymers by carbon dioxide foaming[ )]. Macromole-
W BRF BsF TE) D e o0 3 B B 2] cules, 2001, 34(25) : 8792-8801.
N NRTIN s [7] Arora K A, Lesser A J, McCarthy T J. Preparation and characteriza-
LG E s vh] VE B ) x4 = Ryals =
(2) fif W R e ] 0 A 10 T P2 T L A i 1) B 22 tion of microcellular polystyrene foams processed in supercritical
=85 A I I RS y Jz )2 R R K ; U BE A carbon dioxide[ J]. Macromolecules, 1998, 31(14): 4614-4620.
r%} ,EZ}%'EEﬁ/J\ , %k(@{ﬁf}fﬁ%}ﬁa‘(% OC) , ﬂ%ﬁ/; [8] Ar‘ora K A, Lesser A J, McCarthy T J. Co-mpresswe‘l‘)ehawor of
microcellular polystyrene foams processed in supercritical carbon
{ z o dioxide[ J]. Polymer Engineering & Science, 1998, 38 (12).
W= de[J]. Poly g g
3 R HRE [ s T A RS H L B 2055-2062.
( ) ﬁEE&A{Ej{%ﬁELkET]}E n*’ﬂ;ﬁ(}L ;k [9] Kumar V, Weller ] E. A model for the unfoamed skin on micro-
h A4\ > >, N,
Jﬁéﬁﬁ@‘ﬁ%%‘@ HEO Xd-:‘F'#/TEF\'ﬁ‘ E"st‘k}?ﬁ zij , %/l\ﬁ% cellular foams [ J]. Polymer Engineering & Science, 1994, 34
A0 LN 0 B 2 VR A e A AT SR b i g P o e 0] <C3it= 1?95_1571& b The mucleation of microcellular th |
R . o . R olton J S, Su . The nucleation of microcellular thermoplas-
“ﬁﬁﬁlﬁlﬁ? ty= 2 min, k/@ {JJEJIIE Tf =85 C, Z{/@ H‘T [] tic foam with additives: Part I. Theoretical considerations[)].
t, =20 5%14?%“%5@#53 ( EZEEE?@?‘] 20 wm ) i% Polymer Engineering & Science, 1987, 27(7) : 485-492.
[11] Colton J S, Suh N P. The nucleation of microcellular thermoplastic
IB_IL“LH T Eﬁ} E/J k%%{ﬁiﬁ @ o foam with additives: Part Il Experimental results and discussion[]].
Polymer Engineering & Science, 1987, 27(7) : 493-499.
%% 3wt [12] Krause B, Mettinkhof R, Van der Vegt N F A, et al. Microcellu-
E4 H

lar foaming of amorphous high-T, polymers using carbon dioxide

(1] &, MIAR, REH. KRGV B S HAIM]. JLat. ()1, Macromolecules, 2001 . 34(4) ; 874884,

Jb mUHR Tk 24 H kR, 2006 210-219.

Effects of Preparation Conditions on Combustion Performance of Microcellular Oblate Spherical Propellants
with Layered Structure

ZHANG Yi-ming, DING Ya-jun, LUO Yuan-xiang, YING San-jiu
( School of Chemical Engineering , Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract. In order to improve the combustion performance of the oblate spherical propellants, the microcellular oblate spherical
propellants with layered structure were prepared by supercritical carbon dioxide though temperature-rising method under certain
saturation condition and foaming time (t;). The effects of desorption time (t;) and foaming temperature ( T;) on the thickness of
unfoamed skin were investigated by analyzing the formation mechanism based on classical nucleation theory and proved by the
scanning electron microscope (SEM) images. Results show that different thickness corresponding to different combustion proper-
ties. The closed bomb tests indicate that t; =2 min, T,=85 °C and t,;=20 s with 20 wm unfoamed skin shows excellent progressive
combustion performance, which is undetected in the samples with thicker unfoamd skin or the samples completely foamed . There-
fore, the microcellular oblate spherical propellants with appropriate unfoamed skin thickness and progressive combustion perform-
ance can be obtained through controlling the desorption time and foaming temperature.
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