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Rt A Be P BE o

RDX kife iy A8 fe X Hoge s PR RE A A B W sg
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2.1 Hmbl&
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B JBT o 43 AR 25. 0% (il Ak AR (NC) 45. 0% | 3 9
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2.1.2 [E#e
fis AL A (NC) OB W e 24, ia 1] ys M4k )
e

www. energetic-materials. org. cn



RDX K 2T i M 5 4T 24 Ty 2 P il SR e 1k R 1Y 32 R

707

RDX,iL T R HAL TAHBR AW 1,5-2-F A-3-1i A A
A4t (DIANP) i AL H il (NG) L 41 F =99.0% , 1
FH PG 22 AR 2= A 58 BT i 255 15 i ), i R XL
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FRBEPE RE S2 56
2.2 UBEBERIWITRE
2.2.1 ZEXHZZNPEEERLE

¥ GJB770B-2005 Jy ik 417. 1 Hp vh o o B ) <7
PSR AMEZ 6.2 mm fLAEZY 2.0 mm [y IR
FLAE R 25 A0 B A 60 mm i 737 I X RE , -4 Ak B i Ay
AR IAEH R (20£2) °C i (50+2) “CHIMK IR
(-40+2) CE&MF PR 0.5 h )5, 12k 2 ) S 38 nh
A RIS AL AT 5, M 3 AR (4l 5 A &0k
FE) 7625 T BE A5 14 Wr 2R s 1) e < 28 A B T 4% 3
AR T s o B2 T AT TR
2.2.2 &K

K2R 18/19 (LM 25 - F B 90E 8 1.7 mm,
19 AL, P LA 0,43 mm) BFE L 43 51 AL B
K10 mm (R HRE 2R )5 O DR IR AR 76 -40 “C 2%
PR 2 h 5 HE & 5 kg #4ELL % = 80 cm 1)
o BE A3 PR AT I, B AR A A, A
10 KL, GEiHHOP BB 2T AT I . RAT 2B R
1 K6k N A 4 o R LR 1

R3S MTE R KT 2 4 i A
Table 1 The size of shape and impact energy of three kinds of

gun propellants

D d 2e, S E,
propellant Jmm Jmm hm /mm? /) - em=2
NR-11 12.38 0.42 1.71 117.81 33.27
NR-12 12.33 0.45 1.68 116.42 33.69
NR-13 12.28 0.43 1.69 115.60 33.91

Note: D is the outer diameter, d is the hole diameter, 2e, is the web size,

S is the section area, E, is the impact energy per cm?.

2.2.3 SEM HHEIXIE
K H AR B F JSM-5800 7 7 4 HL B 0 0 1% L
(=40 °C) T KE A B BT o W T
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2.2.4 ZFHABREBRE

A B 100 mL 9 %5 4] 4 2, 76 26 SH 2%
0.2 g-mL™ KK IR FE 20 °C k25N 2°NC 25 i
1.1 g L AJE S 9.8 MPa [4F % iR gL IR 2y
PEATEAS R Be vk B DU, I X 28 P41 4B & 7% 32X 06 00 445 11
p-ti R HEAT AL FR A5 2 u-p HZR, B REM RS 3 & .

3 H#RE5ITRR

3.1 RDX HIEX & S N F RN

P70 ot i R R P R 2 e B 25 e e i e A RS TR
{9 4 BT L S RE T 1 R B R I 2R S
AP RE Y T SR .

R U SBT3 B & T 2y 1E AR IR
(=40 °C) W (20 °C) (#ilk (50 °C) Z& £ T Kot b
AR B AR LR 2,

R2 3RS GR PP R
Table 2 The impact strength of three kinds of gun propellants

2

particle size impact strength /J - cm~

propellant

/pm -40°C 20 C 50 °C
NR-11 30 8.99 49.4 No break
NR-12 50 8.28 34.0 No break
NR-13 150 3.46 27.5 52.2

1% 2 AT 0L, RDX KL EE /)N 1) 1= RE fiF§ B & 5 25 Bt
ol B2 B K, RDX 1P ¥ k42 Dy, 2 30,50 pm i}
(NR-TT A1 NR-12) , v 5 wh s AW 24, H iR B v o 5
JESY I 49.4,34.0 ) - cm™ fICIR BT vl R EE 4
$8.99,8.28 ) - cm™, Jy 25k ¥ Al ; RDX Ay
Ypkife Dy, 24 150 pm (NR-13) i, @& i i ob o 98 2
52.2 ) - cm™ HRPLREREE 27.5 ) - em ™ {HHAK
WP SRR 3.46 ) - cm ™ R RER 25

ik — A AW 3 Bk G 2 B I 25 S R TR R
P IR T A A SR . WERE A
7 e A e 7 B S A o R R B RE R 2R E )
IRGETHaE R LR BRI T B 2 ek 3,

BT 2 3 3 Al 0L, 3 Rl RE R R R R A2
i J5 B e i AR R £ R A 34 AT B P A AR . A
B RE A M F 0 &M, -40 C &/ NR-11
NR-12 1 NR-13 £ 5 (0 0% 55 %40 5 0 18% ,22% Fil
96% , K Xt 52 1 K 5 N 82% , 78% Fl 4% , Ui W
NR-11 NR-12 {4 3 B # 4, NR-13 3 Jif 4 2%, NR-13
(A T BT i o P BB 3 IR T NR-11  NR-12 & 5t 24,
S XK
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X5 1] SRR A R (IR ST P i s ) W1 5 o

3 AT RDXOREEE X A 55 25 3 2 PR e 52 i LB, AF

a. NR-11
B3 RS2 25k I (20 °C) sZ 4 s g AR 0L
Fig.1 Profiles of three kinds of gun propellant grains after impact at 20 °C

a. NR-11
B2 3 Pl AT 25 25RLARE (—40 °C) 324l i S0

b. NR-12

b. NR-12

T RSRHOIL A, 3 Bk S 25K St v i 5 ik

R 2000 A5 A B W7 17 471 43 v BE R R 8L 3 B

c. NR-13

Fig.2 Profiles of three kinds of gun propellant grains after impact test at low temperature of —40 °C

R3 3 MESARIE (40 C) i dr i g as R

Table 3  Impact test results at =40 °C of three kinds of gun
propellants %
propellant readiness rate integrity rate crushing rate
NR-11 48 82 18
NR-12 44 78 22
NR-13 0 4 96

i 3 A L, RDX ki B /NEF (NR-11,NR-12) ,
K250 0F (8 A 00K RS 45 Pk 8 4 (€] 3a, ¥ 3b) 5 RDX
R JE BRI (NR-13) W 7 (8] (A SR 22 T 7 2 A4 119 S
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b. NR-12

B3 3 St 25 iR (—40 °C) St i 7 I 45741 L B2 41 ( x2000)
Fig.3 SEM images of the impact cross section of three kinds of gun propellants at —40 °C ( x2000)

T (P& 3c) , Rl 25 70 0T [ J0URERG 45 1 25 . X =R
RDX A BB K, b 3 T R0 Bk /)N, 70 A S T 25 ik bsF, bz
JE sk SRl s A 4 ik 14 9 TR RRLUSE /)N | A N Ml gl 25 1 4
JIU N R 45 B )N 5 TR E RDXORLEE W/,
P 2 TR AR B K, 5 K8 45 50 422 ik 1 B 22 3 O, BT D4 f
T R4, A2 0 07 2F R RE R A
3.2 RDX #iFE 3t & 5 25 %A e 14 B8 52 1

4 S 3 Tl e & S 24 %% P 4 e a3 1 p-t it
e u-p 2. MIE 4a m] LLFE H, RDX R E B KK
NR-13 & §if 25 #H tb RDX K7 FE # /N[ NR-11T | NR-12
R R ) BT R B R s INEL 4b W LLE
S R
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3 Tl i i SPF 245 MK S X5 I T g 4 4 g 14 An, RDX kL
BEKC NR-13 R AF2560 u-p 2 i T NR-11 NR-12
(9 F 07, 6] — s R R oK

350
3000 —=—NR-11
250] —e—NR-12
200] —YNRA3
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p/MPa

t/ms
a. p-tcurves

u/ms
o

0 50 100 150 200 250 300 350
p/MPa
b. u-p curves

4 3 524 PR R S R il £
Fig.4 The combustion curves of three kinds of gun propel-

lants by closed bomb test

FEAE e 2 5 25 B 1R e ek A b, LR e % I i S &
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A7 338, $8 5 ik B P, T o3 il AR A5 B R A

RA 3RS AT L7 B i RR R H e, B AR ST 388 n i {E

RDX ] fE H SR BL R, 5 MR 68 IT 4R B BEAH LG, 0 i
JCEA U] S 3, 68 24 A ) R A o e 2 T M1 R R 9
S5 S JRE T PR PR TR S g 5 /IR RDX, HE 3% 1
BURR B 00 B BE, A Fal W82 R bR, B3 T ) 019 2 e 2 4
KABE Y HE 2 I HE AT 22, e ol s o s Y [ P G B 3R
AR R AN AR AR

PR R ) $8 80 n 2 RAE KA BEPERE ) 2 2
B, HOR/INECIB T 2 55 245 48 3 ok s ) 748 e Y R 2
MY 25 0 K T ) 8 BOAE AN TR B B B O A TR
{907 S TR RDXORLIE Xl i & 3 25 46 AR
I [ 7 B R mi R B, R T e/ R IE XS I 4b 9 u-p
LT o BB R (y=a - x") B4 B U R T
BRI IR 468 n SR R B, HER LR 4

HI 4 AT UL ORE B/ E) NR-TT UNR-12 & 4 24
TEHEA R ) B i 08 8 T 07 48 BUB AR A R, 445 18] 4b
HONR-TT ONR-12 5% 5 24 498 3 5 T i e #8500l 9
Wi P R s 48 R0 728 AL B 2 T g 4 728 Al 1 i R
e, B Bt 2R BERAE 5 RDXORL L BRI NR-13 % 4 24
F14 498 T2 T 3 5 KOU B T 0 39 O S T AR e SRR JE e
IR 0.903 F+E 1.125 FFER 0.612) A J) 4
RO B R 5 I mi, 2545 I 4b KR NR-13 451 25 1%
T2 A S, U I AR S T ) 4 MR A TR D i AR Al
FAAERAL , ST IR BE A TR E

RDX RLBE /N NR-TT HE NR-12 H A il 73 i 2ok
P R A TE BE R M X, 0 24 RDX kL 2 1 i £
150 um(NR-13) if, RDX i %k 5 AH 58 42 6 Bl o> il
MELLSE B, 387 RDX 7 % 5 A 2 1 JBi i, 72 A 52 1
TRl o> R ARG AL B, T RDXORLEE 38 K, A2 46 B B
TRl 22 KRGS RE Xt S48, i LUK T 7 46 B0, 1R
BeBON AR BEE RABE R AT R Tk, A
JSE AR, A R 5 AR I il 20 ik 1) RDX R M 25 1R 2 THI
JBd 2 R T A B LN, T B B 2 K T

Table 4 The values of u; and n in different pressure stages for three kinds of gun propellants

I pressure/MPa Papm P
propellant parameter
50 ~100 100 ~150 150 ~ pgpm 50 ~ Pgpm /MPa /MPa
M 0.087 0.086 0.191 0.097
NR-11 275.79 310.27
n 1.045 1.050 0.893 0.985
M 0.085 0.173 0.183 0.118
NR-12 264.12 300.53
n 1.078 0.9247 0.917 0.996
M 0.224 0.075 0.998 0.282
NR-13 256.16 303.19
n 0.903 1.125 0.612 1.063

Note: u; is burning rate coefficient, n is pressure exponent. pg,n is the pressure corresponding with maximum dp/dt, p,, is maximum pressure. The correlation coeffi-

cients of data processing are also over 0.995.
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Effect of RDX Particle Size on the Mechanical and Combustion Properties of Nitramine Gun Propellant

YANG lJian-xing, YANG Wei-tao, MA Fang-sheng, XU Can-qi, JIA Yong-jie, YANG Li-xia
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: To study the effect of RDX particle size on the mechanical property and combustion performance of nitramine gun pro-
pellant, three kinds of nitramine gun propellants containing 25.0% RDX with average particle sizes of 30, 50 um and 150 pum
were designed, their impact strength, crushing situation and combustion performance were studied by pendulum charpy impact
machine, drop weight test apparatus and closed bomb, respectively. Results show that with the particle size of RDX decreasing

 to

from 150 wm to 30 wm, the impact strength of gun propellants at low temperature (-40 °C) increases from 3.46 J - cm”
8.99 ) - cm™, and the crushing degree under the action of drop hammer impact (hammer weight 5kg and drop height 80 cm) de-
creases from 96% to 18% . When the average particle size of RDX, Dy, is 30, 50 um and 150 um, the pressure exponent of
burning rate is 0.985, 0.996 and 1.063, respectively. When the particle size of RDX is 30 wm or 50 wm, the u-p curve of gun
propellant is smooth, its combustion is stable. When the particle size of RDX is 150 wm, in the pressure range of 100 ~150 MPa
to 150 MPa ~p, ., the pressure exponent of burning rate decreases from 1.125 t0 0.612, revealing that there is a mutation in the
pressure exponent of burning rate and the propellant combustion is unstable.

Key words: nitramine gun propellants; hexogen(RDX) ; particle size; mechanical property; combustion performance
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