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FOSRME, B 1, I UG, AR RS 5R R EZOK, B i

IS5 1 F1 2R RE R AT TR AE s X BOM/HMX/ALTR
AYEA M BE R ERBIEAT T R THA 5 ARG 5 4E 24
TNT AT T %F Eb, LU BOM & 45 45 245 I i 7 T2
Vit B ARt 2%

2 LIGER S

2.1 XWHEHmA

BOM, V4 2 L AL 2= WF 598 BT 5 1, 262 K T 99 %o
TNT, HR a6 T A " A7, 46 KT 99%.

22 HREMLRE

TN 2% 75 F 3 B (PDSC) 52 5« % H NETZSCH
DSC 204 HP I 22 /R 9 4 1 G 3 5 R 7 2 MPa, UK
HENAAEAA, TR 50 mL-min™; FHEHZ 10 °C-min™',
BRIk 4050t in 26 53, 3B 1 mg.

P A AR I < SR R B GO 2 A
95~135 °CyE P, LA 10 CH A K, iR i S fE iR
20 min, &1 20 g Zm e RN R 25 SR i A SR
T BOM G E ML . [P 81t DSCHH IR 5246 % 4¢4H
T R AR E M, S50 R FH METTLER TOLEDO TGA/
DSC 3+8, A N sh A m 4z, it 50 mL-min™ ;i
I A B8 3 11,3 kE 20 mg.

2.3 EEREXIE

TP 2 ) %E 15 S5 % . R Al METTLER TOLEDO
TGA/DSC 3+ 8, S48 Jy 8h & i 4l &, Wi it 50 mL-
min KA FEBELL 10 °C-min™ 3 FHE Z 105 °C, #E [#
BELA=1 °C-min™' BRPFE IR 5 20 °C, BUFE L4 47 I
M, FE 10 mg.

F£1 BOM H5HLAVAHIE L PERE

5 1 55 124tk g R 0 < A4 SR SR R 3 T 20 Rl
T A L AT SR BE [, 58 4 5 [ S T RS AR 15 B
B85 1 . R B EWF & X 5 £ B [F Bl e 4G 00k B
HEAT 5 8 AR RAE

U8 [ T2 500 < 45 il RE SR A B 1 2208 RS L T A4 oL
R AT B AR BEE , 75 55 0 58 A 8E 18 5 #E A7 B, >R
8 PR o) R [ T T 45 R A AT RAE

[ 45 A 2V 3 R OLYMPUS STM7 S 2
W ARG, X BOM & [ i 7 1) L 2O & HE 47T R AE .

I Rl RS SR A B R IO 5 25 WA 5
DU CASL 000 3 s ok VR A %5 B

e N R AR GJB772A-97 Jr ¥k 401. 2 iR
2.4 NEBRERR

OB SR IR GJB772A-97 51k 416.1 14, 41
P B BE R B Q/AY91-1990 #E 47 I izt ; ik FE M 4%
@ 20 mmx20 mm,

2.5 BEIRKIE

Ji 5 O K IR GJB772A-97 J5 1% 601.1 4 5 B8
PR MM GIB772A-97 J7 15 602.1 3t
2.6 1RIEBEE1ERE

JE KB G)B772A=97 J7 ik 702.1 IR, 3 FF AR
¥l @20 mmx20 mm ; PERE T K Kamlet 7 &
i e X BOM R A K 24 11 J R S EA T35

3 HRRWiE

3.1 BOMEHAREEANBERRBRE
BOM Ff) 5 3o B JR& P 2 SR L 2R 1

Table 1 Performance parameters of BOM and typical melt-cast explosives

D/m-s" P/ %
sample p./g-cm™ Q/)-g! OB /%

calculated experimental IS FS
BOM 1.823(2 81802 7679(p=1.726) 4645 -33.3 20 24
DNTF 1.937014] 925014 8930(p=1.86)"* 6162014 -20.5 60 64
TNT 1.65403 697003/ 6856(p=1.595)L15 41803/ -74.0 8l1s] 6115
DNAN 1.5443! 597413 - 18103 -97.0 2 2

Note: p, is the crystal desity, D is detonation velocity, Q is explosion heat, OB is oxygen balance percentage, P is sensitivity.

%1 A0, R B 85 T 20 4 4 SR BEE , BOM
B R %% B R 1.726 g-em ™' SETI AR R 7679 mesT'.
BETNT $2 055 11.9% , o 8 3 ] 336 T 7 9 0 s g 3
2, HR R MR BN Y IR B . BOM $E i B
20% , FEAB IR 24% , % DNTF & 35 [ A%, A FI e )7 %
IR R . BOM 4T R (OB)H-33.3%,
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DL T TNT 5 DNAN A F T80 J7 407 i 1Y 203 |
POR NN k2R OB S i Sed L1 8
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fiE, &5 e an &l 1 fF s o

B 1 &R, 7E 50~350 CHYE X, BOM AT I, —
A LI IR R | — > A A i 0 B — AN RN
WAk . BOM 78.6 °CHT th alt Ak, 44 g 38 T,
85.7 °C,904 CRamft ., mHRI11.8C,5H
TNT'80.9 CHIME A Y o Wik 5 KE 25 60 M BHG
FIERINE Y, BOM SR H R G i il 1 2538 .

14 B, BOM R IR 4 R R R 182.9 °C,
F o ENR T, b 213.8 °C, R R T, R
295.5 °C. BOM fE 2y — Filt — 4 25 I il 1% TR & 3% HE M4
B, 25 G T B S IR KO R R 1 2 ff R O A A
BOM iy £ 43 it i & 4y F o O—NO, B e Wi 451 & 4
fiff , B T AR 1 A% R FE IR 50 % EE A, IR GRS BT R
T 53 figp 3ok T R 1Y) 20 g ) ) 0 RO i . IR A R
A 155, LT A A, PRI, X R AR 1 B e
WA B 5
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E1 BOMIMYDSCifiZk
Fig.1 DSC curve of BOM

DSC 52 5 1] LASE i 1) 2 ik 5 8 A4 4 114 S 1oz i AR
W5, IEUR JC vk AR B RE A R A 2 FR o At v mT B 9 A2
O AR B o SR B i 1 IR Rl 5 X BOM
19 PR RE PR HEAT AL, 45 R AN 2 i [R]85 4 i DSC
SERANTE 3 BTN

2 BOMAN[AIELEE T B Rl
Fig.2 The molten liquid of BOM at different temperature
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Fig.3 DSC curve of the step temperature of BOM

K2 s, BOM ¥ Ak J5 52 B R IR o8 6 3L i,
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KE 25 N R IABRIR T 1K 2 22 1 ik T iR 28 A8 A0
SR BE , RT LA B AR DAy iR A T I 2 E A 1)
R 5 B AR K I SR R O A A 2 3R R AR T %
R .

HHI BOM 3 fife ik 72 09 S IR JEE a, R IS (T)
3 R SR A 22 A 3 AL B R B 2 S AR AL
R BT S B O B A AR HL L R B S A B
f 15 1k AE BCF X {8, 73 BOM 89 F 1 16 fL 6E E
133.58 k)-mol™,

In{c(a)}=lnA—E (1)

T-T B RT
S, G (a) Fy LA R KRS I 5, T4 A [ IR 1 a
XL R B, K5 T A R B I K5 B o i R
Kemin™; A48 8 555 £ IO i A6 g L kJ-mol ™5 R
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FOSRME, B 1, I UG, AR RS 5R R EZOK, B i

E- JE - 4ERT,
T, = R (2)
K, T, B—0 B & BE AR A9 B 1 i BB LK T,
SRR A R K RS H %2,8.314 )-mol ™K™',

H BOM I i b5 43 fife W B2 F 3% £k Ag 2 ai , 15 %)
BOM Ff HA Il FLIREE T, 0 190.7 °C. W45 KEZ5 1)
TR B 4r B T 200 B — R BRI s = 29 10~20 °C
BOM & £k 85.7 °C, H T2 5 BOM [ i 43
it Yok i R HRORR KR It AL UL EL A R Y I B R B, AT LA
e — S0 TR E 2% mX . 454 BOMHE
I AR (LK 2 B 3), Ui BOM LA G 12 B A
RAF I o5 T 20302 58 Pk A dR e .
3.3 BOMIBHHEMEZ R E 1EaE

U5 1 B Y A B K 2 1 o) — FE LR AE o [
RS 5 W AR L BB B | I 0 O 24 2 2h o it
2 ) B9 T RO A AR AR AR K 24 A R P R U 0
5 K 2 5 1 R TR B DGR A I o SR X B R A
AR X BOM FI TNT 2 X0 5E [5 S b 14 43 A1 8 AF i 47 %
fiE, 45 S an &l 4 s o

a. BOM b. TNT

B4 BOM 5 TNT&ES 85 1F 1 i b 7 A
Fig.4 The defects of BOM and DNTF casting sample

Pl 4 58 14 55 1°F 14 5k B 20 A 7%, BOM B3 1 5 TNT
B R AR B, A 000 X DN B8 11 40 4 T I8 — > TR VI i A
X o AHEETNT,BOM (Y V 5145 #3 DX R BUEE K, 45 6 IX
PN ER S R A MR 2% o AR R X LUTR B, 85 1 4R 1K
IS Hg — R DL n] WL A 45 LR B o XF BOM J il ¥
A 85 R A [ S o T AT I, A5 R LA 2.

H 2 2 A] 1, BOM 1Y & #H % £ i 1.537 g-cm™
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(89 °C), H IR BEE A% & ] 1.726 g-cm™. BOM
AR B 46 56 15.7 % , [ SR B 1 A R0 4% ] ok PG
B 94.7% o TNT MR R4 2 7 12.4% , H SR Bt
[#] 2% 3 R FRAE H EY 95.7 %, 454 FL 8, BOM 1Y i 7Y
5 TNT A . R SEM gk — 45 4 — 3% 89 o
W [ R AE , 45 SR LA 5,

F2 ARFEA PR T 09 % 5 B A RO 4 ¢

Table 2 Density and volume shrinkage of samples

3

sample p/g-cm™ p /g-cm™  (p /p)% plg-cm” W.,/%

1.537(89°C) 15.7%
1.449(87 °C) 12.4%

BOM 1.823 1.726 94.7
TNT 1.654 1.586 95.9

Note: p_is the crystal desity; p is the casting desity; p, liquid-phase density;

W, is the volume shrinkage.

b. TNT

BE5 BOM 5 TNT i UL i b ik

Fig.5 The micro defects of BOM and TNT solidification sample
5 7R, BOM 5 1 5 S W] I 1938 )22 55 8RR A

T LLUL % S 3 BB 19 i 2 4 4 B I Bk B T B0 A TR

Sttt
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[i] LT &b PR 2 AL I A B . 5 BOMAHL, TNT
F14) 95 [ A, 2 B350 2 6 R AE  (EL 98 17 )2 o A AH X B8 in
S5 AFAE AN TR T 1] B S 04 A J2 () A T R T A
Ud T2 ) 5 45 T 0 Rk nT R R L R R 4 R A
T BOM IR IH 2 — . SCHR[20-21 ] %F TNT [ %E & 4
PEA BN R TNT 8 [ 7 Ko B 2 B =, RS
AT, BOM 5 TNT AL, J& T & 2 Bk [ 7 =0, A4 BE
[ 2 F ) R U [ R X9 IR R AR B I
T LB 55 0 R R B i, A R A O TR T B R T 1
G BEAR S N 4 L 1 A LA

BEX BOM &8 [E Bk b 19 43 A S H 5 TNT 19 22 5
SR G2 8 1 8% 6 BOM BE [ 3 B2 1) 285 A B S b AT 3%
fiE, 25 WL E 6.

b. TNT

Bl6 BOM 5 TNT M5 [ 45 fIE &
Fig.6 The crystal morphology of BOM and TNT

Kl 6 2.7 , BOM 19 45 fi JE 75 12 BBtk 1) SR AL iy
FEZ T TNT A AL it i S 6l L, 77 76 W A 5 %
I 250 A J2 5 /DN ) A 1) B % TGN 1) A5 4 1R i
0 7 P HE S o - I A AL R SR TR B A R B BE 1 A%
PRI R T 52 B 2 MR 25 S O I 0 TR 25 19 2%
Rl g SR A T i 3T T A 2 B RCIR ) 2 S
EONIN VN RN DT - e S Bt B ) S VR
11 ST . BOM [ &E [ JE 25 1] 1, BOM J& T4 Rk
A A, LB BB A ik o X R K08 B MR HE 25 25 1l
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[ 5 TAT £ D 47 308 0%, B I 4 L% AR LR T TNT A]
DAL 56 5 W 2 i IR e 24, ELONEZAR A A 8 T8
e T B B A
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B 7 BOM 5 TNTI DSC#E [ il £
Fig.7 The solidification DSC curves of BOM and TNT

7 W, A1 °Comin™ B 3R X BOM FTTNT
PEAT PR HIBEE . MR 2 20 °C, BOM B W 14 ¢ [#
45 W s TNT 7E 28.2 CCHF R BEE, 27.4 °C M 30 B¢ [5] 0%
i, 26.7 CHE BE B B — A~ 2 B 58 [ 1, n] DL
TNT 2 ¥ itk 2 J (%) 86 [ 30 2 — 4> P st i &5 ol 7
e R 52.6 °C. 1 BOM 7E R 861 ¥ 45 1 1% A7 Bk
[, Ud B L2 TR R

45 FL 2 B [ 0 R A By Hh R SR s > — | S
[T AT 57 A T 90 30 25 5 A ) TROAH R 4 R AR,
& S DB 319 Kubo-Pehlke 46 FLAE MRS >

of ofv, afv, of
(PS 1)1 i (3)

at  ax  ay ot
Horp, p, Fil p, 53 531 g 1861 AH FHCRH B 85 2L g -em s £ A,
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FOSRME, B 1, I UG, AR RS 5R R EZOK, B i

SR YRR LR B A B 4305 v R v, S i TR VRCRRL TE X Ry
T bW W s B, cmess ¢ O B E O, s,
(pdp~1) Caffot) FRom T &E & 7™ £ 0 R B4,
Cafv)/axFCafv,)/ay R xFly J5 o] W& AR It 20 7 28 1Y
HE [ S 4 #hA2  a £ /ot Ry AL AR K AR R BE T I 46
S

HY 28 2 11 1A B 45 B0 T 0, BOM B R B e 4
P A 4 L BB B LR KT TNT . 1 8 [ R 30, oF A
e &b 1) &b 45 B B, I8 6 B A, BOM A & B &
IR0 A, 2 (S R CR DX B b 4 GE A 2% 1R 7E
e [ ok 8 b 25 ) D) BE [ S E i b 46 % i R 7
ALK, BOM & 5] 3 4 A 48 fiff 35 [ DX [|] $7 oK, B
BRI AR K, DT 8 G b 447 5 3 B, R [R] A
R i 8] Bk 5 P 0 AT RE M E— 20 8 K 25 A 1R A T
FH I Bl A AL AR A T AR A AR R R 0 BE T R AR,
e AL B R AR LR A K I TNT R RS
U 1 R L A RS IR A R A A R T B R I A 4 R
TE W 3 [R] B EG E  DXR] A /DN BIRIR X B R kb A
SR I i I 12 o (A L W7 0 R ol 3
AN o

ZEA 4 HT, BOM [H Ry B [ i 4 2485 A B 2, Bk [ 2ot
Vo SRR R 76 B R N AR RS TNT 5 7 R i fL B . Hige
W45 LI, BOM [ SR B [ 5 1 1 780 2 13 Ay 300 9 3 1Y
94.7%, 1 TNT H 4R B [ 5% {1 %5 5 b #1405 1
95.9% o A B T AH XY R T e R A R, B
BOM HAT | 4 1y B [ il Y M e
3.4 BOMABEIEAR N1 1E8E

W5 5% M 2 4 Ry — Bk R 30 0 ke B A 3
P [ J0 Ay 7 4 R T S 55 B T S 1) 525 ) O A
R, Ty 2# e RIEH AR E S Z —. KA
BRI HL X BOM 5 TNT 89 7 22 E 3047 I3, I3
SER WA 3,

®3  BOMAMITNT HYHLIE KB4 5tk i
Table 3 Compression and tensile strength of BOM and TNT

dxh density  compressive tensile strength
sample

/mmXmm  /g-cm™ strength /MPa /MPa
BOM 20%20 1.726 6.21 1.89
TNT 20%20 1.586 15.27 2.32

HH ¢ 3 AT, BOM W4T T 3 J3 5 o Ao o B 541K 1
TNT, L HIEPUESRE , I TNT 19 40.7 % ; HLE 58 J W)
HINTHZEARK, B TINTH 81.5%.

SR, B TR )2 M RE S 4 AL 2L
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AH O, AR AT A0 2 4R v R ) bR ) iR
#15 K 6 BOM M TNT f9 45 b 20 208 1iE n] A1,
TNT B9 45 i 2H 2B A 1) 53 T IR A e 78 e R
FE i S A MY 1 2 E, BOM U |l T A % 35 1
R SR TE A5 AN 5 ARAT B AN 45 fh AL 20, 5 14 1 g 2 1k g
AR TNT,
3.5 BOMBHEAMEEE R

A5 T A A 1 C R S0 K 2 Re e Ak L
JEN TR & ) 2 D750 SR A Kamlet 77 2 & 35 W7 @
L, X BOM/HMX/ALCAL & 5 AR KT 40%) 7K & 1Y 4%
BT T RGEWTHE 2l 7 A R R R
P = f AR S5 0L 8

BOM/ %

a. detonation velocity

0

BOM/ %

b. explosion heat

B8  BOM/HMX/AIE #5 Kk 24 4k i AR I = i A1 1]
Fig.8 Triangular phase diagram of detonation velocity and
heat of BOM/HMX/AI melt casting explosive
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& 8a Al A1, FEf € A BOM &1 F L 1K & b 48
BiE Al B M PEREAR . fERE R Al S BT,
PR BE G BOM & i (1942 55 S HMX & i 19 98 20 18 20
FEAR . Fh I 8b Al B, AL 5 IR T 24 % B, 14 3 0 A 34
BEE ALS G 138 38 0 B & s AL iR T 24% I 1K
Z (48 A 5 52 7 H BOM FT HMX B TE HE B B S Bk
A UL, &E X BOM/HMX/ATR &, AL i 8T 24% B,
BOM 5 HMX Iy AT 25 Bc b 24 a] il 2 e 5 Al 58 22 I
NI ALE R T 24% B W F5 22 5 R & p
BOM 5 HMX [ BC Lt LA &2 BE 75 e A i AR A 1L, DA
BRI IR SRR ALE 7R T 35% I, 1
PO B 2 ALY 3 n i R A, BT Y ALY i 4 35%
EnL Be ALK B SR S R RN . SRS I R E 2

200 25 3 B Ve L B R A AR R S R L T h
BOME’/\E P AE 30%~40% o X T 4 i sk Al
Eﬂﬁ BBy T i WV AE 4% ~8% 3 XF T A AL Oy, AR Ry

NETE 3% ~24% 5 % T e R AU 7, B0k B 1t
E30%~35%o S 2% 3R A MR 5B PR 25 & 2
SKFFATILIE
R4 BOM/HMX/AIA IR S K 245 14 i L
Table 4 Formula for different explosive types of BOM/HMX/AI

mass content / %

explosive type D/m-s7!

Q/k-kg™
BOM HMX Al

metal accelerating 30-40 55-70 4-8 8383-8519 5674-6425

blasting 30-40 35-60 13-24 8024-8344 7139-8789
high heat 30—40 25-40 30-35 7684-7826 8975-9514
4 4

(1)BOM ¥ 5}y 85.7 °C, LA B 4F s gt 1. 2
P 5 SRR 7679 mesT' (p=1.726 g-cm™) , A A B &
T8 N O 1/ )1 %% N R o2 (T N =S
T ARG . BOM RG> il 182.9 °C, 7 i
W 213.8 °C,235.5 Co8 8 fift , 115 #0080 11 S
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Preparation and Performance of BOM Melt Cast Explosive

JU Rong-hui', LUO Yi-ming'?, WANG Xiao-feng', JIANG Qiu-li', ZHANG Meng-meng', ZHOU Yan-shui', Bl Fu-giang'
(1. Xi' an Modern Chemistry Research Institute, Xi' an 710065, Chinas 2. Rocket Force University of Engineering ,» Xi'an 710025, China)

Abstract: In order to study the performance of 3,3'-bi(1,2,4-oxadiazole)-5,5'-diylbis(methylene)dinitrate (BOM), the sample
was prepared by using the melting casting process and its the detonation velocity was measured. The thermal safety of the BOM
casting process was studied by the thermal decomposition and constant temperature test. The solidification properties of BOM
were studied by macroscopic solidification molding and microscopic solidification crystallization test. The mechanical properties
of the BOM casting were studied by compressive and tensile tests. The detonation velocity and detonation heat properties of
BOM/HMX/AI melt-cast explosive system were analyzed by detonation performance calculation. The results show that the natu-

’ and the detonation velocity is 7679 m-s™'. The peak temperature of BOM de-

ral solidification density of BOM is 1.726 g-cm~
composition is 213.8 °C, and the calculated critical temperature of thermal explosion is 190.7 °C. There is no discoloration and
smoke during the constant temperature heating, which shows satisfactory thermal safety of the melt-casting process. The solidifi-
cation defects of BOM were concentrated in the feeding area at the top of the casting, The volume shrinkage rate of natural solid-
ification was 15.7%, and the forming density was 94.7% of the theoretical density, indicating good solidification and forming
performance. The compressive strength of the casting is 6.21 MPa and the tensile strength is 1.89 MPa. In the BOM/HMX/AI
melt-cast explosive system, the detonation velocity decreases linearly with the increase of Al content. When the Al content is less
than 24%, the detonation heat increases gradually with the increase of Al content. When the Al content is more than 24%, the
detonation heat is related to the ratio of BOM and HMX in the formula, and the ratio of BOM and HMX system needs to be ad-
justed to meet the optimal Al/O ratio of the formula.

Key words: 3,3'-bi(1,2,4-oxadiazole)-5, 5 -diylbis(methylene)dinitrate ; melt-cast explosive ; thermal safety; solidification prop-
erties;mechanical properties;energy performance

CLC number: TQ56; 069 Document code: A DOI: 10.11943/CJEM2020234

(Tidhi: & #)

A 2021 4% H#29% £ 94 (781-789)

o

CHINESE JOURNAL OF ENERGETIC MATERIALS > A

@



