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Abstract

In order to improve the laser ignition performance of HMX. HMX/Fez03/carbon black composite ener-
getic materials were prepared by the solvent-nonsolvent method combined with ultrasonic vibration,
using Fez03 with favorable catalytic activity and carbon black with excellent light absorption perfor-
mance as composite components, and an appropriate amount of fluoroelastomer as the binder. The
morphology and structure of the composites were characterized by scanning electron microscopy
(SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR) and ultraviolet-visible
diffuse reflectance spectroscopy (UV-Vis-DRS). The laser ignition performance at 1064 nm was also
tested. The results showed that HMX in the composites is of S-crystal form with uniform particle size
distribution ranging from 30 pm to 60 um. Carbon black can effectively improve the light absorption of
HMX-based composites. The light absorption rate at 1064 nm is 47.79% for the composite with 0.2%
carbon black and increases to 59.71% with 1% carbon black. The addition of Fez03 can significantly
increase the mass burning rate of the composites. The composite containing only 1 wt% carbon black
showed a mass burning rate of 0.0279 g-cm-2-s-1, while the values increased to 0.0374, 0.0524 and
0.0796 g:cm-2-s-1 after 1, 2 and 3 wt% Fez0s added, respectively. The composite with the mass ratio of
HMX:Fe2z0s:carbon black:fluoroelastomer = 94:3:1:2 displayed the best laser ignition performance,
which can burn stably and presents a high mass burning rate of 0.0796 g-cm-2-s-1,
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FRDCBOR IR R S A RIVKE . KB BRRL. S A SRR [3]-[6]. FRI[7] [8]5%. (HAESK
AR R, AR B SRS REE A B G R ARG, BKIERN BHRAEWR K, AFIA
FRABEI ()%, U2 FIAEAE A AN oA . AR KR REA RSB AT [2]. BHBL, TR AHT R D Re s n s LA
PRALFLWOE UK TERE,  BON TS REA R FL B — AN HE 7 1)

BOGERBHE AR — MR B REEA T B, BTSN RR T B A w2 AT 524,
FFE PR ) R e sy, RARZATATHEE N2 —, Burcg Z AT &M EEM) [9]. &
KIE FEURGE R AEA S BTG RE, AR LR EM I RLESL S Kt f2. tk4h, 7€ EM L
A8 PO SR B T AR A Bh T e B AR R AT B BRI ML A . TEIRER R, AUKRE AN s K AR
() ] DA R 8 WA S B IE A VR R AR . 48 A AR SO BB I e A FH B0 1 R LB mT A Y A U R
BARGE, AL K RAE 2 EM B 78— 5 A

e ML E, 5 A X B BEA RHEM) IO s KT TRIEFL,  AMELEE s KL 38
WFFT, RN KWL S AR . 0201, Sarah Isert 2510138 A IRV T 22 992K Fe.05/AP U3 in £l
e, SPEITEMAGIK FeOs AHEL,  HEHEFIBRE S — P #E 5. John J. Granier [11]F1 A.V. Khaneft
(1205 I Jt A K RE R FE IS M IR R HEAT 1 0T, B4 O O6 SR AR 1 AR A 2 55 i 24 750 10 1 K g
B RN R3] [14ERF 7T T BOCREE A EM 2T K Z M6 R, £ RBOEER BRI T K
MU L SRR o SR, 25 BEAT RN 55 K I 2557036 K ML IE A SE A B, H Al 22 RN R
GLRIWEIUR T iR EM SEOGME R OB HLER, 5 00 B0 S R A B G O R Bl B iR A%
PG IRIFEM, R TR IR LE A R R 23 (2R B DA R LBl AR 1) ) 6 dok R B ikl 46 25 PR e O sk
PERERIRLI, DL S EM OE SK IR BOR .

2. SCROERSy
2.1. FERFIZALZE

HMX, #EHE, Tokg, HREW TER; K B(LHRE), FiiETEHE 35~40 nm, 465 >99.50%,
RIS 2R R A IR A A Bk —HEWIN. 4R AE, oirsl, AT R AR
AF.

Tensor27 BUHL AR LT ARGIEA, FEEARE L F AR, EVO18 MR F R ils:, #EE %
XA A ] X°Pert PRO B X HHERATHAL, i ZMAEI AR UV-3700 BU[E A4 - v WL - IR L5053
JEETE, HABEHAES A PR A KQ5200DE AU A4, B L7 A A4S PR A 7] Penny-A-500 %! Penny
BOLEs, B BEOLRIE A RAF; HZA Photron FASTCAM Mini UX100 R = i 4551

2.2. SEWFE

2.2.1. ANEIELEE HMX/Fe 03/ 2 E A SR NHI &

(1) FREC—E &K HMX T 50 ml Bebf 2, HMX BARR B &AM E, HMX HE7E 0.942
g B 1.0g VEE AN . FFAAIA SmL — FIEIH(DMSO)ER, I FIBEMR YN KNI (1 S 154
T (2) ¥ FiRSEAH HMX /) DMSO SR Rept B T EIR B BERS b, HImAdR N 50°C, #d i
o4 300 t/min, £ HMX 58208 R 5 A HAR IS BTAR S 47 (1 FeOs AR B, 4REH: 50 min J5 FGEAF
PN F2 BT 1) 2% 5 R RS 1) R BRI W . (3) s LIRR A TSR E TS e Bl s
PiHE 10 min J5 FHRE R ML RS ERiRE, RGN ZZIMA 15 mL £ 87 /K, i+ 10 min; (4)
RIAMEIFER, FHRE WA E X AT HIE, JH s B T s AVE IR TR IR R 60 CINFAT 1R,
BRI . SERB I 1 R,
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Figure 1. Diagram of preparation process of HMX/Fe203/carbon black composite energetic materials

1. HMX/Fe:Os/ 7K BLAR B & & BEM BB Z B R IZE

2.2.2. HMX/Fe:03/ R BE A REM B BORIE

FIF 2 BV D M52 HMX. Fe,O3 M HMX/Fe 04/ B E & & et R4, FHit— SR 3
B ST S M BHIRAR, TESAMI, XN EEYRT R oA G AT 0. RS HRAE: did X-
SRR AR AT S (XRD) 3T BURL I A AR 454, 43 3% HMX. Fe,Os. % B HIAT 5 R 5 HMX/Fe,0s/ 7% B2 5
GO REM R BIAT S BT LG, 8 & U R AR R A R AELE s A A B AR e 2T A 1 (FT-IR) WL 4%
HMX. Fe;Os. & % & HMX/Fe O3/ 7k B4 5 A & et BHIZL AR, WA k) i /& 75 A 2% o A BRI 5
1] FH (] 44 48 71 AT DL 38 S i 20 BT 2R BB A B 0.2% 1 1% (1) HMX/FexOs/ 7% BA 5T 6 E BEM BT AE 1064 nm 4t
GRS L, AT — 28 1 06 5 & e A ELAE FH I3

2.2.3. HMX/Fe:03/ % 2 B & & BEM BRI s A A R MK

KH Penny-A-500 2 Penny $0't 2% Al i 38 45652 O AN [R5 = C EG 1 HMX/Fe 05/ % S E A & Re s kst
7R KRS . FE (30 mg) R A /NALH LR f BN ERZ S mms JEEL 1 mm 2R, R4 EN:
JE5% 5 MPa, fEFIRTE] 1 min, JCBAEF. sUKEAR: S, WK, JFBORASE, BOtEK 1064 nm, RkEE
110 us, Bk EEHIZR 10Hz, HHERLZAN 2mm, (BO6RATFE 250 mm, FEHAE 200 mm.). (1) &
RKBEEMAR: M Penny W38 %2 4 FLUHG B R [ s K BE & 2.65 J/om?® TR AT AN A F & L i HMX 252 &
B REM B BT IO TGRSR R BOERE R TIR, 105 B RERS 1L 25 7R K oL RE =
VENZEHI IR K AE R . (2) AKIERI TR e o'e B BN [E €18 57.83 J/em?, 23 HIXE K4
AN B 23 i LEAS [F] () HMX 28 8 Be PRI TS0 AU, SRl s ilic st(F> 500 w257 Fa e
BRBERTRIV = AL KGRI I], (A2 7000 KB IR I ] (3) BB SRR INGR: [FIRE 15 o e H R B [
SEAH 57.83 Jem?, 43 B o AR B4R 3 e LU AR [F] () HMX &4 REAT R T 0% s R, s i
SHLIESE (R 500 i) 24770 Fa e ME PR OIS Ta), TF 5 HH 25 4 24 750 1) o RSk

3. ER5118
3.1. HMX/Fe;O3/ik PR E & & MR BORIE

3.1.1. FHWEBFESEM)

2 N HMX:Fe Os: % B S I R B Eb o 94:3:1:2 () HMX/Fe,05/7% B2 A& RE B AP RHE Il T 12
W N ERATES. Kl 2(a)h 2000 REBORMEECF MBSV, FTLVEH, HMX KT K/ Amis s,
FRLRSHEFRCK B LHRCK: 1 2(b)28 10,000 FEHECKEECTF E G WIES, HMX @B 2S5BSR
R, T LA Ak A S B HMX A B-HMX; HMX B0k AN A5, RSERE 5~15 ek X Ta iy, i
L FE T /NGRS RTURE 5 FeaOs KR &5 755U I I B 78 HMX. & AR R 18T o
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Figure 2. SEM images of HMX/Fe2Os/carbon black composite energetic materials
& 2. HMX/Fe205/ 7% BB E & & REMFLH) SEM [E

3.1.2. L9MKIE(FT-IR)

K 3 7R 7 HMX. Fey 03 LA K HMX/Fe O3/ B E GG B . £ HMX 204G B 3037
em ™ AERIIEN C-H MI4EHRED, 1573 em™ ALRIIE N N-O RXFFRIRSY, 1456, 1428, 1391, 1345 cm™ ALK
7y C-H 25 iR, 1269 cm™ AL IR N-O X FRIHAERE], 1183 em™ ALy N-N 45430, 962 cm™
AE IR HR ), 948 em ™ ARG IR T AR, 757 cm ™ AR N-O LIRS . Fe Os MIFFFIE
76 547 em™ 1 475 em™ Fi Ay, mEBA BRI, FTLUEH, 7 HMX/FeOs/ 7k B2 2 & A EHI 20 41 B 3t v
R FAE T BT HMX BRI o b FeoOs 78 475 em ™ FRRAE I 4 JHAth 55 3 40K F Ue 3 255
NSRRIV AT R AR TR MM, TEARFI RN R A T 8RR A . AW B o G B R
HIL, FTUL HMX. FexOs. ik 8 =38 5 A 2 p R B0 AH LR AR SROSEA: GHT )
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Figure 3. FT-IR spectra of HMX, Fe2O3, and HMX/Fe203/carbon black composite energetic materials
3. HMX, Fe:03 fl HMX/Fe:03/% B E & & BEM RIS 1S
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3.1.3. X HH1T5F 3 #1(XRD)

X-SP AR AT S TR RE G AR, 1) 4 3 HMX. FeOs BAJ HMX/Fe;Os/ % S5 K0
XRD B, HE 4 AT, HMX R 1) =5l HILAE 14.68° 20.48°, 31.88°, ARAE M g AL A
AFSHAEL1S], ZESLARPRIEY XRD e 500X RE, ER S AMIMNEIEDE L8, WOIE AR HMX
TSR R A AR, (BRI AT BTN . R R Fe,Os (1) =306 U BILZE 33.19°. 35.59°, 40.81°, fEE&H
HIE XRD P 7 5 20 LU L, LUK R AR, B0 FerOs fE S A e R R2E
B, FURIEEAR MK SR GTIE 16 F B BLTE 24.6", 41.5°, 76 HMX/FeaOy/ 3¢ B T E it 22
AL BRI, (HEEMIIEERS L, w62 8 G HoAb Y 5T i 7 S IS 1 e JE0 R
g, [Rith, BAMEH HMX a8 Fa e YERGE Y B 1 HMX .
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Figure 4. FT-IR spectra of HMX, Fe203, and HMX/Fe20s/carbon black composite energetic materials
[ 4. HMX, Fe:03 #1 HMX/Fe:03/ R B E & & REM R LI 1%

3.1.4. BRI - AT - IR M8 REFHEIE(UV-Vis-NIR DRS)
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Figure 5. UV-Vis-NIR DRS spectra of HMX/Fe2Os/carbon black composites containing 0.2% and 1% carbon black
B 5. HMX, Fex03 1 HMX/Fe:0:/ ik B E & & BEM RN S Fe1E
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A E RS - L - I LN RS TR A 25X 1064 nm 3 B HIEIMISCRCR, S R B
BN 0.2 %5 1% HMX/FexOs/ 5 B 5 A [ 44 58 70 ml W8 e il . MBI RT LR, B &0k
0.2%F1 1%HI A 271X 1064 nm A FIEIRILE 5 51 47.79% 59.71%. X 3R R B A A 238/ HMX

B B BRI ZLAMEOG i B R B, R R T B AR A B S GO R [17]. BTRL, R AU
AT LSS 25 700 21 A0 B R i e s BLYESE VG N, R B ke, 27006 R A RE R o
ZEE PN DLFURTE LA B S 257 E RN, D “HWLE” fEH, BIEOL S 25570 F I — 380 B
JGRE R AR A ae, 249500 R R B T i FR IR B K R UG S BUE Re AR 51 R

3.2. HMX/Fe;O3/5k BE & & M R B s M BB

3.2.1. MEBEXE &R MR R KRR F D

BRSO 5 25704 BAE R, XS 25700 — @ i 77, 295000 0 e Red S, WITEBRDGIER T &5
Pl o O T SR R AR MO0 SRR REMNART,  Set — BRI R R SEM EARA 5 mm B IR
Zi, BT LI TRBOCRUKES AR, FIHMTEOE AU BIRBAE RS H HMX 28 51
KI5 1 BN 22 AV B B BRI o SCHR( 181K FH d 3 3R B %6 T HMX/3A5 I (F2603) 2 A 143K,
Tt 73R B RS e (1 3 50 6078 e % 2 3 2038 HMIX IR 05 MR RE o AU T & 3 0 5%, HMX/F2603 &
AR ) e KR B AR 50 23 A ) 121.52 N AT 6.20 MPa, A ELYEE VR A FE 55(99.44 N, 4.39 MPa)
Gy T 22.2%M1 41.2%. FEZAVETTIH, 1510078 AR I HMX/5%F TR 4PV 5 (Hso)iA 1] 48.5
cm, I TYIER AR 36.5 cm. M4, R WK, FURKGE 2B A R IR # SUE U
i), TEAHFEIVE R T, HMX/F2603 & A TER I #UE B MG 24K T2l HMX AR AR i

2 1ONEFESIRK HMX 2 AMEHEE & KN 1064 nm, fEREZE N 57.83 J/em? HOEIEH T
SRS EAR, WER TR EAE 0T UE RS INEAZ I BT HMX/Fe 05/ B 56 & Bt BE S ol o e
NI A 25 750 R0 i SRR TCVE IR AT, AN B v A L 24700 (R0 B0 K PR R R Pe b e s P AR R
BRI, SRR RS, N T RGOX N8, KLE S A 255 i e, T fk
M. 5 2 NEFIE N HMX/Fe03/ 7% B 52 A M BRI AU BT, s KSR AF I @ P K 1064 nm,
REER N 57.83 Vem? FIBOEVER TR 2R &l vT DUE HAE I NS0 2% %8R S
I ) F RS BB Bk, TR 2 AR RO B

Table 1. Laser ignition of HMX/Fe20O3/carbon black composite without fluoroelastomer

= 1. TERBRIRE HMX/Fe:03/ R BE S MRIEE S KRR

Fex03 (Wt%) HMX (Wt%) R HB (Wt%) FEAZIE (Wt%) FURBUR
1% 98% 1% 0% 2y
2% 97% 1% 0% 2
3% 96% 1% 0% 2
4% 95% 1% 0% 2
5% 94% 1% 0% Zian

Table 2. Laser ignition of HMX/Fe2Os/carbon black composite with fluoroelastomer

3+ 2. BEBIN HMX/Fe:0:/5x B E A MR S X HIR

FexO3 (Wt%) HMX (wt%) 7% 2B (Wt%) TR (Wt%o) KRR
1% 98% 1% 2% SEAIREE
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2% 97% 1% 2% TEAMRIE
3% 96% 1% 2% TEAMRIE
4% 95% 1% 2% R TEA R
5% 94% 1% 2% R TER R

3.2.2. FEEASECLERY HMX/Fe:03/ % BE A S 8eHRIA B S AR

FEWAK T 1064 nm, AR LR 57.83 Jem? ([ 2 BOE RUKSRAE T, I8 I 2H s s S AN R o & B
(1) HMX 2 & 25537 H06 s, B 25550 KA SR 7 =2, IR (1) J MG TSt AT 43
Pre —RRBOCIER FEFIAR R K, Hp A SR B E S 257 e HMX BB EROCHAE T AR K K,
BRI K, HKIAR IR FRELLARE FPIRE, Hodh FeO5 B EMIT 3% R BEEILT 1%M%
TR R K, iR e bbe: B8 =R K, B KIARS IRIFES R EMIRPIREEZR 7.

Kl 6 N C-5 HZ577(Fer05 I 7041 5%) I KIETESRIE . ARSI 2 B0 K 56 26 B R S ok R &2
BER% 100 ms — RNk, i A2 — E 2R S EE0s ke i /E A T RIZER R K—IR. E 6 T
b, KIGTER NS B K TR, BRRIER P AR AR RO I & — sk E R R B, s
IR KA BERF AR IRAS,  BOKJ@EFREEm R AR H R, R WIHAL KR =

] 7 25 B-2 H 255 HMX/K B G HMX: R 2GR R = L6 97:1:2) [ K IETESE . HMX/
KB EMRBET T LA EB: B KRB FERE. FREAEK, DU E B R K ZIN
T A, KK ZIEEOE ke E A, BFreoOEm s, B R IURTHARBTRR, HMX/ R 2B A€ ARSI
KIGEAR R BUIMRIETE, KIATRREUDN,  KIGTRE P RREE 5473 ms [ T AR S5 IFE K.

Figure 6. Flame images of the C-5 formulation ignited by a 1064 nm laser

& 6. Fi& 1064 nm BAAEAT C-5 AFFIR KBRS E

K 8 9 C-1 5K 7 HMX:FerOs: ¢ B G0 I R B L 96:1:1:2) 1 K I3 I I AT DA HE
ZRCKDIFRER B-2 AZFHMIE, XT e A e BRI Zisn, HIRRIFEEAETIE K. KB FaEike.
FHg. WK EANEL. BT R Fe 05 1 B-2 HZ7, C-1 AZF KRS TEITE, et d
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BAPRRKEMI, JKIEAEE), HIAGER RIEE, A5 4080 ms 5 TFA1E K.

Figure 7. Flame images of the B-2 formulation ignited by a 1064 nm laser

& 7. FA& 1064 nm BAAEA T B-2 AFFIR KBRS E

(2)

2644 ms 4080 ms

Figure 8. Flame images of the C-1 formulation ignited by a 1064 nm laser

8. i€ 1064 nm BAAERT C-1 LHZEFIHI A MRS E

9 2 C-2 A 257 (F 7 HMX:FexO5: % B FAG R i f LA 95:2:1:2) ) KA TESH I MBI BT LA
ZAZHE C-1 HAFJIATEAMML, FRERFRE T KIABRERE, (HM#E Fe,0s &AM, WL
B AR K, KA RRS TR B R 4E A, TR 25 I R

K10 2 C-3 A7 HMX:FeOs: 2k 230 it 2 LL o 94:3:1:2) I K JATE SR B (R ok Sk i 0
B 1064 nm, BEEH LN 57.83Vem?). MEF AT LUE H, 48 ms I 25T U6 Ralhbe, KIGR EF B
K IETEAS EAFEERR: & 84 ms Ja KRB T AR, & 242 ms J5 KIAEIF UG 3E5S, MTE KGR E
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B B LA RE MR BOK KA AR AR LB, 0 B M £ JELIN 18] A (AR 25 700 N AR AL R OT R, JFAE 1920 ms J&
WATEMK o 5 SRU I H A 2GR LUAL, 222 25700 RO AG R RE R AF, MR, S I i 2570

BRIGE R B i 1) — HH 24577
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3
2920 ms
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Figure 9. Flame images of the C-2 formulation ignited by a 1064 nm laser

& 9. Fi& 1064 nm BAAEAT C-2 AFFIR KBRS E

1920 ms

Figure 10. Flame images of the C-3 formulation ignited by a 1064 nm laser
10. 3K 1064 nm FSAERAT C-3 BRI K AR HRE

3.2.3. mINENEE

K Penny OGS XA A F 4150 B 9 HMX/Fe,Os/5% 5 8 £ 2457 HEAT 06 Ak R, 22 4 L
SR B S K BE B 2.65 T/em? FEAA 0 AN 5] 5 B L ) HMIX JE 52 45 BEAP R BIEAT IO6 SR, 37 4
KB RREATINR, 03 FRESEIEZG7 R K O R R, 1 N2 BN R K e
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3 NANFAL BELE ) HMX/FerOs/ R 3 R A M RHK e /N R K BE B, IR 8 vl LUt B2 i 2475
KREER ) 3 PR 3R 250 B IO ZH K, AR SR8 ) o6 1A A2 B W ZE B 20 AR DR 7T L, A FeoOs R R HMIX
DAL R B DU Aol e o 2 R . 4 S S WD AL o AN RN, o e /N K BE BRI S MR LR N “ 25700 K
SAKK” o BRGNS TG AR B, HFIRK, RZMAKR K. T THEICR ARG R S
254 PR S 18] (A E L X 50N A K RE R KIS M OR T8, MR BEATLLE Y, 20 Fe,Os B K 5
BOHL BEEAFINRDNICKRERA, BIRFFE 20.89 Jem?,

Table 3. Minimum ignition energy of HMX/Fe2Os/carbon black composites with different formulations

= 3. FEHESECLLR HMX/Fe:03/ R BE AMRI R /N EZ KBEE

G Fex03 (wt%) HMX (Wt%) B (Wt%) AR (Wt%) N R KRR (T/em?)
A-1 0 100 0 0 KK
A-2 0 98 0 2 AR K
A-3 5 95 0 0 AR K
A-4 5 93 0 2 TR
B-1 0 99 1 0 20.89
B-2 0 97 1 2 20.89
C-1 1 96 1 2 20.89
C-2 2 95 1 2 20.89
C-3 3 94 1 2 20.89
C-4 4 93 1 2 20.89
C-5 5 92 1 2 20.89
D-1 3 94.8 0.2 2 20.89
D-2 3 94.6 0.4 2 20.89
D-3 3 94.4 0.6 2 20.89
D-4 3 94.2 0.8 2 20.89
D-5 3 94.0 1.0 2 20.89

3.2.4. FNIEIRETE]

11 24 Fe; 03 i & 70 Hi 5 fUKGEIR I ] D¢ R o WO UK SRR AT, B-2 4257 AN FexOs, RUKIE
IRFF AR, TE 5746 ms IR KBRES; TR T FeoOs 1 C-1. C-2. C-3 =ZHZGFIM i K RE IR I R AH T
B-2 HZFIE K, HBEH FeOs s/ BB IN, 2570 K GEIR I (R BE 2 A K, 7371 6864 7174, 9220
ms. CEURBIRINEG B EZIRE TEEARIBRARRK K, BEEE S TUEH, KBNS ERT T
SR A 210 1064 nm BB ROGITRIBCEER . BTEL, FTRAUCAHTEROE S 245 7007E FIBTAGIY B, IR SRS
BOE K EBERI MR TE K, T FeoOs RIMNAAE /S HMX )5t 820 B, 763065 257501 F T Ua B B,
RMBEAS T 25770380 G e B MR BACR, SEUKEIRI AR K. HATHER FeOs MIIIAAETT B 4%
5 HMX #:fulft o B sk, R0 S 245 E - VI B, R BRI — LB T
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(RGN, 27000 R K E SR I (R AR o SCHR[17] 7 R B sU(CDs) B AL SR BB, 7E 0.65 wi% KA INE T,
CDs/Cu & &4 57fE HMX-CMDB ({30 s K IEIR I (A A\ 45 ms KRR E 15 ms, FFIEZE 66.7%. X
Tt WAL S5 P A N 70 (6 24 07 30 R R B 2 4 5 BE AR IR0 £ K E SR I 8] A 1R K B

9000

8000

7000

K GEIRE)[E] (ms)
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5000 T T T T T T T
0 1 2 3
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Figure 11. Plot of ignition delay time versus Fe2O3 mass fraction for the composites.

[ 11. Fe:03 RE N H 527 s A LRI E] Y X &

3.2.5. FREIR

4 NAF S BE EE ) HMX/Fe05/ 7% F8 2 G BH i B OEBE iC 5%, FrA 25770356 &0 808
2% MRS . B-2 HAFIAR AL, (UM TIRE 2 1%0% %, REMRER 0.0279 grem s, 1E
JUH RUK 570 R B R B /N s C-1 B C-3 25 770E B-2 257 A E, 23 B8N T i &3 808 1%,
2% 3%MIEAEL, = RERRE S BN 0.0374 g-em2-s7!, 0.0524 g-em 257!, 0.0796 g-em st 4]
12 4 Fe 03 i &40 $ 5 5 & W) 5T BRI OC R I o (UK SR A0 G IR K 1064 nm, fig &% 28 57.83 J/em?).
ALAEH, I FexOs JG A 25501 i BRI B K, HBEE Fe,Os IR/ G N, PRERE 2 3K
JITEA, AR T S 27RO RUKWIRIT B BT RE 20, FeaOs MG I BERIRAE LSRR K G, T
WRJoe s I R B AT s 2 ol 7 S AL BE[ 197 [20], A5 24 IR I A I ER -

Table 4. Mass burning rate data of HMX/Fe20Os/carbon black composites with different mass ratios

F* 4. FEIHEDECELR) HMX/Fe:05/ R FEE AR R 2 R

ErRe) Fe203 (Wt%) HMX (wWt%) B 2 (Wt%) TR (Wt%) JREMR#E (g em2s™)
B-2 0 97 1 2 0.0279
C-1 1 96 1 2 0.0374
C-2 2 95 1 2 0.0524
C-3 3 94 1 2 0.0796
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Figure 12. Plot of ignition delay time versus Fe2O3 mass fraction for the composites

Bl 12. Fe:0; RE D B ST REBRER KR

3.2.6. NG

T S H AR HMX/FerOs/7% 58 58 2575 0 RUKEHRE /- B3 A1, Fe O3y R BAE N R & & REM
BHOE AR, A FeOs B &4 Al 75 (R IFIE & FRVE M A e IRIE 2577 R AP UK SR . FeaOs
PR HORT 3%)5, A AFIEREE B AE KPR BB 22, 5145 255504 B8 58 A BRI T 38 B st 2K
I LA FeaOs R 5 43 BT 3%, BEREORFFEC R 1 B PRE , SCRELRIUE 277 R 8 FF S22 i H PR Ge

4. &g

() JEIHER B SEMMERE EVIESA A, 501 HMX RS EE AR, BN~y
AI85), RARTE 30 pm~60 um XA o 4586 X-SF 408 K75 (XRD) K ZLA ik (FT-IR) 7 B 45 A5, &
EPH ) HMX yfe e Y s ) p-HMX

(2) YK BAE N BAFHEREZEH, NS HMX 28 &5 bt kb vl LUK R BGE & AW BOs
WRR . 7E 1064 nm WK MEOEERT, RAMAN TR EERLA HMX ZE54754 e kK, HMX 3
i 5 HMX/Fe,03 HAMIIARER K s 18 A AN - AT WL - S 204N S I 6 1% 5 B 45 AT Jn 5| Nk 2 J5
HMX E:E &SRB 1064 nm 3 BOGHIRIRECR R i, KBS EHN 0.2%0) HMX 5 4555% 1064 nm
BRI N 47.79%, HEESBEHINE] 1%)5 HMX 2425704 1064 nm 3K 6 RIS n ) 7
59.71%:;

(3) Fex03 1E N RIFHI & REA B fRHEAL ), FTLABH B4R & HMX JEE & 5 Re R i S0k, HbE
# FerO3 JRE M HUI KR, SAEWIREREEEBE 23K A0 R IR & 730 1%00% 21 HMX &
HAFIMRIEN 0.0279 grem 257!, BRIEBDN, ke a5 NRE S EON 1% 2% 3%[1) Fex0s )5
257 R BRI 2 IR R T 0.0374. 0.0524. 0.0796 grem 257 HAh, Fe,Os A2 AEE S Ak
FEIRIF A K, 7% FeaOs B HUN 1% 2% 3% 124577 il KAEIR I [R] 73 AIAF T 6864 7174+ 9220 ms.
H FexOs LB/ HUE IS 3% 2 &ML KERE BN ZE . YEEOES Z7EH IV, FeOs
X HMX HEE &S R BHI B A BCE B Ji4h, N TR A 2550 A BRI [R] R RE DR R
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(4) FIREAREEEHECE T HMX BE &SRR RE, ARSI 75 2% 54
e, 25 s m AR BIAR KT, REAETIR 32 I Bl E R L 0N 57.83 J/em? FROE T R HUBUR
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