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Abstract

The catalyst ferric oxide (Fe:03) and the absorbent material graphite were combined with the
high-energy explosive octogen (HMX) by using co-precipitation method. A series of HMX/gra-
phite/Fe,03 composite energetic materials with different ratios were prepared. Their morpholo-
gies were obtained by SEM and structure by XRD and FT-IR, the light absorption performance was
tested by UV-Vis-DRS. And the laser ignition performance of the HMX/graphite/ Fe.03 composite
energetic materials was tested under a certain laser energy intensity of 1064 nm wavelength. The
results showed that the HMX particles in the composite were in a regular polygonal geometry with
the particle size of within 20 um, the graphite/Fe;03 was uniformly distributed on the surface of
the HMX particles. The HMX-based composite energetic materials with graphite/Fe.03 could be
ignited and burn continuously under the laser energy density of 31.34 J/cm?. Different mass ratios
of graphite/Fe;03 and the particle size of catalyst Fe,03 can affect the ignition delay time and mass
burning rate. With the total mass fraction of graphite/Fe;03; was 5%, the ignition delay time of
HMX/graphite/Fe;03; composite increased with the increase of the relative content of graphite and
the increase of Fe,03 particle size. When the mass ratio of graphite/Fe;0; is 4:1, the combustion
velocity of the composite was the fastest, which is 0.0440 g-cm-2-s-1,
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1. 5|8

AR, MERERIEZ M TReE S, R MERRIF SO0 St iz FH T o 2 A HE )b o 72 [ By A Tl
5 FR Y B 24 B 30 SR P L P K R AR A R 24 K e (SRR R B RAEE BRI BB o — 7 THT HEL % 5 32 F
BET- PRI . AEEIR 2] DAYE H % o i e A WU IR R LR ko, 5 B0 A AR Il 5 e A ot B Ak
Sy —J7 T T AEAE G0 K 8 A 5 A5 35 e 5 (B ) O 0B AT) K 2 T 3 A B Y5 [ 1] [2] [3]. T B
RUKBEARRAE oG R 2 R A% B AN AR A8 5w R 7 2SO0 A BUBR BRI E AT % R0, IR
THBR T RN E 2 06 5 U (4D R 2R P K 2 B P I R A 3 B AR RO, BT 3 S e LTS R 1 S
DA% B H R L TR SR P FE By, DT 32 B AR K A

B FE4S HMX, 22 g5k a1 1 froR), 23§30 CyHgOgNg, AHRT 775 & 296.16, % F-1#-21.61%.
BHEA BN, mEE, el URERESHEZMA, TS ZRE NI R A B FEE,
N ZE R AR U 5 G )V R S U () SR S RE AR IR 24, 2 H AT 24 RT R 55 o R Bz A
)z —. B, HMX BIOGIERER 2, 4l HMX S KT 400 nm B93806 JUEAR M, B R 2
T I b B R ke SR DAL R R ) K TGO s K [4]-[9]. IREIIBRA EHINAT 38 R fi5R
Wi BRAKE . A SRR S5 RAE B i) R AR 10], BARGENE, SEaramilc, w AR &
PRI, I H R ZHEA R & PO R R 5 (0 3 R, AT DK BT 3R A5 ) AV RE A8 38 FA gl
MELESCOUA RFDE . Ak, BRAMPRLE BA TR R B AL R e, mUGREE, S DL
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eI R . oA SRR R A, ARG T AR R R A AR B, R ST A
WO T 45 AR AE 2 e A Rk Hh 5035 5 R AR IO BBURREE[10] [11]

S TR (Fe05) NAARER R, ANETK, WIETHR, RAEHREEAL, BT, MBS, 2
PHEREFR e AT 2 —, AR EAFIE IR EAER . AR, 499K Fe,05 X CL-20/HMX
I R BA RIFHIEIIER, CL-20/HMX 13 R IR FE AN B /N R K Be AR IR Fe,05 i FEAIR
[12], 3 H Fe 05 FIfiA 1 RS2 BR T 5 i 2 T ARRUEURL KN o (A0 R Fe,O5 FLAR kD M3 5E[13] [14].
BRE, MEAFERAR Fe,05 5 HMX B4, oA FRREH N HMX, Sei ot Sk ERE .

ARSCRH SR iE S & 2 AR, DL H I P(DMSOVE NER, KB FARIENIERR, HAEK
VERBEAE . INNAS [R5 2t LU 1D v i M08 LA BE2 1) 588 /F e, O YR B9 DA B A S8 RN AN [ 8 s il R A B T
Fe,05, 4 Hil#% 5] HMX/fi #/Fe,0; HE& S REMEL. XIS 2 &7 B BE(SEM) X 2475
(XRD). 1§ BN ERE(FT-IR) 4k - 0] WL - UL L0 A8 [ S (UV-Vis-DRS) & 0t ik M B S R AE 5
R, DURFA SRS Fe 05 LB LL 2 Fe 04 HIRLAR T HMX O s K BRI B 500

O\ﬁ /o
|
O\\N* N/ \N—N(O
0[ \ J \\o
_—

Figure 1. Chemical structural formula of HMX
B 1. BrieSrtzaiaX

2. SCROERSy
2.1. RFFIFLES

HMX, et THER; A%, 4iF >99.85%, FEHEREFEM T AR ZHELMR. FiEE.
AALER. CIR CER N H e, SRR A

Tenser27 R I 2T AMEiEAY, SEEEHFIA A ZOOM-620E B2 B, K7 s gs A
Al; EVOILS BYHHi i 7R, MELZANE AR X Pert PRO B X FILRATHAL, 7 ZMAGNFL A A
Penny-A-5 2 Penny OGS, #1LE RHROGRHL A A,

2.2. SEWFE

2.2.1. HMX/AE/Fe,0; S S EEMBHHI&E

Fe,0; 41k : IR FE (AR IS IR A AL S AL T Fe, 05, JEITI/IN Fe 05 AIRIAR LA s HAR AL PEAE
Hill 2 FE: S 1 g Fe,05, ARYE SN 7 FE Fe,O; + 6HNO; = 2Fe(NOs); + 3H,0, 7351 Fe,O5 SN 10%-
20%- 30%-. 40%. 50%73 3| LM AR AL FE ) Fe,O5 HAARP IR

FREX 1.00 g Fe,03 B T 50 mL [)/GEARH, 43 i H & A & B 20% 46 82 1.10 mL, 2.10 mL, 3.20 mL,
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430 mL, 530 mL, WMHRREEFINEE Fe 05 M/Npedfrh, AW HHE, REEE 1 /DT
RN, T9E, B EETOKMIK OB, BRER pH=7, H2 T 6 /M.

Fe,Oy/ 47 S I TALBE : A7 538 /Fe O3 HEAT IR TALEE, B3 ild& i bt 1:4 2:3, 101, 3:2, 4:1 bk
BIRA G 7 0B, SRIGHHRAYILE 500°C N i Bobe 4 h IR m g f i .

HMX/ 1 58/Fe,03 A& REMBHE & SR - AREFNEHI % HMX/ f158/Fe,0; E B & R B,
—E BN HMX T 10 mL —H T HR(DMSO)H, 45°CKIE, 584G, TN B & L 58/Fe,0,
REY, FFIAN 3 mL JRESECN 1% BRI O CEEERAE N5, BidE 40 min J5 75 402 15
min, & 75 25 R K RO FE B 2 RS RETE IR KB e T Gk S B 3, 212N 30 mL 25 557K, Btk 10 min.
W BMRA R EIR, M. Pelk. AT, &5 R ERS 2 HMX/ £ 3 /Fe,0; E & EReM KL

2.2.2. HMX/AE/Fe,0; R A S B BB RAE

KH EVO18 B AT 22 434 H 1 A (SEM)X & A B TR R 3 AT W42 : X Pert PRO 2 X 2k
TSSO A AR RS M AT 08T, IR HLER: S0kV, SRE N 20 mA, 260 fIHEHREHE
0.5°~170°; K FH Tensor27 {37 - AR 4 2T 41 i A (FTIR) S B i B 20 A RSO 5 38474047, SR A UV-3700
RURE AR LA - ] WL - 3204053 Y66 RE TH(UV-Vis-DRS) X FE i 75 1 21 7k B SR 347 204, I K
JEEA 200 nm~1200 nme.

2.2.3. HMX/AE/Fe,0; & & BEF BB s A

K H Penny-A-500 1 Penny 't % Al g 5552 O AN [A) 5 & E B Y HMXY 7 28 /Fe,03 B A M RHEAT 14
KR . FREX 30 mg £ B T 708 5 MPa FRENL N HEHI B EAE )y 5 mm, JEEN 1 mm 254, 1EH
BFEAY 1 mine m K S Eilh, &, FFBOAEE, WOGHAK 1064 nm, Bk 110 ps, Bk EEM% 10 Hz,
KR EARZA 2 mm, (BOLSATHE 250 mm, EHEEE 200 mm).

3. BR 51118
3.1. HMX/A£E/Fe,0; E &S HEM BRI RIE

WRIEFE SO RKVERERIL, EFE T Fe,05/ 1 SR E N (a) Fe,O5:f1 58 = 1:4; (b) Fe,O5:f1 5 =3:2
FIPIAS HMX/ A1 58/Fe,05 E & & BEMRIE AT RAL, b, ()BTRS AR KGR IRREANR
SE -~ HBTRIRBEER R, (0)HIFE S BEOL RORBE S G ROR RASE

3.1.1. SEM

RIS E T L 1Y Fe,O5/F B 1 HMX/ A 22/Fe,0; H-4 SRt B SEM MR &5 S an & 2 Fion, AILA
FH, EE HMX 2 FATR S DR RZRERL, FiEN 10~20 um, 208U85], SAREEOLHE .
£ HMX R H Y5 B0E S — S @ Z0RY), NoNA 8. Fe,05 SRS HIHITR &

3.1.2. FTIR
HMX. Fe,05. 15L&k HMX/ 41 5/Fe,03 E-& & ReA EHE FTIR MHXan ¥ 3 Fras, £ HMX ) IR 6
W F, 3032 cm™ A&y C-H HZE4R SN, 1560 cm™ AL 11§ N-O AXFFRIRSS, 1460 cm™', 1431 cm '
1396 cm™'\ 1346 cm™' vy C-H B iRz, 1278 em ™' AbFJIE A N-O SFRIF4EIRS, 1190 cm™ AbfJIE A N-N
HYEIRS), 962 cm ' ALHIIENIMBZEIRS), 947 cm™' AR IR [MIRS), 757 cm™' AbRIIE Y N-O 25
PRZN . HA 52 5 Fe,05 1) IR B 7] 50 52 (R AEIELE 414 cm ' /2, Fe,O5 I FIEZE 536 cm ' F11466 cm ™!
AT Nt HMX/ A7 58/Fe,0, B4 E R HMX B IR K3 & Bl HMX/f1 52/Fe,0, B S YI7E B e B X flig
GUX PRI ARG HMX — 5, FRXF LW e s B R TR A T 284k, S E &b HMX (&
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BEREACE BE R BCA B IR . 7F 400 cm '~570 cm ™ Y Fl 4 HMX/ 47 58/Fe,0; A L T 1 28 A1 Fe, 05
o N [PV RFAE R i e, WA B AP — R Rl IXUER T =R R A TE T AN R R
VIR G, FLAETOUL X AT BE A7 AE A 27 (8] A ELAE D 7

(a) Fe,O5: iz = 1:4 (b) Fe,05:f158 =32
Figure 2. SEM images of HMX/graphite/Fe,O;. (a) Fe,05:graphite = 1:4; (b)

Fe,05:graphite = 3:2
& 2. HMX/AE/Fe,0, B EE . (a) Fe,0;: A = 1:4;(b) Fe,05: AL =

3:2
HMX
=
&) HMX/{1#/Fe,0,
Q
Q
£
=
8
é Fe,O,
g
) /Av*’\\}\/
o=
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Figure 3. Infrared spectra of HMX, Fe,03, graphite and HMX/graphite/Fe,O3
composite
3. HMX, Fe,0;v AE5 HMX/AE/Fe,0;, EAMMILIIMER

3.1.3. PXRD
IS INAN At 5 L 1Y) Fe,Os/F 82 1) HMX/ A 52/Fe,05 5 & & B R EUEF HMX |19 PXRD 45 5 4n 4]
4 Fow, ATBLREL: FORE HMX ) =il HIILE 14.59°, 29.57°. 31.93°, &% HEEHHHY g 7 HMX; Fe,Os
) =50 R ILAE 24.16° 33.32°, 35.73°; A1 SERFIEATATIE N 26.47°H1 54.61°, 1E HMX/Fe,O5/ i S8 &
kL XRD ERE R BH I 1 =2 RHERAT g, B R AT HMX. f 85 Fe,05 2 A AR IF IR Fr &
— AR
3.1.4. UV-Vis-DRS
NN TR EERT Fe,O5/47 521 HMX/ 1 58/Fe,05 B & & REARL I 1A 58 4h - T L - 20418 [
MAREE R4 5 foc. M S el BUE H: 18 HMX SRR IR E R L Fe,05/f 84 S 8E AL
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ARG IR A B B AN E . £E KN 200 nm~600 nm JEFE N, RN Fe,O5/ A B &EH AN 3:2 i HMX
B BRI E SR I T RN Fe,O5//a BT L 1:4 1Y HMX H &8 BRI R, X — X5

INA-Eb

FEREANCHTE WG, KA 700 nm~900 nm & B 78 P Fh G & Fe,O5/4 221K HMX B &2 fik

BRI R EE A E . AP KN 900 nm~1200 nm & Bl § HMX

AR B ICR AR AL

2 HMX XK T 400 nm FREEEAAR L, (2 WERAN - AT WL - I 2508 B S ' i 18] ol LU

Ny Fe,O5/ 41 821 HMX 3

B BEMEE 1064 nm b FH — BRI, U810 Fe,Os/ A S5 i & EL A 3:2

AFN 1:4 B, BEE A SSARX SR HMX 22 A &M ARSI 0.11 343 0.15. U5 %
Fe,0y/f1 S8 AE M o505 24 77 O BUBR I, 8 5T 1064 nm BOE R I 53

II II. ‘j | )9 ¢ * Fe,0,: f154=32

I Lokl e

Intensity (a.u.)

| Kok m HMX
J Y P Fezo
10 20 30 40 50 60 70 80

2 Theta (°)

Figure 4. XRD patterns of HMX and HMX/graphite/Fe,O3 composites
[ 4. HMX 5§ HMX/A£/Fe,0, E &8I XRD i&[E

0.6
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Figure 5. The UV-Vis-DRS profiles of the HMX/graphite/Fe,05
complexes with different ratios of Fe,Os/graphite

B 5. EBFERLER Fe,0/A%ER HMX/AE/Fe,0; EE1IH)
UV-Vis-DRS %[
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3.2. HMX/AE/Fe,0; E 5 & REM B R AR

3.2.1. BRiRiTFE

HMX/Fe,05/41 58 2 &7 BEM BHE L AL BOLRK i UK SR R A K IR RFERMRRE A SO AR i R
K6 Fn. ZIHEROCITER NP 1 JJar A KIGT R, RERbe & AR I B B0
MRS S YRR, 25558 A — MU S B, SN 2GR R B8 . WOGARSE T, 2G5
WOL K AR A AR BCE KA R THORIIIE, ARRERET &, KT RIFERIREREE, itk
WotheEa, KIEEHEIBEER K. WRGHUR R RIAR KW 7 B, A7 FaTUE . 2
FEAM e Te 4, RAELGAFAE DB ARWRNIZG7], Ui B 2550 R A% KA BT -

274 ms 445 ms 558 ms 763 ms

KIE= Lk KIGT K RERERAKE KIFHEIR

Figure 6. Combustion process diagram of HMX/graphite/Fe,05
composite energy-containing materials

6. HMX/A£E/Fe,0; E & S REM IR IZE

QQC
Q0QO

Figure 7. Images of the remaining residues of combustion of
HMX/graphite/Fe,O; composite energetic materials
7. HMX/2/Fe,0; E & & BEMFHRIRRIRZE

,

IR R LA 2. Fe,O5 [ HMX/ 1 88/Fe,05 B A & BEAM B IOE Ak 45 B 8 Fros, WA
8 WL H, BE%E Fe,05 & BN, EAWMEE MR KOG 23 K5 /M3, Y Fe,05 f 5 =322
AR R K JBIR BB K . 2 Fe,O5:f1 58 = 4:1 B, TEBORIIER N W JOE R BIRRE MBI T 300
ms, BEHITRINFI Fe,05 %7 HMX HIHE AL RO T4 5

3.2.2. RKFERATE)
WO sUK AE SR I 8] 2 it ORGSR ST 06 B NE 24 % A 1 RERRIGE I 75 2 IR [ [10] 0 24 700 OO (1) e &
58 SRR R EE AN AW R, AR KRG KA R . ¥ HMX/ £ 2/Fe,0;
A& RPN EURL HMX RO RE B 252 N 31.34 Jem® N REATHOE A CHEBENNR, Wl % 9L B HMX
PL A Fe,Os/f s/ HMX NGRS P #0 0B o sR B GIHA, T HMX/f 52/Fe,0, 5B & & REM BT 5t T Re %
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TEWOGHE I RS be = AL B2 K G, BB ) - SRIEFNE RIS 21 Fe,05/f1 52/HMX &4
KLBE % B B HMX Ot SUK R E, A 28008 HMX BOBBUSERE . 640 2K AR B [a) 0 45 5%
Wi 9 B, BT LA HR IS [R5 & TG 1) Fe,Os/0 S8 A1 [R] S 7 A B AR BRI 1) Fe, O X & & WK i K SEIR
A B E RS . I 9(a)rT LB H, H{ESINF Fe,O/41 82BN 5%, B Fe,O AN &5 & 1%
I, 270 s K SR (] A IR B34 . Fe,0 5 SRR LA 2:3 I UK BRI A K, A 6934
ms, ¥ 2.5% Fe,Os FIER I 3% Fe,O5 sk ZEIR I [AIFEAAH R . M 9(b) AT ELE H, SN Fe,O5/ 41 55 51 &
Eboh 3:2 B, B3 Fe,Os BIRTRE K 1N, SRR & IR HIRA01L Fe,05, il #5145 2 1 & &M B0 s KAk
IR [ B Fe O FLAR HI80/IN 1T 46 i o

0 ms

3

176 ms

352 ms 458 ms
552 ms

e
724 ms

1:4

0 ms|

442 ms

630 ms

752 ms

QS ms
3:2

Figure 8. Combustion process diagram of HMX/graphite/Fe,O; composite energy-containing

materials containing different mass ratios of graphite/Fe,O3

E 8. ¥ RERELLEASE/Fe,0; B HMX/AE/Fe,0; E& B tEM AT IEE
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| /- 6200 L]
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(a) VRINZR IR B EL I Fe 0,47

3.2.3. NMEISEERTE) B R B R BIE
IRIDAE] EL A1 ) FeyO/ 47 BRI [FIREAZ ) FeyOs B KGRI RF SE I TR A ] 10 w8t & 10 HhiZk &

AUAE Y, 2GR RBEIT TR) 32 B Fe,On/ A1 25 (1 BRI AL 77 R RDRE K /N

(b) IIAFEHRL A /N Fe,O4

Figure 9. Curve of HMX/graphite/Fe,O; composite sample ignition delay time with different Fe,O;/graphite mass ratio and
Fe,0; particle size

& 9. HMX/A2E/Fe,0; 8 & ¥ G KRBT EIFE AR [E BREZLL Fe,0/AZMAEBRIA /I Fe,0; BIT L AHLE

B
22

M. MK 10(a)rf AR H, 2
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Fe,0s/f1 52 BN 5%, [ Fe,Os AT & S I IR se s (M S 3G IS 4652, ¥R IN Fe,Os/41 52l &y
23ﬁ?UWWmﬁ@mkﬁ3%mmoMﬂlwau%m X Fe,Oy/f1 5 it & LU B 8 A 3:2 INf, i In&
TR ERAEAL S5 1) Fe O RIURL RGeS [R]35) i T A AL BRI (245 77), HS AR R SUSL Fe,O5 BB 10%38 in E|
50%IF, A it PRI BRI B T S SR 384 0 5 B AR R FEANAE

4000 4900
I ./\ I u
3900 |- B 4800 |
t [ .\_/.\
3800 | 4700 - "
£ E 4600 |-
= 3700 | =
= . =
& £ 4500
& 3600 |- &
4400 |
3500 |-
| |
430 =
3400 1 n 1 n 1 " 1 1 1 n 1 1 " 1 " 1
I: 4 2: 3 1: 1 32 4: 1 10% 20% 30% 40% 50%
Fe 0 /41 R ELL Fe,0, R &
(a) FENIR R EL ) Fe,Oy/47 2 (b) VIR A /N FeyOs

Figure 10. Curve of HMX/graphite/Fe,O; composite samples burning time with Fe,O/graphite of mass ratios and Fe,04
particle sizes

& 10. HMX/ A EE/Fe,0; E &M RIAGRAT BIRE A [E B E LAY Fe,05/ A =M AR Fe,0; BT (L BhLE

EAF LA Fe,05/ A1 BB A W55 R Fe,05 ) Fe,05/ 41 IR AW HMX 285 & & Rett bl
PR R ] 11 frs, AE 1) T EUEH, Fe,Oy/f B8N 5%H, BEEH Fe,Os X & & 1Y
TN IR BEE R BRI R, 2 Fe,O5/ A S8R ELoN 1:4 B BB AP R B K, 4 0.0440 g-em s
M 110 af LR, BEE Fe O3 BURLIR/N, T BB 50 KA T ORE BE B AL S B0 G R, B
(1 S R AT B2 B T FeyOs BURLIR/)N , R THI Y T 12 iR J2 R Fey O FIURLIA1 2R, 2 3 A M n B0 D A L b e

TIBEAR. BEFE R — 2D, PORTIRG R, [ MG PN 5E, 80U BRI K.

0.0360
0.044 [ ]
00355 =
0.043 |- 0.0350 |
"o ”-1_: 0.0345 |
Y2 0042 | °
S - § 00340 |
&0 S0
0041 | N 0.0335 |
& £ 00330 |-
m% 0.040 |- %
1 00325 | .
= - HE I/\l—/
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.\_/ .\/
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Fe,O,/f1 52l & bt Fe,0, ¢ &
(a) WINASF B2 H ) Fe,05/ 0 (b) W INAS [FIRURL K /N FeyOy

Figure 11. The mass combustion rate of the sample varies with Fe,Os/graphite of mass ratios and Fe,O; particle sizes

E 11. HRREBMREIREFERMAEREELL Fe,05/A %M Fe,0; BRI A /N K%L
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4. g

1) Lh HMX NFEEIEZ, Fe,O5 fE AR, A BAERBIT, AR AT, R
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