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RDX/AI/SIO, #:K £ & & BE#F LY H 57 A 1% BE

w44 EEA, 2 B2 B IRA, BFR kg LW

(1. BRETAFMT ¥k, LA Bx 210094; 2. @R E TA¥FRBEAR KA EA LB E, LA 8% 210094)

M OE: T AEREIRBERS (RDX) DU EE i [7] 5 o B o3 A P R LA DY PP S i o o i 9K 900, 000 1R A A 50, D e -8 I 1
il # 1 RDX-Al B 20405 %10 30% 50% 70% (RDX 5 Al st k#5286 0 1) By =Ff RDX/AI/SIO, YK 42 & & e kL. 4
ML W 0UBE (SEM) (BTG 2387 (EDS) Ko X-HFERATT 5 (XRD) % HIE A M 5 W #EAT 7 3R AE ;. HIIAE 7047 (TG) (2Z2m A #fi i #4 (DSC)
FTRER R BERE s 4 GIB772A-1997 WY IE N T AL G IO MLBURRBE . 45 2R R W] . RDX/AI/SIO, J& L) SiO, A B 4L, Al 5 RDX
HEA BB B 2R IR R A K A S Re R RL; 1% E A AR RDX BB /N E BB A2 65.09 nm, B HUR 72 Bl RDX-AL & 4 9 5
T34 2 RDX-AL R B4 2 $0 30% i), 54 RDX AR L, 2% & & #1 fhh RDX 9 23 fifg i B2 8 4 RDX $2 5 22.4 °C, 550K RDX A
LU R il B AR R 7 5 4 5 1086 em SR IE T 23 BUFE AR 60% .

KGR BWB-BER Y BRA(RDX) s QUK & &R R s PLBUEE

HmESES: T)55; 065 XEARERD: A DOI. 10.11943/j.issn. 1006-9941.2017.08.007

AR 13.3 °C, HHUME Y /5 T4l RDX, 3% v a6t

15 = SR ¥ HE-HE e 3% ) 45 T RDX I 4 40 409% £y
AR 2T A e PR SR g Ry, /RO R A AR B, JUL UG IS ROX

RDX fUfEME 4.61 Co XA PR G 1) RDX L 5
FHREAS BEFE LB P BE S Ao PEBE , o 1t , A BIF 5 R
PR I -BE IR 15 LAE PR SiO, Jh BE I B 22 48K Al K

1 T LB e 4 6L L (75 RDX B 2R
BT 245 IR R o B X — PG, AR AL
BB B AR kD e s R g ‘
B gy H S S DL o g e zs L ufﬁﬂ%mE}u%@!ﬁ&ﬂﬁ&ﬁ%@ﬁé%%ﬁcﬁEI4J
PR 3R 1 305 4 BE B RDXGAZa =R

VISR R AR % A R R RO o staaER 4y
A S5 8 O I AR T 4 4 K A 4 il b
B L Tk 4 RDX & Fhebtriy 2.1 WASHR
SFL R 85 RO R T 08 LAk 8 A M B B WK PO S AR ik g (STCOCH, ) ), p BT 26, BTAL T34
. 76 RDX 3EE A SRep B mA Cu Ni Al ZHAE A EE)AGBRAF; %R WE(CH,COCH, ), 4t
fEAE R 2R, KR GEE P BN E R L afi, Bl A A BRA R JEBER LB K
U BRI RO A AR (SIO,) T a (H,0), A AR SRR (HBF,) |, [ 25 4 1k
BAREA RDX 47 A ke vk S B R AT 0 s & e PR IRA Rl &R BN . 90Kk (AD 71
MRMAZR . BORGEZE " LGk Al B VEMAL 761 45 T Kife 50 nm , EBAEFRAR AR AR TRA R A w5 BR
RDX JE 47 AEMRE, % PR R RDX (94 it i i e gl RDX 4 (RDX) Tl it KA 150 ~200 wm, HAF OB AL

Tk R AR
WimBEHI: 2017-01-17; {€E B H: 2017-04-06 N
’ 2.2 L6 &
EE® v KL (1992-) 55 WL WP 5 AR, £ 2 N3 R b R} ol & B 1):%%&9—3&—:—1# e _
PERERFSFY . e-mail; zhangdong_dong01@ 163. com A AL PR R AR W R B S S A BR A A Y
BEBRA: HOE(1962-), 9, 80, S, EEMF RN 5M  KH-300 DEBISCES 1 75 3% 15 VE 2%, W% 60 kHz, 5 B
KRS . e-mail. huangyinsheng@ sina. com 30 °C; J:‘;f'% P % j\j i *% 72\, g E/ﬁ i % /A\ = E(J
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D2F-6050%) K 75 ML 4 , Ik BE 55 °C, A X 5 25 B 2R
0.07 MPa; X §F & it 4 Jy 18 & 2 & % A & 19 D8
Advance R X G AT 54, Pk il 26 S 0° ~85°,H
B AP 0.050257° 5 FAHH N H 32 24\ S-4800
RS = R AT N = L N2 W 2 L
A3 AT R 5 - RE S FE R £ 2 F] TGA/SDTA851e #Y
I B DSC823 e 22 /R F 4 & #44% , TG A1 DSC
3BT IR B i 43 51 2R 50 ~650 °C A 50 ~550 °CL J
TR A2 10 °C/min, AR HURRER EE I Rk
TEHE 5.0 kg 1R Ry 27 B ACRTZ AR 1.5 kg 19 58
25 R VR AT (B 4 D o A P B R 38 R 90°)
2.3 Xyt

W DU SRR e TR B 25 B T OKAR T 8 4
Jo b VR A R A 3 1 6B R 49 38 5 0 T R
25 I LA — 2B K i 46 BT R SIO, W BE .
& 1 C LK FR S 4 Y 409 K BB R in A B i & 4 1 RDX
PR b (RS RDX 5 AL R B 6 1 1),
FEFE 43110 min S5 i A 2R S 2 BT A A O AR
ST Jok ) TR A A BN 25 B K (U AR R Rk e S 2
FORBY BT L3y 104, FH A £k 550 6060 1% 98 % 1
pH EE R M. I T 4k S8 75 40 1, W W 2 ad of —
LK 47 B4 8] RDX/AL 5 4 43 51 2 30% .50%
70% (e T BE e RDX/AL ) 5t 5 43 %00 = Fh A A
fi 1 RDX/AL/SIO, Wi 58 1% o

¥ LR #E 55 °CF Has T4, 15 5] Sio, T
eI T UL SiO, Sk #E i B 42, RDX/AL 331 58 Horpr iy
RDX/AI/SIO, 94K &2 & & REF KL

F1 FESAM

Table 1 Composition of the samples
sample RDX Al SiO,
17 25.71 4.29 70
2* 42.86 7.14 50
3* 60 10 30

Note: The mass ratio of RDX to Al is6 : 1.
A Ay
3 #ZR51HR

3.1 f3HEE (SEM) 5

B Sh SIO, FRERA 17 .27 37 REfh ) SEM R
L Ta AL, SIO, B 4 5L 2 (0 e 55 0 3 AR )
gty NI 1b AT OB AR RDX/AL LS 4 SIO,
EAL T RDX/AL [ LI, SIO, B4 A A
b FLIR L T RDX/AL B Tc i i BE %
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RDX/AL L B34 T, SiO, B 42 v RDX-AL 135 78 1
— IR, HURHT SO SN &) (H b A D BAL
ATt WIE 1d AT DI & B, FiE RDX-AL
LA (9 3 — 2B 3 K, SIO, 5 2 T A7 AL 1 24 . RDX-A
LG , BN T RDX-AL HO B R, & 2 RDX-AL FE #
RN R ] A E R LR

c. 2* d. 3"
Bl 1 SO, KA 1" .2" 3 FEAL Y SEM K
Fig.1 SEM photos of SiO, xerogel and samples 1*, 2% and 3*

3.2 EDS &g Hr

1727 3"RESL Y EDS eI AN 2 FiR. mE 2 o]
AT 2° 3TRER R A CONLO SiLAL(AU R RE S
M WAL B A TR ) X LA T R, SRR %
JB2 - B3 Ji2 125 il 4% 1) RDX/AL/SIO, 4k & & & BE K
SiO, RDX Al = F BE & —EM, %1727 3"
FEAh Yy EDS % B A DL, Bl E RDX/AL L 1 i 38 i,
SiO, H L tf RDX-Al X} 1 7T &K H i 35 K, B & 22
RDX-Al 35 72 o iE— 20 4
3.3 X HHE&BELTE(XRD) S 47

ufi RDX Al By SiO, B 1% 2% 3 B s i X 5
LATH B (XRD) W E 3 fion . MWK 3 Al &, %
YK G & RE M BT BE R h RDX W it 5 /i 5 4l
RDX 1) i 53 £ AR — B0, 6 B I8 I - Jisc 4 Ak 2ot i o
RDX 19 i 1A 45 ¥4 e A7 & A o A8 o 38 & XF e Al O,
RDX/AI/SIO, 91K 5 & & Ae b kL RDX [ 3 20 (1
W T 3 1] AR 5, VAT TS 55, 1l Scherrer 243"
d=kr/(Bcoso) Al LIt 545 1, W e -H5E i vk il 45 1Y
19.2% 390K E A & e bR B RDX 924 & ok
43514 65.09,84.10,94.26 nm, MK 3 7 F i,
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RDX/AI/SIiO, # RDX [y fisfit e R LA WL, 70 Mk oy
J2 TR 0 BT RDX B i A D g

1200 Si

counts / cps
D
o
<

Si

counts / cps
D
(=]
Lo ]
1

counts / cps
D
=
=)
1

E/keV

B2 172" 3TN EDS B
Fig.2 EDS of samples 1%, 2* and 3*

6000+ —RDX
—Al
50001 s,
>
Z 40001 3
= #
2 3000 —2
LU, |
20004 U | "
Lt
1000 LA .‘n -
0+

0 10 20 30 40 50 60 70 80
201(°)
3 RDX.AL.SiO, % 1*.2* 3*FE fh 10 XRD [4l 3%
Fig.3 XRD spectra of pure RDX, Al, SiO, and samples 1%,
2% and 3*

3.4 #IERES
3.4.1 HEEHM
K 4 gl RDX & 1" 2" 3R R T (TG)
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o XHEI, ZPIKE A EREM B RDX A T i 5
FURE Al RDX 0 B AT X I i T 9 e - 1 241 Ak
1t AR RDX g i Rn RT3 99 0K 9, A8 45 F i ) 22
(1) 2 foh TE0 ARG R A% JB 2 /D, AR T AR A O Y A
JRAE PG R 55— 07 T 98 K AR R O M AL A e
S5 RDX BB e W B 0 P H 1727 3T
R KA RDX/AL/SIO, 44 K &4 % Ge# £ RDX/
Al EREHE £ 2 AR B RDX 5 401 2 i 328
WS, LR R B K G & Re A R SIO, B AR
B S FEY RDX-Al & i AW £, Si0, 5 22 b i
Ay FLIR S FE AR AN 21 B B3 G L o A 3R KR 5 B
G, AT SN ) 22 T ik e AR /D A% O R B G OR Tk
2 J N 3 B BB T AL AZ BN RIS, R B TG il
2 LRI RDX/AI/SIO, 99K 5 & % RE# KL b RDX [ i
TG W RDX-AL 5 5 9 35 i 38 K

100

80+

60+

40

—RDX

—1*
20 __9o#

—3*

0

mass loss rate / %

100 200 300 400 500 600
temperature / °C

B4 i RDX & 172" 3"RE Y TG i 4
Fig.4 TG curves of pure RDX and samples 1%, 2* and 3*

3.4.2 ETRHFEERSW

K5 gl RDX B 17.2% 3%HE i il 22 78 113 B 44
(DSC) 1, DSC 4347 3k B2 v A i 1 TR 2 S 1
10 °C - min™ &S5 XU DSC fh AR5 5 &
B, A0K AT A S REMORL R RDX R Ak B o it Tl b g I
554l RDX 43 277 1.56 ~4.49 °CHl118.9 ~22.4 °C,
X2 BT 3 -5 e vk il & RDX/AL/SIO, i ## v, SiO,
AR AL BRI T RDX/AL &R G 3 K, RDX/AL 2
b ZE YK RST I T B g 2o B A A% T RUAG ARG B
A, G AR G K R B 1 i AL VR B AL 73 RDX/AL/
SiO, 44K 5 45 & RE A R o RDX 144 1k 143 fife il P e
PR X127 3TRE S R B, B SIO, B 4
RDX/AL AN Wi 34 0, 52 & A Eh RDX 1) 43 fifk s 44 0
B R, X T, 6% RDX/Al R n , Sio,
B R XS 9 L W AE B AN R A AR CHE AR kL
KR GG, (A5 SN 4 =22 18] 122 oo 1 A 2 A% Joit 5
At
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FEOR, 2L R BN A SEOTE HE O 3 R S A R R
RDX' {14 73 iff T EA WA A7 3 17

4
eXOT
- 2
()]
g
& o 43T 21957°C
g | —TeyasC—] 221.86°C
=

_4-M

20292°C__|

750 100 150 200 250 300 350 400 450 500 550
temperature / °C

5 4 RDX 172" 3"F ity DSC il £
Fig.5 DSC curves of pure RDX and samples 17, 2* and 3"

3.5  HLA B AR

B EF AR GJIB772A-1997 J7i: 601.2 & 602.1
Mikal RDX(4%) 4k E & FhRer R (17,27,3%) Kl
PIR AW (57,67, 77) fyf oy A EE 4B R E S o
HOIREEIREE 23 °C XTI 45% 45 R ILER 2,

£2 4iRDX(4") YkEATRMEO",2"3") RHLHIES
Y1(5°,6",7") Fydit il 5 5 8 IR AR 45

Table 2 Impact and friction sensitivity of pure RDX(4") , the
nano-composite samples(1%,2% 3%) and mechanical mixtures

(57,6%,7%)

No. impact sensitivity/cm friction sensitivity /%
1% 134.9 10
2# 95.5 26
3* 57.5 46
4* 26.3 70
5* 18.9 82
6" 20.6 76
7* 24.7 72

M % 2 W] W, RDX/AI/SIO, 44 K & & & fig ¢ okt
(17,27,3%) (¥ 45 o7 1 e 45 Jak 3 3 W MK F 41 RDX
(47) Bxt I LR A4 (57,67,77) o X2 T %
e -5 v 1 4 1 RDX/AL/SIO, 95K 52 & & RE B RL 2
LU PR L1k SO, 24 42, RDX/AlI I FE7E B 42 4 v,
SiO, ‘B L7 4 7 F1BE #5250 7% v Al ) 22 b AR 4P 4R
L f#E RDX/AL/SIO, 94K 52 & % BB R Y 1 5 17 P 4
JRRE Y WY A T 26 RDX HLBIR & %t SiO, K gl ok
Al Ky B A7 TE AT A M 25 0K 2 v 7 A BRI 8 AR R
PRI Z R G W) e o R EE 48 0 AR h 4l RDX ) 7
Az B 2 A DAL HG AR o R 45 R RE B T 4l RDX
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1 RDX/AI/SIO, 0K & & REF KL

XL 127 37 B, HC A o R 5 R I B RDX-A
SRR NI 4 o X T B A S L] B 4
i, 2 wh R AR 34 G 855 AR IO, £ B B BN
Wb A TR B A R BT R B T, e
RDX-Al 765 Qb AR HERR AT SR A R (R R A B AR 1
o B oL R e B T R 1T 27 3 e ol 4
JEJE 6 RDX-AL & g (3 i kg k. X 5°.6".7" %
B, Hefs oy M FE IR I SO, 5 400Kk AL 75 & 1 3
MK, X2 B THEE SiO, Mgk Al Ky g8 m, KE 254k
FAELE o FIEE S50 i v B 7 A B 22 ) 3, TR ot L ol
L BERE IR B SO, AR AL K53 3 g 3% K

4 % ®

(1) R % e -8 e ok il 25 1 = Fh O [6] B e
RDX/AI/SIO, 9K 52 & & GE A1 kL, SEM I3k 25 2R 3%
B ,RDX/AI/SIO, 2= L)“ e 55 7 4k SiO, 5 42, RDX-Al
WA N2 LA K & S REM kL,

(2)EDS fg3& 3 Hr K B, & R B A CON,
O .Si Al 50K, 454 SEM & F B RDX/AI/SIiO, 44
KE A EGREM K RDXALLSIO, =% R E & HE—ilE
M. XRD MIXEE R F W], %8 G & Bep ko RDX (1
mm B R K 2, L34 ke ROF 29/ 100 nm,

(3) #4407 % B0, RDX/AI/SIO, 44 >k 5 & & e #
Bhrfr RDX R 9 Ak e o3 fige il #0245 )5tk RDX 42 .
24 RDX/AL {5t 73 %0k 30% B, %52 & & BE A kL
RDX 53 fifk il JE %5 4l RDX REARG 3 e Kol 22.4 °C,

(4 ) HLAM R B2 0 45 2R & W, RDX/AL/SIO, 4 5K
52 A S REMOR Y o B R 5 RR R UL RDX B ek e
ik, Mz & & bk b RDX/AL /Y JT & 7y 80 R
30% B, K il AR PE V% i LE EUOREE RDX #2155 1086 cm £
YEE 3 HC L 5B RDX AR 60% . [A] i & BE, B &
RDX/Al SE 559y (3 2, HHUAMURR B2 o AH Rz 4 K
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Preparation and Properties of RDX /Al/SiO, Nano-composite Energetic Materials

ZHANG Dong-dong', HUANG Yin-sheng', LI Rui’, LI Meng' , WANG Jun-jie' , GE Meng-zhu' , ZHANG Hui-jian' , HE Ya-li'
(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Ministerial Key Laboratory of ZNDY, Nanjing
University of Science and Technology, Nanjing 210094, China)

Abstract: To reduce the mechanical sensitivity of RDX and improve its thermal decomposition performance, three kinds of RDX/
Al/SiO, nano-composite energetic materials of RDX/Al mass fraction as 30% , 50% and 70% respectively (the mass ratio of RDX
to Al is 6 : 1) were prepared by sol-gel method using tetramethoxysilane as precursor and fluorine boric acid as catalyst. Their
morphology and structurre were characterized by scanning electron microscopy(SEM) , energy dispersive spectrometer( EDS) and
X-ray diffraction( XRD ). Thermal performances of the samples were investigated by thermogravimetric analysis( TG) and differenti-
al scanning calorimetry (DSC). The mechanical sensitivity of the samples was measured according to GJB772A-1997 method.
The results show that the RDX/AI/SiO, is the nano-composite energetic material formed by the Al and RDX into the skeletonn of
gel as SiO,. The minimum particle size of RDX in composite material is 65.09 nm, with increasing the RDX-Al content, its aver-
age particle size increases. When the mass fraction of RDX-Al is 30% , compared with the pure RDX, the decomposition tempera-
ture of RDX in the composite material decreases by 22.4 °C, compared with the raw material RDX, the characteristic drop height
(Hs,) of the sample increases by 108.6 cm and the percentage of explosion decreases by 60% .

Key words: sol-gel method; RDX; nano-composite energetic material; thermal decomposition; mechanical sensitivity
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