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Effect of Various Energetic Additives on Reactivity of Nano-Al/CuO
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Abstract: To evaluate the enhancement of various additives in improving the reactivity of nanothermites, nano-Al/CuO and
energetic additive, such as one of high explosives, strong oxidizers and fluorides, were assembled into composite energetic
materials by electrospray, and thermodynamics calculations, open combustion test and closed bomb test were carried out. The
results show that the small molecular weight gaseous products of energetic additives and synergistic effect among components are
the major factors promoting the reactivity of nanothermites. In terms of improvement capacity, high explosives occupy first place,
ammonium perchlorate (AP) comes second, and followed by perfluorotetradecanoic acid (PFTD). For nano-Al/CuO, the constant
pressure propellant force increases by 64.3% with the addition of hexogen (RDX) or octogen (HMX), and HMX offers the most
enhancement in the maximum pressure and pressurization rate with a rise rate of 62% and 408%, respectively. Nevertheless, AP
and PFTD could weaken the combustion performance and pressurization characteristic of nano-Al/CuO.
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performance; Pressurization characteristics
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Tab.1 Precursors compositions

[ A i wne/% W e/ %o
Al/CuO IECkE GRS ) - -
Al/CuONC LTk (3:1) 5 -
Al/CuO/NC/RDX LTk (3:1) 5 5
A/CuO/NC/HMX I Tk (3:1) 5 5
Al/CuO/NC/CL-20 LTk (3:1) 5 5
A/CuO/NC/AP PR/ Zk(3:1) 5 5
Al/CuO/NC/PTFD [ 5 5

N3 Y0 Y N
IAGEAER (NC) DI, PRUER]

2t P [ AR ORI AR . NC TR & 5%
i, GRERAG A S P RE R AL S, R NIC R
DN B E R 5%, LA AVCuO/NC/CL-20
M), AR NC Fl CL-20 IS FANLAERIR, JERGE
WIS SRIGIMAGORERHGIORL, TERETRR, bl
JEERA A Th, BEIIERE 24h, 26 2 4, EemESS
FAFINRESS . BRI R R b, PSR Er
SKAENWELT, A2 0.43 mm, SMEH 0.61 mm, M5
M5 R 2 AR M 15 em, 413k EINE+15kV &
JE, SPHILFCME-3 KV S, O S i
4 1.75 mL-h! 7 LR TE QIR A 2
A5 VRIS RS, e (5R9) Bl
BOURE G Friehtkl, FISRHE /N OEIEL, e
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Application (CEA) #f4, T H/NA HaEHHE, 1f
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{loPesE N 1.0, HI ALFI CuO ittty 18.4/81.6, &
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Tab.2 Thermodynamic parameters of energetic additives

R ¥R s/ (kImol )
NC CeH7.58300.835N2.418 -727.2
RDX C3HsN6Os 70.7
HMX C4HgNsOs 87.5
CL-20 CsHeN12012 416.0
AP NH4ClO4 -295.3
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(M) UUSIRGEIREE (T,) SERESEL, dhmREA
X (1) RN EREKZ T £

f=nRT, (1)

L (1) e ng WS WEEREG R EAR
HEL, 8.314 J'mol K1,
1.4 TSR

A L T B0 (SEM) SRS REA TS
FASEREE R, 456 X HZEEEE ( EDS-mapping )
IIMTEFA A LA I A Y SRR
1.5  FRHEURRBEMEEEMR

¥4 3 mg FRNAE SR E ARG & b, TE L TR
JIEREEAT 22, IR, (s B A LI s OA
Birh iRBEt AR, 1S 15 000 ~ 30 000 fps, it
FEIEly F32, BRESGISHRIN 15 ps.
1.6 HEEFFEMIR

$4 25 mg FREESL BT 15mL (95 PAREeZs, E)
LRI RIRZZ, 5 RS A s PR SEST,
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SRH TN 1538 SUSA Z AR REI R B I B
JE5# Prax (MPa ) A Prax (MPa-ms™) (6],

2 LWHRS57H
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Fig.1 Morphologies of Al/CuO/NC/additives
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Fig.2 Theoretical reaction performance parameters of
Al/CuO/NC/additives

AVCuO WYLy RER 73 ABERSAFAE, BEIR
G LB BT 672%, KA WEEIREL N 5.42
mol-kg!, BABEIRE N 2 833 K. REIS Y sbiskbe
J&, BHBERAT YR, SSRGS
REXEZ SRR 15 T NC (2406 K ), Hrf
CL-20 e MAbEIR E fey, 355 T 3 068K, AP Y
HP IR AN  1378 K; RDX I HMX Ay ik
&, 83T 42,5 mol'kg!, AP S HEUH 36.1
mol'kg'; XFHLkZjJ1 LB, RDX HKZ i, H
1034.7kJ-kg!, AP (X210 RDX 1) 40%. 256
XTHCEEE R NV RESEL, FTLLIE ) AP X AI/CuO 1
SRR SRS R T = EEZY .

TE AVCuO A GREIS IS . RN
BB, o B AT T RE . AVCuO/NC
FIRABGEIREE | AT~ JRBRUK 2 0143 RN T 2
759 K. 7.20 mol-kg! Fl 165.1 kI-kg', 4REEhNA & E
WG, SOsPEREE AR T, XTEE CL-20. AP,
RDX ., HMX X} Al/CuO FyIEsR R &L, RDX Fl
HMX X} AV/CuO S h PERE AR e, CL-20 Ik
Z, AP PSRRI S . STRES NI A £ 4ks:
R AVCuO IR R IBRBEIREE , (A BE RIS
i, Ak EeE k2 7). RDX (CsHeNeOs ) il
HMX ( CsHsNsOs ) B95F=XARL . AR, i
A RDX Fl HMX J&, BRI EE /Mg TR 2
708 K, {Hy =S g KR = 9.31 molkg!, f#if5kzy
JI¥EINF] 209.7 kI kg!, AXTT AVCuO, IR ILF]
64.3%. THIA CL-20 £l AP Ji5, Al/CuO KRS

KT AVCuO/NCRDX (HMX ) , %f Al/CuO k2

JIEIHENE AN 62.1%F1 54.1%.

2.3 FrRRIdEE
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Fig.3 Combustion process of Al/CuO/NC/additives
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BRBEFFSEI a4 BIRE N ZE 1.57 ms 1 2.20 ms, BT
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2.4 EEFRE

{6 PR AR K 2 AS: A/CuO/NC/R I I (E
JESRFINE R, WK 4 R, W4 aTLUEH, B
T PFTD 4b, SREMSIMIRIINARKEET T Al/CuO
B A . 40K AL/CuO FUIE(ETR5E M 0.50 MPa,
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AP ZSIIAR AVCuO/NC FBS AR, W (R RS Al
8 R T B 6.4%F01 5.5% PFTD A i
ERR TR, S~ 043 MPa'ms!, {Uh Al/CuO

) 60% . AlICuO/NC 1] 18%.
Lir — P 132 ]FEZ
LI s ap. 130 s
i 145 5
H4.0 3%
LT 135 5
4 3.0 &
125 =
420 &
115 5
1.0 %

10.5

0 1 1 1 1 1 1 1 0
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Fig.4 Pressurization characteristics of Al/CuO/NC/additives
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