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N T RERE B HE B 31 3R AT B AP/AL A BILAE M 25 )%
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2.1 HMRENE

RDX, I, Hft ek T4l AP,100 wm, FEZETR
fR2EB 15 ALK BRI 0K B diy 2 (6£1.5) pum %
PERTF 99.0% , &AL RAL¥EB T1T

el B AR 5 21 A0 6 3% L : NEXUS 870 #4255
Thermo-Fisher 23 & . I 128 785 [ & 4000 ~ 400 cm™
LIAN A BER R 4 em ™, il R 4 K Sfiles/s,
2scans/file, RFEH 4 50 mL, ¥ #5 DTGS &l

SR RS- %L : QP 2010 plus-GC/MS, H 4
HE; B354 DB-5MS 30 m,0.25 pmx0.32 mm ID,
HIE N 40 ~200 °C, FHRE R KN 40 °C - min™" |, JEHE
HELEE S 160 °C #ERER N 1 mL; Bk & 7 b i+
LR (B B FEdiaeE 70 eV, T E 1 ~
100Da, & 77 3  MB 4l 250 °C, 8 7 I i
4 200 °C,
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SAETEL : 6890 A IEAL, H TCD Kl £,
EEZHEBAF; Hy N, Fl CO R 5A 5 ikt @
AL AR 150 °C, #EAE HIR BE 160 °C, i il 3 32
152 °C,H:fiHE 15 psi #EFE = 10 pl; CO, il & R H
plot a3k, H: i 35 °C, #EAE IR 80 °C, K Il itb
62 °C ,FERTHE 2.90 psi, #EFERE 10 pl,

- FHAX . 449C TG #4430 7Y, 7 [ Netzsch
NH]; QMS403 DY) FF BT 54X, 785 [ Netzsch 24 7],
KRRy 2 mg, AL i E IR Y Ll 50 ~ 550 °C,
FHEHE R K 10 °C - min™", 5 5% 7 42 28 A4 1
250 °C; Bk is A . iRy HE <0.5 amu, K
TR PR >1 X107 BURE FHIELEE O 250 °C L #0 Ar, i
X575 mL - min”',

X 5 EAL : S4 Pioneer, f[F Bruker 4w, il
R A o B HE X T ()R 75 pum Be) , Jr#T
2R K, o MR BE S DA A T 0CRS 75 57 R 1 8 R Dy
SEINERRAE X B2 A AR R .

2.2 REMHE

PL RDX Sy AR KE 2y B AN [A) &5 5t () AL g F0 AP
41 R B0 AE BEAR K 25, R A OB B T2k s A Ry
(G5 DL 1) O v BURY ¥ e, il A X6 265 5 R 97 %
IZiHE . Sk GIB772A—-1997 401.2 W AAF: 1k &
BWEAHEE, & — WS, ERmEIREAL
+0.003 g - cm ™ HYZIAE S . BRI 52 B
T R AR N S W TR B O B R AR BTl
FHAM R AR A5 SCAE 1 S0 300 P S 2 SAH = 4, ) B R 4
S A SR AR 25 BN 7 A I U AR ) o

K1 G AP I Al JEHAEKE 25 I )7

Table 1 Formulation of non-ideal explosives containing AP
and Al

No. Oxygen balance content/ %

(in terms of CO)/% RDX AP Al organic binder

™ 16.9 27.1 69.9 - 3.0

2# 4.7 27.0. 60.0 9.9 3.1

3* -7.7 27.1.49.9 20.0 3.0

4% -22.4 27.0 38.0 32.0 3.0

5% -26.1 26.9 35.0 35.0 3.1

6% -29.7 27.0 32.1 37.9 3.0

7% -38.5 26.8 25.0 45.2 3.0

8" -44.7 26.9 20.0 50.1 3.0

2.3 WBAFE
(1) J 32 S = o0 M 07 ik
R 8 B AR LTSGR T LA PR 1
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K X G20 o0 A (XRF) JChnE € 5087 07 ik
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N RV A AP H AL A B AR 2 48 25 S AT fig
AR, R TG-MS B A Br B R BF 2 T A &
Al ) RDX/AP R Z (1" FE &) Fim A Al 5 Al 5 AP
JEREH S 1 21 ) RDX/AP/AI R R (5" FE &) I A5
fitt 7
(4) B A 5t 7 1

AR I G)B772A-1997 Jrik 701. 1 #47i
FE 5 PR TR IR BT b 5 1R R, DA 28 18 /K Sk T A
JoT, D AR T e . AR AT Y B R RO T
1B, 3Kt SR o St (9 SRR 7E 405 7 260 T AR A

3 GRS

3.1 BRFUHW
(1) B 32 M = 0 2 Tk 2 #r

FTIR fil GC-MS 3 & KK W e PEAS R WL 3% 2,
M 2 BT E H, JCIe S I 40T Ml 4 24 38 2 B 40T A 4
g Ry h & A N, H, . CO,,H,0,
CH,,CO 1 C,H, L, N3 2 LAl F i, HE
REUKE 2 1F RO i K (VP RE i) B MR 2B B 7= h &
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ST WA H,O o Cl on R Y &7 Tk R
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(2) B 22 SM = W B A

23 F TR A A% S vk I R
PR EE RS N, H, .CO #l CO, MR BL> 4, [ it
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Table 2 Detonation gas products analysized by FTIR and GC-MS

No. components

1* N, .H, .CO, H,0 .CH, .CO, C,H, O,

2# N, .H, .CO, .H,0 .CH, .CO. C,H,

3# N, .H, .CO, .H,0 CH, .CO, C,H, HCN
4% N, .H, .CO, .H,0.CH, .CO, C,H, HCN
5% N, .H,.CO, H,0 .CH,.CO, C,H, HCN
6" N, .H, .CO, .H,0 CH, .CO, C,H, HCN
7* N, .H, .CO, .H,0 CH, .CO, C,H, HCN
8" N, .H, .CO, .H,0 CH, .CO, C,H, HCN

R3BESRAMYE R AR

Table 3 Quantitative analysis of detonation gas products

volume fraction/%

No.

N, H, CcO CO, CH, C(C,H, HCN H,0(g)
1% 50.4 4.0 9.0 34.7 0.01 0.32 / 0.01
2% 45.2 9.1 16.2 24.8 0.05 0.42 / 0.03

3% 40.5 28.6 26.3 5.1 0.05 0.15 0.04 0.02
4% 30.5 52.5 18.5 1.1 0.07 0.06 0.08 0.03
5# 29.1 54.5 155 0.8 0.09 0.05 0.13 0.03

6" 29.5 56.0 10.2 0.5 0.15 0.11 0.31 0.04
7# 30.5 58.0 8.5 0.2 0.22 0.08 0.40 0.03
8" 31.5 58.6 7.1 0.1 0.31 0.06 0.52 0.03

MF 3 AL SRR P CO, . COL N, Fil H,
EEGE, 4 CH, HCN (C,H, & H,0(g) &
R NT 5% (RBUIEO o I, TERRSZ - W T3
njZms CH, \HCN .C,H, & H,0(g).

(3) B BER AN =1 0 M

XRF SCERAE R IR 4. K 4 AR HE2 SR BER
= AlLCLO JTTR DR C TTRAN, HEEE R
A AR EERYIEI, AL T C ST ARXS & H 4 0, Cl A
O JUHEMN F R PRk N JTEK .

R4 BEBERMTYIR XRF 3 Hrgi R
Table 4 Detonation condensed phase products analyzed by XRF

content/%
element
2 3 4 5 6 7 8
Al 0.00 10.50 19.60 31.12 34.53 38.75 45.92 50.92
Cl 1.92 1.55 1.45 1.33 1.22 1.04 0.88 0.69
(@] 98.08 87.95 78.95 67.18 63.87 59.79 52.74 47.90
C - - - 0.34 0.38 0.42 0.46 0.49

N T L HEWT RDX/AP /AL R 28 0555 B8R AH ™
Py, %5 RDX/AP 1K Z F1 RDX/AP/AL {4 2 1) 4 53 figt
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AR R AE BT L, 7T LA g AN [a] 5T 4% LG BT 3R 7 1Y
Aoy e 17 18(H,0),32(0,),36 (HCI),
44(N,0,CO,),46 (NO,) . HLHEK 1 FIl 2 af 71,
RDX/AP 1A Z 73 fift A W54~ Bir BE, Al Ky B9 Al RDX/
AP R R — [ BT iR U™ W 1 I et A A [
FEJE I 7% 565 — B B i AU ™ W s 1 i i R A A
A TR JRE F) BT RS, B3O8 ST B S 7 9 ) XL S S U
I fifk W Y 25 RO S L HR TR e IR AL IO AR
RDX/AP R £ 1) TG 4k L3 — A6 B i it 2 45 R A7
Frsn, 5 B B R SR PRI AT A R . BeAh A
ke, RDX/AP 1R 2 55 — [ Be 7y i Uik (H,0, 0,
HC) [R5 537t 5 B2 Bk /)y , B8 27 2Kk (CO, NO, ) o 512
KA RULHT, ALK X RDX/AP {4 73 fifk 19 52 i B 2
AR5 LB = S A 1 S AR IR SRR, A2 AT
AL 91 (ALO, (AICH &8) Ak 5= 4 (H, N,
CO %) .
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3.2 BMEREFMMTY
3.2.1 BEFUHATHRE
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(3) OJLE CO.CO, H,0 Al,O, tb&EF1E,

(4) CILELL CO.CO, . .C =ik & BT,
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3.2.2 BRFUNITE

FELL F R AL B FE AL b 25 5 SR A Y o
Bt S, SR R i < JOOU R T R T TR R
PR A R TR 2 AT A K 2 R R W A
HRAML, WA 3 iR,

16
--N, Oy % ALOs
-0-HCl —~-CO -o-AICh
A-HO0 -»-C -o- Al
s 12r
£
2
S
B8
g 8
k<]
3
£
5
ot
1 1 n 1 1

oxygen balance / %

3 & APCR AL AR B 24 S0 40 K0 05 7 AR R 1Y
KAWL

Fig.3 Relation curves of the number of oxygen balance vs.
the quantities of detonation products for non-ideal explosive

containing AP and Al
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B0, Mt Al Bk A S AR IR R R K it 34
H ) H,O HCI il CO, Ay A Al 18 IR 5K, R W M 2
B 75 et b S

MNIEL 3 1 25 7 W 2B i AR AR AT I AR A
Ja (A IS ), CO, 1Y & it KE FE AR, CO 1y &
AT, BLWT AL By e S CO, KA RN, A
CO; 7E CO, FitB ARl , Al ;3 H 5 5 CO i#47 [ i,
BT HC 77 AR O B, B CO & BRI W) B,
H, O A it i BRIk, H, Az it I 2 i 38 L 2 e 1
Al 5 H,O ZARNL, AW H, 14
3.3 BAMITE

K P e #4075 K 50 ( GJB772A-1997 J5 ik 701. 1)
W 73R BE T AR AV AR Al T R AR R R )
AR R M) RE T A T BT R A 4R
5, NESWBH, AEHEBAE4.7% ~-29.7% 2
) ) 1 25 BE 7, S AR I 5 T E R & AR R 2
INT 3% o KEZTC 7 IE ST B B ST A R B AR
POX I 5 R 22 R EBOR AR ZZ KT 6% .

£S5 BEPGEREA RN

Table 5 Comparison of measured detonation heat with the
calculated
N oxygen balance detonation heat/) - g™'
0.
/% Qexp Qc al dW
1# 16.9 6899 5390 -21.9
27 4.7 7570 7471 -1.3
3* -7.7 8146 8337 2.3
4* -22.4 8773 8849 0.9
5% -26.1 8759 8833 0.8
6" -29.7 8813 8855 0.5
7% -38.5 8636 8118 -6.0
8" —44.7 8546 7690 -10.0

Note: 1)d, means the relative error of calculated values and experimental ones.

TERRIAGR NI RIS BRI K 2, AR
LR E AR R A LR R T AT R A AR
S0 PR At Wy 5 A A AR A O DR, R — E Y A
B RS LA AR R, R
FAXEI (TR X T R R R KR,
BEE T S A B AR RS ALK AL 50N, O
il NO, 25 FAT AL PR I B SO 0 K A SR ad
oL, B — S B AR TR O3 SO P I R T AR
St
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Calculation of Detonation Products for Non-ideal Explosive with AP

WANG Cai-ling, ZHAO Sheng-xiang, JIA Ming, DIAO Xiao-qgiang, DAI Zhi-xin

(Xi" an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Taking non-ideal explosive composed of hexogen (RDX), oxidant ammonium perchlorate ( AP) and combustible agent
aluminium(Al) powder as the research object, the gas products and condensed phase products of eight non-ideal explosives exploded
and produced in a confined explosion container were collected and analyzed by thermal analysis-mass spectrometry technology, Fourier
infrared spectrometer, gas chromatograph analysis and X-ray fluorescence analyzer. The heat of detonation was calculated by Hess's law
and compared with the experimental value. Results show that under the condition of the detonation, the detonation products mainly are
composed of gases N,, H,, CO,, H,0, CH,, CO and O, etc and solid compositions Al, Al,O,, AICI, and C etc. With the increase of
the positive oxygen balance ,the generation quantities of N,, H,0, CO,, O, and HCI increase, while those of Al,O,, AICl,, H, and
CO increase firstly, and then decrease, The generation quantities of Al and C decrease. The measured heat of detonation of non-ideal

4 .
, and the relative error between

explosive with oxygen-balance in the range of -22.4% ~-29.7%, is between 8773 and 8813 J - g
theoretical and expermetal values is less than 1% , showing a good agreement.
Key words: physical chemistry; non-ideal explosive; thermal decomposition; detonation products; detonation heat; oxygen balance
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