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Fig. 2 Combustion heat and reaction efficiency of amor-

phous alloy with various Zr and Al atom ratios at 3 MPa

10.981 k)-g' F198.3%., ZrFfl AI#RIEEA TR, K5
58U RUR AR IO AR R E AR L T L AL SRR
N B R R 30.46 k). g7, T Ze 5 8RR OO
11.82 kl-g™'o FILATE Zr ALE & REAAS W HTHE T,
ALK, T U 5 Zr L3R A S R B . R
e R 1 L T R G RN B 2 A A (A S TR
FR Il 2 1 R e L BRI T A B T G B R B, DA T £
TR

B R AR R W) v ) 4 SR T ALNGLZr B A
%, 2 W LR 43 T i i B R T R R RR A
SR TSN Y R i . B S B AN R

Zr+0,—Zr0, AH=-1078.3 kJ-mol™ (1)
2A1+2/30,—A1,0, AH=-1676 kJ-mol™ (2)
Ni+1/20,—NiO AH=-240.6 k)-mol (3)
Cu+1/20,—CuO AH=-157.2 kJ-mol™ (4)

HRAE Zr ZL3E 5 A 4 0 A o & A IR Ry AR
W R TS ) Zr, Al L, (Cu+Ni),, (x=0.
2.5.5.7.5) 0y B B b 4 53 i O 10.735, 10.872,
11.017, 11.170 k)-g™'.
3.2 BRIEF= R

K X B AT BT Ze B AR B A A R B R Y
AT T AT . B 3R Zr 5 AR F Ho AR A
S TE 3 MPa T B RALE ™ M) ) XRD B3 .

M 3 A LLA R Ze 5 AL R T e AR S A
G B RRE T W 0 AR ZEON AR TR L 53 4 s 4R Ak A
SR EALA YW, 4R SR B RN ZrO,,
HE WA ALO, NiO . CuO il Cu,0; 4 J& ik & ¥
S AINGLZr e DR BE 7= 49 1) 490 A 2H B AT AT, Zr SRR
GBI R e Rk A TR, — AN TR
B U] 1 SR AR DR I BT MY AL s R A JE T
BB Ak G BN T B B

N XK 2020 % £ 284 # o6 (564-568)



i AR M, ok W AR AR AR S IR T

566
Zr:Al=61:15 - ::ﬂzooza
X +-NiO
. A-gu%
A A-LU2!
ZrA=635:125 |4 1A . " *-AlsNizZr
glw g e L Jr ow ¢
k5 . .
S 1zrA=66:10 u e A2 o =
n xR 11 AL .
n [}

ZrAI=68.5:7.5 5 | o AL . o "
[ GI l I [

20 20 60 80 100 120
20/(°)

3 3 MPa N AT Zr 5 Al F HAE S & & BP9 1) XRD
[ i

Fig.3 XRD patterns of the combustion products of Zr-based

amorphous alloys with various atom ratios of Zr and Al at 3 MPa
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Table 1  Fitting parameters of combustion heat and reaction
efficiency

atom ratio E/k)-g™ n/%

of Zr, Al a, b, c a, b, c, '
68.5:7.5 —4.671 0.509 10.227 -0.435 0.047 0.953 0.990
66:10 -4.767 0.511 10.432 -0.438 0.047 0.960 0.995

63.5:12.5 —-4.591 0.510 10.615 -0.417 0.046 0.964 0.995

Note: 1) Eis the combustion heat. 2) 7 is the reaction efficiency. 3) ris the

correlation coefficient.
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Table 2 Energy release parameters of three energetic materials

material p/gcm™  E/kJ-g”! E,/kj-cm™
Zrg Al s(Cu+Ni),, 6.56 10.981 72.035
PTFE/AI(73.5%/26.5%)!"*  2.40 13.890 33.336
TNTL®! 1.60 4.520 7.232

Note: 1) p is the material density. 2) E_is the specific energy per unit mass.

3) E, is the specific energy per unit volume.
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Combustion and Energy Release Characteristics of Zr-based Amorphous Alloys

SHANG Chun-ming', SHI Dong-mei', ZHANG Yun-feng', SHI Yong-xiang®, YU Zhi-tong', XU Xue-tao'

(1. Ammunition Engineering Department, Shijiazhuang Campus of Army Engineering University, Shijiazhuang 050003, China: 2. Northwest Institute of
Nuclear technology, Xi'an 710024, China)

Abstract: To study the combustion and energy release characteristics of Zr-based amorphous alloys, the combustion heat of
Zry s Al s, (CutNi) ,, (x=0,2.5,5,7.5) under different oxygen pressures were tested by oxygen bomb calorimetry. The phase
composition of combustion products were determined by X-ray diffractometer, and comparative analysis of various energetic ma-
terials was conducted. The results show that the combustion heat of Zr-based amorphous alloy is negatively correlated with the
Zr: Al atom ratio. The energy released mainly comes from the oxidation reaction of metal elements, and a very small amount of
energy comes from the chemical reaction between metal elements. The combustion heat and reaction efficiency increase with
the increase of oxygen pressure, according with the first-order decay index function. Zr-based amorphous alloy has higher chemi-
cal potentiality, compared with PTFE/Al and TNT, Its specific energy per unit mass is 10.981 kJ-g™', and the specific energy per
unit volume is 72.035 kJ-cm™.

Key words: Zr-based amorphous alloys;oxygen bomb calorimeter; combustion heat;energy release reaction;energy density
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