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Abstract: To investigate the effect of Ni addition on the energy release characteristics of Al/Fe,O;, four Al/Fe,O3/Ni
thermites with Ni mass fraction of 10%, 20%, 30%, 40% were prepared by ball milling process. The influence of Ni content on
the reaction heat value, self-propagating combustion performance and reaction pressure performance of the thermites were
experimentally studied, and the morphology and phase composition of the reaction products were analyzed. The results show
that as the Ni mass fraction increases from 10% to 40%, the reaction heat value of the thermites decreases from 3.5 kJ-g™ to 2.1
kJ-g", the burning rate decreases from 0.35 m's™ to 0.04 m-s™, and the peak reaction pressure decreases from 0.16 MPa to 0.05
MPa. Therefore, by adjusting the amount of Ni added, stable control of the combustion characteristics of Al/Fe,O3/Ni thermites
can be realized within a certain range.
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Tab.1 The composition formula of AF and AFN thermites

PG wal/% Wre,04/ % wri'%
AF 25.2 74.8 -
AFNI10 26.1 63.9 10.0
AFN20 27.0 53.0 20.0
AFN30 279 42.1 30.0
AFN40 28.8 31.2 40.0
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Fig.1 The SEM image and XRD pattern of raw materials
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Tab.2 Particle distribution characteristics of Al, Fe,O; and Ni

powders
Y fizdsn IR
W& Do/ Dso/ Do/, v
90/ LM 50/ um 10/Hm Span SSA/(mZ'g'l)
Al 5.11 2.97 1.88 1.09 2.11
Fe,0; 392 1.97 0.90 1.53 3.75
Ni 19.97 534 2.06 3.36 1.39

A 1 A0, AL A BRI S5 , RIECA RN 5
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MRV, RITIMARZS AT B3R 2 Wl A,
Al Fe,O; Fl Ni B34 Dso 5351124 2.97,1.97,5.34 pum.,
AF. AFN10, AFN20. AFN30 F1 AFN40 {9 SEM
UG Soe s AianiE 2 o, HE 2 AT, 5 Frsh
IR MBS, RIS GRARA R
UFEI S

SEM B Al LESA Fe LENA
(a) AF
Al LENH Fe LENH Ni LESH
(b) AFN10
Ni L&A
SEM A Al TUENH Fe TEN A Ni LEN A
(d) AFN30

Ni TEN A

Al AFESH
(e) AFN40
2 SRR SEM FESRIAR TR ST E
Fig.2 SEM images and corresponding element distributions
of thermites
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Tab.3 The reaction energy and reaction efficiency of the AF
and AFN thermites in high-purity Ar atmosphere

e SIME/(K)-g ) 7/%

AF 3.540.1 88.6
AFN10 3.240.1 88.4
AFN20 2.840.1 873
AFN30 2.420.1 85.6
AFN40 2.140.2 85.4
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Fig.3 The high-speed photographic image sequences of the

combustion processes of AF and AFN thermites
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Fig.4 Curves of the relative flame intensity of the AF and
AFN thermites vs time
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Fig.5 The high-speed thermographic image sequences of the

combustion processes of AF and AFN thermites
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Fig.6 Curves of maximum flame temperature of the AF and
AFN thermites vs time
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Fig.7 The reaction pressure——time curve of AF and AFN
thermites

Il 7 IO, 5 SRRl —a, AR
TE5 MR IGE TV, IRFIRRIER SRR k)

—— T R AT ISR S G prax A1 Ap/AL, AN
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Tab.4 The reaction pressure performance of the AF and
AFN thermites

A Pman/MPa FHERTT/ms  Ap/At/(MPas)

AF 0.16+0.01 46.5+£3.0 18.842.6
AFN10 0.1540.01 68.5+12.0 8.1+0.9
AFN20 0.12+0.01 79.7425.3 49+1.3
AFN30 0.10+0.01 129.8437.4 1.9+£0.3
AFN40 0.0540.01 204.3+£20.6 1.1£0.5
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Fig.8 SEM images and element distribution of the
post-combustion products
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Fig.9 The XRD patterns of the post-combustion products of
AF and AFN thermites in Ar atmosphere
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