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Article Information Abstract
Original Research Paper Soft ferrites are magnetic materials with a spinel structure that have prominent properties such as high
Received: 5 March 2020 electrical resistance, low hysteresis losses, and high permeability, making them suitable for use in catalysts. In

First Decision: 19 April 2020

Accepted: 16 July 2020 this study, ternary CuNiF and CoMnF ferrite nanoparticles were synthesized by sol-gel autocombustion

method using glycine, urea and citric acid as fuels. Moreover, ammonium perchlorate (AP) nanoparticles were

prepared by adding dissolved ammonium perchlorate to Hydroxyl-terminated polybutadiene (HTPB),

Keywords: Y g

Nanoparticle-AP homogenization and solvent distillation. Then, the powder nanomaterials were characterized by Fourier

Nanoferrites transform infrared spectroscopy (FT-IR), X-ray diffraction (XRD), scanning electron microscopy (SEM) and

Catalyst transmission electron microscopy (TEM), techniques. The average particle size of CuNiF and CoMnF ferrite

Thermal decomposition nanoparticles and ammonium perchlorate nanoparticles were calculated as 22.15, 34.12 and 68.20 nm,
respectively. The catalytic effect of the synthesized ferrite nanoparticles on the thermal decomposition of
nano-AP was investigated by TGA and DTG methods. Also, activation energy was calculated using DSC with
three different heating rates by Kissinger equation.
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Fig. 6 Kinetic data for NAP, NAP-CuNiF and NAP-CoMnF obtained
from kissinjer methode

NAP- , NAP-CUNIF NAP _Sitirw (glaosls Jloges 6 JSCi
SS9, 5 edslewssa, COMNF

S 75 s -4
Lol o alils wlis 5 COMnF g CuNIF o84l gg5 90
J> L AP 1356 5 wias S as Slisl J5 - Je s,y
005 LSl g 5 Jgilie 50 (AP) IS 5y pgiigal (0,5
(HTPB) (ouSg 00 sletl b plssbipnh 4 oad > AP
e W3S a0 Pl phE 5 gileoSes
PU s al> e )3 08 g AP 5 o8 I35l CujealS ol
FESEM 5 XRD FT-IR la s, b ood jiiw olse
TGA el cilizee slo )T 56T gla g, wings 5 olulis
AP slaca;9me 9l (51> )18, (o) sl DSC 5 DTG
oy pliad (St oy 9 ol RIUT b ol ol
435 gls COMnF 5 CUNIF cg 3 olydgl y0g33l as
waoly gals ) o5ludled (65,50 g 0ol oS |, AP Sl >
ol 43 G SeJBS Cols COMNF ¢y 3430

ol las AP b

31

o84l LNAP 3 AP 4l DTG 4DSC gl 3 Jous
Table 3 DTG snd DSC result for NAP, NAP-CuNiF and NAP-CoMnF

DSC DTG
&u sl conls &u sl conls gl
(-C) (-C)
306 ool 303 5L 5
380 378 NAP
308 wsle 304 st 5 _
371 369 NAP+ CuNiF
307 asle 305 sl 5
35; 5 3;; s NAP+ CoMnF
S O lao -6-3

Syl owyp Gl S Ghey OReen o2l o
((A) oles i HeSL 5 (ER) 3Ll 5) (Seew
DSC gl ;lbT .o o3liceas] DSC 35> sloslli 51 Jool>
aids p a0 Bs=16 Ho=10P1=5 eos > e an o
45 Sygo o ol B alaly Bllas S oy, b plox
oged by cnl 5o el S SR g peuiSLe Sy sbes B
Seip 2ol b oy sl 1000/T ol o In (BITw)
o 3l gl (55l 09 o eolaiul AP il 4y e
o 5o (ilojl e Jlaz) Giolesl (s o slp jlogas
g oo dle () Dglae pole 5 ey
LnGz) = L) - o (6)

s w5l Ea gilald (6550 YL alolae bl
e a5 Syee,0 awd "Ed/R Jolae a5 048 o0 dle
Lowloe comsa Jloged ghaie gl 5l (A) Slei )55
Sy g A3z oo o LS S dolee l eolaiul
Glos bL3 | 51l il )l copl ol 098 oo dloxe 20 Ol >
Jol> (2ol )S e p b Glyies pouSle hileS S
Mg so

Cowoddy Sitpw oyl 51 DSC o s Sy sl
yea> 5 AP-gb 1000/T plp o In B/T? e ] oo
sdaliawsds bl .ol oo sols L 6 IS o lacy 84
oad ools olis 4 Jgaz o loges Tase 5l (2ye 5 s |
sy 5o eaddlne ladld G351 Geiea ol
Jooz b casl oad ooly ol 4 Jgax o 5 ey bgil
sea> 50 NAP ¢l gsloJled 5,50 zals as ols oylas 4
WA o> 10 a5 50 4 Casl 038 oy 2als lacy 8ol
S ewy 4 gl ]ld 65, polas CoMnF g CuNiFol, 34
ol a8l rels 135/48 Kjimol 4 162/82 4, 196/85

10 o jlovis 7 095 1399 (5o Wl 3dgs 9 walw Swadiie



UbKed 9 ygas3lalaa o)

e ) BOT GBS olod w9 GILMaL UJ— Jw b9, & COMNF 9 CUNIF (slass 23930 jiiaw

Energetic Materials, Vol. 31, No. 3, pp. 165-177,
2013.

[12] X. Xiao, B. Peng, L. Cai, X.Zhang, S. Liu, & Y.
Wang, The high efficient catalytic properties for
thermal decomposition of ammonium perchlorate
using mesoporous ZnCo204 rods synthesized by
oxalate co-precipitation method. Scientific reports,
Vol. 8, No. 1, pp. 7571, 2018.

[13]J. Chen, S. He, B. Huang, L. Zhang, Z. Qiao, J.
Wang, & Q. Hao, Highly space-confined
ammonium  perchlorate in three-dimensional
hierarchically ordered porous carbon with improved
thermal decomposition properties. Applied Surface
Science, Vol. 457, pp. 508-515, 2018.

[14]Z. Khodadadipoor, S.G. Hosseini, M. Mahyari, & J.
Mohebbi, Investigation of catalytic behavior of
CuCr,0,@3D-GFs on thermal decomposition of
ammonium perchlorate, Journal of Energetic
Materials” Vol. 13, pp. 171-179, 2018. (in
Persian %)

[15]S.G. Hosseini, Z. Khodadadipoor, Synthesis of
Fe;O4Graphene Nanocomposite and Investigation
of Their Catalytic Activity on Thermal
Decomposition of Ammonium Perchlorate Particles,
Iranian Journal of Chemistry & Chemical
Engineering, Vol. 37, pp. 71-79, 2018. (in
Persian %)

[L6]E. A. Gheshlaghi, B. Shaabani, A. Khodayari, Y.
Azizian-Kalandaragh, & R. Rahimi, Investigation
of the catalytic activity of nano-sized CuO, Co;30,
and CuCo,0, powders on thermal decomposition of
ammonium perchlorate, Powder technology, Vol.
217, pp. 330-339, 2012.

[L7]P. N. Dave, P. N. Ram, & S. Chaturvedi,
Nanoferrites: Catalyst for thermal decomposition of
ammonium per chlorate, Particulate Science and
Technology, Vol. 33, No. 6, pp. 677-681, 2015.

[18]S. Zhao, & D. Ma, Preparation of CoFe204
Nanocrystallites by Solvothermal Process and Its
Catalytic Activity on the Thermal Decomposition of
Ammonium Perchlorate, Journal of Nanomaterials,
2010.

[19]G. Singh, I. P. S.Kapoor, S. Dubey, & P. F. Siril,
Kinetics of thermal decomposition of ammonium
perchlorate with nanocrystals of binary transition
metal ferrites, Propellants, Explosives,
Pyrotechnics: An International Journal Dealing
with Scientific and Technological Aspects of
Energetic Materials, Vol. 34, No. 1, 2009.

[20]T. Liu, L. Wang, P. Yang, & B. Hu, Preparation of
nanometer CuFe204 by auto-combustion and its
catalytic activity on the thermal decomposition of
ammonium perchlorate, Materials Letters, Vol. 62,
No. 24, pp. 4056-4058.

[21]P. Srivastava, I. P. S. Kapoor, & G. Singh,
Nanoferrites: Preparation, characterization and
catalytic activity, Journal of alloys and compounds,
Vol. 485, No. 1-2, pp. 88-92.

[22] A. Ghavi, S.G. Hosseini, A.R. Zarei, E. Ayouman,
A erview of the thermal decomposition behavior of

10 o plovis 7 095 1399 (5o Wl 3dgs 5 walw Swaiie

&1y =5

[1] zhi, W. Tian-Fang, L. Shu-Fen, Z. Feng-Qi, L. Zi-
Ru, Y. Cui-Mei, L. Yang, L. Shang-Wen, and Z.
Gang-Zhui, Thermal behavior of ammonium
perchlorate and metal powders of different grades,
Journal of thermal analysis and calorimetry, Vol.
85, No. 2, pp. 315-320, 2006.

[2] S. G. Hosseini, Z. Khodadadipoor, M. Mahyari, & J.
M. Zinab, Copper chromite decorated on nitrogen-
doped graphene aerogel as an efficient catalyst for
thermal decomposition of ammonium perchlorate
particles, Journal of Thermal Analysis and
Calorimetry, Vol. 138, No. 2, 138, pp. 963-972,
2019.

[3] S. A. Vaziri, M. A.Mohammadi, The Impact of
Solid Particle Size on Mechanical Properties and
Hamed Combined HTB/AP/AI Engine Combustion
Speed, Iranian Polymer Technology Research and
Development. No. 1, 2018. (in Persian _\4)

[4] A.P.Sanoop, R. Rajeev, & B. K. George, Synthesis
and characterization of a novel copper chromite
catalyst for the thermal decomposition of
ammonium perchlorate. Thermochimica acta, Vol.
606 , pp. 34-40, 2015.

[5] A. Eslami, N. M. Juibari, & S. G. Hosseini,
Fabrication of ammonium perchlorate/copper-
chromium oxides core-shell nanocomposites for
catalytic thermal decomposition of ammonium
perchlorate, Materials Chemistry and Physics, Vol.
181, pp. 12-20, 2018.

[6] N. M. Juibari, & S. Tarighi, MnCo0204
nanoparticles with excellent catalytic activity in
thermal decomposition of ammonium perchlorate.
Journal of Thermal Analysis and Calorimetry, Vol.
133, No. 3, pp. 1317-1326, 2018.

[71 A. Kumari, S, Jain, Mehilal, MK, Jain, B.
Bhattacharya, Nano-ammonium  perchlorate:
preparation, characterization, and evaluation in
composite propellant formulation, J of Energ Mater,
Vol. 31, No. 3, pp. 192-202, 2013.

[8] S. G. Hosseini, R. Abazari, & A. Gavi, Pure
CuCr204 nanoparticles: Synthesis, characterization
and their morphological and size effects on the
catalytic thermal decomposition of ammonium
perchlorate, Solid state sciences, Vol. 37, pp. 72-79,
2014.

[9] S. Chaturvedi, & P. N Dave, Nano-metal oxide:
potential catalyst on thermal decomposition of
ammonium perchlorate, Journal of Experimental
Nanoscience, Vol. 7, No. 2, pp. 205-231, 2012.

[L0]RA. Chandru, S. Patra, C. Oommen,
Munichandraiah N, Raghunandan BN, Exceptional
activity of mesoporous B-MnQO2 in the catalytic
thermal sensitization of ammonium perchlorate,
Journal of Materials Chemistry, Vol. 22, No. 14, pp.
6536-6538, 2012.

[11]G. Singh, S. K. Sengupta, I. P. S. Kapoor, S. Dubey,
R. Dubey, & S. Singh, Nanoparticles of transition
metals as accelerants in the thermal decomposition
of ammonium perchlorate, Part 62. Journal of

32



UbKed 9 ygas3lalaa o)

e ) BOT GBS olod w9 GILMaL UJ— Jw b9, & COMNF 9 CUNIF (slass 23930 jiiaw

Preparation, characterization and catalytic activity
of transition metal oxide nanocrystals, J of Scient
Confe Proce, Vol. 1, No. 1, pp. 11-17, 2009.

[26] M. Tahriri, M. Mahdavi, H. Farrokhpour, A Study

of the Catalytic Activity of Nano-Coated Oxalate
Copper on Thermodynamic Parameters of
Ammonium Perchlorate Thermal Decomposition,
New Processes in Materials Engineering, V. 11, pp.
122-131, 2017. (in Persian ,4)

[27]1Y. Wang, X. Xia, J. Zhu, Y . Li, X. Wang, X. Hu,

33

Catalytic activity of nanometer-sized CuO/Fe203
on thermal decomposition of AP and combustion of
AP-based propellant, CombusmSci and Techn, Vol.
183, No. 2, pp. 154-162, 2011.

ammonium perchlorate in the presence of spinel
nanocatalysts, lranian Scientific Association of
Energetic Materials, Vol. 10, pp. 16-25, 2014. (in
Persian %)

[23]E. Ayoman, & S. G. Hosseini, Synthesis of CuO
nanopowders by high-energy ball-milling method
and investigation of their catalytic activity on
thermal decomposition of ammonium perchlorate
particles, Journal of Thermal Analysis and
Calorimetry, Vol. 123, No. 2, pp. 1213-1224, 2016.

[24]T. Liu, L. Wang, P. Yang, & B. Hu, Preparation of
nanometer CuFe204 by auto-combustion and its
catalytic activity on the thermal decomposition of
ammonium perchlorate, Materials Letters, Vol. 62,
No. 28, pp. 4056-4058, 2008.

[25]G. Singh, 1.P.S Kapoor, S. Dubey, P. F. Siril,

10 o jlovis 7 095 1399 (5o Wl 3dgs 9 walw Swadiie



