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b. pore size distribution of BW-TiO,
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Fig.3 Nitrogen adsorption-desorption isotherms and the Bar-
rett-Joyner-Halenda (BJH) pore size distribution of BW-TiO,
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Fig.4 FESEM images of BW and BW-TiO,
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Fig. 5 TEM images of BW-TiO,
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I3t FECLTD) , %R K H 322.4 °CHYTIC I 5 55 = By
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W, 28 AP S8 A4 il . X B (E S SCHRIRGE [ W) &
B M A 5%BW-TiO, fE A AL I B, 5% S L
PR AL A XTI R R AR T R, H G,
AR 53 A WA 9 O e T A AR I TRL AR 1 55.0 °Co Ik,
POt A P A G (AH) N4 AP () 255 ) - g ' B8 ]
1323 )-g 4T 5.24%. XFHAHr nano-TiO, X} AP #4
I3 R WAL RCR AT LLE 1, 29 A 5% nano-TiO, fE R
fE AL B, DSC it 2 iy SR B 5 5 5% BW-TIO,
AR TAD H g 3 49 A W R AN B AR 1 42.2 °C, Jli i X
BT 29 3.44% . 16 AP [ i i B2 b, A0 i i 3R 5
R R PP A AL R R BB S P B S8, R 1
BT 4l AP AP/5% BW-TiO, & AP/nano-TiO, [
DSCll g5 4 . 3R 1 T 50 £ 4l wT I, 999 oK &5 4 4 1)
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Fig.6 DSC curves and Linear fit of In(8/T,?)-1000/T, of pure
AP, AP/5% BW-TiO, and AP/5% nano-TiO,

F1 4iAP,AP/5% BW-TiO, &% AP/nano-TiO, ) DSC il 45 5

Table 1 DSC test results of AP and AP /5%BW-TiO,

ATV AH E,
sample LTD HTD r

/c /gt /kJ-mol™
pure AP 331.8 429.1 - 255  0.99107 190.0+5.8

AP/5% BW-TiO, 374.1 55.0 1323 0.99604 130.0+4.6

AP/5%nano-TiO, - 386.9 42.2 866 - -

Note: 1) HTD difference of AP and AP 5% BW-TiO, as well as AP/5% nano-TiO,.

9 T B — 5 BW-TIO, B i AL 18 L, 78 A W) 7
IR 4% (5.0,10.0,15.0 °C-min" f1120.0 °C*min") T,
Xt 4l AP L K AP/BW-TiO, #45 DSC 43 #r . R I # 3h
J1 24y W s ) Kissinger FREL W (1) ], 31
AP Y HTD o B8 #4432 ) % 240
In(B/T,?) = —E,/RT, + In(AR/E,) (1)
A, BRI A, C o min™'y T R 2 R IR L K R BE
AR H $0,8.314 ) mol™ K AFEET A 7, min™'; E,
FMIE ffE k) -mol ™.

AR () XF In(B/T,2) A1 1000/ T, #EAT LG,
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WA SR W 6b. LG B 2k 0 RER AT T3 R
TbfE B, B4R T2 1. I 6b F13E 1 H 4 5&
ZH /] LLFE L, 4l AP FI AP/BW-TIO, 114 B 4R £k
PR S I, 2R B 3 ELAT ARRL Y B R Bk, L 25
R EE MRS . X T Al AP, 22 TG 1L RE B9 1T 1 R
190.0 kJ-mol™, 3 SCHE . I AL 5 BW-TIO,
J& AR 2 130.9 k) mol ™, i 2 T 59.1 kJ-mol™',
T Ak BE 1Y K A A0 26 B AP 4 A3 it B vy B 5 ke AL HL
207 B, W) 0L BW-TIO, 3% T AP B H) fit 5h
VIE SUN

9T T W PE A BW-TIO, (i Ak 35 P, 55 2
RS REEHRENESE &8 Ay S MR T T
XFE . 5 2 Hoe A A e, BW-TIO, 1t 5 (4 4 1k
PERE 2 R I E AR A T AL AP KGN T 5.2 4% 1%

FEREFEAR T 31.1% , X WA~ S B0 i A T H e e 7]
JUAEAE AR HT D Wi 5 18 A B 0 00 3, 28 6 % LTS

3, BW-TiO, X} AP #53fift FR BL 1 00 5 1 A Ak 1%
fE 2 M HL 3 4 I iR )

BW-TiO, B 4 my i Ak 3G PE rT IH AT LR = 4
(1)BW-TIiO, ) M IR 53 9 45 ¥ 3 f 1 TiO, 44 K ki
(8~12 nm) A B ; (2) BW-TiO, K& i o FL AUk 19
YK G A RGE B DL R ROKR G 25 B R I A
AT LR S8 I A7) 7 b 9 T AL, 1 5 AP A 43 i i
() A% AL 5T 5 (3) BW-TIO, " 5% B3 19 TG 5 T2 ik X AP #4
O3 A AR AR o 3 S 55 0 R A BRREAIE BT B A
AP FRA fife (0 A 2 RO R B HTD IR
B AR T A R 0 2 3 DL B B N I Ak RE Y KR
R

5]

I

F2 BW-TIO, 5 & & 545 Ja A AL Wy J AR AL 6T AP I3 (9 4 AL 3% PR L

Table 2 Catalytic activity comparison of BW-TiO, with catalysts of metals or metal oxides for AP thermal decomposition

sample T,/°C AT/C AH/)-g! increase times of AH  AE,"”/kJ-mol™ Ref.
Cofe,0, 356.02 65.69 910.2 1.8 - [28]
Ni@C 345.1 89.3 1136.4 1.4 31.1 [30]
a-Fe,0, 381.1 49.0 1132 2.7 - [31]
Pb-ANPyO/CNTSs 331.1 101.4 2373 3.6 16.3 [32]
CuO nanoparticles 329 118 - - 18.0 [33]
CuCr,0, 3425 80.0 1490 1.7 - [34]
CW-Co,0,NPs 293.0 147 3143.2 2.1 - [25]
BW-TiO, 371.4 55.0 1323 5.2 59.1 This work
Nano-TiO, 386.9 42.2 866 3.4 This work

Note: 1) AE, is the difference between AP and AP/5% BW-TiO,.

4 % it

(1) DA R 1 i DR 8 30 Sy 8 A, >R FH I8 T M 68 11
J7 % 38 5 S S A 3 IR TiO,(BW-TIO,) » 44
AR BW-TIO, 11 & 7Y Ay i fb 280 R o - 19 B Bk 7Y
b2 78 8~12 nm, IF & A 2> & 19 JC & M i AT
BW-TiO, 5¢ 3¢ O B 1 85 30K 40 0 = 2 3 9 45 0, B
ARGt 107 2R I S5 R R 3 A 40 K G
IR E A DA R KR AL

(2) 3% Fh 25 ¥y H5 4 fff BW-TIO, Hb 3 1 B ik 3
134.65 m*- g™, n] DL ZR 87 01 2 W 16 PR AL A0, IF y AP A
o ff RN b B Y AR BT A% BB R PR R e G, Y U
BW-TiO, X} AP I #4443 fift 2 B 1 T 0L 55 i) i fb M 16 o
4l AP A L , AP/5% BW-TiO, Fi R I 43 i 3 2k | 5
R 43 it W 3L 1A% 55.0 °C, LI EE 5 T 1068 )+ g7, S
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4l AP 1) 5.2 %, = Wi L RERE AR T 59.1 kJ-mol™, %
&% 31.1%.
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Preparation of Butterfly Wing-shaped TiO, and Its Catalytic Effects on the Thermal Decomposition of
Ammonium Perchlorate

ZHOU Ting-ting, CAI Fu-lin, WU Bo, Duan Xiao-hui
(State Key Laboratory of Environment-friendly Energy Materials Southwest University of Science and Technology , Mianyang 621010, China)

Abstract: To improve the catalytic effect of nano metal oxides on the thermal decomposition of AP, butterfly wing-shaped titani-
um dioxide (BW-TiO,) has been prepared by impregnation-calcination method based on the template of a natural Morpho But-
terfly wing. Field emission scanning electron microscope (FESEM) , transmission electron microscope (TEM) , X-ray diffraction
(XRD), and X-ray photoelectron spectroscopy (XPS) were used to characterize its morphology, structure, and composition. The
catalytic performance of BW-TiO, for the thermal decomposition of ammonium perchlorate (AP) was studied using the differen-
tial scanning calorimetry (DSC). The results show that the as-prepared BW-TiO, owns a anatase phase with a size of 8~12 nm,
accompanying with small amount of amorphous carbon and Ti. BW-TiO, tightly resembles into a parallel grid skeleton structure,
containing well-connected nano tubular channels and a large number of micro-pores. BW-TiO, illustractes excellent catalytic activ-
ity for AP thermal decomposition. Adding 5% BW-TiO, can reduce the high-temperature decomposition peak temperature from
429.1to 374.1 °C, increase the exothermic heat from 255 to 1323 J-g™', and decrease the active energy from 190 to 130.9 kJ-mol™.
Key words: butterfly wing structure;ammonium perchlorate (AP);TiO, nanoparticles;catalytic performance
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