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Table 1 Thermodynamic properties of Zr/KCIO, at different

ratio

reaction g id thermal
My Mmo4 temperature F/)[r\i;s:re volume :its.loue conductivity

|

/K /m’ /W m™ . K™
40 : 60 4005 2.13 0.16 0.54 0.39
45 : 55 4396 2.13 0.16 0.60 0.39
50 : 50 4806 2.11 0.16 0.62 0.30
55 : 45 5023 1.99 0.16 0.59 0.28
60 : 40 4954 1.79 0.16 0.52 0.18
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" . o

B 1 1 um Zr/ KCIO R &% (50 : 50) B4 o B 18] b
Fig.1 SEM images of 1 um Zr/ KCIO, mixture (50 : 50)
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b. Zr/KCIO, mixture (50 : 50)
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Fig.2 XPS curves of Cl element in samples heated to 1200 °C
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Fig.3 DTG curves of samples at different heating rate
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b. Zr/KCIO, mixture (50 : 50)
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Table 2 Onset and peak temperature of the DTG curves of pure KCIO, and Zr/KCIO, mixture

pure KCIO, Zr/KCIO, mixture(50 : 50)
heating rate step 1 step 2 step 1 step 2
/°C « min~' P p p p

T,/°C T,/°C T,/°C T,/°C T,/°C T,/C T,/°C T,/C
5 562.6 582.7 744.2 796.0 495.0 510.7 842.8 899.1
10 572.5 601.2 760.4 820.5 499.8 526.3 850.2 930.4
15 574.7 611.1 767.3 851.9 504.4 536.8 860.5 964.8
20 582.3 621.5 796.1 863.8 506.2 545.2 870.9 970.7

Note: T, is the onset temperature. T, is the peak temperature.

R3 AFTHEERTHE LIS R 3 =S5
Table 3  Kinetic parameters of the first decomposition heated

in different rate

Ex Eo

system stage /K - mol-! Ig(Ac/s™h) 1y /K - mol™ o

KCIO, 1 216.5 10.7 0.999 219.7 0.998
Zr/ KCIO, 1 201.9 11.0 0.999 204.6 0.999
KClO, 2 177.1 5.9 0.989 185.8 0.985
Zr/ KCIO, 2 196.7 5.9 0.988 206.1 0.985

Note: Subscript K, data obtained by Kissinger method; subscript O, data ob-

tained by Ozawa method.

i 3 KB, 54 KCIO, M, A 1T pm 858
Ji 1A 285 — 20 TR il B0 AL REAT I AR, 20 A st DAL A
N IEW T EE S O, B BLHAE T KCIO, #4400 fifk 1
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8.314 J - mol « K™5 T, o 8 #I0fift i 463 Y JEF i 0 {1
B K.

KA TE A A BE IS RS RIS AR SE S8 TR
AT

AS” =RIn(Ah/k,T) (9)
AH™ =E,—-RT (10)
AG” =AH” -TAS” (11)

A, k24 Boltzmann % %% ,1.3807x107%) - K™'; H
3 Plank #%%,6.626x107* | - s,

7 83 55 0 A il e A Y TR BE AR O B v, TE IR
AR T ARMEIR B, PR 55 — 20 o3 i F] RE T B
P HE 0 Wik S0 2 A O VP Ak 22 4 e ) o AR | B 2R
— o R EARA AR (7) ~ A1), 15
& SHNFR 4 s .

F4 KCIO, M Zr/ KCIO, 43 fif it B 4 F1 2 540
Table 4 Thermodynamic parameters of KCIO, and Zr/ KCIO,

decomposition

system T As* AHT AGT
Y /°C /) » mol™" - K™ /kJ - mol™"  /kJ - mol™
KCIO, 587.7 -5.85 209.5 214.5

Zr/KCIO, 516.9 -5.76 210.1 214.4

I3 4 TR B B Bk K i 5L EE M 587.7 °C
R 516.9 °C A2 PE T B (I 5 i B2 4 — i &%
e bR 2 300 CAef7 " B, N IZ IR & R R A5 A
A B B2 A TR I A8 B BT S A A o3 i i R AR
HA G AS™[HFIER AH™ R AG™ i, Ui W] 2 A &
U BARBLRE 1

4 £ it

RGN g 27 BERIRSE T /VREAR (1 ) 5453 0 151 58
PR AR A TR A 521V 2l 3 2 S, A5 DR 4548

(1) Zr/KCIO, i & wi K 245 1) foe A C B O Jo 4 e
50 50, B B BB ™ A= B e i #A B UL R, UREAR B
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Effect of Zirconium Powder on Thermal Decomposition of KCIO,

SUN Ya-lun', LIU Lu', REN Hui', JIAO Qing-jie'
(1. School of Mechanical Engineering , Beijing Institute of Technology, Beijing 100081, China; 2. Shandong Institute for Product Quality Inspection, Depart-
ment of Food, Jinan 250102, China)

Abstract; In order to investigate the effect of fine zirconium powder with diameter of 1 wm on the reaction mechanism of KCIO,
during thermal decomposition, TG/DTG and X-ray photoelectron spectroscopy (XPS) analysis were applied to determine the thermal
behavior of KCIO, and Zr/KCIO,(50 : 50). The result of XPS shows that the addition of KCIO, promoted the reversible chemical
reaction equilibrium of KCIO,. Linear regression was used to determine the kinetic triplet. The calculation result shows that the acti-

vation energy declined while the pre-exponential factor increased and the mechanism function shifted from G(a)=[-In(1-a) ]*"* t

()
G(a)=-In(1-a), the critical temperature of thermal explosion declined from 587.7 °C to 516.9 °C for the first decomposition
stage. As for the second one, the activation energy increased while the pre-exponential factor hardly changed and the mechanism
function remains G(a)=-In(1-a). Thus it can be inferred that zirconium accelerated the first thermal decomposition step of KCIO,,
increased the number of active sites and made it easier to happen, but became inert substance since it was oxidized to ZrO, and that was
the reason of the increment of the activation energy and the invariant of the mechanism function.

Key words: thermal decomposition kinetics; Zr/KCIO, ignition charge; TG/DTG; mechanism function
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