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Kinetics of oxidizing zinc vapor at elevated temperature
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Abstract: The kinetics of oxidizing zinc vapor in different atmosphere at elevated temperature was determined by
thermalgravity apparatus and the morphologies of the oxidation products were examined by scanning electron micros-
copy. The results show that the products morphologies are amorphous, granular, needle-like when the kinetics ad-
vances linearly and the products of tetrapod and multipod-like ZnO appear as the kinetics proceeds parabolically. The
change of the oxidation kinetics law is caused by tiny zinc particles formed in zinc vapor. The relative kinetic model
functions and kinetics parameters of the title reaction were deduced from kinetic theories and the experimental data.
The oxidation mechanism of the tiny zinc particles were investigated and the diffusion coefficient of Zn atoms through

the oxidation scale were also deduced.
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Fig. 1 Scheme for oxidation device
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Fig. 3 Morphologies of ZnO obtained at different oxidation conditions
(a) —Tetrapod; (b) —Multipod; (c¢) —Amorphous; (d) —Needle+ Granular; (e) —Granular; (f) —Needle
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Fig. 4 Sharp curves of kinetic analysis

Y B 3 ZAE R 3 71 22 R, S 33)
ANEM B FEEHIEE . Bk, FEE—SH0
JSANAER b p k2 I
3.1.2 lnln 23 #7iE

2L TR A LA B S — 2B PUAS Hh 2k, —
RRRAMNEEHSL; —EFEHEM SR M EIE
MHEARK, MLAX 5, oAb, ER 5 =3 2%
RZERIFZI . Inln 2 H7TI% IELF 70 R T IX S8k 2, 15



FASHHE 1 H

B2, & BRRRERSHEMNE + 137 -

I G E B A FIRRI B LR, B AR AL B
s, WidAE In[- In(1- a)] —Int BRECELR
thek, s R B ERREXISHE A
BARFRENEL . KM Inln B 1521 H LR HR
55 B0 0 — e [ A e N3 ) R m (E A HUAR,
Y AT LT B R AR AL BE R B G(o)'™ . L2 AT
L) )RR RN, S BG BHE sS SR — 4
Bk b, Fk, X seis S n i Tt — 20 Ab s, mril
HIWT 1/ 105> 1.5 IS8 24 KA .

M S FTLLE ), SEI0 s 2 — R I 4K,
P Inln S0 ATV mT 40, 0 3R N S —F sl )y 2
M, HSA, BT SEI s %2 — 4 HZ, e
RS0 N AE AB 26 LEREAECD 2 b, BR, E5
W SN B R AR T L XA SR A I
HREMA N B RE AN %M, B
Inln & 3RO H SEEGE0HE s I R T R A 2 —
ZHEZR, ¥y Sar)E, SRS BAFEMB) M
TR ST 5 T A0 . 0C W H 2k By AE 2k [
H, BEIHRRES N 107 (BEAEE 99.9%) M
0.57 (Bf5 97.3%), X R & Fhzh )y 22048 4l
K, TLAAIBT A 0 Bz AR BRI S0 R3) 13 ) 2%
P, ERMNEH, 0C BIRIERZ 0. 57, HARK
h 0.57 B3N 15 kA A A, Bl D2 1 D4, KA
RINVHTEA A0 BOAT UL 58 A 52 4 BROIR B (R3)
izh 77 2 A, Rk, W7 CAHERT OC BERiZ% 2
S YEH DA B, AR Y EUN D2 AR
KT =ChL .

L5

1.0

0.5r

In[-In(1-a)]

05 1.0 15 20 25 30 35
In{#/min)

K5 3171% 047 Inln &
Fig. 5 Diagram of Inln method

YT 0 &N £EL LRSIt AR
SRR BN, RIEEZE SRR A A ST 2 40 I N 11
A, OV RTINS B2 A B R3 A D4 A,
LEATHHI L AR SEM W %2, AT LA & R LE R

NARZR B2 SR AR OB TS DL R, 477 B
DUXAILSR . XA IS, UESE T 1EH LA 70
HrHEDN, EIFE— 2 MR BE RS 4R, BRI
FEREKRBERITE R .

3.2 HMBhivSH

A & 5 BB 4T s 0 PR B ) I TA],
AO B AR BRIR B[ 1- (1- o] - ¢ %k,
0C Bt4% D4 FTREE[ 1- 20/3— (1- a)7’] - ¢ &k
(WL 6), ML BELMRIZ, 7] 40 K RN
AN S0 PR e . T8 8 B ke A Ko o AT 6 T LA
b, VAT AN SR REF, 105 IR 2tk %
RugZ= T RN, HREMEAE T . 5 B
RITFEAR BN AR R DA T 1 ke A ko {H 2 21
WERIARER 5 TR 1. &7 FK 8 Fin A tzh
F12% R #3 B Arrhenius KR 1g k— 1/ T fli£E,
BT AR ERI:

ko lg4 - QAM3E

RT (4)
HELPIRR R HIEEE E, B4 KR
AR HMER T A, A THET R, HEHSESE
K F1  F4 BB F2 F3 &K EH IR AE 550
KEF, fERE FA, ¥ FL1F4 150 RS R
S8R E T, BN E. AL, GRFITER2.

Al WLAEAH R E T, SRS, WERE E
ME, AR, FurNRREE, EEARLAIR
0. SRR, WHibAE B M E, BRI ¥,
H 02 H8H 5% 12% ) Ev T EL 47 0059 22 3 A
K, 412~ 3k)/mol, E: Fl E» Z A ZERWAK,

0.46

0.44} 102
ol 10.24
0.40} 1028
& 038r 40.22 S‘{:
036 1021 ¥
T 034 020 §
" o3t L1549 =
0.30 10.18
0.28 [- {017
0261
0 8 16 24 32 a0'®

#/min

B 6 3y o pr B R
Fig. 6 Slope of lines corresponding to
R3 and D4 model



+ 138 * o EA 4R R

20054E 1 H

K7 AT Arrhenius 5% 5 28
Fig. 7 Arrhenius curves of

early stage of reaction

K8 S5 Arrhenius 555 i 25
Fig. 8 Arrhenius curves of

late stage of reaction
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Table 1 Slope of linear fitting

lines of experimental data

Temper Atmosphere k1 Ty 56 k>
ature/ KO2)/ k1 dependency/ 10° dependency/
G % % %
5 0.0249 99.3 2.347 97.5
850
12 0. 0336 98.6 3.736 98.4
5 0.04138 96.5 3.736 98.9
900
12 0. 0477 99.9 4. 096 99.1
5 0.0610 99.7 6. 030 98.6
950
12 0. 0690 99.9 6. 699 98.7
5 0.0811 98.8 8. 260 98.2
980
12 0.0971 99.9 9.230 97.8
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Table 2 Kinetics parameters at different conditions

R3 stage D4 stage
Atmosphere E1/ Eq/
(kJ* mol” 1) (kJ* mol™ ") A
5% 02 106. 3 2191.6 114.2 467.3
12% 02 108. 2 3635.7 117.3 724. 1
Air 131.9 7247.4 156. 6 8556.3
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Table 3 Diffusion coefficient of

zinc at various conditions

Temperature/ Atmosphere D/
C HO2)/ % (107 em? * 5™ 1)
5 2.46
850
12 3.93
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5 6.34
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12 7.04
5 8. 68
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12 9.70
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