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Abstract

The measurement of Oxidation of nickel has been investigated using vacuum quartz microbalance in

the temperature range of 500°~800°C at various OXygen pressure.

The rate constants of nickel-oxidation were evaluated according to the parabolic rate law. From the

Arrhenius equation, the activation energy in the range of experimental temperatures were found that

E,.,=35. 4 Kcal/mole.

It was also found that the parabolic rate constants varied approximately as the one fifth power of

the oxygen pressure for nickel-oxidation,

The mechanism for the oxidation of this metal were seemed to be via cation vacancy produced by

excess of oxygen dissolved in the oxide film.

T O#®
Tt 16‘\614 Aifeel di3te] Kol At £8 MFENT, 500~800°C oAl FHIH PR

Adtel = EEZ pEsE
Nickel o] Sgipesy

o &4 o AE*—sa 4--1.5 Kcal/mol &

= parabolic rate law o] 2]3}ed A Abstad

JEME(L o1 A= Arrhenius o) 93}

Ach Nickel B fbellq BALEEFTHE BREN 1/4.93

ol ILAIFE Hleslz Nickel of Ei{Liftic Oxide Film o] Lajso] o= FyEste Bl o4

A TURE ol & Vacancy (R KERTHE &

B

o

Nickel o] Fifkol 23 Pige coppere] %ok ¥
A Wagner <2 %a B #irel BRI fAT &
% 2 fEfRel ot ma Tsike] wet Aol gleh,
Wagner ¢} Grunerwald<1 Ni-oxidation o 3 %

Fggol Al copper o] A ¢+ =Rzl r1A] B parabolic rate law
7t RuE sz #EdR en g M@ No
o) fE{k4y2 %3 nickel ion 2] vacancy exchange o
ogtctz At = & Moore & Lee®g} Gulbr-
Sol &% PR
2 1000°C fugtel A parabolic law of wt2ch fERE
*7HEE o e

unsen 2 Andrew® o} 4] Ni-oxidation

= 235l

dsith  Wagner o 93l Ni-oxidation & 739 rate
EEJ) KEFETE Po' d S Moz
7R3k 01} Moore 3 Lee®= 1000°C ol 4] K, & 44
RIS 1/5.3 Feoll HATE AEH 02 F3d
2 o] E Ho] F9oh, =3 NiO o] o3l electrical
conductivity & Fof 4] Mitoff®= NiO/O interface o}
RESTRE LR
2 o] Z3}9] o1} Baumback = P,,'/4 o3k Ao 3t A}

constant K, &=

A] cation vacancy EF53= Py,!/° o

E 297 & °4?‘°ﬂ/ﬂl‘— specpure nickel 2] &}
o g AFAE dof 7R ol &4l HEL
FotzA geh F ovlaA f&mol 500~800°C i 9] o]

A ARAA(EAF D A8 PoyolA) o] Wagner 7}
ARG TE A4 52 (parabolic rate law)o] w2}

— 153 —



154 AR - BER - B AELEelk
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Table [ Impurity analysis of Ni sample

Elements Estimate of quantity analysis (ppm)
Cu 5
Fe 5
Si 3
Al 4
Mg 3
Cd 1
Ag I
Mn <1
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9) O, Storage Tank

10) Manometer

11) & 12) Dewar bottle
i 13) McLeod Gauge
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Fig. 2 Schematic drawing of oxidation apparatus
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Table 2. Parabolic rate constant for oxidat-
ion of Ni at variable Po,

Temp. ' press \ kp

700°C ‘ 7ommHg | 4. 47 % 10-12
" . 100 4.84x 10712
" 160 -1 5.71%x10712
” 240 5.85x ]0-12
” | 350 6.03x 10712
p | 100 8.6 x1074
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Table 3. Parabolic rate constants at variable
temperature in air

Temp, iPress. /T

(9] (atm) | " ypt | ApCom?/sec) ! —logk,
5000 0.2 12.94 6.03x107 |12
600 0.2 1145 7.71x1078 | jo.n
650 0.2, 10.83 1.78x1072 | 175
700 0.2 10.28 520x102 | 1198
500 090 9.78 7.90x 1072 11. 10

t}& activation energy =

k,p:Ae_EH”/RT

ol A logk, vs 1/T & plot (Fig 5) &}
E+=35. 42 1. 5kcal/mol
£ 249+

Lot
T X 10

Fig. 5 Determination of the E,,. for NiO formation
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Table 5. Impurity analysis of Ni sample.

Bl g Tyl Lo (551 35 %41 G
Cu ‘ 5 0-008 | <C0. 0001 0.01
Fe 5 0.015 |<0.0005  0.04
Si 5 — | o0.0001] 0.02
Al 4 0-001 0. 005
Mg 3 0. 005 0- 005
Cd 1 0. 025
Ag 1
Mn |© <1 0.03
Pb 0. 001
Co 0. 0265 0.2
Ca 0. 0001
5 0.0047  0.005

o] gtol = F-7}A 2] consecutive parabolic relation o]
gl ot} 1000°C o] el = A §rbA] relation o 2
A ZRT 4 9oL HIAGUT.  Philip 2 s00°~
1400°C 2} 1000°C~1400°C o A 9] g A A A E,,=
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= 23} chemisorption energy A4E,, (b) vacancy crea-
tion of] M EEL 4E, 2} (c) cation vacancy o] 2|3 ex-
trinsic diffusion o] B 83 4E,,, 9 oz & 5 9}
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A 3] parabolic law o w2t}

i) 500~800°C, 0.2 atm(KEEES)) Toll Al parabolic
rate constant £, = 6.036X 10"14~7. 9 X 10~ 12cm?/sec o]
Jod =g k£ BFREH 1/4-93 K0 AR
A dgtet,

i) 3k AfdzAdA E,,=35. 4kcal/mole 24
1000°C o] Aol A A A& FE(40~50keal) e} v A 3
o o]AL philips @ Baur So] F43} Ni-oxidation
o Yol T AT AAtE Bl sl B
g ek
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