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Oxidation Processes of Copper and Copper Alloys at High Temperature (I)
- Oxidation of a Wire of Copper at High Temperature -

Mamoru Tanioka and Yoshihiro Noma

(Received September 30, 1970)

In the first step of the investigation with the aim of gaining the materials, for which the change in
electric resistance dependent on degree of vacuum is large and the values of eleciric resistance corres—
ponding to the given value of degree of vacuum agree well with each other, the oxidation processes of
wires of copper at various temperature and the dependency of electric resistance of a wire of cuprous
oxide on degree of vacuum have been studied. The results are as follows : (1) The activation enegy of
(2) As the pressure increases, the value of
(38) The

width of the above change in electric resistance dependent on pressure narrows as rising temperature.

oxidation of copper at high temperature is 40 .5 kcal/mole.

electric resistance of a wire of cuprous oxide falles as decreasing in exponential function.

(4) The response time of the above change in electric resistance as changing pressure is below about

5 minutes.
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Fig.1 The sample of X-ray diffraction experiment,
A; The plate of stainless steel.
B; The foil of copper made by rolling wire,

Fig.2 The schematic representation of the apparatus
for measuring electric resistance of a wire at
high temperature and low pressure,

A; Ammeter,

B; Electric furnace (500°C~1150°C) ,
C; Tube of quartz glass,

D; 13%Rh87%Pt-Pt thermocouple,

E; Temperature controller, F; mV meter,
G; Cold Junction, H; Magnetic switch,
I; Oil rotary pump, J; Pirani gauge,

K; Asbestos, L; Rubber stopper,

M; M/; Transformer, N; Electrometer,
0; Wire of platinum, P; Wire of copper,
Q; Q’; Heater, V; Volimeter,
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Fig 3 The sample of electric resistance measurement,
A; The wire of copper,
B; The wire of platinum,
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Fig4 The X-ray diffraction patterns of copper foil
at 10-2 Torr with CuKa radiation at various
temperature,
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Fig5 The X-ray diffraction patterns at 10 10°C with
CuKa rediation,
A; 10-2 Torr (Copper),
B; 760 Torr (Cuprous oxide),

Fig 5—A {3 Fig. 4 1C/R U7z 1010°C T X a2
—vTH, Fig,5—B (L 1010°C tEFEHIEEEER
WIBA LT 5 1 B XERET 42—V TH b, T
O 1B &R D BIIER 0.65mm, KX 2em DHFRO
BRI ST 2DCET 2HHTH D, #R0ERE
FREIC L o TRDLBDTH 208, XREHTEH—EE

F i

0.65mm DFHEEFERELBIC Lcdo—DE4aIciE, &k
OREED, BOBAELIDELI RSV, IHIKEN
B TR/ IIISGEE LTV E0T, 1EMEE O XiE
P2 — v BRHSBILUIDREDO LD TH B, T D ®d
Fig 5 —BTREFEO Y —7 IBAKHEE L, FHE{LED,

11, @i, (@1, (@200 OLEICHNST I L~
7 &, B0 A1) mcHN T AR E—7 BnEHbh
T3,

——— 964 ("C) 0.015Tary
— 0w 1010 /

— o= 1078

tiohm
@,
®,

I'4 L4

A I I

[ 100 200 300

timin

Fig6 The variation of electric resistance of the

sample,

Dotted curve; The variation in the oxidation
process,

Solid curve; The variation as changing
pressure,
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Fig7 Experimental relation between pressure and
electric resistance of the wire of cuprous oxide,
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Table 1 Resistivity of copper and cuprous oxide,
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(rs om)

log r

Tempera— Resisitivity of Resisitivity of
ture copper: p; cuprous oxide: pp

°C) (Ohm.cm) (Ohm.cm)

964 9.04x10-¢ 1.44%x10-1

1010 9.34%x10-¢ 1.04%10-

1078 1.00x10-3 5.80x10-2
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Fig 8 Experimental relation between time and
logarithm of radius of copper region,
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Table 3  The rate constant of oxidation and the
activation energy of oxidation of copper.

. L iy e Temffg;m‘e 964 | 1010 1078
L -—
r= { (ﬁ— 2 ) . (_——~—> } » (2 Rate constant of
pz m p2 oxidation
. —4 —3 -3
i3, CORIC, L, a, p1, po 7 73 EOKIEE Fig.6 o(fseccogger 6.58x10-41.18x10-32.49x 10
OEREECHST 2 BERIERER L 2RATHIE, Th Actifvatio(ril energy
. N - idati
ZNORIMEICRIET 5 1 fhsRD S 5o of copper 40.5
Table 2 {3, LEEOFEHESIE - TRDIt & LOE (keal/mole)
Table 2 The variation of radius of copper region,
964°C
Time:t (sec) 4800 ‘ 6000 7200 8400 9600
Radius:r  (cm) 1.68x10- [ 3.68x10—4 1.62x 104 7.13x10-3 3.39%x10-°
1010°C
Time:t (sec) 2400 3000 3600 . 4200 i 4800
Radiusir  (cm) 1.27x10-2 ' 2.50% 10~ 1.15%10—% 6.60x10-5 ‘ 3.30x 103
1078°C
Time:t (sec) 240 300 600 1200
Radius:r (cm) 4.65x10-4 3.08x10—* 1.74x10—* 4.00x10-*
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Fig 9 Experimental relation betweem reciprocal of
absolute temperature and logarithm of rate
constant,
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