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Color Change of the Copper Foil
by Oxide Thin Layer Formation

Naohiro Kadoguchi

MATERIALS FOR CRAFTWORK OBJECT

Fig. 7 shows colorful magnets made by using the colored copper fail. Colered
copper foil was cut into a form as you like and stuck to a piece of magnet using double
sided tape. The foil was laminated to prevent further oxidatien,

Copper foil Runobow color copper fork

i 7 blagnet suds by buung the cotoned copper Soit

COLOR VARIATION ANALYSIS BY FORMATION OF A TABLE

o

160°C 1 170°C [ 180°C | 190°C | 260°C [ 219°C | 220°C ; 230°C

min

L0 iy

20 min

30 min

Fig. & Regulariy of the eslet ofcopper faik

Same signs of copper foil shows that their colors are similar 1o cach other. Similar
color of the copper foil means that the thickness of the oxide film is also similar. From
this, refationship between temperature, time, and color are seen and this regularity may be
expressed by some formula.

RELATION OF DIFFUSION LENGTH AND COLOR (1)

The copper oxidation proceeds by oxygen diffused into the metal from the surface
(Fig. 9).7 To unify the temperature and time parameters diffusion length of oxygen atoms
in copper was calculated using diffusion parameters from a data base 5 The diffusivity D
can be expressed by the following formula 1.

D=Da cxp(—%) )

Where D is a diffusion cocfficient, Do is a diffusion constant, Eu is an activation energy, R
is the gas constant (8.31 mol K-!) and 7 is the temperature. Diffusion length L(1) of
oxygen can be caleulated vsing the formula 2,

Liny = 24Dr @

Wherz ¢ is the heating time,

@ Oxygon mom

Diffusion [
® @ @
@ ® ®
Copper surface ««ees h B - b .9....
13 % Dutfetion lengd of oxygen stoms in copger
Table | Dilfusion emith (10 m) s cofor of ¢appee fodl
min C11605C | 170 5T 180 °C | 190 °C | 200 °C 2m°c{220°ci230°c
1omin} 120 | 154 | 1.83 | 2.16 i
20min | 182
3min

From Table 1, it is shown that when diffusion lengths are simitar, colors of copper
foil are alse similar, Fig, 14 shows the relation of twemperature, time, diffusion fength, and
copper foif color.
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INTRODUCTION

Gold foil and silver feil have been used for Japanese traditional art such as
paintings, folding screens, lacguer ware, and other decoration objects. Fig, 1 iflustrates a
national treasure “Folding Screen of Red and White Plum Blossoms™ which was ereated by
Korin OGATA more than three hundred years age. Silver foil is also colored by treating
with hydrogen sulfide to form red, blue, nnd biack foif as shown in Fig. Z. These colors are
due to opticat interference by thin film of sulfide over silver metad as Hlustrated in Fig,
3.0 Titanimm plates are known to have various colors depending on the thickness of the
film formed by the clectrechemical oxidation.¥) Some researches revealed that copper(i)
oxide is Tormed on the surface when copper plates are heated and it gives various eolors
depending on the thickness of the film as showr in Fig, 4.5

Fg, 2 Sebver T trested with 15, 4 Coppre [at2s g1 Larisin eslont
b ¢ deperid . 1 the tlza

{ Thin film (copper...Cu20, sﬂvcr,.‘Ag:S‘)\'\\

Frg 3Qpualmatfeneac by Lo

In this research cepper foil was colored by heating in a muffle furnace, It wil be
used as new useful materials for arts and decoration if the colors are richer than copper
plates. Color variation was analyzed depending on the heating temperature and time to et
the calor as desired.

MOTIVE

1. Copper foil with much more rich color variatien than copper plates will be obtained by
heating.

2, The colored copper foil can be used for preparation of eraftwork ebjects,

3. Seme regularity will be found by analyzing a table in which color dependenrcy on
temperature and time is shown.

4, Diffusion length of oxygen atoms in copper can be caleulated from the diffusivity and
activatien energy and will be used as a parameter for color variation.

5. Using the parameter, expected celor witl be obtained.

COLOR OF THE COPPER FOIL WITH HEATING

1. Copper foit with the thickness of 18 pm was cut to the size
of 20 mm = 20 mm.

1L A muffle fumace was used for heating (Fig. 5).

{11 Temperanses applied were between 163 °C and 230 °C
with 10 °C intervals.

[V.A piece of copper foil ona watch glass was set in the furnace,
taken out from the furnace after 10, 0 or 30 min heating,
and ceoled 10 a normal temperature.

Fig. 6 shows restults.

Fiz. § Mable femaze usad

60°C | 170°C | 180 °C | 190°C | 200 °C | 210°C{220°C | 230°C | 240 °C | 250°C

min

L0 min

20 min

30 min

Fig. 6 Cotata of heated ¢
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RELATION OF DIFFUSION LENGTH AND COLOR (2)

Table 2 Relston ofsange beswern e
e ifferica kergeh aad eapper farl eskor
e
e Copperfoitcelar | Range of diffasion
F oo Lenpih (x4 *m)
. copper 129216
%1 2,18-2.53
£ EEFET
g 2% 305-350
R I
* e - = 316552
[ AT e L
Tempenarure i} 3 {min) 839
Frg. 10 Relatiats betweza temperature, tme, diffusion lengtls, and copper Rl gelor

Diffisncn tenpth (19 m)

From Fig. 10, relation of range of diffusion lengtls and copper foil color was found (Table 2).

SIMULATION OF COPPER FOIL COLOR

Caleulating diffusion length makes it possible to estimate the color obtained at any
cendition from Table 2. Green copper foil was made only 250 °C 30 min heating. Using
diffusion length, temperature, and time were caleulated te make green copper foil.
Temperatures applied are between 160 °C and 250 °C with 10 °C intervals, Times applicd
are between 10 min and 90 min with 10 min intervals.  Where shows the result of
simulation. Fig. 11, green copper foil appears 210 °C, 80 min and 230 °C, 50 min, Fig. 12
shows copper feil heated at 250 °C, 30 mir and 210 °C, 90 min. Fhese became green as
expected by the simulation. This result shows that, expeered ¢olor can be obtained using
diffusion length,

1650

14

wes

Fig. 12 Copger fol heated 11 260 7C. 10 nans, 23070, 20 s
and 210 °C. 4 min

2 Temperatue
I Ay

T fetia) How
Fag. 1 Swclatioa of green copper faud dilfus= Terpih

CONCLUSIONS

1. The copper feil has richer variation ol colors than copper plates.

2. Celored copper foil can be used for materials of craftwork objects.

3. Calculating diffusion Iength makes it possible 1o estimate the color obtained at any
condition.

FUTURE FLAN

In this research, direct relation between color and film thickness is not clear
because the thickness of the copper(l) exide film on the surface of copper foil has nat been
measured. The thickness of copper(l} oxide film should be measured, To reveal the
relation of copper foil color and wavelength of the light, absorption spectea should be
measured, I will research the color of copper foil when copper foil was hented to at higher
temperatures than 250 *C.
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