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Coloring Mechanism on Copper -Red Glaze
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Dept. of Inorg. Mater. Eng. Seoul National Univ,
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ABSTRACT

The influence of CaO, Ba®, CuCO3*Cu{OH),'H, 0 and the ratio of Al,053/8104 on the color of
copper red glaze has been studied under reducing atmosphere. Basic glaze formula was chosen by pre-
expermment, Specimen was sintered in oxidizing atmosphere up to 900°C and later reducing atmo-
sphere to 1280°C.

Main analytical instruments used are Esca and Scanning Electronic Microscope. The basic glaze
formula of stable copper-red-glaze was found to be;

0.21 KNaO

0.15 CaOD

004 MgO 041 ALO3 2.7 Si0,
0.60 BaOD

The range of suitable amount of CuCOy+Cu(OH), *H, O to get stable red color was 0.41-1 wt%
of the plazes, The red color was observed mainly around the pores in the glazes. In the present study,
the red formation appears mainly due to Cu colloid and partly due to Cu™ ions in contrast to the
pure copper metal colloid theory.
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Table 1. Analysis of Raw Materials.
Oxides | p | Nao | Ca0 MgD AL, Fe,0, Si0, Ti0, | Iz loss
Kinds
An  Yang
L 60 5. 47 0 60 0 62 20, 60 0 43 68 BT 0 15 0. 78
Feldspar
Smm Hung
- - - — L 03 0. 18 98. 61 0 1z 0 06
Flint
Cheong Ju
0 40 0 04 52, 77 207 0. 87 — 5 52 0 11 39. b7
Limestone
Se Chang
041 3 00 0 41 aL 70 1. 01 Al 07 019 10, z1i
Kaoiin
Kyung Ju
Pottery 2,05 0 51 0 21 0 61 14. 23 0 25 73 34 019 137
stone
Chung Ju
0. 25 0 24 1L 18 26, 06 3,40 147 5o 58 0. 18 6. 65
Talc
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Table 2. Empirical Formulas of Raw Materials.

KWNaQ Ca0 MegO ALG, Fe, 0, 5i0, Ti0,
An Yang Feldspar 0. 801 0 081 0. 117 1. 538 0. 021 8, 4758 0. 014
Shin hung Quartzite — = - . 006 0. 001 L 000, 0, 001
Cheong Ju Limestone 0. 003 0 043 0. 052 0009 - 0. 092 0 o0l
Se chang Kaoln 0. 013 0. 157 0. 030 L 000 0. 019 2. 449 0. 007
Kyung Ju Do Suk 0. 215 0. 027 G 108 L 000 0. 011 9, 343 0. 017
L Chung Ju Talc 0. 009 0. 030 0. 961 D 048 0. 013 1 424 0. 003
Tahle 3. Composition of the Glazes for Preliminary Tests.
Code I:nds Elfé‘i Flint I;ig}fe' Kaolin| Talc Efutff;y BaCQ, | S$nQ, | CuC0,Cu(OH),H,0
1 61 9 30 2 2
2 65 10 25 2 2
3 76 10 14 2 2
4 50 13 24 13 2 2
3 GO 17 23 2 2
i 50 29 21 2 2
7 40 20 15 1¢ 15 2 2
8 59 25 16 2 2
] 56 9 4 31 2 2
10 50 21 25 4 4 2
11 52 1 22 Z 12 2 2 2
12 53 12 21 12 2 2
13 28 35 18 3 3 12 2 2
14 33 20 20 15 10 2 2
13 o7 18 16 3 4 2 2
16 45 21 6 28 2 2
17 52 8 18 17 5 2 2
18 55 9 6 a 25 2 b
o] 4719 A AL ek 2, -3 ere gl A

0.32 KNaO
0.01 Ca0
0,03 MgO

L00 ALO,, 432 Si0.

Al 239 A 6% (1988)
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Table 4. Empirical Formula of Promusmg Glazes No. 9.
Kinds
KNaOD Cal MgO BaQ Al,Q, Fey,0, 510, Td, Color
Code No.
9 0 22 0 159 0. 04 0. 576 D 43 4 01 2 8o 0al red
182 ELLic E



Table 5 Working Conditions of Esca- Auger.

Number of cycles 240
Number of regions 1
MO 1
ANODE MG
Uper limil 975
Volts/ slep 02V
Range 50
Time [/ step 50
Entered dat. 60. 0
X-ray voltage 12. 0 KV
Reference source energy 1253, 6
Source power an0v
Fass energy 50
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Table 6. Compositon of Glazes.

v}

1400 1,400
[EL] 1300
T B Laop o~
ae | o N
) N
1aw ‘b 1,100 BN
B
~ N nd —~ Y T
FERRT"N BN Prag R *+
et s \\
" M .
s 0 ER S~y
bl L
Eom L owe
£ S
g E
& 0 L o
wal” e wa} - -l
woa |- sl med
.
I
I o ] w0 X Ed
CaD % BaO %

goises Sof tening tempe~
‘Tempera- ragure
ture

» -Viscomity 137 poinea WarkIng  C- Viscoslty jpi
b --W¥iscoaity 101 poleen
d- Vlaconlty 108
poinen Anacaline
Temperature
IMig. 2, Variation of viscosity due to subshtution of
SiCh with Cal and BaQ in 18 NagQ « 82 5i0,

Glass.

15} 22 442 Gehlhof 3o #lzhdl Ca0, BaO
B 2ohe fA R Rk 3 o] =elE o
g Ak Flg 3ol 4 vjEl-L vjs} 7he] CaO2} BaO

%71—3 ) Azpekel =l 107, 104 poisessl -t

o
1o
B
=7
rEo

i" WH st 100, 104 Poises 2| o3}

2% 10 %1 Poises 2] 44 &% Ca0 2 7%

CaO o Alrlebe] Zviglel =z}t 1 £xrl 23} 2hv}

= Ca0so} gko] Zolge|| wel A=z S71 #lde
[]

7l 4
el Aol ubwel] Ba(Ge] 7, Ba0d g ke
FHbel w2} 700T H2Y £l AEE g4
Ref ool Ael Tl xp A pxm delal

T $el4 CaO 7t mel w9l fopl At fo ol

25

=

],

. i

Kinds .
Feldspar | Flint | Limestone | BaCO, CuC0,Cu¢OH),H,0 Sn0, Color
Code No.
9-1 a6 k] 4 31 2 2 red
- , brilhant
9-1-1 56 10 i 27 2 2 ed
9-1-2 57 9 9 23 2 2 red
g-1-3 58 9 13 20 2 2 pale red
pale red
9-1-4 60 10 15 15 2 2 with spat
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Table 7. Empirical Formula of Giazes for Che-
mical Composition of Table 4.
Kinds
KNaQ | CaQ | MgO |BaQ | ALO, |Si0,
Code No
9-1 0.22 G.16] 0.04 |0.58| 0-43(2.9
9-1-1 0.22 § 0.24 | 0.04 [0.350[ 0.43(2.9
5-1-2 0.22 | ¢.30) 0.04 [0.44] 0.43 2.9
9-1-3 0.22 0.40 | 0-04 0. 34] 0.43]|2.9
9-1-4 0.22 0,48 | 0-04 [0.26) 0.43|2. 2
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Fig. 3. Microphotograph & scanning electron micrograph of glazes

a) aroumd the pore by micrograph

b) glaze surface by micrograph
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Table 8. Composition of Glazes with Changing Flint .
Kinds
Feldspar | TFlint Limestone | BaCQ, | CuCO,Cu{OH),H,0 | SnQ, Color
Code No.
0-2-1 60 1 5 34 2 2 pale red
B-2-2 38 3 4 33 2 2 red
9-z 56 ] 4 31 z 2 red
9-2-1 54 12 4 30 2 2 dark red
9-2-4 51 16 E] 21 2 2 vivid red
9-2-5 50 18 4 28 2 2 pale red
9-2-6 18 21 4 27 2 2 brilliant red
9-2-7 46 25 3 26 2 2 pale red
9-2-4 45 27 3 25 2 2 light red
Table 944 28 L while] vht g £ 9-2- ol4k2 "ale Si0; Fol =i 2 w2 i?}ﬂ}
62 fofd rlEes B-19 Ags 2 A s +3e] Zvvl Ca0, BaD# ofs] rlef wle} # %
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el gla o) @] she mbde Tablells] e of Zrbale] Szl Cab ) BaQ o ofm ma Evjs)
A5ieh ool & F2 WY ey 4 gk 47y,
Ayl e® o Fdbo] wo| dojpos Bad & M- 4 CuCOy-Cu(OH), -H,0 2| oF Wzl

Ca02] #hel] 2)ab ol mxb= M- 12 4% Az

s sieh,

Table 9. Empirical Formula of Glazes with Che-
mical Composition of Table 8.
Kinds

KNa0 [Ca0 | Mg0 | BaO | L0, | $i0,

Code N3
2-1 0.22 |0.16| 0.04 | 0.58 |0 432 4
9-2-2 0,22 10,16 0,04 | 0580 43| 2 6
9-2 0.22 |10.16] 0,14 |0.58|0.43) 2 0
9-2-13 0,22 |0.16] .04 |0 58)0 43|31
9-2-4 0.22 /0. 16| 0.04 | 0580 43| 3 4
9-2-5 0,22 |0.16] 0,04 | 0.58]0. 433 6
9-2-6 G 22 10,16 .04 |0 58[0 43] 438
9-2-7 022|016 004 [058]0 434 1
b-2-8 022 [0 16) 004 |0 58[0 43| 4 3
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Table 10. Composition of Glazes with Changing BaQ with CaO.

funds Feldspar | Flint Limestone | BaCO,; | CuC0,Cu(OHy,H,0 S5n0, Color
Code No.
G-2-6- 48 21 4 27 2 2 pale Ted
9-2-6-1 49 22 T 22 b 2 light red
9-2-6-2 50 22 10 18 2 2 pale red
B-2-6-3 51 23 13 13 2 2 red

Table 11. Empirical Formula of Glazes with Che-
mical Compositdon of Table 10.

Kinds
KNaQ | CaQ | MgO | BaO [AlQ, |S10,
9-2-6 0,22 |0 165|004 10,58 (043 |38
9-2-6-1| .22 |0 26004 048|043 |38
G-2-6-2 022 [0.36]00¢ | 048 (0. 43 |38
9-2-6-3; 0.22 | 0.45) 004 | 029|043 | 3.8
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Tahle 12, Composition of Glazes with Changing CuCO,Cu (OH).H,O and 5Sn0,.

finds Feldspar | Flint Limestone | BaC0O, CuCO,Cuf0H)H,O | 5nd, Color
Cede No.
9~3-1 a6 9 4 31 g4 12 vivid red
0-3-2 56 9 4 31 1 3 red
0-3-3 56 g 4 31.’ 2 6 dark red
9-3-4 56 g 4 31 3 9 edish
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