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Coloration Mechanism of Hard Oxidizing Fire Iron Red Glaze (Part 1)
——The Relation among Coloration, Glaze Composition and Formed Crystals——

Wonsook PARK and Byungha LEE
Dept. of Ceramic Engineering, Myongji Univ., San 31, Nam-dong, Yongin, 449-728, Korea

The purpose of the present experiments is to consider the relations between coloration and crystalline phases of
lime-glaze, dolomite-glaze and lime-barium-glaze containing 15 mass% ferric oxide and 15 mass% phosphate.
The result of the experiments showed that red color under hard oxidizing fire only appeared in the glaze with
MgO, Fe,0; and P,0s. As a result of X-ray diffractometry, the colour of red was exposed by magnesioferrite-
crystal. However, magnesioferrite-crystal can exist as whitlockite-type crystals. The hard oxidizing fire iron red
glaze is one of the crystalline glazes which is colorized by magnesioferrite during cooling process from firing. In
addition, magnesioferrite crystal formation is closely related to the presence of whitlockite-type crystals.
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Table 1(a). Mole Composition of Starting Materials (mol/100 g)
Starting material KNa0Q Ca0 Mg0 Bal Al,0; Si0,
Albite 0.1400 0.0073 0.0005 -  0.1471 1.2348
Limestone 0.0014 0.9504 0.0196 -  0.0071 0.0371
Dolomite 0.0008 0.6134 0.3721 -  0.0022 0.1997
Barium carbonate - - - 0. 5066 - -
Quartz 0.0006 0.0004 0.0002 -  0.0006 1.6535
Table 1(b). Additives used as Colorant and Mineralizer

Additive material Note

Calcium phosphate( #—Ca,P,0,)

Samjo Co., Korea,

Ferric oxide (o -Fe,0;) Duksan Chemical Co., Korea, First grade
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Table 2. Segel Formula of Based-Glazes used throughout This
Study

Sample | KNa0 Ca0 Mg0 Ba0 | ALO;(x) | Si0,(y) y/x
a 0. 30 0. 69 0.01 - 0.32 3.80 11.88
b 0.49 0.33 0.18 - 0.50 5.98 11. 96
d 0.22 0.51 0.01 0.26 0.23 1.94 8.43
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Table 3. Colour Analysis of Glazes with a-Fe,O; and $-Ca,P,0,

b Colour difference
Reference 4E
4.1/0.7 41.88 1.96 4.10 b-fp 19. 08
4.1/4.2 42.38 16,51 16.44 b-fp 0. 00
2.9/0.3 29.51 1.39 1.58 b-fp 24.80
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Fig. 1. a*b* values of glazes with 15 mass% o-Fe,O3 and 15 mass %
p-Ca,P,0,, a: a-fp, b: b-fp, c: d-fp.

Table 4. Colour Analysis of Glazes without $-Ca,P,0,
Colour difference
Code  Sample (0 W/ © L a’
Reference AE
d a—f 3.0PB  3.2/0.4 32.81 -0.13 -1.69 b-f 4.71
e b-f 6.0PB  2.8/0.8 28.92 0.81 -4.17 b-f 0. 00

f d-f 6.2PB  3.2/0.4 32.38  0.37 -1.94 b-f 4.13
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Table 5. Colour Analysis of Glazes without o-Fe,O; E Mt A
Colour differen 'g M T
Q10 erence
Code  Sample H) W) /(@) r a* y — % oo Wy
Reference AE [+4 °
g ap 6.3Y 9.3/0.4 94.33 -0.76 3.32 d—p 2.16 s
h bp 5.9Y 9.3/0.2 9440 -0.51 2.27 d-p 1.23 .5 7o w0 0 - = -
i d-p 9.3Y 9.3/0.1 93.64 -0.44 1.30 d-p 0.00 26 CuKa
Fig. 5. Powder X-ray diffraction of dolomite-glazes with different
additives.
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B Sample Colour q W h mf a
\\-| a-fp brown O O O - O
- b-fp red o o o o -
d-fp black O @] O - o]
b-f black O - O - -
b-p white @] O - - -
a;quartz, wiwhitlockite—type crystals, hihematite, mf;magnesioferrite, a;apatite-type crystals
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Fig. 3. a*b* values of glazes with 15 mass% p-Ca,P,0,, g: a-p, h: Ca,P,0; F2UF A s L 7250t (b-p) 1SHE % XRD S OfER
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Table 7. Colour Analysis of Glazes with Amount of Additives Table 8. Colour Analysis of Glazes at Different Quenching Temper-

tature
Amount of P W/ . Colour difference
Additives a Reference AE Quenching Colour difference
wm wm/o a
bmass%tbmass% 8.9YR 2.1/0.5 21.29 1.05 2.46 - - Temperature Reference AE
Tmass%+Tmasskh 7.9YR 2.5/0.8 25.69 2.07 4.29 - - 1250°C 5.1PB 3.0/0.7 30.63 0.34 -3.45 - -
15mass%+15mass% 1. 1YR 4.1/4.2 42.38 16.51 16.44 b-fp 0.00 1050°C* 4.1P 2.9/0.3 29.81 1.15 -1.33 - -
21mass%+21mass% 2.6YR 3.9/4.1 40.24 15.32 18.16 b-fp 2.99 850°C* 0.7YR 4.3/4.1 43.85 16.23 15.47 b-fp 1.78
+ Quonching tomperaturc during cooling procoss.
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Fig. 6. Powder X-ray diffraction patterns of iron red glazes with
different amount of additives. (a) 21 mass% o-Fe,O; & 21 mass%
B-Ca,P,0,, (b) 15mass% o-Fe,0; & 15mass%p-Ca,P,0;, (c) 7
mass % a-Fe,0; & 7 mass% p-Ca,P,0;, (d) 5 mass%a-Fe,0; & 5
mass % f-Ca,P,0;.
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Fig. 7. Powder X-ray diffraction patterns of b-fp glaze with differ-
ent quenching temperature at (a) 1250°C, (b) 1050°C, (c) 850°C. (b
and ¢ were the temperatures during cooling process).
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TEFRRN AN EEL C magnesioferrite D#E AR E T AICHEW
B L TWA T &AM SN, E 7z whitlockite & D& it
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0.40~0.60 KNaO
0.25~0.35 MgO
0.15~0.35 CaO
0.00~0.35 SrO
0.00~0.35 BaO
AlLQO; : SiO,=1 : 8~11
i (Fe,03) DOUINEII~13%, FIK (KER) OFM
=% E.
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&, MgO D& 75 Kato L O AHIFZ FlEl->72. L2HLID
BETOWREZZD LR > 72 OOFFRRMORF R p T
L C\We., SO Hidi%Fta S8 % magnesioferrite DFE i
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BLDBNC RS0 D. EROMBE, MgO iy haEni:
HIK=< 7 %V TRTORBRBFEL, MOMTIIBET L L
T X 7% 7> - 7= magnesioferrite OfE A FE X N7/-. 4TI
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T DO AT XN 7- magnesioferrite IZ L AL DTH 5. LHL
magnesioferrite DL D Mg L Fe KB EEN T\ 5 &
LT U VRS 2 FIRHC RIS Ne iR 3 s ea L e,
% 7= magnesioferrite DL S AT I N7z .

0.45~0.75 ALO, 4.0~7.0 SiO,

COWROMRI, 4 F CTHM SN TE AT S OB
OR|EH T F YT GUMBEIHETE, U VBIELEINT
BN Z L ATl % L BT HLDOTH S,

5. & #@

AIKFh-FRbgk &) VIRE, AIK< 7 2y T R-Ekgk s U
MR R AR SN o AR-TR sk & U VRO KRR BT 5
R FEREE DLz, ZORER, MgilanagEth g
MR CTORFRAREL TV 5. XRD WO, KaxrERL
7o BIK < 7 237 BhiZ 3\ T magnesioferrite A[FE I N7z, L
L Mg & Fe B O % & A T\ T & whitlockite 524 gl 25
R S N7 1T magnesioferrite OFEFRIZHN T, EARITHE
(ke AR N o/ N

WFIEDFER, BRMT S HERIC 3510 %5 magnesioferrite § i
DO L » TRETAHERMO—FETH ST EHHL NI

7% - 7z. %L T Z @ magnesioferrite O 4 & whitlockite &
I EEICBRL Tvws . THICBY A RBAEETH T
H5.
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