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Synthesis of Fe,03-CoO-Cr,05-MnO, Pigments and Coloring in Glazes
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ABSTRACT

Synthesis and characterization of pigments by using Fe,05, CoO, Cr,0; and MnO, were undertaken. The resulting pigments were
characterized by using XRD, SEM, FT-IR and UV-Vis spectrophotometer. The color of glazed tiles containing 6 wt% pigment changed
from dark green to black depending on the compositions of used materials. Pigments were calcined with mixed materials at 1350°C,
and the dark green and dark brown color were obtained. Pigments were used to determine possible interactions between a pigment

and a glaze.
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ZAP] foke A5 E s 918 Fe,Oz(Hanil Chem.,
Korea, first grade), CoO(Junsei, Japan, chemical pure),
Cr,03(Duksan, Korea, 99%), MnO,(Duksan, Korea, prac-
tical grade)& L YUER At Th
AF TS A8l Fig 13 ol BE 2@ NA Fe,04
o) %3 oA MnO,Z 0.1 mole ThA 3] 2T} AT.
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238 ANEY HETA A 7 WEE dot
H7)$13) TG-DTA(DTG-60H, Shimadzu, Japan)E 33151
on, 2JHE ¢tEY 284 A AR5 doprr] fs
X-A 34824 (X-ray Diffratometer, XRD-7000, Shimadzu,
Japan)S Al&EIACE s tEY ARde] 8&H
At viAd 548 B A5t FRIREY S Ast
Aot FT-IR 42 Kbr pelletss RHE©] IRPrestige-
21(Shimadzu, Japan)2 AME-3} transmittance mode® 2
B3t} resolution 16 cm ‘2 ot Ed FAE okw
o] Y& YL Yolr7] 8t SEM(scanning electron
microscopy, $S-550, Shimadzu, Japan)#2hg sttt &
AE 89 foF g o3 wAE golr7] st
UV-vis  spectrophotometer(2401-PC, Shimadzu, Japan)Z
o] &3l Algye] Mg ZA T

FAE g MNP Y& A3, AIviauA
ob&, M3lutE& 2ol T AE 6 wi%E 7K Seger
formular® FEANEIE T o9k o] THE FFE 4x5cem
aA A 7+ 24 F 2R AlFETh AlRE
o] A)FHE A7) 7hvl (siliconite furnace)oll Al 1260°C=
N7 248 5 =9 s 28 242 900°CH A€
5°C/min, 900~ 1260°C7HAE 3°C/minZ 3ttt THE 3z
= 1240°CAHA 7kA TntE A4S shdth AR E foF
9] Seger formulare THr# 2Tt

1) lime-glaze

0.3264 KNaO 0.4040 Al,O; 3.5526 SiO,

0.6588 CaO 0.0019 Fe,O; (N
0.0148 MgO pigments 6wt%

2) lime-magnesia-glaze

0.2172 KNaO 0.4220 ALO; 3.8362 SiO,

0.5104 CaO 0.0033 Fe,0O4 2)
0.2725 MgO pigments 6wt%

3) lime-barium-glaze

0.2969 KNaO 0.7336 Al,O; 4.6821 Si0O,

0.1567 CaO 0.0181 Fe,O4 (3)
0.0185 MgO pigments 6wt%

0.5279 BaO

2.3.1. MEEN

498 red) Fo g vehbe MRS S
A= WA Muncell) A FAI AHH:hue), BEV:
value), #%(C:chroma)® YERN o1, 27|21 9 4 3]
(CIE : Commission Internationale de I'Eclairage)”} S8k
CIE-L'a'b 472l 7h& AHgslainh L' SA(L'=100)
o SAL =0)F LEhlE o) W Arelth 2
Mg el A HA(+a)e, bE Al B D)
el ottt AlgH e A2 UV-vis spectrophoto-
meters ©]-§-ste S sHATh
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3.1. TG-DTA

238 ARl AuFPA HFeM e S WEE gob
27194 Fig. 18] =3 1071E 1300°C7HAl TG-DTA%H
A7 @Y gpinelo] AAHE A4 spinel 0]
hematite, iron-chromium oxide, chromium-iron oxide, es-
kolaite o] FAAA T spinelo] 2302 VEh =
T A E 7 HAkFg. 2).

Fig. 2() 1350°CE &A% k25 XRD &4 2434
spinel ©]9)9] ThE Aol FAGAoRE EAstE 90l
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Fig. 2. Thermogravimetric(TG)
analysis(DTA) curves
sample3, (b) sample7.

I 1, 3, 6 100 3ol 7] &3Ath. Fig. 2b)y=
spinel & A% EAsh=s 42N 2,4,5, 7,8, 90 =
3to) olo] &3t Y spinete] BAHE AR 7R
E 1000°C F-ZollA spinele] AJALE A% FE H=27}
A vebdt. spinelo] 23302 FHHE B4 AR
X spineld] A Fo] Fx AWl XA Lo

Table 1. Phase of Pigments by XRD Analysis

opgst
\ S[irKﬂ
O,
, w0 0 Cos0y
W H H N 1350C
v 1000C
10 20 30 40 50 60 70
20

Fig, 3. X-ray diffraction patterns of sample 7 obtained on
calcmmg in air for 1.5 h at 900°C, 1000°C, 1100°C and
1350°C.
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3.2. XRD 244

AAE o AR AA JEE GotrT] 98 X
A BAEAS FaiAnk. Fig. 19 239 w2} P4 <
79 XRDZH ZA#E Table 1o YerAT &4€ ‘?l
g9 AAFE T ARAAE Hole 2, 4,5, 7, 8, 9d
o] spineldol T 1, 3, 6, 102 compounds} spinelo] &
A FRHA= 2x}o| 3L Z+Z} hematite, iron-
chromium oxide, chromium-iron oxide, eskolaite”t 5 Z
AAFoldth. CoO7t 10 mole% FHo] U X2 spinel
2yo] 2xpFe 2 JEREA T CoO7F 30 mole% ©]73 ¥
B 23 BT 3 spinelS FAE F AU

Co02] FHFo] 10mole%2! A ESS hematite, (FeysCro4»03,
Cry ;Fey;0;, eskolaite 52 270 ZAARAAo 7 VJeER )T
spinele 22t Ao EA) AT Co02 FaFe] wof
AW spinel AL FolstA T & F AU

Fig. 3& Co09] #&ol 7 @2 éﬂzi LRE
w3lof] w2 spinel 23] YFAAE Lot} spinel
AAL 900°CHE Co;0.%t A &=t 1000°C ©]
AEREE spinel @Y AT HEH AT

] spinel

Fig. 45 9932 spineld] (4 4 OR] AZAZHE A
2 abatE7re] Ao wE el ol F¥E Bole
2 agoz FAE Aotk addF 2, 4, 7HY AL AT

Adle Zhzh 148670 A, 1.48442 A, 147513 A0 7, 8

samples primary phase second phase samples primary phase second phase
1 hematite spinel 6 Cr3Fey 703 spinel
2 spinel 7 spinel ‘
3 (Fe6Cro.4),05 spinel 8 spinel
4 spinel 9 spinel
5 spinel 10 eskolaite spinel
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Fig. 4. Direction of downward value of spinel’s interplanar
distance(440).
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Fig. 5. FT-IR spectra for synthesized pigments Fe,05(Cr,03)
: Fe;05(Cry05) calcined at 1350°C, CoFe,0,: CoFe,0,
calcined with equimole ratio CoO and Fe, 0, at 1350°C.

9ol A= ZH7t 147513 A, 148179 A, 1.48457 AL
o 2 5 9He ALE ZH7b 148670A, 1.48569 A,
1.48457 A°1lth. XRD 2AZAFo|A HYEo] stgzxd
oA CoOE 30mole% ©]F AHS-3tH ©e’de] spinel©]
AAEATE Co02] F& F7Hstol whet @ de] spinel
Agmar olyzl AAAE spinele] W7HARI T ol )

33.FT-R

AR <E o A8 244 94 B 24
7+ A3 #AAE dolrR7] 3] FRIR 4% 3t
7} A EE EAL 300-1000 cm oM WIS
EM S tH(Figs. S, 6, 7, 8). Fig. 5& XRD ¥4 ZA3} o
Aato] obd spinelo] 23 e® FAHE 2 1, 3, 6,
109 FE IR spectra® VERHUTE CoO2t MnO,7}
10 mole%= ZAE AeElolA Fe,0.7F 7H4 B2 230l
1A Cr,0,9 %ol 7H¢ &2 108 ZF7HA mole
ratioZ Fe,032 Cr,0,= A3l 7+ 73-F-olt}h. Cry0:9] &

300 400 500 600 700 800 900 1000
cm™!
Fig. 6. FT-IR spectra for synthesized pigments CoQO, Fe,Os:
Co0, Fe, 05 calcined at 1350°C.

300 400 500 600 700 800 900 1000
cm™?
Fig. 7. FT-IR spectra for synthesized pigments Fe,O3, CryO;5:
Fe,0;, Cr,05 calcined at 1350°C.

o] BolAFE IR bands7} LEZFOZ shiftg S Vel
AHow FAE FE) 1H =% intensive band
(56321 em )= QEZRT F Cr,0;9 %ol 7P BL 10
ol A 632.65cm oA 738 band7t UERTE 2>
A 929 IR bands EAS ZFHE JERH Fe=0,
Cr=0¢] IR bandZA4] Fe,0,7F Cr,0,2 X &g we} A
= moledld wet $Eo= shiftf S UERTL
500 cm™ ©]8te] IR band= AAFe F2& Uele A
o2 XRD F3F AN Yere F33 A2dd g
ARe geold 4 At 1M 3HL Fe,0,%F HI=:3H
spectra® Kol em 63 10H-E Cr0;9 22
spectra® WERAATE ©]E5¢] A|2242 CoFe,0,%3, 19
9] Z2}o] hematite®] 3L 3] iron-chromium compound¥]
S B o 3HE Cro]2°| hematited 4ol Z&E A
o], 6¥lF} 109 A 1099 F277C] eskolaite
eJo] FIEA 10 H]S5=3 spectrumS Hol& 6HE
chromium-iron compound® eskolaite 27 &<tel Fe o]
o] 188 Aoz AU 2APF R T spinel
9] IR band% 47835 cm™'~516.92 cm 5ol A 82l H3
t}. Fe,0;, Crj0;¢F CoFe,0,2] IR bandv= AHEAIRE
1350°Coll A 2438t FLIRS &3k et
Fig.6& XRDOIM @ oz FE spineldl 2, 4, 7
W gpectras LFEMHATE Fe,057F CoOZ X[ &E 75
g 2w7 4He @M E IR band7t 79| TLUE
A JeERFS ™ Co02 mole ratio?} Fe,0,R vt 953 B
& 74 ZFA IR band’t LEFSE shififith. XRD
B AT AAE spinelS 29, 481 25 CoOFe,0;0] 3L 7

A 443 A 10 3.(2007)
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Fig, 8. FT-IR spectra for synthesized pigments CoO, Cr,Os:
Co0, Cr,0; calcined at 1350°C, CoCr,0,:CoCr,04
calcined with equimole ratio CoO and Cr,0; at 1350°C.

H ol 7 CoO-Cr05°1 ALt

Fig. 7& XRD 2323 &d Ao g FHHE spinell
2, 5, 929l IR spectra® YERSITH Fe,0,8 Cr,0,% A
$ot 43 R band= LEECR shiftH vt EAH7F 2
e veE 299 IR bandE 58636cm”, S
601.79 cm™', 912 617.22 cm o4 intensive bandS “+E}
Wk, XRDEA A si 3 939 spineb FeCry0,2 4
AT}

Fig. 8& XRD 23237 gdio] $4=+= ACE CoO
Z Cr,0:E XSS W] IR spectras YJERIAT. FA}
U] 2%8< YelE IR band® shifis 79(609.51 cm el
A 89161722 cm NOE OF7F AT gHolA 9HO B
shift7h dejubA] gtk 728 Yehl= IR bandolA <
7+e) shiftE B} Zpo]E BT 73 1S XRD ¥4
A3 CoCr,0,2 FZHA .

A ¢tR ol @A spinele] AL Al AR FE
HAck 27} 440 CoFe,04, 5 9H-2 FeCr, 0y, TH
7 82 CoCr,0s01%th 48 tae MAd¥ 434
< XRD9 IR #4185 &3 2dAgte] &l HAeH, &
A spinel?] F77}F IR spectras B3 A AT
spinel> equilibrium temperature®] $4~ZM spinel -39
A g2 MYE 2t JolEY EEF o8 7K A4S
AARste Zo| v, HIEZANA ol ZE Hole 714
©] 3L second order “reconstructive transition of disorder”
24 2%€ & A& gtk 2 FEle spinclo] B
o]& spinel®] complete spinelo] oFYal Z3v|ol] we}t 7z}
2HEo] 7830l thE mixed spinel®]7] W] FT-IR
o] ZAA 79 XRDEMAFHNM B e FE9 shift

7t ol EEFE Aol

34.SEM &

FPYerEel I A Yohi) SAsh SEM B2
shglek. VAT Fg 99 2ov) 279 et iz
27171 B2}, 4Ape] aéEH‘—'E XRDO A hematite7} FA4F
o7 VER = 13%.4 A$(Fig. 9. a)e BT FAdo] 3
2 ol 7L 10um o]t =715 BRIt} Spinel]

Al ok

: sample 10

(¢c) : sample 8 (@

Fig. 9. SEM image of the synthesized pigments.
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Aot gd de EO]_ spinel®]
o] e 2717t hFsiA Vel
9(b)) Fe,0;, Co0, Cr,0; Al AFslEe] 2+ m
gEo] 2E AoR AR T2 WIH SUAE B
ol=d] 8] A(Fig. 9c)E Fe,057F 2L CoO9
o] B x@¢oE AR EHe KA Wol 7
Q Yo A7k SHATE Wol BT T3 Tl
AL Alud 28 YRS Holdl vIs 249 &

B QA AV AE 2A YERET.

o) A= 7
35 M4 &3
FAE RS 27 Kool 6w B7HsH] Agu
of 2784 A3t e A7) Zhekz 1260°ColAM 1A]

b 2Aea OE 3 e TRevhulelA 1240°CE A4

ek A AlEHY] FA42 UV-vis spectrometer

(2401-PC, Shimadzu, Japan)2 =78} T2 (Muncell) 4}

A *”*P(H hue), % (V:value), *=(C:chroma)

CIEL'ab TAA 2] ZLab = A8, Applied color

system Inc. CIE coordmates to Muncell notation conver-

siong o] g-ate] A B& YeERN ST Tables 2~49]

B Az o] ‘ﬂ/‘é‘(Muncell) A BAIQL Aol A2 black

o ol APHo} CIE BAA A8 HAIKE o) &

3 AL Be FAAA blackeE UERAT.
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Table 2. Results of the Glazed Tiles Test in Lime-glaze

H % C L a’ b" color firing

Cal N1.6 16.73 0.40 -0.26 black OF
6.2RP 1.6 0.1 16.36 0.61 -0.14 black RF

Ca2 1.9PB 13 02 13.35 ~0.08 ~1.07 black OF

black

N1.5 15.19 0.23 -0.24 black RF

Ca3 6.3P 1.5 0.2 15.53 0.77 -0.70 black OF
6.2Y 22 0.2 22.36 ~0.14 1.15 black RF

Cad 2.5PB 1.5 0.5 1548 -0.10 -240 bluish black OF
9.6B 14 0.2 14.69 -0.19 -0.74 black RF

Ca5 1.5B 2.5 0.5 25.78 ~1.57 -1.20 dark gray OF
0.5BG 14 0.9 14.26 -3.46 0.12 greenish black RF

Ca6 9.0BG 1.9 03 19.76 -0.84 -0.49 black OF
8.2GY 24 0.6 25.01 -2.02 1.90 dark grayish olive green RF

Ca7 5.5PB 1.4 04 14.51 0.35 -2.00 black OF
4.1PB 1.5 09 15.06 0.31 -4.19 bluish black RF

Ca8 54B 1.8 0.6 18.42 -1.49 -2.13 bluish black OF
5.7B 1.6 0.8 16.66 —-1.80 -2.86 bluish black RF

Ca9 6.0BG 1.7 1.5 17.49 -523 -192 blackish green OF
5.6BG 22 1.8 22.64 -6.84 -2.09 dark grayish green RF

Cal0 4.6G 2.2 0.5 22.97 ~1.63 0.59 black OF
2.8G 23 03 23.13 -1.11 0.54 black RF

OF :oxidation firing, RF :reduction firing

Table 3. Results of the Glazed Tiles Test in Lime-magnesia-glaze

H A% C L a’ b* color firing

Mgl 6.8YR 1.8 0.5 18.65 1.60 2.35 black OF
6.1P 2.0 0.2 20.54 0.63 -0.57 black RF

Mg2 N2.0 20.22 0.44 —-0.04 black OF
6.2PB 2.1 0.2 21.81 0.23 -1.10 black RF

Mg3 7.0YR 2.0 0.9 21.00 2.53 4.18 dark grayish brown OF
73YR 1.8 0.6 18.54 1.68 2.67 dark grayish brown RF

Mgd 4.8PB 1.9 03 19.32 0.14 -1.39 black OF
4.3PB 24 0.3 24.69 0.08 —1.61 black RF

Mg5 59GY 1.9 03 19.20 -0.73 0.92 black OF
8.6G 2.0 0.2 20.81 —-0.80 0.14 black RF

Mg6 3.8Y 2.5 1.0 2548 0.20 6.05 dark olive brown OF
44Y 2.1 0.9 21.61 0.01 5.53 dark grayish olive RF

Mg7 3.4PB 22 0.5 22.55 0.00 -2.60 dark grayish blue OF
4.8PB 1.9 0.9 19.10 0.53 —4.60 bluish black RF

Mg8 3.6B 2.1 0.7 21.63 -2.02 -2.07 dark grayish blue OF
9.1B 1.7 0.6 17.61 -0.86 -2.69 bluish black RF

Mg9 2.3BG 2.1 1.5 21.78 -5.76 -0.32 dark grayish green OF
2.8BG 21 1.7 21.14 —-6.50 —-0.60 dark grayish green RF

Mgl0 9.6GY 2.8 1.6 28.47 -635 4.36 dark grayish green OF
0.2G 2.6 1.9 26.26 -7.38 5.08 dark grayish green RF

OF : oxidation firing, RF :reduction firing

A 440 A 102(2007)
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Table 4. Results of the Glazed Tiles Test in Lime-barium-glaze

*

H \' C L a' b color firing

Bal 8.6RP 2.1 0.1 21.84 0.69 -0.02 black OF
N2.0 20.36 0.18 0.14 black RF

Ba2 3.2PB 1.7 0.3 1740 -0.01 -142 black OF
8.2B 1.6 0.2 1647 -0.35 -0.91 black RF

Ba3 0.3P 2.7 0.2 2721 0.52 -0.95 dark gray OF
9.9Y 2.0 0.5 20.95 -0.78 2.35 black RF

Ba4 3.7PB 1.6 04 16.73 0.06 -1.84 black OF
2.5PB 1.6 0.3 16.61 -0.08 -1.61 black RF

Bas 8.0B 2.0 0.3 20.64 -0.54 -1.18 black OF
44BG 2.1 0.8 21.88 -2.63 —-0.55 dark grayish green RF

Ba6 74PB 2.0 0.2 20.49 0.35 —-1.11 black OF
6.2GY 25 0.6 26.08 -1.70 2.14 dark greenish gray RF

Ba7 4.5PB 22 0.5 22.83 0.17 -2.23 black OF
5.0PB 1.9 0.8 19.45 0.46 -371 bluish black RF

Ba8 5.7B 1.8 0.7 18.15 -1.51 -233 bluish black OF
6.0B 1.7 0.9 17.17 -197 -3.26 bluish black RF

Ba9 2.0B 3.0 0.8 30.60 -2.80 -2.15 dark bluish gray OF
7.8BG 31 1.3 31.66 =515 -220 dark grayish green RF

Bal0 3.6G 2.6 0.1 26.63 -0.55 0.25 dark gray OF
7.8GY 23 0.7 2327 -2.17 2.17 dark grayish olive green RF

OF : oxidation firing, RF :reduction firing
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