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Synthesis of Zn0-Al,0;-Cr,0; Pigments and Coloring in Glazes
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ABSTRACT

ZnAl;, Cr,O, solid solutions were synthesized as pink pigments with and without mineralizer. The pigments were examined to
optimize color development conditions of temperature and Cr,0O; contents. The characteristics of synthesized pigments were analyzed
by XRD, XPS, FT-IR and UV-vis spectrophotometer. While samples without mineralizer fired at 1300°C, showed ZnAl,O, and
ZnCryOy spinel in XRD analysis. While samples with mineralizer resulted in ZnAL,Oy4. As a results, the pigments show pink color
and most effective pink color was obtained at X=0.15 and 1250°C when mineralizer was used. The chromatic coordinates are L 38.61

a 2448, and b~ 9.60.
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2.1. ot 2§
Zn0-AlLO-Cr,0;A] B= AEE /BEstr] sl ZnO,
Cr,0;, AlLO; (Junsei, Japan, Chemical Pure), Z3}H =
H;BO; (Duksan, Korea)s S4YERE A8t T
ZnAly, Cr,0, B3 AE THL& X=02~04 Ato]d o
2o A0z By Ha Yk B =EqxE B3}
A& AFEBIA 2L FA(Table 1) Z3AS 2 wi% At
§-3F 24 (Table 2)& X353t AbshRE¢17]9A 1300 °CE

N7y AAdslE ). B3 Cr,0,9] 28%o] TAAZA ut
g 2polE Ho|B=ZE Table 29 H2, H39 Cr,O;%= Al#

3tate] Zbzb X=0.05~027H4] 0.05% H3E F3 HyBO;,
E 2wt% FA7Fsled(Table 3) 4AFEHE$7]10]A4 1200°C
~1300°CAA] 1A 7 24 8T
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Table 1. Prepared Compositions of Samples

Sample Composition
371 ZnAl,O,
372 ZnAly oCry 104
373 ZnAly gCr;,0,
374 ZnAlyCry 304
375 ZnAly ¢Cry 404
376 ZnCr,O,

Table 2. Prepared Compositions added H;BO; (2 wt%)

Sample Composition
3H1 ZnAl,O4+H;BO;
3H2 ZnAl, Cry 104+ H;BO,
3H3 ZnAly 3Cry,04+H;BO;
3H4 ZnAly,Cry3;04+H;BO;
3H5 ZnAl, (Cry 404+ H;BO,
3H6 | ZnCr,0,+H;BO;

Table 3. Prepared Compositions added H;BO; (2 wt%)

Sample Composition
CHI ZnAly ¢5Cr 0504+ H;BO;
CH2 ZnAl, ¢Cry 104+ H;BO;
CH3 7nAly gsCrj 1504+ H;BO;
CH4 ZnAl 3Cry,0,+H;BO;

2.2.2t52| EMEY

AL E e tse ARG AAHE dotrnr] fg)
o] XA 3" (XRD-7000, Shimadzu, Japan) 418 3193,
Pawao] Crell 2F AR el 7 AQA Lo}
7] Y XA FHA EA4(ESCA-2000 VG Microtech.
Ltd, AlKa X-ray source=1486.6 V)< 3%t} 7152 Cls
=284.6eVE FH 3Tl

AT Am W) 2R TEBAS WY BAL B
Ast7] st <tEEd g FT-IR(IR Prestige-21,
Shimadzu, Japan) £4& &ttt FTIRS =4-& KBri}
NEE E@slel AR AR7E & B0 4EE Fol §
et pelletsC 2 THE § transmittance modeZ =78 3151
on ZAWeli= 300~2000 cm Z resolution 16 cm =

Aot

2

23. AAEE AE

Sl el wag Pops] s M3, A5-rHE
43]-shav A obs, oA il 47 BB AE 8w
A7t Stk AR WALA o]n} AFE AFEL A

717 ekl A 1250°CR 308 24T § Azt sk
AREE kel Seger formulare U3k 7

(1) lime glaze
0.3264 KNaO
0.6588 CaO
0.0148 MgO

0.404 AlLO; 3.5526 Si0,
pigments 8 wt%

(2) lime-barium glaze

0.2969 KNaO
0.1567 CaO 0.7336 Al,O, 46821 SiO,
0.0185 MgO |
iements & wt%
0.5279 BaO pism °

(3) lime-magnesia glaze

0.2185 KNaO
0.2604 MgO ,

5 pigments 8 wt%
(4) zinc glaze
0.1469 KNaO
0.3902 CaO 0.2215 ALO; 1.6557 S10,
0.0089 MgO :

lgments 8 wt%

0.4540 ZnO pigh °

231 A MY EA

ot} Al AAE AlHe AN viAbE S-S UV-
vis Spectrometer (UV-2401PC, Shimadzu, Japan)Z A}-8-3}<
24351901 Munsell 2 3FA])S1 MK : Hue), 5=V : Value),
AE(C:Chroma)e}t L, a, b gre= Vel

Table 1 23| wa} 1300°C 24 E A 8¢ XRD &%
AFE Fig. 19 JERRAY. 3Z-12 ZnAL0, 3Z-62
ZnCr,0, ©¥7do] et

ZnAl,_ Cr,0,14 X=0.121 A5 @L<l ZnAlL0,
spinelo] FFHA oY X=02~04%1 F2ANME ZnALO,,
ZnCr,0, spinele] 37 FZE U

Fig. 2= Table 29} 1300°C &A% ¢tF ] XRD 4]
AFto|t}, 3H-12 ZnALO,, 3H-62 ZnCr,00lth Y& =
Ao A= ZnAl,Oy4 spinel’de] WERST

Fig. 3 Fig. 29 spinel 4% (4 4 )& AZARE A
Al AL, orte) X3 w2 el HskE Vet
Fig. 22] spinel®] (4 4 0)HoNA RAR|= HAEZE] shift
= crfem 9o oleubAL 069 A, AIT(@HIH)Y) o)L
AEe 051 A2 AP —-»Cre] ago 93 AUL
T U

Fig. 4= Table 39 47FA] Z7dolA CHI1, CH3Z A ¥
3] 1250°C, 1300°C, 1350°CE 2433k] XRD #4234

(AN
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Fig. 1. Result of XRD patterns with ZnO-Al,0;_Cr,0; system
calcined at 1300°C/1 h. '
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Fig. 2. Result of XRD patterns with ZnO-Al,0, Cr,05 system

adding H;BO; calcined at 1300°C/1 h.
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Fig. 3. d-values of spinel with ZnO-Al,05;_Cr,05 system adding
H,BO; calcined at 1300°C/1 h.
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Fig. 4. Result of XRD patterns CH1, CH3 calcined at 1300,
1250, 1200°C/1 h.
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Fig. 5. XPS spectra of Cr2p with Zn0O-Al,0; Cr,0O; system
adding H;BO; calcined at 1300°C/1 h.
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Fig. 6. FT-IR transmittance spectra of synthesized pigments
with ZnO-Al,0;_Cr,0; system calcined at 1300°C/1 h.
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Fig. 7. FT-IR transmittance spectra of synthesized pigments
with ZnO-Al,05-Cr,05 system adding H;BO; calcined
at 1300°C/1 h.

A3}+Z Figs. 6, 790 transmittance spectra® YERH 2T},

Fig. 6 Table 19| &g Zgo=z AAE <FEQ IR-
spectra®) T}

321915 ZnAlLO, spinel®] EAWIT=r} 50921, 563.21,
671.23 cm ‘ol VER 372004 E BUE YH]o|A] B
A9, o]+ XRD A#f= XAt 37239 AS
344.69, 385.16, 407.60 489.37, 510.36, 550.25 cm o] A]
ZnAl, O, spinel, ZnCr,O,4 spinel®] F<EC 2 13k W=7t
HeRTE 3259 739 Cr,059] o] 7= ZnCr,0,
spinel (3Z6) EXME 51416 cm™' ~550 cm™ 9} BU S
& Ho|X 3t} Fig. 19 XRD ZA3et= A X319t

Fig. 7> Table 2| t)3} IR-spectra©|T}. 3H1o] JeEhG
43378, 509.21, 56321, 67123 cm ‘9] WEX ZnALO,
spinel =74 ¥WiZo|t} 3H2, 3H3 oAM= Cr,0;9] $Hgko]
SNEFE Cr0; EAMES] 407, 435, 555, 625¢m™
band2] FFOE N3] 378 41036, 435cm olX W=7}
vebgtth ' X=049) 3H5E Cr0; EAWME dgo=
352, 379, 473 cm ™ol A 7E Wi=r}b Vet

Fig. 8% Table 39 CHI, CH3S A®3l9 1300°C,
1250°C, 1200°CE2 443 IR-spectra 2ot} X=0.05
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Fig. 8. FT-IR absorbance spectra of CH1, CH3 calcined at
1200°C,1250°C, 1300°C/1 h.

spinel®] SFM=o|al, X=0.15%0 CH39X = UEhA] &
9tk 346 cm o] UERG MIZE Cr,0,9 EAWME=E CHI
Bt} CH39A4 Yergt) gtaRRo] Yeld ALO; S
MEE 571em’, Cr,0,9) EAWE=YE 555cm o)t)!”
CH3¢| A% Al O; stafo] Fo|EL CI'20394 shako| ZF7}
3k 20 F Cr,0,8) BAWES 555em™ =T} Folx|
4 AT 1300°C 2443 FE CH39 7+
457.75 cm 2] ZnALO, spinel E4W 7} UERG O
Cr,0,9] EAWESl 555cm WMEE Wolx| 3l 652,
679 cm oA Cr,0; =M =7F UERFAEA 650~680 cm™
o] M7} Yolxj= H3lE 2. Cr,0y7F 9522 U
ElR] = HA o FAHLEE 1250°CE Hof Ath

3.1.4. UV-vis spectroscopy =

Cr,0,= Cr'2 &A)8ts Zo] dutdon} Cr's 3
AR Aoz g4 gtk XY A purple red, red
brown, brown®] 3, Cr' 2] AL reddish purple ©|th”) &
AF o] 7S XPS Ao 98 Cr,057t Cr & &3
AE #gestgarh el AS, ol A3 d(Gahnite:
ZnOALO,) 59| <7 743517 9IS W& FH(ALO,)S
Al 7EA 2 pink7F BT B H3 ok

Tanabe-sugano ©| &0l 2]stH 4A2g—>4T1g(F), 4A2g—>
TF) 7HEA G, A, T P) AN dges
critol o AAE Aoz gEA Yk 246, 380,
460, 520, 600 nmollE= Cr'ol] 28 Fomzolrtd

Fig. 9= Table 2] X o2 FAISE QFE S} o] E ofd
FroFoll A8-3t A2 UV-vis 4 Aol

QFE H2, H3, H4, H59 yehd H=4ML2 431 nm,
542 nme] Mz 7)9sks Aotk 686~725nm Y
Bl W= orfe] e 2 H3, H4, H59AE QA
of & F&gG FA AT FeFllME Cr,0,8] 54
Z peak intensity A}0|E B F Jom o]Ao| {e
of YFg F= Aoew B 5 dg?

Fig. 10 Table 39 202 gAdek 8] UV-vis 4
Fho|t}. 1200°C, 1250°C, 1300°ColA] 431 nm, 542 nme]
T =] 23 pink AL X=0.15914 =2 intensity
2 Yelton obA 3t pink A el A3 Rtk #oF
HEQM T oS & & F AU

3.1.5 MRS

Table 18] ZA o2 FAT o8 E oldd8-okol 8 wi%
A7veled A7) 7R 1250°Co A 3087 A4S A4S
Table 4o UEMRSIT. 2 A3} FAE At FoF
o] A48 ARRTE b Fo] WA Yt 2o F3g
A AL 4 (T Table 29 22 PAS UEE
vz} W|7ER 9] 7)1 E-f-okol] 8 wit% ISt A7) sl
1250°CollA] 308-7F A48Tt &4 A f7of A
AL Applied color system Inc. CIE coordinates to
Muncell notation conversions ©|-25f] AAFH S Tables
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Fig. 9. UV-vis spectra of synthesized pigments with ZnO-Al,0;-Cr,0; system adding H;BO; calcined at 1300°C/1 h.
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Fig. 10. UV-vis spectra of CH1, CH3 calcined at 1200°C, 1250°C, and 1300°C/1 h.

Table 4. CIE L'a’b Color Parameters of Zinc Glazed Tiles with Pigments Calcined at 1300°C/1 h as Table 1

Sample L a b H V C color
372 58.55 2498 11.67 4.1R 5.7 6.1 dark pink
373 51.32 19.07 9.41 49R 5.0 4.5 grayish red
374 47.70 13.71 7.82 6.4R 4.6 3.2 grayish red
375 46.31 10.77 6.92 7.7R 4.5 2.5 grayish red
376 50.79 5.93 7.61 29YR 4.9 1.8 light grayish reddish brown
Table 5. CIEL a b Color Parameters of Lime Glazed Tiles with Pigments Calcined at 1300°C/1 h as Table 2
Sample' L a b H \" C color
3H2 61.50 4.47 18.12 92YR 6.0 2.9 Light grayish yellowish brown
3H3 56.08 5.45 16.43 8.3YR 54 2.8 Grayish yellowish brown
3H4 51.83 7.05 15.53 6.7YR 5.0 29 Light grayish brown
3H5 51.90 8.37 15.50 53YR 5.0 3.1 Light brown
3H6 47.80 —5.28 8.80 4.8GY 46 1.5 Grayish yellowish green

sk 2o 515)%)
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Table 6. CIE L'a b Color Parameters of Lime-barium Glazed Tiles with Pigments Calcined at 1300°C/1 h as Table 2

% * *

Sample L a b H \Y C color
3H2 62.05 5.78 18.63 8.3YR 6.0 3.2 light yellowish brown
3H3 56.28 6.52 16.48 74YR 5.5 29 light grayish brown
3H4 53.96 7.31 15.65 6.4YR 5.2 29 light grayish brown
3H5 50.62 6.01 15.86 79YR 4.9 2.8 light grayish brown
3H6 44.95 -3.06 10.93 93Y 4.4 1.6 grayish olive

Table 7. CIE L"a b Color Parameters of Lime-magnesia Glazed Tiles with Pigments Calcined at 1300°C/1 h as Table 2

Sample L a b H \Y C color
3H2 63.53 15.05 16.36 0.8YR 6.2 4.3 light reddish brown
3H3 57.11 15.92 16.09 0.4YR 5.5 4.4 light reddish brown
3H4 51.89 15.46 15.56 0.6YR 5.0 4.2 light reddish brown
3H5 50.55 14.32 15.24 1.2YR 4.9 3.9 light reddish brown
3H6 49.10 2.39 12.30 04Y 4.8 1.9 grayish yellowish brown

Table 8. CIE L' b Color Parameters of Zinc Glazed Tiles with Pigments Calcined at 1300°C/1 h as Table 2

Sample L a b H \Y C color

3H2 62.71 25.66 12.40 4.2R 6.1 6.4 dark pink

3H3 54.09 22.07 9.07 34R 5.3 52 grayish pink

3H4 49.0 20.28 7.57 3.1IR 4.8 4.7 grayish red

3H5 48.28 16.18 7.28 4.3R 4.7 3.7 grayish red

3H6 49.52 4.22 7.28 52YR 4.8 1.4 light grayish brown
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Fig. 11. XRD patterns of zinc and lime glazed samples.
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Fig. 12. CIE L" a b colorimetric parameters of zinc-glazed
pigments CH1,CH3 at 1200, 1250, and 1300°C/1 h.
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