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ABSTRACT

The zirconia ceramics are widely used because of their excellent mechanical properties. Recently, many researches to make a colored
zirconia was achieved to satisfy the individual aesthetic requirements. In this study, the synthesis of black-color spinel-based inorganic
pigments which are stable above 1400°C and the fabrication of black-colored zirconia using the synthesized pigments are investigated.
Inorganic pigments which have spinel structure and near black color were synthesized by a solid state reaction method using a Fe,O;,
Cr,03, CoO and NiQO powder as a starting materials at 1600°C. Most of synthesized pigments were black colored spinel phases and
single spinel phase was successfully synthesized at the composition range of Cr,03:25~35%, Fe,03:45~55%, Co0:20% and
NiO:6~10%. The black-colored zirconia was fabricated at 1410°C with the 5 wt% synthesized pigments and their properties were
evaluated The results showed that the strength value was more than 848 MPa, absorption rate was 0.1%, the brightness of color was
L :40~ 42, the tone of color is a:02~0.8andb :—1.1~2.4. As a result, the black-colored zirconia was suitable for a artificial jewelry

or decoration zirconia goods.
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Table 1. Compositions of Black Color Pigment Composites

(BP1)
(Wto)
Cr,0; Fe,O5 Co,0;
BP1-1 65 25 10
BP1-2 35 35 10
BP1-3 45 45 10
BP1-4 35 55 10
BP1-5 25 65 10
BP1-6 55 25 20
BP1-7 45 35 20
BP1-8 35 45 20
BPi1-9 25 55 20
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Table 3. Compositions of Black Color Pigment Composites
(BP2) (The Changes of NiO in BP1 composition)

(Wt?o)
Cr,O4 Fe,O; Co,04 NiO
BP2-1 65 25 10 5
BP2-2 45 45 10 5
BP2-3 25 65 10 5
BP2-4 55 25 20 5
BP2-5 35 45 20 5
BP2-6 55 55 20 5
BP2-7 65 25 10 10
BP2-8 45 45 10 10
BP2-9 25 65 10 10
BP2-10 55 25 20 10
BP2-11 35 45 20 10
BP2-12 25 55 20 10
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Table 2. Result of UV and XRD Analysis of BP1 Composition
UV Analysis XRD Analysis
L a b Color M.C.P S.CP
BP1-1 33.95 0.53 0.29 Dark gray Cry 3Fep 05 Spinel
BP1-2 35.03 1.04 0.46 Dark gray Cry 3Fey 705 Spinel
BP1-3 35.95 1.18 0.38 Dark gray Cry 3Feq 705 Spinel
BP1-4 37.55 1.08 0.05 Dark gray Cr; 3Fep 705 Spinel
BP1-5 36.55 0.59 —-0.89 Dark gray Cr; 3Fep 705 Spinel
BP1-6 33.76 0.42 ~0.02 Dark gray Cr; 3Feq 705 Spinel
BP1-7 33.72 1.03 0.47 Dark gray Cr; 3Fep 705 Spinel
BP1-8 34.40 0.93 0.08 Dark gray Spinel Cr; 3Fep 705
BP1-9 35.82 1.02 -041 Dark gray Spinel Cry 3Feq 705

*CIE : Commissiom Internationale de I'Eclairage ; luminosity (L*), saturation (a*, b*)
*M.C.P.:Main Crystalline Phase, S.C.P:Secondary Crystalline Phase
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Table 4. Result of UV and XRD Analysis of BP2 Composition
UV Analysis XRD Analysis
L a b Color M.C.P SCP
BP2-1 35.06 0.54 0.39 Dark gray Cry 3Fey 704 Spinel
BP2-2 34.82 0.96 0.46 Dark gray Cr, sFey 10, Spinel
BP2-3 38.20 1.27 ~0.34 Dark gray Spinel Cry 3Feg 703
BP2-4 33.89 0.42 ~0.03 Dark gray Cr; sFey 70, Spinel
BP2-5 35.27 0.74 0.11 Dark gray Spinel Cr; 3Fey 703
BP2-6 37.24 1.02 —-0.45 Dark gray Cry5Feq 705 Spinel
BP2-7 34.93 0.57 0.18 Dark gray Cr, 3Feg 105 Spinel
BP2-8 35.60 0.88 0.43 Dark gray Cr; ;Feq 70, Spinel
BP2-9 37.49 1.12 ~0.33 Dark gray Spinel Cry 3Fey 705
BP2-10 34.37 0.40 0.03 Dark gray Cr, 5Feq 70, Spinel
BP2-11 36.10 0.56 0.02 Dark gray Spinel -
BP2-12 36.68 0.89 -0.32 Dark gray Spinel -
Table 5. Compositions of Black Color Pigment Composites o6 . Yellow
(BP3) 50 /,,/’”" ..
(Wt%)
Cr,0;  Fe,0;,  Co,0, NiO ) //'
BP3-1 35 45 20 6 . / ST
BP3-2 35 45 20 8 ) g, [ %
BP3-3 25 55 20 6 . ® \ N j
BP3-4 25 55 20 ; 8 \ —
BP3-5 20 60 20 6 .
BP3-6 20 60 20 : s el e
BP3-7 15 65 20 6 ° 0 50
Blue
BP3-8 15 65 20 8
BP3.9 0 =0 0 6 W : BP3-1, T1: BP3-2, A : BP3-3, A : BP3-4, @ : BP3- 5
O : BP3-6, @ : BP3-7, .o : BP3-8, % : BP3-9, ¥ : BP3-10
BP3-10 10 70 20 8
Fig. 1. Result of UV analysis of BP3 composition.
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Fig. 3. Photographs of black color zirconia granule.

st SAte] X 2s
29 W& AF A,
Aete] HA e Az 2AS @r%ﬂ:ﬂz} 3}
s S4 <ts %?4*&94 ~04de A3l 3
A $H BP2-11, BP2-12 A3 BP3-1~49] 6714
5wt%’2’9. Z]EEEH o} Buts} EFAZI & A2¢t
Az72A FPsEld AE 2o
OltﬂM HY3} 20 EM = Z7g3 4
oiﬂsﬂ I3 FE HE 65:35§ 3t &3}t
ZA YFLE 200°C, 9525 140°C, &5-7)
TE 10000 rpmOZ 3FE o, 60 um FE 9

O

it

g

) i
__1_.1__.._1_..

Yellow

100 60

olgA - uly . o]ga}

0.5 35
X 04t - 10E
| £

—
& T
= 03[ 1 85

=
lg m
o
2 &
o 02 <::l 1805
2 o
— S
2 o1} 175%T
s &

0 i 1 1 1 1 1

vl
<

Kawamura BP2-11 BP2-12 BP3-1 BP3-2 BP3-3 BP3~4

Composite

Fig. 6. Water absorption and bending strength of the zirconia
ceramics with 5 wt% black color pigment of each
composition when sintered at 1410°C for 1 h.
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