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The change of color and physical properties of zirconia according to the
variation of concentration and dipping time of Fe(NO,).solution
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Dept. of Dental Laboratory Technology, Jinju Health Sciences College

[Abstract]

Purpose: The increased aesthetic requirements and demands of patients have resulted in the developments of
coloring liquid for zirconia.

Methods: In this study, zirconia block was dipped into Fe(NOs)ssolution, which showed a color and then
concentration of Fe(NO:s)sand zirconia's color and physical properties depending on the dipping time were observed
and compared with exclusive coloring solutions. As the result, the following conclusions were obtained.

Results: When compared with the specimens that were colored using exclusive solutions, L* value rose overall
depending on the concentration of Fe(NOs)sand a* value was red in the form of (+) in all the specimens. Also, b*
value was in the form of (+) at 0.5 to 1 8], but was in the form of (-) at 1.5 to 2 {fl. The dipping time did not
highly influence L* value, but a* value and b* value were directly opposite to the specimens, which were not
colored, except the sample that was dipped for only 2 seconds. When compared with exclusive coloring solutions,
Fe(NO:s)shad the most similar color at 0.5 to 1 £l and the longer the coloring time, the higher the rate of color
change became. In relation to the density change depending on the addition of Fe(NO:s)s, there was the lowest
density at 2 8fl and the density was increased in the specimens that were not colored.

Conclusion: These results show that Fe(NOs)ssolution can be used to make colored zirconia. It is expected that
newly made colored zirconia can be used in clinical practice because the colored zirconia not only possesses the

mechanical properties that all ceramic core material should have but also was biocompatible to a living cells.
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Table 1. Chemical composition of zirconia.
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Fig. 1. Configuration of test specimen.
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Table 2. Chemical composition of Fe chloride.

Assay above 98.0%
Solubility in water passes test
Chloride below 0.005%
Sulfate below 0.02%
Copper(Cu) below 0.005%
Zinc(Zn) below 0.01%
Lead(Pb) below 0.01%
Arsenic(As) below 0.001%
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Table 3. Composition of the coloring solution.

Element Composition
Water >80%
Polyethylene Glycol <15%
Iron nitrate Nonahydrate <15%
Chrome nitrate Nonahydrate <15%
Manganese nitrate hex hydrate <15%
Nitrates on metallic and non—-metallic base <80%
Various colour pigment <1%
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Fig. 2. Manufacturing process of specimen.
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Table 4. Sintering schedule.

Temperature Main content
Room Temp ~ 900°C 3 hr
900C ~ 1500 4 hr

1500°C 2hr keeping
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Bulk Density(g/cm3) = Wd/(Wsat—Wsus)

W, = Drying Weight(g)
W... = Saturation Weight(g)
W... = Suspension Weight(g)
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Fig. 3. Schematic for measure of vickers hardness.
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Table 5. Color Analysis Data for colored zirconia
Specimens. (different concentration)

solution ml N L* a* b*
rigol 1 74 05 51
2 84 01 45
3 80 02 42
1 776 06 42
05 2 8 02 49
3 801 03 44
1 836 01 54
12 86 01 6
3 84 02 52
FelNO3)3 1 869 27 64
15 2 88 19 27
3 864 23 35
1 8 25 57
> 2 87 26 45
3 851 22 35
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Fig. 4. Variation of L* value with coloring agent.
(different concentration)
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Fig. 5. Variation of a* value with coloring agent.
(different concentration)
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Fig. 6. Variation of b* value with coloring agent.
(different concentration)

Table 6. Density of ZrO. with different concentration.

mod density
g 6.15
05 6.21
1 6.24
15 6.30
2 5.93

Fig. 7& Z-g&Hof A3t A|He] d=7} 6,162 S35
Pom, e BE AT UE g2 0.5mfel A= 6.21,
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Fig. 7. Density graph of ZrO2 with different
concentration.
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Fig. 8. SEM images after sintering. (different
concentration)
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Table 7. Color Analysis Data for colored zirconia
Specimens. (different soaking time)

solution ml N L* a* b*
Kok 1 88.7 0.3 4.2
2 885 09 4.1
3 859 05 -38
1 889 1.1 -3.6
05 2 88.7 1.2 -3.3
3 875 09 -3
1 89 -0.2 1.9
1 2 88.8 -1.1 38
3 885 -0.5 2.5
FelNO3)3 1 892 2 7
1.5 2 89.3 -14 7
3 89.9 -16 8
1 889 -1.2 85
2 2 89 -11 8.3
3 90 -1.3 87

2 8. 701901, 227t HAF A|HL 87.5
&k Al HL 88,5, 1087 AA|3 A|H-L 89,
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Fig. 9. Variation of L* value with coloring agent.
(different soaking time)
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Fig. 10. Variation of a* value with coloring agent.
(different soaking time)
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Fig. 11. Variation of b* value with coloring agent
(different soaking time)
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Table 8. Density of ZrO2 with different soaking time.

mod density
Non—coloring 533
2 5.55
2 557
10' 5.51
30 5.62

Fig. 12= non—coloring A|*HS] W&k 533, 227 3
A7 Al 5,551, 217F MAIRE AlE-E 5,57, 10&1F A
A3t AR 5,51, 3057 AAF AL 5,628 =4 o
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Aol Wk ot 25 =2 S Il 4= Sl
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Fig. 12. Density graph of ZrO2 with different
soaking time.
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Table 9. Vickers hardness values.
dl di HV
G G @ 92 N gy HY
2" 015 015 015 0.0225 1961158536 1553.65 1553HV20/5
2' 0143 0.150.1465 0.021462 196.1 166.201 1628.77 1628HV20/5
1
1

10" 0.157 0.140.1485 0.022052 196.1 161.754 158519 1585HV20/5
30' 014 015 0.145 0.021025 196.1169.658 1662.64 1662HV20/5
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AlBHA] ¢ke A|HETE 2R AJSYSE A|Ho| Ao R

E2 FAE HAH.
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