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Effect of Metal Chloride Coloring Liquids on Color and Strength
Changes of Tetragonal Zirconia Polycrystals

Jong-Jin Oh and Hyeong-Rok Noh'™

Department of Dental Biomaterials, School of Dentistry, Chonbuk National University, Jeonju 54896,
1Depar’[ment of Dental Laboratory Technology, Gwangju Health University, Gwangju 62287, Korea

The purpose of this study was to evaluate the effect of metal chloride infiltration treatment on color and strength changes of the yttria-stabilized
tetragonal zirconia polycrystals (Y-TZP), Fifty disc specimens were prepared with a Y-TZP powder (ZPEX; Tosoh, Japan), Thirty different metal
chloride solutions containing 0,03 ~0,08 wt% chromium and 0,03 ~0,07 wt% terbium ions were prepared, Presintered Y-TZP specimens were
soaked in metal chloride coloring liquids for 3 minutes and sintered in air at 1,450°C for 2 hours, The color of the specimens was measured with
spectrophotometer and color difference (4 £7) was obtained based on the CIE L, &, & color coordinate values, To evaluate the effect of metal
chloride infiltration strength changes, the biaxial flexural test was performed at crosshead speed 0.5 mm/min, Colors of the sintered Y-TZP showed
the colors of Vita shade guide A1, A2 and A3 with the infiltration of chromium and terbium chloride solutions, Density of the sintered Y-TZP increased
by the infiltration of chromium and terbium chloride solutions, Bi-axial flexural strength of the sintered Y-TZP did not show statistically significant
differences by the infiltration of chromium and terbium chloride solutions (p >0.05), Chromium and terbium chloride did not affect the crystal phase
of zirconia, and all specimens showed tetragonal phase, Accordingly, this study suggests that chromium and terbium chlorides can make colored
zirconia while adding in a liquid form, The color of colored zirconia differ from that of vita shade guide but it can use all ceramic restoration as

substructure in dental clinic,
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1) A 23 o} &2

B AAFto|A= computer-aided design/computer-aided
manufacturing (CAD/CAM) 7}5-8-2] |23 o} BF A
Zo|| AHE-H= o] Eglo} oMt g A2 31 o} thA A A
(yttria-stabilized tetragonal zirconia polycrystals, Y-TZP)<2]
A8 B2H(ZPEX; Tosoh, Tokyo, Japan)g ¥x9] 71-F ¢l

o] AMg-3ATt. AH8-g A=Y ol £ Ul Y.0; TP
5.37 wt%, B| EH 2L 12.5 m’/go]th(Table 1).

2) & YsE 589

287 dagol B4E FEUSHE £89L chro-
mium (IIT) chloride hexahydrate (CrCrs + 6H,0O; Sigma-
Aldrich, St. Louis, MO, USA)¢} terbium (III) chloride
hexahydrate (TbCl; + 6H,0; Sigma-Aldrich)& A}-8-35}¢]

Table 1. Chemical Composition of Yttria-Stabilized Tetragonal
Zirconia Polycrystals (Y-TZP) Powder

Composition Content (Wt%)
V4(0) 94.58
Y:20; 5.37
Al,O3 0.05

Table 2. Composition of Metal Chloride Coloring Liquid Used in
This Study

Number Ratio (Wt%)

1 Cr0.03 Tb0.03

2 Cr0.04 Tbo0.03

3 Cr0.05 Tb0.03

4 Cr0.06 Tb0.03

5 Cr0.07 Tbo0.03

6 Cr0.08 Tb0.03

7 Cr0.03 TbO0.04

8 Cr0.04 Tbo0.04

9 Cr0.05 TbO0.04
10 Cr0.06 TbO0.04
11 Cr0.07 Tbo0.04
12 Cr0.08 Tb0.04
13 Cr0.03 Tbo0.05
14 Cr0.04 TbO0.05
15 Cr0.05 Tbo0.05
16 Cr0.06 Tb0.05
17 Cr0.07 Tbo0.05
18 Cr0.08 Tb0.05
19 Cr0.03 TbO0.06
20 Cr0.04 TbO0.06
21 Cr0.05 TbO0.06
22 Cr0.06 TbO0.06
23 Cr0.07 Tb0.06
24 Cr0.08 TbO0.06
25 Cr0.03 Tb0.07
26 Cr0.04 Tbo0.07
27 Cr0.05 Tb0.07
28 Cr0.06 Tb0.07
29 Cr0.07 Tbo0.07
30 Cr0.08 Tb0.07




20| XZTLI0LS| AZot 0| Okl FE

A z5h k. aﬂcﬂﬂ% 0.03~0.08 wt%2<} H| 28 0.03 ~
0.07 wt% 2] ¥ == &3ato] 30717 9] 54 Q= 89
< FHl8} &’iE}(Table 2).

2. ANEH =

1) A2 o} o] H¥

THEE A 2y o} FH-& W 20 mm 9FF =& ol &
J3 obS B A8 =9 2(30 ton; Samwon, Siheung,
Korea)2 @ HAF 0.8 tone] ¢t o 2 71k g5} it
A A A APHES ol A3 FHES AT
317] ¢38}e] cold isostatic pressing (CIP) A3 #H](DR
CIP 08-01116-A; Kobelco, Tokyo, Japan)2 ¢+ 200
MPasl A 533t 545kt

2) Auj2=F

AP E Az3Yo}l AHS du|AadLe d7] 41719
SiC A 7] Z(Thermo tec, Gangneung, Korea)ol| 4 A|3J5} %)
th AJHE AV]|Z e ¥ 1°C/ming] $&&E 2 1,040°C
7HA L5 9 A oA 3ARE FF F- A g vk 295t

o

& g4skE 789 7'“?] oL Ea |

cﬁlﬂl/\éd Y-TZP AJ8S 2018 217ke] 307k4) B4t
E 589 327 AAg ‘:H—. Z1%7](HB-502M; Hanbaek,
Bucheon, Korea)ol| 4] 70°C2 1A|17F 59t §-A| 8} 9T} o] o]
A AzE Azzayol AlHE 24 AL A7|=(Denta-
star P1 plus; Thermo-Star, Spenge, Germany)oll ¥ 1 A =
3|Ako] A Aol meba] 5°C/mine] & =R 1,450°C7HA]
L2 SN 247 B AT g 2Ua T A5

o2 2AYPAH] F7]+= FA 15 mmxFA 1.0 mmE

3. MAHE}

el wol AHg-E= AAIE(AL, A2, A3, A4)9] 5
A3HE 7898 A7) Yt A A F{LFelA 71 d e
AH8-E]&= Vita shade guide®} M2}HE v w3} et 2354
2] (CM-2600d; Minolta, Tokyo, Japan)E A}-8-3}0] <A
% ¢4 3] (Commissiom Internationale de I'Eclairage,
CIE)2] ISO 7|31 D65 3¢S A& 3} AL, S2tell 713
SCE w202 Aozt 10°9|4] &3} ). Zhzhe] AlAnt
o} olejo] M2 thE 3o $JA|elA M-S L, a¥, b* TS
AL ok AAF 3EE Albe oot

A7 15.2 mm, 57 1 mm= A 25 A2 3o} A|H9)
2AYUEE S35t 2 Zultt 5709 Al RS SRS
D71 3AIZE o] #2l thE o2 7|l E| A ol A Ak
3} Sict.

2) A=
AlEL] FEEE 2T 6.09 g/em’9}t =3

L =
g 27 s g2 EASY,

3) IJA=

aﬂﬂl*é?‘?} Az ole] F4AskE F84 A7} 9
FFS H7tstr] sl 25 FFAIES A
6}931:}, %EA] —f—’: ISO/CD 6872.2:20051| 4 +A 3}
A-g3tact. A7 12 mm 4] 45
/}}01] A7 1.5 mm 27 7]1 £ 5740 A7) A Lol
m Y A EE SeFa A7
1.6 mm o}%%é /\}%o}&l Al 9] FYGH-ol|lA] crosshead
speed 0.5 mm/min® 2 ¢=8-L 7jsto] 4ds5S =4

ahsict.

5. O|M|IZ=Z]

7y o A2 3o} AR wA| A AFES & 2HES 3
pm tholol2E FHOo|AER Auldt thE AZF2EHT of
200°C vt 2591 1,250°CollA 587 #1812t} o] F AJH
o] TS AAMAFALA A ] 7 (S-4800; Hitachi, Tokyo,
Japan) o 2 ##351 4

6. ZEY

A2 Ao} AAT & Ao AT F 24
gt A2 3o} Al ] AAFZE BAI8H] Y8 XA 314
2 7](X’PERT MPD; Panalytical, Almelo, Netherlands)
£ AHgsheict. HARAEAL Cu-Kasl XA & AHg5to]
5°/min?] £E2 10°~90° (20) 9] lA 431t

7. }2EA

24P} v M| 22 9] #71 v] 2+ Kruskal-Wallis test
2 Naetgdon], BE folrael Beke 0052 ahalr
ZAIEA]L PASW Statistics ver. 18.0 (IBM Co., Armonk,
NY, USA) SAZZ I o] &3t 35 qirt.
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Fig. 1. Colored zirconia specimens.

Table 3. CIE L*, g*, b* Value of the Colored Zirconia Specimens

Concentration (wt%) L* a* b*
Cr0.03 Tb 0.03 82.77 1.81 14.43
Cr0.04 Tb 0.03 80.97 2.42 15
Cr0.05 Tb 0.03 80.78 2.86 14.69
Cr0.06 Tb 0.03 78.95 3.31 15.11
Cr 0.07 Tb 0.03 77.78 3.62 14.87
Cr 0.08 Tb 0.03 76.85 3.9 14.57
Cr 0.03 Tb 0.04 83.85 1.58 14.27
Cr0.04 Tb 0.04 82.24 2.19 15.24
Cr 0.05 Tb 0.04 80.42 2.74 15.21
Cr 0.06 Tb 0.04 79.49 2.85 14.77
Cr0.07 Tb 0.04 78.42 3.26 15.29
Cr 0.08 Tb 0.04 76.76 3.69 14.85
Cr0.03 Tb 0.05 84.06 1.38 14.46
Cr0.04 Tb 0.05 82.34 1.99 15.05
Cr 0.05 Tb 0.05 80.22 2.59 15.51
Cr0.06 Tb 0.05 78.89 3.1 16.42
Cr 0.07 Tb 0.05 77.78 3.53 16.64
Cr 0.08 Tb 0.05 76.87 3.58 16.84
Cr 0.03 Tb 0.06 84.09 1.17 16.03
Cr 0.04 Tb 0.06 81.86 2.09 17.38
Cr 0.05 Tb 0.06 79.75 2.57 17.68
Cr 0.06 Tb 0.06 78.46 3.05 17.18
Cr 0.07 Tb 0.06 76.99 3.48 17.06
Cr 0.08 Tb 0.06 76.59 3.55 17.64
Cr 0.03 Tb 0.07 834 1.3 16.9
Cr 0.04 Tb 0.07 82.5 1.82 17.44
Cr 0.05 Tb 0.07 80.29 2.38 17.57
Cr 0.06 Tb 0.07 79.06 2.71 179
Cr 0.07 Tb 0.07 78.18 2.9 18.18
Cr 0.08 Tb 0.07 76.99 3.36 17.98

2 1

259 FFol wehA A2 o} Al ] Ao
T tHFig. ). AAAE ol8-sl ZH 45

S/VEFE LF e askaL, a sk b He 5
7Vete FAE Bolen, 2] ol S/t S LT
A b* F2 STV o e Fade FAE BT
(Table 3).

Vita Shade guide A7 93} 714 A A& 7171 Al HL
Melsto] M2 v wet A7 Al, A29) A3E A F o
o A2 WA R Ads 2 AAE B Jrh(Table 4).

f

(p>0 05), Adde =23 2FUET 545E
(Table 5).

3. 25Zk

FA g Az olel F4AstE 58 Ao 934
A1, A2, A3 2 Ade] AFS Rojg A2 zole] 2% 23
BEo A B NPT FAHLE fo3t AtolS
R o]x] erekr}(p>0.05; Fig. 2).

Table 4. The Experimental Groups used in This Study

Group  Concentration (wt%) 4L* da* 4b*
Al Cr 0.04 Tb 0.03 1.4 4.03 1.95
A2 Cr0.07 Tb 0.06 0.95 3.56 0.33
A3 Cr0.08 Tb 0.06 1.23 2.19 1.97
A4 Cr 0.08 Tb 0.07 8.43 1.78 3.02

CIE: Commissiom Internationale de I’Eclairage, L*: lightness,
a*: hue and chroma on a red/green scale, b*: hue and chroma on
a yellow/blue scale.

580

AE: [(AL*)Z-I—(Aa*)z—l—(Ab*)Z]m

Table 5. Density and Relative Density of sintered Zirconia of Five
Groups Infiltrated with the Metal Chloride Coloring Liquids

Density Relative
(g/cmz) density
6.05+0.04 99.42
6.05+0.02 99.52
6.06+0.01 99.59 0.287
6.07+0.01 99.67
6.07+0.01 99.75

Group p-value

Control (uncolored)

A1 (Cr0.04 Tb 0.03)
A2 (Cr 0.07 Tb 0.06)
A3 (Cr0.08 Tb 0.06)
A4 (Cr0.08 Tb 0.07)

Values are presented as mean+standard deviation or percentage.
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A2zdole] AAAE F&5UskE F89 HAR ¢
ZAA2717} F7VehE 73S Btk (p > 0.05; Table 6). 3]
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Fig. 2. Biaxial flexural strength of the five groups infiltrated with
metal chloride coloring liquids.

Table 6. Grain Size of the Experimental Groups

2% Azavels] FE, sy, FHYE S B4
Rl g A 5 et

olelg FEATES o §8 24 Py o) TS nekal
7 9ol F5AAEL ol 88 TS Ay Holrh. 2
£shEe YT Aol bl ke FHAHE A2E o
o, ol gl 8 Pl Lo Azamo}e] 24 Tyl
A o 2 ER A2 vels] B8 JdoE A
Jae TIAA e Aow AZHo] o] ATE AW
H3ic

Aok CIE EAA A L, ¥, b* 4§72 HE2 4
o we, L*= MunsellA o] s} Hl@l@Alol] glo] 7414
E4& ehl 3 a*s bre A% 4ES vehdth a*e] 3

[e

He W, e 2%, b9 S =3, gaE 33
A2 LhERIT. A eix|o} 4] Bitghe L¥E 64.33~

78.02, a* & 2.63~2.77, b*=9.77~25.730]|t}. L*, a*, b*
FEAA A= Mz 2polE MFA R AFe] AR B4
gk Mzt AE*ZEo 2 AR} w==7h 5= (National
Bureau of Standard Unit, NBS)j|A]+= NBS 9] & A}-2-3}
of MzH5 FAISHAL 9lth. NBS @971 0~0.50] 4 A x}7}
] Z(trace), 0.5 ~ 1.5 Z&(slight), 1.5~3.0 Fo| @ A
= (noticiable), 3.0 ~ 6.0-2 7} A & A &= (appreciable), 6.0 ~
12.02 %2 2o (much), 12.0 o]2Fo] ™ ul-$- = x}o](very
much)g} . E &8st

H AFoA= 0.03~0.08 wt% e =Z=3} 0.03~0.07
wt% H 253 T3t dshES AH8-3te] Al 23 ole] &
A g AN A3 A5 H 259 v& el o
2} A Abo] Db Alg & 4= Q). =3 Vita shade guide 2]
AAE 233} v wE A3 Vita shade guided] Al, A2, A3
of ZAkgE Mzl A o] 7hsstthe AL ¢ I 2
2|t} Vita shade guide2] Al, A2, A39} Az} gho] §to 2
THHo| 7hsgl Axo)7] wfiZe AF A 23 o} Algtd] B
HE Hrpe A 2340} Fojof TAV 7P EAE
<8 Azt o] T & Algte] HAEE A&t A Ao
2 Aztdct

A7 H2E dstE F8H 6 AA et L A=23Y
o} 2ZA= FA 8] A2 ol vlsiA Bx7} St ol
th 22959 F7hE 4 9skE 789 AA R v
AzzYo} du|aAA o 54 d&vt AR = F454ks)

Control Al

A2 A3 A4

p-value

Grain size (um) 0.41£0.12 0.44£0.15

0.47+0.13

0.48+0.12 0.48+0.12 0.871

Values are presented as meantstandard deviation.
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2150KkV 134mm X500k SE(M) ' 1.00um 3 15.0kV 12.0mm x50.0k SE(M)

Fig. 3. Field emission scanning
electron microscope images before
and after infiltration of metal chlor-
ide coloring liquids (x50 k). (A)
4 15.0kV 12.0mm x50.0k SE(M) 5 15.0kV 12.5mm X (M) : Control, (B) A1 group, (C) A2 group,
(D) A3 group, (E) A4 group.

22 P45 vl Aert U PLS Ao 2 yzHrt
278 Mgk A8E 48 WX} T o]t RE w9

Aol AHg A] #2800 MPa o]4e] ZHBES 7hAof &
ot Az zole] Bt FHFEE 900~ 1,200 MPaz,
- &) AT A2k A2 vEA 2~ 30 o] FES Zhe
2 |e ] b . N oo 7 Aol 25T Hl2g datE Fgdel AAY
= o . - Ao} AR 2% ZHPEE 2AKE A7 A3ToIA
2 1o ) L 791.5£56.2 MPa ZA|3k-2, AdTolA 842.0+70.9 MPa
= e ) N T = Auge v RE 2 A Bad A2 23
o ) L i BEsh 2HFAY L oo g BE Wl Aol 15

. . . . . . . Ao g Az},
0 2 30 4 50 6 70 80 9 2% 28 A5HE 540 WA F 2AH A =23y
2 Theta (deg.) ole] AR =)= nAEA Frhets AL wer. ol
the metal onoride coloring lluids, () Contrl, (8) AT sroup, @ = o T =i sko] A=l Al A E &
A2 group, (D) A3 group, (E) A4 group. =3t7] WEd o s Aztent Frke A g Av|e

582
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= 218 & 4 9tk 3k BE 2749 A|H oA A

7 ° 2 Hol AFI HZH AstEE0] AT
230} AL W5t A] e Zo 2 AztE)
B AGoM ZEL HEH F3tES
A5 Vita shade guide®} ZAVSHA 257

27F o 82 Aol 7k Wl glo] 5 vE 554
3ES F71EAY FH vee g s

guide®} 717 FALS A& Zhe 28-S Fe A7 28
2o 2 A7bent. g 54 QstES o 83 &

YolE vhE 2% 739 Ao M A H7te o] FojA ok

g Ao 2 A7t

B A 1,040°CollA] o] A2=Ag Y-TZP Al HS
= o3} 0.03~0.08 wt%, H=H8 A3 0.03~0.07

wt%E T3 FE5 QIS L0 38 HAASA
1,450°Col| A 2417t ot A3l 9l o, o] 2 4 F3HE 3
=7} Y-TZP A?éﬂu A 2ANE, 7t 2 ujHz

Z) o] Wslo| w|X|= GFg AR A, v 22 A8
2 A9t} A= FL o} o
AslE A= Al A2 D A3e] AN 20 Ado] 7}
stdoh. Z2E5F 28 dslES F7HE o A 234l
2444 3717} *7}°}°3‘:} Y-TZP &Z2A| 9] 25 2375
© AEH H2F d3tE FAF oA fregt Wl ®

o] A] egttH(p >0.05). X-A 3|4 E4 2%, A53 28

AstE9] A7t o F-of Frefeol w2 A2 I ol ARt b

o] AAE A YTt o] AAE AFH HZE
SHES AMgslo] A2y ote] Mg 2HT F JSS &
o1t gL, A d | 2 71 o}e] AAFL Vita shade guide 2]
ojFT= Mty B
Zo 2 A7y,

11

2

A9}t 2ol 7k AR YAFelA
AT A A A V5T
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