ORIGINAL ARTICLE

A 8llo| T o= x|23Lote] O]F =

sk
oo

https://doi.org/10.4047/jkap.2021.59.2.190

JdH

S0l 0jXl=

Effect of coloring liquids on biaxial flexural strength of
monolithic zirconia

LERALIEPEIn

Chaeyul Jung, Min-Jeong Kim, Jae-Hyun Kim*

Haohetn thEX| g R Xt 20t

Department of Prosthodontics, Wonkwang University Sanbon Dental Hospital, Gunpo, Republic of Korea

ORCID iDs

Chaeyul Jung
https://orcid.org/0000-0002-7621-5935
Min-Jeong Kim
https://orcid.org/0000-0002-4114-3249
Jae-Hyun Kim
https://orcid.org/0000-0001-5573-1140

Corresponding Author
Jae-Hyun Kim

Department of Prosthodontics,
Wonkwang University Sanbon
Dental Hospital, 321 Sanbon-ro,
Gunpo 15865, Republic of Korea
+82 (0)31 390 2875
prostho@live.co.kr

Article history Received December

23,2020 / Last Revision March 8,
2021 / Accepted March 24,2021

190

Purpose. The aim of this study was to evaluate biaxial flexural strength and hard-
ness of colored monolithic zirconia after dipping in different time intervals of col-
oring solution. Materials and Methods. Disk shaped specimens were prepared
from monolithic zirconia (Eclipse V2.0, AMS, Gimpo, Korea). Four experimental
groups were categorized (n = 12) due to coloring time (PU (0s); ST (8s); OV (1 min);
PS (preshade)), to evaluate biaxial flexural strength and Vickers hardness. After
fracture, X-ray diffraction analysis was performed using fractured specimens. Re-
sults were analyzed with one-way ANOVA test. Results. There was no significant
difference between groups in the biaxial flexural strength test. However, in the
Vickers hardness test, the group with standard dipping time (ST) showed signifi-
cantly higher value than the group without dipping in coloring liquid (PU)(P=.038).
Also, there was no significant difference in the rest of the groups (P>.05). As a
result of X-ray diffraction analysis, specific peaks of tetragonal phase were shown
and the volume of monoclinic phase fraction was lower than 25%. Conclusion.
Although this study has several limitations, coloring liquids had no significant
effect on biaxial flexural strength. Vickers hardness was significantly different be-
tween the group to which the coloring liquid was applied and the group to which
the coloring solution was not applied, but there was no significant difference
between the other groups. Also, the flexural strength of monolithic zirconia cor-
responds to Class 5 of the minimal flexural strength standard according to the use
of dental ceramics. (J Korean Acad Prosthodont 2021;59:190-200)
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1. AlHH|Z

2 Agole @Y7z AZ2FYoK(Eclipse V2.0 AMS,
Gimpo, Korea)9] A0, ASNMZE A5 om 2l goflo
5 AZRAF] Kiss liquid V1.0 (AMS, Gimpo, Korea)2]

A3MZ2 ALe5l9l),

A2 IS0 6872 B g4l F2]oFE M 4 (KFDA) 2] 2|2
Fo} &7 XA g.o] 7} 7ho| =il gHA| AjAkskit
Meshmixer 213 (Autodesk, San Rafael, CA, USA)
o2 #7o] 13.95 + 0.05 mmo|™, F77} 1.35 £ 0.05
mm¢Ql HA3 e (Fig. 1)E dARQlsto] stl P49 utd
2 W3l 5 5% 74 9a] 7]A(DWX 52D, Roland, Ham-

amatsu, Japan)2 AL83IN AlHS sl 15 £

fi 35

Fig. 1. Zirconia disks used in this study. All specimens were
made of a uniform disc shape with a diameter of 13.95 =+ 0.05
mm and a height of 1.35 & 0.05 mm.
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80| B X X|2TL|0t2] 0|F 2F ZE0]| 0|X|=

42E(1H(H2): ZA6kA] &2 ¢4 £ (pure block:
PU), 22 A|ZAF 2A] (83)01] utet zh-goliol] HHAIZ &
& (standard block: ST), 33 AH|ZAl A|A| et ZA|(148) =
Al g-ollof] HHAIZl 53 (oversubmerged block: OV), 4
preshade 23 (preshade block: PS))(Table 1)°.2 U+
o, 7k A5 12704, F 48719) Al Akl
(2) 2 gH 2.8
27-ST)(n = 15) AZAF A Aol whe} 8%2F ZH A7 4L,
3T (0V)2 127+ #Ag- Aol JAAIZ & 747
Keeper, Sanplatec, Osaka, Japan)ol|A 3027t Az Azt
(Fig. 2).

(3) A 27
J89] AlES sintering furnace (LHT 01/17, Na-
bertherm, Lilienthal, Germany)2 A|ZAtS] 2| Alof| uke}
5°C/min®] £ £E 2 1500°C7H] 225 &8 2417 59
Agstint.

FAIGE =

Table 1. groups are categorized according to coloring time
and procedures

Group Materials Dipping time N
1(PU) V2.0 0s 12
2(ST) V2.0 8s 12
3(ov) V2.0 1 min 12
4 (PS) Preshade A3 none 12

PU = pure block; ST = standard block; OV = oversubmerged block; PS =
preshade block

(4) A1 polishing

Al® u}7](LaboPol-5, Struers, Copenhagen, Den-
mark)} P220-P4000 SiC paper (Silicon Carbide Paper,
Struers, Ballerup, Denmark)Z Ar&3to] Aolstedc,
Polishing pad®} diamond paste 6, 3 121 1 um (Vita
Karat diamond polishing set, VITA Zahnfabrik) & A&
stol 2% sdnfsieich A% Qo aE e 2T
771(SH-2140, Saehan ultrasonic, Seoul, Korea)& A&
st} ZF4ollA 22t 1023 AlH & 1127](Dry Keeper,
Sanplatec, Osaka, Japan)°ll 24A|7t7keF HabstQict, AJlH
Anp & Al o) £ 9 AL HFA o= ozd A2 H(CD
10CX, Mitutoyo Corp., Tokyo, Japan)= Z4 =t (Fig.
3).

2% F3 7 220l =1S0 6872 Aol whet 1wt Zo)
piston-on-3ball AlgS AHE-FITH (Fig. 4). AlH-ES A A8}
£ 3709 4] 7&9] A A2 3.16 mmoldon ZF &9 FA
S 0|2 AP A EL 10 mmE stk WAES 9EF 0
A &2 1.38 mm= 3131t} o] F THsAE Al 7] (Instron
5966, Instron, Norwood, MA, USA)E ©]-85}°] 1.0 mm/
min®| s}5 £E=2 Z4skinh

Fig. 2. The shade of coloring liquid used in this study was A3.
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Fig. 3. Specimens were polished to prepare uniform thickness
and size.
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"
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Fig. 4. Schematic diagram of specimens and biaxial flexural strength test. (A) Three steel ball were arranged at the same distance
at an angle of 120 degrees below the specimen, (B) Section to which pressure is applied, (C) Universal testing machine is used to

FHE oPEH AJHES o] &3itHn = 5). T2
34 Vickers A EA

perform piston on 3 ball test.
027+ kefel &t

ez AY o)
= udd A ao] 7t AT 34
2

HE 4

AL 3.16 mmo|oH 7} 7&0] FAlS o]
2 10 mmE sHlth, B AES] 5% 252 1.38 mm
2 53t} o|% vks A= Al 7] (Instron 5966, Instron, (THM-221, Mitutoyo, Tokyo, Japan)=
Norwood, MA, USA)E ©]-85to] 1.0 mm/min®] 5+5 4 %02 AlFsiget.
L2 SAsih Vickers &= Al@-2 oW Z}o] 136°Q1 JAMZHE tholof
o|%F =X =5 AT w ARES A2 thaa At BEZ ol &sto] A U =2 A7 A& gzl Het
0=-0.2387P (X -Y) / b? Zolet AL stF o2 HE HAEE FotH, A2 oh3at
0:2% 79 2% 7t (MPa) o
P: oAl Hoff sh54k (N) H, = (2P X sin136°/2) / d?
b: AJHe] £ (mm) =1.854 X P/ d?
P=%<E 55 (kgf)
X=0+v)In(r, /)2 +[1-v/2] (r,/ 15)? d =zt HH#Z4o] (mm
Y=@0+v)[1+In (/)T + (1 -v)(r, /15 SAE dueRE, 4 3o gvi 22 wAE HY9
v: Fobd HIE (H2he] gk v =0.25) T HAbsto] GPaz sk3itt.
1,: ot52 A Aok 9o ¥HAIE (mm)
1,: 5t5& 7ohe €9 REAlE (mm) (3) X-d 314 B4
ry: AlHC] BEA S (mm) Aofsk AlES 7F 79 1704 XRD #H](Ultima IV, Riga-
4" AolA 2% 59 A= He} EFHAE MPa ku, Tokyo, Japan)& ©|-&sto] BAI5kgich B 22 1S0
oo 2 Ve 13356°1 oJgttt. A0 Zte =2 6, £+ 2°/min, 578 ¥
+£20°-80°2 A3t
X-A 31" EAof| 7|8ksto] TARA Q] o] £ (Xm)2
Garvie®} Nicholson2] ®Hoj wkz} AlAkstod ).
X, = (L [111] + 1, [111] /I, [-111] + I,[111] + I,[101])
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J
4

Aol 7HliAl= AH S
o2 o=t} (Fig. 5)
o] Y+t 2% F 7= 700.27 MPaOI At T3 Preshade
IF(PS)ollM Hat olF STt 739.48 MPaZ 7M=&
2 gl s A 85kA] ok 1F(PU)oIA B Ol%'?— %
L 683.51 MPa2 7} Worth a8t 4740 1%
o5t Zfo] 7}k ik (P =.07) (Fig. 6, Table 2).

z

:|.|—

Table 2. Mean biaxial flexural strength (MPa) of each group

Code \ Mean
PU 12 683.51
ST 12 687.50
ov 12 690.58
PS 12 739.48

Total 48 700.27

Fig. 5. Specimens were fractured into several pieces in the
shape of a fan around the point where the pressure was
applied.

900.00000 1
800.00000 1

% 700.00000-

600.00000 1

500.00000 1

Group

Fig. 6. Biaxial Flexural Strength of each group. The average
value of biaxial flexural strength is indicated by the black line
in the middle.

95% Cl
SD SE

Lower Upper
72.24 20.86 637.60 732.01
115.85 33.44 613.90 755.53
90.93 26.25 632.80 769.75
109.32 31.56 670.02 818.10
98.10 14.16 671.78 731.24

PU = pure block; ST = standard block; OV = oversubmerged block; PS = preshade block
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05). ST 52 Vickers 4x2] &4 gro] 0.382 7 ZaL
PS 1ol AE o Aggto] 14.02 GPa2 15 W ohE A%
el Aol ol AS & 4= ATk (Fig. 7, Table 3).

AlHe] HHF Vickers AE+=
S AR} AA 2 A5
GPag 714 =9kT, 214

L= 13.30 GPaZ 7H

CHetX|ap2 Mels| x| 593 2%, 2021 4

3.XM 3| ® 24 2t

HI

XA 31" BA7|E o] g3o] ThAly
JH= ohea} 2ok gAbgALe] W Bgo
4.52%, STLEOIA] 2.56%, OVLEClA 2.17%, PS1El
A} 2.65%0]31th. Toraya 5ol 2lafl MAIE ZFAlof thlgt
ChAFgAte] Ha] B.8.0 7k7} 58494, 3.33%, 2.83%, 3.45%
o]l (Fig. 8). Tt E LgollA A7 4] Eolel 1
35 HolFltt (Fig. 9). #4 A1 =231 o} Also] x| 37} vt
Bt A2 74 A 25 of Al o] 3] 27F b= A3
o AR, £ FR] AFshE FEle SR gt

Arol g2 =43}

O

]
14.500 - v y
7
57 <9
14,000 1 o S
£
> 5
=
>
T 13500 1 o 4
@
<
Q 3
Q
; S
13.000 5 9
o)
c
o
s 1
12.500 -
. 0
PU ST ov PS PU ST ov PS
Group Group
Fig. 7. Vickers hardness of each group. The average value of Fig. 8. Monoclinic phase volume (%) of all groups.
Vickers hardness is indicated by the black line in the middle.
Table 3. Mean biaxial flexural strength (MPa) of each group
95% CI
Code L\ Mean SD SE
Lower Upper
PU 15 13.37 32 .08 13.13 13.48
ST 15 13.61 .38 .10 13.40 13.82
ov 15 13.31 22 .06 13.19 13.44
PS 15 1341 25 .07 13.27 13.55
Total 60 13.41 32 .04 13.33 13.49

PU = pure block; ST = standard block; OV = oversubmerged block; PS = preshade block
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Fig. 9. X-ray diffraction patterns of each group. (A) pure block (PU), (B) standard block (ST), (C) oversubmerged block (OV), (D)

preshade block (PS).
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