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The effect of short and long duration sintering method on microstructure
and flexural strength of zirconia

Ha—Bin Lee, Tae—Hee Lee, Ji—Hwan Kim

Department of Dental Laboratory Science & Engineering, College of Health Science, Korea University

[Abstract]

Purpose: The aim of this study was to investigate the influence of short and long duration sintering on microstructure
and flexural strength of zirconia.

Methods: To conduct three-point bending test, Zirconia specimens are milled according to ISO 6872 guidelines(N=18,
n=9 per group). Two specimens group(n=8) is sintered for 10 hours(Standard schedule) and 3 hours(Speed schedule) at the
peak temperature of 1550°C with silicon carbide sintering furnace. Flexural strength of specimens are measured by instron.
After coating each specimen(n=1), microstructure of specimens is observed using Scanning Electron Microscope(SEM).
T-test was utilized to statistically assess the data.

Results: The mean and standard deviation value of the flexural strength for standard schedule group are
578.15£57.48Mpa, that of speed schedule are 465.9£62.34Mpa. T-test showed significant differences in flexural strength
between two zirconia specimen group which applied standard schedule and speed schedule respectively(p<0.05).

Conclusion: The result of this study showed that the increase in sintering time led to increased grain size, and also to a

positive effect on the flexural strength.

© Key words: 3—point bending test, Flexural strength, Microstructure, SIC Furnace, Sintering schedule, Zirconia

Conesponrg | Mee | 71 A g | T | 02-921-7361 | E-mail | kjh2804@korea,ac,kr
amhor | pdgress | AL A AT QFIR 145 mETsta sIEt BE 3745

Received 2020. 3. 9 2020. 6. 13 \ Aoccepied \ 2020. 6. 18




| ol5t2! - O|eH3| - Zx|Et

. M2

A Az AE 3 A=FYol 9o AdE <l
sto] 719 Aoy S5 RS ARERE A 4
HEHET A2IYoLE AR HEES] A4 HISo|
tf Zofual QlthDenry & Kelly, 2014). &<l 717t
& 71AA 5*33 Z]‘/‘ Alzsyol Az Azt Y
&5 M =2 s AYaL Jlew A zl5kA o]
TH(Piconi & Maccauro, 1999; Chevalier, 2006). Al
o2 Ql Hol A= o] o] H|sto] XA Az} Fry
O] Aol worA g 'l itk (Lawson et al.,
2014; Pekkan et al., 2020). 18]31 X 2F o} A&
B2 pESZ A of CAD/CAM system ©|-83 o

A9 Ado] 7hsshe, o|= Qs 2y Held W Ay
Ao tgt A o] ZAgcHBeuer et al., 2008; Ng et

al., 2014). o]2f3t Afr= A3 BE Yol A==
Yol Are a0 st it ofue) HA| 5
TAFO T B gl wolx| 2AE QIEHE AL
TF2= 5 ol I 28 W7t Wrk(Yildirim et al.,

L g

el 7\]?«5—‘40]’ TEE] A flsiAl= A
=7t - Fasi}, sH FFREolu

Wil 2717F 2 wojx] 9] Be =
s BAShE 7 o] A2 b ol A 4= 3l
stal Aot mbd glo] A7t AN U FXIE THs
A gHH(Studart et al., 2007). 13 E2 Z3&of oj
gk olsli7t Fasith A =FYok= A HolE flsf 4
A0 HAE AA o SAEA|,
Blo] A7k AH Axe] WekE ZpA| Bk @) A
78 231 o} BEEL ffHBE /A7 AZo] 9435
3mol% yttrium OxideE H7FeF FYAA 22 X2
FYOK3Y-TZP)7} & #0]1l ¢Jti(Hannink et al.,
2000),

W AAATAEE A=
A o) Aol 77k
& 458 S o 2 J A
Kelly, 2008), 54 4k81zo] 1715 4lo]= 250] A}
8. 2el9 Bo00) A%, AR AHgEAG 27

b}

= rlo 1Y)

Jr

AL ABEA &

T4 _chor

x| 27| B0t ¢l A

He 2Asks W 5= Eoto], AR IolA A==
Yol 2& EEol A2, 7[A% S ¥MekE +
L v Eo| Qlth(Holloway et al., 1997; Yuan et al.,
2018; Pekkan et al., 2020). o] &= A2 dAA=
WAL AIZE, &=7F A =AU ol miAtEe] ok 5
of 7|AA E4S DAl s Ao=m wEEo
(Chevalier, 2006: Sulaiman et al., 2015; Ozarslan
et al., 2016).

AzFY ot 70| 7|AA JAE AME 2= &
ol what Zebd 4= UtHKim et al, 2013). A HA
39 242 WiE g4o] A48 YHY s
Eol A2FYol Azl & HAgsh= 7|EY 24w
Ioh ¥hd, = WA 782 AR e HukE ARgS)
o] A2FYol 7 AAE 7HEste] ©hAlTtel] A~As)
L nlo|mzgeo|E AZZo|tH(Marinis et al., 2013).
3 2 2EU A ARE R AR AR 288
ifo] Qlek, AAIEe] 24 Wio] 28H A=5y
of PEES & A= 9 vt MRS 7HAL QIA
Th pEES AlRShs IgollA B2 Algto] g e
& Qlsto] 2 AI7He] mgo] HoA|= Tilo] vt wh
ghA, 2 A ESAA Y a5 YAl 1
of g 232 s-F(one—day) RE7IA] 7FsstA ot
= ARo] QU= ©AZE] 27 Wo] avfiE L ik
(Kaizer et al., 2017).

AR 4= Ax2dAle AA =
of 225 wWEA F7HA7= =
AR, 7 Ao s 24 AREE SSAA
@GHo g Ze

o me

o

=

of A2 A 2ol B4 AT FEsit ul}
A2 27 Lol ubE 7AH, AulH S5 v)adt
AT vISA 27 A7) uhE A B of
Folx] o giek, weba] & A7 d

BE A B A A EA g B8 2 ARkt A
exvjote] F3 4wyl w4 o] nAE JFE =
AR Aol



i
>,
r\l
B
o)
>
e
o
b
iih)
o

I, A7 U

1. Al X%

Milled zirconia specimen
according to 1SO 6872 guidelines
(N=18)

l

Sintered for standard schedule, Sintered for speed schedule,
STS group (n=9, 10hour) SPS group (n=9, 3hour)

l

{ 3-point bending test by Instron }

(n=8, per group)

l

Microstructure observed
with scanning electron microscope

(n=1, per group)

Figure 1. Experimental flow chart.
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Figure 2. Standard and speed sintering schedule following

the manufacturer’s recommendation,
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Figure 3. Three—point bending test.
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Figure 4. Result of flexural strength measurement (p<0.05).
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Table 1. Mean = SD and 95% confidence interval of
flexural strength for SPS and STS groups

SPS 465.90+62.34 413.78 518.01

.002

STS 578.15+£57.48 530.08 626.20
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Figure 5. SEM images of microstructure for the two zirconia
groups: A — Speed schedule (SPS), B — Standard
schedule (STS).
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