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Comparative Study of Properties of Dental Zirconia
According to Microwave Sintering Method

Tae-suk Kim, Chin-ho Yu, Gi-chul Kim*, Won-uk Park*, Jung-il Seo*, Kyu-hong Hwang*

Department of Dental Technology, Masan University
School of Nano and Advanced Materials Engineering, Gyeongsang National University*

[Abstract]

Purpose: Densification and mechanical properties of dental zirconia ceramics were evaluated by different sintering
methods.

Materials and Methods: Y-TZP zirconia block(Kavo Everest® ZS blank, Kavo dental GmbH, Bismarckring,
Germany) was used in this study. Sintering were performed in heat sintering furnace and microwave sintering
furnace, and then experimented and analyzed on a change in densification according to the sintering time, a change
in densification according to thickness, flexural strength and micro-structure in zirconia specimens.

Results: Microwave sintering was very effective in considerable mechanical properties such as flexural strength and
bulk density was drastically increased than conventional electric heating method. It is also shown that microwave
sintering time was faster and more economical than common method to be present in qualities which equal or
exceed.

Conclusion: It will be important to seek the accurate sintering condition of dental zirconia by microwave sintering
method and the continuous research is necessary for the study of relationship between sintering methods and

mechanical properties.
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Table 1. Composition of KaVo Everest® ZS blank

Content Weight %
Zirconium oxide(Zr02) 90 to 94%
Yitrium oxide(Y203) 3 to 6%

Aluminium oxide(AkOs) (0.5%
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Table 2. Sintering schedules of zirconia specimens

Group Heating Rate Final Temp. Hold Time
CH5®® 1500 C 5 min
CH5™® 1550 C 5 min
CHa0™ Room Temp.~Final Temp.: 5C/min 1500 C 30 min
CH30"° heat soaking for 2hours at 600°C 1550 °C 30 min
CHBQ0™® 1500 C 60 min
CH60™ 1550 C 60 min
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Group Heating Rate Final Temp. Hold Time
MH5"° 1450 C 5 min
MH5"® 1500 C 5 min
MH30¥s0 Room Toemp.'\’12°OO°C1°5O°C_/ min 1450 C 30 min
— 1200°C~1400°C: 25°C/min o ,
MH30 1400°C~Final Temp.: 20°C/min 1500 C 30 min
MHB0™° 1450 C 60 min
MHB0®* 1500 ‘C 60 min
CT1
CT4 Room Temp.~Final Temp.: 5C/min
CT7 heat soaking for 2hours at 600C
CT10 .
s 1500 C 5 min
MT4 Room Temp.~1200°C: 50°C/min
EE——— 1200°C~1400°C: 25°C/min
MT7 1400°C~Final Temp.: 20°C/min
MT10
MS20 Room Temp.~400°C:
20°7C/min 400°C~1200°C: 50°C/min
Room Temp.~400°C:  1200°C~1400°C: 25°C/min . .
580 30°C/min 1400°C~Final Temp.: 10 e Sl
MS40 Room Temp.~400°C: 20C/min
40°C/min
Room Temp.~Final Temp.: 5C/min . .
CB heat soaking for 2hours at 600°C 1550 C 30 min
Room Temp.~400°C: 20°C/min
VB 4007C~12007C: 50°C/min 1500 C 5 min

1200°C~1400°C: 25C/min

1400°C~Final Temp.: 20°C/min

Bulk Density(g/em) = Wd/(Wsat—Wsus) —— 2] (1)
Wid = Drying Weight(g)
Wesat = Saturation Weight(g)
Wsus = Suspension Weight(g)
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Fig. 1. Specimen configuration of three point flexure test
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Table 3. Density change by conventional and microwave sintering times

Group Density Hold _Time FinaloTemp. Total Firi_ng Time
(g/cr) (min) (c) (min)
CH5®®° 5.990 5 1500 421
CH5™® 5.990 5 1550 431
CH30™® 6.042 30 1500 446
CH30™° 6.087 30 1550 456
CHe0™™ 6.077 60 1500 476
CHB0™® 6.060 60 1550 486
MH5" 6.056 ) 1450 39.1
MH5"® 6.081° ) 1500 41.6
MH30"° 6.080 30 1450 64.1
MH30® 6.105 30 1500 66.6
MHB0"*° 6.123 60 1450 94.1
MHB0™® 6.104 60 1500 96.6
2. AT SHof| [ME 2 2Lt e mpolazgolH Ao g 1500TollA 5E1t
A2 Fyot AlHe] EAZE lom, 4mm, 7mm, 10mmQ! A|H 243 10mn 77|18 Al A= wtdo] HAYsFATHFig.

S UNHAQl 7t A RQL nfo]ARYo]|H A Ro|A 9—(b).
2Z23% 29 it dreghdt 240 o5 2

(Table 4).

Table 4. Density changes by thickness in different
sintering methods

Density Thickness Sintering Time

Group  “(g/el)  (mm) (min)
CT1 6.148 1
CT4 5.990 4 1 () 30°C/min
cT7 6.078 7
CT10 6.059 10
MT1 6.139
MT4 6.081
MT7 6.088 7 41
MT10 6.076 10

(b) 50°C/min

Fig. 2. Surface images of microwave sintered
specimens by different heating rates (20~400C).
(a) 30°C/min and (b) 50°C/min
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Table 5. Density changes by the temperature increasing speed of (@) 20°C/min, (b) 30°C/min, (c) 40°C/min,

Group Density Room '[emp.~400°C Sinterin_g Time
(g/c) (‘c/min) (min)
MS20 6.056° 20 53
MS30 6.050° 30 46.7
MS40 6.067 40 435
MS50(MT10) 6.076 50 41.6
4. 2ZFE [UHE == 9] 7ko ol 2 Yo E 4AZ% AL 631.34um& o
27240l 2 ZFIPEE ol 7] §Jate] Aukaz (Table 6)¥} 2}, dukaZgt ¢ 591 6umzE vfola=
Bof|A 1550 C7HA] &2 3047k, wto] AR o] H AA= o= 2243 A|HO| 7t w9k - 7ke] Ato]
oAl 1500C7HA] &8 5&7t 2237 A HO Hat 257 & oS SFtTHp»0.05).

Table 6. Mean and standard deviations of the flexural strength

Final Temp. Hold Time Mean density Mean strength Sintering Time

Group  Heating type (c) (min) (g/en) (MPa) 5P (min)

CB  Conventional sintering 1550 30 6.086 591.63 109.5 456

MB  Microwave sintering 1500 5 6.080 631.34 164.1 1416
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Az ol A% AJHO nAltE o AL 7]Fol gl sklen, 40,0008 2 SR ARI(MS, C3)olA= Lnt
AUeE 2215 HYOo(Fig. 3 M2—(a), YRHAQl &4 AT Al - A AHEOR st npejazg o]
Moz 24t A nAlRo A= 7150] Tt A H 227 A Hep ke A7)7F 2 A e 4= 39l

o
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Fig. 3. SEM images showing fracture surface microstructures of the microwave sintering zirconia(M1, M2)
and conventional sintering zirconia(C1, C2)

Fig. 4. SEM images showing polishing surface micro—structures of the microwave sintering zirconia(M1~M3)
and conventional sintering zirconia(C1~C3)
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Fig. 5. Typical failure patterns of ziconia specimens sintered by microwave furnace
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