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nQui 1 nQuN 2 ngui 3 QUi 4
B P(N) B P(N) B P(N) T P(N)
naoesii nanesi naaeai nanesii
1 43.6421762 1 55.7069778 1 62.2084999 1 63.3529781
2 53.5326280 2 53.5660629 2 50.7724285 2 51.1439534
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8 40.6307651 8 345177009 8 435115585 8  51.0739419
9 458793640 9 597281106 9  47.7201462 9  45.9249420
10 388202209 10  37.9076403 10 325758972 10  42.3772067
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THE EFFECT OF SINTERING UNDER ARGON ATMOSPHERE ON THE
ADHESION BETWEEN DENTAL PORCELAIN AND TITANIUM
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ABSTRACT

Nowadays there were attempts to use titanium for porcelain-fused-to-metal
restorations in fixed prosthodontics. The problems occurred was the adhesion between
titanium and porcelain was low. Many methods were therefore applied to improve the
adhesion but they have not been solved. Objective: The study aimed to determine the
adhesion between titanium and porcelain after firing under argon atmosphere at different
stages. The adhesion was determined in terms of the strain energy release rate (G-value).
Materials and methods: Forty titanium plates were cast and ground to a rectangular
form of 8 mm. x 30 mm. x | mm. with silicon carbide paper. The bonding surface of
titanium plate was etched with a mixture of 40% hydrofluoric acid 10 ml, 30% hydrogen
peroxide 60 ml and distilled water 30 ml for 30 seconds and then rinsed with water. It
was then blasted with 110 um alumina powder, cleaned in distilled water and applied
with the bonder. The procedures were undertaken in argon atmosphere. All samples were
divided into four groups. The samples in Group I, which were already applied with the
bonder, were fired then applied with opaque and dentin porcelain and fired step by step
conventionally. The rest of the samples were fired in argon atmosphere. In Group II the
samples were then applied with opaque and dentin porcelain and fired step by step
conventionally. Group III and IV samples were fired in argon atmosphere, applied with
opaque porcelain and fired in argon atmosphere, and after applying dentin porcelain, only
the Group IV samples were fired in argon atmosphere. The samples in all groups were
ground to achieve the desired shape and size. They were then notched on the porcelain
side across the width at the center and pre-crack was created. Kerosene was used during
notching and pre-cracking to prevent the interface to contact with water or moisture in
air. The notched samples were subjected to four-point bending force in a universal testing
machine. The loading data were collected for G-value calculation. Results: the means
and standard deviation of G-value for group LILIILIV werel0.90+2.87)/m?2,15.60+5.02
J/m?,15.67+4.87)/m? 15.57+3.59 J/mzrespectivcly. Findings from one-way ANOVA and

Bonferroni test showed that the mean of G-value of all groups were not significantly
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different (p<0.05). Conclusions: Within the limitation of the study, it could be concluded
that the adhesion between titanium and porcelain when firing the titanium-porcelain

samples in argon atmosphere at the different stages were not significantly different.

Keywords: titanium, porcelain, adhesion, argon atmosphere, fixed prosthodontics
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testy (Hammad & Talic, 1996) othalsfimumismanoumsdanadnnnezduiusivus i
nsphfussuRuAussRus itnszh il Samnuudausinstaegiudeda 1o i
vondaveaanmdanguiinanmretuvesTanzuasnofmausziinadenisnadoy ialdhi
aunsauSoufouramsmansuiyTanzunsnedaauiinnszuuiulf Chung, Swain, &
Mori, 1997) Caputo wazaw (1977) swammsnanouias3sms Wisaasdyn Four-point
loading tesh 9z LifAusaufouuazus sisiiianinnisunn esnniinisififasoouon
senianesmauua Tanzdhuuaima Bieu wdesfoannsoszaug Whouazaammn
vosnoigauiaz Tanzdrnosanmlndifvaiuanimlundiin uazeinmsinyives Chung
naznuy (1997)niﬂ'lﬁ"hmmnnuummumun'onmﬁmummns:win%u*?ﬁqﬂnwﬁﬂ
aunsoldlunis fadinmsdadnszwiraiuAmedaaunas nmifion 1§ TauGonmidandind
Strain energy release rate (G) fafunrsmaneuuasiamnaudaus daoTiinuuand e

Tavg Inmidlsuiazwoswouda lilinaroms iamlunsnanoy

[ d o a v
Jaguszasas menuddy
ay dav 74 a4 a 2 =t v g 4
adieiiiiagUszaafifednumanistadasznin Inmifleudunesmaudiownly
vssnmresnowuluszuzangiu
' J . . Vv
Ho: Aunauveq Strain energy release rate (G-value)i:ﬂﬂﬂmmﬁuunum{mmu

¥
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. d ! . .
Ha : Aoyl Strain energy release rate (G-value) sevin Inmidlonsuwossan

»
Tumsirduang luussmmaes neuiazussommnduanaaiu

at =
WM
£ | d My Z
wousu Tumilloug@mdouiufwing 8 X 30 X 1 gnnadiiadiuns §1uau 40 3
fromsmdvaninTans Inmilow Commercially pure titanium, J3, J.Morita Corp., Japan)
i »
daudai Inmidlon I Soudaonszanmsini nimiudivia nmidlouneldussoinimesneu
TnoldadaindaiudunauvedlaTasounlofoonlad (Hydrogen peroxide) 30% 60
1 d .
findns, n3nlaTasvigeain (Hydrofluoric acid) 40% 10 fiaddns uazvindu 30 faddauiiu
v ' ]
1M 30 Tuit Sedanhinduudauldaoregidoueen laduuia 110 lunsou vy 3 1d
I Pt ) - 2
Hohaurzomdrnhndunalfutadmiensta (Bonding  agent) itoinIusn luduneu
y v
aoh/ Invguidon¥unanoauniseonihy 4 nguaas 10 ¥u
Foets v e (Y - u‘l' : .
Funaaoangui 1 1 llwineldussoinmlnd simiuadedunessiau (Vita
Titakeramik) awdwufe lomasaziaufiunaznluussommlndfigungianmusimdmus
: P 2 z
Funaneanguii 2 T ldnnwldussnmiserinou nimivadreiuTomauaziau
o < 4 - 4 av o a
iu wosamaunazwnigungiinwivivndmualuussnniming
3 . d <.
Funaaoanguit 3 ' lliwmazadredulomanessaunazimnioldvisoinia
. v »
o1neu imiuad nuauiiumesmauuaznluussomming
Py Y o ¢ ¢
Sunaaoangui 4 i liwwaraduiunesmauuazennuldussinireisneu
v 3
ndanniunitlhsesiFuuan (Pre-cracked) 1av1d Rotary  diamond-cutting
-’: 14 - 4 n’ Y a v = - :
blade nspFunesmauuTUAINARFUNATDY Aroan VIR TR RTuToadnudasy
v i d
Tonzuaznhalszana 0.4 fadwaslHiviumandovasdn ud14 Special bending jig Aadu
» Y v a ' 1
naaoalavldukuriasesdunanes ndamyuangiiazovsunsziuiasosuonsznitadunes
¥ ¥
grouiusu Inoidlow shunaaeshinareuludnuaznada 4 ga (Four-point bending jig) 1u

A g . .
inseamanoudIna (Universal testing machine)

L
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2N 1 SnYuZNIINAARA 4 §A (Four-point bending)

Whnalusasia 0.1 fadwasaeud IWiinssunenvnonreen llsunseisdumnandn

L ’ 3 - i A L] ' .
W Fmatuiingusefilfuazszesmavevinannindouiior g wammen Strain energy
release rate (G-value)

A PR - v2))
F Emb2h3 (])

P Ao nsunaviing
- 1 3 . v -
7710 Mo modulus sz iramessaunaz Tnmidion
- 1] { § v [
[ #o szosvinsenhamianaudnlufudrauon
Yy, ez E,, Ao poisson ’s ratio 1az elastic modulus voalane
[ d
b fio anwnduvesFunaasy

1 d
h o AnuMuIveunAana

Taor1 7 Anunngas

() [s- s
2) | ™ ((p/0)® + (/M + 32(phen /W) (ap/h) — (/)

Uz gAs

»
matsyyuiionaaiisdutudinAny wand assi 17
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_ Em(1-1))

3 Ep(1 - vqy)- 0)

“ . » . . s
Vp uaz Ep, 110 poisson ’s ratio 1a¥ elastic modulus YBINBIHAY

hy, unz hy, fio ammuinvoamoiaauuazauminveslanzad iRy

idoyait1d lAmserideyanaadadaeTusunsuada SPSS narounmuAnA
J L 3 g‘ . - J V.
F¥MIAURGY Strain energy release rate (G-value) voamsdaRasEnInneiwauiy
a g . 9 d 4 o
Ininifionau One-way analysis of variance (ANOVA) 1524021150304 95 % NATOUAIIY

unnAnseninnguitlug Multiple comparison 876 Bonferroni test

a v
wa/ agUwanside
o 8 U e .
INNITNANBINYNINUIINVILBENIINMIIAAOUNYOININA (Load-displacement
2 4 1 ' TR R

curve) sztiudududunsslunafos (Slope) Tugrausn uansfaimsaida bifinalisoonan
ol a Yo ; ; i 4. e, #el
vNAUTINTOT UUAN IUNITERIR IS luvaizRiTzornumsiadounivesiInadnunuy

. a4 2 S P 1 o o4
utrAIIIoEIANG MInABUAB NI DO UIAN VIR WU unifuBnadaFudn

& . v 4 o '
fimsnaouvessoouanT/fsyanagu (lnner rollers) uaztavaosenly diedanaliiusdo

A 4 s ' o 4w '
Gou q usaiuewh i dumesmauuanuiodin Inmidlonse lams anariu ¥ hiinadens
’ . - a . [ 3 c'r - 3 - 3 1 4,
mmmsdaRaszrInTagires SeeonuuumanaseylduganisIusineunisiiadunaril

A a 4 ' o

mrdunamsindoufivesseouanauniog Idenns miuaasnusazozezn eI navY

v - 3 o a0 4 ' a o
niweveanioamanouming AwssiinsfiudiisoounnindeudeninseoFunanszituiiu

- A v a [ 4 14
dunnuuaaidisosuaniimsindeudiodiaos (Stable) oyaRuveuselugaefinaiiiey
IJ L] J \ \J 4 A 1 4 1 9

Audauiirldnnum G dely Tavmus P luaumsi 1 dannafisng swdwnaldon

4 ' l‘ 4 . . 1
UM 2 uaz 3 mmnm_m:d'mmmluummgm*umm G ‘U!Nllﬂﬂ:ﬂq'll ueaslumsn g

' 4 1 A N N 4
mIin1 nunﬁmmzmumuwumas!muawouwwﬁ'ogmmm G 'llU!llﬂﬁ:ﬂQNﬂ'liﬁmﬂ

s MG iy ddoaanasgn | sraudodu 95%
e (J/mb (SD) VoUIATN VOUAYY
1 10.9035 2.8708 8.8498 12.9571
2 15.6082 5.0272 120119 19.2045
3 15.6742 4.8783 12.1844 19.1639
4 15.5762 3.5966 13.0033 18.1491
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sinwansAnd eI nquit 1 Fl'nmiuﬁlm*“;unu"luussmmmlnﬁi’nh G
mavifgaio 109 J/m’ danguduiin G wdvlndifueiufovszing 15.6 J/m’®
dommaffuiinseinanrdanoufoumnuandvesh G mdoveuriaz
ngulaon1s l¥manaeunImulsilsmmiaued (One-way  ANOVA) uazmsufiouiiioy
1¥adou (Multiple comparisons) wuyveumseudl (Bonferroni test) IROMIATMIIANAIIYOY

&

v d; o~ J \J ' o v v “
Aundoves G Taomsdugiaznguasuynngulaoimuassduled e 0.0s uanalumsg

o
n2uav 3

mne2 nsifoudfionar G edv TasmsW¥nsmageunnuusismafed

Sum of squares | df Mean square F p-value
Between groups 116.856 3 55.619 3.167 0.056
Within groups 623.242 36 17.562
Total 799.098 39

- 1 ' A \J \
m1e 3 msnffouifouFdounuueuneseuiivesit G wduszninngy

msnfSoudioy | Anuuandnves Saunuideiiu 95%
o - p-value s I
LHINNGY fiunney yasriaan Yadinauu
| nqu 1 -ngqu 2 -4.7047 .100 -9.9373 5279
nqu 1-ngu 3 -4.71707 092 -10.0033 4619
ngu 1 - nNgu 3 -4.6727 104 -9.9053 5599
ngqu 2 - ngu 3 -.0660 1.000 -5.2986 5.1666
ngu 2-ngu 4 0320 1.000 -5.2006 5.2646
NN 3 - NQu 4 0980 1.000 51346 53306

manoufioummaanuandeveat G wdoszuianguaien Taonts1dms
nagounmmlslsnmiaReinmmaed 2 uazmisnSsudoummniunandrvesd G
m%mzm’unzjudu q uupUouesouiiamsnd 3 wuh WBanfoddgannnii 0.0s ik
aplldm G ndovos Inmifloufumofaaulunsmluussoimaoiinounazussommlind

Tiuanaefunaaa (0<0.05)
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CHIERLTT

msanuiiuns fasimstaaszuin Inmdiofuneisaudaeiinmn
narmaad (un13 AR Strain energy release rate (G-value) fimidailu J/m’ Tasmiimaneoy
wHANISNAARA 4 A (Four-point bending) TunSeamadoudIna (Universal testing machine)
Fusovunnszniredu Inndloutunessou luvamaneuss hifidnvasfdununduaz o
tazsvouansindewlotainfies mimaneufhhiisnmneinmsfniives Suansuwan
(Suansuwan, Swain, 2003) éqﬁmummnmsﬂnywm Charalambides uagnaiz Tuil 1989 41
wansninme1&desifavesnmsAmniiaunsoagliéh smsdasaszrindInmdouiuned
sowilomluussoimaorinouludunousing Ausummsadadernluyssnimming hi
UANAITUMITDR (p<0.05) uATERIIIRNNINM G wavsrnuingudt 1 Jurtumaansim
Fumstaluussommindiiddigade 10.90:2.87 J/m’ Tuyaeiitn 3 nquiln G indvdl
l5,605.02J/m’.15.67&4.87J/m’|m:15.57ﬂ.59J/m’n1uﬁ1ﬁu-‘N'ffqmnnfjnﬁ'umf;ummﬁi
mﬁ?umiﬁa'lumsmnmms"nnumﬁuuﬁudoumﬁeufn‘[omnunsmuﬁuwas’mmulwfuﬁ'ﬁ‘lﬂ
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ivuﬁué«nw1ﬁnﬂﬁﬁ?moon?ima‘mﬂm'lnmtﬁummzv’nh’l’msﬁmzu1'141mmﬁuuﬁuwai'mmﬁ
Suidorfouiumsnannlnd Atsu & Berksun, 2000)

dioiii G indonnfSouieufumsinuvesessoing invzdrIn (Decha-umpai,
2009 sxnudien G mavvesngudt 1 fmsliyfuazmimmstaluussomaeiinou i
ni G imdolumsdmveunvyérIndslin Gind 27.755420 Jim' 110 Faidoanindi
SEmsuntuneuiidiai iy Suneummsdai noudiondszeznmareiu Funoumsithn
orgiu hifidunauvewadim szozinamsumsioaanu sdrahinmazoniuAmds
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) < ] -t
W G dndmsfneiniumn

Torruenuy
$ o w ' A 4. ' A
Tumsnuiinudedfanaodszns WRuimsadiiuiihanudundesdlaie
b bl
vssgiamdnewh msmsouduanhudazdunewhldondwn Tudmsmensiaii s

y 1
Whrsorgin msdahnauazeraiufioTnfion Sanasdmsianneonuuygunsaiilflu

av e v . |
mnhwumuoﬂnnuwowﬂuummnﬁnwmwm asm 17

2 L1
uazmsRuM NN TNy AT S

68



“»

693

4 4 a a o o
msnanes 1@y e WransAnuil TemmdanauRanaaiosaazeraiauuiiugunseii
Tawmsgrude i luouinn

[ ia Yo a & a

asiinsAmnmsl¥dunauvensai i Inndoudem hifanuvguszuu
- o U - Al - Jd o J A
i Tnmidtondms 1 udnuairla taszeznailadaee 1dinildnyazfidosns Sy

P | oy o a ‘ a W ¢

eiviidwadidomstannsznin lnmiloniunesmau

asfimsanuildomsmuguifinanserdneuifinunududunnieonils
a « aVa o ¢d 4 a v 4 d ay @ a .
vz lifedueenladainmuz oy saormfudniliionilsfidinaddenisianasznin
Tnmidlouiumesmau

v

namsvInAn¥INInAnsTnIn Inmidloufusunesmandieiinmsimluussonn
- . {0 y ' ' - a ' acdy o
fuanaafhiwn 19 lunsAnuil 01914181 A s Badafiqeudidiuis i ligasinin minld

3 » 2 ad W . LE, 1

WauniadaqgunsoiuaziimslumamTonduam ity el lddinsiafeiiqain
ponlsianrsinsdnmnslfufmemsniunumsiiasueenladnuitou fiereldwaiia

2 .
winduse Ao

19NEN391394
Al Hussaini, ., & Al Wazzan, K. A. (2005). Effect of surface treatment on bond strength

of low-fusing porcelain to commercially pure titanium. J Prosthet Dent, 94(4),
350-356.

Atsu, S., & Berksun, S. (2000). Bond strength of three porcelains to two forms of
titanium using two firing atmospheres. J Prosthet Dent, 84(5), 567-574.

Cai, Z., Bunce, N., Nunn, M. E., & Okabe, T. (2001). Porcelain adherence to dental cast
CP titanium: effects of surface modifications. Biomaterials, 22(9), 979-986.

Caputo, A., Dunn, B., & Reisbick, M. (1977). A flexure method for evaluation of metal-
ceramic bond strengths. J Dent Res 36, 1501-1506.

Chung, H. G., Swain, M. V., & Mori, T. (1997). Evaluation of the strain energy release
rate for the fracture of titanium-porcelain interfacial bonding. Biomaterials,
18(23), 1553-1557. »

Decha-umpai A.(2009). The adhesion of dental porcelain to titanium surface
modified with alumina and Silica blasting under argon atmosphere.[Master
Thesis in Prosthodontics ].Khon Kaen: The Graduate School,Khon Kaen
University.

Hammad, I. A., & Talic, Y. F. (1996). Designs of bond strength tests for metal-ceramic

complexes: review of the literature. J Prosthet Dent, 75(6), 602-608.
mydszynauena nuituszRuudafnuuniand aad 17

= 4 o 2.4
naznisdunndnmsfomouns nuitog ey aian s

69



694

Lautenschlager, E. P., & Monaghan, P. (1993). Titanium and titanium alloys as dental
materials. Int Dent J, 43(3), 245-253.

Pang, L. C., Gilbert, J. L., Chai, J., & Lautenschlager, E. P. (1995). Bonding
characteristics of low-fusing porcelain bonded to pure titanium and palladium-
copper alloy. J Prosthet Dent, 73(1), 17-25.

Papadopoulos, T., Tsctsekou, A., & Eliades, G. (1999). Effect of aluminium oxide
sandblasting on cast commercially pure titanium surfaces. Eur J Prosthodont
Restor Dent, 7(1), 15-21.

Sadeq, A., Cai, Z., Woody, R. D., & Miller, A. W. (2003). Effects of interfacial variables
on ceramic adherence to cast and machined commercially pure titanium. J
Prosthet Dent, 90(1), 10-17.

Suansuwan, N., & Swain, M. V. (2003). Adhesion of porcelain to titanium and a titanium
alloy. J Dent, 31 (7), 509-518.

Wang, R. R., & Fenton, A. (1996). Titanium for prosthodontic applications: a review of
the literature. Quintessence Int, 27(6), 401-408. '

Wang, R. R., & Fung, K. K. (1997). Oxidation behavior of surface-modified titanium for
titanium-ceramic restorations. J Prosthet Dent, 77(4), 423-434.

Wang, R. R., Welsch, G. E., & Monteiro, O. (1999). Silicon nitride coating on titanium to
enable titanium-ceramic bonding. J Biomed Mater Res, 46(2), 262-270.

' Wataha, J. C. (2002). Alloys for prosthodontic restorations. J Prosthet Dent, $7(4), 351-
363.

Yamada, K., Onizuka, T., Endo, K., Ohno, H., & Swain, M. V. (2005). The influence of
Goldbonder and pre-heat treatment on the adhesion of titanium alloy and
porcelain. J Oral Rehabil, 32(3), 213-220.

¥y

mslszquanonnanITvszauiufafnying adi 17
a 4 T 2

wazmsfunnInmsiiowouns uIToggua asR 5

70



e [ o < e L 941 é\»
URINNEFUS1INYSSVT f (\ ;
WissivasauiiRlfieusasin 5

wiwynsur Sunswuoold

Ttnruensmdsvssduindadng uuunminauswnliawes
Tumsszgpuausnssnidsrzdniuindnmnueni adoft ow
uay Tasonsdusunimmauazweuwdenddogyn afod «

Fuit we HquIu WA, waan

D YL
(smsanTesflnin  Founan)
pdmIud








