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Abstract

Objectives: To investigate the effects of
non-surface treatments and surface treatments with
a silane coupling agent for alumina nanoparticles
on the compressive strength and color alteration of
heat-polymerized acrylic resin tooth.

Methods: A total of 84 heat-polymerized
acrylic resin cylinders and 168 heat-polymerized
acrylic resin blocks were prepared. The length and

diameter of the cylinders (ivory acrylic) for the
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compressive strength tests were 9 mm and 6 mm,
respectively. The length, width and thickness of
the blocks for the color alteration tests (clear and
ivory acrylic) were 10x10x2 mm, respectively.
In each test, specimens were divided into seven
groups (n=12). The specimens in the experimental
groups were acrylic resin reinforced with alumina
nanoparticles at loadings of 1, 3 and 5 wt%, with
and without a silane coupling agent; those in the
control group were not reinforced nor loaded with
alumina nanoparticles. Compressive strength tests
were performed using a universal testing machine,
and color alterations were investigated using a
spectrophotometer. Data were analyzed by two-
way ANOVA and the Tukey HSD’s test with a
significance level of 0.05.

Results: There were significant differences
in compressive strength between the control and
the experimental groups. Among all groups, the 1
wt% group treated with silane coupling agent had
the highest compressive strength of 294.41+20.24
MPa, and the 5 wt% group without a use of si-
lane coupling agent had the lowest compressive
strength of 227.67+15.20 MPa. The lowest color
alteration was found in the 1 wt% (clear acrylic)
and 5 wt% (ivory acrylic) alumina nanoparticle
groups treated with silane coupling agent.

Conclusions: Compressive strength of
heat-polymerized acrylic resin were optimally in-
creased by adding silanized alumina nanoparticles
at 1 wt%. However, the degree of color alteration

was changed, but still acceptable for clinical use.

Keywords: Alumina nanoparticle, Compressive
strength, Filler, Polymethyl methacrylate, Silane

coupling agent



Py, unsns U7 38 aufl 2 w.a.-s.A. 2560

U

Fihefifiufnuinadmuunfsiagnoguuse s
namsfulszmuemIuds emsfidanuduniags
fildounApsananyheuuenniil (parafunctional
habit) w3eflnsgeydadunds navihlilAnmagandods
WiIRg (vertical dimension) waslunii uwimslunis
snmdanlnaidunisysadieduiisurinfnuyu
(fixed prosthesis) 19t1n wSesruAvAufisuIssm
nenls (removable partial denture) iieasounzudly
ffwnneveslunhiumlnduasilszuuuaiesldo
Iffodn udlunsaiigihedidodiAnlusursugsans
NINIEY ANYANIINIEINIA YIDHTaNIITAINIY
maunndildamnsasnwlaeiuiieufnuduiouin’
Foviliuiisnuetiunenlanseudu (overlay remov-
able partial dentures : ORPDs) iudnmaiiiannils
fisnunsashunldifuiudiiondinm (provisional pros-
thesis) nIaduLiuawIzn1a (interim prosthesis)
ﬁauﬁwmﬁv\luw“ﬂmwﬁaﬂmﬂ (oral rehabilitation) 8¢19
anslal”

Tutaquuinaifeulivihdiuisudmsuiudioy
vwdmaanlansonily A waliwiiawmlasian (poly-
methyl methacrylate : PMMA) %38 139unzA3an
(acrylic resin) LﬁﬂamﬂLﬂuiﬂaﬁﬁmﬁmﬁ’ugmﬁmﬁw
1573@ Lidusunnededledieludesn Sadasnin
mefif Uiuudaldine Shminun negnuaziugy
e

Filuisduezaidnofinuumidsanuiouioos
Uszneuveswofiuiialumlasian wioufugiuiuiiou
\sTupAsanTfinUusmanuey widiuiieusdu-
2:AIANLVUIAVOILIANDRILDILANNI FuTIRIMTIAD
(setting time) 159071 wazooAUTznevvooindludily
\sunzATanlndiAssfuiRussTUI AN ATIDZATANT
Tiasogmiuiien sauismsdenlo (cross-linking)
sszmiuLaQmaawaﬁl,ma%u%nmﬁuﬁaumLﬁwm (occlu-
sal surface) waziniUa B (incisal surface) fnah
pzasanldaoguituiioy wennniieldmasaumsn
flun3e (inorganic filler) avludiuisduesa3aniiie

FOFATUANUILFDTAINNIIAR WRZAIUATUNIUAD

CM Dent J Vol. 38 No. 2 May-August 2017

= . 4 | a P o
A3dn (wear resmtance)( ) wAdamaAUNeuwANAN
TANULTIRTIAILAZNAITRAINNAITUALALITIAINY

)

NN WRZWOLATUMIATARIIFHARIBUUIAALAD

WarANuLdousoraswaR A lAsIanA18A1S
Usudgenaiauuanigna (mechanical properties)(5'6)
Tnonslddaaudnluigdunnuudouss Wy maesu
madule (fiber) uazasonunsalan: (metal fillers)

(7) !
WY1 N3

Wiy 91nn13Anwueg Aydin uasAals
Tdulaudrlusuuoudusnaiuanumunsedn
2919 (transverse strength) AMUNULITIATINY (Im-
pact strength) uazAmNBAAFVBINANEANEY (elastic
modulus) lFesefivosdny Taeldwdeufvoogiuiy
sy wimslddulosmluusinafimnduilianuuds
WIIVOILITUDLATRNRARY AILEHTUANINUDILIIAILTT
daunsnlans 19y ogiiul (alumina)(6’8) PN (silica)

Faure$ (silver) waslauly (zirconia)® uaslnmiiion®

udu 9nmsAnwives Vojdani uazans' wug
woRiwfiawmlasiaafldafoguiuiion deidums
saunsnlulpsegfindasn: 2.5 Tnsthmin dAAnuy
nuusonn (flexural strength) 1nnnguliiAnedodl
HosAry Alhareb uas Ahmad'"? lfisSupnuudoussoes
uduiisusfussasfnaeasoaunsnlulasegdun
witsigoilaile (ALOL/ZrO,) wudl mManuANNAY
Aon1TwAnin (fracture toughness) URZAIUNULTIAY
(tensile strength) drgogalunguildasdaunsn
aqfiunseiwoilafiefisnandin 80 fe 20 wazANNNLLTY
fafiAgogalusnaain 90 de 10 Jasim uaz Ismail '
Iassuanuudoussrssgruiufionsiuosniansie
aumAwluegiiul wui1 ANuLdoRa (surface hardness)
fifiudulunangunismanes (Saeaz 12 3) uazAy
NIRRT duateitefAYy efiuouma
wiluegiuniosa: 1 uas 2

14 1 I a ~ a
( )WU’J']VLNLﬂmﬂ']ﬁﬂmmm

athslsAmuluunomsAnm
lnanseszndtonefiuiiaiumlasianiua1senunsn
fonann Fudeoiimausulyonuinuasmssaunsnae
WlUld Taewudn ssgarulaiaun (silane coupling
agent) Wuasiiteuhuldmeiuanssy e

YUY 9NN INAURITOITITAUNINAULITY LunInd



9. WuAsns U7 38 aufl 2 w.a.-s.A. 2560

(resin matrix) fowaliliuANuudsusIRanefiLfia-

15-1 & o
(6.15-18) UONMNY ANURIBINGILTY

wmlasanmniy
dntlademilonshAny Tasdngiihinaiediuiounsia
milouAusIINIALRzIEASTA T WYBIR (color stability)
wszmaAsufidufendihosinsadonaldidudiy

1
Llﬁﬂ( )

aglsfiny m3Anwdsnsliuiesloay
(MPS silane) Aupymamnuogiuiiieiiunuauifng
ARLUAUAUNULTIER (compressive strength) M)
mMadsudvosdiuifiousdusza3anlumoiunn sy
dofiviers dulvaifinsfnwuanzlueumeasmnalulas
wazidunImaenfsidusduszaianildasiogu
Hwiadusdulve

NAmARAAINE 0 WiTaASolTeliingU oA
AnwfsananUinnumuLTsaLaznsiasuuog
\duezaiandldafdiufisusiniumdeanuiou
(heat-polymerized acrylic resin) wuud b iasudae
m:;mﬂuﬂuagﬁmﬁuqumﬁ%’umim%mﬁwaumﬂ
uluagiuluduafuansodu sioudadluniunis
Ufuamwﬁumu,a:mumiﬁuamwﬁvuﬁmumﬂuﬂu
agflwsawuitedluiay uaslisuuRgunuidevande
Uinasesa:lnsihminvasounmaunluegiuniiums
Usuaaminuiadessgauloaulifinadonaauid
ANUULIISALRzMIURBUTuaslufinusTusaTan

YUAULAINILANUITOU

€

LS

dgqinsalnazisnis
nawnisueymAn luegdufiysuuasliysusamn
Auin uaAEmawsudAusuws sty oza3an
lioymaunluagiu (ALO, Nanoparticles, US
Research Nanomaterials, Inc., USA) anualznssnay
sunnidurAudgnas 40 wluiuns Auiiis 138 mo-
faAlunsenioniy vmsUsulgosmmiuRafems
ﬁjmﬂﬂ e (Silanization of alumina nanoparticle)(zo)
Iaeldiduditoalaau (3-methacryloxy propryltri-
methoxysilane: MPS,Sigma-Aldrich Co., USA) il
sunsaedouiuildiesiign 314 myeiafunadensy
Aalsaduiedlaaulaeldaunissesesiag

, . (21 y -
(Arkel’s Equation)®" a1ntiuiaynaunluagiin

100

CM Dent J Vol. 38 No. 2 May-August 2017

fususmwiuRaf B LR aluauuRzARLAILALLN
ATziNIAYeYuBds1RTRNBY (Silicon deposition
analysis) ™ fioguuiiuin Tnstheunauluegiuin
folussazarewmnszlalasyusn (Tetrahydrofuran,
THF, Carlo erba, Rodano, Milano, Italy) Wuaan
2 Wit wauesimaiidluudazasnihnanasoulae
Tasesmnlnslnlnfnes (spectrophotometer, Nico-
let Evolution 500, Thermoelectron Corp., WI, USA)
uNTIIRzMefdouansATnATUgANR LRI
AnuemAdw 250 i lumas dodumaaniuganiu
urgrastsnzmeinnszlalasusuiliissduuidon
ARsinsavetuoss ndineulaeldndooganssml
duinnpuuuudosnnsanAunsldaunlnsdiines
A3zNBWRIIY (energy dispersive spectrometer, EDS
software)

thoumemluegfimildiuuaziunssugnm
fufadeduiesluaumnualiasdondieasnannm
(agate mortar) WEIUIWILITUDZATRNAWMIDUANYIA
UuMeAu5aU (Major hot curing, F4, Major, Italy)
snwsnAveyman luegiudtuielfduwsudiiu
TneldiATosdunsy (non bubbling kneader, NBK-1,
Nippon Seiki,Tokyo, Japan) Tnevhman3eusionun
7 ARy ARNA: 12 Tu Ao naullifveunauluagiud
Lishumasuanmminuiamemsgaulaauiazngud
inaumaunluegiufiniunsusugmniuiafems
Amulaiau Sasaz 13 waz 5 Tnetmiin uaznduaiuAy
fa nauildiveunaunluegiu

TuMDUT 1: NMINANDUANUNULIOSR

MIAFOUTUIUTINFUNMINARBUANUNULTIBR
Twlwuuiduwiouigunssnszuen swnadurgugna
6 fAnAlunT 817 52 finfuns S 3 Tu ahohnde
Fuemlnonauaisnesiv (dental stone; Kromoty-
po3, Lascod, Florence, Italy) ANEATIRIUTIUSEN
AnAAMrUA naslumouzvssluunesnies (Hanau
flask) fuszAuaaUTBINITUzaauUURNY (lower half)
MEIIAUARIY (separating media) NuvionAIudIn
uwioudavio 3 Tu vhefu 10 fafwns Waseilouns

WiouiegsAUNeRAUTOUATNLARBILUURTG tne210lR



Py, unsns U7 38 aufl 2 w.a.-s.A. 2560 101

NIINTBUMTUINRBUUUIN ¢ AW NRINURINIADS
Fuudemiiuiuazfiuag hundaudodienszaenae
1AMUAzEEA 600 WAz 1,000 AMNSIAY MTIAUAATS
g 9 Wivhiuiuasne siuuasduuuuviouds fel3li
Wiy shaguzuaawuuuy (upper half) wnuszaulvsin
wazinUmsmesAuldsumou: Uaruu selduamsnes
AUUDIAIALEURY LUANTUINRBUUUUULRZR1IDDN
AU unzuLUULILAI RN NMTULURB LU UGS
ANuIzAgz i a:lduibuunSenaedunumusiosns

PINUUHENT INTO VR IUAZEIUHITDINDRINTIR
wimlasaanusanduiviininindvun Tnosau
wovnazliweRwiinmlasiaanaueymanuagiui
Ifnseuliudaineiu mudadidimmualfluudazngs
manaaes hsuwsudlaldasluuivuiinienfuas
vnluihfou o gamad 70 ssmiwaidod wiu 90 Wil
wdnddy 100 eornga@es win 30 Wi leld
FuemHuMIUNSIIN 3 Funu Sehludadmerdes
AT (Isomet 1000 Precision Saw, Buehler, USA)
Tilsamadurigudnas 6 Aafwuns 817 9 Hafung
MUNINIgIU I1SO 1816-1979 lasiuau 15 Fuou
vndaudslizeulasldnszmenaeianuaiben
200, 400, 600, 800 ua: 1000 ATIIFBUTUIATLINM
feAIpeinTEzuULAInes (digital vernier caliper,
Mitutoyo, Kanagawa, Japan) tiangueudlisuyse]
gon wdnhiueudiwan 12 u Aldludluhndud
gaunAil 37 aurwaldud Wiu 1 U newhumagey
dloasuimuathunuiounlunageuamsuiRaLy
NuLIBAMBIATaMARBUTING > (universal testing
machine model 5566, Instron Co., USA) \ARBUTIAA
AIUAIINLTY (cross head speed) 5+1 faflunIAaUd
l#Twanigas (Load cell) 10,000 fasu Tuiinusogegn

M RTuULANTN LERNLIAIMmUEAT

CM Dent J Vol. 38 No. 2 May-August 2017

UCS = 4F
nd?
N3 1 ugAvAIAIINNLTIBAgUgA lae UCS (Ul-
timate compressive strength) = A1A211N1
usvangugn (lunzt1amn: MPa), F = 439
gugaivinlidumAnmsuAnn (T26)
d = Aﬁ”WH@iJEfﬂ@M%W (AaAiuns),
7 = 3.14159 (AAviinsadinmans)
equation 1 shows the calculation of ultimate com-
presive strength, where USC = ULtimate
compressive strength (Megapascal:
MPa), F = the load at frature (Newton)
d = diameter of the specimen (millme-
ters) m = 3.14159 (constant value)

AR UNULTISATBITUIUYDIUA R AT L
AmasANads (mean) uazduidooiuumnsgy
(standard deviation) 91n1uAATZARIBERRIIATIZN
ANULUTUTIUBUUEDINTY (two-way ANOVA) U\
Wisuifisusznienguiaeisnaseuyilasldlusungm
nodf (SPSS statistics version 22, IBM, USA)
JzAuNBsIAtY 0.05

Matwihinuluasiaguinmasesunnind e
NaoIYaNIIANBLENATOUYIAGDINTIA (Scanning elec-
tron microscope; SEM, JISM-5910LV, JEOL, Tokyo,
Japan) fifdsene 50,000 uaz 100,000 111 Lﬁ'a@
anwuzMITumdunguisy (agglomeration) voy
mgmﬂuﬂuaa“ﬁm mdoudin (bonding) uaztBIINY
(gap) ﬁLﬁmﬁui:mmaumﬂuﬂua@ﬁmﬁmﬁu Wn3Ingd
lagsou

tumaudi 2: mamasunIlRsud

wiongummesesidusesngulvg Aenguild
PuezAIRNYafmlondy uaznguLITueAIANTln
8 edungunanssidniladuanulinsiivesdfiia
nnsoaingfmdeniueenly Tnewdoudunudmiy
inezasRnedindmioudu 7 ngu waseliala 7 agu
fo nguilAvoumeauluegdmniliiuamsusuaam

#uRhsssAmUlsauaznguiiineymM A lusgiin



9. WuAsns U7 38 aufl 2 w.a.-s.A. 2560

finumsUsuanwiuiafmemadaulaay feen: 13
uaz 5 Taevimin uaznduauaudo nauilddiveunia
wluogiinn nduaz 12 u Tnslduduvurnannuen
101 A8ANAT ANATIY 10+£1 TARLUAT LRZAIUNU
2+1 1aRLWNAT (§TUIEMIE NN LR IoNMILAT LN
Funurhmileududuneud 1) dielggunuihlunasou
AIANUANTBIR (AE) ﬁ’smﬂ%a\ji’mmmi@mﬂﬁuum
(spectrophotometer, Ultrascan XE, Hunter Lab,
USA) munaAanuaseesilngilSauiisuaumaes

. 24
nRNAIUANANIzUUYDY CIE L*a*b system mﬂgm( )

AE* = [(AL*)? + (Aa*)*+(Ab*)?]"

JUATSA 2 UFAIMIAIIAIAIATINAII0E (L* nae

A9 ANUETI-A0, a* vy Ui

uAsUAsEITE3, b* vianefy Usinadmass
unsFG)

equation 2 shows the calculation of color alteration

(where L* represents brightness-dark-

ness, a* represents the red and grenn

chroma, b* represents yellow and blue

chroma

ihfayauimuamAedsuasdwdsoiuy
1MIFIUTBILARZNRY uashuulananioadiln Tned
inawidmsumsUsdunnumsteoife sAufivewsuls
Inessameuda (perceptibility threshold; PT) waz

102

CM Dent J Vol. 38 No. 2 May-August 2017
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Table 1 Mean (MPa) and standard deviation of the compressive strength. The characters differ to demon-

strate the difference was statistically significant (p<0.05).

Mean of compressive strength (MPa)

Amount of alumina
nanoparticle 0% 1% 3% 5%
Specimens
Control 272.93+10.19° - - -
Nonsilanized alumina nanoparticle - 245.95+13.74* | 239.70+12.63% | 227.67+15.207
Silanized alumina nanoparticle - 294.41+20.24° | 287.95+18.28" | 233.52+10.482
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Graph 1 Compressive strength of control group and
each experimental group. The characters
differ to demonstrate the difference was
statistically significant (p<0.05).
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Figure 1 Distribution and gap formed (white arrow)
between alumina nanoparticle and sur-
rounding matrix. Original magnification
x50,000. (A, B, C : 1, 3, 5 wt% of alumina
nanoparticles with silane coupling agent,
respectively. D, E, F : 1, 3, 5 wt% of alu-

mina nanoparticles without silane coupling

agent, respectively.)
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Figure 2 The bonding (white arrow) of 1 wt% of
alumina nanoparticles with silane coupling
agent to the surrounding matrix. Original

magnification x100,000.
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Figure 3 Gap formation (white arrow) between
alumina nanoparticles and surrounding
matrix, which causes the decrease of me-
chanical properties of 1 wt% of alumi-
na nanoparticles without silane coupling

agent. Original magnification x100,000.
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Figure 4 Alumina nanoparticles have a high surface
energy. As a result, it is easy to agglom-
erate by themselves of 5 wt% of alumina
nanoparticle without silane coupling agent.

Original magnification x100,000.
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Table 2 The color alteration (AE) of clear and ivory acrylic resin. (Mean+SD)

Color alteration of Color alteration of
Specimens clear acrylic resin ivory acrylic resin
1% 3% 5% 1% 3% 5%
Nonsilanized = 7.07+1.06 | 15.36+1.56 | 12.65+0.42 | 2.70+0.33 | 3.36£0.34 | 3.25+0.85
alumina nanoparticle
Silanized . 6.70£0.69 | 12.48+0.63 | 17.94+1.60 | 1.3120.26 | 1.08+0.32 | 0.99+0.36
alumina nanoparticle
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