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This study focuses on developing sintered zirconia ceramic using 3D printing
fused deposition modeling( FDM) technique, which is a novel additive manufacturing
technique. 3Y-TZP zirconia and binders of different ratios were wet mixed. Both zirconia
powder and binders were compressed into filaments through the extruder at 190 °C. The
polymer debinding step was carried out using the thermal debinding technique.The samples
were subsequently sintered at 1510 °C for two hours in a box electrical furnace. The
characterization of the zirconia filaments, the as-printed and as-sintered were investigated in
terms of density, porosity, water absorption, flexural strength and microstructure and
accordance with ISO standards. It was found that the ratio of zirconia powder to the binder
was 25:75 percent by volume and resulted in the best formation of the sample by an FDM type
3D printer. The physical and mechanical properties were found to be as follows : the density
of the fired specimens 4.08 + 0.42 g/cm3, the porosity 31.33 £ 6.01% , the water absorption
7.88 + 2.2% , the total shrinkage of specimen after firing was 25.91 + 5.92% . The flexural
strength of the bars was 31.77 £ 1.3 MPa. SEM micrographs of the printed specimens
revealed a rather homogeneous microstructure, with some submicron-sized pores. Within the
limitations of this study, it was found that both the physical properties and the mechanical
property of the experimental zirconia were still less than the ISO standards for zirconia
restoration. The relevant factors that should be improved on included the type of printer and

the mixture ratio.
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official publication of the Academy of Dental Materials. 2012;28(1):3-12.

Uszinmaeen1suART s a1ansnutiveenidy 2 Uszinn tneauiuanssad
mwLﬁm%’mmqmuﬁummam%umuiugﬂLLuummmw'ﬁmLLumrﬁ“mLﬁﬂme@ﬂﬂﬁ@
Subtractive Manufacturing (SM) Na197A® Lﬂuﬂ’wmamﬁiﬁﬂ?mﬁ@ﬁmLﬁ@f‘fml,ﬁﬂm@‘”mmuﬁ
laifaenisaan Iﬁ‘lﬁ?%mm‘lugﬂéwﬁﬁmm@ 1 N13NAY 1A 18 vidaasslu 1lusue) n1g
s@mLmuaf‘fmﬁ@i@@ﬂ@ﬂm%’wmmLﬂ?}lﬂuuﬂ@ﬂuqqma‘ﬁummimﬁwmﬂ AUTLNNTNAA

i usiunnssnadelus (Modem dental technology)(20) nasldmaTulagfianuas



o Y IS

prnazanyn Il uaulugluuunduden Nansuzianizdmsudaauwsiazey wu 910

A AsauAY Auen UL wazanaruaun1snanlagd19lla (15) Daunsqn

4
o [ %

ﬂ?tUQuﬂq?NaMLLUU’&ﬂﬂLﬁ@')’&ﬂﬂ'ﬂﬂIﬂﬂﬁ‘ZUULLﬂﬂLLﬂJJLLLI‘LI‘M@’]ELLﬂuﬂtﬁ{rﬂaﬁﬂ’]ﬂﬂiZﬂ%‘

q

24
o ¥ o o

|ij = a o A a o o dl Q’J ] dl 1 k73 [~3
LAUTUABUNUENINLIBRATNA AR mqmmmqumngﬂmmﬂLummﬂéﬁumuﬂmmwmu@@ﬂ

o =

K19 HNAZFARIYNTNAIRINNINAIUATN 5T bAaT AR indauinazldannsaiala(e)

D

1
v @ a

g e PRIy 4 o o & A A A
u@ﬂqﬁmuLL@Qﬁ"JqNLLuum@QeﬂuqqumiﬂTu@%ﬂumuqﬂ“ll@\ﬂfi’)ﬂ@\‘ﬁ/]L@ﬂm%‘!ﬁwwﬂ?@ﬂﬂ@’qz

¥ o

=K Dd} =K A | 1 dl o 4 % 1 ° 4
ANNNTONAI LS T ’]‘Vlfm@\‘llﬂlu’]ﬁiﬂﬁyﬂﬁqﬁumgﬂﬂﬁ‘ﬂﬂﬁﬁ’ﬂiﬂﬁ'J’]qu]ﬂ[ﬂﬂﬂLL@%LLN‘L&EI’]I‘LMWH

o

~ o o & a X A >
AATNLLLLUR @Qu?m:ﬁ@ﬂ@\? m*mmm@lmL'MJLuﬂﬁuimmmﬁfaﬁummm’]ﬂ“ﬂuL‘W@Imm

o o =2 d” v dl =2 v = o [ dld
ﬂ@UQ@QWWN?IMWWH@\‘]M’m@Q(N) UBNAINULAIATAINANACABINNITUAYNUIAANNAITN

q

wdannn i ldannnsarla uszeznandls] uaznusesfieuuiiuiiozesimsniinlusendnan
= 2 = = = = = < == Loy Y
ITUIUNITHAATINNU N13nAsRsliA N EINuarRul andluTuuniaualug) Jdauidn
= £ dl o o Y
ABALAZHIATIETINFAUTUTR(22)

NMIUARLULIIWNLHATARAYTE Additive Manufacturing (AM) an1sWaW 3 &

[ o

(3D Printing) Hanmnszianiziadgmiunisasielassainandudan anisaldiudanuane

1
wa A

A UAY W AMANTRNUNIZ AN TUATUAUANITHUAZNTHIAR (23) HENNAITY

Additive Manufacturing ¥38N19HAAKLLIIWNLEATAAAIN American Society for Testing

|
o I

v
and Materials (ASTM) A8 “qunauniaNdanienidngandayaiuy 3 16 nalnfas

q

|
o

paL T unazduTan e AiuAsn1snan N RanmausLd Ly Subtractive Manufacturing”

a QI :&J o as dld a a o [ & ¥ 1 3
(5) NTHARLLLIL meumm@Lﬂmﬁmmuﬂ@mwﬁmwmm‘umamw AULLLBEINTIALTI

(Rapid Prototyping) Aitasinlimanzdmiuasdssingniglsaanizianandudiniy

a

AM3UANIIN AAntstenslumalatinniylunnman el Inedindngauainnis
FAntugeszuianainiinianisalldte 4 winlull 2020 Feliyaridszann s Hudiu
ARAANF(24)

wAlulagn13AunW 3 AR Iasun1snmuwazinun 1 lugaatlaranmasse 1980
waz 1990(25) Imel Charles Hull ”Lﬁ’fﬁmﬁﬂmﬂmmmamuuLﬁmLﬁ@fﬁ“@rﬁlmﬂﬂuﬂﬁ?mm
A 1986 UselemMan109n1IHER A N6 TARNNNNTUNNEREN NN S0 AR L]
daudren gUnsasnadinanelufiduden wu nedloda Luandudszam dusu vinly
sn'fmﬂ5‘“‘1_|ﬂﬁ;\imﬁﬁﬂ@iﬂmqmmwmﬁmuﬁmmumaé’m:mﬁmiuﬁﬁ wailafiazdauan

sz NI AARATAnANIRENTB9EE (26) NIWNWANAR s HLNUImluway



uAnasn U anAasnssntesiinuazudnalamdaa(27) udunuudiniunislgniesn

= o a I's
INeIN(28) Lmzmmwummmﬂimwﬁ(z9)

2.1.2 TUABUNITANN 3 WA

:// a & aa QI % dl v Y
TumauaINIRNKLLL 3 HF Brannglaniasdeyavasiumadiloagluny
3 A5 BalumanianienIn 1w n1rdnnuludealnn vsanisannusasAnwlan wse Tuiea
wuumana Tnadeyanaunuazgnaseaninetnfaziludeyatlszinnlanen (DICOM)va Ta
113 (OBJ/Object file) anntiuazasralnaiaafuaa (STL/Standard Tessellation Language)
wazundgaensuasniseanwuuinaldnaniiamasuan (CAD) dtoalidnguasy
doudsrnaunsunalasuniseanuuuluaninuwinaaNidailauada aanduisuan 1{u
gansua usuniseanuuugaaiunssdAanssnuaduiuing ldvial luiesd jusnng
MiuAnIn Nsaunalulagneuianesiazuannaindutansiasnadudiud Ay

dl dn:i a d? a Ce aa 6 L 1 v %

ga3n19ilazunlasnaTulagNinatuannnisAuw 3 15 dansuasian daaliainisnasng

o v v 'S a s v = a
nnandayalugtluuudayaninenaisdnaniames (CT) Tayalpuinaauiamniniy
N9 W (Cone Beam Computed Tomography:CBCT) uazdaganisaunuludasiinize

e

Weedfmnag (nmdsznay 2)


https://en.wikipedia.org/wiki/Tessellation

10

1aunuivdasys

YW

)
A

| 34595 unuy 3 HA | 4 ANKULTUINUNFDINT

v
ndszney 2 uaasdumeunisifiudeyanazaaniuuiinag uEs (2)(2)

Nun Bhargav A, Sanjairaj V, Rosa V, Feng LW, Fuh Yh J. Applications of
additive manufacturing in dentistry: A review. Journal of biomedical materials research

Part B, Applied biomaterials. 2018;106(5):2058-64.

dl o A Qy . . @ Y o v AN v
\HaN190eNIULKLLAae viFadunulusansusuanaiaudarirdayai lhun
WraNeanwu L lAT9a$195895U (Support structure) wazlaseas1aiaziuwaanuiayy
Anwusmien Tuu1e ieafsdureusazuiy uasdayaudasduazgndllds
a a rd‘ o = 3 ¥ o o v 1 ﬁ ¥ I
pFaafiNWiNedanNardudawiuiuauldeanundugline dunaugaiiane nisien

IA298519ANE RN WATLFUANHUTIRINURY 1w A13nune LA (nwdsznay 3)



11

Ngi Pt

2
z
v
o

AFNFULLLLANDUAN  WLNFUARLLL #5191 UNAasty TUINUANNNITANN 3 NA

NNUIZNAL 3 LAANTURAUNITNNN 3 HFI(30)

*ﬁm : Anssari Moin D, Derksen W, Verweij JP, van Merkesteyn R, Wismeijer D.
A Novel Approach for Computer-Assisted Template-Guided Autotransplantation of Teeth
With Custom 3D Designed/ Printed Surgical Tooling. An Ex Vivo Proof of Concept.
Journal of oral and maxillofacial surgery : official journal of the American Association of

Oral and Makxillofacial Surgeons. 2016;74(5):895-902)

2.1.3 msuszanaldnmsian 3 Fan1aiuanssy
nstlszgnatldniedan 3 86 wudndnisldeuetinandreansluusazaianans

QUNURNNTTH LT aqﬂqﬂEifw?mmnfzimﬂﬁmmaﬂuuﬁq (craniofacial implants)(31) 970

WuWeN (implants) WULA1A89N9AALNTIN (surgical models) TasemguduiLiiaitaAn

4NN (scaffolds for tissue regeneration)(32) WWAUW WULANARIN19N1TLNNE (Medical

model) {Wuutlslunisiseyneldniinuingaaasnisiunwuuy 3 88 Tuanudaanssu g

AFUL LA ARIRUATENIULLANA89NTANSA (Study model) (33) ialdanaasgn niy

'
o o a

EZN dl o d”v = dd‘ 7 o dl
ﬂﬂﬂ@jﬂ'ﬂﬂLW‘ﬂQ’]\?LLNuﬂ’]??ﬂ‘]ﬂr’] uananulmaTulagnd Ay nldsonduiaaguaunng

o

SnennaiuansuAe laudupanfiomainluns Wi (Cone Beam Computed Tomography

=

- CBCT) @ain13ldasinendnaunng wazlailasunssinunismnasaasnissne lisiunnsss



12

= a ¥ 'S a o= % ] I
snuianangluuuidnllunn deyaniwiengistnesiamasinigldotinaunsnaiauin
& . 4 Y B
ululsananunasineg wsaanmetivantlaz Wdayaginnndsllgarsoafinnania
neauN1INAn A (34) waznsvindiuneuazieaarasaings insaesiiasinsianizasngg

a dld o Y a a 1 v a a ?z// Yo a 1
U3nuiiAndiudeuialni azdaalfn1edniausnmsiulasunisfiansunesneseuaay
LAzANITNUNUNBUN96NFIR (35, 36) U1 lUgn1eWmuwndgnislunisinsn wiauiunis

% o | o - . . v = a & aa
ATUUUNNNTIRLUIaRAA (drilling or cutting guides) Taaldinalulagn1sNuWLLLANIB
il gniaeindangmaizondiuacainnsna1mnIAI L9199 INIMa N NIzaNUTe

Wudszanusnoniula(37, 38) (nwilsznau 4)

ANUsLnal 4 LaRdATaN AUt lUN19RN LI NINLNNHAR IALIN1TRNN 3 N5

a

dl A o dl a ai k% a Cd aa 1
wanaNATaNNeLUlNINIgRIzNa eI nARna N Han i n1sNNN 3 Asaging

a

1 Yy a =l ¥ = a L aa di v
unsvaneuan dnswansniuinanlas ldinalulaginisiuwiuy 3 HRmNaas9niuinay

[ 1
a A a

dl a ndl ada a = a a o a & aa
NHNURINNIU(39) ATN1TuARIINAUNaNNHgUNT@NILAY NsANWLLY 3 HAN
o q va o Aol o v = | a =~ :
AN AR lATad S9N N A Nduday ennalianunsananingnisnadiNeaasing
= = a d” dl . . . [ %
W9 TANINUNUIN TR UIAINTINIUBLED (Tissue Engineering) tunszuaun1saing
I 4 4 . 4 e . 4 a4 e A4
\Halte Wenauny 1Ny wratliulenisinnuasaileliavraaduc gy deuse
UaLaL lngmasaz et LulANaiaNlanEandn Tassandu (Scaffold)(40)
Tuunansaigilos ldsuguimeainssinsdinvsa lugiaalsauzifasnlumiin

wardaalnn NzifeanaunsnszanaliiauzinuanngglnsuazitiatiaNRnmani lifasinng



13

v |
o o a o =

AradunruTnniuieduginisgnainaessaslsn nnsiuwuuy 3 HRgniiunldiieasis

adtnzannaumuanIsingisadsuaasangs insngodelil(41) avlunndsenau 5

P2
a oA

nidsenan 5 uananisysauzannssinsanslaeldiuiaaannnisiuwaulAneinme wao

A1 : Dawood A, Marti BM, Sauret-Jackson V, Darwood A. 3D printing in

dentistry. BDJ. 2015;219(11):521.

UANAINTIEINNLHUNIIFABHIA VAN TIN LAY LUUANNAaDINY 95
dszlaadlunsifiudayasesdioalugluuuaudfluauiuanssnysue Wagnns
dl 1 o o 1 o a a s £ v o U dl
wWasuulainauuasnaIn13ine 1w n1svinaile s usu deyanuuanassregtaengn
HULILAATALAzA NN IDRNRaa NN A NafeINg Ssazdaelinissnedanugnaaiay

YT DININTU (42)

zé’mé‘“mmiummﬁumﬂﬁuﬂ?zﬁi:rj AraLUNuLazRulaaNL9dIunanls §
nsmatialanwYialaefumasss (Direct metal laser sintering /DMLS) @aiilunilalu
MANANIIANWANN R AN I lun AN wIAsalanzaasiulaanui19gaunanle (43)
uananHua RN sl en uazguiulasuniduasatananmaiianisfiuiuuy
FadianIwddulninadse( Fused deposition modelling ,FDM) Hn13AnwWAsa U WAL
TanzuazArauRutaAsI9iNIaINEEw (Nndsznay 6)(44) wan1sANWAsaURLANIAN

o/ ¥ o 1

a = o 1 a ¥
VITTNNENNIRINNARE 1N@WMW?ﬂWMWTQHM?Q1ﬂ



14

NNUTENaL BLAANATALNUTIATIIABUNITTANILAZANAA IATIAT AN UE AN

N Tahayeri A, Morgan M, Fugolin AP, Bompolaki D, Athirasala A, Pfeifer CS,
et al. 3D printed versus conventionally cured provisional crown and bridge dental

materials. Dental materials : official publication of the Academy of Dental Materials.

2018;34(2):192-200.

NN ARULLILARNA TUNT2UIUNTIIFANULLLAUANDIANNITINILNUNN TN

¥ dl A G o Q/ZJ/ 1 A o
A519LATR9ND YTARATA tae MM WN1TawNWlNTe9UN1NYTe ALNULLLANABIN 111
Wealuimnne wreudnszsianisld CBCT iasusindayadiloe nrasiadniuuunla

(nwilsznay 7)(45) Wluntaunanluilaqiiu azilfuiusesdilastaaldniseenuuy

a

ganfiafreuy 3 N 3eaziiuniaasuutlasiundsesiuaeullFas o) iussazinan

= a C o tﬁl & tﬁl A o o PA < [
‘M?N’]?;Iﬂ(46) NIRNWLLLA AN A59IATRINas AL & VI’]ELME;IIﬂQEI PAUNTNNNTINEN

%

dl al U le % = o 6 &
NAALAU HAMHYNABY ATNITNADNLLULTDEEIN afanaEasmarasiulusawsua s uay

o

¥ Ul =3 aa S 8 Sjtﬂl ¥ z#J 1 Aﬂy Qll
@N@Qﬂ')ﬁl@ﬁgﬂLﬂUﬂ’]’)?LLUUﬂ@ @LL@ZWNW’B@ﬂN’]iﬁLN@@@Qﬂ’]? FeoaannNun lunig

a

I~ o

AL LU LA aBIRRLAZHaNENtLe i AnNN



15

nwiszned 7 werasasanunLyla

A : Chen Y-J, Chan L-Y, Yao C-C. Clear Aligner Treatment with “In-Office”

Virtual Model Set-Up and 3D Printing. Journal of Dentistry and Oral Care. 2017;3:1-5.
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AN : Torabi K, Farjood E, Hamedani S. Rapid Prototyping Technologies and
their Applications in Prosthodontics, a Review of Literature. Journal of dentistry (Shiraz,
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Ann Stansbury JW, Idacavage MJ. 3D printing with polymers: Challenges
among expanding options and opportunities. Dental materials : official publication of the

Academy of Dental Materials. 2016;32(1):54-64.
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Nun Stansbury JW, Idacavage MJ. 3D printing with polymers: Challenges
among expanding options and opportunities. Dental materials : official publication of the

Academy of Dental Materials. 2016;32(1):54-64.
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Property Unit Requirement

Bulk density g/cm3 > 6
Chemical composition: Percent mass fraction

Zr0, + HfO, + Y, 0, > 99

Y, 0, >451t0 £ 6

HfO, < 95

ALO, < 05

Other oxides < 0.5
Microstructure:grain size gm Intercept distance < 0.4
Microstructure: amount of Standard deviation <0.18
monoclinic phase < 20%

Strength : biaxial flexure or 4-point MPa > 500
bending > 800
Radioactivity Ba/kg > 200

AN": International Organization for Standardization. 1ISO 13356-2008. Implants
for surgery — Ceramic materials based on yttria-stabilized tetragonal zirconia (Y-TZP).

Geneve: International Organization for Standardization; 2008.
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A1 : Danforth S. Fused Deposition of Ceramics: A New Technique for the

Rapid Fabrication of Ceramic Components. Materials Technology. 1995;10(7-8):144-6.
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WO &l Mg 100002 w12 Dwe 2010

A ndsenay 15 (a) mwmnm’fﬂwamiﬁmmudmﬂmmu?mmﬁuﬁfmmLz%’u'?«lmmum‘m@{
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A1 : Daniel S, Sida V. FDM for high tech ceramics on base the zirconia in

application of dental crowns. MM Science Journal. 2019;2019:2757-60.

Nutthita Chuankrerkkul hazAuz(58) IaAN AN RALALIAT98F19199 Zirconia
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R34 2 ANERELURLaz AN LINTes ZTA # 48-52 vol%

Powder loading Density (g/cms) Theoretical density (%) Hardness (kg/mmz)
48 vol% 4.05+0.05 95.2 2116 = 111
50 vol% 4.08 +0.07 96.1 1999 + 179
52 vol% 4.12 +0.03 97.0 2093 + 155
7 w1 : Chuankrerkkul N, Charoenkijmongkol R, Somboonthanasarn P,

Auechalitanukul C, McCuiston RC. Microstructure and Properties of Zirconia Toughened
Alumina Fabricated by Powder Injection Moulding. Key Engineering Materials.

2015;659:116-20.
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ndsznay 16 TATNATINNINANIATBITUINY

(a) LRnFTmanilszau (b) WNFmaNsvau

RUREE Tseng WJ, Hsu C-K. Cracking defect and porosity evolution during
thermal debinding in ceramic injection moldings. Ceramics International.

1999;25(5):461-6.

Santiago Cano WazAME(60) tHANHIN1sTugTudutasiatiasasmaila Fused
Filament Fabrication (FFF) wazn13n1ansiadanilszaiunisansazans Inganviasildans
fasudunaimasiadle frdanilszaiu 3 49w Ae gauiily backbone Aa AA-HDPE g1

o o a . ¢ v @ v 4 da e d . o d
I surfactant A8 neaaLALsn TaanunisausaLiunaw doundusamenyss@a1umauany
. . " . o A pRp " , ~
azargluansazane uiady 2 4ou Ae doun 1 dludamendsranuniANEnveugs 8
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BENDING BARS WATCH CASE

w1 : Cano S, Gonzalez-Gutierrez J, Sapkota J, Spoerk M, Arbeiter F,
Schuschnigg S, et al. Additive manufacturing of zirconia parts by fused filament
fabrication and solvent debinding: Selection of binder formulation.  Additive

Manufacturing. 2019;26:117-28.
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qmqﬁwﬁﬂﬁiﬁ‘tumiwmmﬁ Aa uataslaLile (3% Y,0, Stabilized ZrO,) a1n
131 Inframat Advanced Materials (Nwisznay 21) dvsustlezanuildutieaniy 3
1flp e wealeRaulnanea (PEG) Iumquaﬁ'ﬂ 6000 AINL3EN Ajax Finechem, e laiia
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POLYETHYLENE GLYCOL
4000 :

HOICH.CH.O)H (n approx. 80)
BIN0.1010036  500g NET

A\ Ajax F

nwdszney 22 uassratlszauatinging o) wazansvaadn (a) nedwiiaulnanea (PEG)

(b) wadlaflauaanaaasd (PVA) (c) naahiadalnsaa (PVB) waz (d) NIngLRe3n (SA)

3.3.2 TumauNSIAsENEsnastAia NTugl AdaATaa N NN A NER Ty
nsnARaU
3.3.2.1 azanegdiunaunedifiadalnsea uaznsaaidesnluaisazansy

ueanegoaalenIuea 200 ml
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4.1.2 nM1sAagAaIAdLTaNLssaR Ut ANDA lilatinlnsaanltANsaL

IINSEIS

@ i 4 %
51 2 La
-10 Mass change -91.1612 % [ -2
-4
-15
-6
-20 Lisg
-25 -10
30 3 -12
-14
35 \/_I_/—\W - 16
| ,.\_/
> -40 =18
£
-45 1 o
2 2
i - = =
Onset point: 593.1 °C (57 min) F-24
3 Offset point: 770.3 °C (75 min) <
-55 Point of reaction: -13.862 .V at 599.8 °C (57 min) 26 k=
Peak maximum: 0.5983 pV at 638.6 °C (67 min) -~
-60 1 Area: 530.80 uVs/mg -28
T 65 -30
i
- -32
-70 Onset point: 332.5 °C (30 min) -34
Offset point: 346.4 °C (32 min)
.75 1 |Point of reaction: -34.468 pV at 336. °C (30 min) -36
Peak maximum: -47.929 pV at 339.7 °C (31 min)
-80 1 Area: -86.66 WVs/mg -38
| -40
-85 1 [ -42
Mass change -7.89193 %
-90 ] v ) [ -44
-95 1 y [ -46
-48
0 100 200 300 400 500 600 700 800 900
Temperature (°C . . .
pe c) Linseis TA Evaluation V2.2.0
Aexo PVB 14.01.2019 16:58:47
wg~-1 |
0.8

Method: A.man(-50)(one14-1-18)

dt 1.00s

0.67 [1]-50.0..300.0 °C, 10,00 K/min, N2 10.0 mi/min
Synchronization enabled

Sample: PVB, 3.4000 mg

0.4f
0211 Integral  -17.44m)
normalized -5.13 Jg~-1
Onset 112.94°C
| Integral 76.57 m)
0.0 Glass Transition Peak 121.79°C normalized 22.52 JgA-1
Onset 63.71°C Endset 134.18 °C Onset 203.93 °C
024 Midpoint SO 62.39 °C Peak 22231°C
- Endpoint 64.07 °C Endset 232,98 °C
Extrapol. Peak 65.78 °C r P
04- Endset 67.85 °C e
0.6-
T v T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
40 20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 80 °C
Lab: METTLER STAR® SW 15.00

AnUsznan 27 nTWLaAINIsaanafanea hiadq nsaasaaiuian (a) 1WIed
Differential Thermal Analysis (DTA) (b) \A394 Differential Scanning Calorimetry (DSC)
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4.1.3 N1SARYAUAIANTANUSEHIUTRANDA L TUALAANDTARAILAIN

Fau
IUINSEIS
i E Mass change -55.4229 % Onset point: 771.5 °C (75 min)
9 / Offset point: 05,5 °C (78 min) F 3o
Point of reaction: -1,982pV at 776.5 °C (75 min)
(a) 5 Peak maximum: -4.791pV at 787.6 °C (76 min)
Area: -13.87 uVs/mg [ 2.0
-10 ]
. F 1o
20 1 F 0.0
25 1 1.0
-30 1
3 = -2.0
¥ < Onset point: 392.9 °C (36 min)
35 Offsetpoint:  425.1 °C (40 min)
—_ Point of reaction: 1.124V at 396.5 °C (37 min) 3.0
°\° -40 1 Peak maximum: 2,458 pV at 405.4 °C (38 min)
~— \Area: 5.54 uVs/mg
-45 40 o
>
0 | 2
S 50 o
0 -55 § E
8 6.0
£ -60 1 )
T Onsetpoint:  264.4°C (23min) 7.0
o -65 7 Offset point: 300.8 °C (27 min) o
Point of reaction: -6.475 pV at 269.6 °C (23 min)
70 1 Peak -11.985 1V at 275.9 °C (24 min) 8.0
Area: -49.15 uVs/mg %
Mass change -28.9569 %
-75 -9.0
-80 1
r -10.0
-85 1 Mass change -7.93055 %
-90 1 V. =T -11.0
95 3 -12.0
0 100 200 300 400 500 600 700 800 900 1000
Temperature (°C . . .
P& (°c) Linseis TA Evaluation V2.2.0
*exo
wg~-1 |
Sample: PVA ALDRICH, 4.5000 mg
0.0 Integral -383.24 m]
N normalized -85.16 Jg~-1
i Onset 196.80 °C
| Peak 198.21 °C
i Endset 202.94 °C
-0.5-] ]

Glass Transition

— :

Onset 22.31°C
Midpoint ISO  28.54 °C
- Endpoint 33.70 °C
1.0 Delta cp 0.469 Jg~-1KA-1
1.5+
2.0+
L s e e e e e L S B e e e e A B e e e e B N B s s ey m
-40 20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 °C
Lab: METTLER

STAR® SW 15.00

ANUIENaL 28 NINLEAINIIRANEFINDR NTALDANDEDAAREAIINTDY (a) LATEY

Differential Thermal Analysis (DTA) (b) \A384 Differential Scanning Calorimetry (DSC)
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IUINSEIS

0m 7 ¥ % ]
L3 F1
-5 3 b
(@) o
-10 4 4 Mass change -95.4396 % Fig
-15 7§ F-2
-20 [ — e <y
25 F
5
-30 1
-6
=351 ‘Onset point: 267.8 °C (22 min)
e Offset point: 285.9 °C (25 min) 4
L . Point of reaction: -11.235pV at 274.0 °C (23 min) Onset point: 367.3°C i b
29 40 Peak maximum: -20,523 pV at 279.0 °C (24 min) Offset point: m.gncg;m; 8
] Area: -26.45 uV s/mg Point of reaction: -5.732yV at 376.8 °C (35min) |E o -~
Peak maximum: -6.760 pV at 382.9 °C (35 min) =
- Area: -5.92 uVs/mg -10 ="
o
2 -55 1 Sl =
é e |
- -60
s =13
[7]
T 4
65 -14
70 -15
-75 ] -16
Onset point: 25,8 °C (1 min)
_go J | Offset point: 69.4 °C (9 min) -17
Point of reaction: 0.4383 pV at 25.9 °C (1 min)
Peak maximum: -13.996 pV at 51.6 °C (7 min) -18
-85 7 |Area: -23.09 wVsjmg
-19
-90 1
-20
<95
50 100 150 200 250 300 350 400 450 500
Temperature (°C
pE (°C) Linseis TA Evaluation V2.2.0
Aexo PEG6000 14.01.2019 16:17:34
(b) |
0
4 13 1
i ¥ ]
_| Sample: PEGG6000, 4.4000 mg
p Integral -748.87 m)
-1 -| Method: A.man(-50)(one14-1-18) normalized -170.20 Jg~-1
-|dt 1.00s ) _ Onset 55.06 °C
-| [1] -50.0..300.0 °C, 10.00 K/min, N2 10.0 ml/min Peak 61.21 °C
-| Synchronization enabled Endset 63.78 °C
-2
3]
4-
5-
e e e E s s e B s B e e s e L B s B e e e e I |
-40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 °C
Lab: METTLER STAR® SW 15.00

Andsznay 29 nsudnaN1IdaNefanedleaulnanaasiaAaNNsau (a) LATeY Differential

Thermal Analysis (DTA) (b) L3949 Differential Scanning Calorimetry (DSC)
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4.1.5 quupiising quasingauildlunisneans
mnmamwmummmﬂﬁqé’qaw’ﬁ'm Differential Thermal Analysis (DTA)
as Differential Scanning Calorimetry (DSC) ﬁﬁiﬁ@gﬂﬂMﬂgﬁﬂ@ﬁmWiﬁuaﬁu (glass

a

transition temperature : Tg), fqmuqﬁmraumm (melting temperature : Tm) LALYUNNN

a

n13@a18IFa (Decomposition Temperature : Td) Aau@nA1m15197 5

AN979 5 AT INUARNGUUAN Tg, Tm Uaz Td

Tg (°C) Tm (°C) Td (°C)
PVB 62.39 121.79 339.7
PEG 6000 - 61.21 279
PVA 9000 28.54 198.21 275.9

wnname dagarguuginatansudduaes PEG 6000 Tidsng

4.2 MsANEINsTUTUNALNUALATIATIINIaMA
4.2.1 TAS9A519INN9AMA

annlaseaZisqaniaasilanusRae e augLl At ATaanaugl Aaa AN Fa Y

v v
190 aqAEaLTaa Aalandlun nlsznal 30 wud NuRaRaneuzduETIANAAN19ng
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a o

AN 6 LAPNA ARV UNANUDIAIUH AN IEN N1 Re1 T

%@ma Vol% Mass%

Polymer

PVB (Polyvinylbutyral) 10 4.78

PEG (Polyethyleneglycal) 18 9.00

SA (Stearic acid) 2 0.82

PVA (Polyvinylalcohol) 45 23.47
Ceramic

Zirconia (3% Yttria) 25 61.93
Sum 100 100
Polymer 75
Ceramic 25

=1kl

Andsznau 31 FesnaiuaNugns 213

4.3 HANISNARDIUDITUINU
4.3.1 nM1sNAnALTaNlsau

° o o o oo =y o o AR
N19NNRAFITANL AN ULATANTNA AULRIT U U B ENIRSTa S IALHE N

gUAmELATANANW 3 HF Tl FDM wudn annsanidandamiestszarusanldlaisuunlng
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v
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Tumn39n 7
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AutTARANE s ld NIMIFIU 1SO 13356
vvindivnelaudauen (%) 40.60 + 0.71 *
ANTNUUNLLUUIN (g/cm3) 4.08 £ 0.42 > 6
annnugnguLlsng (%) 31.33 + 6.01 *
mi@m%uﬁﬂ (%) 7.88 + 2.20 *
mwmﬁqmm%umu (%) 25.91+5.92 *
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