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This study focuses on Preparation of Dense Sintered Zirconia Ceramics by 3D
Printing Technique Fuse Deposition Modeling (FDM) type using PEG, PVA and PVB co-
binders. The starting powder is zirconia and the stearic acid is used as an additive. The
mixing step of this study consists of 2 parts. The first part is dry mixing that mixed all raw
materials with different ratio. The second part is wet mixing that used the ethyl alcohol.
Both powder and binders were formed the filaments through the extruder at 190 degree
Celsius for using with 3D printer FDM type and then formed the sample by 3D printer
FDM type. Double debinding steps were carried out using water leaching in the first part
at 60 degree Celsius for 2.5 hours. The second part of debinding step was thermal
debinding. Then the samples were sintered at 1450 degree Celsius for 2 hours.
Characterisation of the filaments, the as-printed, the as-leached and the as-sintered
including density, apparent porosity, water absorption, flexural strength and
microstructure found that the zirconia powder/binder ratio at 25:75 percent by volume
is the best forming of the sample by 3D printer FDM type, the wet mixing can be more
homogenous than dry mixing, the side surface of the sample has the layers from FDM
technique that each layer is not joint with another as well, the debinding step that
include water leaching can hold the sample structure better than the debinding step
that not include water leaching, and the characterisation of the samples should improve

in the future also as factors about 3D printing.
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Powder loading

Density (g/cm’)

Theoretical density (%a)

Hardness (ka/mm™)

48 vol%a 4.05 £ 0.05 05.2 2116 £ 111
50 vol% 4.08 £ 0.07 96.1 1999 + 179
52 vol% 4.12 £ 0.03 97.0 2093 £+ 155

A5 2 ANULTILTIVDS ZTA 1 48-52 vol% lutiaesings 1V

Powder loading

Gireen strength (MPa)

Brown strength (MPa)

Sintered strength (MPa)

48 vole 5.98 = 0.66 8.36 £ 0.90 261.3 £ 875
50 vol% 6.90 = 0.90 10L00 £ 0.86 2627419
52 vol% 9.90 + 1.34 13:35+0.90 334.1 £90.4
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4.1.2 nMsEaeRva9RauUssauTtianealiliatnlnseanleninudau
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Polnt of reaction: 13,862 v ot $99.9 °C (57 s 26 '5
Peak maximame: 0 99830 ot 6586 °C (57 s =
Area: 530,80 4 aivg ”»

o ¢ pomt;
g sea<h: e
75 Point of reactions 34,465 .V 8% 1569 °C (30 s} 13
Peak maximume 475294 2 38,7 %C (o) 3
-0 Arex: 9606 N viog »
\\ a0
5 \ -2
@ \ (mw TAND N i
o SN
a5 46
48
° 100 200 200 40 00 00 0 200 900
Temperature (°C) Linseis TA Evaluation V2.2.0
Sean PVE 14,00 2019 16:58.4T
W |
(k-
Petiuad: A man]-S0(one 14-1- 18}
ot 100 s
AR [1)-50.0.300,0 °C, 10,00 Kimin, NE 10,0 mifm
|| Synchrmonizaton enabled
B4 ‘Cﬂw:m 3.4000 mp
b | Irtegral 17w
] noreralized -5.13 Jg*-1
et 1L %C
o Iregral METml
ol Gl Transiton Peak 12179 moomaloed 2257 1t
Onset 6LH T Endset 1HIB % Onset 20051 ¢
1 Midpoani 50 6239 °C [ 2223 °C
a2 ookt 6407 °T e
Exfrapod. Peak 65.78 °C £ 1
o Endset 6755 °C p—
.6+
—_———-————————————y——————————————
] -20 ] 20 40 ] ] 100 120 140 160 180 00 20 F] 20 FL R
Lab: METTLER BTAR" SW 1500

UM 18 n3luansnsaaeiinedliiatnlnseanisaiuseu (a) LAses Differential Thermal

Analysis (DTA) (b) \A384 Differential Scanning Calorimetry (DSC)
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4.1.2 N5EAEAVRRTBUUSTAUTTANDA iAo anagadnl8AI1NSaU

. Mass chonge 554229 % ~
° S Offset pomt: 055 % 20
of reaction: <1582V st TS C (7S mn)
( ) 5 ATPLN 9t 7.6 °C (% o)
a 20
10
a5 1.0
20 v/, 00
|
25 'ﬁ 10
74
-30
7 o
35 A
—_ Point of reaction: L1240 at 7565 °C (37 s 10
* -40 Peak maxdmuns: 2450 0 ot 05,4 °C (0 o) A
< 7 Avea: 5,54V g /
45 7 : »” &
‘,o VA v 2
rj,‘/"'»/ 50 :5
§= w B
. 2
2. 7 3 78
71 Potnt of reaction: £ 475 . 8t 25,6 °C (23 )
2 A Peak snaximume 119850 o1 2759 °C (4 8.0
'Z: Arca ). 15V 3feg
78 .? 5.0
0 1
1 10.0
. vf Mass change -7.93055 %
%0 i’ 1.0
-5 120
° 100 200 300 400 500 €00 700 00 900 1000
Temperature (°C) Linseis TA Evaluation V2.2.0
]
(b) Wt |
] Sample: Pya ALDRICH, 45000 mg
Mlk Integral 363,24 m)
4 normaliced  -B5.18 Jg~-1
] One 196 8 °C
1 Peak 1983 T
] Endset 0294 °C
0.5 ﬂh—_“——h.___: "
1 Glass Transson ‘—\_._/—--\\ ‘
1 Cnee 2.3
] Midpoint 150 20,54 *C
1 Endpoint  13.70°C
"1.0+ [ QLA dgn-16 -1
+1,3+
«2.04
e e e T T P [ T e T e,
-4 -0 -] 20 0 L] B0 8 11] 130 140 10 180 00 20 240 260 0 "
Lab: METTLER STAR" SW 15.00

UM 19 nsluansnsaaeiinedliiakeanesedmieniuseu (a) 1A3ed Differential

Thermal Analysis (DTA) (b) 1304 Differential Scanning Calorimetry (DSC)

31nN51MFUN 18 nudmedlifiaueanegedisuiuisunlataniugainve sl iy
gangunnie1aiouniiuseunn 28 asgaldya AnTunaeuvaINeuniusEuIn 198

pemgallua Auandluuf 18a Suaaiemigamniiussaa 275 ssmwaldua asanslugy
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4.1.3 nMsaanefvaeRaulssaustianadeiaulnansanlsniudau

1
s
(@)
-10
-15
20
25
-30
a5 TP g ~ Y2
Offset pownt: 2059 °C (2
Fw Poumt of reaction: -11.335 ¥ 8¢ 174.0 %C (23 mel)
~ Peak maens 20520 4% at 2750 %C (24mn)
26,45 ¥ Wimg
43
A
g-so :;3
g-ss
= 40
i, /
7 2
” 7
50 | |Ofvetpomt  45.4°C 5w &
Point of reaction: 0. 4330 ot 356 °C (1ew) “
Peak maxiomem 13956 08 ot 514 C (T ey ¥
-85 Area T100 N aing
40
» —
%0 100 1% 200 230 00 350 420 % 500
Temperature (°C) Linseis TA Evaluation V2.2.0
Sean PEGH00 14,00 2019 16:17-:34
W~
]
! ; P
3 3 L —
| Sample: PEGH000, 4.4000 mg |r
g ~TABET Ml
+1 =| Method: A man{-50)one14-1-18) mm AL R
& 1005 Oriset 55,06 °C
o [1] -5000.300.8 %2, 10,00 Kjimn, K2 100 mimin Peak BT
| Swrehonizaton enabied Endset BLTRAE
.24
<34
4]
-5
A A—mMmMm™m—m——————r———F T T T — T — T — T T — T
] -20 ] 20 40 ] ] 100 120 140 160 180 00 20 F] 20 FL R
Lot METTLER STAR® SW 15.00

5UN 20 naiuansnisaanedinediefidulnaneasisninuiou (a) 13e Differential Thermal

Analysis (DTA) (b) 1384 Differential Scanning Calorimetry (DSC)

1NNIINFUN 19 wudn wedlefidulnaneaisuvasuinaingumgiussuin 61 3
wadud Suaaeiiigauiiuseinm 279 sswrwallua duandlusui 19a wazaindeyaile
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4.1.4 gumgiisneuasingauildlunismaaes

31NN19ATIVFOUNIAA18F 6181389 Differential Thermal Analysis (DTA) Lag
Differential Scanning Calorimetry (DSC) ¥inlasUamumnaiinaiansiuddu (glass transition
temperature : T,), gaungAnasuinad (melting temperature : T,)) wagaunin1saangfn
(Decomposition Temperature : Ty) Fauandlunnsnadi 5

M19199 5 msaukaneunail T,, T, Uag Ty

T, (o) T, (Co) T4 (P0)

PVB 62.39 121.79 339.7
PEG 6000 - 61.21 279
PVA 9000 28.54 198.21 275.9

YNIEIYIR) ToyanI9anNInaIaNTINETUYed PEG 6000 litsngluguil 196

4.2 MIANINTVUFURA LA
4.2.1 1a596519M193801A
PNlATsasganIAvesilauudfilegnTusUmenTosady ans 213 waudon 2n
a [d

Fuidumenusou 190 ssmigaldya Auandlugun 21 wudn Nurldnvadusinuie

a g a '3
NINITRAVUNALURN
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X188 188 Km

(@)

(c)
5UN 21 lassadaganiavesilanuuiiieganiuguniensessady ans 213 Afdveny

#7197 (a) NMasve1e 100 w11 (b) Aa9vene 500 Win (c) AN89818 2000 49N

4.3 msfnwmanstugUTuau

MnMInaapsnandunanludnIdLsiieg gasdrunaniianinsniusuiuanudae
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A5 6 LARNIDMNTIAIUNANYDIFIUNANN LTV IINTIVO T

drunan Z13 waudean Vol%
PVB BL-10 Sekisui 10
PEG 6000 Ajak Finechem 18
SA Panreac 2
PVA 9000 Aldrich 45
3% Y,05 Stabilized ZrO, Inframat 25
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a5

Raw Materials A0 Al

Vol% | Mass% | Batch 25¢| Vol% Mass% | Batch 25¢
PVB BL-10 Sekisui 10 4.32 1.39 15 6.49 1.39
PEG 6000 Ajak Finechem 40 18.07  |5.82 35 15.83 5.82
Alumina 50 77.60  [25.00 50 77.68 25.00
Sum 100 100.00 |32.22 100 100.00 32.18
Polymer (vol%) 50 50
Ceramic (vol%) 50 50
PVB/(Cer+PVB) (vol%) 16.67 23.08
PVB/(PVB+PEG) (Vol%) 20.00 30.00




a6

Raw Materials A2 A3

Vol% | Mass% | Batch 25¢| Vol% Mass% |Batch 25¢
PVB BL-10 Sekisui 18 8.76 3.13 20 8.66 2.78
PEG 6000 Ajak Finechem 42 21.36 |7.64 30 13.58 4.37
Alumina 40 69.88  |25.00 50 77.60 25.00
Sum 100 100.00 |35.78 100 100.00 32.15
Polymer (vol%) 60 50
Ceramic (vol%) 40 50
PVB/(Cer+PVB) (vol%) 31.03 28.57
PVB/(PVB+PEG) (Vol%) 30.00 40.00




ar

Raw Materials Ad A5

Vol% | Mass% | Batch 25¢| Vol% Mass% |Batch 25¢
PVB BL-10 Sekisui 30 13.02 |4.18 50 21.78 6.96
PEG 6000 Ajak Finechem 20 9.07 291 0 0.00 0.00
Alumina 50 7791 |25.00 50 78.22 25.00
Sum 100 100.00 [32.09 100 100.00 31.96
Polymer (vol%) 50 50
Ceramic (vol%) 50 50
PVB/(Cer+PVB) (vol%) 37.50 50.00
PVB/(PVB+PEG) (Vol%) 60.00 100.00
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Raw Materials c7 c8

Vol% | Mass% | Batch 25¢ | Vol% Mass% | Batch 25¢
PVB BL-10 Sekisui 10 5.51 1.86 10 5.50 1.39
PEG 6000 Ajak Finechem 28 16.13 |5.43 18 103.5 2.62
SA 2 0.94 0.32 2 0.94 0.24
PVA 9000 Aldrich 30 18.04  |6.08 40 23.99 6.08
Alumina 30 59.37 |20.00 50 59.23 15.00
Sum 100 100.00 {33.68 100 100.00 25.33
Polymer (vol%) 70 50
Ceramic (vol%) 30 50




Raw Materials c9

Vol% | Mass% | Batch 25¢
PVB BL-10 Sekisui 10 5.90 1.67
PEG 6000 Ajak Finechem 18 1111 |3.14
SA 2 1.01 0.29
PVA 9000 Aldrich a5 28.98 18.20
Alumina 25 53.00 [15.00
Sum 100 100.00 28.30
Polymer (vol%) 75
Ceramic (vol%) 25
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