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This research is a study of alternative materials f
crowns made from biodeghadeblevpah are molded using
Polylactic acid was reinforced with aluminum oxide powder
silane to improve mechanical and surface properties. The
physical properties of the PLA compaosijeteadverbanves col
were obtained by mixing polylactic acid with 5, 10, 15 a
aluminum oxide powder usiating ¢atmew extruder. The PLA
were printed using 3D printing and compared to injeatiet
injection molding. The DSC results indicated that glassgran
melting temperatyie (e composites obtained from 3D prin
to injection molding. However, the grgstalinmyn{Xd specis
higher than that of the injection molded specimens. Rheolo
all aluminum oxide/PLA compositesisinownedfisedenhavior, |
that the composites could be molded using 3D printing tecl
overaimechanical properties such as tensile modulus, fle
compressive modulus, the PLA composite with 15% by we
showed the best mechanical properties. In addition, morph
PLA composites shovaestrgmdabn of aluminum oxide A6MdE
weight, but aggregation occurred at 20% by weight of alumi
related to the poorer mechanical properties.
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(Scanning electron microscope)
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| - parotid gland
Il - palatine glands
{ Il - submandibular gland
a IV - sublingual glands
v 1 [ " 1 - otic ganglion
olx - submandibular ganglion
salivatory nuclel DOV" 2 glossopharyngeal nerve
| facial nerve
superior cervical ganglion
- spinal nerve

O WoODTON

SYMPATHETIC NERVOUS SYSTEM - inhibits salivation
PARASYMPATHETIC NERVOUS SYSTEM - stimulates salivation
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Elastic modulus, E (GPa) Hardness, H (mm)
Gorilla gorilla 93.0+3.2 440+0.20
Pongo pygmaeus 1003 +29 483+0.23
Pan troglodytes 104.0+2.8 480+0.20

Homo sapiens 906 £4.6 401037




21 e61 BEQH ENKI NJ 1 O
2381 NJLSNenG&IINEON 61 6k] RENK1 N
61 €61 6 k] MOEIND feSH MSFKé rﬁﬁTnfr NEESJNMJn

~ ~ o~ s

EN K3|J (EID pRigj) ) E Kl

Z
bf
a
« &
[
?
‘B
B -
%
o

JNT NE 66eONLOnj] O6EIOEI KNhAT éKnl
| KNj n ET & &Il Nroedf E NOKO&E INKE W34 NIENE
' K A Eé NET BI BT Mi6d Bk N&ERNKI Nd K @d
I KOF JEAT &I T'k Nj fOLNj] ENT O6gnl OEN
I ENLOFAETAREJNnO] él NéeSENR&NRT J|
Tl BieNERel BEEIPE ENKenRI KO|] § NR]
2.3.13tereo lithogrgShy)
mEEE.
P, | |
o ] ue|
R
i

K@pob h ¢ 1 NB& N T$KreaNithag oi33]
61 SIANIE O n Napid Rrota@best 60 KGE | KON Oe ©

s AN ey

OLREOST €61 6« jSHOEEN KR TNEIN KEEOHHRD THNEDG NGINGE
- .

& Eol ki Od1 Nr I &l ©& liguil photbpasméri(rgsin)N
oh]gNIv?TENTTn,roeheeNJnel NIk NOF fij
KAE|l NERL OET N Bo&IhEeN K 103 NIl J- N B KNnEEEQRG



2.3.1.2 Fused Deposition Modeling (FDM)
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2.3.13elective Laser Sintering (SLS)
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2.3.1.5 Powder bed fusion (PBF)
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Powder depositions Irradiation by Lowering of build
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2.3.1.6 Direct energy deposition (DED)
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Mechanical Properties Pure PLA CCFR-PLA Difference, %
Tensile modulus (GPa) 2.69+0.18 8.28 £0.56 207.8
Ultimate tensile strength (MPa) 44.86 + 1.8 61.4+2.1 36.8
Failure strain (%) 2.134+0.12 0.81 +0.06 —61.9
Bending modulus (GPa) 2.87 £0.07 13.42+£0.31 367.6
Max. bending strength (MPa) 72.76 £ 1.6 152.1+2.29 109
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Mechanical properties of Printing orientations Layer deposition Materials
tensile tests
PLA PLA+wood PLA+ceramic PLA+copper PLA+aluminum PLA+carbon fiber
Tensile modulus, Flat 0°/90 707.1 656.8 10425 1002.6 838.4 596.4
MPa +45°/—45 7122 696.7 1056.3 1016.9 7795 670.0
On-edge 0°/90 901.0 808.1 962.4 883.2 649.7 7457
+45°/-45 8005 784.1 907.2 836.2 760.9 717.4
Upright 0°/90¢ 696.2 845.0 427.1
+45°/ =45 7387 ©673.0 - - = 584.3
Tensile strength, Flat 0°/90 424 295 432 403 402 328
MPa +45°/-45 47.0 334 46.3 493 4238 316
On-edge 0°/90 634 359 46.5 537 46.8 382
+45°/—45 67.6 387 45.0 583 511 413
Upright 0°/90 305 19.1 - 16.8
+45°/-45 27.8 19.1 - - - 200
Elongation at break, Flat 0°/90 6% 5% 5% 8% 5% 8%
% +45°/—45 5% 5% 5% 5% 7% 6%
On-edge 0°/90 7% 5% 6% 6% 7% 6%
+45°/-45 8% 6% 7% 7% 7% 6%
Upright 0:/90 3% 4% - 5%
+45°/ =45 4% 3% - - = 4%
~ A ~ ~ o~ , . .
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Mechanical properties of Printing orientations Layer deposition Materials
flexural tests
PLA PLA+wood PLA+ceramic PLA+copper PLA+aluminum PLA+carbon fiber
Flexural modulus, Flat 0°/90 2075.2 1696.8 3022.3 2174.0 24921 17384
MPa +45°/-45 2446.4 1749.8 31283 2227.0 24709 17297
On-edge 0°/90 2286.8 2704.3 4503.0 31189 32075 28443
+45°/-45 2538.4 2651.3 46214 38451 32758 29392
Upright 0°/90 2605.9 1992.8 - 13257
+45°/—45 2478.3 1653.0 - - - 12726
Flexural strength, Flat 0°/90 69.7 404 578 555 628 503
MPa +45°/-45 795 521 70.1 66.3 64.7 4756
On-edge 0°/90 104.5 70.4 97.2 107.6 915 742
+45°/-45 109.5 710 1001 1187 978 756
Upright 0°/90 519 37.9 - - 30.9
+45°/-45 424 27.1 - - - 253
Deflection at break, Flat 0°/90 3% 2% 2% 3% 4% 4%
% +45°/-45 4% 4% 3% 3% 5% 5%
On-edge 0°/90 4% 3% 3% 3% 6% 5%
+45°/—45 3% 4% 3% 3% 7% 5%
Upright 0°/90 2% 3% - - - 3%
+45°/-45 2% 2% - - - 3%
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Infill density (%) 90
Infill type Line
Layer thickness (mm) 0.2
Nozzle diameter (mm) 0.4
Printing speed (mm/s) 50
Raster orientation difyg #4858
Nozzle temper&@re (| 180C
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