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7l 47 dnwardusninerveslily PLA 3/1.0 1 AZDC/ZnO: 3/1.0 (wit/wt)

| 48 BviEwavesUIun ZnO deAadsvuinivadaedliy PLA

7i 49 BnEnavasUsum Zno depnuduiudseninsradsruingadias
ANAIUAUILUUVD LN

50 n9 N TGA way DTG w89 AZDC

51579 (a) TGA waz (b) DTG 283 PLA uazlnly PLA fifidhsndiuaes

AZDC/ZNnO WanNAenAU

520579 FTIR w89 PLA pellet, AZDC/ZnO (3/1 wt/wt) waglwlu PLA 3/1.0
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U
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U7 59 dnwardnigningivesly T2S

U7 60 dnwazdnignuine1veslii ToB

g‘tJ‘i?i 61 dnwardugUIng1vedlny T28

Ul 62 BvswaveainoymaTidesifuauazsiunsUuanmiluanssiusednuns

[y

Fugnuine1vadliy: (@) PLAO.1, (b) T1S, (c) T2S, (d) TOB way (e) T2B
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U7l 63 BviBnaveswuakazmMsUTuanmineynATiaesAenNANTUS YR sALIVILLLY
UANAIHAUNIUABLIINTEUNNTBLLIAL: (a) Unnotched uag (b) Notched

U7l 64 5w%wasuwummLLamﬁﬂ%’uamwﬁaaqmﬂ%ﬁa&Jﬁaauﬁ’ﬁmsmmqﬁwaﬂm:
(a) stress & strain curve, (b) modulus, (c) stress at break wag (d) strain at break

SUTl 65 BviBnavosuinuaznisUTuanmineyniatidesdeautintsdaldeasiii:
(a) flexural stress uag (b) flexural modulus

SUTl 66 Nl (2) TGA uag (b) DTG vasvl PLAO.1 uaglnlumesnanildoyniadides
fflnnauagsritunsUTuanmiuanssiy

g‘dﬁ 67 N5 DMTA: (a) storage modulus Wag (b) tan delta ¥8slna PLAO.1
waglnluaaulndy

U7 68 %weight loss Vol PLA waglnunaulndnsesseziatlunisuusogily

e

aaa

4 mg/ml w89 lysozyme Tu PBS Imaﬁmiﬁﬁauﬂa@aamm p < 0.05
SUl 69 nsifisstuauead (cell proliferation) MMnnsimedssuuiuR UL
M50Rn  udl 1-7 Yuvesmsnaaeuiinmsvihdeyaiieadan p < 0.05
sUil 70 SnvauzmsBefnwaduuindunuliaiiunadessadasu 7 Yu: (@) blank,
(b) PLAO.1, (c) TOB, (d) T1S, (e) T2S uaz (f) T2B
U7l 71 BvEnavesnsidulalaniu PEG6000 uazUSunavestalaiusie Izod impact
strength 9839 PLA
sU#l 72 BvEnavesnsiulalawu PEG6000 wazUTnameslalamuseantfinismy
L39A9UD9ABLINEN: (a) modulus, (b) stress at break Wag (c) strain at break
U7 73 DSC thermograms 484 PLA uazasuInanves PLA saxlalamnuias PEGE000
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U
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4 anue 1% ANl PLA-CH1 (AC1)
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Ul 76 Snny dougwinevealny PLA-PEG-CH1 10 (APC1)
Uit 77 anuazdugIWIne1velny PLA-PEG-CH1_8 (BPC1)
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U7 79 dnvardnignuineivesliu PLA-CH3 (CC3)

g‘U 71 80 dnwaurdnugIuing1vedlvly PLA-PEG-CH3 (CPC3)

gﬂ‘ﬁ 81 anwardugUIneg1vedlny PLA-CH1-SP1 (AC1SP1)
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U7l 83 SEM firndsvens a5 winvealilu: (a) PLAO.1, (b) ACL, (c) AP uag (d) APC1
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ANANLATUMUABLLSINSEWNNYRSIHAL: (a) Unnotched Wag (b) Notched
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(a) modulus ez density, (b) tensile strength wag elongation at break
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(a) flexural modulus wag density wag (b) flexural strength
SUT 87 SEM ithdsene 45 el PLA-PEG-CH1 fitusudnsaniizumnsediu;
(a) APC1 (10 min), (b) BPC1 (8 min) wag (c) CPC1 (8/5 min)
sUl 88 BvBnavesaniizlunmstugusionuduiusvasramnumuiiuiy
AAUAUVNUABLSINTEUNNVBILNL: (@) Unnotched wag (b) Notched
SU71 89 51/1%WaGUaﬂamaﬂumﬁugﬂﬁaauﬁ’@mwmmmmmlﬂu: (a) modulus tag
density ag (b) tensile strength wag elongation at break
sUfl 90 BvBnavasannizlunstugureautfnisaldsodln: (a) flexural modulus
wag density wag (b) flexural strength
SUT 91 SEM firndsene 45 wihweslvy: (a) CC3, (b) CPC1 way (c) CPC3

Y

D

i‘U‘Vl 92 dMsNaves PEG6000 warUsunuveslalag unaniudunusuniAInIunuLily
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(a) modulus waz density kag (b) tensile strength wag elongation at break
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5U# 95 N3l (a) TGA uaz (b) DTG waslwla PLAO.1 uaglsmeduaninuodanasilalagiu
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gU 1 96 %weight loss vaslnumasrazIaTluNITUNAB819lY 4 me/mL 84 lysozyme

Tu PBS
JUN 97 Matiiuduiueas (cell proliferation) 3MnATSINIZIREIULNURIT UL

MuMstniy 1-7 Tuveansnaaeulagiinsvindeyalisatiaf p < 0.05

JUN 98 dnwaurn1sinfngad UuRTuUlNafi I uNsTRRmva M TnziReagaiasy 1 3

(a-c) wag 7 U (d-f) vasluly: (a, d) PLAO.1, (b, e) AC1 wae (c, f) CC3
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U7 99 SnvuensBafnaduuitunulnufikunstaimdsnmamsdsasadasy 15
(a-d) wag 7 U (e-h) woalny: (a, ) PLAO.1, (b, f) AP, (c, f) BPC1 waw (d, h) CPC3
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FED Fonwndingu
ACP Amorphous calcium phosphate
APES 3-aminopropyl triethoxysilane
AZDC azodicarbonamide
BMI N,N-(1,3-phenylene dimaleimide)
CaP Calcium phosephate,
CDHA Calcium-deficient hydroxyapatite
CdSe/ZnS Selennide/zine sulfide
CHA Carbonated hydroxyl apatite
CMP Calcium metaphosphate
DDAC Didecyl dimethyl ammonium chloride
DBMI 1,1-(methylenedi-4,1-phenylene) bismaleimide
DSC Differential scanning calorimeter
EPD Electrophoretic deposition
GPMS 3-glycidoxypropyl trimethoxysialne
HA or HAp Hydroxyapatite
HDI Hexamethylene diisocyanate
KBM 603 N-2(aminoethyl)-3-aminopropyl trimethoxysialne
mg milligram
ml Milliliter
mm Millimeter
min Minute
MPa Mega pascal
MPTMS 3-mercaptopropyl trimethoxysilane
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FED Fonwndingu

MTES Methyltriethoxysilane

MTPS 3-methacryloxypropyl trimethoxysialne
NaOH Sodium hydroxide

NaOH Sodium hydroxide

Na-MMT Sodium-montmorillonite

ND-ODA Octadecylamine-functionalized nanodiamond
OMMT Organo-montmorillonite

PBAT Poly (butylene adipate-co-terephthalate)
PBS Phosphate buffered

PCL Poly(caprolactone)

PDLA (D-PLA)

Poly(D-lactic acid)

PDLLA (D,L-PLA)

Poly(D,L-lactic acid)

PEG Polyethylene glycol

PEG6000 Polyethylene glycol (molecular weight 6000 g¢/mol)

PGA Poly(glycolic acid)

PHA Poly(hydroxyalkanoates)

PHB Poly-3-hydroxybutyrate

PHBV Copolymer of 3-hydroxybutyrate and 3-hydroxyvalerate
PHBHHx Copolymer of 3-hydroxybutyrate and 3-hydroxyhexanoate
PHO Poly-3-hydroxyoctanoate

PLA Poly(lactic acid)
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FED Fonmudangu

PLGA Poly(lactide-co-glycoside)

QDs quantum dots

SEM Scanning electron microscopy

SP Sawdust

TCP Tricalcium phosphate

T Crystallization temperature

Tcc Cold crystallization temperature
Te Glass transition temperature
TGA Thermogravimetric analysis

TIPS Thermally induced phase separation
Tm Melting temperature

TPU Thermoplastic polyurethane

V volume

wt% Weight percent

WF Wood flour

WPC Wood plastic composite

XRD X-ray diffractometer

Zn0O Zinc oxide

%VF Percentage of void fraction

um

micrometer
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4. Abstract

The objective of this study was to prepare and determine properties of
biocompatible composite foams consisted of poly(lactic acid) (PLA), chitosan and rubber
wood sawdust (Hevea brasiliensis) for utilizing as scaffold in bone tissue engineering. Foam
samples were prepared by compression molding. Azodicarbonamide and zinc oxide was
used as a chemical blowing agent and an accelerator, respectively. Poly(ethylene glycol)
(PEG) was used as a plasticizer. Foam samples were classified into 3 types: (1) PLA/rubber
wood sawdust foams, (2) PLA/chitosan/PEG foams, and (3) PLA/chitosan/rubber wood
sawdust foams. Surface treatment of rubber wood sawdust was applied. It was found that
cellular structure of foams was closed cells. Factors affecting foam morphology and physical
properties (average cell size, void fraction (%VF), and density) were particle size,
concentration and surface treatment of rubber wood sawdust, concentration of chitosan and
PEG, and molding condition. These factors also affected the mechanical properties and
thermal degradation of foams. Foams contained smaller average cell size/%VF and higher
density showed higher mechanical properties. The thermal degradation temperature
determined from TGA technique of all three foams was lower than that of PLA foam. In-vitro
degradation and cytotoxicity tests were applied to Foam 1 and 2. The In-vitro degradation
was reported as % weight loss of samples which tested for 2 months. Noticeably, average
cell size, %VF, and density affected % weight loss of both foams. % weight loss of all
formulae of Foam 2 was significantly lower than that of PLA foam. % weight loss of Foam 1
depended on its formulation. It could be higher, lower or similar to that of PLA foam.
Cytotoxicity was evaluated by cell proliferation obtained from MG63, osteoblast-liked cells,
in a cell culture for 7 days. All of Foam 1 and 2 showed non-cytotoxicity confirmed by the

increment of cell proliferation throughout the cell culture.



