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Abstract

Polylactic acid (PLA) based composites films with different type of agricultural waste,

such as chitosan, methylcellulose and eggshell, were prepared using a solvent casting method

. and their physical, chemical and antibacterial properties were investigated. The results showed

that PLA and PLA-eggshell (PLA-ES) (7:3) can be create the composite films, transparency and
opaque white, respectively. The surface structure of films was evaluated by scanning electron
microscopy (SEM). PLA films surfaces showed homogeneous and a numerous of pores, 500 nm
pore size, eggshell increased pore size of films range from 600 nm to 2 ym with stacked layers
of composite films. Films thickness of PLA and PLA-ES films were 400 nm and 1.3 to 1.8 um,
fespectively. Structure of PLA and eggshells were crystalline, while the chitosan and methyl
cellulose were Semi-crystalline. The main element in composite film is Ca, P, and Ti. The
eggshell in composite films were improved physical properties, significant increase in hardness

and reinforcement of film. The PLA-ES composite film showed antimicrobial function inhibit

growth of Escherichia coli.

Keywords:

Polylactic acid, Biomaterial composite film, Agricultural waste, Eggshell, Antibacterial - -
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Tuanaidien sunathndauinlfidwiogdvdiundaduvussineilngle (Auras et al., 2004)

2.5 a1z seTamd

waﬁuaﬂﬁmméﬁﬂﬁwﬁﬁm‘l‘ﬁﬂui’@qﬁulumwﬁ@msqﬁ’msﬁwmaﬁn'ﬂumm'i"au
uaﬂmmfum'uﬁuwaﬁu,aﬂﬁml.as‘“madvlﬂ'ludauwamaawmaﬁn"nﬁmmFJ 11w PVC, LDPE,
LLDPE, PP uaz PS mmm"ﬁamﬁ'wmmmmmlumsﬁ@maa"s“mqﬁuvl,@‘fmﬂifu ﬂu%qu”uﬁ“lﬁﬁw
waduandnuadannldadrantrenie laun dunsuwnd (m3tgndienszgn uas NRATAT
IAtaanURanTINAMLNY Ll (Mehta et al., 2005) drwndanTid weduaadnuadalsidu
i'mqﬁwﬁamﬁuﬂszz‘%ﬂ%mwmimmuéﬁm (Zhao et al., 2004) sumanEas lagldwaiuandn
LLas‘ﬁmﬂud’;uwaulumiﬁﬁ‘fﬂﬁmgﬁm Lﬁa"ﬁaﬂmuqumsﬂdaﬂmiaanm%‘lumimuquﬁﬁﬁ
sanaliifunandanamassunds TasdussansawlumsRuauily swudn uszdwouns
4NN (Chang et al., 1996) wszdugasmnsuineas laslfidudulsznavvesiduviaiy
81117 NRBINAEANLTIIMT Lludn (Nampoothiri et al, 2010)




unfi 3
AEa A58
3.1 TwAERNNTIVY LLNuﬂuﬁﬂﬁmauﬂ'ﬁ%ﬁTﬂ waasluan W 3-1 Usznaudan 2 druasil

3.1.1 mﬂm?ywwmaﬁnmnfaqﬁssa\lma uaz'faqmﬁ'aﬁaa'm
nsineas lesliwesduan@nuada (polylactic acid, PLA) tiwsaullsznaunan waunu
lalaau (chitosan, CS) LnﬁaLmaQIaa (methylcellulose,MC) uaziLiianla (eggshell, ES)
Tudasnedin 7:3 dramafianiindalasniITsinaguadiaiinasans (solvent-evaporate
casting technique)

3.1.2 AINAFRBUANLIAYaINANNaAUaAfnLaTa Naduandnuadanay
Aulalamiu waﬁLLaﬂﬁﬂLLa‘?i@Nauﬁ'ULuﬁaLfnaQIaa waduan@nuadanaununadianty
luganaiu 7:3

3.1.2.1 guanInenw laun mwmjula AU QTAFNUAGIUNT
Furinuvaslavanin Qruauﬂaﬁﬁuuiaﬁauaznwsﬁﬂmaauﬁuﬂﬁh AN AUARA?

3.1.2.2 sutamaiad laud anwacdulasigiandnuaifsy anwme
maaduasunuiay
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3.1.2.3 gULAN19829ne1 laun qmauﬁ’ﬁmiﬁwm%agﬁuﬂ%‘wao

] [
wHuANY
=S ap o o v a
mﬂmsﬂuﬂawwma@mmmaqﬁﬁmf'm
s RrRenERuaRlineegn
W \lr
FISTERIY RLRE T SR AEafREagar raifanld
b
s;ﬁi@mmzmmmia&qm&ﬁ’ RIWAIU TS
Sugifesnevssnnfgongfing s swassuaiinnsiug
! iy
> -9 N oy 4 -
Msnadavdnlazadlan ‘
I fEnEam FuliEraEinen st
- -l - pumAifmsfiugs - dnmoiila
~ RITHBAN YR denaurfid w3 NHRN BT
- pumeAiRnsszateil - Anuzvnaniens
- A RAHussRaznslaues nelfide winfids
- gnEmmNfinia

ANA 3-1 LLNuQﬁLLa@w”umaun'\ﬁa”u
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3.2 InQAU uaza1siadl
3.2.1 waRuaa@n Lada (polylactic acid, PLA)
(Purchased from: NatureWorks LLC, Grade: Commercial, Forms: Pellets)
3.2.2 lalae1u (Chitosan, CS)
(Purchased from: Sigma Aldrich, Grade: Commercial, Forms: Powder)
3.2.3 Wiiaimaglag (methy cellulose, MC)

(Purchased from: Sigma Aldrich, Grade: Commercial, Forms: Whi

powder)
3.2.4 waiilfan’al (eggshell powder, ES)
3.2.5 Lafiaazdian (ethyl acetate)

(Purchased from: Ajax >Finechem, Grade: Commercial, Forms: Liquid)

3.2.6 wadlaniu lnanaa (poly ethylene glycal, PEG)
(Purchased from: Merck, Grade: Commercial, Forms: powder)

3.2.7 uBTANWLaTA

(Purchased from: Ajax Finechem, Grade: Commercial, Forms: Liquid )

3.2.8 tulaslaulnad

3.3 qﬂnitﬁuazm?mﬁamﬁﬁ’ﬂ
;ﬂi [ - fdv
33.1 esaduiadinmemsaiiugu
3.3.2 1830353 v uLLaLEae
3.3.3 nldanudaunsauniussazans
334 gauldanuiou

3.4 ADANREWNTIVY
3.4.1 maassuracaawaiuanfnuadauazwasuandnuadangy
3.4.1.1 mueuua IRz gwaRuandnuada AUty 1% lasuSunas

1. dneduasdnuadautiululasauwnas Wwaa 6 $alug anniiu
Buanualiazdea '

2. fawafuaadnuada 10 niu ludininaf 2,000 anunAiLTUALIa
WuansazanslafinazdiantSunas 1,000 Taffas

3. hissazanelunau iwna 8 $alus iumsszmsluneutaren
e

3.4.1.2 maalsusnsszaglalaau anundudu 1% laadSunay




1. Tanalalagiudruan 10 nsu leasluluamsazanonsauadaniial
anauutuiasaz 1 lasdsunas YSunw 1,000 daddas
2. dasazanylnau ﬁqmﬂ{}ﬁ 60 asewaldos 1uan 8 alus
wussazangluviauianauiin lulfn
34.1.3 msm%'wmsa:mmuﬁaLsnaQIaa aNUTuTU 1% lasyFunas
1. ﬁmmﬁamaﬁiaa §2uIm 10 n3Y niwduinnas Ysanm 1,000
findday 3oumsazasluiininatouie 2,000 gnunerisudiaues
2. thansazaelinaw wasn 6 Talus iussazasluseuianian
il lFau '
3.4.1.4 maassafaunnweluandnuagansy
1. NRURITRzANEWRALARANLaTadarITazas lalaau &1Tazans
LuﬁaLmaQIaa uaznatdfanly drsdasan 7:3 YSuam 200
fiafaas lasssazaoiildasdanudutu 1% lasySunas
2. dmsazaensud la ldmuliidrnuoweanlwanutasn
3. idunafiontiulnansadelfiilunanadlmas fU5umianaz 10
YAIANNLTUTUEITRZAE
4. nRyaaeiinguuds adluwwanutflsuszaultiauanulsinas
30 N3y mmfuﬁﬂﬂauﬁqmugﬁ 40 adeLTaLTaE (Dwia 48
a4 A
5. sanudnAsuilaaananiwanuta udtrluiu1 iy desicator
riauﬁnLtduﬂa‘ummaauqmauﬂﬁ@mG]
3.4.2 minaraurulavasuiuidunaduandnuadanazwaduandnuada
W
3.4.2.1 minagauanuiulavasidy
Tawls UV-Vis Spectrophotometer Gaifiutasesiianlilunisasiata
SRR NIE= ) 'lwﬁ'zﬁaﬁgﬁl,ta:"ﬁwlmwn ﬁmqmuﬁagng@nﬁﬂm
é’aamaﬁmaagﬂuméaaﬁa m’mmmﬁ"uumﬁ];ﬁmﬁuﬁ’uw”ufﬁuﬂ?mm
LLamﬁmaamsﬁﬁagll‘lu@‘i"sazha lasasasfafiazriminflunsanaia
anuuLsIfiduniasaunnneethalSsufsusua Mg uLEIn
unasfinLiie
Lﬂéaaﬁaﬂ@aau : UV-Visible spectrophotometer (dual beam)

12




3.4.2.2 MTIaANURILBIRAY
lavldndasgansvaidifinaseuiuugainita (Scanning electron
microscope, SEM) B
in3asfianasal : LEO Ju LEO 1450 VP
3.4.23 m‘m@aaum‘sazmuﬁﬁ (water solubility)
mMyiadiniTazatsgusant laandininvesuduisuaina el
mevadutRau i lusmtazaenesWaiivines

MIagane (%) = nunNauiaulganTazas — NRINASURAIUTEIIRZaE X 100

iwinAsunanusasazans
3.4.2.4 NARAUAMANLAUTIA (tensile strength) Wazn13Ea (elongation)
YaIUNUARY

wuefs anusasalunsdunudaussdsdsnnszinitasudas
TravduHuRsUfinaga AN IILAZAURUIAIT TUNTIVINHY
NARDULUIIATINTH

Lﬂ'%"mﬁamaau : Universal Testing Machine-Hounsfield H10KM

¥@337% : ASTM D3500
3.4.2.5 NAFOUSIH IS UAREI T ILHUASY

lagldndasganssadBiinaIsuuuudaInIne (scanning electron
microscope, SEM)

F3I%INe1 (morphology) UaduruAsunsuudazriaaziany
wanarin naffiesanlassaenseifuandranu soiulunisin
wuAsuudszsiinunsuiwzi lddmguianinufswudas Tasans
admgulniniatiamssunusasdmgiuvasuduilsa

\wSasfionasey : LEO ju LEO 1450 VP
3.4.2.6 nagauanBMcMulaTIrINANV IR

Taglfinsaaindisdanunsnlafiians (X-Ray Diffractomater, XRD)
MIELILUUYaITIRENT (X-Ray Diffractomater, XRD) santaldlunisia
anudundnuazanudiiuldveaiufidy  TasmsuSouiisudiunia
LAZAINUNIITILBANITIN (Peak) vauHuAsufisaaIn 7:3

Lﬂéaaﬁaﬂ@aau : Bruker AXS , Germany Model D8 Advance
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3.4.2.7 nagauanwanadvaduinilay
9 ] A P a &

laalt X-ray Fluorescence (XRF) Gatiluta3asiialunisiiasnes
manfiadludlradrmarey srnrsadiasilansluidalsuaua:
amaw lagldldnanuidolunaie g du idu Trgamaas, ssdinm
uasfIwasan tudu

.aJavflanagay Energy Dispersive X-Ray Fluorescence
(EDXRF)

3.4.2.8 'vmaauqmauﬁ“ﬁmsﬁmvﬁaqﬁm‘%’ﬂ‘mmLLsiuﬂa‘u
lasliiinasauniagadiinen (Kostecki et al, 2004)
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unh 4

HAUAZITIHANTITIVY

mMAaTERaNlazasian

myAaMzRanLiaag guasldunafuandnuada (polylactic acid; PLA), Ay
woduan@nuada : lalaw1u (PLACS), Aduwaiuaadinuade : Lufiairaglas
(PLA:MC) uaz Aduwafuandinuada : walfan'ly (PLAES) Moandoasisolyil

4.1 Tmm%‘mmam:ﬁmaad'suﬂi:nauﬁﬁﬂua:i'aquau

WaRANIINIEQEITNTIE InwaRuan@nuada (polylactic acid; PLA) e
daudsznaunan uazdaquan ldun lalaoau (chitosan; CS) Lafinianglas
(methylcellulose; MC) wazillaan'lieggshel; ES) saaiasastangisdanunsngy (X-ray
diffraction, XRD) tumsiaanuiiuninuazenudriinldue suduflsy uszia3ag X-ray
Fluorescence (XRF) ‘?}\1Lﬁum‘%iauﬁa‘lumﬁmﬁ:ﬁmqﬁﬁagll;‘lu@”';ashomaa‘u

HANIANBNAN BN IADNUUTIFONS SINWA 4-1 (a) - (6) MANTAGIUUD
ansoznalansivvamatuasdnuade uazifonlddsnwundunin uazdanudu
wangendlalaau (Cs) uazfiaimaglas (MC) ﬁﬁé’nmmnﬂfuas?mgm (amorphous)
WaRnsansneaemaasnunssdiend vesldenla §annd 4-2 (a) waz 2 (b) Wi
Tansfzanddenludalsoufiausnememnienuussmond 51 LLﬁ&l‘ﬂlaHa JCPDs
(Joint Committee on Powder Diffraction Standard) tuanwmenast ﬁvﬂ MUV
aTUsznavuaaifauaiuaiua (CaCo,) lanfianwmslasogionanuuy 6 tnasd
(hexagonal) 1380711 uaalod (Calcite) lapwatRanlianndaasTwdudl (ES-M) uas
13997% (ES-F) .aa@ﬂﬁ’aaﬁ’uuﬁuﬁaga JCPDs #318LAY 01-085-1108 WAz 01-086-2335
Fuiuwine wunfifouunslad (magnesium calcite phase) 498N WMLNITINIGIVD
szurulasindnvesnattientdanlssanw Searuuandisannatddanlasn
FHFTINEUA waziflaRensmnaninasadain andisdWgaalsaiaud (Xray
fluorescence, XRF) w1 ES-F filane Iwunadan (K) uaz Tninitew (Ti) ﬂutﬂwauag
Tafi5unm Twunsdeay snfs 0.48% lagtimin ﬁamﬁmﬂummqﬁ'ﬁﬂﬁ ANWTAY

MIRLULUTIRENT Tanemen At UwLd LRl Lana1daan 1y
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g
£
5
E

(b) ES-F

A JL_, L A L_M______JJ\,_M_M_,.

. , B

I.IIU]llll:'l'-lll'll»!ll"lll'I'l'll'l"llll-"»l'l»"!-""l"‘llll

IS 20 25 30 35 40 45 50 55 60 65 170
26 (deg.) |
nwil 41 unuwmw XRD vadwalusndnuada (PLA) lemu (CS) ,mﬁamaﬂaa (MC)
uazilfan’al (ES)




I

Intensity (a.u.)

ES-M

(a) 1 L____J\ ﬂ | k ,“M 7Y N N VN

A

l"l'llll'llll"IJITIlll‘l"lell.llll'llllllIl'l'lllllllY'

15 20 25 30 35 40 45 50 55 60 65 70
20 (deg.)

AN 4-2 uHunW XRD vaadfenlaannlsenu (ES-F) uasiagssniud (ES-M)
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gFWsuni 4-3 lduges sneaemaasiunsidianduas lalaau uaziufia-
\raglam Afishwanmndsruwiueuutaunhivealiunay (broad peak) UFAIA
ANBICHANDFLZIY MU WO MTRENUUGIMWA 4-3 (a) uaz 4-3 (b) FAAANDY
funan133sead Pinotti (2007) fildnsnfiansaemadsiuuisdionduaslalannu
uazifiaraglas Tuufingaglas sxlidnpazninadugu @amorphous-cryataline) Tag
LuﬁamaQTamzﬁmﬁuaﬂLmauﬁ'uqu 20 = 8° f’iLLamﬁqé'ﬂwmmﬁn LRZANMOIENNT
e uuuuununsaaliues ‘ﬁiagu 20 = 20.5-21.5° UFAINIAN USRI
dmdneenmisnuuiifendatlalasueusasfssnuazesaguinnninads-
\nglag Lﬁaamn"l,ﬂiﬂsmuﬁmmLiun’]iﬁ:ﬁauluﬁnwm:ﬁL'ﬂuunun%aﬂaﬂvlajl,mauﬁ
yu 20 = 22.8°
’Luahwaamiﬁﬂmﬁoﬁfiqaoﬁﬂs:naumaﬁaqvﬁl 5 gl GawuweRuaain-
LLaﬁ'fmﬁﬁhmumqaaﬁﬂ‘s:naumn‘ﬁ'@ﬂ fAadl 8 19 @93 si (Silicon) uaz Ca (Calcium)
\umgasdtsznaunan dwitlalamudmqasddszney 6 mq laodl Ca uaz Fe (Iron)
ﬁ‘i'lmumnﬂ’hmq5ﬁaﬂwoﬁﬁfmﬁwﬁ'§g dwafiairaglaaiidIunm Cu (Copper) ﬁ'fga lasdl
USanmanily 40.9% mm:ﬁl,ﬂﬁaﬂ"hiﬁmqaaﬁﬂsinaudm’lmy'l,ﬁu Ca I@Uﬁmqﬁm%‘a
VwRpadnioy (Wi 44 §9 Al 4-8) Lfiaﬁmim'lﬁamqmﬁﬂ‘a‘:ﬂaumaﬁaqﬂ% 5
5fie 91N@13197 4-1 wudn Ca, Ti (Titanium) W&z Fe wului’aqvﬁ 5 1ia ue Si, P
(Phosphorus) &z Zn (Zinc) wulawizluwaiuaafinuada &3 Cr (Chromium) WLLAWIE
lulalasuuas Sr (Strontium) wutawrzluigan'la
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Intensity (a.u.)

10 15 20 25 30 35 40 45 50 S 60
20 (deg.)

9]

AN 43 LHUATW XRD 184 lalamu (CS) usziafiniaaglag (MC)
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a1319fi 4-1 UTanumeasdlznavvaineduandnuade (PLA) lalamu witaiwaglag

Wasnianlssan Lazaae

s (wt%)

ol

o lala wna uldanla ulfanla
availsznay
PLA T aglag T5901m ARR
Mg 9.600 ND ND ND ND
Si 53.900 ND ND ND ND
K ND ND ND 0.483 ND
1.700 ND 24 ND ND
Ca ‘ )
Ti
Cr ND 4.554 ND ND ND
Fe
Ni ND 2.11 "ND ND ND
Zn. 0.050 ND ND ND ND
Sr | ND ND ND 0.130 0.120

ND #3889 a9 lainy
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4.2 ﬁnum:waaﬂﬁmwaﬁttaﬂanua%mwaui’aqﬁiwma
WateIuulan PLA, PLA:CS, PLAIMC, PLAES wuhRdunafuaadnuadafilinay
Qs 1 l&’ 1] 4 v dl
uaz Ny PLA:ES enudadIu 7:3 sansndugUiduuduisule sniu PLA:CS wss PLA:MC 7
1 ! 1 [ o A o av 1 é‘t’ P s P=1 ' '
TimansadugUiduwrinfanld Sadsnworlidwdaidonts fvasusn uanidugiugating
e P-4 i 1 [ 1 9 til s
salan dsiugthiduunuddalald nammanasmursougasluansef 4-2 uarsnwasaag
' s A
UNUARULRAI AT 4-3

1 ! . -
@131911 4-2 waasnsdughduurinRduvesAsunm

7
.. Juzliduisu AR
gas AATIN R !
1
PLA 10 v
Imsusnngadetaian
Folianunsananiu
PLA : CS 7:3 x e
wrniaule
al 1 ar
amsuenwgadnatalan
P=} 1
FelimunTananly
PLA : MC 7:3 ’ X

wHuRay e

PLA : ES 7:3 v _ -
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V 4 o . PR
IMNATINNN 4-3 Nﬂ'ﬂ@]ﬁa‘UWU'J']LLN%Wﬁuﬂua‘ﬂﬂmzLﬁuLuﬂLﬂﬂ')ﬂuLﬂ@lTuLﬂqu PLA

: ES Teldvimanaseuludasinisnsufitesss o PLA : ES (9:1) uas PLA : ES (8:2) 1N

AT1FaUUTEANTNIWNSLAARRUNRUTDY PLA : ES HANTNARDI L URAIIBANTIIT 4-4 Uas

anwazrauuAsulusanaud 9ldniuaasluaef 4-5

@15191 4-4 usasnnudnlduasRSungsy PLA : ES

) 4
. Iuziiudsy AL

gas FARIU Y !

u 14
PLA 10 v ueuRaudanwoely
PLA : ES 9: 1 v wHuAa UL “nmmw’mju
PLA : ES 8:2 v uHuRdudane TP
PLA : ES 7:3 v Lmuﬂﬁuﬁé’nmmmﬂju
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1 = ar Qs 6 =S =y P=% . & t
MANAMIANENTIAN BN ATIFT1I0IR8 Y waluaafinuadanaunstldanly 1u
BATIFEIUAN G AWANA 4-10 WUARNNILNNTE SN LRSI lanT 23RS UNBRUAAGN
a A ' a ' ' g 4 A o & M M e
uadanaunsilianlaludasdin o:1 uaz 8:2 linomadsnuudaasdegnwme g il e
Walasindnle g sniduludasain 7:3 muﬂimmmmﬂanhmm@ WU danwmenis
denwuiuiuysaaunan muammanwmvwan‘nnammu’luﬂau LA AN Mo AULRAN T
ﬂ’l’]&JL‘IJSJ’IJﬂGﬂ’]iﬂ“YIﬂ%YI&I&! 20 = 32° fmmﬁmﬂu‘[mawamlaomiﬂrﬂamma"l.fnﬁﬁlﬁuaavlﬂ
‘lmuaﬂamLtavmamwnmﬂumammnmﬂummaaﬂammLaumumwmnnaawamsm

BlnaTaRLULEINTIA (SEM) (MW7 4-11)
. 6 W ai é

luaaumaamqﬂs:na‘umaLﬂmammuﬂau RWITOUFAI LAAUATIT 4-6 Faduna

= & 6 [ =y a o =1 1
NINARINAMIANWIT19asdlsznavwasRsunafuaadnuadansunaldanly 1u
amﬂmumaq i W91 Ca sml,ﬂuﬁmaamhvnawanmamﬂaanvb’u LR Lﬁum@mﬂﬂsvnau
mwmmaawaau,aﬂelml.asmuﬂ'smml,wwuua 2SI RN U AR BN USO8 IUY D
Lﬂaan"l;‘uﬂwauaavlﬂluwaml,aﬂ@mu.asm #1971 P "nwuqu:‘luwaﬁuaﬂ@nLLa%@lﬁﬂ%mmﬁ

PR 4 a i ' o Y . e . @ ' i

Wadnenu aaduvadlfonla Angudioisunu 89 Fe 8aMEIUadn InNRanTaans

2aiululdf P azwgasaninanuiants wasnnifiadfAssmaednudaviazaedie g




(d)

Intensity (a.n.)

l'lllll'lI'I'llllI‘I"Il'll'l"'ll'll"l""llll

15 20 25 30 35 40 45 50 55
26 (deg.)

MNN 410 LHUATW XRD wadNsunadianfinuade Angunufan e ndeasInauwen
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A15191 4-6 ﬂ‘%mmmqauﬁﬂi:naumdmﬁmamw‘uﬂa‘u

33

s (wt%)
s1gasAlsznal PLA/ES PLA/ES PLA/ES
| PHA 9:1 8:2 7:3
P 0.02 0.143 0.104 0.167
Ca 0.051 0.331 0.631 1754
Fe 0.001 0.001 0.001 0.001

CHO 99.701 99.29 99.055 97.762

4.4 SREIREIMENMNARR BRI ZoSUHUTEX

SnsaeImon e ludmfdluinfaduun uaz dudts 189 uiuisy
maaﬂﬁuwa§LLaﬂﬁnLLaﬁ’fmﬁNamﬁ’ui’a@gﬁﬁumﬁmmmLLﬁm"l.@T@T’Jﬂnﬁwmmmnnﬁaa
yansseiBlanaseuuuyseINa TRHLAEAIMNENEAMAY  LAzmWaaIDaIuHuAsy 7
fAswE1Y 10000X W&z 5000X ANE16L (Mwit 4-11) wohAdunafuandnuadadanwme
Aufdandhasoy fgwsuuufafidurwe 500 wilwaes wazANANAaUNIRRUE
Tassaamdwiaidinany (homogeneous) Asznoudalassretwdon (mMwi 4-11, At-
A2) densnydanldadliluneiuandnuada (PLA : ES damdiu o:1) ldRAsufzniu
gwalngdn 1u so0 wilwaas fsnwusiuiniulasianing uevih s laidwile
e fanwadudedn g ﬂi:mmT'Jagl;'lw,f':aﬂa‘mwis]i‘l"l,ajﬁn'mmﬂ“ﬁgu (MW 4-11, B1-
B2) Lilnandadiutainaduandnuadand weziAudanltanndu (PLA : ES damain 8:2)
lassaFafdudinianmaidy LLa:ﬁgwguﬂJmmmLﬁu (mwﬁ 4-11, C1-C2) iiasadasau
PasnaRuananLadans uastRudadmuanddenldunndu (PLA: ES AaTEIN 7:3) MW
Tavaefduulaonludidanaiulassinenasfsuitaian LLﬂZﬁEWE%ﬂlu’]ﬂlﬂty:"ﬁu 1w 1
89 2 lulamuas (Mwil 4-11, D1-D2) '
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Mags 600X X

Mag» 600X X WDe 11mm  EHT= 00KV Signal A= SE1

Magm S.00KX WDe 12mm EHT = 500V Sigral A = SE1

Sy

Mag= 1000 KX Mage 500K X WD e 12mm EMT = 600 kv Signal A= SE1

ANA 411 URIMWENBRAWAD Uaz WA N9VRIRSY PLA (A1-A2), PLAES (9:1) (B1-
B2), PLAES (8:2) (C1-C2) uwax PLAES (7:3) (D1-D2), ﬁﬁ’lﬁ:‘l“ﬂmﬂ 10000X L8z 5000X

ANRIAY




4.4 ANMAFINITO IWAITAZALWT URZAIURWIVDIUARTAN

1
~

PNNTHN 4-7 WU RIUNaRuandnuade ﬁmmmmm’lumm:mnﬁwgma@

9

A A i ¥ o o ' - i oa &
fa 10.4% ‘H\Tﬂ')']ﬂlﬁ']ll'\iﬂl%ﬂ']ifﬂzaqﬂuqﬁlza@]ﬂ\TLLﬂSNﬂNuﬂ'ﬂa@]i’la’)u?la\‘ll,ﬂaaﬂ‘lmﬂlawu?]u
o a a a a a5 A '
luﬂ§uwﬂu E‘T']“iu@]'l']l]“u’]'llaﬂﬂﬁuWﬂﬂLLaﬂ(ﬂﬂUiqﬂﬁ fla 400 u’]IuL&l@s RIAUAMMUWAUN

o a o =) ol g 1 A
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Abstract: The present stwily aims to investigate physical
properties and chemical properties of eggshell from local
market and the Bakeries factory. The samples were
evaluated for the potenfiality te wuse as filler in
biodegradable polymers productian. Energy Dispersive
X-Ray Flusrescence {(EDXRF) spectrometer was used to
determine the composition of mineral and levels of the
coustituent element. The result show that metals
Titanium (T1), capper (Cu), ivon Fe) and Potassium (K),
have highest accumulated in the eggshell from the
Bakeries factory. The XRD paiterns specira reveal that
the eggshells fram local market wade of a calcite but the
eggshells from the Bakeries factory bave the mixhure
phase of calcite and caleite magoesinn  phase,
respectively. In this study, we also used the scamning
elecfron microscope (SEM) to study the Morphology of
the egashells. The resulis shown that the eggshells from
lecal miarket have the porous scatfered all over samples
more than the eggshells from the Bakeries factory.

1. Introduction

Several fields, including material Science give
priority to the natural composite materials. Especially,
the biodegradable polymers are widely attention for
conventional utilization such as packaging material
because of increasing environmental concerns {1.2].
According to Kasuga {3}, the combination of poly
{lactic acid) (PLA) and calcium carbonate (CaCO;
have been developed @ composite as biodegradable
polymer.

Caleium carbonate is one of large amount abundant
minerals in nature, There are numerous natural calciom
carbonate sources, such as molluse shell and egg shell.
To our information in Thailand, the waste shells of egg
shell and mollusk shell from agriculturel and food
industries were produced several tons for each day.

Eggshells waste contains many precious organic
and inorganic components, which can be developing
into the biomaterials from this waste [4]. The eggshells
consist of calcite and calcinm carbonate crystals, while
the eggshell membrane consisting of organic matters,
such as collagen. polypeptides and amino acids [5].
Eggshell was often specific of morphology. has been
the most utilization material, due to some extent of
eggshell is availability and low cost. Calcium
carbonate has three types of polymorphs: caleite,
aragonite, and vaterite. Caleite is thermodynamically

354387

the most stable form, while wvaterite is the most
unstable form [6].

This studied, is a preliminary survey, which have
the purpose is to investigate the physical and chemical
properties of the eggshells, also the structural and
morphological of eggshells have been used to
information reference of descriptions and the ability of
eggshells as altemnative filler for biodegradable
polymers,

2. Materials and Methods

Eggshells sample was obtained from the local
markst in Chonburi province and Bakeries factory in
Nakhon Pathom province. First of all the eggshells
samples were remove impuwity and interference
materinl. After that, the egashells sample was washed
with distilled water several time and dry in an oven for
24 h. Afterward. the cleansd sample was ground into
fine powder by sieved, which using a stainless

laboratory test sieve with an space size of 75 . The -

powder samples were dry again and packed in phial
and denoted as ES-M and ES.F for the local market
and bakeries factory, respectively.

X-ray fluorescence was used for the qualitative and
quantitative analyses of in organic composition in the
eggshells samples by Energy Dispersive X-rays
spectrometer (EDXRF) Panalytical minipal-4. The
mineralogy and crystal structure was characterized by
a powder X-ray diffractometer. Powder diffraction
data were recorded at room temperature using a Bruker
AXS DS Advance powder diffractoniter [CuK, (Ni
filtered) with scintillation detector; 28 range, 20.80°
step size 0.02°]. The minerals in cach case were
indentified from the diffractograns by reference to
Joint Committee on Powder Diffraction Standard File
(JCPDS). :
Another that, surface morphological of all eggshell
samuples  were  studied by scanning  electron
microscopy. The Scaoning Electron Microscopy
{SEM) were performed on LEO model LEO SEM
1550 with gold sputtered fractured specimens.

PURE AND APPLIED CHEMISTRY INTERNATIONAL CONFERENCE 2012 (PACCON2012) |5




3. Results and Discussion

The X-Ray Fluorescence spectrometer technique is
used to analysis of constituents of ES-M and ES-F
sample. The chemical composition by XRF reported
that all eggshells sample had different chemical
contents, conceming the siation variation. Both
eggshells sample have the CaCO; as maialy elements
and a few of other elements as shown in Table 1. The
highest concentrations for metal (K, Fe, Ti } were
recorded at ES-F sample.

Table 1: XRF analysis of constituents of eggshells
sample (Wi%h)

Station/Element | Local market | Bakeries factory
K Nd 0.483
Ca 99.303 9749
Ti Nd 0.010
Fe 0,061 0.170
Cu 0.078 0.076
Sr 0.120 0.130

The minor compositions of slement in ES-F may
be attributing to the contapdnation in production
process of Bakeries factory.

The XRD patterns of the eggshell samples are
present in Figure 1, it suggesting that the phase of
eggshell sample have variation. The crystal structure of
ES-M samples was made of a ealcite phase, a common
form of CaCOy mineral. For ES-F samples has a
nixture phase of caleite and caleite magnesian phase.
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Figure 1. Powder XRD patterns of ES-M and

ES-F sample.

The mineral phases of the egpshell samples were

‘identified from the diffractograms by reference to the

Joint Conunittee on Powder Diffvaction Standard
{JCPDS) pumbers 00-085-1108, and 01-086-2335
cotrespond to calette phase and caleite magnesian
phase respectively

ES-3M
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Figure 2. Powder XRD patterns of ES-

M sample.

As shown in Figure 1, The diffraction peaks of the
ES-M and ES-F sample can be indexed as the {104}
reflection of pure calefte at 29.555° - 28 value. All
pesks in the ES-D samples were well matched with the
JCPDS nombers 00-085-1108, as shown in Fig 2.
From Fig. 3, The ES-F samples were matched with
JCPDS numbers 00-086-2335, -the diffvaction peaks
can be indexed as the (202}, (018} and (116) reflection
which have different pattern as shown in Fig 1. It
indicate that the ES-F samples have the mixture phase
between the caleite phase and calcite magnesian phase,
then the mineral variation from ES-M samples.

PURE AND APPLIED CHEMISTRY INTERNATIONAL CONFERENCE 2012 (PACCON2012)

44




ES-F
z
g
=
Lk ” i lLLu i
i E ‘ l ﬂ A4k u.ﬁ . *
VS T 3 M SN A4S B S5 G 65 T W 8
26 (degree)
Figure 3. Powder XRD patterms of ES-F
sample.

The morphologies of the eggshells are shown in the
SEM micrographs (Fig. 4(a} and (b)). It is seen that the
ES-M samples have the porous scattered all over
samples more than the ES-F sanwles,

Hagw BABRE ﬁ»ctm ik Gt w-m\ i

Figure 4 Thc figure and microstructure of eggshell
samples (a) ES-F (b) ES-M.

The texture structure examination of eggshell can
be observed from Fig. 5. It can be clearly seen that
these two samples have different pattemn. From Fig.
5{a), it appeared as rod like fracture agpregate and
apparently disoriented crystals, the pattem of ES-M

samples like stack of lamella foliated and disoriented
foliated grains can be observed in Figure 5 (b).

o BT MR BPEANIED  Oaw AGATNT

SEOIRR Whe W TN SN DAl Do S OMNE
Figure 5. The figure and microstructure of eggshell
samples (a) ES-F (b) ES-M

4. Conclusions

The eggshell samples consist mainly of CaCO3,
calcite phase. The contaminant on the eggshell sample
has induced the nmxture phase of calcite magnesian
phase. These steps are crucial for the quality of the
initial product, since the content of wace element
should be as low quality as possible. Then the
structural and morphological of eggshell is a key role
it the formation to fabrication of biodegradable
polymers.
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1 0.0062 0.0055 11.2903
PLA 10:0 2 0.0070 0.0062 11.4286
3 0.0070 0.0064 8.56714

PLAES

PLAES

9:1

8:2

7:3

0.0146

0.0132
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0.0119

0.0111
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0.0110

1 0.0124 0.0117 5.6452
2 0.0127 0.0119 6.2992
3 0.0131 0.0123 6.1069
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