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Abstroct. Plasuc bhas become one of the mos miluensial material in human Lves
e to it heing light and soorg esough. Howeser, hecnuse plastic is none
depradable, it will sanse olbér covrommema] problem amd o = ool resewadhlc
Therefore a material that can produce plastic, where it could easily be degmdeble
il thes ssomes i senewabls, Ong of these malerals s Palvlctid mid (LA whock
g denved Bom starcky plonts, ssch e cpsaa, Hewgver the physical assd
mechamical of pure PLA still has iz dovagides such os low anroction eed limited
Uhsrrmnal dogradidion. This necanch 15 fomsed oo syniiess PLA fom ool cossava
and addifien local clay inle PLA @ ceder o imgrove the two charscieristics
merntioned previowsly. The resulis that the kighea was abinin 19 g for 6 Rows
of disposition amd the kghest lachic acid ebtained 35 % for 5 dave formemiabon
Palymeerization PLA from o loetic acid hes been deternmised by FTIR results
Fased om the data shaw PLAlay 005 b with 2 hosrs has betor tensile stranpth
i 56 MPa wnd thennal stabilily compared o pame LA bo B spplied a= the ony
imateriol for packeging,

Keynords: PLE elap, N-BD FTIR, SEW neaile senvept, oo, paadapimg
1 Intecdwcilos

Drata Plastic packaging is & comdainer that = commonly weed in people’s daihy activities. In
thiv moders em, plastic packeging has s swn advantapes, some of thew ane Pevibilny, clegp,
light, easily shaped and areng 1] The comaumpaion of plistic pockagizg in Indoecs & quite
large. hazed oo Anvmabic Indudry Azsacistion, Olefin md Plastic [Inapias) om the vear 2004,
the nammhier of usages reachad 4,3 millice fonnes or ineressed o 346% from the previaus yenr
|20 Bs meneral. the curment sndaod of plasric material (8 frein foes |l raw moerals which are son-
remewahle and pot eaxily degradohle. therefone s wasie pavwe an cnormaus imgact on the
TV FAnmEnL

Tew ez wath the hmited raw matenals wewe and the environmenal impack that irses with
the 1mape af plastic comsumgaion, theze should he mare usspe of raw maerizls 2ar e
emciranmenmily-friendly, which 5 cotwmonly knouwn & Modegradable plestic. One of the
materiaks is Pohactic Acid (PLAL, which is o palymer from lnchte acid sderification that was
prodisced from fermessd sarch subsirae or sheple sagar [3]-]5), PLA can b mpde with thees
main bk, shey ane dinect polyoondensation. woentropic dehydration condematsinon and nng-
upening polymeriation [&]-{8]. Ring-opening polymerizatioe is o method that is meely el
T v isc e TegEls i leagiiles PR A Al 1000000 D, Sapimies Gl Bvs e hesdad i Oniler o Inciease:
the LA yiekl, sech as Al Fn. Ti dan Zr, the vsage of calalyst is dependent om the mechasism
e [U] [ 1] Bore v bt alse omngeirsd the veage ol 18 menlicred catal ver s alsme wily
conutnely el cetnlya sl i S T00 wink gl sesul e paricitar catalvel prochged @

WA 2R, Ciconber 13435, Randa hrek ledoness
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I paisones charss ien=ties comgarcd 1o 30| D¥ K, Cataly=a Zn and &1 predhice 70-5960% FLA
with she purity of 90-07% [11]

The wpceia 0F lactaae acid pol ymerizanon becmmmp FLA degends on e sonamer punity
thad is e [ 1 2] 50 the producticnof factne scid can bean impontast parmmeter in the production
of FLA. The process af laciste acid prodecton can be done oo o biolegical or chemmical
[riness, Elincsr W1 of L il cymienl presetion s oy hisdogical preiees oF
fermematicn. This methed is used because of ils adviniages, they are a low opsmiiosal
cormlivin, chsaper end gy coivsgnipliomn, and fow coslas well se ose-paic [13) B hal is
ised i ihe Bnpewaton process of plecose wmisg 10 lecaie acid ore Focsll,
Levwconmtoe, Pedivcocony and Svepocaceny which are grosped imto bomofermentative and
Ietgrakrmemative  growps  Cusrely,  the  Dochobocdins  Dook o groupad 05
haumilermentmive is moaly ssed beepese the dde-elfocis tha i procduces Is lower compired (o
heterod=rmemative bactoria | 1353 L),

Cilmgres ae g souree of lctale achl cen be defvel Thom smnch cowersione & method i is
conmmnely used 1o cowver starch int glooose through ecidic hydralysis o orooyne diolysis.
Anblic lsdrolF=as s coanimsemly used cofpgaied 10 enzyme livdobysis, Acide Ivdmslysiz neds
catalyeer, mch s nibre acl, bvdnshlons acil. s sulphunc seid s F reacts inan ik
aarvinenment with pbll 1,5 - 20 with the remgperatune of 180- 1600, These supponizg comditions
levee an mgrorissd pad in which the starch will byshelyoe mio gheos: [17]

The sowrve of sarch cam be derived frone plans such e oorns, cossaves, bananas, sago, sweel
potates:s and seaghumn | 18], These plants are comsen in Indoresio, especially hanons, cesavas,
e i e plendifind in Aceh, therefore there is s poieniial in praducing FLA

PLA hos the advantnge of being the sowrce of plestic materiz] because it chameownistics id
ulmard A same with n plastic madezial fhat o= sourced rom Senl-bascd mateals, el as
pidvuibvlers and pobpropekse [1%] there as still disodvantnges of the manenal, which ar,
brittles ensily, low elongation and sensitive 1o wazer becouse it is ydrephebic, lew wlemance
hent which lomds s mostiBicaben $a incres pesfommes ram PLA (& | S mombir of stentists
lave made o filler to mercass the physics and the mechanics of PLA.

The addition of fller can widen the eree and incresse the termal smhifity of PLA. The
ielditiom of filler can afso change the charsioritics of the mitenal, so it i poessihls s dorve
the mutenial wih the desired chamoienshics. Some fillers ihot can be wed are coftom block,
slicn, cloy, tale, aaed Hlmium axide [ 7], [20]. Clay is wspd bycmes of it abunclance i Migam
Sobedistricl. This will alse give an impact on the bngrovemest of LA charactenstices.

Cloy that s odded in PLA sized under 10fnm s commonly Knswn o6 nomaoem posiie
material that hos new chamscienistios. The structure of mnecompesite that = produced depends
an the level of dispermion imta the polymer. In peneral, there B 3 nesccompodie ilroctures
formation, which s a convestional composily, inlorcalary and exfolation. Bawch of the
mnecomposite makisg= s hoped 10 e more structured by exfoliabon zo there will Be o
emanviher later hetwesn the surfeces. In geneml, there ase 2 methods of aynihesizing
mnesomposte b reach exledition struciure, in-site wmshesis, miermalany =oloben, mesiby
pedvmmenzmios and melting interenlany

Clay is Ryclnophobie jist ke PLA, 5o is hard tnumaemct T herehore Belare e clay s moed
wilk PLA, i1 meeds i be purified fird, thes mudifiesd with the addiibon of surfaciant io make
nrpenoghibe wiich will be aatesle with the hydrophobo neune of PLA. A sefactasd thad is
mardly usl i elsarmomam or gyl phaspferaws o abtion bydoie m between the byers of
clay [21]).




The reseanch alms o make PLA qualiatively from cassava saanch mear 1= avatkable in Aceh
as wel | 2% b idemtify the inflwence of adding rano clay thi ix availasle in Marih Aceh towanic
the: pliysice Amd neechisic: froan e fmearan of e Tanaoamposie: mssnal

I Mareris] Amd Kethodalogy
10 Muterisl

Tie matermls used in this rescarch = casspva Fom e maekgls of Noeth Acch, Clay Troin
Missm Svb-disiret and ciher chemicad mudermals which ene: Chleods A, Phemal, Sestinin
Hydrogide, Cetyl Trimethyl Ammesiom Bromide (CTABY, Iron (I Cade, agar Ma as well as
Laciobacillus bacherin

2.1 Frovedur

Cianerally, thene ame fwa stapes that are condacted parallalhy, they are the production of PLA
el e paration of orgeneciey, thea maged in betwesn PLA aml argane by

The production of PLA is staried with the extraction of starch from cesseva usng dhe wet
method, where 101 kp of casiaa ic peeled, eleomed usimg wister then graited. The groted cossina
= dksenkved inoweter with 103 miths en aoak For an hoder, Then, sbmin ened lea i s o depesi. In
thix sape e wanvhle of depocition ix ax long as d, 6, asd £ hones, thew the stanch is dried fior
24 hours. The starcly fhat Fas badoslyeed oo glacose thinugh she acidic hydrolvak process
where phout 25 groms of the sirch B dissalved s 100 mé of dissilled warer then adda? with
1% HBCT vl he pH menc Bed 2,00 Then & is hented fo the tespeerature of 1200 C for (0 minotes
sind siirred with n spesd of 3060 fgrn, The glocase prodoced & separssd with wer by disilling
it weiths thee temperptune of B 120 2T, The doposit thol s prodoced i shem newtraltoad using
MalkH. them dEned

Uilaacora 11l s grestoced s fsmeeibed i letare woad, This stage is slied by preparing b
mitricm=, then followed by planting the bacizriz and incubating for 18 howrs 25 gmams of
pliieeiss tligt s dlsmodse] in 1000 ml disniled waie b= e planted e Ped di=les that have the
bacteria. In this sizpe. a varaton of fermending time af 4, 5, 6 deys is wsed while the hubblex
finrmed e abserved Alver ihe fermenting tine is reacheed, therefose the deposftionihm hes Been
produced v sepaaied B wisler then abded with 5% HOCL and the rinsad, dried and seighsld
fior whe productian ai’ lecake acil.

Lanctmie il 1hed wies limmised ien it pol vinerizad isso PLA will e seiliod Of thin-ofening
polymeneimm, where lndtess acd @ mserics] inte & reocior ad then bemg kept mathin dhe
reacticn beampemmre Déf-200 "L, anaimn pressune and supplied with nitrogen. Lacise that was
formed s thes cooled 0 e weanpermurs of 90 °C el (e = solidilesion. Then the Fad
catalvet is added ine the reactor with reaction wemperaures af 2502400, The fonsation of
FLA is then observed. To prave the Famation of PLA, chemcotesizstion is conducted using FTTR

Ay Eroim that, e proses of cloy prepamlion is el wilh clcaed clay uming Mo, then
it 15 mashed s poveder with the size of 1 mesh, next ihe poveder is cemrifigged with dhe
spced of T mm. Afcr that it i hoated 1o the wmgerstore oF 60 °C. P clay shat s formed is
ascklod serfctant D0 M and 0,03 8 with he siirming time vasiation 150 2 howrs of stirmiag thers
it is followed with | 2hoor sesper@pn. The realis of the sopession thal was produced and
e From chicmne imed bromide & thes ded 0 sm oven on then Empoature of ¥ T for 24
hawrs until cegmnoclay is present.




i Besali umal Discussinm

A1 Seareh Eviractien
Exmraction o sareh rom caseavs with the depasickan 1 sanmies of 4, b, and & hiare can
hir seen im figame |

™

o g 5E |

Flgnre 1. The Elfecs of Deposivom Time sgainst Sarch Dawmren

Frommn Figure L it can be seen that the highesa marek exiroction is gaised from the deposition
e @ & hours with 1.9 kg of 1he staach eximact, the formation of siorch stasis 1o devrense offer
6 hours. o8 seen in e depesticon tinee of § hoors where the storeh exooer formalated i 1.7 kg,
Thun thoma was alsa funpus presend that = why the best depostion fima s & hous

A1 Gleroer Fermaptadian

The detzmemazion of fermenied glecoes is done by demting the eoscemrases of laciote aeid
formation. The concentrates of lacsabe acid Formead can be s in Figune 2
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Fhire L The Effeeis of Forme muton Time Towerds Laciese Acd Cosoenemie

From Figure 2 il o b svem thal the hiysiadt loctals acid conemnirases is ganed dunng the
fir g ming tims of 5 dfive) daysad hph os 3 5%, whils $ar tho simple farmantmg tims of & a0
doys there wes Inctave scid comeenirete i mach os 33 %, which is lower compared 5o tee S.day
formenting time. 11w abss bighor dunmg the 4-cy Bomonting tiree wihoch i= 50%, Accord mg
tx the resenrch conducied by [22]; the more fermentizg time condected, therefare, the emoont
of hacierin inoretses, 500t s predicted thas the lectate geid coseemtraiess fomeed becoene higher,
havwemar m thas research it was alkso sioeam thot o diFerent thing, which 1= a deorease abter o 5=
dioy femeenring time. This may becnused by the lacichacillis bacena hod a decr ease inbreeding
which ie caumsed by the substrate condition fhat made 1 impossble for o continoous metabo Ham,




35 Bamihesis al PLA

The symhesis al FLA s condoced gualimively proves throngh amalyzing ising FTIH,
wihere the annlvels resoles aomn B Seeqy iy Divage 33 Balowe The infrarsd sp2cinim For acies
et ix clearhy showing spme stiretch on the O:H hydrony] groups with a strong indication thal
Itiropen bonis were 8o, This can he sees in the wide Tip i the ares wink the waves ol
FS0T2 em'. Cazbonyl oAy as C=0 sireich are shown in the waves of 175908 om'.
Mlethylene growps as streeches in C-H groups are seen in sthe waves af 3K cm . The theee
EpcTmEms Pose Ukl wlsal was fopmesd edi Beie abd polyiesb2ation 3 FLA This & i
mccimhaace to the reseirch that was conclucied by [23] with the resubs of absorption bands tat
whiA Clees G0 360557 e Uis skows st the abeonption Samds thia ane closer o 3&05,57 !
Tewve O gronaps, The efEorplos baids closiig imo 7930 oo shows 181 Deere ans C-F g,
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Flgwre 3. PLA Spectm Liraph

il

3.4 Systhisis of Clay

Befie clay wes npued wih FLA, the Tocal clay e was obtained st e pregansd By
ikling CTA surfactzst. This is w0 prove thal the cliy has become ergnocloy, therefone, itwill
Tre s leed By bileniifyisg i chaguacing layer Dois fhad paitioalss meneria], Figune 4 eoms e
nhtaized measumements nf the de-spacing layer fmam that masenial.
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Figure 4 shovws clay d-specisg laves of K04 o fec | hoar of strmieg (deapacdeg 2371 am),
cley 0,0 m for 2 hour siinies 7 08° (d-spocing 2. 7% nm), clay 0005 for | boor stming 3.06°
(3055 non), choy O,05m e 2 bour stirrmg 4467 {3386 nm ) whily lyer from pene clay @ 2,247
(1,142 = nm.




W the resalis fone X-R I s, i can B eoncluded iat the Bigger concemratian thal was
e, tee lomger the stirring tme used, thereioee the despacing layer thit =< Tormed will alss be
MHgger. However pane Clay 1R wis nol gymfhesined with CTAR aefaciamd 1as the smaller -
spacing lier. From the resuls abaivee therefose. 1145 smme thi CTAR surfoctant has suceessfully
enfarged the daspacing lxyver from cley.

33 Tensdle Stremgth Charucterization

The nenocoenposie materizl thad was fnrmed cun be shaped scconding 1o ASTM D638, then
i il shren gl e el was Codsdactedl il e resiis con e séen o Figie 5

in

R e ol 1]

rasrn ammiE] W e e e e
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T

Figure 5. Temsile Stength Chasscicization

Figuri 5 shous that by addimg clay, 1 can mcrvase the femsilo sronpth, where for FLAChy
(04 W1 hour, ha= the tenstle srength of 24 MPa. However U hoghest ensile strengeh is
obtuiged from PLAElny 005 2 howe @tirring. From the image above it cen be concluded thai

by mchding <lay, B Wwnsike strength can be imcreased.

A6 Thermal Charasterization

Taw thersml charchnzatkm s condsctod on all sumples bo ideniefy she stability of the
thermal motersl prodoced by wsing the termal degradotion testing techmigue, with TERA tools
The tea resailis are ebiginsd i seen i Figare b

Y

b T £ vy

Figure b Manom pooaie Themd Chamdersaton

Figury & shiwe tho pame TLA tharmal slobility = fowar which 3 decomposing ¢ the
temperatimre Gl 317681 “C. For semple PLAVeloy 0004 M | hour and 0,00 B 2 howr was
docomposiag ol the wmpombms of 32845 "Coand 251.02 "C. This sggeests shat the themmal




sahility i Berer thon pure PLA, For samples. PLA ey Q05 M Roor aed 005 M 2 hour wens
deceapnsing al the temperaiuse of 3557550 dan 365.0 " which are higher compared 1o the
FLA PLA 004 M1 hour e 04 B2 b sanmples

CTAR concentration within the clay can influence the thermal =ishilicy from the
mnocomposites thal wene prodeced. This is seen from the decomposition of PLASC ay @05 B
2 Ny s sl on A g Ser i peminre coingal el o ihe ¢ ispera s c sample of PLA kg
(04 W2 heors staring. Thes, il & shawn that adding clay to MLA an increase the themal
slidriliny 108 e namocoimsgsiies fal weie producal The opeieeg of the despacing laver in e
clay 15 directly propoatbons] s s puinbsn of surBclanis comeiirales wighiin the cliy.

4 Crmclusing

Based an the pesearch conbucied, it can be concluded tho:

I, The it aptimel sreh exmaet is 1.9 kg produced from & Bours of degaaiai,

2. The highest Foommation of lacizte acid is 35% produced from 5 (five) diys de position time.

3. Bl on FTIR tesiing, ther werg: hydosyl groups presai i e wave of 3502.72 am'',
cimbomy] proups presead in the wave of 1759, 08 e "as well as msthalens on the wrve 3000
ey’ these bave proven that FLA was secoe ssfully made from Monbern Acch’s cesava,

4, The femile dmength oot dita showed that the eale streegth of pue LA s 19 MPa
PEASC ey 0,06 3 | Boour s 24 WP, PLAGC ey (004 M 2 hoor is 29 MPa, PEA ey 0005 M
| havar is 33 Mo dan PLA Ly G035 M 2 howr is 30 MPa. Their resdas show thot increasing
cluy within FLA will isgreaes the wmale simapth compuared s pus PLA a3 well = she
CTAB conceatration witkin the clay cen incrense the tensile swength of that malerizl

5. The dhommal les dota were pure PLA slesompemitem empenifurss oa 317,06 71 PLAG
O M | e, oo 32545 *C. PLAeay 004 M 2 hour, on 351,12 0, PLAVlay 0,05 M |
o, om 3350 °f and PLAYelay (008 M 2 howr, ans 36300 "C. These resulis dwen that
mermsing clay can increass the smbility of the manocomposiio of thol matenol, ond she
amoast of CTAB surfnetnd concenirale also influenced the smabality of thermal
mancenmpasite FLACay.

The strecteny af FLAS Iy 1,05 M 2 hour loekead smoather ompenod fo pere PLA
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