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H‘Ifi'l‘lf‘l‘l‘lﬁﬂhllflf}ﬁﬁ’wmﬂﬁﬂ Gel Permeation Chromatography (GPC) wasfinyiauiiania
anudoudromailn Differcntial Scanning Calorimetry (DSC) 3491nMsfiny My medwesi
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Tun guingiinldouaonisadionds (T,) 56 DIRUTMTUA QUUTVA0ILNAT (T,) 150 BIN
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50402214 : MAJOR : POLYMER SCIENCE AND ENGINEERING
KEY WORDS : POLY{LACTIC ACID)/POLYCONDENSATION/BIOPOLYMER

PIYATHIDA LAONUAD : POLY (LACTIC ACID) PREPARATION BY
POLYCONDENSATION OF LACTIC ACID. THESIS ADVISOR : NATTAWUT CHAIYUT, Ph.D.. 88

Pp.

Poly{lactic acid), PLA was synthesized by direct condensation of lactic acid.
Polymerizations was carried out with diphenyl ether as solvent. As synthesized PLA were
characterized by founer transform infrared spectroscopy (FTIR) and nuclear magnetic
resonance spectroscopy ( H-NMR). The molecular weights were characterized by using the gel
permeation chromatography {(GPC). Thermal properties of polymers were determined with
differential scanning calorimetry (DSC). The effects of reaction temperature, reaction time,
types and amounts of the catalysts on PLA characteristics were investigated. The results from
spectroscopic methods confirmed that poly(lactic acid) can be received. The optlmal reaction
condition for the highest molecular weight of PLA which was about 1.98x10° g/mol was
obtained by 0.05wt% SnCl; at 180°C for 16 hrs at low reaction pressure, and the good thermal
properties can be obtamed in addition, molecular weight of all synthesized PLA are around
0.49%x10° ~ 2.28x10° g/mol and thermal properties, i.e. T, of all synthesized PLA are around
47-56°C T,, of all synthesized PLA are around 123-155°C, and %crystallinity of all synthesized
PLA are around 25-69
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maaﬂ'uqﬁ'ru Tﬂmﬁ"mfmﬁﬂiumqmm L-waﬁunnﬁﬂua%tﬁn%‘t‘mr\ 23,000 11 67,000
nfuAalua 921119 A1 Flexural strength a0 64 5 106 MPa uARIA UG WINILIE IR
agiii 59 MPa lunsdives DL—'wﬂﬁamnﬁﬂuaﬁﬁﬁﬁﬁ%{mﬁnimaqmﬁuimnn 47,500 i
114,000 N300 Tua RGNS 934 HAZAIUEIUNINAIGAA (Flexural strength) ALY
910 49 111U 53 MPa nag 84 11U 88 MPa @A 1AL aruliAtBanan 139 veaneduanfinuedasy

HAAIAIAIT1R |

MINA 1 aulRFINAT0IMDAANANILOEA (1INUTHN Naturework ' Cargill Dow) (9]

2002D 2100D PLA resin

Specific gravity 1.24 D792 1.30 D792 1.24 D792
Melt index, g/10 min (190°C/2.16 K) 4-8 D1238 5-15 D1238 10-30 D1238
Clarity Transparent Opaque -
Tensile strength at break, psi (MPa) 7700 (53) D882 8100 (56) D638 | 7000 (48) D638
Tensile yield strength, psi (MPa) 8700 (60) D882 9000 (62) D638 -
Tensile modulus, kpsi (GPa) 500 (3.5) D882 500 (3.5) D638 -
Tensiie elongation, % 6.0 D882 3.0 D638 2.5D638
Notched izod impact, fi-Ib/in (J/m) 0.24 (12.81) D256 | 0.37(19.8) D638 | 0.3 (0.16) D256
Shrinkage Similar to PET - -
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Stage Molecular Weight | Rate of MW | Weight| Hydrolysis Degradation

(g/mol) Decrease loss Reaction Mechanism

First stage High Slow None | Noncnzymatic Bulk
Critical (Mn:10,000- {(rate determined)
20,000)

Second stage Low Rapid Onset | Nonenzymatic Bulk and

Rapid | and enzymatic surface

MwA 13 na lnmsifiala Tas laFavesweduondnueda [24]
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Temperature Onset of fragmentation Onset of biodegradation
4°C 406°F 64 months 123 months
13°C 55°F 25 months 48 months
25°C 77°F 6 months 11.4 months
30°C 86°F 4.4 months . 8.5 months
50°C 122°F 1.5 months 2.9 months
60°C 140°F 8.5 days 16 days
70°C 158°F 1.8 days 3.5 days
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2.4.6 Life Cycle Analysis [5, 6]

]
o

1 ar
wodwesdunsizing lunldnuegludegiuiudiulng lduinnunasingay

v F
=

Uszinnloada (Fossil) Tauminiuduuazmasssuna sadoidoveumasingaumaril fie
9/ 3/ ﬁ TR 9 [ = d? L] & ] 3/ w 1
waedldnaniunamasihitenszainingdviuinInid uaziilenisinnldauddawa

NITNVABAUNAAINENAIY  TuN1ATInUT N veuswes N 1Flunmsnaaneauaninuada

s a A

e
o 3 " 3 ] = = =
uuulﬂl]1‘i|']ﬂLLﬁﬁ\3'Jﬂﬂﬂ‘]J'ﬂﬁ'li]']'iflﬁﬁ']&]lﬁﬂ'lﬁluﬁgﬁ'JﬂLﬁ'J ﬂ']ﬂi]f;]ﬁluﬂ'ﬂi]!.‘ﬂu‘i]‘iQllg'lﬂ'ﬁﬁﬁﬂ

q

= = = ::: S 9 9o = = v Y 9w
Wﬂasmﬂﬁmmcﬁﬂ‘LJuflENGl’E]ﬂ“]f’mﬂﬂml.‘l_l‘uﬂﬁ)ﬂcﬁﬂﬁ)gl,um‘iﬂﬂﬂE]ﬂ‘]jwmkﬂucluﬂ‘izijimﬂ‘l‘i

= ' L] = = a A Y = = = = go 9 1 = =
Wam uaed1d lsnawilsuareaganldlunmsndaneduanfnuadandaiossnnnaraanda

Y o ar i é - - H -
msmna lldedesas 20 - 50 uandan i 18 Faaasnlsuansadandealdlunmsnan
waradnim lUlSeuisunumsnaaneduananueda Tasdoya PLA year 1 uaaeds

NIZUINMSHAAT Cargill Dow 1Hegluilagiiu @l a.a.2001) Tuvnziidoyavos PLA year 5



28

- = L] H ) of ar J
A% Long-term uaasdenszuumianandlomalulad lninmadties 185umanannauly

4 2 a o = o = e 14 ~
awnamamunlsz@nsamlunisndawaduandnuedalvinniiga

160 -
140
120 4

Mdikg
Qo
[

~ = o P = = o o v
am 18 naduaaulsnamdinunlFlunszuiuniseaanedmeiriadiee [6]

14 ] ) v
wenniiweduandnuedaduilunedwes naswanedunadomisoun 1iesen
o dab e d? L] = = [ ) = ) 9
a1ivou laean laaidavulunszuiumstesamematinmiinwndudSnanaanlsnn
[ o 4 o = o i

UITNINIFIUITNINIZUIUAT Feedstocks TuniaTaiududmimeamasin

A A o ' 9 = o aAdd [+ '3 o

il lasiall oth lihwszneldinamsdsznevdunidang uazufaaiiuou lasenluq

famwi 19 uaaenseuivulinamsiamldesimssunszengdunadouveaned

Py = -~ o ] “a S =, H
nandnuoda uazwara@nia il & PLA long-term uaasisneduandnuedaildoinnis

due¥ a1 Filse Tomilumsdansizvinsauanan



14000 T

13030

12000 1

10000 -

4000

Nylon66  HIPS Cellophana™ GPPS PP PETAM PtAyear1 PlAyear5 P

29

= ' [1J 4 o @ 2
AN 19 nduaasmsdaadassmansounszanveaneaosvianiad [6]



=
unn 3

FBnN1INARed
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3.1.1 1A70UNDS JUTUAN (Thermostat)
3.1.2 INT QAN INIA (Vacuum pump)

A o & N
3.1.3 |mgaamanuu (Cooling)
3.1.4 1n50en2u Iiaudou (Hot plate stirrer)

1

3.1.5 91
3.1.6 1AduUAaY 3 Ao
3.1.7 peduicdhmiunauuazdode
3.1.8 11504 Fourier transform infrarcd spectrophotometer 134N Bruker j: H Vertex 70
3.1.9 10304 Nuclear magnetic resonance 1USUN Bruker ';j: U AVANCE 300
3.1.10 1704 Differential scanning calorimeter 151N Perkin Elmer, DSC 7

3.1.11 18504 Gel permeation chromatography 158N Hewlett Packard j:‘u 1100 Serics
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3.2.1 NSAUANAN (Lactic acid, C,H,0,) 91NU3¥N Fluka Analytical ﬁmﬁﬂimaqa
90.08 g/mol ANMUMUMAY 1.21 g/cmj Assay {acidimetric) min. 99.6%

3.2.2 Tin(I1) chloride anhydrous (SnCL) I3 purum; > 97.0% (RT) 9INUTEN Fluka
Analytical 1‘fmfi’ﬂTumqa 189.60 n3us0 U

3.2.3 Titanium(IV} butoxide (TNBT) I03# purum; > 97.0% (gravimetric) NUTHN
Fluka Analytical ﬁymﬁ'nimaf;a 34036 niugis lua

3.2.4 Tin(Il) 2-ethylhexanoate (C,H,,0,Sn ¥38 Tin(lI) octoate (Sn(Oct),) MNUTHN
Sigma 1f1nﬁniumqa 405.11 g/mol AMUHUMNMY 1.251 glem’

3.2.5 laWiiadimes 11031M VWR International Ltd,

3.2.7 Ao 15W031 1N3A Analytical reagent 99.8% 1INUSHN Labscan

3.2.8 WNEIUBA (CH,0H) in5A Commercial 95% NUTHYN Union intarco CO.,LTD.
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f20614 siiadnIalfnsm . gaundl °C) | na (Falng)
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PLA 1 SnCl, 0.05 160 12
PLA 2 SnCl, 0.05 180 12
PLA 3 SnCl, 0.05 200 12
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084 rHaf NN . gamngii °C) | a1 (¥)
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PLA4 SnCl, 0.05 180 8

PLA 2 SnCl, 0.05 180 12
PLAS SnCl, 0.05 180 16
PLAG6 SnCl, 0.05 180 20

PLA 7 SnCl, 0.05 180 24
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a
=l A 1 - oo ar
luauiveiioz 141509 NMR Spectrometer 1 AVANCE 300 ¥93U3HN Bruker 914

ueraalunind 25 lumsAnuIaseadn luanavesasdiedn



37

ANT 25 19599 NMR Spectrometer 'g':u AVANCE 300 9990589 Bruker
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Poly(lactic acid) Preparation by Polycondensation Method

Piyathida Laonuad"z, Nattawut Chaiyutu‘*, Bussarin Ksapabul:rl'2
'Department of Materials Science and Engineering, Faculty of Engineering and Industrial
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University, Bangkok, 10330, Thailand
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Poly(lactic acid),PLA was synthesized by direct condensation polymerization of lactic
acid. Polymerizations was carried out with tin(Il)chloride as a catalyst and diphenyl cther as
solvent. The obtained PLA was characterized by fourier transform infrared spectroscopy (FTIR),
nuclear magnetic resonance ('H NMR), gel permeation chromatography (GPC) and differential
scanning calorimetry (DSC). The effects of reaction temperature and reaction time on molecular
weight of PLLA were investigated. As a result, PLA with molecular weight about 100,000 g/mol
could be achieved at temperature 180-200 in 2 h. It seems that molecular weight of PLA
increased with increasing polymerization temperature. In addition, thermal properties i.e. Tm and
Tg, became decreased as reaction temperature increased. On the other hand, both molecular

weight and thermal properties increased as longer polymerization time proceeded.

Keywords : Poly(lactic acid), Polycondensation, Biopolymer
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The effects of amounts and types of catalysts on polycondensation of lactic acid

Pivathida Laonuad"l, Nattawut Chaiyut"v, Bussarin Ksapabutr"2
‘Department of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology, Silpakom University, Sanamchandra Palace Campus, Nakhon Pathom, 73000,
Thailand
*Center of Excellence for Petroleumn, Petrochemicals and Advanced Materials, Chulalongkorn
University, Bangkok, 10330,Thailand
*Corresponding author : Tel: +66(3)-421-9363, E-mail: nchaiyut@hotmail.com

Poly(lactic acid), PLA was synthecsized by direct condensation of lactic acid.
Polymerizations was carried out with tin(I[) chloride (SnCl), tin(II} 2-cthylhexanoate (Sn(Oct),)
and titanium(IV) butoxide {TNBT) as catalysts and diphenyl ether as solvent. The reaction
condition was fixed at 180°C, 16 h and low pressure. As synthesised PLA were characterized by
fouricr transform infrared spectroscopy (FTIR), nuclear magnetic resonance spectroscopy ('H-
NMR), gel permeation chromatography (GPC) and differential scanning calorimetry (DSC). The
effects of type and amount of the catalysts on PLA characteristics were investigated. The results
from spectroscopic methods confirmed that poly(lactic acid) can be received. Effect of amounts
of tin(Il) chloride (0.05wt%-0.25wt%) on molecular weight of PLLA was measured by GPC. The
highest molecular weight of PLA was obtained by 0.05wt% SnCl, and the molecular weight was
found to decrease with increasing the catalyst concentration. In the case of types of catalysts,
compared at fixed amount of the catalyst at 0.05wt%, the results showed that Sn(Oct), catalyst
provided the highest molecular weight followed by SnCl, and TNBT, respectively. In addition,
thermal properties, i.e. Tg and T, became decreased as catalyst concentration increased. On the
other hand, PLA obtained by Sn(Oct), catalyst showed the lowest thermal properties, when

compared to other catalysts at the same condition.

Keywords : Poly(lactic acid}, Polycondensation, Biopolymer
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