31

311

3.1.2

3.1.3

3.1.4

3.2

321

Natureworks®

3.2.2

Mitsubishi

3.2.3

3.2.4

GPS)

3.2.5

3.2.6

(PolyOactic acid), PLA))

PLA Polymer 4043D

1= (Poly(butylene succinate, PBS) AZ91TN

(Organoclay) Cloisite30B

(Ethyl alcohol)

(Propyl alcohol)

Southern clay

((Glycidoxypropyltrimethoxy

(

AR

AR

)

vu

silane,



3.3
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331 (Hopper dryers) SHINI® plastics technologies  SHD-100T

3.3.2 Mettler Toledo AB204-S/FACT

3.3.3 ‘ (twin screw extruder) Labtech engineering

company LTE-26-44

3.34 (pelletizer cutting machine) Labtech engineering

company  LZ-120/vs

3.35 ! (co-extruder) Labtech engineering company

3.3.6 ' , (chill roll casting) Labtech engineering company

LCR-300HDCO-EX

3.37 ' " (thermogravimetric analysis, TGA) Mettler

Toledo  TGA/SDTA8516

3.3.8 * (differential scanning calorimetry,

DSC) Netzsch 204 FL

3.3.9 (melt flow index) A dynisco company
7053

3.3.10 " (universal testing machine) LLOYD

LR100K

3311 (scanning electron microscope,

SEM)  Jeol  JSM 648
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3.3.12 (thickness gage) Mitsutoyo corporation
4D-12
34
34.1 (twice functionalized organoclay, TFC)
((glycidoxypropyl)trimethoxysilane, GPS)
(90% )/ (10%wt) pH 4.0
4 70°c
8
50°c 48 [26]
3.4.2
34.21 (middle layer)
(PLA) 1
, (twin  screw extruder) Labtech
engineering company LTE-26-44 31 3.1-32
33
(pelletizer cutting machine) Labtech engineering

company  LZ-120/vs
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31 '

LTE-26-44

31

PLA100

PLA75/PBS25

PLA50/PBS50

PLA25/PBS75

PBS100

(twin screw extruder)

PLA (Wt%)

100

75

50

25

Labtech engineering company

PBS (Wt%)

25
50
75

100



3.2

PLA (wt%) PBS (wWt%) Organoclay (phr)

PLA100/MMTO0.5 100 0 0.5
PLA75/PBS25/MMTO0.5 75 25 0.5

PLA50/PBS50/MMTO0.5 50 50 0.5

PLA25/PBS75/MMTO0.5 25 75 0.5

PBS100/MMTO0.5 0 100 0.5
PLA100/MMT1 100 0 1
PLA75/PBS25/MMT1 75 25 1
PLA50/PBS50/MMT1 50 50 1
PLA25/PBS75/MMT1 25 75 1

PBS100/MMT1 0 100 1



3.3

(Zone)

10

die

(temperature°C)

175

175

180

180

190

190

190

190

190

195

195

60

40
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3.4.22 " ' (pelletizer cutting

machine) Labtech engineering company  LZ-120/vs 3.2

3.2 (pelletizer cutting machine) Labtech engineering

company  LZ-120/vs

343
(co-
extruder) (chill roll casting) Labtech engineering
company LCR-300HDCO-EX 33

34

0.20-0.25
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PLA

PLA/PBS

PBS

PLA/IMMT

PLA/PBS/MMT

PBS/MMT

P/75-25/P

P/50-50/P

P/25-75/P

P/PBS/P

P/75-25-0.5/P

P/50-50-0.5/P

P/25-75-0.5/P

P/PBS-0.5/P

P/75-25-1/P

PLA

PLA/PBS

PBS

PLA/IMMT

PLA/PBS/MMT

PBS/MMT

PLA

PLA

PLA

PLA

PLA

PLA

PLA

PLA

PLA

PLA75/PBS25

PLA50/PBS50

PLA25/PBS75

PBS100

PLA75/PBS25/MMTO0.5

PLA50/PBS50/MMTO0.5

PLA25/PBS75/MMTO0.5

PBS100/MMTO0.5

PLA75/PBS25/MMT1

PLA

PLA

PLA

PLA

PLA

PLA

PLA

PLA

PLA

42
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1 2 3
P/50-50-1/P PLA PLA50/PBS50/MMT1 PLA
P/25-75-1/P PLA PLA25/PBS75/MMT1 PLA
P/PBS-1/P PLA PBS100/MMT1 PLA

3.3 (chill roll casting) Labtech engineering company  LCR-

300HDCO-EX

(chill roll casting) 35 3.6



35

die

44

(temperature°C)

PLA/PBS

150

160

170

175

180

190

50



3.6

die

PLA
3
(temperature°C)
Extruder A Extruder
PLA PLA/PBS/MMT
160 150
165 155
170 160
175 165
180 170
190 170
50 50

45
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3.4.3

3431

34311 ' (thermogravimetric analysis, TGA)
Mettler ~ Toledo TGA/SDTA851e ' '
34
(degradation temperature, Td)
8-10

50 1000 20

20

34 ' (thermogravimetric analysis, TGA) Mettler Toledo

TGA/SDTAS851e
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3.4.3.1.2 , (differential scanning

calorimetry, DSC) Netzsch 204 FL '

35
(glass transition temperature, Tg) (melting
temperature, TJ (crystallization temperature, Tc)
7-10 -50 250

20

20

35 (differential scanning calorimetry, DSC)

Netzsch 204 F1

(%crystalline) = —  x 100

AhlrE measured melt enthalpy for PLA of blends

A h°ite melt enthalpy for 100% crystallized PLA



48

3.4.3.2 (melt flow index)

(melt flow index)

A dynisco company 7053 ASTM D1238

3.6

3.6 (melt flow index) A dynisco company
7053
344
3441
34.4.1.1 (tensile properties)
(tensile strength) £ (elongation at break)
(tensile modulus) ASTM D882 15
15 0.20 - 0.25

(universal testing machine)  LLOYD  LR100K
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3.7

load cell 1 50

3.7 (universal testing machine) LLOYD LR100K
3.4.4.4.2 (tear strength)
ASTM D1938 1 3,
0.20 - 0.25 (universal testing
machine) LLOYD LF plus
38 load cell 50

250



a i - f Q g '
gﬂ'/l 3.8 1ATRINARDUDIUNLTEEIA (universal testing machine) 299 LLOYD TULF plus

3.44.2

ASTM F 1249-06
38°c 90% : Water vapor permeation tester
MOCON PERMATRAN-W ® 3/33

3.9

3.9 MOCON PERMATRAN-W ® 3/33

50



o)l

3443
ASTM D3985-05
23 °c 1 0% ' Oxygen permeation tester SYSTECH lllinois
8000
3.10
3.10 SYSTECH lllinois 8000
3444
(Scanning
Electron Microscope, SEM) Jeol JSM 6480
311 ! '
1.5 4,300
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311 (Scanning Electron Microscope, SEM)

Jeol JSM 6480
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