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Abstract

This research aimed to focus on the preparation and properties of degradable plastic
prepared from thermoplastic mung bean starch (TPS) plasticized by glycerol. It was found that
the temperature of 170°C and the speed of 40 rpm were the suitable condition leading the best
physical properties. The TPS specimens were then modified by reinforcing with cotton fibers
and/or by adding with LDPE. It was found that the increase of cotton fibers and LDPE tended to
increase the mechanical properties of TPS specimens. The result also showed that the ratio of 2:1
(cotton : LDPE) exhibited the maximum mechanical properties. Besides, morphological property
of the specimens from Scanning Electron Microscope (SEM) illustrated that cotton fiber was well
distributed and compatible with the TPS matrix. For thermal property, the onset thermal
degradation temperature (T,) shifted to higher temperature by the addition of the cotton fibers.
Furthermore, the TPS with no modification was easily degrade while the specimen with LDPE 40

% wt was the most difficult to degrade.
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m319n 2.6 autiavoaduledhe [14]

Property Evaluation

Shape Fairly uniform in width, 12-20 microns; length varies from 2
to 2V inches; typical length is 78 to 174 inches.

Luster Low

Tenacity (strength)

« Dry

. Wet 3.0-5.0 g/d
3.3-6.0 g/d

Resiliency Low

Density 1.54-1.56 g/em’

Moisture absorption

» raw:conditioned

saturation mercerized:

» conditioned

* saturation
Dimensional stability
Resistance to

* acids

« alkalies

* organic solvents
* sunlight

* microorganisms
» insects

Thermal reactions
* to heat

* to flame

8.5%
15-25%
8.5-10.3%

Good

damage, weaken fibers

resistant; no harmful effects

high resistance to most

Prolonged exposure weakens fibers

Mildew and rot-producing bacteria damage fibers

Silverfish damage fibers

Decomposes after prolonged exposure to temperatures of 150 °

C or overburns readily
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QaUM4ING?A (Critical temperatures)
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warad lwiayes (Plasticizer) NHAR 0T UTANIINIEAIN (Mechanical  property) ANTANI
s

Ausou (Thermal property) uazﬁuﬁ'ﬁlumﬁ@ﬂcﬁuﬁw (Water-absorption  property) Y93

o a o c @ 3 1 I '
L‘i’l@‘iiu‘ﬂﬂ'lﬁﬁﬂﬂ@ni‘]f (Thermoplastic starch) ﬁ"m‘i‘um‘imn’dauuu%meamﬂu 2 ngy

b
= A

1 = o a J A =) = = o T
dU A8 ﬂfliluiﬂl‘].lHW]'E)iTNWﬁ']’ﬂ'ﬁlﬂ’cTﬂ'I'i“lfﬂkliJiJﬂ']ﬂﬂllWﬁ']ﬁﬁUhﬂ“]f'ﬂﬁ LUagnguNTo

Be

g o a ¢ Aa s a Pl a g aw
wilumes luwanafnan15snin1sauwared lases laswaiad Lo sn 19 uauide

e tet

=

UsznovdreTulu'lensondGalioanoaoa (Monohydroxy — aleohol) tae lnanoani

=n

O

@

vimiin Tuanags (High molecular - weight . glycol) Ysinaumazszinnysanarad lanwes

¥ wa A

liisinadennuluwdn (Crystallinity) 49398798149 ialidnswanoayiAFIna (Mechanical

v '
] A A

o = A as A = Y A =
property) Y99NO5 IUNAIAAN 11 2 HUINIINAINU AD VAR AL NUB NN 1TIAY

= o P=1 o Yy o A =1 =y = J
waad ks uaziinavin 1iud e luiinsaunand lyeres



Unti 3
sy o =y X7
IEMIAUHUNUIY

3.1 m5nl

& A g) A w a w a o d o o o
1. uilagu@ennsiduau siaaaunils 91nUsSEn ansiun 91na oenlsznouves

4 a =
LLﬂQﬂULﬂIU’JLLﬂﬂﬁﬁluﬂ’l‘iNﬂ 3.1

M3190 3.1 psadlsznoumandueudlsdulea [11]

paf1lszneu $ouny
—T 9.49
a3 lu'lansn 3.20
Tsau 22.26
lasiug 0.33
dule 0.53
1 3.20
YSnmeziilag 37.90
PSuaez i lamnwniiu _ 62.10
5'14“1 0.9

2. NADTOA (Glycerol) INTAMNIAT NNVTHN Lab System
3. NIAAAYTN 9INVTEN Lab System

4. dulodhe

3190 3.2 autiana lveadulethe

autiana Wiy amn'ld
AN (L) mm 5
i§urgUINaIN(D) um 1

L/D ratio - 500:1




5. WOALDNAUYHANMUNUUIUUA (Low Density Polyethylene, LDPE)

audAvesnwednausiaaNuuuaaadluasean 3.2

M3197 3.3 AUTAVDINDADNAUSLAAMIUNUMUUAT 1N5A LD190SE

21005850 Ine Indenau $1da
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il Wi A 14 Fmsnaaou
031013 lia (Melt flow rate) g/ 10 min 59 ASTM D1238
AMUHUY (Density) g/cm’ 0.919 ASTM D 1505
1ANABUINA T (Melting point) °C 110 ASTM D 2117

winemg Yeyannusindnan

v
G

6. 1NUFa lau (Silicone oil)

3.2 ginsal
1. I3 panAiAINS 2G4 (High-speed mixer)
2. 1A 0enANsEUITA (Infernal mixer)
3 Lﬂ?ﬂﬂgﬂﬁugﬂ (Compression Molding)
4. m?mmaaumuﬂﬂizmﬁ (Universal Testing Machine)
5. m?mmﬁﬂummu%‘mﬂ (Durometer Hardness (1111 Shore A)
6. 1n3oeFaazBua (Ao 2 i)
7. uruilazegiitisy (Aluminium Foil)

1a o a a
8. HUWUNY U 2 Uaaluag
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3.4 M Inamey

3.4.1 MInareuaNIiABINg

MM SNATDUANTAAIS MVIIATT I ATN13199 3.4

i - wa a a ¢ A
M0 35 u1asgvn lslumsnaaeurudAEenavesnes lunaaanamsyimson 1a

[25,26]
auia mmgmﬁ’h’fmﬁau s
115979 (Load) ASTM D 638 N
AR (Stress at max load) ASTM D 638 MPa
M@ﬂﬁﬁ (Young’s modulus, E) ASTM D 638 MPa
mMIfDa (Extention at max load) ASTM D 638 mm
ANUASHA (% Strain at max load) ASTM D 638 %

ANMULTINA (Hardness) ASTM D 2240 Shore A
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3.4.1.1 #3979 AINAY NegdT NMIANEA LAZANNIATEA

MMInaeeudlunTeInaaeUaNUALTINa (Universal Testing Machine) 1A8%11n13
9/ L '
@ 9/ a
NATBUATUNINTFIU ASTM D 638 Wiousialdlilsunsy WINDAP suaudldlunisnadeu
@ ar d o c? v ° cgJ H
wildnsavilugddunad S0 10 Fuaw Ao 1 gas Taeiin1snIuquan1ILvoITUIIUA

{ a f w w  d o d.y
vz ldmadeu Nigungd 23 ssrnwaiFod LazANUFUTURNT 60%NATOUAINTNIIZAII]

Test speed 40 mm/min
Gauge length 25 mm
Load cell : 100 N

AUBATH LAZANUATYA Az oA Ay ineunTsse 1y
uﬂﬂﬁﬁ (Young’s modulus, E) = ( F/A) / [(L-L)/L,]
AUIATYA (% Strain at max load) = [(L-L)/L,] * 100
il F Ao ussilFsdasuasiiethe (V)
A fio RN Aaves T IR (mm)
L Ap sgﬂxﬁNizﬁﬁ'm;ﬂﬁawﬂwﬁﬂﬁ’lmsﬁaﬁﬂgumuﬁaazin (mm)

= =

3/ 1 ¥ T
L, i szorAidunudegnuiigauas inuinshan vy iuiu (mm)

3.4.1.2 ANNNIINA (Hardness)

[ (=1 g =

JAANVUTIVDITUIIM ATWWIATFIY. ASTM D 2440 A28 Durometer Hardness %19
1 F2 v

Shore A lagdiog1anldmadonazdselinnuruIeeaioy % 17 150 0.25 117 Mnsnadeu

1 < r T o [ 1 i o [ 1 1
WA MULTIS INARIBE1982 10 99 Mnadmsus A Nuniena ogluge 0-100 Taos1

= A = ' a3 A 2 o A <
ANUUTINA 0 A ANUUTINAVBIVDAKDI LUAZATANLUAUING 100 ADANUUUIVOITHATILU

110 lguaa 15y nszan

3.4.2.mMINATRUTUGIHINN

da d 1 ” 5
Ad899aNITAIDIANATOULUUHDINTIA (Scanning electron microscope, SEM)14 14
Y] 3 = = o ﬁhc" N 3 @ 1 a

AsfnydnaE A wedmeTNgung il (Cryogenic fracture) Msias uda08190 14

F ¥
TasihyuanudlettauinsluluTnsiaumad (Liquid nitrogen) Uagin1swWniun naaa1niiuy
° A P o W A ' ° = o B
innadsudenoaaziinduases SEM ao 1 TasshinisAnyinmsnszaedveadulonas

= = =Y 1 u' o = d
weamwﬁuﬂmﬂmmﬁmuuuﬂﬂumﬂsTuwmﬁmﬂﬁmw
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3.4.3 MInAgeLaNDTANIANNTOU

= aa 9 o ; s o
ANHIYUNHULTUAUNITADIA (Onset degradation temperature) uazilasirudnmsanay

Y

v
=

v v
ﬁlﬂﬂﬁ’mﬁﬂﬁqmﬁgﬁh UAUMTARIAD (% weight loss at onset degradation temperature)U®4
o o I3 o = = 4 . .
mm‘Tuwmmﬂﬁmﬂﬁ:}ﬂmaﬂumnmmmmm%wm (Thermogravimetric analyzer,
o ) a 1 A A ow o a 4 4
TGA) 114 TasFeaasalenadszuin 16 Tadnsu udnhundmszralunios TGA Taold
:{ = cx:} 9) 1 1
ussermialulasiou (N,)  fanzlunisvaden Ae guugiinldegluras 50-600
= A o 2 a < = = a A 9
DR UFALTYE 1Az UDNTINTNUYUNYI (Heating rate) 110 3R usaifoa/ini  Wola
o L L o w d o " . Y o
TGA w93 luunsuud e iieyWusvounas Junnsy (Derivative  thermogram) lauilu

DTG

3.4.4.MInageumsteaaaalnen1siagy 27]

o w 4 [~ = A A oA o =
andaghdsinsneaoniuglamdeuiiudivuie 20 x50 Hadwas HaluAudn
=Y dglJ = 3/ ] (] s, 1
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=g
U399
v
FUNATOL Load
N)
Pure 193 lUNANAANAAISY 140 °C/50 rpm 7.1440.98
o =y o 9t
mas lunaradnaas s-wdu lode 5% 7.86+2.41
w3 luwaraandarss+dulethe 10% 8.6542.87
mod Tunaraanaamss-aulofhe 15% 8.0543.02
M3 JUNWATANAA3 3+LDPE 10% 4.71+1.07
W03 WA AANANSH+LDPE 20% 5.86+1.57
W93 lunaaAnNasNS ¥+ LDPE 30% 6.16=1.94
a3 luwaaAnaaIs ¥+LDPE 40% 9.23+2.48
o = 'l (7]
Mos maiadnanisyel:l idulede.DPE 2.69+0.78
Pe a o 3/
Me3 lunwarannaaisw+1:2 1dulefhe:LDPE 18:75£1.32
M3 lunatadnan1ss+2:1 1du lothe:LDPE 16.00+1.36
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ANMAY
3
FUNAaOU Stress at max load
(MPa)
Pure 107 IUWAAANAATTYS 140 °C/50 rpm 0.55+0.11
o a 4 9
moes luwanaanaasyrduleihe 5% 0.53+0.13
o =y o oy
ma3 luwaaanaas y-+dulethe 10% 0.55+0.10
o = o £
w3 luwanadnaasyoduleihe 15% 0.400.12
Mos Tuwaaana 155+ LDPE 10% 0.38+0.07
N3 lUWaIaAN a3 $+LDPE 20% 0.48+0.07
03 TUWa1ANTATS %+ LDPE 30% 0.530.09
o3 luwatafnda1s s+LDPE 40% 0.70£0.16
o a 4 9
mos luwaraanaasa-+1:1 1§ lefhe:LDPE 0.28+0.22
o = o s/
mos lwaraanaasas+1:2 1iduletheL.DPE 0,97+0.31
mos lunaaanaasv+2:1 1dulofhe:LDPE 1.3940.29
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FUNATOL Extension at max load
(mm)

Pure N85 lUWAaANTAISY 140 °C/50 rpm 8.36+0.72
moes luwaraanamsy+dulothe 5% 5.39+0.99

o =S d 9
moas luwaaanaas y-rduleihe 10% 2.79+0.28

o =y 4 9
moes luwaaanaas s-+dulethe 15% 1.68+0.56
mos lunaaanaa1s¥+LDPE 10% 432+1.16
o3 luwaaandas ¥+LDPE 20% 3.04+1.25
o3 WA aANEA1S ¥+LDPE 30% 2.24+0.59
o3 IUNaIaRNaA 15 ¥+ LDPE 40% 1.89+0.48
moes luwaaanaaisy+1:1 1@y lethe.LDPE 3.18+0.10

o = 4 9
mas waaanan1sa-+1:2 iqulefhe:LDPE 3,84+0.50
mos lunaraaneaiss+2:1 1dulefho.LDPE 4,240.49
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ANATLA
3
FUNAaoL Stain at max load (%)
Pure (1035 LuWaa@naenssy 140 °C/50 pm 13.67+0.97
o a 4 3
mod lunaradnaasyrduleihe 5% 6.12+1.43
mos lunaraanaasyrdulodhe 10% 3.59+0.29
wos luwanadnaass-+duledhe 15% 2.63+0.56
Wo$ Junaaanda1s ¥+LDPE 10% 6.94+0.69
Me3 lunaafnda1ss+LDPE 20% 5.29+1.41
M3 luwaadnaas s+LDPE 30% 3.00+0.82
o3 IUNaIaaA TS ¥+ LDPE 40% 2.77+0.86
o = o gl
mos Tunangdnaaise+1-1 1du lethe:LDPE 32542 67
o a & v
moes luwaadnamss+1:2 dulefhe:LDPE 10.17+3.08
mos lunwaraananisy2:1 dulethe:1.DPE 13,5242 24
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weqaw
4
FUNATDY Modulus
(MPa)
Pure (03 JUNAAANTAITY 140 °C/50 rpm 2.20+0.33
med lunanaanaass--dulothe 5% 4.39+1.87
o a o g/
mos luwaraandas s-dulothe 10% 8.7742.29
o Y -4 g/
wos lunanaanamss+dulethe 15% 5.66+2.41
Mo3 lunaaAnan1s ¥+LDPE 10% 3.58+1.93
moes lunaaanas1s%+LDPE 20% 5.80:£0.99
o$ luNaIa@naes 3+LDPE 30% 9.95+1.96
o3 TN IEANEAS ¥+ LDPE 40% 18.0242.57
o a o 9/
mos luwanaanassyr1:1 tdulefhe:LDPE 4.02+1.77
o = o 9
mos lwnalaandesy+1:2 dulefhe L DPE 7:81£2.10
o = o 9
w3 lunarganaarse+2:1 ulethe:LDPE 15.2243.12
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ANNUTINA
3
FUNAADL Hardness
(Shore A)
Pure 19193 TUNaAANAAITYS 140 °C/50 rpm 44.90+2.33
mos luwaradnaasa-+dulothe 5% 61.80+3.74
o = 4 3
mos lunanaanaais s-+dulodhs 10% 67.3043.49
o a o 3/
mos luwamadnaass+dulodhe 15% 65.70+3.34
W3 luwa1aanda1s ¥-+LDPE 10% 49.10+1.51
mos luna1aAnaa s F+LDPE 20% 64.30+1.77
M3 JuNa1aAnan1s $+LDPE 30% 75.70+1.89
mos Junaaanaas s+ LDPE 40% 81.10£3.18
mes lunaganamsy+1:1 1dulothy: L DPE 54.00+2.55
o a L4 [
Mes Junaiaanan1sy+1:2 1dulore:LDPE 58.1042.73
moed lunargananisee2:1 idulothe: LDPE 64:0042.49
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shwiinfin/aeunlas (03)

$uit | Pure Cotton Fiber LDPE Cotton : LDPE
5% 15% | 20% | 40% 1:1 12 | 21
0 .59 | 2.83 3.01 2.74 2.78 287 3.03 3.24
1 4.14 3.22 3.52 3.24 3.04 3.23 3.76 3.85
5 4.18 553 3.53 e 3.06 399 378 3.81
3 4.15 3.24 3.51 323, 1 , 3.21 3.26 3.58 3.74
4 4.16 3.25 3.42 3.24 3.22 3.5 3.61 3.69
5 4.08 3.18 3.41 e 3.24 3.24 3.53 3.68
6 3.82 3.11 3.32 3.18 3.23 3.22 3.52 3.71
7 3.35 3.06 334 3.15 3.25 3.23 3.51 3.72
8 3.51 3.02 3.38 3.09 3.24 321 3.49 3.64
9 1.72 3.01 3.41 2.98 3.12 3.15 3.45 3.63
10 1.83 2.99 3.43 2.92 3.13 3.14 341 3.62
11 0.93 2.92 3.32 2.84 3.05 3.05 3.32 3.52
12 ’ 2.91 3.23 2.77 3.09 3.03 3.26 3.42
13 . 2.89 3.28 2.5 3.08 3.05 3.28 3.44
14 > 2.85 3.24 258 3.08 3.03 3.28 3.45
15 - 2.84 3.24 2.69 3.05 3.01 3.25 3.44
16 s 2.85 397 1.86 3.06 3.02 3.27 3.42
17 - 2.75 3.17 1.81 3.06 2.97 3.24 3.36
18 - 2.74 3.15 1.79 2.99 2.97 3.25 2.8
19 - 2.71 3.13 1.76 3.05 2.87 3.27 2.82
20 - 2.67 3.11 1.74 3.01 2.85 3.17 2.81
21 - 2.67 3.08 1.71 2.97 2.82 3.16 2.79




103

shwinfiaeuas (153)
Suit Pure Cotton Fiber LDPE Cotton : LDPE

5% | 15% | 20% | 40% 1:1 1:2 2:1
9 - 254 | 3.04 1.69 2.98 2.78 3.09 2.62
23 . 251 | 3.04 1.7 2.96 2.76 3.02 2.62
24 . 252 | 2.94 1.72 2.95 272 3.03 2.55
25 - 249 | 2.88 1.63 288 2.63 2.95 2.49
26 : 247 |28 1.58 2.82 2.59 2.91 2.37
27 - 221 | 2.3 1.59 2.85 261 2.89 2.42
28 £ 248 1285 1.61 2.89 2.57 2.88 2.39






