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Special Project Title A Study of Processing Technique Of Cassava Starch Graft
Copolymer (1)
Name Miss Tanomlarp Tempongporjit

Mr. Pornsak Lersaktanakon

Special Project Advisors Assist.Prof.Dr.Niphon Wongwisetsirikun
Department Chemistry
Academic Year 1998

Abstract

This special project aims to study the optimum formulation and condition and sequences of
mixing and compression process of cassava starch grafted copolymer with styrene and butyl
acrylate to produce plastic foam. The grafted starch was prepared by emulsion polymerization with
potassium persulfate as an initiator. The grafted starch was mixed with low density polyethylene and
ethylene vinyl acetate which has the amount of vinyl acetate 18 percent

The results showed that the optimum formulation was as follows : the amount of grafted
starch was not more than 35 phr and starch’s moisture was not exceed 1.66 percent with addition of
stearic acid 3.1 phr, zinc oxide 2.2 phr, blowing agents 2.8 phr, dicumyl peroxide 0.8 phr and
polyethylene wax 2 phr , respectively.The mixing sequences in two-rolls-mill were as follows :
added grafted starch for the beginning , added polyethylene , ethylene vinyl acetate , stearic acid ,
zinc oxide and polyethylene waxes at 4 minutes , then added blowing agent and dicumyl peroxide at
8 minutes and finally removed the compounding from two rolls mill at 12 minutes.The optimum
conditions of hot compression molding were used pressure at 150 kg/cm2 , temperature at 160
degree celcious and time for hot compression was 7 minutes for mold size of 12X18X0.5

centimeters and 18 minutes for mold size of 18X28X1.5 centimeters , respectively.
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FE A aa
- YrlawodiefiauyIwaana1 lunswangas
- msiveuToeladlanleseonlud (DCP ) WumsiFonTos ( Curing Agent ) ¥t
' E4
17 T 1dnmsudsgl SadadudiuuriuTvu 1888y Ty luiguda

[] E 4 ¥
nszvaumsilFlumsulssiduTviniuiivawds Wy aszuaumssadugy

«

=

v
( Compression Molding ) ﬂ‘i::iJ’Juﬂ'liﬁﬂﬁug‘lJ ( Injection Molding )  NILUVIUNTOATA
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2.4.2 Tuwod Tomily ( Polyolefin Foam )
TuwedTenluuteen 18y 2 siiafe wilannumuuiugr ( Low Density )
sz 25 - 250 kg/m’ HazIAAINHUWNUGS ( High Density ) 1520184 250 — 700 kg/m’
TWunedTemitudauIvgjozshnin wedieRfusianumununiud ( Low Density
Polyethylene, LDPE ) ®103im3 1% Ianedmesivu eiiaulfiaozSina ( Ethylene Vinyl Acetate |
EVA ) iieriuautaveslvy AneABNAUFUAANUMUMUUGY ( High Density
Polyethylene, HDPE ) ﬁu'lﬁﬁan“l%’ uaﬂmﬂﬁymumﬂﬂzwﬁm1ﬂwaﬁmﬁﬁwﬁﬁﬂm1wmuﬁu

AuFadu ( Linear Low Density Polyethylene , LLDPE ) fc’{lvlﬁl
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15. ladafanleseenlesa (DCP)
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o ~ d o ‘ o [ 1 = 4 a aa Y
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9 aaa d'
2, ﬂﬂﬂﬂgﬂiﬂ1!lﬂﬂﬁﬂﬂ
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5. galimalulasiau
4' 9 [ =1 4 1
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7. niod§Ase1vuuia 200 aas

8. maegiiiioy
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9. devFeunvuauiou
4 a J a a 4
10. 1n5eeyToesnsuanesy sulsusaanln Insiines (FT-IR )
11. in3esaviesuGeadunuiunassiimes (DSC)
4w &
12. 1A3097AANUTY
v £ 4
13. m?awwwammuamqﬂﬂm ( Two Rolls Mill )
[ 3
14. Lﬂ?aﬁﬂﬁugﬂ’s’au( Hot Compression Molding )
] v
15. 1AT0eHUl0 THy
16. NdvIganssal
A [ < I
17. 1A3833ANVUYAIUVYDIY ( Shore C)
18: 1A3093AR AT UNE
19. 1A3993A AANUNUNIUADAITTAY

A o =2
20. ATNNATBUANUMUULITIAY
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2, ﬂ'lfﬂlﬂi'la‘/’?’illﬂ\?ﬂi'lww TﬂW@ﬁli’aiﬁﬁ'ﬂﬂTl&’?’ﬂ@

a & A 4
2.1 msmfSunavediitlueed/seney (% Solid Content )
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e w i v o
ﬂ'lllﬂﬂﬂ@!;lﬂﬂﬂﬂ NITDVUNNDANTTUN

vy ]
satiunnimiinneusuaz vasa Uil 1Uf 11211 % Solid Content

v
o

% Solid Content = 1 IHUNNBUDY x 100
v

UIHUNH AU

2.2 015U % Conversion

v

v v
Wmiinvanuavesasn e lumsdunsie = 2369.53 Ny

:’ Y] g A [
UINUNUBDIUUIN 0 % Conversion = 182.24 ATY

:’ @ [

1111 AUBIVIN 100 % Conversion = 380.37 ATU

% Solid Content 1 0 % Conversion = 182.24 x 100 = 7.691 %

2369.53
% Solid Content 100 % Conversion = 380.37 x 100 =16.053 %
2369.53
% Conversion = % Solid Content 11118 - 7.691 x 100
8.362

a 4 ! a
2.3 ﬂ753!F757a‘:11H'lﬂ’l@ﬂlﬁgﬂﬁ’ﬂ‘l?a‘:ﬂﬁy‘lﬂlﬁ?ﬂ ( Glass transition temperature , r.)
o a 1 1 o o o AW 9 a Y d' a
UTWEJﬂliJE)’i‘i'JiJ!L‘UUﬁﬂﬂlﬂ\illﬂ\iuuﬂ'lﬂz‘Hﬁ\i‘l’lﬁ\ilﬂﬂzﬂﬂlﬂn'I’Jlﬂﬂ%ﬂﬂ’mlﬂi@ﬂﬂﬂ
= a aa .4 4 ] a
WoIsUITAAUAUHUIAADT UIADT ( Differential Scanning Caloremeter ) FIYUHYY 30 — 200

a8 a £y Y = 1 [
BAFAITE N TATINTIHANUIBU 10 DIRUATETADUIN
a o ] oo
2.4 MINATIHMINY TN TU
0 a 1 1 v o @ a Y A a 4
ihnefwessauuuasveutlaiudnlznas nTmsziaruniesioosnaue

Wosy dususaaln Insiiwos (FT-IR)

o s a L U L) o ]
3. ﬂ'liﬂ'\ﬂﬂi'la‘fﬂW@ﬁ!llEJ55?3JUU1]¢76‘U@J!!77\111UZT71/3WZN (Batch 774@1)

[ v
$insnaasaniouds 1 uamvvuadunauianuady 30 mh Taeilunde

U Aseuuna 200 das 1dIMA1 % Solid Content 118 % Conversion
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13190 3.1 M nueassandugasaaun ¥ lumsfnynavesdandunodwes

= 1 [ 4?’ £
4. ﬁ'ﬂy7q’¢lﬂlﬁ§fﬁ’ﬂ7?a‘fﬁ7\7‘7 711ﬂ5$1]?1!ﬂ758¢7‘l]1l§1]58u

@ 1 a Pt
4.1 anywawaqamvmuwaamain?9?'

qash 1 2 3 4 5 6 7 8 9
asnl
utlnsmnlane 450 g 225 g 225¢ 180 g 135g | 1575g| 90¢g 150 g =
awes
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nIAAIALSA l4¢g l4 g 14 ¢ l4g l4¢g l4¢g 14 ¢ l4g l4¢
ZnO 10g 10g 10g 10g 10g 10g 10g 10g 10g
AZ 13¢g 13 g 13 g 13¢ 13¢g 13 g 13¢ 13g 13¢g
DCP 45¢g 45¢g 45¢g 45¢g 45¢g 45¢g 45¢g 45¢g 45¢g

1) ) v
annzildlunsnaudlenIenaungssannaa:

4 z 2d ¢
ﬂ’JHJ‘I)'u‘UENLLﬁQﬂi’W\h’I 1.66 losiFua

QI I=3

g
o { =% v 4 a I'd
saumsway 1 0w lautlnsvinlaneames

Y
aMgivesganaaniuaznas 100, 110 ssruaaidva aud ey

1 4w 1d LDPE , EVA 18% , ZnO uaznsadifgsn

7 8 1 la DCP tay AZ

v

1 12 wifi hgaswauesn udni lidadugilSeu

Hq 9 @ tg b4
annzildlunmsdavugiliou:
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v )
i unseada 100 nSY

4

g i1y 160 esruraiTe

anudunly 150 AlansudemsusuAmAT
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ra o { o gy
4.2 AnymavesyiaveumAilazIa R 19 Tumssaiiugy/ou

A131991 3.2 M Nuaasandugaswaui 1K lunsfavmavesvinamiiuiuas

Hq v @ d? v
na1nldlumsdadugiliou

GRFIGH v
uflansvian lanedwes 1350 g
LDPE 1350 g
EVA 18% 1350 g
ATAIALIA 126 g
ZnO : 90g
AZ 117 g
DCP 40.5 g

] [ 4
anazhlslumsnaudruniewauuuuaesannds:
g ¢ 2 d o
anuduvesuilans i 1.66 wlosidud
v
N IYeIgNAAMIILAZIES 100, 110 osruwaiFod audiey

[

Saumsmay 9 0w laudsns i Taneawes

=h.

4 W 1d LDPE , EVA 18% , ZnO lasnIadifassn
8 w19 1a DCP ay AZ

=h.

[] Y
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a 9 [V r_‘%‘ 9 ) [ 1Ta d =
anznlslumsenyugilfeu dmsuminuiuma 12 x 18x 0.5 IWuAWAS:

v )
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{ [ g ) o ta d a
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a 4
4.3 ﬁﬂy'lwﬁ‘llﬂdﬂﬂ'lll‘ﬁ’du‘llﬂﬂllﬂ\]ﬂ‘i'lﬂlﬁTFIWE’Z?UJE??

] [ v
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g s d
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maumsway 1 0w laudlsasvinlaneawes

]
=
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4.4 HavOId 1AL IuMSHAUGASAIUNTOIAUIY A DIgNNAY
v v
HaugasNMIeh 3.3 Tagldanizdail

Hq v ) A g
frfmz°n‘l‘v“lumswauﬂaﬂlﬂsmwauuunﬁmgﬂﬂm:
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ZnO LASNTANIAYITN

7 8w ld DCP 1az AZ

] 14
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4.6 ANV WAV ITTIOH TN

M350 3.5 M nudasensdugaswauilflunsammavesmssronay

qasi 1 2 3 4
GRFIGEY
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ﬂ'J‘]ﬁJ%u‘U@QllﬂQﬂi’l’Nﬂ 1.66 !ﬂ'ﬁ]ﬁl“]ﬂlﬂ
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5. msoadugySowtluIny
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6.1 Msmmauseansnisveresa ( Expansion Rate )
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Jannunhaveariu T Idud s nnamadulseansmsveeia 18
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[ I~1
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3
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6.7 MsmANeTIGUANTHAR (% Shrinkage )
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v a

Yt a o 1 Y Y
ﬁﬂ‘nu\‘nuiﬁmmmﬂizmm IS5 x 10 FUMNAT IAAIANNNIN ANVYNUALITY

v ] v 0
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na1 30 Wi Jaanuniie anvenuazdunuadnns

% Shrinkage = YU1ANBUBY — YUIANEIDY x 100
VUIANBUDY

6.8 MTMIMANUNUNIUTB9INAITIAY ( Abrasion Loss , DIN)
Ed [ v
daguauilugihanausedl 15 wufnng 1t 3 wufoes Sohmtaudniudio
0 : 4 [ 1 4 v Y o :’ v z
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4.3.6 AANUAWSUNIL ( Specific Gravity )
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1 4
4.3.7 ATIRAVIATENINUTBYDIIAR ( Split Tear Strength )
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J < g (4 Y .
4.3.8 ﬂ'lli]@il"ﬁuﬂﬂ'ﬁﬂﬂﬁ? (% Shrinkage )
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4.39 fhmmwummﬁawmms‘ﬁ'ﬂg ( Abrasion Loss )
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Themoplastic

Themoset

Adhesive Strength ( kg/cm )
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MINT 4.11 msnadantifanguesTvui g

Sas1dIUNe AT ﬁ‘h’f (%) Expansion | Hardness | Tensile Str. [% Elongationy Tear Str. | Split Tear | Spacific Abrasion |% Shrinkage
qaIn utlanslf|  LDPE EVA 18 % Rate (Shore C) | kg/cm”2 kg/cm kg /cm Gravity cc/ loss
1 35 45 20 1.93 62-64 12578 58.2 12.19. 1.08 0.174 0.0972 1.73
2 20 70 10 1.87 66-68 12.68 67.4 12.04 0.97 0.123 0.1146 1.29
3 33 33 33 2.08 56-58 11.36 111.7 10.83 1.37 0.194 0.0869 1.84
4 = 50 50 2:17 36-38 10.21 295 9.06 1.65 0.099 0.0248 1.03

A15190 4.12 asalSsufevainnuudasslunstafavesruin 14

AMsdaaa (kg /cm)

qnsfildmadou AMmes lunaradn ames Tuize
qas 3+qn3 3 1.49 1.81
qns 3 +qas 4 2.05 2.45
qAT 4+ QAT 4 243 2.97

# naumed Tunaidannl¥ae TN 2200

# numes Tuawain14fe GS 8731 + RE2 %
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MANUIN

Ethylene Vinyl Acetate (EVA )

POLENE N 8038
MFI 1.8 g/10min. (ASTM D 1238)
Density 0.938 g/em’ (ASTM D 1505)

Tensile Strength at Break > 15 N/mm’ (ASTM D 638)
Tensile Strength at Yield > 4.8 N/mm’ (ASTM D 638)
Elongation at Break > 800 % (ASTM D 638)
Softening Temp. 65 °C (ASTM D 1525)

Low Density Polyethylene ( LDPE )

LD 1905 F
MFI 5.0 g/10min. (ASTM D 1238)
Density 0.818 glem’ (ASTM D 1505)

Tensile Strength at Break 210 kg/cm2 (MD) (ASTM D 638)
15 kg/em” (TD)

Elongation at Break 320% (MD) (ASTM D638)
680% (TD)
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