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Abstract

This special project aims to study of processing technique of cassava starch graft
copolymers. Starch-g-styrene to butyl acrylate copolymers were prepared by using potassium
persulfate as an initiator (The monomer was 200% by mol of starch and the ratio of styrene to
butylacrylate was 7:1 by mol). The temperature of the reaction was 60 degree celcious for three
hours and spent an hour for terminating the reaction at 90 degree celcious. The study has determined
the thermal , physical , mechanical and rheological properties of starch-g-styrene to butylacrylate
copolymers for finding the optimum injection molding’s condition. The results showed that the
temperature around the nozzle , zone 1, zone 2 and zone 3 were 150 , 140, 130 and 120 degree
celcious, respectively. The injection molding time at the first, the second, the third stage and the
cooling time were 45 , 40 , 35 and 50 seconds in order. The injection molding speed was 20 percent.
The injection molding pressure at the first , the second and the third stage were 45 , 40 and 30
kilogram per cubic centimeter, respectively.

The study has determined the properties of the grafted starch compared with the polystyrene.
The results showed that the physical properties (moisture content and water absorbtion ) of grafted
starch were higher than polystyrene.The thermal properties of grafted starch indicated lower
distortion temperature than polystyrene.The mechanical properties ( tensile modulus, tensile strength,

% elongation, notched impact strength, flexural strength and hardness ) were lower than polystyrene .
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5.4 ﬂ15ﬂ5Uﬂ§QﬁJJ‘1J¢lﬂl'é)\i ANBAINDT IAYNITIAUNAINA LHIFDT

ﬁmﬂ‘v\lﬁTﬂwaﬁma{ﬁ"lﬁ'vlﬂﬁ1mswﬁnqmsTﬂﬂﬂmﬁnwmamcﬁma{ﬁwﬁﬂ
AMeuenuaznely
54.1 mswauges laoldwarad lawesaouen
vusdunwnauiunarad lawesneuenlasld wsedaulnanea (PEG) uay
efiau lnanea (EG) TaoTidaunaudai
1. 5% :PEG Tudas1aan 100 : 10 (Taorimin)
2. 13%U : PEG Tudasidau 100 : 20 (Tﬂﬂ‘lf1ﬂﬁﬂ)
3. 15%U:EG  ludas1aau 100 IO(Tﬂmiymﬁﬂ)

v
4, 15%U :EG  Juoasiaiu 100 : 20 (Iasimiin)
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wundadudidends 150 a5y aslundedfisorvuin 2 das @nindu
1800 fiaddns aeviemalulasiu dlesasimsivad Idanudeou 90 esnwaden
Junmdfinnuda 300 seudewrd dlunar 1 Falussunseidldudlefidumala s
anQuMgIINDI 60 BeruFITOE AN NP 40 $112U 18.75 nTu weuawesalaiu 168.5 nfu
uaziavia  9zATM@A $1UIU 29.63 NTY ANEIsava1e la luReudaiite S1uu 37.5 adans
wiofiaulnanoa $1uau 1.5 Haddas aslundeufise vas@vhmsiiuniudeanudy
500 seuAed Tunssomelulaswudunm 10 1 MnuRymsazae Twmeason
wesFamadudu 0.1 Tuar $1uau 150 Hadans umudediunat 3 ¥lue deasuiiy
gamgiiiiu 90 ssruzaFea uniudouu 1 §2Tus nesliBufigamgiives 1dnl$y pH
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5.5.1 msmﬁm’azﬁmmzﬁniumaﬁﬂﬁugﬂ
1) himsaAouguugdillumsialudumis 4291 $292 9203 damsiedi 3.1
Taold narlumsiadug) 1"STG INJ 45
(i) 2"'STG INJ 40
3 STG INJ - 35
Cooling Time 50
y

anuslumsdaiiug Plunger Speed 20

¢ o A
Josisua)

Y

anuaulumsfadugy 1" INJ 45
(Alanfunoa I usUAILAT) 2" INJ 40
3 INg 35

A ' A a a &
M13199 3.1 taasmmalasuudasguurgilumsdavugl

ad 9/ =S ‘3‘
ganginlslumsanyugy

(DR UB AT E)

¥22a (Nozzle) 91 T4 2 19 3
150 150 140 130
150 140 130 120
150 130 120 110
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2 madasunalumsiedugl  1°STG

AIRA1519 N 3.2

Tasld narlumsiad
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anuElumsdadugll
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[ a K
anuaulumsanvugl

(A TansuADAI I UL UAILAT)

INJ

Cooling Time
Nozzle
Zone 1
Zone 2
Zone 3

Plunger Speed

1" INJ
2" INJ
3 INT

75T

INJ

50
150
140
130
120
20

45
40
35

[ ] ] 9
M319d 3.2 uaasimsiasundasnanldlumsiadugl

[ EY
i ldRadugl Guii)

1"STG INJ 2"STG INJ 3STG INJ
45 40 35
40 35 30
35 30 25

° = i g k. 4 o ~
3) inmstlasunarlunisvaeiu ( cooling time ) AYATIIN 3.3

(99PN ALY A)

v
=<

4
Taeld gamgilunisiaiugy

nalumsasvugl

Aun)

v

(] a K
anuE lumsaavugl

J g 4
Wosiua)

¥

@ a K
anuanlumsaavugl

(N TanSTuABAIT U UAINAT)

Nozzle
Zone 1
Zone 2
Zone 3
1" STG INJ
2" STG INJ
3" STG INJ

Plunger Speed

1" INJ
2" INJ

3 INJ

150
140
130
120
45
40
35

45
40
35

Mtz LY

40

3“STG INJ
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4
=

. . ; ; .
M319% 3.3 uarasmmsilasunlasnmin 1§ lunsnaeguvesmsiavugy

na1illumsudedu (cooling time )
Gui)
200
100
50
4) smsilaouanuEaildlunsfia (plunger speed ) faa15197i 3.4
Taold qmﬁqﬁ“lumsﬁﬂi’jyugﬂ Nozzle 150
(@ UBAITYE) Zone 1 140
Zone 2 130
Zone 3 120
naﬂumiﬁﬂi’fugﬂ 1"STG INJ] 45
Gui) 2" STG INJ 40

2 BEG P, 35

Cooling Time 50

¥

anuaylumsRavuzl 1" INJ 45
M lansune I uAas) 2" INJ 40
3 INT 35

& ‘ 4 g 4 = &
3199 3.4 yaasmmsnldounlasanug g umsdadugyl

ﬂ’nm%‘?ﬁcl‘lsfklumiﬁﬂ ( plunger speed )
(osiFud)
10
20
5) °v‘i1m'iLﬂ?;sjuﬂmnﬁ’u“luﬂwﬁyugﬂ PUINT2™IND 37INT fansnedi 3.5
Tnold quugiilunsiatugy Nozzle 150
(IR U QUTHN) Zone 1 140
Zone 2 130
Zone 3 120
nm‘lumsﬁﬂsfi’ugﬂ 1"STG INJ 45
(i) 2“STG INJ 40

3 STG INJ 35

Cooling Time 50
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g a 4’1’
ﬂ'musfluminmmgﬂ Plunger Speed 20

v

a15197 3.5 narasaimsilasunlasanuaui1dlunsiadugy

o A 9 =) dy
ﬂmnﬂuﬂ‘ﬂumsnmusﬂ

v

(ATanFUABAITINFUANAT)

1% INJ 2" INJ 3" INJ
40 35 30
45 40 35

a 2
55.2 minavugyl
v 9 ] ¥
TunfidenlfisGui Idnnmsdunsizd Tnslddafaszadian 25% Tvmsaavugl
] [] 9y v
esnnfiauianaunsaih ludadugdla Tasldanizaaisni 3.6

[ 4
a131371 3.6 naasan1ag lunsiaduglveandlensmin Tanedmes

= = lé’ s
amﬂﬂniumsnﬂw;ﬂ (PN U )

Q Y

Nozzle Temp. 150
Zone 1 Temp. 140
Zone 2 Temp. 130
Zone 3 Temp. 130

F4
narlumsdavugd Guin)

DIE CLS/OPN 60 MELTING 120
1% STG INI 45 DECOMP. 2
2™ STG INJ .~ 40 COOLING 50

3* STG INJ 35

[~ a 2 s d J
anuslumsRavugl (esigua)

RAPID CLS. SPD. 50 PLUNGER SPD. 20
HIGH CLS.SPD. 30 DIE ADJ. SPD. 25
CLAMPING SPD. 15 MELTING SPD. 41
DIE OPN.SLW.1 15 DECOMP. SPD. 100
RAPID OPN. SPD. 26 SCREW-INJ.SPD. 0
DIE OPN. SLW.2 10 DIE CHANGE SPD. 50

EJECTION SPD. 50
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anuduiildlumsaa (AlansuAsMs 1T UAIAST)

DIECLS. 30 MELTING 60
CLS. SLW. 30 DECOMP. 100
CLS. HIGH 40 PLUNGER 40
DIE OPN. 30 EJECTION 30
1 INJ . 45 SCREW INJ. 30
2" INJ. 40 DIE ADJ. 50
3" INT 35

a a A i a o Jdy ¥
5.6 ﬂ'li'!lﬂﬂ&’ﬂﬁll‘l}ﬂﬂ']\?“‘]‘ll'ﬂﬁNaﬂﬂﬂ!"nﬂl’lﬂ

5.6.1.M1NATDUANLANIINEAIN
v
1) USinmanudy (a1muasgIu ASTM D570)
9 ] ] [} v v vy v
isuanuiala lleuldudanso®c el ldihminfiiiuey  ndrnaimingla
n’l‘ ] ay 9 9 a [ 9 o Ay c:; :' LY
nntiudasesuay Pmeldussomadadduna 1 Su uduhsuaumnsaihmin uag
:‘ v o 9 né a dy o 9
il FulSinaanusuansedivaaldenn

- 4 4%’ :’ ) Qy @ : Y A :’ @ Qy @
wWosisuannudy = u'lﬂUﬂ‘])"l«N'luﬂaQ%']ﬂ“ﬂ\ivl'Jlﬂu - HIMUABUNIUHANDY x 100

°y Y ny [ ny Y A
1J1ﬂuﬂ‘lfu\1'luﬂﬁ\ﬁ]1ﬂ‘ﬂ\3vl’]1ﬂu

Y
2) M3gadui (MUNIATFIU ASTM D570)

Y ] ] v v v v v
Wsuau ldeuldudan 50°c el ldhminiuduoy udaihmiini'le anvu

o a’l 1] :’ a 9 o Qy r:/ :' o :I LY d‘ Y -& a
1wy lusmintiuna 1 ofiad rdnihvusnandaimin tazeatiminii'ly FeulSuna

vy
msygaduihniuaalden

< 3 @ :’ °y o Qy @ ] :’ oy @ Qy 1 1 :I
!ﬂﬂi!%uﬂﬂ'liﬂﬂ“]iﬂu"l = MU UAT U U AIUTUT - HTHUATUIUABUUEUT x 100

Y Ed Y

MU TUOUN U
5.6.2. MINATOUAVTANWANNIOU (AWANATFIU ASTM D648)

]
ad

1) msmqmwgwﬁﬂﬁ"‘ﬁymnunﬁﬂﬂm?rﬂgﬂn1a°le’fusmﬂ #201A309 Deflection
Temperature Under Load (DTUL)

Th¥unuvnana 13 fadwas o1 127 fadas fuludnaniithanudeu
14515909 1820 KPa (264 psi ) ¥3® 455 kPa(66 psi) TimsiugagivesFInas
Tughs 2 + 02  eswAITEdABUIY ﬁuﬁﬂqmﬁqﬁﬁ‘ﬁymmtﬁﬂgﬂ'lﬂ 0.25 findiwny

(0.010 1)
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5.6.3. MINAABUANLATING
v [~
1) ms'ﬂﬂﬁ'aumﬂ'Jmumuiaﬁa(tensile strength) (MNUIATFIU ASTM D638)
9y ) b
ﬁwmmgﬂﬁmuaﬁ(dumbell) UINATBUAIWANILIATOINATOY A3

d " W a a 1 P=3
ANULIIVDAUNUAAVI (crosshead speed) 50.00 UAAUATADUIN

y
3$YTHIUDITUNY (gauge length) 50.00 ilaqwAs
v []
NN gANTUNT (load cell) 30000.00 HIAU
k4 [ 9y
SuUFUNUNNATO 5 %

] v
raf ldudmuameauiaFnadane 11il
Tensile Strength = ForceN)/ Area (mz)
( ALength / Original length ) x 100

% Elongation
Stress / Strain

Modulus
2) MInaneuA A NUITTITNIB( flexural strength) (ATNANATFIU ASTM D638)

° A’I [ 4 [ dy
irunuzlauuad(dumbell) 1NAABUANI

[~ o S a a 1
ANV IVDIUNUAAYIN (crosshead speed) 50.00 dadwasasuIf

v
FEYLHINVDIFUNU (gauge length) 50.00 UDAUAT
vy v
1IN QgANTuUSY (load cell) 30000.00 AU
E 4 v Y
UIUFUNUANAT DL 5 Fu

3) N1SNATBUAINNINNUNIUABUTINTZUNN (notched impact strength)

@UNAIZIU ASTM D256)
. o qy o d?l ﬂ = dl S\ @ dy
MmyununAavulilugdamasuaui yimaaeuisinTunn Al

v 1]
MHINGIGANTUIT (load cell) 30 Alansu
£ v Y
SUIUFUNUNANAT DL 5 ¥u

4) ﬂ1i1’lﬂﬁ’t’]‘1]ﬂ’3’lllll%\3 (hardnesss) (11U Shore D (MUUIATFIU ASTM D785)

Y v E4 i 4
$1UIUATINNATOL ' 5 AINADTUITU
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UNT 4

WHanN1INaasg

nu;y

Tunsideil ﬂ'ﬁ1ms°nﬂamnﬁaﬁﬂyWﬂﬁﬂﬂszmumiﬁﬂﬁu;ﬂmmwaﬁma{
sanuaevesiluiudilendetualeiu Taamianmsinsiziesnitly 2 dau fie

gauit 1 msinszHautifvesnedwesTammuudevelaiudlendedu
alasuiidunsiedld
1. MINQUUYINAANTIUTHY

gaugdnmaniudiuvesiefies Twnuudevewdluiudnlzudatualaiu

Qo a
HAsDYNUD llﬂ'ﬂﬁiuﬂWi’l\Tﬂ 4.1

MIndl 4.1 uaneguuginatansudiuveaiedmessanuuuasveauiliy

o [ Y =2 LV 4
dulznasivd laiu uazeyus

wodes UNYIANAANIIUTTY

(3
1. S-g-St 120.0
2. S-g-St ** 116.0
3. S-g-St:PEG 10% 103.6
4. S-g-St: PEG 20% 93.4
5. S-g-St: EG 10% 98.6
6. S-g-St:EG 20% 99.2
7. S-g-St: BA 20% 105.0
8. S-g-St: BA 25% 91.0
9. S-g-St:BA 25%%** 89.0

o o [ a o a
waneme ** 11111819820 Isopropanol udwmsanaleTunedweseen lneldesdlan
1 & 4 a
2. wamsfnymylenduduniedurlusaanln Tasa Tastl
MINAABIUADNA0619MNIMIAAYT Ao
a LAl 1 o ) [ ] 4
1. wedwesTmuuuasveutlaiudrevdetualniu (S-g-st) rvnsesuanay
Y
LUV ERINNAY
a d 1 LY o v W 5 (] A
2. wedwesmuvuasventliudlendeiualaiu S-g-so lurkumnieun

E4
HANLUUTBIgNNAY
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3. weawesTmnuudevewdlaiudlzudsivalasunausunsenan lnanea
(S-g-St:PEG)

4. weawesumvuasveaniuudlzndesualaSunausuenaulnanea
(S-g-St:EG)

5. Weawessmnuudevesutlaiud e ndualasunaziifaszasian
(S-g-St:BA)
wafi IRuaasdagud 11-14 lumanuan
3. auians InavesnedwesTaunuvdeveuilaiudnlznassualaiu

A18AsTuRoU(shear rate)funaildnnmsnasevauiansinaveawedmes
Sanvudevesutlsiudendefualasulaonses Capilary rheometer A
T a519fi 4.2

M9 42 UAANAYBIAISATURDY (shear rate) fUMA 7 14IAMINATOY
autians Tnavesnedwessmnvuasveadaiudlzuassualasu Taomsos

Capilary rheometer

Starch-g-Styrene
Shear Rate (s'l) Time (s)
18.75 315
37.50 37.6
187.50 47.6
375.00 54.6
562.00 61.6

1w @ { wa a 4
AOATUNOU (shear rate) AUNMN IanIAMINATBUaNTANT IMavesnediues
sawnpuasvedaiudendeiualaSunauiitfiaozasian 25% lawnTes Capilary

rheometer aAd1uA1519% 4.3
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15199 4.3 UAAINAYBIADATURNDY  (shear rate) AUNAT N 1ANMINATBY
auian1s Inaveawediues srunvuasvesud uiudlzudsdualasunasy

19Ma0A51aA 1AYIATBY Capilary rheometer

Starch-g-Styrene : Butyl acrylate 25 %

Shear Rate (s”) Time (s)
3.7 275.4
7.5 3234
18.7 339.9
75.0 360.5
187.5 366.5
281.2 372.0
375.0 375.5
562.5 381.0
750.0 384.6
937.5 391.5
1125.0 395.0

1 Y A [ v A 5 = 9
ANANUIAUIRDU (shear stress) NUAINITIUYUA (shear viscous) nldnnmsnaasy
wva a oL v o o v o =) & g
aulians Imaveanaamesaunuvdsveniliiudilevdstua lasu Tasnsoq Capilary
rheometer HAATUAIT19N 4.4
M50 4.4 UANIWAVDIAIANUAUMOY  (shear stress) AUAINNUNIIA (shear
d' wva a LAl [ L o [
viscous) n'ldnnmsnaseuanianms lvavsanadwessauiuuasvasuiliudilzvds

AualaSulaunies Capilary theometer

Starch-g-Styrene
Shear Stress (kPa) Shear Viscous (Pa.s)
98.94 5276.6
114.20 A 3045.2
150.82 804.4
184.31 491.5
239.20 425.2
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AMANUAURABY  (shear stress) AUAIAMUNIIA (shear viscous) 118010MT
naaeuautans lvavesnedines s wuvudeveuilaiudilznastvalasuuay
fiafiaesnsianTauinos Capilary theometer taAs LA 197 4.5

M50 4.5 usAeHavesAIN N UEIY  (shear stress) AUAMNUNNA (shear
viscous) 118vInn1snaenantams Inavesmeanessuuusevewaiud iz

Aua'las wiaziifaseasian 1ainTeq Capilary theometer

Starch-g-Styrene : Butyl acrylate 25 %
Shear Stress (kPa) Shear Viscous (Pa.s)
135.03 36009
152.21 20294
181.33 9671
219.05 5841
263.34 3511
328.39 1751
368.91 1312
396.72 1058
452.08 804
503.55 671
565.42 603
628.90 559

wva a 71 1 7 ) v

nInHaMsnaaauaNans lnaveswedwess wuuuasvetlsiudlznds

fualaSuwuirfiaudandelifiiiesarniinnunilagaudidelFiafiezasiandy
oLl ° Yy wa d'dd?

venamess ez I iauiians Inanaiu

LIS o a A v o o (Y I
4. wesiFuamsnsmnwedwesnuudsvewilaiudnlendiiua’lasu

s g 4 4 a L 1 @ o v @ =
esiFuamsnsinvesnedmessauuuasvewiaiudnlsudsiualasu

uaasluaisian 4.6
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~ < d I'4 ¢ a Lo 1 LY
AITNNN 4.6 llﬁﬂ\uﬂﬂil“ﬁuﬁﬂ’]iﬂi']w'ﬂ‘1]ﬂﬂwaal”ﬂsSQUllﬂUﬂﬂﬂlﬂﬂllﬂﬂﬂu

dlzvdsnvalasu
(18 ¥] % Grafting
Starch-g-Styrene 78.00
Starch-g-Styrene : Butyl acrylate 60.78
Starch-g-Styrene : 2-Ethylhexyl acrylate 76.47

< o o a da
5. !ﬂ'ﬁ)i!“lﬂuﬂiﬂ“waﬂlilﬂiﬂﬁiz
< g o a Ia a a1 v v o v @
lll?]'il‘lfuﬂTﬂW@alNﬂiﬂﬁi&’ﬂlﬂﬂWﬂﬁlNﬂi3'JllmJ‘iJﬁ'E)‘U'ﬂ\i!lﬂ\uluﬁ']ﬂzﬁﬂ\iﬂll
= v ~
ﬁ"lmuuazmgwuﬁ ltﬁﬂ\ﬂuwﬁ’l\iﬂ 4.7

a ¢ d a a a [ [
15190 4.7 uaaulesIFud laneames 0 a5 UIN0RINDS I INUULADVDY

ufliudulzndrvaleSunzeyus

13 Free Copolymern (%)
Starch-g-Styrene 14.07
Starch-g-Styrene : Butyl acrylate 29.55
Starch-g-Styrene : 2-Ethylhexyl acrylate 16.91

U )
6. Wan1sANYIAN1IZAITAATUZI1AIATES Brabender plasticoder U89 S-g-St:BA
Y )
HAMIANYITN1IZN15AAINGY91AIATEY Brabender plasticoder laaalu
A5 190 4.8

P =< a & & .
f1319N 4.8 llf’fﬂ\?Naﬂ'l'iﬁﬂ‘]el'lﬁﬂ'l')%ﬂ’liﬂﬂ‘l]ugﬂﬂ]ﬂ!ﬂiﬂﬁ Brabender plasticoder

Additive Fusion time Value Torque Stock temp.
(sec) (Nm) ('c)
No miosture 46 Loading Peak 40.3 121
Minimum 11.3 132
Inflection Point | 11.3 132
Maximum 13.9 139
End 8.4 151
miosture 10.05% | 56 Loading Peak 13.9 120
Minimum 9.4 133
Inflection Point | 9.0 134
Maximum 8.6 135
End 6.9 147




WanmInaaed

Additive Fusion time Value Torque Stock temp.
(sec) (Nm) ("G}
miosture 20.05% | 90 Loading Peak 8.1 114
Minimum 7.5 114
Inflection Point | 10.1 132
Maximum 11.7 136
End 7.1 146
PEG 10% 120 Loading Peak 27.8 114
Minimum 1.9 135
Inflection Point | 8.6 138
Maximum 13.7 139
End 8.2 146

50

= = a A:‘ a Lol i @
T Nﬁﬂ'IiﬁﬂH'lﬂ’li!'lJaEJ‘NmJﬁ\i‘lJill’]ﬂlﬂTliJ‘b’ll‘ll’t)\iW’e)milﬂii’m!lnﬂﬁ%)ﬂJ'EN!l‘ﬁ\n!u

v vy
dlendsiva lasunasinfiaezasian Nildednyazmsdatugl

sy v a d?l A P a 3 a g
wa*nvlﬂinﬂmmmlugﬂmmmnmsxﬂaﬂuuﬂmﬂimmmm‘nmmwaamass’m

uuvasveuilaiudilzvdssualesunazdnaszasian uaasluasiehn 4.9

H ' £ 4 v ] vy
3197 4.9 uaawad lannmsdedugihitesmnmsalfounasTinaanuisy

a LA 1 L) v W a a a
‘U’EN‘WE)ﬁliJE)Si’]11ll‘lJiJGIE)‘U@Q11‘1,_1\1lluﬁ'l‘lJZﬂa\iﬂﬂa’ulﬂ?HLLQZH’Jﬂﬁﬂ%ﬂi!ﬁﬁ

2 & sy v
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RECALLED" TEST RESULTS
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“Shear |Time - Pl Ps -P0: J-*Shear: -«[-Shear | Exten.--{ :Elong n
rate 2 i Stress—1 Visc - .Stress: |-Visc
/s - - S MP-a»---» ~..MPa MPa--{ -+kPa-~ | Pa.s - -KPa ‘kPa.s - -
3.71275. 4 -9:72 0 (8] 1.35 .03 36009 (6] 0| 0.15
7.51323. 4 10.96 O 0 15221 20294 0 Q 0.18
18.7(1339.9 13.06 (1] 0 181 35 9671 (] 0 B2
37 35510 1577 0 0 219.05 5841 O 0| 0.24
75.0]360..5 18,9@ W] O 26354 e, N (8] O] 0.26
187.51366.5| 23.64 0 0 328.59 175 0 O 0.30
281.21372.0 26,56 0 (] 368.91 3312 0 0| 0.31
375.01375.5 28. 56 0 O 396,727 1058 u] 0 Q.32
562.5|381.0]| 32.55 0 O 452.08 804 0 0] 0.34
750.01384.6| 36.26 0 d 5O 88 671 0 0} 0.35
-937.5(391.5 4.0~ FU Q O -/ 5\ s 603 0 O 0.36
1125.01(1395.0 4.5 28 ®] (@] 628. 20 559 (] Q 0.36
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Value Time Torque [Nm] Stocktemp.[°C]
Loading Peak A 00:00:48 40.3 121
Minimum B 00:01:10 T3 132
Inflection Point G 00:01:10 11.9 132
Maximum X 00:01:34 13.9 139
End E 00:10:00 8.4 151
Integration / Energy
- Loading Peak to Minimum A - B Wi = 2.7 [kNm
- Minimum to Maximum B\ =X W2 = 1.9 [kNm
- Maximum to End % \—=TE W3 = 23.1 [kNm
- Loading Peak to Max1mum A X W4 = 4.5 [KkNm
- Loading Peak to Rh P E W5 = 27 .7 [KkNm
- Specific Energy (W5/Samp1e Weight) : W6 = 0.6 [kNm/g]
- Gelation Area above B B —\ i o= 0.4 [kNm
Results .
- Fusion Time AN ¥ N\3)-00400 146 .
- Gelation Speed GEEERZ07 < AVIN = 114.9 [Nm/min]
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Value Time Torque [Nm] Stocktemp.[°C]

Loading Peak A 00:00:36 13.9 120
M?nimug . B 00:01:16 9.4 133
Inflection Point G 00:01:28 9.0 134
Maximum X 00:01:32 8.6 135
End t 00:10:00 6.9 147

Integration / Energy .

- Loading Peak to Minimum A B Wi = 2.1 [KNm

- Minimum to Maximum B\ X W2 = 0.7 [kNm

- Maximum to End. X - E W3 = 18.9 [KkNm

- Loading Peak to Maximum e & W4 = 2.8 [kNm

- Loading Peak to End [ AD= \E W5 = 21.7 [kNm

- Specific Energy (W5/Sample Weight) : W6 = 0.4 [kNm/g]

- Gelation Area above B (BE=bXN W= -0.1 [kNm

Results .

- Fusion Time ARSI 't = 00:00:56

- Gelation Speed GEN20% PNV = -3.1 [Nm/min]



Test Cond1t1ons

Order brabender Mixer Temp. 140 °C |
Operator : kung , Speed 50 1/min
Test Date : 03. Feb '99 Meas. Range 100 Nm
PL Type : 2000-3 Zero Suppr. 0 %
Mixer T : W .50 E - 3 ZONES Damping N u
Load. C ute : Manual + 5 kg Test Time 7.0 min
Sample : S—g—PS i BA 257 Sample We1ght 50.00 g
Additive : moisture 20.05% Code Number : k1
Start Temp. 140 °C
Time Temp. _Speed Energy Ener &O >x) Ener.(x->x) Torque
HH:MM:SS [ C? [1/min] [Nm? [Nm] [Nm]
00:00:00 140 50 0.0 0.0 0.0 0.0
00:00:30 114 50 58.2 0.9 882.2 5.6
00:01200 115 50 82.2 2.0 1084.8 129
00:01:30 122 50 ] 3.4 1460.5 10.9
00:02:00 132 50 105..0 4.9 15077 10.1
00:02:30 137 50 125.0 6.7 1767 .5 12.0
00:03:00 139 50 TON S 8.4 1708.4 10.3
00:03:30 139 50 108.2 10.1 1652.6 10.4
00:04:00 141 50 103 .1 He6 19683.7 9.8
00:04:30 142 50 81.0 1-3%0 1409.8 7.8
00:05:00 144 50 85.6 14.4 1319.0 8.2
00:05:30 145 50 73.0 15.6 1244.6 7.0
00:06:00 145 50 86.9 16.8 1177.0 8.3
00:06:30 145 50 83.3 ¥ N 7168 .\3 8.0
00:07:00 146 50 4.2 19.1 1142 .6 7.1
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Value ime Torque [Nm] Stocktemp.[°C]
Loading Peak A 00:00:54 8.1 114
- Minimum i B 00:00:56 7.5 114
Inflection Point G 00:02:00 10.1 132
Max imum X . 00:02:24 11.7 136
End E 00:07:00 . 1 146
Integration / Energ%
— Loading Pea o inimum A - B W1 = 0.1 [kNm
- Minimum to Maximum B'=' X W2 = 4.5 [kNm
- Maximum to End X - E W3 = 12.7 [kNm
- Loading Peak to Maximum A - X W4 = 4.6 [kNm
- Loading Peak to nd A, W B W5 = 17.4 [kNm
- Specific Eddrgy (W5/Samp1e Weight) W6 = 0.3 [kNm/g]
- Gelation Area above' B (B = X) W7 = 1.1 [kNm
Resu]ts
usion Time A - X R \Gy~ 000} £ 30 .
- Gelation Speed G2 0% My & -4.6 [Nm/min]
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Value Time Torque [Nm] Stocktemp.[°C]
Loading Peak A 00:00:12 27.8 114
Minimum B 00:01:18 1.9 135
Inflection Point G - 00:01:56 8.6 138

- Maximum X - 00:02:12 137 139

End E  00:10:00 8.2 146

Integration / Energy

- Loading Peak to Minimum A - B W1l = 3.4 [kNm

- Minimum to Maximum B - X w2 = 2.7 [ kNm

- Maximum to End X - E Wil = 20.9 [kNm

- Loading Peak to Maximum A= X W4 = 6.1 [kNm

- Loading Peak to En R\ W5 = 27.0 [KNm

- Specific Energy (W5/Samp1e Weight) W6 = 0.5 [kNm/g]
- Gelation Area above LB XU T [EWEs = 2.2 [kNm
Resul ts .
- Fusion Time A - X @ BN 00@®2§00 .
- Gelation Speed Casunic 2 e AIV= -8.5 [Nm/min]





