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ABSTRACT

Project Code ; PDF/44/2542
Project Title : Reactive Blending of Cassava Starch and Natural Rubber in Molten State
Investigator © Assistant Professor Dr. Charoen Nakason
E-mail Adress : ncharoen@bunga.pn.psu.ac.th
Project Period © 2 years

Reactive blending of natural rubber and cassava starch was prepared during a mefting
stage. Two types of modified natural rubber (i.e., epoxidized natural rubber and maleated
natural rubber) were used in this work. Epoxidized natural rubber (ENR) was first prepared

using perfonﬁic acid and high ammonia concentrated natural rubber latex at 30, 40, 50 and
60°C. Higher epoxidétion and epoxide content were found at high reaction temperature (i.e.
50 and 60°C). However, the latex was completely coagulated before the end of epoxidation at

60°C. The reaction temperature used through out this work was thereforc. at 50°C. Mooney
viscosity, shear stress and shear viscosity of ENR blended with cassava starch were the highest
compared with blends of STR 5L or ADS with the same level of cassava starch. ENR was also
used as a blend compatibilizer for STR 5L or ADS blends with cassava starch. We found that
Mooney vi;scosity, shear stress and shear viscosity of the later type of b_lend were higher than
those of blends withou; an compatibilizer but lower than that of the blend of pure ENR. Long
delay action was obéérved for the curing behavior of ENR compound using MBT as an
accelerator. Moreover, stiffness of ENR compound increased with testing time (i.e. marching).
The maximum torque for cure curves of various compounds was ranked as follow: pure ENR>
STR 5L or ADS with ENR as a compatibilizer> pure STR 5L or ADS. TBBS was also used as
an accelerator instead of MBT. We found the cure curve with a shorter delay action and
equilibrium at a maximum torque with a slight reversion at high content of cassava starch (i.e.
50 and 60 phr) for the later type of an accelerator.

Maleated natural rubber was prepared by blending ADS or STR 5L with maleic

anhydride at 135°C under normal and nitrogen atmosphere. The resulted MNR was called as
MNR-ADS and MNR-STR, respectively, We found that succinic anhydride content in NR

molecules increased with increasing levels of maleic anhydride in the range of 0-6 phr for the



system using ADS as a raw material. Adding higher concentration of maleic anhidride caused
lowering content of grafted succinic anhydride groups. For the system using STR 5L as a raw
material, the level of grafted succinic anhydride groups increased in the range of maleic
anhydride added at 0-8 phr. The constant level of grafted succinic anhydride was observed for
the higher concentration of maleic anhydrided added. The suitable level of maleic anhydride
used was therefore 6 phr (for the system using ADS) and 8 phr (for the system using STR
5L). It was found that Mooney viscosity, shear stress and shear viscosity of MNR-ADS were
higher than those of MNR-STR. Reactive blending of MNR was later prepared with cassava
starch using natural rubber (STR 5L or ADS) at blend ratio of NR/MNR = 10070, 90/10/
75725, 50/50, 25/75 wsr 0/100. We found that Mooney viscosity, shear stress and shear
viscosity for the range of blend ratio 40/40 to 50/50 were the highest. This may be attributed
to the blend compatibilty at a suitable level of blend components with MNR acts as a blend
compatibilizer. Delay action was also found for the curing behavior of MNR compound with
MBT as an accelerator. However, a shorter delay action was observed upon adding cassava
starch. This may be attributed to the reaction between cassava starch and succinic anhydride,
succinic acid and free maleic anhydride. For the compound of ENR without cassava starch,

these chemicals react to MBT and retard the vulcanization proceess.

Keywords : Epoxidized natural rubber, maleated natural rubber, Mooney viscosity, shear

property, biode gradatble polymer
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Wllendddiadiuvnulicninndalsd aguvaiilnden Ty ussilagampiigaiiuld M
AMUMUMUAALTIFAY (Tensile Strength) TEIMN
2.1.2.8A713035109A (Resilience)
HNBTTHNATANUNTLLAWNT HanudouazanTutne (Heat build up) Milvew
sssnndianldlumamenesousan uazesosue
2.1.2.9AMNTINITOLUNTAR (Tack)
= oy e o Moy - > - - Nt .’lJﬁ ¥
BTSN ANURRANUEILAE M ivenusohndenumnivatsdudiudsenay
ulad 13 ndadudeesosusd (Yusisn, 2530)



2.2 uthauaenas

2.2.1 lassainluanazasuilediudnlsnds

ulelasmly whu wileinlne uihad vl ulafudivsnds Uszeauludng
m3usu lalesiou uazesntan Tudasdu 6 : 10 : 5 (CH,,0,), Wuwafwaioas
wmiisnglag Mdesddasiusaiuszlanweud sswinesaanaandauiinafumiuay
Fwmiail 1 zeanglpamitaniia Fuazesuadusudumii 4 ssnglaamiadaly
wustlanouddeaagszuinlnanaifiGanh nglaled wia wWussngladdin (glucoside
#3D glucosidic bond) uihFedafumslulaesafidunadiadoasosluled (amylose)
war arlulawnfiv (amylopactin) nwarlaseainluanauthuasedenlil 2.2 ez 2.3

aﬂu‘iaanﬁmmnmhun@Tﬂaﬁt%'ﬂwiaﬁ'mﬂumu‘[-&mwt"ﬁ]auﬂ’mﬁuﬁz OL-D(1-4)
glucosidic ﬁﬂﬁ‘)ﬂﬂ@Tﬂﬂ (anhydroglucose unit : AGU) U3siti 200-2,000 Mt Lazwo
awedansazlules Hihwinluonsagszwin 1,000-1,000,000 annsagermMuBulas
nsznemlnhldd Walipnudauuimsesmauilauaymadudidui Tuenaeslules
ssazangaannameaymesasuihifienaniian Waaumgiseasluanas:lulaawsson
dnfiu

CH,OH CH,OH CH,OH
—o0 Sl o OH O_KOH
OH OH OH

3111"[ 2.2 geslaseadnwasarlaulas (5wa, 2532)

srluTowndy Hunwedwediilfadumannn  mhunglasdaudafudeiuss
o-D(1-6) glucosidic udaraIUsEnBUMIs AGU Uszanm 15-25 wisw tilasvinasly
Ta-niuBuluanafifiswelng Sdshummnn ffulamafiluanawsiuiueuia
vera dlaliaudsuusmsasmupuihfiuiinaeclulamndugs msasmeilavsiidgu
warflanuvitage dleaumpiiansslaneaguuueaziu msnuddauiululann uaxdl
msdusnlay



CHOH CH,OH
S0 O
_OgKOH o OH
OH OH
CH,OH CH, CH,OH
—_— o_l < O_H__[/I O—‘KOH o OH

IJ +*¥ - o
Ui 2.3 gaslassafizasaslalamndv (s, 2532)

2.2.2 awaussguinaymazasuile

uilasfudnzndadlainamadiendasganssmisssum  uaswilalduainelsd
wuaymerasuthaiudnlznidinnaaud 5-35 lulaswns wisuszng 20 lulasues
ssnaymazawliiudnlinds dnlngidiusdld Umedunildn Musouidaduh
#9lu dulniunngsemin uarawmuuiauihemsiawy warnaiasasuaniuly
nsanumssdauth dissnmsde mausnutl uszmai ok

2.2.3 MSWAGHUAEMIAEDE

uilsiudznasliazmeliniuiu udwsqadnhlild Ussnusoser 25-30 usx
wassrniamnnauliainsodaunadiuld Waewnmsdadusdiusswinlenanm axly
Toa uazazlulavndumsluaymauilaiudilznds Tuanadiuingiilundn (crystalline)
agfiumnuduuazuiuegg Whulugad (micelle) Ynlilitianmsnsznaduaclissanlu
v thusdupwdaiiuduiimedusgathavan 1 lidlusadouagsewihaluwad dail
milgaSangadnnuinn Junnsogminiuld uaillailhbuikiigomgigiudud 60
svmnpadustull  dwiifhiadugnazgednhldnniu  werndnasslbuanaiiduiuas
amsanumnwiue  Tuanaduiiduamsimesonnniuiimsgadunildinlifiaull
wasdaisdu TuanaludundnfivmdssgiaamwadehunEendy micelle network &
Sowmilmmbimhideuihisnsammwayld uinneiluenseluleauasozluTamndu s
nndn uastudassnsznamisonninaymezaaiiudiievds liideammwms
srawdn dlpgnmpfigeduTuenaludusdnimdoegeamed Wlbiiflaullawesdnin
fauuanluige @Waamwmsazmsinn Aaamniigaymarasuithladvenudouliana

E

assuihuaniveniniu  Wustlslesuifedidululanounnasn wasiiaduWus:



lalasizuduin Jambiidanswasdluth detuenuminuiugasnusslalasiaudailue
- o ey . 3’ ot tf x_ ] -y
muaanilumanssdasuthiiudnzndalnnn (audnd, udil uas 3ile, 2543)

2.3 UGnSudwanBinousNsTINgIf

Ui dwanBagdurnsssunduazanawedlady Atinduq snsormnlaluanne
ﬁLﬂuﬁ‘ltﬁ\}(latex stage) WaraNIEsarats (solution state) lamaranaludivnazaty wu
aaalswady wudu via Tnadu dueu Anarld peracids W39 peroxides (Wuasdwand
109 (epoxidizing agent) upnaNiiaezlF peroxy carboxylic acid (v w3nannninesd
dnuENNUNIRNDIRNN) Lﬂuaﬁﬁwan?ﬂﬂﬂumim‘%ﬂuuﬁmﬁmﬁﬁﬁﬁwﬁn‘[maqaﬁ'l 159
wondled fddnyiaai

1. @r9aiilungy peroxide 1az hydroperoxide 15U benzoyl peroxide Uas t-butyl
hydroperoxide A iluansdwandladuaawailaluniu (potyisoprene) waz gviamlndu
Wuau

2. M3efingu peracid WumsdnandlodfivsednBmwge Snesliifumsdnan
Floduasnaladu (diene rubber) Tusnmsheuesanmsansazany wu 19
peroxybenzoic acid iHluahidwandladrovensssumduazenainmledu Judu

3. N§u peracid Medsunnmsusmnwataenludiunsawsan q fu (o sit
generated peracids) 18 hydrogen peroxide WANAU carboxylic acid \Wuasdwandles Tu
PeEimmaaisneinenlessownsssurd

3.1 Peracid n3suamnnsaasdiinuaniulalasauniadoaniud
- ‘qqq e Y o o . . =
naauanUfdsmamnsnazddnuazlaloswunladaanlus fa peracetic acid &
e -1 = - nl' QA s i
wialifisudwendinguluynessundfaunniigsnd 40°cC
L d -
3.2 Peracid eduuinnsanasinuazlalosiwunlaseaniad
udawanmlisausansavasinuazlalosiaunladaanled @a performic acid
o4 v a o al A o - a o - o '
gainldidumsinandlodwadladudmalawed v3a snsssund Naamgiidian

80° C

2.4 mnasuunsNdlanadmasaassnasnuanlalani

Roover et al. (1995) ymlismnnalawedwaslsimdu wadlwstwdununidn
wsulslasiluedasnanuuuusiuuead Agungil 190 ssmwaBes narlumswax 4
i wlsenuntursnddnueulalesd waraswadeanladadundd nmnaasala
wnpdnunzasamguaulslond Mdsduvumeldiwadlnsidu  uanauanalnmsiia
Uinsmnnnalawedwadlsd uaamdepli 2.4



Initiation Reaction ROOR — 2 RO

M/* RO

l H abstraction

\M)\A/k/ + ROH

l B-scission

Grafting reaction \)\M) + A)\/

l End chain grafting and
homopolymerization of MA

Termination reaction

n . n=01,2..
O
Recomb‘iW Dismutatlon
H.RO,MA
n
O
+
n  TOR 0

o 0

OR

n+1

0
] a e oo o o = ey - o
JUR 2.4 nalamstiadfiimnsalaindwailiduasnaflwsfituuazinddnuauls

o] (Roover et al.,1995)
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Sclavons et al. (1998) AnmnyWélawodnaduasnadinswausuandsnusuls
Tosifelumimsd TaslhiadsadGeimmuaiafidurnseaualasiilaivmed (F1-
iR) TaslwnsimBmnasndanuaulalasimmelylunszuumsisnudsy  msdn
S'm'lﬂﬁqm‘sﬁﬁﬂnﬁﬂﬁmﬁﬁ'laiLﬁﬂmsnswﬂéTmﬂn'l‘sm'l.ﬁu‘%qn‘é wuhidneuznInsING
aaemyuaulalasie 2 dnvr A succinic anhydride Wwaz polymaleic anhydride wazle
iwuanalamadauipimmsnnwdanddnusulalasivuwedlnsfidu  Wuasdainiu
Roover et al., (1995)

Sclavons et al., (1999) lalasimiBnunisnsimnadnuaulalasiuuwed
TwsWidu Tﬂu’l‘&'m"’i'mﬂuL"i'm'mwuawa'i'uﬁuwﬂt‘mmﬂﬂTmTvﬂmﬁmas’ (FT-IR) landng
mMIganduLERdUNTIITARMUMIsaAiY 1792 cm” Huassrimsganiueniny
succinic anhydride symmetric C=0O stretching Ll.azm‘icr‘]ﬂnauﬁ;mﬂﬂﬁuﬂﬁ'u 1784 cm’’ éﬂ
Ltﬂﬂ\laiﬂ‘!iﬁﬁlj polymaleic anhydride symmetric C=0Q stretching‘ wanhwfsuiiiuden
dwﬁ'um-sgﬂnﬁuumﬁuﬂsmsmﬁmm%u 1100 cm ' (SNBMERWIZYEY  sotactic
polypropylene) uananiilaitansimuBinamsonvdzasinaddnuaulalasd dredsms
Tninse wuhwansnaaandanndnINU Bettini and Agnelli (1999) AnwmavesuIunm
wadeanlyd wazdImnnunddnuavlalanidamsnnwaveunddnuavlzlesiuulumana
PaawadlnsAay  wuhmaisenadatuzaadsdaanladild  anddnusulalasiifia
Ufiidmnmsnrvdldady wey meiuamudiuraanddnueulalandfiuBinug i
U{R3N0IINT ARSI tertiary carbon 2aIWdSTWIAT U

Yao et al. (19968) lammsdnmiimaadsuniwilawafinasvasnidnueula
lasvuulaanawadaladulounisvituffiSeruuu  Semicontinuous thermal bulk
copolymerization uanmnff Wang et al (1994) TovuaIoudnelastadaaeduiony
prinalawedinadfanddnuaulalonivunadiefiu (HDPE) wuh aunginoay (Tm)
uarauvdinaMaN AT (Tg) ffanss mudanmsisuiizsnnwalanadwadluy
2

Pinyocheep (13985) ladnmmaiannwilanedmaiuannddnuaulalanitu
PNESITNG ey lFuesssumndmas (LNR) mMuindsinnvnlanafimadisdduindsn
uaulalosd uaz@EuasuuulFinmamsiasssunddauaulalosy dail
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CH3 H
N |
SN
HoC CH, * +  inhibitor
n @]
200°C
toluene / N,
CHg H CH, H
N/ XN 7
cC=cC —_
/ AN
n-x X

Q
JUA 2.5 JiRsminsnaddzesandinuaulalaniuugiesssumdman (LNR)
(Phinyocheep , 1995)

J ot > =l o =1
uanMING  NUFUATANE (2538) lanaaauwIpusnsITHRIS e ludamIt
wonulagldaamgdl 145-165°C Winuwsumsldiulildasweseanled wuhamngi

ﬂéNf}ﬁ%ﬂﬁﬁLﬂﬂ‘lﬁﬂﬁﬂ 165°C malilduasansladoanlodluusunne (0.05 phr)
ndamanndludinngs udmstdmsuladsanladdimalviions (ge) TudSinags
i FeagdnssuuiilildnsuladeenladinsminzanlumsieIuunsssnndnian
NN

- o)
2.5 wadweindasanslagnniiniw
o = ' v o a
waiwasnmmnsadasaamulannimn  Usznauldisdumtunadunes ua
< ' a A e o - e
drdidansognissamuldlasydunid  dimsdnmanidnmsivaudvauihusswoiuesd
L4 i'ﬂlnl ) o o, 'l ) or - o Gr (:J 1) . £y o
duansininginddowaulalesd wWituidsuduneimaddmnedithilivynddnuou
lolesy (Vaidya and Bhattacharaya, 1994) lauilhthilweanandulawefinaduasdlau
uaznddnusulalesd oifu-TnsAdunnwdmeinidnusulalesy wadaladu us:z wo
o  a a4 LY I ar aa - ¥ 1
defdu-Twandy  AlifimWerdunidnuaulslosnd  TeswdstSanuaiivdninesd
1] :’ L d . =2 = 1 - (4‘! L] o o’ -
sWIN 50-80 % lamhwmin diammadIsudfsusassninwaduainiininaiguind
- [ o of (] H oo o «* 3 = P 1
dnusulalesy uszwaladhliingWardusnddauaulalasy wudwadwedfiiiny
Wadfunadoueulalenifismasngnimadwesibiiviinddnuavlalosd  msvin
o W » v s 4 LY :‘ J 13 » ] F-3 .
wauthinlwa  sldwaduadgaduinnnin denusumudaus@y  (Tensile
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-3 A r s am, &y =4 t r - v i
sirength)  weanafwainimideiduanddnusulalasy  dennaniweduadiliiing

g

ed

s - Ex Y -y 1] g 1 = -y - .
wirddunddnuaulalasi vinmanasasBuaisthammua wuhiimssSqiiulaaasdad
= =3 R o Py W W
FIadn quANau mumswsdinauihinive
. Py L) -4 had d L =
Vaidya et al (1996) lafidnwanidmsudsgulasmsiaulhfinauiunadaed
ar [ v . . . ar - ol o ]
Fuaziiznui (Injection moulding) TasuauwikininanuiefidultiaasBiaannitwg
L J on 4 o & o o« W = Ui Y d 1 »
dwanddnuaulalani uszwadiahdunmvasmmnaduaulalesy MBuaruieenudu
o _ o :
MUGBUIIEN (Tensile strength), Break energy Uz SEHTBMNBUINNN
» . = ¢l r 1
Karisson et al. (1998) 1@ lWimditaanuzaiwadasngasaaslasdiaw Tutlu
- J - ¥ v . of £ ot 1
wadwafigninlidsnanmwinnmstesamadediiiadn 4 viaeuls! Sanmsten
-l Qll =& i J L > -
ganlosizmw anagludnglassuivi ausgiulassainemlianssaanafued we
dnfidusrgndavamulath sacfivadusulalanicninsedasaaslaiiind Tnssadnuas
o ; oy -y L] L) 4
MsEmmraluena TINTNANAT tlinadamstetaasmaiiniw

2.6 pridanuszadiseninwadwasnuuil
Wamnuihuszwedwasduaneidiingilanifmusiiuandiunn ngn
Ao uihflanvaRuhldd@iudh  (hydrophiticity)  uawaduwaddnlnaiihlddturhady
(hydrophobicity) Fadfludasimaiiafimslumsmlvmsnssssiaildhiuld ndnda
Aasfimadumiiiiuiiodheoufftinuasi  (reactive functional group) LWBWIAG
Ufnsmlussvanay  emsamldlesmsiSundmluanareswsdwsswialuana
aaauth udegnlsimn wodwefunguifingiissbagluluwneminsonauiuuihld -
Tosess 1u mMskauutlfuwadivesliiaueanadad (Reis et al., 1997 , Simmons et al.,
1998 , Reis et al.,, 1996 , Shohren et al., 1998 , Sagar et al., 1996 , Stenhouse et al.,
1997 and Sagar et al., 1996) uatwadiawas (Bhattacharya et al., 1997) ilueu ud
wodwaduaeviadug wdmedameiaiwlumsusn do dasiimsuiudan
TnanausswadwefiReilmiimnsodiouipdnfunylsstandesaanikld Aa (An
¥uszlslaseuriawusdlanioudlunadwefuan  msuFunldsuluansvoswedned
ansomldnneds  uadifeudunndamaitowedwesidaamsasuiouil  w
alawadiedlsd (Vaidya et al.,, 1996 , Ramkumar et al., 1997 , Chandra et al.,
1997 , Bhattacharya et al., 1995 , Hakkarainen et al., 1997 , Scidenstcker et al., 1988 ,
Bhantacharya et al., 1994 and Bhattacharya et al., 1997) an%’uMﬁuuTmaqavmuﬂq
o lnfiausdreuiiiy (Bikiaris et al., 1998 , Kang et al., 1996 and Thiebaud et al.,
1997)  msldmsiaivnndudiuduiaulsznussninlnanefioniduansni - da
sevinadiramhiudmirauigy GunsniiilFnuludneaedind i
compatibilizer 38 compatibilizing agent G"f'mzmmsmmunzim‘f Wy WaBLNBITINDEIN
manuaulalanifuwadinafnanitldlumsnan (Bikiaris and Pamayiotou , 1998 and
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Bikiaris et al., 1998) J‘]ﬁuﬁﬂ Liludimasuasndinassoauas fatty alcohols (Zuchowsha
et al., 1098) 1ludu uanmnilitaimsldmsaesidlumsiinussansmwlumsuanlas
SniEwnil 1u melEndteaaTau (electron beam irradiation) (Sagar et al,, 1996 and
Sagar et al., 1996) (iludu
nnenasisuahlinhilnenumaivlumsudawedwaduansaihiantsd
gsIINHuneR s naniisms ldanduaneidwantad (epoxidized rubber) Wy
@15 compatibilizer Tumsnsawadlwsinduuazwadiodiufuuihond wanminildeliny
morumslFuisiugnlvdslumHisamnildan



uni 3
a1sted gunsal uaidnmaaas

3.1 1593

1. ety #lipuauluiings (Usmnonilomauialszanm 60 %) ndalpguitm
Uaeniigammnssu Hine

2. 83U SUUE (Emulvin W ) \Wussiaii lunguwadlnanaariiaazlsngn
(aromatic polyglycol) udalaaudsm Bayer Uszimeimasiu laduddadlviaaslums
Wl onsssumddnanlee

3. lolastauiladnanlud (Hydrogen peroxide) #aalatuItm Riedel—deHaen
Uszineeasiu |

4. nsawWatiin (Formic acid ) in2u 98 % WAMlA8USHN Fluka Chemie Ussing
Fimaiuaus

5. AsuaumaTAaalss (Carbon tetrachloride) Taludvnaransnassumad
wanlad nanlasu3en Riedel-deHaen UssineLupsiu

6. ENFTINNFBTINL YN STR 5 L HdalaguTumomigaamnTsy 910e

7. N5SSNRTNIWHU ALY (Air dry sheet, ADS ) wanlag

UIEN MU RNIF N9
8. Muzdy gased s, T duasiamlud wdalas u3em Ciech S.A.
Usanalduaus |

9. Fadaanles (Zinc oxide, ZnO) BiM white seal 'lz?r'ﬂum'inszsfu (activator) Tu
UgismTemluwsu ndnlay  China National Construction Lid Ussinaasisasgussm
2un

10. n3aa@udn (Stearic acid) lAluasnszeu wdalas Imperial Industry

Chemical Co., Ltd, UszindIny

11. wasuaulsiuulalnerslos (2-Mercaptobenzothiazole, MBT) 181iuanseisa
(accelerator) Tumsiaelugeny ENR uazens MNR nialas Shanxian Chemical Co., Ltd.
dszndmnsisasysenzuiv

12. wulnlslawBataWurlus (N-rerr-butyl-2-benzothiazy! sulphenamide,
TBBS) 1Hiuansase (accelerator) Tumsianludee ENR Wanlasu3sun Bayer
Jszineeasiu

13. wihiuduends ndalosudum nen (Uszinalne)iine
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14. wddnuaulalesy (Maleic anhydride) #7i®# AR -Grade mmu"iqﬂg

99.8% dnwantuindadergu evasmanszann 110.6°C ndalaauiun Riedel-
de Haen Uszinatiganu

15. Ingdu (Toluene) 1 ifludmvhazmussssumfunien wazsesssumpudn

Tae U3 Labscan Uszineasisiglasuaus

16. prdlau (Acetone) IBlumsanaenaudIacaIseNsITNGINELEN LazfIM
asansapvnddnuaulalesidass wdalas uSim Labscan Uszimaasisiglesuaus

17. wmuea. Wurila  AR-grade Hlludnhazaissniuuiladausanased
Tumsiadsumsazarmsnasguiwuna@onlansanied wdnlasudtm Merk Uszine
1wasHu

18. wunaBuulaeionlyed  (Potassium hydroxide) lAta3unensazauanasgiu
TnunaBanlandonlys ndalngudsn Riedel-deHaen Ustindisasiiu

19. wuludausanaged (Benzoyl alcohol) dgasluana C,H,CH,0H (Tunila
AR-grade ifludharmssiuduamues tunsiedsamsacmumnasyulnuna@oy
Tansenlued nanlouu3em Riedel-deHaen Usvineluasiiu

20. HuadWmiu (Phenolphthalene) figasluona C,.H,,0, Mhihdudiitanadly
mMIlnmmsamnsarasmanadeeasssasamnasiuinunadesulonsaniasd  winlag
udEmM Merk Uszinmetsasiu

3.2 z‘rﬂn:mf

3.2.1 aunsaildlunsesneasssumaswanlud

msnaasanisussssneddwanled  Suduirlumesunauinnin
(reaction kettle) @ 1 803 udiianudnludasldinvsssumnddnanladluline ga
msnaaasazssnn 10 Alandu Faiu wdmndnnauldanmemaiafoniiminsaud
fianuiniuindssdnenssamadnenledluubinug ndndsihihwinlsang 20-
30 Alansusiamsudn 1 a% Tldeanuuunszadnaunsalifaliadunmesssundanan
Todf waoedasudl 3.1 Relsznaudhedainufidnuuusaciu  Tnafiduuanduwarato
moeanuy 75 o3  duduhesdunaaniiinneanuy 50 deswiouchile
pampiranljidmimuauararugleslddilionudauwunilnedoy  Tayldthudiu
gaibiindeussdunazdamsivadsulasiidmlvenuioudummuaguanmgii - uen
Noimlufaziluiemubriuniueswey dafuuswediumornulunuunumdn
Fadudrudasoinsueud  Basimbidudmesey Taslifenudisaulumsmgu
Tuianmudszana 50 saudawdt waztRumdclumsdouluszmpabmaeessiaii
AeuniiadautNgs
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- &
3.2.2 1AIDIHININTNGNNAY (Two Roll Mills)

ar ar = ¥ 1 ; n“

Tehwfuvenasntatumsedl fanadwiudgudnan 10 T anuem 20 17

dasduaNumtYegnndamiheagnndanas (Friction Ratio) whfiu 1:1.25 wanlny
UIEM Fodymsti Ussindlna 1 '

3.2.3 i@3sanaNmInULile (Inernal Mixer)
Tilamefilluiuassumetumseiluiaada ffimnasny 2 8es dendn
anuTmlseeimhaalsioasvds (Friction Ratio) AU 1:1.25 wdalay uSwn o
R3MSEIN Usundlng e

<l
3.2.4 ATHIRENUTIUMADS(Brabender Plasticorder)
ot A g L o
dnvaluindssuananmsiuamseil dsznaudmwlsnad 2 Tswad gy
WlviiAe Friction sewintlnasslsined Aeewaniidinas 80 gnunanizudiuas 50

muaupungilldleslfinduioulnadoudnly  luvdnavasnan  anundwodlsmes
@nsndfula

3.2.5 \pIBaTngomgH
duirdesingmmngdl fu Digicon DP-50 T8 5agnmniizaseansuasiniings
NnuauEss winsdisriied minsoieldludnanmgifueg -50 v 750 avmiadad
nAalauuSE¥N Digicon Uszimadiiu
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A . -
3.2.6 asavaususasnlalesiWlniivnas (Fourier Transform Infrared
Spectrophotometer, FTIR)

< ' . - = a2 . ar a L
l.‘f_lulﬂ'iﬂ\‘lju 1600 series HAN@HUIEN Perkin Elmer Uszinaavsgowsm 14
v = ar » Y - - =
Anmlaseasneasdsiadl lesordaSidudmanlwilutndunsise finnuwmadu 0.8
o of e P -1 W o - o
- 200 lulaswas viasadilaondu 12500~ 50 cm™ ANBNEYBIATENUEMGITUR 3.2

o 3 ™

4 4 -
Ui 3.2 eSasduinieasalalasiilafived

I -
3.2.7 LATBIUUEH UL VFDIGONH

- a odofa a - : o o
dhursaetiaiilingnniaudumens FuthueTedamauiusiionlslums
NANUNUNUERIZIITI

al oy - o o w
3.2.8 iAsailadiwasuuvat/aans tvalsgu {Rosand Capillary Rheometer )
€5 A o LT [ '3 = o Y
Wuelaviaaudinmslvazeawadinadvasn Ndnnlsenauwan da nszuanlans
T o ) o T v oo o
Fviaudadlienudou 3 o Rennseaslusunsuld MuSnuannasysInszuanis
o) 1l o o v
wiggniidurugudnan 16 Jadns w1 3 Wliamuemeasauuresnssuan
1 - - 4 - z ar » d -3
fFudargnszusnaziisavndmmnamnsofasemiaslsd  drunurssaiaeiidiudsenau
o - o o . v o - ” v ) o «-JI [
wan fa  ssuudumdsugngu  hmbhnawadinaimasudmedasuiniusunsuld Tu
1 J LY Lo ar = ¥ 9
Wi cm/min wananiianuia lumsnasssrzulsiulasaseanudasidaunlslunmsm
- J v Ad o - of W 1
Tiwedwadvasulna  Tumsmeasalildamunfienuen 32 fefmas wazficushugus
nae 2 Fadues wazilynlnadh 180° Tesmwuamdnimadeulugn 25-1500 s~

& S| o as | ar P
G‘quﬂ%u‘ﬂﬂi:uaﬂ N 1000(: aﬂumzﬂa\'llﬂ‘iaquﬁﬂ\'lﬂ\‘l‘éﬂﬂ 3.3
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'-'cl-.?i

Nrye Vauin MY

JUN 3.3 ndadiladitmaiuuvuaitiaa’3 Bvalszu (Rosa

T

nd Capillary Rheometer)

P - '
3.2.9 1ATav3ladimafuuuntiumyu ( Oscillating Disk Rheometer, ODR)

A L] o o J
({lutp39 $4 ODR 2000 wanlauu3EY Monsanto Thundaiiafildlums
o o N [ o o
AnwanidmyTaa ludyasen Ceure behaviour) Usznaudmtlsmas (rotor) wayuluened

gf . ar 4 a J
gaamsdnm lesesmaunduliin vy 1° dneuseinuanidasui 3.4

- - - '
37 3.4 wsasilaiiimasuuuutiunim (Oscillating Disk Rheometer, ODR 2000)

- W ' 1
3.2.10 AIBMATBUAIMAIUNIUABUTION (Tensometer)
o . . ) , -
WhuaSsanadauuuy Universal Tensile Testing Machine U 5,000 N wanlay

Tensometric Co.,Ltd. Uszinsidangy 8 load cell WudulaFanuanndussnld
MsdidnnsaiinflumusiiamSsusenaluming Theu  annsofamiana laspusenue
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- Y o d o' - )
0.04 T 5,000 HIAU sTEEREINSIABRUN LA FeER Aa 1000 Tiafues aniilumsne
niatainsouFulaann 0.01-499.99 fiadassani

= : =
3.2.11 lﬂ‘ia\wuﬁa‘rﬂmmﬂ{ (Mooney Viscometer)
o o ol =) » . P
Wuadndiafinenuniineasnluanmzwasy  Usznaudimwdulavsiivguld
vrsgaglurdesussydatdeminsomuauaumgiiimnasauld mswagauinmsia
o o a 4‘ 4 | =] %Q s lr.} o v
usvdaiifiezu lasmsnyuusivlansshganudmesiviediogilunimei Jsanm 2

] £ 4 AJ z = v
souaduil lasfunimannsomgoumgiildgege 180 °C

1 P

(g

T -

| ) g
31]11 3.5 m‘saas‘guma'[nmm's' (Mooney Viscometer)

A L - z -y, o A o T L] 'y ar
3.2.12 1Avmaatnlansedn wuudestu Haelasuden TaRd3gmsdn e
3.2.13 gay ( Oven ) HEAlABLUTEN Memment USTnAE Ny 2110 40X60X

48 fWmaumohrhglumsinmngungiiliasd snsoasgamniilagegn 220 °C wavas
nmld 24 gala
3.2.14 132934 1W#h (Electronic Balance ) uaaloguitm A & D Company
Limited Ysemediu lummasasilldiadaci 2 uiia Ao
1. ER-120A finedioa 4 éumis simsingege 120 ndu
2. FX-5,000 fineilan 2 shumis imiingsge 5,000 ndu
3.2.15 81911%au ( Water bath ) uanasUSHN Memmert Uszindioasiu

AUIRN 30X 3T7X13 1HUANGT 24 )
' F 1NN 1 UNBINUTUU A HUN 1IN (DI ,
NS 3.2416, (A3} M ) tvD Sted Fast ™ Stirrer §u SL 2400

MBI (Memwirahayrrer) WD ;
HUSHY Fia € iﬁcwﬂ"?}pmnmmmmu u
: ARGV IN NAHTHA 104000 7

J13.298-0455 TN a1 13 29K-0476
Home page : htup:/www.irforth
E-mail : trf-infogitri.or.th

|

)
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3.3 35n1snesay

3.3.1 s NsIINTIADWan e (Epoxidized Natural Rubber, ENR)

3.3.1.1 MaATunnImwaINadin (Performic acid)
tesnunsauwaswasinnnuismzasnsevasiinnulalasunlasd
panlysl Tanldmsweiludandmuandilumn 1 FenioUffdmaeaums? 3.1
manisansawadasinnaufissnsuasludaiuinsm

I
HCOOH + H,0, —* H—C—0—0—H *+ HO (31>

ot ) e ¥ - =
3.3.1.2 msAnSuaseiiniinadanistinussingaananlee
innesdusiiauaslauiisgs (high ammonia concentrated latex, HA) 3 idaan
¥ g a = oy
IiasiBudiilosuna (dry rubber content, DRC) ealugmad 3.1 dlvilnlandud

Wamauaily 10, 15 uar 20 % USuaamgiinaswan1ild 30°C Hn Emulvin W 1ita
Waymezanhmasiios ubninlvinufwlulasisuessanm nulsann 5 0#  ud
Wunsamaswadiin Gadenluata 3.3.1.1) edntr . Usasildeufjism udieda
Lﬁaﬁtﬂﬂzﬁmﬂ‘%mmm‘jﬁwaﬂhﬁﬁ munaAiue (nanda fivm 6, 10, 24, 30, 48,
54, 70 uay 80 $l) Tewdudnhmedoamuss wammimhivdaliifhasiuu g

] v

o P v v o . o e o » = o [
mpeintiven s lszsaRaimdadamsiedimianinmeiidiidssan udnitly

¥ o - w - s v o L e v
aulInaMnnl 40°C MuldnsaugyNMA AUNTNENU 183 IMuhMaieN
sysumddwanlad Wazmslumfuveweanaselsd WolinnsimuTinomaidwanlud

« w v
layl#iaSaq FT-IR (eavBuaiumdeon 3.3.1.4)

: - b d‘ - ar
Tumanaapsiivhmsiasenensssunfdwenlas Rgampivsane 30°C fud

1) e nl - B‘J :’ © ol el L g
PENENETINNABNanldmunmAmrue sunsenahsadiamsidaamwiviiduday
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asHT 3.1 mswdsnuaseiinldlunmsmeass

asiai 10 1 3ol 2 g0 3 | yofl 4

Latex dry weight (g) 115.6 74.8 74.8 30
Mol. repeating unit

of NR (I') 1.7 1.1 1.1 0.4
Hydrogen peroxide(M) 2.6 1.7 1.7 0.34
Formic acid (M) 0.9 0.5 0.5 0.8
10 % Emulwin W (g/1) 13 13 13 10
Reaction DRC (%) 20 20 10 15

3.3.1.3 MIADWIENITUYAINIHATENE NG IINTVADWAN LR

J [3 = ol LAY 1o
nsneasdluasul Ymsdanganisnaaseiiiudnanidwantydlulmana
a o « toas = d o -
ysTsNdgangaua lfua lumahlisonduigannmmessdluids 3.3.12 wh
msudsgamginaznalumsiufite Ltﬂiqmﬂgﬁwamﬁﬁ"imtﬂu 30, 40, 50 uax

60°C enumdu lasnnmeneassnmsiiufatudruddasamusa s 6, 10,
b o o W o :’ -, LT v

24, 30, 48, 54, 70 uar 80 Hlxe MNARU nEbheafemsFaamwivauiiu
° a‘u or o ) ﬂl =l :‘ :‘ ﬂ!' -J »_

fau hsandudud lUSatuusuung  draeSaadiuee  HaneembndauwNaidaas

-J o ° YT w a J o, I!!
wilidaninmeainifide wanhldauwdsfgamgll 40°C Whine 24 4l mold

ar . o , an o W W
usdsugyanmaiitagenssinnddnanlgdiuisusrlazamelumsusuannasa

L ) = 1= : J = -
lad uaMisimdBnamidnenlydlagldisiadudnaesulalasiWladimad

3.3.1.4 mTiwnsivnanamiawanied
» o, e dn’ - » =l o ar ] o
rnsssumfaneniganiedonls sedsudluaratndmiummassu Tasns
3 o 1] CJ > v ol L% 4 »
hmatharfisvwiudnisnn 2 nfu anduBulan v warazagluamsusueaiaas
Y ar & . oF o
15 Tegldwananasnimnenan  wdnmhnhssasaraaan la lumidhsuiduuie g

vuuruldsuaaalsd udnhlusudl 50°C aunseevharmssEnNe WaeINIh
TUmdursusedilaniu

noadaadudunnee ansmhlddwasimulefisudmaianydnenled (%
epoxidation) leeldansgandausibunsise fidumiaazadu 870 cm™ (uansdanasil
mjﬁwan’lﬁﬁ) War 835 cm’ (UdEMNEe =C-H 289 cis~1,4-polyisoprene) AIIMA
absorbance ratio (Ar) tﬁ'atﬂ”suuLﬁﬂuﬁunﬁwmmﬁmﬂ%mmmﬁwan‘l-m"luwﬁ’aﬂua
wWadiBud ennsomldnanuFuausesi (Kuriacose , 1984)

Ar = dg.. / (8g,ot 8gss ) (3.2)
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nsInaspulTinamynwanlydzessvassundanenlad Minmsiesiziag
inptindunsssduelasalall lennuasumsifuuo9 Davey and Loadman (1984) 93
uaenlugiui 3.6

Q-7

Absorbance rctio : log A/8
qu ASB :Dg /0
06 |-
&5 : -
2 /
ER
v
S 03
Pl
°
b
2 o2
oY
¢ 1 ¢ o
c 10 70 0 -

Mele R, epoxy

d ) P ay -y
UM 3.6 nsmmesgveaimslensimdiinomadwenlys ulaanasiesssnnia

3.3.1.5 nadaudnianiaslalsd

ihensssunddnanladuoufuulaiudnlends  Tasldindasnaumauuudagn
N84 (Two-rolis mill) seaampiimsuaad 60°C Taglddrdulumsuay fe uptne 5
109 @Wnthiudnlenas uavanauanin 5 1M

Tumsneassii mmswdsuiiouslelatvasmesssnnddnenlodindenldiu
ENEITNIG 2 BIAHS 1Y STR 5 L uastnquruiiui (ADS) uanvnitaimstd
enssinddwanlyd Slumsinenudiiuld (compatibilizer) TunsuangassTNmd
mgavriatuuiliudmdind mmsudstinauiiudivsedaildlumswaudvesile

. . o <2 P o oM v oW iy
AN #B 20, 40 uar 60 phr ew@AU Wirubsunanameaavnusnantilanauuil
BuFeviaa

3.3.1.5.1 mwnﬁm‘!ufi (Mooney Viscosity)
msnadaumeaanunileleglFanme ML (1 +4) 100°C #uiflumanesou
Tovldiadas Mooney Viscometer Iamnmsmegeufgumpsl 100°C lélmieas (rotor)
wwnaing Tasldalumsgumns 1 wikasldlumsidueiamanm 4 widey udsm

il Fadlunaaaumusnasgu ASTM D 1646: 89 (2000)
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3.3.1.5.2 anuanIslwauuuiiiay (Shear Properties)
| dmamasausuanislranuui@au  vlasmsldiaiadlefimaduuumilams
AienTEUDAGEN ﬁﬁ’_aT-smu (Rosand single bore capiilary rheometer) Togldmofidinny
911 32 wn wasiimnadwiugudnens 2 s weryninadn 180° vmsmesaud
qounQil 100°C wasaamdaTIMadou (shear rate) agludn 25-1500 5™
msédnan@niamslnacundeu Taumseaaaluil (Cogswell, 1972).

RAP A
Wall shear stress (Pa): TF; (3.3)
4Q
Apparent wall shear rate (s ): 7 app _7!: e (3.4)
— TW
Apparent shear viscosity (Pa.s): 7. _—? s (3.5)
app

:‘ s 1 AF -
Wa Ap luanusuaneian (pressure drop) (Pa), Q Wudmmmsilve (m®s™),
R (Hhuiafizaeanilasid (m)
4 sy A N .
Rautlzanulenasaanmslvady (entrance correction) warmslvasan (exit
v w a o
correction) 28aMTIve Rldndnmsuslusatuuniad (Bagley correction) GIaNMIH 3.6
w e v oo - P Ad a 1 v oa & o »
laamenudinilauads (true shear stress) A luAGsnT anwmdwdiau yanntisaun
1w v e - ™ . . . 4 ¥ LB
laadasiiiou Tealdndnmsudlazasniluing (Rabinowitch correction) Herldmdns
’. w <] P g = Y o -
WBUBY eaunsh 3.7 lufitiezSeni denidleou

R(P, —P)
True shear stress (Pa): T = o (3.6)
3n+1
True wall shear rate (s_l) : 7, o . 'Y..,,p (3.7)
1|
z-‘Truc:
True shear viscosity (Pa.s): 777”“ o (3.8)

True

J W 1 - 1 ‘Jd
da P, Wuanuduanasanmsnd (L/D=16) (Pa), P, iluamuduanassnaraniisnm

tN U BENIN (zero length die) (L/D=0) (Pa).
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mmsaaaindensssumdananlzstuuihiuatzmds Tagldmsiailumsan
UNEMMNATINU ASTM D 3184-89 (2000) aaiifilduamsmuaziBualumead 3.2
uaz 3.3 (aNsTsuTdawenlednldfivdamidnenlud vhdu 33.6 TuailasiBud)

- -t w
M9 3.2 @RANT B IUNSAaNUIeE N STR 5L wasiug1y MNR-

&9 (phr) gms 1 iny 2 gn3 3 407 4 das 5
ENR 100 - - 25 25
STRSL - 100 - 75 -
ADS - - 100 - 75
ZnO 6 8 6 6 6
Stearic Acid 0.5 0.5 0.5 0.5 0.5
MBT 0.5 0.5 0.5 0.5 0.5
Sulphur _ 3.5 3.5 3.5 3.5 3.5
uthdudnlsnas * * . * v

* wdsdSanne wilafuazwdaiiu 0, 20, 40 uaz 60 phr

#1519 3.3 drariisluaeanindsne ADS uanfusIs MNR-ADS

#15 (phr) g6 1 d65 2 gn3 3 gas 4 gas s | gaie6 | go3 7
ENR 100 80 75 50 25 0 | o0
ADS ¢ 10 25 50 75 90 100
Zn0O 6 6 8 G 6 6 6
Stearic acid 0.5 0.5 0.5 0.5 0.5 0.5 0.5
TBBS 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Sulphur 3.5 3.5 3.5 3.5 3.5 3.5 3.5
Cassava starch * * * * * * *

* pusUSuauihiudidevas 0, 20, 40 waz 60 phr

[ ™ J qv 3 qnl -
MMsHENsRIneNIsIBinTaananuuudssgnndalagisgumaidn  60°C Ynnrsua

HaNsN 5 W7 wadnuthiudlsvds uasadin 5 WA ¥INUUAN ZnO Uaeadn 2

ALNGN MBT (w3a TBBS) nsaddsinuasituziu FndsInmndnamseaiing 3

#ile vasadn 2 wiludaPadumsieiiafioneld vSaTMUUIUUAIHIUGNNSY 10 SRV

P ] X e a o wr o
(FPULATIAIYBIN T HENUFBLIUADUUEA IUINIINA 8.4) 1heneautsfle ludetiu

Hudn g udmadsudautaaeaa 1l
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M15799 3.4 AIPUURENMNSHANTIHARLAILTRR

PUABUNTN na (n)

Rubber mastication
Cassava starch

ZnO

Accelerator (MBT)/TBBS
Stearic acid

Sulphur

Compound finishing

LN NN NG N

3.3.1.7 nadaumaianyiae lud

ynmsnadauaniamsianmludiimeissiloiimosuuy ODR 2000 Tanea
goundiimsmagauil 150°C Tufindmasussiio (torque) fievInmadaussninmaiy
Tawed dgeamsasusedofdannmadoussuineniulsinodgege (Maximum torque,
MH) m‘&’nnmﬁifqmmsnﬁwm‘mﬂ‘sgﬂmaﬂauﬂneﬂﬁ (Scorch time) Fandearniug
nFudiams@anloeseninluana (cross-linking) nzwiwliannseimsudssld
uarma lumsenlud (Cure time) Tﬂmzﬁﬂmnnmﬁawﬂﬁﬂugﬁa 90 wWasidud
YR NQATIEN (1,0)

3.3.1.8 nadauanvaBeland
> : sod ey > o o o oo = Y » - ar >
hanaamdfiwisuldmniinsdndifiowmIsnBunadou  arowIavsandn
- = - wr & . o P - LY o
wuulalasdefaanpdl 150°C wasnnuwnhiuneaaumaisulalinesavandsd  daele
o
T3
3.3.1.8.1 MATOUAINAIUNIMABLIIAY (Tensile strength)
MSNAFAUADINSIUNIUADUTITNAIHNINGRTFIU ASTM D412 (2000) leaamsih
gapNUTINlaNeIsndunedaulssmsdandse s aunanusauwuulsanseinh

amngdil 150°C Aueu 1000 Yeuswamsnila  eusseznatumsiamlud Al
NamsmeFaumIdas 3.3.1.7 sniediuldazaanaly 24 #lwe naumanedeu
WaIINIY ﬁﬂ"guwmaautﬂu‘gﬂé'muaé (dumbbelD) wnlivpon 1.5 un uazludu
3 wNGAMNANHEN  (grain)  BBIMadmsmaluansyn (RafemanpImsnInu
ﬂaw‘ndaanmmngnnﬁq) Wowlumsdariion 1 (die type 1) udasdvguil 3.7
MIBOSUUUGIBEINER (guage length) IishadenrmuuiuGey Jadu 2 @
vuBunedsuudnuanngy Wistozdn 20 wn myieenumnliia 3w e
u‘%nmnaw‘gunmaauuasu%nmﬂmuﬁaﬁ"qaaq msasBunasauldanuilumsds 500
Nadwessou
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MW
Tensile strength = F/A (3.9)
e F = WNNENUENIG (Hhau)
¥ ‘J » L qv ar T - -y
= WunmhaavasBunadausnsialitge (aeiadwaes)
Elongation at break = 100 x (L-L)/L, (3.10)
d 1 P Jﬂ 4 =4 -
LD L = JTUTHRIEVPNIFUNTOUUB NN BHAIUENND19  (BUAIeS)
L, = SLHEWRNISHUFULSNAU ADWIIManaddy (Lrudiues)
300% Modulus = F/A {3.11)
- = P o P
o F = WNIATNENNIEHLEA 3009% (H0u)
ﬂv GJ ar : bl 1 - oy
A = AuhmhaaratBunagounazdibifie (maniadung)

— 115 rrrn

] " 23 oo
B r
Y .

) —uf
L

: & rmm \ 26 ram

FCES. ‘
| -\‘\| ] . |

R 14

-5 @ > ) o ] =
Ui 3.7 dnwusBunadauanumumusiauisne sudNuagiian 1 (Type 1)

2. NOFDUAPINIUMIMIUMTANUIA_(Tear strength)
ﬁm%unﬂaamﬂugﬂzzu TINOE B @IuMIN5IU ASTM D624-86 (2000) 63

4 ::" <l Y - s <4 - =:’
sUn 3.8 Bunesauiianuvul 2 £ 0.2 Hedes deenuuunTueaIMsIann hau
nagauldiemmaTamtrlanldaiuclunmséh 500 Hsdwessawnd 1dB3unadau 5
4 1 ar " - ] P . o Ly
Zuluudasimatiieg  MSHINNNATINAUNIURBM FINTG ¥ lasail

TS = F/D (3.12)

‘J » ] = &y ot " -3 -9
4D TS = @NNUMUGBMINNNG (HAURBNaaNGT)
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]
1]

UWINNINTG  (HeW)

wj
N

anumunasNBunaday  (Aades)

$00 rmm

T - R

a0 -
-~ 19+-0.05
B 190,05 N By ~
vy -~

| T
T~

R26+0.05 - R 26 —0 D5 !
s - 1 .
! F 127005 l {
l_~zsho.05 - :
T 3.8 AnvuzBUNAFaUATIHEIMMUABMIINTIALUUNY PIHINATFIU ASTM
D624-86

—f

2T +-0 0%

3.3.1.8.2 NAFUANUTY (Hardness)

» v 1] L] - as >
winyvdunedaulviianuminlidasnh 8 Aadiuas  Tarnuuieme

o s W v
wWiavinanuuiauuy Shore A launeyduwuead (Indentor) uuBunadavuiu 30
ol i L n,
WF LaIsTumaNNUINLe

3.3.1.9 nMinadauy ﬂ"ﬁ'tg’ﬂ HANIN

. ﬁ] ar ar nv L ) =t r

henasudndnildannmssaniuardaluiunagsuanudumudaussivlumh

o o ' < o o ¥ & [ - v e

1o# 3.3.1.8.1 MuAULIT 3 dnx As fnampiviaclusy mnuaaiali vezihdu udin
& N 1] J L] = » ar
aNNEUMUABUSIEN Waszazuly 1, 2, 3 uaz 4 tau mudeu

3.3.2 4G5INTIANIRI0M (Maleated Natural Rubber, MNR)

3.3.2.1 andwarauZFunosnddowaulalani@ldlumaedousesssaainnd

an
FaguszamdidadnmnmuBinannadnuavlalanifminzaulumsiedauen
5IINTEINEEN ININAas 2 dnz Ae meldusieme wazmuldussinmesad
Tulasiou () msneaaslauiiiene STR 5L uars N ADS sadhidudng fhiwmin

or ! : far] u" 14
Uszana 400 n3u suldamubulugauamngll 40°C Wunmn 24 tilue Togaslums
RIS
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- - ol -y, -, -y
TN 3.5 geshldesannssusimdaalasmsudnBSmaanasauaulaleand

GakIGH U3ana (phr)
STR 5L/ADS 100
Maleic Anhydride wisdSwow 3,6, 7, 8,9, 10,11, 12

HANEN STR 5L win ADS fuanddnuaulalasiluedssnanuuuile (Intemal

Mixer) lowld Fill Factor thifiu 0.8 gaumpiimanan 135°C anudilainad 60 sousis
i Momeasn 10 i lundazmsneassilfunsunsnausail

Guiy ldeasssumaasiudbewanen uwduedasunsu 2 wii

ni# 2 Wanadnuaulaland

Wil 10 thenpenmniasxan Tuiindnuaruasiagamgivess

msdnmanswarasihinanadsnuaulalaniimlalumseisusesisunduniiaa
male vssmalulasiau  Mmsnessuduldmnunlaaduisniud? udfduITHaNmN
g 9 » » t [ » » -
uspuinauhmskhumelulasou dhlvludnsesluzusmseas

3.3.2.2 nsaisumaiaiessirlSanamamedisvatandanuals

Tasvivulaanasiesssumi

Jhrnieiesldnnide 3.3.2.1 3 TAgns (re-crystallisation) Ta
n‘rsﬁﬁﬂmﬁﬁnLtau1u1m$1fﬁ1ﬁtﬁﬂn1‘snﬂﬂﬁuuTmaqanmﬂwﬁﬁumﬁaan Taminem
dthidudng Fnhwmindszanm 3 ndn (suduenation 2 duwmiv) hluauld
arwuludavanemudu faungil 40°C Hunm 24 Filue udnimnazmelulngdu
Wanas 400 Tadans 1lUIENT (reflux) dhuam 6 Hlue tiabiuilahenennse
avarulavun wdmntnhasarsmmnanaznaudisazdlaufinaiiuma nsas udniem
Annaznauldindndsasdlou 5 ah ater 50 Haddas W nnanesnauleilmily

' ¥ = v o a o v P
uiuudnhlvavtudauasanuduigaumgfl 40°C (unm 24 Hle uduiuliluedie
wad

3.3.2.3  mianzimBanamsnmdazaunddnuaulalenivuluena
sIINTGmBmalaaudTsaaudalnsaletl
vhoneSpaldnninda 3.3.2.2 dahminiivaudssnn 0.10 03
(amBuanaiion 4 Sumia) Wnazmodningdu UShnas 10 Hsddes aebiluiie
48.. s (Lﬁi}’lu'lﬁmsa:mﬂmaLﬁﬂﬂﬁﬁ“‘imﬁ'uum) A SATANENRNINYANIUULHY
(wad NaCl ssimsmyazeny imrmadaumdunsusasilaasy udrduiamdesidi
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ATINGNTINAIMSQANSYU (Absorbance ratio) FHNUMNTBILDUNITQANFULTIYBINIADN
uoulglesy Aszafiu 1792 cm™ %quamﬁqmsﬁmj succinic anhydride W3afiauAaY
1784 cm uaedemsing polymeric anhydride f‘f'uéwmsgmﬂﬁuumﬁﬁmmﬁmaﬂﬂ%’;‘u
834 cm ' (C-H stretching 909Wuse C-H ﬁtmsag:ﬁ'u c=C) ldgaslumséiunmse
duanugasamsgandulddl

BATIEUIBINMINANTUUE = T/ Ty ---(38.1)

- 1 = < - -1 - -
e TC = ﬂ')’mijﬁ’lnﬂ’m‘l‘i(ﬁﬂﬂauuﬂﬁﬂﬂ‘)’mm’mau 1792 cm ! Y30 1784 cm !

’ - Pe] o -
TS = ﬂj’lNg\'ﬁnﬂﬂ’lﬂ’]s(ﬂﬂﬂauumﬂﬂ]’]uﬂ’nﬂau 8340‘1‘“1

3.3.2.4 MBI Enamamzdasasnidsvanlalenivulags
I5ITUTHMBITNTInnse
thenmedsnldnnids  3.3.2.2 dminwduaudston 1 ndw
(azidsemaiinn 1 drume) Iinsndludissasingduines 100 Jaddes uom
3 Flwa  Bdindu 0.20 edaas (Aol succinic anhydride WansUaeummiiy
succinic acid udIHEndaaludn 2 Flw hmslnnmsaruiidsmsazmenaspu
Twunadanlaasanlod (potassium hydroxide) (ludivhavane wmusadaiuy-1sda
upanp@ad da e 1:9 Yimnesaausines) wWudu 0.025 uasuas laglduadnmau
WWuTu 1% azmu’lmumuaﬁ Fududnwsad WU3nn 5 vee lnmserazdouaunssit
_Lﬂﬁ'uuﬁtﬂuﬁﬁuﬁuaﬂﬂLdﬁmﬁtﬁm{'\:ﬁﬂi 1 Wi AnnumenueNduraInInnain
TurnsssumdndeenniBinalnunaduutassenlud

3.3.2.5 nassumIANMNiiayuil (Mooney Viscosity) #BI81GIINTIRNAEN
. o . w W v P P o)
hrafedsuldnniida 3.3.2.1 smmagaummenuniiayuil druades
Mooney Viscometer Toul#FiSmmedaududiuwioe 3.3.1.5.1

3.3.2.6 anlifn1slvawuuiau (Shear Properties)

» - = [ Y o ol -
enafieSeuldninvde  3.3.2.1  wmedauduuamsivaunvuiiaudy
A58 Rosand capillary rheometer TovlaSminadauiduidisiduwiis 3.3.1.5.2

3.3.2.7 MuassamBuauauateNsIsnmdindeauanuiliudnimag

d oy r- | - 1 -
gadszadiadnmantiveilaladyassnnauseningwsssumduasen
535NNAN RPN UULINIUENEY ettt sAnUAaEIUMSHEN TV INENSITNDG
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or - Q A = A b Lo 1 s T
fugesssundmnasenivinaulaiudideniissauan q UKAEUUIANIIEIUYBIEN
s3suMAdsrNsITIMAndleni

A g ] L b -
AN 3.6 LT NEIUMSHANTEMTRINGIINTIRUALEN BTN INNIALER

STR 5L/ ADS(phr) MNR (phr)
100 ' 0
90 10
75 25
50 50
25 75
0 100

TasPunasdandiusaserNssINmAnusnsssumindeavzudsuinauil
Suthuewdeded fa 20, 40, 60 phr warhinsuiiiudlends naneuasutiiy
dlemdruninTaanane@agnnde (Two Rolls Mills) Agaumgil 60°C Tauildrdulums
HENGIE AB uerNsTININALazENsTINm RS lTAu e 5wl wdmtuda
uthiudlendaald wawndalusuasu 10 i wdmbnilunegeumiataamunile
guﬁ' (a9da 3.3.2.5) uarduuanmsinauuwifiau (fevdo 8.3.2.6)

3.3.2.8 MaalsagRanUndRaIs N sTINTIAN R
ouszadidednmnanidmsiamiug  uazmuiEmeilBnduaseneapaing
PANVAUG TN ITRENGITNE  nsssumdindauszuihiiudnzvway Taomsldms
@i lumMIndIUNAMUINATIIN ASTM D3184-89 (2000) SUFMTIBazBaanNgns
TunTni 3.7

AN 3.7 gsiainlslunmIsswdndmeassasfinaean anuileiy
dzunaaitianaen g

#151Ad U3aau (phr)
Rubber blend ‘ 100
Zine Oxide 6
Stearic Acid 0.5
Mercaptobenzothiazole (MBT) 0.5
Sulphur 3.5 .
Cassava Starch wusUSinun 20, 40, uar 60
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o v o & o <4 o e as
MM INANBVIATINTNENTDIYNNRNNGUNNT 60 dsrnaded laviidraulu
w <
MINANGNA TN 3.8

e & - - '
@13197 3.8 TURBUATISHANEIADINITIAYBIBNSIINTIRIIRLEN

a1 (W) fumau
Sueu URTRNETSNNALALENGTSNNGINStan IKtd Ny
5 wanuilaiudlznas
10 ldBedvanlod
13 ldmsése MBT
15 ldnsaadiedn
17 Tdfiuzdu
19 durhugnn 10 sau

& l v o ] - are, [ ™ e

aeeneasdMaty 24 il nawhluneasusnddinstenlud (Aamwatides
Tuiga 3.3.1.7) sanhilluBunegsudnidneidnd (sansatidealuvde 3.3.1.8)
waznadaumsidanamwluaneen q dalumds 3.3.1.9
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HALATININNINIINOADY

4.1 s NsIINTIRDNIN A (Epoxidised natural rubber)

=l

4.1.1 msdamBnausnaiiidussanmsiiassssuodsnenlus

nmmesnlvida 3.3.1.2  muiufmathahmefnewesmamuiisem
1, 3, 6, 10, 24, 30, 48, 54, 70 uaz 80 Il MU 1MPNFUTISIBLMUDE
fuliazan suwk  uddhansimifiiuresmsssumaddwanladild dremaie
dunsuaaslalasalel laawaadudurnisasassvossumdinenled uanmiadn Tu
assimmailuged 1 (n3si 3.1) Aldomlumamnuipim 30 Fln Figui 4.1

1240
835

870

%00 2000 7000
Wavenumber (cm’)
R 4.1 awlanduBudnisazasmesssimaananlad Aldainmsldasiaiigai 1
(3197 3.1) T hunminfides 30 Halae
PATUR 4.1 wuhidumiszassumsganduusduriniasaaanantlsd #
Fumisazedu 870 usr 1240 cm’  Liwuwnumagenduuszaswimiuaiiauas
lasZanda  Audannuiiismsdonumudwenlad  dniuluanamssmnaasiia

. ar

ah Ea o o ar = e 1] 1 4’
U dnenBaduiunsamasain diismeaalun
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? o)
— — + _ —
,._.>~\_>_\_. o0 —
' n
natural rubber performic acid epoxidised natural rubber  (4.1)

s &, ] . PR ' o G
PRINUUAIUIUMIAT Absorbance ratio ABIRATIGILMINATARY 870 cm™ U
835 cm™' (UAPNIN =C-H v cis-1,4-polyisoprene) @A NIMNMUTINamdwanlas
v v o o
TauldnsIWannsgI1usas Davey and Loadman (1984) lanaaInminaoasdiagud 4.2

45

38 | -1 & gad 2 / /

s / /5/ /E'/

. d o
15 / / /B/
0 // ,a/

3 %

0 . . — -

0 10 20 30 40 50 £0 70 B0 20
Reaction time (hrs)

Mole % Epoxide

= - » P = o« ~
i 4.2 Bawadidudnasmidwanladuasnisldasiadigah 1-4 (915198 3.1) 7
ssazaaInIjite 1-80 #alaa

= P ] 1. ar
HaNSMsLEnaaiigan 1-4 (n9ni 3.1) daldmnmesamidwanlsd udaed

SU‘YI 4.2 wmmamwnwmm*smﬂgnﬁm 30°C m‘imumw 1 uaﬂ‘ﬂm‘smﬂﬂgmmm'ﬁ'
g uamt':mzlmmsmﬂ:_]n'smma'mu (nemda 7 6, 24, 30, 48, 54, 70 uaz 80 2
Tie) mslimsiadl gaf 1 ssdesumudwenlsduuluansesssusalusiinoagd
e wililasnniiuBinudnssnauassnssssund lalasmuwadaanlad waznsaved
dngefige uanmniuBinauilosnlusnshuiidnm deivlummesasiizadantdms
wilugedt 1 Tumswdsunssssuniddnanlodlummesswaudall asihmaeily
qmifazLﬁmmﬁuﬁnﬁnajﬁa\:msﬁ'rd:jﬁ%‘mﬂszmm 50 il FeEnhusmsiudmng
Ssiail yodl 2 (Fushfinarean i 8o Hlw) uagedl 3 (Fudhdnemenljiien
72 $hl) ugmseiluged 1 ivTinaniawenladgefigainalumsinujadnioh
fu Yeyvmmsdu @Tﬁﬂaqtfnzmmmmun"lm'Tmum'qu%’a’nuuﬂmﬂﬁmmayz"ﬁ"l'&'



4.1.2 nrsAamanmsanijiien

amsneasluided 4.1 wuhmsiaiigadl 1 Sanaanzaanniige wneld
narlumsdwandinduniasuaziienydnanlsdlulinupian  dniufahasieied 1
amhmanaassigampiitasnmeie g ldkemsnaasudesi 4.3
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60 @
50 / “-MC

-=-40C
-=2-50C
40 : - B 60 C LA

A d &
o _—

Mole % Epoxide

—

Reactionsgme (hrs) a0 50 60

0 10 20
=4 - ra < v =4

st 4.3 Tuawlasidudvamjdwanludvasmsldmsiaiizan 1 Taamswlinaiuas

aungiizaanmvindginsm

Ui 4.3 wamsamudiiussrinnaildlumsihuiniulBnamgdwenladuy
Tuenaunsssund daldmaaiigad 1 wuhdaiugumgizasiidenilihesiie
madsanmlaiiind  witunhisdannsfioufitmiedy  wanrnifnuh
aamgiitvnzauhniumaiuiiimde s50°C dlawminldmessumaiiiBnum|s
wonlgdfgauozmaiamsduamwilnassmeimiiamlssnu 10 s Fafluom
MnunaiasmliianydueantsduuluanarnsinmalnlBnugld  wihigomad
60°C aildmnnmaialiiinlndiduadudl 50°C whbmemdiamadssmwidinenn
namde Woamasmsmudiiadswe 4 Flwomiu Killdawnfgumgiil e
1ndidsaiugagu (cloud point) 784 Emulwin W FaldSuemsiiveanauaiossanien &
dufaamniige Emutwin W higansovmbiilumsilesiumsivinueseymennld &

3 = ¥ .Y b=} o 4 -

wadudanldaamgii 50°C Whiamizlumsedsuensssumnddwanlad (Rerhumesau
ara ol - ) [ 1

AnUasy 1 washamhmswauduasaasae i
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4.1.3 ;snadavaaiannilalativasssisurdanan loe

4.1.3.1 m’mnﬁmgm‘i {Mooney Viscosity)

Tumsneaaumemnamiioguil suhmsuSsudisumanuniioueanssssuna
dwanled  #19595ut@ (STRSL uaz ADS) uarmslfeesisumddwanludiludia
Al (compatibilizer) InnuaufuutlniudlzndludSnasw duda o, 20, 40 ‘
uaz 60 phr iy lduamineassuansluzud 4.4 waz 4.5 nuhdlaciansiinums
Tauilfudlends s bimammilaguiasnadiniu  Tesmwzmesssunidwan
'lwda:i‘ié’mﬂmﬂﬁﬁugﬁqﬂ IUNILYY STRELUAEHNUALENUNG (ADS) aeiisany
niladaduenfinauthiuduands  Tasfnauruiukrsiidamumilasinhmaoi
STRSL #nsssumdimsdamsiaiesiidonmafvmanunilalndidssiu  uddnhdan
mstRnenumiiaasenasssnmaanenled  msldnssssumdinenladfiuamsiiinany
vhituldsaeeesssumdndawiia (STR5L uaz ADS) sevnlienilafianumiiamiaiy
B inumstiuiliuhuzndadindu  wandlaiuuinnuuiiudmuzndfsemivend
memaviladiuiu uasnniiwuhamenumiiayuiivaseefimslamsinenudiuld
AR IIMTIdoNssImadnandes

Feiussiiuhdananiiayuiissenmnsiafudumuuiinautleiuanlend
uanUSnadhUzndaidy Gonnd 40 ph} Tunsdleny STR 5L) snsssumddwonlad
uﬁmmm‘mﬂﬁﬂguﬁgﬁqﬁ Tuntuzflenssssund (ADS uar STR 5L) WaNAUINGTIY
madnanlad (25 phr) uamn"m’nwﬁﬂgu'ﬂszwhqm»:_ﬁﬁumﬁﬁummﬂﬁﬂguﬁﬂaq
rrsssumddwanlyd vonmaiiwuh insiduur (gardient) spatdunTINIDIANUNIIaYY
flmasessrumaswanladilmgega uazaeeme STR 5L uay 9 ADS fishenan deagl
l@hszduussfegarsninuihivdnlzndusessinnfigiodn quandniu - sl
Fmsnsumnudnanladlibianagn ENR wsiliidanuszeiifumilastansofiiay
Tulauanauthiiudizyd fadanalvinsd 1w ENR wasuihiudlendsiidanuniioyu
figenge wananitnanseldns ENR dumsiinemudriuldlumsiuausden STR 5 L
138 ADS fuuthiuslenas Tﬁuﬁ'aztﬁﬁﬁuasmﬁsmﬁwwgﬁﬁ'gjﬂmmq ENR fuuithiu
dlznde uazahud liiifmeen ENR dhandiulddfuee STR 5L nde s ADS dhe
il bimauand@ld ENR umnsifisamundriuldflldamuniiayuilgnhiems
STR 5L uat ADS udiissiupasusigamainaiisnniem ENR wausilaiudizvi
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60

50

—6&— Epoxidized natural rubber

Mooney viscosity (ML (1 +4) 100 C)

20 - O - Air dry sheet
=& - Air dry sheet with ENR(25 phr)
10
0 T T L T T T
0 10 20 30 40 50 60 70
Quantity of cassava starch (phr)
l‘ " abl A -~ o o “
JUR 4.4 dwnamiisyuiiwasunesssuenaawanloiiuaudnu 519 ADS NS3anm
uthaldlzndeda g

70

60 -
=4
— 50
I
=
g 40
=
% 30 @
2 —B—STR 5L
> --O -- Epoxidized natural rubber
§ 20 —£—STR 5 L with ENR (25 phr)
(=3
=

10

0 i T T ¥ T T
0 10 20 30 40 50 60 70

Quantity of cassava starch (phr)

= ' - =l -~ o -
3UN 4.5 awnnamileyuiosnisisudiGananlduandiy 919 STR 5L MlSsnn

uihsiudnznaene q
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4.1.3.2 aauIANSInaUULLEaY (Shear Properties)

Tumameassimsifiouiruanidmeilalofoownsssunadwanlad  on
555umM@ (STRSL war ADS) uarmsifensisumaswanludiudufinamainshiuls
TasmsudsuSinauihsiuddondsi 20, 40 uaz 60 phr udrAnWIHABEsMSRIUSINO
uihfudlzndasamsidnuuaanidnmsivawuuiion

4.1.3.2.1 AMNANANUTIENINEATINITEDY (shear rate) AU
A1IHIAULADU(shear stress)

- ) L L) » a’ »

fonGunenuduwusiig Wuldweamslne (flow curve) WaaINMISNABBITILS
w -

uaEgNagUn 46-4.8

900 -

800 -

700 -
Shear 600 -
stress 500 - p
(kPa) 400 -

300 —&— O phr

200 - ~&— 20 phr

—&— 40 phr
100 - 80 phr
0 H i | ! i
0 250 500 750 1000 1250 1300

Shear rate (1/s)

Ui 4.6 anudiniudssnindanfuanindAuidan vases ENR wavdiuuileiv

dnlenash 100°C
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2 300
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Py 200
£
w2
100
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i I 4 [ [

0 2590 500 750 1000 1250 1500
Shear rate (1/s)-

U 4.7 enuduNussEnIndaTifuanuAuay saes STR 5L waustuuilei

dusndan 100°C

500
4940
®
a.
%
e 300
@
@
2
®
. 200
w
D
=
w
100
0 1 ! i I I

o] 250 500 750 1000 125¢ 1500
Shear rale {1/s)

U 4.8 ANUTHAUTTENTNIATIAUANNIANTDU 289879 ADS tuausdfuuilei

ar 4
ddzudan 100°C
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é 1 4 Q' o =l bl on =4 1 =3 q.
nNJUN 4.6-48 wunilandanmsiiawininsisiaanuauEsuiy
J’ J q' £ ¥ L' . L d £ o 1 » = -h' 4‘ 1
Iuuandatiudinunslduiviudlswavi Mmayngtisiaanuduidauiiusuuy
fu viapmeznamlandunnanuduiudsevinaganmiaiauiuanumduiioy wie
v w o ar P | ot |
wWulaaraanslva (Flow curve) amamalduthiudiznailugnmnaiion 60 phr fidgan
» rc] o L 4 1 or
ga svavsnldunmiGinumslduthiiudrdenga 40, 20 phr uarlusnsilaildaaaudhaiu
ar & s ‘lv v = 1 h « A ar -t < ar r
Szndy enndrdiu uannil MuFsuifisuaemnuauiaunssnmsiaudsnu wuh
1 ﬂ: ‘r ) ot l:' N ar
menusuiflausaiuaud ADS uar STR 5L tindubiinndumsidsdmnomiliu
s o or o ar [ Y o cr Qs
Slend wdltunsdiens ENR wandfuvulaiudlsnds senudwidiavasiainanniu
1;‘ = LY LY @ 1 J - .:J o a7
mstiadTinauildudnlzvas wuhaamnuidulauggaredsn ENR Auauiuuilai
dlsnde 60 phr HMmgeannnanda Ussanm 800 KPa  uailunsdiens ADS uaz 819 STR
5L dfmanuAuidaugegaid 390 uwar 490 KPa wimu duuidnhasiiewussed
1 Idds ot kg o ar hnd ¥ ooy W s L d
enamifizneaeen ENR Hu uilaiudilends aaldaduneinudiluvhde 4.3.1
P £ 3 o = = W =4 1oy

WBRFIIMSIRaUsFge tazmsiiowusaall vaamidwanladlusn ENR uae
wilaaSanfazaauiludzndy Tavhmmaasslasldon ENR wauiuuilaiudnlznds

fl 0, 20, 40 usz 60 phr udNilunemsUMEATEs ODR 2000 Hammail 150°C ldwa
msnessarNNFNRudsE N nefnfunmmamesauuaadiU 4.9 wuhmdnn
nmmsnadgeulssnn 2 inf dmednsssawsudmnaiiafiunhivdiniy wasfiom
msnaspudmiunuNAMmainuey ENR fdwniige wozdmadnaziadumudann

Sutaludilends  mstinZugaeamasnmunamanedsuiumsiuiumadiaujise

4 1 vl & Iy & oy o = L]
ﬂ'}‘iLﬁBNTUQSSH'ﬂQHNﬂNﬂﬂ’l'ﬂ‘ﬂ'lﬂa\i‘wﬂﬂluﬂi“ﬂiﬂﬂﬂﬁuﬂ wazmsuNUsIEIUsvash

Y

!
= oo o

L o - a4 4 o ] . £ ' o =
TiszduraamatieUfifonintu danaldanuulsunsa (stiffness) vaewadnadiuaudn
' g w
AMFNTUNE

i~ pure ENR :
|8~ ENR + starch 20 phri
14 - — . I“"’“ENR-‘-slarchcﬂ! phr
{=*~ENR + starch 60 phr]

Torque (dN m)

0 10 20 30 40 50 60 T0

Time {min

= L oo ]
A 4.9 Flanaipasnns ENR wausduuilasinvdnended 150°C
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Msigene ENR (luadisinanunoula lumsiuaudsny ADS uar STR 5L

Auidhudzvae  IdnanmsmessaldSsuhsusmanuduwussewinmamafuiiauny

as = = e s ar o <}
ganmadauiviinautasinddynds 40 phr aalusun 4.10 uaz 4.11

700 -
600
- 500
2
é 400 |
5
4
£ 300 -
2
2
oL
< 200 ] _
—- ENR
~A— ENR + ADS
100 1 -B- ADS ;
0 —T T T Ll T ¥ T
0 200 400 600 800 1000 1200 1400 1600
Apparent shear rate (1/s)
Ui 410 Anadiusssnrindrniuanuduian uasens ADS waudfuuiiaiu
d1znds 40 phr A 100°C
800 ]
700 -
5 600
£ 500
£
g 400 -
=
L /]
" 300
-H
g |-+~ ENR
S 200 - - STR 5L + ENR
- —4&— STR 5L
100 -
0 T T L — T T . T
0 200 400 660 800 1000 1200 1400 1600

Apparent shear rate (1/s)

s 4.11 anudNWHEIIINaRIAuAM AN Y vasws STR 5L twaudnuuilei

dnlznas 40 phr 9 100°C
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V A J ‘:v bt 1 —

INFUN 4.10 waz 4.11 wuhmdandaudsnuen ENR udaamanuiiuibia

nl AJ v - ar n' »ooar oy 0 L3

geiam 013 ADS ude STR 5 L Al ENR 25 phr iludmiiuanudnnulaiiday
r ’ ] h 4 1 v

SEMINAIAMNALI#BUYANEN ENR Uax 81 ADS Uax STR 5L fililaudutng ENR wa

¥ ey - < of o w8 &

msnaasdsardestumeNuniiouuil Tugun 4.4 waz 4.5 mudiy dauuanuiun

g9 ENR wazuilivdnlsyndifatusnmazasmsifiadusziaidl Failidealdusegs lu

o a v v o oo e ar o Voo »

MIFUNDALUDINADNYAERLUBUGZENEN ENR w3afiians ENR illudisanaaniuld

' o o 4 - [ D F A o
dunemsuuumlamSedinnadurugudnae 2 sy eldasnnmsifiedfindenail
e - J
aadnelusUn 4.9

4.1.3.2.2 @NNANWUATSHINDATINIFIH2Y (shear rate ) U
AINNHALIaU(shear stress)

dndsnanuduiusErinanuniiadisunuaanimadioun  Wuldsanunile
(viscosity curve) Fmamsnaaasficnmemmassndmfuduldimsina duuaaalugud
4.12-4.14 Fwrhdnyaemaiuiuviasaswasranuniladauzasenauaudynaiio
funhivededunsdenuduiday sndunsdimaiasanmadaussiThimewusudnn
Fialmenuniiaidiouaas nIafiiwgfinssumslnauuu shear-thinning behavior tZuidEN
funedwadweanlasml mastiuuSinamsidulliudnsndandaniioundsatu asm
Timaausmnzfiaddenuniadeudady  dorhuduldianumionssmnslduiiaiu
dnleudlunannaiiaii 60 phr fiehgdige saseanldunimslFuliiudnlznifssdu
40, 20 phr wazlupnlildnanuliuduznds masu

wananiinsusudsumenamiladauisnsmsdeowdenty  wuhman
wiladouraswADS war STR 5L weud  wiadulimnndumsiiaEnauthey
uznds udlunsdlens ENR waudduuihdudiends sramaudunilia@suiinduann
fumsnBinamsiuutiaiudilend wuhmemuniladougegauaee ENR Auauiy
wihiuddsnas 60 phr didgunnnamds Ussutm 25,360 Pa.S  ueilunsdisny ADS
uat &9 STR 5L Denemumilaifiauggaud 9,700 uox 16,500 Pa.S Wt duiuduiiu
msBuiuldhiaRussiaissninemyfiitiessns ENR fu wlafudewds

mslden ENR ihuddiafiaanudiuldlumsiwsudess ADS uas STR 5L
fuutlaiudidends lausmsnasaaisuiisumenudunudsemindianuniladaudiu
sanmadauiiviinuuiiudlimds 40 phr faluzui 4.15 uas 4.16



42

100000
10000
oy
o
)
2
g
2 L1000
-
il
i~
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é -8~ Cassava starch = 20 phr
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10 ; e s i e ——

10 160 1000

Apparent shear rate (1/5)

10000

U 412 AnaduiusIswinaaniuanamiiniiay 2a9e79 ENR tuaudnvuilaiy
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100000
= 10000
£
]
D
[
>
E 1000 - e e e
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L N et b1 S -
10 b—m e o o A
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Apparent shear rate (1/s)

100}

Ui 413 ANNdTUSIEnINd Rt uaINviiaIEEY sasp1s STR 5L wanstuuiheiu

o -d
dnlendsn 100°C
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10000
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o

&
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§ w—

% —— Pure ADS

=& starch = 20
< —a— starch = 40
—#= gtarch =60 - ]
10 y . :
1 10 100 1000 10000

Apparen shear rate (1/s)
U 4.14 @nndNRuSIEwINGaTIfUMMIinEau veenns ADS wansdiuuilaiy
dnlendsfi 100°C
o p ool e o ' o =
MNFUN 4.15 uas 4.16 wunndnnudaudeiiugiy ENR udosmanuviiniiay
P <l v o el o - )
9 qm 879 ADS udr STR 5 L filden ENR 25 phr ludatdisenudiulasisnanumile
= 1 ] A 1 v
Houagszwinanuwilaifiauyeds s ENR Uar & ADS uar STR 5L #ilailduauen
Moy P < < ' o o
ENR wapisnaassdaansasnumanuviiaguil Tugun 4.4 usr 4.5 uazaanuduwud
swingammsdauiuanududanlugn 4.10 uaz 4.11 wmildlannmsiiawuse
= e - A

wadl svadunaluguh 4.9

O z b .QAJ n o ar LY ar L4 AJ o ar

aUUWUsELATIMMNIsidVINMINENTI ENR nuuihiuddsvas fguv)iiges on

o :‘ @ ot =g » ar by ar ar -
Tusdd 417 Fzdeusdamimmuaiisswingn ENR fuaihiudsndstuznei
< = as L4 = -~ o =5 =

MIuaRENAIgUM)N 60°C nammiunedwadivaudezgnidiauluinismadaviiguunil

A'.LAJ c‘ - ¥ o £ O 3 bt ol L
100°C Fuflugungiingewsisihiifaufsosewinms ENR fuudhaiudnlznas da
¥V o s - v - J
walvliawus: laniaud mlvwadwasvaaulnalamniu
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Apparent shear rate (1/s)

i 4315 enuduiiudiswindanduanuniiniausecns abs  wandiuuiieiy

- o
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- - o o o y " | » o v
sysumdananlgdnuuiiudilevay  drusnaantdraeHuiNuie ey

1 - A aa‘ [ s s J \J WV .
mMugsuaasauaiNUSanhud iz vdr vananilsswuhnsld TBBS 1fluds

g Ivmsld ENR usstAsamadifuld s lvamenudumudausedieeten

AanuMe JeasmaidTinandanudUzvas
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Quantity of cassava starch (phr)

5U#l 4.38 Tensile strength vaseAanUMAATiAM

4.1.4.2.2.2 Tugdafiszosiin 100% (100% Modulus)

wamsnenasdlugdafiszesia 100% uaadalunlfl 4.39 wuhelugiofseas
0 1009 pesevABMUNE ENR degefige sesmanldunaauhngdes ADs #ldus
ENR (Humsiiuanuiiuld uasasuumden ADS fiddiige mlugdauaasdenny
wieunsemassnoainng Feaunedme ENR fisgefige uasiidnfisiumandinaul
Sudnlsvds sureeandiiedu Salugdaintudnisemumsiiininauils
dudnlenas

s

3 -

25 -

—~+—ENR _
i—— ADS i

2 |~ ADS + ENR|

LS

]n/ ir "
+ -

0.5

100% Moduius (MPa)

0 . e

0 10 20 30 40 50 60
Quantity of cassava starch (phr)

jUT 4.39 100% Modulus 2a3eIRaNUNIATHAGYS 4
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4.1.4.2.2.3 52u58013AU18 (Elongation at break)
] - o ]
WanTINaamIzesEanymun (Elongation at break) 'Z!EI\IU‘NF]BNUTJﬁ?!uﬂGIN’]
)
uasalugun 4.40

1000 ..
—— ENR
—a— ADS
& 800 | &= ADS + ENR
=
3
k 600 -
=
£ 400 -
=
Eﬂ \._—_,_/4»
= 200 -
0 T T T T T

0 10 20 30 40 50 60
Quantity of cassava starch {(phr)

3U71 4.40 Elongation at break Y8319AdNUNMABIIAGADI 4

o 3 < 1 o A -
Uf 4.40 wuhampaumimdvnuiiadwniiynmsasasuaidisseriiefyamaiie
q' = o ar A’ ] = AJ :‘
wWirlSinnuilaiudntznas uenaniniinu e ADS dssssliafirenageigs savaunte
v | o a ) [
urig ADS #iflan ENR iluastiuanuniuld  wazasmnduaiuns ENR fanssas
a4 o oo % X o w v o o & ar s
Hafigemange Bawamimaasdtl dunhinasetiuwamsnaaasld MBT Wuasaus
| o
Tugd# 4.30

4.1.4.2.2.4 AMUMUNIUAANITANYIA (Tear Strength)
HANINAANANINEIUMUABMIHNNG (Tear strength) wialugUh 4.41
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E s ——ENR |
; —— ADS
2 10 |
it —0— ADS + ENR |
5 .
0 F—— L ’ . ; o — ; R—
0 10 20 30 40 50 60

Quantity of cassava starch (phr)

o ' o
JUR 4.41 Tear strength aasnAanUMHziiac1 9

A 1 - 1 1
nngUR 4.41 aansawvanadiadeanilludaingy nquusnAssNAaNUIdREN
a ¥ 1 ol ﬂ' J dj — L ar ‘\' J 1 AJ
#19 ENR daanusumudamsiinnafinauiiadinauiaiudidevdaianguy  ndui
[ A J A ) = J - at ar ﬂ' J =
danilumeimanumumudamsinmnasaaniisdfinnuihiudendaiuiu da an
Jd &' » o L 4
autdraNeTe ADS uar Wareny ADS fiiltne ENR Wuasiivanuaniuld eneeu
A r - -
Umafiienwshumudamsinmegy  ansuihunnzensssugddwenladansoiia
wussaiifuuilaiudlondldd danwdsuisunemsmesastumsld MBT Huasén
y = ' - v o - ' a
59 (lugud 4.31) wuh Sunhismsifduuazaeassdsanuerumusamsinma Tu
usadenu wamsld TBBS Wumsdussasldaanunumudamsiinnagenh

4.1.4.2.2.5 anuude (Hardness)
1 - :l
waMIMAFaUMAMNNUINTBNERNABNUTI uamaalush 4.42

80
70

60 -
50 -
40 ﬁ '

a—

30 - | SRR
20 —— ADS |

10 -

Hardress (Shore A)

0 i T T T B

0 10 20 30 40 50 60
Quantity of cassava starch (phr)

< 1 o oy
E'Lh"l 4.42 ﬂ')"iNll'ﬂ\‘l'ﬂEl\iﬂ?‘iﬂﬂﬂ\]']?ﬂﬂ“ﬂﬂ"\l']
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d ] 1 = o 1 ‘\' J = ar
Uit 442 wuhdsenauiveeseasunindynsiadaiiisnzumuyiinauiialiy
dnlevas Muaadsnunsld MBT Wuasdud (5UR 4.32) nandansuidma ENR
<4 = o L | v o & e o e L
danuudsgeingn savmuniduaneuunemy ADS Aflen ENR lludniisanudinuls

wazApNUIFEe ADS MNEINU

4.2 gN5IINTANIGD6 (Maleated natural rubber, MNR)

4.2.1 wazaadSananiadnuaulalasuraaninonesysydfniamee

Y o o ay
Nnmsneasnanmddnuaulglaniivesssundnaamngii 135°C Tu
d z - 4
wsasnanuuumeluiiuaa 10 i mluaymeunduazustenmeealulasiau lameh
o o o, Y Py =t P4 o P-4 ] o .
fanwanudauiisnwusiniisy  fidbims  Jegamgiluwdisseawuhiiguugilugn
- - oy n' =, = - -
150-178°C 1hensisumdmndeanimiwnizdimusihamsnnddsasundnuaulales
vuluanognssTnmd leglidnmseeldi

4.2.1.1 msuanlSnansnswassmatiadursiesdalasalall
fatnaanIuBUNTITR 789879 MNR At@3aaine1e STR 5L uaaee
Tusufl 4.43 FallunarnmsTAaludoonaiu 800-2000 cm™ wuhAiafLImEN L
ypaaulaland # 1850 war 1780 cm™ welldaasifiaufdsmmatlanumu

(ring opening reaction) ﬁqmwgﬁ 135°C Tustuudldormasnd usnaniiwuiiadend

Wuedu 1720 cm”  Husedemimiveiaiidennufidensasmiuaulalesiiu

anaduluaima wuiefldumisieonndu 1792 cm™ #adam] -C=0 #iilu succinic

anhydride se@uzaIMINNWaramPAdnuulanasassund Mansousudunnms
:

1Y ar =
loduamnaannazus 4.44
(\@3Bx MNR 29089 STR 5L) uar 4.45 (@383 MNR 9108 ADS)

L3 ar I = al A -
MUIUBNIIFIUMIGHNGUY BINATILRYARULT792/835¢m
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o b ﬂ | !

:

. 1500 1000
Wavenumber (cm")

3 Y [l L Y - s, J -4 L3
53U 4.41 madnawlaniududinsayasensssumsndieanedsalanlduian
wddnuaulalasi 6 phr (WSsua N8N STR 5L)

13]]

0.25

":,c: —&— without nitrogen
é.) 0.2 ga:s 3

2 —®— with nitrogen gas
a

£0.15

g

o

-]

2 0.1

:%

< 0.05

0 T T T i T

0 2 4 6 8 10
quantity of MA (phr)

-‘ o ni - o, O -t
JUN 4.44 Absorbance ratio YBAWAT 1792/835 cm ' ¥aIBNSTINTIANIB AN
LASUHIINY N STR 5L

12
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—e— without nitrogen gas

@
&

—m— with nitrogen gas

<
-

0.08 -

0.06 -

0.04 -

Absorbance ratio(] 792/834cm’™)

0.02 -

0 2 4 6 8 10 12
Quantity of MA (phr))

- o - a o o
31]71 4.45 Absorbance ratio Y8aNAN 1792/835 em ! YAIPINTITHTIRMNIALANN
(MITNIINYIS ADS

WUPMsedsunasiamnAndien NneusTsumaneewninda STR 5L uas
ADS Minssumildussmmeandzlimsandufiaginhonssamimdaainio
lamglavsssmealulaseu waaehiiu3ann -C=0 283 succinic anhydride gAT)
amguasmstiaUinuminddnuaulalonilusnmizmeldomeundfiganhanle
vssnmezaslulasey  Lidhlawida dewmnlugamzaimeaundasineanadunes
pandisunsgdnmaiauffiteesoyysdas: Inhazifamsimzdauuluanas
ssudldannd uennniwuhmslin STR 5L xlduSnamsnsageiga
Usinoumsle aniadusulalend 6 phr daumsldine ADS wuhuSnumnsvageiige
Honusinumsly snwdnuaulglasiuseanu 8 phr

4.2.1.2 myasizilBaiumsnsmamaiinisinnae
Wigsssnmdnieaiieioule JinsdmUBnunmamsiauamyndsn
waulalasiuuluanassssumd mudsuseuluidad  3.3.2.4 lasdunuune
FadiinlumsszaseadmasnuiniSinalnunadoulonsanledildlumsinmse  ldus
MINABBITNIRIZUT 4.46 (UamadotmamInaaBaanIEns® msldun STR 5L)
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e
o0
1

Concentration of maleic acid (molar xf@
(=]
h

—e— without nitrogén gas
0.4 - —a— with nitrogen gas
0.2
0 1 T T T T
0 2 4 6 8 10 12 14
Quantity of maleic anhydride (phr)

= ar Ly - an, 4 -
UM 4.46 YSuaanndudurasniaanddnlumasssumdinden nliSunaend

u

-y .

anuaulalanivie g

NFUR 4.46 wuhmsldens ADS lumsiaduuee MNR (S8 MNR-ADS)
memunduzsamnsadadialumessamindaansimseisuiussnmenduay
ussnmalulasieu  Sunhindadudlalduinaanssnusulalastifiadulasawily
dnildinddnuaulolanfludn 0-8 phr uailatisSinoanddnusulalaniinnnd 8
phr  wuhnsedadiiafuwhindaivdnissasssanmemmases  dlanZsudizud
anuTuduraInIAsEuTNENsssRandnaiedsuseldusssmaundifuses sy
mddeaiwisumeldussmmedlulaseulnngiensssuninimaiinisumeals
ussmelndlidmfiganhirnsssundmnieaiiaisumeldussnmealulasiau Hdae
AR DINUHBMINATHTNMTIATITHI0BUNT T Tugﬂﬁ 4.44



69

= ata 1] T o J
4.2.13. uaﬂaaﬂ‘%mmmaanuau'la'lmmfmammwnum‘fuu

(Mooney Viscosity)

- £, = 4 = » 8 V o,
WINGTTHTRNIRIRNY Lﬂﬁﬂulﬂﬂqu‘i‘iﬂ'] neuné WasuIIuIm ﬁ1uTGI5l‘JU

] o a‘ o - o AJ
nedaumdanuviayuil Hgunndi 100°C  lakamsneasidauargit 4.47 (STR

5L) uoy 4.48 (ADS)

80

70 -

30 -

20 <

Mooney Viscosity, ML(1 +4)1 0%C
Lh
<o

10 -

‘ —e— without nitrogen gas
| —&— with nitrogen gas

4 6 8 10 12
Quantity of MA (phr)

<l ) - = = - =4
Eﬂ'ﬂ 4.47 ﬂ')’!lﬁ‘i‘uﬂﬂuu‘ﬂﬂ'&ﬂ"liﬁ‘i'iﬂﬁ'lﬁlﬂ'lﬁtﬂﬂﬂLﬁ%ﬂu‘ﬂ'lﬂﬂ'ﬁ STR 5L

90 T
80 1

70 -

Mooney viscosity, ML(1+4)10(C

—e— without nitrogen gas |

0 _—=— with nitrogen gas |
40
30 ) T T T T
0 2 4 6 B 10 12
Quantity of MA (phr)

sun 2.48 mwnﬁm;guﬁwmmusssmnﬁmfétamﬁm"&uua’mmq ADS
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NngUR 4.47 wu'hﬂ'wmmnfimgu'ﬂ ML(1+4)100°C 9a9eNGT58mHHean
(MNR-ADS) fiuunhiudintu dlaldusmnannasnusulalasiluii o-6 phr waziiuug
Tivasauilaiiny3nu MA anh 6 phr daandaetunanIsnaaaeiam absorbance
ratio naNRABUWTILIATIADARY 1792/835 cm™ Tugudl 4.44 msldun ADS Humsda
fu Iduamenaaasdesi 4.48 Feilwnhiumsistuzasammitoyuil Tugmsls
Ma lutBna 0-8 phr M3y Ma annhifasmIdldmemuniioyuildaudind 3
danadasfunamImasaImsiinnsimiGing Ma Anduuluenams Tasmsiasm
absorbance ratio 2e9WAT 1792/835 cm” Tugudl 4.45 wae MmshwnsimSinansasde
Bialaidmslnnsa lugd 4.46 uebwaluamsimnnivigedtd (UR 4.45 wow
4.46) wuhUiinamigesiaueuloleni Tunsdimsldussemeadsndiisgnimsly
ussnmeaslulasiou udnsdindeericenuniioyuiiigenh dlainhasiinansn
msfisandauiiduialunasieufiidn mliiewuss -Cc-0 v3a -0-0- RaBuLy
Tanahundumalnanagranaies mididuyedauuuluena ddwalitiamsuan
wnldhuiasnmiustisawiaindanuiussin  Sohlinaiediiamsinaldnenh
gaiulumsmesaslunaudaludadanldannsiimsldussmevalulaseu  wesld
MA 6 phr Tunsifildens STR 5L iuasnasy uarld MA USanm 8 phr Tunseifilden
ADS duasdasu

4.2.1.4 uaznanffinneniddnuaulalesiradigumgiinanansuddu
{ Glass transition temperazture) _
L] - -9 d -]
HenassumMNdaninionnng ADS (MNR-ADS) uazin3sumsla
=, ¢ ey Y v o o ar - »
vssmmalulasey Swnsvautdimaanusau Toal#iaSee DSC naamIMmsANATINTEY
° v o e » P W Y oo
10°Cndt ldmasluunsuuaaedoguil 4.49 wazasuin Ty Hiszdumsldinddnuaula

lasieine v @eluguil 4.50 wuhilns transition tmANENTIsznn -60°C aqdm
Tg apsIsHTRInAenfssdumsly MA lugn o-12 phr WU@ Tg BHINSITY
nHdLen Lﬁnﬁumuﬂ%mmmﬁﬂ%ﬁﬂ LLau'la'lﬂsﬁﬁﬂﬂvJé'muTuLaqamqm‘sumﬁ N8
fa Tg MBnums1s MA Tudnit 7-8 phr 1ieh Tg gafiga
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—no MA added ——MA =3 phr |
—MA=6phr —MA=7phr
—MA=8phr —MA=9phr
— MA=10phr —MA =11 phr

S =
X___’_ —
| ~ IS SSS—
-120 -100 -80 -60 -40 -20 0 20

Temperature (C)

e oy = o g -
sUH 4.49 masluunssaassassusidndoeivinnenddauaulalasi 0-12 phr

Glass transition temperature (C

-59

4 6 8 10 12
Quantity of M A (phr)

ot a o - = o —-
37U 4.50 aunginaanuddurassiandaenssauandanuaulalasi 0-12 phr

4.2.2 Msanu3laladuatswuaus

a -n = J rF- | wt
NINSHANENSITHTIRNIBLDAMATENNAENADS (MNR-ADS) AusW ADS uwae

P o
HANENIETINTIRINBANHIBUININ STR 5L (MNR-STR) Auae STR 5L laanantu

- 2 4 o - a < o
WIINHFNWUUEBIHNAT N Mnn 60°C FIBILLDURYDINTIHANUTOIOINTTNN 3.6 M

M3ueEN NR (STR 5L m38 ADS) Uszanm 5 w¥i nouvimemanss MNR (MNR-STR

%39 MNR-ADS) udwuananasdn 5 i wasnnhmmduciuadidasantudu

=1
@n
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q‘ a = g a: = = Y »
sUn 4.51 WRsuivsuanuniiayuilsasesssnmfnties 2 sila wuTieny
< CJ ol 8 ] el = o
vilayulizadtny MNR-ADS fifganiieas MNR-STR - Ansanlusnawausdgedainu
: . LR » 4 2 a
Wul MaiRnddine MNR ilvmenaviiayguiioiznin suiaudna MNR Uszanwm
L ey ’ 4’ . L) el c’ 3
509 uay MNR TudSiansnnniinemlidenuniioyuiianas wudigiaesseana
E‘ T ] i
nilayutiagldansnau MNR/NR aglugn 25/75 83 50/50

T~

T~
[

20 ' ~#— MNR from STR SL (MNRstr)
-5~ MNR from ADS (MNRads)

Mooney viscosity (ML 1+4, 130C)
&
=
\-
i
i

0 T T r "
20 40 60 80 100 120
% MNR in NR(STR 5L or ADS)yMNR Blends

=

A »
3t 4.51 anunileyuiivasotauaud

anuguRussewivnemududaunuaand@au (dulaemsina) Tusina log-log 283
ar o d
#9LUAUS 22989 STR 5L i MNR-STR uaz ADS fiu MNR-ADS udenluglf 4.51
- _r 1 »¥ ' LY J W s & ar
uar 4.53 suaau wuhlanmifuduen Saoandefuaunsiaa (power law

[ 2] P <4 ar . o < . .
equation) (r = K@ )') uonap Wdﬁaumjmaq war K 718 consistency index
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1000
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4]

=

e

g 100

] e e e

E = Pure STR 5L

§ B STR SL/AMNR =90/1D
|+STR SL/MNR = 75/25
e STR SL/MNR = 50/50
:+ STR 5L/MNR = 25/75
| PureMNR

10 - e e L T T ]
1 10 100 10600 10000

Apparent shear rate(1/s)

sUh 4.52 AMHFUNUSTERINANNAULTaUNUD BTN aUYDIEI MNR-STR \UaMA
AU STR 5L.

1000

w

2

£

vy

3

5 190

- !

;:: " Pure ADS -

H = ADS/MNR = 90/10 |

2 ~+— ADS/MNR = 75/25
| =" ADS/MNR = 50/50 !
| == ADS/MNR = zms‘l
i_‘:_?irs_MNB e

10

1 10 100 1000 10000
Apparent shear rate (1/s}

U 4.53 AaraduiussewinenauAudiauiudnTiiiauaae s MNR-ADS CURUE
AUE19 ADS.

anuduwusszinenuniiafautuaamideu (duldsanuniia) Tudna log-
log PAILIAUANG 289819 STR 5L AU MNR-STR uar ADS fiu MNR-ADS uam'lugﬂﬁ
4.54 Wdz 4.55 MUSIAU wuhmanumiindavassuiafinsasdiay wiadenhiivgd
nITuMsIvauLuglawanddin (Pseudoplastic behaviour)
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100000

= Pure STR 5L |
—& STR SL/MNR = 30/10

& —+ STR SL/MNR = 75/25

£ om0 ~+ STR SL/MNR = 50/50

_g‘ —*= STR S5L/MNR = 25/75

2 *pure MNR

.

]

g

-

E.‘ 00— e B e . i

g - >

<

100 . — _ :
1 10 100 1000 10000

Apparent shear rate (1/s}

Ul 4.54 anuduiusisninananiiafaunudnsiiouyasets MNR-STR tuaud
AuU®79 STR 5L.

100000
~*~ Pure ADS
_ -~ ADS/MNR = 90/10
“ —~— ADS/MNR = 75/25
£ —+— ADS/MINR = 50/50
:g' 10000 ~*— ADS/MNR = 25/15
§ " Pure MNR
=
B
g
a
§ 1000
o
="
(=¥
<
100 ’
1 10 100 1000 10060

Apparent shear rate {1/s}
sUfl 4.55 anudaiudssminanuniiafauiudnsiiiaunassns MNR-ADS LUAME
Au#I9 ADS,

CI b =i ) v ] A:J oF =
qUn 4.56 wisuidsuamamiiadauzeienawaud 2 #iia Ndavudiau 50, 100
-1 ' = < Vo = o 1 e -
was 500 s wuhannsnusiukamidsuuialdganulunstimstivanednsidou
: " = -l - e ’ = ) - =
a1 namda H 50 wax 100 s Fawumenunilegegasgluinmsiuaud NR/MNR 7
= P v o4 Y o = <4 <
25,75 3 50/50 Fvaglutadmiunsdianumilayuil Tugun 4.51
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6 B e

—®— ADS/ MNR bicnds a1 100 /s — 8~ ADS/MNR blends al 500 1/5

—#— ADS/MNR bicnds a1 50 1z ~ A= 'STR SL/ MNR blends at 50 1/s
T2 STRSLand MNRbYends et 100 Us T B STR SLAVNR blends at SO0 /s

Shear Viscosity (KPa)

0 20 40 60 80 100 120
% MNR in NR/MNR Blend

= o . =4 - P - -
71 4.56 WSguiisudmananiiniound1ansiilan 50, 100 and 5005 yad
MNRads 8% MNRstr (Uau60HU ADS Wag STR 5L, A1%aI6Y.

4.2.3 laladuasuvwanduanaiaivdrdzvas

nnMmeaasluiidedl 3.3.2.7 uaNINIEITHIG (ADS %38 STR 5L) Hus
555u@Alan (MNR-ADS %38 MNR-STR) faeasBeadunanlumned 3.6 ¥
mstauuazulsUiinaudiiudiznda 1y 0, 20, 40 war 60 phr WEAUALGTLES N
16 nagsusmiam3lalad dil

4.2.3.1 ANABUANUT
o o as o ﬁJ o ] 1
MIHFNETINDFINGLBN (MNR-ADSININAUINEIINAG (ADS) NEanaIUaN

- wr ar L] - :‘
7 wazkUsUTnouthdudievas 0, 20, 40 uaz 60 phr 'l,ﬂmm’mwumguu (ML
(1+4)100°C) LLamﬂugﬂﬁ 4.57
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—
<o
<o

=)
[

—4— ADS/MNR = 100/0
~—— ADS/MNR = 90/10
— — ADS/MNR = 75/25
20 - —*— ADS/MNR = 50/50
—¥— ADS/MNR = 25/75
—8— ADS/MNR = 0/100

0 T ] T T T T

Mooney viscosity(MLI +4,1 00C)
Lo 0o
o o

0 10 20 30 40 50 60 70
Quantity of cassava starch (phr )

- - o - 1
suUfl 4.57 enumilayuiinaseny ADS uaniu MNR-ADS fiansidiusa 1 uasuls
WSumuitaiudnenauidy o, 20, 40, 60 phr

:-J T o ol e w
NNIUN 4.57 - wuhmeneniiayuiindandiuesen ADS/MNR-ADS (i
" < " o & a [Y)
100/0, 90/10, 75725, 50/50, 25/75 was 0/100 fHwuwrhiniadumuySunouihaim
-1 - o o w s
ddswdanniazy maindTinnulkdudlsvasluen ADS (100/0) Tmanuviiayu
R . - - W o ° v - F oo
fviadu dlavnamsiiaymezsthiasemsiva mlitvasudamslvamniu %
- * -] ‘a‘ ; =4 Ad i ) d
W ldanuniiaAindu udtunsdisns ADS H0ISHINE MNR~ADS fmanuniiayuiig
1] A L] =y ar 1
A8 ADS warey MNR-ADS (0/100) W{ipaainuageamsway M IAnewusziniiau
o = J’ 1 . Qr ar y L 4
wustlalasiuifiedusswintuanase MNR-ADS  uasluanauilaiudzwdy (walv
ieanunlainhly msidens MNR-ADS 1009 wannuuihaiudrenads faldareny
- » o » X -] o as 1
wilayuildnhasenauaudisandudng  Judsunnianuduiussswin % MNR
Lo 1 = ‘1 »” ar d v r =4 ‘4
- Tu ADS/MNR-ADS blend ffumanuniiayuil ldnadesuh 4.58 wuhmeanumiiayui
o o ' ] o . o o [
2898719 ADS/MNR-ADS blends flaesidiuan q diouSinauihiuddevaeash duwn
» 1 <1 -== a: J’ s, -3 b=y ] e a} =,
Waumenuniayulitinduma3nnensssamndmndion  udvaannilinm  MNR-
' P o - - oA o S
ADS Ustainti  50% eanuwilayuilhzasmennBnaesssundindesiiiniiy
:‘ » 1 1] Qs 3 -9 »
FIUFA AU TIUAUATENINE ADS iy MNR-ADS #iuSunanisld MNR-ADS
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Usziner 0% szlaranunileyuilgeiganisorsasnanldnimesauisrfiuld
(coinpatibility) é‘ﬁqﬂ miiilassnnnmsaanms MNR-ADS Tugiusn mltiReusde
nilmnsswhaauasme ADS 899 MNR-ADS wazuilfudlendod Sohldmanumila
n?iu%ruwﬁqd‘lﬁqﬁqﬂf‘iﬂ%mmms’lﬁ' MNR-ADS U5:a1040% 1iaifinn/3u10) MNR-ADS
nnohil wiliusdageanas lasminiitiasas MNR-ADS mndiuly uaslisnnse
Houssigaszyhaals Jawuhmsiidlamnsufuwasualvidanumiiayuili

160 -
—. 140 -
o
=
= 120 A
x
§ 100 -
= 80 -
z
é 60 -
- —e— no cassava starch
E 40 - —8— cassava starch = 10 phr
§ ~—a&— cassava starch = 40 phr
20 - —»— cassava starch = 60 phr
0 T 1 T T T

0 10 25 50 75 100
%MNR in ADS/MNR-ADS blends -

-ai ar ar ] » -ﬂ‘ ar -, - 4
JUN 4.58 AanadunussznivsmenaniingdinuSinnesssinmémnieeh
anuuiliudnlenaadis o

4.2.3.2 ganinmilvauvuidau

sUD 4.59 usr 4.60 wamamuduRuFTzwIneuAudauiuinndou
(dulaanslua)vos ADS/MNR-ADS blends Uaz STR 5L/MNR-STR blends lag@an
gamsneaasfinauuaiuannds 20 phr  Idduldamslnediidneaudhuduess Tag
wwiznsdl STR 5L/MNR-STR blends dnwarmunhiamaimsuldsuussmanudy
W@ouidnsndoudoifurassiausudniasssiiaiidnwazuanaieiudolunsd
ADS/MNR-ADS blends #19 ADS usiz MNR-ADS ifamuaudausinhonacuausi
dandmnandu ] waridandumswansnnm 50/50 fdanududaugeign du
ATINAULIRDOUZENEN - STR 5L/MNR-STR blends WUNAAINHMUTUANANNNNSAWIA NE
Aormanududoune svwaudnsendn STR 5L/MNR = 75/25 Heengauazi
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o L] “ = .:I n‘ 4’ r 3 0‘; n J’
DATIEIU 25775 UdL 6/100 '[wmmmmumaquqﬂ ZIDIRNBUIT NTR 2 FHEUN
g L e a‘ U e =4 > ar v
anudinsolunisivaudnuutladudrvendtiuana 1 dunaziianudiule
- c: 1 L
(compatibility) UGN

1000
—
o
2
A
@ —&— ADS/MNR = 100/0
E ]
_5..3 —#— ADS/MNR = 90/L0
B —A— ADS/MNR = 75/25
B
S —— ADS/MNR = 50/50
é —¥— ADS/MNR = 25/75
< —&— ADS/MNR = 0/100
100 ; - :
10 100 1000 10000

Apparent shear rate (1/s)

-1 ar o s [ Qs
JUR 4.59 anuduiusseninagnniiauiuanauduiiauuasns ADS/MNR-ADS
d o o -] g
blends NS r1umsudnutiasivdnisnds 20 phr



1000 -
g
2
E
W
3
2 100 -
2 —+— STR 5L/MNR = 100/0
5 —~®— STR SL/MNR = 90/10
&, —a— STR SL/MNR = 75/25
< —%— STR SL/MNR = 50/50
—%— STR SL/MNR = 25/75
—e—STR SL/MNR = 0/100
10 — : ,
1 10 100 1000 10000

Apparent shear rate(1/s)

U 4.60 AnwFNNUSIEwINgaIdautuaAuiauae9 STR 5L/MNR-
STR blends Hiu3snmumsuanuilesiudrdendy 20 phr

AngwalSinamdiudnlevarly ADS/MNR-ADS uaz STR 5L/MNR-STR

L .73 %) 1 «A r ot -~ J.’ [ ] o

blends #aAMPFURUSsTINaMWWUEaUAUERTUSaN NaRTIdN NR/MNR iy
s ] . o [ a & =

50/50 UWEMNANIUT 4.81 wdz 4.62 mwddu wuheanuaudautiniumuudng

ar ot ‘J L\ nv.a Ja a' =4 =g < 1 :n]duva
uihdudnlendenlsd  milliisadipanannmsiiusefgamaaiisewinnynisisess
LY (7] . 4 A wr or o or

MNR uar  uflaiudievds  usnnnildasnnuiliiudniznasiidnwuziilusynn
-t ' wr . v v - PRI SR ar o v

(particulate) NiMasamMsdarMsiva  Mivdsldusafawminiuiiandnaulven

' - - o a
wand lvarhumilaanIzeunsoeilaliwas
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1000

P

o

v p

2

&

w

5

=

b2} .

8 ——no cassava starch

o

e —— cassava starch = 20

<

—A— cassava starch = 40,
—¥— cassava starch = 60 ‘
100 :
10 100 1000
Apparent shear rate (1/s)
J bt ] el bt -«
sUN 4.61 anaduriussewinanuidauiuanumidauuay ADS/MNR-ADS blends
NamyIdM ADS/MNR = 50/50
1000
- no cassava strach
= ~~ cassava starch = 20 phr
g —e- cassava starch =40 phr‘
@ -+ cassava starch = 60 phr|
5
s
£
=
&
8
(=3
-
100 .
! 10 100 1000 10000

Apparent shear rate (t/s)

Ui 4.62 anadiudsswineanidauduanudniiaunad STR 5L/MNR-STR

blends NanI18§I4 ADS/MNR = 50/50



81

i,

- o = P F o o hg -
LAENATAUNITINAUWNHO LA UL INTUON 'luam'l:muqmvlnum Taneasaniie

. o alu N o~ ° v
waud (ADS/MNR-ADS) aimsnedaulun3as ODR 2000 figam)il 150°C lagla

h ] w

- ar J
uauasiaa ludlananmsnaanidazun 4.63

9
8
7
CIR
5 5
8]
24
=3 N
2 —o— ADS/MNR. = 100/0
—¥— ADS/MNR = 50/50
1 - —%— ADS/MNR = 25/75
o —8— ADS/MNR = /100
0 20 40 60 80 100

Testing time (min)

3UTl 4.63 Flansuas MNR-ADS twanany ADS 11 150°C

NNFUR 4.68 wuhen ADS Alilduaume MNR fidmadndauinasiudanas
EnipifianaImMmedauuiu uHENUUANAIBATIEIUADS /MNR 50/50, 25/75 UaL
g MNR 100% 'lﬁﬁi"mm’nﬁuu'ﬂﬁuqﬁumunmmsnmau uaavindausaBamiin
aedisenaamysenausa flusatuaus HAMINABBTDAATDINANINARBIMIFN
mwnﬁm&uﬁ ('31]1?'; 4.57 War 4.58) uarAnuAUdau (31]‘?'1 4.59 W8y 4.61) uafmm'f
sEuBBIMBIniIganndastLeNNTIiule (compatibility) BDIMSIUAUFBIWUTIMINEN
fisaTdn ADS/MNR-ADS = 50/50 sianudniulagdaihlifidmadng Fvanndes
fumanaasamaanamiioyuil warenudwdau anuddu

4.2.4 anuaniiaatiug

Wruaudmeield menmsaddensvd 3.7 udmblunasaudnunzmsTa
anludenmadss ODR ‘2000 16 cure curve 28989 STR 5L UAvsd ADS wananazii
4.64 U8z 4.65 MUHIGU



82

T 12
4
2
u 10
=)
l-a
3 3 —=— Pure STRSL
& —— STR5L + Starch 20 phr
6 ; —— STRSL + Starch 40 phr
4 —s— STRSL + starch 60 phr
4
2 -
0 v T r
0 10 20 30 40 50 60
Time {(min}

Uil 4.64 Cure curve zastABNUNIAYNY STR 5L Adnsuanuiliudenasly
STAVUKN 9

mngﬂ‘fx 4.64 Wuhamanuuieuns (stiffness) udstiulapasanueinasdn daaa
avlugn 3-4 WFusnaaenimagey FaS3anInAems delay action M&InNuAANILE
undeeziivduatunafuiswinmaiouiniodealumiu  quiedmadngege
(maximum torque) MWFNEIIWBIMSNATaUUSENIM 30-40 WA n&nmiussidamsen
swasenuuSauntamesrnasmndidnmisy wiafiduniuie reversion Hvaziiadeauin

L 4 J r L -9 1] J’ 1 [
voslussulnanuasuiiudzndilulZinagnd  wanapiwuhannuzundeus
[ o J - as ar
g paNUNMdmANZumnUS it uddevay
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40
35 -
30~
E s
S 20
%
5 15 1 —+— Pure ADS
& 10 | —a— ADS + starch = 20 phr
—— ADS + starch = 40 phr
3 3 —w— ADS + starch = 60 phr
0 | T T T T T T -
0 10 20 30 40 50 . 60

Time (min)

gdﬁ 4.65 Cure curve 7aitnAanthgey ADS Aimsussuileiudnlzmdaluivey
A1

woAnssumsiamlugzasnamnduases ADS tuguUft 4.65 fidnwnsuanen
INEN STR 5L wanaUsems naae il delay action funh (Uszanm 1-2 i) vannn
fwuhmsemlueduazdrgamasngaaadnnn (ssina 15-20 i) wiomiuae
WieMs reversion mmqﬂaqmmumnshqmwsmmﬂnismumswﬁmmqﬁqaawﬁﬂ%\ﬂﬁ'
aseiinhimilausuediadangdnssumstamludibimioudy  usatelsfimuany
whunfsssasuthidifadumanSnaudleiumlinds il dudeiu
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25
20 | _-:;—.;::==::::::;=_, .
B 15 - "
z .
3 !
>
=
o
s
=~ 109 y
i / —a— Pure MNR-STR
|j . —a— MNR + Starch = zophr
5 L —a— MNR + Starch = 40 phr
, —8— MNR + Starch = 60 phr
0 | | ' . ‘

0 10 20 30 40 50 60

Time (min)

A IJ L L LY o 1]
51 4.66 Cure curve asesnnanhiaras MNR-STR Arzauuilaiuddevdsng

wodnssumsiamluduasene MNR-STR Tusufl 4.66 uansnaInngdnssums
Famluguaeens STR Wuhsn MNR-STR #lilduauudliudivsnds §f delay action
AounNgn  (szana 10 wif)  Faimsfsnneazasmadiemamnieuinsen
(retardation) 289 MBT \flasminsnansaiiauinimldatunseuasuaulalasy dafutu
nadifiunud MBT szdhluiidndumsisimadatemdluedy  udnduluviuindensu
free MA %38 succinic side group ¥ limsiamludiialahas mswauuilaiudiiznani
TWANMS delay action Wowas (indauszanm 1 wiF) 1ieean free MA %38 succinic side
group eUfAsnlddsumitmndlaiudonds udagnlsfioumsil free MA wia
succinic side group MMITUUEIPNENNARD cure curve naMdemsTas lufzasey MNR-
STR wanuiliudzvislinnnidahitgaangadludnnmessmsnaday 1 il ud
athalsfima emuudeunsussrsraumndidumuiiinauihiudendchudimiu
Asdau
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25

20 4

Torque (dN-m)

-e- Pure MNR-STR |
- MNR:STRSL = 10:90
—=— Pure STRSL

0 ; : — - .

0 10 20 30 40 50 60
Time {Min)

- -
31111 4.67 WFswmAiou cure curve a9 MNR-STR, STR5 L waz MNR/STR SL blend

o

iansidiu 10/90 fissaunisuanuiiaiudilznas 40 phr.

Wisuweuwgdnssumsieamludness s STR 5L, MNR ust MNR/STR 5L
blend (ludmsau 10/90) fissdumsnanuihiudiznds 40 phr 'lu:§1J'F|I 4.67 WU
ARuUeEad ENR § delay action é'?uﬁqm Tunusfieauhndene STR 5L uaz
MNR/STR5L blend 1% cure curve findioiulugedu qassmmagay usidiundanes
msmasau AeNUNFIaIes STR 5L il cure curve ludnwazildhdaugad Anaims
nadauystInl 30-40 WM USANAMS reversion AnUey  dauepIdIENIN
MNR/STR 5L blend Qxﬁﬂ'mas’ni‘ﬁqﬂﬁnmmsmaau 60 T Sdanludnvoza cure
curve 2849 MNR/STR 5L HaNBMEHaNHEIUIENIN cure curve 1898 MNR was STR 5L
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35
30 -
25
=g
(]
é 20 -
S
g0 15 -
ﬁ —+— Pure MNR-ADS
10 - —=—Starch = 20 phr
—a— Starch = 40 phr

—a— Starch = 60 phr

T H

¥ T T

0 10 20 30 40 50 60
Time (min) '

5Ufi 4.68 Cure curve 2238NABNUNIAYEY MNR-ADS Nazaunthiudlzvdase g

> 25 1

[
=)
]

-—— Pure MNR-ADS

Torgue (AN m
>

10 A —e— MNR:ADS = 10/90
' —e— Pure ADS
5
4
0 T T T T T - T
0 10 20 30 40 50 60
Time (rrin) '

3U# 4.69 wl3nuidisu cure curve 3831 MNR-ADS, ADS uaz MNR/ADS blend 1860130
[} 4:4 @ hd L4 ) ol
1 10790 Nizauntsuanulsaudnienas 40 phr.

wgdnssumsiamludues MNR-ADS luguil 4.68 usnesmnwednssuves
MNR-STR a0 namfis sanmsiiuemuuiauniidauienedl diu (iams retardation
gann Sawsliimssauuihsiumvendealy udszdums retardation hitEsuntas fafy
cure curves TBEIABMIMEEIaLSLIdanaad Slfsufiey cure curve BasADY
U@ ADS, MNR-ADS waz MNR/ADS blend ('lu;;ﬂﬁ 4.69) wWul) 8N MNR/ADS
blend Singdinssumsiamludadizean ADS Wnn1e19 MNR-ADS
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’ of [YRY o
MMafngega (maximum torque) 29N PaNUMIANIMsHEuiaTudenas Tu
1 [ ‘J »
dNNOMIMaFaY 60 W uaslusun 4.70-4.73 Wudmadngeaavaten
ADS/MNR~ADS blend uas STR 5L/MNR-STR blend mud1au

40 I
|
35 - '
—~ 30
g
Z,
2 25 ‘
. |
E i
22 —~e—ADS/MNR = 100/0!
g 15 A —=— ADS/MNR = 90/10 1
K —a&— ADS/MNR = 75/25 | E
m i
210 - ~%— ADS/MNR = 50/50; !
—%— ADS/MNR = 25/75 | ,
5 —8— ADS/MNR = 0/100 |
0 - — . , | |
0 10 20 30 40 50 60

Quantity of cassava starch (phr)

P & oW [} ' w wo oo LY
5Uf 4.70 anadiudsswindmaingedriuiTinmuilaiuirendaly
ADS/MNR-ADS blends
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40
35
3
M/
B
% 25 3
2 -\
5
"g 20 ‘\
.5 15 -
L]
= —®— no cassava starch
10 —i- cassava starch = 20 phr
=& cassava starch = 40 phr
5 | —>— cassava starch = 60 phri
0 - — r T - - z r v
[ 10 20 30 40 50 60 70 80 90 100

% ADS in ADS/MINR-ADS blend
P o w ' . v oW '
FURl 4.71 anadumiussewindmasngegatuanndiunisivaudvas ADS/MNR-ADS
blends

Maximum torque (dN m)

—&— STR/MNR = 100/0
—8— STR/MNR = 90/10

5 4 —a— STRIMNR = 75/25
—3— STR/MNR = 50/50
—=— STR/MNR = 25/75
—&~ STR/MNR = /100
0 I 1 T 0 T
0 10 20 30 40 50 60

Time (min)

T 4.72 anaduiudsswindmeingsgasuiBaiauilaind/endsly STR/MNR-
STR blends



25

—&— no cassava starch

—- cassava starch = 20 phr
—{3— cassava starch = 40 phr
=3¢ cassava starch = 60 phr

20

—
h
P W B

Maximum torque {dN m)
o

0 y — — r r - — r T
0 Lo 20 30 40 50 60 10 80 90 100
% STR in MNR/STR blend

U 4.73 Annduiussenindmaingagaduansidiunsiusussas STR/MNR-STR
blends '
A 1 r ] - ar
NNFUN 4.70 waz 4.72 WuhAMBINGEATELINIUIUA SENIRENSSTHMHRY
£ o = » o ﬂ' ) 4 e a o A’ : J
gsIsumfndieaiunlindivanuiBinauiivdsnasdatiy mahaymea
at ar é o4 o =4 <& ar = e & o
gaduihiudhilsvdsdiaymausnasiiundgafudmuniiuinyessns MNR sunsnid
] 1 ¥ J A » ot J - ar
Tagstwinanldluenarasnniiandidisiulasmsdaulesssnintuonarily
« > g o ' 3 =4 '
Tuanauaveieauindiadaulmildmniu Saihidmadngadu nsun 4.71 wuihms
WuUdnmee ADS Tudn 0-40% ilidmaingeaaaasiuatiume ADS Tud3nm
J !I”-! [ U a: J n‘. o [} - =i
g lismadngagaiiatu meiudinmen STR 5L Tugn 0-60% Miviiuw
« 1 ar J lﬂ' B3 bt
Dumsanavzssdmaingegaduiu (GUN 4.73) matRadSainmen STR 5L TudSinu
andm iidemsiindmmaingids
KaNINAaaIMIaT lumMITamlud  (cure time) 2ovagnNAdNUMIdYBNLN  ADS
L A e A o J
WaueRU #19 MNR-ADS #iasdiudn q uaanazu 4.73



50 - - .
o —*— no cassava starch

-&- cassava starch = 20 phr
——cassava starch = 40 phr
—— cassava starch = 60 phr

&
=]

Cure time (min)
[ 3 L
= =2

-
<
L

0 T T T T F T T T T 1
o 10 20 30 40 50 60 T 30 90 100
% ADS in ADS/MNR Blends

U 4.74 @ uFuAudIEwin cure time AUSATIFIHYDY ADS/MNR-ADS blends

NNFUA 4.74 wuhmesnimdnnziiafinsmsiamludessuilaindnae

ADS Tudmmsdldiusmnesnanh 25% viesawasnanlahnmlumsiaa ludifiaiu
muU3anoey MNR-ADS  1ila91nmsiiia delay action funuin ilanSuuidouened
wanueTudlendiuhnuemeiu wuhmeibildnauuihiudienduariviog
ADS/MNR Bglugn 0/100-25/75 ssilszusnalumsiamludarununieilaild
neuthdudnlonds msuauudlaiudlondalunsdl ADS/MNR finasamandouutas
analumsiamiudidmian
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60
g
g
g
£
(3 —8— no cassava starch |

20 - - cassava starch =20 phr

—k— cassava starch = 40 phr
10 | —>- cassava starch = 60 phr
0 T T T T ] T T T T J

] 10 20 30 49 50 60 70 ' 80 90 100
% STR in STR/MNR blends

=4 I ' @ o
3 475 AnNFuNudIEndg cure time AUARTIdI4Y2I STR/MNR-STR blends

7R 4.75 wuheeanhdfifiznu MNR-STR lutlSinag (STR/MNR
Tudn 0/100 B 75/25) fdmamsiamludgs Hlesnmsifa delay action dald
afnwludy usmaiaiBine STR sL WilvSnaannnh 759 ldammsiamlug
anae  usnaniimuhmenaumdililananuiliudisndainmmsfanmluhinuige
msLﬁiud%m_nuu']\:ﬁuﬂﬂﬂsﬂﬁqﬁ'ﬂﬁnmmﬁam'lu-zfamaqLﬁaw*rﬂu{lqﬁf.lﬁ'lﬂ:uﬁ'wstﬁm
URRINA free MA uat ninsatadiin eglussuy

4.2.5 anumBadldndvassnsmaninig
. =} [ oo W W e - o
ihenaambhidnessulaninidmaneass luwdenTneasen 3.3.2.8 wlude

whiugtifhutuneseufigamg 150°C anudu 1000 psi awszazmIMsTaa ludd
nagauld luwids 4.2.1.7 wdnhendldannmssanh sadudunedou udmeaeu
autddasaluil

Ul 4.76 uaesAlugdafiszuriin 300 % a9 AANIIFIAIENS ADS/MNR-
ADS blends MUSinaiuthsiudlznds 0, 20, 40 uaz 60 phr wui"wiﬂuqlé'a%saﬂzﬁﬂ
3009 fhoanliumadumuuSinamesssumfinieauazuilaiudusdmiaty Tood
Aputhiuaseesssumdndias (0/100) Walugdafisserfia 3009 gafign (isean
msﬁiiﬂ‘%mmmﬁﬁnuau’la’lmﬁﬁn'ﬂﬂé‘uu‘[uLaqamqaswmﬁgqﬁqﬂ lugdaiuani
AIMUEIUNTIY BB NADNYUII6 mmslmsﬁm‘[u@ﬁag\iLﬁaqmnmsLﬁuﬂ‘%mmﬂw MNR
wazuihiudnends iWasnnifisewusaailsenheaedussnaudis aiynmsiuaus ¥
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’ o - or Vol 4 ; o e - 4’ sl =
Tavwuandruuiknudilsvaalad  Rlunsaliutuiudbvaarnmnnduasaad
Wiz dnimn

300% Modulus (MP2a)

6

5_

—&—no cass;va starch
—— cassava slarch = 20 phr
~—#r— cassava starch = 40 phr
—p&— cassava starch = 60 phr

T T T T

90/10 75/25 50/50 25/75 0/100
ADS/MINR-ADS ratio

- ar - o
3\.‘“ 4.76 Tugﬁﬂiﬂﬂzﬂﬂ‘n 300% ﬂﬂﬂﬂ'\ﬂﬁﬂuﬂ"'}é ADS/MNR-ADS blends

JUR 4.77 usaeenlugdassosiion 300 % wavenABNG STR/MNR-STR
blends Wuhiumsiaduresilugds adwadifusneanUndes ADS/MNR-ADS
blends Tugul 4.76 ngmida MlugdFaRuBumuUTMmM MNR wasuifudlzndy e
dhunadlsannnusdawilmmaeisasdaiienuduiadsldainsluud




4.5
4
£y
is-
~®- no cassava starch
~ 3 ~#- cassava starch = 20 phr
E -5 cassava starch = 40 phr
E 25 =4 cassava starch = 60 phr
3
o
&
= 2
R
S
(=4
“ 15 2 a
A s
1+ -l
0.5
0 - T T T -
100/0 90/10 75/25 S0/50 25/75 /100

STR/MINR-STR ratio
o &l
U 4.77 Tugdaszusiinfl 300% vaIv1IPDINI1IA STR 5L/MNR-STR blends

HANISNATBUAIODINAIUMNUABNISAY  (Tensile strength)  waIwrNAdNUIN
) Qr or E‘
FEUTNEN ADS NU MNR-ADS uaeengUit 4.78

16
14 - -—4— no cassava starch
‘o —8&— cassava starch = 2{ phr
E 12 1 —&— cassava starch = 40 phr
E 10 - —X— cassava starch = 60 phr
5o
5 8-
£
s 67
=
£ 4
e
2 .
S _ l
100/0 90/10 75125 50/50 25175 0/100

ADS/MNR-ADS ratio

P » 1 -
E“IJYI 4.78 ﬂ’)'lﬂm']uﬂ'luﬁaﬂ'!‘iﬂﬂ?la\‘lﬂ"l\iﬂilld‘lj'l'lﬁf ADS/MNR-~-ADS blends

:‘ r 3 » 1 = J = o

PINTUN 4.78  NUDAIANNAIUIUA BUTIINY B UAUASTNTNE NG I TN
tesssuTniaafdandiua puniiussasmuiSnanikiudiusuauate g
o o L v ' s P g '
WDANLANTY TUTNMTHENE MNR 0-75% wanmslasns MNR annnhd3wnmiiimiven
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Y ' PR & [ ' P § -
AMNAIUMUADUTNTUANTY  UBNIINUANUMIUNIUABUTIAI AN UM U Itk
ar ar ' - ) o i Y [
Fudidzwda menluasudndfillsny  ADS  wanagoressidyvnasmsidiiuled
(compatibility) sewindmUsznauda g SuinesssumAnaeatsoluaudin (ae
ar L3 or L] L ot » r J b oL 8
Muwihiuduznas uaanuEnulazassa ADS Audiudssnavdu qomeslione aanuy
o v oo - s o - - . s ar s
WalsimuuSunauihdudanlensluddmnannduwa  mivuihiudusnaauslemlusng

PR % = ' o Y e 2 e ¥ r W '
nauddmiamlugdauihvyssaunfuainaladisiilvaanusiumudanisiaau
o o of o X [ v
meanmmudInauiiudrlsvdsiiviadu udlunsdimsldng MNR 100% anaehinu
var Y o ot e o & o2 . v - = v "4
lanuuithdudndsnasditiaswinanmenmadlur  Javiiusafiamilsrsswihananniu
muUSunauihnudidznas
U 4.79  USAIAIANINAUMIHRANTSENYANENABIMNSTIET BN NI
AUABIY STR 5L AU MNR-STR WU 1NN San a0 A Ma THINAB LSIHN6AE
msuviaySnaudaivdaidesanasiSameny MNR Tudaansuan MNR-STR O-
40% wiaMINAUSINm MNR-STR snnnhUSinadim ianusdunmusdamsfsun
- o 8
A NUN AANTUMNUSIN0IETY MNR-STR Wasuilaiuddsnde

14
12
10 - ' —4— no cassava starch '!
< - cassava starch = 20 phr
g —/r cassava starch =40 phr
= 8-| —>— cassava starch = 60 phr
o0
= A
@
2
2 ]
= A £
o
[_‘
4
] A /
A el
27 :
ﬂ T T T - - __i
100/0 9/10 725 50/50 25775 0/100
STR/MNR-STR ratio

Uit 4. 79 enadumusiamstinzassneaaunng STR/MNR-STR biends

HANINAFIUAIINATUNIURBAITANYIN (tear strength) UBIBABNUNIADEL
£7ILUAUG ADS AU MNR-ADS udnuaizUfi 4.80




40
35 -
G
30
B
Z 25 -
=
T 20 A
8
5 15 ~—<&— no cassava starch
E 10 | ——cassava starch =20 phr
ﬁ —&—cassava starch =40 phr
5- —»— cassava. starch = 60 phr’
1 T T T T T

100/0 90/10 75/25 50/50 25/75 0/100
ADS/MNR-ADS ratio

gﬂﬁ 4. 80 AMNAUYIUABRITRNTIA BB NADNUIG ADS/MNR-ADS blends

gl 4.80 wudEnANAFMMIUGIMTANIAAIE AU ADS/MNR-
ApsiumlianasmutSunauiloiudnlesdfitingu  uananiinuifidasidmons
5IINTHGRTNFITHTIGNDIEn (ADS/MNR-ADS) ludie 100/0 19 50/50 én
anuFumudanIsingnananiiadfindiinaeimaniies  udillamslSinaes
MNR-ADS 1Huansdiu 25/75 uax 0/100 Mmlvaanusumusansdnanagae
syavausiunhinindy Tasfitny MNR-ADS 100% (Samidu 0/100) T
mwe‘:’wumuc-iamsﬁnmﬂgqﬁqm dlasnmsiisvandaafinietiruds v lva
mwu‘:”flé’ﬁﬁ'uuﬂqﬁuﬁ"nﬂwé'uﬂmmnm'stﬁmﬁ’uﬁzmqtﬁﬂsswimmy:ﬁ'ﬂﬁﬁn waula
lantunlinanauasassinmpoumylaesanBairliiiaanauliuse  dawalidr
anNEUUGEMSaEnIgs uansfiaBnautlsiudnlsndalnngivenanasu
nusanIsanIAaaataadiawInmsntS i auilaiudlsndaiumarm hivsuoa
aymauihaifudnlendsiinaduluisudaufisedums MNR Joihlildaduesaw
Tuiunaaauudsualidmianudimiusamsinsinanas

;nlﬁ 4.81 WAGNKANIINATIUADINGIUNINADMTANUIA (tear strength) DI
t19AaNUAZ2EI19UBUA STR A MNR-STR WUIIAIHARINUADMSENEINFHULD
TWasnaslughesaiidiuuan STR/ZMNR = 100/0 39 50/50 namdaiinmsiis
Y33 MNR 210 0 81 50% wain1stfaUSHiume MNR anndy 50% wilienau
Fumudansinmadaty  dafuanadiunusanmsdneiauessaaaanlans

USaimene MNR 310 asH@Yad

u
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35
30 1 -
—#- no cassava starch
T 25 1 -&- cassava starch = 20 phr
g ~/x- cassava starch =40 phr
z 20 - - cassava starch = 60 phr
:
E 15
=
& 10]
5 -
0 T T T T T I
100/0 90/10 7525 50/50 25/75 0/100
STR/MINR-STR ratio

duht

YR 4. 81 @1NMUNMUAENTIRNYI® Y NaadI@ STR/MNR-STR blends

Han1IMAday % Elongating at break s paIAYag ADS/MNR-ADS
usz STR/MNR-STR udmisagui 4.82 uar 4.83 @wd1$u wuil % Elongation at
break tlacﬂ"muauﬁifqaawﬁﬁ (ADS/MNR-ADS ua¥ STR 5L/MNR-STR) afaIa I
WanaudliuddmdauasBinamsssundndidaidisty  suiuenamaiselu
mstiavavtnisssnndrasssmaFnauiNsiudmsussone MNR A



800 -
700

600

1

500

400

300 -

% Elongatio at break

200 -

100 -

97

—#—no cassava starch
—— cassava starch = 20 phr
—#— cassava starch = 40 phr
—>— cassava starch = 60 phr

100/0 90/10 75125 50/50 25/75 0/100
ADS/MNR-ADS ratio

jUfl 4.82 % Elongation at break ¥838173 ADS/MNR-ADS blends

1000
900
800 -
£ 700 -
=
8 600 -
=]
" 500
=
£ 400 -
~
=T]
£ 300 A
=
200 -
100 -
0

Fa) .

-&- no cassava starch

- cassava starch = 20 phr
=4 cassava starch = 40 phr
- cassava starch = 60 phr

100/0 90/10 75125 50/50 25/75 0/100
STR/MNR-STR ratio

5Uf 4.83 % Elongation at break %84874 STR 5L /MNR-STR blends

HANINAFVIAAINUTIULUY Shore A Y238 AANU1IS ADS/MNR-ADS Way
STR 5L/MNR-STR uamﬁa’lugﬂﬁ 4.84 URL 4.85 MNAIAU




98

60

50 | ‘—__—_*\‘\*-/
—
< w
-+
g 40 _ .—"_.\'_\‘-/
= W
z
% 30 n
g —#— no cassava starch
=~ 20 _
= —8— cassava starch = 20 phr
== —ar—- cassava starch = 40 phr

10 - —— cassava starch == 60 phr

0 T T T L T

100/0 . 90/10 75/25 50/50 25175 0/100
ADS/MNR-ADS ratio

JUR 4.84 A77auHIWAIII ADS/MNR-ADS blends

40

5.

Hardness (Shore A)
8 % &

&

—— no cassava starch

- cassava starch =20 phr
101 &5 cassava starch =40 pl

- cassava starch =60 ple
5 N
0 . T ; . .

1000 910 25 0 258 100
SIRIVINR-SIR ratio

sUAl 4.85 Aaufieraania STR/MNR-STR blends

A 1 1
nnsUn  4.84 uax  4.85 WUTIEIAINUTY (Shore A) Yadndnasne
ADS/MNR-ADS uag STR 5L/MNR-STR fuwihinifiadiuaindSanandasiudidenads
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- ] ) - s P P [
wanApHnuId NN hivanas ludnifdnsAndsaou MNR ludn o-50
' - aF -y '
% usannulwuisEud iU MNR 0031 50%

4.2.1.9 psdsusmuzasseatnsmsndenuandiunilaiuddonda

Wmsnaandnmmsdasanmneaindusirindies  mumsmasadluida
3.3.1.9 Tapdamumsilasuuasdamueumudsusedis (tensile strength) PdAEMs
Wunanuasuszmsihiuisudsudumanudumudaussiislunaudusunsmaan
LamEEmMsMAaNNsEimT@anamwsataauhidmandes (MNR-ADS) w3suiau

or 4 or ] d
AU ADS UAZERIAUGTEnTIEIM ADS/MNR-ADS = 75/25 Tunlf 4.86
16

O initial specimen

14 4 [Doutdoor exposure for 1 month

B outdoor exposure for 2 months
12 -

& outdoor exposure for 3 months ]
10 - B under ground for 1 month

B under ground for 2 months

& under ground for 3 months

Tensile strength (MPa)

MNR-ADS ~ ADS ADS/MNR-ADS = 75/25
Type of blends

4 o I -
Ut 4.86 nIstdananmuasraafa1s MNR-ADS #anmsee 16y 4.34)

wuTfamumIuMUG BN aseamdnaiadidanasIndEudule
nall Tasflneamanaass 3 @auldmanudumudausndnigs Temsifud
arfnfimsmnuwaauaziledu lwhusndomsums@ovaniwesinauhidmadwanledty
JU 4.34 wasmsifudhadeinsmsmousaiall 1-3 dou nlvnisaeaswasiamy
numudamsisanannnimsihduic3issesnanihiu uensniinuhdannTasa
FBIMTANFMANNMUMUABLTNAYaABNIFE MNR 9u5InT1e0e ADS Way en9
ADS #ilene ENR ussiinenudiiuld messseesinnushumudsuseih danswe
Waannnuasdaanlilaee anudau wasihasiennmsdosamauthiudizvas
aun3y nsdimsthivbidms@euamwidiomaum Sahliiiamsansmaemanuiu
musauseen
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5.1 PO ENENGTINDIRaNOR UG

- 3 o = H = "o, 4 - 1] d
5.1.1 wuRezavdlasSudunsanuandemsiingdwanladndumiasndu
- ar A - n -
870 uaz 1240 cm | wazldsanduveiaid MU 870/835 cm™ (=C-H 784 cis-1,4-
polyisoprene) i inuGihamidwanloduulinanaeesssumd
s q ) X e J’ o n Dven r 1 oo
5.1.2 danmsmafiedwanBiedusndiiumnugamniaasdfier uawuhammgidl
nl =4 &= Ly A nnl L] y - -4
50°C mmzaunldlunmsinisnensisumddnenlyd Wiasnngaginganiiil mldhmng
a w o w &l Yo a ' .
Wamsdudmluszezomdudu diannindiuaamgiigngusat Emulwin W
5.1.3 ﬂ‘%mm'm;jﬁwan'lmﬁﬁuivumnnmzmm'ﬁv‘nﬁwanimﬁ'u

5.2 anunnilelatyavarsssnmaawan ladtuauduilssiudfznay

5.2.1 Fi’)ﬂ’]_'m‘lr'iﬁﬂy,ud (Mooney viscosity) ANNAULEIDU (shear stress) way AN
Wiloiidau (shear viscosity) wBasMnnuiin (ENR, ADS, STR ua 89 ADS uay STR 5L s
4 ENR (25 phr) iWluasiiammaihiuld) Lﬁ'uﬁumuﬂ‘%mmuﬂqﬁuﬁ‘nﬂ:uﬁq

5.2.2 lHnmudsndwhifunssunadwenlsdusndmenuniiayuiianudu
dau uar enuniiadougeiige luanzfisnesssund (ADS uar STR 5L) wanfumasssy
ddwanles (25 phf) uamfhﬁzwiwv-h'aaqzmﬁﬁwmﬁﬁumwunﬁm‘guﬂﬂmmmﬁumﬁﬁ
wanluel

5.2.3 insiisun (gardient) z:ENLﬁ’unswwﬁmmwwﬁmguﬁ'wmmqassnmﬁﬁwan’lwﬁ
fifgeEe wazupasng STR 5L uax 19 ADS Sienénga

5.2.4 szaunsadegassuinudadudidenieiurnasinnfstiod e quandian
amafhudsasnuwudnanledluluanasn ENR ieshlitiewusaaifumilanianda
Afegluluanauiieiudiznds Sedawalinsdl e BNR memuthdfudmsndsfidananile
yuilgeiiqn

5.2.56 M3l3en ENR Humsiisenuaduldlumsivaudes STR 5 L w3a ADS
Fuuthuiudnlends asidaiussailsewinmgilidinans ENR fualleiudnda uazd
Flaifiihreeens ENR wnezdhiuld@iuen STR 5L wia o3 ADS
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5.3 anvdnrsiam ludrasnanmdyasesssvnadwanlomusuduilaiudrnas
Toeld MBT (Juarssianse

5.3.1 SATINSLRANYDY stiffness BBIRDNUTINENN ADS was STR 5L 157 uadasIns
LR stiffness 289879 ENR Apuseh

5.3.2 dNWHY cure curve P89ABMUTIAENR ADS uar STR5L uituiuy reversion tn
1o naIfe tﬁatﬁﬂﬂﬁﬁ%mﬁ'am'luﬁwﬁqm stiffness g}qﬁqm (¥3261 maximum torque) U&3
#1 stiffness AN n‘jawmquwaﬁ‘sma‘fﬂmm‘%m"s”[aﬁma'i'uax‘én‘éwaumqmﬂnuﬁm
Thiamsiaelaseasiainum (network structure) 283lanasiaanthg

5.3.3 # stiffness P3N ADS uar STR 5L wwdsrulasasenudSunamiltiu
dlznds Faudunaiflsnnnnmaiansaduus (reinforcing effect)

5.8.4 woARISNMIMTIam lufranenthiduee ENR unnsinanaautidsasen
ADS uss STR 5L namiia WWgnusntasmsnaday wawinamasnanasudiseiicasd
Uszanme 10 WR riau%u"iuﬁ’mdmmnUﬁﬁ%mmﬁ'am'lwzf (1fi® delay action)

5.3.5 cure curve ¥89ABMTEANEI ENR Livhdangad wutdieafiy ADS waz STR
5L namite mmadniiilunhhisduiunsmmsmesay wisdaninie marching

5.3.6 ABNUMIFENS ADS Uas STR 5L §i89 delay action dunhasutsuse ENR
wanani

5.3.7 @NWos cure curve 709879ADNLNTIREI ADS e STR 5L A1diene ENR 25 phr
Wudanfuandule SdnyaenansTnin cure curve 189RaNUIRENS ENR funsaune
¢ ADS %38 #719 STR 5L ﬁv'\rssﬂsna"mam'mﬁm delay action A1 maximum torque U@
Sosminyssdmatn

5.4 aifiBaWandvasranthisyassiesssumfswanludivaudutlsivivenslnaly
MBT (luaisanse

5.4.1 madinUSinauihiudnlsndahlimemudumusausedieansns STR 5L
wazena ADS fuwiliuasay lumeanduduaouthisiuessns ENR uat ADS + ENR way STR
5L + ENR femsshumudsuseiedauine udmaifisgumaimnaudhiugduzwss
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5.4.2 niumemnudmumudausiieiszduuiiaiuduswdudndunssnsungy
vy wuhildéeudeil ENR > ADS+ ENR > STR 5L + ENR

5.4.3 AN ADS We: STR 5L fiszmziafiyemegerige nanie agludn
750-850% mstintTnauiioiuanlzaiiinasemsanasasszusdongamadndes Ty
n3iena ENR fidiszesfiafiyanaiannn nanie agluda 100-229% winiy

5.4.4 AMUMUMURBMIINNATEIABNUNEIN ENR Ainsuuilaiudniznds Serg
fiqe -

5.4.5 anuuiensammimmsiaRsEum S s tialudisnd

5.4.6 ﬂNﬁi‘iumaﬁﬂﬂn‘lﬁﬁfﬂﬁﬂ‘i‘lﬂ"l‘ilﬁ'u%'uﬂENﬂ')’mLt?NN'\ﬂﬁ]E!ﬂ daumslgen
sysumnddnenladifluminanudiuldlumanasTR 5L uaz ADS Mldeeapiimdiian
anuuiagennmsldensssundineiude Tooflene ADs deanuuiegenhmauns
STR SL

5.5 anvRnTIaa luduasnsnisiyasnisIInmaswan lusiuaws uthauavsnas
Taeld TBBS 1thiarsensa

5.5.1 nmsianilud 20989 ENR $idnvay delay action Aaud e usdunh
A3 ld MBT lusnsana

5.5.2 Anuoedu 7 2eadunnimsianlud uandainnsdlmsld MBT Hhuasén
(selog@u ndmde ;e BENR #linsuudiudnde uaznmnuiliudnlendnlGna 20
phr 3 cure curves Ailemasnidaunad udmsliutlauduznastunSnngs (40 uas 60
phr) 3 IHAANS reversion MMM IMadgavIunD 50 Wi

5.5.3 @1 maximum torque YBAMTIEESEASY MBT Siddhnnimsld TBBS davu
TBBS wenitiuamsdnsalumsTaaludens ENR #umsnzaund) MBT

5.6 anvUmBaNAnduasaaniduaeesssnmdanen loaivauduthaudvsnatlneld
TBBS (Thua15659
»w 1 =1 -y » o s
5.6.1 ATINIUMNUADUTUBIENADNUNIFYEY ENR SuunlduwazumantSinn

v ar ar 1 o o o o
iUz nae Ut e ST BNUHLEIULRALEE I NERL IR ENS ENR tHuaisii
v e w ] ¥ = P a =, ar as
AMNITINULA FaanumumuasuNmasaulaANySuuihiuddenas
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5.6.2 Alugdaniszasiia 100% na9pauthIdNENR iimgsiige savaunldunaay
thide ADS Alde ENR diumsiiuamudduld uazaamnding aps fidwinige

5.6.3 swAnnUndnEiafinnhinmssamsasimssariafyamadieiuinm
uilludmnlzvay

5.6.4 ARAUNIAENS ADS Hssuziiafinamagefige seewunlfudeg ADS Aifiens
ENR Wumsiinenudiiuld wazpemnbhiduesens ENR fidssusfafigananiign

5.6.5 1NABMNNIHYDIETN ENR ﬁﬂ"m’nw’i"mmuoiam‘sﬁnmﬂLﬁ'uﬁmﬁaLﬁ'uﬂ‘%mm
uihiudlends dounsandeny ADS uaz uazeng ADS Aifiene ENR Humsiinamuih
fule #drpnudumudemsdnmnaans

5.6.6 MenuuiwsspantndnaiiafduisiumutBnauiaiudming Tu
yuasdmiurnaanhidildnnmsld MBT Whimaduse

5.6.7 armuiineeranindnn ENR geflgn savaunldudasinhidun ADs il
19 ENR (udiinamudhiulduazaauindens ADS mudidu

5.7 MITASUNG NG TINTIRNIBIBH

-l b -y cj o « c, » . 4
5.7.1 Apludanlpasududnssiusasdnuuseaswaulalosd Adumitiazedu
- 4 1] -3 - -1 x| 4 v 0 4
1850 Uaz 1780 cm” winluBuaaviniiauinsenmsitiaauniu (ring opening reaction) i

gomait 135°C luszuuitldmensnd vannnilwuiedeniieaniu 1720 c]m'1 Huan
mvmmsuauamnﬂmnﬂgnfmwawuuau'la'lmunuanuiru'lummﬁ wuwmmmmu\ua'u
ﬂau 1792 cm” mmnu -C=0 Tlm.‘u succinic anhydride

5.7.2 NUNMS@IBUENSIININRINGEN NNENsTINENFETaRs STR 5L uas
ADS Miwisumeldussnmalnaszldiseondufingainhansssundindaainmiould
myldussnmealulaseu uaaeifivdina -C=0 384 succinic anhydride 403

5.7.3 wuhmslfing STR 5L a:ldiSmamsnnhgeiigaminamsls iebuay

v X by o a o g e =
lalasy 6 phr dyumsldens ADS wuindBnamsnnvageddae iiefivinumsld wnwedn
uaulalasiuszana 8 phr

5.8 ANURBOIENGISHTIANITOR

<l Pu | a - o -
5.8.1 ANHYUANUU ML(1+4)100°C aD8NETINMGHNIEIDN (MNR-ADS) Huuwd

¥ A' J J =y - = o ] =l v Y 41‘ =
Tunindiu e lFUSanainddnuaulaleniludi 0-6 phr uszlivualivansdisifinySunn
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MA NN 6 phr AEHASBITUHAMINAIDITAAY absorbance ratio 2DINABUWSUSANAY
AdU 1792/835 cm”

5.8.2 Mslden ADS Whumsedu Huwnlhinmsisiurassamamilayuil Tudn
msld MA TudSanes 0-8 phr msAn MA inanhilsshildmaumiiayuildeudeasd
Finnadacdumammesmmaliansimliing MA Anndvulienass Tasmsiad
absorbance ratio 704WAT 1792/835 cm™

L P or L. J & J =4
5.8.3 m3leaamgiinmanTuddu (Tg) wuhilsssudnivssna -60°C Fail
¥ - 4 2y A Y o= [ -
AnBumuBinnmidatiausulsleniinmnwauvulnanasisssuma
] 44 e P L]
5.8.4 Aunilayuilees N MNR-ADS fifiganimes MNR-STR
n‘ e [ L) - J ] J o N
5.8.5 MU MNR Ynlveenuviiayuiniazy aufiafZnn MNR dszanw
o L3 n‘(‘ - Lgal =4 al 1
509% gina MNR hulHinaananhiisihlddanamiioyguiionas wudgegaeasanumile
-J H H =5
yuilagldansuan MNR/NR aglusin 25/75 i 50750

5.9 anvpnresialafvavsensssumbnrdianiusuauisudiznat

» of o ar
5.9.1 manuwiiayuiifdandmmsivausuassy ADS/MNR-ADS ilu 100/0,
» . J L QW
90/10, 75/25, 50750, 25,75 uar 0,100 DuwltudRniusnlSmanitlaiudilends
- o o ar | = v o T =
5.9.2 i ldufwnnuilaiudilvdad emmilayuiiuhinfsuamadine
o -, v ar .J - J <4 r-}
HREISNTIPINDEN LANSIVINANENENUTINN MNR Uszann 50% aanumiiayuiiazan
MMUTINNE NS ISR Sea ity
1 v o o o =t = o e v oo &
5.9.3 eanuduifisu uaszanuniiadiaundasidiauwdmiu Sunliuinzuns
Yainauthsiudnlendadly

[ o o - « W a g ar
5.10 ﬂNUFm?‘i?ﬁﬁ??uﬁfﬂaﬂﬂ’)\‘iﬁ?‘jwﬂ’lWJJ’]HGBﬁ)lUﬂNﬁllﬂ\!Nﬂﬂ?ﬁ&’ﬂﬁﬂ

5.10.1 11900376 MNR-STR #ilaldnauuihiudlends 3 wadinssunisiam
Tud#sl delay action #DUIAETY (UsTaneu 10 uIh) %‘mﬁﬂmnua-ﬂmmsnﬁﬂmsnﬁwﬂﬁﬁ‘%m
(retardation) #84 MBT n‘]'mmnmmsmﬁﬂﬂﬁﬁ%ﬂﬂd’ﬁﬁumﬂLnazuaulﬁ'lmzfﬁﬁ'lumq MNR

5.10.2msuauniiud v lunamndo ENR v litiams delay action viasaa
(wlavszanm 1 1#) dlesain free MA 138 succinic side group Lﬁﬂﬂﬁﬁ%ﬂﬂﬁﬁﬁumjﬁﬁg’d
poautiaTud Uz vas udmsd free MA v38 succinic side group luszuuiNagsaNasa cure
curve ndMAamMsTam lugaaans MNR-STR wauuiliudendshinnviidalifagaanaad
Tudrsmeesmsnesau 1 F2lu
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5.10.3 WedNIsUMTIaA1 N MNR-ADS Lan@NNMNOHNTINYEY MNR-STR
Wn namde Sanmatisanuuiunsidauiiesd dnfi 1AM retardation gaann Sl
msnanrihiuUsnds ussedums retardation LitUBouudas §aiid cure curves 289E19ADY
imduiindidabivdhdanead

5.11 anvutidai@ndvovosssumduidiamvanauilsaudartznaq

5.11.1 Mlugdaiszoziin 3009 Hunldududumuhinueesssuminaaaua:
uilasfudmlsnasfiisdy Tonfinantmduasenisssmfinaien (0/100) 'lﬁdﬂu@é'aﬁi:az
#n 3009 gaiige WavnmsiiuBinoanddnuaulalanifinnvduuluionasnsssuma
Ejﬂﬁﬁ]ﬂ ‘ |
5.11.2 ATTHAMUIIUGAD LA ENULAUG SN T NN ESINFN VNS THIANE
leafsanduen dunhivanssmuuSinauthiudlsvdasmnandeaminiu Tudn
MSHENET MNR 0-75% wimis1des MNR annnhudnaimliehanushumudsusaii
Wiy

5.11.3 ANAEIMUSamMSInnaf samausnssTunda arNsTINIRNN 100
(ADS/MNR-ADS) Tuzdq 100/0 §4 50/50 Faraesuiadnifinamewrnaniiee wils
tal3inmens MNR-ADS JHudanidu 25/75 uaz 0,100 yhidenusumudanisdn
navasgnauaudiiahindiniy Tasflers MNR-ADS 100% (Sa5dm 0/100) Tid
anudumudamsinnngige |

5.11.4 9% Elongation at break ﬁaQHTQtUﬁuﬁﬁ‘:ﬂﬁaﬂﬁﬁﬂ (ADS/MNR-ADS uaz STR
5L/MNR-STR) aaavmuUTmnaudhiudsnduasuSinaemsssnndnadadfiniu

5.11.5 AU (Shore A) a9 HAINIF ADS/MNR-ADS Way STR 5L/MNR-
STR funliudadumadnautiudvend vanmniiwuneeruudeiuvnlbusasdy
Frafiimsuisn/Fanm MNR Tudn 0-50 % udamuuiestidutuiainn MNR o
509
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Rh_eological and curing properties of reactive
blending products of epoxidised natural rubber and
cassava starch

C. Nakason, A. Kaesaman, T. Wongkul, and S. Kiatkamjornwong

Epoxidised natural rubber (ENR} has been prepared and used as a blending
ingredient together with a compatibiliser for blending of natural rubber {atr
dry sheet, ADS) and cassava starch. Mooney viscositics of the blends wete
quantified at 100°C and rheological propertiss in terms of shear stress and
shear viscosity were plotted against shear rates. The results showed that pure
ENR gave 2 lower Mooncy viscosity, shear stress, and shear viscosily than
bicnds with cassava starch. Mooney viscosity, shear siress, and shear viscosity
for the bleads increased with increasing levels of starch. At the same Jevel of
cassavy starch blended, the highest values of these quantities were observed
for the blends with ENR. The blend of ADS with ENR as = compatibiliser
showed lower values than those of the first type of rubber blend but higher
than those of the biend of ADS with ENR. The results are described in terms
of the level of chemical interaction between polar groups in ENR and in
cassave starch. Curing behaviour for compounds of ENR, ADS, and ADS
with ENR as & compatibiliser were studied. The results found that ENR
exhibited a long delay (~ 10 min) before the vulcanisation 100k place comparcd
with 1 min for ADS compounds. In the curing curve for ENR, gn equilibrium
value at maximum torque was not found indicating that the stiffness of the
ENR compounds still increased with increasing testing time until 60 min,
Stiffness of the ENR compounds also incressed with increasing levels of
cassava starch. PRC/1692
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INTRODUCTION

Epoxidised natural rubber (ENR) is & refatively new
rubber material, Various inethods have been used for
the preparation of ENR.}? A method using performic
acid involve very low secondary reactions {producing
carboxy or hydroxy pendent groups and saturated
furan rings) and offer good vulcanisate properties,'»-4
Such ENR vulcanisates are potentially useful mater-
ials, which exhibit low gas permeability, high oil
resistance, an increased glass transition temperature
T, and improved wet skid resistance®® Extensive
work has been performed using ENR as a reaclive
blending component based on the polar nature of the
epoxide rings, This was carried ou! wsing another
polar blending ingredient, such as poly(vinyl chlor-
ide}, ™0 silica,’’~'* carbon black,'*** chlorosulphon-
ated polyethylene,'*!* sulphonated EPDM,'® or rice
husk ash.!” However, there are no reposis on the use
of starch as a blending ingredient of ENR. Various
types of starch have been widely used to produce
biodegradable blends with polymers, such as Jow
density polycthylene (LDPE),'®-2 high density poly-
ethylene {HDPE),?* polypropylene (PP),* poly-
styrene  (PS),* copoly{ethylenefpropylene),* and
copoly{ethylene/viny! acetaie).®® Generally, a reactive
blending of starch and the polymer was performed
by incorporating polar functional groups imo hydro-
carbon polymer molecules or by using & compali-

ISSN 1465-8011

biliser,1%-20-32-23 However, there has been same work
on modifying starch molecules to increase the
hydrophaobicity.3!-#

In the present work, the reactive blending of ENR
and cassava starch was investigated by studying rheo-
logical and curing properties of the blends. Raw,
unmodified, dry natoral rubber (ADS) with or without
a compaltibiliser was also blended and studied. The
resuits are compared with the results from the ENR
compounds.

EXPERIMENT

Materials .

The rubber used was air dry sheet (ADS), manufac-
tured and supplied by Karn Yang Co. Ltd, Songkla,
Thailand. High ammonia, concentrated natural
rubber latex was used as a raw malterial for prep-
aration of ENR, manufactured by Pattani Industry
Co. Ltd, Pattani, Thailand. The cassava starch used
s a blending ingredicnt was manufactured by Thaiwa
Co. Ltd, Rayong, Thailand. The nan-ionic surfactant
vsed was Emulwin W (aromatic polyglycol), manufac-
tured by Bayer, Leverkusen, Germany. The formic
acid used as a reactant for preparation of ENR was
manufactured by Fluka Chemie, Buchs, Switzerland.
The hydrogen peroxide used as a co-reaclant for
preparation of ENR was manufactured by Riedel-

Plestics, Rubbar and Composites 2001 Val. 32 No. 4 1



2 Nekason etal.

DeHaen, Seelze, Germany. The sulphur used as a
vuleanising agent was manufactured by Ajax
Chemical Co. Lid, Samulprakan, Thailand. The zinc
oxide used as an activator was manufaclured by
Global Chemical Co. Ltd, Bangkok, Thailand. The
slearic acid used as an activator was manufactured
by Petthai Chemical Co. Ltd, Bangkok, Thailand.
The 2-mercaptobenzothiazole used as an accelerator
was manufactured by Shanxian Chemical Co. Ltd,
Shandong Province, China.

Preparation of ENR

The ENR lalex was prepared using high ammeontia,
concentrated latex with a dry rubber content of
~60%. The latex was first stabilised against coagu-
lation by adding 10 wi-% of a non-ionic surfactant
Emulwin W, hydrogen peroxide, and formic acid were
then added to form in sitw performic acid. Reaclion
conditions were kept at 50°C and the reaction time
was 24 h. The mol-% of the epoxide content in the
ENR prodiuct was laler characterised by IR spec-
iroscopy via a calibralion curve.

Blending of ENR and cassava starch

The ENR and cassava starch were mixed using & two
roli mill a1 a mixing temperature of §0°C, Maslication
of 100 pphr ENR was first performed {or 5 min before
incorporating cassava sltarch. Mixing was then con-
tinued for 5 min. The ENR—cassava starch compound
was sheeted out and cut into small pisces. Various
quantities of cassava starch (i.e. 0, 20, 40, and 60 pphr)
were each blended. ENR was also used as a compati-
biliser for a blend of unmodified natural rubber {ADS)
and cassava starch. The blend was propared using
25 pphr ENR mixed with 75 pphr ADS together with
the same quantities of cassava starch as stated above,
The last set of blends was prepared using 100 pphr
of ADS mixed with various quantities of cassava
starch.

Rhaological characterisation

Two types of rheological techniques were exploited
to characterise the flow properties of rubber melts.
They used a Mooney viscometer and a capillary
rheometer. Mooney viscosities were determined at
100°C, using a large rator, a preheating ime of I min
and a testing time of d4min, according (o
ASTM I 1646:8%. Shear properties, namely shear
stress and shear viscosity, were also measured using
2 Rosand single bore capillary rheomster. Testing
conditions were set at 100°C and at 8 wide range of
shear rates (10 10 1500s™"). The capillary die used
was 2 mm diameler and 32 mm length. The pressure
drop across the capillary channel was recorded as
was melt temperature, Shear properties of the polymer
melts were calculated using rheometric equations, as
shown below

RAP
Te = 'EL— B 8§
. aQ
Vapp = ;}2—3 N )
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h=- e s . - {3
A
where 1, is the wall shear stress (Pa); R is the capillary
radius (m); AP is the pressure drop across the channel
{Pa); L is length of di¢; ¥4, is the appurent wall sheur
rate (s '); @ is the volumetric low ratec {m*s ™'}, and

n, is the apparent shear viscosity (Pa ).

Curing behaviour of rubber blends

The ENR compounds were prepared using a standard
formulation according 1o ASTM D 3184:89, as given
in Tabtie 1. The ENR was first masticated using a two
roll mill at 60°C for 5min. Other compounding
ingredients were then mixed according to the time
schedule given in Table 2. Cassava starch was added
to the compound at cach level of 0, 20, 40, and
60 pphr, respectively. ENR at 25 pphr was also used
as a compalibiliser for the blending of ADS (75 pphr)
and cassava starch. In addiion, ADS was alsp com-
pounded for comtparison. The curing behaviour was
determined at 160°C using & Monsanto oscillating
disc rheometer {Model ODR 2000) at a 1° arc
(ASTM D 2084:88).

Blend compatlbility using rheological
technique and Molau test

To investigate the compatibility of ENR blended with
ADS and cassava starch, the true shear viscosity was
calculated based on Bagley corrected shear stress and
Rubinowilch correcled shear rate, as shown below

R{P, — Fo)

Tirue = aL C e e e e e e (4)
3n+1

}'tml=TI’app R {5)
1-|.|¢

”truo=y_-:': N ()]

where T,., i5 the true shear stress {Pa); P, is the
pressure drop across the channel of 1the long die
(L/D = 16) (Pa}; P, is the pressure drop across the
zero lengih die (L/D = 0) (Pa); ¥, is the true wall
shear rate (s7'); a is .2 to be supplied.?.; and s, is
the true shear viscosity {Pa s). The true shear viscosity
of the blends at true shear rates of 25, 50, 100, and
250 57! was then plotied against the percentage ENR
in the blend compuositions.

Chemical interaction of blends using

Molau test

A Molau solubility test was used to verify the inter-
action between the blend compaosition. Toluene
{100 em>) was used to dissolve four sets of rubber
blends (2 g each), i.e. ENR blended with ADS, ENR
blended with cassava starch, ADS blended with cas-
sava starch, and ENR blended with ADS and cassava
starch. Each mixture was then warmed (o 50°C and
shaken vigorously for 24 h, Each mixture was then
left for 2 months, Changes in the teluenc solvent ol
each sample were observed.
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Compound 1,

. ) Compound 2, Compound 3,
Ingredients gphr pphy pphrpo
ENR 100 25
A.DS ) 100 75
Zinc oxide ] § 6
Sulphur 36 35 35
Stearic acid o5 5 - 05
Mercaptobanzothiszole (MBT) 05 05 o5
Cassavs starch Various*® Warioug* Various®
.*0, 20, 40, and 80 pphr cassava starch,
100+ — =
B0 [{ “j(\ = gy TR
: 0 R 4 parch W oy
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1 IR spectrum of ENR

RESULTS AND DISCUSSION

Figure | shows the IR spectrum of opoxidised cis-
polyisoprene {ENR). Characteristic bands of the
cpoxide group at 870 em~? together with an absorp-
tion peak at 1240 cm~! were observed. The product
was found to be free f[rom secondary ring opened
structures. This is evidenced by the lack of absorption
due to hydroxy groups at 3200-3600 cm ~ .. The extent

of epoxidation was estimated by comparing the trans~

mission peak at 870em ™! with that al 835 cm™* (eis
C=C) and using a calibration curve. The ENR pre-
pared in this work contained 34 mol-% epoxide.

Rheological properties of blends

In the rubber industry, the flow behaviour of a rubber
melt is generally assessed using 8 Mooney viscomeler.
The Mooney viscometer is normally proportional te
the true shear viscosity at a very low shear rate
{~1-25"1), The characteristic of torque for curing
curves (stiffness) comes from a combination of sources,
i.c. the crosslinking reaction between ENR molecules,
the rcaction between ENR and cassava starch mol-
ecules, and also the stiffness of the cassava molecule
{acting as a reinforcing filler). Evidence of crosslinking

Table 2 Mlxing starch

Mixing time,
Dascriplions min

Rubibar mastication
Casseva starch

Zn0

Accelerstor (MBT)
Stearic acid
Sulphur

Compound finishing

AN,

2 Rheographs of ENR-cassava starch blends at
150°C

Apparent thear strem (kPx)

[ L] - - - 1. - (L] ot
Appsrent shoar rute (L)

3 Shear stress v. shear rate of pure ADS—cassava
starch blends at 100°C

has been given elsewhere: rheometer curves of ENR
without curative were carried out. The same rhe-
ometer tests were performed in the present work and
the results are shown in Fig. 2. For the reaction of
ENR and cassava starch molecules, it is difficult to
analyse the JR spectrum sgientifically. Many tests
using IR (MIR) were carried cut, but all the tests
failed to provide any information about the chemicat
bonding However, if theological data (plot of shear
stress v shear rate) of pure ADS blends (Fig 3) are
compared with purc ENR blends (Fig. 4) with varous
quantities of cassava starch (0, 20, 40, and 60 pphr)
il can be secn Lhal atl a given sheur rate, the shear
stresses gradually increase with increasing quantity of
cassava starch in all the pure ADS blends. However,
abrupi changes in shear stress with increasing shear
rates were found for ENR tlends. The muximum
shear stress for the blend of ENR and 60 pphr of
starch was as high as 800 kPa compared with 390 kPa
for the ADS blend. This is definitc evidence of inter-

Plastics, Rubbar and Composgites 2001 Vol. 30 No. 4
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action between ENR and cassava starch molecules.
The reinforcement of ENR-cassava starch blends is
also obvious. Based on the work of Ng and Chee,
it could be concluded that these was no compatibility
between ENR and NR, since two separated T, valucs
were obtained from the blends (ENR and NR).
However, results obtained in the present work
(Figs. 5, 7, 8, 14, and 15) showed that the rheological
values of the rubber blends lie between those of pure
ENR and ADS, suggesting that compatibility of the
components (ENR-ADS-cassava starch) ocourred
with a realisation of partial compatibility or incom-
patibility between ENR and NR. More interestingly,
greater compatibility was observed when the third
component of the blend (cassava starch) was added.
To verify this observation, the Mooney viscosity
was 1ested and plotied against the quantity of cassava
starch, as shown in Fig. 5. It i clear that the Mooney
viscosity for all types of rubber blends increased with
increasing levels of cassava starch. However, at the
same level of starch added, a blend of ENR shows
the highest Mooney viscosity, while a blend of ADS
with ENR as a compatibiliser shows a value between
blends of pure ADS and ENE. Moreover, the highest
gradient of the Mooncy viscosity curve was obscrved
for the blend of ENR, while the blend of ADS shows
the lowest gradient. This roweals a different level of
chemical interaction between natural rubber and cas.
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sava starch. The polar nature of the epoxide ring in
the ENR molecules probably causes chemical bonding
between ENR and hydroxy groups of cassava starch
molecules. The blend of pure ENR therelore exhibils
the highest chemical attraction between those groups.
Apparently, ENR could be used as & compatibiliser
for blends of nateral rubber with cassava starch,
because of the formation of chemical bonds between
polar groups in ENR molecules and polar groups in
the cassava starch molecules. The non-polar part of
the ENR molecules is then presumably compatible
with the natural rubber moleccules. Therefore, the
Mooney viscosity for the blend of ADS with ENR as
8 compatibiliser was higher than that of the blend of
pure ADS.

Measurement of flow behaviour with the Mooney
viscometer is most valid at very low shear rates, as
stated above. A capiliary rheometer was therefore
used to characterise the flow behaviour of rubber
melts for r wide range of shear rates (10 to 1500 s~}
at 100°C, A plot of shear stress v. shear rale (ie. the
flow curve) for the blends of ENR is shown in Fig. 4.
It was found that at a given shear rate, the shear
stress increased with increasing levels of cassava
slarch, hence a higher Nlow curve was obtained upon
increasing the level of starch in the blends. The
relationship between the shear viscosity and shear
rate is plotted in Fig. 6. As cxpecied, a shear thinning
behaviour of the rubber melt flow was observed. At
a given shear rate, the shear viscosily of pure ENR
was the lowest, while Lhe shear viscosity of the ENR
blended with cassava starch increased with increasing
levels of starch.

Figures 7 and B show the plots of shear stress and
shear viscosity v. shear rates for the blends of cassava
starch al 40 pphr. Al & given shear rate, the ENR
blend gives the highest shear stress and shear viscosity,
while the blends of ADS with ENR as a compalibiliser
show values between those for blends of pure ENR
and pure ADS. These comparisons corresponded to
the wrend of Mooney viscosities in Fig. 4. As stated
previously, the polar nuture of the cpoxy groups in
ENR and the hydroay groups in cussava stuarch
molecules produced u chemical interuction between
different types ol materials, Consegquently, higher
pressure (in a capillary rheometer) or higher mechan-
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ical torque (in a Moaney viscometer) is needed (o
facilitate the flow of molien materials. Bvidence for
this was (ound from the highest Mooney viscosily,
shear stress, and shear viscosity for the biend of pure
ENR and cassava siarch. A chemical interaction for
the blend of ADS with ENR as a compatibiliser also
existed, but il was not as strong as in the case of pure
ENR. Therefore, the Mooney viscosity, shear stress,
and shear viscosity were higher than those of the
blends of pure ADS but lower than those of the
blends of pure ENR. A possible reaction mechanism
between ENR and cassava starch is shown in Fig. 9.
Physical interaction between the polar groups is first
established during the mixing operalion on the two
roll mill at 60°C. Chemical bonding occurs later
during the rheological tests at the higher temperature
(100°C) under shear deformation in the rheometer.
More rheometric tests on ADS and ENR blends at
20 pphr cassava starch were carried cut. The result
of shear viscosity at vartous shear rates is shown in
Fig. 10. Kundu et al.?’ indicated that the compatibility
of blends leads to positive deviation of rheological
propertics in terms of shear viscosity. However, the
results in Fig. 10 show a negative devialing blend.
When this principle is applied to the present ENR-
ADS-cassava starch blend systems, it suggests that
the blends are incompatible. Another frequently
employed method of solubility test of components
cannol ¢onfirm compatibility, The technique of SEM
was used to characterise the morphology of the blends
of pure ENR and ENR with cassava starch as shown
in Fig 1}. Compatibilisation was found in both cases
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in as much as no separated white powder of cass
starch could be seen in the electron micrographs\The
microscopic observation of ADS-ENR-cassava
starch blends is underway.

Interaction betweaen components in ENR,
ADS and cassava starch blends

The Molau test was used Lo confirm the lormation of
chemical interaction between the polar groups on
ENR and cassava starch. A yellowish gel was found
in the upper (raction and a yellowish solution in the
bottom fraction of the test tube for the ENR-ADS
blend. In the ENR—cassava starch blends, precipitated
while powder (cassava starch) was abscrved in the
bottem [ruaction. The ycliowish solulion was also
observed. These two systems gave negative results in
the Molau test. However, a milky white emulsion was
observed for the ENR-cassava starch blend, despite
the precipitaied while powder in the bottom fraction.
Moreover, a similar but lighter milky while emulsion
and more precipitated cassava starch powder werc
also observed for the ENR-ADS—cessava starch
blend. It was therefore concluded that a strong inter-
action between ENR and cassava molecules couid
possibly occur and also that a partial interaction
between ENR-ADS-—cassava starch components
exists,

Curing characteristics of blends
Figure 12 shows rheometer curves or curing curves
{from ODR 2000) for the ADS compound mixed
without and with various quantities of cassava starch.
The force required 1o oscillale the disc was recorded
as a funclion of time. This force is propeortional to
the shear modulus (e, stiffness) of the test specimen
at 160°C. The stiffness of the blends first decreased
during the specimen warm up time. After ~{ min,
the stiffness increased owing 1o vulcanisation. The
characteristics of the curing curve for the ADS com-
pound with cassava starch include a mximum torque
and a slight reversion, i.c. the curing was maximiscd
and some crosslinking structures were later desiroyed
by thermal energy under the continuous rotor oscil-
lation. The stifiness of the ADS compound was also
found to be proportional to the level of cassava starch
added to the compounding formulation.

Curing curves for the compounds of ENR arc

. shown in Fig. 13, Different curing behaviours were

observed and comparcd with those of ADS com-
pounds, First, at the beginning of the test, the stifiness
of the compound decreased and became almost con-
stany for ~ 10 min before increasing because of vul-
canisalion. Probably the delayed action ocourred
~ 10 min before the vulcanisation took place. Second,
the curing curves were not in equilibrium at the
maximum torque, i.e. the stiffness stil} increased with
increasing testing time until 60 min. Stiffness of the
compound also increased with increasing levels of
cassava starch, Furthermore, the maximum torque
for the curve of ENR fas higher thun those for ADS
compounds both with and without the computibiliser
(Fig. 14). The maximum torque of the ADS com-
pounds with ENR was the compatibiliser was higher

Plastics, Rubber and Compositas 2007 Vol.30 HNo. 4
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than that of the pure ADS compound, but lower than
that of the pure ENR compound,

Figure 15 compares the curing curves for com-
pounds of ENR, ADS, and ADS with ENR as the
compatibiliser at a level of cassava starch of 40 pphr.
The curing curve of ADS exhibits the same delayed
action as the curve of ADS with ENR as the compaui-
biliser, i.e. the stiffness of the compounds decreased
for ~ 1 min before increasing owing 1o vulcanisation,
However, reversion was not observed for the com-
pound of ADS with ENR as the compatibiliser,
becausc the. network structure of the compound is
tougher than that of the ADS compound, owing to
chemical interaciion. This type of curing curve can
be classified as a curve for the curing duc Lo an
equilibrium torque. The curing behaviour is therefore
a combination of the behaviour of ENR and ADS.

Plastics, Rubber and Composites 2001 WVol.30 No.d

The curing curve for the ENR compound gave a long
delayed action withoul equilibrium. However, after a
testing time of 20 min, the ENR compound gave the
highest torque {stifiness). This iz described as 1he
influence of chemical bonding, as shown in Fig. 7.
The results also corresponded to the maximum torque
in Fig. 13.

CONCLUSIONS AND SUGGESTIONS

Epoxidised nateral rubber (ENR) was successfully
used as a blending ingredient and a compatibiliser
for reaction blending of naturzl rubber (air dried
sheet (ADS)) and cassava starch. A strong interaction
is belicved to occur between the two types of natural
polymers via the polar groups in the epoxide ring
and hydroxy groups in cassava molecutes. The Molau
1est indicates a partial interaction between ENR-
ADS-cassava starch, and ENR-NR—-cassava starch
blends. This was supported by rheological tests of the
blends using a Mooney viscometer and a capillary
rheometer., The Mooney viscosity, shear stress, and
shear viscosity of the ENR blended with cassava
starch gave the highest values at a given level of
cassava starch. Rheological measures of blends of
ADS and ENR as the compatibiliser, at a given leve]
of starch, were Jower than those of the blends of ENR

_ bul higher than those of the blends of ADS, Curing

behaviour of the blended compound was also used
to confirm the establishment of chemical bonds, ie.
the maximum torgue of the ENR compound was the
highest. Curing characteristics of the ENR compound
were also different from those of the compounds of
ADS and ADS with the compatibiliser. A long delayed
action tock ~10min and a typical lype of curing



116

Nakason et al. Propeniies of reactive blanding products of ENR and cassava starch 7

FaEer 4080 Jon

11  Scenning electron micrographs of a4 pure ENR x100; b pure ENR x500; c ENR-—80 pphr cassava starch

% 100; d ENR-E0 pphr caasava starch x50G0

Torque (dN m)

Time (min)

12 Cure curves of ADS at various quantities of
cassava starch

TForqus (AN m)

Time (min}

13 Cure curves of ENR st various quantities of
cassava starch

: _....._-..-........._.-._--...
‘5' » -——-4-—-.
L3 —
5 ar

; = - ADS + 0L 0] )

4

»d

[ ® - - . _ |

Quantity of cassava starch (phr)

14 Maximum torque for ENR, ADS, and ENR-ADS
at various levels of cassava starch

w
‘E‘ »
ES
U
3 =
] -~ IR
Eall o AO% + MRS
s
. et e e e
[} " » " - » -
Tire {min}

1% Comparison of cure curves for ENR, ADS, and
ENR-ADS at 40 pphr cassava starch

Piastics, Rubber and Composites 2001 Vol 30 No. 4



117

B8 Nakpsorersl Propsriies of reactive blending producis of ENR and casseva starch

curve with no equilibrium torque was observed, The
curing behaviour of ADS with ENR as the compati-
biliser was found to be a combination of the curing
behavicurs of ENR and ADS compounds.

ACKNOWLEDGEMENT
The authors acknowledge the Thailand Research

Fund (TRF) for research grant coniract no.
PDF/a4/2542.

REFERENCES
l. D) R. URFEELD, K.-L. XIM, 80d K. 3. Law: J. Appl. Polym.
Sek, 1984, 29, 1661-1673.
2. Dy, 8. CAMPBELL and P. 8. FARLEY: J, Nal. Rubber Res.,
1995, 10, {4), 242-254.
3 . R GeLemso: Rubber Chem. Technol., 1985, 58, 86-91.
4, C. 5. L. BAXER, [. ®. GBLLING, and |. NEWELL: Rubber

Chem. Technol, 1985, 58, 67-71.

1. k. QELLING: ‘Epoxidised cis-1,4-polyisoprene vubber’,

UK Pat. 2 113692 A; 1982,

. T.JOHMSON and 3. THoMAs: Polymer, 1999, 40, 32233228,

A MOUSA, U. 8, ISHIAKU, and Z. A. M. 18HAK: J. Appl.

Polym. Sci., 1998, 69, (7}, 13571366,

. U, 4 1SHIAKU, H. ISMAIL, and z. A. M. 1SHAX: J. Appl.

Polym. Sci., 1999, 73, {1}, 75-83.
. C. T. RATNAM and X. ZAMAN: Polym, Degrad. Stab., 1959,
65, (1), 99-105.

10, N. YAMADA, S5 SHOJ, H. SASAKI, A, NAGATANI,
K. VAMAGUCHI, $. KOHIIYA, And A. 3. HUAHDE J. Appl.
Polym. Scl., 1999, 11, (3), 855863,

11, #. 1sMair and H. H. CHia: Polym. Test, 1998, 17,
{3), 199-210.

12, A, K. MANNA, M. BHATTAGHARYA, F. F. DE, D. K, TRIPATHY,
s. & pe, and G. vrewrFeR: Polymer, 1998, 39, (26),
7113-7117.

- RN T R

Plastics, Aubbar and Composites 2001 Vol.30 No. 4

13
14,
15
16,
[¥N

18
19.

20.
2L
22

23

24,

25,

26.
2.

B. T. POH, M. E. CHEN, and 5. 8. DING: J. Appl. Polym.
Sct., 1996, 60, (10), 1569-1574.

A. K. MANNA, P. 7. DB, D. K. TRIPATHY, and 8§, K. DE
J. Appl. Polym. Sci., 1998, 70, {4), 723-730,

A. ROVCHOUDHURY and P. P. DE Rubber Chem, Technol.,
1993, 66, {2), 230-241.

N. R. MANOIL, P. P. DE, S K. DE, and D. G. PFEIFFER:
4. Appl. Polym. Sci., 1994, 53, 361=370.

U. 5 ISHIAKU, Z. A, M. ISHAK, A. A. BAKER, A. 5. HASHIM,
and B. AzaHax: Polym. Degrad. Stab., 1997, 33, (1),
73-79,

D, BIKIAXIS and C. PaNaviotou: J. Appl. Polym. Sci,
1998, 70, (8), 1503-1521. .

D. BIKIARLS, 7. FRINOS, K, XOUTSOPGULDS, N, YOURCUTZIS,
E. PAVLIDOU, N. FRANGIS, and C. PANAviovou: Pelym.
Degrad. Siab., 1998, 59, {1-13). 287-291.

R, CRANDRA &nd R, RUSTGE Polym. Degrad. Siab., 1997,
56, (2), 185-202.

D. ZUCHOWSKA, M. STELLER, and W, MEssNER: Polypm.
Degrad. Siab., 1998, 60, (2-3), 471-480.

P. 0. KANSG, & H. YOON, . H. LEE, L. E. YIF, B, 5. YOON,
and M. B, suw: J. Appl Polym. Scl, 1996, 60, {11),
1839-1845.

M. BHATTACHARYA, U. R. VAIDYA, D, ZHANG, and
R. NARAYAN: J, Appl. Polym. Sci, 1995, 57, 539-554,

U, R. VAIDYA, M. BRATTACHARYA, D. RAMKUMAK,
M, HAKKARAINEN, A. €. ALBERTON, 8nd 3. XKARKLSSON: Eur.
Polym. J,, 1996, 32, 999-1010.

S THIERAUD, J. ABURTO, bk ALXIC, E. BORREDON,
D. BIKIARIS, J. PRINOS, and C. PANAYIOTOU: J, Appl
Polym. Scl,, 1997, 65, (4), 705-721

s. ¢. NG and x. K. CHEE: Rubber Chem, Technol,, 1910,
&2, 585-590,

P. P. KUNDU, A. K. BHATTACHARYA, 200 D. K. TRIPATHY:
J. Appi. Pelym. Sci., 1997, 66, 1759-1765.



MANUIN 2

Nakason, C. Kaesaman, A., Homsin, S., and Kiatkamjonwong, S.
(2001). Rheological and Curing Behavior of Reactive Blending. L

Maleated Natural Rubber-Cassava Starch. J. Appl. Polym Sc., 81(11),
2803-2813.

118



Article Abstract
119

ywLey PERSONAL | 1OURNAL | JOURNAL | ReFeRENCE | . o [comtacr} o o o
InterS@ienc HOME PAGE | #1MDER | SEARCH WORKS us

4 ALL PREVICUS NEXT
Al"thle Abstract JOURNALS ARTICLE

Online ISSN: 1097-4628 Print ISSN: 0021-
8995

Journal of Applied Polymer

Science -
Volume 81, Issue 11, 2001, Pages:

o 2803-2813
APPLIED Wiley nderScionce Eroxs. 33
BOLYMER QEarlyVview

Articles Available Online in Advance of Print
nl
Published Online: 19 Jun 2001 ARTICLE
ABRSTRACT
FUILL TEXT
FULL TEXT

Copyright © 2001 John Wiley & Sons,
il Inc.

Rheological and curing behavior of reactive
blending. 1. Maleated natural rubber-cassava
starch |

C. Nakason !, A. Kaesman !, S. Homsin !, S. Kiatkamjornwong 2 *

'Department of Rubber Technology and Polymer Science, Faculty of
Science and Technology, Prince of Songkla University, Pattani, 94000,
Thailand

2Department of Imaging and Printing Technology, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand

*Correspondence to S. Kiatkamjornwong, Department of Imaging and
Printing Technology, Faculty of Science, Chulalongkorn University,
Bangkok 10330, Thailand

Funded by:
- Thailand Research Fund; Grant Number: PDF/44/2542

Keywords

http://www3.interscience.wiley.com/cgi-bin/abstract/830.../STAR  24/7/44



Article Abstract
120

rheological properties; curing behavior; reactive blending; maleated
natural rubber, cassava starch

Abstract

Maleated natural rubber (MNR) was prepared and used as a blending
composition and a compatibilizer for blending of natural rubber (STR
5L) and cassava starch. The melt rheological behavior in terms of
Mooney viscosity, apparent shear stress, and shear viscosity at 100°C
were quantified. We found that the pure MNR gave the lower apparent
shear stress, shear viscosity than did those of the blends with cassava
starch. The rheological data of the MNR blends increased with
increasing quantity of cassava starch. The highest value was observed
for the blend of MNR. The rheological value was as follows: MNR >
STR 5L with MNR (as the compatibilizer) > STR 5L compounds.
Furthermore, rheological properties increased with increasing the levels
of compatibilizer (MNR). The rheological results were described in
terms of intermolecular interaction between the polar groups in the
natural rubber and cassava starch molecules. Each rubber blend was
compounded, and their curing characteristics were studied. The pure
MNR compounds exhibited a long delayed onset of vulcanization for
approximately 10 min. The retardation was found, because the
accelerator (MBT) reacted with the anhydrides in the compound instead
of acting as an accelerator. The retardation was not observed for the
compound with the cassava starch. The curing curves for all MNRs were
not n equilibrium at a maximum torque, while the pure STR 5L
compound gave a curing curve with a maximum torque and a slight
reversion. The curing curve for the compound with MNR as the
compatibilizer was a combination of the curing curves of MNR and STR
5L. That is, the curve was in equilibrium at the maximum torque and the
short delayed action. © 2001 John Wiley & Sons, Inc. J Appl Polym Sci
81:2803-2813, 2001
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ABSTRACT: Maleated natural rubber (MNR) was prepared and used as a blending
composition and a compatibilizer for blending of natural rubber (TR 5L) and cassava
starch. The melt rheological behavior in terms of Mooney viscosity, apparent shear
stress, and shear viscosity at 100°C were quantified. We found that the pure MNR gave
the lower mpparent shear stress, shear viscosity than did thosae of the blends with
cassava starch. The rheological data of the MNR blends increased with incressing
quantity of cassava starch, The highest value was_ob&ervefl for the blend of MNR. The
rheological value was as follows: MNR > STR 5L with MNR (a3 the compatibilizer)
> STR 5L compounds. Furthermore, rheological properfies increased with increasing
the levels of compatibilizer (MNR). The rheological results were described in terms of
intermolecuiar interaction between the polar groups in the natural rubber and cassava
starch molecules. Each rubber blend was compounded, and their curing characteristics

were studied. The pure MNR compounds exhibited a long delayed onset of vulcaniza- -

tion for approximately 10 min. The retardation was found, because the accelerator
(MBT) reacted with the anhydrides in the compound instead of acting as an accelerator.
The retardation was not observed for the compound with the cassava starch. The curing
curves for all MNRs were not in equilibrium at 8 maximum torque, while the pure STR
5L compound gave a curing curve with a maximum torque and a slight reversion. The
curing curve for the compound with MNR as the compatibilizer was a combination of
the curing curves of MNR and STR 5L. That is, the curve was in equilibrium at the
maximum torque and the short delayed action. © 2001 Joha Wiley & Sous, Inc. J Appl Polym
S¢i 00: 000-000, 2001

Key words: rheological properties; curing behavior; reactive blending; maleated nat-
ural rubber, cassava starch

INTRODUCTION

In recent years, the anhydride grafied polymer
has been widely studied. The main interest was

Correspondence to: 8. Kiatkamjornwong.

Contract grant sponsor: Thailand Research Fund; contract
grant number: PDF/44/2542.
Journal of Apptiad Polymer Science, Vul. 00, 000 - 00 (2001)
© 2001 John Wilsy & Sons, Inc.

originated in the graft copolymer as the main
compositiong in a reactive blend,™ blend com-
patibilizers*~'! or as composite matrices.'? Thermo-
plastics, such as polyethylene,™*® polystyrene,®"
and polyprepylene® 2 are the main groups of the
materials used as backbones of the graft copolymer.

Reactive blends for various types of starch and
synthetic polymers are one of main interesting
areas. They are used to produce degradable poly-

J
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mers. Compatibility of the two different types of
polymer is the main concern for the on-going
work. There are many approaches used to im-
- prove the blend compatibility. One of which is to
prepare graft copolymer of vinyl monomers on the
starch backbone,!® that is, the hydrophobic na-
ture of the starch was increased. An alternative
approach is to blend the starch with polymers
containing polar functional groups. The special
types of the polymer therefore are used as a blend
composition or a compatibilizer. Generally, reac-
tive blending of the two polymer takes place by
the interaction of the polar functional groups and
hydroxy! groups of starch molecules. The physical
properties of the blends are therefore improved.
There are various types of functional polymer
used to prepare polymer biend of starch, for ex-
ample poly(ethylene-co-acrylic acid,*® styrene
maleic anhydride copolymer,?® ethylene maleic
anhydride copolymer,"*® and epoxidized natural
rubber,?® In this work, natural rubber molecules
were madified to be a copolymer of natural rub-
ber-maleic anhydride or 2 maleated natural rub-
ber (MNR). The graft copolymer was then used to
prepare reactive blends of natural rubber and
cassava starch’ Rheological and curing properties
of the blends wiere then investigated.

EXPERIMENTAL

Materials

The rubber used was the standard Thai natural
rubber, STR 5L, manufactured by Thavorn Rub-

ber Industry Co., Ltd., Songkla, Thailand. The

maleic anhydride used to prepare maleated nat-
ural rubber was manufactured by Riedel-deHaen,
Seelze, Germany. The cassava starch used as a
blending ingredient was manufactured by Thaiwa
. Co,, Ltd., Rayong, Thailand. The sulphur used as
a vulcaniging agent was manufactured by Ajax
Chermical Co., Ltd, Samutprakan, Thailand. The
zinc oxide used as an activator, was manufac-
tured by Global Chemical Co., Ltd, Bangkok,
Thailand. The stearic acid used as an activator
was manufactured by Petthai Chemical Ceo., Ltd.
The 2-Mercaptobenzothaizole (MBT) used as an
accelerator, manufactured by Shanxian Chemical
Co., Ltd, Shandong Provinece, China.

Preparation of Maleated Natural Rubber

Copolymerization of maleic anhydride and poly-

mer backbone has been normally accomplished

using the free radical initiators, such as perox-
ide!1-® and thermal initiation.?® The previous
work carried out in our laboratory could be
claimed that the higher grafted anhydride on the
natural molecules was observed for the system
without using peroxide.'® Therefore, the grafting
reaction in this werk was performed without a
chemical initiator, only shearing action was ex-
ploited to generate the free radicals.

The graft copolymer of natural rubber and ma-
leic anhydride was prepared by blending natural
rubber and maleic anhydride in an internal mixer
at 135°C. Small pieces of the natural rubber, STR
5L, were first dried in a vacuum cven at 40°C for
24 h. The internal mixer was then used to masti-
cate STR 5L at 135°C with a rotor speed of 60 rpm
for 2 min. A predetermined guantity of maleic
anhydride was then incorporated into the inter-
nal mixer. The mixing was continued for 10 min
at 135°C. The blended product was then dumped
out onto the two-roll mill, sheeted out and cut into
small pieces. Various quantities of maleic anhy-
dride {i.e., 3, 6, 7, 5, 9, 10, 11, and 12 phr): were
each used to prepare a graft copolymer in this
work.

The preserice of the anhydride group grafted on
the natural rubber backbone was determinad us-
ing a Perkin-Elmer FTIR spectrometer model
1600. However, unreacted maleic anhydride was
first removed by the following precedures. Small
pieces of the blended product about 3-4 g were
dried at 40°C for 24 h. The sample was then
dissolved in 400 ml of toluene and refluxed for
6 h. The mixture was then separated by means of
filtration. The filtrate was then reprecipitated by
adding excess amount of acetone. The precipitant
product was then sheeted out and dried in the
vacuum oven at 40°C for 24 h. The sample was
redissolved in toluene. A thin film was then
coated on an NaCl cell surface. After the toluene
was evaporated, FTIR spectra were recorded.

Blending of Maleated Natural Rubber
and Cassava Starch

MNR and cassava starch were mixed using a two-
roll mill at a mixing temperature of 60°C. Masti-
cation of 100 phr of MNR was first performed for
6§ min before incorporating the cassava starch.
Mixing was then continued for § min. The MNR~
cassava starch compound was sheeted out and cut
into small pieces. Various quantities of cassava
starch (i.e., 0, 20, 40, and 60 phr) were each
blended. MNR was also used as a compatibilizer
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Table I Compounding Formulations

Ingredients Compound 1 (phr) Compound 2 {phr) Cther Compounds (phr)
Maleated NR 100 — 90/75/50/25/10
STR &L — 100 ’ 10/25/50/75/30

.. Zinc oxide 6 6 6
Sulphur 35 3.5 3.5
Stearic acid 0.6 0.5 0.5
Mercaptobenzothiazole (MBT) 0.5 0.5 0.5
Cassava starch 0, 20, 40, and 60 0, 20, 40, and 60 0, 20, 40, and 60
for a blend of unmodified natural rubber (STR 5L) . ) T
and cassava starch. The blend was each prepared Apparent shear viscosity (Pa-s);m, = Xeon 3).
using the blending ratio of MNR (phr) to STR 5L e

(phr)of 90 : 10,75 :25,60:50,25: 75, and 10 : 80,
together with various quantities of cassava
starch, the same quantity as statgd above. The the capillary radius (m), L is the length of the
last set of a blend was prepared using 100 phr of

: - - St capillary (m). The value of R and L used in this
STR 5L mixed with various quantities of cassava work were 0.5 mm and 32 mm, respectively.
starch. ’

where AP is the pressure drop across the channel
{Pa), @ is the volumetric flow rate (m® s™*), R is

Curing Behavior of Reactive Blending Product of

Rheological Measurements Maleated Natural Rubber and Cassava Starch

Two types of rheclogical technique were used to iMaleated natural rubber and cassava starch
characterize the flow properties of rubber melts. blends were compounded using a standard formu-
They are an SPRI Mooney viscometer (model AC/ lation according to ASTM D3184-89, as shown in
684/FD) and a Rosand single bore capillary rheo- Table I. Natural rubber was first masticated us- 1
meter model RH7. The Mooney viscosities were ing a two-roll mill at the temperature of 60°C for
tested at 100°C using a large rotor, a preheating 5 min. Other compounding ingredients were then
time of 1 min, and a testing time of 4 min, accord- mixed according to the time schedule given in
ing to ASTM D1646-89. The result of a typical Table II. Cassava starch was added into the com- Tz
viscosity was reported as ML(1 + 4, 100°C). Shear pound at each level of 0, 20, 40, and 60 phr,
properties in terms of shear stress and shear vis- respectively. The MNR was also used as the com-
cosity were measured at a wide range of shear patibilizer. Each MNR and STR 5L at various
rates using the capillary rheometer. Testing con- weight ratios of 90 - 10, 75: 25,50 :50,25: 75, and
ditions were set at 100°C and the ranges of shear 10 : S0 was blended. The blends were mixed with
rates of 10 to 1500 s™*. Dimensions of a capillary cassava starch and compounded followed by the
die used were 2-mm diameter, 32 mm long and a chemicals and the time schedule given in Tables [

180° entry angle. Pressure drop across a capillary and II, respectively. Moreover, the compounding
channel and melt temperature was captured via a

data acquisition system. The values of the uncor-
rected apparent shear stress, apparent shear
rate, and apparent shear viscosity were obtained
using the derivation of the Poiseuille law for cap-

Table I Mixing Schedule

Descriptions Mixing Time {min)
illary flow®): -
. Rubber mastication 5
RAP Cassava starch 5
Apparent shear stress (Pa); = o7 (1) Zn0O 2
Accelerator (MBT) 2
Stearic acid 2
4Q Sulphur 2
Apparent wall shear rate (87'), Fppp = R (2) Compound finishing 5
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Figure 1 Infrared spectrum of MNR at a level of maleic anhydride of 6 phr.

of unmodified natural rubber, STR 5L, was also
prepared for a comparison. Curing behavior was
determined at 160°C using a Monsanto oscillating
disk rheometer (Model ODR 2000} at 1° are, ac-
cording to ASTM D2084-95.

RESULTS AND DISCUSSION

Preparation of Maleated Natural Rubber -

Figure 1 shows the infrared spectrum of maleated
natural rubber (MNR), focused on a range of wave
numbers of 800 to 2000 cm™'. The anhydride
peaks at 1850 and 1780 crn ™! disappeared, which
indicated that a ring opening reaction of the an-
hydride group took place at 130°C in the presence
of moisture. There was a single peak at 1720 cm ™!
attributed to the carbonyl group formed by the
reaction of the anhydride functional group with
moisture. This characterietic peak was unnotice-
able when using a nitrogen atmosphere during
mixing and blending. The characteristic band of
succinic anhydride symmetrical C—0 stretch was
observed at 1792 em~1.22 The level of maleic an-
hydride grafted was determined using the absor-
bance ratio of the peaks at 1792 to 835 em™? (cis

C=2), as shown in Figure 2. The highest maleic 2

acid content was observed at 6 phr of maleic an-
hydride used. Therefore, the natural rubber-ma-
leic anhydride copolymer prepared at 6 phr ma-
leic anhydride was used throughout this work
without further purification.

Mooney Viscosity of the Blends

Mooney viscometer is commonly used to assess
flow behavior of rubber melt in the rubber indus-
try. The Mooney viscosity is proportional te the
true shear viscosity at the very low shear rate
(approximately 1 to 2 s7!). Figure 3 shows the
Mooney viscosities plotted against various quan-
tities of cassava starch. The Mooney viscosity for
all types of rubber blends increased with increas-
ing concentrations of cassava starch. However, at
the same concentration of starch added, the blend
of MNR shows the highest Mooney viscosity,
while the blend of MNR/STR 5L with the MNR as
a compatibilizer shows the value between blends
of pure STR 5L and MNR. Moreaover, the highest
gradient of Mocney viscosity curve for the blend of
pure MNR was observed, while the blend of STR
5L show the lowest gradient. This may be attrib-
uted to the polar nature ofanhydride groups pres-
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ence in the MNR molecules and hydroxyl groups
in the cassava starch molecules. The formation of
intermolecular forces between those pdlar groups

might occur. The blend of pure MNR, therefore,
exhibits the highest chemical inferaction between
those groups, while pure STR 5L shows a poor
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Figure 4 Relationship between apparent shear rate and apparent shear stress of
MNR blendegd with various quantities of cassava starch.

interaction because of the difference in chemical
natures. MNR is apparently used as the compati-
bilizer for the blends of natural rubber and cas-
sava starch, because the formation of chemical
interaction between polar groups in MNR mole-
cules and polar groups in the cassava starch mol-
ecules was established. The nonpolar part of
MNR molecules was presumably miscible with
the nonpolar moieties of natural rubber mole-
cules. Therefore, the Mooney viscosity for the
blend of STR 5L, with ENR as a compatibilizer

was higher than those of the blends of pure STR
5L,

Effect of the Apparent Shear Rate on the Apparent
Shear Stress and the Apparent Shear Viscosity

Figure 4 compares the effect of apparent shear
rate on apparent shear stress for the blends of
MNR at various levels of cassava starch, shown
as a logarithmic plot. A linear flow curve (a plot of
shear rate vs. shear stresg) for all sets of test was
observed. This correspends to the power law
equation proposed by Ostwald.?® The apparent
shear stress was apparently increased with the
apparent shear rate. Moreover, at a given shear
rate, the shear stress increased with increasing
concentrations of cassava -starch. That is, the
higher flow curve was found when the increasing

concentration of cassava starch was incorpo-
rated into the blends. The addition of cassava
starch also increased the apparent viscosity, as
shown in Figure 5. This implies that a higher
pressure was needed during a melt flow in the
capillary. The shear thinning behavior of the
flow was observed. That is, the apparent viscos-
ity decreased with an increase in the apparent
shear rate indicating a pseudoplastic behavior
of the blend. Therefore, the shear stress was
required to cause the flow to become smaller
when the rate of shear increased. The increase
in shear viscosity and shear stress might be due
to the chemical interaction between the mal-

eated natural rubber and cassava starch mole-

cules. That is, MNR molecules probably cause
the formation of a chemical bonding between
the anhydride group and hydroxyl groups of
cassava starch molecules. The formation of in-
termolecular forees is therefore expected to in-
crease upon increasing the concentration of cas-
sava starch., As a consequence, the polymer mol-
ecules could not be easily deformed under the
shearing action for a capillary flow in the ex-
truder. This observation is in agreement with
the result reported earlier on the rheological
properties of the polymer blend of epoxidized
natural rubber (ENR) and cassava starch.!®

F5
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Figure 6 shows the effect of apparent shear
rate on apparent shear stress for the blends of
MNR at 40 phr of cassava starch and at various
ratios of MBN 'to STR 5L. The flow behavior ac-
cording to the power law relationship was also
observed. The blend of STR 5L exhibited the low-
est flow curve, while the blend of pure MNR gave
the highest flow curve, Furthermore, the appar-
ent shear siress increased with increasing the
concentrations of MINR as the compatibilizer,
That is, the higher flow curve was found for the
blend using higher concentrations of MNR. The
chemical interaction between the polar groups of
MNR and cassava starch molecules might be re-
sponsible for different level of shear stresses.

Curing Characteristics

Curing behavior for each set of rubber compound
was investigated using Monsanto, oscillating disk
rheometer, ODR 2000. Curing curves or rheome-
ter curves were the plots of relationships for the
force required to oscillate the disk as a function of
time. The force (i.e., in this case a torgue) is pro-
portional to the stiffness or shear modulus of the
rubber specimen. Figure 7 shows curing curves

for the STR 5L compound blended with various
quantities of cassava starch. The stiffness of the
blends first decreased during the specimen’s .
warm up time, approximately 3 min. The stiffness
then abruptly increased due to vuleanization. The
curing curve of the STR 5L blended with cassava
starch is a curing curve with the maxdmum torque
and a slight reversion at the final stage of the test.
The level of the reversion is seemingly less for the
compound of higher cassava starch added. The
reversion has been widely accepted that because
some crosslink structures were destroyed by a
continuous rotor oscillation after the maximum
curing.?* The vulcanization of the STR 5L com-
pounds therefore consists of four reaction phases:
the delayed onset of vulcanization (scorch), un-
dervulcanization, optimum wvulcanization, and
overvuleanization with reversion tendencies. The
stiffness of the STR 5L compound also found de-
pendence on the concentrations of cassava starch
added in the compounding formulation.
Different curing curves were observed for the
MNR compounds as shown in Figure 8, The pure
MNR compound exhibited a long delayed onset of
vulcanization, that is, the stiffness decreased and
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became almost constant for approximately 10 min
before an increase because of the onset of vulce-
nization. The intensive retardation for the curing
of mercapio-accelerator (such as, MBT) was

25 - i

L

widely accepted because of the presence of acids
or anhydrides in the rubber compound.’® A reac-
tion befween MBT and free maleic anhydride
molecules and/or succinie acid (from a ring-open-
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ing reaction of the grafted maleic anhydride) was
the main reason for the delayed onset of vulcani-
zation. However, incorporation of cassava starch
shortened the delay action time from approxi-
mately 1 to 10 min, because some parts of the free
maleic anhydride and the grafted succinic acid
reacted with the cassava starch molecules. The
MBT, therefore, played a significant role as an
accelerator in the valcanization process. Nonethe-
less, succinic side groups and free maleic anhy-
dride still influenced the curing characteristics of
MNR compounds. Consequently, all curing curves
in Figure 8 were not in equilibrium at the maxi-
mum torque. The stiffness still increased with
increasing testing tirnes. The higher stiffness rub-
ber compounds was also observed when increas-
ing the concentraticns of cassava starch. This
may be attributed to different levels of the chem-
ical interaction between the polar groups of the
two types of polymer. '

Comparison of curing curves at 40 phr of cas-
sava starch is shown in Figure 9. The compound
of MNR exhibited the shortest delayed onset of
vulcanization, while the 3TR 5L and STR 5L with
MNR as the compatibilizer (10 phr) gave the sim-
ilar curing curve at the beginning stage. The cur-
ing curve for MNR at 40 phr of cassava starch was
not in equilibrivic at the maximum torque even
the highest torque was observed at the tfesting
time of 60 min. Also, the curing curve of the STR
5L blended with 40 phr of cassava starch gave a
maximum torque and a slight reversion, as stated
previously. The curing curve of STR 5L with MNR
as the compatibilizer (10 phr) exhibited a combi-
nation characteristic between the curing curves of
MNR and STR 5L compound. It is certain that the

curve i8 in equilibrium at the maximum torgue, -

CONCLUSION

Natural rubber-maleic anhydride graft copoly-
mer was successfully prepared and used as blend-
ing compositions and compatibilizers. The chem-
ical interaction between the polar groups in the
NR graft copolymer and cassava molecules is re-
sponsible for the characteristics of the Mooney
viscosity, apparent shear stress, and shear viscos-
ity of the blends. The Mooney viscosity, apparent
shear stress, and shear viscosity of the MNR
blended were highest at a given concentration of
cassava starch. The blends with MNR as the com-
patibilizers, at a given level of cassava starch,

11
12.

. 18.

exhibited the rheological behavior between the
blends of pure STR 5L and pure MNR. Curing
characteristic was also related to the chemical
interaction between the polar groups presence in
the compound. The curing curve of pure MNR
without cassava starch gave the long delayed on-
set of vulcanization (10 min), but it was shorten
by adding the cassava starch. The reaction of the
accelerator (MBT) with the free maleic anhy-
drides, and grafted succinic acid were the reason
of the long delayed action. The equilibrium at the
maximum torque was not chserved for the curing
of MNR compounds with and without cassava
starch. However, the short delayed onset of vul-
canization and the equilibrium at the maximum
torque were found in the blend of STR 5L with
MNR at 10 phr of the compatibilizer. It is con-
cluded that the curing curve was apparently a
combination between the curves of the pure STR
5L and pure MNR compounds.
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Abstract

Two types of natural rubber (ADS and STR 5L) were used to prepare
maleated natural rubber (MNR). Melt rheological properties of MNRs (i.e.
MNR-ADS and MNR-STR) and their blends with the same type of natural
rubber were quantified. We found that the Mooney viscosities of MNR-
ADS/ADS blends were higher than those of MNR-STR/STR 5L blends. The
log additive rule was applied to the Mooney viscosity data. Positive
deviation blends (PDB) were observed. A power law model was also applied
to the shear flow data at a wide range of shear rates. The pseudoplastic
(shear-thinning) behavior for all sets of MNR/NR blends were observed with
the power law index, n, lower than 1. According to the log additive rule,
plots of the consistency index against MNR levels in the blends also
indicated positive deviation blends. Shear viscosity data of the blends also
confirmed the shear-thinning behavior and the positive deviation blends.
From the rheological property point of view of rheological properties, we
therefore concluded that the MINR/NR biends were compatible.

Keyword: natural rubber, maleated natural rubber, standard Thai rubber,

STR 5L, air dried sheet (ADS), power law index, log additive rule.
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INTRODUCTION
Graft copolymer of maleic anhydride with synthetic and natural polymers

have been widely studied in recent years. The copolymer products have been

used as the main component in reactive blends, ' blend compatibilizers*"!

-12

or composite matrices.'” Thermoplastic materials are widely used as

backbones of the graft copolymers. However, elastomeric backbones, such
as EPDM rubber'*'® and natural rubber'”"> * 2% have also been studied.

Graft copolymerization of maleic anhydride onto the polymeric backbone

1, 20-23

has been prepared by a free radical mitiator or thermal initiator.?* The

graft copolymerization of maleic hydride onto the natural rubber molecules

19. 23, 2326 or solution states.'”'® The initiation

17-18, 23

was carried out in molten

system used was peroxide initiator 19,23, 25-26 ¢

or the shearing action
the materials in an internal mixer at high temperatures.

In this work, natural rubber was modified by grafting different contents of
maleic anhydride using the shearing action. Two types of: natural rubber
were used as the backbones; standard Thai rubber, STR 5L and air-dried
- sheet (ADS). Rheological properties of maleated natural rubber products

and their blends with the original type rubber were characterized.

EXPERIMENTAL
Materials

The rubber used were standard Thai natural rubber, STR 5L
{manufactured by Thavorn Rubber Industry Co., Ltd., Songkla, Thailand),
and air dried sheet, ADS (manufactured by Kam Yang Co., Ltd., Songkla,
Thailand). The maleic anhydride used to prepare maleated natural rubber

was manufactured by Riedel-de Haen, Seelze, Germany.
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Preparation of maleated natural rubber

The grafting reaction of maleic anhydride has been prepared by a free
radical initiator or thermal initiator. However, from previous work carried
out in our laboratory, we found more grafted MA on NR molecules for the
system without using peroxide as an initiator.”> Moreover, the gel content of
the MNR was very high for the system using the peroxide initiator. The gel
content in MNR caused difficulties in characterization and further process
operations. Carone et al.”® also successfully pfepared maleated natural
rubber by mixing natural rubber and maleic anhydride in an internal mixer at
high temperature. In this work, therefore shearing action was used to
generate the free radicals. This accomplished by blending natural rubber
(ADS or STR 5L) and maleic anhydride in an internal mixer at 135°C. The
details of the process and characterization techniques of MNR products were
described in a previous article.’® Various quantities of maleic anhydride (i.e.
3,6,7,8,9, 10, 11 and 12 phr) were used to prepare graft copolymers in this
work. We refer to MNR prepared using ADS as MNR-ADS and that using
STR 5L as MNR-STR.

Blending of maleated natural rubber and natural rubber

Two sets of rubber blends were prepared and blended with their
respective natural rubber. The first set was MNR-ADS blended with ADS.
Another was MNR-STR blended with STR 5L. The mixing was performed
using a two-roll mill at a mixing temperature of 60°C. Details of blending
compositions are given in Table 1. Mastication of NR was first performed

for 5 minutes before incorporating the maleated natural rubber. Mixing was
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then continued for 5 minutes. The NR-MNR compound was sheeted out and

cut into small pieces for a rheological test.

Rheological measurements

Two types of rheological techniques were used to characterize the flow
properties of the rubber blends. We used a SPRI Mooney viscometer (model
AC/684/FD) and a Rosand single bore capillary rheometer, model RH7. The
Mooney viscosities were tested at 100°C using a large rotor, a preheating
time of one min and a testing time of four min. The tests were performedl
according to ASTM D1646-89 (2000). The typical viscosity was reported as
ML (1+4, 100°C). A Rosand single bore capillary rheometer was used to
characterize shear flow properties in terms of shear stress and shear
viscosity. The tests were carried out at a wide range of shear rates (10 to
1500 s™') at a test temperature of 100°C. Dimensions of the capillary die
used were a 2-mm diameter, 32-mm length and 180° entry angle with the
aspect ratio (L/D)'of 16:1. The material was first preheated in a barrel for §
min under a pressure of approximately 3-5 MPa to get a compact mass. The
excess material was then automatically purged until no bubbles were
observed. The test was then carried out at a set shear rate in a program via a
microprocessor. During the test, the pressure drop across a capillary channel
and melt temperature was captured via a data acquisition system. The
apparent values of shear stress, shear rate and shear viscosity were

calculated using the derivation of the Poiseuille law for capillary flow: %

Apparent wall shear stress (Pa); © = — (D
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Apparent wall shear rate (s™); Voo = A0 (2)

Apparent shear viscosity (Pa s); 7, = , 3)

Y app

where AP is the pressure drop across the channel (Pa), Q is the volumetric
flow rate (m’ s™'), R is the capillary radius (m), and L is the length of the
capillary (m). The values of R and L used in this work were 1 mm and 32
mm, respectively.

The true wall shear stress was obtained via a Bagley correction. This was
done by measuring the pressure drop (Py) across a zero-length die (L/D=0)
with the same die diameter and entrance angle. The true shear stress was

then calculated: %

True shear stress (Pa) T = —(fiil—P‘?lR | 4)

where Py is the pressure drop across the channel of long die (L/D=16) (Pa),
Py 1s the pressure drop across the zero length die (L/D=0) (Pa).
The true wall shear rate was obtained by applying the Rabinowitsch

correction:

In+1

True wall shear rate (s) Voo = . Y opp > (5

where n is the power law index obtained from the slope of the line plots

between log (1) and log (v’ ).

True shear viscosity was therefore calculated as follows:
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= True (6)

-
Y True

True wall shear viscosity (Pa s) Dt

RESULTS AND DISCUSSION
Mooney viscosities

The Mooney viscosity is proportional to the true shear viscosity at very low
shear rates (approximately 1 to 2 ). Fig. 1 shows the Mooney viscosity
plotted as a function of MINR level in the blend compositions. It was found
that the Mooney viscosities of MNR-ADS blends were higher than those of
MNR-STR blends for all blend compositions.
For the same set of blends, the Mooney viscosity first increased with
increasing level of MNR, and then decreased after the MNR level higher
than 50% by weight. The maximum Mooney viscosity values were therefore
| observed in the range of MNR/NR ratios at 25/75 to 50/50 for both sets of
blends. The Mooney viscosities of the MNR and natural rubber blends
indicate positive deviation blends (PDB), according to the following log

additive rule; 23!

logn, = . w logn,, (7

where 1, and 1) are the viscosity of the i-th component and that of the biend

and w; is the weight fraction of the i-th component.
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Compatible blends lead to the positive deviation in rheological properties,
such as the viscosity, die swell, etc., and are termed positive deviation
blends (PDB). 7' It is therefore concluded that the blends of MNR-
ADS/ADS and MNR-STR/STR were compatible blends.

Shear flow properties

Fig. 2 and Fig. 3 show the effect of the apparent shear rate on apparent shear
stress for various blend compositions of MNR-ADS and MNR-STR,
respectively, shown as logarithmic plots. Straight lines of the flow curve
(shear rate versus shear stress) were observed for all sets of the test. The

results corresponded to the power law equation proposed by Ostwald:*?

T = KGO, (8)

where n is the power law index or the flow behavior index, and K is the
consistency or viscosity coefficient index.

From the linear relation in the log-log scale, one can get the slope (n) and
intercept (K) result, which are given in Table 2, Plots of the n and K values
against the level of MNR in the blend compositions are iltustrated in Figs. 4
and 5, respectively. The n value was found to be quite constant over the
shear rate ranges studied. Moreover, for all blend compositions, the flow
behavior indices were lesser than 1, which indicated pseudoplastic {shear-
thinning) behavior. It was also found that the values of n for MNR-
ADS/ADS blends were all higher than those of MNR-STR/STR 5L blends.
This indicated the greater pseudoplasticity in the flow of melts of MNR-



140

STR/STR 5L blends. The value of n < 1 also reflects the deviation of thé
flow profiles from uniform parabolic patterns (i.e., n = 1 for Newtonian
flow) to plug-like flow profiles.”> The MNR/NR blends in this work
exhibited very low n value (i.e.,, n < 0.25). Therefore, the highly shear-
thinning fluid flowed through the capillary almost as a plug moving at a
uniform speed as the melt was sliding down against the channel wall, The
consistency index, K, is a Newtonian viscosity if n = 1. By definition, the K
value is related to the zero-shear viscosity (i.e., shear viscosity at shear rate
of zero) of the flowing rubber blends. We fc;und that pattern of the
consistency index plotted against the level of MNR in the blend composition
was very similar to that of Mooney viscosity (Fig. 1). That is, the K values
of MNR-ADS/ADS blends were higher than those of MNR-STR/STR 5L
blends. The log additive rule (Eq. 7) was also applicable to. the plot of
consistency index vs. level of MNR. The positive deviation blend (PDB)
phenomenon was again observed. Therefore, the compatibility of blends of
MNR and NR were confirmed.

Figure 6 compares the apparent shear stress of pure STR 5L, pure ADS
and the corresponding types of MNR. It was found that, at a given shear rate,
the pure STR 5L exhibited slightly higher shear stress than that of pure
ADS. In contrast, the apparent shear stress of the MINR-ADS was 1.5 times
higher than that of MNR-STR. This may be attributed to the difference in
chemical and mechanical treatments in the raw rubber production processes.
In production of an air-dried sheet (ADS), dilute solutions of formic acid and
sodium metabisulphite were added in the coagulation process.”® The rubber
sheet was then made, followed by a drying process using a hot air oven. The
formic acid and sodium metabisulphite were also used in the production of

the block rubber (i.e., STR 5L). Furthermore, others chemical, such as
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aromatic or castor oil and secondary preservatives were used to improve the
quality of the block rubber products. These chemicals played significant
roles in the retardation of the free radical reaction during the graft
copolymerization of maleic anhydride and natural rubber. Therefore, at the
same level of maleic anhydride, the quantity of grafted anhydride groups on
the STR 5L molecules was lower than that for ADS. This proved by
observing the absorbance ratio of the infrared spectra at the wave numbers
of 1792 to 835 cm™, as described in detail in our previous article®®. We
found that, for the system using maleic anhydride of 6 phr, the absorbance
ratios were 0.20 for MNR-STR and 0.32 for MNR-ADS. Different
mechanical treatments were an additional main reason for the lower shear
stress and viscosity of MNR-STR. The production of STR 5L was
performed under a number of shearing steps. Therefore, the molecular
weight of natural rubber molecules in STR 5L might be lower than for ADS.

Figs 7 and 8 show the apparent shear viscosity at various apparent shear
rates for MNR-STR/STR 5L and MNR-ADS/ADS blends, respectively. The
pseudoplastic behavior in the flow of all types of blends was observed. That
is, the apparent shear viscosity decreased with an increase in the apparent
shear rate. Therefore, the shear stress was produced to cause the flow to -
become small when the rate of shear increased.

Fig. 9 compares true shear viscosities at the true shear rates of 50, 160
and 500 s”'. According to the log additive rule, positive deviating blending
(PDB) was observed, particular at a low shear rate. The results confirmed
that the blends of MNR and NR (ADS or STR) were compatible. The
positive deviation of the shear viscosity curves (Fig. 9) agrees with the plots
of Mooney viscosity (Fig. 1) and the consistency index (Fig. 5). We
thereforé concluded that the true shear viscosity (Fig. 9), the Mooney
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viscosity (Fig. 1) and the zero shear viscosity (Fig 5) for the MNR/NR
blends could be applied to identify the blend compatibility.

CONCLUSIONS

Graft copolymers of natural rubber and maleic anhydride were
successfully prepared. Mooney viscosity, shear stress- and shear viscosity of
MNR-ADS/ADS blends at a given blend composition were higher than the
values obtained from MNR-STR/STR 5L blends. This related to the
chemical reactions of some chemical species added during the production
process of STR SL. The log additive rule was applied to characterize the
blend compatibility. We found that the plots of Mooney viscosity, true shear
viscosity and consistency index against the blend composition indicated
positive deviation blends. From a rheological point of view, we therefore
concluded that the MNR/NR blends were compatible. According to the
power law model, the entire sets of rubber blends exhibited very high
pseudoplasticity (n < 0.25). Furthermore, the blends of MNR-STR/STR 5L
showed lower n values, and higher pseudoplasticity, than those of the MNR-
ADS/ADS blends. More plug-like flow profile was therefore obvious in the
MNR-STR/STR 5L blends.
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Table 1 Blend components of MNR and NR (ADS, STR 5L)

| Blend Code | ADS | MNR-ADS | Blend STRSL | MNR-STR
Code

A 100 0 H 100 0

B 90 10 I 90 10
C 75 25 J 75 25
D 50 50 K 50 50
E 25 75 K 25 75
F 90 10 M 90 10
G 0 100 N |0 100

Table II power law index (n) and consistency index (K) for various blend

compaositions.

-
=

&
=
&1

I
o

Blend Code n K (Pa.s") | Blend Code n K (Pa.s™)
A 0.20 72145 H 0.23 64582
B 0.19 122780 I 0.23 67902
C 0.18 147857 J 0.23 70969
D 0.17 172536 K 0.24 74513
E 0.19 140993 K 0.25 74787
F 0.19 140253 M 0.24 73205
G 0.20 138670 N . 0.24 72122
T
2
% 60
g
& P e ¢ > 2 3
g 20- —{“e~ MNR from STR 5L (VINRstr) |-
2 5~ MNR from ADS (MNRads)
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Fig. 1. Mooney viscosity of rubber blends
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Fig. 2. Plots of apparent shear stress versus apparent shear rate for MNRstr blended with
various quantities of STR 5L.
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Fig. 3. Plots of apparent shear viscosity versus apparent shear rate for MNRads blended
with various gnantities of ADS.
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Fig. 4. Power law index (n) for MNRads and MNRstr blended with various quantities of

ADS and STR 5L, respectively.

200000 T

T

150000

TS o

)
S [~ MNRads/ADS biends
LY H
= {~® MNRstr/STR SL blends
2 100600 _—
=2 .
g 4
(]
- R
50000 ————
04— ——ee - — : , - —
0 20 40 &0 80 100 120

% MNR in MNE/NR (ADS or STR 5L) blends
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Fig. 6. Comparison of apparent shear stress for pure STR 5L, pure ADS and pure MNR.
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Rheological Properties for Polymer Blends of Natural Rubber and Cassava Starch
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Abstract: Epoxidized natural rubber (ENR) was used as a blending ingredient and a
compatibilizer for blending of natural rubber (STR5L) and cassava starch. Rheological properties
in terms of shear stress and shear viscosity were plotted against shear rate. The results showed
that pure ENR gave lower values than that of the blends of ENR with the starch. Moreover, both
shear stress and shear viscosity increased with increasing with amount of starch. Comparison of
shear stress and shear rate, at the same level of cassava starch, the blends of ENR showed the
highest values, while the biends of STR5L with a compatibiliser showed the lower values than
that of the first type of rubber blend but higher than the values for the blends of STRSL. This
may be attributed to the polar nature of epoxide ring present in the ENR molecules. Chemical
bond between the polar group of ENR and hydroxyl groups in the cassava starch molecules was
established. For the blends of STRSL with ENR as an compatibilizer, chemical bonding between
polar groups in the ENR molecules and starch molecules was also formed, while the non-polar
parts of ENR molecules compatibilized to the natural rubber molecules.

Experimental Procedure: ENR was used as a blending components with cassava starch and as
a compatibiliser for polymer blends of naturat rubber and cassava starch. The first set of
polymer blends were prepared using 100 phr of ENR mixed with various quantities of cassava
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starch, i.e. 0, 20, 40 and 60 phr, respectively. ENR (25 phr) was also used as compatibilisers for
blending of natural rubber (100 phr of STRSL) with the same quantities of cassava starch stated -
above. The last set were prepared using STRSL and cassava starch with various quantities of
cassava starch. Two-roll mill was used as a mixing machine for a preparation of the blends.
Mixing conditions were 60 °C and mixing time of 5 minutes for pre-masticating of rubber and 5
minutes after incorporation of cassava starch. Rheological properties of the blends were
characterized using Rosand single bore capillary rheometer.

Results, Discussion and Conclusion: Plots of shear stress versus shear rate (flow curves) and
shear viscosity versus shear rate (viscosity curve) for ENR were Jower than that of ENR blended
with cassava starch. It was also found that both curves increased with increasing the quantities of
cassava starch. Shear stress and shear viscosity for the blends of STRSL and STRSL with ENR
as an compatibilizer also showed increasing trends with increasing the quantities of cassava
starch. However, at the same level of starch, blends of pure ENR showed the highest values,
while the blends of STRSL with ENR as an compatibilizer showed the lower values but higher
than that of the values obtained from the blends of STRSL. The polar nature of epoxide ring in
the ENR molecules caused the formation of chemical bonding between ENR and hydroxyl
groups of cassava starch molecules. ENR could be used as compatibilizers for the blends of
natural rubber and cassava starch. This is because the formation of chemical bonds between
polar groups in ENR molecules and polar groups in the cassava starch molecules, while the non-
polar part of ENR molecules compatibilized to the natural rubber molecules.

References: (1) Campbell, D.S. and Farley, P.S. (1995). J. Nat. Rub. Res., 10{4), 242-254
(2) Wongkul, T. (2000). Senior Project in Rubber Technology, Faculty of Science
and Technology,
Prince of Songkla University, Thaitand

Keywords: Epoxidized natural rubber, Cassava starch, shear stress, shear viscosity, polymer
blends, compatibilizer
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ABSTRACT

Graft copolymer of maleic anhydride and natural rubber or maleated natural rubber
(MNR) was prepared in a molten state using internal mixer at 135°C. The products were
then used as a blending composition and a compatibiliser for blending of natural rubber
(S5TR 5L) and cassava starch. The meit rheological behaviour in terms of Mooney
viscosity, apparent shear stress and shear viscosity at 100°C were measured. The results
found that pure MNR gave the lower apparent shear stress, shear viscosity than those of
the blends with cassava starch. The rheological data of the MNR blends increased with
increasing quantity of cassava starch. The highest values was observed for the blend of
MNR. The rheological values, at the same level of cassava starch, were as follows: MNR
> STR 5L with MNR as the compatibilisers > STR 5L compounds. Furthermore,
rheological properties increased with increasing the levels of compatibiliser (MNR). The
trends of rheological results were describes in terms of intermolecular interaction between
the polar groups in the natural rubber and cassava starch molecules. Each rubber blend
was later compounded and cure characteristics were studied. Pure MNR compounds
exhibited long delayed onset of vulcanisation, approximately 10 minute. The retardation
was described in terms of the higher chemical reactivity of accelerator (MBT) toward the
anhydrides presence in the compound. Therefore, the accelerator lost the ability to
- perform a function as an accelerator. The retardation was not observe for the compound
with the cassava starch. The cure curve for all of MNR were not in equilibrium at the
maximum torque, while the pure STR SL compound gave a cure curve with the
maximum torque and a slight reversion. The cure curve for the compound with MNR as
the compatibiliser was a combination of the cure curves of MNR and STR 5L. That is, the

curve was in equilibrium at the maximum torque and short delayed action.
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