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MR. JEDTARIN CHAROENTA : BIO-BASED THERMOPLASTIC VULCANIZATE
FOAM THESIS ADVISOR : ASSISTANT PROFESSOR CHANCHAI THONGPIN

This research is aimed to study dynamic vulcanizates blends, prepare bio-

based thermoplastic vulcanization foam and TPV/nano silica foam based on the
blend of NR/PBS. In this research have into 4 main section. First, prepare NR/PBS
TPV from melt blending, with various blend ratios of 20/80, 30/70, 40/60, 50/50,
60/40, 70/30 and 80/20 % by weight. During melt mixing, vulcanization of rubber
phase occurred and is called as dynamic vulcanization. The results showed that at
every NR/PBS ratio show dispersed NR domains in continuous PBS. In term of tensile
strength and modulus of TPVs were increased with PBS contents. Tension set was
decreased with NR content. Part 2 prepare NR/PBS TPV, with various rotor speed of
90, 100 and 120 rpm. During melt mixing, vulcanization of rubber phase occurred and
is called as dynamic vulcanization. The results showed that at every rotor speed
show tensile strength and modulus of TPVs were decrease with high rotor speed.
Part 3, prepare NR/PBS TPV foam have been compounded with OBSH is foaming
agent. It was observed that the cell size was decreased when NR content increased.
Tensile strength-and modulus of NR/PBS foams increased with PBS content which
resulted from the higher tensile properties of PBS than NR. Compression set of
NR/PBS foams decreased with increase in NR content. Finally, the effect of nano
silica on TPV foam was studied. 1,-3 and 6 phr of nano silica and foaming agent were
added in TPV based on NR/PBS. The resulted show increase of number of bubbles
per volume of foam and decreased cell size with increase in nano silica content. In
term of tensile properties, tensile strength and modulus were increased with nano
silica contents. Compression set of NR/PBS/nano silica foams decreased with increase

in nano silica content.
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2.1. #819555u%1A (Natural rubber; NR) [1, 2]
19555u87% (Natural rubber) Tngvidludruunn snasssuvmduenailauiainduena

Hevea Brazilliensis Iagfiduninog N usidauuiaueay Usenausida wagsls nay
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asnld vresssurIAlFoniueiife Fa-1,4-wedlelanwsu (cis-1,4-polyisorene) layil
Isoprene (CsHg) tWuntnesn A1 n A1AsLs 15,000 -20,000 laseasada-1,4-wedlolonsy

(cis-1,4-polyisorene) LLam\‘iﬁQ'gUﬁ 1
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N /
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sysumAtiantRlinudediviazatenluddn wu diiullesden wudu wnwu 1w uwe
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sgiluauiuliiga Snnsaelgluanaveseesssuyfsenuiluaigeniwuuidunss vinly
anglgluanamunsandoulnivineeluinladredemlierssssunfianudavgund a1wnse
Ignuleangamalian Inemllensssundilassasnanisdnisesmiveduanaiuuadugiu
(Amorphous) uiluusaniazlutanaveesanusadnisesirouinadussieunignmglis
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vialegndn Jearuisaiiandn (Crystallize) Ia n1siiandniliesaingumgian (Low

temperature crystallization) agvilenaudanndu uidgumgiigedu v1efazdeuas uas
nduganmin Tuvuziinisiiendniosa1nnnsdae (Strain induced crystallization) ¥il#
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anvn (Tear resistance) LagAUVUNIUABN1TUAF (Abrasion resistance) g
Tnethlunouszienssssualuldanulunisndndundnsueinneg o1esssuvidd
Boniensiugnuaneenunlunanesuuuuiiiotluldouiimingay viedesonniluldn
Tudusely e1esssuvIATeannsautsosnifunasUssnnaudnungsUuuurese1siy

Town



2.1.1. thenedu [3, 4]

Hagtuunamdnihesitlvgfianiulanie wouedens Tueenidedlidnfusosas
90 YOIUNAIHARK LA dnfimdognuanannuerininans deusensiindnluedens fuoon
Audld Ao WugBdeundaifionda (Hevea brasiliensis) thensfindaldanduasFenintens
an (Field latex) thensfildandusnaiidnuusndudineiadn q nszasegluth (Emulsion)
fanwauzilureunairdvn Janmlursaasoss SUSuimvewdslssanmuiosay 30-40 A
oH Uszanas 6.5-7 thensfiaumunuiudszanas 0.975-0.980 niuseiiadans finanumnile
12-15 \wuhnoud

thenandinaaldnduenailuiunssuunstunies (Centrifuge) aunseiisldih
pefiUT e uiaiutuend diensdi (Concentrated latex) udavasaninAmdy
ihenseglalaiiu 6 dalus esmnuuafiFelueinia Audevusineg wazaniudenvessiuen
auzn3nens azaciuludens %ﬁumammsﬁa@iuﬁww wu Wiy dhana vealladn
TnowuaiiFeazasyiulnetusnii UiAseiistundsinuuaiiGeiuaisenns Ae o
Anniseesaanglailufiesianig g 1du Memsveulneenlen AMedmuy aunsadanala
MNFUAINITYAN uazdinAumiiy nsfifnsafissmedomanidlubsaiunniy o
denaliien pH vesihenasunlasanas éﬁ’mf’fuﬁwmﬁuﬁmmigmtﬁaamw Fadunaldain
51&11@%?1'@86]141’3@%14 Lﬁ'aamﬂmgmﬂmmmaLémé’uﬁaLﬁuLﬁmLﬁﬂ 9 Fauieteaiung
qﬁylﬁaamwsuaaffwmalaﬂﬁawmmauﬁmsmLﬁmmamuéfﬁummmaamﬁ adin9ld
amedadlUlutheniiofiusheihediaanmdureaas Tasansedidldlunisiusnm
Yre1938n31 arsdesiunisdusia (Anticoasulant) 1aun weslude Toidoudals
Wasuanlen 1Judu Lﬁaﬁ%’ﬂmﬁwmﬂﬂﬁlﬁs@iyﬁ*&mmw 5181&%‘14&]14’3’@@1%51 AQUDINTT
HARNANA L UUTUALN 1y falie anlUa geenseundy Wiune1s wazgunsainienisunng

Wudu wasnandneienanedtin a1ee198awuunal 119819 warn1l INgNIEUIUNITHARLNN

TULARIGIIFUN 2



{ N
141Y198A
A\ 4
=~ 3 =
LATDIUULNIYS —J
. )
v
v \ v
WYY 60% PNUIYN
(Concentrated Latex) (Skim Latex)
y,

[ aduAsn / anuvden ]17

JUN 2 Pumoun ARt

2.1.2. 919094 [5]

gI9UISAe 813NIlINNstUIENanTin3alaaIndue1INsT Bunsaiieliaunia
5 v v v [ 1% Y Y O aa Y 1 v dll = Y o !
Wignsduiiuluneuwendianiidmay nntufsagliluukunisiasasawallly

& v o o &
AIUYUY I@EJEJ'NLL'MQEJ‘VI@’]EJE‘IJLL‘U‘UG]\‘]G\EJIU‘L!

2.1.2.1. &IueY [5, 6]
g1 A9 g1eanldaInnisudgan v lrIus T duneu walrsnoanudunay

s

1n8a15ATN YA ADIMIUNUNAINUA WU bolaneuludalnaluniswend wazldnisilulng
AuparduaistosTuwes Wudy drunsvinbiisetaltasnistisanluisy wse aululssou
AT wazananwuen1sn LN uanseiuyin lraunsanenesupulaLiseanlady 2

UszLnnae

!
1 =

- grausluitsuialneiBnnsitsay (Air Dried Sheet : ADS) Litelanudulunruensds
aUssLnniaeiidneaandt waveraudsliiain

- g1audusuATy (Ribbed Smoked Sheet : RSS) N32UIUNISTNANY LA USHATY (51
MNNTIVTIMEEEALINTelBYNSLEnEsanUsn uarduTeUusen naentuLRy
ansaiiiiliensiudusou udnhlusaduuiy onsizaldasdnnunuilssanm 2 89 3
fladwns MntuhuruenTisneenudindradetazonn edsnss wavdsandsniian

agauAIvaHue1eenliviua A nduiuiuersndauidlunsuldnaiussum 6 alus
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grawuAulaazgninlusuaiuliurdulsssuniunldisniswning lngsuaiuliensuian

punaRUITIM 50 D19 60 BeAlwaldud TUa1useun 4 89 10 U LanseunaunIsnan

9 Y

gaAUTUATURIIUN 3

[ 1YIY9ER ([WUNISNTRILENAIANUSA) ]

! FUAINENTA
4 N
£ Y < ¥
819U LU UNDU

\ S

v -d! d' 1
DAIAYNILATHILUATY
4 N\

LHUY AU

\, S

a

supJulieawisiaamalivszunn 50 69 60 °C

U

v

[ YIHUTUATU ]

SUN 3 TumpUNISNARY 1 WHUTUATY

2.1.2.2. gruAsn (6]
g1a1AsH (Crepe Rubber) Wugnailaaannisiirwensluinmeiniosnensasnass

annds laehluisendnasenasn Ilunsyiangazenluseninmssn iethdwandsn

'
1 o

= 44' g v I3 aa a 2
@@ﬂ"\]’]ﬂﬂq\ﬂusﬂmgiﬂﬁﬂﬂ Lu@ﬂﬁ]qﬂﬂqﬂmiﬂjﬁ?um’]ﬂLUUE’J’NVWJ@Jaﬂ’]W’] dsanusniaadyu

Y
[

' v | K a [EY) aa & v A a & v
ABUYINUIN WU U181980Y WARe19AUE 1Y taweneiiwdenly vssiAwiudauy tJudu
Pa991n3ATULATD AT AU S I URILITT UIDOULMIAEANSOU 81uASH ARl
ABUUNIUY wazdinate3UkUL LU 819 Brown crepe, Flat bark crepe , Skim crepe wag

Blanket crepe Lusiu Matiaztiuegiuannuuians uwasvinvesingauildlunisndn druens

Y 9
1

wsndugraasnilauiaindiens Adnsidnaisiindludiensde a150nn-ualsiiu Jeid
Wmaeseau lnun1sWendenslniiduninigansiadl 1w xylyl mercaptane (0.05 wt%) %38
totyl mercaptan (0.05 wt%) wag sodium bisulfide (0.5-0.75 wt%) noun1511le199UA

fulufousiensn eraasnaalugsniaunimuassiaAeudnaas

2.1.23. g1uNd [2, 6]

[ '
v ¥ a o U

819314 (Block rubber) 1ugnaudsgutuduidrdny dnsinluldiduingivlunis

(%
Y

nannAndugieRdnsagUunanateUssny ngesuisaunsandalaainiadiensan wse
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NI (B 1UNUAUKALT) DINERINUIE AR LA WNINTAMAING dIun1sHEn

ngwisagldesuianiinuantiniuingiunlinds Faerauisaggnuuadusziuniy

9 9

a

AN Vs 5 szau nsnangawiavesive dulngldesiuluingdiv nelitunau
Suanmsinensaulilutudneg d1elvazern euuwie wavdaluwviendmasulilaauin
MuAN1RsgIUlanImualy 1195gIUE19Ie N58n37 Standard Thai Rubber (STR) g 814

% a d‘ a

uvi STR findmanningAuildlunisuds Wy dhensan was ek Selnghvensifnuamd
%wémié’mutﬂiqﬁﬁtﬂwqa wazautRnenenmia lneanizal Po, PRI uay Aaumiln
Fadunantifglifesns uandusimuslunisiens wansdunsunisndnenauviadsgy
il 4
gauvisfindnaininevan agdesdimsaiuauamnyniunewduegnsd e1eumsdi
wAnINineanivienun 4 insa Fedautinisnmenmilaadu Ae Uinadsanysne
ANBEUATLLIN (WF8 MF8NI0 A1 Po; Initial Plasticity) g9, A1fv A ugeus7
(Plasticity Retention Index, PRI) g4 ustazuansieriy ludesusunadsanysnuazand (Ardas
SEUWRINZENUYNSTR XL Wag STR SLyt)nausis STR fiudnann diensan 4 1nsn fe
- #19Wie STR XL - agdinUTannideanysn 1aiAu 0.02% way fad luiiu 4 miela
Tuoun
- gn9uia STR 5L ; agdrnauunmdsanusn laiiu 0.04% uas fiend lsiiiu 6 wiela
uoun
- ©19Wns STR 5.; agdAnURnadsantsn Tl 0.04% Taiddnand Jaanunsothluld
fu nanAusinan g Alsiiuddusnin
- 919U STR 5CV azdfaUIunadsanysn Litiu 0.04% Lisifndnd Jeaunsn
thluldfu nanfarinauiniwgs Alidudduannin

'
[ a v U @

g9 STR NNANDIN GILTS NIDTRNAVENY NAUAINULAD LYY 81K UAY 814

9

IS LY

foudne v1afuiig e1sususATY LAzl axdnaauifiveneniwliasiiaue
wazdnudsusiumuauainvaevesingiu wiseenidu 4 1nse %qaml,mnﬂ%u 38y
AUSIEsEnUsn mugeudsuLsn fufinuseus Usunandn Usinadseive uay
Usinallulnstousied
- g79uyie STR 10 fAUsunadeanysnlaiiiu 0.08% d@wsuaa Po waz PRI iy 30
wag 50 MNaRy LA113INN15HNE1NBUINY WAZEIUNUATANAING UWER Il
audHenu Po, PRI wasUSunadanusniindd e1ausis STR 20

- g79wne STR 10 CV
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- 29w STR 20 Wugnawiadildannisldimgauinduavenadudlng naudivens
WHUAU 8197BU8 Y50 819wHUTHATY F8TinAUSIMdEnUsnliliAe 0.16%
d95UR1 Po uag PRI LA 30 uag 40 muasu

- 979uve STR 20 CV

1 . . Y 3 | Ao & A v a

- gkNg CV (Constant Viscosity) UUUUEIMINNUAIUAUAAIN AFUNITLANEATT
mvAuANnile vilieeuisiianuniinegluseaunatuauls 1wy e1euria CV60
g9azdirmnuninegf 55-67 wie Wudu Fin1semuauauniinies Nztiuan

NEIUlUTURDUNITUA HEY 819 Tuasadl Tunszuiunsuandunans e

[ Ug9an ([un1snIsuendeanusn) ] [ LHUENSAU LA
v A 4 N p A 4 \
4 N o .
g19uindu [ ANYY ) | Theuavewn |
v A 4 \ 4
7 N\ ] 3 4 ) N
' 1 & 1 A
NS D ILASH [ NIULATBILATH NIULATDILATH
\ y J \ J
\ 4 l v
| - | -y ' -
[ 88881 UUTULNE ] [ go8g1UuTIUY ] EJE]EJEJNLUHGUULaﬂ"’]]
f DUHNIALAIUAIDALUNS

a & a ]
gﬂ‘l/l 4 YUADUNITNANEILYIG

2.1.3. @uUAVDIYI9SITUYR [7, 8]
gresssuyagninildlunsndn dundndaeienssineg uinune Hed91nenesssuf

wva

Aa ) | | 1 o aa MY a a ~
ﬂmall NAVA8UIENIT NFAIDYIUTU NUADLIIAINA LLﬁluimmemiLaimLLN LLagdUAIU

jd)}

1 o

gangugeanuneagiunldlumsudanandagiuiein wu gallesns geenveudy v19sh

]

Y4 1 Uy Aagnanisauifvessssssurfnelil
2.1.3.1 arwdaveu (Elasticity) 819555U31AANNEANE UGS WHILTINTEVIUT
eilpunlasgusmierun wazilonenoonusNALEN IANANEE 19597

2.1.3.2 A4 14NI1YA8N153nY19 (Tear resistance) 819555UHLAANUAIUNIUY

= as

AN1IANYINET NNl wavaamaiigs Jumngdmiunwineranseidniou

9 Y 9 Y
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2.1.3.3 Aaumideafiady (Tack) e1sssaumadsdantdmidoudunsivieddia 49
Huaudiddyvosnisuannansueifiidesefonisussnou (Assemble) Tudrumiaqid
fhef 1wy 8sousTn osdelnsesiy vieldnaufugnsdunmesilunisuanenasosud (u
A

2.1.3.4 A91UNUADKTIRG (Tensile strength) 1953508 flaudAmdsnlugu
mnunumusenssia uwllslldAn asieduusuaziinudangugann Sunneiazldlunis
NAnnARSuTIUYe W ellienna geeeudy Wuduy

2.1.3.5 guiAidenadn (Dynamic properties) 81355588 @ faudRdanainia
dawalviinisgaydonnuieunielu (Heat build-up) asldanudin

2.1.3.6 auUAN19n1877W TA1A1NE19TUNIZV8981955TUNIAT 20 BeiwaLTea
Wiy 0938 wasdidufiutudiensruandadognia marudousimed 20 esmieaidoa
Wiy 0502 3 Anudnumulaih. 1015 Ohms-cm ddldduauanlwilléq

2.1.3.7 A1A1UNIUAN15TAg (Abrasion resistance) 8145551 1ALAIY
fumunstaggs silrenssssumagmiluidaiduduuszneuss fugunsalfidesnis
ANUAUMUTAQEY LAY 819508

2.1.3.8 N13n324A9n 3278 (Rebound resilience) 871953513 1ANAUAINTALY
mandufugsUhassiuldgesnsnendmninafiansidsunasuinsedisdingm

2.1.3.9 n158v9y (Compression set) SULALHIAYD 181355 50m AT LANEUAUIN
ndaa1niusinneanly Bsazventie pnsansaveteslunsinwmantinudanegy
vdsnealdsuusanaiusseznamis Auinidudesavvesusinailiawisanduay
sUsrafnle Fepnssssundsinamanansalumsausgindulsa

aa

2.1.3.10 Avmansalundsudssy svsssimadimdnlunanandegeils uwsg
lg1n Fsfesinmsuaieundssunnads nsusssinlidmdnluanavesessssuwifan
ias vinlfensiivas uieravinlimiAadamidieg wu lunsdnissadasiineiniads (Air
trap) luegnsladie wenvnienssssumaiaudinnunienin (Tack) #in Iraladie waxi
Anufunusensanueiiguvniigsled Jsluiitywnlunsudandasiasiondlasnissaui

2.1.3.11 wgdnssuludaviazary v19553ugfauIsalinnisuinneuazlu vl
nsdlansaazansludiviazanedunidurssialnansazanefifiannuvings enssssuman
Annsideslosuarazurumeslufiiazanelaesuin %uagjﬁ’wﬁmﬁaﬁwazma waLIEAy
nsideuleq ﬁaﬁumu%ﬂmmqmﬁ%sﬁuEJU%ﬁfdqqmmmuwmsiamimmwaﬂuéf'sﬁwazmEJ

999895 ITUIR LA
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2.1.4. nszurumsTaaluedu (Vulcanization process) [9]

o Ay o o

Tnglgnsfuduiagifiveddalunisldom esanswdvinuautidnas
uazdnuwarnanoawliiafiosdonsivdsuudacudasgungil nanfesaavseusi uay
wilsuvuey Weldfumnufou azuduunziiguvniisn ileshemaradananinstiensn
19911399 0INTHANS1AUEITATIANG WU fuzdU Kae agansaLsenne [Wudu
vdnaaNasadene enfildifoniiensmeunid (Rubber compound) InganspauntIs
fldagninlutiugulusifuinigldeuiou wagaudu nasviumsiiZendintaaluedy
(Vulcanization) awﬁmumisﬁugﬂﬁ 38071 81980 30819AsgU (Vulcanized) Feandives
gansgUtliTaziatios liAsuuasmtgumninn werliautidenaftunitensiu
a157aAlud (Vulcanizing agents) Lﬁ“flumiﬁﬂ'a‘lﬁlﬁmmsﬁaﬂmiuLaqasuaama e
nMaUFulpnmantivessandusienddiity slnvesansdenledianasaiazuanseiu

sonlUlunsldmnuiuensumazsin agndlsAmuauisanvadunsasuseinnlanssalui

2.1.8.1. nsifauyaredaenuesi (Sulphur) uazﬁvg]ﬁﬂé’wn"7z/zn‘"u

Auzduduasiliionstanludinndian 1losaniuzduamnsafaujiseins
Foulodlulananavesssmnnladusi (Unsaturated rubber) ¢ waguenanilsindudn 2 ¢
eogluvsiferfudngiu tude Saudon LazingFou AanuisaviliiAnnisTaadludle
wWuiieatu Tnenisiinsiuseidenlodluluianasns wansdisgudl 5 szuunisianiludsae
MUz uveeNsITUVRTRY 3 vUUIeiuAe [10; 11]

2.1.6.1.1 s5UUoNvITw ANz duLUVUNG (Conventional Vulcanizing system:
cv) uszuuifisengnilgelussutdomn tiasiussidonlssaiifusdusgnansesnon
MAUFING LU ANUNUNIUABLIIAY ATINATUNIUABNITANVIN WAZAITLAIUNTT
& BnviadalautRlunisiunmunasaniigaumgiinnAun urnuautRazdesaadleldsy
Audeu 1esaniAn reversion wazAIN15IAFUA15MAINA (Compression set) fiaenT
SEUUBY [12]

2.1.4.1.2 s53Uudau1edremMusdunuuyszansaan (Efficient Vulcanizing
system: E.V.) svuuiildmusdutiosuavanssaigaunn videldssuvansliiuesdu soilinns
Tiiuzdudenlousaziiuseiuszaninimun usagiusyidonloasiifuzduagifivmils
vieansoznanvintiu ilwensdausinmanadesniinmsldfuedusssum uwiaglfonsiina
AIUNIUABNTT reversion A auUAluAIUAITNUNIUABAIINTIUR karAINISIAEFUAITVEN

nm (Compression set) A [12]
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2.1.4.1.3 SzUUTRNUINAIUMUL UL UUAIUTZANS AW (Semi Efficient Vulcanizing
system: Semi-E.V.) sguulldiuziunaza1sinsanenatsseningnsiomusaulazansaaLs
Tusguuuninunisidluszuudd viliaudRauninawazaiuiunudeuad seninamsaes

53‘UU5 [12]

Unvulcanized

NS

[ «_Rubber Molecules =~
e
——

s
l Sulfur

\

=~ Crosslinks
\ Sx

Vulcanized
Network

JUN1 5 maiausziwedlesluluanasia [12]

2.1.4.2. nsFouyIndaeasilalyTussu (Non-sulphur Vulcanization)
dwsuasidenvnefildlisusdu woalddu 3 ﬂfjuéi’ﬂ‘if [13, 14]

2.1.4.2.1 Tavizaonlen (Metallic Oxides) s1am3narivandianlulnsd uagens SBR
p1adouraldlneuisevesiedoonlasiumarsuendianilogluarsluianass sauvis
msindsdveaninenisilunanseminisuondias

2.1.4.2.2 answindidnyfladdu 2 wgw3eninnin (Difunctional compounds) @13
UssiamiasAnnsdenlednanaens nevuiterduurusesaeliana wu nsldBwen
Frsgutanludeelulasd 19lalasailuu (Hydroquinone) Jamludestalvg wagldlawe
fiutanludengeasls Wusu

2.1.4.2.3 asiadeanled (Peroxide) ansminosoonladldanludenddansiia
Anudush uarlidus TnsieseanledarliiinufAseluaelelumanasidlaensausagly
oyyadasuiiienniinlasiaiadenlas mfueu-amsueu fuasluanatnaudss n1sian
ludgnesssuvrnieeseanlenaglandfiBanavetsns Wy Ansidesua1ismaena

(Compression set) WagAIAUAY (creep; NMSHNTUYDINITIUABULUAIFUTI A1elauss
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nsevinAsi Wananlisuwtasly) deen (wansdannuganguunn) wazenaziinnulussla
guagliiinnisanddiaifieuiuenssssuranianludmenugiu wissuuiliitenssde @1
AUNUADUTIAY (tensile strength) WAZAIAIIUNUADAITANVIA (tear strength) ALaY

auUAdenadulugazmnitvesensnianluganeniugau [15]

i i e
Ot O©O—CO O
CH;  CHs CH,3

CHj,
Dicumyl Peroxide Strong Radicalis 439.1 kd/mol
?H3 Beta-Scission (|3H3 ?Hs
Of == O e — O
CHs hx
Acetophenone
HYDROGEN CHj
I + CH
ABSTRACTION HO—C 3®
| Methyl Radical (Strong)
CHs 439.1 kJ/mol

Hydroxyisopropylbenzene

Y I

U7l 6 fegenalaninineysadaszves Dicumyl peroxide (DCP) [15)

2.2.  wedUaiaudadiun (Polybutylene succinate; PBS) [16, 17]

DRAMNITUNAIFRANTININ A DAAIMNITUNISHANTALALHAR S UNNA1ARNTININ

9 9

'
a = =

nningAvTananiluingAvanunsondrtulmiiionaunuls (renewable resource) 1w Sy

9

d1gnds 91lne doo Wudu Samidulunisadiyaanialiivedaiudidendeimndu

ngAvinladgludsenalng waraannilaludufe weadaidudaiun (Polybutylene
succinate; PBS) 3utlulantasudlunisial univoasreanuiduwdalidun1swaun

geavnssunanaindinnlutsenalnedninmils

a v A

woatMau 4aTiun (Polybutylene succinate: PBS) iunedieawes Nlinsndnd

aaa

A (Succinic Acid) wag 1,4 Tnulaesa (1,4 Butanediol) Wuansaany HuUfATened
U 1 [ a s a 2 < ¥ IS
waslswdunuuamukiunaslunefieameiniilaseairaduidunse PBS ddnuagnia
menmdusduduigu Sanudangu (flexibility) wavaiuanunsatunistuguidundndu

ae anursanuanuioulaas iunvatunsadesaaslafiniinsaneduanin (Poly-Lactic

'
[ I

Acid: PLA) Fadudnuwauzinundrdyetiaunn nsda PBS Tuldauwnuiwanainildeeynly

Y

Y I

Wi Tugaainnssunees Sn1siluedmduiidaunguiu nszarssiuld Janvevunie

9

UanUdoaenauuas enivity 1usu vselugnamnssuussaiue aziundniariussunmly

Waniia Wy Wduadauuianszay wievinul Hauussin wazems Wudu [17]
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‘ ---I(\jlo/vv0~ .
O

n

o

JUN 7 lassaamaaiiveaneddanifudadiun (Polybutylene succinate; PBS)

2.2.1. nsaaAsIzI wealnfaudndiun (Polybutylene succinate; PBS)

PBS fton19n13é1 oA Bionolle wanlnau3em Showa Denko uaz GsPLA waslag
U3 Mitsubishi Chemical 12891989 PBS A0 CgH 1,00 dunsrgranuasenniuniy
s¥nIensadn@iin (Succinic acid) way1,a-damulaoea (1,4-Butanediol) tunausiodss
#u figaumafigandn 100 °C Tngld@aissufATeitu Tetra-n-butyl-titanate uazTetra-

isopropyl titanate LLamﬁquﬁ 8 [17]

O
HO)WOH OH  >100°C 1 0
z + HO/\/\/ Y o M \/\/\O%l
Succinic acid 1,4-Butanediol *H0 O
PBS

sU71 8 UfATensdansien PBS (18]

Fansadndin waz 1.4-0nnulaesa Muneusasainulunisdaunsn PBS v9aas

a ;l’ a 14 a % 3 a = (% PN
ﬂjumummmmamlmmﬂmammmwwﬂimmm LLﬁfﬂ\‘l@\‘]E‘U‘Vl 9

Acethylene

Propylene — Aryl-alcohol ——EEEN:Ee¥i1alTe|loll

Butane I
:I_. Maleic anhydride ——m

Benzene

Butadiene

JUN 9 nszviunsannsadndiin uag 1,4-Tumnulasea MnudaduginUlnsiad [18]

13 o [ a

2819151910 NSATNTTUN way 1,4-Unnulnosa é’qmmimémiéfmmmmﬁﬂgﬂ

q
v o a o

naunulndla Tmgauildlunisdansigvinsadndinlawn wdsd1alnn wiaus (Whey)

9

5 a o A a o A
ATNUIRNTE NALYBDIDE TEYNWY LLﬁﬂﬂﬂiSU'ﬂuﬂqiwﬁmﬂﬂgﬂW 10
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[Luﬂa —> mjlﬂa]

ANSUIIN

[ ASAYNZUN ]

[ yadanaulalan ]

[ 1, 4&-Dwnulneoa ]

JUN 10 nszurunskannIndn@iin way 1La-Junuleeea andnganuanvauniluale [18]

9

=

lun1sdaanevnsndn@inaininganugnnawnulnilaaiunsadunsielaainnis

Y

ninnglaa auinUfiseaiu CO, seninnsvdndsaunissun 10 uaensadn@in aunsavi

[

TAnUHAT130nTu. (Reduction) w3alalasatudu (Hydrogenation) Tedu 1, 4-0unula

BRG]
Fermentation i OH E;g;lf‘;g(?lﬂiggu OH
0.5 Glucose + CO, Ho)k/\r( = HO
Succinic acicc)l 1,4-Butanediol

+HCOO" + CH,COOr

JUN 11 Yisennsdaesierinsndndliniag 1,4-0nnulaeea 3nnglea [19]

a1

PBS unedwesnimnumuuiuwiniu 1.23 niu/gnuiadaufiuns Jaalndifes

a

fiu PLA wena1nil PBS Haamgiivasumaiuszuins 110-120 °C gaumgil T, faus -33 °C

Y

fia =37 °C wazaaumginisaanedainiu 350 °C lnevily PBS anunsanuauseulagat

200 °C Ingdlddvanimanunsetugllaie uasdoufadlad eawn PBS WWunedieawes

aunsagesaarelinusssudlagniunalnvesljisenlalasladadmaliaeldluanadu

a

89 ¥d991nUY PBS vaunsagasaatedelulamegiunsd Insussadueiann PBS vy

q

JULUUYRTEY 93 viSenaed MdmiuemisuaziaIeddnes wenaintilutlagduil PBS lagn
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W lUldnenisineesidduguuuvesiiauuagiannmuaunisantdeslouaseznuuas

sullutianstugy PBS Wumtiedildusslesinnenisussus [19]

[ a a

Uszwalnadulszsmanensnssy Muiumsmizdgnuaznisiinens 3ediingaud

v Aa a

BINDADNINARKARAUTNANARNTIN NG99 11U WodTTidudaTiun wedlarauozalum
Tawsnvan waznweduanfinuedn Jusu lae PBS Wunara@indanmitaiunsedugule

Tnawdgsiumeslunatain Mlvnasdandmdnaiiudwssnimmatadndinnasiindus 3

Uszgndldauldnamanssu 1wu a1unisinens auussydudionmsiasilausnie gunsal
& s & v
warTuduseud 1udy

=l

WARSaTNaaRnINsinuRsTiRanan PBS deahannaniduianmiegunsaleing
9 ganzdn nanaRnAquuinAy fansnsadesaanelfeaslotinauasiu ienaununisld
gUnsalmanifindnanwatainVlased Mlideuazazaindenisldou feastae
Usgnfanausnu wazandnsin1snivesiundnldsnd e Snvisdsdinnsaanisalinlud
A.A. 2020 A8N15lY PBS dvSUNGnAINNINTSIN AN 15% [19]

ussfaeinatafnuisgUnsalniglupiseuvuinidn wu 9u vu Yeu dou die
nul Srudugunsalvinadniiannsannyinlulinnd uasdesldunnluiuemsvadin 7
fnsldruiissniuion Ssasdmalvivimamssnaradniisti ffunarainanm
PBS Felésuion iieldnanutmaradnuiendadunaraind miviadovuuussyfum

NTEATYANN 9 B3N PBS @1unsngeveaialates Weisnavasiunaglinalitindeymaiu
a v a v Y] T 2~ PN a a a

dwandoudnaiy J99Uu uTSAMIINGRTIN PBS TAIUNANTA18kATAINNTONENTWLT
nsAlaunTu 1wu Aielugey landnaianiuil “Amazon Bio Cup” lnuldwaiafn PBS
LAZOUVUNIENTEANY WHBNALNUAITITUTTUIUANSER TR UMENaAIeTIAuYTnAI1Y

wuuLus (Low density polyethylene: LDPE) [19]

2.3, waslunandfndandlauas (Thermoplastic elastomers; TPEs)

wesluwanaindanalaiues (Thermoplastic Elastomer) 1uanifinissiunuauta
menenmvesvesTunatafnfudaralawefidndetu Snvazduvesianlseini fe
HuTaniidanuiaveguadiesns wianansadssiunssuiunistusdusdedasilfndeu
woslumanadiniialy veadefiietulusenitnsruiunsndnanunsatnduatuguindld

1%
v a

(Recycle) nameslunanadnanunsauuseanls 2 Ussianasil [20]
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2.3.1. vdenlanadwas (Block copolymer) [21]

weslunanaindanalawesussianuaenlanediues (Block copolymer) flaseasng
Tuanaduanelden luanslaluanaszusznaume 2 i9a1a Ao d@uuda (hard segment)
Tnganelaluanainisuegswdulunguiou azliA1 T, g9 wazdiugau (soft segment)
Tngangldluanaiinisdnisesdiuuvedaugiudaudfdudaiadin (elastic segment) @115
sinsalddne e T, i audRlaerluresenaneslunarainuuuudonianedwesasiui
danduveaousmeiiinnltlunsdiasey uazdndnvosdiusou-dnudeislegluane
Telwana Sevdavoaneslumanafndaalawefuvuufonianedes ixwiolud

weslunaafindanalamesainalaiu (Styrene thermoplastic elastomers; S-TPEs)

weslunanainwedginu (Thermoplastic polyurethanes; TPUs)

- weslunanafnneddwes-eames (Thermoplastic polyether-ester elastomers)
730 lanealoamnes (co-polyester; COPEs)

- weslunaafnnedtelundatalaes (Thermoplastic polyamides elastomer)

selanedielun (co-polyamides; COPAs)

2.3.2. WoAWBSHENTTWINgEenUNaRlaaNuE [22]
A a [y} a 4 a a 1 1 Y

gnamaslunad@dninauiunealesUs T wedlaeiud auisaulseantailuded
Uszlan laun weslunarafnwedlataiu (Thermoplastic Polyolefin, TPO) wazinaslu
wanafnianiludwdu (Thermoplastic Vulcanization, TPV) Iay TPO asidnwuzdugiu
e nduuuy Co-Continuous Phase Morphology Tuwugiaganiy TPV A n15i1 TPO w1
1 [ s U nﬂ' Y a -d' " [ d'
HunsruIuam ludirtuielminnisiliauwing (Cross-Link) lagnds19aeyinnisitouaang
fuegeauysal wagyilv TRV daduanunsalunisnuseanine1nie wagiussansainau

o

Compression Set #ifini1 TPO ognslsfinuiia TPO wayTPV psdunumafglunanye
grainnssy lnslanwedeivlugnavnssusneudfianunsaUszgndldautia nnsuen
(Exterior) wazn1elu (Interion) vessasa tngdwifinisld TPO unilan Ao USafuvusa
(Car Bumper) @4 1ugufifosnisauant® Ao nunseinszunngs wazfinnudanguidy
fuey Tuvaudl TPV gnidentdilutanuanlunisndntu suunaldnsglusesn (Under The
Hood Application) iiesannusnaddnsslusesaiiu Fosnisdu uifinuanld Ao e
gangu NuseanIaINIALarANTEULARDINIA LU WINWUWIUSAFU (Gasket) Vioviuany

w11 (Hose for Covering) wagviaviy
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2.4. waslunandfndamnluten (Thermoplastic vulcanizates; TPVs) [23]

TPVs WWudaniiuszneuigninensiianiswenyins uigaianszane wazdgaie
woslunarafniluignirdeiiios lner1unszuiun1s dynamic vulcanization (DV) 3
TPVs Tulagiulasuanuauladuegnaunn wagldiuegaunsvansluanamnssu sine) wu

% fa & a & o % < o
PNAMNITNEIWUA 81A15 wazaunsaldidnnselind aulan TPVs lanateilue1ainig
wulaisanigalunismaunuenanesiuanildananamnssutinsdeuunuiu Weaind

YOMNAUA UL DIFIINFBULALNITUTEUNTANTNEINT

2.4.1. nszurunsessumaslunatafndanluin [24]

nswssnianmesiunaraindaaluien ausawssulaannnisrauiusenInedIu
I a 4 1 A 6" a 1 . . .
Wudanalawes wazdrunduweslunaiadin laeniunszuiun1s dynamic vulcanization
(DV) NAABAANTEUIUNSITDNYINVMETBWAN TRV Nz ausan1RAnweNYIe 1ny
TiAnnsWonviainiuidnnirdatalawes vieigaesraielinduigniaensiiianis
a & ) a.  a a ) 1 ad o 1 &
Wenvanunseeluigaaveswanadin Inseuiunswivuvaney 3 Teawieluil

359 1 13091NNITNIBUYNHFNAUNAARN LUSATIFEIUNENFAIE) S1AUADUNANENT
Crosslinking agent 10 InaN NNz aNNe N 1IAAANTEUIUNIT Dynamic
vulcanization

359 2 13UINANTLATINY NRANAUNA1ERNTUSATIAIUNAUATL) SIAUADLNALETT
Crosslinking agent ﬁﬁamamqmwnﬂﬁﬁauﬁ 9l9@13 Crosslinking agent nsza18/2 1y
Polymer blends wanluaugdidudan TPVs flonmglanansaiaonunsle

Qdd‘ Q' 13 1 1 N . o w | o

259 3 LSUINNFNYIABNYIITENINYNNUEATS Crosslinking agent a1AUABNIUN
grampul1inaniunanainuuy Melt blending Nisenasgaumiivanzauiiveyinlviin

N3LUIUNIT Dynamic vulcanization
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Rubber
1 M 50~80% Cold mixing ( Method 3
- Method 3 { () >3
. e .
. \

Crosslinking melt blending

1

! i
! i
! 1
! 1
! '
1 agents i
1 Plastic DY 1
1 20~50% :
- .
: 1
; Method 1 and 2 : " Method 1 :
. Al X
' Rubber | Siagie crosslinking 1
1 S50~80% l | e ding agents ]
! =0 DV ) i
+ .

1 N Rubber ]
1 Plastic ._. = Plastic ¥ 1
1 20~50% '
: Crosslinking |
: agents DV 1
: g
1

! '
! 1

SUT 12 nszuaunsnienmesiunarafnianiluien [24]

2.4.2. dnwazduguvasmasiunatdnnTaaluiem

lasaasavesianuestunaradinianiluien agUsenauluie 2 Tga1andn Aety
AABe wazdgaiananain lngdgainenaduignianszans og1slsiniunisnszaiuda
GuaﬁgmﬂEJNﬁ?u%’{uagjf’w’uwmaﬁﬂ%’ﬂumiwau 8NAIBYINIUDNTIAIUNANTEINYNY
wanaRn gavnlivanan A IYALNEN ANLMLILILYe T denu e udy Tanwes
Tunanadntandluemdnld O faamanlunsndatuinuiudmeiusud suieduszney

wizasldnnetunagdtindu Lansisgun 12 (25, 26]
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&
o,

Melting of
s —4
Thermoplastic
P

Phase inversion

JUT 13 dnuaizduguveanesiunatainiaaluem [26]

2.5.  u1ludani [27-29]

Avo o

Fanoulnosnled viefiidnfulaeviall i 85n WufanfiannsoiRatuldn au
539U upsduAsIeity Fanasunngedluaniuzgutundn waeineglusuesaiend
e 3Us1maanis Awuesdaniudeldifuaiunuy #o win (crystalline) odnignu
(amorphous) ag BAMFTLENATIEN (synthetic amorphous) Tanuiludanilaeviludnil
suifluedugudansizsi uieisondn synthetic amorphous silica 1138 SAS laglsunain

ANSAWATITH 3 3T Ao

2.5.1. dumsizilaenisiiminuiou (thermal route)
Tagunannintianuseuiielminnis hydrolysis Tuaaugingvesaisaaslsloiauy

(chlorosilanes) n1eldUailnvetean@iau vie lalasiau Ngamgiiuseunas 1000 9961

ALY E

2.5.2. duaseilaedsiden (wet route)

1AgNIINALNOUYBITANT Wagdanaa (Ve Fan1uelsian) TuAAIINNITAIVANNT

aaa

\inUfA381 polymerization Laskinn1snNAznauved SAS naisasarelasfey 3ane lne

=

FanmlavreglugUedagu
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2.5.3. duAseilngdsdanilea (silica sols) saNtsenqn colloidal silica

Tnedanilwaldudant SAS Anszaneddluveanal nevlude U1 Insleaiiiinan

[

N3 hydrolysis 903danawnnszAanlss (silicon tetrachloride) lTuih wseluasazanefiidu

polymerization U8sa13azaelufAsngaIng

ad

FFnsfenldlunisdunsizndanife A5Wen Gnaznau)karisiiausay lay

¥
aaa

synthetic amorphous silica Al#a1n&e93513

v

JanwuzaulfNmA19iuIlisiaas CAS No.

ee

funne1e Fan1lugyu amorphous silica azflaunaidnlugaa 100 -1000 uluiashazd
Y o v @ 3 U= Ay aa . .

wwdlduivgsiudiulunguiadunidnluwiuves eyniaunludan (silica nanoparticles,
snPsilulaguulafinisudalit SAS fvuwiadnundu lnsvwinveseuntruludaniludagiu
flowmdnasds 10-25 wilugng n1sdaeszimenIsinuseuiliausananayniaun
Tuganiladnis 2 uiluwns vunavesgnyuvesuludanidnegluyas mesoporous il
unUsERN 2-50 Wilung viseeeglugulidsnula [29]

aunAuluganldagangin Weusingluiarveglusy Sio2.xH20 lagdnuaeinuia

v
1Y o

voadanaziludnwausreuua (hydrophilicity) FaanwuganUadaziulunudiuiuges
naulansendaniliuseivdineu niemseninngy silanols lusyniaunlugani Fenguilag
[ Y a v [ [ PPt ! A o £% aa v

ilrAnnsasieiuselalasouiulianavesn fatudmnvinlieyniaunluganianwue

1% o

antAlunisaeduinlag Bsdnwasauditlngniiunldlunbndmngnamnssusiig 4 [30]

Y

2.6. Il (Foam) [31]

Uaq0udanmwedwos endiogrudy watahn o9 tfudu wWundunuinly
SNa o w CaN ' = < [ d' o & (% 1
FinUsvIrTuvesnywdilusgrtuinfiosimduiagiatuisadiuidssendldlaagi
wannvangguLuugUsuuviisifinanudidgy lown Ilunatasin Iuens Fadnmudiunislidnu
TuginUsginTunane sUluuy WUsoun Wieiuou ey wavianiunseunnluussysioe
Dusiu

Il visnedls wanainiivisevened dananaindeguinuigvalguseinn Ny

nszUIUNINlTansve1esa (Blowing Agent) Aagyilvinarafntdunanailuluy lnaiSondiu

' '
NVYy v Y

721041 Foam Plastic fognsvastiunarainfizdntusialuiiu wes naosiwuldonms
Tuusiy Tnudanuiieduauiy Wudu Flrumarainmeni sruuaranannanainuansng
Ussaniuly Tunisudalnuazldansy (blowing agent) vinlvimanafininnisvenads wazan
mumuwtiulaesauvestriuas Inadedhimtnu wasiidnuazedofunenisssunilaed

leissualnnydandsluaudsvindangu vell Tuvnsnsd elWuerafiarsduinasly
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BNAI08 19T UAITLATULTS (reinforcing agent) LiuLdule (fiber) nioa13@ LA (filers) Laju

wAaBenASUBLUR (CaCos) WiauM (gloss microsphere) wagudls (starch) fing 9 1usu

2.6.1. Ussnvaalny [31]

Tnyaunsaswunidunanslsennsasaluil
2.6.2. UssNNVa9IWUIHUNANUAN WL VBILTAE LW

2.6.2.1. Inuwaaidn (Open-Cell Foam)
uwadida (Open-Cell Foam) 1ulassadrngadinuiliinainnisideusedy

1 ¢ = e ' (3 r-:il’ v s L L o v 2
PEAZMMNISIGT ‘UQﬂ']"?Iﬁ’]@ﬂiﬂN']u‘mﬂLGUﬁﬁVUQVLUENL%aﬁ@uﬂlﬂﬂqﬂimﬂqiﬂig‘ﬂ’m@ﬁLLi\‘i“U‘U WQE‘U

& a

7 14 e ludnwuslnumduwadilnazindouannnalaninuaua (Low-pressure

[

technique) Meldn1zusseime Inanddugulasaiuuuiiianiagaveu silamungly

3

msldviunzaslusasud AueuusTyingt wazdaniunszunn 1Wusu

2.6.2.2. Inuwaate (Closed-Cell Foam)

Tnawadta (Closed-Cell Foam) ) ihilassaframadlnuiidugulasaisvousad
Usznausieideunsy Seniivdsagad ilifeliatnsanuluinseninaeadle wins
\nAeufivesiwaznssilaenisunsiiuntamad faguil 14 laguniluiuwaddaazissoulng
Idmatlanusugs (high-pressure technique) wezlvunuudosuds wavmnglunsiluly
audueuuanuiou vuaes vislfludegin idusy

TumafoRlassadongading 2 elatgegirutundnfelidivuladulnmead
Wenselnuwadnlapatysalanusanitesznindiugad UauaslniumadUnazeg il
waddnavdsynouiudalaseadiadusnuadieqain (Strut) vasilnuwadInasd

2 |

N1f19 (window) %38L88UN %) (membrane) WWaulnsEnInaunUNgANITUTINAVBITEUY

TuegiudndiuvesvadiladewadUauniuiidadiuvesadUaiigeazyilvilniuiidraing

LTSRN (stiffness) WagAULTILTS (strength) ﬁqa

(n) (@)

sU 14 Tassadavaawadlg (n) wadlln (v) wadln [31]
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2.6.3. USTENNVBIINUILUNATUANHUSNIINAILAIN

2.6.3.1. Zi/\/llﬁ@?/ig/u (Flexible Foam)

=

Wn8angu (Flexible Foam) Wlnydnfilulnunfigamginisasuaniueadneui

)

=® a ! 1

(Glass transition temperature: T,) i Rdanwazoaul

9

v A

IS 1 = Y
gAY U hasAU 'JL@J@QﬂﬂG]l@QWEJ

*°

Wulnueg (Elastomeric foam) InuneadtiianaslsnsialasiasSuan 1nwanasn
(Plasticized Polyvinyl Chloride, PPVC) wazlnulnagsinu (Polyurethane Elastomer) Ju

U

AL,

2.6.3.2. Inluwilauda (Rigid Foam)

a L4 1

Wnwdinuds (Rigid Foam) Trugdaillndweswnindazegluaoiusndn (Crystalline

a

state) 3eiagluan uzadigiu (amorphous state) Azilgaumiinmsiuisuaniugaew

Y

4:4' 1 val v A & 1 v A A A
‘1/1%:]1\‘1 AanalRaNwaUE NI iuﬂuﬁl’JLllEJQﬂﬂﬂ MUY

2.6.4. UssnNvadiyaunanuUsENNuaInanEdnn

2.6.4.1. Inumasluws (Thermoset foam)
uweluws WulWunatadniwssuainwalafinussinninasluen Faduned
WBSNIAMUAINITAUINGUNLT LY U5 tatAalaen IWSILAIBNAENISS bLAAN2E

Adou v o 1

NSLUIUNITNIATNTUL DU A8 WL esiule 1y Iuwedesinuy Wudnand

U

wazlnuduadn Wudu

2.6.4.2. Iumaslunaradn (Thermoplastic Foam)
uweslunatann iulnunatuisavinduunldlug nesloAaladis deaiunsn

waenugUlnld wu Wuwedalniu Wunedllanaelse waglunedioniau \udu

2.6.5. n52UUN1SNSAALNY (Foam Formation)

Tuansawmsoulanansds neianldimsoulnuiuograundnans AonszuIunsv
TR suenea (expansion process) wsynause 3 Tumeundng fereluil

%umauﬁ 1 N15AANBY (Bubble Formation or Initiation) i'?umam’f Lf]u%gumaumﬂ
yansyUIuMsAniliAnlily nandevhlifaresietuludonedwed wavvenossioly

Tuasazane ©IolNALNDTNABUMEAT NTLUIUNISANSINANDINALISNIN NSiadAded

'
= a 1

(nucleation) %aileg 2 Wuu Ae
a a a a . A [24 a d? d‘
WUUN 1. MsiadeagalunuLee (Self-Nucleation) Aaneenivaziinduluumuey

nodasuasuwal Msea1sazatswedwes Sunauduilafeniu
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WUUT 2 nTEUUNIsiintiaedea (nucleation Process) Ao Wadfingaziinduuy
a o o 1 @ . . . . ) @ n:slld 1 A o
NIAUNE T8IV UNAT LazYealas (Liquid-Solid interphase) @9U8kA9ULIYNIT @1TNNT
TiiAndlandua (Nucleating agent) nalnanisiia nucleation WU SALENTAIAYL UTUTA
N1 gadlvwmeuniaszavuily Wainadlulunedwesiaziianisnszatedluvaenay e

insuanansyludududaun asviliansyvevediuunlugdnis silvaisinszateiifniy

o T
ﬁ QT cifq;% a9y

& € 3 ¢ 7’ wIluTam

gﬂﬁ 15 AszuiuNIsiinaiLAdea (nucleation Process)

A15NTANLULUTAN

nsvinbinanaanianesielulassasrsliluinaleidaeiu lawn

aa A a Y i a & @ @ a

T 1 innnisaaeiinienLsouesEsil Annsnanan sy urewdeiulng
wes waglieungiinmuizaniieviiiarssaassufndufiietu wufwlulasau s
Asuaulaeanled udy

ana a & a aaa A a £ A ° aaa |

89 2 fanesinuliosninuizeandl freasinfuillosainnisvinufisensening
a5l 2 ¥l YainwavUasyoondinsediun1siinlndieies (Polymerization) wayn1siieu
9779 U UjAseasendnglelelaaiiun (socyanate) fuin lofinmaisuaulasanles 1u
nanratunszuIunesslulnGgT i 1 Uusu

ana [y} [~ LY} 153 dy a '3 [y

359 3 NMsanANsu Wun1svenevasnslutlanedues lngnisanmnunuly
STUUNDALNBS FI981910U N158A3A (Extrusion) Inulwdaln3u (Expanded Polystyrene,
EPS)

A Al ] PRy & o & a ¢ = &

59 4 nsnanelulevesweamnairiiiyafondluiienedweivasumal Fuduna

aaa P = v v ) A & ) | A &
11NUAHNILIANYAINNTOU mamﬂ%mﬂmauﬂuam@mL‘Ummmm FIDENVDIAN TN TY
YaunadIngaennt laun vgeelsaisueu (fluorocarbon) witduaaslsd (methylene

9

chloride) 1udu

aaa

389 5 nslddufutaasa Bakilnsndsfetuunazldoyninvesudnauiulng

£%
=3

wos udTuguilunanafnudaintuye (each) asdaiiueen divihasaiefivanzan villv
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v
=< ad

usnifieadlaifntu il flunasienlntindinaserlgeslseidu (PTFE foam)
Jlosan PTFE WulwawesavhlmAansvenedilden

3B 6 maiunfudana fe meilnAaresinalaenisnimdna Tussuulndi
osnaaumal uawhliudsilagaisssufisen wieausou inliAnnisinvesfinglily
ewanafin ATIWIETIM uasiiteids Aolnuiildasiieaditaiaue

339 7 nsululesadles Wunisiusealailulasadies (hollow microspheres)
Tulndwes elilasadlesdinanorndudaut viodiawanadin lnednlngazdunisuan
finfluedn (phenolic spheres) Tunedoanaslidus (Unsaturated polyester resin) veus

LAANISUN (curing)

YUABUN 2 NFVIBHIVUINVBINDL (Bubble Growth) NSLNTUIATDINBI LAAIN
NTLNTVOINTHIULNEVDINDALUDTWADNLUAT MIDE1T0zANNOALUDT ANWOIAIUUTIT
lUddnviesiing v3e indnnisunnvainiawad (breaking the wall separating cells) w38

1 aa < o aa 1 A a X & IS
nsuwnsvesansyanresndvnadnludmesnivuialvg Wesiiindulutuwsnaziidnuuy
Junsanaun eazagresnelunieldningiinvun uazaiuisanivauldlageidaainy

WANANNYBIAIANNAY TeNI9N8lu LazneuenNoInIe Mselwas LIIRsRINdurEa uagsad

UYDINBY

Yunauil 3 AUERYS W3ensngUuadHes (Bubble Stability) tumeuiiiuduneu
gaving wardAgyiaatunseuunsiiaing daeslinetuluvasdugulnuenvazliaies
warvguiinelausslduan nsasglvesgadiuliTadudamnueanudulnuvesian g

= - % = Y] 9 | = o oA
ANLENYT vIeNTsAIFULEINBIvRlassET 1l Yuadiuladenatved Feladenils As
ANNaEnsalunIsivavenediosraeumad AR INBIMALANNTVET Auiin
nsdudaiuveseastIufss vibiianluead wasdu (ribs) veswaaiu Wenadiuasvasy

a A a0 | 1% o % = ' a
wiandanumiaiisnun azdwalinisverediveseadivuluvasugUannsaveesaludn
o o § ¥ a & A o I3 o § v a a v 1
5089 v iAnsesuanduiiniauead auviiwadliuiinnisseilnvesaufavuinlg
= 1 < Y 3 o Y a a =) =
Fldlaunsaasanmanudululd dsdunisviliiinaiuaiess vsenisaagureanas A
TdusgiBadietdosiunsiinsesunnvasndured anazvildlasmainasitiouins wie

Y a sala = - N - a ¢ = v A
naufunedwaininnunilavugvasumaiigeuieiiuanuviavesnadwet sudutaded

dfyansienuEtyvedliy
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2.6.6. Ustlgnluaznisldauvadnunaraiin

2.6.6.1 intluauauaawsau (Thermal Insulation) nedlugjaznulugaamnssy
iwesvimnudu §ifu awumnufeuvundan dnselusthsasud uazluviounsuszian
dnwazvedlnuildludnvazamuiuauiumiuiou wdulruviawadtn W Iuwedes
nurdinud

2.6.6.2 intuussgaine (Packaging) viu THdundesinaldems (nunwedalau)
Tufunszunndmsuussgaua Wusuy

2.6.6.3 ¥iug w59uu (Cushioning) lneunfagiJuluvilindangu wu Trlueis Tl

]
[ '

unodgmurdadangu Wulndiendu iudu mszlnumaiinusanguiias (high
reslence) AN150TULTY WaENTEAEUIITA

2.6.6.4 Janaees (Buoyancy) Fegaity uassuTiniige vislungia nszau
Tindu wazidoyn (udu

2.6.6.5 Ta99ATU kaztesiided (Sound Absorption and Insulation) finiin1sld
NUAUBITAEET LTI INEUAT LazpUTEYNRINY

2.6.6.7 914lAT9asN (Structure) wiu vwlesiaesiniasiadseundesdu wiesu
panedudu

2.6.6.8 msVszendldiuvaus wu Tduldnses (fitten Mlusuanfinuasasmiy

o ¥ & 3 £%
WagyIAeY (gauze) LWUUAY

o/

2.7. UIeNnNgv949

1%
av a v

Shan Wu saganee [32] 1u3deiiduenidsefifnvniertunisifiulnressadiny
vedlWufinaudie LOPE laeld p, p-oxybis (benzenesulfonylhydrazide) (OBSH) 11
Blowing agent nSaansfivhliiAnnes Sinszinafnaunisiinwaliuves L DPE Tngld
wadasmeg Snvesdahnsfnwanuduiusnisiaea Audusugudnatawadlvly,

v
v a

Bamsfialily wagdnsMsiawaliy suadu dundfgianyssendldivanuidenadl

a v [

BswssTuNudmSunuITel Janldhe LDPE 1nsa 2426H uag p, p-oxybis

(benzenesulfonylhydrazide) (OBSH) 1¥u Blowing agent
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W38 5 wit% OBSH waunvu LDPE lnenaulu

a

Torque Rheometer (XSS-300) ﬁqmﬂnu 110°C

Y

< ! = v gj =
AUL5259U 80 SaURDUT TULIANIINRLA 6 WY

\ 4

[
=

FuzUlny IngldinTosdntugy Neamgi 120 ° C

U

¢ % N
AL s (SN
~

g g AN ’
s;(_\,ﬁ:?o%frop?‘g

&% m)s ,lzz fﬁ;‘pf
>, (\()ﬁ 'r(kkf\r"/‘{"

e i

(N a'~f
’,,C,‘_rf(f‘fr

JUN 16 uansnan OM vean1sifinluy LDPE falel 5 3uafiauia 150 Junit efurenmsivie

sUveawadliy 9101381 5 Junfiaudie 150 il [32]

INFUN 16 UaRINgANTIUNTINTLYBS Blowing agent laeiiasusu 5 Funiida
Lifinnsiiaves Weonatu 1 ulunua e s IRLLIATUL 089 AULAS INLIAANISVIYF 2
UThavoRIwad vy suiua 120 3w Wedasslrnauulvunnndiwaalwuiiia

A sszidnawhvidunuindesusale

Zhen Xiu Zhang wazane [33] uIduladnwl microcellular ae9lvy TPV 910
5’a@mmaé’asa 1A (waste ground rubber tire powder: WGRT) 31nn193tA51%%
ArmduiussEning annienistugy fulassaireeddaly TPV wFenduslasin naensde
50111 (waste ground rubber tire powder: WGRT) Wau AU Maleic anhydride grafted
polypropylene (PP-g-MA) nanluin3 e twin-screw extruder mﬁm%’mﬂg 120 rpm uae

aaungiiu 130/ 150/ 160/ 160/ 180/ 180/ 180/ 180/ 190 asanwaifea delidusunou
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iliiAnlnulagldiaToinadausaiu YuIATUIL 2 x 3 x 12 mm vinsiiaiuseuiu
Fuaunewlakiliud ndinluinausugwunaeniIsaaandunised 1 laglddy
wseugaazaaudulung 1 Hlumdniniuinauaguiniaiadu didunuesnain

= Y v A o a & 1
LASDINABALSIAULIBYIINTIATEiRe LU
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'
a v A

AT 1 UaRIEN1IEN5TUIUNUNYTLATANUAUTLANATY Yoo 19lny PP-g-

MA/WGRT 8as1@uway (50/50) [33]

Average cell Cell density Ny Relative density
Pressure MPa | Temperature °C . 5
size D um cell/cm %
16 140 - - 0.6080
16 145 31 1.77x108 0.4187
16 150 75 8.41x10’ 0.0989
16 154 86 7.56x10" 0.0752
10 150 25 2.85x10° 0.4685
12 150 149 6.21x10° 0.0952
14 150 191 5.41x10° 0.0952
18 150 51 1.98x10° 0.1294

B il

[

U7 17 AW SEM micrographs 483638 ¢19T0a PP-g-MA/WGRT flgaunfidugulnud

Y

wANAIaTTY (@) 140 °C, (b) 145 °C, (c) 150 °C, (d) 154 °C. (Scale bar \Ju 50 lulasiuns)
[33]

¥

91n5U5UR 17 uanslasaasrsvealva PP-g-MA / WGRT (50/50) igmumnfizuguln

[y

NUANANAUY Tanaiildonndesiunl average cell size, cell density wag relative density

a{' oA am 1 A X & a o oA a X I
1NH1TIN 1 WU'J']L@J@QQJVIQ@JNV’Y]VIZJQSUU GUU'W’]L"UaaI‘V\INIﬂEJLQﬁEJiJ‘Uu’WIVILWN‘Uu LLAIINAN

¥
= 1

984 cell density uae relative density fiAnanad tasnniilegamgiliududinalvlilonsd
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WasNaudA1AUntaianad N15vEN8YRINeinaIulsavenenadlady waziiowaal

YU AINAAUAUNL ULV DY AA AL AU AU LU UFLINSTAanad

SUT 18 uanIn M SEM micrographs 4831881913l PP-e-MA/WGRT findnusiudugulai

WANAN9TU (@) 10 MPa, (b) 14 MPa, (c) 16 MPa, (d) 18 MPa. (Scale barg L\Ju 200
lalasums) [33]

n3UT 18 uandlassadrevasleiy PP-g-MA / WGRT (50/50) wam finnssuumnsing

A a1 a

fu MvunaguuailiN 150 ssrnwa@ye wa1 1 Tl nudunwadiadedaniuduniy

ANNAUNINTY Uil 14 -MPa Waimupauaindy 18 MPa aunawadnisiifianal uaz
! s ! LY =i [ a & = o a

ANUNUILUUTBATAA kA AUV UIRIUFIIMSana AN UR I REAUIUAY 14 MPa (laLity

LY &) a1 1 a o = = ! [ a X J 1
ANUAULUY 18 MPa d1A1aAatULA8INUY tUEI9NLLATANUAULNLYULUNLNEAINNIINT

12
=< =

YeMveTad uinTugnduveulunlaeusewiulug yilvanuiuggeilinisuees

Y

Yaawadlnuinvunglne1nend sy

Sang-Kyun Lim wazame [34] 1uddeilavinismdoulny crosslinked poly
(butylene succinate) (PBS) waz@nuilassasiaveswadly 71l branching agents unnea
fu BnatadadnuInavos chemical blowing agents fan1stAnlWuves poly (butylene
succinate) (PBS) uazdnwngAnssunislnaves crosslinked PBS \osnnmaiinliuves
PBS Fuagfiuaniienistusiuardndauveinisuausigg JafinisAnwinavesannznisiin
wos Wugmad, e wagUTavesasidenvnielasaiisvedlng PBS Tnedumeunis

WS EUTUIUAIFD LU



34

Funeuusnyiniswasy PBS (MI=1.5 ¢/10 min, T,,=115 asAgaidsa) Tu torque
rheometer (Haake Rheometer 90, Germany) ﬁqm‘mnﬁ 120 pemwaded \Wuian 5 udl
A71L5758Y rotor 60 rpm mﬂﬁ'uﬁﬂmﬂam Branching agent aalu PBS melt nausaldu
na1 10 und ieliAnUfATenTenvans Wensunawihnsiu ACP-4 wausedn 10 und
waseAunTHaN ntuiesaeund Aldlulduadernisdatugulny (M 15 ua. X
817 80 1. X U1 5 unl) Agaunnfl 130 ssawaldoa 1unan 5 unil udwihnisasy
paunpiuazan1stugthdu 150, 160, 170 ssreaidiea wag 10, 20, 30 w17 MW

MnHanINRaesiansatuulivieatuayunuide 2nguRl 19 maveaey
SEM asfiuldmuavonsadifisdudloditgumniuarsrernalunsiones usninili
sUhweagadlimhanenty e indilogungiifindunnuniaanas Faasviliiead
dulaldiedudsmaliiwadivnalugtu arnnsfneinuin micrographs dulngiluead
sUlduazwadliunnifuleadVnvuieanuiteaadimduiuindiaiosnnliogied

ULaNTNIN

150°C,10min = = § 150°C,20min =} 150 °C, 30 min

160 °C, 10. min 160 °C, 20 i’ =——0 160°C, 30 min

170 °C, 10 min =8 170°C,20min '~ 170°C, 30-min

JUN 19 uansduazigadliuved PBS Nan1izn1suugulnuiiunnsianiu [34]

¥
a o

Parisa Faibunchan wazaae [35] 91uddeivinnisanuiluiiate Jagumesly

waafndatalaueinainisngesaanulanIusITurIf NAa1n1THELTERINS epoxidized
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natural rubber (ENR) tag poly (butylene succinate) (PBS) \ofnw1BninavessnInau
N1SWENYDY ENR Az PBS Vidma&iaamﬁ@maé’mgmﬁwm, auUAdena, audinismnusou
LaznsEosdateniinn TnawnIentunusnsidiunisnay ENR/PBS blends Aiumnsnafiu
fio 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, wa 20/80 wasidudlnetimin
FumeunisiwIentuaiu 3uduainnisil ENR uay PBS Woudigunadl 60 aarn
wadea Wuan 24 $2lus a1nsdu U1 ENR wazansiail Wingstay-L antioxidant wasily

a

. . .24' p= & | a @ P v
internal mixer WQM‘VIQ&J 60 DIALYALYYE ANULIITOU 60 FaUNBUN LUULIAT 5 U Lan

Y

P lUSalmduweuly Two-rollmill hulRaaunadveadual 24 47lus Tunaussluii

q Y

a

ENR/Wingstay-L mixture fildinauiu PBS figaumgil 120 ssrniwaidoa anuisiseu 60 50U
siowd Wunan 4 nit wdahlusndusfeeiessaussuiieldlunsinsgidusely
PNNANTIATIZIHEA Mechanical Properties wiuladnidudauwanans v Stress—
strain 9849 pure PBS fanudunazgsiigaiiesan PBS flanuudenn ag1dlsfinm yield
point 84 PBS anasethadiulddmileiy ENR 18 20% was yield point wgluludrunay
ifidn ENR gandn 30% durhiliiuinansouas uenanismuinluga Young's modulus

A a & = [ Y 9 =i
APAAUDUNITINULUBNAN ENR bUBIINANINUUIYDI AN NG (?NE‘IJ‘VI 20

35
30
25 H
E 20 pure PBS
= ENR/PBS = 20/80
@ ENR/PBS = 30/70
-
=15 ENR/PBS = 40/60
“ ENR/PBS = 50/50
ENR/PBS = 60/40
ENR/PBS = 70/30
ENR/PBS = 80/20
i L I 1 1 n I 1 1

0 100 200 300 400 500 600 700
Strain (%)
U1 20 N5 Stress—strain ¥4 pure PBS uag ENR/PBS MIdnsdunausi1ag [35]
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a

Praphulla Tiwary wagang [36] Anwdnsnanuautivesian Lavaun)ilvednis

Y

\Aevles fidsasielassairsvaagadiuy polylactide (PLA) Ingld supercritical nitrogen it

'
1 o

rirdlRgumainsiAnesiifidim dsalfAawadinuvuindn iosinvaziiom os
Lﬁawaﬁma%é’aﬁmmwﬁmqa vilfauanunsafinesfuosndureswuialnadululden
wazidlogungifivhlnAnnlesgstu shmmaveneiveslasiivuniilvgdu Tnsdrsgumgd
Tnlufivhnsvaaouagiivag 140-180 asmwaibea tnseiddoildine PLA funnstedu 2
WnInuvinnIsiUTeuLiBuiuAe PLA 3251 D (Melt flow index 80 ¢/10 min at 210 °C/2.16

kg) wag PLA 2500 HP (Melt flow index 8 g/10 min at 210 °C/2.16 kg) Fap51971 2

M1397 2 wansvinluanawazauandinianusouves PLAL uay PLA2 [36]

Sample M,, (kg mol™) D T.(°C) T (°O) Tm (°O)
PLA1 71 1.7 - 109 170
PLAZ 140 1.6 - 106 175

NHANITNAADY SEM ovnisildgugangilunismaaeudugulny PLAL uag

PLAZ dras soluil

a) pLa1, 150°c gl

2 ol . - i
d) PLA2, 180°C /X aml|

JUN 21 wansnsieuiisuruinveaeadlnusening PLAL uag PLA2 Nindnlugaumgii

Y q

AN [36]

9INNIINAFOU SEM hananaguil 21 winlddnisiingumngidamaliaiuviinves

PLA ana ilivuinveawadlny polylactide (PLA) fivuiaitlngfdu wazainumvilanigeduy
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Wesananuseunluvinliiinnistavrinsnisiasyiulavesaaaliudswalimvuiagadlnud

YUIRTILANSS

Cristina Saiz-Arroyo wazaag [37] u3deiiinnisAnunlvly LDPE/silica wiluney
wodn IneAnwieynauludaniiidssasonsifnliy LDPE/silica wilunouwedn lagenu
NSPUIUNAATILANFSTudDINTEUIUNTS Tufife nszutunsusnld physical blowing agent
vlAiAnnloswestusu wavnszuaunsiaedld chemical blowing agent viilhAnneawes

Fuau Insdunaunisuaudussdl

YUADUKIN
yMNNSWEN LDPE/silica wnlumaunad@s TulAsednay
(Rheodrive 500 from Haake Fisions) ﬁ’qm%gﬁ
130 94ANIATUALATAIINSIVOIANT 50 TOUAD
Y7 19an 6 wdi
naudanilusnsiaunwanaieiu (bown 0, 1, 3, 6
LAY 9 wt%) fNuaeu

DRIV N

11 solid nanocomposites ALAa1NMBUKIA 1IN

a

N1uaNAu chemical blowing agent Mgauvgil 130
aarmwalualutiuian 6 wiiiseauiiangaad
9710 50 S0UADUNY dnd1U chemical blowing

agent MUUALIEMSUNIIVAADIAIAIN 5% wt

$

WAzt TUNUNlANAURSNTUFULUY  physical

blowing agent W3y uliBuiu
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ganaulafie anwanFITenuineuniauluddniuanmainssuduy nucleating
agent Tinulsly LDPE/silica wilumeaunednlaegnafiuse@nsnn dwalivuinveaaad il

YUINANAT UAZAMUNUILULYBLLARINILANNINTU BNTIISSdINanDauURnI9AINToULaY

N19NBRTU

AN 3 WAASARAIUNANT LY LUNISIASEUTUINULNY LDPE/silica wlumauwedn [37]

989 LDPE SiO;,
ICM-0 94.71 0
ICM-1 93.48 1
ICM-3 91.02 3
ICM-6 87.33 6
ICM-9 83.64 9

12x10°
—&@— Improved Compression Moulding-ADC (b)
—{— Gas Dissolution-CO5
10%10°
e
L 8x10° -
2
k)
= Bx10° 1
2
@
O 4x10° 4
o
(&)
2x10° -
D L T T T T T T L] L] L)

o 1 2 3 4 5 B 7 8 9 10
Silica Content (wt%)

SUN 22 HaMSANEILERIE N ¥UENISIUAIULUANANURUILLLYDaE LWy LDPE/silica wilu

Y

ABUNRANLLDERAIUTANWANAAULALA 0, 1, 3, 6 kaY 9 Wt% suaIny [37]

NN 22 wulddudiefiansadunsmdmduaninszuiunistugulngly

v
a =<

chemical blowing agent i@ Silica Content fiAnfinuinTudsnaly Cell Density Lfiud

=

muluaae Asluanuisaazuladn Silica Wudgeiuanunuiwiuvesgadlufa Judu

HanseTanlny uaz annsagudulalaenin SEM dagui 23
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=

SUN 23 kanININ SEM va9aaalny LDPE/silica unlumauwadn Tusnsidiunay 8ann

Y

waneanu (own 0, 1, 3, 6 Waz 9 wt%) AUaIRU [37]

C. Thongpin wazang [38] MuidedlavinnisAneinisiuSeuifisvaudadena,
auUAN19AUTOU KATANWAENINEUFININGT S8NINEImMTIUNaIERANNINTENIINNOF

[y

LAA ANWATA (PLA) U 819555UYR 4aT 81903 LUNANERANTAIMSIENINNOALAARNLDTA

ada a)

(PLA) fiu 8n9555uv1@dWenalad (ENR) wisadlnansguiunis dynamic vulcanization

BrswFentunudmiveuidei Sandildde PLA (30510 insndndugu) deuiinly
wavhnnseuneuTiguvail 70 ssrwaiea uhan 26 dalus dmsusissssundly STRSL
kae ENR (Mooney viscosity: ML(1+4)100°C = 70.9 and %epoxidation = 24.24) Fumou
A1sHAN YASNEY PLA fUB1953519A 139ENR 1 internal mixer igaunadl 170 aarn
waldea anuifiseu 50 seustewtdt 1navinsia 511l leedeadaunisna PLA/Rubber
By 100/0, 90/10; 80/20-and 70730 % Tagthwtin 91nturin1ssatusy figumnd 170
aaraLded finnumd 1500 psi

1INNIINAABUYDNIUITENUTT ANTI09 PLA anansausuusslalaeginnig
WHANTU 8195550907 1ABUSHINV898 195 TTHYIR LaYTUIABUNIAYBILIITTIUYIRAINAGD
autfinuimiervesTanuan PLANR uazdsantsoaguldinuTuia NR 10% Tagthuiin
wanzanigaiianansaUsugInuUszves PLA Idegnadiuszansam uaziinisnsyanes
Al PLA matrix n13uau PLA iU ENR vinliasegdaansias Buduldainnsiaiuegda

WARIRAgUT 24 Uazn 1w SEM Uaneiegun 25
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a) 2000 -
1800
1600
1400
1200

1000 -

Modulus (MPa)

800 -

600 -

400 -

200

o 4

PLA/NR PLA/ENR PLA/NR PLA/ENR PLA/NR PLA/ENR
50/10  $0/10 80/20 80/20 70/30  70/30

gﬂ‘ﬁ 24 nsINLVLERIAT Modulus 284 PLA, PLA/NR kay PLA/ENR Tusnsidiunisnay
90710, 80/20, 70/30 fuaau [38]

PLA/NR 90/10 PLA/NR 80/20 " PLA/NRITOZ20

M PLAJENROOMO. | - S

U7l 25 0w SEM wansdnwazdaigiuues ves PLA, PLA/NR uay PLA/ENR Tudnsndrunis
Wefl 90/10, 80/20, 70/30 AuEAU [38]

¥ ¥
av A =<

Qiang Sun wazame [39] MAdeliladnwiniswSeudaning PBS Ingldansn Yusy
PIBLATRINADALIINY TIUT9ANEY blowing agent, nucleating agent wayUadudusNidina
ren1siinwes Janildvinlnlufe Poly (butylene succinate) (PBS) waufiu ansyilunnsiari

#n AC blowing agent tag N-2000 blowing agent mmaaagﬂwamswmaaulﬁﬁwialﬂﬁ
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1. insAnwuTeuiisudiununsiiy AC blowing agent AWANANAUN 2.5, 5, 10

parts Y83 AC MUdIRU NdsrasangAnssunisiinnasvasiiy PBS

.-
(a) (b)

U7 26 W3suiisuu3uas blowing agent Aiwaneaiu (a) 2.5 phr, (b) 5 phr waz (c) 10

Y

phr [39]

(c)

NN3UT 26 aziiuledn leiiny3unns AC blowing agent sﬁaﬂumsvjﬁmﬂﬁu dwa
TAaoslutuauliiy PBS smntusaid iy lunamanyiuuasyiinssanelutan
wandduufauntu SnvisddenaliiiussiumelulusvagsatusuTrugnulugae egls
Anuannismegeunudn U3nauiiin AC blowing agent 5 waz 10 parts 104 AC daualy
wadlwaidushugudnanailug wazasivuneeadivludliatuanety

2. AnvnavesammngiivainisduiUinly PBS lagvinisidsuaungiinusue 150,

155, 160, 165, 170 89 LYaR8d A1UaIAU

(a)

(d) (e)

guﬁ 27 masuaamiLU?iauqmmﬁ%ugﬂimm PBS (a) T = 150 °C, (b) T = 155 °C, (c) T = 160
°C,(d) T = 165 °C uaz () T = 170 °C [39]



42

13Ul 27 andiuldfufiugamgidmaliAnnesiniu dofiansangd () awld
Aaneadesangumaiilvdiadinitgumaiunndivesasy LﬁaLﬁuqmmﬁmﬁumsvj
Annsuaniauazveslvganntu uguvgliasds 170 sseisaifoa iwadinuagiidun 1u
gudnansvuelug wazrualiaiuane

3. Ainwinaves Nucleating agents idwasionisiiaiy PBS lagld Caco, 1Hu

Nucleating agents USsnaumsiinuang1aiuAe 0, 2, 4 phr wanafagui 28

(a) (b) (c)
5UM 28 Waveen15iAu Nucleating agents (a) 0 parts of CaCOs, (b) 2 parts of CaCO; Uag
(c) 4 parts of CaCOs5 [39]
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una 3

A5ALIUIUIY

3.1, 7aq wazarsadnidluauide

3.1.1 v19555u@ (Natural rubber; NR) 1nsa STR 5L 21nuUSew Laseyviau 11

Usznelng
CH, H
N\ A
C=C
/ AN
——CH,  CH,——
. —n

JUN 29 1ATeas1amaniiveee 1953590

aa

3.1.2 woathnaudasius (Polybutylene succinate; PBS) 1nsm BioPBS FZ71PD
91n PTT MCC Biochem Company Limited Usginelne

gﬂﬁ 30 1As9d319M19LAiuee PBS

313 a15vouv119714 Ae Dicumyl peroxide (DCP) #5® Bis(1-methyl-1-

phenylethyl) peroxide 31AUTEW Sima Aldirich Uszineidsalus

Lo S

H3C CH3

35U 31 laseadamanilves DCP
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3.1.4 fspanlas (Zinc oxide; ZnO) 2nUsEW gitedwnasingd $1dn Ussmnelne

3.1.5 nInaLfie3n (Stearic acid) MMNUIEN AnA1sasesnia i Usenelng

3.1.6 miﬂdm% A® Oxy bisbenzenesulphonyl hydrazide (OBSH) 91nuS&wn AF.
Supercell Co,.Ltd Usznalng

3.1.7 wluBANT 91NUSEN Sima Aldirich Usemadanlds

32.  \AFesile uazgunsnl

32.1 1AF0IUANANLUUABIGNNAT (Two roll mill) UFEY LabTech fu LRM-S-
110/T3E Uszinalng

322 130snanuuuln (ntermal mixer) $u Lab-Station 91nU3¥% Brabender
Plasti-corder Usemeleasiiu

3.2.3 1A3093UIULUUNASALTIFY (Compression molding machine) u PRID-
W300L350 31nUSEW Lab Tech Engineering Usinelne

3.2.4 1A309fATUIY (Pneumatic sample cutting) $14 CUT-W150L200-ST150 311
UTEM Laseyiied 917 Ussiuelng

3.2.5 1A303TAAUATATE481 (Mooney Viscometer) U3 GOTTFERT Uszine
LwoTull

3.2.6 \n3esileAnwandALdena liud 1a3es Universal testing machine (UTM) §u
Model 5969 31nU3¥N Instron Engineering Corporation UseinAanigaiasn,

3.2.7 n3esflonnaauninuude laun Hardness Testing Machine a1nu®w PTC
Instruments UsENAFNIFOILTN

3.2.8 \n3esileAnuiad iy LelA 13es Density kit §1 ME-DNY-4 a1nu3ev
Mettler Toledo Uszlneiainigosnaus

329 1aTesilofnuidnwurdusiunisine liun 1n3ee Scanning electron
microscope (SEM) 31 TM 3030 US®W Hitachi ﬂizmmﬁlﬂ‘u

3.2.10 wn3osdofnwiaudfinienaiudeon dun e Differential Scanning
Calorimetry (DSC) 314 DSC-1 STARE System 91AU3S¥ 7N Mettler Toledo Usein @

AINLYDILAUN

3.2.11 wn3esiloAnwimnuanunsatunsaugusie taun Compression set
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3.3, 3Ensaiiuauidy
3.3.1 Anwdundoyadosuieaiunuide
3.3.2 Punuteyafiddiyuazaenadosivaiide
3.3.3 9ONLUUKA N LU LN TYINWITY
3.3.4 wisuansiniuazgunsaifetestunuide
3.3.5 fudunuideuisesndu 4 deluil

= o

paudl 1 nswsuasmesluwarainiaailuen annedwesnausenineeig
sssumAtUNeATIIALdRdun TifldeauiRvemedmesnausening NR/PBS

1.1 n5m38u19AaNLU126 (Rubber Compound) meﬁqgﬂﬁ 32 159N
535117 (STR 50) 1un17oU gaingil 50 sarwalea [Wuna 24 $2lus uviinis
Mastication vuLA3aNas Two-rollmill Mgaumail 50 sarwaidea Wuan 30 wiit Fen
g197il#9n Masticated NR 970wy Masticated NR snvinasaaufuaisiaiions laun
Stearic acid, Zinc oxide (ZnO) ag Dicumyl peroxide (DCP) fiUsunel 2, 3 way 1.5 phr
iy fea3eanas Two-rollmill figaumindl 50 ssmiwaiea Wunan 15 w1l Fsaglel

NR/PBS compound tieululdailuduneusiald



a6

[ Y95IIUVH (STR 5L) ]

A
Mastication &195554%%

‘UuLﬂ%Iaq Two-roll-mill

gamndl 50°C 1uan 30 Wil

A

[ Masticated NR [ @154A%lend : Stearic acid, ZnO way DCP}
\ 4 A 4
\ 4
[ mamuum‘%aa Two roll mill ]
gamndl 50°C 1uan 15 Wil

[ NR compound ]

;:;U‘ﬁ' 32 M3wseN1IRelU1A (Rubber Compound)

1.2 NS YUNDSIUNAERNIAA UM INNDALUBSHANTEUINY NR AU PBS 9

ONTIEIUHANLANANNTLULEARSAITUN 33



ar

[ NR compound ] PBS

Vary blend ratios

y

NALUULASDY Internal Mixer

gl 150 °C 1381 10 Wil

TPV @89 NR/PBS blend

[ Compression molding ]

gaunnd 150 °C 39U 1,500 psi

[ WHUT LU TPV 984 NR/PBS blend ]

JUN 33 maskesesesluwanainJanilugy annnwediuesnausendng NR fu PBS

211307 33 wanstuneunsieisumeslimaiafintanluen 1nwedwoinas
5e%379 NR U PBS Iagi3891nn1547 NR compound uaufy PBS fignsdiuna
NR/PBS fasialudl fio 20/80,30/70, 40/60, 50/50, 60740, 70/30 ae 80/20 %lneniwiin
wasELATeINaNLULTA (Internal Mixer) figamgil 150 ssmwaidea 1Wunan 10 undt 14
aranrluntsuanegil 90 souseundt iadumeslunarafintanluwn 9nduiinesiy
wanafnTaelugniildludus duuiudivien wuin 140x150X0.80 gnurariiadiuns fe
m%aﬁﬁugmwumé’miﬂﬁu (Compression molding machine) ﬁqmm:ﬁ 150 aeAaLded
WSIAUAADA 1,500 psi SumousslUihdunumeNunanaintamluenlgluynimasasy

auUmnnegaely



a8

Aaun 2 n1swisuiagumeslunatainiaailulen INNeAueSHANTENINENETINATUND
AURAudATIUn NAUSIsauluN THALLANANS Y
AsmssUmaslunatanniamluy 3NWeANaSNANTZUING NR AU PBS MA11t5)

saulunswauwaneiulansisguin 33

[ NR compound ] PBS

v

- Vary blend ratios

- Rotor speed 7 90, 100 wag 120 rpm

NALUULATDY Internal Mixer

gl 150 °C 1381 10 Wil

TPV @89 NR/PBS blend

[ Compression molding ]

gaumnnd 150 °C w399 1,500 psi

[ WHUT LU TPV 984 NR/PBS blend ]

JUN 34 mswleaneslunanainTaniluien nnediteinausenIna NR fiu PBS

213U 33 wanstunaunseIemneSlunataintanluen a1nnedwesuan
5¥%319 NR U PBS Ta8i38311n1511 NR compound unaufyu PBS fignsdiuna
NR/PBS sissieluil flo 50/50, 60/40, 70/30 way 80/20 %lagriviin waus eI osNELILUY
Un (internal Mixen) figaumadl 150 ssawaidea 1unan 10 wiit MWanuidilunisnani

WANA1IAUAB 90, 100 waz 120 sausaudl azlaidumaslunaradintanluien a1nduun

woslunaainianluenfilaluduguiduuiudmdon auin 140X150X0.80 gnuaen

faduns MeinTedugliuunasaulsinu (Compression molding machine) figaumngil 150
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DIAYALTYE WIIUNASA 1,500 psi TunouaslUihdunumesiunaraintanluanalaly

Mg uautRn1epoll
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aa ada 4

ABUN 3 ANWINTTLATIUINUIINANSHALTENINIENTISUTIRNUNDAUINAUT ATLUA 9
HOMNTINTHANWANAINUAINARDFNUAVDI LWL N AU DTNALTENING NR/PBS
N5 UUTINUNANTENIN819555UIR (STR 5L) AU wedlrnaudadiun (PBS) &

YUIUNTATUULAAIFIFUT 35

[ NR compound ] PBS [ @15% Mg OBSH ]

Vary blend ratios

A 4

NALUULATDY Internal Mixer

aaumail 120 °C vian 10 Wi

Foam 289 NR/PBS blend

A

[ Compression molding ]

gaunnd 150 °C ws9du 0 psi
A

[ S?jyumu Foam a9 NR/PBS blend ]

aa

JUN 35 Msun3eulilunauseninenesssund (STR 50) Au weddaiau

o

AZLUA (PBS)

mﬂgﬂﬁ 35 FumpuUsAENINNMSTIARNIUG uanTIan1snIeNE1IRRNIU IR
MOUR 1.1 W WU PBS Warasy AUaIAY fsnsd1unay NR/PBS feraldd Ae 50/50,
60/40, 70/30 wag 80/20 %lagtinniin dsiadesnauLuuln (nternal Mixer) ?jqaﬁﬁﬁw
A® Oxy bisbenzenesulphonyl hydrazide (OBSH) a1nuS# v AF. Supercell Co,Ltd
Usznalng waululSuia 10 phr ﬁqquﬁmam 120 9IANSALTYE LIa19INNEN 10 W19
mmfuﬁﬂﬂ%ugﬂiﬂué’wm'%laﬁyugmwmmé’mmﬁu (Compression molding machine) 7

gaunil 150 asrnwaldea Junousoluidunulnunlaluinisnaaeuaudisiesoly
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a | 1

AauN 4 Anwdnsnaves uludanndwanenisiingadluvesianinumasiy

nanafnYamluemn

[NRcompound] [ PBS ] [ Nano Silica ] [msvu\l R OBSH]

\ 4 y \ 4 v

Vary blend ratios and Nano Silica

A

NALUULASDY Internal Mixer

gaumnd 120 °C 1aan 15 w1l

Foam 289 NR/PBS blend

A

[ Compression molding ]

guindl 150 °C U399 0 psi

A

[ %m’m Foam 289 NR/PBS blend ]

SUN 36 N15LM5 8Ll NUNANTENIN9E19655UTIR (STR 5L) AU nedurviaudadiun (PBS) Aidnng

Y

LBy Nano silica

NN3UT 36 wanstuneunseSenTnunaLsEiNesTINR (STR 5L) fu woalad
Audadiun (PBS) Afn15iAin Nano silica Tneduainn1suiiensnamu1as wwausu PBS,
Nano Silica Waza1sy Aua1fu foinTosuaniuuda (intemal Mixer) 715 1dunay
NR/PBS farallil Ao 50/50, 60/40, 70/30 wag 80/20 WIALMITn uiaySnIEILNANTD
NR/PBS ¥nnsiUasuUsinaunisiiy Nano Silica dasielud Ao 0, 1, 3 uas 6 phr s?iqmiz\!ﬁi%
A9 Oxy bisbenzenesulphonyl hydrazide (OBSH) waaluusunal 10 %lngrimin ﬁqm%g:ﬁ

WAy 120 aaf@aLded Lasauray 20 Wil 3ntuin luugulnusigiaseugUeuunagn
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a

L59AU (Compression molding machine) Mgyl 150 ar@aldua TunausiolUin

Y

Furulnuilaluinsmagevautiaesmald

3.4. MSANEENUARANIVINDALNDST

vad o o =

3.4.1 Anwinuvilavesens Ssnuniadunisuandind fyiigauossnsaes
wffiFesmTauImTnduanTivsdnnuannsolunisive viensdsuudasguins
Ye319ABNNIG Bfifaaminiagivaldieilinszuiunimandululilas o
uiu myiamanunilguannsavildlaslfieiemaaeuiionit wdosuiialaiines

(Mooney viscometer)

dydnvaiildlunisuansnanismaaeuasmiayuife ML 1+4 (100°C)
Wa M 11970 Mooney

L wined lamesvualung (Large) uadndulsmesaurndnazly S (Small)
WU

1 Ao szevnaiiliiauSeunagsnaun1sAdoU

q Ao szevatfienumaImile

100°C #e gauvqivein1Inngoy

3.4.2 AnwauURnIsAEn vinaausieLA3es Universal testing machine (UTM) ain
11A3g1U ASTM D412 fe Load cell wuin 5 Alafiawi Susunasouaziizuns dumbbell
Tneagyinsdutunuiisundaaersdessiumesyezad (usass i) Snsins
1 500 fadwnsaoundl La1vian13RaE AT uUEIESEsIN SRR AT uTinans

WaNULUAB LT ILaE S 2L BB UNUUSLINATINANS

3.4.3 Anwaudin1sanu1n NAdeUA28LATEY Universal testing machine (UTM)
AUUINTFIU ASTM D624 938 Load cell vun 5 Alatianu lagagyin1sdutuanufimwmis
Uane9a0anumesEeeAd (MULIATFIUAIMUA) 9R5IN15A 500 TadiunTaouil kv

NNSANEATUINUAIBINTINTITAINASN

3.4.4 Ain¥1ANUaNNTOlUNTAUTUNAINTTAER NedaUMIBLATBY Universal testing
machine (UTM) a1ua1915§14 ASTM D412 998 Load cell vu1n 5 Alatladu Iagagyiinis

FUTUUNA N UIUAIENIFDINIUAIYTEEEAIN (ANUNINTZIUAINUA) EATINTTAY 500

fadwnssiour udnsRslntunumesnsINTsAenag Junugnasinelinszes 100%
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strain w381 10 Wil ndulvandusiuesn Wdunuegegidaszasiinnisfuguves

Furudunan 10 w1 wa1vin1sAuIn %Tension set uaun1SAlUN

LZ_LO
%Tension set X100 e (1)
‘ Li-Lo
A . a 1 <
We  %Tension set dunuIg U %
Lo AB ANYNIVBITUNUNDUAIAADY
L, AD AYNNYIIVBITUIUVUEAIWAFDU 100% strain
L, flo ANUEMITETUNUMAIMAZOURANTAUUYEITuTuIaT 10 Wi

3.4.5 ANw1ANULIOINORIOT NITVAFDUANKIIZYIINITVIAROURINLINTFIY
ASTM D2240-81 Iaglgta3ad Durometer (Shore A) Tunisnaasuazusuiieu (calibrate)
1A3BILOAIBYANAFDUNINTFIY ASTM D2240 YnA5I1NTUYIIN1STAAIINUTIVR 98797

Auterna iy 5 gauahuImiAege

3.4.6 AnwauUAvnnudeuremediues feia3ns Differential Scanning
Calorimetry (DSC) inaguitanimagil -60 3200 ssrniwaidea sesnsnsliauiou 5
ssrwaeaseu? Aeldanglulnsay andudinamaUsinanan (X)) faauns
seluil

AH_

X.(%) = x100

fxAHZ
We X, Ao U3suaundn (%)

A % b4

AH,,  AD WasuAINTouRlinasunan (J/g)

8

[

AH,  fD WanUANSounldvaeNNan nIdiwediesiianAnag Ayl (J/g)

f Ao dnd1uve9 PBS Tunediwasuay

3.4.7 Anw1Aua1dnsalunsANIUNAIN1INAgA (Compression set) MUN1ATIY

ASTM D395 13U INuu @l unsadmasuautn 1 wuuns X 1 wufmns X 1

'
P

WU Urdleg1smienld Test piece clamp set Tnunalyu 50% V09588 2ITUAUVD
Fua iuliludeuiigamall 70 esmwalea Wuna 22 93l9 wepsuaUandunueen

2 yua ay o a o Y & o ° o &
malawqm%qmﬁmaﬂ 30 U ?@ﬁqﬂﬁquﬁﬂ%uqf}u ﬁ]']ﬂuuu"lll']ﬁWU'JmGnllﬁllﬂ']ﬁ@fm@iUu

%Compression set L0100 e (3)

e %Compression set fniedu %
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T A9 ANUNUIBRUUNeUNaaay Tnthedu fadwes (mm.)
T A9 ANUTUIYRTUNUrdmaday Tuthedu Sadwms (mm.)

T, A9 ANUNUIYBTUNUYAENaaay Snthedu fadwes (mm.)

3.4.8 Anyrdnwasdugiuingveanediued fae1a3es Scanning electron
microscope (SEM) Tnedumaunisiniouduny thiuauliudlulnsouman Wunan 1-2
Falus anduinisindusuneldanneldudeean udriitunuiiaginnismeaeun
WABUME Au/Pd WdWhnIsageU thamdildundinssiuuiaeas wasn1sn1szanesives

waaliumelusunsy Image j
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uni 4

NANSNAADILAZIANTAUNANITNAADY

4.1.  aauf 1 nsAnwunaslunatainianlulenvas 8195554918 (NR) Nauwaadaf
audadiun (PBS) (NR/PBS TPV)
nuIdediluulAnnazAneifaniswisudagmeslunatadinianiluigy

a I3

(Thermoplastic vulcanizate: TPV) aanweodilasnansyning NR uag PBS lag PBS uned
wosfidinuBangu waznureussiags Snvisanansndesaansldvisdanm Hufinsde
Aawandon luguuesiuautives PBS nefwesiu Weliusinsevindo PBS Tuthmgingsu
94 PBS fldlu elastic response aziinnsBaoenmianuInss eanussnszyi PBS 9z
anunsnAuiandy wivn PBS lé¥unsanssvhluaudsgansin PBS duazfnnindegUetis
0179 dWeifinautRnududaalawes yuddedisfiuuifniiasin PBS naufu NR lag
Anw1dnsndrunas NR/PBS Gt 20/80, 30/70,.40/60, 50/50, 60/40, 70/30 wag 80/20
AUEIRU HunsEUILN Sl AR aNYI19Y e NEN (Dynamic vulcanization) 3ld
Dicumyl peroxide (DCP) tHuanstiouvdluigIne1sssTvA NaumeLASamaNLU LT
(Internal mixer) igaingil 140 ssmualTea tazami5lsines 90 rpm auTA7AnY

Usznaulumig Auulinvetend anyizdugiuinel audfnishiatn AuruILuY Lay

NOANTIUNITAANEN TINAINNNINAFDULANIAIRBLUL
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4.1.1. WaYdINNT masticate #d Mooney viscosity U89819535U%1% STR 5L

160

—— Mastication time : 0 min
Mastication time : 30 min

140

120 4

100 5

80

60

Mooney Viscosity [MV]

40 +

20 4 ’\

Test Time [min]

U7 37 Mooney viscosity U8481955309718 STR 5L kage1a STR 51 #irl1un13 Masticated

Y

Wuan 30 w1l

ANUNTlnYBeEeANYIANNNITNAGRU Mooney, viscosity Lia991ne19s5sumAdune

1 ¥
a s o

dweiniumidnluianags warliaumilngs dwalvimvaiunsalunisivavaskauiunediu
p5vilndu nisansialinng o [Wuldlauin saludsresilianauinuesesssumianas s
Tnaun@azldnis Masticated #1955 5uRULATINEN Two roll mill Aiands o Tuseidu
Hazldiianlunis masticate .30 w1l nouthlunauAvasiafienasng o sauNe PBS tieoli
aa A 5 ! v I ] = YR
8195 5UALANnTnAas dealinszuiunsuaulululalagdty Fsaunsonadeuinan
ANuUnilavree19sssuydlilaginIesuiialaiines (Mooney viscometer) UaiA1AIY
wiladlaulunuanns ML 1+4 (100°C) NANIINARBIAAIRIFUN 37 1NNANITNAREY
Wisueuaunilnvesensssueid tnga STR 5L Alk1un1S Masticate Laz819555UUR
STR 5L 9181un1s Masticate tJuiaan 30 uniidu A1 Mooney viscosity [MV] e 86.50 way
17.14 (ML(1+4) 100°C) @U&19U Lanaliiiuing 19s3TuyATEIUA1S Masticated 1381 30
a oA A4 A o ' aay 1 . a v
W19 AA1AUndaNa1n119196 550 1AN LIHIUATS Masticated 91n91U3d8U99 N.
Sombatsompop kagAmy [40] Anw1dndwaues Mastication time aoauURn1slnaveieis

§I5UTA LALINAINUNUAVDIL19N Mastication time kanA9nu@Aa 10, 20, 25 wag 30 Wil
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AIUAIAU ﬁ?ﬁLﬂ%‘laﬂguﬁjaﬂﬂﬁma% (Mooney viscometer) WUI9ia7 Mastication 819
s3sumRINNTUdNaliAuvTinueesssuTATATanas Tneft 30 unTiduAauniadis
wmugaudensruInnsHantusoly esnnasleluanavesssgnyinliduasiag
AS2UIUAIS Mastication Wiap11unilnvete1saniias dananIAuninsznineeneiy
wanadniialndiAsafiusntuvinlinsnand Aules azansieiiiinlunseurunisnead
nsnsyaneiiaanety (40, 41] lunuidelasdinsivund Mooney 1838195551177
AounaNogfiUsEaNa 20ML(1+4) 100°C ilelinsuasilunsazgnsnsnanianuanunsoly

NMIKNEN WAENIINILANYAIVDIANTHANT NSRRI Y

4.1.2. MSANINGANITIUNTNABUNENVR NI LUNAdRnTanlulen PBS/NR

— PBS+DCP 1.5 phr
60 1 — NR/PBS 20/80
] — NR/PBS 30/70
% — NR/PBS 40/60
] —— NR/PBS 50/50
= ] — NR/PBS 60/40
g 404 — NR/PBS 70/30
- — NR/PBS 80/20
v -
()
=
S 304
Qo
= ]
20 4
10 -
0 y — T T T T T T T T T T T 7 T

| I
0 100 200 300 400 500 600 700 800 900
Time (s)

JUN 38 Auduiusseninausedn (Torque) waghianlunisvasunadvaumesiunaiadinia
Anlulgn NR/PBS

AudNRusIEnIsdanazalunisrasunauvawnaslunatainianiluwey
NR/PBS uansfisguil 38 wuinluaanasudunisaanda 50 3udt Aussdnddngadesann
nstlounediued NR waz PBS Fedsegluaniuzveds ilenedmesliiuaiudeusdely
wanadin PBS agi3uvaeuda n157 Torque TAranasuansfiafinnisnasudi wie

Plasticization ¥83819WagPBS vauziinn1vasudiuUeseanlaniiegluigningasuunn
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freyyadasziliinnindenvanevasnaniiiiendt Dynamic vulcanization ¥ilvie
Torque Fuifinannduauiiean Torque geanuansisduganinindonang wainssunis
Wasuwlawsemainmaidenunnauansfaguil 38 :1neideves Ming Tian uazany [42]
Anwdvianan1ssiunguuetennnesieantivesTanmesiunarainianiluem (TPV) vauy
wanwuulanfinaaludiety WeSurenginssuvesrussdnfiudsuutadluvmgyinnisuas
a13%10813 EPDM/PP TPV 929usniBunisuauiinusadanian detuanuldsuaudouuas
usndeunanainiziiavaeud dwaliiidusdaananuieiusdaian Mndurussdad
ﬁﬂgﬂ%{uaEJ"Ni’JG]L%’Jﬁ]uaﬂ?’hLLNG@QQ@@L‘fl‘LJLWiwLﬁﬂﬂﬂ’iﬁ@iﬂﬂ’]ﬂ%ﬂiu%m%ﬁ’]ﬂ’]iwﬂm LHE
Ausednaziidanadios q quasil WesnniAanisuaneenvesignin EPDM wag EPDM
naneduwinnianszans [42]

Mnran1eaeslunAE i meauesnandil NR Usinafiuty MMSNAUYATEN
Fourneauiingaitu Raisanainnaifien torque feufuaidesainmsilonsUiunamn
Ju whAuifussdlussuunasiif dmasusnnuinn dwaliarudoulussuulunseduly
free radical TugnainufAzenle Wadanndorvanareiinisaeninuion LagaI LN
Tumslvaazanas Aussdaresszuudlil NR wn Fsdiduiutuegnasinisa wWeraniulue
ussdnvesszuunasiazanas oy assgaEeuliiivuiaidnas ainnan1smaaesaz
FuldEndn mnlusyuuraeniviuiaeisn mMafensdexrnasAnlfiiaty (@answn
nanittorque inTu) Fadunaunannnsit d1s peroxide ue l¥unnudouanipestay
lustufiufisendensnedafnldii) sueiiouimuesitosnsunsanuiouninide
wanafnludeignireisnoauaddululidind fafunsinl torque-time vosnnaL PBS

U NR compound Fsiianwaugusngaagui 38

4.1.3. msAnwanwaEnedugIuIngIvaunasiunatainianiluien NR/PBS

IINNsANwIaNwaEdugIUIne e snasiunatainiaaluien NR/PBS Landng

a

5U 39 INNANITNARBUNUINTN1AYBIYINEITUYIF LA INAIAYDY PBS weniuegns

AU dRAIUNANTIUTUINE19ETTUIIRIUYI 20% - 50% IAeInln aUNIATBIEIITAA
Tudiinnisnszanediluingnin PBS dseuninensfidnvasilunsinaunazilueuniaivuie
[ (% - A a a a £ ' 2/ [y ¢
AN danandluguin 39 (a) WellinUSunaeesssuviigaiuirdmalieuniavesensiannlud
! N o a a =3 V1 a S =
visdhuiidnvaendsuluannmsainay lngasdiuladteuninensasinnsn vaei aynie
NIINAULLVUIATUARAUNINTULALLL B INNITNTENYFIVBIVUINDUAIALIINUTT BUNTA

gadvunlngTunanslunsniuSeuifisunisnssanevedvuInvesaynInensly
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£

Ul 40 wanslifiuinusunaenssssumddianonszaievuineynin NR Alngdu e
f1FUUTUIUENETIUYIR 60% aynAe1sTanluduansdnuauzaduduiuiend \finn
USmnaensiiiugeiuilfssuunaniaumingsigniassssumuanoenaindulden
wazUSunaeerukiudInalieun1Ae1ainn19nsEA e g 1N ASFR AT UNEN B9 TTUYA
70% way 80% pNadusdluguT 39 Tuauidevea C. Nakason uazanz [43] lidnwn
BvEnavednsIduNan CO-PE/ENR-30 sipaudfvaaneslunatainianiluiem nausening
copolyester/epoxidized natural rubber Tagly Hydroxymethylol phenolic resin Huans
Fouvns Ingld@nwidnsdrunay CO-PE/ENR-30 Aumnsnafiufie 30/70, 40/60, 50/50,
60/40 uay 70/30 Wesiduflasiviin annnsneaesnuindledndrunantes ENR-30 ity
wnfudamalivuinveteynia ENR-30 vgfdu iesnanningninens ENR-30 fisnntuyily
oynavesmiufeuruialng WeldsuusadoussninmanyilmAnuenoenaniuls

&
g1nNUYU
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Frequence
w
o
1

204

30

(a) 20780

T T

4 6

Partical size (um)

Frequence
N
38
]

=]
1

4 6

Partical size (um)

| (c) 40/60
04

40

Frequence
n
o
!

4 6
Partical size (um)

(e) 60/40
30
10
0

o

4 6
Partical size (um)

(g) 80/20

Frequence

- [
o o o
1 " 1 1

61

60
(b) 30/70
50 4
40
(]
Q
[ =
S 30
=3
o
w
204
104
04 T T T T
0 2 4 6 8 10
Partical size (um)
(d) 50/50
204
(4]
Q
c
]
=]
o
@
- 10
04
0 2 4 6 8 10
Partical size (um)
(f) 70/30
204
o
(&}
c
]
=
o
o
- 104
0
0 2 4 6 8 10

Partical size (um)

U7 40 M998 AVBIVUINEYAIA NR
uvudnnia PBS ludndiunisway (a) 20/80,
(b) 30/70, (c) 40/60, (d) 50/50, (e) 60/40,
(f) 70/30 wag () 80/20
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4.1.4. auUABINavaunaslunanafndIanluwn NR/PBS

4.1.4.1. auignsaednvesunesiunaradnianiliiey NR/PBS

Msfnwaudindaveaneunatafintanluen NR/PBS vnisnadeusieLades
Universal Testing Machine 1113195571 ASTM D412 698 Load cell vu1a 5 kN 87151113
Aavinfiu 500 Tadwwnsaeul?l naannisnaaeulann Tensile strength, Elongation at
break WA Young's modulus Inedadefidmasieautinisisdaianmeslunatainianily
9 NR/PBS fodnsnaiunauszning NR fu PBS fiuananeiu wazdnnilsdadefidwasnanis
fadafe Snuardugiunsinevesian TPV Juaninisidsuniameinssunsisdadagy
71 61 wazasdl 4 wanseiildannnisrngeunsisBnUSoudisunaisnsndiunay NR waz

PBS LaNAN9AY

—— NR/PBS 0/100
— NR/PBS 20/80
—— NR/PBS 30/70
—— NR/PBS 40/60
—— NR/PBS 50/50
—— NR/PBS 60/40
—— NR/PBS 70/30
— NR/PBS 80/20
— NR/PBS 100/0

Tensile stress [MPa]

1
]

T T T T T T T " T * 1
0 200 400 600 800 1000 1200 1400 1600

Tensile strain [%o]

JUT 41 n91vikanennuduiussendnedn Stress way Strain vaunasiunalainiaa1ey

NR/PBS

mﬂgﬂﬁ 41 wanangIn stress kay strain Y89 pure PBS wagmeslunanainianlu
1 NR/PBS ludnsndiunausiing o azmiulaannsam stress uaz strain 9949 pure PBS 1ingn
yield Fatausazdautuvesnsmlugislaifiu 20 %Tensile strain (Young’s modulus) &4
flan wazideriuUiunu NR dwalinnuduvesnsmlantosas uazqn yield anasograiiule

A 1oNANTUNENBULVDINTIN stress WAy strain Y89 TPV Nause1I1d NR AU PBS wiuls
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JingAnssun1sBafiunndsiuenasssuid nanfAedn TPV nausendng NR fu PBS 7
strain qqsﬁmﬂmﬁm stress-induced crystallization \ilaug19533UYA Lﬁaﬂmﬂi’gmﬂmqﬁ
wanfu PBS lidfimudeiiies 9na1uideves P. Faibunchan wagame [44] lidnwinng
Lm%ﬂu’?aﬂmaﬂuwmaaﬂmamzwi’m Poly (butylene succinate) Wlaiz Epoxidized Natural
Rubber l¢a3u1e371 PBS fianuudaingags (stiffness) Buduldaingaasindl 20 %Tensile
strain wagdlA1 Modulus gailefisuiuens ENR WeifinyIuadrunas ENR diwaliiqaasin
94 PBS anasuazsneluiile ENR 1y 30% Auegdaanaimauiinaues ENR ity (44,
45]

M15199 4 wanIAn Tensile strencth at break, % Elongation at break Wa¢ Young's

modulus Yaaunaslunarainianluyn NR/PBS

Formulation | Tensile strength Young's modulus
% Elongation at break
NR/PBS at break [MPa] [MPa]
TPV 0/100 27.78+1.82 153.96+18.86 215.92+2.58
TPV 20/80 17.25+0.90 34.60+17.82 140.52+2.63
TPV 30/70 14.02+0.99 56.11+23.29 94.89+0.99
TPV 40/60 12.64+0.35 128.41+£12.43 44.14+2.26
TPV 50/50 10.19+0.89 198.64+19.98 27.81+0.82
TPV 60/40 5.03+0.28 377.42+42.70 5.10+0.64
TPV 70/30 4.66+0.49 404.43+43.39 3.14+0.25
TPV 80/20 3.41+0.39 499.88+38.71 2.01+0.11
TPV 100/0 3.59+0.24 1600.14+0.91 0.32+0.04

W215841A1 Young's modulus, Tensile strength Wag Elongation at break UVDITE0
wasluwaadniannlun NR/PBS MTin15iUS8 U AgUdnS1d I UNANSEUINNE19ESIUTIR hay

PBS @N@IN9AY LLamLfJumwmwiqé’agﬂﬁ 42-44
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Young's modulus [MPa]
o
I

2,

E 120

= bl . 7

= o L

g 100 0 ".| /: V% E n
.

z

3

-

T T
. 60/40 70/30 8020 100/0

30 - NR/PBS ratios

] i \

. 7

N = { \
g DY) v

T f f T T T f T T
0/100 20/80 30/70 40/60 50/50 60/40 70/30 80/20 100/0

NR/PBS ratios

JUN 42 nsiuviadIeuiiguan Young’s modulus Yatinesiunanainianiluien NR/PBS

Young’s Modulus: A1 Young’s modulus 494 NR/PBS il9n31d11use1319 NR AU
PBS sinariu Jatladeundinaneant® Young’s modutus laun mnsidundn dndiunauvesiy
AL WaIgNIANANERN NIINLYAUTEUWEURT Young's modulus wanesiagu 42 91n
nan1svnassziuliI neslunatainTanilug NR/PBS fid1 Young’s modulus 99901579
Enanatnuu3uae s U miatud L dunauang 19sssuRlauEaneudl Young’s

A o | & a ¢ < . & @ &

modulus 71%11n71 PBS lag PBS tunwealuasuszinn semi-crystalline wagtduinnims
(Hard phase) n1siiis@uvesigniauds meluillevesiagazvimimeasuussliiu TPV fef

TaaSurelilae P. Faibunchan Lazme [44]
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30

N\

(=]
<
|

15

¢y

S
]

=
/é/
T

0/100 20/80 30/70 40/60 50/50 60/40 70/30 80/20 100/0
NR/PBS ratios

Tensile Strength at Break [MPa]

5UT 43 n3mluviaUSeuifisudn Tensile strength at break wosmosTunatainiannlutey
NR/PBS

Tensile strength: @113V tensile strength Iumimaaaﬁﬁamimaaummwmm
A9 N30 ATLTUAY (stress) g9da a1 3AU10 (Tensile strength at break) ¥e4inasly
warafntantluign NR/PBS Jadeiiinanaaudf tensile strength 1oua aanudundn
dndrunanvesigaine1s wazdgaianaiadin lunsnadeuwmeslunatainianiluiey
NR/PBS 718m31d7uNaN5871319 NR Lag PBS uaAsAI9i L Nan1sMadeu tensile strencth
wandlusuil 43 Fsagnuinen Tensile strength at break WUSHUMNUTNIQL PBS B9 PBS A

'
v a a =

Tensile strength 189 lneUnAdanmelunatadnduiuigninudwaniuiandanafind
Judgninseu vl Tensile strength at break JaawauiiAranasnuusuawesinningeu
A a X = ! [ < . . Sa .

MWNTVU LUBIINFIUTBNINA1A PBS LUU semi-crystalline polymer 3 tensile strength
galunisuau NR/PBS aggnsziulagyilinnuduniuusaianinitssuuniduun PBS g

(46]
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1600
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o=l
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1

1400 >

500 - ! /
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AN
AR

X\

% Elongation at Break [mm/mm)]

200 - 7
100-:/ /T/ %TV / /
0 T T I T 1 T T T

1
0/100 20/80 30/70 40/60 50/50 60/40 70/30 80/20 100/0
NR/PBS ratios

JUN 44 nsiuviadIeulieudn Elongation at Break vaaweslunanadniaanluigm NR/PBS

Elongation at Break: A1 Elongation at Break a®4inoslunaiafnianiluigy
NR/PBS uanasisgUil 44 Tneia Elongation at Break Wansisasansnsalunisdniivesian
doldsuuseiadn wuindlofuusunnenssssuifdmalian Eloneation at Break fifuan
ﬁﬁu ien essssumdunedwes softness wae flexibility 77 Tumnenduiiu PBS tHu

a saa v i =~ o =~ a a o A v o A a
NWOALUDINUAIMUATUNIUADLLTIANFUNDLUIHULNHUNUYIITITUTIA ASUULLBDLANYNS

=3

§SUBPNNLINTUAMNANNISDIUAITENDBNLEIB OIS ULSIASILANTY [44, 46]

4.1.4.2. auvamsanvInveunaslunaIainianiluey NR/PBS

N13An®N Tear strength finaud1Anyeg1adesianisUsziiundiuaiunsalunis
dhumunsdnuavestusumelumanaintaniluen NR/PBS WeldSuusansevhiitusd
soudn v3osendn TasArauiumunisinuetuegiutadenarsusenis Wy Svdna
¥9339ana TPV wieUSmawdnvesinniameslunanadnlu TPV Inodag TPV AifTgna
wesTumanadnseidouazannsadifuldfuigandanalaiesgs avdmali Tear strength
figs waz TPV ATUTMNENGS 9zdsnalsl Tear strength figs 919U Varaporn
Tanrattanakul Wagaae [47] Anwinavesdndrunauiannaslunatainianiluamsening

PP waz NR 71 40/60, 50/50 waz 60/40 wWesiduslagumen Taeld Phenolic Resin Wuans



67

Fourns Afideautfauifidena audfnisdnuin wasdusnineweaneslunatainiaan
Tyt PP/NR nani1snadsuaud@nisanvianudn weinuSuia NR daualiinn Tear
strength anas Lﬁ@ﬂﬁ]’]ﬂ’?{]ﬂ’]ﬂmﬂLﬂuijﬁﬂﬂﬂﬁﬂizmﬁiu PP loufinUSunaenssssumfdana
Tfeynirgssmnguidueyniaillugdu eldfuuswhliignia pp ddeidesdaduignia
wanlun13fIun1saneIn @unsadiunisanvinlitosamiuUsunae9s TN ATLAY
MINEIRU SM. Lai wazane [48] Anwantfvesianneslunatainianiluigmaanszning
PP uay mPE Fainisnauasidenyinafivsuaunndisiude 0.5, 1 uaz 2 phr Inefnw
auURnNISAKEN auURdena wazautRAnisanvInvewnasluna@inian luanHansEnIng
PP waz mPE 9nHan1snnassausinisananuii weuSunaesidonvnaiintuanals
Tear strength iudy esannusinandenvananniu wasUSinanan PP/mPE TPV fiien

< &
bNUYU

80

.

20

Tear strength [kKN/mm]

-
: =T

T I T I I T T

20/80 30/70 40/60 50/50 60/40 70/30 80/20
NR/PBS ratios

JUT 45 nymuviaIeuliieuen Tear strength vaameslunanadniaailuien NR/PBS

a

INFUN 45 uanansmuviaUTeuigun Tear strength vaawmeslunarainianily

wn NR/PBS Ni9nsnadiunau NR/PBS WAns19iW WUl Tear strength AA1anasyuniy

[
=

U3unauwes NR Miiudunsau3ana PBS anas tlasninaia PBS Wuinniadiiindn Feund
#1A1 Modulus g9n31819535497 IneUSunanantiuastiin@uauusuiaues PBS 1uiu 39

danaliifinluigataasuusalidudan 91n9u3deves Sae-Oui wazamy [49] 19
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ihnsAinwaudivesianmeslunaiaindaialniuesHausening HIe19sIIUYIR way HOPE
#8ns1d1unay NR/HDPE wandnsiusiasialull 90/10, 80/20, 70/30 wag 60/40 wWodidus
Tnethaiin Tnedeuwndedames udniluneaevaudfisong q nuimanisageu Tear
strength Yeanediwesuan NR/HDPE fuwiliufianasdeodinusua NR ifesnlaeily
Tear strength 83819 NR ag6inin HOPE idumesTunanafinuatewi 31 HDPE Ay

IINMINTLINSINUNRUNTURBUTULUUNAIERAN LWTEN ISRy [49]

4.1.0.3. pIUEII59UAITAUG IATUARNTIIULWIAER (Tension set)
100

30-% )
. / )
o
S 604 /
D
[75]
= 4 T
S /
[77]
£ 40+ .
20
0

T T T 1 T T T
20/80 30/70 40/60 50/50 60/40 70/30 80/20
NR/PBS ratios

JUN 46 niuviadSeuLfigus %Tension set vaaneslunanadiniaailuign NR/PBS

lagiluen Tension set WuArinansfisnuaiuisalunishudanduvesian e

naenlasuusanseyinlugduuufsdaudivanisioan niasenngAnssuilin Elastic

[y a

recovery AUUNNEYBY tension set Hununetiandanalaueslafiia Tension set Nitioy

q

=< A A !

wansliiulainfanuuiianuaunsalunisfuimnduresuauldunudingnidn Fediedn

)}

Dutanivngaudmiunmbluldou viendndundnsarifideansaudinisusandudia
vosian mnfandaralameslafiannsafusindulidesuandiiiuianninnadesledn
0173 (Permanent deformation) nelutile¥aguiesainnisisin 91n3Ufl 46 uanaen
%Tension set vosnoslunataintaniluian NR/PBS wudn %Tension set fiAufisdunu

USiauves PBS wansirianmeslunatadiniaailuien NR/PBS azifianisiwdsusua1isuin
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[ '
= I

Fuidleriia PBS Lilewnannisdamvesignienanadin PBS SninadaflauTfivesenssssand
FaflanuanunsalunsAudinduila eSuiwatuayunan1svaaoy %Tension set anadnTL
U3una NR é’fﬂgﬂﬁ 46 9918 V8Y Suda Kiatkamjornwong wagAng [50] ANYINAUDS
SandrunanTaqmeslunarainianluem nansznine NR AU HOPE Afseauifivounes
lunananianluieyn NR/HDPE NNan1svageu %Tension set WudndAanadnuusunn

= LY

WLV NR na1dme TPV Mllnuaudivesdanalameiasasiaiuaiunsalunisauiingu
Mg Panu3uaa NR aluazdiuTuaa HDPE figenudnilan %Tension set gausuanii
Auansatunsfudives TPV Mides Liea91n HOPE Wuigaenanafniieldasuusafiade

wiiANsidegUeg19011s

4.1.5. AnwngAnssunsiiananvas PBS luwmeslunarafinianiluten NR/PBS

pBS Wumeslunarafniandn (Semi-crystalline) Usenaudiediudhidunin
(crystalline region) wazdluadnigiu (amorphous region) FeUSurauwanves PBS dinasie
audRvesagmaslunanafiniamilulen NR/PBS 1@ A1 Modulus, Tensile strength waz
Tear strength U@y 910914398909 Charif Baru Lavany [51] laAnwiaudadana
woAnssunsiAanan wazdugningweaveslmanain Taniluiem Mwdsuanlaufindda
Al UYeIe195 TS IRAUNEANTONAL Han1sVAaeImUIN WeuSunaudasdiunanens
sysumplumeslunatain an lumiiudu azdmalien %crystaline SAranandunann
nlaenssssurilumeslunatainianilutenaztaien siinndnlunansdnsonau
u&adenald Modulus taz Tensile strength seamadlamatainianluiem NR/PP tiuduy
PNUTUUNANUDY PP

noAnssunIsiiananves PBS lumeslunanasndaniluam NR/PBS aunsadnwile
Tneldmaiia Differential Scanning Calorimetry (DSC) Tusuddailvinisnaaoudiaas
gunAdl -80 9 150 seAnwaldod audnTIn1sliANSeu 5 ssangalduanaurd nnels

9 Y

an122lulnslau NANITVIARDILARIITUT 47-09 LALAUARIFINITISN 5-7
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NR/PBS 80/20

NR/PBS 70/30

NR/PBS 60/40

NR/PBS 50/50

NR/PBS 40/60

Exo up

NR/PBS 30/70

NR/PBS 20/80

Neat PBS

L e e I E m e p m S e S S S IS B p |
-80  -60 -40 -20 0 20 40 60 80 100 120 140

Temperature (°C)

sU#l 47 n57l Differential Scanning Calorimetry (DSC) aasmaslunarainianilutam

NR/PBS GiJzu First heating

First heating scan: 31nNN1TnAgERU DSC thermogram ¥ae PBS WagNR/PBS TPV i
gnsdIunNan NR/PBS Aa 20/80, 30/70, 40/60, 50/50, 60/40, 70/30 wag 80/20 Wasidus
Tngthwein LLamﬁagU‘f?‘i 47 wazenautinsauSoudildanasiimnudoundeit 1 wana
a5l 5 szdiuldidiousinaesssum ity lisnvasresnsinfiaildlunis
asumarduas iesanliwdrulunsvaeundniies fonsanfigamgiilunisvaouman
PBS Tuweslunanainianaluwy NR/PBS wud1dn 3@ 1unay NR/PBS # 0/100 de1 T,
WU 114.38 p9ALYaLT LﬁaLﬁuﬂ%mmmaﬁﬁmﬁwudﬂQmmmumwaaumm PBS

Tuwmasluwanainiamluen NR/PBS lifinsiasudas
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NR/PBS 80/20

NR/PBS 70/30

NR/PBS 60/40

NR/PBS 50/50

NR/PBS 40/60

Exo up

NR/PBS 30/70

NR/PBS 20/80

Neat PBS

E>7>>>>>>

-80 | -fl)() . -40 ' -ZIO . 0 20 40 I 6'() . 80 100 . 120 140
Temperature (°C)

sU#l 48 319l Differential Scanning Calorimetry (DSC) waamaslunatainyaailutam

NR/PBS 44 Cooling

Cooling scan: 31nA1TNAgeayu DSC thermogram U84 PBS WagNR/PBS TPV i
gnsdIunNan NR/PBS Aa 20/80, 30/70, 40/60, 50/50, 60/40, 70/30 wag 80/20 Wasidus
Taerhoiin meﬁqgﬂ‘ﬁ a8 uarmautineenuSeuiildainmsilndusuansianisnad 6
Hutumounsvilfibudn (Cooling) fE8nTINITAREMNNN 5 BeFga@yafawI Nud
gungitiandn (T) ldwdsuudaniloiuu3aiiuegnssssund egdlsfinuilofionsan

Woesiudn1siinudn (%Crystallinity) vos PBS lunaslunanafniamluiwn NR/PBS 210

|
U =

UsunaundnAnduludunaunisvinlmdusidsaonnd asfuanuiduna nvosduausiegna

a

12
3 |

gnviliaae ) Budy nds1un1589TuUiduduaundasidriunansdag wuian

[

v
=) =

%Crystallinity SanALTUAINUSNIY PBS %39 %Crystallinity dAanatilaUsuiad NR 1ANTY
= a o v v v Y o val
Wesnluanavesessssuviiiluedugrudiludnuanisdnisesdiaves PBS vilvdiaiy

< = v
WuNanuagas
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NR/PBS 80/20

NR/PBS 70/30

[

NR/PBS 60/40

F

[

—/
NR/PBS 50/50 W
W

NR/PBS 40/60

([

NR/PBS 30/70

NR/PBS 20/80

il

Neat PBS

— T T T T 1 1T T T T 1T "1
80 -60 40 20 0 20 40 60 80 100 120 140
Temperature (°C)
5UN 49 n37¥ Differential Scanning Calorimetry (DSC) vouneslunarainianiluiem

NR/PBS GiJzuSecond heating scans.

Second heating scan: 3a1nn1INAg8U DSC thermogram U89 PBS WagNR/PBS
TPV ﬁé’mndaumau NR/PBS fAa 20/80, 30/70,40/60, 50/50, 60/40, 70/30 waz 80/20
Wesidudlaetmmin HARSFITUT 49 wazAanRneruSeuilaainnslianutoundsi 2
LERafInns9T 7 ssifiuladn PBS avuansiia Re-Crystallization ludunsunisliminudeu

(T,) Ngaungil 96.06 pImILTALTYE LagHATIUIUBNTIQUNYINTVRBUUAINGN (T ) V8s

a

PBS Tigaumgdl 114.15 sernwaidea laaiia Re-Crystallization avumnesnidufinvuiadn 7
gumgiiiningamaivasundn Feanunsnesutenginssunisnevausssenmdeulsin lu
FunsunsilfiBud (Cooling) AILINTINTANQUNYI 5 ssmiraduareuiliutunoy
59l PBS mnndniflesnnnnsviliidusa aglianunsavinls PBS mnndnldegnsauysal
Faiuluduneunislinnuiounded 2 agyliiAniiagaal1u5ou (Endotherm) vuiaLén
Aougamalimsvaoumamand g figuvail 114.15 ssrniwaidea
INUII8YBY Benchamas Panyad LagAtg [52] ANWINDALUDINANTLNINS PBS
U PLA Tnguaninan1snagay DSC 83Une@1n DSC Thermoeram Tuduneunisliautou
Wu31 PBS Lﬁ'aqmmﬁlﬂwﬁu%LﬁmﬁﬂﬁLLamﬁamwaaumawamﬁﬂ PBS ag19daLau 7
a = o

Usguay 110.10 asAwa@ed Wefiansandunaunis Cooling nuiinguuniiinnani

Uszanal 95 sarwaled egndlsinulutunsunisanudnidesainnisangumgiives PBS
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Wuldlanunsonnuinlaegsauysal Feaunsaduduainduneunsivianuieuluasan 2 wuii
PBS weniluaesiia lnefinfiinfiaumgisninazuansienisnaeumaindniliauysal uaz
naNTITvuIALanABIAARA Re-Crystallization VuduiinruiadnUsyana 90.86 aeAwaLfed

duiialiinngunglaninzuansiainisvasuniniilauauysel

M15NA 5 AguuNiinITviaeunEn wazUSinamEnves PBS lu meslunarainianiluien

NR/PBS Tudumaunsliniusaunsan 1

1*" heating
Sample
T delta H %X,

(NR/PBS)

Neat PBS 114.38 66.00 59.837
20/80 114.33 50.33 57.038
30/70 114.63 41.63 53.918
40/60 114.27 30.12 45512
50/50 114:19 23.04 a1.777
60/40 114.41 16.72 37.897
70/30 114.42 11.38 34.300
80/20 114.05 6.56 29.737
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15197 6 A1QNYILARKAN wazUSuaurAnves PBS Tu neslunanadniaailuien NR/PBS

1‘14%14 Cooling

Cooling
Sample
T. delta H %X,

(NR/PBS)

Neat PBS 96.38 67.37 61.079
20/80 96.12 51.80 58.704
30/70 96.26 42.35 54.850
40/60 96.28 31.68 48.869
50/50 96.42 23.89 43.318
60/40 96.24 17.49 39.642
70/30 96.10 11.92 36.023
80/20 96.16 7.02 31.822

M13199 7 Argaunginisvasunan wazUsuiunanves PBS luneslunarainianluiem

NR/PBS Tudumaunislyianiusounssn 2

2" heating
Sample
T delta H %X,

(NR/PBS)

Neat PBS 114.15 67.12 60.852
20/80 114.45 51.73 58.624
30/70 114.24 42.24 54.708
40/60 114.30 31.64 47.809
50/50 114.21 23.77 43.101
60/40 114.32 17.21 39.007
70/30 114.45 11.84 35.781
80/20 114.14 6.98 31.641
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42.  aaufl 2 Bvdnwavasanudsaulunmsnaudiddeautiveunaslunanainianily
LN NR/PBS

DNTNAVDITATIFIUNAUTEHNINNYNEITHYIR (NR) wazwodUinaudadiun (PBS)

aunsndeasieandidieveaneaslunatainianiluem W dnvardugiuinet auddinig

fain wazautRinmsiendn sgalsinu Suilthdeiidmadeautiveansslunatanntanily

N Ao mmL%sawmmﬁwaﬁaamas’Iuwmaaﬂ"i’amlmwﬁl,t,mﬂmqﬁu osanluns

o w 1

wendl Dicumyl peroxide Wuansi@ionvane ftumuiiiseulumsuaniaduladeddgse

o

v =

NINIEAMIVRTNNIANDTIOTNAY uazYMzIinUfA3e1 dynamic vulcanization {33834
funAnfazAnwInusseuTunsHaNLana1suA® 90 rpm, 100rpm wkay 120 rpm lag

[

NANTUINNANYAULFUTIUAINGT auTRNITAER afaEanAuSITaumuizanlunis

<9
1% [

ihluldduanzlunistunaulnye 1 anan lnslansnansnaasssssalus

4.2.1. n1sAnEINgANTIUNITVIAaNVDIMBslunalaRnTaaluln PBS/NR ¥
anusalunsway 90, 100 wag 120 rpm

ANUFURUSTEnIsLsUanasiarlunsnasunauvsunesiunataindanlug
NR/PBS LLamé’fﬂ'gUﬁ 50 f95aAIE SO U UT U 90, 100 wag 120 rpm AIUAIFY
wuidlennusisevlunisuamnintudnaliams dynamic vulcanization §iA1 torque
(N.m.) qﬂéﬁu waziin crosslink 13aunansdsn1siin crosslink ANty uazndsainnis
An crosslink LaSaduaznuiinsasiidanas Weiuaudisounaueziausidandain
crosslink Yogasmugduiiesaintinnisaaiesfiues PBS wazed 91n0u3deves Alex
Sirqueira wazAmz [53] WAnw BnEnaresmIsIsoUNaNTiase Peroxide/Bismaleimide
Cured Polypropylene/Nitrile Rubber twoslunaafinianluign W1unszuiunis dynamic
vulcanization 1ngRA15IAINUSITOUNANVUY dynamic vulcanization ﬁLﬁusﬁu 40, 60
WA 80 rpm AUARU NANSVAEBU Torque rheometer Tugaaiin vulcanization wuinile
diuauEisevlunisnandmalia Torque LLazqmmﬁﬁamauqﬁumuﬁﬁuLﬁmmﬂ

AusIseuTiindwiliusudeulussuuiindu arswenvnsdlenalasuaumgiluvas

Haseg1IdmeAesHaNTLAnNsWeNvluiga A snAuvI RS s DaLL Y
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90 90

——90 rpm — 90 rpm
B — 100 1pm 80 4 —— 100 rpm
80 (a) 120 rpm (b) 120 rpm
70 704
~_ - ~ 604
= 60 £ 6
.Z,. 50 E 50
e o
S 3
g a0 2 404
30 30 4
20 20
10+ 104
0 T T T T T ” T T T T T T T T
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 8OO 900
Time (s) Time (s)
90 90
=90 rpm ] —— 90 pm
i —— 100 rpm 204 (d) — 100 rpm
= (C) 120 rpm ] — 120 rpm
70 704
~ 604 ~ 60+
£ E J
Z 50 Z s
> o J
S =
2 40 2 404
= = ]
304 304
204 204
10 104 A
0 - —— - - - - - 0 v

T T T T T T T T T T T T T T T T T T T T T T
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
Time (s) Time (s)

3;1]1'71' 50 ALELRUSIENITITA (Torque) wagialunisnasunauredvaslunaiainia
A1luleyn NR/PBS 7imaniiaseay 90, 100 way 120 rom (a) NR/PBS: 50/50, (b) NR/PBS:
60/40, (c) NR/PBS: 70/30 wag (d) NR/PBS: 80/20

4.2.2. dnwazmaduguivenveamasluwanainianiluiem NR/PBS fianuida
saulunsHaNLAnANenUAa 90, 100 Laz 120 rpm
9n3U7 51 uansdnwardugivinervesiagmeslunarainianiluien NR/PBS 7
wisnanmsinduauluansdudean (Cryosenic fracture) Instusnuldanuiaseuly
nsuaNTiwanenety fo 90, 100 kA 120 rpm NKANITNARBINUINTISRIIEIUNAILTINAY
fsananudisevlunsnauiiiiadu aan 90 W 100 way 120 rpm mudsy axiuld
Iignefiainaduigniavesessssued dsnszaedusyniavuinidn Tu PBS Mduiy
aandn laeduigniavesswsssumaduuiaidnaadeiuanuiisevlunsuan 91n
1UIT8v09 Ekwipoo Kalkornsurapranee wazame [54] Anwiniswseudaninesly

nanaRnian1 Ul NEANTENINNBINEIINYNR Lazneslunangin Polyurethanes Wan1s




7

naasailoldnuiiisevlunsnaniiuandeiufe 40, 60, 100 uaz 160 pm wuiniile
aSrsevlunsnanfindunuiteyninvesessssminanesndueyniadifuuiadn
nszaeegluipmadeiesveameslunatadn Polyurethanes Lilssanniiaananiaseulunis
wangaazdiusudousnnweiitlioynineswanifusyniadn egslsAnmidienmiiiseu
wauil 160 rpm wuieynAgsTIITIANSUTsInTlvgudosnnarusiseunausinn
ylfoumavundnveseynassiuiloniafivsndummunguiudnedaiueyninauin
Tnglel dawaliiAniunguueseyniasssssmannszaeogluigniaveuneslunatain

Polyurethanes
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Th{3030_5363

INRTPBESI60/4008)

30w H 246 K20k 30T

NR/PBS 80/205%

L . . LTS T
TM3030_5362 MoD4g 20k 30w I NoOD46 k20 30uT

JUT 51 dnvagnisdagiuivervesnesiunaladinianiluieym NR/PBS iaa1ui5150u

WANE1IAUAD 90, 100 Way 120 rpm
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4.2.3. aulARanNavaamasiunataindaniluien NR/PBS fin21ut5250UMANANS

U

4.23.1. aulhndnvaunaslunaladnianiluey NR/PBS 11A11ui5150ULanNg 19 Y

Stress-strain curves kanINgANIIUNITAsEATBINBsIuNAIaRnTan luLLn NR/PBS

Penusisounauuanseiu laud 90, 100 uag 120 rpm uwandfaguil 52 nsfnwaudfng

gavounesiunaradnianiluleyn NR/PBS ¥in19MAdoUa18LA389 Universal Testing

Machine #1131195§14 ASTM D412 @38 Load cell 4119 5 kN 8m31n15A 631170 500

Nedunsaeaund naannsnaaaulaun Tensile strength, Elongation at break Wag Young's

modulus
12 12
—— NR/PBS 50/50at 90 rpm —— NR/PBS 60/40 at 90 rpm b
— NR/PBS 50/50 at 100 rpm (a-) 71— NR/PBS 60/40 at 100 rpm ( )
| —— NR/PBS 50/50 at 120 rpm wd— NR/PBS 60/40 at 120 rpm
—_ —_
] )
¥ & g
= =
@ W
@ 74
2 g
71 7 6 -
=2 =
= =
5 5
= = 41
2+
0 T T T T 0 T T T T T T
0 50 100 150 200 0 50 100 150 200 250 300 350
Tensile strain [%] Tensile strain [%]
12 12
—— NR/PBS 70/30 at 90 rpm (C) —— NR/PBS 80/20at 90 rpm (d)
11— NR/PBS 70/30 at 100 rpm —— NR/PBS 80/20 at 100 rpm
14— NR/PBS 70/30 at 120 rpm w4 NR/PBS 80/20 at 120 rpm
8+ 8-
= =
= =
wi w
a 5
‘E [ '-i 6
2 2
= =
| 5
g e
24 24
0 —T T T T T T T T T 0 T T T T T T T T
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 500 550

Tensile strain [%)]

Tensile strain [%]

JUM 52 n31mlkananuduiussendnedn Stress uag Strain vaunaslunarainianiion

NR/PBS fiAaisa5ounanadnafy Aa 90, 100 way 120 rpm ASns1dunau NR/PBS (a)
50/50, (b) 60/40, (c) 70/30 wag (d) 80/20
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910137 Stress-strain WuaiingAnssun1sAsdanuudanain fiarsunauiseu
neLndy puduvesnsilugaslaiiu 20 %Tensile strain (Young’s modulus) anad uay
awansolumsinfvestunuiloldsuusiaiosas iesandloauiseulunsway
Lﬁuﬁuﬁﬂﬁi’gmﬂ NR Svuiaidnnsgaieluingaia PBS Sauminanuseidosesingnie
299 NR cure doas vlinnuamisalunisdnanas

W215041A1 Young's modulus, Tensile strength Wag Elongation at break ¥81a0)
woslunanainyaniluwn NR/PBS finn1saseunana1aiu Ao 90, 100 wag 120 rpm

wanalunsmuviadagun 53-55

30
28 4
26 4
24 4
‘= 22 -
a .
= 204
w 18

= 164

77490 rpm
100 rpm
120 rpm

"

(ST
| |

S
|

Young's modulu

oo
1

(=]
1

n

=S
1

[SS]
1

[=}

70/30 80/20
NR/PBS ratios

U7 53 nsluwriaiUeuliisuan Young’s modulus ussmeslunaradnianluten NR/PBS

ol

ANULSITOUNALLANASAU B 90, 100 Lag 120 rpm

=b e

Young's modulus: Anuagdavesiangwileduaifiuansieniuudunssvesian
wioANAUMUReN1SWABUTUYITEY InnsmluriegUT 53 wansnnsiuieuifisudn
Young’s modulus vauveslunataintanilug NR/PBS daduiinsiufuudiin PBS Huned
WasUIELAN semi-cystalline ﬁﬁﬁ’ma@ﬁaﬁqm’j'}m&ﬁiimmamﬂ Fafn Youne’s modulus
299 PBS W111U 220 MPa [55] WagA Young’s modulus U938719555018L11AU 0.2 MPa
[56] \ilewan PBS Augnsdailien uendaves TPV snas fefilsedurelilag P. Faibunchan

warAne [44] WeNasaunANUisI5eU MTlun1sHa PBS wuln Weamnusisoulunisuay
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[
=< IS

g%y 2zdinaviliian Young’s modulus wea TPVilAnanauaniies [unaiiasunanianig
aa18FIU09 PBS waze3 faguil 56 auiiiuingaungi Onset vaansml TGA fiAanasuanadiy

mMsifinnsaatesives PBS Weausiseulunisuauiiniy

Tensile strength: @15V tensile strength Tu TPV Aiflanssssuviduesdusznou
Wy Yadeninaneaudid loun anudundn dadrunauvesigninens uazigaianaiadin
dmsuaud® tensile strength Y83 NR/PBS TPV Wan15nAaesflliuansdasul 54 Fanuinen

Tensile strength 3¥8A1aAAININUSUIUNENIETTUVIR AITLANEIILAIT19AUIT tensile

strength voedanilenaidussAUsynaudy wne19@1u15aLAin stress-induced

9

a0

crystallization 19l tensile strength Wnagdldngennulueaae [44] usidmu TPV v gaiduty
nenszarweglu thermoplastic fatu tensile strength TsdiAufutus i PBS i
wulueuids Zhaobo Wang wagae [57] Anwnaressnsdiunauiifidoaudives HIPS/
HVPBR rubber TPV #i§nsadaunau HIPS/HVPBR A9 20780, 30/70, 40/60, 50/50 waz
60/40 Wedduilaevitin nansmadeunuin A tensile strength v8s HIPS/HVPBR TPV
fiAnfutunuusina HIPS tesain HIPS e tensile strength 11031 HVPBR Tivdudau

Yp99analmues

NR/PBS at 90 rpm
NR/PBS at 100 rpm
NR/PBS at 120 rpm

Tensile strength at break (MPa)

50/50 60/40 70/30
NR/PBS (%)

SUN 54 nsmuviaSeuiisudn Tensile strength vaamnaslunanadniaailuign NR/PBS #

AUSITOUNELLANANIAY AB 90, 100 WAy 120 rpm
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Sefinrsuntladeesnnuifisoulunisuay ankanismaassiinanalusuil 54 ag
nuduflefinisldainuiisevlunisuansendng PBS fug1as3sus1igedu a1 tensile
strength avanasAnlulasidud Useunu 20% n1sanaswues Tensile strength 483 TPV
tu fiadets phase morphology LLazauﬁamaqwaamaﬁwamagﬂJ NATUITYNIAVBINEA
wosiaessin mnigniavesedwesiidnunsduiaesssuniun vilFigniaens
sssurAiaudeileaeiinalinisinvetensarunsaifinléd waznisiin stress-induced
crystallization anunsasinle egnslsinu e19ft vulcanized Wuszuuiildans peroxide 1u
A151999989AuaN 5 uNI5AA stress-induced crystallization 9gilpgnin szuunld
sulfur 1uansiviliiAe crosslink Ugnisfiaesfeusanmnisiia crosslink Tufgaiaens
wiiuldannguil 50 maifisvosussdaiiinainnsin crosslink AnL$18u uaznldun

Tu wenanTuMTAANYFIvEY PBS Sedinasianstnaanvesian TPV fagun 56

550

J 90 rpm
500 100 rpm 70
1E 120 rpm 77

w5 /

Elongation at break [%]

ot ] [3e] (5] (5] & P
L > L) (] n o h
(=] (== (=} (=] (=] (=] (==
1 | 1 1 | 1 1

I
50/50 60/40 70/30
NR/PBS ratios

U7l 55 nsuriaiUSeusiousn Elongation at break vaumaslunana@niaailuen NR/PBS

ol

ANULTITOUNALLANASAL Aip 90, 100 Wag 120 rpm

=b e

Elongation at break: auUfn158ns999 TPV Juiuladusellfe 9nsaiunauves
81955 VIRUAZPBS ANwardagIUNIIING1V0INBANOTHAY LazAULTIVDITUIIY TPV

aw X o LY ! ' [ < 1 v a
NUATLINNITRNANDRTIEIUNFLLANAAY WazANLSI5aUTUNSNANLANANSAUN 90, 100

WA 120 rpm Fadsuasion1sBafives NR/PBS TPV el
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AILENN50N158ARY NR/PBS TPV Aounsuaniin (Elongation at break) ¥94inas
Tuwanadntaaluem nuirfianudiseunas 90 rpm azdidnfinfuniuuTuiuvesens
595077 Lilean1nenssssuyAniAnadludanmamnsalunisBadaiigs uazfiansand 90
rpm ﬁ'"igmﬂmaﬁLﬂuaumﬂimguawimﬁaaﬁu dlowisuuil 100 war 120 rpm Feens
sssuvAtvuafiannszaeegluinaiaves PBS viliiannandaseunand 100 uag 120 rpm

LARIAIINAINITANTTASEATNAVR s TTURLALLR Bniedelanvaiiiawiainiinnis

aaNeMIuee PBS AegUNl 56 edanalvidan1sBadaianfsgui 55

110

] — NR/PBS blend at 90 rpm
100 — —— NR/PBS blend at 100 rpm
— NR/PBS blend at 120 rpm

90
80

70 —

S ]
=] 60 4
Eb ]
o 50
= ]
40
30+
20 4

10 <

0 —— T

—T— T
150 200 250 300 350 400 450 500 550

Temperature (°C)

SUN 56 wanans W TGA seaveslunalaanianluign NR/PBS AAnuSIsaURaNLANA1STU

Y

=

fio 90, 100 waz 120 rpm tngendaeg sdnsIdaunad NR/PBS 7 50/50
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4.3. mauﬁ 3 N5LHTIUINLIINASHANTLIINEN9ETTUIRNUNDAUINAUTATLUR

(NR/PBS) N1&A&1UNISHANWANAIAU

Yaqlviu TPV iSunediuesiifidnwasyviovensdilug) fsngusiuaumn dwidniun
uazdiundy TPV Und Jagdusimsiienianlvy TPV snléifundndnsiang q luiinussdriu
Husruauann snfiegrady fuseain wieiive funssunn Judu Tneldy TPV 92
Usgnouldfsdiunaudatain wagnatann lusnudsedidunisineinisadeulnuain
NR/PBS TPV Taensiiliiinnis cure vniskau uas sponge vaisnasalininuiouluedes

[

compression molding lnefinwdnsaiusening NR/PBS Ausnsnafudsiifie 50/50, 60/40,

1%
=

70/30 uae 80/20 Wesduilastwiin Inadushdiunaniianunsotuguingldd fdndau
waw PBS 1nn 50 Wosiduidwmalinudaouudsgeuastususandulnaldonn denis
nauazld Internal Mixer Tunsmay Tnenas PBS fu NR i compound U dicumyl
peroxide 11AdUUY Two mill @1mTunisuan NR compound AU PBS T dlenanaosdiui
waud1iularUszanas 20 Wil wansiRd OBSH asluluseninanisuaumigysuin 10

phr eyt nduansivinliiianes

(7
v A Y o

lutupoun1sHaunedinesnagdluTusuInuduivednie uazdoni3seds fellfe

< = a 4 a s

QUNNINANTIADIANTNDE 9UNYINITNaBNAIVBINBFNDT aumiinsiinUfiTe1ve9ans

q

a v

Feuva1a uazgamginisitaufAzervesansy Tueud ”aﬁﬁﬂmmwgﬁwam 120 991
waida Mdugamgfiamizavili PBS vasusald Snvadalugnmglil DCP Sslsiinnng
WANF7 LLazmivjquanJLﬁmmiamaaﬁ’ﬂﬁuﬁ”aﬁQmmﬁ‘ﬁ ilowan NR/PBS TulA3aanasLuy
nmeluFeuiesuan WaaLuai‘mangﬂﬁmﬁugﬂé’hUm‘%'aa compression molding ﬁqmmﬁ
150 asrnaaifea Tutumouil OBSH aziduaaeflvivia udauianiswiandulnm 9indu
wulufeSenldluvhnsAnumandfisang q Uszneulude dnuue JUFWINYT N13NTEIY
FIUBATAN UATUVUINTDNIAALNY AUNUILUY AINKDS auTRnsRdn audRfiun1sin
10 uazAINaInsalunsAuiIndundaldunisnadnuesiaginy NR/PBS dsilnanis

NAanInIsalul

4.3.1. anwasnedugIuIng1vasiiumesunatadndaaluiwn NR/PBS
I1INNANIINAABIFNBUEN1IFUFIUINe1vouTaa liuwaslunatafinianluigy
NR/PBS ¢1981A384 Scanning electron microscope (SEM) Wanfagufl 57 wuin dnwaizves

wadluluwadln susasaddiulvgdugunsinaunfivuaunnaeiuly wWefiansangy
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wadlnuvednsduNay NR/PBS 7 50/50 wuiwadlnufidnvazduwadawalvgdain
mﬂmiiaméﬁﬁ’maMaqmmﬂﬁLﬁ@mﬂmivﬂmmzsﬁugﬂim (58] losnvauziinvesly
Fusu Lﬁawaémaﬁfwgﬂ sueen disliesormeavenelngtuaunesornafivenslngtuld
fussiunnweiiaranunsoduiionodmesoonléfeasngamaivlnveusadinubu Inetan
Tnlsdns1daunas NR/PBS 11 50/50 finnumiavazvassmaniifnninlnludidsnsarunanis
195550 YIAas ilvntagadlnugniueeniduwadawinlg wazunnesnlusauiuwadlng
Hrafedlsing [58] Juhlislunaeadlndilguaziidnuvasiwadinuduunen uansisgy
i 58

3191348983 Natinee Lopattananon wazmnie [58] AldAnudnsnaresu3ua
g19555u AN T ARluTan EVA/NR/PP uagantAves EVA/NR/PP Thermoplastic
Vulcanisates (TPVs) Tne Tl uinSenldivasosnladifuarsidonvine uagld
Azodicarbonamide 1uasy 91nauAdesisnany maRansandnvuzwadliy Aldainnns
naaoy SEM aziiiuinlaseadiswadlnuvesian TPV IilUSuia NR wans1aiy Tl
EVA/NR/PP fidnwasiduwadln uardidnvussadifunsanan wuimoesufaluiuaud
YUILIAATIENAINLUTHTUSATIAIUNENYD9819555UA LTD99ndIunanves EVA uay PP
firuanansalunislvanseaavilavagnasmainininenssssueid lusasiinesennie
Sufetulunedimesnantumeuiusuivy foumglinstusunineadvemeduesnandi
Snsndrunanves EVA uaz PP g4 i melt strensth lalilesweflaznusiousafuuia insevin

! Y] 12 A a = o s a o § v a
mammL"ZJ@@IWEJIU“UQJWILﬂm/\laﬂmmmm NUIYAAIILNANITLLAND DN WWIMWaﬂaWﬂWﬁLﬂﬂ

v '
a = = A I

suiiuludian wadlluMiatudedvuailugndr tagsilisuiuvessadlnuanas
anudnsy TumanduudlousinaeissssumidisduasiliTavaduostnufinnnuudaus
ity FeilinnsunnvidessinvesusadlnuAnsinniinsdlnounii wazdwilfanns
Fudansiiulaveseadinuswinliaununduve awadlufindy LAUHUAUEINA19UBY

waddnanaanfeuduarnuanianslunisnszaneduniugudnaivengaa Ny

(%
= 1 =

WwuRgnunulueuidell na1nfie AANaN1TNAAINILEAY morphology UaslWNTLKMI M
990 NR/PBS &auananagul 57 an3y (a) iulvluifivsunas PBS 50% wuingadlnuiinig
d{' a o [ a % L3 d{' Y o b4 a v [ =
Wanfnnu Wuraunanmsindgadiuweudenuvivieadiudanvasiduiwiend We
AIIUIENBULVDITHNIABETIUYIR LAy PBS nuign1ae13sssuemduigninaing
[ &) [ a o a 1d [ a
wazinnia PBS Wuinniad lnsusiaveuwadlniuaziduingninensssuymiiamingnd

sysuvRdianuniiagedaduignaiidivuevuiawadivy oUunae19sssufiiuiy
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Yualadinudvuindnas nilugadlnuursuysyanu 0.2, 0.1, 0.05 wag 0.02 Hadlung

AUAIAU warUSuaeaa INUTUNTUAILUS U U895 TSUTR

1

TM3030_6666

D4.6 x100 1mm

TM3030_6704 . 00 TM3030_6714

UM 57 dnvarnsdusiuingrvediuimesluwatafniaailuwm NR/PBS (a) 50/50, (b)

U

60/40, (c) 70/30 waz (d) 80/20

4.3.1.1. vuegaalni (cell size) taztsuramumuisiuyeagaalni (cell
density)

nsAnwIvuIaEaalny (cell size) hazUSunaauruILuuvetgaaliy (cell
density) ANE19INNITNAAOURIELATEN Scanning electron microscope (SEM) Tnetuneu
nMswsentuay thiivnuliudlulaseumar Wunan 1-2 $alus aantusinisinduay
meldanneiBudaean udrinduanuiiosinismageuuadeusie AuwPd udavinnis
nagou thamiildundmseiuunnmading (cell size) wazUSinamuuwiuveLYading
(cell density) elUsinsu Image j LLamﬁagUﬁ 58 uNAAALNLLATUSUIUAIUNUILUY

YyaugantnutugnAuANlagUTUINeRNTIdIUNANTENIN NR Uag PBS Ballnuddnyse
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anURauqvesTanliy 1wy audiinisidn audAnisdnuin waganuaunsalun1sAudiIngy
NANISNAADINUIVUIAYNTad N IneRAsTvuInAna il o iuUS U 81955 TUYA
A ° a A a £ o % v oA a X YR
W{i999nvueyinnIsessulnuAunnveassuuNLNn YU e A Rnduse1asala

118

50

@)  » (b)

40

[
o
1
n
o
1

Frequence
ny

(=}

1
Frequence

o
1

0+ T ’ T T 0+
Q0 01 02 03 04 05 08 07 08 08 1.0 00 01 02 03 04 05 06 07 08 08 10

Partical size (mm) Partical size (mm)

40

(c) (d)

30 4

w
o
1

Frequence
n
o
1

Frequence
N
(=]
1

T T T

00 01 02 03 04 05 DTG'DT?'OB 09‘1.0 00 01 02 03 04 05 06 07 08 09 10
Partical size (mm) Partical size (mm)

5UT 58 wanan1snszanedruaadinuvesivly NR/PBS : (a) 50/50 (b) 60/40 (c) 70/30

Y

waz (d) 80/20 wWasibunlagiinmin

USinaugadlnuiiAetuluiagiuimeslunanaintanilulen NR/PBS Wodnsidu
Has NR/PBS uanmnsiu Taeen Cell density (Ng) voslnuwmaslunaiainiamiluiwn NR/PBS

= o & 1 I aQ o U ! d‘l
WOUIUGARRDNUIEUSUINT @1U15aAIUINAINENNTSA IR LUT [59]



nM?
Cell density (Nf) = (T)

=

Tng

[

M Faf&avene
A AoWuves micrograph (cm?)

n AT IUIUYadlU SEM photomicrograph

3

2

88

12 +

4 3
N, (10" cell/em’)

. //

-

=

a

I I
50/50 60/40

I
70/30

NR/PBS ratios

I
80/20

5UN 59 nsmluvianasidTeuiieu Cell density (N) veslnumeslunatainianiluian

NR/PBS

913U 59 uansnsmluialIeuliieu Cell density (Ng) vedlnuwmaslunatainian

T NR/PBS #18m51d@unas NR/PBS wansnaiu fe 50/50, 60/40, 70/30 waz 80/20

AIUEIRU WUILLRLLUTU eI INYIRITAINa L Cell density vasianlnuNaudAiy

Wnfu Wesnlunszuiunstuguivly answiieufiselivieauianieluiefunu lagvles

uAavzvenglngullodussiuninnenazaullonedmeosnauls 9NNENITNAGDIIENUI

YAV NLNTVUIAANAINNUTUI AL NETTUTRTIANUY wadlnuddvuinlugiinain

n1ssaudiuveInanialuvasiugy dwaliiduiuwadinuneniisUsuinsiAianas

Tumenduiunwadinuruindnasnuiriagad i vasduguiannuudansennndd il
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A11150LAANSHANDBNVBINT AR laNa@Nwad WLz sufIN LUy VilrTuSuaadliy

nldsiemiteysunsiiainda [58] dawanisnaassgun 59

4.3.1.2. AUMLIULY (Density) Yoalwsivesiunarannianiluian NR/PBS

auUAlanavesinumeslunaainiaailuiemn NR/PBS drulugilaun aud@nishstin
auURANT5ANVIA AUATUNIUABNITAADA LALAIUAINTITOIUNITAUAD sﬁuagﬁ’umm
WUy Seilasefidwmanorinunuiutuie JedevesUSinadadiunauveinatannuas
813 IngUnf PBS HAIAMNUUILUULYINAY 1.26 ¢/cm’ [60] Waz8195ITUIIRTAIAN
MUY 0.93 g/cm’ [61] Wevintswauazdsralsiaumuiniunediuesnaugnia
U3anas PBS 11839 n PBS Hmnuminiuingsninenssssned Jedevosdnuwazivadlviy 1wy
YUAASIHL FIuIUTasINg waspmAuvesTLgas [Wudnuilsiladefidiwananinu
yuuvesiaginlude Inufifvunnwadlvismuieivg Susnavadlnuiees uazniawad
Tiufiuns avdsnaldmunyudureduiinifides [62] Wesntunulnuiidonsaiwes
ety viefinesennanelugusnuannisildauwuduiiaios TneAraumunnyy

vadlrlumeslunanainiaaluen NR/PBS UsINguan1snaaodiandss

5U7 60

400

350 /
300 - /

200

(o8]

L

(=]
1

I
-

@
o
1

Density (kg/m’)
1 "

=)
<
|

L
(=
1

I I I I
50/50 60/40 70/30 80/20
NR/PBS ratios

JUN 60 Ny muwvial3euiiigu Density vedlnlsnaslunaraiinaniluim NR/PBS
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1N

[

d' ! A o a s
sUN 60 LLaﬂQNaﬂqiﬂﬂa@‘UﬂﬁqﬂquqLLuuGU@ﬂIWNWLGﬁEJ@JQ']ﬂLVlaﬁﬂJWﬁ']ﬁ@]ﬂ'laﬂ"liuGU

Y
a

NR/PBS WuUIAMUNUIbUUTA1anan 1uUSuuu0d NR Aiudy Wuinsiudufiialing

(%

muutuvestiumeslunanaintanilud NR/PBS Susgfudnunrsuing Usuaneadi
LAZAUIALLAA NG DINIINHANITAATIIMIANMUNU UL VBATAA I8 UTUINT Cell
density (N sznuiguiuiAuuLlLTe wradinademaeUsuesifinanntudeusuna
p9ssunRiiuty Fadunamnanihlissuunedimesnaninmiafuiueadlnylida
msranguity defivesufawerriliiidniifudenodmeinamiluiunutosamuluge
Faduamalidanumuiuiuveslinoslunatadiniaailuien NR/PBS fitfasas a1n

U3T8v4 Ruijun Gu wavay [62] vin1sAnwiUssuwisunuautavesian inunedesmu

Y
v

PFuATIERIINNEReRa Ninandiudimasdniialansendanieiu 3NNNANITNARDIVUIN
Wwadlly wazn15NIEAeF NUNINLRTvUIad INNAEN wardlUSUMEad AN 1LILLIN

TANALAANPINUNU B ULT AL DY

4.3.2. auUAINaYaImNDslunaannIanluLen NR/PBS

43.2.1. auianisainveadwimesiunalannianiluiay NR/PBS

Tuwesluwanadndaalueniluiaaneada wmdnun gnihlUldnumanegduuy

1 1%
| o (Y A £Y LYY va

WU Jandunsrunn WuTeana wagsa walusiiy (Memory Foam) tWudy fatuauy

q

WanavaalnumeslunatadnTaailuwy NR/PBS 3aduaudfilaidundfunisesfineiie

o

IAUTLANNT MIUVBINAR N Ul Numas lunarafnianluen NR/PBS 91AN1snadau

o

auURldenanadAey tawn @utfRnishstin audRdun1s@nun Lazauiinisnaon
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3.0

——NR/PBS 50/50
—— NR/PBS 60/40
——NR/PBS 70/30

2.5
—— NR/PBS 80/20

2.0+

Tensile stress [MPa]

200 300 400

Tensile strain [%]

JUT 61 N3 MuanInuduRussendneeT Stress kag Strain vaslnumeslunarafinianly

LN NR/PBS

N1 LERIANUAUNUSTZINNAT Stress thag Strain vaalnumasiunatainianbud
NR/PBS Mil8mns1d unaiunnm19iu@e 50/50, 60/40, 70/30 wag 80/20 Wasiiudlay
Wit uansdisguin 61 wulilnumeslunaraindamiluen NR/PBS 7ilaiingAnssunisistn
wuudand@n (Elastic deformation) f91584197AAIAIIUAUTLANLTUAIUAIUN1TEARIVD LN
a g.J/ [} 1 a A a o 1 = a < a a
dnvednTdtunanolny JuSinaetoTsufildudiuraugalanududatainganay

a

USHnaunn Bedwalfuanangfinssunisfdaiuudanafin (Elastic deformation) léagn
FoL9U LazLAR strain hardening a8 9lsAmuaziulddniisnseunanvos PBS ivdudina
Trienarudulutasdaiafnvensavimnuduiudssnine Stress uay Strain Inlunaugsdu
fleann PBS Wunedwesuszunmmeslunataiin (Thermoplastic) Fafidn Modulus ﬁqq
dlewFeuifisuiuendsssuyd 91n91u3deves K. Dinesh Kumar wavmme [63] Anwined
WasHaNszUigpolypropylene wag epichlorohydrin rubber tudagineslunaiafind
A1alaNes NAITUINANIINAADUNITAIEAINAITINAMNFUNUTTZNIN9AT Stress way
Strain wuidnilaifinu3uia epichlorohydrin rubber danalinruduvesnsinanas uw
annsadndnlagadleldtunseis iv3una epichlorohydrin rubber d1 70 Wesidudlng

UuinTull 28NN IMEAIANUALRNTUNINAINAISER Waglin strain hardening
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L
1

i

K2
1

Young's modulus [MPa]
1

50/50 60/40 70/30 80/20

NR/PBS ratios

JUN 62 nsuriaUSeuiigua Young’s modulus vedlnuimeslunairafinianiluian

NR/PBS

y 1 [ I oA % 1 a [ a
Young’s modulus: Axagaadumiianianusumusen1siuasuguvesianile
Husinszsin Fetladendinase Young’s modulus vaslnameslunatafnianiluien NR/PBS
loun Aruegaavesnadmasuiazydanlduay Ysuraiazvuianawianiialuagly
[ a & o = I = (9 1% a a
anvazvInediuasInaNiy TINlUfnTuNEN103dnAIY AU FUTN 62 Lanang
wisUSeuiisual Young’s modulus vaslnaimesiuwataindaaluiem NR/PBS aziiiuleain
A1 Young’s modulus #AN8AAY B UTNIUEIIBITUTIALNLTY LU9I91NY1953TUIRTAT
Modulus N1edetUTeguLig Uiy PBS 3941l9A1 Modulus Uaeas 31n91U338U8 S.
Kiatkamjornwong waganiy [64] Anwian1ign15TugUlnuKaNsEI19 HDPE Lagen9533uYIA
a = A dl o 1 a U dl
NTUHANAABUNTANENINN1SIUREUEAEIUNENTBY HDPE LaveN9s5TuYIA nulnile
USunaenesssundgeaiuvinliauegdaanauilesaing19sssuvindesegaanainil HOPE

wavdaalrlnunedwesnauiusunangadlnuuindudswalinislutuanul Wuddrundy

91MANNIUI i uegdaana
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3.0

2.0 1 /

[
i
1

o
1

Tensile Strength at break [MPa]
1

o

0.0 T T T !
50/50 60/40 70/30 80/20

NR/PBS ratios

=
n
1

SUN 63 nsvluvielUSeurfigudn Tensile strength ¥aslniumeaslunatadnianluien

NR/PBS

Tensile strength: A1 tensile strength IWUANILEAIIAINALNTOIUAITAIUNIU
AoLIIRIUBNILaslunanafnTan Uy NR/PBS Noulud1usin819Nnad@ausinn1suIn

a o 1

LLamé'fagiJﬁ 63 nudlamedmesnandifuiadagiunanves PBS uinazilan tensile
strength figaleluIouritsuAugmsnaniiionssssunigs uasuunaeadlvuiiiaunnniy
denalsien tensile strength anasn L UTIIE9ssTUYIATANTY 21N LI To w09 S,
Kiatkamjornwong uagaguy [64] ﬁﬂ‘tﬂﬂﬂﬂﬂ%ﬂﬁ%ﬂgﬂiﬂyNﬂmx’j%‘i HDPE Lag819535Uv15
fia1aAn tensile strength 9NAASIUABLERGIUNANTES HDPE Wav13535u91d nuiile
USmnaignssssumigatunieluduauludiviinaeuiagatunuviilideldsuusiadn
tensile strength azanag

NNATBvRs H. Ismail uazaasg [65] InsAnwunesTunanafindaalamesiina

al aa a al aa | a 1 .
MNNBAINTNAU/B1TITUYR LLﬁSW@ﬁIWiWﬁU/UWQﬂ"ULﬁa NaN1INAEDUAN tensile strength

' '
a

WU3A1 tensile strength fA1AAAININUIIUEI9ETTUYIRNANTLTDI9INNITHANE T
sysumAtunedwesiiiunelunatafnyiliigairessssurdfianuliseioniioldsunss

AITITUNUILVIANBUNALLAA strain hardening Nad WazLilo91NY19EITUYIALAT tensile

strength taeninnedlnsiiau Jsdsnaliian tensile strength anag
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300 S /

200 A

/

////

Elongation at break [%]

0 I 1 I 1
50/50 60/40 70/30 80/20

NR/PBS ratios

SUl 64 ns1muvisUIeuLisuAl Elongation at break vesliameslunanainianiluioy
NR/PBS.

Elongation at break: A xIsalunEaiavesdanliuneslunatainianily
\M NR/PBS uanasiasudl 64 Inevhalugnsssmummidunedwesiinnuanansalunisinsgs
dlevhnsuauiu PBS Fudunediesiifiaiuanuisalunistasismninerssssund Sedma
T9F1 Elongation at break vaslnlinaslunanainaniluien NR/PBS saudeoifinusuia
PBS Snuilstladefiddiysensiindrvedviife dnvasvouvading 91n3uURl 57 uandiidiu
1 waslriuiinusardadiunaniivinauansisiy Snnsiituresensssuiviliiead
TWufignvarnay wadliudvwimdn wariinuaitanevewuawadinuanndy Jedomuals
fin Elongation at break fiAnfiudumuusinamesenssssuui Natinee Lopattananon Wag
ani [58] AildANwBnsnavesiunuesssauunddenisiielnulutan EVA/NR/PP uay
auUAvee EVA/NR/PP Thermoplastic Vulcanisates (TPVs) TneTruiin3euldivesoanles
\uansienvans uazld Azodicarbonamide 1ua1sy 9nauidedand1ifiarsane
Flongation at break wu31A1 Elongation at break LWMQQ%HMWNU%MWQJEJNﬁiSmj’]aﬁLﬁN

saa o =

wnTuilesaineresssuyaidunediwesnianvaziangu (elastic) gullaldsunsfag

1 '
% IS

41019080090 IANAULUIVIVUINLAL AIUULTDFAAIUNANYD U195 TTUYIAVN AL A
EVA/NR/PP §if1 Elongation at break 1fin3u ag1slsinuidioiseuifisunn Elongation at

break U84 NUSUIUH195I5UIF 100 Wosidudlasuniin Aunedasuan EVA/NR/PP 1
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a1 v

TWunedmesnanaziiaesninuinitesannediuesnnansl PP 7ila1 Elongation at break

PUDENINYIIEITUYIP LATAINNADLIDIVDIEI9SITUYPAUAIN AL EAFaN LAt pYAY

4.3.2.2 auURRIueIuNIusanIsanyInveal e slunalainianiluen NR/PBS

14

12 4

— 10 + /

£

=

2

[— 8_

= T

=)

5

£ o] / :

-

<

()]

= 44 -
a /
0 1 I I I

50/50 60/40 70/30 80/20
NR/PBS ratios

JUN 65 Tear strength Tulumasiunaadnianluien NR/PBS

Tear strength: HaN1INAADUAIINAUNIUABNISTENYIAVDL NI LUNAERNTa
AlULEN NR/PBS UWandse3uil 65 WUI1AT Tear strength dAanaviloiuuTuiaens
sysuvd Inenallensssumddunedwesiiluanailusudovaniiiaunsodniseadale

Nellegndn vieaunsaiin stress induce crystallization 19 datiudavinlignsdanunuse

a0

= 4 1 < av Ao a o A & (2 a
LLi\‘iﬂﬂ%N LLG]EJEJNvLiﬂGHiN’]U’J‘\]EJUQJﬂ'ﬁNﬁNEJNﬁiilISU’W] Au PBS Mlulneslunarahn dan

[y |

UORFAFININYNTIIUYIFUIN TINFUBINAL NR/PBS WanIdnuwsdngIuvaInediuasnay

Y Y

LUULENTNNIATUBE1NTALY WuIT)A1Re19sTsuYIRbidaduseileiy inliuans

'
SR 1 1

ANuasalunIsAIuIuaenisanuialalif [50] antladefidswanani Tear strength Ao
YsunuvemlaauianiaduluiloTaninunodiuesuausening eesssuyd AU PBS n1siity
81955509 AIAARUTU U ILAaTNNN Wevinnsageu Tear strength Tusulasuses

UINUTIUATINANTUIY FoeinvesnaseIniafiogluunuasyligunuiisesuindiiuun
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Judevinegey JuidilonediuesNazsuniunssfsinsgyiniites A1 Tear strength

J9dlAnanag [66]

Yo

4.3.2.3 An®1A210F1071501UNITAUF INAUNAILASUKTINAEA Y L WN a5 Y
warannianluey NR/PBS

60

// /

7

10 -

Compression set (%)

) )
50/50 60/40 70/30 80/20
NR/PBS ratios

JUN 66 namuviaUSeuisy Compression set lsiimaslunaraiinianiluien NR/PBS

AINNITNAEBUAMUEINITOLUNISAUFINA UL INULNBSIUNaa@RnIaA by
NR/PBS nidalasuusinadn lnsandgivasiagliuimaasuiianisiasuwdasludsuenta

n15idsulUaIzUi1998190115 (Permanent deformation) Aelaani1ignisnageaui 50

v v

asrmalged lagliusaing viedadanliuluiwinsuiegnisideuudasgusisvesiag iy

(%
a

Fefon1swdsunlatndnugwasunulnundainnisliusine lnedaatoenundu %
compression set 31111 % compression set A4 kanseN1sAUAINRveITanInHaY
1IMTU1AINFUN WUTIA1 % compression set uwmaslunatadiniantlug NR/PBS &

[ o

wunlduanadsoy o MuUSUIUURE19ETINTIRNINTY naMAsdautRn1sAuRInaIlasy

v '
I v aa 1

LSINADANAVULL DAL USUIUEI9ETTUBIP tHUDINNYEITUTIRLANTANITAUAING AN %
. ° dy o Y @ P2 dld v 1 a
compression set 711 WaNAINUIANA SEM vilAiulanlnunauNions1d1ue195 55016

99 YWInTRNTARLINIzIANaY wasUSnauwaslunTlulleTaniiunn niseadiviueuloeiu
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Wusrwndruiuuin vl % compression set fidnA1anaInINa1IdU 91N9UITEVD
Zunaida Zakaria WazAny [67] Anwidvsnavesgumgiinisiinyies Alsedagiuinen uas
auUAn1sAusiveslnly Ethylene propylene diena monomer (EPDM) TnensiUdeu
ammﬁmiﬁugﬂimﬁ 140, 150 waz 160 99Aga@ed nan13mAaayu Compression set

9 Y

WUITAUEINITOLUNISAUFINAURT W DV UIRvR A LT vLALENaY Lo nwadlny

fanwurnay Ndasadiounaiudus1wrsuIuuin dealiiainuaiunsalunisausingu

nnin Tluniianwuzsadlnulng

4.3.3 nMsAnwnsiiananuas PBS lulnumaslunatafndanluien NR/PBS

MiseivnsAnwanTAnsiiananve e slunaiainfaniluieniings
52919719 PBS Waz813555u%15 F9819555um98 iunefiwesldingn ud PBS umedly
wanaRniwan (Semi-crystalline) Usznaussdaudidundn (crystalline region) uazdiu
9§ (amorphous region) FeUSuunEnuoq PBS danaseautiveslniuianmosly
wanaAndaaluwen NR/PBS wiu anuanansalunisiialay, A1 Modulus, Tensile strength
wag Tear strength \Wu@u 910918904 Charif Baru hazame [51] ladnwaud@idena

o a

waAnsIunnAnkEn uwazdaiguineveavelunanafinTamluiem AwIeuanlaundnda
aludurese195IsHE Rt uneANsaRaY NanIsTnaamull WieuSuadnsdiunausns
sssumAlume unanadntam luviiiudy avdawalien %crystalline fidanasdunasn
Pnnas1essTuTRlumesiunaradiniaatluanazdavinsnsiiauantulansdnseiay
wEadawali Modulus waz Tensile strencth vasmeslunanannyasluem NR/PP finduy
AUUISUUNANUDY PP

ngAnssuNIaiananvas PBS lulvumeslunwanafinianluteyn NR/PBS a@11190
Anwlalaeldinaia Differential Scanning Calorimetry (0SC) Tusuiseilvinnsnaaeui
H199unQil -80 D1 150 s @alfied mednsINTsiauseu 5 ssmwalduaneuil aeld

an12zlulnslau NaNITVAABILARRIFUT 67-69
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Neat NR Foam

NR/PBS 80/20 Foam

NR/PBS 70/30 Foam

Exo up

NR/PBS 60/40 Foam J\\[__’/
NR/PBS 50/50 Foam l\r_/

—~—

T T T T

T T
100 120 140

Neat PBS Foam

T T T

T T T
-20 0 20

T T L T
-60  -40 40 60 80

Temperature (°C)

gﬂﬁ 67 N3 Differential Scanning Calorimetry (DSC) waslnsivaslunatainianiluwm

NR/PBS 4 First heating

First heating scan: 3aNN13MAddY DSC thermogram v833anluy PBS wazlny
NR/PBS TPV #i8ns1dusan NR/PBS fie 50/50, 60/40, 70/30 war 80/20 wWasidudlng
dnedn LLamé’quﬁ 67 uazmansinismndeuiildarnnisidaudounssii 1 uanads
a3197 8 avudiulddnlovsmassssumaintussvinlvanvazveinsiaiiaildlunis
nasumarduaniiosnnlingsuliunisaeumantios farsaniiguvnilunisvasuman
PBS Tulwsmeslunaraintaniluisn NRPBS wuadnsadaunay NR/PBS 71 0/100 e T,
Winiu 114.15 ssAwalded LﬁaLﬁuﬂ%mmaNﬁiiwmawudwqmmﬂumwaamwim PBS

Twwmaslunanadnianluwyn NR/PBS luifinsiwdsuwlad
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Neat NR Foam

NR/PBS 80/20 Foam

NR/PBS 70/30 Foam

o e N

=

S NR/PBS 60/40 F

e . oam A~
NR/PBS 50/50 Foam /\

Neat PBS Foam ’ \

o 1
-60  -40  -20 0 20 40 60 80 100 120 140

R

Temperature (°C)

gﬂﬁ 68 n31M Differential Scanning Calorimetry (DSC) waslnsivaslunatainianiluwm

NR/PBS 4 Cooling

Cooling scan: 37An15NAd8U DSC thermogram a3ty PBS waglvu NR/PBS
TPV N18msndumen NR/PBS fa 50/50, 60/40, 70/30 Wag 80/20 Wasiudlagurvin uand
[ a | wa }% av oy [ Y @ o [ a I &
AIFUN 68 uazArautinsamTountaannsi g uduantfinsned 9 [uduneunis
VIAEus (Cooling) Aednsansananngll 5 s rwalluanswndl wuitgaungiiinudn
(To) lldsunlaailaiaUsunnenssssusi-egelsinailafiansuiesidudnsiianan
(%Crystallinity) va3 PBS Tudanluuwmeslunaiainiantluien NR/PBS 31nUsuiaunand
Andulutuneunisviiiduiidsaenadasiuanunlundnvesdunuiiegsignintvines )
[ Y o [ dﬁf < ay a v 1 1 I 1 .. a1 a dy
LUAY 1RHUNTETUTUTUTUNUNTATdIUNENA99 WuTen %Crystallinity A1NLUY
AuUTuNn PBS 38 %Crystallinity A1antiiauTunas NR nTY e nluianavoend

sysumiduedaugrudilidavinsnsdniessiaues PBS vilrdanudundniesas
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Neat NR

NR/PBS 80/20 Foam

NR/PBS 70/30 Foam

NR/PBS 60/40 Foam #\[_/
NR/PBS 50/50 Foam J\f—/

~

Exo up

Neat PBS

UL T — T 1
-60  -40  -20 0 20

T T T 1
40 60 80 100 120 140

Temperature (°C)
gﬂﬁ 69 n319 Differential Scanning Calorimetry (DSC) vaatnaslunatafinianluwy

NR/PBS ‘flguSecond heating scans.

Second heating scan: 3900 15MAd Y DSC thermogram 9 3lWy PBS wazlny
NR/PBS TPV #18m31d usian NR/PBS fa 50/50, 60/40, 70/30 Wag 80/20 wasidudlag
dmiin LLamé’quﬁ 69 uazAaNTAinIImnSeudilgarnnslianudeundad 2 wanass
An3e7t 10 asiulidn PBS azudnsiia Re-Crystallization ludupsunisliaudou (T,) 7

QU 96.36 BIANTALTYE LAz WANUIUONDIQUVNYANITUABUWAINEN (T,,) V81 PBS 9

a

unndl 114.05 seAnaaldoa lnafin Re-Crystallization agunneoniduiinauinan 9

9 Y

gungiandnguuniivasundn Geanansnesulenginssunisnevauasieniuioulain Tu

9 Y

g o Y < LY . v [ a a 1 a @ 5
TunaUN1SIMEuRI (Cooling) MudnsNIsangumnil 5 ssrnwaduaseuriiiutunou
n3vihlif PBS anwdniilesannnisvitlidusia agliianunsavinli PBS anudnlaeg1vauysel

aeiulutuneunisliniuounssn 2 axvinliiinfinganiiudeu (Endotherm) uadn

feugaumginsvaesumaInandulngfiaumgl 114.15 samwaltea
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13199 8 Angaunainsvasundn wazUIuiunanves PBS Tu eslunaradinianiluim

NR/PBS Tudunaunstyiainusounssn 1

1*" heating
Sample (NR/PBS) T %X,
50/50 114.030 39.909
60/40 114.091 36.673
70/30 114.410 33.333
80/20 114.180 31.958

M1519 9 Angauniliianan wazUSuIunanvae PBS Tu meslunatadiniaailuiwn NR/PBS

Tugumau Cooling

Cooling
Sample (NR/PBS) Te %X
50/50 87.433 41.703
60/40 87.177 37.088
70/30 87.233 33.938
80/20 87.872 30.326

M15799 10 A1QNINITVARUNAN warUTuaiNanved PBS W woslunarasinianiluiey

NR/PBS Tutunaunishinnusaunsan 2

2" heating
Sample (NR/PBS) Tm %X
50/50 114.061 40.453
60/40 114.187 36.809
70/30 114.089 33.636
80/20 114.596 29.646
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4.3.4 Anwranuwdaniavasnumaslunataindannlun NR/PBS

60 /
50 4
= ] !
L 40
o
=
2 ] T
&2 30 1
(V]
=]
-c b -
—_
]
£ 20 /
10
0 I I T T
50/50 60/40 70/30 80/20
NR/PBS ratios

JUN 70 neuluviaIeuiisusn Hardness Inanastunanadiniaailuey NR/PBS

Hardness: i1 Hardness n3aA1a11%udsvasianivumeslunaiainianiluigm
NR/PBS Ao awd@vesianfianisasuniuvienusenisidegiuuunaradn laoundtinan
5yl dusesa1nn15ne 0814l5ARNANNLTID1R5IUTS AUAIUNIUABNANTHA A5TA
N157A Lazn15in Jalaen1sNadeunlgRINALUY shore A meé’qgﬂﬁ 70 dlofiansan
Wibuifisusnsd e snasidawanemnui e sunulny nan1snaassmuin A1
Hardness asTiuwaslunatafnianiluen NR/PBS fidranasiioifiuusunae1asssusii

WasnnBuaulnudulnunlaainnisuay seningenssssusfnu PRS dalassialuaining

v
av Ada 1 I3

wiawea PBS flA1Useanas 107 druvesenssssuyafldlunuideiliidanuudssyana 40
wulddninAinuudsves PBS niiganinenssssuvsin Jaduamayinlilvamed
woswaniie Hardness anauifiouTuin PBS anas viieuTuiuessssusiifiady egrlsh
puilavinsia PBS wagessssurimanfundtusufulrugeuvinlimeuudedon nin
PBS HawffugnessTurAun Liosandunulruiivosufanisluiunudiuunnnisdmali

AANULTatpead [67]
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'
S 1 J

4.4.  meuil 4 m3AnudvEwavesunluFANdmasonsiiawadinavasumasly
wanaAndan1luien NR/PBS
naUszgndldsutanuiludesendoanuiuazaudiladuiugiuiiddywans
U38n15 WU Andnway un JUTsazlasiadsveseuniauly (Nanoparticle) 9
auURRIUA19Y LU and@nisna e i wiwdn memenin nsauseu meTanan
msnumsiansouvesiaquly Wudu deumsldaudieliliusslovitasinnummzan
fumsldnuanniian Jaquilufinisiaunlinuniseraimnisumalsegna 1wy gnanmnssy
wodles gaamnssudmeniFonirdmeunlunioidulounlu gnamnssudiuemisuay
U333A9 geaivnssulavsuaziannioasne @naInnIsueIueud gnaINnITUNENIY
gnamnssudldnnsedinduagnouiiames anamnssuadesliliii gramnssududngulng
ualnangluthu granvnssaiedosdnos Qs mnsIfUELaLNISUITS gRavMnTILdIY
A T viusud wiegunsnidanTossusaeg Wudy dedu enandnldiasuiluuas
wealuladunluldiAansiulatasimuiodinnsiazegisdeiies iRaanuduiuduaz
Rendestudsiagmansetna Insaquiludeguangvdagu unluddn (Nano-Silica) wlud
afeenled (Nano-zZnO) wluazgilun (Nano-Alumina) wilumrelileseenlys (Nano-CuO)
wazuluAuau (Cabon-based nanomaterials) wilulnnailles (Nano-Titanium) wdulewn
Tunsolwiuasunlu (Nano-Fiber) luiwad (Micelle) sWusin Jagduiinisiienfaguiluun
Uszgnaldlusemnedinosegsuwivas ileiiuanauiiuisUsznisliiuianmedwes wu
auddana autAmannuou Wud fHdedelinfainiteniaguilu Jside wiludan
huwanfuneRmonan NR/PBS Wi lunanarsiitetusuidulny gauszasdiiie
USuUss andinisisdn aud@diumiunisdnuna wagaiiuaiunsalunisiudinduiileldiu
L3NS warUSuUssdnuzveteadlmesTunanann Tanluign NR/PBS Triatulasnis

was Nano Silica Tudnsdiunaunssioluil Ao 0, 1, 3 waz 6 phr AnnuNan1TAasIRalUll

4.4.1. dnwazmdugiuinevaduumesluwansntaailuen  NR/PBS il
s TudanTulsunadfiuandiei

IINNINAFBUENWUEN AU IUING Vo ugadlnumaslunatadnTani buigy

NR/PBS fifinasiinutuddnaluusuiauiiunndiefu §a81a3es Scanning electron

microscope (SEM) wanedis JUN 71 wudrdnuwaznisiialrluvednuwmeslunatainianily

LY ]

@y NR/PBS NN AUl UBAN19ns1d1un1sHauwanenaiy Ransanwad nuildnwuzidu

v '
= % IS

waaUn JUS1NaN Ns¥ngagnlilevesian Walinuludanilunisiausnsdiunas 0, 1,
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3 4y 6 phr dwaliwadlnlufivuinings wasUsunausadiny siawmaﬂ%mmwauﬁai’a@
Iw:uﬁLﬁmLﬁmmﬂsﬁumﬂuﬂ%mmmaquﬂu%émuamﬁqgﬂﬁ 72-75 Wunallesunainuiludanm
Uszng@tdu Nucleating blowing agent 91n91u3498U83 Cristina Saiz-Arroyo hagany [37]
AnviAgitunsruauntugUinefunety wasfnwmavosmafiuuludandmiuln
LDPE n13nnaedves Cristina Saiz-Arroyo wazAny fiiedtesiuiuiseie nan1suageu

[ o

Snwazdugruvenyadiy LDPE fldainnisnszuiunistugdlnudisisnisvilfifnln
puwaila Chemical blowing agent %ﬂmsvjﬁwﬁa azodicarbonamide (ADC) wagtinuily
Fan lushsdruwansneiufie 0, 1, 3, 6 waz 9 phr efnwdnuaensAnwadlng wuin
fusunaunniiunludan o, 1, 3 uaz 6 Weidulaeihmindwalfiinadlvly LDPE 7
Bnasmudiuidesanuludanfduvilig cell nucleation rates wiudu sgnalsfinnuile
Wawludaniluit 9 wWesidud navdwalwadinudvunilngdudunauiainnisiiu
Usnamemnludanunniuly Jainonlwazusy uluddnninsunguiududeusiia
vy dawasiolansyinaunszansiegauuinanluganmnnnaluime wadlnuildded)

AN eTuaTugUlnun83eNASALTIAY
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72 Yuistgaduvednaslunatannan luten NR/PBS 9051d7UNaN 50/50 wHw

w1 ludan" (a) Nano silica 0 phr (b) Nano silica 1 phr (c) Nano silica 3 phr wag (d) Nano

silica 6 phr
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(d)
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Partical size (mm)

T T T
02 03 07 08 09 10

73 Yuistgadnuva s nmaslunatainian lulen NR/PBS 9051d7UNaN 60/40 tH

wluganluusunafiuaneis (a) Nano silica 0 phr (k) Nano silica 1 phr (c) Nano silica 3

phr wag (d) Nano silica 6 phr
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-I T T
02 03 04 05 06

Partical size (mm)

T T T
07 08 09 10

sUN 74 nsnseangivuinwadiiuvednuwmeslunaradnianiluign NR/PBS 8751

drunay 70/30 AdnsiinunluddniluuSuiaiiuaneia (a) Nano silica 0 phr (b) Nano

silica 1 phr (c) Nano silica 3 phr wag (d) Nano silica 6 phr
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50

(b)

40

Frequence
(53]
o
1

N
o
1

T T
01 02 03 04 05 08 07 08 09 10

Partical size (mm)

(d)

Frequence

204

0.2

T T T T T T
04 05 06 07 08 09

Partical size (mm)

T
0.1 03 1.0

JUN 75 nsnseaneiruinwadiiuveddntmeslunatainiaailuien NR/PBS 8751

drunay 80/20 AdnrsiRnualudaniluusuaadiuanaie (a) Nano silica 0 phr (b) Nano

silica 1 phr (c) Nano silica 3 phr#ag (d) Nano silica 6 phr
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4.4.2. YSuruAMunuILduvastgaaly (cell density) vaalnuinasly

watanndan1luen NR/PBS Aiuulu@and

Nano silica 0 phr
14 sis
Nano silica 1 phr ]
1 Nano silica 3 phr sl —
i Nano silica 6 phr A
o 104
E Josess
J XX
2 X
= o0
o 8- X
Q D%
2R
< 4 XX
(=] bo%e%
— Jo%0ss
— 6 0%
4 5
Z 1 R
0.0.0
Q.Q.Q
]
4 XX
90058
0.0.0
0.0.0
0.0.0
0.0.0
0.0.‘
0.0.0  —
0‘0.‘ m—
0.0.0  —
0".‘  S—
0'0.0 —
0’00  —
I
60/40 70/30 80/20
NR/PBS ratios

JUN 76 nemuvisianinisidsguiey Cell density (N gaslisinaslunatainianiluigm

NR/PBS 719n 1@ unauuana19iu kasUsunun1siduuludania o, 1, 3 uag 6 phr

mﬂgﬂﬁ 76 wanananisiisuiiisy Cell density (Ny) vaslnumeslunatainianilu
w9 NR/PBS figusdaunauunnmsi wasusutanisiiuuiludandi o, 1, 3 uwas 6 phr
wuUsinangadiwufiindonineusuans Usiafindudiomusnsdiunauvesens
595uv17 BseBunglilunamsvnaseneud 3 JUT 59 Wlofiansandvinaniaiduunludang
WuUsaadinuiindermineusuing (Cell density (N)) vedlvsmeslumataintanily
i NR/PBS fUsunauanntu dieviinySunanisidiuunluddaniit 0, 1, 3 uay 6 phr AUa19U
Lﬁaamﬂuﬂu%amgﬂwazﬂuwaaLmaﬁ‘mau NR/PBS Lﬁuaqmﬂ*‘uaaLLGﬁaéuumﬁﬂﬂwﬁnsJaguJﬁ’U
dlowediednay lnelunszuiunisiindandea (nucleation Process) fis esfinex
Aatuuuiidudassninwosvaiuasve s (Liquid-Solid interphase) FovowdeiliFonin
ansiviliAndaadea (Nucleating agent) [31] endegnatu wiludant anuan1smaaes

Wiuiieu Cell density (Np) vaslvlumaslunana@nianiluley NR/PBS Jeduualiuusuie

wad UM AARLLINTUANUS LU LA
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]
=

4.43. AaNURULUY (Density) vadlnsumaslunardinianiluwn NR/PBS #

WaunludanD
400
V//7ZZ) Nano silica 0 phr
Nano silica 1 phr
350 + Nano silica 3 phr
Nano silica 6 phr
300
“g 250
2
200 H
z
v I~
(=} R
R 1504 % 5 %
50
0’001
o
100 - =
24
0501
5
50 - )
:,o.q
o
0 |

50/50

NR/PBS ratios

SUN 77 nsluvisuansnisiUseuiiisu Density aadlvlamoslunaiadnianiluiey NR/PBS 9

&

[y |

SNTIEIUNANLANANAY LBZUIIUNITANUIIUTEND 0, 1, 3 wag 6 phr

NNgUT 77 wanansiUSsuiiey Density voslviameslumanafintanluien NR/PBS
fsnTduNanLANA Y wazUTINISRINTILEANIT 0, 1,3 Waz 6 phr Januidlewiy
Usnaunlu@dnimnumuiuduvednudnanadistianiay 31nNan1sMnaeuTLIAYeNLas
TrluTinumaisuluganunnssfunuiuiludiofidusnnudmalivuneadl
Gnaslasuniazdwaliaemuiuiuinty udidlefiansmiainain SEM Ul 71 uay
Foyausunansifawadlnufagud 76 wuimvmauiludangsdwadlnuiiAnduaumn
waziidnunizvessiavadinuiiusniiuifnsuasynaunTuanim Jaduameiiviala

1 1 a0 6 a aa dl QI dy
ANAMUAUIBLUUTIANAANAIAINUS U UUN TUTAN ALY [68]

4.4.4. g@uindanavawnaslunatainiannluwn NR/PBS MAuunludani

[y [y PN

FannauduTanniinewfanieluiunu wazumdnui Juianigninunldiuedis

Y 1

wnsuangludaqgiu endiegrudu Tagdunszunn Nuseain wizsa vueu (ludu 3

a v L3

A & 1 a 24 J ¢ al J (% 1 a wa %
wan g duly LLG]aS‘Yﬂ\lﬂgﬂi“U\‘i']‘lﬂULLﬁ]ﬂSﬁﬂ’]Uﬂ’ﬁmVILLG]ﬂﬁ]’]ﬂﬂu LAZUDNNTNUAUDIIER

o v

Mnzaonsinuvewandusity q sutidnaduantfdesmunddynaesinisdne
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diodnusznnnisTénuvewdndneiivy TneautRildanafidfyeding liun autinisfidn
AUURAIUNTIANTIA LagaNuRnIsNASn
4.4.0.1. auvfnsiiBavedunesTunaiaiinianiluey NR/PBS Tduuiudan
nmsanwautRn1ssdnvesdnimesiunaafinianilulen NR/PBS yinnnsvnaauniu
P55 ASTM D412 Test C Tagld8ns13alun1sisda 500 mm/min waiildainmsmegey

lAuA Tensile strength Tensile modulus wag Elongation at break LLamﬁdgﬂﬁ 79-81

6 6
Nano Silica 0 phr — Nano Silica 0 phr
— Nano Silica | phr Nano Silica 1 phr b
5] (a) Nano Silica 3 phr 5 Nano Silica 3 phr ( )
Nano Silica 6 phr - Nano Silica 6 phr
£ =
4 a4
2 =
z 5
£ 8
= 3 2 37
= o
123 =
5 z
()
= 2] = 24
1 14
0 — T T T L L L B B 0 T T T T T T T T
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Tensile strain [%] Tensile strain [%]
6 6
Nano Silica O phr —— Nano Silica 0 phr
Nano Silica | phr Nano Silica | phr d
5 Nano Silica 3 phr (C) 5 Nano Silica 3 phr ( )
Nuno Silica 6 phr Nano Silica 6 phr
g £
4 4 4+
2 2
w wr
g Z
= 4
= =
=24 & 24
14 4
0 LI B S B L R R L N B A L B A I S B R R
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450
Tensile strain [%)] Tensile strain [%]

JUN 78 N3 muanInnuduiussendnge Stress ag Strain vadlnumeslunarainianly

@9 NR/PBS inunlu@ani (a) NR/PBS 50/50 (b) NR/PBS 60/40 (c) NR/PBS 70/30 was
(d) NR/PBS 80/20

N5LEAIANUAUNUSTENINGAT Stress wag Strain vadliluimasiunanainianibudg
NR/PBS fifl§ns1drunauwnnm1eaiu@e 50/50, 60/40, 70/30 wag 80/20 wosidudlag
Udn wazdin1s@uulu®dnifio, 1, 3 wag 6 phr uananaguyl 78 wudnlvumesly

wanaaniantlun NR/PBS Mladingfnssunisasgauuudaiasin (Elastic deformation)
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'
a ! a a

f9sananAmEuTiisTun st asvediy Avsunauluganffiut udawald
%umuﬁmmu%qLmimwﬁuLﬁaqmﬂ@mamﬁ’ﬁmaquﬂu%amﬁﬁmmLL%amsaqaLﬁ'aﬂszmaagj
Tulfomediuednanisdmaliansauusaslduiniu Snieensdunauveddiy T3
gsssaAidudmandsdienaundudarafingsrauuiinann dualiuansmgfingsunisa
gauuudanadn (Elastic deformation) lepg1edniau wasiiia strain hardening ag1slsAnu
anfulEdn7isnsdrunauaes PBS uTudinaliainrudulutlrsdaiainvesnsw
AuduRUSTENInae Stress wag Strain Wunaugsty esain PBS iunedmesussiny

weslunanadin (Thermoplastic) @4l Modulus iguileUSeuiieufiugesssuws [22]

Young's modulus 150 lugaagangu (modulus of elasticity 138 elastic

< 1 [y < < N o | [y I aa
modulus) LUUATUBNTEAUANNLTINTA (stiffness) VBIIER ANUDAREVDINIAN ATBNAYDY
FM5INNSLURULUAIUDT AULAY (stress) Ao AINLASEA (strain) NANANULALLDY F@11150
P1INAMUTY VINTINAMUFUNUS AIUPU-ANLATER (stress-strain curve) NEAAINNNS

71988999 (tensile test) WanRaNISNAADUAIL

Nano Silica 0 phr

Nano Silica 1 phr
EiE] Nano Silica 3 phr
Nano Silica 6 phr

Young's modulus [MPa]

50/50 60/40 70/30
NR/PBS ratios

JUN 79 nsuriadSeuliieuan Young’s modulus vedlnumaslunatafinianiluian

NR/PBS §n518UNaNLanaI9iy uazUsunan siauunlugdnii 0, 1, 3 uag 6 phr

Young’s modulus: 31n3U# 79 uanin1siuIguliieusn Young’s modulus vaally

wastunaainianluwyn NR/PBS NoA1@UNaNLANA19AY kazUSu1an1siiuunludanid



114

0, 1, 3 wag 6 phr wurnlatinyUIuuuluganT dwaldt Young’s modulus dAniinuintu
Feuansdesnuausalun1siununsiuisusuresiantnuasdy 1ewinuiluganiviy

pasuwssbitulnumaslunatafindanluwn NR/PBS Fanaulneanlunssauunlunse

' [ '
a faad S a v

wiludanluanelunidninuifgaunsanuanuiouldfuazdmiuudasegidula

Ly

Uu

ee o)

(3 I

lainsih@anunluldldlunmsiauindadaeilugnaivngsusing q ievinlindndaeitul

LY [y

anURARvUUNIT IR aN U TUNALNUE1INaNaRn tneviluunludanastiewasunsslinuian

o

finay 3ildn Young's modulus vedliumeslunarainyanluiem NR/PRSILTUAT
Ui wiludanmildiuty wsdonauuluganiuTandidulny unludanasdmarily
Tnssafrawadlnudvunaiidnasegiaiulddn vuineadluazdvuailndifesiu uasd
Vsinanwadlriunnnau dioldsuuseiaddmnuudusannnilriyiifinneediruilnguas
lashiawe annudeves neas. nsdnad avnsls wazane [69] l8Anyinavesulugan
waziradsoanvfnisivia andhmsnalazauiinisaiusouatnmesiunatafinianlulgy
NeisEing ENR waz PP TneUaeuusinannludans faus 0 8¢ 50 phr namsvndevaudi
msasdanuiadefidmasonmegdadioimnauiiludan fe anuudaunisveanluda
nYeLasuusslViune R SHasAtopdasdAgeiuauy T ludanfidiuanty
ieandanvunidnnsrareeglutanimiiasuussifumesTunatainiaanluiy
NR/PP a8 nslsfintuiileiiaiuuinddnininnda 30 phr vidld@anuianissunguiudy

aunAvatvy deralvandfinishdnanas

Tensile strength: ATTULTILTINISUTIRS (Tensile Strength) A LIINUNATEIINLUY

anwaEn15Ae (Tensile) kaguuiusmRInduiuAnifinvesianyiliianeanwssinuiie

a0 1 J

dinanean1 Tensile

IS 1

LiliiAnn1svinesnanniu dudlreidu MPa w3 N/mm? Jade
Strength was¥aqlnlupouwedn fail Usinmuansiuiy Yinadadiuvemedwesiliuay
waganwagnsialnuvedlumeslunaa@nianlulen NR/PBS/Nano Silica Han1svnaes
fin Tensile strength vaslviuweslunaraintanilud NR/PBS fishsdrunauunneaiu was

USinaumsiauunluganid o, 1, 3 uag 6 phr wanafagui 80
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V77Z) Nano Silica 0 phr
i R228 Nano Silica 1 phr

i Nano Silica 3 phr
Nano Silica 6 phr

X
K
K
0.0.0.‘

00009099,

RRZRIIIR
RRIIIIRK,

Tensile strength at break [MPa]

0. 0. 0.0

XRXK
9%
XX

X
X2
2R

XRRY
9%
.’0.0.0

>

5%

2R

%

030;
3
%

K2
>

50/50 60/40 70/30 80/20
NR/PBS ratios

5UN 80 ns1lwviaUIeuLiiguAn Tensile strength voslvumaslunatafiniaailuwgn

NR/PBS §n318UNaNLanAI9iU kagUIunansauwlugdnai 0, 1, 3 uag 6 phr

FosaniUsnam RN IuBaNuANAISAY WUFT A7 tensile strength dAiudu
muvnannTudan Wusesnaniadeunluganidueynavesudsvunndn nszaneegly
Fanlnumoslunaraiinannlud NR/PBS druausnavimiiiilunistioiaduuss uagnuii
N3 stress-strain LA strain_hardening dloldFuusafiedin an tensile strength ﬁaﬁﬁhgqsﬁu
[69] iaduunludanaadululnundrezvilFwadlnafiusinauntusasivuindnas
osannTudamaiedu nucleating agent Tunstiaves Wetdneanazannsadalduiniu
195550 R s RaREn FluvafiSUns R (stress induced crystallization) Fafina
mynulunsldnumeliannedildsuussisldd uay PBS AfluTudanmanegdwmaliiinm

wlaunsegavinilnumedwesuauniien tensile strength Migetumuu3unaunludani [37]
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500
|77 Nano Silica 0 phr
450 4 B2 Nano Silica 1 phr
] i Nano Silica 3 phr
400 < Nano Silica 6 phr
=350 -
e
S 300
&)
= 250
=
.2
= 200
&0 -
3 150
= 1
100
50 -
0 y y . {1 H
50/50 60/40 70/30 80/20
NR/PBS ratios

JUM 81 n3uviaUIeuniisum Elongation at break vadlnsnaslunaafinianiluigm

NR/PBS 8n518UNENLANANAY UagUSHIaAISALWNIUgan9 0, 1, 3 uag 6 phr

Elongation at break: A1 Elongation at break fia A1n158nd7 s 9av1n Andy
o Y o A = = = a v o A o .
SavavnstadivesingignvinilowsauWisunue13usy Yadefidemanias Elongation
at break dnsuiantnlineslunataindaniluigy NR/PBS Niinsiinunluddn1duansen
a =4 a £ a a U 1 a a“:l' % o a
W AD USUNETARAL USUIUdndIUUeIN DAL Ia SR LINAY haza NYaN1SLRALNLUDIlNL
waslunarafinianituten NR/PBS/Nano Silica Han1snaaedns nuialSeutiouan
Elongation at break volWumaslunataintanilug NR/PBS 8@ unaulanaeiy uay
USuansiiuuilu@dnif-o, 1, 3 uag 6 phr uaninazuy 81 annsivaziiuleain
ANEINTaluNsEafvaalnuwmaslunatainTaalud NR/PBS Ingvlug1esssusnmidy

a 4

WaaLmaiﬁ:ﬁmmmmaﬂumi%ﬁaqﬁ dlonauiu PBS dadunediwesfifianuaiunselunis
SafasnIe195550917 9denaliian Eloneation at break vaslWumaslunatafnanily
|9 NR/PBS sasdlowfiuusinas PBS fnnsaniivsmannludanmifiutuileldsuusis uay
HawUstunseiulsuiansiunanuiudan Wunawiannsiuunlugdanvinlvanvae
nsialiuvesumeslunaraintanilud NR/PBS Swadlnufidvundnuasiivsuaises
TuAnunnTunuysunauiluganm Tasadavadiuvuiadnsiuiunnnddulaeadlnly
FiFousonuindusssuaunndisldsuussisdannsadaseenlduinnin [37] usegdlsh

A11A1 Elongation at break MlaladA1nuuana19iuLIndn WAILINAIINLANA198E1
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Faundnsdiunauinisinfiaafsdnsidiunan NR/PBS wiriu 80/20 1esidudlay

dnin
4.4.4.2. nsfnwIaudanIsanyInvedlwumesiunalaanan ey NR/PBS i)
luang
16
Nano Silica 0 phr
14 - ksl Nano Silica 1 phr
REZ Nano Silica 3 phr
i Nano Silica 6 phr
12
£
Z 10 &
£,
S
D 81
2 7
& 6
<
L 4
—
4 4
2 ]
0 : ! , .
50/50 60/40 70/30

NR/PBS ratios

SUT! 82 nslwriaUSeuiiiauen Tear strensth Todliumelunaiafintaniluen NR/PBS

=

[y 1

FNTIEIUNANLANANAY WarUIIUNIIAVUNUGENIN 0, 1, 3 uag 6 phr

nsnagdeU Tear strength veslnuiveslunalainiaailug NR/PBS vnisinsoudu

v
a Y 1

Freg1ailanAaUAMNFIUNIUABNITANUIAMINNTNTZIU ASTM D 624 Tagdindiufiatng
LU (angle) AMnTuiegnssiiliainnistuzuuuudaauduuiuda (compression
mold) TunagaudeLAdas tensometer Midn31N15A 500 mm/min SufinAussediviligy
Fregadnumiiothafldlumunamanuduusenisanua (tear strength) Jadeil
danasiaTear strength vaslyly 91n5UT 82 uanansuwviaiUSouiiiousn Tear strength v84
TumosTuwanadniaailud NR/PBS Snsndunauuanaaiy uazUiinaunsiduunludanidi
0, 1, 3 uag 6 phr WUIAIAIUAIUNIURBNITANVIA (tear strength) fafnsInuniy
Unaunludant esnnuiludanwimihiivaeiasuusdiiuaninudieuudusaionns

ANUALAR FIUULAIAIAINUAIUNIURDNITANVINIITANLALY [70]
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4.4.4.3. 015ANYIAINEINITOIUNITAUS INAUNAIA TULTINAEA YD NN DS 18l
Wa1afnian1lug NR/PBS @i lugany

60
Nano Silica 0 phr
-+ Nano Silica 1 phr
. 77; Nano Silica 6 phr
|k ?
S+ H at
3 - B %
73] T 1 == %
= HH 1] am I
) . - e
i s i
2 H i
S 204 . 1] A
@] . R us
104 V4 - =
0 — ; Ll ! m
50/50 60/40 70/30 80/20

NR/PBS ratios

sU7 83 nyluviaTeuiisua Compression set wasinsineslunarafinianluigm

NR/PBS 8318 UNANLANAINAY uazUSian sauunluganii 0, 1, 3 uag 6 phr

371NN13NAAUANNAINITaluNITANFInaUvadbumesunaainTanluey
NR/PBS Aifinsiinuluddna ndelgSuusenadn Tagaugsuesiagnuiinaasuifianis
Wasuuasldusuenfenisiuasuudasgusneensans (Permanent deformation) aels
anzn1snaaouil 50 ssawalded Ineliusnn wiesnanlinlunuinsuilognis
Wasuulasguiestagivy Sefomaasuuaseugeostuauliamdsnmsliusna
TneYarneanu iy % compression set W % compression set A9 LanaDanseY
faiilsifvestaninu Jadoildsnasioauti compression set Tuagiu dndiunanssving PBS
Lare19555u77 TnstenzUSunaenssssuaTiiiuduazdnalden % compression set
ananl099 N85 5IuR TaudRn1sAuRfiA A1 % compression set #in e TauTAn1sAu
fandalasuuseanasaiinay Snladeiidmasiarn compression set e Snwarmsiianewes
Tl fasenUinamsinuludanunntunuiae % compression set sauansdeulu
Fanaeliianlnunay NR/PBS annsaduindulsfindaldiuusinndn osnulugam

Pretasunsslilassasrweadluianundasideausafudindulen anvsunludanidavin
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w7y nucleating agent Tunsiiaviesuialudusudsalnludwadusuiaiéan was
USunauaadluunnTuyin b nuiindLeadousa fus U LLIN ULl SUNASRILAILTAAY

snaulan [70, 71]

4.4.5. n1SANEIAMULTIVBIIWNWaslunataindanilus NR/PBS #iteuunluda

N1
V) Nano silica 0 phr
60 ) I Nano silica 1 phr
Nano silica 3 phr
Nano silica 6 phr
50 4
< %
L 40 7z
1S
%
> = %
£ =
o
—
o
T 20
EE
10 - —
e
0 — -
50/50 60/40 70/30
NR/PBS ratios

sUN 84 A vigUIauiaual Hardness waslnsiinestunaianndanilueyn NR/PBS 8751

U

duNaLLANFINAY kasUTuINISHUUILUTEN 0, 1, 3 kA 6 phr

oA = P

A1 Hardness tJuAfivauanisanuidsudnuiivesian Wunuauthvesiag

anusasuIursenuien1sidesunuunatainlaeunfiiinainnisiidusesainnisna
ogalsAinuanuudeorasinds arwduniudonisda n157n Msdn waznisde daded
danasior Hardness vasvaslriumosTumanaiinianluion NR/PBS Ainauuiluddniduans
Fudlusinaunudaninausnsdinineg Wesnuluganuumsiuduifeyanauds

[

Wevniswanaznszargvimiiasuwsdviuianlnyg [70] 91n5U7 84 LanangInime
W3uiflsuan Hardness voslvlameoslunatadnianilug N52R/PBS n51d@1UNaNLANsIg
AU wazUSuanITAuuIluganId 0, 1, 3 wag 6 phr NA15UIMUSNIUAITIRNUNLUTEN

LANANIAY WUINAI Hardness A ANNINTUANUTUI MU TudaNT Wesannuluganudu
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anainusa Nvimtnasuusaliiuianlnumeslunatafinianilud NR/PBS Fedanalit
& I = = aa I < = aa  dAa A a Y =
FUNULTRNTUAINYTIINEEN ag1elsinuUSiauluddnidulivsunaudesiiies 1, 3

WAy 6 phr JUaRINITIRNTUVBIAT Hardness Liigaidniioy [72]
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una 5

a@ﬂwamimaama:ﬁmauauu:

5.1. @jUnanisnaasy
d' = a Y a aa a
Aoudl 1 N1sAnwImBsluNaIEaRnIaA1lulYNV 9819555 BIR (NR) Waunwaadaf
audndiun (PBS) (NR/PBS TPV)
n1sAnd@nwifenismisudagmoeslunanafinianiluigy (Thermoplastic
vulcanizate: TPV) 91nWoauasHaNIE1I19 NR ay PBS Noms1d3un15Hay NR/PBS
| (Y} | a 4 Ao a a f:’f{ a aaa a a < é’
LANAAAY WUIINBFLNDTNANNT NR USuauiindu n1siinuiseteueineasiing iy
(WT8U7 13879 torque HAWNNTU) LHIBIAINNTHLUTIMNINTY WhduTluszalussuy
HANTINNAIAUTIUIUNIN FNUULNNFUTIVINGINUTYAIAYY NR LarInnIAves PBS
wenfueg19tnaY dndrunauniuTitas NR Tuye 20% - 50% Wneunin ayniAvedensia
& a % (9 = a o I a [
aludiinnisnszanediluinnin PBS Baeuningrslianwazidunsinautazduuindn
auNANRzTvIR T I UL NAIUTIM NR Han1svageuaudn1shstianudl fHansana
Young's modulus, Tensile strength Wag Tear strength diAnanasn uuIuIw NR AiuTy
Wl Elongation at Break HAuan@umuy3angs NR 9nmsanwInisilaeusuanisvainisea
ga wud1 n1siiEY3uImves NR WlWAY %Tension set 9843anilA1vaianilA1ana s
na13Ae AN URSRTULLUANITHREANINNITANYT WORNTITUNIIANNEANYRY PBS WU
gnsdluntsnavlidsnasann T, way T, W915a1USHansiiakan (X)) wuan Usuna

ASNAKNEN TPV agliananadidlawing NR

'
=

maudl 2 Bndwavosariuirsaulunmsuauiliseautifveumeslunatainianly
k¥ NR/PBS

BNBNAVDITNINAIUNANTENINNI9555U918 (NR) wazwadTanaudadiun (PBS) 7
AL ssouluNSHANTIANTY 910 90 LU 100 wag 120 rpm AINEIRU @1N1T0EIHARD
audmreasnesiunatainianiluien nansmaaeuinvardugIvingInuinigniaves
NR Fanszareiluouniavuinidn Tu PBS Mlluigaianan lnedgniaves NR asvuinan

d{' a < = J ' .

asllainAUsITeuluNISNEY 9INNANIINAADUNITALEN A1 Young's modulus, Tensile

strength Wag Elongation at Break famaailaiinainuiiisoulunisnas
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aaudl 3 N15103eulNLINNITHANTEAI19819555UVIRTUNaR TR udaGiun
(NR/PBS) fifidndaunisuauwansnaii

nsanwInIsesedlnwmeslunatafinianluen Nausening NR way PBS Nan1s
NRABINUIT Snvazdugiunainevedninesiunatafintanluen NR/PBS fidnwauzidu
wadda sUTenay Tnsruiawadludvundidnas weeivmaisadluniuiy ey
USuna NR tiieann NR Afiuduvinlinidasadinufianuuduswasiionesnislugua
forsanaudAnsasEanuin Young's modulus uay Tensile strength fiAfinTunLUSn
dndruves PBS tag Elongation at Break szifiudumuUSina NR Aensanaimu@unse
Tunisaudndundslafunsinase ansosaausindulduniuiiedndiu NR findu
iosan NR vildwadinlufivundn wasUsuansadiny 1ntu ndasadlvudadinfudy
PeuvfiudeusFsanansafudindulsfdeldsuisanser nansmaaeungAnssunisnnadn
v83 PBS Tudagluy nudrensidwlunisuaulidamasian Ty wag T, USuiunisiiaudn

(X)) wuasiiUSunanisinraniviy NR/PBS anasdiowiiu NR

'
S 1 1

aoufl 4 nsAnednsnavesunludanfidwwadanisiiawadinuvasinumesly
wangandannluwen NR/PBS

nsAnwBnsnareuluddniidmadenisifiogadlnuvosianlnumesly
wanainyamlulenlaenisnza Nano Silica lusnsnaunausedols e 0, 1, 3 uwaz 6 phr
nan1snAaeINUd AnvadagnineiiuiidnuvusdugadUn sUsnnan Tnsvuawading
funniidnas wasiiuSinausadlidinadu auUSuan NR SeiuusinauTudanidmwals
sunwadliuilvuindnas asUsuamsasadiiufingnnt u Wofiasaunautiniside
WUI1 Young's modulus tag Tensile strength LAz Elongation at Break fenfutuniy
USHaLIlUTaNT RINSUIAIANNEINITIINISAUAINAURAILASULTINABA ANN1TOTOAUAY
ndulduntuiiedndiuysunaunludaniiiviu wazurludandadmals Hardness A
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AANUIN N

Uy ANANITIATIZINITNATDUANN 9

N.1 aUN 1 NISANWIWMBSIUNAERANIAA I UYNVBI819555uR (NR) HNaENWaAUAY

(3

A%wun (PBS) (NR/PBS TPV)

f1.1.1 NAYDINTT Masticate #id Mooney viscosity V898195554418 STR 5L

160

—— Mastication time : 0 min
— Mastication time : 30 min
140 A

120
100 4
80 4

60—

Mooney Viscosity [MV]

40

204

0

v T T v T v T T
0 1 2 3 4 5

Test Time [min]

E‘U‘ﬁ' .1 Mooney viscosity 9481955350378 STR 5L hazene STR 5L ﬁNWUﬂﬁ Masticated

Wuan 30 un

n.1.2 NMSANHINGANTIUNITHADUNENYR MBS IunaafndIanluen NR/PBS



Torque (N.m.)

60

50

40+

30+

20

Pure PBS

—— NR/PBS 20/80
——NR/PBS 30/70
——— NR/PBS 40/60
—— NR/PBS 50/50
——NR/PBS 60/40
——NR/PBS 70/30
——NR/PBS 80/20

LI L |
100 200

T
300 400 500

Time (s)

T T T
600 700 800 900
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UM 0.2 mnuduiiussyninussn (Torque) wagialunisvasunauvevaslunanaina

AnluLn NR/PBS
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60
(b) 30/70
50
40
o
(%]
C
S
o
o
w
204
10
0+ T T T T
0 2 4 6 8 10
Partical size (um)
(d) 50/50
204
o
(%)
[ =
[
=]
o
[
(T 104
0
0 2 4 6 8 10
Partical size (um)
(f) 70/30
20 4
)
Q
| =
]
3
o
2
I 10
0+
0 2 4 6 8 10

Partical size (um)

Ul n.4 n13nsz1fvesTUIneYNIA NR
vudnnia PBS ludndiunisuay (a) 20/80,
(b) 30/70, (c) 40/60, (d) 50/50, (e) 60/40,
(f) 70/30 wag () 80/20
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n.1.4 duindanavaanaslunarainianituwn NR/PBS

n.1.4.1 auvinIshdnveanasiunalannianluey NR/PBS

30
—— NR/PBS 0/100
—— NR/PBS 20/80
)5 —— NR/PBS 30/70
—— NR/PBS 40/60
] —— NR/PBS 50/50
& —— NR/PBS 60/40
S 20 ]r“ —— NR/PBS 70/30
— —— NR/PBS 80/20
b ——NR/PBS 100/0
- 154
L)
= J
=
210 L1

AY

0 — T T T T T T T
200 400 600 800 1000 1200 1400 1600

Tensile strain [%]

JUN .5 N9 UARIRNMEUNUSTEINgA Stress uag Strain veameslunanadiniaaiiem
NR/PBS

M15197 .1 waneAl Tensile strength at break, % Elongation at break Lae¢ Young's

modulus Yaanaslunarainianluwn NR/PBS

Formulation | Tensile strength Young's modulus
% Elongation at break
NR/PBS at break [MPa] [MPa]
TPV 0/100 27.78+1.82 153.96+18.86 215.92+2.58
TPV 20/80 17.25+0.90 34.60+17.82 140.52+2.63
TPV 30/70 14.02+0.99 56.11+23.29 94.89+0.99
TPV 40/60 12.64+0.35 128.41+12.43 44.14+2.26
TPV 50/50 10.19+0.89 198.64+19.98 27.81+0.82
TPV 60/40 5.03+0.28 377.42+42.70 5.10+0.64
TPV 70/30 4.66+0.49 404.43+43.39 3.14+0.25
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TPV 80/20

3.41+0.39

499.88+38.71

2.01+0.11

TPV 100/0

3.59+0.24

1600.14+0.91

0.32+0.04

200 - Z &

Young's modulus [MPa]
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| I 1 1
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40 4
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20 +

f f f f T T === T
0/100 20/80 30/70 40/60 50/50 60/40 70/30 80/20 100/0

NR/PBS ratios

JUN .6 nTuviaIeuLigum Young’s modulus veameslunanadniaanluiaym NR/PBS
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SUN .7 uruiiuTeuiileuen Tensile strength at break vaamaslunatainiaailuigm
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JUN n.8 unuiliuTeuiiieuen Elongation at Break vasmneslunatainianiluien NR/PBS



JUN 1.9 namluviaSeuifiaua Tear strength veawmeslunanadiniaailuay NR/PBS
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n.1.5 AnwwgAnssunsiinu@nvae PBS lumaslunwataindanluign NR/PBS

NR/PBS 80/20

NR/PBS 70/30

NR/PBS 60/40

NR/PBS 50/50

NR/PBS 40/60

Exo up

NR/PBS 30/70

NR/PBS 20/80

Neat PBS

%Zdajlﬁ

—T 1 - T T T T T T T T 1
-80  -60 -40 20 O 20 40 60 80 100 120 140

Temperature (°C)

'gﬂﬁ n.11 n319 Differential Scanning Calorimetry (DSC) ¥aaneosiunarainianlutgn

NR/PBS 44 First heating

NR/PBS 80/20

NR/PBS 70/30

NR/PBS 60/40

NR/PBS 50/50

N\
AN
N
N
NS 4060 N
A
AN

—

Exo up

NR/PBS 30/70

e

NR/PBS 20/80

1
Neat PBS [\

L L L I T
-80 60 -40 -20 0 20 40 60 80 100 120 140

Temperature (°C)
gﬂﬁ n.12 n319 Differential Scanning Calorimetry (DSC) ¥aainesiunatainianluign

NR/PBS 4 Cooling
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NR/PBS 80/20

F

NR/PBS 70/30

[

NR/PBS 60/40

F

NR/PBS 50/50

[

NR/PBS 40/60

Exo up

NR/PBS 30/70

(

NR/PBS 20/80

Neat PBS

ﬁ%w%

Lo 7 T T T
-80  -60 -40 -20 0 20 40 60 80 100 120 140

Temperature (°C)
g‘dﬁ n.13 n319 Differential Scanning Calorimetry (DSC) aastneaslunatafnianluigy

NR/PBS @uSecond heating scans.
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M1347 N.2 Argauniinisvasundn wazUSunananves PBS lu eslunaradiniaailuiem

NR/PBS Tutunaunishimnusounsan 1

1°' heating
Sample
T delta H %X,

(NR/PBS)

Neat PBS 114.38 66.00 59.837
20/80 114.33 50.33 57.038
30/70 114.63 41.63 53.918
40/60 114.27 30.12 45512
50/50 114.19 23.04 a1.777
60/40 114.41 16.72 37.897
70/30 114.42 11.38 34.300
80/20 114.05 6.56 29.737

A157199 1.3 ArgUNIAAKEN LazUiu andnves PBS lu imeslunarafniaailulan

NR/PBS Tudunounis Cooting

Cooling
Sample
T, delta H %X,

(NR/PBS)

Neat PBS 96.38 67.37 61.079
20/80 96.12 51.80 58.704
30/70 96.26 42.35 54.850
40/60 96.28 31.68 48.869
50/50 96.42 23.89 43.318
60/40 96.24 17.49 39.642
70/30 96.10 11.92 36.023
80/20 96.16 7.02 31.822
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M1397 N.4 A iinisvasundn wazUSunamanves PBS lu eslunaradiniaailuiem

NR/PBS Tutunaunshinnusaunsan 2

2" heating
Sample
T delta H %X,

(NR/PBS)

Neat PBS 114.15 67.12 60.852
20/80 114.45 51.73 58.624
30/70 114.24 42.24 54.708
40/60 114.30 31.64 47.809
50/50 114.21 23.77 43,101
60/40 114.32 17.21 39.007
70/30 114.45 11.84 35.781
80/20 11414 6.98 31.641
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“exo
Integral -455.83 m]
&]2[Fure PBS normaized -66.00Jg™-1
PurePBS, 6.3200 mg Cnset 110,25 °C
Peak 114,38 °C

Endset 116,27 °C

Inkegral 473,12 m]
normaized 67.37 Jg~™-1
Criset 100.15°C
20 & J4[PLre PES Peak. 96,36 °C
mév PLre PBS, 69200 mg Enclsat 87.82°C
4 | Ll

. i T 4 \

&]6[Pure PBS
PurePBS, 6.3200mg

- r Al 1 1y
3 ]
Integral -447.43m]
rormalized -67.12 1g™-1
Crnset 110,80 °C
Peak 114.15°C

Erdset 116,19 °C

r T T T T T T T T T T T T T T T T T T T T T '
-80 -60 -40 -20 0 20 40 &0 G0 100 120 140 =C

Lab: METILER STAR® SW 10.00
5U# n.14 n319 Differential Scanning Calorimetry (DSC) veanaslunarainianiluiem

NR/PBS §051d71 0/100 wesidudlaesivii

Nexo

Integral -310.18mJ

&]2[NR_PBS 20 80 rormaized -50.33 Jg™-1

MR_PBS 20_80, £.0000 mg Onset 111.05°C

Peak 114.33 °C
Endset 117.37 °C

Integal 3383md
rormalzed 51.80 1g~-1

10 Onset 100,20 °C
Peak 96,12 °C
mw &J4[NR_PES 20_B0 Erelost are1e
MR_PBS 20 80, 6.0000 mg ’
r 1
1

Inteqral -341.40m31
rormalzed -51.73 1g™-1

Onset 110.73 °C

Peak 114.45 2C

Erdset 117.74 =C

RJ6[NR_PES 20_BO
NR_PES 20_A0, 6.0000 mg

r T T T T T T T T T T T T T T T T T T T T T T
-80 -0 -40 -20 0 20 40 &0 G0 100 120 140 °C

Lab: METTLER STAR® SW 10.00
5U# .15 n579 Differential Scanning Calorimetry (DSC) vadinaslunatafinianiluigmn

NR/PBS 8n31d7u 20/80 wasidudlagiinmin



"exo

B]2[NR/PES 30/70

NR/PBS 30/70, 6, 2000 mg

Integral

-245.69m]

rormaized -41.63 Jg~-1

Onset
Peak
Endset

2

108.87 °C

114,22 =C

11841°C

| |
E]

Y

10
mw

Integral 234.66ml
normaized 42,35 11
Onset Q.63 °C
Peak Q6,26 *C
&]4[NR/PES 30/70 Endset 9L3E°C

MR/PBS 30470, 6. 2000 mg

BIE[MR/PES 30/70

MNR/PBS 30/70, 65,2000 mg
r

Integral -276.16m]
normalzed -42.243g™-1
Crset 109,10 =C
Peal. 114.24 °C
Endset 116.87 °C

r
-80

&0 -40

40

! T
WW 7
T T — T T T ]

3
T T T
&0 B0 100 120 140 °C

Lab: METTLER
g‘dﬁ n.16 n319 Differential Scanning Calorimetry (DSC) @esinosiunarainianluign

NR/PBS 91871 30/70 wesidudlaeiiivin

Aexo

STAR® SW 10.00

B J2[MR/PES 4060
NR/PES 40460, 6,7000 mg

& J6[NRPES 40/60
NR/PES 40450, 6.7000 mg

Integral 254.11mJ
rormaized 3168 1g™-1
Onset 100,20 °C
Peak Q6.28°C
10 B J4[NR/PES 40460 Erdset 9161°C
my NRPES 40/50, 5.7000 mg

Integral -248.68 mJ
normalized -30,12 1g™-1
Cnset 105.88 =C
Peak. 114.27 =C
Endset 116,92 =C

Integral -294.21ml
normalized -31.64 1g™-1
Cnset 107.47 °C
Peak 114,30 °C
Endset 116,50 °C

r
-80

-60 -40

40

T T —f—
&0 G0 100 120

T "
140 =C

Lab: METILER
'g'dﬁ n.17 n319 Differential Scanning Calorimetry (DSC) wodtnosiunatadnianiluiem

NR/PBS 9%51d@7u 40/60 \Wasidudlagtinniin

STAR® SW 10.00

137
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"exo

Integ al -204.68 mJ

normalzed -23.04 1g™-1
&]2[NR/PBS 50/50 Onset 1065.47 °C

NR/PBS 50750, £.5000 mg Peak 114.19 °C
Endeet 116.91°C

Integral 204.14m1

rormaized 23.8% Jg~-1
Cnset 99.82°C
Peak. 96,42 °C

10 | E2J4NR/PES 50/50 Erdset 91.91°C

mw | NR/PES S¢S0, 6.5000 mg

Integral -229.61m)
& o[ MR/PBS 50/50 normaized -23.77 Jg-1
MR/PBS 50/50, £. 5000 mg Onzet 108.91°C

Peak
Endset.

114.21%C
116,18 =C

e L e B B I L S S S B LE—

-80 60 -40 -20 0 20 40 50 80 100 120 I
Leb: METTLER STAR® SW 10.00

g‘dﬁ n.18 n319 Differential Scanning Calorimetry (DSC) @esineosiunarainianlutgn

NR/PBS 91871 50/50 wesidudlaeiimiin

“exo
Integal -153.29 m]
normaized -16.723g™1
2] Z[NR_PES 60740 Orset 108,59 °C
MR_FBS 80740, 6.2000 mg Peak 114.41°C

Erdset 116,36 °C

Irtegral 160,37 m1
normaized 17.49 1g™-1
Onset 100,44 °C
&]4[MR_PES 60/40 Peak 96,24 °C
10 MR_FES 60440, £.2000 mg Erdsat 82.73 ”E
mw O 1 1
Integral -173.28m1
rormalzed -17.21 3g™-1
Onset 109,60 =C
2]e[MR_PBS 60/40
LIRS : Feak 114,32 =C

MNR_FPBS &0/40, &, 2000 mg

Endzet 115.31%C

@ < -40 -20 0 0 40 50 s 0 1o 10
Lcb: METILER STAR® SW 10.00

'g'dﬁ n.19 n319 Differential Scanning Calorimetry (DSC) wodtnosiunatadnianiluiem

NR/PBS 9%51d@7U 60/40 Wasidudlagtinnin
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rexo
Integral -127.32mJ
&]2[NR/PBS 70/30 normalized -11.35 1g™-1
MR/PES 70/30, 6. 1000 mg Onset 107.99 °C
Peak 114.42 °C
Endset 116.03 °C
3 NN K]
v ]

Inteqgral 12497 ml
normalized 11.923g™-1
Cnset 100,14 C
Feak 96.10°C
Endset 88.74°C

&JA[NR/PES 70/30
MR/PES 70430, 6.1000 mg

Integral -138.60m3
normalized -11.84 Jg™-1

Cnset 108.75 °C

Peak. 114.45°C

Endset. 1lle.81°C

& J6[NR/PES 70430
MRYPES 70430, 6.1000 mg

-80 60 -40 -20 0 20 40 50 80 100 120 140 °C
Leb: METTLER STAR® SW 10.00

g‘dﬁ n.20 n519 Differential Scanning Calorimetry (DSC) ¥estnoslunatainianluian

NR/PBS 9187 70/30 wWesidudlaetimviin

Aexo

Irtegral -88.79m]

rormaized -6.56 1g”~-1
BJ2[NRPES B0/20 Criset 102 9sgﬂc
NR/PES £0/20, 65,3000 mg Peak 114.05°C

Endset 11664 °C

Integral g126 ml

rormalzed 7.021g™1
Onset 100,39 =C
Peak 96,16 °C

BJ4[NR/PES B0/20
MRAJPES BOJ/Z0, 6.3000 mg

Endset 8960 °C

Integral -115.48md
normaized -6.981g™-1
&]E[MNR/PES B0/20 Cnget 109.03°C
a MRPES 80/20, €.3000 mg Peak 114,14 °C

Endset 1is.70°C

@ < -40 -20 0 0 40 50 s 0 1o 10
Lcb: METILER STAR® SW 10.00

'g'd‘ﬁ n.21 n351 Differential Scanning Calorimetry (DSC) anumaslunatafinianluigy

NR/PBS 9%51d@7u 80/20 wWasidudlagtinnin
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n.2 ABUN 2 BnSwavasnnusrsaulunisnauniideauiRvasmaslunataindannluam
NR/PBS

n.2.1 N1SANEINGANTTUNITNARUNENVBWBs lunataAindanTluten PBS/NR 7
a3 lunsway 90, 100 wag 120 rpm

90 %20 90
—90 rpm ——90 rpm
804 (a) —— 100 rpm oo (b) —— 100 rpm
120 rpm 120 rpm
70 70 -
= 604 ‘;- 60 -
Z 50 £ 504
o L)
= =1
g a0 2 404
=]
= =
30 304
20 - 20
10 4 10
0 T T T T T T T T [l T T T T T T T T
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 BOO 900
Time (s) Time (s)
90 90
——90 rpm —— 90 rpm
—— 100 rpm — 100 rpm
80+ 80
(C) 120 rpm (d) —— 120 rpm
70 - 70 4
~ 60 ~ 60
g £
£ 50 Z 50
) 4
2 =
£ 404 g 40-
= =
304 30
204 20
10 IO-A
o &7 oL
0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900
Time (s) Time (s)

gﬂﬁ 1.22 AMUANRUSTENRI19UT30A (Torque) kaztia1lun1svasuNaNYD N oS5l
wanafnTaarluign NR/PBS finnui§150u 90, 100 wag 120 rpm (a) NR/PBS: 50/50, (b)
NR/PBS: 60/40, (c) NR/PBS: 70/30 waz (d) NR/PBS: 80/20
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n.2.2 dnwazn1sdugiuinervaunasiunatainianiluien NR/PBS fR313137
saulunIsHENLANAN9ALAD 90, 100 waz 120 rpm

90 rpom

a5
THIBA0_G353

FREE g

INR/PBS'60/40 NS AT ENR/PBS607407%

i

L

Th3030_5355 8 M D47 %20k 30um W20k 30T

L .t ; 4 PRI
30 30 246 2.0k 30

TR3D30_5353

JUT n.23 anwagnidugiuineiveaneslunaiafiniaailuen NR/PBS iaa1u5iseu

Y

uANE1IAUAD 90, 100 wag 120 rpm
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n.2.3 auiAdenavaunesiunaitaindiannluien NR/PBS fiA13L5250UMANAIY

nu
va =~ & a o o < 1
n.2.3.1 m/z/m75@05/@7]@04waﬁywmmmmﬂumm NR/PBS N1A37343330ULANEIN
o/
1
12 12
—— NR/PBS 50/50 at 90 rpm —— NR/PBS 50/50 at 90 rpm
—— NR/PBS 50/50 at 100 pm (a) —— NR/PBS 50/50 al 100 rpm (b)
_| ——NR/PBS 50/50 at 120 rpm d— NR/PBS 50/50 at 120 rpm
= =
-9 = g
= z
w o
s 4
a % 69
2 2
Ii = 4
2 <
0 T T T T O Y T T T " T o T Y T 1
@ 50 100 150 200 0 50 100 150 200 250 300 350
Tensile strain [%] Tensile strain [%]
12 12
——NR/PBS 50/50 at 90 rpm —— NR/PBS 50/50 at 90 rpm
11— NR/PBS 50/50 at 100 rpm —— NR/PBS 50/50 at 100 rpm
104 —— NR/PBS 50/50 at 120 rpm (C) wd— NR/PBS 50/50 at 120 rpm (d)
' e
= 84 = 8
= P}
2 %
L L
5 64 S 6
L 2
= =
c c
2 44 &4
24 24
0 — T T T T T T T T T — 0 T T T T T T LI e m e
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450 500 550

Tensile strain [%]

Tensile strain [%]

JUT n.24 nTIMKARIANHUANSIENINGA Stress wag Strain Yoanasiunarainianien

NR/PBS #ima1315150unansinefiy fie 90, 100 waz 120 rpm 7isns1dunay NR/PBS (a)
50/50, (b) 60/40, (c) 70/30 wag (d) 80/20
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90 rpm
100 rpm
120 rpm
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—_— e — —

80/20

70/30

60/40

50/50

NR/PBS ratios

A1 Young’s modulus vauneslunaradnianiluigyn NR/PBS

SYUILU
=

Ud

3L
NANULSITOUNFULANGNAU A

Y

SUN 1.25 bHUN

Y

90, 100 wag 120 rpm
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'
P

90 rpm
100 rpm
120 rpm

R
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X oteletetetetets!
SRR KR
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SRR

o,
55

LKL
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X X0
SO IH KK
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12

[edN] yBuans aisua],

80/20

70/30

60/40

NR/PBS ratios

{199 NR/PBS 7

Andam

a

A1 Tensile strength vaamaslunad

NiUIguiey

SUN N.26 weundL

Y

90, 100 waz 120 rpm

=

[y

mmﬁ’asavwammﬂmmu A
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J 90 rpm
500 100 rpm 717
1 120 rpm

400 - %%
%%

Elongation at break [%]

=
50/50

NR/PBS ratios

SUN n.27 ununiliSeuifisual Elongation at break seumesiunwanainianiluen NR/PBS

U

=2

'
P

NS ITOURNENLANANSAU A 90, 100 LAy 120 rpm

110

J —— NR/PBS blend at 90 rpm
100 —— NR/PBS blend at 100 rpm

1 — NR/PBS blend at 120 rpm
90

80

70 —

60

50+

40

Weight (%)

e [ [ e [ [ e [
150 200 250 300 350 400 450 500 550

Temperature (°C)

5U7 n.28 uanens1m TGA voumeslunwaiaanianiluion NR/PBS ﬁﬂ’l’]ﬂJL%’Ji@UNﬁﬂJLLmﬂﬁi’N

U
(%

fu flo 90, 100 waz 120 rpm laeendege8nsaunay NR/PBS 7 50/50



145

N1.3 A9UN 3 N15LATEUTWNINNNISHAUTENINYI5TTUVIRNUNDATINAUTATLUA

Ao

(NR/PBS) NidadUN1SHANLANAINY

n.3.1 anwauznsduguinervadiumaslunatainiaaluien NR/PBS

TM3030_6666 5.3 x100 1mm  TM3030_6669 N D55 x100 1mm

TM3030_6704 .5 x100 1m TM3030_6714

gﬂﬁ n.29 anwagnidugiuingwediluwmeslunaiainianiluign NR/PBS (a) 50/50, (b)

60/40, (c) 70/30 wag (d) 80/20
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n.3.1.1 wumvaalny (cell size) wazUsuIUAIIUAUIUYYUTAAINY  (cell

density)
50
@ | (b)
40
@Q
§ 304 9 20 A
[ @
3 -
o o
o o
w 204 [y
10 4
10
0 —— 0 T
00 01 02 03 04 05 08 07 08 09 1.0 00 01 02 03 04 05 06 07 08 09 10
Partical size (mm) Partical size (mm)
40
(c) (d)
30
30
8 8
c
g ]
o g 20
@ 20 ]
w -
10 10
0 | B R B 04
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Partical size (mm) Partical size (mm)

;:;Uﬁ .30 WANINISNSTAEAUNAA NIy NR/PBS ; (a) 50/50 (b) 60/40 (c) 70/30

way (d) 80/20 Wesdudlaetiviin
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1.3.2 duundanavaanaslunalainianituwn NR/PBS

n.3.2.1 auvinisasdnveslnumasiunwaradnianiley NR/PBS

3.0
—— NR/PBS 50/50
—— NR/PBS 60/40
25 —— NR/PBS 70/30
' —— NR/PBS 80/20
£
2.0 -
Z
@
g
2 1.5+ -"’“
e
=
= ///\
2104 d
0.5 | ]
0.0 . T T ¥ T ;
0 100 200 300 400

Tensile strain [%]

JUN n.33 n51Mluansnuduiussendnee Stress oy Strain vadlnumeslunatainianily

LN NR/PBS

W
1

I
1

|

3o}
1

Young's modulus [MPa]
1

//

0 : Z W %
50/50 60/40 70/30 80/20

NR/PBS ratios

5UN n.34 unuiTeuliiguan Young’s modulus vadlnumastunaainianiluigy

NR/PBS
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1.3.2.2 auUfAINA 14N I4s N TANYIYe N e sl unaIadnIan L NR/PBS

14

ol

Tear strength [kN/m]

-

-

=

T
50/50

T
60/40

T
70/30

NR/PBS ratios

T
80/20

5U#l .37 Tear strength TnlayesTuwanainianiluiem NR/PBS

1.3.2.3 AnYIAIINFINITOLUAISAURINAUNFIL

waadnianlusen NR/PBS
60

Y

YUSINAENYaI WU SIY

N
/

o~
(=]
|

Compression set (%)
[ =] [#%]
o] Lo ]
1 1

10 —

/

-

-

1
50/50

T
60/40

T
70/30

NR/PBS ratios

T
80/20

JUN n.38 n9mluviadSeuLiieu Compression set Wuwaslunanadiniaanluiym NR/PBS
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01.3.3 N1SANEINISINANANYBY PBS Tulnumaslunaiannianiluwwn NR/PBS

Neat NR Foam

NR/PBS 80/20 Foam

NR/PBS 70/30 Foam

Exo up

NR/PBS 60/40 Foam 4\\/_/
NR/PBS 50/50 Foam ,\r_/

N

I B L I A S B B R S R R |
-60  -40  -20 0 20 40 60 80 100 120 140

Neat PBS Foam

Temperature (°C)

gﬂﬁ n.39 N3 Differential Scanning Calorimetry (DSC) voslusineosiunatainianiluam

NR/PBS 44 First heating

Neat NR Foam

NR/PBS 80/20 Foam

NR/PBS 70/30 Foam

o D N

=

S NR/PBS 60/40 F

5 oam /\_
NR/PBS 50/50 Foam _/\

Neat PBS Foam A

1 1 T T 7 T T T 1T "1
-60  -40  -20 0 20 40 60 80 100 120 140

Temperature (°C)

5U# 1.40 n519 Differential Scanning Calorimetry (DSC) vasliumaslumaainian-luley
NR/PBS 4 Cooling



Neat NR

NR/PBS 80/20 Foam

NR/PBS 70/30 Foam

NR/PBS 60/40 Foam

Exo up

NR/PBS 50/50 Foam

Neat PBS

J\F—/

~

T T 1 N T N
-60  -40  -20

T
0

—T T
20 40 60

Temperature (°C)

80

L
100 120 140

152

gﬂ‘ﬁ n.41 n319 Differential Scanning Calorimetry (DSC) ¥asimesiunatainianluigy

NR/PBS ‘flguSecond heating scans.

t:ll 1 a = a = 6° a U
AT N.5 ANGAUNHUNITRABUNAN wazyUSutuNanuey PBS lu waslunaradniannluwy

NR/PBS Tutunauni1shinenusauasan 1

1** heating
Sample (NR/PBS) Tm %X
50/50 114.030 39.909
60/40 114.091 36.673
70/30 114.410 33.333
80/20 114.180 31.958
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AT N.6 Arguniiiandn wazUIuiaundnves PBS Ty eslunatadnianluian

NR/PBS ludiumau Cooling

Cooling
Sample (NR/PBS) Te %X,
50/50 87.433 41.703
60/40 87.177 37.088
70/30 87.233 33.938
80/20 87.872 30.326

A5 1.7 Angauniinisviaenan wazUSutunEnves PBS lu neslunanadiniaanluim

NR/PBS Tutunaunishimnusaunsan 2

2" heating
Sample (NR/PBS) T %X,
50/50 114.061 40.453
60/40 114.187 36.809
70/30 114.089 33.636
80/20 114.596 29.646




rexo

Trregrl 24156 m)
narmalzed 2413 1371
ANR_PES 9 50 Onsst 0400 °C
TNR_PES 50 50, 64000 mg Peak 14 o0
Endsst 115,77 °C
&
4[HR_PES 0 S0
MR_PES &) 50, 6.4000 mg
Integrdl 23335 mI
Integral 23,61 m) normalized 26,34 Jg™-1
normalized 463 Jg™-1 Onset 10439 °C
Onset 47,63 °C Pedk 114,06 °C
6[NR_PES 50_50 Peak L3 °0 Endhsel 115,30
MR _PES 50_50, £.4000 rag Endset .14.°C
-80 50 -40

20 o E 40 &0 Ed 100 120 e

Lab: METTLER

STAR® SW 10.00
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gﬂﬁ n.42 n579 Differential Scanning Calorimetry (DSC) wosmaslunatainianiluigy

NR/PBS 91871 50/50 wesiduslnetimiin

"exo

10
L

Integral -280.66 ml
normalized -18.27 Jg™-1
Onset 102,19 °C
e ez .0 The  lege
\ﬁ/_NR_PE B0 _d), B.8000 g
: 1
AMR_PES 60 _4)
NR_FES £0_d0, 88000 mg
Trbegrsl 27728 m)
Tntegra, | IBEm remslzed -17.60 9701
normalized 116 ™1 o
Tt 10465 *C
Orzet 8483 °C oc
Peak 59,55 °C Ped 11418 -
Endiel  85.4°C Erdss 116210

6[HNR_PBS 50_40
R MR _PES 60_40, 88000 g

-80 60 -4

=20 o 20 40 60 an 100 120 e

Lab: METTLER

STAR® SW 10.00

gﬂﬁ n.43 n319 Differential Scanning Calorimetry (DSC) ¥aaweaslunanainianluigy

NR/PBS 8031874 60/40 wasidudlaginuin
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rexo
Integral -153.22 ml
rormalized 13,57 Jg™-1
Onzet 96,44 °C
Peak 114.41 *C
Endset 115,11 0

MR PES 7030
\_’\, R _PBS 7030, 7.1000 g
3

“[NR_PES_0_0)

NR_PBS_70_20. 7.1000 g

m —

Irtegral 1837 m1 Integral 155,74 mJ
normalized 1.6 Jg”-L normalized -12.13J7-1
Onzet 73,8800 Oriset 35

G[MR_PES__20 Paak e e Peak Hdm °T
NR_PBS_70_30, 7.1000 rg Endset 83.64°C Erdset 5w *C
3 = +

-80 -£0 -4 20 o E 40 &0 Ed 100 120 e

Lab: METTLER STAR® SW 10.00

gﬂ‘ﬁ n.44 n319 Differential Scanning Calorimetry (DSC) ¥aawmeaslunanafnianluigy

NR/PBS 9187 70/30 wWesiuslnetimiin

A
exo
Integrd -1 ml
rormaized -6 )31
Ozt 4. °C

Pask a4z °C

2[MR._PES 30 20 K
R NR_PES £ 20, 55000 mg Erdset 11588 °C
3 1

a[ME_pBS 30 20
MR_PES 8 20, 5.5000 g

5
L

Integrd 1350 md Integral -11592 m)
rermalasd 18 191 rormalizsd -850 o1
Ons=t 837150 Onzet 105,86 °C

6[NR_PES 30 20 Pask 0,32 °C Pask 11453 o
NR_PES £0_20. 5500 g Errset .79 °C Endsat L1606 °C
o e,
3

-80 60 -4 20 o Ed 40 &0 a0 100 120 4 eC

Lab: METTLER STAR® SW 10.00

gﬂﬁ n.45 n319 Differential Scanning Calorimetry (DSC) ¥aaweaslunanainianluigy

NR/PBS 8n31d7u 80/20 wasidudlaeginuin
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n.3.4 AnwiANuwTInRvadlnumaslunatafindanluien NR/PBS

60 +

50 4

B
(=
1

—
(=]
|

.

50/50 60/40 70/30 80/20
NR/PBS ratios

JUN n.34 nsvluviySeuliisun Hardness Tmaslunanafiniaanluiem NR/PBS
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304

Frequence
n
o
1

104
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(b)

08 09 1€

304

Frequence
N
o
1

04
0.0

0.1

0.2

0.3

(d)

T T
04 05 06
Partical size (mm)

0.7

JUT 1.36 n13nszateflvuIagadlnuvedrimaslunarainiannluign NR/PBS 6051

drunay 50/50 AdnassRnuaTudanluusurufiuanaie @) Nano silica 0 phr (b) Nano

silica 1 phr (c) Nano silica 3 phr e (d) Nano silica 6 phr

30

Frequence
N
o
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o
1

0.0

0.1

0.2

0.3

(a)

04 05 06 07 08

Partical size (mm)

60 -
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(b)

— T
04 05 08
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T
0.7

08 09 1.0
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40 60
50
30
40 -
@Q 113
Q Q
[ = c
S 204 % 30 -
o jon
o 2
w L
20
10
10
0+ T T T T T 0 * T T T T T T T T
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 08 1.0
Partical size (mm) Partical size (mm)

sUN n.37 N1snszAgdvuIaadinuvadnywasiunatafinianiluwn NR/PBS 8#357

Y

drunay 60/40 AfnsiRuuiludaniluySunaiiuansie (a) Nano silica 0 phr (b) Nano

silica 1 phr (c) Nano silica 3 phr k&g (d) Nano silica 6 phr

60
40 (a) (b)
50 -
30
40
5 g
g 20 § 30
o
(TR L
20 4
104
10
0 T T T T 0+ T T T T T 7T
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10
Partical size (mm) Partical size (mm)
70
| ©] = (d)
60
50 4
30 4
@ | Q
S 40+ g
@ Q
& =
@ 30 @ 201
(' (18
20
10 4
10
0 ————T——T—T——1 0+ —————T———
00 01 02 03 04 05 06 07 08 09 10 00 01 02 03 04 05 06 07 08 09 10

Partical size (mm) Partical size (mm)
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Ul n.38 n1snszanefvunadinuvestrlumeslunarafiniandluen NR/PBS §ns
drunan 70/30 Adnsiinuludanluusunaiiuaneag (a) Nano silica 0 phr (b) Nano
silica 1 phr (c) Nano silica 3 phr wag (d) Nano silica 6 phr

40 50

(a) | (b)

40

30

Frequence
N
o
" 1 i
Frequence
w
o
1

(%]
o
1

T T T T T
00 01 02 03 04 05 06 07 08 08 10 00 04 02 03 04 05 06 07 08 09 1.0

Partical size (mm) Partical size (mm)

© | = (d)

50

40

Frequence
[)
[=]
L

Frequence

N
o
1

0+—— UL LA B R 0+ _—— T T ' 1

. T . T * T T T
00 01 02 03 04 05 06 07 08 098 10 00 01 02 03 04 05 06 07 08 09 10
Partical size (mm) Partical size (mm)

sU 1.39 N19ASEAEAvUIAaa NYanuwmaslunatafniannluwn NR/PBS 9ns1

Y

drunan 80/20 Afin1siAnutudanluuuafiuaneag (a) Nano silica 0 phr (b) Nano

silica 1 phr (c) Nano silica 3 phr wag (d) Nano silica 6 phr
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a9N9A7

n.4.1.1 YSinapnunulduveaaaalny (cell density) vadlnuimnasiunad

Lt NR/PBS TiGannlugan

aa

V) Nano silica 0 phr

:__u:

i

il

Nano silica 1 phr

Nano silica 3 phr
Nano silica 6 phr

mil

—+

14

12 -

I
(=

(

€

I Y I
=] o

wo/[122 ,01)'N

70/30 80/20
NR/PBS ratios

60/40

50/50

SUN N.40 NSINWNLERINISHU

U

Ly

AnJann

a

SeULIBU

a

Cell density (N9 vaslnameslunaisa

'
al

o

7.0, 1, 3 az 6 phr

SUUNITANUNTUTEAN

Al

[y

NONTIEIUNFNLANHTINU LA

NR/PBS

,
a a

L6131

Lyt NR/PBS

a97798A7

7.3.1.2 Al (Density) Yoslwumasiuna

luang

/7] Nano silica 0 phr

Nano silica 1 phr

DR R R R R IR R KK R K A )
g a0t 0 0000 %000 %000 00 %0 %0 s 20 0 %a s 0 0 0 0
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80/20

70/30

NR/PBS ratios
Density wasliumasiunarainianlun NR/PBS
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SUN .41 NFINLYIBEAINTSEU
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A
v

'
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o
7

N0, 1, 3 uag 6 phr
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Auunly

FUIUNTTE

a

[y

DR TIATUNALLANGNAU LA
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n.4.2 duURBINavawNeslunatainianituwn NR/PBS Miiuunludan

n.4.2.1 auvanisasdnveslnumasiunwaradnianiley NR/PBS duulugany

6
Nano Silica 0 phr
—— Nano Silica 1 phr
5 (a) Nano Silica 3 phr
Nano Silica 6 phr
e
a
5 41
%
2
= 34
2
‘&
=
o
=iy
14
+— 1
0 50 100 150 200 250 300 350 400 450
Tensile strain [%]
6
Nano Silica 0 phr
Nano Silica 1 phr
5 Nano Silica 3 phr (C)
—— Nano Silica 6 phr
£
44
£
5
£ s
2
-
e 21
14
() T T T T T T T T
0 50 100 150 200 250 300 350 400 450

Tensile strain [%]

Tensile stress [MPa]

Tensile stress [MPa]

— Nano Silica 0 phr

Nano Silica 1 phr
Nano Silica 3 phr
Nano Silica 6 phr

(b)

T T T
50 100 15

T T T T T
> 200 250 300 350 400 450

Tensile strain [%]

—— Nano Silica 0 phr
Nano Silica | phr
Nano Silica 3 phr
—— Nano Silica 6 phr

(d)

0

— T T T
50 100 15

—— T
0 200 250 300 350 400 450

Tensile strain [%]

U7 .42 nymilansaudiudsninean Stress uay Strain vedhilumesTunanainfanly
[ NR/PBS itfinuilu@ann (a) NR/PBS 50/50 (b) NR/PBS 60/40 (c) NR/PBS 70/30 ua

(d) NR/PBS 80/20
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- /] Nano Silica 0 phr
b2 Nano Silica 1 phr
i Nano Silica 3 phr
Nano Silica 6 phr

Young's modulus [MPa]

50/50 60/40 70/30
NR/PBS ratios

JUT .43 n31luviad3guliguen Young’s modulus vaslisineslunaradinianiluign

NR/PBS 8518 UNENLANANAY BagUSaian Siauualu@dniy 0, 1, 3 uag 6 phr

Nano Silica 0 phr
Nano Silica 1 phr

#H Nano Silica 3 phr
Nano Silica 6 phr

Tensile strength [MPa]

50/50 60/40 70/30 80/20
NR/PBS ratios

5UN n.44 nsmluviadIeuiisuen Tensile strength vadlnumaslunalainianiluigy

NR/PBS 9@ UNauuanaeiy wazUSuiun1siduuludanad 0, 1, 3 waz 6 phr
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500
1V Nano Silica 0 phr
450 - 22 Nano Silica 1 phr
1E Nano Silica 3 phr
400 4 777] Nano Silica 6 phr
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Abstract— Thermoplastic vulcanizates (TPVs) is a particular
group of Thermoplastic elastomers (TPEs), consisting of
crosslinked rubber and thermoplastic phase. Thermoplastic
vulcanizates (TPVs) has been widely interested due to its high
elasticity derived from rubber and reprocessed ability derived from
thermoplastic. The objective of this work is to prepare Bio-based
thermoplasti l Jrom melt blending of NR p d
with PBS, in an internal mixer, with various blend ratios of 30/70,
40/60, 50/50, 60/40, 70/30 and 80/20 % by weight. During melt
mixing, vulcanization of rubber phase occurred and is called as
dynamic vulcanization. The obtained vul were i d
Jor their morphology, crystallization behavior and mechanical
properties. The SEM micrographs of fractured surfaces of NR/PBS
blends were investigated. It was clearly shown that co-continuous
phase morphology was presented. SEM micrographs of vulcanized
blend also showed phase separated morphology where PBS phase
presented as uniformly dispersed in continuous NR matrix at high
NR content. However, at low NR content, it presented as dispersed
domains in the continuous PBS phase. The results showed that
percentage of crystallinity of PBS were increased with PBS
contents. The present of rubber phase in PBS also obstructed
crystallization of PBS blend.. In term of tensile properties, tensile
strength and modulus of TPVs, the values were increased with PBS
contents. The elongation at break was decreased with PBS content
and gave the lowest value at the PBS 40% by weight. The particular
composition exhibited phase inversion in which NR domain phase
exhibited as large sea-island morphology meanwhile PBS exhibited
as small elongated morphology. As a result, the discontinuity of
both phases was responsible for the lowest elongation at break.

Ther lastic  vul

Keywords P (TPVs), PBS/NR
blends, morphology, mechanical properties and crystallinity.

1. INTRODUCTION

Thermoplastic vulcanizates (TPVs) composed of two or
more polymer phases. Thus, TPVs combine the high content of
crosslinked rubber as the dispersed phase and a low content of
thermoplastic as the continuous phase.[5] The thermoplastic
phase facilitates flow of TPV. Natural rubber is a bio based
elastomeric polymer which has been mainly applied in the tire
industry and natural rubber is derived from a renewable
resources which is the excellent of elasticity and mechanical
properties. So, NR has been used for blending thermoplastic in
order to provide elastic behavior to thermoplastic.
Biodegradable polymers derived from renewable resources
have been increasingly interested currently due to growing
concern of the environmental awareness. Poly (butylene

succinate) (PBS) is a biodegradable polymer and its mechanical
properties are similar to polypropylene. Therefore, PBS will be
selected in this research and served as a thermoplastic matrix
polymer for biodegradable TPV [1, 2].

In this part of our research dicumyl peroxide (DCP) will be
used as a cross-linking agent for dynamic vulcanization of
NR/PBS blends by melt mixing NR compound with TBS at
various compositions. The crosslinking reaction will be carried
out during melt mixing. Thus our aim is to prepare bio-based
thermoplastic vulcanizates from melt blending between NR
compound and PBS in an internal mixer. The composition
ratios between NR and PBS are: 30/70, 40/60, 50/50, 60/40,
70/30 and 80/20 % by weight. Morphology, mechanical
properties and thermal properties of the TPVs are investigated.

II. MATERIAL AND METHODS

A. Materials

The PBS (BioPBS™ FZ71PM) was purchased from PTT
MCC Biochem Company by Thailand of which the melting
point is 115°C, density is 1.26 g/cm®. Its melt flow index (MFI)
is 22 g/10 min. Natural rubber (NR) with the grade of STRSL
(Standard Thai Rubber for dry ruuber) was purchased from
Chareon Tut Co., Ltd., Thailand.

B. Preparation of NR/PBS blends

Before melt blending, PBS was dried at 50°C under
vacuum oven for 5 hours. Natural rubber was masticated at
room temperature for 30 min on a two roll mill. Two mixing
steps were exploited. First, masticated NR was kneaded on a
two roll mill for 30 min at 60°C before 1.5 phr of DCP was
added and the mixing was carried on for 10 minutes or until
DCP was thoroughly mixed into NR. In the second step, NR
and PBS was melted blended in an internal mixer (MX105-
D40L50, internal mixer, Thailand) at 150°C with the rotor
speed of 60 until the polymers were melted and then the rotor
speed was stepped to 90 rpm. This mixing was carried on
within 15 min before being dispatched from the mixing
chamber. After that, the blend obtained from internal mixer
was compression-molded at the temperature of 150°C under the
pressure of 1,000 psi to obtain the sheets with the thickness of 1
mm. The formulations of NR/PBS blends are presented in
Table 1.
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TABLE L. FORMULATION OF NR/PBS BLENDS AND THEIR PREPARATION
PROCEDURE.
TPV 30770 30 70
TPV 40/60 40 60
TPV 50/50 50 50
TPV 60/40 60 40
TPV 703/0 70 30
TPV 8020 80 20

C. Characterization of TPVs morphology

The morphology of the blends was investigated using
scanning electron microscope, SEM (TM3030 Hitachi, Japan).
The cryogenic fractured surface of the samples were platinum
coated using sputtering before investigation under SEM using
15.0 kV accelerated of electron beam produced from tungsten
filament.

D. Characterization of Mechanical properties

Tensile properties were performed by using Intron universal
testing machine (5900, USA) at 25 °C, crosshead speed at 500
mm/min and under load 5 kN follow ASTM D 412.

E. Crystallization Characterization

Crystallinity of PBS was investigated using differential
scanning calorimeter, DSC (Mettler Toledo STARe system
DSC1, Switzerland) in an inert atmosphere of nitrogen at a
heating or cooling rate of 5°C/min with a temperature ranged
from ~80 10 150 °C.

III. RESULTS AND DISCUSSION

A. Morphology

The SEM micrographs of the cryogenic fractured surface of
NR/PBS blends are shown in Fig 1. The phase of NR is white
and phase of PBS is dark. It is clearly seen that all samples
show the phase separated morphologies where Fig.l (a)-(c),
NR contents varied from 30-50% by weight, show dispersed
NR domains in continuous PBS. At 60 % NR, the phase
morphology of NR and PBS turned to be con-continuous, as
seen in Fig.1 (d). At high NR content, i.e. 70-80% by weight,
phase inversion occurred where PBS was found as dispersed
phase in NR, as shown in Fig. 1 (e)-(f). Generally phase
morphology of TPVs. are crosslinked rubber as the dispersed
phase and a low content of thermoplastics as the continuous
phase are obtained by dynamic vulcanization,

Sn) 30420
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’

T A

Fig. 1. SEM micrographs of NR/PBS blend; (a) 30/70 (b) 40/60 (¢) 50/50 (d)
60/40 () 70/30 and (f) 80720 % by weight.

B. Mechanical properties

Stress—strain behaviors of neat PBS and NR/PBS TPVs at
various NR/PBS ratios are shown in Fig. 2. The general
behavior of PBS shown as 2 steps cold drawing of PBS is also
found here as also found by S. Pilla [8]. It is clearly seen that
stable neck under tensile deformation on NR/PBS TPVs was
absent. However strain hardening was presented with the
increased NR contents. It is also showed that yield stress and
initial modulus of TPVs are drastically decreased with NR
contents. It could also be pointed out that strain at break is
minimum at the ratio of NR/PBS at 60/40. The co-continuous
morphology is thought to be responsible for this behavior. [6]

30

R 80
NPRS 4000

NS So%0

| | NP e
2 f NPRS 000
I | NS 030
NS 1600

NS 10

20 4

Tensile stress [MPa]
e

10 4

‘] } I

T T T T T T T
0 200 400 600 800 1000 1200 1400 1600

Tensile strain [%)]

Fig. 2. Stress-strain curve of NR/PBS blends.
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Mechanical properties are important to TPVs in terms of
application. Initial Modulus, tensile strength and elongation at
break of the NR/PBS TPVs are tabulated in Table II and also
graphically compared in Fig. 3. It is seen that the initial
modulus was significantly decreased from 208.82 to (.76 MPa
for the NR/PBS ratio from 0/100 to 100/0 % by weight (Fig. 3
(a)). Similarly, it is seen the tensile strength at break was
decreased with NR contents (Fig. 3(b)). The elongation at
break of the TPVs was also decreased with the NR contents
from 70/30 to 60/40. /100 to 60/40 % by weight whereas the
value was increased again with the NR/PBS ratio from 60/40 to
100/0 % by weight (Fig. 3 (¢)). As stated in morphological
studies that at the composition ratio 60/40, co-continuous phase
morphology are presented and this is responsible for the
minimum elongation at break of the particular vulcanized
NR/PBS blend. 7]

TABLEIL MECHANICAL PROPERTIES OF NR/PBS BLEND IN VARIOUS
RATIOS
Formulation S‘.::l::::: at % Elongation Initial Modulus
NR/PBS Break [MPa) at Break [MPa]

TPV 0/100 27.82+1.41 376.29427.43 208.82+23,11
TPV 30/70 18.31+1.78 345.08442.17 100.3146.11
TPV 40/60 14.25+2.64 316.88476.15 60.24+3.96
TPV 50/50 11.1120.77 250.56442.36 43.48+2.06
TPV 60/40 3.74+0.58 62.1443.96 16.60+3.06
TPV 70/30 745+1.60 363.58+74.51 11.55+0.98
TPV 80/20 4.77+0.61 590.25+50.84 3.53+0.90
TPV 100/0 3.99+0.76 1528.79+34.14 0.76+0.05
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Fig. 3. Mechanical properties of NR/PBS blend in various ratios (a) Initial
Modulus, (b) Tensile strength at break and (¢) Elongation at Break.

C. Crystallization behavior

Non-isothermal crystallization behavior of the NR/PBS
blends was carried out using DSC measurements. The first
heating, cooling and 2" heating scan for NR/PBS blends are
shown in Figure 4(a)-(c). Melted crystallization temperature
(Te), glass transition temperature (Ty), melting temperature
(Tw), heat of fusion (AHy), and degree of crystallinity (y.)
obtained from the DSC analysis are summarized for NR/PBS
blends in Table 3. It is noted that the degree of crystallinity of

PBS in NR/PBS blends could be evaluated by Eq. (1) [4].

AH 100
Degree of crystalline (%c) = mﬁ‘- X ] )
m

Where AH,, is the melting enthalpy, AH", is the melting
enthalpy for 100% crystalline PBS which is 110.3 J/g [3] and
W is the weight fraction (% by weight) of PBS in the NR/PBS
blends.

It is found that the T. and T, of the pure PBS are 96 and
114°C respectively. The degree of crystallinity (y.) of pure PBS
is about 64.10% (Table 3). However, the y. of PBS in the
blends was increased with increasing PBS proportions in the
ranges of NR/PBS ratios 20-80% by weight. Hence, The
rubber phase in PBS also obstructed crystallization of PBS in
NR/PBS simple blends.[1]
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TABLE I1L CRYSTALLIZATION PARAMETERS OF NR/PBS BLEND WITH
VARIOUS RATIOS ON FIRST HEATING, COOLING AND SECOND HEATING SCANS.
1" heating
Formulation
NR/PBS Ta delta H (°C) Yoxe
TPV 0/100 114.05 62.30 56.482
TPV 30/70 114.63 41.63 53918
TPV 40/60 114.27 30.12 45512
TPV 50/50 114,19 23.04 417717
TPV 60/40 114.41 16.72 37.897
TPV 70/30 114.42 11.38 34.300
TPV 80/20 114.05 6.56 29.737
Cooling
Formulation
NR/PBS Te delta H (°C) Yoy
TPV 0/100 78.96 61.14 55.431
TPV 30/70 96.26 4235 54.850
TPV 40/60 96.28 31.68 48.869
TPV 50/50 96.42 2389 43318
TPV 60/40 96.24 17.49 39.642
TPV 70/30 96.10 11.92 36.023
TPV 80/20 96.16 7.02 31.822
2™ heating
Formulation
NR/PBS Tw delta H (°C) Yo
TPV 0/100 113.14 60.96 55.267
TPV 30/70 114.24 42.24 54.708
TPV 40/60 114.30 31.64 47.809
TPV 50/50 114.21 23.77 43.101
TPV 60/40 114.32 17.21 39.007
TPV 70/30 114,45 11.84 35.781
TPV 80/20 114,14 698 31.641
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Fig. 4. DSC thermograms of NR/PBS blend in various blend ratios: (a) First
heating, (b) Cooling and (¢) Second heating scans.

IV. CONCLUSION

In this work, bio-based thermoplastic vulcanizates of
NR/PBS were prepared by melt blending. The influence of
blend ratio on their properties was investigated. The SEM
micrographs show the phase separated morphologies. At 60%
NR content, co-continuous morphology was observed. In term
of tensile properties, tensile strength and modulus of TPVs
were increased with PBS contents. The elongation at break was
decreased with PBS content and gave the lowest value at the
PBS 40% by weight. The degree of crystallinity (y.) of PBS in
the blends was increased with increasing PBS proportions in
the ranges 20-80 % by weight.
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Abstract: J
The objective of this work is to prepare bio-based thermoplastic vulcanization foam from mel
blending natural rubber (NR) compound with polybutylene succinate (PBS), in an internal mixer,
with various blend ratios of 50/50, 60/40, 70/30 and 80/20 % by weight during melt mixing. The
appropriated foaming agent for NR/PBS is 4, 4’- oxydibenzenesulfonyl hydrazide (OBSH) at 5 phr.
The obtained NR/PBS foams were investigated for their morphology, crystallization behavior and
mechanical properties. It was observed that the cell size was increased when PBS content increased
owing to the low viscosity of plastic domain. Tensile strength and initial modulus of NR/PBS foams|
increased with PBS content which resulted from the higher tensile properties of PBS than NR
whereas the elongation at break decreased when the PBS content decreased which could be caused
by the degradation of PBS being as the major phase.

1. Introduction exhibits good mechanical properties and several
useful properties for industries including good
melt processibility, high chemical resistance,
thermal properties and biodegradability [3-4]. In
this research to prepare bio-based thermoplastic

Natural rubber is a biobased elastomeric
polymer which has been mainly applied in the
tire industry. As foam, natural rubbers generally

used for comfort applications such as in absorb
force material. Natural rubber has been studied
in detail as the main polymer matrix in biobased
composites [1]. However, there are not many
works in literature dealing with the production
of dry natural rubber foams. Because of its
extensibility and the ability to spring back,
rubber can be selected for foam products and
can be freely shaped. Rubber has the advantage
of working under dynamic conditions. In recent
years, there has been an increasing interest in
the preparation and study of rubber foams [2].
Recently, biodegradable polymers derived from
renewable resource have much interested that
can be an alternative to petroleum based
polymers as well as a solution to waste disposal
problems. Hence, the development of materials
is an important issue in order to decrease the
environmental impact from the plastic
production and waste.

Poly (butylene succinate) (PBS) is one
of biodegradable aliphatic polyesters that has
been used for such purpose. Typically, PBS

vulcanization foam from NR compound with
PBS blends. Rubber has been used as a second
phase polymer to toughen brittle thermoplastics.
The rubber particles behave as stress
concentrators enhancing the fracture energy
absorption of brittle polymers and ultimately
results in a material with improved toughness.
Natural rubber (NR) are renewable resource that
exhibits a unique combination of toughness,
flexibility, biocompatibility and
biodegradability with its low cost makes it was
an alternative to improve the toughness of PBS.
This work aims to prepare bio-based
thermoplastic vulcanization foam and compare
morphology, crystallization  behavior and
mechanical  properties of  Thermoplastic
vulcanizate foam that prepared from blending
natural  rubber (NR) compound  with
polybutylene succinate (PBS) blends have been
compounded with 4, 4’- oxydibenzenesulfonyl
hydrazide (OBSH) foaming agent by Sigma-
Aldrich Pte. Ltd. to obtain NR/PBS foam.

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019)
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2. Materials and Methods
2.1. Materials

The PBS (BioPBS™ FZ71PM) was
purchased from PTT MCC Biochem Company
by Thailand of which the melting point is
115°C, density is 1.26 g/cm®. Its melt flow
index (MFI) is 22 g/10 min. Natural rubber
(NR) with the grade of NR STRSL was

purchased from Chareon Tut Co., Ltd.,
Thailand.  Blowing  Agent is  44°-
Oxydibenzenesulfonyl ~ Hydrazide; OBSH,

Appearance is white powder, Purity is 98 %
min, Dec.Temp (5°C/min In Air) is 152-162°C,
Gas Volume In Air is 125 ml/g. Dicumyl
peroxide (DCP) was purchased from Sigma-
Aldrich Pte. Ltd. of which the melting point is
39-41°C, density is 1.56 g/mL at 25°C,
Decomposing temp is 120°C.

2.2. Methods

Before melt blending PBS was dried at
50°C under vacuum oven for 5 hours. Natural
rubber was masticated at room temperature for
30 min on a two roll mill. Two mixing steps
were exploited. First, masticated NR was
kneaded on a two roll mill for 30 min at 60°C
before 1.5 phr of DCP was added and the
mixing was carried on for 10 minutes or until
DCP was thoroughly mixed into NR. In the
second step, NR and PBS was melted blended
and feed OBSH at 5 phr in an internal mixer
(MX105-D40L50, internal mixer, Thailand) at
120°C with the rotor speed of 60 until the
polymers were melted and then the rotor speed
was stepped to 90 rpm. This mixing was carried
on within 15 min before being dispatched from
the mixing chamber. After that, the blend
obtained from internal mixer was compression-
molded at the temperature of 150°C under the
pressure of 1,000 psi to obtain the sheets with
the thickness of 1 mm. The formulations of
NR/PBS blends are presented in Table 1.
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Table 1. Formulation of NR/PBS foam and their
preparation procedure

N‘;‘z’,:‘h‘é":::';s NR (%) PBS (%)
50/50 50 50
60/40 60 40
7030 70 30
8020 %0 20

2.3 Characterization
2.3.1 Morphology observation

The morphology of the NR/PBS foam
was investigated using scanning electron
microscope, SEM (TM3030 Hitachi, Japan).
The cryogenic fractured surface of the samples
were platinum coated using sputtering before
investigation under SEM using 15.0 kV
accelerated of electron beam produced from
tungsten filament.

2.3.2 Mechanical testing

Tensile properties were performed by
using Intron universal testing machine (5900,
USA) at 25°C, crosshead speed at 500 mm/min
and under load 5 kN follow ASTM D 412.

2.3.3 Crystallization behavior

Crystallinity of PBS was investigated
using differential scanning calorimeter, DSC
(Mettler Toledo STARe system DSCI,
Switzerland) in an inert atmosphere of nitrogen
at a heating or cooling rate of 5°C/min with a
temperature ranged from —80 to 150°C.

2.3.4 Compression set testing

Specimens  were cut down to
50 mm x 50 mm % 25 mm blocks. The samples
were then compressed between two parallel
steel plates, where the surface area of the plates
were much larger than that of the samples. The
samples were compressed to 50% of their initial
thickness for 24 h. at 50°C.

3. Results & Discussion

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019)
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3.1 Morphology

The SEM micrographs of the fractured
surface of NR/PBS foam are shown in Fig 1
represents the typical microstructures of 50/50,
60/40, 70/30 and 80/20 % by weight,
respectively. Observed that the average cell size
decreased with the increasing amount of NR
constant. The average cell size and density are
calculated, and the results are plotted in Fig 2.

Fig 1. SEM micrographs of NR/PBS foam; (a)
50/50 (b) 60/40 (¢) 70/30 and (d) 80/20 % by
weight.

The effects of NR/PBS content on the
foaming characteristics were studied by
investigating the apparent densities and average
cell size of the foam at different NR/PBS
contents. As expected, the density (g/cm®) and
the average cell size show direct variation trend
to each other. The amount of NR contents was
increased, the average cell size and density
decreased. (b)

Fig 2. Density (a) and average cell size (b) of
NR/PBS foam

3.2 Mechanical properties
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Mechanical properties are important to
foam material in terms of application. Initial
modulus, tensile strength and elongation at
break of the NR/PBS foams are tabulated in
Table 2 and also graphically compared in Fig. 3.
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Fig. 3. Mechanical properties of NR/PBS foams
in various ratios (a) Initial modulus, (b) Tensile
strength at break and (c) Elongation at break.

It is seen that the initial modulus was
significantly decreased from 208.82 to 0.76

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019)
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MPa for the NR/PBS ratio from 50/50 to 80/20
% by weight (Fig. 3 (a)). Similarly, it is seen the
tensile strength at break was decreased with NR
contents (Fig. 3(b)). The elongation at break of
the TPVs was also decreased with the NR
contents.

Table 2. Mechanical properties of NR/PBS
foam in various ratios

Elongation Modulus
WEED | DeeeR at Break [MPa]
foam [MPa]
50/50 1.4110.15 644774680 | 392.968+39.17
60/40 1.273+0.18 177.534:22.94 | 178.333:61.76
70/30 1.054+0.14 231.370+22.17 | 92.963+20.67
80/20 0.656+0.11 293.381+14.96 36.421+9.07

Compression set testing is used to
determine the ability of elastomeric materials to
maintain elastic properties after prolonged
compressive stress. The test measures the
somewhat permanent deformation of the
specimen after it has been exposed to
compressive stress for a set time period. This
test is particularly useful for applications in
which elastomers would be in a constant
pressure/release state.[5]

The compression set is given by the equation:

px 100

Compression set (%) =
o=Tn

(D

Where To is original thickness of the
specimen, T; is Final thickness of the specimen
and T, is thickness of the space bars used.
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Fig. 4. Compression set of NR/PBS foams in
various ratios

From the above Figure compression set
of NR/PBS foams decreased with increase in
NR content. The hardness of NR/PBS foams
increased with increase PBS content.
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Fig. 4. Hardness of NR/PBS foams in various
ratios

3.2 Crystallization Characterization

Non-isothermal crystallization behavior
of the NR/PBS foam was carried out using DSC
measurements. The first heating, cooling and
2nd heating scan for NR/PBS foams are shown
in Figure 4(a)-(c). Melted crystallization
temperature (T¢), glass transition temperature
(Tg), melting temperature (Twm), heat of fusion
(AHm), and degree of crystallinity (yc) obtained
from the DSC analysis are summarized for
NR/PBS foams in Table 3. It is noted that the
degree of crystallinity of PBS in NR/PBS foams
could be evaluated by Eq. (2) [4].

L AHy, _ 100
Degree of crystalline (%oyc) = vy =

2

Where AHm is the melting enthalpy,
AH’, is the melting enthalpy for 100%
crystalline PBS which is 110.3 J/g [3] and W is
the weight fraction (% by weight) of PBS in the
NR/PBS foams.
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109



WWW.PACCON2019.0RG

Neat NR Lo (b)

NR/PHS 8020 Foum
NR/PDS 70/30 Foam

NR/PHS 60/40 Foam

Exo up

NR/PBS 50/50 Foam

= Neat PDS ['oam
~—
\|
v
T T T T WLy T T T T T T
80 60 40 -20 0 20 40 60 80 100 120 140
Temperature (°C)
Neot NR Foam (c)

NR/PIS §0/20 Foam

NR/PHS 20/30 Foam

Exo up

NR/PHS 60/40 Foam

NR/PHS S0/50 Foam

Neat PBS Foam

T T T T

T T T T T T T
<80 60 40 20 0 20 40 60 KO 100 120 140

Temperature (°C)

Neat NR Foam (a)

NR/PHS 80:20 Foam

NR/PBS 70/30 Foam

NR/PBS 60/40 Foam

Exo up

NR/PBS S0/50 Foam

Neat PBS Foam

V

T T T T T T T T T T
<80 60 40 20 0 20 40 o0 80 100120 140

Temperature (°C)

Fig. 4. DSC thermograms of NR/PBS blend in
various blend ratios: (a) First heating, (b)
Cooling and (c¢) Second heating scans.

The 9y of PBS in the foams was
increased with increasing PBS proportions in
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the ranges of NR/PBS ratios 50-80% by weight.
The rubber phase in PBS also obstructed
crystallization of PBS in NR/PBS simple foam.

Table 3. Crystallization parameters of NR/PBS
foam with various ratios on first heating,
cooling and heating scans.

1*" heating
Formulation
NR/PBS Tm %Xc
80/20 115.01 45.33
70/30 112.53 52.17
60/40 114.03 56.63
50/50 113.55 71.35
Cooling
Formulation o
80/20 71.63 35.10
70/30 69.36 40.10
60/40 78.88 47.51
50/50 90.64 44.56
2" heating
Formulation 5
NR/PBS Tm o
80/20 114.93 45.19
70/30 113.19 51.97
60/40 114.03 51.53
50/50 11372 58.43

4. Conclusion

In this work, bio-based thermoplastic
vulcanizates foam of NR/PBS were prepared by
melt blending. The influence of blend ratio on
their foam properties was investigated. The
SEM micrographs show the number of such
cells increases with the increasing amount of
NR constant. The amount of NR contents was
increased, the Average cell size and density
decreased. In term of tensile properties, tensile
strength and modulus of TPVs were increased
with PBS contents. The elongation at break was
decreased with PBS content. The degree of
crystallinity (x) of PBS in the blends was
increased with increasing PBS proportions in
the ranges 50-80 % by weight.

© The 2019 Pure and Applied Chemistry International Conference (PACCON 2019)
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The objective of this work is to prepare Bio-based thermoplastic
vulcanizates from NR compound with PBS, in an internal mixer, with various
blend ratios of 30/70, 40/60, 50/50, 60/40, 70/30 and 80/20 % by weight.
During melt mixing, vulcanization of rubber phase and the second objective
of this work is to prepare bio-based thermoplastic vulcanization foam from
melt blending NR compound with PBS, in an internal mixer, with various
blend ratios of 50/50, 60/40, 70/30 and 80/20 % by weight. The foaming
agent used for NR/PBS blends was 4, 4’- oxydibenzenesulfonyl hydrazide
(OBSH) with the content at 5 phr. The obtained NR/PBS foams were
investigated for their morphology, crystallization behavior and mechanical
properties. It was observed that the cell size of blend foams was increased
with the content of PBS. In other words, cell size of NR/PBS foam was
decreased with NR content. The initial modulus and tensile strength at break
of the foam were decreased with the decreased of PBS contents, but the
elongation at break increased with NR content.
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Introduction

Cellular rubber is an expanded rubber material containing closed cells. In contrast rubber sponge
mainly consists of open cell. However both cellular rubber and rubber sponge are interchangeable. In
this context, rubber foam will be used for cellular rubber. The cellular rubber possesses a lower
permanent deformation value than thermoplastic foam such as PE foam. Cellular rubber was mainly
contain manufactures in accordance with the expansion process using gas developing agents known as
blowing agent. Generally, properties of cellular rubber are not only dependent upon types of rubber used
but also the size of cell foam is important. For rubber foam manufactured from polar rubber such as
neoprene or nitrile rubber, they usually are applied for seal or automotive parts that contact engine oil.
Meanwhile flexible rubber foam could be applied for cushioning and shoe soling. Nonetheless
microcellular rubber is very important for footwear. Natural rubber is bio-based that can be produced as
cellular NR which possess light weight, comfort and high resilience. It can be applied for mattresses and
pillows. NR foam has high potential for shoe sole application due to its resilience and impact absorption.
Thermoplastic vulcanizates are the class of elastomer consisting of thermoplastic phase and vulcanized
rubber phase. The vulcanization of rubber phase is generally carried out during melt blending of
thermoplastic and rubber compound [1]. The elastomeric properties and re-melting behavior are
obtained from vulcanized rubber phase and thermoplastic phase respectively. As natural rubber is
planted in all area of Thailand therefore the production of dried rubber are inundate. We then are
interested in preparation of thermoplastic vulcanizate from NR. Thermoplastic domain that will be
blended with NR is poly (butylene succinate), PBS, as this plastic is a semi-crystalline bio-base polymer
that can be melted at the temperature lower than 200 °C where rubber can be withstand. Not only that,
PBS is a biodegradable plastic that can be degraded in the environment. In order to reveal the properties
of NR/PBS blends, the first part of the work was dealing with studying polymers blend and their
properties. The second part of the work was dealing with manufacturing of cellular thermoplastic
vulcanizates.

Results and Discussion

Morphology of the blends: SEM micrographs of NR/PBS blends vulcanizates are shown in Figure 1.
The results showed that at every NR/PBS ratios NR appeared as discontinuous phase with various shape
and size whereas PBS presented as small domain in between rubber. In other words, NR was being large
continuous phase whereas PBS was being as small continuous phase. It was understood that NR
presented as this particular morphology could be able to maintain elastomeric behavior of NR
characteristic [2].

density and compression set of cellular TPVs: SEM micrographs presented
in Figure 2 belong to NR/PBS TPVs foam manufactured from various compositions of NR and PBS. It
is clear that the cell size of the foam was dependent upon NR and PBS contents. The TPVs with high
PBS content, the viscosity of the blends should be lower than that with low PBS content [3]. This implied
that the melt strength of NR/PBS blend material present in the cell wall at processing temperature was



insufficient to withstand the gas pressure acting on the cell wall as the nucleated bubbles continued to
grow. The cell walls would eventually rupture and coalesce to form bigger cells and thereby the numbers
of gas cells was reduced accordingly. When the increase of natural rubber, the cell density increased
significantly and the cell diameter decreased (Figures 3).The introduction of natural rubber may cause
stiffer cell walls, which suppressed cell growth and breaking of the cell during the foaming stage,
resulting in an increase in cell density, smaller cell diameter together with increased uniformity in cell
diameter distribution. Then the density of TPVs foam shown in Figure 3 (b). The compression set of
TPVs foam is presented in Figure 3 (c) and shows low permanent deformation under long term
compressive force. The compression set which is lower than 50 % shows good elastomeric behavior and

good resilience property of the material [4].

Figures 1 — SEM micrographs of NR/PBS at various contents. NR was stained with OsOy

50/50

Figures 3 — Cell density (Ny) of NR/PBS TPV foam (a), Density of NR/PBS TPV foam (b) and

Conclusion

Thermoplastic vulcanizates of NR/PBS was prepared and characterized. The morphology of the blends
showed that NR was sheared into discontinuous phase. The present of PBS could facilitate flow of the
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TPVs during melt processing. The result also showed that NR/PBS TPVs foam with NR/PBS with
compositions from 60/40 to 80/20 exhibited elastomeric and resilience behaviors. This particular
property is advantage for shoe sole application.
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