wnssunde Wismsuwinewldiuauga

N3l 4.19 usz 4.16 JumiliydtniTazaovadalainlu SDS Allgnsunninvzazans e
8 e v e W ' o v W
wnnilu CTAB fiflauidudutaanit uazersfauningls

0.035
0.03
0.025
0.02
0.015

0.01
—+—no salt -—=-1 mM NaBr

0.005 = ——

{1/micromolar)

Styrene Adsolubilization Constants

0 500 1000 1500 2000 2500 3000 3500 4000
Equilibrium [Styrene] micromolar

4 v 4
a1 4.21 Arpanaeanisazaualasulunsauassdy (K., 789 CTAB haorsdndu

1,000 lulasluaan? Ween9 0.01 g

4.6 uanisdanrzinadalATuuuaunIAN uaTANTAN NN BA WISt KNI AaNNeRA T
miﬁaam&mﬂﬁaUnﬁ’aagaﬂssﬂﬁﬁﬂm’}[mmﬁaaﬂﬂoamgmﬂma'l,mfwﬁmmwu

nrzanglasusnRouna g i ldhnsldndasaansieilanss (oufiasIdiluilSuuis)

ﬂ%’uiWﬁ'alﬁﬁ’mﬁqmﬁ"w objective lenses ANMNFIDLNY 40-50X Qmﬁ’uﬁﬂé’wmaﬁ eye

piece 10X uazfasgpIINndaieglandzanm 1x TW e Fuieuuuy

Transmission T@meuﬁmlugﬂ 4.22 3O TIEIN IFURAIILATWILED

(A)

A w

by =) o \ v PR
U 4.22 Ltamm&mﬂmmmns:mumagluﬂm (A) pH 8 (B) pH 3 (llaRduiiauuws)
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wnmsUnde vamouwineuldiveuge

nng 4.22 a:tﬁu'l,ﬁ*hmgmﬂma'lun’n:ﬁLﬂu@hw:mmméﬁl.“ﬂuau;mﬂLﬁm
la@ndn imsinzngududawias 8347 pH 3 wiafianuilunyags aunaazaiuwe
'lmﬁu Suwrldudunguiuuinni AunmdemsRsaataingsft pH 3 Induiauds
iiisanndrenwil pH 8 risw %oﬁmuﬁﬂﬁtﬁmwmgmﬂmaﬁ pH 3 dunguuaziiam -
wwkwanAndaf pH 8) a‘ﬁma'lﬁ’hﬁﬁ'nmgn’mmoa:ﬁﬂsﬁmm:hﬁuWaﬁTwﬁLaﬁusﬁ
pH 1Tudne uarldiefosfinmazneanisiedudondite
4.6.1 IndwaraIssAaUfiTen : wiie uazdiunm daguldmgw anwusdsing
4.6.1.1 nENTa
mIFaeTsinedaledulunsousasiu SDS vuaumMasUiinm 4 g lasldms
Ry (initiator) 2 Tiiede wenluilvaeidana@zaesialae) uaz AIBN (zanp
ihen udazasluvanalvefldanin) Taglddadu styrene:(NH,)S,0s = Styrene:AIBN
= 20:1 WAL 24:1 WU
- dlelfusuliflouefdaa ma-wadaladn 'F‘ié’mﬂﬂ:m“lﬁﬁﬁﬂﬁvmné’@mu
(31 4.23-4.24) udmansnazanslulngdulénueg U 4.25 nwuw) e
monmisandledaladuuarsnamnsim lunsannunsfiansilanie
Tnallunenadaduguin (31 4.24) RN G GRIRE (3 4.25 nwana)
- Jald ABN ms-wadaledu Aduarsilalimientuasaulandi ussd
ﬁauﬁmwwmziaun'htﬁﬂﬁ"uﬁunﬁ@ﬁqné’@d’m (3U 4.26-4.27) Wahnest
e ledhs FTIR lidsing peak vasmaislodu uaasiwadalaiui
é’qmﬂ:ﬁ%u'lajmﬁmﬁa:a;Jiuumﬁauunaanm{fuﬁ aw (mntaalain 300 mM
Tuansazans 20 mi Aadwitarladurmuadssanm 0.63 nSudsanaeswe gy
mmmﬁﬂﬁwu) waruNaIus  wIutaY ‘]m%:aglmwama
lumznselad@nwnsnsznuvadsfionazUSanasasmsnal §ison feszning
wauludluilaidaanas AIBN Ssdrsnufinnusmansalunisazanotin vldSumnis
dusreiunmzuenludsuaidainaassmildamusnauldniaindadwing
Togulanlusdo aladuuanlmipuaidaina = 2:1 §au AIBN azantirlale Sodasta
'a’i’umuﬁ,auTﬂ-ﬂlemauﬁna‘lﬂ%uﬁqmwnﬁﬁmﬁau wialalw AIBN wondaanaznanaanan
FadulavluavesrlaIu:AIBN = 20:1 uar 24:1 w3o 1:0.05 uaz 1:0.04 f1ud1eL

? Devi, Surekha, Rakshit, Animesh Kumar, Guthrie, James T. (1991) “Synthesis
and characterisation of graft copolymers of oxidised rubber and 2-hydroxy ethyl
methacry” Polymer International, Volume 25, Issue 1, 1991, Pages 23-27
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7 4.23 fpthaeafildein admicellar polymerization T8 l@sufinnuliuiudna 9 (30-
200 mM) Admsuslaiudanaalinfouilaidamva (2:1) Bunmens 4 g n 20 mt uss

[SDS] 24,000 LM



insnainte dawsuwinawldfusugne

71 4.24 EnTwaveaniacany admicellar polymerization wisafinudnaiugy 4.22
\iadl [#la%u] 100 mM Lifhindia Hiindia 0.1 0.3 wsz 0.6 mM



naUnila Funsuwinewldfuougna

31] 4.25 u.rmeimummm'lumm:mu'lu'[ng‘éwmmo admicellar polymerization U238
-l L ] B ] L (] =l S
‘lﬁmﬁnngﬂ 4.22-4.23 (Uu) frdNNIMNG (819) Fradnfifiinda 0.1 0.3 uaz 0.6 mM




wnsUnde Fuwsuwinenlsdueugna

11 426 179 admiceliar polymerization VBIN LATUTIAMBTUTUAII A (30-200 mM) LA AIBN

inlfgasiu 8le3u: AIBN 20:1 151naend 4 o TWiSunas 20 mi [SDS] 24.000 LoV
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armr InTle Fnoapewrien | S Teune

Eﬁ' 4.27 813 admicellar polymerization wm‘lﬁuﬂﬁﬂmi‘uﬁduq {30-200 mM) [atl AIEN

Winldansn sladu: AIBN 24:1 Yianmens 4 g TuiSunas 20 mi [SDS] 24,000 £/




nasUnde duweuwinanldiuougna

N3y 4.23 4.26 Uz 4.27 Iuudrastiievassninadifmdasnvocnnguu
mvanluiipaleidainauar AIBN aansnlflunnsvia admicellar polymerization lst
E g - , e - & u s 8 a AW wma o a
nifdnwmeAUnngazaiy lasusulufonsidaarldonfilaldadreanuasda
P ¥ & a wa o — = o o s '
Wudhaauss wafiweduna ldidmiuezdifemla) fidudnunsinansusuns
asdsznavuanlufisfionaluvinlfassmlenandlad benzene uazsnsuisdiuiiasan
TlaluiZamunneas LwiLﬁamaaumsa:mﬂluﬁaﬁm:mﬂwgﬁumngﬂ 4.26 AWy ly
a a X v , “W v ' Y o ' = = A . -
Taafialn uanmnumamm‘l@@la:‘lmﬂmuamm T URR AR daud
- = ﬂ.’ ol A ] =
ynel gl Lm:ma'ﬁuﬁgunauﬁmﬁwlu aslusanurnaainfanisusnwa
wialiwksagdulu et lleugyaimaddnngihdeuiunesmisldusniuiiie
Wenud iU AIBN a2 ldenafii#dauninodng wazdanaEwnLsliFIIY
[ L7 A s § G 1 & rd . - r-| .l » ﬂ.: A" = = A‘
dndasdldlanvoarfuesnsuadniufeunmnifiniasdau) nafufiquiuiie
.l s 1 =) i = 4’ + L ol F as .‘: w“ A v =1
WBenue uaniwesrlasuiifiatwdnuldanaunduiuey Bnnadadnaudeiusn
a LY. . z A [ - wl ¥ = (=3 [l ) B - =
apnumasfiomnessfisrandunedaletu adnalsfionuftulsdnuuzveiwefialedn
P . - = A = v [ o2 \ P o
Eaddsunnewedsladuinusngiusdudalannsbifilaseaondn udlunsdiil
-3 -~ v - :‘ =2 o v oo I = L 4 (7 s 5
wadrlaiwllaransihsusmnasanaliiAududarduddldnesavlasdaamsi
woRalaSuuuuddatui laaznauanituiu Jsaaidoussflianvazvnlsdnngeie
udrufilonann (rubber-rich phase) uaziaudvaradudmniinefalaIuaun
4
(styrene-rich phase)
{ L] J o H B 7 & 1 3
WaBnmalasununnduriaulfsudadiuglasudn AIBN wiadauauluiiay
wastanaansuzlsingidigadis 9idu
Ju e - - - O ) d‘ a =t 6 A T
wanninI ladnwdniwavanndslusaisiiltuanlnfsuafdaina wuii
P, a ao v o & = ' a @ a & GV A v &
JaANNAe AR YA IN IURBEIUTV IS UIUTAIUTY wazNITRzanuf LR 1890
b r-1 =~ ; U -l -] _=aa e = o o -~
aceelainue Hesifiadiu usasinniaenlumuffitemuueslufisunlasdaiie vl
RanTitdaneniuegn asnnuanluitanaidanavin v ldonsdas 3 lasinanls
daly uazlfanltud AIBN &WIumidnwntivea i
WathaletsfFanzvlas AIBN luamafinmzies FTIR fliwy peak 189
wadgleTuathasuda Bnnabhldansliensizledugmlos SEM Alaidunsuana
o o s - & A
aavudiamens 4 g osumifinly SaFudSunanRuiiu 4 wvih fle 73 4 g lu
Y3anas 80 ml (M32819 1 g Jul3unas 20 mi) maa"lm%uﬁﬁ'omﬂm“lﬁﬁmmaiami.mm:ﬁ

fmdssdaula Lionle wa FTIR lugu 4.28 Budumsusnguaswedalaiulusisiodu

P =) - R [ - i . . & . e a I3 = 8 - -
visaaiunedaleTufilaseairedniu isotactic PS 339 REEY M mTzaaudanTsialaiuandrialvagiu
N3BUFBITUDY SDS uazifis AIBN Hdauirlkldwedalaiuluanslug uszlinawwuninann Sahldwedalaiulsi

padisslunseuaasrudalifmaassniuatusnaan lay sDS Flaansarliisfosiminnziiu anionic

A eu A . < ~ - . - o PR 4
surfactant GafidasnuRzaimafanhideaue a'thmmn‘luaglwauwmm:nwwuu
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wnansdnile Wamouwinewldivaygna

ARNATIZV LG LAZHA SEM 'lu;;;ﬂ 4.29 1ip93nuseF leTunasnsaNNuidaald solvent

etching sheTllanduubisafiNaaiaueaon lvthuiugwiu

186
14
SR 300 mM
12
10 - SR 200 mM
g
g °7
5 SR 100 mM
[72] 6 -
=
<
4 4 Standard PS
2 -
NR ‘I\_—MN——N\-—-—JL\_/\,‘
O —
T T T
4000 3000 2000 1000

Wavenumber(cm™)

3 428 FTIR Spectra 1091719 wodalaTuuazsranadnlaiufidaneild laold sps 24 mm
8173 1 g [styrene] 100-300 mM ez styene: initiator = 1:0.04

SR100mM SR300mM

71U 4.29 mMwanefildan SEM vespna-wedaleiufisuamileidied [ale3u] 100-
o A:Jd -
300mM laglt sDS lunezhiiinde

SEM linsudieumanspniedsulaswedaladu laolalialeIudan g iu
100 mM azifunmwaavhiianusrpsisunianaundud lusomas wdiliodIuos
=] Q‘ J ~ - 1 L o J 0‘: d‘/ =y L2 =3
loTwviusziiuwdesumaimenguiunianuiu mflefuislaiunisynans

mmsnda*‘?\ia“wvlﬁt.ﬁmm $19NIINUILT E]‘H;ﬂ’?ﬂEJ’Nﬁ'i]:‘,Lﬁ@m’TEL‘%EH)“I\I@]LLE%:‘HE]BEJTJN
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wnasindla wumowwinauldiuaugne

Dwioden’ 'Lumtﬁ'?'ii‘la‘lm‘%‘uﬁami’iaauuﬁ'aaqmﬂmaﬁ gasnansaGeeda laoune
aumaavligniafeulassay ylieumegwiilomanasurule WaaladuRuduuaz
AR a'uaqmﬂmq‘lﬁﬁmn'ﬁuﬁﬂﬁm&mﬂL'%'m%mwiEl'o‘laimammﬁmwsnmgmﬂLm'
andiagniadsudiowedsladu Jaduilude guumznguin

4.6.1.2 N6

-~ A v ~ ' o € a a
ﬁ]'\ﬂnqiﬁﬂ'ﬂ"]ﬂﬂﬁlu&n‘lﬂlﬂ ANNTIEVLANCFNRADNTIR Lﬂ?ﬁ:%waﬁﬁ‘lmﬂuﬂiau

q4Tw CTAB i pH §9 (pH=8) Tw3ana3773 21 ml § [styene] 2,500 M (2.5 mM ¥3a
Aoniln 0.546 Wi% £ITTINTNR 99.454 wi%) Uil sudndualaIudaAiBN® Jratio of
styrene:AIBN{ tI% 1:0.5, 1:1, uaz 1:2 Y‘hﬂg“ﬁ‘%ﬂ’m’mﬁomﬂzﬁwaﬁa‘lm‘%uﬁqmﬁgﬁ 45
°C uax 70 °C fauaadluara 4.6 1fum 2 . weaUHAzom pmsugluinuds

nyasaumasisimbansadludonnazdndisimaioass (uukafi 70 °C Uszum 16
71,

@179 4.6 FNNITMIFIATIZALDY admicelar polymerization N1/5u1muen3 1 g 2t mi

CTAB | Styrene monomer Temperature
Styrene : initiator NR (g.) AIBN(LLM) o
(LM) (UM) ("C)
70
1:0.5 1,250
45
70
1:1 800 2,500 1 2,500
45
70
1:2 5,000
45

mﬂmmﬁﬁmsﬂ:ﬁm}mﬂmmé’aﬂﬁﬁ?m admicellar polymerization HIUNAY
yanTImindasinuauaiuaien AIBN 1:05 1:1 uax 1:2 igainndl 45 uaz 70 °C Tugl

4.28-4.29 wuhngmnn 45 °C Fadulaolus 1w 1:1 FIUNATIBUMABIRUNUNAIT
. d ~ B ! s tﬂ‘l 3 @ T .I-: =
sawiureufduiu snwusifaaunmenwfideudanseuasstursiasaausidiiafe
CTAB (raufiiu) yweymaziinumiudsandanaumaununauaziizeufidurastu

ﬁ'm:wiwaq,mﬂ UNBUAZ UM IUTDaU aFunoununatsfe BUNINL I UWAIRTUUDN

W.W. Schloman, Jr. (2002) Surface treatment reduces both allergen content and cure efficiency of hevea Latex.

Trends in New Crops and New Uses, J. janick and A. Whipkey (eds.), ASHS Press, Alexandria, VA, USA, pp. 245-249

6 . —
ABN Tmansnazansldluin Sdvspampinmufel §i%onszwing 50-90 °C uaxinldd 70 °C (ramimnlfitm

Uzt 2-3 131)
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wneantla dumouwidenldiuaug e

dowodaloSuuszmauiituda CTAB 1M3Sundnuadiiosunmddonwaislaiu
(NR Core-Styrene Shell structure)” iiadfudadrmdualauuin ABN oy (3U 4.27 A)
RAUIIVWIALRE NSNS BMEENEN T LABNUNETY Inn S awnedrtadu
wapauFunm ABN wianfiazunsunluszduwluilddaiuwlifadaomhdmmoues

f ﬁﬁd‘gﬂﬂiiﬂﬁﬁ'ﬁmﬂﬂ

(A) 45-0.5

(B) 45-1

(C) 45-2

U 428  umumwaInndasanTIiuEnd  eumaswninhujitiauanzinedaleiu

ar

#i 45 °c figadualadwABN flu (A) 1:05 B) 1:1 (C) 1:2
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wngnda Wussuwideuldiueugyia

:‘ a J - = r=1 = J 1 & ﬂ‘j
Wslsu  AIBN mnmﬂmaqawaaavlmuwlammn@mnmu l.maﬂmaqaauaa YUIAUAZNT

nrzapadfiatasyilwildsnuieldituni 29usaain admicellar polymerization fial#ifia

(A) 70-0.5

(B) 70-1

(C) 70-2

31 4.29 unumwanndaanviatuaassumammanniyitosaensinedalamama

Sufl 70 °C Aifadn laTuAIBN 1In (A) 1:05 (B) 111 (C) 1:2
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wnaTUnile Fawewwinawldruauane

lansgHefesuuuunulfan (core-shall morphotoay) luszétrluatautiswiluiues lawdalal
WuaNuLendIaaTwgeRmMaInnunladTuiRu-aadasiu AIBN abineladn AIBN uanéd

' ur 8

Itenfiaamnivufiten 45 °c Sullugamplifideudred  PRanmnwedalaiufiladelal
wan@IuLIN

dauwfewldiujitofiemmadgeduiiu 70 °c Fadugmnnlundf AIBN uandause
Jeshadad§iten slaiulvhuffitenldunn wrhensazeumansesosfnuuaiilfanna
selaTuiinwussiudand) fefidasin 11 azdmiioymaunu-URoNUANEIRWININ ue
swaunu-dianfianuadnsuaias iniliafifineuuneiiiwadn nadafiieunmgiivwe
g uasdududouiwing  lunsdidesau 12 Weifussnad fsenfinalvuaudenumm
dagtunniu  dutewinndu  uafidadiu  1:0.5 i):‘lﬁmémﬂLmu-mﬁanﬁﬁmmﬂmﬁﬂmm
nieedad  flasnndwoun ABN Wasas  emaudstnwveszunianas  vhufAtenld
Urzininmd lanwedaleduiifawelng Semmdandadulaslusnasslaiudemarialfizen
1:0.5 Wawdely weun@l 4.1 usssmwialiauvesgulasisirounu-wian

Admicellar

_

Polymerization of

Styrene
mwlanaFauansasnlsznatunuanninga mwisdiaufitiulu SEM danudausas
ﬂl L 2 8 I o
AdpuMHNTaLRBITUT IR TRAUIIRIAY 8afIzNALARMALNS PS UasR1IRALTIRRN
TLT ILTLT IL " ‘LL
substrate substrate

wnund 4.1 uzasdnsmzaumarsunudianaialadu lau Admicella polymeization
Ao 11 W oa a €, A = s a o [y
wannnids ladiiunmsameinmesiaRgaimsdnnguesnsislaiu)dae

UV spectroscopy 1\WLUNIRANTUARULAI 247 nm tudadszanalddnfensdalaTuau
-3 1 <l -1 A o [ %
wua 9 lUnnpalaiwnisunnefissaraialé
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wnesdnTs dawmsuwinenldtuoug e

iflasen vs0 azvhawlddlunmzans Safewanld V50 unu AIBN g1 4.30
uAA9e208 197 1enaa admicellar polymerization vinUiuanudutuslaiulWasssdeg
4.30 n @Uam) Wunefimmidaanaileslfvinusleiwtooios 50 Tulaslaand
wisfaluwadalein 0.011 wt% aunmelivuisldnaineivg (Aaninsstananiingi
s uasdaiwmaiiadien 1s St dafiaBuagleiunniu gudhe) e

WnBunmeznevyriuuamedslainenn udeznauiuruanslwiilad

31 4.30 SNEMsAITIBERMERAINTTRNATIRWILY Admicellar polymerization figa

Wudualedudon (n) uszfnuduiug ()

dlssrinmaeiaumsesfienusinaua SafinsnTliudadiunanuasiu
1asslaTuliigenin vs0 wng efalildmadalaiumordu usziiBumannezlduon
Waaannlwiinldineting Teelfew [Styrene] finitiator V50] = 1:1, 5:1, 30:1, 77:1 lag
e {styrene] 91N 7.5 mM-560 mM (fiaLlu PS 1.6 - 55 wi%) T lwamsituasli
finfia dausaesatwluiy 4.314.34

gl 431 weealdidudinswnfawiauesdawadaleiudla vanusa
ﬁuua:wauﬁ'n'lufiauﬁmnju’lmﬁmmmnﬁa 80 wi% datie3nsnaunslu (internal
mixer) saaiaftlefiszdfasnifomianiee feadelif et uruiiiiniee Fvnvas
waaanmsewsiliBin sannfis ligunsor W ldwaiiwe Swsniluinn Idudilold
\nefin admicellar polymerization fignsulasluavasrladudn v50 15w 1:1 Tanldelain
7.5 mM (Raudlu PS 1.6 wit) 2t ldtaurnafifidmaassm deanedauruinefes\duinile
i iluimias uddnfisina NaBr 0.001 M ilwiefifindsadudu anadafily
winle Beadinin

dleldiinmaladwAutniu 50 mM Toawfsu [Styrenelfinitiator V50] =
1:1, 5:1 usz 30:1 Tugyl 4.32 inewiwRedldfowliiinde Tutum Tamawde



snrunde dsnsuwinauwlduouge

drumanadaezlduduile lanfdSunaladuilzanm 9.9 wi% lamiwin daulvg 9o
wi%AagewiT (AsunuewTines ludan 3 4.31)

7 4.31 (dw) Wisufsudnsacvadowadsleuiilaludronisdhs srammiudas
M uazidedaasIKENTI WENIN$ I 4 phr IHENRULIRITY 20 Wit
uasludan 80 wi% 92 ldTunuduuiuiugn) 1 urassathalianansdnweaale
Iufils fansowis) usealatnafiléann Admicellar polymerization tiladl fstyrene] = 7.5
mM Aifad 1 [styrenelfinitiator] = 1:1 (WaIN&9) Frotfldmnmisnameiillolad
(nfe Lm:v“i'lﬁ’mé’omné'm'fu;gﬂ aE) Madenmsfinidiaiiinda Nar 0.001

i & e ar o . = ol
M uazfildndsnndaliugldinauiau (compression molding 71 150 °C lawilizunm)

JH4.32 (univuw) iaunuiifien
walgledn wivauuws s
M (styrene] 50 mM lan mole
ratio Had styrene:v50 = 1:1 5:1
WAt 30:1 (UWoana) naseniinly
nasa
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wrEn Uil Wkewwinawlaivauwy e

WBINIAMTATUYBIR IATULLY 100 MM (18 wt% PS) SaLuILl 4,33 EIUNY
LURBNWARE LATULTUAURINIYY (ADIAWIIIANARIULUN styrene:V50 (WY lUKALND1 30:1
usziilariuminedadisanaiaufssninnaled wiifuudufffafutuanamBinen
faduluansrlediuda v50 atRualaduiiiu 560 mM (55 wi% PS) wiifnwmsiniian
PBIIBNATIIN UNSAVAITIFTINMEYTOLUEN TAVDHIUMINAAANLIIAUHY
1mmuumwmmﬁmémmnﬁqﬁ:&a'mwgma 50 wi% (INHUNUIY 4.31 N) NI
nrrusuwmsnadaenafanldieilvnlwerad@oulinn naedlulsniafiemioy
thermoplastic elastomer wWiaiiunadgleSufilanumniien dauniuszifnadigus
Fagrufinulenu high impact polystyrene (HIPS) laplidasdnTizviiin copolymer

=1] 4 22 (AOIU%) b pumiiBanwafeletu vaapuuis I.ﬁ‘l'%.'lllﬁ!ﬂ’:: Istyrana] 50 mM

ISIU nusie ratio Y89 siyrsne:VSO = 1:1 51 30:1 0Rs 77:1 (umINY uiﬁ'mﬁ'ﬂﬂmé'ﬂ

- = % = W - & = W e -

TR G U RIS i aa AR R L TRE RO LS RS i R 0551 1

z e e I L, B R T
140 RS 178 mb W3S 8 3-28 with SERATMIRALNRTAGE LR TUWAEA VAT farin

i " + e = = W - = — L
Foavid 424 seefw S lsseSufvsandeBuwa s w100 mM 1vaen

- [ - [’ -~ : . -.'l' F \_ L
ol = P—— P = i -
fadeTeiswuliunias |11L‘llJ'1L;ilJu'.'.n.:12."..:’..‘1.‘... ERsuAM edawish 150 0

o gor .l S -t O N ,

hugnansiuannesimasn T sulans iniduszituny Lé.frmﬂﬂh’r% T admicallar
o R i 14 s u o e AW e s .|

polymerization Tail UV T U R USRS HA TR TR TR IALE LU A3 N6 I

s -~ & . T T
Wy im{fnm'l.ﬁ'i"rni:ﬂumyr P LI W e SUCHERET Nuinntula)



P - - e J -
31 4.33 (M) pILnRURaNNEAR1NTI NRIDUUWAI L@THUNNTIE Istvrene! @139 T\'Il_l mole ratio

e styrene:v50 = 2:1 (1) WNAIRRLY Admicellar polymerization YIaLURIRAININFABTIER 18
(UW) wasfrumsneaaalgauian (819) 7 (Fe) Istvrenel = 138 mM (U711 175 mM »ia P<
23 wit% LAY 7R wi% #MUA1aI
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iwngmUnlia Fannouwitouldfueuge

mindfudasualaTuda V50 'lﬁgm‘fmﬂu 25:1 Mia 1:0.04) WRswanuudn
vaarlaTuidu 50-300 mM szldlanssounuidfanlasfiufanmuenutBuualaduss
luzul 4.35 uazzil 4.36 dudnwouzdngaf ldndnuuiiudalasf e e Wit Bunouis
flu 4 i1 (879 4 g Y3197 80 mi) sztiuwamstasdsunwilfanwedsladuiden
mnpmbaniiugnsmmuBadleds naniledeffafaessmuny

SR 300mb

SR 50mM

31/ 4.35 graunmUfanwaialaduf ldanmiguameilasidualaiu 50 uas 300 mM
laoldndasgansiedssue mdswee 800x

71 4.36 uFAIAIDENS Admicellar polymerization fifas [styrene][initiator] = 1:0.04
v - = o ce
afmgmasunmfannedglaiuitinnziidan SEm lasfinmranszny
saaffnoleiu infa uraslugyl 4.37-4.38 idwideniunyd sps diafainaslaiuly

inun mwdassezliusnsnmsusnialdiin Wasmututuslsduwlidesnin 100
.' = 1 a v I ‘ a4 o
mM famummﬁaagmﬂmatm:nquﬁ‘uﬁam‘lunnau'nmﬂumaLﬁm‘mﬂanunuﬂmu
“ 4 7T d & a o« .
pHEERERBTEE Polystyrene—g-Pol:tsoprane maumaaa.muagmﬂmﬁu AMUNUIVAS
= wod J - BN
wisnwadaleduunaynafiiuiifid) 300-500 nm

" Jieming Li, Mario Gauthier, Steven J. Teertstra, Hui Xu and Sergei S. Sheiko 2004 "Synthesis of arborescent

polystyrene-g-polyisoprene copolymers using acetylated substrates” Macromolecules, 37, 795-802
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SR 200mM SR 300mM S8R 300mM with 5000x

31} 4.37 SEM micrograph Padsndnulldanwadg a3 uaInnsFaTIERANIL
Styrene: V50 = 25:1 MTunmualeiudag

—_—
19rf SINSIa3

SR260mM

-=,

i m———— - - 1 'S
1 LT L
e e L

e g AN S A

T i o

SR300m SR3GCmM, NaBr0.3mM

31 4.38 SEM micrograph waseunwlionwaialaiuanmidnarzdfiane
Styrene: V50 = 25:1 (afiinRa [NaBr] 0.3 mM
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=y [ Loy, =] o = - N N
4.6.2 MiaNanziautfzasnunwmifanwedalaIuain admicellar polymerization
- ) - g it ll‘ -t 3 1 J’ L 3 s " A: C-J
Gl“]aﬂ’]\'lS_l"lx‘lLLﬂ‘H,I.ﬂEIE]ﬂWEIRH\lﬁl‘iu'ﬂf\]:ﬁﬂﬂ‘lﬂﬂ1ﬂ1ﬂﬁ"]uu ‘l@ummaunmmuu
P 1
FINFNIEOIH

1. @anzeng [CTAB] 1,000 UM, 2:1 Styrene: V50 molar ratio wazl3unmiens 1g iu
USu1aInanue 21 ml tnda [NaBr] 1 mM (Lﬂum’a:ﬁ’lﬁmiﬁnmm‘igmmzuuma
0.01 g)

2. an13zenalnal [CTAB] 2,800 UM, 25:1 Styrene: V50 molar ratio WaUf3a1men3 4 g
luZnaminue 80 ml (Lﬂum'.\:?i'lﬁmsﬁnmmsgmm:numa 1 g udnRutin
\Ju 4 1vh) 1n@a [NaBr] 0.3 mM

3. §M3EnIR [SDS] 24,000 UM, 25:1 Styrene: V50 molar ratio wazUSanmene 4 g u
U509IIMaa 80 ml tn&a [NaBr] 0.3 mM (L?Juma:ﬁ'lﬁmiﬁnmmig}mm:uuma 1
g uﬁ’;tﬁmﬁfmmlﬂu 4 1¥1n)

4.6.2.1 myhansianddlasianaaiiles FTIR

madmngrammedslafulunnzfifiunsalas FTIR usadlug 4.28
MUzl MIieTsian IR Mlnnuihiunuidinmstleineaslasuiadu
usuanuiudILEaInalugL 4.39 -4.40 FathBunmalagusus 10-100 mM wadsla
%uﬁﬁnﬁt@iuag FarinmanitaainlatatwdaBinaslauAuanis azfuwind 10
mM Anwedalaiuil 700, 1495, 1454 om” azédunn uazin 3 Sudiatudailu overtone
pa9auudulngn 1800-2000 cm ' s=Butaanit 50 mm tunsdiilidunde sulu
nsdifdundefimmaniiuasweialaiuassl absorbance fpifulm:'ﬁ'@mw‘?m,wi 20 mM
ngaslinTuiindaiinadaiFnmweaaleduidaansildagisun uidrezdmiies 1
mM LY %aa%mu‘lﬁ"j’lmﬁénhU'Lﬁmzsamu‘saﬁoﬂmﬁnﬁmm:uuﬁaa'q.mﬂ‘lﬁmn%u
gonalaladumunsornasaslutussaausdiir lnniunsane e waaiale
anin U 4.41 LLamﬂ’nuﬁnﬁuﬁmsqanﬁuﬂﬁuﬁ. 700 om” AuBnoaladwiiafiuasli
iinga
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30

10 mM styrene . _‘

J_[""LZO mM_styrene A

20 - 30 mM styrene
v_fww

I PRV W N

25

Absorbance
>

4000 3000 2000 1000 0

Wavenumber(cm™)

U 4.39 FT-IR spectra of PS, NR uazgnaunwienwedalaiunitinmalaudn g

(styrene:V50 = 2:1 by mole W8 [CTAB] 1,000 UM 1Ranaueng 1 g Y3anassiy 21 mi)

30

10 mM styrene
25 - 20 ,M styrene
30 mM styrene

7 \4L40 mM styrene

15 50 mM styrene

10

20

1

Absorbance

4000 3000 2000 1000 0
Wavenumber(cm'l)

U 4.40 FTIR spectra 784 PS, NR uaztvuwnumldenwadaladu fUSunmalaiudroqua:

w3nuiiainda [NaBr] 1 mM (styrene:V50 = 2:1 by mole W&z [CTAB] 1,000 LM 15070899 1
g U3ana3720 21 ml)
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35 4
. H
T
Z
a |
g, i ® 1 mM NabBr
% * " % 5 mM NaBr
{ .
w * .
: 5
[ ] =
= [
9
3 *
= ]
T T ¥ T T
o 20 40 . 60 80 100 120

Initial styrene concentration(mM)

L s 1 =) v -~ AJ "1 “
Eﬂ 4.41 UFSIAMUFUNUTTE I IR absorbance U8IWadF@IUA 700 cm Nu [styrene]

i) A' & - Ia =AI g 1
3l 4.41 wamalinsudinaninadndua lrFun WG uneRalasui A slinauas1e
o > o A v a - T = PR R { ,
Tarunanasiiinasuazlsiingae #2uaNENaBANFeRe SN UNERR LATUTILN ATUALLALHAN
Tgsanudndualssunn usrazianinasaasniniaudndugana 100 mm

Wadivlddasiulaolua styrene:v50 = 25:1 fivFunoualaTu 100-300 mM Awl
o P =
peak 209 PS iRnIuamSumalain
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20 , _
aromatic C=C at 1600,1500,1450 cm™

aromatic C-H at
3100-3000cm™

-
?

’ L SR 100 mM

cm

\L SR 300 mM

SR 200 mM

-
(o)
1

Absorbance

5 -
Standard PS
NR
0
T T 1
4000 3000 ' 2000 1000

Wavenumber(cm™)

31U 442 FTIR spectra 789 NR, PS uaztndunufanwedalaiuie3oud styrene:v50 25:1 uaz
[CTAB] 2,800 UM 3unmend 4 g Sunassiy 80 ml '

4.6.2.2 maAnrziautdnuanuiaulay Thermogravimetry

= - a ¥ Iy o & a & a
ﬂq?QLﬂ?qzﬂﬂuuGWI'Nﬂ')']l]fl‘ﬂuulﬂﬂﬂﬁ@UnUﬂunﬂuLﬂﬂﬂﬂWﬂﬂﬂlﬂ?uﬂ LAITEHNINN

=

mazawlugl 4.43-4.44 ssiuiuliavingang T hiflsmsdsulasanzgguani

A
i 150 °C %atﬂuqmﬁamam"lﬂ’%'u (145 °C) Mlinnuidetuisaiinua:
Uifsunfasuyol veuewweiliiinia aamninmsuands (decomposition temperature)
Buduvaspmasiviinimedsleiu ﬁwu%’ummﬁwaaqmﬂgﬁmﬂmnﬁwm
g19N1T(N DTGA) fia 380 °C uazwaialaiu 420 °C
gmusnaunwysennedsladufiiaiouannazans uasnnzatalng 2:8
qmwgﬁuﬂﬂﬁﬁuﬁuwa givmaails s uius s n s nTNNIERESAT A
Banldmadrougaeindmuanaeieulasnluemsfiprafousamolunuauds vaslu
FufnuanudawRuduiiisslisnindedind 20 wite i giuTTnmaleiuiiny
adld @ruwed a'l@f%uﬁﬁ’amﬂmﬂlﬁazﬁtmunﬁtﬁau"Lﬂﬂuﬂ'nm‘?au”[ﬁgaﬁfumm['%mmwa

aaleIuitduashl fianmniliunnniy 430 °C gauNwllRanwafa le3u 50 uaz 100 mM
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menﬂﬂumm%u‘lmﬁumgan'iwﬁ'm'xm'ﬁ'nm:waﬁa'lm‘%u 31l 4.44 woihmad
= [} k2 -l - = ﬂ' A 4 rY » r—y

infetinlimaununlfanwaialaiwdenllamodgunnlgeninensysuma uss

maunmﬂﬁanwa‘ﬁa"l,@ﬁ"uﬁ'qﬂfmalL'ﬁ'uiwma'l@?mmmmﬂumm‘%’au“l.@‘i’ﬁn'hﬁama

]
=t -

ua:waﬁa"lﬂ%unqmugugm'h 430 °C

20

~20 -

-40 -

-60 -
00mM styrene

% Weight loss

-80 -

-100

-120 : ; T . .

30 130 230 330 430 530
Temperature (°C)

U 443 uwunﬁﬂauﬁ?mwﬂ'nu%’auﬁm TGA 20IWaRFLATH HRNITIUREFITRILATIEN
PS vusunapfinnuidudud gaweialedu

20

-20 -
-40 -

-60 - 100 styrene

% Weight loss

-80 -

-100 - N

'}20 T 1 T T T
30 130 230 330 430 530

Temperature (°C)

31l 4.44 wnuplaniin1ennuiann TGA 1aanelalaTu SN TR TEIATIEA

PS unaymAgfadniud gzaswedaledn lelinde 1 mM NaBr
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110 -
90
S
% 107 |
& ——NR
2 ] — ——-SR100mM
L 30- B e SR300mM
B :
10 - |
) "10 T T ¥ I 1
0 200 400 600 800 1000
Temperature (°C)
=
E
g ——NR
g - ——-SR100mM
2= E O | SR300mM
>
[._4
a)
0 200 400 600 800 1000

Temperature (°C)

31l 4.45 ununi TGA waz DTGA aaspaunulianwedalaswasoulasgmiazanalna
o A A = & S
HaP9e DTG TaawidadlSinmalasuunin AWFIVDI peak Th ATARDIUAN

o P 4 o o - a i a ~
SR laTUAANTY FmSusunwmlfsnwedrlasuiilesuulasniiznie Jamwmniuan

e oA ow ' ' ™ vt X A 4 a X
mnmuganmwwwwwamwﬂwuua:m'lﬂﬂwmmﬁmma“lmunLwmm
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120 -
100
3 60 | — SR100mM
5 —--—- SR200mM
= 401 ~---- SR300mM |
20 -
0 =
0 200 400 600 800 1000
Temperature (°C)
1400 W
1200 -
1000 -
800 -
----NR
{l'2 600 4
5 —— SR100mM
400 - —--=- SR200mM
200 "—'SR300mMJ
0
-200 T ] ; T 1
0 200 400 600 800 1000

Temperature (°C)

71 4.46 uHUDT TGA uaz DTGA aasgnunuildanwedsladwaioulasgniiznia
NANINAFAUILATIER e uTaubuIu I N IR LA AN R F leTulan

. . . = J 8 L Ss p s L7 =
admicellar polymerization 2% NIlwNIENIARAZAN Ll.a:'lﬂﬂmﬂﬂlwmaww'smﬂm

1 g J o L] L v ~ = 1;
amudannuiawinndumadiunanedslaiuuiuanFinunaialaSudi
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4.6.2.3 myavednhminluanslay GPC

MIINATIEAI ala Lﬂf]' svadpnunwlfanwaialaiudnwianzmaaiou

‘ v o . = o
lunaznsauazanalng lasis3a9 GPC Shimatzu Column lu Styragel lfdaa Inaas

.- . A‘ o v » = o= = g
THF (mobile phase) 1ml/min ﬂ'i‘i’ﬂﬂﬁﬂl]uﬂ'ﬂ“‘n'i’lll’ﬂE.I']\'}LLﬂ'H.LlJﬂﬂﬂWﬂﬂﬂiﬂi%azﬂﬁﬂ‘lﬂ

wualiTea MIfanT A admicellar 39143 side reaction 9naarialfi3uiugnawam
sniiulunsdliunfauarlfmsnayjisenduwinieidama 1 4.46 uazans 4.7
uaanavasuInluanafiiiesiidrasmnunuyenwedaladu nzdalna

Eftact of Initintor st BR 200 mk

2.0101

0008+

0.006

004+

0002+

0 000

30 4.46 HATATIZR GPC 2assnsunmilianwadalaunzdidasiulanluavas

1a3uds V50 69

17 4.7 mantenuvaddasiulanlyavealaduss V50 uazanuitutuassaladuds
maTmaqamaamounmﬂﬁanwaﬁa'lﬂ‘%u'lum's:ma'lm

fasulaslug [Styrene] 100 mM [Styrene] 200 mM
Styrene : V50
1:0.04 - 311,981
1.0.1 277,585 296,823
1:0.2 193,149 160,965
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wnsunila Wnmsuwineulaiuayge

o ' [ x | = a Aa
’1]:L“W]'lﬂ’]Tﬁ\‘llﬂTWZﬁ‘Iuﬂ‘iﬂUﬁBG‘ﬁW%:\lﬂWﬂﬂﬁ\lﬂﬁuﬂuﬂiﬂiuLﬂQﬂigdWEJﬁJJﬂ'JT

Winpldnunnidansddieitau g deldwedalaiuniuralaanatzana 160,000-

300,000 N9 sanalfiTedildanniezldusluanadias 31 4.47-4.48 wudung

A o o '
Lusnavassnsunuilfanweialeiufiedoalunnznse sxlinsnssasmantionds

mazdelng WallglaIuunnduua ltuasian1Inszansuuia bimodal @ail Shoulder

vasnaluanaganngwisu givanaluanad wasluanazesnmznsadeanieing

SRE0-300.5DE ABN 1:09

008

008

~TBRI00 L

‘/
/ S
s //’/ T
NR 7 = SR50

AT -

THF

gﬂ 4.47 uuun“ﬁm‘sns:an uﬁwﬁfn‘[maqamaomaLtnmﬂﬁaﬂwaﬁavlﬂ?um%ﬂulunﬂ:nm

SRE-A0MM SDS MEN, 100403

005

0034

007

T T T
L] 1 2

31 4.48 Ltwuqﬁmsm:mUﬁwﬁﬂimaqamaamaunmﬂﬁanwaﬁa‘lﬂ%utﬂ?aﬂuma:nm

waz [NaBr] 6.3 mM
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memsfenesdifindarlimsnszneddfitnaanslusnsmmealnagjann
i uanmnﬁmnﬁijgnﬁ'zashoa:'l.ﬁuﬁamaaaﬂm T GILMUY retention time V63 LRSI
IMIFAATIZR admicellar 'lajﬁwansznmiaunuﬁrtﬂum&mﬂma finaniznulasasida
AoumMwusInedsleiu M1 4.8 akanzivIndedbsmSinaislaiu infs uazriie
miaausenai IfemsanslusnsentmeynidledasmenniaUfitingedu uazud
mo‘fwU(ﬁﬁ'mﬁfﬂlmaqago)tﬁaﬁﬂﬁmﬂﬂ‘%‘umn Imfianunsunnuazinnninenewim

o

i | a - a a A = . "
anTefl 4.8 dmiinluanarasnunifanwaleladuieioalumaznia dralnd &
wn@s [NaBr] 0.3 mM/lsifiinde uaziiBunmelaiuan g

Styrene monomer {mM) Mole Ratio Styrene:V50 I Mole Ratio Styrene:V50
1:0.1 1:0.1 + [NaBr] 0.3 mM
CTAB SDS CTAB SDS
50 = - - -
100 296346 998075 258182 199510
200 295526 86955 332674 176446
300 299980 99490 330644 157150

4.6.2.4 maaneArutiBnaanuionnauuasrnadtingy (Aging)

MIFANINRULALTINRAN VT DRULFIIHANARDLTBIL W TUA LA BN
wnwaldanwadslefueiunnnmzanalng tan deta Sawanfamaadowlng daszod
Luanauaadlugyl 4.49

Tan delta of NR and modified NR with CTAB

S |

2F ——NR |

4 |

| =15 |+ SR100mM.|

= 4 S S | ——SR200 mM. |

= | |
[ ! g

RSPV N I S =)

0 Jwti ﬁ’*’ﬁm‘*@w 5 l

. 400 5 0 5 100 150 |
Temperature (C) |

U 4.49 gompiuazfinasleduda Tan & snssnsunwlfennadsladunnizdnalnal
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wnesunla Swinouwsieuldieugia

® ad A a o = P .
pziuiarTINndl tan § wislamagyiRowasnuanniiga sosnfiuens
wnwddanwedalesuiisaladu 100 mM uazpaunuifanwedaladufifialadu 200-300
mM awiau sunudfenwedalaiudlianadandund nnmsnesey m
Y A A A A a o o
pamplivas laiAnyIanaalaiuds storage modulus 1a9n3unmLRanwadalaiud
w“ ~ ! ] w L Y 1 ] + 3=
wliuRudn wuhnsdnenzinmizniawizlaslusnadesndiinzelng ue
ii storage modulus g9n udsnaunmlfanwedaleularmnisuniinguly storage
& sy } o a
modulus gaaundudulupmehisadauss (U 4.50-4.53 Uazan3 W 4.9) o gDl
ar [l ' = o ] ] ) A ﬁi
WAINITLNLSY tan & vasnunuBenwelaladulidrgindiwessns Suaasfiimlnad
ani uasihaulaann gfesnsunufenwedalaInuaaden glass transition
temperature (B LA laslarlnaifsaiuvasonsrsuma lidyng glass transition
o - v [a) 4 A L A ]
Uy amorphous polystyrene ‘ljdﬂnmzagﬂ 80 “C (#1773 4.10) FaT AU
srsuduazwodd ledwdriunlddann glaglidesldartonaundeastialszauwug
adwla Nyghiiwedaladunnlaiansgagnii 20 wik
mvussEmiveanudionnedaleduduniiauiunns annealing tialdh

-~ J‘ 1 ) ] . g
T,mfaamaﬁngmfmumnnﬂa:Lﬂumim'haLnﬂm‘nﬁa VAN

@134 4.9 Storage modulus, loss modulus WA tan & VBISNTTINTGLAzENILNUILREN

wolalaiu o qmmqﬁﬁao AOULAZARILULTY 100°C 24 3.

daate Storage Modulus E’, MPa| Loss Modulus E*, MPa Tan O EYE’

No Aging Aging - No Aging Aging No Aging Aging

NR 0.5499 0.1829 0.05715 0.02578 0.1039 0.1409
CTAB

Styrene 100 mM | 0.1812 0.3548 0.02795 0.1109 0.1543 0.3126

Styrene 200 mM 0.3473 0.3885 0.05450 0.09315 0.1569 0.2398

Styene 300 mM 0.2305 0.4453 0.03511 0.1062 0.1523 0.2385
sDS

Styrene 100 mM 0.6518 0.5193 0.2209 0.2239 0.3388 0.4312

Styrene 200 mM 0.2792 0.3597 0.06500 0.09721 0.2328 0.2702

Styene 300 mM 0.4150 0.2600 0.1020 0.1027 0.2459 0.3949

WU tan O Ut E” 124@7a8961% CTAB fiasnniinle SDS iwsziinadgla

Funfidwinlaananinnit was aging o9fld CTAB § E' snnndiensfild sDs
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Tan delta of SR 100mM with SDS L

2.5
x 270 = ———— [ —+—SR100mMwith SDS
s 1.5 |
1 ot of | —_— »— SR100mM with SDS in|
= a aging condition ?
| 51 1%
0 T IMTITrfFrfrsryrrr Tyt rrrrerrfrerd ;
‘ Temperature (oC)
f — l'
Tan delta in SDS |
|
2 i
| i__._SR:Eome inSDS |
3 |
£ —a— SR200mM with SDSH
| = in aging condition ||

0 T FITIT o T TP st h Ty e e e T TP ret v 1en0 11

I A I LR
PR\ SR R S

Py

, Temperature (oC)

; Tan delta of SR 300 mM with SDS I

|
| 2.5 - i
|
2 3 — - 3
= —+— SR300mM with SDS
= 45
o
=l + SR300mM with SDS
= in aging condition
05 ==
0 ;
O O t~ = M~ B T~ O
S Y B T =~
L . B G (=)

Temperature (oC)

71 4.50 aampiiuazFunmaleiudes Tan § vassunwufanwedsladuniznianan

URZMAILALTY 100 °C 24 Tu
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|
—e—SR100mM with|,
. CTAB |

—s— SR100mM withl3

Tan delta of SR100mM with CTAB
2
1.5 -
8
T
= e
e 05 1 #_'“.

i) L& TR R 0

T
o
i

Vy
-
w

T T
T2
@ ©
N

! Temperature (oC)

T
-
W

CTAB in agmg
| condition

Tan delta of SR 200 mM with CTAB

| B2 | | N -
| | —s— SR200mM with ||
| 5 BT - | CIAB
®
c 1 —»— SR200mM with
Bl CTAB in aging ||
J _ condition
i mgIIH-nm_“?\'-lllll!lli:ll!ll}llill\l!ill\!lW! . ) o
9 N B W ’b LN A2) Q
S NG S S q"’ &
Temperature (oC)
Tan delta with SR 300 mM with CTAB |
| 2
| —+—SR300mM with||
‘ a P = CTAB }
®
‘ o 1 — o
c —a— SR300mM wathi
" 0.5 - = CTAB in aging |
condition |
0 T T I T T T TP e ST T T TTfrTTET TR IT TPty rnrnri
o = O O w h O T O [ ]
% 2 o T o < oGRS
— M <
Temperature (0C)

U 4.51 gunpliusz S maleduds Tan 8 vasmsunwifenwedgleIuniizdning

ADuRznAILULTe 100 °C 24 a

E#
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wansunile dumeuwinanldTueyn e

Tan delta of NR

—+—NR
—a— NR in aging condition

Tan delta

U 4.52 ganpfiuaztiinmaladuda Tan 8 vo9e9rTInmAusensatugs 100 °C 24 7.

—+—E'CTAB
—=— E' CTAB aging
- -a-— E'8SDS

— 8 - E' SDS aging

o o ©
o o~

o
£

Stoage Modulus E', MPa
o
w

0.2
0.1
0
0 50 100 150 200 250 300 350
[Surfactant] mM
()
0.25
& 02
2 A
i
0.15
5
=}
S o4
=
A
o 005
- |
0
0 50 100 150 200 250 300 350
[Surfactant] mM
()
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—g— Tan delta CTAB
—g@— Tan deita CTAB aging
0.5 - &~ Tan delta SDS
0.45 . —@— Tan delta SDS aging
0.4 -~ - b ? — e
N -~ ~ "
W 0.35 - 7, > e e = B
w 03 — - — N, - =
g . — -
= 0.25 - : — g
'g 0.2 —
® 0.15 —— >
0.1 - - —
0.05 — — —
0 1 T T ‘ . ; ‘
o 50 100 150 200 250 300 350
[Surfactant] mM

(!)

7 4.53 (n) E' () E” (A) tan & wasniwist psunwfanwedalatu fAgampiies

#1719 4.10 Glass transition temperature W& Max. tan O TaIUHWIT BRRNUILRanwedalain

CRLLRE Glass transition temperature, °C Max. Tan O EYE’

No Aging Aging No Aging Aging

NR -47.40 -44.50 2.317 1.795
CTAB

Styrene 100 mM -51.40 -43.90 1.799 1.692

Styrene 200 mM -51.10 -51.10 1.697 1.721

Styene 300 mM -50.50 -49.90 1.545 1.490
SDs

Styrene 100 mM -46.50 -47.00 2.200 1.884

Styrene 200 mM -50.80 -50.00 1.012 1.5564

Styene 300 mM ~47.30 -43.40 1.926 1.647

&MU Storage modulus, Loss modulus LA tan O Tassnsunwilfannaialeadn

| o | & o i e
fuatunan CTAB axlimmufsuudasdniugsdunas aging annninfiisienann sDS

o (v . A o [ & o
Iﬂﬂuﬂ&lnﬂlﬂﬂqulﬂﬂﬂ“uﬂa-ﬂﬂqﬂﬂqﬂwqﬂuqﬂﬂq@‘nﬂ'}’lulﬂ”ﬂumiﬂﬂllﬁdﬂﬂﬂ? 100 mM

Styrene-isoprene diblock or styrene-isoprene-siyrene triblock copolymers W

copolymer fijinfuduazlfuianaiue 15u Shell Co. (Tamidh KRATON D), Lid.,

Dexco Polymers LP (VECTOR), Eastman Chemical Go. (Regalite) ({luéiu Isuiaidudia

easy melt processibility nuanadau uleiialeSwAng 15% (Juens Thermoplastic

elastomer (TPE) lalfinds Lifisirzine #fdauuazesny wanzbhlvlfidun esunu

wlenwalale3uiil easy melt processibility nusuian ulilialadukeoiduin
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Cem Ao ad g As
guuazas HIPS ‘YI&J"JJ‘]EJI%G!Q’]G]Q'WTI Network Polymers Inc. ¥1an1n1376177
= 47
“NPS 90-0304 Super High Impact Polystyrene™ A&31

Material Notes: “NPS 90-0304 Super High Impact Polystyrene”
Description: Injection Molding Grade

Physical Properties Metric Comments
Specific Gravity 1.04 g/cc ' ASTM D792
Melt Flow | 2.4 9/10 min Pracedure A Condition G
(200°C/5 Kg); ASTM D1238

Tensile Strength, Yield 28.4 MPa ASTM D638
Elongation at Break | 3506 ASTM D638
Flexural Modulus 2.24 GPa ASTM D790
Flexural Strength C49MPa ASTM D790
Izod Imbact, Notched 2.14 J/em Injection Molding; ASTM
D256

Deflection Temperature at 1.8 MPa (264 psi) §2.2°6 ASTM D648
Vicat Softening Point 103 °C ASTM D1525
Flammability, UL94 | HB 1.5 mm
Flammability, UL94 HB L © 3.0mm
Gloss 85 % at .60" geometry; ASTM
D2457

aztfiudt HIPS #Anuudussdla o 39A3N (at yield) 28.4 MPa 1 Flexural Modulus 2.24
GPa il Izod Impact 2.14 Jiem aifisufusutanenavasweia lasufiinaaiaun
waanwadelaIn 10 wt% wuhilautaweanfowmdonuls feanuudusi@aansie
Suanuudousing o QmﬂiﬂnmaawafﬁLua‘sfﬁv'maa’nﬁﬂﬁ@iﬂnﬁtﬁmﬁ'u &% Young's
Modulus MU Flexural Modulus M snagauauashuuny Lwiwaﬁvl,ﬁﬁaglwﬁﬂ GPa
LTWAY WRZFNUANBUIINTEUNNULLY |zod ﬁmﬂzlﬁ'ﬁﬂguwswzﬁﬁv’a Craze ILaz Plastic
Deformation 1iadufiifiunalngm3y Energy Dissipation 'ﬁ'ﬁ']ﬁ'mv FanunTINILNG
wianwodlesulunaysunadaleswiavanniy HIPS Adenudulyldgs lasns
USudadiunaursnitawedalasunvoaunwlfennedislaiulivuncau

7
MatWeb Material Property data, hitp://www, mymatweb.com/index.asp
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lorption of Cationic and Anionic Surfactants on
jliral Rubber Latex Particles

ffetroleum and Petrochemical College, Chulalongkorn University, Soi Chula 12, Phyathai Rd.,
10330, Thailand
0l of Chemical Engineering and Materials Science, University of Oklahoma, Norman, OK 73019,

uiill rubber (NR) latex consists of natural rubber particles which are mainly cis-polyisoprene and non-
kr substances such as proteins and lipids. NR particles typically exhibit a bimodal curve of particle
gistribution. The small particles with submicron size can be obtained by high speed centrifugation.
et particles have a point of zero charge at pH about 3.9 and amphoteric character. Cationic surfactant,
8, and anionic surfactant, SDS, were selected to adsorb on NR particles at pH 8 and 3, respectively.
tresults showed that the adsorption isotherm of cationic surfactant is L-shaped while it is S-shaped for
mionic case. The equilibrium time and adsorption isotherms for both conditions were determined by

L HPLC, and surface tension. Effect of salt on the adsorption of both surfactants was also included.

Y WORDS Natural Rubber Latex, Cationic Surfactant, Anionic Surfactant, Adsorption, Surface

SMIRODUCTION

Application of surfactant to control chemistry at the surface of materials has been used for a long
#(e.g. use of soap to wash-off dirt). The employment of surfactant has not been restricted to reduction
wirface tension of a liquid. Other works emphasize using surfactant at the liquid-solid surface such as
mint technology to facilitate the dispersion of pigments and in more intensive work on the admicellar
§merization on inorganic fillers like silica (O’ Haver et al., 1996) or alumina (Lai et al., 1995; Esumi et
|1991; Funkhouser et al., 1995). In the two-phase liquid system, surfactants have been used to reduce
dnterfacial tension and make homogeneous mixtures of oil and water, called emulsion. Natural rubber
% is a kind of natural emulsion which contains rubber,particles, phospholipids, protein and other
ﬂies (Kawahara et al., 2003). The non-rubber substances act as emulsifiers and may change the
fice properties. For example, the emulsion will be stable if it is maintained at pH 8-9 or higher while
gulates at low pH. To stabilize the surface of latex, the surface chemistry and charge property should
samined further as shown by several attempts to use other substances and surfactants to stabilize the
atex (Bunsomsit et al., 2002). The hydrophobic and soft substrate like polymers for surfactant
orption are more emphasized on non-ionic surfactant (Winnik et al., 2000). This work is to study the
ace charge property of natural rubber latex particles by surfactant adsorption at different pH using
| organic content TOC and HPLC as analytical tools. At very low surfactant concentration, surface
ion measurement was employed with good sensitivity (Zhao et al., 1995 and 1996). Surfactants used
ais work were sodium dodecyl sulfate (SDS) and cetyltrimetylaramonium bromide admicelle (CTAB)

low and high pH.



~ Natural Rubber (60%.: dry rubber content) was obtained from Rubber Research Institute of
Milland. Hexadecyltrimethylammonium bromide (CTAB, 98%) was from Fluka and sodium dodecy!
Siite (SDS, 99%) was from Aldrich. Sodium bromide (99.5%) and sodium chloride were obtained from

Wb and Fluka, respectively. Sodium hydroxide [flakes or pellets?, or solution?] from Fluka and 37%
Wtochloric acid AR grade from J.T. Baker were used for adjusting pH. Tetrahydrofuran (THF/99.8%)
W purchased from LAB-SCAN. Absolute anhydrous ethanol (99.9%) was obtained from J.T. Baker.
Ml materials were used without further purification.

Wirification of the NR latex ,

| NR latex particles were purified by centrifugation (at 20°C, 8,000 rpm, 20 min) and were
dispersed in distilled water 2 times to remove dissolved impurities and to reduce the particle size

Ezbution. The resuiting particles were considered to be clean. After washing, the particles were
Biuspended in water at pH 3 and 8 at a concentration of .01 g/ml.

T

Particle size measurement 7

:'thc size of NR latex after purification was measured by the principle of beam obscuration using a Particle
e Analyzer (Mastersizer X®) with a 45 mm lens and an active beam length set to 2.4 mm. The
%ument reported the average particle size[ls this number average or volume average?], the standard

distribution and the specific surface area. The specific surface area was calculated from the particle

diameter with the assumption of spherical particles of constant volume. A polarized optical microscope
was used to capture the picture of NR particles obtained from the dry film of a few solution droplets.

Electrophoretic mobility measurement

e surface charge of latex particles is important to determine the surfactant adsorption. The solution pH
Iha parameter that affects the charge of particles. For this reason, electrophoretic mobility was used to
fetermine the surface charge of the latex particles at various solution acidities. The pH of the natural
fibber solution was adjusted by 0.01 and 0.1 M standard solutions of hydrochloric solution (HCI) and
fodium hydroxide (NaOH).[Were there .01 and .1 M standard solutions of both HCI and NaOH?) The
dectropholetic mobility of the latex particles was observed at room temperature with Zeta Meter 3.0+

Equilibrium time for adsorption

The hexadecyltrimethylammonium bromide (CTAB) solutions were prepared in pH 8 water and then
pipetted (20 ml) into vial screw cap test tubes (6 dram) containing 1 ml of 1 % NR solution. These
fiixtures consist of 0.01g rubber particles and 2,000 uM CTAB in a total volume of 21 ml. The tubes
¥ere agitated in a shaking bath at 30 °C and samples removed at varying times to find the time for
Huilibration. NR particles were separated from the mixture by filteration through a nylon membrane.
Ihe concentrations of filtrates or equilibrium CTAB concentrations were determined by measuring total
wganic content (TOC) and the surface tension. The linear region of the relationship between surface
ensions and CTAB concentrations was used as the calibration curve. CTAB solutions were diluted into
he concentration range of the linear region for finding equilibrium concentrations. The difference
wtween the final concentration and equilibrium concentration is called adsorbed CTAB concentration.
the plot of time and the adsorbed surfactant was done to get the time for equilibrium adsorption where
fere 1s no longer change in adsorbed surfactant.



iirfactant adsorption isotherm

Various  concentrations  (initial  concentration, initial CTAB  concentration) of
gxadecyltrimethylammonium bromide solutions were prepared in pH 8 water. Then, each CTAB
dlution (20 ml) was added into a vial screw cap test tube containing 1 ml of 1 % NR solution (0.0]1 g
IRC). The tubes were agitated in a shaking bath at 30 °C for a 15 h adsorption equilibration period. NR
ificles were separated from the mixture by filtering the mixture through a nylon membrane. The
fncentrations of filtrates or equilibrium CTAB concentration were determined by measuring the surface
msion measurement technique as described above. The plot of equilibrium concentration versus the
mount of adsorbed surfactant was made to yield the surfactant adsorption isotherm.

SDS solution of 14 ml was adjusted by HCI to pH 3-4 and then added to the NR solution. [What
mount?] The sample was agitated in water bath at 30 °C to equilibrate for 6 hr. After filtration through
it membrane, the solution was analyzed for the equilibrium SDS concentration by HPLC (Hewlett
gckard 1050) with Altech conductivity detector and Nova-Pak phenyl reverse-phase column.

{ESULTS AND DISCUSSION

Particle Size Distribution of NR Latex
The particle size distribution curve of NR latex particles after purification is shown in Figure 1
ith mean diameter 0.97+0.10 pum and the mean specific surface area 7.46+0.78 m’/g. These results
iicate the polydispersity of NR latex particles with narrow size distribution. Figure 2 shows the
iorphology of the NR latex particles dispersed in water by optical microscope. They are round in shape
id consistent with the diameter as in Figure 1.
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igure 1 Particle size distribution histogram of NR latex particles using density of NR particle = ] g/cm’
thereas typical density of NR ~ 0.93 g/cm’.



2 Optical micrographs of NR latex particle, 500x magnification

The electrophoretic mobility of charged latex is induced by changing pH. As seen in Figure 3 the
t of zero charge (PZC) is at pH about 3.9. The particles will be negatively charged when pH is

ter than PZC and positively charged at pH lower than PZC. This reveals that NR particles are

oteric in nature. By manipulating pH, one can alter surface properties of NR latex. As such, SDS
_{‘TAB are chosen for the adsorption to NR latex particles at low and high pH, respectively.
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Figure 3 Point of zero charge of NR [atex particles by changing pH

For low pH, SDS was added to NR particles and it was found that using 6 hours of equilibration
ime, the adsorption isotherm: was obtained by HPLC measurement of concentration change (Figure 4).
[he isotherm is s-shape revealing that the surface is strongly charged (Wu et al. , 1987). The adsorption
vas found to be 0.7-60 umole/cm” at pH 3.0 for 3000-9000 uM equilibrium SDS concentration. When



i

1
was at 3.8 (closed to PZC) the adsorption decreased substantially to 0.4-4 pmole/cm2 for 2700-8000
equilibrium SDS concentration due to less. positive charge on surface.
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Figure 4 Adsorption isothermn of SDS on NR particles at pH 3 and 3.8

Time for equilibrium adsorption was studied in case of CTAB at pH 8 to determine the time needed for
adlowing surfactant to migrate and attain equilibrium on the NR particles. Figure 5 shows the results
asing TOC as a detector to determine final concentration of CTAB in supernatant (filtrate) obtained after
2-33 h shaking CTAB with NR particle dispersion.
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Figure 5 Equilibrium adsorption time of CTAB at pH 8 using TOC as a detector[Check y-axis label-
sorption]



The results reveal that time for achieving equilibrium is gradually increasing with the CTAB
Womtion values range from 400-800 micromolars (uM). However, the variance of adsorption at a
Wi time is also Jarge (about 200 uM). At times longer than 30 hours, degradation may occur to NR
Wiicles changing the surface properties such that the adsorption seems to increase. One may infer that
% adsorption is fairly steady within the period of 5 to under 30 h. Figure 6 shows the adsorption
githerm of CTAB at pH 8 after equilibration for 30 h. This curve is S-shaped which represents the
Wehly charged surface which possibly results from a degrading surface. Adsorption of CTAB was first
mreased with concentration of surfactant due to increasing number of surfactant molecules adsorbed on
B8 NR particle surface. Then the adsorption was sharply increased at equilibrium concentration about
0 UM indicating aggregation at the interface and then the adsorption gradually increased with
squilibriumn concentration, even passing the CMC. The CTAB adsorption on NR latex particle in this
#eion (800-1500 uM) is about 4-8 pmole/cmz. However, the adsorption typically reaches a steady value
fhen concentration is greater than critical micelle concentration (CMC) of CTAB (~ 900 uM, see later)
que lo the saturation of surfactant adsorption.

Another technique suggested to use for determination of surfactant adsorption in this work is
Suface tension. Figure 7 shows the linear relationship between surface tension and surfactant
toncentration when surfactant concentration is very low. The surface tension is useful to determine
entical micelle concentration (CMC) which is the point where surface tension becomes steady and in this
stndy we found that CMC of CTAB 1s around 900 micromolar. The values of CMC is shifted to lower
toncentration as salt concentration increases due to less repulsive force between surfactant molecules in
micelles by the counter 1on. On the other hand, surface tension becomes less sensitive to concentration as
% concentration increases upto 0.01 micromolar. When using surface tension as a method to determine
gguilibrium concentration and CTAB adsorptien, the equilibrium time is found as seen in Figure 8.
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1 *line isotherm of CTAB on NR at pH=8
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100 1000 10000

Eq.conc.of surfactant{uM)

“igure 6 Adsorption isotherm of CTAB on NR latex surface.



The adsorption was found to be less than those found by TOC and fluctuated within the range of
230 pmole/m” from 1-100 hours. Therefore, by surface tension the CTAB equilibrium time for
rption 1s averagely constant with the highest adsorption within this range at 15 hours.
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gure 7 Surface tension of CTAB at pH 8 changes with its concentration and salt content.
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Figure 8 Equilibrium time for CTAB adsorption by surface tension measurement.

' Figure 9 shows the adsorption isotherm, after equilibration for 15 hours, determined by surface
tension. The L-shape curve is obtained suggesting the surface is more hydrophobic. The CTAB
adsorption is about 3-70 pmole/m”. In this case, adsorption becomes steady after CMC.
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jgure 9 Adsorption isotherm of CTAB at pH 8 by surface tension measurement

Salt is known to be affected on the surfactant adsorption. When sodium bromide 0.001 molar was
added to the CTAB, the adsorption isotherm was shified to lower equilibrium concentration with the same
fsorption plateau. Thus salt can enhance CTAB adsorption on NR and lower CMC.

NR latex particles are about one micron size and can be manipulated to have negatively or
positively charged by changing pH. From pH 3, the NR latex surface shows the strong positively charged
-shape adsorption isotherm) with high SDS adsorption. As the pH increases and closed to the PZC
{pH=3.9), the adsorption is reduced. When pH is 8, adsorption of CTAB became steady during 5-20 h of
equilibration and increased with increasing time suggesting degradation occurred to NR particles ana
|tnhanced cationic surfactant adsorption. This was supported by the adsorption isotherm of CTAB that
Was S-shaped revealing high surface charge after equilibration for long time (30 h). The measurement of
surface tension gave the CMC of CTAB as about 900 pM while addition of salt caused the lowering of
'surface tension and shifting of the CMC to lower concentration. Due to the linear relationship between
Ssurface tension and surfactant concentration, it can be used to determine the surfactant concentration at
llmv concentration region. Adsorption isotherm of CTAB for 15 hours in contact was L-shaped
suggesting that the NR surface at high pH is more hydrophobic with low charge content which is in
‘accordance to low adsorption values. Adsorption of CTAB on NR can be enhanced by addition of sait.

ﬂimNCLUSIONS
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