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lassanaftasiuuLnwilaan (core-shell morphology) buszauluasaudiomluiuas lasesls
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WNWNE 4.1 u,amé'ﬂwmzav:mﬂmameﬂﬁaﬂaﬁa"l,m‘%u 1ag) Admicella polymeization
g Yo a a ¢ A a 3 a = v
uanmnum%mmumsmamLmﬂw(mawgﬁ]umiﬂmﬂgmaawaaavlmu)mﬂ
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wue 39 dnngslasumisninwenazaiaiala
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iia9a7n V50 azvamldalunnizans Safeuanld V50 unu AIBN q31 4.30
L&eae18819711d1183 admicellar polymerization windiuenuidutualaiulianssdagy
430 n (3u17) Hunazfivhmssaanzdlagldusinmalasudoniios 50 Tulasluans
wiadaiduwadslaiu 0.011 wt% aypnadizwaidnanniieg (amanszidusadugin

\ o g a a a A A a a £ o
EMON] LLaszﬂuﬁ’liLuamm 1?{ Nﬂ’l’]”l,anﬂi) LNaLWNﬂiquavl@]iuu’]ﬂmu (Eﬂqﬁﬂ) Qb

3 = 1 a = ' (<3 ? A
ARUINIRAEN 8%’1]']'3‘14%%] adwaaa"lmumﬂ ARSI LLT?%&E’JUI%%’]VL@W]

31 430 ANMULANIAIBLNMENAINIRIATIZUUY Admicellar polymerization 1A

v v a v d’ v v
wadualasuiay (n) URZNAMNLTNTRES (D)

lasnmItadauaisizlenusinans Ssansnsdiusasiuenugutu
vasalauliginit V50 ang eielilewadrladumesnndn wasiivsinawnneslduen
wroanunliiinlainsdu) Taswasn [Styrene]finitiator V50] = 1:1, 5:1, 30:1, 77:1 lag
1Wasn [styrene] 910 7.5 mM-560 mM (AaLilu PS 1.6 - 55 wi%) 3aamis lunsfidiuazla
finda asusasdanlugy 4.31-4.34

1n3d 4.31 usasldiuinnoswnmamiesusaianefalaiudla nnuas
ﬁ'uLLa:wamﬁ'u"l,ua'auﬁmnqju’luﬂ%mmmnﬁa 80 wt% seie3asnaunilu (internal
mixer) fa897 leAasiFvasedandeinaa asetnelstlesunuiiudons Fanives
wanaanmsasudlsisinamnnasslimunsarn i ldweswasnauduiunalaudiols
inafia admicellar polymerization figasinlasluavasalaiuda v50 1 1:1 lagldalasu
7.5 mM (Aaudlu PS 1.6 wt%) 2z ldtaugefififimansn enasawsiuunofiay ldunudls
Taisiuinass udduduinde NaBr 0.001 M Fnlsensdimansduin iilanasanlvw
wrinlg Saasnn

Woldsunaaleswdnduiliu 50 mM Tagiasu [Styrenel[initiator VV50] =
1:1, 5:1 uaz 30:1 Tugd 4.32 nensdmassldaswluilugen TWseuss Tasawzie
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Hunsnaaaa lauduils laolUSunmalaiulszanm 9.9 wi% lagiihwnn saulvg 90

Wt%A8819W137 (ABLAL NI THEY [aat 31 4.31)

31 4.31 (dw) wWisuisusnsacasadanadslasuilaludronisdy srewinludas
N9 UALE TN T REINNHENTY UAININEIWIN 4 phr IHENTLEINIT 20 Wit
uazlugon 80 wi% axlaTumuiduurudiug) 2 waasdasafanaaannedsla
Sudila fausn9ws uazaa8197 la1n Admicellar polymerization Lijod [styrene] = 7.5
mM Aifag2w [styrene] finitiator] = 1:1 (WA2NA1S) Fr8g9R leanmIgaaTzsiiialad
N8B LLa:ﬁ"l@Tﬂé'amﬂé'@%ugﬂ (WDI8N4) FR8E9NNIIRIe TR daTinde [NaBr] 0.001

WM v o o & Y % . . {
M LLazﬁvlﬂﬂa\‘imﬂa@"ﬂugﬂmﬂm’lmau (compression molding 1150 °C I@m‘ﬂizmm)

3l 4.32 (unauw) gIunwilaan
wosalasu nasouuRs Lasuud
N1e [styrene] 50 mM 1ot mole
ratio V84 styrene:V50 = 1:1 5:1
WaT 30:1 (WDEN9) WadaNin 1y

NADA
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Waivanudutuasslaswin 100 mM (18 wt% PS) aaluzl 4.33 s19unu
Lﬂﬁanwaaavlm%uéuﬁﬁmnﬂu Tasamnziiadaginlua styrene:v50 tia'laistoanin 30:1
wazifiaruminasadaanusaniaansalvaled wdduiruiddunfutuanulsano
gasguluavasalasuda V50 iiaifualaduilu 560 mM (55 wto% PS) asfisnsasinian
poudaunnningng findevasudsFuniimeaguaunan Faflernwmsnesafissliusin
"ll’]’)a’JUﬁﬂ’ﬂ&lLﬂul,ﬁaLaﬂ’m’]ﬂﬁg\‘lﬁﬁaﬂ,@]‘%uﬁdﬁd 50 wi% (eunugy 4.31 n) M3k
nsztwmInasannuiawldieivinlvenaddswldunn naeduisuiafesuoy
thermoplastic elastomer wiallunodalasuidanuniien sewninuasddaisinaua

A = U v = I
Fsa1aioulany high impact polystyrene (HIPS) laglsidasasiasnzidu copolymer

31/ 4.33 (WnIww) gnaunulFanwedw laIn RadauLAd LSRN [styrene] 50 mM

1agl mole ratio 284 styrene:V50 = 1:1 5:1 30:1 LAz 77:1 (W02a1d) wadanin lunaaa

{ d P a = o @ a a a &

WarSouisusnsunu R anweds lasuaus1au LS ma laT N (50 100
140 uaz 175 mM %38 9.9-28 wt% PS) lasldaasiulasluavasalaIude V50 At
2:1 aa31l 4.34 AR TENTFI sz SN ULaILUaUSu e eI uLiw 100 mM n13aa
MoANNTa W wLNWARANUFILFN B LA LRAINITLRANRNIN laglawizi 150 °C @
LT N9 BITNAN AL RONRNIWLTWIFAS 1AL azL U6 LaNaN Lea1nN1T admicellar

i ) | A , & o o « af A oo o LA
polymerization lifidywisunwuaznauassinududtiwile lasuanuion uaasind
anudiuldannszduaumadinitluaseutisszauluana (wilunalulad)
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(1)
31 4.33 (n) ssunwifanwadalain nasauuis Wisuafin1e [styrene] @199 lag mole ratio
289 styrene:V50 = 2:1 (1) LEAIGI8L19 Admicellar polymerization lauuRInasanFILATIZA LA
(UW) uazimumsnasadsanuian (819) 7 (1) [styrene] = 138 mM (371) 175 mM w30 PS
23 Wt% ez 28 wt% aNEI6L
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MNUSURARIUR bATUGD V50 lﬁgo‘fmﬂu 25:1 (W30 1:0.04) WasuANNT W%
2838 la3utlu 50-300 mM azlalassansunuifanlasfiiddenruaudSunualasuas
lugd 4.35 uazgd 4.36 udnwmearainaflenasauuioudr lasdamesilsunonis
D 4 19 (819 4 g 150103 80 ml) azfiunaminsvesdssunuldonnasslaswlaomn

A & a2 = = A _da = o
mnmqmaaot.ﬂumwnmuﬂimmavlmu NILRABYINANNINIARIATNNY

SR 300mM

SR 50mM

31 4.35 gIUNWFaNWaRR LT ENNIFILATIEA LasLaNa 16T 50 Laz 300 mM
I@m’l‘*ﬁﬂﬁaaﬁ;amiﬂﬁﬁﬁum fN8IL1E 800x

31 4.36 LRAIA8E19 Admicellar polymerization NRA&I [styrene]:[initiator] = 1:0.04

Eﬂaﬁmgmmadmummﬂﬁanwaﬁa"[m’%uﬁ%mﬂ:ﬁé’m SEM lagfnunanizny
PaIUTu1 e ke Tn LR u,amlugﬂ 4.37-4.38 \FWLAHINUNTH SDS LiaSUN e ke Tih bal
a a 1 v & dl' U U a Y 1
PININ NINAAVINIE BILRAINITLLNINFLALRAY LA NN NI WR LT ittasndn 100
a = = L oA P ' & A o £ Ao o
mM aziundaaunasaimzngusesdadslinsennuduiodmdilansucade
o . 7 A a & & o £
Eﬂaﬁmgﬂmlad Polystyrene-g-Polyisoprene LJadllnagactiuanpnIATAU® AUNRITEY

Lﬂﬁanwaﬁavlm’%uuumgmﬂﬁtﬁuﬁﬁ@h 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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= -
X2.0808 1\9.”- 111187

SR 200mM SR 300mM SR 300mM with 5000x

31 4.37 SEM micrograph a3znsunuifanwadalaiuannisdianzinaig
Styrene: V50 = 25:1 NdSunma la3uengg

2 y
IBkU H2: 008, 1dpk Jidjas

lopm T18187

SR200mM

. o 3 iy,
x L ——— v - -

"L1SkyY XTspbg" a ‘!Hnm.‘l‘i.l.lﬂﬁ 1 85pU .M!k.'eanl 4 ta;m S1B]las

- ks - - 4 - 1 .

y |

SR300mM SR300mM, NaBr0.3mM

31/ 4.38 SEM micrograph 2898n19unwilRenweada laSuIINMIFIATIZTANA NS
Styrene: V50 = 25:1 Lladlin&a [NaBr] 0.3 mM
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a 6 A A a a . . .
4.6.2 ﬂqi(ﬂi'ﬁzﬂjLﬂj’]ﬁﬂﬁﬂﬂ(ﬂ"ﬂaﬂEl']\‘]LLﬂ%Lﬂaaﬂwaﬂﬁvlﬂiuﬂ']ﬂ admicellar polymerization
o | A a a A 0= ' ! g v 4w R
@ljﬂEJ’NEJ']\?LLﬂuLlJaﬂﬂWﬂaﬁvlﬂiuwQZﬂﬂﬂq@ﬂvLﬂiuaauu VL@LLﬂ@]’JaUqﬂ'ﬂL@liﬂﬂJ

INFANITAIT

1. ¥N112@8 [CTAB] 1,000 UM, 2:1 Styrene: V50 molar ratio uazdIunmeny 1g Tu
U3NNAINIRNA 21 ml N8 [NaBr] 1 mM (Lﬂumazﬁ"l,ﬁmiﬁﬂmmsg@meuma
0.01 g)

2. an12zenglnal [CTAB] 2,800 UM, 25:1 Styrene: V50 molar ratio WazU3anmeNs 4 g
lud3uasnsnue 80 ml (Lﬂuma:ﬁvl,ﬁmiﬁﬂmmi@@Lm:uumo 1 g UWRNULTU
1w 4 1¥i1) 1nRa [NaBr] 0.3 mM

3. 8§N112NIa [SDS] 24,000 uM, 25:1 Styrene: V50 molar ratio wazdIunmeny 4 g lu
U30N1aIN9aa 80 ml Lnfa [NaBr] 0.3 mM (La‘flum’szﬁvl,ﬁmiﬁﬂmms@@Lm:uuma 1

g uanuyIuand 4 i)

4.6.2.1 MIaNzaNtalasdaaillay FTIR
mydnngreswadslaiuluniziidunialas FTIR uaaslugy 4.28
° o ' A Iz ° o -y Ao L= ' a a £
FUTUNMZAN NMTILATIEHAMY IR M ANIIUINTRINTUNFILATIZR La N R Lo AaT %
LD WLT LA LLa@qNaluEﬂ 4.39 -4.40 1 aNUSU MR LT UAILEA 10-100 mM WaRa be
A Aaa oA VA A s = v & A ~ a a & & 1 A
FnlAnfisuag FINNURE1HILLAW LATAD LN D USNI R LATULANNINTY FZLRWINN 10
a { -1 o v a o A
mM ANWaRRLATWNA 700, 1495, 1454 cm’ 926NN LAZAN 3 awaaNWaILTlK overtone
' -1 A o { M + a '
Y IIILUBTW L 1800-2000 cm AZITUTALIUA 50 mM unytn laitfuinie sawln
AAd a A A s A A a & % & '
NImNLGNNIaNNIAE R UINa R E LT T absorbance FITUUATTALILAIUG 20 mM
o ' A A ' a a A Ao o o a =
LRAIFNTIUI NN Ra N e US N WO AR LA WNRILATIZH LA B ENININ W TNstGNLNe 1
1 g: & a U [ v a v =Y v J
mM L¥i3hi Gmaﬁmﬂvlmwmﬁamﬂiﬁﬁﬁia@LLsoﬁmLmﬁ(ﬂLm:uummgmﬂvlﬂmﬂmu
1 (% = (% g: 2K a 2 J % 6R a U
fanalir loTuaunInduIaz a1 I TWaNIaALIIAIR I NI NTUNNIFILATIZR AL AR 16
) % v { { -1 o a d '
anan 31 4.41 LLammmawwuﬁmig}@ﬂﬁuﬂﬁuﬁ 700 cm nulSanouslasuiiadinas

a =3
Uinae
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30
10 mM styrene
M
25 A MmM styrene N Y

o e S A
MmM styreneM

15
0 mM styrene

10 A

Absorbance

J\LJJW
> AN PS N O

0 T T T T
4000 3000 2000 1000 0

Wavenumber(cm'l)

31 4.39 FT-IR spectra of PS, NR uazeniunwifanwedalaiusiunmalaiuednsg

(styrene:V50 = 2:1 by mole Waz [CTAB] 1,000 LM d3unauens 1 g U3n1a3378 21 ml)

30

10 mM styrene
257 20 ,M styrene
20 A 30 mM styrene
M\N‘N\A’\U\L
15 - 50 mM styrene

100 mM styrene
10

N NR e A A

5 AN PS IO MJUL»\

0 T T T T
4000 3000 2000 1000 0

Absorbance

Wavenumber(cm’l)

U 440 FTIR spectra 189 PS, NR uazowunuilfanwadaloiu AUSinmaleTudisguas
w3uaidafinde [NaBr] 1 mM (styrene:V50 = 2:1 by mole waz [CTAB] 1,000 UM USunauend 1
g Y3u1e3370 21 ml)
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3.5 4

on

X
>
o i
(7]
Q
o i ¢ 1 mM NaBr
Q ]
> S ¥ 0 mM NaBr
Q
o] i
o ¢ *
- ]
al i
S - "
@] J
3 *

- ]

T
0 20 40 60 80 100 120

Initial styrene concentration(mM)

o @ ' a d 1 o
31] 4.41 LEAIANNFUNUTIZAINI IR absorbance VaIWaAF LAITUA 700 cm Ny [styrene]

31 4.41 wans lEnIUIINIIRN AN LA IETunN TN e Ad tFTUNR AN T WAL
o 4 A A A ,  a a A a N Aa X ,
Farauiannzlinaauas luidinas ANUBNENAUDINADADLEUIUNDAR IFFUNLD ATUALLAUNN
Tugapanidndualszusi uazariansnaanasuinimndudugane 100 mM

dedsuldaagiulaslua styrene:V50 = 25:1 fiSunmala3u 100-300 mM Awy

QI J =3
peak 284 PS iR naNUTI e laTn
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20
aromatic C=C at 1600,1500,1450 cm”
aromatic C-H at 1
3100-3000cm’” 7001cm
15
SR 300 mM
[0)
o
% SR 200 mM
_8 10 T
o
8 \
< SR 100 mM
5 -
Standard PS
0
T T T
4000 3000 2000 1000

Wavenumber(cm'1)

Eﬂ 4,42 FTIR spectra 183 NR, PS LLazm\‘lLLﬂuLﬂﬁaﬂwaaavLm%uL@%ﬂw"ﬁl styrene:V50 25:1 L.z

[CTAB] 2,800 UM U3u1aens 4 g Y33193373 80 m

4.6.2.2 MyIANLRFNTANUANNTaulas Thermogravimetry

a LS a 1% ¥ o A a = t:ll =
ﬂ"]i"lLﬂ?’]:ﬁﬂ@ll‘l_lIFW]’Nﬁ'ﬂﬂ\li"auiﬁ‘wﬂ@’ﬂ‘i_lﬂ‘i_lﬁl’]\?LLﬂMLﬂ@@ﬂW@@@iM?uWL[?]TEIQJ’Q’]T‘I

Aa

nazawlugll 4.43-4.44 aziwiulaivgunnldiinnamadsulasiawzssgungil

U

o ' s < o v ' o [l v a
@ni 150 °C slial,ﬂuqmaa@maaavlm%u (145 °C) ldnuinaadauiaainuas

Aaaa Aa

Ujisoufasuysol vanaatlidinie gangiimiuandl (decomposition temperature)

9 U

SUABUBILINITIRERNTINTIN a?zavlm%u fnIuALARLY aaqmﬂgﬁmm@ﬂﬁw e

19%W131(3NN DTGA) @8 380 °C uazwadala3n 420 °C

o0 o A a A A a ' ! ' a

fsununwRanwed lasuniaionannanzad waznzanalna azdl
gD iiuanaTuduna gRusLdLilaFAsAIMIA NN NI TEAN I 59D aE
dl v 1 L v w ldl dl v
WWanlunmetsuaasinganuanusanladnluasmefonarenaaslunuausa waly
gnunnuanusauAnduine liunindadinit 20 wt% it gaudSanma lasunda

1 a = d' d v = a d‘ % v J a
adld duwed alasundanzdldazlunupiiienlunuanuionldgauaudianmne

A '

G GRIN GG RS NgunnluInnin 430 °C 1IN Ranwadslasn 50 waz 100 mM

U
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v A ' & a = ' a
LLﬁ@\‘]ﬂ'ﬁ‘ﬂuﬂ'ﬂﬂJ‘Ja%I@ElﬁJlJ'JE‘IENﬂ’J'WNEl']\'iW"I‘J”ILLﬂtwaﬂﬁvL(ﬂiu E‘IJ 4.44 NUINILAY
= [} v A a = a o A a 1 a
maamsfl,‘mmoLmuLﬂaaﬂwaaavlmw,aau"l,ﬂamUqumﬁgugdm’lmaﬁﬁw’m bR

A a a A v @ a o va . &
El’]\‘iLLﬂuLﬂaﬂﬂWﬂﬂavL(ﬂsuﬂqqﬂﬂaqﬂJL°113J°]Ju°llE]{'lavL(ﬂiuLLa@\‘]ﬂﬁﬂuﬂ?’]&liau‘l@]@ﬂaqﬂ\‘]El’]\‘i

a

LLazwaaavl@ﬁuﬁqmﬁﬂwmn’h 430 °C

uU U

20

-20 A

40 -

-60 -
00mM styrene

% Weight loss

%
S
I

-100 -

'120 T T T T T
30 130 230 330 430 530

Temperature (°C)

31 4.43 ununlauddnieannuianain TGA POINDRF IATH BWWITIUALFNITRILATIZR
PS u%aumALiaNududwing JUDINOAR LATL

20

20 -
-40 -

-60 ~ 100 styrene

% Weight loss

)
(el
I

-100 - N

'120 T T T T T
30 130 230 330 430 530

Temperature (°C)
71 4.44 unupiisudninnuiauan TGA vaiwelalaiu s ITuaaIFUA A

PS unaumMAsINANUTNTUEN Juainedalau iadiinde 1 mM NaBr

64



anasdnda dansunsianldiuaygna

110 ~

S
2 —NR
—
= — - —-SR100mM
g 30-+ ke SR300mM
=
0 200 400 600 800 1000
Temperature (°C)
E ——NR
g - ——-SR100mM
B o0 e SR300mM
)
F
a

0 200 400 600 800 1000
Temperature (°C)

3‘]_] 4.45 LLN‘LLJ;]?J TGA ez DTGA °1]E]<‘l£l’]<‘lLLﬂ%L‘l_IaE]ﬂ‘WE]aﬁ‘l@]%ul,@]%ﬂwiﬂEl&ﬂ’]’)z@l’]{'llﬁli

L U { | J =Y
HWawed DTG Fauindadviinmalaiuunniu annuginas peak b gaannluan

[ A & a X o o A a A A a ~ A
drvedrlasuniiiniu dmsusnaunwlfanwedalaiuiieioalasniznia Jamngiuan

v a o ) ) o va L a A A a X
Gl’JLS&J@mgdﬂﬂ’J’m’mW’ﬁ’mEJ’N"IT@Lﬁ]uLLa‘:‘Ylu"Lﬂﬂﬂlu@l’luﬂ‘i&lﬁma‘lmiuﬂLW&J"U%
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120 -
100 -
< 80 ~--—-NR
S 60 - —— SR100mM
) —--—- SR200mM
= 40- ~-—--SR300mM
20 -
0 ‘
0 200 400 600 800 1000
Temperature (°C)
1400 -
1200 -
1000 -
800 -
----NR
5 0007 —— SR100mM
400 - ---—-SR200mM
200 | --—--SR300mM
0 i
-200 ‘ \ T T \
0 200 400 600 800 1000

Temperature (°C)
31 4.46 ununil TGA waz DTGA adpunwiifannadaladweaioulasaniiznie
a 6 v A o 1A o 6 a =
namMINasaUIATEANIaNUTaninduilinsuanzinedalaiulas

. . . a &/ g-: ' L2 P v
admicellar polymerization LNA<U NILUNNITNIALRZEN LLava@l‘lJi‘lJﬂEﬂﬁEJ’]GW’]T]ﬁm’]&I

' v J a a = v A A a = ol
AINUG amwmaumnmumuﬂsmmwaaa"l,mul,mLmﬂﬂ‘smmwaaa"l,mum 9
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4623 mﬁLﬂiﬂxﬁﬁﬂﬁﬁ%ﬁﬂIuLaan@aJ GPC

a 6 A a a K a
N3 Lﬂi’]z‘lﬂll’)ﬂi&llﬂq@‘l] ANFE LLﬂ%Lﬂﬂaﬂwaﬂﬁvl,@ﬁ%ﬂﬂ‘]ﬂﬂLﬂWW&ﬂ’ﬁL@ﬁUﬂJ

lunznsauazanslng laswa3as GPC Shimatzu Column % Styragel Maas lnauas

THF (mobile phase) 1ml/min MsnagauArnlinIuINenswnulfanweda lasuazasla

1 [ 6 . =3 1 . . o 1 Aaaa [
V\ll(ﬂvl,&llllﬁlﬂ NNIRILATIIZH admicellar "i]\‘IvLﬂJll side reaction mnmnaﬂgmmﬂumw\nﬂ

pnviulunsdi@uinfeussldmnedfisenduniniaidana 3u 4.46 uaza13n 4.7

dlca v A a - 1 [
LLamwamaomaImaqam Lﬂi']Z%wLWllad PNl RanW aaa"[mu .ﬂ’]’JZ@’NIVi&J

Effect of Initiator at SR 200 mM

0.0109

0.0087

0.0067

0.004

0.0024

0.000

Minutes

31 4.46 NA3LATIZA GPC wadendunuwilfannadaladu@@nzas)naasiulas luavesa

la3uda V50 @149

AN319 4.7 WANIENUVINARIW I lNaUaIF laTUAD V50 LazANNITNT WU aIR LI Ue D

maimaqamaa gaunwlRanwadalaInlwniizanslna

faaulaslua [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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Volts

Volts

anasdnda dansunsianldiuaygna

andwihindianzilunseusestuz ldnadalaundaaluanaganaaunds
ey ldnunmiguenzidinitaug AaldwedalaTuniinaluianadszanm 160,000-
300,000 N9 shnadjizoilainnnazlduialuianasiag U 4.47-4.48 wudana
luanavassnunuifanwedsloiuiaisulunznia azliminsznsawaniini
\ A A a =a o a . A A
mzaslng adalaIuunAtuwi luaslAan1INTzanuawa bimodal Aadl Shoulder

pasuInluanagitnngwian gavaialuanadi aaluanazasnnizniatasniien

‘SR50-300,SDS,AIBN,1:0.1

0.081 /\\

0.06-
0.04+

0.024

31] 447 LLN%J;IfJﬂ']Sﬂ‘iZﬁ]'] ﬂﬁﬂ%ﬁﬂi&lmq&mﬂd gIuNwLURanw aﬁa"lm‘%um‘%wlun’n:ﬂm

SR50-300mM,SDS,AIBN,1:0.1,0.3

0.034

0.014

T T T T T T T T T T T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 1" 12 13

31] 448 Lmu{]ﬁmim:mUﬁ'mﬁﬂ]:wLaqmjaommﬂmﬂﬁaﬂwaﬁa"l,m%um%mlumazm@
ez [NaBr] 0.3 mM
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ma:miﬁ%Lmﬂzﬁﬁﬁmﬁa'ﬁﬂﬁmim:mUé’hﬁﬁﬂ%mmmﬂuLaqammdmmnﬂ
T uaﬂmﬂﬁauﬁmmﬂﬁaazhwzvl,@ﬁf:amoaaﬂm b ALY retention time LAY LAY
IMIFIaTIER admicellar "Lajﬁwaﬂsz‘nmimmuﬁ‘ﬂumgmﬂma ziinansznulasaside
AMMNINBINARR1ATH a4 4.8 TIunansznuanadodulTnnaleTu infe uazsia
R1INAUIIAIND IﬁwaamaiwLaqaﬁmﬂmamwLﬁﬂé’@mumsﬁaﬂﬁﬁ%mgﬁu waziy
mdsﬁm(ﬁﬁmﬁfﬂiuLaqaga)l,ﬁaé'@mua"lm%umr] 1f98anunININLAZNINNTENINIT

A & @ A a a A a ! A
AINN 4.8 u’]%uﬂINLaQﬂmaﬂUWGLLﬂuLﬂﬂaﬂwaaavLmsuﬂL@]iﬂ&lluﬂq'J:ﬂi@l @]1\11%3\] b\

\nda [NaBr] 0.3 mM/laifiinda waslidsunmalaiudrag

Styrene monomer (mM) Mole Ratio Styrene:V50 Mole Ratio Styrene:V50
1:0.1 1:0.1 + [NaBr] 0.3 mM
CTAB SDS CTAB SDS
50 - - - -
100 296346 99075 258182 199510
200 295526 86955 332674 176446
300 299980 99490 330644 157150

4.6.2.4 MINATLAFNLALTINAANUTOUADUUAZRAILNLTS (Aging)
MIANBIFNLALTINAANIDULFAINANARAL VI TSNV
A Aa A A 1 1 = =3 A Aa
unuidfanweds laIniaTaNanAIzenslnd tan delta Tauandisniafan i Baszvad

Imaqmmmlugﬂ 4.49

Tan delta of NR and modified NR with CTAB

2.5
§ ——NR
§ 1.5 \ —e—SR100 mM.
: . — —SR200 mM.
" 05 3‘” SR
0 Lo

-100 -50 0 50 100 150

Temperature (C)

gﬂ 4.49 qm%gﬁuazﬂ%mma"lm‘%mia Tan & BastnsunwlFanwafa laT A9 v
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& ad A A o A = <
AWIIEIFTINTEN tan S WialamagiFonatNUINNNga Sasufiduens
uwnuidfanwads lasunlaladun 100 mM uazensunwilfenweda lasuiilalaIu 200-300
o @ A a A K& A A | Aa
mM auiau saunuilfanwadalaiuislanudangund annsnesay m
Ao A a a a A a A A
gunnirias WaliuLTuualaIuen storage modulus vasenaunuLfanwadalaTull
v a X ] o o o ! ! ' V&
wlduiandn wohnsdenzinnmznsawiaziinnaluanatasniinizenslng wef
il storage modulus §9n31 udendunwdfanwedalaiullariunitininauly storage
J U a { { =Y
modulus geUuninanlusmNmaFenas (31U 4.50-4.53 WazanT19 4.9) o amangiigs
o ' ! A a A A . S = A
WRINTLULT tan § vasensunwdfenwedalaiulidnginiivesns Sausastanslnad
a A A A a A ' .
ani uazNihanlanngfasnsunuilfannefala3uuaaddn glass transition
temperature LWgdeazalaslenlndlfasnuaassnssssum@ lailsing glass transition
4 | a 4 o 4 Mo
U8 amorphous polystyrene Gﬁdﬂﬂ@ﬁlzagﬂ 80 "C (91313 4.10) FIBLIAAUINEN
syrumduasnada laswanuldadunn glas lidasldamstionaunsoastioUszanue
athila nagniiwedalaiuuialuianagiainii 20 wi%
. i o [ A a a &K A I . A Al
MItusIFmTUesunwlRenweda lasudanilawduns annealing 1ialidl

o & : & o v a d
Iﬂidaﬁ’ldaugiﬂiﬂlum’mﬂl’lﬁ]zLl]%ﬂ’]i“n’]l% Lﬂ(ﬂﬂ’]itﬁawﬁmﬁ‘w

®1719 4.9 Storage modulus, loss modulus L&z tan O PRI NBIINTIAURZEIUNWIUREN

WaRR AT T qm%gﬁﬁaa AAULAZRAILNLSI 100°C 24 T4,

A28819 Storage Modulus E’, MPa| Loss Modulus E*, MPa Tan O EY/E’

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 waz E” Ua9a1ag19n 1T CTAB Jankauninfild SDS insziinadale

Tuhfishwinluananinndt was aging 819714 CTAB i E” annninensils sbs
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Tan delta of SR 100mM with SDS
2.5
L 4
c 2 —e— SR100mMwith SDS
g 1.5
c 1 4 —e— SR100mMwith SDS in
= 05 aging condition
07 rrrrrrrrrrrrrrrTrr T T T T T T T T T T T T T T T T T
PUFNIS SR PRI
Temperature (oC)
Tan delta in SDS
2
© —e— SR200mM in SDS
]
T
c —e— SR200mM with SDS
- in aging condition
0 B rerrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T
S 9% 9 B N D O % O
DTN 97 P g” Vi
Temperature (oC)
Tan delta of SR 300 mM with SDS
2.5

—e— SR300mM with SDS

—e— SR300mM with SDS
in aging condition

Tan delta

0 T T T T T T T T T T T T

LN TN O @

P ©® N o g 2 o
TN~ >

Temperature (oC)

-90

31/ 4.50 qm%gﬁua:ﬂ‘%mma"l@%mﬁa Tan & Bastnsunwlaanwafa laIwn1IzNIaNa%

LRTWAILNLTI 100 °C 24 1.
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Tan delta of SR100mM with CTAB
2
1 —e— SR100mM with
o 10 CTAB
©
° 14
c —e— SR100mM with
- 05 | CTAB in aging
condition
07 rrrrrrrrr1r1rrrrrrrrrrr T T T T T T T T T T T T T
—- O N ~«— N M v - O © o
R RN 5 T o © <r c o 2
! AN < QO O
Temperature (oC)
Tan delta of SR 200 mM with CTAB
B2
—e— SR200mM with
o B2 CTAB
S Bl .
c —e— SR200mM with
- B CTAB in aging
J \W condition
$0 rrrrrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T
D N D % B N A 93 )
S o VTG N K%
Temperature (oC)
Tan delta with SR 300 mM with CTAB
2
—e— SR300mM with
o 1.5 - N CTAB
©
< 1
c I%\ —s— SR300mM with
~ 05 — CTAB in aging
% g00000000° o oy A-‘:::ol condition
0 \\\\\\\\\\\\\\\\v\v\ \'\v\v\ \v\\v\v\\\\\\\\\\\\\\\\\
D M~ O ™M LO » © <t O© O
R RN = oo ®22
-~ o < ©
Temperature (oC)

gﬂ 4.51 qm%gﬁuazﬂ%mma"lm%mia Tan & vassnsunwlRanwadalaInnizeaalng

ADULAZHAILNLTI 100 °C 24 T4l
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Tan delta of NR
8
] ——NR
v . . g
c —e—NR in aging condition
[
Temperature (oC)
gﬂ 4.52 qm%gﬁua:ﬂ%mma‘l@%u@ia Tan O VaILNITITNTIALAZHAILNLTI 100 °C 24 Ty,
0.7 — o FE'CTAB
' o ——a — = E'CTAB aging
-~ ~
s 064 _-7 > - -a—E'SDS
o - AN
= 05\ AR~ — - — E' SDS aging
- . AN
i
8 04
3
o 0.3
s
[}]
» 0.1
0 T T T T T T
0 50 100 150 200 250 300 350
[Surfactant] mM
(n)
0.25 — e E"CTAB
© /,«l ;:\ —= E" CTAB aging
o /4 N _ _E"
= 0.2 //// \\ N -4 — E" SDS
- ;7 AR — & - E" SDS aging
EIJ 7 / AN \
AN

w 0.15 // \ N
=} // \ N
3 /// \\\\
B 011 4/ — e ——W
E 7/ // \\ _ -7
7)) / / \‘\ L =
8 0.05 £~ ——
- +/\ R \

0 I I I I I I I 1

0 50 100 150 200 250 300 350
[Surfactant] mM
(2)
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—— Tan delta CTAB
—@— Tan delta CTAB aging
0.5 — a— Tan delta SDS
0.45 —— Tan delta SDS aging
0.4 Pl RS
. i s N =
w 0.35 V4 e N > P
W 03 / ~ >N -
© ~ -
= 0.25
(] -
'g 0.2 A
S 0.15 g~ *r—— —e
0.1
0.05
0 T T T T T T
0 50 100 150 200 250 300 350
[Surfactant] mM

(M)
31 4.53 () E' (¥) E” (A) tan O 289879w191 sndunwdfenwedalaiu Ngunpiiias

U

#1314 4.10 Glass transition temperature Waz Max. tan O 28987191 E19uNULURBNWORR bATH

JRLHAR Glass transition temperature, °C Max. Tan O E“/E’
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 1.554
Styene 300 mM -47.30 -43.40 1.926 1.647

#M93U Storage modulus, Loss modulus K& tan O Uadensunwliannadalain
fLaSuaan CTAB azﬁﬂ’mﬂﬁﬂuLLﬁaa@hLﬂugﬁwﬁ'\i aging ANNITLe3EaIN SDS
T,@ﬂﬁauﬁ'@L%dﬁﬁLﬂﬁsml,l,ﬂmmﬂmawnﬁmﬂﬁq@ﬁmmLiTuiTuaﬁamLiaﬁdﬁa 100 mM

Styrene-isoprene diblock or styrene-isoprene-styrene triblock copolymers i
copolymer A3InAuALsAIENAAMMBIE 151 Shell Co. (Jam3d1 KRATON D), Ltd.,
Dexco Polymers LP (VECTOR), Eastman Chemical Co. (Regalite) 1iuau Jauldiduae
easy melt processibility nuanNTou udzlalaSwies 15% Huens Thermoplastic
elastomer (TPE) luifindu lifaszme SFsauuazamu mmanzi ldldiduma srsunn

A a A &aA - o U= A o @
Lﬂﬂ@ﬂwaﬂﬁ‘lﬁiuﬂu easy melt processibility N#aAINNIDY LLNN&%@?%HQUL"H%ﬂ%
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a 6 A A di (% a =

4.6.2.5 MYIILATITARNUALEINALLONARAINRNNUNDRR LAT 1

A o A a = o a a = o

Warngunwilfanwadr leaTuwNaunULlanaganwaas ka3 laylF
internal mixer NRAFIWLIULNWLURANWARF laTUAANORR AT A 10:90 Wt% Wa2%in bl
NABAMILAINNTOW LATNAROL tensile WUITWORF OTUTF1ANULTILTIRIUTz1 b 38
MPa iarumyduiianuuiusidaadoinuantaniiy 40 MPa (U 4.54) Ll
NANTDNTIID LI U UAAWLAZRAILNLTIANLIIANULTILITIAI L6971 BuAan1TUNLT

MIURNZATIAUAT VNANTENURDLADANULTILTIVAINARE 16T

Tensile Strength with CTAB surfactant

& 50
E 40 | @ STD.PS and blended
< _ samples
D 30 T 5
£ 201 ® STD.PS and blended
@ 10 | samples in aging
B condition
S 0
2

0 100 200 300

Styrene monomer concentration

(mM)
Tensile Strength with SDS surfactant

E 50
= 40 | @ STD.PS and blended
< samples
© 30 |
o
..E 20 - @ STD.PS and blended
® 10 | samples in aging
‘5 condition
S 0
2

0 100 200 300

Styrene monomer concentration

(mM)

31 4.54 AMUUTILTINIVDY 10:90 gsunwlRanwadalaIwwadalaTw NawLaznaILy

1359 100 °C 24 wu. (U®) CTAB (819) SDS

A A a = a = ' = =<
\Wanagay 10:90 gdunwlfanwadalaIwwadalaIw WUl aNuLTInIIag
fnInvaInadalaIuninan (30-36 MPa) LazWadLNisd (19-34 MPa) lN128n48AnY
& ° ' A o Aa a A a a £ = SR A
uiIu9dINI Ladwadrlasuluensnnuilfanwadg lasuunnat AnuLdInsIai
o 9 v A a & s o a a A
wwd ltuanadting LWi']:LLm:&Ja"lmumnmmmm%uﬂiuLaqamawaoavlmuvlmwumﬂ
o & L . q o
LL@IfIﬁ]’“IWJ%I&JLﬂQﬂ&J’]ﬂ“H%(EU 4.47-4.48) 3977 mmoqaﬁiﬂmmmLLﬁaLmﬁa‘lulﬂ
{ L & a { U =1
WRsuasnnin deluensunwlfanwedslaTuniasouals CTAB Januudansdd

HaanINNLeTUNAIN SDS NINAULATHAILULTI ML lwauudssefsaaasninle
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TN M CTAB (ftadaanuudnsstsanadiiu 19-27 MPa) uazaaadstasninilald
SDS (31-34 MPa) atia lsfimudnfaaaanafiieglugisnnunadsiuusaniny
WD IR I A WL NLIILT WA N UNDRR L1 T 1 nngy 4.55 Iu@é’amadwaﬁa"lm%ugﬁn 1.6
g 1 1 g =3 v ﬁ =3 [l 1 { L 1

GPa %aaumiﬂugaaa@mmﬂuaﬂ 1.55 GPa eﬁoﬂagiumamnﬁﬂaLuumaalwgaanau

1 1 =4 3 1 1 1 a v 1 a a o o =}
NILNL FUAUININTLULTITRANTENURUAaNaRR L6 T §19ATU 10:90 s9unwilfan
wadslaIw:wadalain wudlugaanstan (1.1-1.35 GPa) UazWAd (1.1-1.5 GPa) Lia3d
ﬁaﬂﬂ'jﬂugﬁmaawaﬁa"lm%u INTIERINEY NMIANLSU e e Twlwendunilfanwe
a { U o = v QI J o a
axlasunlyd CTAB miﬂugaaﬁLLuaIuaJmemwswzﬁmmﬂumqamaawaaa‘lm’%umn
2 = ' o A a A A9 o 9 o ' '
A% LL@uwaﬂszﬂumaiugaaﬂlaamummﬂaaﬂwaaavlmuwh SDS 188 BaINITUNLI

Qs =) v g; 1 QI J |
Iugaamaamummﬂﬁanwaaa‘lm‘%mm CTAB L&z SDS HaNuwauUSu s laTnln

gaunwllRanwadslasu saaasasnunwulsniimesay DMTA

Young's Modulus by using CTAB

— 1800
& 1700
=
Z 1600
= 1500 ¥
3 Unage
g a0 \\.TL i I e
1300 » /i7/\ e Age
@ 1200 N i +
3 1100 iE
> 1000 : : :

0 100 200 300

Styrene concentration(mM)
Young's Modulus by using SDS
. 1800
& 1700
= =
% 1600
= 1500
3 —e— Unage
B 1400 £ X g
% 1300 = T = Age
g’ 1200 +
3 1100 ¥ 2
> 1000 : :
0 100 200 300
Styrene concentration(mM)

31 4.55 Young's modulus 789 10:90 en3unuii/fanwadaleTu:wadalaiurauuaznaaa

139 100 °C 24 wu. (Un) CTAB (8149) SDS
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gaunwlanwe R laIuNNaNALNa AR IaIUNTAFIH 10 wi% Sarafieule

TTUWaaavl,@ﬁwﬁﬁ@ﬂmndﬂizLmﬂq\‘lﬁ%a HIPS (high impact polystyrene) 198ENUNTONRY
nulaglidasdianstionaundaanstiona el WanaunwLaINWaRR aSuilan
wWaswduwedalaTurigu uazlanuiangu yuniuazdadaldlivniauatnane
a = dll s v 1 =3 s s a v s =}
dalain Wedasaudiddasinauanansudnldaaslugl 4.56 #asNnasoULTIAIaN

Y ' A a @ \ A A A A a a
1AUAY WUIWERF LATUITANLLLILME udnadr lasunnanensunwlfannafa lain
10 Wt% 22163227172 9NUEaIfin1aia Crazing Lazndasnaniivasiianauina
(plastic deformation)lidae uaasnena lnnmisiwasnuldliNadwnsane sadu
snwauzddInuluiunuinuusinzunngWisuifisuiuaenuinmsesuanad

wma@nwmmmumngﬁﬁmawwmaua%ﬂugﬂ 4.56 §14)

31l 4.56 (U%) ANBULTOIUNAVDING
ARATU (Te) UaTNOAR LATUNEN 10
Wt% endunuilRanwedalaain (1)
(879) ANBFHLIDUUANIINNINAROU
Izod Impact VBIFUNUWANFERNNLTI
NITUNNFI 80-20 wt% Nylon 6-NR + 4
phr SEBS %38 PS-NR reactive blend
(mo%u"l,&im@ VI UIDBUANLAA
217)
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guUAvad HIPS Niwnaluaaiaann Network Polymers Inc. 878n19n136131
a v dbs
“NPS 90-0304 Super High Impact Polystyrene” 3@

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 Procedure A Condition G
(200°C/5 Kg); ASTM D1238

Tensile Strength, Yield 28.4 MPa ASTM D638
Elongation at Break 35% ASTM D638
Flexural Modulus 2.24 GPa ASTM D790
Flexural Strength 49 MPa ASTM D790
Izod Impact, Notched 2.14 J/cm Injection Molding; ASTM
D256

Deflection Temperature at 1.8 MPa (264 psi) 82.2 °C ASTM D648
Vicat Softening Point 103 °C ASTM D1525
Flammability, UL94 HB 1.5 mm
Flammability, UL94 HB 3.0 mm
Gloss 85 % at 60° geometry; ASTM
D2457

AW HIPS anuudiusifs m 39a31N (at yield) 28.4 MPa & Flexural Modulus 2.24
GPa § Izod Impact 2.14 Jiem Wafisunuauianienaveswoda lasufinausnsunm
WaanwadalaIn 10 wi% wundsutaneazifoudssnule Aoanuudiusifianuia
AUAMNLTILTIAG T ﬁ;@ﬂmﬂmaawaﬁLuagﬁoaaamﬁ@ﬁﬁﬂﬂﬁLﬁyaﬁu &% Young's
Modulus AU Flexural Modulus MAINARBLARRZLULNY LL@iNaﬁ"L@Tﬁa%iluma GPa
LAY LASRNUANBLIINIZUNNLLL Izod ﬁﬂ’]ﬁ]ﬂﬁ@hgdmi’]zﬁﬁd Craze Uaz Plastic
Deformation tAa3widwnalndmsy Energy Dissipation ﬁﬁﬂﬁfy SR T EIUN
wasnwasalasulunsuiuwedalaswianawiin HIPS Adanudulyldge laons

UTURARIWNENTERININO AR LT wNUL LNl Ranwa A LaTulwinanz aal

s MatWeb Material Property data, http://www.mymatweb.com/index.asp
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UNN 5

GRS

9

Admicellar polymerization lumuﬁﬁ'ﬂﬁﬁﬂﬂgmi'@mimmséfaLﬂiﬂ:ﬁwa'ﬁmaiﬂ?zaﬂmummu
OUMALNITIINTA Fssnansorldnainnaznsauazenatiiesannisusu pH legldmsaaussdsiia
\lu SDS uaz CTAB anwdnau aynaunaiien pze fiv1n 3.3-3.7 (%uag’ﬁ'uLmdum{wmma:mﬂqmnﬁu
Tnw)

o 122030 9z ldununi Adsorption Isotherm Ua9aIaAKIIAIET (SDS) UnaUNA safiiud
finann azilUSunou adsorption 310 (80-3000 lulasluadeanauas §1%3ue9 0.01 g 1w 14 mi) 13
AT HUa 198N USIN D adsorption Aaaad (310 200-400 ulasluadaannawas 1w 1-3 lulas
Tuadaansnauas) LWﬁ:ﬂ'nmeMmaaatgmamamn%u Uinasindmiumigainmzianad
$291287 equilibrium adsorption miaNzaNEa 4 1y, &laswazanslu nsousastuvas SDS led uasd
wn i Astuwanuenududuvasslouifindn dasfivesnmsaszaslunsoussstuifiviuaniou
asiilomnududuvesalasunsfl enudutwnialugig 0.1-0.3 mM lidnadensazansvasalasn
lunseusastuuas SDS

o M22619 9z ldunun Adsorption Isotherm a9 CTAB LUuaRNAL ERFIRTTatN
adsorption 1-20 'lulasluadamawas koanin SDS adsorption NUSHMes 1 g (20-40 lulasluade
a3191403) %30 10-200 lulasluadeaawas oanin SDS adsorption AUSH1Mens 0.01 g da
inasmudilndidesiu dlasminuwa cTAB luginin sDs muduiniarnlien cMC auasudfivh
3133104 CTAB adsorption 1ANAueuaIGuINFaLRe 0.001 M (1 mM) U5unas CTAB adsorption

. ¥ 4 . rY a9 .
uTaunniwdadindauazlionuituiu CTAB 93w ganpiilutis 30-80 °C finansznuda
CTAB adsorption #aslagianizilannuitudu CTAB tasas msiduinfayinl# CATB adsorption
Wasnudasiantes waanududualaswanniy alasuiazarslunsousasTuses CTAB laanndu
{ a o v oa = g: n: é/ 1 dl { =)
WaldunfesziSunmalaSuazaslunseusasruvas CTAB iindu drasfivasmsazansiiiadl
A = A £
INRBNILLANT
1 aaa a 6 o o v aa :’ A o v :/ tgl 1 a
ssnedfiseuanlufisuasaana vldesdfas uszinferildaslnuazussinie
crosslink ldazanadas & ABN uag V50 14 azo-nitrile azanelu oildininin ag'livihldensidadn ud
X a A o ] aaa , & AW ~ Y
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ABSTRACT

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

KEY WORDS Natural Rubber Latex, Cationic Surfactant, Anionic Surfactant, Adsorption, Surface
Tension

INTRODUCTION

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



EXPERIMENTAL

Natural Rubber (60% dry rubber content) was obtained from Rubber Research Institute of
Thailand. Hexadecyltrimethylammonium bromide (CTAB, 98%) was from Fluka and sodium dodecyl
sulfate (SDS, 99%) was from Aldrich. Sodium bromide (99.5%) and sodium chloride were obtained from
Unilab and Fluka, respectively. Sodium hydroxide [flakes or pellets?, or solution?] from Fluka and 37%
hydrochloric acid AR grade from J.T. Baker were used for adjusting pH. Tetrahydrofuran (THF/99.8%)
was purchased from LAB-SCAN. Absolute anhydrous ethanol (99.9%) was obtained from J.T. Baker.
All materials were used without further purification.

Purification of the NR latex

NR latex particles were purified by centrifugation (at 20°C, 8,000 rpm, 20 min) and were
redispersed in distilled water 2 times to remove dissolved impurities and to reduce the particle size
distribution. The resulting particles were considered to be clean. After washing, the particles were
resuspended in water at pH 3 and 8 at a concentration of .01 g/ml.

Particle size measurement

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

The surface charge of latex particles is important to determine the surfactant adsorption. The solution pH
is a parameter that affects the charge of particles. For this reason, electrophoretic mobility was used to
determine the surface charge of the latex particles at various solution acidities. The pH of the natural
rubber solution was adjusted by 0.01 and 0.1 M standard solutions of hydrochloric solution (HCI) and
sodium hydroxide (NaOH).[Were there .01 and .1 M standard solutions of both HCl and NaOH?) The
electropholetic 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
mixtures consist of 0.01g rubber particles and 2,000 uM CTAB in a total volume of 21 ml. The tubes
were agitated in a shaking bath at 30 °C and samples removed at varying times to find the time for
equilibration. NR particles were separated from the mixture by filteration through a nylon membrane.
The concentrations of filtrates or equilibrium CTAB concentrations were determined by measuring total
organic content (TOC) and the surface tension. The linear region of the relationship between surface
tensions and CTAB concentrations was used as the calibration curve. CTAB solutions were diluted into
the concentration range of the linear region for finding equilibrium concentrations. The difference
between 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
there is no longer change in adsorbed surfactant.



Surfactant adsorption isotherm

Various  concentrations  (initial  concentration, initial CTAB  concentration) of
hexadecyltrimethylammonium bromide solutions were prepared in pH 8 water. Then, each CTAB
solution (20 ml) was added into a vial screw cap test tube containing 1 ml of 1 % NR solution (0.01 g
DRC). The tubes were agitated in a shaking bath at 30 °C for a 15 h adsorption equilibration period. NR
particles were separated from the mixture by filtering the mixture through a nylon membrane. The
concentrations of filtrates or equilibrium CTAB concentration were determined by measuring the surface
tension measurement technique as described above. The plot of equilibrium concentration versus the
amount 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
amount?] The sample was agitated in water bath at 30 °C to equilibrate for 6 hr. After filtration through
the membrane, the solution was analyzed for the equilibrium SDS concentration by HPLC (Hewlett
Packard 1050) with Altech conductivity detector and Nova-Pak phenyl reverse-phase column.

RESULTS AND DISCUSSION

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



Figure 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
point of zero charge (PZC) is at pH about 3.9. The particles will be negatively charged when pH is
greater than PZC and positively charged at pH lower than PZC. This reveals that NR particles are
amphoteric in nature. By manipulating pH, one can alter surface properties of NR latex. As such, SDS
and CTAB 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 latex particles by changing pH

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



pH was at 3.8 (closed to PZC) the adsorption decreased substantially to 0.4-4 umole/cm® for 2700-8000
uM equilibrium SDS concentration due to less positive charge on surface.
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Figure 4 Adsorption isotherm 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
allowing surfactant to migrate and attain equilibrium on the NR particles. Figure 5 shows the results
using 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-
adsorption]



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

Another technique suggested to use for determination of surfactant adsorption in this work is
surface tension. Figure 7 shows the linear relationship between surface tension and surfactant
concentration when surfactant concentration is very low. The surface tension is useful to determine
critical micelle concentration (CMC) which is the point where surface tension becomes steady and in this
study we found that CMC of CTAB is around 900 micromolar. The values of CMC is shifted to lower
concentration as salt concentration increases due to less repulsive force between surfactant molecules in
micelles by the counter ion. On the other hand, surface tension becomes less sensitive to concentration as
salt concentration increases upto 0.01 micromolar. When using surface tension as a method to determine
equilibrium concentration and CTAB adsorption, the equilibrium time is found as seen in Figure 8.
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Figure 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
150-230 pumole/m* from 1-100 hours. Therefore, by surface tension the CTAB equilibrium time for
adsorption is averagely constant with the highest adsorption within this range at 15 hours.

Surface tension of surfactant at const conc.of NaBr

80 -
= 70
z " —+—0.08NaBr
g 601 —=—0.05NaBr
'z 50 - 0.01M NaBr
Q
o 40 - —%—0.001M NaBr
Q
< - ,
a.g 30 - ‘\._f,._,. —%—no salt
w2

20 T T 1

10 100 1000 10000
surfactant conc.(uM)

Figure 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 umole/m”. In this case, adsorption becomes steady after CMC.
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Figure 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 shifted to lower equilibrium concentration with the same
adsorption plateau. Thus salt can enhance CTAB adsorption on NR and lower CMC.

CONCLUSIONS

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
(S-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 and
enhanced 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 uM while addition of salt caused the lowering of
surface tension and shifting of the CMC to lower concentration. Due to the linear relationship between
surface tension and surfactant concentration, it can be used to determine the surfactant concentration at
low 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 salt.
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