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Abstract

Polystyrene can be synthesized over surface of natural rubber latex particles by
admicellar polymerization thru surfactant bilayer. Anionic  surfactatnt, sodium
dodecylsulfonate was adsorbed on natural rubber particte surface at pH 3, lower than
pH at zero charge. Adsorption of cationic surfactant, cetylfrimethylammoniumbromide
was at pH 8. Surfactatnt adsorption was maximum after 4 hr equilibrium time. Styrene
dissolved in surfactant bitayer at high pH better than at low pH. Salt enhanced styrene
dissolution. Increased rubber content resulted in lower adsorption. Styrene
polymerization occurred at low pH had lower molecular weight than at high pH.
Spectroscopic analysis confirmed the presence of polystyrene. When testing for thermal
resistance, it was found that the rubber core-polystyrene sheli started to decompose like
NR but can resist higher temperature as styrene content increased. Modulus and color
were better and whiter as well as better melt flow and better aged properties with
styrene content than pure NR. Salt resulted in Jarger surfactant adsorption, higher
molecular weight and hence better modulus. Morphology observed by optical and
scanning electron microscopes showed that either acidic or basic conditions with low
styrene content, rubber particles homogeneously blend with polystyrene. Increasing
styrene content, each rubber particle was separated and covered with thicker
polystyrene shell. After aging, it was found that tan O of NR core-polystyrene shell was
lower than that of pure NR. Aging caused improved mechanical properties like
annealing for adjusting better morphology. This method therefore leads to a novel NR

with clear-white, flowable and high performance.

Keywords Natural rubber, Admicellar polymerization, Polystyrene, Core-shell

polymer
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wis e Seuaud@lndifes S amuidyveswidtiiuansnestuane

- v v = 4 o o o 'S i
madialnaifirimelunisiadoy core-shell polymer Savinezvinluldiunediuaiuauiug

" Bunsomsit K, Magaraphan R, O'Rear EA, Grady BP. Polypyrrole-Coated Natural Rubber Latex by
Admicellar Polymerization. Coffoid and Polymer Science 2002 (in press)

? Bovornprasertkul A, Magaraphan R, O'Rear EA. Polypyrrole-Coated Natural Rubber Latex by
Admicellar Polymerization Part Il. Master Thesis, Chulalongkarn University, 2002 (to be issued)

¢ Kayano Y, Keskkula H, Paul DR. Effect of polycarbonate melecular weight and processing
conditions on mechanical behavior of blends with a core-shelt impact modifier. Polymer,
1996,37:4505-4518

° Fortelny 1, Michalkova D, Hromadkova J, Lednicky F. Effect of a styrene-butadiene copolymer on
the phase structure and impact strength of polyethylene/high-impact polystyrene blends. J. Applied
Polymer Science, 2001;81:570-580



snaUnTeiankuwinenldiveuyia
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HAazAugaawnIsy - dunuligs  wneldruasdufiamssausdiaunzuanainal
fruaneouscliih  mansAunaeisuwefweinaunnaiune)  wasliudpemnm
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- o m! v = o =l = o+ o A‘
HaR A RN e Addwdnysznsfaldldosssamdnnin
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asfanuiininazldfemansniaiou core-shell polymer iflusumeasassuma
ﬁmﬁauﬁmwaﬁﬁ‘lﬂ‘%u‘lﬁ loofgmanitidu  impact modifier  fninaialnifa
admicellar polymerization ua:zﬁam’mqmé’numwaawaﬁma%ﬁm‘%uu"ﬁmnmimﬁa'u
Tyminidvfidedey  feqmdnwmzvamefwaieiouldhivmaluanaila
\fin crosslinking Tuaumaswialyd nsamaseuhesiildhom: sansamedirh
srmoalaiuiasoasinmald | winfie crossiink Tuenafissldwadalaiuasnunatna
ol sol uddwedslabuinlfizenlaoaseiugfiazdunssuilingasen fasuen
ﬁaqmmw'uaamsﬁmmnﬁmmnmsﬁw admiceliar polymerization 16\ Fananitazdnm
1ﬁmwnﬂmauﬂ“ﬁm‘sa:mu‘luifuﬂaumimmmﬂ‘[maqa

Nam:'rm'ﬂaaaaﬁmmfﬁf’udammﬁﬂwﬁ’ﬂm%ﬁmmwaqm’uﬁ‘nmmam‘wa
Awas ﬁﬁammuanamaam‘:é’amﬁ:ﬁﬁaqmé’ﬂﬂmwamaawai‘ﬁ"l.@i’ uactladofinase
qmé’nmmzfﬁu Lﬁam‘lﬂmuquw‘%am@mmﬂqmﬁnﬁmzmaowaﬁma%’ﬁ‘lvﬁ'&nnms
FUATIZRULY  admicellar  polymerization  wazpuFUWUTIUAN®ME  Structure-
Morphology-Properties Relationship Wa3admicellar polymerization 'ﬁ’.lf;lﬁ’ﬁlmm”t&lfl,l,a:
rwnadinslnilunineIouwafiuasng polymer blends and alloys (HumIANATIRRT
a2010 (FsaauiIaiflF mntesAsteinauunldindld frwasdunauns treat
ihaehaseaussisfiafnan) wenandigahasih Ul Slumanduiudandeunaile
lawiu (polyisoprene) asuuaumawadsleiu ﬁ“%amgmﬂwaﬁma%ﬁmﬁuq LEUWaR
WEALNTIATIAA  (polymethyimethacrylate, PMMA) uazig3ouwadiueiidanlviianu
Jaeldadfitonanle walF31un"9 biotechnology, separation, Ua catalyst support

Twuidsfidainaaisuuszamageusutassunudianwadalasuiifinnw
IREIGH! g amulasfiFIunaureisniss AU TELAUNNS admicellar
polymerization f’ﬁalﬂumﬂﬁﬂlmjﬁl'ﬁ’lunmﬂﬁauav:mﬂmaam“]a"l.@ilﬂuwah%a]ﬁ Jailu
msﬁ,’uauaLmeqlﬂﬂum‘smﬁaum&mﬂwa§ma§ wardnusemmibaindunniieue
mslwilunseiounefainay  levhidasdltastionay  udillunssanuuunis
e WHAG m LS afduds eneddyvesrwidvivenainasiuauamaiialnafiin

melwnIaion polymer alloy vaswedalniw-wad lalowiurnlutanefiwaiuaudug

" Dalnoki-Veress K, Forrest JA, Stevens JR, Dutcher JR. Phase separation morphoiogy of thin films

of polystyrene/polyisoprene blends. J. Polymer Science: Part B: Polymer Physics, 1996;34:3017-3024
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moudd sadwitmshdne mmmﬂ%’uﬂ‘goﬁ'\"lﬂ'l:ﬁ'l.ﬂum:muﬂ’]mﬁm:@'fuqﬂa’mmm
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LA :'LITLIIJEG qmmw HR mnmsn"[ﬁ AVUATIY

TanUszaed |
1. inwATzNTIALAY (adsolubilization) maoa‘lﬂ%uuuﬁmqmﬂmq
2. ﬁnmﬁw‘ﬁwamaomﬁa@iamd:m‘m:mwaqa'l.ﬂ?uuuﬁam&mﬂma
3. Anwmanssnurastiinasnuazslaiudeloduguuazguantiinang ma
ATER MINTIRG LazMIUdagNIIzaNa
4. ’nﬂﬁ:ﬁqmmwmaowaﬁﬁ'lﬂ‘%'uﬁﬁmm:nuﬁ'zm‘amﬂma
Suaoums3sy wianiu 3 Tunau
n. MIENIMIAAIBTaIRlaTUIUAIaRMAINg
Lﬁuﬁnuﬁﬂn‘sgﬂtm: (adsorption) YBIENIAALTIAIAT Tiilw cationic
surfactant 1ér CTAB (cetyltrimethyleammonium bromide) anionic surfactant l@un
SDS (sodium dodecyl sulfate) lAualaTuad awaNNTNTUA 9 LeINagay
ﬁmma‘lﬂ%uﬁmﬁaa%ﬂm UV/Visible Spectroscopy finAuuad 247 nm tianyu
suldmIazatneesladu dnwdninazeunfadenisazasvssalaiuvuitonma
s Tasdsusnuutuseninnge
a; m‘sé‘amﬂ:ﬁua:mn‘*‘:Lﬁjﬂ:ﬁqmﬁnwmwmwaéa‘lm‘%umﬁauuum&mﬂma
ldﬁﬁﬁaﬂ,ﬁﬁ?mﬁﬂzmﬂﬁﬂmu sodium persulfate l¥ausaudi 70 °C
udsanlWiAsUfAFon Hunm 4 s RsBinauenaduduresaleiulunis
faiasied anadiamzidisndasganssayl usz scanning electron microscope (SEM)
Lw"'a@mmﬂm‘gmﬂ azapeuMAlu THF ué’ﬁmﬂ:ﬁﬁwﬁ’n{maqa WRZATINTZANY
ﬁwﬁfﬂmaf}aﬁm gel permeable chromatography NAAURNLANIINUANNITDUGIY
thermogravimetry (TGA)
. MIfansiuazanvileniguinyuzrswedslaiuafovuuoumanig

oA o a ' W
ENBQJLnﬂaaQ@’JU
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Aw da o L
HRITHWIVENLNEIUDY

TuudraamsiadnanadlaunuLsenTeunndse s fewandin impact
modifier W 819¥leMAENY  core-shell polymer anafluiBnIvitednzanms
winulaoaly Li and Stoven' lamsanuly 5 dszinnédaniu uuuf’idwﬁqﬂﬁmfh two-
stage seed emulsion polymerization ‘Hmuﬁam‘im?ﬂum‘l;nﬁﬂmaﬁumﬁauuﬁﬁawaﬁ
watlsfuauawaianaiiadly HIPS shaziuduuuvvssnsiasen core-shell polymer
Alermnmaeisuneddimladu (polybutadiene) audrnmswadweslsdaladu ufia
phase conversion fiwadxlaTuiilu matrix Lm:m‘l;n‘lﬂtl’mﬂ')‘iagji‘lu’ﬁ’ad 2-5 micron Coelho
et al” leausdtnnedpunadslasufinuusinunnlaumansoeiey  crosslinked
polystyrene ('l“ﬁ' styrene LAY divylbenzene) NENNU 10% liquid hydroxyl-terminated oligo-
polybutadiene (Nmﬂm:ﬂ’i’toﬂ’lifﬁm‘i’lzﬁ polystyrene-co-divnylbenzene) "ﬁmﬂmamﬁ
nudousnszunnldgafio 70 Jm uazlinnuuouss flexural strength 70 MPa lapuua
m;,mﬂwﬁ'qmnﬁﬁ'omﬁmmmn 3§ﬁ3:ﬁ11m“la"wmmgmﬂﬁv'au@i 35-80 WIlULUAT 34
IHRuTANILTINTEUNNUNUNA1Y Scott and Macosko' ~ dtauedfiadnulanld reactive
polymer blending szwinawadalaudumuafitunsafidu EP) Afwadnuanlaasy
(EP-MA) 20% Tﬂu'l.ﬁwa?m'tm‘%uﬁﬁaan‘nﬂfnﬁn {oxazoline functionalized polystyrene,
Ps-0X) ummisnantiinmlifin 1% udiitadneafatlaassionasuinlne
adladuimsudainanfowdy sstinnaniliaumarasanindszinm 06
micron (fielaamstisnsy 0.3% winldaasgionauis 1% avirlWaynadnastie 0.25
micron  wainduyhliid,:  Hasnwavesfisonerenenatradssllsuniunalnms
wanwnuuunileanu  Kayano et al.” wmwmdutaqamnmaawaﬁﬂﬁuamﬂﬁlﬂu
matrix ULAZNIINTEIUBIBRMA core-shell fivinmidliiu impact modifier fiaTudd
@iammLLﬁamaLLa:qmﬁQﬁmnﬂﬁUuﬁnﬂama:l,ﬂﬁztﬂumﬁmnu (brittle-ductile
transition temperature)‘?lmwaamaﬁlﬁu &I Fortelny et al.” wuiTmsle styrene-
butadiene block copolymer (SB) sunintisnauwafiobiusiinanunuiniugs (HDPE)

] t; Ber L a w v ﬂ!
waranunuwitwuan (LDPE) nu HIPS \lﬂfﬂll.ﬂ::‘ﬂ’]'l%ﬁ'lll’ﬁﬂ‘ﬂul.ﬁﬁﬂi:Ltﬂﬂvl,@]ll’m“ﬂu 2-3

? Coelho RS, Cunico C, Zawadzki S, Akcelrud L. Toughening of crosslinked polystyrene with liquid
rubber. J. Applied Polymer Science, 2001;82:2098-2105
" Scott CE, Macosko CW. Processing and morphology of polystyrene/ethylene-propylene rubber

reactive and nonreactive blends, Polymer Engineering and Science, 1995;35:1938-1248
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i1 Tanlassaitewesdpnin (phase structure) 189 HDPE/HIPS w38 LDPE/HIPS i
wWasuulansleld sB Litfin 5% Tamiwmein lunsdluss HDPE/HIPS/SB fidaayu HDPE
10% Tapimn wuih B dmngAfinduiaes HOPE inn Suwswduaymaiindas
(inclusion) Tw PS usx HDPE usiswimeumealndifisaiu HDPE/HIPS iaRuFadiu
HDPE 1fiu 47.5% lamiwin B Umngfifndudis HOPE uar PS (Ruaidinian ue'ly
dluaumeidndenaglu HOPE uaziwdulolu Ps fiddndasuniines SB ARl
wnsAvsnguiu inclusion POIBUMATHRFIFUTANUUTINTZUND
dauudmaaqmé’nﬂmwaawaﬁma‘fﬁtw"’inumn admicellar polymerization
i‘i'uﬂu@Tamﬁuamﬁﬁﬂ’nuLﬂ%ﬂ%ﬁﬁd‘ﬂaqmkmﬂmqﬁ'smmﬁ%a‘lﬁﬁﬁmm‘[ﬂa
Tangboriboonrat et al." uaz Bunsomsit et al.’ iﬂﬁuau‘.mﬂmgmmﬂumnﬁ?aauﬁﬁ
TasmsUSu pH wazdl point of zero charge (PZC) i pH 3.6-3.9 Faiwnmslwidanms
ammﬁaﬁﬂﬁmm:ﬁuﬂizqﬁﬁa ﬁnnwaa’mﬁﬁmﬁauwm'\waﬁa“lm‘%umﬁauuumknm
aauduaionldlasls cationic (cetyltrimethylammonium bromide, CTAB) w3a anioinc
surfactants (sodium dodecyl sulfate, SDS) ﬁvl.ﬁm Faldaunsaeisunaipiavwe
axladnlevafi pH @‘i’ux,a:go W EIEuT pH qom%:a:mﬂnimwsﬂ:ﬁwmamm’mﬁ
i pH Uszunme 9 Thakulsukanant et al.” widn CMC w85 CTAB @s 300 lulasiuans
(UM) w8z  phenol ®wInazanslu  CTAB  le@ndn  trichloroethylene  uas
octadecyltrichlorosilane RIS Boonyarach et al.”” Msnwihinmszapvasrlaiud
oH 8 Iutu1ad CTAB uufadanufalodirmdsiululums wsznmsssanuoziAadn i
'luamazﬁﬁuauaLuai'mae'laisnw%uag@'fw Thammathadanukul et al.’ WgRsmW TEM
2pInsTaNuafauMaWal dla3u-wadlalawiudlt3% admicellar polymerization Uaz
ﬁmﬂ"ﬂuﬁﬂLLﬂ:ﬁuﬁﬁ')‘l}ﬂﬁaikﬂ’lﬂLﬂﬁE}UWU’J"I’}N'}ﬂ:IMﬂ_j'T‘J,u ﬁuﬁﬁma:gwguama Vit
stﬁ:mnisﬁwaﬁmaﬁﬁﬂﬂaq1u3w§utﬂéwfu mlvnedwestaimzladuaziiios 20%
fiswnsoanasanutlddens reflux 71U tetrahydrofuran muqmé’numwaawa‘ﬁmas’ﬁ
analgemndanhlinasavdls FTIR lﬁuauam&'\ﬁﬁv’maﬁa‘lﬂ%uua:waﬁ'l,a'[fﬂw%uagli
fo wenaniitamuiwedleiu-nedlslawduadovuudinidn  CTAR lédunnnin
781 Triton X-100 38 SDS &4 Wu et al.” Wui1 CMC 289 SDS 8.4 Dadluaans (mM)
uazladns Sps ﬂmmznuagﬁmﬁ' pH 4 Lﬁaé‘amﬁ:ﬁwaﬁa'lm%mﬂﬁauagjﬁm mMIga

J 1 sl - 8 [ 1 = ’
innz1ed SDS mnmmﬁal"ﬁa@]umuaﬂm UAFARIUYDINIREAIOLT Y SDS:styrene

“ Tangboriboonrat P, Suchiva K, Riess G. Surface characterization of a Y-radiation-crosslinked
natural rubber latex by a phase transfer technique with cationic surfactants. Polymer,
1995;36(4):781-785

* Boonyarach K, O'Haver JH, Harwell JH, Gsuwan S. Adsolubilization of styrene and isoprene in

cetyltimethylammonium bromide admicelle on precipritated silica, Langmuir, 1996;12:2162-2168
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i 2:1 n'mﬁ'mﬁmma'lm%uﬁﬂﬁmsmsgﬂLm:w‘%aazmmix”xlné’é’ﬂﬁm
SDS:styrene tilw 2:1 § conversion 75% wanRunmfiszaiulutu SDs AMAIN ATV
waﬁLuas‘ﬁ“lﬁ’mnmm:mumagﬁmméaﬂu tetrahydrofuran W& lida  uv
absorbance Wuhilflnfidssiumadalatumangmifbminluansads 2350 lag
#i extinction coefficient 'uaawaﬁa'lm%uﬁwﬁn‘[maqaﬁ'auﬁm'l;i@mﬁ’umnﬁnﬁ'uwaﬁa‘l@]

‘%uﬁmﬁn‘[maqaga mm]“']eé’uﬂ’ahiﬁn'ﬁmﬁ'mﬁn‘[maqa'naawaﬁa‘l@l‘%uﬁm%w‘lﬁ
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3.1.1 e NDTINTG

wnersnleiunawinewldiusyna

iossTumantdlullusnldunsin Ansell Co., Ltd & m5unis@nsni

Mo wazsotwddus g mSumsaneIinnzans uasdl 2-3 1637n . tnuaIms

B9 AN, FUTHVaIHILIINL. LN¥AINIILII N, LLﬁﬂdluW}‘i’Nﬁ 3.1

A1 A 3.1 /uUGUe ks T% 60% NL. INHATAITLNL AN

TN HANIINARaY
Binmuasaudamanae (TSC), % 61.86
IBnoiisonouss (DRC), % 610'2579
Usunmaaudilailguns (Non rubber solids), % 0:88
Lﬁuﬁmﬂﬂmflﬁﬁw (NH3) daﬁmﬁfﬂmq, %% 1.78
Banaanuilueng (NH;) datiminii, % 0'010
Jwuntaladuszngle (VSF Number) 7308
mmﬂmmmamfﬂmw'am‘%’laaﬁana (MST) Aun
RnnusnitiBon (Mg on solids), ppm

3.1.2 Sodium Dodecyl Sulfate (SDS) Surfactant

landoulaendadaidn (SDS) iluasaaussfefiasfialszeay (@nionic

o . = . £ = a a8 e A a
surfactant) 18910 Aldrich Hnwu3ant 99 % Tlansfaaiidudaunund 3.1

0

+ -
Na  Q0-n8—0~—CH>CH2CH2CH2CH2CH2CH2CH2CH2CH2CH2CH3

0

WHUDE 3.1 Tassasraaiiauas SDS
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3.1.3 Hexadecyltrimethylammonium bromide (CTAB)
emialaswbaneulufivaluflad (CTAB) umanaussiafiariiads:

. . = & 1Y) =) 2 oA Y
1N (cationic surfactant) ﬁmmmqm 98% 1@a7n Fluka ﬂmmﬂamamumumugu
3.2

UHUNE 3.2 lassatraniuas CTAB

3.1.4 Styene
~ d' *r - - A‘
glaswinususiyesnaa n Fluka fann au3gnd 99%

3.1.5 Initator
] L y-r-3 OJ » | 1 S ﬂ‘l | :’
msnalfisenldlunnensawiniumdelfisenacaslddlui

uazazanladludvazarsde  wauludluulesdaiwe  (ammonium  persulfate,
(NH4),8,05) 1831n Merck uaz 2,2'-azo-bis-isobutyrylnitrile (AIBN) luiusiuaanda
Tuglain  eudreu ﬁm%’um'zzLﬂumamsﬁaﬂﬁﬁ?mﬁlﬁﬁa 2,2 Azo-bis(2-
methylpropionamidine) (V50, 97%) Lﬂuﬁqﬁaﬂﬁﬁ?mﬁiﬁa:mﬂﬁﬂ uazlgd lunazeng
fu AIBN (liszanpiin) wiund 3.3 usaslessaaniivesssninlfis; d¢ldn

Aldrich
H3 E
NC N==N cN
CH, CH,
H, H,
NC—]+ + N=N + $f—CN

k2

CH, CH,

(m

N G o

HC} %CIT—NZN—*(E—{ HCI
HN - cg, cH, N

LLN'LL.Q;“J 3.3 (n) ugalasaaie m*m@m@hLLa:min'aﬂﬁﬁ‘%mﬁamﬁzﬁmao AIBN (1)
V50

10
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-]
\nRa

A o - A9 . A s o -
nBaflFlunuddnildana counter ion WAIENIAGUTIAIAN Ao loifvu

Tuslud (NaBr) w50 CTAB ua: lm@suasalss (NaCl) &miu SDS

Tmasunaardidutu 99.5% ldann Carrlo Eba Reagent Company
lodouluflus u?qﬂ‘ifga 99.5% l#37n Unilab

3.1.7 @ahazas

iaaszlalausu (THF) 'u"‘nqm'f:E 99.8% LutUaA (99.8%) uazoaila

Tuwlasd (HPLC grade) 169 nu3um LAB-SCAN Asia an. tanuasuanlanss u%qw§

89 99.9% 1én J.T Baker mmuaaa:maaﬁau‘l‘ﬁ'ﬁasuﬁamamagiaaa:%mﬂ L

wiu 0.2 Tuasau Mifludarhazarsiauiuiunuaaly mobile phase ¥89 HPLC

3.1.8

FIRSRHNTA-F

nsalalasaaadn (Hydrochloric Acid) vindu 37% 3n J.T. Baker 13U

duanaududu 0.1 M ifieldusu pH seloanlW (sodium hydroxide, NaOH) (33u

98% 1éan Fluka fanwozidudaguen M3 aasdainauaniaadudu 0.1

M

3.2 qﬂmzﬁﬁ Apalt

Particle size analyzer: MALVERN Mastersizer X Ver.2.15
Centrifuge: 7 383 K, HERMLE

Shaking bath: MEMMERT

Electric Dessicator

Vacuum oven: Medcenter Ernrichtugen GmbH, MMM group
Optical microscope: ELICA DMRXP

Scanning electron microscope: JEOL JSM -5200
Thermogravimetric analysis: Perkin Elmer, model Pyris diamond TG-DTA
Fourier transform spectrometer: BRUKER EQUINOXS55/S
UV visible spectroscopy: PERKIN ELMER LAMDA 10
Drop shape analysis: KRUSS DSA 1v 1.80

Hydraulic pressure: GRASEBY SPECAC

Electrophoretic mobility: Zeta meter 3.0+

Refrigerator

Nylon membrane: Spectra®/Por® Pore Size 0.2 pm
Screw-cap test tube

Compression molding

11
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e Internal mixer : Brabender mixer W50
« HPLC

¢ Total organic content analysis

3.3 duaanitnis

3.3.1 ﬁ'ﬂuﬂﬂaqmﬂmommf’lmwimma
W WTTIITEmEuNenses  @uhnsud i Wiwwinerey
g4 8,000 %3a 10,000 rpm 20 w1l udrdndmumnnszanoslwingu 2 hwesfidnin
fiusy pH 3 w38 8 shw 0.1 M HCL w3a 0.1 M NaOH #ifiansaaussdefin SDS nia
CTAB agﬁw wiaduhuiutiunesl¥anudutwdians 1 %wr (1 g ludh 100
ml wioflilan 1 ml s=Hiitaens 0.01 g) 131518 NR stock solution

3.3.2 Particle Size Measurement
ﬁﬂaqmﬂmoﬁmf’mmﬁnmn 3.3.1 lidaamiauaswiiuffisaeTas

. . AN e - -
particle size analyzer Aldlaud 3 70 AaUUIR 45, 100, uar 300 nm INaWIPUIRBRME
Tutianirefe 0.1-80, 0.5-180, uaxl.2- 600 nm ewd1au lunwideRlfiaudgadiar
2419 45 nm a“wm"u'nm@]mgmmﬁn 0.1-80 nm ANYTIEIUES 24 nm e
sumaswIeRTwALEWEIaITET TWIREUMALAS gAILATIZA L8R PUA U RN
dr d‘n Q § ~| d' ] d' A ] L3
wunmmww:‘[ﬂumwuﬂiﬂmLﬂuaqmﬂnawﬂ'luLﬂawiﬁmm daagraymaldan
mM3UumrInIRamIITay 4,500 8,500 uas 12,000 saudaufl

3.3.3 Electrophoretic Mobility Measurement
Electrophoretic mobility l5iaseviszafidiveseymanafi pH g

‘[ﬂufﬂm‘smﬁauﬁmaaawnmmnlﬁ'&mulwﬂ'\ Humstunafeumainfaui e
srozmaldanninindiionue wihonisiafla microns-cmvolt-seconds mmenasit
ﬁaaﬂwmnmmaamjaoaqmamaﬁamqﬁwﬁwna""u‘é’n 250 ml lSunsa-desan HCl
wia NaOH #9171 Wdahluiiesnes electrophoretic mobility #atLe38s Zeta-Meter
3.0 Taul#lu horizontal quartz cell ﬁqmwnﬁﬁﬁaa 31 3.1 usasnmandseadninluaznis
o d@wfidenyfia GT-2 electrophoresis cell fldsznauday cathode uaz anode 7
molybdenum cathode ‘l‘l’fﬁ'mzuuﬁﬁﬂ’:mﬁ’ﬂﬂﬂ’ﬁhm’mg& a1 1000 micro-ohms
uazduilu platinum anode Agmiuaai WA uNIze waund1 1000 micro-ohms
&w3u  platinum cathode mu’ﬁﬂ‘l’ﬁﬁm1’1m'h"lwﬁ'1§m‘§a@'iwﬁvl,ﬁ Inowisnilasld

platinum anode waz platinum cathode myTarigtszanm 10 assdanrating

12
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= =

Power supply
-“—-— =

A cathode

An horizontal quartz adjusted
with a anode and cathode

Cell wall

Ocular
micrometer

Tracking line

31l 3.1 The composition of Zeta-Meter 3.0
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3.3.4 Surfactant Adsorption and Styrene Adsolubilization

\w3onaTazansvassIaaudih luBueanaufitmualdin 14 20
24 w3a 80 ml U3 pH &an 0.1 M HCl %38 0.1 M NaOH Wlsl pH enudasnis (pH 3
#msu FITHIINBBHOUNIALHILAE SDS, pH 8 ﬁm%’ummmuaauagmﬂmma:
CTAB) Lﬁuﬁ%mmagmﬂmomu'ﬁﬁ’aomiﬁnm
fus
1. BanmedadSunasina 20 ml CTAB 0.001g 1g 4g SDS 001 g Ot g

lgdg
Yivruanuudu SDS uaz CTAB

iuninds 0.001 0.01 0.1 M
wiamsnaufiton AIBN, uaulufisunleddana uaz V50
Yiumaladn 10-300 mM

Baasiad jiisen (mole ratio of styrene and initiator)

S

AN WIRIIAININNIAANIEFUAS

HENAUNIADIIIUIN | g AU@mTaaussfisis CTAB (pH 8) wia SDS
(pH 3) TuiSanasviu 20 w3a 24 ml ey thlu shaker bath Ngmund 30 sam
wadug Livdeteausy. idasnslasgadaing nsaseumasisaan kauleld
= 3 F. » A A '3 .
’JLm’]mﬂ‘%mmmiaﬂmem'nmaaagmmﬂianmﬁm Total Organic Content
(TOC) fiva Shimatzu TOC 5000 (&59nwunasguiadansiSanm a7 3.1) w3a
11398957 (Spinning drop interfacial tensiometer 8%a KRUSS) é1%3u CTAB uaz
g3y SDS 1fia389 HPLC Hewlett Packard 1050 High Performance Liquid
Chromatography Idnaauiuonmilu Alitech Altima Phenyl Reversed Phase (mobile

S ¥ o o v v,
phase \$lu acetrohitrile:methanol:11 = 60:20:20 Thaumun) Wnaf ledmmSunon
82 o - di A 1 = -4

NIYAMEVBIFITAAUTIAINY (adsorption of surfactant) Fafimvioiiulua (mole) via
| P . A‘ -y 2 hd A’
il I daluadaas9uaIvIRuA879 (mole/m?) a9l

Adsorption of surfactant I =(¢;-Cp).V (3.1)
A

A a A

e r Lﬂuﬂ"'smmm'sammmw'm@mm:ﬁﬁmigmﬂ wialSinmasnansiweinazans
lunseusastuunimsanussdsd@ifld enaldwing pmoles/m? wia pmoles/cm?® Ald

o ﬁaﬂ’nmﬂ'm}'uﬁuﬁuwaammﬂLmﬁoﬁaﬁléaﬂﬂﬁamﬁ@m'scg}mm: Wi
anuitutusiuanaasGuduiiduslironazaraohlunsausastn  sinldwiin
Wuluad (molar, M) nislalasluams (uM)

Cy ﬁammrﬁuimaamsammﬁaﬁwﬁa@mmmuﬁuﬁ'smgmmﬂummw]’uﬁuﬁ

FUQANAINIGANEWIUNEIWTFIUQRNLS (equilibrium surfactant concentration 93U
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32)  wieannudutuveswaneweindiazanadhiunsousastu  Anldwihinduluaid
(molar, M) wialulasluaan (uM)
R S d¥a & da e e 3, 2
A ﬂﬂWWﬂN'ﬂlﬂﬂal«kﬂﬁﬂluﬂuﬂawuﬂN’J‘ﬂElaml‘.ﬂ’lﬂF_I"N Ivirodu m /g vIe cm/g
V fatfunasunamaea (mh)
AIuU UTNUMINNIZVBIRTINALIIFIAT (adsorption of surfactant) AfiwiasiDulua

vinlulaslua dwanldan
Adsorption of surfactant = (C; - Cf). V

Standard Curve CTAB from TOC

1000

800 -

1]

(=]

=]
I

Area(ppm)

y = 0.2323x + 2.0107

200 R’ = 0.9983

T T T T T

0 500 1000 1500 2000 2500 3000 3500 4000 4500

r
conc.(uM) ‘

31U 3.1 nIneIIUTeaTes TOC dmiviemeiiianm CTAB

LﬁaﬁLﬂ'mﬁm'lmﬂ'uiumsammﬁqﬁ'uﬁmﬁaa;J;wé’amsgﬂm:ﬁm'):amla"tﬁ

nd‘d ]

udaRvhed il shanswdu T fazldununiiiands Adsorption Isotherm &3y

- - ) .y . ) O )
FIIRAUTIAIAD Wia Adsolubilization Curve MIUMIRANHUAIUAUDLNAT IWNTOLEDY
TUBBIRVIAAUSTIFIE

FMTUNMIARINAFUGATINIYANITTBITTIRUTIRIR DU UMATIUIY
1 g ludSanas 20 w38 24 ml &30 pH 8 uaz pH 3 awdau laaldihensan
FONTUITLLIY UBZIIMULLNWHTAIIN

I5
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12000

—— initial vs eq.

10000 (
s {
o
2 8000 |
: |
-

‘g’ 6000 t
m
<L
3}

. 4000
8 \
8 1 1 : o | wha |,i .“L *ﬂ“ﬂ“lﬂqilﬁ!!‘

@ 2000 Iz A A1 UL ;_'I-H,- h-ﬂl-li
—
c

0.0 200.0 400.0 600.0 800.07 1,000.0 1,200.0
Equilibrium Conc. CTAB (micromolar)

40000

| —— SDS Initial Conc. Vs. Eq.
35000

30000 +——+—t—t—{——

25000

20000

15000 -

(micromolar)

10000 +

5000 +

Initial conc. of SDS

0] b 5_000 L 10000 15000 i 20000 25000
Equilibrium conc. of SDS (micromolar)

51 3.2 eNUTUTUVBIRTAOUIIAIAY CTAB (UH) WAz SDS (819) riat (Initial conc.)

WRSMAIQALNIZUHAUNIAYI (Equilibrium cone.)

m‘sﬁnmmﬂ%mmmsmLm:maammmmﬁeﬁq

@Y maunIngvda I ITININMNTIWI UAFRINIIEIUNRAN vial TUIN

25 ml B v sazapuaIgIaaLTIfiia i fie NI nTa s ITRALTIRI RN
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enaUnilevmmouninewldiuayune

@19 9 10877 30 °C Tu shaker bath munmﬁﬂuqamaomig}mm:‘lé’uﬁ 0.01 g tu
51n93 14 ml dislihensen Ansell Co., Ltd. v SDS lun1iznia pH 3 IHsnanea
nsgainnziiu 30 7. wie 0.01 g 1w 21 ml Waldiheenn soniuidoens WHom
augam?g}mm:a'ﬂu 15 u. § 30 CTAB 71 pH 8 wislfimmIgaimzaugainKa
msfnieduia 4 s, dmiuieennuneesnse dudu eniudndastng
VWAIUDDNIINNEBA NTBIDRNIANIIBDN s laludiesimlsinmasaauss

daiafindasy Awionilu equilibrium surfactant concentration tiagi1s Asorption
isotherm
MmmaassdrinduudisudinaeunasnludiuasTae g wis

wisngamgiinisaainzens 9 wWisidanfefiarudindudn 9 laoldinde NaBr
§13U CTAB uszinia NaCl &miu SDS

H8INUHUNE adsorption isotherm ashlUdsznamidanudutuvesansan
Lssdafaimanzau(Annsavaastwyiamsd e sineawa fuuuuSa luimas§

MIANEN I HN NI TRERIVDIR LA I U LUN I UFAITUNDIGIRALTIFIAT -

anBnaeymerisdaliinaunamuimiuisasmsldluraen vial mme
25 m) MINBwANENIsTaTaImsaeLTIsa lwi An T uTu e s TR SR
iwanzax wwend 30 °C u shaker bath munmﬁﬁmmm‘%amunawawgammmsgmm:
(4-6 11) BunanalweiFlaaufinnadninoosalaiuans 9 wifieliva 2 ma. J999
fagnIuEIwii masLmmgmﬂm:;aanu.a:fhmula"lﬂ"’mﬂ:ﬁmﬂ%u']ma%‘%uﬁ
mﬁaag (equilibrium styrene concentration) fmedes UV spectroscopy (styrene
absorption at 247 nm) fruimSunmaleiufiszarulunsevssstu () Waatni
Styrene adsolubilization uazyilsmaimdnsfizasnszaslunsavas sty

[ 3

(adsolubilization constant, K.g) #1011 Tas Wu et al. (1987) sagunisdnednsfi Aoy
NTUHAN JURIF AU

Kads = (moles adsolubilized styrene per moles adsorbed surfactant) (3.2)

(concentration of styrene in the supernatant)

fnmmeaasdrisudisuarmandudnsannian 9 a3y 3.3)
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w
[4;]
Q
o

[
o
(=
o

L)
[%)]
o
o

2
o

=
19,
(=]
o

1000

Equilibrium [Styrene] micromolar

500 =

=Tl =T
. 8 .

0 5000 10000 15000 20000 25000
Initial [Styrene] micromolar '

51433 Lmugﬁm'\uL’fi’uit’umaaa"l,ﬂ‘%uﬁauua:wé’oa:mulumauaaofmae CTAB

3.3.5 Admicellar Polymenzation of Styrene on NR particles
AN mMaRMe Y EaLINATTINNIAINTIWIUAA DINTIF L UKD

vial 191 25 ml ﬁrmiful.ﬁumm:mu"ﬁaamsaﬂu’nﬁoﬁﬂuﬁwﬁmwum?mj’wuaamsa@
wsemafiafmanzau el 30 °C Tu shaker bath m'mnmﬁs‘i’aamm’%amm’smﬁmla
TDINIAANIE (4-6 TY.) wunsuawesaledudenuduiurassledu 10 mM windald
da 2 3. Wumnayfisofidasinlaslua Styrene: Initiator (S:1) = 1:1 Lﬁ‘éuqmmﬂﬁ
iu 70 °C ddanlWiAal fiden 2 ou. ué’mqﬂﬂﬁﬁ’%mhuwﬁma@sﬂﬁﬁ‘%mlumaﬁmﬁa
adarian 10 wift arslunasnaniuddndu gadataundmuldunikunzanaladie
FENsEAN uﬁ’;ﬁﬂﬂdamﬁaqqawnﬁﬁmé’wmugaLﬁag}gﬂﬁmgm Sawudansoiu
unwislfian (core-shell morphology) faauna f;mLﬂuuﬂuua:ﬁmﬁaﬂwaﬁavlﬂ%uﬂguag
fuuan Sodunndanafildian “orunwdonwedaledn’ dmfimdahlunsesuazdng
arnannafi ldnnu fisedamimans gasuRamdamsaausefiein (eransesday
dialysis tube fild) Tunsneznoufidrdnasiluadanouadiag wwhlleugagnead
70 °C auusgaiin

ymanaasssntrs uiisulSaanadiniweosaladnans 9
wanndadmlanluauas S:1 e 9 wldsugampiinsdoasiesd siearsnslfisen

: LT
WnSanasnsvuauazi@ainie
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33.6 mPensisudamaaiuazanuianasssnsunuilisnwedalain

siudmaniiuessnaunmdiannedsleurunniinreildmoeios
Fourier Transform Infra-Red (FTIR) taldnmiuinludetofidamsildinedaloiu
fy wenniRAE MM Idug mﬁmﬁﬂmaqaﬁw Gel permeable chromatography
(GPC) Muvasniamyarasluiavinazanou THF il lénmuiifed fisonudenns
(crosslinkingyw3a'l sansuaminnuiaufieuledinuléin Thermogravimetry (TGA)
WalimswBunmdiunsy sulianunudautazmsidousaodialdsuanuion ms
‘nﬂaaummﬂau'lma%ugll'[mafm'mﬂé'@w'f’mmmi'au (compression molding) nyinagal
auddnnaidinnuiaudas dynamic mechanical analysis (DMA) ¥nlinudiamngil
Wasusnuzadouiadezuent miscibility ﬂuﬁy'ma@é'a W tan 8 ﬁqmwgﬁ@iwa S H
1917931 Mg IU628 Scanning electron microscope (SEM) aadtnaunuiianwaaalaiu
YR IRSERHE BTl

336.1 FTIR

ﬂnmmnmﬂﬁanwaﬁa‘lﬂ%uﬁauqm_,m_gn*mwuﬁ'qﬁu.é”a taalmimduurinung

i lUaaiensiainedes FTIR Nicolet 1 NEXUS 670 luz24 Mid IR 4000-400

cm™' 64 scan 119 deuterated triglycinesulfate (DTGS) tilu detector
3.3.6.2 GPC
araupnaunuwlssnwadladundsouiagryyiniadiy THF nsasazdoawia

0.45 pm @ﬂﬁ’m microsyringe T 200 microlitres ﬁﬂlﬁ'g@Lﬂ%aa GPC 289 Shimatzu
1aail mobile phase Lilw THF Inadu8931 0.8 ml/min 1faadusiuoniilu Styragel i

detector aaam‘%aoﬁa UV adsorption 1 247 nm u@as Refractive Index analyzer
3.3.6.3TGA
Heaunwtfanwedrlaiufavgyainiaauuksiui lilalszanm 5 mg talu

mauwafiviy vaandey TGA-DGA (Perkin Elmer, model Pyris diamond) n& gauft

qmmgﬁ 30-600 °C aasanusaunail 10 °Candi malavssamalulasian
3.3.6.4 Compression molding
bsnunuisnwedalaiundseuuisgyyinmalldaniuieudnaias

Wabash compression molding 1316 67x6” # 150 °C preheat 5 u1#i uazdnaINau
10 KN 5 w1
3.3.6.5 DMA
nanwiali aﬂwa'ﬁa‘lm‘%'maé’qauu.'ﬁ”qqrynpmﬂ"h.lé’ﬂﬂmu%’auﬁamﬂ%aa

Wabash compression molding 7l 150 °C preheat 5 w1#t uazdadanauan 10 KN 5

mﬁlmw’uuugﬂmom:uaﬂ mmme?umgmﬁnma 3 u. wwd 0.7 au. W lUneaeuda
DMA fis GABO 3% Explexor QC25 621 compression mode 38 contact force 0.5

N #inuf 1 scan rate 2 °C/min 970 -90 °C f13 100 °C static strain 1 %
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3.3.6.6 SEM
winunulfanwedaladundseuwdigmyrnialiinifanudadis liquid nitrogen

fau&y osmium tetroxide uiIFaIRINTBIIaNIIAUBLIANATAU JEOL (JSM-6400) 7
fNaavee 2000 1y
3.3.7 mIdnmsutananasasmIRguaunwlRannadg laSununafaiaiu
enunudBanwedaladu 10 wi% nannuwedslaiu 90 wt% luednnay
wwunelu (Brabender model W50) f 200 °C 70 rpm udadanuunindas compression
molding a8} preheat 5 w17l uf¥180@8U3IA% 20 KN 5 wifi danilu dumbbell 1une
gauge length 33 w3, (ASTM D638 type IV) anuvu 0.5-1 va. d luneaaunséa

tension 91 crosshead speed 10 mm/min Lmzm’.mﬂmnmﬂﬁ'ﬂ
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UNN 4

155189 THUAZINITRANITNARDY

a

4.1 MITRVUIRBUMALN Lm:ms"‘;mﬂ:ﬁﬂs:gﬁmmgmﬂmaﬁ pH #1499

411 msmmmmawgmﬂmmazﬁuﬁﬁa

¥inmasssumananindanme ‘lﬂﬂuméuolﬂwlﬁagnﬂﬂﬁﬁmwmmmu a4
Yszanm 1 luasan fienusseuiatasthunies 4,500 8,500 uas 12,000 rpm (Huia"
20 Wil Lﬁzmﬁummam&mﬂﬁ"lﬁ'lﬁﬁum%m HIULFAIIUANTS 4.1

@139 4.1 MeeumMahesTImanldnnmstuwisinanuiseusg

JUMSTMWI 89 (rpm) TaitTwr 4,500 8,500 12,000
snniade (lunsau) 2.81 1.28 1.02 1.35
muwmﬁﬂtﬁmmmnﬁq@ 0.90 0.88 0.85 0.87
(luasaw)

Aupfuaws (mg) 6.631 6.851 7.047 6.880
%UIRaRMA Lilfin 1 58.6 78.7 62.1 61.0
luasan

*135704 DRC = 39.5%wt

A9 4.1 me'lﬁmm’hmsﬁum"ﬂmﬁﬂamgmﬂﬁﬁmmwﬁnhjlﬁu 1 lupvauld
“L@TLF%mru.mnﬁqmﬂaiﬁﬁﬁmmﬁﬁauﬁu 4,500 rpm Aaiflu 78.7% wafillvwinayma
1myjﬂumﬁ’flﬁmm§u§an'j'1 1 lunson

nstiufiana$iseugs 8,500 uaz 12,000 pm rousnaymessnalvgjaanty
‘Lﬁmmmaﬁﬁﬂ%mmmnﬁqmlnmﬁmr‘fu LLﬁiﬂa:‘Lﬁﬂ’%mmmmmmgmﬂ@%ﬂmfw 1 lunvan
anaanaundnf 4,500 rpm UANINIZINHIUWIATUAVRS \&Awifin 6.88-7.05 m’/g

ﬁaﬁumsﬂumémunnmg,mﬂmo'l,ﬁﬁmsm:mwmmmmﬂ%’ﬁ 8,000 38
10,000 rpm 20 w1 F9%in99n31N InwaIIIENS . ﬁlﬁ’mmﬂagmmaﬁu D 3,2]
0.86-0.89 lunsou uariiiufiti 6.73-6.98 m’/g Indldsaiuanwdidnens

nsdAnwaNululizagessynnslaunTie electrophoretic mobility @t
Zeta Potential Wnasiauaasluzy 4.1 (n) wuihaumemaliaut® amphoteric fafidn
mj‘.mﬂl.ﬂuvl.d'ﬁy’aﬁﬁgq (polar) uaz'laiflda (non-polar) lapfszaawiiilugud (point of zero
charge, PZC) ﬁ pHpze = 3.7 ™ pH la IUHanIn pHpzc m&n’mmw:ﬁﬂizqﬁﬁ’l win pH

= AdIA o= = L o & =~ 1
< pHpze aumeslitseafidniludszauin mﬂm‘l,’ﬁmmmmmmﬁ‘szgau 114 SDS
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Waziiln pH > pHeze auMAsnIidszafifalinilszgay Fedasldmaausadivindszauan
(Bu CTAB lugnsfhovnnaaiwidsasfiowazivwmunitlugpl 4.1 (o) fid PZC
#l pH ~ 3:3 AINBUMABINNL. INWATNIENS 0. i pH 3 D61 EM 1 micron-cm/V-s

Ffie electrophoretic mobility of collold % withvarious pH-
. B - B B - " . .
S8

4 -

2
o4
-2
-4 4

B 4

EM,micron-cmivolts-saec '

8

10

12 4

pH

(M

4.00
3.00
2.00 1

1.00

0.00 T ; T

0.po 1.00 2.00 3.00
-1.00 -

EM,micron-cm/volis-sec

-2.00 -

-3.00 4

-4.00
pH
(%)
HLI 4.1 91 electrophoretic mobility LTIDUNIALININ (N) Y. INBATNIILIY AN f pH 2-9
WAz (1) *ONUUIIBEN
o > ] i . A W .
il 4.1 (n) Mlvnsuitdwedlzauani pH 3 = 4 micron-cm/V-s Tariauni
Anl3£9auf pH 8 = ~10 micron-cm/V-s WuFa charge strength fiN# pH 3 Wasninf pH

8 1w spDs Qmm:ﬁamﬂ’i'\ CTAB a9 nNBaIAIsE9d EM goniwmaamﬂ'ﬁ%’uma
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= - R TG
wnaUnta uuwsnau'lmumgrgm

42 msﬁﬂmmi@mm:“ﬂmmmmmﬁaﬁam';:nm (pH 3) - BnTwavalan Uivam
P79 LAEA I NDUT U BIRITAAUTIFIND

Adsorption Isotherm 3849 SDS uuagmﬂmaﬁiﬁmmma 0.01g (ﬁlﬂﬂ’mmﬂ
Ansell (Thailand) Co. WUAR1 9.7 m'/g) T9anududu SDS = 4,000-50,000 lulasluaas
(wis 4-50 mM) lFaanmIgaimezwiu 30 . uaaslugy 4.2

nansneaasfldiasauilazifuinniady sos ‘lu"ﬁmmnﬁsmnﬁﬁaﬁmigﬂ
Iz (adsorption) TR TY @iamfmu%’umaamsgmn'}:ﬁmﬁuaﬁ'wsmﬁ's (%)
wsnazifuntigainizaes SDS FUUIn @iamﬁa}uﬂumi@mmﬂuﬁv’uﬁ 2 \funsoUREITY
(bilayer framework) 8t1913@14 critical micellec concentration 289 SDS 78 [SDSlewc =
8.4 mM vae 8400 lulasluaans 1as equilibrium [SDS] 6,000-7,000 micromolar 9z lnd
CMC uszifia plateau wau grassziiaiudnafifufine cMe dufenananazia
nsavsastuuiesMumaiialuszuuiude snuRelWmsgiansiifalunsousas
71 Saa316u SDS Wl equilibrium [SDS] 317 7,000-8,000 micromolar F9azldgainz
717 3,880 microl\/!oles/m2 uanmnﬁanﬁudwmgmﬂﬁﬂmomn Ansell Thailand ﬁ‘ﬁuﬁﬁ’)
@iauﬁwoguﬁa;ﬁﬂuﬁuﬁ'ﬁmamnamﬁuﬁ{fmmma:u. NERTNTEN9 90, Svasduwiiong

AlFlurwidpaalihilasanearinirunlglazsainninainy. Ansell Thailand an.

10000

m wt—

ZE

5 32

2

0

a3

59

§

= 0

g

o .2

L

T w

<o i it it i, e et L
== s ST [N, oy g 16 T

1000 10000 100000
Equilibrium [SDS] microMolar

U 4.2 maMIQaINIzYas SDS AU UTY 4-50 mM uuﬁamgmﬂmamn U. Ansell Thai

ad dm 2
an. VRUNAL 9.7 m'ig
A M &, = = P
mmnm‘lmmanammm\a'lﬂtﬂumsﬁnmamwa"uamm1umvgmm;mm®
w39849E7 uanﬁmmmwmﬂuﬁmaqmsammﬁaﬁ’;@iamﬂﬁumsgmm:ﬁw%‘uﬁﬂzm
ﬂJ‘ P =] A =l A} Aﬂ‘m 2 o s r
AT UITOHNRIOU. LNBATANTLNS 3N, fnwmwuﬂmLm:mmmu‘,mﬂlnmﬂmnum

o £ ¥ & o g ] a =
819 a1y mmmw:mamaaumawm‘l“mm@mm: 30 73, Fauniinll FJaneasay
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e saulumIgainie Iﬂsmaﬁn@ﬂ‘%mm equilibrium concentration of surfactant

Y]L’)ﬂ"]@l’]\‘i"] @'IGLL@'I 2-32 1.

iavnismaassiu SDS wafulBnaniiasnsSuduiin 1 g ldnan1meanad
wraalusy 4.3 ﬁmmn’.iwawams@mLm:ﬁ’m:ﬂ:nmLf,@iﬁLLammmstm:ﬁgaq@
L'%'mﬁ'uasﬂjﬁ 4 7. Enﬁv'om‘sﬁsnmvﬁmumﬂﬁalﬂﬁmmméammwﬁaﬂgmﬂsnﬁa
ﬁjﬂdwnmﬁmm:amam's;ﬂmm:mammﬂLmﬁaﬁfa SDS f8 4 Tu.

Equilibrium Adsorption Time for SDS on NR
25 _Particles
< 4 i
.‘g. g = nm'l.l"r"ﬁ
5.8 18
DG
< E 10
o
8 ke g bl i) .:L,a..
n £ Yo s 3 i o =
0
0 B 10 15 20 25
Adsorption Time (hr)

gll 4.3 Adsorption isotherm of SDS at low pH on 1 g NR particles detected ecuilibrium
[SDS] by HPLC (Column : Alitech Altima Phenyl Reversed Phase ¥ 1inauiilu mobile

phase) and conductivity meter 14 [SDS] 10,000 micromolar

3um [SDS) ﬁwa@iamsgmmﬂmmaé’agﬂ 4 4 daliirenersrumanny.
LNEFATNITLIN AN, ﬁ]ﬁmmﬁqmnaa%’nmsgmm:m&"Uuu,ﬂmmn 0.1 14 Uaz 10 N5Y
TufBinasuasii 20 mi wmﬂmigmmmaa SDS anndatheumiaBuouiamaiiy
windm Tapawazft 10 nfulwiSuas 20 mi iamsgainizianunn g wisunuliings
AALNTZLAL ﬁaﬁa“ﬁmU“Loﬁ”dwm'i@@n,m:maaEmaﬂLm5\3ﬁw‘i’aan’ﬁﬂ%mmﬁm:s:m'\o
aUMANNN Lﬁalﬁmmi{ama‘?’isad%’unﬁgmmzﬁu'\ﬂ"ﬁu LLﬁa:ﬁﬁuﬁﬁwasmiﬂmm:
N uddinesdasznitaunafiuauag aunia pack Induanndufiezlsidfiwaaslw

- = bt 1 A = J -]
SDS gainiz wia SDS magmuquﬂaanmu,aﬂﬂa'unqunmﬂu‘lmmamnw il
aae . A’ o e 1 Qs ﬂll A3 F=4
equilibrium [SDS] geliumuauuazuinniigyl 4.2 dig iasaantd pH 3 luszuuded

24



wngsdnila Wumpuninewldiveuge

SDS waz HCI agduvilier CMC 189 SDS ﬁgaﬁfuﬁm 24 mM (24,000 microMolar)' 71
30 °c s‘ﬁaﬁﬂ’agan’i’] equilibrium [SDS] ﬁﬂiﬁﬂglugﬂ 4.3 71 0.1-1.0 g 81995 plateau
\Aaft [SDS] fdw ~ 26,000-28.000 lulasluaand Warkuenailu 4 uaz 10 g a:4
plateau Lia i [SDS] 28,000-30,000 lulasluass (W38 equilibrium [SDS] 15,000-17,000
Tulasluaan®) deiuludunsdaanzinedalaiussnslstiano [SDS) lugreil uasld

Rnnesdszanm 4 g wianoun 10 g ludiuaImonaa 20 mi

1000

Adsorption of SDS (microMoles/m2)

B T T TRt W, e gl bl
- i .-._-;..r_\'._’l-h-"_-.'i-"im'r.ﬂl-

& Wl oe. stmtlre: srarvbs ke 1} |

1 mahd w2

g v RN

[ e e

e f |

TN

Equilibrium [SDS] microMolar

1000.00 10000.00 100000.00

51 4.4 mIgainzyey SDS Mflinmannan16e g pH 3 ‘l‘ﬁnmgmm: 4 1.

Lﬂuﬁmmﬁ'jﬁmnammﬁafa:muamm‘swa"nﬁmm?hﬂuLaqaﬂuaammmmﬁaﬁa
] o ho A’ =t o n::l J ¥ o o
virbiiAaluoaldisiu (Refldr cMC aang) wisfimigaimniindule vilvaladu

[ @ o | o [ )
fusnazant lunTaugaITw e Nt S ldnuludatanaly

43 m‘aﬁnmmsg}mmmaamsammﬁsﬁama:@m (pH 8) : BnTuavadInd USurmeie
ANUTNTUVDIFIIRAUTIAIAT ANNTRTUDande wazgungll
mnmﬁﬁnmﬁﬂ%wamammém%’umigmm:ﬁ pH §9 (pH=8) 6t CTAB {agld
oty 0.01 g soluasne 4.2 uas 31 45 «‘fm:i.ﬁm"mmﬁl,%m:amaamsgmmxﬁa
nmﬁ""l,nﬁnmﬁ‘é"nmmaammsgmnmtﬂ"fa WAINNIIANHINAINITEAINTE CTAB daus
2.5 auil9 32 B Q:Lﬁuhnﬁ@mnm’%wmﬁ UsEanmh 5 0. U8INIQAMEIUDITI 21
%Y. %a"’ammfmﬁuumiﬁfudwﬁmig}mmzLﬁuiu‘é'n salsfianulumdasduszaziaams
aALNE 32 T, ﬁu*hmnLLa:ﬁLLmT“Iamﬁgﬂm'mﬁu%uﬁm ﬁﬂﬁ'ﬂfm‘hmsﬁalﬁg}ﬂ

iz lwatwnlunizens BUMALNENT LFBNENIWWIBLAAMT hydrolyze yaalddiu

" Yiksel Bayrak {2003) “Micelle formation in sodium dodecy! sulfate and dodecyltrimethyl

ammonium bromide at different temperatures” Turk J Chem, 27, 487-492
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fifn ﬁﬂlﬁ’mﬁﬁﬁuﬂﬁﬂu‘iﬂﬁaﬁ'uﬁﬂ‘s:ﬁ}mnﬁuﬁﬂﬁ CTAB ﬂﬂmmﬁu%‘i’ﬁn AN
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3 4.5 aNIANNTYEY CTAB gruasd ilals [cTAB] = 4500 lulasluaas unauna
B9 0.01 g (1 ml 0 1 wi% aq. NR dispersion) 1307167373 20 mi uaz pH = 8

2 © X o i - - ' al - v
msmmasedd dsaiimivantafs Mmeudds s Emmresiuaesdne Saliue TOC Thindede Amialy
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\lavimmasasiu CTAB witRuiBunouilagnadudwdiu 1 g lenammeasns
é’auﬁmhgﬂ 4.6 ﬂm‘mn’iwmwanﬁg}ﬂ|.m:ﬁ'm:U:nsnuviﬁu.ﬂmfi"mwgmmzﬁgqq@
L‘i‘uﬁuag'ﬁ 4 wu. 13 SDS uaz CTAB Alwmatdsaiu Snmsfaraniuuaneneliife
n’mﬁauﬁmwdaaksmﬂmﬁw@ﬂ'hnmﬁmmzausiamwpLm:':uaq CTAB &8 4 .

fiowszdnwBninavasSum CTAB Gian’ﬁglml,m:l.ﬁaﬁ%"m adsorption
isotherm 9: i Teiaudutua) CTAB uas CMC 284 CTAB et inussfafiauny
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Equilibrium Time for CTAB Absorption on 1 g NR
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(6]
|
[

J

0 ) 10 15 20
Adsorption time (hour)
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1,000 lulasluaa$ fnududrfinulueonaidredenalufe 920-950 Tulaslusand) lu
[ a o P L] y e P 4
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Figure A 2 The effect of salt on CMC |
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& & o ’ -
nlSunuiiannd 0.01 g wuinlliaila equilibrium [CTAB) N1IgaNIEvay CTAB NIWLAU
£ A4 . wa e d_ e
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uanisganizses CTAB (Inald [CTAB] 400-2300 Tulasluaad) uu
aun1AE199 U 0.01 g (Malfunmssan 21 mi ugldganizunu 15 93.) Adpsaesd
Tnsmafia total organic content (TOC) wanslugll 4.9 uFauinauiunadiasnzd
—= L :’l = 1 1% Gj [
goeugaraaalugyl 4.8 wudrvieaesdsliAmeiun eq. conc. of CTAB wWewr ud
o v v oo X - | o o o -
Waeudndufinay  To0C  azlfrnfiniudesludnmiianas  delsinsiuddn
pay o T C o =
equilibrium [CTAB] > [CTAB] e (‘Lumm:mgﬂ 4.8 FRziHtan1TauAia
=’i’ ¥ -A 2 1 é’w =) E=3 é’ é’ =Y :’z
ludasilazldinnsgainizasiugs)  wansdrludafidlinnsganizfauaiuFineeg
-:J 4=’l’ A = o A’ = 1 =Y
Pdostinsganizaasazasil wszarlligaifiniy #aan TOC A9harianain
o et od ; , I oy
andnsaunENAaely Wiedasn TOC azlaselFunniansdunss aaru [CTAS] Nld
TAANITIEY CTAB gagradniadeannusiipsisiiseiaialugl 4.8 As 1,200-
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@
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o y & .
Watlaruun T auilesnannsiuanaugn 100 win Aawdy 1 g Tuldunreson 20
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adsorption isotherm Ad1eiugL 4.9 A UFNuNIIgANISIRNAUAN equilibrium [CTAB]
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’ ' I 1 é [~ 3 ] g o’ :’/ o a*
wazbiingeAnah Fefriaziunsrarsdwidiuileu fofudwiuiBuneme 1 g aosld

[CTAB] 5,000-7,000 luimsTuaans

CTAB Adsorption pH 8 by TOC for1 g NR

CTAB adsorption (micro-Molar)
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] e ‘ BT S
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L |
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Equilibrium Conc. of CTAB (micro-Molar)

=)

51 4.10 usuniiniTamn1zeee CTAB LuauNABNLFIIN 1 g Raunil 30 °C pH 8 Tne TOC

WanFauisudiunmene 0.01 war 1 g AanisganzAemizaimingasy 4.11 wudd
Aﬂl AI ] = o -HI dl

N15AANNZI9Y CTAB aaadilaffunaienatin iiuiBeeiy SDS figmnizanaailatFunngia

- & a o [y a e a o B X gay
RN RsEunsaesunudcsmaraRnaiuAn FunBarzana aniantasnsunndui i Eunes
d!’ o LY . 1 3 P ) 2 & | T = = 3
winau M packing wiidn enfiaisasusileisasdntianisididuinn Wanasunaninau
ﬂ" ::q -1 5 Q oy Aa' ¥ =l o f'
Funiafnnum WiealdBunuansaausdmatioifingy  auisuaisstuuluiasluaa i
ganaz) usnnAmdulFanuansanusaieiafanineny wiesehuiilcaynIAn Aflacanas

AINAI (B39 4.3)
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CTAB Adsorption Isotherm at pH 8 by TOC
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A39R 4.3 Adsorption 289 CTAB uaRNIALIS 0.01 uay 1.g 7 30 °C pH 8 [CTAB]

7 Tne TOC

Eqg.Conc, of CTAB

o
CTAB Adsorption naynaed 0.01 g

Eq.Conc. of CTAB

CTAB Adsorption HaUNIALI 1 g

{micro-Molar) | ({micromole/g NR)}| (micromole/m?) (micro-Molar) | (micromole/g NR) | (micromole/m’)
348.333 68.5005 10.7256 54.527 6.9095 1.0182
507.889 133.4339 20.8935 X X X
580.875 180.1619 28.2102 63.635 14.7273 2.1702
653.725 627.1779 98.2052 76.879 18.4624 2.7206
785.979 749.4444 11.3501 X X X
909.315 890.4376 139.4272 87.591 26.2482 3.8679
1110.166 1068.6514 167.3324 169.421 32.6116 4.8056
1322.129 1223.5286 191.5835 221.724 37.5655 5.5356
1556.181 1332.0209 208.5715 274.601 42.5080 6.2639

x = lailginmang Apsooed {CTAB) = Initial [CTAB] - Eq.[CTAB]) 447 618 43.0476 6.3434
533.893 45,3221 6.6786
596.491 52.0702 7.6730
626.768 57.4646 84679
660.023 66.7985 0.8434
841.146 83.1771 12.2568
967.994 100.6401 14.8301
1047.668 119.0466 17.5425
1099.038 138.0192 20.3382

msﬁnmﬁnﬁwamaamﬁaviam‘sgmm: CTAB vufirosldnasaunuifFanmens

0.01 g Usz 1 g MEBFITRLABINAD NaBr lwihfinnadudu 0.001 M uaz 0.0001-0.1 M

auRINY U 4.12 ueaIBnFwavadnte (aq. NaBr anududu 0.001 M Fa5znisie

L5IFIRI) famIganzyay CTAB uusd 001 g fifSunm [CTAB] 400-2300

micromolar
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100

PR B )
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o

—8— no Salt
—&— (0.001 M NaBr

1 —— ——

100 1000 10000
Equilibrium Concentration of CTAB {micromolar)

U 4.12 negatuatzanusadaile CTAB ¥ pH 8 Tnumailrnnsdausaieiio TUfnmena

0.01 g (ua1gmniz 15 33.) Wedluazliiinds NaBr 0.001 M

71 4.12 Adsorption Isotherm Ua3 CTAB uumgmﬂmoﬁ"l,ﬁmnamﬂuﬁﬁumaﬁ
Huomiiasnd 0.01 g 'lun'n:‘lajﬁmﬁmmzﬁl,nﬁa NaBr 0.001 M wanaldimsudnnisiiy
naalmaanlusluMuiunn 0.001 M iTa 1 mM) azdqelidulfaansannuduRudgi

dll 1 Pl ) o 3 o b -’ s
waauliyedneiie uasiinoudugaru wiiatiinisgaduees CTAB uulinaynanaz
= A’ - Pl i ar ot 1 :J/ . o £
Waldunde  asutelfinnfaa unsoasuMudniussndnedaaey CTAB  mldanu

, . PR 1 % Ao a4 e
wulurealiana CTAB wuflrayniaens inauld waznisgmnizluniasiisiindedy

| o ' o A =

AITLile equitibrium [CTAB] In& 700 micromolar Gaiflu CMC w23 CTAB/NaBr 0.001 M

amiunimvedavdninataundaleFaeundudle 1 g wardiemsison
TOC Tataenld U5u1ns CTAB fimnuidudu 2,800 LAy 5,000 UAZ@178A18NAD NaBr #1
podind 0.0001 0.001 0.01 usr 0.1 M fanandlugil 4,13 wuda Wl [CTAB] 2,800
micromolar N1AANLE8Y CTAB aztinaunnardnduzeindedn willaiin [CTAB)
5000 micromolar #dfua NdNTuRIRAnseuasst (In&AYT CMC) anInaredndaay

HnAuUNdIABNITAMNIZI8 CTAB aztiinmiu [NaBr] bidanda
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Effect of NaBr Salt Concentraticn on Adsorption of CTAB on 1 g NR

100.0000
80.0000
| == iritial CTAB 2800
microM or 534
60.0000 -
Cong.)

40.0000 ——— == nitial CTAB 5000,
microi or 841 I
microM {eq.

20.0000 Conc.)
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Ag. NaBr Solution Conc. (Molar)

7 4.13 Bndwaresdiunninaa NaBr sia CTAB Adsorption ¥ initial CTAB concentrations

= 2,800 urz 5,000 micromolar

negamzans CTAB lunmzhifinfefiandndu cTAB Gudufl 2800 uax
5000 £M iy 45.3221 Uz 83.1771 Limolelg NR AM@YGL Fleneaefinindediunm
A7 (0.0001-0.1 M) avlurionanga CTAB Aelugd 4.13 wudnlfuinnigainizeed
cTAB amssmninnmsilifindadindes Ussqreunaeacldie CTAB lﬁfﬂ@uﬂfﬁuaiq
Tnesanriuiszqinae wiilendesnntwinlids cTAB Lﬂammn%uﬁ@mfau@mm:ﬁ‘uﬁq
grany ieidisinde 0.01M Tiuanisginizaes CTAB warfunmsithifinde wandae
ddlu 01 M aq NaBr Tualfifuiunisgmnizzes CTAB iudustraiivléd
dasanindeazdosaamndniurzuinsluanares CTAB ﬁl,n']:?mﬂf,juuﬁf;mo A lw
CTAB snnsodngainizlduaniy Tnhazdemsdireniafinnisazaioresalaiuludaull
gauthres CTAB Bainnzil wansznurasamduduiniasenisgmnziitiendie (CTAB]
Hee (2,800 lulnsiuaand wavanasiie [CTAB) zga?lgt’u (5,000 lulasiuaand) Fawila
e anadudundeidaansgameitufiasfisdng  wansenutetean

dudunfasanisgainizazaunnauiiald [CTAB] galnd cMC
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o R

n1TAAINIE CTAB ﬁﬁﬁﬁqmuquuﬂq (30 °C) uanzfimsduanzinedineiazin
Fonmgfigandeuaiiaresansied iz (initiator) elaannd iy AIBN vie VS0
a'm'lﬁ'nﬁﬂﬂﬁﬁ?‘m“lﬁﬁ'uwi 40-80 °C weirinazldeaouugi 70-80 °C wwaeiiilsz@vsnamn
AR iesnmsdaamzinedefifialunsavassiu CTAB fnannz FarhuBannunis
AMn1z18d CTAB Alalassansssnnidaaaislimsenisiianniou Tugl 4.14-4.15 uang
UTutun1sa ANz e8e CTAB ﬁqwqﬁ 50-80 °C 1me/l4 [CTAB] pinv Faust 2800-5000 1

Tastuaanf lun1azlithinde uasiiinde 0.01 M aq. NaBr
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71 4.14 Fuunisgainizees CTAB iaumgiisine Ineld [CTAB] sina (laifiinde)

wafildfuaasliiAuinfinmnigaini: CTAB assudnisatethg Saiiy

-

[ 7] L ¥ ar ﬂ\' A’ d. [y i °« P+ L
gonndl laslinada@anmssanafiviwi [CTAB] g1 udfimawfouudasiandls

9 bl

[CTAB] @1 (2,800 lulasluaand) adwlsfiamwinguwpiiss 70 °c @)l
UfEm) magaimeidelnngegunn - Mihaulafelunzifitnfa 0.01 M NaBr il

' ]
- =

- ko ﬂl ! " - ) 3 L3
WngumpifiunamseameiiRviunidulasamnzi 50 °C uazdas gaaaundniia

fi [CTAB] ¢ usinaavsIa3Indudla [CTAB] g Immwwﬁqmmgﬁgs uNd SN
(X4 LB =4 i) - » ﬂ' - J L T L7 j A
AAINIZRzARAY WA lita u"l.ﬂm'msamnm’mqmnqwawunummmwu CTAB g
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Adsorption Isotherm & Temperature with Ag. NaBr Solution 0.01 M

14
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= 2800 uM / NaBr
~i- 3200 uM / NaBr
== 4000 uM / NaBr
== 5000 uM / NaBr

0 T F E S e S E e Bt S S B IR B B S LA S S E e S B N B B A ]
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Adsorption Temp. (C}

CTAB Adsorption {micromole/sq.m)

PRI I AT RN A ST IR R AN AN SN AR WY AP R A
Jj

51 4.15 Rnmnsgainzyed CTAB ﬁqmﬂni}@mq lasld [CTAB] #1399 (3 0.01 M aq.
NaBr)

HasanlRsuulasTinunsgaimzsas CTAB Hasannillald {CTAB] 61 nns

a 21 =l L3 Aa. J =3 - L5 = [
mmnaauma’tﬂﬂ‘%mmm's@mm:maa CTAB tANNMIUN uadniwaresnusaninass
mnﬂﬁuuuﬂauﬁmmmsgﬂLm:maa CTAB wagasninninilisiinge indathalw

= ad 3 et A 4 v [ IS = & A 9
Lzmmmw'uaamsgmm:mumﬂumnaa (Bafdamatinsinansdiwedmafiialann
& A Y r . &
aunslTuinslasussanoitnlusw CTAB ldunniim

4.4 M3AnwInIacaBIaIR eI RLAsEnEnaTasmsdundelunznsa
oduveuswaidslivevihasluszuy uanswefiszusnamia udsanio
a:ma'lun*sauaaa%maomsa@Ltsoﬁaﬁduuﬁaagnmma"lﬁmmu‘%nmﬁﬁmw‘lﬂ'na‘u
ﬁwgc aEINsO UM SaTaYaINawaas I unTa U8 It (monomer adsolubiization)
viu gledulumnznsafisl SDS uwadlugyl 4.16 fiSumena 4 g [SDS] 24,000 lulas
Tusas uanduslasufianuidudu 30-200 mM wudwﬁatﬁua'lm%umn(mﬁmﬁuﬂ’uga)
viadntiomile equilibrium [Styrene] g3 Vnaaladufiazanslunsousastuilfuimee
wdddualaiuann sarnmaazarlunseugestuariiannza i arasRuAly
nsaueITH Snszmamitanudn [styrene] fduinda 30-200 mM ug [styrene] finda

lumsazarorain) ddpounnda 0.06-0.1 mM ugasitaanTnacay ey
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|| —»—NR 4.0 g [SDS] 24000
E microMolar

17 T

Adsolubilized Styrene
(mMoles/m2)
o

001
0.01 0.1 1

Equilibrium [Styrene] mM

51l 4.16 Styrene adsolubilization uHHIBYNMAEISHIM 4 NTN USu1RssIm 20 ml AT

[SDS] 24,000 micromolar

] o & & jo =
ﬂ’m\‘m‘ﬂammlaUﬂ’]ia:a’mluﬂiam{a&“ﬂu (adsolubilization constant, K4

o b2 L7 i ;
defined by Wu et af, 1987) mmmmmmvl,ﬂmnaun’rmfmmau
Kadgs = (moles adsolubilized monomer per moles adsorbed SDS)

(concentration of monomer in the supernatant)
2 A:l. J a [ 2 a ol g
AAIN Kags DUAUMIEMNIRENE LU ANUTRTUuDaINauawe’ m'l,ugﬂ 417 wuin
a & o w a \ v ,
Kags \ANIRauaMadudnaloIulutiasn ndse1n eq. [styrene] > 0.07 mM a1 Kogg

a & . ' ~ - SR o
IRULDUTIRIUN URAIIMAININY [styrene] Vlﬂmnm'm n'lmwuaﬂﬂn’nsa:mml,m

Adsolubilization Constant of Styrene, Kads

0 0.02 0.04 0.08 0.08 01 0.12 0.14
Equilibrium [Styrene] mM

glJ 417 Adsolubilization constant BaIgLa3wlk SDS 24,0600 micromolar ANz UUR

auNIA NEIUIn 4 g
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. A A e A - w e . i
WadnuwdnSwateania NaCl Aanu iyt 0.1 uaz 0.3 mM 'Lugﬂ 4.18 Wy
Burnndatisildiinaniznudanisazantrasalesnlunsousndtu thadnnanu

FUL UL 8IA%NNALNY

0.08 - - e——

e — T - -lu-"‘llh

0.079 ——NR 4.0 g [SDS) 24000 microM with NaBr [~——————

0.078
0.077
0.078
0.075
0.074

0.073

Adsolubilized Styrene {(mMoles/m2)

0.072 -

0.071 +—

0.07
0 0.1 0.2 0.3 0.4

[NaCT] mM

1 4.18 NANTENUTAIA NI NI W NRadan 1Tasa U & b T wlunNTaUasITIh SDS Ut
BUNIALI 4 g

4.5 fnmmaszmoeea el uiuasaausefsiaf pH g4

lunmaassnudnuiuiada 4.4 nIa mamamvl,ﬂmmmqwmﬂﬂﬂﬂaaﬂmmw
TFUSumanuutueeds 0.01 g WwSinesnulndi@oanude 21 mi lagldany
it [CTAB] 1,000 lulasluaans [styrene] 400-20,000 lulasluaans %am’azi{m‘s@@n
IMzuasssRausadsitazsnnniuneiiflasnetes wezaunsndunanInUNINGS
dansaranlafaiauni lafnenann adsolubitization curve (31 4.19 URzAIT 4.4)
vpsxlatulunsavaestuves CTAB LuaRMADNWLT mssantvairlauiinduany
eq. [styrene] (ﬁLﬁwﬁummﬂ’%mm [styrene] Mduasly) lonosfidnwmndroduns
azawlunsou SDS Aomsarauifudwilusrsusnuazazansfintiaed [styrene] ~
1,200 lulasluass w38 eq. [styrene] ~ 350 microMolar wavinidualaIuanng >
10,000 lulasluaand msa:mmnﬁmgamnazhamm’%a
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Styrene adsolubilization
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Equilibrium [Styrene] (microM)

7t 4.19 ununiinsazanvealsiuli CTAB bilayer uaz SDS bitayer

A o~
#1579 4.4 Styrene adsolubilization 1iaf CTAB] 1,000 lulasluaans 819 0.01 g

Cong. ini. AUV cone.from UV eq.sty as sty umol/g umol/sq.m
381 0.2292 40.60 243 60 137.35 288.45 35.56
1143 0.0845 14.96 348 .92 793.93 1667 .26 205.53
1333 0.1274 22.57 473 .91 859.42 1804 .79 222 .48
1524 . 0.1517 26.86 564 .12 959 .69 2015 .36 248 44
1714 0.1667 29.53 620.10 1094 .19 229779 283 .25
2476 0.2317 41.03 861.71 1614 49 3390 .42 417.95
4762 0.4320 179.28 1972 .10 2789 .80 5858 .59 722.20
9524 0.4540 188.58 2074 37 7449 44 15643 .83 1928 .46
14286 0.5450 227.29 2500.22 11785 .49 24749 .53 3050 .94
19048 0.7400 309.97 3409 .67 15637 .95 32839 .69 4048 .24

i & - ' - o & W . AW 1A A
WOLAUINEE 1 mM WLIIMTAERNUIF LA THR LI UTALIRNINNIINTOL T LINE D

w - X o A &
m‘lugﬂ 4.20 UREANTI 4.5 MIATANLVBIR AT ANIUAN eq. [styrene] (FIRNTUAY
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YFunm fstyrene] Arduasly) lepaziidnwuzadroiunisazanslunsay SDS fams
O S ' P o

azmodndw T luiusnuazazaeRusrasd [styrene] ~ 5,000 lulasluaad wia eq.

[styrene] ~ 750 microMolar uaziilial@ndlaiuanne = 20,000 lulasluaans nsazens

apadlaTnitRyate e durine

10000 .00 T— S EEFER
= rn i
! e
R S S T
2 ©  1000.00 oL il ® ImM NaBr
» E e ; EEEmSats
= 2 7
2% / M0 M NaBr
—
g E I
o f ,
g & o [N P b
< & 10000+ - ! ! ERES : RS
E / i
/ :
T [ : ! . ’
L S
10.00 L P
100.00 1000 .00 10000 .00

Equilibrium styrene monomer concentration(pM)

31 4.20 MIAEAHUAIN LATUIUNTOURDITUVAY CTAB Aenadutu 1000 lalas

J lF‘ 1A L=
Tusand wazifiosns 0.01 g lunazfiinda 1 mM NaBr uazlifiinda

@519 4.5 Styrene adsolubilization lunsaugadtuzas CTAB uutiiasnailafiinda 1 mM NaBr

Conc. ini. AUV conc.from UV| eq.sty as sty umol/g umol/sqg.m
500 1.3900 284 67 284 .67 215.33 452.19 72.89
1000 0.3170 65.21 370.01 629 .99 1322.97~] 213.26
3000 0.7540 154 .56 463 .67 2536 .34 5326 .30 8§58 .57
5000 0.2290 47.13 754.06 4245 94 8916 .47 1437 28
8000 0.4310 88.57 1417 .06 6582 .94 13824 .18 2228 38

10000 0.5040 7 103 .57 1657 .07 8342 93 17520 .15 2824 .15
20000 0.7070 1-45 .08 2321 .31 17678 .69 37125 24 5984 37

WaRnsandnfinasnisaranolunsauaestu (K.,) 189 CTAB Tugila.21
WoaaIRnIRra Bz Ui e st ut e ilssanm eq. [styrene] 500 mM was Ky,
'Lum’::ﬁﬁmﬁaﬂ:agan'i'm'n:"[ajﬁmﬁamn FInERI NN R D F TR TIBRANTHANT RT3
Fraausaaaan MlvEleduscamodanldiniu uasAldamnisaraistrafiaau

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

46




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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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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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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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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:‘ 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

52



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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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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wnestnile Wakounsiewldiuaunna

=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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wnansuUnila danasuwinanldivenye

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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enmanila vusmouninewlaiueyga

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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onaninda Wumpuwideuldfveyg e

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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enmsunila dannpwwideuldivayge

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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nasUnta dannsuwinowldiueuga

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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nsntla Wumswwidauldiuaunne

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

68
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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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nmmUndes Fhawmeuwitouldiueug s

|
—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
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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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71 4.54 ATRUTILTIRITAY 10:90 prannwURanwadaleIuwoRgla5u NauLasnaIly

149 100 °C 24 ww. (U%) CTAB (819) SDS

Wanasay 10:90 ssunuildanwodaleuwedalasn wuih anuudoussia
dnuaanadaladuriinion (30-36 MPa) uazWaILITI (19-34 MPa) LWszenadinay
wFousednnis tefiwadaleduluensunuwiennedaladuanin anuudauseded
wwaliuaaaaine LWSW:LLﬂ'ﬂ:ﬁﬂ‘l@ﬁumn%mwiﬁ’mﬁ'ﬂimaqami‘q‘umaqa"l,ﬂ%u"l,mﬁumn
LL@iﬁé’ﬂuaquLaqamﬂ%u(gﬂ 4.47-4.48) Wgdngadinmanuudusafslald
Waswwaswndin dsluesunudannadsladuieioudio CTAB Jaruudoussie

FasnifeToNaIN SDS NINauLaswadLuss mstusirldanuudsss@aaassuinlu
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nsdifild CTAB (dnaduamundeusedsanauilu 19-27 MPa) uazaassiauniuiiels
SDS (31-34 MPa) aam'l,iﬁmmh'?;a@aamsiwi’fﬁagj'lmiwmmnwnﬁmwumaamm '
waussfrautudatumdmiunedalain angy 4.55 lugdavaanedalaiugssn 1.6
GPa ﬁﬁ'\aﬁm‘iﬂu@ﬁaaﬂauﬁnﬁ’au 1.55 GPa ffiaﬁagji’[miwﬂ”mﬁmmuwaﬂugé’aﬁa‘u
Mstaess Iafuinstusilnansznudasdawefalaaiu 11T 10:90 prswnwldan
woRR AT WaRA A TU wm'\‘[u@é‘aﬁv’oﬁau (1.1-1.35 GPa) Uaznad (1.1-1.5 GPa) YLy
desnihlugasueswalalaiu innzloniney mauBnualesulugnsunwal@anwa
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. 7 a - ™ r - o - - - -
AUt WuhwaRFleTuIsWnLLLT: udnaRalaTuinaussunullenwadalain
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(plastic deformation)}3en waasdenalnmanhmdsnuliFiRedunmie daudiu
s ar A "4 i F- 3 B -3
anpuzdraginuludunuinuunnzumng@isufisuinemuinaseswenyss

- ada " .
HWRIRANNULTINIZUYN ggams U’NW']T’INK&JBQIHE‘]J 4.56 a17)

31 4.56 (UMW) ANHULTALINADDING
Axlau (e uaswalaledunay 10
wt% tsunwifanwedalaadu (@17)
(§19) ANBOAEIDHUANNNNITNOFDL
Izod Impact PBIT U UNR AT
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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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Admicellar polymerization Tuinu3dpinihhlguianssunsfaamsinefweinfanasuuunu
P ; o vl ' A ar s a
puMALITITINTIR Taransavhldnafinnizniauszdniiassnntiu pH lasldmsaausdien
& o B -y - & | A s =
\lu SDS uaz CTAB enudeiy aumaudisn pze A1 3.3-3.7 @uagiuundnihuuazengniaiu
nw)
ar a a A A
™M NIIENTR a:"l,mmuqu Adsorption Isotherm PRIRIIAAUTIAA? (8DS) uumgmﬂmmwuﬁ
fiaunn azfidFunm adsorption 1nn (80-3000 lulasluadasmaiuas miuene 0.01 g Tu 14 m) 63
AMuLTuTUYaInNNUSIM adsorption Aanas (30 200-400 lulatlnadamsaues Wu 1-3 lulas
» (] ; ) o - -
Tusdanmaues) vmzanumuwiugsteaymamndu inavivdmisnisgamnizisaas
4731987 equilibrium adsorption minanzaufa 4 1. FiaTuazanslu nTpuraITULes SDS 167 uasi
v o & v PR 4 ' P t4 = & -
wn lufsduesanututuresalasuifinin meshvasnissraslunseuresruiiudnawiion
2 A [V Y - P & - y v ' =
afdlernututusasdlasuain aututwniolusae 0.1-0.3 mM Lilnademsasawvesrtadu
I
lunsauaastuvos SDS
N o - . A o
W MITATY %:vLﬂLLNuQN Adsorption Isotherm a3 CTAB UuaunIag TInUTUI
adsorption 1-20 lulasluasemsauas wasnit SDS adsorption AUSu e 1 g (20-40 lalasluads
ATLNAT) nIa 10-200 lulasluadaeanas Wouni SDS adsorption ATH M3 0.01 g da
o v o P Vo - ° w1 w“ V=g
Wanasruiindidesdu hasanaune CTAB Tnaindt SDS mstdundarlwar CMC Heoaaudfivi
w . P a - A o .
%1311t CTAB adsorption [T udswalazi@uinfaiiing 0.001 M (1 mM) Y3u1m CTAB adsorption
P X 34 a a -l L) & o . P .
Wutarunnduieiiindauasiinaududu CTAB g4t gungiilugas 30-80 °C duansinuda
- T @ e v a [ .
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o . ] v w ~ & = & o &
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A = r o 5 = & PR o ' e A o
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(NRBNILINNTU
' o aa P 5 o . q P A . w_ o & . a
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& - . . aea ' s A e - o u
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FueTzhlanil SDS
o A a & g A - & o a & - A “
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et L) . - J 3 1 ﬂ"
naway FTIR BuduldidnafsledwiadulusSuamnnaudSuinalaiu ua TGA AurasinBuaiuny
. Y- 4 a - - o ' ] a L4 P &
arydauldmtumutinanedaledu laumafeusmoiianudaiies isflounadiwaimissaimile
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3""‘_ -07-067 M|croencapsulat|on of Mono-Dispersed Cores and Encapsulatlon Mechamsm

LR by in-situ Polymerization
Keisuke Miyake, Nahomi Hamaguchi, Nobuhiro Oe, Masato Yamamura, Hiroyuki Kage

{Department of Applied Chemistry, Kyushu Institute of Technology, Japan})

3P-07-068 Effect of Surfactant Adsorption Layer on Growth Rate of Shell of

(Par) Polyurethane Capsule Generation
Koii Mizuno , Yoshinari Taguchi? , Masato Tanaka?
{ 'Graduate school of Science and Technology, Niigata University, Japan, 2Department of Chemistry
and Chemical Engmeenng. Nugata Unwersnty Japan)

3P-07-069 Adsorptlon of Cationic and Anlomc Surfactants on Natural Rubber Latex
(Eer] Particles

Rathanawan Magaraphan1 , Viijitra Srinarang’ , Edgar A. O'Rear?
{ 'The Petroleum and Petrochemical College, Chulalongkorn University, Thailand, 25¢hool of Chemical
Engineering and Materials Science, University of Oklahoma, USA)

I3P:07-070 Association Behav:ors of Hydrophobically Modlf' ed Po!y(vmyl alcohols) in
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Seong Jae Lee, Sang Min Park, Byoung Chul Chun
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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.

i

1 *line isotherm of CTAB on NR at pH=8

Adsorbed surfactant (umol/sq.cm.)

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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