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ABSTRACT

This research studied the preparation of polymethyl methacrylate nanocapsules
encapsulated Rubitherms®27 (PMMA/RT27) by miniemulsion polymerization using poly (2-
methacryloyloxy  dodecyl dimethyl ammonium chloride-d-allyloxy-2-hydroxy
benzophenone)-block-PMMA-iodide (P(QAC;,-BP)-b-PMMA-I) as a polymerizable surfactant.

P(QAC,,-BP)-b-PMMA-I was prepared by solution iodine transfer polymerization
before being used as a surfactant in the fabrication of PMMA/RT27 nanocapsules.
The influence of the MMA: RT27 ratio on the thermal properties and encapsulation efficiency
of the encapsulated RT27 was studied. At 50: 50 %w/w, core-shell spherical nanocapsules
of approximately 50 nm with high encapsulation efficiency (94%) were obtained. A high
positive surface charge (= +70 mV) derived from the QAC;, unit dispersed on the
nanocapsule surface provided nanocapules with high colloidal stability. The latent heat
value of the encapsulated RT27 was high (191 J/¢-RT27), which was close to that of the
pristine RT27 (219 J/g). When heat increase and reduction was tested, the latent heat of
melting and crystallization of the encapsulated RT27 was quite constant throughout 100
heating/cooling cycles. This indicated their thermal stability. Because of the presence of the
BP unit in the polymerizable surfactant located on nanocapsules surfaces, the obtained
nanocapsules were tightly coated on cotton fabrics by UV irradiation, giving them greater

washing durability than using an external binder. The coated fabrics exhibited effective
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antimicrobial performance against S. epidermidis and C. glutamigum due to the presence of
the QAC, unit.

In conclusion, PMMA/RT27 nanocapsules were successfully produced by
miniemulsion polymerization using P(QAC;,-BP)-b-PMMA-I as a polymerizable surfactant. The
fabricated nanocapsules with effective thermoregulating and antimicrobial properties are

suitable for textile application.

Keyword: heat storage materials, nanocapsules, thermoregulating clothes, antimicrobial

property
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AauAsendeaiuieu (Cure) wazdnvziinnuudanszanuinduiosninmsiiafiduvesans
Aoy uana1Nll N1sAteg vudervaLAlYaEINITNa NdlUsEanSamliauinnas 819
\eananualganIERnguURINIBLTIRINNNINIEAMATA ST Famaneeninladieiloi
nsEnamatY 9 A3e wwImantlanazTuletenagding Ae n1sldeuniAwalganlansnay

s = . = a a v & a
mamaiushasluiley (Quarternary ammonium; QA) BeilUseaniamlunsiuaeadn (30
ny QA) uaziuuleilluy (Benzophenone ; BP) 981113 sanunsainfiuselaiiawilagnsaiui
Ielnglyidndudedddasiuden Favilidvdinisiedeveuniaualgasinaniniunmuse

nadnanawagliudenszing wenanl Tutumeunisindeuinuuy pad-dry-cure lidedldonmgl

3 (>100 °0) vieliasindendnfnuaUgauudn Jeagrilidiiswazaznin saunsandunuly

N

Qe &

=Y

URBUNITLARDU

2



Y

Tnelululasuavunluwauganiwsvulazeglugudlatuniouniauauganseanediegly

11 lngfanududuvesialgasgluyie 10-40 wto% Tuvugnvunsunisinieouinazlduauganiy
WuduUsERnn 1-5 wt% At agfewinisiieaswalgalidanututulugieldau wiilosnn
lngnaluuaugainnsvuliagldansanusafaliadous gUURIAIELIFIRANIINIEAIN LHBYIN1T

\ForNanTanusRshitansangneennikalgalaie dwalieuniawaugainuaiosnig

<

Aoaaefanat aun1ATImiulufeulngyladie Weilledeudvilveyneualganseaiedi

vad Yy

vuilalif Ussaninmvesandiidesnisazanas mawseneunaualyanldasanuseiieiabl
asuuRteuMA UM Siaaelgnediuet (ustlaawi) aganunsaifiuanuaiesnisneanosd

wazann1sinTgiiiuveteunAwAUgalusEniaNsiIenslaegilusy@nSan e sanusaniar

saa 1

yinaglanediuesnivymameiuisueuludey seiiuszdnsamaslunistesiunssiudives
aun1A ewndusyuanviinaieweiuisienlulloniinnyieiiey walganwseuladeaiunse

I3 v = N A =
LﬂU‘l@LUULFJaququ LLATHNIINTSINYAINALLNADIITINATTILIDIN

[
= v

ety Tuuidetagwauinisiessunediunaiuninsian (Polymethyl methacrylate;

< a

PMMA) unlusadgadniiugdmesu 27 (Rubitherm 27) Fuduianiuainuioungunisiiiu

(Paraffin) Tnanszurunsduasiginuudiddadu (Miniemulsion polymerization) Tagldanels
wed ([(2-(umeasladasen® lawnnda lawiia weulullon raslsa-la-d-ueadaand-2-lonsond 1uu
lgfluw)-udon-tunatuninsian-lalalad [poly(2-methacryloyloxy dodecyl dimethyl
ammonium  chloride-co-g-allyloxy-2-hydroxy benzophenone)-block-polymethyl metha
crylate-iodide; P(QAC;,-BP)-b-PMMA-I] %Lm?aué’aEJﬂszmumﬁﬁ’ﬂmemwumsasaw
(Solution polymerization) ¥iwihiduaisanusefaiawazanstendreanslgumnin (Macro chain
transfer agent) W3easanusfsinfianusadaunsiziseld (Polymerizable surfactant) @saneld

[y

NadLues NS uulaardianu1saneaelgwedues N ULUBLUDS HUNYANDUBLLDS (Monomer

sl (%

droplets) 1#8n ot luumeaveseusiiesiiiagfuanudeuuazduiuuiisen (nitiaton)
a8l P(QAC,,-BP)-b-PMMA-I aglddiuvasmediuiialumesianiinliegnelunenaueuaiuesudn
yhnsdoaeldriuneusmednmelunealddniflodiiulfitoniansuandaliusinea (Radicals)
oA uganisdannsey arely PQAC,,-BP)-b-PMMA- agilsagfiAauaya luraedidiuves

P(QAC,,-BP) azagsnuuanualya viniinfdesiun1ssiuiivetaunia (SIuVai1udegadin) wag

WnuseAuRiainnsaneLaseansibalewas (Ultraviolet; UV) 39A1A3198@10N50LA58UNDAIDS
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a a v ISP b4

Y] I o A d'
UWIULLﬂﬂfgaVlﬂJfJﬂﬂLﬂ‘Uﬂ'J']lliE]u‘V]Nﬂi%aﬂﬁﬂWWﬂqﬁﬂ/!NQQLLagllﬁ']ﬂ'J']ﬂJi E]ULLNQGL‘L!ﬂ'ﬁLUa YUADIUY

(Latent heats) va¢ianiunusaugelndifesdunowiuld Feagvilianusainluvszendldau

Taeeg1eiiuszansnnsalyd

1.2 I99Us2a9AYD991UI

1.2.1 WeRnwanmzivanzadlunswisuasionieaslumnin PQAC,,-BP)-b-PMMA-|

1.2.2 WeAnwianneimuzanlunsinisunedwesuluuagaiusdimesu 27 i
AuantAd g eqatnlasldaslondrwanelsumann PQAC,-BP)-b-PMMA- uansanusafianin
MeNszuIuM ATk UUTIalaty

1.2.3 WeAnwimsinnluualgaivieslaluiedovaswuinlaglildmmsounazansiudon

TunswieusuwuukndmsulTuannenusouwagi U TeaTN

1.3 YaULUA9UITY
1.3.1 Anwranmsfivnyanlumsiniouanslendreaelgumnnin PQAC,,-BP)-b-PMMAI

Y a s a

1.3.2 Anwraniznvnzgadluniseseunedwesunlunalgaiuginesu 27 Nllnuaudi
FUBATN MeNTrUIUNSdLATIZLUUTIIETatY
1.3.3 AnwIN1snTeuauiuudIvsuanmauiaulaziueadn tnediunluwalyai

= = v v = vaa o 1%
Lfﬂiﬂlllé)lﬂLﬂa@UaQUUNWIWSﬁL%ﬂqiﬂqULLﬁ\T%?LLagﬂﬂﬁ@UaﬂJUWWLﬂUTU@Q

1.4 NTBULUIAMUANVDINUIIY
JagtuiinisAnwimsmisunedwesuavgasiemaiaciie q wazdwldnuiuegi
unsnanglugnanynssasing 4 1y dwe & nsiadou nsuimg waziaiesdiens Wud sinuu
a1slusuuaUga (Encapsulation) Ao Msinieuuauganivesudaduiuden (Shell) uansvideTan
Tuanugvesmaseveandadunnunans (Core) msinnuanslugdualgaivefivalesens i
JaafuansfignieriusiensiiaUfjizevsodvdnanindanndonneuen Wy LAWAA 91NF Uaz
Aty udu Wunistdestunmadenanimuienmsaaneiavesasmelu ifuiiuiif wagauam

9

nsUanUasarsneluld nswSeuwalgalaeniluiiegmeduraiswmedia lnenildunadand

Y

(18)



Usgdniaingalunisvuaisang 9 sagnediues Ao MsduATIzinediueslusruunseaney
(Disperse system) Aifinalnmsiineynianedimesnielunes (Droplet nucleation) Tngsiunaln
oyyadasy (Free radical mechanism) \flasanansfidiasnisiuazazarevienszaeiiogluven
souaes dausisudu villemaiansagldgniudlldviosniunaiiadu 9 11n Fauvseonidu
NTPUIUNTEUATIERULLYINGBY (Suspension polymerization) warfildsadu Fudunadianis
filsrdvBamgslunswioulilasuazuluadga Tnsuaugaazifariunalnnsuenigniaaely

(Internal phase separation)[14-19] ImsJﬁl”al‘Umim?wLLmJegaimzwﬁﬁﬁuiuﬁﬂ (Oil in water;

'
a =

o/W) agldansazarsvesarsanussfisiiniundudviazarsiduigaiasewiios (Continuous

a o . ) % o Ao 3 & a
phase) TuvaueigniAnsyane (Disperse phase) aziluansarareuiduiilesdusenay As @159
ABINISRY Noueles uazAisisuu)isen Tussninimafanedweslswdunsluneaueusiues
Wensuawesiaswdunedweiauenaelgnefiwesiiuiduwiliauaiunsalunisidntu
(Miscibility) vaanafiitesiuansneansvuaee 9 anasauiianinue13ngs (Critical chain
length) Aignelgwediwesluamsadinulanuesadssnoudy q aeld wedwesaziinnis
weninniAuasLedeuiiosnufiseuresyniviivemenuouswesiazidl aduudon Tuvesd

d' 4 52 [ [V Y 1 a a 4 [ N
ansngnvinavegailunateduuny dwitegnalnnisiianediwesuaugananisanini 1.1

AV Polymer shell

Monomer
s Waxes

\,-\

Vv
a a a ¢ &
Ann 1.1 ﬂ’]iLﬂﬂ‘W@aLllE]iLLﬁ‘UfgﬁIﬂEJﬂ@lﬂﬂ’]iLLﬁJﬂ’JQﬂ’]ﬂﬂﬁﬁiu

1un15Lm'§8mwa§L@J@%Lmﬂﬁauaﬂmﬂ%ﬁmLm%ﬂﬁwﬁammLLmJégaﬁmmLLG?NLLN wazLin
nsvunanysaluan Seiesrdeisriaiuiouls (Latent heat) v0e3Uinesu 27 Ngnviusmie lag

6

Y oA Y a a S v Y o= v aa o v a a
ﬁ]zmaﬁuﬂﬂﬂammﬂugumaiu 27 G\QG]UﬂEJUﬂ'ﬁV!lI "?j\‘ﬁj‘ﬂ"ﬂUﬂuwam@ﬂqﬂ'flﬂiau&&l\‘] AR YUAUDI
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WaenweAwes 1nauAdeinusnliinmsitamunnasssunedwe suaUyariuTanAunmdeusn
adsaniea20-27] Tnenuimaldwdenitdunedwesliweuth (Hydrophobic polymer) iy
nwodlalifialuudu (Polydivinyl benzene; PDVB)[22-27] LmﬂsgaﬁLm%amlﬁ%ﬁmmm%’auumﬁw
idlesanidennedwesiuianAuauieuinnsuenigniafulsiauysel siliianfuamdeu
TunaUgaiingfinssuunnsnsnintanfuaudoudsiu uivnldiudonvesuaugaidunediuesuin
Ut (Hydrophilic polymer) wu Wedlfiawmiasian Lmﬂﬁgaﬁm%auléf%ﬁmmm%fauumﬁgq
desnwedwianmiaTandunedwesiidauveurh JuAansuenigninseninanediuialy
mesanfuglinedu 27 IHegsauysal ilvaramndouudsostagivaufoudntudodiou
fuidenvomediwesudislivoutini22, 24] uardiatlndiAsiutanfuaudousedu deu nsld
wodweflwiawmeiianlunsinisudonuatyatiazlduatgaiidaanufouudsgadilng
simosu 27 defu Fumngdmiuiluimuwesyssgndldauludug 9 Idegedsansam

a o

wanaNd nsldanstendreaelgunnin P(QAC,,-BP)-b-PMMA- Wuansanusafany g

' 1
raa =

Tildeunaunlunadganilansnguaiemesunsuonlanien (QA) wastuuleilluy (BP) ogfii Feax

= a

fusyansamlunistesiunissiudinivementeusiesuazualyaanuszquinves QA Uazn1s

v IS IS a % [V ! | 19 ¥ ¥
ATeaTN warasnsaiaiusslaawiiuilalaensawiuiuuleillug ngldldanuiounas

a9ty FgyilaRAukuUUTUan AN Lo uLaYAUTRIaT NS By

1.5 Ussleviifianadnazldsu

1.5.1 WWanmegimnzaulunsnieumedmesuiluaugaiustinesy 27 Menszuiunis
dupsgnuuiiisiady

1.5.2 lmedmesulunaugariusimesy 27 fansandouasuuinlaelildnnuiounas

asganlumMInGnAukUUANUSUaN AN I ULAEA W R AT
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N8 uazaUIeNAYIVaY

(% < 4
2.1 AEANUAIUTDU

Faquivarwiou nietanfituasuutasingniald (Phase change materials; PCMs) 18y
Sanuiavilefitinsihanldiamundndusidme Wosndmiuaansalunisgauazaeeuiouls
i Tnemdnnisihauvesianiivauioude axga (Absorb) wdsnuaiuieuldogumgiives
danndenginingamaiinnsiudsuaniug (Transition temperature) vosianiuanuiou uazae
(Release) W&aumufousanin Wogunagfivesdwindensinitgamniinisasuaniugyes
fanufunnufeutules, 29] uaztAnfuindnsmumaudsundasesgamgisenmi 2.1 Tagvhly

Janunuauseuliseiunatsviindadinszuiunisinnuedieiu IneTannuauseunifaziaad

AaugASeuge Wasuanuegamailugiwenisldny uasuwlaileefianisiduiiein

(Supercooling) g

Low temperature

Exothermic
process

Endothermic
process

Cooling

PCMs core

Heating

Heat of melting

AH,, Heat of crystallization

AH,

High temperature

Mwi 2.1 Idnsnisidsundasinninvesianiuauseu3o]



2.1.1 wliavasdaqiuauiou
Jagunuanuseulaeialuwiseandu 2 Ussumlvg) 9[31-33] fadl
2.1.1.1 nguansetiuvsg (Inorganic Compounds)
LY [3 ¥ & ) A ! A a o
Taauiuauseulunduildiuuinasilunininge wWu indelafeudains
= s Y = XA A o A v a' 1
wazuAa@aunaslsn lnedefvetansnauill Ae da1AugAuTounsenAusauLHeias uid
Y oA a 2 a Py 1 = % P S Y v o a
Jode Ao ansidugaelnlaing warliinnuatesmeauseu dulethluldnuuiy 9 Aasiin
44' v 1 4 1% Yo a o
nsideuaanelalsy Liaunsagavsemeanuseuladaaudn(17]
2.1.1.2 nquans8uvse (Organic compounds)
U <@ b4 a a 6 1 Y 1 1 A
Fapuiumnusaulssmdunidanunsowtseenialu 2 nquees Ao
(1) naulydlanns1u (Non-Paraffin)

Juansnguieawes weanssed nnluliu uazlnanea Jamuiuainy
b4 -d’l 1 1% = a1 ¥V v 14 A a
Seudssanilanunsadesaarglanieiinin(34] deraiugannuseuusgs uiddesey fe 1AnnTs
Juifududeuldiefeiunldnu Tanulln samginiswiluien ds1auns wazdiainisud

Y ° o q v a a v ° = v & Y
ANTaUAN[35] vilviuseansainlunisidau Wewinanuaiusalunisinnundanuanas
waziianisdeuannlasingo

(2) nguw1579lu (Paraffin)

Wuaisnqudaiau As lgasuauii GadurlroWussia sanazidu
a15Usenauerdnin (Aliphatic) ansvessataulaenaly Ao C.H,,,, Jeasimeiunaieyian
15197 2.1 wanideuAnwdiulvgaziluasuouniiaug wu enssnniau (Hexadecane) oanay
wNAY (Octadecane) uaginnszianiay (Tetradecane) Wusiu AauURvesdanulaealy ezl
azargunfesanduluanalufas v lniwnsgldiduansdidninsla (Non-electrolyte) i
ANUVUILUUTBENTIEY JALADALAEIAVADIMIFIUUANNTIUIUANTUB LD ABNTLATY LTIB1aIN
A1SUBUEANIALUANABINYI LI WIUADTIAALALN

(%
Y

a = ! & A vo @) 1 a
aady Avdsduansnquuian lasuanuauladueg1annuas ey

a oA =

° Y& o 3 1Y & aw i 1Y g a Lo ] =
dnnldiluiannuanuseu dedven fe simgn darenuseuudsgs Wiluiy lidanseu uazdl
@igsnmmneANTeuge willtaidy Ao dA1n5tiANseu (Thermal conductivity) #1 M3ANELY
¥ a o Y a 14 v v = v IS (% a a L4
auseulils viiliiiansgawazmennudeuladn Jeiedinsusulsaseansamlunisldanues

W5 eiuanuamsatunsgakazaeauiaulaensiuianiuanuseulusluuuwauga
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'
a =

3 a4 2 X A o § va i o A X 44 o Y} % Y} I
YUINLAN ¢] LWDLNUNUNHT "UQQS‘W’&'W@JW]?QWEJLVIF"I'ﬂiﬁ@‘uLWNSU‘UL@J'E]LVIEJUﬂ‘Uﬂ']{LGUQ']U'JaQLﬂUF’\I']WﬂJ

Saulnenss

A19199 2.1 segeTaginuanuseungunsiiu3e]

PCM name Chemical T,, (°C) H (kJ/kg) k (W/m K) P (kg/m?)  C, (ki/kg)

formula
n-Dodecane CioHog -12 216 0.21(s), 0.21(1) 750 n.a.
n-Tridecane CyiaHog -6 n.a. n.a. 756 n.a.
n-Tetradecane ~ Ciatso 4.5-5.6 231 n.a. 771 n.a.
n-Pentadecane  CisHzz 10 207 0.17 768 na.
n-Hexadecane  CjgHag 18.2 238 0.21(s) 774 n.a.
n-Heptadecane CiHss 22 LS n.a. 778 n.a.
2.14(s),
n-Octadecane  CigHsg 28.2 245 0.35(s), 0.15(1) 814(s), 775(1) 2.16(1)
n-Nonadecane ~ CioHao 31.9 222 0.21(s) 912(s), 769() n.a.
n-Eicosane CaoHaz 3 247 n.a. n.a. n.a.
n-Heneicosane  CyiHgq 41 215 n.a. n.a. n.a.
n-Docosane CaoHas aq 249 n.a. n.a. n.a.
n-Tetracosane  CysHgg a7 234 n.a. n.a. n.a.
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A19199 2.1 segeTaninuanuseungunisiiu[36] (se)

PCM name Chemical T,, (°C) H (kJ/kg) k (W/m K) P (kg/m?) C, (kJ/kg)

formula
n-Pentacosane  CaMlso 51 255 n.a. n.a. n.a.
n-Hexacosane ~ Casts2 54 238 n.a. n.a. n.a.
n-Heptacosane Coetsa 56 257 0.21(s) 770 n.a.
n-Octacosane ~ CziMlss 59 236 n.a. 773 n.a.
n-Nonacosane  CygHsg 61 255 n.a. 910(s), 765(1)  n.a.

ANB5UNY: C,,; Specific heat (kl/kg), H; Latent heat (kJ/kg), k; Thermal conductivity (W/mK),

Tm; Melting temperature (°C), P; Density (kg/m°)

2.1.2 msUszanaldeu

Y @ < £% Yo = =2 LY = =
wagaruiaguamusaulasuaaulanasinsfinyiuunniy uadgawmaiile
o v (Y 1 v ! a Y 2 [ a ¢
anthluldauiueganewing wu llunismuaugamgiivese1ns(36] Thaundsuaieiiing
wazlundes37] uarldlunsmuaueamgiivavan mwndenlunisinizugn(38] Wusu Usenai

a a < A VY 3 ¥ v [ [ o & A
figfionavuniguinslddagiuanueuludnuuzresnsdansndsnulaeiingUssasd s
maemdsumuiousinaseniinduildbiinUszlen lnedaniuanuioussgnilsdinag
wn3nsrAweglulaTiaseveddneaing Paasvimingadundinuausaunaeefingluiia
naeiy Mianansalestuausoudngnelueimsiinendels wazluainarsfugamgd

< [

nglueiasuagdwindounisusndziinitgaungiivesiannuainuiou inlidagiuanuiou
ansavanUasendanuanuieudiniglueiasninende ieaseaueuguunginaifelacs

c{' & Yo < ¥ v a Y v ! A a 4
A 2.2 wenanil nsldtagiiuanuseudianunsaideunisidndsuaingruianinisle

Wé’wuqqqmmL?JW"NL’Jmmﬁ’fwﬁmmlw%ﬁﬂqmlé’ A g8 9l g@ NS UNITHNARNE 19U
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anasld esanuszinanigiioniafeu 1wy Ussmalnensuandesndssuanuieuiiganely
omslunanasdutuliiduiviosms utausldauamnifinispgedundsnunuioudeteaty
anusaulugarsainansiuvesiagiuenuseulininuselovile

Tusudme YanfuarudouluueUgaiinauvioindouludme wu Hedn Sudnnis
v fe dedaldegluaninenmaifourdeiniandandsnuenufoudiufuiuilusswing

[y 13

vifanssu Jasuuanuseuniegluguvemdenazgandanuanudoudili wazdianudoudiun

ace [ = a < o [ a a{'
ugaumiitaganasumalnazinisildsuanuziiuveaval wazgadundsnulaludsuanuin
Ju Tuvaggaumgidnd nalndvisananusoudiuiulaeninnuisuuuaesgungivey

1N dawalisaniegvesanilddinssinauislisousuiuly lunwmsedy Wegnauldidernod

LY [

Tuanmemafidigamniisn JagiuanuseulutaygaiieglusuvesvaiazFuasuaniugidu
vosuds uaziinsmeanufousenundaaztisannsasuuasessdunduresgamaiiing uay
relmnuouguinstniedaasvhliiumedanldddngulduunidodoutudeliivag
\iuAFou[39]

microcapsules
gy

| plaster

1}

o

ay

Il

night

Al 2.2 nsldnunalgaiuianiuanusewiuiannivaueamnginigluenans(ao]
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2.2 NM5AUATITHNDALNDS
NITUIUNNTFUATITINEALNBsasauUseandu 2 Usstanlug) 9 Ae nS¥UIUNNT
FuaszrinediuoduuuienWugniosruuLEeiien (Homogeneous system) WAEATYUIUNTT
Fupswineawesuuiisiudrtesyuuilenas (Heterogeneous syster)
2.2.1 nsTUILMSE AT ITineAesuUUIENWUS I assuLlaifen
TunsalveimsduaTEiuuUenTUS N3 BsEULE a1 9AUsSENBUTBIST U

=

neunazraIN1sduaTzaziluilloeniu wu nmsdaamgiuuutan (Bulk polymerization) @4

€

a

TuszuvazdsznoussuouamastazM3BuU e wieradudnssiisen (Catalyst) Wity
Y A a s v s & Ny A Ao oA = = - |

Jofifie wodainladnuuIavags uiliterdenddaee Tussuuiinunings esanatelgne
Suweslatiwminluanageduniouiilaen vilinisaiewanueusi lussuuasianuiougs
138N “Usngnisadiaa (Gel effect)” Llaunlatadninluiaanisanemaniusoutazauniad
gunnveamsduasiziuuudad elaiinisiauinssuiunsduassiiuuansazagdusn lnewiy
fviazatefivinzandiunisluszuy vililusgnininsduasizidnisaiemaiuseulanniu

[

fviavany wiagalsinny Tunszuiunisdaasizisinanideidslviiiaiu Ao wedwesnlag
nsvuleuvasdiiararedunidiiiinnuuiansa Sndudesinisidadiiazaisnounis
iUl
2.2.2 NSTUIUNITHIATIZANDALUBILUUIISNUS YT BSTUULIaNEY
o I3 el Y e Y Eg a a
NTEUIUNITEUATIEA LUV T sWUSHS ose ULt amay (Juszuufi deuldlu
geannIsULiaanIniinsanamanuseuninuieliunsduasiziuuuasazans uwasilulinsne
danndaual] wssannlildarsdunsaidudvinavaty waagldindusadusenaundnluseuunis
dunsgi uenanil wedweinlavziiinaluanadeud1aandinTsuiunsdunsgiuuuienius
WioszuULlae lWesannsdeaelgvoinediuasazinluiuidnne (Confine space) FLAANTS
duanlaennin
1A8NBUNITEUATITUNDELUDS B9AUSENBUVBIANT ST UUIT TUaLReInS ol
v v 1 (% [ s '3 ay v < 3" % lol . < =
Naunle wandenisduaseiesauseneuiilnagsiluionaunatsuiuy (Milky) Wuasuviuasense
ADARDYAUNIASIAXISENIN Nodllesotadu (Polymer emulsion) wedluesadiwasadu (Polymer
dispersion) #3onWeaLNaI AL WUTU (Polymer Suspension) A1LNTEUIUNITAUATIERIAI B le

lngazanwaeiiinaneunianediues (esrusznaunitosndn) 5endn 1901ANTEaNe NT¥ANY
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ludgnienfiuinninseigniasewdios wedwesiwisulaasnaaunsarluldnulalaens
NTEUIUNITAUATIZULUULT onaudnatumatla 11U N1589ATIZYLUUNTEATE (Dispersion
polymerization) N1589LATIZRLUUANAENBU (Precipitation polymerization) N15&9LATIERLUU

wyuaeY (Suspension polymerization) N1sdatAsIzMLUUATBNATY LagnsduATIziluUdLaty

(Emulsion polymerization) \Jugiu

2.3 nalnmsiineumMABNAUTUNSTUIUNMSHUATIEENDR DS UL TSWUS T DU DN

B4 U

H09INNILUIUNTHUATIERNDALLBTLUUITSWUS T auU UL anaudlegaredunaissiln

Y

(YY) [y

2 Yad o ¢ a 3 s v 2 A a1
ﬂqiLaaﬂiﬂfjﬁﬁﬁLﬂiqgﬁwaaLll'?]ﬁsﬂu@%ﬂU’N]QUiSﬂQﬂIUﬂ'ﬁIGUQWU LWUNNIIUAUAINNTZUIUNNT

dumszvinefiwesiuuiisiusviswuuilonay nanduailazilunedwesnegluguvetouniai

(%
v = LY
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[* : radical
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a 3 = v a s 1 1 a B ] | a ¢
wedwesindeuid1ly (Entry) Mveshngadneudhlunglunasiinnsidendeameldnadiues
funeuawesiegneluluwad lneveavsusiuesasyininiiluunasdneusuaiuas (Monomer
supply) YUIAYBIBUNIANDFLUBILINTVUIUNINNYANBUBKIDITILNUA NALNNITNABLUNIALEAIA

A9 2.4 gavngagleeunianediesniiauaiesauieinlansanuseisiindouag e

i eynanediesilaazdvuindnniinalnnisiineuniauuuenius

(28)



J’
Monomer droplet = M I

M M ://: micelle %
M “w M
N
M L‘(‘ Moo —> '
M I |
/g ;\\L‘ A
M

IMMM® Precursor particle
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I

Propagation in aqueous phase

I’ : radical
M : monomer
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Monomer droplets Polymer particles

I" : radical
M : monomer
~ : stabilizer
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lvisianuadssnianesiulauning (Thermodynamically stable) g4 t18931N@15AALTIFIRT
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° Ll 3 .
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B I 4 M M : monomer
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Monomer droplets
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2.4.1 wALANTIVUEITNINILAN
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wiallangdnladiun (Fluidized bed coating) Nswwiu (Spray cooling/chilling) wagn1353zives
viazane (Solvent evaporation) LUuAu
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inlet an flow inlet air flow

E @ GO

inlet air flow
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NswSEUEALUUNGUINAIA (Phase inversion emulsification)[51-53] Tun1sww3eunenansdumse
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+ Solvent
'/ Homogenizer

Qil Phase — >
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Solvent
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i7 (Interfacial polymerization) kagn1sdaasigviuaueiuestasldnalnniswenignianielu
(Internal phase separation)
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unuautuneuewes uazdisuUARTe1 Bundt Ynn1Adund (Organic phase) 9ty ¥ilvidu
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maifureamediesiuansidosnsiudes q anasauferruenings wedwesaylianunsa
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2.5 meduderadnvasoynmansdwesiifingaamasudueuluiondiin
asnqueeineduiuesludon daeglulszinnansanusedsdafiduszquan (Cationic
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A (Surface active agent) wlaaanillassadnuaiifiusenousie 2 d1undn Ao Yanedrands
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yilsntiiinisaauaumadn-oongapdslu 18 1964 Armstrong wag Proelich[61] nudianssnide
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Gram-positive bacterial cell
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awd 2.12 nalnnsiiaiusglaaurivesuuleiluunedwesiuiiuse CH vasdagsessulunis
i uTldy P(QA-BP)(85]

nswssunedwesuaugaiuiasiuauieuiisuwsonlussuunszaeidunduingna

oA 19 ' | a a ¢ 1
aoidedlagldnszuiunisnig % LU NITAITUNDALNDILAUYANULENIZLANLAU[1S, 86] Lavodnny

[
= =

WANIAUL27] FENTEUILNTELATIZILUULIILARY NeAmDTTliInMsduaTzsiuuuiaziiua
Tusgsululasunsuazinnanszaredvesmuineyniaiiniie daunsdanseiuuuiassiadu

nswssLLAlgaveInedalasuineanazAnAu[87] uasmIduaTzrinaduiaumniasianviulo
Aual8s] deinalnimilounisduanssituuuyiuasy udazldvuinvesmedmefuauyalusesu
wiluansdaaeyinlildtuiiaafian fdulunuidedainsnioumedufiawnaiiaaunly

v

wavgarusdmesy 27 menszuiunmsduasisiwuuddddady lnsldarslendreaelgunain
P(QAC,,-BP)-b-PMMA-I tJuan5anus 9@ 9in (MNU52UINT09 QA) wazdunsinea (lolofu ush
Aoa fivarganele) uazdedutidlunsdudegadn @1nUszquantes QA) uay finduues BP 7
ansnthluindevasuuinlflaenssigumgiivestnsunannsldansiuden dsaainaglsunly
wegavanentid fiansnsamuauenmgldfudidanmnsadutoadldened vssansanly

YULLAYINUAIY
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FANUUIIUIVY
3.1 ansadiuazaunsal
3.1.1 a@15Lpil
A9t 3.1 answadiildluauide
ds1adl LA B
1. wammasan (Methyl Purify 99% Sigma-Aldrich

methacrylate; MMA)
Ialflaluudy (Divinylbenzene;
DVB)

sUwesy 27 (Rubitherm 27; RT27)

wladaleledanilslulnia
(Azobisisobutyronitrile; AIBN)
wulsdalasoanlen

(Benzoyl peroxide; BPO)
winsziadalasiuiiaweuluioalus
lug
(Tetradecyltrimethylammonium
bromide; T-TTAB)

uialulnsiau (Nitrogen gas; N,)

Tolelanesu (lodoform; CHI5)

Technical, 80%

Commercial grade

Pure Chemicals

Analytical reagent,72-

7%

Purify 98%

Purify 99.99%

Purify 99%

Sigma-Aldrich

Rubitherm phase

change material

Wako

Merck

Sigma-Aldrich

Praxair

Sigma-Aldrich




A15199 3.1 @S AiNEluauide (o)

AUEIGEY LNSA

ay
g%

9. 1-luslulawmAiau (1-bromododecane;  Purify 98%
BDC)
10. 2-(laluiiaezdilu) wila wWniAsian Purify 98%

(2-(Methylamino)ethyl methacrylate;

DMAEMA)
11. wulwluu (Benzophenone; BP) Purify 99.9%
12. 9@ Inlulnsd (Acetonitrile) Purify 99.7%
13. 2, 2’-a¥lw0a (lelwlaia ovdinw) 1n Pure Chemicals

lalnsmaslsn(2, 2’-azobis(isobutyl

amidine) dihydrochloride; AIBA)
14. lalasm3luu (Hydroquinone) Purify 99.5%
15. Auneisuu Aaslsnasy Purify 99.80%

(Deuterium chloroform; CDCls)

16. lalefiadives (Diethyl ether) Purify 97.5%
17. venuea (Ethanol) Purify 99.9%
18. 1, d-lneoniu (1,4-Dioxane) Purify 99.8%

19. LﬂﬁaWQaaLiﬁ%u Ialgipea (Fluorescein  research and
disodium salt) development

20. @a wonliloy paslsn (Cetyl Purify 99%
trimethyl ammonium chloride)

21. paslsesu (chloroform) Purify 99.8%

Sigma-Aldrich

Sigma-Aldrich

Sigma-Aldrich RCl
Labscan

Wako

Sigma-Aldrich
Cambridge
Isotope

RCl Labscan
RCl Labscan
RCl Labscan

Alfa Aesar

Sigma-Aldrich

RCI Labscan
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3.1.2 ip3esilauazaunsal

M13197 3.2 LAsesilowazaunsalildlumuidy

o A ¢
LAIDIUBLAZRUNT

K%
g1o

1. 1A589TMATYN 4 FLUU
(Analytical Balance)
2. Lﬂ%ﬁmmm@ymﬂ

(Particle size analyzer)

SI-234

Delsa™ Nano C

3. Lﬂ%%%ﬂﬁﬁ@ﬂ (Ultrasonicator) VCX 130 PB

4. w3ssnmumimdnuuuldanuion C-MAG HS7
(Hot plate stirrer)

5. LAT0INALANT (Vortex mixer) VORTEX GENIE 2

6. ﬁauqﬁyzmmﬁ (Vacuum oven) DZF-6051

7. wsesdrlosuduaaunuiuaassives  DSCA000
(Differential scanning calorimeter; DSC)

8. nseuveslunsiwsnezuilawes TGAA000
(Thermogravimetric analysis; TGA)

9. ﬁ@uau%@u (Hot air oven) UNB 400

10. \3esgi3esmsudvesy Sunlsusaaa  NICOLET iS5

nslnwlodimas (FT-IR spectro

photometer)

DENVER INSTRUMENT

Beckman Coulter

Vibra-cell

IKA

Scientific Industries

DZF

Perkin Elmer

Perkin Elmer

Memmert

Thermo
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M13197 3.2 LAsesilowazaunsalildlumuidey (de)

\n3silauazgunsnl U ivio

11. wsesiundesuunuinslouuudainlng INM-ECZR JEOL
1,3 (Nuclear magnetic resonance
spectrometer)

12. Nd939anssAUBIaNATOULUUEB Y JEM-1400 Flash JEOL
(Transmission electron microscope; TEM)

13, in3eag-390a anlnsliledines UV-1601 SHIMADZU
(UV-visible spectrophotometer)

14. wdanenaisd Wiladidnaseu awnlns Kratos AXIS Ultra
;a5 (X-ray photoelectron
spectrometer)

15. wSenvamesiiedulasuilnnsm Waters 2414 Waters

(Gel permeation chromatograph)
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3.2 YUABUNITABUUUIY

lumswSeunediwesiuiawmiasiaauluwaugarugdnesy 27 mMenseuiunsdunsen

Y

wuUTtBTatu wuseanidu 4 Tunausail

a

[ wissutausasmaweaiuns wenlullen Tiivydama 12 vl (QAC,,) ]

Wignanslendeanslgunna Ingn1sELATIZRLUUANTAaTae Aenatnlandle

aelalolafy

-

Anwian1iemvunzadluniswseuunluwaugausinesy 27 A38nseUIUNTg

O

AuAs1EUUNdN Aty

¥

unluwadgannseuldlunfouasuuiilaglildanuseuguararsionlunisudn

FULUURIUTUANINAIUTOULAE AU DIATN

3.3 NNTNAADY

a

3.3.1 MsinseunauaaiAtamasunsuasluenliilingdana 12 i (QAC,,)
nsusuusiseuaaimawmaiuswonludeulviivydasa 12 vl lagld (2-la
Wiaeydly) wila wniasian (2-Dimethylamino) ethyl methacrylate; DMAEMA) 1Juslouaiuas
Sudu wauiu 1- Tuslulameaau (1-Bromododecane: BDC) lusnsidiulua 1: 1 ldlumniuna
Wuesdnlulngd/ raslswesu (8ns1diu 2: 1 lngUsuiag) lnedanududurssuousiues
Usganad 25%w/v (@aunauanidisnsned 3.1) Iasnegnensdalauudwilliiduayane Tog

nstitugaaduiunsduialulasaudssana 5 seu (seugavnenield uialulnsiaw) 31ntu
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wirinaslugaiugalay vinsduasizvinoumngil 40 ssmiwaidua dns1n1sdu 500 seuse
Wil Wunan 24 Falus ndsentu vihansliusavslaenisanasnaumelaeiiadves gavinaazle
MEnauves QAC, neutluiigadiendnuwallassasiamaniiniomaia FTIR waz 'H-NMR oy

UAAS814azTUABUNITHTEY QAC,, WARIAININT 3.1 kag 3.2 ANUAIFU

H,C CH, HZCI CH,
I P 40°C, 24 h o o

+ CHA(CH ), CH; ™ g,

0O O _— >
1-bromododecane; BDC H
N + Br

N
PN |
CioHas

2 Dimethylarnino)ethyl methacrylate; DMAEMA Quaternary ammonium

with 12 alkyl; QAC,,

M 3.1 YAt msweseuneuaiuesaawmasun’ wouluilley idvydafa 12 niie (QAC,y)

BDC
DMAEMA
Acetonitrile
Chloroform

BDC; 1-bromododecane
DMAEMA,; 2-(Dimethylamino)ethyl methacrylate 500 rpm, 40 °C, 24 hr

a

AN 3.2 LNUAINNSISENLBUBILBIAawmasUISLe ey Thindeana 12 iU (QAC,,)

Y
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] Y} ) H @ Ny v a s s ~
M99 3.3 amﬁm‘lﬂmaLLaSmMuﬂ‘UEJ\‘}mSLmeGU IUﬂqﬁLmsﬁﬂJN@u@LmaiﬂﬁaL‘V]@iu’]su@ﬂﬂllL‘NEJlI

Iiivydada 12 e (QAC,,)

d19103 e Usua

BDC g (mmol) 4.99 (20.00)
DMAEMA g (mmol) 3.15 (20.00)
Acetonitrile ml 16.20
Chloroform ml 8.20

3.3.2 nsaseudanslendredreldunnialagn1sawasizinuvansazangflenaln
londieaneldlelofu

avanvuausluesMBMasUISwaNlUTuN 8afa 12 wu1e (QAC,) waviuuloWluy

(8P) Aulelelanesy ludvhavarenaueniueauaylneonwuldiduilowersy wildvndunay

Unsnegnensddlaw wasviliiluguanalasnslddugeaduivnsidufalulasauussunm 5

'
=

9V NUY LIVINaItUB19UTUTA AU aurAll 70 a9 LYaLTed A289R5IN1SU U 500 SBUAD

9 Y

'
a v a aaa

Wil Weanawuly 15 uil @adasisuudisen 2,27-egleta (lelwdafia axdlifu) lalalasnaslsn
(AIBA) (aza8mie1in) adly vinisdaaszsiidunan 8 $alud 310t AnuauswesiuialuniAsian
atll wagvinnisdaumsizvaslddn 24 97lus InevinnsdamsizviansiendneanslaunnIanensiaiu
289 QAC;, 79 BP slan157199 3.2 azlaaislendreanalgunnia P(QAC,,-BP)-b-PMMA-I (aseasng

) a & ° a ¢ = ¢ a I
LAAIAIAINT 3.3 ) 31NTUNINITILATIEW LA 891 % N15LUA suuauatuesidunadues
(%Conversion) yinlusanslagnisanaznaumiglaefiadmes waztlufigadiendnuailasaasia

mapdsemedia FTIR waz 'H-NMR S9tuneunsdaansiznt PQAC,,-BP)»-b-PMMA-| uanssian il 3.4
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O O
I
Br - CH,
OH
CppHys o

2NN 3.3 TAs9a31a P(QAC,,-BP)-b-PMMA-I Ailgainnsdaiasigriuuasazagmanabniendne

Ly &

500 rpm, 70 °C, 8 h 500 rpm, 70 °C, 24 h

aelglalafy

QAC,,
BP
CHI,
EtOH
Dioxane

Vacuum/N,

15 min

AN 3.4 TUNBUNITHUATIZN P(QAC,,-BP)-6-PMMA-I A 18n052UIUNITAITEIATIZHALUY

arsavane leeldnalnlendeanslelolanu
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A1519% 3.4 9M51873UluaLATUINT NURIENSLANT bY TUNNSIAS suANSleng g @ launnn
P(QAClz-BP)'b'PMMA'l

d134Adl e Usuna
QAC | g (mmol) 11.42 (17.5)
BP g (mmol) 0.56 (4.40)
MMA g (mmol) 0.37 (0.41)
AIBA g (mmol) 0.12(0.88)
CHI, g (mmol) 0.14 (0.73)
FtOH g 22.50
Dioxane g 2.50

& =]

3.3.3 msAnwanzimunzaslunisnssuunlusadgaiugimedu 27 daenszuiums

duAsIzvikuuiudNaty

nsiwSeunadiuesuilukayya Yuimetu 27 MenseuIunsauATIETLUUNT

Y

a

datu Wneldnalnlondreaeldlelonu waznalneyyadasshuuniy I5eazidunfanini 3.5

'
Y a aaa

Tngyin1snaluiauniasianuausiues fisisuufnsenvuledaaseanled (a1 ldnalnlagly
nalnlendreanslelelefuazdoudu lelelanesn) avarsuiloderfuudinnauiuzdvesu
27 Wuduansdunid ntu wadluansazaneidansanussfialiaazaigey vinisniunauduna
10 Wil wielansiduiiiafieniu wazviinistunssuneslagldieiosdansilelia (Ultrasonicator)
d' a [ = Ya v v s b £ 2/

Nuoundyn 40% 1Uunan 15 wil wzlasiaduvementauses nndunasluviniunaunsay

Y

Aulamegnens@dlau wagyihidugyainialaenisiitugaduivnmsiduialulasiaudssanu

5 59U 9N wivinadlugrnniugalaungumnil 80 asrnwaidea fagdnsin1slu 500 seuse

Wit Wuan 3 9l wasdsuaamaiiilu 90 esmwaea WWuian 5 ¥ilus agldunluwaugay
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sUmesu 27 lnglulesursldansanusafisinuuuaaiy Ao winsendalaswuiaweuluifeulus

Tud Faduasanussfsiaviauszguan uasfinudadesing o dall

l>

Stir 10 min . Tk polymerization
. . >
il 80°C,3h
— 90°C.5h

Oil phase: MMA+ BPO + RT27+(CHl5)
Water phase: Water + T-TAB (@)

Qil in Water

£ % a [

A 3.5 LHuAnseIEamedaies wiluaugaruzivesy 27 MensyuiumMIduATIERLUY

9 Y

SIGIGE
3.3.3.1 Usunauaauda (% Solid content)
vi’nmaﬁﬂmmim%auwaﬁL@Jai‘uﬂmmﬂsgaﬁﬂ%mmﬁumLlfﬁq 5 uay 10%
Wevnannsfivnzauiianansandeudiatuiiaiosmisneaass lududtudutou feaazly
miwﬁ 3.3
3.3.3.2 wilnvesia3iENUFRen
Iu%umauﬁazﬁwmﬁﬁﬂm%ﬁmaaﬁﬁLémuﬁﬁéawﬁmmzau 2 wile Ao LU
Twdaleseanles waz wladaleledrilslulvsa sanmzlunissi 3.4 fanusaduasizined

=

Wwesniaswusnisiwasulausweasidunadiwuas (%Conversion) NG

9
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% a s

A151991 3.5 UsnamesudanldlunmswIsunedwfiawmesianunlunayaiuidinesy 27 de

9 Y

Y a

nszvIuNsdnATIiwuuiiataty Insldnalnoyyadassuuunaay

USUNUVD IS (%)

dsiadl

5% 10 %
MMA (g) 0.63 1.25
RT27 (g) 0.63 1.25
BPO (g) 0.05 0.10
T-TAB (g) 0.23 0.23
Water (g) 22.50 22.50

A157199 3.6 an1azlunsnssuaynIAUIlUNEAWTAIUNIASIAN AIENTEUIUNITALATIERUUTT

dfadumenalneyyadassuuunudy Inglddmsisuugiseuineg

d1stadl

BPO AIBN
MMA (9) 0.63 0.63
BPO (9) 0.05 -
AIBN (g) - 0.05
T-TAB (9) 0.23 0.23
Water (g) 22.50 22.50
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3.3.3.3 mawsenwilusalgariuinesy 27 neldaslendrvaneldunaiaduans

ANULIIAIRD
TutupeutiazdAnwiniamisuuluwalgalasldaslongrganeldunnini

s

° Y a S0 o P 3 = a Y  a a & s
quﬂqimﬂﬁ]zmﬂublﬁUi?leﬁ UVUABUN 3.3.2 LUUAITAALITIAINN I%Lll‘ﬂal,iﬁ/]']ﬂﬁl,amLUU&J@TA@LN@?

lagvinsAnwdnsidiuteusiueiresiinesy 27 Na1usnsidiu Ae 40: 60 50: 50 60: 40 uay

€ A 1

70: 30 Aean1zlunsan 3.6 wielvlauadganinsiuauysel dannuiouunsas Uszansam

=

nIvievNgs uagdiusuun1susTy (%Loading) JUwmesu 27 guiign

q

a a a s v a s v o ¢ aa
M990 3.7 ﬂ’]iL@if‘JﬂJW@aLNaiquULLﬂU"QaWNEUL'V]@ill 27 AYATLUIUNITAIATIC WL UUUUY

dlatundnsdudng 9 vesweuawesieslimesy 27

Monomer: RT27 (Y%ow/w)

GREIGH

40: 60 50: 50 60: 40 70: 30
MMA () 0.50 0.63 0.75 0.88
RT27 () 0.75 0.63 0.50 0.38
AIBN (9 0.04 0.05 0.06 0.07
P(QAC,,-BP)-b-PMMA-| (g) 0.23 0.23 0.23 0.23
Water () 22.50 22.50 22.50 22.50
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3.3.4 MsnagauaNURLazanYMzlaNIzYaINaAmeTLATRRBT U lULAUYA
3.3.4.1 Msfinwlassasimaaiivemediues
1) wadlavlgises nsuanesy urlsuse awnlnsalad
thedweiihliuigniuduasdiatuvemedwoiuluwaugaiioy
Tidunausta udniluasaialagvinsmuaunisganduuasiiannmenadusig 9 luganud
400-4,000 cm’*
2) wedlatuadesuuniudn slaiuudadninsalay
Ueg1anediueikaznediuesurlunalyautazarsluduneiey
panlys seAwnasunaslinesy Mifieg1elinudutulssann 0.1 Tuas Wildussqlu
MABARAIVUIA 17.5 3. x 5 uil. kavdasigannatadin tnglvllseauniuasesiiegislunasn
Uszanal 4 g3, udwhmseseilasads uenani agvnsinsedminlnanavemediues
Mnaansy H-NMR TagazAulIumnIA1e9rInIsaaasIzinediues (Degree of polymerization;
DP) 9 nauduiusszvinsiiuiildfiauarduiulusnonvesdniinau DP uagling1u DP ns

ATUILEAIAIENNITA 3.1 uag 3.2

DPX= IX>< DPyx NH’y ..... 31

H,x

| xN
y
Mn: (DPXXMO) o2l \ @V Al 3.2

Tael I, az Ny, Ao funldnsiriazdnunulisnou suaiau ved x (L
357U DP); I, uag Ny, fie Wuilansinuwazdnuiulusnau mua1su 989 y (51U DP); DP, uae DP,
Aa AUEIEElEY0d X WAy y ANEIAY; My Ao Wintinluanaves 1 aneld was M, An Uamtin
LLaNaTINVeE 5NN DP

3.3.4.2 myywesifuinueuaweasivdeuluiduneduwes (%Conversion)
(% Qy (% '3 a I3 o & 1
MNAUgANITFuATIEInedeTulukadya avthlunivesidudinis
wWasuludunedwesmenisdaimin (Gravimetry) nadunndsdatuvamedimesuiluuauya

Uszana 1.5 nfu (Guiindmidnfiwduen) udnilveuiigumnl 80 ssriwaidua lilosewmetuay
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usuaaINwaeey ntueenutudiduiinimdnudteularauseaulIninasi aaniei

UN9IN AU ULALVAIDULIAN U USINIUBIne R asTunnTulaelgaunis 3.3 sall
%Conversion = [(A-By/C]x100 .. 3.3

o A fio dmiinfdesnnniseu

B e twiin (RT 27 + Initiator + Surfactant)

C fio dmiinueueiues

3.3.4.3 NsAnwanvazgUsardugingvemeiuesuiluuauga
thwodesuluuatgainieuldludnususaasdnuasmdugu

Ingdendenanssmididnasounu udowiiu lnsmsuatyadiegiannszatedaluthnann
loseu (DI water) tiluiegfisnauidesauiigs (Sonication) Uszanas 15 wnit 91niu veaunly
uAUgainsEaef AL asuuLiuTesTURI9E13 (Grid) waraesliui ety thluTieseside
\A30s TEM Aifdsenefivsnzay

3.3.4.4 MmsfAnwunawaranuuuszaniemediuesuluuauya

' 2
a =

N13IATUINDUNIAVBINDFLUBSTANTUAIT0TATIERAEImMATIANTIn
N13NsELIaINaAnwIvUIneUNIARAElAgTIUIULAZVUINBUNIARAElABUSUIAS (Number-
and volume-average diameters; d, 4ag d, auaiau) druaraudulszqiig gninnaY
wAlA Zeta potential

3.3.4.5 msAnwanTAinauseuvassivesy 27
lums@nwigamgiinisiasuaniug wazAmanuioulunisildeuaniug
a s a o a P a a a aa 5 P
voe3Uimesy 27 Ngnviaunsadinsisilalagldinsedinimesudea aunuis uraesiines lagly
1 a = % @ = =
an1e Yaeaumniilunisnaaey -10 -50 ssrgaldya 8nsuSlun1saunu 10 sargaLdea/nd
melaussernanialulasiau

AsARIMNRIAIAINSauluNITaRuLRal (Heat of melting; AH,,) Lag

N15AAKEN (Heat of crystallization; AH,) vesgUinesu 27 lunediwesuluualyaldaunis 3.4

[

&
PNU
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A=®BCx100 L 3.4

o A fio A1 AH,, 38 AH, vasglmesu 27 Tumiiegase 1 niuvesglmesy 27 luuatya (/e-RT27)
B A0 AN AH,, 30 AH, veaglnesy 27 luniiggase 1 nSuvesalyafiageningienIes
Aalsudaaunuiluaaestiwes (J/e-Aaoeng) Lay

¢ @

C fig Wesiudslmesu 27 Tunedweiualganinsiginssaneslunsiiuvsnezwilawes

nsAnwgaugilunisaanedivessinesu 27 wazesrusenauramed
s 1% < a a ¢ 9 v o &
weswaga meseameslunsluvsneswilawes ldan1izdwioluil

- UUATIUNINAGEDU 30 - 500 DA LYaLTYE

9 Y

1Y

2 = = v &
- Bmi']Li’ﬂuﬂ’ﬁﬁLLﬂ‘u 10 DIANYRLYYEA/UN ﬂ?EJIﬁ]‘UiﬁEJ’]ﬂ?ﬂLLﬂﬁl‘NIGﬁL"D‘U

USuunisussygimesy 27 Tukadganilaain TGA masluunsy
AU AIALUBSIEUANITUIIY (% Loading) manguvesslmesu 27 aelunefiuesuily

walgalagldauns 3.5 sail
Wesidudinisussasdinesu 27 Taeuwtin = [A/ (A + B (% Conversion)/ 100)] x100 ....3.5
\ie A war B fp Uniinvesgliviedy 27 uaruaualles 31NaN1IZNITNARBY MUY

diuUszdnSamnisvy (Encapsulation efficiency) 0imasu 27 awnsa
AuIlaNaunT 3.6
UsgAniammavid (%) = (A/B)x 100 . 3.6
o A Al Weosldudn1sussygimesu 27 luuaugadilanin TGA wesluwnsy

B Ao Weosdudn1sussgimesu 27 luuaugadilaninnisAuinmiavgud
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3.3.4.6 MafnyIMudogatinvemediue fuluwaugauud
deiflilunmameaeunisiudegaindwiinuvemediwesuluuadya &
2 wiln loun auanillanenda dinasiaa (Staphylococcus epidermidis; S. epidermidis) wa 1A
SuuAmise ﬁgjmﬁfﬁ/ wuAise (Corynebacterium glutamicum bacteria; C. glutamigum)

Y

lngazviniseseudnie (Cotton) Tiduisnaufifidurugudnaisuun 48 fadiuns wazidni
Ielundoume 5 wWoesiudnediwasuiluwalga uavn3eud1fewar (@aruay) anuuii
e’Jj 1 dy Y = [ sél o a 3 a a 1 dy

wanualug g elunieidsarnuauleun (Autoclave) n1siiasigviusz@ns nnlunisenite
wuATTsvuRIdelagaznI BT e S. epidermidis kag C. glutamium NAMILTUTULTUAY 1-
2x10° CFU/ml azanewdonuafisoudazailnluansazate 0.85 Wesdudluifeunanlsa dunauwsn

xR T9aUANUTLAU93S TneTln 0.85 Weswudlatfsunaslsa 1 JadansasuubnAfauun

Tuwadgalvinszatenidi Juneunaes Uiawe 1 Tadansasuudifiadevunlukaugauassiiua

1 ]

Toinszaneviaiin Unilgaumgfl 37 ssmimaliva a1y 18 92l iianduneuiiniazansunld
Tuwasnniefidunissnde Wuaisavate 0.85 Wesdudlniounaslss 100 faddns wavvin
nsiEe91eUsEINa 10-1000 W vdniusriluindeuuemnsideade (Nutrient aga; NA) Ul
gaumndl 37 esrwadoa 1unan 20-48 Falus uazudurulaladl lasAuiasmdiulelail
(CFU) warForarsnnulaladvasuuaiiSefianas (R) feaun1sil 3.7 wae 3.8

2
N - T ZB)/a:) A 3.7

[(1><n1) + (O.1><n2)]

a

W N = uulalatinensy vsonelaaansuadsiagig

b %

>C = naanvasdnulalaivimuantuliannnnaumizie

1 '
=) = %

Ny = JNUIUUNZRNIUILNTULALAT NISEAUNISLIDNIA
° & 4o ) P Y] a Y]
n, = PUIUWIIEINUTUlAlaT Aszaunisideateialy

d = S¥AUNITHIBINLINVBINTSHUTIWIULALAY
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R = NO - ng ..... 38

No

= &y ° = A a A
Ll R AD i@ﬁagﬂ']U'nﬂﬂIausU@QLLUﬂVlLiEJ‘V]aﬂEN
A oA

A o = ) 1Y 2 a =~
N;g Ao S1uiulalativesuuanisentuandiafeuuniluialgaiuuiigumgil 37 sswraidea
\uiian 18 Falus
A o =~ ) o a = o - ) ¢
Ny A Fruulalativeawuaiisentuandiafovuiluualgagadlnanduladeaviniugued
3.3.4.7 MIANYINTARUKAULUUMIENDTIDTUlULAUYS
- v a 13 1% & b o = =
dielanediwesunluwaugauan luduneugavngagyinnsfinenisiaieu

Anihedmsuwseudndusuumenedwesutluwayariuiagiuanuseuiivieuls lneddunen

LDQ
be

(1) dfdreruinndag 5 wuiuns 810 5 wuRwns feuliuietounis
LAADULA? ajuaﬂuuﬂuLmﬂsgaéﬂa%’uﬁLm%mlé’ﬁﬁmmsﬂ’wﬁu 1,3, 5 waz 7.5 wosidudlag
thwiin waglignnasnaruasuurillim

(2) ﬁﬂlﬂiﬁLLm@ﬁﬁﬂé’qLLm 10 $96 uaz 20 Sas (Fiauenindy 365 W1
Tuins) fitaan 30 60 90 waz120 wid lngaswnarlumuizay WelhAniusslaaust Wuns

Wuprnuesmulumsgafniui FwelarnwdeumenguiluwalgaruiusslanaunaanIng 3.6

+
G o
D AR [ = )
o R g
A Polymer - C n
"\/"/Nano capsule " Polymer

. Nano capsul

¢ R
J\J ‘.SH /\+ -\-\7
AN 5o 8 T -y

< S + +
S ¥y % =
3 + - § 4
C-Hg L_]er{ ~ o ’\j\ﬂL’(’HﬂJ
Polymer - + o
~ ._~" Nano capsule
~/ /1 Nano capsule % N T
C-H J\J\r S 5\"\'\+ CJJ J o i B
a0 0 1 P S < L
S & +

M 3.6 NsindeunediuesuilunaUgaUURNAULUY
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gj o = wa vV % & & ¢ @ 6 & a
PNUUINSANIAUTRVDIHN A UAFOU AD LUBSIURNSPRBURR (%Add
on) MEMATANISTIUNALN
Wosiudnisasuin = [(A-BY/AIX1I00 3.9

= = S o v Y] a Y
o A fie Umiindvaundeuseuluuauya (g)

B Al WwmilniAeulAdou (g)

(3) NPABUAILAMUADNNTINA19818TE AATCC [89] Tneiidumau Ao 1
ﬁwﬁsimﬂfﬁmﬁauéfwuﬂmmﬂsgaLwiazamazmimﬁau WvhnsEneeasesdnduuudiuy (ag
szifugmadlUlrihmin g suanunUssuna 2 Alansy) wagldnsdnendssana 66 ndu Tay
Bennsinuuuund (Normal mode) viinnsdn 5 afs Tnsusaraniirlunisindeuazyiinisnaaes

ERL! ﬁm’gmmLU@%L‘%uﬁmmﬁamawﬂmmﬂﬁawﬁﬁ AIAUNIT
Wosidusaunas = [(C-D) C]x100 . 3.10

Wie C Ais Uwidnuiluiadganiadeuinuurneudn (g)

D fie Wwitinuiluuadyaiadeuinuuinaedn (g)

3.3.4.8 M3MIUTUI QAC,
(1) nMsfinwmUSuna QAC,, vupuManedluesuIluLAUYs
ﬁﬁmiﬁﬂmﬁw%umuazamm‘w%meﬁsuaq QAC,, ﬁagjuuﬁmaqwaé
mas‘mimmﬂﬁaﬁw P(QAC,,-BP)-b-PMMA- 1l ua@15anus9i9ii7 srowmadatenestsdlule
Sianmseuauninsalal (X-ray Photoelectron spectroscopy, XPS) 4u1a 3 x 10° Torr Uaoe
#&931U 10 mA, Anode HT 15 kV oglusumisiiya 180° Inedunaunisniouarsdiagevild
il thdadunodmeuiluwatya (5 Wosiduflasdnin) snssmeliuidlnenseuiiguyd 120
psmngaiiea i elildwodmedunslasusimininsfu (g0wesu 27) aandu dilveulug

gouanianauin lUAAeisagaIes XPS
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(2) MsfinwmnUTuna QAC,, vuindaumesuIluLAUYs

AnwimuTuna QAC, vunfwisudisunluwaugaily P(QAC,,-BP)-

a aa a

b-PMMA-| LT uansanuseiieia Taeldinadayd 380a awnlnsalad laedunouusniinisnioy
asazansmspIuiioaiansmiinasgu Tnendsuansazaiengeeisadu Arnadudu 0.5-6.0
fadniudedng favanelueiialasudia wouluden aaslss (0.25 Wedidulaenin) wasin
ansazanewenmatlmed pH 8.0 Aandudu 0.1 Tuasednsadly (10 Wesduslnathmindtaue)
fupousoluaziouinitndeuseuluuaugaruin 2.5x2.5 wufuns Mnduiluurludnnesd

flansgeasaduarududy 1 wWesiwudlaeumdnidunal 10 wiil ielidnfiwisusigunly

) U

wauganadulgeaisatuy iinngadungeeaisaduunaieniedindy 20 Hadans Jwdunan 10

U

Wl Wiendangeesaduilignaaduesn drkniilautuadlu 0.25 wWesdusdlasuininues
ansavangluiialaswiia wouluiey raslsd 50 addns WWuaan 10 w9l wazaavineazyiinig

Wuansazanenenatiwines pH 8.0 Aadudu 0.1 luadedns asld (10 Wesidudlaedwiln

'
a =

Nanun) waziluineeniesyd 38da NA1Ne1AEY 501 WlAT kaguSun QAC,UURN

Y

Q’]ﬂﬂllﬂ’]iﬂi’]ﬂlﬂﬁ]ﬁi?‘u
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NAN153LaLdAUSIUNE

4.1 MswIeuNaualasAlawasunswanluleulvitivgdana 12 wide (QAC,,)
Tunuddellavinnismssuusuaiies QAC,, Wneld 2-(lawufiaasiilu) wila wniAsian ¥
Ufnsendu 1luslulawmaa Tudasidiulua 1: 1 wudnansazaleususiies QAC,, ssildnuusla

[

LA Fan i 4.1 (a) wagnasaniinliuianslasnisanasneuluaisazatlaefia 8wmes wuin

—

QAC,, idnwagiduvaavamila Talilld fannid 4.1 (b) TnensmseumeiSiaclananansovay

Y84 QAC, WNAU 92.6

2N 4.1 @15azatenausies QAC, (@) neu way (b) ad anpznauluasavaulaeiia dwes

= o s Ql' a = s v o = (%
LHDUINBUBLUBT QAC, Wﬂmzﬂaﬂumiazmﬂlmama LNDILAT UININIANYIANWIUY

lassasmaall memalangisesnsiuanasy dunsisa lugierud 400-4,000 cm™ wudn 4

& v

nafilandudid

[ |

ueine  luneusied QAC,, (Mw#l 4.20) aenadasiuluasiwiu fe 2-(lawfiaey
flu) tofia wmesian (1wl 4.2b) uay 1-luslulamaay (e 4.2a) leun fdaepanud 2,854-
2,923 et Wunsduresitusy CH, waz CH, innud 1,720 e W@unisduvesiuse C=0 1
Aud 1,660 et WBunsduresiiuse C=C finud 1,300 e W@unsduresiuse CN wazdl

AUD 1,165 et Wunnsduvesiusy C-O



H,C CHs H,C CHs
o] (0]
0 0
CHa(CH)o(CH) ™ ar
Br-
N ch—ril—CHg
H30/ \CH3 CiaHos
(a (b) (@)
c=C
1640 cm™™ C-N
(c)
cH
2854-2923 cm-! C=0 C-H
= 1720 cm' 1450 cm-’
= |(b) 1165 cm’
8 Vv
&
=
£
2
©
|_
(a)— — ———
(‘ﬂ
|
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm™)

A 4.2 FTIR awdnasuves () 1-Tuslalamaay (b) 2-(laafiaesdly) tefia wmasasn wag ()

UaUBlIes QAC,,
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dedmseilassadromaadl Memeadaduadesuunuin slewuudaninsalal wana
Al 4.3 Wué’igigmiﬂimauﬁgwmﬁaEﬂu‘[maa%’wuaﬂ QAC,, Farelul 6.14 (1H, H.), 5.68 (1H,
Hp), 1.96 (3H, HJ), 4.67 (2H, Hy), 4.12 (2H, Ho), 3.49 (6H, Hy), 3.55 (2H, H,), 1.76 (3H, Hy),
1.26-1.34 (18H, Hy), 0.89 (3H, H) Fanuififielusnouvesasle -dodecyl (-CpoHys) Usingeglu
NMR aUnedu Tnenufisunds 3.55 (Hp), 1.76 (Hy), 1.26-1.34 (H) uag 0.89 (H) ppm Faflany
genndestunudsoneuntnil[73) dufy annamsAnudnvarlasaiimaaiivomousiues

QACy, frewmatla FTIR uaz 'H-NMR F3auladn anunsamssuuauawmes QAC,, i

X: (c)
O
O
o)
(f)
(d)
(e)
(f) H3C+—i|\I—TCH3 (f)
2 (©)
R A j ()
R=CH,-CH,(CH,)sCHs
b .
crcna (T(l) (d) (e)(9) (h)(')
y SN2 J{ E

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0

6 (ppm)

Al 4.3 'HNMR ainaduvesusuaiied QAC,,
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= | v 1 (.Y I'1 v v
4.2 Ww3gua1slendeaaldunnin laenisaansizrtuuaisazananlenalnlandne

anelalolofu

Unuausles QAC s lglunswsenaslendeaelagunnia P(QAC,,-BP)-b-PMMA- Tne
A1sduAsIzRRUUaIsazats saenabnlondrsaisldleledy Tneviin1sin3oui snsndiunes
QA BPTI 4: 1 Femuimdsduasizildansavaredindodla Weotassilesifusfiveusiues
Wasudunedwes nuhldiesifudiiueuamesiuasudunediuesiigsds 87% wedu Fudenld
dnduRenauinsreaelenedfameasian tnawmseuduvdenlanedwes wavyunly
Duansanussisialunswseuuntyasely

ovn1sneaaulaseasan1naives PQAC,,-BP)-1 wag P(QAC,,-BP)-b-PMMA-I #3e

¥ [l
=< a

wiatladuades wuniudn wleluug aininsalatnuin PQAC,,-BP)-I I dyeralusnauind
ARG 9 gal TH NMR (CDCLy) O: 0.8 (3H, H,), 7.52 (8H, Hy), 4az NH, 1.90 (2H) Fannd
4.5@) Turauedt 'H NMR ainn3uwes PQAC,,-BP)»-b-PMMA-| ﬁé’zgaunmiﬂimamﬁm%uﬁﬁwLmu'a 'H
NMR (CDCLs,) &: 0.85 (3H, H,), 7.53 (8H, Hy), 4@z 3.50 (3H, H.) fan il 4.5(b) aziiuleindifia
fuie ¢ iintuananasuusn dudusumidusneuremedufiawmadian desuanlen
aasawSeuaely P(QAC,,-BP)-6-PMMA- 1adni59 ﬁﬁmﬂfﬂimaqam?iaimﬁwmu 12,224 n53/
Tua wasiilevufurams uuniaedn (repeating unit) 31NN15NARBIMAINTHOUE BATidBY

wu3 Tdwauglavesufionusn P(QAC,,-BP)H e 33 eiin uaz udeniiaes PMMA Ao 11 gii

AR 4.4 aslongreanaladunnin P(QAC,,-BP)-b-PMMA-I MtATELAINATEUIUNITAIUATIZRLUU

a1savane aenaknlgndeaslelalaniy
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OH

HJC—HT@—CHg @

(o}

a
R=CH,-CH,(CH,)sCH, @

m NH, of |n|t|ator(AJBA (c) (a)

l!

XA | YN .
8 (ppm) b(ppm)

AT 4.5 TH NMR vesansTendreanelgumnnin; @) PQAC,,-BP)-I uag (b) PQAC,,-BP)-b-PMMA-|

APSEUIINNTTUIUNNTAIATIEARULENSAZANY arenatnlendluanalelalafy

L% =

4.3 MsAnwanzimunzanluniswssunafwesunluwadgaiuslmasy 27 dae

T U

v W

ASTUIUNITHILATIUURNDNATU

Tudesdiu lavihmsfnwanizlunsinleunedwiaumeasianuluwaugaru simesy 27
menszuunsduaTeiiuuiiisiadulasldnalneyadassuuunaiy lngldansanusadeiiouuy
Fudu fio T-TTAB Foduarsaaussisiardauszauan lunmsiadunedwesuiluualgaiuas

L % v A o ! a sa a ‘g
a1fanalnnisuenigninniely TnenisdnisesdiesvasaisleneduesNiniu (Self-assembly of
phase separated polymer) laaisududasuufisenazuandulueuyadase anluteusesae
Whudeansly Weaianiswedwelswtuauaisldiaiueifinnueingaiatsld wedi sl
mmaaavawiui’gmﬂ@w?ﬁlﬁ wiinn1skendngaiaduseninmedwesiuilinesy 27 1 lag

G’Ql =

waaLuaswummﬁzjauumfmmﬁumaiu 27 azwPdauneantuniuuen VT’]Mﬁ’lﬁLﬁULﬂﬁaﬂﬁu

Uwesu 27 L‘lJ‘lJLLﬂ‘L!i’Jﬂ’]EJI‘IJ GLUﬂ’]iﬁﬂH'm’]iLmileIW’eJaLll@iUWIULLﬁﬂ‘UaiﬂVlWﬂﬂiﬂﬂUW{]‘ﬂ%EJ 19 9

e eoJl

&
JU
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4.3.1 USunauvauds (% Solid content)

AnwniswseunedmesuiluwAuyaiusunavesds 5 uag 10% tnedsn1sdaasiz
wuuiifdtaturuinvesmeaneuLaridsdaaszintinnuatiesaivuinilnalfesiy Jeaziula
A a [ | [ ¢ Al Y (% 1 oAl
IMNUINUTBIUTS 5% TUIAYDINBANDULATNAIFUATIZATVUIATNINALABIAY WANUINT 10%
AR UFLATIERRTU IR lng Lasnddaagvlivuaanas Wesanndleiusunaeswdanniuly
wseideunldingy Iwihlildeunavualvgludunsunswiouven Weoruiasududvuinlvg
A WUARI (Total surface area) Wewa Lilsauyadaseiinduluigniaseiios enafiuediu

neaelanedwesauisnuenasldingauasiinnisusznaumieviibildeynianedwesuuin

=

Bnifedulutui lurusfiasdanslanediueivsdmedoufid U luneaueusiofuduinnis
Fuanwvinedweironelunen Sseynanedwesvunadnfiiatuinduenavirlildanaderung
aynMAndINsdaaTgianas fn1sed 4.1 uifmuiivesidudiuouswefivdsudunediues
fish FadfuazyhnisfinuuseansamuesdsGuuiasen Tnsldusunvended 5% lunsinw
foly

M9e7l 4.1 JUIALaTAINNINTEIERIYBIIUIneYMAWRAE (PDI) veswediuesululaUgaTy

sUwesy 27

Usunal
VB (v drmie d\(rew) d\mas) PDliowy  PDlmgy)
(%)
58.1 53.9 79.8 i 200
5% 0.24 0.18
(+16.1) (+14.8) (£37.3) (+£31.3)
227.5 32.2 315.2 ar7.6
10% 0.23 0.32
(+64.2) (£9.11) (+144.0) (£29.6)

3
v aa

4.3.2 ¥nvaIn3euUA3eN

TutunoutiagyinisAnwviauasddsisuufisennmuigay 2 ¥ia A BPO waz

1%

ABN Fadusasisuufnsenfnaiuisaazatslaluyidu (Oil soluble initiator) Taenua16a515u

o

UAAze s 2 wileaunsawseneynauilunedwiawmeasianlaidudiaturaguimiioudiuy ¢
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AN 4.6 Tnailasiunnueuswesivasulunedwesvosdisisuuiisen BPO fie 35% waz AIBN
Ao 79% Feaziiuladnnisld ABN fiesidudnueuswesivdeulunedwedgind e1awliesnin
AIBN figns1n1suandavasdusuufisenfinnnnin BPO Feibianunsaiiadunediueslaiioni

BPO danalvilUesidudfineusiuesivdsudunedwesiugini duiudenldddsisuuinsen

AIBN dni5unisAnuniudusaly

AW 4.6 sumaulunedwiiawmesiaavasdanseilagld BPO (a) uaz AIBN (b)

4 a 4

4.3.3 naaseuunlunadgaiusinesu 27 lagld (PQAC,,-BP)-b-PMMA-| Wuansan

9 U

W3R

%umawialﬂ%ﬁﬂmmsm%auwaﬁmai‘uﬂul,mﬂsgaimﬁ (PQAC,,-BP)-b-PMMA-! i
annznouliusanslulaefiadmes il fuasanusefedaluduiuny T-TAB Tngvhnnsnw
Sanduneusiueirioglmesu 27 7 4 Sms1d Ae 40: 60 50: 50 60: 40 waz 70: 30 WasiFus
Tagthuiin Tagldwodwiawmeasianduden anuanimaassuiniisnsdiu 40: 60 1
annsamsumediuesulunavgald ewnldgdmesy 27 Usuamn wWaenwedwesdslsl

o

anunsevioriugBinesu 27 ldognsanysal Sesdunaldaniiduiiuvesyinedu 27 assegduuu
Fanwdl 4.7a usdifledamadiuueusiuefifindu anmsoiwiounedmeuilusaugaiugDinesy 27
1§ Aadudifaduiunden fanmil 4.7b-d nedwesunlunaugaidnvundunsinasauin
Uszanas 50 ulutuns Afdennedwesugdmesu 27 Wuununely Jsdannlfogrsdmauls

9INNERIANTIAUBLANATOURU AN IUTRELSRTIEI (A7l 4.8) wallloTnvunaunluwaugaly
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anugdlatu (Emulsion state) wuindlvwiauiluuaugausyaias 85-100 wiluwms (21w 4.9)

Feluginivueilaanndesganssaididnasausuudesinu Weoswnnsinvuineunialugnius

o

Sfaduaviinnisnesilvesaslygarsanusafaiialuauvesudon P(QAC,,-BP) kU hairly
structure WANE9INNITIATIETUAD TV IUTWAT (Dry state) Tuvaeiidavesulunauyadl
Uszquan +69, +80 kar +69 mV d1w3u 50: 50, 60: 40 wag 70: 30 Auawu tneA1UsEauIniiae

W19INNGUVDY QAC,,Fr1audulszguinmaniiaunsavaventadndl P(QAC,,-BP)-b-PMMA-|

Y
1

spgAnuRluualYa wazilotnndusequings = 30 mV Jsaunsaviminiduansanusei

>e

v 1
% [ =

Aavdinuszauantaegradiusedniam vilvladdatuduuniianuaiissnisneaasedgsluyn

9

ANMNY H9NINN 4.7b-d
1on3n{ Tudruvesudan PMMA- Feilanuluvauuiuinninaznszaiedlunea

wiuizasainnsduaseideiuueuswesiegnsluneaueuawesiunalnlendeansly
lolafu villianunsodndniuanalanedwesly Feaeyilvaneld P(QAC,,-BP)-b-PMMA-I Haag#iRa

wagasgenany liiinnisvaneen Jsdiaiualiosnisneansenas lngnan1siasziiivin

14
= &

luananedweimemealinnamesietulasuinniaivayuauuigiul Fwsiulainedwes

1Y ]

wiluwayaiidunszvidulagly PQAC,,-BP)-b-PMMA- Wuansanussfaraluyndnsidudiuinin

9

luanaislagduiuinini (~49,000-75,000) kagnisnszangmvesimtinluanafiuauniinig

1% TTAB (~240,000) {JUaN5aAKIIRIAI S9N 4.10 AIANSIUININITALATITENedwasmanaln

' v
sl Y

lengreanelglolofuasyililanedwesniuiminluananiniiwasn1InIzaefIveuImLn
luanawAunInsduaseinediwessienalnouyadassuuunwiy (Conventional radical
polymerization)[90, 91] fuileunainn1siitinegvesansly P(QAC,,-BP)-b-PMMA- fildiluans
=2 a avy o ¢ v W § A a
anussisENlauINAsdLATIERRenaln ITP Moguuneauousiies WiaRiveaulukAlyae
ansaiiansduasziduneusweslueaiadunedwesiiudununaln TP vinlidiuandn

lanamninalnuuunsiy
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L3 (% !

A 4.7 BfaturesnefiuialaTianviugUinesy 27 vaen1sduasenndndiung o ves
wmesian: 30mes 27 (%w/w): (a) 40: 60, (b) 50: 50, (c) 60: 40 uag (d) 70: 30

Vg

‘.\’S‘Eﬁg
SR,

v

AW# 4.8 TEM micrograph vesnadiufiaiuniasanuiluialgaviusdnesy 27 1dnsdiung 9

9 Y

vaauumAsan: JUmesu 27 (%w/w): (a) 50: 50, (b) 60: 40, Uag (c) 70: 30
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MMA: RT 27 50: 50 60: 40 70: 30

10 10 10
Size= 86 nm Size= 89 nm Size= 100 nm
PDI= 0.22 8 PDI= 0.24 PDI= 0.23
8 Zeta= +69 [ Zeta= +80 8 T Zeta= 469
~ - 93
Lot Lo Lot
> > o
(&) (&} =
c f = (]
Sat Sat 4t
o o 4]
(] D i
[ w
2 2} 2
0 0 0 " "
1 10 ‘ 100 1000 10000 1 10 100 1000 10000 1 10 100 1000 10000
Diameter(nm) Diameter(nm) Diameter(nm)

o o a a a Y a s
AN 4.9 ﬂqiﬂigﬁ]qﬁlm"]waal&ﬂaLﬂJVﬂﬂiLa@u’ﬂuuﬂﬂ%ﬁas{JEN‘VJ@JE‘UL'Vl@ill 27

PMMA: RT27 (50: 50); T-TAB
Mw = 357903

Mn = 238008

PDI =1.50

PMMA: RT27 (50: 50)
Mw = 85269

Mn = 73545
PDI=1.16

PMMA: RT27 (60: 40)
Mw = 66630

Mn = 52037

PDI =1.28

W(Log M) (a.u.)

PMMA: RT27 (70: 30)
Mw = 58583

Mn = 49180

3 4 5 6 7  PDI=1.19

Log M

A 4.10 N1snsEtemvesivtnluanavesediuialniasanuluialgaiusimesy 27 7
LASEUAILNITALATILARUUTNDTaTY tnely T-TTAB (==) wayP(QAC,,-BP)-b-PMMA-|
[ = a a" [ 1 1 a a 1 a 4
Wuansantsafiany 19nT1dus9 9 vanufianiaiiansesdmesy 27 (%w/w):
50: 50 (==); 60: 40 (wmm) LAY 70: 30 (o)

A o a =

WleButhuauyfgiunin aels PQAC,,-BP)-b-PMMA- HsegfifnvasnTuuatsa 39

&9

Tavinnsiezvnedmesunluwalgameiasaanasdlnlndidnaseuaninsalat) (XPS) slanw

Y
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Nu

9

#1 4.11 910 XPS alnasuluvainunine (0w 4.11a) veanediuiiawmasianunlulalyad

o

Wasy 27 ﬁﬁ P(QAC,,-BP)-b-PMMA-I LLamﬁ’achym C, N uag O 1'7i 284, 400 wag 532 eV a1l

fin Cp. wanauAialAa (AN 4.16b) fim C-C/C—H (~284 eV), C-O/C—N (~286 eV) waz C=0

(~289 eV)[92, 93] wenanidsliiinTzidauaa Ny, wanadfialds (1l 4.16¢) Ao-N-R, (~399

eV), -NH, (~400 eV), -N-R, (~402 eV) waz —N-O (~403 eV)[92, 93] A C-N uas —N-R, 7
Funawunadingl QAC,, eguuiuinuTuaugadaenndeafunadnsnouvthil

(a) C1s

C 1s 92.73% Mass conc.
N 1s 7.27% Mass conc.

r —— T
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Loading (Y%owt)

Conversion Encapsulation
MMA: RT27 ( ) ( )
%owt %wt
° Experiment®  Calculation® °
50: 50 46+1.25 67 71 94
60: 40 42+1.59 49 62 79
70: 30 53+1.22 41 45 91

A1ANSaULHITIAIaI91n DSC Wiasluwnsy (Al 4.13) wansliidiuin AH, waz AH,
vos3Dmosu 27 fgnvieviuegdininAnss Taesl AH,, vesdndrululumesseslinesy 27 7
50: 50, 60: 40 Wa% 70: 30 AD 191 132 120 Je-n1 o7 WAz AH. 718196 124 waw 113 Jo-nr o7 8992
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waganuanslilunisem 4.3

a) heating AH (J/grr27) b) cooling AH.* (JIG-rr27)
197
198
T endo
|y 120 | LY
: g S
E £
124
ks g 196
T 191 I
229
218 . \ I
-10 0 10 20 30 40 50 -10 0 10 20 30 40

Temperature (°C)
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Aaaa v o
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Tneld T-TTAB tduasanusameds (=) wazly P(QAC,,-BP)-b-PMMA-I \uasaniss

A M998 TENIANTRNIASIAAARFUMBOTU 27 1 50: 50 (s=); 60: 40 (wm) LA

70: 30 (wm) wazuanIAIAINIBUH I UNSWAB LA WL UM SRRIWAY (AH,,) wag

nsiinaan (AH,) veawefwesunluuaugansnsidiumig 9

(72)



M19197 4.3 LadesnmnieeuseuvesuluwaUgai 100 seU

Thermal properties

Times
AH W (J/8gra7) AHZ (J/8gro7)

1 192.14 176.65
10 192.63 178.06
20 193.64 178.30
30 190.67 172.24
40 191.45 171.54
50 192.77 170.57
60 190.61 171.44
70 192.06 167.71
80 190.29 168.73
90 192 49 167.91
100 191.73 168.37
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fluorescein disodium salt QAC,,

ionic interaction
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A15199 4.4 Anw1USunawes QAC,, Tut

Quaternary ammonium group density

Water (ml) Time (min)
mol of QAC;, (umol/cm?)  QAC;, (mg/cm?)
20 10 0.1691 0.6892
20 0.1691 0.6892
30 0.1703 0.6938

Tudusaumaluazitfaraluiinauwaluntduasiuansazargwwiabasuia wauluiiey

aaalsn (0.25 Wesiudlasumiin) wslaisvgesisaduniduiudetunanaenun a1ntudiy
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A157197 4.5 AnwrUSunaves QAC,, lufialasiuiia wenluiey raslsa

0.25% Quaternary ammonium group density
cetyltrimethyl- ) )
ammonium chloride Time (min) mol of QAC,, QACs
(mb (umol/cm?) (mg/cm?)
20 10 0.0565 0.2301
20 0.0618 0.2520
30 0.0672 0.2738
a0 0.0700 0.2851
50 0.0738 0.3006
60 0.0755 0.3076
50 10 0.3991 0.2602
20 0.4028 0.2626
30 0.4041 0.2635
40 0.4066 0.2651
50 0.4078 0.2659
60 0.4085 0.2663
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A15199 4.6 AnWIUSUIUVY QAC,, VUANENENAMILUVNTUAISIU

Quaternary ammonium group density

Concentrations

mol of QAC;, (umol/cm?)

(%) QAC,, (mg/cm?)
(+SD)

1.0 0.07 (£0.01) 0.29

3.0 0.14 (+0.02) 0.58

5.0 0.20 (x0.09) 0.82
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S. epidermidis

C. glutamigum ’ C. glutamigum
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Therefore, the fabri | PMMA/RT27 nanccapsules presenting ther-

| properties are wd.l suited for application on textiles.

1. Introduction

Heat-storage or phase-change materials (PCMs) [1-3] are atwactive
in the develop of textile products due to their ability to absorb and
release thermal wells. PCMs change their status with temperature. They
are solid or liquid at temperatures lower or higher than their transition
temperatures, respectively [4.5]. The blending or coating of PCMs on
fabrics is beneficial for thermoregulating clothes [6-10], especially in
hot and high-humidity conditions. Various kinds of PCMs have been
used in textile applications. Among them, paraffin wax is one of the most
frequently used PCMs due to its outstarxling properties, such as mod-
erate heat capacity, a wide range of ransition temperntures, nontoxicity
and low cost [11-13]. However, because of its low thermal conductivity,
encapsulation is applied to increase the heat transfer nren and control
the volume change during phase t [1415]. M , the
modification of capsule surfaces with a variety of functional groups

od numerous funcdonal eapsules appropriate for various appli-
cations. In high-humidity conditions, ble fabrics can b stale
due to excessive sweating, which is a source of microbes. Therefore, the
development of thermoregulating clothes for their effective antimicro-
bial activity is an interesting issue.

Miniemulsion polymerization is an effective method used for the

encapsulation of various substances in polymeric les. The

have been used in medical<levice coating [40,42], dental material [413],
biomedical plastic [29] and packaging paper (441,

For thermoregulating textiles, PCM mico/nanocapsules can be
directly applied to fabrics by conventional pad-dry-curing or by coating
methods [45.406] dunng finishing processes. An appropriate binder is
required to fix the capsules onto the fabries [47 48], with a high tem-
perature in the cwing process. The film was then formed, leading to the
hardened fabrics. In addition, the coated capsules’ washing durability
was limited when the capsule adhered to the fabric by physical force
with the binder. To overcome this drawback, microcapsules with special
funetional groups on their surface were fabricated for excellent coating
purposes. The presence of acrylic groups on capsule surfaces [49,50]
was used for themnal comfort textiles. The poly(methyl
methacrylate-acrylic acid-divinyll )/ d ®
(MMA-AA-DVB)/OD) mictocapsule reinforced the coating performance
due to the covalent bonding via esterification of earboxylic groups on
their surfaces with a hydroxyl group of cotton 7511,

It is well known that benzophenone (BP) groups can create a cova-
lent band with any substrates under UV light, resulting in a robust and
durable film [30-33 52 531. Therefore, the BP ean be incorporated into
the polymer chain containing QA to form a UV-curable cationic sur-
fncmm forthc prepazation of p capsules. The copolymer chains
g BP that stabilize at polymer capsule surfaces would provide n

polymerization mainly takes place in a monomer droplet acting as a
nancreactor. When the core sub is letely soluble or
di 1 In the - droplets, it is effective!y encapsulated in the
nanopnmdes With this techni functional ials
can be fabricated. For example, Sudan black B {16] and methyl violet
dye [17] les were prepared using polystyrene as a shell.
Polymethyl medmclyiale (PMMA) was used to encapsulate copafba oil
[18]. Colored latexes with polyurea shell [19] and polycnpml.ncmne
nnuopnmdes conmmmg geraniol [20] were fabricated in u mini-
p 1zation p The prepared nanc are
1ly collected Isions with particles dispersed in viater: The
c1psule cmcentranons are regularly in the range of 10-40 wtd, and the
fabric coating process uses concentrated capsules at concentrations of
approximately 1-5 wit%h [2] 23]. Therefore, the capsules must be
diluted to a functional concentiation range. However, the capsules mre
generally prepared using surfactants coated on the surface by physical

strong coating ability on various substrates without the need for a binder
and high temperarure, thereby allowing the capsule to bond with the
fabrie, making it easy and convenient as well as reducing the cost of the
coating. The P(QAC, >-BP)-I copolymer was fully used to prep
antimicrobial pelymer nanoparticles by emulsion polymesization via a
self-assembly nuclestion mechanism [34]. The macro chain transfer
agent PUQAC;»-BP)-I initiated particle formation and stabilized it to
form: nanoparticles. Nanoparticles with antimicrobial properties due o
the presence of QAC,; units and UV-curable BP units on their suifaces
were used for coating applications. However, based on the self-nssembly
nueleation mechanism, it is difficult to produce nanocapsules where
particle formation occurs in the aqueous medium. The core material in
the monomer droplet hardly diffuses via the water to enter the formed
paticles. Therefore, miniemulsion polymerization was investigated
usmg polymenznhle surfactant (surfmer) with both QA and BP groups to
in the ad of previous work and include the heat storage

interaction. When diluted, the swfactant can quickly come off the cap-
sule’s surface, decressing colloidal stability and causing aggregation.
When they are coated on fabric, the capsule particles are not well
dispersed on the fabric, leading to the required property's reduced ef-

Property as plepmm; in the form of nanocapsules. The polymerizable
swfactant is frequently used in various works [54,55] in place of the
cummercu:l surfactant to improve the colloidal property of the synthe-

ficiency. The preparation of nanocapsules using a surfactant thar is
embedded in the particle surface through covalent bonding of polymer
chains can i psule particles’ colloidal stability and effectively
reduce their aggregation during dilution.

The quaterary ammonium (QA) group presenting strong cationic
characteristics at all pH levels is highly effective in preventing particle
aggregation. Therefore, the polymer chains containing QA can be effi-
ciently used as a cationic surfactant in the preparation of polymer par-
ticles or capsules. Moreover, the molecul ining QA is preferably

iel les. In the case of miniemulsion polymenmnon, the
lymenzable surchmnt used to stabilize droplets disp
and penetiates the oil droplet and is partially further polymerized,
which can permanently anchor at the particle surface.

Therefore, in this work, PMMA | g Rubi-
therm27 (RT27) as a heat storage mntenal were fabricated by mini-
emulsion polymerization. A block copolymer chain containing QA and
BP prepared by a solution iodine transfer polymerization (solution ITP)
was used as a polymerizable surfactant. The influence of the MMA: RT27
ratio on nanocapsules’ morphology, encapsulation efficiency and thes-

'3

used as a highly effective antimicrobial agent |24 34]. The positively
charged QA groups electrosmtically interact with negatively charged
microorganisms. An alkyl chain on QA can then penetrate those mi-
croorganisms’ cell k resulting in cell leakage and death (30,
33-36]. It was reported that QA with 12 units of the alkyl group (QAG; ;)
showed the most effective [26.39 11| antimicrobial activity, As long as
the QA was present, the permanent antimicrobial property of molecules
containing QA would be displayed. Beeause of their highly effective
antimicrobial activity and low toxicity, polymer chains containing QA

mal properties was igated. The UV-cure's coating performance
and the prepared nanocapsules’ washing durability on cotton fabrics
were determined and compared to those of a conventional binder. The

coated fabries’ antimicrobial activity was studied, as well.
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with a mechanical stirring rate of 500 rpm.

2.3 Preparation of polymenizable surfactant

The polvmerizable surfactant was prepared via solution ITP by dis-
solving QAC), and BP monomers at a mole ratio of 4: 1 and iodoform
(CHI3) with ethanol and dioxane mixed solvents, as Tuble 2 shows. The
solution was purged with a Ny/vacuum cycle five times. After 15 min,
the V-50 was injected to start the polymerization at 70 “C under a me-
chanical stirring rate of 500 rpm, resulting in a P(QAC,Z-BP)-I solutlon.
After 8 h, the MMA, as a second was sub: 1
1zex] for 24 h to obtain the P{QAC, »- BP)b-PMMA lmlunun.

It was purified by precipitation in diethyl ether before chemieal strue-

2.4. Preparation of polymer nanocapsules encapsulated RT27

Isi 1y ion

The nanocapsules were prepared by
using a polymerizable surfactant. The oil phase was scpmubcly prepared
by homogeneously mixing the MMA monomer and RT27 with V-60 (8%
wt of monomer). Thus, the required amount of the P(QAC)2-BP)-b-
PMMA-T aqueous solution (1%wt of the total) was added to the oil phase.
It was then stirred for 5 min and ulrasonicared at 40% amplitude for 10
min, resulting in the formation of oil droplets dispersed in the aqueous
phase. The resulting oil droplet emulsion was subsequently purged with
aNg/vacuum cycle five times. It was finally polymerized at80°Cfor3h
and then at 90 “C for 5 h with a mechanical stirring rate of 500 rpm. The
influence of the MMA: RT 27 ratio was investigated under the conditions

The chemical structures of purified QAGC;» and P(QAG;»-BP}-b-
PMMA-] polymerizable surfactant were charactetized using Fourier
teansform infrared spectroscopy (FT-IR; NICOLET iS5, Themmo) in the
wavenumber mnge of 400-4000 cm ' and 'H-nuclear magnetic reso-
NAnce SPecroscopy ('H NMR; 500 MHz, JNM-ECZR, JEOL). The degree

Table 1
R for the pr ion of the QA monomer.
Chemicals
BDC £ (mmal) 4.99 (20.00)
DMAEMA & (mmel) 3.15 (20.00)
Acotonitr il ml 16.40
Chloroform ml 8.20
Table
R for the prep: of the pol izable surfactant by solution
iz, and synth
Chemicals
QAC)4 = (mmel) 11,42 (17,50) ture characterization.
BP g (mmal) 0.56 (4.40)
MMA g (mmol) 0.37 {041)
V.50 g (mmel) 0.12(0.88)
CHh £ (maol) 0.14{0.73)
Ethanol g 22.50
Dioxane g 250
Table 3
R for the pr ion of the PMMA/ RT27 nanocapsules,
Chemicals MMA: RT27 (w/whb)
40:60  50:50  60:40  70:30  50:50
MMA z .50 063 .75 0.83 063
(mmel]  (5.00) 16.30) (7.50)  (8.80) (5.30)
RT27 z 075 0.63 0.50 0.3 063
V60 v 0.04 0.05 0.06 0.07 005 listed in Tahle 3
(mmaol| (024) (0.31) (0.37) (0.43) (0.31)
P(QAC,»BP)- g 0.23 0.23 0.23 0.23 = ooy
BPMMAL 25 Characterizations
TTAB z T - . . 023
Water g 22.50 22.50 2250 2250 2250
2. Experiment
2.1. Materials

Methyl methacrylate (MMA; purity 99%, Sigma-Aldrich) was puri-
fied by passing (hlougi\ the column packed with basic aluminum oxide
to the ¢ d inhibitors before use. 1-Bromododecane (BDC;
purity 98%, Acros organies) and 2-(dimethylamino)ethyl methacrylate
(DMAEMA; purity 80%, Sigma-Aldrich) were used to prepare a quater-
nary (QAG2) . 4-Allyloxy-2-hydroxy benzophe-
none (BP; purity 99%, Sigma-Aldiich), iodoform (GHl3; purity 99%
Sigma-Aldrich), and Rubitherm®27 (RT27; commercial grade, Rubi-
therm Technologies GmbH)were used as received. 2, 2“-Azobis(2-
methylpropionamidine) dibydrochloride (V-50; Pure Chemicals, Wako)
and azobisisobutyronitrile (V-60; Pure Chemicals, Wako) were used as
initiators as received. Fluorescein disodium salt (CzoHwNn=zOs; research
and development, Alfa Aesar) and cetyl timethyl chlonid
(0.25%wr in water, Sigma-Aldrich) were used for QAC,, analysis.
Acetonitrile (purity 99.7%, analytical reagent, RCI Labscan), chloroform
(purity 99.8%, analytical reagent, RCI Labscan), ethanol (purity 99.9%,
analytical reagent, RCI Labscan), and dioxane (purity 99.8%, analytieal

of polymenization (DP) and number-average molecular weight (M,)
values were also caleulated from the 'H NMR spectrum using Fqs (1)
g (2) below.

DP = 1P, % Ny o
Iy % Nux

M= (DPxxMo) + Me @

where I, and NH  are the integml peak and the number of protons,
respectively, of the moiety x (unknown DP),

I, and NH, are the integml peak and the number of protons,
respectively, of the moiety y (known DP).

DP, and DPy axe the degrees of polymerization or repeating units of
moiety x and y, respectively.

Mo is the molecular weighr of one repeating unit and.

Me is the combined molecular wenghl of the known DP.

Number and weight l ights (M; and M,,
I ively) and lecul: welyll distributions (MWD) of nano-

_r les were determined using a gel permeation chromatography

reagent, RCI Labscan) solvents wete used as received. Deionized water
was used throughourt the study.

2.2 Preparation of q y

The QAC;2 monomer was prepared by mixing BDC with DMAEMA at
a mole ratio of 1: 1 before being dissolved in solution with a ratio of 2: 1
(v/v#h) of acetonitrile to chloroform, as Tuble | shows. The solution was
purged with a Ny/vacuum for five cycles and heated at 40 °C for 24 h

(GPC) (Water 2414, Water, USA] with two poly(styrene-divinylbenzene)
gel columns (Phenogel 5 x10% and 5 x10° °A, 7.8 mm id x 30 em,
P USA} 1 in series. The flow rate of THF as an
eluent was maintained ar 1.0 ml/min with a column temperature of
40 “C, and elution was monitored with a refractive index detector. The
columns were calibrated with five standard PS samples with molecular
weights ranging from 3000 to 300,000 g/mol. Before the measurenent,

approximately 50 mg of dried were p

in 5 g of THF (1%wt). They were then filtered before being measined.
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Fig. 2. The "H NMR spectrum of QAG, s monomet.

The nanocapsules’ morphology was investigated with transmission
electron microscopy (TEM; JEM-1400 Flash, JEOL). The RT27 mntent

where A= AH, or AH,, of the encapsulated RT27 in joules per 1 g of
RT 27 na cnpsule (J/g nrlL B = AH, or AH,, of the encapsulated RT27

(%loading experiment) in the washed apsules with 2-prop
[56] was directly determined with thermogravimetric atmlysm (TGA;
TGA 4000, Perkin-Elmer), using a heating rate of 10 °G/min in the
temperature range of 30-550 °C in an N; atmosphere. The latent heats
of cryalnlhmuon (AH,) and melting (AH,) and cryxtn]hmtmn lT‘.) and

g (Tm) p of RT27 psul were
measu:ed using differential scanning calonmetry (DSG; DSC 4000,
Perkin-Elmer) under an Nz flow with the scanning temperature range
and rate of — 10-50 °C and 10 *C/min, respectively. To compare the
AH, and AHy, of the encapsulated RT27 having different witdt in the
capsules and pristine RT27, the AH, and AH,, values were used in the
unit of joules per 1 g of encapsulated RT27 (J/g-ar27). They were
cakulated from the cooling/heating peak areas of the DSC thermogram
and RT27 obtained from TGA analysis using £ (3):

A = (BIC) x 100 (3)

in ined from DSC th am (.J/g-sample)
and C = %RTZ? in psule Ision obtained ﬁ'om TGA thermo-
gram. Thermal cyeling was conducted to investigate the nanocapsules”
thermal stability. The nanocapsules were repeatedly measured with a
DSC under an N, flow with the scanning temperature rmnge and rate of
~ 10-50 °C and 10 “C/min, respectively, for 100 cycles.

The % encapsulation efficiency of RT27 was calculated by Eq. ()
using Yeloading experiment from TGA measurement.

YeLoxeed) eriment

GB ot i - ! dihnieintcd
% Encay fency loadingtheory = 100 (4)

where Ysloading theory = [A/(A-+{%conversion x B)/100)] x100,

(A and B are respectively, weights of RT27 and monomer from
recipes).

The resulting nanocapeules’ number- (d,) and volume- (d;) average
diameters can be analyzed with a particle size analysis (Delsa'™ Nano G,
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Fig. 3. 'H NMR spectra of F(QAC; ;-BF)-I (a) and P(QAC,,-BP)5-PMMA 1 (b).
Beckman Coulter). The particle suiface charge was measured using the  gravimetry and calculated using £q. (51
Zeta potential technique. The presence of P(QAC,2-BP)-b-PMMA-] on the % Addon=[(A-BYA] x 100 o

nanocapsules’ susface was qualitatively ed by X-ray photoel
tron spectroscopy (XPS; Kratos AXIS Ultra DLD) equipped with mono-
chromated X-ray sources (Al K alpha), base pressure in XPS analysis
chamber of 3 x 10" Torr. Operating conditions are emission of 10 mA
and anode HT of 15 kV. A hemispherical analyzer is pesitioned at an
angle of 180 degtees.

2.6. UV-cured cotton fabric coaring

where A = dried cotton weight after nanocapsule coating (g) and B
= dried cotton weight before coating (g).

The conted fabric’s washing fastness was tested following the AATCC
method. The residual percentage of the nanocapsules on the cotton was
calculsted using Eq. (6):

% Remaincd nanocapsule=[(C-DY C] x 100 (6)

where C = the nanocapsule weight coated on the cotton before
hung (g) and.

A thermoregulating fabric prototype with polymer psules was
prepared following the UV-cure coating method. The 5 x 5-em dried
cotton cloth was dipped in the prepared nanocapsule emulsion before
being pressed with a roller. The cotton fabric was subsequently irradi-
ated with a 20-watt UV lamp (at a & = 365 nm) for 90 min to form a
covalent bond of BP substance (from block copalymer on nanocapsule
surface) on cotton. The % add-on of nanocapsules was determined by

D = the nanocapsule weight coated on the cotron after washing (g).

2.7. Determination of q y group density on cotton

The QA groups on 2.5 x 2.5-cm cotton fabrics conted with nano-
les at various ions were quantified. The coated fabrics

b 3
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Fig. 5. MWD curves of PMMA/RT 27 nanocapsules produced by mimemulsion

polymerization using TTAB (a) and P(QAC,,-BP)-b PMMA.I as surfactants at
various rarios of MMA to RT27 (%tw/w): 50: 50 (b), 60: 40 (c) and 70: 30 (d).

were immersed in a 1% fluorescein (Na salt) solution in distilled water
for 10 min. The dye binds to quatemary amino groups [57] but not to
tertiary or primary ones. After being rinsed with 20 ml of distilled water
for 10min, the fabric was stired in 50ml of 0.25%

cetyltrimethylammonium chloride for 10 min before the addition of
10% of n 100 mM aqueous phosphate buffer, pH B.0. A UV-visible
spectrophotomerer (UV-1601, SHIMADZU) was used to measure the

resultant aqueous solution” absorbance at A = 501 nm [58,59].

2.8, Antimicrobial testing

The nanocapsules-coated and plain (control) fabrics were prepared
in circles with a diameter of 48 mm and sterilized in an autoclave. The
Staphylococcus epidermidis and Corynebacterium gl bacteria
(1-2 x10° CFU/ml) were prepared and dissolved in 0.85% Nacl solu-
tion. In the first step, the 5% nanocapsules-coated fabric was used for the
method’s validity withowt bacterin. 1 ml of 0.85% Nacl solution was
pipetted and spread over the fabric. Secondly, 1 ml of bacteria was
pipetted and spread on the nanocapsules-coated and plain fabrics before
being incubated ar 37 “C for 18 h. The fabrics in the first and second
steps were placed in asterile wide-mouth flask. A 100 mlof 0.85% NaCl
solution was then added and diluted about 10-1000 times. After that, it
was spread on a nutrient agar (NA) medium plate andincubated at 37 °C
for 24-48 h. Colony count was used to calculating Colony Forming Unit
(CFU), and the percentage reduction of bacterial colonies (R} was
caleulated using Eqs. (7) and (5) below.

xc

N i e o e
T xm) + (00 xm) xd

(]
where N = number of colonies per gram or per milliliter of the
sample (CFU/ml).
$°C = sum of all colonies counted from all petri dishes
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Cls

C 1s 92.73% Mass cong.
N Is 7.27% Mass conc.

300 200 100 0

Binding Energy(eV)

(b) C-C/ C-H: 46.8%
C-Of C-N: 46.1%

C=0:7.1%
295 2;0 2;5 280 275

Binding Energy(eV)

(c) NRj: 11.2%
NH;: 6.4%
NR;*: 68.3%

NO: 14.1%

410 407 404 401 398 395
Binding Energy(eV)

Fig. 6. XPS wide-scan spectrum (a), high-resolution XPS €y, (b) and Ny. (¢) spectra of PMMA/ RT 27 nanocapsules stabilized with PIQAC;2-BP)-b-PMMA-I on the

nanccapsules surface.

80

40

Weight loss (%)

20

0 100 200 300 400 S00
Temperature (°C)
Fig. 7. TGA thermograms of pristine RT27 (a) and encapsulated RT27 in

PMMA nanocapsules using various ratios of MMA to RT27 (%iw/w) 50; 50 (b),
60: 40 (c) and 70: 50 (d).

0y = number of colonies in the petri dish counted at the first dilution

1 = number of colonies in the petri dish counted at the next dilution
level.
d = first dilution level of colony count

No — Nis
R="0_"T% 100 8
N 8)
where R = | ge reduction of bacterial col
Nz = number of bacterial coloni 1 from psules
coated fabrie incubated at a temperature of 37 °C for 18 h.
Ng = number of bacterial col d from pstiles coared

fabrics with zero contact time.

3. Results and discussion

31. Preparation of q y i

QAC,, was first synthesized in the reaction of BDC and DMAEMA.
The chemical structure of QAC;, (Fig 1¢) was characterized by FTIR
spectroscopy, compared to BDC and DMAEMA, as Fig. 1a and b show,
respectively. The absorbance at 1720 cm ™' was observed as the char
acteristic of -C=0-, the peak at 1640 cm™ ' corresponded to the vi-
bration of the C=C bond and the peak at 800 and 2923-2854 cm '
occurred due to the asymmetric stretching vibration of -CHy and ~CHa—
groups. The absorption peaks' positions at 1165 and 1300 cm ' were
attributed to the structure of -C-0- and -C-N-, respectively. All these
results indicate that QAG,» was successfully synthesized.

1H NMR was performed to confirm the formation of the QA
v as the datain Fig. 2 show. All of the protons can be atmibuted

Table 4
Thep of , loading and hation of RT27 in
PMMA nanocapsules.

MMART2ZT Loading (wi%) Encapsulation (wr%)

Experiment’ Calculation'

40:60 - - =

50:50 67 7 94

60:40 49 62 79

70:30 41 45 a1

* TGA

" Caleulation using the following equation:%Loading = [A/(A+(%

x B)/100)] x100. Where A aixl B are respectively, weights of RT27 and monomer
from recipes

to the expected signals, 1 H NMR (CDCl3, 8): 6.16 (1 H, a), 5.63(1 H,b),
1.91 (3 H, c), 4.63 (2 H, d), 4.07 (2 H, ), 3.44 (6 H, ), 3.53 (2 H, g},
1.81(3H, h),1.21-1.72 (18 H, i) and 0.84 (3 H, j).

3.2 Preparation of P(QAC;z-BP)-b-PMMA-I as a polymerizable
surfactant
The synth

d QAC12 was used to prepare P(QAC]2-
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Fig. 8. DSC thermograms of pristine RT27 (—), PMMA/RT27 by miniemulsion polymerization using TTAB [—) and P(QAC; +-BF)-b-PMMA-1
as surfactants at various ratios of MMA to RT27 (%w/w): 50: 50 (—), 60: 40 (—) and 70: 30 (—)
a) heating b) cooling :
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Fig. 9. DSC thermograms of the thermal cycling study of PMMA/RT27 (50; 50) nanocapsules for 100 cycles.

BP)-1as a first block ata 4: 1 ratio of QAC12 to BP. A high % conversion
(approximately 87%) was obtained. 1 H NMR measurement was used to
determine the Mn of the purified P(QAC] 2-BP)-1. All of the protons can
be attributed to the expected signals, | HNMR (CDCI3, §): 0.84 (3 H, a),
7.52 (8 H, b) and NH2 1.90 (2 H). Mn calculated from the 1 H NMR
spectrum (Fig. 2a) using Equ. (1) and (2) was 5,663 g/mol. After adding
MMA, the characteristic signal of MMA was observed at 3.50 (3 H, ¢)
together with 0.85 (3H, a) and 7.53 (8H, b) of QAC12 and BP,
respectively, as Fig. 3b shows and Mn increased to 12,224 g/mol. These

It firmed the s ful prep of P(QAC12-BP)-b-PMMA-1

for use us a polymerizable swfactant. Because of quaternary ammo-
niun's strong positive nature in QAC] 2 units, it kuld efficiendy act as
a cationic surfactant to stabilize the . the con-
sisting of BP unit, which is a UV-curable substance. is beneﬁml for the
UV-cure coating of the prepares nanocapsules on the substrates [ 341,

lated RT27

3.3 Preparation of poly sl ¥

The miniemulsi I offers the possibility for the
encapsulation of vancus matenzls into polymeric nanoparticles or
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Fig. 10. Washing-durability testing of PMMA/ RT27 nanocapsule-coated fab-
rics af various nanocapsule concentrations,
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Fig. 11. Washing-durability testing of PMMA/ RT27 nanocapsule-coated fab-
rics with UV-initiates] curing and pad-dry<uring with a binder,

nnnompsules The geuemted monomer droplets can act as individual
i for the p lation process. Bcfom nn.nr
emulszﬁcunmthe luble compound must be entirely dissolved in the
monomer phase. The polymerization takes place in monomer droplets to
entrap the existing compound, The formation of one particle ideally
derives from the nucleation of one droplet with approximately equal
surface area [60], The droplet size mainly depends on the type and the
amount of surfactant used in the system [6] 1. The hydrophobicity of the
encapsulated compounds i the lation efficiency arxl
nanocapsule morphology. The encapsulation of a highly hydrophobic
compound, such as paraffin wax, leads to high encapsulation efficiency
due to the high retaining ability of such Is in the
droplets.
The MMA: RT27 ratios at 40: 60, 50: 50, 60: 40 and 70: 30 (¥w/w)
were studied to prepare stable nanocapsules with high %tloading. Ata
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ratio of 40: 60, the polymer nanocapsules could not be prepared.
Because of the large amount of RT27, the polymer shell could not
completely envelop RT27, as RT27’s oil layer indicates in Fig 4a. When
the monomer ratio was increased, the nanocapsules encapsulated RT 27
were successfully fabricated (Fig. 4b-d). The spherical core-shell nano-
capsules approximately < 100 nm in size were clearly observed IJyTEM
(Fig. 4b™-d""). A quite larger particles ( ge di appr

90-100 nm) were found for the nanocapsules measured in an emulsion
state (Fig. 4b’-d") with high positive suiface charges of + 69, + 80 and
+ 69 mV for 50: 50, 60: 40 and 70: 30, respectively, derived from the
QAC,; unit. These values indicated the presence of P{QAC,;-BP})-b-
PMMA-1, which was embedded at le surfaces. B of its
high positive charge (=30 mV), it efﬁmen[.ly acted as a cationic surfac-
tant to produce the stable milky emulsions in all conditions, as Fig. 4b-
d show. Moreover, the PMMA-I second block would disperse in the oil
droplet and be partially further polymerized with MMA via the ITP
mechanism, resulting in strong stabilization of the nanocapsules. The
GPC results supported this assumption. The fabricated polymer nano-
capsules using P(QAC;s-BP)}-b-PMMA-] as a polymerizable surfactant
presented much lower Mn (~-49,000-75,000) and narrower MWDs at all
ratios than those using TTAB (~240,000) as a conventional surfactant,
as Fig. © shows. As known, the ITP has a smaller molecular weight and
MWD than those of the conventional radical polymerization [62-641.
The control and living natures of polymers using polymerizable surfac-
tant might be obtained via the ITP mechanism. The P
(QAG;2-BP)-b-PMMA-1 chains locared at droplet/ psul
surfaces were further polymerized with MMA to form a PMMA polymer
shell. As aresult, astrong stabilization effect to form stable nanocapsules
was gained.

XPS was used to canfirm the coverage of P(QAC,-BP)-b-PMMA-1 on
PMMA/RT 27 nanocapsule surfaces, as Tig 6 shows. The widescan XPS
spectrum (Fig. ta) of PMMA/RT 27 nanocapsules containing P(QAC)z-
BP)-b-PMMA-I exhibited C, N and O signals at 284, 400 and 532 eV,
respectively. The Cls peak can be curve-fitted into three peaks (¥igz. ob)
according to C-C/C-H (~284eV), C-0/C-N (~236 V) and C=0
(~289 &V) {37 65, In addition, the N1s signal was analyzed. The Nis
peak can be curve-fitted into four peaks (Fig 6c) according to -N-Ra
(~-399 eV), -NHz (~400 eV}, -N-Ry (~-402 eV) and -N-O (~403 eV)
[37,65]. The observed C-N and -N-R; peaks indicated the presence of

QAC;z on the psule surfaces, which rded well with the pre-
vious results.

The TGA was used (o determine the decomposmou of the uano-
capsules. In Fig. 7, TGA thermog c d of two d
steps ding to the ilated RT27 and the polymer shell,

respecuvely ’Ihese results eonﬁrmed the success of the preparation of
lated RT27. The RT27 contents or Ybloading
directly obtined from TGA thermogiams increased with fed RT27
compositions, as Table 4 shows. Moreover, it is noticeably ohserved that
the decomposition temperatures of the encapsulated RT27 were higher
than that of the pristine one and increased with the polymer shell con-
tents due to the encapsulation effect. As pte'wously mennoned. (he
nanoencapsulation of highly hydrophobi by
polymerization leads to high encapsulation efficiency [60]. The %en-
capsulations of RT27 were high approximately 94%, 79% and 91%,
respectively, for the monomer to RT27 ratios of 50: 50, 60: 40 and 70:
30.

The latent heat values in the unit of J/ggra7 caleulated from DSC
thermograms (Fig &) showed that AH, and AH, of the encapsulated
RT27 were lower than those of the pristine ones. Moreover, they were
reluced with the increase of polymer composirions. Based on internal
phase separation mechanism, the i iplete phose separation of poly-
mer shell and paraffin waxes cores, such as HD, OD and RT27, reduced
the latent heats of the encapsulated waxes as previously reporred (56,
66-68), It d that lower-molecular-weight polymer chains are more
miscible with RT27 cores than the higher-molecular-weight chains,
leading to the incomplete phase sep Therefore, the AHm and AH.:

nanoc enc
B by
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Fig. 12. SEM micrograms of plain (2) and 5% nanocapsule-coatel cotton fabrics (b).
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Fig. 13. Absorbance spectra of i in on cotton fabrics coated
with nanccapsules at various concentrations (—)1. (—)3, ()5, and (—)
standard atr 4 ppm.

of the encapsulared RT27 decreased with Mn according ro the Mn values
of polymer nanocapsules shown in 2. 5. Based on high loading as well
as encapsulation efficiency and latent heats of the encapsulated RT27,
the nanocapsules prepared at the MMA: RT27 ratio of 50: 50 was
selected for further study. The thermal stability of nanocapsules was also
investigated by thermal cycling testing for 100 cycles continuousiy. The
AH,, and AH, values of the encapsulated RT27 were quite constant
throughout 100 heating/cooling cyeles, indicating their thermal stabil-
ity shown in Fig. 9.

3.4. UV-cure cotton fabric coating

The UV-cured coating on cotton fabric was accomplished usinga 20-
watt UV lamp for 90 min with nanocapsule concentrations of 196, 3%,
5%, and 7.5%wt, The percentages add-on were not significantly
different (approximately 14-17%). The percentage of remaining nano-
capsules gradually decreased with washing times. It was found that 5%
wt capsules was the maximum concentration to strongly coatad with the

100

80

% Reduction of bacterial colonies

S. epidermidis C. glutamigum
*Conwol WPMMART2?

Fig. 14. %Reduction of bacterial colonies of plain and nanocapsule-
coated fabrics.

greatest washing durability. When the capsule concentration was
increased to 7.5%wt, the washing durability in terms of %remained
nanocapsules drastically: decreased, as Fig 10 shows, indicating the
excess amount of nanocapsules on fabrics. At low nanocapsules con-
centration, when the coated area of nanocapsules is Jower than the total
surface area of fabrics, all well-distribured nanocapsules can be mono-
layer coated and stongly Uv-cured on fabries. In contast, at high
nanocapsule ration, the high density of the psule on the
same total surface ares of fabrics may cause some agglomemtion or
multiple-layer coating. As a result, UV light curing efficiency of nano-
capsules with fabrics is decreased resulting in the washing off of the
excess nunocapsules,

As previously mentioned, with the existence of BP, which is a UV-
curable substance, in the polymenzable surfactant located at nano-
capsule surfaces the self-coating of nanocapsules was performed with
UV irradiation without the additional binder. To confirm this assump-
tion, percentages add-on and ining of apsules prepared using
P(QAC,2-BP)-b-PMMA-I and TTAB (add 0.01%wt binder of total) were
compared. A similar %add on at approximately 14% was obtained.
However, greater washing durability for ten washing times in the case of
nanocapsules containing BP than using binder was obsarved, as Fiz 11
shows. These results indicate that the nanocapsules stabilized with P
(QAC;,-BP)-b-PMMA-I were self-coated on fabrics by UV irmadiation via
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S. epidermidis S. epidermidis

Fig. 15, Reduction of bacterial colonies of plain at 0 (2, c) and 18 (2, ) hours anx] nanocapsule- coated fabrics at 0 (b, d) and 18 (b, d") hours,

covalent bonding (24]. Because of the strong interaction, after the excess
amount of nanocapsules was washed in the first hung, the ber of

These results indicated that the prepared PMMA/RT 27 nanocapsules
bilized with P(QAC,,-BP}-b-PMMA-1) as a polymerizable surfactant

remaining nanocapsules, which were strongly bonded with fabrics,
remained constant until the tenth wash. In contrast, %remaining
nanocapsules gradually decreased for nanocapsules coated with binder,
Fig 12 confirms the successful eoating of nanocapsules. It can be seen
that the nanocapsule-coated cotton fabrics exhibited rough surface
compared to the smooth surface of plain fabries. This indicared the
presence of polymer nanocapsules adhered to the fabrics.

Because the QA group acts as a permanent antimicrobial agent, its
quantity directly conelated with the coated fabrics antimicrobial nc-
tivity. Then, the densities of the QA groups on cotton coated with
nanocapsule concentrations of 1%, 3% and 5% were determined. The
absorbances of fluorescein bound with QA groups were measured witha
UV-visible spectrophotometer (Fig: 13). The QA group densities were
0.07 (£0.01), 014 ( £0.02) and 0.20 ( £ 0.09) ymol/em?, respec-
tively, at the concentrations of 1%, 3% and 5%. The amount of the QA
group increased with the capsule concentrarion, These results confirmed
the QA group's presence on the coated cotton fabrics.

3.5. Antimicrobial performance

The quantitative method was used for determining the bactericidal
efficacy of plain and 5% nanocapsule-coated cotton fabrics. The repre-
sentative bacteria on human skin as S.epidermidis and C. glutamigum
were used. In the case of S. epidermidis, counted bacterial ar 0 h of
nanocapsules—coated and plain fabrics were 7.70 » 10° and 1.52 « 10°
(CFU/mb) and reduced to 2.67 x 10° and 1.32 x 10° (CFU/mb),
respectively, at 18 h. The reduced bactesial colonies were significantly
different ar 100% and 139%, respectively, for nanocapsule-coated and
plain fabrics, as Figs. 14 and 15 show, Similar results were observed in
the case of C. glutamigum. The counted bacteria at 0 h of nanocapsule-
coated and plain fabrics were 1.92 x 10” and 1.59 x 10" (CFU/ml) and
reduced to 3.30 x 10' and 1.01 « 10* (CFU/ml), respectively, at 18 h.
The percentages of bacterial colonies reduction were 1009 and 363,
respectively, It is clearly seen that nanocapsules-coated fabric presented
excellent antibacterial activity as no viable bacteria were detected
whereas the plain fabric is slightly effective against bacteria, presumably
due to the entrapment of some bacteria within the cotton fibers [59].

coated on fabric displayed high antimicrobial performance caused by
QAC; > unit at nanocapsule surfaces.

4. Conelusions

The PMMA nanocapsules having thermal-energy-storage and anti-
microbial properties were fabricated by miniemulsion polymerization
using PIQAC 2-BP)-b-PMMA-I as a multifunction polymerizable surfac-
tant. The high eolloidal stable spherienl nanocapsules approximately
50 nm in size with highly positive surface charges of > +70 mV derived
from QAC,; unit were formed. The QA group of the QAG,, distributed
on the nanocapsule surfaca play an important role as a cationic surfac-
tant and antimicrobial agent. Moreover, the PMMA-1 second block
dispersed in the oil droplet was partially further polymerized with MMA
via the ITP mechanism, resulting in the obtained polymer's control and
living nature. As a results, a strong stabilization effect to form stable
panocapsules was achieved. High RT27 loading and encapsulation-
efficient PMMA nanocapsules were produced. A MMA: RT27 mtio of
50z 50 presented high latent heats and thermal eyeling stability of the
encapsulated RT27 similar to those of the pristine ones. The nano-
capsules were self-coated on cotron fabrics by UV irradiation without the
additional binder. Due to the existence of BP units in the polymerizable
surfactant located at nanocapsule susfaces, they were strongly bonded
with cotton, giving it a greater washing dwrability than that using an
external binder. The coated fabrics exhibited effective antimicrobial
properties against S. epidermidis and G. glutamigum. Therefore, the
fabricated PMMA/RT27 nanocapsules are well suited for high-
performance thermoregulating and antimicrobial clothes.
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Ahstract

The pobamethy] methacrdate-co-divind  benzenc PIMMA-co TIVD nanocapsukes having both thermal eneegy storage and  antibacresial
properties were fabreated by mmiemylsem polymerization The namscapsules comammy Rubitherni®27 (BT 27, 2 heat storsge or phose
chumge materials, s o core were prepared wsing POMMA-co-DVB;as a shell Poly2-methacryloviony dodecyd dimethy] smmmonium chloride-<4-
methacryloviony benzophennme-floct-polymethyl methacrylate-iodide (PiOAC, . BF & PMMA D was simubancously used ag a surfactant and
aitibacterial substance The preparcd block copolymer exhibited effective antibacterial propemy foe both £ Cioli and 8 aureies. The. spherical
nanccapsules with opproximately 100 nm were obtained. Becouse of their highly positive charge « 70 mV) from the quarernary ammoniam
group of the QAC,, semment distrbuted on the nanocepsule surface, high stable colleidy] nanocepsules were formed The melting und
crystadlization temperaures of both te encapsulatied and the prstioe RT27 were simibn However, (e kuient hisis, e el of melting (A4,
and crystallization (A4, of the encapsulated RT27 were shghtly bower than those of pristioe RT27 (AH,, 219 and AH, 230 By The obtaaed
namocapsules presenting bodh thermal storage and antibacterial properties would be well applied for textiles application.

Experimental T Results and Discussion ~

—— —

S Mo LM gl

| L
] Ly
{ ] =
k it i
: P
i
|
; Tokmigr nurcempeiles e i 5
Maceo cham trmsler agens NOAC-BEPDBMIAL ki pobymereaion
. salutioen TP Pl 1 TH-MAIH Cpeuinom o misn chalh R uger
1\ e Surfictnc
PIChaC GRF - B M AL
Resulis and Discussion » WIS T bl d s eapakaim o RE2T i MM AotV

[t

Tubie T Antibasterial van me of airvpies e
It

Suicplis ikila e 2 sy b sk ui
Fs E i 100
| Rareemrin T Rl - i 120
1 e 0
1AL ey W7 a7 =t A
g Y
AR PIGACI1-HP|-A PRI A T un ’ Flg 2 TG thmmogzed of poe (027 (—b aud
A 108, ATk A ®E ms q :f:vwr":l' ,;‘:,'T:,T;rh:wc:z,:', nlu'_::
PR
i
'l
[ ] AT b ERT
'
]
'l %
H E
i %,
| &
x
I
Il SRR e
\ - N —— /1
[0 Ha T 27 Fig 8 it vados o wphes | O W T P i
—— Temperaaas (4]
Conclusions Lol lo o) 0% Fis 2 TEC Uasmrage of s TTL7 4 i masealiod REZ7 i AL 0 DV
reerRTEE | 35 (], 6 ok s ] T

PIQAC, -BP)-b-PMMA-] block copolymer with the anubacievial | =
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