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Project Title: Synthesis of amphiphilic tri-block copolymer polylactic acid-
polyethylene glycol-polylactic acid for the Modification of bio-based

Polyethersulfone Membrane

Researcher: Assistant Prof. Dr. Yupin Phuphuak

Abstract

These works are based on synthesis of PLA-PEG-PLA block copolymer with different

chainlengthsof ~Polyethylene—glycols—Chemical —structureand —thermal—properties of
synthesized copolymers were characterized by nuclear magnetic resonance ("H-NMR and
HMBC), and differential scanning catorimeter (DSC) technique. The experiments showed that
PEG600PLAL have the highest chain length of poly lactic acid (P A) and molecular weight of
PLA-PEG-PLA block copolymer. From HMBC, There is no correlation between carbon and
protons in positions C1, M4, and C3, Hd to confirm existence of copotymer. From DSC
measurement, the T, of the synthesized polymer was less than 25 °C which was lower than
that of neat PLA. This would be possible that PEG acts as plasticizer for PLA. Furthermore,
PES membrane was blended with PLA and PEG. ALl blended membranes displayed higher
hydrophitic than neat PES membrane confirmed by lower water contact angle (WCA) and
higher water adsorption. Membrane with 5% PLA/PEG gave WCA as 65.1° and water
adsorption for 4.94 which were the besl value. these results were influential protein
adsorption, i.e. membrane with high hydrophilicily decreased protein adsorption which cause
to reduce membrane fouling. Moreover, increasing addition of PLA/PEG reduced pore size of

membrane matrix. {t can be summarized thal addition of PLA/PEG improved hydrophilicity of

PES_membrane.______ —— L P

Key words: PLA, PEG, copolymer, polyethersulfone, hydrophilicity, antifouling
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PES-80;H/S0,Cl ——— PES-30;H

+H;N-CH,CH3NH;

PES-S0,CI > PES-SO,-NHCH,CH,-NH,
+ QH-CH,CH,OH
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2.1.2 wuusuvieddmesdalwunuundoulia (Surface-coating PES membrane)
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vunusunedsinesdaluignindeuldlnensindiomeaiin XPS Water contact angle SEM
FTIR ATR-FTIR WAXD uay Rutherford Backscattering Spectrometry w138 RBS LLaﬁgus] Ma Way
anz™ Tmaedeuvieiihiaueanasedvio PVA asuuflimhvsauuiusuy weddmefalv s
fasmsvih Crosstinking w81 PYA iatfiunauastighuvmumsgady wuhmuduldlasiian ves
Ravihumusudiudy @eld PVA fnsnssaeduummuslelasTianlda MSRATUTEY PVA i

Ussiindnwlumsasnisgaduressanusuldd  wavengnisldaiuenundu Sadunaninmaidie

. ' & e ¢ A o 2 o ¥or c
Crossllnkmg ’U@\‘}Liﬂaé‘ﬁ‘ﬁuqr'lauwLﬂﬂE]UU‘HNTWH'WJENLﬂJ?JLUiHuuLEN u@ﬂﬂqﬂﬁaﬁﬂﬂqiwﬁuﬂﬁﬂ

asUsgnoueiiuvsd iy dlalan™ osgilun (ALO)" woilailes (21007 uadlmnded (Tio,)®

o o o o sl ¢ o =
wetelunsuiuussansa e suusunedSimosdaliudnde

ey

1) mupdeuilasnsdanedumlagdusewituse (nterfacial polymerization)

wailansiedeuliinduisiliiuiizeeiifetu dmiuitweduelsedussing
wiarl] UfRSeweiuelseiuaniniuiiuinasessetesaisazans 2 siefuenduiy Tnaslues
dintudlevuauswesazaneiiluiuesuousuiesitasandludyhas areSunidu e iuosiin
fufnseesessimhiuiiaradunidiliazansidindiei maldimnedmelsetusewig
el wediwe favgrindouuuinyiuasiinvosmsiluiuiy o nmaiedauresdifidaung
sususile MF vde UF gransaaeuludu Ne 18 edhdlsfiany msdudseniusunedsmes
Falvtu fnsbrlusunuuusiunng (Flatsheet) ilosaniuiasenaifatuluseninsduneunts
DU LLaSLfJuﬂﬁmﬂﬁﬂzﬁmﬁﬁmLLUﬁé\”JEﬁ%‘ﬁ‘LugﬂLLUULé'uIanm&

2) N15n91¥luulUSUwaG o esdaliunlsnas (Photo-induced erafting PES
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3) Msnirsilusuwedtvesdalrumeidunuitasdnds nesau/looou

{Gamma ray and electron/ion beam-induced eraftine PES membranes)
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polymerization)
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6) DTN ATRP uuitufousnusu (Surface-initiated ATRP)

MINAYN3eY Atom transfer radical polymerization (ATRP) JuBnwileisflazaan
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Fanandafnisnaslyalglunisdaudsueosn dufenisdaulsiuinlagiBie fenanam
(Blending) wonannivilsidulunouiianiawedmeddidan umusullandfiffi 1wy A
whiuldmednw msneuauesanznaaNneg wazaglunsihauyesoulel

Zhu uasameide® daasent Styrene-maleic anhydride (SMA) Tavedmesuuuaduil
malmaqaqa (Mw > 106) singssuy Super critical carbon dioxide (SCCO,) wagldansifiuum

=Y Py = o3 € s Aj - i
gfinlalasfanwedmasluniswssmumnusunedowmasdalvy uaziufivessuuusuiuluaae

3 B2
=

& o = v e s o i s
SMA Tufialautusuney PES/SMA filnaifisasdulelas@idninuduagiumiunisgadu
sy wenarnilngs Adelidedunsziuasil@dnlpwetivaiuuunavuas SMA uuaeldgwdniam
9nd PEG Tewjjiaeamosiaduserinmiuoulslasiuaylonsonda uagldiduaaduusidy
ASWS B Lsunedawestalulaowalian Ind uIE Winusl SMA-g-mPEGs @ansasnen

X ooy s PR ) o ~ = o L [ e,
anwdiuialllvigudolulusesninnsaaiominnisiinalianageuasiiusnmaion Jiang

15 =l = 6 = o o Adeta ] [ P 1

wazani'® wisilanedueivianesiliiannglsinilidndnuasamenaalduas PEO funnsiis
@ -~ 2 @ = ¢ o - @ b o ar 1
Audieldmaniunedsimesdalvy Weuduugamuaunsalumsduniafinmygasu aield PEO

= A c}l’ = c; c’i) = = =] 1 1 2
szfnusoniuia lnenafisduvesusinamglsiinnieanusnessenely PEO ueeli

=

Wit sUsgansaismsiumuniseaduleniu uanvnueuiiFEnlanedwesual dalns

wemodaesdaliuiuluanavesarsdu 1wy wedie Sulladaldiun wedwesaunimvuauily

aUszneveliuviduiooynin alluvduunauty Wy

2.2 wmallan153inseiRaanURvasasUsy
nfinansndrafulunisuiuunuantiveaunusunedmesdalvy Suludeddans

gialudidlulu wndnduaaweddmesdalvy Litazlnadininisawvdoniaedl arudwans

3 ey a el .3

Jaugningwazlaswaigsuuiusy dalunmsinasinnauiRvesususunedome idalium

i

Fansfauysidinruddgiiuedd wedlunisiiguniidnsdsunlasasdussney gUis
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Tasane wastsvdvEnmmuidoamsataielilundvesinguavasd Femsdmiumsussdiumy
wIumdanIfauYs anansauvesnliiiiu 3 fhu fel
2.2.1 nmsmsnzvseddsznaumand Taun waile

- Fourier transform infrared spectroscopy (FTIR)

- Nuclear magnetic resonance (NMR)

- X-ray photoelectron spectroscopy (XPS)

- Differential scanning calorimetry (DSC)
2.2.2 myammzigdindugpuinenaslinseiamenenn 1dun wmaila

- Scanning Electron Microscopy (SEM)

- Transmission Electron Microscopy (TEM)
- Atomic Force Microscopy (AFM)
2.2.3, MRszsE RN AL
- Hydrophiticity/hydrophobicity sradia water contact angles
- Permeability and selectivity seni15ia water #38 gas flux
- Antifouling properties A35m539 BSA adsorption
- Anticoagulation waganaNTAMNEINeBu
2.2.4 NMY3ATIZVAMUNLNIUVBLIBILUTY
uen AMsANWE Ui spuaiRvaammusud finedlinruddnyiuay
umurptausUlusy e sl douine dagiilineuind il demswamusuiiannse
thlul#ldede Sansdnwiaumunaiewuusunead e ddaluasiifauuiigausaaeiivmg
manmuaznuas Taeinluesldisnsguamiunilmivigunad 6o °C e 75 Fu vty

oV ot ‘d E o ¥ ey
¥ contact angle waisunmuauiauiulolaslvin lolasian vauumusy
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UNA 3
Fsnsaniueuise

=t 2| o
3.1 gunyal aredl uaziSesdiofiasied
3.1.1 gunsal

Pmnunay (Round Bottom Flask) 4u1e 50 Jadans

—

ﬁgﬂLLf’f’) (Glass Stopper)

NIzUannIe (cplinder) vum 10 daddng

WIARaTULIUR (Pasture Pipette)
N598n399UAUR3 (Buchner Funnel)
PInnTadgens (Suction Flask)

N3z wnIad (Filtering Paper)
wviaLmanaueEs (Magnetic Stirrer)

Y oo N e oA e

grathfuaruangnngil (Oil bath)

=
. UIALLAILEN

—
o

. Untnes a1 25 wag 50 mL

—
=

. Uidad aum 2 ml
lalasthaduazdiv 9un 1000 pl

14. gnonage
L

—_
W M

15, TIHUde

16, #agRVNANEDY

17. Foudnasamuad
18. \wanAU

20, WyHLLWANNIUES

21, esueiives

22, Togm ity

23, \resanaiion 4 fumis (Sartorius, Germany)

24, wieuanssu (UN30, Memmert, Germany)

25, \Reanauaniealianuiou (KA C-MAG HS7, IKA, Germany)
26, %uquy’lm?ﬁ (Vacuum Pump)
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3.1.2 @15vAdl

1. dudeska (dry ice)

2. 9zflnu (Acetone) AR grade

3. Lactic Acid 88%

4. Polyethylene glycol 600, 1000, wag 2000, AR grade

5. Tin{ll) 2-ethylhexanoate (Sn(Oct),))

6. Methanol ' ' '

7. Chloroform

8. _vinddmeaidalu (Polyloxy-1 4-phenylenesulforyi-1.4- hepylene, PES
9. ATIWWUMIY 137 ¢/mL 91 25 *C(iL), T, (DSC) 213 °C (onset), Sigrna-Aldrich,

USA} , ,

10. wefiadiulnanea (Polyethylene slycol 2000, PEG 2000, for analysis, MW: 1900-
2200 g/mol, Merck KGaA, Germany)

1. N,N-dimethylacetamide (DMAC, AR grade, 99.96%, MW: 87.122 ¢/mol, d:
0.937¢/ml at 25°C, Fisher Scientific, UK)

12. Phosphate buffered saline (PBS, concentration: 1X, pH 7.4, Life Technologies,
UK)

13. Albumin frem human serum (HSA, 296% agarose gel electrophoresis, Sigma-
Aldrich, Singapore)

14, gnsavany Bicinchoninic Acid (BCA or Reagent A, pH 11.25, Bicinchoninic  Acid
Kit for Protein Determanation, Sigma-Aldrich, USA) BCA 1,000 mL solution
containing bicinchoninic acid, sodium carbonate, sodium tartrate, and sodium

bicarbonate in 0.1 N NaOH

Protein Determanation, Sigma-Aldrich, USA)

16, woduamRauedn (Polylactic acid, PLA, MW=3,822.48)

3.1.3 ipdeailodingned
1. 989 Nuclear Magnetic Resonance (NMR)
2. @394 Differential Scanning Catorimeter {DSC)
3. Lﬂ‘éaququé’mﬁa (Contact angle goniometer, OCAZ20, Dataphysics Instruments
with GmbH, Germany)
4. \#E0s UV-VIS Spectrophotometer (V-650, Jusco)
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5. LASRAIARBUNTIRY (Universal testing machine, Instron 5965)

6. napsganIsMiBdnaseuluUdeIns1m (Scanning Electron Microscope, SEM)

3.2 TUABUNITVNARDY
3.2.1 nisdansizvivdonlawadiied PLA-PEG-PLA

o ¢ = ) ¢ a ¢ det of
nMsneaasmdaTdnmvinzaulunmsdanssivienlavediued PLA-PEG-PLA ifiiign
X3 @) . = ' . - B . S R . U
Tngldwinlianzves PEG Auanaieiiy Tnefidunounisdaiminsiine
1. 17 Lactic Acid 88% uag Tin(l) 2-ethylhexanoate ldluvisfunanisl Magnetic Stirrer

& v = < v . . o
ntulinSeungumad 120°C Whainan 24 dalud dasaias Disital Hotolate Stirrer 41

sorfutlugayanme

2. dieansazaneiumiia i PEG ludhsadaumumsad 3.1 wial iR uSouiigamaii 120 °C
Wunan 24 Gl

3. wdndnsdiilsasaiedhe Chloroform udnnmenansg Methanol iy

4. pseanznauilanmesyuu suction udwihliufhessuuganadua 24 $alus

A157199 3.1 waeUinmea Lactic acid Ky PEG ﬁi‘i’ﬂumimaaq

4 Lactic acid PEG PEG PEG
Yoe13
(mol) {mol) {e/mol) (g)
PLEG306 0.097 30 600 0.97
PLEG310 0.097 20 1000 1.6167
PLEG320 0.097 30 2000 3.2379
PLEGA06 0.097 ag 600 0.73
PLEGA10 0.097 40 1000 1.2125
_____ e PLEGA20 o i 0,09 e 0o DOOQ o o DD
PLEG506 0.097 50 600 0.582
PLEG510 0.097 50 1000 0.9700
PLEG520 0.097 50 2000 1.9413
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3.2.2 mylnszdauaudfvasudonlanefiues PLA-PEG-PLA

1 milensilasailianauazanugnasldweduesiemaiin NMR

Qll Q) 1 E=Y A 1 2 1 o Q
TawnisdeansaredrsaudSuaumnuizanlaluvass NMR udqldeviiazane

Chloroform-d n15iAsIgiaIewaiia TH-NMR asiivdunaudasiedieenades 15-5 mg A5

ImTgeematia BPCNMR arsiivdinuensdetsetnaion 30-20 mg mMIlaseiiemaia

HMBC (20-NMR) aasiiUSinaansiedwetetos 50-25 me

2) nInagdavaNUaNIeAInTauflemaiia DSC

& a  «df va ¢ o Y ar 2 P
D5C LﬂULWﬂUﬂﬁl‘ﬁ'JLﬂ?ﬂﬁﬂﬂﬂ?’i@U?ﬂﬁﬂﬂUﬂﬂi?ﬁﬂﬁ%ﬂﬁﬁﬁ']ﬂﬂ?’miﬂuLLﬁ%Qm%QN‘UQQ?{qi

e 1 =l s éj = A =4 lﬂl 1
fregraTauiieuivean UM 'ﬁﬁﬂULMBﬁJﬂ’P?LUﬂHHLLﬁﬂQ’HNﬂ’I gAMTeMIUBguLUaIMIaATl Wy

= P cx‘ Y a 'y v
N1IWasNLWe] Nisldasudaaus ﬂ']iLUﬁEJuEUEJE%ﬂ L“fJ‘uﬁ}‘u Iuﬂ’]'i'.]Lﬂ'ﬁﬁgﬁM’JaUNﬁlx’JWUU’mu

& =l j o =] alf wr = T S ) o 1
svglitlloniiodniolueimuggunaiild lnonehupasiiaseddalunuevgliends

d 7 LY = =] et or 1 2 = o 2 u 2
weldidud T suisunudaeganieldanmeioady aaeoldnisluavedulnsou Wassuiunis

heat-cool-heat 991 25 °C 84 225 °C fMudnsnis 10 °C/unl

3.2.3 MINI8sLNIUTUNEadwmasYa Wy (PES) Ny PLA was PEG

1.

3 ad ¢ o = - : o a & & =
dmweddimaidalilusungumgil 75 Cillunan 2 $alug wdeandunalflvgun

FUNHIVID

o ool 5 al aj 1 1 8 3 gj = = =

Yeddweigalsundunseuldviaudidn a1ntuiy DMAC Usuaas 2 mL wdald
o = o a < @ 2 & o &

AVITOUTMVAI 60 °C Luian 24 9aluad aavianaua9 e anenaenlIan nasnntu

) A Y a A J

mMugsasaereTigmaiviadn 1 Auneanriotaimaluaisazae

'y - a EIs s a f P @ P 2

11 PLA uay PEG devimiiiiuansifundsnanadluaisazaiowadsmesdalviuiilasinde

2 w3aL3endnansazany casting Tudnsidiudaaniluniig 3.1 udildanudaudune 5

o o o 24 & & & o ot
Wgungil 60 °C wiauvanuasazane il ladeanu

nae1nwE PLA uay PEG adlumsazane casting i Suwansasanw casting asuuamy

¥ nay 1y <} = i L d
wwkde uagialy 24 dlus Hgauminiivies dauandlugui 3.1

Sbwausuitdunuglui Didlwaan 24 daluwasialSlRude nastiuSaunusuals

. & .
wulilulagaaauiu (desiccaton)
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A15199 3.2 wamansdudlsEna U RaILUTY

drudsznauvaasiusy (%)
BISEUSY — M .
PES PLA PEG2000
PES/PLA/PEG-0 20 0 0
PES/PLA/PEG-2 20 2 2
PES/PLA/PEG-3- : 20 3 -3
PES/PLA/PEG-4 20 4 q
PES/PLA/PEG-5 20 5 5
PLA /PEG
Dried PES flakes Y 4
= DMAC* wl 1
) L33 .
Q"f e R W et O Y
e 1 24 h. B4 Ovemight  “Jperd
Mding Degasing Addion
5 min, l 60°C
*DMAC = N,N-dimethylacetamide 3

**RT = Room Temperature

Water bath - Cas tmgSolutmn

RT RT l ,
— Q o) —
24 h. 24 h. SR

Membrane. —_Immersion Dy Casting

o =
EUW 3.1 nesuium e s LLLU Y

3.2.4 ANIVAEBUANUAYLUIUTY

1) dnuasduguvsRuuIY (Membrane Morphology)
nsfnwdnvarduguresunusuasAnmanawinr e tuiusuifanades
ganssmiBidnnsaunuudasnsn Tnaidumeusil
1. wisudedrnusulasudumvsuadululassuvatsunssisuuusuudet
mfuinasusuesniiuudng
2. Thusnusufignindauuwiandndmivindedie wie adu (Stup) Inednlises

AN MU TUNNLTU TInUlUTIRggMuMevarneunTilATze
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3. dnwausuiiliannds 2. luiadaondesganssmididnnisuuuudesnsia o4
&y 1000x

4, Lﬁa‘l,ﬁn'wmfmﬂé’mﬁ;am'ﬁﬁﬁﬁkﬁﬂmiauqudmn'ﬂmmué”; anihildTusunsy fmagel
311 etnswiiuuinuegnutasnanszefvesgngy TasTaarmeduring
gudnansveagngusL 20 ey vintudanduanusaduiuguinarssend
4 nga laun 'iwsuﬁﬁmmmaLz%'ur-huﬂuénaw1—5 urm 6-10 um 11-15 um way

111797 15 um LLﬁ'Jﬂ'l‘lJ'JEHLUE]‘JL%M‘UOGLL(ﬂﬁuﬂ')'mEl?’JTEJ\?LﬁUNWUﬂNUﬂﬁWGIMLLWﬁ AN

2) nM53nguUAnYBUEY (Hydrophiliclty Measurement)

auﬂ’ﬁmwmauﬁwaumLmummmﬁﬂm'Lﬁmmgmﬁ’mea&ﬁ'] (Water contact
angle) LLavﬂﬁﬂmwuwammmu Tneiiiunoudil |
= uuauwa%am (Water contact angle, WCA) a'am'sa'mima‘lfa Lﬂiammuuama
(OCAZ20, Dataphysics Instruments with GmbH, Germany) mqquwm Sﬁsmumaumu

or o

L. wisndedamnusulaemsinmausniugudivaednianne 1x1 cm i
LmjL‘Uimﬂﬁmé"&lu%’m%’aﬁ’aﬂdﬂﬂﬁﬁ}m%mmﬁam

2, mﬂuummamamuLmu'mummmmumuwa Lga’mammﬂﬁﬂmnl@aau Usinms 7
ul asuutaanusy eduly 10 3unit Seduiinammenduuamusy felsunsy
Aesiinnasuas Sayududauani1 vhnsmaan 3 afsalnus 1 v

o e = o )
3. ﬂqujmﬂéuaﬁ\lmﬁLQ@EJ‘U@\?L@JNLU?UQ']Hﬂ']'ﬁLQaEjlqlllﬁﬂwﬁV]\?%’IEJLLangQ']W@QLNNLU3u

" asgaduiln (Water adsorption) annsninlneiituneu

= @ I ar o o «f LY.
L. wisuseeasrusulagmMsinemunstugdAvidondyiavung 1x1 cm

1 o
Qs

2. Falmindaedra ot eTasianailon 4 duvia (Sartorius, Germany). dwiin
=t

mumﬂlmLﬂuu'muﬂmamqLuuwiunauwﬁm Jagnimualfifu w, |

3. shetasmusuldadumaaudn wafnhunaenleoy meamﬂmmmuium

Usieanlesuiigamgiivies e 12 dalus endudsinimdnususundanug:

g g o e o Moy '6’ o ar i ot ! g = [:] 2
ihUsmnnteeu tmiinfiduinlddwimidndegiaunusundusii Sagnnuals
Ju w,
4. amsgaduthannsafnnuliainaums 3.1
¥y Wo—- W

AsARYUNN = ——— (2.1)
o W1

e W, ashwindled auuusunoungin (g)
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W, Apthwiinded nismiusud s (g)

o ié’ Q’:” 1 = 24 :LJ) 1 KJ
5. MNNNSVASENTYT 3 ATINSLHILUTY 1 9Ua WIDUMIIALaaY

3) MIgRfiuaINNITgAdu (Adsorption fouling)

& e

@ = P = o 9
nMsnadaunisgadulysfulummageuildlunmsinunisgasuanngadu dail
L wssudegiamusulaonsdawsusudugUdmasudn faoum 1x1 cm

2. dredrnusunaluansazary Phosphate buffered saline (PBS) USuns 2.5 mlL

oM BetUNTIaT T3 1§38 15aga10 PES Usenaua1e Hurman saram
albumin (HSA) (1 mg/mL)

3. Vhmsvsasutitanimundudures HSA foutazvd Mg uasin1TnaeE 3
pfatalmiusy 1 win

4. shwiinasgedugaddusiiu (Adsorption mass, M) uuiufiasusuamsaduals

INFUNT 3.2,

M = (CI"SCZ)V

Ei = 2 N i 7

g G ADAITILNTUYDY HAS (pg/ml) naunienu
C; - Aoarnduduuas HAS (g/mi) wisnageduy
Vv AavSnmensazany (L)

=\ A 7
AETUFRVBULHUUTY (cm?)

e g £
anududuvesiusiuneuuasvdenisgeduaunsomidlaeld Bicinchoninic acid kit

mg vadlUsRunaviun Samsmaasuiitunoudail
| 1. wTengalusiunnsgy HSA wavdsasanauvasslunasauswivuned (Eppendorf)
Tagldnsne 3.2 Wunwamduaswdey Warsazane PBS TunisiFeosnradudu
arsazaneintulsznaunie HAS 1 me luansavata PBS 1 ml
2. USinesvesansazant BCA ffasnnsanansaruaaléainaunis 3.3

shedBansgiu 2.1 ml assayprotocol (Fasarududuszning 200-1,000-me/ml %38-20-100— -
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= =f o ' -3 ar 1
U3unsveednsazany BCA fideen1y = (Fruruldsiusnasgiu + Sauaudene) x
o Ed
Fnuatelunisig x 2 mL
(3.3)

=l =4 =
A19799 3.3 MaeTeugalUsAumrgI Human Serum Albumin (HSA)

- FUBuansansazaneilld |- Uhinasuazundsiineas HSA - - aarmnddugaing

o lumsdese gL | D 84 HSA (ug/mL)

1 0 250 YodasazanelduTy 1000

2 100 400 vosensavaneiduiy 800

3 100 150 U9sasavarodudy 600

q 200 200 ¥esensazarsluvaanil 2 400

5 125 125 Yosansasarsluvaand 4 200

6 250 0 0

wIeNaNTazas BCA Inumas Reagent A 50 g1 fu Reagent B 1 d7u

»

(Reagent A: Reagent B = 50:1)
=y 3 1 Q’J -:4‘ = = =
4. iy Reagent B 1 gauadly Reagent A 50 druaunssiagisazatawasuiiiiudiges
1588818 BCA (Reagent A weiufiu Reagent B) fiongnisldemmfias 1 Jundaanas
=
W38l
5. Undansazanalusiusnnsgululaazamnadudy Usines 0.1 mL asluvasavaaes
ai = di‘ o Y
AdLUTDANNUNE
o = - 2
6. \iug1sazaiy BCA UTinms 2 mL aslunasanaaeiiaisazanelusdumnsgu

U%mma;ﬂﬁ'l gavETavawluvaeanaaesda 2.1 ml

~J

WUa wagansisg eI ssuanadudy asdiy

8. nnthllimmSouudasazas fgnugd 37°C Hunan 30 wiudaildduasounssy
viasazanesigamalivhaamgiives

9. wasazanglude 8 adufwmvinanadin (Plastic cuvette)

10. Sansganiunasvesarsazatsiiniuendu 562 nm lasldiados Uv-vs

Spectrophotometer.

& e & o [T ] | .
NUUYINITHANFITaLa1899 2 *Uum’lmmnulﬂa’[,%’l,ﬂsamajajj (Vortex Mixer)

I3 9 2 f =
. yhmimeaesnude 5 uasde 6 lasdsuanasavanelysfanasgruluasavars
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11. Avasmsarmendenalieruioussimadsuulaseddqudmnnsdlidui
gaumgilvies ileandeiianarnlunsneasiadsiaAinisganduiasvesarsasas
ety 10 Wi

12. ahremsedufinuaasnsvinaspuenududutasdnsgendunaaiiofuan
AntuIuTeslUshY

13. anadutuvsddsiiumurnldnnnisidisuiiisunsgandunaesarsietiaiu

N3MIRIgIsERTNA NIt IasAI IganiuLaedUTRuIn s

5) auuftiena (Mechanical properties)

IR

auiAldnasesusiusuansaialaiatnasnaaaunseds (Tensile Testing) Tugn1egh
= = o ] . . N a4 o
wiie Mgungivies laoldinsoavnaaulsais (Universal testing machine, Instron 5965) &4
Jupaulumsnazoudail
= LY I o [~ a n! =5 £ =
1. wisnfmegwmmusunemdaumusuluglamasuiuiiviunn 5510 mm wazdl
1282N1330 (gage length) va9dlasNuvny 14 mm
= s 1 LR ] . PR 1 o4 ar L v =1 o
2. 9330798191 192%19 Grip lasfsfivansuiazaiuueefiieg19nIeanui 2 mmanit
AUATEIIR9E1DNVIA

o 20’ é‘; ! = 2 5 E <
3. MANIVIAGEDUYT 3 ATWBLUNIUTH 1 9UA FTalvmIAregay
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Ui 4
Nan1seaznIsenUsiena

_oas a‘l” : = ‘J o s = L= = = oy =
Tunddeiilunsdnuniieafumsfunseiuianlavedwefvlianeduaninuedn-wod

oo “y -y =y é oy o ) b2 é} 1
wiidulnansa-vsduanfinuadn (PLA-PEG-PLA block copolymer) @9nandaefouniiiinudi
# PLA-PEG-PLA Wuweduiesiiflnuanififidviddymansng 1wy Wusmifiuanadaiuld

~ (Compatibilizer) @1snenan (Nucleating agent) aﬂitﬁuﬂ“’jﬁijgﬁ'ﬁéjﬁ (Plasticizers) asanaa1y

iin (Diluent decrease viscosity) uazanafinamaudauss (Toughness) duduaudseiilavinng

PEG waimsamvrsugmandimaaiidiameaila Nuclear magnetic resonance (NVIR) ua

NAAaUANUEN9ALS BUfIEmMALlA Differential scanning calorimeter (DSC)

4.1 uan1sduaziuisnlanefiued PLA-PEG-PLA

4.1.1 Tassafdluanauazaiiuenaialduasuiaalaneiuesarematin NMR

NonsAnwmemailn TH-NMR Wunfmngiminsainmasi aruemvesusiay
enalgnede fuiad degree of polymerization (DP) Uasiuiinlianaes PLA-PEGPLA (My)
TneomsiSeuiiioudumisvas PLA PEG PLA fidams1z4ild Aifdwidnlinanaves PEG Auandng
fugunugLUnase1989989 PLA uay PEG

Mnnsmasulassaimsaiibomeda HNMR Frusndluguil 4.1 @)-e) wuigud
4.1 (a) Wedgaeuiumia 5.16 wag 4.35 ppm waosilsnoumo ] -CH vosaneld PLA uaswy
-CH wessuvilslatgans (chain end) uagiisinia 1.55 ppm uensialusnouveny -CHs w9
PLA ?hug‘Uﬁ 4.1 (b) &pyayrauiidiumida 3.64 ppm wanafdlsmenvany -CH, 9849 PEG NEN

daulassadiamaaiivesvas PLA-PEG-PLA fiiliwitinTsnanavos PEG funnsg (U1 4.1 (O-(e))

284 PLA wagdyqnisiiuyis 3.64 ppm uanadalusnouves CH, v84 PEG Wunanstioezing

W o o o P a «
arudululainannduasedldasiadulaneduesves PLA-PEG-PLA
d 1 . q" 24 ar gad 1 1 =& 1 s}
5198 4.1 uaasen yield fldvaseansdauamssilinnegiudacssinag 8-34% Faduai

Asutnaiey uandimsyhufitemedwslaeduiiussiviamios dledunniien DP vee PLA

Was PEG wuTh PLEG306 lsfeh DP a4 PLA uas PEG geflgn 181 uas 120 mugndu diavends
augvesaelanedueildlasdnmeenundum M, (Number-average molecular weight)
firuviniu 18,300 Dalton vesaun@e PLEGA20 WA DP was PLA uas PEG gafign 149 way 54

HINEIAU T M, Wiy 10,780 Dalton
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lo¥mer G
. |
b (a)
A
Hlo\/ctO'H ¢
(b
[ | d b
A0 Yo b ot :
b
 —— i 9
o]
HJ( OWO/MCLO{\QJ\ +H a % b
b
) 0 S @
G .
AT T S, -
) &) M |

I ' f ! T r [ J I T I T i
6 o 4 B 2 1 0
Chemical shift {(ppm)

FUR 4.1 wansaunndi "HAMR was: (&) PLA, (b) PEG2000, (<) PLEG 520, (d) PLEG510
wa (e) PLEG506
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= Ry =
#9199 4.1 arugmaelgalaanmailn H-NMR

PLEG306

PLEG310 0.9520 8 52 23 4,800
PLEG?)_ZO 3.30.2.5 30 Ce 47. R 18 e 4,200
PLEGA06 1.1229 9 149 54 10,780
PLEG410 2.7112 23 95 11 6,850
PLEG420 22373 19 160 55 - 13,940
PLEG506 2.9443 21 68 78 8,340
PLEG510 1.4033 11 63 28 5,730
PLEG520 2.0582 16 24 28 2,930

actual product
Yield (%) = %100 (4.1)
theoretical product

Mn NMR = (DP PLA x 72) + (DP PEG x 44) (4.2

4% o , . .
Tnei mwuﬂ‘lmaqafﬂaa Lactic acid 1 unit = 72

;Lag ﬁqwﬁ'ﬂimaqamgqﬁhy[ene g[yCO{ 1 umt S S

4.1.2 lassaFslananadasmaiia 1°C NMR
mnmsAnvimemaia 2C NMR (umsiSeuifsusunilsadiiaes PLA, PEG uay
PLA-PEG-PLA ﬁﬁﬁwwﬁ'ﬂimaqa%m PEG flumnsinai ﬁmﬁm’iugﬂﬁ 4.2 (a)-(e) wuhdygad 19,
78 uag 170 ppm wansiiesmiuoutes C; (CHs) G, (CH) uaw Cs (C=0) wpd PLA iuwmgﬁﬁzgig'lmﬁ
68 ppm WaRTaSUBL Co+Cs 108 -CHCH,- 989 PEG Wazdeyeyesdt 64 ppm (d) wenafianiuey
vas CH wesyjaremeldves PLA Swnanldimedimesiduamslddt PLA uar PEG Ju

adnulsenau
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5
H Cy+C
H‘FO\/\O’}( . . P qrvs
4 m (b)
o . -
0 f C,+Cy :

- 3 - 2 7 " C
o G, 1
0.2 ] 4 ,o\?)\ " Ca*Cs
& ool e, (d)

C4tC

=, L Lo

i

AN BN U SRS RNL SR SRS B Eana

180 160 140 120 100 80 60 40 20 O
Chemical Shift {ppm)

JUT 4.2 wamsaiunn i PCNMR 99 () PLA, (b) PEG2000, (c) PLEGS20, (d) PLEG510 wa ()
PLEG506

431.3 ﬂf]sfjLﬂﬁf}gﬁﬂqqué{uﬁuéﬁuﬁgwar}ﬂtﬁ’usg(HMBC) O U O

IMNTANWITIEMATA HMBC (Heteronuclear Multiple Bond Correlation) Founs
“uassAuduiusseninaiueunaslysnaunateRuse Tae HMBC MunesSy TEwEas alnnsy
999 3¢ mrandaazaunefuves IH aunuauey fanaia copolymer @nsadudulaain
muduiufssniimsueuaslusaeuludm (Cy, Ha), (Cy, He), (Cs, Ha) iz (Cs, He) mngﬂﬁ
4.3, 4.4 wag 4.5 ugns HMBC adnaiuveasdogny PLEG506 , PLEG510, las PLEG520 snugisuy
Hafet ot 3 sialivwuanudniudseninsasusuuagiusmanlusiums (Cy, Ha) (Cy, Hs), (Cs
Ha) wae (Cq, Hs) lozuaneinia copolymer Faumediwefannsaduasienldlufiannudy

copolymer
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JU# 4.3 weing HMBC adnmiuvas PLEG506
A W g
Tl 4
o2 | g ]-04.6 ’Lof H
3 5 8 ‘
1 A g . H; H,
Hz.Hs H4.H5
|
f:‘-":i”:iin(:\‘)]?\‘:lI!r!l§:u?)1 o
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G, G

v - - T ¥ T - T T T
@ 4 b H 4 s 4 3 I 1 ¢ -+
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4.4 uans HMBC aldnesuyad PLEG510

"
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o | 7
4 [
o2 M 4 ]ols L | Hy H,
H ]/ 3 [0 5 *"’/ 8 O
1 Q
Ho Hg H, H, |
i L |
%) R o . . -'_) IR L
U; - } . (\ . 0
U‘“ ; 4
S _ o
F i r @
Lf‘ J 1 g
: 7 B | -
0 4 Gy Hy )
i —r '
. 3 | . 16
Lj" s .7 i T, \ P B R e N <> ------- ?‘ ----------- -
2 bes
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SUT 4.5 wana HMBC atnasiunes PLEGS20

4.1.4 pan1sAnsanUinisaaieudiemadia (DSC)

Anwnaulifniseondounes PLAPLG-PLA vhnisnsaeusaemeaiin DSC Wiemgamadl
anugadeuy (1) ganigivasuina (7,) wunialueansmans (AHm) waeuBiansiondn
(% Xc)

e nN1snadeudnURnasaTIniouTes PLA-PEG-PLA filarueaisldues PEG #

unne1ei nawseuiisuivasdinmemnasoures PLA fildainieszidemaiia DSC fagui

dasnlln laiwuen T, Fadululidnen T, 189 PLA-PEG-PLA fitioenth 25 °C danalilsiwud T,

983 PLA-PEG-PLA Tudinuweean T, uas T, 909 PLA-PEG-PLA fidranauilaiisusu PLA lne

WA Ty 199 PLAPEG-PLA i 2 i waindliidiudn PLA-PEG-PLA figunuundniiuansaiy 2

i
P =i

= d’ e =Y - sil = :2’, 1 [ =4 1 =3 = d' - q‘fl
il Fewdnviawnfsrdniifeduuuuliauysalasvasui 1., daundnsiinfiaesfenaniiingy

L4 A 1 - ﬂﬂ' =y ¥ =5 U =% si' =1
auysalaznasui Tr, wigiwiniiaduanyselgldgamgilunswasugenimdniinfuuy

L Y & 24 =3 = ar r ~ B =4 )
biaaysal wasTosavvarUfinumaiandnuesiiatie PEG2000PLAZ fif 6.07% Gailusnfiunn

=
ign



30

118.49 PLA

\ 89.29% | PLEG420...
H \ 103‘[7’?

9 A PLEG520
S e 88837
\J

102.57
T } LS l LI T il T 7T ! LI I | I[ T T { T 7 I L Il T T } T LI I 7T
0 20 40 60 80 100 120 140 160 180 200 220 240

Temperature (°C)

12
@t

e v o o = v W =l
3‘dﬁ 4.6 Lansd@Unvn19a LT aUES oSNNI AN O UASIN 2 UD9 PLA, PLEG420, uaz
PLEG520

= 2 o P <f 2 1 & [ a
015790 4.2 ﬁuumﬂ"ﬁﬂ'J']H‘JEiUIﬂfJWQ']?m']WﬂqirLWﬂ']qu'iE)Uﬂ?ﬁm 2 aenAua DSC

fxAH?

- W
089 AH,, A9 Lauialnrsvasuiviad

sample T CO [T CO | T CO | T CO L [ Xe (%)
ST NN B U P S 7-) O F €7°) [ IER
PLA 30.23 84.89 118,49 e 3.28 5.43 3.90
PEGZ000PLAZ - 56.47 89.29 103.87 18.04 14.63 6.07
PEG2000PLA3 | - | 5926 | 8893 | 10257 | 17.47 | 1695 | 093
AO_-AH_} "
X (%) = [—_ 1 cjxlOO (@.3)

o el = = n!’ 2 o 8 5 -J
AH. fig tauialinsiiesdndldainnisidanadounsai 2

f fim dwndndadduany PLA

Q) = b=3 A = ﬁu 1
AHG fio wuialnmsvuasuvaivedn PLA MinTuedisaysol
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: <y 3 = e v o =t v

dalulasdunmsinvanifvesuuusuildanmsiienans PLA wag PEG fildainnas
@ s = 124 L7 ool £ ar = q‘{ &) [ =
duaszilupsuindnntdlumsrauiureddiesdalvufetugulliummusy uasihnmsdnm

W 2 a s ' ) ar ar 2/
AuandRveduuusunremalinniieg laun SEM iwednudnvusdugiuvenuiun nsldyy
dufldveaun (Water angle contact) uaznasgaduiin (Water apsorpton) Tun1s#nurauds
mwgeudl milddmsgaduredlisfiudiednunmsgaiuainnigadu uazmsldnismeaeuiss

aeluns@nuwanTfdnaTe auausy
4.2 ASWSENNLUISUNBRDWaSTalviunay PLA was PEG

4.2.1 anvazdgiuane1vaauusy (Membrane Morphology)

IMNNIANYITNY UL UFIUTBLNULUTY LILEAINIHARTINUBUUNIUTUIINNE D

o= . v o o ¥ v ¥
yansIrBdinaseunuudeInIIn (SEM) diauil 4.7 BilanggrguiuuripnnnIsgegailom

- da & 8 oa = ¥ aa .

WUTY IFAGUVLNATUUUTUNALI91A1 90588 ULLUTUA18795 non-solvent induced phase

. {, = = o 2r o e L ey -
separation (NIPS) uagillurautainnisiiy PEG fviwiiiiiluasivilihagngu (Pore forming
agent) Mgiuiy uenantumsfingnguiuurloaiuisainnistssosuedirdwmdinmsiu
Uy dwaliiansnnagneudiazldnaumlunstuglumusu mifamusuilés
WIULUUTRYN

Tuduvetdusiugudnangnyuluamusudassiin nnsudanguauanuenveadu
tugunasoanitiy 4 ngudsgnoudae suguiiianuendudgudnarat-5 pm 6-10 pm 11-

1 ﬁ} o
15 pm wagannndl 15 pm 903U 4.8 wansnisnszaeiivesegriulumaus Tnawanusy
PES #laifinsifia PLA/PLG H3niuaing 6-10 um 31023 60% Waiinsifin PLA/PEG 2 uay 3%
guguitAedulusnusuioua 11-15 um Aadlu 55% wazilvinasnnndn 15 pm Andu 60%
o er 1 = o 0 ar

AWMU LU UTUNHLN TN PLA/PEG 4 Uag 5% ﬁgwqummm 6-10 pm Wag 1-5 pm anuanau
= & a o o ar i - = SRy i o F oA o o
Fevia 2 gllailgyguniouiadana g 65% Lungrdanadivuingrguiintudainied

PLAVPLG dainnammaiiuiusosoungniulussusu PES/PLAPEG2 uaz PES/PLAPEG-3 dlo

= o e o A | =
Wisuilsufuasrusuilaiiimaiy PLAPEG Tuvasfigniuluamiusuiudia PLA/PEG 4 uay 5%

=i =5 1 o ! o 4;' A o QI
flguinanas Fsnanalidnisiiiu PLAPEG amsafinviinvasgnguiionnan PEG viwwdituy

ansiviliiAngwgu usvimsidy PLAPEG Auniivluenaivouintesgniuanadenalfas
wanilesidussgwuitivumidniududuanshusiusy PES/PLA/PEG 4 uag PES/PLA/PEG-
5 guquiidntuiufimuivifostugduiavenhivweniamimameuhwasuiusy B3
winislvnalguasiisnounalussiusutielfasienuveuniwesumusuisiudmalfyy
Suavoniiidiosas wmLusu PES Miiu PLA/PEG 0, 2 uay 3% furdudavenianasiloiy

= <4 o= (Y < < o a
USum PLA/PEG tilsangnjuifivualvy dwandlugun 4.3 Tuanswaiusy PES MRy

]
! =

PLA/PEG 4 uaz 5% fyududavenihlndifesiu Adsnariudiismiigadion3ouifisuiuny

%
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= el £ =} o] o o = t
wsuwtindy Wunainannisiiwuususia 2 gilailgnguwmdndiuauunn Sauanddiidudinis
Wis PLA/PEG dunsavfindunugisuuazaengnnavesgigy lnugnqudsnandruanuduizves
P dogva o ey H
uwwﬂfhmnmnTﬂwuwumaqauumﬂaquﬂauuﬂwaqQuuuau

= i-irEs
Bt to el v s IESTSLELAY)

Ve THAL  ETIRXN Sydaemmi [ 3 Rl zam A
ZmTedtl  mas Ees EreEamiEl  fud v §LEQ WAL s - - S e A LES (eEEELIS T

(e - (D

R
i Tt i e

i o s €y 1 4‘-‘J L.
gﬂﬁ 4.7 ﬂ'ﬁ"lﬁlﬂ‘U’}'N‘UﬂQLiJlJL'UﬁUR]']ﬂﬂﬁ@ﬂﬂﬁﬂ‘i'iﬂﬂﬂlﬁﬂ@]‘iﬁluLLUUﬁE}\ﬂﬂi']ﬂVlﬁﬂ"laﬁ‘UfJ']EJ

1000x () PES/PLA/PEG-0 (1) PES/PLA/PEG-2. () PES/PLAIPEG3. oo

(3) PES/PLA/PEG-4 uag (3) PES/PLA/PEG-S.
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70
60
50
40
30
20
10

B 11 - 15 pm

> 15 pm

Porus distribution (26)

)
N
&

4 o)
PLA/PEG Content (%)

] y) 1 P
UM 4.8 nansznedvesgrgululsiusuldas il

4.2.2 msTaautRaruyeuth (Hydrophilicity measurement)

= gué’uﬁawaaﬁﬂ (Water contact ansle, WCA) Uuanisaudfianiyveuthaasi
WU AL Ui WCA 1inndn 90° nanefssmiusurtiatuiiautiayldveuh wies
autifamuravied lumendufuausiusuiian WeA fegnda 90° manefaasiusuriadhs
dudinTuratth 9100579 4.3 udasdn WOA lanaeoeedaniosmnn 105.7° Judhusn WCA U
sy Alifinadie PLAPEG 1 65.1° Sadiudn WCA wasimiysy PES/PLA/PEGS5 myanad
¥Bsfr WCA MiindudinnliinssihufunsfiuiuresTinn PLAPEG Tuisiusy woneiniien
WCA wauuiiusuiiinisiia PLA/PEG thuiidatiasniiasiusuilifinsiiy PLAPEG fianunduly
1§ PLA/PEG aransnamusaidaaiu (Cohesive force) Tumsniiyiliiusstangniiaitosniiuse

a8 o . g = | a 2 ] ‘u’
tadin (Adhesive force) uazlaanauanhiiuliufineyiUfAsedusmusuanadaluana

Y o 5@ W 5 o ' ! W oar @ H ]
shafuies Sevhlviveemdiudeugusw deabiypddavaniiimanss

i 4.3 yudidaveniwssmiiusy PES Whinay PLAPEG uasunnusuiings PLAPEG

_ o quﬁﬁﬁﬁﬁ]ﬁiﬁﬁ(") __

ILUsY e T e e T T
| RREWL L 0892 1 A% 3 | ANaEy
PES/PLA/PEG-0 116.4 102.9 97.8 105.7
PES/PLA/PEG-2 82.0 84.9 87.4 84.7
PES/PLA/PEG-3 76.6 77.6 7.7 773
PES/PLA/PEG-4 59.2 64.5 70.1 64.4
PES/PLA/PEG-5 62.1 65.3 68.0 65.1
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. msgm%’uﬁwaammmu Vwwendsanifinmumeuiessiusuduieaiius WA
mnunuusuiinsgaduigeosteniauuniaduiianfanugenh witiusuiinisgn
Fuhmesiwenfusususiaduiiautfmmulivendh viefmudfmwweuii 1 4.
wnusuilddin PLA/PEG Simsgadunhogit 1.27 Badudniitiosunn wen3suifisuiusemusud
finsifu PLAZPEG Tasiuanusuiinas PLAPEG unlimasnisgadushilifusnnfuuiiendu

ANSIRLAUYa9USINM PLA/PEG

= e & =t o
$1919% 4.4 MIAYUUYBUULEUTY PES wilaieay PLA/PEG WasLiLuUIUYINGl PLA/PEG

T [ e | deines | faetes | dueds
PES/PLA/PEG-0 | 12897 1.2903 1.2571 1.2724
PES/PLA/PEG2 1.4000 14111 1.4702 1.4284
PES/PLA/PEG-3 24167 25385 26832 25461
PES/PLA/PEG 4 4.1915 41695 6.3085 4.9032
PES/PLA/PEG 5 4.8088 4.9714 5.0396 1.9399

g‘uﬁ 4.9 UgnImENTUIIZU ST WCA La,asmsﬂﬂ-%’uﬁwamummu LTISIUTY
PES Ailaitierny PLA/PEG it WCA snilaauasilenniapndutasilan ilsmndaudiliveuoes
sy dleuiusina PLA/PEG lutmusuiilier Wea anaseesdeiiles Tuvaigiimagadu
ihvesmsusiifituaghaieidoasuiioniu Fandrld i PES Alnmi PLA/PEG #
autReurouiunnninsiusy PES Aliinisiis PLA/PEG uenainiiumiusy PES/PLA/PEG-4
Wag PES/PLA/PEG-S usinusuitiimushanladungiads Insusiusisi 2 wiiafidn WCA uay

g g o L = ~ g = © 1 = F
nagaduthlnaineeny suiamgannsnuIue 2 giadgnsuruadndnaunn date

“WCA wagnIgatuiiildamnsmeass nransnaassiisiudena i PLAPEG SaTudse

s rey g e f qld
Tumiﬂwﬂ‘;dauummﬂmjauuwmLuuwiu PES Taeilluanusy PES/PLA/PEG-5 WU Ui

A WCA tagnsgaduiiinduinimeladige
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120 8.00
=& Water contact angle
110 . 4 7.00
s -~ \Water adsorption
9 100 1 600 ¢
o 0
5 90 I 1 500 &
B 2
£ 8 r 4 400 ©
[ e
R 1 200 &
2 60 | 1 200 3
= 50 1 1.00
4{'\. 1 t 1 L 1 ‘J\.Gr\l

0 2 3 4 5
PLA/PEG Content (%)

& e

4 H TN
§‘U°ﬂ 4.9 HUFUNAYBIUULAZNTIRR UYL ULLU Y

4.2.3 migaduann1sgadu (Adsorption fouling)
n5gaduaInn1Igady (Adsorption fouling) ansanagauldvinnmsgaduvadusiy
- R '4 e/
Human serum albumin (H5A) Tnsaadaduraalisiiu HSA figadunumausuaunsomldlag
1 Bicinchoninic acid kit ﬁ’mﬁﬁmﬂiﬁlm 2.1 mL assay protocol ﬂ’li@ﬂ%‘ﬂ%ﬂﬂiﬁu {Liu, 2016
L=l Ad [} 1 :: at
#10;Wang, 2009 #25Wang, 2009 #66} finsseaulunuideiinanitunusuiiins§ulye
e H == LY a A w | =l &/ b 1a at
ddAnmYe U ldninunTsgaduatlUsiuiissaadiaiio uiuusuiidinsuiudys
ﬂ.j ] ot 1 & nal = =3 1 CE = 4 L) g =
dnvisddana nasanaadedinafiulSnaa i ureiuedniantfanuveuiwmiela

viadieiAtlanhneuiiian (Amphiphilic property)

200

150

100

o
o

Adsorption massg(ug/cmz)

0 2 3 4 5
PLA/PEG Content (%)

JU# 4.10 dwiinmigaduvadlusiiu Human serum albumin (HSA) vutuRawuT
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NN 4.5 WNUTUAREN PLA/PEG finsgaduvedlusiiv HSA Weandmmusuily

Hed PLA/PEG mLﬂﬂmnmsﬂ3uau'ummwwanuwaamuusuwammiﬁ‘}ﬂﬁw‘lﬂiﬁwauummu E‘U

= o - = P % @ o
1 4.4 1Laﬂ\ﬂﬁﬂ15%@‘?]’U‘U'€]QIU§G]U‘U§NL?JllLUSﬁWNaN PLA/PEGHANENHIAIRARGDINUNTHAUDUTDY

anUiimReutvemuTy sauaadlugud 4.3 Tnaflsiusu PES/PLA/PEG-5 Wuliusuiinis

1Y) o ow A = o "y e S o]
ﬂﬂ‘ﬁUmﬂﬁIUsmuuaangmLuaﬁﬂqﬂLuﬂJEUiu@ﬁﬂaq?NﬁﬁJumﬂq WN‘UBUU’lu’mmjﬂ

C; s & = U ar s cy o
TN 4.5 ﬂ')’}llL‘?JSJ‘UU‘U@QIU?GWHE}ULLE?BﬁﬂQﬂ’]'iﬂﬂ‘ﬁUUUWUN'JmiltU'iu' B

S R o R gﬁﬁﬁfnmsgﬁ%'ﬂ,.
| evendudussiysiu HSA (ue/ml) A
Cro BRRUSY L T T PR Perra
IRt S 1Ak vy R S g
N Ot R (NP RE R R < (£ 15 1
o MYERAYY [ NSgatu | gus | nNag o
1 835.46 777.33 58.13
PES/PLA/PEG-0O 2 835.46 771.75 63,71 158.99
3 835.16 766.50 68.96
1 835.46 821.25 14.21
PES/PLA/PEG-2 2 835.46 807.42 28.04 52.88
3 835.46 814.25 21.21
1 835.46 808.17 27.29
PES/PLA/PEG-3 2 825.46 797.50 37.96 90.24
3 83546 792.42 43,04
1 835.46 803.00 32.46
PES/PLA/PEG-4 2 835.46 808.00 27.46 60.10
3 835.46 823.25 12.21
T mmae T s T g Fmam T
PES/PLA/PEG-5 2 835.46 819.67 15.79 37.88
3 835.46 823.75 11.71

LY

4.2.4 guunigena (Mechanical properties)

audRifianavasanusuaiursadaliaannisnadauiseis (Tensile Testing) Taenas

1 é
31991UAT Tensile stress at break Tensile strain at break Waz Modulus 27ngU% 4.11 u@nag

ANUdUTuSIENInean Tensile stress Wag A1 Tensile strain VOLAUTY TALULUTUTIRUALERS

L2 t 1 . El . . = [ @ L2
mmauwuﬁ‘asmwm Tensile stress way A1 Tensile strain ms‘gﬂLe.wmﬁauﬂummamms’*ﬁm
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Taniifiendiviuasse ddlrmubululdumusuildannmseisduiadiduandse
Wiy audfidanave sy suiiiineuiulyend fnsrealunidoue A Rahimpour
uaz S.S. Madaeni [30] Mnidefanarmuimiusy PES finumedieiiflanidanuveuiiite
Uuuysanifinnuweuinfy faudidanaanas fiaenndastuaudidenavesamnusy
PES/PLA/PEG-4 Way PES/PLA/PEG-S fiilasifdanativsninamnusuiilinas PLAPEG fusaaly
1519 4.6 Iﬂﬂﬁﬂ'j Tensile stress at Break iM17U 1.56 Uaz 2.66 mud iy 1nnantsvnans
adundriliinisnan PLAPEG Sldausihliiantfdnatesniusuanasiaaumiefuauds

anugsulasmsgagullsRuBLLIUTY

4.0 T
— 35 F
o ]
% 3.0
P25 [iF
v ]
£ 20 T
%’ 1.5 §- —=specimen 1
é 1.0 ; —specimen 2
0.5 4 —specimen 3
0.0 :.V T E T T ] T T T { T T T T l ) S
0.0 1.0 2.0 3.0
Tensile strain [%]
(n) PES/PLA/PEG-0
50 1
o . o
o 40 T
=2 ]
g 3.0 T
o ]
9 N .
T 2.0 A ——specimen 1
< ]
IE 3 === gnecimen 2
1.0 1 .
] —specimen 3
0,0-1||11||||{||1|}a||1‘{
0.0 1.0 2.0 3.0 4.0

Tensile strain [%)]

() PES/PLA/PEG-2



4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0

O-L

=—==specimen 1
e sn@CiMEN 2
=== spechinen 3

L ¥ e e

Tensile stress [MPa]

Tensile stress [MPa]

LIp Ly eiae iy e sl adrp b e prergsraly

0.0 —fFr T 7T Fr 7 7 ™ T 1
0.0 1.0 2.0 3.0 4.0

Tensile strain [%)

(M) PES/PLA/PEG-3

—specimen 1
== specimen 2

s spacimen 3

0.00 1.00 2.00 3.00 4.00

~ Tensile strain [%]

- (9).PES/PLA/PEG-4 —
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3.50

3.00 I -
T ] e
o .50 1 fﬂf“‘ - Y
._% 2 E MM
@ 200 T
v ] .
% 150 1 —spcimen 1
Y . ===gncimen 2
U - ====spcimen 3
~ ]

0.50 T

0.00 : ] ] T T I T T T T ]I T T T 1 ]I

0.00 2.00 4.00 6.00

Tensile strain [%6]

(9) PES/PLA/PEG-5

g‘d‘ﬁ 4,11 uwamsAnuduYiuGseninea Tensile stress Waz a1 Tensile strain 984
(n) PES/PLA/PEG-0 (%) PES/PLA/PEG-2 (m) PES/PLA/PEG-3 (1) PES/PLA/PEG-4 waz (])
PES/PLA/PEG-5.

ﬂ; QA ey : 1 ‘i
AT 4.6 AUURdanaTaUotailUsy PES iliaan PLA/PEG Lasiumusunugy PLA/PEG

NN\ Tensile | Elongation B
s L ATIMIRUMRAEUTY | - oo b e e © Modulus
LUy AN 3 strenght <. at Break : .
SRR (mm) 3 o/ LR (MPa)
" S e e MRRT B R) L
PES/PLA/PEG-0 0.252 4.10 9.39 213.67
PES/PLA/PEG-2 0.203 4.54 10.04 225.33
PES/PLA/PEG-4 0.349 1.56 296 100.73
PES/PLA/PEG-5 0.273 2.66 4.61 226.67
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UNA 5

ayUnamsideuasiauauu

5.1 d@5unaniide

duillfaulafesdansnes PLA-PEG-PLA block copolymer Iagvinnsdnuidasdqu
warBmsivnzanlumsdans g PLAPEG-PLA i3l PEG fifiarmeneaoldiuansiaty
ﬁJ’IﬂTf‘U‘LI’]ZU']Lﬂ%ﬂULﬁHUﬁ’]ﬁﬂﬂImﬁQﬁLLﬁS?{QJﬁaW’Nﬂ’J’Iﬂ%’@U RN IMAdDUMeIIATa 'H NMR
wazinaila °C NMR wumnnsuvas PLA waz PEG Tu copolymer usidaamaila HMBC lalwy

@ @ 1 w & ~ o ) -
ANMUANRUS TS EUARSUYIa 2 9iin Tudumids (G Hy) (Co, He), (Ca. Ha) Uy (Ce. He) ansns
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PUMIATY (um)

No. | PES/PLA/PEG- | PES/PLA/PEG- | PES/PLA/PEG- | PES/PLA/PEG- | PES/PLA/PEG-
e 2 3 4 5
i 4.833 6.211 8.070 4.722 3522
2 5.418 6.577 10.684 5,590 3624
5 5 800 Ta.497 P B
4 5.855 9,070 12,794 6.264 4.427
5 6.428 9.191 13,627 6.373 4.661
6 7.087 9717 13.791 6.772 4.910
7 7.161 10,045 14,468 6.960 5.198
8- - 7337 10.749 14.994 7075 | 5322
9 7367 10.980 15,301 7,089 5.463
10 7527 11.600 15,836 7.129 5478
11 7.846 11.602 15.962 7.351 5.645
12 8.344 11,795 16.173 7.376 5914
13 8,662 12,051 16,228 7.805 5.950
14 9.170 12.261 17.472 8.141 6.136
15 9.795 12.818 17.678 9.051 6.486
16 | 10459 12,982 22.782 9,239 6569
17 | 11.204 13,347 24.972 11,243 6.834
18 | 12742 13.058 29.127 11.29 6.845
19| 127 3,521 29,129 14,873 7043
20| 14141 14.173 30.097 16789 7772
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! o < 4
711919 4. ANTIRANAURENYDIAIULUTUNAUNENMIARY 562 nm

e . Absorbance
Membrane Specimen

' ' Before adsorption | After adsorption
1 1.02335 0.9536

PES/PLA/PEG-0 2 1.02335 0.9169
3 102335 [ 00006
1 1.02335 1.0063
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Abstract. In this work, polyethersulfone (PES) was blended with bio-based polymers, PLA

(hydrophobic polymer) and PEG (hydrophilic polymer), in otder to improve the antifouling properties
of PES membranes. This was done by way of non-solvent induced phase_separation. Membrane

properties such as morphology, hydrophilicity/hydrophobicity, adsorption fouling and mechanical
properties were characterized. All blended membranes displayed higher hydrophilicity than that of
pristine PES, This was confirmed by lower water contact angle and higher water adsorption. It was
found that membranes with 5 wi% PLA/PEG gave a water contact an gle of 65.1° and water adsorption
for 4.94, These were the best values obtained. These modifications yielded low protein adsorption
leading to reduce membrane fouling. Adding a greater amount of PLA/PEG reduced the membrane
pore size, enhanced hydrophilicity and improved the antifouling capability.

Introduction

Polyethersulfone (PES) is considered to be as one of the most important polymeric materials for
use in membrane applications. It has high mechanical, thermal and chemical resistances, transparent
and amorphous properties, making it ideal for use in preparing asymmetric membranes with different
pore sizes and surfaces [1-3]. Due to the inherent hydrophobie characteristics of PES, this material
experiences fouling during filtration processes. To prevent this, a modification of the membrane is
desired. Various modification techniques had been reported, including addition of hydrophilic
polymers to the membrane materials [4, 5] and immobilization of polymers with hydrophilic
segments by photo-polymerization or adsorption [6]. The functional gtoups of hydrophilic monomers
such as acrylic acid and N-vinyl-2-pyrrolidone can be grafted onto the PES membrane surface by
plasma initiation polymerization [7]. This can modify the surface properties of PES membranes such
as hydrophilicity and roughness. Sulfonated polymers are considered to be much more resistant to
fouling [8]. Recently, blending PES with a bio-based polymer seems to be a promising approach.
Poiylactic acid (PLA) tends to be miscible with PES as it has hydrophobic characteristics. Especially,
it is derived from rencwable resources and has good properties [9, 10], PLA. is. used.in_numetous... ...
- applications because of its biodegradability. However, its use arc constrained due to its
hydrophobicity [11].

In_many researches, _hydrophilic_polymers.—such—as. polyethylene —glycol-—(PEG)-—and—

polyvinylpyrrolidone (PVP) have been used to blend with PES for membrane modification.
In 2008, Heru Susanto and Mathias Ulbricht used three different additives consisting of hydrophilic
polymers, i.e. PVP, PEG and amphiphilic copolymers, i.e. poly(ethylene oxide)-b-poly(propylene
oxide)-b-poly(ethylene oxide) (Pluronic) blended with PES to reducing fouling by adsorbed protein
[12]. PES membrane blended with PEG (PES/PEG) had significantly lower water contact angle and
relative water flux reduction) compared to other membranes [13]. PES-PEG membrane was the most
hydrophilic membrane resulting in higher fouling resistance than the membrane without an additive,
Not only PES, but also polylactic acid (PLA) gained improved hydrophilic properties by addition of
PEG.

In this work, PES membranes were blended with PLA and PEG in order to improve hydrophilicity
and decrease fouling on membrane. Membrane compositions ratios (PES/PLA/PEG) were adjusted
in a casting solution. Membrane propetties, i.e. motphology, hydrophilicity, adsorption fouling and



mechanical properties were characterized in order to find the optimum condition for membranc
improvement,

Experimental

Materials. Polyethersulfone (PES) pellets (D= 1.37 g/mL at 25°C, Ty, = 213°C onset) obtained from
Sigma-Aldrich, USA, was used afler drying under vacuum for 24 h. The polymeric additive
polyethylene glycol (PEG2000, AR grade, MW=1900-2200) was obtained from Merck KGaA
(Germany) and commercial PLA, (My = 163,500, My = 287,900) was bought from NatureWorks
LLC, USA). N,N-dimethylacetamide (DMAC, 99.96%, AR grade)-was obtained from ~Fislier -
Scientific (UK} used as solvent, Human serum albumin (HSA: > 96%) was purchased from Sigma-
Aldrich (Singapore) for adsorption fouling experiments. Deionized water was used as nonsolvent in
the coagulation bath. Phosphate buffered saline (PBS, 1X, pH 7.4) was purchased from Life
=T eclmologies (UK -Bcinchoninicacid Sofution{ BCAor Reagent 2, pH T T-25) and copper(11) sulfate
pentahydrate (Reagent B, 4%) were a part of Bicinchoninic Acid Kit for protein determination
purchased from Sigma-Aldrich (USA).
Membrane Preparation. PES granules 0.4 g were deied in an oven at 75°C for 2 hours and dissolved
) in 2 mL DMAC for 24 hours at 60°C with stiming. The sofution was left at ambient temperature
overnight under stirring condition in order to become degassed. Then, PLA and PEG were added to
the solution and dissolved for 5 minutes at 60°C with stirring. After both polymers were mixed, the
solution was cast on a Petri dish and left to dry at ambient temperature for 24 hours. Finally, the
resulting membranes were immersed in deionized water for 24 hours. Membranes were prepared
including PES with 0, 2, 3, 4 and 5 wi% of both PLA and PEG, denoted as PES/PLA/PEG-0,
PES/PLA/PEG-2, PES/PLA/PEG-3 and PES/PLA/PEG-4, and PES/PLA/PEG-5, respectively.
Membrane Characterization: - - :

Membrane Morphology. The cross-section morphologies of the membranes were observed by
scanning electron microscopy (SEM) using a LEO 1455VP scanning microscope. Membranes were
cracked in liquid nitrogein. The cross-section side was placed on the stub and sputtered with gold.
Then measurement was made with 1000x magnification. After the SEM images were obtained,
Imagel software [14] was used fo measure pore diameters and pore distribution in each membrane,
In each image, the pore diameters of about 20 pores were measured. Then these diameter values were
divided into 4 groups, 7., 1-5 pm, 6-10 pm, 11-15 pm and more than 15 nm. Finally, the percentage
of each diameter size was recorded,

Hydrophilicity/iiydrophobicity  Measurement. The hydrophilicity/hydrophobicity of the
membrane surfaces was characterized by using measurements of the water contact angle and the water
absorption. The watci contact angle was measured by a contact angle goniometer (OCA20,
Dataphysics Instruments with GmbH, Germany) at room temperature, 7 pl, of deionized water was

“dropped on the surface of the membrane (1% 1 cm). Then the water contact angle was measured after
10 s. At least 3 specimens from each membrane were tested. Water absorption was measured by
_ immersing the membrane (1x1 em) in deionized water at room temperature for 12 hours. Membrane .-
weights before and after adsorption were denoted as W) and W2, Water absorption was caleulated by
following Eq. 1. The reported value was the average of at least 3 specimens.

Water absorption = Wo-W, ' (D
W,

Adsorption Fouling. Protein adsorption testing was used to investigate adsorption fouling. Each
membrane (Ix] cm) was immersed in 2.50 mL phosphate buffered saline (PBS) solution containing
human serum albumin (HSA) (1 mg/mL) and incubated for | hour at room temperature,
Concentrations of HSA solution before and after adsorption were measured by using Bicinchoninic
Acid Kit for Protein Determination (Sigma-Aldrich, USA). At least 3 specimens from each membrane
were tested. The adsorption mass (M) on was calculated by Eq. 2.




M = (Cl‘gz)v. (2)

Ci and Cyare the HSA concentration (pg/mL) before and after adsorption, respectively, V is the
solution volume (L) and S is the membrane area (cm?).

Mechanical Properties. The mechanical tests of membranes were carried out in the dry state using
a universal testing machine (Instron 5965) at room temperature, Membranes were cut into a
tectangular shape (50 mm x 10 mm). The gauge length of each specimen was 14 mm. The specimen
was fixed between grips and pulled at a speed of 2 mm/min until it fractured, according to ASTM. D
638. The reported value was the average of at least 3 specimens.

Results and Discussion

Membrane Morphology. The Marpliologies of all membranes obtained from SEM measurement are
shown in Fig. 1. All membranes have a sponge-like porous morphology since membrane immersion
was delayed in a coagulation bath after casting. The pores consisted of various sizes as presented in
Fig. 2. '

Fig. 1 SEM images with a magnification of 1000x of: (a) PES/PLA/PEG-0, (b) PES/PLA/PEG-2, (¢)
PES/PLA/PEG-3, (d) PES/PLA/PEG-4, and (e} PES/PLA/PEG-S5.

PES/PLA/PEG-0 mainly have pore sizes in the group of 6-10 pm. These can be as high as 60%. After
blending with PLA/PEG, PES/PLA/PEG-2 and PES/PLA/PEG-3 pore sizes 11-15 pm at 55% and
those more than 15 pm at 60%, respectively. On the other hand, PES/PLA/PEG-4 and
PES/PLA/PEG-5 mostly have pore size 6-10 um and 1-5 1m, respectively. The main pore size is
present at 65%. So addition of PLA/PEG in the membrane results in an increasing pore size. That
PEG acts as a pore forming agent has been reported previously [ 15, [6]. In contrast, an excess amount
of PLA reduces pore size. The membranes with a higher percentage of small pores as PES/PLA/PEG-
4 and PES/PLA/PEG-5 are shown in the figure.
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Fig, 2 Pore distributions of pristine PS membrane and blended PES membranes,

Hydrophilicity/hydrophobicity Measurement, One of the most common techniques to
characterize membrane hydrophilicity/hydro-phobicity is measurement of the contact angle.
Unfortunately, many parameters can affect the contact angle values, including the membrane
roughness, the porosity, the pore size, and the pore size distribution. In Fig, 3, water contact angle of
all blended membranes were lower than that of the pristine PES membrane. It declines continuously
from 105.7° for pristine PES membrane to 65.1° for PES/PLA/PEG-5. Water adsorption has also
been employed to demonstrate hydrophilicity. Pristine PES membrane gave water adsorption as low
as 1.27. After PLA/PEG addition in membrane, water adsorption fended to increase with PLA/PEG
increment. This indicates that increasing PLA/PEG in the casting solution causes a lower water
contact angle and higher water adsorption. That is increasing hydrophilicity of the membrane.
However, membranes with 4 and 5 %wt PLA/PEG have slightly decreased water contact angle and
slightly increased water adsorption. This comes from small pore size and amount (4 and 5 wt%).
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Fig. 3 Water contact angle and water adsorption of all membranes..
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Fig, 4 Adsorptive HSA mass on all membrane.

Adsorption Fouling. Protein adsorption has been ported recently [6-8]. Improved membranes
have lower protein adsorption and this value decreases with increasing amount additives. These are
often hydrophilic polymers and amphiphilic copolymers. As shown in Fig. 4, all membranes studied
herein had lower protein adsorption than neat PES membrane. This decreases continuously with
addition of further additives. This is due to increasing hydrophilicity of membrane after blending with
PLA/PEG. The best reduction of protein adsorption was obtained from PES/PLA/PEG-5.

Mechanical Properties. Tensile stress-strain curves of all membrancs are shown in Fig, 5.
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Fig, 5 Tensile stress-strain curve of (a) PES/PLA/PEG-0, (b) PES/PLA/PEG-2, (c) PES/PLA/PEG-
3, (d) PES/PLA/PEG-4 and (e) PES/PLA/PEG-S.

These are classified as the curve profiles of hard and brittle polymer. The mechanical properties of
all membranes are illustrated in Table 1. PES membranes with 2 wt% PLA/PEG possessed the highest
mechanical properties having 4.55 MPa of tensile strength and 225.33 MPa of modulus. That is
despite the lowest thickness of 0.203 mm.



Table 1 The mechanical properties of all membranes

Membrane Tensile Elongation

Membrane thickness strength at Break N%;?Il,l;;ls
(mm) (MPa) (%)

PES/PLA/PEG-0 0.252 4.10 9.39 213.67

PES/PLA/PEG-2 0.203 4.54 10.04 225.33

PES/PLA/PEG-3 0.189 4.42 6.11 234.67

PES/PLA/PEG-4 0.349 1.56 2.96 100.73

PES/PLA/PEG-5 0.273- 266 - 46l 22667

Conclusions

The priqfine_RESmembxane—can:gai_ﬁ:impﬁemd:hydmphobicit—y:by:bimdingavitlwﬁm A

amphiphilic polymer additives. All membranes have a sponge-like porous morphology and various
pore sizes. The variation of pore size is a resullt of delayed demixing. The smallest pore size was
obtained in the PES/PLA/PEG-5 membrane. Addition of PLA/PEG successfully enriches the
hydrophilicity of PES membranes as confirmed by the low water contact angle, high water adsorption
and low protein adsorption. The thin membrane gave the best mechanical properties, making it the
strongest membrane. Therefore, PLA/PEG improve the hydrophilicity of PES membranes. The
optimum properties are obtained from PES membrane with 5%wi PLA/PEG.

Acknowledgements

The author (Y.P.) would like to thank the research grant from Naresuan University (No. R2560C1 63).
T.L. wishes to gratefully acknowledge the “Development and Promotion of Science and Technology
Talents Project (DPST)” for scholarship.

References

(11 A. Rahimpour, M. Jahanshahi, S. Khalili, A. Mollahosseini, A. Zirepour, B. Rajaeian, Novel
functionalized carbon nanotubes for improving ' the surface properties and performance of
polyethersulfone (PES) membrane, Desalination 286 (2012)99-107.

[21 Q. Shi, Y. Su, S. Zhu, C. Li, Y. Zhao, Z. Jiang, A facile method for synthesis of pegylated
polyethersulfone and its application in fabrication of antifouling ultrafiltration membrane, J. Membr.
Sct. 303 (2007) 204-212.

[3] H. Wang, L. Yang, X. Zhao, T. Yu, Q. Du, Improvement of hydrophilicity and. blood.

- compatibility on polyethersulfone membrane by blending sulfonated polyethersulfone, Chin. J.
Chem. Eng, 17 (2009) 324-329,

~[4] B K: Chaturvedi; A K. Ghosh, V, Ramachandtivan, M. K, Frivedi, M. S. Hanra and B. M. Misra,
Preparation, characterization and performance of polyethersulfone ultrafiltration membranes,
Desalination. 133(1) (2001) 31-40.

[3] R.M.Boom, I. M. Wienk, T. van den Boomgaard and C. A. Smolders, Microstructures in phase
inversion membranes. Part 2. The role of a polymeric additive, J. Membrane Sci. 73(2) ( 1992) 277-
292,

[6] P.S.T.Machado, A. C. Habert and C. P. Borges, Membrane formation mechanism based on
precipitation kinetics and membrane morphofogy: flat and hollow fiber polysulfone membranes, J.
Membrane Sci. 155(2) (1999) 171-183.

(71 M. Ulbricht, M. Riedel and U. Marx, Novel photochemical surface functionalization of
polysulfone ultrafiltration membranes for covalent immobilization of biomolecules, J. Membrane Sci,
120(2) (1996) 239-259.



[8] D.S.Wavhal and E. R. Fisher, Hydrophilic modification of polyethersulfone membranes by low
temperature plasma-induced graft polymerization, J. Membrane Sci. 209(1) (2002) 255-269.

[91 A. Nabe, E. Staude and G. Belfort, Surface modification of polysuffone ultrafiltration
membranes and fouling by BSA solutions, J. Membrane Sci. 133(1) (1997) 57-72.

(10] Information  on https://onmcxus.specia[chem.com/seIection-guide/poIyethersulfone—pes-
thermoplastic.

[11]S. Saeidlou, M. A. Huneault, H. Li and C. B. Park, Poly(lactic acid) crystallization, Prog,
Polym. Sei, 37(12) (2012) 1657-1677. e,
[12] H. Susanto and M. Ulbricht, Characteristics, performance and stability of polyethersulfone

ultrafiltration membranes prepared by phase separation method using different macromolecular
additives, J. Membrane Sci. 327(1-2) (2009) 125-135,

[13] J.F. Li, Z, L. Xu, H. Yang, C. P, Feng, J. H. Shi, Hydrophilic Microporous PES Membranes
Prepared byPES/PEG/DMAc Casting Solutions, I, Appl. Polym. Sei. 167 (2008), 4100-4108.

[14] Information on https://imagej.nih.gov/ij/,

[15] G. Demirel, T.Caykara, M .Demiray and M .Giirti, Effect of Pore-Forming Agent Type on
Swelling Propertics of Macroporous POIy)N]-3)—dimethylaminopropy]—[(111ethacrylamide—co-
acrylamide} Hydrogels, J. Macromol. Sci. A. 46(1) (2008) 58-64.

[16] J. Chen, J. Li, X. Zhan, X. Tan and C. Chen, Effect of PEG additives on properties and

morphologies of polyetherimide membranes prepared by phase inversion, Front. Chem. Eng. China,
4(3) (2010) 300-306.




9/22/2019 Mail - Yupin Phuphuak - Outtook

Your paper has been accepted and KEM processing fee

Taweechai Amornsakchai <paccon2019@gmail.com>
Mon 5/13/2019 6:43 AM
To: Yupin Phuphuak <yupinp@nu.ac.th>

Dear Yupin Phuphuak,

I'm pleased to inform you that your article “Antifouling Property and Morphology of
Polyethersulfone Membrane Blended with Amphiphilic Polymers” submitted to Pure and Applied
Chemistry International Conference 2019 (PACCON 2019) has been accepted for publicatlon ina
special issue of Key Engineering Materials. L e :

Although no further action is required, you can verify the status of your article by logging in to the
publisher's website https.//www.scientific.net and log in using the credentials previously provided.

3

- Afteryou login please select "Author ole near the top of the screen.

Please also be informed that there will be the publication fee of 5500 THB which has to be borne
by the authors. Kindly transfer the net amount to the following account bafore your paper can be
processed further:

Account Name: PACCON

Account no: 152-463669-1

Account type: Saving

Bank name: Bangkok Bank

Swift Code: BKKBTHEBK

Branch: Siam Square

After successful transfer, please send an email with the evident to this address with the subject
"KEM processing fee”. Receipt will be issued under the name provided in the PACCON2019

registration system. If you need the receipt with different name, please let us know.

If any further changes in your article become necessary you must notify and obtain a permission
from an Editor via E-mail PRIOR to uploading a new version. Thank you very much.

Best regards,

T BT g ™
Taweechai.amo@mahidol.ac.th

hitps:/foutleok.office.com/mail/inbax/id/AAQKADAYMMI2 OWMWLWIANMMINDNmYy05Y 2E1LTVEN2I1 MObKkMGM2ZNAAQAPUrDxRTzrhFhkQpES...

n



9/22/2019 Mail - Yupin Phuphuak - Outlook

Free Author access via scientific.net to Green Convergence on Materials Frontiers Il

Trans Tech Publications <authors@scientific.net>
Fri 9/20/2019 3:44 PM
To: Yupin Phuphuak <yupinp@nu.ac.th>

Ci nfiﬂg. Net Materials Science & Engineering

Publisher In Materials Scierce & Engineering Online periodicals

Dear Yupin Phuphuak,

Your paper(s) will be published online in our periodical in the next month. You may access (free of charge) your

paper(s) online and dowiiload & PDF VErsion froni Rty 7/ Www.scientific.net

As an author, you get the possibility to make your paper OPEN ACCESS or order OFFPRINTS. It permits to
upload the full-text to open forums, e, Research Gate (license CC-BY 4.0,

http://ereativecommons.org/licenses/by/4.0/)
Login: yupinp@nu.ac.th

Password: YkKmW595

choose 'Author’,'Access Status'

Thank you for supporting our periodical.

Best regards,
The Scientific.net Publishing Team

P.S. Dear author, please be advised. that you can order the book with your paper(s), ebook or CID/USB flash-stick with

your special discount. -

Please also find ouwr new Specialised Collection volume Membranes and Membrane Technologies online on
www.scientific.net/SC.8/book

TTP has updated its service {o be compliant with the GDPR. Any personal data passed to TTP from its customers will
continue fo be treated lavwfully, fairly and in a transpareni manner and will be treated in compliance with the GDPR,

Trans Tech Publications Inc.
Kapellweg 8, CH-8806 Baech,
Switzerland

Fax: 41 (44) 922 10 33
E-Mail: office@@scientific.net

9 Seiontihe Mot Al nights reserved

Do you want to unsubscribe from this mailing? Follow this link

https:/foutloak.office.com/mailiinboxAd/AAQKADAYMmMIZOWMWLWI4ANMMINDNmYy05 Y 2E 1LTVKNZI 1MDhkMGM2NAAQAD] ryGEVZdVNmM%2FZ..,  1/2



912212019 My Papers

Search

AUTHOR HOME

Title: Green Convergence on Materials Frontiers || Edit pertod: till

Hovy to upload a revised manuscript?

*Status description

Pl Il

Sheow By:
10

PAPER TITLE MODIFIED COMMENTS  STATUS* REVIEWS

- Antifouling Progerty and Morphology of Polyethersulfone Membranes Blended with  2019-09-06

2 Acc 2
Bio-Based Amphiphilic Polymer Additives 19:40 @ epted 202
Showing t to 1 of 1 entries P

hitps:/isnww.scientific.net/editing-taolfauthorfiitles/4917/papersilist 171



9/22{2019 Details § Key Engineering Malerials

HH

HSIRNGINE

Seairch

Periodicals

Key Engineering Materials
ISSN: 1662-9795

Volumes
My eBooks

Details

Editorial Board

About:

"Key Engineering Materials” is a peer-reviewed periodical which covers

...entire range of basic and applied aspects of the synthesis.and research, ... ...

ey Engineering Materfals modelling, processing and application of advanced engineering materials.

_"Key Engineering Materials” is one of the largest periodicals.in its field.

"Key Engineering Materials” specializes in the publication of thematically
complete volumes from international conference proceedings and
complete special topic volumes. We do not publish stand-alone papers by
individual authors,

Authors retain the right to publish an extended and significantly updated

version in another periodical.

All published materials are archived with PORTICO and CLOCKSS.

Authors can share research paper via KUDOS platform to help broaden your audience. Share your work via

htips:/iwvay.scientific.net/KEM/Details 1/3



copyrightcompliant way using The Kudos Shareable PDF

Abstracted/Indexed in:

SCOPUS www.scopus.com.

REAXYS www.reaxys.com.

Ei Compendex www.ei.org/.

SClimago journal & Country Rank (S|R) www.scimagojr.com.
Inspec (ET, Institution of Engineering Technology) www.theiet,org,
Chemical Abstracts Service (CAS) www.cas.org.

Gobgle Scholar scholar.google.com.

GeoRef www.americangeosciences.org/georef,

912212019 Details | Key Engineering Materials

scholarly coliaboration networks (like ResearchGate, Academia.edu and Mendeley) in a fully

L. INIS Atomindex (internati lear Information System) https:/inis.jaea.ors.

Cambridge Scientific Abstracts (CSA) www.csa,.com.

ProQuest www.proguest.corn,

Ulrichsweb www.proquest.com/products-services/Ulrichsweb.html.
EBSCOhost Research Databases www.ebscohost.com/.

CiteSeerX citeseerx.ist,psu.edu,

Zetoc zetoc jisc.ac.uk.

EVISA http:/fwww.speciation.net/Public/Linklists/EVISA.htm!.

Index Copernicus Journals Master List www.indexcopernicus.com.
WorldCat (OCLC) www.worldcat.org.

ISSN print 1013-9826  I1SSN cd 1662-9809  1SSN web 1662-9795

i

Additional Information:

Please ask for additional information: kem®scientific.net

Subscription

Online Subscription Price 2020: EUR 2'660 / US$ 2'920

- Access January-December 2020 to all Volumes published in 2020
- Published from 1982 - 2019: 826 Volumes

- Access on/via Scientific.net

Benefits to libraries: » Outright purchase + Perpetual access rights * Multiple concurrent users » Long-time
preservation « COUNTER-compliant usage statistics * Pick & Choose licensing options as well as package
options. + 24/7 access on www.scientific.net « Freedom to use offline or print * Advanced search options

Please contact us for all other subscription options, including access to backvolumes, multisite & archival

licensing at subscriptions@scientific.net

hitps:/Awav.scientific.net/KEM/Details

213



