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Zelm el =l 2-hydroxyethylphenyl 7|7} A8k st Eelwz 7A€ 71d A9 ¥ (modified
b o =
n

selectively permeable membrane)ES ¥ 33}+=,
A7 2

A1l glej A,

oY

A7 Zgle] FAd 4-hydroxyphenethyl halide® ®wHEA|Z1 o024 A7) 2-hydroxyethylphenyl 7] & 2] 3HA]7)

A1l AeiA,

A7 4

A1l lej A,

A7 Z8]M = PFPE(perfluoropolyether), ZZ YW z]A =2 polydimethylsiloxane, PDMS), EJX~Z(teflon,
polytetrafluoroethylene), Z g &g (polyolefine), Zgjo}rto] = (polyamides), ZgjoladgolE
(polyacrylate), A& Z(silicon), ZzdWd wHelo}addo]E(poly methly methacrylate), ZT]xg
(polystyrene), ZgZ 23U (polypropylene), odd-v]d olAxHo|E mZgw K Zgoga-Zy <tslo]=g

= ZEYY, Zolr=(polyamide), Z (M F=2gel=), ZYMd F=2golx), FHd o|ntE
(poly(vinyl imidazole)), EF2E<%¥Jo|E Z7]#d FA(chlorosulphonate polyolefin), ZTodd ®HEDZZ
eg o] E(polyethylene terephthalate, PET), Y ¥ Z(nylon), A™%E Zglo|dd(low density polyethylene,
LDPE), 3¥%E Zgoed(high density polyethylene, HDPE), o}=™H(acryl), ZgdHEAE
(polyetheretherketone), Z2]¢|u|=(polyimide), *2]7}RUlo]E(polycarbonate), *2]-9-#%H(polyurethane)
= ZodEgd A =(poly(ethylene oxide))?l, H#3 FAHET-S7].

A3 5

4-hydroxyphenylethyl halideE Z2|M< ®-§AIA  2-hydroxyethylphenyl”]7} =7 X&d  2-
hydroxyehtylphenyl 7] X8 Zgl™ AxgA; 2

%371 2-hydroxyethylphenyl”] X8 Z#|w& ddst= AFDAE xdshe AEE] Aad ZEw 249

A 2w

3T% 6

ZE & Ayt AAE AF= A 2

A7] 2AE 4-hydroxyphenylehtyl halide®} WHS-A]# 2-2-hydroxyethylphenyl”]7} %7] Zdv ZZol =3k
2-hydroxyehtylphenyl”] X3+ ZEW 225 A Xl dAE X3l AEEo] 24 Z29H 249 Ax

W

ATE 7

A% = Asgel gloiA,

A}7] 4-hydroxyphenylethyl halide® 4-hydroxyphenylethyl fluoride, 4-hydroxyphenylethyl chloride, 4-



[0001]

[0002]

ZIHS3d 10-2020-0009778

hydroxyphenylethyl bromide ¥+ 4-hydroxyphenylethyl iodie®l, A|ZWH.

A58 e Aol ojA,

47 &M= PFPE(perfluoropolyether), #2tWX]A &2 (polydimethylsiloxane, PDMS), EIXZZ(teflon,
polytetrafluoroethylene), Z g &g (polyolefine), Zgjo}rto] = (polyamides), Zgjoladg ol E
(polyacrylate), A2]&(silicon), Zzd¥ wdEelo}la e o]E(poly methly methacrylate), ZZ]X~EH
(polystyrene), Z2|XZH % (polypropylene), AEd-H|d olMHo|E mEFEW, Zgjdddl-Zy olsio]=g]
= #ZEZYY, EHoluZ(polyamide), ZZ/(¥]d F=Zgolz), Z(vd ZZgolz), ZgH|d oluuE
(poly(vinyl imidazole)), EF2E%¥Jo|E Z7E#FA(chlorosulphonate polyolefin), Zdodd ®HEDZZ
2g o] E(polyethylene terephthalate, PET), Y ¥ Z(nylon), AEE Zgo|dd(low density polyethylene,
LDPE), 3E%E Zgogd(high density polyethylene, HDPE), o}=™H(acryl), ZgdHEAE
(polyetheretherketone), Z2]o|u|=(polyimide), *=2]7}RU|lo]E(polycarbonate), *2]-9-2%H(polyurethane)
T+ ZPd"#A SA=(poly(ethylene oxide))<l, #A|ZHH.

AT™ 9

A58 w= 63k gl

2

A,

A7l 2AE FAENET]E w8y, Felo](ultrafiltration) ZE, HEPA(high efficiency particulate
air) ¥, vlo]2H (biochip)dl A-&7153, A|ZHH.
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heat capacity)< &5k 24 W& AT 5 9on, ¢ =g of&ste] T LS AL + v

ol Sk [e)

S EE HEE A3AA 2/ Mgl TFEe A wd99 BA
A 7t mEES 7 AITIAY AL JEsA BAE oIE F . AR
2 Age AEHds VMR A2 vAHERF AExRg ZFE Bxe] ZkE §&ste A"E R
(selectively permeable membranes)& AM&3dh= Holth(Kim et al., Polymer Chemistry, 54(1), 108-114,
2016). webA MdElA Fapmow Ay FAYEWE 7] (photobioreactor)E ©]-&38te] H2 Hpo]omj s AYS
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g:ﬁo ﬁo :

B BEAo| A ALgH = 8o "u A ZF(microalgae)"E Hitho] A 2AEE 2 EA Eaﬂioi, £33 HAxE do
71 ZEFRYUR 2 FHAE 94 ARF &3, Y mlo]lduA AUt FEE vAERR{ e 5
3 Ad, & 71§ Ao FHE vAERF T(E)oltk. A71% 10 un(MAZE, 1ng 10013&%4 DAZ, #H7}h
g #7119 1029 1 <htelnt

A A A EE o] "Hded R AhAl(selective permeable mesh, SPM)"E w4 (mesh) AlE HE&= E}
T ANER PR AFEAdl de) 54 A AgHoR Fakss= Zo] ofyet, &, Al ' R T
AEAE T OiFES BH AFEE A= Jbeshd R = 22 Ax AREE ke Al
dots 2AE odnletr, Aol dR= Y] AHS T FE doy, AHS Aoz AE w7t FPAH
g o)FAE P

B EAo A AFEE = B0 "AEQE(biofouling)"E MY FRE SOl HAEC] Fase AEYS P
A g AeFol FHste] e e T AR A=Y Hudle] g deedo] W

A e Aol neh whelenls YA S gl

E EAMoA AEEE 8o "ElZ<%(tyrosol)"2 ZHtH(Candida) ROl o AAEE F-AEE B
(anti-biofouling molecule)® o}ad o] & AEOE LA R ALEEH AEQES 54.05%71% E7|Ho=w
N Aoz RaEAdtt(Monteiro et al., Medical mycology, 53(7), 656-665. 2015).

B EAA AREHE &o] "HE Al (quorum sensing)" A7k FFQ MAES WRE O Fo &3 mAyY
Eo] RUHSE doz 7 nAEoe] Fujste AE E4E QAo dojdr}t, % EHo] Tl ofH
Stzxof] o]2W wmlAE Fuke] U7l oWl AAAHQ FF T dA 3 o2 HAoZ o9 e IS4
n A& od fFREE 5 FHAF dEE .

g ol AAISE A

oo o o] wEW, Egw o] ZAd 2-hydroxyethylphenyl 717} X3¢l st Zejw= 749 QA
Aetd F394 2H(modified selectively permeable membrane)E ¥E338l:, 43 FAYEWS 77 AFH ).

27 B ARG QoA 7] Eelme] ZA¢ 4-hydroxyphenethyl halideE WHEAIZI 2 ZH 47
2-hydroxyethylphenyl 715 A 2A1Z 4= Aol 7] A4 Fabg w2 wbgsul BAlE, e vAE

gJom A7) ZglWE HEZE(teflon, polytetrafluoroethylene), Zz]&# % (polyolefine), Zgo}ujo]=
(polyamides), Zzglola "z o]E(polyacrylate), AZ]Z(silicon), Zd¥ delolaHdo]E(poly methly
methacrylate), Z2]2=E]#(polystyrene), Z2|ZZF@(polypropylene), CIEF-H|d ofAH|O|E FZZH,
Zyogd-gy ¢tslol=gl= mEYn, Zgjolu|=(polyamide), Z2(Bld F2glol=), Zg(Rld Z=2i}o]
=), Z¥d  ougZE(poly(vinyl imidazole)), ZE22<IYolE  ZgL# A (chlorosulphonate
polyolefin), Zgdgd HEZZ e o]|E(polyethylene terephthalate, PET), Y¥ZE(nylon), A== Zgo
d&ll(low density polyethylene, LDPE), xd% ZZ]o|dd(high density polyethylene, HDPE), o}=™
(acryl), ZZ o 2AE (polyetheretherketone), #2]o]H]=(polyimide), FE|7}RUlo]E(polycarbonate), =
2] ¢-#d e (polyurethane) = Zg o€ 2A|=(poly(ethylene oxide))d & t}.

9] B d #AHo] w29, 4-hydroxyphenylethyl halideE Z@|w e} ¥H8-A]#A 2-hydroxyethylphenyl”]
o] X3+¥l 2-hydroxyehtylphenyl”] X3 Zgw AZx¢A; 2 A7) 2-hydroxyethylphenyl”] X3+ =
=S Adste AEdAE el AELE Aad ZEY A9 Azl AFEd.

2 oAHe g2 o #Hd wE¥, ZEHE AdPstd AAE Axse dAr 2 AT &2A
hydroxyphenylehtyl halide®} WHS-A]#  2-2-hydroxyethylphenyl”]7} 7] &
hydroxyehtylphenyl”] X3 Z&]H AAE Azee dAS E3es PEo&o 7
Wol| AFHr}.

A7) A ZFEPEC 9do]A, A7) 4-hydroxyphenylethyl halidex 4-hydroxyphenylethyl fluoride, 4-
hydroxyphenylethyl chloride, 4-hydroxyphenylethyl bromide X3+ 4-hydroxyphenylethyl iodie¥ 4 9lit A
7] #%¥"+= PFPE(perfluoropolyether), ZE2|twX]AdE2k(polydimethylsiloxane, PDMS), HZZE(teflon,
polytetrafluoroethylene), Z g &g (polyolefine), Zgjo}rto] = (polyamides), ZgjoladgolE
(polyacrylate), A8 Z(silicon), ZgWe welolaHHo]E(poly methly methacrylate), Zg|2~g

_6_
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(polystyrene), EHe]Z=F U (polypropylene), olEa-v]d ofAHo|E IEEw], ZFddd-Zd <Hafol=g
= ZEYY, EFFol|=(polyamide), Z2I(W]d ZF2eol=), Z(Md E2eo|=), ZEH|d olnuE
(poly(vinyl imidazole)), EFR2Z&FYolE Z S P (chlorosulphonate polyolefin), Zold# HEZ=
2o o] E(polyethylene terephthalate, PET), Wd&(nylon), AE%E Zode(low density polyethylene,
LDPE), %  Zgo|gd(high density polyethylene, HDPE), ©o}3H(acryl), Zge=ZAE
(polyetheretherketone), Z#]olv|=(polyimide), E#]7FRvlo]E(polycarbonate), &5 & (polyurethane)
T ZgdEd A= (poly(ethylene oxide))d 4= tt.

71 Azl oA, 7] aAls BAENE]E wEEr], oot (ultrafiltration) HE, HEPAChigh

L

efficiency particulate air) ¥, H}o] 2 F(biochip) o HE&7ts& 4 U},

A
2

oF okal Al ~®l(gcean culture system)o] 4F 7]uke] okl A Ao B3] AUy oz Mz do]r] u
el iAol HastARE o] et S THH gl Ao mAERF i Ane] AAA B
FAAT = E e FHAE ATE 5 du. mEkA 44 Ak (hydrothermal liguefaction)E

o
FHE VARF WY D JFR AN BA AF AUE Ak AL VART WGl

)

2
o2 off #
o o

It X oo o mo =

O

[ = 2 2=t s o
Z-(interfering adhesion)©] 7} &34 o]il(Choudhury, R.R
et al., Journal of Materials Chemistry A, 6(2), 313-333. 2018) 3&}7]9} 7S thekst wbHo] Ru¥ct: 1)
Wugele] Wl H¢A Ee SHIE FoA3tes A (Liu et al., Journal of Membrane Science, 346(1),
121-130. 2010), 2) =<2 EW AUAE 3= A (Krishnan et al., Journal of Materials Chemistry,
18(29), 3405-3413. 2008), 3) HAH AA(quorum sensing) EAS A+-&3= A(Monteiro et al., Medical
mycology, 53(7), 656-665. 2015). BN S Fol7] A8 71EANS PVDFeF et AaAd-4gA
WHd(hydrophilic-hydrophobic repulsion)S o]&3te] AWEQES FAaAIE Aoz Yelyth(Venault et
al., Journal of Membrane Science, 450, 340-350. 2014). o]x= A€z Fylulo] Fwo| o2 sldE 287
£ Foate Aer MadRly vAzF Alo]o] H7] FH(electrorepulsive force)S ©o]&3te] AESES
Alste dErh. =3, FIA AEIE FAEstd FEAY ZW AdYAE FEFoEN AELES AR

FAH A7 (quorum sensing)TAHE ARE-etd B QIGS] vA=o] HAE AAHer AT 5 3.

S

olo & WEAES Aez Fijdlo] A8y H{3
A&l 7+ H-Z(interfering adhesion)S ¢

3] =,
hydroxylphenethyl bromide(4-HPB)E &3ttt 7] EI2& AEeE A HA

o
0
i
rE
olo
)
=2,
2
i3
0,
ol
ol
rir
0
i

of AEA7|a PAZF Tetraselmis sp. & WFste] A8% Fiare] RA=2 473 A

HEZ(contact angle) S4S &3] A894 Tt 2448 vusgla old upz

2&o HE 93 AEE oA FHE BHEAL EAo 4-HPBY slo]|==24 %5 7] (hydroxyl-functional
3 3

group, -OM)= A4 Fatute] Lpids G3al JAeA-aayd ihdgos Q% H=oE dds AdAdY=

oy AAES G J1E BoplA 4 4L b el B owwe Us gasl dgats) s
of AFHE Aolvl, syl AL ofe 714 e YUz wPW & dov, B wge Wik sy AAdel
FYHE AL ohirh. o8ld ofF MAUES B ANE U FUsa A s, FAlA B 3y
e SASI) ARH) gstel ABHE Qo BF, EWAA 2 3o FV} AsE APl A %
S4¢ 95kl whgE Rolnk

GAA AR AAA, =, e wx slwa e shtel PH8st e THSE e, rAdsel, "4
FHol" mE "AZYH] AAVTT AT W, P shiel PRI AWHoE dE PHsx 3
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S
~
I
rr
o

%,
(comprising)" A=3 FAE, =4, @A, &5, FA, 84
F% 2t gl =

i} o4l T

olal, E o] AAGELS B W] oKl AAGES JEFHoR EAEE RHES Ese] AWt
EHE QojA, dE EW, Ax 71E E/EE FA(tolerance)d wEl, ZAE e wWEHE] odd
ATE. whEbA], B od APGe] AAlde B wHAAd EAE g9 B FAd AgtE BeR s|AE A=
ol HH, A& &9 A 2= FF9 HslE xgstolof o),

o!g_]_-xg i219=0!

HAzF 2 g wiA

B oA AFESE A u| M| ZF Tetraselmis sp. MBEyhO1L(KCTC12429BP)= <13 & wo A FE5&G 3wl
A= 39 {/2-Si WAE H7ESE Q1F sTE AMESIATE. Y] AFslaE 30 g/L NaCl, 0.66 g/L KCl, 8.48
g/L MgCl, - 6H,0, 1.9 g/L CaCl, - H,0, 6.318 g/L MgSO, - 7H.0 2 0.18 g/L NaHCO,E Z&3s}a /2-Si viA|&= 75

mg/L NaNOs;, 5 mg/L Nal,PO, - 1,0, 3.15 g/L FeCls - 6H,0, 4.36 g/L Na,EDTA - 2,0, 180 mg/L MnCl, - 4H,0, 22
mg/L ZnSO; - 7H;0, 10 mg/L CoCls - 6H:0, 9.8 mg/L CuSO4 - 5H,0, 2 H]E}TIo] Q1= 6.3 mg/L NaMoO, - 2,05 3
ety Egk, a2 100 leol/mz/sg A 2 0.1 v %9 00, 5% (bubbling)9 st 2L HE&E

Ad ARSI A 20+3C w2 HFstgieh

Bod FAEuS S (PBR)S AX
0l

m A nExE ZZ 23 (high-density polypropylene)S o] &3}
0.07 mo]aL o] 0.05m. = 7} Hy= A4
0.3L% AZsiAdet. w3k 7] S ARe) sFEE AAsIY F3d ()l TR We Alssta EAk(E)

el ol JFES THshAl B AEFAT(E 1a).
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+ 5 pE/m/s9 FALFOE 20+2TA
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|2 wloloua Wiz

Tetraselmis sp. T %< SAste] Ataladvk. ojolA, vk wiAE & FHZZ of3eqlar 30 nle] & o] 25
(deionized water)Z 53] && ZF A(residue salts)S AA3AT. 7] ALg= T
S AXA F v FAE SAsAT. WA vle] el W] V.o W a7l A 15 o] &ste] ARt
sttt

W (= TF 0

gDC W m 2= _
PN
A (g D

4-HPB(hydroxyphenethyl bromide)7} HEH X elx F3iuto] dHA]

2 ol AbgE MY R (AdEA Bauh) e Zfdddl HYZEH o] E(PET) &2 A3 L (PET-A B3
Feh) 4-HPB7F AHEE AEA Fas 4357 913, Friedel-Craft &423 WS AFESIA T (Kim et al.,
Applied Catalysis A: General, 470, 420-426. 2014). o]= 4-HPB ¥ <33} <Fn & (aluminum chloride)E ol
gheol A 143 Fot Eftete] wAd &S Ak olwf 4-HPBS] H:=E 0.01 M, 0.03 M % 0.05 M=
zdsqlar, 3 e sEE 0.04 M2 FAsIRon dAstE Ay 9l 7] dEH Fajuks A
7] E35 ofghge) Hriednt. wt 1o 4] 5d7bA] A8l RS &%= 50CE FA8 3. &
As7t 2 3, A7l 34 A9H T2 53] MAHste JH 5 EAS AASAL V] FAEAE
gAl A o] ¥ (desiccator) ol A] BHA] AZEA|

RS B |

A3t Hro] Are 3 AYy Fute] FAE SASAUTt (Pu et al., Polymer international, 54(1),
175-179. 2005). &A8H(Wy) 2o Aex Fyja g Ad7sl Fo] Melzx FEajute] Fek(W,) S SN &
A3 A= (DAE 3t7] 74 28 ol g3t Aitskaitt

LS T
DA(%) % 100

(5314 2)

A= HA

dHz2ES 2 Ay dA] Az 72 Ay Fiaa 4-0PB HE Ad9d Fahdbe] 3w 544 vlushr] ¢
HEZ 57471(DGD Fast/60, GBX 7]%&, %2~ Romans-sur-Isere)(Kim et al., Journal of colloid and
interface science, 500, 113-118. 2017)Z A}-&3le] HZE=ZH(contact angl)S AU =F 728" (drop
casting) W2 7] ez Fajut gl 4-HPB A5 A EA Faete] & 100 pLE golrd st

AV AR AuASE) ¥ AELE AE =3
oSS 4P A8 Aud Sute] AEeE o EuE EAs] 9a vk 4 A4 Faula wjor
% duA Fovte] WS FA} A% ARZ(SEM, JSN-6010LA, JROL Ltd., Tokyo, Japan)& Ab&ate] %41a}
AT, wF, AEOE AE(degree of biofouling)E AHEa7] flate] Wl A AuA Frhube] Fek(N.)

BB Fo AHA Fahute FHW)L 7] $84 3 ol gatel A,

y B =W o0
glm = _
. (544 3)
#2371 T2 3IA ez Wl F A=A R R N G A e Fatepe] gFelal Aw AEA Fotet

B Eaulo] B4 (yater permeability)S EA1817] 98] 0.2 gDCW/L F %9

wheh AE
o %ab 5o) e 20% vhrh 3003 B ST BF FAYL ] 34 48 4§

J

2
P (mlday)= A (g=ErA )

7 FANA P Wi B4, Vi A9d Fanhe e R ol B3, ti Az, At A8 o)
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WA (0.0063 m ) o]t}

QL Eglx =
T

E

)

< T34 (ion permeability)> Fefe] el wel 27/ wjFolA Fao JFEQl D4k o] Z(nitrate ion)

S =Ast9 1 (Lee et al., Polymer Chemistry, 54(1), 108-114. 2016) o] (&) B L #Aid ZE3 7

FE) 2 YERNATE. K 3-8 A7) 98l Tetraselmis sp. M-S 93 2743 FAENST]9] nicle] HelZ

Frpek 9 4-HPB HE SMPS ARl A7) %*ﬁ%t’“" 12 A si=(NSH = 715 3

AR AT, dF FAENET| ] 27 i w55 E2A(120 mg/L) ZEHJD Algbe] Ao wpe} FAERES

yFe] Axg w25 EYEHEIT. Al At mE ujF FRAETSUe A9 sE7F N FEE
e

o) Noish BRE o WA LA, ) AN ol dase ] 4 58 Agstel A

o

o, AAelZ Fte] B W@ o FAs) ARAY. T B AP olsfel A AAEE Aol BHHE
el olet Az the vgd ez FAE 5 e Aowm, oste] MAdi Byl At dAsES
shwl, Bael A4S 7k Aol we] MEE sl AT g8l AFH = Aotk

Al 1: 4-HPB H& A€ Fajuro]| ¢y, 473}t Ar gl HFzpo] A4
4-H

uhg o] o Ao upg} A x3 PB A& Aelz TFyluto]l o713} A x(degree of alkylation, DA)E

o?i re

3 Ad DA S 4-HPBY whE A7 @ Fnv)l Z713to] whe)d dFE e 4-HPBY ¥ %7t 0.01 ME 2™
A W 1.29%(1Y), 1.91%(3Y), 2.61%(5Y) ZF7Ist= Ao=w ey, T3k, 4- HPBA E7F Wkt o}
4-1PB A& A F3ube] DA g2 FHo 3.40%(4-HPB 51%:0.03 M), 4.85%(4-HPB %t 0.05 W& ZF718+9
H= 3). 47 A= F7He 4-HPBY & 3 whg AIRMe &3} whgS A3Az T AHA Fur 3
4-HPB7} ¥ ®ol HEEHASS AlAg.

_Y& ﬂ e

ek, Aed Eylutols EBHEo] HAEZMS A3 A DA ol 2.61%, 3.40% H 4.75%% Z7}st] uwhE A
=7} ke 102.45° (7] HAez Emubo|a 81.75° (DA: 2.61 %), 67.77° (DA: 3.40%) ¥ 61.87° (DA:

4.85%) 2 FASHATHIE 4). wEhA] 47] 4-HPB A& A84 Fapute] 7|2 duld el B} e 254 (=
< A5 E Z2ETgE AS oguista AUl F2 A A8d et JA& 4-1PBe] A7) 2HE-71(-0H) 7}
Aeld Fapuk ge] JE271 AFAAS AAAIYE AS gu|sig. Y] A8 Eae ¥He] A54S 5
A A3E sl7] & 1o YeERHAT.
# 1
4-1PB A& A9d Fijdre] HE7;
A Ao DA (%) A5 C )

1 0 102.45+(0.65)

2 2.61 81.75+(3.22)

3 3.40 67.77+(0.33)

4 4.85 61.87+(2.69)

Sajute] Zo &7t g dUd U fow YeAY. Bs

-

WowgAse] A% AeE Falvh 9 4P A% H9H Faure o gate] W AF ol 2(ANE) T4
- ‘_ —4 .

2 BN A3, WG "ol AW Frure] AW T3 ALKE 2.20x10 w/min(7]E A F3up)o) A

2.67x10  m/min(DA: 2.61%), 2.86x10  m/min(DA: 3.40 %) = 3.43x10  m/min(DA: 4.85 %) 0.2 =713}l H)

_10_
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of & Aeud Zyluke] A H3b AF(K)E 1.14x10 0 m/min(7]3% AEE E3ubel A 1.90x10  m/min(DA:
2.61%), 2.29x10  m/min(DA: 3.40%) 2 2.86 x 10 m/min(DA: 4.85%) = 7Aatglth. Wik AFe] Axe E3}
QS vl 4-HPB FHE ez Fapube 71 43%(DA: 2.61 %), 80%(DA: 3.40 %), 83.33%(DA: 4.85 %) & TiA
o] 78 e Raprke] WAkl B 50%% AA FASATH(E 5). Y] Ads A& 4-HPB7E
Fyut gre] QB eES JASIGa o wel 7R AeEE Faide Hls) dAd TS Ay e
=A FA%HS o et (Kim et al., Bioprocess and biosystems engineering, 39(5), 713-723. 2016).
T3, BRE FAENSIIS AMEEte] MElE Fyubs Hrlele dl 323 249 ujYg A i wjk
o F/d(average water permeability)S SAg A3, v A 7|2 A& T P F
m/day 1ot 4-HPB & M®3 F3ehe 1.20 m/day (DA: 2.61%), 1 ( 2
(DA: 4.85%)% 4-HPB A& Mez Fapute] DA gro] F7hghel wat 7]&

S YERAATH(E 6). wEhA 4-HPBO] HELS MElx Fabul gylo] 2gA(

LU

™
o oX
1 B B oo e

: 9A dpolowA HE gl wpo]QwjA ALY FA

WHAES 4-IPB AE AEA Fiute] Algo] i Aud Faue] wilele] WA wol el W (areal
o A

biomass density) @ n}o] o ujx AAHA (biomass productivity)

w gl oA Aajdel wet Az BRd FAENSTIE olEste]l WA nlojovis MRS 243 Ay, %

S
el 1.59 gbCli/m (A% AT FF)9o 587k vkl Aagoel wels.71 g/m (712 A& F3hah) 4,06

aDOW/m (4-HPB = MelAd =3l DA:2 61%), 4.46 gDOW/m (4-HPB A= Aelx =wlul DA:3.40%), 2 5.30

gDOW/m (4-HPB = Ae)d Frbeh DA:4.85%) 2 HAAHOR Z7FSHATHE 7). webd 4-HPB A% HeH T}
% o Eag=ii=

U ol §F FABUSTe V) HEA Faoh gARwNSldl va 436 B ¥ WA volons Awg
vhehige.
E5t, vholovlz QS AAE] 8 47] WA welovls WEE AEA F3uh(0.0063 n) 2L AN

(5o pro] A A3, 4-HPB HE AEH Frv-gEassle] npolevls e 42510

2

“/day(4-HPB A% Hwld Ezbub DA 2.60%), 5.75x10

I

g/ fday(7) B AeE Esjubel A 4.95%10  g/m
EN

g/n’/day(4-HPB %= A€lx =3bub DA: 3.40%), 2 7.43x10  g/m /day(4-HPB ¥ MElF E=wlul DA: 4.85

W2 T, webd A7) 40PB H AEH Ralel- R ag 2 (DA 4.850)8] wlol @El s AL TR

Aeld ool gag o) el A 756 FARAL W F A0 AEAS 73,362 2dHYen, 4]

dpolelzs ALY FAEES FeH Aoz Amuch wepd W 33 Fo AR HEH Fre-amws
o o

1% olgd WA volovla W] FHES oft ZAWAT 4-MPB HF AEH %3

N

HI=A!
|
o
~
U
Xz
olo
N,
=2
R
o,

w IS g A deE Faepe] AL A AW (SEM) ovAE F 4-HPB R E A T
AEedEs FAselY. 1 A, V]2 e Fauel Azese] WS WS AW(E 8a B 8b), 4-
HPB A& Adejs Fajup2 gojdos QYuofo] oAE A& #As (= 8c & 8d).

2

w3, AEES AEslsty] fs8l, Wi ATy 7| M Fyuk 9 4-[PB AE AEx Fiuko] Als3ulE
g B2 mMZH Tetraselmis sp. o =% =43 43 1.62 g/m2(7]>‘é Aeld FExub) 1,19 g/m2(4—HPB
HE ez E3tuk DA 2.61%), 1.02 g/m2 (4-HPB A& 9% F=k DA 3.40%), 2 0.6 g/mz (4-HPB A
Z
A

5
F3ul DA: 4.85%)Z 4-HPB HE(DA: 4.85%) A®Z Fyute] AEQE AR 7|8 Agx FEaput
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o} wastel Al 40 % A Ao vhehd,

Agdon ¥ wye Hud ¢ds ddE Tiehs 249 $ARNEI)E ol MUY A3 4B A
Bo&g ofde: AY AN BAR 2P HRsEd §AE s 128 /XD )] Wi dEA Falute)
EHol 4-HPBE HE3te] vARFE wFe A 4-PBY H=SAI(-0DE AEH Fae gHe] 254%
HenA nAge] Re Aol weh Agees A5 AT ool He oL T 2 FRHE T
kel wjgele] B &S W SR wel vlolovla WS FHAZD £ Ae wARF gl
%8715 5

2 g2 gedt dAd 2 AddE FauR dyEdoy ol oAl A Bisin, il ZlsEorellA
Ao AAS 71 A ol2HEH Ykdt Wy 9 A5 tgE AAd 2 AFdr) shssige S olsE
Aolth, weha 2 Wge] A Ve BHE W HEd EHTHELAY VA APl 9ste] AR ok
sk Zlojt}

=y

=97

(a)

_12_



F1

g
3

k1
:
[\

=3 - “
SPM: Polyethylene terephthalate (PET)

Alkylation

4-hydroxyphenethyl bromide
Catalyst: AICI;

Solvent: ethanol
Temperature: 50°C

*=0 o)

N, / *

0 n
4-HPB grafted SPM

OH

—d— 4-Hydroxyphenethyl bromide 0.05§ M
[ —#— 4-Hydroxyphenethyl bromide 0.03 M
 —#— 4-Hydroxyphenethyl bromide 0.01 M

Degree of Alkylation (%)
w

Reaction Time (day)
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=mY
a) Basic SPM (b) 4-HPB grafted SPM
(DA: 2.61%)
c) 4-HPB grafted SPM (d) 4-HPB grafted SPM
(DA: 3.40%) (DA: 4.85%)

1
g
O

4.5x10™

Il Nitrate permeability before cultivation
4.0x10” F [l Nitrate permeability after cultivation

3.5x10™
3.0x10"
2.5x10™
2.0x10™
1.5x10™

1.0x10™

Nitrate Permeability (m/min)

5.0x107

0.0

0 (Basic SPM) 2.61 3.40 4.85

Degree of Alkylation (%)
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k1
N2
(@)Y

Water Permeability (m/day)

2.5

o
o

e
(&) ]

-
o

o
w

0.0

k1
g
N

Areal Biomass Density (glmz)

E Water permeability before cultivation
" I Water permeability after cultivation

0 (Basic SPM) 2.61 3.40 4.85

Degree of Alkylation (%)

(&)

w

N

B

[ —v— 4-HPB grafted SPM (DA:4.85%)
t —a— 4-HPB grafted SPM (DA:3.40%)
| —e— 4-HPB grafted SPM (DA:2.61%)
[ —=— Basic SPM

-

0 1 2 3 4 5
Time (day)
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EH8

(a) Basw SPM before cultlvatlon

(b) Basic SPM after cultivation

(c) 4-HPB grafted SPM (DA: 4.85%) (d) 4-HPB grafted SPM (DA: 4.85%) |

W =

Degree of Fouling (g/m?)

—_ —_
o o

o
w

0.0

before cultivation after cultlvat:on

Basic SPM 2.61 3.40
Degree of Alkylation (DA, %)
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