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Abstract — Ethyl cellulose-g-poly(ethylene glycol) (EP) was synthesized by esterification of carboxylic acid function-
alized methoxy polyethylene glycol (MPEG-COOH) with ethyl cellulose (EC) in order to develop a hydrophilic sub-
strate for thin-film composite (TFC) membrane in a forward osmosis (FO) system. A porous EP substrate, fabricated by
a non-solvent induced phase separation method, was found to be more hydrophilic than the EC substrate due to the pres-
ence of polyethylene glycol (PEG) side chains in the EP. Since the EP substrate exhibits smaller water contact angles
and higher porosity, the structural parameter (S) of TFC-EP is smaller than that of TFC-EC, indicating that internal con-
centration polarization (ICP) within porous substrates can occur less when TFC-EP is used as a membrane. For exam-
ple, the water flux value of the TFC-EP is 15.7 LMH, whereas the water flux value of the TFC-EC is only 6.6 LMH.
Therefore, we strongly believe that the TFC-EP could be a promising candidate with good FO performances.
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2-1. X2

B Aol ALgH oD AE R A (EC, X 3HE=24), Zalod
2= RwrEo] M (MPEG, M,=350), Z2| & @22 Z(PEG MW—
300), N,N-TjA}o]| 22 8 A4 712 B T]o|n| =(DCC, 99%), A A4 5
TFE(99%), m-H A T] oI (MPD, 99%) Y EFH 2 UED A=
(TMC, 98%)-> Sigma-Aldrich AFell A FEulisle] F7F g #] flo] AF
L3130t} FIFEF(NaCl, 99%)¥} =2 32k 99%)2- th 3=+
ol A F¢iste] ARE-3H3ITE. EﬂEﬂoMEiTr%}(THF 99%) th7d
shaollA 7o o}‘iiﬁﬂi YEFMIZT =8 o]g3lo] ZAaE2716A
8AIZE o) BRAIX F SR-sto] ARRSISITE N-rlE 29 =)=
(NMP, 99%), N,N'-T] #| &l o}-4] Eo}u] =(DMAC, 99.5%) 4 B Ez}
Helohny BESHE(TBAB, 98%)2 41|0) 3180l A FHuljalqit),
4o -] 2] T (DMAP, 99%)= Alfa-Aesar Aol 4] 1 8F3ATE.
Z ol ~E] -2 3E(PET, Grade A3249)= Alstrom AFA] -3}

o, AAAFE FAsh= Qo] AATEZ AFE-SIIT A-8-31%
AZZ X EJoPAH|0| E AA]2] FJAHFERE Hydration Technology
Innovations (HTT) AFollA] THulla}Sict.

2-2. a-monocarboxy-»-monomethoxy poly(ethylene glycol) (MPEG-
COOH)2| &M

MPEG-COOH += TBAB %1 dlollA] MPEGS)} A4 45 )2
W3-0 2 T E QI 100 ml 73 2 Wk Fvlet EefAaE A
WHEARe)} $HA] F=1]3F] MPEG (10.5 g, 30 mmol), 2 A4 =5
(3.03 g, 30 mmol) & TBAB (0.168 g, 0.532 mmol)3 30 ml2] THF®]|
o] gth EekaE I AR 0= Bato] A wIREE o] &3]
A 8004 24417 Fok A muk-S Ak} WhSo] Bk &
THF= 3| ASE557]5 o] &3l AlAgth 48 o345 T3
TBABE A|AS F, =2 B4 73 3ol 16A 75 A3t
A% ¥, MPEG-COOH & -2 -ghao] x| dojzic,

'H NMR of MPEG-COOH [400 MHz, CDCl,, 8/ppm]: 2.65 (s, 4H,
HO(O)C-CH,-CH,-CO), 3.37 (s, 3H, OCH3), 3.5 (m, 2H, O(O)C-CH,-
CH,-0), 3.64 (m, 4H, O-CH,-CH,-0), 4.26 (m, 2H, O(0)C-CH,-CH,-O).

23, (EIEEA ZRHERIZEIZE TR
g-poly(ethylene glycol), EP)2| £+

eAEz A Ze|ddAZe]E 7148 117 AK(Ethyl cellulose-g-
poly(ethylene glycol), EP)i= EC$} MPEG-COOHS] HF&-© & 3+
w3k, 2% ARl 250 ml -1 9] Swbe Eek el A
A2 ZH)8}a, o] 7]o]l EC (2.09 g, 5 mmol)2} DMAP (0.154 g,
1.25 mmol), DCC (1.04 g, 5 mmol), 2] 32 MPEG-COOH (2.42 g,
5 mmol)S 100 ml2] THFel 0] Ei=t} E3HE-2 Aol A] 724
FE?E WSS AIZITh Hhgo] Byt 3T EF7|E o] &3l F

TR KEthyl cellulose-
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Fig. 1. Forward osmosis experimental setup for TFC FO membrane
performance testing.
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Scheme 1. Synthesis of ethyl cellulose-grafi-poly(ethylene glycol) (EP).
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Fig. 2. 'H NMR Spectra of (a) MPEG-COOH, (b) EC, (c) EP.

e AEZA~EC) 3K Wito] MPEG-COOH7} =31 olel A=
2 ZPddZE]F 7113 312 A ethyl cellulose-g-poly(ethylene
glycol), EP)= DCCE AZHA|Z, DMAPS S| 2 AMg-sh= 24
Blol|A ECQ] 3]|=ZA]7] 9 MPEG-COOHZ 2] of| ~H| 2 3} Wk
B3 M= e 22]. Fig. 2(b)ell YERt ECY] 574 @A) 57 &
HAEH T} v W3 HokE W, Fig. 2(c)ellA] == EPS) 474 3 2]
3 AR EHoAM= 7] EC Al1Y o]9)e 3.55 ppmellA] 2
g AZe]F 7H4| o] It WlEA] 2h87] 2] A1) ERIEY, o=
EPS] g}sh4] 227} ECeoll EeleldZel o] =YH 78
A& AlAretet. o] gk EPS] X3 (DS )= WHE W &4
o dzrg7]9] B ALk 4= 9leH, ofd 2 (6)7 o] ek
[REdi=

DSpge=(1./1,)*DSg, ©)

21 (6)°I1A1, DSpa= EColl EAI8= 3| =5 4] 2H8719] =l &5
BRI, 1, 2 135 1.15 ppm 2 3.35 ppmel] e = Al1d 9] 4
S ejmjsitt. A (6)el W Akt A, DSppgis 0.230.F Ak
301, o] EC 1 WHF w99 oF 0.230]] sfidsh= Eelolgal
0] ZRJEE S ofnsith, Fig. 3ol UERt Aol 23 1
2 ~AES Bldl] kS wl, 1730~1735 cm™! 3Fgof| A 7121
o] AE7Foel o]k Alzrdo] BEE, o] o AH| 28] ykEo]
Ao E FHHYSE on| it

v {2 AR 53l ECo}F EP v AR AE 3438}
Stk EPe] A SUIR At a9 HEEH] $15H, EC AA]
Al o= ARtE ik, 214 €] xfo] = Qo] ECo} EPS)
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Table 1. The thickness of substrates before and after drying

Sample Wet Dried
EC 127.5+ 1.4 um 110+ 1.2 um
EP 126.3 £0.8 um 80+ 1.1 um
Area %
c-Cc 35.7
c-0 49.4
0-C-0 111
- 0=C-0 38
5
}l EP 0=C-0
> ek
2 Area %
3 c-C 49.3
c 25.7
- 16.4
8.6
EC

i Ll 1 1
284 286 288 290

Binding energy (eV)

1
282
Fig. 5. XPS of (a) EC and (b) EP substrates.

Zio] 1| Gt Table 2014 XA XA #4S npg o= st 7h
AA|A L] A 74 BlEo] EAIE O] Q1= EP A Aol EAsh=
Ak QAre] o] EC XA Al vl8] B ke 21s 4l o=
EPel EAI5H= ZElolddlZe)Fo] Ak Azt v]&-& /AR
Zolct.

AR A L) P24 3f 598 Rl R fste] Bl gk A
7}y, 35 E 9 o7 FFNEE 57950 Table 3¢ =AISISITE A
A 2] FFellM 2] RS W 27] 1549 captive air bubble

SEM

OM

Top surface

Cross section

(a)

(b)

Fig. 4. SEM and OM images of (a) EC and (b) EP substrates.
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Table 2. XPS elemental composition (in at%) of the surfaces of the EC
and EP substrates

Sample Cls Ols O/C measured  O/C theoritical
EC 73.16 26.84 0.37 0.50
EP 67.53 3247 0.48 0.55

Table 3. The properties of the substrates with respect to contact angle,
porosity and pure water permeability (PWP) of the EC and EP

substrates
Sample Porosity (%)  Contactangle (°)  PWP (L/m’ h bar)
EC 69.1£0.1 793+1.6 124 +£3
EP 81.6+0.0 47.9+0.7 425+5

(b)
Fig. 6. SEM images of (a) TFC-EC and (b) TFC-EP membranes.
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ojsk st Sl flste], A A 4SSk 2
= l~§ gRlsto] o] & Fig. 70 EAISHATE 574 A3 TFC-EC9}
C-EPS] Yxb= 7t} 793 nm 2 80.5 nm=E &l E|3it}. o] 3k
@Jﬂ—é—a T B, 7 el &35S FAKE i 7 E2E
e A o7 oA

TFC-ECZ TFC-EP]| thale] thekst oA o] AARE Al
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Fig. 7. 3D AFM images of the top surface of (a) TFC-EC and (b) TFC-EP substrates.
Table 4. The transport properties and structural parameters of TFC-FO membranes
Sample Water permeability, A (L/m”h bar) Salt permeability, B (L/m” h) B/A Structural parameter, S (um)
TFC-EC 0.296 0.646 2.182 663
TFC-EP 0.695 0.741 1.066 452
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