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Preparation and protein adsor ption propertiesof HEMA
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Abstract: HEMA-PDMS/PES composite membrane was synthesized by coating amphiphilic polymer
HEMA-PDMS, which was obtained from copolymerization of hydrophilic hydroxyethyl methacrylate
(HEMA) and hydrophobic polydimethylsiloxane (PDMS), onto the surface of microporous polyethersulfone
(PES) substrate membrane, which was fabricated by phase inversion using polyethylene glycol (PEG)
for pore formation. The HEMA-PDMS/PES composite membranes were characterized via SEM, FTIR,
water contact angle measuring instrument and TGA. The CO, and O, permeability as well as the
hemolytic performance of the HEMA-PDMS/PES composite membranes were evaluated via gas
permeability experiments and hemolysis rate analysis. The effects of adsorption temperature,
adsorption time, and mass concentration of bovine serum albumin (BSA) on the BSA adsorption
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performance of the composite membrane were analyzed, while the adsorption kinetics and
thermodynamic processes were explored. The results indicated that the HEMA-PDMS/PES composite
membranes showed dense and defect-free surface, with no mass loss before 400 °C, and a surface
water contact angle of approximately 40°. Meanwhile, the HEMA-PDMS/PES composite membranes
exhibited CO,/O; selectivity of 6.53 and low hemolysis rate (0.207%~0.434%). Compared with that of
the unmodified PDMS/PES composite membrane, the maximum BSA adsorption capacity of the
HEMA-PDMS/PES composite membrane was reduced by up to 13.494%. The adsorption isotherm of
the HEMA-PDMS/PES composite membrane conformed to the Langmuir adsorption model and
pseudo-second-order kinetics adsorption. The BSA adsorption process was chemical adsorption, which
was attributed to the hydrogen bonds formed among the polar groups of BSA and HEMA causing BSA to
adsorb on the membrane surface.

Key words: hydroxyethyl methacrylate; polydimethylsiloxane; protein adsorption; hydrophilic modification;
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chemisorption; biological engineering
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Fig. 1 Schematic diagram of structure of HEMA-PDMS

1.3 RMESMK
SEM i : e ZME KT , R FHARA. — Wk s F-( LEI )
Bz, TAEH T 20 pA, I K 5.0 kV, FTIR

M PEGE R 4000~500 cm ™!, R 4em!, H
FHUCEL 32 Wk BRI SRR A 0 SO
PDMS/PES. HEMA-PDMS/PES & & I 2% Ifii AY 26 5%
KEESATIL . TGA MW : AR, THEESR
10 °C/min, & EEEH 25~900 °C.

SERB BRI FET, @[S
B EUXE A (EHA L em B/NEF ) #-F554A
BaEtE, B E S 0.1 MPa (%
JE) , BEMEINE KR, @t Sttt co,.
O, MM B B IR M B G IR AR B BB T
Mz, HRIEAX (1) IHEREKBBR,

_ 273.15x0.1x AV

(273.15+ 0)x Axtx(Apx76)

K J HSEBBER, GPU (KEBBHNAL) |
AV il SR SRR, em®s 0 it
T, 25 °C; A MBEEAL, om’®s ¢ R MGEL R
THETRIRIESEL, s; Ap RS 5205 0 Y 5

JE#, MPa,
WRIEAX 2 HEESEURS EZEREE(a)
a :JCi (2)
Jo,

K Jeo, ~ Jozﬁ“%'Jjﬂ CO,. 0, Bi&ER, GPU,

FEIMPERE I . 8 S RPN &R A X1
ZH 0 P A 2P o 7E 10 mL P8 == 4 Ifi i A 60 mL
A BRER KA RS AE M PR XS IR 7E 10 mL 374 >4 4
SN 60 mL 2 B 7K B J5 A Sk B X R
W E A BEE B 1 em B R, KRR HLER KR
PBS H', T 37 CTF 4%l 48 h, SR, HL 5 mL FHME
R, 76 37 °C R4k 2 h, T 3000 r/min 2> 10 min,

(1)




© 1782 ¢

M 4m 4 T FINE CHEMICALS

42

BB WS WRAT R A o TSR Ah-RT W2 566 BT it
JE BHAE XS B L SR AR Ah 7 545 nm PR B9
TR RAEAT (3) R R SRR (HR, %) .

HR /% = 2= Dre 109 (3)
Dpc_ nc
A DONFESROEEE 5 Dae A XS BRI RS

Dy 4 FHEXT FEWG ERE
A W FEREIN . F S NS 8 A 53
JFHEE A Stokes AR BSAU T  2 1  (H
W BfSC % . Ff PDMS/PES & & B Al HEMA-
PDMS/PES & 4 41 BT M A4 1 em BYIE F &
TELES, 76 37 CRBIGE A ER KR
48 h, SRJ57E PBS "R UL 48 ho PFRRF IR0 LE i
WREN 1 g/L 1Y BSA W, 7637 CIRE 2h, 2
J& F#T e PBS IV, s 3 mL B A4 2%11
SDS A W R % 4 1 30 min, LB (5 58 2 L
T3 58 Hb- R LA BE VA A 1B P VRAE 280 nm
LB, FBRAEROLE (y) -BER R E
(x, pg/mL) prifE 277 # »=0.00061x-0.00314
( R*=0.99888 ) 14 FI| Wy Bk b (4 4 (4 i d vk i, AR
P (4) 115 BSA -yl
pV
q="5 (4)
K. ¢ & BSA FAGWFHR, pg/em®s p W
HE AR RRE, ng/mL; VAR GAER, mL;
S AR FRMAL, cm’,
14 EARMEZREZR
K Langmuir £8 ( 450 (5) ) @7 W4
L S (5)
9 dnwPK, qn
Ky g WEATFEWRME, ng/em®s p TR E
PR R, pg/mL; g 0 3 FIERR IR, pg/em’;
K, W P %, mL/pg.
# 2P/P. 2H-P/P. 4H-P/P il 6H-P/P 4 Fli i 45 &
HAEAE 1 cm /NEF, BT 3 mL A[E B
(500, 750, 1000, 1250, 1500 pug/mL ) BSA Ak
HFESE 2 h, B E BSA TR, HRHE AR
BSA W FE 2 I A2 A X BSA sk EEAY
W B AR 2R, 548 BSA JoT vk B X6 2 11 W R 1k B 1Y
AN
16 37 °CRll5E 4H-P/P % 3 mL BSA AW
(TR BN 1 g/mL ) (W B 3 58 LA K J 5l 7 W A
BFEIC 050 1. 2. 4. 8, 12, 24 1 48 h B} F-1
W B, 5 A B R [0 %o 2 P R o2 B )
IYIIAE 27, 32, 37, 42, 47 °C'F, ¥ PES 3

Jii . 2P/P. 4P/P. 6P/P. 2H-P/P. 4H-P/P. 6H-P/P
HAWBET 3 mL kB 1 g/L /Y BSA B
WE 2 h)a, WEEBWME, %500 HE AW
B i (45 M)

2 HR5HE
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2.1.1 SEM

K 2 i PES &A1 LA S 2P/P, 2H-P/P Al
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Bl 2 ARERME (a~d) FIEITE (e~g) ) SEM K

Fig. 2 Surfaces (a~d) and sections (e~g) SEM images of
different membranes
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Fig. 3 FTIR spectra of PDMS and HEMA-PDMS
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TRE/C
Kl 4 PESZfE. 2P/P. 2H-P/P. 4H-P/P. 6H-P/P i) TGA
i 2k
Fig. 4 TGA curves of PES, 2P/P, 2H-P/P, 4H-P/P and
6H-P/P
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Fig. 5 Water contact angle of composite membranes surface
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SHEUTCOG, T DARRER T K2 il A 50 )2 o fe 4 BOR
AAK.

22 SEsEMHEMNRERST

Kl 6 & 2P/P. 4P/P, 6P/P, 2H-P/P. 4H-P/P Fl
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Fig. 6 CO, permeability and gas permeability selectivity
of 2P/P, 4P/P, 6P/P, 2H-P/P, 4H-P/P and 6H-P/P
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Fig. 7 Hemolysis ratios of 2P/P, 4P/P, 6P/P, 2H-P/P,

4H-P/P and 6H-P/P
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Adsorption capacity of BSA at different mass
concentrations by 2P/P, 2H-P/P, 4H-P/P and 6H-P/P

Fig. 8

5 Langmuir ARY 6 N7 5 WG B 55 1R 26 07 BT T
AR (1) WLAIE N, BSA 1EE A IEEH T
Bt 5 BE AT A Langmuir 2596 W BT ( R*#5>0.97 )
P B ik B A2 R . 5 2P/P AH LG, 2H-P/P.
4H-P/P 1 6H-P/P ) g 73 5D T 5.612% .11.441%
1 13.494%, Z5REH, 2E/K HEMA ARCHERRAC T
BSA 7EJEZ B, {5 4H-P/P Fl 6H-P/P f5x KM%
B 43 B R (213.19385+1.40738) Fil (208.25133+
1.59223) pg/em®, Z5HE/N,

# 1 Langmuir 587041 & IR0 A R i % BSA
MR R 4 4 O 2 8K

Table 1 Adsorption parameters of BSA at different mass
concentrations by Langmuir model

m /
K./(mL/pg) (ug/cmz) R

2P/P (9.01 £0.77)x 10 240.73552 £2.37139 0.97872
2H-P/P  (7.13+0.44)x 107 227.22504 + 1.94811 0.98970
4H-P/P  (10.26 £ 0.66) x 107 213.19385 = 1.40738 0.98764
6H-P/P  (11.82+0.99)x 107 208.25133 + 1.59223 0.97824
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Fig. 10 Kinetics fitting curves of 4H-P/P for BSA adsorption
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Table 2 Three kinetic model parameters of 4H-P/P for
BSA adsorption

WE— BN YR E) R

o./ ka/ R OJ  ky/[em?’/ R
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