Polymer(Korea) Published by the Polymer Society of Korea

Vol. 14,

No. 3, 1990

JHE2}El Poly-L-CysteineX| Fet2te| 7|M|F 54

rok

g -0 = &-8 A 8
Gl 3 et
(19901 29 199 %)

Gas Permeability of Modified Poly-L-Cysteine
Composite Membranes

B. H. Han, S. H. Lee, and K. Y. Kim
Dept. of Industrial Chemistry, College of Eng., Hanyang Univ., Seoul 133-791, Korea
(Received February 19, 1990)

2 2k Poly-L-cysteine (PC) ¥ 1 § % &) 2 A poly-S-benzyl-L-cysteine (PBC), poly-S-carbobenzoxy-
L-cysteine (PCBC)S §HAl 3t o] & u}4 Al & «gas/gas system X water/water systemol 4 2] 7] ¥ %3}
EA & HES ). Water/water systemol] A polypeptide chain®] degradation = ¥ E2] 3 A&
S B3y 9sta AR AZ aromatic copoly (amide-ester) (PA)E A8l B3t (composite
membrane)g A 23t Egutel Az 2 fE49 side chain ¥3d] & 7N EHREALS
AES A3 Aba ol £3A45(Po) gas/gas, water/water system 25 PC < PBC < PCBC 2.2
Z7}3 912 gas/gas systemoll A 2] Ao thFF Aba o] ML (Po,/Py,) L 7FARAE Y] 4FAo B
FA o] N A Are EupA 4 (Pw/Pg)= PCBC<PBC<PC 22 7184,

Abstract | As a membrane material, namely, poly-S-benzyl-L-cysteine(PBC) and poly-S-carbobenzoxy
-L-cysteine (PCBC) were synthesized by meodifying Poly-L-cysteine(PC). Thin film composite
membranes of PC, PBC and PCBC were prepared by casting dilute solutions of polymer on
aromatic copoly(amide-ester) (PA) support, and their permeability characteristics to gaseous oxygen
and dissolved oxygen in water were measured. The permeability coefficients of gaseous oxygen in
gas/gas system (Pg) and dissolved oxygen in water/water system (Pw), Pw/Pg, and the selectivity
of oxygen to nitrogen (R, /Py,) depend on the properties of the side chains of the coated polymers.
Both Pg and Pw increase with increasng length of the side chains, in the order of PC < PBC < PCBC.
However, B, /Py, and Pw/Pg increase in the order of PCBC < PBC < PC.
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L-cysteine2 & Junsei Chemical Co. A &(E
aAeh) g W9t 1z Algsigich  Carboben-
zoxy chloride®} benzyl chloridet= Y& 3lya=ok-2
A(F) AE(EF A, trichloromethyl chloro-
formate= Hodogaya Chemical Co. #)| &-& A} -3}
o 2 99 A|FEL 1FAI9S FHAl = adi
AHg-shct.
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PC ¢ 1 f=42] gAHH-& Scheme 1] e}
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of W& HATFZ} poly-L-cysteine 2 59
Poly-S-benzyl-L-cysteine

HS-CHy~CH-COOH benzyl chloride , HsCg-Chy-S-Ciy-CH-COOH COCIg
5 2N NaOH, Et-OH NHy T

0
H.C -CH,-S—CH,-CH-C?Z_ 78.5°C H-[-NH-CH-CO-]-OH
576 2 2 | 0 m{——— N n
-~ Bt R

0

Poly-S-carbobenzoxy-L-cysteine

HS—CHZ-({H—COOH carbobenzoxy chloride N HSC6—CH2—0—%:—S—CHZ—C'.'H-COOH
O

NH, IN NaHCO, NH,
0
P
COCl, HyCye=CH,-0-C-5-CH,=CH-C 78.5°C H~[-NH-CH-CO-]-OH
— ) | .0 gt—on R"
NH_C\\O

Poly-L-cysteine

H—[—NH—(IIH—CO-]HOH lig. ammonia , H—[—NH—(IIH-CO—];OH

R Na, HC1 CH
72
SH

= Qe "o _C —
R CH2 S CHZ-CGHS N R 4m2 S (l,‘l ()--CH2 C6H5

Scheme 1. Synthesis of poly-L-cysteine and their derivatives.
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Table 1. Charaterization of Samples

ol - AAE

free ether2 A H 3 & 7z3to] PCE §A3H,

PA2| &t

AA A2 AR PAS] e Arlls} 2o,

Setxie| 2ol

A%t 2442 22} dichloroacetic acid (DCA)
of B3AA HEdog =3 F IR spectrophoto-
meter (Nicolet 5DX FT-IR)o]] ¢j&] 7+z=& &ol3}
Ak

AXiM2te| M=

A ZS PAZ 5wt% 9 JEZ2=E v}
gt N, N-tje|golsEclui= (DMAc)o] 8wt% 2
BAA 7IZE AATF F Feld oA spacerZ
SHEAE A st Aol o8l Alztat
Ak olw) FAL&EE 20cm/sec A Eo]th, 40T
A 393 A 2% 9hE Boll "o gEFEae
= FEF fedoz YE sy, dojn g
FAE F 35mo) it

=gate] M=

333 i ES DCA 10% (wt) 2 &3jA1A

S TEQTE 42be Autg S A9 PA

el ZEHS sty SuiZdyol
& 2447 A x F BYPE Az, Bt
247} PA-S-CBC, PA-S-BC, PA-S-C2 &tk
2 Adel AN (A A 2 Efute] 5442 Table
13 o},

7|MFotdo| £H

7IAE2A 2] SRS Fig, 1o etk
2 & stainless steelo]n], & WHL 2, 54cm’o|
2t} Fig. 1949} 2o] 119+9] gas cylinder 2 5§
U2 feed gas+ line regulator® ZHE YA 4

ol
ol

alk

PA PA-S-CBC PA-S-BC PA-S-C
Inherent Viscosity 4 1.74° 1.84° 1.72¢
Casting Solvent DMAC*+LiCl DCA** DCA DCA
Thickness of N .
Membrane (mm) 0.0387(0.036) 0.065(0.062) 0.055(0.052) 0.053(0.051)
Degree of Hydration 0.034 0.055 0.039 0.031

*PCBC, "PBC, ° PC, *dimethylacetamide , **dichloroacetic acid , * wet state, *dry state
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BENLE BRI Y MFEE Fig. 20 ey
'IET'

th Fig. 2004 Bivis} 2ol A20F FR5S
of #H02 WI —0.7VelN Zatsko] W7

H 3} S potentiostat/galvanostat (EG & G Co., Mo-
del 1732 233G, 2440 HFAFL 0
WAE Qe ARe] HiL, FRFT BAVIEE ¥
Ar EH gE 7t AA F ARavbAR R34
Nk, 237414 PLem*STP)em/cm? - sec + cmHg)
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B
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G ﬁ‘g
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Fig. 1. Membrane test apparatus for the gas permea-
bility : (A) line regulator, (B) pressure gauge, (C) hea-
ting element, (D) test cell, (E) constant temperature
box, (F) soap-bubble flowmeter, (G) micro-valve, (H)
rotameter.

(a)

& obelel 2ol os) ek,
P=i_ L/NFAPs

L, © FH=Ae] A3dH AE, L 54, N
2 ¥k2-9] molar §YF ARG (RARNME 4),
F Faraday <7, Av @59 ¥4 (24804

 0.196cm”), Pst FH549] Abaitold)

A ESEA 2| gl

Fig. 3ol §AZFAHEY IR-spectrad ebAT),
PBC¢} PCBC9] IR-spectrumol| A ®led=: 3}3HE 9
SAA)§ EATZ7} 700cm o M vEb o, 1629
cm?ol A amide I, 1520cm'o|A] amide I A% &
AHag #@Astgr), = 1713cm'o)| 4] 2] carboben-
zoxylate groupe] EA3] =27} PCBCo|A] el o)
PC¢] IR-spectrumol| A= AEE A1, 2530cm o] A]
thiol groupe] 54 A2E 213ttt

Flote| M=y

A AAQ PAtel AAFHA §Ag FES=
¥ o 2 blushing, spinning, casting H& A3l
ot Zb ol uhet A 23 BEiute] EHE ARFE
ARz 7 (JEOL, JSM-35CF) o2 gt 24
< Fig. 4o YeT, Fig, 4(a)= A A A2l PAT9)
g4 EUS HoF lth Fig. 4(b)= blu-

(b)

Fig. 2. (a)Cross-sectional view of electrode and (b) schematic diagram of experiment . A, Ag anode : B, ou-
ter tube(stainless steel) ; C, 0.5N KCI solution : D, insulator : E, Pt cathode : F, membrane : G, support ; H,
N, or O, inlet : ], eletrode : K, thermometer ; L, glass equipment : M, distilled water ; N, magnetic stirrer :

O, microammeter ; P, voltmeter : Q, dry cell : R, racoder : S, water bath.
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Fig. 3. IR spectra of PC, PBC and PCBC.
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Fig. 4. SEM photomicrographs of surface of composite membranes according to coating methods : (a) sup-

port, (b) blushing, (c) spinning, (d) casting.
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Table 2. Permeability of Oxygen and Nitrogen Gas
through Composite Membranes in Gas/Gas System at
20T

em*STP)em/cm?- sec- cmHg

Sample Po./Pn
i 0, (X100 N, or/ P,
PA-S-CBC 0.56 043 1.3
PA-S-BC 0.23 0.14 1.6
PA-S-C 0.15 0.08 1.9
o 10719
I o
£
o +
Q -nL
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(3] r . A —_—3a
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-
w
§ 10-13 F
S ]
s
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Pressure (psi)
Fig. 5. The effect of pressure on the oxygen permea-
bility coefficients for composite membranes in gas/gas
system at 20C
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Fig. 6. The effect of temperature on the oxygen per-
meability coefficents for composite membranes in
gas/gas system at 50 psi.
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Table 3. Permeability of Dissolved Oxygen and Ga-
seous Oxygen through Composite Membranes at 20C

em*(STP)em/cm?- sec- cmHg

Sample Pw (x 109 Pg Pw,/Pg,

PA-S-CBC 342 0.56 6.1

PA-S-BC 201 0.23 8.7

PA-S-C 1.59 0.15 10.6
ol & Zahe] 254 olslol 87k AA PCBC
Bgule] o] kb2 Sgte] AT E
Qapg mjazlow Az,

Eis

PCEEe Z49 &34 2 37t
PCBC, PBC %&vutel] s | jx =i Pwet Pge
748 2 kS 7FAY PC7F 2= thiol 7)71 Ak e}
o] Fshgel Formg A it 4 FHo &
0] AR Holx REJALFHAT U
7| A w o] W) (Pw/Pg)= A 7 B
oo} Pw7t Pgoll wja] & 22 F&/3eolA 2hhel
Zo] Zo] $5A4E AxFE Y ol uj3] Al
713 7tAA QS st FAagAe #iS B 4
Al T Eos g,

cg o

2 £

o4} 2ol poly-L-cysteinee] 7§ & 9 =1 B}
o] NAFHEA o] #E AT E T3 b2 EHE

1. Bgutel AzA] castingdoll 3 AAA 9]
OFAARLRS #9d 25T & AUh

2. FAAAEUZ og Edfute] REEA=
PA AA AL ot FzolH, 74 poly-L-cys-
teinAl A5 densedt 722 7HE A& &
L=

3. Gas/gas, water/water systemoljA]2] 4t4 9] &
#A14== PC < PBC < PCBC &£o.2 F71slth.

4. Gas/gas systemol| A 2] Aol thgt 1kAe] A
g g rhagde) o] ahae) FaA gl ok §ELT
A9 Ea3A454E PCBC < PBC < PC 2.2 &7}
A=
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