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Abstract
Poly(ethylene oxide) (PEO) is one of the highly functional polymers, which have the ability to form complexes with metal ions. On the

other hand, polydimethylsiloxane (PDMS) membrane has high permeability for both gases and liquids. However, PEO and PDMS cannot

form ultrathin membranes because the glass transition temperatures of these polymers are very low. In this study, the synthesis of novel

graft copolyamides with high mechanical strength that contain both PEO and PDMS segments in the side chains was carried out by a

macromonomer method, to develop a new functional membrane material that was expected to possess the high permeability of PDMS and

the functionality of a PEO-metal complex. The copolymer membranes were prepared by solvent casting, and the gas permeability of these

membranes was evaluated. In addition, the effect of the addition of Ag ions to the copolymer membrane on the permselectivity of olefin gas

was investigated. As a result, it was found that the introduction of the PDMS segment was effective for improving the gas permeability, and

the copolymer membranes with Ag ions exhibited a higher selectivity of olefin gas than that of the copolymer membrane without Ag ions.
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Fig.1 Metal-olefin coordination.
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Fig.2 Schematic diagram of the facilitated transport.
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L, BEGBRHBICT80C—RRERITLE, BREMK (F/ R

RNVBINFF )L VR EToE A {LEY 1(31.9g)
ZRARKE LTHERL (IE:89.4%)

'H-NMR, J(400MHz, CDCls, ppm) : 3.94(6H, s), 5.32(1H, s),
7.69(2H, d, J=1.46Hz), 8.26(1H, s).

IR, v(XBr, neat, cm-1): 3361 (ph-OH), 3012 (arom. CH), 2963
(aliph. CH), 1726 (C=0), 1605, 1498, 1431 (C=C), 1249
(C=0), 993 (Ph-), 1097, 1008, 887, 756, 623.
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TNHNIUEBRBET. RVFLrAFXF L R AF L —T
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IH-NMR J(400MHz, CDCls, ppm) : 2.45 (3H, s), 3.39 (3H, s),
3.67 (4xH, m), 7.33 (2H, d), 7.80 (2H, d).
IR, »(KBr neat, cm-1): 3058 (arom. CH), 2875, 2744, 2592,
2526 (aliph. CH), 1596 (C=C), 1355 (S5=0), 1177 (S=0)
1018~773 (S-0-C), 1249 (C=0), 1107 (Ph-).
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(/3 vol.) IREREEMBEL Lick, B TFNIIA Y /
— V% Bvol %W L7 EiREx BRGBH L L VWS H 5
Aom<w b7 T 74 —CTRHEBLEEZ A, {LEY 3 (7.45g)
FEBOQORMEREL LT, (I : 84.8%)
IH-NMR J(400MHz, CDCls, ppm): 3.37 (3H, s), 3.83 (4xH,
m), 3.93 (6H, s), 7.77 (2H, d, J=1.46Hz), 8.28 (1H, s).
IR, »(KBr neat, cm-): 3012, 2962 (arom. CH), 2848, 2794,
2715, (aliph. CH), 1726, 1685 (C=0), 1590 (Ph C=C), 1245,
1026 (C-0-C), 1107 (Ph-).
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'H-NMR J(400MHz, CDCls, ppm) : 3.37 (3H, s), 3.83 (4xH,
m), 4.25 (2H,s), 7.75 (2H, d, J=1.53Hz), 8.19 (1H, s).

IR, »(KBr neat, cm1): 3012, 2962 (arom. CH), 2848, 2794,
2715, (aliph. CH), 1726, 1685 (C=0), 1590 (Ph C=C), 1245,
1026 (C-0-C), 1107 (Ph-).
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., A a—EFLE®B)MDO DSC-6200 #H VT, -150C~
200°COREHMATERFMAT . ABREHEE 10°C/min TT -
Tro & HIZ EFEMRHT D72 D XPS M1 Ulvac #8 ESCA
Microprobe™ Quantum 2000 %\, XEFDOAHNFA 45° T
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Lz, ®iZ, EomlzBEZIcfokkhFomE (BEM)
—EEHDHAE AN, EREREHOBEMENRE AT ha VE
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(cm®cm em 2 s' emHg)B L OO HEREGERE B L,

P = (dp/dt):(Vo/Po): (L/A)-(273/T):(1/76) (1)

dp/dt AKER O FE S AL (emHg/sec) , Vo KJE R D A FH (cm3) |
Po: ®EMDES (emHg) L: EE, AZREMH (cm2), T:
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@ : a=Ps/Ps (2)
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Scheme 1 Synthesis of PEO macromonomer.
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Scheme 2 Preparation of PDMS/PEO-grafted poly amide.
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Scheme 3 Preparation of PEO-grafted poly amide.
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Scheme 4 Preparation of PDMS-grafted poly amide.

Table 1 Results of preparations of copolymers by using PDMS and PEO macromonomer.

Yield yof x of
Sample code (%) PDMS » PEO® | Mnx10+4® Mwx10-4® Mw/Mn»
PA-gPEO 78.3 - 8.5 3.65 15.4 4.23
PA-gSEal 34.3 5.8 9.5 21.9 57.0 2.62
PA-gSEa2 78.2 10.8 9.5 7.29 20.9 2.87
PA-gPDMS1 32.9 7.3 - 3.17 28.7 9.67
PA-gPDMS2 40.3 14.7 - 4.82 36.3 7.53

a) Average degree of polymerization of PDMS or PEQO component.
b) Number-average molecular weight (Mn) and weight-average molecular weight (Mw) were
determined by gel-permeation chromatography using DMF as eluent.

Table 2 Solubility of copolymers (50mg/4mL)

Sample code | MeOH EtOH Acetone CHCl, THF DMF DMSO NMP
PA-g-PEO X X X x X o) o | o
PA-g-SEa X X X X X A A A

PA-g-PDMS X X X X x x X A

O: soluble at room temperature, X:insoluble, A: soluble just after reprecipitation, but insoluble
after drying the polymer. NMP: 1-Methyl-2-pyrrolidinone, DMSO: Dimethyl sulfoxide,
DMF: N,N-Dimethylformamide, THF: Tetrahydrofuran

ARE., X BEBEFARZ MPRIE (XPS) WX 3REOFT% DEIRENVET ALY FTHoTHMMERLAEE L TR SHE
Tol, ERRTHIELEHVEDLEEDRD, Thbb, HFHEE
XRD JIEDO#ER% Fig. 11277, Fig. 1 »56¥ 3L H 12, W ANBNEY 7 I ROMSIT PEO A7 57 MeahkzZ &l
Thb7a— e o —RBBREhIhb0RY v —EiEY T &> T PEO ${0B& Ml Eh—WTHEBLLEb DL E L
ZRRY = —THDZ LB H -7, 27, PA-gPEO ETIE 20 bhd, —F. PEO % 5% PA-gSE JETIX, BZ L Fh
~30° MYy —7REFC— 7 BB Sh, o PEO & ZhiZ Tg BMEVPEO & PDMS & 7' A v hRE 0 H U4k
TAU IR —8ERELTWBZ ERTFRENSE, —BIZ. & WIS AREBER2DEB2OND, £/ DSC RERE, T
FTEORMV PEO IREBEZ LA LB MbA TR v, = NOFEEAT I REO Tm £7213 Tg BB S oz &
PoH, BOMrbbInNbOR) v =BT 2 REE LT

WL ZERERINE,

4
e ‘\.'\
g WA
*) ", a

A bt st RV
M,

/ Mgt "\Ny
et M"""f“w.»«ww y
y " SR S
o 'er Yo,
4" o o,

v
bt NN

brte i

Intensity

Contac angle ()

P MNM«M'WM'W-«“.AA.M oras d
- B —

[ » 2 £l 3 & ©

2 0 /degree . PA-g-PEO " PA-rSEat CUPASESE2 | PA-¢-POMS
Fig. 1 Wide angle X-ray diffraction patterns of
copolymer membranes. (a: PA-g-PEO, b: PA-gSEa2, c:
PA-g-SEal, d: PA-gPDMS)

Fig. 2 Contact angle of water on the surface of copolymer
membranes.
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Table 3 Results of XPS analyses (peak ratio of atoms).

Table 5 Effect of AgBF4 carrier concentration on the

Copolymer Theoretical XPS result permeation coefficients of ethylene and ethane
Si/C | O/C N/C | 8i/C | O/C N/C through composite membranes.

PA-gPEO - 0.303 {0.0455 - 0.712 {0.0378 AgBF, Permeability | Pure-gas

PA-g-SEa2 [0.152|0.326 {0.0394|0.438 | 0.458 - content (Barrer) | selectivity

PA-g-PDMS2|0.165 | 0.244 | 0.0258 | 0.363 | 0.467 | 0.0358 Sampl d

ple code

B TEOBBM S XET 5 —o0BERE LTHMORENME PEO:
M B, 2T, PA-gSEa BICHV THIRE I 1X PDMS #{ 2 W% Agt mole | CaHs | CoHy ) CoHy/CoHe
PEO $40 ¥ 5 b 85 < F1E LTV B I~ 5 AT, ZhEh ratio
DIEEOKDEMERE, 3L XPS WEL T -7, EF. PA-gPEO | 0 - 0083 0.087] 0.95
KORFEREM A ORER R Fig.2 IC7T. PA-gPDMS % PA-gPEO |329| 2  |0.349 |0.106] 38.29
B OKDEMA L 115° . PA-gPEO MR E Ok OB X PA-gSEa2 | 0 - 40.6 41.2 0.98
58° %R LT, ko T, BUKKES L OBUKHOMSEERLEho PA-gSEa2 |146| 2 11,048 229
LS EREOME 2 XEL TV B L Bb b, —H, PA-gSEa2 |26.3 0.38/0.15 | 2.53

PA-g-SEa B D /K44 114 80~90° 58 Th Y .PA-g2PDMS
L PA-gPEQ D F RN BE L ol b BELLK
FEICITBUKMED PDMS 8{& B0 PEO g1 & 3 EF L T
HEEZLND,

KiC, MEFBORRKMREPLMZTHED, &2 OB
TMZODWTXPS HEEITo T, KT ORFBICK T DL
oWT AL bR - BiRME & XPS v¥'— 7 OmMBE LD
HEM LI ERMIME S &L~ Tabled (oR¥, it Lo tHEMRR
HEXPS O OREB LRI ELERTEHZ LT, EDRE
NEVERICELFEHETIOETHTEHIbDLEE L, 20
#ER. PA-gPDMS i & PA-g-SEa RO B4, HiHMHE L W XPS
HOERIEDF VK SEELEWI Lo b, PDMS $UEERN
IR EREmICEFELTVWE EEXON D, £, BFE
I PDMS BL U PEO M HRHFETIDTIORENDIZED
ERENVEDLEIRN, LOLARRL, KEMAOKRLAD
BTEXDE, PA-gSEa TGO E 7 A v F B EKRHE
EFBoTWVWDHI ENTREND,

3.4 XEESBEROKJEFEAM

HaOFXBEBAEMBICOWVWTKE, BR, B2F., “EBLKE,
Ay, 2By 2FLYOTEEOKKTBEREZITH, &
BAEKBEICBIT 508 PDMS OBEAEOEVAZREKEIZ
THE, 7 L THHIC PEO OBARZL3EEZRMEICRET
BBV TRH Lz, KREFRNEREFR % Table 4 1257,
PA-g-SEal, PA-g-SEa2, PA-gPDMS1, PA-2PDMS2 iR\
T, PDMS H{EMF B RB TN THEBRESKEL 2D | B
BI/IBBOLOIBRSFIAADIBLAEEDLRVERYT ZH
OSBEMIZETLEZ, 2ol &b, HEAAEKTOPDMS &F
THZ Yo7z, £, PA-gSEal, PA-g-SEa2 JEORKZE

21 Barrer = 10-1%cm3(STP) * ¢cm,ecm? * s * cmHg

u//é B Ethylene @229

08

06
@:253

/ a:3729
/ a:095

04

02

Permeability coefficient (Barrer)

PA-g-PEO PA-gPEO/Ag* PA-gSEa/Ag* PA-g-SEa/Ag*
(AgBF4/EO=1/4)(AgBF4/EO=1/4)(AgBF/E0=1/2)

Fig.3 Comparisons coefficients
between PA-g-PEO and PA-g-SEa membranes containing

silver salt, AgBF,.

of gas permeability

LHRWKTHEICLY PDMS BV E W RAEE RN 5
BAKITPEOHEEAT A Z LIk o TREMITIET LA,
R FREIAMAEERNEY PEO BAY ZAERLD,
PDMS $HicHkT 2R EZBUEBETLE O EEX LN S,
& 512, PA-gSEal 3 L U8 PA-gSEa2 i Tit PA-gPDMS1 %
LU PA-gPDMS2 B~ TBLREOFBRBEEIEL 2o
T3, PA-gPEO D _B{LKFEDOERICK T BRI
BIZEWI s, BF5< PEO $#& “B{LRFLOMILD
DEEFRHENRDILOEBZZLND,

Table 4 Gas permeability of PA graft copolymer membranes at 30°C®

Sample code Permeability (Barrer® ) Selectivity
H. CO: (o] N2 CHq CoH, CqHs 02/ N. CO:/ N, C.H:/Cs:Hy
PA-gPEO 0.25 6.86 0.54 0.067 0.33 0.89 0.69 2.95 314 0.92
PA-g-SEal 2.49 61.3 5.76 1.95 5.12 14.3 15.4 2.64 15.3 0.95
PA-g-SEa2 35.1 108 15.3 6.30 17.2 40.6 41.2 2.42 17.1 0.98
PA-gPDMS1 | 155 170 29.4 11.1 34.2 75.9 72.5 2.22 11.9 0.86
PA-gPDMS2 | 165 672 126 56.7 183 427 491 7.71 98 1.28

»1 Barrer = 10-10¢m?3(STP) * cm,cm? * s - cmHg
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3.5 RAA LV E2EFLEBEAEDOA VT 4 HARIRGAY

AHEOHMTHIMA AV 2EHLEEEABEERML, =
FLYOZF ICHTIRNEREEITMLE, EABIX
PA-gSEa2 & PA-gPEO % AW TIER L, £ ATR I %
Fotze FDHE, PA-gSEa2 & PA-gPEO HIZRIELZ & H &
¥BHIZEICL>TPEO ® 1140cmt @ C-O-C MFFEBABE YV
2N E 1075 em il C-0-C E— 27 B HB Z Lo 7z,

IR C-0-C DERBELRA AL & OMERRICEL VRN
=NV TZ7rLELDEEZONRD, RIZ. ZTRODEASHEE
AWTZF Lo H2ADOBRIREIZ OV THARZFER %L Table 5 12
R, R (AgBFy) 25 H L7HEAIE PA-gSEa2/AgHE &
PA-gPEO/Ag* I % b ®& -+ 5 & | PA-gSEa2/Ag* ¥ 13
PA-gPEO/Ag*RICHE B WEBREE R LA Z L5 PDMS
OEBMEDHIBREMETELLEEZ XL, £/ PEO $HL48R
A A EDEERERICL YV F LU T ARSI I LR, L
2 L. Fig.3 12T X 512 PA-gSEa2 BITREE A B2 M E
BRI LTZF VY HTRAOBRBRMEIEE -8, BEMITIET
Lz &3, —o0RRE L THSEEERL, BFELTWY
DERA AR T =4 72 8D PDMS O FHICA D IAA K
NOEBEEE T EZILLNS,

L7 » T, W&t % "7 PA-gPDMS [EiZ PEO 8% 7
77 M L7z PA-gSEa IRIZEEX ¥V 7 —& LTHEL ML
BLETF LT AOBRRMENRZ U IITHE Lz, PDMS
HOBBRMEIIHBTE RV ENH o, XoT, 2BES
BoEfgs., B TEICHTAIRECEFRE2ELEE IR
EOLRBPRLELEZLND,

4. # =

ZoM=w s u¥® ) <v—DCP-PEO, BABP-PDMS # A, &
ALY PDMSE{L PEOH L RBERERATH /77 hHE
AEREARTHIENTERL, BONAERY v —ik, —EH
EXBLEETOBREIS L TREE R, BILBBRE%Z O
I U7 RAE T DMF 1030 LEUK G 5 2 & TR S fFR
FTHIENTE, KEFEMTOKRE, XY ~—FREI W
D PDMS BLUPEOEE /A PRBELTNAZ LR TAE
Nz,

F 7. PA-gSEa OXEERMEEZHE L /KR, BBREK
{3 PA-gPDMS LV KT 2B EEA X TCREZNIEEDERT
R BRI, LidL., PA-gPEO JEIXH OB BFRE
BIETF L7z, —J7, $4H (AgBFs) % PA-gSEa2 & PA-gPEO
KERSEERO=FL/=Z L OFBRERE LR, =F
VN ADRIRMEEZBEHIED LN TEEDN, JEE RS
BEEPEHFLTRVWEIVIETLE, £LTC, RESHELH
MEEHZ L TRAMIRES>VBREIIETT B2 L8
Tre LTERHT, BB IDORTHZF LU HFAOFZIRME & BN
HEESIHEERILERHDLEBZZTRY, A0S A
VINEER B S B CTEEREOR LRI, DAL mEEM
XBFETHD,

I AT-IR B H 0 WV R IRAE SR
DOFF LK, OO BEREOKEMARER ZH ViR
Wz S| KRR R o W D fn R EIRICEALE L BT B,
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