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Efficient separation system of suifur dioxide through synthetic polymer
membrane modified with sulfoxide or sulfone function
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The Michael type addition reaction of poly(vinyl alcohol), PV A, and of cellulose with a series
of vinyl sulfoxides, namely methyl vinyl suifoxide, ethyl vinyl sulfoxide, £-butyi vinyl sulfoxide
and pheny! vinyl sulfoxide was performed with NaOH as a catalyst to produce 2-(alkyl- or aryl
sulfinyllethyl PVA and cellulose derivatives, respectively. PVA was also reacted with a series of
vinyl sulfones in a similar manner to produce 2-(alkyl sulfonylethyl PVA derivatives.

The permeability coefficients of sulfur dioxide, nitrogen and oxygen were measured through
the obtained sulfoxide and sulfone modified polymer membranes to show the high permeability
coeflicient ratio, P(SO.)/F(N,), or P{SO,)/P(Ny), of sulfur dioxide against nitrogen and oxXygen.

With using the gas mixture consisting of sulfur dioxide and nitrogen, the high permselecti-
vity of sulfur dioxide was achieved through sulfoxide modified PVA membranes.
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Fig. 2. 'M-NMR spectrum of EVS0-modified PVA in D;O {sulfoxide cont. 51.0 mol%, 270 MHz).
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Table 1. Solution viscosity of suifoxide-modified poly(vinyl alcoholls with various sulfoxide content.?

CH,” CoHg" £-C,H Y
Sulfxide cont. {inny)/C Sulfoxide cont. (Inn.)/C Sulfoxide cont. {In 73/C
(mol%) (di/g) (mol%) (di/g) (mol2s) (df/g}
0 0.87 0 0.87 0 0.87
10.2 0.82 10.0 0.74 7.1 0.72
14.1 0.82 22.0 0.72 14.5 0.59
27.7 0.84 30.0 0.72 26.1 0.44
40.0 0.82 40.9 0.79 — —
60.0 0.84 58.3 0.75 — —
® In water at 30°C. ¥ Substituent in vinyl sulfoxides.
Table 2. Solubility of poly({vinyl aleohol) modified with methyl vinyl sulfoxide?
Suilfoxide cont. Solvent
(mol25) CH,COCH, CH.Cl, C,H:OH CH,OH DMSO H0
0 b X X % 0] O
14.1 b * X X O Q.
27.7 ® X X O O O
40.0 b PN @ O C O
60.0 b 9] C C o C
* At room temp. (O) Seluble, (A) Partly soluble, {x): insoluble.
Table 3. Solubility of pely(vinyl alcohol) modified with ethyl vinyl sulfoxide®
Sulfoxide cont. Solvent
(mold) CH3;COCH, CH,C1, C.H;OH CH,OH DMSO H.0
0 ® * X X C G
10.0 X ® X ® (@] @]
22.0 X b x PN C C
30.0 X b Fay G @ @
40.9 X TN C @] G C
58.3 b3 FaN O O C C

® At room temp. (O} Soluble, {(A): Partly soluble, () Insoluble.
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Fig. 6. 'H-NMR spectrum of MVSF-modified PVA in D;O (sulfone cont. 14.3 mol%, 270 Milz).
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Fig. 7. 'H-NMR spectrum of EVSF-modified PVA in D,O (sulfone cont. 17.0 mol%, 270 MHz).
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Fig. 8. 'H-NMR spectrum of BVSF-modified PVA in D,0 (sulfone cont. 16.0 mol, 270 MHz).
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Fig. 10, Sulfone content of sulfone-modified
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Table 4. Solubility of sulfone-modified PVA®,

Sulfone cont.

Sample Rl’] (mol%) Solvent
NMR EA® CgHy CHyCOCH; CHCl, CHOH C,H OH CH,S0CH, H,0
M-1 1.9 1.8 % X b4 x X ] O
M-2 125 11.3 X X b X * O O
M-3 CHj4 14.3 144 X X X % b O Q
M-4 34.7 33.5 x X X H X @] O
M-5 424 53.3 X ps " Fay X O TN
E-1 156 16.2 X X ® X b O O
E.2 CoHjy 17.0 15.2 b % X b ® @] Q
E-3 45.9 49.1 x A VaY FaX X < TAY
B-1 11.4 - x X ® X x o O
B-2 LCH 16.0 14.3 X X ® A x O O
B-3 e 278 807 X x A O & 0 A
B-4 35.0 29.0 b TN A O AN Q TAY

® At room temperature. About 5 wt% solution. (O} Soluble, (A) Partly soluble, {x}): Insoluble.
¥ Substituent in vinyl sulfones. @ Calculated from elemental analysis of sulfur. ¢ Not determined.
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Table 5. [Inherent viscosity of sulfone-modified
PVA with various sulfone content,”
R Sulfone cont. (In7)/C

{mol %) (di/g)

s 0.0 1.35
CH, 12,5 1.17
14.3 1.13

34.3 0.99

42,4 0.88

C,H; 15.6 1.31
17.0 1.25

459 0.95

+-CyHy 114 1.28
16.0 1.16

27.8 1.19

35.0 1.08

* In DMSO at 30°C.
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Table 6. Synthesis of sulfoxide modified cellulose derivatives”

Run RP RVSO/Cellulose React. time =~ NaOH conc. Sulfur cont. D.S.

No. ratio? {(hr) (wi2g) {wt2s)
M-1 CH, 3.0 1 20 450 0.27
M-2 CH; 3.0 2 20 7.29 0.46
M-3 CH; 3.0 3 20 9.50 0.66
M-4 CH,4 3.0 b 20 10.45 0.75
M-5 CH, 3.0 ) 20 11.22 0.83
M-6 CHy 9.0 9 20 14.15 1.19
M-7 CH; 12.0 9 20 14.50 1.24
M-8 CH, 9.0 9 15 16.50 1.39
M-0 CH, 9.0 9 5 13.20 1.06
M-10 CH; 9.0 9 10 14.20 1.20
M-119 CH, 8.04-9.0 9+9 10 19.26 2.13
M-12¢ CH; 9.0+9.06+9.0 94-9-+9 10 20.32 2.40
E-1 CyHs 9.0 9 20 3456 0.20
E2 CoHs 274 9 20 3.40 0.18
E-3 C,H; 35.7 9 20 2.70 0.14
E.4 C.Hg 9.0 9 15 5.79 0.37
E-5 C,Hg 9.0 9 16 855 0.60
E-6 C,H; 9.0 9 5 481 0.29
B-1 £CH, 9.0 9 10 0.54 0.03
P-1 CeH; 9.0 9 10 0.54 0.73
P-2 CgH, 6.0 9 10 6.87 0.51
P-3 CgH; 3.0 9 10 5.40 0.36

3 Reaction conditions; Cellulose 1.0 g, H,O 20 mi, 26~28°C. ™ Substituents in vinyl sulfoxide. ® Molar
ratio between RVSO and hydroxyl group in ceflulose. ¥ Elemental analysis. © The reaction was
continued by adding fresh RVS0 repeatediy.
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100
4)

EoryFuicinic, 27 vdn (47 =
=) RWT 4 =T FIEO Y S F LR 5
N, FREN e —-20KER—E 2L
FF v FEROMIRIGOSEITL TV 3 & & A58
b,

"Bohiz &+ v Mg o — XFHED
B, Table 6 IKRENB LI, AFLE

revor BB, SNANKE S FATIOBA T bt Le
0 BETHY, BEOEC=LRA AT F v FEHA

&, RLME&E < L (Fig 14), 7, fgok

R Bl b)Y LOREHEP LTS, BVERER

1 4 BoNiih i, Thid, PVAEE= VR NE+
YFEDRISE RN - BB TH B, —F, C

AMMWMLAM \MWWW n%wr DIFEH AR LT F Y FEEROKE OHID
oM RUBMSERLTRI > TW3, BWERED 2 L

w8 s w0 @ o F& v FEffi€ o — 213, Table 6 @ run 11,

Fig. 12. "C-NMR spectrum of EVSO-modified
celfulose in D,0 at 40°C (D.S. 0.60).

Fig. 11~13 14z, xF 0, 251, BLUP 7=
NEZNANFF Y FEELo—2 EOFINgR
HIDBC-NMR R <R b AETRT, S — A

12 R &9k, KIBRKE, Bl ey
WERE YV FEBNT A S Lo TEAZ T
EFH, AFAEZNANKE Y FiEffiera—2
OIS, 2EAFAEZ LR+ v FEKIER
WEd A tick-T, £OlifuEE 24cF

—283—



1)
(CHB)?_SO
0
10}
71 8) 9)10)13)
Rz H or CHZCHZS@W)
12)
8
)]
731587
1)
N epimig
PRI
RGN DL I R I RS S R TR T T
180 160 140 120 100 80 60 40 20

Fig. 13. "*C-NMR spectrum of BVSO-modified cellulose in DMSO-¢; at G0°C (D. 8. 0.73).

1.0 Table 7. Intrinsic viscosity of methyl vinyl
sulfoxide-modified cellulose derivatives
o8k with various degrees of substitution,”
D.S. (7] {dl/g)
0.6 0.83 1.95
A 1.18 181
A 1.23 1.77
0.4 2.01 1.30
240 1.25
0.2+ ¥ In water at 30°C.
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Fig. 14. The degree of substitution of MVSO-
modified cellulose at various reaction times.

Cellulose 1.0 g (-OH 0.019 mol), MVSO 5.1 g Figffit o —2Th, [7]=1.25 &L IEVEE
(0.057 mel), NaOH 5.0g, H,O 20mi 26— EEEL, FORESTRAR-TWA I EER
28°C.
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Fig. 15, Apparatus for the gas permeability
measurement. (A) Permeability cell, (B)
Vent line, (C) Pressure gauge, (D) Soap film
meter, (E) Gas cylinder.

Table 8. Gas permeability coefficients of ethyl
cellulose membrane®

This work References
P(N,) 3.1 4.43%
P(Oy) 14.2 14.7%
P(CO,) 93.4 104%
1139
P(50,) 1010 {1.0 atrm® a70%

1640 (1.5 atm)
2140 (2.0 atm)

3 Unit of permeability, P: (cm¥STP)-cm)/{cm?:
sec-cmHg) X 10", thickness 127gm. ® Pressure
applied to the membrane.
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Fig. 16. The permeation measurement of
sulfur dioxide through MVSO-modified cel-
lulose membrane (D.S. 0.92, P(SO,): 1.0 atm).
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Table 9. Gas permeability of sulfoxide-modified PVA membrane?

: P(S0,)/

Run RY Su(l:gc;l)?}de Thickness T:imp. P(SO) P{N.) P(O;) PN
{mol?4) (pem) (¥} |patm 15atm 20atm 20atm 20atm 20atm

1 - 0.0 50 24 - - 0.7 - - -
2 6.3 b4 24 - 6 30 0.3 - 96
3 13.3 61 25 - 118 130 0.3 0.3 490
4 CH,y 16.1 48 23 42 148 160 0.3 0.3 530
5 19.3 85 25 43 147 452 0.3 - 1530
6 25.0 106 25 112 307 598 03 1.3 1790
LA 10.0 38 18 14 67 225 04 0.2 590
8 a7 21.0 55 17 267 725 1650 05 0.4 3360
9 9.5 68 17 374 1060 3370 0.4 1.0 9290
10 #C,Hg 16.5 54 18 641 2370 10000 0.8 1.2 11800
11 23.7 75 18 2380 4960 22200 1.1 2.4 20000
12 CH 9.0 G5 18 232 549 690 0.4 0.2 1620
13 oh6 30.0 83 18 1480 3650 7380 0.4 0.2 19900

# Unit of permeability, P: cm¥STP) cm}/tem?®-sec-cmHg) % 10", ® Substituent in vinyl sulfoxide.

@ Poly(vinyl alcohol). ¥ 0.00045.% ¢ 0.00052.%

=
)
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Permeability coefficienl (cm?(STP)-em/cm? sec-cmHg)

Fig. 1. Relation between the sulfoxide con-
tent and permeability coefficient. (@) PVA,
(OY MVSO0, (&) EVSO, (O) BVSO.
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Fig. 18. Pressure dependence of the perme-
ability ceefficient of 80, {O} MYSO (25.0
mol%), (A) EVSC (21.0 mol%), () BVSO
(9.6 mol %), (8) BVSO (165 mol %), (H)
BVSO (23.7 mol%).
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Table 10. Gas permeability of suifone-modified PVA membrane.™

P P(SCy)/
Run RV S“ég‘;%{de Thickness  Temp. P(SOd) PN PO o)

(mol?6} {um) e 1.0atm 15atm 2.0atm 20atm 20atm 2.0atm

1 - 0.0 50 24 - - 0.7 - - -
2 125 56 20 27 81 350 0.1 0.1 3500
3 g 15.3 72 23 B 109 536 0.1 0.1 6390
4 3 17.% 51 2t 7 156 1320 0.2 0.2 6610
5 34.7 45 21 -0 = -0 1.0 1.0 -
6 .cpg 16.0 51 19 105 492 2000 0.1 0.3 29000
7 e 21.2 53 20 93 513 2470 0.1 0.1 24700

A UInit of permeability, P: ¢cm*STP)-cm)/{cm?-sec-cmHg) X 10'%. ¥ Substituent in vinyl sulfone.
9 Poly(vinyl alcohol). ¢ 0.00045% 9 0.00052% ? Too weak to permeability measurements.
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Table 11. Gas permeability of sulfoxide-modified cellulose membrane™

P(S0O.)/
. P{S0,) B(Ny) P(Oy) z
b Thickness Temp. P{Na)
Run R D.S. () C)
l.0atm 15atm 2.0aim 20atm 2.0atm 2.0atm
1 0.83 81 20 155 356 0.16 0.38 2200
2 CH 0.92 82 17 553 973 2280 0.40 0.16 5700
3 3 1.06 55 23 722 2150 4090 0.32 0.37 12800
4 2.13 77 18 - -4 0.52 0.73 -
5 C.Hs 0.66 66 23 284 1080 2210 0.29 0.48 7600
6 CgHg 0.51 92 19 2790 A ~d 0.14 0.25 19900¢
7 - 2.50 127 20 1610 1640 2140 a.10 14.20 690

3 Unit of permeability, P: cm*STP)-cm)/(cm?®-sec-cmHMg) % 10'°. ® Substituent in viny! sulfoxides.
9 Ethyl cellulose. ® Too weak to permeability measurements. ¢ 1.0 atm.

Fig, 19. Apparatus for the gas permeability
measurement in mixed gases. {A) Permea-
bility cell, (B) Sampling line, (C) Pressure
gauge, (D} Soap film meter, (E) Sample gas
cylinder, (F) Helium gas ¢ylinder.
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Fig. 20. Gas chromatograms of SO,/N, mix-
ture in (a) supplied side and (b) permeated
side by the permeation through phenyl
vinyl sulfoxide-modified PVA membrane
{sulfoxide cont. 16.4 mol%).
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Fig. 21, Relation between the sulfoxide con-
tent and SO, permeability coefficient (O) as
well as separetion factor () in phenyl vinyl
sulfoxide-modified PVA membranes,
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Table 12. Permeability of $0,/N, mixture through sulfoxide-modified poly(vinyl alcohal) membrane?

Thickness Temp.

Sulfoxide cont.

b) c) )
Run R (mo1%) m) ) P(SO,) a(S0,/Ny)
1 CH, 22.4 66 23 18.2 54
2 c.H 117 82 23 19.2 -
3 i 18.8 87 23 85 60
4 t-C,H, 17.9 76 21 26.5 2
5 115 143 18 16.5 78
6 cH 164 154 22 334 113
7 e 235 102 23 47.0 170
8 27.8 93 16 48.1 96

* Total pressure of gas mixture: 2.5 atm, S0,/N,=2/3. ® Substituent in vinyl sulfoxides. © Permeation
coefficient of SO;. Unit, P (cm¥STP)-cm)/{cm® sec-omHg)x 10'°. @ Separation factor, a(SO,/ Ny =
permeated (SO,/Nj) ratio/supplied (30./Np) ratio. ® Uncertain.
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