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Absorptive Separation of Sulfur Dioxide using Flat Membrane Contactor
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Abstract: A flue gas emission known to cause an acid rain, containing sulfur dioxide, is tightly controlled by a
regulation. The membrane contactor could be one of the alternatives which might be useful technologies for better
performance of desulfurization. The fundamental sulfur dioxide separation data were obtained by a flat membrane contactor
so that they could be utilized for the full scale membrane contactor. The separation of sulfur dioxide was measured in
terms of the concentration of NaOH absorbent, the concentration of sulfur dioxide, the feed flow rate and different
membrane materials. As the concentration of absorbent increased, the removal efficiency increased. By increasing the
concentration of sulfur dioxide, the removal efficiency decreased. As the feed flow rate increased, it was observed that
the removal efficiency decreased. Finally, the effect of the membrane material on separation was found to be negligible.
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Fig. 1. Experimental apparatus for SO, separation with
gas-liquid membrane contactor.

Table 1. Specification of flat membrane module.

Volume of each cell (mL) 250
Contacting area of membrane (sz) 11.34

main body : PTFE
flange : aluminium

Material
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Table 2. Flat porous membranes

Membrane PP PVDF PTFE

Pore size (um) 02 045|022 045) 02 045
Porosity (%) 70 8 | 60 66 | 80 60

Diameter (mm) 47 47 | 47 47 | 41 47

Manufacture company | Whatman | Millipore | Sartorius

Table 3. Conditions of separation experiment

Absorbent (M NaOH) 0.05 ~ 02
Gas flow rate (cc/min, STP) 20 ~ 200
Liquid flow rate (cc/min) 2.5
Liquid pressure (bar) 1.0

Gas pressure (bar) 0.5

SO, inlet concentration (ppm) 700 ~ 2,450
Temperature (°C) 25
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Fig. 2. Surface morphology and thickness of typical porous membranes.
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Fig. 3. Removal efficiency as a function of gas flow rate
for various membranes : 0.05 M NaOH aqueous solution,
SO, feed concentration = 2,450 ppm.
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Fig. 4. Permeate fluxes of sulfur dioxide versus gas flow
rate through various membranes : 0.05 M NaOH aqueous
solution, SO, feed concentration = 2,450 ppm.

| 3 oluske #4279 44 ) o]
129 343 2710 U@ FRE FAS

golug o} 7
gl dea. U 2 oo o3 AA 549 &
o7k 234 Uehte e 7189l FoldA Mz

T 7oz Azt meA, £ Ao AME 2] A)
Zol} 4 2 71F9] 377} o|4kaldhe] A Ao Ag
QS vXA) Fettm & 4 9ok Fig 404 B5o
20 cc/ming] 7|A| f-&o)M ZE ol tisA 155 mol/
m’/hre] o]tgld B3 THP2Z2 vehdon, 7H &
o] F7tgel| wa} F3 E¥2vF S48l 200 ccf



100 ¢
80..
9
o)
c 60
8
©
=
[
2 o)
=
[}
o
21| —a— 0.05MNaOH(zq)
-0+ 0.1M NaOH(aq)
—v= 0.2MNaOH(aq)

0 20 40 60 80 100 120 140 160 180 200 220
Gas flow rate [cc/min]

Fig. 5. Comparison of sulfur dioxide removal efficiency
obtained with a different absorbent concentration : PP
membrane (¢ = 0.45 pm), SO, feed concentration = 1,800

ming] 74 {0 PP (0.45 pm) =] 670 mol/m’/
hrZ 7} =9t3 PVDF (0.22 pm) 2Ho] 581 mol/m’/hr
2 7P stk ojaisldke B3 FYAk AA 58
3} A2 gt ZH%J_OM 3% 2 718 374 2
] 0&6]:& ]:ﬂ—;(] 01-0 Q—O]B’]— e »/193\0“1 01:7}4 ;q.
°1E 71i°° X}Oloﬂ ogt o g ATHT. JA
o F7tell whe} T3} -2 5 olfr= A
71”«1 ojxtgtdte] FAet AEst whgshe Al

Azro] FopA AW FFE o] F
A FAHERE ERZoR E4A
FEE ST £7] WEoln E4,
°¢°ﬂf‘1” o| 15t °k°l A = o
2

Mg 2 e B S ;?L
g
L
o
it
2
RS

K
é
N
_.l
-L
w2
o«
k)
Hq
b
l"
i
S
3

o B3} Teart @ gog 37 HH%_O_
ek

3.2. EFH sk9 4%

PP (0.45 pm) E2|2h& o] &3 H-9f 38ty F
A NaOH (aq)®] %9 9 ZA}ste] Fig. 58} 69
27t oluslatel AA E8Y B3 SU28 ehd
o FF 714 1,800 ppm FEY o|3E Td
37 &% 7IAE AHSS4ATh Fig 5ol EXo] 20~
50 cc/min®] 7]1A] F&olA= 0.05~0.2 M NaOH (aq)
250 A 100% AAH &g vehdon, 100 co/
mine] A& 0.05 M NaOH (ag)oll T8} 79%¢] A7 &

o] &% o tE % 4 £e 201

1200

—o— 0.05M NaOH(aq)
0 0.IMNaOH(aq)
1000 1| —y—~ 0.2MNaOH(aq) x

200 4

Permeate flux of sulfur dioxide [mol/m2/hr}
g

0 — T T T T T
0 20 40 8 8 100 120 140 160 180 200 220

Gas flow rate fcc/min]

Fig. 6. Comparison of permeate flux of sulfur dioxide
obtained with a different absorbent concentration : PP
membrane (¢ = 0.45 um), SO, feed concentration = 1,800
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