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Fig. S1 Concentration profiles of N, of (a) HHFM deoxygenation (x =162.9 m™, z=0.5 m), (b) SHFM deoxygenation
(x =0, z=0.5 m) on the cross-section and (c) HHFM deoxygenation (x =162.9 m™), (d) SHFM deoxygenation (x =0)
along the axis direction. Re=217, 7=298.2 K, VvV =0.5m s'], P/pp=0.50, I=1.0 m
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Fig. S2 Porous membrane concentration profiles of H,O vapor of (a) HHFM deoxygenation (x =162.9 m™, z=0.5 m),
(b) SHFM deoxygenation (x =0, z=0.5 m) on the cross-section and (c¢) HHFM deoxygenation (x =162.9 m™), (d)
SHFM deoxygenation (x =0) along the axis direction. Re=217, T=298.2 K, V =0.5 m s™, p/p,=0.50, I=1.0 m



Table S1 Parameters used for simulation

T T e
x10"m°s’) (x10"m"s’) (x10"m°s’) (xI0"m"s’) (x10"m"s") (xI0"m"s)
278.2 2.011 1.254 2.859 3.057 3.812 1.377
288.2 2.084 1.495 2.910 3.111 3.880 1.129
298.2 2.156 1.803 2.960 3.165 3.946 0.919
308.2 2.228 2.176 3.010 3.217 4.012 0.748
Table S1 (continued) Parameters used for simulation
T&) (Xlggzsa s) (xlgizﬁa s) (x I/f)P'IZOI;ga s) Hoz (GPa) Hixz (GPa) Pw (kPa)
278.2 1.945 1.682 8.214 2.893 6.001 0.847
288.2 1.998 1.726 8.614 3.692 7.446 1.685
298.2 2.050 1.769 9.014 4.423 8.752 3.098

308.2 2.103 1.813 9.414 5.086 9918 5.555




Table S2 Experimental data of HHFM and SHFM deoxygenation

No. v(ms")  x(m?) P/po T (K) ¢r (mol m™) Cout (mol m™) o (x107%)
1 0.10 162.9 0.90 298.2 0.256 0.246 1.81
2 0.25 162.9 0.90 298.2 0.256 0.249 1.33
3 0.50 162.9 0.90 298.2 0.256 0.252 243
4 0.75 162.9 0.90 298.2 0.256 0.253 1.11
5 1.00 162.9 0.90 298.2 0.256 0.253 1.93
6 1.25 162.9 0.90 298.2 0.256 0.254 2.69
7 0.10 162.9 0.70 298.2 0.256 0.224 0.59
8 0.25 162.9 0.70 298.2 0.256 0.236 2.18
9 0.50 162.9 0.70 298.2 0.256 0.244 2.52
10 0.75 162.9 0.70 298.2 0.256 0.247 1.98
11 1.00 162.9 0.70 298.2 0.256 0.249 2.07
12 1.25 162.9 0.70 298.2 0.256 0.251 1.53
13 0.10 162.9 0.50 298.2 0.256 0.188 0.55
14 0.25 162.9 0.50 298.2 0.256 0.212 2.74
15 0.50 162.9 0.50 298.2 0.256 0.227 2.35
16 0.75 162.9 0.50 298.2 0.256 0.233 1.36
17 1.00 162.9 0.50 298.2 0.256 0.236 1.28
18 1.25 162.9 0.50 298.2 0.256 0.239 1.95
19 0.10 162.9 0.30 298.2 0.256 0.139 1.37
20 0.25 162.9 0.30 298.2 0.256 0.178 1.51
21 0.50 162.9 0.30 298.2 0.256 0.203 1.61
22 0.75 162.9 0.30 298.2 0.256 0.213 2.08
23 1.00 162.9 0.30 298.2 0.256 0.219 2.57
24 1.25 162.9 0.30 298.2 0.256 0.222 1.83
25 0.10 162.9 0.050 298.2 0.256 0.0550 0.36
26 0.25 162.9 0.050 298.2 0.256 0.118 1.46
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" & is the standard deviation of Coy obtained from three parallel experimental data.



Table S3 Experimental results of long-time run for 100 h at Re=43.5, 7=298.2 K, £k=162.9 m'l,
v =0.1 ms™, p/py=0.50

t (h) Cout (Mol m'3)
0.20 0.0550
0.50 0.0553
1.0 0.0550
5.0 0.0548
10 0.0550
25 0.0553
50 0.0553
75 0.0550

100 0.0548




Table S4 Boundary conditions used to model Liu’s (Liu et al., 2005) and Kaufhold’s
(Kaufhold et al., 2012) works.

Mathematical expressions

Boundary conditions of Liu's work

Lumen side aqueous phase (i=0,, N)

z2=0:¢c, =¢o ¢ ¢y, =0, (S1)
z=1:0c, / 0z =0, (S2)
r=0:0c, /or=0. (S3)

Lumen side-membrane pores interface (i=0,, N)

r=r:(D,0c/or) =NJ| = (-DVe, +c¥) o (S4)

r=n:(He /(c,+p,/M,)/RT) =G ane (S5)

"= rl : CHZO membrane :pw ) (S6)

Membrane pores-shell side interface (i=0,, N;, H,0)

r=rn :ch =c shell CO: = CHZO =0. (S7)
Boundary conditions of Kaufhold's work

Lumen side aqueous phase (i=0,, N)

r=0icy, =cny o, =0, (S8)

z=1:0c,/ 0z =0, (89)

r=0:0c, /or=0. (S10)

Lumen side-membrane pores interface (i=0,, N)

r=r:(D,aoc/ é’r)Lumen Lo = (-DVE, +0V) o (S11)

r=n : (Hici /(ci + pW /MW) / RT) lumen —G membrane ’ (812)

r = l/i : CHZO membrane :pw ’ (813)

Membrane pores-shell side interface (i=0,, N;, H,0)

r=n(RTYe) = pl, (S14)




r=r:¢/Y.¢=N,/D.N,. (S15)
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