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EXPERIMENTAL SECTION

Direct synthesis of MFI nanosheets: The MFI nanosheets were prepared by a synthesis procedure
reported previously !, using seeded growth templated by a certain structure directing agent (SDA):
bis-1,5(tripropyl ammonium) pentamethylene diiodide (dCS5). In brief, first, MFI nanocrystals were
prepared as seeds for the growth of nanosheets, using a sol with molar composition of
10S10,:2.4TPAOH:0.87NaOH:114H,0. A precursor sol with a composition of 80TEOS:3.75dC5:20
KOH:9500 H,O was hydrolyzed and mixed with the MFI nanocrystal suspension at 1000:1 silica molar
ratio of precursor sol to nanocrystal suspension. The mixture was then transferred into a Teflon-lined
stainless steel autoclave and hydrothermally treated statically at 140 °C for 4 days.

Preparation of porous sintered silica fiber (SSF) supports: Sintered silica fiber (SSF) supports were
prepared by following the same procedures reported earlier 2. First, commercially available silica fibers,
referred to as quartz fibers, were crushed and pressed followed by sintering at 1100 °C and for 3 hours
and polishing using CarbiMet™ SiC abrasive paper (600 grit/P1200). Then, 500 nm Stober silica spheres
were rubbed manually on the top surface followed by sintering at 1100 °C for 3 hours. This rubbing and
sintering process was repeated up to 5-8 times until the surface was fully covered by the Stober silica
spheres. Finally, a top 50 nm Stober silica layer was rubbed on the surface and fixed on the surface by
sintering at 450 °C for 6 hours. It serves as the silica source to form continuous and inter-grown films by
the gel-free secondary growth method 3.

Fabrication of MFI membranes: Membrane fabrication was performed following the exact procedures
reported earlier #. Briefly, the synthesized MFI nanosheets were purified using centrifugation and
dispersed in DI water containing 5 vol% ethanol. To form a thin layer of nanosheet coating on the porous
SSF support as seeds, the floating particle method was used #. The support was placed in a home-made
Teflon™ trough. After filling the trough with DI water, the suspension was transferred to the air-water
interface using a micropipette, forming a uniform layer of MFI nanosheets. Then, by lowering the water
level below the support, the MFI nanosheet layer was deposited on the support surface, to obtain a uniform
layer of nanosheet coating. The coated support was then dried and calcined at 400 °C for 6 hours. This
coatings process was repeated twice to ensure high surface coverage by the nanosheets. Finally, the seeded
support was treated by the gel-free secondary growth 3 at 180 °C for 4 days using an impregnating TPAOH
aqueous solution (0.025M TPAOH) to obtain a well-intergrown membrane, which was calcined at 450 °C
for 6 hours.

Characterization: X-ray diffraction (XRD) patterns were obtained using a Panalytical X'Pert Pro
diffractometer with Cu Ka radiation at 45 kV and 40 mA. SEM measurements were performed on a
FEG-SEM (Hitachi SU8230) at 5 kV. The cross-sectional FIB-SEM images of the membrane were
obtained by FEI Helios NanoLab G4 dual-beam focused ion beam (FIB).

Permeation test: The membranes were tested under different feed pressures. The hydrocarbon/H,
atmospheric feed pressure tests were performed in the Wicke—Kallenbach mode (70 mL/min
hydrocarbon/hydrogen mixture feed with permeate side purged with 30 mL/min sweep gas (Ar)). For
membrane tests at higher feed pressures, no sweep gas was used. The feed pressure was regulated by a
pressure regulator and measured by a pressure gauge. The permeate side was kept at atmospheric pressure.
After maintaining the membrane for ca. 20 hours at each condition to ensure steady state stable operation,
the concentrations of feed and permeate streams were determined by GC with a thermal conductivity
detector (GC/TCD), equipped with a packed-bed column (Chromosorb PAW, Agilent). Ar was used as
carrier gas for the GC. At each permeation condition, the analysis was repeated at least three times. The
membrane separation performance is typically assessed with permeance and separation factor. The
permeance is the flux normalized by the partial pressure gradient across the membrane. The separation
factor is defined as the composition ratio of components A and B in the permeate mixture relative to the
composition ratio of A and B in the retentate mixture, i.e. SF(AB) = [Xa/ Xg] permeate/ [Xa/ XB] retentate-
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Figure S1: a), b) surface morphology and c) cross-sectional FIB-SEM image of the MFI membrane
fabricated from MFI nanosheet seed layer; d) out-of-plane XRD pattern of the fabricated MFI membrane,
indicating a dominant b-out-of-plane orientation after secondary growth. The broad background peak is
due to the amorphous silica support. Scale bars are a) 5 um, b) 1 um, and ¢) 1 pm.



Table S1: Ammonia/hydrogen binary permeation measurement conditions and membrane performances

Feed conditions Permeate conditions NH
o |1 b  NH, flux ’ NHy/H,
emp Feed Feed Feed Permeate Permeate [mol/(m?.s)] permeance S.F
flow rate ' (mol/(m?.5.Pa)) o
Pressure composition | flow rate pressure composition -
(measured)
50%H,+50% 400 Ibar (no 99.62% 30.0
1 25°C 3 bar ) ) 0.090 2.26 X 10 307
NH; mL/min sweep) NH; mL/min
50%H,+50% 400 Ibar (no 94.9% 50.8
2 50 °C 3 bar ) ) 0.144 3.45X10° 23.8
NH; mL/min sweep) NH; mL/min
50%H,+50% 400 Ibar (no 75.1% 76.6
3 100 °C 3 bar ) ) 0.173 2.72 X 10 3.8
NH; mL/min sweep) NH; mL/min

Sample calculation:

At 25 °C, 3 bar feed pressure, permeate flow rate is 30.0 mL/min.

Converting mL/min to mol/s:

30.0 mL/min = (30.0 x10-m?x101325 Pa)/(60 s x 8.314 m3xPaxK-!xmol-! x (273.15+25) K)

Effective Membrane Diameter =1.70 cm

=2.04x10 mol/s

Effective Membrane Area = 3.14 x (1.70x102 m)?/4 = 0.000227 m?

NH; flux = 2.04x107 mol/s x 99.62% /0.000227=0.0895 mol/(m?.s)

NH; Composition in Retentate: (204 mL/min — 99.62%%30.0 mL/min)/(408 mL/min — 30.0 mL/min)

=0.461

Partial pressure difference = 46.1%x3.01x101325 Pa —99.62%x101325 Pa = 39680 Pa

NH; permeance = 0.0895 mol/(m?2.s)/ 39680 Pa = 2.26x10-6 mol/(m?.s.Pa)

S.F. = (0.9962/0.0038)/(0.461/0.539) = 307




Estimation of expected NH; flux

We assume single component NHj transport (i.e., neglect the presence of N, and H, in the membrane)

through a membrane and use the following equation to find the flux:

1+bP
eDq, In( feed
L 1+bP

permeate

J = ) (ref. d)

Where J is the flux (mol/(m?2.s)); ¢ is the support porosity; D is the diffusion coefficient (m?/s); g, is

the saturation loading in mol/m?; L is the membrane thickness and b is the Langmuir parameter.
We use the following parameters:
&=0.3;
D=6X%10"to 1 X 10 m?/s (obtained from Figure 5 of Jobic et al. %);

q,=4.3 mol/kg (estimated from the data of Figure 6 in ref. 7);

The density of MFI zeolite is 1,800 kg/m?;
L=1um=1X10%m;

b=28.0X10°Pa! (estimated from the data of Figure 6 in ref. 7);
Pfca = 1.5 bar;

Ppermeate = 1 bar

11 -6 5
D=6 x 10_11mz/S:J:O.3><6><lO ><_:l.3><1800ln(l+8.0><10_6><l.5><105

Ix10 1+8.0x107 x1.0x10
0.3><1><1079><4.3><1800ln 1+8.0x107° x1.5x10°

1x10°° 1+8.0x107°x1.0x10°

)=0.028

D=1%X10"m?s:J= )=0.466



Table S2: Ammonia/nitrogen binary permeation measurement conditions and membrane performances

Feed conditions

Permeate conditions

NH;
D T Permeate NH; flux NH,/N,
emp Feed Feed Feed Permeate Permeate [mol/(mZ.s)] permeance S.F
flow rate ' (mol/(m?.s.Pa)) o
Pressure | composition | flow rate pressure composition o
(measured)
50%N,+50% 400 Ibar 99.95% 22.0
1 25°C 3 bar ) ) 0.066 1.10 X 10 2236
NH; mL/min (no sweep) NH; mL/min
50%N,+50% 400 Ibar 99.3% 44.5
2 50°C 3 bar ) ) 0.133 2.62 X 10° 191
NH; mL/min (no sweep) NH; mL/min
50%N,+50% 400 1bar 99.3% 72.5
3 50°C 5 bar . ) 0.216 1.89 X 10 219
NH; mL/min (no sweep) NH; mL/min
50%N,+50% 400 1bar 99.2% 87.7
4 50 °C 7 bar . ) 0.261 1.66 X 10° 221
NH; mL/min (no sweep) NH; mL/min
50%N,+50% 400 1bar 92.7% 46.8
5 100 °C 3 bar ) ) 0.131 3.47 X 10° 15.8
NH; mL/min (no sweep) NH; mL/min
50%N,+50% 400 Ibar 92.5% 89.4
6 100 °C 5 bar . ) 0.248 2.50 X 10 20.0
NH; mL/min (no sweep) NH; mL/min




Table S3: H,/Hydrocarbon binary permeation measurement conditions and membrane performances

Feed conditions

Permeate conditions

Hydrocarbon Hydrocarbon Hydrocarbon/
Feed
D Temp Feed Feed a Permeate Permeate Sweep/permeate flux permeance H;
ow 2 2
Pressure | composition . pressure composition flow rate [mol/(m?.s)] (mol/(m*.s.Pa)) S.F.
rate
0.083%H,
30%H,+70% 50 1 bar
1 25°C 1 bar +13.5% n-butane, 30 mL/min 0.0135 2.17 X107 59
n-butane mL/min | (Ar sweep)
Ar balance
0.18%H,
30%H,+70% 50 1 bar +15.2% n- .
2 25°C 1 bar ) 30 mL/min 0.0129 2.20 X 107 39
n-propane mL/min | (Arsweep) propane,
Ar balance
1.0%H,
30%H,+70% 50 1 bar )
3 25°C 1 bar . +20.7% ethane, 30 mL/min 0.0184 3.0 X107 5.7
ethane mL/min (Ar sweep)
Ar balance
98%H,+2% 200 Ibar 90.5%H,+9.5% .
4 25°C 6 bar ] 2.9 mL/min 9.2X10* 5.8%X107 6.5
n-butane mL/min | (nosweep) n-butane
98%H,+2% 200 Ibar 86.8%H,+13.2%
5 25°C 8 bar ) 3.1 mL/min 0.0011 5.0 X107 7.7
n-butane mL/min | (no sweep) n-butane
98%H,+2% 200 Ibar 84.5%H,+15.5%
6 25°C 10 bar ) 3.2 mL/min 0.0014 43 %107 9.5
n-butane mL/min | (no sweep) n-butane
50%H,+50% 200 Ibar 3.3%H,
7 25°C 2 bar . 4.1 mL/min 0.0103 5.3 X107 31
n-propane mL/min | (nosweep) | +96.7% n-propane
50%H,+50% 200 Ibar 1.5%H, )
8 25°C 4 bar . 20.5 mL/min 0.0531 6.3 X107 83
n-propane mL/min | (nosweep) | +98.5% n-propane
50%H,+50% 200 Ibar 2.2%H,
9 25°C 6 bar . 26.5 mL/min 0.0688 5.9 X107 81
n-propane mL/min | (nosweep) | +97.8% n-propane




Table S4: H,/Hydrocarbon ternary permeation measurement conditions and membrane performances

Feed conditions Permeate conditions
Ethane/ Ethane
n-butane Hydrogen n-butane
Temp Sweep n- propane or n-propane
Feed Feed Feed Permeate Permeate flux/permeance flux/permeance /H, S.F.
flow flux/permeance /H, S.F.
Pressure composition flow rate pressure composition
rate
0.084%H,
+1.6% 5.50 X 103 1.26 X 10? 6.57 X 103
20%H,+40%
: 50 1 bar (Ar ethane 30 mol/(m?.s) mol/(m?.s) mol/(m?.s)
25°C 1 bar ethane+40% ) . 42 10
mL/min sweep) +7.0% mL/min 1.65 X 107 3.2%10% 3.25X10°
n-butane
n-butane, mol/(m?.s.Pa) mol/(m?.s.Pa) mol/(m?.s.Pa)
Ar balance
0.084%H,
+4.2% 6.64 % 104 3.41%10% 6.83 % 10%
20%H,+40% -
. ° 50 1 bar (Ar f-propane 30 mol/(m?.s) mol/(m?.s) mol/(m?.s)
25°C 1 bar n-propane+40% . +8.1% . 50 29
mL/min sweep) mL/min 1.9 X107 1.0 X 107 3.16 X 10°
n-butane n-butane,
Ar balance mol/(m?.s.Pa) mol/(m?.s.Pa) mol/(m?.s.Pa)




Appendix S1: Ammonia separation based on liquid membranes

Membrane NH, NH, NH, NH,/H, NHy/N,
Ref. Material Thickness Feed Sweep | T/°C permeability permeance flux selectivity selectivity
/permeance [mol/(mZ.s.Pa)] (mol/(m2.s)) /S.F. /S.F.
1 bar
If\i;-hium 10% NH; 9900 Barrer 245
1trate
. 1 bar He
Immobilized N i 279 7400 Barrer 129
Molten Salt 251A]bNH3 I bar
Membrane ar
50% NH, 7100 Barrer 80
1 bar
10% NH; 100,000 Barrer >1000
o e 69,000 Barrer >1000
3
’ 250
1b
40(1yb;rﬂ ar 28,000 Barrer >1000
o NH;
1 bar
80% NH, 21,000 Barrer >1000
[8] Pez, | bar 130,000 Barrer >1000
1988 10% NH; ’
[9] Pez, 1 bar
1992 Zine Chioride 20% NH; 79,000 Barrer >1000
Iﬁ;‘;&?ﬁf 40;}’%{ Jie | 300 | 44,000 Barrer 1000
3
Membrane 1 bar
60% NH, 43,000 Barrer >1000
) OﬁA]b;er 33,000 Barrer >1000
| Oﬁﬁb;rH 140,000 Barrer >1000
3
5 oﬁabier lezr 350 | 150,000 Barrer >1000
3
40;]"#1{ 46,000 Barrer >1000
3
1 bar He, 311 | 290,000 Barrer 3200
single gas 1 bar
0 2400 GPU 8.0x107 0.14 >1000
NH;-
[10] Pez NH,SCN INH.IN He 23 1900 GPU 6.36x107 0.11 8700
> . . 3. 2
1988 Liquid 36bar | 3.6bar
Membrane on 21 5265.5 Barrer 59.2 135
Nylon filter
50 5038.6 Barrer 25.8 59.1




Appendix S2: Ammonia separation based on polymeric membranes

NH; NH;
Ref. Material I\Tqﬁirclll:;:;l: Feed Sweep | T/°C erEI:;nce permeance flux si\l]::i:g: sg:cligﬁ
P [mol/(m?.s.Pa)] [mol/(mZ.s)] Y y
. Multi- 25 376 GPU 1.26x107 0.043 78.8 1423
K [1 ]th' cor.rll.p onent Single Ibar,
;a‘:;aa ! milb‘;‘;gsly NA gas, 50 no 25 | 164GPU 0.55x107 0.019 80.7 1350
1986 ethylene psig sweep
elycol 25 | 224GpU 0.75%107 0.026 78.6 1100
NH; NH;
Ref. Material I\Tqﬁirclll:;:;l: Feed Sweep | T/°C erl::;nce permeance flux si\l]::i:gi sg:cligﬁ
P [mol/(m?.s.Pa)] (mol/(mZ.s)) Y y
235 | 118GPU 0.39x107 12,5 450.4
[12] Pan, | Polysulfone NA Single 0 135 GPU 0.45%107 336 892.8
1988 amide gas
10 | s520GpU 1.7%107 2008 6025
16 | 1010 GPU 3.4x107 653.7 18878
NH, NH, NH,
Ref. Material D’l/{]i?clll:;zg: Feed Sweep T/°C permeance permeance flux N;I%Hz le-li{,Nz
(GPU) [mol/(m2.s.Pa)] [mol/(m?Z.s)] o o
3N1Hé:aer2 1}{;& 17 2.9 GPU 9.7%10-10 0.000073 >50
80-150 pm 3N5Hg;1rN2 511:& 17 16 GPU 54107 0.0020 >800
. 3NH;: 1N, He
Polyvinyl- 31Nz : 17 50 GPU 1.7%10° 0.0090 >1000
ammonium 3 Og/b;rﬂ 6;”
chloride RO I 25 32 GPU 1.1x10°% 0.0089 2100
0,
~180 um 4200/"7]]\133 ﬁ;{r 25 27 GPU 9.0%10° 0.0075 2500
0,
3207/"51;133 ﬁfér 25 24 GPU 8.0%10° 0.0066 2200
3N1Hg;1rN2 1]1;& 17 98 GPU 3.3%10° 0.0025 900
3N6Hg:rN2 g{f;r 17 250 GPU 8.4x10% 0.038 >1100
3NH:IN, | He, 52 150 GPU 5.0%10°% 0.011 >1000
NA 3 bar 3 bar
3N6H§;rNZ 6Hb‘:r 52 220 GPU 7.4x10°% 0.033 >1100
[13] 3N3Hg;1rN2 3Hb:r 73 110 GPU 3.7x10° 0.0083 900
Pez,
1988 3N6Hg;rN2 6"{; 73 160 GPU 5.4x10°% 0.024 >1000
0,
3%‘ ?li? lee;r 26 340 GPU 1L1x107 0.090 1500
0,
Polyvinyla 282'76 g’é\IHS 1Hbe= 2 230 GPU 7.7x10° 0.061 1300
mmonium 25.4% r\?;l ™~
thiocyanate 100-300 3 2°bar 3 | be;r 26 210 GPU 7.0x10° 0.056 1200
0,
wm ”i'g é’é\iﬁ 1}{; 26 150 GPU 5.0x10° 0.040 1100
0,
135';‘ ?i\glz 1}{; 26 110 GPU 3,710 0.022 970
0,
126'3 fbl‘;?} le‘Zr 26 97 GPU 3,210 0.026 890
13.8% NH,
0,
iég'gof’ﬁz 1}%; 24 54 GPU 1.8%10° 0.014 6200 3600
370Ny
57.5 bar
13.8% NH,
0,
iég'goﬁgz 1}{; 60 32 GPU 1.1x10°% 0.0085 1400 2000
. 2
57.5 bar




NH; NH;
Ref. Material B{!ﬁ:ﬁ:{’;ﬁ;‘: Feed Sweep | T/°C erl:llggnce permeance flux Ngi{,Hz le-liﬁNz
p [mol/(m?.s.Pa)] [mol/(m2.s)] o o
. 0 183 GPU 6.1x10% 0.011 >3000
Polyvinyl- INH.:
3.
(10] Pez, | alcohol ~200 um IN, He 19 | 179GPU 6.0x10° 0.011 3000
1988 ammonium 3.6 bar
. 3.6 bar
thiocyanate
50 180 GPU 6.0x10%® 0.011 1000
NH; NH;
Ref. Material h;ﬁ:z]l:;::: Feed Sweep | T/°C erllil:;nce permeance flux sgel:::g: sel\llel::glliy
p [mol/(m?.s.Pa)] [mol/(mZ.s)] Y
Hydrolyzed
Perfluosro-
[14] sulfonic Wall Single He S
Timashev, acid thickness gas, > 25 459 GPU 1.54x107 0.031
1 bar 100-1000
1991 polymer 17 pm 2bar
hollow
fibers
NH; NH;
Ref. Material D:ET:E;::: Feed Sweep ;l" é eriI:;nce permeance flux NIS-I%HZ NIS-I%N 2
P [mol/(m2.s.Pa)] [mol/(m2.s)] o o
Composite 22 | 1326GPU 4.4x10% 0.0031 33 >1000
polysulfone
[15] hollow NH3/N,/H,
Bikson, fiber/ 10/30/60
1991 sulfonated 100 psig 9 | 157.3GPU 5.3x10°% 0.0036 63 >1000
polysulfone
NH; NH; NH,/H, NH;/N,
o
Ref. Material I\T/[;:Iclll:x:: Feed Sweep ]é erlljl?;nce permeance flux selectivity selectivity
p [mol/(mZ.s.Pa)] [mol/(m?Z.s)] /S.F. /S.F.
0.14 >3000
0.10 >3000
0.084 600
0.070 60
21 0.040 >3000
0.038 >3000
16 Perfluoro- 151}41 ?;r 0.035 >3000
[16) sulfone Hy/N, 0013 3000
C;l;s912er, (Nafion) 38 um mlgture, He 0.019 >3000
Different rato not 0.012 >3000
ionic forms gtven. 0.017 300
200 0.0087 120
0.0050 60
0.0059 >3000
0.0061 60
NA >3000
[17] Single
Vorotynt C:“‘t‘;‘t’se gas, | <4.1kPa | 25 292 GPU 9.8x10 0.0098 9.3 111
sev, 2006 cetate 1bar
Poly(norbor
[18] enylethysty
rene)-b- Single
Cussler, poly(propyl NA gas, 1 bar 25 >600 Barrer >90
styrene- 2bar
2009 sulfonate)
copolymer
5643.7
[19] poly[bis(trif 5 Barrer 105.3 221.3
luoroethoxy Sinole
Makhlou )phosphaze NA gags Vacuum 21 5265.5 592 135
ne] Barrer
11,2012
(PTFEP) 50 5038.6 25.8 59.1
Barrer




Appendix S3: Ammonia separation based on silica membranes

NH, NH,
Ref. Material R,;,[ﬁ?;ll:;z:: Feed Sweep | T/°C erlljll(:,lgnce permeance flux NIS-I31£H2 NIS-I3F/,N 2
P [mol/(m?.s.pa)] (mol/(m2.s)) o o
16% NH,,
3/1 HyN, 1 bar 80 | 2275GPU 7.62 x 107 0.12 6.60 14.48
10 bar
Tubular 14% NHL,
201 e 3/1 HyN, 1 bar 80 513 GPU 1.72 x 107 0.039 2.74 1.59
16.3 bar
Camus, | membranes <200nm o
2006 on alumina 14% NH,,
bstrates 3/1 HyN, 1 bar 80 | 1107 GPU 3.71 % 107 0.11 4.89 7.10
21.2 bar
14% NH;,
3/1 Hy/N, 1 bar 80 | 1687 GPU 5.65 x 107 0.20 4.88 10.73
25.2 bar
Si-1, 50 | 304GPU 1.02 x 107 0.0051 28.7
average 1bar | bar
Jore size 1/1 NHy/H, 400 | 310GPU 1.04 x 107 0.0052 0.083
(21] Si-2, 50 50 GPU 0.168 x 107 0.00084 1.02
Kaneza average 1 bar
shi pore size <1 pum 1/1 NHy/H, I bar
o0 | oaosa 400 35 GPU 0.117 x 107 0.00058 0.018
Si-3,
;()Vrzrzig:e | /llNlﬁ:/Hz lbar | 50 1.5 GPU 0.00521 x 107 0.000026 0.31
0.3 nm
Appendix S4: Ammonia separation based on MFI membranes
NH, NH,
Ref. Material R;liilclllz;::: Feed Sweep | T/°C erll\llll:;nce permeance flux NISLI%HZ le-li{,Nz
P [mol/(m2.s.Pa)] [mol/(m2.s)] - e
16% NH,
3/1 HyN, 1 bar 80 2.14 % 107 0.034 9.13 14.09
10bar
16% NH,,
MFI on 3/1 HyN, lbar | 25 0.60 x 107 0.0096 2.80 3.10
alumina 5-15pm 10bar
[20] b 9% NI,
Camus 3/1 HyN, lbar | 25 0.64 x 107 0.0058 3.08 2.84
, 2006 10bar
2% NH;,
3/1 HyN, lbar | 25 0.92 x 107 0.0018 5.00 4.61
10bar
16% NH,
MﬁFble‘r’“ 3/1 (Ezmz Ibar | 80 0.13 x 107 0.0021 7.14 20.66
ar




Appendix SS5: Literature reports of MFI membranes for sorption-based selective separation

Ref. Mefnbrane Mixture Sweep Pressure T. Hydrocarbon S.F.
Thickness flux/permeance
[22] Moulijn, . 5 )
- -C4:95H, .
1999 50-60 um 5n-C4:95H, He 1 bar 295K 1x10- mol/(m?.s) 125
(23] ll\gggl”“’ 50-60 um 50n-C4:50H, Yes Ibar | 300K 5x10" mol/(m2.s) 40
. 84.48H,:7.59CH,:2.51C,H;:2.52C,H, 5.6-12.1 " )
[24] Lin, 2000 3-5 um 0.75C:Hy: 1.45C5Hy:0.4n-C,20.3i-C, nl/min 1 bar 298 K 2-4x10-*mol/(m?.s) H, not detected
20C;Hg:80N, No 10 bar 298 K 22x10mol/(m?.s.Pa) 43
[25] Hedlund, 0.5 pm
2017 20C,H,:80N, No 10 bar 277K 57%10"mol/(m?.s.Pa) 6
[26]Dragomirova, 40 um 92CH,:81-C, vacuum lbar | 298K 1.36x10-mol/(mZ.s 39
R. et al, 2014 K
[27] Hedlund, 04 10n-C4:90CH4 No 9 bar 298 K 31 x 10-"mol/(m2.s.Pa) 25
2018 A pm
10C3Hg:90CH4 No 9 bar 297K 54 x 107mol/(m?.s.Pa) 9.5
17.5n-C4:82.5CH, Ar 1 bar 298 K 8.4x 10"mol/(m?.s.Pa) 300
[28] Nair, 2019 <0.8 um
16.5C;H;:83.5CH, Ar 1 bar 298 K 16.7x 107mol/(m?.s.Pa) 45
n-butane: 460 GPU n-C4/CHy: 97
[29] Nair, 2020 0.3-1.2um 76CH,:8C,H:8C;Hg:8 n-C4Hj Ar 9 bar 298 K n-propane: 220 GPU C;Hg/CHy: 48
ethane: 31 GPU C,H¢/CHy: 7
10n-C4:90CH, Ar 1-10bar | 298K 800-2500 GPU 125-250
10n-C;Hg:90CH, Ar 1-9 bar 298 K 1500-3200 GPU 15-25
n-C,/CH,:
. . n-butane: 700-2500 GPU 150-250
[30] Nair, 2020 | 0.8-1 pm 82CH,:9n-C;Hg:9 n-Colio Ar 1-9bar | 298K | ) propane: 100350 GPU | #-C3Hy/CH:
’ S H 25-40
n-Cy/CHy:
n-butane: 700-2700 GPU 160-280
76CH,:8C,H¢:8n-C3Hg:8 n-C4Hy Ar 1-9 bar 298 K n-propane: 175-500 GPU n-C;Hg/CHy:
ethane: 15-35 GPU 45-60
C,H¢/CH,: 4

1GPU=3.35% 10"1°mol/(m?.s.Pa)
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