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Research Subject: natural gas sweetening is one of the conventional
and vital processes in gas industry, in which the CO, and H_S separation
is considered. A traditional methods such as absorption is employed
for natural gas sweetening. High operational cost and also high energy
consuming caused that these methods replaced by novel ones. Gas
separation using membrane processes is one of the new methods that
can be used in gas industry.

Research Approach: In this study, the three phase mixed matrix
membranes comprising Pebax®1657, PEG-200 and MIL-53(AL)
nanoparticles were evaluated for CO, gas separation. The effect of
various PEG-200 and MIL-53(AL) concentration within the Pebax
polymeric matrix on the structure, gas permeability, and selectivity
of the membranes was investigated. To study the cross-sectional
morphology, crystallinity and thermal properties of the synthesized
membranes, scanning electron microscopy (SEM), differential
scanning calorimetry (DSC) and thermogravimetric analysis (TGA)
were utilized, respectively. Fourier transform infrared (FT-IR), was
also carried out to identify the formation of the chemical bonds in the
membrane.

Main Results: SEM images demonstrated a uniform cross-section
and admissible dispersion of nanoparticles. The results of the thermal
analyses indicated an increase in crystallinity and Tg in presence of
MIL-53 particles. Permeation of pure gases (i.e., CO,, CH,) through
the prepared neat Pebax®1657, the blended Pebax/PEG-200 and the
Pebax/PEG-200/MIL-53(AL) mixed matrix membrane was measured
at the pressure of 10-2 bar and temperature of 30 °C. The results
showed that at the pressure 10 bar, the CO2 gas permeation from
133.36 Barrer in pure membrane increased to 311.7 Barrer (%134) in
a membrane containing %10wt MIL-53.
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Table 1.The composition of additive particles
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Membrane code PEG (wt.%) MIL 53 (Wt.%)

PPO 0 0
PP2.5 2.5 0

PP5 5 0
PP7.5 7.5 0
PP10 10 0
PPM2 10 2
PPM4 10 4
PPM6 10 6
PPM8 10 8
PPM10 10 10
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Figure 1. Effect of adding PEG into Pebax matrix (a) pure Pebax®1657 (b) membrane
contains %5wt PEG (c) membrane contains %10wt PEG
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Figure 2. The structure of membranes and the dispersion quality of additive particles (a) the membrane
contains %6wt of nanoparticles (b) the membrane contains %10wt nanoparticles
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Table 2 Thermal properties and crystallinity degree of synthesized membranes

Membrane | AH _PEO | AH PA T, T_PEO T_PA X,PEO X,PA
0/g) U/g) Q) (°0) (°C) (%) (%)
PPO 30.26 78.41 -53.81 15.53 207.68 18.18 34.10
PP2.5 27.85 73.18 -56.32 13.24 203.16 16.73 31.81
PP5 25.64 63.08 -58.52 10.22 198.74 15.40 27.42
PP7.5 22.76 55.95 -62.74 7.93 192.31 13.67 24.32
PP10 18.65 47.63 -65.12 5.46 188.52 11.20 20.70
PPM2 20.12 50.23 -63.31 6.10 193.44 12.10 21.84
PPM6 23.54 54.45 -62.11 7.05 196.35 14.14 23.67
PPM10 24.72 56.22 -60.74 7.68 198.15 14.85 24.44
Sladisn dlS Gizen 5 ol Sl iy o T 333 L yS 903!

Coglin 5l Sy ca S pell 09 4T (g0
ol bls la bl o 5,1 >

Gl Ol s oy, Dl3s S (gl slal e gl
o alol U el 2133l PEG s, il
Slass sy, slos MIL-53 @l 51 559 %Y
slaoss, sl 5ol o il YA °C a Yag °C
YovoC s veY 0 Lo lp eV 5% (3o
ok Ol clie S oo sl ol s il
=53 ol3s b mle )T (g lanly izan 5 3536
2isb o MIL

ek Tl e P ade e il jeme g Les AalEl L
slwo o5 ,0 PPM10 4 PPM6 PPM2 slalcc o

5 oo—daizle glalas )l )L, (oyn Sl
sloso,s oS 5 o Lapl ()l gylaml lnss
e s gl sl ) sl oglate
S Oje0 dn )l il mals .aul sad solai
Sog i ol wl snal i J OB Y S S jo Jlog oS
odgdxe )3) Pl g Cmsb) ;S S 4w Jols
LYo 0l oMo cai gV e+ C L5 b0 oo
03g9x0)3) (¢ oy Loy (—Blgy8 (YA- °C
(sl S8 3) (T sy (g3 5T 0 5 (7 - °C

b s slocsz )z
092 DLl b laas s jeb> a a2y L
Slbaslas s bolea (Pebax) asl ol 4 o

oy — (o (oien (59,1 Sb Giag sl ah) (B9 (oole aldlad G A



Sl i Su 3 90 ;2 4S R Py C=0 ussm By ne
YAD >y jo 05,5 o 8 Pebax (¢- L)
sanl o C-H o Sgy by e slas, Yoo cm™ Ls
sladign 1Soml slogse sae ;0 45 09 S0
Q)l_'d.';.,oLi 6Lm.»5...' )_»3)).' LSL“C}‘ da—e 0 Q)Ls.la
9 PPO Lse g0 4ol o OGN A C-H
ol Olsmee i3l L 4 555 e sanlis PP10
St Gl Sy ] ety S 3 Jy SIS
SemeST GSI Gk bmog S il ol 095 4 S

~MIL-53 JT-53 slo ooz > 5]

o Gals Ly S S S 0f - °C s oy °C
N eBu a0 ol 1008, 5 osaml i , S0
&) ke y ladaxdo J B ()9 Aals (Sl
od_nh u—b‘ 09_...;‘50 ool _ie 4§ )5_'oul.o.b J_Cb.b‘;o
Ll samlie Jo8 MOF ol,dgl> slalcd jo lais
S i Ol A PO L Leo a3 L aslsl o
09— slolie ;o 5 05 i o odal i Ladigad (39 5o
Gy =39 KV * 5l S LS oy ials &l p3e L

« PPD
- -==- pps
50 - = -pP10
PPM2
o — - PPMB
_ —— PPM10
-\.Q o
=
&
=]
- S0
= 50
=
8-
-1 -
g wl )
30
'_'I
L |
20 ® o~ =
s TR
10 % e
\"—H—---;......._
b 1 5 T FF P
a Tory
0 100 200 300 200 00 &00 700 200 200
Temperature (°C)

Pebax/PEG/MOF ; Pebax/PEG (a5 slolic gl cmivwyjole,S oo =Y ISS
Figure 3. Thermogravimetry curve for pure membranes, Pebax/PEG and Pebax/PEG/MOF
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Figure 4. The FTIR spectrophotometric for synthesized membranes
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Table 3. The properties of carbon dioxide and methane gases [24]

Gas Quadrupole torque | Critical Kinetic diameter (A) | Molecular
(*1035C.M) Temperature (°C) weight (g/mol)

Co, -1.4 31 3.3 4401

CH, 0 -82.1 3.8 28.01
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Figure 5. Permeability and selectivity of gases; (a) permeability of carbon dioxide, (b) permeability of
methane, (c) selectivity of CO,/CH, gas pair by increasing in the weight percentage of polyethylene glycol
at a pressure of 2 bar
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Figure 6. Permeability and selectivity of gases (a) permeability of carbon dioxide (b) permeability of
methane (c) selectivity of CO,/CH, gas pair by increasing in the weight percentage of metal organic
framework at a pressure of 2bar
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Figure 8. Comparison of membranes performance in CO,/CH, separation with Robeson bound
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Figure 9. Permeability and selectivity of gases by increasing feed pressure (a) permeability of
carbon dioxide (b) permeability of methane (c) selectivity of CO,/CH, gas pair
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compared to Robeson bound
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Table -4 Comparison between previous studies and the MMM of this research in carbon dioxide separation
from methane

Polymer Additive Weight P (bar) | CO, permeability | CO,/CH, | Ref.
Percent (Barrer) selectivity
Pebax-1657 | (PEG-MEA)/(GO) 50/0.03 3 601.03 | --—-- [29]
Pebax-1657 | PCN 10 2 520.12 50.9 [30]
Pebax-1657 | (PEG-400)/(Zn0) 40/4 3 94.50 24.2 [31]
CA NH,-MIL-53(Al) 15 3 52.60 28.7 [32]
PIM-1 NH,-MIL-53(Al) 25 2 4380 |- [33]
PU MIL-101(Cr) 28 4 8310 |- [34]
PC PEG-300 5 1 6.69 40.9 [35]
Pebax-1657 | PEG-200/MIL-53(Al) | 10/10 10 311.70 18.1 This
study
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