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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 and the names of synthesized membranes

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

aslw glaliac ‘_5_3’)|).> Golal g adds Y- °C
oo jleolaiwl Ly g TGA gl oS ay oo
8,8 18 bs,le,e0 LB1A1750 Jos Linseis
5 O O3l ol o edliiul 3550 (555 e
oo 0090 o g a 8> V- °C Lo &l yss =
w)ﬁ6|ﬂ.um;)ﬁ)o A oCl_;.‘a_:.?bo)"
blie olead tslo o ole sla 09,5 § Lanisy
sog0—s ,0 TENSOR27 Jo_. FTIR T b

S ool wl jee e l> 0 g Fee-Fee . cm?

218l (305

A (6 S ool Cl e allelw L Lals lgl s
Jelw 4 Slhyg 5 Caojl ;130,00 515 allels sl jo
3logme g il 50 3983 5l Gy g 99—B00 )y (gl 5
A0 )8 oo Sl pme L (glataase o)lg o gl 5 Jelow
s Hlas 38 gl S bawg Las il ol
A.A—ML?:A Ul—") ——— )L_M...S ub._.u.n O‘J_“As 00—
23,5

(V) adoles S oS 4 |)CH4 5 COZ sl ol

:;)J._Y ML?:A
213/15 x 10*°LV dP
P(Barrer) = P, Sdi M)
760 X 76(AT 13 +)

albiams o> Vo (Barrer) ;5 lgl 5 P adoles ol o
Lié mhaw colus A (M) Lié csbxs L cm?)
a5 Shss Las PuK) sl sles T (cm?)
= ol 58, Led ol o s dp/dt 4 (psia) abl

Bla s Jodoe oyl 5l ooy 28,5 51,8 bline 5ot
i S CURWORIIP TGO JX S\ JU- SN GV GO | E N SHNE)
Sase 4 Gl 9,0 Fr OC sl jo g aiBu, i 60
Ol Seas celw VY

Pebax/ > 4w o5 5 &St slaliad colu gl
oSl gl s sla 559 0,0 Ly PEG/MOF
pPebax ol w85 8 _aibline o
Gae 4 g o adlol Jg e 4 PEG Lok i jlois
o 9885 )18 (iblisne (500 (59, 2 el Y\i
Voo leds Jga .o8,5 1,8 gl Sl o as Sas
sllae 5l S ;o 0, MOF 4 PEG o050 S5
J_ibb‘-s_auLm‘))._‘a.:d)ﬁ_a

blic olull
soigiilo glalié alaie ghaus jl g o ,m S (gl
lalad 0035 ool (g (9 5 098y Sus 5|
L ol S8 asle (3595 5o il (o 2 955
CA—MMQ—Q?%A—:‘Q%—M%A—MLMt—J&G@A—ﬁ
Ol 50 eoliil 8,50 (o9 55Ul (SlagSng Sona oy
XMU-Mira3 4 Vega-LMU oSy Sio ¢y
Ot yelale 4y 0 dog TESCAN &S, b ol
Ao,0 g ogd sles dal e o glais A5 gl
Y+-+ Jo Hitachi oo g DSC a0l 5l (Kis sk
Ll sl ol o Les &l i F = o oolaiul

FO 1ol - oo oo 2,05 b g (sl 4y o (S oole aolidlad


https://arcpe.modares.ac.ir/article-38-34654-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-13 ]

~MIL-53 JT-3 slo ooz bz 51

i .

SEW MAD 2 00k WO T BSA mm
SENHY 10 00 &Y Dat BE
Dratemidte). U@ E Vo HiVe:

EM AG 200 kx W9 719 mem i WEGHMA TESCAN
SEM HY: 20000 kY Dwt EE 10 g
Cate{rmidlyy DTS Vi HVao A

WEGAL TESCAN

RAZI

EEM MAG 2 50 kx WHE 15 35 mm
BEM HW 7000 & Dt SE 10pm
Cateirmiddl DSOONME  Wao HVa A

PEG 5570 5l> Les (b)  Pebax®1657 jalls Lié (@) Pebax ,oul a5 4 PEG 09380 1506 -V JSis
PEG js%\+ s> Lic (C)
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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
(/g J/8) (°Q) (°C) (°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 5852 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
PPM?2 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
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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
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Figure 10. Effect of pressure on Pebax/PEG/MOF membranes performance for CO,/CH, gas pair separation
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]
12 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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