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Abstract

Background and Objective: Natural gas produced from oil and gas wells often contains hydrogen
sulfide and carbon dioxide, which are so-called “sour gasses”. Carbon dioxide (in large quantities) and
hydrogen sulfide (even in small quantities) cause many problems during the transmission and
consumption of natural gas. In this study, mathematical model for the separation of carbon dioxide and
hydrogen sulfide from helium has been investigated with two different membrane species including a
ceramic modulus and PEEK-L Il and ionic liquids.

Material and Methodology: The effect of material, diameter, pressure and temperature on separation
efficiency has been investigated. The ionic liquid used in this study is [hemim] [BF4]. The ceramic
and PEEK-L Il was studied. The pressure and concentration during absorption is investigated. The
concentration variations of carbon dioxide and hydrogen sulfide in ionic fluid were investigated in
time.

Findings: For a ceramic modulus, about 50 to 60% of the pressure drop occurs in the first 100 to 120
seconds. For the PEEK-L Il modulus, in the first 30 seconds, about 50 to 60% of the pressure drop
occurs due to gas absorption. The effect of temperature on the concentration of carbon dioxide and
hydrogen sulfide at three temperatures of 25, 50 and 100 °C was investigated. As the temperature rises
in the ceramic modulus, the amounts of carbon dioxide and hydrogen sulfide, passing through the
membrane, increase.

Discussion and Conclusion: As the time increases, the concentrations of carbon dioxide and
hydrogen sulfide in the ionic fluid are increasing. With increasing temperature from 25 to 100 ° C, the
amount of absorbed acidic gases into ionic liquid was increased. The PEEK-L Il modules removed
more acidic gases than the ceramic modules.

Keywords: Separation, Carbon dioxide, hydrogen sulfide, lonic liquid, Membrane.
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Table.1 Characteristics of membrane modules (14)
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Figurel. Schematic representation of Happels free surface model (14)
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Table 2. Values of the parameters of carbon dioxide
and hydrogen sulfide (17)
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Figure 2. Comparison of model and Experimental data of Chau et al.
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Figure 3. Pressure of gas phase as a function of absorption time at 25, 50 and 100 °C, pressure 1034 kPag,
re=0.00368 m for ceramic modules
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Figure 4. Pressure of gas phaseas a function of absorption time at 25 °C and a) pressure 689 kPag at re=0.000238
and 0.000291 m, b) pressure 1379 kPag
at re=0.000238 and 0.000233 m
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Figure 5. Concentraction of a) carbon dioxide, b) hydrogen sulfide of gas phase as a function of absorption time

at 25, 50 and 100 °C and
pressure 1034 kPag, re= 0.00368 m for ceramic modules
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Figure 6. Carbon dioxide concentration of gas phase as a function of absorption time at 25 °C, preesure 689
kPag, a) re=0.000291 m, b) re=0.000238 m for PEEK-L Il modules
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Figure 7. Concentration of a) carbon dioxide and b) hydrogen sulfide as a function of equivalent radius at ionic
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Figure 8. Concentration of a) carbon dioxide and b) hydrogen sulfide via time at ionic liquid
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Figure 9. Pressure of gas phase as a function of membrane length

0599 dudlaws g )8 awnST oo cdale &l s A S o
u...,l)sl L el oais ools u«uLo.a UL°) — é,’.L" o
Al oo I gy S @l o 8 90 ol cdile ol
Ol ol Sloy o3b blgl jo a5 (pl azg BB 4SS
2 Sl 4md @B b ol 45 ABb (o fiien (8399 ko)
a4 Sbjyosl LIyl jo ol olyass el o)l callas 58 50
39 095 (o0 e 3)ly (Al Sor @le &5 Sl cnl o

slazal o gy JWil a5 15w 5,0 55 90 99,9 ali8l L aslol




f e (S92 Ol 3l oolistwl b gauwl b B gilwlaa 6l ilw Juo

o GlSen 5 ol e ol Lad el Jlade ()l
oadlice 9,5 Al g0 gillas o ) ol sy 5l s
S w1 63 llaz e dLid Sl als L s wis S
5 oS ST oo clale oloy il L O Y) cl als
A6l oo Bl A s, Ga @b o Gisee wilse
Slde) Slpess ol Sloj ok Blgl o &5 (nl 4z JB
5B il 4 @S b cpl 45 sl (oo fdon (69959
ol dedo 4 gle o3l blgl jo ol lpess ol o jls cillas
Loaslol jo g 098 (o0 o O)ly Al Ja msle a5 ol
g b oo el py JUESH a5 e 925 515 95 3955 I
b Ol 098 (o0 P @le 3)ly b 515 5] 65 i
ol o 285 15 adllan 50 Led Jsb s 55 ol JS
SemST (63 joue il a5 Wl (o0 Bl 55 Gl jlid Las
Lad Jsb 5o 9rin b ocenl Las 5l 059,008 wdlg 5 (05

OeolS jee jlade a0 g Wb oo JRalS AT e (595

~~ML.<Q;°
References
1. Kohl, A.L., Nielsen, R., 1997. Gas
purification. Gulf Professional
Publishing.

2. Freire, M.G., 2016. lonic-Liquid-
Based Aqueous Biphasic Systems.
Springer.

3. Bozym, D.J., Uralcan B.l., Limmer
D.T., Pope M.A. Szamreta N.J.,
Debenedetti P.G., 2015. Anomalous
Capacitance Maximum of the Glassy
Carbon-lonic Liquid Interface through
Dilution with Organic Solvents. The
Journal of Physical Chemistry, Vol. 6,
pp. 2644-2648.

4. Clough, M.T., Geyer, K., Hunt, P.A.,
Son, S., Vagt, U., Welton, T., 2015.
lonic liquids: not always innocent
solvents  for  cellulose.  Green
Chemistry, Vol. 17, pp. 231-243.

G5 Az g Sy

8 ewyp @lp slad BB L Qi Lob, e S
5 Lid 5o Uiayoed dedlgw 5 (2 ST (60 sl slaslS
23l mle plgie  [Nemim][BF4] s wlo jpa> U
Sy 5 p)S Al (0 Qi L85 JIE wyp 05
5 Sl Jove b plas g 90 Gl ey
5 oo e jLid cdl .cd S 3wy 9,90 PEEK-L I
e goue Jo b (35,000 dedlsm 5 ()8 ST o clale
P x> w>ly gl Colee Jds 4 0l pw)n 5L,
Joe ol )0 Spmpm i 58 wi> PEEK-L 1T Jgue
SO LE BB dga (Sl yw Jgdo gly 05 o0 canlice
997 B esn b oe &) Jol 4BV BV s jlad
Jose lp wd eags aplie 3, (VF) uilSen
Jlas el V8. b O sga> Jol asli Yo o PEEK-L 11
Sl S>o5 slaalgd B> 5 0l &) 58 Qi 5l AL
slodgae Gl ool Joe 0 ool Caws 4 jlad als
3ol Caws a4 Hlad alS 5l e e PEEK-L 11
el Sl Sz ladly

5 oS ST oo e (Sl Jooo po Les (lBI L
Lid (pod )3 0SS (o0 e Las 5l (i (g,0ep Sedlgm
Loy oyl Lo b gy ol ()8 ST (g0 j3ee i
Sl Geizen WS (oo o Lid Sl i e Los il
35 ;2 sl 6me jlade JLad Ll L PEEK-L 1 Joowe
les Sl bl oo rolidl (ol adasdle LB e 4 0ole
Seilgw 9 )5 weST o ol S Bl 4z Ve 4 YO
Wb el Ol e gl b i
Sl Jgo b dmnlio ;5 (550 b PEEK-L 1 J5ae
GHhSen 5 pleie gile Jaw yo W) cnl alis ols plas
iz e oslS YOY B YAD 5l Loo iul3él L e sunlice
odaliv sl ased slas o 1) (n)S ST o8 5l i
(Y) wis S

2 0l b a0 deilge 5 (2)S aenST g0 cdale Dl s

Shd alS L .cd,8 18 adlas o)50 Lid 3l alises glads g0




e g (K VFer olo aidual 110 o)loudh sy 3 buzmo (55999550 9 pole Al

11. Farhan Mohshim, D., Mukhtar, H., 5. Trujillo-Rodriguez, M.J.,  Afonso,
Mon, Z., 2018. A study on carbon AM., Pino, V. 2016. Analytical
dioxide removal by blending the ionic Applications of lonic Liquids in
liquid in  mambrane  synthesis. Chromatographic and Electrophoretic
Separation and Purification Separation Techniques. lonic Liquids
Technology, Vol. 196, pp. 20-26. for Better Separation Processes, pp.

12. Dai, Z., Usman, M., Hillestad, M., 193-233.

Deng, L., 2016. Modeling of a tubular 6. Mokhtari Hosseini, Z.B., Shenavaei
membrane contactor  for pre- Zare, T., Kamalifar, Y., 2015. The
combusion CO, capture using liquid: Removal of CO, from Cement Plant
Influence of the membrane Flue Gas by Sabzevar Natural
configuration, absorbent properties and Clinoptilolite. Journal of Chemical and
operation parameters. Green Energy & Chemical Engineering of Iran, Vol. 34,
Environment, Vol. 1, pp. 266-275. pp. 63-72. (Persian)

13. Usman, M., Dai, Z., Hillestad, M., 7. Ashoubi, F., Mousavi, S.A,
Deng, L. 2017. Mathematical Roostaazad, R., 2014. Preparation of
modeling and validation of CO, mass an Experimental Setup for Separation
transfer in a membrane contactor using of Hydrogrn Sulfide and Carbon
ionic liquids for pre=combustion CO, Dioxide from Methane by Using
capture. Chemical Engineering Membrane Contactor.  Journal of
Research and Design, Vol. 123, pp. Chemical and Chemical Engineering
377-387. of Iran Vo. 33, pp. 21-30. (Persian)

14. Chau, J., Obuskovic, G., Jie, X, 8. Sanaeepour, H.R., Ebadi Amooghin,
Sirkar, K.K., 2014. Pressure swing A., Moghadassi, A., Kargari, A.,
membrane absorption process for Ghanbari, D., Sheikhi Mehrabadi, Z.,
shifted syngas separation: Modeling Gaemi, M., 2011. Study of the Gas
vs. experiments for pure ionic liquid. Separation Properties of ABS/PVAc
Journal of Membrane Science, Vol. Novel Blend Membrane. Journal of
453, pp. 61-70. Chemical and Chemical Engineering

15. Bird, R.B., Stewart, W.E., Lightfoot, of Iran, Vol. 30, pp. 43-51. (Persian)
E.N., 2007. Transport phenomena, 9. Althuluth, M., Overbeek, J.P., Wees,
John Wiley & Sons. H.J., Zubeir, L.F., Haije, W.G,

16. Reid, R.C., Prausnitz, J.M., Poling, Berrouk, A., Peters, C.J. Kroon, M.C.,
B.E., 1987. The properties of gases 2015. Natural gas purification using
and liquids. supported ionic liquid membrane.

17. Shokouhi, M., Adibi, M., Jalili, A.H., Journal of Membrane Science, Vol.
Hosseini-Jenab, M., Mehdizadeh, A., 484, pp. 80-85.

2010. Solubility and diffusion of H,S 10. Gomez-Coma, L., Garea, A., Irabien,

and CO; in the ionic liquid 1 -(2-
hydroxyethyl)-3-  methylimidazolium
tetrafluoroborate. Journal of Chemical
Engineering Data, Vol. 55, pp. 1663-
1668.

A., 2016. Carbon dioxide capture by
[emim][AC] ionic liquid in a
polysulfone hollow fiber mambrane
contactor. International Journal of
Greenhouse Gas Control, Vol. 52, pp
401-400.



fY

e (P9 Slab l eoliwl b gaum! s 35 gi3lwlas 6l p giw Jow

for CO, separation. Journal of
Membrane Science, Vol. 497, pp. 1-
20.

18. Dai, Z., Noble, R.D., Gin, D.L,,
Zhang, X., Deng, L. 2016.
Combination of ionic liquids with
membrane technology: a new approach




