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Figure 1: Process modeling of the tail gas treatment unit (TGTU).
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Figure 2: Effect of variations in hydrogen mass flow rate on the outlet gas mass fractions: (a) hydrogen sulfide and
sulfur dioxide; (b) carbon dioxide and hydrogen.
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Figure 7: Effect of injected hydrogen flow rate on the outlet gas composition at the optimal feed condition: (a)
hydrogen sulfide and sulfur dioxide; (b) carbon dioxide and hydrogen.
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Figure 8: Percentage contribution of operational parameters to exhaust gas variations based on analysis of
variance.

o9 Al (Jxio 0,5 -0

Jol> azgzmnan olpil slail5 aval axly o Slac a5 woo o lid goie Hlas 5l teehy ol gl
Olyedn e aw (il e85l il oo (20 Vb @l Calply Sl (9,008 By (299 9959
e Slhdes a0 5laS soliiwl (6,10 0 40 e Copae g os YT siedon S gl o9l
0ol Cmwddss Lo gjluas 10 a5 lag ahii 4 0sSoo 5 LTGTU axly as el )] gls opl ol
Sl b 5 65 GBSl b pme oyl Sl G335 lajen 5 ools Gl 1) 2,555 i sl Wl oo
S (6 S ol Dl

2 2ol (s Olsea Geel (o0 (20 GBS 00,5 sy (R (nl e shos sleo sl 51 S
l_g. )9_")4‘ Lge ) L}«:Lw‘)_’ ‘) )_M U‘_" J)—&&S Sja_w l_boli_waYLa ] L5—>5)'> )lj WSJ.: J).MS
Lo a5 00lgs oo ol (00 (380 audaid am0 o yLis ol Lol coss so plos! Jos § oy slaigsgase
23 S5t 5 |y Hgaliis e 55iST) 0 Sles padis sif jgbay aSl S ML 1, CO2 s H2 S i
el Bl 5o Jedss o zelS b iolidl 45s8 e a5 cuslbiae opl @ o ol gl aisly
Deds 9,5 35 ,0H2 S 9S00, SleSU iolidl el g 00, 5 iz |y 55703 ol sl S
Iy o T)d (6ol comal CutS atmg Lol gy (ol dites adl> J 08 b ol o olBaa VU cpl ol
i Gl ez o5 BB jsboa

aS Celo a5 el S VYN0 090> ags Jlade 0)ls (60 ) Coenl 55 (609,9 STye> 20 4 by ol
Sl oebis sl lie Wl go il plulid (50,555 (slroan VT ateS abis (lyieas b loand 5o
35,9 b (g3lwo S (3 o g Ollugs Jdo 4y Syes poss a5 Jaio byl d o all asly a3l
OIS oo SwS a8 ledige 4 axly (6,05 ,L el slaosl wils wel pibolus] bz slasls

fodge ol S Clinl 39d e Gemmilis it 58T b 2l L Ol lendl, il el a5 ),

AR



el gy 00990 Sl g5 1n) il o2ie SO2 9 YL Hz S (55l SThes a5 01y Coenl Sloj o394
B9 oo 8Lk a9 Lo Jore G sl el ale (sl slaasly L 2l

L (= Spgotn aols (90 &) Oliee &5 wed oo (s @l (gemli e 4 b ye i o
Sot (S0 sme JSb 4 1) ATy & i Hlode I G il 5 09 d el il S alidloe 0ol o
Syl 53l i g (a0 ypiam eely Llie [0 1S o 8l SOz o el LialS 4 5 an s
ol Smonl g9-d90 (nl (o Slate jlogd o (Slles slaaiie Al g YL (6551 B ras (e
@l ) aslg oo WolRaa Wl (nlpli )l (Vb oalipled Caand g conl (gaindy)l 0l 39,000 1) o)l
SilwaanS 5 (iSly leasily antor Lo 2 039,000 (20 G Sln plensl, Dlsiea gy ol
DS oolizal d ) um

Ol (059092 3 Shs (el (20 seie dw Slojed meliid b oS Col (nl Jpe St uige
Sl gz 0 0ad, 95 Loyl olom! 5l g ol ralS abias 1) jewadly 0 SO3 9 S0, JSis cal
(3ol slas (2ol @ Lot Spmallyy 4 95,9 55 50 st ¥T L (2alS 0,8 (6555l (wo iy
9 j9 SLoo)lpd dnhe yoo g 098 s0 e o) SlaS 5 adgl el 5wl grwlannST Sl 6 S gl
Ao b bl a5l o2 g 3 5 5o anl Dl 5 cale el oo Bkl aes e GBI Sl
23 so Gl 1) Dl pesd a3 g 00,5 o5 1) Ol )l ol i S

)l gaio slaaxly sl osliinl BB 5 os wozyle S gl onl sloaidlh, S plgoe ggeme 50
Iy alizee slogs lew wxly jo s 43S o Jlasl 51 L3 aulles co oWl luaige a5 (slaieS 4y tiS oo
et Flibos [ s o755 55 S ) ol ST 00,8 gy Glesiy Cal adlie ilo as L
0,555 Biz leasly uli8l 6l 1) ate eg)l0 0 0 Sy Bl (ped 9,505, cpl WS i
Wl oo 9 WIS (o0 ] Dl pee Job (il g ol slaaxly ()l b ralS (g5 5l S rae palS
8 ool )50 TOTU slaasls o, Shae (g3l luls 5 6 jludings (6ly (cuiige sloial) S lgicds
YW 4

G 4 —F

Sl ©dz @ g Osemslinsd HoST) 2 35508 b kel b8 achai axly o Sles hmghy al o
2 Slbee oS ol 515 283 18 sy 0550 AsPEn PlUS jl38le 5 50 sans]b (s5loans 55k
aS ol s mles ol Judo Soletwgn Ohg0a (69,565 loS 5 Bds leaily 5 (29,5 35 S5
4S5 sogban )l (e JB (SKily Sldes Glojrie S0 4 g 00 (S el Dol aly LS,
s 3 3l o | s (S Jola Wl e el o s

cbale s aieS ol o as ol las Ty Sllee aige o3l G 0929 (6399 STieP (0> (20 (o) 2
Celw ;o 0 5 LS VYD sgas j0 Slygs o0 digy ke 098 o0 Jol> (29,5 35 ;0502 ¢H2 S
D00 (adimly sazly b Gl plesily il 4y e 0gamme l Sl ) (510 00 5 A e
ld Glas axly o Shes ek o 1y S (nl @85 J S Cenl Hz SISO; - (650928 gl S Joloxs

Yy



s3bans glissyaen sLaiiSTly 5 00,5 Jan yho & Loyl (25,5 S0z e Ll ;3 o laigey
g oo plesl JolS

ol g oo JolS' SOz s o)1 o a5 el KT 1) aige aais S5 0929 (yjg 008 B2,5 (28 (o2
Sy iS04 bgyye s 058 o Slles slaanje (i385 (6551 IWI el s 39,008 yiies
chle gals g i Gleadl) o ,00 Sen cge o)l > ol iolislas ol lid el (0 g Sl
Olssar |y Shss (05 e sall e |y uel oy (29 58 )bl Sl 99,5 00 (99,555 LS
=35 502 J,S 50 1) mtes Cnyidion 0395000 31,5 (2945 (b 005 olulil JlAS 5l egs Jule
S99 SRV JhalS (500 po 0 (s5lainr lp 50,5 (97l 3xi (nl @S (Egezme o bl
5 azly (Selino Judow oan] Gldlas o 05 o dlpiing cand oo SLITGTU slaaxly (65,50 (5,90 40
chale 5 gos Sl )y DB cdlad 2l (285 A o b 5 3ds (Seiie (3be e laull )l
3 y9— Slkos iy bli lojed (rotd 6l diadisn g0 pitosiz (gilwdine slagiy) 65,50 5 el
SIRBULEESY

&b

[1]  Khazini, L., Fatehi-Far, E., & Alizadeh, R. (2011). Optimal control method for emissions from
the sulfur recovery unit of an oil refinery. Iranian Journal of Chemical Engineering, 10(54),
112210, In Persian.

[2] DOE / EPA. (2020). Sulfur recovery and tail gas treating—Process descriptions and
emission guidance. U.S. EPA Technical Report 8.13.

[3] Bai, Y., &He,J. (2021). Effect of O, excess and temperature on SO, oxidation to SO;
during incineration. Fuel Processing Technology, 218, 106859.

[4] Wang, X., et al. (2021). Assessment of sulfur trioxide formation due to enhanced
SOx/NOx chemistry. OSTI Technical Report / Conference Paper.

[5] Choudhury, N. N., et al. (2016). A comprehensive experimental and modeling study of
SO; formation in oxy-combustion systems. Fuel, 183, 430-441.

[6] El-Khatib, A., & Gadalla, M. (2021). Simulation and optimization of Claus process and
TGTU using Aspen Plus. Energy Reports, 7, 4821-4835.

[7] Salazar, M., & Hernandez, J. (2021). Advanced monitoring and data analytics in sulfur
recovery units using Aspen HYSYS. Computers & Chemical Engineering, 149, 107279.

[8] Duan, L. (2025). SO; formation under oxy-CFB combustion conditions. International
Journal of Greenhouse Gas Control, 43, 172-181.

[9] Kabbani, N., & EI-Morsi, A. (2023). Modeling NOx and SOy emission behavior in tail gas
incineration. Energy & Fuels, 37(2), 1560-1573.

[10]  Pickard, P. (2010). Sulfur tail gas thermal oxidizer systems. Callidus Technical Report /
Industry White Paper, 1-15.

[11] Kohl, A. L., & Nielsen, R. (2017). Gas purification (5th ed.). Gulf Publishing Company.

[12] GPSA. (2018). GPSA engineering data book (14th ed.). Gas Processors Suppliers
Association.

[13] Kidnay, A. J., Parrish, W. R., & McCartney, D. G. (2019). Fundamentals of natural gas
processing (3rd ed.). CRC Press.

[14]  Monnery, W. D., & Svrcek, W. Y. (2020). Design and rating of amine gas treating plants.
Chemical Engineering and Processing, 39(5), 409-425.

Yy



[15]
[16]

[17]

[18]

[19]
[20]
[21]
[22]
[23]

[24]

[25]
[26]
[27]

[28]

[29]
[30]

[31]

[32]

El-Khatib, A., & Gadalla, M. (2016). A review of Claus process and tail gas treatment
technologies. Journal of Natural Gas Science and Engineering, 35, 147-167.

Sames, C., & Paskall, H. (2019). Optimizing hydrogenation reactors in tail gas treating
units. Hydrocarbon Processing, 94(7), 59-64.

Geng, Q., & El-Halwagi, M. M. (2018). Sustainable design and optimization of sulfur
recovery and tail gas treatment systems. Industrial & Engineering Chemistry Research,
57(45), 15274-15286.

Rufford, T. E., et al. (2012). The removal of CO, and H, S from natural gas: A review
of conventional and emerging technologies. Journal of Petroleum Science and
Engineering, 94-95, 123-154.

Rochelle, G. T. (2009). Amine scrubbing for CO, capture. Science, 325(5948), 1652—
1654.

Chen, C. C., & Mathias, P. M. (2002). Applied thermodynamics for process modeling.
AIChE Journal, 48(2), 194-200.

Smith, R. (2016). Chemical process design and integration (2nd ed.). Wiley.

Towler, G., & Sinnott, R. (2021). Chemical engineering design (3rd ed.). Elsevier.

Gi, S., Poe, W. A,, & Mak, J. Y. (2019). Handbook of natural gas transmission and
processing (4th ed.). Gulf Professional Publishing.

Abdulrahman, R. K., & Sebastiani, E. (2018). Sensitivity analysis and operational
optimization of tail gas treating units in sulfur recovery plants. Energy & Fuels, 32(11),
11452-11463.

Goar, B. G., & Shah, N. (2018). The SCOT process for tail gas treating. Hydrocarbon
Processing, 77(4), 71-76.

Bullin, J. A., & Polasek, J. C. (2024). Selecting amines for gas sweetening. Hydrocarbon
Processing, 79(4), 85-90.

Kohl, A. L., & Nielsen, R. B. (2021). Recent advances in gas treating and sulfur
recovery. Hydrocarbon Processing, 86(9), 49-56.

Rahimpour, M. R., Jokar, S. M., & Pourazadi, E. (2022). Modeling and simulation of
Claus and tail gas treatment units: A review. Chemical Engineering Research and
Design, 90(11), 1916-1933.

Luyben, W. L. (2023). Control of sulfur recovery units. Industrial & Engineering
Chemistry Research, 50(21), 12375-12385.

Rahimpour, M. R., & Alizadeh, M. (2018). Kinetic modeling of hydrogenation reactor in
tail gas treatment unit. Applied Catalysis A: General, 345(1), 22-30.

Bishnoi, S., & Rochelle, G. T. (2022). Absorption of carbon dioxide into aqueous
piperazine: Reaction Kinetics and mass transfer. Chemical Engineering Science, 57(18),
3813-3824.

Sinnott, R. K. (2025). Coulson & Richardson’s chemical engineering: Volume 6—
Chemical engineering design (4th ed.). Butterworth-Heinemann.

Optimization of Performance Parameters in a Tail Gas Treatment Unit: A Simulation-

Based Framework for Emission Control and Process Efficiency

Alireza Asad Zadeh?, Leila Khazini2*, Hamed Ataloo ®
1- M.Sc, Faculty of Chemical Engineering, University of Tabriz, Iran
2- Associate Professor, Faculty of Chemical Engineering, University of Tabriz, Iran
3- M.Sc., School of Chemical and Petroleum Engineering, University of Tehran, Iran

Abstract
The Tail Gas Treatment Unit (TGTU), as the final section of the sulfur recovery train, plays a vital
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role in reducing sulfur compound emissions and meeting environmental regulations. Despite
numerous studies in this field, a comprehensive and systematic evaluation of the simultaneous effects
of key operating parameters on TGTU performance and the identification of optimal operating points
still presents a research gap. The main innovation of this study is the development of an integrated
simulation—sensitivity analysis framework for the independent and interactive assessment of
influential parameters on outlet gas composition and amine absorber performance in a TGTU,
enabling quantitative prioritization of dominant control variables.

In this work, a complete TGTU model was developed using Aspen Plus software. The effects of key
variables, including feed mass flow rate, H, S/SO, stoichiometric ratio, hydrogen injection rate in
the hydrogenation reactor, amine mass flow rate, and cold condensate make-up flow rate were
systematically investigated. The results indicated that increasing the H, S/SO, ratio led to a slight
increase in the mass fractions of H, S and CO, in the outlet gas, while SO, was reduced to
negligible levels under most conditions due to effective hydrogenation reactions. Analysis of
hydrogen injection revealed the existence of an optimal value at which SO, conversion was
completed, and further hydrogen increase only resulted in energy loss and unreacted hydrogen in the
outlet stream. Increasing the amine and cold condensate flow rates gradually improved absorption
efficiency and reduced sulfur compound concentrations in the treated gas. Furthermore, evaluation of
the feed flow rate demonstrated nonlinear system behavior, and an optimal operating range between
16000 and 18000 kg/h was identified, where a relative minimum in sulfur compound concentration
was achieved. The findings of this study provide a practical basis for operational optimization and
emission reduction in industrial TGTU units. Statistical analysis also identified the amine mass flow
rate as the dominant parameter and the feed flow rate as the second influential factor.

Keywords: Tail Gas Treatment, Amine Absorber, Process Optimization, Incinerator, Hydrogen Sulfide.
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