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Abstract :

The primary objective of this study is to reduce emissions and convert the secondary by-
product—namely, elemental sulfur generated from the natural gas sweetening process at the
Mellitah plant—into a valuable and economically beneficial product, sulfuric acid. This study
addresses the environmental and technical aspects related to assessing the feasibility of
establishing an integrated sulfuric acid production plant in Mellitah, with a design capacity of
60 tons per day, employing the single—contact process to produce acid with a purity of 98.5
wt.%. The proposed plant was simulated under steady-state conditions using Aspen HYSYS
V&.( at the designated design capacity. The plant model comprises several operational units,
including a dryer, furnace, catalytic converter (four-bed converter), heat exchangers, mixing
tank, separators, and a reactive absorption tower. The design and technical specifications of

the plant were developed in accordance with specialized industrial and scientific references.

The results indicate that the daily sulfur production rate at the Mellitah plant significantly
exceeds 19.28 tons/day, reaching an average of 407.67 tons/day in 2024. This quantity is
economically sufficient to support a sulfuric acid production capacity of 60 tons/day. A
simulation model for a sulfuric acid plant operating via the single—contact system was carried
out. Specified material and energy streams were utilized to design the operational units and
achieve the maximum possible sulfur dioxide oxidation, which reached 99.4 mol%. Equipment
design specifications were calculated based on mathematical correlations established in the
sulfuric acid industry. The amount of sulfur dioxide emitted from the proposed plant, as
obtained from the simulation model, was approximately 3.767 kg/ton of produced sulfuric acid
(around 600 ppm), a value that falls within the acceptable limits established by the U.S.
Environmental Protection Agency. Furthermore, the dispersion study of SO, emissions from
the proposed sulfuric acid plant using Disper V4.0 indicated that concentrations are low and
do not affect ambient air quality in the surrounding area. Therefore, constructing this plant at
the proposed site (Mellitah) would not pose any health risks to environmental or ecological

components.
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Overall, the establishment of a sulfuric acid production plant represents an environmentally
friendly project that ensures the safe and economically viable disposal of elemental sulfur—
the by—product of natural gas sweetening—making it an attractive investment opportunity for

both the public and private sectors.
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Figure (2.1). World sulfuric acid production, 1970-2012
(King et al., 2013).
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Figure (3.1). Plant of Sulfuric acid production of a sulfur burning (Contact Process),
(Bhat and Pinjala, 2010)
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A) :Conversion reactions :—

A) Conversion reactions:

1150 °C o o MJ

S + 02 — SOZ AHZS OC ~ 3OOW ........ (2.3)
ARG AHS. 0. = —130—2 2.2

503 + H20 _— 2504 25 0c = m ....... ( . )

B) Kinetic reaction:—

— oc
400-630 MJ (21)

502 + 0502 —_— 503 AHZOS oc = _100kgT0f503 ........
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31000 and Ink, = 22.75 — 20

Ink, = 12.07 —
........... (3-2)
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whereas;

T is expressed temperature in K

R is expressed in Cal/mol.K

k; is expressed in mol/sec.geatayst-atm'

k, is expressed in mol/sec.gcatalyst.atm
—: dadl) oyl
Cu sl 325 -1

LS Gagy il Sall (gremiadl €l 20aS 2024 bl dide pian  Aldeedl) bl (s

Gl ) asfob 407.67 Msn gasal) Y Lacusia gl Cum ¢(3.2) soall b wiage s
(2024 cduls giadl Junil)

Table (3.2). Production rate of Sulfur in Mellitah Plant in 2024
(Mellitah Plant Operating Datasheet, 2024)

Months /2017 Ton/day
January 480
February 384
March 380
April 480
May 480
June 96
July 384
August 480
September 384

October 384
November 480
December 480
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sl Y Jana Tacigia Wl asy/ ol 19.28 alis = ) piaall ) Lgdas qustaall cu Sl 40
WY Jane Jacisie OIS 1Y) Lee @aaill jladl eha) Gllisasy/oh 407.67 568 2024 ole &
o = 0.05. A2 gy vic agy/ha 19.28 la,

slogd) ks .2

2] S 5] A0 (gaiatl) 2uSE dleal Lo k) GaaS il B o)oglls (Al g5 o
Aoy g lB) piar U G ) elsgll Jigy LS L(SO5) oyl sl (B3 ) (SO2) sy
G by b miase ga LS 2 clogl) o 7100 JMon 25ny allad Jajie JS5 Opl) Bl
Jalll ¢lsell (e delu/3< 7,310 )la Lo ol ¢(King et al., 2013) docluall syl

28t B ) SV G e U iy cupsSl) ) JAIA elggl) das Jalis (8 ey may
Gyl aash S (ghaanill ansSll) 5ol (mlias) ) (535 38 Lee Gl 3 (02/S0;) cuyl
CemneSY) Laasi (o Wl Qi cany €I 1) Jalal) 6ol daest Julis () oy e (King et al., 2013)
S (gruinil) 2l 5oUS (i) ) gk 38 Laa D) 8 (02/S0;) Sl st B Y
.(King et al., 2013) )l 2wl

Saad) Jaladi-3

dila of dals ol Alshand Ala el <5 8 4l Bale 2 & (pmne diSinl Slal) @il dalih
Gl Jaxd Aaye Bl s clays die JIKEY) oda 3088 3 ¢(3.2) JSAN b rage s LS dalias
A8y Jaxal) (338 8 Laalias) cpsll ails I pasied lly o(Laladl) Zalal) ) alall (<) @il
390-380 5 dulall cililaall 2° 430-410 58 sihall dapal ¥ aall . HLall slacdU Luales
B aall 138 (g ¢a® 650600 sgd 8all Aayal eV aall Wl L agijpnlls dedadl cfiliall 20
((BAT( 1999) Alal selacdl (ol Ay oo (< lanl) dlled 228

Deall i el Bale L) jeall daas g Cilgin 10 Mos Slaall Lidal) jesll Jagic
((BAT: 1999) LLadl Ay LAY iy (e Loy plidll iy g ¢ Slial) Al dulae o
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Figure (3.2). C116 Sulfuric acid catalyst (Catalysts, 1989)
A) The Standard cylindrical extrude (top left); B) Ribbed extrusion (top right);
C) Smooth ring (bottom left); and D) Ribbed-ring (bottom right).

S Lgale Crimi LS A0 dlgall Lokl 2l jalally Colaa gill autiig da3Y) Cilghaal) ¢ Ll aay
il z3sail Slaall il ) Jseasl) U0 DA 00 ¢ sy Ll gsal) oSa bl s
- Al eaall e sglial o)yl

—: Yl .

—:piaaal) g igai BlSlaa il

on & chll elsgll Caiad s LSl Glal o adi plas B elin Sl s 2 ) o
Gyl Mga (A il Calad) elggll ariiosd Ly %98 duwsy Wi €l mea aladialy Caaail)
SV R PP g W P W PVA PRV I SV RO Y SEQ [EIYE RV B | PRENT RN [ PN
aea (e Wiy %99 o gginy Jolae (Sl slall aa dmad o €l 2l @l ) eyl
.(Converter Beds) Jisai Shul danyl jie cup€ll 3akl 36 950 Gyl e el 2 Ll
d:\}ﬂ\ §)u& M:u.) Q\LJS 3,3.%)5 U'_Nja.o Z\a_lj e\d;lu\ ?3 cAspen HYSYS GALIJ.I a:\qjm Caewg
=il (Waste Heat Boiler) 80 8)ha 4Dle e cupsll 8o (e )l SOz Jle o
Bpdl) o e 2235 ¢mall Gaiil L(PBR=100) Qs e Il ) Jsaall U sl sy
Al

Gl Lo Bhall dajs Jascal (gha dalie e e (PBR=103) aabll iyl o Sl 28l
1yl 2T 6 e il ((E=107) Glaadl (e zpiall Wl L pabaia¥) 7 51 dagad Jara as
Ay e 0583 Ligs %98 Aty iyl (mes pe deliy Cum aleaia) zy ) el
Loyl e Uil 058 cpabaia¥) g e alaall e Gl Ligg %99 Ay
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Uaeall 0e eyn Caudal Al g (g9 0l (e Bl A paieall Gaeal) 55 headd Dl
20)19 Balely paliaial) (he danydi A (53

Ay &) paeny cpaleal) 5510 slal) g Bysall OB ) Lisg %99 Aty el KU (man (5335 celld]
A e D) iyl paand Ailei LS (0S5 - Cninil) g e @) Ly %95.7 dawiy
combeaiad) 7 ) oyemi alefs Ladaal aiyi w - e () Lpasnd g <Lty %98.5 Jlss 350
%98.5 Gauiy Sl el Jiar Laaaal (05n M $AT Be o gy JAY) ial) 230 Lay
Caoial 2y Y oy el DAY eally el

Lihal o Al BSaall (o lgdde Jguanll o5 Al duesd)l) @l Jal) Jodad) ek

Jlai¥) dilee aladialy i€l paes pias zisar B8l daowd)l) &Sl L(3.13) Jgaall
9531;%7\

Table (3.13). Key simulation results of sulfuric acid plant model by single

contact process

Name Unit Value Stream Name
Feed Sulfur kg/hr 803.3 Sulfur
Air kg/hr 7310 Moist Air
Water for absorption kg/hr 540.5 Deionized water
tower
Water for steam kg/hr 1,942 BFWC
generation
Product Sulfuric Acid (98.5 wt.%)  kg/hr 2,500 SA
By- Steam kg/hr 1,942 W1
products Exhaust gas kg/hr 6,175 Stack gas

Gy 2al€] Sl o (S aal ae 13 21 aey (Sladll 235 5 (3.13) Jsand) maass
iy Sl ymes aibias & cilalaial) ?“T N Cplalal) IS 28N Dlgin) (puaisSOX) )
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iy S aes pieae zigal chlead) 8 Babiads sasg IS A gall Lpushyl) lshaall G
(3-10)J<al 8 saslsll Juai¥) dlee alaasinly

Figure (3.10). The model plant of sulfuric acid production by single contact process

bl 35 Gy (3.14) Joaadl b iy Sl paes piias z3gal manad Cilily lase oy
(Catalysts, 1989). ¢l Sl ans ailad dclicall
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Table (3.14). Industrial design datasheet of the sulfuric acid plant model

Company Name: N/A
Unit No.: 100
Capacity (ton/day): 60 Purity (wt.%): 98.5

Overall design conversion (%):  99.

6
Start-up date: N/A
Feedstock: Pure sulfur
Engineering Company: N/A
Unit Type: Single contact process
Number of beds: 4 Absorption after bed No.: 4
Flow rate inlet bed (m?/hr): 1.211x10*
Quench flow rate (m?/hr): 174.9
Temperature quench (°C): 417
Composition inlet bed (vol.%):  SO,: 9.89;  N,: 77.10; 0,: 10.55; H,O: 2.46
Total catalyst volume, (m®): 39.73
Atmospheric pressure site 1.013 Inlet pressure to reactor, 1.2
(bar): (bar):
Bed diameter (m): 4.02
Bed specification
Coolin
Volum  eiqg Temperature Ap g Conversio Resi
Bed No. e ht (°C) quenc i _esmence
m) M ;m out (bar) n (%) fime (¢e¢)
(m*/hr)

1 7.87 0.62 417 597.9  4.627x107* 7.35 62.98 0.58

2 9.14 0.72 438 489.9  4.418x10™* 2.63 48.42 0.675

3 10.66  0.84 432 448.8  4.755x107* 10.66 30.16 0.788

4 12.06  0.95 206 245.4  3.291x10™ 2.38 95.53 0.89
Catalyst type: C116 ribbing
Catalyst shape: Ribbed rings
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Catalyst composition:

Absorber packed bed No.:

Absorber bed dimensions (m):

Packing type of absorber:

Absorber residence time (sec):

Steam production (ton/hr):

Water content in feed air

(vol.%):

Exhaust gas flow rate (m*/hr)

Demister Drying tower:
type:
Absorber
tower:

1 Absorber efficiency (%): 99.99
Height: 2
I. Diameter: 7

Ceramic Diameter (mm): 51
Shape: Saddles
Sulfuric acid: 300
Gas : 2

1.942 Pressure (bar): 44.82
Temperature (°C): 624.5

1.37 Water content in dry air (.84
(vol.%):

6894 S0, content (ppm): 600

Knitted Teflon®/stainless steel.

Glass fiber/stainless steel.

Stream Temperatures

Furnace temperature (°C)
Inlet to sulfur furnace (°C)
Outlet after drying tower (°C)
Inlet to absorber (°C)

Outlet after absorber (°C)

1150

116.5

72.12

206.9

103.7
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Cagyls ad Adadl (e GeiallSO; - gl il slSlaadDisper V.4.0  maliy aladiul o
&’)ﬁ:‘l Ay a9 .Lfab; ?"‘ﬁ o EIR qu— Bole Loy ccl:‘uj\ 62\.132‘)3\ cb)b;l\ dad e 4alia
agiall Gslally ddagpal) Hlalia) and Adilie caa Baly el Sl aes pias 7350080,

—: Ll

— :dgalaidy) sl

Net Future ) g5 ydiall dlidical) dadll dlag (gind) alall gaaall 3axill (5.23) Jsaall ayn
Worth — NFW).

Gilanal) Sy o el Jlad) Guly daaiosses g9 ydiall Gl ¢(5.23) Jsanll b duall il i
Ay (Lliiadl) daidll ila) sy aie g (2027 Hle ) dsdil e Glgin gl e
poliall sl 1aie BlesPay—back time) ) slasic) ey 3ab . Sl ¥ss 1,970,405.20
pat] aadicd Lo Glley Jadh 83g0ma Aty 5538l Al JWl Ly 05K Ladie ol juall jaall cld
Oy Bat ae Gilsh (Clgie 4) 138 23y o) cAdsdal) lisd)l (4 Bpia Guead aolia
Sinnott (2005). 83 WS clgin 5 (N 2 om g g pdiall adgiall alasiny)

ol OsS cpiaal) yee dilgs s ¢ Sopal V50 3,745,966.49 (g5l ilall saall sl aly
LSyl Y53 43,176,036.59 (Alsiisall daidl) L) sl

Table (5.23). Net cash flows, pay-back, and NFW of the plant
Forecast Forecast Sales
Year End 1:1 sales™ ”“"9’ L Operating Costs ($) s Netcashflow  Project NFW
T giyean) Sk Fiwed  Variable ndiect  § $ $
- 0 - - - - - - <13013460.76 -

2024 1 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649 926749427
2025 2 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  -5521527.78
2026 3 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  -1775561.29
2027 98x10 0481 4336042 10844551 1333346 9523800 3745966 70,405

2028 5 1.98x10" 0.481 4336042 10844551 1333346 9523800 3,745966.49 5716,371.69
2029 6 1.98x10" 0.481 4336042 10844551 1333346 9523800  3,745966.49 9462,338.18
2030 7 1.9800" 0.481 4336042 10844551 1333346 9523800 374596649  13,.208,304.67
2031 8 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  16,954271.16
2032 9 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  20,700,237.65
2033 10 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649 2444620414
2034 1 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  28,192170.63
2035 12 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  31,938137.12
2036 13 1.98x10" 0.481 4336042 10844551 1333346 9523800 3,745966.49  35684,103.61
2037 1 1.98x10” 0.481 4336042 10844551 1333346 9523800 374596649  39430,070.10
2038 15 1.98x10" 0.481 4336042 10844551 1333346 9523800 374596649  43176,036.50

718



Jigpugi an=j 38 aaell dlnLiill pglell dl=an

g dall Alional) Aadl) il (ggiadd) Blalle gaiil) ) (5-23) Joasd
(e 15) g3 Ao Anl Y5 il sl (haes gl dabgiall 42T @
4100 = piaal) dau o
798.5 sl 4 il sl (aaal aasf Nea 0.481 = diby sl (s al pdgiall ) @
(2013 (0 gAlPerera ) o5l

—daDAl)
Gl ) AlaYL ¢ oanhll 5L s dilee e mU (Spatell CupSll e (galaidly
coalally alad) e Usal) el Cadal 26IS Labuat) ciydiga

—:Clua gl
LS clagill Gadl (S eyl (mes z by ol gl daliiol) gl e 3y
b
zY aime el (L aiaall cla olan A g Sl duhl) oda il il (S
Ay il Aibasl) dolicall g LB ookt (B ageng « Ll Jao e saw iyl aes
«ﬂ.}u).\ﬁ\ume.\m.}muﬁo).\ﬂ\ bt PR
o iyl (meal el 2l s 20 +La) A0lels rand jall Cupsl) (e Aaliall Zpesl)
sl

— B al) bl

Pk Lad lpandli (Ko Aalladl bl jghatl Cils iba Bac cllia

il A€ Sy ¢ gabeaBy) Culally dolaall agdl aajeS Jall sSaall 73908 pladial ooy
Gl ehal W (Ko dolenll Clare Gliaalse a3y phead) araail Lot ST 73l gkl
Bledie ae elsel) L35 Gl (paad 5l aiaal) e A3l dalal) GueS Javia Jie cAdlial (el
2z sl 138 alaanuly Hlgilly JAlll G shall sy @l puas

IS (SOX) iyl asalST clibas) Julis (K el I (man 73] e daslil) aifgall caila )
Y ane e Juinil) COlalae Gaent DA (e iz sikall aivadd) 8780 Mon N doa sty ¢ S
24 524) SOX clilesy ddsall juleall JEeY) Cpacaice cliventl) 538 L aajsill s ol ¢lsell (385

719



Jigpugi an=j 38 aaell dlnLiill pglell dl=an

cCpmanilly cJandill ALy (aSail Ciluy B ateadl ziga alatial oSa el e ke Aol
Pl snliadl andiy Cpladiall iy ) ALYl

das)l alaziuly Aspen Plus maliy 3 deatilly Lilaadl 3 Jsaall a1 daball dada (Soy
FORTRAN )il (s )l i wpadiesall Ji (e 53350 2K5a <V olee ae RCSTR e lis
s g Al Ly e B adasys dngand aasg cJaliall apead GLSal USRKIN el
oS Radfrac agee lodl) (o il pais & (Opt. 5 dil. g bkp.) ddaspall cléladl aoes
iyl Bn ddee dadai oSa WS L Jslaall b Aibal) cBlelal) ool ppuail el (aliaial
el e Aaslil) claiiall 5l CuSall aasal GGl all AUl S5aY) aall dasyh aladiuly
caat o oSay ) dabial)
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