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The Impact of Side Reactions in Sulfur Recovery Unit Design
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ABSTRACT : In the reaction furnace of modified Claus process, chemical equilibrium reactions and kinetic
reactions occur simultaneously. The main kinetic components are hydrogen (Hs), carbon monoxide (CO),
carbonyl sulphide (COS) and carbon disulphide (CS:). The equilibrium calculations, empirical correlations and
sulfur recovery technology providers (licensors) data for kinetic components (COS and CS:) in the reaction
furnace were analyzed to evaluate the amount of kinetic components by applying them to five different
projects in which GS Engineering & Construction participated, Kinetic components (H: and CO) are also
calculated and the results are analyzed to evaluate the impact of temperature in the reaction furnace and
the waste heat boiler, Total required O: deviations for combustion in the reaction furnace are additionally
shown, with and without side reactions. A full understanding of side reactions in the modified Claus process
can help to improve sulfur recovery efficiency and optimize equipment design.
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Fig.1 Schematic flow diagram of the modified Claus process

THE PLANT JOURNAL Vol.13 No.3 September 2017 m 37



reaction) o &J3l & s}FHE0] & HS 2 Agto] F
= &A% d2d 3 3ME Yo Zuuks7| 7t AAE
W COSSt CS7F H:SE 3] #gho] H7] st = of
A3 3} 3|40 £Ao] dojuh= Alofok oA AFst
B AR T3 A4S T4 Aol QR Sl= Ao
%S TAAFIT

B Ao AE Ah HEST7] oA Q] HPHES Alate] ofgt
HukS AAET AA 3 S4% R ks AER

GS 7Ao] 3yt TR A E O] elol A7} A5t - uhg-
of tfgt ARE HigoR § 9 AAE vlalo] met
Case Study & 33151t}

Case Study °lA= 54 AlEdold AZE o]l
ProMax ver.3.2 € ©o|-§3sto] COS 1} CS: of tigt H3
1S AAF 9 A A (empirical correlations)S 04
3t kinetic AAtE 8-S sk5lom o] & gtolAlA A we}
B0 oFgitt, E3F Ha2F CO off thgh Akt Hstele

13 (thermal dissociation) ¥ ¥ g (re-
association)o] @AER7] 2% W & 34 Bl o
et e vlA=A] A5, nRARreR o] gt £
Hho] A HhE7|olA AR Sk Akad] ol o'
T A=A A,

2. A2t A A (EMPIRICAL CORRELATION)

o 3l 3o AEEe 2 g 2 7R AA A
(empirical correlations)&°] Sltt,

Fischer?+ H., CO, COS 2|3 CS.of 33t AAaA|
A& AR, Byt o] 3714 ol <lgw
(enthalpy of formation) & 7FA|2L Ak A& T8}
=3} a1 1 At e8] AFA e vyEY 93] skA U
sttt ok CS: ool 3 ez = AA| SAE o 3
271 $18l 20081E ok Fct.

Luinstra D' Hane= CS:0]| ek A2dA 41 w9
< obeet 22 4=8HAQl Al AATRITE

In(CS)=A *t + B * In(H:S) + C

CSe: CS: mol%(dry) at the inlet of the first catalytic

converter
. furnace residence time, s
1 —0.426
- —0.25
114

QW »

Sames and Paskall”%= AEA41S AAIFPoH o]+=
Western Research correlations 22 &t} 300717}
e 34 9 fY5= 9E 72 HS 55718 mol% 9
A 98 mol% & TFEt AS ARE 7SO0 A4
o] Tk5o] At ATaA| Al oo} gt

= fraction of furnace inlet carbon that
forms CO

=0.002 * A0.0345 exp (4.53 * A)

= fraction of furnace inlet H>S that
cracks to Hz and S

=0.056 (£0.024)

= fraction of furnace inlet carbon that
forms COS

= (.01 * tangent (100A) for 0¢=A<=0.86

=0.143 for A 0.86

= fraction of furnace inlet hydrocarbon
that forms CS:

= 2.6 * A0.971 exp (-0.965 * A)

Where A = mole fraction of HzS in the acid gas

R(CO)

R(H:)

R(COS)

R(CS)

feed on a dry basis
3. BEUIS vs ATHEIA vs ASRLR

AR A = oyA] 2|43} W (Gibbs free energy
minimization method)s 28391 1 235 574 Al
EFlo]d £ZEY0J9l SULSIM 2.2 A53I3itt,
Figure 2 ~ 5= 19| 4+t 43S HolEt) Figure 2
= JE 7kA Y9 HSY & 5%7 60% o4 = F
Puk-S- Ak Qe H.9 %Fo] Western Research



correlationsol| A 18k ¢F Hr} B Wrks 2 HojEr)
o|AZ AA ALREG7] A= AlgHE AFAIE wiol
HYURS Aol 25| Hofl ujEE o] &3l (thermal
dissociation)7} AlgtE]7] wfZo|t}t, F7t2 HPuks A
Aol oJgt ghat AEAkE Atolof Zfo]7} U= o] 2 o]f+=
A3} (thermal dissociation) §F5-0] SEHFS-0]H e
25%(4 34 Bdd)ollA] o BE3-(H, re—association)
o] Yoju7] fiZolct, & 3l4= B Teko| ASA|E gt
S0]2 Western Research correlationsol] &gt A7}go|
ASA R} U3 A3 Kol A Rl 4= Qi

Curves show equilibrium H, production after
exact 1/3 HzS burn at 1700°F (total P = 1.3 atm) from:

s 9H,S — Hp + Sp
......... = H5 +2C0; ~ 2CO + Hp + SO,

= Equlibrium (adiabatic flame temperature)
g 50 ¢ = Western Research correlation
g9 dE — . Plant data
E 30 ‘
2 2
Straight-through
Gy .g gl L*
= ». b I ®| _ TKinefic limitations
2 ks L . ol inreaction furnace
g E b e ' -~ g Reassociation in
= T~ | ¥ % e, swypsteheat boiler
® = = e —uY ‘o ew W 3 4T,
E L I B [ ;\_\ L)
@ Ll L] . 4
-
g L A Siright-ihrough =
H s . f Pe
= L
£ 0 :

0 10 20 30 40 50 60 70 80 90 100
Acid gas H,S concentration, mol% dry

Fig.2 H, Equilibrium Results vs Empirical Correlation and
Plant Data(5)
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Fig.3 CO Equilibrium Results vs Empirical Correlation and
Plant Data(5)
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Table 1 Feed Gas Composition of Five Projects
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A= S & 4 9tk o= Western Research
correlations (NSERC 19932} Z2) oA CS: AL &
%= hydrocarbon®& A= 4] F£817] wj&o]c},

ZRAE B D A= golAllA A&7} COSet CS: 4443
of| 9Jo] Case 3(Table 3 A=)} vH|SEE Au}E Kot}
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ol whet ok g2 Heln), o] AR o A2 COS

Equilibrium Equilibrium Equilibrium Equilibrium Equilibrium
In, kgmol/h 0.00 0.00 0.00 0.00 0.00
COSs
Out, kgmol/h 20.28 0.04 0.12 0.02 0.80
In, kgmol/h 0.00 0.00 0.00 0.00 0.00
CS2
Out, kgmol/h 0.05 0.00 0.00 0.00 0.00
Temp. QOut deg C 1062.00 1294.50 1293.54 1298.54 993.11
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Table 2. COS & CS2 Equilibrium Results (ProMax)

Fischer1974 for Fischer1974 for NSERC 1993 for NSERC 1993 for
Licensor 1 COS & Fischer1974 | COS & NSERC | COS & Fischer1974 |  COS & NSERC
for CS2 1993 for CS2 for CS2 1993 for CS2
oS In, kgmol/h 0.00 0.00 0.00 0.00 0.00
Out, kgmol/h 40.48 35.23 35.42 14.00 13.99
cs In, kgmol/h 0.00 0.00 0.00 0.00 0.00
’ Out, kgmol/h 28.19 2.95 46.74 2.95 46.74
Temp. Outdeg C 1052.00 1065.68 1075.97 1062.25 1072.65
Fischer1974 for Fischer1974 for NSERC 1993 for NSERC 1993 for
Licensor 2 COS & Fischer1974 |  COS & NSERC | COS & Fischer1974 |  COS & NSERC
for CS2 1993 for CS2 for CS2 1993 for CS2
oS In, kgmol/h 0.00 0.00 0.00 0.00 0.00
Out, kgmol/h 0.54 0.005 0.005 0.326 0.319
cs In, kgmol/h 0.00 0.00 0.00 0.00 0.00
’ Out, kgmolh 0.02 0.01 2.13 0.01 2.13
Temp. Outdeg C 1333.90 1294.44 1294.56 1294.73 1294.82
Fischer1974 for Fischer1974 for NSERC 1993 for NSERC 1993 for
Licensor 3 COS & Fischer1974 |  COS & NSERC | COS & Fischer1974 |  COS & NSERC
for CS2 1993 for CS2 for CS2 1993 for CS2
oS In, kgmol/h 0.00 0.00 0.00 0.00 0.00
Out, kgmol/h 0.33 0.010 0.010 0.362 0.344
cs In, kgmol/h 0.00 0.00 0.00 0.00 0.00
? Out, kgmolh 4.83 0.010 5.737 0.010 5.737
Temp. Outdeg C 1304.00 1294.19 1297.86 1294.47 1298.11
Fischer1974 for Fischer1974 for NSERC 1993 for NSERC 1993 for
Licensor 4 COS & Fischer1974 | COS & NSERC | COS & Fischer1974| COS & NSERC
for CS2 1993 for CS2 for CS2 1993 for CS2
oS In, kgmol/h 0.00 0.00 0.00 0.00 0.00
Out, kgmol/h 0.16 0.01 0.01 0.12 0.12
cs In, kgmol/h 0.00 0.00 0.00 0.00 0.00
’ Out, kgmol/h 0.04 0.01 0.43 0.01 0.43
Temp. Out deg C 1355.00 1298.54 1298.81 1298.63 1298.90




Fischer1974 for Fischer1974 for NSERC 1993 for NSERC 1993 for
Licensor 5 COS & Fischer1974 | COS & NSERC | COS & Fischer1974 | COS & NSERC
for CS2 1993 for CS2 for CS2 1993 for CS2
In, kgmol/h 0.00 0.00 0.00 0.00 0.00
cos Out, kgmol/h 0.47 1.23 1.23 0.47 0.47
In, kgmol/h 0.00 0.00 0.00 0.00 0.00
e Out, kgmolh 0.00 0.09 0.00 0.09 0.00
Temp. Out deg C 994.00 993.40 993.39 992.96 992.93
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COS9 Aol 12 745}

[e)

=
g

ol 5
=
=0
3

W= Fl o

E3) thA] COSE Hgho] Yottt
34 HU#E E97= Coe
< o|Ett. dukstd Ccogt 3
Hk3-0]7] wjEo COQl 4H]=
87| m2olct (1, 11)

o|2f3t COSY €S o] THH Case Study2] 235 & ALRRE7] Setol A S0 7hsaEl o] ¢ = BEuRE-
& oheat 2o A2S Y 4 9rk NSERC 1993 Akl 2o Heh CO A4 2 Al st UA =
BE W|E kA Smold BRulg wry o we os, ko] A2 UASRe Aol WS sk 1,51

fu

AL o =3ttt 28U Fischer 1974% 1= 714 o2k
75% ©18+9] HaS 504 BERhg Kot o w2 COS A
A oFS o Z3}1 NSERC 1993 2 th2F75% ©]Are] HeS
sEolA o W2 00S A4 & Szttt Table 4+= ©| —

v

project E was scaled to 1:10

#*COS (kgmol/h) contents from project A was scaled to 1:100 and

28t Case Study 235 Kot .

4.2 H2 COH| 01
Ho9F CO= AaRH37I9F & 35 Hde] oA
kinetically Algte E tf2 13-4 ot} H.@} CO &

Ao R Sh= Ako) gt A4 k7] Well Ao & i

Lo 2 S v}, oA Argst el o] H, A3
ZroJshes F B2 HaS9 GH-al(thermal dissociation)

Project A[L/100)

{e

Project E(1/10)

HhS ojth (Whg4] 4W). o W2 H.S7}F o] E&3
(thermal dissociation) ¥H-5-f #ojghs o] HQ

Fig.6 COS Equilibrium vs Empirical Correlations vs
Technology Providers’ (Licensors’) Data
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CS:(kgmol/h) contents from projects A and C was scaled to 1:100
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Fig.7 CS. Equilibrium vs Empirical Correlations vs
Technology Providers’ (Licensors’) Data

Table 4 Results of COS and CS: Formation

Over 75% H2S Below 75% H2S
composition in acid gas  composition in acid gas
Component feed feed
More Less More Less
COs,Cs2 COS,Cs2  COS,CS2  COs,Cs2
cos NSERC Fischer Fischer NSERC
1993 1974 1974 1993
cS NSERC Fischer NSERC Fischer
1993 1974 1993 1974

Table 5 Hz and CO Formation and Consumption in Reaction
Furnace and Waste Heat Boiler

Ha,kgmol/h CO, kgmol/h
Fumace Out  WHBOut Fumace Out  WHB Out

74.85 66.63 143.97 143.97
Project A

6.4% 5.7% 12.3% 12.3%

21.46 8.13 0.75 0.32
Project B

15.5% 5.9% 0.5% 0.2%

37.60 14.18 0.94 0.39
Project C

16.7% 6.3% 0.4% 0.2%

42.49 16.06 0.52 0.22
Project D

18.9% 7.1% 0.2% 0.1%

2.06 2.06 3.79 3.79
Project E

5.0% 5.0% 9.2% 9.2%

«The percentage is the ratio of H; or CO rate to inlet feed H.S rate
(H: at furnace out / H.S in inlet feed x 100)

Table 6 Comparison of Waste Heat Boiler and Furnace Outlet

Temperature

Waste Heat Boiler Duty, Furnace Outlet

Gkeal/hr Temperature, C
Case 1 Case 2 Case 1 Case 2
Project A 46.54 46.54 1081 1076
Project B 5.66 5.66 1349.6 1294.6
Project C 10.43 10.43 1349 1297.4
Project D 10.46 10.46 1355.6 1298.6
Project E 6.89 6.89 992.9 992.9

Table 5% 57]] ZEAE O] AAwr37|9 & 3]4= Y2
WollAl Heok CO9| A4 oFt ARgES H|wE HojEe
ProMax ver, 3.2& ol-§at3lon Aaygksr] oAl
HPRES Alto] AS AE et o & dh= o] o] of
Fofl Huk-S AL AnHE v wsiict

ProMax+= & 34 2UY W9 HFHre-association)
W25 72 £ % (quench temperature) Al3HS: S3f
TS gt S ot U4 2k ofpollAE & 34 By
2] ol A BEHre—association) ¥-5-0] H o4 Lot
oA A 4= e Aoltt,

Table 59] AA=ZHE AALHES7] WollA o] & 2=
=(EZEAE B, C9 D) o W H0] Y& 7FssHA &
o= AS & 4 9} 0|22 FEdfl(thermal disso—
ciation) ¥H&-0] F& Bhgolm o & 2o A d yt
5ol t Z dojuy] wfolct, AYAHE At F Hat
A 3] BYPoflA] AREHA HS 2 HSHETE thA] U
e 25 (4 34 BUH)AME HEHre—association)
Hkgo] o & dojdt), dubd o ik Aanks7]o 4
e HS9 5~7% F=7t E8al(thermal dissociation)
I} B3 re—association) ¥H-3-0 <Jal Ho2 HBHETHIHS-
Al 4H),

AAE AFSE ko] COE 4 34 Bdofld ArEd
A1 COS HZHETHERS-4] 64), 28} AANS7] =7t
U2:=(1093C) olskz "M CO= H ol &R
o] COSE M| 7] gh=rHZZHE A9} E),

EgE 7= 7hAof CO, o] WO AANES7] WollA] T
B2 CO7H o] Hr, o4& COLt COS9) AAdutg-ol
Zoldl= BEg=0] CO: ©]7] wizo|thRg-4] 5H, 61).




Table 7 Requirement of Combustion Oxygen

Combustion
Qe, without
side reactions
kgmol/h

7028 | 7711 | 139.92 135 21.38

Combustion

Qe with side

reactions O,
kgmol/h

569.92 | 72.82 | 13233 | 127.09 | 17.93

Deviation, % 18.9 5.56 5.42 5.86 16.1

Table 5% H:2} CO2J E&3lj(thermal dissociation) ¥t
o Aak37] Wl dojubal HHre—association)
92 & 3= Y oA dojuh= ACRE AAE T A
Jtolck, gheF = wkgo]  HE3|(thermal dissociation)
3} Wek(re—association), A4RFS7] oA EF dojut
L g 34 Bdejoll dojubA] gh=tal gt =
EAA XYool 38E AAsk=d od o]dE 7H
4= 271 BY golMlM= F Hkgo] AARRg7|ofA B
F dojdria o&ska gl A WA, 8l (thermal
dissociation)d] ZAE 0lg] AARFS7| Lw7} ARSE}
Aoltt, oA Aauk3719] daA (refractory) HAAE
HaAog g 4= QA vt = 9, 9 AaNks7] =
T Ao Qg ot 91X d 3|4 HUe o Duty
B3 Aol F ACRE o AFE AR 7hAL] g8
(specific heat capacity)?] W32 Q18] Duty H3l= 7
O] GIA Et}, Table 6 2 $lollA] A3+ Case (Case 1:
thermal dissociation®} re—association ©] ¢14:HF3-7]
oA BmE dojuh= ¢

CoHaOnSNk + (nt+m/4-h/2+) * Ox(g) ——)
nCO:Ag) + m/2H:0 + k/2Na(g) + jSO:(g) 1)

Case2: thermal dissociation ©] ¢4 ¥&-7]of|A] Uoj
LAl re—associations= & 34 EdejolA dojuh= 7
)] AaNg7] 229 4 34 B duty HEHE H]
W5 AIE Ko,

4.3. A0 L= of= AL QP
Axrkg7]ofA 9 7 , =
of d8% sh= Ak & AR K89 dEs]

(thermal dissociation) ¥F&-2} COS9} CS:9] ALz
olaf Ab4o} dAdk 4ROl H.S9| RS FojF= ZAo|t}
Table 7 & AARES7|ol|A F 8h3o] 9 wie}l gl uf
Aol BAgh A0 O] B E HojEt) AEo|7]|Q
HEZ (Stoichiometric) ¥~ ¥H5-4] 119 o] kel A4
Ht,

Kinetic §H3of| #rofsl= AJ&2] F 8hg- wio] £ 8kg
o] 7}t Fe wf Adofl AR dh= A0 oF2 K ut
50| §1& it AA|s| AA AL T B2 00t T
T 7o) 2gkE]of Qlohd 11 Ajol= o ZA UERdt

1o

i

5 &

rhu

e

2Rkg71eF F 2] HRo|A kinetic kgl 7o
AEQl He, CO, COS 18] CS:9] HFRES AL

FHA A (empirical correlations) 18] 1L gfo]AlA] &}
=5 v EA5k9Ic NSERC 1993 & 9| 7k o2}
5% o)’ HeS s=ollA B B COS S dl&sta,
Fischer 1974 2 9|= 7k tj2f75% ©J5te] HS F=0]
A o B COS /< oll53tet =3 NSERC 1993 &
HE TE 7RA FEA T B CS ¥ S dST
t}, gfolMlA= thAIH 0 & o E2 C0SY L dl5s
A9 CSe= Case HE th2 A of|=3ic),

COSY 7ha8f) Bhg-2 A A o2 7] §k-go]7] wi
of /3% COSe| ol & 3|4 HYe ol 2%
4o 2gER o B2 COS S 9IStk Aol
SRU AAE sh= S4AAY o] BRoA= A2e 44
7hE 4= 9tk o @2 CS, A dISshe A E3 o
A (g 59, A HA SZuurg7))e AA upH
(margin)< Foi8 4= 917 wfizoll 34 AAY o] |
A o 2 AA7EE 4= QT

Hoe o 22 Aa8kg7] 2204 o wol Aol EH
AaS7] WellAl gk A4 2= 7kA HaS9) 15~19%
Ar7t 83 (thermal dissociation) HH-of] Zrojgic},
& 34 BYeolAs Fuaf kgl Qs AAE Hot ¥
SHre—association) §Fg-ll 23 H.S & A A sb7] of
ol & 34 B SN S He A4 9=
7k HeSE] 5~T% 4 =7F ek, CO E3E AARES-7] oA
e o] YRS A 3l B oA A 23} vge
oJaf) A7} Hct,
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oX> Ol
o 2 o
A
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574 AU o] BHof|A] B HALg-ET
O] Ho2t CO9 A & cll&2 G
@A Het dutH o g T dA (refractory)] TARSI
2= (2] 1538T)= 0] =L s AAkg7]9]
S (refractory) F75 AAsl=t] qlo] H42Q A
<ol & = 3tk

He, CO, COS 12|l CS,9] ¥ ¥h3-2 e{sHA & ¢
2o QR Sk AkR9] o] FE ThA Fieof whet
5~19%7HA] Eo15A| Hot. webs danks7] 2 d 34
B oA o] Agegt 2 ukg- a4 SRU &4 AA - o
o] ulj-$- S8}t
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