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Research subject: Propane and butane that are the contents of LPG
are separated from natural gas in the unit 107 of 5th refinery of
South Pars Gas Company (SPGC) and then they are purified from
mercaptans in units 114 and 115 respectively. The concentration of
methyl mercaptan and ethyl mercaptan in the propane stream are 551
and 46ppm, respectively, and the concentration of these components
in butane stream are 1218 ppm and %0.8, respectively. In order to
remove mercaptans from butane and propane, aqueous solution of

sodium hydroxide with 15 to %20 wt. is used for the scrubbing.
Research approach: In this research, using the Petro-SIM software,
which is a particular simulator for oil and gas industries, the units,113

114, and 115 of 5th refinery of SPGC are simulated.

Simulation Main results: The results of the simulation are compared with the
Optimization data of both experimental data and design documents. The maximum
Demercaptanization error between DSO concentration of the simulation results and design
Petro-SIM software data was %?7 and it is showed that they are goodly match. Then, using
LPG the software optimizer the operating parameters is optimized. The

objective function for optimization was the mole fraction of methyl-
and ethyl-mercaptan in all of products. The minimization of objective
function is the main goal of optimization. The optimization results
show that by increasing the extraction temperature in the unit of 115
up to 46 ° C, the concentration of mercaptan in the products can be
reduced. The other independent parameters do not affect the final
result of the process.
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Table 1. The specifications of sour propane and sour butane as feed streams for units 114 and

[15] 115
Operation conditions Sour propane Sour butane
Temperature, °C 60 40
Pressure, bar-g 32 13.4
Flow rate, kmol/h 1854 904
components % wt. % wt.
Hydrogen Sulfide Neglect Neglect
Ethane 0.7 Neglect
Propane 97.2 1.3
i-butane 1.5 37.1
n-butane 0.5 59.4
i-pentane Neglect 0.9
n-pentane Neglect Neglect
Hexane and heavier Neglect 0.4
Methyl mercaptan ppm 551 ppm 1218
Ethyl mercaptan ppm 46 0.8
Sulfide Carbonyl ppm 218 Neglect
Heavier mercaptans Neglect Neglect
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Table 2. The main reactions that are take place in the process [16,17]

Reaction equation Set name Reaction name Unit
CH, SH+NaOH—CH_,SNa+H,0 SET 1-114 Mmer1l 114
C,H,SH+NaOH—C,H_SNa+H,0 SET 1-114 Emer1l
COS+4NaOH—Na,S+Na,C0,+2H,0 SET 2-114 Ccos
CH,SH+NaOH—CH_,SNa+H,0 SET 1-114 Mmerl 115
C,H,SH+NaOH—C,H SNa+H,0 SET 1-114 Emer1l
2CH,SNa+1/2 0,+H,0—CH,SSCH+2NaOH SET 113 Mmer2 113
2C,HSNa+1/2 0,+H,0—C,H,SSC,H_+2NaOH SET 113 Emer2

O e B ol o lpe e o v (e LS
—=>b s an b a sl L olie g g3lw b w2l
Gl Aol s gy S 0 gl o lo gz g asls IS
Biulej] ;048 oy cdl> , o DSO L > Jdos
L ol sl s an (g ()l ez oia VU

S8 aslis 0y90 b olie 5 g5l At 7ol

al g5l ainge Y-V
sl adamda JolB ;3T S o nlb 1 1 See sla e
3L SalS Jydoms Ly lylS o B> iyl 4
b glas o0 10 Sl 5l e Jals
W o Sl Jodome 10 09 (g S g gl

oy = (ool (e (69,1l b gy (ol Al o (B9 (ool aolilad A



alox 5l a8 b wdigee Sliul 5l b olae ol
=l vl ans Zl il 5 Sae slposly ol g -l
et 3 5 5 e e 3 s e
G b e ans Gl olie g gilw i mols
J=dow gl ais a2 S 0 gl 0,ls 042
B Vb ol iulesl yo a8 oy2s cdl> s DSO (L >
et i b ool asel s ay gz o) emy
aladys o8 alie sy (ol yolie 5 g5l

w3l Lo il e (g5l At 5 (s5le 4t

IS0 Jodm 3 oy ol gl a5 wlas 8
S ol amls awglie o el ol s ol as s
sl a ol Ly gl a & mls o wle 3ol
e oiile 8)lg0 B 0 Lal o, a8 ilesl
=l L 598 sl aols pp —ixld gl oy >
g QLJP)_Q g_j S99 u]uJ.Cd_SQ)LJ S99 H‘Jb
Gl A 5 0,28 7l o (g el 2l b el

ol dais 48,5 s o DSO b o Ol eSS

Petro-SIM 1581 s 5 ;o asd (55le aud ol b b ,> jloges ) IS0
Figure 1. Process flow diagram of simulated process in the Petro-SIM software
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Table 3. The results of simulation for recovered caustic solution

Operation Feed of unit 113 Product of unit 113
conditions Design values | Simulation values | Design values | Simulation values
Temperature, °C 40 40.12 40 40
Pressure, bar-g 6.5 6.487 5 5.01
Molar composition

Oxygen 0.04 0.04 0 0.037
Nitrogen 0.26 0.27 0 0.12
Water 92.10 92.15 89.7 89.33
Ethane 0 0 0 0
Propane 0 0 0.023 0
i-butane 0 0 0.003 0
n-butane 0 0 0.005 0
i-pentane 0 0 0 0
n-pentane 0 0 0 0
Caustic soda 5.24 6.19 9.05 10.05
Sodium carbonate 0.72 0.73 0.032 0.036
Sodium sulfide 0.72 0.73 0.032 0.036
Methyl mercaptan 0 0 0.027 0.001
Ethyl mercaptan 0 0 0.089 0.003
Dimethyl disulfide 0 0 0 0.091
Diethyl disulfide 0 0 0 0.258
Methyl mercaptide 0.19 0.24 0 0.029
Ethyl mercaptide 0.73 0.79 0 0
Sumation, kmol/h 656.45 642.31 635.12 626.9
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Table 4. Operation conditions for the main streams and comparing with the design data

Design values Simulation values
Stream name T P Flow T P Flow rate
| e kr:li;cle/h € bar-g Error% kmol/h Error%

Treated propane 40 28.5 1807 40 22.59 20.7 1849 2.3
Fresh caustic solution | 40 33 30 40 2530 25.6 32.18 7.2
Recycled caustic to 114 | 40 15.3 200 43.26 1530 0.0 219.1 9.5
Treated butane 40 10.4 814 40 10.49 0.0 795.5 10
Fresh caustic solution | 40 33 40 40 25.30 25.6 42.20 5.5
Recycled caustic to 115 | 40 15.3 200 40 1530 0.0 245.9 22.9
Caustic from 114 40 6.5 250 40 6.487 0.2 280.5 15.2
Caustic from 115 40 6.5 250 40 6.487 0.2 254.6 1.8
Disulfide Oil (DSO) <50 5.4 low 50 5.4 0.0 0.00016 0.0
Spent air <50 4 300 30 6.5 62.5 501.7 67
Spent caustic 50 5 5 50 5 0.0 5.452 9

Dol o slamasls b g3lumands 0 DSO b, sla (S amlio & Jgox
Table 5. Comparison of DSO stream specification in simulation and industrial data [15]

Operation Experimental Design Simulation
conditions
values %Error

Temperature, 50 50-45 50 0.0
°C
Pressure, kPa 550 500 641.3 16.6
Flow rate, kg/h 12 490-350 5.12 57

Molar composition
DMDS 32.2 22-20 30.25
DEDS 64.3 79-77 69.1
DMTS 1.7 - - -
DETS 1.2 - - -
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Table 6. Comparison of the preliminary and optimized values for the independent and
objective parameters

Parameters unit Lower Current Upper Final
bound value bound value
Independent variables
Flow rate of caustic solution unit 114 m3/h 1 4.1 6 5.975
Flow rate of caustic solution unit 115 m3/h 1 4.6 6 5.975
Mol fraction of NaOH in caustic feed 114 - 0.07 0.15 0.20 0.15
Mol fraction of NaOH in caustic feed 115 - 0.07 0.15 0.20 0.15
Temperature of process in unit 114 °C 20 60 60 60
Temperature of process in unit 115 “C 20 40 60 46
Flow rate of air for caustic recovery kmol/h 10 30 150 30
Temperature of caustic recovery 113 °C 20 60 60 60
Constraints
Objective parameters Current Final
value value
Mol fraction of m-mercaptan in caustic product unit 114 0.0002  0.0001
Mol fraction of E-mercaptan in caustic product unit 114 0.0000  0.0000
Mol fraction of m-mercaptan in caustic product unit 115 0.0005  0.0004
Mol fraction of E-mercaptan in caustic product unit 115 0.0029  0.0022
Mol fraction of m-mercaptan in top product of caustic recovery 0.0001  0.0001
Mol fraction of E-mercaptan in top product of caustic recovery 0.0002  0.0002
Mol fraction of m-mercaptan in bottom product of caustic recovery 0.0000  0.0000
Mol fraction of E-mercaptan in bottom product of caustic recovery 0.0001  0.0001
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