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Abstract

Measurement of sulfur compounds in the tail gas flow in the sulfur recovery Received: 7 February 2022
unit is necessary in order to fine control the combustion furnace airflow and Accepted: 9 March 2022
efficiency enhancement. In this research, required equations for calculation Page Number: 55-65

of air demand in feedforward and feedback control loops in the sulfur
recovery unit of llam Gas Treating Plant are developed. First, the process
was simulated. Then, using MLP neural network and nonlinear regression, Keywords:
K factor was determined for tail gas analyzer air demand calculation. Total
required air is sent to the combustion furnace through two lines: trim and
main, such that 92.5% of air is passed through the main line. Meanwhile, tail
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Process imulation,

gas analyzer air demand is in the range of -5 to +5 % of the total required Ar'_[ificial Neural Network,
air. The presented equations in this research can be employed for other sulfur Tail Gas Analyzer,
recovery units. Hydrogen Sulfide
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5. Stacked Isomorphic Autoencoder (SIAE)
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1. Recurrent Neural Networks (RNNs)
2. Long Short-Term Memory (LSTM)
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Table 1. Soluphur recovery unit Sour feed gas properties.

Lean Case Acid Gas

Mole Flow (kmole/hr)
Tempereature (C)

Pressure (barg)

Mole Composition

456.31 487.29
54 54
1.51 1.51
Hydrocarbons H,O C,HsS CH,S CO, H,S
Rich Case Acid Gas 0.302 8.81 0.111 0.537 43.341 46.899
Lean Case Acid Gas 0.26 8.882 0.127 0.611 53.87 36.25

Rich Case Acid Gas
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Table 2. Air to acid gas molar and volume flow ratio, Ilam Gas Refinery.

Air/Acid Gas Molar Flow Ratio Air/Acid Gas Volume Flow Ratio

Rich Case Acid Gas 46.899 1.167 1.34
Lean Case Acid Gas 36.25 0.926 1.04
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Figure 1. Air to acid gas molar and volume flow ratio versus H,S concentration in feed acid gas.
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Tail Gas Analyzer Air Demand in Feedback Loop
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Figure 2. Sulfur recovery process schematic and required air flow control loops for combustion in the
reaction furnace, Ilam gas refinery.
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Table 3. Simulation results vs. PFS data for lean case acid gas (H,S 36.25%).

H,S Conversion (%)

Temperature (C)

Sulfur Production (kg/hr)

HB-4050 79.4 78.9 HB-4050 955.6 3054.4 2782.5
R-4130 57.7 59.06 R-4130 315.6 1522.8 1630
R-4170 79.19 73.75 R-4170 218.6 552.8 622.3
R-4210 51.8 51.1 R-4210 191.2 153.4 193

HzS 0o 50 YP/AR (g0 25 b (Saul 518 (51 53 PFS (slaculy g (g laudancs ealid dewalio ¥ Jgua

Table 4. Simulation results vs. PFS data for rich case acid gas (H,S 46.899%).

H,S Conversion (%)

Temperature (C)

Sulfur Production (kg/hr)

HB-4050 81.3 81.2 1057.9 1038.8 4500 3909.3
R-4130 62.2 62.5 312.4 315.5 1895 2251
R-4170 80.4 73.7 216.3 220.6 634 801
R-4210 54.3 52 191 192.4 175 242

D898 AS aul g3 (6l ;8 PFS (slasals g

S )ludasd el dewlBo O Jgu

Table 5. Simulation results vs. PFS data for overal sulphur production.

H,S Conversion (%)

Sulfur Production (ton/day)

LeanCase 99.1

RichCase

98.
99.4 98.

6 126.8 125.46

7 173.9 172.9

TailGas (b o (5l ;3 PFS slasals § () leudands galis dewslio £ J gua

Table 6. Simulation results vs. PFS data for Tail Gas Stream.

H,S (kmole/hr) SO, (kmole/hr)
LeanCase 1.5 2.3 1.6 11
RichCase 1.5 2.9 3.1 1.4
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Table 7. Neural network parameters.

Hidden
Layer Size

Activation
Function

Training

Function

Levenberg-
Marquardt

Sigmoid
function
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