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Overview and Application Examples of S-Compass

Sulfidation or sulfidic corrosion refers to the corrosion of a metal resulting from reaction with
sulfur compounds in high temperature environments such that a surface sulfide scale forms often
with sulfur penetrating somewhat below the original thickness. In the presence of H2/H2S,
sulfidation is also referred to as H2-H2S corrosion. S-Compass is the only device and OS
independent software tool on the market for the modeling and prediction of low temperature
elemental sulfur corrosion and high temperature sulfidation (sulfidic) corrosion. Designers, OEM
engineers, consultants, operation personnel, maintenance and inspection engineers can quickly

and accurately determine:

1. the corrosion rate of the selected alloy under the prevailing operating conditions in H2-free
and H2-H2S services;

2. the remaining life of the equipment under the prevailing operating conditions;

3. the integrity operating windows (IOWs) - the safe operating temperature limits and hydrogen
sulfide concentration limits for the common metallurgies used in sulfur-containing H2-free
and H2-H2S services;

4. the effect of silicon content on the sulfidation resistance of carbon steels in H2-free services;

5. the impact of design assumptions pertaining to corrosion rate of the selected alloy on the
integrity operating windows (IOWs);

6. the corrosion rate of carbon steels in the presence of elemental sulfur;

7. the effects of temperature and chloride concentration on elemental sulfur corrosion.

S-Compass is a cloud-based software that works on any device running any OS without the need

for users to install or download anything.

How to determine the operating temperature limits for steels in H2-free and H2-H2S services to

avoid sulfidation, sulfidic corrosion, H2-H2S corrosion?



S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material Carbon Steel ¥ wi% Siin C-steel 0.3000 H2-H2S Services  Maphtha v
Effective wall thickness mm 3.000 Operating Temperature (OT) “C 400.00
Design Limit for Corrosion Rate mm/y 0.0500 H2S Content in Stream (OC-H2S) mole% H25 0.1000
Predicted Corrosion Rate mm/y 0.6011 £ 00.
Predicted Remaining Life years 4.9510
IOW Limit for H,S Content at OT mole% 0.0040 4004
10W Temperature Limit at OC-H25 °C 250.00
Design limit for corrosion rate is exceeded! Consider the following: 3.004

1. Change the operating temperature to the IOW limit.

2. Change the operating H2S concentration to the IOW limit. 2.004
3. Change the steel to a higher Cr steel.
1.00
Low Temperature Elemental Sulfur Corrosion
Temperature °C 20.00 0.0
c tration of Chioride [ CI- 100 ' 8.)0 130.00 260.00 390.00 520.00 650.00
oncentration o ariae - mw .
= Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 1.7992
Predicted Remaining Life years 16674

S-Compass® Ver .20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 1 S-Compass predicts high temperatures sulfidation, sulfidic corrosion, H2-H2S corrosion

and low temperature elemental sulfur corrosion.

Under the prevailing operating conditions shown in Figure 1 above,
the corrosion rate of the selected material (carbon steel) in H2-H2S
service (naphtha), is predicted to be 0.601 mm/y. The predicted

remaining life of the equipment is 4.99 years. The safe temperature

limit for the selected material, carbon steel, at the prevailing
operating H2S concentration (OC-H2S) of 0.100 mole% is 250°C, the safe hydrogen sulfide

concentration limit at the prevailing operating temperature (OT) of 400°C is 0.004 mole%. S-
Compass determines that this material is not resistant to sulfidation at the prevailing operating
conditions and recommends 3 mitigation measures to reduce the corrosion rate to the design

limit.

How to select alloy steels for high temperature sulfidation resistance?



How to determine the integrity operating windows for H2-free and H2-H2S services in sulfur-
containing streams?

How to assess the susceptibility of an alloy steel to high temperature sulfidation, sulfidic
corrosion, H2-H2S corrosion?

Under the prevailing temperature and hydrogen sulfide concentration shown in Figure 1 above,
carbon steel is not resistant to sulfidation. The first mitigation measure recommended by S-
Compass is to chnage the operating temperature (OT) to the IOW limit determined by S-Compass
(2500C). As shown in Figure 2, the corrosion rate is now reduced to the design limit and the

equipment will reach its remaining design life.

S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material Carbon Steel ¥ wi% Siin C-steel 0.3000 H2-H2S Services  Naphtha v
Effective wall thickness mm 3.000 Operating Temperature (OT) “C m
Design Limit for Corrosion Rate mm/y 0.0500 H2S Content in Stream (OC-H25)  mole% H2S 0.1000
Predicted Corrosion Rate mm/y 0.0476 5 00-
Predicted Remaining Life years 62.9782
IOW Limit for H;S Content at OT mole% 0.1000 400
10W Temperature Limit at OC-H25 HE 250.00
The predicted corrosion rate is within the design limit. 3.004

Remaining life may be optimized by adjusting the target corrosion
rate and the IOW limits for temperature and H2S concentration. 2.00+

Alternative steels with lower Cr content may also be considered.

1.00
Low Temperature Elemental Sulfur Corrosion
Temperature °C 20.00 0.0
. tration of Chloride [ CI- 100 ) 8.)0 130.00 260.00 390.00 520.00 650.00
oncentration of Chloride [ CI- mw )
e Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 1.7992
Predicted Remaining Life years 1.6674
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Figure 2 S-Compass Predicts the integrity operating window (IOW) for the operating temperature

in H2-H2S service.

The second mitigation measure recommended by S-Compass is to change the operating H2S
concentration to the integrity operating windows (IOW) limit predicted by S-Compass (0.0040

mole%). As shown in Figure 3 below, by reducing the operating H2S concentration to the predicted



IOW (Figure 1), the sulfidic corrosion rate the selected material (carbon steel) is within the design

limit.
5-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion
High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion
Material Carbon Steel ¥ wi% 5iin C-steel 0.3000 H2-H2S Services  MNaphtha v
Effective wall thickness T 3.000 Operating Temperature (OT) °C 400.00
Design Limit for Corrosion Rate mm/y 0.0500 H2S Contant in Stream (OC-H2S)  mole% H25 0.0040
Predicted Corrosion Rate mm/y 0.0000 0.90-
Predicted Remaining Life years 60.0000 0.18]
IOW Limit for H,S Content at OT mole% 0.0040 0.164
1OW Temperature Limit at OC-H2S5 °C 600.00 0.14]
The predicted corrosion rate is within the design limit. 0.12
Remaining life may be optimized by adjusting the target corrosion 0.104
rate and the IOW limits for temperature and H2S concentration. 0.084
Alternative steels with lower Cr content may also be considered. 0.064
Low Temperature Elemental Sulfur Corrosion 0.041
Temperature °C 20.00 EE;
Concentration of Chloride [ CI- ] ppmw 100 0 13.0'00 260.00 ) 29000 52000 es0.00
Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 1.7992
Predicted Remaining Life years 16674

5-Compass® Ver 8.20 @ 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 3 Reducing the operating temperature to the predicted integrity operating windows (loWs)

for high temperature high pressure hydrogen services

The third mitigation measure recommended by S-Compass (in Figure 1) is to select a higher Cr
steel. As shown in figure 4, S-Compass has a dozen of alloy steels for users to choose from. Under
the prevailing operating conditions shown in Figure 1, S-Compass predicts that 18Cr stainless steel
meets the design limit for corrosion rate and shows excellent resistance to sulfidation, sulfidic
corrosion or H2-H2S corrosion (Figure 5). Users of S-Compass software can select the H2-free and
H2-H2S services for modeling and prediction of high temperature sulfidation, sulfidic corrosion, or

H2-H2S corrosion (Figure 6).



S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material | Carbon Steel ¥ wit% Siin C-steel 0.3000 H2-H2S Services  Maphtha v

Effec] Carbon Steel mim 3.000 Operating Temperature (OT) °C 400.00
1.25Cr Steel
Design Limit{ 2.25Cr Steel mm/fy 0.0500 H2S Content in Stream (OC-H2S) mole% H25 0.1000
Predic 3Cr Steel y —
FECICt acr steel AL ' 5,00
Predictilegs &1-]] years 4.9910
1ow Limit for| 5" Stee! mole% 0.0040 4001
7Cr Steel )
10W Temperatul ger Steel AE 250.00
Design limit for| 9Cr Steel xceeded! Consider the following: 3.00
12Cr Steel e
1. Change the 18Cr Steal ture to the IOW limit.
2. Change the operating H2S concentration to the IOW limit. 2.004
3. Change the steel to a higher Cr steel.
1.00
Low Temperature Elemental Sulfur Corrosion
Temperature °C 20.00 0.00
c e eIl 100 000 130.00 260.00 390.00 520.00 650.00
oncentration of Chloride [ CI- mw .
Pe Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mmjfy 1.7592
Predicted Remaining Life years 1.6674
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Figure 4 S-Compass for evaluation and verification of alloy selection for high temperature

sulfidation resistance.

S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material = 18CrSteel ¥ wi% Siin C-steel 0.3000 H2-H2S Services = Naphtha v
Effective wall thickness mm 3.000 Operating Temperature (OT) °C 400.00
Design Limit for Corrosion Rate mm/fy 0.0500 H2S Content in Stream (OC-H2S) mole% H25 0.1000
Predicted Corrosion Rate mm/y 0.0297 0.20.
Predicted Remaining Life years 101.1465 0.18
IOW Limit for HyS Content at OT mole% 3.5000 0164
10W Temperature Limit at OC-H25 °C 445.00 0.14
The predicted corrosion rate is within the design limit. 0.124
Remaining life may be optimized by adjusting the target corrosion 0.104
rate and the IOW limits for temperature and H2S concentration. 0.084
Alternative steels with lower Cr content may also be considered. 0.084
Low Temperature Elemental Sulfur Corrosion 0.044
Temperature C 20.00 E E;
ety A e opmw 100 .00 13Fj.DD 260.00 390.00 520.00 650.00
Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/fy 1.7992
Predicted Remaining Life years 1.6674

5-Compass® Ver8.20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 5 S-Compass predicts that 18Cr stainless steel has excellent resistance to high temperature

sulfidation resistance.



S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material = Carbon Steel ¥ wide 5i in C-steel 0.3000 H2-H25 Services | H2-Free Services r
Effective wall thickness mm 3.000 Operating Temperature (OT) ::Egt:a
Design Limit for Corrosion Rate mm/fy 0.0500 Total Sulfur Content in Stream [ RESTRTTg N1
Predicted Corrosion Rate mm/y 0.9452 3.00-
Predicted Remaining Life years 3.1738
IOW Limit for H,S Content at OT mole% nfa
10W Temperature Limit at wt%S HE 255.00 2 001

Design limit for corrosion rate is exceeded! Consider the following:
1. Try to lower the operating temperature to reduce the corrosion rate.

2. Try to lower sulfur content to reduce the corrosion rate.

1.004
3. Try to select a higher Cr alloy steel.
Low Temperature Elemental Sulfur Corrosion
Temperature °C 20.00 00
c T 100 AT 13000 26000 39000 52000 650.00
oncentration o oride [ CI- mw ) .
1 Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 1.7992
Predicted Remaining Life years 1.6674

5-Compass® Ver 5.20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 6 S-Compass for modeling and prediction of high temperature sulfidation, sulfidic corrosion,

H2-H2S corrosion in H2-free and H2-H2S services.

How to assess the effect of silicon on the sulfidation resistance of carbon steels in H2-free
services?

S-Compass is a powerful software that can provide instant answer to the above question.

Silicon content is known to affect the sulfidation resistance of carbon steels. Under the prevailing
operating conditions in Figure 7, the predicted corrosion rate for a carbon steel with 0.300 wt% Si
in H2-free service is 0.945 mm/y. If the silicon content is reduced to 0.100 wt%, the predicted

sulfidic corrosion rate is increased to 2.249 mm/y (Figure 8).



S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material = Carbon Steel ¥ wil Siin C-steel 0.3000 H2-H2S Services  H2-Free Services v
Effective wall thickness mim 3.000 Operating Temperature (OT) °C 400.00
Design Limit for Corrosion Rate mm/y 0.0500 Total Sulfur Content in Stream wi¥ S 0.1000
Predicted Corrosion Rate mm/y 0.9452 1.00.
Predicted Remaining Life years 3.1738
IOW Limit for Ha5 Content at OT molel nfa
I0W Temperature Limit at wt%S °C 255.00 5 00l
Design limit for corrosion rate is exceeded! Consider the following:
1. Try to lower the operating temperature to reduce the corrosion rate.
2. Try to lower sulfur content to reduce the corrosion rate. 100
3. Try to select a higher Cr alloy steel. ]
Low Temperature Elemental Sulfur Corrosion
Temperature 2 20.00 D.Dg
Concentration of Chioride [ Cl-] — 100 .00 13.&00 260.00 r 390.00 520.00 650.00
Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 1.7952
Predicted Remaining Life years 1.6674

5-Compass® Ver59.20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 7 S-Compass software predicts the effect of silicon on the sulfidation resistance of carbon

steels in H2-free services.

S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material Carbon Steel ¥ wi% Siin C-steel 0.1000 H2-H25 Services  H2-Free Services v
Effective wall thickness mim 3.000 Operating Temperature (OT) °C 400.00
Design Limit for Corrosion Rate mm/y 0.0500 Total Sulfur Content in Stream wite 5 0.1000
Predicted Corrosion Rate mm/y 2.2493 7 00.
Predictad Remaining Life years 1.3337
IOW Limit for H,S Content at OT mole% n/a 6.004
10W Temperature Limit at wt35 °C 255.00 5.001
Design limit for corrosion rate is exceeded! Consider the following: 400
1. Try to lower the operating temperature to reduce the corrosion rate.
2. Try to lower sulfur content to reduce the corrosion rate. 3001
3. Try to select a higher Cr alloy steel. 2.004
Low Temperature Elemental Sulfur Corrosion 1.00]
Temperature 0 20.00 D-DB
S T S({E5] B— 100 .00 13.[1.00 260.00 r 390.00 520.00 650.00
Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 17992
Predicted Remaining Life years 16674

S5-Compass® Ver8.20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singaopore

Figure 8 S-Compass software predicts the effect of silicon on the sulfidic corrosion resistance of

carbon steels in H2-free services.



How to assess the remaining life of equipment and the IOW limits in H2-free and H2-H2S
services?

S-Compass software predicts the sulfidation corrosion rate and the IOWs based on the prevailing
operating conditions. In figure 1 above, the predicted sulfidic corrosion rate is 0.601 mm/y, the
predicted remaining life under the prevailing operating conditions is 4.99 years, the IOW
temperature limit is 2500C. If the design limit for corrosion rate or the acceptable corrosion rate is
changed from 0.05 mm/y to 0.100 mm/y (Figure 9), the IOW temperature limit is increased to
2850C. Changing the prevailing temperature from 4000C to 2850C, the predicted equipment life is
increased from 4.99 years to 30.86 years (Figure 10). S-Compass's unparalleled functionality in
sulfidation modeling and prediction can help equipment designers, operations personnel, and
maintenance engineers in their decision making with regard to materials selection, process control

and optimization, life-cycle cost analysis, maintenance and inspection activities.

S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material = Carbon Steel ¥ | wi%% 5iin C-steel 0.3000 H2-H2S Services = Naphtha v
Effective wall thickness mm 3.000 Operating Temperature (OT) He 400.00
Design Limit for Corrosion Rate mm/y m H2S Content in Stream (QC-H2S)  mole% H2S 0.1000
Predicted Corrosion Rate mmjy 0.6011 5 00-
Predicted Remaining Life years 4.9910
10W Limit for H,S Content at OT mole% 0.0040 4.00]
IOW Temperature Limit at QC-H25 °C 285.00
Design limit for corrosion rate is exceeded! Consider the following: 3.004

1. Change the operating temperature to the IOW limit.

2. Change the operating H2S concentration to the IOW limit. 2.004
3. Change the steel to a higher Cr stael.
1.004
Low Temperature Elemental Sulfur Corrosion
Temperature 5 20.00 0.0
c feation of Chiexde [ €L ] 100 ) 8.30 130.00 260.00 390.00 520.00 650.00
oncentration o oride [ CI- mw )
i Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mm/y 1.7992
Predicted Remaining Life years 1.6674

5-Compass® Ver 3.20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 9 Assessing the effect of design limit on IOW temperature limit.



S-Compass: Modeling and Prediction of Sulfidation (Sulfidic) Corrosion and Elemental Sulfur Corrosion

High Temperature Sulfidation | Sulfidic Corrosion | H2-H2S Corrosion

Material ~Carbon Steel ¥ wi% Siin C-steel 0.3000 H2-H2S Services  Maphtha v
Effective wall thickness mm 3.000 Operating Temperature (OT) HE 285.00
Design Limit for Corrosion Rate mm/fy 0.1000 H2S Content in Stream (OC-H2S) mole% H25 0.1000
Predicted Corrosion Rate mm/y 0.0972 £ 00.
Predicted Remaining Life years 30.8585
IOW Limit for H,S Content at OT mola% 0.1000 400/
10W Temperature Limit at OC-H25 °C 285.00
The predicted corrosion rate is within the design limit. 3.004

Remaining life may be optimized by adjusting the target corrosion
rate and the 10W limits for temperature and H2S concentration. 2.004

Alternative steels with lower Cr content may also be considered.

1.00
Low Temperature Elemental Sulfur Corrosion
Temperature °C 20.00 0.0
. tration of Chloride [ I 100 ) 8.)0 130.00 260.00 390.00 520.00 650.00
oncentration o jorige = mw .
= Corrosion Rate (mm/y) vs Temperature (oC)
Predicted Corrosion Rate mmjy 17932
Predicted Remaining Life years 1.6674

S-Compass® Ver 9.20 © 1995 - 2020 WebCorr Corrosion Consulting Services, Singapore

Figure 10 S-Compass predicts the effect of IOW temperature limit on the remaining life of
equipment.

The powerful applications of S-Compass are truly unlimited in engineering design, materials
selection, process operation, inspection and maintenance, modeling and prediction of low
temperature elemental sulfur corrosion and high temperature sulfidation, sulfidic corrosion, H2-
H2S corrosion in H2 services.

Click here to contact us for licensing details and experience the power of S-Compass.

S-Compass, giving you the right directions in the Modeling and Prediction of Sulfidation, Sulfidic
Corrosion, H2-H2S Corrosion and Elemental Sulfur Corrosion
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