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Nace – EFC WP 15 meeting March 31th 2006 Venizia

Presentation of EFC WP15 Activities

François Ropital

Venizia 31 March 2005

Nace – EFC WP 15 meeting March 31th 2006 Venizia

European Federation of Corrosion  (EFC)European Federation of Corrosion  (EFC)

•• Federation of 32 National AssociationsFederation of 32 National Associations

•• 19 Working Parties (WP) + 1 Task Force19 Working Parties (WP) + 1 Task Force

•• Annual Corrosion congress «Annual Corrosion congress « EurocorrEurocorr »»

•• Thematic workshops and symposiumsThematic workshops and symposiums

•• Working Party meetings (for WP15  twice a year)Working Party meetings (for WP15  twice a year)

•• PublicationsPublications

•• EFC EFC -- NACE agreementNACE agreement

•• for more information  for more information  http://http://www.efcweb.orgwww.efcweb.org

Presentation of the activities of WP15
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European Federation of Corrosion  (EFC)European Federation of Corrosion  (EFC)
http://http://www.efcweb.orgwww.efcweb.org

Nace – EFC WP 15 meeting March 31th 2006 Venizia

EFC EFC WorkingWorking PartiesParties
•• WP 1: Corrosion InhibitionWP 1: Corrosion Inhibition
•• WP 3: High Temperature WP 3: High Temperature 
•• WP 4: Nuclear CorrosionWP 4: Nuclear Corrosion
•• WP 5: Environmental Sensitive FractureWP 5: Environmental Sensitive Fracture
•• WP 6: Surface Science and Mechanisms of corrosion and protectioWP 6: Surface Science and Mechanisms of corrosion and protectionn
•• WP 7: EducationWP 7: Education
•• WP 8: TestingWP 8: Testing
•• WP 9: Marine CorrosionWP 9: Marine Corrosion
•• WP 10: Microbial CorrosionWP 10: Microbial Corrosion
•• WP 11: Corrosion of reinforcement in concreteWP 11: Corrosion of reinforcement in concrete
•• WP 12: Computer based information systemsWP 12: Computer based information systems
•• WP 13: Corrosion in oil and gas productionWP 13: Corrosion in oil and gas production
•• WP 14: CoatingsWP 14: Coatings
•• WP 15: Corrosion in the refinery industryWP 15: Corrosion in the refinery industry
•• WP 16: WP 16: CathodicCathodic protectionprotection
•• WP 17: AutomotiveWP 17: Automotive
•• WP 18: WP 18: TribocorrosionTribocorrosion
•• WP 19: Corrosion of polymer materialsWP 19: Corrosion of polymer materials
•• Task Force 2: Corrosion and Protection of steel structuresTask Force 2: Corrosion and Protection of steel structures

WP 15 was created in  WP 15 was created in  septsept. 96 with  J. . 96 with  J. HarstonHarston as first chairmanas first chairman
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EFC Working Party 15  « Corrosion in Refinery » Activities

The following are the main areas being pursued by the Working Party:

·Information Exchange
- Sharing of refinery materials /corrosion experiences by operating 

company representatives.

·Forum for Technology
- Sharing materials/ corrosion/ protection/ monitoring information by 

providers 

Publications 

Nace – EFC WP 15 meeting March 31th 2006 Venizia

EFC Working Party 15  « Corrosion in Refinery » Activities

WP Meetings
·One WP 15 working party meeting in Spring, 
(this year on 31 March 2006 in Venezia)

·One meeting at Eurocorr in conjunction with the conference, 
(this meeting during Eurocorr 2006 24-28 September in Maastricht)

Eurocorr Conference sessions (September)
Refinery Corrosion Session 
+ Workshops or Joint Session with other EFC WP parties 

WP15 page in EFC Web site 
http://www.efcweb.org/WP_on_Corrosion_in_the_Refinery_Industry.html
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EFC Working Party 15  « Corrosion in Refinery » Activities
http://www.efcweb.org/WP_on_Corrosion_in_the_Refinery_Industry.html

Nace – EFC WP 15 meeting March 31th 2006 Venizia

EFC Working Party 15  « Corrosion in Refinery » Activities
http://www.efcweb.org/WP_on_Corrosion_in_the_Refinery_Industry.html
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Eurocorr 2006   Refinery sessions

Workshops and thematics for refinery corrosion 

http://www.eurocorr2006.nl

Nace – EFC WP 15 meeting March 31th 2006 Venizia

Eurocorr 2006 
"Inhibitors" (WP1) and "Refinery" (WP15) joint session

Causes, consequences and remedies of operational variability in cooling tower 
operation and treatment

Townsend

Study of industrial cooling water effects on monel 400 alloyLeao

Evaluation of cooling water corrosivity at different points of an open 
evaporative recirculating system

Leao

Effect of water treatment on the corrosion behavior of carbon steel under 
simulated lay-up conditions in fossil power plants 

Kawai

Development and testing of a novel polymer for cooling water applications Holliday
TitleAuthor

http://www.eurocorr2006.nl
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Eurocorr 2006 
"Refinery" (WP15)  session

http://www.eurocorr2006.nl

Initial oxide scale formation during the incubation period of metal dustingRoehnert

The corrosion resistance of supermartensitic and duplex stainless steel pipes 
welded by arc and power beam processes

Lee ch

Corrosion control of the crude distillation unit (cdu) overhead system using 
chemical treatment (i) – lab evaluation

Al-janabi

The influence of the added water ph on the nace test for the 
determination of corrosive properties of gasoline and distillate derivatives

Panossian

Practical field applications and guidelines for using overhead simulation 
models

Claesen

Fatigue failure of flare expansion jointsElshawesh

Understanding degradation of 9cr-1mo steel in platforming ccr furnace 
environment

Hucińska
Corrosion and quality in the oil refining industryGroysman
Effect of iron sulfide on corrosion/erosion in refinery overheadsEaton

“risk based inspection” – a case studyWilms

TitleAuthor

Nace – EFC WP 15 meeting March 31th 2006 Venizia

Publications

• EFC Guideline n°40 « Prevention of corrosion by cooling waters » available
from Maney Editor http://www.maney.co.uk/search?fwaction=show&fwid=623

•EFC Guideline n° 42 Collection of selected papers (available mid of 2006)

•EFC Guideline n° 46 on corrosion in amine units (available mid of 2006)

•EFC Guideline on Corrosion Under insulation (we are working on it)

•Future publications
• Typical refinery failure cases atlas  
Send your contribition to Francois Ropital

• other suggestions ?
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Publications  EFC Guideline n°40 
« Prevention of corrosion by cooling waters » available from Maney Editor      

http://www.maney.co.uk/search?fwaction=show&fwid=623

Nace – EFC WP 15 meeting March 31th 2006 Venizia
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Typical refinery failure cases atlas 

TIME TO DETERIORATION :

MEDIA AND OPERATING CONDITIONS:

ASPECT : 

PICTURES AND SCHEMES :  

MATERIAL COMPOSITION and REFERENCES

CONSEQUENCES :

NATURE OF THE INCIDENT : 

DATE OF INCIDENT AND/OR INFORMATION:

Process
Equipment

CORROSION IN REFINERY INDUSTRY FAILURE ATLAS
CASE HISTORY     n° xxx           Date                                         

BIBLIOGRAPHIC REFERENCES :

PUBLICATION - TECHNICAL REPORT:

REMEDY :

CAUSES :

TYPE OF CORROSION :
API 571 CLASSIFICATION:

CORROSION IN REFINERY INDUSTRY FAILURE ATLAS
CASE HISTORY n° xxxx ANSWER

Contributions are welcomed : contact francois.ropital@ifp.fr

Nace – EFC WP 15 meeting March 31th 2006 Venizia

Contributions are welcomed : contact francois.ropital@ifp.fr

Typical refinery failure cases atlas following API 571
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DRAFT PROGRAMME EUROCORR2006 

  
 

Please note that the organization committee reserves the right to adapt the draft programme 

Thursday 
 
Session T  Joint Session Corrosion and Scale inhibition and Corrosion 

Refinery Industrie
Prof. Dr. Günter SCHMITT and Dr. Francois ROPITAL 
(room Athene) 

09:00-09:30 Development and testing of a novel polymer for cooling water 
applications  

Roy Holliday 
GE Infrastructure  

09:30-10:00 Effect of Water Treatment on the Corrosion Behavior of Carbon Steel 
under Simulated Lay-up Conditions in Fossil Power plants  

Noboru Kawai  
Central Research Institute of Electric Power Industry 

10:00-10:30 EVALUATION OF COOLING WATER CORROSIVITY  AT DIFFERENT 
POINTS OF AN OPEN EVAPORATIVE RECIRCULATING SYSTEM 

Elizabete R. Caruso  Leao 
Federal University of Rio de Janeiro 

10:30-11:00 Causes, consequences and remedies of operational variability in 
cooling tower operation and treatment 

Geoff Townsend 
Nalco Limited 

11:00-11:30 Coffeebreak 
11:30-12:00   
12:00-12:30   
12:30-13:00   
13:00-14:00 LUNCH 
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Application of duplex stainless steels to prevent 

corrosion in refineries 

 
 

Giuseppe Sala  (Sandvik Italia) 

 

 



Sandvik Materials Technology

EFC-NACE Italia Section Joint Meeting  
Venice, 31 March 2006

Application of duplex stainless steels
to prevent corrosion in refineries

Giuseppe Sala
Sandvik Materials Technology



Sandvik Materials Technology

Oil refinery heat exchangers

Typical corrosion issues
General corrosion, under deposit 
SCC (chlorides, ammonia, polythionic acid, amines)
Hydrogen attack
Erosion corrosion (tube ends)

Common Materials
Carbon and Low Alloy Steels - up to 12%Cr
Stabilised or ELC austenitic stainless steels
Ferritic stainless steels
Brasses, Bronzes 
Duplex SAF2205,
Super-duplex SAF2507
Ni alloys &Titanium



Sandvik Materials Technology

Materials need to withstand variety of 
process conditions 

Hydrocarbons
Chlorides/HCl, from any source
Ammonium chloride NH4Cl
Hydrogen sulphide  H2S
Ammonium bisulphide NH4HS
Naphtenic acids
Polythionic acids
Cyanides
Organic acids

CPT, °C (°F), 300 mV SCE

0
(32)

20
(68)

40
(105)

60
(140)

80
(175)

100
(210)

Cl–, weight-%
0.01 0.02 0.05 0.10 0.20 0.50 1.0 2.0

SAF 2205

AISI 304L

SAF 2304

AISI 316L

Pitting

No pitting
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Pitting Resistance Equivalent (PRE)

Alloy % Cr % Mo % N PRE

SAF 2707HD UNS S32707         49

SAF 2507 25 4 0.3 42,5

254 SMO 20 6.1 - 40

SAF 2205 22 3.2 0.18 35

3RE60 18,5 2,6 0,08 28

AISI 316L 17 2.2 - 24

PRE = wt-% Cr + 3.3 x wt-% Mo + 16 x wt-% N
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Hydrochloric acid, HCl

Temperature, °C (°F)

40
(105)

60
(140)

80
(175)

100
(210)

120
(250)

SAF 2205

AISI 316L

20
(68) 1 2 3

HCl, weight-%
0
  

4

Boiling point curve

SAF 2507

5

904L
6Mo+N

Isocorrosion diagram   0.1 mm/year
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Critical Pitting Temperature (CPT)
6%FeCl3, ASTM G48 A

Parent metal
Welds (min-max)

6Mo+N
austenitic

AISI
904L

SAF 2205
(UNS S31803)

90
(195)

70
(160)

50
(120)

30
(85)

10
(50)

CPT, °C (°F)

SAF 2507
(UNS S32750)

Fig 11
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50%Acetic acid + Formic acid
Corrosion rates

254 SMO

SAF 2205

Sanicro 28

50% acetic acid

Corrosion rate, mm/year (mpy)

0
  

0.05
(2)

0.10
(4)

0.15
(6)

0.20
(8)

0.25
(10)

5 10 15 25
HCOOH, weight-%

0
  

20

AISI 317L

AISI 316L

SAF 2507
and C-276
No attack

30

A 625
C-4
C-22

S-120 Fig 5
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SCC Resistance
Oxygen bearing neutral chloride solutions (abt 8 ppm)

Temperature,°C (°F)

  0
  (32)

 50
(120)

100
(210)

150
(300)

200
(390)

250
(480)

300
(570)

0.0001 0.001 0.01 0.1 1 10
Cl–, weight-%

SCC

No SCC

N08028/Sanicro 28SAF 2205

AISI 304/304L
AISI 316/316L

904L
SAF 2507
No cracking

SAF 2304

Testing time 1000 
h

Applied stress 
equal to yield 

strength at testing 
temperature
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Waste water

Steam from stripper

Water

Desalted oil

Crude oil

Feed/Effluent Exchanger
3RE60
SAF 2205 or higher PRE

Specific Problems
Chlorides
- SCC, pitting

Crude Oil Desalting
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Crude Oil Desalting
Country Germany

Size / Quantity 19.05 x 2.11 x 4880mm, 2400m

Service conditions Tube side : Waste water with 700-900 ppm
chlorides, pH 6.6
Temp. inlet 190°C
Temp outlet 75°C

Shell side : Feed water with 2 ppm chlorides, 
pH 7.1
Temp. inlet 35°C
Temp outlet 145°C

Previous experience Carbon steel failed after 12-18 months due to 
general corrosion. AISI 410 showed evidence of 
pitting

Sandvik SAF 2205 3RE60 in service for 17 years without any sign of 
attack on the tubes. Replaced with two parallel lines, 
each with three heat exchangers in SAF 2205



Sandvik Materials Technology

Feed
Feed preheater

Fired heater

Reactor

Effluent

Cooler
Air cooler

C o nd ense r

C o o le r

S tripp e r

S o u r w a te r

S trip pe d
so u r w a te r

Distillation
Column

Fired
Heater

Overhead
Condenser

Overhead
Gases

Crude Oil

* Waste water treatment

* Hydrotreating 

* Sour gas cleaning (Amine unit)

* Desalting 

* Fluid Catalytic Cracking (FCC) 

* Cooling waters containing Cl-

* Sea water coolers

* Crude distillation (OH condensers)

SAF2507/SAF2205 in refinery 
heat exchanger applications



Sandvik Materials Technology

Crude Distillation Unit
OverHead condensers

d

Distillation
Column

Fired
Heater

Overhead
Condenser

Overhead
Gases

Crude Oil

Specific Problems

- HCl, dew-point corrosion
- Chlorides, pitting
- Ammonium chloride,  
under deposit corrosion
- H2S

Materials: SAF 2507 SAF 2707HD (PRE 49)
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CDU OH condensers 
Reference example 1

Country Italy 

Size 19.05 x 1.65 x  6096 mm, 951 tubes per HX

Service conditions      Tube side : Condensing hydrocarbons + H2O(traces)
Cl- 30 - 100 ppm, H2S 200-1000 ppm
pH  6-7 
Inlet temp  120 - 138°C
Inlet pressure  0,8 - 1,2 kg/cmq

Shell side : Crude oil
Inlet Temp      45-55 °C
Outlet Temp   60-75 °C

Previous experience   Formerly tubed with C-steel with service life maximum 1-2
years. 

Sandvik SAF 2507 First condenser in service since 1992. Cleaning and 
inspection in April 2000 showed tubes still in 
excellent condition. Totally 4 HE’s in service since 2002



Sandvik Materials Technology

Atmospheric CDU OH condensers SAF 2507 
(Ref. ex.1)

Detailed inspection in April 2000 included:
Visual inspection
Eddy current
Ultrasonic (IRIS)
Video probe

                                       Filming agent  + corrosion inhibitor
VAPOR LINE

T=45-55°C
                                        T=60-75°C              CRUDE OIL

                                        SAF 2507 tubes
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Visual inspection
(Ref. ex.1)

Tube to tube-sheet joints
Good condition

Inside tube 
Unaffected 

Outside tube 
Unaffected underneath the 
crude oil deposit that had 
formed

Tubesheet (C-steel)
Some corrosion observed



Sandvik Materials Technology

Non destructive testing
(Ref. ex.1)

EC test
No defects detected for any of the 951 tubes

Ultrasonic testing (IRIS)
None of 100 investigated tubes showed any decrease in 
nominal tube wall thickness

Video Probe
Surfaces in general as new 
A few minor localised spots with depth < 0,1 mm (below 
EC detection level) were found.
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CDU OH condensers
Reference example 2

Country Italy 

Size 25.4 x 1.65 x 6096 mm, 990 tubes (6 HE’s - lower HE bank)  

Service conditions      Shell side : Condensing hydrocarbon gases
Temp. Inlet 167°C

Outlet  134°C

Tube side : Crude Oil
Temp. Inlet     32°C

Outlet  112°C

Previous experience   Formerly tubed with C- steel in size 25.4 x 3.4 mm 
suffering severe general corrosion with service life shorter
than 2 years

Sandvik SAF 2507 First condenser installed in 1996 retubed after 9 years.
Due to the good experience other 5 new bundles SAF 2507  
were put in service in 2000 to complete the lower HE bank  
where most HCl condensation occurs.



CDU OH condensers 
(Ref. ex.2)

Sandvik Materials Technology

SAF 2507 tubes after high pressure water cleaning

CS tie rods and baffle plates show 
significant corrosion attack
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CDU OH condenser 
C-steel tubes after 2-3 years service

C-steel tube bundle to be retubed
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CDU OH condensers 
Reference example 3

Country Germany

Size 19.05 x 2.11 x 4880 mm , 1740 tubes per HX 

Service conditions      Tube side : Crude Oil

Shell side : Condensing hydrocarbon gases

Previous experience   Formerly using carbon steel. Corrosion 
problems gave a service life of no more than  
2 years

Sandvik SAF 2507 Installed in beginning of 1997. When checked 
in 1999 still in perfect condition



SAF 2507 in CDU OH condenser
after 3 years service 

Sandvik Materials Technology

s4

SAF 2507 tube bundle appearance before 
intermediate cleaning with pressurized water



Sandvik Materials Technology

SAF2507 benefits for 
CDU overhead condensers

Increased operational window
Tolerate slight changes in operation of the unit
Tolerate upset condition experienced due to problems in 
control of chemical inhibition over time
Tolerate variation in used crude oil chemistry (impurity level)
Less sensitive to “human errors”

Less inspection and maintenance 
Pro-longed inspection intervals 
Reduced costs and shorter stand-still periods 
Better cleanability to remove salts or solid hydrocarbons 
during planned shutdowns 
Higher initial cost but lower LCC compared to C-steel

Lower risk for undesired shut-downs
High associated production losses, if occurring
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Vacuum Distillation OH Condensers

Country UK

Size 25.4 x 2.11 x 4622 mm

Service conditions  Tube side : Seawater
Temp. inlet : ambient
Temp outlet  40°C

Shell side : Hydrocarbon gases
P = 2.3 bar with full vacuum
Temp. inlet   240°C
Temp outlet 100°C

Previous experience   Formerly tubed in Admirality brass with
matching tubesheets but corrosion rates 
were high

Sandvik SAF 2507 Tubing expanded into original tube-sheets and 
installed in 1994. Sacrificial Fe anodes installed
to avoid galvanic corrosion.
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Hydrotreating process flow diagram



Sandvik Materials Technology

Feed
Feed preheater

Fired heater

Reactor

Effluent

Cooler
Air cooler

Specific Problems

Chlorides
- SCC
Ammonium bisulphides
- Erosion, Under-Deposit
Polythionic Acid
-Intergranular Corrosion
-(SCC)

Feed/Effluent Exchanger

Hydrodesulphurisation (HDS)

TP 321, TP 347
SAF 2205

Reactor Effluent Air Cooler
SAF 2205, SAN 28
Alloy 825, 



Sandvik Materials Technology

HDS Feed / Effluent HX
Country Singapore

Size 19.05 x 2.11,mm 

Service conditions Tube side : Reactor effluent containing traces 
of chlorides
P = 2.9 MPa
Temp. inlet  345°C
Temp. outlet  230°C

Shell side : Feed (light virgin naptha)
P = 3.3 MPa
Temp. inlet  135°C
Temp. outlet  315°C

Previous experience : AISI grade 321 failed due to Chloride Stress Corrosion
Cracking

Sandvik 3RE60 7 years service recorded. No further update



Sandvik Materials Technology

Country UK

Size

HDS Reactor Effluent Air Cooler

25.4 x 2.11 x 9271mm

Service conditions Tube side : Kerosine with approx. 10,000ppm H2S
Temp. inlet  160°C
Temp. outlet  40°C

Shell side : Air
Temp. ambient

Previous experience Formerly tubed in C-steel which were replaced every 
18 months due to under-deposit corrosion in the 
presence of ammonium compounds. A water wash 
system was considered but even distribution could not 
be guaranteed.

Sandvik SAF 2205 Tubing had extended surface finning applied and was 
installed in 1995. Units in service for > 4 years 
with no evidence of corrosion.
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NH4HS corrosion on a effluent 
HDS kerosine HEx 

C-steel tubes
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Corrosion resistance to NH4HS

Reference: R.J Hovath,M.S.Cayard,R.D.Kane – Prediction and Assessment of NH4HS corrosion under refinery sour 
water service conditions – Paper No.06576 -2006



Sandvik Materials Technology

NH4Cl deposits on a HDS gasoline 
heat exchanger
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NH4Cl deposits on a HDS kerosine
heat exchanger 
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Sour Water Stripping

Condenser

Cooler

Stripper

Sour water

Stripped
sour water

Specific Problems

Chlorides, H2S, NH4, CO2
- General corrosion
- Pitting, SCC

* Sour water feed/bottom HX
* Stripper OH condenser
* Air coolers

Materials: SAF 2205 SAF 2507 (PRE 42,5)
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Country UK

Size

Sour Water Feed / Bottom HX

19.05 x 1.65 mm in U- bent form

Service conditions 

Tube side : Sour water feed, 
180 ppm Cl- ,   3000 ppm NH3 , 7000 ppm H2S
Temp. inlet  60 °C , Temp. outlet  80 °C
P- 2.1 bar , pH 6.9

Shell side : Stripper column bottoms
180 ppm Cl- , 100 ppm NH3 140 ppb H2S
Temp. inlet  120 °C , Temp. outlet  100 °C
P 2.3 bar, pH 6.7

Previous experience:   New system implemented to meet EEC standards.

Sandvik SAF 2205 Was chosen for resistance to chlorides in the cooling
water and H2S on the shell side. When inspected after
> 4 years, still in excellent condition. 



Sandvik Materials Technology

Country UK

Sour Water Stripper - Condenser

Size / Quantity 19.05 x 1.65 mm in U-bent form

Service conditions
Tube side : Cooling water from closed loop 

system
300 ppm Cl-
Temp. inlet  23°C
Temp. outlet  28°C

Shell side : Condensing gas
8.17%  NH3
6.9%  H2S
Temp. 115°C
pH  8.1

Previous experience:   New system implemented to meet EEC standards

Sandvik SAF 2507 SAF2507 chosen for resistance to Cl- and higher 
levels of H2S. Good performance 



Sandvik Materials Technology

Sour gas cleaning - Condenser

Country Canada

Size 25.4 x 1.65 mm, in U-bent form

Service conditions: Tube side :  Steam

Shell side :  Amines containing CO2, cyanides, 
polysulphides, NH3 and H2

Previous experience: C-steel failed. Testing undertaken where 304 
showed pitting and SCC and SAF grades gave 
good results

Sandvik SAF2205 Delivered in April 1997 as U-tubes with the inner
rows heat treated. 



Sandvik Materials Technology

Sour water treatment
Country Italy 

Size 19.05 x 2.11 x 4877 mm, 870 tubes (E45 A/B/C) 

Service conditions   Shell side :  Water from desalter+water from sour 
water stripper (NH3, CN-, Cl-)
Design temp. 140°C

Tube side :  Refinery cooling water with 6000 ppm
chlorides.
Design temp. 155°C

Previous experience: Formerly tubed with Cu-Ni 70-30, but severe corrosion
occurred after sour water additions on the shell side

Sandvik SAF 2507 Replacement of the tube bundle carried out in 
2002. In service since, with good result.  
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Fluid Catalytic Crackin (FCC)
condensing section

Country Italy 
Size 20 x 1,5 x 6100 mm 1200 tubes (E209 A/B/C) 

20 x 1,25 x 4880 mm   942 tubes (E209 D/E) 

Service conditions   Shell side : first stage condensate (water and 
hydrocarbons) from FCC plant (UOP)
sulphides 3000-4000 ppm, NH3 4000-5000 ppm, 
Chlorides 10-20 ppm,  pH 8-9
Temp: inlet 80°C/out 30°C

Tube side :  chlorinated seawater
Temp.  inlet 25°C /outlet 30°C 

Previous experience: HX tubed formerly with Al-brass and Cu-Ni 70-30, 
but severe SCC occurred due to NH3 and sulphides

Sandvik SAF 2507 Replacement of first tube bundle carried out in 1997. 
Today 5 HX’s in service since 2001 with good result.  
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Gas cleaning (Amine unit)
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Reboiler
Condenser

SAF 2205, SAF2507

Specific 
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- general 
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NH4HS corrosion in a  
amine unit reboiler

C-steel tubes
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Tube to tube-sheet welding of stainless steels. 
Joint preparation

r>1.5 x WT

>WT

>1.5 x WT
45° >3 mm (0.12") or > 1.5 x WT

a b

c d
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Effect of shielding gas on duplex T/TS 
welds

Shielding gas: Ar

Excessive ferrite 

Shielding gas: Ar + 2-3% N2

Good ferrite / austenite balance
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Welding of SAF 2507 tubes to 
SAF 2507 tube-sheet

Joint preparation Weld pass sequence

Base metal
Form: Tube tube sheet
Material specification: UNS S32750 UNS S32750

String or weave: Stringer beads
Initial/Interpass cleaning:Degrease joint area
Post weld cleaning: Stainless steel brush and/or 

pickling paste
Preheat: None

Trade name: SAF 2507 SAF 2507
Dimension, mm: 19.05 x 1.65 t = 40

Welding conditions

Filler metal
Trade name: Sandvik 25.10.4.L
Dimension, mm: Ø 1.6

Welding technique
Process: TIG (GTAW)

Post weld heat treatment:None
Shielding gas: Ar 97% N2 3%
Flow rate, l/min: 10

Pass Welding Filler Current Voltage Travel Heat input
No. process Designation Size, mm Polarity Range, A Range, V speed, mm/min kJ/mm

1 TIG 25.10.4.L 1.6 DC- 60-100 10-11 40-110 0.2-1.5
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SAF2507 cost considerations

Higher initial cost but lower Life-Cycle Cost compared 
to C-steel
More cost effective grade compared to other special 
stainless steels
Simple and well functioning chemical control systems 
can be used => No large investments for advanced 
systems necessary 
Less demand for large new investments on desalting 
and/or water-wash equipment
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Conclusions

Duplex and Superduplex stainless steels are ideal and cost 
effective for use in refinery heat exchanger applications:

Excellent corrosion resistance towards refinery process fluids and 
chloride containing cooling waters
High mechanical strength and erosion resistance
Low thermal expansion and high fabrication compatibility with 
refinery traditional materials
A constanty increasing use and awareness on duplex stainless steels 
among HX fabricators

SAF2205, SAF2507 and SAF2707HD
A family of grades enabling optimum materials selection
SAF2507 is today readily available grade in all product forms 
SAF2707HD, a new high PRE (49) hyper-duplex steel for refinery 
severe acidic & under-deposit corrosion conditions 
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