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The characteristic of 2205 duplex stainless steel
and application in natural gas pipeline

I1 Wel-wei( A ), ZHAQ Xin-weil 8 47F), HUQ Chun-yvong(E & %), FENG Yao-rong{ B8 £)

(Tubular Goods Research Center of CNPC, Xiran 710065, China)

Abstract; 2205 duplex stainle'ss stee] {DSS) posscsses favorable mechanical property and good cor-
rosion resistance at the same time, and has been a new materizl and applied widely in petroleum,
natural gas, occan and chemistry industry etc from 1980's in some sdvanced countries and {rom 1990
‘s in China. One natural gas headstream project possesses abundant natural gas and provides 80% of
total gquantity gas for West-East Pipeline Project. The project includes a 13 km tength pipeline and
& gas treatment plant that purily gas ahout 12 X 10? m® every year. The Cl  concentration in the
water separated from gas is about 10%, and so the corrosion of medium is very violent to the pipe-
line, 2205 DSS material has been applied suecessfully to the project in 2004, This is the first time of
such a mass of DSS marertal application in a project in China. The characteristic of 2205 DSS and
application in natural gas pipeline project has been introduced in this paper.
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1 Introduction

Ferritic-austenitic stainless steel, also referred to as duplex stainless steel (DSS) was found in 19207,
but it has not been widely used until 1970's because of some questions such as material, welding, heat treat-
ment elc. As the progress of metallurgy technique, the finding of nitrogen element import role for DSS, the
2nd DSS has been developed in 1970s and the weldability has been improved, DSS start to be widely used in
ptoject from 1980 in some advanced countries and from 1990%s in China, 2205 DSS is one of medern DSS
and possess high mechanical propertics and good corrosion resistance, and has been a new material and ap-
plied widely in petroleum, natural gas, ocean and chemistry industry etc, The DSS material used for the
length of oil and natural gas pipcline excesses 850 km at present 2l over the warld, most of them is 2205
DSSM., By investigating for material & welding and application experience in some natural gas pipeline, the

characteristic and some key techniques of application have been introduce in the paper.
2 Property of 2205 DSS

2,1 Chemical compaosition

The main chemical compositions of 2205 duplex stainless steel (DSS) are Cr (about 22%, mass fraction), Ni
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(about 5% , mass fraction), Mo (about 3% . mass fraction) and N (about 0. 15%, mass fraction). The role of each
element, Cr and Mo promote 1o [orm ferrite. Ni and N stabilize austenite, N is a very strong austenite former and
strongly promotes an austenitic structure. N increases the resistance to localised corrosion, especially in combination
with Mo, N improves corrosion resistance too and plays important role for alloying in modern duplex stainless
steel. Cr, Mo and N improve corrosion resistance of material, especially pitting and crevice corrosion resistance in
containing CI™ medium, Table 1 lists typical chemical composition value of 2205 DSS and requirement value of API
SPEC 5LC "Specification For CRA Line Pipe”,

Table 1 Typical chemical composition and standard requirement of 2205 DSS (mass fraction, %)

C Si Mn Cr Ni Mo N

Typical value 0. 02 0. 38 1.45 o220 5.5 1.0 0.16

Requirements of
' e - L =2 .0—28.0 4.5-6.5  2.5—3.5 0.08-0.20
API SPEC 5LC Max. 0.03 Max. 1,0 Max, 2,0 21.0—23.0 4.5—6.5 2.5—3.5 0.08—-0

2.2 Microstrocture

Generally, 2205 DSS is provided at the condition of solution annealed. 2205 DSS microstructure con-
tains roughly equal amounts of ferrite (F, approximately 50%} and austenite (A, approximately 50%) in
solution annealed condition, this is called phase balance, but it is not strictly equal in amounnt, Generally,
less phase need to cxcess 30% at least. Less ferrite structure is better for weldability, plastic and tough-
ness. The general standard requirement is 45 1o 55 percent ferrite, Typical microstructure of 2205 DSS
plate Is shown in Fig. 1.
2.3 Mechanical property

Generally speaking, the strength of 2205 DSS is higher and taughness is lower than austenitic stainless
steel; the strength of 2205 DSS is lower and toughness is higher than ferritic stainless steel and martensitic
stainless steel, Two structures play important role for the mechanical properties of 2205 DSS. Ferrite
structure provides high strength and austenite provides good toughness, and promotes forming fine grain
structure, Therefore, 2205 DSS possesses favorahle mechanical property and good corresion resistance at

the same time, Fig. 2 is the contrast of specified yield strength for different types of stainless steel.
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2.4 Corrosion resistance

Corrosion resistance is the most important properties for stainless steel. Chemical composition and du-
plex microstructure determine that 2205 DSS possesscs favorahble corrosion resistance. Super-low Carbon,
high content Chromium and Molybdenum make it have high resistance for general corrosion, intergranular
cotrosion, pitting and crevice corrosion. Duplex microstructures make it high strength, so make it have
good resistance for stress corrosion cracking, Critieal pitting temperature (CPT) of 2205 DSS is about 40C
in §% FeCl, solution, but 316 i is only about 20°C. This shows that 2205 DSS has better resistance for
Cl™ pitting than 316 L. 2205 DSS has also good corrosion resistance in H,S containing medium(®,
2,5 Weldabilty

‘2205 DSS has best proportion of ferrite to austenite (each is about 50 percent } and make use of Nitro-
gen as alloy element, make sufficient austenite structure can be reformed in heat-affected zone (HAZ) when
welding. Less expansion and higher heat conductivity compared to austenitic stainless steels, and duplex
microstructure make 2205 DSS have less hot crack tendency and less distortion. Approximately 50 percent
austenite microstructures make it has less cold crack tendency than low-alloy steel. Generally speak, 2205

DSS has good weldability, not need prehear before welding and not need heat treatment after welding!®"

3 2205 DSS application in natural gas pipeline

One natural gas headstream project possesses abundant natural gas and provides 80% of total quantity
gas for West-East Pipeline Project, The project includes a 13 km length pipeline and a gas treatment plant
that purily gas about 12X 10* m® every year. The Cl concentration in the water separated from gas is about
10%, and so the corrosion of medium is very violent to the pipeline, 2205 DSS material has been applied
successfully to the project in 2004, This is the first time of such a mass of DSS material application in a pro-
ject in China. Welding is the most important work for the natural gas pipeline construction, especially for
this material which procedure is complex and difficult. The pas pipeline project has been constructed suc-
cessfully at the end of 2004 by 5 months hard working.

3.1 Preparation work

This is the first time of 2205 DSS used in natural gas in China. Scientific research corporation which
service for the project has done many tests and research works for material, welding, structure and proper-
ties. The characteristic of material & welding,inspection & test technique and welding technique had been
mastered by research for the material. )

There were many size of pipe (min, D 33. 4 mm X3, 4 mm, max. D508 mmx19. 1 mm) in the project.
12 welding procedure specification (WPS) have heen prepared according to welding investigation, 12 weld-
ing procedure qualification (WPQ) have heen done. 6 welding procedures have selected used for the pro-
ject. Table 2 and Table 3 are the main conditions and results of one welding procedure qualification, Fig.3

is the microstructure of welds and HAZ of the qualification,

Table 2 Main welding condition of WPQ of D508 15,9 pipe girth welds

Welding pt.'ocess Filler metal Protect gas Groove  Position E /}::;l. |:§]u11 )
TIG for 2 root pass SMAW  AVESTA 2205 Torch gas; Ar+1.3% N,  Single  45°Fixed 8120

for filler and cap pass AVESTA 2205—PW  Back gas: Ar+5% N; v (6(3)
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Table 3 DMain resulis of WPQ of D508X 15,9 pipe girth welds

Tensile Side hend Impact energy at —40°C CYN/]
strength (90 180°3 Microstructure Pitting corrosion
R./MFa TR Welds HAZ
Welds and HAZ are F + No pitting corrosion occur
766 A, No ‘intermetallic pre- in specimens surface after
41.5,43.5,45.0 155,103,115  cipitations in welds and 24 hat 22°C, §%FeCl; so-
763 .
737 No Crack HAZ, lution,
' 759 43,0,40,0,40,0 112,135,90,0 The F proportion is 35%  Average corrosion rate of 3

—50% in welds and 50%  specimens: 1. 57, 1,57, 0
—65%in HAZ. mg *+ dm™* + day™’

Fig, 3 Microstructure of welds and HAZ

Welder training and qualification have been dene before pipeline welding, Ahout 50 personals 128 items
have passed examination after two months training, Differing from others general material welding and con-
sidering the characteristic of pipeline field welding, this project welding and construction have much specific
requirements in weldment prepared, process control, handle technique, etc. Especially, how to do back
protect, how to control heat input, how to control oxygen content in back gas, etc. Discipline of welding

and construction have been established and used to the project.
3.2 Field construction

2205 DSS is used for the pipeline and the plant inside tubes. The project was constructed by two com-
panies which has abundant experience for pipeline, inspected and supervised by professional corporation
which have yualification certificate. Tweo construction compantes provide experienced welders and erectors
for the project, and equip with excellent equipments of welding & fixing and tool of cleaning & grinding,

¢.. Construction companies had bought gas protect cquipment from abroad and made protect equipment
by himself, also bought oxygen concentration measurement instrument which may measures 10 ppm oxy-
gen. Construction process was supervised strictly by professional corporation, the technique requirement
and discipline have been carry out, thereby the quality has been assured, Participators of the project put
quality as the {irst and regard quality as their lives. The welding works have been finished by 5 months
hard working. The 96 percent welds pass nondestructive examination at one time that is enough high for

this material in field condition, this assured the progress and quality of the project.

4 Conclusion

(1)2205 DSS posseses favorable mechanical property and good corrosion resistance, and has wide pur-
poses in petroleum, natural gas, ocean and chemistry industry etc.

(2)2205 DSS is a new material and has much characteristic, thereby some key techniques such as
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process, welding, heat treatment, etc. must be respected when applying.
(3)The project has been finished successfully based on scientific organizing and intense quality con-
sciousness, Abound technigues and experiences of this sort material used for construction natural gas pipe-

line have been accumulated,
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