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BOJAHEBE OKPUXYEHHS 3BAPHHX 3'€ITHAHb BHCOKOMIIHUX
Cr-Mn AYCTEHITHUX CTAJIEN

ABSTRACT. PO3rfisiHyTO CXMIBHICTE BHCOKOA30THHX aYCTEHITHHX CTanell 20 BOIHEBOTo OKpHXUEH-
Ha. [1poBeneHo anatis MexaHizmy pyHHYBAHHS WY BHCOKOMILHMHX Martepiamip mig BrutMsom poxmo. Jocai-

AKEHO BIIMB ra30rONiGHOrO BOAMIO HA eKCMTyaTallifHi XapakTEPHCTHKH 3BAPHHX 3 €OHAHE BHCOKOA3OTHHX
craied.
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FOREWORD

Austenitic stainless steels are well suited for structural application in hydrogen-containing
environment, since these alloys are highly resistant to hydrogen-assisted fracture. Although hydrogen-
assisted fracture of austenitic steels has been extensively studied, few efforts have focused on welds.
Fusion welds in austenitic steels are generally designed to solidify as primary ferrite, which results in
retention of a small amount of 3-ferrite following the solid-state transformations that occur during
cooling. Hydrogen-assisted fracture in the weld fusion zone could be more severe compared to that in
the base metal due to the presence of retained -ferrite [1-4].

MATERIALS AND EXPERIMENTAL PROCEDURE
The objective of this study was to quantify the hydrogen-assisted fracture susceptibility of
gas-tungsten arc (GTA) welds in the nitrogen-strengthened, austenitic stainless steels 19Cr[0Mn
(Table 1) using traditional (Fig.1) and fracture mechanics [5] methods. In addition, mechanism of
hvdrogen-assisted fracture in the welds were identified using electron microscopy of fracture surfaces
and sub-surface regions.

Table 1. Chemical composion of tested welds

I C Si Mn Cr Ni Mo N
 Base metal <0.08 <05 10,0 19,0 <1.0 <05 0.50
_Filler matirial 0,04 0.70 55 25.0 21,0 36 0,38

[t is well established that nitrogen in austenitic stainless steels causes a remarkable high
“trengthening by solid solution as well as an increasing in corrosion resistance. For these reasons nitro-
e as an alloving element has been successfully used to develop a number of commercial steels in
“hich it stabilizes the austenitic phase.



Nitrogen in solid solution was found to have profound influence on the temperature of dvng.
mic recrystallization and hence on the thermo-mechanical processes such as hot rolling. where an impre.
ved hot workability of the austenite becomes the f{irst target to achieved [3].

RESULTS AND DISCUSSION
In contrast to the uncharged welds. fracture initiation in the hvdrogen-charged welds did no
involve extensive plasticity. particularly for the welds. In addition. the fracture surfaces for hvdrogen-
charged welds reveal features that are oriented parallel to the crack propagation direction [5. 6]. This
suggests that fracture was associated with the aligned dendritic structure of the welds. Hyvdrogen play «
an additional role by facilitating localized deformation in the ligament between parallel microcracks
The proposed mechanism for fracture in the ligament between microcracks is nucleation of voids a
small particles (e.g.. CrN) (Fig.2) in the band of intense deformation.
Hydrogen promotes the formation of microcracks in d-ferrite and o as well as at y/é-ferrite angd
y/o interfaces ahead of the precrack tip.
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Fig. 1. Specimens for testing of gaseous hydrogen influence on materials with notch.

Microstructures in the fusion zone and in the heat-affected zone can be completely different
from that in the base metal. Grain coarsening can occur in metastable alloys. The temperature ex-
cursion results in lamellar microstructures. Welding can influence FCG rates as well as on other me-
chanical properties. Rapid cooling rates from elevated temperatures cause residual stresses and super-
posed on applied stresses can have a great influence on FRG rates.

Experimental determination in FRG rates in various weldments of HNS using compact-type
specimens have shown that FCG in the fusion zone heat-affected zone is always much lower than in
the untreated base metal, whether welding was done by gas - tungsten arc. An example is shown in [5]
for crack orientations parallel and perpendicular to the welding direction. While a change in micro-
structure from millannealed or duplex to fine lamellar could qualitatively rationalise the improved
FCG resistance when FCG is parallel to the weld, FCG in weldments is in fact more strongly depen-
dent on residual stresses than on microstructure.

The threshold AKX values obtained between 2 and 5 MPaVm, which is significantly lower than
the values of base metal [5]. The measurement or elimination of residual stresses by a postweld heat
treatment, as well as the testing of FCG in weldments for cracks normal to the weld, unambiguously
demonstrate the importance of residual stresses [7, 8]. Fatigue crack growth data for the base metal is
so insensitive to microstructure. The knowledge of such microstructures is mandatory in order to
proper estimate the resistance of the material [9, 10].

During stress corrosion cracking (SCC) or corrosion fatigue (CF) on stainless steels in boiling
chloride media, the pH of the solution remaining inside a crack is low enough to make the reduction of
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Fig. 2. Sheme of welding joining of high nitrogen
steel: | — nitrogen losses from welds; 2 — welds metal;
3 - crack initiation; 4 — chromium nitrides in welds:
5 = pore initiation; 6 — grain boundary: 7 — chromium
nitride in heat affected zone of weldments;

8 — licvation crack initiation: 9 — heat affected zone,

between electrochemical reactions and bubblec emer
hydrogen from inside the crack to the crack mouth [3

hydrogen possible [5]. At the open circuit poten-
tial, the rate of electron supply from the anodic
reactions process must equal the rate of electron
consumption by the cathodic process.

Whatever the mechanism of gaseous hy-
drogen (H,) needs the consumption of two moles
of electrons, these electrons being produced by
the reaction of anodic dissolution. This very
simple analysis indicates that the measurement
of the amount of gaseous hydrogen produced by
a crack is able to provide a volume of metal
concerned by anodic dissolution at the crack tip.

It is to be noticed that the transient beha-
viour of the electrochemical processes at the
crack tip is not explicit with this approach.
Hydrogen bubbles are formed inside the crack
during the effective time for electrochemical
reactions (phase of increasing COD during a
cycle) and they are ejected from the crack by
advection when the COD decrease. This time lag
gence is due 1o the transport process of gaseous

1

CONCLUSIONS

Microscopy results suggested that hydrogen served two roles in the fracture of welds: hydro-

gen promoted the nucleation of microcracks along the dendritic and nitride structures, and hydrogen
accelerated the link-up of microcracks by facilitation localized deformation,
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CONCLUSIONS

Microscopy results suggested that hydrogen served two roles in the fracture of
welds: hydrogen promoted the nucleation of microcracks along the dendritic and
nitride structures, and hydrogen accelerated the link-up of microcraks by
facilitation localized deformation.
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