April 2008

Trade Science Ine.

Volume 4 | ssue 3

A Tndéian Yournal

—= Pyl Paper

M SA1J, 4(3), 2008 [225-229)]

Cavitation erosion behavior of nitrogen strengthened austenitic
stainless steel in comparison to martensitic stainless steel

Akhilesh K.Chauhan*, D.B.Goel, S.Prakash
Department of M etallurgical and M aterialsEngineering, | ndian I nstitute of Technology Roor kee,
Roorkee-247 667 (INDIA)
Tel : 91-9336197125; Fax : 91-1332285243
E-mail: akchadmt@iitr.ernet.in
Received: 19" January, 2008 ; Accepted: 24" January, 2008

ABSTRACT

KEYWORDS

Nitrogen strengthened austenitic stainless steel (termed as21-4-N steel) in
as cast condition has been investigated as an alternative to 13/4 steel
(termed as CABNM) to overcome the problems of cavitation erosion in
hydro turbine underwater parts. The cavitation erosion of 21-4-N and 13/4
steels was investigated by means of an ultrasonic vibration processor. As
cast 13/4 steel finds wide application in hydroturbine underwater parts,
this got eroded due to silt erosion and cavitation erosion. The cavitation
erosion is highly depending on microstructure and mechanical properties.
The resultsshow that 21-4-N steel ismore cavitation erosion resistant than
the 13/4 steel. The eroded surfaces were analyzed through scanning elec-
tron microscopy and microhardness testing was also carried out at the
cross section of the eroded surface for erosion mechanisms.

Microstructure;
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INTRODUCTION

Cavitation isaphenomenon of formation and col-
lapse, withinliquid, of cavitiesor bubblesthat contain
vapour or gasor both of them. The collapsing of the
cavitieson thematerial surface exertshigh pressure,
causing damage¥l. Cavitation erosionisausua dam-
age phenomenoninflow-handling partsof hydraulictur-
bines, and the servicelifeand capability of such parts
arereduced by thedamagée?. Thecast martensitic chro-
mium nickel stainlesssted (13/4 martensitic stainless
steel) has wide application areas in hydro turbines,

pumps and compressors. Thisisbecause of itsgood
mechanical propertiesand corrosion resistance. The
current trend of using smaller and faster hydraulic ma
chinery with high pressure head haslead to cavitation
erosion damages?. The cavitation erosionresistance
of analoy dependson many materid properties, espe-
cially thosethat promotethe binding of the cavitation
energy to the structure*®. M ost researchershave cor-
related the cavitation erosonres stance of materidswith
structure, hardness, work-hardening ability,
superelasticity and superplasticity, or straininduced
phasetransformation, etc.59.


mailto:akchadmt@iitr.ernet.in

226

Cavitation erosion behavior of nitrogen

MSAIJ, 4(3) April 2008

Full Poper ==

Inthisinvestigation wedecided to explorethecavi-
tation erosion behaviour of anitrogen strengthened aus-
tenitic stainlessstedl (21-4-N stedl) in comparison to
13/4 sted, whichisbelieved to have higher hardness,
highwork hardening ability and may find gpplicationin
hydro turbineunder water parts.

Experimental procedures

Cast 13/4 steel and 21-4-N sted wereusedinthis
investigation. Thechemica composition (wt %) of the
above aloys are given in TABLE 1. Long bars of
40mmx40 mm cross section were received from M/S
Star Wire (India) Ltd. Ballabhgarh (Haryana). Speci-
mensfor metall ographic examination, tensletests, im-
pact tests, hardness test and cavitation erosion tests
were machined fromthese bars.

TheVickershardnessnumbers (VHN) was deter-
mined using Vickershardnesstester at 30K gload. The
tensiletestswere performed on cylindrical specimens
at room temperature by using acomputer controlled
HT Houndfiddmachineasper ASTM standard (ASTM:
E 8M-03). Impact testswere carried out on standard
Charpy V-notch bars at room temperature in accor-
dancewiththeASTM standard (ASTM : E 23-96).

The specimensfor the cavitation testswere pre-
pared using diamond cutter to a dimension of
10mmx10mmx3 mm. The specimenswere polished
on belt, 1/0, 2/0, 3/0, 4/0 and finally on cloth wheel .
The sampleswere cleaned in acetone, dried, weighed
to an accuracy of 1x10“gusing an e ectronic balance,
erodedintheultrasonicvibratory test deviceindistilled
water at room temperaturefor 4 hr and then weighed
againto determinemassloss. The schematic diagram
of ultrasonic vibratory testing processor isgivenin
figure 119, The equipment consists of Zirconatetitan-
atetransducer eement that producesaxial oscillations
at thetip of an attached horn vel ocity transformer. The
sampleholder was placed coaxially withasmal gap of
0.5mm, and the width of the gap was determined by
referringto therelated standard™¥. Inthetest, vapour
filled bubblesarecreated in the gap during the upward
motion of thetip, forming acavitation zone. Thiszone
coll gpses during the subsequent downward motion of
thetip, causing cavitation erosion at the specimen sur-
face. Theultrasonic vibration test devicehad afrequency
output of 20KHz and a power output of 250W. The
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Figurel: Schematic of theultrasonicvibratory test device

steels

eroded surfaceswere studied on SEM to identify the
mechanism of erosion.

RESULTSAND DISCUSSION

Microstructureand mechanical properties

Figure 2 showsthe microstructures of 13/4 steel
and 21-4-N stedl in ascast condition. Themicrostruc-
ture of 13/4 steel consists of packets of very fine,
untempered lath/martensitic needles (Figure 2a). Apart
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Figure 3: Engineering stress strain diagram of (1) 13/4
and (2) 21-4-N steels
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Figure4: Cumulative CE masslossasatunction of time
for thestedsin distilled water

Figure5: Scanning electron microscopy of (a) 13/4 and
(b) 21-4-N steelsafter 32 hrsof cavitation erosion test

from these packets, the structure exhibits a second
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phase, which is d-ferrite. The as cast 21-4-N sted,
whichisanitrogen strengthened austenitic tainlesssted
havinglow Ni and higher concentration of C possesses
predominantly austenitic phase aong with the precipi-
tatesof carbides. Dueto higher concentration of N and
possesses high C:Cr ratio the carbide precipitated in
21-4-N stedl hasmay be M. C, carbides. Inthe micro-
structural examination of thissted, the massive core of
carbides (dark portion) is surrounded by a eutectic
(Figure 2b), which according to Padilhaet a .I*¥ con-
sistsof austeniteand carbides.

Themechanical propertiesof 13/4 sted and 21-4-
N sted aregivenin TABLE 2 and theengineering stress-
strain diagram of 13/4 and 21-4-N steelsisgivenin
figure 3. The 13/4 martengitic stainlessstedl possesses
sgnificantly higher vduesof impact energy, Y SandUTS
than the corresponding valuesinthe21-4-N stedl. The
hardness and ductility (% elongation) in martensitic
stainless steel aremarginally lower in comparison to
21-4-N steel.

Cavitation erosion test

During the cavitation erosion tests of 32 hrs, the
specimenswereexamined at 4hrsintervasat whichthe
mass|osswas measured. Figure4 showsthe cumula
tivemass|ossversus cavitation duration of the cavita-
tionerosontest. The21-4-N sted exhibitshigher cavi-
tation res stanceaswdl aslonger incubation period than
the corresponding valuesof 13/4 stedl.

Figure5 shows scanning el ectron micrographs of
eroded surfaces of thetested steels, after 32 hrsof vi-
bration cavitation erosion testing. Becausethe micro-
structure of 13/4 steel ismartensitic lathes, the defor-
mationisrestrained in martensitelathingsafter cavita:
tion erosion. Sincethe material isremoved fromthe
surface of 13/4 sted! as cavitation erosion damage goes
on, theshape of martensitelathingsinfigure5aisnot so
clear asthat in figure 2a. Theferrite content of 13/4
steel eroded faster as comparison to martensite, the
deeper dark portionin Figure5aindicatestheremova
of ferrite. In contrary to 13/4 stedl, the cavitation ero-
sion damagemorphology of nitrogen strengthened aus-
tenitic stainlesssteels(21-4-N stedl) isdifferent dueto
itsaustenitestructure. Thedamage developsmainly at
theaugtenite carbidegrain boundaries (Figure5h). The
Figure5b revealsthat thedip linesappear in austenite
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Figure®6: Profileof microhardnessvs. depth on across-
section of the stedsafter cavitation er osion of 32hrs

grans.
Effect of microstructureon thecavitation erosion

The cavitation erosion resistance of 21-4-N steel
isthe highest in spite of itslowest impact energy than
that of 13/4 stedl; however, it hashigher hardnessand
ductility. The cavitation erosionresistance of materids
isusually dosdly connected with their microstructure?.
Theferrite content in 13/4 steel eroded faster during
cavitation erosion and consequently deep cavitiesare
formed asshowninthe SEM of eroded 13/4 stedl (Fig-
ure5a). The Cavitation erosion performance of 21-4-
N steel isdifferent from that of 13/4 steel duetoits
austenitemicrostructure. During cavitation eroson pro-
cessthematerial removal took placeintwo ways. First
themateria isremoved from theausteniteand carbide
grain boundaries, and second, dip linesappear inthe
augtenitegrains, and materid isremoved fromdiplines
inaugtenitegrainsby ductilefracturemode (Figure5b).
No martensitic transformation occursin 21-4-N stedl
under heavy impact of microjets, becausethe higher
concentration of N (0.38%) significantly enhanced the
audeniticstability.

Effect of tensile toughness on the cavitation
erosion

Itisobserved that higher cavitation erosionresis-
tanceof 21-4-N sted isalsolinked toitstensiletough-
ness, whichishigher thanthat of 13/4 sted. Thetensile
toughness of the 13/4 sted, asca culated fromABCD
intheplastic rangethe arealbel ow the engineering stress
strain curve betweentheY Sand fracture stress, is 63
MJm3, whereasfor 21-4-N steel, ascal culated from

theareaEFGH, itis73MJm3 (Figure 3). Levinet al [
have reported that thetensiletoughness of amateriad is
itsability to absorb energy inthe plasticrange. This
goesto show that during cavitation attack thetensile
stressesdevel oped contribute significantly towardsthe
mechanism of erosion.

Effect of strain hardening on the cavitation ero-
son

Theaudeniticgradesof sedsusudly owetheir wear
resistanceto their work hardening characteristicg?.
Deve opment of wear resistant Hadfield stedl, for ex-
ample, isprimarily based on itsself work hardening
characteristics. Inthis context the mechanism of high
cavitation erosion resistance of the 21-4-N steel can
be explained by its work-hardening. It is generally
known that phasetransformation during cavitation ero-
sion process such asstrain-induced martensitic trans-
formation can absorb cavitation microjet impact en-
ergy!”9. Asaresult, it canimprove cavitation erosion
resistance of materials. N and M n elements can stabi-
lize austenite and improve the deformation strengthen-
ing ability of thested §'4, so martensitic transformation
isrestrained. Based on the microhardnesschange after
32 hof cavitation erosion (Figure6). It isassumed that
the surface microhardnessincreases because of work-
hardening when the surfaceisimpinged by microjets.
In the course of cavitation erosion process, the
microhardness of eroded surface reachesamaximum
and decreases as cavitation erosion iscontinued. W.
Liu et .1 have explai ned the changein microhardness
asformingand transferring mode of high hardness|ayer
in astable austenite of Cr-Mn-N steels. The micro-
structure of 21-4-N stedl isaustenitic, and after cavita-
tion erosion, itsmicrohardnessincreases dueto auste-
nitework-hardening, then decreasesin result of crack
initiation and propagation. Thusthe higher cavitation
erosion resistance of 21-4-N stedl should be attributed
toits, high hardness coupled with ductility, highwork
hardening ability and forming and transferring mode of
high hardnesslayer.

CONCLUSIONS

In view of the results obtained so far, the as cast
21-4-N stedl ismore cavitation erosion resistant than
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that of 13/4 steel, due to austenitic structure, higher
hardnessand ductility, high tensiletoughness, highwork
hardening ability and forming and transferring mode of
high hardnesslayer. In this context, the 21-4-N steel
can beagood substitutefor 13/4 sted for thefabrica-
tion of under water partsof hydraulic turbines.
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