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The effect of austenitizing temperature on microstructure evolution and corrosion resistdinee of
high Cr ferritic/martensitic steel was studied. Th®r austenitegrain size, martensite lath width and

the size distribution of the second ph&Serich carbids) were observed by optical microscope (OM),
scanning electron microscope (SEM) and transmission electron microscope, (ESMictively The
corrosion resistare ofthe steel was tested lectrochemical polarization curvéhe results show that
austenitizing temperaturean affect the microstructure and corrosion resistancethef high Cr
ferritic/martensitic steel. With the increase of austenitizing temperat o m °Cx 50Q 01°C, the

prior austenitegrain size and martensite lath width of steel increase. The size of the second phase first
decreases and then increases with the increase of austenitizing temperailerés density first
increasesand then decreases. The electrochemical polarization curve confirmed that the corrosion
currentd e n sof theysteel firstdecreasesand thenincreass with the increase of austenitizing
temperature, and the corrosion rate showed the same change lagv @srdsion currentlensity
indicating that the corrosion resistancetloé high Cr ferritic/martensitic steel firsenhance and then
deterioragswith the increase of austenitizing temperature.

Key wa Hidghs Cr ferritic/martensitic steglAustenitizing temperaturg Carbide; Electrochemical
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1. INTRODUCTION

High Cr ferritic/martensiticstees have been widely used ihigh-temperaturecomponentsof
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advanced thermal power plants (such as main steam pgupgrheater and reheater piping, etc.)
owing totheir excellenthigh-temperaturedurability and creep properties, good thermal conductivity,
low thermal expansion coefficient amigh ratio of performanceo price [1-4]. In addition, high Cr
ferritic/marensitic steed are candidates for structural components of nuclear power plants due to their
excellent radiation resistan¢g]. Ferritic/martensitic steels are usually produced in normalized and
temperecconditions andtheir microstructure is charactegk by a tempered martensitath decorated

with carbideg6-9]. Therefore, austenitizing process is the first step of heat treatment of forged or hot
rolled ferritic/martensitic stes] which plays a decisive role in the microstructure control of steel
during heat treatment and the properties after heat treatirteh2]|

The austenitizingtemperature has an important influence on the microstructure stability and
mechanical properties dérritic/martensitic steel]due tothe changes in the grain sizé the prior
austenite and the content of dissolved alloying elements in the aesheriitg austenitizing process
[13,14]. Pandey et al.1b] found that as theustenitizingtemperature increased to 11W0) the size of
the precipitateslongthe prior austenite grain boundaries and within the grains increased, which would
lead to an increase in the tensile strength and a decrease in the toughness of the steel. 16éh et al. |
studied the microstructure amtechanicaktrength of tempered 9Cr martensgteels at astenitizing
temperaturerom 900 °C to 1200°C, and found that higheruatenitizingtemperature leadto the
redissolution ofcoarsegrained carbidesandfine carbide particles are precipitatddring tempering
The tensile strength of theestl increases as the austenitizing temperature increases frof€ 960
1000°C. There is little change in strength from 10@to 1100°C, but continuedo increase as the
austenitizing temperature rises to 12 So far, most studies have focused on the effect of heat
treatment on the microstructure and mechanical propertiéisedfigh Cr ferritidmartensitic steels.
However, there are very few studies on the corrosion propertteg biigh Cr ferritidmartendic steel
causedby the corresponding microstructure formed during the heat treatment process. Corrosion
resistance is the main failuneodeof metalic materials, which must be paid attentiorjX@].

In this paper, the effects of austenitizing tempeeatur microstructure evolution and corrosion
resistance ofthe high Cr ferrite/martensite steel were systematicallyestigaéd by optical
microscopy (OM) scanning electron microscoffeEM), transmission electron microscofléeM) and
electrochemical polarization curv&he research results can provide a theoretical basis for the heat
treatment otheferrite/martensitesteelsn practical engineering.

2. MATERI ALS AND EXPERI MENT METHODS

2.Slpeci mens preparation

The high Cr ferritic/martensitic steel as smeltedinto a 28 kg ingot in a vacuum induction
furnace,meltedtwice to ensure the uniformity of its chemicmpositionand microstructureand
then forged into a cylindrical bavith a heightof 350 mm anda diameterof 120 mm. The chemical
composition of theexperimentakteelis given in Table 1.The metallographicstructureof the steel is
martensitplusa s mal |  demite,@preseotéd intFig. 1.
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Table 1 Chemical composition of thexperimentatteel(in wt.%)

C Cr W Mn Si V Ta Fe
004 893 172 04 004 022 0.07 Bal

F i g u Metalldgraphicstructure of theriginal high Cr ferritic/martensitic steel

Sevadcal sguanpd es fweome tdhiet mi ddjlaentdbhke atth et rsetaete
tests of different pr oFdegs s es svheprnes abbamgyoriffadndo we u th e
treat ment e xlpghCrifemigcimiarterisiticrstedl e specific process parameters are as
follows: the steel block wereheated from room temperatuiee950°C, 1000°C, 1050°C and 1100°C
at a heating rate of 208C/min, respectively,holding for 20 minutes, anthen cooled to room
temperature in air. Then, the samples were unifotertyeredat 750°C for 90 minutes.
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2.2 $Micuoture analysis

The prior austenitegrain size of the higICr ferritic/martensitic steelsubjected tahe heat
treatment was observed by optical microscopy (OME sample after the heat treatment experiments
were sequentially mounted, ground, polished and etched. When observimptiaeistenite grain size,
the samples were etched by saturated picric salidtion etching method. The method is to boil the
polished metallographic sample in a saturated picric acid solution & # 3 minutes, and then
rinse the etched sample with alcohol. Tn®r austenitegrain size of the samples was observed with a
Leica DMI 5000m optical microscope. The formula for the picric acid solution is 2 g picric acid + 2
mL cleaning solution + 100 imwater.

The microstructure of the tempered specimens was examinad $#800 scanning electron
microscope (SEM)The polishedsamples were etched by Fe&blution etching method. The formula
of FeCk solution is 30 h hydrochloric acid + 100 mwater + 10 g FeGl

The distribution of the second phase was observed by transmission electron microscopy (TEM),
and the type of the send phase was identified by energy dispersive spectrometer (EDS). When
observing martensitic laths, metal thinning sampleseused All sampleswerecut into 0.3 mm thin
slices,andthengrind them manually to about %0n. Small roundswith a diameter of 3 mm are made
with a punch, and thethe small piece is thinnedn the MTR1A magnetiedriven doublespray
electrolytic thinning instrument. The electrolytic doubfgray liquid is a mixture of 5% perchloric acid
+ 95% alcohol, and thelectrolytic voltage and temperature are 40 V &@l°C, respectively. Since
the second phase in the steel is obscured by diffraction contrast in the metal foil, the morphology, size
and distribution of the second phase particles were obsbybe carlon extraction replica technique.

After deep etching and carbon coating on the surface of the sample, the surface was lightly engravec
into a square with a side length ofr2n, and then soaked in a mixed solution of hydrochloric acid and
copper chloride urtthe carbon film fell off. The small copper mesh was removed, then washed in
alcoholandwater, and finally dried on filter paper. The samples were observed with-alT¥htype
transmission electron microscope.

23El ectrochemi sal measur ement

The pohrization curves ofthe high Cr ferritic/martensitic steels obtained at different
austenitizingtemperatures were measured in 3.5 wt.% NaCl solution at room temperature. The
acquisition of electrochemical polarization curves was performed on a PARSTATA 4000
electrochemical workstation, which contained a saturated calomel reference electrode, a platinum
counter electrode, and a working electrode made from the sample. During the electrochemical
polarization curve test, the scan rate was kept at 0.4 mV/ssufface area of the electrochemical test
sampleis 1 cnd.
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3. RESULTS AND DI SCUSSI ON
3 . Microstructureof the high Cr ferritic/martensitic steels

3.1.1 OM observation

Fig. 3 showsthe OM micrographs ofthe high Cr ferritic/martensitic steglsubjectedto
different austenitizing temperaturelt can be found that therior austenite grains after austenitizing
treatment are more uniform compared with the original sample, and the grain morphologig¢keof all
austenitizd samples are equiaxetlhe prior austenitegrain size increases gradual§th the increase
of austenitizingemperatureThis can be explaineoly the facthat when theustenitizingemperature
increases, the second phase particles in the steebiamgetelydissolved, resulting in theveakening
of the pinning effect of the second phase patrticles on the austenite grain boundaries and promoting th
growth of austenite grain&§].

Fi gur ©M icrographs showing the prior austenite grain size obtained under different
austenitizing temperaturésr 20 minutes (a) 950°C, (b) 1000°C, (c) 1050°C, (d) 1100°C.
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Fig. 4 shows the averagevalues of the prior austenite grain sizeof the high Cr
ferritic/martensitic steslat different austenitizing temperaturebhe prior austenite grain sizsevere
measuredby the linear intercept methadong the horizontal, vertical and-dggree oblique directions
in the figure[19]. The measurement results show ttietprior austenitegrain size increasdsr om 2 8
emt o em®i t h t h e adstandimgteamperatucéfr o m°C3 10 0PC .

70

60
50
€ ]
= 40
(O]
N 30
]
=
o
0} 20 4
10 4
0

T " I X T T I
950 1000 1050 1100
Temperature (°C)

F i g u rPeor adstenitegrain size of the high Cr ferritic/martensitic steebjected taustenitizing
temperatue from 950°C to 1100°C.

3.1.2 SB’ observation

Since thehigh Cr ferritic/martensiticsteel is normalized fhigh-temperaturdempered during
service, the steglwith different austenitizing temperatgrare tempered.Fig. 5 presents theSEM
photograpk of the high Cr ferritic/martensitic stegtempered at 758C for 90 minutesafter different
austenitizing temperatures. It can seenfrom the figure that the microstructure of the stelis
tempered martensite, and tpgor austenitegrain size of the matrix does not change significantly
before and after tempering. At the same time, it is also found that a large number of precipitates appea
alongthegrain boundaries and lath boundaadéi®r tempering treatment.
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Fi g urSEM micrographs of thenigh Cr ferritic/martensitic stesltempered afZ50 °C for 90
minutesafter different austenitizing temperaturésm 20 minutes (a) 950 °C, (b) 1000°C, (c)
1050°C, (d) 1100°C

3.1.3 TBM observation

Aimed atinvestigaing the microstructuralevolutiors of the steel more clearly, the steelere
observed byTEM. Fig. 6 showsthe TEM photograpk of metal thinningspecimensof the high Cr
ferritic/martensitic stesltempered at 756C for 90 minutesafter different austenitizinggemperatures.
As can be seen from the figyrthere are precipitates on the lath bouretaand the width of the lath
increases significantlyvith the increase ofustenitizing temperaturéy -junctions appearat lower
austenitizing temperatur@50 °C and 1000 °C), which indicates that the lower the austenitizing
temperature, the worse the thermal resistance to tempding is because a lower austenitizing
temperature results in a lower martensitic transformation temperature fagigglar report wasalso
reported in the study of Zhou et[20)].



