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Abstract : H ot compression tests we re carried out in the temperatur e range of 1223 - 1 473 K and strain rat e ra nge of

0.0 1- 30 s-! to inves tiga te th e flow beha vior and m icrost ru ctu ra l evolution of s uper duplex s tainless s tee l 2507

(SOSS2507). It is found th at mo st of th e flow cur ves exhibit a charac te ris tic of dynamic recr yst alli zation (ORX) and

the flo w stress increases wit h the decreas e of temperature and the increas e of strain rate. The apparent act ivat ion en ­

ergy Q of SOSS2507 with varying true strain and strain rate is det ermined. As the strain increases, the value of Q de­

clines in different wa ys with varying s train rat e. The m icro structural evolution charac teris tics and th e strain part ition

bet ween th e two cons tit uent phases are s ignificantly affec ted by th e Zen er-Hollomon paramet er ( Z). At a low er InZ ,

dynamic recovery (ORV) and continuo us dy namic recrystallization (CORX) of the ferrite dominate the softening

mechanism during the compression. At this time , st eady state deformation ta kes plac e at th e last stage of deforma­

tion. In contras t , a higher InZ will facilitat e th e plastic deformation of th e aus te nite and th en activate th e discontinu­

ou s dynamic rec rys ta lliza tion (OORX) of th e aus te ni te , wh ich lead s to a conti nuous declin e of the flow stress even at

the last deformation stage together with CDRX of th e ferrite.
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Dup lex s tainless s teels (DSSs) have t he exce l­

len t combination of m echanical properties, stress

corrosion resistanc e and w eldabili t y , and have been

considered as the alternatives to the single aus ten it ic

and ferri t ic stainless steels in many industrial fields[1-3] .

I t is well known th at the excellent properties of DSSs

mainly rely on a dup lex microstructure co mprising

approximately equal proportion of aus tenite and fer­

ri te phases. During the hot deformation, t he flow

behavior of each const ituent phase is severely affect­

ed b y the others-' ". Generally, surface defects of

produc ts are easily caused d ue to the difference in

thermal expansion co efficient and flow behavior be­

tw een the two consti t uent phases'". T herefore, it is

vital to investigate the flow beh aviors of these spe­

cial materials in more detai l in order to seek an ef-

fective way to control t he hot deformation behavior

and th us improve the quality of the produc ts .

T he defor m at ion m ech an ism of aus tenite diff ers

la rgel y from ferri te d uring hot deformation. For a

single phase fer rit ic stainless steel, the h igh s tacking

fa ult energy (SFE) can make disloca tions climb or

cross slip eas ily , leading to t he occurrence of dy­

namic recovery (DRV), sub-grain for mation and

other m icrostr uct ural evolut ion m echanismsi' v' ". Dif ­

ferently, aus ten it ic stee l undergoes a lim ited DRV

due to the re lative ly low SFE. As a result, dynamic

recrysta lliza tion (DRX) will take place because of th e

large driving forc e onc e a critical strain is reached[!O,!!].

T he defor m at ion wi ll be non-uniform w hen a dup lex

mi crostructure of ferri te and austenite deforms jointly.

I t is fo und that the harder austenite and so fter fer-
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r ite usuall y cause a strain parti tion when deform ed

at high te rn perat urel"! , which has actually incr eased

the diff icult ies of research on the flow behavior of

DSSs. T here has been ongoing co n troversy on the

domin ant softeni ng m echanism of DSSs during hot

deformat ion in recent yea rs .

So m e resea rc hers[IZ-14 J p rop osed that bo th aus­

ten it e and ferrite in DS Ss m ight so ft en by their ow n

so ft eni ng m ech anism as in the corres po ndi ng si ngle

phase a lloys. On the co n t ra ry, the st udy of Zo u et

a t. [ISJ showed that the soften ing m ech ani sm of the

ferrite in DSSs would be DRX. Liu et a t. [16J con­

firmed that the so fteni ng m ech anism of ferrit e phase

in a DS S was qu it e diff erent from that in the si ngle

phas e stai n less s tee ls, and both ferrite and aus te n ite

so ftened by DRX. Moreover, Fan et a t. [17J poi n ted

ou t that DRX of austen ite was in hi b ited in duplex

s t r uc t ures , and on ly DRV occurred in the cast

DSS 2205. The in teract io n and s t rai n partit ion be­

tween aus tenite and ferrit e phases at varying tem­

pera t ures and st ra in rates should be conside re d for

the resea rc h on the so fte ning m ech an ism of each

consti t uen t phase in DSSs. U nfo r t unatel y , the previ ­

ous reports hav e not addressed thi s aspec t clearly.

T h us , in ves tigat ions on the cha racteris tics of flow

curves , togethe r wit h re levant microstructural evo­

lu tio n referring to the m icro s t ru ctural m orphology

and adjacent g ra in miso r ientation angle di s t ribu tio n

of each phase become essen tia l and signi fican t.

Sup er duplex stain less s teel 2507 ( SD SS2507 )

is a typical th ir d-generation DSS. The dyn ami c re ­

s ponse m ech ani sm and hot d eformat ion beh avior of

this steel hav e no t been clearly unders tood so far. In

this pap er , ho t uniaxial com pression tests were co n­

ducted under va rying deformation conditi ons to in ­

vestigate the eff ect s of st ra in rate, true s t rain and

deformat ion temperature on the flow beh av ior of

SDSS250 7 and ver ify the rel ation between the flow

beh avio r and microstruct ural evolution.

1 Exper imenta l Procedure

T he ch emical co mposi tions of the SDSS2507

used in the p resen t research a re shown in T able l.
The cast bille ts were hot forged in the tempe rature

range of 1323 - 1 423 K and then annealed at 1323 K

Table 1 Chemical com positions of th e experimenta l stee l

m ass %

Cr Mo Ni N Mn C Si S

25.21 4. 23 7.08 0. 26 1. 08 0.03 O. 37 0.02

for 300 s foll owed by water qu en ch ing.

Cy lin drica l specimens of 10 mm in diam ete r and

15 mm in height were m achin ed wi t h the axis paral­

lel to the forging dir ect ion. H ot compression tests

w ere carried out on a Gleeble-1500 thermal -mech ani­

ca l simulator. The specimens we re fir s t p reh ea ted to

1 423 K , and the n held for 300 s foll owed b y co oling

to the pr eset temperature with a cooling rat e of 5 K/ s,

T he purpose of soaki ng at high t emperature is to en­

hance the homogenizat ion in the co m position and

mi cros t r ucture of the start ing m ateri a ls. P rior to

com pression tests, each cy lindrical specimen was

held for 10 s a t the deformation temperature to avoid

rad ial t emperature g ra dien t . A thermocoupl e w as

w elded at the m iddle of the s pe cim en to monitor t he

act ua l te m pe ratu re du ring the test.

Compression tests were cond ucted in strain rate

range of O. 01 - 30 s - 1, temperature range of 1 223 ­

1473 K and true s t rain range of 0 - O. 8 , followed by

water qu en ch in g. Deformed s peci m ens w ere sec ­

tio ne d para ll el to the deformatio n axis and electro­

poli shed b y a solution mi xed wit h H CIO , C, H , OH

and H z0 for optical mi croscop e (OM) and elec t ro n

back -scattered diffract ion (EBSD) observa t ions , and

then elect ro po lis he d by a 10 mass % N aOH so lution.

The characterizat ion of m icrostruct ure was in ves ti­

ga ted qu an t ita ti vel y b y the im age p rocessing soft ­

ware- Image P ro -Plus , and at leas t twenty m icro ­

str uc t ure images w ere sel ect ed ra ndo m ly for the

m easurement of each speci m en.

2 Results

2. 1 True stress-strain curves
Fig. 1 shows the true stress-strain curves ob­

ta ine d fro m hot co m pression testing under va rying

def ormation co nditions. I t is clear that the effe ct s of

t emperature and st rai n rate on the flow s t ress a re

si gni fica n t. The flow s t r ess in cr eases w ith the in­

crease of st ra in rate and the decr ease of te m perature.

M ean while , the flo w curves wit h in the te m pe rat ure

range of 1 223 - 1 423 K exhi bi t soft eni ng cha ra cte r ­

ization aft er a peak s t ress , indicati ng that DRX has

occurred afte r the peak s t ress. When the co m pres ­

sion is pe rf ormed at O. 0 1-0.1 S- 1 w it h a ll the te m ­

pera tures and 1-30 S- 1 with 1 473 K , a s tead y s ta te

def ormation oc curs durin g the co m pression. By co m ­

pari son, as s t ra in rat e increases and t emperature de­

creases, the flow s t ress decl in es con ti n uo us ly even

at the las t stage of deform at ion . Thus , it ca n be co n­

cl ude d that st ra in rate and deformatio n te m pe rat ure

a re t he m ain fact or s that affec t the flow beh av ior and
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Fig. 1 True stress-true strain curves of SDSS2S07 deformed under different deformation conditions

(1)

microstru ctural evolut ion of SDSS2507 during ho t de­

formation.

2. 2 Constit utive analysis
The effects of defo rm a t ion te m pe rat ure and

s trai n ra te on the flow behav ior ca n be descr ib ed by

the Zen e r- H ollomon pa rame ter , Z [1 8.19J , as follow s :

. [ QpJZ = cexp RT

where, E is the strain rate, S- I; R is the gas constant,

8.3 14 J • m ol - I . K - 1
; T is the absolu te tempera ­

ture , K; an d Qp is the appare n t ac t iva tio n energ y of

the hot def ormation co rres po n di ng to the peak

stress. Obviou sly , the highe r the strain rate an d the

lower the temperature are , the larger value of Z be­

comes. According ly , the value of apparent activation en­

ergy Q correspondin g to a gi ven s train ca n be deter ­

m in ed by th e Arrhenius- ty pe equatio n' j'': , as follows :

Q=R [ J lnE ] [J ln[ sinh ( ac1 ) ]] ( 2 )
J ln[sin h ( ac,.) ] T JO l T) ;

w here a is m a terial constant determi ned by the linear

rel ation between 17 , lno and lns , respectivel y. Ac­

cordingly , 17 is the stress fo r a g iven strain and va ­

r ies w it h the increase of strain in flow curves. Based

on Eq. ( 2) , t he va lues of Q w ith an increasing strain

can be ca lc ulated at the differen t strain rates , as

presen te d in F ig. 2. F or all s t rain ra tes , the Q a l­

m ost decr eases as the compression continues due to

the so fte ni ng behavio r occ ur r ing in th e alloy. A t lower

s trai n ra tes ( 0. 01 an d 0. 1 S- I ), the value of Q de­

creases grad ua lly w it h the increase of strain from

O. 1 to 0.5 and remains almost uncha nge d at last stage

of deformat ion. By com parison , when the compressions

are performed at high er st ra in ra tes ( 10 and 30 S- I ),

the value of Q remains the sa me or r ises s lig h tly

within the st rain range of O. 2 - O. 4, and then falls

do w n once again as the def ormation co n ti n ues. Ac­

cord ingly , t he d ifference in the variation of Q w ith

differen t s t rain ra tes is cons idered to be rel ated to

the different s t ra in pa r ti tions in each phase, which

will be di scu ssed in m ore detail later.

2. 3 Microstructura l evolution
The O M im ages fo r m icros tr uctu ral evolution

ana lysis have been ta ken in the ce nte r of axia l sec­

tion because it co uld represen t the real def ormation

m icr ostructure s tate. The ligh t gray and dark gray

a reas of the m icrostruct ura l images re present a us ­

tenit e a nd ferri t e phases , res pec ti vely. As shown in

F ig. 3 (a), many coarse grains are observed in ferrit e

and the ave ra ge size of the grains reaches 46. 7 p.m at

the lowes t lnZ (T = 1473 K, E =O.O l S- I ) . A s the

value of ln Z inc reases , the grains of ferrit e are s ig ­

nificantl y refi ned w h ile the ave ra ge g ra in size of fer­

r ite has decreased in to 3. 1 p.m at the high est lnZ (T =

1 223 K, E = 30 S- I ), as shown in F ig. 3 (i) . F ig. 4

exhibit s the av erage grain size of ferrit e wi th varyin g

values of lnZ. T he qu antit ative rel ationship betw een

the ferrit e grain s ize (D 8 ) and lnZ can be expressed by
D 8 = 9. 714 X 10 12(]nZ ) - 7.oo5 ( 3 )

For the austenite , as exhibited in Figs. 3( a ) - 3(d),

m os t of the a us te ni te is la nds s ti ll pres en t almost eq -
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uiaxed at a low er InZ , in dicating that on ly limited

deformation occurs in the austenite . Set X as the average

ra ti o of long to short ra dius of the austenite isl ands ,

and it can be found that the average X is 5.3 1 w he n

InZ is low er than 48. 3. H owev er , as seen in Figs. 3

( e ) - 3(i ), the austen ite is lands are ob vio us ly elo n­

gated du e to the co m pression as the va lue of InZ in­

creases, and at th is t ime the average X eq ua ls 12. 8 l.

However, it sho uld be noted that the austenite island s

discussed above on ly represen t "phase un its" b ut no t

" au s teni te grains ", and the mi cros tr uct ura l evolu­

t ion of aus tenit e grai ns sho uld be further investiga­

ted. T he average volume frac tion of aus tenite phase un­

der va rying deformati on te m peratures is presen ted in

Fig. 5. I t can be seen that the average vo lu me fr ac­

t ion of austenite phase increases as the te mperature

decr eases because of the occurrenc e of 0 - y phase
transformation[21J.

F ig . 6 shows the EBSD im ages at diff eren t

strains , deformat ion te m peratu res and strain rates.

The ligh t and dark grey areas in the EBSD im ages

represent a us teni te and fe rri te phases , res pect ivel y.

T he w hi te lines rev eal h igh-angl e g rai n boundaries

( HACBs , e~1 5 °) , and the bl ack lines indi ca te low­

angle grai n boun dari es ( L A CBs , e~ 15°) . Before

com p ressio n , as presen ted in Fi g. 6 ( a), the s teel

contains app roximately half of the vo lu me fr action of

austenite phase wh ich is em be dde d in the fer rite m a­

tr ix . In ferr ite , adjacent grain misorientat io n angles

distribute in the range of 0 - 15° (Fig. 6 ( b», indica­

t in g that m ost of grai n boundaries in ferrit e a re

L ACBs. For austenite phase , there is a ce rtain n um­

ber of HAC Bs , m os t of wh ich belong to the fi rs t- or ­

der twin coinci de nce-site la tti ce (CSL ) character ized

by 60° rotation from the [I ll] axis with an erro r of

2°. Thi s res ult is consistent wit h the rep or t on the

flow beh avior of DSS2101[16J .

A fter s t raini ng of 0. 15 a t 1 323 K and 0.01 S - l

(]nZ = 46. 0 ) , as sho w n in F igs. 6 ( c) and 6 (d ) , the

ferrite g rain s are obvio us ly ref ine d and adjacent

grain mi sorien ta ti on angles are st ill dis trib uted in

the range of 0 - 15°. In austenite, the m orphol ogy of

is la nds keep s almost undef ormed and the propor tion

of I: 3 twin boundary remain s to be ap pro xi ma te ly

35 %. With cont in uously increasing the st rain to O. 8 , as

shown in Fi gs. 6 (e ) and 6 ( 0 , many LACBs in fer­

r ite a re transfor med in to H ACBs, and the re levant

propor tion of H A CBs in fe rri te increases signi fica n t ­

ly to 56 %. In aus teni te , the proportion of I: 3 tw in

boundary declines di rectly to 5%. H owever , differ ing

from single austenit ic stain less steels, a ce rtain n um­

ber of elongated grains are obs erved whereas only a few
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Fig. 3 Microstruc ture of th e specimens after deformation
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Fig. 5 Variation of volume fraction of austeni te

ph ases with deformation tem perature

recrystallized gra ins can be found in aus tenite, which

indicates that almost no DRX occurs under thi s de-

formation condit ion . Sim ilar phenomenon can also be

obser ved in Fi g s. 6( g ) and 6(h) as th e va lu e o f lnZ



Issue 3 Effects of T emperature and Strain Rate on Fl ow Behavior and Microstructural Evolution of Stainless St eel 21 9

10 20 30 4U 50 60
Miso rienta tion angle/CO)

0.05

o

0.100.20

0.10

O~
10 20 30 40 50 60

~I iso rientation angle/CO)

0.50
(b) _ Ferri te (d)

0.40 Austenite 0.30

0.30
0.20

0.20

O.I~l
0.10

l ..0
10 20 30 40 50 60 10 20 30 40 50 60

0.30 (I) 0.45 (h)

.§ r:: 0.35c

"
0.20 e

E J:
0.25

::.
0.10 0.15

OL .J O.O:; L ..~
0

10 20 30 40 50 60 10 20 30 40 50 60
0.40 U) 0.20

(I )

0.30 0.15

rml ' /
..... '" & "... { v ' ; 1\.

=-.i1 . 4" "-..1\ 1- \" J'-

<;» .~
.' . ~. '}' .,....

0.25 (n)

.9 0.20
<l 0.15

J: 0.10

0.05 L.0--............--""--......10 20 30 40 50 60
Misorientation angle/CO)

( a ),( b) Before com pression ; ( c) , (d ) '; = 0. 01,- 1, T =1 323 K , InZ = 1 6. 0, € = 0. 15; ( e), ( f) '; = 0. 01,- 1, T =1 323 K ,

InZ = 16. 0 , € = 0. 8 ; (g),(h) '; =0. 01,- 1 , T = 1173 K , InZ = 10. 9, € = 0. 8 ; (j),( j) '; = 10 , -I, T = 13 23 K, InZ = 52. 9,

€ = 0 .1 5 ; ( k ), (1)'; = 10 , -I, T = 1323 K, lnZ = 52.9, € =0.8; (m),( n ) '; = 0. 1 , - I, T = 1223 K, lnZ = 51.8, € = 0 .8.

Fig. 6 E BSD image and re lative adjacent grain m isor ientati on angle dis tribution diagram of ferri te and

aus te ni te phases before and after deformation

decreases.

As lnZ increases to 52.9 (1 32 3 K, 10 S- I), as

seen in Figs. 6 (i) and 6(j), the refinement of ferrite

grains is very limited after straining of O. 15 due to

the fewer LAGBs formed relative to the lower lnZ

show n in Fig. 6 (c). As the strain in creases to O. 8,

as seen in Fi g. 6(k), a certain number of HAGBs in

ferrite have formed but there still contains 69 % of

LAGBs, manifes ting that th e transformation from

LAGBs to HAGBs in ferrite is delay ed at a higher

lnZ . In the austenite, most of annea ling twins have

disappeared eve n though only straining of O. 15 due

to the plastic deformation, and the corresponding

proportion of L; 3 twin boundary has decreased to

6 %. And when the strain increases to O. 8, differing

from the low er lnZ, a great amount of fin e equiaxe d

grains observed in austenite islands have form ed a

necklace structure , indicating that the nucleation for

the new g ra in has completed during the compression

in thes e austenite regions. Moreover , with further

increasing the va lue of lnZ to 54. 8 , similar DRX

g ra ins of aus te n ite can be found III more austenite

regions, as shown in Fig. 6(m).

3 Discussion

3. 1 Flow beha vior of each const ituent phase

Figs. 4 and 6 indi cate that the ferrite gr ains have

been refined after com p ression and th is phenomenon

is en hanced with the increase of lnZ. Generally, th e

dynamic softening and refinement mechanism of an alloy

during hot deformation includes DRV, discon tinuous

DRX (DDRX) and con t in uo us DRX (CDRX) [12-16. 22].

The DDRX has a grain nucleation phenomenon of

"grain boundary protruding" which usually occurs in

the y-Fe[' 1. ' 6] . In the pres ent work, DRV of ferrite

firstly occurs at the beginning of deformation, as

seen in Figs. 6 (c) and 6 (d). During th is process, a

lo t of dislocations in the ferrite a re annihi lated by

climb or cross slip, and others are rearranged into

the LAGBs. As the deformation continues, DRX

grains form with the transformation from LAGBs to

I-IAGBs. A ccording to th is mechanism, m any of the
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mobile dislocations caused by plastic deformation are

continuously absorbed by LAGBs, which makes

LAGBs gradually rotate and then increases the rela­

tive adjacent grain misorientation angle in ferrit e[23J.

The phenomenon discussed above is commonly

named as continuous dynamic recrystallization in

previous report [24J.

The softening m echanism of austenite is differ­

en t from that of ferrite phase. DDRX dominates the

flow behavior of austenite. DDRX is commonly charac­

terized by nucleation and subsequent growth of new

grains at high-energy sites, predominantly along

grain boundaries. As presented in Fig. 6(k), a neck­

lac e structure at the grain boundaries can be ob ­

served. Accordingly, whether the DRX occurs as a

continuous or a discontinuous process is mainly de­

termined by the level of SFE of the investigated ma­

terial. In high stacking fault materials, such as alu­

minum or o-Fe , CDRX would take place after the

intense DRV. In contrast, in those low stacking

fault materials such as copper or y-Fe, DRV is sig­

nificantly inhibited, causing the occurrence of DDRX

as the strain increases [25J.

On the other hand, as pres ented in Figs. 6 (a)

and 6(b), a large number of annealing twins form in

austenite before compression. During compression,

the microstructural characteristics and quantity of

annealing twin boundaries have changed greatly. It

can be considered that the great change of thes e twin

boundaries is related to their interaction with the

mobile dislocations. According to the reports[26,27J,

only a part of the mobile dislocations can pass

through the twin boundaries, and the others which

cannot pass through will interact with the twin

boundaries, causing disappearance of the ~ 3 twin

boundary.

Based on the above analysis, it can be concluded

that only partial DDRX occurs within the austenite

during hot compression. Ferrite undergoes a well-de­

veloped CDRX, which is slightly different from the

previous study on the flow behavior of EDSS2101.

The dominant softening m echanism of both austen ­

it e and ferrite are CDRX in EDSS2101 [16J. The

difference of flow behavior in austenite may be relat­

ed to the different chemical composi tions between

EDSS2101 and the steel investigated in this work.

3. 2 Softening mechanism of SDSS2S07
Mirzaei et al. [28J proposed that the parameter Z

can be used to predict the flow behavior of single

austenitic stainless steels at a certain deformation

temperature and strain rate. Souza et al. [29J sugges­

ted that the lower strain rate and higher tempera­

ture, the higher the migration of dislocations and

grain boundaries became, which was beneficial to

the occurrence of DRX during deformation of the

austenitic stainless steel. But in the present work,

DRX of aus tenite is activated with the increase of

InZ (higher strain rate and lower t emperature)

whereas DRX of austenite is suppressed with the de­

crease of InZ although a lower Z benefits the migra­

tion of grain boundaries.

When the compression is performed in a duplex

structure region, the harder austenite and softer fer­

rite result in a strain partition, and DRV of ferrite

proceeds at the ea rl y stage of deformation as in this

stage the strain energy is the driving force for sof­

tening to occur[30J. The lower strain rate and higher

t emperature will contribute to the dislocation climb

or cross slip, and then will lead to DRV and the

subsequent CDRX in ferrite being highly activated,

which will successfully relief the stress concentra­

tion at ferrite grain boundaries. At this time, the

flow stress in the alloy can be maintained at a rela­

tively low level, and only a few of austenite islands

yield and others are still equiaxe d after compression

at a lower InZ. Thus, the proportion of twin bound­

aries in austenite also remains unchanged at the ear­

ly stage of deformation. Due to lacks of sufficient

strain partition and deformation ene rgy , as seen in

Figs. 6( e) and 6(g), only very limited recrystallized

structure can be observed in the austenite. There­

fore, the de crease in flow stress (Fig. 1) after a peak

value should be mainly related to the flow behavior

of ferrite rather than austenite.

As strain rate in creases and temperature decrea­

ses (]nZ increases), the annihilation and rearrange­

m ent of dislocations in ferrite are postponed at the

earl y deformation stage due to the insufficient re­

sponse time, which causes a drastically decreased

number of LAGBs, as seen in Figs. 6(i) and 6(j).

U ndoubt edly , it will greatly increase the deforma­

tion resistance of the alloy with the increase of

strain. Thus, the strain has been gradually transmit­

ted into the harder aus ten ite phase as the deforma­

tion continues. As a result, most of the twin bound­

aries only disappear after straining of O. 15, as seen

in Fig. 6 (j). With the increase of strain, austenite

islands are seriously elongated, pres enting a signifi­

cant enhancement in the value of X. And similar to

single austenitic stainless steels, DDRX takes place

when a critical strain for the nucleation of new
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grains is reache d.

In previous studies , there are m an y controver­

si es on the softeni ng m ech anism of each cons ti t ue n t

phase in DSSs. Che n et a t. [12-11 J fo und that ferri te in

DSSs w as so ftened by DRV. But Zo u et a t. [15.16J p ro ­

po sed that the domi nan t so ften ing m ech anism of fer­

r ite in DSSs wou ld be DRX. In this pap er , bo th

DRV and DRX occ ur in ferrit e, and the degree of

DRX in ferrite is m ainly affec ted by the st rai n pa r ti ­

t ion between ferrite and a us t eni te phases under dif­

feren t deforma tion cond itions. For austenite , DRX

is in hi b ited du e to the presen ce of so fter ferri te,

which is si mila r to the m ost cir cumstances in this

paper. H owev er, m any DRX g rai ns a re obs erve d in

aus te ni te w he n the InZ inc rease s to a ver y h igh

poin t. Therefore, in SDSS2507 , activation of DRX

of austenite phase in a d uplex struct ure under va r­

ying deformation conditions is m ainly determin ed by

the s t ra in partit ion between each const ituent phase.

A t a low er InZ, m ost of the s t ra in is ac co m moda t ed

b y the fer rite, and as a result, m os t of the austenite

is lands sti ll p resen t undeformed. U nde r th is co ndi­

tion, DRX of aus teni te does not occur due to the in ­

sufficie n t s t rain. When the value of InZ in cr eases,

the plast ic deformation cha racteris tic of aus te ni te is

en hanced , presen ti ng a re latively high va lue of X af­

te r straining of 0.8 . As a res ult , DDRX has occu r red

in a ustenite by the la rge drivi ng force for the n uclea­

t ion of DRX grains.

3.3 Apparent activation energy
As exh ibited in Fi g. 2 , the curves of Q have un ­

dergone diff eren t changes wi th the va rying st rai n

ra te. Similarl y , it can als o be in terp reted by consid­

er ing the di ffe re nt st ra in parti tioning in the two co n­

s ti t uen t phases of ferrit e and a us t eni te when the

s t rai n rate changes. As proposed by m any research ­

ers , s t rain partiti oning ca n be found due to the dif­

feren t flo w responses and hardness level s be tween

two const it uent phases d uring hot defo rmation[2-4J.

A t a lower st ra in rate, DRV of the ferrite has been

highly ac ti va ted eve n at the beginnin g s tage of de­

formation , lead ing to a large number of L A G Bs af­

te r s t rai ni ng of O. 15 , as p resen ted in Figs. 6 ( c) and

6 (d). In the follo wing deformation, CDR X ca used

by the interact ion between disl ocation and LA GB s

sign ifica n tl y reduces the disl ocation den sity in fer­

r it e. T he flow behav ior cha racte r is tic of the a lloy is

m ai nl y domina ted by the softer fer rite becau se the

rel a tivel y lo w level of flow stress inhibi t s the stress

transfer in to the harder a us te ni te. In the m edium

stage of defo rm at ion , the we ll-develo pe d CDR X of

ferri te re lieves the stress concent rat ion of the a lloy ,

pres en t ing a cont inuous decl in e in the va lue of Q . By

co m pa r ison, a t a h igher st rai n ra te , the flow stress

of the a lloy in creases ver y ra pi dly due to the w eak­

ene d DRV of ferri te w hic h is caused by the in s uf fi­

cient respo nse t ime, as shown in F ig s. 6 ( i) and 6 ( j ).

When the s t rain inc r eases, the en hanced deforma­

t ion res istance of the a lloy accelera tes the st ress

transfer and ind uc es the pl ast ic deformation in many

austenite isl ands , in duci ng a la rg e number of elon­

ga ted austenite isl and s. The austenite undergoes a

very limit ed DRV durin g hot def ormation due to the

rel at ivel y low SFE. A t the beginnin g of deforma­

t ion , there a re still no DRX occurring in aus te ni te

isl and s becau se of the in s uffi cien t strain, as p resen­

te d in Fi g. 6 ( i), wh ich indicates a strain ha rd eni ng

s tage in harder aus teni te a t this time. This s tage w ill

inc rease the s t rai n energy and m ake the further de­

format ion of the a lloy m ore diffi cult due to lacks of

dyn amic softe n ing in ha rd er austenite. Th us, the oc ­

cu rrence of the pl a tf orm in the curve of Q at a high­

er s train rat e is the result of in teraction between the

w eaken ed dynamic so fte ni ng in ferrite and inc r eased

s train hardening in aus t en ite. H owever, at the last

stage of deformation, CDRX of ferri te occurs a l­

though the migra tio n of di sloca tion has been po s t­

po ned at the ea rly stage of deform ation, as shown in

F ig s. 6 ( k) and 6 (] ). In addi tion, because of the large

s train oc curring in the alloy , DDRX takes place in

the austenite at the las t stage of deformat ion . S uch

coexistence of CDR X in fer rite and DDRX in austen­

ite induces the second decline in the curve of Q afte r

the pl a tfo rm.

4 Conclusions

( 1 ) The flow s t ress of SD SS2507 inc r eases

with inc reasing the s t rai n rate and decreasing the

te m perature. Mo s t of the fl ow curves exh ibit a DRX

characteristic. When the com p ression is perfo rm ed

in the range of O. 01-0. 1 S- 1 a t a ll the temperatures

and 1 - 30 S- 1 a t 1473 K , s teady s ta te deformation

occurs dur ing the co m pression. By co m pa rison, as

the st rai n ra te increases and te m perature decreases ,

the fl ow st ress decline co nt in uo us ly even at the las t

s tage of deformat ion.

( 2) The ap parent activation energy of SDSS250 7

with varying true strain and stra in rat e is determined. A t

the lower st ra in rates ( 0. 0 1 and O. 1 S- 1) , the va lue

of Q decreases gradua lly wit h the increase of the

s train range of O. 1 to O. 5 and then remain s un-
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change d. By comparison, a t higher strain rat es (1 0

and 30 S - 1 ), the decline of the va lue o f Q is inter­

rupted wi thi n the s t ra in rang e of O. 2 - O. 4 , and

then fall s down once aga in as the deformat ion co n­

t inues . The differen ce in the var ia t io n of Q w ith va r ­

ying st rai n rat e is affected b y the differen t s t rain

par titi oning in each phase.

( 3) Zener- H oll omon paramete r IS the pn mary

fact or co n t ro lli ng the m icrostructural evo lut ion ,

strain parti ti oning and flow beh avi or o f 5 D5 52 507.

As the value of InZ de cr eas es, the mi crostructure of

ferrit e is gradually refined and the grain s ize of fer­

rite can be des cribed as a function of InZ .

(4) The dominant softening mechanism of 5DSS2507

under varying deformation conditions is composed of

DRV and CDR X in fer rite and DDRX in aus te n it e ,

and is m ainly affec te d by the strai n pa r t it io ning be­

tween ferrite and austenite. At a lower InZ , the stra in is

almost accommodated by the ferrite and CDR X of fer­

rit e is the dominant softe n ing m ech ani sm. As InZ

in creases, the st ra in partitioning is more unifo rm

and DDRX of aus ten ite is act iva ted , which makes

the flo w s t ress decline con t in uo us ly eve n a t the last

s tage o f co mp ression together w ith CDRX o f ferrit e.
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