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Effect of Strain Rate and Temperature on Nucleation of Dynamic Recrystallization at Triple Junctions in Fe-32Ni Alloy

Sutandyo ANDIARWANTO, Hiromi MIURA and Taku SAXAI

Synopsis : Effect of strain rate and temperature on nucleation of dynamic recrystallization (DRX) at triple junctions (TJs) in Fe-32Ni alloy was investi-

gated in compression at the temperature from 1123 to 1323K and at strain rate from 2.0X 107° t0 2.0X1073s™ L. It was revealed that DRX

grains nucleated preferentially at TJs at the strain lower than the peak strain. DRX nucleation at TJs became easier with decreasing strain rate

and increasing temperature. More than 80% of DRX grains nucleated at TJs were twins. The mechanism of the-preferential DRX nucleation

was discussed in relation with the effect of grain boundary misorientation composing TJs and angle between loading axis and sliding grain

boundary.
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Table 1. Chemical composition of Fe-32Ni alloy employed in the present study (mass%).

Ni Mn Al o] Si

Cc

P S N Fe

324 0040 0.022 0020 0.010 0.007

0.005 0.0006  0.000074 bal.
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Fig. 1. Effect of (a) strain rate and (b) temperature on true stress—true strain (0—¢) curves of Fe-32Ni alloy. Broken lines indicate

the strain for microstructural observation.

Fig. 2. Optical micrographs of the evolved microstructure in Fe-32Ni alloy deformed at T=1223K and at 2.0xX10™*s™". (a) Pref-
erential DRX nucleation at TJ at £=0.10. A new grain is pointed by arrow mark. Evolution of necklace DRX at (b)
£=0.20 and (c) £=0.30. (d) Most area was covered by DRXed grains at £=0.40.

22



Fe-32Ni A2 0K R S EAIZ B 2BNEBHORRITRITTOTARE & REOVE

kY : . ; 30 . .
2 | (a) Total ruber of Tds= 1800 #® | (b)Total numbir ?T Tds= 1800
X =1223K 22 0x10° 1] So5p £=2.0x107s =1323 K
5 3
ki 80t =1223 K
[+] \ [+]
2 150 £=2.0x10™ 57} 2 b =1123 Ki
“ . 15
o (=]
210 Aﬂ(fs 1 St
Es‘ b Es,
< o
a. 0 | . ] J Q. 0 | .

0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
True Strain, € True Strain, €

Fig. 3. Probability of DRX nucleation at TJs in Fe-32Ni alloy depending on (a) strain rate and (b) temperature, respectively.

Tid, Z O8RS SR BERS & (parent grain) & RSB £R
Ao TWabhot, TOZEIZDNWTL, 3 28T
FHLBNRB, ZOMOBHI SR OREREF L X h
%3, FlAKASE TOHNTRESRNOERIIZDVTAT
BEEmEINE» o7, TOMRED, Fe-R2NiAEIZHBW
T3, PNEBRRY -2 0FAIDENOT AN
THRRZENTEREMIRRET I PHO N LB ST,
I —ZFF A4 PRI OT RIS ERN L B RS
KORBY A FThD, ©—ZHEAOOT AT EHR
KRR FICHER R Z i EhTnad Y, Larl, M
BENZRBRICZNEDEVOTATRNR=ERICEWTH
HESSEABEBLTWAIEIIES, E-20TADR
23 Th 5 e=020Ti, BNFEESERIINA=HLE, D
KRIZW - TIAD - 7= 2 & AR T & 5 (Fig. 2(b))e ¥ —
2 OF B (e=0.30) T, IHRESRIARISIH - TERFHAS
RBRAXLIIHREL, Fv L ARBESEET 5 (Fig
20c)e EHBETAZIEHRT L, EHREERMEBIZA 7
=040 TiX, BIMHHSENEEEKISEZ > TV 5 (Fig.
2(d))e ML EDIERE D, Fe-NiAESDOFRMGMERINT =
HETOBNBFESROBER»OBFED, 20K, v
7L 2RISR - TERN BRSSP RE L, RARHIISHRE
P ERIZIED > TITS LR TE 5,
WAZHEATEREL 2SN RS SK 2038 ME L
OIMZHWTHM L, ZTORBEEEE L TFg 312F L
B, WEEER % & ZE i CIRBN PSR ORE R
FEAERI AN E T3 Miura 5 DBEDIFEFER
25 %0 KT A WA A S S EARAES R
L7z, Zhid, MR I RD#EVEEZRL Y, KR
SHEATOMARICPELDNEDLERERS/EIDIC
WD TH 5B, #E, WEEREELZEHATIE, BN
FHRRORBUIIZE A LRI WA >, KRZEHRT
D EN TS AR D R EERIZRITTOFAEEOHE LR
BOFELRT T, ThZN%Fig 3@& OISR L L,
Fig. 3@ & V0, KOTAHEEIZEN R ZHEHLATOBHHEG
MROBAERIZEVES RS, Zhid, F-E/EFHDOE

23

ERREROL —F LT3, £/, Fig 3ichbnTid, &
IS HNEESOBERSEZ DR TOEREE 2,
KOTAEEL XOERIEERNRATRDAEZRT VD

CEEBEAESICRBRTLEAONS, TDILE,

32 TEAGIZHELIREIT S ZLICT 5,
3.2 RRZEATOHMNEBEREEE

VA e=02012 861 2K ZEHRATOBRFMHRGR L
e L O SHRBERE OIM THAT L, SIS &k
DOHRAHIZRIETOTAEE L REOREL L TELY
7-#5 R % Fig. 4128 . Fig. 2(2)iZBR U =B B SR D
BAETIE, BEREOAMBEKRE 23 (&) & LTHA
7o THIIENERSROMEREREA#ERTS LT, H
L S L OBIBRARHCEETH - T, D200
HREEOANERIEETEEWALTH D, Fig. 4K,
AR CHW 2 Fe-2NiA S DR RZEHA TREL 281
PSR, RBEFICX S TRIZZOEIL EANET
bHotz, TN, KRZEHAICKT 2HNHFHEEEDOFRE
B3, AEROBENTIXOTAEE S JCREICEDS
FREERIZ L > TERENTWBEEEL S, WA —EHH
THRK X N 72BN EORGED /Y 7 ¥ b 53 Afi & Fig. 5
IZF e, TRTORBEHETT, ERATNOEY S
DHEERDOTANDEIZENFIERD TV LA D2
2, L2L, 3RE4ARTNDE S WG L & 55K
Hotm. mbkE PR IZBEMEROBRICEBSTLEET
RODBEAMEEIZ S L3RG, SN0 svE %
BRELEY, AMEOKESTIE, BH TR EIEEN G
RO RTORRE A>TV, LA L, ZThidERaE
AHOTOEHMLBERTH > T, &0 LBERED RN
i, BRI S ERERERWERAMEATHA S, Ma-
hajan 5 RIS $ B R RBE O BRI & HamAYIC

RL, BEHORAOBERICWERAER I NS L LD,

ARV EFEOERTY , KABEE ¥ > ZREERO
BRBRE XN T B9, KR ZEHATOBRINS S Fk
BRI > TERENS ZEMHERENSE, —F, TD
KRB LR -—HAOBHORLHER LB N L DR

259 I



I 260

$kE 8@ Tetsu-to-Hagané Vol. 90 (2004) No. 5

00— 100———————— :
S @1k Shers) L (b) &= 2.0x10% 5 Oters|
L | £=02 2 €=0.20
— onll —

80w, e 1 -[ W T=1123 K(16 DRX ]
5] W £20x10%20 DR w80 o ke DR
B Y 2 0xi0a0 ORke) p | LTI K6 R

- 51
S gol " _é=2.0x10%5" (42 DRKS) ] Sal ]
2 2
8 3
340 L ]
. 4
(<] o
§ 20 1 §20 .
P P
8 ,. 3 a0 i
Pl S 1 BN w P T LR
10° 20° 30° 40° 50° 60° 70° 10° 20° 30° 40° 50° 60° 70°

Misorientation of DRX Grain

Misorientation of DRX Grain

Fig. 4. Crystallographical orientation distribution of the nucleated DRX grains at TJs in Fe-32Ni alloy depending on (a) strain

rate and (b) temperature, respectively.
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Fig. 5. Variant of twinning plane selection of the nucleated twins at TJs among the slip systems in the parent grains depending on

(a) strain rate and (b) temperature.

Number of Folds

10

—= £=2.0%10® s7(600 TJs)
8L |~ &E=2.0x10* s (600 Tds) ]
= £=2.0x10° s (600 TJs)

6L T=1223 K ]
—"‘
4 -,'/
7
s .
2l ‘

"
-’
"

0.3

0.2
True Strain, €

0 0.1 0.4

Fig. 6. (a) Folds formed at a TJ when deformed to €=0.20 at 1223K and 2.0X10™*s™". (b) Strain dependence of the number of

folds formed at TJs at various strain rates.
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Fig. 7. (a) Effect of the misorientation of all grain boundaries composing TJs on DRX nucleation probability at TJs. (b) Distribu-
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TJs. (c) Effect of strain rate and w on DRX nucleation at TJ. The data were collected at a strain of 0.20 at 1223K under
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