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Low Temperature Ductility and Dislocation Structure in a-Iron
Containing Second Phase Particles

Synopsis:

Ryuichi HAMANO and Kazuo Tsuva

The relation between dislocation structures and low temperature ductility of ferritic irons containing
two kinds of finely dispersed particles (e~Cu and TiN) was investigated as a function of various prestraining
conditions, i.e. prestraining temperature, quantity of prestrain, and annealing or strain aging after prestrain—

ing.

&~Cu particles in Fe-1.83% Cu alloy were dispersed by aging for 96h at 700°C and TiN particles in Fe—
0.1%Ti alloy were distributed by internal nitriding at 850°C.

Low temperature ductility(77 K) of aged Fe-Cu alloy increased about 3 times by 3%, prestrain at room
temperature and by prestrain up to 12% at 153 K followed by 2.5%, strain at room temperature. The
ductility, however, did not increase when the alloy was annealed for 1 h at 700°C or was strain aged for
20 min at 150°C after prestrainig at room temperature. No change in low temperature ductility of ferritic
iron containing TiN particles was observed after prestraining at room temperature.

In the ferritic iron with good ductility at low tem

perature such as internally nitrided Fe—Ti alloy or Fe—

CGu alloy prestrained about 3%, at room temperature, dislocation structures were found to be composed
of tangles around particles or cell connecting particles.
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Fig. 1. Schematic diagram for various prestraining "5} éz 14 02 152
conditions. Aging time,hr
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Fig. 3 1% Fe-Cu £ & OB (700°C x96h) =il

Fig. 2. Effect of 3.09% and 17.0% of prestrain at
room temperature on elongation at 77K of
Fe-1.839,Cu alloy under different aging
conditions.
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Fig. 3. Effect of various prestraining conditions at
room temperature on elongation at 77K of
Fe-1.839,Cu alloy aged for 96h at 700°C
Open marks : total elongation. Solid rnarks:
uniform elongation.
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Fig. 413 Fe-Cu &4 DE%hH (700°C x96h) 1z 153
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iz LT D KIRT 2.5% OFOFLE 52728480
FIRT 2.5% OFOTHDOLE L 2 & EE—5T

Fig. 5% Fe-Cu A4 0RSIH (700°C x96h) irss
mC 2.5% OFOTAEE 2, 12bic, TTK TEx
DOFHEE (3.3X10-5~1.7x 10-1sec-1) T35 [FEHER
LGB O E O F 2 REDEGRE RT. SETO
T HDRIBEMAED)RIZ 77K QOFTIHEEIIT & A
EERFLERWEE2 bR 5.

Fig. 6 1% Fe-Cu 44Dkt (700°C x96h) ires
BTTOTHE G274, 150°C x20 min Otz L
TH b 77K THIERHER LS4 0k & L IgF o
HREIORERTRY. FIRTFOT 5 OREESETE
(R RO F BRI X > T 5.
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Strain rate,sec’ Fig. 7. Grain size dependence of elongation at
Fig. 5. Effect of strain rates on elongation at 77K 77K for Fe, internally nitrided Fe-0.1¢;,
of Fe-1.83¢, Cu alloy strained 3.09, at Ti alloy, and Fe-1.839,Cu alloy. Some
room temperature, after aged for 96h at of these alloys were prestrained 3.09; at

700°C. room temperature.
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Ti &40 850°C x48h AL EHT 3.0% OFO
PTheE 2B LS 2EVEAY KoV TRT. [
FrRE (d-1/2) 25 8.1 B X% 3.6mm-¥2 D Fe-Cu &4
OESIMIC IR T O T 2259 5 & ARIRIEHESHEN$
5. Lo, MARIEE & Licmd T 5 Fe-Cu &
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Transmisswn eiet;tron mlcrograph 0f Fe-
1.839,Cu alloy strained 5.09 at 77K
after aged for 96h at 700°C.

Photo.

Photo. 2. Transmission electron micrographs of Fe-
0.19,Ti alloy strained about 1.0% at
77K after internally nitrided. Foil plane

—111. (a) g =112, (b) g =011

hsr#zonsg. TINRF2ET Fe-Ti &D%E,
SEFOTFLEE TS 7TTK OIEMEETEI LK.

FoFie 52T TTK T 5% £ Lic Fe-Cug
LS (700°C x96h) DOZEFAEZ Photo. 1 1T
FTF. FIH® THULRX o, TIK Tk, R
(EDT R SR AERO EENC X b T77ebh, e-Cu
B PV EBER AL OB WIRETIC o Tt Wk S It Ebh
%. TiN &8k F% &% Fe-Ti &4 054121k Photo.
21 mT L5, TiN RT3 58 AR OERIT X L
ThRELEEDE LTHE, SRABMIIRE bAH
LT TiN frFa@o g 5. £ LT FARELOTA
H—u&fED, TIN RFOEb D IR & o7
Y IR N

Photo. $ 13 Fe-Cu &4 04 (700°C x96h) #
AT 5% B Uiz S ooz =3, ERTE
e~Cu Fr i3 BERrOmVEEY & LT E, EBRIT e
Cu WrFoEbhick L, eCu RFEHERES
XS5 VIRHEEDO TV 5.

Fe-Cu &4 OB (700°C x96h) i 2R T 2.4%
OFOTHEE L, TTK T 5% ZEW Licha DRk
W% Photo. 4 (a) ITRT. FOTHELEZLVEG
DR (Photo, 1) LRy, #&EAIE e-Cu FLFOD
FEB TR VL, e-Cu fFEFELSI S 2V
AR LT \Ww5. Photo. 4 (b) 13 Fe-Cu &4 DR
k¥t (700°C x96h) R T 2.4% OTOTHEEXT
5, 700°C x1h om#Ez L, 77K T 5% i L7
BA DR T, 700°C OIIELEIZ X D, Photo, 4
(a)ic BLoh HERATHLESTHA T 5.

—, TiN fr7z&t Fe-Ti §4% 77K T 5% %

Photo. 3. Transmission electron micrograph of Fe-
1.8394,Cu alloy strained 5.09, at room
temperature, after aged for 96h at 700
o]

C.
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Photo. 4. Transmission electron micrographs of Fe-
1.839,Cu alloy aged for 96h at 700°C,
(a) strained 5.09;, at 77K after prestra-
ined 2.49, at room temperature, (b)
strained 5.09%, at 77K after strained 2.4
% at room temperature and annealed for
1h at 700°C.

Photo. 5. Transmission electron mlcrograpl; of Fe-
0.19,Ti alloy strained 5.09, at 77K,
after internal nitriding.

45 &, Photo. 5 IR N5 X 5 CEEE DAL
frbisbiz, TiN RFoFEbbic % o 7 Lizizh, TiN

&g‘ 2 oo
Photo. 6. Transmission electron micrographs of Fe-
1.839,Cu alloy aged for 96h at 700°C,
(a) strained 4.09% at 153K, (b) strained
2.59, at room temperature after strained
4.09, at 153K.

WIEEED o X5 Lo VIERAERD LN 5.

Photo. 6 13 Fe-Cu &4 0Bkt (700°C x96h) iz
153K C 4% Z% L7844, BX, 158K C 4% ZF
Wtk SHICEIRT2.5% EBIE LG EORAMEMTH
%. 153K TZEW LBADEMMR (Photo. 6 (a))
i, £E LT 0V bRARBNEDRD, 77K T
LW Lo 0ikE (Photo. 1) WHELILTWS. L
L, 153K %R, SIRT 2.9% ZEW 3% &, Photo.
6 (b)IZRT X 5T, EMIEOEABRMIEHEEL, Ik
SR ARG T S TEfEAC L L, SEOATERL
72358 DIRAERE (Photo. 3) WIS 5.

Photo. 7 13 Fe-Cu &4 0Eghtf (700°C x96h) %
153K ' 49, &%, TTK T 29% & LS 0
BFERY. ZOBMEBEITOTRE 52§ 77K
TER L4 oGk Photo. 1 TELILTWA.

Photo. 8 1% Fe-Cu &4 DRzhtt (700°C x96h) %
(a) 77K THEREER LB E OB DR & X
O (b) 3% OFEFOTHOMER, b, 77K
T 5% Z LA O FATERE O B MEHZ
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Photo. 7. Transmission electron micrograph of Fe-
1.83945Cu alloy aged for 96h at 700°C,
and strained 5.09 at 77K after prestra-
ined 4.09, at 153K.

Photo. 8. Optical micrographs of Fe-1.839,Cu
alloy aged for 96h at 700°C, (a)
fractured at 77K without prestrain, (b)
strained 5.0%; at 77K after prestrained
3.09, at room temperature. (a) and
(b) show planar and wavy slip bands,
respectively.

Y. BRTFOFHELXRVEEEEL LT, EHW
I RDERRDOLND. BRFOTHENET L L,
Bk (wavy) O3 RDHERED B, BRTOFHOA
513 it 0 TV ERE BHTHE ELbh
5.

4. &= =

2 HRF (e-Cu X ¢ TiN) &% a-kic Fig.
LR T&hc Fodaaesx, 7K CHERHEBRZTT
o iER, HERM OBIRE: & FOFAEH ORIk
DRROB B Z L b0l FTinbh, 1) Fe-Cu &
LOEEIM (700°C x96h) owT, 153K oFoF
HAT BRI B F D NI v, SEHTFO
P (5 3%) 5250, 153K 0oFOTHE =iE
THEZEE (2.5%) 15 L{NREEIIHENT 5. SETFO
T B DR FERE T E RN RV O T B3 (150°C X 20 min)
E720% 700°C xX1h OB 2T HETS. L
2L, 700°C X1 h Om#Eis, B¢, FRTFOTH2E2E5%
%5 LARBEMEIHEANT 5. 2) TiN T2 48 Lic Fe-
Ti §4&0%a, FERTOTAHMEIC X 0 RIBERTZE
b L.

Doz &, Fe-Cu &4:0RZIM O EIREENT
77K OBEEERRTO OFHRBREC KETHH0LE %
Shb. FIEOTHE L-X S, POTAHEE LTI,
Fe-Cu &40 %E 77K <y 5% & Licha,
BEERM DIALRLRRIT = & U CERHIR 58 AEERLD B 7%
STW5. LT, Fig. 2R3 X5, FOTirits
ZIE VA OEER K. Z ORI, SR TH 3%
DFOTAHEE 2D &, KREEREEINLS. AR
WM& TIK T 5% ZEI Lica, Rk OERNL S Als
frofvic, e-Cu fiFOELDILZ 7V LIZIEL R
PRy % % L HUEAHIZ L LTw 5 03D bh
% (Photo. 4). FiRD X 51T, =HRTOT HOEIRLE
PSR AHNTE S Z b, FRTFOFARITX
D52 5N SRS Fe-Cu & &Mt o KIREEE:
LEBBECBERLTVS EEZOND.

DX TN LI ORI RIRE 2 ST 5 T
OFTAHEFETTRIBEICEROLNEBRRTHD. Tb
%, Fe-Cu &4&ompshttic 153K CFOFhr b 27
Ba, ok 5ic 77K ORIERITIF LA EihE X
hy, C OBEOEAMEITE: UCER: SR AR
B2 Tw% (Photo. 6). L»L7sHb, 153K T
FOTH 2L E5HBERTHERZTR Y, BRI
EEANEIESRARG %2 E L &1 e-Cu R FDELYITH
LV LRSS T b S w5 &, {RIRE DS BN
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%, TN frF%58% Li- Fe-Ti 4054, =R
FOFLEE 2TH TTK OEIBEREHEM LR V. &
BRMTTFOFTHEE 2T TTK TERI2HE,
TiN B PRI XD TER LW T, Photo. 2 1T
RY X5, #EAE TIN fFF0Eb 02510721,
RBEFTRYE L, IREHDO LA R—nvz2fED, wIK
DIERHEES fEbN D, X5k, Fe-Ti §40%
&, TTK O3EREZERpic, TiN R, |RFOTH
w5 %2 bz Fe-Cu &40 & B OERAHBZ
VS, #oiER, Fe-Ti 471, KBEHCEIIET
FEFOTHOYMEBRDENEPOIEDEFZ LN
5.
b. c. ¢ $OBE, TP v UREES ESNSE D
VX, ZEWIREN KEEVWEEC ROLNR5 BRTH
5. O RVIROBAESESN S odichy, BRIC
BTPBETRVBAPRETIVETLIULERD 5.

M ©, 77K T, TIN KI5 EARMDREET
R pRHETHER ALk, TIN WFic X 58D
IR IEME DR ERRIT S AR DI ZE TR L HET
BRLTVWBZLIEELPTHS.

ERRED TIK OBfA, a-Fe OFT XY ERAIZIEE
TR 2R Lic L, WMHZERITERNT S8 AR
OEFNC X B :FE 255, Fe-Cu &0t % 77
K CZERT 5854, Kbk v dRIEERO /SR e-Cu
FFEBEMIC X o TR Eh s L EL NS, K
FHEERL ORI LTS &, HargNess® 5 kX
O LOTJERINGY B DMEHE L TWB X 51T, BEizbiod
NYHE ETOERBEED b, TORKR, BRI TE—
kv, EEMETToHmERTEELLND. FO
FTHEES 158K OFA, FOTFHMNERLD BAZ
NBHEEAIT & LT ERNE SRABRMTHY, 77K
DOERIRE T, ZOLFARMIIZET D ZEIL
i Wiz e-Cu 72U L, TOTHNE XD
BIESBYHRS BOLNT N DL EF2ONE. —
%, BIRTFOTHEE 255, £72iE, 153K CTZERE
FRTEUCTOTHE2E 272854 O EHROE
WA oM E Bix v, TN RFO5H Lz Fe-
Ti 54RO ONLEAMEB I BN LTWE ZE 2D,
Fe-Cu &4 0RO RIBEEOHEMNE, FRTOT
ZIT X D ELN BERMERS TTK OZERHh ORI DZE
EZTROVERHCTH L X b LifEEENS (Photo.
8). FEFOTHAELED TTK TOLEERRO ZEFT N
D& RETAHEHEE LT (1) ERFOTLMAETCX
D, e-Cu FFDEb Y KEMBZ V1L, eCu fr

FORMF LOBELBDLZLICISD0 (2) FO
THOEMBEEBZETRNVETHZ X500 EE
BTG TRV, LArLEBRS, FRFOTLHO
TE5#BO-T sz (150°C X20 min) 215725 &,
B DIRIBIEESF O T A2 5 L L W& L IFIER—
OfE%E TR+ (Fig. 6) z LxE2EORF® X 0 EST
R LTV 3DLEZLNS.
5. ¥ -1

2T (e-Cu X TiN) 24 Fefk R HER:
LIEAHEBOBRE B L OF O T 248 (FOF HIRE,
FOFTHRE, FOTHHBOBLE) CTHRET L.

e-Cu frF1x Fe-1.83%Cu &4 % KLz 700
°C x96h B+ 52 LTk b, %7z, TIN R Fi3 Fe-
0.19,Ti &4% 850°C THTEILTHZ Lick Vi,

BoNBEREELDE L,

1) Fe-Cu H&ORZIMICERTTFOTH (K9 3%)
w5255, 153K TFOTH 0~12%) % 5 2 -85
BTHZER 2.5%) 5 & 77K OEKBEEEH Bhnd
5. La»L, (1) 188K TPOTHaaeb5255, %
1 (v) SRTFOTHREEZ KT 700°C ThnEy
L OFaEEN (150°C X 20 min) 5 & {E/RIEM VIS
e,

2) TiN %58k L7z Fe @SR TFOTH (9 3%)
Zh5z2Ch TIK OEERZEDLSL .

3) TiN &t $kE21F FOFHIC X b KBEMHS
#hrs 5 Fe-Cu §&0OM OBE, BRI 2 FBRL
FoiEbbT oL, £ LT, wVIKEROERKH?
Bobhb.
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