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The Effect of Second Phase Particles on the Tensile Properties of

Ferritic Iron at Low Temperature

Synopsis:

Ryuichi HaMANO and Kazuo Tsuva

The effect of two kinds of the finely dispersed particles with different elastic modulus from iron matrix
(e-Cu and TiN) on the low temperature ductility of ferritic iron was investigated.

&Cu particles were uniformly dispersed in the matrix by aging of Fe-1.839,Cu alloy at 700°C for 96 h,
whereas TiN particles were uniformly dispersed by internal nitriding of Fe-0.19,Ti alloy at 700°C for
4h. By the presence of TiN particles, the elongation at 77 K of ferritic iron with 150 g4 grain diameter
increased by about 20%,, whereas, by the presence of e~Cu particles, the elongation at 77 K of ferritic iron

with 60 g grain diameter decreased by about 20%,.

The reason is considered that the presence of TiN

particles favors cross slip of screw dislocation around these particles which changes the deformation mode of
coarser grained ferritic iron from twinned to slipped, whereas &~Cu particles do not work so.
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413 1080°C X 2h JnZhEaEEELE L, S SnELE
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Ti G415 700°Cx4h ONERELDH &, 680°Cx72
h DOz LFREs X ot 850°C x48h DG Z 1775 O 7.
Bohie TN Jo k= X134y 15008 cmAkzL L,
T ORERIE 0.229 THDo7z. %72, Fe-Cu &4:0%
840°C x4h DEHILIEREL 700°C OZHRRSHINIEZ
775w, eCu fFF i w72 B «~Cu fuy
OFEERIE 1.1% T, £OKE X3 200~12004A ©
K9300A DEREEL LT, HHENTORKIZERY» 5
RN 0T 5 2 e pm bz, BRI O A X X
X DR TR Uz, £72,e-Cu Friidbr N irH L,
PMRCIIFEEAER LN DT,
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Fig. 1. Yield stress cr ¢4, at room temperature
and elongation at 77K of Fe-1.839,Cu

alloy aged for different time at 700°C.
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Fig. 2. Effect of fine dispersed particles on grain
size dependence of yield stress or ¢,., at
room temperature of Fe-1.839,Cu alloy
aged under different conditions and in-
ternally nitrided Fe-0.19,Ti alloy.
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Fig. 113 Fe-1.839% Cu &4:% 700°C CEIEMESHL
7L EDERTD 0.2% [if) (00s &BsEE) & 77KT
DM DZELETRT.

Fig. 213 ¢-Cu kX O TiN 5 2 MR T2 &L 54D
FTD o2 EFERNOKRES  (2Ud=FLHEE) O
HR&2FT. Thbb, Fe-1.839,Cu 2417 5\ 13840
°C DEHRILIERS, 700°C Wl ToREE SREE (5
min), @BEFEHOERE T 200A Dk x X pEEomBO
e-Cu RrF-HHTH L7235E (80 min), 35X VX 51 is%h
BT DO TR 1200A 0k & X 2 Hotkod -Cu 23¥7
HL2GE06h)DfERE2RT. ARASHLAE LS
i EMROAE (Ky) BHEHRLREB TR E D AS K
WS, IREEE S % 7R 700°C X 5 min FEgh U 73 & 03
bREL, DEBHFYRRORKE L TP T5. FL
THERILIREED K,=0.8 kg- mm-3%/2 3 Ti jkhn L3
AITERE BRI 7Pk (Ky=1.0 kg mm -3/2)
LIFERICTH 5. 700°C oFFhoEEIC ko, Fe-
1.83%Cu &40 K, {H5325b % Dix Cu off HIREEIC
BRI EEZBN5.

—7%, Fe-0.1%Ti &4&0NEzEbick>TEbhi-
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TV EBZLND LMD 002 OFEERIEKRET
PEDBHR L7 TiN SERNFIC X 50 EH 2 bh
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Fig. 3. Effect of strain rate on grain size de-
pendence of yield stress or ¢4, at room
temperature of Fe-1.839,Cu alloy aged
for 96h at 700°C.
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Fig. 3 13 700°C x96h ;@m§4hL7- Fe-1.83%Cu &
&0 00y OREEMEREE~OBREOYEELRT
K, ERBEEKREELZRL, BHRENSKEIRD L
5.

Fig. 4 V% Fe-1.83%Cu &4 % X ONEE(L S huicFe
-0.19Ti &40 K, OEEZELEZRT. B
- Fe-1.83%Cu &40 K, ZIBEOKT & &b
ML, FOEIMERITERIEEAE V. —F, 700°C X
96h F%hL7- Fe-1.83%Cu &40 K, 13§y 200K %

o Fe
m Fe-Ql%Ti, internally nitrided
X o I[::g:,laa.g’;’,gqassglutlon.treated
e 183%.Cu,aged at700C for
I-'g-le.?% Cu,asg’?ed an7910pres l%#

100 200 300
Temperature, K

Fig. 4. Temperature dependence of K, value of
Fe, internally nitrided Fe-0.19Ti alloy,
Fe-1.839Cu alloy aged for 96h at 700°
C and Fe-1.832,Cu alloy prestrained 2.0
9, at room temperature after aged under

the same condition. Dotted line; cal-
culated from the equation (1).
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Fig. 5. Grain size dependence of yield stress or
Go.2 at 77K of Fe-1.839,Cu alloy aged
under different condition.

TIRIFELE D 5F 0 CRHEKGHEZ RS s, 77K T
AL &R CER R %72, TiN SHch+
RETEETD TTK TREE 2 T2 8 £ 0RO
i3 < fEmE R T

Fig. 51X 77K @ 0o.2 OfERPEKRIFIEEZ Fe-1.83
9% Cu A4 DOV, 700°Cx5 min OREhHE, 700°
C %30 min ¥ X8 700°C x96h @EZEhHHiC DWW TR
. 700°C X5 min ORZHIFZRNT, 002 OFEFRILE
KT IES EABRD DN D, FEFRO/NS WREET
O WES R B R 2 R AEEIE TR I X DR L
6k kT D K X TR AEIR T D3RR SR R TRV & R 3R
PRSI X VBT SR TH B0 REE SRR TR
PRI EGE I D TR X VERT 5
(Photo. 1). FE&hOEFTE & DIT, KR O/NS W
TRITRVERICIVBERT DL 5Kkhs. LarL, &
RBWEZET > BT XD ERNEE T DM DOKRE S
13, @BEEIM T LB T B LT, X DS T
BB LT W5,

Fig. 6 1 37AM(LH, il SIREE (700°C X5 min),
B X ONEREENREE (700°C x 30 min, 5, 25 3 X% 100
h) i xhi- Fe-1.83%Cu &41255RZLH (77K)

Photo.

1. Optical micrographs of deformation
twin of Fe-1.832,Cu alloy stressed to
yield stress or g4, at 77K, after aged
for 5min at 700°C.
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% 5 2 72 6 O R SRS & ST 2> & O BE O Bk
abrm?-ﬂm%éﬁﬁmﬁ%ﬁ®§ﬁi®mﬁﬁm
TIER OB Lo afERR (80E) @ 5 b oM G2
W%%ﬁﬁﬁﬁ®ﬁAabt.m?Lk L5, Bk
JRRED Fe-1.83%Cu &4 1Mk DBE & K E . 700
°C X5 min DORFENTRFEFESAE I L < 803 5 23,
FRERI DT D TR AT ASEE XA 7 < 75 ), Horn-
BOGEN® DfER L —F3 2. L bhL s SisHbikigic
HA_RTREEDFA D7 L 7 BERIEED I h o

7z-
Fig. 7 /X Fe-1.839,Cu &40 iik{bir & 700°C x
I hRgRhdf D 77K TOLMO & #ELRE & OBRE R
10

o As solution treated
e 700°C X 5min,aged
& 700°CX30min,aged
02 | & 700°CX 5hr,aged

) D 700°CX25hr, raged

Ratio of grain with twins

700°CX700hraged
© Fe
]
20 00 50 700
Distance, mm
Fig. 6. Ratio of the number of twinned grains

to the total number of grains at 77K as
a function of the distance from the fra-
cture surface in Fe-1.839,Cu alloy aged
under different conditions.

E Fe-Qi%Tiinternally nitrided 0,———_0D a
o Fe-183(:u,assoluﬁonir§ated o
f 63Cu,agedat7ooc &
<20}t or96hr
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Fig. 7. Grain size dependence of elongation at
77K in Fe, internally nitrided Fe-0.19;,
Ti alloy and Fe-1.839,Cu alloy of as
solution treated and Fe-1.839,Cu alloy
aged at 700°C for 96h.

§. 700°C X 96 h FEShAH Iz X S F I3 —ED
HEMEZ N ERERDER RS (Fig. 1) xS L, % 7= 840°C
48h k> TiN ki L 13IER UA X X e-Cu 7
FaeHT 5. ~Cu FHRFIIFELOKX S X044
7o D THEREMORIBIE 2 RTS8 5 2 L5341 5
no. 7z, Fe-1.83%Cu 540 uBHIEMORIRER:
DRBITRT 4 A5 O K & X ITHISk ORI M 23 A
BOCRT 328X D /S v, 2h, FEE Cuick
5300 FEIECOEEIT X 5D IIIFFEIC T X
Dotz LU RS D, 700°C ORENMERT X b Higkrh
DOEEE Cu ERRDT 50T, BRI LT -
Cu §7 R F-% & BRI O IR EREDS/ N VW DI, B
B & DR SHigkrho Cu IBEDOE(LIT X 5 DT <
Mgk e T L7z e-Cu i FOREIC X 54D EE 2D
hs. 20X 5 e-Cu #f Hifr FI1T X 28D IRB D
WEL RIS BT, TINGER IR0 SRR
MEMEDRELSN R & IRAN I i R & R T

Photo. 2 12V SRR CRERIG ) (00.2) BREDIGH TER

Photo. 2.

Transmission electron micrographs of
dislocation structure around (a) ¢-Cu
particles and (b) TiN particles, stress—
ed to just below vyield stress or gg.,
at room temperature.
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Sz Fe-1.839%Cu &40 700°Cx96h Fghtf ks X O°
850°C x48h fin# X u7z TiN S8k 7% & Tk Dlnfr
Mz R, 002 BEDISHATR T, HORNBOGENYHITR
LTWwb X5, e-Cu fiFk Xt TIN S F0%
b Y ICEERLV — PO REDGRD S, TS ERER
W CTRIBMBEOBEZ LTwbdorHExbN5.
Photo. 3 X 77K T 5.0% OBE# 5 %7 Fe-1.839,
Cu &40 700°Cx96h Eghkfs X ot 1.19% DOF% 5
%72 TiN BT 2 & TkOBARM TS 5. TiN 4
FrEURTRHIEMPRTFOFEL D »BEVEL T
5. ERMBERTOLIACKRERLA R—VBRDS
t, TIN SERFIREM~OBEWEIEZ R LTV 5.
Zhizxt L, e-Cu T2 &0 cidy—esmL
TEIRO DR AMBIETH D, B e~Cu fFik
ETIFLALERNTDD L5, ~Cu FFiEoH
AR X o TS hCTnd LBbh 5.

Photo. 4 13 Fe-1.839,Cu &4 700°C x 96h Eight
B Xt 850°C x48h fnEixh 7 TiN WF&2E5EcskD

7K COERBREETT. TIN WF2E45L8%0BE
(me4M,ﬂ%ﬁ%ﬁiﬂ:%%m;of%ﬁ&n
TW5 (MR TH D Z L 2B FHRERTIC TR ©

V¥, TINRLT- ﬁﬂw@&&ﬁﬁbfﬁﬁkﬁorvéi
LETFBLTWEDDEEZLNE. Zhitkf L, e-Cu
BT o1k D84 (Photo. 4 ), WEIT LA SEE
7R RERH L, e~Cu R EFBRGEORET &2 Ty
EHE LTED» RV EEZRBLTVS3D 525N
5.

4. = B

I~

41 F2BHF (¢-Cu HKY TiN) OHEAFEE LT
DYEH &EREM
Li® i X huE, FEmPL IR ~DIERLIR & UTHE
AL, ANToERO D & efEih R Lo X (ledge) 1
B ERESRANIEAEZ H L, BAERERZEINSES. £
DAL 3m /2d BETHSH. L3>, IhifEs L
T#mwﬁﬁimmﬁ%Arm,HML%mh®ﬁﬁ,

Photo. 3. Transmission electron micrographs of (a)
Fe-1.839,Cu alloy strained 2.09, at 77K
after aged for 96h at 700°C and (b)
internally  nitrided Fe-0.19,Ti alloy
strained 1.19, at 77K.

Photo. 4. Transmission electron micrographs of
deformation twin at 77K of (a) Fe-
1.839,Cu alloy agd for 96h at 700°C
and (b) internally nitrided Fe-0.19;
Ti alloy.
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ocy=0o5tauby/Imd -2 cevrreen (1)
TERDbED. TTIT, of IZEEIRGL m i ledge D
BE, o VERIEESR, b I~ H2ANY bb,  a EEE
miIHBRIEEC X > T Lk EF 2 bh, CHEE
L2 W, Britss & o iafoiUE R RS 0 F g
Z5DT, Ky, OIRERFMER a« OREKGME S —53
HEEZLND.

a DEIFEL OMEH I >THEINLTWS. ald
BRI OBEINCEAR L, H—12 SR ARMA ST 5K
EERELRDD. HILEMPEIRICEVWES, aDlE
1%, ForEMAN® 5z X % & 0.81, phmEMic k5 & 1.0 &
Zzbh, TTIKTD afiz~1.0 LEEL, £& LTHE
TR DERIIR S LT b L LT, Ky ORERRE
A sk i-fERy Fig. 4 B TRT. £ Ky, D
FIVIEREIED F % Fe-1.83%Cu 540 FE L L —
HLTW5E. 2o L2 bE2BNT2 4 F L WEEIR
8D Fe-Cu &40 Ky OIRERGFEEREREAFLED
EAEAIC R L TWS D EEZ NS, —F, FEfh
BRI DR ERALIR A TS, (1) ik

cy=05+apbl/ o, 04

3m

1/2
zgf+a#b<py+_§ﬁ> e (2)

DX STRBETES. ZZIT pp WERRNITHEET HEAL
B, pd WWRAPLOFLCXDEBAEE. (2) X
B> [ PRIBHT o SR 0> B O BRALFE A SHEE 1 Holi U TRLPY
DIERIFESIE S A Z T IUE, BRSO ERT
MWrEET 5 LR FREESNS. Thwwz, Fig. 210w
L7-& 5ic, 700°Cx96h FE5h L7z Fe-1.839%,Cu &4
¥ X OERZE{L L7 Fe-0.19Ti 48T, ERT
BI5E U 7B RIG T OfE SRR MR R LDl 38
2 R F (e-Cu F X Ot TiN) 235 [5R[E )T CoALIR &
LTI 2 ERREZE 2 BNS

—7, 700°Cx96h Ei%h L7z Fe-1.83%Cu H&F X
O'RNEkgeib L7z Fe-0.19Ti 4% 7TIK CHE L%
ATy, BRI O MREREME, 2B Fae
F 7RI E 7 XA L L7z Fe-1.83%Cu &4 & [W—
O E R TS, 700°C x96h B L7 Fe-1.83%Cu
EEWTEIRT2.4% D55k FERE 5. 2, TTKOGRER
A Tslshn (BEATEE~2X10%/ cm) Z fESR Y Ic B
A U7=BENE, M ORI T OfS ok B R D

WLz, 2oz Ehb, H2HEKNTF (-Cu XY
TiN) X 77K o2 <, s LTER LTy
LEbN%.

DL EDBE T, BAOFHERITREEE LTI -
54 MRRICEERING EE L. 7 = T4 MRS

TRhr o S H ERTTR & Bn g, PR RIS £ 7213 Eis
7705 Hall-Petch QR THIETZ7R19. ANaNo 510
HREAEW % &L RFEMOBERIS S 13 Hall-Petch DE
RCEETELZ L, BEROGE K, TRILMEEE
WO E & 1FIER—TH 5 2 %R L7z, HanseniD
1x ALOs Wi F% &% Al TR UERZR Lz A%
R WT, TTKCE 2T (e-Cu & TiN) 2477
= 74 MRORRRIC T OfEFREREEE, o-Cu KT
Z & EIL\ Fe-1.83%Cu 4% 7213 Fe L13ER—T
H5H. TOT LD, FELANTIHFETHHETH,
7 = 74 MRERIEBRIG T Ok ERTF O X BRI TF-T
bHbHEEZLND.

L7e3 2T, FRTERAEE UTERT 55 2 T
(e-Cu B XX TiN) 11 77K T OIERARNEET 5 &
FExbh, TTKTWE, $ROKIBEMEZEE 2 MELFOlzhL
BERc X >CcthET 2R 2MFCERV

AsHBYRIMEERI LTV B X 9 iC, TROMEEITDHHT
R DR ABRRIANE S &, RALVENT Y & gk D5
HROBEBNC X OTAET 5 NEZT 5. HTHRF ORI
REHGEDE L » H/hNX v Fe-Cu 540845, RA0lX
e-Cu Rz g|& X8 bh, Rk, 77K TlEgko 54
ABRRLEE R IR M8V 72D, IRALIE e-CukrF
UMW L CRERRESY &S, LaLasyd, #ghky
BRELAIERE RS TIN BT (prin=1.7pre) O
>, DERABMIFNB O 23 5. TiN ST
BERLEVWDT, LyARMMIT TiN fifofEbd %
6] 9 AATW < (Photo. 3). ZEZEFT XDEHBETIE
L 45° ODAEELTETS L, RETYE _ EOSHTY
WIS 71,

l
rzruxii%xmt45%:13xfoun"n“n"““(3)

Z 2T, to X Orowan #EFEIZHES ST, 2R V3T
HfFORES, I BRTHEERE CoXS5iK RET
A LB RS IERIERICKREL, ARMSHD D
T ET D E» SO T ROECHE S & EB5T
%, NEZ(L L7 Fe-0.19,Ti 54 BN 5k
RYVFBRBLLNHEVED EEZLND.

L7232 T, e-Cu N2 &gkl LU0 TiN K15
BUHR TR AR O ET XD MG BRI D L
z B (Photo. 3), oz &AE2HNF (¢-Cu X
O TiN $rF) OgkoERERIC S JIETREDOENT
BRLTWBE EEZBNS.

42 B2ENTESCHOEAEESEREM

FIEETER LAY S, 500A DI ED «Cu frTis
LU0 TiN RF i ST 6 TR & UTERT 523
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TIRTRE DR B I SR Z R L.
—77, TTKTR—BiCKE RO T = 54 FOZE
ERRRE TR B » SWRERA~ELT 5. OB,
TiN SRR TSRO M EF A 2 2 723, e~ CufrFix
MEFEARZIH Lz easmbhzz. TINGER T
X e-CufIFDT = 54 FOERRERE~DEHRIZ
Photo. 3 L 4 It R L7z X 51z, ZDHE 2N T LEEMND
HEEROBWICERFE LTS EE L BNS.
MEADFEETIE—IT, TROEREZLELL, b
ABRREAY 1/2¢1115—-3x 1/6{111> w5 f LTI
EKENZWOW, 21T, ZOWHIERA~DFEITDRA
LD ZENEICIE S BR LTV 5®. ~Cu RF% &
BEAM CREBET B BN EORE LT 2 5 EHMm
R LT THITFEIC X o TEMEROEAEEMEE
FH OEMARD S8 AREAIES D O NIRF 5 & & Tk
IofikZEzxlec tE, nEEMEEL % < UTEREW
REEMOBEREZ R TIR T, BEEEL2 LT L
72T SR LTV, RO LB D
BRI BRERPE CHHTBIC 7 DT WvW 5B SV 2 78 V.
BEALIC X D CER Liny TN S8 F 084, BiE
k7= X 51, BRAMIEGERTFOEDL D) TRETRD
L, RN TORE SIS CNRIEALD &4 R~ v
BELNB. 2D & 4 K — VD NIKEEST & ST I By
TR,
Toe yb/4nh, R=2R ceeeeveenieninnineninn (4)

TiN SEFOKREZX 2R 8 500A oBdix, -
~7.0kg/ mm2DBELEZONS. DX E— i
Orowan BEHEIC X 5 [EHD L TRHICHL Z 0T
&, DERETNDER LMBEEEITibh>530L
Exbhb. C0XS5i, B LEWSEE TiN k¥
e T, TTKTORABMIISEIED £H D T2
2D & LR DBWER A Tbh 5 DT, B
5 HRABBMNOES CLERT 5. MgkE/k Fe-Cu &
ST, BRAPER Lic{  MGRRE LIRS
#ErhpsA7e <, FEREIIC EHERO BN AN Z 5 O
EFEZBND. X LTREERAHZ b, BT
DCFTebb X 5k b E, HEMNOKEWEETD
7 =74 MOKIBEERENTS. oL, eCu
Rz & 5o EIREOHESNRS TIN SH Tt
BLTAhhbrolRRLERTE 5.

5. & E

T - T4 POKBIEMIC S X EHgk L RIEERO ¢
&7 BRI 2 BN F O R E R TR B 72, «~Cu F
F& TIN fiFa 7 = 54 MRCORSE, ZRE»HB77

K O#iPH CTHIE IR 2T 27,  TiN SERFIX
Fe-0.19Ti 42 NHELT5 Lk b, e-Culfit
KL F13 Fe-1.83%Cu S48 5X 852 Lick i
7z

BonE BRI o 0Lt s TH 5.

D) W T2 4% v Fe-1.839,Cu &4 DA
N OfEER ERTF SRS SRR > & B S % bRaLERAE
OHFHMTILHMTE, Li 0o FLVTHPTES.

2) 700°Cx96h E%ho> Fe-1.839,Cu &4F X O'W
HzE{b Xz Fe-0.19%Ti &4&DBRIGH ORESRRER
ISR TIREET 55, 77K CIEE 2 58 F (e-Cu
F IO TIN RT) & &% WM o iR E RIE
LIEER—TH 5.

3) 7IKTHPRAR L7cHE, 700°C X96h Rkl L7z
Fe-1.83%Cu &4 TIXEMRD DB AR S V25, A
a2t L7z Fe-0.1%Ti 54T, BRI E X O
B4 R — VERRLAZ .

4) e-Cu RiF1x TIN SERFERED, 7=94
MR A BE T HAIRITERD O ik v T Rk
e-Cu RFF-D7T = 54 b OWERZER 2 HEIT 5505,
TINGERF L B2 TC, RBOLABLNWZ LTI DHD
LEERMTE S,

Boiw, AUERCE L CAREEE, Mt uvicsv
TR, EHE, HHE—OZLCEHM 2 LE
+.
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