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Mechanical Properties and Deformation Behavior in Severely Cold-Rolled Fe-Ni-Al-C Alloys with Liiders
Deformation -Overview with Recent Experimental Results -
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It has been reported that severely cold worked Fe-24.6Ni-5.8A1-0.4C (mass%) had a yield strength of 2 GPa and a fracture elongation of 20 %,
in which huge amount of Liders-type deformation was observed. In the present article, we summarize the reports for high-strength Fe-Ni-Al-C,
Fe-Mn, Fe-Cr-Ni and Fe-Ni-Mn base steels with the Liiders-type deformation so far, and provide our latest data on the effects of alloying elements
and the cold-rolling reduction on the microstructure and mechanical properties of cold-rolled Fe-Ni-Al-C alloys. Previous reports imply that the
phase stability of y phase affects the size of Liiders elongation, while the strategies to control the microstructure to achieve high strength and high
ductility are currently unknown. Our latest study also shows that the y-phase stability affects the Liiders strain. In addition, it is confirmed that severe
cold rolling by 80 % enables the prolonged Liiders strain as much as 25 % in nominal strain. This prolonged Liiders strain is achieved by multiple
propagation of Liiders-type bands. [doi:10.2320/jinstmet.JD202410]
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Table 1 Compositions in mass% and process conditions in recent high-strength steels with Liiders deformation.
compositions cold working annealing authors

1 |Fe-24.6Ni-5.8A1-0.44C swaged by 87% - T. Furuta et al. 1)
2 |Fe-24.6Ni-5.8A1-0.44C HPTed by 10 turns | - K. Edalati et al. 2)
3 |Fe-7Mn-0.14C-0.23Si rolled annealed X.G. Wang et al. 3)
4 |Fe-24.8Ni-6.0A1-0.38C rolled by 90% - Y.Maetal. 4)
5 |Fe-10Mn-0.4%C-2A1-0.7V rolled by 25% 400 °C for 6 min B.B. Heetal. 5)
6 |Fe-7Mn-0.14C-0.2Si rolled by 50% 620 °C for 3 min Y. Zhang et al. 6)
7 |Fe-24Ni-4A1-0.4C rolled by 76% - 1. Miyazaki et al. 7)
8 |Fe-18.16Cr-8.06Ni-0.85Mn-0.41Si-0.06C | rolled by 70% 750 °C for I0 min | S. Gao et al. 8)
? l;edég_%clrl-\? TNi-0.67Mn-2.7Mo-0.388i- | | ;.4 by 97% 400 °C for 6 h Y. Hosoya et al. 9)
10 |Fe-5Mn-0.1C rolled by 75% 650 °C for 30 min | M. Koyama et al. 10)
11 |Fe-5Mn-0.1C rolled by 75% 650 °C for 30 min | M. Koyama etal. 11)
12 |Fe-10Ni-2Mn-0.4C-1.6Si rolled by 50% 300°C for2h H.Duetal. 12)
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Fig. 1 Mechanical properties and Liiders deformation behavior in the

literature, where the number indicated at each plot corresponds to the alloy
number shown in Table 1.

(a) Total elongation vs. UTS, (b) Liiders strain vs. stress of Liiders
deformation, or.

@ : Fe-Ni-Al-C [1,2,4,7], O : Fe-Mn [3,5,6,10,11], A : Fe-Cr-Ni [8,9],
X : Fe-Ni-Mn [12].
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Table 2 Compositions of the sample in mass%.

Ni Al C Fe
5.0Al alloy 25 5.0 0.3 Bal.
5.5Al alloy 25 55 0.3 Bal.
6.0Al alloy 25 6.0 0.3 Bal.
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Fig. 2 Second phase volume fraction before cold rolling.
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WRT. TRTOREHIBVT, o« RBERIZFEOTADL
MMatE->THMmLCwa, 72, Va—F—ARNY MM
I OFIHTIE, BETO$T AL T o FEFITHML %
WZ EDTERTE 5.

Fig.10 1%, 5.0A1 BT OJEIER], 20% W HILERE, 60% %
MELEZD yHE o O IPF < v 7L HEIXTH S, 20%
JERES D y T, FEIERNICIZ R S e d o 72 {1013<001>y
(Goss Jifr) & {101}<111>y DEAHMBIEE B s Lz &
512, 60% JEHEMR D y #TIE, {101}<112> y (Brass Jifif) ®
FENBILE I NI, Z0 L) RHMRE LB, SUS304
OB RILIEIZ BT BB E MR TH % [37]. o FHIZDOWT
1, 20% FEIEFIC ND (iR - 7R <111> 2SEigE s /e
B3, 60% EIEMRICIE o MHIEBIE S e o7z, Thid, €56
HAEHEEIC L ) A L7z o HA L WERIC X 0l
fbash, ZNEBHT 51235 H O E TESHTESA T4
ThollzvrEZz2o6N5.

Fig.11 12 5.0A1 54 % 20% B X U° 60% % L HE L 725 [3ER
BEF o8 RIS L iR O y B X OV o Ml IPF < v 7
EBHEZ T Lok SRR R MR & b G IRE A S &
TEHEAHIEE <111> 7 /RD (= 53R SEHE SNz y 25 o ~
DERIZOWTIE, Wk E b Y 2 — & — AR RIRI O
XY REHIBTIE <001>7 //<101> o //RD (= 5 18R, B Tl
<112>y //<112> & //RD (= 5 |iRHh) D F 7 BFRANBISE S 7z

4. % =

Z 2T, XERAA LRI oS RICHE O &, WHIELEM O
3 7 TR & BRI, B X O 2 — 7 — ZATETLEC
AR RTTERICOWTHELET L.

E2MOBEGHRIE, TUVIoT AEAROBEME & I
BmL (Fig2), H2 HOBRHIFESRHS RDEY MY v 7 A
HO=y r VERBRIWRDT 5720, y OREWMET L, &
BRI y 05 o ~NOEED R Y 3 < &5 (Fig3). 5l
RETBRD y b o ~NOEERD, TVI =T AEHEROM
P> THINS % (Fig.7). ZOHE, 7TVI=v A& ®
O¥INE o OEFEFHEE LA S5 2 & TR S 2 85N
S, MO S ELD, F2HOMFMED RS NS+,

M EBPSEDLEEZONDL. BRICHIE, BIRER O ¢
Mo NOEBIEBEEZ 2L 3E2 005720, LT
TRy DREMLE ARSI LANIVIER LTEERZ LD L.

Fig.4-Fig.6 75, 60% LT L 723 B 13 3R TRz
) a—F—=ZAMONY FERERT I Db b, SO
35% Pl E R E W 5.0A1 & 5.5A1 DRRAR LR O |BEZEE) % i
THE, TVIZTLAEHREDLOSSAIOHNY) 2—F— R
BNy R ZBHRED/NS W, 2, ZoREBF Tk
Y HOREEIME D, V) a—F—ZADFTHRIVREL o
TWbZEZRBELTWS, 2O, Zhang 5 DOREHO
RE—3T56]. SHORE OH TR ZEEDEK
6.0A1 SERF @ y M2 DWW TUE, FIREBHIZ o« <V T 3
4 MIERELRTL, PROYW—ERER LRI
WCEL720, 2[HDOY 22— — ZBVETIZBHEG L 2.

Figd OFfEFIIEREMIZEY) 2 —F = 2V FTAI/REL
b I ERRET LD, Fig8 DIGH- U AN 1L i
L% B3 2= —AV0TABEMT 2B LBOLNS.
Fig.8 ° 5, 80% LIEM TIEZAMHOT A 25% £ TY 2 —4%—
ARVERHIF AT WL T e bh b, CORERY) 2—F—
AT A, HRE WL % i L 72 Fe-Ni-Al-C $il O B8 & %5
HEDENT2NG VAL MOLPOMBREH L LEZOND.
CNEBE L CTEERDE LS 5.0A1 8D DIC 12X 5 O3 A
SIATIRNT & EBSD \Z & A MEREEA 2> &, @ BEEEDS o FH DK
R, ORI L 52, TNATIREIEZ
BRI R 52 5 2 EAVRIEE NG,

EHOIE, Va—F—AREREZENDIEN DT AHP
Zh72o THRESEDL-0I121E, HED y HoRENE Z]
AV ETH L EEZTWD, KER) 2 —F— 2
BIIE, RE M LHALZ ) B—ATRE2EL SER0VD,
WL LTERRIIO LAZIHIL, BsEZ 4 1L
XKD, 60% FIEA TIE {1013<001> y(Goss 75 %) (2 2 T
{101}<112> y (Brass i) 235 S 7225, 20% EEM Tl
{101}<112>y (Brass HI0) 3B S b o7z, Z ORMKRIL,
Brass HIEDFEN) 2 — ¥ — AME IR 2 RHET LT &
EIREBLTWS., L2L, TIIRLEEROARNS, £4
MR DOWB AT A 2 L IZTE RV, RS I TS
T DEEAHIRZE PR T 5 720120F, & 5% %0
HTh5b.

) 2= ¥ — 2R LT & WD 2 7 = X 2 %
T5720120%, MoK, RERE OFAEE RERE
IZOWTH S HITHIRT 2 UENH L. Gao b [8]1, M
L Fe-18.16Cr—8.06Ni-0.85Mn—0.418i-0.06C $i|Z K & 72 1) 2. —
F— 20T A% LML, Furuta 5[1,32] b, 50& BN T Cillk
B oML L, BIRARRSIERICEMECTH D 2 L ik
HLTWS., O FAEEDFEIZOWTIE, Koyama 5[10]
1%, Fe-5Mn-0.1C IZBWT, 10255 105s ! O#HiFTIL, 5l
RREBO DT HHEIEIT ) 2 — & — ARER % &b [RERS
BB L 2w EHE LTS, LA L,y BEEDR L 51
DR, OTAMEORL LHPITIE, HRIIRR2LTHS
9. 72, Koyama 5[11]13) 2 — ¥ — AR\ FOERHIZD
WCREMI R BIZE 21T, ) 2 —F = 2MERF O3 A L O
FARHEE DA DTN HEDNT, RHFiR NV FEkoE



28 H A & & % & &k (2025) %89 &
111 A3J/IND
A2//TD
001 101 Al/RD

-,

|30 I:';"_‘ H

111

111 111

max = 1.682 max= 1185 max= 1358
2400 \ 2700 2700
2015 | 2214 2214
15891 1815 1815
1419 1488 1488
1191 1220 | 1220

1,000 1.000 | 1000
0838 0820
001 101

0.820
Fig. 10 Inverse poles figures maps obtained by EBSD analysis before cold rolling for 5.0Al specimens: ( i ) y-ND, (ii ) y-RD, (iii) «’-ND, (iv) o’-RD,
20%CR: (v ) y-ND, (vi) y-RD, (vil) o’-ND, (viii) &’-RD, 60%CR : (ix) 7-ND, (x) 7-RD, (xi) o«’-ND, (xii) «’-RD. (online color)

001 101 oot o1

1

FVERZELTCWD, TOL) iR E1T) 2 Lick BB 2—F— ARV FOBEHE OM Y K U= FHH
D, FeNi-AI-CHIICB VT Y 2 —F— AR L BEMNYE T&hwv., EROX I RBRBARETICL MOy 7D A H
BOANZZALEZWSLNCT LI ENTRTHS . KrE ZZX2PHHID, Y 2 — 5 — 2 MERIZMEIE [38-43]1 6%
DY 2 —F— AWML, @, BABEBRTICE-T (44, 45] 7 & ORI TO RovoTBY, M,
B ENE Ty FUVERKOERM T v 7 B2 ANkt 20 ORI 24 SRRk O B A4 1 E R BL 2R
FefR & L CHE NS, BITED Fe-Ni-AI-CHNIR ARG S, BESL S N7 BAGHIAS SRR B R v] Bl A3 7 v
FEETLHH, ZOHHME A H = X L TIX Fe-Ni—Al-C {12 Z LA, TS ORBBEHIRE SR ENT 31T 2 AN RER o 5



[ Y 2 — 5 — 2B % U % Fe-Ni-Al-C A &5 LM OB & ZIE288) IR o £ L & ol O Bk R- 29
111 A3//IND -
A2/TD | &
]
£
001 101 A1/RD =

max = 1780
2700
2214
1815
1488
1220
1,000
0620

101

Fig. 11

mar=1868
2700
2214
1815
1.488
1220
1.000
0820

001

101

Inverse poles figures maps obtained from RD by EBSD analysis for 5.0Al specimens after tensile deformation of 20%CR after Liiders-like

deformation (i) y-RD, (ii) o’-RD, after fracture, (iii) y-RD, (iv) o’-RD, and 60%CR after Liiders-like deformation (v ) y-RD, (vi) o’-RD, after

fracture (vii) y-RD, (viii) o’-RD. (online color)

FEZZbNTWAD[46]. —T7, WHIELE S 1172 Fe-Ni-Al-C
DAL, BEst S N7 BAUHAS R E L D F LA
WTHAH9. SHITHRMWEIE, Ao TR Kk47,48],
AT [49], HAZHEE[50,51], HREIRTFORAYI[S2] 2 EL S
o, BN - BEREIVAREICR A RIT T LS S hTw
%. Fe-Ni-Al-C i I E LM OMFRTIEF ([l 2 oM T H
%720, 2O X9 AR EGRERIC I T REBIZDOWT,
SHEL L DIHEHPLETDS.

WIS, BRI TSy REMZIREIC X > TEMT
57:0, MEORBIIFEFICEHETH 5. Zang 5[6] X
Fe-7Mn—0.14C-0.2Si D2 A B F T3 R BRI 0 g8 %
-80 ~ 120C DHPATHAE L THB Y, Miyazaki 5 [7] d iRERiE
JEDBE-30 ~ 90COHMPATHE L TV aD. EHZREK
TUE, AR X HR TOMHIREILE NS RETH D,
Y REMIEREEICEE SRV I ) ICHBEESNLRET
Hb. BRI, 92% W EHE L 72 Fe~17.8Cr-11.1Ni-2.52Mo-0.8
6Mn-0.18N X, -196 C TR&IRIR S 2.2GPa, WEWFMITN 50% %
KL, R&RY) 2= —A0TAEN) 2 LAHEIhTY
5053]. COFPHIBRTEHVIHEEKREL) 2 —F— A

FTARERELVH[54], G E 70 & 2 5% I
45 Z & T, Fe-Cr-Ni A% D0 T ORI M 2 T
XL D S.

5. #& A

KX TIE, KELY 2—F— 20T HREHDLIRERZ
JRT, BRI L% Jifi L 72 Fe-Ni—Al-C AT 50 E 40, Fe-Mn
REREH, Fe-Cr-Ni REHEHICET 2 M50 2T L D5
L& BT, 3MMOP TR ME-IEYNT Y ANENR TV
Fe-Ni-Al-C R E4&D ) 2 — ¥ — ZARIE 2 E) & Kbl iy k2
AT T EEHE L G HEERDOEEIIOVWT, FHEHICX
BEATOERAERE IR L7z, BRI RIT T4 2 ERHO
WEIZOWTERLIEREZUTICT LD S,

(1) EREHOBMIYEE R Y 2 —F — ARV FOEHFE
B S 39 A AR R G BN T4t o e B B 5 5 ity
ERONTWS. LaL, y HOMBEEDLY 2 — 5 — R
OFHADORESICHET LI LEMESNRTVED, &
BRIE - mIEYE &R B 720 ORI 0 F5 EHIBIFED



30

(2)

(3)

LEIAHARUTHS.

Fe-Ni-Al-C #lTlZ, 7V 3I =7 ABNVLW\ITEHRED
WL, EMEMET 5. TVIZ T AORME, =
rFVESELGE 2T 5 B2 MR 2 Hin
&, MO y et RTS8, GRELES X 055
BRIy H 0 o« ~NOEEEZINET 5. y HIOREMED
V2= —A0FTARITEET LI MR I N
FETFTEIENEE) 2 —F = 20 TADHEIMNT 5. 80%
DOEE LTI, AHOTAD 25% FTY 2—F— 2R
DT RSB, COKELRY) 2 —F— A0
A, Va—F—2RN Y FOEEREEY R U EET S
CEICL o TEERINS.

ARFTERE, AR ABAREM O WK 2 5215 725 D

Ths.
X ik
[1] T. Furuta, S. Kuramoto, T. Ohsuna, K. Oh-ishi and K. Horibuchi: Die-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]
[15]

hard plastic deformation behavior in an ultrahigh-strength Fe-Ni—Al-
C alloy, Scr. Mater. 101 (2015) 87-90.

K. Edalati, T. Furuta, T. Daio, S. Kuramoto and Z. Horita: High
Strength and High Uniform Ductility in a Severely Deformed Iron
Alloy by Lattice Softening and Multimodal-structure Formation,
Mater. Res. Lett. 3 (2015) 197-202.

X.G. Wang, L. Wang and M.X. Huang: In-situ evaluation of Liiders
band associated with martensitic transformation in a medium Mn
transformation-induced plasticity steel, Mater. Sci. Eng. A 674(2016)
59-63.

Y. Ma, M. Yang, P. Jiang, F. Yuan and X. Wu: Plastic deformation
mechanisms in a severely deformed Fe-Ni-Al-C alloy with superior
tensile properties, Sci. Rep. 7(2017) 15619.

B.B. He, B. Hu, H.W. Yen, G.J. Cheng, Z.K. Wang, H.W. Luo and
M.X. Huang: High dislocation density—induced large ductility in
deformed and partitioned steels, Science 357(2017) 1029-1032.

Y. Zhang, L. Wang, K.O. Findley and J.G. Speer: Influence of
Temperature and Grain Size on Austenite Stability in Medium
Manganese Steels, Metall. Mater. Trans. A 48 (2017)2140-2149.

1. Miyazaki, T. Furuta, K. Oh-ishi, T. Nakagaki, S. Kuramoto, A.
Shibata and N. Tsuji: Overcoming the strength—ductility trade-off via
the formation of a thermally stable and plastically unstable austenitic
phase in cold-worked steel, Mater. Sci. Eng. A 721(2018) 74-80.

S. Gao, Y. Bai, R. Zheng, Y. Tian, W. Mao, A. Shibata and N. Tsuji:
Mechanism of huge Liiders-type deformation in ultrafine grained
austenitic stainless steel, Scr. Mater. 159 (2019) 28-32.

Y. Hosoya, Y. Matsumura, Y. Tomota, Y. Onuki and S. Harjo:
Mechanism of Improved Ductility of 1500 MPa-class Ultra-high
Strength Cold-rolled Steel Sheet Produced by Rolling and Partitioning
Method, ISIJ Int. 60(2020)2097-2106.

M. Koyama, T. Yamashita, S. Morooka, T. Sawaguchi, Z. Yang,
T. Hojo, T. Kawasaki and S. Harjo: Microstructure and Plasticity
Evolution During Liders Deformation in an Fe-5Mn-0.1C Medium-
Mn Steel, ISTJ Int. 62(2022)2036-2042.

M. Koyama, T. Yamashita, S. Morooka, Z. Yang, R.S. Varanasi,
T. Hojo, T. Kawasaki and S. Harjo: Hierarchical Deformation
Heterogeneity during Liiders Band Propagation in an Fe-5Mn-
0.1C Medium Mn Steel Clarified through in sifu Scanning Electron
Microscopy, ISIJ Int. 62 (2022) 2043-2053.

H. Du, Y. Gong, Y. Xu, Q. Zeng, L. Xiong, Y. Li, Y. Nie, J. Wang and
X. Jin: Obtaining Ultrastrong and Ductile Steel with Hierarchical
Lamellar Duplex Phase Microstructure by Two-Stage Martensitic
Transformation Mechanism, Metall. Mater. Trans. A 53(2022) 1613-
1629.

S. Kuramoto and T. Furuta: Severe Plastic Deformation to Achieve
High Strength and High Ductility in Fe-Ni Based Alloys with Lattice
Softening, Mater. Trans. 60 (2019) 1116-1122.

T. Saito et al.: Multifunctional Alloys Obtained via a Dislocation-Free
Plastic Deformation Mechanism, Science 300 (2003) 464-467.

S. Kuramoto, T. Furuta, J.H. Hwang, K. Nishino and T. Saito: Plastic

=g
A

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

1 (2025)

%89 &

deformation in a multifunctional Ti-Nb-Ta-Zr-O alloy, Metall. Mater.
Trans. A 37 (2006) 657-662.

T. Furuta, S. Kuramoto, J.W. Morris, Jr., N. Nagasako, E. Withey and
D.C. Chrzan: The mechanism of strength and deformation in Gum
Metal, Scr. Mater. 68 (2013)767-772.

M. Hara, Y. Shimizu, T. Yano, N. Takesue, T. Furuta and S. Kuramoto:
Mechanical anisotropy and ideal strength in a multifunctional Ti-Nb—
Ta—Zr-O alloy (Gum Metal), Int. J. Mater. Res. 100 (2009) 345-348.
S. Kuramoto, T. Furuta, N. Nagasako and Z. Horita: Lattice softening
for producing ultrahigh strength of iron base nanocrystalline alloy,
Appl. Phys. Lett. 95 (2009)211901.

K. Edalati, S. Toh, T. Furuta, S. Kuramoto, M. Watanabe and Z.
Horita: Development of ultrahigh strength and high ductility in
nanostructured iron alloys with lattice softening and nanotwins, Scr.
Mater. 67 (2012)511-514.

Y. Zhang and H. Ding: Ultrafine also can be ductile: On the essence of
Liiders band elongation in ultrafine-grained medium manganese steel,
Mater. Sci. Eng. A 733 (2018)220-223.

X.G. Wang, C.H. Liu, B.B. He, C. Jiang and M.X. Huang:
Microscopic strain partitioning in Liiders band of an ultrafine-grained
medium Mn steel, Mater. Sci. Eng. A 761 (2019) 138050.

B. Sun, Y. Ma, N. Vanderesse, R.S. Varanasi, W. Song, P. Bocher, D.
Ponge and D. Raabe: Macroscopic to nanoscopic in sifu investigation
on yielding mechanisms in ultrafine grained medium Mn steels: Role
of the austenite-ferrite interface, Acta Mater. 178 (2019) 10-25.

Y. Ma, B. Sun, A. Schokel, W. Song, D. Pong, D. Raabe and W. Bleck:
Phase boundary segregation-induced strengthening and discontinuous
yielding in ultrafine-grained duplex medium-Mn steels, Acta Mater.
200 (2020) 389-403.

C.Y, Hung, Y. Bai, N. Tsuji and M. Murayama: Grain size altering
yielding mechanisms in ultrafine grained high-Mn austenitic steel:
Advanced TEM investigations, J. Mater. Sci. Technol. 86 (2021) 192-
203.

R.S. Varanasi, S. Zaefferer, B. Sun and D. Ponge: Localized
deformation inside the Liiders front of a medium manganese steel,
Mater. Sci. Eng. A 824 (2021) 141816.

C. Lei, X. Li, X. Deng, Z. Wang and G. Wang: Deformation
mechanism and ductile fracture behavior in high strength high
ductility nano/ultrafine grained Fe-17Cr-6Ni austenitic steel, Mater.
Sci. Eng. A 709 (2018)72-81.

G. Sun, J. Liu and Y. Zhu: Heterostructure alleviates Liiders
deformation of ultrafine-grained stainless steels, Mater. Sci. Eng. A
848 (2022)143393.

H. Du, Y. Gong, T. Liang, Y. Li, Y. Xu, X. Lu, Q. Zeng and X. Jin:
Enhancement of Impact Toughness Via Tailoring Deformation
Compatibility of Constituent Phases in Duplex Q&P Steel with
Excellent Strength and Ductility, Metall. Mater. Trans. A 51(2020)
2097-2117.

H. Du, Y. Gong, Z. Li, X. Lu and X. Jin: Investigation into
Competitive Mechanism of Carbon Partitioning and Pseudospinodal
Decomposition of Supersaturated Martensite in Q&P Steel Containing
High Silicon, Metall. Mater. Trans. A 52(2021)2123-2130.

H. Du, Y. Gong, Q. Zeng, Y. Li, N. Min and X. Jin: Interpretation
of Dynamic Strain Aging in an Intercritical Annealed Steel by
Dislocation Multiplication Induced by Martensitic Transformation,
Metall. Mater. Trans. A 52(2021) 5258-5273.

H. Du, Y. Gong, B. Liu, Y. Xu, Y. Li and X. Jin: Discontinuous
Yielding Mechanisms in Tempered Hierarchical Duplex Phase Steel
with High-Density Dislocations, Metall. Mater. Trans. A 53(2022)
2331-2337.

T. Furuta, I. Miyazaki, K. Oh-ishi, S. Kuramoto, A. Shibata and N.
Tsuji: Characterization of cold-rolled heterogeneous microstructure
formed by multimodal deformation in an Fe-Ni-Al-C alloy with lattice
softening, Mater. Des. 153 (2018) 166-176.

V.S. Ananthan and E.O. Hall: Macroscopic aspects of Liiders band
deformation in mild steel, Acta Metall. Mater. 39 (1991)3153-3160.
J. Han, S.H. Kang, S.J. Lee and Y.K. Lee: Fabrication of bimodal-
grained Al-free medium Mn steel by double intercritical annealing and
its tensile properties, J. Alloy. Compd. 681 (2016) 580-588.

H.X. Li, S. Gao, Y. Tomota, S. Ii, N. Tsuji and T. Ohmura: Mechanical
response of dislocation interaction with grain boundary in ultrafine-
grained interstitial-free steel, Acta Mater. 206 (2021) 116621.

D.H. Johnson, M.R. Edwards and P. Chard-Tuckey: Microstructural
effects on the magnitude of Liiders strains in a low alloy steel, Mater.
Sci. Eng. A 625 (2015) 36-45.

H. Sumitomo: Investigation of the Development of Cold-rolling and
Annealing Textures in SUS304 Austenitic Stainless Steel, Tetsu-to-
Hagané 77(1991) 558-565 (in Japanese).


https://doi.org/10.1016/j.scriptamat.2015.01.025
https://doi.org/10.1080/21663831.2015.1050126
https://doi.org/10.1016/j.msea.2016.07.054
https://doi.org/10.1016/j.msea.2016.07.054
https://doi.org/10.1038/s41598-017-15905-5
https://doi.org/10.1126/science.aan0177
https://doi.org/10.1007/s11661-017-3995-z
https://doi.org/10.1016/j.msea.2018.02.075
https://doi.org/10.1016/j.scriptamat.2018.09.007
https://doi.org/10.2355/isijinternational.ISIJINT-2020-027
https://doi.org/10.2355/isijinternational.ISIJINT-2021-510
https://doi.org/10.2355/isijinternational.ISIJINT-2022-098
https://doi.org/10.1007/s11661-021-06582-1
https://doi.org/10.1007/s11661-021-06582-1
https://doi.org/10.2320/matertrans.MF201920
https://doi.org/10.1126/science.1081957
https://doi.org/10.1007/s11661-006-0037-7
https://doi.org/10.1007/s11661-006-0037-7
https://doi.org/10.1016/j.scriptamat.2013.01.027
https://doi.org/10.3139/146.110017
https://doi.org/10.1063/1.3266832
https://doi.org/10.1016/j.scriptamat.2012.06.019
https://doi.org/10.1016/j.scriptamat.2012.06.019
https://doi.org/10.1016/j.msea.2018.07.052
https://doi.org/10.1016/j.msea.2019.138050
https://doi.org/10.1016/j.actamat.2019.07.043
https://doi.org/10.1016/j.actamat.2020.09.007
https://doi.org/10.1016/j.actamat.2020.09.007
https://doi.org/10.1016/j.jmst.2021.01.031
https://doi.org/10.1016/j.jmst.2021.01.031
https://doi.org/10.1016/j.msea.2021.141816
https://doi.org/10.1016/j.msea.2017.10.043
https://doi.org/10.1016/j.msea.2017.10.043
https://doi.org/10.1016/j.msea.2022.143393
https://doi.org/10.1016/j.msea.2022.143393
https://doi.org/10.1007/s11661-020-05701-8
https://doi.org/10.1007/s11661-020-05701-8
https://doi.org/10.1007/s11661-021-06232-6
https://doi.org/10.1007/s11661-021-06464-6
https://doi.org/10.1007/s11661-022-06684-4
https://doi.org/10.1007/s11661-022-06684-4
https://doi.org/10.1016/j.matdes.2018.04.066
https://doi.org/10.1016/0956-7151(91)90049-7
https://doi.org/10.1016/j.jallcom.2016.04.014
https://doi.org/10.1016/j.actamat.2021.116621
https://doi.org/10.1016/j.msea.2014.11.084
https://doi.org/10.1016/j.msea.2014.11.084
https://doi.org/10.2355/tetsutohagane1955.77.4_558
https://doi.org/10.2355/tetsutohagane1955.77.4_558

%1

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

7 Y a— ¥ — AL 2 U % Fe-Ni-Al-C 52 i R A ORI MR & 2K 288) -WFEEIN O & o & il O FBG - 31

S. Gao, M. Chen, S. Chen, N. Kamikawa, A Shibata and N. Tsuji:
Yielding Behavior and Its Effect on Uniform Elongation of Fine
Grained IF Steel, Mater. Trans. 55(2014) 73-77.

F. Pohl: Pop-in behavior and elastic-to-plastic transition of
polycrystalline pure iron during sharp nanoindentation, Sci. Rep. 9
(2019)15350.

X.H. An, S.D. Wu, Z.F. Zhang, R.B. Figueiredo, N. Gao and T.G.
Langdon: Enhanced strength—ductility synergy in nanostructured Cu
and Cu—Al alloys processed by high-pressure torsion and subsequent
annealing, Scr. Mater. 66 (2012)227-230.

Y.Z. Tian, S. Gao, L.J. Zhao, S. Lu, R. Pippan, Z.F. Zhang and
N. Tsuji: Remarkable transitions of yield behavior and Liiders
deformation in pure Cu by changing grain sizes, Scr. Mater. 142
(2018)88-91.

N. Kamikawa, X. Huang, N. Tsuji and N. Hansen: Strengthening
mechanisms in nanostructured high-purity aluminium deformed to
high strain and annealed, Acta Mater. 57(2009) 4198-4208.

Z.Li, L. Fu, B. Fu and A. Shan: Yield point elongation in fine-grained
titanium, Mater. Lett. 96 (2013) 1-4.

D. Drozdenko, K. Fekete, P. Dobron, M. Knapek, K. Mathis,
P. Minarik, M. Yamasaki and Y. Kawamura: The yield point
phenomenon in ultrafine-grained dilute Mg-Zn-Y alloys, Mater. Lett.
330 (2023)133315.

C.X. Huang, G. Yang, C. Wang, Z.F. Zhang and S.D. Wu: Mechanical
Behaviors of Ultrafine-Grained 301 Austenitic Stainless Steel
Produced by Equal-Channel Angular Pressing, Metall. Mater. Trans. A
42 (2011)2061-2071.

X. Huang, N. Hansen and N. Tsuji: Hardening by Annealing and
Softening by Deformation in Nanostructured Metals, Science 312

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

(2006)249-251.

H. Miura, Y. Iwama and M. Kobayashi: Comparisons of
Microstructures and Mechanical Properties of Heterogeneous Nano-
Structure Induced by Heavy Cold Rolling and Ultrafine-Grained
Structure by Multi-Directional Forging of Cu—Al Alloy, Mater. Trans.
60(2019) 1111-1115.

J. Gubicza: Lattice Defects and Their Influence on the Mechanical
Properties of Bulk Materials Processed by Severe Plastic
Deformation, Mater. Trans. 60(2019) 1230-1242.

X. Sauvage, A. Duchaussoy and G. Zaher: Strain Induced
Segregations in Severely Deformed Materials, Mater. Trans. 60
(2019) 1151-1158.

K. Edalati: Metallurgical Alchemy by Ultra-Severe Plastic
Deformation via High-Pressure Torsion Process, Mater. Trans. 60
(2019) 1221-1229.

A. Bachmaier and R. Pippan: High-Pressure Torsion Deformation
Induced Phase Transformations and Formations: New Material
Combinations and Advanced Properties, Mater. Trans. 60(2019)
1256-1269.

V.I. Levitas: High-Pressure Phase Transformations under Severe
Plastic Deformation by Torsion in Rotational Anvils, Mater. Trans. 60
(2019) 1294-1301.

C. Watanabe, H. Jiang. Y. Aoyagi, Y. Todaka, M. Kobayashi and H.
Miura: Collected Abstracts of the 2019 Autumn Meeting of the Japan
Inst. Metals, (2019) pp.121 (in Japanese) .

C. Watanabe, S. Kobayashi, Y. Aoyagi, Y. Todaka, M. Kobayashi, N.
Sugiura, N. Yoshinaga and H. Miura: Heterogeneous Nano-structure
and Its Evolution in Heavily Cold-rolled SUS316LN Stainless Steels,
Tetsu-to-Hagané 105(2019) 254 -261 (in Japanese) .


https://doi.org/10.2320/matertrans.MA201317
https://doi.org/10.1038/s41598-019-51644-5
https://doi.org/10.1038/s41598-019-51644-5
https://doi.org/10.1016/j.scriptamat.2011.10.043
https://doi.org/10.1016/j.scriptamat.2017.08.034
https://doi.org/10.1016/j.scriptamat.2017.08.034
https://doi.org/10.1016/j.actamat.2009.05.017
https://doi.org/10.1016/j.matlet.2012.12.115
https://doi.org/10.1016/j.matlet.2022.133315
https://doi.org/10.1016/j.matlet.2022.133315
https://doi.org/10.1007/s11661-010-0575-x
https://doi.org/10.1007/s11661-010-0575-x
https://doi.org/10.1126/science.1124268
https://doi.org/10.1126/science.1124268
https://doi.org/10.2320/matertrans.MF201904
https://doi.org/10.2320/matertrans.MF201904
https://doi.org/10.2320/matertrans.MF201909
https://doi.org/10.2320/matertrans.MF201919
https://doi.org/10.2320/matertrans.MF201919
https://doi.org/10.2320/matertrans.MF201914
https://doi.org/10.2320/matertrans.MF201914
https://doi.org/10.2320/matertrans.MF201930
https://doi.org/10.2320/matertrans.MF201930
https://doi.org/10.2320/matertrans.MF201923
https://doi.org/10.2320/matertrans.MF201923
https://doi.org/10.2355/tetsutohagane.TETSU-2018-075


	_Hlk178322183
	_Hlk178322591
	_Hlk178322692
	_Hlk178322783

