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The present research aimed to make clear the method to produce metallic materials
with high strength and good ductility by applying shape invariant deformation with a
large strain gradient. In pure Ti and pure Zr, it was made clear that such
deformation enhance to retain high strength high pressure phase at ambient condition.
It was proposed that the two phase structure with high strength high pressure o phase
and ductile o phase can be a good candidate for the high strength-high ductile
materials. In austenitic stainless steels, it was shown that high strength—high
ductility can be achieved by grain refinement strengthening and nano-size
precipitation strengthening and transformation plasticity.

AR E R
(EHHAL : 1)
(RS [l e 2 & &t
2008 4 16, 300, 000 4, 890, 000 21, 190, 000
2009 4 13, 400, 000 4, 020, 000 17, 420, 000
2010 4E 4, 500, 000 1, 350, 000 5, 850, 000
L
FEE
&t 34, 200, 000 10, 260, 000 44, 460, 000

WFFEs 8 « T8
B D58 - ME : MBS - f - BEERTR}
F—U—F:&F - EROTH - 8 « B0 - EAE - WA - /7 il - £RE

1. WFFEBRAE 4O 5t HE W, KM TIEOMYELZLKT S &
1990 FERIZELEINT-IRAE M LiELY ECAP X° ARB T3, fHYE 10 REERA T
fi o 7580 T O RFFE 23 T4 E N A THER I 57, HPT ML TIEAA4ZE 10000(300 [H]
IHERIATONTWD, % 5 HF/H TR )L EOR O REREREMZADZ ENT
X 3L B L, #EEMEHBEMR Clik X%, &512 ECAP <° ARB TlI o Lk



DAL SRS 7E 4 FLE CTEFIRBEIZEL T
L5, ZDJKIT ARB X ECAP B EAK
DN —INTTH DI, THEFHAICE R
SN DENL(SS Hafir) | N EICHEASN, E&
OHIINE & IR 5O OGRIZE 5
FNEIENEZ VT b0 ThD, &
V) 5 RO 7 R A 1 D IR E U B
DEENL, D F D TR M i (GN
Hi(r) | 2 KREICEATHIHLENH D, GN dn
NOBEITEARICHETH(X4), 2T
AW TIE, REREAREZ TR 2D
Z LN ATREZ: HPT(High Pressure Torsion)
INT A~ T, EEE EAREMITE S
Wik HE L, MEko @i Lkl ik o
AR 69~ 2 7B A AL D B % i B W fR
3%,

2. WO HK
TREOEBICET 5 EmEL & SIEME
OHIEZA LU, BRE - SIEEO AT
NP 7 aWiat 7y 0= [[5ARF L ik S pre
EmRELIZOWTIE 1) EAERE L, 2) @)
ML L, 3) BEMSRIL. BIEME(LIZ OV
Tix, 1) Zdbkifk, 2) KESMDONAE
— &)Uk, 3) HEFLIC L DO o,
4) RA NGO, OB E1T
Do

3. WD HikE

#i4 8D Fe, Al, Ti, CudB L1304 25
VL AT L CTHEA OSETHPTIC L BN
TaIT\V, BIERBRIC K VBELZRITT 5,
EIREAICOWTIE 1) BRI, 2) B
ZERe b, 3) ML REsiiR{kD 3 SOl
BT 5, El-EmaErt{bizon T,
1) ZEdkifb, 2) RIBRDAMONA E—H )L
b, 3) BMIZ X 28— oEEm, 4)
RA NP ORORIIN, ORFEE21T 5,
MTH D I 7 v 487k % FESEM/EBSP, 751 &
BEASEE (TEM) . 3 43 e BB 1 B BE (HRTEM) 72
TR L, ML, BIEM b AT =X
I % ki & OIS CRATT 5,

EABLE S BEROT BN TAZIE HPT N T
i (M 8) M HT 5, Bl DL (5 KA
HH 200t) (X [EIHEH L (0. 025~ 5rpm) ik EHE
JE (-15~400C), FHFHR A A (Ar, N2) 72 &,
INT S OREE R HIE A FTRE CToh 5, HPT &R
BHIER 10~30mm, & X 0. 6~2mm O KT
by, o hNERBR A (K8) 280 Hid,
F o, HOOREILBLA D& 53 f#EEE CCD F1 A
Z(E8)IZTITW, ZhE2H5HWHZET
BN S-EREMREERT D, FERED HPT
INTH, BEO, ZO5ERBRETR OMARE
{t.% . BLA @ FESEM/EBSP, 3 X OV 4L fi
X Td D TEM, s f#HE TEM, XRD (2 &0 @15
T 5,

4. WFIEEHE:

1) EAEEL

#li Fe Tt U 0 akB (HPT) 35 (& 24 - T,
EE (AR, GO LS OREEE) &
E AR (BlERER) %~ 2 S B 7=l e 2 1F
. BB OSIRMEZHE L, REOE
SIS E R A VT, BUET
WrE B2 3T B 5l RME x4 5 E AR D
WEZP LN L, LEOERNS, £
Bz S b2 ER EEARDOKEID
BEEr & L CEEMIZFIG L7z,

2) N TagH BestisR b

HPT TR TR ZITH> Z &Ik, I8
JERH ETAEAD =L ERA LT, figkT
N T T O BESL T D% O TREAL 2 ME
HENDHHELEZRNE Lz, ZORKE L TH
SRS, RINERAIAE G, PRGN E D2k
NEZBND,

3) AT UL AMMOBRERE R L= &5k
FE i EMEAL (FEAS)

SUS304 AT v L A HPT ML %47-> THE
REEENMIHRE~ALT T A MZOWT
MR EAT o7, IMTEEE~ VT A 1T hEs
Wk AmmEEnT 52 . FORRKIE Ni3si
OF I THDLZ ERbroT-, ZOML
% OWEhiE L & EREEEM A AS b D
LT, EIREEEEMED 2T L A AN B %S
TELEIELNT,

SUS304 & W A —AFTF A FNEET., WwEix
MTIC Lo T=AT oA FBER LA
SUS316L 122N T HPT I LA 1T - 7,
ZFOFER . HPT INTLIC XLV ~AT %4 ME
WAERTHZ L., IMLTICkvAKT 5~
T A NHOEISITEEENEVIZ Y, E
BRZWVNIESZWZ L LT YA MHD
BB 70%F CRIFET S Z ML,
SIoICEBENDOFELE LT, BERETY
FRARTHE T HPT AN L% 500°CAHHT THES+ 2 =
& THRAE DS 30%LL EHEINd 5 Z &AL 7=
4) BJEMO HPT I L& - 722 E iz L %
1 58 i SEPERA R D B %

T, fl Zr. Ao T, mE T CTEXREM
TEITV, BIEMAEZAR S, HETFTTOR
EMER AT, TORER, M Ti, # Zr, T
LEREOBEFTH 2 o FANER - HIET
T, B L, MEoEm@mE/IcFIHTE S
T EDHB LT, BT D o HHOFIA X HPT
BEDETINRKREWIZE, HPT IZX > TINZ %
BANRKEVINEERENWZ ENHA L, F
7o Ti 2K L Ca i ZENITTHR TH HEHR &
EEWINT D L. o MOEIEGNED T 5 HEN
ot 724 Ti O o fBITMEUC XY
150°CHHr Ca fRICHEERET 5 Z 0V HIBI L
7o — Mg CITEEMR D « FHIXEIR - )t
TTIIERE LW EPNHHLT-, £Z2Ce
MEZENT D Mn ZFEAX ORERML
Fe-Mn-C &4 CEE F CEREMLEZITV,



Wi WET CREMZERE SED 2 LI

hL7-,
5) MEKOEALRIE & EmisE - @B s
D] 3T

EIRIE - BERUREMEORE S OB A H
B, BRFER A HPT T L, 90 & BAU
LA L7, #iEr D Cu, Nb, CHIRD
RAEWICHPT L2225 Z & T, EiRTHE
{LRTES FIRE T d o 7=, HPT JILHIZ NbC D
AL —F AR L7225, NbC R b1 HPT
INT A% OBESE THIN L 7=, NbC DIEFEEIE A
1 & 2%DKFZ, FlIREE 600MPa LA E, &
AR N igR D 0% EAERR LT, T D
BFgense . HPT ITIZ L0 . MRk
NARETH U | FRCERE SR ClI R -
B BB RS O ST L 72 B RE AR oD fE
NARETH D Z L AVHIBA LT,

5. ERRERLE
(RFFEAREESE . WFIE 03 M ONHLEERFZE 3 12
=)

UdEisam ) (B 46 1)

1) B.D. Long, M.Umemoto, Y Todaka, R.
Othman, H. Zuhailawati, Fabrication
of high strength Cu—-NbC composite
conductor by high pressure torsion,
Materials Science and Engineering A,
A, 528, 2011, 1750-1756

2) W.Dmowskia, Y.Yokoyama, Chuanga,
Y.Renc, M.Umemoto, K.Tsuchiya,
A.Inoue and T. Egami, Structural
rejuvenation in a bulk metallic glass
induced by severe plastic deformation,
Acta Materialia, f, Volume 58, Issue
2, 2010, 429-438

3) Minoru Umemoto, Bui Duc Long,
Yoshikazu = Todaka and  Koichi
Tsuchiya, Work-Softening High
Pressure Phase Formation and
Powder Consolidation by  HPT,

Materials Science Forum, #, Vols.
654-656, 2010, 1205-1210

4) Innocent Shuro, Minoru Umemoto,
Yoshikazu Todaka and Seiji Yokoyama,
Phase Transformation and Annealing
Behavior of SUS 304 Austenitic
Stainless Steel Deformed by High
Pressure Torsion, Materials Science
Forum, A , Vols. 654-656, 2010,
334-337

5) Y Todaka, H Azuma, Y Ohnishi, H
Suzuki and M.Umemoto, Influence of

6)

7)

8)

9)

10)

11)

12)

strain amount on stabilization of
o—phase in pure Ti by severe plastic
deformation under high-pressure
torsion, 15th International Conference
on the Strength of Materials
(ICSMA-15), Journal of Physics, £,
Conference Series 240, 2010, 012113

Y.F. Suna, H. Fujii, N. Tsuji, Y Todaka,
M.Umemoto, Fabrication of ZrAINiCu
bulk metallic glass composites
containing pure copper particles by
high-pressure torsion, dJournal of
Alloys and Compounds, A, 492, 2010,
149-152

B.D. Long, R. Othman, M.Umemoto,
H. Zuhailawati, Spark plasma
sintering of mechanically alloyed in
situ copper—niobium carbide composite,
Journal of Alloys and Compounds, A,
505, 2010, 510-515

Innocent Shuro, Minoru Umemoto,
Yoshikazu Todaka, Ho-Hung Kuo,
Hongcai Wang, Anomalous Property
Evolution during Annealing in HPTed
SUS304 Austenitic Stainless Steel,
Materials Science Forum, #, Vols.
667-669, 2010, 589-592

Y Todaka, K.Morisako, M.Kumagai,
Y.Matsumoto, M.Umemoto, Hydrogen
embrittlement of submicrocrystalline
ultra-low carbon steel produced by
high-pressure torsion straining,
Advanced Materials Research, # ,
Vols.89-91, 2010, 763-768

Ciuca, K.Tsuchiya, Y.Yokoyama, Y
Todaka, M.Umemoto, Heterogeneous
process of disordering and structural
refinement in Ni3Al during severe
plastic deformation by high-pressure
torsion,Materials Transactions, A ,
Vol.51, 2010, 14-22

===

e —, ML, Jinguo Li, HH{E
=, /NEEFNSE, $ORIE, MEATE, EATE
< /T YA MAOEER RN VIITLIC
£ B RUIVRERBIZE T 5 BB
BARRRIZ AR & 2 D )Rk, 8k &8, A,
Vol.96, 2010, 21-28

Y.F.Sun, TNakamura, Y Todaka,
M.Umemoto, N.Tsuji, Fabrication of
CuZr(Al) bulk metallic glasses by high



13)

14)

15)

16)

17)

18)

19)

A,

pressure torsion,Intermetallics,
Vol.17, 2009, 256-261

Y.Todaka, H.Nagai,Y.Takubo, M.Yoshii,
M.Kumagai, M.Umemoto,Tensile and
fatigue properties of sub-micro-
crystalline ultra-low carbon steel pro-
duced by HPT-straining, International
Journal of Materials Research, A&,
Vol.100, 2009, 775-779

D.Orlov, Y Todaka, M.Umemoto,
N.Tsuji, Role of strain reversal in
grain refinement by severe plastic
deformation, Materials Science Eng. A,
A, Vol.499, 2009, 427-433

D.Orlov, Y Todaka, M.Umemoto, Y.
Beygelzimer, Z. Horita, N. Tsuji,
Plastic flow and grain refinement
under simple shear-based severe
plastic deformation processing,
Materials Science Forum, F, Vols.
604-605, 2009, 171-178

0.Ciuca, K.Tsuchiva, Y.Yokoyama, Y
Todaka M.Umemoto, Effect of

nanocrystallization and twinning on
hardness in Ni3Al deformed by
high-pressure  torsion,  Materials
Transactions, 4, Vol.50, 2009, 1123-
1127

K.Tsuchiya, Y.Hada, T.Koyano,
K.Nakajima, M.Ohnuma, T.Koike, Y
Todaka, M.Umemoto, Production of

TiNi amorphous/nanocrystalline wires
with high strength and elastic
modulus by severe cold drawing,
Scripta Materialia, 4, Vol.60, 2009,
749-752

D.Orlov, P.P.Bhattacharjee, Y Todaka,
M.Umemoto, N.Tsuji, Texture evo-
lution in pure aluminum subjected to
monotonic and reversal straining in
high pressure torsion, Scripta Mater.,

A, Vol.60, 2009, 893-896

S.Farjami, K.Tsuchiva, Y Todaka, and
M.Umemoto, Nanocrystallization of
B -titanium Alloys by High-pressure
Torsion, Processing and Fabrication
Advanced Materials- XVIII, eds:
M.Niinomi, M.Morinaga, M.Nakai,
N.Bhatnagar, T.S.Srivatsan, 4, Vol.3,
2009, 1053-1060

20)

21)

22)

23)

24)

25)

K.Tsuchiya, S.Yamamoto, Y.Yokoyama,
H.Kato, Y Todaka and M.Umemoto,
Severe pastic deformation of Zr-Cu-Al
metallic glass in As-cast and crystal-
lized conditions, Processing and Fabri-
cation Advanced Materials- XVIII,
eds: M.Niinomi, M.Morinaga, M.Nakai,
N.Bhatnagar, T.S.Srivatsan, A, Vol.4,
2009, 1865-1874

K.Morisako, Y Todaka, M.Kumagai,
Y.Matsumoto, and M.Umemoto, Influ-
ence of hydrogen on mechanical prop-
erties of submicrocrystalline ultra-low
carbon steel produced by high-
pressure torsion straining, Processing
and Fabrication Advanced Materials-
XVIII, eds:M.Niinomi, M.Morinaga,
M.Nakai, N.Bhatnagar, T.S.Srivatsan,
A, Vol.4, 2009, 1875-1884

Y Todaka, H.Azuma, Y.Ohnishi, and
M.Umemoto, High-functionalization of
mechanical property in Ti and Zr by
pressure-induced phase transfor-
mation under high-pressure torsion
straining, Processing and Fabrication
Advanced Materials- XVIII, eds:
M.Niinomi, M.Morinaga, M.Nakai,
N.Bhatnagar, T.S.Srivatsan, A, Vol.4,
2009, 1895-1904

0.Ciuca, K.Tsuchiva, Y.Yokoyama, Y
Todaka, and M.Umemoto, Structural
refinement of Ni3Al intermetallic
compound by high-pressure torsion,
Processing and Fabrication Advanced
Materials- XVIII, eds:M.Niinomi,
M.Morinaga, M.Nakai, N.Bhatnagar,
T.S.Srivatsan, A, Vol.4, 2009, 1915-
1924

K. Koujina, Y Todaka, T.Yakushiji,
H.Nagai, Y.Jguchi and M.Umemoto,
Formation of ultrafine-grained struc-
ture at worn surface in carbon steel by
wearing process, Processing and Fab-
rication Advanced Materials- XVIII,
eds:M.Niinomi, M.Morinaga, M.Nakai,
N.Bhatnagar, T.S.Srivatsan, A, Vol.4,
2009, 1925-1932

P, BAZE, KESHS, HAEH
3, JIEREL, TR — B Ticks
RBGP DT A ZA NOER L S5,
5z b, A, Vol.14, No.1, 2009, 28




26)

27)

28)

29)

30)

31)

32)

33)

34)

Frse—, A%, HaE, I,
g, BIHDINIC &0 SkEA R

RENZER S Tz fEdRiRk, 5z
e, A, Vol.14, No.1, 2009, 26

EFe—, MRS, EEH], [LigR R,
T8 —, vay == 2Lk
SRAT BRI AR U= T/ i SRR A,
S5z bie, A, Vol.14, No.1, 2009, 24

FEge—, AR, IRER, REREH,
TREE— HPT N TIC X W ERR L=~
2 7o fEiEkL IF SORAEERE, 52
5ite, A, Vol.14, No.1, 2009, 14

Dmitry Orlova, Yoshikazu Todaka,
Minoru Umemoto and Nobuhiro Tsuji,
Role of strain reversal in grain
refinement by severe plastic deforma-
tion, Materials Science and Eng.: A,
£, 499, 2009, 427-433

Y.F. Sun, T. Nakamura, Y Todaka,
M.Umemoto and N. Tsuji, Fabrication
of CuZr(Al) bulk metallic glasses by
high pressure torsion, Intermetallics,
A, 17,2009, 256-261

Koichi Tsuchiya, Yasufumi Hada,
Tamotsu Koyano, Kiyomi Nakajima,
Masahito Ohnuma, Tadahiro Koike,
Yoshikazu Todaka and Minoru
Umemoto, Production of TiNi amor-
phous/nanocrystalline wires with high
strength and elastic modulus by
severe cold drawing, Scripta Mater.,
A, 60, 2009, 749-752

Dmitry  Orlov, Pinaki  Prasad
Bhattacharjee, Yoshikazu Todaka,
Minoru Umemoto and Nobuhiro Tsuji,
Texture evolution in pure aluminum
subjected to monotonous and reversal
straining in high-pressure torsion,
Scripta Materialia, 4, 60, 2009, 893-

896

FEde—, AR, IRER, REREH,
8%~ HPT TIC L v ERL L 729
7 U v UfEsRL TR SO, S5
z bie, A, 14(1). 2009, 14

e, MEARZE, MDA, LR,
TR/~ vay hE—= I LV
M B R TENCTEAR L 72T/ i itk kEL A |
Sz bie, A, 14(1). 2009, 24

35)

36)

37)

38)

39)

40)

41)

42)

43)

FEFE—, MEARSE, 24, I,
T vE— . BIEIN AT X v SRS
WAL LT/ R s bk, 5z b,
A, 14(1), 2009, 26

P, BAZE, KESHS, MHAEH
%, JIMEREL, ERiE—, BTz X
HRBWP DOE R Z A NOERE S
fit, Sz bte, A, 14(1), 2009, 28

Y Todaka, M.Umemoto, A.Yamazaki,
J.Sasaki and K.Tsuchiva, Effect of
strain path in high-pressure torsion
process on hardening in commercial
purity titanium, Mater. Transactions,

£, 49(1), 2008, 47-53

Y Todaka, M.Umemoto, A.Yamazaki,
J.Sasaki and K.Tsuchiya, Influence of
high-pressure torsion straining condi-
tions on microstructure evolution in
commercial purity aluminum, Mater.
Transactions, A, 49, (1), 2008, 47-14

Yoshikazu Todaka, dJun Sasaki,
Takayuki Moto and Minoru Umemoto,
Bulk submicrocrystalline x-Ti pro-
duced by high-pressure torsion strain-
ing Scripta Materialia A 59, 2008, 615
-618

M.Umemoto, Y Todaka , J. Sasaki and
I. Shuro, Strain Gradient Hardening
and Pressure induced Phase Trans-
formation of Metals by HPT, Materials
Science Forum, A, 584-586, 2008,
493-500

Yoshikazu Todaka, Yoshii Miki,
Minoru Umemoto, Chaohui Wang and
Koichi Tsuchiya, Tensile Property of
Submicrocrystalline Pure Fe Produced
by HPT-straining, Materials Science
Forum, A, 584-586, 2008, 597-6028

Dmitry  Orlov, Pinaki  Prasad
Bhattacharjee, Yoshikazu Todaka,
Minoru Umemoto and Nobuhiro Tsuji,
Reversal straining to manage struc-
ture in pure aluminum under SPD,
Materials Science Forum, £, 584-586,
2008, 133-138

H. Zuhailawati, R. Othman, D. L. Bui,
and M.Umemoto, Synthesis and Char-
acterization of In-situ Copper-Niobium
Carbide Composite, AIP Conf. Proc.,



44)

45)

46)

(=

1)

2)

3)

(XF)

£, 989, 2008, 241-244

K.Tsuchiya, T.Waitz, T.Hara,
H.P.Karnthaler, Y.Todaka, M.
Umemoto, Crystalline-to-amorphous
transformation in intermetallic com-
pounds by severe plastic deformation,
Proceedings, EMC2008 Materials
Science, A, 2, 2008, 385-386

A %, P& #F— . Li Jinguo,
ERBAAABE D 2 g RN T K 5 ARk &

Rt 284k, 8% & #f(Tetsu-to-Hagane), A

94, (12), 2008, 616-628

J.G.Li, M.Umemoto, Y Todaka
K.Fujisaku and K.Tsuchiyva, THE
DYNAMIC PHASE TRANSFOR-
MATION AND FORMATION OF
NANOCRYSTALLINE STRUCTURE
IN SUS304 AUSTENITIC STAIN-
LESS STEEL SUBJECTED TO HIGH
PRESSURE TORSION, Rev.Adv.
Mater. Sci., £, 18, 2008, 577-582

¥R G4 1h)

Minoru Umemoto, Yoshikazu Todaka,
Koichi Tsuchiya, Bu Duc
Long,Work-Softening, High Pressure
Phase Formation and Powder Consoli-
dation by HPT,The 7th Pacific Rim
International Conference on Advanced
Materials and Processing, 2010/8/2,
F—=ARNTUT - 7 A(H22
fi 22 )

Y Todaka, H.Nagai, Y.Takubo,
M.Yoshii, M.Kumagai and M.
Umemoto, Mechanical Properties Of
Submicrocrystalline If Steel Produced
By HPT-Straining (Invited), Inter-
national Conference on Processing &
Manufacturing of Advanced Materials
(THERMEC ° 2009), 2009/8/25-29,
Germany, Dresden (H21 4 il 37
1)

Minoru Umemoto, Strain Gradient
Hardening and Pressure induced
Phase Transformation of Metals by
HPT,Materials Science & Technology
2008 Conference and Exhibition
(MS&T’ 08), 2008/10/8, Pittsburgh,
USA (H20 fFE£ i 32 1)

(G0 1)

(PE &R EEAE)
O iRk (Gt o 1)
ORI (G0 )

(D)
AR I

http://martens. me. tut. ac. jp/research/in

dex. html

6. WFZEEMK
(D) WFgefs
HEA< 2 (UMEMOTO MINORU)
BEREEINRIE RS « KRR T -
PR T R - 082
a5 - 90111921

(2) 9oy

e % (TODAKA YOSHIKAZU)
BB EAITR RS - KB T 9eFR -
B T B - HEB
98 %5 50345956

(3) H A IEE

+4%  #5— (THUCHIYA KOICHI)
PRSTATHE NS - AR SR -
NAT Uy RiEH 2 — - BF3ER
a5 50236907



