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1. HREABOEMRUME (2R-IUEE)

FRIEREIR O BFSE B O B OV AR DU T L RSB CREIE L e N Z IIRICTE L TSV, Eo k) ARms [HnE
DR RHED [ E - BSOS DIRFERIL) T 257, MFROEMHL R GSSEFIO BRI E - TR A, IBEERFE TO
PR Z R S E DB AT T ONES) ZHROICREL TS,

AHEDODEMIE. (R MYV XEERT HERACHEN T um UTOHA XZ2EFT 58—G/NILIKE
B%##¥ 1 =Bulk Nanostructured Metals (/)LD F/ A B L) ZHAERRIZ. TR EHERZ -
NEHEZEILHETIHBLEYMNE - HEE2. BAUNBERFEH T 2MRENHRBOREIFOAERF %
EEREL, BELEEZR>THLMNILT, ¥ T3/ 0 VEBICEOHFEEMERPORMER TS
UTHIETHD. COEMERTTLH-HIC. BETIRLEVHARSF CHRAMICES T IARELM
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TSI BW TR, %03%771‘3%7261@ PEAEDN L ThRA 28R - BeMEIRZEICHLNTEY . BITEDO R E
BHREMS 3BTRS LITITAR D L7272, SR O R K OFIT, BmOWREZA LN 6, i<
BENDZENR GUEL ., I - SR A LTV D) BICH Y. TOE TSR B B LR
AR LTRSS TWD, B oREL L bic, EASBMEHC T2 ERITETETHILL
&ofméo%K%ﬁ-%ﬁ-:*w¥~%%®ﬁ%#*%Ehéﬁf\%%wio NS RASIE L) P
TR G GBI L DRHED R E L Wo T EBR FIE TR, 2L LIS ERIZIEX 2 Z LN T
RN, ThRb b, WSRO AKX T V=D WIIM BN D SERE R

RICH B IRRIETIE 2L . BBRM B O TG AR FI5 (Grain Boundary)
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L EBnND, Thbb, AN INETHWTEEERBMENL., THRDIZEA L7220 ZREMIE

TholeDOThD, ZiUIx LT, FERZEN 1T pm LTI 5 LR ORBERITEBICHNT 5, < b
U7 AERERT DFERPCAHOREINL um LT TH DAV BIRO SRR E. 2V T A Z
(Bulk Nanostructured Metals) & FESZ S2T 5,

PR O TS ITRIN & X RES B0, TRIALEL T | OV IF ) AZ VT, EROERE &
L BN - Rtk 2T, E@BRMEIOERIT, 57 (dislocation) & FFIXAL 241 RBaD 30 EE)
WLV b, NI T AZ TN TL, EALOEENZER] (RIND A R—2) BIEFIT/HS LD,
il %2 OFGE AR B EIAFET DRI L > TR TS, ZORD T (T b b J)FReE) 130 ke
BOEBEBZT-LOERD, BIZIE, 7SV TF ) A X IVIIERRBEM O A fFIC b ETHIMELZRL, £
DOFER, S ENE A DREEZFT LT NI = ANEBRTE 5, HICHML D720 T, ki b
— RAT7 OB EEZ BT WIZGERE & EVE « BIPEDESES, ST F ) A X VIZEBWTIERRETSH 5,
Flo, RIFREENBIRICHEINT 5 Z LIk - T, @FEREMICB W TIRIN O R FIEHIC K - T S
TWef 2 OFEIRBLG N, BIREHEE WS TRIRTEN D L 910705, F IR 2 Ol 5% FER T K
ICE > THHZ R AT —=NREHBINL, FEEERICBT BN 2L EENEL LT, /EkEET
LH 0GRS T FERE - BT - RSB A T, FrLWHERNEELT 5, @5 10 F/H OSZERER)
IZ Nature 36 % 72 1% Science 3EICHB# S N2 @B R EHIE T 25D E A EDR VT F ) A X2 VI
HHDTHHZ EH, NI T AZNLVORRRMEL . 2T 2EREOR I ZWEE-> T\ 5D, BEER
R, 2NV T T A B OVORERIRFRENR, O TRIRTZE LT OREICHE L TWAH 28, MisECEE
ERTHLENDZLETHD, V7T ) AF VTR EOAERHEE LB L T, B/ LAk cEn -
FetE 2 m LA BRZHEEETIC) A 7 I b ENTEEM B 2 EBT 5, T70bb, S F /) R
Z Vit BEMEO RN EGR, TR EREZATREE L, HTLWEREE - = X VX —Hili 2 X2 20k &
LT, PRt S ORBIZETHZ ENTED,

AWFFEARGRIT. RIR BRI B O AR R IEE 1T K D BRI SR 28 U T, 2L T A Z VIR
TR NE & R A 2 OFR - HIE L OBENDLH BN LE D LT VD TH D, AFHEA 5 EM D
WFFEHIRINICIA LM L L 9 LT 2MEHB X, BLFTO 3R Th S,

@ NI F 7 ARIDMERETESOMEL (A01)
@ &HETOCRIZEDBNILYF I AL )OEEFEDOHEIL (A02)
@ NILYF/ ARIIVDEBELG RSO & ARIE (A03)

ARFEIR O FH P FCAL R A01~A03 (X, ERROMFEHEBIZHIG LI D TH S, WIICH > Tk, EB
HOREE & BlER - SHRIFIE 2 A S, WHEZBE LV T F ) A X VST D87 & B e O
FIFEIRAFT BN TH Z e 2 BiET, HOEIL, @B E#EFHM & TE oM FIZB N THR L Y —
R 5352 H 0 . @BRMEFITIAARREVEESREF /T 8010 BO—>Ths, ITFED/V
7 G AZ VAT BN CH, BBEOMEE OFHITFHFFICREL, BENLEFRTHEEZ S5
ICRBSE S V) BRRICBW T AR A Eiid 2 BERIFMD TEV, FE4, ZRTOE S
NET T T4 =T FAT R —TFDF ) MBI OB ENLBRE L, SV 7F 2 AZVIEE D LTIH
FELAE CX RO ETH D, EHI, avEa—F—DFRELLE LI, FTFET/MICHE S KH
PG ORFRAEIE Y 100nm 2 DK E Z|TESWTEY 22 TH2VT F 7 A X VFGE & OBIFIPENR &
FoTWD, AREBIT., ZNO60RHE Y — R HENHEZTZME L TR, BEES TR OBE S B
BEo—ob LTV, 2B, FHEIFZETIE VT ) A ZNO SO Z TR B E 5508, A%
WEFE TIE\VW P 2 BERERF I 2 & e i 2FAUMT TR0 B 2 TR Y AN D, 1RO RBHE D TR D1
EAEIRN ] HREERMEIZ R RE L TEESNTEREI 2B L, N7 T ) A2 VDY

P FEZB LT T HZ LI LT, GRMERIFORMAE R LI R P INEE S HE T 5, Aif
TRIZE VB ONDHRRA AT, HE&T - @R FOREGR 2R - BREL OO0 L, HEME O
HEBLTBD CRERA T FEEREESICEZD, FEARECTHEEFAMOERD EEHH
ELTEBY, ARy N7 250l LICFIREABEL T, LW AMPAFREBMICERETE S
GaET 5, KERIZED/V T T ) AZVHFIRNEIROMESL X, EASIZORN 5 Lol ok
LT T, JAUOEBEFMSIICOREREEL H 2, 2B L ORYIICOE > THRAEOF
ik ¥ED R E - LIZETHHLDTH D,




2. MAEEHOXEEMDERE (3X—TUKEE)

RIS &2 FTHOMCLE D & L, EOREERTE 0, Eio, INHERICHERR S LCRE LR
RIS L TOERER VIOV T, BEMICRRL TS, REIOEL, AHFEE GO HEEE Z L ok b
Al LTS,

AFFEMBEHEARICEVTHRELZEMIE. WITEBWKETERTHIENTE R, F—HIZH
WTI, HWBEELEULORES., FHLTOWEN - -HE-EENNMRE 258523 TS, 45D
B, (NI F/ AFIARICETIEBRMICEBL-AERREDER). BEETIHELFHOME ]
HIZ TREMERZLEHEMBEREZORE ). TNV F/ AZLHEHEEOEE]. TERHEFHEET
DBEFAMDER] BEICBVWT, EG50BHOEBOMBENHEDRE (WNILIF/ A2)L) EHE
TS HEMEEMRL S TIEDEBN-REEZHHITHIZENTE R, TS IXENDORZHEEMB
ETIIFERTELZVLEDTHD. TNHDFME. UTICTEKXMISHERS,

(INILOF/ AZIVHARIZEITHERMICEB L -HMREBRRDOES]

AR CEMENT NV T F ) AZARRRIZED | FE < O LICHER R S S, FER S
DEEHZEICEHE L CUFICHRS, 2SIV TFR L EEMICLER SNIRETH L, 7220
IZOWTIE, 15, FRMIEMRE] BV THERELE ELIZHAL TS,

W) XN T FI)RAEZNARTa v RAOERBENE —BIL : VT F 7 A Z VORI, HDHVIEE
DEAUEDT=DIZIE, 7T T ) A ZNONEFIEDRENL S ETH D, 7NV T T A Z NIRRT 5
KOT L—7 Z)—F, BEROTAINL (Severe Plastic Deformation: SPD) 2 & W KR E 1 nm D EBHGHTRKL
ML s N7 F ) A APRERTCE L ERAHENTERIZH D, BEROTHAMLICE DNV F 7 AR
ORIFNZBI L TIX, 2006~2008 42 EEC FEfil S AL RFESHIBAIFE TEEROT 2] 1T W THZE < D IEBRI
REREDE LN, ENEZT CARBIFINEEMIE [y 7 J 7 A %] TiX, Equal Channel Angular
Pressing (ECAP), High Pressure Torsion (HPT), Accumulative Roll Bonding (ARB), Multi Directional Forging
(MDF)72 EOEROF AT 7 & & X % Efii vl e 72 R EE A E N BB O ST EE S v, SHIN O BF7EE 2
O LIMBEEFIHA LTSN T F ) AZ VAR BHICAFHROMMAB EAHEEST 52 LB TE T, KT
FHEIAFZE A02 TEEICIZ Z O L7 AR 23 SR E S AL, sEI N O TR (2R IR < BBk 2 g i3~ 2 %81 2 R 7
LT, EHEMEICRESEMR L, BxOEROTAML T mt 2218 C T30 7 F 7 A ZVEEIRRES
CERTE 2851220, AT o220 b Db EEELL T, HORWREI 21525 Z LA L 2o
Too El@RBEREL, R 7o RCKOER LT VY F ) A Z V@B 2 ik d 5 2 L1Z
L oT, N F 2 REZNODI)FRHEE OMOMYE « FetERBIRHICERE CE D L O o T, HIZITZ
DFEFR A2 BETIE, Fix O@RBIZHT 2 EROT HIN LR O BMATRLAE O R R & = k¥
—ICE o TEBETEZ R AN WX, T6. MIFEERRORD £ L& HKOAROKRDI] ITRL
7o (F2mm30) [52] 5 AFRER) . ARFEEAIIEIC LY, EROFHMTICE D230 7 F 7 A Z AT E D
BHERD DT BEREIZ AT,

Q) Bl sV F )7 AZNAIR T a2 DOEE  RFEifElR ik, ERXOT 2N LU O FIEIC K
5V F ) A ZNVAIRTFIENEEES S -, B 203, BT TEIC L Y ONI-W 5472 & TR 10nm
LoUL DS/ SRS BRI S B LT T ) A Z VARG 5 2 LN ERE & e o 72 (RHEIFE A2 7 [36],
[76]) . & DICHRIBEBIELTHHRITHWEFIEC LY | BERRGER O 3 Rt x v b U — 7 I EREGHLIR
e eI 234y U 7- 8 n -/ 4k (harmonic nano-structures) Z{ES4 % Z LIt R IO Tl L7z G
EBE A02 77, [42],[50]) . Z DFRFAEAR L. BECHRI O TRERL S NTZ L7 F 7 A Z L L0 b E iR &
KE72BIEEEREZAT 5 RICHFEAH Y, ERNANDIESERZ%TTC05D, £72, A2 =FETIE, £k
MEBHZBW TN T L LA A DEL 2 LIk TBMM Y = 54 PR EZG5 Z LITkEh LT

([62]) s MHEBARYOT I 4~5 DL EDOM T A ME LT HEROTAMLT vt R 1%, KR O ik
T ACHEAT S ENBUREEL WA, 9 L TEEZHWIUE, Bl 2 XERHEESE 2 L C b BRI £
RG-S HZ ENAREE D, ERBETIR, ¥V I alb—a v OBEMIEIC L > T, BANKOT
HINT =T A PRLOWRILIC EE R ER A K32 & b L7z ([60]).

Q) BEFRERBAINITF I RAEINDRER  %ONDEERITB W T, @ OMELE & Bedl ZULE|Z X
T, EEJRIPE 400~500nm D 5E A MLk 2152 Z LN ARETH D Z LAY, A0l THEOMZEIZ L v fir
AEn (BL9D. EROTHIMLICEVIERIND VT F ) A ZVEIARENITON LHfEE AL TB
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D, ZOZ ENFRICBIT D/NERBRIENEDO —SDRRTH 7208, Ll OB EHEm/ 7 ;) A S
ST, EVEERE (KX 2 TRE(ERE) & B t+-%ll EO KX 2B BEEME 2 e dafii 2 T\ e, Z O &%
Fix, 27 F 7 AN RICHTZRBHEZ L7256 L2055, £7-. 2O X ) R E RN S S
N7-FFIE, FRERBSICEET 2 BB ZE OB S D biiD THIBRIE, 4. TEHEMmm/ Ly T ) A
ENPFONDEEEROFHEZWLNCTH I LT, 2NV F ) A Z VOB EHIEE /28 LWE LA
BondbnEEILND,

@D 2XINTF I AN BITELHRE - FEETIOLDOEBRBOER : B VI A X VIEE
SO, BWIREEIZK L TNS 25 BRIENE (FRZH—MOY) 2R3, REH7RFEBRIIE & BERMRGTHT &
ST, ZNERBEARERSZO BRI L2 b0 THDLZ ERHLNE 2oz (BECEIREE), T74
bbb, R I K > THEIORBRIREN K E <EINT 253, RINOREEDFE U Th H R0 T
LRI AR T, TORMBEUEARLERSR BIEERICBIT 2O BNEMICGERKESNTLEI>IDOTH
Do TOLEEBNS, SATF ) AZVCBNTHML2OFETY MY 7 A0 TEEEZH KL T
RNE, EEE L O RIEEE WL TE D 2 EAURR SN, MELIRAFEINCIE, T B A
ORI 1k, IR % FIIFH L 7= TWIP (Twinning Induced Plasticity) ZhSEOFIH, <7 %A bE
HE|Z X % TRIP (Transformation Induced Plasticity) LR OF|H 72 ENEB X H v, EERICEOSHOMELRTZ
SAEIEI N (BLITLISD . Z 9 Li=miL, B st 2 md 7 5 ) 2 2 VoM ERE GO |
TRERESTH D,

G) 2 INIF I AINDOEERERNZHRE LN A OEE QM : WAEREM R L ORI RWER 722 T)
SREEN, NV T ) A B WTEERE SN, BlE, b DL eRE - AeTEREMICHENLD
FRIR B FELS, (b) Hall-Petch BIfRIZF3 1T % extra hardening, ()& MALIATE D B 7B E KA, (d)—#D
DNV F ) AZ VBT DBIROT HEERGFER, RETHDH ([6],[19]). FHIEN TORGR 25T
ERIERIC R D . Hx ORLOEEN/NE R RROEENRHE LT DRRIEST] ol s F 7 2
HZINCENTIE, BBMOTFEEFIAKRELSHIBEN D 528, ERRAPBMOEER L L TET TR, 3
PR (source) & 2 WIFHIEGEHT (sink) & L CH@E 55 2 LRI, Zb 2 BmAICHIT 5
AL LT, Bl A3 AFETIE, BIAD L OEY HLET APMRE S, T X - TER(C)DFF
PLIEMLIARE AT 2 Z e R a e ([78). £72 A0L A BETIX, /78105 (MD) R TFIEO
B Tholz, MADHBOEEMOE S ZIEIRT H7-DITHIE MD IERBERE SN, ZhicX-> Ty )
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([28]) . HEE A2 ek LRI R OBIRITIX T 2RI 728 2003, AREAFIEAH D Lz x b &
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Report on the Bulk Nanostructured Metals

(Project Leader: Prof. Nobuhiro Tsuji, Kyoto University)

A new research program entitled “Bulk Nanostructured Metals” (BNM program) was initiated in
July 2010 and will terminate in March 2015. This program was supported by the Ministry of
Education, Culture, Sports, Science and Technology, and was categorized in the Innovative Area
of the Grant-in-Aid for Scientific Research scheme. The program was organized and led by
Professor Nobuhiro Tsuji of the Department of Materials Science and Engineering at Kyoto
University. The project aims to systematically clarify the relationship between the new and
unexpected properties of bulk nanostructured metals and their structures through close
collaborations of researchers in various fields covering experimental as well theoretical and
simulation studies.

An international workshop on Bulk Nanostructured Metals was held in Kyoto during the dates of
26 -29 June 2012. More than 90 participants took part in this workshop with a strong
representation from the research teams within the BNM program, plus a small group of invited
speakers from other countries. The invited international speakers have been renewed experts
with different areas in the field of nanostructured metals, and were invited to give an overall
summary of their opinions on the BNM project and on the progresses achieved over the first half
period of this 5-year program.

The views expressed in this brief report represent the collective opinions of a panel of the
following international speakers: Prof. Andrew Godfrey (China), Dr. Niels Hansen (Denmark),
Dr. Xiaoxu Huang (Denmark), Prof. Hyoung Seop Kim (Korea), Prof. Reinhard Pippan (Austria),
Prof. Nairong Tao (China), Prof. Gerhard Wilde (Germany), Prof. Michael Zehetbauer (Austria),
Prof. Ting Zhu (U.S.A.).

The panel formulated several major comments based on the review of the publications and
research highlights, the BNM program newsletters, and the oral presentations and posters at the
well planned and stimulating workshop. We describe our comments in the following.

1. Integration of experimental studies and theoretical approaches

An outstanding feature of this program is the emphasis on the integration of experimental studies
and computer simulations. This integration is involved in all the three sub-topics in the program:
structure design (A01), processing (A02) and mechanical properties (A03). Such an approach has
led to advances and breakthroughs in all three research topics, which are demonstrated by the
marked highlights reported in the BNM program newsletter (June 2012), and detailed in related
publications.

2. Dissemination of results and outreach

Within the first half period of the BNM program, the research teams have already published
more than 250 journal papers and more than 150 international conference proceedings papers.
Such high production rate is extremely impressive. It is to be emphasized that about one third of
the journal papers are published in high impact international journals in the fields of materials
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science and physics. Furthermore, many of these articles published in international journals have
been highly cited and ranked as within the top 25 publications in the related journals.

The team members within the program have been exceptionally active in presenting their results
in conferences; more than 600 conference presentations have been made. During this workshop
in Kyoto, we enjoyed all the presentations given by the scientists within the BNM program and
in particular we were deeply impressed by the high quality of results presented in posters
prepared by the many young researchers.

The project leader, as well as many other members from the program, are also very active in
organizing/co-organizing international symposia/workshops where they advertised the work
supported by the program and presented results from the program to a broad audience.

It is concluded that the quality of research conducted in the program is first-class and the
scientific achievements are at a high international level. There is no doubt that the results and
publications from this program will have a strong and sustaining impact on future research
activities in materials science both in Japan and internationally.

3. Collaborations between research teams within the BNM program

The requirement of combination of both experimental and simulation efforts in the BNM
program establishes a basis for the collaboration among groups with different expertise, which is
also an essential condition for the success of the program. From the high number of joint
publications by different teams from different laboratories/universities, and the active
discussions among different researchers (seniors and juniors) during the workshop, we can
firmly conclude that the teams within the programs have interacted strongly with each other and
made dedicated and efficient joint efforts to reach the targets of the program. We also believe
that this has be an efficient condition for the teams to perform their research on an international
high level.

Our overall conclusions are very positive. The impressive achievements made within the first
half period of this 5-year program demonstrate great success in all aspects covering the selection
of research topics, coordination of research activities and teams, and performance of individual
projects. It is evident that the success already obtained forms a solid basis for each research team
within the program to accelerate their studies in the second half period of the program. We
especially recognize the efforts of Prof. Tsuji for establishing this important and unique program
and skillfully coordinating the various activities taking place in the program. Finally we take this
opportunity to congratulate not only Prof. Tsuji but also all team members on their achievements
and we look forward to following their progress within the framework of the BNM program.
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