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Grain Boundary Structure and Its Mobility
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Photo. 1. Sequence of grain boundary migration
observed by lattice imaging electron microscopy in
an [110] tilt boundary of Au®.

Bfn 59 4£ 5 § 8 B+ (Received May 8, 1984) ({Kig M)
* PS4 AR (Institute of Industrial Science, The University of Tokyo, 7-22-1

Roppongi Minato-ku 106)

99



1820 g &

# 70 4 (1984) 152

DWTHBICHRL, 2T htd LA OR
TFBEEFEERTS.

2. KRRROEE

2.1 RARTFREOBEE NRODEX—

RRHAR DR TS SO RSB FHEME el X
L5 2C, zhEch—HiRoMicREIhTs
RIEIERRA T AN LTC—EDfHRNFTIhi
WS ZENTES. NADEXRKFETFEEEOM -
LDTHD LS & LB R oA R I
o s, i) I E 2T E UL AESES
IR KA TT OHETFREEDOE X2\ 5 & L&)
LicoOB Ll LB FHEMBETEE A L. RS S
ZHOTWTH b ThEBOKMMAILHE 0T
HbH. BRI TCHICE2ERT 3y 2 ABEEEORNR
IR ENERANDENIEED S TETD s 5 HE
BBHTIDHBHD, ThBERSIFIBAEBE LT ¥
(LA CIER Lz SiC DR R &9 KR4 o x
UCHETIRE T 1y 7 A TL L ORBBREFREETSH S
TEAREN, R €T 1y 7 ADR e R Ak
HEFOEX LW EERIRD X510, =0
X5 PRSP TR AL B o R B B o R
DEEEDXL 5T 5. B#EVHE— V5 X570
WG EL TRBL . AR F &% 18
LU RIER BWEHENRC cieh b,

2.2 KRORFHEEER

WABEERIRT D%  pRAIES s K BRI s
HHER LD THD. BENAORETHEYHRSHE

o +
Q - o * ° N ° (<] . +
+ of + . ° °
+ o +E <] + ° +G °
o +0 o + o * -~ 2 +
- + °© + [-13 +
Fee 3 + —-+0 )
+ > L N
N2
Fe ‘:-\u, \1\: A 2 +| + D O0AMB + o
+ b3 [+] + . ’
v - 8", . eyl o o
° + -] +
o + o + ° . ° R
+ o v ) + o . o
+ o + + o + 2
+ o + ] ° + . o ° + .
+ o + =] + ¢} +
+ of - ° s f o % unt o
+ o +E o o o 7 4G ofF © .
+
° We ©° o . of *
o + * < -+ 0 °
S i S8 e
. .
Fe-B o ‘:@ ':UE/J w ¢ ° " OAsB e o
\ ~. '
+ \ \:/‘r ] + 4o [}
+ + = e o
[«] + o +
° + ° o + 2 +
* o 4 o + o + o
+ o + + =] 2
o + o . ° 4 . ©° o v .
o + )
Q o .
+ ol I +K J . +M T( ol o + * o
v + [} 1 © +y o
f\ +H G P £ P, Hor Ps. ¢+
b of i\" N.of N
2TNNSD e . 4 D ¢ 1-,0"
_ ‘a1 -
FeoP KU 08 X2 7 G ot e
[ Ay + /. + O
X f‘/ . v °© o * '-'\_X o * °
* O - s . o Y . -
+ +
° o + o] ° o . °
+ o o [} - o] -

Fig. 1. Bernal polyhedra representation of bound-
ary structures in simulated coincidence-related
boundaries {013} A/B (Y =35) and {114} A/B
(2 =9) in Fe, Fe-B and Fe-P systems!D,
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Photo, 2. Lattice image of an incoherent twin
{112} A/B of Au.
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Fig. 3. Coincidence-site lattice of ¥ =7 in
double circles as a superlattice of the two
crystal lattices.
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Fig. 2. Exact coincidence and simu-
lated atomic structures of {112} A/B
incoherent twin(a) and corresponding
lattice images(b) computed for the
imaging condition of Photo. 2.
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Fig. 4. Example of a vacancy(a) and an inter-
stitial(b) represented schematically for a 2 =7
coincidence-related boundary.
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Photo. 4. bodndafy d lo~c£fid
coincidence related boundary.
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Fig. 5. Representation of the Burgers vector b
of a boundary dislocation of Photo. 4.
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Photo. 5. An elementary process of grain
boundary migration boserved by back
reflection light microscopy in a mono
dispersive colloid crystal of Au particles.
(a) was taken 1/16 s before (b). The
superimposed micrograph (c) reveals the
sequential nature of the particle motion.
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related boundary by the glide motion of a
boundary dislocation by the amount of its step
height A,

Fig. 6. Schematic representation of boundary
migration by the glide of a boundry disloca-
tion.
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Photo, 7. Shear induced migration of a Y =15
coincidence related boundary. The shear/mi-
gration ratio agrees with b/h of the gliding
boundary dislocation. (TaAkanasar and Horwcm?)
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Fig. 7. Driving forces of the grain boundary
migration,

Fig. 8. Schematic illustration of relationship
between migration velocity V and driving
force F for different solute concentrations C,{
C(Cs.

B (7o) ORB= ¥ -2 B L7 d
AR RAOCEEZH LA EEN C BB T 5.
Barrurrr & CAHN®, 2 HILLERT® DEEEN X &5
RT5h. BEIXVOAIBE S L X OFRIHETE
o b 2 HROBEENMEE L TSRO LD, o
WIEHFOFBCELY CATCHEHERBRYE TS X
5t h. ZOFRIE TURNBALL K i kb H b
REGVH LW OIEHTHRINTELLDE X ILT
Wb, 2HESBELIc R AANR % o CEE S HINES
HMLlidThESd ALz &itns. 20X 5BED
EFE YT 4 X OFEEE=FAF - EENEI LR
RILBoFR X 0/ & W, ZhidBE Lo 5 Ric
BT AIEOENE{ A AF — 2L L RO R X
DN e b EL DR, BETARA BB N
ZLVZ AT BRI BRI TWBZ L THBHS.

85 —



1826 % &

% 70 4£ (1984) E152

12 BHFEENABE
NABBORE I L UTHEE IS MR EL 2B
DELTAF vBHREC I BT REEDH. BERXR
Maa 8 L bR AZBET5. ZoH&h, wok
AB)E R LI SRR B R R e 7e BT
F—H BB LooS 5. - oEE RIS E T
L RHEBHRHE EERE s & o Rt b3 h
5. IWBFHENABHOHRE LR, B L2505
HEDBEIIET L, ~ERRSEBLCERL 20’
DRHCHREY S X Sl bicd, IRRFENARE
EHROTRDIBELHARBEBRIRH LV AW TH
5. BHEAEOEES, BEHLZETHES r BTkl +
VTV, EAIKE A 4 vic X AR O ELEF]
RALT, REBEOHFALHHTLIC LI TELS. ©
D L 5 R BHFEBH O 20T OWEM L= X v F — I35
HAE, BEONMRBEOEINI D NEVWEEL DA
A, F—RAFFA FAF oA SUS 316 o Ar+ BRE
k) SRR EIR A AR Lc T 23, EER
BB IRERLTWA.

4-3 IROFBERABE

HABR TR TIE 3-2 TR X 5 1@ BIFRERALA
KEL, TOEBC X VEMCOBEBECTERICAT »
TOBIRINASBETS. BEOERENLZ OBA
B, FoFRaRS e X oCERT 5iEM &R
CEIEN R BT, NAES YR ORIT LR
Fhudie bicv. F0rbb, AT CRABEO
INEDF L O>TERNERT — 20 bLOBEI OB
AR T5 - L3 C& %, Photo. 7 iR & hWicih/)
FERNABHO Y ) 7 4 BTG RERD X, L
NUEDIEIRE I E e ¥ RERTERVWEEY IR L
Tub. ZNTOERE= 2 AF - NAREHO T &
FAREETH B, HHERIE Lkt TV 74 B
FrIEHOEEREEN T 5.
44 TEYT « LHABBORE
HEDSHITREIND XS5NABBOEE Y 7 412
RE I BN L BRI RAEETLLORE - B/
WD BRT, ThEEHL TS (2), (3) R
BBl A - ok 52 DD Lo T g, T
R FBERNABEO X 5 e HAKR CBE QBB —IT
FAEINTWTLZDBETHS. hixfR, NAE
BoOZBENBROORFOBECO & >0 TEEKDIR
FoBRBE LS SFHBARIENL ST, MBI EMLL
720, BEEAGETITMMTROBE (LTS L
IR T2 7 e R DO TWBELE D TH 5
5. =YY 7 4 OBENLID TVt 0F AR
XTB, LOFHMSBETASEBELETHS .

5. ¢ 9 T
Lk, B#S - MRROZHEE Th s AR B OMEE

R E AN RSO SRR L. RABEIDOR
e LTEALDFbORNTh L DT,
BFREM - MRRC B EBC I VEAZI R DT
RO ORMETH B, THhIARRECHABECEE
DB N I BELEFRCER LcedThHsb. K
RBBOEC Y 7 4 KBEHMBEFHI FO2RP D X
NEVORKBETEEOE I L vwiEgEd d o Ro
BwT, SHBARMBEFORITHEGEE THE LI, HhE
CBE - TN RS TN ABEEEPERO R
ELCHGRRAB B ER OEENRTHI D & LR
Ihs.

X [

1) Y. Isamwa: Trans. JIM., 11 (1970), p. 107

2) AEE—: SMBEHROBEAEKOELSEK (SH
A EPFR AR (1974), p. 15 [EASEMH 2]

3) Y. Isampa, S. Okamoto and S. Hacuisu: Acta
Metall., 26 (1978), p. 651

4) Y. IsHpA, H. IcHINOSE and M. Morr Proc.
Int. Congr. Electron Microscopy, 2 (1982),
p. 345

5) M. HiLLerT and G. R. Purpy: Acta Metall,,
26 (1978), p. 333

6) R. W. BarLrurrl and J. W. CAaHN: Acta Met-
all., 29 (1981), p. 493

7) Bl W B R BEREBESHICERES

8) G. H. Bisaor, R. H. HarrisoN, T. Kwok and
S. Yip: Progr. Mater. Sci., ed. by J. W.
CurisTIAN, P, HAASEN and T. B. MASSALSKI,
Oxford (1981), p. 49 [Pergamon Press]

9) EHE—: Journal of Electron Microscopy |Z %
i

10) M. F. AsaBy, F. SPAEPEN and §. WILLIAMS:
Acta Metall., 26 (1978), p. 1647

11) M. Hasximorto, Y. IsHIDA, R. YAaMaMoTO and
M. Dovama: Acta Metall., 32 (1984), p. 1

12) Y. Isaiba, H. IcHINOSE, M. MoRI and M.
HasHimoro: Trans. JIM., 24 (1983), p. 349

13) A. G. CrockeEr and B. 4. Farm: Acta Met-
all.,, 28 (1980), p. 549

14) mmEHE—, # %, HEHEE: FEAE, 2
(1981), p. 185

15) Y. Ismipa: J. Mater. Sci., 7 (1972), p. 72

16) Y. IsumA and M. HENDERSON-BrROwN: Acta
Metall., 15 (1967), p. 857

17) T. ScuoBerR and R. W. BaLvurrr: Phil. Mag.,
21 (1970), p. 109

18) H. GrRiMMER: Scripta Metall., § (1974), p. 1221

19) D. TurnBuLL: Trans. Metall. Soc. AIME, 191
(1951), p. 661

20) N.F. MotT: Proc. Phys. Soc., 60 (1948), p. 391

21) H. GreTER: Acta Metall., 17 (1969), p. 853

22) D. G. BranpoN, B. RaLpH, §. RANGANATHAN
and M. S. WarLp: Acta Metall., 12 (1964),
p. 813

23) D. A. SmitH and 4. H. Kine: Phil. Mag.,
Ad4 (1981), p. 333

24) K. LiUcke and H. P. STOwEe: Acta Metall., 19
(1971), p. 1087

— 36 —



FERNAOBBEINFAOBE FE 1827

25) Y. EstriN and K. Licke: Acta Metall., 30
(1982), p. 983

26) M. L. KronBerG and F. H. WiLson: Metall.
Trans., 185 (1949), p. 501

27) H. GrererR and B. CoaLMmErs: High Angle
Grain Boundaries, Progr. Materials Science, 16
(1972), p. 133 [Pergamon Press]

28) Y. IsmipA, H. Suimizu, N. Kovama and H.
IcHiNosE: Point Defects and Defect Interac-
tions in Metals, ed. by J. TAkAMURA, M.
Dovama and M. Kirrrant (1982), p. 958
[University of Tokyo Press]

29) BAHEFHE, MEHEXE BAK % AHE—
AeBFLEEHE (1984 4 A), p. 231

a 7 A

E %K

BHREGORREBT L 0T TE BT YFET
I BB OFHBCRIA D I 5B b 5 0
T, REFRSLEETEL TA. 35—k
REER OB TEOE X 2T T, ko X
SILTRDBYY. (1) FEMEEFEARSHE L DF3L
BEBMRTOER Y2 Bk, (2)Fhboi
B r 0, (3) FolbER/IMEDOBEE M Al L,
(4) zhe ENCTHER (BK) L35, 20X 58
RETREERY AT, ( )ELX{ } THZE R
to, BE D kL 13 coprimed (A ii3E) Thith
WEe bW EEDT WS, @R, Lichi > Gk T
BE R bkl 2L, FI & DU, (RED T
D n RO REL nhnknl ¢, (nhnknl) o RKECIL
V. BT — 2 DFk & LT {200} BARKO X 5 A
hA%, 200 [EHTHR CHEIGE Lz {100} 455 &V 5 BBk
T, Bobhz 3B 5. folE L WASSERMANNY
AEMED E, FRRXT {200} EREEBCTH O
DA, FTT {100} HEAR L HDTHEBINR TS Z
LK SNBSS,

& B D CHRENC AT I il SR T AL B TT AL D
F & LT, (200) Firkr, {222} HfrsEA#f&ko X
SREVEE T RVWERE CHEAMER2ER T &
EREREOBEN DI TR S . 2Tk & 21¥(100)
L (200) R CTDIEA 5. FESRE BT A
I AFEHOFERT, HmEER (MR TRl

T5 %,z @) KBLT, Axtky+iz=n (n: ¥H) &
LTEIRSE. CORTI TR0 BT, Akl
DHWEHET, n=1 THLERFECIVFALEZ %
boAEEREIRL LV LS. 2 Th
B L 5K (200) 43 (100) LT OMEDEGERT
LT, TDOLENSSH Fermi Hig L ORFTH
DRANRERDTHD. iz {200} L\ 5 EFRNNE
LA BHREYH 2 TRD B HIE, 200 EHHEED D
A S h H HEFE RS, SRERO {100} R ORI
SHLRWEZEZ bR D L ERLDDTIRRENIEASS
. DELRWI ED XS TIRD AL, RILHPKRIC
Lied3 ot RH A WD & EXNNBEIL O TRV TL
X 5.
L [

1) C.S. BArRrerT and T'.B. MASSALSKI:
Structure of Metals, 3rd ed. (1966), p. 11
[McGraw-Hill]

2) C. KirTEL: Introduction to Solid State
Physics, 2nd ed. (1959), p. 24 [John Wiley
& Sons]

3) International Tables for X-ray Crystallo-
graphy, Vol. 2, ed. by J.S. Kasper and K.
LonspAaLe (1959), p. 102 [The International
Union of Crystallography]

4) G. WasserMaNN and J. GREwen: Texturen
Metallisher Werkstoffe, 2nd ed. (1962)
[Springer Verlag]

(BT B AR gk () SB— BT 2eRT MR K)

— 37 —




