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Abstract

This paper describes a basic concept of the coincidence site lattice (CSL) theory,
which is a useful tool for studying a periodic structure of a grain boundary (GB), and
its application to a hexagonal crystal. A relationship between the rotation angle 6,
and the reciprocal density of coincident sites Z for the ideal hexagonal crystal, in which
the axial ratio c¢/a= v8/3 , were calculated for two rotation axes <1120> and <1010>,
For determining the Burgers vectors of grain boundary dislocations (GBDs), the
displacement shift complete (DSC) lattices were also calculated for the above cases.
Results of calculations in the range of <50 were tabulated in Tables 1 and 2. Near
-CSL concept was applied to ice lattice, the axial ratio of which slightly deviates from
the ideal value, for determining GBD arrangments on GBs in ice and for calculating
GBD energies.
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o | .o Fig.1 Construction of a two-
o dimensional CSL.
{o ¢ This configuration of
| lattice points corres-
______ ®R(n,m) ponds to that of the
<1010>/44.42°CSL  in
o an ideal hexagonal
\/7 lattice.
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Fig.2 A unit cell of a simple
hexagonal lattice (a) and
a unit cell of a reciprocal
lattice (b),

DEZ, BRAFEFICL BB TFOBLEFTEB 2 ), Fig. 2 @I BHAHET OB T
Hb, EBOANFETIRZOROEF A UADLEIC L EFIFET 505, RO R % FE
T3 EWIEP LI ZODETFENAEERT I+ TH 5, Hl21E, hep % 5id Fig.
2@DEBFEIC2 anREEF 2, MERLLIT4 DK GTREETLLEVH LD, 2D
&9 e BATRE PR RIS 2 2 TORMAIEAEE D S 1A T 5, Fig. 2@ 5\ b2 7% £ 5 1S,
(1010) Bc ER T 2 FHEIZEIEA c/a » 2 KEEFEFE2ER L THY, V3 a/2 #ns:
QTN FESFET b, N5 2IEENETEIZ a BTN a/2 FABE L 2BRICH 5,
Fig. 11 c/a DEDS v8/3 THEEAD 44.42°DFBATH Y, ZOHEDO L TOBTE ETIIFFD
I alliFEIC a/2 TR TV B0 5B T ALV, Ld»> T, Fig3BRRART LI &
3 RTTHEE T8 55, Fig. 3ICHitt c/a= v8/3 DRIFETFICEH W T HEEEEA 11200 H 5
Wi 10100 THEZBARBELNINIBHETOBRMEZ O TRLZ, BHin t mOfEICL -
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Table 1 & 2icF &7z, B, BTFOENEHLDIZFig3m A, B, CE#ELTwE, 72,
BHEf 6, & 6,3 KEERICHT % near-CSL 2% 2 2B ADEBEATH Y, 2 DDBEILELD
2 Fig. LIcBWT RATESIC—KEIEL2 PAT—HERLI LI L » CTHEA LT »ICE
kL nThHb,

IS FIE 2 DOFMDRAEF % EHNICERLBICELNABRTFTHL L, HREEOH
P i3 EmBAfRICEREN D, ERORREE 2 535413 Fig. 3OBMAEZ - TR E 2N
IRV, fl2iE, Fig3BOERMOPQR AWML 44U Fig. 1L 5 Zh L EisEL R,
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Table 1 CSLs with £<50 for rotation about <I210> and DSC lattices.
C s L DSC

SO N I I KR e i his
2(8333 26.46 | 26.59 38| B D |1/38 [0?40032 9) 1/38 [04‘ 109;1 1] 1/114 8235:3;—8 16 15)
%g%i 28.85 | 39.04 | 2T | A D |1/27 (g.I190a1 3) 1/27 (08.5(215 3) 1/27 8.858§a1 3]
5((1)32; 50.37 | 50.59 | 22 B D |1/22 [0? 107;12 1) 1/22 [04.7(31;4_ 9] 1/66 6123;235 8 15
B8 | 55,05 | 56.00 41 C | E |14 [01.009 12y %e}gj@ 9 | 1246 582()?_2 133)
7(%%% 70.39 | 70.67 8| B D |1/18 [Oi. 303a2 33 1/18 [04.4075 3] 1/18 5.4586:12 3]
8((;61533 g6.48 | 8677 | 17 | A D |1/17 (Oi.l(zial 1] 1/17 [lgl%f 9] 1/51 élggy 2 15)

% Type of a CSL (see Fig. 3).

%% Type of a DSC lattice (see Fig.6).

Table 2 CSLs with £<50 for rotation about <1010> and DSC lattices.

C S L DSC
SCIEC R I I R B e i et
%3%7 2300 19313 25 | A | D W [1022 OIagJ 75 (g%as 3) 1/75 54§92 34 6)
34.05 | 49 g7 | 9413 | 3 | C | E |1/105 (1276) |1/105 (16 32 16 9) | 1/105 (52 1 53 3)
2,1 0.10a 0.48a 0.87a
%g 13l | a5y W | B D 1/42.[0?‘348 3 9) 1/42 [o4.3g1 ;1 3) 1/21 (gléog 10 3)
5&; g 57.00 | 5795 | 3 | A | D [1/% [01‘.1205 1) 1/105 (glgas 2 | vn 51})0; 10 3)
fg%s 62.83 | 6300 | W | A | D |1/3 (0i127§ 3) U3 [g.;gas 9) 1/33 (52373 13 6)
ﬁg? 7832 | 86| 0| B D [1/3 (02’246 a? 3) 1/30 [04. 683 ;1 9] 1/15 (08.913;17 3)
%ggis 68.68 | gs.08 | 49 | A | D |17 [g. %gas 9 | 1/147 (ggas 15) | 1/49 ((%?9%85@ 4)
* Type of a CSL (see Fig.3) % ok Type of a DSC lattice (see Fig. 6).

OPTSHEZMFAMRE UL, Fig. 4 @D & 5 ZIEARFIBLND, £ 9T 5 &, WADRAF
HIREEAEDY, EIRS N RFE OB F RO & » TRbEN S,
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Fig.3 Unit cells of CSLs for rotat-
ions about <1210> and <1010,
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Fig.4 A Burgers vector and a step vector of a GBD.
(a) A cross-sectional view of a <1010>/34.05tilt GB,
(b) A GBD with a Burgers vector b and a step vector s
generated by a displacment b of top half crystal shown
in (a),
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BB ENTELME LT, Fig LSBT 28B4 2% 2 & 9 8T Fig. 2 0ic BT, <1010
ICERZY ETFHE ST S, #ik a/2 c EF OB EED 2 RuEF 2R L, Fig. 1
FEICHES 6,721 HEERE 5 L Fig. 5 O EETH»E L L5, Bifh & B 3TNGB T%
g T, TOWEF#1ESL L FigbD @ DSCHEF1 B H1L5, D Z & % Fig. 3 D& ToxtG
BT LTIT) L nfEic k> T Fig.6 D & E? 278 DSC T HUBI/RB LN,
b, (A0), b, (AB), bs (AG) # DSCHEFOREANMES T b T b bIA S f— 2 -~
TENTHD, EBONN—H—Z - X7 P NVFINL0ERESICE - THELENSL, Table 1
& 2 DRI EIEBFICHTT B HANN—F—Z 7 b R B HF Ok ED Miller-Bravais #
#TERbLZ,

Fig.5 A CSL in a reciprocal
lattice, (A*)cse,
corresponding to Fig.
1. A unit cell of a DSC
lattice is obtained by
making a reciprocal
lattice of (A*)csy.

Fig. 1 2 5#ERE NS LI 12, SEHFKREL %5 ENEBTORMBRIICE I N IRFEOH
AL, BELHBBTFENSEENDG, Thbb, IFEICEWER S S—T—2 <7 L
PEETDL Ik b, Tz, WREMD S—H -7 P DSCIET7 P icBES NS
DL, FDOABEDRFIZB W TERELRE) 27— LA BHEL EWEENATH S, Hlzid,
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2
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ZITC KidZANAX—-7 7 77 —D2MHINAET, MAOWHOKS SR E 2209
BblE, MR ¢ ERT Y e 22T, K=y (b8AEM) H5Wid K=4/(1—v) (X
REN) ERDLEND, pl3 I T 23T A—=F9THY), ATOMWIKREL BN S{LBET
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HiESEEHE LT, Fig 4 OEARRE LICHFERR L DREMDZ R VX— 2 FHE L 2R
Table 3 TH 5, el=ld Ketcham & Hobbs D #IZEME 65 mJ/m? 9, R 3 10-5m & LS55 MK
FRELTCEE LA, X7 PUE DSCHEFAXZ FILELTEDLLTHY, Fig.6 2RI N
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Table 3 Burgers vectors, step vectors and energies of edge GBDs on the <1010>/34.13°tilt GB in ice.

BURGERS VECTOR STEP VECTOR STRAIN ENERGY | STEP ENERGY | TOTAL ENERGY
b/b(A) | a s |ba) | xwoym | x10ep/m | Bae (/)
< 1,0,0 >/0.452 | 90 <17.5, 12, 0> 26.00 0.11 1.69 1.80
< 2,0,0 >/0.903 | 90 <0, 11, 0> 23.85 0.41 1.55 1.96
< 3,0,0 »/1.355| 90 <17.5, 1, 0> 2.17 0.88 0.14 1.02
<0,1,0 >/2.168 | 0 <8, 17.5, 0> 37.94 2.16 2.47 4.63
<0,2,0 >/4.336| 0 <16, 0, 0> 0 8.08 0 8.08
< 1,1,0 >/2.215| 11.77| 9.5 5.5, 0> 11.92 2.25 0.77 3.02
< 2,1,0 »/2.349| 22.62| <8, 6.5, 0> 14.09 2.51 0.92 3.43
< 3,1,0 >/2.557 | 32.01| <9.5, 16.5, 0> | 35.77 2.96 2.33 5.29
< 4,1,0 >/2.822| 39.81| <8, 4.5, 0> 9.75 3.57 0.63 4.20
< 5,1,0 >/3.131| 46.17| <9.5, 7.5, 0> |16.26 4.35 1.06 5.41
< 0,0,1 >/7.860 | 90 <0, 0, 1> 0 25.00 0 25.00
+<1,0,1>/3.936 | 90 8.75, 6, 0.25> |13.04 6.73 0.85 7.57
+<5,0,1>/4.089 | 90 <8.75, 5, 0.25> |10.88 7.23 0.71 7.94
*(1/3) <1120 8.75 8.75
4.52

*A lattice dislocation
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Fig.6  Unit cells of DSC lattices for rotat-
ions about <1120 and <1010,
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Fig.7 GBD configurations on a twist GB
in exact-and near-CSLs as a fun-
ction of a deviation angle from an
ideal CSL.

(a) Exact-CSL. No GBD is expected
at =6,

() Near-CSL. A GBD array exists at
any angles to compensate a devi-
ation of 6 from the ideal values 6, or

bs.
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Fig.8 A GBD model of a faceted GB.
An array of IGBDs accompanied
by a step height h changes the
macroscopic inclination of the
GB. Thick vertical lines are the
low - energy GB plane (n the
normal), « the angle between the
low-energy plane and the macro-
scopic facet plane ({f the
normal), b the Burgers vector of
IGBD, &, the angle between b and
n, and ¢ is the angle between
adjacent facet planes.
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