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S. Ranganathan
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Berkeley, California
1. INTRODUCTION
Interfaces are of wide and varied occurrence. The boundary between
two crystals forms just one type. The crystals themselves can differ in
orieﬂtation, structure and composition. . ALl three kinds of interfaces have
Been studied with the field ion microscope. However extensive studies
have been confined to boundaries separating crystals differing only'in
crientation;' The primary‘problem.in this field has been to evolve a model

for the atomic configuration at high angle grain boundaries. These attempts

have met with some success. Other properties of grain boundaries are of

interest: the scopecfor field ion microscope studies seems to be limited

however. The article concludes with observations of boundaries separating

crystals differing in structure and composition.

2. INCIDENCE OF GRAIN BOUNDARIES

Tn the transverse cross sectlon (~107 ucm.) of a wire of 0.1 mm,dlameter,

~_there are lO 000 gralns for a grain size of lu and thrice as many‘boundarles.

. 2
The area imaged in the field ion microscope is of the order of 10 -10 cm .

'Hence the chances of 1mag1ng a grain boundary are expected to be low.

In practlce the chances are cons1derably improved as one samples a volume by

the process of. field evaporatlon. Also heating the tip in situ sometimes

produces a mlgratlon of grain boundaries ihto the field of view. Simul-
taneous heating and deformation of the wire prior to preparation of the

specimen, a suggestion due to Mclean, led to a small grain size and
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a?preciably improved the chanees of finding a grain bouhdary.dn the field
of view.. Certain recrystallizatioh treatments appear to be critical:
tungstenﬁwire heated to lOOO°C, and‘molybdenum.wire heated to 7QO°C were
particularly profitable materials to work'with.~

Broekl carried outha pioneering study of grain boundaries with the

fleld emission microscope and followed a suggestion due to Miller to

. increase the incidence of grain boundaries. The tungsten spec1men was

thinned, bent and then a tip was sharpened of the bend. The tip was then
annealed ot 2L00°K. Tt was believed that the prior deformatioh induces
recrystalllzatlon and causes a number of graln boundarles to adppear in the
field of view. In a report MUIler has claimed that this method led to the
iappearance of grain boundarles in 90% of the tlps S0 treated. In an early
study of grain boundarles with the field ion mlcroscope, Wblf2 has made use
of this technique. No extens1ve use of this method has been reported. A
major drawback is that the tips will have large radius after anneallng and
the loss of resolution at large radiil is especially serious when liquid

nitrogen 1s used for coocling.

5. GRAIN BOUNDARY ANALYSIS
An arbitrary grain boundary. has five degrees of freedoﬁ. Threefare

needed to define the misorientation between the two crystals. These three

| degrees of freedom.ean be given as an angular misorientation around an axis.
If it is assumed that the field ion micrograph is a stereographic projection,
standard crystallographic methods can be employed'to determine the axis-angle
pair. The first such determination with the field ion micrograph was made
by Ralph.and Brandon.) A great circle Jo drawn Lhrough two poles with the

same indices, one in each crystal. The mid-point of the arc between the two

Fpoles is linked to the pole of the great circle by another great'circle.



‘volume of the tip.
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Tt is clear that the axis of misorientation lies on the second great circle;
The intersection of this great circle with another s1milarly derived gives
the axis of misorientation. Ralph and Brandon used any two poles. It seens
preferable to onerate with the cube poles arrived at after giviné weight to'_
the determination of the three poles (Fig. la). ‘This graphical analysis

has an accuracy of +2°% and the assumption of a stereographic projection
aggravates the inaccuracy. Fortunately the b.c.c. metals exhibit a strong

wire texture;‘the misorientations are usually around [llO] and this pole

is in the center of the micrograph. Hence greater confidence can be

attached to these determinations than would seem possible at first sight.

Two degrees of freedom are required to specify the orientation.of the
boundaryvplane. Once again simple geometrical relations can be used. (See,
for example, Hrenu) Figure 1b illustrates ‘the situation. = The inclination
of the pole-of.the-plane to the axis of the wire is equal to 90 - tan_l

ILEEEJZ N where <y is the radius ‘of the tip, o is the angle at which the

- (-n)

pole (intersection of the boundary with the surface in a zone containing ‘

‘the axis of the wire) appears on one micrograph and N the number of planes

of step height, h, required to be removed SO that the point of. 1ntersection
reached the center_of the micrograph and n, the number of rings counted

from the center to the pole (1ntersection) This expression 1s different

. h
. from the one used by Hren . - One could distinguish three types of boundaries

on the basis of this equation and the relation between N and n. (1) N = o
i.e. the intersection of the boundary With the surface does not seem to
move with field evaporation. Most boundaries are of this type. This
appears to indicate that this is a stable configuration attained by’grainv

boundaries because of the large kinematical freedom they enjoy in the smalﬂ'

(2) N = n. The pole Of the boundary is the same as the
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'axis of the wire. ThlS.lS of unusual occurrence aﬁd is in line with the
expectatlon that such transverse boundarles will tend to "flash" the tip.
(5) N % n. The boundary is inclined to the axis of the wire and its
1ntersect10n with the surface 1s seen to move on field evaporation. A1l -
chree cases and their appearance on a stereographic progectlon are
iilustrated in Fig. iC. | |

- ). STRUCTURE OF LOW ANGLE BOUNDARIES

The observation of etch pits at the emergence of dislocations and
- direct electron mlcroscoplc observatiohs of dislocation arrays have fully
substantiated the dislocation model of Burgers and Bragg for low angle
boundaries. The review by Amelinckx and Dekeyser5 gives an excellent
and rigorous treatment of this model. :A syﬁmetrical tilt boundary con-
sists of a row of parallel edge dlslocationé“at appropriate distances to
give‘the requlred misorientation. A tw1st boundary consists of a crossed
grid of screW dislocation. More complicated arrays are required when
there is a departure from these strict conditions. Field ion microscope
observations are of a confirmatory nature. They are con51dered below as
they bring out interesting detalls with regard to contrast 1n'f1eld ion
.micrographs. ! | |
If there are to be five dislocations in the field of view, the dis~
locations will be about 6OA apart. This distance of separation will
;correspond in the case of a simple tilt boundary to a mlsorlentatlon of
5?. The grain boundary in iridium shown in Fig. 2 has a mlsorlentatlon of

2 around [111]. The plane of the boundary was inclined to the axis of the

wire and on field evaporation, the boundary intersected the surface at a

different place. The asymmetry of the tip made an accurate determination

of the plane of the boundary impossible. The streaks occur on (01I)



planes in f.c.c. metals. The intersection of the boundary is parailel to
the streaks showing that'ﬁhéir polés occur in the same zone. This fact
and the movement of the bouhdary intersection pointed to (120) as the
béundary;plane. Hence the boundary has twist character and must have
screw dislocatidns making up the arfay.

The dlslocatlon structure ‘seen in Fig. 2 has’ the appearance of a
"class1cal" screw dislocation. If the boundary plane is (lll) and if
the axis of mlsorlentatlon is [111], the model for the boundary’ con51sts
of a hexagonal grid of dislocations having Burgers vectors 5 [llO],
5 [lOl], and 2 5 [01I]. When the orientation of the boundary plane is
changed e.g., to (120), there 1s only a change in the mesh shape and
the pattern becomes such that its projection along the [111] on a (lll)
plane produces the same hexagonal net. The dislocation. seen at the
‘boundarybmuSt form part of such>a grid. However fhe Burgers vectors of
the dislocation must be of the type 3 & 11107 or % [101] or % [Oll]. % [1io],
| % [To1] and [Oll] all lie on the (111) plane and hence wiil not give
rise to a spiral based on (111) planes. The dislocation is ‘thus probably -
a stranger dislocation in the network.

Interlocked énd interleaved spirals have been observed at low angle
_boundaries in tungs%en and.molybdenum. They are not easily analyzed into

the camponent dislocations.
5. STRUCTURE OF TWIN BQUNDARIES

A’ twin boundary is said to be coherent when the twin plane and the
composition plane coincide [ (111) in f.c.c. and (112) in b.c.c. ]; and
noncoherent when this condition is not fulfilled. inrcoherent twins the

atoms in the composition plane are in correct position with respect to
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ooth.lettices.‘ The twin boundary energy isbcorrespondingly low.

Mﬁller6 hae presented an example of what appears to represent a
small angle twin boundafy with (100) as the boundary plane. A mirror
image 1is seen across this plane. The use of the phraee‘"small angle | v K
fﬁin“ is not cleef in this context. He has also observed a twin boundery )
in éiéél with (121) as the boundary plane.7 This is presumably a co-
heren# twin’and the atomic matching is excelleht,

A few noncoherent_annealing twins have.been ooserved in tungsten.

A paréicularly intereeting oaée showing exceptionally good atomic match-
ing has been anaiyzed in‘detail by Hren.u Figure 3 shows‘a similar.twin
in tungsten. The misorientation 180°'ro£ation around [112] is seen very
clearly. The planefof the boundary is a few degrees from (I13), and
(2§B)B. The plane is of moderately high atomic density end will have one
in three atoerin.coincidence sites. Because of the deviations in the
orientation of the\boundary plane, several ledges wereuobserved in the
boundary_(Fig. Ba)._ The structure of such leoges_iegdiscussed in a
later section. ' _' ‘

Tw1nn1ng is a mode.of deformatlon and is espe01ally favored at low
temperatures and high strain rates in the case of b.c.c. metals (Hall ).
In three instances deformation twinning of the tips was observed. Flgures
i and-5 were obtained before and after the twinning transformation.. The
poles [110] and [112] remain in the same pos1tlon as a twin can be re-
lated by a 70.5° rotation around [110] and a 180° rotation around [112]
It will also be noted_that»the zone decoration line has rotated through | @
70°. The tip was orlglnalLy hemispherical and has become elllps01dal as

a result of tW1nn1ng There is considerable stress relief and the tilt w

in the surface could have led to the observed streaking.



In another .case twinndng occurred as the voltage was raised to bhe‘

- value necessary for imaging. The boundary region appeered as a chasm at

first and gradually this closed up. A cavity can Stlll be seen in Fig.

'6. The twin relationship is obvious. The spiral effect 1mplles that a

dislocation structure has been added to the boundary. The spiral is

similar to the one observed at the low angle boundary in iridium. The

contindity of the spiral is interruptedbat the ninth plane where a second
dislocation‘might be intersectiné the surface. The twinvhas a noncoherent
interface and the plane of the boundary is very near {llE}A and {llo}Bf
Both are close-packed planes in the b.c.c. lattice and this explains the
excelienb atomic matching aeross the boundary. The dislocabion observed
hear the central (llQ) pole will explain the slight‘de?iatiop in the

plane of the boundary from the close-packed planes. In this case the

orientation relationship is exact and hence there is no superposed small =

angle boundary.
With field evaporation, the spiral remained in the same place thus
shoblng that the dislocation was running in the (llO) direction. Similar
spirals arlslng through evaporatlon have been observed on a macroscoplc.

9

scale by Votava and Berghezan. They ascribed the spirals to tw1nn1ng

‘dislocations.' Tt is difficult to see how a single twinhing dislocation

can give rise to a simple splral _ The suggestion of Ryan and Suiter

that these structures result from slip dlslocatlon adsorbed at- the boundary

is attractive. However even 1n this case because the crystals are rotated

with respect to eeeh other the continuation of the atomic planes across

the boundary is surprising.



6. STRUCTURE OF SPECTAL AND RANDOM BOUNDARIiES.

6 1 Theory

As & result of the field ion microscopic observatlons of the struc-
'fure of ‘grain boundaries, a new model for the atomic configuration at
high angle boundaries has been evolved by Brandon, Ralph, Ranganathan
and Wald.ll ' The coincidence site lattice relationships forming the‘basis
of thie:theory were worked'eut by the author.lg |

nRotatiOnal’symmetrj-operarions on a lattice bring it into complete
self-coincidence. However, partial coincidence can occur for eertain other
rotations about -an axis. ;Two crystal latfices related by such an angular
rotatlon about an ax1s have certain common 51tes, located on a single
lattice of larger cell dimensions. This larger lattlce is called the colin=-
c1dence site lattice and the boundary 1t gives rise to is termed a special
boundaryf Table I glves the axis-angle values which lead to c01nc1dence
site lattices. Such special boundaries can minimize their energy by
follow1ng ‘planes of dense 001n01dence (Table IT. ) A grain boundary
runnrng at a small angle to this plane will take up a stepped structure
such thet it has a maximum surface area in the close-packed planes of the -
Coincidence.site lattice, analogous to a dislocation constrained to‘be
: along'e direction thaﬁ is not a low energy direction. fhis step structure
is shown in Fig. f at BC. This figure is a two-dimensionel model for a
b.c.c. bicrystal with a coincidence site density of 1 in ll.. The model thus
. gives a satisfactory explanation for the origin of ledges of the fype
postulated by McLea.n.15 |

It is obrious that perfect'coincidence is destroyed even with the
least deviation of axis or éngle from that required for a special re-

lationship to exist between the two crystals. Field ion micrographs of

o
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‘grain boundaries which do not possess coincidence site relationships also

show fit and misfit reglons; This can only be explained if the coinoi—x
dence bodel can retaln some significance even for genelal high angle ’
boundaries. Tt is also known from the work of Aust and Rutter 1h that
certaln spec1al characterlstlcs of boundaries persist over a small range
of misorientations around that of the special boundary.

A1l the aboue observations can be explained if the random boundary

is considered to be composed of a special boundary and an associated sub-

boundary to account for the angular (or axial, these are equivalent)

dev1atlon.. The situation is analogous to a-low-angle. boundary on real

»lattice planes at a rotation of 0°. 1In the case of the random boundary,
:the ‘dislocations are partlal dlslocatlons in the c01n01denee lattice. The
>preservatlon of the 1dent1ty of dlslooatlons formlng the super-posed

sub—boundary requlres that only small angular.dev1atlons of about 6°

*from.the orientation relationship characteristic of a special boundary can

be explained in this manner. Tt is seen from Table 1 that specilal

poundaries upto a significant coincidence and an angular spread of 6°

offer reasonable coverage of the orlentations;

The random boundary thus differs from the special boundary not so

- much inythe absence of atoms common to both grains (as wouid be expected

~from a rigid model) but in the presence of excess dlslocatiOns forming

a super—imposed sub-boundary network. Because c01nc1dence regions still

oceur within the cells of the network the Mott model of the boundary is

still eigood one, and if the dislocations are sufficiently'widely'spaced,

a ledge structure, as deduced for the general case of a coincidence

poundary will still exist.
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6.2 Observations

The model advanced by Brandon et al.ll demands a structure based on
dislocations for most orientations. The evidence for the dislocations
rested'on‘dark'bands observed at random boundaries. Figﬁre 8 shows a

bicrystal. The axis of the misorientation is [110] and the angle of

misorientation across the boundary is 62°. The nearest coincidence site .

relationship‘is for a misorientation of 59° corresponding to a density.

of coincidence of 1 in 33. Thus this boundary could be described as a
1ow density coincidence boundaxry together with a dislocation network at

: the boundary. The dark band ig similar to those thaf had been observed
earlier at low angle boundaries by Brandon and his coworkers15 and had
.been attributed earlier to the effect of preferential evaporation ocvurrlno
as a result of the strain fleld of the dislocations. Further observations
have shown that this effect does not occur at all low angle boundaries.

It appears that_electronlc effects can play an important part in the

image contrast at grain boundaries and can lead to the appearance of
streaks and dark‘bands. This has been discussed by‘Rahganathan et al.l7
In this section direct evidence for the presence of dislocations st grain
boundarles will be giveén and then analyzed.

Figure 9 is a mlcrograph from a tungsten specimen. contalnlng a 50°

tilt boundary. The axis of misorientation is [110] and the plane of the

boundary is (332). An accurate determination of the orientation relation-

ships was possible in this case as the tip was symmetrical and [110] was

at the‘center of the micrograph. The relationship corresponds to a lattice - ©

coincidence between the two grains with a density of coincidence sites
of 1 in 11. The two-dimensional coincidence site model given in Fig. T

corresponds to the same rotation about the same axis. The boundary lies
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ver& nearly along the most densely packed plane in the coincidence'site
lattice, where all the atoms are located on c01nc1dence sites. There
are a few ledges of ~lOA dimensions to be seen in Fig. 9."The atomic

fit at the boundary is excellent and there is no evidence for preferential

" evaporation.

Figure-lO shows a grain boundary in molybdenum. The misorientation
is around the [110] axis and is 30°. The reietionship is 3° away from.
[110] - 27° which represents a speciai boundary'with a density of ooin-
cidence“of 1 in 19. One can then consider the boundary to be made up of
this special boundary and.a 5 small angle boundary.v The splral effect
seen in the (110) planes has its origin in the latter boundary. The
boundary_piane is a few degrees off (110) and (552) and is near a

densely packed coincidencebsite lattice plane of_[}}l} type in both

_crystals. This aecounts for the atomic matching acrosé the boundary.

In the iridium eXample the dislocation formed part of a low angle
boundary: in the case of tungsten, it accounted for the deviation of the
grain boundary from a close-packed plane. Now in molybdenum a similar

i i
spiral forms part of the small angle boundary superposed on a special

boundary.

ngure 11 shows a tricrystal in iridium. The boundafy B-C corresponds

~to.a 6° mlsorlentatlon around [lll] The boundary appears very nearly as

a streak. Most (111) planes are seen to JOln smoothly across the boundary.
Boundary A B is a high angle boundary with a misorientation of 52 ° around_
[lll]. ‘The nearest coincidence site lattlce is 5° away. The boundary 1is
guite narrow and showed extremely good fit over nearly a. hundred layers.
The good fit observed at the boundary A-B merits some discussion. The

orieritation relatlonshlp for this boundary is 5 ' away from [lll] - Lt
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which is the relationship for a coincidence site lattice of 3 =19. This

lattice is illustrated in Fig. 12. It can be seen that the density of

coincidence 1is so low iﬁ this case that an associated 5° sub-boundary will

- take out almost all lattice coincildence.

Figure 13 shows a [110] - 28° boundary in tungsten. There appears
to be a dark band aésociated with thg boundary. On field eVaporation
this bahd beéame less brominent as the intersection of £he boundary mofed
inwards due.to fhe inclination‘of the plaﬁe of the boundary to the axeé
»of the tip. One can see a series of interlocked spirals.' In some regions
the continuatioﬁ of the (110) planes across the boundary can be followed

through a number of planes.

6.3 Discussion

- Field ion micrographs of high angle grain boundaries show three types

“of structures. In one kind, the planes continue undisturbed across the

béundafy. Such structures havé been observed in twinsh’7 as well as a
110-32° boundary in tungsten.lo It is possible however that these bound-
aries can contain aislocations which have their Burgers vector parallel to
the undisturbed planes. In the second kind spiral structures which can

generally be associated with dislocations have been observed. Most

boundaries generally show a greater degree of disturbance at the boundary.

* Even in such cases the boundary shows good fit over a few regions. The

- conclusions to be drawn are that all the observations support the transi-

tion lattice theory which states that the disturbance is confined to a few
atom diameters near fhe boundary and that the two lattices cohtinue right
up to the boundary.5 It can further be inferred that the boundaries

consist of regions of fit and misfit. Mott18 originally proposed such a
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model.The coincidence site lattice model of Brandon et.alll is an attempt
to'characteriSe the regions of fit and misfit in Crystallographic‘terms.
Section 6.2 gave the evidence available for such a model from field lon-

micrographs. (Brandon19 has recently extended the theoretlcal part of the
model in a rigorous way.)

7. PROPERTIES OF GRAIN BOUNDARIES

Every field ion micrograph of a bicrystal can in principie be used to

draw some ihformation concerning atomic configuration.at grain boundaries.
- That it also'contaiﬁs interesting details about the properties of érain

'boundarles is often a matter of chance The small field of view .and the

loss in image 1nten31ty and resolution at high temperatures act as .severe
limitations.

Both thermally activated and stress induced migration of grain bound-

2
‘aries have been observed by the author. 0 It is however difficult to throw

anj light on the atomistics of the process as the'imageqdisappears at high
temperatures end as.the stress ihducedvmigration occurs in an unpredictable
manner. |

Segregatlon of oxide at the boundary has been observed in boundarles
in tungsten - b rhenlum.ll Iarge bright spots are occa31onally observed
at boundaries. Their chemieal identity is unknown. investigation of
segregation and depletlon near grain boundaries is a frultful fleld where-
very little has been done until now.

Grain boundarles in general increase the strength of a material as
they prevent the easy passage of dlslocatlons Pile-up of dlslocatlons

.21
has bcen 1hown to ‘occur ai grain bound%rleu. Ii™" has p ostulated that

~under the influence of 1rcou, ledges in graln boundaries can be made to
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emit dislocations. Miil]_erg2 has shown than grain boundaries in rhenium
hardened the material sufficiently to prevent slip under ‘imaging condi=-
tions. Ranganathan and Cottrelll6 have reported a particularly interesting
interaction between a dislocation and a grain boundary in iridium.

A. number of field ion microscope studies are now directed towards a

'study of thin film formation through evaporation of metals. These could

be modified so that in a bicrystal diffusion along a grain houdary can be
investigated. |

The‘field ion microscope lends itself readily{to the study of small
scale effects arising from radiation damage. Grain boundaries interaof
with‘snch imperfections . in a narkedvnay. The elegant‘studies of Barnes
et al 2> have shown that the ahility of grain boundaries to act as sinks

- ok .
and sources for vacancles is 1mportant. Bowkett et al have observed a

large vacancy cluster ~ 15A away from a grain boundary in neutron

. 20 s -
irradiated tungsten. The author has carried out a preliminary study

"of helium bubble formation in tungsten and has observed an "incipient"

bubble near a low angle grain houndary.

One fruiuful line of 1nvestigation would have been the study of
spe01fioity of adsorption at grain boundaries. FEhrlich and Hudda 2> have
shown that adsorbed atoms can be imaged with the field ion microscope
Brennerg6 carried dut experiments to determine whether there is enhanced
binding of adsorbed gas_atomsvategrain boundaries. He found that ad-

sorption seemed to ioccur preferentially at the edge of the (110) planes

but not at the boundary.

8. INTERPHASE INTERFACES

The atomic configuration of an interface separating two crystals

which differ in .composition and structure presents problems- similar to
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that of the atomic»configuration at high angle graih boundaries. How-

ever very few studles ‘have been carrled out. Ralph and Brandon5 have

‘observed that a o-phase precipitate particle in the 3L% rhenlum alloy

- gave enhanced contrast and that in splte of. the lack of crystalllne

'regularity in the disordered matrix, the partial cohereﬁcy with the
matrlx was readily detectable. The precipitate did nof show many

developed crystal planes. Recently McLane and Muller have observed the

- NiBe- Nickel solid solution interface. The precipitate has a CsCl

structure while the matrix (98 at %b Ni - 2 at % Be) has ‘a face- centred
cublc structure. They also _showed a second type of interface across
which complete cohereﬂce.wae observed. They tentatlvely=1nterpreted it
as a Guinier-Preston: zone. Miller et a128 have also reported the ob-
eepvatiOn of a lens-shaped martensite phafe in a high-carbon steel.

While the identification is only tentative, these eXamples show that

much of the promise of the technique is turning:into reality.
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TABLE I (cont.)

Axis of L Least_angle
rotation » Multiplicity - of rotation
A . 3 ' S

o b1 9 : ) 180°
411 E 11 : - 129.6°
1 S 17a 93k
411 ' 19b | _ o 153.5°
331 - : 5 - | 154.2°
%3] : T - 110.9°
551 C 11 B 82,10 .
331 L7o 63.8°
351 A 19a ' . 180°

Zs 13, 17 and 19 each generates two systems and these are dlstlngulshed :
by the subscripts fa' and 'b'. ,

‘ TABLE TII.
Defisely Packed Plane in the Coincidence Site Lattice

> Twin 'System - Densely Packed Plane
' ‘ B. C. C. F. C. C.

-3 111,112 | - 112 111
5 012, '013 013 012’
7 1235 | 123 123
9 122, 11k : 11 . 122
11 113, 233 | 332 113
13a 320, 015 - 015 320
13p 134 | E 13k 134
15 15 _ 125 125 .
172 140, 3%0. 350 140
1 223, 334 o 3L 223
19a 135, 116 w6 1

190 235 | j 235 . 235
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FIGURE-CA?TIONS'
la Determination_of'angle and axis of misorientation from the
'stereogrdphié prbjection of a bicfystal.' (P'z pole; M-z
- mid~point of arc joining corresponding poles).
1b ﬁetermination of the orientation of the plane of the boundary.
1c The three types of orientation of the boundafy plane and thelr
appeafance_onva stereographic projection.
2 A low angle boundary with a misdrientation of 2° around [111] in
iridium. |
) A'noncoherent'twin boundary in tungsten.
L Image from a tungsten tip before deformation twinning.in situ
“occurred. |

5 Same as Fig. I after deformation twinning.



Fig. 6

Fig. T

Fig. 8

© Fig. G

Fig. 10
Fig. 11
Fig. 12

Fig. 13

20~

A deformition twin interface in tungsten.

Tﬁo dimensional modéi for.é b.c.c. bicrystal with a coincidence
gsite density ofvl in 11. |

A biérystal in tungsten. iThé boundary sppears as a dark’band.
A specilal bouﬂdary in tungsten with é‘coincidence site density
of‘l in 11. | |

A random boundary in molybdenum. The boundary is compoged of a
special‘béundary and & sméll angle boundary. The spiral effect
has its origin in the latter effeét; |
Tri=crystal in iridium.

Coincidence site model for the high angle boundary in the tri=

crystal in Fig. 11.

[110] = 28° boundary in tungsten. The deviation.from.lattice.

coincidence is slight in this case.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As uséd in the above, '"person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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