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CRYSTAL IMPERFECT] ONS =

-

+
attice irepularipy having one or more of its dimensions oy £

the arder of an atomje diameter,  Classification of crystalline imperfections s frecuently made

By “crystalline defect™ is meant a |

k.
according to geometry ar ditnensionality of the defec a1l 15 as follows:
I Point imperfections 1 Surface imperlections, and i
2. Line imperfections or dislocations 4 Bulk or Valume nriperfections,
| 1
4
i

FOINT IMPERFECTIONS
Point imperfections are also referred o as zero dimessional fmperfections  As the name
tmplies, they are imperfect rowl-like regions in the crystal.

Lot B

e or two stomic diameters 15 the

trpical size ol'a poin imperfections. Different kinds of point imperfections are as follows-

4} Vacancies and self-interstitiale cl Impurities

by Intersutiaicies 41 lecironie defeer

Macancies And Self-Interstitials

A vacancy refers 1o oan atoric site from wiiere

the aton is missing (as chown in fip.1), e,

ey dre vacanl sites tnoccupied by any atom This s the simplest of the pernl defects

Vicancies are formed during solidification, and also 4 4 result of atomic vibrations, which can

catrse the displacement of atoms from their nopmal latiice sites

The number of vacancies
incregses exponentially with temperature

A selfZinterstitial is an atom from the crystal that is crewded into an interstitial site, a small

vald space that under ordinary circumstances is not oceupied (as shown in fe2) In meals, a

sell-interstitial introduces relatj vely large distortions in the surrounding Tattice because the atom

is substantially larger than the interstitial position in which it 15 sifualed. Consequently, the

formation of this defect js not highty probable, and it exisic in very small concentrations, which

are significantly lower than for vacancics.

Impurities in solids L

Na metal is pure; impurities or foreipn atoms will always be present in any metal. The “
addition ol impurity atoms 1o a meta) will result in the formation of a sofid solution andfor a new
Second phase, depending on the kinds of impurity, their concentrations, and the temperature of

the alloy. “Splvens tepresents the element or compound 1hat s present in the greatest amount:

i i i s
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solvent atoms are also called as host atoms. “Soluge” i5 used to denote an element or commpouid
'
present i a minor concentration.

A substitutional impurity (or soiue impurity} is a point imperfection. 1 refers to & solute or
tnpurity atmins that substitute for or replaces a parent (or host) atom in the crystal; as shown in
fig.2. Aluminium and phosphorus doped in silicon ure substitutional impurities in the crystal.

AN intersticial impurity 15 alsd 4 point imperfection. It is a small stzed solute or impurity
atoms filling the voids or interstices artong the parent or host atoms in the crystal, without
dislodging any of the parent atoms from their sites, us shown in fig. 3. A solute or impirity alom
can enter the interstitial void space only when it is substantialiy staller than the parsnt aton.

In jonic crystals, because the aloms exist as charged jons, the formaticn of point
imperfections is ':';uh_jcau:[ th the requirement Hm:I the overall electro-nentrality is maintained
Electro-nentrality is the state that exists when there are cqual nunbers af positive and negative

enarges from the jons. Asa consequence, defects in ceramics do not aceur alone. One such type
of defect involves a cation-vacancy and a eatian-intersiitial pair. This is called a Frenkel defect,
tlefer i 5. 1L might he thought of as being formed by 2 cation leaving its normal nasition apd
TRV IRl an iolerstitial site, There s no change i chiarze because the cation maintaing the
smne posiive charge as an intersiitial, As cations are peaermiy the sinaller 1ans, 11 s possible fo
them 1o get displaced into the void space. Anions do not getdisplaced like this, as the void space
ts just too small for their size. The point mperfections in silver halides and CaF: are of e
Frenkel type

Another type of defect found 15 a cation VACARCY — dmon vacancy pair knows as a Schotrky
defect (refer fip, 5).  This defect might be thought ol as being created by FEMOVING one cation
and one anion from the interiar of the crysial and then placing them both at an external surface.
Since both cations and anions have the same charge, and since for every anion vacancy there
exists a cation vacancy, the electro-neutrality of the crystal is maintained. This tvpe is dominant

in alkali halides.

LINE IMPERFECTIONS OR DISLOCATIONS
They are linear or one-dimensional defects around which some of the atoms are misaligned.
A dislocation may be defined as a distyrbed region between two substantially perfec parts of a

crysial. It is a line defect in a erystal struciure whereby a part-plane of atoms 15 displaced from



15 symmetrically stable positions in the army,  The dislocation s responsible for (he
phenomenon of slip by which mebt metals defonm plastically. Further i is also connected with
other mechanical phenomena such ae strain hardening, the vield poin, creep, fatigue, and hrinls
fracture and are helpful in describing crysial growilh and electrical conductivity,  One may
conclude that dislocation is the region of localized fattice disturbance separating the slipped and
un-slipped regicns of a crystal. Dislocatione arse in crystals as a resul af
() growth accidents
i) thermal stresses
Ui} external stresses causing plastic Mow
{.ia-jl phase trans formation,
(v} segregation of solule atoms causig mismalches, efc.
The voids and vacant sites in the crystals favor the generation of dislecations,
he twa basie tvpes of dislocations are edize dislocation and screw d islocation.
Fdge Dislocation
Anedge disloeation is created in th crystal by mtreducing an extra portion of & plane o
Aoms, or hall plane, (he edge of which terminates within the erystal {ie, any extra plane tha
does net extend up to the base of 1he crystall. s a linear defect that venters around the e (g
15 defined along the end of the extra hall-plane of atoms. This is somelimes termed e
dhslocation line. For edpe dislocation, the disloeation line is perpendicular to the plane of the
page.  Within the region arcund the dislocation line there is some localized lattice distortion,
1he atoms above the dislocation Ijne are squeezed together, and those below are puiled apart.
Serew Dislocation
A screw dislocation results fiom a displacement of the atoms in one plane of a erystal relative
to the rest of the crystal, forming a spiral camp around the dislocation line. |t may be thought of
as being formed by a shear stress that is applied 10 produce the distortion shown in fig.6r, the
upper front region of the crystal is shifted one atomic distance to the right relative 10 the bolom
portion. The atomic distortion associated with a screw dislocation is also linear and along 4
distocation line, line A8 in fig. The screw dislocation derives its name from the spiral or heljeal

path or ramp that is traced around the dislocation line by the atomic planes of aloms.

e it il |




Mixed Dislocation

Muost dislocations found in erystalline materials are probably neither pure edpe nor pure

serew, bt exhibit components of both types; these are tenm.ad mixed dislocations.

DIFFERENCES BETWEEN EDGE |

NELOCATION AND SCREW DISLOCATION

| Screw Dislocatisn

Edge Dislocation
|¢'Jr1ly a distortion of the lartice cells in 1.!|-:;|

. An edge of an atomic plane is formed
| immediate vicinily is produced,

internal 1o the crystal,
| The distartion follows a helical or screw paily and |

20 It involves an exira row of atoms either

#have or below the slip plane. | Lioth right hand and left hand senses arc passible. I

1. The forces required ta form and o | The forces ror uired do form and to move 5 serew
q 1 [

move an edge dislocaton are simalle; | dislocation are preater. |

4 Speed  of movement of an ad ~c|5‘ ‘cdnfm:wcmunrm":tsrtww{*.is-htucruinn]x legzar
ge | Spe

dislocation is greater. | |

itly usefal in explaining crysta groovth |

3. 1t is particularly useful in exniaining | It is espec
s well as slip m plastic deformation |

slip in plastic flow during mechanical II

wolking. |

SURFACE DEFECTS OR INTERFACIAL DEFECTS
Surface defecis or interfacial defects are boundaries that have two dimensions and norlly
.*I:.::]'l.'il'.'ilt‘: regions of the materials that have different crystal structures andfor crystallopraphic
orientations. They are also called as planc defects. We can classify these defects into two main
Lypes, namely (a) external surface imperfections and () internal surface imperfections.
(a} External Surface Imperfections
The external surface of a erystal is an imperfection in itself. as the atomic bonds do not extend
Bevond the surface. Although we may visuzlize an external surface as simply a terminus of the
crysizl structure, the stoms on that surface cannoi be compared with the atoms within the crysial
because the extemnal surface atoms have neighhors malcmr side only, while atoms jnside ihe
crystal have neighbors on either side of then. Since the external surface aloms are not entirely

strrounded by athers they possess hi gher energy than that of internal atoms.



() Internal Surface Imperfectinns

rn.!frnai'r;urfucc imperfections arise from a change in the stacking of atomic planes across a
Boundary, The change may be one of 1he orientation or of the stacking sequence of the planes,
Some important internal surface imperfections are given below,

(i) grain boundaries
(i1} twin boundaries

(i) stacking faults

{iv)  phase boundaries, and

(v) ferroinagnetic domain walis,

(1) Grain leililrlif.'ll'ff'.ﬁ

For a crystalline solid, when the perindic and repeated arrangement of atoms s perfect or
extends throughout the entirety of the specimen without interruption, the result 5 siapde crvvral
Al unit eells mterlack in the same way and have the same orientation. Most crystalline solids
are composed of 2 collection of nams sl crystals or grains; such materiajy are terrmed
poyeryialiiinm. “Vanouys stages e the silidificalion of o netverystalline specimen 4 Fepresented
schematically in fig, &

Initially, small crysials o nucler form at varions positions.  These  have random
erystaliographic orientations, e ndicated by the square grids,  The sipall gras grow by the
sucecessive addition fram the surrounding liquid of atoms to the structure of cach The
extremities of adjacent Erains impinge on one anothe; as the solidification Process approaches
completion.  As indicated in the fipure, (e ciystallographic orfentation varies from prain (o
erain. . Also there exists some atomic mismateh within the region where two grains mect; this
arca is called the prain boundary. Soa grain boundary is defined as the boundary separating two
small prains or crystals having different crystallographic orientations in polyerystalline materials
There is some atomic mismatch in a transition from the crystalline orientation of one grain 1o
that of an adjacent one. Various degrees of crystallographic misalignment between adjacent
gratns are possible. When this orientaiion mismatch is slight, on the order of a few degrees, then

the term small-angle grain bowidary 1s used. These boundaries ean be described in terms of

Jne simple small-angle grain boundary is formed when the cdpe dislocations

his type is called a i boundary; the anple of

dislocation arrays. (

are aligned in the manner of fig, 9. 71




misoriemtation, @, is also indicated in the figure. When the angle of misorientation is paraltel 1o
the boundary, a i boundary results, which can be described by an anay of screw dislocations,
{ii}) Twin Boundaries

A twin boundary is a special I¥pe of grain boundary across which there is a specific mimor
lattice symmetry; that is, atoms on one side of the boundary are lacated in MirTor image positions
of the atoins on the other side (refer fig 109 The region of material between these houndares i«
appropriately termed a nwin, Twins result from atomic dizplacements that are produced from
Epp]i-ud mechanical shear forees {mechanical 1wing), and also during annealing heat treatments
lallowing deformations fannealing twins) Twinning occurs on # definite crystallographic plane
and in a specific direction, bath of which depend on the erysial structure. Annealing twins arc
trpically found in metals that have the FOC crystal structure, while mechanicsl twing are
observed in BOC and HOP metals.

Stacking faults are found in FOC melals when there is an inlerruption in (he stucking
sequence of close-packed planes. Phase boundarics exist in multiphase materials nerogs which
there s 3 sudden change in shysical and/or chemical characteristic s Far ferromacnetic and

.fé-':'Jx:rl.":grmliu malenais, e hmrnul';u'_'r thitl  separates regions having  differen dircctions of

Magnelization s termed a domain wall Associated with each of the defeeis tiscussed whove i
an interfacial encray, the magniiude of whicly depends an boundary type, and which will viry
fram maleriul to material. Mormally, the interfacial energy will be greatest for external silaces

and dewst for damain wad s,

BULK OR VOLUME DEFECTS
Bulk or volume defects existin all solid materials that are much larger than those heretnfore
discussed. These include pores, cracks, foreign inclusions, and other phases. They are nonmaliy

introduced during processing and fabrication sieps.



