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Suggested problems on CH 4 (Important)

Q1) Locate the owing imperfection’s es?

- Vacancy

- Interstitial point defect

- Substitutional point defect® /

- Line (edge) dislocation

- Grain boundaries defects

- Volume defects (foreign inclusions)



Q2) Below, atomic radius, crystal structure, electronegativity, and the most common valence

are tabulated, for several elements; for those that are nonmetals, only atomic radii are

27
indicated. Which of these elements would you expect to form the following 5 \d‘ofon,.D“D
—

A1
(a) A substitutional solid solution havin lete solubij it 7l “

Atomic '
Radius  Crystal Elegtro-

Element (nm) Structure  negativity  Valence

(b) A substitutional solid solution of incomglete

solubility R? ~ ot / Al Ica '&1?‘: \-,\:. % Ni 0.1246
(c) Aninterstitial solid solution ;\3‘\’ :x"a)? C 0.071
PO e A P H 0.046
Al ;f O 0.060

Ag 0.1445 19 .0 +1

Al 01431 CECCY 15 43

§ Y .LtCo 01253  HCP 1.8 7 (5 <¥

w Cr 01249  BCC 16 % +3

’\’\‘(/\-,& NN E 4 BoC L8 - (9 +2
P 01387 ECCS 2 parid

N\ -
S48 D : Zn 01332 HCP = 16 W +2
¥t = v T
' «
Solid Solutions / Q? «"z o FEAE IS U"P
o - o 9
~? (J\of ) \]J_;f’.ﬁ
A solid solution forms when, as the solute atoms are added to the host material, Y. "
\,(53 -
the crystal structure is maintained, and no new structures are formed. Perhaps it is useful to draw ) x
an analogy with a liquid solution. If two liquids, soluble in each other (such as water and alcohol) U“j

are combined, a liquid solution is produced as the molecules intermix, and its composition is
homogeneous throughout

alloy with constant properties

every where (A slhaqll cliall )




purity point defects are found in solid solutions, of which there are two types:

substitutional

and interstitial. For the substitutional type, solute or impurity atoms

replace or substitute for the host atoms (Figure 4.2). There are several features of

the solute and solvent atoms that determine the degree to which the former dissolves as follows:

1. Atomic size factor. Appreciable quantities of a solute may be accommo-
dated in this tvpe of solid solution only when the difference in atomic
radii between the two atom types is less than about £15%. Otherwise
the solute atoms will create substantial lattice distortions and a new phase
will form.

2. Crystal structure. For appreciable solid solubility the crystal structures for
metals of both atom tvpes must be the same.

3. Electronegativity. The more electropositive one element and the more elec-
tronegative the other, the greater is the likelihood that theyv will form an
intermetallic compound instead of a substitutional solid solution.

4. Valences Other factors being equal, a metal will have more of a tendency to
dissolve another metal of higher valency than one of a lower valency.

An example of a substitutional solid solution is found for copper and nickel. These two elements
are completely soluble in one another at all proportions. With regard to the aforementioned rules

that govern degree of solubility, th@omic radii for copper and nickelare 0.128 and 0.125 nn@
respectively, both have the FCC cr

tal structure, and their electronegativities a[ee‘ :g )9 and 1.8 @
(Figure 2.7); finally, the most common valences are for copper +1 or+2 in some cases and for nickel

+2.

For interstitial solid solutions, impurity atoms fill the voids.. For metallic materials that have
relatively high atomic packing factors, these interstitial positions are relatively small. the atomic
diameter of an interstitial impurity must be substantially smaller than that of the host atoms.

Carbon forms an interstitial solid solution when added to iron; the maximum

concentration of carbon is about 2%. The atomic radius of the carbon atom is much

ess than that for iron: 0.071 nm versus 0.124 nm



J.g5xiom
6.9: Consider a cylindrical specimen of a steel alloy (Figure 6.21) 8.5 mm (0.33in.) in diameter

-3
4,‘ goxlom and 80 mm (3.15in.) long thatis pulled in tension. Determine its elongation when a load

F. of 65,250 N (14,500 lb) is applied. AL=T
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6.18 Consider a cylindrical specimen of some hy-

pothetical metal alloy that has a diameter of
10.0 mm (0.39 in.). A tensile force of 1500 N
(340 Ibg ) produces an elastic reduction in di-
ameter of 6.7 X 107* mm (2.64 X 107 in.).
Compute the elastic modulus of this alloy,
given that Poisson’s ratio is 0.35.

L
6.23 A cylindrical rod 500 mm (20.0 in.) long, hav-

37,_%} \
AHO,
coriEs

ing a_diameter of 12.7 mm (0.50 in.), is to be
subjected to a tensile load. If the rod is to ex-
erience nei astic deformation_nor 4an

é(whc_/&}g elongation of more than 1.3 mm (0.05 in.)

when the applied load is 29,000 N (6500 Iby),

which of the four metals or alloys_listed be-

a\‘&/y\; low are_pos indidates? Justify your
A ; |
9 /Z\\‘ chowe(s).? b, oy
D‘/ !f"' yﬁ}}x
Modulus Yield Tensile
of Elasticity  Strength  Strength
Material (GPa) (M Pa) (MPa)
(& Aluminum alloy 70 = 255 420
N Brass alloy 100 345 420
%" Copper 110 210 275
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& Y
Coppl”
(S rotss r
e 2z a e | TLSS 2/:/:19}%)(3}{

224 K 3%S ,/3{.!’
S - 2.29%10

ALz &«L 1.43 No- 2elo = [ Muu| DL=els= L oY

= ®L o = . -

635 1-3 X’/ W< ve g - <1,3¢”@\
. ; V 2os \»}%&y

055< (2

x(_lg

< =22 MPe
222 <4So

< Ao+

Ve

AL= Txlo = O 55 mm

2%



6.40 For a_brass alloy, the following engineering

T C——c ~ . ~ .

stresses produce the corresponding plastic
engineering strains, prior to necking:
(/—V\v

Engineering Stress

(MPa) Engineering Strain
315 0.105 W,)\z,wo?‘/"
340 0.220 g;%
L, =5
On the basis of this information, compt% e‘“"f ‘ 1 /:, .
engineering stress essary to produce an .7 ~ )AQZ;:JU !
N ' 1 ' - o - ‘2/}
g~ = =
Ve

34o0— 315 _ 24—
0. 220 —0-105 9.22— 023
6.46 (a) A 10-mm-diameter Brinell hardness in-
denter produced an indentation 2.50 mm in di-
ameter in a steel alloy when a load of 1000 kg

was used. Compute the HB of this material.

(b) What will be the diameter of an indenta-

tion to yield a hardness of 300 HB when a
500-kg load is used?

J =



6.18 Consider a cylindrical specimen of some hy-
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6.46 (a) A 10-mm-diameter Brinell hardness in-
denter produced an indentation 2.50 mm in di-
ameter in a steel alloy when a load of 1000 kg
was used. Compute the HB of this material.
(b) What will be the diameter of an indenta-
tion to yield a hardness of 300 HB when a
500-kg load is used?

D= 10 mm
0( = 2.5 mm

F——- P = 1000 kg

HB = 2 P —
WD[D‘J o= d% |
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7.24 The lower vield point for an iron that has an
average grain diameter of 1 X 1072 mm is
230 MPa (33,000 psi). At a grain diameter of
6 X 107> mm, the vield point increases to
275 MPa (40,000 psi). At what grain diame-
ter will the lower vield point be 310 MPa
(45,000 psi)?

7.26 In the manner of Figures 7.17b and 7.18b, in-
dicate the location in the vicinity of an edge

dlSlOC&tlon{’lt whichlan l-D.LiLSJJ_LLﬁJ_Lm%thV
atom wu]d_b_ejxpemﬁd_m_be_mmmd Now

briefly explain in terms of lattice strains why
it would be situated at this position.

N=——

Apbont :.

The inferstitial impurity atom would be expected to be

located below the edge dislocation line, where there is

tensile strain. This is because the lattice is stretched in this e, =0, 0 =0T 6=

r:gion,}L :rovid‘in.g 'm.ore 1.s::acel Fc;r.' +h: s‘maller interstitial .‘“‘\\\\-\\\m .,,,{l//.”l.l

atom, thus minimizing the elastic strain energy. “ || \ I " "
I




7.27 (a) Show, for a tensile test, that

% CW = (L) % 100
e + 1

if there is no change 1n specimen volume dur-
ing the deformation process (i.e., Ayly = A4l,).

(b) Using the result of part (a), compute the

percent cold work experienced by naval brass
or which the stress—strain behavior is shown

in Figure 6.12) when a stress 415 Pa

(60,000 psi) is applied. - ebs\‘_&\_w)ﬁd,
UL“/ (J"“'—L\ Ao
2022 J“’ ‘ -
é“//: @/’
Question: Briefly explain why small-angle grain boundaries are not

as effective in interfering with the slip process as are high-angle
grain boundaries.

A
Gﬁéﬁll -angle grain bo@nsw’r of low misorientation and
ordered dislocation arrays, offering less obstruction to
dislocation movement. In contrast, high-angle grain ndari
present significant misorientation and disrupt the slip process _—
more effectively, thereby strengthening the material.




7.24 The lower vield point for an iron that has an

average grain_diameter of 1 X 102 mm is

33.()()() psi). At a_grain diameter of

6 X 102 mm. the vield point mc1eases to
1_275 MP4 (40,000 psi). At what grain

ter will the lower v1eld point be 31() a.
(45,000 psi)?

|

o5 c& + K *

@

(2?;5)\/&—'0’ K -~

Pk WYY} Lps.L— ~p ]
&2 zﬂa)(.« 2=
b L“—*»-ﬂél’f”




The Hashemite university

Faculty of Engineering

Material Science Course

Name: .. G0 L0 LodY

Problem 1: Multiple choice Questions:

1. During Plastic deformation in metallic alloys is the result of :

A) Necking B) Bond Breaking C) Bond stretching

E) All of the above

2. During elastic deformation, a metal experiences:

A) Necking B) Bond stretching C) Bond Breaking

E) None of the above

3. Resistance to plastic deformation is termed:
A) Modulus of elasticity

B) Toughness

C) Yield Strength

D) Hardness

E) Ductility

4) Material with lowest toughness :

A) Have greatest ductility

B) have greatest modulus of elasticity

C) Have combination of high strength and high ductility

V’ D) Have combination of low strength and low ductility

D) Dislocation motion

D) All of the above



5) The percent elongation of a material at fracture measures its:

A) fracture strength

B) Ultimate strength

C) Toughness

D) Ductility

E) None of the above

6) What statement is incorrect regrading Edge and screw dislocation ?

A) magnitude of their Burger vector is equal

shear J5 Padd 252
owly s hear— scred
C) Burger vector is perpendicular to the dislocation line in dislocation

D) Burger vector is parallel to the dislocation line indislocation
(S

7) Substitutional defect:

B) Only shear stress field exists in either case

A) comes from impurity atoms on lattice sites
B) are usually associated with vacant lattice sites
C) are found between along borders of crystal structures of different orientations

D) comes when one atom is replaced by a different type of atom

8) Carbon -Iron alloy is a system at which carbon atom (solute) interacts with iron as:

A) interstitial defect
B) substitution defect
C) Vacancy defect

D) edge dislocation

9) The data on the right-hand side Figure could have been obtained from ( 1pt):

A) Brinell Hardness test 400 = /_\
B) Shear Test

C) Impact test 300
)

D) Tensile test

o (MPa)
I

200 =

100

o Ll 11 1111
0 0.02 0.04

€

0.06




10) The data revealed that this sample had a Yield strength of: ( 1pt)

A) 300 B) 350 C) 400 D) 450
11) Dislocations began to move in the sample when the strain exceeds : ( 1pt)

A) 0.0075 B) 0.0375 C) 0.0475 D) 0.02

12) Find the number of vacancies per cubic meter in gold at 700 °C. the energy for vacancy
formation is 0.98 eV/atom. The density and atomic weight for gold are 18.6 gm/cm®and 197
gm/mole, respectively. (k=8.62x10° eV/atom).

N, —Nexp( wT ) N =6.022x10 1

A) 3.5x10% B) 3.5x10% C) 4.8x10% D) 4.8x10%2

13) Below, atomic radius, crystal structure, electronegativity, and the most common valence
are tabulated, for several elements; for those that are nonmetals, only atomic radii are

indicated. Which of these elements would you expect to form substitutional solid solution having

complete solubility with Nickel. Discuss your answer o
Atomic
Radius Crystal Electro-
Element (nm) Structure  negativity

Ni 0.1246 FCC 1.8
C 0.071
H 0.046
O 0.060
Co 0.1253 HCP 1.8
Cr 0.1249 BCC 1.6
Fe 0.1241 BCC 1.8
Pt 0.1387 FCC 22
Zn 0.1332 HCP 1.6

Valence

+2

+2
+2
+2
+2




Problem 2 (4 pts): For the crystal shown below in (a), and (b). having a common type of
solid imperfection or defect?

AR P )
Il

L T

2) Show the Burger vector in Figure (a), both magnitude and direction

3) This particular defect in Figure (b) is called é&@f Aisloacelibie

4) Show the Burger vector in Figure (b), both magnitude and direction

Problem 3 (3 pts):

In your own words, describe briefly the difference between the following point defect:

* Interstitial pointdefect An extra atom is inserted into the spaces between lattice atoms.

Substitutional point defect: latfice atom is replaced by a different type of atom.”

Good Luck



A sketch for a the crystal structure of some polycrystalline metal. Based on definition of grain
boundary region. Locate or draw the grain boundaries on the sketch below based on our
understanding of this area defects.




