Engineering Questions by Topic

Higher Level
Question 4
Thermal Equilibrium Diagrams
50 Marks




1996 Question 4

(a) (1) What basic information can be obtained from a thermal equilibrium diagram?
(i) Explain, using diagrams, the various stapes of solidification of a metal from the lquid phase.

{b}  The melting points of two metals A and B are 500°C and 700°C respectively. The given table shows
the solidification temperatures for various alloys of the two metals,

=

Amount of B in alloy (%) i} 10 30 50 70 o0 100
Temperature at start of solidification (°C) 500 545 610 650 670 600 [ TOO
Temperature al end of solidification ("C) 500 S | 530 550 585 650 700

(i Using the graph paper supplied, draw the thermal equilibrium diagram according to the piven
data.

{ii) Label the diagram and discuss its main features.
ic) For the alloy with 40% B al 5590°C, determine from the diagram:
(i) the composition;

(i} the ratio of the phases which oxist,
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1997 Question 4

£ 50 3 - e B et v g

(a) Describe pne of the following;
i} Age hardening;
(il SHp in crystals,
(b} Simplified thermal equilibrivm diagrams for two different Alloy systems are shown.
Copy the given diagrams into your answer book and compare both systems under the following headings:

() Degrees of solubility;
(ii) Regions and feotures;
(iiify  Typical alloying elements.

1300 —
300 —|
270
1100 —
200 — 200
144
700 =
100 | J
500
1 ] 500 T |
20 40 60 B0 100. 20 40 80 B0 100
% metal A = metal A

() With reference o the diagram on the right hand side above, determine for 2 40% metal A, the ratio of the
phases at 9007,
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1998 Question 4

(a) Name any three crystal defects shown below:

Suggest how any one defect is used to maximum advantage.
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1998 Question 4 cont.

(b)  Copy the given equilibdum diagram into your answer book and answer each of the questions below:
327
3001 +

|
100} | {
|

L 1 1 1 L

1 1
1 1 f  FapE, ! ! !
LEAD % 100 90 80 70 60 60 40 80 20 10 O

0 10 20 30 40 50 80 Y0 80 90 100 TIN &=
@)  Tdentify and explain the liquidus, solidus, solvus and the eutectic points;
(i)  Referring to the diagram identify tinmans solder and state its melting lemperature,
{c) For an alloy with 30% tin, determine from the diagram the following;
(i) the composition of the phase at 250°C;

(ii) the ratio of the phases at 250°C.
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1999 Question 4

{a)

(b)

()

Answer any three of the following:

(i Mame the three unil cells represenied.

{ii) Which structure is most associated with
brittleness in metals?

{iii)  Explain the lerm allotropic,

{iv}  MName a metal based on each structure, under
normal conditions.

(v) Distinguizh beiween crysialline and amorphous N
siruchures.

A thermal equilibrium diagram for a copper / nickel

allowy system is shown,
| A
{i) Name the upper and lower curves and 1400
explain what the areas at A, B and C
represent; TEI-'LEERH.TLFHE a
c 1200
{ii) With reference to the alloy containing
40% nickel, determine from the diagram c
the compositions of the phases at 1200°C. 0o

] 20 7] EZ &0 100
4 HICEEL

Distinguish between a substiiutional solid solution and an interstitial solid solution.
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2000 Question 4

{a) Select any two of the following terms and give a defimtion for each selected:
(i) Eutectic Alloys;
(id) Solid Solution;
(iif) ~ Partsal solubality.

(b Transfer the Lead — Tin equilibrinm diagram . given below, inte vour answer book: and identify and explain
each of the following terms:

(i) Liquidus;
(ii) Solidus;
(iii)  Solwms:
100 ~
{ivh  Eutectic point.
TEMPERATURE ;5 |
Loo 1 '
0 20 a0 %0 a0 100

% TIN
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2000 Question 4 cont.

(c] Describe, with the aid of diagrams, any three of the following terms:

(i) Dislocation;

(ii) Vacancy;
(i)  Substitutional alloy;

(iv) Interstitial solid solution.
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2001 Question 4

(a)

(b}

(e}

Select any two of the following tenus and give a defimtion for each selected.
(i) Entectoid pount:

{ii} Diendritic growth;

(iii)  Vacamcy;

{iv) Selid solation.

Redraw the Cadomum - Zme equilibnum disgram. given below, mte your answer book and 1dentify and
explam each of the follewing terms.

(i) Liguuidus;
(it} Selidus;

(1if) Eutectic pomnt.

500 |
‘M—:‘"—"""‘---.__:—

"I'IIHP:IATIJEE 300 1 \\\_\/

c 200 |
100 |

0 20— a0 6080100

e CADMIUM

Usmg the above diagram explain the solidification precess from £00° C for an alloy with 30% cadmimm.
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2002 Question 4

(a) With reference to aluminium, answer any four of the following:

(1) Name the ore used to manufacture aluminiem:
(11)  How 13 aluminmm refined?

(111)  Describe 1ts resistence to oxidation:

(v)  Outhine five important properties of alununnum:
(v)  Where mn Ireland is aluminmm refined?

(vi)  Outline age hardening in the Y-allov.

(b)  Dastinmush befween a solid solution and a simple eutectic.
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2002 Question 4 cont.

(cl Copy the given lead-tin diagram into your answer book.
Identify (1) liquadus, {11) solidus and (111) solvus on vour diagram and
explain clearly what each term represents.

Temperature
°C

200

100 =1 T
I ! | | | | | I |
I I | R | | | I

20 40 60 B0 100
% TIN
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2003 Question 4

(a) Differentiate berween anv two of the following:

(1} Interstitial solid solution and substitutional solid solution;
(11)  Crystalline and amorphous structures;

(11)  Solvus and solidus;

(1v)  Body centred cubic and face centred cubic;

(V) Simple eutectic and a solid solution.

{b) The given table shows the solidification temperatures for various alloyvs of two metals A
and B. The melting points of A and B are 270°C and 630°C respectively.

Amount of B in alloy (%) 0 10 | 20 | 30 40 | 50 [ 60 | 70 80 | 90 | 100

Start of solidification (*C) | 270 | 331 | 400 | 445 | 492 | 524 [ 551 | 580 | 603 [ 618 | 630

End of solidification ("C) 270 | 272 | 280 | 300 | 318 | 340 | 368 | 404 | 449 | 510 | 630

Using the graph paper supplied:

(1) Draw the equilibrium diagram according to the given data;

(1)  Label the diagram and describe the mamn features;

(1)  For the alloy of 60% B determune. from the diagram, the ratio of the phases at
450°C.

(<) (1) Describe, with the aid of a diagram, a dislocation defect.

(11)  Suggest one method of restricting the movement of a dislocation.
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2004 Question 4

(a) Answer any two of the following:
(i)  Differentiate between a vacancy and a dislocation;
(ii) Describe the age hardening process;
(iti) Explamn why the bodv—centred cubic structure 1s mostly associated with
brittleness i metals;
{iv) What 1s meant by partial solubility ?

(b)  The given table shows the solidification temperatures for various alloys of

cadnuum and bismuth. The melting point of cadmium 1s 321°C and the

meltmg point of bismuth 1= 268°C

Amount of cadmium in alluy [':'u:.l 10 20 0 |40 20 &0 0 20 o

Start of solidification (°C) 237 | 205 | 175 | 140 | 190 [ 235 | 265 | 200 | 310

End of soldification (°C) 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140

Using the graph paper supplied:

(i)  Draw the equilibrium diagram according to the given data;

(i) Label the dizgram and describe the main features;

(1ii) For the alloy with 75% cadnuum deternune. from the diagram the ratio
of the phases at 200°C.
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2004 Question 4 cont.

(c)  Explain, vsing diagrams, the varous stages of metal solidification duning

dendritic growth.
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2005 Question 4

{a) With reference to thermal equilibrium diagrams, explam any two of the
following:
(i) Solvus line;
(ii) Smmple eutectic solutions;
(iii) Cooling curve;
(iv) Latent heat of fusion:
(v) Substtutional solid solution.

(b) The given table shows the solidification temperatures for various alloys
of two metals A and B. The melting points of A and B are 270°C and
630° C respectively.
Amount of Binalloy (%) ( 0 | 10 [ 20 | 30 | 40 | 50 [ 60 | 70 ( 80 | 90 | 100
Start of solidification (°C) | 270 [ 332 | 400 | 445 | 402 | 524 [ 552 | 580 | 603 | 618 | 630
End of solidification (°C) | 270 | 272 | 280 | 300 | 318 | 340 | 368 | 404 | 449 | 510 | 630

Using the graph paper supplied:
(i) Draw the equilibrinm diagram according to the given data;
(ii) Label the diagram and describe the main features:

(iii) For the allov of 50% B determine, from the diagram, the ratic of the

phases at 400°C.
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2005 Question 4 cont.

(c) (i) Identify the unit cell structures shown below.

(ii) Explain why structure B 15 mostly associated with ductility.

Copyright © PracticalStudent.com



2006 Question 4

(a) Explamn any two of the following:
(i) Solid solution alloy;
(ii) Dendntic growth;
(iii) Allotropy;

(iv) Cooling curve.

{(b) Copy the given lead-tin diagram mito vour answer book and answer all of
the following:
A

(L 300 r

V]

=

= 200+

5

5 100 5 C_/

0 10 20 30 40 30 &0 70 80 90 100 % TIN
Lead - Tin Alloy
(i) Identify the lines labelled A B and C;

{(1i) Explain what each line represents;

(1ii) For the alloy with 30% tin determune, from the diagram. the
composition of the phases at 230°C;

(Iv) Indicate clearly on your diagram the eutectic point.
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2006 Question 4 cont.

{c) Deescribe any two of the crystal defects shown below.

Q000 OOQ0OO

(1) (i)




2007 Question 4

{a) Describe any two of the following:

(i} Crystalline and amorphous structures;

(ii) The differences between a eutectic alloy and a solid solution alloy;
(iii) Three crystal point defects:

(iv) Age hardening.

(b) The given table shows the solidification temperatures for vanous allovs of metal A

andmetal B. The melting point of A 15 1083°C and B 1s 1453°C.

U of metal B in alloy 1] 10 20 30 40 50 G0 70 80 og | 100
Start of solidification (*C) | 1083 | 11460 | 1220 | 1270 | 1320 | 1350 | 1380 | 1400 | 1430 [ 1440 [ 1433
End of solidification (*C) | 1083 [ 1080 [ 1090 | 1110 | 1140 | 1170 | 1220 | 1270 | 1330 | 1330 | 1433

Using the graph paper supplied:

(iy Draw the equlibrium diagram according to the grven data;

(ii) Label the diagram and describe the main featmres;

(iii) For the alloy with 50% B deternune, from the diagram, the ratio of the
phases at 1250°C.
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2007 Question 4 cont.

{c) (i) Outline the relationship between cooling curves and the formation of

equilibrium diagrams.

(ii) Explain, vsing diagrams, the stages of dendritic growth as a metal sohidifies.
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2008 Question 4

{a) Describe anv two of the crystal defects shown below.

o0 000 G_GGDG @ C 0@ O

O o000 O 00000 O0O00O0Q

ONe ONe GD_C}GD ONOR NeNe

c Q00 O Q0000 eREoNONONS

Qo000 GGGG*E} OO O@& O
(i) (i) (if)

(b)  The table shows the temperatures at which solidification starts and ends
as the allovs of cadnmuum and zinc are cooled from liquid to solid.

Amount of zinc % 0 10 (14 (20 |30 |40 (50 |60 |70 |80 (90 |100

Solidification start ®C [ 321 | 290 | 266 | 275 [ 293 | 310 | 328 | 345 | 362 | 380 | 401 | 410

Solidification end °C | 200 | 266 | 266 | 260 | 206 | 2006 | 266 | 260 | 260 | 260 | 266 | 260

(i) Using the graph paper supphied, draw the thermal equilibrmum diagram.

(ii) Label the diagram and describe the main features.
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2008 Question 4 cont.

(€)

Explain any two of the following:

(i) Solvus line;

{ii) Solid solution;

(iii) The =tages of metal solidification from the liquid phase;
(iv) The difference between BCC and FCC crystal structures.
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2009 Question 4

{a) Explain any two of the following:
(i) Crystalline and amorphous structures;
(ii) Dendntic growth;
(iii) A cooling curve for an alloy;
(iv) Bnttleness in crystal cells.
{(b) The given table shows the solidification temperatures for varous alloys

of metal A and metal B. The melting pomt of metal A 15 270°C and
metal B is 630°C.

%0 of metal B in alloy 0 10 gl 30 40 &0 1)) Th 1] aa 100
Start of zolidification (*C) 270 332 400 443 452 514 552 380 603 618 630
End of zolidification {*C) 270 272 280 300 318 340 388 404 445 510 630

Using the graph paper supplied:
(i) Draw the equlibrium diagram according to the given data;
(1i) Label the diagram and describe the main features:

(1ii) For the alloy of 50% B deternune, from the diagram, the ratio of
phases at 400°C.
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2009 Question 4 cont.

(c) Dustingush. with the aid of switable diagrams, between the following

crystal defects:

(1) a dislocation;

(11) asubstifute defect.
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2010 Question 4

(a) Explain any two of the following:
(1) Duslocation defect:
(i) Age hardening;
(1ii) Intermetallic compound:
(1v) Eutectoid point.

(b) The lead-tin equilibrmum diagram 1s shown below.

IR .‘/ D A

IV

T T L] L T L] T T T

o1 oM 30 40 50 60 7o %0 90 on % Tim

(i) Identify the pomnt A and the lines B, C and D.

(i) Describe the main features of the diagram.

lem perature “C

(iii) Determune, from the diagram. the composition of the phases
at 250°C for the alloy at 30% tin
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2010 Question 4 cont.

(¢} Describe anv two of the following:
(i) Solid solution alloy;

(i) Eutectic alloy;
(iii) Partial solubility allov.
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2011 Question 4

(a) Explamn any two of the following:

()  Allotropy:

(ii) Interstitial solid solution;

(iii) The difference between amorphous ™.
structures and crystalline structures; ﬁ

‘

(iv) The degree of brttleness 1 body-centred
cubic (bec) structures and the degree of brttleness
in face-centred cubic (fec) structures.

(b) The table shows the solidification temperatures for the vanous alloys of
metal A and metal B. The melting point of metal A 1s 1083 °C and the
melting point of metal B 15 1453 °C.

% of metal B in alloy 10 20 30 40 50 60 70 80 90

Start of solidification ("C) | 1160 | 1220 | 1270 | 1320 | 1350 | 1380 | 1400 | 1430 | 1440

End of solidification (°C) 1080 | 1090 | 1110 | 1140 | 1170 | 1220 | 1270 | 1330 | 1380
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2011 Question 4 cont.

Using the graph paper supplied:
(i) Draw the thermal equilibrmum diagram according to the given data;
(ii) Label the main features of the diagram;

(iii) Determuine, from the diagram_ the ratio of the phases at 1250°C
for the alloy of 50% metal B.

(c) Outline the various stages of solidification as a metal cools, from X to the
crystal at Y, as shown below.

D o (e
NN 4
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2012 Question 4

(a) Discuss any two of the following:

(i) The difference between an interstitial solid solution and a substitutional
solid solution;

(ii) A cooling curve for an alloy;
(iii) Omne example of metal refining 1n Ireland;

(iv) The meaning of the term solvus.

Copyright © PracticalStudent.com



2012 Question 4 cont.

(b) The table shows the solidification temperatures for vanous alloys of
Cadmmum and Bismuth.

% of Cadmium in alloy 0 10 20 30 40 50 60 70 80 90 | 100

Start of solidification ('C) | 268 | 237 | 205 | 175 | 140 | 190 | 235 | 265 | 290 | 310 | 321

End of solidification ( C) 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140 | 140

(i) Using the graph paper supplied, draw the thermal equilibrium diagram
according to the given data;

(ii) Label and describe the main features of the diagram:
(iii) Explain the term entectic allay.
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2012 Question 4 cont.

(¢) A diagram of a crystal-lattice line defect 1s shown.

00 00
o+t

-

(i) Identify and describe this defect.
(ii) Outline the impact of a shear force on the defect shown.
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2013 Question 4

(a) Explain in detail any two of the following:
(i) Age hardeming;

(ii) The differences between eurectic allov and partial solubility alloy;

(iii) Three crystal point defects;
(iv) Intermetallic compound.
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2013 Question 4 cont.

(b) The table shows the solidification temperatures for various alloys of metal A
and metal B.

%5 of metal B in alloy 0 20 40 60 80 | 100

Start of solidification ('C) | 270 | 400 | 492

L
Ln
()

603 | 630

End of solidification ('C) | 270 | 280 | 318 | 368 | 449 [ &30

(i) Using the graph paper supplied. draw the thermal equilibrium diagram
according to the given data.

(ii) Label and describe the main features of the diagram.

(iii) Deternune the composition of the phases present at 450 “C for the alloy
contaming 60% of metal B.
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2013 Question 4 cont.

(¢) (i) Outline the stages of metal solidification from the liquid phase.

(ii) Explain the relationship between cooling curves and the formation of alloy
equilibrium diagrams as shown below.

= =
= =
= = :
2 g ]| |
: :
= =
I
|
Time 0 20 100 (%0 Ni)
Cooling curve Eguilibrium diagram
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