INGE 400:

Application to other
eutectic systems:

V,0;5-Al,0; phase 1000

diagram

Alumina is used in high
temperature

applications. 800

So, what would happen
if It Is contaminated with
vanadia?

668°

Melting Point 2,054°C

V205+Ll A|203 + Lig.
660° _
(1%)
V205 + A|203
1 | | |
V.04 2 . = Al05
hﬂo‘e@

INGE 4001 - Engineering Materials

Other examples
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Peritectic Transformation
:wsJ

300 L g o
" Ligquid Alloy 1 A.””‘\'Z Liepuid

Please take note of the In-Tl diagram and then apply that explanation to
the Pt-Ag one.
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Peritectic Transformation (cont.)

 Peritectic reactions are special cases of
iInvariant or isothermal reactions (F = 0)

» Peritectic reactions can be described
with the following formula:

Liquid + Solid 1 5 Solid2 at T=T,,
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Peritectic Transformation
(cont.)

Microstructural development

Liquid

B

58l

Note that the diffusion needs to occur
through an increasingly wider layer (sheath) @/,,7©\H i

of 3.

! i ! .. Decreasing te tur
Also o is no longer in contact with the liquid cereasing femperatre >
to produce B since:

Lig. + & <> B ™ This causes this transformation to have serious kinetic problems
and to end up with a metastable microstructure.
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Invariant Transformations

* Note that both the eutectic and the peritectic
transformations are characterized by isothermal

transformations.

* In the cooling curves they are reflected as flat-lines
(isotherm) where F = 0 (three phases coexist for
that temperature and chemical compositions).

» These are instances of invariant transformations.
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Some examples of invariant (isothermal) transformations

are. I
Eutectic Lo+ [3 } M /\ﬁ
There are o Bt a+L S
three points Peritectic a+L—=f 7 /‘A \L
on each i
horizontal line s ‘W
and two Monotectic Ly L+ Lg?/ iL G
single-phase R
fields at the
end points  Eutectoid y—>a+p } \}{ <¥
o+
Peritectoid a+f—>y } e s 4 B
7 A X
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There are several more of which only two
more will be mentioned:

e Syntectic transformation: / i+ Lig \

—Liq , + Lig ,, &> Solid [ [\ \
 Metatectic transformation:

—Solid | <> Lig + Solid \ \./ /
f )

Lig + B
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Intermediate Phases or Compounds

Chemical compounds can form by chemical reaction
between the two components of a binary system

Therefore they could have a
stoichiometric composition:
X-A+y-BSAB,

P
-

AB+ LV 4 L

\ Temperature

Example:
In this case x=y=1,
the compound AB
melts congruently.

AB + B
A +AB

AB B

Composition

Intermediate
Compounds

(cont.)
This is a real
example of a
phase diagram with
an intermediate
compound:
V,Mo,O,, that
melts congruently.
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Intermediate T o]
Compounds e )
12409
(cont.)
Another example of a 1000}
phase diagram with S o
an intermediate
compound: GaAs that of L /0]
melts congruently. 8 ]
[ieand
Note that on both “1J o+ cans e
sides there are B )
Go Mol % As

eutectic points

INIAAT ANnANAa = VIR S

Real Phase Diagram with Intermediate Phases
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Temperature, °C

Solid solution phases where the solvent is an intermediate compound ' 2
1 Example: The TiNi phase in this Ti-Ni phase diagram
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Intermediate Phases
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An example of a system with monotectoid transformation is the

Al-Zn one ;
Please write
down the fan e
equation for the  **
monotectoid ¢
transformation. %

3
Al-Zn-Mg are

common aerospace
structural alloys.

Atomic Percenl Zince
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Practice:

A Hypothetical Phase Diagram

| * Melting points of Aand B

| *IsAor B a polymorphic
element?

» Number and type of invariant
(isothermal) reactions.

» For the following alloys, the
relative amount of phases
present and their chemical
composition:

—-30%B - 70%A @ 100°C
—40%B - 60%A @ 650°C
—40%B - 60%A @ 1000°C
—90%B - 10%A @ 700°C
—-80%B - 20%A @ 300°C
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Al-Ni Binary Phase Diagram for Practice
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2 Liquid |
-~
2500 Cubic ss s S
i =T =77 Fle| Let's apply these
e concepts to “real
e || materials”
. | |Yittria-stabilized zirconia
- NEEE is another tough ceramic
i o202 * that we already talked
1000 — *
Tet 55 [ + Cubic S5 abOUt'
Mo
sisl (97%) s
(98.1£0.2%)
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Calcia- or yttria-modified zirconia undergo several phase
transformations during cooling.

In the case of YSZ: Cubic Tetragonal I

Tetragonal | Monoclinic

AV




This is the stress-induced transformation in toughened zirconia
Tetragonal | Monoclinic

This Is a phase with

larger specific
AV volume:
D —

Th nhace.tranct
CPlasc - thdlisl

sformation is induced by the stress

field ahead of the crack tip.
Monoclinic ZrO, *
particles
00 0020 )
O o o O % O region
O O O O O<Crack ~—Crack
93220
002Q0

Tetragonal ZrO,

V
Tetragonal
Zr0,
particles particles
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Chapter 12

Dispersion Strengthening by
Phase Transformations and
Heat Treatment
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Now we'll apply all our phase diagram knowledge to the

Fe-C metastable phase diagram:

Composition (at% C)

There are 4 solid 160001533,0 : T T T 7
phases: How many invariant reactions?
3 Fe solid 1400 ’ i -
solutions: o, vy, o s
. 1200 T
and cementite _ | T i
FEB C ‘%_: v Austenite ? : —{ 2000 g
B 1000 — IS
| E‘ 912°C y+FesC g
: ]
) ey O y 800 f- — 1500
— < ‘\I Y + 727°C
,‘\o.?s
e ;{‘: Z . > '——-" 600 "—\"_Ol;grzrie a + FesC
g’/ a[auyy O Cementite{r—'eac}ﬁ,_‘_‘___—r 1000
| 400 { 2| |3 3 gl—, é 6.70
L N I' = (Fe) Composition (wt% C)

>
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How does the microstructure develop in pure
Iron?

Temperature (°C)

Pure iron BCC (ferrite) or o iron

1100

1000

900

800

700,

500

400

Composition (wt% C)
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How does the microstructure develop in a eutectoid

Fe-C alloy?

Austenite grain
boundary 1000

900

800

Austenite
(y)

Temperature (°C)

700 (1

Cementite

Growth direction 600 H
(Fesl) T

of pearlite

500
Carbon diffusion

Alternate oo and cementite lamellae _
develop at one temperature Compsition (1% )
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More on the eutectoid (pearlite) microstructure development.

Austenite 5 Ferrite + Cementite @ 723°C .o

NN AN ;‘—_c::::
— :’-::_-"‘-:- 1000 [

.—:....."'-'N.Q

900

800

Temperature (°C)

Growth of pearlite into an austenite grain. L b .
What would happen to the interlamellar 0 ey
distance if we increase the growth velocity?
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Example Problem
0.02%C , 0.8%C R 6.67 %C
X~ ™

100 i d

6.67-0.8
6.67 -0.02

. % 1100 =(88.3% Tie-Ane
: The 8:1 proportion can be
observed in the micrograph
wt.% cementite = 0-8-0.02 100 co
6.67 —0.02 , N
_078 . ‘ . \

wt.% ferrite =

© 6.65

>




