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Binary Phase Diagrams

Lesley Cornish




Definition of a “phase”

Has a distinctive temperature and
composition range

Has a definite structure
Usually has an easily seen interface.

NB Grain boundaries between the same
phases, and interfaces between different
phases.
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Alomie Percent Silicon Atomic Percent Carbeon

Temperature °C

0 10 20 ® 40 50 80 0 i 0 100 ' .
1500 4 R 3 il I e b & " '
1814°%C
o
e e ST
€3 "U 000+
o
'
[
g 3 iFe)
= -
] @ |
E o 19940
(=9
,E.' E -1 ol
g o (rFe) 3
104040
o iz
J T4
[EX]
s 41 (AY) (S1) == B0
r . f=—{aFe)
L7 maga 1 3 : T i
300 4 T r ; T T " v Fe Weight Perceni Carben
o i3] 20 30 &0 &0 L 0 L] ] 100
Al Weight Percent Silicon S
Alcmnic Percenl Zine
o ] ||Jo "f.” ?]u . ?P fF 70 :?_e _w 100
1000 |
#00 4 = L E
*C
BO0 < X
[}
700 E
00 L
(Cu) >
500- sa0c
3804 e
400} 2  419.58°C
4004 ! I (Zn)—=F
/ i H H
— i i i i
100 T T T T T T 1 T
10 £ 50 40 80 60 70 BO 90 100
Cu Weight Percenl Zinc

Zn




Must be able to understand phase
diagrams
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Fig. 9. Modified Al-Ru phase diagram.



Good tools for analysis

SEM in backscattered electron mode — see
average Z

e gl

fu"

SEM in 2ndry electron mode — check for holes, by
tilting

X-ray diffraction — identify phases and structures

Thermal analysis — reaction temperatures



Check that all EDX peaks are
accounted for....

Very light bits are
contamination

(gold)




Observe in low magnification first
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Very inhomogeneous specimen!




- r* = critical radius
for growth to

S 10} % 103 % occur
Figure 3.20 Schematic drawings of the development of a dendrite from the ini tial solid
nucleus
y L ,, / Dendrite grows into its shape because the
Wrr?_ B L oty f'L— - atoms add more easily on the tips than on
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Fiure 3.18 Idealised drawing of s dendrite Table 3.1 DENDRITE GROWTH DIRECTIONS
Crystal structure Dendfrite direction
f.c.c. <00 M
b.c.c. <100>
h.c.p. <1070 12
b.c.tet. <110>'2 or 13° from <3110> 1?2




Coring:

Solidification of

the same phase with different
compositions

Temperature

- Composition, %

Phase diagram of two components with complete solubility both in the
liquid and the solid state



<«Facetted crystals
Often compounds, and Bi

Dendrites — _
Most metals form 2
dendrites :
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(a) th) Rejection of solute...

Figure 4.74. Two photomicragraphs of the solid-Ngusid interface # the carborn tetra-
bromide—od! red mixture showing the development of a celiular interfece. (a) Solute
in stabifities; (b cellular growth, showing the

rejection at the interface feads to 'pmw.!h
solute [Courtesy of K. A, Jackson)

redistribution o
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Figurn 4.18 Two .ui‘mrm:-rnpapfu ilustrating the nature of eellular-dendritic growth
i the system carbon tetrabromede—oil red. (a) Inftiation of dendritic growth from a
planar interface; (b) weli-established cellvlar-dendritic growth, showing the infer-
dendritic segregation (Courtesy of K. A. Jackzon)
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Figure 4.20 The transition of grovwth morphology from planar, to celiular, to
denclritic, as compositomally induced undercooling increases (equivatent 1o G/R

being reduced).
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Figure 4.21 The link beoween the consti
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Figure 4.25 Growth of a ceffular dendrite showing sehematically the detachmant of
secondery branches due to remelting

Figure 4.26 Two micrographs showing the successive stages of growth ang remelting of
cellular dendrites in impure camphens.  (Couwrtosy of K, A, Jackson)

1 mm

Figure 4.22 The structure of a low-alloy steel subjected to
accelerating freezing from bonom io top, changing from
planar, through cellular. to dendritic growh.
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4.34 The mther irregular dendrites common in
aaltomiriitaen afloys a (a) 50 and [i) A per cent sealidified.
The secondary arms spread luserally, joining io farm
continuou plaked, After Singh et al. (1970

y
Figure 4.23 A trarsparens organic alloy showing dendritic strongly partitioning soluiv, with k <3< 1, which can be seen {g Ja=t
salidificagion. Columnar growth (a) and equiared growih to be segregated alead af the growing fronl. Courteay . [y, Vs
(b} with @ modification fe the afloy by the addimorn of a Hunr; see Jackson e al. {1966),
b,
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7. Sketch Mlustrating microstrocturss in solid solution alloys,
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Hume-Rothery rules for extended
isomorphous solid solutions

Same structure
Atom size within 15%

Similar valencies (i.e. to bond with the same
number of atoms — else form compound)

Similar electronegativities (else form
compound)



