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GENERAL ASPECTS OF PHASE FRACTION-COMPOSITION-
TEMPERATUER CHARTS AS CONSTRUCTED FROM BINARY
AND TERNARY EQILIBRIUM DIAGRAMS

_ M.L. Abbas
Suez Canal University, Faculty of Pet. & Mining Eng. Suez-Epypt.

Abstract:

A computer program has been written to calculate the equifrac-
tion phase lines for each of the phaose present at equilibrium state
6f binary and ternary phase diagrams.

The computed phase fractions were used to construct the phase
fraction-composition-temperature chart which may be of practical
tmportance for alloy users.

Examples are given to show the type of phase fraction charts
abtained.

I rosclenc ki ois

A phasa  fraction-composition-temparetute chart §s A grephicel  eepresentation
of the amowt of each of phases presentin equilibrium in the diagram as a function
of compasition and temperature. Known phase equilibrium disgrams give no straighl
forward mfarmation on the amount of each phase present. |t would be thepslore
wery convenient o present charts which dicectly show phase progartions.

Mareal (1) attempted representation of phase prepotliom in & glven aquiblium
diagram in the form of two dimentionsl charks,

This werk s aimed at showing how phase {racticn-composition-temperat ure
charts may be constiucted [rom binsry and ternacy Segrams. Selecled examples
for Cu-Mg binary phase diagram ad Cu-Mg-Ni ternary phase diagram were consldered,

Rlesulls of Cornpedtations

a) Bmary Phnse-T ract lon-Composition-Temperature clarts

Fig. (1al shows he copper rich side of the Cu-Mg birary phase equilisriom
diagram [2), the Le lines are constructed to show the phase regions (L «at], (L +
MaCugh (=8« MgCugh
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Flg. (1b) represents the phasa [rection-composition-ternperature chart of the
given diagram, The equifraction lines (f) are plotted st intervals of 0.1 (10%) in
the two phase regions (L +oC), (L & MyCupl, (eC+ MgCu,).

The properties of equiftaction lines in binary phase equlibria are listed below:

1. The equifraction line can represent any phase amoun! present in the diagram.
In Fig 1o equiftaction lines are constructed at D (10%) intervals ie fPhHase o
QU’ ul" 012. Ul’. SRR sl a. 1”.

has
2. All phase boundary lines (Le liquids, solidus end solivus) correspoed to ,p apmn Q

on & phase lraction-composition-temperature  chait. Tor example tha  liquidus
cotrespands to 1 = 0, M3 €2 = o the solidus to L= O snd the eutectic tie
line L oC+ Mg Cu; to Lo 0.

3. The equifraction lines are continucus except wheee inverient resclions ocour.
Thus in fig. 1b discontinuities in the equifraction phase lines occured when they
Intersect the melting point of copper at 1083°C and where they cross the |2 o€ +
My Cu2 lie line at 722°C.

&, The cquifrection pghase lines ate conseculive. 1 the intecval between lines s
constant fig. b then any equfraction phese line on the chart can be identified
by caounting from 1PHEse - 0 jine. For exgmple  the fourth equifraction phase
line in the {L +e&) region afles liguidu fz0isthett = 04 equifraction  line.

5. In two phase reqgions e, (L «C), (L + Mg Cu,), (3C+ Mg Cuy) fig. 1b, the equi-
fraction phase lines of one phase overlap thowe of the other phase when the
same Interval is usad. The 1% = 08 overlaps = 0.2 a5 is Tequired by the relation:

"
—

£ ng Cu2= 1 e

b) Temary phase Iraction-composition-temperature charts

Fig. 2-a shows isothermal section of 3 lernery cegram ABC. The tie lines
are constructed to show the twa phese regions (¥ « P), (o€ ), (e¢+ Y ) while
fig. Zb represents the phase fraction-composition chart at TOC. All properties of
equilfraclion phase lines mentioned in the case of binary systems seem lo agply
in the case of ternary diagrams.

Beceuse Lthere ace no snvariant reactions, the equiltsction phase lines af &, ﬁ,x
phases are continuous.
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Fig. 1: a. The copper rich side of the Cu-Mg binary diagram.
b. The phase fraction-compaosition-temperature chart.

Fig. 2: a. Isothermal section of ternary diagram A-B-C at temperature T°C.
b. Phase fraction-composition chart.
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Fig. 3: a. Vertical section of Cu-Mg-Ni ternary diagram.
b. Phase fraction-composition-temperature chart.
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In addition, a three phase region (oC+ f3 +¥ ) eppears as a trianqular nelwork
of equilraction lines, All such networks have the following feature:

6. Three-phase reglons consist of three bundles of equiltaction phase lines. They
inlersect atl comman nodes when th % Imes for sll three pheses are incremented
with constant interval {i.e A i
by the relation:

)lhe- caommon nodes  are  reguired

<. ,P ) SO {100%) (2)

Fig. 3a gives a vertical section throughy the Cu-Mg-Ni temary diagram constouc-
ted with the help of gats availgble in ref. (3). Tie lines mre absent brrause non
of them ate in the plane of the section.

The phase fraction-Composition-Temperature chart for the given vertical section
is shown in Fig 3b. Equifraction phase lines are caonstructed on 1% intervals

From tig. 3b, no equifraction lines exist in the single-phase region , whereas
8 single bundle of equifraction lines appear in the two phate region (< + Mg Cuyl
and 8 tirangular network of equifraction lines sppear in the three phase region
(s My Cuz + Mg le).

In the twa phase-region («Q4+ Mg Cu2] the third equifraction line from the phase
boundary (i, fMa Cuz - o) represants bath Mg Cu2 = p03 and ™= 0.97.

As an exampla, the smount of esch phase thal is present at 175°C in an alloy
having & composition of 40% Mg and 1.0% Ni will be determined an the phase
fraction-composition-temperature chart (Fig 3b), this point i3 spproximately a node
position, the alloy contains & wt% Mg Nip, 3 wth Mg Cupy and 93 wts .

Conclusione

it i5 possible to construct phese frection-composition-temperature charts from
birary and ternsry phase diagrams by using the lever gjule and computer methods
The charts identily both the phases present and give their amounts  guantitatively.
They may be of practical importance,
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