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Phase diagrams are very effective instrument for elaboration of new materials, Computer technologies
give a possibility with their help to design microstructure of multicomponent heterogeneous materials™’,
The phase regions dividing into thermodynamically unstable fragments at projection of phase diagram geo-~
metrical elements to the concentration simplex direction correspond to them. In this case it is necessary to
test some theoretical views about a phase diagrams construction. For instance, it turns out that the prob-
lem received a big resonance to grow qualitative monocrystals of congruent solid solutions has not strength-
ened by the correct description of the 2-phase region saddle borders k),

Another very important problem is a distinction between interpretations of the T-x-y diagrams 3-phase
regions fragmentation, which'is depend on one of solid phases sign amount increment, in manographs by
A. Prince ™1 and D, Petrov 1. The gist of distinctions is revealed with a help of the diagram with one binary
eutectic solubility gap as an example, Both authors cite the state diagram figure described by G. Mazing [5,
P. 110, Figure 112] and devote much attention to investigations of conditions for changing of the eutectic
transformation to peritectic one (Figure 1). This figure depicts seven isothermal cross-sections of the 3-
chase region at temperatures Ty +T7. At Ty the tie line ase, is the 1angent to the curve aa; , at Ts the line as
es coincides with the tangent to the curve ee;, and at some temperature Ty <CT;<(T; the tangent to bb; is
parallel to the tie line ae;, Both A, Prince and D, Petrov consent that at cooling from T, to T, the 3-phase
transformation is turned from eutectic type near the binary eutectic into the peritecti¢ one but they diversity
in modes to correct define the 3-phase transformation type change temperature.

D, Petrov uses the tangents rule, applies its modifications named as the common tangents rule and
finds 3 contradictions in the citing figure of the 3-phase region;

(1) The transfer from the eutectic transformation L—a+ 3 to the peritectic one L+j—+q must be at
such temperature when the tangent to the curve ee; of the liquid phase L concentration change coincides
with the tangent to the line 2a; of the solid phase ( concentration change. These tangents on the diagram in
consider atre drawn at different temperatures.

(2) The tangents rule is not fulfilled for the second peritectic reaction L.+e—=8, while it is obviously
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that such reaction must be going with that alloys which fall from the 3-phase region I.+a-+p to the 2-phase
region L+8,

(3) The line eya, (by) has not become the tangent to the solidus and solvus intersection curve in its crit-
ical point a;(h;) when the 3-phase transformation finishes and the tie triangle degenerates into the line,

Because of this, D, Petrov insists on the necessity of the agreed alignment of 3-phase region border di-
recting curves,

Prince solves these contradictions and admits free configurations of both the gap on the liquidus surface
and the intersection curve of solubility and solidus surfaces. He uses the Hillert's critetion!™ to construct
generating lines of the 2-phase reaction surface, which divides the 3-phase region to fragments with differ-
ent increment signs of one of solid phases amount, Given the liquid initial concentration G values g, , g2, g3
are expressed as dependences on concentrations {e;, 5, Li) and amounts (m;, j=a. 8 L) of coexisting
phases;

= m,ai +m‘;ﬁ| +mLLi
& mt, +my+my.

The little change of the temperature to AT produces little changes both concéntration and amounts of

, i=1eered, _ (1

every phase but not of the initial mixture concentration, therefors Ag;=0 and the differentiation of the ex-

pression (1} gives;
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Fig, 1 3-phase region in the system with a binary eu- Fig.2 Increments Am, (2),A my(b) and Amy (c)
tectical solubility gap signs definition schemes in As; e, b,

_ Almgai myf, +m L) (m, +my+m, ) —Alm, +mg+mg ) (m, X4 +mXh +m X5)

a8, (m, +m;+m)* =0 2
As m,+my+m; Z0 and A(m,+mﬂ+mL)=_O then the expression (2) is become more simple;
m,Aai+aa&m,+m3Aﬁi+ﬁiAmp+mLALi+L,AmL=0 (3)

To find the increment sign Am, of the ¢ phase, M, Hillert proposes such coordinates system: the axis
Y passé across points fand L (b, and e in the Figure 2,a) and the orthogonal to it axis X is oriented in op-
posite to the point ¢ (from a,) direction. Then in (3)
B=L > (4)
and, with account Amy+Am, = — Am, , the expression (3) is transformed to
m,Aey T m AR T my AL Amga + 8 (Amy + Amy ) =m, Ae; Tma AB Hmy AL; + Am, (0 — ) =0
and further to ' .
Am (f—e) =m, Aot mp A Tm AL, (5)
As according to the condition (4) £ >4, then the value Am,- the direction of the phase ¢ amount
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change at the mixture cooling to AT—has the same sign as the expression m, Aa;+m AR +nu AL, -

Analogously, such coordinate system to estimate the phase § amount increment is choosing to the con-
dition ai;Li>ﬁl is fulfilled. The axis Y connects points ¢ and L {a, and e;) and the axis X is drawing oppo-
sitely to the point @ (from b, in the Figure 2,b). The expression (3) is transformed to

Aty (s — B = m, Aa g AZ Hm AL (6)

The sign of Am is defined with a help a new coordinate system. The axis Y coincides with the line af
(ar¢;) and the axis X direction is opposite 1o the point L (from ¢, in the Figure 2,¢). Then a;=8>>L;and it
is possible to estimate with a help of the equation (3) the sign of Am, ,

Amy (e ALD =m Aay m AZ +mn AL,

Thus the change in the amount of o, 8 and liguid phases has the same sign as the expression m, Ag;+m,
AB +my AL;, when the coordinate system is suitably chosen, Three cases are possible;

(1) Am, >0, Amp=>0 and Amy<C0. Eutectic reaction, L-+q+3.

(2) Am, >0, Amy<CG and Am,<(0. Peritectic reaction, L+g>a.

(3) Am,<C0, Amp>>0 and Am, <(0. Peritectic reaction, L+a—>=f.

Hence, the phase reaction type depends on relative a-
mounts of phases ¢, B and L (m,, m;, my) or on the initial
liquid concentration, And it is right because, for instance,
the sign of Am, in (5) depends ona, g and L concentrations
change. Tf AB=<C0 then the expression m, As +mg AZ +my
AL; becomes negative when the amount my of the phase g
becomes reasonably large, Thus it is possible that some
mixtures take part in the eutectic reaction and some mix- )
tures participate in the peritectic reaction inside the same 3-
phase triangle. a,

Changing of phases concentrations in the 3-phase re-

gion in considering at cooling from the temperature T, to

the temperature T; is determined by positions of points a;, ()
by e; relatively the tie triangle a, by e; sides (Figure 2). As ag ¢ b6
deviations of points a;, e, and the difference of points by ag

and b, deviations from the line a e, are positive then the in- & u
crement Am; is positive too (Figure Z,b), It means that the {(d)

B phase amount is growing at cooling from the temperature 5

T to T;, Deviations of points by, €, and difference of devi- Fig.3 Determination of the Am, sign change condi-

ations of 2, u a; from the line €, b, are positive too and then tions at T, (2} and the line corresponding te
Am, >0 (Figure 2,a). From this figure we notice also that conditions Amy =0 (Xy, &y, tu} and Am, =
the liquid amount is decreasing at cooling and Am, <0, if to 0 (vw) in tie triangles at T, (b), T;(c) and
look deviations of points a;, b and the difference (e, —¢,) T:(d)

from the line a,b,. Finally, as Am, >0, Am,>>0 and Amy
<0, then the reaction at Ty for any liquid inside the triangle aje; b; is eutectic: L—+¢+p The entectic reac-
tion will be made at lower temperatures not all concentrations GE Afil..

- For instance, the tie triangle ase;bs tops situate relatively a,e b, so, that Am, >0, Am, <0, but Am,
may be either positive or negative. This can be verified by consideration of points as. e; positions and the
difference (b; —b,} relatively the line a,e, (Figure 3,2), The increment Ag; <20, but AB >0 and AL 0.
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Since, according to (6), Am; and the expression m, Aa; +my Amg +my AL, have the same sign, then the Amy
sign depends on the negative member m, Au; value in comparison with the positive member myAf +m, AL;.
Hence ,‘ there will be a border line across Aaje b, separating those alioys undergoing at T,a peritectic reac-
tion from alloys with the cutcctic type phasc reaction (Figure 3¢a)). This border line corresponds to the
transfer from the reaction L+8« to .>¢+A. The 8 phase along the line does not participate in the reac-
tion and alloys with compositions along this line take part in the 2-phase transformation L—>¢ at T,. Along
the border line Am, =0 and its equation coefficients are values Ag;, AR and AL, ;
‘ Amg = m, Ao+ my AR +my AL =0.

As m,=1—{(myTm.), then the equation of the border line in the Aa,e,b, is;

Aci+mg (Af— Aa) +my (AL~ Aa,) =0. @
In (7) at mp=0,m. = Aai/(Aai — ALY and at mp =0, my; = Aai/(Aa; — AR). The condition my, =0 corre-
sponds to the point x position in the side as e, of the triangle a, e, b, and the condition m, =0 is consistent
with the point y€ a,b,. The 3-phase reaction at T, in the region a,xy is peritectic: L+g-~a (Figure 3(b)),
it is eutectic: L—g=§ in the region xyb,e, and it becomes the 2-phase one; L+« along the line xy.

If this were so that the triangle a;e; bs (at the temperature Ts) is infinitely near the triangle a, e, by,
then the peritectical reaction region is limited by the point a,only. In fact, the transfer from the eutectic re-
action to the peritectical one (L+3~a) begins in the top a,, when the tangent to the curve of the o phase
(a12;) coincides with the direction of the tie line La(e,a,). Further consideration of 3-phase triangles at
lower temperatures will show that the peritectic region extends from the corner a to g and L corners. The
tangent to the liquid phase curve e, e;near the top e; coincides with the tie line Lg (eya:) in the triangle a;e;
bs. Because of this, the border between the peritectic and eutectic regions passes across the point ag (Figure
3(ch).

At further cooling such state is reached when the tangent to the curve of the phase § (b, b;) is parallel
to the tie line La. It takes a place on the Figure 1 at some temperature T, << T,< T, between isotherms a; e
bs and ases bs. The second peritectic region appears at T; near the corner B of the 3-phase triangle, The re-
gion of the second peritectic reaction at T; moves to the Aase; b field and alloys G € Aases by undergo the fol-
lowing phase reactions: (1) peritectic L+f—>a in azesut; {2) 2-phase L—¢ along the line tu; (3) eutectic L
ot in tawv; (4) 2-phase L->3 along the linc vw; (5) peritectic L+a—=g in bsvw.

The line tu corresponds to the 2-phase reaction L—+e (puc. 3,d) and the condition Am, =0 described by
the equation {(6). The 2-phase reaction L>8, the condition Am, =0 and the equation (5) giveﬁ by devia-
tions of points a;» 2;(b;) and e; from the line bye; (Axi >0, AB<C0, AL,>>0) correspond to the line vw.

As a result, the 3-phase reaction has initially the eutectic type for all mixtures of 3-phase region emper-
ature reaches T,and the tie line a.e, becomes the tangent to the curve aa;. Beginning with this temperature
and down to the 3-phase reaction ending on the tie line e;a; (h,) the phase reaction type depends on the lig-
uid concentration inside some triangles sequence. T stays eutectic or becomes peritectics L+ f—~+a or L+a—
A. By this means, according to A, Prince:

(1) The 3-phase transformation type change temperature is not constant for the given 3-phase region.

(2) It is possible that the tie triangle has two fragments with negative increments of different solid
phase’s amounts. Both these fragments are separated from the eutectic fragment by two curves of 2-phase
reactions,

(3) As the analysis of (5} and (6) formulas, determining the solid phase amount change sign or a 3-
phase transformation type, indicates the tangents rule is correct only at conditions Ag; = AR =0 that is for

fixed concentrations of solid phases.
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The problem to define conditions of 3-phase transformations (eutectic-peritectic, eutonic-petitonic, eutectoid-

peritectoid) type change is interest and stays actual for diagrams of other 1opological 1ypes too £,
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