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Abstract!

Pub I ished standard free energy changes and activity data for

iron and its binary a!1d ternary alloys have been used to evaluato the

gen~ral 1incar series (\\'agner) cxpansi?n of the activity coefficient and

the'se \~ere employed in turn, for the accurate thermodynamic determinations
, . " 1;. .

of the' liquidus 'li:ne aJid the field in steels with additions 'of ~In, Soi,. .
"Ni, Cr, Mo) Cu; \~, V, ~b and Co .. Computer programs based on sevel,"al

derived ?nalytic formulae were used to predict mul ticomponent con'stant

composition' and ~sothermal phase diagrams for to1:al alloy additions up
, ..

to 5 ·\olt%.
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2J CHAPTER I

INTRODlJ!=TI ON

+.
-

,~

"IS For more than a cen.tury studies hav'e been undertaken to char-

acteriz.e the important transformation parameters for ste0ls. flue to

the large number of

in steel, this is a

, ,

co~ponent~ that arc added to
t .

very complex task .

or ai'c nn tur-all y f(l;,:nd
\

.In this chapter the .old empirical methods for dctE'rmi~jng".r-Jle

.transformation te~peratuTes are reviewed. 'The chapt~r also contains
•

a brief review of the early approxima'te thermodynamic formulae.

J.1 Rc'vj'~\' 0: r,i"b'lc'J '!~~h0\::,
-- ....-- ------'----- - -------

Since most of the metallurgically

stee~~~itisingtemper.atures

important tr:msformatiolls in

and below, the bulk of the

I
i,

work undertaken on the phas~"dragrams and transformation temperatures
.•..

in the fe" C.;X and fc-X ~ystc;ns is fC\;;-ld jn ,thi~ Tango. ,
.'

are:

: The important quanti ties

the Ac 3 temperature ~r tI,le

thut on'(, finds ·di>.cusscd in the'litl'ratul''C'

, d'·] . b . d' .r?"temperature un er equl 1 rlUffi con Itlon~

",at \..hich austenite (f.c.c. iron) begins to decompose t~ ferrite (b.c.c.

iro~); the AC 3 te'!lperature or the temperatllre at whic'h',the apparent

transformation occurs on heating; the Ar
3

temperature or the temperature

1

p



"

I of thc apparent tr:ansformatl,on on c6'o-l ing. 'The latt,er two transition

temperatures are normall~ dilatometrically determine~ and can vary

widely '....ith heating'anZdCO ing rates. The. Ae 3, temperature is very

difficul t to measure a urately because of the slO\'o' heating rates and

long times involved to .ensure equilibrium ..

The majority of. effort~ at predicting these temperatures have

taken the form of empirical relations derived via regression analysls of

the steel compositions versus the determined temperatl,lre. All of these

[on:mlac 2~.SU:,,0 1inc~l1' tel'PlS:

2

I
I. ~

~
~

..j

Ae
3

(Ac
3

) = constant + E;\4 \'/.
ill

with cons'tant coefficients to be sufficient" Baganis (1) has shOlm by

thermodynamic analysis that this constancy assumption is inadequate in the

rang<'s o\'cr "il'1c:i lhes~ T('J;'dDn~ arC' ~':;iPI0}'('J.~~.~
,..,? ~~,

The best. ~,1'O""11 31:d !.lOS -;: d d;;- i)' lJ: c'U ewpi rj l ~~ L fo::-.-;,u1.'(: 'l·:~.:

(1) Andre\v's I (2) Formul a:

230 l 'C'- 15.2 Ni + 44.7 '5i + 104 V + 31.5 Mo +

131 W - 30 ~.In

6 •

20 ~1.1 + 700 P

1'hi s \,'as derivecl from E)5 ste<:] S 0\,('1' fhe cOl,1posi tioD Ll:lgC t~t)

. ()

)



20.1 Ni - 0.7 Cr

Formula:

+ 53.1 Si - is Hn

Kuni take and

. 0
Ac 3( C) = 881 - ?O

- 26.5 Cu + 41.1 Mo

(2)

'f' / •This wa derived from 85 'steels and assumed v.al id up to 1.70% Cr,

1. 05 9
" ~Io, 0.98% Cu, 3.09 90 N' and in the ranges 0.10 to 0.55% C,: 1

0.30 to ] .67% Mn and 0.13 to 1.68% Si. '
"

(3) Grange's '( ·t) r()Yll1~1a: \ '

Ae3COC) = 854 - 179 C - 14 ~r + 22 5i - IS Ni -- 23 -Cr

derived frol11 careful detC'rminations of 19 steels in the comrosition

1
I
t
I,

range 0.35 to 0.63% C, 0.37 to'l:~5% ~m, 0.15 to 0.30% Si, and

up to 3.41\Ni, 0.93% Cr and 0'.2"3% ~Io .

(<1 )
..

C') Fornuln:

.:.T 25 ~'~1 ., 11 .Cr
I

20 eu ': GO 5i ~ GO :':0

+ 40 W + 100 V +~700 P

derived from the results of Grange (4) in conJ~cqon,with the'
. ,

binarY rc:"'x 'phas:' dj;{" J ;',:;5., "
"

IlT <'CCOUl.t~ fol' tl~~ lll1(.i~)C001' ;IS ('
"

to C and :,i \\'he1"(>:
"

dC = C
effective

Ni
't-

10,.

" ,

,








































































































































































































































































































































