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CHAPTER 2

LITERATURE SURVEY

the phase relationship in the Fe-C system and on the activity of carbon
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Table 2.1. Equilibrium transformation temperatures of the pure

6+*y 1139

Ni L+y 1555 (4)

C L:Gr 3927 (8)
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6 and Gr refer to the BCC, FCC and graphitic crystalline

pa a on e -- i - r t

peritectic reaction is reported to occur at 1495*C.
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which is smaller than reported by Hansen (1,2).

Fe-Mn
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2.1.3. Ternary Systems

Fe-Cr-C

- -c 14.-...4A..,

fl~~r~l-~n~t~h j-rj~Lds~ai~i Vi r sn to~

~-d~ J En~~b~E4byChcol(1W

.- ) 1 .1-.-+. -b~. ~1 - ,A

He also

p ase flelcs ol cne so7IUITio



H

A



22.

Fe-Ni-C

:ion, they reported no

-T-A, rv_ uidus in the
L1Ie f t r 4 C In addi --

terminates in the Fe-C system at 1498'C. In addil

um with the h y nnv -nrrMedite solid phase ineauilibri
l- - - -17Jlaa L I-.- -

1100*C (17). range 600 to

Fe Cr-Ni

al. (18,19 )* -Jellinghams but not with Jenkins et

Fe-Cr-Mn

eto ig e equilibrium between the deIta, gamma and liquid pas
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thu exgeen the liquid and gamma phases. In the

sys tem at solidification temperatures.

2.1.4. Quaternary Systems
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Table 2.2. Relative phase stabilities of the pure components
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Table 2.3. Equilibrium and metastable melting points of

Fe 6 1538 y 1529 (7)

Cr 6 1859 y 1390 (22)

6 1830 y 483 (23
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a

The. quantity. G.
1

2 1
.is referred to as the

( -Fe) (2.8) C(Gr) = C

nole) = 5400 - 3.98 x T AG' (cal/r

nlaelb.o .---- iron-ricn .e-ur-n-r-u sy S eff are

v

1-
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solutions.
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the value at infinite dilutions. The coefficients A., g.j and '. j,k
1 2 1

i i j=2 i j j=2 I j

N N k 3
+ .i k x.x. + O(X (2.11)

( =2 k=2 i tk

(2.11) is valid up to the compositions where application of Equation
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aonof .. the activitv coefjqicent of carbon dissolved-in iron rich

ratio Z as the coordinate system; i.e., the atom

c

$ = a /{y /(l-y )} (2.14)

for- both liquid and solid interstitial sites. It has been used

toaccount for the variation of the activity coefficient over the entire
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6. and 6. are parameters which usually are assumed to have a linear
1

- bm Ter nu -u -npene 1uu qoe w w t e su
iI Towever, UI ~.aI--aL I E p)~wL Sb LUf I-bL.Lm-Le Ly i ii
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*Z 'hm ofte activit coefficient of carbon in a ternary solution

ignate respectively the number 'C = a /yC (Equation 2.12a). Z' and z' des

ad 1, respectively. The solutions Z', z' and r are assumed to. be 6, 12, a

2 21/2
(y- }+ 4 (1-X. )y (l+y) ) ) ((ly)ly)+xc

element:

=C ~- x
y - 1 - X

C

(2.2C
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and _ i (2.20b)
1 - XC
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Table 2.4. Interaction coefficients of carbon (atom fraction)

0-.V/ L -T- J~ . i~
1

.U- 
9 r 10 &s

u

- O<X -<25
Cr

1.2 - -3

(35)

(32)

- <Y <5

-5.1

-5.4
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Table 2.5. Interaction coefficients of carbon (atom ratio)

3.05



35.

Table 2.6. Parameter X.' (Eq. 2.19) in the expression

Cr

Mn -0.20 O<Y <0.05

Ni 0.20 0<Y .<0.25
Ni
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in =0.37. The Parameters were determined from the

neasured by Lupis (32). The experimental results indicate that the

ity ot carbon in soLution, L. s nes-L -al-lem o --
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Table 2.7. Binary parameters in the quasi-regular solution model
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Table 2.8. Interaction coefficient and activity

In 0.90 0 -1.79 491/T

i 0.004 -1.79 0.166 -2516/T + 0.91
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measurements of several investigators (41). This expression is:

~ex~s Gl~b enrgis o miingforthe Fe-Cr, Fe-Mn and Fe-Ni

umr, nickel and iron. These parameters are pure liquid manganese, chromi

Ickel were determined by the investigators from their chromium and r

lloy solutions and have found that the activities of and quaternary
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Table 2.9. Binary parameters in the auasi-regular solution
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2.2.2.2. Solid Solutions

Austenitic Solutions.

coefficient at infinite dilution coordinate. The value of the activity
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Table 2.10. Interaction coefficients of carbon (atom ratio)
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Table 2.11. Parameter X. in the expression for the activity

Cr -1.0 O<Y Cr<0.30

Mn 0.155 - 650/T 0<Y Mn<0.30

Ni 0.34 O<Y .<0.30
Ni.
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(2.12). Z-S aive the value of H as 4.9 and log Y-' as
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Table 2.12. The parameters in the Zupp-Stevenson model of
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Table 2.13. Binary parameters in the quasi-regular solution

Fe Ni -8320 + 0.583x10 xT 2 500 - 0.916x10-3 2 *2

-O.186x10-
5 xT3

Ni -12400 + 2.600xT

-0.623x10 -xT

-15395 + 2.600xT (54) Mn
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Interstitial BCC Solutions
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Table 2.14. Binary parameters in the quasi-regular solution

Mn 1240 + 0.30x-T - +I. 2U5i

Ni -3915 + 8.46x10 xT 2 320 + 3.17x10 x102

-10895 + 0.870x

(8) Cr C -32000

Fe

Fe

-32000
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Table 2.15. Parameters in the quasi-regular solution-model

BCC 6000.0 - 2.8xT 6000.0 - 2 xT

FCC 0 0 (22)
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of Cr in the FCC ternary solutions and that this effect is greater at

Fe-Mn-Ni FCC and BCC solutions at 960'C. The data have not been

determine Dy experie aL 'i'':U'!'A!'!U!! :e;::p;L..uIe L L w T h L d



.Th4lj2-A,- urnmmrv of the thermodynamic behavior ofthe iron-base

positive y (FCC) Gr Large positive
L~L5~*

1 ~-~-~ e-~iL~quu~.ii L'egaCV - Gr Large-', ,'
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CHAPTER 3

OUTLINE OF RESEARCH

tems. The investigations have been concerned with etermining tnesy

teatures of the Ilquiiu-s of Ehe equi~iru Iit eans u UUi
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3 .1. Experimental Methods

.. e i-,,o., Anwe two nhases can be
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sure to a slurry of the liquid phase and sheared dendrites (56). The

problems.

thermal methods. A non- These methods can be classified as iso

*

For multicomponent systems the criterion is (71)

N-1
G m X * (1-K )

LL

L -- ar -a

etc) -p (thermal gradient, solidification rate



57.

composition of the liquid phase of the equilibrium couple also

method to obtain equilibrium couples were employed to measure the

G 1811.LC itiU~t.L.J~i U L I L dIAM-6- 1.-cLLGJ..UiL-L JL-P -LLIVU-LV t.u- u.
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3ting phases at a cons

CHAPTER 4

f chemical equilibrium of the

tant natential of each component in each of the coexi
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of b~ ibb enr~v reardessofthe numerical technique employed.

scussed in detail. Geometric constructions the present study is di

system is discussed.

4.1. Methods of Calculation



to the same standard state:

N
- 1' A 0

60.

It I-- . - 0 ( - -R ,



R
n X. =X.

$=l i 1

61.

(4.8)(i = 1,N)

where

- - E =(4.9)

subject to:

lin'I = IJX i xi R11- . Iixi i (4.13)

1.7tJ.

." T WN u.r L Le c h n i q u e s

4.1..1.Numerical Techniques
.4

C
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where 0r is the independent variable.

d developed by Nelder an Mead oiee methc

)n
Tip be'gins ata pre-s~elected approximates 'so utin.- Ime Luno

timum. Chochol and Lupis have each developed a stepwise of the global mu
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7) Nn-- hv k7 M .-7-0-n nul I O'L '.
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- i~i ~ A hediffwheer-Loe--is-othe diff& h a_

The chemical potential is expressed as a function of the molar Gibbs

r (p/v \Y4 .11= -l
LL~.L ~Lja.LL~L ~.LJ ULL ILL. .~.J CJ.~t.AJ/~)U VUC~d.L MILUeL
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4.1.2.1. Numerical Techniques

usep y S.aUILn - - 4 - o a qu - -e s8e i -t 4 i ria o wo
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4.1.3. Comparison of Methods

and the d erences oetween s anda d s tapes (the helaLTvE~~ilde ~LdV

Lr-l t-he . - - _---t _ -I

Lh2* - -. n . . . u -
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The efficiency of the calculations is important and can become the



71.

(Chapter 6) as a simpler algebraic model (e.g. in terms of a binary



72.

relationship among coexisting phases as a function of temperature.



73.

satis:gqing Eauations (4.23 _ and (4.24) orm a continuum in -irl

viz.- (67);
0

P(x. , T, P)
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4.2.2. The Hyperconode
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4.2.3. The Continuum
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4.2.3.1. The Ternary System



/7L
A Const.

/X
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continuum o tie-triang es 0 e equi iu

ternary system (Const. T,P)
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X2
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- f-linesiehid race utte ihase doed is -enerted
The equilibrium among the liquid, delta and gamma phases is, according

tion variables is held constant at a is possible when one of the composi

cnary the lines of two-fold saturation of the L-6-y equilibrium in the tei

eedom, phases in the quinary system has two and three degrees of fr

t iq d e tields as depicted in Figure 4.11.
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X2

quaternary system (Const. T, P) a cu a
among three phases in a



Cr
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4.2.4. Method of Prolection
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CHAPTER 5

EXPERIMENTAL

4~i1 *J* -- - --- out- byt iecomposl Tion* na1Otempeatue -O~ia
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5.1.1. Materials
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T hermocouples
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heat the chamber to 1550*C.
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5.1.3. Procedure

- -axen rras .tzon .arte d and it-s -ietigg- ____-

ta en _:,%

i alloy of specified

arrest temperature.
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Table 5.l.Calculated additions and corresponding chemical



93.

The analyses of carbon are in good agreement with the composition



94.

Points on the liquidus were determined solely from thermalgrams

ication. Ts is the temperature arrest recorded at the onset of solidif:

5L

3 usually done (10). formation temperature based on extrapolation as iE

(Appendix B) account for the discrepancy between the measured and
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5.2. Equilibrium Couples

er te--C-OiflrOsrT

ems

to be approximate sec. ov

. n-thie t,-rnrv and ouaternarv svst

itie apparatus ce-9-gffUTOnIrtT~=1

-~-~ (5~~). Te melt was contained in a Coors cast
tiow o1~ AegoCi Ua Ui dU

crucible to be lowered

M&IONA
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0

0
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EO0
0

00 *su
C

NRNM-m



98.

m L a~d th..n stred with an alumina rod (2 mm dia.) to insure uniform

minutes. During this period, the melt was stirred thoroughly to remove



99.

DriJ vr resistance to heat removal at the crucible-airinefcwch

in of the ingot. Figures (5.4A and 5.4B) show the .i . .r .
longitudinal directi

Al was aisto ooserveU ill dL JrgmLJL e diIU -.

The absolute accuracy of

he specimens ly, the difference in the analyses of the composition of I

accuracy ot 7te alyn easi t 1WOa ~ e
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5.2.4. Source of Experimental Error

3. Instability of the liquid-solid phase interface.



102.

solidus liquidus I in the solid hase formin at a

Lratio determined experimentally may be somewhat greater ~-~to

metals.

te boundary layer I le effect of a solu

was as high as 200*C/cm. As a high thermal phase interface; the gradient

insive to the liquid solid phase interface was found to be more respc

and solidus) with temperature is small relative the slope of the liquidus
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rrn -4
Q3

-5 -3 -1 1 3 5

Distance [mm]
S

igure .

composition profiles observed 
in~ the .quenched equilibrium

A

o.6
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of temperature with respect to the center of the melt can cause an uneven

cellular or even dendritic and liquid phase may also become trapped 
in
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CHAPTER 6
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fn~rfrp9f he ndeendnt ompsition and temperature variables.

integral molar free energy of mixing of the solution phase. In either

equilibrium (Chapter 4). At equilibrium, the Gibbs free energy of the

representation of the thermochemical properties of a phase varies with

:ypes of thermodynamic measurements. consistency of both t
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In the present study, mathematical methods were applied to the

of the solution phases in the alloy system.

phase boundaries and - -nmAro, ,np n ftn

of mixing were estimated from the measurements of
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This chapter begins with a discussion of the model of the molar

e present analysis is discussed Finally the method which was selected for th

X + RT .. Xi knX. + AGM (6.4) AG . y
i i i=l2i 1 ~M *=l

AG E, is the excess molar Gibbs energy of mixing of phase P
M

T -Caz

~~W~~L1S.L~ci LI~Lu~uyL~ilL--L-
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el f the thermodynamic interaction among unlike atoms 
in a

solution assumption of no excess entropy of mixing.. employing the regular

unlike atoms. Since no ordering is assumed, the parameter is not a

[isticated models. In particular,
a central atom is considered in more sop!

(30). Wita su moesrearbn 
na yd

carbon in alloyed iron
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composition range, regardless of the order 
of expansioi. A case in

e The interactions among components in the limiting subsystems of th

expression of ideal solution behavior. Such models are termed "empirical

L1I~ ''--~--J WiLII d~d~LJModeling 
or a mu-l IcomponentssemI~
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dand experiment~odel. On the other hand, a single interaction model

d and experiment- solution phases is the discrepancy between the calculate
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as N is increased and computation of the
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The quasi-regular solution model of the quinary system is:



~~x1x3x5 [x4o2'3'5~ +
(1, 3 ,5)

X, 0, ,
(1, 3, )-+ X. 0.

L" 2 ~' 2 * -2+

(2,3,4) (2,3,4) 2 x,
+ :,1, 4  

1 1

Xl'*X2*X3*X 4

2 2
+ A3U3 + j

1 1 4.
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Equation (5.6) is a generalization of the model proposed by
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E,5 (1,2 ... J)
AG ) .r X. (6.11)1=1 :i

phase diagram. This assumption has reduced greatly the number of para-

transcendental and non-linear in the independent variables. But, more

nine parameters in the model of the integral free energy methods to deter
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f dde endent arameter variables
cre grs au-en ererurr, -e-s- r
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d 

c idramicparameters 
from

e considered: amon2 them.
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mental and calculated tie-lines. The thermo-

ternary and quanternary two-phase equilibria (82, 83). This method

discrepancy and the P parameters is approximated by a P-dimensional

res a specific number of tie-lines. But, more importantly, systems requi
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-- F .A~ tln n Qnl1ivirnn nhn-cirnmn tn Rpveral eaullibria cnnh
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.Cal -



122.

In the modelling of experimental data in general, condition (1) is

.c error in the present study, the results were checked against systenati



-bI
- - - - - - - -
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of p~n~eter ofthemodel under consideration. The "true" isotherm

A B
X - X for component 1 and 2 respectively. For ternary systems, the
2 2

ent, the data point and the phase boundary surface at TA for each compon



125.

The problem still remains to select the quantity v jk since the true

X -x X - x
i=l ijk ijk i=1 ijk ijk

The assumption is made:

assumption was sio-wn to 6e satsIactory y a per ur bation analysis ot

the model.

1-dfa ayis,- ne lerT MEc an. anLMIy LL Ld.L) LL ~~~LLL LW
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where C. , G and C- are the constants that describe the parabolid.

2) (P+1)(P+2) values of Xr in Equation (6.20). the specification of (1/



127.

where M is the number of measured quantities

The standard deviation o the parameters is de as t"= maximum

*

* _1 HrrHTmin
(6.25) a(e ) =

r L SM-P)

r

constants C
rr

,~1 Pnli-Annc~n C 0 '2 M1T-- rn 4,rr~
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P P P PPP

U.- U + E E C + E E E c drdsdt (6.26)

ldr ds/. Equation (6.26) is diminished; that is, near U .,/dr ds dtl<,

!dure, fitting the error surface to a P-dimensional paraboloid. The procE

L-linear functional relationships, the fot the case of a system of a nor
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to obtain the standard deviations of the parameters.
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e - s, , 'ilm s{-- - fAi . Drect S-..ch is *used to reach the minim n
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CHAPTER 7

RESULTS
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Quaternary Systems (J=4)
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Table 7.1. Relative phase stabilities of the liquid and



Table 7.2. Binary interaction parameters in the quasi-regular

(22)
Y 0 - -

Fe 11n

158.

0 -



159.

Table 2 (Cont'd.)

Parameters
*
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Table 7.3. Ternary parameters in the quasi-regular solution



161.

rable 7.4. Quaternary parameters in the quasi-regular solution
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CHAPTER 8

DISCUSSIO1 OF RESULTS



.163.



164.

Table 8.1. The peritectic reaction L+6+L+6+y determined experi-

Cal (DK) 0.50 0.08 0.16 1498

(LK) 0.66 0.13 0.22 1483

I '~)~ - -L-77
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ena andHI Lq CiIU(aiLcuLaLIeu mIJ.iimIum in Lae~ l juiduU

K) refer to the calculations with the (T)Y (T.K)- (WT) and (C
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- - I
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"'IV

- - - - - - -<

T? 1 ,, - -

4 0

0. 1 2 27
4 14 25 

8.1 - The liquidus in the Fe-Cr-C system determined experimentally
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parallel to the carbon axis; however, the partition coefficient of

thbose of the liquid-delta en iibr-im ar eedto hang flrienaion

el~ %u4{bJ Ii d(jir- lutl e EN-ciu m-na ' es ti-liF

tes employed (13). the solidification ra

.fting the calculated isotherms This discrepancy could be decreased by shi

analysis of the experimental and calculated results of the two-fold



/ A 1\
Im MMA

I'

29



r ~' ~ -
4,

-S
5'-

-S 2 0.6
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the measurement of the temperature of the equilibrium is more likely to

to zero). The difference between the two ternary parameters (set equal



174.

Fe-Ni-C

te compositions (Figure 8.4). solu

and liquidus suggest that the two-fold equilibrium L+6 + L+6+Y should be

ad experimental points of the equilibrium increases as the com- culated a



I C~
04

0. 6
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nnrnme 9,r -n he difference bjetwen reFCCchomium and cure liquid
Figure 7.16. The orientation of te i-lnesrelatv otence

two-fold equilibrium L+6 + L+6+y. Again, as noted in the Fe-Cr-C and

too low.

Fe-Cr-Mn
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Fe-Mn-Ni

d b t sldly ign Lifiant. UL W U

-found to be statistically significant.
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Fe-Mn-Ni-C

- TI -r'~rijn',t .-- I~~ i~ Tip liiicl Pm~nnq eauilibri

e-lines. Figure 7.21 shows that, with the from the experimental ti

experimental tie-lines was not found to be in agreement with that
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\mee
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Cr
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lines or as a family of isotherms. These lines were calculated by

rature and can be depicted as in Figure 8.8. tempe
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CHAPTER 9
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The process which occur during the course of equilibrium solidifi-

phase (oxide, carbide, etc.)

3. Formation of gases (H2, N2, CO, CO2, etc.);

>n, formation strand casting and rheo-casting. The phenomena of segregati
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An analysis of the phenomena of segregation and hindered formation

solid phase 2. Complete mixing in the liquid and segregation of the

ation for plane-front solidification was assumed.

eels, in particular, aJ 6ys in ie -

The Scheil. equ

St
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i-o n-ma dpo nf nreer S (1eS<(N-F+1Y) where N is the number of compo-

9.1.1. Two-phase Equilibrium
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is calculated from the following equations at the solution:

For N=4, Equationi (n. nas one c=egree o.' .Lt m-eullidu uuJtt-L LL

following set of Equations:

nts of the solution matrix at each temperature. the eleme
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diffusion of C and Cr in the'solid phase but complete diffusion in
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CHAPTER 10

SUMMARY AND CONCLUSIONS
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The tie-lines of the equilibrium between the liquid and 
delta

_n the Fe-Cr- iibthl d(equilibrium between the liquid and 
gamma (FCC) phases
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APPENDIX A

j=1,2...

j #i
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To express Equation (A.6) as a function of the intensive rather than

Equation (A.6) gives Application of the chain-rule t

(A.lOa)for j5 i: 3 = - -
m. (n ) m

I

~xP m - m.
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In practice, the chemical potential and the molar Gibbs energy

AG M
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APPENDIX B

as a function of the -Jid.."ulited tie-lines

However, a model of the thermodynamic interactions o a

+- t effect ofl eC the-mp-iti m ls hy known

.e the effect of the impurity con- Asml nlssi oclua



noint due to a

202.

Lven concentration of imDurities can be assumed
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interactions in iron are known. For iron, the interaction coefficients

impurity components. The Gibbs-Duhem relationship can then be appli(
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APPENDIX C

TABULATED RESULTS
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Table 1. Transformation temperatures in the Fe-Ni system:

T = 1538'C - AT
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Table 2. Transformation temperatures in the Fe-Ni system:

97 43 1495 15.

98 46 1492 17.

99 50 1488 19.

00 54 1484 22.
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Table 3. Transformation temperatures in the Fe-Cr system:
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Table 4. Transformation temperatures in the Fe-Mn system:
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Table 5. Transformation temperatures in the Cr-Ni system:
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Table 6. Transformation temperatures in the Fe-Cr-C system:

0.092 2.18 11 - 0.13

0.091 4.06 14 - 0.187 10.53 31

0.154 1.62 15 - 0.259 6.00 32

0.085 10.00 22 - 0.280 8.00 35 78

0.145 7.44 23 - 0.373 3.85 37 -

0.079 1.00- 
- ~ 4

0.077 18.09 27 - 0.390 6.02 41 63

0.075 20.11 27 - 0.357 8.16 42 -

0.290 4.00 30 57 0.465

D

7.97 50
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Table 6 (Cont'd.)

Composition

61

61

62

62

Temperature

840.530

0.527

0.516

0.563

10.16

11.21

13.17

9.80
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Table 7. Transformation temperatures in the Fe-Cr-C system:
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Table 8. Transformation temperatures in the Fe-Mn-C system:
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Table 9. Transformation temperatures in the Fe-Mn-C system:
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Table 10. Transformation temperatures in the Fe-Ni-C system

34 0.142 2.00 20

31 0.110 2.97 21

0.130 2.65 22

38 0.222 0.97 22
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Table 11. Transformation temperatures in the Fe-Ni-C system:
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Table 11 (Cont'd.)
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Table 11 (Cont'd.)

comnstranlT eratuire

0.313 14.02 55 U.JJ' T-oe'tr

0.235 17.99 60 0.830 3.97 71

0.347 14.00 60 0.760 5.99 71

T = 1538 - AT
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Table 12. Transformation temperatures in the Fe-Cr-Mn system:

3.1 5M "r

30 2.00 17.30

30 4.75 4.15

30 2.15 13.60

31 3.00 12.20
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13. Transformation temperatures in the Fe-Mn-Ni system:
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Table 14. Transformation temperatures in the Fe-Mn-Ni system:

43 1.75 12.05

44 5.50 5.50

46 3.60 9.85

47 4.70 7.50

47 3.90 9.20
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Table 15. Transformation temperatures in the Fe-Cr-Ni system:

5.91 1.94 19 -

7.00 2.05 20 -

8.02 1.89 21 -

8.00 3.97 21 36
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Table 15 (Cont'd.)

Composition Temperature
V

60

42

8.55

5.99

10.03

14.04

6.03

6.91

5.48

4.69

39

40

40

41
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Table 16. Transformation temperatures in the Fe-Cr-Ni system:

2.01 10.01 35 6.04 13.15 50

2.01 10.68 36 8.01 12.00 51

n r90 RI32-11 .85

8.01

2.74

4.04

9.40

14.01

13.42

46

46

46

11.98

9.97

5.78

9.59

12.03

16.95

56

56

57
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Table 17. Transformation temperatures of the quaternary

"e- r- n- systen-

0.260 3.90 2.00 58

0.350 5.20 2.85 64

0.320 5.20 2.00 64
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Table 18. Experimental tie-lines between the liquid and
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Table 19. Experimental tie-lines between the liquid and
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Table 20. Experimental tie-lines between the liquid and

0.16 1.55 0.03 1.30 19 6

0.13 2.05 0.03 1.66 20 6

0.10 3.10 0.03 2.75 22 6

0.45

0.28

1.55

6.10

0.17

0.13

1.25

5.30

n n

Y

Y

43

49
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Table 21. Experimental tie-lines between the liquid and
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Table 22. Experimental tie-lines between the liquid and
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Table 23. Experimental tie-lines between the liquid and solid

2.95 10.70 2.70 9.90 39 y

2.95 14.80 2.80 13.50 46 y

11 -O 30 10.80 48 y
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Table 25. Experimental tie-lines between the liquid and

0.09 . .

0.22 9.85 5.25 0.05 8.80 4.30 55 6

0

.37 5.4U 8.OU V.4

.37 5.40 8.00 0.14 4.60

I. LC

7.40

I. /-'

61

233.

Y
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Table 26. Experimental tie-lines between the liquid and gamma



Table 27. Experimental tie-lines between the liquid and solid

0.10 5 .05 vii:57% -

235.
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RF COMMFNDT)T LNsm I FRFF'TyR

ivity of carbon system. The influence of alloying elements on the act
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BIOGRAPHICAL NOTE

co-operate student University of Cicinnati and became the first




