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the martensite formation theory. Further investmatinto the compositional
dependence of the martensite formation energy ydeddeommon function that
formulates the behaviour of both Ti-X and Fe-X ()Cs Mn, Al, Mo, Fe, Ni,
Cu, V, Nb, Ti, Zr, Co) binary alloys (Fig. 4):

Introduction

Designing new grades of Titanium alloys exhibitiidasticity induced
Transformation infitanium (PiTTi) is the prime motive of this work. Batial

appli.cations In aerospace and automobile. sectarisidimg intricate shaped -DG,, = P+ Blog(l+ ng)
bearing and gear components are envisaged. A thgmaodcs based S
theoretical alloy design approach based on ourniddel to predict the —
compositional dependence of the enef@@K1.) and temperatureM), where a ol L ]
parent phase transforms into martensite, incorpurathe experimental | & A R | . _ .
understandings, is established. New alloy composiaoasiesigned in order to s e Flgu_tr.e 3| dR.eI.atlofn betwteen the
successfully induce PITTi and achieve improved priope JGM, is obtained Z RN """""" A . tempg:;ta?e aravcllneg/aorrzft(ieoaofl\éri-binar
from fundamental thermodynamic relationships udwigdema’s cohesion in s ™" % ““““““““““““““““““““ e ] alloys y
metals theory as an input, and tetemperature is determined by comparison ° <
of the energy with the parent ph@smartensite driving force obtained from O T
m thermochemical databases. The model is successfuyblyed to Ti-X and Fe-X 1
O systems (X=Fe, Mn, Cr, Mo, Ni, V, Ti, Cu, Nb, Zr, Al) witheat accuracy, o "o o
providing an electronic foundation to the theory of mastie formation.
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Thermodynamics approach A thermodynamics based model to few| ¢ i s, M (ol §mllZ 22 5
2 predict/control the Mtemperature as function of composition tofi alloys is g ors L f 'é*;ﬁ gf‘ . i %:2225 _____,_,,H
developed [1], Fig. 1. A best fit between the driviogce ¢0G) for martensite ¢ |« %L’;* .« 2 T I IER I Y
nucleation (at the reported Mand compositionX;) of various elements (Fig. > e % b " o} /,;:;"‘“"‘ P
O 2a) is reached witK,=0.150 kJ/molt=1.5 and varyin | (solute dependent) B 2 o St N B "< i I
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—— Table 1: Athermal strength Alomic ractier Aoz teeisn
19 values of solutes in Ti-binary Figure 4: Concentration dependence 66 at M, for a) Ti-binary systems;
@ bty R o, AL S o, o N R Titanium b) Fe-binary systems
o vl binary K, (eV/atom) _ _ _ _
| elements The successful fit of the function for various e@ets of both the binary alloys
R s Fe 4.84787 + 013125 interests one to correlate the coefficients toowaiphysical properties of the
U) I - Mn 242341 +0.03553 solute elements.
U | . i | Cr 2.23209 +0.08179
[0k T ERT Driving force (DF) .7 “ﬁf 1i52289£l4689i060§0759664 Relating thermodynamics to electron theory
»__Comparison
m e Cu 1 0.64205%0.01893 The coefficients of the fit function is compared tioe various physical
>\ "“GWDF?““"“"I 1\\]; g'izgﬁg'gfg? properties of the solute elements (Fig. 5). A clogge@ament with the
: — mrrespm.dh{;mpmmasMS |y 7 o: PA0ES - o: e electrc_)ne_gatlwty anq mc_)Iar volume difference is obse. Hoyvever, a detailed
Al 0.00992 % 0.00284 guantitative analysis Is needed. Attempts to edabla function that
D_ Figure 1: Algorithm of Mprediction model Incorporates the properties like electronegativmiplar volume, shear modulus

etc., into the martensite formation energy are being peedrm

0.035 : . , , . I : 1400 .
a * @ 90 T I T I T I T I T I T I T I T l T ' T I 2.5 l : I ' I . I I I 4 I ' ' ! I U I : I Y I ' I ! I ! I
<> -
0.030 — « . m P3 (eV/atom) a 2.0 " b = P2 i
X ™ J e P3
1200 - | 4 A P2 (eV/atom) s
0.025 - o ekl & s O A 15 L . A AV |
T o mfll = & OF[> av = v Ad
] © —~ 1.0 | u A X ® -
5 o020- Ao € 1000 - ° E g - AL s
- - v
(:,-"' C) » (":" £ v <>\° E 05 | o ¥ A - z . -
@ X u — ) [ J
- = 0015 evLE 5 O T 0k 12 . L, ¢ : | 2 ' .
N * Nofl 2 800 | n® N 2 @
N v o Zr w o3 T v
" 0.010 O Al 0 o g 05 S 7
= o 5 i |
3 R r4
i 600 | 0 G % O R & ) Q & & S - -1.0 - A =
0.005- I%4 - - - pS S DS I ]
DL % - IyARVARTE Y % . I.> = [ n X
_____ > —m == =-=--=-0 - - - 1.5 .
0.000 i v ’o v
400 1 | 1 | | | | ] =2. —
0.00 OI20 400 600 800 1000 1200 1400 -30 e S IR RO NV T SO NV NRU AU N MU SR T S
| ) Fe Mn Cr Mo Ni Cu \% Nb Zr Al ; i i
C N Mhn Si Cr Nb V Ti Mo Cu W Al Ni Co

M_ Calculated (K)

Atomic fraction

Ti Alloying elements Fe binary elements

Figure 5: Comparison of coefficients with physical pntjes for a) Ti-
binary systems; b) Fe-binary systems

The present investigation shows the possibilityetditing the electronic theory
to the martensite formation temperature. Quantiboadf the same to establish
the relation is being carried out.

Figure 2: a) Concentration dependence 86-at M, for Ti-binary systems;
b) comparison of calculated and experimental M

The calculated Mtemperature of Ti-binary systems is found to fitllwathin

+ 50 K of the reported Walues (Fig. 2b). A further extension of the modael t
multi-component systems is achieved by designinvg aléy composition that
potentially could display the PiTTi effect.

Electronic foundation: The difference in the electronic effects of
alloying elements on the athermal martensite stanperature is evident (Fig.
3). A quantification of this difference could provide arcéienic foundation to
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