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FACTORS DETERMINING TWINNiNG_IN MARTENSITES
0. Johari and G. Thomas |

Departmeht of Mineral Technology, Coileée of Engineefing;
University of California, Berkeley, California '

. In a recent investigation(l)'of substructures and stfength‘bf'f

ausformed steels, it was found that the extent of twinning:in martensite

decréased with incréasing amounts " of deformaﬁ;on of the metastable

i éusteniﬁe prior-to transformation to martensité. It Was;shdwn'that the

"Pprecipitation bf carbides in austenite occurred after a'critical amouht_v;;*'

of deformation. Since the extent of twinning in ausformed: martensites

was extrémely low, twinnihg was not regardedﬂas a strengtheningFPArameter}'

The strength of ausformed steels waé thus explained:on the basis of
dislocation denéity and preéipitation. Here the factors influenciné '

~ the presence or absence of transformation twinning will‘be considered. .
(2)

substructure in Fe-C alloyé by Kélly anvautting

by Speich and Swann,(s) showed that the amount of transformation twinniﬁg'_

increased with soluﬁe concehtratibn..-The'chéﬁge'in transformation sub-
structure from dislocationsvtd twinning is not a‘sharﬁ-One.- The'steels
we investigated were based on & composiﬁiqﬁ Fe428%Ni-O;3%C wifh or
without Cr, Mo, V (see Taﬁie i)'so_that in all these alloys, after
cbnventional heat treatment the maftensitesrwerevtwinnedu B

Table T

o i _ , % Alloying = -
 Heat No. %C - N1 " Element S T
CW10 0.3 eT9k - —em e
1398 0.28 2h9  k50Mo -
1541 - 0.32 - 16.50 h.Teor o

_akoe - 0.9 k73 1.85v

and in Fe-Ni alloys '

Transmission electron microscopy‘investigations of_the'transformatibn -



. a M Temperature R

‘a(for review see ref M) ThlSVlS in agreement w1th results on. both F C C
\fé:(Cu for example(S)) and B C C (1ron for example( )) metals where plastlc
;*f'deformatlon takes place by tw1nn1ng at low temperatures,_suggestlng that g
.'vtiat these temperatures the critlcal resolved shear stress for twinnlng 1s

.s-lower than that for Sllp. On thls ba51s low M temperatures would be jgii?

y~alloy1ng elements Wthh lower M temperatures should favor tw1nn1ng

' Tﬁb;: Stacklng Fault Energy 'fj;?eil“’v ;:: ;5t;:;5f”

;transformatlon substructures,'although Kelly and Nutting(7? postulated

) that tw1nn1ng in martens1te 1s favored by austenltes of high stacklng

Vtw1nn1ng in Fe-Nl steels by Spelch and’ Swann,.
': to raise the stacklng fault energy of austenite._ ThlS effect of stacklngff”
E fault energy is opp051te wo what 1s round for mechanical tW1nn1ng 1n '
;F C C. metals, where the lower the stacking fault energy the hmgher 1s.diff.:ff
the tendency for deformatlon by tw1nn1ng.(5’ll) This would suggest that i.?f;{;.“

- as far as transformatlon twinnlng is’ concerned the effect of solutes on: :Z:L:

- .energy.

t&

Slnce both C and Nl lower the M temperature and promote tw1nn1ng;;w

1t has been suggested( ). that low M temperatures favor tw1nned martensite 3

J,,.

Texpected to favor transformation tw1nn1ng in marten51tes., Thus all '".f:3if;ftli

thtle is known about the influence of stacklng fault energy on k

v‘-

fault energy. ThlS result agrees qualitatively w1th the observatlon of {ff;;z.
(2 ) (8, 9,10) DR

as Nl 1s known
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' f‘MS temperatures is' more important than their'effect_on stacking fault

.- . . . - - ) K . - o
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,thaﬁ increasing;deformeﬁiongcf'metastable4eﬁs£ecite favcrs ﬁreCipitaﬁion‘i '
and reducesvthe extent of trahsformationitwinning.' The defcrmationvbf'
austenite and,the‘femCVal of alloyingcelements‘from_solid sClutioc byfthé
formaticn.of ﬁrecipitates bosﬁ‘raise the MS femperature of steels:V—Oh’s
the other handsthe soluﬁes* present in the present steels are known_to

lower the stacking fault energy(8’9’ 0’12)

and hence their depletioh
- from solid soluticn as carbide precipitates should reise the stacking,
fault energy of austenite. According'ﬁc Kelly.and Nutting(Y)»this should
~ favor twinning. However, since this is not the case it further sugéests
that M temperature'rather than stacking faultvenergy of austenites is
" the 1mportant factor in determining tw1nn1ng |

It is also Worth notlng.that transformatlon tw1nn1ng occurs in body ‘.f5>
centered martensites and s1nce‘the‘body centered-structuresﬂln-general |
' have high stacklng fault energies, the latter parameter cannot be very
1mportant in determlnlng tW1nn1ng in steels Whlch undergo the marten51t1c
3 transformation. vAlso,’therelmayibe_no direcﬁ correlatlon between stacklnglf
faulf energy of auétenite'ahd fwinnicg-in marteﬁsite._ No observatioﬁs ofe
faulted martensites have beeﬁjrepofted'for Steels, butiin:Cu-Al alloys of:>
low stacking faultuenergy,'the latticeiiﬁvariant shear-invﬁartensite>
“occurs by faultiﬁg;(l3)s _ o

These considerations‘strcngly sﬁggest-ﬁhet the”Ms“teﬁberetufe deteretr
mines the Occurrence'ofItraﬁsfcrmstion'fﬁinning ih mar%ensitic‘structuies;.
-..rather than the_stacking fault eneféy_cfvausteniﬁeg..

Vo S L T 'f" .

.

No dats are avallable on the’ effect of V on stacklng fault energy of
austenltes, but- observations on the effect of other solutes suggest that

V also lowers the stacking fault energy. -
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