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ON THE MORPHOLOGY AND
SUBSTRUCTURE OF MARTENSITE
S. Das’ and G. Thomas ”
Inorganic Materlals Research: D1v151on, Lawrence Radlatlon‘LaboLauorv,
and Department of Materials Science and Engineering,
College  of Engineering, University of California,
Berkeley,.California
fn iron-nickel and iron;carbon alloys two different morpholog{es of
martensite have been well recognized. In Fe-C steels up to &0;3%C-and
in Fe—Ni alloys up to about 28 wt % nickel the martensite coﬁsists.of
. groups ef laths. The laths within each group are separated.by ;ow ahgie
boundaries and cne group of laths may be separeted fromeanother by a high
apgle beundary."The martensite of this type has been cailed rassive
martensite,l lath martensite,2’3 needle-like martensiteh and is knowh te
be disiocated. In ﬂigh:carboﬁ* er high nickel alloys aciculer or plate-
like martensite is seen which is internally twinned. So far, ﬁo evidence.
‘of internal twinning in lath martensite has been reported'iﬁ‘the 1i£era¥'

‘ture. Recently, Ansell et a.l.5

indicated that there were internsal twine:

in a needle-like martensite f?rmed after very high quench retes'in

C.52%C steel. In this reéport direct evidence of {112} internal twinﬁingq

in such a martensite is presenfed | The steels investigated are oasica;iyf'

gNi-0. ahC, one wlth no cobalt, and the other with 7% cobalt. .
Figure l shows an example of transformatlon twins in tne Jaths 1n

the 9Ni—Q.2hC alloy. The presence of twins was verified in the usual

way from diffraction pattern identification and by dark field imaging“

e e

*However, small amounts of internally twinned plates are observeu even
in 0.14%C alloys.
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of twin spots.‘ Aiso,'thé'factvthe%fthe“larus in‘efgroupaare seoaretedjojﬂ'e
low.an gle boundarles is shown from the observed single bcc orlenteslon or

a number of laths [Flg,: (b)],'and the dark field mlcrograph of a

matr pot Whlch reVersed contrast for adjacent laths. Flne_urensl'
formatioﬁ-twins‘in some of the'relatively_narrowulaths is seen'iu:Fig;.é;'uu
The Luins appesr:to-Berlehticuler.and ﬁhéir width'veriesvfrou 100 tp-fQOZ.
Such‘small twins in 1afhs.look:rery.much-iike'fine carbides in‘lowerd 5
balnlte laths and can be often mlslnterpreted unless properrv 1dent1f1ed
Slmllar tw1ns are also seen in the cobalt contalnlng alloy [rl 5],; Tﬁe
fact tnat aadltlons of cobalt do not reduce tw1nn1ng has oeen~§oinpeﬁ _—

» out'eariier. - | |
These‘results shoW'fhetrthe iuhomogeneous Shear in massive or laﬁﬁf,-

. martensite ueed not be alweys,Slip.u Thus,‘it is'notfneeesseriiyié cdh_ ;;
 gition that twinhiug is'alwayS‘associeted.withva_mertensite which is-

T). It follows that the morphology of marten51te S

plate—like (see Wayman
i.e., prate-llﬂe or lath—llke does not depend on- tne substructure, i. e.:i
»whether.tw1ns are present or not;s Thus, the classrflcaulon of ferrous;% =
marvensites intorlath ena twinned; as edopted;byrmeny'workers,2’3_is
notsvery appropriafe.andve further distinction oefuéen twinnee and dis<
' locaﬁe&_laths is necessary. | |

Thus, one should'use metallographie descriptions withAcaution.V-Ailf .

we really can say is that there_arebtwo types of marteﬁSite;:-dislocatedfe'“
,marcensite-(e.g.,‘in low carbon steels) andltwinued martensite.

. L ; B 6 . o L . . f ] . . . - _.: .
A recent 1nvest1gatlon_ of a series of Fe-Ni-Co-C steels has shown .[.;

that the martensites in alloys with thc same Ms temperatures nay huvé i

WlCL*y ‘different amounts of tw1nn;n £, and SO the Ms temperature alone
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is not & sufficient indication of.internal twinning. From e compariSOn

of Fe-C and Fe-N martensites‘Be;l and Oweh9 suggestedvthat the treosition
from & dislocated to a twinned martensite may occﬁr when a critical
driving-force of'the'martenSitic transformatjon (AG) of about 315_cai_
mole ™t is expected. Pascover and Radcliffe " extended this concept to

Fe—Vl and Fe-Cr systems and found that in Fe-Ni system the crltlcal !
dr1v1ng force is about 300 to 370 cal mole -1 at 29 at % Ni, where

actually the substructural transition is observed,' In the Fe-5 Wt‘% Cr-
alloy although their compﬁted driving force was between 300 and 350-

cal mole—l, they did not observe any twinning in the martensite. fhus,"

in addition’to the effect of.composition on the driving force, it.is also*v‘
necessary to consider its effect on the crltlcal resolved shear ‘stress: for
twinning and sllp If the CRSS for tw1nn1ng is less than that for slip at
the temperature where martensite forms, it will twin as discussed by Johari
and Thomas.ll If the dr1v1ng force is enough and the CRSS for tw1nn1ng rs
lower than that for slit, twinned martensite is expected'irrespective oftits
morphology (i.e., lath or plate). The absence of twinning in Feé5%'Cr alloy,lo
even though a high ariving force exists, may thus te erplained on the basis

,that the CRSS for tw1nn1ng is hlgher than that for slip at the transfor »7

mation temperature.
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Fig. 1

Fig. 2

Fig. 5.

. (115) plane brings a (110) twin reflectionfaﬁ %l(ﬂ 1),
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FIGURE CAPTIONS

(a) Bfight;field micrograph of marténsite:in’9Ni-O.2ﬂC‘stéél

show1ng 1nternal tWLnS ‘inside the lqtﬂS.

(b) Selected area dlffractlon of the enc1rcled erea-in (a),"

 with matriX'ln.~[122]4 Tw;nnlng on (121) plgne and then on

matv b

position and & (iiﬂ)tﬁin reflectlon at’ (059) matrix yOSlulOﬁ.i

The other extra'spdts_are due to double dllfraction.-
(c) Dark field microgfaph of (I10) twin reflection showing

reversal of contrast for tw1ns.

' (d) ‘Dark fleld mlcrograph of (Oll) matrix reflectLon. Theréf' \

is no twin spot 001nc1dent w1th (Oll) matrlx.

Another group of relatlvely narrower laths than Flg. l, show1ng
.flne lnternal twins. - | | |

Internal twins in lath martensite in NL-7C0-0.24C steel. -
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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