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MULTIPLE TRANSFORMATION TWINNING IN FERROUS MARTENSITES
o G. Thomas and S. K. Das | |
Department of Materials Science and Engineering, University of
California, Berkeley, California olToL
ABSTRACT
Transformation twinning in bulk and thin foil transformed
speciﬁens.of Fe/Ni and Fe/Ni/V/C or Fé/Ni/Mo/C alloys has been studied
in detail by high resolution selected area diffraction and dark field
analysis which is particularly favorable at high voltages. The micros-
copy was done on the Berkeley 650 kV electron microscope.
The»results show thgt transformetion twinning is complex --
ét least two twin systems méy operate. The principal twin is a {112}
variant which itself may twin on another {112} variant or on a {110}
plane to give a small volume fraction of double twins. The double twin-

ning observed in thi& work is not due to accommodation deformation after

transformation.
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INTﬁODUCTION

| It is now well known tﬁsf'the'érehsforhationsuﬁstrdcfure of

i'ﬁsfeéhsité mei‘be'diéloceredf fwinnedh or boﬁﬁ;” Reoently;ﬁe'reportedl

| 'the exlstence of double (112) - (ll§) twlnnlng in. lath martens1teb |
.Q{.whlch is usually non—twinned. It has been erguedvthat this twinning
'if max;result-from aceommodation deformation rather than the transfor-
‘.ﬁasloh'she;rz aﬁd'itﬂisﬂdlfficuit to unemoiéﬁously decide:upon fhét
orlgln of double tw1nn1ng3 unless dlrect observatlons of the trans-
formatlon are made and the mlcrostructures compared to those of bulk
trensformedvmarten51te.

© It wes decided, therefore, to investigate the twimming in some

' vdetail‘ln;Fe/Ni alloysjeod in two other‘alloys which had'previously been
';"investigeted with regerd to edsforming'cherecteristics. All the alloys -
.slhave Ms temperatures well below room temperaturer

Experlmental

r

The comp051t10ns of the alloys used in thls study are glven in -~
;Tanel,_;j'

‘N o€ - Mo . ¥ ' Fe.  -Ms°C

© 33 - Y2 <001 ¢ i palance © -110

C2 tit 350 . <0001 - . - - balamce . -150"

‘ - . 5 - S s . -
3. _"'g:v o2y > 0,28 - K vﬂ"‘”"balence below -T7
SRR AT L _ , R T o ’
"fffk_ gf L 25 . © 0.3 .~ 7.0.3° " balance

- Comp081tlons of alloys after homogenlzatlon"
Alloys 1 and 2 were made from hlgh purity iron and n1cke1 alloys.
They vere melted, forged, homogenlzed and rolled into sheets. The

alloys 3@ h were provided by Ford Motor Company.
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fhe'alloys were all transformed as bulk speeimens by rapidly
quenching from 1100°C into iced brine then liquid nitrogen and in
the case of Fe/35N1 finally into 11qu1d helium. Foils were prepared
from the transformed sheets and examined at 100 kV and in the 650 kV
microscope. The high voltege microscope is supefior'for the detailed
analyéis whieh‘is required because of the higher resolution, greater
penetration and_greater accuracy of selected area diffraction at 650kV
than at 100kV. |
R | Foils were also prepared of the alioys in the austenitic condition
and then transformed either in the cold stage attachmehf for the Siemens
'Eimiskop 1 (which unfortunately is non-tiltable) or transformed by
dipping into liquid nitfogen and then mounted in the biaxial tilting
.stage for analy51s. In this way the microstructures of martensite
formed with and without bulk constralnts could be compared. Although
the mierostructures of the as-transformed foils varied widely, twinned
plates were obfaiﬂed.whuﬁ'were identieal in substructure to those in
buikISpecimens.
- RESULTS
The results have‘ehown that the twinning substructure is not simple.
In fact, the primary twins are themselves twinned (i.e. double twinning).
The proof of this phenomenon requires painsteking exepriments by
electroe microscopy and selected area diffrection;' The analyses
involveidetailed dark field-imaging of all the basic spots in the:
pattern since the diffractioﬁ pattern alone, or the pattern and a single
dark field photograph rarely previde unique solutions. It is useful
te atudydorientations where the'martensite twinsare parallel to the |
elec:broni bean, e.g. [113]; foils end also those in which the twins are

i
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1nc11ned to the beam direction, e.g. [122] . The resﬁlts are shova in
flgures 1-6. . ' |
Figsre_l(a) shows a partially twinned martensite‘plate obtaiaed

from the Fe;33ﬁi aliov that was transformed‘ih bulk. The orientation .

of the martensite phase is [22I]. Figure 1(c-f) ehows a"set of derk field

g images, dorrespondlng to the spots in flg. 1(b), 1ndexed 1n flg. 2.' I -

vthe [221h martensite is singly tw1nned on the (112) the - [00] twln

rorientat on is produced and the paxtern would be . superposed [001] and -

’ N [221] IL thls were true, then dark field 1mages of the spots at the
.110 and llO pos1t10ns3 1.e. spots c and D, would reveal twin contrast
for‘both_gf'these. However; as.the.dark field'imagesiof figrlic,'d_”'
shov;:the?tvin reversal_on;y occurs for one particalar 1i0 position;

(i.e. for ‘spot c). The‘explavhation is that the primary ﬁwins-on (il§)

_-are themselves twinned on (112) 8o that the [001] tW1n of [221] now trans—
forms locally 1nto the [221] orientatlon., As a result there is no:
secondary twmn reflectlon at D and hence no reversal of twins in flg. l(d)
and similar is the case in fig. l(f) However, the extent of the double

f.twinning may be limited, and in this case one expects reversal of contrast.

' Slmllar results were obtained for specimens transformed as. f01ls, e.g.

~fig. 3, h. The secondary twins are resolved betterlln flg._h; The
contrast at.Sfin:fig; L is coﬁsisfent with secondary twins on (113) in

the primary twins. The dark field image of the spot marked T" (corres-,.
v.ponding to spot C in Fig. 2) reverses the contrast of both primary and -
}secondary twins. ‘This spot is actually the superposltlon ‘of - both (110)

gprimary twin and (-TO) secondary twin reflectlons.

These conclusions regarding twinned twins are further confirmed by

e e g
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'ar;g;ysis of the edge-on twins in the fully twimmed [113]  martensite
pléte of fig. 5. Here the primary twin plane is (Qii)a which trans-
forms the [1i3] matrix to [1I3] after twinning, as verified by the
diffraction pattern and défk'field“analysis. However, this éxample is
e&en more complex. Féintﬁstreéks are resolvable on the negative of

fié. S(bi parallel to the <liO> directioné indicated on this pattern..
These streaks cannot be expléined 5y double'{llz}-tﬁinnihg as in figs.
1-k, but can be explained by sécondary'{llo} twinning both in the matrix
and in the primary twin. The [110] twin streak is, of course,.ﬁhe-twin
~ of the [110] matrix streak,.i.e. these streaks could represent the
seme transformetion twin in the matrix and its primary twin. However,
since the diffraction streaks are so weak it is not possible to resolve
secondary twins in the image, although magnified photographs of the
structure show indicationé of substructural details, but which cannot
be identified. It is interesting to note that the interface in fig. 5
is parallel to (7?9)&. Assuming & Bain correspdndénce this plane would
“be parallel to the (529) of austenite. In most of the cases examined
it was found that when the secondary twins were on {112} the martensite
plate was partially twinned probably near'{22S}Yhabit. On the other
hand the fully twinned plates, with a possible‘{259}Yhabit shéwed {}10}'
secondary twins. The results for the partially twinned plates in

figs. 1-4 cannot be explained on the basis of {110} twinning and these
plates are probably (225)Y type martensites. Although this is a specu-
lative correlation at this stage, we might suggest that {110} secondary

twinniné may be a characteristic of low temperature (259)Y habits.

PP




e

p)

.It may be- mentioned that Oka and Wayman also observed {101} transfor-
}mation twins in the’ martensite of an Fe-l 8°C alloy, with {259} habit.
The complexity of the situation is emphasized by the fact that figs.
l and 5 were obtained on the same specimen and within 10 microns of
reach other.g o

It is noted that the twins are often displaced or truncated, and
always parallel to {011} traces, conSistent with slip (or pOSS1bly twin)
‘ deformation (e g. fig. 3) Dislocations can. be resolved between the
twins in some cases, but in general the contrastirequirements are
: different for revealing twins and dislocations separately

There is-surface structure-‘resolvable . on the broad faces of the

twine as can e seen in figsi l, 3, b and some of the complex fringe'

'patterns observed in the dark field images fig. lc-f may be related to

'y,the secondary twinning or to variations in tw1n thickness, e, g. at

ledges. gThese fringes-may also be assoc1ated w1th regular arrays of

P

. twin/twin'or‘twin/matrixxinterfacepdislocations;nbut it has been diffi-

cult to'obtain definitigé images even after using several_different |
reflections fig. le-f. vThe fact that these'fringes do not change orien=
tation (direction) when diiferent reflections are used rules out the
:pOSSibility of moird contrast. Other senarate ekperiments show that
'complex dislocation arrangements are present in addition to twinning.
_{Figure 6 is-an example. The dislocations shown here cannot be a/6<111>
twinning dislocations since all such dislocations would be 1nv181ble

in the g = [llO] reflection (g.b = 1/3 or 0)
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DISCUSSION
These results indicate the possibility of the following sheor
. (o . _

sysfems; single'{112}<lll> twins in «, which themselves may twin on

{112}<111> of & different variant or {110}<UVW> twins within primary

. ﬁwins and matrix, and also'{110}<lli> slip shears. It has been suggested

but not proved that'{225}Y martensites suffer slip and twin shears.
Recently,'Acton and Bevis,6'and Ross and Crocker7 ha#e developed.
geheralized theories of the crystallography of the martensite trans-

formation which involve suppleméntary shears but not of the type

_observed here. In fébt, there has been little experimental evidence

to:support'that multiple shears operate in the martensitic transfor-

g mations in steels. An'attempt should be made to reconsider the phenomeno~-

loglcal theory in terms of tw1nned twins. and slip, and this approach
may help to solve the mystery of the {225-259} habits for which the
type and amount of tw1nned twins may be an important factor.

.'It-may be'argued that the double twinning nay result from plastic
deformation gggggvtrénsformétion. However, the fact that double
twins aré obsérvéd in martensites formed directly in thin foiis loods
good suﬁport for thé bolief that doublo twinning is a feature of the
transformotion itself.

Dogble.twinning has also been detected ih lath martensite.lfa The

absonceéof reports of doublé fwinning in prévious electron microscopic |

studies of martensites, particularly in view of extensive work done on

9,10,11,12

twinned: Fe/Ni alloys, serves to emphasize the necessity of

carrying out complete dark field and diffraction analyses to characterize

microstructure. However, suchvanalyses'are not so feasible when dealing
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- with the usual complex'martensiteé in fully transformed commercial steels.
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Fig.

" F) Dark field image of spot'Fv(ﬁﬁo)t + (024)_

- In C the strong fringe contrast is due to~wedge thickness chenges.

Fig.

&) the pattern 1f‘the'[aaij

 Fig.

.D). Dark field image of spot D (1I0)

w] Q-

o ~ Figure Captions

l. Martensite in Fe=33Ni transformed in bulk..

A) Bright field image

 B) Seiected'area diffraction of central pattvof A.

C) Dark field image of spot C (llO)tl +'(iio)£é The twins show.
wedée'fringevcontfast at W.

(ilo)

matrlx

E) Dark fleld image of spot E which ts (200)tl, or doubly ditfracted

matrlx and t2 spots.

matrix’

The other fringes. are parallel to the trace of (I12) in the (ooi)tl, -

and could repfesent the'double twin interface. 6§0kV

2.‘ Calculated diffraction patterns obteined‘frdm‘a martensite in
[221] orientation.

natrix is‘singly twinned on (112);

superposed [221] (OOl) 8y

matrix

b) the paxtern contalnlng spots due to primary twins on (113) and

secondary twins on (I12); superposed [OOi]t + [2§i]t2.
; ' 1

c) the pattern if the [221] twins to [00I] and the [001]

matrix

‘partially twins to [23I]. This pattern expleins Fig. 1(b).

3. Fe/25Ni/0.3V/0.3C thin foil transformed in liquid nitrogen

'showing partial twinning. The primary twins and fringe contrast

are reversed in this dark field image of the 110 twin spot. The

tvins are truncated parallel to (110) matrix. The broad faces

vof the twins contain structural details vwhich may be ledges,

”;, secondary twins, or 1nterface dislocations (see also fig. l)

N

Y



Fig.

Fig.

Fig;

<1

orientation near <3,1;11>. " 650kV

L. Martensite in Fe/25Ni/0.3V/0.3C, thin foil transformed in
the cold stage at -80°C.

A) Bright field image

B) Selected area diffraction

C) Dark field of spot T" in (b). This spot corresponds to the
position 'C' in Fig. 2(c).

Notice twin fragments (arrowed) and secondary twin contrast at
S (consistent with sécondary twin trace). 100kV

5. Martensite in Fe-33Ni transformed in bulk.

A) Bright field

B) Selected area diffraction pattern showing strong streaks due
to (I21) primary twins; double diffraction spots (white arréws)

and very faint streaks along [I110] matrix and [I10] The

twin"®

[113] primary twin spot pattern is superposed on [113]matrix.
C) Dark field image of spot C (ilo)t (which also includes the
1

faint streaks). 6éokv
D) Dark field image of spot D (llO)matrix'

,6. Dark field image.of (110)matrix spot obtained from Fe-33Ni,

transformed in bulk showing twin fringe contrast as well as’

dislocations in two adjacent martensite plates. © 650kV
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This report was prepared as an account of Government sponsored work.
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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
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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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