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lateoductlon

Although studles on tha Lexture tranaformation from austonite (to martonsite have
been reported (1), little o known of the texture of lath martonsite ln dual phase
forrite and lath martensite steais. Thls ls largoly due to the difficulty In resol-
ving the X-ray diffracted pesks of the ferrite and loth martensite that forms (n the
low carbon steets. Orientstions of Individual martensite packets and ferrile grains
vere measured using a tachnlque to evatuate Kikuchl patterns on-line ln a tronsmis-
slon etectron microscope (TEM), Thus, the texture cevetopment (n ferrite and marten~
site could be determined separstely. It wvas also possidte to calcutate the misorien—

totion distributlions between nelghbouring martensile packets snd between martensite
and farrite.

Rxpar (meptal

For.tha formatton of Kikuchl patterns in @ TEM It s assential that the part of. the
spaciman under Invastigation lluminated by the electron beam (a virtually porfact.
Uslng microboam electron diffractlon with spot sfzes down to 120 nm it was possible
to flnd such reglons even In doformed martensite packets. The orientatlons of Indi-
vidual cryctals were then calcutated in Euterion ongles by the on-line avaluatlon of
tha Kikuchi potterns (2). Orlentetion distridutlon functions (OOF) were odtained by
wperposing 8 Geusslen pesk with a spread of 10° over each single orlentation and
by msking use of tha serles epansion method Q). The so determined OCFs ware
analyzed. Misorlentstion dalstridbutlon functlons COXOF) were cobtained by expressing
olso the misorlantations of nelghdouring crystals in Eulerion angles and .pptylng
the came mathamatices for the MODF as for tha OOF (4).

Two commerclal low carbon stests wers investigeted, a cold and a hot rollad ona.
Stesl A la 8 dual-phase steal with 0.05 wt~% C, 2.55 wt=% Mn, 0.44 wt-% Sl end
0.030 wt=% Al. After cold rolllng with a raduction degrea of 672 this stesl was
open-coll annaaled In tha (ntercritical raglon at 730 °C for. 3 h and then cooled
down with 150 ‘C/mln to RT. ‘In this condition (as-racelvad) the matarisl consists of
ferrita with 20 voi~% leth mertensite. The COF, MODF and OCF of Stasl A were deter-
mined In the as-recelved conditlon and after a tensile test with 14% elongation. In
each condition 210 single mertensile orlentations™ wera determined in saverst
samples. Steel B is & chromlum-desring alloy {12 wt-% Cr, 0.023 wt-% C, 0.58 wt-3 NI
and 0.39 wt=% T() It enters the two-phase sustenite-ferrile region adbove 730°C The
roxlrum sustenite content of 80T s odbtailned st 1050°C. Due to the chromium content
of the steel the sustenite transforms to martencite on alr-cooling with an Ms
terporature of approximately SSOC. For this experiment the materlal wss hot rolled
In the temperature rangs 1050 to 800 which is within tha two-phase sustenite-
ferrite raglon. After total reductions of 202 and 80% respectively, the meterlel was
allowed to air-cool. In etesl B SO clngto martensite orientatlons \urc determined
for both conditions.
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Results

The microstructure of steef A In the as-received conditlon consiste of polygonal
ferrite with 20% islands of lath-martensite (flgure 1a). Rotolned austenite or other
phoses could not be detected neither: by X-ray diffractlon nor by electron micro-
scopy. In each martensite islend many differently orlentated laths are observed
.(Flgure 1b). The dislacatlon density In the farrite matrix Incresses at phase bound-
aries es a result of the austenite-mertensite trancformation. After the tensite-test,
the alignment of . the martensite partlcies changes relative to tha tensile directlion:
Furthermore, the espect .ratlo. of -indlvidual (slands, maasured in ‘the (ongltudinal
plane of the specimen, changes durlng daformation. The aspact ratio ls here defined
as the maximum longth of Individusl martensite tslands over their minimum wldth,
Considaring that tha aspect ratlo cons(sts of two parts, ona is' due to the deform-
otion of the mortensite and one to Lhe allgnment of particles out of tha matrix into
the observed plane, the deformation degree of the martensite can be estimatet to
ebout 12%.

c, M) merho's:truc‘t‘uro of steel B reduced by 202 (c), by 80% (d)
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As 8 consequence of the precoeding sustenite-martensite tronsformation, the texturs
of the martansite [n the as-recelved condltion (s wesic. It consiste of two compo-
nents Flgure 2a), one ([} with an orientetlon path In normsl direction GO) from
(101> to QI1), while the rolling direction shifts sround C111). The second com—
ponent (1) (s in rolling direction (D) close to <111> and covers in ND a wide
ronge from 221> over €231) to (111) After tensile Ceformstion the texture Cigure
2b) consiste of a (111)[uvw]=fidre (111} and on orlentation path (V) from Q11) to
Q10) in ND and In tenslle direction from (113} to [135). i

90° 8s° g0 arr, = 3.09
Figure 21 ODF of rartensite for steesl A
a) ss~recelved b) 142 tanslle~deformation

The textures of ferrite In stest A correspond for the ss-racelvad material to
recrystellized (Figure 3Ja) ond after the tension-test to deformed (Figure 3Ib) low-
alloyed, {ow-carbon steal, both described by flbras with diffarent digstences from the
(1) {uvw)=fibro and with dlsforcnt,posluonl of tholr maxima on thase flbres.

The orlentatlon relstionships: between martensite laths In the ss-recelved condition
show £ 3 and I 17 colncidences and o Baln relstionship which can bde described dy o
rotatlon of 45° around <100> (Flgure 4&a). Setween nelghdouring ferrite-martensite
crystels no colncldences ore found The two mexims In the distridutlon are related
to rotations [) of 47° sround 811> and I12 of 7° sround C110> Figure 4D). After
deformetion the orlentation relstionship between farritl oand mertensite hos changed.
It shows now low-engle misorlentetions (9,202,370 and I 3 colncldences
Flgure 40).

fue to the hot rotling of stee! 8 a banded structure of ferrite and martensite wos
obtalned with approximately SO0Z martensite, The microstructure of tha material
reduced by 20 and 80% is shown In figure ! ¢, d. The ferrite and martensite bands



Flg!ro 3: OOF of ferrite for steel A
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Flgure S: OOF of martensite for steel B reduced o ) by 20T b) by 60%
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are narrower for the reduction of 80% Although tha packets formed within the prior
olongated austenite oreas, tha latha formed in difforent packets ware randomly
orlentated vhan observed morphologlcally, As an oxompie the laths within the packets
on elther slde of the faerrite bond Flgure 1c) ara seen to Lie st right angles to
oach other.

Orlentation measurements of {ndividual Laths within a packet geve very lLlittle
differences ln orlentstion between different toths. The texture reculls therefore
roprosent the orlontatlon of different martensite packets. Figure 5 e,b glve the OOF
for the martensite of steel B raduced by 20 and 80% respectivaly. For 20% reductlon
tho strongest taxtura (A) 1s roprosented by (100) plancs paraliel to tha rolling
plena and <110> diraction parallol to the rolllng direction (reprasented o9
€100>[§70]), with & spread to (100)[130]). In the case of 80% reduction the strongest
orlentation (A) Is agaln the (100)(170] orientation. There 13 olzo @ weok orientation
poth @), which cen be described by a rotatlon sterting from (132)¢310> through the
orlentations (822)€¢201> and (111)€101) to Q21X114).

The texture of tha ferrite phase In steel 8 wos also datermined for the two
reductions chown, for 20%Z reduction the ferrite Flgure 6a) was found to form with
a6 toxture bast doscribed by path (112)X110> to noar <112)211) and another
$111)€2313> to (111)C112>. For @0% reduction tha ferrite Lexture Flgure &6b) was
very similar to the martensite texture with a strong (100)<011> texture and a wesk
(1IX110> texture
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Flaure 6: OOF of martensite for Flgqure 7: Qrlentation relstlionship betveen

steel B reduced = s) martensite-ferrite (after 80% hot-rolling)
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The orientation retatlonships betweon ferrite and the martensite were dotermined for
the alloy reduced by 802 and were found to have 8 strong relationship betveen the
phoses. Thigc 1s expected from tha messured taxture. Both the ferrite end martensite
have strong (1003<011) textures which result In tow-angle oilcorientations Clgure
70). The relationship between martensite packets wae 8iso catouleted and wvas also
found to have pradominantly tow-angle misoriantations Figure 7b). Thle would arise
from the strong texture measured in the martensite. Additionaliy a boaln ralatlonship
occurs, .
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Qiskuaalon

Tha orlontation retatlonshlp (n sfoo! A batween ferrite and martensite (as-recelved
matoriel) led to tha conclusion, thet a pert of tha austenite gralns grow with a
fixed orlentetion relationship to the ferrite matrix. It le L0 sssume, that during
the Intercritical ameellng the farrite (n steel A Is recrystalilzed before the
sustenite formation Is finlshed Indicetion adboul the possidle mechenlemen of (ath
martensite formation can be drawn out of the MOOF between martensita Llaths of the
ss-racelved materlal. The maln component of tha MOOF, the Oaln-relatlionship, cen be
undoretood 68 & consequence of sn austenite-martonsite trensformation according to
Kurdjumov-Sachs with a strong selection of the possible verlents of this transform~
otion. Flgure 8 shows the MOOF of atl possidle martensite laths wvhich can de formed
out of a single sustenite graln (f the Kurdlumov-Sechs reletion with all the 24
vorients (s velid Comparing this MOOF with that of steel A shows, that (n the mete-
rist not eil verients of the Lransformation form nelghbouring laths. It must be men-
tioned thet In this representstion It cannot be distinguished between tha Kurdjumov-
Sechs end the Nishljama<Wessermann orlentstion relationship. All these mechonlems,
the orlantetion reletion detvesn (errite and sustenite end the sustenite-mertensite
transformation with (te veriants, led Lo o texlure of Lhe mertensite with high~index

components.
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Flgure 8t MOOF of all possible mortensite 1aths formed
from one asustenite graln, (f all 24 varlants of the
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KurdJumov-Sachs relatlonship are sctivated

The (1t1Kuvwd-fidre of Lhe martensite texture efter tenslon deformatlon s typlcal
for caformed Dccmetals end con be releted to a deformetion of martenaite letlands
While In uniphasa materiates mostly a (111X110> component (s formed ln a tenslle-
test, In this two-phase materiol a high-Indax rolling dlrectlon occurs. Thim rasuits
from the Influance of both phagses on oach other, that mesns that ths martensite
cornot deform as a uniphsse moterlel. It must be assumed that not all the texture
changes sfter the lension test are dus Lo the defornlng of mertensite istands. Atlso
® rlgld rotetion of martensite perticles will retult in the change of texture. The
part of those (slends which will deform can Da estimated using the Lheory of short-
flore composit-materials efter Kelly and Tyson G). This will be only a flrst approx-
Imation since this thaory Is restricted to unidlrectional flbres. Stereologicel anely=
sin of steel A have ahown, thst the alignement of the martengite {elands ls rendomly
distiduted. Applylng this theory to the martensite, It follows that those lelends
will deform wAlch thow an Lnverse aspect ratlo WA ... less then Q1) (0,
With 1, = ghearstress (v 0,73, 0p = UTS of ferrite) and 0, ® UTS of sertonsite
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For toth martendite It 18 o, ,, & 550-600 N/mm® and for the ferrite of this alloy it
ls g = 250 N/mm®, Thece velues resutlt In a value for W/L ... Of about 0.7,
Martonsite islands with W/ ..¢0 ¢ 0.7 will deform, Flgure 9 shows the frequency of
martonsite (slends over WA, measured In the longitudinal plane of the as-recelved
end the ceformed materlal. From this it follows thet ebout 90T of the martensite
(slonds cwild deform. 1t must de consldered that this s only a two-dimensional
evaluation of a three~dimensional problem, wvhich gives tha lower value for WA, The
rlgld rotation of the remaining iclands witl not give preferred orlontstions and wilt
wenkon the whole texture of tha martensite.
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Flgure 9: Frequancy of the inverse aspect ratlo W/L
for steal A

In o previous study of t.xturo development of stoel D %) 1t was found thet a
strong (100X011> taxture was present after hot rolling. By this the devalopment of
the (111 uvw)> flbre hxtuu was Llnhidited which usuelly forms after cotd rolling.
This work Indicates that thls texture component fomn withln the martensite.

The toxture snalysls of steal B shows that the mrtlnﬂ!l forms predomlnantiy with
the (100)<011> typas orlentatlon. Jones and Walker (7) report thst for hot rolled
strip rollad tn the austenite temperature range, two textures forra Recrystalllzed
sustenite hes a {100J<0031> tuxture, whila deformed sustenite has a (123)<412> and
(146)C211) ° texture. Using tha Kurdjumov-Sachs orlentetion reletionship ([t (e
opocted that the (sth mortensite will form with a . (100)C011) texture from the
(1003(001) texture. Thim la confirmed by Jones. and Welker end they show thst the
@313K011> typa -textures form from tha (123)<412> end (146X€211) texture. The
lotter s confirmed by Leslle @) with the addition of the formatlon of possidle
(111Kuvwd> typa taxtures. Inagakll shows this Lo ba (332)¢113> whon the austenlte
le rolted betow the recrystetilzation temperature.
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When rolling in the relativaely high temperature ranges usaed in the study of steel B,
it (s expectad that the austenite would dynamically recrystellize during rolling.
This would then glve the strong (100)011> textures measured ln tha mertensite. The
other weaker textures measured would originate from the austenite that had not
fully recrystatlized Comperlson of shown OOF indicste (hls. For 80%Z reduction, where
more deformation of the osustenite can be expected, the weak textures are better
defined by the continuous orlentation spread at the orlentations (111X<011> end
QUIKI02>. In the case of the 20% reduction these orlentatlions are found but the
orlientation path descrided Ils not continuous showing no definite texture develop~
ment. Tha only differance due to the different raductions (e found In these minor
texturas componentas.

Conclusion

The messured orlentation celetlonships In sgteel A led assuma that e preferred
orientation-ship between ferrite and austenite develops when the austenite is formed
during intercritical annealing. The subsequent trensformation of the austenite Into
martensite ls near to the Kurdjumov-Sachs relatlonship. Deforming of the dual-phase
steel with 142 elongation (n a tension-test led also to o deformation of the lath
martensite. The texture (s then part of the usual deformation texture of bcc melals.

It was established that the lath martensite In steol 8 forms with a <100)<O11)
textura after hot rolllng. This texture formation (9 essoclated with a transform
atlon from recrystatilzod austenite. For tha case of larga reduction of 80%, & weak
112} and (111)uvw> texture forms In the martansite. This ls escribed to Llimlted
deformetlon, which remains in tha sustenite despite tha dynamlc recrystalllzation.
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