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COMPOSITIONAL ANALYSIS OF DUAL PHASE STEELS
BY TRANSMISSION ELECTRON MICROSCOPY

J. Y. Koo,* M._Ragharan** and G. Thomas¥*¥¥
' University of California

Materials Science and Minerél'Engineerihg
' and .
Materials and Molecular Research Division
Lawrence Berkeley Laboratory
Berkeley, California 94720
I. INTRODUCTION
Steels heat treated to produce mixed structures of ferrlte and ‘marten-
site, termed dual phase steels, have emerged as a new generatlon of HSILA .
steels of high formabilify; The interest in these steels has grown' |
enormousiy in the past few years as was demonstrated iq recent symposia (1,2).
One of thevsfeps in tﬁe heat treatmentlto produoe the dual phasevstructures
consists of annealing the steel at an appropriate tempereture in the two
phase (d +.Y) region. During this annealing freatment,,partitioning.of
valloying elements in’the steel can occur.depending on the competitive
solubility in the ferrite and austenife for fhe,specific partitioning
species. Subseqﬁent guenching to room temperature achievesba composite
mixture of strong, tough martensite in a ductile ferrife matrix,_‘Investiga;
tion of fhe partitioning phenomenon through chemical compositional analysis
is of paramount‘importance with'respect to understanding the resultingv
microsfructure;mechanical property_relationships.  Determination of compos-

itional changes due to partitioning cannot be accurately obtained from the
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equilibriumvphase‘diagram because the two phase annealing times used

in practicé (1ess than Qovﬁinutes)fmay lead to non—equilibrium situations,
Jand, in“any case,:detéiléd phaSé diagram informatiqn on each steél is not
usually available. Convéntional analytical,meaSureménté%involving éiéctron
probe X-ray fluorescence analysis on bulk samples_suffer from poor spatial
resolution and canhot'provide accurate analysis from the fine grained marten-
sitiq.islands in the dual phase microstructure. Hence, in the presént
investigation, the'complementafy-techniques of high résolufion lattice
imaging and scanning trahsmission‘eléctron microscopy wiéh'X—ray‘energy
energy dispersive capability have been utilized to detefmine compositions
invtwo dual phase steels, High reéolution electroh microscopy has been
shown to provide 1ocalizedvchemical compdsitions in alloxs through correla-
tion of lattice fringe”épécing with composition (3,h)}_ Carbon cannot be
accurately detected:by X-réy fluorescence analysis but since it has a
pronounced 1nf1uence on the lattice parameter measuremenfs of local 4
spacings by lattice fringe’ 1mag1ng can be used to evaluate carbon partition-
ing between ferrite and martensite (5) Lattlce ‘spacings in the ferrite
(whlch essentlally has ‘zero carbon content for plaln carbon steels) provide
- an internal standard for measuring the lattice‘spacing accurately in the
martensite.‘ Hence,rdetors affecting lattice fringe spacings.such as
.electron-optical parémeters ahd instrumental erfofs‘can be minimized or
eliminated. The X-ray microanalysis techniQue was employed to estimate the
partitioning 6f the subsfitﬁtional alloying elements which, at small levels

(fﬁl wt.%), do not significantly affect the d s@acing.

Carbon Analysié:
The sample used in this study was a AIST 1010 steel annealed at 1025K
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in the (o + 7v) rahge for 10 mihutes followed by waﬁer quenching. The volﬁme
fraction of martensite after the  treatment was approximately 20%., The
tetragonality of martensite increases with its carbon content as follows

(6):

¢ = 2.866k + 0.116 x wt.% C

2.8664 - 0,013 x wt.% C (1)

a

The d spacing of any (hkl) plane in the tetragonal structure is related to
the lattice péraméter in the foilowing manner:

1 w2+ k% ; lf_ ‘
d2 ; a2 ' .c2 . , _ _ B ',(2)
 {011} arevthe-preferféd planes for lattice fringe imaging in the_present
investigation because of their large d spacing and higherbprobability of
obtainiﬁg tetragonality. Figure 1 shéws a bright field image of martensite
and ferfite and the (101) lattice fringe image from thevareé marked is
shown in_Figure 2. Two beém tilted illumination mode was used for. the
spacing for the ferrite aslreference}

lattlce imaging., Us1ng the lel

2.033, d for martensite was calculated to be 2.0h7 1_0.0033 from the

101 _
- measured fringe spacings.  This differgnée in d spacing can be attributed
totally-tb fhe difference in carbon contenté betweeh_the phases since no
preferential partitioﬁing bf Mn was‘observed by x-ray STEM analysis. This
increase in dldl spacing.bf 0.01k-0.0208 in martensite corresponds to a car-
bon content in fhevrange'of Q.SO—O?§5 wt.% based'onveQuatioﬁs (1) and (2).
The high cafbonvconcentration is expected since twinned substructure qf‘
martensite was séen'as shbﬁn in Figure 1. Thié ihdiéates the'carbon le?el
.is > 0.4%. Opficai diffréction taken from the areas of ferrite, martensite
and férrite/maftensite interface in Figure 2 are shown in Figure 3. The
optiéal diffraétion is an alterﬁative mefhod of evaluating thé lattice

parameters, in addition to direct densitometer measurements on the fringes
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themselves (3). ‘The ﬁértehsife;tétrdgonality and slight misorientation
across the]intefface_are clearly seenifrom'the'doublet'reflectiohs in
Figure 3(c),

 X—réy Microéna;ysisz

Having'eétimated fhé carbon distribution by lattiCe'imaging, the'X—ray
microanalysis usihg STEM cah theﬁ bé used for evaluafing partitioning of
substitutional allbying elements (2 > 11). The IOlOksteel'ahalyzed above,
‘STEM microanalysis showed n§ detecfaﬁle partitioniﬁg of manganese. However,
another (experimentél) éteel of current intefest isbohe containing 1 wtw%.
aluminum, the design‘ﬁaéis-for which is deSCfibed elsewhere (8). The steel
was annealed at 1061K in the (a + Y)‘rangévfbf 10 miﬁutes, water quenched
and aftér this treatmeﬁt the.ﬁarteﬁsifé volumé wés'about 20%. Anai&sis was
conducted in thin samples prepared for electron micrééCOPy usiﬁg a Philips
EMLOO STEM equipped with X-ray eﬁergy dispersive cépability. Average aluﬁinum »
conceﬁtrations‘in fefritevand ﬁartensite were obtained from X—réy spectra \
generated fr§m.abbut Sﬁm'régions of these phasés.'“X—ray spectra ﬁere also
obtained using a 4008 probe adjacenf to the'ferrité/martensite interfaces.
The X-ray data wefe'analyzed uSing the thiﬁ foil ratio method (7) and the
absolute aluminum.éonceﬁfratiéns are pléttedvin Figufe h; The éluminum cbn—
cent;ation'ﬁas unifbrm ﬁithin the ferrite and martensite bﬁt aluminum had
preferentialiy partitioned to ferrite. On an average, the aluminum con-
centration in ferrite was about double that of_the élﬂminum concentration in
martensite.

SUMMARY

In summary , this ihvéstigatioﬁ illustrates how_the partitioning of

valloying elements'can.be quite accurafely estimaﬁed using modéfnimethods of

transmission electron microscopy, viz., combining the lattice fringe
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imaging method for eléments such as'éarbon and X-ray microanalysis tech-
nique for subsfitutibnal alloying éleménts. This informatibn is important
in developing a better uﬂdefstaﬁding of microstructure-mechanical property
reiationship'in dual phase steels especially with regard to fine scale
ﬁrecipitétion in ferrite (8);
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FIGURE CAPTIONS

Dual.phase AISI 1010 steel, bright field image of ferrite-

martensite ddal phase strﬁcture. M and F refér to'martensite
and ferrite>regions, respecti&ely. _

Duél phase AISI 1010 steel, high resolution (lOl)’léttice

fringe images of ferri£e éhd martensite from the area marked in
Figure 1. The ferrite/martensite (F/M) interface is ‘inclined to‘
the incident beam. )

Dual phase AISI iOlO steel, opticél diffraction pattérﬁ froﬁ

the latticevfringe image in Figure 2 by plaéing an aperture on

" (a) ferrité,‘(b) martensite and (c) both ferrite and martensite

fegidns (F/M interface).

'Dual phase steel containing 1 ﬁt;% alumingm; aluminum concentra-

tion profile in ferrite and martensite. The inset is a micro-

graph of an austenite/martensite interface. Poinfs,Pi to P,

_are average concentrations of Al in ferrite and martensite,

respectiveiyﬁ' Points P3 and Ph were obtained using a )

" probe on eifhérréiaéé Of:the.F/M iﬁterfacé.
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