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ABSTRACT

A model of the fracture initiation mechanism in heterogeneous
martensitic structures of medium carbon jow alloy steel was discussed
in terms of several concurrent micromechanistic phenomena involving
mainly the intrinsic toughness of the martensitic matrix and the
carbide-matrix interface poundary decohesion susceptibility.

compared to homogeneous martensite the low carbon martensitic matrix
containing the remainders of undissolved carbides exhibits a signifi-
cant increase in fracture toughness without loss of strength. The
presence of microregions with enhanced content of carbide-forming
elements results in the increase of strength and fracture toughness.
on the contrary, at the presence of remainders of undissolved carbi-
des in a martensitic matrix with higher carbon content, a decrease in
fracture toughness was stated at the maintained strength level.
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INTRODUCTION

The problems of low-alloy ultra-high strength steels have got, in the
recent years, into the shadow of works devoted to specific features
of fracture behaviour in advanced materials. The absence of an
unambiguous fracture toughness nature explanation in martensitic
steels can be considered as one of the main reasons of this
situation. Although knowledge on this field made it possible to
describe some features of their fracture behaviour (Knott 1980, Kumar
& Pandey 1284, Handerhan 1988, Di Russo 1986) no generally acceptable
micromechanistic failure model has been found up to now.

The fundamental problem may pbe seen in the fact that the majority of
strengthening factors in a martensitic matrix is associated with the
risks of lowering its fracture resistance (Lee 1989, Dlouhy 1992b)-
the strengthening effect being, at the same time, the embrittling
one. Certain possibilities in increasing both the strength and
thoughness .are offered by producing some structural and chemical
microheterogeneities in martensitic matrix (Tomita 1987, Padmanabhan
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1584, Dlouhy 1992 Cases jin
martensite ! considered as  the aptimal
=ades the martensite strnng:hening ¥as  accompanied by an increass in
toughnesa. Theae nan-conventionagl hetarcgenasys nlorostructures have
not to be  takaen only as a conglomeration of ricreatructural consti-
Tuents the pPlastic and fractura behaviaur of which jg described hy
the global characteristi but as the zecopg phase interacting with
martensite matriw having its own {intrinsic) toughness. The fracture
resistance of -such a natural composita might pe then snalyzed from
the point or view aof the behaviour of individual Phases _

which homogzrneous
Structure. In these

The aim or this contribution 2% o present the r2sulte of an
eXxperimental railure micromechanism investigation or martensite with
diszpersed Carbidic phage, at the zame tire, some results  are
presentad which explaln tha Positive influencs of sevaral kinds af

martensite mi:ronntetngeheities °0 sTtrength and fractyre Properties,

EXFERIMENTAL FROCEDURE

The experinental HnSicrMoy steal used

had the chemical Ccompoaitiog
(wt. %): 0,10 o 1, 66 Mn; 1,50 31; 1, 08 or; 0,40 Mo;: 0.15 ¥: 0,14
HNi: o, o022 P 0,020 5. Eguare 2nd  cylindrical rods  with
& Crass-saction of 10,5%10,5 mm and & mm in dizmetor, respectively,
both with +the length of 120 mm ror the Purpose of rapid heat
treatment Wern Preparag, The steel Was hi=at treated hy
austenitization for 2 houre at 95072 followed by oil quanchirg {0gQ)
and suhsequent

tezpar:ng fer 1, B, 24,

100 and 200 houra ar 71g%e
with air cooling, and initias

ferritic-carbidic miture |marked As A,
B.C,D, and E) with varjious d;spnrsity of globular cernentite was thus
obtained. Baced 20 analyses of phase Lransformacions (Dlouhy 1592 B,
the Processjing conditicns ror two sets or exzariments ware Spacifiag:
(L) Rapid rezistance heating of ferritic-carhidic mixture, ©, witp
the rate orf 75 K/2 to austenitizing temperaryras Tanging from 350 tg
1100%C followed by direct aj] gquanching. Some Specimans  were rapid
heated to 11009~ and gquenched from this temparature after the holding
Eime (1) por 2,3,10,30, and ag saconds, Fespectively, (ii) Rapid
neating (1lgo Ef5) ko temperaturas speciric for individual initial
micrnstructurus (Table 2). Cbtaining low  carhon Bartensitic matriv
indepnndnntly “n  Initial carbide phasa dispersity coyls o2 anabled
under the=zg conditions.

The rods were CUt, tempered fop ) hour an
down te the geametry and dimenzions or the
The room Temperature tensile Propert:es
UTS) were measured uging eylindricaj
diametar or 3,5 =m, and a gage langth
ENergy (CVN) wag 2valoatad using Charpy bars. Plane strain fracture

toughness IK;CJ was measured by Static threa-point bending method =1
10x10x55 mm fatigue precrackag Specimens.

3009 "), and thnay
Techanical bggw Spacimans,
(Y3 by 0,2 3 ofr'sat mathod,
mensjle Specitzens with a gagea
of 40 mm. The charpy v noteh

machined

The fracture surfaces of the Eye Specimens for
were examined in SEM. To determing tha

fractographs wera taken within a distance
times of the critical crack Tip cpening
growth direction and near the Aid—thicknegs Position of the Epaciman.
The =irza diatribution of 2ll volds wa= determined. 1n addition,
individual measurements of particles ware done 15ing tke Epg 2ystem.

=ach microstructure
wvold sizes quantitativaely,
from the crack Eip or 3
displacemant in the crack

* Ta avoid the delayed fractura in the #E-guenched

i state, guch

tempering conditions  were chosen that fap 3ll the martensitic

microstructures !nvastlgatad the influence or tempering carbides and

of retained austenjite an Eracturs behaviour wag iHsiqn!Eicant.
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- orientation of about 70-90° to the static fracture region (for
e sot low carbon martensite with carbides and partly for martensite with
o —o~% ! MICCE). The latter is covered partly by dimples originating from
o 80| \éx.,t_
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fracture propartiss decreases second both the strength level and

Table 2: Heat treat
. ment iti
microstructures obtained shRdLons and  characteristics  of
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895 0,11 0.040 0184 ST TTTTTTLTLIITLTTTC
B 895 . R0, WpLA4 7,8
c 508 g';g 0,039 0,145 7's g';f1'5
D 935 0’ 0,044 0,151 8,5 3’ ;2'0
E oxr ol 0,042 0,155 84 i ) ;

’ ,040 0,130 14354,
! 8,7 2,9%1,5 Fig 4: SEM micrographs jllustrating secondary cementite distribution

in low carbon martensitic matrix.

Dependence of Yleld st h
X . renght and £ ness on lobul
X racture toug g ular
cemex'ltl te . par t‘lCIes (F ig . 3 ? d:.Lspersity is specific mai ]lly by the
matrix with co npar able . intrinsic properties rising from Comparab le
distribution of seconda ) . it is obv : £
L ry cementite i i i ious rom a series O. £
microstructu Fig. T ti | :
res on g 4. he optima combination of str g
ength and

carbides), and partly by
The cliff's height

] secondary phase particles (inclusions and
§ microdimples nucleated from tempering carbides.
i tends to be greater in the tougher microstructures. The stretch zone
i is smaller and the cliff may also absent, especially in the less
tough microstructures (for martensite with 0,27 wt % C and carbides).

fracture toughness is
; reached i i
obtained for the initial mixture Bfor SENERGLES particles dispaxslty !
: DISCUSSION
The micrographs in Fi t
2 g. 5 show the surf i 7
e o B M e Moy R flog f:;etmorphology in the region i possible static fracture el. As the onset of fracture initiation
cture. Under the stretched ? the stage is considered at which the blunted crack front links up
nucleated in the local plastic zone (Knott

with the void that has

i 1980, Kumar 1984, Di Russo re responsible

zone (SZ) there is the cli
iff (C) the plane of which has an
1986). Two groups of factors a
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Fig. 5: Fracture surface of ..
batween fatigue {left) ang nverfﬁai fracture (right); a - low earbon
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copntralled by the plastic properties

nucleation ls being immediately
ahead of the crack

of the matrix, by the maxinum stress level o -
af thn’-_: particla — matrix

Front, and by the coheszlon strength o ) icle
interface [Knott 1988, Lee 1989). The deformation ability of the

E 5 i * i
matrix (intrinsic matrix toughness) iz decisive for the risa ol

dizlocaticn clusters: and local stressss which can  overcome the

interface cecheaion strength a..

Influence of intrinsic toughnesa of the matrix. When aassessing the
parameters thabt condition a material's fracture toughress, all the
microstructural factors should not be considered without regard to
the plasticity characteristics of the matrix at the crack tip. Such
a material in which high plastic deformation occurs before microvolds
nuclaate can be taken as implicitly tougn. The results presented in
Fig.2 give evidence of significant influence of carbon content in
sollid  sclution of martensite, easpecially at the presence oI

vtndlssolved cementite partlicles:
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Fig.&: Comparison of strength
and fracture properties for ¥S tMPa)
microstructures investigated y

[i) Open points (onh Fig. 3) represent the low carbon martensite with
resainders of undiasplved cemantite particles. For this microatructu-
re increasing toughnass ([HE;-) 1= caused by the ultra-low carbon
content in solid sclution in as-gquenched state, as the case may be,
by low carbon concetration and low +wvolume fraction of tempering
carbides in the matrix under <the laow tempering temparaturs caondi-
tions. The increaszed initiaction resistanca is conditioned by high
intrinzie toughness of martensitic matrix

[ii) Halwved points show the =state, in which the partial carbide
dissplution alrerady ocscurred. An increase of matrix carbon content
rasults in its reduced plasiticity. In the presence of the remalnders
of undissalved cementite with discrete interface koundary lt meana an
increazed frequency of +wvoid nocleation sites in earlier stages of
mechanical loading which results in drop of fractore toughness. This
drop of fracture resistance iz connected with change in initiation
micromechanism, the situation like on Fig.7a) is cbsarved.

{iii) Further carbide dissolution results in gradual "removing" of
critical carbide-matrix interface boundary from the structure (on




Fig. 8 points with dots). In spite of further increasing of carbon
content in solid solution, the reduction of void nucleation sites
results in expressive increasing of fracture toughness. The
nucleation of voids occurs on relatively smaller tempering carbides
in later stages of plastic deformation. Fracture initiation mechanism
was changed in that, observed in case (i) and/or on a mechanism like
that on Fig. 7b) .

(iv) Further rearrangement of substitutional alloying elements under
conditions, corresponding nearly to conventional austenitization,
results in a change of properties, marked with full points.

The role of secondary cementite particles. The dispersion of un-
dissolved cementite particles in the martensitic matrix thus
involves, apart from its positive effect on strength properties, also
the risk of a higher probability that some structural discontinuities
will be formed during mechanical loading. A decrease in ductility and
also in fracture resistance against low energy tearing is therefore
observed, especially when the volume fraction of carbides is hiocher
(Dlouhy 1992b). The reason of it is connected with the intera: >n
between cementite particles and dislocations in the nucleation s Je
of voids, and in local plasticity of the martensitic matrix during
void growth and coalescence. From this point of view, the
carbide-matrix interface boundary is a critical locality controlling
the level of ductility. Excelent evidence on deleterious effect on
carbide-matrix interface boundary is given by the fracture behaviour
of microstructure from which this boundary was removed, i.e, compari-
son of medium carbon matrix with secondary cementite and those with
MICCE (Fig. 8).

CONCLUSIONS

Fracture micromechanims in heterogeneous martensitic structures were
discussed in terms of several concurrent micromechanistic phenomena
involving intrinsic toughness of the martensitic matrix, and the
carbide-matrix interface boundary decohesion susceptibility.
Increasing carbon content in matrix at the present second phase
particles act as strengthening pbut embrittling factor. The removing
from medium carbon martensitic matrix of carbide-matrix interface
poundary acts as the toughening factor without loss of strength.

compared to homogeneous martensite the matrix of low carbon martensi-
te containing the undissolved carbides exhibits a significant
increase in fracture toughness without loss of strength. Microregions
with enhanced content of carbide-forming elements results in the
increase of pboth strength and fracture toughness. On the contrary, at
the presence of remainders of undissolved carbides in a martensitic
matrix with higher carbon content a decrease in fracture toughness
was stated at the maintained strength level.
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