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ABSTRACT

Cr,C; malerial is characterized by high cihemucal stability and poor snterability with low strength [50--150
MPa]. In his study, low melting temperature nickel powder was used to improve smterability as well as strength.
In addition, molydenum particles were added to Lhe Ni-bonded CryCy cermet pseudomatrix to mcrease resistance
Lo fracture. The specimens made by hot-pressing under vacuum and slrength was measured by 4-point bending.
Indentation cracking and fraclographic examination were conducted 1o study the interaction of the mdentation
cracks with the remforcing particles. Toughening mechanisms and farlure will be discussed in terms of crack/pa-
rticle mteractions and compared with previous warks.
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1. lutroduction another {oughemng mechanism. The deflection mecha-

msm originates in the presence of a stress field sur-
In recent years.

several loughening mechanisms rounding second phase particles along the matrix-par-

have been suggesied for improving the propertics of ticle intertace, in which the stress is caused by prope-

brittle materials, especially [racture loughness'®. The rty mismatches. The particle-crack interactions resull

first mechanism is the use of crack-impeding second
phases. The Znd phase particles disturh the advancing
crack, which can lead to changes in the shape, size,
and direction of crack propagation’™™, In & ductile dis-
persoid-binitle mainx composite has been shown that
advancing crack front passes through Lhe interface or
is blunted when it encounters the ductile dispersoids,
resulting in plastic deformation of the metal particles™®

Crack delflection or multiplication produces Llilhng

and (wisting of the advanced crack troni and can be

in a reduction of the stress-intensity in resullant sets
of crack and 1 mixed mode failure''"

The crack surface bridging by ductile phases 1s
broadly accepled to be one of primary toughening me-
chanisms 1 duclile-brittle composiles. If a crack in the
matrix propagates through the metal inclusions, the
cracks will be bridged by intacl patticles. The second
phase dispersoids could act as a bridge hetween the
opposing faces of the crack, avoiding further crack

opening and reducing the energy for more crack pro-
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Fig. 1. Plots flexural strength (A) and hardness (B) of
cerments.

pagation 2717,

The toughening of the brittle matrix by the disper-
sion of ductile phases has been previously studied!! =17,
In general, the results indicate that the irends loward
an increase in resistance 1o [racture [AK.] with inc-
rease in size [R] and volume fraction [F] of metal
parlicles;

AK= /RF (1)
The influence of metal reinforcements was more co-
nveniently analysed using Eq. 1 tnstead of crack length
and geometric conslant. A simple expression for tou-
ghemng of composites can be desciibed as following;'™

K. =Ag,,./RF @

where A is the confant and 6. 15 the yield strenglh
of metal particles.

2. Experimental Procedures

Molybdenum® particles (510 um) were dispersed
in N1* (15 w1%)-CriC;* pseude matrix and the mixtures
were hol-pressed al 1300T , 20 MPa under vacuum co-
ndition. The specimens were cul and machmed inlo
rectangular bars with dimension of 3xX4*40 mm. 4-
point fJexural test (10 mm wner & 30 mm ocuter span
length) was used strength and indenlation method was
adopled for hardness and ihe [racture toughness mea-
surements.

The tracture toughness was calculated by eq. (3)'®
K, =0016,/ — PC*
H

*Mo, Ni, Cr;Cy powder Hermann C. Starck
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Fig. 2. Plots of fraciure toughness (A, B) and mcrease
in toughness {c).

where P 15 the mdenlation load and C 18 the crack
length. The indentation was repeated 3 times for each
load (50N, 100N, 200N). The trace of the mdentation-
produced craclk was used to infer particle-crack intera-
clion and [racture surface analysis was also used to
find failure sources and pattern.

3. Resalt and Discussions

The Fig. 1 and 2 sumimarize the mechanical proper-
ties of the hot-pressed CryCs cermets. Hot-pressing at
1300°C with 20 MPa pressure densified the composites
to within 97~98% of theoretical densities. The stre-
ngth (Fig. 1{AY) of composites increases with the con-
tent of Mo second phases (4 vol% =5 wt%, 15 valFH=20
with). Fig. 1(B) shows thal the addibon of Mo increa-
ses the hardness of the composites, compared to that
of 15 wi% Ni-85 wt% Cr:Cp, even though hardness ge-
nerally decreases with increase in metallic phase m
metal-ceramic composites. However, there is no ob-
vious difference hetween 4 vol% and 15 vol%.
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Fig.3. Scanning electron pholographs illustrating ihe
interaction of crack with metal phases; (a) crack
penetration and defleclion, (b) crack brdging,
and {c) crack defleclion,

Fig. 2 shows the relation of racture toughness as a
function of size and volume iraction of dispersoids.
The data in this study are compared to those of Han
and Mecholskys' world®'™, The metallic phase m both
WC-Co and Cr,Co-Ni system increases the [racture
loughness. The tpure clearly illustrales that volume
fraction and particle size are importani toughening [ac-
lors mn duchle parlicles-brillle matnx composiles (Eq.
1, 2).

As seen m Mg 3, the melallic particles disturb the

crack propagalion. Indentation crack penetrates nickel

N304 A6 F(1993)

Fig, 4. Scannming electron pholographs showing [alure-
initiating sources.

parlicle, which did not completely melt during densifi-
calion, and detlects around methal parlicle (Fig. 3(a).
(). In addinon, crack bridging behavior by Mo disper-
soids can be seen m Fig 3(b). The interactions ot duc-
tile phase wilh crack mentioned above might account
for mecrease n tracture loughness of Ni bonded CriC.
composites.

Fraclographic examination of {ractured bhars reveals
that the failure sources arc mhemaogenieties ot micros-
Lructure, mamly the excessively dispersed mckel phase
in certaun region due Lo mproper muxing, and pores
due lo shrinkage of melal hinder during covling stage.

The improvement in manufecluring process might me-
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rease the strenglh of composies. Both intergranular
and transgranular fractures were observed in Cr,C,
matric composites.

4, Conclusions

The strength ot CryCs can be mcreased by low-tem-
perature melting nickel phase and the [racture tough-
ness of cermets can be improved by dispersion of me-
tallic particles. This study shows thal the size and vo-
lume fraction of ductile particles are major [actors 1n
controlling crack propagalion. The toughming mechani-
sms involved 1n the toughnening of Mo reinforced Ni-
Cr;C; are generally crack dellection and crack bridging.
Fracture surface analysis shows that the failure-inila-
ting sources are associated with microstructural dele-
cts, e.g, pores and binder clusters.

In addilion to the investigation of toughening me-
chanism. this study also suggests that CryCs can he
not only coating malerial but also structural material
if proper additives be used.
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