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ABSTRACT

Tl high speed steel (having C = 0."76Va,W = 17 .8V0, Cr = 3.87Vo andY=0.987o ) has been rapidly solidified by

the two-piston technique. Thin areas (which are transparentto electronbeam) of rapidly solidified splatshavebeenexamined

ly rransmiision electron microscopy. The microsffuiture indicates that solidification occurs in the plane of the splat surface

and not perpendicular to it. These ai"a, ur" foundto contain d-ferrite, austenite and martensite. d - ferrite areas are mainly

observed with segregation of carbide along clendritic boundaries. The areas which are solidified without segregation of

carbide are found to decompose spinodally at room temperature. Austenite is observed either free from segregation or with

segregation of carbicle aiong cen foundaries. The areas where the segregation of carbide is more are found as maflensite at

room lempcraturc'

Rapidly Solidified High Speed Tool Steel

INTRODUCTION

Rapid solidification has been a field of vigorous

research activity in recent years, where molten metal is

directly quenched in contact wilh a solid substrate' Very

high ctoiing rate can be achieved if a very thin layer of

molten metal is brought in a good contact with the substrate

(1). The areas of a rapidly solidified splat which are trans-

parent to electron beam' being extremcly thin, have bcen

consiclered to have cooled fastest in gun fechnique (2)' It has

been postulated that the direction of hcat florv is towards the

n"orJtt contact point on the substrate and that heat extrac-

tion and hence soliclification takes place in the plane of the

splat/substrate interface(3)' Varieties of microstructures

har,c becn rcportcd (4) in the electron uansparent areas

de.pencling on thevariations of alloy cornposirions' Depend-

ing on the variation in solidification condition it might be

expected to observe microstructural variations in elecFon

ransparent areas. The present investigation is an attempt to

investigate the variations in microstructure at different

places in tlle electron transparellt areas on the sane material

(Tl high speed tool steel) due to variation in cooling

condition.

EXPERIMENTAL METHOD

Splats of T1 high speed steel wcrc produced

from molten droplcts heated to around 28000C by the two-

piston technique described elsewhere(5). Electron frans-

parent areas u'cre observed near the edge of the splas'

Those areas wcre examined by transmission electron mi-

croscopy at an operating voltage of 100 KV.

EXPERIN{ENTAL RESULTS

Fig.l(a) shows an electron trans-parent area

containing all cl -fcrrite denclrites. Fig' 1(b) is a micrograph

from r-he above area at higher magnification showing pre-

cipitation of carbide at the inter dendritic boundaries' This

microstructure is similar to that of d-fenite dendrites obser-
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ved by Sare and Honeycombe(6) in electron transparent
area of rapidly solidified Ml high speed steei. 'A' on the
microgrgph @ig.1ft))represents the centre of nucleation, at
which the solid phase first nucleared and grew in the plane
of the splat, indicating that heat extracaion had raken place
in thatplane. The centres of nucleation ofd-fenite dendrites
in Fig. 1(a) are very close (-1.5 pm) ro each orher and the
cellular arm spacing is found to be -0.15 pm. Only in a few
areas d-ferrite was found without any precipitation of car-
bide and those areas are observed to decompose spinodally
(Fig.2) giving rise to streaks on rhe electron diffraction
pattern. Fig. 3 shows another electron lransparent area

containing all austenite grains. These grains re r&ql fut
to grow in the plane of the splat. The microsnrflec Mil_
cates that the austenite grains growing from bqh slfia* mwl
a[ a common line. Initially the austenitegrains gran nrdh:tur
any precipitation of carbide and selected area d,rtihrrumm
pafterns from those areas do not show an-v sF0( :;:m. i
second phase, buf towards the end of solidifi cadon a ielfui.s
structure is apparent with linear arrays of precipim* n uhe
cel1 bounclaries.

In some eiectron transparent areas twinned marten_ill!- 'r4s
observed (Fig.a). These areas are found to contain l:;i-"

Fig. 1(a) Transmission eiectron rnicrogrlpli
having all d-fenite dendrites.

Fig. 1(b) Micrograph from the above area

at higher magnification showing
precipitation of carbide at the
interdendritic boundaries.

Fig.2 Transrnission electron micrograph
containing d-ferrite rvhich apears to
have decomposed spinodally.

Transmission electron micrograph
having all austenite grains.
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number of coarse particles. Electron diffraction showed
that those particles are MuC carbide. Those areas initially
solidified as austenite with segregation of MuC carbide and
transformed to twinned mmtensite at ambient temperature.

DISCUSSION
It has been shown previously(7) that in rapid

solidification of Tl high speed steel, solidification starts

with the nucleation of d-fenite at those points in direct
contact with the subsffate. Austenite then nucleates on
ferrite as a results of changing thermal'conditions or of
solute rejection and build-up at the solidliquid interface.

Austenite then grew as a primmy phase of solidification. If
the points of contact with the substrate (i.e. the centres of
nuclei) are very close the melt. may completely solidify as

d-ferrite before tlte austenite could nucleate @ig. 1(a)). On
the other hand Fig.3 is found to contain only austenite
grains. The micrograph indicates that the nuclealion sites

are outside this transparent area. Comparing this micro-
graph with the microstructure of the outer surface layer of
the thicker region of splat(7) suggests that d-fenite first
nucleated (outside this fansparent area) in contact with the

substrate followed by nucleation of austenite. Initially the

austenite grows as partitionless, without any carbide pre-

cipitation. As the distance of the solidliquid interface from
the point ofheat extraction (nucleation centre) increases the
cooling rate gradually decreases and austenite starts sol-
idfying according to the following reaction :

LB g + MoC

Starting from a segregation free area the amount
of carbide precipiradon will gradually increase and the

austenite will be less and less superstaturated as the cooling
rate decreases with the increase in distance from the nqclea:
tion site. With thc lower supersaturation the M temperanre

of austenite increases (above room temperature) ?esulting
transformation to martensite. The austenite which solidifies
without precipitation or only with a few precipitates along
cell boundaries is highly supersaturated with the alloying
elements and has M, temperature below room temperature.

So transformation to martensite does not take place.

Partitionless growth of d-ferrite is very difficult
to achieve (7), but where it does occur the modulated
structure within the matrix may arise from clustering of
carbon atoms on {100} d-planes (8).

CONCLUSION

1. in rapid solidification of Tl high speed steel
nucleation in the electron transparent areas occurs at the
points of contact of the melt with the substrate and solidifi-
cation takes place in the plane of the splat/substrate inter-
face.

2. The different types of microstructures observed
are related to the distance from the point of contact of the
melt with the substrate as follows :

a. At the point of contact d-fenite nucleates and
grows in the plane of the splat with segregation of carbide
at interdendritic boundaries. If d-fenite forms as pafiition-
less due to extremely high cooling rates it decomposes
spinodally at room temperature.

b. Austenite nuclcates on ferrite and grows ini-
tially as partitionless. As the distance from the nucleation
site increases it breaks down into cellular structure with
fine precipitates of carbide at cellular boundaries.

c. Further away from the contact point (nucleation
site) coarse precipitates of carbide are formed and austenite
transforms to martensite at room temperature due to less

supersatural-ion.
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Transmission electron micrograph
having twined martensite.
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