
JOURNAL OF MATERIALS SCIENCE 18 (1 983) 4 8 3 - 4 9 2  

Structural characterization of rapidly 
solidified white cast iron powders 
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Three white cast iron alloy powders (2.4% C, 3.0% C, and 3.0% C + 1.5% Cr) manufactured 
by a rapid solidification processing technique were investigated. It was found that the 
microstructures of all three alloy powders were similar. The primary constituent of these 
powders was found to be retained austenite. Only small amounts of carbide and marten- 
site were found in the rapidly solidified white cast iron powders. The primary austenite 
cells and dendrites that nucleate and grow from the melt are retained upon cooling to 
room temperature with little carbide precipitation. The low volume fraction of marensite 
found was due to the high carbon concentration of the austenite. A fine dispersion of 
carbides in an austenite matrix is formed as a result of the solidification of the eutectic 
liquid in the intercellular and interdendritic regions. The relative proportion of primary 
austenite to eutectic can be explained by the carbon segregation that occurs during the 
solidification of the primary austenite. Annealing of the powders at 650 ~ C transforms 
the metastable austenite into alpha iron and carbide. The carbides have a bimodal dis- 
tribution with small carbides precipitating within the primary austenite cells and den- 
drites and large carbides precipitating within the intercellular and interdendritic regions. 

1. Introduction 
Rapid solidification technology (RST) offers a 
unique method of controlling the structure and 
properties of materials. Amorphous phases, meta- 
stable phases, increased solid solubility of alloying 
elements, and unusually fine structures can be 
obtained by this type of processing. Many methods 
of producing RST metals and alloys have been 
developed [1-3] .  These include splat quenching, 
spin melting, roll quenching, electron or laser 
glazing, and centrifugal atomization. 

Work on warm compaction of white cast irons 
produced from rapidly solidified powders has 
shown that the carbides in these materials can be 
maintained at sizes less than 5#m [4, 5]. Attain- 
ment of fine structures in such white cast irons 
can lead to superplastic behaviour [4, 5]. 

The present investigation is concerned with the 
characterization of the microstructure, annealing 

behaviour and constituent phases of three white 
cast irons produced by one such RST process. 

2. Materials and experimental techniques 
By definition, white cast irons must contain at 
least 2.1%C, which is the maximum equilibrium 
solid solubility of  carbon in austenite [6]. The 
carbon must be also present in the form of carbides 
rather than in the form of graphite. The three 
white cast iron powders chosen contained 2.4% C, 
3.0% C, and 3.0% C + 1.5%Cr. The chemical com- 
positions of these powders are listed in Table I. 
The silicon and nickel contents of the cast irons 
investigated were kept low since these elements 
promote graphitization [7]. Chromium was added 
to one of the cast irons because it is a carbide 
stabilizer, inhibits carbide growth, and therefore 
this chromium-containing cast iron may be ex- 
pected to have a very fine carbide microstructure. 
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TABLE I Chemical composition of white cast irons investigated 

Alloy C Cr Si Mn P S 

2.4% C 2.36 0.018 0.14 0.92 0.014 0.014 
3.0% C 3.04 < 0.005 0.08 0.51 0.006 0.004 
3.0% C + 1.5% Cr 3.03 1.49 0.09 0.61 0.005 0.009 

The white cast iron powders were obtained by 
the rapid solidification process developed by 
Pratt and Whitney Aircraft (known as "Rapid 
Solidification Rate" or RSR). This process involves 
forced convective cooling of the powders which 
produces quenching rates that vary with particle 
size and alloy composition. Typically, the quench- 
ing rates are greater than 10s~ sec -~ if the pow- 
der particles are smaller than 100#m diameter [8]. 

The RST powders were first sieved to remove 
powder particles greater than 100/lm. By using 
standard ASTM methods [9], it was determined 
that the average powder particle size was 55 gm 
for all three sieved batches of RST white cast 
irons. Small quantities of some of these powders 
were cooled to liquid nitrogen temperature 
(--196~ Other small amounts were vacuum 
heat-treated at 650~ at various times in order 
to investigate the effect of thermal treatments on 
the structure of the RST white cast irons. The 
thermally treated powders were cold-mounted in 
epoxy for microstructural studies by optical and 
scanning electron microscopy (SEM). During the 
curing stage, the epoxy temperature was monitored 
and kept below 75~ to minimize the tempering 
of the powder. The samples were then polished 
and etched in 5% nital. For SEM examination, 
gold was evaporated on to the polished and etched 
surface. Microhardness measurements were made 
with a Vickers diamond pyramid indentor at a 
load of 200 g. A minimum of five microhardness 
measurements were taken on each sample to 
obtain an average hardness. X-ray diffraction 
(XRD) was done on 2.4% C and 3.0% C + 1.5% Cr 
RST white cast iron powders less than 45#m 
diameter. Lattice parameter determinations were 
obtained at room temperature using appropriate 
extrapolation functions [ 10]. 

3. Results 
The morphology, microstructure, and constituent 
phases present in the RST white cast irons are 
described in this section along with the results on 
the microhardness as affected by quenching in 
liquid nitrogen and tempering at 650 ~ C. 
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3.1. M o r p h o l o g y  
Typical morphologies obtained in the powders 
are shown in Fig. 1. The majority of powder 
particles are spheroidal (Fig. ' la) .  Some particles 
show porosity as illustrated in Fig. lb. A small 
fraction of the particles have irregular shapes 
consisting of two types of morphology. The first 
type (Fig. l c) is a deformed spheroidal shape 
showing indications of collisions with other 
particles while still hot. The second type (Fig. 
ld) is a fragmented spheroidal shape suggesting 
that particle collisions took place at a low tem- 
perature where fracture could occur. 

3.2.  Mic ros t ruc tu re  
Three distinct types of microstructures were 
observed in the as-received RST white cast irons. 
Typical microstructures of the 2.4% C and 3.0% C 
RST white cast iron are shown in Figs. 2 and 3, 
respectively. The microstructures present in the 
3.0% C + 1.5% Cr RST powder were similar to the 
3.0%C RST powders and therefore will not be 
discussed. 

Three categories of microstructure were 
observed in the 2.4%C powders and can be dis- 
cussed as follows: (1) a cellular microstructure 
which is shown in Fig. 2a and b, (2) a dendritic 
microstructure which is shown in Fig. 2c and 
d, and (3) an acicular, needle-like microstructure 
which is shown in Fig. 2e. Typically, each powder 
particle could be classified into one of these micro- 
structural categories. Some individual particles, 
however, exhibited a microstructural mixture con- 
sisting of cells and dendrites. Acicular microstruc- 
tures were only found in the small powders (< 20 
/2m). Other than the appearance of the acicular 
microstructure in the small particles, there was no 
noticeable difference in the ratio of cellular to 
dendritic microstructures for different particle 
sizes. 

The 3.0%C powders revealed similar micro- 
structures to the 2.4%C powders except that the 
acicular microstructure was never observed. 

The cell size and secondary dendrite arm spac- 
ing (see Fig. 2b and d) are noted to decrease as 



Figure 1 Powder particle morphologies of RST white cast irons. 

the particle size is decreased for all three RST 
white cast irons. The interdendritic and inter- 
cellular regions (Fig. 2b and d) are, in general, 
featureless. Some of the powder particles with 
thick ( > 2 ~ m )  interdendritic or intercellular 
regions show the presence of two phases in the 
form of striations as observed in Fig. 3a and b. 

The microstructure of the powders as originally 
received did not change significantly upon liquid 
nitrogen cooling. The microstructure remained 
essentially the same, except that the volume 
fraction of martensite increased slightly over that 
observed for the powders in the as-received con- 
dition. Fig. 3a shows an example of martensite 
plates formed in a large cellular type of micro- 
structure. In powder particles with fine micro- 
structures, i.e., mean free paths < 5/2m, no obvious 
indications of martensite were observed. 

A large microstructural change was observed to 
occur when the powder particles were annealed 
at 650 ~ C for 15 min. Fig. 4 shows the annealed 
microstructure that is developed in the 2.4% C and 
3.0%C white cast irons after 15 rain at 650 ~ C. 
The microstmctural features in the annealed pow- 
der are much finer than those observed in powders 

in the as-received condition. The phases present 
are now ferrite and carbide. The light appearing 
regions are carbides. 

3.3. Microhardness 
Fig. 5 shows the hardness of the as-received and 
liquid nitrogen cooled white cast iron powders, 
as well as the change in microhardness on anneal- 
ing at 650 ~ C. The Vickers microhardness of the 
RST white cast irons in the originally received 
condition was about 630 kg mm -2 for the 2.4% C 
material and 1000 kg mm -2 for the 3.0% C + 1.5% 
Cr material. The liquid nitrogen cooled materials 
have greater hardnesses than those of the white 
cast irons in the as-received condition (750kg 
mm -2 and l l 0 0 k g m m  -2 for the 2.4%C and 
3.0% C + 1.5% Cr materials, respectively). These 
microhardness values are considerably higher than 
the value of 400kgmm -2 reported for typical 
white cast irons with even higher alloy content 
[11,121. 

Annealing the white cast iron powders at 
650~ results in an initial rapid microhardness 
decrease. After 15 min, however, the softening 
rate decreased considerably. After annealing at 
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Figure 2 Microstructure of large and small 2.4% CRST white cast iron powder particles. (All microstructures at the 
same magnification.) 

650~ for 4 h  the microhardness is 400 and 
510kgmm -2, respectively, for the 2.4%C and 
3.0% C + 1.5% C RST white cast irons. 

3.4. X-ray diffraction 
X-ray diffraction examinations were conducted on 
the 2.4% C and 3.0% C + 1.5% Cr RST white cast 
irons in the following three conditions: as-received, 
liquid nitrogen cooled, and annealed (650~ 
30 min). The examinations indicated that powders 
in the as-received condition and in the liquid 
nitrogen cooled condition contained mainly 
retained austenite. Weak carbide diffraction peaks 
were observed which is attributed to the fineness 
of the carbides present in the powders. Although 
martensite plates were observed in the as-received 
and liquid nitrogen cooled 2.4%C and 3.0%C + 
1.5%Cr RST alloys, martensite peaks could not 
be detected by X-ray diffraction. This was due to 
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the relatively low volume fraction of martensite 
present in these powders. 

The lattice parameter of the retained austenite 
was measured to be 0.3633-+0.0003nm and 
0.3626 -+ 0.0003 nm for the 2.4% C and the 3.0% 
C + 1.5% Cr white cast irons, respectively. 

The dependence of the lattice parameters of 
austenite on carbon, nickel, and chromium is given 
by the following equation [13]: 

ao (h)  = 3.5780-- 0.002 (%Ni) + 0.006 (%Cr) 

+ 0.033 (%C). 

This equation makes it possible to calculate the 
amount of carbon dissolved in the retained austen- 
ite. In turn, these calculations show that the car- 
bon content of the retained austenite is 1.67-+ 
0.10"%C and 1.43+ 10%C for the 2.4%C and 
3.0% C + 1.5% Cr RST white cast irons, respec- 



Figure 3 Microstructure of large and small 3,0%C RST white cast iron powder particles. 

tively. These values are less than the maximum 
equilbrium solubility of carbon in austenite for 
both alloys (2.1%C for the 2.4%C and 1.5%C for 
the 3.0% C + 1.5% Cr). This indicates that carbides 
must be present in the intercellular or interdendritic 
regions of the RST powder particles in the as- 
received conditions. 

The annealed powders were found to have only 
sharp ferrite and carbide X-ray diffraction peaks 
present. 

4. Discussion 
At equilibrium, or near-equilibrium, the i ron-  

carbon phase diagram indicates that the RST 
white cast iron powders should contain ferrite 
and graphite or metastable carbide at room tem- 
perature. All three alloys at room temperature 
should contain more than 35 wt % carbide. Under 
rapid solidification conditions, metastable phases 
other than carbide can be retained at room tem- 
perature. It has been shown that martensite, 
austenite, delta iron, epsilon iron and even amor- 
phous iron-carbon can be obtained in eutectic 
or near eutectic composition rapidly solidified 
iron-carbon alloys at room temperature [14-  
16]. Other effects such as solute segregation 
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Figure 4 Microstructure of  2.4% C and 3.0% C RST white cast iron powder particle after annealing at 650 ~ C for 15 min. 
(a) 2.4% C powder, and (b) 3.0% C powder. (Both microstructures at the same magnification.) 
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irons as a function of annealing 
time at 650 ~ C. 



[17, 18] and the formation of "micro-crystalline 
regions" [ 18, 19 ] could have a significant influence 
on the microstructure of rapidly solidified metals. 
The following discussion attempts to explain what 
effect rapid solidification had on the retention and 
morphology of the metastable phases. In addition, 
the volume fraction of phases present is considered 
in the light of solute segregation. The effect of 
annealing on the microstructure of the powder 
particles is also discussed. 

4.1. Retention and morphology of 
metastable phases 

Retained austenite in the form of cells or dendrites 
is a major constituent of all three RST white cast 
irons investigated, as determined from X-ray dif- 
fraction measurements. The retained austenite is 
seen as the dark regions in the SEM photomicro- 
graphs (Figs. 2 and 3). The presence of lenticular 
martensite in the dark regions (e.g. Fig. 3a) verifies 
that such regions are retained austenite. The bright 
regions are ledeburite (a eutectic mixture of 
retained austenite and carbide) and will be discussed 
later. 

Cellular or dendritic solidification structures are 
believed to be determined by the thermal gradient, 
G, at the solid-liquid interface and the solidifi- 
cation velocity, R [3, 17]. At relatively high 
thermal gradients or at relatively low growth 
velocities, cellular structures are preferred over 
dendritic structures. If, however, the solidification 
rate (G .R)  is so fast that the critical undercooling 
required for homogeneous (diffusionless) solidifi- 
cation is reached, then structures termed "micro- 
crystalline" appear [ 18, 19]. These "microcrystal- 
line" regions have been reported to occur in some 
rapidly solidified alloys [ 18]. 

The combination of temperature gradient and 
solidification rates experienced by the RST pow- 
ders in this investigation was such that only cells 
or dendrites were observed (Figs. 2 and 3). It 
appears, therefore, that the solidification rate 
was not rapid enough for "microcrystalline" or 
amorphous solidification to occur in these alloys. 

The cell size and secondary dendrite arm 
spacing is know to depend on cooling rates. Figs. 
2 and 3 clearly illustrate that as the cooling rate 
increases (i.e., as the particle size decreases), the 
cell size and secondary dendrite arm spacing 
decrease. Using the data of Suzuki [20] and 
choosing l # m  as being representative of the 
spacing between secondary dendrite arms, a 

cooling rate of 3.3 x 10 s~ C sec -1 is obtained. 
This cooling rate is quite close to the rates reported 
for other RSR processed alloys [8]. 

Martensite plates were generally observed in the 
largest of the austenite cells and dendrites, as, for 
example, shown in Fig. 3a. The martensite start 
temperature for these alloys can be calculated 
from a knowledge of the austenite chemistry. If  
all alloying elements are uniformly distributed, 
the martensite start temperature [Ms] can be 
estimated [21-23].  In order to calculate the 
M s temperature, the carbon content in the austen- 
ite was determined by X-ray diffraction measure- 
ments for the 2.4% C and 3.0% C + 1.5% Cr alloys. 
The following values were obtained: 1.67%C for 
the 2.4% C powder and 1.43% C for the 3.0%C + 
1.5%Cr powder. Although the carbon content of 
retained austenite in the 3.0%C powder was not 
determined, it was assumed to be equal to the 
value measured for the 2.4% C powder. Using these 
values, the M s temperature was calculated as 
-- 196,-- 183 and-- 102~ for the 2.4%C, 3.0%C 
and 3.0% C + 1.5% Cr, respectively. The calculated 
M s temperatures are substantially below room 
temperature and, therefore, no martensite should 
be found in the as-received powders at room 
temperature. Since some martensite was found, 
it is believed that some plastic deformation 
occurred in these particles which helps to nucleate 
the martensite above its M s temperature. The plas- 
tic deformation is probably the result of the 
thermal strains experienced by the powder during 
rapid solidification and cooling. Alternatively, the 
deformation could also be the result of the mech- 
anical strains arising from particle collisions (Fig. 
lb and c) during RST processing. 

Cooling the as-received powder particles to 
-- 196 ~ C results in a small increase in the marten- 
site volume fraction. This was deduced from the 
increase in microhardness (Fig. 5). This small 
increase in microhardness is in agreement with 
SEM observations of large particles where approxi- 
mately 10% of martensite is present in the retained 
austenite. Virtually no martensite was observed in 
the small particles. The likely reason for the small 
amount of martensite present in the liquid nitrogen 
cooled powders is due to the stabilization of 
austenite caused by ageing at room temperature 
for several months [22]. 

The regions which appear light in Figs. 2 and 3 
are due to ledeburite, formed by eutectic liquid 
solidification after the initial nucleation and 
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TABLE II Calculated volume fraction of primary austenite and ledeburite* in the RST powders 

Alloy Phase Volume fraction 
for homogeneous 
case 

Volume fraction 
for segregated 
case 

2.4% C Primary austenite 0.86 0.72 
Ledeburite 0.14 0.28 

3.0% C Primary austenite 0.59 0.49 
Ledeburite 0.41 0.51 

3.0% C + 1.5% Cr Primary austenite 0.42 0.41 
Ledeburite 0.58 0.59 

*The calculations were based on knowing the carbon concentration of the eutectic liquid; these are 4.3% C for the 
2.4% C and 3.0% C RST alloys and 4.1% C for the 3.0% C + 1.5% Cr RST alloy. In addition, for the homogeneous 
case, the equilibrium carbon concentration in austenite at the eutectic temperature was used; these are 2.1% C for the 
2.4% C and the 3.0% C RST alloys and approximately 1.5% C for the 3.0% C + 1.5% Cr RST alloy. Also, for the 
segregated case, the carbon concentration in austenite at the eutectic temperature as determined from X-ray diffraction 
measurements on small powder particles was used; these are 1.67% C for the 2.4% C RST powder (also assumed to be 
the same for the 3.0% C RST powder) and 1.43% C for the 3.0% C + 1.5% Cr RST powder. 

growth of  cells and dendrites of  primary austenite. 
Ledeburite is a mixture of carbide in a matrix of  
austenite. I f  the intercellular and interdendrit ic 
regions are thick enough (Figs. 2a and 3a), then 
the two-phase structure of carbide and austenite 
can be seen. In general, the intercellular and 
interdendritic regions are so thin and the carbides 
in the ledeburite so small that the two-phase 
structure is not generally apparent.  The very fine 
size of  the carbides in the ledeburite causes broad- 

ening of  the carbide X-ray diffraction peaks. This 
broadening combined with the broadening of the 
austenite X-ray diffraction peaks (due to non- 
uniform distribution of carbon in the austenite) 
make the X-ray diffraction detect ion of the car- 
bide in the ledeburite difficult. Thus, only faint 
carbide peaks were observed. 

The acicular microstructure (Fig. 2e) is thought 
to be the result of  the fastest cooling rates experi- 
enced by the smallest particles. This structure is 
thought to be a divorced eutectic structure in 
which the austenite solidifies from the eutectic 
liquid preferentially on primary cells and dendrites 
already formed and the carbides precipitate as 
needles. This divorced eutectic reaction takes 
place only in the particles with the smallest inter- 
dendritic spacing (i.e., the fastest cooled particles 
with the smallest amount  of  primary austenite). 

4.2. Solute segregation 
The volume fraction of  constituents present,  
composed of  primary austenite and ledeburite,  
is a function of the particle size (Figs. 2 and 3). 
More primary austenite is present in coarse par- 
ticles than in fine powders. This is a direct con- 
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sequence of  the slower cooling rate of  coarse par- 
ticles compared to fine particles. 

In the following, calculations were made to 
illustrate that the amount  of austenite present can 
be est imated from the F e - C  [6, 24] and F e - C - C r  

[25] phase diagram by using the lever rule. Table 
II shows these calculations for the amounts of 
primary austenite and the ledeburite expected 
for each of  the three powders. Calculations are 
given for two cases. The first case (under the 
column "homogeneous")  is for large powder 
particles and the second case (under the column 
"segregated") is for small powder particles. In 
both  cases, the calculations are made on the 
reasonable assumption that the solidified struc- 
ture obtained at the eutectic temperature are 
retained at room temperature due to rapid cool- 
ing after complete solidification. 

The calculations for the homogeneous case 
are based on the equilibrium carbon content 
at the eutectic temperature (2.1%C for the 2.4% 
C and 3.0%C powders and 1.5%C for the 3 . 0 C +  
1.5% Cr powder).  Such calculations can be expected 
to be applicable for large powder particles where 
the cooling rate is slow enough to allow sufficient 
t ime for carbon to diffuse and equilibrate in aus- 
tenite during cooling from the liquidus to the 
eutectic temperature.  

The calculations for the segregated case using 
the lever rule are based on the average carbon con- 
tent o f  the retained austenite in small powder par- 
ticles and are given in Table II. These calculations 
are based on the expectat ion that the small pow- 
der particles cooled so fast that  the carbon in the 
primary austenite (in the austenite plus liquid 



temperature region) did not have enough time to 
diffuse and reach the equilibrium value expected 
at the eutectic temperature. This leads to segrega- 
tion, i.e., coring of carbon, in the primary austen- 
ite and has the effect of shifting the austenite 
solidus to lower carbon concentrations. This car- 
bon segregation is responsible for the lesser amounts 
of primary austenite found in small particles. 

The carbon content of the first austenite to 
solidify (i.e., at the liquidus temperature) is a func- 
tion of the composition of the alloy and is 1.4% C 
for the 2.4% C powder, 1.5% C for the 3.0% C pow- 
der and 1.3% C for the 3.0% C + 1.5% Cr powder. 
The average carbon content of the retained austen- 
ite must lie between these values and the equilib- 
rium carbon content of the austenite. This was 
found to be the case for the 2.4% C and 3.0% C + 
1.5% Cr RST powders. Thus, the carbon content in 
austenite for small particles determined by X-ray 
diffraction measurements (1.67% C for the 2.4% C 
RST powder and 1.43% C for the 3.0% C + 1.5% Cr 
RST powder) does lie between the two extreme 
values mentioned. 

The calculated values shown in Table II are in 
qualitative agreement with the observations made 
by SEM. Thus, more primary austenite is calculated 
for the homogeneous case (coarse powder par- 
ticles) compared to the segregated case (fine par- 
ticles) and this is in agreement with SEM obser- 
vations (Fig. 2a and b). The results given in Table 
II also indicate that the amount of ledeburite in 
the 3.0% C RST alloy should be greater than that 
calculated for the 2.4%C RST white cast iron. 
This prediction is in qualitative agreement with 
SEM observations. Thus, photomicrographs for the 
3.0%C RST powder, shown in Fig. 3, reveal a 
larger amount of ledeburite than is seen in photo- 
micrographs for the 2.4% C RST powders (Fig. 2). 

4.3. Effect of annealing on the 
microstructures 

Annealing the RST powders at 650 ~ C reveals that 
the primary austenite is metastable and quickly 
transforms to ferrite and carbide (Fig. 4). The 
carbides appear to occupy a much larger volume 
fraction of the matrix. This anomaly can be 
explained as an etching artifact [26] which leads 
to a higher than expected volume fraction of 
etch-resistant second phase. 

The carbides have a bimodal carbide size dis- 
tribution. The carbides that precipitate within the 
prior austenite cells and dendrites are smaller than 

the carbides that precipitate from the intercellular 
and interdendritic regions. The carbides that pre- 
cipitate in the intercellular and interdendrite 
regions are coarser since these regions already 
contain carbide from the eutectic solidification 
whereas the primary cells and dendrites contain 
little or no carbide in the as-received condition. 

Annealing time at 650~ changes the micro- 
hardness of the rapidly solidified powders as 
illustrated in Fig. 5. After a short time of anneal- 
ing at 650 ~ C, the microhardness decreases by a 
large amount corresponding to the large change in 
microstructure as seen by comparing, for example, 
Fig. 2 with Fig. 4a. Little change occurs in the 
microhardness and microstructure with further 
annealing. This indicates that the small carbides 
and alpha grains are relatively stable and grow 
slowly at 650 ~ C. The high stability of fine grains 
in these RST powders allows the attainment of 
superplastic properties at intermediate tempera- 
tures [5]. The difference in the annealed micro- 
hardness (40 RC and 50 RC for 2.4%C and the 
3.0% C + 1.5% Cr RST alloys, respectively) comes 
from two sources. The first and probably more 
significant one is the difference in the amount of 
carbide present. There is approximately 36vo1% 
carbide present in the annealed 2.4%C RST 
powders and 45vo1% carbide present in the 
3.0%C RST powders. The second source is due 
to the solid solution strengthening contribution 
from the 1.5%Cr in the 3.0%C+ 1.5%Cr RST 
alloy. 

5. Conclusions 
(1) The microstructure of rapidly solidified white 
cast irons consists principally of retained austenite 
and ledeburite. 

(2) The average cooling rate of the powders 
was estimated to be about 3.3 x 10S~ -1. 

(3) The fast solidification rate in small pow- 
ders causes carbon segregation in the austenite. 
When the eutectic temperature is reached, the 
austenite will have an average carbon concen- 
tration that is less than the value predicted for 
austenite at equilibrium at the eutectic tempera- 
ture. This segregated primary austenite is retained 
with little further change as the temperature drops 
below the eutectic temperature and ultimately 
to room temperature. 

(4) The intercellular and interdendritic regions 
consist of ledeburite, a mixture of retained austen- 
ite and carbides. The ledeburite and primary 
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austenite volume fractions in each RST alloy is in 

qualitative agreement with the values calculated 

from the measured average carbon content  of the 

retained austenite. 
(5) Only small quantities of martensite were 

observed in the rapidly solidified powders due to 
the low M s temperature for high carbon austenite. 

(6) The retained austenite in the RST powders 
transforms to a fine structure consisting of alpha 

iron and carbide at 650~ and the structure does 
not coarsen if annealed for several hours at the 

same temperature. 
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