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Particle distribution in steels has been widely reported in the scientific literature in terms of quantity and size of these particles.
However, in these studies there is barely any information about the homogeneity or heterogeneity of the particle distribution. A
cryogenically treated AISI A8 tool steel was compared against a conventionally treated one, not only in terms of the number and
size of precipitated carbides, but also their distribution. Scanning-electron-microscopy images were automatically analyzed for
this quantification. The results revealed an increase of 100 % in the number of carbides and a reduction of 35 % in the mean size
of the precipitates for the cryogenically treated sample. The distribution of the particles – which turned out to be more
homogeneous for the cryogenically treated sample – was characterized using the methodology described here, which applies
automatic image analysis. These results may lead to an improvement in the wear resistance of a cryogenically treated AISI A8
alloy.
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Porazdelitev karbidnih delcev v jeklih glede na koli~ino in velikost je ob{irno predstavljena v znanstveni literaturi. Toda te
{tudije prakti~no ne podajajo informacije o homogenosti oz. heterogenosti porazdelitve teh delcev. [tevilo, velikost in
porazdelitev karbidnih delcev v podhlajenem orodnem jeklu AISI A8 smo primerjali z vzorci konvencionalno pridobljenega
jekla. Slike, posnete z vrsti~nim elektronskim mikroskopom, smo za potrebe kvantifikacije avtomatsko analizirali. Rezultati
ka`ejo 100 % pove~anje {tevila karbidnih delcev in zmanj{anje povpre~ne velikosti karbidnih precipitatov za 35 % v
podhlajenih vzorcih. Avtomatska analiza slik, razvita za potrebe te {tudije, podaja informacijo z izra~unom porazdelitve delcev.
Predstavljena {tudija nakazuje na bolj homogeno porazdelitev karbidnih delcev v podhlajenih vzorcih. Na{i rezultati bi lahko
pripomogli k izbolj{anju obrabne odpornosti podhlajenih AISI A8 zlitin.

Klju~ne besede: porazdelitev delcev, avtomatska analiza slik, orodno jeklo, obdelava s podhlajevanjem

1 INTRODUCTION

There have been reports of carbide1 or oxide2,3

precipitate quantity and size distribution in steels using
image-processing software, even for particle sizes at the
nanoscale4 but not so many about the homogeneity of the
distribution of these particles in the microstructure.
Some studies show the distribution of these particles
qualitatively using different techniques without a clear
explanation of the methodology they followed.5 One of
the shortcomings of this kind of particle-distribution
calculation is the large amount of particles (and therefore
images as well) needed to have a statistically represen-
tative quantification. In this work, an automatic
methodology was developed to quantitatively analyze the
microstructure of AISI A8 tool steels, by analyzing a

statistically representative number of images of the bulk
material.

2 MATERIALS AND METHODOLOGY

The methodology for characterizing the carbide
distribution presented in this work was developed for the
AISI A8 tool steel. It is a widely used tool-steel alloy
that exhibits a high hardenability, good wear resistance,
resistance to dynamic loading and toughness. Some of its
applications include cold forming, blanking and bending
dies, knurling tools, forming rolls, master dies and gages.
Its chemical composition can be seen in Table 1.

Two samples of the AISI A8 were analyzed. Sample
1 underwent a conventional heat-treatment process of
austenization at 1050 °C for 40 min, air quenching and
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Table 1: Chemical composition of the AISI A8 steel

Material C Mn Si Cr Ni Mo W
AISI A8 0.5-0.6 0.5 0.75-1.1 4.75-5.5 0.3 1.15-1.65 1-1.5



two tempering processes of 90 min at 500 °C. Sample 2
underwent an additional final-cyclic cryogenic treatment
of 6 cycles from –73 °C to –172 °C taking 15 h after the
conventional heat treatment. The cryogenic treatment is
applied to different tool steels for the improvement of the
wear resistance and this improvement is related to the
precipitation of carbides.6 The influence of the cryogenic
treatment on the precipitation of carbides of the AISI A8
medium-alloy tool steel was investigated for the first
time in this work.

Scanning electron microscope (SEM) images were
used to calculate the carbide distribution and microstruc-
tural parameters such as the number of particles, their
mean sizes and the total area. The images were acquired
with a JEOL JSM-6400F SEM model at 10 KV and a
500× magnification. The pixel size was 9.2 pixel/μm.
Ten images of 200 μm × 200 μm, acquired in different
areas, were analyzed for each sample. Considering the
resulting average sizes and their corresponding
deviations (Figure 1), the number of analyzed particles
(900 for sample 1 and 1800 for sample 2) is sufficient to
statistically ensure that the average values are accurate
within ± 0.1 μm at a 95 % confidence.

The automatic image analysis was carried out using
Fiji.7 First of all, the images were binarized using the
Auto Local Threshold plug-in with different algorithms
(Bernsen, Mean, MidGrey, Niblack and Sauvola). The
Sauvola algorithm was chosen since it gave the most

suitable binarization of the carbides over the martensitic
matrix, based on our experience in this field as can be
seen in Figure 1. The SEM images were then automa-
tically analyzed using the Sauvola algorithm and the
following information for the carbides was obtained:
centroid positions, the number of particles and sizes. To
calculate the distribution of the carbides, their centroids
were used, computing the distances to the four closest
neighbors and their averages using an in-house made
script in Matlab.8

3 RESULTS AND DISCUSSION

The density of carbide particles increases for the
cryogenically treated sample (sample 2) from 0.026
particles/μm2 to 0.054 particles/μm2. This indicates an
increase of around 100 % in the number of particles.
This result is in good agreement with the results obtained
for different tool steels, which show an increase in the
number of carbides when they are cryogenically treated.9

This increase in the number of carbides is related, in the
literature, with an increase in the wear resistance.10 The
observed effect is very promising regarding the
possibility to include the cryogenic treatment of the AISI
A8 tool steel when used for severe friction applications.

Also, the mean particle length decreases from
6.2±1.3 to 4.1±1.5 μm. This result is in concordance
with those reported for other tool steels after being
cryogenically treated.10 D. Das et al.11 concluded that the
cryogenic treatment creates new carbide segregates
during the cooling and this segregates grow during the
heating from the cryogenic temperature to the ambient
temperature creating small secondary carbides. The
small size of these new carbides reduces the mean size of
the precipitates present in the material.

Regarding the distribution of the particles (Figure 2),
the distribution of the newly precipitated carbides is
more homogeneous for sample 2. The percentage of the
area occupied by the carbides increases from 0.4 % for
the conventionally treated sample to 0.6 % for the cryo-
genically treated sample. The final microstructure of the
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Figure 2: Carbide distribution for the conventionally treated (sample
1) and for the cryogenically treated (sample 2) samplesFigure 1: a) Original SEM image and b) binarized image



cryogenically treated sample has more carbides, they
cover a bigger area and they are more homogeneously
distributed than in the conventionally treated one.

4 CONCLUSION

The microstructure is quantitatively measured using a
methodology based on automatic image analysis. The
methodology used for the carbide-distribution calcula-
tion developed in this study was satisfactorily applied to
tool steels and the obtained results support the suitability
of this methodology.

The distribution of the carbides precipitated during
the cryogenic treatment of the AISI A8 steel is more
homogenous, indicating a more homogeneous final
microstructure.

The AISI A8 tool steel showed a potential to be cryo-
genically treated since there is an increase in the number
of precipitated carbides, reducing their mean sizes and
covering a 43 % larger area, which may lead to an
increase in the wear resistance.
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