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HIGH SPEED STEEL STRUCTURE STUDING AFTER VARIOUS HIGH 
INTENSITY ION-PLASMA TREATMENTS
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The influence of compressive plasma flow (CPF) treatment on structure of AlSI М2 steel was investigated and was compared 
with the influences of other known high intensive techniques such as high current ion implantation (HCII) and plasma immersion 
ion implantation (Pill) of nitrogen. The structure of steel forming during HCII is more stable and is a superposition of martensite, 
hardening carbides, carbonitrides and small quantity of austenite. The structure of thick (about 30 pm) surface layer of steel un
dergoes great changes after CPF -  decay of main hardening M6C carbide and formation of expanded austenite doped by nitro
gen and alloying elements of steel. Pill forms similar thinner modified layer.

Introduction
It is known [1-6] that the treatment of metals and 

alloys by high intensive ion, electron, plasma and la
ser flows is accompanied by surface heating (often 
higher than melting temperature) with subsequent 
rapid cooling of surface layer with about 101tI K/s 
rate. The appearing temperature gradients and dop
ing of target during treatment procedure lead to 
structure-phase transformation in near-surface layer 
and to corresponding changes of mechanical proper
ties such as hardness [2,5,6], wear resistance [2-6], 
corrosion resistance [6].

The using of compression plasma flows [7,8] has 
a number of advantages: high plasma parameters in 
the flow, the possibility of surface layer doping by 
plasma working substance, short treatment duration, 
thick (up to 60pm) modified layer. The aim of the 
present work was the studying of AISI М2 high speed 
steel exposed to compression plasma flows and 
comparing of this treatment with other known inten
sive techniques such as high current ion implantation 
(HCII) and plasma immersion ion implantation (Pill).

Experimental
The samples used were 2 mm x 15 mm 0  of AISI 

М2 high-speed steel (0.86% C, 6.0% W, 5.0% Mo., 
4.1% Cr., 1.9% V, 0.5% Co, in wt. %). The steel 
samples were subjected to thermal processing which 
is typical for this class of steels. The hardness of the 
steel after the thermal treatment was 64 HRC. Phase 
composition of the samples includes the following 
main phases: a'-Fe(C.M) -  martensite doped with 
alloying metals of steel (M: Cr, W, Mo, V); МбС and 
MC carbides.

The specimens of AISI М2 steel were subjected 
to compression plasma flow (CPF) irradiation. Ex
periments were performed in a “ residual gas” mode 
in which vacuum chamber was filled with nitrogen up 
to the preset pressure equal to 400 Pa. The pa
rameters of plasma flow were following: pulse dura
tion of -80  ps, plasma temperature of 2-3 eV, flow 
velocity of 5-10® cm/s, electron concentration of 
IO17Cm-3. According to calorimetric measurements, a 
value of power density absorbed by a sample sur
face was about 5 - 1 5  J/cm2 per pulse. More details 
on CPF procedure may be found elsewhere [8].

For comparing of CPF treatment of AISI М2 steel 
with other known intensive techniques the high cur

rent ion implantation (HCII) and plasma immersion 
ion implantation (P ill) o f nitrogen into steel were car
ried out. The HCII parameters are following: 1 kV,
3.5 mA/cm2, 7 1019 ions/cm2, 500°C, and PIN pa
rameters are: 40 kV, 8 1018 lons/cm2, 380°C.

The cross-sectional patterns of implanted steel 
were studied by optical and scanning electron (SEM) 
microscopy The concentration profiles of elements 
were measured by Auger electron spectroscopy 
(AES) using PHI-660 (Perkin Elmer) installation. The 
phase compositions of samples were investigated by 
means of X-ray diffraction (XRD) with a Bragg- 
Brentano focusing using monochromatic CuKa radia
tion.

Results and discussion
The optical photographs of cross-sectional pat

terns of irradiated steel samples are presented in 
Fig. 1. The results of HCN and Pill of nitrogen into 
AISI М2 steel are well known [9-11]. Nitrogen HCII 
forms in steel 40 pm thick modified layer (Fig Tb) 
with precipitates of e-Fe2 +*(N,C) (x = 0.67, 1) and a"- 
Fei6(N,C )2 carbonitrides and more uniform marten
site comparing with initial steel [10]. The thickness of 
modified layer after nitrogen Pill is about 2 pm (Fig. 
Tc). This layer consists of S-phase -  expanded 
austenite doped by nitrogen and other elements of 
steel. Both treatments enhanced mechanical proper
ties of AISi М2 steel [11].

The CPF treatment with energy density of 
15 J/cmz per pulse leads to essential modification of 
near surface layer of steel. The thickness of modified 
layer is about 30 pm (Fig. Ta). Modified layer con
sists of two zones (Fig. Ta). The peculiarities of first 
zone are uniformity and dispersity. The second zone 
is the transition zone. The structure of this zone dif
fers from original one by presence of precipitates 
which are characteristic for the modified layer. The 
diffraction pattern of steel after CPF treatment with 
energy density of 15 J/cm2 per pulse is presented in 
Fig. 2. There are lines corresponding a ’ and yc.N 
phases. The absence o f lines of main steel carbides 
is evidence of their decay during treatment. Thus the 
first zone of modified layer consists of austenite and 
martensite. The thickness of zone is about 20 pm. 
According to AES measurements the nitrogen con
centration in steel reaches 30 at.% (Fig. 3).
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Fig, 1, Cross-sectional patterns of AISI М2 steel after:
' (a) CPF; (b) HCII; (c) Pill

The structure of second zone consists mainly of 
martensite and carbides precipitates. The thickness 
of second zone is about 15 pm (Fig, Ta). The form
ing of observed microstructure is connected with in
fluence of compressive flow on surface leading to 
rapid heating, melting of surface layer, raising of 
thermoelastic stresses, spread of plasma on surface 
due to dynamic pressure by compressive flow (about 
several bar) and with penetration of nitrogen into 
treated material.

Fig. 2. XRD spectrum of AISI М2 steel after compressive 
plasma flow treatment with energy of 15 J/cm2 per pulse

The more detailed studying of steel structure after 
CPF treatment was carried out by SEM. Fig. 4 shows 
SEM images of cross section patterns of AISI М2 
steel treated by one pulse of CPF with 5 and 
10 J/cm2 per pulse. Plasma treatment leads to es
sential modification of near-surface region of steel. 
Various layers of treated material get warmed to 
various temperatures in deep. This is the reason that 
the modified layer has lamellar structure (Fig. 4,a-d). 
For energy of 10 J/cm2, the first layer (~ 6,urn) in steel 
contains austenite and the MC carbide. The second 
layer is a transitional one. It contains all the compo
nents which are characteristic for original steel and 
also additionally formed austenite. For energy of

Fig. 3. Concentration profiles of nitrogen and carbon in AISI 
М2 steel after compressive plasma flow treatment 

with energy of 15 J/cm2 per pulse

5 J/cm2, the thinner modified layer (~ 8 pm) is ob
served. It consists of some quantity of the formed 
austenite in the top fused layer and large precipitates 
of the MeC carbide. This carbide decays only in the 
top thin layer of the modified region. SEM results 
show that the MC carbide doesn't decay even in the 
near surface layer. The increase of energy of inci
dent flux leads to increase of modified region thick
ness.

Fig. 4 SfcM images of cross-sectional patterns of AiSI М2 
steel after compressive plasma flow treatment: (a), (b) en
ergy of 10 J/cm2 per pulse; (c). (d) energy of 5 J/cm2 per 

pulse

The compare of microstructures of steel after 
CPF, HCII and Pill of nitrogen shows that during 
HCII more thermodynamically stable processes of 
phase formation take place than during CPF and Pill. 
As a result there is no decay of hardening steel car
bides, the austenite concentration practically doesn’t 
change and carbonitrides precipitates are formed. 
The processes taking place during Pill and CPF are 
essentially more non-equilibrium. The energy liber
ated in the near surface region leads to complete 
melting of martensite and carbides and the following 
rapid cooling forms the expanded austenite doped by 
nitrogen and alloying elements of steel. The energy 
of this process during CPF is much higher than dur
ing Pill so the CPF treatment forms thicker modified 
layer.

5-1 международная конфере ия «Взаимодействие излучен с твердым телом 6-9 октября 2003 г., Минск, Беларусь
5-th International Conference Interaction of Radiation with Solids October 6-9, 2003, Minsk, Belaru



310

C onc lus ion
The conducted investigations have shown that 

compressive plasma flow treatment leads to essen
tial modification of structure-phase composition of 
AISI М2 high speed steel: the formation of austenite 
and decay of hardening M6C carbide precipitates 
take place. MC carbide is stable to plasma treatment 
with regimes used. The concentration of austenite in 
modified layer depends on treatment parameters. 
The thickness of modified layer increases with 
plasma flow energy increase and reaches about 
30 urn. The concentration of nitrogen in near surface 
layer reaches 30 at.%.

Belarussian Fund of Fundamental Investigations 
(grant N F01-182) supported the present work.
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