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ABSTRACT

Surface treatment by laser provides interesting solutions to
the probien of accelerated wear of materials. The aim of the
present study is the characterization of chromium carbides rich
surface alloys after laser beam melting of a NiToCrso carbon
precoated substrate. The carbon profiling of the lasered
surface was performed by nuclear microprobe using the
12C(d,po)13C reaction, Ni and Cr were evaluated by mea:is of
PIXE( Particle Induced X Ray Emission). The specificity of the
method and the experimental conditions are explained. Wear
results are very satisfactory and close to those obtained by
injection of chromium carbide powders into the laser beam in
the case of a Nimonic alloy : wear rates are divided by two
orders of magnitude.



1. INTRODUCTION

Laser treatment enables modification of the mechanical
characteristics of a material, particularly by the formation of
a superficial alloy. Moreover structures reinforced by chromium
carbides are interesting in order to improve resistance to wear
and mechanical strength.

The superficial fusion of an initially graphitized Ni?o
Crso binary substrate gives submicronic eutectic cellular
structures [1] (chromium carbides -Y solid solution ).

The purpose of the present study is to characterize the
distribution of carbon into the superficial alloy after laser
beam treatment, by nuclear microprobe using nuclear reaction
analysis. The other purpose of this study is to confirm the
process which governs this type of treatment by modelization
calculation.

2. ANALYSIS OF CARBON WITH NUCLEAR MICROPROBE

2.1 THE NUCLEAR MICROPROBE

The nuclear microprobe is an insrument particularly
powerful for local concentration or distribution measurements
of light elements (e.g : H, D, T, Li, B, C, N, O, F,...) by
nuclear reaction analysis (NRA) and simultaneously for heavy
elements ( Z£ll ) by Rutherford BacKscattering Spectrometry
(RBS) or Particle Induced X Ray Emission (PIXE) in solids
(geological samples, glasses, metals,...? with high
sensitivity. It is undoubtedly complementary to other
«icroprobe techniques (Auger, electrons, ions, laser,...) but
the nuclear microprobe has some specific advantages over the
latter methods for light elements.

The operating scheme is showed on Figure 1. The principle
has been well established by carrying out analysis studying the
secondary radiations emitted when thin films or surfaces are
bombarded with charged particles. The focusing of charged
particles on sample surface is assumed by means of
electromagnetic quadrupole lenses[2]. The beam spot is
generally around 10*10 urn*.



The calibration for quantitative determinations,
especially concerning light elements, is much easier as in the
case of ion and laser microprobes; no special prepared
standards are required, in addition, the sample is not eroded.

2.2 CARBON ANALYSIS

We have selected the *2C(d,po)13C non resonant nuclear
reaction for the analysis of 12C. This reaction has been
previously studied in our laboratory [3] . The reaction is
schematically illustrated on figure 2. The incident beam of
deuterons has an energy of 1,4 Mev. It enables the distinction
between the carbon surface (which is subtracted) and the bulk

carbon. The protons are emitted at an energy of 3,25 Mev. The
locally analysed depth in NivoCrso is around 5 urn. A typical
spectrum of the 12C(d,po)13C is showed on figure 3. The
calculation procedure is based on relative measurements with a
standard. We can express the C content with the following
equation :

Ctzc(x) = Ci2c.t Ndst NP(X) (dE/dx)
Nd Npst {dE/dx)*t

with : - Ciac(x) : carbon atomic content per cm3 at depth x in
the sample.

- Ci2c«t : car" < n atomic content per cm3 in the

sta.. ard
- Nd«t : the number of incident ions on the standard
- N« : the number of incident ions on the sample
- Np(x) : the number of protons emitted from the sample
_ Np(st) : the number of protons emitted from the

standard

- dE/dX, (dE/dX)st : the stopping power -respectively
in the sample and in the standard - taking into
account both the incident deuterons and the emitted
protons.

2.3 EXPERIMENTAL SET-UP

The Measurements were conducted in the analysis chamber of
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the French AEC nuclear microprobe. The deuteron beam is
delivered by a 4 MV Van de Graaff accelerator. The beam line is
equipped with an adjustable object aperture and a magnetic
quadruplet (Harwell system)[41. The vacuum is maintained around
2.10-*torr using a turbomolecular pump so that surface
contamination of the samples can be reduced. The typical beam
area used is 100 urn2 and the respective current is near 500 pA.

The number of incident deuterons is monitored using a
current chopper placed just before the quadrupoles.

- The emitted protons are recorded at 150° with a surface

barrier detector (200 mm2 , 100 urn) without collimator, an
aluminium foil of 25 urn is placed just in front of the detector
to absorb the backscattered deuterons.

The emitted photons X are detected with a Si(Li) detector.
The position of the Si(Li) detector, in front of the target,
can be adjusted with the aid of a special screw system to
optimize its efficiency.

A TN 4000 computer based (1,81-11/23) multichannel analyser
in combination with a color imaging and processing system are
used for elemental profiling or mapping; so that the
distribution of several elements in the scanned direction of
area can be displayed simultaneously. The scanning of the beam,
by electric deflection is digitally controlled; up to 512
pixels can be chosen in each direction. C, Ni, Cr profiles were
realized successively along the same direction to establish the
correlation between C and NÎToCrso. Then, spectra were acquired
in different pixels to quantitatively reconstitute the depth
profile.

2.4 SAMPLES

We investigated on samples treated with different
displacement speeds (1 mm/3, 5 mm/s and 25 «m/s) for a constant
power (410 H) of the laser beam [5]. The graphite layer was
obtained using a sprayer. The focusing diameter of the laser
beam was maintained constant ( fy = 3 mm). The highly variable
interactions obtained (influence of the quantity of the bonding
agent within the carbon layer and its thickness, laser
instability) lead to track depths ranging from



20 Co 220 microns for widths of approximatively 1,5 mm.
We selected a graphite, which is perfectly known (only 10

ppm of impurities) as standard.

3. RESULTS

The average concentrations of carbon incorporated in the
bath range from 10 to 1 weight%. The analyses have been carried
out from the surface in the median part of the tracks. We
noticed that the ratio of the number of X photons emitted by
the nickel atoms to the chromium ones does not vary very much
according to the depth (Figure 4 in ordinate, at right : ratio
of the emitted X photons). Assuming that this ratio is a
constant {wt%Ni/wt%Cr = 70/30), it is possible to determine
atomic concentration profilings in carbon (Fig 4 in ordinate,
at left : the carbon atomic concentration). Generally, it may
be seen that the carbon concentration decreases continually
from the surface to the bottom of the treated zone (Figure 5,
Figure 6),except tests performed at the highest speed(V = 25
mm/s). In this case, carbon enriched zones may be seen(Figure
7) leading to structural segregations. The standard deviation
evaluated on each content is of 10 %.

4. DISCUSSION

Except the case for which convective phenomena(v = 25

BUD/S) exist, we calculated the carbon distribution in the bath,

during the interaction, with a simple diffusion model.

Two steps were made, h first one during the fusion of the
substrate, during which the carbon diffuses in the liquid in an
unidirectional way (according to the depth) from the
predeposited layer. A second one, during solidification, where
the redistribution of the carbon concentration, established
during the previous step, has been calculated. We neglected the
diffusion of the carbon in the solid and at the solid - liquid
interface, during the fusion of the substrate. In addition, the
carbon diffusion coefficient has been assumed to be constant.
Using the characteristic data of the treatment, it is possible
to establish a relationship based on the deposit of a thick



layer [6] in a medium (here, a liquid) for which the diffusion
coefficient is supposed to be constant[7] :

C(z,t) = m c M [ erf (h - z) + erf (h + z) ]
12 h T 1f 2/Dt 2/Dt

with C (z,t) = atomic percentage of carbon at depth z at time t
me = mass of carbon incorporated
M = average molar mass
h = initial thickness of deposit
L = width of melted zone
1 = length
f = density

From the carbon distribution determined by the equation
above, at the end of the fusion step, the redistribution in
carbon by means of a monodimensional model has been calculated
with explicit diagram of resolution.

The carbon diffusion coefficient is taken equal to that
used during the substrate fusion step.

The time interval of the two steps has been determined
using an analytical solution of the heat flow equation [8].

It is possible, for a thickness of 20 pm (measured) of the
initial graphite layer and a constant diffusion of 6.10-° cm2/s
to approximate profiles analysed in the case of a speed of 5
mm/s (figure 6).

However, for V = 1 mm/s, the model is not suitable (Figure
5 represents the profile of the concentration at the end of the
fusion). For high interaction times (V = 1 mm/s), it becomes
necessary to take into account the carbon diffusion in a second
direction parallel to the beam displacement.

5. CONCLUSION

* Carbon profiling in a superficial alloy has been carried out
satisfactory by means of nuclear «icroprobe.
* FIXE determinations combined with nuclear reaction analysis
allow suitable calculations on carbon content in different
points.



* The modelization of the carbon distribution during laser beam
interaction by diffusion equation based on different
assumptions agrees with the nuclear microprobe results for a
treatment speed of 5 mm/s,
* For a speed of 25 mm/s convection phenomena appear.
* Nuclear microprobe analysis constitutes an excellent tool to
verify the diffusion model in the case of light elements. It
can be a good choice for the characterization of solid media,
not only for superalloys but also for materials { biomaterials,
ceramics,...).
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FIGURE CAPTIONS

Figure 1 : Operating scheme of the Nuclear Microprobe

Figure 2 : Schematic representation of the detection system

Figure 3 : Typical charged particles spectrum from NiCr sample
(Ed = 1.4 Mev; Intensity = 300-500 pA; acquisition time = 60 s;
beam size = 10*10 urn*)

Figure 4 î Atomic concentration profile in carbon. Ratio of the
number of X-Rays emitted.

Figure 5 : Comparison between the analysed profile by nuclear
reaction analysis and the modelization of distribution in
carbon for V = 1 mm/s(laser beam displacement)

Figure 6 : Comparison between the analysed profile by nuclear
reaction analysis and the modelization of distribution in
carbon for V = 5 mm/s(laser beam displacement)

Figure 7 : For V = 25 mm/s , existence of enriched zones in the

carbon profile
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