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ILISATION JVUNE DECHARGE LUMINESCENTE POUR LA MESURE D'IW PROFIL 
]>Ë DIFFUSION) 

Sommaire.- La composition du plasma d'une décharge luminescente donne 
une bonne représentation de la composition d'une surface Êrodfie sans 
fusion. La profondeur du métal ronge est une fonction linéaire du 
temps dans la gamme des 10 a 60u, c'est 3 dire entre 2 et 2° nui, après 
décharge de la lampe. En mesurant ainsi l'émission de la décharge en 
fonction du temps, on obtient Le profil de diffusion des éléments, soil 
par mesure d» signal instantané, soit par Intégration pendant de 
courtes périodes de temps pour de faibles concentrations. On donne des 
exemples d'application du procédé pour la diffusion de N, et de C dans 
l'acier. 
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^ USE Of L̂Olï DISCHARGE I.N MEASUREMENT OF DIFFUSION FHOFILI; 

Summaiy.- Composition of a glow discharge's plasma is a good ioage of 
the composition of the surface being erroded without fusion. The 
depth of metal eateri away is a linear function of time in 10 to 6Du 
range» that is too say between 2 and 20 minutes after lightning of 
the lamp. So measuring the emission of the discharge in function of 
time gives the diffusion profile of elements either by measuring 
instantaneous signal or by integrating during short ptriods of time 
for weak concentration. Examples of application for diffusion of >i2 

and C i;i steel will be given. 
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USE OF GLOW DISCHARGE IN MEASUREMENT OF DIFFUSION PROFILE 

To harden surfaces of steels, the metallurgical treatment generally 
consists of Increasing the concentration of carbon or nitrogen, or both to a 
depth of some tenths of a millimeter. Metal components such as wheels, 
gears ... are dropped into a fused salt or gaseous bath for a period of time 
long enough for sufficient penetration of carbon or nitrogen into the surface. 

A good resistance to wear requires a high concentration sufficiently 
near the surface, and also, what is perhaps more important, a regular decrease 
up to a sufficient depth, and an appropriate ratio of carbon and nitrogen if 
carbonnitxation is used. 

There is also en interest in the diffusion depth profile in Che 
steel cladding in a nuclear fast breeder reactor. Indeed, there is a modifi
cation of the carbon concentration of steel in contact with sodium. 

The r-easurement of hardness is actually done by the Vickers hardness 
method with a diamond indentation surface modification. In order to obtain 
.knowledge of the diffusion profile a cross section of the piece followed by 
electron microprobe examination is required. The first metiiod gives only 
general information regarding hardening in the first ten microns of the 
surface. 

The second method is tij»e-cor.sû âng and very expensive, moreover 
with such light elements as •:arbon and nitrogen it is sometimes difficulc 
to determine that part of the profile concerned with Low concentrations. 

It seemed to us that such profiles could be obtained simultaneously 
by specfocherical emission analysis with a glow discharge r the erosion of 
the surface by ionic bombardment proceeds continuously. Due to a considerable 
flow of argon through the lamp the transit time of atoms in the lamp is rapid 
enough so that the emission signal nay be representative of surface concentra
tion with the passace of time. 
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EXPERIMENTAL CONDITION 

As experijnental 'Jevice, we used : 
An RSV glow discharge lamp in which we have replaced all plastic 

tubing by sealed metallic circuits to prevent nitrogen leakage ; enlargement 
of their diameters and shortening giving a more efficient pumping. The power 
supply is regulated up to five hundred milliamp with a voltage range grom three 
hundred to two thousand volts ; the total power of the lamp must be lower than 
0,5 kw. 

We will see later that for precise carbon analyses it is necessary 
to maintain constant power ; for this, we control voltage by operating the 
gas pressure manually (autc—control has now been built with an Edwards needle 
valve on argon circuits). 

The gas brought in by the high pressure flush at the end of 
exposure remains in the lamp. High grade argon purified for ostygen and nitrogen 
is used ; purification ..i.:. be done with uranium chips heated at 750°C in a 
quartz tube. 

The lamp is connected with a fluorite window to a one meter Paschen 
Runge vacuum spectrograph from RSV (Germany) . The grating with 2000 grooves per 
millimeter gives an inverse dispersion of four point eight A/ftm. The standard 
spectral range is from 700 to 4000 A, the low wave-length is required for oxygen 
determination at 1003 A. 

It is possible with the electronic reading device either to 
integrate the P.M. current during a chosen period of time or with a constant 
load, or, to measure siJtultaneously, the instantaneous current of three P.M. 
on a TEXAS three channels recorder. This last way is very useful in the diffusion 
profile measurements when the concentrations are high enough. 

F'.WTRICAL CONDITION 

The choice of electrical excitation parameters is a compromise 
between different requirements : 

The power inust be low enough to prevent any microfusion on the 
eroded surface, but sufficiently high to obtain quite a rapid eating away and 
to allow the determination of low concentrations at the end of diffusion in 
the metal. 

One hundred mA seems to be the optimal current. At higher currents 



microfusion appears, the time of stabilisation of the reflected beam increases, 

and fluctuations of voltage, then of power, contribute less to changes in the 

emission signals. At least, high currents increase the structure effect which 

is very important as carbonitration modifies the structuré all along the depth 

treated. 

At constant current the curve "'shows that above a certain 

voltage their is no more fluctuation of the signal for all the elements or 

reflected beam with an increase of voltage, so their is no need for control the 

gas pressure precisely. This maximum voltage varies with the particular element 

but, generally is located around 1200-1300 V. So we chose 1500 V as the working 

voltage. 

Infortunatly, this conclusion does not hold for carbon ; if there is 

reduction r.f signal with voltage no range of stabilisation is obtained., so we 

do nevertheless need control of the power by means of the gas pressure. 

ASPECTS OF ERODED SURFACE 

/ÏÏ 
The figure ̂ ^sfcows the aspects of the eroded surfaces ; che 

presence of grain boundaries well defined, indicate the absence of fusion that 

becomes evident in *-* figure with higher intensity. 

It is also evident than erosion does not proceed on a rigorously 

fiat surface, some crystals being eroded more rapidly than others due to dif

ferences in atom density of the face etched. But there is a rapid stabilisation 

of erosion speed and the difference of depth from the surface is less than 

five nacrons. 

Then the emission signal represents a mean concentration for such 

a depth. More iinportant might be the presence of some peaks whose height can 

/Â7 
be up to sixty microns *— / . Hopefully, they represent only a small proportion 

of the surface eroded (from one to a few per cent depending on the nature of 

the steel) ,- examination with electron microscopy shows that these peaks ars 

only iron, as carbides or nitrides are absent. 

The presence of these stalactites do not thus give rise to any 

perrurbation of the signal that represents the surface being eroded. 

SPEEDS OF EROSION AND KVXIMJM DEPTH EATEN AWAY 

It's important that the speed of erosion remains constant for an 

interpretation of the signal. This is true only after a time of stabilisation 
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which roughly corresponds to the laying bare of the crystalline structure. 
With the electrical parameter chosen this time is around 30 sec. to 1 min. and 
corresponds to a depth of 5-10 microns. For example, for plain steels erosion 
initially causes numerous craters of about 2 microns depth. After only 10 sec. 
the erosion is regular at a depth of 10 microns with 1 micron difference in level. 

For crystalline structures after 3 sec. this difference in level 
remains stable at two microns ; in 28, 140 microns have been eaten away. 

for stainless steels, one minute is necessary to reveal all the 
crystalline structure at an S microns depth, differences of level between 
crystals reaching a maximum of two microns. 

After thirty minutes the depth eroded is 200 u. 
This means that the diffusion profile of the first five to ten 

microns of the piece examined cannot be determined without some kind of device 
to be shown later. 

The erosion speed is slightly different from one steel to another 
and depends also on the surface treatment <ised ; it corresponds to some three 
to five mlcrons/min. After that, there is a slowing down of the speed arà the 
optical emission also becomes unstable. 

These values mean that ti.'res of exposure will run from 30 to 40 
secondes ; it is very important that emission and'electronLes remain stable 
during this per:od, any drift might be interpreted as a concentration change 
or gradient. 

CALIBRATION CURVES 

We used the 1657 or 1650 A lines for carbon and 1742 A for nitrogen. 
The standardisation curve is drawn using the instantaneous signal 

or an integration period of thirty secondes. The reflected beam is generally 
used as internal standard but good results are also obtained with the Fe II 
2739 A line. 

Standards cover the range 0-3,8 % for carbon ; the samples used 
come from N'ES 1100 series, French Centre "echnigue Industrie de la Fonderie, 
or the Renault plant. 

They represent all kinds of steels, i.e. plain steel, low alloyed, 
stainless and also pig iron. 
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From 0-1,1 %, the standardisation curve is a straight line ; 

above that we obtained a slight curvature '—'. 

It is interesting to rote that all points corresponding to the 

different types of steels fit on the sane curve showing a total absence of 

structural interference effect. 

For nitrogen we used our own standard in addition to some NBS 

and others specially prepared by the Renault plant adding chromium nitrides 

in the fused steel Dath. Nitrogen values are determined by a gas fusion method 

with a U C O TH N]4 App. The standardisation curve is a strainght line from 

40 - 2500 ppm 

.REPRODUCIBILITY 

Results ore given in tableèI 

The relative .standard deviation of 0,4 S obtained for an 0,6 % 

plain steel for 108 determinations over a 12 day period shows tne excellent 

stability of the apparatus. The poorer results found for nitrogen probably 

originated in the ii-noirogeneity of chs sanple. 

EXAMPLE OF DIFFUSION PROFILES 

..&* The figure ̂ -^shows different types of diffusion profiles for 

nitrogen and carbon. The strainght lines at the bottom of figure show how the 

emission of horïtxjer.eous standards is stable with time. As one can see, the 

profile varies to a laige extent with the treati.ient. 

The curve shows a good agrsem&nt between the two way? of 

dr̂ rfing the curve : instantaneous signal that crives all the profiles and a short 

period of integration that gives a point by point curve. The latter procedure 

was systematically î sed for some low carbon steels especially for the measure-

nant or decaxburation zn sodiun: above 0,1 %. 

As previously said it is only possible by individual exposure to 

analyse to a depth cf sons 150 .-nierons. Generally, iihis depth is not sufficient 

as t'. e carbon concentrât ien changes up to 5-6 timss this depth. For such types 

of material, we work this 'oay : 
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After a 30 minutes exposure we take away the pieces and grind the 
surface until the image of the etched surface just disappears - some part 
remaining visible. With a PALMER gauge we measure the thickness ground away 
with + 1 micron precision. Then we replace the piece on the lamp cathode exactly 
at the same place and switch the lamp on again for the next 30 minutes period. 
The different curves fitted together give the total profile, except for a few 

/§7 /W 
nacrons *—' t—-* . 

THE UPPER SURFACE LAYER 

Generally, their is no need for a knowledge of the concentration 
in -̂he upper surface layer (to a depth of one micron) ,but this is not always 
the case, especially when there is some possibility of oxidation of the 
surface or when used pieces are studied. 

In this case, the analysis of the first micron is possible if we 
start the discharge on a metal surface which has been electroplated on the 
surface to be studied ; the disappearance of the signal of the metal-plated 
indicates the beginning of the surface for analysis of the original piece. 

We prefer a vapour metal deposit ion under vacuum to an electrolytic 
plating, for which it's quite impossible to avoid gas between the sample and 
the plated metal. The optical emission then becomes unstable as we go through this 
interface zone, moreover good electrolyte plating often requires acide etching 
of the surface. 

For vacuum plating we prefer gold which gives a very good deposit 
well attached to the surface. 

CONCLUSION' 

It is possible to obtain in two to three hours a very precise dif
fusion profile for a number of elements simultaneously by emission spectroscopy 
with a glow discharge lamp as both an excitation source .and etching device. Up to 
the present tijns, our experience is limited tr> flat pieces, the minimum dimension 
of which are imposed by the lamp being 15 x 15 mm. 

Now, we are workij-v? ̂ n a laini-lamp such as those describeb by GREtf-1, 



but with the possibility of changing only the anode and cathode of the lamp 
in a few minutes. It seems chat a crater of 3-4 mm is the minimum permissible 
for a flat erosion and this means that a piece of 8 x 8 will be necessary. 

We are slso studying the possibi]ity of analysing cylindrical 
pieces of tubes with a special design of the lamp. 

Vfe are grateful to DGRST and EDF Research Center for their 
financial support by contract n & 73.7.1542 et 50.458 

Manuscrit reçu le 1 man 1976 
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La diffusion, è titre d'échange, des rapports et bibliographies du Commissai.<a à l'Energie 
Atomique est assurée par le Service de Documentation, CEN-Sacloy, B.P. n° 2, 
91 190 • Glf-sur- Yvette (France/. 

Cas rapports et bibliographies sont également en vente a l'unité auprès de la Documentation 
r * .se, 31, quai Voltaire, 75007 - PARIS. 

Reports and bibliographies of the Commissariat è l'Energie Atomique are available, on an 
exchange basis, from the Service d' Documentation, CEN-Saclay, O.P. rfl 2, 
91 190 • Glf-sur-Yvette (France). 

Individual reports and bibliographies are sold by the Documentation Française, 31, quai 
Voltaire, 75007-PARIS. 
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