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Abstract

We report here the result of a study of different chemical stripping methodologies for ceramic coatings deposited by PVD on
hard metal substrates. We show that an approach based on the study of the system by surface science techniques leads to th
possibility of developing effective stripping methods as well as guidelines for improving the process. We will report about two
methods tested for the stripping of layers of titanium aluminum nitGEENALOX ) deposited by Physical Vapor Deposition
(PVD) on hard metal substrates. The methods were based) dhe combination of hydrogen peroxide and potassium oxalate in
alkaline conditions, andii) potassium permanganate in a concentrated sulfuric acid solution. Of the two methods, the second
(permanganate and sulfuric agidppears to be the most promising, although further studies will be needed to optimize the
process.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction often for reconditioning used parts after the end of their
functional service.

The technology for stripping ceramic coatings is not
used just for TIAIN, but it is of general use in the
coating industry{4]. An effective stripping process must
completely remove the coating without causing geomet-
rical changes in the substrate. Since most coatings are
designed to be corrosion resistant, it is clear that it is
not easy to find a suitable stripping process. A number
of methods have been report¢d], mainly based on
jcombinations of oxidizing agente.g. H Q) and strong
acids(e.g. HP. However, very little is known about the
mechanisms of action of these chemicals, nor does there
exist systematic comparative data about the effectiveness
of the reactants used.

The present work aims at the development and the
understanding of new chemical stripping methods with
dhe specific constraint of avoiding the use of fluoridric
acid (HF). We used photoelectron spectroscoXPS),

Ceramic coatings deposited by physical vapor depo-
sition (PVD) are becoming a fundamental element in
the mechanical industry for improved hardness and
corrosion resistance that they confer to treated parts.
PVD processes can produce strong and compact thin
films (most often in the micron rangegenerally nitrides
and carbides. Titanium aluminum nitride, TiAINunder
the commercial name of TINALOX is a recently
introduced material with excellent hardness and therma
stability which is used in dry high-speed cuttirid].
This material can afford high working temperat&90
°C) with low degree of corrosioh2]; this inertia is due
to the formation of passive oxide layers on the surface
at very high temperaturd$]. ‘Stripping’ or ‘decoating’
TiAIN , is an important part of this technology; it is
used to recycle unsuccessefully coated parts and mor

*Corresponding author. Tel.:-39-055-457-3118; fax+ 39-055- auger ,eIeCtron SPECtroScOPAES) and scanning elec-
457-3120. tron mlcr_oscop_y(SI_EM) for compositional and morpho-
E-mail address: bardi@unifi.it (U. Bardj. logical investigation and X-ray fluorescence to
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Fig. 1. SEM images of the TIAIN coated sample before stripfidg
14122.

determine the corrosion ratio. We found that it is
possible to use a ‘surface science’ approach to the

stripping process and use the data obtained to design *
chemical processes for a selective stripping of the
coating. 3

-

. . e - Mg - D 5
All the substrates examined in the present study were : '5 o TR * 5
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2. Experimental

in hard metal P25, that is in volume percentage WC . . 4 -
52%, TiC 23%,(Ta,Nb)C 10.5% and Co 14% produced * Accy 0ok g e 2
with powder sintering methods. These samples were | e SE»"*-S_'s_' W_‘ Y
coated with TiAIN, by means of reactive magnetron (b)
physical vapor depositioPVD) for a nominal thick-
ness of 4 micron. Actual thickness measurement per-rig. 2. SEM images of the samples treated with hydrogen peroxide
formed by means of electron microscopy indicated that (a) acid solution(X 12369 (b) Alkaline solution(X 6626).
the average thickness of the samples was of 421
microns. The film composition was monitored by means
of X-ray photoelectron spectroscogXPS) and by X-
ray fluorescence spectroscogyXRF) and found to
correspond to the nominal formula TIAIN within the
limits of accuracy of the methods. Before the stripping
tests, SEM investigations showed that the TiAIN film
was smooth(Fig. 1), with a small porosity which could
be originated by grain expulsion from intense internal
stress during the coating process. On the uncoated
samples we observed a rough surface typical of sintered
materials.

Chemical stripping tests were performed by immers-
ing samples in the stripping solutions under continuous
magnetic stirring for 2 h, unless otherwise specified.

i

7 1

[/ R s Lo 3
- - ( +hedy - Spot ingr *Riy ﬂ.‘&ﬁ .
The results were examined first visually, and then by IR s IR :

means of electron microscogd8EM). Information on
the surface composition was obtained by surface Spec'Fig. 3. SEM image of the sample treated with hydrogen peroxide and

troscopies: X-ray photoelectron spectros_c@dfs) and potassium oxalate in alkaline solution. Pitting corrosion is evident on
auger electron spectroscofES). The oxidation states  the grain surfacéX 12369).
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g 25+ . Fig. 6. On the left a sample treated with potassium permanganate in
'g 2 | - " concentrated sulfuric acid shows a black crust that is easily removed
= 7 L] by mechanical polishing, on the right the untreated sample.

cases, we tested first the separate reagents in order to
0 2 4 & 8 10 12 14 determine the ‘best’ conditions of stripping for each,
pH and subsequently the two reagent were combined in a
single stripping solution.

Fig. 4. Surface concentration of titanium determined by XPS spectra

in sample treated with hydrogen peroxide and potassium oxalate at3, j. Hydrogen peroxide and oxalate

different pH. Surface modification is evident the sample treated in

alkaline solution.

It is known that hydrogen peroxide alone can remove
ceramic films, and in particular nitride films, however,
this reactant alone is also known not to be able to
remove TIiAIN, [2]. The oxalate shows an increasing
stripping rate in alkaline solution, whereas hydrogen
peroxide seems to be more effective at low pFg.
2a) or high pH (Fig. 2b). However, at acidic pH we
observed considerable damage to the substrate and the
stripping rate remained still too low for industrial appli-
cations. For oxalate alone, the XPS data indicate a
o ) ) removal of oxygen and aluminum from the TiAIN film,

The basic idea of the present work is to combine a p ¢ that titanium nitride remains present hampering
selective complexant and a strong oxidizer t0 form g minum diffusion and consequent dissolution. For
soluble oxides in the reaction environment. Several hydrogen peroxide alone also the XPS spectra indicate
solutions were tested, and the results reported here argyo disappearance of the oxide.
relative to two casedi) potassium oxalate and hydrogen The system hydrogen peroxide-oxalate seems to be

peroxide in alkaline conditions; andii) potassium |oqq effective at low pH; the stripping rate is even slower
permanganate in hot concentrated sulfuric acid. In both 4o the peroxide alone. It appears possible that in these

of the elements were determined in XPS according to
the data reported ifi6] and in [7] for the specific case
of titanium. A direct measurement of the quantity of
film present on the surface was obtained from the
intensity of the fluorescence signal of aluminum using
an XRF spectrometer.

3. Results and discussion
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Fig. 5. XPS titanium 3p signal of the samples treated with hydrogen
peroxide and potassium oxalate, the change of shape in alkaline solu-Fig. 7. Atomic fractions obtained by XPS depth profile of the film
tion reveals the formation of titanium dioxide. treated with potassium permanganate in concentrated sulphuric acid.
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but the stripping rate is slowed by the intrinsic poor
solubility of the titanium oxide. We also presume that
the parallel oxidation of the oxalate can slow down the
complexant effect of the oxalate.

3.2. Potassium permanganate in concentrated sulfuric
acid

Starting from the observation of the high solubility of
titanium in concentrated sulfuric aci@] we looked for
an oxidizer that could transform the inert nitride in
oxide. After several tests we found that permanganate
is a good oxidizer alone, but that the best results can be
obtained by a combination of permanganate and sulfuric
acid. In these conditions approximate h aresufficient
to transform the shiny-gray TiAIN into a dull black
crust(Fig. 6) which can be easily removed with mechan-
ical polishing. The XPS depth profile of the black film
revealed the formation of an aluminum enriched surface
below the surface contamination. This surface was
partially oxidized; in particular, aluminum appears as
oxide only. Furthermore, a new component in the XPS
nitrogen signal appears. According to literature data
[9,1d, this component derives from molecular nitrogen
entrapped in the oxide layer.

The XPS depth profiléFig. 7) suggests the formation
and the segregation of the two oxides, aluminum seg-
regates at the top and seems to be soluble, below there
: - : remains the titanium dioxide layer, containing only

(b) traces of aluminum content and eventually at some
depth we observe the nominal TiAJN composition, this
Fig. 8. SEM images of the sample treated with potassium perman- behavior is comparable with high temperature corrosion,

ganate in concentrated sulfuric a¢® corroded coated pa¢X 4462) were the two oxides segregates with aluminum on the
(b) low magnification image showing the removal of the corroded top Iayer
coating(X 872). In Fig. 8 we show a SEM micrograph illustrating the

corrosion phenomena. The results can be interpreted in
conditions the oxalate is oxidized by the peroxide. In terms of weakening of the structure to a critical point
alkaline conditiongpH 14) we found a higher stripping  were strong internal stresses cause the breaking of the
rate. The stripping ratio in these conditions varies from film. The general weakening of the structure was con-
168 nnyh to 294 nm'h. SEM observations after this firmed also by the ease of mechanical removing of the
treatment(Fig. 3) show a surface with small pits on the remaining film.
grain surface and the absence of intergranular corrosion.
This kind of corrosion is totally different from the one 4. Conclusion
observed with hydrogen peroxide solution where the
corrosion occurs mostly at grain boundaries. The XPS Of the two chemical stripping methods tested here,
analysis of the sample treated at pH 14 shows aoxalate plus hydrogen peroxide in alkaline conditions
considerable increase of the titanium concentraffig. was found to be promising but the results are still not
4) in comparison to the untreated sample. The shapesatisfactory. A better control and a faster stripping rate
and binding energy458 eV) of the Ti 2p XPS signal are needed. The second chemical solution tegpe-
(Fig. 5) can be interpreted due to titanium dioxide. We manganate in concentrated sulfuric acidas able to
also note a decrease in the aluminum and nitrogencompletely remove the coating without apparent damage
concentration. These data indicate a completely differentto the substrate. Further studies are needed for adapting
mechanism than that observed for the single reactantsthe process to industrial needs, but the present work
Here, the oxidizer appears to transform both titanium shows how an approach that considers the atomic level
and aluminum into oxides. The presence of the oxalate phenomena at the surface can be used for setting up
causes an increase in the dissolution rate of aluminumeffective decoating process. The use of surface science
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methods, such as X-ray photoelectron spectroscopy, [4] A. Scrivani, U. Bardi, G. Ballerini, D. Bonacchi, Aerospace

appears to be essential for this approach. Materials, Pr(_)cesses and Environmental Technology Confer-
ence, Huntsville September 2000, p. 18.

[5] TIMET titanium metal corporation Corrosion resistence of
titanium (1999.
[6] Handbook of X-ray photoelectron Spectroscopy, Perkin Elmer

Acknowledgments

The authors are grateful to LAFER s.r.I. for supporting Corporation, Eden Praire, 1992.
the present study. [7] U. Bardi, Catal. Lett. 51990 81-88.
[8] L. Golden, I. Lane, W. Acherman, Ind. Eng. Chem. @3)
References (1952 1930-1940.
[9] F. Esaka, K. Furuya, H. Shimada, M. Imamura, N. Matsubay-
[1] R. Villa, Lafer S.p.A, Brochure 2000. ashi, T. Sato, A. Nishijima, T. Kikuchi, A. Kawana, H.
[2] P. Panjan, B. Navinsek, M. Cekada, A. Zalar, Vacuum, 53 Ichimura, Surf. Sci. 377-3761997) 197-200.
(1999. [10] F Esaka, H. Shimada, M. Imamura, N. Matsubayashi, T.
[3] L. Cunha, M. Andritschky, L. Rebouta, K. Pischow, Surf. Coat. Kikuchi, K. Furuya, J. Elec. Spectrosc. Related Phenom. 88—

Technol. 116-1191999 1152-1160. 91 (1998 817-820.



	Chemical stripping of ceramic films of titanium aluminum nitride from hard metal substrates
	Introduction
	Experimental
	Results and discussion
	Hydrogen peroxide and oxalate
	Potassium permanganate in concentrated sulfuric acid

	Conclusion
	Acknowledgements
	References


