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Abstract certification of the MDO-coatings on the surface of Al
alloys were studied. RBS and NBS were the parts of the
The possibilities of the Rutherford (1.5 MéNe) and technological experiments. Joint RBS and NBS analysis
Nuclear (7.7 MeVH") Backscattering Spectrometry for allowed to combine high depth resolution of RBS and
investigation and certification of the protective coatingicreased (in comparison with RBS) sensitivity of NBS to
at the surface of aluminium alloys obtained by micro-aran oxygen at higher depth [10,11].
oxidation were studied.

2 EXPERIMENT

1 INTRODUCTION The polished samples of aluminium alloy D16 (Al +

Nuclear micro-analysis is widely used for non-3.8-4.9%Cu + 1.2-1.8%Mg + 0.3-0.9%Mn) of 10 mm
destructive testing of the surface layers of the industrigiameter and 6 mm thickness were used in the
products. Micro-arc oxidation (MDO) is one of the mostechnological experiments. MDO was carried out in
perspective methods of surface treatment receiving wid®ntinuously mixing water-silicate-alkaline electrolyte
applications for obtaining of multifunctional coatings on(NaOH+NaSiO,*9H,0). The samples were washed in the
metals and alloys. It is the development of the usu#ht-dissolving soap solution and in running water
electrochemical process of anodizing [1,2], but has beforehand. After MDO-treatment the samples were
number of differences. MDO is carried out in weakwashed in running water again and then it were dried at
alkaline electrolytes at the voltage of alternating pulsethe temperature not exceeding@0The sample was the
currents of an order above that of anodizing (up to 10(st electrode and the bath made of stainless steel was the
V) [3-9]. It does not require the preliminary preparedsecond electrode of the electrochemical cell. The basic
surface and allows to obtain thick (up to 300-490 parameters of MDO are the duration of the treatment
coatings without ecology-dangerous refrigeratinggomposition and the temperature of electrolyte, the
equipment. MDO-coatings are characterised by very highveraged density of the current | and the ratio of the
hardness (up to 2000-2500 kg/fMnwear-resistance and cathodic to anodic currentgl] on the sample (it is under
controllable porosity (2-50%). negative and positive potential alternately). In the

Micro-arc discharges migrate on the being processddchnological experimentsvaried from 30 to 180 min. at
surface loaded into the electrolyte and exercise therm8kj<12 A/dnf, the composition and concentration of the
plasmo-chemical and hydrodynamic influence upomlectrolyte varied from 1 to 2 g/l of NaOH and from 8.5
matrix metal, coating and electrolyte. It results in théo 16.5 g/l of NgSiO,*9H,O, ratio |/I, varied from 0.54
formation of the ceramic-like coatings with the elementab 1.81. The temperature of electrolyte was of 20°€30
and phase composition, structure and properties RBS and NBS spectra were obtained using 1.5
adjustable in a wide range. The MDO-coatings oieV ‘He" beam of INP MSU electrostatic generator EG-8
aluminium alloys consist of three layers usually: thirand 7.7 MeV proton beam of INP MSU cyclotron. The
transitive inner layer, the main working intermediatgechnique of the RBS-, NBS-experiments were presented
layer with the maximum hardness and minimum porositin [12] in detail. The angle between the normal of the
consisting, in main, of the corundum-Al,O, and the target and the beam and the scattering afgleere
outer friable technological layer, which can be removedhosen to be °0and 166, respectively. The energy
afterwards if it is necessary. resolution of the Si-Li surface barrier detector was about

The technological experiments are carried out in ord&0 keV. The statistical error of the RBS and NBS spectra
to obtain the required properties of coatings to optimiseas <3%.
the treatment parameters. In the present paper theThe thickness and through porosity of MDO-coatings
possibilities of the Rutherford (RBS) and Nuclear (NBSith the technological layer as well as the thickness and
Backscattering Spectrometry for investigation andhe microhardness of the hard working MDO-coatings
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were measured by the non-nuclear methods also. The salfiove mentioned admixtures in the surface layer of the
technological layer was removed using emery paper. Th®atings significantly decreased2(times) after removal
thickness was measured by eddy current layer thicknesk technological layer. Admixtures of Mg and Mn (the
gauge type V-60 (INCO, Poland) serving for the fast andlloying elements of D16) as well as Na and Si
nondestructive measurements of dielectric coatingsomponents of electrolyte) were not displayed because
deposited on aluminium and copper and its alloysf its small concentrations and the vicinity of its masses
Measuring range of the gauge is 0-30Qvith the to the one of Al.

accuracy oft6%. For the determination of porosity the The depth of the NBS-analysis of aluminium oxide was
chemical reaction 2Al+6HCI=2AICt3H, was used. The of 10Qu. It corresponds to the characteristic thickness of
yields of hydrogen from the coated and initial uncoatethe MDO-coatings. For NBS of MDO-coatings the
samples immersed into 2% HCI solution were compareénergy dependences of the proton differential cross
The microhardness of the coatings was measured withsactionsc(E) at0=160 for the elements comprising the

Vickers indenter, using loads 50 - 150 g. coatings are necessary. The NBS spectra for
stoichiometry oxides WQand ALO, were measured in
3 ANALYSYS order to determine(E) andc,(E). The comparison of

The measured RBS and NBS spectra were analysteth S|mulgted- NBS spectra of WWith experimental
) i ones, taking into account the Rutherford proton cross
and the concentration profiles of the elements weré

obtained using the original code NBS [13]. It i Section for W, allowed to determineg,(E). We also

s
applicable as for RBS as NBS conditions and serves fgnblatzisnuggdg;t(?w::et?ne giirgeagarlgglﬁgn??mggtlé)].[lzr]‘e

the determination of the best-fit concentration profiles ? e used the cross sectiog(E) for the measurements of

the target elements and the best-fit value of the ener
dependences of the nuclear differential backscatterir%%é‘/'(E) from NBS-spectra of 4D, The NBS-spectrum of

cross sections.The code NBS allows to look over theeAIzO3 (Fig. 2) differs from RBS one (Fig. 1) due to the
model spectra for each target component separately ar
facilitates in some cases the fitting of the adequate
structure of near-surface layer. NBS has also convenier ~ 20000 Experiment
user interface for OS Windows’95. —— Simulation

T

4 RESULTS AND DISCUSSION

The depth range of the RBS-analysis of aluminium
oxide was of @. The elemental composition of MDO-
coatings was found to be approximately constant in this

depth range with increase of treatment tirfeom 30 to 0 ‘ ‘ ‘ ‘
180 min. RBS spectra corresponded to the oxid®.Al 50 100 150 200 250
with the admixture of Cu (the main alloying element of Channel

D16) as well as small amount of Ca contamination, Fig.Figure 2: 7.7 MeV HNBS spectrum for AD,. Spectra
We suppose that Ca appeared in the coating during tfor Al and O are the deconvolution of simulated spectrum
washing in the running water. The concentrations of the for Al O..

8000 _ non-Rutherford proton scattering on oxygen and
\ *  Experiment aluminium. The wide resonance ®f(E) at 6,8< E < 7,7

b Y — Simulation MeV provides the increased sensitivity of NBS to the
O oxygen in films of the thickness up to 50 The
4000k Al maximum value of5,in the range 6,& E< 7,7 MeV is

Ca cy 100 timesover than one calculated according to the
Rutherford law. The cross section,(E) is also
nonmonotonic and is 2 times over than the Rutherford
Cross section.

0 * * * Sharp excitation functionsc, ,(E) are clearly

100 Z(é)hanngi)o 400 displayed in NBS spectra of MDO-coatings (Fig.3). NBS

_ . ) spectra strongly depend on thend another parameters

Figure 1: 1.5 MeV'He RBS spectrum for working ot \pO-treatment and become stationary at significantly

MDO-coatmg obtained in electrolyte (1.5 g/l NaQH +Iarger (=3 hours) and, consequently, at large coating

12.5 g/l MaSi0;*9H,0), j=12 A/dr, 1/1,=1,1=180 Min.  thickness. The stationary NBS spectrum of MDO-

The )best—fit composition: AD,+Cu(0.5 at.%) + Ca(3.3 ¢oatings was found to be close to the one of oxid®AI
at.%).

Yield
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without admixture. In the other words NBS yields frommetric scale in fig.4, setting the density of the aluminium
admixtures (Ca, Cu) were not observed within thexide equal to the density of the corundumAl,O,
statistical error in distinction from RBS. So we supposwithout pores. The simulated NBS spectra were fitted to
that the different NBS spectra of MDO-coatings (sethe experimental data within the statistical error by the
Fig.3) correspond to the different concentrations of theariations of x, the quantity and the thickness of the
oxide ALO, in metallic matrix. Thus NBS allows to structure layers.

obtain data on the thickness and depth distribution of the The maximum oxygen concentration in atomic parts of
main component of MDO-coatings - aluminium oxide.0.6 was observed in the near-surface layer of the working

Note that the corunduna-Al,O, determines the unique
protective properties of the coatings.
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Figure 3: 7.7 MeV H NBS spectrum for AD, and

MDO-coatings obtained in electrolyte (1.5 g/l NaOH
12.5 g/l MaSiO*9H,O) at different time duration
treatment, j=12 A/dip 1 /I =1.

The typical structure of the hard working MDO-
coatings presented by concentration profile of th

+

MDO-coatings. It corresponds to the 100% of the

aluminium oxide in this layer. The intermediate layer at

the boundary oxide-metal, where the oxygen

concentration falls off, were observed also. The

parameters of this structure are strongly influenced by the
parameters of MDO-treatment. In particular, it was that
the samples with the thinner intermediate layer are more
hard and less porous.

5 CONCLUSION

It was shown in the present paper that one can use NBS
to investigate the structure of the MDO-coatings on the
surface of aluminium alloys. Consequently, the analysis
of the regularites of MDO, optimisation of MDO
technology parameters as well as the certification of the
MDO-coatings are possible by NBS. RBS spectrometry
was applied for the control of the admixtures in the
surface layer of the coatings. Such a control is important
for the application of the MDO-coated articles in the
énedicine, food industry etc.

aluminium oxide is shown in Fig.4. Correlation between

oxide and aluminium of the matrix in model structure

REFERENCES

layers was characterised by relative concentration of &hl A.A. Shrejder, Oxidation of aluminum and its alloys,

oxygen y in the compound AD,, where y=3x/(4x+1)
and x is the concentration of the aluminium oxide in th
system (AlO) +Al . The thickness of the model
structure layers was determined in units of® Hi/cnf.
We converted the thickness from these units into the

1.0 — 10.6
> g
- g
Sost | ; 103 S
g | g
© . 23p E;
S 00; - ’7 0.0 &
0 10 20 30

Depth, 10*° cm?

Figure 4: Aluminium oxide and oxygen concentration

profiles in working MDO-coating obtained in electrolyte
2 g/l NAOH + 12.5 g/l M&iO*9H,0, j=10 A/dni,

1/1,=1.42,7=60 min. The thickness of layer measured by

V-60 is of 23..

[2]

Metallurgizdat, Moscow, 1960 (in Russian).

S.Wernick, R. Pinner, The surface treatment and

finishing of aluminium and its alloys, Ronert Draper

Ltd., Teddington, 1964.

[3] L.S. Saakiyan, A.P. Efremov, A.V. Apelfeld, Fisiko-
himicheskaya mehanika materialov 22 (1986) 92.

] L.S. Saakiyan, A.P. Efremov, A.V. Apelfeld. E.F.

Korytnyj, V.A. Popov, Fisiko-himicheskaya

mehanika materialov 23 (1987) 88.

L.S. Saakiyan, A.P. Efremov, L.Y. Ropyak, A.V.

Apelfeld, Application of surface hardening of

aluminum alloys and coatings for advance of

corrosion-mechenical persistence of oil field

equipment, VNIIOENG, Moscow, 1986 (in Russian).

L.S. Saakiyan, A.P. Efremov, A.V. Apelfeld,

Zavodskaya laboratoriya 7 (1988) 85.

M.Jamada, J.Mita, Chem. Lett. 5 (1982) 759.

K.H. Dittrich, W. Krysmann, P. Kurze, H.G.

Schneider, Crystal Res. And Tchnol. 19 (1984) 93.

9] W. Krysmann, Ingeneur - Werkstoffe. 4 (1992) 61.

10] E.A.Romanovsky, Yu.K.Evseev, N.G.Goryaga et.al.,
Poverkhost 8-9 (1994) 123.

11]E.Rauhala, Nucl. Instr. Meth. B40-41, (1989) 790.

12]E.A.Romanovsky, A.M.Borisov, N.G.Goryaga et.al.,
Poverkhost 1 (1997) 65.

[13]A.M.Borisov, S.Luntsov, V.G.Sukharev,

Unpublished.

[14]S.R. Salisbury, G.Hardie, L.Oppliger,
Phys. Rev. 126 (1962) 2143.

[5]

(6]

7]
8]

R.Danglie,

2424



