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Introduction Test samples

The steel surface is subjected to borofizing in order to obtaif a high surface hardness of up to 2100 * The series of boronized AMS 5504 steel samples - before (Fig.1) and after heat treatment (Fig. 2)
HV, persistiig at temperatures as high as 900°C. Borohized layers show high corrosiofi resistance in AMS 5504 steel,;

many aggressive environments. For fickel alloys haviig good corrosion resistance, boronizing * Incofel 718 alloy samples with borofized layers, at the differefit time of heat treatment (1.5 and 7
surface improves protectiofi against wear in a mechanical way. Borofized layers are formed with the hours) (Figs 3 and 4).

use the reactive diffusion mechanism. These layers consist of irof boride: Fe,B for sifigle-phase
structure, whereas for the two phase structure, the FeB phase is located ifi the outer layer afid Fe,B The results and conclusions
Is located below. The developmenit of boroiizifg techinology requires studies which fieed analysis of the
chemical compositiofi of the layers, includiig the distribution of borof withifi the multi-zofie of the
surface layers as well as distributiofi of other light elemeiits. The aim of the work was to extend the
research capabilities of the Department of Analytical Chemistry Laboratory in the area of the GD
OES for depth profile afnalysis of boronized layers on steel and fickel alloys The developed method
has beef used as a complementary test method for X-ray microafalysis duriig the development of
the method of formation those layers.

The GD OES depth profiles for steel samples compared with the results of the EDS analysis are
shown in Fig. 1 and 2. Similar comparisofi for the two IA718 alloy samples is presented in Fig. 3 and
4. The results of the analysis with both techiiques seem to be not only comparable but also
complementary. GD OES depth profiles allow to observe the cofceftration and distribution of B, Si,
Cr, MA, Ni, Fe, Mo aind Ti in both the boronized layers aind if the diffusion zone as well. For silicon,
two peaks are observed: the first in the diffusion zofie and the second - near the surface.

The GD OES techiique has been proven to be afn excellent afalytical tool for the determination of
diffusion processes durifig deposition of protective coatings. It was possible to assess the variation

Method iIn chemical composition of particular elements in different zones formed on the surface layer of
o o boronized steel and nickel superalloy and to determife the total thickness of boron diffusion inwards
Two separate analytical programs for the GD OES spectrometer LECO 850A for analyzing the studied materials. The obtaified results provided significant ifisight ifito the differences betweef
boronized layers on steel and nickel alloys were used. | various coatifig depositioi parameters, such as temperature, time afid process activity, which
For calibration the following excitation conditions of dc source were applied: determified the chemical compositiofi of the borofiized layers. Moreover, the influence of the heat
* preintegration: U = 1000 V = const, i = 30 mA = const, 40 seconds; treatmefit ofi the depth of borof diffusion iAiward the surface layer of the studied materials was
* integration: U =700V = const, i =20 mA = confist, 5 secofds (steels) evaluated.
U =1000 V = conist, i = 30 mA = const, 5 secoinds (nickel alloys) _
For calibratiofi of boron the following CRMs afd if-house samples were used: Literature
« certified reference materials of steel with boron up to 0,065 % B
« chrome steel castifngs coftaifing up to 1,43 % B (determined by AES ICP technique, spectrometer 1.Hasan Dinc, Amir Motellabzadeh, Huseyiii Cimefioglu; Thermochemical boriding of Iiconel 718
Agilefit 5100), superallloy, Academic Journal of Science, CD-ROM. ISSN: 2165-6282 : 2(2):385-389 (2013)
« two samples of Fe-B layers, containing 14 and 20 % of B, (semi-quantitative determifation by 2.K |. Campos-Silva, J. Martinez-Trinidad, M.A. Donu-Ruiz, G. Rodriguez-Castro, E. Herfandez-
microanalysis XRF techhique) Sanchez, O. Bravo-Barcenas; Initerfacial indentation test of FeB/Fe2B coatifigs; Surface &Coatifigs
 the set of CRMs of steels, fickel alloys afd also some Ti- aind Al- alloys. Technology 206 (2011), s.1809-1815;
The following elements were ificluded in the analytical programs B, Fe, C, S, Mn, Si, Cr, Cu, Al, Ni, 3.Karina Jagielska-Wiaderek, Henryk Bala, Lucjain Swadzba; Structure, mechanical properties and
Mo, V, Ti, Nb, W, Co, W and also Ta, Hf and Zr for nickel alloys. corrosion behavior of boronized surface layer formed on AlISI 321 staifiless steel; Ochroia przed
Korozjg, (2014), .57, z7 s.248-251.
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Fig.1. Borofized AMS5504 steel sample —before heat
treatment: GD OES depth profile (above)

and the results of WDS analysis ofi the cross-section
(right and below)

Fig.2 . Boronized AMSS5504 steel sample after
heat treatment:GD OES depth profile (above)
and the results of WDS analysis on the cross-
section (right and below)
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Fig.3 . Borofized In718 sample after 1.5h of heat
treatment (950°C): GD OES depth profile (above)
and the results of WDS analysis ofi the cross-section
(right and below)

Fig.4 . Boronized In718 sample after 7h of heat
treatment (950°C): GD OES depth profile (above)
and the results of WDS analysis of the cross-
section (right and below)
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