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The present paper deals with the microstructure characterization of drosses originated during production of a
new type of coating called Zinkomag. This coating creates during continuous galvanizing process and it is charac-
terized by addition of 0.8 — 1.0 wt. % Mg and 0.8 — 1.0 wt. % Al in the zinc galvanizing bath. The addition of
magnesium in such coatings leads to increasing of hardness, corrosion resistance, and better color adhesion than
most common used coatings (GI coatings). In this paper drosses were investigated using AAS, LM, SEM with EDX

microanalysis, and XRD.
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1 Introduction

Zinkomag or zinc-aluminum-magnesium coatings are
produced by hot-dip galvanizing process in zinc alloyed
melt with content 0.8 — 1.0 wt. % Al and 0.8 — 1.0 wt. %
Mg. In comparison with well known and most common
used GI coatings, Zinkomag contains a higher amount of
Al (0.8 — 1.0 wt. % Zinkomag, 0.15 — 0.19 wt. % GI) and
magunesium in addition. This new type of coating provides
excellent corrosion resistance, superior coating adhesion,
high scratch resistance and other. Galvanizing process
with Zinkomag coatings, the same as the traditional coat-
ings, produce a byproduct — top dross. Dross is defined as
a byproduct of the galvanizing process that forms by cre-
ations between molten zinc and loose particles of iron in
the galvanizing kettle. Dross formation is influenced by
aluminium, respectively magnesium content at given
temperature. Phase and structure of recycled aluminium
alloy was studied in research Durinikovd at al. [1]. In the
present paper the top dross from Zinkomag continuous
galvanizing process is investigated [2 - 9].

2 Experimental material and procedure

For experiments three dross samples from continuous
galvanizing process in company U. S. Steel Kofice, s. 1.
0. were provided and labeled as sample A, B and C.

Chemical composition was. determined by AAS
(Atomic absorption spectrometry), phase analysis by

XRD (X-ray diffraction) using analyzer (X-ray diffracto-
meter PANalytical X’pert PRO MPD).

The sample of drosses was further investigated by
metallographic analysis. As etching agent the nitric acid
and distilled water in ratio 1 : 100 was used. Microstruc-
tures were evaluated using a light microscopy (LM) and
a scanning electron microscopy (SEM) in connection
with EDX microanalysis (Energy dispersive X-ray spec-
troscopy). For LM analysis the microscope OLYMPUS
XC50 was used. The scanning microscope TESCAN
MIRA 3 FE was used for SEM analysis. The hardness
values of Zinc matrix and intermetallic phase were meas-
ured by employing the micro hardness procedure with
WILSON TUKON — 1102 where load was 50 g. With the
purpose of getting an arithmetic mean, 5 measurements
were conducted [10].

Microstructure of all samples was similar and there-
fore the only one sample was chosen for detailed analysis.
LM analysis was used for un-etched (Fig. 2, 3), and
etched (Fig. 4, 5) samples.

3 Experimental results

Chemical composition of all samples is shown in the
Tab. 1. The highest content of magnesium, aluminium
and iron has a dross sample B. The chemical composition
of all samples was similar. Zinc was not analyzed, but it
makes the rest of the amount.
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Tab. 1 Chemical composition of dross samples

Metal content [wt. %]
Al Fe
1.03

Arithmetic means [wt. %]

The data, given in Fig. 1, show XRD of dross sample : = .
which consist likely of several phases. The XRD analysis I 9 R
confirmed metal zinc presence and likely presence of the ' & v g !

~ phase AlixMgy7. The latter phase presence can be ob-
served in the microstructure of dross shown in the Fig. 10, ;
where the concurrent presence of Al and Mg was ana- L ¥ ) i
lyzed using mapping EDX. This phase occurs among zinc )
crystals. According Commenda [11], and Nishimura [121s
intermetallic phases like MgZny and Mg>Zny; could exist
in grain boundaries. T he most negative value of standard
free Gibbs energy has the intermetallic phase Mg2Zni1.
This implies that presence of this phase in the grain .
boundaries of dross is thermodynamically most probable.
This fact was also confirmed by XRD. Based on the

s

-

weight percentages of iron and aluminium (determined = L
from EDX analysis), it seems that intermetallic phase Fex- D - S
Aly could be very likely phase FeAl. Fig. 3 The dross microstructure
Ref Code Gcore  Compound Name Chemical Fornmla

03-065-3358 63 Zine Zn

01-089-4186 17 Tren Fe " ‘

03-065-0523 11 Zinc Oxide Zn0 e ;

00-034-0570 14 Aluminum Iron Fe AlZ ¥

01-073-1148 6  Aluminum Magpesiv Al12 Mgl7

00-003-1021 7 Magpesium Zine Mg Zn531 b

03-063-1853 6 Magnesium Zinc Mg2 Znll

00-001-118% 7 ii_aﬁi\mm Zinc Mz7 Zn3

Fig. 1 XRD analysis of dross sample

The microstructure of un-etched samples is shown in
Fig. 2, 3, and etched samples in Fig. 4, 5. The zinc matrix
with presence of intermetallic compounds as well as dis- ,
persed oxide layers can be observed in the structure. In ————
the etched samples the grain boundaries and surface relief
were visualized.
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Fig. 2 The dross microstructure Fig. 5 The dross microstructure
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The microstructure of dross sample observed by SEM
is shown in Fig. 6 and Fig. 7. In the sample there is a ma-
Tix that consists of zinc. The intermetallic compounds
dispersed in this matrix are displayed by dark gray color.
The existence of the phase between zinc crystals is also
observed.

Fig. 6 The microstructure of sample A

Alsp K] o

Fig. 8 The microstructure of sample A

&

In the Fig. 8 and Fig. 9, there can be seen a mapping
EDX analysis for particular elements (Fe, Al, Mg), which
are present in the sample. Beside zinc matrix, concurrent
presence of aluminium and iron can be observed, that
quadrate with presence of intermetallic phase. The mag-
nesium is clearly segregated along the grain boundaries
and its presence is not bound to iron. A concurrent pres-
ence of magnesium along with aluminium is observed.

Fig. 7 The microstructure of sample B
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Fig. 9 The microstructure of sample B

The chosen places on the sample were analyzed by
point EDX microanalysis and results can be seen in Fig.
10. The Fig. 10 shows point EDX microanalysis of inter-
metallic phases. The content of magnesium in this inter-
metallic phase was not confirmed by this analysis. The
low amount of aluminium was specified.

Fig. 10 EDX spectrum of intermetallic phase

The EDX analysis showed, that in the intermetallic
phase of sample A there was specified 40.3 wt. % Fe and

50.2 wt. % Al and in the sample B 41.5 wt. % Fe and 48.6
wt. % Fe. On the basis of these weight percentages it can
be assumed the presence of the phase FeAl.

From the Tab. 2 it can be seen that intermetallic phase
has a higher hardness in comparison to zinc matrix (ap-
proximately more than 44 %).

Tab. 2 Micro hardness HV0.05

Zn matrix Intermetallic phase
46.4 75.8
56.9 80.6
62.5 95.7
56.6 82.5
53.1 63.4
55.1 79.6
Load HV0.05=50 g HY

' 4 Conclusion

The performed research showed that dross from con-
tinuous galvanizing process using Zinkomag coatings
contains iron, aluminium and magnesium besides major
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zinc. From the analyzed elements (Fe, Al, Mg), the high-
est element content of aluminium (0.99 — 1.16 wt. %) was
determined. The iron was present in the amount of 0.47 —
0.54 wt. %, aluminium 0.99 — 1.16 wt. %, and magnesium
0.62 —0.75 wt. %. The iron present in form of intermetal-
lic compounds was bound with aluminium. On the base
at XRD and EDX analyses it is likely the FeAl, phase.
The magnesium was not a part of intermetallic phases
with iron. The magnesium created an intermetallic phase
Ali12Mgy7, as the XRD analysis revealed. The intermetal-
lic phase FeAl; has 44 % higher hardness than zinc ma-
trix. The phase Al;2Mg;7 occurs among grain boundaries.

Acknowledgements

This work was supported by a grant from the Slovak Na-
tional Grant Agency under the VEGA Project
1/0425/14.

References
[11 DURINIKOVA, E., and col. (2011). Phase and
structure characteristics of recycled

AlZn108i8Mg cast alloy. Manufacturing Techno-
logy, December 2011, Vol. 11, No. 11, p. 11-17,
ISSN: 1213-2489.

[2] USSK RESEARCH AND DEVELOPMENT:
Comparison of new ZnAIMg coatings with traditi-
onal galvanized (GI) coating, U. S. Steel Kosice
2013.

[3] Galvanneal — Differences from Galvanize [on-
line]. [cit. 27. 7. 2016]. Available on the internet:
http://www.galvinfo.com/ginotes/GalvInfo-
Note 1 3.pdf

[4] ACSZ-vplyv malych pridavkov horéika a hlinika
v zinkovej tavenine (do 1 %) na zlepienie vlast-
nosti Ziarovo pozinkovanych ocelovych plechov.
Sbornik pfednasek — 19. Konference Zérového zin-
kovéni, 2013, hotel Harmony Club Spindleruv
Mlyn. ISBN 978-80-9052998-1-6, s. 192

[5] DUTTA, M. and col. (2010). Morphology and
properties of hot dip Zn-Mg and Zn-Mg-Al alloy
coatings on steel sheet. Surface and Coatings
Technology 205 (2010) 2578-2584.

[6] GRABAN, J., and col. (2013). Influence of coa-
tings chemical composition on corrosion resis-
tence of galvanized steel, U. S. Steel, Kosice, s. r.
0., Metal 2013, Brno, Czech Republic.

[7] PROSEK, T., and col. (2014). Composition of
corrosion products formed on Zn-Mg, Zn-Al and
Zn-Al-Mg coatings in model atmospheric conditi-
ons, Corrosion Science, Volume 86, September
2014, p. 231-238, ISSN: 0010938X.

[8] KANG-CAI YO, and col. (2012). Microstructure
of hot-dip galvanized Zn-Al-Mg alloy coatings,
Journal of Shanghai Jiaotong University, Decem-
ber 2012, Volume 17, Issue 6, p. 663-667, ISSN:
1007-1172

[9] TRPCEVSKA, I., and col. (2012). Microscopical
Evaluation of Hard Zinc Refining by Aluminium,
Manufacturing Technology, December 2012, Vol.
12, No. 13, p. 264-267, ISSN: 1213-2489.

[10] Weiss, V., and col. (2015). The Use of Colour Me-
tallography and EDS for Identification of Chemi-
cal Heterogenity of Selected Aluminium Alloys
Copper and Zinc Alloyed, Manufacturing Techno-
logy, December 2015, Vol. 15, No. 6, p. 1048-
1053, ISSN: 1213-2489.

[11] COMMENDA, C., and col. (2010). Microstructu-
ral characterization and quantification of Zn-Al-
Mg surface coatings. Materials characterization
65 (2010) 943-951.

[12] NISHIMURA, K., and col. (2000). Highly Corro-
sion-resistant Zn-Mg- Alloy Galvanized Steel
Sheet for Building Construction Materials, Nippon
Steel Technical Report, No. 81 January 2000 [on-
line]. [cit. 29. 7. 2016]. Available on the internet:
http://www.nssmc.com/en/tech/re-
port/nsc/pdf/8116.pdf

Paper number: M2016163

Copyright © 2016. Published by Manufacturing Technology. All rights reserved.

Printing of Thin Walls using DMLS
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This work deals with the problematics of 3D printing. Additive manufacturing (AM) covers a lot of principles of
producing products and prototypes, for example, Direct Metal Laser Sintering (DMLS). This principle is based
on sintering metal powder in thin layers, layer by layer. This theme is very extensive and a very popular research
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