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STRUKTURA TVRDEHO ZINKU
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HARD ZINC STRUCTURE
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Kliiéové slovd:
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mikrostruktiira

Prispevok sa venuje hodnoteniu dodanych vzoriek tvr- .
dého zinku z previdzok realizujiicich kusové Ziarové

zinkovanie v Slovenskej a Ceskej republike. Tvrdy zinok

rowy

je zliatina zinku a Zeleza, ktora vznikd rozpistanim ocele -
v zinkovej tavenine. V dodanych vzorkich bolo hodnote- |
né chemické zloZenie a mikroétruktira, Mikroétruktdra
bola hodnotena vyuZitim svetelnej mikroskopie. Che-
mickou analyzou bol v tvrdom zinku stanoveny obsah |
ieleza v rozsahu 2,3-3,5 hm %. V mikrostruktire doda- |
nych vzoriek bola pozorovana pritomnost intermetalic- |

kych faz Fe-Zn réznych tvarov a velkosti a zinkovd mat-

rica. Pre kvantifikiciu mikroftruktir bol vyuzity
program FIJI Image]. PouZitie uvedenych metéd umoi-
- these methods enabled the determination of differences in

nilo uréif rozdiely v chemickom zloZeni a mikroétrukti-

re vzoriek tvrdého zinku pochadzajicich z réznych zin- |
. hard zine samples coming from various zine plants.

kovni.

UvoD

Proces #iarového zinkovania (ZZ) je vyznamny nielen |

z hladiska rozsahu jeho pouzZitia, ale aj z hladiska vzniku
odpadov s obsahom zinku. V procese ZZ vznikajii odpady
s vysokym obsahom zinku, ktoré predstavuji cenny zdroj
sekunddrneho zinku, Najvacsim zdrojom zinkovych od-
padov v previdzkach 77 su stery.

stery: spodny ster (znamy ako ,,tvrdy zinok™) a vechny ster
(zndmy ako ,zinkovy popol®). Spodny ster (tvrdy zinok)

vznikd rozpudtanim Zeleza v roztavenom zinku, pricom
pri prekroteni rozpustnosti pri danej teplote dochadza -
k vzniku intermetalickych fiz. V tvrdom zinku vznika in-
termetalickd fiza typu FeZnj;. Tvrdy zinok mdi vidiu
mernti hmotnost ako roztaveny zinok. Usadzuje sa na dne -
vane. Treba ho v pravidelnych intervaloch odstrafiovat. |
Ked¥e obsahuje viac ako 90 % Zn je vjznamnym zdrojom
druhotného zinku. Existuje niekolko moznosti, ako spod-
ny ster spracovat. Najrozsirenej$im spésobom spracova- |
nia je nepriamy, tzv. franctizsky pyrometalurgicky spésob,
' lurgical process, in which ZnO (zinc oxide) is produced.

pri ktorom sa ziskava oxid zinoénaty.

Key words:
hard zinc, dross, hot dip galvanizing image analysis,

- wicrostructure

'This paper addresses the evaluation of hard ¢ine samples
from hot dip galvanizing plants operating in Slovakia and
the Czech Republic. Hard zinc is a zinc and iron alloy,
which is formed at steel dissolution in molten zinc, The
evaluation of the samples received included the analysis of
their chemical composition and microstructure. The sam-
ples microstructure was evaluated using the light micros-
copy. The chemical analysis determined the iron content
in hard zinc within the range of 2.3-3.5 wt%. In the mi-
crostruciure of the samples delivered, the presence of Fe-
Zn intermetallic phases of various shapes and sizes and
a zinc matrix were observed. FIJI Image] software was
used for quantification of microstructures. The use of

the chemical composition and in the microstructure of

INTRODUCTION

The hot dip galvanizing process (HD(G) is significant not
only in terms of the scope of its use, but also in terms of gen-
eration of wastes containing zinc. In the course of HDG pro-
cess, wastes with high zine content, which represent a valua-

¢ ble source of secondary zine, are generated. The mosi

extensive source of zinc wastes from HDG operations are

| dross formations.
V procese suchého kusového 77 vznikaji nasledovné |

The following dross formations are generated in the dry

“batch hot dip galvanizing process: bottom dross (also referred

to as “hard zinc”) and top dross {referred to as “zinc ash™), The
bottom dross (hard zinc) is formed by dissolving the iron in
molten zinc, with intermetallic phases generated when the sol-
ubility at given temperature is exceeded. In hard zine, the in-
termetallic phase of type FeZn,; is formed. Hurd zinc has high-
er specific weight that molten zinc and therefore it settles on
the bottom of the kettle. It must be removed at regular inter-
vals. As this dross contaios more than 906 % of zing, it is a valu-
able source of secondary zinc. There are several possibilities
haw to process the bottom dross. The most widespread meth-
od of processing s the indirect, so-called French pyrometal-

97
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METODY HODNOTENIA

Cielom price bolo vykonat chemickid a mikro$truktir- -
nu analyzu vzoriek tvrdého zinku a uskutoénif kvantita-
tivnu analyzu mikro$truktary. Na ticely experimentélne-
ho $tudia boli poskytnuté prostrednictvom ACSZ vzorky -
spodnych sterov. Dodanych bolo 14 vzoriek z 13 preva-
dzok realizujiicich proces kusového ZZ v SR a CR. 7 cel-
kovo dodanych 14 vzorick, 7 vzorick pochddzalo z roz- .
nych prevadzok patriacich jednej spolo¢nosti. Dalsich
7 vzorick pochddzalo z inych prevadzok, pri¢om jedna
previdzka dodala 2 vzorky. Sledovany bol vplyv teploty -
zinkovania a interval odberu tvrdého zinku zo zinkova-
cej vane. Teplota zinkovania sa pohybovala v rozsahu
440 a7 460 °C. Tvrdy zinok sa z vane vyberal raz za me- -
. vanizing temperature varied {rom 440 to 460 °C, Hard zinc was

siac. Tri prevddzky mali iny interval vyberania.

Z dodanych spodnych sterov boli odobrané vzorky vo

forme triesok za ticelom uréenia ich chemickej analyzy. -
KedZe hlavnou netistotou v zinkovom kiipeli a zlozkou
intermetalickej fdzy tvoriacej tvrdy zinok je %elezo, che-
mickd analyza bola zameran4 na stanovenie jeho obsahu.
Typ intermetalickej fazy (FeZn,s) v tyrdom zinku bel po-
tvrdeny rtg. difrakénou analyzou v predchédzajiicom §ti-
diu . Zinkovy ktpel obsahuje aj velmi malé mnozstvd |
inych prisad, ich obsahy neboli uréované. Analyza bola
vykonand pomocou atémovej absorpénej spektrometrie
 ducted using the atomic absorption spectrometry (AAS).

(AAS).

Pre ti¢ely hodnotenia mikrogtruktary boli dodané vzor- |
ky spodnych sterov podrobené metalografickej analyze.
Pre zvysenie kontrastu boli pripravené vzorky podrobené
leptaniu (leptadlo: 100 ml destilovanej vody + 5 ml HC,
doba leptania: 5 mintit). Mikrostrukttra vzorky tvrdého .
zinku bez leptania a v stave po naleptani je zobrazena na |
f Fig, 1 and 2.

obr. 1a2.

Obr. 1 - Mikrostruktira vzorky tvrdého zinku
Fig. 1 - Microstructure of hard zinc sample, non-etched

 EVALUATION METHODS

The aim of the work was to carry out a chemical and micro-
structural analysis of hard zinc samples and also the quantita-
tive analysis of samples microstructure. For the purposes of the
experimental study, samples of bottom dross were provided in
cooperation with the Association of Czech and Slovak Zinc
Works. In total 14 samples were delivered from 13 batch hot
dip galvanizing plants operating in Slovakia and the Czech Re-
public. From 14 samples provided, 7 samples came from differ-
ent operations belonging to a single company. The remaining
7 samples came {rom other plants, whereas one of these plans
delivered 2 samples. The effect of hot dip galvanizing tempera-
ture and also the interval of hard zine dross removal from the
galvanizing kettle were observed in the study. The hot dip gal-

removed from the kettle once a month. Three plants had a dif
ferent interval of hard zinc removal,

From the bottom dross delivered, samples were taken in the
form of chips in order to carry out their chemical analysis. As
the main impurity in a zinc bath and the intermetallic com-
ponent forming hard zinc is iron, chemical analysis was
aimed at determining its content. 'The type of the intermetal-
lic phase (FeZn,,) in hard zinc was confirmed by means of X-
ray diffraction analysis in the previous study. Zinc bath also
contains very small quantities of other components, however
their contents were not determined. The analysis was cori-

For the purpose of evaluating the microstructure, samples
of bottom dross were subjected to a metallographic analy-
sis, To increase the contrast, the samples were subjected to
etching (etching agent: 100 ml distilled water + 5 ml HCL
etching time: 5 minutes). The microstructure of non-etched
hard zinc samples and samples after etching is shown in

%

- Obr. 2—Mikrostruktdra vzroky tvrdého zinku po naleptani

Fig. 2 - Microstructure of hard zinc after etching
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Mikrostruktira vzoriek bola nasledne analyzovand. Na -
. Iyzed. An open source FIJI Image] software was used for

tento Géel bol pouZity volne dostupny program FIJI Ima-

ge]. Tenlo program je urceny na spracovanie obrazovych |
tidajov a analyzu obrazu. Program I'IJI Image] je zaloZeny |
! based on the Java programming language. The softwarce

na programovacom jazyku Java. Program dokdZe zobra-

zovat, spracovavat, ulo%if a tladif 8, 16 a 32-bitové obrazy. |
Taktie? mo7e pracovat s réznymi obrazovymi formatmi —
TIFE GIE JPEG, BMP, DICOM, atd. Program dokéZe po-
&tat ploéné a pixelové Statistiky v definovanom vybere. |
Umoziiuje merat vzdialenost a uhly, vytvdrat histogramy
a ¢iarové profily. Podporuje standardné funkcie spracova-

nia obrazu, ako st logické a aritmetické operacie medzi

obrazmi, manipuldciu s kontrastom, Fourierove analyzy, .
ostrenie, vyhladzovanie, detckeiu hrin a médianové fil-
trovanie. Program FIJI Image] dokaZe analyzovat iba
&erno-biele fotografie. Preto pred samotnou analyzou je |
potrebnd uprava RGB (farebnyjch) snimoek de éierno-bie- |
lej ('Threshold) verzie. Uprava bola dosiahnutd pomocou
zmeny nastavenia typu obrazu na 8-bitovi verziu. Uprava
. is shown in Fig. 3.

RGB snimky do 8-bitovej verzie je zobrazend na obr. 3.

Po tprave RGB snimky na 8-bitovi verziu (odtiene si-
vej} bolo potrebné urobit samotny prevod na ¢ierno-bie- |
lu verziu. Pre lento ucel sa pouziva funkcia Threshold. |

Uprava 8-bitovej verzie na ¢ierno-bielu je zobrazend na
obr. 4.

Po konverzii RBG na dierno-bielu verziu bolo mozné
danti verziu snimky analyzovat. Analyzovany bol plosny -

podiel intermetalickych fiz FeZnl3 v zinkovej matrici

(funkcia Measure) a velkost jednotlivych faz (funkcia Ana-
lyze Particles). Analyza merania velkosti bola robeni po-
mocou dvoch premennych, a to pomocou Feretovho prie-
meru (jednorozmerny priemer vyjadreny ohrani¢enim
Zastic dvomi rovnobesnymi &arami v ndhodne zvolenom |
smere) a merania priemeru elipsy. Program dovoluje mera- :
nie velkosti v dvoch jednotkéch, a to bud v pixeloch alebo
. units, cither in pixels or in 81 system units.

v jednotkdch SI ststavy.

Pre nastavenie merania velkosti sa pouziva funkcia Set |
Scale. Program dokaZe z obrdzku odstranit najmensie
- objects from the image, the presence of which is not appro-

objekty, ktorych vyskyt nie je vhodné zahrnit do analy-

zy. Pomocou funkcie Median (Process - Filters ~ Me-
dian) moZno nastavil najmensiu hodnotu (pocet) pixe-
lov, ktoré md program zobrazovaf, resp. zahrnit do
 tively to include in the image analysis.

analyzy obrazu.

Po tiprave obrazu (odstrineni najmensich objektov) bol
obraz pripraveny pre samotmi analyzu. Vysledky analyzy
ically generates the analysis results in the form of table.

program automaticky vygeneruje do tabulky. Z namera-

nych vysledkov je moZné pomocou programu vygenerovat |
: grams or graphs,

histogramy alebo grafy.

The microstructure of samples was subsequently ana-

this purpose. This software is intended for the processing
of image data and image analysis. FII Image] software is

can view, process, save and print 8, 16 and 32-bit images.
It also supports various image formats — TIFL GIE JPEG,
BMP, DICOM etc. The software can calculate surface and
pixel stalistics in the defined selection. It allows vou to
measure distances and angles, create histograms and line
profiles. It supports standard image processing functions
such as logical and arithmetic operations between images,
contrast adjustments, Fourier analysis, focusing, smooth-
ing, detection of edges and median filtering. FIJT Tmage]
analyzes black and white (B&W) images only. Before the
analysis, it is therefore necessary to convert RGB (color)
image Lo a black and white {Threshold) version, The ad-
justment was achieved by selting the image type to 8-bit
version. The conversion of RGB image to an 8-bif version

Following the conversion of RGE image to an 8-bit ver-
sion {gray scale}, it was necessary to convert the picture to
a B&W version. Threshold function is used for this pur-
pose. The conversion of 8-bit image to 2 B&W image is

. shown in Fig. 4.

Following the RGB conversion to a B&W image, it was
possible to analyze the images. The analysis covered the sur-
face ratio of FeZn13 intermetallic phases in zinc matrix
(“Measure” function) and the size of individual phases
(“Analyze Particles” function). 'The size measurement anal-
ysis was carried out using two variables, namely the Feret
diameter (a single-dimensional diameter defined as a dis-
tance between two parallel planes restricting a particle in
a randomly selected diameter} and ellipse diameter meas-
urement. The software allows measurement of sizes in two

The “Set Scale” function is used to set the size measure-
ment. The software is capable of removing even the smallest
priate to be included in the analysis. The function “Median

(Process - Filters - Median}” can be used to set the smallest
number of pixels you want the software to display, respec-

After mage editing (removal of the smallest objects), the
image was prepared for the analysis. The software automat-

From the results measured, the software can generate histo-

29
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Obr. 3 - Uprava RGB snimky na 8-bitovii. A-RGB, B-8-bitovd
Fig. 3 — Conversion of RGB image to 8-bit, A-RGB, B-8-bit

A

Obr. 4 - Uprava 8-bitovej verzie na ¢ierno-bielu. A-8-bitovd, B-CB
Fig. 4 - Conversion of 8-bit to B&W, A-8-bit, B-8&W

VYSLEDKY HODNOTENIA

Chemickou analyzou bol stanoveny obsah Zeleza v jed- |
notlivych vzorkich od 2,33 % do 3,49 %. Hodnotené vzor- -
ky sa teda vyznamne neodlidovali obsahom Zeleza. Na obr. :
5 aZ 7 st dokumentované mikro§truktiry troch vzoriek
z troch prevadzok, ktoré sa najviac odliSovali charakterom
mikro$truktury, resp. morfolégiou intermetalickych (dz.
Pre kazdu vzorku boli zvolené 4 snimky pre dosiahnutie |
- sample for better visualization.

lepsej reprezentovatelnosti.

Mikrodtruktira vzoriek spodného steru je tvorend dvo-
mi fézami-intermetalickymi ¢asticami a zinkovou matri-
cou. Intermetalickd fza je zliéenina FeZn,s, ktorej vznik -
vyplyva z bindrneho diagramu Zn-Fe. Intermetalické |
Castice dosahuju rozne geometrické tvary, od ty¢inkovi- |
tého aZz po takmer sféricky tvar. Morfologiu &astic ne-
. iron content in individual samples. Also no dependence on the

mozno uvadzal v suvislosti s obsahom Zeleza v jednotli-

vych vzorkich. Nie je pozorovand ani zévislost od
intervalu odoberania steru zo zinkovacej vane. Najvyraz- |
nejdi rozdiel v mikrostruktire, resp. morfoldgii interme-
talickych Castic moZno pozorovat v zavislosti od teploty
zinkového kiipela. Vo vzorke 12, kde bola pouZitd najvy3- |

- EVALUATION RESULTS

Chemical analysis determined the iron content in individ-
vzl samples ranging between 2.33 % and. 3.49 %. Therefore,
the samples were not significantly different in terms of iron
content. Fig. 5 through 7 show microstructures of three
samples from three plants, which differ most in the charac-
ter of their microstructure, respectively in the morphology
of intermetallic phases. 4 images were selected for each

The microstructure of the bottom dross samples comprises of

metallic phase is represented by 'en,; compound formed on
the basis of Zn-Fe binary diagram. Intermetallic particles have
different geometric shapes, from rod-like to almost spherical
shapes. 'The morpholagy of particles cannol be related 1o the

interval of bottom dross removal from the kettle was observed.
The most significant difference in the microstructure, respec-
tively in the morphology of intermetallic particles, can be ob-
served depending on the zinc bath temperature. In sample 12,
which comes from the hot dip galvanizing process with the

100
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8ia Leplota zinkovania, je pozorovany odlidny tvar éastic,
ktory sa najviac priblizuje sférickému. V mikrostruktiire
moZno pozorovat aj rozdiely vo velkosti intermetalickych

zloZenie zinkovej taveniny jednotlivé zinkovne neuvd-

v rdznych obdobiach prevadzky, ¢o naznaduje, Ze charak-
ter mikrodtruktiry spodnych sterov stvisi s chemickym
zloZzenim zinkového kapela.

Obr. 5 - Mikrostruktira vzorky 3
Fig. 5 — Microstructire of the sample 3

Plogny podiel faz nepreukdzal vyrazne rozdiely vo vzor-
kich spodnych sterov. Plodny podiel intermetalickych

faz vo vzorkdch sa pohyboval v rozmedz{ 44,17 - 60,21 %.

penie fiz 53,38 %. Pri metalografickej analyze sa preuka-
zal rozdiel aj vo velkosti intermetalickych fiz vo vzor-
kach.

vzorky, a to pocet intermetalickych féz a priemernd hodno-
ta velkosti Castic analyzovand pomocou Feretovho prieme-
ru a priemeru elipsy. Meranie velkosti pomocou Feretovho
priemeru poskytuje presnejsic vysledky ako meranie po-

- highest temperature, a different shape of particles can be ob-
. served, being closest to the spherical shape from all samples
evaluated. In the microstructure we can also observe differenc-
Zastic, resp. distribucie ¢astic podla velkosti. Chemické

¢s in the size of intermetallic particles, respectively in the distri-

. bution of particles by size. Chemical composition of molien
dzaju, ide ¢ ich firemné tajomstvo. Najviésia podobnost
v mikrotruktire bola pozorovand vo vzorkdch, ktoré
pochddzaji od jedného previdzkovaltela a st odobrané

zine was not revealed by individual plants as it represents their
proprietary know-how. However, the most similar microstruc-
fure was observed in samples coming from the same plant,

- which were taken at different periods of operation, which sug-

gests that the character of the microstructure of bottom dross
is dosely related to chemical composition of zinc bath.

As for the surface ratio of individual phases, the bottom
dross samples did not show any significant differences. The

. intermetallic phases were represented in the samples within
Vo vzorkich, ktoré pochadzali z jednej spolocnosti, ale |
z iného ¢asového obdobia, bol ploény podiel takmer rov- |
naky (44,31 %, resp. 46,67 %). Vzorka 12, pri ktorej bol of intermetallic phases was almaost identical (44.31 %, resp.

pozorovany takmer sféricky tvar fiz, mala plo§né zastu- |

the range from 44.17 to 60.21 %: In the samples from the
same company, but different time period, the surface ratio

46.67 %). In sample 12, with almost spherically shaped
phases, the surfuce ratio of phases reached 53.38 %. The
metallographic analysis showed a difference also in the size

- of intermetallic phases in samples.
V Tab. 1 st uvedené sumarne vysledky analyzy pre vietky

Table 1 summarizes the results of analysis of all samples,
in particular the number of intermetallic phases and the av-
erage size of particles analyzed by Feret diameter and by ¢l-
lipse diameter. Measuring by Feret diameter provides more
precise results than the ellipse diameter. When measitring
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Obr. 6 - Mikrostruktira vzorky 14
Fig. 6 — Microstructure of the sample 14

Obr. 7 - Mikrostruktira vzorky 12
Fig. 7 — Microstructure of the sample 12
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mocou priemert clipsy. Pri merani Feretovym priemerom
je merand najviicsia vzdialenost dvoch bodov, pricom pri
merani pomocou elipsy ndm program uzavrie &asticu do
elipsy a meria jej priemer.

Vo vzorkich pochddzajicich z jednej spolocnosti (vzroky |
1 a2 7) je priemernd hodnota velkosti ¢astic merana pomo-
cou Feretovho priemeru v rozmedzi 77,349 pm a% 148,546 |
pm, pri¢om priemernd velkost merand pomocou priemeru |
elipsy je 0d 66,718 pm do 128,444 pm. Pri analyzovani vel- |
kosti pomocou Feretovho priemeru je vo vzorkich, ktoré
vykazovali podobnii Struktdru (vzorky 2 a 3), pricmerna

velkost ¢astic: 97,917 pm, resp. 106,182 pm. Mikrostruktu-
rou podobné vzorky (vzorky 1, 5, 6 a 7) sa odlifuji prie-
mernou velkostou Castic, Priemerna velkost faz vo vzor-

vz. 6 - 119,272 um, vz. 5 — 148,546 pm.

V ostatnych vzorkich sa priemer velkosti &astic pomo-
cou Feretovho priemeru pohybuje od 83,451 pm do |
183,058 um a pomocou priemeru elipsy od 71,824 ym |

do 151,363 um. Vzorky 13 a 14 maji nielen podobnu
mikrostruktiru a plo§ny podiel fiz, ale aj podobnu vel-

114,203 pm.

. by Feret diameter, the distance between two furthest points
. is measured by the software, while measuring by ellipse di-
- ameter means that the software confines the particle into an
- ellipse and measures the ellipse diameter.

In the samples coming from the same company {samples
I through 7), the average size of particles measured by Fer-
et diameter, ranges from 77.349 pm to 148.546 ym, where-
as the average size measured by ellipse diameter ranges
from 66.718 um to 128.444 pm. When analyzing the size
using Feret diameter, the samples with a similar structure
(samples 2 and 3) showed an average size of particles of

 97.917 um, resp, 106.182 pym. The samples with similar mi-
- crostructure (samples 1, 5, 6 and 7) differ by average size of
- particles. The average size of phases in samples is as fol-
kich je nasledovnd: vz. 1 - 77,349 ym, vz. 7 - 118,718 pm,

lows: sample 1 - 77.349 pm, sample 7 — 118.718 pm, sam-

- ple 6 - 119.272 pm, sample 5 ~ 148.546 ym.

In other samples, the average size of particles measured
by Feret diameter ranges between 83.451 pm and 183.058
pm and by ellipse diameter between 71.824 pm and

| 151.363 pm. Samples 13 and 14 have not only a similar mi-
- crostructure and surface ratio of intermetallic phases, but
kost ¢astic. Vo vz. 13 je to 120,540 um a vo vz. 14 je to

also similar size of particles. In particular, 126.540 ym in

: sample 13 and 114.203 pm in sample 14.

Tab. 1 - Priemerné hodnoty velkosti meranej pomocou Feretovho priemeru a priemeru elipsy
Fig. 1 - Average size values measured by Feret ‘s diameter and ellipse diameter

1 3009 77,349 66,718
2 | 2579 97,917 83,714
2 2643 106,182 87,559
4 1622 125,250 107,215
5 1101 148,546 128,444
6 1611 119,272 101,104
/4 2003 118,718 101,760
8 513 183,058 151,363
9 1975 110,780 97,799
10 905 178,753 157,144
11 3132 83,451 71,824
12 937 161,068 139,466
13 1812 120,540 105,756
14 1971 114,203 100,126
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V dodanych vzorkich spodnych sterov tvoria prevazng |
Cast Castice s velkostou v rozmedzi od 0,964 ym do 120 |
. At ohservation of microstructures, the largest particle size

pm. Pri pozorovani mikrosdtruktir najvicsie castice do-

sahovali velkost az 2 200 pm. Uvedené vysledky analyz |
ziskané na zédklade FIJI Image] sa potvrdili aj pri opako-
vanej priprave metalografickych vzoriek, ktorych snahou !
bolo ziskanie kvalitnej$iecho metalografického povrchu. -
Z uvedeného vyplyva, Ze upravou snimky pomocou |

funkcie Median bolo moziné odstrinif nedokonalosti

metalografického vybrusu, resp. program FIJI Image]
umoznoval ziskat analyzu aj z nedokonalych snimok
_ analysis even with the use of imperfect images of samples.

vzoriek.

ZAVER

Z vysledkov hodnotenia dodanych vzorkick spodnych

sterov moZno vyhodnotif nasledovné zavery:

Ll

Chemickou analyzou bol stanoveny obsah Zeleza

v rozmedzi 2,33 — 3,49 %. Potvrdil sa priblizne
rovnaky obsah Zeleza vo vietkych dodanych vzorkdch.
V mikrodtruktire dodanych vzoriek bola pozorovana
pritomnost intermetalickych faz FeZn,; roznych
tvarov a velkosti a zinkovd matrica. Napriek tomu, Ze
hodnotené¢ mikrostruktiry dodanych vzoriek boli
velmi podobné, boli pozorované aj urcité rozdiely.
Intermelalické ¢astice maji rozne geometrické tvary,
najcastejdie dosahuji ty¢inkovity tvar.

Vplyv teploly na charakter mikro$truktiry v tizkom
intervale leplot zinkovania (442 ~ 455 °C) nebol
potvrdeny Zmena v mikrodtrukture a v tvare Castic
bola pozorovana vo vzorke spodného steru, ktord
pochidzala z vane, v ktorej teplota zinkovania
dosiahla 460 °C. Intermetalické ¢astice v tejto vzorke
dosahuji takmer sféricky tvar. V tejto vzorke bol
stanoveny aj vy38i plodny podiel intermetalickych f4z.
Vyssi podiel intermetalickych fiz méze suvisief

s viskozitou zinkového kupela, ¢o sa méie prejavit pri
odoberani spodného steru z dna zinkovacej vane.
Obrazovou analyzou bol stanovovany ploény podiel

faz, velkost intermetalickych &astic a distribucia astic

podIa velkosti. Plo§ny podiel intermetalickych fiz

v dodanych vzorkich sa pohyboval v rozmedzi

44,17 % - 60,21 %.

Najviicsi podiel ¢astic tvoria Castice s velkoslou od
0,964 um do 120 pm. Najviésie ¢astice dosahovali
velkost 2 200 pm.

Vo vzorkach pochiddzajicich od rovnakého previdz-
kovatela zinkovne sa potvrdila najvicsia zhoda, ¢i ug
z hTadiska mikrostruktiiry, ploiného podielu interme-
talickych faz, resp. distribiicie [z podla velkosti,

Z uvedenych pozorovani vyplyva, Ze na charakter
mikrodtruktiry ma pravdepodobne vplyv chemické

zloZenie zinkového kipela. Vplyv teploty sa prejavil a7

nad 460 °C.

In the delivered bottom dross samples, the most frequent-

ly represented are particles sized from 0.964 pm to 120 pm.

reached 2,200 pm, The results of analyses obfained using
the FIJI Image] software were also confirmed at the repeal-
ed preparation of metallographic samples, the aim of which
was {0 improve the quality of metallographic surface. From
the above mentioned information it is obvious that by ad-

| justing the image using the Median function it was possible

to remove the imperfections of metallographic section, re-
spectively that FIJI Image] software allowed to conduct the

 CONCLUSION

The following cenclusions have been drawn from the re-

sults of evaluation of bottom dross samples received:

L]

]

El

'The chemical analysis determined the iron content within
the range of 2.33 - 3.49 %. This means that the iron
content was almost identical in all samples delivered.

In the microstructure of the samples delivered, the
presence of FeZny; intermetallic phases of various shapes
and sizes and a zinc matrix were observed. Despite the
fact that the evaluated microstructures of the samples
delivered were very similar, certain differences were
observed.

Inlermetallic particles are of various geometric shapes,
most often rod-like,

The effect of temperature on the character of the micro-
structure within a narrow interval of hot dip galvanizing
temperatures (442 — 455°C) was not confirmed. The
change in the microstricture and shape of particles was
observed in the bottom dross sample coming from the
kettle where the temperature of HDG process reached
460 °C. Intermetallic particies in this sample are almost
spherically shaped. This sample also demonstrated higher
ratio of intermetallic phases, Higher ratio of intermetallic
phases may be related to the viscosily of zinc bath, which
may affect the bottom dross removed from the kettle,

The image analysis determined the surface ratio of phases,
size of intermetallic particles and distribution of particles
by size, The surface ratio of intermetallic phases in the
samples delivered ranged from 44.17 % 10 60.21 %.

The size of the vast majority of particles varics from 0.964
pm to 120 pm., The largest particle size reached 2,200 pm.
Samples originating from the same company operating
HDG plants were similar not only in terms of their
microstricture, but also in terms of the surface ratio of
intermetallic phases, respectively the distribution of
phases by size.

From the observations above we can conclude that the
character of the microstructure is probably affected by
chemical composition of zine bath. The influence of
temperature was not observed below 460 °C,
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