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Abstract

Artilce: Using of Weld Overlaying Technology to Restore Functional Surfaces of Tools

Authors: Miroslava Tavodov6

Daniela Kalincov6

Workplace: Department of Manufacturing Technology and Management Quality, Faculty of Environmental

and Manufacturing Technology, Technical University in Zvolen

Keywords: Hardfacing, Mulcher Tools, Abrasive Wear, Microstructure, Hardness

Applying hard surfaces to functional surfaces of tools and components is a common way of extending their service life.

The article describes the laboratory results of the hardness and microstructure assessment of selected hard surfaces mate-

rials applied to l6CrMn5 material samples, taken from tools for mulching. These tools work in heterogeneous soil envi-

ron-"ttt and are exposed to abrasive action, particularly by hard-mineral particles (Fig. l). This results in their early

decommissioning (Fig. 2). For the experiment, two materials were selected, namely the EDUR 600 and WEARTRODE

62 electrodes, applied in two layers on the samples (Fig. 3). By measuring the HRC of hard surfaces the hardness value

was found. These were compared with those listed in the electrode technical sheet. The hardness of the base material

( I SHRC) is exceeded by more than three times (Table 2). HV I 0 Hardness measurement was performed from hard surface

to base material. As expected, a higher hardness was measured, on average 720HV10, than the hardness in the base

material (Fig. a). A similar result was achieved with WEARTRODE 62 (Fig.5). Luminous and electron microscopy

associated with EDX analysis was followed by mixing of the hard surface with the base material as well as the intermixing

ofthe hardening layers. This was observed to find sufficient cohesiveness oflayers that would better resist abrasion as

the underlying ferritic-pearlitic structure of the body of the mulcher tools. The microstructure of Fig. 6 indicates sufficient

diffusion of the base material with the first layer. We can say that the interfaces are free of pores, cracks and other defects

that would reduce the quality of the interconnection of the individual layers. The applied welding may well reduce the

wear and tear of the tool. Fig. 7 shows the overall weld deposit of WEARTRODE 62 welding. There are visible layers of

welds as well as the connection of the base material with the first coat having a sharper line. Inclusions, cracks and pores

are observed in the welds. The WEARTRODE 62 on the base material does not need to meet the requirements for in-

creased resistance to tool load under abrasion. The state described in the SEM and EDX analysis (Figures 8, 9, 10, I I and

12) corresponds to the results of light microscopy on both welding materials. The percentages of the chemical elements

present, as determined by EDX surface and point analysis, are documented in Tables 3,4 and 5. For more accurate infor-

mation on the abrasion resistance of abrasive environment, abrasive wear tests under Russian GOST 23.208-79 are cur-

rently underway. The price of the new tool is 70.00Eur. This would be increased to 73.33 Eur after the E DUR 600

material. Applying the WEARTRODE 62 electrode material would increase to 74,15Eur. Veriffing the suitability and

correctness of the choice of materials for application to functional surfaces will be ensured in the near future by deploying

modified mulcher tools into plant. The subsequent evaluation of the results will give a clear answer whether the applica-

tion has the advantage and ensures the extension oflife tools.
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Hodnotenie mikro5truktfry tvrd6ho zinku vznikajfceho pri Ziarovom zinkovani

Jarmila Trpdevsk6, Marek Matiscs6k, Martina LaubertovS, Katarina Blalkov6

Fakulta materi6lov, metalurgie a recyklScie, Technick6 univerzita v Ko5iciach, 042 00 Ko5ice, Slovensko.

E-mail: jarmila.trpcevska@tuke.sk, martina.laubertova@tuke.sk, katarina.blaskova@tuke.sk

pr6ca je zameran| na hodnotenie dodanfch vzoriek spodn6ho steru, resp. tvrd6ho zinku z prevddzok realizujfcich

kusov6 Liarov|,zinkovanie na Slovensku a v eeskej republike. Tvrdf zinok je zliatina zinku a Leleza, ktorf vznilc[

rozpfst'anim ocele v zinkovej tavenine. V dodanfch vzorkich bolo hodnoten6 chemick6 zloLenie a mikro5truk-

tfra. Mikro$truktrfira bola hodnoteni vyuZitim svetelnej mikroskopie. Chemickou analfzou bol v tvrdom zinku

stanovenf obsah Zeleza v rozsahu 2r3-3r5hmo/o. V mikro5truktrire dodanfch vzoriek bola pozorovanf pritomnost'

l t 3
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intermetalickfch ffz Fe-Zn rdznych tvarov a vel'kosti a zinkovf matrica. Pre kvantifikiciu mikro5truktrir bol
vyuiitf program FIJI ImageJ. PouZitie uvedenfch met6d umoZnilo uriit' rozdiely v chemickom zloLeni a mik-
roStruktrire vzoriek tvrd6ho zinku pochddzajrricich z riznych zinkovni.

Kf'ritov6 slov6: tvrd;i zinok, ster, Liarove zinkovanie, obrazovh analyza, mikro5truktrira

1 Uvod

NajrozSirenej5ou technol6giou povrchovej ripravy
ocele pred kor6ziouje Liarovd zinkovanie 122). Ziarove
zinkovanie je met6da, pri ktorej dochildza k aplik6cii Zn
alebo Fe-Zn zliatinov.y'ch povlakov ponorom pred-ripra-

venej ocele do roztaven6ho zinku pri teplote najdastejSie

v rozsahu 445-465 oC. Priebeh reakcii spojenej so vzni-
kom povlaku z6visi od zlolenia kripel'a a chemickdho

zloLenia ocele. Pri danej reakcii vznikajf postupne zliati-
nove fiuy Leleza a zinku.

Proces Ziarov6ho zinkovania je vfznamny nielen
z hl'adiska rozsahu jeho pouZitia, ale aj z hl'adiska vzniku
odpadov s obsahom zinku. Pri procese 2Z vzr\kaji od-
pady s vysokfm obsahom zinku, ktor6 predstavujri cenn;i
zdroj sekundSrneho zinku. Proces kusov6ho 2Z akonti-
nu6lneho 2Z st dve zdkladnd technol6gie tejto met6dy.
LiSia sa nielen sp6sobom pred-ripravy substr6tu, poZado-

vanou hrfbkou povlaku a celkovou technol6giou pro-
cesu, ale aj chemickjm zlolenimzinkovej taveniny. Tieto
rozdiely sa prejavujf aj pri vzniku odpadov [,2].

NajviidSim zdrojom zinkovych odpadov v prevhdz-

kach 2Z sri stery. Zbieraji sa zo spodku (spodnf ster)
alebo zpovrchu galvanizalneho kfpel'a (vrchnf ster).
V pripade kusovdho ZZ sa zpovrchu zinkovdho kripefa
zbiera ster, ktory nazyvame zinkovf popol. Jeho vznik
srivisi s oxid6ciou Zn ktryela s okolitou atmosferou
a v ddsledku reakcie tavidlovlfch zloliek so zinkovou ta-
veninou. Stery vznikajf v ddsledku reakcie medzi zinko-
vou taveninou a Zelezom poch6dzaj0cim najmdz dielcov,
ktord sa povrchovo upravujri. Ich tvorba rizko srivisi
s rozpustnost'ou Leleza v roztavenom zinku. Ak obsah
Lelezaprek'rodi maxim6lnu rozpustnost' v tekutom zinku,
dochfldza k tvorbe sterov vo forme intermetalicklfch zl[-
(,enin [2-71.

Vzhl'adom na podet prev6dzok realizujricich proces

kusovdho 2Z zndmejiie sri odpady vnikajrice pri tomto
procese. Ide predov5etklfm o nasledovn6 odpady: spodnf
ster (zn6my ako ,,tvrdy zinok") a zinkovy popol. Spodnli
ster (tvrdf zinok) vznik6 rozpri5t'anfm lelezav zinku, pri-
dom pri prekrodeni rozpustnosti pri danej teplote doch6-
dza k vzniku intermetalickych f6z. V tvrdom zinku
vznikS intermetalick6 fiaatypuFeZnn. Tvrdli zinok m6
viidSiu mernri hmotnost'ako roztaveny zinok. Usadzuje sa
na dne vane. Treba ho v pravidelnych intervalech odstra-
iovat'. Ked'Ze obsahuje viac ako 90 % Zn je vyznamnym
zdrojom druhotndho zinku. Existuje niekol'ko moZnosti,
ako spodny ster spracovat'. NajrozSirenejSim sp6sobom
spracovania je nepriamy, tzv. francizsky pyrometalur-

gicky sp6sob, pri ktorom sa ziskava oxid zinodnatli.

2 Materifl a met6dy hodnotenia

Cietom pr6ce bolo vykonat' chemickri a mikro5truk-

trirnu analfzu vzoriek spodndho steru (tvrd6ho zinku) a

uskutnodnit' kvantitativnu analynt mikro5truktriry. Na
ridely experiment6lneho Stridia boli poskytnutd prostred-

nictvom eeSZ (esociScia deskfch a slovenskfch zin-
kovni) vzorky spodnfch sterov. Dodan;ich bolo l4 vzo-

riek z 13 prev6dzok realizujricich proces kusovlho 2Z

v SR a eR. Z celkovo dodanfch 14 vzoriek, T vzoriek po-

chidzalo zriznych prev6dzok patriacich jednej spolod-
nosti. Dal5ich 7 vzoriek poch6dzalo zinych prev6dzok,

pridom jedna prev6dzka dodala 2 vzorky. Sledovanli bol
vplyv teplofy zinkovania a interval odberu tvrd6ho zinku
zo zinkovacej vane. Teplota zinkovania sa pohybovala

v rozsahu 440 ai: 460"C. Tvrdli zinok sa z vane vyberal

raz zamesiac. Tri prev6dzky mali iny interval vyberania.

- Z dodanych spodnych sterov boli odobrand vzorky vo
forme triesok za fdelom urdenia ich chemickej analyzy.

Ked'Ze hlavnou nedistotou v zinkovom kripeli a zloZkou

intermetalickej fizy tvoriacej tvrdli zinok j e Lelezo, che-
mickd analy za b ola zamer ani na stano venie j eho o bsahu.
Typ intermetalickej finy (FeZwz) v tvrdom zinku bol po-

tvrdenSi rtg. difrakdnou analyzou v predch6dzajricom Stri-
diu [8]. Zinkov! kripel'obsahuje aj vel'mi mal6 mnoZstv6

infch prisad, ich obsahy neboli urdovand. Analyza bola
vykonan6 pomocou at6movej absorpdnej spektrometrie
(AAS).

Pre fdely hodnotenia mikro5truktriry boli dodand

vzorky spodnlich sterov podrobend metalografickej ana-
l'!ze. Pre zv;i5enie kontrastu boli pripravend vzorky po-

drobend leptaniu (leptadlo: 100m1 destilovanej vody +

5ml HCl, doba leptania: 5 minrit). Mikro5truktriravzorky

tvrddho zinku bez leptania a v stave po naleptani je zob-
razent na obr. I a 2.
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Obr. I Mikroitruhilra vzorlqt tvrddho zinku, nena-

leptany stav

Fig. 1 Microstructure of hard zinc sample, non-etched
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Obr. 2 Milvoitruktirra vzrolqt tvrddho zinku po naleptani

Fig. 2 Microstructure of hard zinc after etching

Miko5truktrira vzoriek bola n6sledne analyzovan6.

Na tento ridel bol pouZit;i vofne dostupn;f program FIJI

ImageJ. Tento program je urdenlf na spracovanie obrazo-

vych ridajov a analyzu obrazu. Program FIJI ImageJ je

zaloLeny na programovacom jazyku Java. Program

dokaZe zobrazavat. spracov6vat', uloZit' atladit' 8, 16

a32-bitovd obrazy. TaktieZ mdZe pracovat' s r6znymi ob-

razovymi form6tmi - TIFF, GIF, JPEG, BMP, DICOM,

atd'. Program dokriie poditat' plo5nd a pixelovd Statistiky

v definovanom vybere. UmoZf,uje merat' vzdialenost'

a uhly, vylvinat histogramy a diarov6 profily. Podporuje

Standardn6 funkcie spracovania obrazu, ako sri logickd

a aritmetick6 oper6cie medzi obrazmi, manipul6ciu

s kontrastom, Fourierove analyzy, ostrenie, vyhladzova-

nie, detekciu hr6n a m6dianov6 filtrovanie [9-12]. Pro-
gram FIJI ImageJ dok6Ze analyzovat iba dierno-biele fo-

tografie. Preto pred samotnou analyzou je potrebn6

riprava RGB (farebnfch) snimok do dierno-bielej (Thre-

shold) verzie. Uprava bola dosiahnut6 pomocou zmeny

nastavenia typu obrazu na 8-bitovri verziu. Uprava RGB

snimky do 8-bitovej verzie je zobrazenh na obr. 3.

Po riprave RGB snimky na 8-bitovri verziu (odtiene

sivej) bolo potrebnd urobit' samotnf prevod na dierno-

bielu verziu. Pre tento ridel sa pouZiva funkcia Threshold.

Uprava S-bitovej verzie na dierno-bielu je zobrazen| na
ob r .4 .

Po konverzii RBG na dierno-bielu verziu bolo moZnd

danri verziu snimky analyzovat. Analyzovany bol plo5ny

podiel intermetalickych ftu FeZnn v zinkovej matrici
(funkcia Measure) a vel'kost' jednotlivych f6z (funkcia

Analyze Particles). Analyza merania vel'kosti bola roben6

pomocou dvoch premennych, a to pomocou Feretovho

priemeru (ednorozmernf priemer vyjadrenli ohranide-

nim dastic dvomi rovnobeLnymi diarami v n6hodne zvo-

lenom smere) a merania priemeru elipsy. Program dovol'-

uje meranie vellkosti v dvoch jednotk6ch, a to bud' v pi-
xeloch alebo vjednotk6ch SI sristavy.

Pre nastavenie merania vel'kosti sa pouZiva funkcia

Set Scale. Program dokilLe z obr(nku odstr6nit' naj men5ie

objekty, ktor;ich vyskyt nie je vhodnd zahrntf do ana-
lfzy. Pomocou funkcie Median (Process - Filters - Me-

dian) moZno nastavit' najmen5iu hodnotu (podet) pixelov,

ktor6 m6 program zobrazovat, resp. zahrnft' do analyzy

obrazu. Po fprave obrazu (odstr6neni najmenSich objek-

tov) bol obraz pripraveny pre samotnf analyzu. Vfsledky

analyzy program automaticky vygeneruje do tabul'ky.

Z nameranych vysledkov je moZnd pomocou programu

vygenerovat' histogramy alebo grafy.

A B

Obr. 3 Uprava RGB snimtE na 8-bitovit. A-RGB, B-T-bi-

tovct

Fig. 3 Conversion of RGB image to 9-bit, A-RGB, B-8-

bit

A B

Obr. 4 (Jprava 8-bitovej verzie na iierno-bielu. A-8-bi-

tovd, B-CB

Fig. 4 Conversion of 8-bit to B&W, A-8-bit, B-B&W

3 Vfsledky a ich diskusia

Chemickou analyzou bol stanoveny obsah Leleza

v jednotlivych vzork6ch od2,33 %o do 3,49 %o. Hodnotend

vzorky sa teda vyznamne neodliSovali obsahom leleza.

Na obr. 5 rt 7 st dokumentovan6 mikro5truktriry troch

vzoriek z troch prevddzok, ktor6 sa najviac odli5ovali

charakterom mikroStruktriry, resp. morfol6giou interme-

talickych fdz.Pre kaZdf vzorku boli zvolend 4 snimky pre

dosiahnutie lep5ej reprezentovatel'nosti.

Miko5truktrira vzoriek spodn6ho steru je tvorene

dvomi fiizami-intermetalickymi dasticami azinkovou

matricou. Interuretalickd fiaa je zhidenina FeZnp, ktorh

vznikd na zdklade bin6rneho diagramu Zn-Fe po prekro-

deni rozpustnosti Leleza v roztavenom zinku. Intermeta-

lickd dastice dosahujf r6zne geometrickd tvary, od tydin-

kovitdho aZ po takmer sfdrickli tvar. Morfol6giu dastic

nemoZno uvddzat v srivislosti s obsahom Lelezav jednot-

livlfch vzorkSch. Nie je pozorovan6 ani zSvislost' od in-

tervalu odoberania steru zo zinkovacej vane. Najvfraz-

nej5i rozdiel v mikro5truktfre, resp. morfol6gii interme-

talickych dastic moZno pozorovat v zdvislosti od teploty

zinkovdho kripel'a. Vo vzorke 12, kde bola pouZit6 naj-

vySSia teplota zinkovania, je pozorovany odli5nf tvar das-

tic, ktory sa najviac pribliZuje sferickdmu. V mikoStruk-

tfre moZno pozorovat' aj rozdiely vo vel'kosti intermeta-

lick;fch dastic, resp. distribfcie dastic podl'a vel'kosti.

Chemickd zloLenie zinkovej taveniny jednotliv6 zin-

kovne neuv6rdzajt,ide o ich firemnd tajomstvo. Najvlid5ia

podobnost' v miko5truktrire bola pozorovan6 vo vzor-

k6ch, ktor6 pochddzajt od jedndho prev6dzkovatel'a a sri

odobran6 v r6znych obdobiach prevddzky, do naznaduje,

Ze charakter mikro5truktriry spodnlfch sterov srivisi s che-

micklim zlolenim zinkovdho kripel'a.
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snahou bolo ziskanie kvalitnejSieho metalografickdho po_
vrchu. Z uveden6ho vyplyva, Ze ripravou snimky pomo_
cou funkcie Median bolo moZnd odstrrinit' nedokonalosti
metalografickdho vybrusu, resp. program FIJI ImageJ
umoZfioval ziskat analyzu aj znedokonalfch snimok
vzoriek.

4 Ziner

Z vfsledkov hodnotenia dodanfch vzorkiek spodnlich
sterov moZno vyhodnotit' nasledovn6 z6very [10]:

o Chemickou analfzou bol stanovenlf obsah Ze_
leza v rozmedzi 2,33-3,49 %. potvrdil sa
pribliZne rovnak;i obsah Leleza vo v5etkfch do_
danlych vzorkSch.

o V mikro5truktfre dodanych vzoriek bola pozo_
rovan6 pritomnost' intermetalickych faz F eZnrt
rdznych tvarov a vel'kosti azinkov|matrica. Na_
priek tomu, Ze hodnotend mikro5truktriry doda_
nfch vzoriek boli vefmi podobnd, boli pozoro_
vand aj urdit6 rozdiely.

r Intermetalickd dastice majri r6zne geometrickd
tvary, naj dastej Sie dosahuj ri tyd inkovitlf tvar.

. Vplyv teploty na charakter miko5truktfry
v fzkom intervale tepl6t zinkovania (442_455

"C) nebol potvrdeny Zmena v mikro5truktrire
a v tvare dastic bola pozorovan6 vo vzorke
spodndho steru, ktor6 poch6dzala z vane,
v ktorej teplota zinkovania dosiahla 460.C.
Intermetalickd dastice v tejto vzorke dosahujri
takmer sfdricky tvar. V tejto vzorke bol
stanovenf aj vy55i ploSny podiel
intermetalick;ich ftz. VySSi podiel
intermetalickych f6z m6Ze sfvisiet' s viskozitou
zinkov6ho kfpel'a, do sa m6Le prejavit'
pri odoberanf spodn6ho steru z dna zinkovacej
vane.

o Obrazovou analyzou bol stanovovanli plo5n;i
podiel fliz, vel'kost' intermetalickych dastic
a distribricia dastic podl'a vel,kosti. ploSnypodiel

intermetalickych faz v dodan;.ich vzork6ch sa
pohyboval v rozmedzi 44,17 % - 60"21 %.

o Najvdd5i podiel dastic tvoria dastice s vel,kost'ou
od 0,964 pm do 120 pm. Najviidsie dastice do_
sahovali vel'kost' 2200 pm.

o Vo vzork6chpochddzajtcichod rovnakdho pre_
vildzkovatela zinkovne sa potvrdila najvZid5ia
zhoda, di uZ z hl'adiska mikro5truktfry, plo5ndho
podielu intermetalickych f6z, resp. distribricie
fiupodl'a vel'kosti.

o I uvedenfch pozorovani vypl;iva,
2e na charakter mikro5truktfry m6
pravdepodobne vplyv chemickd zlolenie
zinkovdho kripel'a. Vplyv teploty sa prejavil aZ
nad 460oC.

Pod'akovanie

Pr[spevok vgnikol.. zo podpory Vedeckej grantovej
agentrtry MSWaS a s)v-UhGA), v rdmci rieienia
grantovej rtlohy i. l/0442/17.

Literatfra

ttl KUKLIK, V., KUDLACEK, J. (2014). Zdrove
zinkavdn{, A0SZ, 201 4, 20g s., ISBN 97g-g0_
905298-2-3.

[2] SVOBODA, J., KUDLACEK, J. (2018). Sui_
table pre-treatment of hot-dip zinc to increase
the adhesion of organic coatings. Manu-
facturing Technologt. l8(l), 135-139. ISSN
t2t3-2489.

[3] GORDON, R.B. (2003). The characterization
of technological zinc cycles, Res ourc e s, C o n-
sercvation and Recycling, 39,2003, p. 107-
I  35.

[4] BARAKAT, M. A. (2009). Removal of iron
from hard zinc for production ofrefined zinc,
The Open Mineral Processing Journal,2009,
\p .  12 -16 .

[5] KOZLOWSKI, J., LASKAVIEC, J. (2000).
Refining alloy zinc-iron with intermetallic
phases Zn#e^by formation phases Al,,Fen'.
Intermetallics, 2000, 8, p. 1439-1442.

[6] VOURLIAS, G. et at (2007). Study of the
structure of hot-dip galvanizing byproducts.
Journal ofoptoelectronics and advanced ma-
terials, 2007, 9, p. 2937 -2942.

[7] TRPCEVSKA, J. et al. (2012). Microscopical
Evaluation of Hard Zinc Refining by Alumi-
nium. Manufactur ing Techno logt, 2012, 13,
p.264-267.

[8] TRPCEVSKA, J. er al. (2010). Characte-
rizationofthe bottom dross formed during ba-
tch hot-dip galvanizingand its rcfrning, Acta
Metallurgica Slovaca, 10, 2010, 3, p. l5l-
156.

t9l BANKFIEAD, P. (20t4). Anatyzing flu-
orescence microscopy images with ImajeJ,
Queen's University Belfast, p. l gg.

[10] zBoNiAK, R., VOTRUBEC, V., sVEC,
M. (2018). The alternative procedures of fiber
volume ratio determination of long-fiber car-
bon-epoxy composites. Manufacturing Tech-
nologt. I 8(1), 160-164. ISSN t2l3-2489.

[ 1] COLLINS, T. J. (2007).tmageJ for micros-
copy. Biotechniques, 2007, 43, p. 25-30.

[12] MATISCSAK, M. (2016). Hodnotenie spod-
nych sterov vznikajricich v zinkovniach,
Technickd univerzita v Ko5iciach, Hutnicka
fakulta, diplomov6 pr6ca, s. 83.

l l 7



rok 2018, roinik XXIil, iislo 2 Srnoinzusxri TEC nN o LIGIE ISSN 12lt-4162

Abstract

Artilce:

Authors:

Microstructure Evaluation of Hard zinc generated during Hot-dip galvanizing

Jarmila Trpdevsk6

Marek Matiscs6k

Martina Laubedov6

Katarina Bla5kov6

Workplace: Faculty of materials, metallurgy and recycling, Technical University of Ko5ice, Letn6 9, 042 00 Ko5ice

Keywords: HardZinc, Dross, Hot-dip Galvanizing, Image Analysis, Microstructure

Hot dip galvanizing is the most used corrosion protection method for steel and iron substrates. Production of galvanized

objects involves the generation of several byproducts. Among them, the galvanizing dross, is one of the most important.

Galvanizing dross is formed inside or on top of the molten zinc. The bottom dross generated during batch hot-dip galva-

nizing process is known as hard zinc. The bottom dross consists of intermetallic compounds FeZnrr and also large amount

of solidified zinc, which is trapped in liquid form in the device used for their removal from the zincbath (Fig. l, 2). The

paper is focused on the eveluation of supplied samples of hard zinc from the operations of hot-dip galvanizing in the

Slovak nepublic and in the Czech Republic. The chemical composition and microstructure of the samples were evaluated.

Microstructure was observed using light microscopy. Content of iron in the iamples was determined by AAS in range of

2,3-3,5 oh.The FIJI ImageJ program was used to quantify the microstructure. ImageJ is open source available Java based

Image analysing software. Automatic particle analysis requires a "binary'', black and white, image. Microstructure image

was converted from RGB to B&W (Fig. 3, 4) Using these methods, it was possible to determine differences in the chem-

ical composition and microstructure in the samples. Intermetallic particles are characterized by various shape and size

(Fig. 5-7). Average size values of intermetallic particles in individuat samples measured by Feret's diameter and ellipse

diameter is summarized in Tab.l.

Piispdvek d.: 201820

Copyright @ 201 8 Strojirensk6 technologie. Viechna pr6va vyhrazena

Paper number:201820

Copyright @ 20 I 8 by Strojirenska technologie. All rights reserved.

Obrobitelnost konveniniho Inconelu 718 vs. 3D ti5t6n6ho metodou DMLS pii vrtfni

Miroslav Zetekt,Ivana Zetkov6l, Ludmila Kuderov6l, Miloslav Kepkat, Jiii Simedekt, Ivo derny2, Jan Kec2
rFakulta strojni - Region6lni technologickf institut, Z6padodesk6 univerzita v Plzni. Univerzitni 22,306 14Plzei'

Czech Republic. E-mail: mzetek@rti.zcu.cz, zetkova@rti.zcu.cz, skal@rti.zcu.cz,kepkam@rti.zcu.cz, jirkasi@stu-

dents.zcu.cz
2SVU1r4, s.r.o, Tov6rni2053,250 88 eekikovice. Czech Republic. E-mail: Ivo.Cerny@seznam.cz, kec@svum.cz

Obrobitelnost je technologick6 charakteristika vyjadiujici souhrnnf vliv fyzik6lnich, mechaniclcfch a chemickfch

vlastnosti obribEn6ho materidlu na prrib6h a na ekonomick6 resp. kvalitativni vfsledky procesu iezhni. Je moZn6

ji hodnotit z pohledu kvalitativniho, ekonomick6ho, anebo technologick6ho. Obecn6 v5ak plati, Ze obrobitelnost

Inconelu 718 je velmi Spatni z pohledu vdt5iny hodnoticich parametrfl. Nyni se v5ak otevird othzl<z,jakou obrobi-

telnost mi 3D tistEnf materi6l. Stejn6 tomu tak je iv otilzce mechanic\ich vlastnosti a dal5ich krit6rii ve srovnini

s konveninim materiflem. Hlavni rozdfl, kterf mriZe ovlivnit vfsledn6 vlastnosti je piedev5im rozdilnf struktura

materi6lu, kter6 je vytvoiena postupnfm sp6kinim rovnomErnfch vrstev kovov6ho pr65ku, jehoZ vstupni tvarje

tvoien rozdflnfmi prfimdry kulitek Inconelu 718. Diky tomu struktura tiStdn6ho Inconelu neni tvoiena zrny tu-

h6ho roztoku s velkfm mnoZstvim dvojiatovfch pisri a obiasnfm vyskytem iistic ostrohrannfch idstic Ti' jako

je tomu u konveniniho materi6lu, ale je tvoiena protaZenfmi zrny tuh6ho roztoku, kde se v hraniinich oblastech

zrn vyskytuji je5ti dalSi, velmi jemn6 fize s jehlicovitou morfologii, kter6 misty piechizi do souvisl6ho tenk6ho

filmu. To je dfivodem, proi se tato studie danou problematikou zabyv6.

Kliiovi slova: Inconel 718, aditivni vfroba kovfi, obrobitelnost, vrtSni

1 Soudasnf stav poznfni Obr6bdni slitiny Inconel 718 st6le patii do oblasti tEZ-

koobrobitelnlich materi6hi. Biit iezndho n6stroje je nam6-
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