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THE ANALISYS OF THE INFLUENCE OF COOLING RATE DURIN G LASER ALLOYING
WITH SILICON NITRIDE ON SURFACE LAYER STATE OF CAST IRON MACHINE PARTS

Summary

The aim of this was to evaluate influence of diffiétheat treatment conditions on microstructure haddness of surface layer of cast
iron elements. The molecular G@ser with 2600W output power and TiMhode was used to perform surface modification. Aitalp
and scanning microscopes, Auger electron spectpescd-ray diffractometer, EDS microanalyser anddmaass Vickers tester were used
to assess the result of the surface modificatitre fesearch showed, that it is possible to motiéysurface layer of cast iron by laser
alloying with silicon nitride. After laser alloying is possible to achieve the alloyed zone (cormaimitrogen and silicon) with uniform,
fine, dendritic microstructure similar to the hardsd white cast iron. Microstructure of alloyed zasewell as its size depended on laser
heat treatment parameters. In case of alloyed zéoresed with higher laser power density and its serahteraction time (which gen-
erate higher cooling rates) it was noted higher amtoof undiluted graphite and new-formed phases ik 9/Co 055 FEN 033 FEN 076
FeSi, FgSi. In case of alloyed zone formed with higher caplate alloyed zone microstructure was finer anderttomogenous. The
average hardness of alloyed zone with silicon nétrichs 5-times higher than matrix of the bulk materia

Improved hardness of surface layer of cast ironasgr alloying with silicon nitride should favor bet wear resistance of machine part
cast iron treated in this way.
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ANALIZA WP YWU PR
LASEROWEGO AZOTKIEM KRZEMU NA STAN WARSTWY WIERZCHN
ELIWNYCH ELEMENTOW MASZYN

Streszczenie

DKO CI CH ODZENIA PODCZAS STOPOWANIA
IEJ

Celem bada by a ocena wp ywu réych warunkéw laserowej obrébki cieplnej na mikrodinaki twardo warstwy wierzchniej ele-
mentow eliwnych. Do modyfikacji powierzchniowej wykorzystéaser molekularny CQo pracy ci g ej firmy Trumpf, o maksymalnej
mocy 2600W i modzie TEM Oceny przeprowadzonej modyfikacji dokonano za pommkroskopu optycznego, skaningowego, spek-
troskopu elektronéw Auger, mikroanalizy rentgenowskéz dyfrakcji rentgenowskiej, a takmikrotwardociomierza metod Vickersa.
Badania wykaza y.e istnieje mdiwo modyfikacji warstwy wierzchniegliwa za pomoc stopowania laserowegeliw azotkiem krze-
mu. Po stopowaniu laserowym ma uzyska stref stopowan (zwieraj ¢ azot i krzem) o jednorodnej, drobnej, dendrytygani&ro-
strukturze, o charakterze zlinym do zahartowanegeliwa bia ego. Mikrostruktura strefy stopowanek jgej rozmiar zalea y od za-
stosowanych parametrow laserowej obrébki cieplnej.t\fach powsta ych z zastosowaniemksiej gsto ci mocy i krétszego czasu
oddzia ywania, generugych wiksz pr dko ch odzenia na materia odnotowano kgz zawarto nie rozpuszczonego grafitu, a tak-
e wi ksz zawarto nowopowsta ych faz jak: FCooss FEN 033 FEN 076 FESI, FeSi. W przypadku stref uzyskanych zkez pr d-
ko ci ch odzenia odnotowano wisze rozdrobnienie i ujednorodnienie mikrostruktumednia twardo stref stopowanych azotkiem
krzemu by a oko o 5-krotnie Wisza od twardai osnowy rdzenia. Zwkszenie twardai warstwy wierzchniejeliw przez stopowanie
laserowe azotkiem krzemu powinno sprzyjai kszeniu odpornei na zuywanie obrobionych w ten spos@iwnych cz ci maszyn.

S owa kluczowestopowanie laserowe, azotek krzermaliwo, warstwa wierzchnia

1. Introduction

The automatization of agricultural production prsses
which containing area of agricultural productios,veell as
area of designing and construction of agricultunachines
is one of the most important trend in agricultusdhnique
development. Application of new materials and putitdun
techniques could cause crucial changes in maclioes
struction. It is also connected to new methodsrgfrbving
surface layer parts which are exposed i.e. to ctenaind
tribological loads [1].

This research concern surface treatment whichdcoell
apply in case of cast iron agricultural machineices.

Cast irons are popular group of materials. Theyused
in many industry branches, also in agriculturalistdy [2].
Gray irons, particular nodular irons after appraf&itreat-
ment could replace cast steel or even steel elemdmt
some cases of parts working in soil like ploughdbk(usu-
ally made of 38GSA steel) for example ADI cast icmuld
be applied [3, 4].

Marta PACZKOWSKA 74

Some parts of agricultural machines made of casfi
like: shafts of harvest machine, gears, teeth haralisc
harrows, coulter presser feet are exposed to ivengear.
Consequently, appropriate surface layer propegiesre-
quired. One of the surface treatment which allowadbieve
changes in surface layer is laser heat treatmetT)LRe-
melted surface layer achieve in nodular iron bg thethod
could characterize by hardness increase compaoirntet
bulk material [5]. Cast iron after laser remeltimgalloying
(i.e. with boron) is characterized by better wessistance,
as well [6].

Except boron, other elements, like nitrogen caalkb
be used in case of laser alloying. Nitrogen foumead ap-
plication in diffusion treatment, mostly [7]. Highardness
(i.e. 1200HV for low-alloy steel) of surface layaiter ni-
triding could be achieve not only as a result afihatrides
creation but also as a result of nitromartensitendion
[8]. Results of research presented in [9-12] showet
high hardness, increase of wear resistance anasionr
resistance could be attain after laser alloyindhwitrogen
of steel parts. Laser alloying with nitrogen colid also
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reached using @\, powder as a source of nitrogen [9].
During this research (concerning laser alloyingcafbon
steel) it was proved that decomposition ofNgicompound
occurs. Additional advantage of this decompositiexcept
achieving nitrogen) is obtaining silicon which pdag great
deoxygenate function.

Positive results after laser alloying with nitrogef steel
allow to expect good results after using this trestt in
case of cast irons. In case of laser alloying & tabe take
in to account the LHT parameters, particularly taseam
parameters, which have significant meaning in cdsgen-
erating temperature of remelting zone and its hgasénd
cooling rates.

The aim of this research was evaluation of infagenf
different laser alloying conditions with silicontmde on
microstructure and hardness of surface layer dfioas.

2. Methodology

Laser alloying of nodular iron was performed witit-
ferent laser beam parameters variants. Those edleeti-
ants cause different cooling rates of treated serfayer.
Laser beam power was in range of 330+2600W anith-ts
teraction time was in range of 0,2+1,5s (laser bdame-
ter and laser beam fluence were constant). Thosdica-
tions allow to achieve different temperatures aheted
area and its different cooling rates which are oesjble for
microstructure and properties of modified surfaeget.
Due to applied laser beam parameters, theoretaaling
rate of treated surface was in range from 0,9tfferlowest
value of laser beam density and the longest intierac
time) to 14,3 -19°C/s (for the highest value of laser beam
density and the shortest interaction time).

EN-GJS-600-3 nodular iron was selected as a tat-m
rial. The chemical composition is presented in fab.

Laser heat treatment consists of remelting of aserf
layer of cast iron. The surface was previously cedeby
appropriate coat coating alloying and bounding taunir=e.
SisNg-a powder (with 325 mesh and purity99,9% by
Sigma-Aldrich) was used as the alloying substafigeX).

Laser treatment was performed with the molecul@; C
continuous Trumph laser type TLF 2600t at 2.6-kVtpat
power and in the TEM mode.

Source: own work /r6d o: opracowanie w asne

Fig. 1. SiN, powder applied during laser heat treatment
Rys. 1. Proszek $8l; stosowany podczas laserowej obrébki
cieplnej

Results of the laser treatment were analyzed bgnsie
of a Zeiss Epiquant light microscope and Tescara\&k5
scanning electron microscope (zone geometry diroansi
evaluation and microstructure study), 3212 ZWICKRkérs
microhardness tester with 100G load (microhardaéstsi-
bution on the section of modified zones determargti
D500 Kristalloflex Siemens X-ray diffractometer gses
identification), and PGT Avalon ED$icroanalyzer and
Auger LAS 620 RIBER (chemical compositions idectfi
tion).

The research was performed at the Poznan Uniyerkit
Technology and at the University of Science andhheto-
gy in Krakow.

3. Results and discussion

In each variant of laser treatment, the remelédidyed)
zones, the hardened from the solid state and #mesition
zone between them were achieved (fig. 2). Existeriche
hardened zone from the solid state is improvingdinebil-
ity of surface layer additionally. Furthermore, stgnce of
transition zone is improving good bond between fede
zone and non-remelted bulk material.

The alloyed zone was characterized by fine anddgpm
enous microstructure (especially in comparison foron
structure of the bulk material) in each laser treatt vari-
ant (fig. 2, 3).

Tab. 1. The chemical composition of EN-GJS-600-@utar iron

Tab. 1. Sk ad chemiczngliwa sferoidalnego EN-GJS-600-3

Castiron The element value % [wt.]
C Si Mn P S Cr Cu Al Mg
EN-GJS-600-3| 3,50 2,8¢ 0,32 0,03,013| 0,03 0,559 | 0,009| 0,038

Source: own work /r6d o: opracowanie w asne

Fig. 2. The surface layer microstructure of cast iafter laser
W (a) and P =330 W (b). Optical microscope

Rys. 2. Mikrostruktura warstwy wierzchniejiwa po stopowaniu laserowym azotkiem krzemu togeswaniem mocy wz-
ki laserowej: P = 2600 W (a) i P =330 W (b). Mikkmp optyczny
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Source: own work /réd o: opracowanie w asne
alloying with silicon nitride withder beam power: P = 2600
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a)

DET: SE Defector L1 1|
View field: 40.80 um 20 um
Device: TS5135

SEM MAG: 5.00 kx
Hv: 30.0 kv
VAC: Hivac

Vega ©Tescan

Source: own work /réd o: opracowanie w asne

Fig. 3. The part of microstructure of surface lagkcast iron after laser alloying with siliconniite with laser beam power:
P = 2600 W (a) and P =330 W (b). Scanning eleatnamoscope

Rys. 3. Fragment mikrostruktury warstwy wierzchnéjwa po stopowaniu laserowym azotkiem krzemu togasaniem
mocy wi zki laserowej: P = 2600 W (a) and P =330 W (b).kitenowy mikroskop skaningowy

It was noticed that, higher laser beam power dgmgs
applied, the bigger size of the alloyed zone wdis €orre-
lation was appeared in spite of shorter interactiore dur-
ing application of higher laser beam power densitye
size of cross section area S of alloyed zone insthiéace
layer of cast iron for different laser treatmentiaats is
presented in figure 4.
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Source: own work /réd o: opracowanie w asne

Fig. 4. The influence of laser beam power densitgnBhe
size of cross section area S of alloyed zone insthiéace
layer of cast iron

Rys. 4. Wp yw gto ci mocy wi zki laserowej E na wielo
pola przekroju strefy stopowanej S w warstwie vaeriej
eliwa

The microstructure observation of alloyed zonesepk
basic phases existing in Fe-C phase diagram didrerot
vealed any additional inclusions (fig. 2, 3). Abres were
dendritic. Their microstructure was similar to naistruc-
ture of the hardened white cast iron. Inside deesinmar-
tensite needles were visible. These zones obtawidd
higher laser beam power densities (fig. 3) wereattar-
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ized by finer microstructure (in comparison of zerab-
tained with lower laser beam power densities andjdo
interaction time). The average hardness of alloyedes
was 5-times higher than average hardness of matrike
bulk material. No correlation between average hesdrof

alloyed zones and laser beam power densities was ob

served. Nevertheless, the zones obtained with higiser
beam power densities were characterized by snsdbster
of hardness. It confirms higher microstructure hgemeity
in their cases.

Research by AES method confirmed the enrichment of
the remelted zones with silicon nitride. AES metliedect-

ed nitrogen and EDS method showed increased silicon

amount in comparison to its amount in the bulk make
The temperature induced during LHT in the surfaeet
should makes possible decomposition of siliconidwgtr
This process was noticed during laser alloying sititon
nitride of steel [9, 11]. But, it is possible thatrogen could
also stay in compound with silicon because of higtigéni-
ty silicon to nitrogen than iron to nitrogen. X-rdiffraction
research showed presere@ndgsolid solutions, R and
Fe 94Co 055 carbides. In the X-ray figures some peaks which
are matching diffraction lines characteristic foeNg o3s
FeNy o076 and FeSi, FeSi, FeSiwere also observed (never-
theless, it has to take in to account that somé&gpezake
superposition). The example of the X-ray diffractogs
for the alloyed zone and the bulk material werewshin
the figure 5.

The diffraction research of phase compositiorhin a&l-
loyed zone allowed to assess relative values ofuaitnof
particular phases (fig. 6). But it should be taketo con-
sideration that the value assess as ‘100’ inditaelloyed
zone which contains maximum amount of particulaaggh
Therefore, it needs to be emphasize that only gatoere-
sponding to the same phase could be compared.
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Source: own work /r6d o: opracowanie w asne

Fig. 5. The example of the X-ray diffraction foethlloyed zone (a) and the bulk material (b)
Rys. 5. Przyk ad dyfraktogramow strefy stopowaakej fnateria u rodzimego (b)
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Fig. 6. The relative value of particular phase am@ssessed in alloyed zones after LHT with difietaser beam parame-
ters (a-d)

Rys. 6. Wzghtna zawarto poszczegoélnej fazy oszacowana w strefie stopovpenkDC z zastosowaniem nych para-
metréw wi zki laserowej (a-d)
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In case of higher laser beam density and shadeni [ FeNe = = s0LNAT/dG V105 — -
teraction time to the surface application duringTLkhore o bosz4 = 30LN(ATdtsur)
graphite nodules could be observed in alloyed zdéines ? ,,,,,,,,,, =095~
due to limited time for diffusion. Carbon containéal @ N
graphite nodules does not have enough time to ldi&sso ?_L
liquid matrix during laser remelting (fig. 7). o

Higher amount of K€, Feq ¢/ o 0ssandg solid solution TE ””””””””””””””””
(fig. 8), as well as phases containing nitrogemldwg.4and e
FeNyo76 (fig. 9), and phases containing silicon: FeSi and ;E ”””””””””””””””””
FeSi (fig. 10) could be expected in case of alloyedes E FeNo o76=31Ln(dT/dtsir)-208
created in laser treatment conditions generatighdri tem- [= ' 2092
perature and higher cooling rate of melting zonehSmi- 10 $ S
crostructure conditions probably caused formatibmore 01 1 10 100
phases cells. The assessed COO:LI ng rate of the treated surface

x10°dT/dtsyg, [°C/s]
100

Source: own work /réd o: opracowanie w asne

—————————————————— Fig. 9. The relative values of Fgh,sand FeN gzsassessed
- in alloyed zone with silicon nitride depending oiffetent
cooling rates of remelted area in the surface lafethe
treated cast iron

10 | Rys. 9. Wzgtina zawarto FeN, g324i FENy g760Szacowana
) w strefie stopowanej w przypadku zastosowaniaych
pr dkoci chodzenia strefy przetopionej w warstwie
wierzchniej obrabianegceliwa
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Source: own work /réd o: opracowanie w asne

Fig. 7. The relative value of graphite assessedllmyed
zone in case of different laser beam density aatitin
Rys. 7. WzgHna zawarto grafitu oszacowana w strefie

) Jo . Fe,Si=7,1In(dT/dtsyr)+16,5
stopowanej w przypadku zastosowaniang&h gsto ci 2SI=7 n(dTidls )

The relative value of phases [%

mocy wi zki laserowej 10 fy=0.92
100 o 0,1 1 _ 10 100
FesC=32,13Ln(dT/dtsyr)+15,50 2 The assessed C003|Ing rate of the treated
A P N A surfacex10°d T/dtsur, [°C/s]
S Source: own work /r6d o: opracowanie w asne
(%]
O - T R . . X . .
a Fig. 10. The relative values of FeSid FeSiassessed in
=T g S i N alloyed zone with silicon nitride depending on eiffnt
o /S s FereCoos cooling rates of remelted area in the surface lafethe
2 ¢ . =4,98dT/dtsur +29,85 treated cast iron
. ‘a fy =0,09 Rys. 10. Wzgtina zawarto FeSii Fe,Si oszacowana
-% . \ w strefie stopowanej w przypadku zastosowanianych
© 4 Fe_gamma=6,46dT/dtsur+8,51 pr dkoci chodzenia strefy przetopionej w warstwie
2 _ wierzchniej obrabianegceliwa
,_ y=0,99
10 =, : N ) )
01 1 10 100 It means that LHT conditions determine microstuoet
The assessed cooling rate of the treated surface of modified surface layer of cast iron significantThus, by
x10%dT/dtsur [°C/s] appropriate selection of LHT parameters it is passito

i ) create proper microstructure of cast iron surfaeed in
Source: own work /rod o: opracowanie w asne case of alloying with silicon nitride.
Fig. 8. The relative values of & Fe ¢, o ossand gsolid

state assessed in alloyed zone with silicon nitindéae de- 4. Conclusions

pendence of different cooling rates of remeltecharethe

surface layer of the treated cast iron On the basis on performed research following aencl
Rys. 8. Wzgtina zawarto Fe;C, Fe ¢:Coossi roztworu g~ Sions could be formed. It is possible to modify theface
oszacowana w strefie stopowanej w przypadku Zasmso |ayer of cast iron by laser alloying with silicoitride. After
nia ro nych prdko ci ch odzenia Strefy przetopionej laser alloying three zones in the surface |a.yeﬂd:be se-

w warstwie wierzchniej obrabianegeliwa lected:
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- the remelted (alloyed) zone with uniform, fine, detic
microstructure similar to the hardened white cest with
5-times higher hardness than matrix of the bulkemiai

tion of microstructure of alloyed surface layer,vesll as,
its size.

- the transition zone under remelted zone containéig 5. References

melted and non-remelted phases during laser heat-tr
ment, [1]
- the hardened from the solid state zone under Hresitr
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It is worthy to emphasis, that by appropriate c@d@ of
laser heat treatment parameters it is possiblentra crea-
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