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Abstract: The microstructure and properties of spheroidal graphite cast irons and austempered ductile irons with
nanosized additives of titanium carbonitride and titanium nitride (TIiCN+TiN), titanium nitride TiN and cubic boron
nitride cBN are investigated. The microstructure of the patterns is observed by optical metallography, quantity
metallographic analysis, X-Ray analysis, SEM analysis and EDX analysis. Hardness measurement, impact strength and
abrasion wear test on fixed abrasive are performed. The influence of the nanosized additives on the microstructure,
mechanical and tribological properties of the cast irons are examined.
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I. INTRODUCTION titanium  carbonitride and  titanium  nitride
Spheroidal graphite cast iron is a structural (TICN+TIN), titanium nitride TiN and cubic boron
material, characterized with a high strength, nitride cBN are investigated (Table 1). For the
toughness and wear resistance. Graphite in the castprovement of the particles wetting and their
iron provides resistance to mechanical wear anduniform distribution into the casting volume the
improves the processability. Application of an electroless nickel coating is plated on the passicl
alloying, thermal treatment or both of these preess surface. EFTTOM-NICKEL method is used for
influence the graphite morphology and substrateelectroless plating [11].
structure and allows achieving optimal propertiés o The microstructure of the spheroidal graphite cast
the iron [1-5]. Austempering is a thermal treatmentiron samples is investigated by quantity
process leading to a bainitic structure of the sabs  metallography, scanning electronic microscopy
material with high strength, increased ductilitydan (SEM), and Energy dispersive microanalysis (EDX).
high toughness [1-4]. The addition of small quaedit Scanning microscope EM® MA10 ,Carl Zeiss”
of nanosized particles into the iron melt increaseswith X-Ray micro analyzer ,Bruker is used. The
graphite quantity [9] and changes its morpholody [8 software ,Olympus Microlmage” is used for the
which combined with the changes in the structure ofquantity metallographic analysis. Data for the ager
the substrate enhances the wear resistance ob#te c diameter g of the graphite particles, their
iron [7-10]. roundness and the volume parts of the graphite,
The aim of the present study is investigation of pearlite and ferrite are received.
the microstructure, mechanical and tribological The spheroidal graphite cast iron samples are
properties of spheroidal graphite cast iron andsubjected to the austempering, including heating at
austempered ductile iron samples with nanosized®0CC for an hour, after that isothermal retention at
additives of titanium carbonitride and titaniumriaie 280°C, 2 h and at 38C, 2 h. The austempered
(TICN+TiN), titanium nitride TiN and cubic boron ductile iron samples’ microstructure is observed by
nitride cBN. means of an optical metallographic microscope GX41
OLIMPUS. The samples surface is treated with 2 vol.
IIl. MATERIALS AND METHODS % nital solution. The austempered ductile iron
The composition of the spheroidal graphite castsamples are tested by X-Ray diffraction analysis fo
iron samples is: Fe-3,55C-2,67Si-0,31Mn-0,009S-measurement of the retained austenite quantityan
0,027P-0,040Cu-0,025Cr-0,08Ni-0,06 Mg wt%. structure. The retained austenite quantity befoid a
Samples with and without nanosized additives ofafter abrasive wear is determined. X-ray powder
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diffraction patterns for phase identification were of the graphite phase in the iron samples.
recorded in the angle interval 20+20®0), on a In the wear resistance assessing of the iron base
Philips PW 1050 diffractometer, equipped with Cu structure is necessary to take into account itityabi
Ko tube and scintillation detector. Data for cell to be changed as a result of a complex set of
refinements and quantitative analysis are collegted processes in operation. Graphite in the gray cast i
0-20, step-scan mode in the angle interval from 20 tostructure has an essential role in their wearabeof
102 (20), at steps of 0.0320) and counting time of dry friction virtually no wear was observed on some
3s/step. Quantitative analysis is carried out byindividual sections of the contact surface. This is
BRASS - Bremen Rietveld Analysis and Structure related to the presence of graphite in the strectur
Suite [12]. which has a lubricating ability and acts as a ledomi
The hardness test by Brinell method (for castmaterial.
samples) and by Vickers method (for austempered
samples) is performed. The impact strength test is l-without  2-TICN+TiN 3-TiN 4-cBN
carried out by a Charpy hammer. additives
The friction wear investigation on fixed abrasive 11 -
by kinematic scheme “thumb-disc” is performed
using accelerated testing [9, 10]. The impregnatec
material Smirdex 330 Duraflex P80, 1173¥% used 10.5 4 |
for the spheroidal graphite cast iron. The tesh daé: =
nominal contact pressui@ =0,21.16 [Pa]; average %10 )
S
)

sliding speed, V=26,38 [cm/s]; nominal contact
surface, Aa= 50,24 [mn]; density, p =7,80.16
[kg/m? [9]. The impregnated material Corundum 220 | 95 1 ]
is used for the austempered ductile iron samples. T
test data are: nominal contact pressite=0,4.16 ]
[Pa]; average sliding speed,= 24,5 [cm/s]; nominal 1 2 3 4
contact surfaceAs = 50,24 [mr]; density, p Figure 1. Average diameter of the graphite spheédesid in
=7,80.1(§ [kg/r‘r?] [10]. spheroidal graphite cast irons: 1,2, 3, 4 — sampieber

ll. RESULTSAND DISCUSSION Twithout - 2TICNATIN. - 3TN el
The structure of the tested iron after casting

consists of ferrite, pearlite, and graphite [9].eTh
quantity metallographic analysis is performed foe t 14
evaluation of the influence of the nanosized pkasic 12
on the graphite quantity, size and morphology. Also
the quantity ratio between ferrite and pearlite is
defined (Table 1). Nanosized additives in the
spheroidal graphite cast iron don’t change the
graphite shape. They decrease the average diamet
of the graphite sphereqd from 11,00 to 10,34 pm
(Figurel). The increase of the quantity of the bitap
phase with 35+94% and the change of the pearlile an
ferrite quantity in the iron structure (Table l)ear L 1, _ 2 , 3 I 4
observed in the presence of the nanosized partide?gure 2.|Graph|tt)e quantity in spheroidal graphbdst irons: 1,2, 3,
(Figure 2). The quantity ratio between structural ~ sample number

elements with different hardness is changed (the The wear resistance of the irons with pearlite base
pearlite hardness is highest and the graphite kasdn at specified conditions of wear (contact pressume a
is lowest). This is the reason for the changeshén t siding speed) is inversely proportional to therage
total iron hardness (Table 1, Figure 3). The impactdistance between graphite grains. By reducing the
strength of the samples increases with 14+37% fordistance between the graphite grains protective
the irons with nanosized additives (Figure 4). properties of the surface carbon layer is improaed

SEM analysis of the fracture of the impact the wear resistance of the iron is increased.
destructed spheroidal graphite cast iron sampla wit

TICN+TiN nanoparticles additives (Figure 5) and
EDX analysis of the graphite phase (Figure 6), show
the nanoparticles presence in the graphite. These
results and that achieved from the quantity
metallographic analysis prove the modifying
influence of the nanoparticles on the size and shap
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Figure 3. Hardness HB of spheroidal graphite castsi 1,2, 3, 4 —
sample number
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Figure 4. Impact strength KC of spheroidal grapbést irons: 1,2,
3, 4 — sample number
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Figure 5. of the inotpdestructed
sample of spheroidal graphite cast irons with ndditeves of
TIiCN+TiN (sample 2)
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Figure 6. EDX analysis of the graphite phase oespidal graphite
cast irons with nanoadditives of TICN+TiN (samp)e 2

Studied in this work spheroidal graphite cast iron
with or without nanosized particles have an
equilibrium ferrite-pearlite structure of the subst
and inclusions of graphite spheres [9].

The results of the quantitative metallographic
analysis show that the nanosized additives without
changing the graphite shape, increase its volurde an
decrease the average diameter of the graphiteespher
(Figures 1 and 2), which leads to a reduction ef th
average distance between the graphite grains. Wear
resistance of the cast iron with nanoadditivesease
by 55 + 88% compared to this one of the cast iron
without nanoparticles (Figure 7).
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Figure 7. Wear resistance | of spheroidal graptitst irons: 1,2,
3, 4 — sample number

The spheroidal graphite cast irons without and with S
nanoparticles are undergone to austempering w&h th§ i B
aim to receive a bainitic structure of the metal }y
substrate. The austempering mode includesy
austenitization at 90Q, 1 h followed by
austempering at 28@, 2 h and at 38C, 2 h. As a
result of this thermal treatment cast iron struetur
obtained lower bainitic (Fig. 8) or upper bainitic ' 3
structure  (Fig. 9). .

Bainite is an oriented structure consisting of .~
needlesa - phase (bainitic ferrite), carbides and %
unconverted austenite.o-phase is formed by !

carbon content [1,2,10]. Upon cooling on the
temperature of isotherm to ambient temperature, t »
part of the unconverted austenite undergoed .. : o

martensitic transformation, and another part th‘ereolé) & R\ e a
remains in the structure as retained austeniteh® T Fige 8. Lower bainite in aust'mpgr";, Ser
austenite bainitic transformation begins with the irons: a -sample 5; b- sample 6; c- sample 8
formation of individual needlesi-phase (bainitic

ferrite) and is developed with the formation of new

oriented needles located close to each other and

forming a package of alternating plateghase and

the unconverted austenite enriched with carbon)A (c

oidaplgte cast

[1,2,10].
TABLE 1.
Nanoadditives, graphite characteristics, grappieylite and ferrite quantity and mechanical pribperof spheroidal graphite
Volume part of: [%)] Hardness Impact Wear
Ne : A strength resistance
of N:;;ELZ: d DTTI: Roundness HB KC I
sample H graphite pearlite ferrite MJ/m?
1 - 11,00 1,59 8,44 3212 59,44 85| 081 8,06.10
2 TICN+TIN | 10,52 1,28 1636 | 2536| 58,28 80| 09 125.10
3 TiN 10,64 1,49 1136 |  3428| 54,36 65| Lt 13,6.10
4 cBN 10,34 1,23 1634 | 3574| 47,92 170 1.0 15,15.10
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the lower temperature range of the bainitic area.

The quantity of the retained austenite in the
samples with upper bainitic structure is highemtha
this one in the samples with the lower bainitic
structure. This correlates with the characteristts
the bainitic transformation mechanism in the upper
and lower range of the bainitic area (Figure 1The
higher quantity of the retained austenite in the
samples with upper bainitic structure defines their
higher impact strength compared to this one of the
samples with lower bainitic structure (Figure 12).

The wear resistance of the samples with nanosized
additives of TICN+TiN and structure of lower bai
is 73 % higher compared to this one of the samples
without nanoadditives. The increase of the wear
resistance of the samples with the same additinds a
an upper bainitic structure is 27% higher (Figusg. 1
The quantity of the retained austenite in the
austempered samples before and after tribological
testing is defined by X-Ray analysis (Table 2)islt
found that the retained austenite quantity deceease
all of the samples after tribological testing (Figd1).

The reduction of the retained austenite quantity is
in the greatest extent in the samples with
nanoadditives of TiICN+TiN. They possess highest
wear resistance (Figure 13). The tribological
properties of the metal materials largely depend on
the structural condition forming on the contact
surface in the friction process. The retained aiiste
in the austempered ductile irons’ structure is a
metastable structure and by friction impact coutd b
undergone strain inducing y—a  martensitic
transformation. Friction partially transforms reted
austenite in strain induced martensite consistimgy t
same quantity carbon as well as high carbon adsteni
and appears untampered martensite with high
Figure 9. Upper bainite in austempered spheroidaphgjte cast hardness and pOSSIbIIItY for intensive s;ren.gthganln
irons: a -sample 9; b- sample 10; c- sample 11 wear [10]. The formation of the strain induced

martensite from the metastable retained austenite i

Optical metallographic analysis shows this the area of the friction contact probably is onethef
package as individual needle in the lower bainitic'easons for the wear resistance increase of these
struicture. Carbide phase is formed as a resudelif  Irons.
tempering of thea-phase or directly fromA(c).

Silicon in the spheroidal graphite irons (2-3%) 4501 5°6-lower bainite 5.9 - without_ additives
A . i e 9+12 - upper bainite 6,10 - with TICN+TiN
hinders process of the carbide formation. Bainitic 4| T 7.11 - with TiN
ferrite and enriched with carbon unconverted 6,12 - with cBN

austenite A(c) structures with high mechanical 2 3%0T

characteristics are realized at austempering 2usho £ |

An austempering mode over 6 hours could lead to ¢

decomposition of the enriched with carbon austenite 2501

to a composite of ferrite and carbide tcarbide), 200

which decreases the iron mechanical propertiesrand 5 6 7Numb?erofsgam |1e° 1" 12

practice not be cgr.ri.ed out. i in Figure 10. Hardness HV10 of austempersd sphergrdphite cast
The lower bainitic structure hardneSS,HV]'O IS In irons with lower bainitic structure (samples 5,8)7and upper

the range of 388 - 422 HV10, whereas this one @f th pajntic structure (samples 9,10,11,12)

upper bainite is — 312 - 319 HV10 (Table2, Figure

10). The higher upper bainitic hardness is coreelat

to the higher carbon saturation of thgphase and to

the higher degree of the austenite transformation i
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5.9 - without additives [7]- before wear test © 5+8 - lower bain{fg 59 - WJ'H_lout .addi[iv.es
6.10 - with TiCN+TiN EJ- after wear test = 121 9+12 - upper bainife 6,10 - with TICN+TIiN
a0+ : e 55 bainit = 7,11 - with TiN
7,11 - w;_th TiN =8 - lower am(e_ < 8,12 - with cBN
8,12 - with ¢BN 9=12 - upper bainite 2 ol
[0
. 301 - o}
= »
e g 8 ol
<21 /
0 =,
101 gu 5 6 7 8 9 10 11 12
g: ] Number of sample
0 . 5 Figure 13. Wear resistance | of austemperedrsjufsé graphite
5 6 7 8 9 10 11 12 cast irons with lower bainitic structure (sample, 5,8) and upper
Number of sample P s, PP
] ] ) i ] bainitic structure (samples 9,10,11,12)
Figure 11. Retained austenite quantity A in aupeed

spheroidal graphite cast irons with lower bainsticicture (samples
5,6,7,8) and upper bainitic structure (samples ,31,02) before
and after tribological testing

5.9 - without additives
1,54 6,10 - with TICN+TiN
7,11 - with TiN
8,12 - with ¢cBN

5+8 - lower bainite
9+12 - upper bainite

KC, MJ/m?

o
]
1
T
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Number of sample
Figure 12. . Impact strength KC of austempered rejitha&l graphite
cast irons with lower bainitic structure (sample8, B,8) and upper
bainitic structure (samples 9,10,11,12)

Table 2.
Nanoadditives, hardness, impact strength, weastegsie and retained austenite of austemperedeluntih (ADI)
Impact Retained austenite A,%
J;r% Structure Nanosized Hardness strength re\s/}/s(izgce
additive HV10 KC
sample MJI/n? ! before wear tes after wear tes

5 - 388 0,771 7,13.10 30,6 25,0
6 TiICN+TiN 413 0,901 12,3.10 24,9 12,2

lower bainite
7 TiN 405 0,828 9,03.10 24,4 22,1
8 cBN 422 0,884 9,56.10 21,0 11,8
9 - 314 1,137 7,67.10 40,4 31,3
10 TiCN+TiN 319 1,442 9,42.10 27,1 11,6

upper bainite
11 TiN 317 1,190 7,72.10 31,8 31,2
12 cBN 312 1,387 8,03.10 30,2 25,3

IV. CONCLUSION compared to the irons without nanopatrticles.

The microstructure, hardness, impact strength and Nanosized additives in the austempered ductile
wear resistance of the spheroidal graphite castsiro irons change the bainitic transformation kinetid an
and austempered ductile irons without and withaccelerate the austenite transformation to baimite.
nanosized additives of titanium carbonitride andaustempered ductile irons with nanoadditives have
titanium nitride (TICN+TiN), titanium nitride TiN  higher impact strength and higher abrasion resistan
and cubic boron nitride cBN are investigated. compared to the samples without nanoadditives. The

Nanosized additives in the spheroidal graphitepartially transformation of the metastable retained
cast irons have a modifying effect on the graphiteaustenite to strain induced martensite by friction
phase. They don't change the graphite shape, buimpact in the greatest extent occurs in the iroite w
decrease the graphite spheres size and increase thanoadditives of TICN+TiN, which influence on their
graphite quantity in the irons’ structure. Spheabid wear resistance.
graphite cast irons with nanosized additives have a
higher abrasion resistance and higher impact stieng
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