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Investigation of the possibility to increase the mechanical properties
of ferritic nodular cast iron
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The aim of this study is to ensure ferrite structure of the metal base, solid-solution hardening of ferrite and hence
higher mechanical performance by additional alloying. For the purpose of the experimental work brand GGG 50 is
designated as the base. In its own classic form, this brand has perlite-ferrite structure. In standard cooling conditions of
the cast iron its chemical composition is 3.2-3.7% C; 2.0-2.5% Si; 0.3—0.7% Mn. To study the influence of the chemi-
cal composition of the structure and mechanical properties were carried out experiments with alloys with the same
carbon equivalent, but the content of Mn up to 0.15% and the silicon content varied in the range from 2.0 to 4.5%.

The analysis of results allows the conclusion, that in the presence of silicon within 3.5-3.7% and about 4.2 carbon
equivalent a ferritic ductile cast iron can be obtained which satisfies the brand GGG 50.
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INTRODUCTION

Good technological properties of ductile irons are
that they are chemically related to the eutectic iron-
carbon alloys, as are ordinary gray irons. Removing
to the notch effect of graphitic inclusions as a result
from transformation of shape of blade in spheroidal
are reasons for higher mechanical properties (com-
parable and sometimes greater than those of steels)
of ductile irons [1, 4]. That is achieved after add-
ing of suitable modifiers into the melt. Specifically
— requirements concerning the basic mechanical
properties of ductile irons and which are set on the
standards in different countries are similar. For vari-
ous brands of ductile iron they provide:

* specific elongation A from 22 to 2%;

* HBS conditional yield strength R, from 220

to 850 MPa;

¢ Brinell hardness from 140 to 360;

* tensile strength Rm in the range from 350 to

1200 MPa;

At similar chemical composition the difference
in mechanical properties of the individual brands
is determined by the ratio of ferrite and pearlite in
the metal base — it varies from almost 100% ferrite,
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wherein the relatively low strength and hardness
combined with high ductility, up to 100% pearlite,
wherein the high strength and stiffness combined
with low ductility [5].

EXPERIMENTAL EQUIPMENT, METHODS
AND MATERIALS

As is known, the pearlite is produced by diffusion
of austenite decomposition. Pearlite grain structure
of iron-carbon alloys are made of a soft and ductile
ferrite and a hard and brittle cementite (iron carbide,
Fe,C), and depending on the shape of the cement-
ite is constitute as lamellar pearlite or granular [4].
This heterogeneity in the structure of the pearlite is
a cause of great differences in the hardness of the
cast iron in the mold (170-230 HB), and as a result,
because of the great heterogeneity, the workability
is greatly deteriorated - it is not possible to apply
high speeds of cutting, the tools take off the edge
quickly and it is not possible to achieve high-end
roughness on the surface [1, 5].

The aim of this study is to investigate the pos-
sibility of using additional alloying of the alloy. The
idea is thus to suppress pearlite decomposition of
austenite, i.e. to provide complete graphitization in
the course of decomposition and obtaining a ferrite
structure of the metal base just after casting, while
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achieving the solid solutions hardenability of austen-
ite, which would lead to the achievement of higher
values of the mechanical properties of castings. In
analyzing the possibilities to use alloying elements,
the suggestion is that may be used only those, who
meet the above requirements: first — graphitization
and solid solution strength effect and second — con-
tent of elements, stabilizing pearlite - Ni, Mn, Cu, Sn
and carbide-form elements — Cr, Mo, V, Mn should
be restricted. Generally two elements meet the con-
ditions — silicon and aluminum. Aluminum has a
stronger effect of graphitization, but its ability of al-
loying is worse because of suppressed sferoidizing
effect of magnesium and a marginal strength effect.
For this reason, studies have been conducted with
the use of silicon.

As noted, the objective of this work is to achieve
a high mark ductile iron while maintaining a ferritic
structure of the metal base. For this purpose, the
most appropriate mark is GGG 50 (500 MPa tensile
strength and 7% elongation). In the classic form,
this brand has a perlite-ferrite structure (for exam-
ple see Fig. 3b). For standard conditions of cooling
in the casting of iron it has a chemical composition
with 3.2-3.7% C; 2.0-2.5% Si; 0.3-0.7% Mn, (i.e.
carbon equivalent Ce 4.125).

To study the influence of the chemical composi-
tion on the structure, the tensile strength, hardness
and elongation are planned and realized experi-
ments with alloys with the same carbon equivalent.
Content of Mn up to 0.15%, silicon content was
varied in the range of 2.0 to 4.5% at intervals of
0.5%; respectively the carbon content in mass per-
centage for each alloy is within the limits, shown
in Table 1.

From the alloys cylindrical sample bodies are
cast with a standard diameter (30 mm) and length
of 250 mm. The proportional specimens (tubes) are
made to determine the mechanical properties and
standard samples are prepared for metallographic
analysis of the structure [2].

The hardness is determined to Brinell method
(BS 1SO 6506), [2, 3]. Measurement is made by a
sphere with a diameter 2.5 mm, 187.5 kgf (1840N).
The results of hardness and mechanical tests are
presented in Fig. 1 and Fig. 2.

RESULTS AND DISCUSSION

The analysis of the results shows:

* Ferrite structure (100%) of the metal base in
cast condition is fixed even at the third test — 3% Si
and 3.25% C, but the tensile strength is 420 MPa;

Table 1. Variation of the Si content in the experimental
alloys

Content Content Carbon
of Mn, % of Si, % equivalent

1 <0.15% 3.5+3.6 4.125

2 <0.15% 3334 4.125

3 <0.15% 3.2+33 4.125

4 <0.15% 3.0+3.1 4.125

5 <0.15% 2.9+3.0 4.125

6 <0.15% 2.7+2.8 4.125
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Fig. 1. Changes in tensile strength and yield strength depending on silicon
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Fig. 2. Changes in elongation and HBS depending on silicon

* By increasing the silicon content, increase
the tensile strength. In case of 3.5% Si the tensile
strength exceeds 500 MPa in cast condition; in a
4.5% Si the tensile strength reaches 650 MPa;

» With increasing the silicon content elongation
gradually decreases from 20% to 3% Si and be-
comes 8% to 4% Si;

* The hardness increases gradually with in-
creasing the silicon content, as in the pure ferritic
structure vary from 185HBS at 3% Si to 240HBS
at 4% Si.

CONCLUSIONS

With the results of metallographic analysis and
testing of mechanical properties it can be concluded
that the silicon content within 3.5+3.7% and with
carbon equivalent about 4.2, ferrite ductile iron can
be obtained that meets the requirements of trade-
mark GGG 50.
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N3CJIEABAHE Bb3MOXHOCTTA 3A ITOBUILIABAHE HA MEXAHUYHUTE
I[TOKA3ATEJIN HA ®EPUTEH COEPOI'PAOUTEH YYI'YH

P. U. Tletkos, P. Bn. I'apuniosa*, JI. 1. Atanacos

Xumuxomexnonocuuen u memanypeuuer ynusepcumem — Coghus, @axyimem no Mmemanypeust
u mamepuanosuanue, 1756 Cogus, 6yn. ,, Kn. Oxpuocku *“ Ne§

[Moctrenuna nexkempu, 2014 r.; npuera stuyapu, 2015 r.
(Pestome)

Kakrto e u3BecTHO, mpu cheporpa@uTHUTE UyTyHH BUCOKA MEXAHWYHH TOKA3aTeNId CC TOCTHraT MPHU MEPIUTHA
CTPYKTYypa Ha MeTaJHaTa OCHOBa. T € XeTeporeHHa, BCIEACTBUE Ha KOETO Ce MOJyyaBaT TOJIEMH PAa3IUKU B TBBP-
JIOCTTa B PAMKUTE Ha OTJIETHs 00E€M, a TOBa BOJIU JI0 BJIOIIIEHA 00pabOTBAEMOCT.

B To3u cMucha, HenTa Ha pazpaboTkara € Jja ce M3cie/[Ba Bb3MOXKHOCTTA 3a JJONBIHUTEIHO JISTUPaHe Ha CIUIaB-
Ta, Ype3 KOETO Jia ce MOJATHCHE MEePIMTHOTO pa3lajaHe Ha ayCTeHHTa, T.€. 1a CE OCUI'YPH ITbJIHA rpadUTH3AIMS TPU
pasnajaHeTo My W ToJydaBaHe Ha ()epuTHA CTPYKTypa Ha METaJHaTa OCHOBA HEIOCPEACTBEHO ciel jeeHe. Llenmn ce
CBIIEBPEMEHHO J1a Ce MOCTUTHE YsAKYaBaHe Ha TBBPAUS Pa3TBOP, KOETO OU JOBEJIO 10 MOCTUTaHE Ha ITO-BUCOKH CTOM-
HOCTH Ha MEXaHUYHHUTE MOKA3aTeIN Ha OTIETHS MeTal.

AHanM3bT Ha BH3MOXKHOCTHTE 32 M3IOJI3BAHE HA JICTHPAIIM €JIEMEHTH [T0Ka3Ba KaTo Hal-1T0IXO/ISII0 100aBSIHETO
Ha cunuuuid. [lonyyenure pe3ynraru nokasar, 4e:

* (epurHa crpykrypa (100%) Ha MeTaTHaTa OCHOBA B JISITO ChCTOsIHUE ce (ukcupa omie mpu 3% Siu 3,25% C,

HO SKOCTTa Ha ONbH ¢ Hucka — 420 MPa;

* C IMOBUIIIABAHE ChABPIKAHUETO HA CHIIMIIMI SKOCTTA Ha OMbH pacte u mnpu 3,5% Si Haaxebpis 500 MPa B jsito

cherosiaue a npu 4,5% Si noctura 650 MPa;

* OTHOCHTEITHOTO YJIbJDKEHHUE C MOBUINABAHE ChABPIKAHUETO HA CHIMIUH Tu1aBHO HamausiBa oT 20% nipu 3% Si

10 8% mipu 4% Si;

* TBBPJOCTTA HapacTBa IUIABHO C TMOBUILIABaHE ChIbP)KAHUETO Ha Si, KaTOo B 00JacTTa Ha YHCTO (hepUTHATA

cTpykTypa ce u3MmeHs ot 185 HB mpu 3% Si mo 240 HB npu 4% Si.

Ot npoBeieHHst MeTaIorpad)CKy aHAIN3 U U3MUTBAHHUATA HA MEXaHUYHUTE ITOKA3aTelld B HACTOSIETO N3CIIC/IBaHE
MOJKE Jla Ce HaNpaBW 3aKJIIOUEHHUE, Y€ MPH ChIbpXKAHUE HA CUIUIHUKA B paMkute 3,5-3,7% U BBIIEPOJCH €KBUBA-
JICHT OKOJIO 4,2 MOXe Ja ce Moytydn GpepuTeH cheporpaduTeH 4yryH, KONTO YIO0BICTBOPSBAa H3UCKBAHHATA 32 MapKa
GGGS500-7.
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