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Abstract—A series of experiments for the melting of cast iron that can eliminate bleaching in cast iron castings, grind grain,
Gl15, according to the sandwich-type scheme of the process with eliminate transcrystallization, segregation, shrinkage and other
a modifier (composition 1, 2, 3) did not reveal any significant undesirable phenomena in steels [1-6]. It is seen from analysis
differences in the mechanical properties of the modified samples, of works on the modification [1-6] that silicon is the most
depending on the mode of administration. Surface examination of effective graphitizer and an indispensable component of
the samples with the help of scanning electron microscopy practically all modifiers used in industry. Additives of other
showed significant differences in the structure of the metal elements, such as Ca, Ba, Mg, Sr, etc., are used only to
surface. All the materials studied have the structure of gray iron enhance the effect of modifying and increasing the
on a ferrite-pearlitic basis with graphite of a laminar rectilinear survivability of modifiers [3-5]. Given the wide variety of
form of the type PGfL, in unmodified samples. Modified samples methods for smelting cast irdn and steel, nomenclature of

have the form of inclusions of graphite of the type PGf4 nest- . . . . Do
shaped, vortical shape. The conducted studies of microstructures castings by weight and their thickness variation, and to meet

after mechanical tests of samples of cast iron GI30, modified with the requirements of mOdeF“ production, it is necessary to
composition 2, showed the presence of inclusions of globular Cr€até advanced technologies based on a new generation of
graphite. The introduction of small amounts of a modifier with ~ complex modifiers, deoxidizing mixtures, refining additives
nano-sized structures during the teeming leads to: an increase in that significantly exceed the efficiency of existing ones with
the content of perlite in the metal base; change in the form of Substantially less consumption. This work is devoted to the
graphite inclusions of cast iron from lamellar to nest-shaped Solution of this problem.

. o . 20
(rosette), spherical (globules); increase in strength up to 35-50%. Aim of this work is to study the effect of nanoadditives

Keywords— silica; carbon: modification: grey iron: with increase_d cher_nical a}cFiyity_ of carbon_and silicon on
microstructure: modifier phase formation during solidification of cast iron GI110,15 by
guenching from the liquid state; Brief description of nano
modifiers. This ultradisperse material was obtained by us in
the process of chemical-thermal treatment of metallurgical

It is always topical to increase the physico-mechanicalvaste. [7] The first composition of the modifier (composition
properties of cast parts responsible for safe operation of thl§ consisted of a concentrate of carbon nanotubes and
equipment under increased loads. For this purpose, castingspresented a black powder, odorless, chemically non-toxic.
from gray iron only of high grades are increasingly required inthe studied mixture modifier consists of graphite
production. Improvement of the casting and mechanicahicroparticles and multi-walled carbon nanotubes. The most
properties of castings of gray iron and steels is impossiblactive component is nanotubes, they are long cylindrical
without effective alloying and modifying cast iron and steels

. INTRODUCTION
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structures with a diameter of 10 nanometers and a length of &9%, 90%; - Melting point: 3527 °C; - Boiling point: 4300 °C;
to 0.5 mm. - Density 0,4 glcr) - Heat capacity 8,5J/g °C - Thermal

Fig.1. Characteristics: - Chemical formula, composition: crwstance: 1,59Wim K
- 99%, SiC - 1%; - Concentration of nanotubes: stable: 20%,
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Fig.2. Electron microscopic photos of the modifier that consists of a silicon nanopatrticle.

The second composition of the modifier (composition 2)
consisted of silicon dioxide nanogranules (89-99%) and
amorphous carbon, and they represent free-flowing powder of
white color and have a very large specific surface area. The
material has an unsaturated structure of an alkyl type with
different types of bonds. Non-toxic, odorless, non-polluting
white powder with stable chemical properties. Nano-granules
of silicon dioxide significantly change the properties of
systems that contain ordinary micron silicon oxide (Fig. 2).
Characteristics: - Chemical formula, composition: SiO2 99%,
SiC 1% - Molecular weight: 60.1 g/mole. Melting point: 1750
C- Boiling point: 2355 C - Density: 0.5 g/émHeat capacity:
937KJ / g °C - Thermal resistance: 1.3 W/m K

The third composition (composition 3) consists of a

. . . e . o
mixture: th.e first and second composition in proportion (30 /qiig.S..EIectron microscopic photos of the structures of the mixture modifier -
to 70%) (Flg. 3). cabon nanotubes adhered to a silicon spherical structure)

e

il EED 000 0, 2jam 2012510 1018 SEM_SEI
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I MATERIALS AND METHODS OF RESEARCH

Experiments to determine the effect of the components
the mixture modifier on the modification process were carrie
out with gray iron of the grade GI, 10-25. These grades
gray iron were melted in an induction furnace of grade IST
016. Modification of the cast iron was carried out at
temperature (1430 + -1450) °C, measured by a thermocou
VR-5/20. To modify the gray iron, modifiers, that have the
chemical composition mentioned above, were used. Thr
types of modifier were used: amorphous carbon-nanotub
(20%) (composition 1), nanoscale silicas (composition 2) an
amorphous carbon, nanotubes (20%), silicon bea
(composition 3). Each modifier was treated with two melts
Cylindrical samples with a diameter of 16-25 mm were ca
into dry sand molds, the cooling rate was 4.3
effect of the modification was evaluated on the basis of th
results of metallographic studies and analysis of th
mechanical properties of materials. The microstructure of ¢
irons after mechanical tests was investigated on longitudin
and transverse sections, in etched and unetched states [8
The initial microstructure of the cast iron was evaluate
according to GOST 3443-87.
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A series of experiments for the melting of cast iron GI15,

O:11ccording to the sandwich-type scheme of the process with a
(Jjnodifier (composition 1), which did not reveal any significant

('iifferences in the mechanical properties of the modified
amples, depending on the mode of administration. This fact
ontradicts the stable opinion of the advantages of the
%gmdwich-type modification process [4,10-14]. The next step

S

C

In the study was the evaluation of the modifier of composition
Several melts with different concentrations of the modifier,

éé)mposition 2, were carried out for this. The results are shown

Table 2. The evaluation of the modifier (composition 2)
owed a significant increase in the mechanical properties of
gray iron, grade GI110,15,25. At the same time, it is necessary

S?to note changes in the chemical composition of the modified

mples, in all samples modified with composition 2, an
Increase in the content of silicon, phosphorus and sulfur was

é)bserved. Apparently, this is due to the fact that sulfur and

osphorus as non-removed salts are present in the modifier

a L . : SR
fgomposnmn 2.). To clarify this assumption, it is necessary to

%j[nduct additional studies of the modifier of composition 2,
ith a different degree of purification from contaminants.

. . . : TABLE II. T oR
Results of experiments and discussion. The gray iron was EST RESULTS OF MODIFIER OF COMPOSITI
melted in the standard melting regime according to the currenSamplc | Weightin the ladl, | Hardnes | Temporal | Gradk
technological instructions. The analysis of the strength » MPa resistance (1(431(1)25-;5)
characteristics showed that the temporary resistance to rupture 12Ckg | modifier ’
of the experimental modified cast iron sample was 270 MPa,____
which is significantly higher in comparison with the witness| O”gt_'“a' . 18521C | 16¢-18C | GI1G, GI15
sample that has a temporary resistance of 210 MPa. At th&>>td ©
next stage of the test, the influence of the modifie
composition on the mechanical properties of gray iron Gl1s el 12(g 22( 240 Gl2s
Was_gvaluated. F(_)r this, several me.lts with different weighed™ N2 779 21C 27C GI25
modifier (composition 1) were carried out. The results are 3 o Toc So¢ Sie
shown in Table 1. Comparing the three series of experiments Y
of the sample of gray iron GI15 with different degrees o _
ot i ; iAG i .eSandwmr
modification, it is seen that the mechanical properties increas rocess
and correspond to GOST 1412-85 in the grade GI20 and GI25:
It can be stated that the use of the modifier of composition 1 Origina 18:-21C | 16€-18C | GIICGILS
which has 20% of nanotubes in its composition, significantly—x1 12(g 367 S4C G5
increases the mechanical properties of gray iron of GI110,15
type. Ne2 77g 36( 27C GI25
Ne3 46g 19C 20¢ GI2C
TABLE I. TEST RESULTS OF MODIFIER OF COMPOSITION
Original 21C-23( 24¢ GI25
sample | Weight in the ladl, Hardnes | Temporal | Grad¢ casting of
, MPa resistance| (GOST modifier
- ,HB 1412-85)
12tkg | modifier Nel 120g 362 31C GI3C
origine - - 185-21C | 16€-17€ | GI1G, GI15 Ne2 77g 26 29C GI3C
|
Ne3 4€g 21C 25C GI25
Nel 12(g 262 24C | GI25
Ne2 77g 26( 27C | GI25
&3 269 73 7o | GEo Further, the modifier of composition 3 was evaluated. For
) ) this, as well as in the experiments described above, several

melts with different concentrations of the modifier of
composition 3 were carried out. Modification was carried out
by pouring the melt onto the modifier in the ladle. The results
are presented in Table 3.
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TABLE Il TEST RESULTS OF MODIFIER OF COMPOSITIOB graphite of a laminar rectilinear form of the type PGfl, in
Sampl | Weight in_the | Hardnes | Temporal | Grade unmodifi_ed sa'mples. Fig. 4_(a, b). Modified samples have the
ladle, , MPa resistance, | (GOST form of inclusions of graphite of the type PGf4 nest-shaped,
ot T modie HB 1412-85) vortical shape Fig. 5 (a,b).
kg The content of ferrite is ~ 8% according to GOST F8. In
Origina - - 185-21C | 16€-17¢€ GI10, GI15 the control alloy, graphite PGrl is evenly distributed over the

volume of the material, the content of ferrite is greater and is

et 1200 26¢ 31 Gls0 45%, according to GOST-F55. The average length of
Ne2 77g 26( 27¢ GI30 inclusions is ~ 50Qum, according to GOST-PGD750. The
Ne3 769 237 240 GIoE distance between the cementite plates is ~uii5In modified

samples, the graphite distribution has a less uniform structure.

The average length of the graphite plates is 190 PGD90.
Surface examination of the samples with the help of{OWever, there are areas in which graphite inclusions have a

scanning electron microscopy showed significant differencetPSette distribution and are about 30458 long, PGD25. The

in the structure of the metal surface. All the materials studiediSPersion of the ferritic-cementite mixture plates in the

have the structure of gray iron on a ferrite-pearlitic basis witfnodified samples is approximately the same.
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Fig. 4. The initial structure of gray iron grade GI15 with graphite laminar rectilinear PGF1: a-optical microscope; b-scanning electron microscope

x27 - '500pm  2011/10/19 18 69 SEM_BEC 25KV x30° " 500pum « 2011710119 18 69 SEM_BEC

(a) (b)
Fig.5. The structure of cast iron GI15 after being modified with a composition 1 (a) and composition 3 (b) (shape of graphite has changed to a nest-shaped

PGH4)
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Almost all the studied alloys consist of phosphide eutectic.
The eutectic inclusions are uniformly distributed when
modified with composition 1; the average area of inclusions i§!!
500 um?, FED400. When modified with composition 2, the
eutectic inclusions are distributed non-uniformly, the averagéz]
inclusions area does not exceed 200°nfFED250. Samples, 3
modified with composition 3, showed no significant changeé
in the shape and distribution of the phosphide eutectic. In t
studied modified samples, graphite inclusions of two types are
observed.

In the greater part of the volume there are evenl;gs]
distributed inclusions of the vortex form (rosetted) PGr7, their
length is ~ 100-15@m. While in unmodified samples there (¢
are colonies of lamellar graphite of the type PGr3. The second]
type of graphite represents small plates with a length of up to
10-30 um, located in the interdendritic space. As a result of7]
modifying cast iron G115 with composition 3, the dispersity of
the structural constituents of the lamellar perlite increases.

(8l
Ill.  CONCLUSION

The performed experiments and the analysis of th%]
obtained results of the graphitizing ability of the modifier with
nanostructures showed that its introduction into the melt of
gray iron makes it possible to reduce the release of free ferrifep]
in the microstructure of cast iron up to 5-8% with the
invariable hardness of HB 207-217, and also contributes to
obtaining the most favorable morphology of graphite - PGril1]
(growth of larger plates of graphite of the same size) and a
more even distribution over the volume of the metal matrix
The conducted studies of microstructures after mechanicglzl
tests of samples of cast iron GI30, modified with composition
2, showed the presence of inclusions of globular graphite. Thes)
introduction of small amounts of a modifier with nano-sized
structures during the teeming leads to: an increase in the
content of perlite in the metal base; change in the form dfi4]
graphite inclusions of cast iron from lamellar to nest-shaped
(rosette), spherical (globules); increase in strength up to 35-
50%.
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