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FEATURES HARDENING SURFACES OF PARTS WITH THE USE OF THERMITE
MIXTURES

Kovalevskyy S. V., Hmelevaya J. A.

PesynbraThl HCcaeIOBaHKs, IPEICTABICHHBIC B CTAaThe, IIOKA3bIBAIOT, YTO TOYCUHOE BO3/ICH-
CTBHE MCTOYHHMKA SHEPIMU HA MOBEPXHOCThH JCTAIH MOXKET 00ECICUUTD MOBBIIICHUE KAaYeCTBa 110-
BEPXHOCTHOTO CJI0s. MO/IeTMPOBAaHNE TEIUIOBBIX MPOIECCOB B YIPOUHSIEMOM CJIO€ TTO3BOJIMIIO BbI-
SIBUTh OCOOCHHOCTH PACIPOCTPAHEHHUS TEIJIOBBIX MTOTOKOB IO MIOBEPXHOCTH JETAIH U TPOTHO3ZUPO-
BaTh Pa3BUTHE TEPMUUYCCKHUX MPOIIECCOB B MOBEPXHOCTHOM cjioe. (OCOOEHHO aKTyaabHBIM SBJISICT-
Csl YMCIIEHHOE MOJICITUPOBAHUE MPOIIECCa, MPH KOTOPOM YCTaHOBJICHA B3aMMOCBS3b MEXJIY TEILIO0-
BBIMH XapPaKTCPUCTUKAMU TEPMHUTHBIX CMECCH U IOCTUT'AEMBIMHU PE3yJibTaTaMU HA PAa3JIUYHBIX Ma-
Tepuanax. Takke MmokazaHa BO3MOXKHOCTh U 11€7I€CO00Pa3HOCTh MCIIOIb30BaHHS TEPMUTHBIX CMECCH
B COYCTAaHMHM C TOYCYHBIMH HMCTOYHMKAMHU SHEPIMH, TAaKUMH KaK HU3KOTEMIIEpaTypHas ILia3Ma.
CyMMmapHOe BO3JEHCTBHE TaKOTO MCTOYHHUKA W TOPEHHsSI TEPMUTHON CMECH MO3BOJISIET JOCTHIaTh
a¢dekra ynpouHeHus pabodeil MOBEPXHOCTH JeTalld C 00Jiee HU3KUMHU, 10 CPABHCHHUIO C TPaIu-
[IHOHHBIMH, 3aTPaTaMU SHEPTHU.

Pesynbratu nocnmimKeHHs, IO MPEICTaBlIeHI B CTATTI, MMOKa3yIOTh, 1[0 TOYKOBUU BILIUB
JpKepesia eHeprii Ha OBEPXHIO JAeTali MOKe 3a0€3MeYnTH MiIBULICHHS SKOCTI TOBEPXHEBOTO LIapy.
MonentoBaHHsl TEIIOBUX IPOLIECIB B 3MIIHIOBAIHLHOMY IIapi JO3BOJWJIO BUSBHUTHU OCOOJIHUBOCTI
MOIIMPEHHS TETJIOBUX TMOTOKIB IO MOBEPXHI JETAJi 1 MPOTrHO3YBaTH PO3BUTOK TEPMIYHHUX MPOIIECIB
B MOBepxHEBOMY Iapi. OcoOIMBO aKTyaJbHUM € YUCEIbHE MOJIEIIOBAHHS IMPOILIECY, MPH SIKOMY
BCTaHOBJICHO B33a€MO3B'I30K MK TEIUIOBUMHU XaPaKTEPUCTHKAMU TEPMITHHX CyMIIIEH 1 pe3yibTa-
TaMH, IO JIOCATAIOThCS Ha Pi3HMX MaTrepianax. Takoxk moka3aHa MOIJIHMBICTB 1 JOLUIBHICTh BUKO-
pHUCTaHHS TEPMITHUX CyMilllel y O€AHAHHI 3 TOYKOBUMH JDKEPEIaMH SHEpPTii, TAKUMHU SIK HU3bKO-
TemneparypHa ruiazma. CyMapHHUH BIUTUB TakOTro JHKEpelia 1 TOPiHHS TEPMITHOI CyMillli J03BOJISIE
nocaraTu eekTy 3MilHEeHHsI poO0Y0i MOBEpXHI JeTalli 3 OUIbII HU3bKUMU, B MOPIBHSAHHI 3 Tpaau-
IMHUMH, BUTPATaAMH €HEPTii.

The findings presented in the paper show that the impact point source of energy to the
workpiece can improve the quality of the surface layer. Modelling of thermal processes in the rein-
forcement layer revealed the features of propagation of thermal fluxes at the surface detail and pre-
dict the development of thermal processes in the surface layer. Particularly relevant is the numerical
simulation of the process in which the interrelation between the thermal characteristics of thermite
mixtures and the results achieved on different materials. Also, the possibility and feasibility of using
thermite mixtures in conjunction with point sources of energy, such as low-temperature plasma. The
net effect of such a source and burning thermite mixture allows to achieve the effect of hardening
the working surface of the component with the lower, in comparison with traditional energy con-
sumption.
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FEATURES SURFACE HARDENING DETAILS WITH APPLICATION
THERMITE MIXTURE

At the moment we know enough ways to hardening of parts. Among them, become tradi-
tional, surface-plastic deformation, heat and chemical heat treatment, heat treatment by high fre-
quency, as well as new methods to improve performance, such as plasma spraying, laser and elec-
tron beam welding, cladding, thermoplastic hardening thermocyclic processing and so forth. These
methods can solve the problem of hardening of the surface layer, but also have several disad-
vantages. These disadvantages are high energy consumption, high cost of equipment, labor and pro-
cessing time, the presence of adverse environmental factors and labor process. There is therefore a
need to reduce energy consumption and find alternative methods of heat treatment [9, 11, 12].

In light of the foregoing, the challenge is to develop a method of hardening, which allows to
minimize costs and ensure receipt of quality competitive products. In the study, the problem of in-
creasing the wear resistance of components, it was decided to develop a method of hardening the
surface layer of parts based on the use of thermite mixtures [4, 5]. For better results, a model was
developed combustion wave propagation in the likeness of cellular automata [1-3, 6, 7].

Hardening of parts through the use of thermite mixture involves the use of heat from its
combustion emitted as a result of highly exothermic reactions, which subsequently provides the
thermal processes in the surface layer of the parts [7, 8, 10-12].

Thermite mixture are a group of pyrotechnic mixtures, which use allows to obtain metals
and alloys by the reduction of metal oxides active metal with considerable release of heat, resulting
in a change in the potential energy state and recrystallization of components involved in the process.

The most common type of thermite mixture is iron-aluminum thermite (25% aluminum and
75% iron oxide (Fe3O4)). Given that the aluminum - one of the main dense fuel with a relatively
low cost, and as iron oxide rust can be used (77% Fe,03), can be guaranteed minimum commodity
costs, which partially provides the performance of a task [8, 11].

Conditions to initiate the exothermic reaction using thermite mixture.

1. Thermite should be designed so that the reaction will allocate the necessary heat for melt-
ing, and overheating of the final reaction products.

2. The components of thermite mixture: aluminum powder and iron oxide fines should be
thoroughly mixed.

3. To start the reaction at a thermite mixture temperature necessary to create a push (up-
wards), after which the combustion wave spreads to the entire mixture [11].

Thus, having an idea of the flow of a thermite reaction, it is possible to control the combus-
tion reaction by the use of cellular automata [1-6].

For the computer simulation package MS Office (Excel) established a model of combustion wave
propagation in the form of a cellular automaton. Below is a description of the creation of this model.

1. Create 2 field 10x10 cells (Figure 1).
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Fig. 1. Creating a cellular automaton fields
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2. Null first field, by filling all the cells digit O (Figure 2).
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Fig. 2. Resetting the field of cellular automaton

3. Record macros to automatically reset. Copy the value of one cell field 1 and insert it into

the cells of the same field (Figure 3).
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Fig. 3. Creating a macro is automatically reset

4. According to Rule neighbor cellular automata, the value of the cell depends on the val-
ues of surrounding cells, ie, neighbors. Consequently, for determining the temperature at each point
it is advisable to use the formula:

Fig. 4. Setting the cell values
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5. We set the value in all cells, copy and paste the value of P4 cells.
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Fig. 5. Set-up of all cells

6. Since the field is a drill shaft, the values of the cells A2, A3, and A4 must be moved to
the position K2, K3 and K4 respectively. Thus, by performing gluing the edges of the field. For the
other extreme cells simply copy and paste the value of the above cells (Fig. 6).

7. Create a macro, meaning a step by step movement of the source. Copy the value of the
field 2, insert them in the field 1 with a special insert.

8. Create two additional fields, copy the values of the field 1. This is necessary to separate
consideration of all aspects of the process the thermal wave propagation, namely, the thermal con-
ductivity properties of the material, the motion of the heat source, the heating pattern, and the total
picture of the whole experiment.
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Fig. 6. Impléfnentation of gluing the edges of the field

9. We set all the values in a field 3.

10.  Write macro movement of the heat source.

11.  Copy the value of a field 3 and insert in the 1 with a special insert.

12.  For each field, create a chart that reflect changes related mapping fields.

The following will illustrate the principle of the proposed simulation.

One of the main objectives is to find a machine experiment optimal treatment regimes, and
consequently maximizing the reaction temperature and the combustion stability of material proper-
ties. Therefore, the experiment is considering five options for passing the combustion reaction. For
each option will set different speed corresponding serial number version (V = 1..5 °C/s). In turn,
will change the supply point source at a constant speed (S = 1..4 mm/rev). Thus, the result will be
obtained 20 graphs of heating temperature at a wave moving heat source.
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1. Null 1st box by pressing Ctrl + a.

2. Point AX3 set to 1.

3. Run the macro movements of the heat source by pressing Ctrl + d. Then you can observe
the changes in the fields and on the charts. Temperature distributed according to the rule of neigh-
bors, so much change values in some cells of three fields.

4. Next, perform the steps in claim 3, wherein the removing the heat source from the previ-
ous cell, as long as the source is not will be in one of the last cells.
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Fig. 7. The movement of the heat source at a speed V=1 ° C/s and feed S = 1 mm/rev.

According to the results of the experiment plotted thermal conductivity of processing modes.

Analyzing the results, we can say the simultaneous flow of endothermic and exothermic re-
actions. le thermite reaction is accompanied by absorption of heat when exposed to the environ-
ment, is an endothermic process, the heat released by the combustion of thermite mixture — an exo-
thermic process.
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Fig. 12. Graph of temperature and thickness of the reaction time

Each graph describes the specific conditions of the reaction:

1. The higher layer, the longer the time of combustion (cm. Above).

2. A = Q according to the first law of thermodynamics, ie, the amount of heat received by
the system, goes on changing its internal energy and a work against external forces.

3. Loss of heat in the environment.

4. The effective portion of the heat is converted to the temperature of the surface layer.

5. Part of the heat transferred from the inner surface layer, followed by cooling.

The heating of the surface layer is performed by the formula:



ISSN 2219-7869. HAYYHBIH BECTHHK JTMA. M 3 (18E), 2015. 138

t’ = tmax e~ hon't (2)
where t_max — the maximum heating temperature, ® C; A_st — thermal conductivity for steel,
W/m°C; t — time of combustion with.
The cooling of the surface layer is performed by the formula:
7= tingy - e R (3)
Also according to the formulas 2 and 3, the temperature changes of the environment and in
the inner layer part, wherein the thermal conductivity changes.
Thus, knowing the maximum combustion temperature, and the time to achieve a layer thick-
ness can be achieved by obtaining any relevant microstructure and strength characteristics using the
state diagram FesC.

CONCLUSIONS

1. Spot the impact of energy sources can provide the high quality of the surface layer.

2. Simulation of thermal processes may allow to load layer is at the stage of numerical main
features and characteristics of the relationship between the thermal mixture and achieve results on
different materials

3. The results of the studies cited in the article suggests that the replacement of the thermite
mixture to a source of high-temperature plasma or electric arc, which would have destroyed the sur-
face (you need to match the conditions of its combustion) can afford to get the same effect without
the use of thermite mixtures. However, this assumption should be balanced against the costs of such
alternative methods of strengthening the special arc.
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