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The problem of vacancy during healing of crackthenmetal is considered as part of the structurad a
diffusion mechanism of interaction between defectscracks in the solid state. The dependenceeddiffusion
coefficient of defects on temperature is notetlat been shown that the activation energy of iffigsibn pores
in the metal significantly affects the rate of heglof fractures. Spend a full time score heal iffecent tem-
peratures.

Introduction. Defects in solids, particular in metals, may bevafious types and origins. The defect
structure of solids forms at the stage of produdhmg material. In the manufacturing process of potsl and
during the operation of finished products the defticture can be transformed. This may changetimeber
of the defects and may cause their reformation Wiéhformation of new types of violations. The mbgtical
defects in the crystal structure are [1]:

- point defects (vacancies, interstitial atoms);

- linear defects or dislocations which can exist s#parately and combined into the loop, that l¢éads

distortion of the crystal lattice;

- the surface defects (grain and twins boundariaskstg faults);

- volume defects (voids and inclusions).

During the machining processing of the matergalch defects as cracks, voids, inclusions can ée. se
The destruction process begins with the formatiboracks, their increasing and ends with the maopE de-
struction of the material into separate parts. &tamals science of metals the surface state andniergence of
cracks in many ways determines the resistanceftordation and destruction of materials. Under dertandi-
tions cracks in metals can heal (decrease its v@luwhich leads to improved performance charadiesisf the
material.

In this paper the possible outcome of cracks hgakithin the model of structure-diffusion mechamis
is considered which was proposed by the authors [2]

The model of pores and cracks interactionsCracks are sinks for point defects and microponethé
solid. The process of healing (overgrowing) is cartad with the flow of the micropores (vacanciesnt the
crack (to the crack). It was established [2] tthet vacancy concentration near the surface of sonattks
(pores) higher than the vacancy concentration rgfelaracks, and therefore the flow of vacanciesesfrom
small cracks to large cracks. There is the heatihgmall cracks. The flow of micropores on the aoef of
cracks of unit length is calculated by the form@h

f:ﬂ E_Kl(z)
R\ K(3'

20Q
wherey=——;
KT

zZ= R/n_iz'
D

R — radius of the crack;
D — the effective diffusion coefficient for this tyf defect;
n,, N, — constantsy — specific surface energy;
Q — typical volume of micropores (defect);
T — absolute temperature;
Ki(z) — MacDonald’s cylindrical functions of thieh order.
Take into account that the temperature dependehtteealiffusion coefficient of the defects can ke d
scribed as well-known ratio:
B
D = Doe KT ,

whereE, — activation energy for diffusion of the defect;
Dq — constant;
k — Boltzmann constant.
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In this way the flow of micropores is a complex dtion of many parameters: temperature, diffusion co
efficient, surface energy, crack radius.

Consider the diffusion of micropores in volume adjat to the open crack of cylindrical shape. Then t
change of volume of cradkV (lengthh in a timet) is defined by the formula:

AV =21RhfQ .

In assessing crack healing process it's neceseatgtermine the relative change of crack volumia{re
tive rate of crack healinge =AV/V .

Results, their discussion and perspectivefigure 1 shows the dependence of the relative eéhanthe
volume of crack on temperature for different valaéactivation energy of micropores diffusion.dtknown [3, 4]
that activation energy for the vacancies in meatais the range 0,9-2,0 eV.

10F
08
0,6

04}

€, relative units

02

0,0

500 600 700 800 900 1000 1100 1200 1300 1400
T.K

Fig. 1. The dependence of the relative changedrvtitume of crack on the temperature
at different activation energies of pores, eV:1;2 — 1,13; 3 - 1,29), = 5- 108 m?/s;t=20 h

As we can see from the fig. 1 changes of activagioergy of pores in a small range of 1-1,25 eVifiign
cantly affect the healing option. Additionally, thate of healing process depends on the temperaisréhe
temperature rises the difference in the healing irathe studied energy range sharply increases.

It is supposed that the flow of impurity atoms #aling process has to be an order less than ttaegac
mechanism since the migration energy for impuriigdies in a wide range from 1 to 5 eV. In this whg main
influence of pores on cracks healing connects thighlow value of the activation energy of the dsffin pores.
The surface energy of metal has a value on theex@lpore flow (Fig. 2).
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Fig. 2. Dependence of relative change of crackmelwon the temperature at different values
of surface energy, JAml —1,3;2-1,7;3- 2,145 5-1° m?/s;t =20 h
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Figure 3 shows the dependence of time of the twaling of cracks on the temperature. It can ba,see
the shortest time of healing is typical for highhteeratures 900-1000 K.
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Fig. 3. The dependence of time of total healingratks on the temperature:
E,=1¢eV;Do=5-10° més

Conclusion. Within the vacancy mechanism of cracks healingas wemonstrated that diffusion parame-
ters of micropores significantly affect the ratehefaling of cracks in the metal. 25% reductionhia diffusion
coefficient leads to a 10-fold decrease in the cdtbealing. The time of complete healing at terapges of
900-1000 K is 100-200 hours.
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