Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2020, Vol. 11, No 2, 15-20
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

VIIK 621:664: 669.01(075)

DOI: 10.31548/machenergy.2020.02.015-020

MODELLING OF PHASE TRANSFORMATIONS IN STRUCTURAL STEELS

Ye. G. Aftandiliants

National University of Life and Environmental Sciences of Ukraine. Ukraine.

Speciality of article: 131 — applied mechanics.

Corresponding author: aftyev@yahoo.com.

Article history: Received — January 2020, Accepted — April 2020.

Bibl. 5, fig. 5, tabl. 0.

Abstract. An analytical dependence of the influence
of alloying elements on the equilibrium temperature of
vanadium nitride in austenite is established for the main
alloying elements based on an analysis of state diagrams,
which describe an actual process with an error of 0.9%.

As a result of the process analysis is theoretically
justified and experimentally confirmed that the
precipitation of the secondary phases from the
supersaturated solution kinetics is controlled by the
thermodynamic activity, diffusion mobility and solubility
of the components forming the secondary phase in the solid
solution, the deviation degree of the system from the
equilibrium state, where the equilibrium state is the
formation temperature and dissolution of the secondary
phase.

The established quantitative regularity shows that the
precipitation kinetics of the vanadium nitrides in austenite
with a probability of 99.9% and an error of 7.1% is reliably
described by the thermodynamic activity of nitrogen and
vanadium, the deviation degree of the system from the
equilibrium state, and the process time. In this case, the
correlation  coefficient between experimental and
theoretical data is 0.915.

An analysis of the obtained analytical equations
shows that the influence of the chemical composition on
the content of the carbide and nitride-vanadium phases in
the solid solution is significant. The elements are arranged
according to the degree of increasing influence in the
following sequence: the content of vanadium nitrides in
austenite increases Si and decreases Mn, C, Cr.

As a result of studying the process of converting
austenite to ferrite and perlite, martensite, and bainite, it
was found that the nonequilibrium critical points of phase
transformations are controlled by the equilibrium
temperature of austenite and ferrite, the content of
secondary phases in them, the diffusion mobility of carbon
in austenite, the degree of alloying, and the grain size of
austenite and in the case of diffusion transformations by the
heating and cooling rate. Quantitative influence laws are
determined, which describe the real process with a
probability of 95% and an error from 2.3% to 7.1%.

Key words: structural steel, chemical composition,
heat treatment, austenite, ferrite, perlite, martensite,
bainite, phase transformations.

Introduction

The structure formation of structural low- and
medium-alloyed steels can be carried out by diffusion
pearlitic, diffusionless martensitic, mixed bainitic
transformations and decomposition of a supersaturated
solid solution. Quantitative transformation characteristics
are determined by the laws of nucleation of new phase
centers and their growth.

Formulation of problem

It is necessary to study the effect of alloying on the
thermodynamic and kinetic parameters of the dissolution
and precipitation of secondary phases in austenite and the
austenite transformation to perlite, martensite and bainite
for solve this problem.

Analysis of recent research results

Alloying elements and modifiers can affect the
change to the ferrite center nucleation rate of during
pearlite transformation and the perlite growth rate [1, 2].

This occurs as a result of changes of the austenite
stability to super cooling, the specific energy of the
interface, the activation energy of diffusion, and the degree
of imperfection of the matrix crystal structure.

In case of the martensitic transformation, the
influence of alloying elements and modifiers on the rate of
nucleation of martensite centers is associated with changes
of the austenite stability to supercooling, its chemical and
structural homogeneity, mainly [3-5].

Bainitic transformation occurs in the temperature
range of low diffusion coefficients, the rate of nucleation
and growth of perlite. Partial carbon redistribution occurs
in austenite, diffusionless y—a,, transformation and
precipitation of the carbide phase under these temperature
conditions. Alloying elements insignificantly affect to the
activation energy of crystal growth of the o, - phase, but
alloying elements have a significant effect to the bainitic
transformation rate.
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The kinetics of the solid solution decomposition of a
martensitic and bainitic structure, the secondary phase
dispersion and interparticle distances depend with the
temperature and the influence of alloying and modifying
elements to the crystal lattice of a stable phase, the element
chemical affinity and their diffusion mobility.

Alloying elements affect the change of parameters
such as austenite grain size, its resistance to supercooling,
element chemical interaction, their solubility and diffusion
mobility in a solid solution, and the defective crystal
structure of the matrix.

A lot of research is devoted to the study of the
influence of alloying elements, modifiers and impurities on
the structure formation process [1-3]. However, the bulk of
research covers dual and triple alloying systems. This
eliminates the quantitative analytical forecasting of the
influence of alloying elements, modifiers and impurities on
the structure formation process and  structure
characteristics in multicomponent industrial structural
steels.

The complex formation of a favorable ratio of a high
level of strength and plastic steel properties with a
minimum consumption of alloying elements can be
achieved only when the regimes of its modification and
heat treatment will ensure dispersion of all structural
elements at all stages of casting formation.

Purpose of research

The article presents a method for solving the problem
of eliminating the oscillations of the load on the articulated
suspension during the simultaneous movement of the two
links of the boom system, namely the lifting of the handle
and reducing the departure of the telescopic section.

Results of research

The formation of microstructural features in steels,
containing 0.2 to 0.4 wt.% carbon; 1 to 3% silicon,
manganese and chromium; 0.005-0.035% nitrogen, up to
30% of vanadium are predicted according to the following
scheme. The equilibrium content of nitrogen and
vanadium, in a solid solution during the austenization is
determined by their solubility, the latter depends on the
chemical composition of steel and the heat treatment
temperature. Using general principles of phases
equilibrium in a ternary phase diagrams, the unknown
parameters of interaction of alloying elements in austenite,
the austenization temperatures, tyn iS given by the
following relationship:

(—9473 + 2436[V] + 8950[N] + 932[C] +
b = UgIVT + 1gIN] — 3.97 + 15[V] + 5.44[N] +
+160[Mn] — 67[Si] + 419[Cr] + 1610[Al] —
+0.06[Si] + 0.13[Cr] + 0.06[Mn] + 0.83[Al] +
—535[Ni] + 411[Ce] + 2659[Mo])
10.2[Ca] + 041[C] — 0.03[Ni] + 145 [Mop)’

Steel 20KhGSAFL taking as the base. It was
determined the effectiveness of the influence of elements
on the change in the equilibrium temperature of dissolution
(formation) of vanadium nitrides (Fig. 1).
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Fig. 1. The influence of element contents on the
equilibrium temperature of dissolution (formation) of
vanadium nitrides.

It can be seen that Si, V, N, Ni increase, and C, Mn,
Cr, Ce, Al, Mo, decrease the equilibrium temperature of
vanadium nitride dissolution (formation).

It is revealed that at the austenization temperature of
the structural steel, the approximation of anomalous phase
equilibrium is valid. Phase analysis shows that at the oo —
y transformation significant change in the solubility limit
of nitrogen and vanadium and in the diffusion mobility
occurs.

The base is - steel containing (wt.%) 0.2C, 1Si, 1Mn,
ICr, 0.015N, 0.1V.

As a result the content of nitrogen and vanadium in
the solid solution to exceeds its equilibrium value up to
1100 °C. As a result during austenization vanadium nitride
precipitates instead of the dissolution of the respective
elements. It is established experimentally, that kinetics of
this process is determined by the influence of alloying
elements on the coefficients of thermodynamic activity of
nitrogen (fn) and vanadium (fv). The other influencing
factors are the difference of the austenization temperature
from the equilibrium temperature of vanadium nitrides in
austenite (At) and the time of the process (t)

Qvna = (3.63 + 0.0556-t — 4.36-(fy)-(fy)

+ +0.176-At)-qq,

/100,
R=0.915;8=7.1%; F,=11.3>Fr=3.7,(2)
where qvna, Jst is the content of vanadium nitrides in weight
fraction in austenite and its stoichiometric value in the
steel, respectively; R- is the multiple correlation
coefficient; & - the average relative error of approximation;
Fo, Fr are the estimated and tabulated values of the
Fischer’s criterion.

The experimental results and calculations show that
the vanadium nitrides quantity in austenite depends from
the alloying element content in steel, temperature and
austenitization time (Fig. 2).

It can be seen that silicon increases, and manganese,
carbon, and chromium decrease the vanadium nitrides
quantity in austenite. It should be noted that the vanadium
nitrides quantity in austenite increases with increasing
austenitization time.

The influence of the alloying elements is essentially
distinguished not only by their values but also by their
"sign". In this case the influence is multivariant-not only
the equilibrium solubility is changed, but the solubility at
the a — vy transformation and the rate at which the system
approaches to the equilibrium state are changed as well. To
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find the required content of nitrogen in a solid solution for
stabilization and nitrogen content in the nitride phase at the
austenization a study was conducted. The study discussed
the influence of chemical composition, nitride phase
content and temperature upon the austenite grain
stabilization. The effect of chemical composition, nitride
and carbide phase content, austenite grain size and cooling
rate on the thermokinetic parameters of ferrito-pearlite,
bainite and martensite transformations are discussed. The
influence of above-mentioned factors on secondary
structure characteristics and properties of steel were also
investigated.
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Fig. 2. The influence of element contents on the
vanadium nitrides quantity in austenite.

The base is - steel containing (wt.%) 0.2C, 1Si, 1Mn,
ICr, 0.015N, 0.1V.

Indexes 0 and 2 - the initial moment of austenitization
and after 2 hours exposure, respectively.

The statistical analysis of dilatometry results of steels,
containing up to 0.4% C, 3% of Si, Mn, Cr each, 0.03% N
and 0.2% V at cooling rates, (Vo) Within
20-40 °C/minutes were studied. The relationship below
established dependencies of the start temperatures, tas,
finishing temperature, ty1, and the duration of diffusion
dissolution, t, of austenite phase:

t,3=1220 - 208.3-C + 66-Si - 174.7-Mn- 36.72-Cr +
+51-Vy - 10610-Ng - 3.39-Veo+ 82:q,,, - 234Dt -

-0.1436-t,., (3)
R =0.933;6=2.3%; Fc=24.2>Fr=2.4;

t,.;=1030 - 117.5-C + 72.06-Si - 192.2-Mn- 47.14-Cr -

- 654-Vy - 3472:N, - 2.94-V o1+ 916-q . - 2.827 Dyt -

-0.0293-t,., (4)
R =0.924; 8 =2.7%; Fc= 21>F1 = 2.4;
7=-7.55+0.75-C-3.71-Si + 4.06-Mn + 0.46-Cr +

+ 794V, — 607.6-N, — 0.041V_,,; — 101.7 qypg +
0.086-Dgyy5r + 0.01-t,, (5)
R =0.883; 8 =14.4%; Fc = 12.42>F,0.05=24
where: C, Si, Mn, Cr, Va, N4, quna are the content of carbon,
manganese, silicon, chromium, vanadium, nitrogen and
vanadium nitride phase in austenite in wt.%, respectively;
Daust - the size of austenite grain, um; t, - the temperature
balance of austenite and ferrite, °C.

As it follows from equations (3)-(5) the complex
optimization of the vanadium, nitrogen contents and the
austenitization temperature regime is one of the necessary
conditions for dispersion of the ferrite - pearlitic structure
of carbon and low-alloy steels containing nitrogen and
vanadium.

The influence of element contents on the start and

finishing temperatures and the duration of diffusion
dissolution of austenite phase is shown in Fig. 3.
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Fig. 3. The influence of element contents on the start
(@) and finishing (b) temperatures and the duration of
diffusion dissolution (c) of austenite phase.

The base is - steel containing (wt.%) 0.2C, 1Si, 1Mn,
ICr, 0.01N, 0.1V.

The data given in fig. 3 show that increasing the
carbon, chromium, nitrogen and manganese content in the
steel leads to a decrease of start temperature decomposition
of austenite into ferrite and pearlite (Fig. 3a) and of silicon
and vanadium - to its growth.

Elements effect on the end temperature of ferrite-
pearlite transformation (Fig. 3b) according to another
regularity. Carbon has almost no effect, chromium,
nitrogen and manganese are lowered, silicon is increased,
and vanadium has an ambiguous effect on the position of
the ta1 point. Such an effect of the elements can be
explained by their change of the ratio of the
thermodynamic and kinetic factors of the process, which
characterize the rate of nucleation and growth of new
phases during the diffusion decomposition of austenite.

A austenite diffusion decomposition time changing of
correlates with a changing of the carbon thermodynamic
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activity by chemical elements. The transformation time is
increased by elements that lower the carbon activity, and
decrease elements that increase the carbon activity. This
indicates that the process kinetics of the austenite
transformation to ferrite and perlite is determined by the
thermodynamic activity of carbon and the development of
the process of carbide formation, mainly. Chrome,
manganese and vanadium increase, and nitrogen, silicon
and carbon decrease the conversion time as a result
(Fig. 3¢c)

The influence of the above considered factors, the
martensite start temperatures, ts and bainite start
temperature, ts, is also equally important. The following
dependencies have been established:

tn=439 - 58-C - 37-Mn - 8:Cr - 2578-N, - 0.21-D, (6)
R=0.904; 8 =8.7%; F. =178 > F; = 4.1.

t3,=940 - 97.4-C - 25.1-Mn - 972-N, + 11.9-InD¢, (7)
R=0.987;6=23%; F. =192 > F;=4.4,
where: D. - the carbon diffusion coefficient in austenite at
the temperature interval of the bainite transformation
which may shift with the chemical composition.

From the equations 6 and 7 it follows that during the
supercooling of austenite in the region of bainitic and
martensitic transformations in structural steels with
permissible nitrogen and vanadium content, the nitrogen
content present in the solid solution renders influence on
the process. The analysis of the equations 6 and 7 shows,
that depending on the content of vanadium, nitrogen and
the temperature of the austenitization, the concentration of
nitrogen in a solid solution and the bainite and martensite
transformations start temperatures can be changed
significantly. In case of the bainite structure the decrease
in the transformation start is accompanied by a regular
reduction in the diffusion mobility of carbon atoms.

The influence of element contents on start
temperatures of the martensite and bainite transformations
is shown in Fig. 4, 5.

Fig. 4. The influence of the carbon (a), silicon (b),
manganese (c), chromium (d), vanadium (e), nitrogen
(f), vanadium and nitrogen (g) on start temperature of
the martensite transformation.

The base steel contains (wt.%) 0.2C, 1Si, 1Mn, ICr.

Fig. 5. The influence of the carbon (a), silicon (b),
manganese (c), chromium (d), vanadium (e), nitrogen (f)
on start temperature of the bainite transformation.

The base steel contains (wt.%) 0.2C, 1Si, 1Mn, ICr.

Analysis of the data shown in Fig. 4 shows that
carbon, chromium, manganese and nitrogen are reduced,
silicon has practically no effect, and vanadium raises the
temperature tsm. The element effectiveness depends on
their content in steel and the austenitization temperature
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and can vary not only quantitatively, but also qualitatively.
So if in steel 20KhGSL nitrogen and vanadium content
increases, temperature tsm decreases during austenitization
from

1050 °C, and it increases at austenitization from 900 °C.

The element influence explains by simultaneously
two parameters: thermodynamic (equilibrium temperature
of austenite and martensite and Kinetic (austenite grain
size).

C, Mn, Cr reduce, and Si, V do not affect to the
equilibrium temperature of austenite and martensite. When
in steel silicon, manganese, and nitrogen content increase
it leads to growth and, therefore, should lower, and carbon,
chromium, and vanadium to disperse austenite grains,
which should increase the temperature of the start of
martensitic transformation.

The study results show that when the direction of
influence of these factors coincides, for example, in the
case of steel alloying by manganese, temperature tsm
decreases. If the direction of influence does not coincide,
for example, when steel alloying by chromium, the
efficiency of lowering the temperature tsn decreases. So if
in steel the manganese content increases from 1 to 3% it
leads to a decreasing tsm on 74-75 °C, then a similar
alloying by chromium on 13-15 °C.

Taking 20KhGSL steel as the base, we determined the
effectiveness of the influence of alloying elements on the
start temperature of bainitic transformation ts, at various
austenitizing heating temperatures (Fig. 5).

It can be seen that C, Si, Mn, Cr, N lower the
temperature tg, of structural steels and, in terms of the
specific influence efficiency, they can be arranged in the
following sequence: Si, Cr, Mn, C, N.

Vanadium has practically no effect on the changing
of temperature ty. Joint nitrogen and vanadium steel
alloying leads to an extreme changing of the start
temperature of bainite formation. The effectiveness of the
effect of co-alloying with nitrogen and vanadium depends
of the austenitization temperature of the steel.

For example, alloying steel 20KhGSAFL by nitrogen
and vanadium in quantity up to V-N = (3-4) - 10 % of the
mass fraction leads to a decrease during cooling after
heating to 900 °C, and at more additions to an increase of
tsh temperature, then after heating to 1050 °C, it observes
of ty decreases in the studied range of nitrogen and
vanadium content in steel.

Conclusions

1. An analytical dependence of the influence of
alloying elements on the equilibrium temperature of
vanadium nitride in austenite is established for the main
alloying elements based on an analysis of state diagrams,
which describe an actual process with an error of 0.9%.

2. As a result of the process analysis is theoretically
justified and experimentally confirmed that the
precipitation of the secondary phases from the
supersaturated solution kinetics is controlled by the
thermodynamic activity, diffusion mobility and solubility
of the components forming the secondary phase in the solid
solution, the deviation degree of the system from the
equilibrium state, where the equilibrium state is the

formation temperature and dissolution of the secondary
phase.

3. The established quantitative regularity shows that
the precipitation Kkinetics of the vanadium nitrides in
austenite with a probability of 99.9% and an error of 7.1%
is reliably described by the thermodynamic activity of
nitrogen and vanadium, the deviation degree of the system
from the equilibrium state, and the process time. In this
case, the correlation coefficient between experimental and
theoretical data is 0.915.

4. An analysis of the obtained analytical equations
shows that the influence of the chemical composition on
the content of the carbide and nitride-vanadium phases in
the solid solution is significant. The elements are arranged
according to the degree of increasing influence in the
following sequence: the content of vanadium nitrides in
austenite increases Si and decreases Mn, C, Cr.

5. As a result of studying the process of converting
austenite to ferrite and perlite, martensite, and bainite, it
was found that the nonequilibrium critical points of phase
transformations are controlled by the equilibrium
temperature of austenite and ferrite, the content of
secondary phases in them, the diffusion mobility of carbon
in austenite, the degree of alloying, and the grain size of
austenite and in the case of diffusion transformations by the
heating and cooling rate. Quantitative influence laws are
determined, which describe the real process with a
probability of 95% and an error from 2.3% to 7.1%.
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MOJAEJIIOBAHHS ®A30BUX [TEPETBOPEHb
B KOHCTPYKLIMHUX CTAJIAX
€. I'. Apmanoinany

Anotanis. Ha ocHOBI aHami3y giarpaM CTaHy st
OCHOBHUX JIETYIOUHX €JIEMEHTIB BCTAHOBJICHO aHATITHYHY
3aJIe)KHICTD BIUIMBY JIEI'YIOUUX €IEMEHTIB Ha TEMIIEPaTypy
pIBHOBAaru HITPUAIB BaHAIIO B AYCTEHITI, KA 3 TTOXHOKOIO
0,9% onmcye peansHui mporiec. B pesynpraTi aHamizy
Iporiecy BHUAUICHHS BTOPHHHUX (a3 3 IepecHdeHi
PO3YHMHY TEOPETHYHO OOIPYHTOBAHO 1 €KCHEPHMEHTAIBEHO
MATBEPKEHO, IO KiHETHKA IPOLECY KOHTPOIIOETHCS
TEPMOJMHAMIYHOT aKTUBHICTIO, TU(Y3iHHOT pyXJIUBICTIO i
PO3YHMHHICTIO B TBEPAOMY pPO3YMHI KOMIIOHEHTIB, IO
yTBOPIOIOTh BTOPHUHHY a3y, a TaKoX CTylNeHeM
BIZIXMJICHHSI CHCTEMHM BiJ| CTaHy pIBHOBaru, Je 3a CTaH
piBHOBAard TNpHUMAETbCcs TEMIIEpaTypa YTBOPEHHS 1
PO3YMHCHHST BTOPUHHOI (pa3u. BcraHoBieHa KiJbKiCHA
3aKOHOMIPHICTh TIIOKa3ye, MO0 KIHETHKAa BUAUICHHS
HITPHUIB BaHAJil0 B aycTeHIiTi 3 WMoBipHicTIO 99,9% i
MTOXHOKOI0 7,1% JIOCTOBIpHO OIIMCYETBCS
TEPMOAMHAMIYHOI aKTHBHICTIO a30Ty 1 BaHA/II0, CTyIICHEM
BIIXWJICHHS CHCTEMH BiJl CTaHy pIBHOBard i YacoM
mporecy. Ilpm 1pOMy Koe(ii€HT KOpeNsIii Mix
eKCIIEPUMEHTAJIbHUMH 1 TEOPETUYHMMH  JIAHUMH
cranoBuTh 0,915. AHamizoM OTpUMaHUX aHAJITUYHUX
PIBHSHB TIOKA3aHO, IO BIUIMB XIMIYHOTO CKJIQAy Ha BMICT
kapbigHOi 1 HiTpinmBaHamieBoi (a3 B TBEpAOMY pPO3YHHI
iCTOTHO. 3a CTyNMEeHEM 3pOCTAI0uOTO BIUIMBY €JIEMEHTH
pO3TalIOBYIOTHCSI B HACTYMHIN IMOCHIIOBHOCTI: BMICT
HITPHJIIB BaHA/iI0 B aycTeHHUTE 301bIIy€e Si 1 3MEHIIYIOTh
Mn, C, Cr. B pesynpraTi [IOCHIJDKEHHS HpoLecy
TIEPETBOPEHHS AYCTEHITY B (DEPHUT 1 MEpIIiT, MapTECHCHT,
OEHHNUT BCTaHOBJICHO, 110 HEPIBHOBAXXKHI KPUTHUYHI TOUYKH
(a30BUX IEPETBOPEHb KOHTPOIIOIOTHCS TEMIIEPATYpPOIO
piBHOBari aycTeHiTy i epuTy, BMiCTOM B HUX BTOPHHHHUX
¢a3, mudy3idHOI pPYXIHMBICTIO BYIJIEII0 B AayCTEHITI,
CTyIICHEM JIETYBaHHS 1 PO3MipOM 3€pHa ayCTEHITYy i B pasi
mudy3iHHUX TEepeTBOPEHb IIBUAKICTIO  HArpiBy i
OXONO/DKEHHS. BW3HAa4eHO KUIBKICHI 3aKOHOMIpHOCTI
TaKoro BILIUBY, SIKi 3 UIMOBipHICTIO 95% 1 mOXHOKOI0 Bix
2,3% 1o 7,1% onucyroTs peaqbHUl mpoiec.

KirouoBi ciioBa: KOHCTPYKIIHAa CTaJlb, XiMiYHUN
CKJIIaJa, TepMiuHa oO0poOKa, aycTeHiT, (epuT, MepdiT,
MapTeHCHT, OeiHIT, (pa30Bi MEPETBOPECHHSI.

MOJIEJIMPOBAHUE ®A30BbIX ITPEBPAIEHUI
B KOHCTPYKIMOHHBIX CTAJIAX
E. I Apmanounsny

Annoranusi. Ha ocHoBe aHanmsza auarpamMm
COCTOSIHUSL JUIsl OCHOBHBIX JIETUPYIOIIUX 3JIEMEHTOB
YCTaHOBJICHA aAHAJMTUYECKas 3aBUCHMOCTb  BIIMSIHHS
JIETUPYIOIUX 3JIEMEHTOB Ha TEMIIepaTypy pPaBHOBECHs
HAUTPHIOB  BaHagWsl B  ayCTeHWTE, KOTOpas C
norpemHocThio 0,9% OMMCHIBAIOT peasIbHBII mpoLecce.

B pesympraTe aHamm3a Ipomecca  BBIACTICHUS
BTOPHYHBIX (a3 M3  IEPECHIIIEHHOTO  PacTBOpa
TEOpPETHYECKH  OOOCHOBAaHO W 3KCIEPHMECHTAIBHO
TIOJTBEPKICHO, YTO KMHETHKA MpoIecca KOHTPOIUPYETCS
TEpPMOAMHAMUYECKOH  aKTHBHOCTBIO,  AH(D(HY3HOHHON
MOJBIDKHOCTBIO M PaCTBOPUMOCTBIO B TBEPIOM pacTBOpe
KOMIIOHEHTOB, 00pa3yIoIIUX BTOPUYHYIO (a3y, a TakkKe
CTETICHBIO  OTKJIOHEHHsS  CHCTEeMBI OT  COCTOSIHUS
paBHOBeCHS, TJI€ 32 COCTOSIHUE PaBHOBECHS IIPUHUMACTCS
TeMIieparypa 0oOpa3oBaHWSI W PAacTBOPEHHUS BTOPUYHOU
(ba3sl.

YcTaHOBIEHHAs KOJMYECTBEHHAs 3aKOHOMEPHOCTh
MTOKa3bIBACT, YTO KHHETHKA BBIJICIICHNS HUTPUAOB BaHAANS
B aYCTEHUTE C BEPOSATHOCTBIO 99,9% M MOrpemHoCTHIO
7,1% [1OCTOBEpPHO ONMCHIBAETCS TEPMOAMHAMUYECKOMN
AKTUBHOCTBIO a30Ta M BaHAJUs, CTETEHBIO OTKIOHEHUS
CHCTEMBI OT COCTOSIHHS pPaBHOBECHs M BpEMEHEM
nporiecca. [Ipu 3ToM KO3(GGUIMEHT KOPPEISAIHH MEKILY
IKCIIEPUMEHTAIbHBIMA U TEOPETHYECKUMH JIaHHBIMU
cocTaBjsieT cooTBeTcTBEeHHO 0,915.

AHaIM30M TOJy4YeHHBIX aHATUTHYECKUX ypaBHEHUH
MI0Ka3aHO, YTO BIMSHME XHMHYECKOTO cOCTaBa Ha
cojiep’kaHue KapOWAHOW W HHUTpHUABAHAIMEBOH (a3 B
TBEpAOM  pacTBope  CymecTBeHHO. [Ilo  cremenn
BO3PACTAIOIIETO BIMSHHUA 3JIEMEHTHl pacIoyararTcs B
crieyronien MIOCIIEI0BATEILHOCTH: coJiepkaHHe
HUTPHUIOB BaHAIMsd B ayCTEHHTE YBEJMYMBaeT Si W
ymenbinatotr Mn, C, Cr.

B pesynberarte uccienoBaHus mporecca IpeBpameHus
aycTeHHTa B (EppUT U NEpIUT, MapTEeHCUT, OeiHUT
YCTAQHOBJICHO, YTO HEPAaBHOBECHBIC KPHUTHUECKHE TOUKU
(ha30BbIX MpEBpalleHUH KOHTPOJIUPYIOTCS TEMIIepaTypoil
paBHOBecCHs ayCTeHHTa M (eppuTa, CopepX aHHeM B HUX
BTOpMYHBIX (a3, 1IupPy3HOHHOH  MOIBHIKHOCTEHIO
yrieposia B AayCTEHHWTE, CTENEHbIO JIETHPOBAHHSI U
pa3sMepoM 3epHa aycTeHHTa M B ciydae JUPQy3HOHHBIX
MIPEBpAIllEeHUH CKOPOCTBIO HAarpeBa U  OXJAXKICHHMS.
OmnpeneneHbl KOJUYECTBEHHbIE 3aKOHOMEPHOCTH TaKOIO

BIUSHHSA, KOTOpbIE C  BEPOATHOCTBIO 95% m
MOTPENIHOCTHIO 0T 2,3% 10 7,1% ONMUCHIBAIOT peanbHBIN
porecc.

KaloueBble cjioBa: KOHCTPYKIMOHHAsi — CTallb,
XUMHYECKHH COCTaB, TepMHUYECKast 00paboTKa, ayCTEHUT,
Gdeppur, TepIUT, MapTEHCHT, OeWHUT, (a3oBBIE
TIPEBpaIICHHS.
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