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* * *

The review of publications on dependence of den-

drite arm spacing microstructure of carbon and low-

alloy steels from their chemical composition testifies that 

evaluation of this effect obtained by experiments and 

presented by statistical models, is characterized by sig-

nificant differences in mathematical form, as well as the 

sign and magnitude of the regression coefficients which 

evaluate the contribution of different components of 

steel. As a result, the collection of presented models has 

contradictory character, that does not allow its unam-

biguous usage for governing of dendrite arm spacing by 

modification of steel composition and varying the deter-

mining factors.

Improvement of the quality of statistical models 

(the exception of insignificant effects caused by cer-

tain components, elimination the correlation distor-

tion, etc.) and ensuring of their adequacy can be 

achieved via reasonable unification the description of 

the experimental data on the basis of a polynomial 

form of the concentration term of the regression equa-

tion, obtained by means of orthogonal experimental 

design .

Computer-aided analysis of forming dendritic 

structure on the base of calculation of non-equilibrium 

solidification, taking into account the changes in the 

composition of the liquid phase and the evolution of 

dendrite arm spacing, allows quantitative evaluation of 

the role of physical-chemical and thermal-physical fac-

tors in the development of coalescence of secondary 

arms. It is established the reduction of the secondary 

dendrite spacing in carbon and low alloy steels with 

growth of carbon, silicon, manganese, chromium, and 

nickel content, as well as the increase in the proportion 

of austenite during solidification, due to the suppression 

of diffusion transport of components during coales-

cence of dendritic branches. 
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In the third part of the review it is noted that the number of 
publications devoted to the problem of heterogeneity of 
dendritic structure on the microscale, is very little. They 
have no significant results and methods that can reveal the 
basic laws of the evolutionary transformation of secondary 
dendritic branches from the moment of their inception to 
the final state. The coalescence models of dendritic 

branches are traditionally used to calculate the average 
value of the secondary dendrite spacing. The experimental 
data evaluates considerable scatter of dendrite arm spac-
ing relative to the average values with a coefficient of 
variation V = 0.20–0.25.

Using a Monte Carlo simulation, it was implemented 
the solution of formation of an array of data, according to 
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the final distribution of secondary dendrite arm spacing 
based on local system for the coalescence of neighboring 
secondary branches. Computer calculations of coalescence 
for the local systems were done repeatedly by varying their 
initial morphology randomly. This leads to the different 
character of evolution with the activation of various com-
peting mechanisms for individual local systems. The mul-
tiple implementations of this procedure for a large number 
of local systems lead to the formation of data that describe 
the resulting dendritic structure with its statistical param-
eters — the mean, standard deviation and probability 
density distribution (frequency) in the form of a histogram.

The simulation results are used to assess the contribu-
tion of different mechanisms of coalescence and are in 
good agreement with experimental data in predicting a 
broad spectrum of values   dendrite arm spacing.

The radical increase in the accuracy of forecasting 
and analysis of the conditions of formation of the dendritic 
structure can be achieved through the development and 
application of computer models of non-equilibrium solidi-
fication of ingots and castings that are based on the use of 
thermal-physical and physical-chemical characteristics of 
the alloys, determined by their thermodynamic simulation, 
taking into account the rate of convective heat transfer at 
the front formation of dendrites. At the analysis and syn-
thesis of empirical information on the dendritic structure 
for the objective evaluation of the quality of initial infor-
mation and to ensure the adequacy of the resulting models 
requires the use of modern statistical analysis of experi-
mental data. It is advisable to unify the description of the 
experimental data on the basis of a polynomial form of the 
concentration factor of the regression equation.

Key words: dendritic structure, dendrite arm spacing, 
mechanisms of diffusion  coalescence, Monte-Carlo meth-
od, computer simulations, non-equilibrium crystallization.

S
etting of the problem. Prediction of microstructure 

of alloys is one of the priority tasks for analysis and 

computer-aided simulation of their crystalliza-

tion. The massif of publications presented in the previ-

ous part of this review is characterized by practically 

complete lack of any data about the features of averag-

ing of experimental parameters. This averaging was 

applied to the pilot data, suggested for discussion as 

figures and generalized statistical models. Those publi-

cations reflected the data only about average values of 

secondary dendritic arm spacing (2) av, obtained on the 

base of statistical analysis of the massif of primary mea-

surements (2)i, while information about features of 

distribution of (2)i values relating to (2) av average 

value is practically absent. However, 60–80% of the 

values of secondary dendritic arm spacing have values 

significantly different than (2) av, and it should have 

been taken into account during analysis of conditions of 

forming of cast metal defects and its mechanical proper-

ties. Number of publications containing in any way this 

important information is rather small [1, 9, 12, 20]; they 

don’t include descriptions of processing methods and 

statistical evaluations of primary data massifs, as well as 

any generalized data about the features of dispersion of 

these parameters and possible remedies of its prediction.

Presented figures 1 and 2 display the features of 

dispersion of primary data, relating to statistical models 

averaging these data. The data about 2 value for the 

alloy with 0.14% C (number of points 62, av = 237 μm; 

max = 552 μm; min =78 μm) [1] are described by the 

equation  = 146R0,386 (the full line on the fig. 1, a; 

 = 104 μm; correlation coefficient R = 0.946) and 

form a distribution histogram for dispersion of  pilot 

data relating to regression line (see fig. 1, b) with root-

mean-square deviation  = 45 μm (dotted lines on 

the fig. 1, a) in the range 80–440 μm, what finalizes in 

relative dispersion about 20%.

Dispersion of experimental data for the alloys with 

carbon content C = 0.08–0.70% [12] (see fig. 1, c) rela-

ting the partial regression lines 2 = K2(LS)1/3, obtained 

via usage of 80–100 pilot points (multiple correlation 

coefficient R = 0.975) is characterized by  = 8.1 μm 

at av = 32.7 μm, what gives 25%.

Microstructure of the cross section of a cylindrical 

sample (80 mm diam.) of 10KhGN2MB (10ХГН2МБ) 

steel that was cast in a mould, as well as histograms of 

distribution of (2)i values (obtained on the base of 

investigation of these samples) are presented on the 

fig. 2. Number of measurements during investigation of 

dendritic structure makes 380 near the surface, 250 in 

the intermediate area and 150 in the axial area. Increase 

of local solidification time LS from 5 to 60 s ensures 

elevation not only of (2)av, but also of dispersion of 

experimental data; standard deviation of this dispersion 

reaches ±22–26% of (2)av.

The presented results of metallographic investiga-

tions demonstrate the values of variation coefficient 

V = /(2)av = ±0.20–0.25; these values characterize 

substantial dispersion of primary data. Therefore, the 

statistical models of dendritic structure that were previ-

ously observed (see tables 2 and 3 [36]) can be consi-

dered as not reflecting the true information about struc-

tural micro-heterogeneity, and they should be supplied 

with mathematical apparatus that will allow to analyze 

its development mechanism and to give quantitative 

evaluation of its real scale. 

Mechanisms of appearance of local structural micro-
heterogeneity. Structural micro-heterogeneity is con-

nected with dispersion of the values of dendritic arm 

spacing in the scale of a separate dendrite and its nearest 

neighbours. It is stipulated by the fact that the process of 

forming the side branches has non-stationary character 

in the most cases (meaning thermal and concentration 

conditions at the tip and side surfaces of a primary 

trunk) and it leads to origination of a array of initial side 

branches (0)i [24] that are distributed non-uniformly. 

Observation of dendrite growth (using transparent sub-

stances, such as ammonium chloride etc.) shows that 

heterogeneity of (0)i  values generates intensive com-

petition and termination of growth for many of these 
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dendrites. It can be formulated as so-called “geometri-

cal choosing” [24, 50], what was also noted by many 

researchers during quenching of metallic alloys near 

dendritic tips.

Afterwards complicated morphology of dendritic 

crystalline, characterized by curvature of interface area 

(different in sign and non-homogenous in value) [51], 

causes development of several mechanisms of diffusion 

coalescence of side branches, connected with their dis-

solution and junction under the capillary effect of 

Gibbs—Thomson (see fig. 1) [27, 43–47 etc.].

Usage of coalescence theory for description of the 

process of solid phase transition from dissolving den-

dritic branch r to a growing branch R allows to predict 

Fig. 1. Distribution of experimental data of secondary dendritic arm spacing in relation to regression lines and its depending on cooling 

rate R (a) [1] and solidification time (b) [12] in comparison with a histogram of  deviations (c), according to the data [1]

100

0.01

R, К/s
0.1

10

20

30

0
1 0 0

Fr
eq

ue
nc

y,
 %

100−10010

0.08% (mass) С
0.12% (mass) С
0.16% (mass) С
0.3% (mass) С
0.5% (mass) С
0.7% (mass) С

10

20

30

40

50

60

70

20 30

200

400

600

λ,
 μ

m

Slope Δλ, μm

λ 2
, μ

m

τLS, s

а b c

Fig. 2. Frequency distribution histograms for dendritic arm spacing in the surficial (а), intermediate (b) and axial (c) areas in the pilot 

sample, based on the results of metallographic analysis (lines) and computer-aided simulation (dotted lines) of dendritic structure (see 

on the left)

τLS = 5 s

τLS = 30 s

τLS = 60 s

λ2, μm

 p
, μ

m
 p

, μ
m

 p
, μ

m

а

b

c

0 10 20

20

30

30

40

40

50 60

60

60 90 120 150

80 100 120

0.1

0.2

0.3

0

0.1

0.2

0.3

0.4

0.5

0

0.1

0.2

0.3

0



38

CIS Iron and Steel  Review ·  2013

speed of branch size variation R and r and dendritic arm 

spacing 2 depending on the conditions of crystalliza-

tion, branch geometry etc. (fig. 3, b and the formulas 
(1)–(4)).

The equations for determination of correspon ding 

coefficients  [39] are presented below:

I = (R/2)2[ln(1  a/R) + a/R];  (1)

II = (a/2)3[ln(1  r0/a) + r0/a + 1/2(r0/a)2];  (2)

III = 1/4[(a/2)2l0/2];  (3)

IV = 1/2[(l0/2)2ra/2(1/(1  ra/R)].  (4)

Different analytical expressions for calculation of 

dissolution (thickening) speed of branches during 

coalescence are presented in the table. They take into 

account the effect of capillary forces, morphology of 

dendrites (R, r и ) and composition of liquid phase — 

in addition to thermal-physical factors (such as solid 

phase fraction m, crystallization heat Q, heat capacity c 

etc.) and physical chemical parameters of the alloy 

(such as distribution coefficient k, slope of liquidus sur-

face p, diffusion coefficient in the melt DL etc.).  

Dependence between coalescence process and 

alloys composition is considered in the formulas (4), (6) 

and (7) of the table on the base of choosing principle for 

limiting alloying element (4) or for summation of addi-

tive contribution of all alloy components (6–7). It 

should be noted that this alternative, as well as possibil-

ity of using other approaches for multi-component 

alloys [52–56], still don’t get any complete arguments 

or reliable experimental checking. The formula (6) in 

the table poses the most interest; it suggest choosing the 

suitable value of  coefficient for one of the alternative 

coalescence mechanisms [39] presented on the fig. 3, a. 

Transformation of this expression (see the formula (8)) 

via replacement of the basic diffusion relationship — 

Sheil equation — allowed to give generalized descrip-

tion of partial diffusion in the solid phase on the base of 

(5) equation [36]. Evaluation of local structural micro-

heterogeneity is realized via modeling of distribution 

histogram for (2)i values using formula (8) (see the 

table). This histogram takes into account mutually con-

nected passing in a row of j-th competitive mechanisms 

of coalescence of dendritic branches with different mor-

phology.

Computer-aided simulation of evolution of structural 
micro-heterogeneity during crystallization. Analysis of 

the atlas of steel dendritic structures [14] and results of 

simulation of dendritic growth using phase field appara-

tus [57] allows to consider the above-presented schemes 

of coalescence mechanisms (fig. 3, a) as the basic ones 

in their possible separate and/or joint usage, taking into 

account geometrical parameters of dendritic branches 

(fig. 3, b and the formulas (1)–(4)), determining their 

local morphology.

In correspondence with the Monte-Carlo method 

[58], coalescence process was simulated for a local sys-

tem from two adjacent branches (fig. 3, b), while their 

initial morphology was randomly varied. It leads to a 

mixed-mode evolution of (2)i values of different sys-

tems with activation of competitive mechanisms. 

Multiple realization of coalescence process for substan-

tial number of local systems allows to form a data array; 

collection of these data describes obtained dendritic 

structure using its statistical parameters: average value 

(2) ср, standard deviation  and  distribution of prob-

ability density Р(2)i (frequency) in the form of histo-

gram.

The system of equations describing non-equilibrium 

crystallization of multi-component alloys [24–25], pre-

sented in the previous parts of this review [36], has been 

used for simulation of forming of dendritic structure in the 

framework of a dual-level system (in meso- and micro-

scale). Meso-scale was used for consideration of metal 

heat exchange with the environment, via solving heat 

ba lance equation. As in this case the rate of sold phase 

formation dm/d (according to equation of Kolmogorov 

type) depending on the value of thermal undercooling and 

local time of solidification LS were calculated, i.e. taking 

into account non-equilibrium character of thermal pro-

cesses during alloy crystallization.

Crystallization processes at micro-level have been 

analyzed for calculation of undercooling as well as 

Fig. 3. Scheme of the mechanisms of coalescence of dendritic branches (а) and local system of branches for calculation (c) (I — radial 

dissolution, II — dissolution of base, III — axial dissolution, IV — junction of branches; R — radius of growing branch; r, r0 — radius of 

dissolving branch and its base; l0 — initial length of branches; ra = 2(R + a)/2

а b

I II III IV
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structural micro-heterogeneity of metal. 

Variation of concentration of alloy compo-

nents in СL liquid phase was calculated in 

micro-scale according to the equation (5) 

[36], allowing to take into account partial 

suppression of diffusion in solid phase. 

Kinetics of growth of dendritic crystallites has 

been analyzed with taking their dual-stage 

morphological evolution into account. 

Forming of initial set of the values of initial 

dendritic arm spacing (0)i was simulated at 

the I stage, including free growth and branch-

ing of equiaxial dendrites in inter-dendritic 

liquid phase. At the II stage, after closing of 

dendritic tips and stopping of their branch-

ing, modeling of solid phase formation as a 

result of joint radial growth of branches of 

cylindrical morphology and their diffusion 

coalescence during crystallization on intra-

dendritic liquid phase has been undertaken.

When solving the reverse problem of 

simulation of dendritic micro-heterogeneity, 

the final histogram of distribution of arm 

spacing values (fig. 2) is the starting point. It is 

known by the results of microstructure inves-

tigation. Analysis of competitive character of 

passing of coalescence mechanisms (present-

ed on the fig. 3, a) allows to determine the 

values of coefficients of belon ging μj that cor-

respond to relative value of the input of j-th 

coalescence mechanism in an integral histo-

gram. This determination has been executed 

in accordance to the theory of fuzzy sets [59]. 

Definition of μj has been conducted via mini-

mization of the sum of squares of frequency 

deviation P for calculated values (2)i 
P, cor-

responding to j-th coalescence mechanism 

from experimental values (2)i 
э:

where N is a number of experimental values (2) i; n is a 

number of accounting coalescence mechanisms.

When building calculated histogram (2) i  
P for 

examined j-th coalescence mechanism, morphology of 

dendritic branches has been preset using basic average 

values [39, 44] of non-dimensional geometrical param-

eters (r/2 and r0/r; r0/2 and l0/2; l0/2, ra/2 and 

rb/ ra; R/ 2 relationship has been calculated based on 

current amount of solid phase) displayed on the fig. 3, b 
and in the formulas (1)–(4) and their probable ultimate 

deviations. Due to complicated character and small 

examination of evolution of morphology of dendritic 

branches in the coalescence process, these non-dimen-

sional geometrical parameters were adopted to be con-

stant for all period of crystallization.

Frequency of randomly chosen geometrical param-

eter of dendritic branches was calculated on the base of 

normal distribution law [35]. Possibility of pair combi-

nation of geometrical parameters was determined via 

multiplication of two partial probabilities; for the 

model IV where 3 geometrical parameters are used, the 

value of ra/R relationship is adopted to be conditionally 

constant. Collection of frequencies obtained for ran-

domly sample of geometrical relationships determines 

the frequency values for j coefficients, calculated 

according to the formulas (1)–(4), as well as frequency 

for calculated values (2) i  
P in correspondence to the 

formula (8) in the table.

The fig. 4 presents the typical collection of partial 

histograms calculated according to the described tech-

nique — with corresponding measurement ranges (2) i  
P 

and frequencies satisfying the conditions of indepen-

dent realization of the I–IV models. Overlapping of 

partial distribution histograms (2) i  
P forms the wide 

continuous area of probable frequency values, depend-

ing on geometrical parameters of dendritic branches. 

These parameters are determined by the conditions of 

crystallization, thermal-physical and physical-chemical 

Equations for evaluation of coalescence kinetics 

in radial dissolution of dendritic branches

№ Calculating formula
Year of 

publication
Reference

1 1956 [43]

2 1967 [44]

3 1989 [45]

4 1990 [46]

5 1996 [47]

6 1997 [39]

7 1999 [48]

8 2013 [49]

Symbols: R, r — radii of dendrite branches; C0, СL — initial and current 
alloy composition; kB — Bolzmann constant; i — alloy component index; 
 — coefficient of model kind;  j — coalescence mechanism index;  — 
coefficient of belonging; DL — diffusion coefficient in the melt;  — interfa-
cial tension;  — Gibbs—Thomson coefficient ( = T/L); T — absolute 
temperature;  — density; L — volumetric crystallization heat; B — geomet-
rical factor;  — width of secondary dendrite arm spacing; d =   (R + r).
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alloy parameters, for different (2)P
cр values and corre-

sponding  range for each coalescence mechanism.

Transition from the collection of partial histograms 

(see fig. 4) to the joint (combined) one, describing 

maximally close the experimental histogram (see fig. 2), 

is connected with estimation of joint and competitive 

character of passing of different coalescence mecha-

nisms on the base of calculations of j coefficients. 

Obtained values of these coefficients, averaged for the 

period of crystallization (I = 0.8–0.9; II ≈ III = 0.05; 

IV = 0.05–0.15) [49], show that radial dissolution with 

unimportant input of other coalescence mechanisms 

plays crucial role for investigated samples.

When solving the direct problem of simulation of 

dendritic micro-heterogeneity via Monte-Carlo meth-

od [49], calculated array of the values of initial den-

dritic arm spacing (0)i, which appeared at the I stage of 

forming of dendritic structure, is considered as the base 

point. Its transformation in final distribution of the val-

ues of dendritic arm spacing (2)i has been simulated at 

the next stage via analysis of kinetics of diffusion transfer 

of alloy components, describing by the equations sug-

gested in [44] for a local calculated system formed by 

adjacent secondary branches (fig. 3, b). Their initial 

morphological parameters were preset on the base of 

random choice including (0)i parameter and average 

values of non-dimensional geometrical parameters 

(r/ 2 and r0/r; r0/2 and l0/2; l0/2, ra/2 and rb/ra), 

as well as their probable ultimate deviations (for normal 

law of distribution). Duration of complete axial and/or 

radial dissolution of one of the branches with maximal 

curvature has been determined for each of more than 

1,000–1,500 such calculated systems, taking into 

account sequential formation of solid phase and varia-

tion of branches geometry caused by this dissolution. It 

allows to make corresponding change in massif of val-

ues, using (8) formula in the table 1. Obtained duration 

Fig. 4. Calculated distribution histograms 2
P

 for I–IV coalescence 

mechanisms in the surface area of a pilot sample  (see fig. 2, а) 

(Preset: a/2 = 0.55±0.08; r0/a = 0.52±0.07; l0/2 = 2±0.3; 

ra/ 2 = 0.05±0.01; R/ra =6)
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of coalescence for that mechanisms, provided dissolu-

tion of corresponding branch, has been used in this case 

as local time LS of the process. 

The results of modeling of calculated distribution 

histograms 2
P, presented on the fig. 5 in comparison 

with experimental data, based on the average va lues of 

2
E and standard dispersion ± for the alloy Fe — 

0.07% C — 1% Mn [20], demonstrate satis factory 

correlation with each other for the case of usage of 

non-dimensional parameters r/R = 0.7±0.2 and 

l0/ 2 = (1.9– 2.2)±(1.0–2.0). Difference between cal-

culated and experimental data 2
E and  is located in 

this case in the range 8–10 μm and 10–12 μm respec-

tively, for variation of LS values inside 250–720 s.

Computer-aided analysis of development of den-

dritic segregation, including stages of formation of 

-(L), -phase (L) and peritectic transformation 

(L+) has been realized via numerical calculation of 

diffusion redistribution of the components in cross sec-

tion of single-phase - и -areas and on inter-phase 

boundaries (based on numerical modification of Fick 

equation) [60–62]. Distribution of substitutional com-

ponents in the layer of -phase, that separates the melt 

and -phase during peritectic transformation [16, 61, 

62], was calculated with account of para-equilibrium on 

the γ/ boundary. According to this para-equilibrium 

condition, carbon (intersticial component) concentra-

tion on the interface boundaries corresponds to local-

equilibrium conditions (fig. 6, a), while substitution 

components, due to DS
C

 >> (DS
Xi

) >> (DS
Xi

) relationship, 

at transfer of the interface boundary inherit concentra-

tion that was formed before, on the stage of -phase 

crystallization (see fig. 6, b).

Chemical micro-heterogeneity  = (Cmax  Cmin)/ C0 

(fig. 7, b), revealed via simulation, depends directly on 

local structural heterogeneity, presented by statistical 

distribution of the values of secondary dendritic arm 

spacing (fig. 7, a). The difference of concentration of 

steel components in a cross section of dendritic branch 

(Cmax  Cmin)i is forming due to deviation of the value of 

distribution coefficients ki from unity; it partially is 

equalized as a result of diffusion in solid phase, when 

coefficient of back diffusion i = f (Di
S LS/2) (see for-

mula 5 [36]) exceeds substantially the zero value depend-

ing on local values LS and 2.

Difference between k
i
L values, determining accu-

mulating intensity of the i-th component in a melt, 

stipulates inequality in the value of i parameter (fig. 7, 

b). Local heterogeneity of 2 value, formed during 

coalescence process, causes regular decrease (strength-

ening) of micro-segregation as a result of diffusion 

variation of concentration Cmin on branch axes and 

Cmax in their peripheral layers. This variation occurred 

under the effect of a scale factor (2), which determines 

distance of back diffusion and value of corresponding 

concentration gradient. Additionally, substantial 

decrease of the value of diffusion coefficient (Di
S  in 

-phase) is able to eliminate dependence between 

micro-segregation intensity i and heterogeneity of 

dendritic structure.

The finishing part of the review, describing the less 

investigated problem of heterogeneity of dendritic struc-

ture in micro-scale, shows that single publications devo-

ting anyhow to this problem and only underline lack of 

essential results and methodical approaches, that can 

reveal the main regularities of evolution transformation 

of the secondary dendritic branches since their origina-

tion till final state. Experimental data presented in the 

small amount of publications demonstrate rather sub-

stantial dispersion of the values of dendritic arm spacing, 

evaluating by high variation coefficient (V = 0.20–0.25). 

It was not reflected in the published statistical models for 

evaluation of secondary dendritic arm spacing (see the 

tables 1–3, part 1), certainly due to complicated charac-

ter of this problem. Additionally, just this circumstance 

caused probably the above-mentioned difference in 

structure and parameters of the presented models ope-

rating with averaged values (2); representation charac-

ter of these averaged values in description of different 

distributions (2)i is found to be unsatisfied.

Among the coalescence models observed in this 

review the most informative one is revealed; it was the 

base for solving the direct and reverse problems of form-

ing the data massif on final distribution of secondary 

dendritic arm spacing and its statistical parameters via 

Monte-Carlo method. Usage of up-to-date remedies of 

computer tomography, possibilities of coalescence reg-

istration in micro-scale using synchrotron radiation as 

well as simulating remedies of phase field apparatus 

open the prospects of direct receiving of the important 

quantitative information on concealed features and 

evolution kinetics of dendritic structure. This informa-

tion reveals typical values of geometrical parameters of 

dendritic structure, required for reliable forecast of 

complete range of the values of dendritic arm spacing, 

as well as mutually correlated simulation and prediction 

of dendritic segregation.

Conclusions

1. Joint review of publications on dendritic hetero-

geneity of cast steel testifies that variety and complicat-

ed character of described objects as well as conditions of 

their forming make the wide picture of evaluations and 

reveals lack of general approaches. It is directly con-

cluded in the wide spectrum of obtained statistical mod-

els connecting averaged values of secondary dendritic 

arm spacing values with different thermal-physical 

parameters and alloys composition. Generalization of 

these models seems to have no prospect due to essential 

uncertainty of used experimental parameters and insuf-

ficient accuracy of analyzing data.

2. The radical increase in the accuracy of forecast-

ing and analysis of the conditions of formation of the 

dendritic structure can be achieved through the devel-
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opment and application of computer models of non-

equilibrium solidification of ingots and castings (based 

on the use of thermo-physical and physical-chemical 

characteristics of the alloys, determined by their ther-

modynamic modeling, taking into account the rate of 

convective heat transfer at the front formation of den-

drites), as well as via improvement of the remedies of 

statistical analysis of experimental data in order to pro-

vide objective evaluation of the quality of initial infor-

mation and adequacy of obtained models.

3. Computer-aided analysis of evolution of the values 

of dendritic arm spacing on the base of calculation of their 

coalescence, taking into account variation of liquid phase 

composition in non-equilibrium crystallization, allows  

quantitative evaluation of the input of physical-chemical 

and thermal-physical factors, depending on alloys compo-

sition, on development of secondary dendritic bran ches.  

During evaluation of the effect of alloys composition on 

quality improvement of statistical models and provision of 

their adequacy, it is expedient to unify description of the 

pilot data on the base of polynomial form of concentrated 

multiplier of the regression equation. Its coefficients 

should be determined via the technique of orthogonal 

planning of experiments, to exclude the effect of pair cor-

relation between the alloy components.

4. Using Monte Carlo method allows to solve the 

problem about final distribution of the local values of 

the secondary dendritic arm spacing and their statistical 

parameters characterizing heterogeneity of cast den-

dritic structure. These parameters characterize micro-

heterogeneity of a cast dendritic structure. Accumulation 

and generalization of the data about morphological 

(geometrical) dendritic parameters and their evolution 

ion competitive realization of different coalescence 

mechanisms is the important task for reliable predicting 

of these parameters. System analysis of the redistribu-

tion of steel components during crystallization shows 

that the local development of dendritic segregation is 

directly dependent on the structural micro-inhomoge-

neity and features of diffusion conditions in the solid 

phase and at interfaces.
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