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Abstract. Short information on computational materials science is given, with the
methodology of material properties fields, in composition and process coordinates, as the part of it
and as the background of the study presented in this paper. One of the main means of the
methodology is random scanning the whole and local fields. These tools were developed and used
to solve many problems in materials science related to the properties defined by mutually
independent factors. The purpose of the study presented in this paper has been to develop the tool
for random scanning the fields of properties effected by "mixtures” of g components, linearly
related portions of components in rangers from 0 to 1, with their sum equal to 1. In these cases, the
factors domain (or subregion of it) presents the simplex. The special designs of experiments to get
reduced polynomials describing the fields in simplex coordinates are used. Two procedures for
generating any number of uniformly distributed points on the simplex have been developed. These
points define the virtual mixtures simulated in computational experiments. The procedures were
tested by scanning the fields of two rheological characteristics of lime suspension filled with
"short", “medium", and "long" cellulose fibers. Experimental-statistical models in the form of
reduced polynomials for effective viscosity at shear rate equal tol s™ and for the rate of destruction
of liquid structure (parameters of power-law model of flow, K = n; and m) obtained in previous
study are used to determine the levels of these characteristic for each of simulated mixture.
Computational experiments were carried out, in which the fields of n; and m in whole simplex
domain and in some of its zones were scanned, allowing the generalizing indices of the fields and
different correlations between n; and m in different zones of mixture triangle to be estimated.

The developed tools, the procedures of generating random points, which would define the
simulated compositions of the "mixtures”, make significant contribution to the progress of the
methodology of recipe-technological fields of properties and to computational materials science.

Keywords: design of experiment, simplex domain, experimental-statistical model, effective
viscosity, rate of destruction, lime suspension, cellulose fiber.

Introduction. In 1992 the first issue of the international journal "Computational Materials
Science” (CMS) was published [1]. That year has been proposed (Voznesensky V.A., 1993) to be
considered the year of the birth of this direction of science. The aim of CMS and the journal
declared at the title page of the first issue has been "to enhance the communication between
experimental materials research and computational work on both existing and new, advanced
materials and their applications”. Since then the scope of the journal expanded quite a lot [2].

Analysis of recent research and publications. The methodology of composition-process fields
(recipe-technological fields, [3, 4]) was put forward as the component of computational materials
science. The field Y(x) of material property (any characteristic of material structure, any criterion of
its quality, even its cost) presents the values of Y in coordinates of material composition and
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parameters of production and exploitation processes, vector of CP-factors X = (X1, X2, ..., Xi, ..., Xk)-
Random scanning the fields has become one of the main instruments of the methodology
[3, 4, etc.]. It was developed for domain of normalised factors (1):

1< x <1. 1)

Random scanning the whole or local fields means: generating uniformly distributed points in
factor domain or its subregions (compositions and process factors values corresponding to the
points); calculating the levels of Y(x) by its model. In most cases multifactor polynomial
experimental-statistical models (ES-models, [5]) are used.

When studying multicomponent disperse systems, the building composites among them, the
system of factors under study or some of them (factor subsystem) can present the "mixture”. This is
when the portions (from 0 to 1) of the components forming the mixture (1 in a sum) should be
considered as the factors. It can be the mixture of fractions of the grains of several size or different
minerals, or the portions of the components in complex chemical admixtures, etc.

"Mixture™ (M) is the system (subsystem) of linearly related factors v;, the portions of the
components forming the mixture (2). Mq is the mixture of g components.

0<vi<l, 2vi=1,v=(vg, Vo, ..., Vi, ..., Vg) € Q. 2

The domain Q, of factor space is (g-1)-dimensional simplex (segment, triangle, tetrahedron ...).
In these cases of linearly related factors the special kinds of polynomials are used as the models of
the fields Y(x), basing on corresponding experiment designs [6-12].

To carry out the scanning of property fields in such domains one should have the means to get
uniformly distributed points in them.

So the aim of the study presented in this paper has been to develop the procedure of generating
the random points on the simplex and to test it solving some specific material science problem.

The methods include the following.

The generating of random numbers is carried out with the help of Excel analysis package. In
Excel all calculations are carried out. Other means (including specially designed) can be also used.

To test the procedure in practice the results of previous research [13] are applied, in particular,
the models for two parameters of Ostwald-de-Waele rheological equation [14], power law model
written here in logarithmic form (3). The coefficient K in (3) is equal to the effective viscosity 1, (Pa-s)
at shear rate ' = 1 s, and the exponent m < 0 characterizes the rate of destruction of fluid structure
during shear deformations — the higher |m|, the less stable is the fluid structure during flow.

Inn (X) = InK(X) + m(x) - Iny". 3)

Among the dozens of the models of non-Newtonian fluid flow [15] the power law model, the
good one for engineering applications in certain ranges of shear rate, is commonly used.

It should be underlined that the parameters in (3) are not the constants, of specific non-
Newtonian fluid, of certain composition, as they are commonly considered, but the functions of
composition factors. Effective viscosity can be estimated by such model for any composition at any
shear rate in the ranges under study, as it was done, in particular, in [3, 16, 17]. The model (3)
illustrates the possibility and usefulness of combining the models of different levels [3], for
instance, ES- model and structural simulation models [18, 19].

Viscosity curves and models of type (3) in the range of y” between 0.066 and 8.41 ¢ were
obtained (adequate with error not more than 5%) when studying [13] lime suspension filled with
Technocel® cellulose fibers of three lengths. The rotational rheometer "Polimer” RPE-1M was used
to get the curves.

The portions of fibers of three lengths were varied in the experiment: v; — mass fraction of
"short™ fibers, with nominal length of 200 um; v, — fraction of "medium" length fibers, 1000 um;
vz — fraction of "long" fibers, 2500 um. They present the mixture (4) of 3 fractions (q = 3).

0<Vi<l, Zvi=1,v=(vy, Vo, Va). 4)
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The amount of fibers introduced into the suspension remained constant — 0.9 parts by mass
per 100 parts of lime, at water-lime ratio equal to 1.

The experiment was carried out according to simplex-lattice design of incomplete 3 degree [7],
the points being the same as in non-saturated simplex-centroid design of the 2" order [8]. The
points of the design are given in Table 1.

Table 1 — Compositions of 7 mixtures according experiment design

Points | 1 2 3 4 5 6 7
Vi 1 0 0 0.5 0 0.5 |0.333
Vo 0 1 0 05 | 05 0 ]0.333
V3 0 0 1 0 05 | 05 |0.333

The data obtained in the designed natural experiment have allowed the models (5) and (6) of
the kind (7) to be got, for Inn; and |m| (the effects insignificant at 10% risk have been eliminated).
The isolines of these two rheological parameters are shown in Fig. 1.

InK=Inmy1= 2.978v; — 0.533vyv, — 1.489vivs + 0vivovs
+ 2.593v, — 0.223v,V3

+2.761v3 (5)
Im| = 0.951v; £0wvv, +0.158vivs + 0.867 vivovs
+1.025v, —0.158v,v3
+ 0.892v; (6)

Y = Awvi +Apvivo +Asvivs + Az VaVovs
+ Aova  — AgsVoVs
+ Asvs (7)

These are the models used in computational experiments, to illustrate statistical trials on
simplex with application of procedures presented below.

‘?1 \"1

"_r] |E1I “3 -‘I-I ‘.rj

Fig. 1. Isolines of effective viscosity n; (Pa-s) and of destruction rate |m|-10°
on mixture triangles

The results include the following.
Firstly, the procedures of generating random points (mixtures) in simplex domain themselves.
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Any number of random values &; for g variables (i = 1...q) uniformly distributed inside (0, 1)
limits are generated.

The transformations of generated &; to v; that would provide (2), Xv; = 1, have been put
forward.

1. The simplest one (8):

Vi :filzgi (8)

2. Another one (9):
vi:ai+<§i-di-d /S, if S>d, (9)

Vi=a;+ ii-di + (d-S)'di‘(l-Z’:i) /(Z di— S), if S<d,

where i =1, ... q; aj, bj— lower and upper borders of the range of v;;
di=bi—a;d=1-Xa;S=X¢&-d.

One hundred of the points
obtained using formular (8) are
shown in Fig. 2.

The points at the vertices of
the triangle are added since their
coordinates cannot be generated
principally (as any fixed exact
values).

Secondly, usage of the
developed procedures for
scanning the fields of rheological
characteristics of the suspension
filled with fibers.

Some results of one
realization of scanning the field

M(vi, Vo, Vv3) are shown in Fig. 3. _ o
The levels of the field at each Fig. 2. The hundred random points inside the

point shown in F|g 2 were SimpleX and 3 fixed pOintS at its vertices

determined by model (5). The

error of the model was not accounted for, but multiple realization of scanning, with multiply
generated distribution of points (mixtures), showed the convergence of results to the field
determinate by model (5).

Not only can the main generalizing indices G{vi, V», v3} of the field ni(v1, vz, v3), such as
minimal and maximal levels and their coordinates, be determined after sorting the mixtures by the
values of Y (n; in this case) but the other valuable numerical characteristics too. The important one
among them, the "size" of the region of acceptable mixtures, the ratio (©2) of the number of
compositions that would comply with specified levels of Y (set by a customer or some standard, or
by an idea of researcher) to the quantity of all compositions under consideration [3, 4, 20]. The
estimates of this and other G can be seen in Fig. 3.

Analysis of correlation of 7; with |m| in various subregions of mixture factors domain can be
carried out using the developed procedures.

The scatter diagram of the values of two rheological characteristics determined for 7 mixtures
in natural experiment shows the absence of correlation, as the diagram presenting the generated
sample of 103 paired values also does (Fig. 4).
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Fig. 4. Scatter diagrams of the values of n; and |m| obtained in natural experiment
(7 compositions) and in computational experiment (103 compositions)
over the whole domain of mixtures under study

It would be reasonable to assume a significant difference in the structures of suspensions with
fibers of different lengths and with their mixtures, and, consequently, a different relationship
between viscosity and the rate of destruction of the structure.

20 5 142 -
n, Pas a) o )
24 7 et R?= 0,508
8 OQ% R®= 05347 13.8 1 %6 =1
< :
16 - o W 136
OQOOQ)@O
a® D
134 - 00 8§
o L= PR
14 4 o kit Xk ’(‘o‘!‘:’:*.« o &
G0N, g
oo 8l © %%p 13.2 - s
e |m| m|
12 T T T T 13 ] T | T
095 09 097 098 0099 1 094 096 098 1 102 104
16 15
e c
;. Pass . ) n;. Pa-s
15 4
144 ©
14 4
13
13 4
12 12
0.85 1 0.9

Fig. 5. Scatter diagrams obtained in computational experiments:
a — in zone of mostly "short" fibre; b — in zone of mostly "medium" fibre;
¢ —in zone close to vertex vs (of "long" fibre); d — inside the triangle
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The computational experiments in various zones of mixture triangle have been carried out to
estimate the correlation of n; with |m|, both developed procedures (8, 9) of generating linearly
related mixture factors being tried. Some results are presented in Fig. 5.

The levels of [m| and n; were estimated, in particular, at the following limits of factors values:

e06<v;<1,0<v,<504,0<v3504 (Flg 5, a);
e0<v;<0.3,0.7<v,<1,0<v3<0.3 (Fig. 5, b);
e0<v;<04,0<Vv,<04,0.6<v3<1(Fig.5,c¢);
¢0.1<v;<0.8,0.1<v,<0.8,0.1 <v3<0.8 (Fig. 5, d).

The results could be more impressive in case of wider ranges of the properties under study.
Nevertheless, the revealed differences in correlation indicate to the changes in mechanisms of
structure formation with changes in specific disperse phase. The changes in mechanisms should be,
probably analysed from physical-chemical mechanics point of view [21].

Other tasks and problems of materials science when the mixtures (2) are involved could be
solved now, with the help of the developed procedures, as the problems had been solved [3, 20, 22-24],
using random scanning the fields in normalized coordinates (1). The "involved mixtures" means
that it could be the system of both mutually independent and linearly related factors, and even with
two mixtures [3, 12].

The search for the best solution by some criteria of optimality, at any number of specified
restrictions and the problems of multicriterial compromise optimization [3, 20, 23, 24],
computational experiments for isoparametric analysis [3, 22] and for analysis of the changing
generalizing indices of properties fields [3, 12], other tasks that need random scanning the fields of
properties can be also fulfilled when whole factor domain or part of it presents g-component
simplex.

Conclusions. The new tools have been developed that makes significant contribution to the
development of the methodology of recipe-technological fields of properties and to computational
materials science. These are the procedures of generating uniformly distributed random points in
simplex domain, which define the simulated compositions of the "mixtures".

The procedures have been applied in study of rheological characteristics of lime suspension
filled with the mixture of cellulose fibre of three lengths. The way to estimate the generalizing
indices of the fields of material properties has been shown. The computational experiments have
been carried out in different subregions of mixture triangle to evaluate the correlation of effective
viscosity of the suspension with the rate of its structure destruction under certain shear rate. The
differing correlation from zone to zone has been revealed.

The developed tools open up new opportunities for studying the variety of the "mixtures,
technologies™ systems with means of computational materials science.
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Y00ecwvira deparcasna axademis Gydisnuymea ma apximexmypu
By Jlinpixcona, 4, M. Oneca, 65029, Ykpaina

AHoTanisa. HaBonuThcst KOpoTKa iHpOpMAaLlis Ipo KOMIT IOTEpHE MaTepiao3HABCTBO Ta MPO
METOAOJIOTII0  PELeNTypHO-TEXHOJIOTYHUX TIONIB BJIACTUBOCTEH SK Horo ckmajgoBoi. Lle
MepelyMOBH JOCITIIKEHHS, MPEACTaBIeHOro y i ctarTi. OJMH 13 OCHOBHHX 3aC001B METOOJIOT1]
IIOJIIB BJIACTUBOCTEN — BUIIA/IKOBE CKaHYBAHHS MOBHMX 1 JIOKaJIbHUX 1oiiB. Lleil iHcTpymeHTapiit
Oy110 po3po0IICHO Ta BUKOPUCTAHO IIiJ] YaC BUPINICHHS 0araTbOX 3aBJaHb MaTepialO3HABCTBA, KON
BJIACTUBOCTI BM3HAUAJIUCS JI€I0 B3a€EMO-HE3AJICKHUX YMHHHUKIB. Mera IpencTaBlIeHOro
JOCHIJUKEHHS. — PO3pOOMTH 1HCTPYMEHT Ul BUIIAJKOBOTO CKAHYBaHHS IOJIIB BJIACTUBOCTEH, 110
BU3HAYAIOTHCS «CyMillIaMU» KOMIIOHEHTIB (], JIIHIHHO MOB'SI3aHUMH X YaCTKaMH B Jiana3zoHax Big 0
1o 1; cyma ( ygactkor gopiBaroe 1. Y mux Bumankax (akrtopna obmacts (abo ii mimobnacts) €
CUMILIEKCOM. BUKOpHUCTOBYIOThCS CIieliaibHi MJIaHH €KCIEPUMEHTIB, 00 OTpUMaTH CIeliaibHi
HaBE/EHI TMOJIIHOMH, IO ONHUCYIOTh IMOJS Y CHMIUIEKCHHX KoopauHaTax. Po3pobneHo 1Bi
MIPOLICAYPH ISl TEHEpYBaHHS Oy/b-SKOTO YHCIIa PIBHOMIPHO PO3MOAUICHUX TOYOK Ha CHMILICKCI.
Im BimmosinaroTh «cyMimi» y 00uYHuCIIOBANBbHUX ekcnepuMeHTax. lIponenypu 6me BUIIPOOYBaHi
IPU CKaHyBaHHI IOJIIB JBOX PEOJONIYHUX XapaKTePUCTUK BAaMHIHOI CycleH3ii, HaloBHEHOI
KOPOTKHUMH, cepeILHan 1 JIOBTUMH UENIOJO3HUMH BOJIOKHAMH. EKcnepHMeHTaﬂLHo CTaTI/ICTI/IlIHl
MOJIENTi, Y BHIUIAI HABEACHHX IOTIHOMIB, [ e(heKTHBHOI B’SI3KOCTI MPH MBHAKOCTI 3¢yBy 1 ¢ Ta
TEeMIy pyHHYBaHHsS CTPYKTYpU pinuHM (mapaMmerpiB cTemeHeBoi moneni tedii, K = n; ta m),
OTpUMaH1 B NONEPEAHBOMY JOCITIIKEHHI, JO3BOJISAIOTh BU3HAYUTH PIBHI LIMX XapaKTEPUCTHUK IS
KOXHOI CUMYJIbOBaHOI cymilli. BUKOHaHI 0OYMCIIOBaJIbHI €KCIIEPUMEHTH, B SIKMX MPOCKAHOBaHI
monsg Mp Ta M y BCid CcUMIIEKCHIA 00macTi Ta B JeSKUX ii 30HAaX, JO3BOJSIOYM OLIHUTHU
y3arajibHIOI04l MOKa3HUKU TOJIB Ta PI3HY KOPENALil0 M1 Ta M y PI3HUX 30HaX CyMIIIEBOTO
TPUKYTHHKA.

Po3pobneni 3aco0u, mporenypu reHepalii BHUIAJKOBUX TOYOK, SKi CUMYJIIOIOTH CKJIaad
«CyMilIei», pobssATh 3HAUHUI BHECOK y PO3BUTOK METOAOJIOTIT pEeleNTypHO-TEXHOJIOTIYHHUX I10JIIB
BJIACTUBOCTEHN Ta B KOMIT IOTEPHE MaTepiaJo3HABCTBO.

KirouoBi cioBa: miaH eKclepUMEHTY, CHMIUIEKCHa 00JacTh, €KCHEepUMEHTAIbHO-
CTaTHUCTUYHA MOJIeNb, €(QEeKTUBHA B’SA3KICTh, MIBUAKICTh JECTPYKIlil, BalHsSHA CYCIEH3id,
IEJTF0JI03HE BOJIOKHO.
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