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polymer based materials: applications

Medical
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polymer nanocomposites

Combination of a polymer matrix and filler that have at least one dimension
(i.e. length, width, or thickness) in the nanometer size range (1 nm = 10° m)

Matrix Fillers Composite

Surface Modifiers /
-OH Nanoparticles (3D)
-[SiH.-O-1 -H Nanosheets/Flakes (2D)
[SiH,-O-], Thread/fiber/nonowires (1D)
Etc. *
C tubules Glass fibers  Clay Fullerenes Au

-]
KANTECH
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* Composites are materials
consisting of two or more
physically different phases, the
combination of which leads to the
emergence of new unique
properties that differ from the
characteristics of the original
components.

Micrometer scale

d

SN

Matrix

Interface

Vnterface / Vﬁller < 1

1 .
Filler

N@Emgte@,cm@ ’b
© © o



http://images.google.com/imgres?imgurl=http://jcwinnie.biz/wordpress/imageSnag/cheng2.png&imgrefurl=http://jcwinnie.biz/wordpress/?p=2864&usg=__TK8vw028RWDEEFxTKbOfS3fNlVg=&h=325&w=433&sz=138&hl=en&start=34&tbnid=UnV8xdSgicdy1M:&tbnh=95&tbnw=126&prev=/images?q=nanosheets&gbv=2&ndsp=20&hl=en&sa=N&start=20
http://images.google.com/imgres?imgurl=http://www.apinanotronics.com/Investors/images/glossary/nanofiber-large.jpg&imgrefurl=http://www.apinanotronics.com/Investors/glossary.asp&usg=__j2xKv6tLj6y2cjx_Z86Vew9RcTw=&h=250&w=250&sz=130&hl=en&start=1&tbnid=7VtZhKOrGy4NWM:&tbnh=111&tbnw=111&prev=/images?q=nanofiber&gbv=2&hl=en&sa=G

The Traditional Way to Create New Materials and Technologies: Empirical Try and

Develop Material
\2 . ateria
> Pr — > Trial > !
Idea ototype als Technolog
MHOIOKpaTHO y

v Expensive v Lotoftime v Lack of direct connection with basic
science
The role of modeling is reduced to describing data and extrapolating within model representations.

An integrated approach based on predictive

modeling
Idea > Modelling > Prototype > Trials > Material,
'I\ Technolog
Results of fundamental y
research
v" Reducing development costs and time v" Reducing
risks

. Predictive modeling based on detailed atomic-level understanding of structure and mechanism precedes prototyping
KANTECH
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software for predictive modeling of polymeric material
properties
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polymer nanocomposites modeling: multiscale approach

polymer network
0.0001-10 um

R
chains 2 ,. o U(?Ou'l”z jl E
10-100 nm ‘*‘{ bl
hod
monomers Ag A
1!. “.:._; ’é‘;?:‘i:
et “,: LT
- A
P A 25 .‘
~ J:: ady (E ¥
e Y RS
9, ;
‘..l nm o
@ LR ® o
S 2 t,s A -E “’é’ Macroscopic
= R
S o108 Fu "I Engineering &
o @ —_ ngineering & process
— = A ¥ unit design
Sl -] 3 Q
(@) — :
e =B it Q ﬁéi« NP Continuum
= @ 0 S B
o 2 o r;.‘;ﬁ!; 0.0001-0.01 pm
O o 1 e §
% ; »@ FEM J
c -3 [ S T S
Q@ 10 Al mistic Molecular '_;\‘ iy
8 = g T sl physmal proper‘ues
© =S Coarse-grained, | /T, .-
C O - DPD
Qo5 chanics| Brownian Dynamics self assemblies structure
ISl Micromechanics hierarchies in self-assemblies
E o 4
= . :
o — ) 1" molecular structure, “«
= = ) interaction & physical
oo il properties
8 g atomistic structure, “~
Jinteraction properties -~ G
© ® .45 ||Semiempirical methods *--IGjeraction properx spatial scale
g 1 1 1 1 1 1 L)
-6 -3
o 10 10 1 dm
KANTECH meso-  micro-

LABORATORY

prod uct

In the case of
nanocomposites, it is
Impossible within the

framework of a one-level

approach to combine high

accuracy and large scale
of consideration.

 Atomistic level -
properties of nanosized
filler and phase
Interaction

- Mesoscale - the
distribution of the filler in
the matrix

- Macro level - eﬁectiv%
material properties



Level 1

Level 2

Level 3

Level 4

multi-scale modeling approach

QM simulations  _..-+| All-atomic system

——————————————————————————— < geetS oo —--————----———----- Increase scale
All-atomic 4 MD simulations
molecular system e, » | RDFs for selected
oot degrees of freedom

Effective potentials | 4-+*""
for selected sites

___________________________ teg,---------------------------- |ncrease scale
CG - simulations *
Morphology of
Effective .
. &°° Reconstruct potentials

potentials
_________________________ ~#egemmmmmmmem—eee—eeee—ee——---- |ncrease scale

Simulation of coarse grained"‘-.,.A Properties on a

model (MD,MC,BD,DPD...) larger length/time

o
Kiﬁlﬂ TECH
LABORATORY scale !




MULTICOMP software package for multiscale modeling of polymer-based materials
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9[> Designed for high-throughput materials screening on supercomputers
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output

Physical properties of the
material:

* structural

* mechanical

* thermophysical

* transport

* Chemical structure of components
*Geometry of nanoparticles and their properties
*Weight ratio of components

*Temperature, pressure and etc.

M.A. Akhukov, V.A. Chorkov, A. A. Gavrilov, D.V. Guseva, P.G. Khalatur, A.R. Khokhlov, A.A. Kniznik, P.V. Komarov, M.V. Okun, B.V.
Potapkin, V.Yu. Rudyak, D.B. Shirabaykin, A.S. Skomorokhov, S.V. Trepalin, MULTICOMP package for multilevel simulation of

polymer nanocomposites,
Computational Materials Science, V. 216, 2023, 111832, https://doi.org/10.1016/j.commatsci.2022.111832. 8



modules kit

— -

[®- Multicomp Workflow Environment, ver. 1.0 (2016)

File Calculate MNode Tools Help

NeEHE 00

Calculation modules

Workflow

4 f J Commaon modules

4 7:h J Constructors

Struc

e § (DPD) Constructor

&)

ez (TooIs) Clusterization and Percolation

4 f 7 Molecular dynamics

Diffus

(LAMMPS) Diffusion properties

Struct

m (LAMMPS) Geometry relaxation MD
ﬁ (LAMMPS) Mechanical properties

::m (LAMMPS) Geometry relaxation CG/Fire
Q (LAMMPS) Structural properties

Therm

- (LAMMPS) Thermo properties
|7 orD
7 FEM
4 rj User modules
B Constructors

4 _f 7 Molecular dynamics

SmOL
%77, (GROMACS) Chain generator

e (GROMACS) Chain configuration
foe ’L (GROMACS) Geometry relaxation MD
Q (LAMMPS) Shrink system till target density
|77 orD
|7 Fem
4 B Tools
Q (Tools) Polymer chain generator
g (Tools) Simple polymer chain generator
g (Tools) Join systems

m

BOE DEDR

-.E
a

FLELEL

constructors
Nano/Meso tube Generator
Atomistic Constructor (K23)

Linear Meso-polymer Generator
and Mixer

service tools

Simple Polymer Chain Generator
Polymer Chain Generator
Multiply System by copying
Expand System by translation
Join Systems.

Sparse System into Separate
Molecules

Mix Systems
Select and Split

simulations tools
Geometry relaxation CG/Fire
Geometry relaxation MD
Shrink system till target density
Meso Structure Relaxation MD
Meso Structure Relaxation CG

calculation and analysis of
properties_

Mechanical properties

Thermo properties

Diffusion properties

Structural properties

(density, RDF, XRD, SAED,
porosity)

Clusterization
Percolation
Atomic Percolation

e
KANTECH
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The modeling process is divided into separate modules at a fixed level of the
spatial and time scale hierarchy STRUCTURAL
““uiss» ofCalculation scenario constructor — PROPERTIES
T =/ = [y N —— Porosity, radial
r— By P (C) distribution function
moduléskith ) “ e T — MECHANICAL \\ xRrD/ED spectra
e - parameters PROPERTIES
— f——— v e Young moduli E
g Aok e S i POiSSOﬂ ratios o BARRIER
—_— Bulk moduli K/G
: N THERMO PROPERTIES
(D) (E) PROPERTIES Diffusion D Solubility
e Thermal conductivity S
P .
= = ) VISCOSITY Permeability P
PROPERTIES
Kinematic/dynamic o
. "CHEMICAL COMP viscosity v/u KANTECH
i LABORATORY
oy

2 10

PHYSICAL PROPERTIES

I “results-&logs




visualization

* The results are displayed using an interactive 1D / 2D / 3D visualization module consisting of 2 blocks: 1D visualization
and 2D / 3D visualization.

* Block 1D visualization consists of an embedded window for displaying functional dependencies, a separate form
containing a display window and a toolbar, a window for setting display parameters and auxiliary windows.

The 2D / 3D visualization block consists of a built-in window for displaying 2D / 3D objects and grids and a separate form
containing the display window, the main menu and the toolbar.

embeddable window for displaying functional dependencies embedded 2D / 3D object and mesh display window

#* Multicomp Workflow Environment, ver. 1.0 (2016) =R “7
- » o File View Edit Build Analysis
¥ Multicomp E3 . mEmD e /i s it
# File: in.run ALH | (pcpety Vel
— | |units real =
! boundary PPP 0370283
-0.683532
include params.mod i
include potential.med | || @0 @ N | e e
FFFFF
|neighbor 3.5 bin
|neigh _modify delay 0 every 1 che«
read_data geometry.data
special_bonds 1j/coul 0.0 0.0 1.0
timestep 0.0
fix 1 all nve
run ]
unfix 1 v
|« >
s 1 [ " Ok Xeanedd | |
s —
£ /
£ - < / /
g C Yt = 7 A I—I /
! (I o / puMep BM3yanm3saumm
3 e, b ey / o
] - L
o L ' T HECKOJIbKUX HaHOTDY6OK B A4YenKe

" a3 e MOZAENNPOBAHUA
KANTECH -~ CRINA ST,
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cross-linked matrices and composites constructors

Polymerization at mesoscale

(Network building procedure) MOLECULAR
To simulate the network formation process, we used a model of EDITOR
chemical reaction systems based on the DPD framework and our
concept of composite CG/DPD particles which are composed of two ‘

different types of CG sites: non-reactive beads and reactive linkers.

Beads are normal CG particles - they participate in all site-site interactions, CONSTRUCTION
while linkers are semi-virtual sites - they participate in intramolecular NG-based coarse-graining
interactions only (namely, in bond stretching and bond angle bending
interactions) but can form covalent bonds; that is, they can react. '

POLYMERIZATION
MSC-based reactive DPD

) 4

RECONSTRUCTION
The positions of beads and the topology of inter-bead connections are reverse mapping CG to
determined with the Neural-Gas-based algorithm. atomistic structure

Tasks that can be effectively solved using the Mesh Poly DPD+MD module:
v" Crosslinked polymer blends
v' Polymer composites with a cross-linked matrix

(including on a substrate)

K l NTECH v THE ABILITY TO QUICKLY AND EASILY CONSTRUCT A VARIETY OF
J tasoraTory CROSS-LINKED MATRICES AND NANOCOMPOSITES

12



NANOOBJECTS: module for creating
nanoparticles

o
KAN TECH
LABORATORY

I

L L
M [ ¥ iy
r_r'...’l'i'.'i"-'-;"'!:
1alal al'h
9 -.l.!-.a"-‘ "

W W
sialnlel

Examples of nanostructures created by Nanoobjects: A) ellipsoidal silica nanoparticles with axial lengths of
30A, 30A, 50A; B) spherical carbon black nanoparticles with a diameter of 40A; C) rectangular graphene
nanoparticles with a size of 30Ax30A; D) three-walled carbon nanotube with a length of 41A and an outer
diameter of 21A; E) flat muscovite surface with dimensions of 52Ax54Ax41A.

13



les of polymer nanocomposites

considered

(o]
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Epoxy resin on various substrates
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calculation of the mechanical properties of
crosslinked epoxy matrices

For crosslinked epoxy matrices,
the literature shows a change
in the modulus of elasticity
depending on the degree of
crosslinking .

Epoxy monomer Hardener

The morphology of polymer

networks can be studied at the -
. O o
atomistic scale . O 55 p
7] ”
% -
E 5 'D' o 4
= ’
n 1 -
)]
Sasl T
O ]
[ ] [ ] } !
Calculation script
Using the constructor, it is convenient to study the dependence of physical 02 0.4 06 08
properties on the degree of matrix crosslinking Conversion rate

(<]

K N T E c H 1-LiC, Strachan A. Molecular dynamics predictions of thermal and mechanical properties of thermoset polymer EPON862/DETDA //Polymer. — 2011. — T. 52. — Neo. 13. — C. 2920-2928. 1 5
LABORATORY 2-KomarovP. V.etal Multiscale Simulations Approach: Crosslinked Polymer Matrices //Supercomputing Frontiers and Innovations. — 2018. —T. 5. — Ne. 3. — C. 55-59.




Different parameters of the interaction between the matrix and the filler lead to
different distribution of the filler in the matrix.

L Filler particles are repelled
4 -  spitmeso weaker from each other than
Composite .
Y Butg meso [ from the matrix:
Composite . .
Filler aggregation
Vi Vi
Build meso [ () Build meso [ ?
Particle Filler
7 Filler particles are repelled more
NV
e fo=p-@ - strongly from ?ach other than
Composite DPD-LMP (] splt meso from the matrix.
- Homogeneous distribution

Kj N T E C H Itispossible to predict the distribution of the filler depending on its
LasorATORY interaction with the matrix




transition to properties calculation at the macro level

Implemented universal procedure for direct conversion from the meso level to the macro level
(regardless of the shape, location and concentration of the filler) before calculation of the effective
properties of the material using the Marching Cubes method.

Composite
Elastic tensor
calculation

—

At the macro level, engineering properties (mechanical properties,
thermal conductivity) are calculated using the finite element method (FEM).

o * TRANSITION PROCEDURE TO THE MACRO LEVEL IS FULLY AUTOMATED 17
KANTECH AND UNIVERSAL FOR ANY FORM OF FILLER

LABORATORY

Akhukov, M. A et al. / Computational Materials Science 2023, 216, 111832



case study: multiscale calculation of macroscopic elastic modulus
of the PA6-MMT nanocomposite

Mesostructure of filler phase Surface mesh Volumetric mesh < The mechanical properties of the

' 4

Y composite are different from the
composition of the properties of the
components due to the formation of a
transition layer, whose elastic modulus
is twice the elastic modulus of the

matrix

{?ﬂ‘ '

Moaodifier molecule
structure

©

Mesostructure
of filler particle

% The increase in the elastic modulus of
 the material was 18% when filled by 1
wt.%. With the best structural
parameters (experiment*), it is

o i o e RO possible to increase the elastic
'-' '|,:‘,'::';.l"'+m|'; "'| wo |' L modulus by up to two times
- . y up

** The method is universal and allows
you to calculate the properties of
different structures: for an isotropic

dll.\d-..-:lﬂ..&:nn ~f Ellav 1 AmmA 1NN mndule

o
Atomistic model of Rkt

4
K ﬁ NTECH
LABORATORY
a nanocomposite

* - Kojima Y., Usuki A., Kawasumi M. et al. // J. Appl. Polym. Sci. 1993. V. 49. Ne 7. P. 1259 Akhukov, M. A et al. // Computational Materials Science 2023, 216, 111832

polyamide-6

Chain of

C_ Atomistic structure of " |
% the montmorillonite unit cell

18



Different distributions of the filler lead to different values of the elastic

moduli at the same volumetric concentration of the filler, as well as

Dependence of stresses on deformation (along x,

anisotropy of properties. With percolation, the rigidity of the system in this direction of percolation in one of the structures)

direction increases significantly.

Aggregation Homogeneous distribution
E=4.2 GPa (percolation along - x)
E, =11 GPa

Data transfer for structure conversion and calculation of effective
properties at the macro level are carried out automatically.

KANTECH
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Aggregation
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PROPERTY

- <4 n
Thermo

MD/LMP

Ml

Carbon nanotube

v POLYMER NANOCOMPOSITE
CONSTRUCTOR THAT ALLOWS TO
BUILD AND PARAMETERIZE AN
ATOMISTIC STRUCTURE

% When a polymer is filled with

nanotubes, the thermal
conductivity coefficient
increases threefold
Anisotropy of the thermal
conductivity coefficient is
observed: in the direction
coinciding with the orientation
of the nanotubes, it is
significantly higher

The change in the thermal
conductivity coefficient of
polymer matrices when they
are filled with nanotubes! is
widely described in the
literature, where theoretical
studies with similar results are
presented.

Changes in mechanical
prc o 7
KANTECH
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Naffakh M. et al. //Journal of Materials Chemistry. — 2012. — T. 22. — Neo. 4. — C. 1418-1425.



case study: gas barrier properties of multilayer polymer-clay
o

nanocomposite films

% Molecule permeability
<m3 [STP]*cm/cm2/s/Pa
4.7 12

K ﬁ NTECH
LABORATORY

Atomistic structure of
the material N
imized mode DIFF
, I - DEI‘::E:: e | MD (NVT) step
Optimization (CG) + T . T
_Rekoton (MO-NVT) | Absorption [ Mean-square
' isotherm ) displacement MSD |
—  Optimized model i ' _ |
T Solubility Diffusion
; coefficient S coefficient D
N GCMC (V) I )
ceMc-MD | L ) .
; | : Permeability coefficient P = D-S
MD (NVT)

| =——
P(O,) (Barrer) P(H,O) (Barrer)

MD-GCMC Bicerano Experiment MD-GCMC Askadskii Experiment
Simulations Model [NIMS] Simulations Model [NIMS]
06.0012_ 0.04 0.013-5 1-2 87 100-1300
0.2-0.6  4.47 0.04-5 2-12 60 20-75
AN 0.07-0.2 8.91  0.02-1.8  8-30 193 -
17-22 7.65 2.5-6 10-50 328 3-8

Knizhnik, A. A. et al // Minerals 2023, 13, 1151.
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gas barrier properties of multilayer polymer-clay
nanocomposite films - continuous model

laminate with orientationally
ordered filler particles

orientationally disordered filler particles 5 S
0 . . . Z o1 ————
- » - o The model gives the diffusion time ty, of the molecule £ '\\\__\
99972 ﬁ;ﬁ_; 422  throughout the multilayer coating (averaged over the ,] =
2232372 233323 | : e
P qp;_, o b number of attempts for a set of molecules). By comparing 3 ——
529222 24 2 ﬂ-‘ﬁ <t,. > In a multilayer system with inorganic fillers and oo e :
493 32 f---w:wf . : - : 8 ;
 EPEE £ g 3'3“ without them, the change in the permeability of the coating: © o
“L &ﬁ ILf - -ﬁ& - - 1 ' 10 ' 15 ' 20 ' 25 ' 30
s + ) Z —-—SizeN=u r;“:Ler;:)filIffrssize =3 um

—a— Size = 10 pm —=— Size = 30 um

v' REDUCTION IN PERMEABILITY FROM THE ADDITION OF CLAY FILLERS TO THE
KANTECH POLYMERS IS OBTAINED WHEN USING MINERALS WITH FILLER PARTICLES WITH HIGH
LABORATORY ASPECT RATIOS




prediction of polymer properties based on regression models

The complexity of atomistic simulations

CTteneHb
CINOXXHOCTU

pacuyeTos

A.A. Askadskii

Oxygen permeability model in the Biczerano model

In(P,,)=8.515520-0.017622*v
v=E_ /V -196:V/V, + 110:N
N, =2:N, - 14(N

Cononumepsbl

[lomononnmepbl

Rot/N - 57'I\/Per/N

) +5X,.-7N_.._ -6N 12-N
4 hb,ar

cyanideeq o -

L ﬂ[jl> QSPR mogens ﬂ[jl> Ps,

o] (0]

bb ester hheqg o

Physical properties
Chemical structure

Yj = Ao+ A1X1,j + -+ Ap - Xp,j

o]
KANTECH

LABORATORY

An alternative way to predict properties is QSPR
regression models

Bicerano Van-Krevelen

E..ni— cohesive energy;
V - molecular volume;
Vw —van der Waals volume;

N - number of rotation bonds;

rot

N - number of non-hydrogen atoms;

N._.— number of acyclic carbon-carbon double bonds;

N,, eser - NUMber of ester groups in the main chain;

X, - number of substituents in aromatic rings in the main chain;

N - sum of Cl+Br atoms attached to sp3 carbon atoms;

hheq o

N — sum of cyanide groups attached to sp3 carbon atoms;

cyanideeq o

N~ NUMber of hydroxyl hydrogen atoms and aromatic rings, 23
hydrogen bond



quantitative structure-property relationship model

PROPERTY GenStruc program for generating

QSPR the new polymer SRUs using the enumeration and Monte Carlo algorithms.

=27 Backbone

5

P -
R1

¢ R
0
CD: o @ -
Backbone fragments
o N
O I P

SN

Polymer | C—R2

DB

Pendant

i . > o 5 —’0 DB » ‘ 7 : V _
Enumeratio 15M structs Monte-Carlo
n algorithm r—Jalgorithm

+ DB FILTRATION

R1
Pendant groups

i .,
KANTECH
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Knizhnik, A. A. et al. // Nanomanufacturing 2023, 4, 1-26.



PROPERTY

QSPR

multiple structures stored in the database files.

PolyPred program for predicting properties for a given input polymer as well as for

v PROPERTIES PREDICTION USING BICERANO REGRESSION MODEL

Abbreviation Property Name Unit of Measure
CL specific heat capacity, liquid I/efK
) specific heat capacity, solid J/e/K
COHL specific cohesion enetgy, Feudot I/=
COHz2 specific cohesion energy, Van Frevalen I/=
DELTAL delta solubility, Feudor (J#ec®
DELTAZ delta solubility, Van Krevelen (JfecP®
RLL specific tefraction g
FLL specific polatizability g
SN dipole motnent Debye
IE bulk modulus Il
STIFEYESS rmolar stiffness 22 #Feml® fmoleD ™
EPSILOMN dielecttic constant
M tefractive index
VISFUNC molat viscosity e[t 3mole=4/#
EAFLOW specific activation energy of viscous flow kl/e
O2FERIM petimeability of aoyzen Batters
MN2ZPEEM pettneability of nitrogen Battats
CO2FERM permeability of carbon dicide Battats
TDECOMP decotnp csition temyperatute E
2INF brittle fracture stress at infinite mel weight MilFa
SICMAE brittle fracture stress at specified mol weight IMFa
SIGKMLAY vield stress Ma

Table 2. Fredicted and experimental refractive indices of some polythiophene analogs.

KANTECH

LABORATORY

Experimental . Polymer
Compound Value Bicerano [9] Genome
pelythinphene []eloce(s1)[*] ;;[?gé’i 175 2,107(14]
["le2eenSe2ean(Zel ane ([ Tios Tar2)ora 175 168 172 [e6]
[ e2ece{Be2eocSeleon (o 1) s2)or 2 1,758 171 1.77 [e8]
[*Je2eee (Se2nne(Seloce([ [lecis2) a2 175 171 1.71 [85]
[*]eBeeefSedc 15005 el (Be oo ([ oc2)e25 005 3o B 177 1.7 1.307014]
Table 3. Fredicted dielectric constant values for some compounds.
Compound Dielactric Constant
. Polymer
_Flgure i Bicerano [11] Genome
in Ref, [1]
[14]
Hydtosylamnines
-CO-NH-CO-INH-O-CH2-0-INH- 4.6 b.88 &0
NH-CO-NH-CO-O-WNH-CO-C-CO- 4.71 5.77 53
-NH-O-WNH-C-CH2-0-NH-COINH-CO- 4.61 6.82 48
-CO-O-CO-MNH-CO-NH-CO-0NH-CO-MNH- 4.78 6.33 53
-NH-CO-C-CO-NH-0-CO-NH-CO-0-INH-CO- 4.65 5.65 5.2
Hydrazides
-INH-CCO-MH- 7.84 53
NH-CO-NH-CO-NH- 3.04 54
-NH-CO-WNH-CO-NMH-INH-CO- 3.12 55

Knizhnik, A. A. et al. // Nanomanufacturing 2023, 4, 1-26.
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» The MULTICOMP software package enables predictive calculations of the
properties of polymer matrix nanocomposites based on multilevel modeling,
including:

* Determination of the structure of composites, distribution of the filler in the matrix
Determination of Effective Macroscopic Properties of the Whole Composite

» The MULTICOMP package allows one to create flexible calculation scenarios
using high-performance computing resources, providing automatic data transfer
and control over the execution of calculations

» The MULTICOMP package can be used both for the practical development of
new materials and for teaching students methods of computational materials
science.

» The MULTICOMP software package is an open platform that implements the
Scientific Workflow concept and allows users to create their own calculation
scenarios and add new calculation modules

KANTECH
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MULTICOMP

»Predicting the properties of polymer matrices depending on the chemical
structure of monomers

»Prediction of changes in the glass transition temperature of a polymer matrix
upon the introduction of a nanoscale filler

» Predicting changes in the mechanical properties of polymer matrices upon the
introduction of a nanoscale filler (hardening of plastic, changing the properties of
rubber products)

» Predicting changes in the thermal conductivity of polymer matrices upon the
introduction of a nanoscale filler (insulating materials, membranes)

» Predicting changes in the gas permeability of polymer matrices upon the
introduction of a nanoscale filler (film, membrane)
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MULTICOMP

» The developed package can be used both for the practical development of
new materials and for teaching students methods of computational
materials science.

» With the help of MULTICOMP, students can master the basics of
atomistic and mesoscopic modeling of polymer systems without the need
to study specific modeling programs and direct work with remote
computing resources (creating computer classes)

» Based on MULTICOMP, laboratory workshops can be developed for the
introduction of composite materials based on polymer matrices with
organic and inorganic fillers into physics and chemistry.

> Also, this Package can be useful for teaching the basics of multilevel
modeling of composite materials (end-to-end modeling from atomistics to
the macrolevel)
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JaHHaA paboTa BbINO/IHEHA:

* C CNO/Ib30BaHMEM BbICOKOMPOU3BOAUTENbHbBIX BbIMUCAUTENbHbIX
pPecypcos:

* deaepanbHOro LEHTPa KoNNEKTUBHOro nonb3oBaHuA B HUL, «KypyaToBCcKui
NHCTUTYT», http://computing.kiae.ru/

* CynepKomMmnbTEPHOro Kommnsiekca MOCKOBCKOro rocyaapCcrBeHHOro yHMBepcuTeTa
nmeHun M.B. JlomoHOCOBa
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http://computing.kiae.ru/
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Contact us: Kintech Lab Ltd.

NTE C H WWW: http://www.kintechlab.com
LABORATORY E-mail: support@kintech.ru - for general service and product information
info@kintech.ru - for all questions concerning Kintech Lab software
Phone: +7(499) 704 25 81
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