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PREFACE

This new research book explores and discusses a range of topics on the physical
and mechanical properties of chemical engineering materials. Chapters from
prominent researchers in the fields of physics, chemistry and engineering sci-
ence present new research on composite materials, blends, carbon nanotubes,
and nanocomposites along with their applications in technology. Discussing the
processing, morphology, structure, properties, performance, and applications,
the book highlights the diverse and multidisciplinary nature of the field.

In the first chapter a study on highly filled composite materials with regulat-
ed physical and mechanical properties based on synthetic polymers and organic
and inorganic fillers is presented. For predication of photoelectrochemical prop-
erties of selected molecules by their structure, chapter 2 could be used as an ad-
vanced review. In chapter 3 performance of turbocharged spark ignition engine
equipped with anti-surge valve and bypass flow control mechanism at various
working conditions is presented in detail. Chapter 4 describes the dependence
of some thermodynamic characteristics upon initial spatial-energy parameters
of free atoms. Fire retardant coatings based on perchlorovinyl resin with im-
proved adhesive properties to protect fiberglass plastics are presented in chapter
5. As an multidisciplinary engineering subject, of course, the modification of
peculiarities of microcrystalline cellulose and its oxidized form Guanidine-con-
taining monomers and polymers of vinyl and Diallyl series in chapter 6 could be
very interesting for the readers. Research progress on carbon nanotube—polymer
composites as well as CNT/polymer composites from the chemistry, mechan-
ics and physics aspects are well developed in chapters 7 and 8. In the next two
chapters trends in nanochemistry for metal-carbon nanocomposites as well as
production technology of carbon-metal containing nanoproducts in nanoreac-
tors of polymeric matrix are described in detail. In chapter 11 a note on Redox
processes in polymeric matrix nanoreactors and in chapter 12 conditions for
carbon black accumulation at the interface in heterogeneous binary polymer
blends are well presented. Performance analysis of multilayer insulations in
cryogenic applications is presented in chapter 13. The effect of particle size
of microheterogenous catalyst TiCl4—Al(iso- C4H9)3 on the basic patterns of
isoprene polymerization is shown in chapter 14. Internal structure and the equi-
librium configuration of separate non-interacting nanoparticles by the molecular
mechanics and dynamics methods is another multidisciplinary subject that is
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presented in chapter 15. A very detailed review on membrane filtration technol-
ogy is selected for chapter 16. In this chapter theory and application presented
step-by-step for readers in science and engineering.
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CHAPTER 1
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WITH REGULATED PHYSICAL AND
MECHANICAL PROPERTIES BASED
ON SYNTHETIC POLYMERS AND
ORGANIC AND INORGANIC FILLERS

O. A. LEGONKOVA', A. A. POPOV?, A. A. BOKAREV', and
S. G. KARPOVA?

‘Moscow State University of Applied Biotechnology
’Emanuel Institute of Biochemical Physics, Russian Academy of Sciences

*E-mail: OALegonkovaPB@mail.ru

CONTENTS

1.1  Aims and Backgrounds ..........ccoceviivieiiiiinieniiinenennesisisiinesinsnessin s
1.2 INErOQUCHION 1.eiiviieiiiiteeieee ettt et enne s
1.3 Experimental ...

1.4  Results and diSCUSSIONS ...ecvireieiciirririieeeieeiiirisesseesisessissrsesssessiemsisssssssesssons



2 Chemical and Applied Engineering Materials

1.1 AIMS AND BACKGROUNDS

The aim of the carried out work was to elaborate the highly filled composite
materials with regulated physical and mechanical properties based on synthetic
polymers and organic and inorganic fillers that can be used in creation of biode-
gradable in the environment goods of different purposes. Aspects, essential for
technology, such as physical and chemical, structural, rheological properties,
were investigated. Methods of electron paramagnetic probe, IR-spectrometry
were used to prove that inorganic filler plays the role of plasticizer in creation
of hybrid composites. Microbiological aspects will be the subject of another
article.

1.2 INTRODUCTION

One of the promising trends from the viewpoint of ecology is the development
of biodegradable polymer composites. These materials, along with the polymer
base more resistant to biodegradation, comprise fillers, which are not only ac-
cessible for microbial degraders but are also agro-industrial wastes to be utilized
[1]. Search for cheap fillers and development of polymer composites makes it
possible not only to reduce the cost of product, but also contributes to the solu-
tion of ecological problems.

1.3 EXPERIMENTAL

Third-grade threshed grain wastes (size of particles, 63—240 pm; bulk density,
350 kg/m?*; humidity, 4%) were used as organic filler. As inorganic filler, we
took a Rastvorin-A water-soluble mineral fertilizer (OST 10-193-96, produced
by the Buysk Mineral Fertilizer Plant) of the following composition (in %):
(NH,),SO,, 35; NH,H,PO,, 6; KNO,, 32; MgSO,-7H,0, 27.

The physicomechanical properties of specimens within a broad range of in-
gredient ratios were determined according to GOST 14236-82; the rheological
characteristics of filled compositions, by the method of capillary viscosimetry.

In the work, use was made of the method of electron paramagnetic probe,
which was stable nitroxyl radical 2,2,6,6-tetramethylpiperidine-1-oxyl. The rad-
ical was introduced into films from vapors at 7= 25°C up to a concentration of
107 mol/l. A reference solution of the radical in CCl, with a known number of
spins was used in the determination of the concentration of radicals in films. The
number of spins in a specimen was determined by comparing the areas under
the absorption curves of the specimen studied and the reference. The rotational
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mobility of the probe was characterized by the correlation time t. The values of
T were assessed from the EPR spectra by the method outlined in [2].

1.4 RESULTS AND DISCUSSIONS

At the introduction of fillers into SEVA irrespective of its grade, we found that
the strength and relative elongation decrease with an increase of the content both
of organic and inorganic filler in two-component polymer—filler systems (see
Figures 1.1 and 1.2). In the case of filling with organic filler specimens become
more rigid; at the introduction of inorganic filler even at a high concentration
(60 wt. %) specimens preserve a high plasticity (the breaking strain is 400%).

Considering three-component systems (SEVA/inorganic filler/organic filler,
Figure 1.3), it should be noted that in this case too an increase in the content of
inorganic filler leads to more plastic specimens.

op, MIla
12 -
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FIGURE 1.1 Change of the physicomechanical properties of a two-component system
(SEVA/inorganic filler, wt. %): 1, 100/0; 2, 80/20; 3, 60/40; 4, 50/50; 5, 40/60.



