© Applied Science Innovations Pvt. Ltd., India Carbon — Sci. Tech. 11/1(2019)9-17

A -
Carbon — Science and Technology
ASI ISSN 0974 — 0546
v http://www.applied-science-innovations.com
Research Paper Received: 26/02/2019, Accepted: 14/03/2019

Formation principles of layers from active carbon microparticles with grafted
amine derivatives of PVC on substrate

M. P. Shabanov*, A. Yu. Tsivadze, A. Ya. Fridman, A. M. Gorbunov, A. A. Averin

Institute of Physical Chemistry and Electrochemistry, Russian Academy of Sciences 31c4, Leninsky
avenue, Moscow 119071, Russia.
*Corresponding author Phone number: +79166288271

Abstract: Porous layers from activated carbon with macro-molecular cyclic amines based on PVC and
modyfied by primary amines were synthesized and its properties were described. Layers were grafted to
the surface of a PVC film, cotton medical gauze and asbestos fabric. The nature of benzyl alcohol
solvatation and the mechanism of suspension formation within layers of macro-molecular cyclic amines
were investigated by methods of IR-spectroscopy and luminescence spectroscopy and described. The
structural features of grafted PVC was identified and the influence of the substrate nature on the
structure was traced. Upon contact of particles with benzyl alcohol molecules from solvatocomplexes
PVC-related aromatic groups replace benzyl alcohol in solvatocomplexes. This leads to non-covalent
binding of groups on the surface of the particles. It was shown that sorption of organic molecules does
not affect the number of structural types of oxoamines.
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Introduction: The layers of chemically modified active carbon with grafted PVC or its derivatives,
synthesized at the substrate, are the basis of block sorbents and sorption-active electrochemical materials
[1-3]. Of particular interest are the layers of active carbon microparticles with grafted ethanolamine and
sodium or potassium glycinate derivatives of PVC. They are grafted to the surface of PVC materials,
cellulose and asbestos fibers [4—8]. Layers are electron-conductive and luminescent active. They absorb
acids, salts and hydroxides of alkali metals and complexes of nickel, copper and other metals, as well as
organic molecules. The properties of the layers due to the method of their synthesis. Active carbon, in
which there are hydroxy groups, is dispersed in a PVC solution of a mixture of tetrahydrofuran (THF),
benzyl alcohol (BA) and triethanolamine (TEA) by grinding. A suspension consists of spherical particles
ranging in size from 0.5 to 7 microns. It is applied to the substrate, THF is evaporated and in the gel-like
layer using the reaction

R Cl OH R o R
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where R — elements of PVC, R - elements of activated carbon, at 105 - 110 ° C graft PVC to the surface
of the particles. At the same time, the layer is grafted to the substrate. In the case of PVC, it is based on
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the participation of surface macromolecules in the grafting to the particles adjacent to them. For grafting
to the fibers, the following reactions are used:
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where R — elements of PVC, R” - elements of cellulose, OH - groups of cellulose or magnesium
hydrosilicate.

Then, using the reaction -
X

R Cl NHQ l/
R AN R 2 NH(CH-CH-OH):CI
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where R — elements of PVC, X — substituent in amine, using ethanolamine, or concentrated solutions of
sodium or potassium glycinate, at 105 - 110 ° C turn PVC into derivatives - macromolecular nets of
jointed NR cyclic amines where X are -CH>OH, -COONa, -COOK. They are grafted to particles via
cyclic oxoamine bridges with carbon radicals. When PVC is transformed into derivatives, the structure,
shape and size of particles are retained. They approach each other sufficiently for electronic exchange.
The groupings are similar to organic phosphors with aromatic radicals.

It should be noted that in suspension the particles of active carbon are equally distributed, despite the
fact that the density of the PVC solution is almost 2 times greater than that of active carbon. According
to [9], PVC forms solvated complexes with BA. BA molecules, when in contact with a developed
surface, promote the adsorption of macromolecules. It can be assumed that during grinding of the source
of active carbon around the particles, shells are formed from sections of macromolecules. The particles
will be bound by such macromolecules and, accordingly, equally distributed in suspension. Obviously,
the shell structure will remain in the gel after evaporation of THF. After grafting areas of
macromolecules from the surface of the particles form a shell around them, similar to the shells in the
gel. After the transformation of the PVC layer on the film with oxoamines nets of cyclic amines joints,
the ends of them are not chemically linked to the substrate. In the case of cellulose fabric, the ends of the
individual nets will be connected through the>CH-O-CH<group, and in the case of asbestos - through -
03Si-O-CH< group. It is possible that grafting the layer to the substrate may affect the structure of
oxoamines, through which the sorption into particles of carbon occurs.
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The purpose of this work: To investigate the nature of BA solvation and to justify the mechanism of
suspension formation, to identify the structural features of grafted PVC and to trace the influence of the
substrate nature on the structure of oxoamines

Experimental: Materials and reagents: crushed activated carbon (birch activated carbon, production of
Russia, active surface area 750 sq m per g, iodine adsorption activity 60 %, porosity by water 1,6 cm?/g),
PVC film (grade PR-M180/09-09/9406, production of China, FUSHIYUAN PLASTIC CO., LIMITED),
PVC resin (SG -7, production of China), cotton medical gauze GOST 9412-93 (Russia), asbestos cloth
grades AT-16 (Russia), THF, BA, TEA and ethanolamine, sodium glycinate, potassium glycinate,
toluene, 1,4-dioxane, dimethyl sulfoxide, qualification "pur".

Devices: holder collapsible cuvette of two metal plates 3 mm thick and rectangular windows 16x30 mm.

For the investigation were prepared: a solution of PVC in BA, suspension according to the technique
[4], samples of layers of grafted PVC on a PVC film according to the technique [4], samples of layers of
particles grafted with ethanolamine and sodium or potassium glycinate derivatives of PVC on PVC
films according to the technique [4, 5] and, samples of layers of particles with grafted ethanolamine
PVC derivatives on cellulose fibers (gauze) and asbestos material according to the technique [3], as well
as samples of the same layers with sorbed organic solvents

Research methods: IR - Fourier spectroscopy, luminescent spectroscopy.

IR Fourier spectra were recorded on Perkin-Elmer 2000 IR Fourier spectrometer (Detector type MCT,
operating range 5 — 40 °C wave length range 7,800 — 600 cm™).

The luminescence spectra were recorded on a spectrofluorimeter «Fluorolog» (Optics: All reflective
optics for high sensitivity at all wavelengths, and for microsamples; Source: 450 W CW Ozone-free
Xenon arc lamp (250 to 2500 nm); Monochromators: Czerny-Turner design with plane gratings for
optimized focus at all wavelengths and minimum stray light; Excitation grating: 1200 groove/mm
blazed at 330 nm; Emission grating: 1200 groove/mm blazed at 500 nm; Bandpass: 0 to 30 nm (single
mono, 1200 gr/mm grating), continuously adjustable; 0 to 15 nm (double mono, 1200 gr/mm grating),
continuously adjustable; Wavelength Accuracy: £+ 0.5 nm; Integration Time: 1 ms to 160 s; Base
detector: Photomultiplier R928P, spectral coverage 200 to 870 nm; Reference Detector: UV enhanced
silicon photodiode; Water Raman S/N: >30000:1 RMS (> 15,000:1 FSD)).

The IR spectra of the PVC solution in BA and pure BA (Figure 1) and the spectra of the layer of
particles grafted with PVC on PVC film and of the original PVC (Figure 2) were recorded, as well as the
luminescence spectra of layers of particles grafted with ethanolamine derivatives of PVVC on PVC film,
on the fibers of cellulose fabric and asbestos material and the same layers sorbed with toluene, 1.4-
dioxane, dimethyl sulfoxide (Figure 3a, b, c)
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Figure (1): IR spectra of BA (1) and PVC solution in BA (2).
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Figure (2): IR spectra of original PVC (1) and PVC grafted to particles (2).
12



© Applied Science Innovations Pvt. Ltd., India Carbon — Sci. Tech. 11/1(2019)9-17

20 4

18 -

— -
LS 2]
bont

Luminescence intencity, a.u.
-
o
l

{ ¢ ] T ] T T T T e
400 450 500 550 600
Wavelength, nm

T
350

Figure (3a): Luminescence spectra of layers of particles grafted with ethanolamine derivatives of
PVC on PVC film and the same layers sorbed with toluene, 1.4-dioxane, dimethyl sulfoxide.
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Figure (3b): Luminescence spectra of layers of particles grafted with ethanolamine derivatives of
PVC on the fibers of cellulose fabric and the same layers sorbed with toluene, 1.4-dioxane, dimethyl
sulfoxide
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Figure (3c): Luminescence spectra of layers of particles grafted with ethanolamine derivatives of
PVC on asbestos material and the same layers sorbed with toluene, 1.4-dioxane, dimethyl sulfoxide

Results and Discussion: From Figure (1) it can be seen that in the IR spectrum of the PVVC solution in
BA have bands of 3830 cm! and 3373 cmt, and in the BA spectrum there are only bands at 3373 cm™.
According to [10], the O—H vibrational bands in alcohol vapor are about 3830 cm™. In liquids, they shift
to the long wavelength region due to the formation of intermolecular hydrogen bonds. The band at 3830
cm?! is in the region of oscillations of a “weak hydrogen bond”, that is, in the C¢HsCH2-OH---Cl-
CH<groups. In the structures that form the developed surface of the initial particles there are OH groups.
In them, the mobility of hydrogen is approximately the same as that of phenols [11]. In systems with
solvation, the hydrogen bond strength of alcohols correlates with the mobility of hydrogen [15]. Upon
contact of particles with BA molecules from solvatocomplexes PVVC-related aromatic groups replace BA
in solvatocomplexes. This leads to non-covalent binding of CI-CH< groups on the surface of the
particles. Apparently, as the particle size decreases to 0.5-7 um, a shell is formed around them. In the
spectrum of grafted PVC, as can be seen from Figure 2, there are bands at 708 cm™ and 671 cm™,
related to vibrations in amorphous areas and intense 652 cm™ complex band, characteristic of dissolved
PVC with disordered chains. At the same time, the spectrum of the original PVC contains a band of 640
cm™ and bands of 709 cmand 679 cm, that is characteristic of crystalline and amorphous regions of
the polymer, a band of 645 cm™, and a band of 620 cm?, that are related to vibrations in chains with
conformational defects and with a non-planar configuration, the same weak band at 586 cm™ is
characteristic of disordered PVC chains [11 - 16]. Consequently, in the layer of particles grafted with
PVC, the structure of PVC sections connected with the particles is close to the structure of PVC bound
to particles through hydrogen bonds. When heated under the action of TEA, the intermolecular groups -
> C-OH * CI-CH < are converted to ester groups. At the same time, the structure of PVC areas
emanating from the surface is similar to the structure of dissolved PVC.

In the luminescence spectrum of a layer of particles with grafted ethanolamine derivatives on a PVC
film with and without solvents accordingly with Figure (3a), there are two strips on the cellulose fabric
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— four strips and layers on the asbestos material — three strips. The frequency values of the band
maxima and their peak intensity are given in Table (1).

Table (1): The frequency and wavelengths values of samples luminescence spectra maxima.

Substrate Original DMSO Dioxane Toluene

A max, Intensity, | Amax, | Intensity, | A max, Intensity, | A max, Intensity,

nm a.u. nm a.u. nm a.u. nm a.u.

PVC 412 14.5 418 16.5 414 16.8 425 19

468 11.9 469 12.2 469 12 471 16

Cellulose 388 105 387 104 390 55 386 127

tissue 416 132 418 142 420 74 414 164

437 127 437 132 440 75 437 160

470 110 468 117 471 69 468 140

Asbestos 387 20 380 21 381 67 385 177

material 411 23 412 32 424 129 420 220

470 18 457 24 472 116 469 177

The bands refer to the n*—m transitions in the conjugated carbon structures in oxoamines, excited as a
result of non-emitting 6*—o transitions in the amino and oxo groups [15]. Each band corresponds to a
cycle with a certain state of © electrons in carbon structures in cycles. It depends on steric tension cycles.
In a layer on PVC, there are two structural types of oxoamines. The band in the 410 — 420 nm region
refers to the m*—mn transition in the more stressed — and in the 467 — 470 nm region — to the less
stressed carbon structures in cycles. In layers on the cellulose fabric and on the asbestos canvas there are
oxoamines with the same intensity as in the PVC layer. In this case, a more intense cycle appears,
characterized by a band of 387 - 390 nm. In addition, in the layer on the pulp tissue, another band
appears at about 437 - 440 nm. Thus, as a result of chemical grafting of the layer, the number of
structural types of oxoamines increases. The energy flux n*—m is distributed between the emitting and
the flow rate for conformational oscillations of the cycles. As can be seen from the table for the solvent-
free layer, depending on the substrate, the quantum yield increases in the series PVC < Sodium
hydrosilicate (asbestos) < Cellulose. Fiber asbestos fabric consists of rolls of magnesium hydrosilicate.
(-O)20Si-0O-H groups on the surface of the rolls are involved in the grafting of the layer. Cellulose fiber
consists of fibrils, between which there are macropore-type vacancies. Particles before the
transformation of PVC can fill these pores. The number of asbestos groups that bind nets is less than
that of cellulose. Probably, in the asbestos layer, the conformational vibrations of oxoamines are more
limited than in the layer on PVC, and in the layers on cellulose fabric they are restained, on PVC they
are not restrained.

Conclusions: Sorption of organic molecules does not affect the number of structural types of
oxoamines, in almost all cases leads to an increase in the intensity of luminescence. For layers on PVC
and asbestos material, it increases in the following line: a layer without solvent < a layer with dimethyl
sulfoxide < layer with dioxane < a layer with toluene, and for a layer on cellulose fabric: a layer with
dioxane < layer without solvent =~ layer with dimethyl sulfoxide < toluene layer. Apparently, the filling
of cavities leads to the difficulty of conformational vibrations. Dioxane associates with cellulose, as a
result of which, through its molecules, a part of the energy flow can be dispersed into the substrate.

15



© Applied Science Innovations Pvt. Ltd., India Carbon — Sci. Tech. 11/1(2019)9-17

References:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]
[12]

[13]

J. Yang, Yo. Bao, P. Pan, “One-step preparation of hierarchical porous carbons from
poly(vinylidene chloride)-based block copolymers”, Journal of Materials Science 49 (2014) 13,
1090-1098.

M. A. da Silva, M. G. A. Vieira, A. Costa, G. Macumoto, M. M. Beppu, “Polyvinylchloride
(PVC) and natural rubber films plasticized with a natural polymeric plasticizer obtained through
polyesterification of rice fatty acid”, Polymer Testing 30 (2011) 15, 478-484.

A.Yu Tsivadze, A.Ya Fridman, A. M. Voloshchuk, E. M. Morozova, N. P. Sokolova, I. I.
Bardyshev, A. M. Gorbunov, A. K. Novikov, G. A. Petukhova, I. Ya. Polyakova, V. N. Titova, A.
A. Yavich, “Electrochemically reactive matrices based on electron-ion conducting and
adsorption-active tissues. Review”, Russian Journal of Electrochemistry 53/1 (2017) 39 - 48.

M. P. Shabanov, A. Yu. Tsivadze, A. Ya. Fridman, A. A. Averin, E. M. Morozova, “Layers of
Active Coal with Grafted Porous Macromolecular Cyclic Ethanolamines on the Surface of PVC
Materials”, Chemical Science Review and Letters 6/21 (2018) 88 - 93.

M. P. Shabanov, A. Yu. Tsivadze, A. Ya. Fridman, E. M. Morozova, A. A. Gorbunov, A. A.
Averin, “Layers of active carbon with grafted sodium and potassium glycinate derivatives on the
surface of PVC film”, Carbon - Science and Technology 10/3 (2018) 1 - 7.

M. P. Shabanov, A. Yu. Tsivadze, A. Ya. Fridman, E. M. Morozova, A. K. Novikov, A. A.
Averin, “Influence of active carbon-ethanolamine porous layer solvatation by benzene on its
luminescence”, International Journal of Current Advanced Research 7 (2018) 11031 - 11033.
DOI: 10.24327/ijcar.2018.11033.1899.

A. Yu. Tsivadze, A. Ya. Fridman, M. P. Shabanov, E. M. Morozova, G. A. Petukhova, A. A.
Gorbunov, A. K. Novikov, I. Ya. Polyakova, I. I. Bardyshev, A. A. Averin. “Sintez PVKh
materialov s poristymy elektroprovodnymy luminestsiruyuschimi sloyamy iz aktivnogo uglya s
privitymy polimernymy tsiklicheskimi aminamy”, Sbornik Fiziko-khimicheskiye problemy
adsorbtsii v nanoporistyh materialah. All-Russian Symposium with international participation.
2018, Moscow, IPCE RAS. P. 119 [in Rus].

A. Yu. Tsivadze, A. Ya. Fridman, M. P. Shabanov, E. M. Morozova, G. A. Petukhova, A. A.
Gorbunov, A. K. Novikov, I. Ya. Polyakova, V. N. Titova, A. A. Yavich, I. I. Bardyshev, A. A.
Averin, “Metod himicheskogo kapsulirovaniya materialov sloyami iz aktivnogo uglya s privitymi
makromolekulyarnymi ciklicheskimi proizvodnymi aminov s ionami ili nol'valentnymi
metallami”, Sbornik Fiziko-himicheskie problemy adsorbcii v nanoporistyh materialah. All-
Russian Symposium with international participation. 2018, Moscow, IPCE RAS. P. 118 [in Rus].
A. Ya. Fridman, A. Yu. Tsivadze, E. M. Morozova, “Transformation of polyvinyl chloride
surface layers into insulating layers of macromolecular cyclams as a new trend in the field of
chemical encapsulation. Review”, Protection of Metals and Physical Chemistry of Surfaces 51/6
(2015) 990 — 1009; DOI 10.1134/s2070205115040103.

A. Yu. Tsivadze, A. Ya. Fridman, E. M. Morozova, N. P. Sokolova, A. M. Voloshchuk, G. A.
Petukhova, I. I. Bardishev, A. M. Gorbunov, A. K. Novikov, I. Ya. Polyakova, V. N. Titova, A.
A. Yavich, N. V. Petrova, “Materials based on carbon-filled porous layers of PVC cyclam
derivatives cross-linked with the surfaces of asbestos fabric fibers”, Russian Journal of Physical
Chemistry A 90/8 (2016) 1644 — 1649; DOI: 10.1134/s0036024416080306.

P. Hobza, Z. Havlas, “Blue-Shifting Hydrogen Bonds”, Chemical Reviews 100/11 (2000) 4253 —
4264.

C. Reichardt, “Solvents and Solvent Effects in Organic Chemistry”, 2006, 3" Updated and
Enlarged Edition.

Y. Y. Fialkov, V. L. Chumak, “Handbook of Solvents”, Chapter “Mixed Solvents”, 2001,
Toronto — New York, ChemTec Publishing.

16



© Applied Science Innovations Pvt. Ltd., India Carbon — Sci. Tech. 11/1(2019)9-17

[14] P. C. Painter, M. M. Coleman, J. L. Koenig, “The theory of vibrational spectroscopy and its
application to polymeric materials”, 1982, New York.

[15] Yi Lin, B. Zhou, R. B. Martin, K. B. Henbest, B. A. Harruff, J. E. Riggs, Zh.-X. Guo, L. F.
Allard, Ya-P. Sun, “Visible Luminescence of Carbon Nanotubes and Dependence on
Functionalization”, Journal of Physical Chemistry B 109/31 (2005) 14779 — 14782.

seskoskoskok

17



