03969 x93950830¢0L LobgE@dOL MdOEOLOL Lsbgedfonm »boggmlodg®ol
39¢M9 99¢0god30¢0l Lsbgemdol goBoIMMO s MMYEMEO Jodool oblGoGMEo

IVANE JAVAKHISHVILI TBILISI STATE UNIVERSITY
PETRE MELIKISHVILI INSTITUTE OF PHYSICAL AND ORGANIC CHEMISTRY

39309 99¢0gdo830¢0l Lsbgemmdol Bobo3MGMo s
561600 Jodools 0bLGHoEHWEOL

d»(Mddod0)

TRANSACTIONS

of Petre Melikishvili Institute
of Physical and Organic Chemistry

2019
0d0obo — Thilisi






03969 x93950830¢00l Lsb. Mdogoliols bsbgedfomm vMboggmliodg@ol
3909 99¢0go830¢0l bsb. oBo3MMHo s MEys6wEo Jodool 0bLEOGWEGO

IVANE JAVAKHISHVILI TBILISI STATE UNIVERSITY
PETRE MELIKISHVILI INSTITUTE OF PHYSICAL AND ORGANIC CHEMISTRY

3969 89¢0d0d30ol LobgErMdOL BODOIMMHO O MMYSHMEO
Jodools 0bLEOE™ME oL
96 M3IId0

90903600 0bLEGHO0EMEOL sOLYOdOL 90 Ferrolimsgzolsdo

TRANSACTIONS

of Petre Melikishvili Institute of Physical and Organic Chemistry
Dedicated to the 90" anniversary of the Institute

odogrobo — Thilisi
2019



39369 890d0d30e0ol Labgwmdol Jodool 0bbGHo@GHTo IOHMToms 3MJOIgdoL dodm3gds
9d08@0bsMgmds 1935-63 ergddo, 2009 §gerl 30, 0bLEHOGHWAEHOL IsOLYId0EE 80 ol
09990 gbmsb ©353906Mgd0m, F0MIOME0 0gM 25HY39GH09ds 0bLEOEGHMEOL LsdgboghHm
65860m3gd0L 30930l godmEgdol  2obsbegdol Jglobgd. 3oM3zgwo  3MgdMwo  (2010)
90990365 0bLEHOGMEBHOL LadsBHom OMYIEHMMOL, LodsOmzgeml dg3boghgdsms gHmgbmwo
539009300l 535009303mLOL  0MmOYO (30309300l EB5EIJOOL 95 Farobmogl, 2015 fiewols
369090 30 dob blimgbsl 100 Ferobmoegol 0930 gbmsb s353d0Mgdom. [o®dmoygboero

369090 9d3b9ds 0bLEOGHWAEHOL sMLYdOL 90 fierols 0wdowIgl s olido gobbogrmeros
0bLEGOGHEGOL M965ddOMAGdOL JogMH dMM ferrgddo dogdwo Lsdg3boghm 89wgaq0o.

695dBH™M0 300396 (30303300 - Bodo®mzggarml 3936096093505 gHmzbmewo
53909300l 535009d03zmbo,  0BLEBHOGMGHOL  Lsdgabogdm  LsdFML
0530x oM

99900996900 : 99009356 90Me0dg - 0bLEOGHMEL OMYJEHMMO

09b5bs 0 obsdg - 0bLEOGHWEOL Lfogarvyero dogzsbo

03569 %935b60330¢0U bsb. Md0OLOL Lobgwdfogm boggdlodgEol

3939 990gd0d30ol bob. BoB03WMO s MOYsbMEo Jodool 0blEoEGMEGHO
0186 000¢0l0, 5.300E3M3L3505L J. # 31; Ggan. 254-15-62

Transactions of the Petre Melikishvili Institute of Chemistry have been published in 1935/63,
and decision to resume such edition was passed according to the jubulee of go™ anniversary
of the Institute, in 2009. First renewed collection of 2010 was dedicated to 95" anniversary of
Giorgi Tsitsishvili, Honorary Director of the Institute, Member of the Georgian National
Academy of Sciences, and Transactions of 2015 were dedicated to his memory and 100™
anniversary. Presented issue is dedicated to the 90" anniversary of the Institute and includes
articles of its scientists results.

Editor Vladimer Tsitsishvili - Membar of Georgian National Academy of Scienses,
Head of the Scientific Council

Compilers:  Ketevan Ebralidze - Director of the Institute
Manana Burjanadze - Scientific Secretary of the Institute

Petre Melikishvili Institute of Physical and Organic Chemistry
at lvane Javakhishvili Thilisi State University
31 A.Politkovskaia str., Thilisi 0186; tel.: 254-15-62

ISBN 978-9941-8-1656-7



Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

CONTENTS

Mzia Tsitsagi, Imeda Rubashvili, Mariam Chkhaidze, Miranda Khachidze, Manana Buzariashvili,
Ketevan Ebralidze, Vladimer Tsitsishvil. Recovery of valuable products from Georgian
agro-industrial waste

Tsiuri Ramishvili, VIadimer Tsitsishvili, Irina lvanova, Irina Dobryakova. Catalytic conversion of
linalool and geraniol on micro-mesoporous BEA-type zeolites

Vladimer Tsitsishvili, Nanuli Dolaberidze, Nato Mirdzveli, Manana Nijaradze, Manana Burjanadze,
Giorgi Tsintskaladze, Zurab Amiridze, Vakhtang Gabunia. Hydrothermal and ion-
exchange transformations of Georgian natural zeolites

Leonid Kwitkowsky, Liubov Katrenko, Luba Eprikashvili, Maia Dzagania, Nino Pirtskhalava.
Adsorption properties of ion-exchanged forms of type A zeolite

Giorgi Tsintskaladze, Teimuraz Kordzakhia, Thinathin Sharashenidze, Vakhtang Gabunia, Marine
Zautashvili, Manana Burjanadze. Actions of factors caused by lightning on historical
and cultural monuments and the possibilities of their prevention on the example of Abuli
fortress

Luba Eprikashvili, Marine Zautashvili, Teimuraz Kordzakhia, Maia Dzagania, Nino Pirtskhalava,
Giorgi Antia. Influence of composites from zeolitic tuffs and coal industry wastes on soil
bio-productivity

lamze Beshkenadze, Giorgi Chagelishvili, Nazibrola Klarjeishvili, Maia Gogaladze, O.Lomtadze.
Mixed-ligand chelates containing premixes for nutrition of rabbits

Natia Barbakadze, Vladimer Tsitsishvili, Tamar Korkia, Ketevan Sarajishvili, Lili Nadaraia, Roin
Chedia. Mixed-ligand chelates containing premixes for nutrition of rabbits

Teimuraz Kordzakhia, Giorgi Tsintskaladze, Rajden Skhvitaridze, Irakli Giorgadze, Marine
Zautashvili. Natural zeolites saturated with technogenic gasses, additives of building
materials

Natela Khetsuriani, Elza Topuria, Vladimer Tsitsishvili, Madlena Chkhaidze. Study of
polycycloalkane hydrocarbons in Georgian petroleum

Natela Khetsuriani, Esma Usharauli, Keto Goderdzishvili, Irina Mchedlishvili, Tamar Shatakishvili,
Maka Kopaleishvili. Tar-sphaltenic compounds of Georgian petroleum

Natela Khetsuriani, Esma Usharauli, Keto Goderdzishvili, Elza Topuria, Irina Mchedlishvili.
Investigation of petroleum from new wells of Eastern Georgia

Givi Papava, Nazi Gelashvili, Nora Dokhturishvili, Eter Gavashelidze, Nanuli Khotenashvili, Riva
Liparteliani. Resole oligomer on the basis of adamantane type bisphenol

Givi Papava, Marina Gurgenishvili, la Chitrekashvili, Zurab Tabukashvili, Zurab Chubinishvili.
Radiation resistant materials

Leila Japaridze, Tsiala Gabelia, Eter Salukvadze, Nana Osipova, Tamar Kvernadze, Omat
Lomtadze. Antianemic therapeutic-prophylactic drug

Koba Amirkhanashvili, Nani Zhorzoliani, Lela Metreveli, Vladimer Tsitsishvili. Complexes of
biometals with anesthetic substance

13

25

41

49

53

59

65

73

77

83

87

93

99

103

109



3903@9 Ggerododzoemol 30bozHo s MmH356wemo Jodool 0bbBodziGol Jbmdgdo 2019

U&od0900L Jothorreo Hybomdggdo

bos opsgo, 0dgs (Gr98sdyoemo, 5058 Bbsodg, Botsbos bsBodg, dsbsbs 8:9bstosdgoero, Jgoogysb 12

Jo®semody, e300 3030830¢m0. L5JsOMZYML  53MMLLIMH3gm  6sMFBYBIdO6
LsboMderm 3OHMmE)JEIO0L godmymas

BOXIO B3F0T300m0, ems0odt 30308300, 0MH0bs 035635, 0HObs OBGOsM3s. WobsErmmol s 24
39656000l 45605365 J0300-09BMRMOMZs6 BEA $H030l 39memomgdby

3630096 3030030¢70, bsbrxmo ©memsByBbody, bsdem Jomadzgemo, dsbsbs bogs®sdg, dsbsbs 8-ytxsbsdy, 39
3000530  fobf3s¢msdy, brytsd  sokodg, 35bsbs  3s89b0s.  LogsMmzgwml  dbgdMO30
(390M0mgdoL 30OHMMYMHN0 S 0MBI0IM(33¢000 J5MEsddbgdo

902600 33003023V30, Cr0wIBmg 53903, IBs g3H0TF0¢m0, G305 dsgsbos, bobea odrbsemsgs. X 48
3030b 39Momgdol 0mb630TME30M0 GnMHIGOOL SELMEOBEFOWO M30LYdIdO

3006530  PobPrsarsdy, 0900965 3dsbos, 0065006  Tsthsdgbodg, 3sbHsby  8s879b0s, Fstroby 52

Bsads030¢m0, 056565 8r9p2s65dg. OLEHMMOMWO S 3MWGHMOOL dgawgddy g Fgjoo

3°00fi3gmo  BodBHmMgdo ©s Tobo 369396300l TLsdwgdEMds  SdMYEOL  30bY-
Bodmbobas®ol dogowomby

985 J3H05090¢m0, As0by YseyHs830¢m0, 0390879H5Y Fa(3dsbos, Fs0s dsgsbos, bobm RoMEbsemsgs, 58
8000530 5600s.  (30OMMMO  BHBoLs s BsbToMol  FoMmImgdol  BoeBgbgdoliogsb

399009560 3033mD0GHIOOL go3egbs 0ol dOMIMMIEBHOMEMdSBY

050Y9 890396509, somt30 Bsggerodzoamo, bsBodhieams Jans@xgodaoemo, dsos 3magsarsdy, .¢rmd0sdg. 63
996990960560 bgws@gdol 89933gwo 3Mgdodugdo dm3zmol 3390580

65005 856383945079, 3e3@OFYH 30GOTFOMO, MSF56 Jeados, FJgmgash bs®spzodaoemo, oo bssMs0s, 71
6206 F90005. 36589601 mJbool s 50YIboo FMIBI6OL Mmool Fowgds MsxgoEol
Baol Bo®Byb9d0sb

29007905 02903b0s,  gomBgo  Pobfrsensdy, Gsgogb  bb30BsMB0dg,  0Bs3em0  gormigsdg, FsGoby 76
Ysehodgoero.  BHgdbmagbm@o  s0Mgd0m  RoxgMJOMo  dbgdM030  (39MEOMIdO
153dgbgdM Fobogdols sBsTs@gdo

bsogems  bgpotosbo,  garbs  om@eytios,  FemsodgB  gogodgoero,  dsqemgbs  Bbsody. 82
30030300 3560160 BobBoMfgoedogdols dglifogurs Logds®mazgmml bsgmmdgddo

bsogems  bggeabosbo, gbls  #BsGswyemo,  ggmm  §eagHdod30emo,000bs  JExoeodzowmo, 05056 86
8509330083000, 0535 235¢JOTROC0. b5J>MM39ML B30MBYIOL BobLMZsb-sLBswEGHIbMo
BogPmngdo

b5009¢ers bggebosbo, gbbs #Fstrsyamo, ggoez §eagHIdgoo, garbs oegBos, 06Gobs 4Foa0da0emo. 92
5009539 LogsMHMZYEMU b0 F53IMN0gdOL B5300MdYdOL 332935

8030 353535, b5B0 89en5830a¢m0, braths bBHrIBo30¢m0, g9tk 853589e0dg, b56-9emo beadgbsdgoero, (Gogs 98
03509 gemosbo.  gBMEMMmO  MmEoamIgHo  53BGHBOL  GHodol  dobggbmerol
bogd3gewdy

8030 353335 0565065 3rg9b60830em0, 05 BohB935830¢m0, brsb ms8:35830em0, bytsd Brdobodzoqo. 102
500053095 BEGIDOYIMHO Toboengdo

YOS RSB0, 305¢VS §389e103, JOI% bseneyglgsdy, 6565 eabiodmgs, msdstk 3396650y, 056 nr8035dg. 107
3600693060 1533MYOBIM-3OMBOWOJEGH03NOO BoTMoEgds

30285 3306bsbsdz0em0, bsbo Frataem0sbo, mgems Ggd939¢0, F¢sOGIH 3030T30¢0. BOMEOMNMbm 116
3003¢gdbgdo s6gbmgHom® BogmogMgdgdmsb



39099 G9e0gdodz30a0l BoYOZIH0 ©S aBgsbryemo Jodool obldodeIHol dtmdgéo 2019
Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

Recovery of valuable products from Georgian agro-industrial
waste

Mzia Tsitsagi*, Imeda Rubashvili, Mariam Chkhaidze, Miranda Khachidze,
Manana Buzariashvili, Ketevan Ebralidze, Vladimer Tsitsishvili

Ivane Javakhishvili Thilisi State University, Petre Melikishvili Institute of Physical and Organic Chemistry, 31
Politkovskaya str., 0186, Thilisi, Georgia
*E-mail and phone number of the corresponding author

Abstract. Eco-friendly extraction procedures for the valuable compounds (oils, phenolics, carotenoids, flavonoids) from
typical for Georgia agro-industrial waste materials — grape seeds, tomato and onion skin, tangerine and orange peels have
been developed. Applying the supercritical fluid extraction, the ultrasound-assisted extraction and other techniques, the
effect of the operating pressure, the temperature, the extraction time, the flow rate of supercritical fluid, the sample size, the
ultrasound power and the solvent nature used was investigated. The optimal conditions for extraction were found. A rapid,
effective and selective high performance liquid chromatographic methods for quantitative determination of extracted
compounds were developed and validated with respect to robustness, specificity, linearity-range, accuracy, precision, limit of

detection and quantitation as well.

Keywords: Supercritical fluid extraction, ultrasound- assisted extraction, grape seed, tomato onion skin, citrus peel,

polyphenol, carotenoid, flavonoid.

INTRODUCTION

Georgia is a developing country, and over the past
15 years, the intensification of agricultural, livestock
breeding, industrial and tourist activities has
produced an immense increase in the production and
accumulation of large amounts of wastes that increase
disposal and pollution problems because of their high
organic matter content. Generally, agro-industrial
wastes are mainly composed of complex
polysaccharide/proteins, carbohydrates, polyphenolic
constituents, etc. [1].

Currently, different strategies of treatment are
applied for the valorisation of the agro-industrial
waste such as compost [2], animal feed [3] and
bioethanol production [4]. Alternative strategies for
the valorisation of agro-industry waste include their
exploitation as growth media for biotechnologically
useful microorganisms and their related enzymes [5]
or as source of biopolymers [6] that should be used in
food, cosmetic and pharmaceutical industries.
Actually, agro-industrial residues represent a cheap
chemical feedstock for extraction of useful products
since they are rich in high value added compounds
like lipids, fibres, natural pigments [7], carotenoids
and antioxidants, as well as bioactive molecules such
as polyphenolic compounds.

The basis of Georgia’s agriculture is grapes, but
citrus, tomato and onion are no less important. Some

hundreds of compounds have been identified in grape
[8], citrus peels contain essential oil and are very rich
in antioxidant phenolic compounds [9], tomato and
onion skin is a source of natural colorants [10].

The industrial scale process to obtain grape seed oil
includes stages of seed conditioning (cleaning and
drying), grinding and oil extraction. The following
extraction methods are used: extraction by pressure
(cold-pressed or hot pressed oil, the yield is 4-5%wt.),
and solvent extraction conventionally using hexane,
the yield is 7-8% [11]. The hot water extraction and
supercritical fluid extraction (SFE) using carbon
dioxide (SC-CO,) have been proposed as an
alternative to extraction with organic solvents [12].
Industrial extraction with supercritical carbon dioxide
results in similar yields as the oil extraction through
solvent and has a similar quality as cold-pressed
product.

SFE eliminates the solvent removal process and
subsequent stages of refinement, but this method is
rarely used in oil production because the cost of the
equipment is high when compared to the extraction
with organic solvents or by pressure.

A broad spectrum of extraction techniques is widely
used for the early purification of natural products
from plant material and microorganisms. Traditional
methods including Soxhlet extraction, maceration,
percolation and turbo extraction (high speed mixing)
are very often time-consuming and require relatively
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large quantities of polluting solvents [13]. Nowadays,
various  pretreatment techniques followed by
chromatographic analysis have been developed to
extract natural colorants and biologically active
compounds from different waste samples.

Accelerated solvent extraction (ASE), also known
as pressurized liquid extraction (PLE), involves
extraction at constant high pressure, facilitating
improved cell permeability, intermolecular physical
interactions and penetration of the extracting solvent,
and thus improves the mass transfer of substances to
be recovered. However, it is difficult to apply PLE to
large volumes due to clogging caused by sugars and
pectins of plant matrix [13].

Ultrasound-assisted extraction (UAE) is the
removal and recovery of organic analytes from a
permeable solid matrix by means of a solvent
which is energized by sound energy. It is rapid,
non-thermal and efficient process, but UAE requires
small particle size (=50 pum) of the sample [14].

Microwave-assisted extraction (MAE) is a simple,
rapid and economic method for a large variety of
matrices and compounds, requiring a very short
extraction time with low amount of solvents, but
electromagnetic waves can cause thermal degradation
of target compound [13].

Pulsed electric field assisted (PEF) technology is a
non- thermal method involving the application of
repetitive short high voltage pulses of less than a few
milliseconds to a cellular material placed between two
electrodes [15]. The high cost of instrumentation
prevents its implementation; PEF parameters depend
on the electrical conductivity of the sample, and
bubbles may cause technical problems.

The main goal of our studies [16] was to establish
rational  eco-friendly techniques and optimal
conditions for the extraction of valuable products
from the waste of the agro-industrial sector of
Georgia. Grape pomace, orange and tangerine peel,
tomato paste waste, and onion skin were the main
subjects of research, and oils, phenolic antioxidants
and colorants, carotenoids and flavonoids were target
products.

MATERIALS & METHODS

A. Materials

Grape pomace has been provided by local wine
factories and SMEs from the Kakheti and Imereti
regions of Georgia. The raw material was dried at 50-
60°C as described in [16] and [17], after which the
peel was separated from the seeds by a fan. Separated
grape skin was additionally dried in laboratory room
under the controlled conditions (20-25°C, and the
relative humidity — 30-60 %) and protected from
direct sun light.

Ripe tangerine (Citrus Unshiu), orange and tomato
were bought in the local agrarian market of Georgia.

The peel and skin were manually removed from the
selected fruit/vegetable and dried for 14 days in
laboratory room under the controlled conditions (the
temperature — 20-25°C, the relative humidity — 30-
60%) and protected from direct sun light.

The certified analytical standards of cyanidin

chloride, kuromanin chloride and p-carotene, the
HPLC grade acetone, ethanol, ethyl acetate,
acetonitrile, methanol, the analytical grade

hydrochloric acid, formic acid and phosphoric acid
were supplied by Sigma-Aldrich (Germany). The
HPLC/GC grade acetonitrile, methanol, ethanol,
acetone, ethyl acetate, acetic acid, dimethyl
formamide, dimethyl sulfoxide, 1,2-dichloromethane,
n-hexane were purchased from Sigma-Aldrich, Merck
and Carl Roth (Germany).

The HPLC grade water was prepared using Milli Q
Adventage A10 purification system (Merk-Millipore,
France).

B. Soxhlet Extraction

The grape seed oil was extracted with the help of
the Soxhlet equipped hubs. For each hub of the
equipment, 10 g of grinded with an electrical grinder
seeds, with the dimension of 1 mm have been used.
The extraction was done with hexane and petrol ether
at 50-60°C, and repeated 5 times for each variety of
seeds.

C. SC-CO, Extraction

SC-CO, extraction was carried out on a home-built
SFE system (Figure 1) including a 500 mL stainless
steel extraction vessel (reactor), equipped with CO,
high pressure pump PM 101 (Germany), and using
conventional cylinders for transportation and supply
of carbon dioxide.

Back Pressure ||
Regulator

CO,
Pump l
L]
Sample
Extraction ~ Collection |8
Vessel

Cylinder

A
Fig. 1. The scheme and photograph of supercritical fluid
extraction laboratory system.

The system operates in the following mode: the
carbon dioxide is compressed and chilled at —5°C,
liguefied CO, is pumped continuously into the
extraction vessel in which the previously weighed
sample is loaded; The extraction takes place under
static equilibrium conditions, at constant temperature
and pressure, for a certain time. Dynamic extraction is
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carried out by feeding with a certain flow rate the
liquefied CO, gas or its mixture with co-solvent.

D. UAE and MSE

Ultrasonic P 300 H bath (Elma Schmidbauer,
Germany) was used for ultrasound-assisted extraction
at 37 and 80 kHz, the temperature was controlled
during ultrasonication. IKA C-MAG MS magnetic
stirrer (IKA-Werke, Germany) was used for magnetic
stirring extraction. The stirring speed was 100 — 1500
rpm and the temperature was 25 — 60°C.

E. Chromatographic analysis

Agilent Quadrupole GC-MS 790B1/5977A system
(AG Technologies, USA) was used for the gas
chromatography — mass spectrometry (GC-MS)
analysis. The chromatographic conditions have been
optimized using the fused silica capillary column —
HP-5ms (30m x 0.32mm x 0.25pm) [16], [18]. The
high performance liquid chromatography (HPLC)
analysis was performed using Agilent 1260 Infinity
HPLC system (AG Technologies, USA) and an LC-
20AD Prominence HPLC system (Shimadzu, Japan).
The chromatographic conditions have been optimized
using the following columns - RP-18 endcapped
Lichrocart 4 x250 mm, 5 pm (Merck-Millipore) and

Agilent SB-C18  4.6x250 mm, 5 pm (AG
Technologies, USA).
System control, data collection and data

processing for GC-MS and HPLC were accomplished
using Chemstation software (Hewlett-Packard).
Analytical balance ALX-210 (USA) was used for
standard and sample preparation.
All the measuring equipment was appropriately
calibrated and qualified.

F. Validation of Developed Methods

All developed methods for HPLC analysis of
compounds [19]-[21] were validated according to
guideline of the International Council for
Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH) [22] and other
recommendations [23]-[24] with respect to robustness
— standard solution stability and filter compatibility
test, system suitability test, specificity, linearity-range,
accuracy, precision, limit of detection (LOD) and
quantitation (LOQ) as well.

RESULTS

Results should be clear and concise, this part of
the text can be divided into sections.

A. Grape Pomace Products

According to the data from the Department of
Statistics of Georgia, the annual harvest of grapes in
the country varies between 170 and 220 thousand
tons, out of about 60% is processed at wineries

producing up to 25 thousand tons of grape pomace.

To establish the maximum possible yield of oil
from Georgian grape seeds, control experiments were
carried out by the Soxhlet (Table 1) and SC-CO,
(Table 2) extraction.

Table 1. The yield of the oil after 8 hours of extraction
with hexane and petroleum ether.

Sample Grape Place & .
# variety Manufacturer Yield (%)
1 Manavi winery 15.8-16.0
2 Saperavi Kakabeti SE 14.6-15.9
3 Telavi winery 14.5-15.3
4 iwi .5-15.

RKatsiteli Manavi vymery 14.5-15.6
5 Manavi SE 14.1-15.5
6 . SE in Kakheti region 10.9-11.2
Aladasturi . -
7 SE in Imereti region 9.8-10.8

During the SC-CO, extraction, the temperature
varied within 40-70°C, the equilibrium pressure from
150 to 300 atmospheres, the time from 15 to 60
minutes, the dynamic pressure from 250 to 300
atmospheres, and the time from 120 to 240 minutes.
The maximum oil yield occurs at a dynamic pressure
of 300 atmospheres, other optimal parameters are
given in Table 2.

Table 2. The highest yield of oil after SC-CO, extraction.

Equilibrium i
Sample Tempe < - Dyf“"‘m'c Yield
-rature Pressure Time time 9
# o ; : (%)
°C) (atm) (min) (min)
1 60 150 15 180 15.6
2 60 250 — 300 15 240 154
3 60 150 15 300 14.7
4 65 150 60 180 14.8
5 60 150 60 180 14.6
6 65 150 60 180 10.5
7 65 150 60 120 9.8

The highest content of oil is revealed for seeds of
red grapes of the Saperavi variety, the lowest — for the
seeds of red grapes of the Aladasturi variety.

The obtained oil has a greenish-yellow color and a
pleasant aroma. The density of the extracted grape
seed oil measured at room temperature d2°=928+1
kg/m® is slightly higher than that of the olive,
rapeseed, corn, coconut and other common oils, it is
close to the density of the milkweed oil [25] and the
density of the refined sunflower oil. The refractive
index ng® measured at A=589 nm and standard
temperature varies from 1.4723 and 1.4726, and is
typical for vegetable oils. The low-yield oil from the
Aladasturi variety has the largest iodine (up to 144
g/100g) and acid (up to 4.1 mg/g) numbers, other
samples are typical for vegetable oils indicators of
unsaturation (126 — 131 g/100g) and the number of
carboxylic acid groups (1.67 — 1.91 mg/g). According
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to the saponification value as a measure of the average
molecular weight, the oil isolated from grape seeds of
the Rkatsiteli variety is characterized by long chain
fatty acids. The average content of fatty acids in the
extracted oil is given in Table 3.

Table 3. The composition of grape seed oil.

2 mL/min during 2 hr) is effective for samples with a
relatively low content of phenols.

In another series of experiments the recovery of
polyphenols from the Saperavi SC-CO,-deoiled grape
seeds was carried out using SC-CO, modified with
ethanol-water mixture (40%), varying temperature
and extraction time. The maximum polyphenol yield,

285 mg/g GAE, was reached at the ethanol/water ratio

2:1, extraction time of 60 minute and temperature of
80°C.

Polyphenols were also isolated from the skin of
grape Saperavi, extraction with the ethanol : water
mixture gives a slightly higher yield (~90 mg/g) than
SFE (~80 mg/qg).

Fatty acid Type Content (%)
Linoleic -6 unsaturated 72-76
Oleic ®-9 unsaturated 15-16
Palmitic Saturated upto7
Stearic Saturated upto4
a-Linoleic ®-3 unsaturated uptol
Palmitoleic -7 unsaturated uptol

The oil extracted from the Georgian grape

varieties in terms of its characteristics and
composition can be used both in the food industry and
in perfumery. Results of feasibility study on
production of grape seed oil by eco-friendly non-
solvent technologies (pressing and SFE extraction)
including financial analysis of investment, the
creation and operation of a SME with annual capacity
up to 2 thousand tons is given in [16].

Grape pomace contains phenolics due to an
incomplete extraction during the winemaking process.
Phenolics are secondary plant metabolites with
potential beneficial effects on human health because
of their antioxidant activity and antimicrobial,
antiviral, and anti-inflammatory properties.

The extraction of phenolic antioxidants [26] from
the seeds of Georgian red grape varieties Saperavi
(pomace samples 1-3) and Aladasturi (pomace
samples 6,7) was performed using methanol, ethanol
and mixture of ethanol to water 1:1 as solvents and
under various conditions of pH, solvent to sample
ratio and extraction period, at ambient temperature as
described in [18], and the SFE was carried out using
CO, — ethanol — water mixtures as solvents. Ethanol
has a higher critical temperature (513.9K) and lower
critical pressure (60.6 atm) than carbon dioxide, while
the density of critical ethanol is almost two times
lower.

Table 4. Content of polyphenols extracted from
Georgian red grape seeds by different solvents.

Sample  \rethanol  Ethanol  Eohanok SC-CO,
# water
1 175 205 213 91
2 19.0 21.4 220 205
3 215 242 242 255
6 8.75 146 14.4 150
7 9.0 15.0 15.0 154

Table 4 shows the highest phenol yields (mg/g
GAE) obtained under optimal extraction conditions,
the SC-CO, method (one hour static extraction at 60-
65°C and 150 atm, followed by 300 atm at a flow rate

B. Anthocyanins of Red Grape Saperavi

Anthocyanins attracted considerable attention
because of their antioxidant activity [27],[28]. They
protect against oxidative damage from radical reactive
species by various mechanisms that ultimately result
in the neutralization of free radicals. Owing to the
anthocyanin’s positive charge and aromatic hydroxyl
groups (Figure 2), these compounds can easily donate
protons to the free radicals [29]).

OMe
OH
HO. 0l

S OMe

Coumarate
0OGlu Acetate
Caffeoate
OH
Fig. 2. Chemical structure of the major anthocyanins in
red grape.

The objective of the study was to develop and
validate extraction procedures of anthocyanins from
grape skin using the ultrasound-assisted extraction
(UAE), magnetic stirring extraction (MSE) and the
supercritical fluid extraction (SFE) techniques.

The effect of the operating pressure and the
temperature, extraction time, the flow rate of the SC-
CO,, the sample size and the nature of solvent used
was investigated to develop the sequential extraction
procedure and establish their optimal parameters.

The effect of pressure on the recovery of
anthocyanins at a constant temperature is a function of
amount of SC-CO,. The solubility of target analytes
increased with increase of pressure. The content of
total antocyanins decreases at the higher extraction
temperature at a constant pressure, also the recovery
of target compounds increases with increase of the
extraction time at a constant temperature as well. The
use of co-solvent — ethanol/water (50:50 v/v) at pH 4
increases the recovery of antocyanins.
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The optimal parameters for SC-CO, extraction
with co-solvents (acetone/water, ethanol/water, and
ethyl acetate/ water acidified by hydrochloric acid)
are: the extraction pressure — 200 atm, temperature —
50°C, the equilibrium extraction time — 180 min, the
dynamic extraction time — 60 min, the flow rate of
SC-CO,—2 mL/min.

Ultrasonocation and magnetic stirring result in
exponential increase of antocyanins recovery, most of
target products extracted during the %, of total
extraction time. It was observed that the influence of
composition of solvents mixture (acetone/water, ethyl
acetate/water and ethanol/ water, from 50 : 50 to 90
:10 v/v) was important.

The optimal parameters for the three-step
extraction UAE (37 kHz) and MSE procedures are as
follows: the extraction time — 30 min, solvent
mixtures — acetone/water (70 30 v/v) and
ethanol/water (50 : 50 v/v) acidified by hydrochloric
acid, the temperature of UAE is 25 and 50 °C,
respectively, and 60 °C for both mixtures at MSE.

The content of total anthocyanins was determined
by developed and validated HPLC analysis method
[21], the results are given in Table 5, the Figure 3
shows typical chromatogram obtained with the extract
sample solution containing target products, kuromanin
and cyanindin chlorides.

Table 5. The content of anthocyanins in grape skin.

Extraction . L .
technique Total anthocyanins (ug/g) in dried grape skin
UAE 250-51.81
SFE 2,70—-70.78
MSE 4.06 — 56.00
500
" 400 [
g i Kuromanin :
= Chloride
£ 300
E 2004 | Cyanindin
£ { Chloride
£ 1003 ,{‘ !
W \
e LN L
00 o 20 30 40 so 60 70

Retention time (min)

Fig. 3. Chromatogram of the extract sample solution.

Used eco-friendly separation procedures provide
high quality of target compounds and can be used to
develop a standard technological process for
utilization of agro-industrial waste material — grape
skin.

C. Bioactive Compounds of Tangerine Peel

Essential oil (D-limonene), carotenes and
flavanones were extracted from tangerine peel by
increasing the polarity of the supercritical fluid using
different co-solvents with the carbon dioxide in
stepwise SC-CO, extraction (Figure 4) followed by

recovery of flavanone hesperidin (CxgH34015) from
extract and  vegetable agglutinate  hetero-
polysaccharide pectin from dry residue [20].

[Drying and grinding of tangerine peel]

[Supercrilical CO, extraction of essential oilJ

Acetone modified supercritical CO , extraction
of carotenes

Methanol modified supercritical CO,extraction
of flavanones

Recovery of hesperidin Recovery of pectin
from extract from dry waste material

Fig. 4. The scheme of sequential stepwise processing of
tangerine peel.

According to the GC-MS data, the vyield of
essential oil from dry tangerine peel at subcritical
conditions is lowest, but most selective. As the
temperature, pressure and extraction time increases,
yield of oil increases, but selectivity drastically
reduces. The essential oil found to extract carotenoids
and imparting orange color to the extract. Optimal
conditions for B-carotene free tangerine oil are 100
atm pressure and 35°C temperature at 15 min
equilibrium time. The yield of the carotene free oil
varies from 0.8%wt to 0.9%wt, the principal
compound is D-limonene (CyoH1g).

Optimal parameters of the B-carotene isolation at
the second stage are: 1 hr equilibrium extraction at
150 atm, 40°C, followed by 1 hr dynamic extraction at
a flow rate of 2.0 mL/min. Colorless residue indicated
complete extraction of target product, the content of
[B-carotene varies from 0.445 to 3.972 pg per 1 gram
of the dried tangerine peel.

Optimal parameters for the SC-CO, extraction of
hesperidin are: 1 hr at 250 atm pressure and 60°C
temperature at static conditions, and 30 min of
dynamic extraction at 2.0 mL/min flow rate. Extracts
were collected in ice water pH-4.5, crude product was
recrystallized in dimethyl sulfoxide, the yield of IR-
identified hesperidin (melting point 252°C) — 1.6-
1.8% wt.

Optimal operative conditions for recovery of
pectin are pH=1.5, extraction time — 25 min, the
temperature — 50°C. Purification of pectin was carried
out via alcohol- precipitation procedure (APP) [30-
31], and high quality product was obtained.

Alternative conventional low cost extraction
procedure was developed for extraction of oil, pectin,
hesperidin and carotene bioactive compounds from
tangerin peel (Figure 5).
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[Drying and grinding of tangerine peel]

[ The combined recovery of oil and pectin ]

[ Alkali or methanol extraction of hesperidin ]

[ Recovery of carotenes ]

Fig. 5. The scheme of sequential stepwise processing of
tangerine peel.

Pectin was extracted at the same time the
hydrodistilation of oil from citrus peel took place.
Citric acid was added for maintaining pH=1.5. Both
alkali and methanol extraction method was used for
recovery of hesperidin. Disadvantage of described
method is low yield of carotenes in comparison to
sequential supercritical CO, extraction method.

D. Major Carotenoids of Tomato and Citrus

The objective of the study was to develop
sequential extraction procedures for the major
carotenoids — beta- carotene and lycopene [32]
(Figure 6) from agro-industrial waste materials —
tomato skin, tangerine and orange peels using the
ultrasound-assisted extraction and the supercritical
fluid extraction techniques.

Fig. 6. Chemical structure of B-carotene (a) and lycopene

(b).

The effect of pressure on the extraction of
carotenoids was investigated in a range of 100 — 250
atm at constant flow rate of SC-CO; (2 mL/min) and
low temperature (40°C) selected to avoid thermal
degradation of target analytes. The effect of
temperature was studied up to 60°C, the effect of flow
rate — from 1 to 5 mL/min, the effect of sample size
in a range of 10 — 50 g per 0.5 L reactor vessel.

The optimal parameters for the two-step extraction
procedure are: extraction step | — the sample size 40-
45 g, the extraction pressure 150 atm, the extraction
temperature 40°C, the dynamic extraction time 30
min, the flow rate of SC-CO, 2 mL/min; for the
extraction step Il the extraction pressure is 100 atm,
the extraction temperature 40°C, the dynamic
extraction time 60 min, the flow rate 2 mL/min,
acetone (7%) was used as co-solvent. The obtained
collorless residue indicates complete extraction of
target compounds.

The results of UAE procedure indicate that the

10

effects of the extraction time (30 — 90 min) and
ultrasound power are significant for both analytes. As
described above, the recovery of carotenoids
increased exponentially in 5-10 minutes, then
gradually in 25 minutes and then became constant.
Thermal effect plays an important role, the high
ultrasonic power (80 kHz) causes isomerization of
thermally sensitive target substances. The optimal
conditions for the three-step UAE procedure at 37
kHz are: extraction by acetone for 30 min (step 1) and
for 15 min (step I1), extraction by ethyl acetate for 15
min (step I11).

The organic extract solutions prepared using the
developed supercritical fluid and sequential ultrasonic
assisted extraction procedures and were analyzed
using the validated HPLC method [19], results are
given in Table 6, the Figure 7 shows typical
chromatogram obtained with the extract sample
solution.

Table 6. The content of beta-carotene and lycopene in
dried agro-industrial waste material.

Beta-carotene (mg/g)

Licopene (mg/g)

Material
UAE SC-CO, UAE SC-CO,
Tomato 8.4 165 — 166 —
skin 9.06-107 12.8 174 180
Tangerine 25.6 — 122 - 111-
peel 268-316 32.2 16.0 17.9
41.7 - 8.4 — 9.6 —
Orange peel  42.0-54.6 59.2 9.9 106
100 "
=
g
g 80 2
g =
Z 50 s
~ 2
Ew 2
g £
£ &
a 20
A ST A
: 4 6 8 10 12 14 16

Retention time (min)

Fig. 7. Chromatogram of the extract sample solution.

E. Quercetin and Colorants from Red Onion Skin

Extraction of flavonol quercetin (CysH1007) from
onion skin by supercritical fluids, modified carbon
dioxide [33] and water [34], as well as by MAE and
SPE technique [35] is described. Maximum product
yield, 0.024 g per kg of dry raw material, was
obtained by SC-CO, using ethanol as a co-solvent at
40-50°C and 180 atm, microwave assisted extraction
and solid-phase separation give ~0.021 g/kg.

UAE was carried out using acetone, ethyl acetate,
ethanol, and methanol as a solvent, the acetone was
found to be the best solvent for the extraction of
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quercetin from the onion skin providing high yield (up
to 0.030 g/kg) and best selectivity of target product.

Eco-friendly SC-CO, using 6-7% of acetone as a
modifier at 40-50°C and 140 — 150 atm gave a yield of
0.028 g/kg.

SC-CO, modified with ethanol/acetic acid (80:1)
at a pressure of 300 atm and temperature 80°C was
used for extraction of anthocyanidin (Figure 7)
colorants, listed in the Table 6. Total anthocyanins
amount in onion skin quantified by Folin-Ciocalteu’s
method is in a range of 85 — 107 mg/g, in accordance
with published results [36].

Fig. 7. Basic structure of extracted anthocyanidins.

Table 6. Anthocyanidins extracted from the red onion

skin.

Anthocyanin Color R¥ R”
Cyanidin Violet (at pH 7-8) —OH -H
Delphidin Blue-red —-OH —-OH

Pelargonidin Orange -H -H
Malvidin Blue —OCHs —OCH,
Peonidin Purplish-red —OCHg; -H
Petunidin Dark red —-OH —OCHjs

CONCLUSION

In Georgia, it is possible to organize SMEs for the
processing of agro-industrial wastes and their
profitable operation; for the recovery of valuable
products should be applied sequential stepwise
schemes using various modern methods of extraction.
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Abstract. The catalytic conversion of tertiary terpenic alcohols linalool and geraniol on samples of the BEA type
microporous zeolites and on their modified micro-mesoporous forms has been studied. Conversion of linalool in inert
atmosphere at 60-170 °C gives products of isomerization, dehydration, cyclization and condensation; the conversion degree
and selectivity of the formation of nerol and geraniol are low. Mesopores lead to a significant increase in conversion of
linalool and a slight growth in selectivity, mainly determined by weak acid sites in zeolite. Conversion of geraniol gives f-
linalool, trans,trans-farnesol and (2E,6E)-6,11-dimethyl-2,6,10-dodecatrien-1-ol, as well as small quantities of B-myrcene,
D-limonene, trans-B-ocymene, B-ocymene, a-terpineol, cis-geraniol (nerol), cis-isogeraniol, trans,trans,trans-geranylgeraniol,
p- and m-camphorene (Dimircene), and unidentified isomer of trans-geranylgeraniol. It is established, that by one-pot
method in “zeolitic reactor” it is possible not only to receive long-chain C,, — C,q molecules, but to produce macrocycles.

Keywords: condensation, cyclization, dehydration, isomerization.

Today there are no catalysts for linalool

INTRODUCTION regioselective isomerization; only the microbial
Geraniol  (3,7-dimethyl-trans-2,6-octadiene-1-o0l)  transformation of linalool to geraniol without nerol
and and its cis-isomer nerol are valuable aromatic ~ formation is described [3]. Catalytic isomerization of
substances having subtle perfume of rose aroma and linalool in the mixture of geraniol and its geometric
used in perfumery, as well as “building units” in  isomer nerol is a reversible process; initially it was
syntheses of A, E and K vitamins, carotenoids, conducted in the presence of homogenous catalysts
ionones and methyl-ionones [1,2]. About 10% of H,SO, HsPO, or gaseous HCI and HBr, or else in the
worldwide annual production of aromatics (10,000 presence of mixture of acetic acid and acetic
tons) falls on geraniol [2]. anhydride; afterwards alyllic rearrangement was
Commercial production of geraniol and nerol realized in the presence of oxo-compounds of
generally is based on the catalytic liquid-phase transition metals (V,Mo,W,Re,Nb) [4], and catalytic
isomerization of linalool (3,7-dimethyl-1,6-octadiene-  system of alkyl orthovanadate (RO);V=0 and
3-ol), extracted from Lavandula flowers, Coriandrum  tetrabutylammonium hydroxide [(Bu),N] OH was
sativum seeds, or a- and B-pinene obtained from testified as the most stable and having high selectivity
coniferous wood, as well as received using multistage at 100-240°C temperature [5]. In comparison with
chemical ways. Both isomers — geraniol and nerol are  vanadium-containing catalysts, complexes of tungsten
obtained from linalool by 1,3-migration of the OH-  oxo (VI) alkoxides [6] are less toxic, but product yield
group and appropriate shift (allylic rearrangement) of is low and hydrolysis of catalysts easily occurs. In

the double bond (Fig. 1). manufacturing process nerol is obtained via geraniol
isomerization by heating with alkali.

CH;  CH; H3C CH; Negative aspects of abovementioned catalytic

Z G /@ isomerizagion 6:( CH,OH processes of linalool isomerization reactions: namely,

\/EOH I — | multistaging of processes, low regioselectivity,

CH, CH; problem with products’ separation, abundance of

waste waters, excessive expenses for neutralization of
) o ] alkalis and acids, difficulties related to preparations of
Fig. 1. Isomerization of linalool. catalysts and their multiuse, as well as their toxicity
are among biggest challenges.

linalool geraniol (nerol)
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Fig. 1. Linalool conversion reactions on zeolites.

The allyl rearrangement of linalool on H- and
dealuminated forms of zeolites FAU(Y), BEA, MOR,
and OFF with large pores, as well as on mesoporous
MCM-41 at 100-180 °C is complicated by linalool
dehydratation, cyclization and condensation [7, Fig.2].

Low selectivity for geraniol and nerol on zeolitic
catalysts is due to the fact that isomerization of
linalool’s bulky molecules (e.g., for linalool molecular
sizes are 9.0 x ~5.8 A) takes place mainly on the outer
shell of the zeolites [7].

The wide-pore, high-silica zeolite beta, also called
BEA type zeolite was first synthesized in 1967, today
it is a commercial product and an excellent catalyst
for a wide number of acid-catalyzed reactions.
According to the data of the International Zeolite
Association [8], crystal chemical formula of zeolite
beta is |Na;| [Al;Sis;O15]-*BEA, its microporous
structure is a hybrid of two intergrowing polymorphs
termed A and B [9] and having the three-dimensional
12-membered ring pore system with two straight
channels, each with a cross section of 0.77 x 0.66 nm,
parallel to [100] and [010], and a channel of 0.56 x
0.56 nm, which runs along the [001] direction. The
polymorphs grow as two-dimensional sheets and the
sheets randomly alternate between the two. The
intergrowth of the polymorphs does not significantly
affect the pores in X and Y dimensions, but in the Z
direction of the faulting, the pore becomes tortuous,
but not blocked. The hypothetical polymorph A is
depicted in Fig. 2, where cross sections of channels
are also shown.
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Fig. 2. The polymorph A of BEA framework viewed
along [010] and cross sections of wide and tortuous
channels [8].

It is known, that the catalyst is more effective when
the crystals are small or when a secondary porous
network exists in the material, thereby allowing
shorter diffusion paths. Several studies have
demonstrated the beneficial effect of steaming and
acid leaching on the performance of zeolite beta, and
it was concluded, that hydrothermal treatment of a
macrocrystalline BEA results in the formation of
secondary mesoporous structure [10,11].

We used the micro-mesoporous composite zeolite
materials synthesized from the BEA type zeolites [12]
for the catalytic conversion of tertiary terpene alcohol
linalool ((£)-3,7-Dimethyl-1, 6-octadien-3-ol). The
goal was to establish the relationship between the
porosity and acidity and the selectivity of the
formation of linalool isomerization products— primary
alcohols geraniol and nerol [13].
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Our next research [14] has been devoted to
consideration of catalytic transformations of geraniol
on the same zeolites characterized by different
chemical (SiO,/Al,O; ratio, total acidity) and
structural (surface area, micro and meso pore
volumes, amount of weak and strong acid centers)
properties. It has been established that along with
products of isomerization-cyclisation (CyoH;s0) and
dehydration (CyoH6) some substances Cy4 — Cyg With
higher molecular mass are formed. Discussion of
opportunities of formation of long chains and
macrocycles on micro- and micro-mesoporous BEA-
type zeolite was a main objective of our subsequent
article [15], and consideration of synergic actions of
BEA-type zeolites and ultrasonic irradiation in the
conversion of geraniol [16] completed our research.

The purpose of this contribution is to summarize
our work on the study of catalytic conversion of
linalool and geraniol on micro-mesoporous BEA-type
zeolites.

MATERIALS & METHODS

A. Reagents

Racemic linalool (97-98%, FG containing 1.12%
1,2-dihydrolinalool), geraniol (97%), nerol (97%) and
methanol (for HPLC, >99.9%) were purchased from
Sigma-Aldrich. Argon and nitrogen (99.999 % pure)
were used as the reaction medium.

B. Preparation and charactrization of catalysts

Zeolites BEA-25 and BEA-150 (Zeolyst
International, batchs CP-814-E2200-19 and CP-811-E
1822-75) were used in NHy;- and H-forms,
respectively. The micro-mesoporous materials named
RBEA-25 and RBEA-150 have been synthesized by
recrystallization of corresponding zeolites BEA-25
and BEA-150 in NaOH aqueous solution as described
in[17, 18].

The chemical composition of the catalysts was
determined using X-ray fluorescence analysis on a
Thermo Scientific ARL Perform’X instrument
equipped with a 3.5-kW rhodium tube.

Nitrogen adsorption-desorption isotherms were
measured at 77 K on an automated porosimeter ASAP
2000 (Micromeritics, USA). Specific surface area was
calculated by the Brunauer-Emmet-Teller (BET)
method; the micropore volume was determined using
the t-plot method. The pore volume, which takes into
account adsorption in micropores and mesopores and
on the external surface, was calculated from the
amount of nitrogen adsorbed at a relative pressure of
p/po = 0.95.

The acid properties of catalysts were estimated
using  temperature-programmed  desorption  of
ammonia (TPD NHs;) on a USGA-101 multipurpose
sorption gas analyzer.
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C. Catalytic activity and analyzes of products

Experiments have been carried out on the H-forms
of BEA-zeolites preliminary calcined for 2 hours at
550°C in a stream of purified air, and the NH,-form —
under the same conditions, but for 6 hours in the
program mode.

Catalytic conversion of both terpene alcohols was
performed in the liquid phase in a 50 ml three-necked
round bottomed glass flask with a reflux condenser,
thermometer and a port for input of an inert gas.

In the presence of solvents (methanol and ethanol),
the conversion of terpene alcohol is complicated by
side processes, so following experiments were carried
out under solvent-free condition at temperatures in the
range of 60 —170 °C and in an atmosphere of inert
gases (nitrogen or argon); duration of run was from
0.5 — 3 h, the catalyst mass 0.010 — 0.050 g, mass ratio
of catalyst : linalool was from /1,4 to /55 (0.84 — 0.17
mole of linalool per gram of catalyst). Reagent and
catalyst were stirred by a magnetic stirrer with heater.
Catalytic experiments on geraniol conversion were
conducted at temperatures in the range of 27-150 °C
and under ambient pressure; duration of run was 1-2
h, catalyst mass — 0.01-0. 07 g, mass ratio of catalyst:
geraniol was 1/133 -1/19 respectively, i.e. 0.86-0.12

mol geraniol/g of catalyst.

The catalyst was separated from the reaction
products using centrifugation. The catalytic properties
were characterized by the conversion of linalool or
geraniol and the selectivity of the formation of
isomerization products.

The analysis of products of catalytic reactions was
carried out by the gas chromatography — mass-
spectrometry (GC-MYS) methods (Agilent
Technologies, 5890B/5977A, capillary column HP-
Sms, Ultra Inert, 30 m x 0.32 mm x 0.25 um),
analyzed in program mode: hold at 80 °C for 5 min,
ramp to 210 °C at 30°/min, hold at 210°C for 10 min.
The amounts of linalool, geraniol and nerol was
determined from the calibration data.

The relative content of the reaction products (C;, %)
was determined using geraniol as an internal standard,
also the amount of linalool, geraniol, and nerol was
determined from corresponding calibration curves.
Conversion of geraniol was calculated by the formula:
CgeranioI:(n']initial geraniol — Munconverted geraniol)xlOO/minitial
geraniol; the yield (Y;, %) and selectivity to products (S;,
%) were determined according to the following
formulas, respectively: Yi=CiXMgeranio*100/97xM;,
Si=100%xYi/Cgeraniols Where Mgeranior is molar mass of
geraniol, 97% — its initial concentration, m is the mass
of substance.

RESULTS

The results include characterization of catalysts,
their catalytic properties in linalool conversion
reaction, and geraniol conversion data.
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A. Characterization of catalysts

The adsorption-desorption isotherms of nitrogen
for initial zeolites BEA-25 and BEA-150 (Fig. 3)
represent a combination of type | and IV curves
(according to IUPAC classification); at a low relative
pressure (p/po < 0.2) they are typical for adsorption in
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Fig. 3. N, adsorption-desorption isotherms on initial
zeolites.

The total acidity ap(NHs) expressed as ammonia
specific sorption capacity is 1200 and 180 pmol/g for
BEA-25 and BEA-150, respectively, and as a result of
recrystallization, this value changes slightly —
decreases to 1179 and increases to 233 pmol/g for
RBEA-25 and RBEA-150, respectively.

The thermo-programmed desorption (TPD) curves
of ammonia in the temperature range 100 — 700 °C
(Fig. 5) have two maxima, corresponding to the
presence in the catalysts of two types of acid sites —
maximum desorption of ammonia at a temperature of
about 200°C occurs from relatively weak acid sites,
desorption of ammonia at temperatures above 300-
350°C occurs from stronger sites.

micropores; the hysteresis loop at p/py = 0.7—1.0 is
associated with the filling of the intercrystalline space
[13, 14].

Isotherms of recrystallyzed samples RBEA-25 and
RBEA-150 (Fig. 4) show a jump at p/p,= 0.3-0.4
indicating the presence of mesopores.
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Fig. 4. N, adsorption-desorption isotherms on
recrystallized zeolites.
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Fig. 5. Ammonia temperature desorption spectra.
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Characteristics of initial (BEA) and recrystallized
(RBEA) samples of beta-type zeolites are summarized
in the Table 1, where [Si/Al] is molar ratio of
Si0,/Al,Oj in zeolite structure, Sger (M%/g) is specific
surface area calculated by the BET method from the
nitrogen adsorption isotherms, V (m%g) is total
specific pore volume, Vpmicro Ve VIS the
micropore volume fraction, Vimeso = Vmeso/ V IS the
mesopore volume fraction, and ag (umol/g) is total
acidity including acidity of weak and strong acid sites,
a, (umol/g) and as (umol/g), respectively, evaluated
from the ammonia desorption data.

Table 1. Characteristics of catalysts.

Catalyst
BEA-25 RBEA-25 BEA-150 RBEA-150
[SU/AT] 25.0 23.8 150.0 176.4
SgeT 558 721 539 822
\Y 0.486 0.625 0.588 0.792
Vmicro 0.34 0.2 0.26 0.18
Vimeso 0.66 0.8 0.74 0.82
ap 1200 1179 180 233
aw 725 704 97 95
as 475 475 83 138

Chemical composition of the parent microporous
and corresponding micromesoporous samples is
nearly similar, recrystallization results both in
decreasing (BEA-25) and increasing (BEA-150) of
the silicon content.

The nitrogen adsorption-desorption isotherms for
initial zeolites BEA-25 and BEA-150 represent a
combination of type | and IV curves (according to
IUPAC classification); at a low relative pressure (p/po
<0.2) high adsorption of nitrogen in micropores is
observed; in the range of p/pe= 0.7-1.0 a long
hysteresis loop begins, which is associated with the
filling of the intercrystalline pores. On the isotherms
of recrystallyzed samples RBEA-25 and RBEA-150
there is a jump (at p/po=0.3-0.4) indicating the
presence of mesopores with average pore diameter of
3.47 and 3.85 nm, respectively. According to obtained
results, the total pore volume and mesopore volume
increase in recrystallized samples (micro-mesoporous
materials), and the fraction of micropores decrease in
comparison with the parent microporous zeolites.

The thermo-programmed desorption (TPD) curves
of ammonia have two maxima, corresponding to the
presence of two types of acid sites in the catalysts —
weak acid sites with ammonia desorption temperature
maximum approx. at 200 °C, and stronger sites with
desorption temperature over 300 °C. Catalysts with
high aluminum content (BEA-25 and RBEA-25) have
a large number of weak acid sites, for catalysts with
high silicon content (BEA-150 and RBEA-150)
amount of weak and strong sites is nearly the same.
The parent and the corresponding recrystallized
samples differ little from each other in terms of their
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total acidity (ao0) and the strength of the acid sites.

B. Catalytic conversion of linalool

The catalytic reaction products were the light
yellow liquids with a characteristic smell. After
catalytic conversion the catalyst was separated from
the reaction products by centrifugation. It contained in
adsorbed form a significant part (up to 25-35%
volumetric) of reaction products. Their washing was
carried out with methanol and their composition was
identical with the main reaction product.

Catalytic activity of surveyed catalysts was
compared for their 0.05 g masses; for 0.04-0.05 g
masses the catalytic activity for all surveyed catalysts
is not depended on mass of the latter. Optimum time
of reaction conduct — 1 hour was selected for the
experiment.

It was shown that the nature of astehiometric
components of reaction (nitrogen and argon) has no
influence on running of the linalool conversion
process on surveyed catalysts. Linalool conversion
reaction runs in many, but identical routes on both
microporous BEA-25 andmicro-mesoporous RBEA-
25 catalysts with nearly the same values of total
acidity (ao(NHs) is 1200 and 1179 pmol/g,
respectively).

These are basically the processes running on acid
sites: reactions of dehydratation, cyclization and
condensation, as well as isomerization; and the
qualitative content of reaction products is identical.

Typical chromatogram of the products of linalool
conversion on the investigated catalysts is shown in
Fig. 6.

In conditions under study, linalool is mainly
dehydrated and cyclized to form terpenic
hydrocarbons (mircene, ocymene, terpinenes, d-
limonene), converted into 3-Cycloxen-1-ol, 3,7-
octadiene-2.6-diol, 2,6-dimethyl, Ci10H1s02 (on BEA-
25), trans-Geranylgeraniol, condensed to Squalene
CaoHso, cyclic alcohol Thunbergol (C2Hs40), 2,6,10-
Dodecatrien-1-ol  (CisH260), isomerized into +-
Terpineol (monoterpene alcohol), Geraniol, Nerol.

As is seen from Table 2, in case of identical loads
on catalyst (mcatalysator/mlinalool 1/26), linalool
conversion on micro-mesoporous RBEA-25 is higher
than on microporous BEA-25, apparently due to
bigger share of mesopores in the first one
((Vmeso/Vmicro+Vmeso): 0800) Product ylelds of
linalool isomerization into geraniol/nerol are low (3-
5%) and they do not depend on temperature, as well
as on the mole ratio of geraniol/nerol, which
approximately equals to 2. Product yields for other
processes on BEA-25 and RBEA-25 are 7-17% and
19-39%, respectively, when linalool conversion is 10-
42%. The same takes place in a case of BEA-150 and
RBEA -50 (see Table 3), but linalool conversion and
product yields of isomerization into geraniol and nerol
are lower — 4-30% and 2-4%, respectively.
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Table 2. Catalytic properties of microporous BEA-25 and micro-mesoporous RBEA-25 zeolites in linalool
conversion reaction. Medium- Ar, Mcatalyst/Miinalooi= 1/26, catalyst mass - 0.05 g, run — 1 hour.

Catalyst BEA-25 RBEA-25
Temperature, °C 60 80 130 65 80 130
Conversion, % 10.4 12.9 22.5 22.9 28.0 42.0
Yield of geraniol, % 24 24 2.7 3.3 2.2 2.0
Yield of nerol, % 1.2 1.2 1.3 14 1.2 1.1
Selectivity of isomerization in geraniol, % 231 18.6 120 144 7.8 4.8
Selectivity of isomerization in nerol, % 115 9.3 5.8 6.4 4.3 2.6
BUUIUO-
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Fig. 6. Chromatogram of catalytic conversion products of linalool on micro-mesoporous zeolite R-BEA-150
(mcat/mlinalool =1/26, reaction carried out in a nitrogen atmosphere at 80 °C): 1 — Pinene, 2 — B-Mircene, 3 — a-
Phellandrene, 4 — a-Terpinene, 5 — D-Limonene, 6 — trans-p—Ocymene, 7 — a-cis- Ocimene, 8 —y-Terpinene, 9 —
Terpinolene, 10 — Linalool, 11 — 1,2-dihydrolinalool (impurity in initial linalool), 12 — 3-Cyclohexen-1-ol, 13 — a-
Terpineol, 14 — Nerol, 15 — Geraniol, 16 — trans-Geranyl geraniol, 17 — Squalene (CzyHsg), 18 — Thunbergol (CH3,0),
19 - 2,6,10-Dodecatrien-1-ol (Cy5H,0), 20 — +-Springene (CyoHa3y).

Table 3. Catalytic properties of microporous BEA-150 and micro-mesoporous RBEA-150 zeolites in linalool
conversion reaction carried out in argon, Mcatalyst/ Miinalool= 1/26, catalyst mass - 0.05 g, run — 1 hour.

Catalyst BEA-150 RBEA-150

Temperature, °C 80 100 130 150 80 120 150 170

Conversion, % 3.7 51 7/0 10.0 155 18.0 26.4 28.9

Yield of geraniol, % slight 15 1.0 1.0 2.1 2.4 2.7 2.7

Yield of nerol, % slight 0.8 0.7 0.6 1.2 1.3 1.4 1.4

Selectivity of isomerization in geraniol, % - 29.4 14.3 10.0 13.6 13.3 10.2 9.4

Selectivity of isomerization in nerol, % - 15.6 10.0 6.0 7.8 7.2 5.3 4.9
Linalool conversion decreases in the RBEA-25 > 50 |

RBEA-150 > BEA-25 > BEA-150 series starting with

the micro-mesoporous samples RBEA-25 having the 40 1

highest number of acid sites (1179 pmol/g, basically

represented by weak acid centers); the high-silicon gso

sample RBEA-150 has nearly identical specific £

volume of micropores (0.18) and mesopores (0.82), g 2

but lower acidity (233 umol/g, shares of weak and =<

strong acid sites are nearly equal). In both i

microporous and  micromesoporous  samples 10 4

prevailing role in linalool conversion belongs to acid

factor, especially the numbr of weak acid sites. 0 - ‘ ‘ \ -
This is also indicated by the character of the 0 10 20 30 40 30

Conversion (%)
Fig. 7. Dependence of selectivity of linalool isomerization
into geraniol and nerol on the conversion of linalool on
micro and micro-mesoporous zeolites.

change in selectivity (Tables 2 and 3, Fig. 7).
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C. Catalytic conversion of geraniol

The detailed description of geraniol conversion is
given in work [2], the main conversion products of
geraniol on microporous BEA and micro-mesoporous
RBEA catalysts over 60°C are the following
compounds:

Isomerization products CioH;gO (mainly the
products of the double bond transfer in geraniol and,
to a lesser extent, cis-trans isomerization): B-Linalool
and Nerol, also a very small amount (up to 0.6%) of
cis-Isogeraniol ((32)-3,7-Dimethyl-3,6-octadien-1-ol)
and cyclic product a-Terpineol (up to 1.2%); the
selectivity of isomerization products decreases with
increasing geraniol conversion.

Dehydration products CioHgs: terpenic
hydrocarbons a-Myrcene, B-Myrcene, a-Terpinolene,
D-Limonene, trans-p-Ocimene, B-Ocimene, v-
Terpinene, 1,1,2-Trimethyl-3-(2-methyl-1-propen-1-
ylidene) cyclopropane, ao-Terpinene, (4E,62)-2,6-
Dimethylocta-2,4,6-triene (allo-Ocimene); the
selectivity of dehydration products increases with
increasing geraniol conversion.

Carbon-chain-extending products Cy; and Cgs
(sesquiterpene alcohols), selectivity of such products
has an extreme dependence on the conversion of
geraniol. Over the 40°C diterpene alcohols CyH3,0
are formed up to 2-3%, only on the RBEA-25 and
BEA-25 catalysts at 100-150°C the formation of up
t01.0-1.5% of monocyclic diterpene alcohols
(thunbergol) and up to 0.3-0.6% of monocyclic
terpene (cembrene) is observed.

The first three ways of transformation of geraniol
are shown in the Figure 8 where structures of
isomerization, dehydration, and cyclization products

are given.
Isomerization

Ty
|

Dehydration products

oL O

A~
vhiathle
Lon

Cyclization _</:> {

Fig. 8. Isomerization, dehydration, and cyclization
of geraniol.
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On all the catalysts investigated, the selectivity of
the isomerization products (CiqH;gO-linalool, nerol,
and slightly formed cis-isogeraniol and a-terpineol)
decreases with growing geraniol conversion, but the
selectivity for the dehydration products — the terpene
hydrocarbons CigHye increases and an extreme
dependence of selectivities of trans, trans-farnesol and
C14H,,0 on the conversion of geraniol is observed
(see the Fig. 9 using RBEA-25 as an example).

80 - =O== C10H16
| = C10H150
60 4 = = C15H260
i == C14H240
40

/X\x-x—xx

Selectivity (%)

20 -

100

80

Conversion of geraniol (%)

Fig. 9. Selectivity in the geraniol conversion,
catalysed by RBEA-25, run time — 1 hour, nitrogen
atmosphere, mass of catalysts— 0.05 g, ratio of
geraniol/catalyst — 0.17 mol/g.

Similar selectivity versus conversion dependences
are observed in the case of complex parallel-
consequent reactions [19].
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Fig. 10. The effect of mass of catalyst BEA-150 on
conversion of geraniol and yield of products. Reaction
conditions: geraniol - 0.0086 mol/h (1.5 mL/h), 100 °C,

medium — N, the product C;,H;30 includes linalool,
nerol, cis-isogeraniol, and a-terpineol.

According to the results (Fig. 10), the conversion
of geraniol and the vyields of diterpene alcohols
C14H,4,0 and CysH,60 are increasing with the growth
of catalyst mass in the range 0.01- 0.07 g; under BEA-
150 at a catalyst mass of 0.07 g and 40% conversion
of geraniol, the selectivity for these diterpene alcohols
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is 55% and 27%, respectively. It is belived that
stereospecific syntheses of diterpene alcohols are
multistage processes [20], but one-stage synthesis of
these alcohols with greater yield can be successful on
the investigated micro- and micromesoporous zeolites
of the BEA type by selecting appropriate conditions.

It was shown that under the conditions studied in
the atmosphere of nitrogen or argon the character of
the transformation of geraniol is the identical.

For the temperature region above 80 °C, probably
less complicated by external diffusion, a comparison
of the activities of catalysts by the conversion of
geraniol at the same temperature and same load of
catalysts shows the following relative series of their
catalytic activity: RBEA-25> BEA-25 > RBEA-150>
BEA-150 (Fig. 11); this sequence correlates with the
values of their total acidity (ap(NHs), Table 1); the
conversion of geraniol is greater on BEA-25 and
RBEA-25 samples with higher acidity.

1001
s
= 801 —e—BEA-25
|
% 60 —0=— RBEA-25
1]
2 40 —s— BEA-150
=]
£ 50l —+—RBEA-150
g
=
~ 0 : . . .

0 40 80 120 160

Temperature ("C)
Fig. 11. Effect of reaction temperature on the conversion
of geraniol; ratio of geraniol/catalyst — 0.17 mol/g, mass
of the catalyst — 0.05 g.

With the introduction of mesopores into the
microporous zeolite and the increase of acidity of the
catalyst, the conversion of geraniol increases from
33.6 and 67.7% for the BEA-150 and RBEA-150, and
up to 99% for the RBEA-25 and BEA-25.

The selectivity of formation of terpenic
hydrocarbons CyoHqs (Fig. 12) correlates with the
acidity of the catalysts.

60-

50/ [~—BEA2s
=== RBEA-25

40+ BEA-150

30] |=e=RBEA-150

Selectivity of C10His (%)

204
10 t
ik =" «
0 20 40 60 80 100

Conversion of geraniol (%)

Fig. 12. Dependence of the selectivity of C;oH;¢ from
conversion of geraniol over catalysts; ratio of
geraniol/catalyst — 0.17 mol/g, N, atmosphere, mass of
the catalyst — 0.05 g.
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On the catalyst with the lowest acidity (BEA-150)
formation of CyyH;¢ hydrocarbons is not observed. On
BEA-25 and RBEA-25 samples with the highest
acidity (1200 pmol/g) the selectivity of CioHie
formation reaches 57%.

At low degrees of geraniol conversion there are
the following series of selectivity for linalool and
nerol: BEA-25> RBEA-25> RBEA-150> BEA-150;
this series shows that the effects of the acid factor and
pore characteristics on the selectivity are intertwined;
in particular, with the same acidity spectrum of the
BEA-25 and RBEA-25 samples, it is likely that a
large proportion of micropores in BEA-25 s
responsible for its greater selectivity for linalool and
nerol.

In the RBEA-150 and BEA-150 pairs, the high
selectivity of the former is apparently associated with
a large number of strong acid sites (138 pmol/ g) in it.
Comparing the selectivity of the micro-mesoporous
RBEA-25 and RBEA-150 with the same
characteristics of micro- and mesopores it can be seen
that the high selectivity for RBEA-25 correlates with
a large number of acid sites in RBEA-25 (1179
pmol/g) than in RBEA-150 (233 pmol/g).

D. Carbon-chain extension

Geraniol has four rotatable C — C bonds and
energetically the most favorable conformation is
“extended” when the molecule has the maximum
length and the minimum “diameter” of approx. 3.8 A
[15]. The same concerns isomers of geraniol and
acyclic products, but even for compounds with six-
membered cycles their effective diameter generally is
defined not by the size of a ring, but of the gem-
dimethyl group, so all these products can be formed in
channels of the catalyst and move freely in them. It
isn't so obvious to long-chain compounds and, in
particular, for macrocycles, and demands special
consideration.

According to obtained experimental data, catalytic
redistribution and extension of the carbon chain
results in formation of (2E,6E)-6,11-Dimethyl-2,6,10-
dodecatrien-1-ol, Cy4H,,0, and sesquiterpene alcohol
(2E,6E)-3,7,11-Trimethyl-2,6,10-dodecatrien-1-ol,
trans,trans-Farnesol, C;sHp0, from monoterpene
alcohol geraniol, which has a “head” at the methyl
group and a “tail” at the gem-dimethyl group [21] and
is freely moving in zeolite BEA channels.

At geraniol conversion up to about 20% the
selectivity for linalool and nerol are sharply reduced
and then approach zero; at the same time, competitive
reactions of formation of terpene hydrocarbons CoHi
and CyHx0O and CysHxO terpene alcohols are
enhanced. With decrease of the selectivity of linalool
and nerol the selectivity ratio of linalool/nerol
increases, for example, from 0.6 to 20-25 and more
for BEA-25 and RBEA-25. Thus the regioselectivity
is achieved by linalool, i.e. in the migration of the
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double bond in the geraniol molecule, especially in
the case of BEA-25 and RBEA-25; however, on these
catalytic systems, the yields of linalool and nerol are
low (3-12%).

Formation of sesquiterpene from monoterpene can
be presented if to assume that a cracking of
monoterpenes takes place on the used BEA-type
zeolite catalysts with formation of the isoprene units
CsHg joining to other monoterpene molecules
according to Ruzicka’s “isoprene rule”.

It is much more difficult to understand formation
of C44H,40, but this compound, most likely, doesn't
take part in further transformations, and from this
point of view it is a little interesting. On the contrary,
the trans,trans-Farnesol can be involved in further
transformations as it happens to this substance in the
nature.

In  biochemistry the trans,trans-Farnesol is
considered as the biogenetic predecessor of mono-, bi-
, and tricyclic sesquiterpenes, but such compounds
aren’t found among geraniol conversion products, but
diterpenic alcohols CyH3,0 trans,trans,trans-
Geranyl-geraniol, p-Camphorene and unidentified
isomer of trans-Geranylgeraniol are present in
reaction mixture. The possibility of obtaining of
geranylgeranirol ~ from  farnesol by allylic
rearrangement under O=W(OR)4Ligand catalysts was
shown in study [6].

The molecule of trans,trans,trans-Geranylgeraniol
has ten rotatable C — C bonds and variety of
conformations including the “extended” one with an
effective “diameter” of approx. 4 A.

In this case the diterpenic alcohols formed in
channels of the catalyst can freely pass through the
12-rings and diffuse not only in wide, but in narrow
zeolite channels, like their predecessor trans,trans-
Farnesol having seven rotatable C — C bonds.

However, staying in energetically most probable
conformations, this molecules can move only in a
wide channels, as shown in the Fig. 13.

Fig. 13. Produced long-chain molecules and zeolite
12-rings.

Compared with other zeolites, BEA has a high
density of stacking defects, which arise from the
successive interconnection of layers in the [001]
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planes, where they link either in a left- or right-
handed fashion. When a tertiary building unit in a
layer rotates over 90° around the [001] direction with
respect to the next building unit, defects, which
contain partially coordinated aluminum, are created
[22]. These stacking faults do not affect the micropore
volume, but do influence the tortuosity of the channel
along [001].

Open channels of the BEA-type zeolite have rather
big diameter for diffusion of comparatively large
molecules. Besides, the low content of aluminum in
the crystal structure leads to the fact that the number
of the compensating positively charged ions located in
channels is also small, and cation don't interfere with
penetration of organic molecules into channels.

In the transformation products of geraniol the
content of stereoisomers of sesquiterpene alcohols:
C14H240 ((2E,6E)-6,11-dimethyl- 2,6,10-dodecatrien-
1-ol) and CisH»0, trans,trans-Farnesol, ((2E,6E)-
3,7,11-Trimethyl-2,6,10-dodecatrien-1-ol), is
probably due to the presence of the chiral pore
intersections in the structure of zeolite.

With the approximately identical geraniol
conversion on samples of RBEA-25 and BEA-25 with
the highest acidity (1179 and 1200 pmol/g,
respectively), the selectivity to CisHxO and to
C14H,40 on the micro-mesoporous RBEA-25 is more
due to its larger surface area (Fig. 14).

Formation of trans,trans-isomers of sesquiterpene
alcohols Cy4H,4,0 and CysHcO from geraniol takes
place on BEA-150 and RBEA-150 samples with
selectivity of about 50 and 30%, respectively.

This catalysts are characterized by low total
acidity (180 and 233 pmol/g, respectively) and have
large fraction of mesopores (0.82 and 0.74,
respectively), the BEA-25 and RBEA-25 samples
with higher acidity (1200 and 1179 pmol/g,
respectively) demonstrate lower selectivity for
C14H2.0 and Ci5H20 (Flg 15)
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Fig. 14. The selectivity for C;5H,60 and C4H,0 versus
the conversion of geraniol on BEA-25 and RBEA-25
catalysts; ratio of geraniol/catalyst — 0.17 mol/g, N,
atmosphere, mass of catalyst — 0.05 g.
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Fig. 15. The selectivity for C;5H,60 and C4H,,0 versus
the conversion of geraniol on BEA-150 and RBEA-150
catalysts; ratio of geraniol/catalyst —0.17 mol/g, nitrogen
atmosphere, mass of catalyst — 0.05 g.
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These facts agree with the lowest dehydrating
ability of the RBEA-150 u BEA-150 samples, having
lowest selectivity of CoHy formation (see Fig. 12).

E. Macrocyclic compounds

Among products of conversion of geraniol there
are monocyclic compounds having the sizes (averaged
“diameter” of the Cy-ring 6.8 A) comparable to the
sizes of the (SiO);,-ring of catalyst (see Fig. 16).

Fig. 16. Zeolite 12-ring and the thunbergol
macrocycle.

Formation of thunbergol and its isomer isocembrol
(1R,2E,4S,7E,11E)-4-1sopropyl-1,7,11-trimethyl-

cyclotetradeca-2,7,11-trienol, CyH3,0, in zeolite
channels is possible by transformation of
trans,trans,trans-Geranylgeraniol  arranging  bond

between the C1 and C14 carbon atoms, as it was been
shown earlier in [23].

Most likely, formation of diterpenic alcohols is
followed by dehydration into cembrene (thunbergene,
(1E,3Z,6E,10E)-3,7,11-trimethyl-14-(propan-2-
yl)cyclotetradeca-1,3,6,10-tetraene, CyoHs,).

The scheme of formation of long-chain and
macrocyclic molecules is submitted in the Figure 17.

= H Thunbergol Thunbergene

CyH3,0 CyHj;

CH; CHy CH; CH;

> X X X X
g H;C . on> >
CyH3,0

trans, trans,trans-Geranylgeraniol

HO
CH,0OH

trans,trans-Farnesol

Fig. 17. Ways of geraniol transformation through farnesol into long-chain and macrocyclic molecules.

CONCLUSION

The catalytic conversion of terpene alcohols has
been studied on samples of the BEA type microporous
zeolites and on their modified micro-mesoporous
forms having transport mesopores with pore diameters
3.5 and 3.8 nm, respectively. Micro-mesoporous
catalysts have nearly identical porous structure, but
they differ by nature and strength of acid sites: low-
silicon catalysts have a high acidity, mainly due to
weak acid sites, while high-silicon catalysts have a
relatively low acidity and approximately equal
number of weak and strong acid sites. Creation of the
mesoporosity does not cause a noticeable change in
the acidity.
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Linalool transformation in inert atmosphere at 60-
170°C  proceeds many ways; reactions of
dehydratation,  cyclisation,  condensation  and
isomerization take place resulting in several products
with rather low yield, including target geraniol and
nerol (2-5%); linalool conversion is not high (4-40%).

Comparison of values of conversion and
selectivity with textural and acidic properties of
catalysts allows us to make conclusion that the
creation of mesoporosity in Beta-type catalyst leads to
significant increase in the conversion of linalool and
to slight increase in selectivity. High share of weak
acid sites in the low-silicon microporous sample
contributes to enhancement of selectivity in geranol
and nerol isomerization.
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The catalytic conversion of geraniol mainly results
in isomerization products (linalool and nerol) and in
terpene hydrocarbons CyoHig, the conversion of
geraniol increases with increasing acidity of the
catalysts. The highest selectivity of nerol formation is
46 and 64% on the low-silicon and its mesoporous
modification, respectively, at low geraniol conversion
(4-8%) and low temperature (27-40 °C). The
selectivity for terpene hydrocarbons correlates with
the total acidity of the catalysts, the selectivity of
CyoHys formation reaches 57% at 150°C on samples
with the highest acidity.

On the contrary, high-silicon catalysts with low
acidity produce such long-chain molecules as trans,
trans isomers of sesquiterpene alcohols Cy4H,,0 and
CisH,6O with selectivity of about 52 and 33% at
conversions 18-34 and 42-61% on the high-silicon
and its mesoporous modification, respectively.

Moreover, produced by one-pot method in
“zeolitic reactor” trans,trans-farnesol attaches one
more isoprene unit to form the long-chain molecule of
trans,trans,trans-geranylgeraniol which can form a
macrocycle of thunbergol C,H34O, which is
dehydrated into diterpene thunbergene CyHs;.
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Abstract. The present paper summarizes studies of hydrothermal transformation of natural zeolites analcime and phillipsite,
widespread in Georgia, in order to obtain valuable products. It is found that phase-pure zeolite NaA with Si/Al~1 can be
prepared in the form of cubic/rhombus crystallites with uniform micrometric (3-5 um) dimensions by hydrothermal
crystallization of aged at room temperature gel (4.5Na,O: 0.45Al,0;: 1SiO,: 178H,0) obtained from natural analcime,
treated with hydrochloric acid before suspending in water and mixing with sodium hydroxide. Phase-pure zeolite NaX with
Si/Al~1.5 can be prepared in the form of octahedral crystallites with uniform micrometric (2-7 um) dimensions by
hydrothermal crystallization of aged at room temperature gel (2.9Na,O: 0.26Al,05: 1SiO,: 150H,0) obtained from water
suspension of natural phillipsite, treated with hydrochloric acid and mixed with sodium hydroxide. Crystal structure of both
zeolites is testified by X-ray diffraction patterns and infra-red spectra. Synthesized zeolite NaX is characterized by specific
surface area of 589 m%g and total pore volume of 0.578 cm®/g calculated by the Brunauer-Emmett-Teller method from the
low-temperature nitrogen adsorption-desorption isotherms. Along with ordered homogeneous micropores, the obtained
zeolite NaX has a developed system of cylindrical channels with an average diameter of 55 nm (calculated by the Barrett-
Joyner-Halenda method), which opens up the prospect of its use in catalytic processes. Silver-, copper-, and zinc-containing
micro-mesoporous materials have been prepared on the basis of Georgian phillipsite using ion-exchange reactions between
zeolite and a salt of a transition metal in the solid phase followed by washing. Synthesized adsorbent-ion-exchangers are
characterized by chemical analysis and sorption data, XRD patterns, FTIR spectra, SEM images; they remain the crystal
structure and general properties of phillipsite, contain up to 230 mg/g of silver, 66 mg/g of copper, and 86 mg/g of zinc, and
show bactericidal activity towards Escherichia coli..

Keywords: analcime, phillipsite, zeolite A, zeolite X, silver-, copper-, and zinc-containing zeolites.

zeolites, and then in the Gurian range [4], zeolite

INTRODUCTION phase content in rocks differs in a range of 60-80%
Zeolites (M™n[(SiO,)(AIO,), ] WH,0, were M=Na, [5].
K, Ca, Mg, etc.) are porous crystalline Analcime belongs to minerals of tectosilicate group

aluminosilicates with open framework uniform  with zeolitic structure (crystal chemical data
structures formed from alternating SiO, and AlO,  INas(H20)16]  [Al16SizOg]-ANA,  cubic, la3d,
tetrahedrons. Application of zeolites is based on the ~ a=13.73 A [1]) with high framework density of
complex of their molecular sieve, sorption, ion  18.5T/1000 A® (T = Si or Al). The analcime
exchange and catalytic properties. Synthetic zeolites ~ framework (Figure 1) consists of singly-connected 4-
characterized by uniform and precise nano-scale rings, arranged in chains coiled around tetrad screw
porosity, molecular shape selectivity, ion-exchange  axes.
capacity, strong Brensted acidity and other beneficial
properties, find the greatest practical application

[1,2], and the hydrothermal zeolite synthesis through
transformation of natural silicates and industrial

wastes has been used due to the search for cheap

alumina and silica sources [3].

Among the zeolites known on the territory of
Georgia the sedimentary and volcanic-sedimentary
analcime is rather widespread, phillipsite-containing
Eocene rocks were discovered firstly at the northern
fringe of the Akhaltsikhe depression, along with other Fig. 1. Analcime framework viewed along [001].
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Every 4-ring is a part of three mutually
perpendicular  chains, each parallel to a
crystallographic axis. Cages, which contain the Na-
cations and water molecules, occur near where chains
interconnect, and each T-site is part of three cages.
Irregular channels are formed by highly distorted
eight-membered rings (8mR, Figure 2) and have
small entrance windows of approx. 2.6 A, and regular
channels are formed by six-membered rings (6mR)
along the [111] direction of the cubic lattice. These
narrow channels affect both the cation exchange and
dehydration/hydration behavior of analcime.

Fig. 2. Distorted 8mR viewed along [110].

The compact structure of analcime prevents the
adsorption and diffusion of molecules in the cages
and channels, therefore its use as an adsorbent or
molecular sieve is limited, analcime-rich tuffs are
known to be employed in construction as dimension
stone or as pozzolanic addition to cement and
concrete. At the same time, the analcime structure
contains 4- and 6-member ring secondary building
units [6] and may be suitable for the preparation of
zeolite A (the crystal chemical formula |Naj,
(H20)27ls  [Al12Sip048]g-LTA)  widely wused in
detergents as a water-softening builder [7] and in ion
exchange separation [8].

Zeolite phillipsite has crystal chemical formula |K;
(Ca,Nay), (Hx0)1o] [AlgSipOsp]-PHI  and s
structurally built up by layers of four- and eight-
member rings (Figure 3) forming double crankshaft
chains, the framework contains three systems of
channels parallel to a, b and ¢ : [100] 8 3.8 x 3.8* <
[010] 8 3.0 x 4.3* «> [001] 8 3.2 x 3.3*.

/Y £ /\
| Bl
= = \J
7 m 74 '

Fig. 3. Phillipsite framework viewed along [001].
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Compared with clinoptilolite, analcime and
phillipsite are not widely used, there are only some
considerations about their use for water and
wastewater treatment [9], pollution control [10] and
other environmental applications [11].

Phillipsite is structurally built up by layers of 4-
and 8-member rings forming double crankshaft
chains [6], it may be applied to obtain zeolite X
(I(Ca,Mg,Naz)29  (H20)240]  [AlsgSit340384]-FAU),
having a very widespread use in catalysis [12]

In our early research [13], it was shown that
unprocessed natural phillipsite from Shukhuti is inert
to E. coli and Staphylococcus aureus, while acid-
treated samples show high bactericidal activity,
recently we prepared silver-, copper-, and zinc-
containing bactericidal phillipsites. Pylev et al. [14]
reported on the carcinogenicity of phillipsite, but the
International Agency for Research on Cancer (IARC)
evaluated their study as inadequate [15].

EXPERIMENTAL

Raw materials. Preparation of synthetic zeolite
materials was carried out using sodium analcime
from Chachubeti with Si/Al~2 and phillipsite from
the Akhaltsikhe field with Si/Al~2 described and
characterized previously [16].

Processing of raw in target material. Zeolite-
containing rocks were crushed in the planetary micro
mill Pulverisette 7 (Fritsch Laboratory Instruments,
Idar-Oberstein, Germany) to a size less than 0.063
mm (250 BSS mesh). Analcime powder was treated
at room temperature by HCI water solution (12%)
under stirring, washed by water before the complete
disappearance of CI” ions, and dried in thermostat
oven at 100-105°C; water suspension (the solid to
liquid ratio of 1 : 3) of homogeneous amorphous
(XRD tested) material was prepared in Teflon flack;
suspension was treated at room temperature by NaOH
water solution (20%) under stirring. Phillipsite
powder was suspended in Teflon flack placed in
shaking water bath OLS 26 Aqua Pro (Grant
Instruments, Cambridge, UK) controlling temperature
at 90-95°C; suspension was processed with a 12%
hydrochloric acid solution at the rate of 5 mL per
gram of the solid raw material; activated suspension
was diluted with water and treated by adding of a
25% sodium hydroxide solution, followed by the
formation of a homogeneous gel. The molar ratios
Si0,/Al,05, Na,0O/Al,Os, and H,O/ Na,O, optimal for
obtaining zeolite A from analcime and zeolite X from
phillipsite, are given in the Table 1, as well as
duration of the gel aging at room temperature and
crystallization in temperature-controlled water bath
adjusted to prepare micrometric single crystals.
Beginning of crystallization was detected by
sampling and X-ray diffraction analyses. Separation
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of produced crystalline material was carried out by
filtration of mother solution, solid material was
cleaned by distilled water until pH 8.0-8.5, and dried
at 90-100°C.

Table 1. Optimal chemical composition of the gel, duration
of its aging and crystallization.

. Chachubeti Akhaltsikhe
Raw material - vl
analcime phillipsite
Target product structure LTA FAU
Molar ratio SiO,/Al,O4 2.2 3.8
Molar ratio Na,O/Al,O4 9.8 12
Molar ratio H,O/Na,O 40 55
Gel aging duration, hr 72 96
Beginning of
zeolitization, hr after start 30 16
Total crystallization time,
hr up to 120 up to 55

Preparation of MZs (bioactive-Metal-containing
Zeolites) by “ion exchange synthesis” was carried out
using Georgian natural phillipsite-containing tuff
rock from Shukhuti (Western Georgia) also described
in [16].

The conventional mechanical grinding of tuff to
obtain <63 pm (240 mesh) fraction leads to the
formation of a multitude of micrometric crystallites
(Figure 4a). It is easy to obtain a highly dispersed
fraction, since large crystallites (with dimensions of
about 50 pm) consist of smaller (about 5 pm) bound
together by clay minerals (Figure 4b).

Crushed and sieved rock was washed by diluted
HCI solution (0.025 N) to remove clay impurities,
and named as NPSH (natural phillipsite from
Shukhuti).
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Fig. 5. Powder XRD pattern of NPSH (a) in comparison with calculated pattern (b).

The affiliation of the zeolite phase crystal structure
to the PHI type for NPSH was confirmed by
comparing the experimental powder X-ray diffraction
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pattern (Figure 5) with the calculated one from the
Database of Zeolite Structures of the International
Zeolite Association (http://www.iza-structure.orq).
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Chemical composition of NPSH corresponds to
formula (Nay.30K2.0Cao.30M0o.25) M€ 10[ Al 50Si11.80032]
11.4H,0, Me= Y/5Fe*", 15Cu®", sMn™", etc. The Si/Al
ratio value (2.6) and relatively high sodium content
indicate the sedimentary origin of the rock; water
content is in a good accordance with accepted crystal
chemical formula [6].

Analytical grade silver nitrate AgNOs;, copper
chloride CuCl,, and zinc chloride ZnCl, were
purchased from Merck KGaA (Darmstadt, Germany)
and used without any further purification.

lon exchange was carried out as follows: powder of
zeolite NPSH and the corresponding salt were mixed
in different weight ratios (from 1:1 to 1:6) and
thoroughly grinded in an agate mortar for 5-10
minutes, depending on the cationic form and weight
ratio. The solid mixture was then transferred to a
filter and washed with distilled water until the
absence of nitrate or chlorine anions, after which the
modified samples were first dried in air and then at
100-105°C in a thermostat; samples with a maximum
silver content are labeled as AgPSH (silver-
containing phillipsite), with a maximum copper and
zinc content called CuPSH (copper-containing
phillipsite) and ZnPSH (zinc-containing phillipsite),
respectively.

Characterization. Chemical composition of
samples was determined by elemental and energy
dispersive X-ray (EDS) analysis. The crystalline
phase was identified by powder X-ray diffraction
(XRD) patterns obtained from a Dron-4 X-ray
diffractometer (Russia) employing the Cu-K, line (A
=0.154056 nm), scanning in the 20 range of 5° to 50°
with a speed of 1°/min. Fourier transform infrared
spectra (FTIR) were collected by a 10.4.2 FTIR
spectrometer (Perkin-Elmer, UK) over the range of
400-4000 cm ™ with a resolution of 2 cm ™ using the
KBr pellet technique for sample preparation. The
morphology was observed by scanning electron
microscope JSM6510LV (Jeol, Japan) equipped with
X-Max 20 analyzer (Oxford Instruments, UK) for
EDS. Nitrogen adsorption-desorption isotherms were
measured at 77 K using an ASAP 2020 Plus analyzer
(Micromeritics, Norcross, GA, USA), after
evacuation of the samples at 350°C during 2 hours;
water adsorption capacity was measured under static
conditions.

Metal release and antibacterial activity. The
determination of the amount of metals released from
MZs in normal salina solution (9 g of NaCl in 1 L of
deionized water) was carried out under static
conditions in a thermostatic bath (Grant Instruments
OLS26 Aqua Pro) at a temperature of 37 + 0.1 °C,
without stirring or shaking. Sampling for analysis was
carried out after 1, 3, 6 and 24 hours after loading 0.1
gram of zeolite in 100 ml of salina.

The antibacterial activity of NPSH and MZs was
tested against Gram-negative bacteria Escherichia
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coli. Before testing the antibacterial activity, all dry
zeolite products were sterilized at 70°C for 2 hours in
a dry sterilizer. No microbial contamination of the
prepared samples was found.

Luria Bertani (LB) medium sterilized by
autoclaving (121°C, 15 min) prior to the antibacterial
activity tests was used as a growing medium, bacteria
were grown aerobically in LB broth at 37°C for 12
hours, the culture was centrifuged twice (10,000
rpm), and the cells were washed and suspended in
distilled water. 1 cm® of the prepared biomass
suspension of approximately 10" colony-forming
units (CFU) per cm® was inoculated into the Schott’s
bottles with 100 cm® of autoclaved saline, and zeolite
samples in a concentration of 0.1 g/100 cm?® were
added. The bottles were incubated in a thermostatic
water bath with shaking at 105 rpm for 24 hours at
3740.1°C. The number of viable cells was determined
taking 0.1 mL of water + bacteria + zeolite mixture at
the beginning of the experiment, after 1 hour (the lag
phase of bacterial growth), and after 3, 6, and 24
hours (the stationary phase). The aliquots were
diluted in distilled water, spread on LB agar plates
and incubated at 37°C for 24 hours. Bacterial
colonies were counted using microscope.

Bacteriostatic properties of natural and modified
zeolite samples were determined by the disk diffusion
(Kirby-Bauer) method in standard conditions using
the culture of E.coli grown on Mueller—Hinton agar
medium at 37°C for overnight and placed (10° CFU/
cm®) on Mueller—Hinton agar (3 mm deep) poured
into 100 mm Petri dishes. 0.2 g of zeolite in the form
of pellets with 8 mm in diameter was placed into the
plates. The plates were incubated at 37°C over 5%
CO, medium and, finally, the width of inhibition zone
of each sample in the plates was measured at the end
of the first day.

All experiments on antibacterial activity of NPSH
and MZs were done in triplicate. The values obtained
were averaged to give the final data with standard
deviations.

RESULTS & DISCUSSION

Chemical composition and XRD of synthetic
zeolites. The chemical composition of material,
obtained from analcime, is described by the empirical
formula Nay 2525)(K,2Ca,2Mg)o.7¢1) (Al11.95(25)Si12.3(3)
0O45)'18H,0, and is in a good accordance with crystal
chemical formula of the LTA structure. There is only
a small “lack” of the Al atoms (Si/Al=1.03+0.025),
samples of zeolite A obtained from kaolin usually
have Si/Al values from 1.15 [17,18] to 1.3 [19].
According to the data of the elemental and EDS
analysis, counted on 384 oxygen atoms and 192 T-
atoms in the unit cell, the empirical formula of the
phillipsite  recrystallization  product can be
represented as  [Naggs [Meliog  (H20)24800)
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(Al7g3)Si1144)0381) (Me = K, '4Ca, 2Mg, ~Cu and Unambiguous assignment of peaks in the XRD
15Zn, the latter is unevenly distributed). Compared to patterns of compounds obtained from analcime
the crystal chemical formula of FAU [6] with (Figure 6) and from phillipsite (Figure 7), confirms
(AlsgSi340384) and (H,0)240, the resulting compound the receipt of the target products, zeolites NaA and
has elevated aluminum content with about the same NaX, respectively.

number of crystallization water molecules.
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Fig. 6. Assignment of powder XRD pattern of the analcime recrystallization product to the LTA structure and
corresponding Miller indices (hkl)
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Fig. 7. Assignment of powder XRD pattern of the phillipsite recrystallization product to the FAU structure and
corresponding Miller indices (hkl)

FTIR characterization of synthetic zeolites. The
mid infra red peak patterns in FTIR spectra (Figure
8) testify formation of zeolite structure in both cases.
The band of the internal deformation vibration modes
of T-O-T bridges and the band of the internal
vibration of T-O symmetric stretching have little
influence from the Si/Al ratio: absorption peaks are at
465 and 663 cm * for zeolite NaA, and at 461 and 668
cm® for zeolitt NaX, respectively. The band
associated with the asymmetric external vibration of

Transmittance, %

3467
1008

double 4-rings is more sensitive to the Si/Al ratio: . . ,
552 cm™ for zeolite NaA, and 562 cm* for zeolite B s S
Nax' avenumber, cm

Fig. 3. FTIR spectra of obtained zeolites NaA and NaX.
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The band of valence T-O-T vibrations gives
resolved peak at 752 cm* only for zeolite NaX. The
internal vibration of T-O asymmetric stretching gives
peak at 1008 cm * for the NaA sample, for zeolite
NaX it is shifted to the lower wavenumbers (976 cm™
1) due to higher silicon content [23]. In both spectra,
bands are observed at ~1650 and ~3470cm*
corresponding to the presence of H,O and hydroxyls,
respectively. The observed FTIR bands are in good
agreement with those reported for both zeolites [21],
further proving the successful synthesis of zeolite
NaA from analcime and NaX from phillipsite.

Optimal  conditions and  parameters  of
transformation. Obtaining of zeolite NaX from a gel
with molar ratio SiO,/Al,0; = 3.8 corresponds to
preparation of a single phase NaX zeolite from
sodium silicate and sodium aluminate with the
SiO,/Al,0; molar ratio of 1.5-4.0 [22]. The use of
pure chemicals leads to development of the NaA at
SiO,/Al,O;=1.0 in addition to the NaX, and
generation of a single phase NaA at SiO,/Al,0; = 0.5.
However, the use of natural precursors leads to other
results, the synthesis of zeolite X from coal fly ash
was carried out at SiO,/Al,O; = 5, and zeolite A at
SiO,/AlL,0; = 1.67 [21], so that the preparation of
zeolite NaA by recrystallization of analcime at
SiO,/Al,05 = 2.2 and large molar ratio Na,O/Al,O5 is
understandable. The optimal conditions for the
recrystallization of the phillipsite in zeolite Na-X are
2.9Na,0/Si0, and ~50H,0/Na,O. The same zeolite
was synthesized from the coal fly ash at lower

sodium content, 2.2Na,0O/SiO,, compensated by
comparatively low dilution, ~40H,0/Na,O [21],
synthesis of zeolite X from diatomite was carried out
in conditions of slightly higher sodium content
(3.0Na,0O/SiO;) and  lower dilution factor,
40H,0/Na,0O [20]. As can be seen, the crystal
structure of phillipsite PHI [6] has a rather low
framework ~density  (15.8T/1000A%, and high
alkalinity is not needed for its transformation.

Aging also plays an important role in the nucleation
of amorphous gel. In the study, out of considerations
of energy saving, the room temperature was chosen
for aging the gel and the optimum crystallization
temperature was selected below the boiling point of
water, eliminating the need for an autoclave and
conducting  the  process of  hydrothermal
crystallization in a water bath. Of course, this led to a
significant increase in the duration of aging, from
about six to ten hours to several days, but this saves
more than 100 Joules per gram of the reaction
mixture.

Sorption properties. The N, adsorption-desorption
plot at 77 K for the prepared zeolite NaX (Figure 9)
up to relative pressure p/p,~0.92 corresponds to
typical Langmuir isotherm attributed to the filling of
micropores. The specific surface area calculated by
the Brunauer-Emmett-Teller (BET) method is 589
m?g, the total pore volume is 0.578 cm®g, the
volume of micropores with a diameter of less than 8
A i50.301 cm¥/g.

3504

300

3

Quantity adsorbed, cm'/g

250
2004
—+ Adsortion
1504 '

100

501

0

¥ oA G SO o

PO

O -

- Desorption |t
bt

00 02

0.6 0.8 ' 10

Relative pressure, p/p,

Fig. 9. N, adsorption-desorption isotherms on NaX

Type H; narrow hysteresis loop, corresponding to
the filling of well defined cylindrical channels [24], is

observed at high relative pressures (from 0.925 to
0.999). Average channel diameter calculated by the
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Barrett-Joyner-Halenda (BJH) method is 55 nm, and
a specific volume of channels is 0.277 cm®g,
constituting ~48% of the total adsorption capacity of
the zeolite.

The LTA structure has small pores (0.41 nm)
comparable with the kinetic diameter of N, (0.364
nm), therefore, the BET surface area of the
synthesized NaA sample was not measured; water
adsorption capacity of micropores (p/po=0.40) is up to
0.24 cm®/g and is consistent with most of the reports
on phase-pure zeolite NaA.

Morphology of synthetic zeolites. In general,
more than 92% of NaA crystallites have uniform size
of 3 — 5 pum and cubic or rhombus morphology
(Figire 10, left), and more than 95% of NaX
crystallites have octahedral habit and uniform size of
2 — 7 um (Figire 10, right). In the process of
crystallization, a small amount (<2-3wt.%) of

spherical or ellipsoidal nano (0.1 — 0.25 um)
crystallites is also formed, long crystallization results
in micrometric crystals combined into honeycomb-
like structure through nanocrystal bridges.

Fig. 10. SEM images (x2,700) of zeolite NaA (left) and zeolite NaX (right)

Metal-containing  zeolites  (MZs) are
promising for environmental protection and
medical application. Different studies have
demonstrated effectiveness of zeolites for removal of
heavy metals from aqueous waste [25, 26]. Besides,
started at the beginning of the 21% century and
continuing to this day, studies showed that natural
and synthetic zeolites exchanged by ions of silver,
copper, zinc, or some other transition metals exhibit
antimicrobial activity toward a broad range of
microorganisms  [27-36], and silver-containing
zeolites are characterized by the most powerful
antibacterial activity [36-39]. In general, silver is
considered as antibacterial agent with well-known
mode of action, bacterial resistance against silver is
well described [40], similarities and differences
between silver ions and silver in nanoforms as
antibacterial agents were discussed recently [41].

Along with medical use, application of MZs is
helpful in the remediation of hazardous heavy metal-
polluted soils [42] or in the purification of industrial
wastewater [43], in such cases it is necessary to
provide the sorption material with bactericidal
properties in order to prevent the growth of
microorganisms on its surface. It is believed that the
porous zeolite structure enables metal cations to
move freely from the lattice to the environment, and
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this seems to be responsible for their activity toward
microorganisms [44], and zeolites not containing
transition metals (silver, copper, zinc, mercury,
cadmium, chromium, and lead) are not active [31,
45], but it has recently been established that in some
cases the antibacterial activity could be attributed to
the MZ itself [36, 46]. In the preparation of MZs by
ion exchange, synthetic zeolites A, X, and Y, as well
as cheap natural clinoptilolite of different origin have
been used, a list of these works is given in our recent
publication [36].

The purpose of the study to develop a fast, eco-
friendly method for producing silver-, copper-, and
zinc-containing MZs from natural phillipsite
characterized by relatively high ion exchange
capacity.

Chemical composition of natural phillipsite and its
modified forms with a maximum silver, copper or
zinc content are listed in the Table 2 in terms of the
empirical formulas

X(M;NayK CagMgcMe)[ALSiyO3,] nH,0,
where Me" ion corresponds to the impurity metals,

M= Ag®, %Cu?, or %Zn? and deviations are given
in parentheses.
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Table 2. Chemical composition of phillipsites.

Sample NP AgP CuP ZnP
a (Y%sa for Cu and Zn) 0 0.76(4) 0.400(16) 0.41(15)
0.289(14) 0.0022(1) 0.0484(9) 0.0023(1)
c 0.444(24) 0.018(2) 0.0386(8) 0.077(5)
d 0.067(3) 0.056(3) 0.028(3) 0.017(2)
e 0.056(3) 0.045(3) 0.026(4) 0.028(4)
f 0.044(3) 0.013(1) 0.033(2) 0.011(1)
yIx=Si/Al 2.62(16) 2.52(15) 2.60(16) 2.64(16)
n 11.4(6) 14.2(8) 14.3(8) 15.6(9)
atb+ct+2d+2e+f 1.02(6) 1.01(6) 1.03(7) 1.02(6)
Table 3. Content of transition metals in different zeolites after ion exchange
Zeolite / Metal Ag (mmol/g) Cu (mmol/g) Zn (mmol/g)
Shukhuti phillipsite 2.14 1.04 1.30
Calculated [37] 1.85 1.21 1.03
Natural clinoptilolite [33] 0.82
Zlatokop clinoptilolite [31] 0.410 0.225
Semnan zeolitic tuff [35] 0.24 0.28 0.24
Synthetic Linde 4A [35] 0.27 0.27 0.28
Synthetic faujasite [47] 0.14

According to the elemental analysis data, when
silver, copper, and zinc ions are introduced into the
phillipsite crystal lattice, monovalent potassium and
sodium ions are mainly displaced. Degree of
replacement is quite high, the obtained modified
forms contain a large amount of transition metals —
up to 230 mg/g (2.14 mmol per 1 g of zeolite) of
silver in the AgPSH sample, up to 66 mg/g (~1 mmol
per 1 g of zeolite) of copper in the CuPSH sample,
and up to 86 mg/g (~1.3 mmol per 1 g of zeolite) of
zinc in the ZnPSH sample. In Table 3, obtained
results are compared with the maximum possible
content of silver, copper, and zinc calculated from
ion-exchange isotherms measured on natural
clinoptilolite from Gordes, Turkey [37], and with
the literature data for clinoptilolites and synthetic
zeolites.

It is obvious that phillipsite is a more promising
carrier of silver and zinc than natural clinoptilolite.
The low content of transition metals in synthetic
zeolites is not surprising. Zeolite Linde 4A (crystal
chemical formula |Najx(H20),7]g [Al12Si12048]s-LTA)
was designed for water softening, it is characterized
by high aluminum content and is considered as an
ideal ion exchanger, but this is true only for reactions
with participation of the alkali and alkali earth metals
2Na'—Ca’*(Mg?), the exchange of monovalent
sodium, potassium and silver ions with cumulating of
Ag" in crystal lattice is unlikely, as is the exchange of
sodium or potassium with a strongly hydrated copper
or zinc ion. Faujasite (crystal chemical formula
I(Ca,MgNaz)29 (H20)240 [AlsgSi1340384]- FAU) is a
weak ion-exchanger; besides, faujasite usually
contains a lot of calcium and magnesium, which
hardly enter into an exchange with ions in solution.

Silver ions Ag" quite easily enter the microporous
structure of phillipsite, the introduction of copper
Cu?* and zinc Zn®* ions requires an increased amount
of salt and a longer contact with the surface of the
zeolite. This can probably be explained by a slight
difference in the hydration character of the ions
entering the pores of the zeolite. So, an “isolated”
silver ion Ag* (radius 0.115 nm) is larger than Cu®*
and zZn* ions (radii 0.073 and 0.074 nm,
respectively), but the hydrated silver(l) ion contains
four water molecules (Ag(H,0),") in a linearly
distorted tetrahedron configuration, whereas the
hydrated copper(Il) and zinc(ll) ions contain six
water molecules (M(H,0)s*") and have regular
octahedral configuration [48].

Crystal structure of MZs. lon exchange reactions
do not change the crystal structure of the zeolite, this
is confirmed both by the powder X-ray diffraction
patterns and IR spectra of the modified samples:
characteristic peaks remain in XRD patterns, only
their intensities change, as shown in the Table 4, and
no notable changes were observed in the IR spectra of
the modified phillipsites as compared with the
vibration bands of raw zeolitic mineral (Table 5),
only the intensity of the broad band at 3200 — 3700
cm* corresponding to the asymmetric stretching of
OH group is increased due to the larger number of
water molecules in the samples containing silver,
copper, and zinc.

The ratio of the absorbance of asymmetric
stretching vibration of the external tetrahedron with
frequency vgs,m to the absorbance of internal bending
vibration with frequency & was used for the
evaluation of the IR spectra data for natural and
modified Mexican zeolite [28]; for a mixture of
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clinoptilolite-heulandite and corresponding MZs, this
ratio varies from 1.34 to 1.64, but for phillipsite NP
and its modifications, this ratio varies only slightly
from 1.75 to 1.82. A narrow absorption band at 1385
cm* typical for NO stretching vibrations in nitro

compounds was observed in IR spectra of
insufficiently washed silver-enriched phillipsite, this
effect can be used to monitor the purity of silver-
containing samples.

Table 4. Miller indices (hkl), 2@ angles and relative intensities in powder XRD patterns of natural and modified phillipsites.

HkI 20 () NPSH AgPSH CuPSH ZnPSH
-101 10.9 <10 <10 12 <10
001 12.3 56 <15 43 73
011 13.8 23 35 30 18
120 16.5 <10 <10 23 45
021 17.5 18 28
-201 18.0 36 24 38 35
-211 19.0 <10. <10. 15 <10
111 215 36 24
-112 21.6 15 59 28 61
-221 21.8 <10 <10 14 <10
140 27.2 35 33 37 40
022+041 27.9 100 100 100 100
-311 28.5 53 42 40 37
-321 30.5 <10 32 30 28
102 32.4 46 40 35 <15
112+150 33.0 48 36 27 23
—223 334 16 <10 <10 16
Table 5. The IR vibration bands (cm™) in FTIR spectra of phillipsites
Type of vibration / Sample NPSH AgPSH CuPSH ZnPSH
Asymmetric stretching of OH group 3436* 3530* 3440* 3570*
Bending vibration of H-OH 1647 1652 1636 1651
Bending vibration of bridging —-OH-O— 1520* 1495* 1448 1463*
Internal asymmetric stretching 1200** 1100** 1100**
External asymmetric stretching (vasym) 1030 1031 1033 1034
External symmetric stretching 760** 825 785 790**
Internal symmetric stretching 694 698 689 696
External tetrahedrons double ring vibration 606; 536 608; 536 592; 524 594; 532
Internal tetrahedrons bending vibration () 444 440 444 442
Absorbance (vasym)/ absorbance (3) 1.82 1.80 1.78 1.75
* — maximum of broad peak; ** — shoulder at broad peak
Sorption properties of MXs. The nitrogen Some changes are observed for adsorption
adsorption-desorption isotherms on natural phillipsite isotherms of MZs at low relative pressures
(Figure 11) and MZs demonstrate a hysteresis loop (0.05<p/pp<0.25), wunder conditions of filling

with a jump at p/p,= 0.4-0.5 indicating the presence
of mesopores including slit-shaped pores in non-rigid
aggregates of particles (Hs type hysteresis loop) and
possibly well defined cylindrical pore channels (H;
type hysteresis). Average pore diameter of
mesopores, calculated by the Barrett-Joyner-Halenda
metod using adsorption and desorption isotherm, is
22.0 and 54.4 nm, respectively.
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micropores. However, the pore sizes in phillipsite
crystal structure are close to the kinetic diameter of
N, (3.64 A), and the Brunauer-Emmett-Teller method
cannot be used to estimate the surface area and
volume of micropores: despite the formal suitability
of this method up to p/pe<0.2, it gives an average
pore diameter over 15 nm, typical for mesopores and
not for micropores.
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Fig. 11. N, adsorption-desorption isotherms on NPSH.
Table 6. The water adsorption capacity of phillipsites.
Water adsorption (mm?/g) NP AgP CuP ZnP
In micropores (p/py=0.4) 130+6 100+5 120+8 118+6
Total (p/pe=1.0) 285+15 282+12 286+18 290+15

Room temperature water adsorption capacity
(Table 6) at the “plateau” pressure (p/pe=0.40) is 7.25
mmol/g or 0.130 cm®/g, and is 46% of the total water
adsorption capacity 0.285 cm®/g, which is close to the
total pore volume 0.278 cm?/g, determined from the
low-temperature N, adsorption- desorption isotherms.

The total pore volume within the experimental error
is preserved; the volume of micropores in the MZs
available for the adsorption of water molecules
decreases, especially for the silver-containing sample
AgP. Apparently, transition metal ions, when
introduced into the zeolite structure, at least partially
retain their hydration shell, effectively reducing the
free micropore volume.

T ! ‘/ !

Morphology of MXs. In general, the procedure of
ion-exchange synthesis leads to a significant increase
in the dispersion of the material, the size of the
largest crystallites does not exceed 20 pm for AgPSH
(Figure 12a) and 30 um for ZnPSH (Figure 13a) and
CuPSH. Compared with the natural phillipsite, the
proportion of crystallites smaller than 2 um is
increased, especially for the AgPSH sample (Figure
12b). The silver- and copper- containing crystals are
sufficiently isolated, whereas the aggregation of zinc-
containing crystallites (Figure 13b) is preserved to a
greater degree, like in the natural phillipsite.

Figure 12. SEM images with magnification 1000 (a) and 5500 (b) of AgP
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Release of metal ions from MXs. The amount of

silver ions released after 6 hours (Table 7) Table 7. The leaching of metals (mg/L) from modified
corresponds to concentration of 0.067 mM, which is phi"iPSiteg ,
higher than the minimal inhibitory concentration lons Agfrom | Cu™from | Zn™ from
(MIC) value for silver ions toward E. coli, 3.996 mg AgP Cup ZnP
Ag in dm® [49] or 0.037 mM. On the contrary, the In 1 hour <5 <5 5.2+1.2
amount of copper and zinc ions released after 24 In 3 hours <5 8.542.5 12.742.5
hours corresponds to concentration of 0.45 and 0.5 In 6 hours 7.2+1.5 16.243.2 23.045.5
: ' ) In24 hours | 20.644.5 28.74+4.5 32.446.6
mM, respectively, lower than MIC value for copper
and zinc ions toward E. coli, 1 mM [50].
Table 8. The change in the relative number of viable cells of E. coli in time
Sample NP AgP CuP ZnP
At the beginning 100 100 100 100
After 1 hr 102.5+4.2 72.0+4.1 85.0+5.0 93.2+6.5
After 3 hr 98.3+3.5 23.6+2.8 42.0£2.5 51.6+4.7
After 6 hr 99.6:+4.5 0 12.0+£2.0 30.4+2.2
After 24 hr 100.5+4.8 0 0 0

Table 9. Bacteriostatic properties of NP and MZs against E. coli

Sample

Diameter of inhibition zone (mm)

Petri dish with E. coli only (check)

0 — confluent growth

Petri dish with E. coli and NP

0 — confluent growth

Petri dish with E. coli and AgP 18.6+0.7
Petri dish with E. coli and CugP 15.7+1.0
Petri dish with E. coli and ZnP 16.3£0.9

Bactericidal activity of MZs. Table 8 shows the
relative number of viable cells of E. coli suspended in
water after their contact with natural and modified
phillipsites in relation to the number of cells at the
beginning of the experiment.

Taking into account the leaching of bioactive
metals and their comparison with the values of the
minimal inhibitory concentrations, we can conclude
that the antibacterial activity of CuPSH and ZnPSH
could be ascribed to the metal- containing zeolite M-
Z itself and not to the leached metal ions. The silver-
containing zeolite AgPSH also exhibits a certain
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antibacterial activity even before the concentration of
ions in the solution reaches the MIC value, and its
bactericidal effect could be ascribed not only to
released Ag” ions but also to AgPSH itself.

The total number of bacteria in bottles with NPSH
was not significantly different than in the
corresponding controls, showing that natural and
modified phillipsite had no antibacterial activity
itself.

Bacteriostatic activity of MZs. Results of the
Kirby-Bauer test are given in the Table 9. No
antibacterial action was observed for the original
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phillipsite. The width of the inhibition zones of the
antibacterial metal-exchanged forms AgPSH, CuPSH,
and ZnPSH is of the same order of magnitude as for
silver-, copper, and zinc-containing clinoptilolite-rich
mineral from Gordes, Turkey, Western Anatolia [37],
and exceed diameter of inhibition zones reported for
copper-containing clinoptilolite from the “Holinskoe”
mineral deposit, Russia, Republic of Buryatia [43].
Environmental Aspect. Modern production of
drugs must comply with environmental standards and
principles. The use of synthetic and natural zeolites
for the production of carriers of medicinal metals

meets the conditions of wasteless production in
relation to the main raw materials and reagents, but
the consumption of associated materials is rather
high. The Sheldon’s factor E, the ratio of the mass of
waste per mass of product [51], is an important
environmental and green chemistry metrics, and its
reduction is an urgent task. Table 10 presents data on
the consumption of liquid materials for various
methods of ion-exchange production of MZs.
Information about the required quantities of zeolites,
reagents and solutions have been obtained from
recent publications [31], [33], [35], and [47].

Table 10. Waste generated in the production of one gram of MZs and Sheldon’s factor E

Liquid waste (mL)
lon exchange method Salt solution Water E
Solid state on phillipsite - 500 500
In solution on synthetic zeolite >400 300 >700
One-step in solution on clinoptilolite >500 300 >800
Two-step in solution on clinoptilolite >1000 600 >1600

Data on the amount spent on washing the target
products by distilled water, as a rule, are not given in
publications. In accordance with our experience [52],
washing of one gram of product filtered from a
solution needs at least 300 mL of water, and washing
after a “dry” ion exchange requires at least 500 mL.
Solid waste such as zeolites, reagents, packaging and
other consumables were not taken into account. The
findings suggest that the solid-state “dry” method is
preferable to the “wet” method of the ion exchange in
solution.

CONCLUSIONS

Thus, it is found that phase-pure zeolite NaA with
chemical composition (Nai.25¢25) (K,%Ca,sMg)o.72)
(Al11.95(25)Si12.33)048).18H20) can be prepared in the
form of cubic/rhombus crystallites with uniform
micrometric (3-5 pwm) dimensions by hydrothermal
crystallization (95°C) of aged (72 hr) at room
temperature gel (4.5Na,O: 0.45Al,05:  1SiO,:
178H,0) obtained from natural analcime, treated with
hydrochloric acid before suspending in water and
mixing with sodium hydroxide. Phase-pure zeolite
NaX (INass(3) [K,%:Ca,sM g, 2Cu, 2Zn]12(2)
(H20)248010)| (Al78(3)Si1144)Os384)) with specific surface
area of 589 m2/g and total pore volume of 0.578
cms/g can be prepared in the form of octahedral
crystallites with uniform micrometric (2-7 pm)
dimensions by hydrothermal crystallization (95°C) of
aged (96 hr) at room temperature gel (2.9Na,O:
0.26Al,05: 1SiO,: 150H,0) obtained from water
suspension of natural phillipsite, treated with
hydrochloric acid and mixed with sodium hydroxide.
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Zeolite NaX is characterized by high specific surface
area (589 m*g) and volume of pores (0.578 cm?/g)
including uniform zeolitic micropores and cylindrical
channels with an average diameter of 55 nm.

The resulting zeolites NaA and NaX in their
characteristics are competitive with commercially
available materials..

As a result of the conducted research on the ion-
exchange synthesis, it was established that solid-state
ion-exchange reactions between Georgian natural
phillipsite and salt of corresponding transition metal
followed by washing results in zeolite materials with
a significantly higher content of silver (up to 230
mg/g), copper (up to 66 mg/g), and zinc (up to 86
mg/g), rather than obtained by ion exchange in

solutions on synthetic zeolites and natural
clinoptilolite.
lon exchange reactions do not change the

microporous crystal structure of the zeolite, this is
confirmed by the powder X-ray diffraction patterns
and FTIR spectra of the modified samples. Isotherms
of nitrogen adsorption-desorption and  water
adsorption capacity indicate preservation of total pore
volume and system of mesopores including
cylindrical pore channels with average diameter of 22
nm and slit-shaped pores in non-rigid aggregates of
particles (over 50 nm); SEM images show that the
procedure of dry ion- exchange synthesis leads to an
increase in the dispersion of the material. The
introduction of hydrated silver, copper, and zinc ions
into the channels and pores of the zeolite is facilitated
by the developed system of macro- and mesopores in
the used natural phillipsite.
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Synthesized adsorbent-ion-exchangers  show
bactericidal activity towards Escherichia coli.
According to the changes in the relative number of
viable cells of bacteria contacting with zeolites and
the data on leaching of metals from modified zeolites
compared to the minimal inhibitory concentration
(MIC) values for corresponding ions toward E. coli,
the silver-containing zeolite exhibits a certain
antibacterial activity even before the concentration of
ions in the solution reaches the MIC value, and its
bactericidal effect could be ascribed not only to
released Ag” ions but also to Ag-phillipsite itself; the
copper- and zinc-containing zeolites emit a small
amount of ions (up to 0.5MIC) and their activity is
entirely attributed to Cu-phillipsite and Zn-phillipsite
themselves. Strong bacteriostatic activity of modified
zeolites was established by the Kirby-Bauer test.

The resulting MZs have sorption and bactericidal
properties, sufficient for their use in the purification
and disinfection of water. The bactericidal activity of
the modified materials themselves requires further
detailed study of their surface properties.
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6obomdy. FoMBmoygboen BsdMH™MITo Fgxs090990s bdoMM3IWMTI0 BIOMME Q93O (3IXIIMo  dMbgdmoz0
(39@0mg00L (565¢n3030Ls S BoEo3LoEOL) 30EOHMMIMHTWO s 0MEIOTIMEIWOMO JoMEoddbgdol 3393900
5Q0Q00dM030 By gMeEol Lsgwdzgwby LoMgdMEo 3GMmEYYIEIdoL Jorgdol dobbom.

50dmBgbo0s, H®MI FsbMMms Lygms NaA #Hodob 39me0m0, Lowr035GMo dmEreom Si/Al~1, ghmyzsmMm3s60
90360mIg@OHMo (3-5 830) 399MMm0 s MM 3MOLEHIOEHIOOL Lobom, 00Mgds FoM0EBzo30L [Yserblbs@do
§0bobHo® 938539090 dBadMO30 SBoen3000Lssb, dolo LLdgbomgdom, bos@G®momdol 3oM™ILoEmb
9969300, 3mIMq60Bs300L 890980 d0JOMO 5d0b-bowo3sEMMo 3gwol (4.5Na,0: 0.45Al,05: 1SiO,:
178H,0) mmsbol ¢933965¢ Moy bobyMdmrogo sdgmgdom ©s 398ymdo 30MHMmIMIMNWo 3G0LE0BsE00
abom. BB Lyygms NaX GHodob (39meomo, bowozs@®o dmEeom  Si/Al~1.5, gOhmy3zsGMm3s60
0036009 @Oo (2-7 939) MgdBGogedOvmo 3M0LEW0GJO0L Lsbom, doorgds 3693030 Bowodlo@ol fywosbo
Lb396B0o0bogsb, dobo Tgsg3mEo 83539800, GHvYBILosd FgMg30L 99 FoEgdo s IBYIMYOIMEO
390l (2.9Na;0:0,26Al,03: 1Si0,:150H,0) 306mmg®dwyeo 3MHobEswoBszool abom. mMmogg Godol 3gmeomol
360LGHOMOHO0  LAHOYIGHMOS  OIBGHOIPIMWos  BY6GHHIBMYMTJPom ©s 0bgGmsfomgwo  13gdGHGmgdoo.
domgdmemo NaX Go3ob 3gmeomo  bsbosmEgds Jowswo b3gM®omo HgsdoMmol gosdmmdoom (589 0%y,
245005695600090005 0MHBs9gM-9993)-9ergMol 3900E0m sbm@ob >LMOBE05-EILMOBIE00L
@505 3HJ3GOIGHMOMO 0DMMIHIGOOL edMybgd0m) S BMMIBOL dmEYEmdom (0,578 1% p); JOHMNYZGMZb,
9fglB0goME  BINWOMVIH BMOPMID ghmo NaX GHodol gmEomdo 0oL 30wob®vmo  sMHbgdol
(bodMoEm 039GO0 55 b3, A9MMZE0E0s BMYEH-XM0BIM-35¢9bsl FgMEOm) 35630M5MPdMEo LobiEgds.
50 GbM0g, dolo gs8mygbgds 3g@s® 39ML39dGH0M0s 35BN 3G 39lgddo.

3963bwob, L3owghdobs s Mool F38(339¢0 FIMWOMYIMHO BoLoErgdO F0IOMos LadsMm3gEml dmbgdcmoz0
3003L03JO0EH Ys® Bobsdo Fodobsty 0mbIodmizomo  MHY5d30900l  aBom. FowgdMwo  Jobogrgdo
bsL0sMYPOMWOos JodoMo sBoEroBols s LMMBO30MO ASBMIZIBOL FgEIAJO0m, 3MgM3g M9bGHIEMwo
©OBMJGHMYMIJP0m,  0bgMsfomgmo  L3gdBHemgdoms  ©s g BHOMb-G03mHmizm3Mwo  LMemgdOm.
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Abstract. The ion exchange for NaX zeolite was studied and the degree of substitution of the Na ion for one and two-
valency cations was determined. The substitution of the Na ion in the starting NaX zeolite on the monovalent cation is within
the range of 55-81 mass. %, and a two-valency in the range of 62-94 mass. %. In zeolite there are about 60 mol. % of the
excess cation needed to compensate for the negative charge of the tetrahedron. The cube-octahedron can change its spatial
geometry depending on the ion exchange cation and form an elementary lattice. The adsorption properties of ion exchange
forms of zeolites on the example of hydrocarbons Cg - Cg have been studied. It was shown that xylene isomers adsorbed
differently depending on the ion exchange cation. The ion exchange cation affects the adsorption volume and changes the

energy field.

Keywords: synthetic zeolites, silicate module, adsorption, cube octahedron, ion exchange, thermographic analysis.

Introduction

A group of aluminosilicate minerals of the crystalline
form of a frame structure - zeolites have been known
for a long time, but when in 1948 Barrer RM [1]
published a method for their synthesis, and in 1959,
Linde's researchers developed a technology for the
industrial production of zeolites of type A and X, an
interest in them in the scientific environment has
grown dramatically. At the same time, in Kiev at the
Institute of Physical Chemistry of the Academy of
Sciences of the USSR in the laboratory of Neimark 1.
E., a technologically simpler way of obtaining
synthetic zeolites of type A, X, Y, L was developed.
Within a short period of time, many articles about the
structure, properties and technological use of zeolites
appeared in the scientific literature [2,3]. Dubinin M.
M, having analyzed the available at that time work on
the chemical composition of zeolites of type A and X,
and the data of X-ray diffraction analysis, came to the
same conclusion as other authors, namely that
zeolites of type A, X, Y, L are constructed from
structural elements - cube octahedrons, formed of 24
elemental structural units of aluminum oxide AIlO,
and silicon dioxide SiO, tetrahedron [4]. The negative
oxygen valence is compensated by the ion exchange
cation. All this system is thermodynamic equilibrium,
but the rate of equilibrium is very small and
practically no equilibrium occurs in the synthesis
process. As a result, the compound and structure of
zeolites depends on many factors. The crystalline
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structure of zeolites is described in the monograph [5]
and is based on the laws of crystallography.

In particular, the structure of synthetic zeolites of
type A, X, Y, L. was studied in detail. Depending on
the association between cube octahedrons, different
types of zeolites are formed. However, the position of
the ion exchange cation in the zeolite is not clearly
identified, various publications indicate different
locations where it can be found. However, when the
zeolite is dehydrated, it is not possible to determine
the location of the cation.

The purpose of this work was to study the effect of
the size of the ion exchange cation on the structure of
the X-type zeolite, depending on its adsorption
properties.

EXPERIMENTAL

For the study, an industrial sample of crystalline
zeolite NaX-296 was taken. lon exchange was carried
out by repeated treatment (5-7 times) of crystalline
zeolite NaX 1N solution of chloride or nitrate of a
replacement cation at pH 8-10. For each treatment of
zeolite, the volume of solution was taken, which
includes 5 times more ion-exchange cation than in the
sample of NaX zeolite. Treatment of zeolite was
carried out at room temperature for 5-8 hours using
vibration mixing. After that, the sample was washed
with distilled water in the absence of chlorine ions,
dried in a drying cabinet at 383 K, burned in a muffle
cabinet at 673 K for three hours and stored in a
sealed container.

For each ion-exchange form of zeolite, the
chemical composition and degree of substitution of
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the Na ion for other cations were determined. The
degree of substitution is within the range of 55 - 95%.
(Table 1a). In Table 1la and Table 1b, the sample
numbers were taken so that the serial number was
simultaneously the number of the sample of the ion-
exchange form of the zeolite of type X. This series
begins with the initial sample of zeolite NaX-296,
and further sequential numbers 2 and 3 are given to
ion-exchange forms with monovalent cations, and

exchange, the whole system can become labile before
changing the silicate module (SiO./Al,O5) (Table 1b).
In general, zeolites in the ion exchange process keep
a silicate module. According to the established model
of cube octahedron, the silicate modulus is a discrete
quantity (Table 2).

Table 1b. Characteristics of synthetic zeolites
such as fagasite.

starting from 4 numbers - samples with bivalent 7S T A| oy [ yyos | EXcess [ MO/ [ Unuti | SiOJ/
cations from Be to Ba with increasing radius of ion N — ' 3 ion | ALo, | lized | AlOs
exchange cation from 0,0314 to 0,1395 nm. 0 Naz:O/ | excha | "o’ | ion mol/
Al,O; nge mol exchan mol
Table 1a. Characteristics of synthetic zeolites ':T‘]?)'I’ e cation
such as fagasite. mol % mol
S. Zeoli Deg Chemical composition, v 1 |26 |74 1,00 64,9 2,49
No te ree % mass. 2 |26 [74] 099 641 | 060 0,99 2,49
of [ Na,O [ MeO | SiO; | AlO; 3 [ 27 73] 1,00 649 | 0,78 27,8 2,49
Subs 4 3070 0,98 620 | 0,69 13,0 2,50
titu 5 | 24 |76 | 099 643 | 076 | 245 | 248
tion 6 | 26 | 74 | 1,08 645 | 0,76 | 255 2,49
1 Ngé 19,80 407 13250 1 1,00 | ™7726 74 | 099 | 639 | 060 | 099 | 249
G O N S 0 N L X
3 KX 807 [ 412 | 21,60 [ 4420 [ 30,08 | 108 | 453070 [ 1oL %8 1 077 6.9 551
4 BeX | 624 | 685 | 595 | 520 | 352 [092 | |7 55 (45 | 105 740 | 081 325 263
5 [ znX [ 780 | 458 [ 1880 [ 4550 [ 3112 [ 105 | 555 (75 | 100 646 | 093 536 249
6 | Cox [ 674 | 663 [ 1535 | 4640 | 3162 [ 103 | 313 (82 | 0098 621 | 068 123 245
7 | Mgx [ 572 | 811 | 811 | 4980 | 3398 | 096 | 1253 [ 77 [ 0.99 642 | 077 26.9 247
8 FeX 69,6 | 6,05 | 1540 [ 46,50 | 32,05 [ 1,01
9 | CdX | 79,7 | 464 [ 2680 | 41,40 | 27,16 | 1,16 . .
10 Cd,X 82,2 410 27,00 | 41,10 | 27,80 | 1,17 Table 2. The magnltude of the silicate module
11 | caX | 756 | 4,77 | 13,80 [ 48,30 | 31,13 | 0,99 SIOZ/A|203 of the adopted cube octahedron model
12 | srX 948 | 1,16 [ 27,50 [ 42,40 [ 28,94 | 1,12 Number of atoms SiO,/AlLO;
13 | BaX | 79,6 | 503 | 28,10 | 39,50 | 27,37 | 1,24 No S Al mol/mol
14 | BaX | 852 | 3,67 | 3090 [ 3880 | 26,53 | 1,25
1 8 16 0,5894
The coefficient v (Table 1a) is the conversion 2 10 14 0,8420
factor of mass of ion exchange forms of zeolite in 3 12 12 1,1788
order to maintain a constant amount of elementary g ij 1(1) }223;
lattices that were in the initial sample of zeolite NaX. 5 5 9 19646
The crystallinity of samples of ion-exchange forms 7 16 8 2.3576
of type X zeolite was checked by powder X-ray 3 17 7 28628
diffraction method. All samples retain a crystalline 9 18 6 3,5360
form, except for the ion-exchange form of FeX, 10 19 5 4,4800
where a partial destruction of the crystalline structure 11 20 4 5,8940
takes place. 1§ gé g 182,29562600
- - 1 ,
A thermographic analysis was performed for all 14 53 i 571178

samples of ion-exchange forms of type X zeolite, and
it was observed that ion-exchange forms with
monovalent cations have two exothermics within
1073-1173 K and 1173-1273 K, and for samples with
bivalent cations, the first exothermic practically
disappears.

RESULTS

In the work of Smith JV. [5] has been
demonstrated that, in the process of ion exchange in
zeolite there is a reorganization of the main block
(cube octahedron) and the bonds between them,
which leads to some changes in the adsorption
volume of the elementary lattice. In the process of ion
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For for the initial sample of NaX zeolite, according
to the chemical composition, the silicate module is
2.49, while it should be equal to 2.36 or 2.86. This is
explained by the fact that the part of aluminate or
silicate can be found in pores of zeolite [4]. Since the
process is equilibrium, some aluminates and silicates
have not been used, remain outside the structure of
the cube octahedron and are removed at washing
(Table 1b). This system is similar to systems that
follow normal (Gaussian) distribution. In elementary
lattices of the crystalline structure of zeolite, there
will be cube octahedrons with different Si/Al ratios,
as well as a certain number of cube octahedrons, in
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which this ratio will be varied. For the adopted
model, the distribution is based on two closest
indicators of SiO,/Al,O3 and the predominant number
of cube octahedrons is determined by the ratio of
atoms of Al to Si in percent (Table 1b). In the initial
sample of zeolite, NaX-296 predominately include
cube octahedrons (74%), which have 8 Al atoms and
16 Si atoms, and cube octahedrons (26%), which
have 7 Al atoms and 17 Si atoms (Table 1b),
calculated on two values of the ratio SiO,/Al,O3
(Table 1b). Usually, such sample includes a whole
spectrum of cube octahedrons, which correspond to
different ratios of Al atoms to Si atoms. According to
the crystallochemical study and the accepted model
of the crystalline lattice of type X zeolite, the ratio of
SiO,/Al,05 should not change with ion exchange, as
evidenced by experimental data (Table 1b).

Significant impact on the crystalline structure of
zeolite has the geometric shape of the cube
octahedron, which in turn depends on the nature of
the ion exchange cation, as also mentioned in [6]. To
compensate for a negative charge in an aluminum
oxide tetrahedron, one monovalent cation is required.
In the initial sample of NaX zeolite, such a cation is
Na" and therefore the molar ratio of Na,O/Al,O3 will
be 0.608. By chemical composition (Table 1b), the
molar ratio Na,O/Al,Os is approximately equal to one
that exceeds the Na,O content by 64-65 mol. %. This
state shows that at each cube octahedron there must
be a certain amount of ion exchange cation in the
aqueous solution and it is practically the same for
each ion-exchange form of zeolite. In the process of
ion exchange in the solution there was a significant
surplus of cation, which replaces Na*. After washing
in zeolite there was partially a cation that replaced
Na®, but the value of this residue depends on the
nature of the cation (Table 1b). The exceptions are
cations Li and Mg, which are practically absent in a
liquid that surrounds the cube octahedron. Such
cations as Sr require 53.6 mol. % in the solution from
that contained in the cube octahedron, Ca - 32.5 mol.
%, and K - 27.8 mol. %. Their values are determined
from the chemical composition of the ion exchange
forms of zeolites by dividing the value of the molar
ratio MO/ALO, for each sample (Table 1b) to the
Na,O/AlL,O; molar ratio in the NaX zeolite sample,
which is equal to 0.608.

Modern methods allow to determine the location of
ion exchange cations, but it is not known which ones

those who compensate a negative charge in an
aluminum oxide tetrahedr or those that are in an
aqueous medium to maintain equilibrium. After
dehydration, the cation that maintains the equilibrium
must somewhere join the cube octahedron and
additionally affect the volumetric shape of the cube
octahedron and, as a result, the entire crystalline
structure of the zeolite sample of this ion-exchange
form. A certain explanation can give a definition of
their adsorption properties: the adsorption volume
and energy adsorption volume.

Adsorption properties of ion-exchange forms of
zeolites of type X were studied with the maximum
possible filling of adsorption volume of zeolites. This
is the easiest way to carry out adsorption with isobars
at atmospheric pressure. The processing was carried
out with the help of the theory of volume filling of
the micropore [7]. The adsorption isobars were
determined by a dynamic method in the range of
temperatures 423-623 K and atmospheric pressure
with increasing temperature, and then at its decrease
(Figure 1). All isobars of type X zeolite ion-exchange
forms have similar appearance (Figure 1), with the
exception of BeX for which the isobar form is close
to the straight line. A special shape has isobar for the
sample FeX, a curve similar to isobar obtained on
silica gel (Figure 1). The values of the adsorption
capacity of zeolites at certain temperatures are given
in Table 3.

Table 3. Adsorption capacity of zeolites at atmospheric
pressure in kg-10°/kg-10~° of dehydrated sample

S. T= T =473K T=
N 423 523
0 K K

Ben Tol Mesi n- n- n- Ben

zene u tylen Hexa He Nona zene

ene e n p n
tan

1 178 176 187 123 143 152
2 129 129 134 92,5 103 111
3 129 127 131 89,5 102 109
4 66,8 | 53,2 97,6 38,6 41,2 65,5 36,2
5 125 119 136 78,1 90,7 106 102
6 94,0 | 90,6 94,6 59,2 73,9 72,6 72,1
7 138 133 146 87,7 95,3 105 114
8 32,7 | 29,2 46,0 17,7 19,2 17,5
9 96,5 | 97,8 94,4 67,4 77,8 78,6
10 106 100 110 75,0 90,0 90,1
11 183 165 199 114 120 134 156
12 138 121 132 81,9 91,8 102 118
13 130 123 125 83,2 99,1 109
14 | 621 | 571 62,9 43,5 44,7 50,8 53,5
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473 523
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373 423 473 523 5V3 623
Temperature

Fig.1 Isobar adsorption on
a). NaX , b). FeX

0 - benzene, O - toluene,

The analysis of the data presented in Table 3 shows
that the value of adsorption of aromatic hydrocarbon
exceeds the value of adsorption of n-paraffin
hydrocarbon and is in the range of 30 to 60%. This is
due to the significant component of the polar
interaction between the polarity of the adsorption
space of zeolite and the ability to polarize aromatic
hydrocarbons. lon-exchange forms of zeolite of type
X differ in this constituent and, unfortunately, do not
have a clear dependence on the size of the ion
exchange cation. Such a lack of a clear dependence
indicates that the ion exchange cation has an effect on
the shape of the cubo octahedron, which forms the
crystalline structure of the zeolite.

For processing of experimental data one of the
modifications of the thermal adsorption equation has

been used:
2
W, A
a=—-exp|—
v* B Eo

1)
where: a — the amount of adsorption;
V* - volume of 1 millimol of adsorbate;

f3 - coefficient of affinity;

A - structural coefficient;

Eo - energy interaction determined by a number of
factors.

2
In  coordinates (T-Ig%} and Ig(a-v*) a

straight-line dependence is obtained, from which the

A - mesitylene, v - n-hexane, x - n-heptane, e - n-nonane

boundary adsorption volume W, (m-lO’leg-10’3)

and the energy characteristic E (4,18-J/mol ) are
determined (Table 4). For ion-exchange forms CoX,
CdX and CaX at adsorption of benzene in the
temperature range 473 - 523 K, on the straight lines
there is a marked fracture indicating changing the
form of stacking the molecules, or breaking the
structure of the crystalline system.

Additional information for an understanding of the
structure of the adsorption volume W, in ion

exchange forms of zeolite will give a study of the
energy characteristics of E of adsorption volume
through the adsorption of binary systems on an
example of hydrocarbons.

Table 4. Parameters of microporous structure of

zeolites
Zeo n-Hexan Benzene
-lite
| E, | 1 E, En
Wo W Wo

NaxX | 0,24 | 4124 | 0,23 0,22 3071 3294
-296

LiX 0,16 2470 0,19 3310

KX 0,19 2771 0,15 3007

ZnX 0,17 1500 0,16 2411

CoX | 0,12 2028 0,12 0,13 1695 3207
MgX | 0,18 1983 0,13 2323
CdX; | 0,15 1803 0,14 0,14 2067 2887
CdX, | 0,13 1998 0,12 2346

CaX | 0,23 3163 0,24 0,24 2641 2992
SrX 0,17 1551 0,18 2926
BaX; | 0,17 1907 0,17 2566
BaX, | 0,08 2623 0,08 2102

44



39099 G9e0gdodz30a0l BoYOZIH0 ©S aBgsbryemo Jodool obldodeIHol dtmdgéo 2019
Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

To study the adsorption of binary systems, aromatic
and n-paraffinic hydrocarbons with the same number
of carbon atoms and close boiling points were taken:
benzene-n-hexane, toluene-n-heptane and mesitylene-
n-nonane. The determination was carried out by a
dynamic method at different temperatures and
atmospheric pressure. The obtained results are
presented in the coordinates of x and y; x - the
concentration of aromatic hydrocarbon in the
equilibrium steam phase and y - the concentration of
it in the adsorbed phase (Figure 2).

This dependence is described by the equation of
equilibrium for the binary system:

y X
——=k— (2
l1-y 1-x @)
where 1-x and 1-y - the concentration of n-

paraffin component.
If we take into account Dubinin's assumption [7],
that the adsorbed layer has the same density as the

Compasition of sorbate

L
o0 0.2 0.4 0,6 0.8 1.0
Compasiticn of aqulibrium vapor phase

o0 L

08T

=
o
4

=2
™

Composition of sorbate

B
X

liquid, and Mayer and Prausnitz that is obeys Raoult's
law, then the equation will have the following form:
y — Pls i jl X (3)
1-y P'-j,-(1-x)
where B, P, - elasticity of vapor at the
experimental temperature;
j1, J2 - coefficients of activity in the adsorbed state.

Further transformations have shown that the initial
equation of equilibrium can be written as follows:

Y _ . X
ﬂ - kl kz (1—_X) (4)

S
where k; :% (from the law of Raoul) ,k, - the
1
magnitude of the polar component.

As can be seen from Figure 2, the adsorption
equilibrium curves are not symmetric, but steeply rise
up at low concentrations of aromatic hydrocarbons in
the equilibrium steam phase.

Compasilion of sorbate

0.0 0.2 0.4 0,6 0.8 1.0
Compasition of equlibrium vapor phase

)

0.0
0.0 0.2

0,4

0.6 0.8 1.0

Coampasition of equlibrium vapaor phase

Fig.2. Adsorption equilibrium curves:
a). toluene-n-heptane on: o - NaX, A- LiX, x-KX
b). benzene- n-hexane on: 0 - CaX, x - MgX, A -CoX, 0 -ZnX
c). benzene-n- hexane on: 0 - BaX, A - BeX, 0 -SrX
toluene-n-heptane on A - BeX, W - SrX.
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Table 5. The values of the absorption equilibrium
coefficients of the binary system

S. Benzene-n-hexane Toluene-n-heptane
No | 0,05 | 0,10 | 0,20 | 0,40 | 0,05 | 0,10 | 0,20 | 0,40
1 160 | 150 | 145 | 138 | 150 | 140 | 130 | 122
2 | 230 | 220 | 215 | 220 | 220 | 200 | 195 | 198
3 135 | 130 | 119 | 120 | 125 | 120 | 119 | 108
4 1104 )83 | 70 | 60 | 35 | 34 | 32 | 32
5 | 223|175 | 146 | 152 | 324 | 250 | 20,2 | 19,3
6 20,6 | 16,7 | 14,6 | 11,6 | 29,7 | 25,6 | 20,2 | 21,6
7 | 353|263 203|185 | 378|285 | 225 | 21,6
8 1,8 1,8 19 19
9 170 | 16,5 | 150 | 141
10 | 26,0 | 25,0 | 245 | 22,0 | 23,0 | 229 | 22,3 | 19,2
11 | 80,2 | 656 | 66,0 | 385 | 929 | 86,5 | 850 | 484
12 | 386 | 319 | 324 | 285 | 455 | 384 | 355 | 28,6
13 60,2 | 50,0 | 52,1 | 49,1
14 | 232 | 41,0 | 46,0 | 285 | 45,0 | 38,0 | 321 | 310

This shows that in the adsorption volume of zeolite,
a high energy field can induce a dipole moment in
hydrocarbons having fixed C-C bonds: aromatic,
unsaturated, and the like. Table 5 shows the values of
adsorption  equilibrium coefficients for various
concentrations of aromatic hydrocarbons in the
equilibrium steam phase.

Available data show that, with increasing
concentration of aromatic hydrocarbon, the
adsorption equilibrium coefficient in the binary
system decreases. For ion-exchange forms of zeolite
with monovalent ions, the adsorption equilibrium
coefficient decreases within 0-20%, moreover it

Lo
[

=
o
1

a)

=
=

Composition of sorbate

=
[N]

D.ﬂ 'l i 'l L
0,0 0.2 0.4 0,6 0.8
Composition of equlibrium vapor phase

1.0

decreases with an increase in the radius of the ion.
For samples of ion-exchange forms of zeolites with
bivalent cations, the adsorption equilibrium
coefficients also decrease with an increase in the
concentration of aromatic hydrocarbons in the
equilibrium steam phase. But the decrease is not the
same and not commensurate with the ionic radius of
the cation. Thus, a sample of BeX with the smallest
radius of the ion (Be*? = 0.0314 nm) has the form of
isobar similar to zeolites, and the equilibrium
coefficient in the binary system is similar to that of
silica gel [8]. The form of isobars and the adsorption
equilibrium coefficient of the iron-exchange like form
are similar to those of silica gel, although the
chemical composition corresponds to zeolite. Zeolite
CaX, in which the adsorption equilibrium coefficient
(k) is approximately two times smaller than the NaX
sample, is sensitive to the concentration of aromatic
hydrocarbons in the equilibrium binary steam phase
(Table 5).

Of particular interest is the mutually competitive
adsorption of two aromatic hydrocarbons: toluene-
benzene and each of the aromatic hydrocarbons Cg in
pairs with toluene (Figure 3).

Quantitative evaluation of these systems is more
convenient to display through the value of the
coefficient of adsorption equilibrium for binary
systems (k). Aromatic hydrocarbon with a higher
molecular weight is adsorbed more strongly, but this
advantage is negligible.

=
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™
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b)

Composition of sorbate
=
-9

=
[X]

'l L 'l 'l
0.2 0.4 0,6 0.8
Composition of equlibrium vapor phase

0,0
0.0
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Fig.3. Curves of the adsorption equilibrium of binary systems
on zeolites: a). NaX, b) — CaX.
0 - toluene-benzene, x - ethylbenzene-toluene,
- o-xylol-toluene, 00 - m-xylol-toluene, v - p-xylol-toluene

From the analysis of the adsorption properties of
aromatic binary systems data on ion-exchange forms
of zeolites of type X, zeolite samples with
monovalent and bivalent cations give a slight
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advantage to an aromatic hydrocarbon with a higher
molecular weight. But this advantage manifests itself
differently: for samples with monovalent cations, it
increases with an increase in the size of the ion, and
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for samples with divalent cations, it does not have a
clear dependence on the size of the ion.

This law should be considered from the standpoint
of equilibrium equation (4), in which the equilibrium
coefficient consists of two parts; k;, which is
determined by the molecular mass and the polar
component k,. If the adsorbate-adsorbent (k,) is
allocated from the total coefficient of equilibrium,
then it can be noted that for the ethylbenzene-toluene
system, this coefficient is less than unity and its value
for different ion-exchange forms is different (Table
6).

Table 6. The polar component of the adsorbate-
adsorbent interaction k, (formula 2)

S. | Toluene Ethyl p-Xylol | m-Xylol | o-Xylol
No | -benzene | benzene | -toluene | -toluene | -toluene
-toluene
1 0,700 0,815 0,690 0,706 0,727
2 0,682 0,647 0,674 0,706 0,725
3 0,739 0,902 0,762 0,737 1,010
4 0,710
5 0,630 0,654 0,795 0,990 0,810
6 0,393 0,382 0,551 0,871 0,320
7 0,653 0,625 0,762 0,893 0,669
8 0,710
9/ 0,653 0,654 0,939 0,737 1,135
10 0,805 0,659 0,674 1,375 1,620
11 0,588 0,474 0,900 1,375 1.245
12 0,474
13 0,842
14 0,653 0,578 0,762 0,737 0,669

Similar values were obtained for the system: p-
xylol - toluene. While for m-xylol - toluene on
adsorbents such as Cd,X and CaX (samples No. 10,
11), the coefficient k, is greater than unity (Table 6).
Something similar is also for the o-xylol-toluene
system for samples KX, Cd;X, Cd,X, CaX (samples
No. 3, 9-11). The polarization is influenced by the
magnitude of the energy field, which contains an
aromatic hydrocarbon, its molecular weight and a
separately steric factor - entropy. These factors
depend on the structure of the adsorption capacity Wy
of the elementary lattice, which changes its shape and
even volume when ion exchange. The molecules of
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benzene and toluene of similar shape have a smaller
critical size than xylene isomers.

CONCLUSION

Thus, the adsorption equilibrium of binary systems
indicates that various ion-exchange forms have their
energy field due to the structure of the adsorption
space, which is quantitatively determined by the
coefficient of the polar component (k,). The ion
exchange cation affects the form of adsorption
volume and changes the energy field.

The cube octahedrons does not have a spherical
shape and can change its spatial structure depending
on the nature of the ion exchange cation.
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Actions of factors caused by lightning on historical and cultural
monuments and the possibilities of their prevention on the
example of Abuli fortress
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Politkovskaya str., 0186, Thilisi, Georgia,
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Abstract. Among the natural and anthropogenic factors affecting historical and cultural monuments of particular interest are
the damages caused by lightning, which are still not well studied. Due to the fact that lightings are very common for the
region, it is very important to study the historical and cultural monuments located here.

As a subject of research, we propose the Abuli megalithic fortress and the place of a former settlement located in the south of
Georgian highland. The climatic conditions of this region, as well as the structure and composition of construction materials
were studied (using physical-chemical methods of research). Damage to the fortress caused by lightings has been established
and procedures have been proposed to prevent it. Such approach can be used in any region of the world, where there is a
danger of damage from lightings in order to protect cultural heritage sites.

Keywords: Abuli fortress, lightning, ecology, megalithic monument, the south of Georgian highland, lighting conductor.

to 110-10* km? (at 14-20 am) [2]. Changes in
INTRODUCTION lightning strikes are associated with global climate
Historical and cultural monuments are an essential ~ changes. In particular, according to NASA (National
part of world civilization, so the care, protection and  Aeronautics and Space Research), the number of
preservation of these monuments for future lightning on earth has increased 100 times in the last
generations are an important and responsible task. decade [2].
Damage to monuments is mainly due to natural and The southern part of the highland of south
anthropogenic factors [1]. In general, these factors Georgia, covering an area of 5,700 km?, is the most
equally affect the monuments in every part of the dangerous in terms of lightnings in Georgia. In some
world, although the location of the monument is of  years the number of days with lightning was 95-96.
great importance. Mountain slopes oriented towards humid air
Lightning is a frequent event in Georgia. masses is characterized by the largest number of days
Therefore, damages caused by lightning is very with lightning. At this time, dynamic turbulence
important for some regions of Georgia. The study of increases and the upward flow on the mountainside
lightning processes has always been relevant in our forms an additional impulse powerful convection
country. The period of regular meteorological processes that enhance lightning [2,3].
observations of atmospheric conditions in Georgia is An increase in the number of days with lightning
counting 100 years. is observed up to 2400-2600 m height. Above this
Lightning is a dangerous phenomenon of nature. It height, the effect of lightning decreases, which is
negatively affects human life and wildlife. As a result ~ associated with a decrease in air temperature. There
of a lightning strike, people are dying, agricultural are two periods with maximum lightning days in
objects, cultural and historical monuments, airplanes,  Georgia: one in June-July and the second in August.
oil and gas pipelines are being destroyed, radio The minimum daily lightning hours throughout
communications and electricity supply are interrupted, ~ Georgia is 6-12 hours. The maximum duration occurs
forests are burnt by fire etc. On average, a lightning  in the second half of the day. The maximum duration
strike on earth occurs 8 million times a day. The of lightning is 140-1250 hours. This value is observed
corresponding area varies from 40 - 10* km? (at 4 am)  in the mountainous region of southern Georgia [4].
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Lightning is especially dangerous in the
mountains. A lightning strike is associated with a
landscape. It is known that the edges and peaks of the
mountains attract and accumulate a charge of
lightning. Any bulge on the mountainside is most
likely a place for a lightning strike. It should be noted
that the lightning current is very dangerous and not
well studied. When the lightning strikes the top of a
mountain, the forming current looks for a path with
minimal resistance and goes to the surface of the
rocks, penetrates into cracks.

Therefore, all these places during a lightning are
dangerous to humans [6].

To determine the probability of lightning
processes on the southern slopes of this region,
observations of 7 meteorological stations for 60 years
were analyzed. It turned out that compared with other
areas of this region the probability of lightning is very
high. The probability of days with lightning varied
from 0.27 to 0.61, and in the case of the maximum
number of days with lightning - from 0.37 to 0.75.
Thus, there are favorable conditions for the formation
of lightning processes, and therefore from this point of
view the above mentioned region appears to be
especially dangerous.

Megalithic cultures are the common name of
archaeological cultures, which covers the Eneolithic
and Bronze Age (in some cases, the Neolithic period,
too). They are found in almost every region of the
world (except Australia). Characteristic monuments of
these cultures are: Dolmen, Mengir, Krommbhel,
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Abuli fortress

Fig. 1. The annual distribution of lightning on the territory of Georgia [8].

Kvakuti (The tomb is made of stone tiles) and stone-
covered corridors [7].

EXPERIMENTAL

Megalithic ~ monuments in  Georgia are
distinguished by their scale, monumentality and
versatile purpose. They had both residential and
defensive, as well as religious functions [8]. Due to
their uniqueness, these monuments have acquired
international significance from both historical and
scientific points of view. In addition, monuments are
of great importance for the development of tourism in
our country.

Subject of our interest - megalithic monument -
cyclopean fortress of Abuli located in the southern
mountainous region of Georgia - historical province
Javakheti, on the southern slopes of small Abuli
mountain, at an altitude of 1670 m above sea level.

The monument is large and quite well preserved. It
consists of a fence, an inner fortress and dwellings
built to its walls from inside. The height of the dry
ground walls in some places reaches 5 m, the width is
3 m. The “Inner castle” occupies an area of about
40x60 m. The inner fortress from outside is
surrounded by rooms and caches in the form of
terraces, which had a stone roofing [9,10].
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RESULTS

As mentioned above, the monument is located on
the southern slopes of the South Caucasus Mountains.
These places are characterized by frequent lightning
strikes, which damages the monument. During
lightning strikes, stone tiles are crumbling - they are
broken. Therefore, most of the monument is a cluster
of broken stones. A lightning strike is also dangerous
for visitors - tourists and interested people. Therefore,
creating a relatively safe environment for people is
important.

The southern slopes of the small Abuli, where the
fortress is located, are covered with moraines of
volcanic origin. Builders used these stones during
construction. The construction material looks
homogenous, although dark pink, light pink and gray
tones stand out. A petrographic study of stones has
shown that construction material is andesite and in
some cases pyroxene. The main material is the
mineral plagioclase, rarely monoclinic pyroxene and
amphibole. Secondary mineral is chlorite and
carbonate.

Mineral structure is porphyrial, with the main
mass of microlite. Texture is fluidal.

Rock is mainly represented by volcanic glass,
middle plagioclase, chlorite and ore mineral.
Percentage of pyroxene and amphibole is small and in
total - less than 5%.

The plagioclase is found in the form of thin and
elongated idiomorphic and sometimes - xenomorphic
grains. Rarely it is represented in the form of
porphyrial buildups. Its size varies from 0.01 mm to
0.8 mm.

Pyroxene and amphibole are found in the form of
xenomorphic grains ranging in size from 0.08 mm to
1 mm. Pyroxene is mainly in the form of rounded
buildups. Amphibole is in the form of individual
rounded and opacities grains.

Chlorite is formed on the basis of volcanic glass
pyroxene and amphibole. It occupies the vacant space
between the grains. The mineral of the ore is probably
represented by pyrite-pyrotin.

The study of construction stones (gray, dark pink
and light pink samples) of Abuli fortress using X-ray
diffractometer and infrared spectroscopy methods
showed that the structure of the main minerals is
identical. It consists of the mineral anorthite, but there
is the existence of other minerals (pyroxene,
amphibole, chlorite, pyrite, pyrocin, etc.). The various
contents in these minerals of iron, magnesium and
aluminum determine minor structural changes. This
causes the visual difference between the stones and
the different intensity or complete absence of some
frequency lines in the IR spectra. For example, in all
three spectra, the bands at 543, 584 cm?,
corresponding to Al, Mg, Fe — O bonds have different
intensities, and the spectrum band at 384 cm™, which
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is fixed in a dark pink sample, corresponds to the
bond of the compound of iron and sulfur [11,12].

Examination of samples by X-ray diffraction
analysis confirmed the results of IR spectroscopy. X-
ray diffractogram of all three samples with Cuy,
emission were taken. X-ray fluorescence spectrum
were taken using the Soler method with an anode of
the BSM-19 tube receiver. Monochromator: graphite
monocrystal with (002) plane.

The different intensity and shape of the x-ray
diffractogram peaks in the range (29-45)A indicate a
change in the concentration of cations in the anorthite
mineral from C to K and vice versa. In addition, the
X-ray fluorescence spectrum showed a certain amount
of iron in the mineral composition. It is interesting to
note that the mineral also contains strontium.

CONCLUSION

Thus, the damage of Abuli megalithic fortress
caused by lightning processes is caused not only by
the location of the fortress, but also by the
composition of construction materials. In order to
avoid damage to the fortress caused by lightning
processes and to protect tourists and scientists visiting
the monument, it is necessary to install lightning
arresters on the monument, as it is done around the
world.
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Influence of composites from zeolitic tuffs and coal industry
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Luba Eprikashvili'*, Marine Zautashvili*, Teimuraz Kordzakhia', Maia
Dzagania', Nino Pirtskhalava®, Giorgi Antia’

! lv.Javakhishvili Thilisi State University; P.Melikishvili Institute of Physical and Organic Chemistry, (31
A.Politkovskaya str., 0186, Thilisi, Georgia)
*E-mail luba.eprikashvili@tsu.ge and phone number +995599565612

Abstract. The paper presents materials on the study of the effect of the complex fertilizer zeolite + brown coal on the
development of a test plant (barley). The aim of the work was to study the possibility of improving the agrochemical and
biological properties of the soil under the influence of complex fertilizer, the assessment of expediency and its long-term
operation. Brown coal (Akhaltsikhe deposit, Georgia) and natural zeolite - clinoptilolite of sedimentary origin (Tedzami
deposit, Handaki, Georgia) modified with potassium and ammonium ions were used as a source of organic matter for
complex fertilizer.

The experiment was carried out on meadow-brown soil type, with a weakly alkaline reaction of an aqueous solution (pH
=7.3-7.9), in vegetation vessels, in five variants, each in three replications.

The assessment of the feasibility of using the developed substrate in plant growing and the possibility of its long-term
operation was determined by the ratio of dry biomass of plants grown in the first crop to the biomass of plants grown in
subsequent crops (respectively, second, third, etc.). An increase in this indicator (index) indicates a depletion of soil fertility,
in our case, a substrate during its operation, and a decrease indicates, on the contrary, an increase in fertility. The following
biometric indicators were also determined: germination energy (GE), relative germination energy (RGE), germination (GC),
relative seed germination (RSGS). The greatest increase in germination and germination energy occurs when using zeolites
modified with potassium and ammonium cations and brown coal during the third sowing.

Among the promising techniques that increase yields and quality of crop production are the composites proposed in the
work (zeolite + brown coal) that can stimulate physiological and biological processes during the germination of grain crops,
which increases the resistance of emerging plants to environmental stress factors and directly affects on economically useful
traits and productivity of cultivated crops.

Keywords: zeolite, brown coal, humic substances, germination energy, germination capacity, modification of the zeolite
with ammonium and potassium cations.

as humic fertilizers, stands out [4]. The content of

INTRODUCTION humus in the soil is important not only for its fertility
To solve the problem of providing the [5].
population with food, one of the most important Humus contains up to 99% of soil nitrogen, 60%

points is to increase the yield of ecologically safe  of phosphorus, up to 80% of sulfur and other trace
agricultural products and to develop new alternative  elements. But these nutrients are inaccessible to plants
methods for improving soil fertility [1,2]. The and they become food for them only after
preservation and improvement of soil fertility, the  decomposition, when carbon dioxide, which is the
improvement of the supply of plants with mineral source of their air supply, is released. Humic
nutrition elements, which are the basis for obtaining  substances affect the plant directly or indirectly.
high stable yields, are associated with scientifically ~Under the influence of humic substances, the
based systems for the use of mineral and organic  permeability of cell membranes changes, the activity
fertilizers. The growth and development of the plantis  of many enzymes, respiration, synthesis of proteins
subject to the laws of Shelford Laws of Tolerance. and carbohydrates increase. They have a positive
According to the first law, the plant grows and effect on the mineral nutrition of plants, water
develops until the deficient factor is sufficient. exchange, increasing the content of chlorophyll, the
According to the second law, the excess of any factor  productivity of photosynthesis and transpiration. All
can adversely affect the plant or the soil. The results  this ultimately leads to increased growth, increased
of studies of increasing the yield of agricultural yield, accelerated ripening and improved product
products by introducing organo-zeolite fertilizers into  quality. The indirect effect is associated with the
the soil [3] are known. Among organic fertilizers, a  improvement of the water-physical properties of the
group of organic substances of natural origin, known  soil, the activation of microflora, the effect on the
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migration of nutrients, the increase in the utilization
rate of mineral fertilizers, the binding of toxic agents
(pesticides, herbicides, heavy metals, etc.). Along
with this, humic substances have a direct deep and
diverse effect on plant growth processes, i.e. regulate
them [6].

The practice of using humic preparations
obtained from brown coal in plant cultivation, and
numerous comparative studies [7] indicate that humic
substances from brown coal are similar in their
properties to soil humic acids, at least in terms of
participation in the soil-forming process and in a
stimulating effect on plant growth and development.
Humic substances have the property of binding toxic
substances, such as heavy metal salts, radionuclides,
aromatic hydrocarbons and other compounds that
appear in the process of industrial and other human
activities, which is their main protective or
environmental property. The ecology polluters
connected in this way are “preserved” and do not
enter the organisms of living beings and humans [8].
The highest content of humic substances is in brown
coal, peat and sapropel.

Coal deposits are an almost unlimited source of
humic substances, which is a unique product that
plays a key role in the formation and functioning of
the soil and can be used to solve many agricultural
and environmental problems.

Zeolites are an extensive group of minerals,
which is the sixth in the stratosphere in terms of
prevalence and mass, after feldspars, quartz, mica,
clay minerals and carbonates. Out of all (more than
30) the mineral zeolites known in nature, only a few
meet the requirements for practical use, in particular,
they form large, almost monomineral concentrations
and at the same time, have corresponding useful
properties: high adsorption capacity, cationic capacity
and acid- and heat resistance [9]. Zeolites are
nanoporous crystalline solids and have a frame
structure with alumina-silicon-oxygen base. Zeolites
that are currently of practical importance include
clinoptilolite, mordenite, and shabazit.

Clinoptilolite tuffs have an exchange capacity of
about 2 mgmol™/g and a zeolite water content of
about 15%. Due to the secondary porosity of rocks,
total moisture capacity reaches 45%. Therefore, the
introduction of clinoptilolite into the soil significantly
increases its moisture and ion-exchange capacity. A
distinctive feature of ion exchange on clinoptilolite is
a highly expressed selectivity towards such massive
cations such as K* and NH;}, which are the main
active elements of mineral fertilizers. This determines
their constant transition to the soil, delays the removal
of ground waters and rainwaters and increases the
efficiency of the fertilizer [10,11]. The use of
prolonged action fertilizers with the gradual release of
nutrients is a promising direction in technology of
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agricultural crops, as it has a number of significant
advantages compared with the use of traditional
mineral fertilizers [12].

High exchange capacity, selectivity to potassium
and ammonium ions, as well as high rates of exchange
reactions allow clinoptilolite to be considered as a soil
sorption-type soil improver. When using zeolite tuffs
as artificial soil, it is necessary to pre-saturate
clinoptilolite with nutrient components. In particular,
potassium-ammonium form of clinoptilolite can be
used for these purposes. The experimentally
established high biological activity of the ammonium
form, expressed in a significant increase in yield and
protein content in the grain, makes it possible to
consider the clinoptilolite in the ammonium or
potassium-ammonium form as a very effective long-
acting fertilizer [10,13,14]. Clinoptilolite has a
significant effect on the distribution of microelements
in the soil-plant system, drastically reducing the
content of toxic metals in the green mass and grain.
The duration of the protective action of clinoptilolite
is associated with the process of self-cleaning, due to
the periodic entry of contamination. This property of
clinoptilolite acquires particular importance when
used in crop production of composts, irrigation water
and fertilizers containing toxic substances [15-18].

The aim of the work was to study the possibility
of improving the agrochemical and biological
properties of the soil under the influence of complex
fertilizer: modified zeolite + brown coal, its influence
on some biometric indexes of test cultures.

EXPERIMENTAL OR MATERIALS & METHODS

In this work, Brown coal (from the Akhaltsikhe
deposit of Georgia) and natural zeolite —clinoptilolite
of sedimentation origin (from the Tedzami deposit,
the Khandaki district of Georgia) modified with
potassium and ammonium ions were used as a source
of organic matter to obtain complex fertilizer.

X-ray fluorescence spectroscopic analysis of
brown coal showed that the content of toxic elements
does not exceed the maximum permissible norms
(MPN).

Modification of the zeolite with ammonium and
potassium cations was carried out by treating the
initial natural clinoptilolite with 0.1N solutions of
NH,CI and KCI, respectively. Untreated brown coal
was used as the second component of the fertilizer
[19].

The experiment was carried out on meadow-
brown soil type, with a weak alkaline reaction of an
aqueous solution (pH=7.3-7.9). The soil is
characterized by a low content of humus from 1.93 to
2.90%, and its granulometric composition is classified
as heavy loamy soil.

The experiment was carried out in vegetation
vessels, in five variants, each in three replications.
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Barley of "Alaverdi-1"variety was used as a test plant
to test the fertility of substrates. Sowing of this culture
in substrates was carried out repeatedly (5 sowing), in
permanent circulation, i.e. in the variant of
monoculture, which most aggressively affects the
fertility of the soil, causing the so-called “soil fatigue”
[20].

In the first case, the soil was used as a reference
(comparison object). In the second case, the substrate
was prepared by mixing finely ground natural,
unmodified zeolite+soil. The third version is soil +
zeolite modified with potassium and ammonium
cations. The fourth version of substrate was made by
using raw brown coal and natural zeolite (without
soil), fifth - brown coal + zeolite modified with
potassium and ammonium cations (without soil).

Before the experiment began, the sowing
qualities of barley seeds, germination capacity (91%)
and germination energy (85%) were determined.
Germination energy was determined in Petri dishes on
damp filter paper placed in a thermostat (at 20°C)
after three days and germination capacity — on the
seventh day. The number of normally germinated
seeds under optimal conditions established by the
standard for each culture, shown in percentage is
considered under the germination capacity of seeds.
Germination energy was also determined. The
germination energy, characterizing the intergrowth in
unison of seed germination, is the number of normally
germinated seeds for a certain period established for
each crop, shown in percentage.

Germination capacity and seed germination
energy are the most important indexes of their sowing
qualities. Seeds with good germination capacity and
high germination energy with normal agricultural
technology always give friendly and full-fledged
seedlings.

Seeds of barley in the amount of 50 pieces were
sown on each substrate (vessel). After 30 days from
sowing, the sprouts together with the roots were
carefully removed from the substrate, washed with
distilled water, dried at 75°C until a constant weight
was reached. Dry plant biomass per one vessel was
determined by weighing, taking into account both the
whole plant (total underground and surface part) and
the root system only.

In total, five sowing were carried out
consequently with appropriate processing of the
obtained results. The assessment of the expediency of
using the developed substrate in plant growing and the
possibility of its long-term operation was determined
by the method proposed by Bulgarian scientists: the
ratio of dry biomass of a plant grown in the first crop
to the biomass of plants grown in subsequent crops
(respectively, second, third, etc.) [21]. An increase in
this index indicates an exhaustion of the soil fertility

(in our case a substrate during its exploitation)
whereas a decrease indicates an increase in fertility.

RESULTS
The following biometric  indexes  were
determined: germination energy (GE), relative

germination energy (RGE), germination capacity
(GC), relative seed germination capacity (RSGC).
Table 1 shows the arithmetic mean data determined
from three replications of each option.

Table 1. The impact of the substrate on the biometric
indexes of barley.

substrate

(5] e =]
52| |3EE| B |B5 |EE [B:%
25| |2EF| £ |ER |5 @IR

S n 3 8 §
| 70 30 34 36 40
1l 66 50 55 58 63
& [ 40 82 20 84 95
v 34 71 88 76 90
Vv 20 52 60 55 83
I - -0.57 -0.52 -0.48 -0.43
L - -0.24 -0.17 -0.12 -0.04
o [ 1.05 1.25 1.10 1.37
v 1.08 1.59 1.24 1.65
Vv - 1.60 2.00 1.75 3.15
I 76 38 42 52 55
1l 78 60 64 76 84
S [ 46 86 94 92 99
v 40 83 90 87 97
Vv 36 76 85 80 90
I - -0.50 -0.44 -0.32 -0.27
o | N - -0.23 -0.18 -0.02 0.07
2 0.87 1.04 1.00 1.15
x v 1.07 1.25 1.17 1.43
Vv 1.12 1.36 1.23 1.50

Analysis of the data given in Table 1 indicates
that the application of zeolites and brown coal has a
positive effect on the germination and germination
capacity of barley seeds. The biggest growth in
germination capacity and germination energy occurs
while using zeolites modified with potassium and
ammonium cations and brown coal during the third
sowing. The high bioproductivity of plants grown on a
substrate consisted of modified zeolite and brown
coal, as compared with bioproductivity on other
variants, can presumably be explained as follows: In
studies [22,23], it was shown that the cations that are
part of zeolites, have the ability to get intoion
exchange reaction not only in aqueous solutions, but
also in the solid state. Although, the exchange
reaction is more slow in this case. Therefore, the
following mechanism of ion exchange is assumed in
substrates: the NH; + and K* cations from zeolite get
into exchange reactions with humic and fulvic acids,
forming the corresponding salts, soluble in the
aqueous medium. In such condition, these formed
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organic substances can contribute to the humification
of the substrate, as well as their digestibility by plants.
On the other hand, the high bioproductivity of this
substrate, presumably, can be associated with the
formation of a favorable microbial landscape of the
soil (biota), promoting plant growth and development,
in the system — soil-zeolite-brown coal-plant [24,25].

As we can see from the table, germination
energy and germination capacity gradually decrease
on the soil (the object of comparison) from the first to
the fifth sowing. This is probably due to the
exhaustion of the soil. These indicators increase on
substrates and on the third crop reach the highest
index. An increase in fertility on substrates,
containing modified zeolite and brown coal occurs
due to these components.

The structure and flexibility of the root system
play an important role in improving growth and
increasing crop yields. The figure shows plants
grown on different substrates.

Fig. 1. Plant germination on various substrates:
a) soil (object of comparison); b) soil + zeolite; ¢) brown
coal + zeolite; d) soil + modified zeolite; e) brown coal +
modified zeolite.

As we can see from the Figure, the enrichment of
the soil with substrates affects the growth of both, the
over ground part and the root system of the plant. Al
though, this indicator varies on different substrates.
The root system develops more on the substrate: soil
+ zeolite and brown coal + zeolite; the over ground
part — on the substrate: soil + modified zeolite. A big
difference is shown in case of lignite + modified
zeolite. Differences were also noted in the dry mass of
plants, both the land part and the root system, which
demonstrate an increase in the growth of plants grown
on composites with substrates. These indicators are
shown on the diagram, which is constructed according
to the third sowing. Table 2 shows plant masses on
various composites.

As we know, barley is characterized by an intensive
growth of vegetative organs in a short time; In this
time, it forms a sufficiently powerful root system and
leaf surface. According to tables 1.2 and diagrams, in
the third sowing period, seed germination capacity
was 99% on the substrate — brown coal-modified
zeolite.

Table 2. Plant masses on various composites ().
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Diagram. Changes in the dry mass of plants on different
composites during the third sowing

An increase in the mass of germinated plants
was also noticed. Manipulation of the vegetative
organism by enriching the soil with biologically active
substances is currently very common.

CONCLUSION

Among the promising methods for increasing the
yield and quality of crop production are the
composites proposed in the work (zeolite, lignite).
They are able to stimulate physiological and
biological processes during the germination of crops,
which increases the resistance of forming plants to
environmental stress factors and directly affects the
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economically useful traits and productivity of the
crops grown. Further studies in this direction are
highly relevant: from an environmental point of view,
they promote the utilization of substandard coal
industry wastes as an organic component of substrates
that increase soil fertility.
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MBS 9360359300, 56069 Bov)3d30¢00!, 1908MM5D 3GAsbos!,
3500 35956051, 6obM GoMEbosgzs!, 0MMYo SbMOos!
! 03.x335b0830¢m0l 8ocrobol bsbgardfoger ©603965bodgad0; 3.09¢r070830¢0l 30D037960 @5 MEgsbrycro

FJodoolb 0bbBodIH0 (5.302¢0B3363505b F.31, 0186, 0980¢robo, bsgstr0339¢72)
* E-mail: [uba.eprikashvili@tsu.ge; +995599565612.

6g%omdg. L3NTomBo Fo®mdmygboos BxLoegdo GILGHYOO b0l (JgMol) gbg0msMgdBY 3mB3Ewgduydo
LOL¥YJOU - (39EP0O0+TMES BabTOMO o3 gbol globgd. 33930l JoBsbo 0ym 3MI3egdlryMo Labydolb gogwrgboo
6050l 93MHMJ0doHmHo ©S BOMEMYROMMHO M30LJdGOOL 259IxXMdILYOOL FgbodEgdEmds, dobsbdgfimbowmdols
99530L90s s Fobo boba®mdwogo gudevgsdsEos. 3m33wgdumEo Lolvydolb ToboMgds MmGYBMmo BosgMHmol
09o0Hm©  300mygbgdmmo  ogm  FMMs  bsbToMmo  (sbogrobol 5o dEgdsmgMdoL,  LodoMmzgwrm) s
190IYBEHE0MO Fo@dMmBMmdOL 3M6gdM030 39ME0M0 - 3XObM3GHOWMEWOEHO (0993530l 5EYOWIIDMIMIOU,
bsbs30L 65339000, LgoMMNZgEM) BMPOBO(30MYOIEO J5c0MBobs S 5dmbowdol ombgdom.

9Jb3960396GH0 gobbMMEFOgEs ML - go30b839M0 BosIFOL GH03DY, fysblbamol bLrbEo &M@ Mgsdsoom
(pH =7.3-7.9), L539293530™ 3103F9ed0, bmo 356:056¢H0m, MomNMmgMeo bsdo JobdgmMgdoEMdOm.
3909853909900 LYBLEH®EHOL 899:30b509MdsT0 258mygbgdol 0Bsbdghmbormdol Ggxsligds s dolo baby®Mdwogo
9Ju3wgsBo3o0l  Bglsdwgdemds  gobolsbzMs  30MH390  omMYLgoLsl  33gbotol Moo domdsbol
d9l50580bMmd0m Fg8EMI0 Es0YLZ0LLL (Fgmeg, gbsdg s 5.8) 50IM3gBIdMo F3gbsOl dOMTsLYdIMB. 0
058396900l (0bgduol) BMs Formomgdl Boswsgol, B3zgbl Fgdmbggzsdo 30 gJudEYSGHIEO0L O™
LgdbBOMGHOL  298mx8oG3sbY, bowm 8gdzo®gds 30 30M0dom boygmauogmgdol bMEsbg. sbg3g gobobsbOzMs
99000930 d0m3gEHOHmo  Fsb3969dwgdo:  50dm396980L 9bgMa0s (GE), 0dm3gbgdol 9bgMaool gsGomdomo
boowy (RGE), 508m3gbgdol Mbsto (GC), ogberol s08mEgbgdol gs®mdomo Loog (RSGS). s0dmgbgdol
969Ma00Ls s 503M3969d0L MbsmOL gsMgdom Towswo sB39690gwo godRbyzs 3oeromdols s sdmbodols
0069800 3MmEoR0E0MIOIM0 39gNEomobs s 3G 65HJomol 3nI3mbo@ by dglisdy smgLgoLLL.
390b39JGH0o dgmmIdol MHogbgl, Mmdgmwog 99839bsMgMdsdo BmlisgE0sbmdols s 3MMEYdool baMolbols
DOEL 4965306HMdOL, FgodEwgds J03539M36Mm bsdFomdo FgaMe35HgdE0 3MB3MBOEHIVO ((3IJNELOMNO+IMES
65b3oM0), OHMIGdLsE FoME3w™M3560 IMNWEHMOIOOL  50dm396900LsL  BoBOMEMPOHO s BOMEMYOOO
3Gm39bgdol  LEGoTMWsEos dgmdaos. gb 3o BOEOL  BmOHIoMmYIMo  I3gbstol  BEYMmOEMdL  LEHMIL-
BogdBHMMgdoLOET0 O MFMoEm go3wgbsl bl 50IMEgbgdo 3N EHWIMHIOOL 3OHMEYYIEOIMBLS
L53gObgM-Lolitygdwm 60dbydby.
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Mixed-ligand chelates containing premixes for nutrition of
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Abstract. The premixes prepared according to the general formula M-gl'L'nH,O (where M=Mn, Zn, Fe, Co, Cu; gl=
Glutamine Acid; L = Citrate-ion) on the base of the synthesized mixed-ligand chelate compounds and their compositions and
of the compositions of natural Zeolite — Clinoptilolite, have been tested in the combined nutrition of rabbits. The probation
and the main experiments were conducted for three groups: | — the trial group where the food was balanced with 0,5%
premix and 2% Clinoptilolite. Il — the trial group where the food was balanced with 0,5% premix and Ill — Control group
where the food was balanced with the factory-made premix. The study of the rabbits’ productivity indicator has shown that
all the data received in the trial groups, exceeded the ones of the control group. According to the hematological studies,
concentration of the hemoglobin in the blood of the rabbits of all three groups were was satisfactory. The leukocytes is law
in the I and I1 trial groups, while in the control group it is near to the norm (5-9%). The segment-nuclei is within the norm
(33-39%) only in the blood of the control group rabbits and is slightly higher in both trial groups. As for the amount of
eosinophiles (1-3% by the norm) it is slightly more in the | and in the control groups of rabbits. Calculation of the economic
efficiency for 100 rabbits demostrated that the cost of the manufactured meat was the lowest in the | trial roup — 5.66GEL.
Thus, a profit is the higher just in case of this I trial group. A profit for 100 rabbits in the | group made 406 GEL, in the Il
group — 350 GEL, and in the control group - 268 GEL.

Keywords: Mixed-ligand; Blood; Productivity; Hematological indicator; Economic efficiency.

importance of the additives containing the compounds

INTRODUCTION

Deficit of microelements in the plants, soil, as
well as in the organism of the agricultural animals and
poultry is one of the main reasons that determines the
low gqualitative and quantitative indicators of the food
products. The critical role in solving this problem is
given to the provision of optimal amount and ration of
the microelements of the living organism where they
play their function in a form of the chelate
compounds. Therefore, when filling the deficit by this
way, a sharp increase of their biological activity is
observed. This may be explained by the fact that the
microelements in a form of the chelates, have a low
toxicity, a high ability of assimilation, and an
increased rate of efficiency when using in small doses,
that, in its turn, predetermines an ecological safety of
use of the microelements in this form. as to the
inorganic salts, they are characterized by a high
toxicity, low rate of assimilation and efficiency, that is
conditioned by their poor solubility in the intestinal
tract of animals and poultry and  creation of the
poorly assimilating compounds [1-5]. Therefore,

of this type in the nutrition of animals and poultry, is
substantiated both theoretically and practically [6-12].
The role of the chelate compounds containing the
organic substances (vitamins, amino-acids, organic
acids) and the microelements in the metabolic
processes taking place in the organism of animals
and poultry, is well known, but nevertheless, to define
the conditions of synthesis of the oxi-acids, namely
the lemon acid and the chelate compounds containing
microelements (Zn,Co,Fe,Mn,Cu), physical-chemical
research of the synthesized compounds and
determination of efficiency of their use in feeding,
still remains actual.

MATERIALS & METHODS

The following issues were studied in the course of

the experiment:

v" Alive mass of a rabbits at the beginning of the
experiment — by their weighting (g)

v' Alive mass of a rabbits at the end of the
experiment — by their weighting (g)

v An absolute growth in the alive mass M(g) during
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the experiment, was calculated by the following
formula:

M = Vl - V2
M — Absolute growth during the experiment
(9)
V- Alive mass at the beginning of the

experiment (g)
V,- alive mass at the end of the experiment
(9)

v' A daily growth of the alive mass M (g) during
the experiment, was calculated by the following
formula:

M= (Vi -V,)/ t
M — A daily growth iub the alive mass (g)
V, Alive mass at the beginning of the
experiment ()
V, - Alive mass at the end of the experiment
(9)
t - Period of the experiment (days)

v" Consumed food products during the period of
the experiment — with daily accounting of the
consumed food

v Preservation of rabbits during the period of the
experiment — with accounting the fallen and
unfit rabbits

v" Some blood indicators at the end of upbringing —
blood taken from 5-5 rabbits of all groups

v" The economic efficiency was calculated based
on the results of the experiment.

RESULTS

In the laboratory of the Agricultural Chemistry
Problems, the researches are contibued in the
direction of creation of new generation of the
premixes and their experimental testing [13-19]. We
have synthesized the mixed-ligand chelate compounds
by the general formula M-gl-L-nH,O, where
M=Mn,Zn,Fe,Co,Cu; gl=Glutamine Acid; L=Citrate-
ion. The chelate compounds are studied through a
number of the physical-chemical research methods
[20, 21]. The premixes prepared on the basis of the
synthesized mixed-ligand chelate compounds and
their compositions and of the compositions of natural
Zeolite — Clinoptilolite, have been tested in the
combined nutrition of rabbits. At present, we are
targeted at testing the premixes prepared on the basis
of the synthesized chelate compounds and the
compositions of their natural Zeolite — Clinoptilolite,
in the nutrition of rabbits.

A task of the research was to study an effect of
the premixes prepared on the base of the synthesized
chelate compounds and of the composition of
Clinoptilolite on the productivity of the meat rabbits,
blood hematological indicators and economic
efficiency.

We have chosen 30-day old age rabbits by the
principle of analogs (all of them were males, born at
one and the same day) and conducted the tests for
three groups: | trial group, Il trial group, and Il
control group (10-10 rabbits in each group: 5 gray big
and 5 Californian breed).The tests lasted for three
months. The first weighting conducted when they
were 45-day old, 15 days after their completing,
while the following weightings were conducted when
they were 60, 90, and 120-day old.

At the beginning of the experiment, the alive mass
was equalized and varied from 1,42 to 1,57 kg range.
The technological parameters (temperature, humidity,
lighting, etc.) during the period of upbringing were
one and the same for all three groups. Only the food
was different: In the | trial group the rabbits were
given 0,5% premix, which contained the
microelements in the chelate form and 2%
Clinoptilolite. In the Il trial group the rabbits were
given the food with 5% premix, which contained the
microelements in the chelate form, while the rabbits in
the Ill control group were given the food which
contained the factory-made 1% premix for rabbits.
The impact of premixes prepared on the base of the
synthesized mixed-ligand chelate compounds and
their compositions and of the compositions of natural
Zeolite — Clinoptilolite on the productivity of rabbits
have been studied. The results are shown in Table 1.

Table 1. Indicators of productivity of rabbits for meat

Indicators Unit Group
Measure ! I 1
Trial Trial Control
Number piece 100 100 100

Period of experiment day 90 90 90

Preservation during

0,
the experiment % 29 99 97

Alive mass at the
beginning of the
experiment

g 1570 1540 1550

Alive mass at the end

of the experiment 3240

g 3310 3150

Absolute Increment
during the period of g
experiment

1740 1700 1600

Daily increment
during the period of
experiment

g 290 283 26,7

Food consumed during
the period of kg
experiment

960 988 990

Food consumed by 1
rabbit during the kg 9,6 9,9
period of experiment

10,2

Food consumed for
1kg increment during
the period of
experiment

kg 550 5,80 6,38
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Slaughter of rabbits took place in their 120-day old
age,with preliminary taking the blood for studying
some hematological indicators. Results of the analysis
are given below, in Table 2.

Table 2. Some hematological indicators of the rabbits

blood

Indicators Groups
| 1 11

Trial Trial Control
Hemoglobin HGB 110 112 118
Erythrocytes RBC 4,610 50107 4,7-10%
Color Index 0,83 0,89 0,83
Thrombocytes PTL 120 245 250
Leukocytes WBC 55107 5010°  5510°
Neutrophils NEUT:
Rod nuclear 4 2 6
Segmented nuclear 40 48 38
Eosinophils EOS 5 1 4
Monocytes MON 5 4 4
Lymphocytes LYM 44 46 46
Erythrocytes
Sedimentation Rate 2 2 2
ESR

Based on the results of the experiment, an
economic efficiency is calculated for 100 rabbits.The
results are given in Table 3.

Table 3. Calculation of the economic efficiency

. Group
Indicator Mléjz:sﬁre | I i
Trial Trial Control

Rabbits number Piece 100 100 100
Increase received
during the Kg 174 170 160
experiment
Food consumed
during the Kg 960 988 990
experiment
Cost of 1 kg food GEL 0,85 0,85 0,85
Total cost of the GEL 816 840 842
consumed food
Other expenses GEL 170 170 170
Total costs GEL 986 1010 1012
Cost of 1 kg meat
produced during GEL 566 594 6.33
the period of ' ' '
experiment
Sales price of 1 kg GEL 8,0 8,0 8,0
meat
A sum gained by
sale of the meat GEL 1302 1360 1280

uring the period
of experiment
Profit calculated
for 100 rabbits GEL 406 350 268

DiscussION

As a result of study of impact of the premixes
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prepared according to the general formula
M-gl'L'nH,O (where M=Mn, Zn, Fe, Co, Cu; gl=
Glutamine Acid; L=Citrate-ion) on the base of the
synthesized mixed-ligand chelate compounds and
their compositions and of the compositions of natural
Zeolite — Clinoptilolite on the rabbits’ productivity
(Table 1), it is established that during the period of the
experiment that lasted for 90 days, a preservation on
the | trial group dame 99%, while in the control group
— by 2% less (97%) As seen from the Table, alive
mass of all rabbits in all three groups was almost one
and the same — 1540-1570g. At the end of weight
increase, in 120-sday old age, the highest alive mass
was observed in the rabbits of the | trial group -
3310g, by 160g i.e. 4,8% higher than the rabbits of the
control group and by 70g i.e. 2,1% higher than the
rabbits of the Il trial group. The rabbits of the Il trial
group were by 2.1%)less in weight than the rabbits of
the | trial group, but by 90 g i.e. 2.8% higher in
weight than the rabbits of the control group.

Naturally, during the period of the experiment,
both the absolute increase and the daily increments
were higher in the | and Il trial groups, to compare
with the control group. In the | trial group the absolute
increment was by 8,75 higher than in the control
group and by 2,35% higher than in the 1l trial group.
While this indicator of the I1 trial group was by 6.25%
higher to compare with the control group.

Consumption of food during the weight-increasing
period made 9,6 kg in case of per rabbit of the I trial
group, that was by 6.25% less than in the control
group, while the food consumption by per rabbit in
the I trial group was by 3,03% less to compare with
the control group.

Consumption of food for 1 kg increment during
the weight-increasing period in the | trial group made
5,5kg,that was almost by 13,78% less than in case of
the control group. while in the control group this
indicator as by 9,09% higher than in the Il trial group.

The hemoglobin content in the blood shows
intensive work of blood-forming organs, as well as the
liver's condition, the level of nutrients, especially the
full-scale proteins and microelements, the ongoing
oxidation-restorative processes in the body and so on.
In the given case the hemoglobin content in the blood
of the rabbits of all three groups is satisfactory, since
according to the norm, this indicator in the rabbits
varies from 105 to 125 g/l (Table 2).

The erythrocytes number is satisfactory also.
According to the norm, this indicator is from 4,5 to
7,5-10"1 ranges.

The leucocytes which perform the protective
function in the organism and contribute to
reproduction and restoration of tissues, like the
erythrocytes number in the blood, indicate on the
process of metabolism in the organism.

According to the norm, the leucocytes in the
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rabbits blood should vary within 6,5-9,5-10° | ranges.
Considering the results of our experiment, this
indicator in the blood of the experimental rabbits is
lower, and varies within  5,5-10° range in the I trial
group, 5,0-10° range in the Il trial group, and 5,5-10°
range in the control group.

The rod-nuclear indicator is also lower in the | and
Il trial groups and is near the norm (5-9%) in the
control group.

The segmented nuclear is within the norm (33-
39%) in the control group only, and is slightly higher
in the I and I trial groups.

As for the Eosinophils (Norm = 1-3%) it was
slightly higher in the rabbits of the I trial group and 111
controlled group.

Monocytes are within the normal ranges (1-4%) in
the 11 trial group an the control group but slightly
higher ibn the I trial group.

As to the Erythrocytes Sedimentation Rate (N=1-
3%) it is equal in the blood of the animals of all
groups while, the indicator of lymphocytes is slightly
less of the norm.

Based on the results of the experiment, calculation
of the economic efficiency for 10 rabbits (Table.3)
shows that a cost of the produced meat was the lowest
in case of the | trial group — 5.66GEL, followed by Il
trial group — 5,94GEL and the control group —
6.33GEL.

The sales price was one and the same in all three
groups — 8,0GEL. Cost of the meat produced during
the testing period was the lowest in the I trial group,
therefore, the profit is the highest just in this group.

As seen from the Tables, the proceeds gained from
the I trial group during the testing period made 1392
GEL, in the 1l trial group — 1360 GEL, while in the
control group — 1280 GEL.

The profit on initial 100 rabbits in the | group
made 406 GEL, in the Il group — 350 GDEL, while in
the control group — 268 GEL.

Calculation of the economic efficiency for 100
rabbits, has shown that a cost of the produced meat is
the lowest in the | trial group — 5,66GEL. Thus, the

profit is the highest just in this | trial group.

CONCLUSION

As established by the analysis of the results of this
experiment, in case of use of the microelements
(Mn,Zn,Fe,Co,Cu) and the chelate compounds of the
Glutamine acid and their compositions and of the
compositions of natural Zeolite — Clinoptilolite in the
composition of the combined food premixes for the
rabbits, instead of the simple salts,] certain increase of
the indicator of productivity and the economic
efficiency of the rabbits and improvement of the
blood biochemical indicators are observed in line
with a number of another indicators [22,23] that is
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conditioned by a circumstance that in case of use of
the chelate compounds of the microelements, a
physiological state of the animals is improved, a pass
of the food through the intestinal tract is slowed down
(the effect of prolongation) and respectively, a rate of
assimilation of food is increased, a toxicity is reduced,
stability of the immune system is improved, while a
loss of food is reduced. Considering all the above
stated, we can say that our assumption that use of the
chelate compounds of the microelements and their
composites and the ones of the zeolites in the
composition of premixes should ensure increase of
their biological activity and the economic efficiency,
turned to be approved by the industrial experiment
and calculations of the economic efficiency.

Thus, based of the researches conducted, we may
conclude that synthesis and studies of the chelate
compounds are interesting both by the scientific and
practical views. The compositions created on the basis
of them and of the zeolites - Clinoptilolite may be
successfully used in the composition of premixes and,
on their ground, it may be created the additives of
industrial importance for the combined feeding of the
animals and poultry.
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3MLgdMo  3Mmgdodlom. BdME3MOL  3OHMOMIBHOWmdOL  Foh3969dgegdol  dglfagerom  sygbowos, MM™I
LO3IO  XJMBIOOL  gzgws  Imbsggdo 58 B0TsOMMEGd0m  50gFsBHIds  LogmbGHMmMEMm X amiobb.
3905@mEmyuom®ds 3339035 330H639bs Lod03g XaMBOL bmzgwms Lolbwdo 39dmywmdobol (Hmdgwos
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0099000g0L LOLbEPTBSO MOYIBEMIBOL 0bEHIBLOYG FmTomdsDY, s3MgMN39 ©300¢ol IEYMToMIMBSDY, LEBOHEM
6030009090900  BOMB3gwynzol  MbyBy, ™mGYBoHIdo  FodEobodyg  96339-50bom  3BMELYYDY)
990339 Mds  ©053054MB0IdI0s. WJo3M30AHIV0 (HMIWdog MmMRsB60Bddo SLEOMEYdID ©TE3gXMdOT
3BJ309L), 039 OMPMOF JHODOM30EJOOL MoEb30 (BMIgdoa Lobberdo 430h3969dL MEMYE0HITo dodobaty
6030009M9085m5 330l 3O 3gLgdL) brnMdol By gddos. sBSM0s BLOMBOMMZL 356396900 T s II Lssgwgw
X319%39080, bmeem bs3mbEHOME®To BMEMTsLMD (5-9%) sbErmlss. oMol Godmawgddos (33-39%) LgadgbGdommgs
MM Ls3MbEHMmME™ XyMRoL bemgzgwms bLolbdo, bam Loz XawBJOdo mEbog dg@EHos. Moy dggbgds
9B06mB0wgdoL MmEgbmdsL (bem®mdom 1-3%) mbsg g@os I s bogmbEHOmMEW™ Xamxol 3bmggwgddo. bm®Iol
RO gdd0s Imbm3o@gd0ag (1-4%) 1T Logger s LogmbEHMmEMm Xamxngddo, bmwm I bsggwdo - mEbsg dg@oo.
JH0OME30GHJO0L ©oegd3oL Lobds®g (bm®mdom 1-3%) yzgars xR0l 3bmggwms Lobberdo gMmbso®mos, bmem
©@0Ixgm303d0L 35839690900 MmEbog BsdmMBd0E Bra™dsl. 100 by dmE3gMbY 93mbmBozm®mo 9i39dGMIM™dOL
2350650009059 33063965, M FoMIMgdeo bmMEol M30M0V0MBMEGdS Y3gesbg dswo I bdgEge xawzdo
0ym -5.66s60. 5J9sb 250md0obodyg dmygdsi yzgwsbg domswo LfimMgo I xamedos. 100 by dm3396%Y
0019059 I xa15380 -406 o0, II xa5380 -350 oMo ©s LEZMBEHOMEW ™Yo - 268 oMo Tgoyobs.
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OBTAINING OF GRAPHENE AND REDUCED GRAPHENE OXIDES
FROM GRAPHITE FOIL WASTES
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Abstract: In industry graphite foil is obtained by graphite intercalation with various substances, their further thermal
shock treatment and calendering of the obtained expanded graphite. Powdered graphite foil wastes (pGFW) are obtained by
grinding the wastes of various technological processes. The EDX analysis showed that the powder consists only of carbon
and oxygen. The paper presents results oxidation of pGFW with Hummers method at low-temperature (~0°C; KMnO4—
NaNO;—H,SO,) and relatively high-temperature (~50°C; KMnO4—~H,SO,) modes. The methods of synthesis of GO and
its separation from the reaction mixture were partially corrected. In case of low-temperature mode oxidation of pGFW the
C:O ratio (at.%) is 61:38. By the reduction of GO with ascorbic acid the C:O ratio decreases (C:0= 81:19). XRD analysis
also confirmed that the peak of GO at 20 = 10.90° completely disappeared during the reduction process and appeared a
broad diffraction maximum for rGO at 20=23.80°. GO was reduced to the rGO with ascorbic acid, zinc powder and
hydrazine. By the high-temperature treatment (1000-1500°C) of rGO graphene is obtained with a defective structure.

Keywords: Hummers method, graphite foil waste, graphene oxide, reduced graphene oxide, graphene.

INTRODUCTION 0

Compounds with carbon 2D and 3D structures are 0
great importance and perspective. We can say that
now they are widely used in any field of science and
technology, which is reflected in the scientific and
patent literature. In scientific research and
technological processes, various methods of obtaining 0 v

GO and RGO are used. Graphite oxide was first

prepared in the nineteenth century [1-3] Chemical
oxidation of graphite is based on methods of Brodie
[2], Staudenmaier [3] and Hummers [4]. In all
methods are used strong acids and oxidants (HNO3,
HCIO,, H,S0,, H;PO,, KCIO;, NaNO;, KMnO, and LA ALLAT AL,
etc.). A A AN A |
The graphite oxide and graphene oxide (GO) and  “/os7w /7w . ,
reduced graphene oxide (rGO) are graphite single Y od ' 00)e)

layer (graphene) oxidation products. Discussion about LR o ) i ‘
their structure in scientific literature continues (Fig. Nakaiima-Matsuo Lerf-Kiinowski Dekan

1). A reviews are summarized by the data of various -
authors on the GO structure [5,6]. Obtaining of rGO
from graphite will be displayed by the following
scheme (Fig. 2):

Fig. 1. Schemic structures of GO, suggested by various
authors [5,6].
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Fig. 2. Chemical structures of graphite, graphene
oxide, reduced graphene oxide and graphene [7].

Accordingly, GO and rGO physical-mechanical
properties or chemical composition changes within a
wide range [8-15]. GO and rGO have organic
functional groups (carboxylic, carbonyl, hydroxyl,
epoxide). Their future functionalization or joining
(immobilization) in organic or inorganic precursors
may be performed. There are many organic—organic
[16-20] and organic-inorganic [21-24] derivatives
containing graphene structures and they have a wide
area of application. Below we would like to discuss
some methods of obtaining GO and RGO from
different graphite precursors, which were used by us
in the previous work [15]. Introduction of above
mentioned early work is partially used in present
work.
Currently, flake graphite is used for the obtaining of
GO and rGO. Both, natural and synthetic graphite can
be used to prepare these materials. The natural flake
graphite powders with a particle size of less than 400
pm are mostly used in industry or laboratory practice.
Purification of the natural graphite from impurities is
carried out by separation or flotation, chemical
processing. For example, by the enrichment of raw
ore containing 68% C graphite is obtained after
enrichment with 97.68% C graphite content, which
can be used in the synthesis of GO and rGO [25].
Thorough cleaning of graphite is necessary, because
the impurities in it could be found in targeted product
[26].

The use of different precursors of graphite for GO
synthesis is discussed in many scientific sources [27].
Dependence of oxidation degree, hydrophilicity and
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microstructure of GO prepared on nature of graphite
precursors were studied with using flake, expendable
and microcrystalline graphite precursors. It is
estimated that the GO prepared on the basis of
expandable graphite is characterized by a higher
degree of oxidation than in case of microcrystalline
graphite [28].

GO could be obtained by a modified Hummers
method from synthetic graphite powders. The graphite
powder SP-1 was washed with NaCl solution, then
oxidized with KMnOs-H2SO4 at low temperatures
(<20°C) [29]. For the synthesis of GO it was
successfully used expanded graphite. The process of
synthesis was done below <20 °C in KMnO4s-H2S04
system [29].

One of the interesting methods for GO synthesis
is the improved Hummers method, where flake
graphite oxidation is performed with KMnO4—H2SO4—
HsPOs mixture at 50 °C and at a ratio of
H2S04/H3PO4= 9:1, and the optimized conditions led
to GO in 3 h [11]. Above mentioned method is
simplified in the work [31]. KMnOs+H2SOa4 are used
as oxidizing systems, temperature mode of the process
is being at 50°C.

GO and rGO could also be obtained from
commercial expanded graphite with grain size Dso ~
15 puym. GO was obtained by a new modified
Hummers method. At the initial stage the powder of
graphite and potassium permanganate is mixed,
cooled and then sulfuric acid (98 %) is added [32].
The synthesis ends in a relatively short period of time
since the particles of the graphite powder used were
small.

Expanded graphite was also used in 10-30 pm size
[33]. The synthesis was conducted using ultrasonic
cleaner used after the reaction is terminated with
water (90°C, 10 min). Thus, for obtaining of the GO
and rGO, natural and synthetic graphites, graphite
intercalated with different compounds and expanded
graphite also can be used. It is established that the
reduction of the GO obtained from the samples of the
different types of graphite are formed graphenes, in
which the number of layers was very different (1-10
layers or more) [34-38].

Flexible graphite foils in various thickness and
width are used in modern technologies. The remaining
graphite foil pieces (wastes) are expanded graphites,
and their chemical oxidation to GO or to obtain
graphene can be conducted using known methods
with some adjustments [39]. The purpose of the
present work is studying the usability of wastes of the
graphite foils as the precursors for GO and rGO
synthesis. Information on the properties and the fields
of the application of the products and graphite foil
manufacturer companies are available on web sites
[40].



39099 G9¢0gdodz30am0l BoYOZIH0 ©S aFgsbryemo Jodool obldodeIHol dtmdgéo 2019
Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

What is the graphite foil? It is obtained from
graphite intercalated compounds (GIC). The GIC is
received by inserting of various compounds between
layers (gaseous compounds, HNOj, H,SO4 CrOs,
KMnOQ,, H,0,, FeCls, AICI; and etc.). In the result of
intercalation, expandeble graphite is obtained. By
thermal shock treatment of GIC high pressure is
created between the graphite layers and the crystalline
structure of graphite collapses in layers that consist of
1-20 layers. By its further treatment with pressure,
graphite products and materials are received, which
are used in various fields of technology. Graphite foil
is known under different names: Graflex, Grafoil,
Perma-Foil, Carbonax and etc [40]. Production of
graphene foil consists of the following steps:
graphite ———intercalated graphite —
hydrolisis ——  thermal shock ~——»
expanded graphite ——p calendering ——»
graphite foil. Graphite foils are used in many fields:
chemical and petrochemical industries, refineries, and
the energy, engineering and automotive sectors, where
hermetic and reliable connection of parts and
equipment is necessary, also are used as an
adsorbents, sealing products, antifriction materials and
etc. By the mechanical exfoliation of graphite
graphene was obtained [41].

MATERIALS AND METHODS

Flake graphite, KMnO4, NaNOs, H2S04 (98 %), HCI
(37 %), HI (57 %) and ascorbic acid were purchased
from Sigma Aldrich. The morphology of the samples
was studied by optical and scanning electron
microscopes (Nikon ECLIPSE LV 150, LEITZ
WETZLAR and JEOL JSM-6510 LV-SEM). Samples
X-ray diffraction (XRD) patterns were obtained with a
DRON-3M diffractometer (Cu—Kaq, Ni filter, 2°/min).
After purification, graphite foil powders were
analyzed using EDS. Thermal treatment of GO and
rGO (1000-1500°C) was implemented in high
temeperature vacuum furnace (Kejia furnace). For the
ultrasound  treatment and homogenization of
suspensions was used Ultrasonic cleaner (40 KHz)
and JY92-1IDN  Touch Screen Ultrasonic
Homogenizer (20-25 KHz, 900 W). GO and rGO
particle sizes were determined by Winner802 DLS
Photon correlation nano particle sizer analyzer.

Obtaining of powdered graphite foil wastes
(pPGFW): The initial powders were obtained by grind-
ing of flake wastes in water (blender). After drying
the powder, that was still dry ground using a labo-
ratory mill. Removal of impurities from the powders
was carried out with chemical reagents and their
subsequent sifting fractions with particles <140 pm
were collected. From these powders, the graphene
oxide was obtained with different oxidation systems
(KMnO4—NaNOs-H2S04 and KMnO4+—H2S04) (Fig.3,
4).
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Fig. 3. Industrial graphite foil
http://www.toyotanso.com/Products/index.html

| 1
Fig. 4. Graphite foil wastes (I) and pGFW (I1).

Graphene oxide synthesis with Hummers method: In
details, 0.75g NaNOs and 80 ml of 98% sulfuric acid
were added to 1 g of pGFW. The reaction mixture was
cooled up to -2 — +1°C and stirred for 30 min. Over
the next 50 min, 6 g of KMnOs was added. The
temperature was left to raise until room temperature
(3 h) during stirring, and the mixture was further
stirred for half an hour at 35-40 °C. The reaction
mixture was diluted with 100 ml of cold water,
keeping the temperature below 90°C, and then stirred
at this temperature for 30 min. The mixture was
diluted to 300 ml. Residual amount of potassium
permanganate was removed by 3 % hydrogen
peroxide solution. A yellowish suspension of graphite
oxide was obtained, its color gradually changed to
dark brown.

The resulting suspension was left to stand for 20
min, and then the precipitate was removed by
decantation. This operation was repeated twice. For
the rapid precipitation of graphene oxide from the
suspension, a 5 % solution of hydrochloric acid (300
ml) was added. Decantation was repeated 3 times in
10 min intervals. An aqueous gel-like mass was
obtained by centrifuging and washing the sediment,
the pH was between 5 and 6. The sediment was
washed with acetone 3 times and is dried in vacuum at
70 °C for 4 h.

The decanted solutions contained 12-17 wt.% of
GO. Its reduction to the rGO was conducted with
ascorbic acid, zinc powder and hydrazine. For example:
the decanted solutions were mixed with 1 g of
ascorbic acid and heated until 80 °C. The brown
solution darkens rapidly due to the formation of
reduced graphene oxide. rGO precipitation occurred
when the reaction mixture was cooled (10 min). The
precipitate was filtered, washed with sodium
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bicarbonate solution, then with water until reaching
pH = 6, acetone (x3) and dried in vacuum at 70 °C.
Oxidation of pGFWwith KMnOs+H2S0s system: For
oxidation of pGFW, we used a simplified oxidation
system of KMnOz—H2S04[31]. In more details, 40 ml
of 98 % sulfuric acid is added to 1 g pGFW (<140
um) in a glass reactor. The mixture was stirred at 35—
40 °C for half an hour and 3 g of potassium perman-
ganate was added at 40-45 °C under 1 h (the
temperature can reach 50°C). The mixture was stirred
for 3 h. A gray viscous mass was obtained, which was
cooled to 10°C and 100 ml of ice-water was added to
the glass reactor. A sharp change in the temperature of
the reaction mixture was not observed while adding
the water. After adding 3-4 drops of hydrogen
peroxide (30 %), the reaction mixture becomes sharp
yellow. Isolation of graphene oxide from the
suspension and receiving of rGO from decanted
solutions was carried out using the way mentioned
above. Synthesis scheme of GO, rGO and grapheme
from graphite foil wastes are shown in fig.5.

[ Graphite foil I

i technical operations

l grinding

| Graphite foil wastes J
Powdered GFW
pGFW

l oxidation

‘ Graphite oxide I

i sonication

Graphene oxide
GO

l reduction

Reduced Graphene
oxide rGO

|

l thermal treatment

]

Fig. 5. Scheme of obtaining graphene oxide, reduced
graphene oxide and graphene from graphite foil wastes

[ Graphene
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RESULTS AND DISCUSSION

Graphite foil wastes from various technological
processes are contaminated with various types of
organic and inorganic compounds which can be
removed with various methods after grinding the
waste. The graphite foil wastes used in our
experiments contained about 6% oxygen and some
other elements as well. After their wet grinding, a
powder with a particle size of <1 mm was obtained,
and the amount of fine fraction (<50 um) does not
exceed 6-8 %. In the case of dry grinding of these
powders, a fraction with a particle size of <140 pm
could be obtained, which was treated with various
reagents to remove the impurities. As the EDX
analysis showed, the powder produced consisted of
carbon and oxygen.

The SEM image shows that each particle of the
powder is composed of layers rolled on each other and
had different forms. The thickness of the sheets was
found to be ~0.5 um (Fig. 6).

I
Fig. 6. SEM image (I ) and EDX spectrum (1) of
pGFW.

Oxidizing reagents can easily penetrate the layers
and intercalation or functionalization-oxidation
processes can be occurred resulting in graphite oxide.
Using of pGFW with a particle size of 200500 um to
prepare of GO and the rGO may also possible.

The GO synthesis from pGFW was conducted
using the same methods as in case of other types of
graphite precursors. The KMnO4H,SO, and
KMnO,~NaNO3;-H,SO, systems were tested in the
pGFW oxidation using low-temperature (~0°C;
KMnO,~NaNO3;-H,SO,) and relatively  high-
temperature (~50°C; KMnO4,-H,SO,) modes. The
characteristic XRD peak of pGFW at 20=26.45-
26.50° completely disappears during the oxidation
process (Fig.7) due to complete oxidation of pGFW
into graphite oxide. XRD analysis also confirmed that
both oxidation methods led to the GO-phases
characterized with the peaks located at 26 = 10.90
and 10.60°, respectively (Fig. 7). The obtained results
correspond to the available data of processes used
flake graphite or expanded graphite as a precursor [28,
35, 36]. In case of low-temperature mode oxidation of
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pGFW, the C/O ratio (at.%) was found to be 61:38.
During its reduction with ascorbic acid, the C/O ratio
was modified to be 81:19. The peak of GO at 20 =
10.90° completely disappeared during the reduction
process and appeared a broad diffraction maximum
for rGO at 26=23.80°.

$ ¢

Fig. 7. XRD patterns of graphite foil (Ia), GO (Ib), rGO

(Ic), and pGFW (l1a), GO (llb), rGO (lic). GO was

obtained by oxidation of pGFW with KMnO4—
NaNOs-H,SO, (Ib) and with KMnO4H,SO, (11b).

When the pGFW was oxidized in a high
temperature mode (~50°C, KMnO,—H,SOy,), the C/O
ratio (at.%) was found to be 64:35. In case of its
reduction with ascorbic acid, rGO is obtained and the
C/O ratio (at.%) was changed to 80:20. The
diffraction peak at 2@ = 10.6° disappeared and two
peaks of rGO appeared at 20 = 21.2 and 23.7° (the
sample was dried in vacuum at 150 °C in 2 h).

During the reduction of GO to rGO by the
different methods, the diffraction peak maximums
appeared at different values of 2@ between 20.0 and
26.6° [28, 35, 36]. The location of the peaks depended
on the rGO drying temperature and shifted to higher
values with increasing that. Using the hydroiodic acid
solution (57 %) to reduce GO obtained by us, this
diffraction maximum could be detected at 260=23.7°.
pGFW oxidation requires 8-15 % more sulfuric acid
than flake graphite because the viscosity of the
reaction medium increases. Herewith it is confirmed
that the powder oxidation process effectively passes
using 93-95 % sulfuric acid as well, because it is
cheaper and more available than the concentrated
H,S0, (98 %).

The method of synthesis of GO and its separation
from the reaction mixture was partially corrected in a
way that the experiments would finish after 8-10 h
only. Sulfuric acid and metal ions (K*, Na*, and Mn*?)
were removed with decanting (2 times with H20, 3
times with 5% HCI solution). A 5 % solution of HCI
precipitates GO-flakes in 7-10 min, thus, the process
to remove the main impurities could be accelerated.
Subsequent GO purification was carried out using
traditional centrifuging and washing methods.
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Fig. 8. SEM image (I and 111) and EDX spectrum (Il and
1V) of GO platelets and rGO sheets, respectively.

It is confirmed that the received GO (Fig. 8)
contains sulfur and chlorine as impurities, S:Cl atomic
ratio (at.%) was found to be 0.7:0.3. A similar result
was obtained using flake graphite (0.7-2.8):(0.6-0.8)
[11, 31]. These impurities can be removed during the
reduction process of GO. During the decantation of
reaction medium thin fraction of GO moves into the
filtrate. Using Photon correlation nano particle sizer
analyzer it is confirmed, that their sizes varies in wide
range and reaches 60-1000 nm (Fig. 9).

1 il

iy
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10 il 10000

Dianeter ()

Fig. 9. Particle size distribution in GO decanted
solution.

The decanted solutions contained 12-17 wt.%
GO, but the large volume of the solutions complicated
the separation. It is easier to remove the GO from
these acidic solutions in its reduced form. In strong
acidic solutions, GO can be reduced to rGO using
various chemical reagents [34, 35]. We selected
ascorbic acid to reduce GO in solutions to rGO (Fig.

8) at 80°C. The EDX analysis confirmed the
completeness of reduction and elimination of the
chlorine and sulfur-containing contaminants.

Using a high-temperature (1000-1500°C) thermal
treatment, the reduced graphene oxide can be
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transformed into graphene with a defect structure.

CONCLUSION

Grinding of waste industrial graphite foils resulted
in graphite powders (pGFW) with a particle size of
<140 pm, which oxidation to obtain GO was carried
out with KMnO,~NaNOs;-H,SO, oxidation system
(Hummers method). The C/O ratio in GO and its
ascorbic acid reduced from (rGO) were found to be
61:38 and 81:19, respectively.It was confirmed that
GO could also be obtained from pGFW using
KMnO4-H,SO, system as well at 50 °C. Industrial
wastes of graphite foils were found to be appropriate
precursors for an eco-friendly synthesis of GO and
rGO, which can be transformed into graphene by
thermal treatment at high temperature
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1390 S Mo ORI30m. 9bgMAMPOL3YOLMEO MgbGHRIDMEO SBs0Bom IYIbOE0s, HMI gbgboero
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239950303900  dgmmeom (~50°C; KMnO4-H2S04). a4Moggbol mjbool bobmgbo @s dobo  asdmygmes
LoMgodaom  9M9ob  obbmMaogm®s sOLgdIMo  9gomEgdol  IMEOR0EOMIOOm. xbgzbowol
Q05 GHJ3YMOGOMO 75630l FoEgdr gMs8gbol mdubodo C:0 (5¢.%) 0sbsgzsmmds swfiggl 61:38.
dobo  sL3MOBOBOL  Tgo3000  LEEEIBOL  Fgdmbgzgzsdo  (53.%) MobogsMEmds  I3oMgds  (C:0=81:19).
6963296 08Msd30wo  5bsoHgdom ©oRIBOws, M FMsx3gbol mdlool 30go gsdmzwobpgds 260 =
10.90°, G&edgeroi LOHMEESE JOMYds 50PIBOL 3OMEgLT0 s S0RIBOEO FMsxIbOL MJLOOL  OGBMIYFOEO
05Jbodmdo  godloGmEgds  20=23.80°. aMoxgbol  MmJLOOL  sEYIPs  PoBHOIMEs  SLZMGMBOBOL T30,
00©gods05930L,  MWMMool Bbzgbowol s 30EGMIBObOL Fgdzgmdom. sEIbowo aMexgbol mdjlool
0505 39339M0GHwIMHYe0 333900 (1000-1500°C) Bo0©gds ©IB9IGHVIM0 LEAOIGMOOL FJmbg 4Moxngbo.
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Abstract. Increasing the volume of cement production in Georgia has fueled environmental and technical global problems.
The Association Agreement with the European Union has created the necessity of developing the best available
environmental environment in Georgian cement.

For the purpose of prevention of emission of CO,, SOx, NOx in the atmosphere and proper global problems, such as
“Thermal effect” and “acid rains”, there has been offered sorbent trapping with zeolites - cleaning of technogenic oxides
coming out of the kiln of cement clinker and afterwards by grinding of these saturated sorbents and utilizing them as a
mineral additive zeolite modifying of cement innovative BAT nanotechnology methods.

The mechanism for detection of CO2, SOx, NOx gases with zeolithic adsorbents in semi-production conditions has been
identified and studied by physical and chemical research (chromatography, so-called spectroscope, X-rayfactometric
analysis). It also has been established that in the sample samples of cement samples, there is a substance in the material
obtained from the subsequent Zeolite supplements.

Keywords: natural zeolite, cement, kiln for clinker, technogenic gasses, adsorption, infrared spectroscopy.

global problems “hot-house effect”/ “acid rains”. The
INTRODUCTION share of cement production in the emission of CO, in
Despite existing of lots of different means of environment is deemed to be 6-8% . At the same time
neutralization of harmful components of gasses these emitted technogenic substances are modifying
dissipated in the atmosphere (the main sources of  mixtures of structural composition of cement-concrete
which are energetic, chemical-metallurgical and and are supporting intensive solidification process.
cement enterprises) choosing of rational and effective ~ They are participating in creating crystallohydrates of
cleaning methods is getting more and more actual. ~complex, needle fiber habit (hydro calcium
Because of becoming requirements stricter in relation  carboalluminate -C;A 3CaCOj3; 31H,0 ettringite-C;A
to emission of stack gasses in the atmosphere [1, 2], it 3CaSO, 31H,0, thaumasite-C;S SO, CO315H,0)
is necessary to develop cleaning technologies of stack  and self (nano)- reinforcement, in the decrease of
gasses. One of the perspective methods of cleaning of  anisotropicity of concrete strength [2].
stack gasses is a sorption method — by using natural  In Georgia high-functional cement-concrete is in
zeolites. demand, satisfaction of which is hindered by fragility
Matter point of the problem of its structure, less stability to bending loads, i.e.
Nowadays the “main source” of emission of stack  anisotropicity of mechanical strength.
gasses and their components, such as CO,,SOx,NOx,  Natural zeolites, which Georgia is rich of (their supply
into the atmosphere, is a kiln of clinker in cement exceeds 300 min t), are characterized with
production. macromolecular system, having well developed
Clinker raw charge contains on average 80%  surface, activity of which is due to the molecular-
limestone - CaCOs. In case of using coal as fuel, asa  sieve effect of micro and nanopores and also diffusion
result of burning CO/CO,, SO,/SO;, and NO/NO, and sorption processes, have ability to take in
are moving to the stack gasses. Definitely: by the technogenic compounds emitted during clinker
stack gasses of the clinker kiln emission of the burning CO,, SOx, NOx. These gasses are
following “harmful” technogenic compounds takes ecologically harmful, but joining with zeolite by
place: 742-825 kg/t CO,; 1,15-9,18 kg/t SOx; 0,285-  sorption and after utilization of this modified zeolite
1,14 kg/t NOx [1], because of which cement in the composition of cement they become structural
production is deemed to be supporting creation of components of cement-concrete — nano-modifying
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compounds, because after mixing of cement they must
form crystallohydrates of cement containing structural
CO,, SOx, NOx.

Earlier in production of cement there was offered by
us perspectives of using zeolites as pozzolanic mineral
addition [3,4]. There have been worked up
technologies of different contents. Among them is the
technology, which envisages drying of zeolite before
grinding it together with clinker using the heat of
stack gasses of the clinker kiln [5]. If we create certain
conditions in the drying process of zeolite by the stack
gasses, zeolite might trap CO,, SOx, NOx by
adsorption and stack gasses will be cleaned from
them.

EXPERIMENTAL

In pilot conditions an experiment was conducted, for
which zeolite containing clinoptilolite of fraction 5-10
mm was prepared. For identifying adsorbed oxides
CO,, SOx, NOx in the mentioned zeolite method of
infrared spectroscopy was used. Infrared spectra were
taken in far infrared and middle infrared bands on
spectrophotometer ,,Agilent Technologies Cary 630
FTIR”.

Probes were taken from the grid, which was placed in
the pipe of the stack gas on the 7", 14" 21% and 27"
day of working of the zeolitic filter. In the drawing
below are given infrared spectra of these samples and
initial zeolites.

1000

1920 a0

Drawing: Infrared spectra of aluminosilicate carcass of
the taken probes from the initial (a) and zeolitic filters in
far and middle infrared bands on the 28™ (b) day of
working.
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As it is seen from the drawing the spectrum of the
initial sample fully corresponds to the data given in
literature [6,7], accordingly these are bands of
tetrahedral deformational vibration inside
aluminosilicate at 466 cm™ and valence vibration at
10446 cm™, also bands of vibration between
tetrahedrons accordingly are at 522.8, 595.4, 668.1,
712.9 cm™. Characteristic bands of natural minerals
are: deformational of water at 1654.2 cm™ and valence
at 3437.5 cm™ and vibration band of adsorbed carbon-
ions at 1424.8 cm™. In infrared spectrum taken on the
7" day and especially on the 14" day the picture is
changing —intensity of bands at 1424 cm™ , 875 and
712 cm™ |, which correspond to CO3?% NO,, NOg,
SO;% and SO,%ions accordingly [8,9]. Vibration
frequencies of these ions are very close to each other
and often their corresponding bands are overlapped.
Also  valence vibration band of Si-O-Si
aluminosilicate at 1044 cm™ coincides with vibration
bands of SO,? and NO, ions [9], hence it is hard to
fix absorbed ions exactly, though the general picture
is clear. Intensity of bands of adsorbed ions in zeolitic
filters from the clinker kiln is gradually increasing and
reaches its maximum in the spectrum of the sample
taken after the 28" day (drawing).

RESULTS

In the laboratory conditions we conducted adsorption
of CO,, N,O and SO, separately on zeolites. Infrared
spectra of these samples confirmed the results of the
experiments performed in the pilot conditions.

In the laboratory and pilot conditions from adsorptive
zeolitic tuff of CO,, SOx, NOx oxides were prepared
6 samples, which in the amount of 20 mass% were
mixed with cement composition. For the purpose of
comparing the prepared 6 samples of “modified”
cement there were prepared initial without additive
CEM 1 52, 5 type and 20 mass% cements containing
unmodified and modified zeolites. Testing was carried
out by EN 196 method, Results are represented in
Table 1.

Initial cement under study was  serial
“HeidelbergCement Georgia “of type CEM | 52,5R.
It was mixed with 20mass% of initial natural zeolitic
and adsorbed tuffs, by means of which it was turned
into modified cement of CEM 11 type.

Mixing of the cement under study with 20 mass%
zeolitic tuff is increasing water demand by 4.80%,
slowing down the binding speed and is increasing
cement strength (initial 2-7-day strength) by 0,50-
2,30%, also is increasing 28-day strength under
binding by 10% and decreasing 28-day strength under
compaction by 4%;

Mixing of the cement under study with 20 mass%
CO, adsorbed zeolitic tuff is_increasing its water
demand only by 1%, is slowing down the binding
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speed, is_increasing the cement strength under
compaction by 7,60-14,80% and under bending by
32,80% at all stages;

Mixing of the cement under study with 20 mass%
SOx adsorbed zeolitic tuff is increasing its water
demand only by 2,40%, is quickening the binding
speed sharply, and is decreasing mechanical
strength _under bending/compaction by 26,50-
38,50%;

Table 1. Testing results of plain cements of CEM | 52, 5
type 20 mass% containing unmodified and modified
zeolites

Cement w/c, Physico-mechanical properties
composition, | %
mass%
+Plaster 5%
Binding tems Strength
Qg s} hr-min bending/compaction,
% ,g 'E: mPa
NS | O Start | Fin- | Day | Day | Day
ish 2 7 28
Plaster | 95 | 36.0 | 2-00 | 3-05 25.6 34.3 7.0
/54.8

Kl 75 | 40.8 | 2-30 | 3-10 | 26.2 | 344 7.7
(20%) /52.6

Kl 75 | 370 | 2-40 | 3-40 | 294 | 394 9.3
(20%) /59.0
+C02

Kl 75 | 384 | 1-15 | 2-20 | 18.8 | 248 4.7
(20%) /33.7
+SO><

Kl. 75 | 384 | 3-00 | 4-10 | 32.0 43.2 8.2
(20%) /60.7
+NO><

Kl. 75 | 37.6 | 250 | 4-40 | 244 30.6 7.1
(20%) /47.8
+ (COZ
+NOx)

Kl. 75 | 384 1-00 | 2-35 29.6 35.2 6.2
(20%) /49.4
+(CO,
+SOx)

Kl. 75 | 420 1-35 | 2-40 | 28.0 27.6 8.1
(20%) /47.9
+(CO,
+SOX
+NOX)

Mixing of the cement under study with 20 mass%
NOX is increasing its water demand only by 2,40%,
is_slowing down the binding time sharply at all
stages, at all stages —most sharply by10,70-25,00 is
increasing strength on compaction by 17,14% -
strength on bending;

Mixing of the cement under study with 20 mass%
CO,+NOx adsorbed zeolitic tuff, only by 1,60% is
increasing its water demand, is slowing down binding
speed, by 12,70%-is decreasing strength on
compaction and by 1,40% is increasing strength on
bending;
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Mixing of the cement under study with 20 mass%
CO,+SOx adsorbed zeolitic tuff, only by 2,40% is
increasing its water demand,_is increasing binding
speed by 2 times, by 2,60-15,62% is increasing the
initial strength and by 9,80% is decreasing 28- day
strength;

Mixing of the cement under study with 20 mass%
CO,+SOx+NOx adsorbed zeolitic tuff, is sharply
increasing by 6% as its water demand, as well as
binding capacity,by 9,37% is increasing  2-day
strength and 12,60% is decreasing 28-day strength;
Cements of CEM Il _type containing zeolitic tuffs
adsorbed with CO, and NOx are of the highest
strength!

On all samples of studied cement was performed X-
ray diffractometric analysis and we found that apart
from the first sample all the other samples of cement
alongside with Alite, Portlandite, Ettringite must
contain mineral stratlingite C,ASHg, which is caused
because of mixing and existing of zeolitic tuffs in
cement;

Ne3 sample of cement unlike others contains calcium
carbo aluminate C;ACaCO312H,0, which can be
caused by mixing in cement zeolitic tuff adsorbed
with CO,.

Ne5 unlike the rest of cement samples contains
Calcium nitrate Ca (NOs),, which might have been
caused by mixing in cement zeolitic tuff adsorbed
with NOx.

CONCLUSION

The performed work enables us to solve such global
ecological problems as “thermal effect” and “acid
rains” in the atmosphere by using zeolitic sorbents.
Also by grinding such saturated sorbents and utilizing
them as a mineral additive and further by zeolitic
modifying of cement we can get cement-concrete of
high strength
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STUDY OF POLYCYCLOALKANE HYDROCARBONS IN
GEORGIAN PETROLEUM
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0186, Thilisi, Georgia
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Abstract: Polycykloalkane Concentrates isolated from saturated hydrocarbons of the 200-350°C fractions of Taribani
Petroleum (Georgia) were studied by GC-MS. The concentrate preparation included the following steps of treatment of a
crude oil: (a) distillation, (b) de-aromatization by liquid adsorption chromatography on silica gel, (c) Three-stage thermo-
diffusion separation of iso-alkanes and cycloalkanes, and (d) thiourea adduct formation with cyclanes. In this presentation, a
composition of one out of ten thermodiffusion fractions obtained will be discussed. The GC separation was achieved on a
200 m capillary column with Dimethylpolysiloxane with the use of the following temperature parameters: 40°C at 2°C/min
to 280°C (hold 70 min). Automated mass deconvolution and identification system (AMDIS) was used for data analysis;
manual extraction of spectra was applied to insufficiently separated components. Complex study of mass spectral data and
evaluation of gas chromatography retention index values led to the differentiation of isomers.

The relict compounds isoprenoids, polymethyl derivatives of decalines and also a series of adamantan derivatives, including
the 2-n-buttile, 2-propyl and 1- methyl, 3-propyladamantanes that were identified in the petroleum for the first time.

Keywords: oil, saturated hydrocarbons, cycloalkanes, alkyladavantanes, thermo-difuzion, thiorea adduct
formation, CG-MS metod, AMDIS.

deposits of the upper Sarmat of the Eldar measure.
INTRODUCTION This oil is paraffinic by nature (7%), although like all
Georgian petroleum deposits are known from the other Georgian oils, it contains a considerable amount
ancient times. There are more than 1500  of isoprenoid structures. The content of light fractions
manifestations of oil and gas deposits. According to  (55-200°C) makes up to 30%, sulfur — 0.2%, resins —
quantitative estimates of oil and gas resources (2002)  8.5%, asphaltenes — 6.2% [1].
it was determined that geological resource of oil in
Georgia makes up to 850 million tons, including 400
million tons in the black sea shelf and the other 450
million tons on the land. Anticipated resource of gas
is estimated up to 180 billion m*® only on the land. As EXPERIMENTAL
a result 1 gas, 1 gas (5.3 trillion cubic meters) and oil
and 16 oilfields were discovered.

The investigation was carried out by studying
concentrates obtained from 200-350°C fraction of
Taribani paraffinic oil.

For preparation of concentrates from the oil the
following stages of crude oil processing were used:
Regular studies of oils began in Georgia in the first distillation, dearomatization with silica gel, three-
half of the 20th century when the oil chemistry  stage thermodiffusion separation of isoalkanes from
laboratory (1948) was established and these studies cycloalkanes, and extraction of cycloalkanes from the
are being continued up to date. It was established that obtained fractions with thiocarbamide. Ten
all known types of oils in Georgia were available. As  thermodiffusion fractions were previously obtained
an object of research the Taribani oil rich with  from which the composition of mixture of the IX+X
paraffin hydrocarbons was selected. The Taribani oil fractions was studied with the GC-MS method. IX+X
was one of the long-known oils of the Red Wells, factions were combined because of their similar
which were studied by the first researchers of  group composition [2].

Caucasian oils at the end of the 19th century. The
oilfield is located in the southeast of Georgia, on the
Shiraki Valley (Kakheti, the 12th licensed block).
Taribani oil belongs to the tertiary period of
formation, has different depth of bedding and age of
the surrounding rocks. The oil sample was taken from
the well # 23 at a depth of 2 345-2 374 m from the

The combined fraction (IX+X) is concentrate of
bridge structure polycycloalkanes of Cio-Cyg
composition. The results of study of this concentrate
are presented in the previous works [3, 4].

77



39099 G9e0gdodz30a0l BoYOZIH0 ©S aBgsbryemo Jodool obldodeIHol dtmdgéo 2019
Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

In the present work the results of investigation of the
composition of the VIII thermodiffusion fraction and
extract obtained from this fraction with the help of
thiocarbamide are reviewed. The GC-MS study had
been performed in the GC-MS magnetic sector of
mass spectrometer working in standard conditions
[5]. Separation of concentrates was achieved by
method of gas chromatography on 200 m GC
capillary column with dimethylpolysiloxane in the
programmed temperature conditions (from 40°C to
280°C at a speed of 2°C/min during 70 min). The
appropriate chromatograms are given in Figures 1-4.
The results of the analysis were obtained using

Intensity

——————————————
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n.""Jﬂm.mlLuLmhM mm

automatic deconvolution and identification system
(AMDIS) [6-10]. In case of poorly divided
components the mass-spectra were processed
manually. Complex study of MS data and GC
retention indices made it possible to divide isomers in
concentrates, which in itself is a great difficulty in the
process of identification of compounds. The main
components of the VIII thermodiffusion fraction, as it
was expected, were Cy;-Cy, isoprenoid alkanes.
Among them the predominant were pristane C9 and
the phytane C,y, the well-known biomarkers of oil.
Cyclopentanes, cyclohexanes and decalines were
characterized by high intensity as well.
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Figure 1. GC of concentrate VIII obtained after thermal diffusion: Isoprenoides: 1-Undecane 2,6-dimethyl-(C13);

2Dodecane

2,6,10-trimethyl-(C17); 6 — Pentadecane 2,6,10-trimethyl-(C18); 7 — Pristan-(C19);

2,6-dimethyl-(C14); 3-Dodecane, 2,6,10-trimethyl-(C15); 4-Tridecane 2,6,9trimethyl-(C16); 5-Tetredecane

8 - Pristan-(C20); 9 -Heptadecane

2,6,10,15-tetramethyl-(C21); 10 — Octadecane 2,6,10,15-tetramethyl-(C22); 11 — Nonadecane 2,6,10,15-tetramethyl-(C23).

Chromatogram of the VIII fraction is presented on
Figure 1; the identified compounds are listed in Table
1. A segment of chromatogram (89-95, RT, min) of
the V111 fraction is presented on Figure 3 and a list of
compounds found in this segment is presented in
Table 1.
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Table 1. List of compounds found in this segment is
presented(89 — 95RT, min)

Al 3-methylhexyl-methylcyclopentane

A2  15-dimethylhexyl-methylcyclopentane
A3 3-methylhexyl-dimethylcyclopentane
A4 3-methylheptyl-methylcyclopentane
B11  n-octylcyclohexane

B1, B3, B5, B8, B10

cyclohexanes with Cy substituents

B2, B4, B5, B7, B9

cyclohexanes with Cg substituents

C1-C9 decalines with 4 C-atoms
C10-C11, C13 decalines with C, substituents
C12 1-n-butyldecaline.
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Figure 2. A segment of chromatogram (89-95, RT, min) of the VIII fraction

Figure 3. Chromatogram of extract obtained alter thiorena adduct formation in the V111 fraction
1-Bicycloalkane(C13); 2- Bicycloalkane(C14); 3,4,6,11, 13,15- Bicycloalkane(C15); 5,12,14,16,17 - Bicycloalkane(C16); 18
- Bicycloalkane(C17); 19-20 — Bicycloalkane (C20); 23,24,28 — Tricycloalkane (C19); 25-27 - Bicycloalkane(C21).

Figure 4. A segment of chromatogram (70 - 85, RT, min) of thiocarbamide extract
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Separation of isoalkanes and cycloalkanes present in
the thermodiffusion fraction was successfully carried
out by formation of inclusion complex (adduct) of
thiocarbamide with cycloalkanes and their extraction
[11]. Because in chosen conditions the ability to give
inclusion complex had only cycloalkanes [7] there
were no n-alkanes in the obtained concentrate
(extract). It contained bicyclo-and tricyclo alkanes
which were separated on the 200 mm capillary
column  with  dimethylpolysiloxane and the
appropriate chromatogram was obtained (Figure 3).
The list of compounds detected in the extract is
presented in Table 2.

Table 2. List of hydrocarbons identified in this segment(70
— 85 RT, min)

al 3-Methyladamantane

a2 1,4-Dimethyladamantane

a3 1,2-Dimethyladamantane

a4 1,3-Dimethyladamantane

a5 2-Ethyladamantane

dl 1,3,5,6-Tetramethyladamantane
d2 1-Methyl-3-propyladamantane
d3 1,3-Diethyladamantane

d4 2-n-Butyladamantane

d5 1-n-Butyladamantane

b1 Tricyclo[4.3.1.1*%undecane

b2 Tricyclo[6.3.0.0"*]undecane

b3 Tricyclo[6.2.1.0**Jundecane

b4 Tricyclo[5.2.2.0**Jundecane

b5 Tricyclo[7.3.0.0%%]dodecane,
b6 Tricyclo[7.2.1.0*%]dodecane
b7 Tricyclo[6.3.1.0**]dodecane

el-e5 Methyldecalines

e6-e7 Ethyldecalines
cl 1,3,4-Trimethyladamantane
c2 1,3,5-Trimethyladamantane
c3 1,3,4-Triethyladamantane
c4 1-Ethyl-2-methyladamantane
c5 Tricyclo[7.3.1.0°"]tridecane
c6 1-n-Propyladamantane
c7 1-Methyl-3-ethyladamantane
c8 2-Methyl-1-ethyladamantane
c9 2-n-Propyladamantane

A segment of chromatogram (70-85, RT, min) of the
extract is presented on Figure 6, and a list of
hydrocarbons identified in this segment is presented
in Table 2.

Among bicycloalkanes the content of the relict-type
structures — the long-chain derivative of
perhydroindan — 1-(2-methyl, hexyl) perhydroin
dan and polymethyl derivatives of decalin — were
determined [12]. In the same concentrate were

determined protoadamantanes (the adamantanes
predecessor ~ compounds in  petroleum) -
tricycloundecanes (Cy;), homoadamantane -

tricyclo [4,3,1,1*®)undecane having a seven-member
cycle in its structure, tricyclododecanes (C;,) and
perhydrophenalene — tricyclo [7,3,1,0>"]tridecane

(Cy13). The structures of tricycloalkanes with compact
structures — polyedranes found in the extract are of
particular interest. An efficient separation of these
compounds became possible on the above mentioned
200 m capillary column. Typical structures and
corresponding mass-spectra are presented on Figure
5-6. 18 hydrocarbons containing adamantan skeleton,

including dimethyl-, trimethyl-, tetramethyl-,
ethyl-, methyl-ethyl-, diethyl-, propyl, methyl-
propyl adamantanes, were identified. It is

noteworthy that 1-n-propyladamantane and n-
buthyladamantane were discovered in Taribani oil
for the first time. On the spectrum (Figure 6) can be
seen main peaks of a fairly large molecular ion
radical (C,H,") and adamantil-cation (m/z 135)" [13].

N i . ,L]M, . ‘I.“l.‘ L ol JE

20 30 40 30 c0 7O 8 S0 100 110 uo Ry Mu Trse ﬂu Tire e e abe

Relsne Intensty,
8

H

Reaine Intenshy, %
] ;

LT

o | L
00 18
*
3
§so

as
2
12
1 - ||‘|-‘|| [l ll-,ull NERY? N R
% 70 ma o 180 1a 130 138 140 o 80 1ee

Figure 5. Mass spectra of (b) 2-Ethyl-( peak a5), 2-
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(2-Methylhexyl)perhydroindane (peak 16).
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The following way of fragmentation is similar to the
spectra of adamantan monoalkyl derivatives.
Experimental chromatographic retention time also
corresponds to the estimated value of 2-n-
buthyladamantane. In the said concentrate was also
established the presence of 1-n-propyl and of the 2-n-
propyladamantane and 1-methyl, 3-
propyladamantane for the first time.

CONCLUSION

Alkyladamantanes with substitute larger than ethyl
radical were not found in petroleum prior to our
investigation. This could be explained by their
formation from tricyclic condenced hydrocarbons by
isomerization when entering into contact with
aluminosilicate rocks. It was considered that as in
such conditions the higher derivatives of adamantane
were not formed they could not be present in oils. But
1-n-, 2-n-propyl-, 1-methyl-3-propyl- and 2-n-
buthyladamantanes were detected in Taribani oil.

The presence of these adamantine derivatives is
difficult to explain because their probable
predecessors were not detected in petroleum, or it can
be proposed that they are products of destruction of
higher molecular weight petroleum compound
containing adamantine nucleus.
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TAR-ASPHALTENIC COMPOUNDS
OF GEORGIAN PETROLEUM
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Abstract. When studying high-boiling compounds of oils characterized by an extremely complex composition and a large
variety of molecules in them, methods for detection and identification of polycyclic condensed aromatic systems which are
known to be a main structural blocks of tar-asphaltenic compounds are of certain interest. To study these systems of tar-
asphaltenic compounds of oils we used a hydropyrolytic method of hydrocarbon fragmentation. In this paper are presented
the results of GLC and mass spectrometric study of the products of hydropyrolysis of tars and asphaltenes from Norio
(aromatic), Samgori (paraffinic) and Supsa (tarry) oils of Georgia having various chemical nature. Investigation of
hydrocarbon composition of hydropyrolysates of tars and asphaltenes shows that they all contain the same aromatic
structures. In these oils the structures of naphthalene, fluorene, diphenyl, phenanthrene, pyrene, chrysene, perylenes and their

derivatives were identified.

Keywords: pertoleum, tars, asphaltenes, biomarkers, microelements

INTRODUCTION

Tar-asphaltenic compounds are a complex mixture of
high-molecular weight substances with dark color
present in crude oils and oil products in a dissolved
state or in the form of colloidal systems. Their content
in oils varies in very broad ranges — from a few tenths
of a percent to tens of percent. All sulfurous and high
sulfurous oils are highly tarry with a high content of
asphaltenes as well. Tar-asphaltenic substances
include tars, asphaltenes, carbenes, carboids,
asphaltogenic acids and their anhydrides.

Tars and asphaltenes are high molecular weight
heteroatomic complex compounds of petroleum. Their
content in petroleum can reach up to 25-50% by
weight. The role of tars and asphaltenes in all
processes from extraction to refining of petroleum is
extremely high.

The term “Asphaltenes” appeared in 1937 when
Boussingault defined them as a distillation residue of
bitumen: insoluble in alcohol and soluble in turpentine
(Boussingault, 1937). Today, asphaltenes are defined
as the heaviest components of petroleum fluids that
are insoluble in light n-alkanes such as n-pentane
(nC5) or n-heptane (nC7) but soluble in aromatics
such as toluene. These polydisperse molecules consist
mostly of polynuclear aromatics (PNA) with different
proportions of aliphatic and alicyclic moieties and
small amounts of heteroatoms (such as oxygen,
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nitrogen, sulfur) and heavy metals (such as vanadium
and nickel, which occur in porphyrin structures).
Heavy tars and waxes can co-precipitate with
asphaltenes and their amount is variable depending on
the method of separation. Asphaltenes and tars
isolated from a crude oil according to ASTM-D2007
are shown. They differ in color and texture.
Asphaltenes are black, shiny, and friable solids; while
tars are dark brown, shiny, and gummy [1-2].

The high-boiling aromatic hydrocarbons of petroleum
are complex hybrid compounds, in which along with
the aromatic structures there are four-, five- and six-
membered cycloalkane rings and a large number of
different alkyl substituents. This makes it difficult to
study the above hydrocarbons and prevents detection
of their individual chemical structures.

While the composition and properties of tar-
asphaltenic substances have been studied in some
detail, the structure of their molecules has not been
fully investigated. However, according to the
generally accepted opinion, the main structural blocks
of molecules of tars and asphaltenes are polycyclic,
predominantly aromatic, condensed systems [3-4].

It is noteworthy that in the study of complex organic
compounds like steroids and other ones the method of
thermal degradation proved to be quite successful in
determining their basic structural elements [5]. We
investigated the possibility of using thermal
destruction methods to identify and determine
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aromatic fragments of high-boiling compounds of
petroleum. An autoclave hydropyrolytic method of
hydrocarbon  fragmentation  was  elaborated.
Development of the method and a choice of the
hydropyrolysis regimen were carried out on the basis
of the study of hydropyrolysates of a number of
individual polycycloaromatic hydrocarbons  with
various structures [6].

Material and methods.

All used chemicals were of analytical grade. AFP
silica gel (activated Fine-Porous silica gel) -
Manufacturer: Labstatus Ltd, (Ukraine ); Petroleum
ether (Sigma-Aldrich International GmbH; Germany);
Dioxsane  (Sigma-Aldrich  International GmbH;
Germany); Benzene (Garlo Erba; Germany); n-
Heptane  (Sigma-Aldrich  International ~GmbH;
Germany); Methods of GLC and mass spectrometry;
standard method for isolation of asphaltenes from
petroleum with n-heptane [11]. Reference standards:
fenantrens, pyrenes, chrysenes, perylenes (Sigma-
Aldrich International GmbH, Germany);

To study these systems of tar-asphaltenic compounds
of oils we used a hydropyrolytic method of
hydrocarbon fragmentation. In this paper are
presented the results of GLC and mass spectrometric
study of the products of hydropyrolysis of tars and
asphaltenes  from Norio (aromatic), Samgori
(paraffinic) and Supsa (tarry) oils of Georgia having
various chemical nature, differing significantly in
their physical and chemical properties. Physical and
chemical characteristics of these oils — in Table 1.

Table 1. Physical and chemical characteristics of Georgian
Petroleum

Characteristics - O|If|eld'

Norio Samgori Supsa
Depth of bedding, m 1400 2830 3350
Density at 20°C, kg/m® 900.0 837.0 943.0
Viscosity at 20°¢, sS 19.0 3.0 22.0
Cloud Point,’C -45.0 3.0 15.0
Flash Point,’C 15.0 -10.0 40.0

Content in mass, %
Sulfur 0.23 0.17 0.42
Tar 8.58 7.0 14.4
Asphaltenes 1.22 0.95 4.19
Paraffin 0.82 6.8 3.1
Cocking ability 3.93 1.0 10.7
Ash content 0.011 0.018 0.043
Yield of fractions in mass, %

Up to 200°C 22.7 30.0 13.42
Up to 350°C 485 65.7 40.9

contain the same aromatic structures, and differ from each
other only in terms of the quantitative ratio of these
structures. The structures of naphthalene, fluorene,
diphenyl, phenanthrene, pyrene, chrysene and their
derivatives were identified. The group composition of
hydrocarbons in the hydropyrolysates of tars and
asphaltenes of oils under investigation is shown in Table 2.
The concentration value is normalized to the sum of the
concentrations of these compounds. Examination of the
data of mass-spectrometric analysis shows that on the mass-
spectra clearly distinguished groups of peaks of
characteristic ions of polycyclic aromatic hydrocarbons can
be observed.

Table 2. Group composition of hydropyrolysates of tars and
asphaltenes of Georgian Petroleum

Source compounds and composition of the
appropriate hydropyrolisates, % mass
Norio Samgori Supsa

Tar  Asp. Tar  Asp Tar Asp.

Types of
hydrocarbons

Naphthalenes 43 42 37 35 43 4.4

Biphenyles 1,8 1,7 15 14 1,5 1,6
Dihydrofluo- 3,2 3,7 45 3,8 6,7 3,2
renes

Fluorenes 2,2 2,0 18 1,7 2,2 2,3

Phenanthrenes 7,9 7,8 4,3 4,0 7,6 7,7

Dihydropyrene 13,7 10,7 7,0 9,0 10,1 11,0

Pyrenes 119 151 80 135 13,0 15,0
Chrysenes 13,2 131 113 13,0 12,0 12,8
Dihydropery- 7.8 7,7 8,0 11,0 8,9 9,0
lenes

Perylenes 78 9,0 130 12,2 9,9 10,4
Benzchrysenes 4,2 3,7 5,6 5,2 3,8 3,0
Anthracenes 2,1 2,6 6,7 45 3,0 2,4
Dihydrobenz- 3,3 2,8 2,4 2,6 2,5 2,6
pyrenes

Benzperylenes 2,1 15 2,4 2,2 1,3 1,6

Dihydrobenzpe- 1,3 1,1 14 1,2 0,9 0,9
rylenes

Phenanthro- 1,0 11 2,2 15 0,9 14
phenanthrenes
Phenanthryl- 0,3 0,6 0,4 0,7 0,8 1.2
phenanthrenes

Dibenzperylene 1,0 0,5 0,9 0,4 0,3 0,5

Mass spectrometric analysis of hydropyrolysates of
samples under investigation shows that they all
contain the same structures. Naphthalenes, biphenyls,
fluorenes,  phenanthrenes, pyrenes, chrysenes,
perilenes,  benzchryzenes,  benzperylenes  are
identified. A high content of phenantrenes, pyrenes,
chrysenes and perylenes, and as well of aromatic
structures with a large number of rings in the
condensed system should be noted.

Hydropyrolysis was carried out at temperature of 450°Ghe data presented in Table 2 show that the
hydrogen pressure - 7 MPa and duration of the process —cflialitative composition of the hydropyrolysates of all
hours. Hydropyrolysates were extracted with dioxangwvestigated tars and asphaltenes is the same. The
Hydropyrolysates of tars and asphaltenes were analyzed Byructures of naphthalene, phenanthrene, pyrene, and
gas-liquid chromatography (GLC) and mass spectrometryhrysene have been identified in them in considerable
GLC analysis of hydropyrolysates of tars and asphaltenggnounts, which is quite similar to the results of GLC
showed that they are almost identical by compositiognalysis of hydropyolysates (Fig. 3). However,
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according to the mass spectrometry data aromatic  Mass spectrometric analysis showed that in the
structures with a large number of rings in the hydropyolysates among the aromatic hydrocarbons
condensed system (perylene, benzphenanthrene, etc.) there predominate unsubstituted and methyl-
are also found in hydropyrolysates. substituted structures, the complete dealkylation of
The characteristic groups of peaks of molecular and  which seemingly did not occur during hydropyrolysis.
fission-fragment ions, as well as the presence of  This is evidenced by the distribution of the molecular
intensive peaks of double charged ions, confirm the  masses presented in Table 2 and the character of
highly condensed aromatic nature of these compounds  distribution of the intensities of the peaks of the
and allow to determine their molecular masses and the  characteristic  fission-fragment ions. The high
degree of hydrogen unsaturation. However, the exact  probability of (MH)+ and (M-CH3)+ processes
nature of cycles binding in the condensed system, the  established by the nature of these distributions,
place of attachment of substituents cannot be indicates the polymethylsubstituted structure of these
determined by mass spectra and are selected from a  compounds. Probable structures of polycyclic
number of possible structures, as the most probable  aromatic hydrocarbons identified in hydropyolysates
[7-9]. of tars and asphaltenes are shown on Table 3.

Table 3. Probable structures of polycyclic aromatic hydrocarbons identified in tars and asphaltenes

Benzperylenes - |

Perylene Anthracenes
Phenanthrene Pyrene Chrysene

- 00 S L
oy L5 90 &5 SRV

Benzchrysenes Dihydroperylenes —1  Dihydroperylenes Benzperylenes — 1 Dibenzperylenes Chrysene

@ @ ﬁ@ \\/ ©\
0 B8 G M ,Q OOLY

Thus, data obtained from the mass spectrometric  To determine the geological age of the crude oils
study of hydropyolysates of tars and asphaltenes of  under investigation the content of microelements was
Norio, Samgori and Supsa crude oils, together with  studied [10]. The content of microelements in ash
confirmation of the GLC analysis results gives more  residues were studied by methods of photochemical
capacious information on the composition of the  oxidation and spectrometry. The ratio V/Ni <1 shows
substances under investigation. The content of that these oils belong to tertiary types of oils, which
aromatic structures with a large number of rings in the  can be explained by conditions of accumulation of the
condensed  system  (perylenes,  benzpyrenes, initial organic matter and the corresponding
antantrenes) is found in them along with naphthalene,  geochemical origin.

phenanthrene, pyrene, chrysene, etc.

Hydrocarbon composition by GLC and mass spectra  Biomarkers of Georgian (Samgory, Norio and Supsa)
of hydropyolysates of tars and asphaltenes of Norio, ~ 0ils are presented on the Figure:

Samgori and Supsa crude oils shows that they all

contain the same aromatic structures. Significant [ Perolewm |
amounts of phenanthrenes, pyrenes, chrysenes,

perylenes and their alkyl- and naphthene derivatives B

Arcmanc

. . . - ] d
are identified in them. The content of aromatic Do e o
structures with a large number of rings in the  (f@ne@sehelene e e
condensed system is also quite big, although their 5.0.1.0% Moo o8
. . Asaburabed;
largest part consists of compounds with the degree of I saromate
. . ar
hydrogen unsaturation according to the formula Spmanl
CnH2n + x, where x < 30. biomarkers -3k
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Conclusions.

e It is determined that tars and asphaltenes
from Norio, Samgori and Supsa crude oils
contain the same aromatic structures.

e Naphthalenes, biphenyls, fluorenes,
phenanthrenes, pyrenes, chrysenes, perilenes,
benzchryzenes, benzperylenes are identified.

e Distribution of microelements in oils is
studied. It is found that these oils are tertiary
types of oils (V/Ni <1).

o Biomarkers of Norio, Samgori and Supsa oils
are determined.
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Investigation of petroleum from
new wells of Eastern Georgia
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Abstract. Investigation of new wells of Satskhenisi oil (#7, #11, #12, #13, #14) and Manavi oil (#11, #12) was carried out.
By IR spectroscopy it was established that Satskhenisi oil belonged to naphtheno-aromatic type and Manavi oil — to
paraffinic type of oils. According to distribution of trace elements V, Fe, Ni, Co, Mo, Cu, Pb, Sn, Zn, Sr, Ba, Ti and the ratio
VINi <1, these oils refer to tertiary types of oils, which is explained by conditions of accumulation and geochemical
transformation of the original organic compounds. Using simulation chromatographic distillation of Manavi oil from the #12
well were obtained naphtha and diesel fractions. In naphtha by method of gas-liquid chromatography were identified
individual paraffinic, naphthenic and aromatic hydrocarbons and in diesel fraction — individual n-paraffinic hydrocarbons.
Physical and chemical characteristics, chemical nature and high yield of light fractions outlines perspective for obtaining of
high quality energy purpose oil products like gasoline, petroleum solvents, aviation and diesel fuels and several brand

petroleum oils from this new wells of petroleum deposits.

Keywords: Petroleum, Tar, Asphaltens, nafta, Diesel, microelements

INTRODUCTION

The main energy source in the world’s economy is
petroleum products of which are used by all other
branches of industry and which provides 1/3 of the
world’s energy demand. According to the data
obtained in 2018, the world’s reserves of petroleum
amount to 7,471.5 billion barrels on land and 160
billion barrels on the seabed.

One of the main problems among the challenges
facing humanity in the 21st century is to solve the
issue of energy security. Countries that have
sufficient oil and gas resources can ensure their
energy security, develop their economy and
strengthen their independence.

Georgia, in terms of its geological structure,
belongs to two oil and gas bearing territories: the
Black Sea region and the Caspian province.
According to the calculations of foreign and Georgian
specialists, the expected oil resources in Georgia
make 2 billion 350 million tons, and of gas - 180
billion m®. Even in case of development of 40-50% of
this potential resource, the country's budget will
receive a profit of several hundred billion dollars.

It was established that according to the physical
and chemical parameters Georgian oils belong to
unique, low-sulfur, high-quality oils and from the
point of view of processing they are quite an
interesting raw material. Studies of these oils have
shown that in Georgia there are almost all known
types of oils that differ from each other by their
chemical nature (paraffinic, naphthenic, naphtheno-
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aromatic, aromatic, etc.). Through the study of oils
and their physical, chemical and geochemical
parameters using uniform integrated methods, it is
possible to plan the production of commercial oil
products for energy purposes of local industry and
agriculture, which is of great importance for the
determination of the country's energy resources and
their rational management [1-5].

The goal of the work was investigation of new
wells of petroleum from Satskhenisi and Manavi
oilfields for their certification. Satskhenisi oilfield is
located at the eastern part of Gare-Kakheti oil region
in the north wing of Norio-Khashmi anticlinal at a
distance of 30 km to the north-east from Thilisi.
Satskhenisi anticlinal is composed of Maikop and
Miocene sedimentary structures [6] and Manavi
oilfield is located to the south from the Kakheti
Range at a distance of 60 km from Thilisi, to the
north-south of the dome of the Ninotsminda oil-
bearing anticline with corresponding sedimentary
structures  consisting of oil-containing  Upper
Cretaceous paleogenic sediments.

In connection with the rehabilitation of Satskhenisi
oil production and for the purpose of certification of
Georgian oils five new wells (NeNe 7, 11, 12, 13, 14)
of Satskhenisi oil with depth of occurrence 1040-
1400m have been studied [7, 8]. Physical and
chemical characteristics and the possibility of
obtaining commercial oil products were investigated.
Physical and chemical characteristics of the
investigated oils are shown in Table 1.
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Table 1. Physical and Chemical Characteristics of
Satskhenisi crude oil

Satskhenisi crude oil

Parameter

Well #7 Well Well
#11 #12
Density at 20°C, kg/m® 760,5 808,2 787,1
Density at 15°C, kg/m® 764,5 812,0 791,0
Molecular weight, °API 53,59 42,76 47,38
Kinematic viscosity  0,9232 2,27 1,25
20°C, cSt
Ash content, % 0,0011 0,0021 0,0013
Asphaltenes, % 0,024 0,08 0,038
Resins, % 0,8 1,8 1,2
Paraffines, % 0,045 1,05 0,5
Sulfur, % 0,1 0,1 0,1
Mechanical impurities, % 0,004 0,19 0,071
Acidity, mg KOH per 1g 0,65 1,3 0,78
of oil
Acid number 0,032 0,059 0,035
Pour point, °C >-30 >-30 >-30
VINi ratio <1 <1 <1
Yield of light fractions, %
Under 200°C 61,0 54,0 63,0
Under 320°C 90,0 84,0 86,0

The results showed that all these crude oils are
characterized by low density (765.0-816.0 kg/m® at
15°C), viscosity (0.92 - 2.48 cSt), small amount of
paraffins (0.04-1.1%), sulfur (0.1%), and tar and
asphaltenes (0.24-2.27%). Distillation curves of crude
oils of all five wells showed that they are
characterized by high content of light fractions
boiling below 320 °C with a yield of 80-92%.
Temperature-distillation chart shows that similarly to
previously produced crude oils new wells of
Satskhenisi oilfields are characterized by high content
of light fractions. Temperature-distillation chart of
oils from the new wells with initial boiling point
below 320 C is shown in Figure 1.
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Figure 1. Temperature-distillation chart of oils from new wells of Satskhenisi oilfield

At present, general accepted approach for carrying
out comprehensive studies of composition of oils is a
method of infrared spectrometry. The structural and
group composition of crude oils and their components
is determined by intensity of characteristic absorption
bands in IR spectra using common baseline with
fixed points at 1850 and 650 cm™. Content of
methylene groups (CH,) in average molecule is
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assessed by absorption band at 720 cm™, content of
methyl groups (CHs3) — by the absorption band at
1380 cm, of sulfoxide groups (SO) by the band at
1030 cm™ and of carbonyl group (CO) in the region
of 1720-1700 cm™ with respect to C = C aromatic
bonds by absorption band at 1600 cm™.

We have studied the results of infrared
spectrometric analysis of crude oils from new wells,
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which was performed on a Perkin Elmer Spectrum
spectrometer (model 10.4.2). The infrared spectra of

all studied oils are presented in Figure 2.

Figure 2. The IR spectra of all studied crude oils

IR spectra of all wells (Ne7, Nell, Nel2, Ne 13,
Nel4) of Satskhenisi oilfield are virtually identical.
On spectra of fractions bands corresponding to
alkanes (728 cm™), naphthenes (1030 cm™) and
arenes(1500 cm™) can be clearly distinguished. This
result, along with physical and chemical
characteristics of the investigated oils, suggests that
oils of new wells of Satskhenisi oilfield have similar
chemical composition and belongs to the naphthene-
aromatic type of oils.

Due to the high yield of light fractions of the
Satskhenisi oil, the light commercial oil products —
naphtha, kerosene and diesel fuels — were isolated
and investigated. The study of the above mentioned
commodity oil products showed that they meet the
requirements of the relevant standards.

Oil production in wells #11 and #12 is carried out
by the company Canargo Energy Corporation.
Reserves of wells make 130 million barrels of oil and
59 billion cubic pounds of 2C gas (NSA). Perforation
interval is 4680-4953 m. Physical and chemical
characteristics of the crude oil from the Manavi
oilfield are shown in Table 2.

The oil under study is characterized by medium
density, high yield of light fractions (68%) and low
content of sulfur and tar-asphaltenic compounds
(8.92%), paraffin content is 6.1%. Simulation of
complete distillation of crude oil was performed on a
Sim Dis chromatograph, Auto System XL,
manufactured by Perkin Elmer, according to ASTM
D 2887 standard [9]. The crude oil under study is
characterized by a high content of light fraction, the
residue above 500°C is 12.5%. The distillation curve
for Manavi oil is shown in figure 3.

Table 2. Physical and Chemical Characteristics of
Manavi Petroleum

Manavi Petroleum

Parameter Well #11 Well #12
Density at 20°C, kg/m® 826,0 822,5
Density at 15°C, kg/m® 829,6 826,5
Molecular weight, °API 39.6 40,0
Kinematic viscosity 20°C, ¢St 3,4 3,15
Ash content, % 0,0141 0,0098
Asphaltenes, % 1,86 2,7
Tar, % 7,07 8,12
Paraffines, % 6,5 6,2
Sulfur, % 0,18 0,17
Mechanical impurities, % 0,02 0,01
Acidity, mg KOH per 1g of 0il 0,23 0,20
V/Ni ratio <1 <1
Yield of light fractions, %
Under 200°C 30,0 32,0
Under 320°C 65,0 67,4
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Figure 3. Distillation curves for Manavi oil, wells #11
and #12

An infrared spectrometric analysis of oils from new
wells, carried out on a Perkin Elmer Spectrum
spectrometer, model 10.4.2., showed that the IR
spectra of the wells are almost identical. The intensity
of the absorption bands of 721.4 cm™ and 1377 cm™
characterizes the content of methyl and methylene
groups in paraffin hydrocarbons. The presence on the
spectrum of the band 1600cm™ characterizes the
content of aromatic hydrocarbon. It has been
determined that crude oils of the new wells of the
Manavi oilfield have the same chemical composition
and refer to the paraffin type of oils.

PekinElmer Specum Version 104
04 July, 2019159

Analyst
Date
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04 uly, 2019 15:14

%T
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manavi 11

Sample 012 By Administralor Date Friday, September 28 2018

manavi 12-1  Sample 009 By Administrator Date Wednesday, October 24 2018

Figure 4. IR spectra of Manavi Crude Oil

From the results of the study, it turned out that due to
the low content of sulfur, tar-asphaltenic compounds
and high yield of light fractions, the Manavi oil was
high-quality paraffinic oil.

The naphtha fraction isolated from the Manavi crude
oil (35-180°C) was studied by the gas
chromatography method “PON A” [10]. The
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elemental and group hydrocarbon composition,
molecular weight, relative density, saturated vapor
pressure and octane number were determined (Table
3). Individual paraffinic, naphthenic and aromatic
hydrocarbons and their derivatives were also
identified.

The physical-chemical indices of diesel fractions with
different boiling points are shown in table 5. The
study showed that the refractive index, density and
kinematic viscosity increase with an increase in the
boiling point of the diesel fraction. Fractions are
characterized by a high diesel index and cetane
number (table 4).

Table 3. Characteristics of the naphtha fraction

The nawe of indi ators Magnitude
Density 2t 20°C, ke'm’ 7380
Mlolacular waight 101, %33
V apor pre s, el L7
Octans numbsr ?3;51
Distillzdon  =b. | 10% 30% | 20% b
31*E‘ WC110°C | 156°C  20°C
Content- C 36,113
Content - N 13,832
Grovp composition
Groups Ouput, % Yisld,% vol.
mass,
Paraffin 24027 23572
rparaffin 273531 20344
Oilefine - -
Naphthenas 32231 304532
Aspmatics 13,753 13362
Unknown (455 {1355
Amount 1000 1000
Under 200°C 300 320
Under 320°C 830 67,4

Table 4. Physical and chemical characteristics of
diesel fractions
Manavi Petroleum, Well #11

Fraction, °C 140-320,  140-350,  180-350,

°c °C °C

Gutput, % 42.1 47.0 37.0

Density at 20°C, 814.2 820.8 834.0

kg/m®

np® 1.4528 1.4560 1.4682

Kinematic viscosity 261 3.2 4,5

20°C, ¢St

Diesel index 64.4 63.3 64.7

Cetane number 57.0 55.0 50.6
Manavi Petroleum, Well #12

Gutput, % 42.9 49.0 40.0

Density at 20°C, 819.0 822.3 835.0

kg/m®

np® 1,4580 1.4640 1.4682

Kinematic viscosity 2.8 33 4.6

20°C, ¢St

Diesel index 64.7 63.5 61.6

Cetane number 58.0 55.6 51.8
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In the carbamide concentrate of the diesel fraction
180-320°C, the distribution of  n-paraffin
hydrocarbons was studied by a gas-liquid
chromatography (Table 5). In this table are shown the
identified n-paraffin hydrocarbons Cg—Cy, with a
maximum content of tetradecane (Cy4Hz).

The distribution of trace elements V, Fe, Ni, Co, Mo,
Cu, Pb, Sn, Zn, Sr, Ba, Ti in Satskhenisi and Manavi
oils was also studied. Trace elements were isolated
using the developed in the laboratory of petroleum
chemistry photochemical method of extracting the
concentrate of ash elements from petroleum and
petroleum products, which has found wide
application in other scientific research organizations.

Table 5. Paraffin hydrocarbons

Molecular Relative
Hydrocarbon  weight, concentration
names g/mol Manavi Manavi
#11 #12

Nonane 164.40 0.14 1.33
Decane 142.29 2.34 3.80
Undecane 156.31 5.86 7.60
Dodecane 170.34 8.61 8.33
Tridecane 180.40 10,87 9.00
Tetradecane 199,39 12,40 10.77
Pentadecane 221.42 10.37 9.88
Hexadecane 232.41 8.77 7.26
Heptadecane 240.48 7.80 7.05
Octadecane 254.5 6.61 6.73
Nonadecane 268.52 5.70 4.87
Eicosane 282.55 478 424
Heneicosane 296.58 4.21 4.76
Docosane 310.60 3.98 4.33
Tricosane 324.38 3.88 3.70
Tetracosane 338.65 2.65 2.73
Pentacosane 352.69 1.20 1.70
Hexacosane 366.72 0.79 136

Consequently, on the basis of the study it was
concluded that distribution of V, Fe, Ni, Co, Mo, Cu,
Pb, Sn, Zn, Sr, Ba, Ti microelements and the ratio
VINi <1 indicate that these oils are of tertiary type,
which can be explained by conditions of
accumulation of initial organic substance and by
relevant geochemical origin [11].

The results of the study

The oils of the new wells of the Satskhenisi and
Manavi oilfields, located quite close to each other in
the region of the Kakheti Range were studied.
Physical, chemical and geochemical parameters, as
well as functional groups by IR spectrometry, were
determined. It has been established that Satskhensi oil
refers to naphthene-aromatic, and Manavi oil to
paraffin types of oils.
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According to the distribution of trace elements V, Fe,
Ni, Co, Mo, Cu, Pb, Sn, Zn, Sr, Ba, Ti and the ratio
VINi <1, these oils refer to tertiary types of oils,
which is explained by the conditions of accumulation
of the original organic matter and corresponding
geochemical origin.

By low content of sulfur, tar-asphaltene compounds
and high yield of light fractions, Satskhensi and
Manavi crude oils are high-quality raw material for
production of commercial oil products for energy
purposes — gasolines, high-quality organic solvents,
aviation and diesel fuels and various petroleum oils
for local industry and agriculture.
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Resol oligomer on the basis of adamantane type bisphenol
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Abstract. Heat-resistant and thermostable polymers, that is the polymers possessing three-dimensional structure, especially
those with rigid space lattice have been widely used. Most significant representatives of polymers of this class are the
phenol-formaldehyde polymers. Methylol derivative on the base of adamantine type bisphenol was obtained.  Interaction
of 2,2-bis-(4-oxyphenyl)adamantane with formaldehyde was investigated in n-propyl alcohol, at 115-135°C temperature
interval, in the presence of ammonia as the catalyst. Some kinetic regularities of reaction of interaction of adamantane type
bisphenol and formaldehyde were studied. It was proved that the reaction proceeded according to the second order.
Activation energy and reaction rate constants were calculated. Studies to determine the effect of various factors on the rate of
conversion, at the interaction of formaldehyde and 2,2-bis-(4-oxyphenyl) adamantane proved that the most optimal term for
the process is its carrying out at 125°C in n-propyl alcohol, at molar ratio of starting components 1:8, in the presence of 2
mass % ammonia used as a catalyst (with respect to bisphenol), at the reaction duration 10 hrs and initial concentration of
bisphenol — 0.6 mol./l. IR-spectroscopy was used to study the process of thermal hardening of methylol derivative of
bisphenol at isothermal terms, on the air. On the base of the IR-spectral data the mechanism of the process of hardening of
methylol derivative of bisphenol can be presented as follows: at the initial stages the methylene ether bonds are formed.
Then, at high temperatures, these bonds suffer destruction and the infusible and insoluble product is formed, which is
confirmed by the decrease of intensity of absorption band in the region 825 cm . Resite with adamantane grouping suffers
intense decomposition in temperature interval 450-550°C. Adamantane-containing resite suffers decomposition without
formation of coke residue, which enables us to recommend it for making heat-eliminating covers. High thermal indices of a
polymer on the base of methylol derivative of 2,2-bis-(4-oxy phenyl) adamantane, enables us to use it as the binder for the
creation of heat and thermally stable materials.

Keywords: cycloparaffins, resol, oligomer, bisphenol, adamantine

phenol formaldehyde polymers with adamantane type
INTRODUCTION card groupings
Heat-resistant and thermostable polymers, that is
the polymers possessing three-dimensional structure,

especially those with rigid space lattice have been ~ EXPERIMENTAL

widely used. Most significant representatives of First stage of the study deals with the synthesis of
polymers of this class are the phenol-formaldehyde methylol derivatives of adamantane-containing
polymers [1-4]. bisphenol. Initial component of the synthesis was 2,2-

Recently, to increase some indices (heat- and bis-(4-oxy- phenyl) adamantane (as the phenol
thermal stability, strength at impact loads et al) component) and alcoholic solution of formaldehyde.
various bisphenols were used for the synthesis of To realize successfully the reaction of synthesis,
phenol formaldehyde polymers. It enabled us to  and to determine optimal terms of the reaction, we
decrease cross-linking of macromolecules, which  considered proper to investigate some Kinetic
makes significant effect on physical-mechanical and regularities of the process.
other indices of polymers [5-8]. Interaction of 2,2-bis-(4-oxyphenyl) adamantane

Thanks to the very interesting set of properties of  with formaldehyde was investigated in n-propyl
other type polymers which contain cycloparaffin alcohol, at 115-135°C interval, in the presence of
card type groupings [9-13] we considered interesting ammonia as the catalyst, at the molar ratio of
and expedient to lead investigations in the sphere of bisphenol to formaldehyde 1:4.
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Schematically the reaction can be presented as
follows:

HO @— R—@— OH+4 CHO
?HZOH H,OH
I

1
— Ho<_}.R.Cl\>.OH

CH,0H CH,OH

NH,OH
—_—
C;H,0H

Bisphenol 11

Control over the reaction process was realized
according to the quantity of the used formaldehyde
[14].

Figure 1 offers kinetic curves of condensation
reaction of bisphenol with formaldehyde at various
temperatures. It was found that at 115-135°C
temperature interval, up to the high rate of
conversion, the rate constants preserved constant
values during the reaction, and were calculated by the
Arrhenius quadratic equation.

100
X
-9
80 4
w0 —=—115°C
——125°C
—a—135°C]
40
20 4
0 T T T T T T T T T T
0 2 4 g 8 10

Reaction duration, hrs

Fig. 1. Kinetic curves of interaction of formaldehyde and
2,2-bis(4-oxyphenyl)-adamantane at 115-135°C.P -
conversion rate.

Direct linear relation of logarithm of the rate
constant at inverse absolute temperature refers to the
second order reaction. Activation energy of the given
reaction calculated from this relation (dependence)
according to Arrhenius equation equals to 69.6¢10°
J/mol.

We studied the effect of various factors on the
process of reaction, and namely those of temperature
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and reaction length, quantity and nature of the
catalyst, type of reaction medium, concentration and
ratio of initial reagents.

As is seen from the kinetic curves (Fig. 1), by the
increase of temperature, the rate and speed of
conversion are increased. Conversion rate increases
also at the increase of reaction duration. Reaction is
mainly accomplished in 3 hours. 135°C is the limiting
temperature value, over which conversion of
methylol groups occurs.

Kinetic curves of the reaction are significantly
affected by the quantity and nature of the catalyst. At
the increase of catalyst quantity (ammonia) from 1 to
2 mass %, with respect to bisphenol, the conversion
rate at 135°C in 10 hours increases from 80 to 94%.
Further increase of quantity of the catalyst doesn't
affect the rate of conversion.

Reaction progress is also affected by the nature of
the catalyst. By the increase of catalyst activity
(pyridine, triethyl amine, ammonia) the conversion
rate increases and in 10 hrs reaches 27,50; 83,10 and
86.25 %.

To determine the effect of nature of the reaction
medium, the reaction was carried out in various
organic solvents: in n-paraffin, n-butanol, 1,2-
ethyleneglycol, 1,4-butyleneglycol and glycerin.
Experiments showed that in 5 hours of the reaction
the conversion rate equaled to 88,00; 85.05; 93.00
and 95.50, correspondingly. The best results were
obtained when the solvents glycerin and ethylene
glycol were used.

But to carry out the process of reaction in these
solvents is not expedient, since separation of the
reaction product is extremely complicated.

It was shown that at the increase of starting
concentration of bisphenol from 0.1 to 0.6 mol./l in
the reaction mixture, the maximum fractional
conversion is increased and by the end of 10 hrs it
equals to 70.50 and 94.50%, correspondingly.

At the interaction of formaldehyde and 2,2-bis-(4-
oxyphenyl)adamantine, the formaldehyde to
bisphenol ratio 4:1 is optimal. At this ratio of starting
components we studied all the above referred
regularities.

We have studied the effect of formaldehyde amount
exceeding the equimolecular on the rate of formation
of methyl derivative and bisphenol fractional
conversion. Experiments were carried out by the use
of various starting quantities of formaldehyde.
Various molar ratios of bisphenol to formaldehyde,
namely such as 1:4, 1:8 and 1:16 were tested,
correspondingly.

Experiments showed that by the increase of
formaldehyde quantity over the equimolecular one,
rate and speed of bisphenol conversion markedly
increased.

Studies to determine the effect of various factors on
the rate of conversion, at the interaction of
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formaldehyde and 2,2-bis-(4-oxyphenyl)adamantane
proved that the most optimal term for the process is
its carrying out at 125°C in n-propyl alcohol, at
molar ratio of starting components 1:8, in the
presence of 2 mass % ammonia used as a catalyst
(with respect to bisphenol), at the reaction duration
10 hrs and initial concentration of bisphenol — 0.6
mol./L.

Methyl derivative of 2,2-bis-(4-
oxyphenyl)adamantane was separated from the
reaction mixture by precipitation in water or by
evaporation of the solvent under vacuum at 60°C
temperature. The isolated product is solid powder,
with yellowish hue, well soluble in acetone, alcohol,
dioxan, dimethyl formamide, insoluble in aromatic
hydrocarbons and water.

RESULTS

X-ray diffraction studies showed that in distinct
from 2,2-bis-(4-oxyphenyl)- adamantane, its methyl
derivative is of amorphous structure.

According to the data of analysis, hydroxyl groups
equal to 6.08 %; molecular mass determined by
ebulioscopy - 586; methylol group content - 25.56%.
These data well conform to the calculated values of
these indices for tetra methyl derivative of 2,2-bis-(4-
oxyphenyl)adamantane, esterified by the use of
propyl alcohol.

According to the above referred scheme formation
of reaction products is confirmed by the data of IR
spectroscopy. Spectra of methyl derivative show the
absorption band in the zone of 1030 cm™, which is
characteristic to valence fluctuation of methylol
groups. But the spectra fixes also an absorption band
in the regions 1085 and 1110 cm™, which is
characteristic to simple ether bonds, which refers to
esterification of methyl groups by propyl alcohol. IR
spectra of absorption show also the absorption bands
in the regions 1380 and 3360 cm™, characteristic to
valence and deformation fluctuations of phenol
hydroxyl hydrogen bonds of the polymer.

Absorption bands in the regions of 2880 and 2970
cm’ are characteristic to valence fluctuations of
methyl groups, while the band at 1600 cm™
corresponds to aromatic ring.

Irrespective of the fact that methylol groups in the
process of formation of bisphenol methyl derivative
undergo esterification, it affects significantly their
reaction activity. They are thermo-reactive and suffer
hardening at heating.

Figure 2 presents thermogravimetric curve of
hardening of methyl derivative of 2,2-bis-(4-
oxyphenyl)adamantane. Figure 2 shows that
bisphenol methyl derivative at heating up to 400°C on
the air, the mass is decreased by 32%. Decrease of
the mass up to 400°C should be attributed mainly to
the hardening process, which apparently takes place
up to 400-470°C. But, alongside with the hardening
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process, destruction processes are started at the above
stated temperatures. At 560°C the whole polymer is
evaporated, without coke residue formation. Behavior
of methylol derivative of adamantane-containing

bisphenol should be attributed to polycyclic
adamantane grouping.
Taking into consideration the results of

thermogravimetric analysis we can state that in the
temperature range 150-400°C the decrease of mass is
mainly conditioned by polycondensation processes.
Above this temperature, the destruction processes are
prevailing. Considering this fact the further thermal
hardening was carried out by using these data.

Process of thermal hardening of methylol
derivative of 2,2-bis-(4-oxyphenyl)adamantane was
investigated in isomeric conditions, on the air, at
temperatures 150, 200, 250, 300°C (Figure 3).

At heating of methylol derivative of bisphenol of
2,2-bis-(4-oxyphenyl)adamantane for five hours the
intensity of absorption band in 1030 cm™® |
characteristic to free non-esterified methylol group —
decreases significantly. This is apparently connected
with condensation of methylol groups and with the
formation of ether bond -CH,-O-CH,-. Intensity of
absorption band is decreased significantly in the
region of 3360 cm* and absorption bands in 3550
cm* characteristic to valence fluctuations of phenyl
hydroxyl groups, participating in the formation of
dimer hydrogen bonds - are increased.

Analogous changes were observed in deformation
fluctuations of phenol hydroxyl in the regions of
1360, 1380 cm™.

Figure 3 shows that by the increase of hardening
temperature in isothermal conditions up to 250°C, at
the starting section of the curves, the mass decrease
rate is higher. At the increase of length of heating,
intensity of decrease slows down for a continuous
time. Up to 250°C decrease in mass apparently is
conditioned by conversion of methylene  ether
groups, at a less degree, by conversion of methylol
groups with the isolation of low molecular reaction
products. The process of hardening apparently
proceeds up to deeper rate of completion, which can
be explained by the formation of the products with
less rigid spatial, three-dimensional structure,
conditioned by large size adamantane grouping.

In IR spectra of the product of thermal treatment of
methylol derivative of 2,2-bis-(4-oxy-
phenyl)adamantane, carried out at 200°C, in
isothermal conditions, the intensity of absorption
bands at 1085 and 1110 cm™, corresponding to
simple ether bonds, greatly decreases. Destruction of
these bonds takes place and infusible and insoluble
product, resite is formed. Intensity of the absorption
band at 825 cm® characteristic to extra-planar
deformation fluctuations of two siding =CH groups of
benzyl nucleus suffer significant decrease, which
apparently refers to the formation of new bonds.
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DISCUSSION

On the base of the IR-spectral data the mechanism
of the process of hardening of methylol derivative of
bisphenol can be presented as follows: at the initial
stages the methylene ether bonds are formed. Then, at
high temperatures, these bonds suffer destruction and
the infusible and insoluble product is formed, which

is confirmed by the decrease of intensity of
absorption band in the region 825 cm *
CH,OR! ?HZOR' CHZOR'
-R-</ \§-OH -R-{ > <:>
_ OH
CH,0-R' -H,0; -R'OH; -RIOR! H2C o CH20 CHz
_—
CH,0-R! H,C
-R-</ \>-OH -R-</ \>-OH —
— | CH,0-R!
CH,OR! CH,OR!

where R -//\% R'=-H;-C3H;

At thermal treatment of tetra-methylol derivative of
2,2-bis-(4-oxyphenyl)adamantane, at 250°C, on the
air, at isomeric conditions, the IR spectra show the
adsorption band corresponding to  the aldehyde
group, at 1660 cm™, which is explained by partial
oxidation of methylene group, and a band of
absorption in the region of 1680 cm™, which is
characteristic to quinoid groups, and is accompanied
by a decrease of absorption band intensity in 2880
and 2970 cm™, corresponding to valence fluctuations
of —CH,- groups, apparently is associated with the
changes in adamantane structure.

According to the thermogravimetric curve (Fig. 2),
at thermal hardening of methylol derivative of
adamantane-containing bisphenol, mass decrease
takes place and increases up to 400°C. As it was
stated above, mass decrease mainly takes place at the
expense of the process of hardening. Presence of
adamantane grouping contributes to the decrease of
effect of steric factors on the process of thermal
hardening, as a result of which degree of
completeness shifts towards high values. In common
phenol formaldehyde polymers, at the early stage of
reaction the process of hardening stops due to
rigidifying of the structure and formation of frequent
cross-linking, which is a result of a decrease of a
degree of completeness at comparatively early stage.
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Fig. 2. Dynamic thermogravimetric curve of methylol

derivative of 2,2-bis (4-oxyphenyl)adamantane (heating
speed 5°C /min, on the air).

At thermal treatment of methylol derivative of 2,2-
bis-(4-oxy phenyl)adamantane, at 300°C, in isomeric
conditions, on the air, IR spectra of the product of
hardening show absorption band in the region of 1600

! (characteristic to the formed condensed aromatic
hydrocarbons) and the increase of absorption band
intensity in the region of 1720 cm™ (characteristic for
carboxyl groups formed by oxidation of carbonyl
groups).

Behavior of phenol hydroxyl groups at thermal
treatment in the temperature range 250-300°C should
be emphasized. Absorption bands at 3360 and 1389
cm, characteristic for valence and deformation
fluctuations of phenol hydroxyls, linked by polymer
hydrogen bonds, suffer great changes. Their intensity
is decreased, while the intensity of the bands at 3550
and 1360 cm™, belonging correspondingly to valence
and deformation fluctuations of phenol hydroxyl,
participating in the formation of dimer hydrogen
bonds - increase. This refers to regrouping of polymer
hydrogen bonds towards those of dimers,
characterized by high resistance.

We have stated above that presence of card groups
increases thermal indices of other class polymers. To
evaluate thermal stability of adamantane-containing
bisphenol aldehyde polymer, we prepared resite of
the corresponding polymer.

Resite was prepared as follows: weighted amount
of a methylol derivative sample was heated to 180-
200°C 10-15 min prior their melting. When the melt
started hardening, it was subjected to thermal
treatment at 250°C within 1 hour. Preliminary
experiments, by extraction of dispersed sample of
resite from boiling acetone within 5 hours, showed
that it didn't contain low molecular products and that
thus the hardening process was practically brought to
the end.

We carried out thermogravimetric and thermo-
mechanical studies of resite. Structural changes
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taking place at thermal treatment were evaluated
according to the data of IR-spectroscopy.

&~
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—e—200C
—&— 250°C
—¥—300C|

mass decrease,

20

L LA e mo e s s s e B
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time, min.
Fig. 3. Mass decrease at thermal hardening of methylol
derivative of 2,2-bis (4-oxyphenyl)adamantane on the air,
in isothermal conditions, at temperatures: 150 (1), 200 (2),

250 (3) and 300°C (4).

Resite, obtained by hardening of methylol
derivative of 2,2-bis-(4-oxyphenyl)adamantane, in
distinct from common phenyl formaldehyde resites,
as is shown by thermogravimetric studies, up to
300°C doesn't reveal mass decrease practically, while
in case of common phenol formaldehyde resite, the
mass decrease in this case equals to 10%. Resite with
adamantane grouping suffers intense decomposition
in temperature range 450-550°C, and for common
resite, this interval falls within 400-500°C.
Adamantane-containing resite suffers decomposition
without formation of coke residue, which enables us
to recommend it for making heat-eliminating covers.

Thermomechanical  studies of adamantane-
containing resite showed that the polymer revealed
insignificant deformation (~ 2%) when it was treated
up to the temperature of thermal decomposition. At
the temperature about 500°C the increase of
deformation is observed, which apparently is
connected with resite destruction.

High thermal indices of a polymer on the base of
methylol derivative of 2,2-bis-(4-oxy
phenyl)adamantane, enables us to use it as the binder
for the creation of heat and thermally stable materials.
Glass-reinforced plastic on the base of methyl
derivative of 2,2-bis-(4-oxy phenyl)adamantane,
according to its dielectric and mechanical
characteristics significantly exceeds glass reinforced
plastics on the base of common phenol formaldehyde
oligomers, currently produced in industrial
conditions.
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Methylol derivative on the base of adamantine type
bisphenol was obtained. Some kinetic regularities of
reaction of interaction of adamantane type bisphenol
and formaldehyde were studied. It was proved that
the reaction proceeded according to the second order.
Resite with adamantane grouping suffers intense
decomposition in temperature interval 450-550°C.

Adamantane-containing resite suffers
decomposition without formation of coke residue,
which enables us to recommend it for making heat-
eliminating covers. High thermal indices of a polymer
on the base of methylol derivative of 2,2-bis-(4-oxy
phenyl) adamantane, enables us to use it as the binder
for the creation of heat and thermally stable materials.
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Radiation resistant materials
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Abstract. Polymers and the composites on their base are widely used in various branches of science and technology,
including nuclear one. There are a series of works where composites are considered for their application in the specific
spheres such as absorption of thermal neutrons. There is no universal material, which can be used in any exploitation
condition. On the basis of resole type matrixes -bisphenol formaldehyde oligomers, we have obtained polymer composites
in which thermally modified natural sorbents, diatomite and boron carbides were used as fillers. Diatomite contains active
amorphous silica and it is light, porous, cheap material. Matrix of polymer composites —resole type thermo-reactive
oligomer, is the chemical-and radiation resistant material. Boron carbide is the universally known reactor material. The
composite that does not contain a component that captures thermal neutrons, practically doesn’t weaken neutron flux. At the
increase of content of such component in the samples we observe marked weakening of flux density. Of course, at the long-
term exploitation terms these indices will undergo deterioration due to burning-out of boron from the composition, but the
rate of deterioration will depend on the radiation source capacity. It should be stated that all those composites are thermally
stable up to 400°C . Alteration of diatomite and boron carbid concentration does not affect practically therno-physical and
mechanical properties of the composites. Long-term testing of the samples at the above given neutron energy and current
density, (integral dose equalled to 5,04.10*2n/cm® showed that mechanical strength of the composites at bending (it is more
sensitive parameter towards irradiation) practically is not altered. Mass loss was not significant either. This refers to the fact
that the accumulated dose is not enough yet for destruction of polymer matrix and for changing of macro-properties of the
filler mineral.

Keywords: radiation, composition, bisphenol, neutron, diatomite

Thermally modified diatomite is interesting since it
INTRODUCTION contains active amorphous silica and is light, porous,
Polymers and the composites on their base are cheap material. Such composites could be used in
widely used in various branches of science and various environment conditions, in the constructions
technology, including nuclear one [1,2]. In special of facilities for collective protection against various
literature we come accross a series of works where origin and intensity ( E, < 0,5 eV ) thermal neutrons.
such composites are considered for their application ~ As is known, materials used in the facilities for
in the specific spheres such as absorption of thermal collective protection against thermal neutrons ought
neutrons [3-5], namely in the sphere of the  to satisfy a series of demands. They must be
constructions for biological protection, which are the  characterized by the necessary mechanical strength,
sources of neutron irradiation amd are the inseparable capacity to absorb neutrons, high radiation, chemical
parts of the aggregates. There is no universal material and thermal stability and must be characterized by the
of this type, which can be used in any exploitation stability of these parameters in the exploitation
condition . Such materials are selected according to ~ process.

specific technical requirements. Therefore expansion Matrix of polymer composites —resole type thermo-
of nomenclature of such materials is a rather urgent  reactive oligomer, is the chemical-and radiation
task. resistant material [1, 6]. The very characteristics of

With this in view, on the basis of resole type  diatomite used for upgrading of resole type
matrixes  -bisphenol formaldehyde oligomers, we oligomer’s mechanical and physical properties
have obtained  polymer composites in which ~ markedly exceed the characteristics of the matrix,
thermally modified natural sorbent, diatomite and  while the component that regulates the capacity for
boron carbides were used as fillers. neutron absorption of the composites — boron carbide,

is the universally known reactor material [7, 8].
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EXPERIMENTAL

We used Kisatibi (Georgia) origin diatomite as the
starting material, up to 50 mcm dispersion boron
carbide (B4C) and modified diatomite of the same
dispersion. To obtain the polymer matrix we used
bisphenol, which contained norbornane type groups :
4,4°-(2-norbornyliden)-diphenol,  4,4’-(hexahydro-
4,7-methylenindan-5-yliden)-diphenol ~ and  4,4’-
(decahydro-1,4,5,8-dimethylennaft-2-yliden)-
diphenol.

Oligomers were obtained through interaction of
bisphenols with formaldehyde:

N/ \ NHZOH
HO \\ // R \\ y~OH +4CH,0 —>03H7OH

R

— HO<>i/>_R_@OH + 4H,0

\ '

OO0 GO

R'=  -H; -CH,0H; -CH,0C3H,

Reaction was carried out in isopropyl alcohol.
Butyl mercaptan was used as a catalyst. After
completion of the reaction isopropyl alcohol was
isolated from the mixture by distillation. The obtained
methylol derivative was dried under the vacuum at
50-60°C. Study of thermal modification process of
diatomite was performed over the electro-vacuum
device. Diatomite content was determined by the
chemical method. Spectroscopic study was carried
out by UR-20 type device.

We used cylindrical as well as prism type samples
obtained by compression compounding  of
composites. Their testing for the capacity to absorb
thermal neutrons and long-term exposure of samples
to radiation to such neutrons was carried out on the
device of neutron-activation analysis (E,=0,025eV,
N,=2,5.10° n/cm%sec), according to the specially
developed method. Measuring error equaled to 10-
16%. We observed that the bigger the absorption
coefficient, the higher the accuracy of measuring.
Mechanical strength of the samples was measured on
Dynstat.

On the basis of the carried out studies we
determined optimal terms for thermal modification of
diatomite, its composition and properties. Technology
for obtaining composites was developed, some
physical-mechanical and radiation properties of the
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obtained composites were studied in a rather wide
range of composite component concentrations.

Bisphenol-aldehyde oligomers are formed at the
interaction of norbornan type card groups methylol
derivatives, which are transformed into oligomers. At
their further hardening they form resites. Mechanism
of oligomer hardening can be presented according to
the following scheme:

L
u _R_@—OH R—\_ ‘/ o
CH,OH /
CH ;H m i)H oo CH,
/N S A
_ R'\_\/‘OH —R—@— oH \_(> o
CH,OR' o a
R =C;3H; -

In the composite diatomite is not a neutral
component. On its surface, as well as in its pores
there are active functional silanole groups =Si=OH,
which interact with reactive methylol groups of resole
oligomers. This interaction can be presented in the
following form:

=S8i—-OH+ HOCH,;- — =Si-0O-CH;- +H,0

Chemical bond is created between diatomite and
resole, which is stable and conditions high physical
and mechanical properties of the composite. IR
spectroscopy studies proved that at this time
absorption bands characteristic for -OH groups at the
3750 cm™ zone completely disappear. Resole
oligomers of diatomite macro pores at the
compression treatment of composites undergo
structuring and macromolecules are formed, which
due to their big size are unable to leave the pores
without rupture of chemical bonds of the created
structured oligomers. This, to a certain extent
conditions high physical-mechanical indices of the
created composite.

Boron carbide does not form chemical bond with
the matrix, but its grains have high specific surface
and because of it, they jointly with the weak
molecular bond forces with polymers, are capable to
create high mechanical clutch forces. Therefore, joint
application of the modified diatomite and boron
carbide provides obtaining of the composites
possessing high indices.
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RESULTS

Natural diatomite contains 3,5-8,0% associated
water. Dehydration process is carried out by heating
on the air, at 150 ° C, within 1,5 hour. Table 1 offers
composition of thermally modified diatomite in oxide
form at optimal conditions (450 ° C, 4 hr).

Tablel. Chemical composition of thermally modified
diatomite in oxide form (mass%b6)

# Composition mass%
1 SiO, 92,03

2 Al,O, 4,05

3 Ca0 1,27

4 Fe,03 1,05

5 MgO 0,12

6 R,0 0,18

7 Losses at heating 1,3

X"R = K, Na, etc.

As is seen, at thermal modification the chemical
composition of diatomite suffers changes. At this
moment organic admixtures are burnt and porosity
increases from 75% to 85%. Macropore capacity
changes within 0,7-2,4 cm3/g, 0,3-1,6 mcm effective
radius.  Presence of such filler in the boron-
containing composite will probably contribute to
long-term exploitation of constructions, since such
residual pores will partially absorb helium which is
released at the B(n.a)’Li  reaction, which will
exclude swelling of the material and hence,
deterioration of its properties.

Table 2 offers initial component composition of the
considered  polymer composites. On the basis of
these  compositions, by the  compression
compounding, we prepared the samples, which were
used in further studies.

Table 2. Initial component composition of polymer
composites, mass%o

Ne Resole Thermally Boron carbide
modified
diatomite
1 60 5 35
2 60 10 30
3 50 20 30
4 50 10 40
5 40 20 40
6 40 30 30
7 20 30 50
8 20 20 60

Table 3 offers some charactetistics of polymer
composites. As is seen from the Table data, optimal
physical-mechanical characteristics are inherent to
the composites containing up to 40 mass %
thermoreactive oligomers. Their mechanical strength
at bending reaches 95 MPa. Therefore for the future
studies we selected only the composites which
contain matrices of this concentration.
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Table 3. Some characteristics of composites

- Composition Ne

Characteristics 1 > 3 7
- 160- 150- 140-
Fluidity, mm 200 195 130-190 200
Resiliency kJ/m? 10.0 8.5 12,0 10,0
ﬁ;ﬂ%g‘ N g 600 | 60,0 90,0 80,0

5 6 7 8
- 120- 110- 100-
Fluidity, mm 190 180 90-160 170
Resiliency ki/m* | 13,0 12,0 7,0 75
ﬁ;ﬁ%tg v 950 | 950 70,0 70,0

DISCUSSION

Table 4 offers the results obtained in the process of
testing of these compositions for absorption capacity
with respect to  thermal neutrons. Just for the
comparison Table offers two composites. Both
compositions contained 40 mass% polymer matrix. In
one of them the remaining 60 mass% was thermally
modified diatomite, and in the other — boron carbide.

Table 4. Influence of composite composition on
absorption capacity of thermal neutrons *

Sample Thickne | Test Rate of

composition ss, mm duration | irradiation
min decrease

40 mass% TRO+ 6 20 1.05

60 mass.% TMD

40 mass% TRO + 5 20 17

30 mas.% TMD+

30% B,C

40 mass.% TRO + 5 20 23

20 mass% TMD +

40% B,C

40 mass% TRO + 6 20 39

60 mass.% B,C

X)TRO- thermo-reactive oligomer; TMD-thermally
modified diatomite.

As is seen from the Table data the composite that
does not contain a component that captures thermal
neutrons, practically doesn’t weaken neutron flux. At
the increase of content of such component in the
samples we observe marked weakening of flux
density. Of course, at the long-term exploitation
terms these indices will be deteriorated due to
burning-out of boron from the composition, but the
rate of deterioration will depend on the radiation
source capacity. It should be stated that all those
composites are thermally stable up to 400°C
temperature. Alteration of diatomite and boron carbid
concentration does not affect practically therno-
physical and mechanical properties of the composites.

Long-term testing of the samples at the above
given neutron energy and current density, (integral
dose equalled to 5,04.10" n/cm? showed that



39099 G9e0gdodz30a0l BoYOZIH0 ©S aBgsbryemo Jodool obldodeIHol dtmdgéo 2019
Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

mechanical strength of the composites at bending (it REFERENCES

IS m_ore se_nsmve parameter towards irradiation) [1] Ivanov V.S. Radiation Chemistry of Polymers, L., “Khimia”,
practically is not altered. Mass loss was not
significant either. This refers to the fact that the
accumulated dose is not enough yet for destruction of

1988

[2] Sudareva N.A. et al. Polymer Materias as Conservers of

polymer matrix and for changing of macro-properties Radiation Wastes. Atom Energy, vol.74, #2, 1993
of the filler mineral. [3] Kozlov V.F. Reference Book for Radiation Security. M.,
CONCLUSION “Energoizdat” 1991.

[4] Plastic Mass for Neutron Absorption, Patent. J[JINe3000574.

Processes for obtaining of the resole type
Cl.G21F1/12. 1992.

bisphenol-formaldehyde oligomer and for thermal _ _
modofication of natural diatomite have been studied. [5] Material for Thermal Neutrons Absorption, Patent of Japan.
Polymer compositions are considered, which contain N3-6587884. Cl..G 21 F1/12. 1993.

29'60% oligomer, 5-30 mass% th_erma“y modified [6] Method for obtaining thermally stable resole type tars.
diatomite and 30-60% boron carbid. It was proved
that the composites containing 40 mass% matrix are
characterized by optimal mechanical indices. They

Papava G.Sh, Abnerova S.V. Sergeev V.A., Shitikov V.K.,
Tsiskarishvili P.D.,Vinogradova S.V., Korshak V.V.,Gribova

are therma“y stable up to 400 OC temperature_ I.A. Author’s Certificate, USSR, Ne 454813 (1974).
Composites capacity to absorb thermal neutrons  [7] Radiation effects of the glass silicia. Proceedings of the “12th
(E,=0,025eV) depends on boron carbid concentration International ~ Conference on Radiation Physics and

in it. By the increase of boron concentration in the Chemistry of Inorganic Materials®. Tomsk,  Russia,
composites from 30% to 60%, neutron current September 23-27. 2003

intensity decreases 17-40-fold. At the effect of eptember o-2f, 202,

integral dose of thermal neutrons - 5.10% n/cm? , the [8] Brief Reference Book for Engineers- Physicists.Comp. by
mechanical strength of the composites practically Fedorov N.D M.,1961.

doesn’t suffer changes.
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Abstract. Research goal was obtaining of ant stress, ecologically clean preparation with high bio-accessibility (bio-
digestibility) and low toxicity intended for oral administration, and determination of prospects of its use in the area of live-
stock farming (namely pig breeding). Manufacturing method of mentioned preparation is elaborated, which foresees the use
of freshly-prepared iron carbonate paste synthesized via interaction of FeCl,-4H,0 and NaHCOj; as a source of main active
component — Iron (I1); interaction of iron carbonate and cobalt chloride with complex formation with monosaccharide D-
Fructose having hemo-stimulating properties; concentrating of complex solutions up to syrup consistency; its extraction from
reaction area in the free state using alcohol-ether mixture, its treatment with acetone, ether, and drying in vacuum conditions;
infraction of complex mixtures containing certain quantities of Fe(ll) Fructose and Co(ll) Fructose with aqueous Askan-clay
(through ultrasonic material dispersion); preparation of water suspension, its drying, grinding, manufacturing of solid form
of preparation for oral administration. The preparation manufactured by mentioned method contains (in mass %): Fe(ll)-
Fructoze 15.75-31.6, [Fe(I1)-3.75-7.5], Co(ll)-Fructose 0.28, [Co(l1)-0.07], natural Askan-clay 68.2-36.5.The offered method
provides getting of highly digestible, functional targeted product with maximum content of Fe(ll). Therapeutic and
preventive efficiency of manufactured preparation was tested on animals under study, namely on store pigs (toxicity of
preparation was preliminary tested on laboratory white rats). Experiment result was expressed in getting rid of complications
(iron deficiency anemia, diarrhea-dyspepsia) caused by stress factors related to termination of breast feeding of store pigs
and food change, as well as in their normal growth and development, normal blood chemistry values and live weight gain.

Keywords: Antianemic Fe(ll)-complex, Bentonite, Application in pig breeding, Metal deficiency anemia

damage. In the major part of large pig-farming

INTRODUCTION enterprises pig anemia reaches 100%, while mortality
Metal deficiency anemia in animals is caused by index attains 10-15% [1-5].
deficit of indispensable microelement of vital Based on the above mentioned it is topical to offer a
importance — iron. lron deficiency anemia in newly- preparation for pig-breeding branch, which will
born pigs is predetermined by significant difference supply animals with additions containing biologically
between growth rates of newly-born pigs and quantity ~ active microelements, aminoacids, hydrocarbons,
of microelements delivered with mother’s milk. Due  Vvitamins etc. under conditions of intensive growth
to iron deficiency takes place functional disturbance and metabolic processes developing with speed-limit
of hematogenic (blood-forming) organs, there is in organism that is characteristic for pigs.
observed the low level of hemoglobin and Use of non-traditional natural mineral additions, as
erythrocytes, vulnerability towards different diseases  the cheap source of calcium, phosphorus, silicium,
(diarrhea, body dehydration etc.). Against the magnum and other indispensable micro- and
background of anemia diseased pigs experience macroelements easily digestible for animals is
development of immunodeficiency, suppression of  especially important. Various adsorbents, including
erythropoiesis, takes place development of secondary natural minerals — zeolites, glauconites, bentonites,
diseases of digestive, breathing and other organs. marls etc., are added to animal ration with a
Based on the above mentioned it can be said that ~ mentioned purpose. Priority is always given to food
anemia is a general pathological process of many  additions prepared on the basis of cheap, local natural
body organs and system as a whole. As a result pig- raw materials.
breeding branch experiences significant economic
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Research goal was the manufacturing of antianemic
preparation containing biogenic microelements Fe(ll)
and Co(Il), hemo-stimulating organic compound D-
fructose (Fru) and natural mineral, bentonite-Askan-
clay used as an adsorbent, as well as its testing in
live-stock farming (pig-breeding) for treatment and
prevention of stress conditions related to termination
of breast feeding of store (young) pigs.

Separation from mother pig is the most critical
moment of piggies’ life — from the birth till a killing.
In case of early termination of breast breeding period
(26" day from the birth) two stress-factors —
separation from mother breast and food change have
significant negative impact on animals. The
mentioned negative development may cause
recurrence of iron deficiency anemia (that was no
more registered after two-times injection of iron-
containing injection solution to piglets). There are
frequent  manifestations of complications in
functioning of gastrointestinal tract (dyspepsia-
diarrhea). As a result takes place deterioration of
general physical-physiological and blood chemistry
values of animals [6-13].

Experimental part

At the first stage Fe(ll),Co(ll))-D-Fru complexes are
synthesized separately, under conditions of constant
stirring, as a result of interaction between
corresponding salts and monosaccharide D-fructose.
Fe(Il),Co(I)-D-Fru complexes are obtained in the
alkaline medium (pH = 10-11). It should be noted
that the yield of the complex Fe (II) with fructose,
obtained resulting from interaction of iron source
FeCl2.4H20 and D-fructose is low and equals to
74.34%. 25.66 % of total iron quantity is in the
oxidized Fe(ll) condition [14]. It is known that iron
(1) ions, in contradistinction from iron (I1) ions are
characterized by low bio-accessibility [15]. In order
to manufacture the targeted product with maximum
content of Fe(ll) the method is developed that
envisages the use of freshly prepared FeCO; as an
iron source.

FeCO; was obtained through the interaction of hot
saturated solutions of NaHCO; and FeCl,.4H,0-,
under conditions of constant stirring. Reaction runs
with gas emission (CO,). After sedimentation, the
water was removed from a formed precipitation
through decantation. It is washed out thoroughly first
by flowing water and then by distilled water, up to
removal of chlorine ions. Green-colored iron (II)
carbonate is obtained that is kept under water layer
(in order to avoid the bivalent iron ions oxidation to
trivalent ones).

Solutions of synthesized complexes are concentrated
up to sirup consistency in the vacuum-evaporator at
60°C. Extraction of the complexes in the pure form

from the reaction site is made by the mixture of
alcohol-ether solutions. Complexes are washed out by
acetone, ether, and finally are dried using the
Iyophilisation method.

The second stage implies the bentonite-Askan clay
drying at 90-100°C, down to a constant weight, its
swelling by the distilled water (ratio clay : water =
1:5), paste preparation (moisture 25%). After 24
hours 20% of hydrochloric acid is added to a swelled,
paste consistency Askan-clay (alkaline bentonite, pH
of which is 9,15) in order to equate its acidity to 3.5
(according to preliminary researches conducted under
conditions of different pHs it is established that a
maximum adsorption at the Askan-clay surface is
reached in the range of pH = 3.5-5.0. So, the mixtures
of iron (I1) and cobalt (11) complexes are entered into
the prepared paste (pH = 3.5), which is treated for 1
hour via ultrasound dispersion method at 22 kHz.
Then the distilled water is added. Water suspension is
obtained. Suspension is dried at 60-70°C, is grinded
in the ball mill and is sieved in 6400 hole/cm? sieve.
Finally, the solid form of antianemic medical and
preventive preparation for oral administration is
obtained. The composition of the preparation is given
in Table 1.

Tablel. Antianemic preparat for oral
administration, mass. %

Preparative Component Content
Form Fe(Il)Fructose 15.75-31.6
D-Fructose 12.0-24.1
Preparation Fe(l1) 3.75-7.5
for oral Co(Il)Fructose 0.28
administration D- Fructose 021
Co(ll) 0.07
Natur.Askanclay 68.2-36.5
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Manufacturing of medical and preventive preparation
against animal anemia foresaw synthesis of Fe(ll) and
Co(Il)-fructose complexes separately, under different
temperature conditions, as a result of interaction of
corresponding salts and D-fructose; infriction of
mixture containing certain quantities of obtained
complexes (through ultrasonic material dispersion)
with Askan-clay water suspension paste, drying of
obtained product, grinding, and manufacturing of
solid form of preparation for oral administration. It is
noteworthy that the yield of Fe(ll) fructose obtained
as a result of interaction of FeCl,-4H,0 (used as iron
source) and D-fructose is low and equals to 74.34%.
25.66% of total iron quantity is in oxidized Fe(lll)
condition [14]. It is known that Fe(lll) ions in
contradistinction from Fe(ll) ions are characterized
by low bio-accessibility (bio-digestibility) [15]. With
the purpose of preparation of Fe(ll) targeted product
with a maximum content there is elaborated a
method, which foresees the use of newly prepared
FeCOg;- as the iron source.
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FeCO; was obtained through interaction of hot
saturated solutions of NaHCO; and FeCl,.4H,0-,
under conditions of constant stirring. Reaction runs
with emission of gas (CO,). By means of decantation
water is removed from the deposit formed after
sedimentation. Afterwards it is washed thoroughly
first with flowing water, and then by distilled water
up to removal of chlorine ions. As a result, green-
colored iron(ll) carbonate is obtained, which is kept
under water layer (in order to get rid of oxidation of
bivalent iron ions into trivalent ones).

Studies related to determination of medical and
preventive efficiency of preparation manufactured
according to abovementioned method and in regard to
weight change of animals being investigated was
conducted in private pig-breeding farm located in
Zahesi Village (farmer G. Tsiklauri), on 29 store pigs
of three nests. On the basis of the agreement
biochemical studies of blood samples were carried
out in the laboratory of the Institute of Veterinary
Medicine at Georgian Agrarian University (here
should be noted that the preparation was
primarilytested on toxicity in laboratory conditions,
on 20 white rats. It was established that preparation
with 3.75-7.5% content of iron (1) is non-toxic).
Experimental pigs were divided into three groups
according to analogue principle for testing of
manufactured preparation. With the purpose of
preparation selection 20-day pigs were fed (along
with mother’s milk) once a two days by 0.25-0.5
grams of preparation dissolved in water (along with
250 grams of liquid food). Starting with 26" day they
were nourished everyday with 0.5-1.0 gram per 450
grams of food in the form of solid addition. Food
addition for I group of pigs (12 piggies) contained
7.5-9.0% of elementary iron, 1l group (12 piggies) —
3.75-7.5%, while the food for 111 group of animals (5
piggy’s) didn’t contain any additions.

In order to determine the effect of antianemic solid
preparation on the organism a control slaughter of 2-
month pigs (n = 3) after 1, 6 hours from preparation
administration and in the end of study — on the 40"
day was conducted. The test material for
pathanatomical and histological analyses was taken
from subdermal tissue, muscles, differently-located
lymphatic glands and parenchymal organs. Initial
fixation of material was made in 10% formaldehyde
solution (formalin), with its further transfer to 15%
solution. Material was formed in paraffin.
Hematoxylineozine solution was used slice taking. In
case of necessity Sudan-3 was used for study of fatty
degeneration and lipids.

Results and discussion

As a result of systematic observations over store pigs
there were established that antianemic preparation has
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a positive impact on animals, and there was no
negative development, in particular, no expected
deterioration of general physical-physiological
condition and blood chemistry values caused by
stress-factors related to termination of breast breeding
period (Table 2).

Table 2. Relative efficiency of antianemic preparation
on biochemical indiceof store (young) pigs, I-
preparation with 7.5-9.0% content of Fe(ll), n=12; 11—
preparation with 3.75-7.5% conten of Fe(l1), n=12;
Il1—control group, n=5

Group Age, days
20 30 40 50
hemoglobin in the
blood, g/l
| 96.5 1013 109.6 112.2
1 102.0 109.1 118.0 120.5
111 82.3 84.3 86.1 88.3
Erythrocytes in the
blood, 10%I
| 7.2 74 7.7 7.9
1 75 7.8 8.1 85
111 5.0 5.3 5.4 5.6
Iron(11) in the blood,
mkmol/l
| 25.8 26.0 26.5 26.8
] 27.2 285 27.9 285
i 19.5 19.6 20.3 22.6

According to pathanatomical and histological studies
in an hour after preparation intake the micro-
morphological structure of pig body was preserved,
slightly expressed serous fluid, single leucocytic
infiltration and slightly expressed vascular response
in the form of hyperemia were registered in venous
capillaries.  Micro- and  macro-morphological
indicators in the heart, kidneys and lungs were within
the norm, and no abnormalities were registered in
them.

In the end of the research, at the 40" day, the
morphological structure of lymphatic nodes and
organs were within a norm. According to micro- and
macro-morphological researches it was established
that the preparation use don’t cause any changes in
dermal, subdermal tissue and internal organs and
organism response to the preparation is within the
norm.

It should be noted that slightly expressed capillary
hyperemia registered in the derma itself and in
regional lymphatic nodes, and perivascular
infiltration that was not observed in 6 hours after
preparation intake, cannot be the result of
manifestation of preparation toxicity, its dermal
accumulation and other adverse effects. The
mentioned fact is most likely the indicator of stress
reactions caused by manipulations on pigs (blood
taking for analysis, food change).
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High therapeutic and preventive effect of targeted
product is predetermined by:

» Chelate complex with high content of
indispensable microelement — Fe(ll) with
hemo-stimulating compound D-fructose [16-
17];

Complex of cobalt — ultra component
promoting iron accessibility (digestibility)
with D-fructose [18-19];

Adsorbent — local, ecologically clean, non-
toxic, natural Askan-clay, thanks to which
the preparation acquires the ability of
double, parallel action — hemo-stimulating
metal complexes fill a deficit of
microelements in the organism, while
Askan-clay, at the expense of high
adsorbing, catalytic ~and  prolonging
properties will adjust functioning of
gastrointestinal tract. At the same time, it
will provide gradual, planned release of
microelement complexes from clay surface
(which is naturally released from organism),
and eliminates or reduces to the minimum a
side effect permanently accompanying
anemia [19-20];

Bioaccessibility of preparation is also
improved by treatment of Askan-clay and
metalcomplex-containing system via
ultrasonic material dispersion method, with
dispersion of preparation particles sized up
to nanosize under conditions of 22 kHz (the
mentioned method is used for improvement
of  pharmacological and therapeutic
properties of medicinal products and is
considered as a new prospective direction of
medicine [21-23].

Manufactured preparation is kept in a dark,
hermetically sealed vessel. Medical and
preventive composite preparation for metal
deficit has to contain 7.5-9.0% of iron (l1).
In case of different iron concentration takes
place the correction of mentioned content.

According to studies carried out using adsorption-
desorption processes, infrared-spectrophotometric,
thermographic, complexonometric titration,
photometric analysis [24-26] and other physical and
chemical methods there was shown that synthesized
iron-fructose complex contains maximum quantity of
bivalent iron. Adsorption of metal complexes on the
clay surface is of physical nature that predetermines
prolonging properties of preparation. According to
studies carried out on rotation viscosimeter Reotest-2
in the pH=2.5-3.0 range (acidity of gastric juice of
store pigs) the offered preparation meets the
requirements applied to reological and structure-
forming parameters of medicinal products.

Conclusions

So, the antianemic medical and preventive
preparation with 3.75-9.0% content of iron(ll) is not
toxic, it ischaracterized by hemo-stimulating.
antistress properties that provides stable liveweight
gain of store pig s in comparison with control
analogues (Table 2, 3). As is seen from the Table, the
preparation with 3.75-7.5% content of Fe(ll) is the
optimal one.

Table 3. Impact of preparation manufactured
according to offered way on live weight of young pigs
(20-120 days), | - preparation with 7.5-9.0% content of
Fe(ll), n=12, 1l — preparation with 3.75-7.5% content of
Fe(ll), n=12; 11l —control group, n=5

Pigs age, days

im 20 30 40 50 60 120
P live weight, kg
| 4505 730& 955 1322& 1685+ 100.20
02 02 04 242 229 435
| 490 780+ 980+ 1358+ 17342 1020
03 03 04 25 40 +3.1
g A00& 680+ 800+ 1250+ 1580+  98.45:
03 04 04 245 25 28
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Complexes of Biometals with Anesthetic Substance

Koba Amirkhanashvili’, Nani Zhorzoliani, Lela Metreveli, Vladimer Tsitsishvili
Petre Melikishvili Institute of Physical and Organic Chemistry of lvane Javakhishvili Thilisi State University, 31
Politkovskaia str., 0186, Thilisi Georgia, amirhan@hotmail.com ,

Abstract. Nickel(Il) and Cobalt(1l) complexes of lidocaine (2-diethylamino-N-(2,6-dimethylphenyl)acetamide,

(Lid),or

Novocain-4-amino-2-(diethylamino)ethyl ester

monohydrochloride(Nov)  with general formula

(LidH),[MeX,] 2H,0,(NovH),[MeX,] 2H,0,were X-NCS’,CI’,Br" have been synthesized and characterized by
chemical composition, IR spectra, thermoanalytical TG-DTG/DTA and X-ray diffraction methods. Their
solubility in water and organic solvents has been studied. The structure of the compounds is proposed based on
infrared absorption spectrum analysis, X-ray diffraction analyses and the literature data: In compounds, the

central ion coordination with acidoligands generates tetrahedral anion, while the ligands

protonated cations remain in an outer coordination field.

in the form of

Keywords: Coordination compounds, lidocaine, ligands, metal ions, novocain, pharmacological applications,

Transition metals play important roles in biological
processes and the field of knowledge concerned with
the application of inorganic chemistry to therapy or
diagnosis of disease is medicinal inorganic chemistry
. The introduction of metal ions or metal ion binding
components into a biological system for the treatment
of diseases is one of the main subdivisions in the field

of  bioinorganic  chemistry.  Nowadays, the
bioinorganic chemists target the heterocyclic ligands
and their metal complexes to study their

pharmacology as the main focus of research [1-5]. A
wide range of biological activities such as
antibacterial, antifungal, antitumor and antiviral
activities are exhibited by the nitrogen-containing
organic compounds and their metal complexes.
Transition metal complexes offer two distinct
advantages as DNA-binding agents [6-10].

Among the metal ions regarded as coordination
centers of potential anticancer agents, platinum and
ruthenium ions are commonly explored. However,
there is an emerging curiosity in the synthesis of
cheaper first-row coordination compounds as
efficient DNA binders with potential cytotoxic
activity. Hence, herein the attention is focused
primarily on the research concerning with a few
pharmacological activities of the cheaper and easily
available firstrow coordination compounds V(IV),
Co(ll), Ni(ll), Cu(ll) and Zn(ll) complexes.
Moreover, these metal ions are the essential elements
present in the biological intracellular environment of
living organisms. They are most abundantly found
trace elements present in biological systems together
with iron and olso most of the metalloproteins have
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these elements . These metal ions are nowadays
present in several inorganic pharmaceuticals used as
drugs against a variety of diseases, ranging from
antibacterial and antifungal to anticancer applications
[11-15].

Study of biometal-complexes with organic ligands
has one more significant aspect: traditionally for
treatment of microelement deficency in organisms,
inorganic salts or mixes of those salts and bioorganic
compounds are used. They are characterized by low
bio-permeability. Parallel to therapeutic effects,
undesirable side effects may develop by receiving
metal ions in excess. In contrast, coordination
compounds are characterized by good water-
solubility and stability in wide pH range; they do not
produce aggressive free radicals; due to prolongation
effect, they provide proper quantity of microelements.
Thus, scientists came to  obvious conclusion:
microelements should be introduced into living
organism primarly by coordinately bound structure
with biometals.Organisms have developed strategies
to extract transition metals from the environment and
use the metals in electron-transfer reactions, reaction
of small molecules, Levis-acid catalysis and the
generation of reactive organic radicals. Among
biometal-coordination compounds their complexes
with anesthetics are significant. It is well known that
modern medicine can’t be imagined without
anesthetics (Novocain, trimecaine, lidocaine et eal);
In regards of chemistry, these compounds are
potential ligands, containing donor atoms and atom
groups. Lidocaine, Novocain and Trimecaine belong
to the family of drugs called local anesthetics. [16-
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18]; This medicine prevents pain by blocking the
signals at the nerve endings in the skin. This medicine
does not cause unconsciousness as general anesthetics
do when used for surgery. Lidocaine [2-
diethylamino-N-(2,6-dimethylphenyl) acetamide]:
Very versatile anesthetic that is used for topical,
regional, neuraxial, and  intravenous anesthesia[19-
20] Lidocaine solutions are widely used for cardiac
arrhythmias. A 2013 review on treatment for neonatal
seizures recommended intravenous lidocaine as a
second line treatment, if phenaobarbital fails to stop
seizures.[21].Lidocaine  stabilizes the neuronal
membrane by binding to and inhibiting voltage-gated
sodium channels,thereby inhibiting the ionic fluxes
required for the initiation and conduction of impulses
and effecting local anesthesia.Trimecaine and
Lidocaine hydrochloride are used as local anesthetics
for infiltration and conductor anesthesia[22].
Novocain (Procaine)-4-amino-2-(diethylamino)ethyl
ester monohydrochloride is a local anesthetic of the
ester type that has a slow onset and a short duration
of action. It is mainly used for infiltration anesthesia,
peripheral nerve block, and spinal block.[23].
Novocain is readily absorbed following parenteral
administration and is rapidly hydrolyzed by plasma
cholinesterase  to  aminobenzoic  acid  and
diethylaminoetanol. A vasoconstrictor may be added
to the solution of Novocain to promote local
hemostasis, delay systemic absorption and increase
duration of anesthesia. Spiral anesthesia with Nov is
contraindicated in patients with  generalized
septicemia: sepsis at the proposed injection site;
certain diseases of the cerebrospinal system
,6.g.meningitis, syphilis and a known hypersensitivity
to the drug, drugs of a similar chemical configuration
or aminobenzoic acid or its derivatives. Trimecaine
has two main application fields. The first one is local
anesthesia (topical ,infiltrational, topical mucosal and
inhalational,spinal and Bier’s intravenous).The other
field is prophylaxis and therapy of ventriculous
arrhythmia on myocardial infarction and in
cardiosurgery. It is also used for prophylaxis of
sympathic reaction during tracheal intubation.

Synthesis of coordination compounds and study of
their properties by modern physical-chemical
methods is one of the most important tasks in
chemistry. These data enrich and contribute to the
development of inorganic, physical, analytical
chemistry. Coordination compounds are found in
living organisms too. They contain complex-forming
agents and ligands by specific ratio. Disruption of this
balance results in development of pathological
processes in organism. Therefore, alongside with
chemical interests, study of coordination compounds
is important not only for explaining biochemical
processes in living organisms but also for making of
new therapeutic preparations.There is no vital
process, branch of science or technology without

110

involvement or application of coordination
compounds. In living organisms, complex-forming
agents are biometals: Zn, Fe, Co, Mn, Mg, Cu,Cr and
others are vital elements that play significant role in
metabolism by creating natural conditions for heart
muscle and nervous system functioning. They are part
of enzymes and serve as catalysts of biochemical
reactions of phospholipids, collagen, peptides
hydrolysis. They participate in redox processes.
Biometals in chelate forms function as stimulators
that contribute growth-development, propagation,
productivity, and resistance to diseases of living
organisms [17]. Due to antioxidant, antiseptic
properties some synthezied metal complex-
formations are successfully used in medicine for
anemia, tuberculosis, metal-deficiency diseases
treatment, in agriculture —as ecologically safe
admixes. Recent research provided great potential for
coordination compounds in the creation of anti-
diabetes, anti-cancer preparations [24-29].

EXPERIMENTAL OR MATERIALS & METHODS

Research infrastructure for project implementation
1.Transition metals salt:
Nl(NCS)z,CO(NCS)z,KNCS,N|C|26H2COC|26HZO,
NiBr,,CoBr,,HBr.
2.0rganic  ligands:
Novocain(Nov-HCI).
3.Ethanol-96%,Methanol-98,4%,Benzol-C¢Hg,Efir-
(C2H5)20.

Anesthetic preparation; Lidocaine and Novocain are
present in the European Pharmacopoeia in two
forms: The free base, not very stable and
characterized by a very low solubility in aqueous
solution and the chloride salt, characterized by a very
high soluble in aqueous and used generally for the
preparation of injection solutions. To modify and
improve solubility, stability and therefore efficacy of
the free base, Lidocaine is usually made available as
salts.

Interest in synthesis and study of new coordination
compounds containing various safe organic ligands is
determined by their diverse application. We pursue to
achive one part of the objective: to synthesize and
study coordination compounds of biometals and
local anesthetics.

All solvents and reagents were obtained from
commercial sources and were used as received:
without further purification.

Interest in synthesis and study of new coordination
compounds containing various safe organic ligands is
determined by their diverse application. We pursue to
achive one part of the objective: to synthesize and
study coordination compounds of biometals and
local anesthetics. All Coordination Compounds were
characterized by the:

Lidocaine (Lid-HCI) and


https://en.wikipedia.org/wiki/Neonatal_seizure
https://en.wikipedia.org/wiki/Neonatal_seizure
https://en.wikipedia.org/wiki/Phenobarbital

39099 G9e0gdodz30a0l BoYOZIH0 ©S aBgsbryemo Jodool obldodeIHol dtmdgéo 2019
Transactions of the Petre Melikishvili Institute of Physical & Organic Chemistry 2019

Fourier transform infrared spectra of the starting
(Lid and Lid'HCI'H,O; Nov and Nov'HCI"), reference
(LidHNCS, NovHNCS), and complexes were
recorded on a Agilent Cary 630 FTIR spectrometer
over the wavenumber range 4000 — 500 cm™* using
KBr pellets. Elemental analyses were performed
using a Labertherm CHN elemental analyser. Melting
points have been measured on the Dynalon SMPy,
device.

Thermal resistance of the complexes were studied on
Derivatograph  Paulic F.,Paulic I.,Erdey L.X-ray
Diffractometer Dron-4-To detect crystalline samples
of compounds with X-ray-diffraction parameters and
structure.

RESULTS

The  experiment was carried out in water, water-
ethanol solutions and various organic solvents or in
their mixtures. The optimal parameters (solvent, pH
of solution, temperature) were established for the
original method of syntheses.
Ni(ll) and Co(ll) complexs of lidocaine (1,2 ),and
Novocain(3,4) are prepared in water-methanol
solution (pH=5-6) with 1:2:4 molar ratio of the nickel
chloride (NiCl,-6H,0),Cobalt chloride(CoCl,.6H,0) ,
lidocaine, Novocain and potassium thiocyanate
(KSCN). The prepared mixture was filtered, placed
on a magnetic stirrer with heating for a while, and
then left at room temperature for slow evaporation;
After 3-4 days green crystals were formed. The
resulting complexes were washed with ether and
dried in air. Anal Calculated for 1, C3HsoNgO4S4Ni:
C 48.18;

H 6.32; N 14.04;S 16,08;Ni 7,36. found: C 47.92;

H 6.09; N 14.01;S 15,84;Ni7,26 Isolated yield 68%.
Chemical formula of pale green crystals is a
(LidH),[Ni(NCS),]-2H,0.

Anal.Calculated for 2, C3,H50Ng0,S,Co:C 48.16; H
6.31; N 14.04;S 16,07;Co 7,38. found: C 47.81; H
6.28; N 13.94;S 16,12;Co 7,48. Isolated yield 69%.
Chemical formula of blue crystals are a

Anal.Calculated for 3, C3oH1sNgOsS4Ni:C 44.94; H
6.00; N 13.98;S 15,99;Ni 7,32. found: C 44.51; H
5,54; N 14,01;S 15,16;Ni 6,98. Isolated yield 65.5%.
Chemical formula of green crystals are a
Anal.Calculated for 4, C3yHssNgOgS,Co: C 44.93; H
5.78; N 13.97;S 15,99;Co 7,35. found: C 44.62; H
5.61; N 13.42;S 15,37;Co 7,08. Isolated yield 64%
Chemical formula of blue crystals are a
(NOVH)z[CO(NCS)4]2H20
Ni(ll) and Co(ll) complexes of lidocaine (5),and (6)
are prepared in water-ethanol solution (pH=5-6) with
1:2 molar ratio of the nickel chloride
(NiCly-6H,0),Cobalt  chloride(CoCl,-6H,0) and
lidocaine. .After 6-7 days green crystals(5), dark blue
crystals(6) were formed at room temperature. The
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resulting complexes were washed with ether and
dried in air. Anal.Calculated for 5,
CogHsoN4O4CIUNI:C  47.55; H 7.12; N 7.92;Cl
20,05;Ni 8,30. found: C 47.42; H 7,06; N 7,54;Cl
19,83 Ni 8,11. Isolated yield 70%. Chemical formula
of green crystals are a (LidH),[NiCl,]-2H,0.
Anal.Calculated for 6, CygHsgN,O,Cl,Co:C 47.54; H
7.12; N 7.92;Cl 20,04;Co 8,33. found: C 47.34; H
7.02.; N 7.82;Cl 19.84;Co 8,18. Isolated yield 72%..
Chemical formula ofdark blue crystals are a
Ni(ll) and Co(ll) complexes of lidocaine (7) and
(8) are prepared in water-ethanol solution (pH=5-6)
with 1:2:4 molar ratio of the nickel bromide
(NiBr,),Cobalt  bromide(CoBr,) lidocaine and
HBr.Green compounds of (7), and blue of (8) grew
after ten days.
Anal.Calculated for 7, CysHsoN4O,Br,Ni:C 38.00; H
5.69; N 6.33;Br 36,11;Ni 6,63. found: C 37.72; H
5,41; N 6,18;Br 36,10 Ni 6,12. Isolated yield 64, 6%.
Chemical formula of green crystals are a
(LidH),[NiBr4]-2H,0.
Anal.Calculated for 8, C,sHsN,0.Br,Co:C 37.99; H
5.69; N 6.33;Br 36,10;Co 6,66. found: C 37,27; H
5,18;N 6.12;Br 35,98;Co 6,29.Isolated yield 65%.
Chemical formula of cherry color crystals are a
(L|dH)2[COBr4]2H20
Microelemental analysis and melting temperature
determination proved composition and identity of
synthesized compounds.Their solubility in water and
organic solvents has been studied.
The corresponding chemical  formulas, melting
points and their solubility in water and organic

solvents are given in Table 1.
Tablel.Results of measuring of melting point and solubility for
prepared compounds

Solubility

Ne Melt.

T°C
H,O C,HsOH CH3;COCH;

1 Slig.sol. + + 188

2 Slig.sol + + 176

3 | sligsol. + + 184

4 Slig.sol. + + 181

5 Soluble + + 112

6 Soluble + + 109

7 Soluble + + 110

8 Soluble + + 103
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DISCUSSION

In the process of searching for new biologically
active complexes in the role of ligands, anesthetic
preparations with pharmacological and therapeutic
potential were selected. According to the chemical
structure, local anesthetics are divided into two
groups: esters and amides. Novocain is an ester, and
lidocaine belongs to the amide group. The presence
of amide group causes the properties of substances to
enter into hydrolysis reactions under the action of
acids and alkalis. The presence of a tertiary nitrogen
atom of organic bases (tertiary aliphatic amino group)
limits the basic properties of ligands and the ability to
enter into complexation reaction. Diring experiments
it was established that Lidocaine complexes were
synthesized more easily, than Novocaine complexes.
Compared with lidocaine, ester bonds are unstable,
quickly destroyed, have a short duration and show a
weak complexing ability.Preparation of complexes
had been investigated in various metal-ligand
stoichiometric ratios. It was established that at any
initial metal-ligand ratio composition of complex
compounds is respectively 1: 2. The Lid'HCI and
NovHCI complexes of Ni(ll) and Co(ll) were
synthesized and characterized by elemental analysis,
IR spectra,thermoanalytical TG-DTG/DTA and X-
ray diffraction methods.

The IR spectrum of the lidocaine free base showed
sharp adsorption peaks at 3249 cm* due to amide N—
H stretch, at 1667 cm ™ due to amide C=0O stretch,
and at 1506 cm™ due to aromatic C=C bending
vibrations. The benzene ring in lidocaine molecule
helps produce the peak at about the 3030 cm ™ due to
aromatic C—H stretch vibrations, other weak but
resolved peaks are observed at 1476 and 1293 cm™*
due to amide band and Il vibrations, as well as a
peak in the fingerprintregion at 765 cm™ due to
deformations  of 1,2,3-trisubstituted  aromatic
ring.[30]

As in the long-standing work on the IR spectra of
lidocaine salts and modern publications [31,32,29,33]
no attempt was made to disentangle and assign the
generally poorly resolved C—H stretching bands near
3000 cm™ arising from the N-ethyl substituents
(Vasym(CH) near 2930 + 10 cm Vasym(CH3) near
2960 + 10 cm*, and veym(CHs) near 2870 + 10 cm ™)
and the methyl substituents of the phenyl ring usually
giving prominent bands near 2925 and 2865 cm* as
well as variable intensity bands near 2975 and 2945
cm . Perhaps the band at 2800 cm™ in the spectrum
of lidocaine free base can be assigned to veym(CH,)
for the methylene group at the nitrogen atom with a
stretching frequency usually lowered from its value in
hydrocarbons near 2850 cm, but this effect is
completely eliminated when the nitrogen acquires a
positive charge in amine salts.
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The IR spectra of lidocaine salts and complexes show
adsorption peaks due to NH™ stretching vibrations.
The IR spectrum of lidocaine hydrochloride
monohydrate, all eight peaks and shoulders at 2640
2460 cm™ noted in [34] are observed, but for
complexes these peaks have higher frequencies, as is
the case with salts of strong acids .In addition, in
complexes, NH" stretching peaks overlap with C-H
stretching bands. Following the authors of [34], we
locate the center of gravity of the NH* band and
ignore the C—H stretching bands summarizing the
vibration frequencies in lidocaine, its salts and
complexes .

The IR spectrum of LidHCI'H,O also demonstrates
two narrow peaks at 3460 and 3390 cm ™ due to O—
stretching vibrations in hydrogen-bonded water
molecules, these peaks are also visible in the spectra
of lidocaine complexes. It is believed that the IR is a
tool that allows identification of the formation of
hydrogen bond interactions, by the shift of the bands
of the functional groups involved in the formation of
the hydrogen bonds. However, this tool does not
always lead to correct results. For example, according
to the IR study [34], the lidocaine
hydrohexafluoroarsenate is essentially free of
hydrogen bonding, but the X-ray analysis [30] is in
conflict with this conclusion.

The IR spectrum of the lidocaine thiocyanate,
LidHCNS, shows very strong peak at 2068 cm*
corresponding to the first fundamental frequency
[35]of the thiocyanate C-N stretching, and weak
peaks of the second (396 cm™?) and third (770 cm™?)
fundamental frequencies. According to data of Bertini
& Sabatini [36], in IR spectra of substituted
thiocyanate complexes the C—N stretching assumes
characteristic forms and values: >2100 cm *and sharp
for S-bonded thiocyanates, and <2100 cm ™ and broad
for N-bonded ones. The second and third fundamental
frequencies are also sensitive to the type of bonding:
450-490 and 760-880 cm' for N-bonded
thiocyanates, 400-440 and ~700 cm* for S-bonded
thiocyanates. In the Ni(ll) complex 1 the first
fundamental frequency is 2124 cm™, which indicates
S-bonding, but the peak is rather narrow (<4 cm™* at
half height), as well as the second and third
fundamental frequencies are 480 and 810 cm™,
respectively, and this indicates N-bonding. The same
inconsistency occurs for the Co(ll) complex 2.The
IR-spectroscopic researches of the 5,6,7,8 complexes
indicate that Co(Il) and Ni(ll) coordinate directly
with  acidoligands(Me-hal bond) in  the
complexes.The evidence of that is existence of just
one adsorption band of 425 and 430 cm™ in the IR-
spectra of complexes. Molecule of Lidocaine as
cation forms outer sphere as a result of
protonating(3410 and 3446cm™) of trio nitrogen
atom.
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By the analysis of IR spectrum of pure
novocaine(procaine)[37],one  can  notice the
presence of several distinctive bands, characteristic to
vibrational modes of functional groups, as follows: a
doublet consisting of two sharp N-H stretching bands
at3345 and 3314 cm-!,a-NH, scissoring band at 1604
cm-'and —NH, wagging and twisting bands in the
850-750 cm-'spectral range. The band around 3200
cm-‘can be assignedto ammonium ions (due to the
fact that procaine was use das a chlorohydrate) The
spectrum also shows a C-N stretching band in 1360-
1250 cm-range characteristic for aromatic amines.
The presence of a tertiary amino group is sustained
by the -N-CH, stretching band around 1170 cm-".The
two most polar bonds in esters are the C = O and C-O
respectively, which produce distinctive bands in
the spectrum around 1700 cm-'and 1200 cm-?,
respectively. Being an aromatic ester, it is expected
that aromatic C = O stretching appears at lower
wavenumbers than the ones characteristic  for
aliphatic ones (which absorb near1750 cm-%), in
this case at 1692 cm-'.Ontheotherhand, the C-O
stretching can be attributed to the intense band around
1250 cm-'[38].Studying the spectra of compounds 3,4
does not make it possible to conclude that the
connection between the metal and novocaine
occurs.Here,the ligand is protonated and acts as a
cation and the vibration band in thel40-400cm
lregion corresponds to the stretching vibrations of the
tetrahedral anion [M(NCS),]%.

To study the thermal stability and the sequence of the
thermal process, the following compounds were
studied:(LidH),[Ni(NCS)4]*2H,0
(1),(LidH),[Co(NCS),4-2H,0(2),(LidH),[NiCl4]-2H,0
(5),(LidH),[CoCl4]-2H,0O(6). The heating velocity
was V=10°/sec. The thermogrames are characterized
by the DTG curve of the endo and exo-effects, which
is due to their physical-chemical transformations.
[39]. Thermal decomposition of each complex starts
with dehydration, and than the decomposition of
organic parts goes. The thermal dehydration of the
complexes takes place in one, or two steps. At the
first endo effect within 170-180 ° C temperature
interval, dehydration of the complexes takes place.
The following endo-effects on 250° -280°C (Ni(Il)
complexes(1) mass loss is 66,36%,calculated 67,68%;
Co(ll) complexes(2) mass loss is 62,92%,calculated
63,26%),on 300°-320°C(Ni(Il) complexes(5) mass
loss is  66,92%,calculated  66,26%;  Co(ll)
complexes(6) mass loss is 65,57%,calculated
65,80%) correspond to the oxidation of two
molecules of the organic ligand of lidocaine. A strong
exoelectric effect on 540° -560°C ((1) mass loss is
87,39%,calculated 87,78%;(2) mass loss s
92,22%,calculated 92,38%),on 600°-620°C((5) mass
loss is 92,22%,calculated 92,38%;(6) mass loss is
90,83%,calculated 91,37%) cleaves acid ions. The
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decomposition mechanism and the thermal stability

of the complexes under investigation were
determined on the basis of their structures. Metal
oxides were obtained as the final decomposition
product(650-700 ° C) which is confirmed by
chemical analysis on metals.
The crystal structure of bis(lidocaine) tetrathiocya-
nonickelate(Il)dihydrate  (LidH),.[Ni(NCS),] 2H,0-
(1) was performed in an Oxford Diffraction Gemini-R
Ultra, Ruby CCD diffractometer. The structure was
solved using SHELXL2017/1 program [40-41]
Complex-(1) crystallizes in the monoclinic space
group P2,/c with a = 18.3509(5), b = 7.6532(2), ¢ =
14.9585(4) A, B = 109.964 (2)°, V = 1974.57 (9) A3,
and Z = 2. Coordination of the Ni** ion with ligands
generates octahedral anion Ni[(NCS,)2H,0]* with
N-bonded thiocyanates, while two protonated cations
LidH" remain in an outer coordination field.Oxygen
atoms of water molecules lie on a straight line O—Ni—
O and are spaced from the central atom by the same
distance of 2.0987(9) A, but nitrogen atoms in the
Ni[N,O,] octahedron are located at different distances
from the central nickel atom , and the angles between
the N-Ni—N bonds slightly deviate from 90 degrees
with a minimum of 87.89(4)° for angle N1'-Ni-N2
and a maximum value of 92.11(4)° for angles N1-Ni—
N1 and N1-Ni—N2.

CONCLUSIONS

The study of biometal coordination compounds in
this direction is not only et a theoretical significance,
but also  potential application in  the
metallotherapeutic and contemporary chemical-
pharmaceutical industry. Actuality of synthesis and
study of new coordination compounds containing
various safe organic ligands is conditioned by their
diverse application. We pursue to resolve one part of
this big problem: to obtain and study coordination
compounds of transitional- and bio-metals and local
anesthetics, in particular: Novocaine and Lidocaine.
The Lid-HCI, or Nov-HCI complexes of Ni(ll) and
Co(Il) with general formula (LidH),[MeX,]2H,0,
(NovH),[MeX,]2H,0, were X = CI, NCS, have been
synthesized and characterized by elemental analysis,
IR spectra, , thermoanalytical TG-DTG/DTA and
single-crystal X-ray diffraction methods. Thermal
decomposition of each complex proceeds stepwise.

. The structure of the compounds is proposed based
on infrared absorption spectrum analysis, X-ray
diffraction analyses and the literature data: In
compounds, the central ion coordination with
acidoligands generates tetrahedral anion, while the
ligands in the form of protonated cations remain in
an outer coordination field [42-43]..
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Bis(lidocaine) tetrathiocyanonickelate(ll) dihydrate
(LidH),Ni'(NCS),2H,0  crystallizes in  the
monoclinic space group P2;/c with a = 18.3509(5), b
= 7.6532(2), ¢ = 14.9585(4) A, forming structure of
molecular  crystal  with  slightly  distorted
Ni[(NCS)4(H,0),]>  octahedrons  symmetrically
associated with two LidH" ions by hydrogen bonds.
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69bovdy. 9m3bmfigseblibogddo 390505350 womn®bols 0o60ols Q5 9bglogBo®
36935605¢ @wom3sobol  (Lid-HCI) 96 beagmzsobol(Nov-HCI) 69d0L30g0o 0obogst@mdolsl,bmlid) 95535 s0gdo
bogds @0sbol 3OmEHM™boMgds  ©s B00pgds 890Ia0 89960 MdOL  3MMmMEObs30Mwo  Baghomgdo:
(LidH)2[MeX4] 2H20, (NovH)2[MeX4]2H20, Los(3 M-Co(II),Ni(II),X-NCS *,CI",Br " .bobmgbomgomwmo
383 glgdols 990039b0Mds Qo 06©0300M5eMmds s9bowos 303609 gdgb@GHweo
965e0B0om.dgLfogeomos domo bLbsmds fysembs s MmMYbmen 4sdblbgwgddo. boghmms mgMdmwo ©sdws
ofiygds  ©9300M5B5300m(170-180°C),bmrm  mOsbmmwo  wopsbo 0gsbygds  560-620°C  FH9939Ms¢wOen
06¢9635¢080.00580ol LodMMmM 3OHMEMIEHO WoNMbms MJloEIdos. X-ray EoGMsd@MIgEHM00L 3o65dgEMId0L
230m35¢0Lfobgd0ms s .FMbmJdol 0bgMms-Fomgwo.bdgd@®mgdol dglfsgerol Lsgmdzgwby wsybowos Bsmo
50boMd: bgMmgddo (396G MM 0mMbmb 3NMHELOBOMIBL 5300ME056gd0 s Fo®dmdabol @g@Mogtvyem
960mbL,bmwm  woysbgdo  3OHMEHMboMmIOMWo  JoBombol  Lsbom  gohg  3nmOEobsgovan  LEgM™Pos.
Bo@OOIOM@os  oEMm3s0bols s  (LidH)2[Ni(NCS)4]2H20 99009960 mdol  IMbmIGOLEHIOL Lo
963 bmbBHOWIBHMOHMo  bswobo @ sy bowos  dsmo bBHIMYJ0805.6590M0  3GMOLEHIXEYdS
96 30ob® Lobymbosdo.0meg3MGmO bGHOWIEGMEOS BnMIoMEIds MmdEsgmwywo [Ni(NCS)4(H20)2]> ombols
5 060 bOdgGHMOMESE JobwsggdMEo LidH* 3sG0ombologsb.
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