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ABSTRACT

Background: Coal and oil shale are one of the promising types of organic raw materials
that can largely compensate and replace petroleum products and gas in the future. Unlike
other types of solid fossil fuels oil shales contain significant amounts of hydrogen in organic matter.
The possibility of obtaining liquid and gaseous hydrocarbons from a mixture of coal and oil shale
similar in composition and properties to petroleum products and natural gas allows us to consider
them as important strategic resources.

Aim: This article is devoted to the study of the process of obtaining fuel products
of co-hydrogenation of coal and shale.

Materials and methods: Coal from the Taldykol deposit and slate from the Kiin deposit
were taken as objects of research. The process of coal and shale liquefaction was carried out
on a laboratory installation at a pressure of 5 MPa and a temperature of 425°C, a reaction time
of 1 h. Gas chromatographic and elemental analyses were used.

Results: The research results showed that the optimal amount of shale added to coal is 15.0%.
The implementation of the co-hydrogenation process under these conditions has increased the yield
of liquid products by 10%, namely fractions with a boiling point of up to 200°C from 14.9% to 15.3%,
fractions with a boiling point of 200—370°C from 22.1% to 26.4%, fractions with a boiling point above
370°C from 34.6% to 38.8%. Solid residue with a boiling point above 370°C tested as an organic
binder for road construction.

Conclusion: The proposed process technology also makes it possible to obtain gasoline
and diesel fractions, which after appropriate hydrotreating can be used as motor fuels. The addition
of oil shale to coal allows the process to be carried out under optimal conditions with a high degree
of conversion into liquid products without coke formation. The degree of transformation of the mixture
of organic mass of shale and coal is much higher than just coal.

Keywords: coal; shale; thermocatalytic processing; hydrogenation; product yield; gasoline
fraction; diesel fraction.
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OpuruHanbHoe uccrnegoBaHue

ﬂonyquMe TONNMUBHbLIX NPOAYKTOB COBMEeCTHbIM rugpupoBaHuem yrnsa n cnaHua

X.K. Kaup6ekos', P.I. Capmyp3uHa?, M.3. EceHanueBa’, A.)K. Kaupb6ekos',

C.M. CynmbaeBa’, U.M. xxenabi6baeBa’

'Kasaxckull HayuoHarnbHbIl yHUBepcumem umeHu anb-Papabu, . Anmamel, KasaxcmaH
2Accoyuayus npoussodumernel u nompebumenel Heghmeaazoxumuyeckol npodykyuu, 2. AcmaHa,
KazaxcmaH

AHHOTALUA

OGocHoBaHue. Yrnu u roptouve crnaHubl SIBASOTCS OOHUM M3 MNEepCnekTUBHbIX BUOOB
OpraHU4ecKoro Chbipbsl, KOTOPble MOTYT B 3HAYMTENbHOW CTENEeHW KOMMeHcupoBaTh, a B Byayliem
N 3aMeHUTb HedTENPOayKTbl U ra3. B oTnnyne oT Apyrvx BMOOB TBEPAOrO rOPHOYEro MCKONaemoro,
roproune craHubl cogepXaT 3Ha4YuTeNnbHOE KOMMYeCTBO BOAOPOAA B OpraHM4YecKoM BellecTBe.
BO3MOXHOCTb MOMyYEHUs1 XUAKUX WM Tra3006pasHbiX YrreBOAOPOOOB M3 CMECU YIMsi U FOopHYMX
cnaHues, GrM3kMx MO CoCTaBy M CBOMCTBaAM K HedpTenpodyktam M MpUpoOZHOMY rasy, no3BonsieT
paccMmaTpuBaTh UX Kak BaXKHble CTpaTernyeckue pecypchbi.

Uenb. [JaHHaa cTaTbs MOCBSLLlEHA M3Y4YEHUKO Mpouecca MOfyYeHUs TOMMMBHBIX MPOAYKTOB
COBMECTHbIM r’MApUPOBaHNeM yrms 1 cnaHua.

MaTtepuanbl M Metoabl. B kayectBe 0OBLEKTOB uccnedoBaHWs ObiMM  B3ATbl  Yronb
MecTopoXAeHUst Tanaplikornb 1 cnaHel, mectopoxaeHns KnuH. Mpouecc oxXuwkeHns yrnsa v cnadua
nposoaunu Ha nabopatopHon yctaHoBke nog AasneHnem 5 MlMa n temnepatype 425°C, Bpems
pearnpoBaHusi 1 4. Bbinu ncnonb3oBaHbl ra3oxpoMaTorpaUyeckuii U ANeMEHTHBIV aHanu3bl.

Pesynkratbl. PesynsraTtel MccrnegoBaHWin nokasanu, YTo onTMMaribHOe KONMMYecTBO crnaHua,
pobasnsemoro K yrnto, coctaenset 15,0%. OcylecTBneHre npolecca COBMECTHOIO rMapuMpoBaHus
Npy OaHHbIX YCNOBMSAX YBEeNWYMN BbIXO4 Xuakux npogyktoB Ha 10%, a uMeHHO dpakummn
c Temnepatypon kuneHus go 200°C ¢ 14,9% po 15,3%, dpakumi ¢ TemnepaTypow KUNeHus
200-370°C ¢ 22,1% po 26,4%, opakuuii ¢ Temnepatypon kunexus Boiwe 370°C ¢ 34,6% no 38,8%.
TBepabIi ocTaTtok ¢ TemnepaTtypon kuneHus Bbiwe 370°C uchbiTaH B KavyecTBe OpraHn4yeckoro
BSKYLLEro Ansi JOPOXHOro CTPOUTENbCTBA.

3akntoyeHue. MNMpegnaraemasa TeXHONOrUsi Npouecca Takke No3BONSAET nonyyaTb 6eH3NHOBbIE
1 ausernbHble pakummn, KOTopble NMocrne COOTBETCTBYHOLLEN TMAPOOYMCTKM MOTYT MCMONb30BaThCH
KaKk MOTOpHble Tomnuea. [loGaBka ropryMX CrnaHueB K YT MO3BOMSIET OCYLLEeCTBsATb
npoLecc B OMTUMarnbHbIX YCMOBUSAX C BbICOKOW CTEMEHbI0 MpPeBpalleHUs B XUAKME NPOOYyKTb
0e3 kokcoobpasoBaHusi. CTeneHb MNpeBpalleHns CMeCUM OpraHMYecKOM MacChbl crhaHua u yrns
ropasfo BhblLLe, YeM NPOCTO YIIisi.

Knrovesnie crioea: y2orb, cnaHeu, mepMokamanumu4yeckas nepepabomeka, eudpo2eHu3sayus,
8bIX00 nNPodykmos, beH3uHo8as hpakyus, duserbHasi hpakyus.
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TynHycKa 3epTTey

Kemip MeH TakTaTacTbl Gipnecin rugpney apkbliibl OTbIH ©HiMAepiH any

XK.K. Kanbipb6ekoB', P.F. Capmyp3uHa?, M.3. EceHanueBa’, A.X. Kanbip6ekoB',
C.M. CynmbaeBa’, .M. Oxxengbi6aeBa’

'On-®apabu ambiHOarbl Kazak ¥Ynmmeik YHugepcumemi, Arimamsi Kanacel, KazakcmaH

2 MyHad-xumusi eHiMOepiH eHOIpywinep MeH mymbiHywbinap KaybiMoacmbifbl, ACmaHa Kanachl,
KasakcmaH

AHHOTALUA

Herizgey. Kemipnep MeH XaHfblll TakratacTap OpraHuKanblK LUWKI3aTTblH NepcnekTuBTi
TypnepiHiH Gipi Gonbin Tabbinagbl, onap 6onawakTa HerisiHeH MyHal eHimgepi MeH ras
TanwelnbifblH anTapnbikTan gapexene eten anagbl, TiNTi onapabl anMactelpa ga anagbl. KatTbl
XaHfblWw kaszbanapablH 6acka TypnepiMeH canbiCTbipFaHAa, XaHfbIlW TaKkTaTacTapgblH opraHukanblk
KypaMmblHOA CYTEeKTiH Merwiepi efayip. KeMip MeH xaHfbll TakTatacTapAblH KocnacbiHaH MyHaun
eHiMaepi MeH Tabwufn rasgapgblH Kypambl MEH KAacUETTEpiHE XaKblH CyMblK XKeHe rasTopisai
KeMipcyTekTepai any MyMKiHAir onapabl MaHbI3Abl CTpaTernsanblk pecypcrap peTiHae KapacTblpyfFa
MYMKiHAiK 6epeai.

Makcatbl. byn mMakana kemip MeH TakTatacTbl Oiprecin rugpney apkbinbl OTbIH eHiIMAEpPiH any
NPOLECIH 3epTTeyre apHarfaH.

MaTtepuangap MeH agictep. 3epTTey o0ObekTinepi petiHae Tanablken KeH OpHbl KeMipi MeH
KuniH keH opHbl TakTaTackl anbiHAbl. KeMip MeH TakTtatactapabl cymbinTy npoueci 5 MIMNa kpicbimaa
xoHe 425°C TemnepaTypafa 3epTxaHanblk KOHAbIPFbIAA XKYPrisingi, peakumsnaHy yakbitel 1 caf.
[[a3gbl xpomartorpadumanbik KeHe aNeMeHTTIK Tangay aaicTepi KongaHbinabl.

HoaTtuxenepi. 3epTTey HoTMxXenepi KeMipre KocbinaTblH TakTaTacTblH OHTaWnbl MenLwepi 15,0%
eKeHiH kepceTTi. bepinreH wapTtTapaa bipneckeH ruapney NPOLECiH Xy3ere acbipy Cyiblk eHiMaepaiH
whoiFbiMblH 10% -Fa apTTblpdbl, atan antkaHga, kavH.temn. 200°C geninri dopakumsHel 14,9%-aaH
15,3%-fa pewiH, kanH.Temn. 200-370°C 6onatbiH dpakumsHbl 22,1%-0eH 26,4%-Fa AeniH, KanH.
Temn. 370°C xofapbl dpakunsaHbl 34,6-gaH 38,8%-ra gewiH xorapnatTbl. KanH.temn. 370°C xofapsbl
GonatbIH KaTTbl KanablK KON KypbISbICbl YLUiH OpraHukanblk 6annaHbICTbIpFbIlL PETIHAE CbiHAmNFaH.

KopbITbiHAbI. [1poLECTiH YCbIHbINFaH TEXHOMNOrMACHl TUICTi ruagpoTasanaygaH KewiH MoTop
OTblHbl pETiHAE nanpganaHyra GonaTblH GeH3MH MeH Au3enb pakumsnapbiH anyfa MyMKIHAIK
Oepepi. Kemipre aHfbll TakTaTacTapAbl KOCY MPOLIECTi KOKCCI3 CyMblk eHimaepre anHanygblH
XKOFapbl AeHreriMeH OHTalnbl Xafganaa XKysere acblpyra MyMKiHAIK 6epeai. Taktatac neH kemipgin
opraHvKanblk 3aTTap KOCnacblHbIH aiHany OapexXeci keMipre KaparaHaa angekanaa ofapbl.

Hezizei ce3dep: Kemip, makmamac, mepmokamanumukarsblk eHOey, audpoceHuU3ayusi, eHim
WbIFbIMbI, 6EH3UH gbpakyusickl, Ousenb hpakyusichl.
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Introduction

Recently, researchers have been paying
great attention to the study of the processes
of joint thermocatalytic processing of coal
and shale. This is most relevant for the deposits
of the Republic of Kazakhstan, where both coal
and shale are present at the same time. Numerous
studies have shown that the organic and mine-
ral parts of oil shale have an activating effect
on the thermocatalytic transformation of coals, hea-
vy residual petroleum products, liquid high-boiling
waste and some oil and chemical industries [1-2].

A number of processes of thermochemical
processing of coal and oil shale have been
developed in NJSC al-Farabi Kazakh National
university, the Faculty of chemistry and chemical
technology, the Department of physical chemistry,
catalysis and petrochemistry, as well as the Re-
search Institute of New chemical technologies
and materials [3—14], which are based on the re-
sults of our research on the complex chemical
and  technological processing of  hard
and brown coals of Kazakhstan, conducted
in 1990-2020 [15—-19]. As the research results
have shown, the catalytic properties of oil shales
allow for the hydrogenolysis of the organic mass
of coals and heavy petroleum raw materials
with a high degree of their transformation into liquid
distillate products without intensive coke and pellet
formation under optimal conditions [3-6, 9, 20].

The mineral part of the shale, containing
aluminosilicates, iron oxides and other catalytically
active forms of metals, in turn activates
the cracking reactions [21]. The presence
of such a complex of properties in oil shales causes
a change not only in the reactivity
of the components of hydrocarbon raw materials,
but also in the sizes of supramolecular structures
that are an integral part of such a dispersed
system, and the preparation of the raw mixture,
during its heating and hydrogenolysis [22-24].

It is proved [21, 25, 26] that an important
indicator of the possibility of obtaining synthetic
liquid products from solid hydrocarbon raw
materials is the ratio C : H. In coal it is 0.6-0.8%,
while in shale oil it reaches 1.5%, which is similar
to the indicators for natural oil. In the process of co-
al liquefaction, the presence of a hydrogen donor
is necessary, for which heavy oil fractions can be
used. On this basis, work has begun on the study
of joint processing of coal and shale oil, during which
it is possible to use them as a “supplier” of hyd-
rogen for coal liquefaction in parallel with the li-
quefaction of shale oil. This technology will make
it possible to obtain a wider range of liquid products
with a high content of “light” fractions.

Materials and methods

In this paper, the process of joint processing
of brown coal of Taldykol deposit and oil shale
of Kiin deposit is studied.

The Taldykol deposit is located in Bayanaul
district of Pavlodar region, 65 km south-east
of Ekibastuz and 160 km south-west of the regio-
nal center of Pavlodar. Taldykol coal has the fol-
lowing physical and chemical characteristics:
We = 12.0% (moisture analytical), A% = 7.4%
(dry ash), Vvef = 41.2% (volatile substances),
Cdf = 74.5% (carbon of the dry ashless state),
Hef = 5.43% (dry state hydrogen), S%f = 0.53%
(total dry state sulfur), O + N = 19.54% (amount
of carbon and nitrogen), H/C = 0.87% (the ratio
of hydrogen to carbon). The insignificant content
of ash (7.4%) and a fairly high content of hydrogen
(5.43%) make it possible to consider the coal
of the Taldykol deposit as a favorable raw material
for hydrogenation processing into liquid fuel [27].

The Kiin deposit is located on the territory
of the Stepnoy district of the Aktobe region
in the upper reaches of the Kiya River, the left
tributary of the Ural River. It was opened in 1940
by A.L. Yanshin. Kiin shale has the following
physicochemical characteristics: A% = 72%
(dry ash), Vet = 19.3% (volatile substances),
Cdaf = 74% (carbon of the dry ashless state),
Hef = 7.6% (dry state hydrogen), S% = 1.04%
(total dry state sulfur), H/C = 0.103% (the ratio
of hydrogen to carbon), calorific value per dry
substance 265-1537 kcal/kg, heat of combustion
of combustible mass 7314-7744 kcallkg, resin
yield per organic mass 21-27%. Yield of semi-
coking products in the retort: resin — 4.1-6.5%,
semi-coke — 86-93%, pyrogenic water — 2.0-3.7%
and gas + losses 1.0-4.3% [27].

The process of liquefaction of coal
and shale was carried out at a laboratory
installation under a pressure of 5.0 MPa
and a temperature of 425°C. To intensify the coal
liqguefaction process, a catalytic system consisting
of fine solid particles of polymetallic ore enrichment
sludge was introduced. Destructive processes
are additionally implemented on the surface
of these particles. Under the conditions
of experiments in the process of catalytic
processing of a mixture of coal and shale, coke-
shaped products on the walls of the installation
and in the volume of the reaction mixture were
not formed. Liquid products obtained in the pro-
cess were subjected to distillation with fraction
selection with boiling point up to 200°C, fractions
with boiling point up to 200-370°C. The residue
from the boiling point above 370°C contained
in its composition the insoluble organic matter
of shale and coal and their mineral part [3—4].

Results

Based on the data of Table 1, it follows
that the optimal amount of shale added to coal
is 15.0%. When using Kiin shale in the accepted
conditions of thermocatalytic processing (test 1),
a high vyield of the gasoline fraction with boiling
point up to 200°C — 15.3% is obtained based
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Table 1. Results of thermal catalytic processing
of coal with different shale content (425°C,
5.0 MPa, reaction time 1.0 h, intensively shaken

reactor)
. No. of tests

Product Yield 1 | 2 | 3 | 2
Taken, wt.%:
Coal 85.0(90.0|92.0|94.8
Shale, including: 15.0/10.0| 8.0 | 5.2
Obtained based on coal, wt.%:
Gas 11.2(14.1|11.0|11.2
Water 53|47 |46 |49
Fraction with boiling point up
to 200°C 156.3[12.5(12.1|11.9
Fraction with boiling point up to
200-370°C 26.4(25.9|124.7|21.3
Total yield of light distillates 41.7 138.4|36.8|33.2
Balance with boiling point
above 370°C 38.8(39.3|42.5|43.5
Coke content on the mineral
part of shale, wt.% 3013515172

on coal and diesel fraction with boiling point up
to 200-370°C 26.4%. With a decrease
in Kiin shale additives to 10.0%, the total yield
of gasoline and diesel fraction decreases
from 41.7% to 38.4%. A further decrease
in the amount of shale added to 8.0%
and 5.2% leads to a significant decrease
in the yield of the fractions of motor fuels to 36.8%
and 33.2%, respectively, the yield of the heavy
residue and coke increases with boiling point
above 370°C.

An increase in the content of shale in the co-
al shale mixture above 15.0% is impractical, since
this will lead to a complication of the process
technology, an increase in erosion of the equipment
by the mineral part of the shale, a delamination
of the reaction mixture into liquid and solid phases
and a complication of the hardware design
of the wunit for isolating solid components
from liquid products of thermocatalytic processing.

The results of the joint thermal catalytic
processing of brown coal of the Taldykol deposit

and shale of the Kiin deposit are summarized
in Table 2.
As shown in Table 2, the addition

of shale to coal under optimal process conditions
makes it possible to carry out the process
of co-hydrogenation of the organic mass of coal
with a high degree of conversion into liquid
products without coke formation. In comparison
with the process of hydrogenation of coal alone,
the degree of transformation of the process of co-
hydrogenation of coal and shale is high, since as
a result, there is an increase in the yield of liquid
products, namely fractions with boiling point up
to 200°C from 14.9% to 15.3%, fractions
with  boiling point 200-370°C from 22.1%
to 26.4%, fraction with boiling point above 370°C
from 34.6% to 38.8%. The solid residue was

Table 2. Thermocatalytic processing of Taldykol
coal and Kiin shale mixture

| Coal |Coa| +0il shale

Process indicators
Process Conditions
Coal: Paste Former (shale +

) ) 1:1.3{(06+04):1.3
coal): pasting agent
Shale Organic Mass: Coal .
) 1:0.9
Organic Mass
Temperature, °C 420 420
Pressure, MPa 5.0 5.0

Duration, min 15 30
Product Yield, %
Fraction with boiling point up

to 200°C 14.9 15.3
Fraction with boiling point up

0 200-370°C 221 264
Fraction with boiling point

above 370°C 34.6 38.8
Solid products, gas + water 26.8 18.0
Losses 1.6 1.5

Table 3. Characteristics of distillate products
of thermal catalytic processing of coal
in a mixture with shale

Fractions with boiling point
Indicator up to o above
2(?0"0 200-370°C | 3740¢
Density at 20°C, g/cm® | 0.7547 | 0.8891 | 0.9394
Contents, Vol. %:
Phenols 2.7 1.8 —
Nitrogenous bases 1.5 4.5 —
Group hydrocarbon
composition, wt. %
paraffinic + naphthenic 73.5 48.3 23.1
aromatic 26.5 51.7 57.1
silica gel resins — - 16.5
asphaltenes — - 3.3
lodine number, g 12/100g 25.6 34.2 123
of product
Elemental composition,
wt. %:
C 85.71 86.30 86.65
H 13.93 12.40 11.24
S 0.27 1.1 1.83
N 0.09 0.19 0.28
Content, g/t
\ — - 6
Ni - — 19

used as an organic binder for road construction.
The bitumen obtained on the basis of products
of thermocatalytic processing of a mixture of shale
and coal meets the requirements of GOST 22245-
76 for petroleum bitumen [17].

The fuel products obtained were investigated
using gas chromatographic and elemental
analysis. The results are shown in table 3.

According to the results of gas chro-
matographic  analysis, it can be seen
that the content of paraffin-naphthenic hydro-
carbons in the fractions with a boiling point up

................................................................... DOL: 10.54859/Kj0Gi108B56 --+++vrvssecrrersrresserruerersisnsssssessinsness 87
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to 200°C is high (73.5 wt.%) compared to fractions
of boiling point 200-370°C (48.3 wt.%)
and with a boiling point above 370°C (23.1
wt.%). And the content of aromatic hydrocarbons
has an inverse correlation, that is in fractions
with a boiling point above 370°C — 57.1 wt.%,
in fractions with a boiling point 200-370°C -
51.7 wt.%, in fractions with a boiling point
up to 200°C — 26.5 wt.%. And also in fractions
with a boiling point above 370°C resins were found
(16.5 wt.%) and asphaltenes (3.3 wt.%).

The content of nitrogenous bases in light
distillates (1.5-4.5 vol.%), phenols (2.7-1.8 vol.%),
high sulfur content (0.27-1.83 wt.%), as well as
the presence of vanadium and nickel indicate
that the distillates obtained do not meet
the requirements for the quality of motor fuels
and need additional processing, such
as hydrotreating, cracking, reforming, etc.

Conclusions
Thus, the results of studies of the joint
hydrogenation of coal and shale showed

OONONHUTENBbHO

UctouHnk duHaHcupoBaHmsa. Pabota
BbIMOfIHEHA B paMKax MNpoeKkTa rPaHTOBOro
uHaHcupoBaHma AP14869180 «PaspaboTka
3(PHEKTUBHBIX TEXHOMNOrMN COBMECTHOW TUApPO-
reHM3auUvoHHOM nepepaboTkn yrmenl u  ropto-
ynx cnaHues PK ang nony4eHnss KOMMOHEHTOB
MOTOPHbIX TOMMMB U XMMUYECKNX BELLECTBY.

KoHdnukTt wuHTepecoB. ABTOpbl [ekna-
pVPYIOT OTCYTCTBME $BHbIX W MOTEHUMAmNbHbIX
KOH(PNNKTOB MHTEPECOB, CBA3aHHbIX C Nybnuka-
LMen HacTosLWEeN cTaTbi.

Bknag aBTtopoB. Bce aBTOpbl nogTrBepx-
AaloT COOTBETCTBME CBOEro aBTOpPCTBA Mexay-
HapofHbiM  kputepusm ICMJE (Bce aBTOpbI
BHECNM CyLECTBEHHbI BKMag B pa3paboTky
KOHLeNnuMun, npoBefeHne uccrnefoBaHus U Noa-
roTOBKY CTaTbW, Npounu u opobpunu duHanb-
Hyt0 Bepcuto neped nybnukaumen). Hanbonbmmn
BKMa4 pacnpefenéH cnepywowmi  obpasom:
KanpbekoB X.K. — uHTepnpetaums OaHHbIX UC-

crnegoBaHusl, MNpoBepka — pe3ynbTatoB,  Hamnu-
caHue W pepakTupoBaHue pykonucu, Cap-
mMypanHa Pl — KkoHuenuus uvccnegoBaHus,

EceHanveBa M.3. — uHTepnpeTauus [aHHbIX,
KOHTPOfb 3a BbINOSHEHWEM paboTbl, Kampbe-
koB AXK. — npoBegeHve uccrnegoaHus, Cyinm-
6aeBa C.M. — npoBegeHve akcnepumeHToB, [hxen-
ablbaeBa V.M. — cbop, aHanu3, nHTepnpeTauus
[aHHbIX, HanucaHWe ¥ peaakTMpoBaHUE PYKOMUCK.

that the implementation of the process
in the presence of shale of the Kiin deposit
increased the total yield of liquid products.
The optimal amount of shale added to coal
is 15.0%. In this case, there is an increase
in the total yield of liquid products by 10%. The solid
residue with a boiling point above 370°C has been
tested as an organic binder for road construction.
The proposed process technology also makes
it possible to obtain gasoline and diesel fractions,
which after appropriate hydrotreating can be used
as motor fuels. Gasoline fraction obtained has
a high content of paraffin-naphthenic hydrocar-
bons (73.5 wt.%) and a moderate amount
of aromatic hydrocarbons (26.5 wt.%), as well
as unsaturated compounds. The addition of oil
shale to coal allows the process to be carried
out under optimal conditions with a high degree
of conversion into liquid products without
coke formation. The degree of transformation
of the mixture of organic mass of shale and coal
is much higher than just coal.
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