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3 MEeTOI0 3HMXEHHSA CcO0IBapTOCTI BUPOOHUIITBA IJIO10-OBOUYEBUX
COKiB, MOJAIBIIOTO 0araTopa3oBOro BUKOPUCTAHHS MIYHTITA 32 PaXYHOK
BIIHOBJEHHS  Woro agcopOwiifHOI 34aTHOCTI  CJIi  HPOBOJUTH
pereHeparnito MiHepasa. Ilicis 3akiH4eHHs cTamil axcopOmii mms
BUJIIJICHHS TMOTJIMHYTHX KOMIOHEHTIB 3JIHCHIOETHCS CTamis AecopOrii,
sKa Ha MPaKTHUIII peanisyeTbc;I TaK: gepes map ajicopOeHTa NpoayBalOTh
raps4y BOJSHY Tapy, HOoBiTps abo iHeptHi rasu. IloTiMm amcopOeHT,
3a3BMYail, cymarh 1 OXOJOMXYIOTh 00QyBaHHSIM NoOBiTpsAM. LIBUIKICTH
necopO1ii 3alie)KUTh BiJ TeMmepaTypu, NPUPOAU 1 IMBHUIKOCTI MOTOKY
necopOyruyoro rasy, a TaKoOX, BIJ O0COOJHUBOCTEN CTPYKTypHU
ancopOeHra.

[yurit — yHiBepcalbHUNU aaCcOpOEHT, SKUWA MOTJIMHAE BEJIUKY
KUIbKICTh HeOa)XaHUX JOMIIIOK Yy Mpolieci BUpoOHUNTBa cokiB. Cepen
HUX HITpaTH, COJIl BaXXKHUX METajliB, NIEKTUHOBI PEYOBUHMU Ta IIKIJJIUBI
MI1KpOOPTraHi3MHu.

Ximiuauit ckman myHnrita (%): AlbOs — 4,05; Fe,0O3 — 1,01; Fe,O —
0,32; K,0O - 1,23; CaO - 0,12; SiO; — 36,46; MgO — 0,56; MnO — 0,12; Na,O —
0,36; TiO, — 0,24; P,03; — 0,03; Ba - 0,32; B — 0,004; V — 0,015; Co — 0,00014;
Cu - 0,0037.

bauzpko 60 %  miHepana  3aiimae  (QynepeHONoAIOHUM
MeTacTabinpbHui Byriaenb. OcoOMUBICTIO CTPYKTYypu GYJIEpeHiB €
po3TamlyBaHHS aTOMIB BYTJICIIO y BEpIIMHAX NPABUJIBHUX MIECTU- Ta
II’ITUKYTHUKIB, 10 TIOKPUBAIOTh IMOBEPXHIO YMOBHOI cdepu i
CKJIaJJal0Th 3aMKHYTI 0araTorpaHHUKH.

AncopOuiiiHa 3JaTHICTh IIYHTiTa BH3HAYAETHCA KOHIICHTPAIll€IO
pEaKIiiHO CHOPOMOXXHUX TPy, IO 3HAXOAATHCS Ha IMOBEPXHI 1 B
CepeluHl TOp MiHepaja Ta HasIBHICTIO (yJepeHOBUX BYTIJEIEBUX
HaHOTPYyOOK, niameTpoM 1...6 HM, JOBXHHOK JO KIJIBKOX MKM.
BHyTpiliHsA nmoBepXHs IUX TPYOOK, TAKOXK, BOJIOAIE BIIbHUM MOPHUCTUM
MIPOCTOPOM.

Y pe3ynbTati pereHepailii aacopOuiiiHa 34aTHICTH ajcopOeHTa
MOE BIJHOBJIIOBAaTHCS IIOBHICTIO a00 4YaCTKOBO, 3aJe€XHO BIJ
aJcopOmiiHOI 3JaTHOCTI JecCOpOOBaHMX KOMIIOHEHTIB, O0OOpaHOTO
MeToAy necopOiii, pobouyux mapameTpiB mpoiecy. Y psai BUMAIKIB
BUIIPABJlaHO HEIIOBHE BIJHOBJECHHS aKTHBHOCTI afgcopOeHTa, Tak SK IMpH
IbOMY CKOPOYYIOTHCS €KCIJIyaTalliiiHl BUTPATH.

Pereneparniro BiIIpanbOBAHOTO ancopbeHTa NPOBOAUIHU
MeperpiTo BOAsSHOI mapotw Ttemmneparypor 120...180 °C, ska
NpoHIIIa Yepe3 cenaparop Ta mapomneperpiBHUK.



EdexTuBHicTh mpeAcTaBICHOTO cOCO0y pereHepaiii mepeBipsau
CMIBCTaBJICHHAM e(eKTa OUMIINEHHS COKY BiJl meKTHHOBUX pedoBHUH (E)
70 Ta MiCJs pere”epallii myHrita 3a GopMyJio:
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ne Ki 1 Ky — KinbKicTh MEKTHHOBUX PEYOBHH y COKY OO Ta Micls
00poOnenHus itoro agcopbentom. OTpuMaHi pe3yabTaTH MO OUYUIIEHHIO
COKY CTOJIOBOTO OYpsAKYy MpeacTaBieH] B TaOIHIIi.
Tabnuus
EdeKkT ounmeHHs COKY CTOJOBOro 0ypsika BijJl NEKTHHOBUX

PeYOBHH PereHepOBAHUM IIYHIITOM

HazBa Temmnepartypa TpuBamicts E(beIfT OHHICHHA
ajcopOeHTa | peredeparii, °C | pereneparii, XB COKY BIA MCKTHHOBUX
’ ’ pe4oBUH, %
120...140 8
145...155 15...20 14
165...175 18
175...180 23
120...140 21
145...155 25...30 26
[yHriT 165...175 34
175...180 34
120...140 22
145...155 35...40 28
165...175 34
175...180 34
Buxiguuii agcopOeHT 35

AHani3 OoTpUMaHUX pPE3yJbTATIB MOKa3ye, Mo eheKT OUYHIICHHS
BiJi TMEKTUHOBUX PEYOBUH COKY CTOJOBOTO Oypsika MIYHTITOM,
pereaepoBanum mnpotsarom 15...20 xB. cknagae 23%. IlogoBxkeHHS
TPUBAJOCTI mpouecy pereHepamii go 25...30 xB. 3a0e3neuye Maiixke
NOBHE  BIJHOBJEHHS  aacopOyloudoi  30aTHOCTI  IWIyHrita,  WIO
NiATBEPAKYETHCS BEIMYUHOIO epekTa ouuileHHs Ha piBHI 34 %.
[linBUIIEHHA TPHUBAJOCTI pereHepauii He Jga€ MNIABUIIEHHS €(EeKTy
ounnieHHs coky. Ilpu Temmeparypax perenepaunii B 165...175°C Ta
175...180°C edexT ounIieHHHS € OJJHAKOBUM.

Jns minBumeHHi ePpeKTUBHOCTI 0araTopa3oBOTO BUKOPUCTAHHS
OpUPOJHOTO MiHEpajla IIYyHTITa, L0 3aCTOBYETHCSA AJS OYMIICHHS Ta
OCBITJICHHS TIJIOJ0-OBOYEBUX COKIB B XapyoBid MPOMHUCIOBOCTI, 3
METOI0 CKOPOYEHHS €HEeproBUTpAT AOLIJIbHO NMPOBOJUTH pereHepauio
INIyHTITa TPW HWKYIH TemIepatypi meperpitoi mapu, TOOTO TpH
165...175°C Ta TpuBanocti 25...30 xB.
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In order to reduce production costs of tinned fruit vegetable
juices and further reuse shungite due restoring its adsorption capacity
one should regenerate the mineral. After the adsorption stage ends, in
order to release the absorbed components desorption stage is
performed, which in practice is implemented as follows: through the
adsorbent layer hot steam, air or inert gases are blown out. Then the
adsorbent is usually dried and cooled by air blowing. Desorption rate
depends on temperature, nature and speed of desorbing gas flow, as
well as on the particular structure of the adsorbent.

Shungite is a universal adsorbent that absorbs a large amount of
unwanted impurities in the production of juices. Among them, there are
nitrates, salts of heavy metals, pectin substances and harmful
microorganisms.

Chemical composition of shungite (%): Al,O; — 4.05; Fe,O; — 1.01;
Fe,O — 0.32; K;0 — 1,23; CaO - 0.12; SiO, — 36.46; MgO — 0.56; MnO - 0.12;
Na,O — 0.36; TiO, — 0,24; P,03; — 0.03; Ba — 0.32; B — 0,004; V — 0.015; Co —
0.00014; Cu — 0.0037.

Fullerene-like metastable carbon takes about 60% of the mineral.
The feature of fullerene structure is the location of carbon atoms at the
vertices of regular hexagons and pentagons, which cover the surface of
the conventional sphere and compose closed polyhedra.

Shungite adsorption capacity is determined by the concentration
of reaction capable groups on the surface and in the middle pores of the
mineral and by the presence of fullerene carbon nanotubes with
diameter of 1... 6 nm and length attaining up to several microns. The
inner surface of these tubes also has free porous space.

As the result of regeneration, adsorption capacity of the adsorbent
may recover completely or partially, depending on adsorption capacity
of the desorbed components, chosen method of desorption and
operating parameters of the process. In some cases it is justified to have
incomplete recovery of the adsorbent activity, as this reduces operating
Ccosts.

Regeneration of the adsorbent has been carried out by superheated
steam with temperature of 120...180°C, which passed through a
separator and steam super-heater.

The effectiveness of the present regeneration method has been
verified by comparing the effect of juice refinement from pectin
substances (E) before and after shungite regeneration according to

formula: E:M,
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whereas K; and K, are the amount of pectin substances in the juice
before and after processing it with the adsorbent. The obtained results
of red beet juice purification are presented in the table.
Table
The effect of red beet juice purification from pectin
substances by regenerated shungite

Adsorbent | Regeneration Regeneration Ef_ffe_ct quuflce
name temperature, °C | duration, min purification from
pectin substances, %

120...140 8

145...155 15...20 14

165...175 18

175...180 23

120...140 21

145...155 25...30 26

Shungite 165...175 34
175...180 34

120...140 22

145...155 35...40 28

165...175 34

175...180 34

Source adsorbent 35

Analysis of the obtained results shows that the effect of red beet
juice purification from pectin substances by shungite, which was
regenerated for 15...20 min., constitutes 23%. Extending the duration of
regeneration to 25...30 min. provides nearly full recovery of shungite
adsorbing capacity, as evidenced by purification effect being at the
level of 34%. Further increase in duration of regeneration does not
improve the effect of the juice purification. At temperatures of
regeneration being 165...175 °C and 175...180°C purification effect
remains the same.

Therefore, in order to improve the efficiency of reusable natural
mineral shungite for refining and brightening fruit and vegetable juices
in the food-processing industry, and for the purpose of reducing energy
consumption, regeneration of shungite should be performed at lower
temperature of superheated steam, i.e. at 165 ... 175°C, and during
25...30 min.





