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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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PRODUCTION OF SULFOCATIONITE BY MODIFICATION
OF NATURAL COAL WITH CONCENTRATED SULFURIC ACID

Abstract. Monitoring the content of rare metals in environmental objects at the level of their maximum
permissible concentrations is an important environmental task. The widely used physicochemical methods do not
always provide a direct solution to this problem because of the influence of the matrix composition of the sample on
the results of the determinations, as well as low concentrations of the determined elements. This article proposes a
new modified sulfonated charcoal based on coal from the Shubarkul deposit for sorption of rare metal ions from
water bodies. Concentrated sulfuric acid (H,SO4) is used as a modifier. The synthesis of new highly permeable cross-
linked, sulfonated cation exchangers and their composition, structure by chemical and physical methods was
investigated. The static exchange capacity (SEC) of sulfonated coal was calculated. The article shows an increase in
SEC from the concentration used in the modification of H,SO4. During the synthesis, the static exchange capacity of
sulfonated coal increases at 240 min. heating up. The temperature stability of sulfonated coal is higher to (100-120 °)
C. Sulfonated coal refers to medium acid cation exchangers, which work effectively at pH 2-14. The resulting
sorption materials are recommended for use in treatment plants for the removal of rare metal ions.

Key words: natural coal, modified coal, sorption, rare metal ion, sulfonated coal, water purification.

Introduction. The extraction of rare metals is possible from ash and slag dumps of energy
enterprises. In the scientific works of Krasnov, O.S. and Salikhova V.A. It is noted that the processing of
ash and slag waste in industrial production can produce from one to several tens of tons of rare metals per
year. Thus, the associated beneficial components in the processing of coal can be considered a promising
mineral resource base for a number of rare metals [1]. The global problem of effective and cheap
treatment of wastewater and drinking water from rare metal ions is of great importance. Common methods
of water purification are various sorption options based on the absorption of harmful substances by
various sorbents [2-6,7]. The ion-exchange method using natural and synthetic ion-exchange materials,
which makes it possible to extract these metals from wastewater, attracts much attention [8, 9]. Most
sorbents that have not been used yet are very expensive and have a limited exposure with a relatively
narrow range of effects. The method of manufacturing these sorbents is complex and takes more time
[10,11]. In this regard, a promising direction is the creation of new effective types of sulfocationionites
from cheap local raw materials of fossil coals [12,13]. The large-scale use of sorbents based on carbon raw
materials for the sorption of rare and rare-earth metal ions requires the targeted modification of cheap
types of organic raw materials: fossil solid fuels, natural and industrial organic waste [14].

New sulfocationionite was obtained by chemical modification of coal from the Tengiz field with
concentrated sulfuric acid [15]. The sorption and kinetic properties of V> *, Mo *, and W? * ions were
studied. Sulfonation of brown coals and modification of sulfonated coal, which can be used for chemical
treatment of water, are proposed. For example, there is a known method for producing sulfonated coal, in
which coal grits are treated with oleum in solfatar at a temperature of 110-140 ° C [16]. Several
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technologies for coal sulfonation are also available for chemical treatment of water [17-20]. The method
of acid activation is most effective for the preparation of sorbents from this natural material.

This article describes sulfonated coal as a simple way to purify rare metal ions from drinking and
wastewater. The method is based on the modification by sulfuric acid of a carbon carrier, which is coal
from the Shubarkul basin deposit, as a cheap local carbon sorbent. The presence on the altered carbon
surface of sulfo groups will enhance the selectivity of the extraction of rare metal ions.

Experimental part. Coal Sulphonation. Heat treatment of coal of the Shubarkul deposit was carried
out at a temperature of 110 © C for 2 hours in an oven until the moisture content was not more than 1%.
After heat treatment, the coal was treated with concentrated 96% sulfuric acid, with different ratios of
solid and liquid phases (Table 1.).

Table 1 - Conditions for sulfonation of coal

No Mass ratio, Coal: H2SO4 T °C t, min
1 1:3

2 [125 60 30
3 1:2 - -

4 | 115 180 6

5 1:1

6 1:0.5

After coal modification, a loose black product was formed, which was washed in a 5% NaOH
solution in order to remove unreacted substances.

Results and its discussion. According to laboratory results, the static exchange capacity (SEC) was
calculated according to the method [21]. In figure 1. shows an increase in SEC from the concentration
used in the modification of H,SO4. An increase in acid concentration above 2.5 mol does not affect a
further increase in SEC. With an increase in temperature to 120 © C, SEC is the highest (Fig.2.), With a
further increase in temperature its value decreases. During synthesis, a heating time of up to 240 min (Fig.
3.) Increases the SEC of sulfonated coal.

SECmg. eq/g
4,5 4
4 -
3,5
3
2,5
2
1,5
1 -
05
]

4
C, H;50; mole

Figure 1 - Dependence of static exchange capacity of sulfonated coal
on the concentration of sulfonating agent

SECmg. eq'g
45 7
4
35 A
3 4
25 A
2 4
15
1 4
05
o

T=C

Figure 2 - Dependence of static exchange capacity
of coal-based sulfocationite on the temperature of heating
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The temperature stability of sulfonated coal is higher up to (100-120) °© C. Moreover, as a rule, the H
form of ion exchangers is less stable than salt form.

SEC mg-eq'g
45 7
4
3,5
3 4
25 A
2 4
15
14
05
0

a 100 200 300 400
t, min.

Figure 3 - Dependence of the static exchange capacity of sulfonated coal on heating time

Static exchange capacity — the number of milliequivalents of an ion absorbed over a given time of 1 g
of dry ion exchange. As can be seen from figure 4, sulfocationionite absorbs 3.90 mg-eq/g in
240 minutes.

Sulfonated coal refers to medium acid cation exchangers, which work effectively at pH 2-14.

Conclusion. In this study, a new modified sorbent is available that is effective with sorption capacity
for rare metal ions based on sulfonated Shubarkul coal. The article shows an increase in SEC from the
concentration used in the modification of H>SOs. During the synthesis, the SEC of sulfonated coal
increases at 240 min. heating up. The temperature stability of sulfonated coal is higher to (100-120°) C.
Sulfonated coal refers to medium acid cation exchangers, which work effectively at pH 2-14. The
resulting sorption materials are recommended for use in treatment plants for the removal of rare metal
ions.

H.O. Bekrenor!, H.C. Myp3akacbiMoBa?,
M.A. I'appuienko’, A.H. Hypabioaesa?

! AGaii ateinmarel Kasaxk WITTHIK yHHBEpCHTETI, AnMatsl, Kasakcran;
’M.X. Iynatu aTbIHgarsl Tapas MEMIIEKETTIK yHUBepcHTeT, Tapas, Kazakcram;
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TABUT'H KOMIPJI KOHHEHTPJII KYKIPT KbIIIKbIJIBIMEH
MOJUPUKALNUAJIAY APKBUIBI CYJIB®@OKATHOHUT AJTY

Annoranusi. Kopiuaran opra HbICaHAApBIHIAFbl CUPEK KE3JECETiH MeTalJapAblH MYMKIHAIr IIeKTeyi
KOHLICHTPALMSICBIHBIH JIeHreliH OaKbl1ay SKOJOTHSUIBIK MaHbI3/IbI Macesenepain Oipi caHanaabsl. ChIHAKKA albIHFaH
3aTTBIH MaTPHLAIBIK KYpPaMbl HOTH)KEre Cep ETETIHIINHEeH oHE aHBIKTANATBIH 3JIEMEHTTEPIiH KOHIEHTPALMICH
TeMeH OONFaHJBIKTaH KEHIHEH KOJIIAHBLIATHIH (DM3MKO-XHUMUSUIBIK 9JicTep KeOiHece MOCceNeHIH Typii MIeHIiMiH
aliKpIHOal amMaiinel. Byn Makamaga cy HBICaHOApbIHAH CHPEK Ke3[EeCEeTiH MeTaJI MOHIAPBIH COPBIN aily YIIiH
[Ilybapken KeH OpHBIHAAFBI KOMipre HETI3IeNTeH jkaHa MOAU(HUIMPIICHTeH KeMip YCHIHBUIIamel. MoaudukaTop
peTiHae KOHIEHTpaIrsuanFal KyKipT KelKeUTBl (H>SO4) KodmmaHBUTaARL. OTKISTINI XKaHA, Cynb(haTTadraH KaTHOH
QIMACTBIPFBILUTAPABIH CHHTE31 XKOHE OJIapIblH KYpaMbl, KYPBUIBIMBI XUMHSJIBIK JKOHE (HM3MKAIbBIK oIiCTepMEH
3eprrenai. Lllybapkes keH OpHBIHBIH KOMIPIH TEPMUSUIBIK OHJIEY, bUIFAJIIbLIBIFEI 1%-1aH acKaHra JediH mneire 2
carat 110°C temmnepatypana xyprizingi. TepMusUIbIK OHICYAeH KeiliH KeMip KOHLEHTpalusianFraH 96% Kykipt
KBIIIKBUIBIMEH, KaTThI )KOHE CYHBIK (hazayiapAbIH TYPJli KaTbIHACHI Herizinae exuenai. Kemipai Moandukanusiayaan
KeliH OOpIbUIIaK Kapa eHIM maiaa 60iabl, MOAU(UIMPICHTeH KOMIp/IeH peaklusuIaHOaraH 3aTTap/bl KeTipy YIIiH
5% NaOH epirtinaicimen xybuiibl. CTaTHKaIBIK aIMacy ChIMBIMIIBUIBIFBI — O€PUIreH yakhIT inriHie 1 r Kyprak HoH
AJIMaCTBIPFBIIKA CIHI'€H MOHHBIH caHbl. CynbdaTranraH KeMip[iH CTaTUKAJIBIK aIMacy ChIHBIMABUIBIFEI €CEeNTeNIl.
Maxkanana H>SO4 MogudukanmsceiHia KOJIAaHbUIATHIH KOHIEHTPAXsAaH CTATHKAJIBIK alIMacy ChIABIMIBIIBIFBIHBIH
JKOFapbulay jaeHreili kepceriiren. CuHTe3ney KesiHae cCynbdaTTanraH KeMIipIiH CTaTHKanblK meimepi 240 MuH.
skorapeuaiinel. CynmegaTranrad KeMipaiH TemreparypanslK TypakTeuibiFsl (100-120°C) sxorapel. CynbdarranraHn
keMip pH 2-14 apanbiFeiHAa THIMII )KYMBIC iCTEHTIH OpTaia KpIIIKBUIIBIK KATHOH aIMACTBIPFBIIIITAPFa JKaTa bl
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DHepreTHKajblK KOCINOPBIHAAPABIH KYJI MEH KOXK (LIaK) YHIHIUIEpPIHEH CHpPEK MeTaniapibl anyra 0oajbl.
0O.C. Kpachos nieH B.A. CannxoBaHbBIH FBUIBIMU €HOCKTEPIHE KOPCETINTSHEH, KYJI MEH KOXK (IIIJ1aK) KaJABIKTaphIH
OHEPKACINTIK OHAIpicTe KaliTa eHJeYy KbUIbIHA Oip TOHHaAaH OipHelle OHJaraH TOHHAra JEWiH CUPEK MeTaiap.ibl
mipiFapa ananasl. COHBIMEH, KOMIpIi KaiTa eHaeyre OailaHbICThI MaiJajibl KOMIIOHCHTTEp OipKaTap CHPEK
KE3JICCeTIH MEeTaIap YIIIH MEePCIeKTUBTI MUHEPAJIIbI-IIMKI3aT 0a3achl JeM caHayFa 00aasl. AFBIHIBI )KOHE aybI3
CyJapibl CUPEK Ke3JIeCeTiH MeTall HOHAApbIHAH THIMJI JKOHE ap3aH Ta3apTyAbIH >kahaHIBIK Maceseci YIKeH MOHTe
ne Gonbin otelp. Cynsl Ta3apTyIblH KEH TapajFaH oAIiCTepl — TYpJli COPOEHTTEpPMEH 3MSHABI 3aTTapibl CiHIpyre
HETi3IeTreH TYpil copOIMsIbIK HycKanap. TaOuFy skoHe CHHTETHKAIBIK HOH alIMacy MaTepHalJapblH KOJAaHAaThIH
HOH ajMacy oici OyJI MeTanasl aFblHABI CyJlapAaH alyFa MYMKIHIIK Oepemi. O KOMAaHBIIMaraH cOpOeHTTEpIiH
KONIILIIri 6Te KpIMOAT JKOHE MIEKTEYIi dcepre ue, ONapIblH ocep eTy THIMALTiri ete a3. byn copbenTrepni eHIipy
dmici KypJei )KoHe KOl yaKbITTHI KakeT erei. OchiFaH OaiIaHBICTHI ap3aH KEePTiTiKTI Ka30aIpl KeMip MINKi3aThIHAH
CyJ1b(haTOKMOHUTTEP/IIH JKaHa THIMI TYPJEpiH Kypy MEepCleKTHBabl OarbiT 00MbIN caHatabl. CHpEK KOHE CHUpEeK
KE3[IECEeTIH MeTallll MOHAAPbIH CcOpOLMsiIay YIIiH KeMIpTeri IIHMKi3aThlHAa HEri3JeNireH COpOEHTTepAl KeHIHEeH
KOJIJIaHy OpraHUKAaJIbIK IHMKI3aTTHIH ap3aH TYPJIEPiH MaKCaTThl TYPICHAIPYIl Tajnamn eTeai: Ka30aasl KaTThl OThIHIAP,
TaOWFU JKOHE OHEPKICINTIK OpraHuKaNbIK Kaiaslkrap. Cynbl XUMHUSJIBIK Ta3apTyla KeMip CyJb(paHH3alusIChIHbIH
OipHewie TexHoJIorHsIaph! 1a Oap. KplIKbUIIaHIBIpyY 9/1iCi OChI TAOUFU MaTepHaiiaH COpOSHTTEp I AaibIHIAY YIIiH
THIMII caHanaabl. by makanana cynbdarTanraH KeMip CUPEK Ke3/IeCEeTiH MEeTall HOHJapblH aybI3Cy MEH aFbIHJIbI
CyJapliaH Ta3apTyAbIH KaparaibIM afici peTiae cunarrtanansl. by anic ap3an xeprinikti lllydapken OacceiiiHineH
QJIBIHFaH KOMIpJi KYKIPT KBIIIKbUIBIMEH MOJU(HIMpIIEYTe HeTi3[enreH. ©3repTiren keMipreri Oeringe cyiab(o
TONTap.IBIH OOTybIHA OATaHBICTHI CHPEK KE3IECETiH METAUT HOHAAPBIH COPBIIT ATy CeJICKTHBTLIITIH apTTHIPAIbI.

Tyilin ce3mep: Taburum KeMip, MOTUPHKANMSIAHFAH KOMip, COpOLHMsS, CHPEK KEe3[IeCEeTiH MeTajul HOHBI,
cynbdaTTanFad KeMip, CyIbl Ta3apTy.

H.9. Bekrenor!, H.C. Myp3akacbiMoBa?,
M.A. l'aspuienko’®, A.H. Hypanioaesa?

! Kasaxckuii HaMOHAIBHBIN [eJaroru4eckuil yausepeurer uM. Abas, Anmartel, Kasaxcran;
2 Tapasckuii rocyaapcTeeHHbIi yausepeuter um.M. X, Jlynatu, Tapas, Kazaxcraw;
3Tomcknii nonmrexHuyeckuii yausepeutet, ToMck, Poccust

HOJYYEHHUE CYJb®OKATHOHUTA IIYTEM MOJUPUKALIUU IPUPOJHOTI'O YTJIsA
KOHIEHTPUPOBAHHOU CEPHOU KHCJIOTOU

AnHoTauus. KoHTponb conepKaHHS PEOKMX METalIOB B OOBEKTaX OKPYXKAromled cpempl Ha YPOBHE HX
MIPEAETIBHO JOMYCTUMBIX KOHLEHTPAaLUUN SIBJISETCA BaXHOM 3Kojorumueckod 3amaueil. IIupoko ucnonwszyemsle
(U3UKO-XMMUYECKHE METOBI HE BCETAa 00ECIIeUnBAIOT NPSIMOE PEIICHHE 3TON 3aaul U3-3a BIUSHUSA MaTPHIHOTO
cocraBa IpoObI HA PE3yJILTATHI OMPECIICHHM, a TAK)KE HU3KUX KOHIICHTPAIUI ONpeeasIeMbIX 2JIEMEHTOB. B nanHo#
CTaThe MPEJIOKEH HOBBIH MOAM(MULMPOBAaHHBII Cynb(poyronb Ha ocHoBe yriis Llly0apKyiabCKOro MeCTOpOXKICHUS
JUIl COpOLIMM HMOHOB PEAKHX METAUIOB W3 BOJHBIX OOBEKTOB. B KaudecTBe MomuQuKaTOopa HCIOIB3YeTCs
KOHLIEHTpHUpoBaHHas cepHasi kuciora (H,SOs). Beut mccnenoBan CHHTE3 HOBBIX BBICOKOIIPOHUIAEMBIX CIIUTBIX,
cynbdoconepKammx KaTHOHUTOB U MX COCTaB, CTPYKTypa XMMUYECKUMHU U (PU3NIECKUMH METOJIaMH. TepMUUECKYIO
00pabotky yris LlybapkysCkoro MecTOpoXkIeHHs mpoBomwmid npu temmeparype 110 °C B TeueHne 2 4acoB B
CyHImiIbHOM mikady 10 Tex mop, IMoka cojepkaHue Biaru coctaBmwio He 6onee 1 %. Ilocie TepmMooOpabOTKH yrosb
00pabaThIBaJIM KOHIIEHTPUPOBAHHON 96% CepHON KHUCIOTOH NP Pa3lINdHOM COOTHOIIEHWH TBEPAOM M KHUIKOH
¢azer. Ilocne mMomndukanuu yriast oOpa3oBayICs PHIXJIBIA HNPOIYKT YEPHOTO LBETA, KOTOPHI NMpOMbIBAIN B 5 %
pactBope NaOH c 1menpio ynaieHuss He TmpopearnpoBaBmIMX BemiecTB. Crartmueckas OOMEHHAs €MKOCTh —
KOJIMYECTBO MHJUIM3KBHBAJIEHTOB MOHA, MOTJIOIIEHHOE 3a ONpeleNIeHHoe BpeMst | T' cyxoro moHuTa. PaccuurtsiBanu
CTaTH4ECKyI0 OOMEHHYIO eMKOCTb Cynbdoyriis. B craThe noka3aHo yBenH4eHHE CTaTHYECKOH 0OMEHHONH eMKOCTH OT
KOHIIGHTPAIMK HCIONb30BaHHON pu MoauduiupoBanuu HoSO4. Bo BpeMs cuHTe3a yBenMUMBAeTCs CTaTHYECKas
oOMeHHast eMKOCTb cyibdoyris npu 240 MuH. HarpeBaHuu. TemreparypHas YCTOHUMBOCTD Cyib(OYIIS BbILIE 10
(100-120")C. Cynb(hoyronb OTHOCAT K CPEIHEKMCIOTHBIM KATHOHUTAM, KOTOpble 3(Q(EKTHBHO pabOTalOT IIpU
nokasaremsx pH 2-14.

W3BneyeHne penkux METAIIOB BO3MOXKHO M3 30JI0-LIUIAKOBBIX OTBAJIOB JHEPreTHUYECKUX MPEANpHATHH. B
HayuHbIX paborax Kpacuoa O.C. n CanmuxoBa B.A. oTMmeuaercs, 4To mepepaboTKa 30J10-IIUTAKOBBIX OTXOJOB Ha
MIPOMBIIIJICHHOM TIPOM3BOACTBE MOXET 1aTh OT OJHOTO JI0 HECKOJBKHMX IECATKOB TOHH PEIKHX METAIIOB B TOZ.
TakuM 00pa3om, IOITyTHBIC IOJIE3HBIE KOMIIOHEHTHI IPH IEpepaboTKe YIiIeH MOXHO CYHTaTh HEPCIICKTHBHON
MHHEpAIEHO-CBIPhEBOI 0a30i psma peaxkux MetamwioB. BcemmpHas mpobnema 3h(QeKTHBHONW W AEUICBON OYHUCTKH
CTOYHBIX M MHUTHEBBIX BOJA OT MOHOB PEAKHX METAJIOB UMEET OOJbIIOE 3HaUCHUE. PaclpocTpaHEHHBIME METOJAMHU

— 107 ——




News of the Academy of sciences of the Republic of Kazakhstan

OUYMCTKH BOJbI SIBISIIOTCS Pa3iUyYHble BapHaHTbl COPOLIMHM, OCHOBAaHHbIE HAa TMOIJIOIIEHHH BPEIHBIX BEIECTB
pa3nuuHbIME cOpOeHTaMu. Bosbliioe BHUMaHUe MPUBIEKAET HOHOOOMEHHBII METO]] C UCTIOIb30BAHUEM HMPUPOTHBIX
U CHHTCTHYCCKHX I/IOHOO6MCHH}JIX MaTepuaiosB, HO3BOHHIOH1Mﬁ HU3BJICKATh JOTU MCTAJIbl M3 CTOYHBIX BOJ.
BosbpmmHCTBO COp6eHTOB, KOTOpPbIC OO0 CHUX IIOp HE HCHOJb30BAJIMChb, OUYCHb AOPOrve€ MU HMMCHOT OIrpaHUYCHHYIO
9KCIO3MIUIO C OTHOCHUTEIBHO y3KUM auamna3oHoM 3¢ ¢extoB. Crocod M3roTOBICHHS 3THX COPOCHTOB CIOXKEH U
3aHMMaeT OoJiblle BpeMeHH. B 3Tol CBS3M TEPCHEKTHBHBIM HAINPABICHUEM SBISICTCS CO3JaHUE HOBBIX
5 PEKTUBHBIX BHJIOB CYJIb(OKaTHOHUTOB M3 JICIIEBOIO MECTHOTO CHIPBSl MCKONaeMbIX yriei. KpymHomacmradbHoe
UCIIOJIb30BaHNE COPOEHTOB HA OCHOBE YIJIEPOJHOTO CHIPHS B LENSAX COPOLMH MOHOB PEAKHX M PEIKO3EMENIbHBIX
METAJJIOB TPeOYyeT LeNICHANPABICHHOT0 MOJU(DHUIUPOBAHKS JEIIEBHIX BUIOB OPraHHMYECKOTO ChIPhsI: HCKOMAEMbIX
TBEP/IbIX TOILIUB, IPUPOJIHBIX U TEXHOTCHHBIX OPTaHMYECKUX O0TXO0/10B. HECKOIbKO TEXHOMOTUH [UIsl CYJIb(GUPOBAHHMS
YIJIsl TAK)KE JOCTYMHO MPUMEHSIETCS JUIs XMMHYECKOHW OYMCTKH BOJbL. CHOCOO KHMCIOTHOW aKTHBAIMU SIBIISETCS
HaunOosee 3 HEeKTUBHBIM ISl IPUTOTOBJIEHHS COPOSHTOB M3 TAHHOT'O NPUPOJHOTO MaTepuana. B HacTosiueit crarbe
onucaH Cynb()UPOBaHHBIA Yroib Kak MPOCTOM CHOCOO OYUCTKU THTHEBBIX M CTOYHBIX BOJ OT MOHOB PEIKUX
MmeTaiioB. Criocod ocHOBaH Ha MOIU(UIMPOBAHUU CEPHOI KHCIOTOH YIJIEpOAHOrO HOCHTENs, MPEICTABISIONIEro
coboit yromp u3 mectopoxxaeHus lllyOapkynbckoro OacceliHa, B KauecTBe JELIEBOTO MECTHOTO YIJIEPOJHOIO
copbenra. IlpucyrcTBue Ha HW3MEHEHHOH YIJIEPOJAHOW TOBEPXHOCTH CYJb(GOIPYNI IO3BOJIUT  YCHIIUTH
CCJICKTUBHOCTD U3BJICUCHUA NOHOB PEAKHUX METAJIJIOB.

KiioueBble ca0Ba: INpHUPOAHBINA yrojb, MOAW(PHUIMPOBAHHBIM Yroib, COpOLMs, HOH pEAKOro MeTaya,
Cyb(UPOBAaHHBII yrojb, OYUCTKA BOJBI.
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