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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.SO.) 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.SO.. 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 V2+ Mo2+ and W2+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
ofacid 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 ofthe 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

Ne Mass ratio, Coal;: H.SOs T°C t, min
1 13

2 125 60 D0
3 12 -

4 115 180 6

5 11

6 105

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 H2SO4. 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

C, H2504 mole

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

SEC mg. eq/g

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-eqg

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 1g
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 H2SO.. 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.
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TABUTW KOM1PA1 KOHUEHTPN1 KYKIPT UblWUbIABIMEH
MOANDOUNKALUNANAY APLLITbI CYNTB®OKATUOHUT ANY

AHHoTauua. KopluaraH opta HbiCaHZapblHAArbl CUMPEK Ke3feceTll MeTanfapabll, MYMKIHAIM LiekTeyni
KOHLEHTpaUMACLIHBIL, felreliH 6akbliay 3KOM0ruANbIK Maubi3asl Macenenepaly 6ipi caHanagbl. CblHakKa anbiHraH
3aTThliH MaTPULLA/bIK KypaMbl HITUXKEre 3cep eTETIHAITNIHEH YX3He aHbIKTaNaTblH 3/IEMEHTTEPAIH KOHLUEHTpaumAChI
TemMeH 60nraHAbIKTaH KELHEeH KO/AaHbINaTbiH (U3MKO-XUMUAMBIK 34icTep KebiHece MaceneHw, TYpAi LuewwiMiH
ailkblH4a anmaligbl. byn makanafa cy HbiCaHAapblHaH CUPeK Ke34eceTil MeTall MOHAApbIH copbin aty YLuiH
LLlybapken KeH OpHbIHAArbl Kemipre Hen3genreH kaHa MOAUMUUMPIEHreH Kemip YCbiHblnagbl. MoaugurkaTop
penHAe KOHUeHTpauusinaHraH KYKIpT KbllwKbinbl (H2SO4) kongaHbinagbl. OTKI3ril XkaHa, CynbgaTTanraH KaTuoH
a/IMaCTbIPrbILLTAPAbIH CUHTE3I YX3HE OnaphblH Kypambl, KypbIIbIMbl XUMUAMBIK X3HE (U3MKaNbIK 340TepMeH
3epTTengi. LLlybapken KeH OpHbIHbIH KEMIpiH TEPMUANBIK eHAEY, binrangbiibirbl 1%-aaH ackaHra fgeiiH newTe 2
carat 110°C Temnepatypaga >XYprisingi. TepMuanbik eHAeyfleH KellH Kemip KOHUeHTpauusnaHraH 96% KYKipT
KbILUKbITBIMEH, KaTTbl XX3HE CyMbIK (hazaiapfbliH TYPMi KaTbiHackl HerisiHae eHaengi. Kemipgi mogudvkaumnanayaaH
KeliiH 6opnbifgak Kapa eHim nainga 6onabl, MOAUMULMPAEHTEH KEMIpPAEH peakuusnaHbaraH 3aTTapAbl KeTipy YLUiH
5% NaOH epTHArameH xybingbl. CTaTMKabiK aiMacy CblibIMAbIIbIrbI - GepisreH yakbIT iwiHge 11 Kyprak noH
a/IMaCTbIPrbILLKa CIHFEH MOHHbIH caHbl. CynbhaTTanraH KeMIpAiH CTaTMKanbliK aiMacy CblibIMAbIbINbI ecenTeng®
Makanaga H2SO4 mogngmKaumsacbiHAa KONgaHbINATbIH KOHUEHTPaUMAAaH CTaTUKabIK aiMacy CblbIMAbIbIMbIHbIH
Xorapblnay feHreiii kepceTinreH. CuHTe3gey KesiHAe Cy/bgarTasiraH KeMipAiH CTaTvkanblk menwepi 240 MuH.
Korapblnagpl. CynbaTtanraH KemipAaiH TemnepatypanblkK Typaubinbirbl (100-120°C) xorapbl. CynbaTTanraH
KeMmip pH 2-14 apanbirbiHAa TUIMAI XYMbIC ICTEATIH OpTalla KbILKbIIAbIK KaTVOH aIMacTbIprbilLTapra xaragbl.



ISSN 2224-5286 Series chemistry and technology. 3. 2020

SHepreTMKa/bly, K3CLLOPbIHAAPAbLY, KPT MeH KOX (wnak) YHiHAiNepiHeH cvMpek MeTangapabl anyra 6onafbl.
O.C. KpacHoB neH B.A. CanvxoBaHblL, rbiibiMW eH6eKTepLUae KepceTinreHaei, KYNn MeH KOX (LU1ak) KangbiKTapbiH
EHEpPK3CINTIK eHAIPICTe KaiiTa eHAey XbifbiHa 6ip TOHHagaH GipHeLle OHAaraH TOHHara AeliiH CUpeK MeTangapgabl
weirapa anagpl. COHbIMEH, KeMIpAi KaWiTa eHfeyre 6alinaHbiCTbl Maiganbl KOMMOHEHTTep 6GipkaTtap cupek
KesgeceTw meTangap YLWiH nepcrnekTUBTi MUHepanabl-LuMLL3aT 6a3ackl fen caHayra 6onafbl. ArblHAbl X3He aybi3
Cynapfbl CUpeK Ke3feceTww MeTasln MOHAAPbIHaH TUIMAI XK3HE ap3aH Ta3apTyAblH XallaHblK Maceneci Y/IKeH MaHre
ne 60nbin oTbip. Cyabl Ta3apTyfblH KeH TapanraH 3gictepi - Typni COPOEHTTepMeH 3uAHAb! 3aTTapAbl CiHipyre
HensgenreH TYpAi copbumanbiK Hyckanap. Taburu >KaHe CUHTETUKAbIK MOH a/iMacy MaTepuaigapbiH KoijaHaTbiH
MOH anmacy 3gici 6yn meTangpl arbiHAbl CynapgaH anyra MYMKIHGIK 6epegn 0ni kongaHblaMaraH cOpbeHTTepAiH
Kenwliniri eTe KbIMOAT XX3He LUEKTeYNi acepre ve, onapibliH acep eTy TuiMAiniri ete a3. byn copbeHTTepAi eHAipy
apra KYPgeni »xaHe Ken yakbITTbl KaxkeT eTear OcbiraH 6aiinaHbiCTbl ap3aH XepriuKn kasbaibl Kemip LUMKi3aTbiHAH
CyNb(aTOKNOHUTTEPLIH XaHa TUiMAI TYPepiH Kypy nepcnekTuBasbl 6arbiT 60sbin caHanagbl. CUpeK X3He cupek
Ke3fgeceTll MeTassl MOHZapblH copbumsnay YiiH KemipTeri wukl3aTbiHa HEri3genreH COpOeHTTepAl KelyHeH
KO/AaHy OpraHvKasblK WXK13aTTbiH ap3aH Typ/iepLl MakcaTThl TYpReHAipyAi Tanan eTefi: ka3basbl KaTTbl OTbIHAAP,
TabWrn >xaHe eHepKaCiNTiK opraHuKanbik Kangblktap. Cyabl XUMUANbIK TasapTyfa Kemip cynbaHn3aumacbiHbIH
6ipHeLUe TexHonorusnapbl fa 6ap. KbiwKbingaHabIpy 34iCi OCbl TabUrn maTepyaniaH copbeHTTepai falibiHaay YLliH
TMimMgi caHanagbl. Byn Makanafa cynbarTtasiraH Kemip CUpPeK KesfeceTiH MeTa/ll MOHAAPbIH aybi3Cy MeH arbiHjpbl
cynapfaH TasapTyAblH KapanaiibIM 3gici peTiHAe cunaTTanagbl. Byn agk ap3aH xeprinikTi LLly6apken 6acceliiHiHeH
aNblHraH KeMipgi KYKIPT KbIWKbIbIMEH MOAUMULMPIEYre HEN3LeNreH. B3reprnireH KemipTeri 6eTiHge cynbgo
TONTapAbiH 601ybIHA 6aliNaHbICTbl CUPEK Ke3L4eCeTiH MeTasl1 MOHAAPbIH COPbIN ay CENeKTUBTINITIH apTThipagpbl.

TYWiH cesgep: Taburm Kemip, MoguvKauusnaHraH Kemip, COpouMs, CUpeK KesfeceTiH MeTann MOHbI,
cynbhaTTanraH Kemip, cypl Ta3apTy.
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MNONYYEHUNE CYNIb®OKATUOHNTA NYTEM MOANPUNKALNN NMPUPOAHOIO YT /1A
KOHUEHTPNPOBAHHOW CEPHOWN KNCNOTOWU

AHHOTauua. KOHTPOnb cofepaHusi pefkuX MeTafioB B 06bEKTax OKpYXalolleil cpefbl Ha YPOBHE WX
MPeAebHO  JOMYCTUMbIX KOHLEHTPaUWiA SBASETCS BaXKHON 3KOMOTMYecKoin 3apadeii. LLIMpoko mcnonb3yembie
(hM3MKO-XMMUYECKME METO/bI He BCEraa 06ecrneynBatoT NPsMOe peLlieHve 3TON 3afadun M3-3a BAUSHWUS MaTpUYHOro
cocTasa Npo6bl Ha pe3y/ibTaTbl ONPeAeNieHnit, a TakKe HU3KMX KOHLEHTpaLmMii onpeaenseMbiX 31eMeHTOB. B gaHHOI
cTaThe NPeanoXkeH HOBbLIA MOAU(MLMPOBaHHBIN Cynbhoyrob Ha ocHose yrns LLly6apKynbCKOro MecTopoXaeHUs
4na copbumMnm MOHOB pPefKMX METaNoB M3 BOAHbIX 00beKTOB. B KauecTBe Moamdumkatopa MCNonb3yercs
KOHUEeHTpUpoBaHHasA cepHas kucnota (H2SO4). Bbin uccnefoBaH CUHTE3 HOBbLIX BbICOKOMPOHULIAEMBIX CLUMTBIX,
Cynb(ocofepXKaLLMX KaTVUOHUTOB U MX COCTaB, CTPYKTYPa XMMUYECKUMU U (DU3NYECKUMU METOLAMU. TepMUYECKYHD
00paboTky yrns LLy6apKynbCKOro MecTopoXaeHus nposoavnn npu temneparype 110 °C B TeyeHue 2 4acoB B
CyLUW/IbHOM LKAy A0 Tex nop, MokKa cofepXaHue Bnaru coctaBuno He 6onee 1%. Mocne TepMoo6paboTKy yronb
06pabaTbiBa KOHLEHTPUPOBaHHOW 96% CepHOM KMCNOTOW MpPWU PasIMYHOM COOTHOLLEHWU TBEPAOW W XXWUAKOW
(hasbl. MMocne moaumKaumm yris 06pa3oBaici pbiX/ibliA NPOAYKT YEpPHOro LBeTa, KOTOPbIA MpombiBain B 5%
pactBope NaOH c Uuefnblo yaaneHWss He npopearMpoBaBLUMX BellecTB. CraTuyeckas OOMEHHas eMKOCTb -
KO/IMYECTBO MW/I/IN3KBUBASIEHTOB MOHA, MOT/IOLWLEHHOE 3a OMNpefesieHHoe BpeMs 11 Cyxoro MoHuTa. PaccumtbiBain
CTaTMYeCKy0 06MEHHYHO eMKOCTb Cy/b(hoyrns. B cTaTbe MokasaHO yBenuyeHve CTaTuueckoin 06MeHHO eMKOCTY OT
KOHLIEHTPaLMM MCNob30BaHHON Npu MoangurumpoBaHnm H2SO4. Bo Bpems CUHTe3a YBEUUMBAETCA CTaTUyecKas
06MeHHas eMKOCTb Cynb(oyrnsa npu 240 MUH. HarpeBaHuW. TemnepaTypHas YCTONYMBOCTb Cy/b(OYr/is Bbille A0
(100-120°)C. Cynbhoyronb OTHOCAT K CPEAHEKMCNOTHBIM KaTUOHMTaM, KOTOpble 3(h(eKTMBHO paboTaloT npu
nokasarensx pH 2-14.

V3BneyeHre peaknMx METaifioB BOSMOXHO M3 30/10-LUNAKOBLIX OTBA/I0B 3HEPreTUYECKMX npeanpuatuii. B
HayuHbIX paboTax KpacHosa O.C. u CanuxoBa B.A. 0TMeyaeTcs, 4YTO nepepaboTKa 30/10-LU/1aKOBbIX OTXOLOB Ha
MPOMBbILLIEHHOM MPOW3BOACTBE MOXET [aTb OT OJHOrO [0 HEeCKOMbKWMX AeCATKOB TOHH PeAKMX MeTa//10B B rop.
Takum 06pa3om, NOMyTHble MOMe3Hble KOMMOHEHTLI NpW nepepaboTKe yrieik MOXHO CuuTaTb MePCrneKTUBHON
MUHEPa/IbHO-CbIPbeBOW 6a30i paga pegkux MeTannoB. BecemupHas npobnema seKTVBHON 1 AELIEBO OHYUCTKM
CTOYHbIX W MUTLEBbIX BOA OT MOHOB PELKUX METaNI0B MMeeT 60MbLUOe 3HauYeHWe. PacnpocTpaHeHHbIMK MeToLaMu
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OYMCTKM BOfbl SBNSKOTCA pas/MyHble BapuaHTbl COPOLMM, OCHOBaHHble Ha MOI/OWEHNN BPEAHbIX BELLECTB
pasnnyHbIMK COpOeHTaMU. BosblLLOe BHUMaHWE MPUBEKAET MOHOOOMEHHbI METOA C MCMO/b30BaHWEM MPUPOAHbBIX
N CUHTETMYECKMX WOHOOOMEHHBIX MaTepuanoB, MO3BOMSAIOLWIMIA W3BMEKaTb 3TM MeTaifibl M3 CTOYHbIX BOA,
BONbLUMHCTBO COPGEHTOB, KOTOPblE A0 CMX MOP He WCMOMb30BA/INCH, OYEHb AOPOrME U MMEHOT OrpaHUYeHHYH
3KCNO3NLMI0 C OTHOCUTENbHO Y3KMM fMana3oHOM 3((eKToB. ~0COO W3roTOBMEHNS 3TUX COPOGEHTOB CMIOXEH U
3aHMMaeT 6onblue BpemMeHW. B 3Toli CBS3W MepCreKTVBHLIM - HanpaBfeHMEM SBMSETCA CO3A4aHWe HOBbIX
3(heKTUBHBIX BUAOB CyNb(OKaTMOHWTOB M3 [ELLIEBOr0 MECTHOIO CbipbS MCKOMaeMbIX yreid. KpynHomaclitabHoe
MCNO/b30BaHNe COPOEHTOB Ha OCHOBE YI/IEPOAHOIO Chbipbsi B LENSX COPOLMM MOHOB PEAKMX U PefKO3eMeNbHbIX
METa/IoB TPebyeT LieNeHanpaBneHHOro MoAU(MLMPOBaHUS AELUEBbIX BUAOB OPraHMYeckKoro Cbipbsi: UCKOMaeMblX
TBEPAbIX TOMNB, MPUPOAHBIX N TEXHOTEHHbIX OPraHNYeCKMX 0TX0A0B. VIECKOMbKO TEXHONOTUIA Ans cynb(urpoBaHms
YINs Takxke JOCTYNHO MPUMEHSIETC ANS XMMMUYECKON OYMCTKM BOAbl. “0COG6 KMCMOTHOM aKTMBaLMu SBMSETCS
Hanbonee aPEKTMBHLIM ANs NPUrOTOB/IEHNS COPOEHTOB M3 AaHHOTO NPUPOAHOro MaTepuana. B HacToseli cTaTbe
onucaH Cynb(UPOBaHHLIA Yronb Kak MpOCTOl CMocob OYMCTKM MUTHEBLIX M CTOYHLIX BOA OT WMOHOB pPeaKmx
MeTa/1MoB. “0C06 OCHOBaH Ha MOAMMULIMPOBAHMN CEPHOI KWUCMOTON YrNepoAaHOro HOCUTENs, NPeACTaBsoLLEro
cob0ii yronb 13 MecTopoxaeHusi LLlyGapKynbCKoro 6acceiiHa, B KayecTBe [ELUEBOr0 MECTHOrO Yr/iepoAHOro
copbeHTa. [lpucyTcTBME HA WM3MEHEHHOW YrnepoAHO MOBEPXHOCTW  CyNnb(orpynn MO3BOMUT  YCUMUTH
CENeKTUBHOCTb U3B/EYEHUS OHOB PeAKUX METANOB.

KntoueBble cnoBa: MNPUPOAHbIA yronb, MOAUGMULMPOBAHHbIA Yronb, COpPOUMS, WOH PeAKoro MeTanna,
CyNb(MPOBaHHbIN Yro/b, 0UYMCTKA BOApI.
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