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BJIUAHUE OPTAHUYECKHUX TOBABOK
HA CKOPOCTDb OKUCJIEHUS CYJIb®UTA HATPUSA
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AHHoTanus. VccrnenoBaHo BIMsSHUE OpPraHMYecKUX J00aBOK HAa CKOPOCTb OKHCJICHHUS
CyIb(QUT-UOHOB KHCIOPOJOM BO3/yXa B BOAHBIX pacTBopax. OTMEYEeHO, YTO OpraHUYecKHe
N00aBKM MOTYT KaK yCKOpSATh, TaK M 3aMeIJsATh IPOLECC OKHUCIEHUS CYyJIb(pUT-MOHOB
pacTBOpeHHbIM KuciIopogoM. Iloka3aHo, 4YTO Majble KOHLEHTpPALMU CIHpPTa CIOCOOHBI
MOJIHOCTbIO TMOJABJATh PEAKLUI0 OKUCICHHUS CYJIb(UT-UOHOB PACTBOPEHHBIM KHCIOPOJOM
BO3/yXa.

KuroueBble cjioBa: cynb(pUT HaTpUsl, peakIis OKUCIEHUS, BOJHO-CIIUPTOBOI pacTBOp.

DOI: 10.46573/2658-7459-2025-3-95-100

BBEJ/IEHUE

OpHOM M3 axkTyalnbHBIX 3a7ad XHMMHUYECKOM TEXHOJOTMHM SBIIAETCS W3BICUYCHUE
0JIarOpOJHBIX METaJVIOB, B YACTHOCTH 30JI0Ta M cepedpa, M3 AJIEKTPOHHOIO JioMa WIH
IOBEIMPHBIX u3enuil. TpaauuonHble crnocoObl U3BIeUEHHs OJAarOpOIHBIX METAUIOB OCHOBAHBI
Ha UX PAaCTBOPEHHUU B BOJHBIX pPAcCTBOpaxX, KOTOPHIE COJEP’KAaT OJHOBPEMEHHO OKHCIUTENb U
KOoMILIeKcooOpa3oBarenb. [Ipyroil crmocod — 3TO 3IEKTPOJUTHUECKOE AHOIHOE OKHUCIIEHUE,
KOTOpO€ OCyUIeCTBiIseTcs ©0e3 BBEIEHUS B pacTBOp okuciautensd. [lepcrieKTUBHBIM
KOMILIEKCOOOpa3oBareneM B MpoleccaXx 3NeKTPOXMMHUYECKOTO OKUCIEHUs OJaropoJHbIX
MeTaioB  siBisieTcss  cynbdur  Harpus. [loTeHuman — cynbQUT-HOHOB B KadecTBe
KOMILIEKCOOOpa3oBareist OOyCIOBIIEH TEM, 4YTO OHH OO0pa3ylioT MPOYHBIE KOMIUIEKCHI C
OTrPaHUYEHHBIM KOJIMYECTBOM MeTaioB. Kpome Toro, cyiab(uT MOXKHO HCHOIb30BAaTh B
IEJIOYHOM cpene, B KOTOPOW MHOTHE JpPYyrue MepexoJHble METaIbl 00pa3yloT HepacTBOPUMBIE
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ruApoKcuabl. Bee 3T0 mMO3BOJISAET 0KMAATH BBICOKOW CEJIEKTMBHOCTHU IIPH W3BJICYEHUU 30J10TA
win cepebpa B pacTBOp B IPUCYTCTBUM IPYTUX METaUIOB. B TO ke BpeMs HM3BECTHO, YTO
CyIb(UT-UOHBI HEYCTOWYMBBI K JICHCTBHIO KHCIOpOAa BO3AyXa. BeposATHO, MMEHHO LIMPOKO
pacIpoCTPaHEHHOE MHEHHE O OBICTPOM OKHCICHUU KHCIOPOJOM IOCIYKUIJIO MPENATCTBUEM IS
pa3pabOTKW METOJ0OB, B paMKaX KOTOPBIX CYJIb(UT-MOHBI HCIOIB3YIOTCI B KadyecTBE
KOMIIeKcooOpasoBareneli. Kunernka u MexauusMm okuciaeHuss SO;” B BOAHBIX PacTBOpax
JIOCTaTOYHO TMOAPOOHO wu3ydeHbl B wucrtoyHmkax [1-5]. Kpome toro, B paborax [1, 2]
YIOMUHAETCSl, YTO HaJIM4uMe B BOJHOM pAacTBOpPE [JaXe CIENOBBIX KOJHMYECTB CIHPTA
CHOCOOCTBYET pE3KOMY CHIDKEHHIO CKOPOCTH OKHCICHHS CyIb(UT-HOHOB PACTBOPEHHBIM
kucinopoaoM. I1oaToMy OcHOBHas 11€1b JAHHOM PabOThl COCTOUT B MOJIyYE€HHH KOJIMYECTBEHHBIX
OLICHOK YCTOWYHMBOCTH CYJb(UTHBIX Cpell K OKHUCICHUIO B MPHUCYTCTBUHU J00ABOK PAa3IMYHBIX
OpPraHUYECKUX BEILECTB.

METO/IbI, METO/THKH U MATEPHAJIbI

DKCIIEpUMEHTHI 110 U3YYSHHIO YCTOHUMBOCTH pacTBOPOB Nap,SO3 MpOBOIMIN CIIEAYIOIIUM
o0pa3om. CBeXenpUroTOBICHHBIN BOAHBIN pacTBOp (00bemMoM 250 mit), copepkamuid cynabur
Hatpusi (C(Na,SO;)=0,1 Mmonp/1) U 100aBKY OpPraHUYECKUX BEIIECTB, MOMEIIAIM B CTAaKaH
(TmameTp OTKPBITON YacTH, Yepe3 KOTOPYIO OCYIIECTBIISIETCS KOHTAKT pacTBOpa ¢ aTMOC(epoid,
paBeH 6 cMm). B TeueHne Bcero sKcrepuMeHTa IPOBOIMIN MPOAYBKY BO3AyXa Yepe3 pacTBOP IS
HACBIIIEHUS €ro KKCIopoJoM. Kpome crienuaibHO OrOBOPEHHBIX CIIydaeB, JUIsl BCEX PAacTBOPOB
xapakTepHa ectectBeHHass pH cpenpl. Uepes 3amaHHbIE TPOMEKYTKH BPEMEHU OCYIIECTBIISLIH
ot6op mpo6. KoHueHTpamuto cyinbpura B Mpodax ONpenensyii METOA0M HOIOMETPHUUYECKOTO
TUTpPOBaHUA [6].

PE3YJIbTAThI H ObCYK/IEHHA
Cuctema «Bosa — Cyab(QUT» JOBOJBHO XOpoIIo u3yueHa. OKHUCIEHHE CylIb(QUT-HOHOB B
BOJIHBIX pAcTBOPax pAacTBOPEHHBIM KHCIOPOJOM TIIPOTEKaeT IO CBOOOIHOPAIUKATIHLHOMY
nenHomy Mexanusmy [1, 2]. Ilocme mnornomeHus cyab(UT-MOHOM KBaHTa CBETa OH
npeBpalniaercsa B cBOOOAHBIN pagukan SO; :

SOy* +hv=S0; +e. (1)
BricBOOOAMBIIIHMIICS AJIEKTPOH MOTJIONIAETCS OJJHON U3 CYyIb(PUTHBIX (HOpPM:
e + HOSO, =H + SO5~. )
[Tocne oOpa3oBanmsi CBOOOIHBIN pajvKall 3aIMyCKaET IIeTh B3aUMOICHCTBUI:
SO; + 0, =805 ; (3)
8Os + 805> =S04 + S04 ; (4)
SO, + SOs* =SS0+ +S05, (5)

a TaKk)Ke peaKIfio OOpbIBa LEMH.

WuTtepecHo, uto B paboTe [2] uccienoBaHHe KUHETUKH OKUCICHHS CYJIb()UT-HOHOB
KHCJIOPOJIOM TPOBOJWJIOCH B YCIOBUSAX IIOJHOM TEMHOTHL. [Ipm 3TOM KUHeETHUecKue
3aKOHOMEPHOCTH Majo OTIMYAJIUCh OT PEe3yNbTAaTOB, MOJYYEHHBIX MpPHU OCBEIIEHUHU. ABTOPHI
paboThI MPEAINOATratoT, YTO 3TO CBSA3aHO JHOO0 C YACTUYHOM 3aCBETKOW Ha ATare MPUrOTOBICHHS
pacTBOPOB M 3HAYUTEIBHBIM BpPEMEHEM KHU3HU paJUKaIoOB (0T MOMEHTa MPUTOTOBJICHUS
pacTBOPOB /0 Hayaja d3KclepuMeHTa mpouuio nopsiaka 30 mMuH), 1MO0 ¢ MHBIM CIIOCOOOM
VUHULHAALIH.

B pa6ore [1] coobmaercsi, 4TO CIUPTHI MOTJIOUIAIOT CBET B TOM ke 00JIacTH M3IIy4eHHS,
KOTOpOe TpeOyeTcst I WHHUIHAIMU IIEMHOW peakiuu. TakuM o0pa3oM, MpH OINpeAeICHHON
KOHIIGHTPalMN coupTa (WM ApYruxX BEIIECTB, OOJIAAAIONMX AaHAJOTMYHBIMH CBOMCTBAMM)
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BO3MO)XHO IIOJTHOE IOIJIOUIEHHE HMHULMUPYIOUIEH YacTH CIIEKTpa M, CJIEA0BATENbHO, MOJIHOE
M0JIaBJICHHUE MPOIIecca OKUCICHUS CYIb(UT-HOHOB PACTBOPEHHBIM KHUCIOPOIOM.

Ha puc. 1 nmpencraBieHbl 3aBUCUMOCTH — KOHIIGHTPALIMU  CYJIb(UT-HOHOB  OT
MPOJOKUTEILHOCTH MPOJYBKA BO3AYXOM CYJIb(UTHOTO pacTBOpa B NPUCYTCTBHM J00aBOK
Pa3IMYHBIX OPraHUYECKUX COCIMHEHUM U npu paimuHoi pH cpensl. HayanbHas KOHLEHTpanus
Na,SO; nmns Bcex pactBopoB paBHa 0,1 MoJIb/JI, KOHIIEHTpaIs 100aBOK BO BCEX pacTBOpax —
0,2 MoJb/11.
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Puc. 1. 3aBUCHMOCTH OCTAaTOYHOM KOHIIEHTPALIUHU CYJIb()UT-HOHOB
B PAacTBOPE OT MPOJIOKUTENILHOCTH TPOBEICHHS SKCIIEPUMEHTA!
1 — 6e3 no6aBok npu pH = 7; 2 — 6e3 nodaBok npu pH = 10; 3 — ¢ arieratom HaTpus;
4 — ¢ areToHOM; 5 — C 3TaHOJIOM; 6 — C U30TPOIMAHOJIOM;
7 — ¢ 6yranonom-1; 8 — ¢ ruLEepUHOM

Kpusle 1 u 2 (cm. puc. 1) moka3pIBalOT CKOPOCTb OKHCIEHHS CyJIb(UT-MOHOB B
pactBopax 0e3 100aBoK. BuaHo, 4TO Hayano 3TUX KPUBBIX JIEKUT 3HAYUTENBHO HIKE HAaYalIbHOM
KoHIeHTpauuu 0,1 MOnb/I. DTO CBS3aHO C YAaCTHUUHBIM OKHCIEHHEM Cylb(puTa YK€ Ha JTare
MIPUTOTOBJIEHUS pacTBOPoB. HekoTopoe pacxokieHne B CKOPOCTH OKUCIICHUS (HAKJIOHE KPUBBIX )
U3-3a pasauuuid B BenuuyuHax pH pacTBOpoB coryacyercs € JUTEPATypHBIMH JIaHHBIMH.
3aBUCHUMOCTh CKOPOCTH OKHUCJIEHMsI CylIbQUT-MOHOB OT pH mnpoxoautr uepe3 MakcuMyMm B
obnactu pH = 6-8 [5].

JloGaBka arerata HaTpusi (KpuBas 3) HE BIHAET HA CKOPOCTh OKHCIEHHUS CYJIb(UTa.
JlobaBnenue areroHa (kpuBas 4) pPE3KO YBEIMYMBACT CKOPOCTh OKUCIEHHMS Ha J3Tame
MIPUTOTOBJIEHUS PacTBOpOB. OJIHAKO B JAJBHEHIIEM HAKJIOH KPUBOM Majao OTIMYAETCS OT
HAKJIOHOB KPUBBIX 0€3 100aBKH.

Bce cynbduTtHBIE pacTBOpHI ¢ J00aBICHUEM CIIUPTOB (KpHUBBIE 5—8) MOKa3alu MOXO0XKHE
pe3ynbratel. JloOaBiaeHue JIOOBIX CIHUPTOB IOBBIIIAET CTOHKOCTH CYIb(UTHBIX PACTBOPOB K
okucieHuto. EcrtectBenHbli pH cpeapl s BCeX CHHUPTOBBIX PACTBOPOB HAXOAWICA B
uHrtepBaiue 7,5-8,5.
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Ha puc. 2 mnpencraBieHa 3aBUCUMOCTh CKOPOCTH OKHCICHHUS CYJIb(QHUT-HOHOB OT
KOHIIEHTpAuU crupTa B pacTBope. CKOPOCTh OKHCIEHUS IO CBOEH CYyTH XapaKTepU3yeT CTEIEHb
HAKJIOHA KPUBOU OKHCIICHUS CYITh(UTHOTO pacTBopa (MIPUMEPhI TAKMX KPUBBIX C HAKIIOHOM OBLTH
npecTaBieHsl Ha puc. 1). Jlns uccneaoBanus ObL1 BEIOpaH U30MponuiioBsid cniupT. Kpusas, Ha
puC. 2 XapaKTepu3yeTcs MepernOOM MPH KOHIICHTPAIMH HW30MPOIMUIOBOTO CIHUPTA, PAaBHOMN
0,01 M. Jlna CcHM)KEHHS CKOPOCTH OKHCJIEHHUs cyibputa Hatpus B 10 pa3 OTHOCHTEIBHO
pactBopa 6e3 100aBoK moTpedyercst KoHIeHTpanus ciupra, paBHas 0,03 M. [Ipu koHIIeHTparun
uzonponanona 6onee 0,2 M kpuBas mepecekaeT OCb KOHIIGHTpAMi U CKOPOCTh OKHCIICHUS
CTaHOBHTCS MOJIOKHUTEIHHOW. DTO 03HAYAET, UTO €CIIM OKUCICHHE CYJIb(PUTA HATPHS TIPOBOIUTCS
pu KOHIEHTpanusax crupTa Beime 0,2 M, To konueHntpaius Na,SOs B pacTBope He yObIBaeT, a
Bo3pactaer. OOBSICHEHHE 3aKJIIOYaeTCs B TOM, YTO PACTBOPUTENh HCIApsSeTcss ObICTpee, 4em
OKHUCIISIETCS CyNb(UT HATPUSL.
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Puc. 2. 3aBUCUMOCTBH CKOPOCTU OKUCIIEHUS CYJIb()UT-HOHOB
OT KOHLIEHTPALUU CIIUPTA

3AK/TIOYEHHUE
Iloxazana IMpUHIUIIHAJIbHAasA BO3MOXXHOCTE IMOBBIIICHHA yCTOI\/II'-II/IBOCTI/I Cy.]'H)(bI/ITHI)IX
pPacTBOPOB K OKHUCIICHHUIO pACTBOPCHHBIM KUCJIOPOAOM BO3AYyXa 3a CUCT )1063.BHCHI/IH HE0O0JIBIIOTO
KOJIN4YCCTBA CIHpTa. OTO MOXET OBIThb HCHOJB30BAHO AJId YIYUYIICHUA  TEXHOJIOTMHU
SJICKTPOXUMHNYCCKOT'O H3BJICUCHUA 6J'Ial"0p0I[HLIX MCTAJJIOB M3 J3JICKTPOHHOI'O JIOMa WKW IJIA
COBCPHICHCTBOBAHUA TCXHOJIOTHU HAHCCCHUS 6J'IaFOpOJIHI)IX MCETAIJIOB Ha MCETANIIMYCCKUC
IMMOBCPXHOCTH.
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EFFECT OF ORGANIC ADDITIVES
ON THE OXIDATION RATE OF SODIUM SULFITE

A. V. Starovoytov, A.1. Pichugina, V.Yu. Doluda, A.E. Sobolev
Tver State Technical University (Tver)

Abstract. The effect of organic additives on the rate of sulfite ion oxidation in aqueous
solutions by atmospheric oxygen was studied. It was noted that organic additives can both
accelerate and slow down the oxidation of sulfite ions by dissolved oxygen. It was shown that
low concentrations of alcohol can completely suppress the oxidation of sulfite ions by dissolved
oxygen.

Keywords: sodium sulfite, oxidation reaction, aqueous-alcoholic solution.
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