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Abstract. Oxidation and reduction processes occurring at the electrodes in the presence of a temperature
difference in the electrode spaces cause the occurrence of EMF. It is possible to argue that as a result of the redox
reactions there is transformation of thermal energy to electric. The electrochemical reaction on the graphite electrode
in the presence of a redox system "Sn'>-Sn" ™" by recording of the cyclic potentiodynamic polarization curves in a
solution of hydrochloric acid are considered.

The potentiodynamic polarization measurements were carried out at the potentiostat «Autolab PGSTAT 302N»
in the temperature-controlled three-clectrode cell. As the working electrode graphite was used, and as an auxiliary
electrode-platinum wire. In the cyclic mode in the cathode-anode direction, in the background solution of hydro-
chloric acid on the graphite electrode besides the currents of chlorine and hydrogen selection, no other waves were
not observed. In presence of 10 g/l of chloride of tin (IT) and 10 g/l of chloride of tin (IV) in solution of a 100 g/l of
hydrochloric acid in the electrolyte the cyclic polarization curves of graphite electrode are recorded . At polarization
of graphite electrode in a positive side there was a maximum of current of oxidization of Sn'" to Sn'* in area of
potentials "plus" of 300 mV, and of current of selection of chlorine - at potential "plus" of 1400 mV. At displacement
of potential to the reverse cathode direction there were two waves corresponding to reduction of tin (IV) to tin (II) in
arca of potentials "plus" of 200 mV and - tin (II) to the metallic tin in area of potentials "minus" of 500 mV, further
there is a selection of hydrogen at the graphite electrode. At reverse displacement of potential in the anodic direction
a wave of oxidation of metallic tin to in bivalent tin was also observed.

It is shown that under cyclic polarization of a graphite electrode in a solution of hydrochloric acid there are the
reversible oxidation and reduction processes of tin ions - Sn"*+ 2¢ <> Sn™.
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AnnoTtamust. PacCMOTPEHBI 37EKTPOXUMHYCCKUE PEAKUMH HA TPAQHUTOBOM 3JEKTPOJEC B NMPHCYTCTBHU OKHC-
JIMTEITBHO-BOCCTAHOBUTEBHOM CHCTEMBI «Sn'“—Sn'" MeTomOM CHATHS NMKIHYECKHX MOTCHIMOIMHAMHYECKIX
TIOJLIPU3ANMOHHBIX KPUBBIX B PACTBOPE COJSTHOM KUCIOTHI. [10Ka3aHo, UTO MPH IUKIMYECKOM MOLIpH3aun rpadu-
TOBOTO 3JNEKTPOJA B COJUTHOKHCIOM PACTBOPE MPOMCXOIT OOpaTHMbIC IPOLECCHI OKHCICHHS W BOCCTAHOBICHHS
HOHOB 0710Ba - Sn'™*+ 2¢ <> Sn™,

B pszae uwcciaenoBaHuid, MOCBAMICHHBIX NpoueccaM (OPMUPOBAHHS SICKTPOABIKYILIMX CHII, TPOBE-
acHHbIX Hamu [1-4] mokazaHa BO3MOMKHOCTE MPEOOPA30BAHHUS TCILIOBOH JHCPTHH B SJICKTPUUCCKYIO B
MPUCYTCTBHHU B 3ICKTPOIUTE «red-0X» CHCTEM. Y CTAaHOBIICHO, 4TO Ha (POPMHPOBAHHE BIICKTPOABIKYIINX
CHJI MCXKAY D3ICKTPOJAMH B PACcTBOPAX, COACPMKAIMUX OKHCIHTCIBHO-BOCCTAHOBHUTEIIBHBIC CHCTEMBI,
3HAYHTEIFHOC BIMSHHUC OKA3BIBACT PA3HOCTh TEMIICPATYP B 3JICKTPOIHBIX MPOCTPAHCTBAX 3ICKTPOIH3CPA.
HzBecTHO, 4TO OCHOBY TPOLECCOB (OPMHUPOBAHHS SICKTPOABIKYIIHMX CHII COCTABISIOT OOpaTHMEIC
OKHCIIUTEIbHO-BOCCTAHOBHUTCIBHBIC 3MCKTPOXUMUUCCKUE PEAKIMN, KOTOPBIC MPOTCKAOT HA IpadhuTOBBIX
U APYTHX EKTpoax [3, 6].

Lenero panHOW paOOTHI SABISACTCA HW3YUCHHE MEXAHH3Ma MPOTCKAHUS OKHCIUTCIBHO-BOCCTAHO-
BUTEIBHBIX PEAKIMH B cHCTeMe «Sn'°—Sn™» MEeToI0M CHATHS IMKIHYECKUX TOTEHIIHOJHHAMITUECKHX
MOJISIPU3ALMOHHBIX KPUBBIX.

IMoTeHIMO TMHAMHYECKIE TOISPU3ALMOHHBIC H3MECPCHHUS TPOBOJWINCH Ha MOTeHUMOCTaTe «Autolab
PGSTAT 302N» B TepMocTaTHpyeMOH Tpex3IeKTpoaHoH sueiike. B kauectse pabouero snexrpoia
HCTIONB30BATH rPaduT, a B KAYCCTBE BCIIOMOTATEIBHOTO 3ICKTPOA — ITATHHOBYIO MPOBOJIOKY .

[ToreHumanel mpuBeACHBI K MOTCHLHATY XJIOPCEPEOPSHOrO 3IEKTPOJA CPABHCHHUS B HACHICHHOM
pacteope KCI (E =+203 MB).

Ilepen w3MepeHHAMH MOBEPXHOCTh BNEKTPOJA TINATEIBHO 3a4HINATA W TMOJHPOBATH, 3aTeM
00€3KUPUBATIH CITUPTOM, MPOMBIBATN BOJOW U CYIIWIN. DICKTPO HOTPYIKATH B HCCIIECAYEMBIH PacTBOP U
BBIJCPKMBATIHM 10 YCTAaHOBJICHHS CTallMOHapHOro noreHumana. [locne 3Toro BKIOUANach pas3BepTKa
MOTCHLUHANA C ONPEACICHHOW CKOPOCTBIO M PETHCTPUPOBANACH COOTBETCTBYIOLIAS MOTCHIIMOTWHAMU-
Yyeckas MOJIPU3ALMOHHAS KPHUBAs B PACTBOPE COMLTHOU KHUCIIOTHL.

Kak Buano u3 momsporpamMel, MONYYCHHOW B HUKINYCCKOM PEKUME B KaTOJHO-aHOJAHOM HAIPaB-
JcHUH, B (DOHOBOM pACTBOPE CONSHOW KHCIOTHIHA TPadUTOBOM 3JICKTPOAC KPOME TOKOB BBIACICHHS
XJIOpa ¥ BOAOPOAA, HUKAKHUX JPYTUX BOJMH He HabmoxaeTcs (PUCYHOK 1).

Ha pucynke 2 (kpuBas 2) npuBEICHB aHOAHBIC MOTSIPU3ALMOHHBIC KPUBbIC (DOHOBOTO 3JICKTPOJIHUTA
100 r/n HCI u pacreopa xmopuza omosa (II) 10 r/a. Ilpu cmerneHnn moTeHUOMANA OT PABHOBECHOTO
MOTCHLUHANA B aHOJHOM HAIPABICHUH B 00NacTH MOTCHUHANoB «mmocy 200 mMB nHabmomaetcs cnabo-
3aMCTHAs BOJIHA, KOTOPAs COOTBETCTBYCT OKHCICHHIO HOHOB Sn '~ g0 Sn™* (peaxums 1), zamee HaGmro-
JACTCS TOK BBLACICHHUS XJIOPa COTTIACHO PEAKLIUH 2:

Sn**-2¢=Sn™" E’=+0,151B (1)

2Cl-2e — Cl, E’=+1,36B (2)
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V =100 mBfc; t = 25°C; ¢oH — 100 r/n HCL.

PI/IcyHOK 1- L[I/IKJ'II/I‘IGCKaH KaTOJHO-aHO JHas ITOJISIpU3alliOHHas KpHUBasid I‘pa(1)I/ITOBOI‘0 BJIEKTPO/JIa B pacTBOpPE COJISTHOM KUCIIOTHI
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Polential apgied (v)

V =100 MB/e, t = 25°C; 1) — o —100 r/m HCI; 2) — 100 r/1HC1 +10 r/1 SnCly-2H,0.

PucyHox 2 — AHO/HBIE TOJSIPU3AITMOHHBIE KPUBBIE I'PaUTOBOTO SIEKTPO/Ia B PACTBOPE COSTHOM KUCTIOTHL,
B IIPUCYTCTBUU HOHOB oltoBa (II)

Ilpu cMeleHnH HOTCHIIMAIA B KATOAHOM HAIPABJICHUN HA HOsIporpamMme (PUCYHOK 3) HaOIOZacM
BOJIHY BOCCTaHOBJICHHUSI Sn** 1o JIEMCHTAPHOTO COCTOSHHUA B OOIACTH MOTCHIIHANIOB «MHHYC» 450 MB,
MPOTEKAIICTO MO peakiyu (3) u nanee HaOMIOAACM TOK BBIACICHUS BOAOPOIA MO peakiuu (4):

Sn*"+2¢= Sn’ E’=-0,136B (3)
2H" +2¢ —H, (4)

U3 noJEIporpaMmMbl BUAHO, UTO HA OJIOBC BOAOPOA BBIACIACTCA 00JcC HU3KAM NCPCHAINPAXKCHUCM.
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Patential applied (¥)
V=100 MB/c, t=25°C; 1) - or — 100 v/t HCI; 2) - 100 t/aHC1 + 10 t/1SnCly2H,0.

Pucynoxk 3 — Kato1HbIe 0IpU3aIMOHHbIE KPUBBIE I'PaUTOBOTO BIIEKTPO/Ia B PACTBOPE COISIHOM KUCITOTHI
B IIPUCYTCTBUU HOHOB oltoBa (II)
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V =100 MB/e, t = 25°C; dor — 100r/m1 HC1+ 10 r/1 SnCly-2H,0 + 10 /1 SnCl,.

PI/IcyHOK 4 — AHOZ[HO-KaTOZ[HaH TMUKIIMYECKas IIOTCHITUO IMHaMUYCCKas IIOJIAPpU3alTMOHHAA KprBasd I‘pa(l)I/ITOBOI‘O BIIEKTPOJa B
PacTBOpPE XIIOPUIOB OJIOBA

Hukardgeckue MOTCHIHOIUHAMUYCCKUC TOJSIPH3ALMOHHBIC KPUBBIC TpadUTOBOTO 3JICKTPOAA,
MOJIYYCHHBIC B MPUCYTCTBUM B 3ackTponute 10 r/n xmopuaa onosa (II) u 10 r/n xnopuna omosa (IV) B
pacteope 100 r/m COMMHONW KHCIOTHI MOKA3BIBAIOT (PUCYHOK 4), YTO NpH MOJBIPH3ALUH TPadHUTOBOTO
3EKTPOJA B TIONOKHUTETBHYIO CTOPOHY HAOIFOAAETCS MAKCHMYM TOKA OKHCIeHHs Sn'> B Sn™ B o6mactu
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noTeHIMATOB «moc» 300 MB, a TOk BRACACHUS XjI0pa - mpu noteHmmane «mwmoe» 1400 mB. Tpu cmerme-
HUU TIOTCHIMAJIA B OOpPATHOM KATOMHOM HAMPABICHUH HAOMIOJAIOTCS ABE BOIHBI COOTBETCTBYFOIIUC
BoccranoBicHuo onosa (IV) B omoso (II) B ob6mactu morenmmanos «mmoc» 200 MB u - omosa (II) B
METANTUYCCKOE OJ0BO B 00JNAacTH MOTCHUWANoB «MuHyC» 500 MB, nanee mpoHCXOAWUT BBIACICHUC
Boxopoaa Ha rpaduroBoM 3nekTpoac. [lpu oOpaTHOM cMEIIEHHM MOTCHUMANA B AaHOAHOM HAIPABICHHU
TaKke HaOIIONACTCS BOMHA OKHCICHHS METATIHYSCKOTO OJ0BA B JABYXBAJCHTHOC OJIOBO COIVIACHO
peakimu 3 (prUcyHOK 4).

Ha mongporpamme (pucyHOK 5), oTpaskaromeil NomIpu3auno rpaduToBOrO 3JCKTPOAA B KAaTOAHO—
aHOJHOM HAMPABICHUH B MPUCYTCTBUH B daektponute 10 r/n xnopuga onosa (I1) u 10 r/n xnopuga onosa
(IV) B pacteope 100 /1 COMMHOM KUCIOTHI TAKKES HAOTIOAACM BOIHY BOCCTAHOB/ICHHS JIBYXBAJICHTHOTO
0JI0Ba B METAJUTMYCCKOE OJIOBO, 3aTEM MPOUCXOIHUT BhLAEICHHE Bogopona. [Ipu cMermeHnn noteHuuana
3MEKTPOAa B AaHOJAHOM HANPABICHUN HAOMIOAACTCS ABA MOCICAOBATCIBHBIX TOKA OKHCICHHS METAIIH-
YECKOTO OJIOBA A0 JBYXBAJICHTHOIO COCTOSHHS U JBYXBAJICHTHOIO OJIOBA IO YETHIPEXBAJICHTHOTO OJIOBA,
3aTeM NPOUCXOTUT BHIACICHHE Xnopa. B oOpaTHOM kaToaHOM HAampaBICHHMH HAOMIOJACTCS BOITHA
BoccranosieHns Sn* B Sn.
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V=100 MBle, t=25°C; ¢on — 100 r/m HC1 + 10 r/1 SnCl,-2H,0 + 10 t/1 SnCl,.

PI/IcyHOK 5-— KaTOZ[HO-aHOZ[HaH IMUKIIMYIECKas IIOTCHITUO IMHAMUYCCKaA IIOJIAPpU3alTMOHHAaA KprUBasid I‘pa(l)I/ITOBOI‘O SIIEKTpOJa
B XJIOPUJTHBIX pacTBOpax OJI0Ba

Takum o0Opa3oM, HAMH HCCICAOBAHBI MPOLECCHl OKHCICHUS W BOCCTAHOBICHHS B CHCTCME
«Sn”?-Sn"*», B COMIHOKHCTBIX PACTBOPAX HA TPAPHUTOBOM DIEKTPOAEC METOJOM CHATHS IMOTCHIIHO-
JMHAMMYECKUX [UKIMUECKHX MOJSAPH3ALHOHHBIX KPHBBIX H MOKA3aHO, YTO paBHOBecHe Sn~ == Sn™
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Annoramusa, Ty3 KbIIIKBLIGI epiTiH/:[iciH/:[e«Sn+2—5n+4>> TOTBIFY -TOTHIKCBI3IAHY JKYHCCI KaThICHIHTA Tpadut
3MEKTPOABIHAA 3ICKTPOXHMISUIBIK PEAKIMSIIAP IOTCHIMOIMHAMHIKAIBIK IOJIIPH3AINILIIBIK KHCHIKTAP TYCIpY omici
apKpLIBI 3epTTenal. Ty3 KbINIKBUIBI EPITIHAICIHAC TPa(uT 3MCKTPOABIHBIH IHKIAL MOIPH3ANMSIIBIK KHCHIFBIHAH
«Sn'*+ 2¢ <> Sn"*» Kamaiibl HOHIAPBIHBIH KANTHIMIBI TOTHIFY -TOTHIKCHI3IAHY MPOLCCIHIH sKYpYiH OailikayFa GOIaIbL

Hocmynuna 03.06.2015e2.



