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B pabGote npencrasiena nadopManys o NpoOBEIEHHN HCCIEIOBAHUH AJIEKTPOXHUMHUUECKOTO BOCCTAHOBIICHHS
noHoB xene3a(Ill) u nonos turana(IV) B TeXHOJIOTMUECKUX PACTBOpax CEPHOM KHCIOTHL. BoccraHoBieHue
BBITIOJIHCHO B 3JIEKTPOJIM3EPE MOHOMOJISAPHOIO THIIA ¢ HPOTOYHBIM JIEKTPOIMTOM. KaToIbl M3roTOBIEHBI U3
HEpXKaBeIOIeH CTalM M CMEHHBIX Iep(OpUPOBAaHHBIX IUIACTHH M3 CBMHLA JUI KaToJa U aHoja. B pesysbrate
HCCIIEOBAHMIl yCTaHOBIIEHAa CEOECTOMMOCTh MPOAYKTOB BOCCTAHOBJICHUSI TEXHOJOTMYECKOIO PacTBOpA: VIS
sxeneza(Il) — 40,5 rpu. 3a 1,0 M, st tutana(Ill) — 5,27 rpu. 3a 1,0 M.

Kniouesvie cnosa: >MeKTPOXMMHYECKOE BOCCTAHOBJIICHHE, TEXHOJIOTHYECKHMH pPacTBOp, HOHBI JKele3a M
TUTaHA, IITMEHT, IPOU3BOJICTBO, CEOECTOMMOCTB.

BBEJIEHUE

OJEeKTPOXMMHUUYECKOE BOCCTAHOBJICHHE HOHOB METAUIOB IIMPOKO IIPUMEHSETCS B
MPUKJIAJTHON DIICKTPOXUMHUH H3-32 BBICOKOW SKOHOMHYECKOH 3(D(EKTHBHOCTH W TMOJIHOU
YIIPABISIEMOCTHU TEXHOJIOTMYECKUMU IIPOLECCAMHU [1, 2]. HocTouncrsa
NEKTPOXUMHYECKOTO IIPOLIECCa BOCCTAHOBJICHUS MOHOB JKEJI€3a M TUTAaHA 3aKIIOYAIOTCS,
Npexae BCEro, B HEOOXOAMMOCTH TOBBILICHUS! 3()(GEKTUBHOCTH TPU BOCCTAHOBJICHUU
nonoB xene3a(lll) u Turana(IV) B npousBoacTee quokcuaa tutana [3]. Takas TexHOIOTHS
TpeOyeT BBITIOIHEHUs 00s3aTeNbHbIX ycnoBui BoccTaHoBnenus sxene3a(lll) no sxemesa(1l),
Tak kak coemuHeHms xkene3a(lll) seistorces 3pPeKTHBHBIMI KOMITTIEKCOOOpa30BaTEIIIMH, a
€ro TUAPOKCHUIBI O00pa3yloT KOJUIOWAHbICE pacTBopel mpu pH = 1,6 — 3,5, a ux
pactBopumocTh coctasmseT 2,03 - 10° r B 100 T Bojibl, OHM NPOYHO BHEAPSIOTCS B MACTY
JIMOKCHIA TUTaHa. B TakoM cityyae oTOeNka JUOKCHIA TUTaHA 3HAYUTENIBHO YCIIOXKHACTCS,
YTO COMPOBOXKAACTCS YXYIAIICHHEM KayecTBa MO Oenn3He NUOKCHIA THTaHa. [ MapoKcun
skenes3a(ll) obpasyercs npu pH = 6,6 — 9,3, pacTBOpUMOCTE KOTOPOTO Ha TpU TOPsAKA
BBIIIE, TP 3TOM KOMIUIEKCOOOpa3ylomas CIIOCOOHOCTh MeHbIe. TakuM 00pazoM
JIOCTUTaeTcsi TIOJIHOE YAaJieHHe MOHOB JKejle3a M3 TEeXHOJOIMYecKoro pacTBopa. B
HACTOSIILIEE BpPEMs Ha CEPHOKUCIOTHBIX 3aBOJaX B KAaueCTBE BOCCTAHOBHTENIEH
UCTIONB3YIOTCSA JKeNle3Hasi CTPY)KKa WM o0pe3b Kejle3a, a TaKkkKe MEJIKOIUCIICPCHBIN
amomuHuil. [lpumeHeHne jxene3a M alIOMUHMSA CBA3aHO C IIOJyYEHHEM ATOMAapHOTO
Bozopoja (H - BoccranoButenb). OfHAKO TEXHOJIOTHUECKUI MPOLIECC YCIOXKHAETCS M3-3a
Hanmuusg (IIyKTyaluidl B peakTopax, NpU 3TOM BO3HHKAeT HEPaBHOMEPHOCTH Mpolecca
BOCCTAaHOBJIEHMS, a TaKkKe 0Opa3oBaHUS MOJEKYJSIPHOIO Bojopojaa. B takux ycnoBusix
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CTPOTrO KOHTPOJIMPOBAaTh W YOPABIATh TEXHOJOTMYECKHM IHPOIECCaMU IO NPOAYKTaM
BOCCTaHOBJICHUS U OTXOJIaM ITPOU3BOJICTBA CTAHOBUTCS ITPOOJICMHBIM.

Hacrosimee wuccnegoBaHue — sABIAETCA  CUCTEMATHYECKUM,  BBINOIHSETCS MO
cornmacoBanuio ¢ HayyabiM oTaenoM 3A0 «Kpemmckmit TUTAH» wu  xkadenpoit
¢usnueckord n aHanutuueckoir xumun THY. Ilpu 3TOoM OBLTM OmNpezeneHbl OCHOBHBIE
TpeOOBaHHS K KauecTBY MOJIYYEHHOT'O pacTBopa nocJie npotecca
anekTpoBoccTaHoBieHus: Jkene3a(lll) B TEXHONOTHYECKOM  pacTBOpax  JIOJDKHO
MOJIHOCTBIO OTCYTCTBOBaTh; KOHIeHTpamms Ti,0; (B mepecuere Ha TiO;) momkHa
HaxoauTcs B mpenpenax 2,5 — 4,5 F/I[M3; 3JIEKTPOXUMHUYECKOE BOCCTAHOBJIEHHUE CIIEYET
BBIMOJTHSATH TIPU TeMIepaTypax He 6onee 70 °C.

MATEPHAJIBI 1 METO/bI

OKcIepuMeHTabHBIE HCCIICIOBAHUS BBITIOJTHEHBI c HCTIONBb30BaHUEM
TEXHOJIOTMYECKHX PAacTBOPOB paszinuuHbIXx coctaBoB wnexa [IAT-1 (mpousBoxmcTBO
nByokucu TutaHa Ne 1), ¢ Ielbl0 HUCHBITAHUS NUIOTHOH yCTaHOBKAa BOCCTAHOBJICHMSA
nonos Fe*" u Ti*'". IImnotnas ycranoBka Guia pa3paboTaHa M M3FOTOBIEHA C yUETOM
cneunuKd U OCOOCHHOCTEH TEXHOJIOTHYECKUX PACTBOPOB MPOM3BOACTBA JHOKCHIAA
THTaHA. DJeKTpoimsep ob6beMoM 1,0 M, 10 KOHCTPYKIMOHHBIM XapaKTEpPHCTHKAM
OTHOCUTCA K MOHONOJSIPHOMY  MNpOTOYHOro Tuma. Karox uW3roTtoBleH M3 cTaiu
12X18H10T, a cMeHHBIN U3 CBUHIA, aHOJ — CBUHLOBBIN NepdopupoBanHbiii. OTpaboTKy
U OIPEIENCHNUs PEKUMOB IEKTPOXUMHUYECKOI'O BOCCTAHOBJICHHS MPOBOAMIN IO TOKY,
HalpsHKEHWIO M TemmepaType. Pacder 3arparT 2JIeKTPOSHEPrHM U IKOHOMHYECKOM
3 PEKTHBHOCTH HPEUIAraeMoro 31eKTPOIHTHIECKOro BOCCTaHOBIeH s noHoB Fe'™ u Ti*"
BBINIOJIHEHO C Hcmnonb3oBanueM nporpammbl ORIGIN 6.1.

TutpuMmeTpudeckue  ONpeNeIeHWs]  KOHIeHTpanuid  noHoB  skenme3a(ll), B
TEXHOJIOTHYECKUX pacTBopax BBITTOJTHEHBI c HCIOJIb30BaHUEM MeToa
nepMaHraHatoMeTpus, s uoHoB TtuTaHa(lll) wncmomb3o0BaHBI Kene30aMMOHMKHBIE
KBacClpl B IIPUCYTCTBUM MHAMKaropa (pojaHuna aMMoHHMA). Pe3ynprarhl aHanmza
MIPUHUMANNCH JIOCTOBEPHBIMH, €CIIH TapajienbHble n3Mepenus He npesbimanu 0,025%
IIpU JOBEepUTENbHON BeposTHOCTH P = 0,95 [4].

PE3YJIbTATBI 1 OBCYXJIEHUE

B cootBercTBMM C  TOCTaBIE€HHBIMH  3aflayaMH  HCCIENOBaHHUS IO
3NIEKTPOXUMHUYECKOMY BoccTaHOBIIeHHIO MOHOB sxene3a(lll) u turana(IV) BeIMonHEHBI ¢
WCTIOJh30BAHMEM HE BOCCTAaHOBICHHBIX W  BOCCTAHOBIIEHHBIX  (PHIIBTPOBAHHBIX
TEXHOJIOTUYECKHUX PACTBOPOB, TMOJYYEHHBIX M3 COPEIbCKOTO IUIaKa, M M3 CMECH
UPIIAHCKOTO U UHIUNCKOTO UIHBMEHUTOB.

C menpio OmpeseNieHus] BhIXOJA 1O TOKY W APYTUX IapaMeTpoB Ui yKa3aHHBIX
WOHOB, TIEPBOHAYAIIFHO BBITIOJHEHO JIIEKTPOXMMHYECKOE BOCCTAHOBIIEHHE WOHOB
xenesa(Ill) mo cxeme:

Fe*" + e & Fe*,

a 3aTCM IJIs1 HOHOB TUTAaHa:
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Ti*" + e <= Ti™"

Boccranosnenne npooawy mpH Hanpsokerand 4,0 — 4,3 B, MIIOTHOCTH TOKa COCTaBsuIa
3,5 — 4,0 A/nM>. DreKTpoxuMIUecKoe BoccTaHoBieHne dkenesa(lll) BEIIOTHEHO B Tpex
pacTBopax ¢ uHTepBasioM B 1 yac. [To ncTeueHHe KaXKI0ro HHTEpBaIa POBEICHBI H3MEPCHHUS
KOHTIeHTparwu HoHoB xene3a(1l), koropsie npemcTapieHsl B Tabm. 1 u 2.

Taoauna 1.
Pe3yabTaThl 3JIEKTPOXHUMUYECKOTO BOCCTAHOBJICHHS Fe*' B Teuenue MOCJIeTYIOIIETO
BTOPOI0 yaca

Bpewms Macca
Howmep SIEKTPO BOCCTAHOBJICH. Pacxon Biixon Pacxonx kBt/kr
AIIEKTPO- A B HOHA, B TAMMAX AIIEKTPOIHEPTHH, 110 ToKy BOCCTaHOBJIEH-
uTa Fo2' = Br Horo >xene3a(Il)
yacax
1 1,0 188,4 - 358 67,5 1,9
2 1,0 195,6 - 427 77,5 2,18
2 1,0 195,6 - 366 66,5 1,87
<192,2> - <383,7> <70,5> <1,96>
Taoauna 2.

Pe3yJIbTaThl 3JIeKTPOXHMHYECKOT0 BoccTaHoB IeHus Fe'" B Teuenne nociienyoniero
BTOPOI0 Yaca

BpeM;[ Macca

Howmep SIEKTPO BOCCTAHOBJICH. Pacxon Boxox Pacxonx kB1/kr
AIIEKTPO- s B JOHA, B raMMax ANIEKTPOIHEPTHH, 110 ToKy BOCCTAHOBJICH-
uTa qacax Fo2 = Br Horo sxemne3a(Il)

1 1,0 168,6 - 319 73,1 1,98

2 1,0 175,2 - 370 75,0 2,11

3 1,0 162,0 - 311 68,3 1,92

<167,1> - <333,3> <72,1> <2,00>

B Tabn. 1 u 2 0000meHsl CpefHHE 3HAYCHUS MPOIecca BOCCTAHOBIICHUS Fe* B

TEUeHHE TEePBOTO Yaca M MOCIeqyIoUIero yaca. Takoil nHTepBaa BpeMeHH ObLT BHIOpaH ¢
IIEThI0 UCKITIOUCHISI OJTHOBPEMEHHOTO TIporiecca BoccTaHoBineHus tutaHa(lV). B maHHBIX
YCJIOBUSIX CpEIAHEE 3HAYCHHE BBIXOJA MO TOKY, 3a MepBbIM yac, cocraBwio 70,5 %, a
cpenHuit pacxox KBT/kr BoccraHoenennoro Fe® pasen 1,96, Ta6m. 1. 3a Bropoit uac
JJIEKTPOBOCCTAHOBIICHHUS ~ [TApaMETpbl  HE3HAUYUTEIbHO  HU3MEHWINCh, B  CTOPOHY
YBEIIMUECHHUS: BBIXOJ 110 TOKY — 72,1 %, cpeaHuii pacxon snekTpodHepruu — 1o 2,0 kB1/kr.
Pacuer moTpeOneHust 3JIEKTPOIHEPTUU MPH DIEKTPOXUMHUYECKOM BOCCTAHOBICHUH
xemeza(lll) mo oxemesza(ll) w  ompeneneHMe CTOMMOCTH — AJIEKTPOIHEPTHH  HA
BOCCTAaHOBJIEHHH 1,0 M® TEXHONIOTHYECKOTO PacTBOPa, coaepKamero 50 r/1v’, BHIIOIHEH
CIIEAYIOMNM 00pa3oM. YUHTHIBas 3JIEKTPOXUMHYECKHH HKBUBaseHT s skenesa(lll),
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0ol 2 2,084 6/(p/y), bibteisduinSsd Laoyikd) sBhjets Soizdyihised fshjnhjes &0
otsfsOtsatjtdj Iss60 fshistadjis 23992,3 ¢.
0 shdse0kdd HOGE Y - k0BE. 1 d 2, Mt jHddd LEOYidkd] o7 RBHO s SESk (<) 0ot
71,3 %, fijHse0sjzas, BPji Sskdyinses AkjCltedyifised (7 “VY fshisOodls HEw
Az JCIstesddsdudiSisets oshiisOksazjidy 50 S6 M Jzjro(lll)
1 mﬂlmmKM's 2)"W’<I 33649,8 4, @))
Fe | Fe
GHj My, - GOREO L), M, |, . —ArjChiesraisduiic Code0u s, ¢ / ¢ 1 < -
oV aBH tfs ssCz;  Woete joigw, o sjyidd Slststesets jteju Adz jChsteszdL jte ttesnsHE 5SS, yom).
u0Cdes ©BiOLEd, HEW ohiisOksotzihd™ distse MJeJLo(I) HE MJzjo (1) o
s jrtstzseynSsds tonsatsts j tsed jdtsds 1,0 d5° djsBAsHAdS LOLE0sds* 33,6 Sd.
uissqaiEh A Okt jeedd (o cdokdn) HEW kBT hEjahry i jHtledvisd?
Y jteots? COls jestedd MishisOadzv jis 0,287 ctedz. LO 1 CAIs, BJL L Y
t=1'U=336" 42=141,12CIks )
141,12 - 0,287 = 40,5 ctoth. (©)
buoEsedyirds tBeOLsl tesojHjdr  dhfikHse0hkdy ts  AdjCktsnddduhSadiz
HEoBhhs0Gsot it o kjrtstscduinSdn tonsosts0n dadse IsdisoR0(1V) His sdisozo(111), k. .
o A jCltesizefls tfistdshis1ts oshisOkso it Mikits d yohsdubs oshisOdsatjd sdisOd.
rsoshhsOksotjbkdj tesojHjks f) yjires kojidyjkdy o tOhsostej disdkse Isds0ko(lll),
tfsewHSO 4,0 ¢/HdP. RMNEZjHGEOLAY tflssojHjhr o OMsosk0n, tskizy ikt  tisd
teOLEZs Jedd fists jzMSses NE0CO. T iLkzals0ksr difitiHte0kd? tis jHisOat ik o u0BE. 2.

J_amevidwe_dljhobfbq_kddKIZ g h\e_jgky\hjZakth:Z:E/ek%%?h
rezdz

< Vokohpiz |t °K| L © (U B| W, \I. | KTiO,, Koko Kang FZKKZ",
hiulZ €q yAf | T YAR | T8 VAR diq

1 42 66 | 50 | 3,2 160 179,4 1,1 4.4 0,1386

2 50 66 | 50 | 34 170 201,2 1,5 5,8 0,215

3 49 60 | 57 | 29| 165,3 198,8 3,3 55 0,1078

4 50 56 | 47 | 3,4 | 159,8 201,2 41 4.8 0,035

5 45 54 | 48 | 3,3 | 1584 | 2004 2,9 4,02 0,0504

6 50 50 | 48 |34 | 163,2 | 19438 3,5 6,5 0,150

7 53 52 | 48 |34 | 163,2 | 198,03 3,7 6,5 0,1484

8 60 50 | 46 | 35| 161 201,25 4,6 58 0,072

9 49 49 | 47 | 34| 166,6 202,1 6,1 7.4 0,0637

10 45 50 | 43 | 3,6 | 154,8 192,6 5,0 8,0 0,135

11 70 50 | 42 | 3,8 | 159,6 2374 44 6,1 0,119
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