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BrnMsHME MEXX3NEKTPOAHOIro PacCTOSHUSA M COOTHOLLEHHUS
nnowageM Katoga M aHoa Ha CKOPOCTb (hOPMUPOBaHMSA M
coctaB MO NOKpbITHMM

© MN.MU. BytaruH, A.B. bonblwannH, C.C. Apby30Ba

AO MAH3JT, 634040, Tomck, Bnagmnmupa Beicoukoro 25, cT1.12
Ten. 8 (3822) 606 590, e-mail: pavel.butyagin@manel.ru

JIsyueHsl BIMAHNME MEYKIJIEKTPOLHOIO PACCTOAHNA M COOTHOIIEHNMA IJIOMIALel KaToa M aHOIa Ha CKO-
pocTtb popmupoBarusa u coctaB MJIO-mmokperTuii (puc. 2 n 3, TadJr. 3) AJia 06pasIioB IJIOIALbI0 TOKPBITUA D
nv?. TTokasaHo, YTO yMeHbIIIeHNe IIJIO[AaAM KaToja 3aMeJIsieT CKOpocThb hopMupoBanusa MIO-IOKPBITHA
YMeHbIIIeHNe MEeKBJIEKTPOSHOIO PACCTOARMA yBeanduBaeT ckopocTb MO, ofHAKO TP HTOM MEHAETCS CO-
cTaB (DOPMUPYEMOT0 IIOKPBITHUA, KAK Pe3yJIbTaT, B IOKPLITUN CHIPKAETCA COgepiKaHye KOMIIOHEHTOB 00paba-
TBIBAEMOJ ITOJJIOMKKI U yBEJIMUIMBAETCA COEePsKaHye KOMIIOHEHTOB DJIEKTPOJINTA.

Kirouesnle ciioBa: MMKPOLYTOBOE OKCUAMPOBaHNE, CIIIAB aJIOMMHNSA, MEXKIJIEKTPOJHOE PACCTOsHMe,
COOTHOIIEHMe IJIoafiell KaTofa 1 aHojAa, cKopocThb popMmuposanua MIO-okpeITHI, COCTaB IOKPBITUA

Influence of the interelectrode distance and the ratio of
the cathode and anode areas on the formation rate and
properties of MAO coatings

© P.I. Butyagin, A.V. Bolshanin, S.S. Arbuzova

MANEL JSC , Tomsk 634040 Vladimira Vysotskogo St., 25/12,
Phone: +7 (3822) 606 590, e-mail: pavel.butyagin@manel.ru

The influence of the interelectrode distance and the ratio of the cathode and anodecoating area of
5 dm? was studied. It is shown that a decrease in the cathode area retards the formation rate of the
MAO coating. A decrease in the interelectrode distance accelerates the rate of the formation of the MAO
rate, but the composition of the formed coating changes, as a result, the number of components of the
processed substrate decreases in the coating and the number of electrolyte components increases.

Keywords: microarc oxidation, aluminum alloys, interelectrode distance, ratio of cathode and anode
areas, formation rate of MAO coatings, composition of the coating
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BseaeHune

MurponyroBoe OKCHUIMPOBAaHME IO CBOEMY Me-
XaHIU3MY OTHOCUTCA K DJEKTPOXVMUYECKOMY IIPO-
Lieccy, IIPOTEKAIOIIEMY TPV BBICOKMX 3HAYEHMAX Ha-
npssxenusa [1,2,3]. VI3BecTHO, YTO IIpU OpraHMU3AINN
raJIbBaHMYECKOTrO IIPOIlecca ONHMM 13 BaYKHBIX yC-
JOBUI 111 B(PQEKTUBHOIO IPOTEeKaHUA (POPMUPO-
BaHMSA MOKPBITIA SABJAETCA COOTHOIIEHNME IIJIOIanen
Katoza 1 anozja [1,4]. B 3aBuCHMMOCTM OT TOrO, KaKOii
IIPOIIECC MBI IIPOBOAVIM, OCAKAEHMA(KATONHBIN) M
OKMCJIEHNA(AHOIHBIN), MEHAETCA COOTHOIIEHME ILJIO-
a1 KaTo/a M IJIOIaa) aHOAA.

Ha npaxrtuke, korga HeodXonyMo BeIOPATh OITH-
MaJIbHYIO KOHCTPYKIMIO BaHHBI MJIO, KoTOpas oObrd-
HO CJIYKUT IIPOTMBOSJIEKTPOIOM, YUUTHIBA A IIPONBBO-
IVTEeJIbHOCTD JIMHNY (YCTAHOBKM), PACXO XMMIYECKIX
KOMIIOHEHTOB Ha IIPUTOTOBJIEHVE DJIEKTPOJIATA, IIPO-
M3BOJCTBEHHBIE ILJIOIIAAN II0Z, 000OpyoBaHMe, He0O-
XOIVMO YUYMUTBIBATh MEXKDJIEKTPONHOE PACCTOSAHIE U
COOTHOIIIEHNe IJIOIIaziell aHoma M karoma. B pabore
[5] norasaHo BAMAHME BHYTPEHHETO ¥ BHEIITHETO IIPO-
THBOBJIEKTPOZAOB Ha Iporecc dopmupoBanua MJIO-
MIOKPBITHA Ha aHOJe. DTO [IBa KPallHUX COOTHOIIEHN
IJIOIIA el aHoZa M KaTola — MMHMMAJBHOE (Cirydain
C BHYTPEHHMM KaTOZIOM) M MaKCHUMaJIbHOe (CjIydai ¢
BHEIIIHMM KaTooM). OTMeYeHO, YTO B yCJIOBUAX U3Me-
HEHVS COOTHOIIIEHNUA IJIOIaell KaToM/aHog, MeHAeT-
€51 COCTAB ITOKPBITHA, CKOPOCTE €T0 (pOPMIPOBAHMA.

OpnHako HeOOXOIVMO IOJTYUYUTh 00JIee CUCTEMHBIE
JlaHHBIE O BJIMAHNY COOTHOIIIEHNA IIJIOIA el KaTona 1
aHozma Ha MJIO MeTaJIIm4ecKoii [IOBEPXHOCTY, IIOTOMY
4TO, KaK II0Ka3aJia IPaKTUKA Y YaCTHBIV CIIydaii, OIy-
CaHHBI B yKa3aHHOI paboTe, M3MEHEH)e COOTHOLIIe-
HuA Sk/Sa no3BosigeT yrpaBaaTh mrporeccom MO nu,
KaK CJIEICTBYE, YIIPABJIATE CBOVMCTBAMI II0JIyYaeMbIX
TIOKPBITHIA.

OnpenesieHne BJIMAHUA MEKIJIEKTPOTHOTO pac-
CTOAHA, OIITYIMAJIBHOTO COOTHOIIIEHN A Pa3MePOB aHO-
Jla ¥ KaToZa Ha CBOMCTBA IIOKPBITUI, IIPOU3BOINTEIb-
HocTh mporiecca MJIO mosBosuT 6osiee 3ppeKTUBHO
JICIIOJIB30BATE TEXHOJIOTVMIO MMKPOLYTOBOTO OKCHUIVI-
POBaHMA B IIPOM3BOACTBEHHBIX I[EJIAX.

B mpepnsaraemori craTbe IPUBENEHBI PE3YJILTATHI
SKCIIEPMMEHTAJIBHOM paboThl, B KOTOPOV MOIEJPO-
BaJMCh ycJoByA nosxydennsa MIO-okpsITnsa Ha ge-
TaJIAX C IJIOIIAIbIO IOKPBITIA He OoJtee 5 gm2.

MeTogmnka skcnepmmeHTa

JlJ1s IpoBeieHNsI DKCIIEPYIMEHTA I10 OIIPeieJIEHIIO
BJIMSAHNSA MEYKIJIEKTPOIHOIO PACCTOSHNUSA M3TOTaBJIIV-
BaJi 00pasiipl U3 JucTa cryasa ajgoMyHEna AMr2M
pasmepamu 150x170x2 mm. Ilnomans HOKPBITHA 5
nm2. Obpaser pacmostaraJscs B Banae MJIO paBHoyzna-
JIEHHO OTHOCUTEJIBHO 3€PKaJia 3JIEKTPOJINTA, CTEHOK
u pHa Ba"HHBI MJIO. MekaIeKTPOOHBIM PacCTOSHIEM

CUMTAJIOCH PACCTOSHNE MEMKY ILJIOCKOI ITOBEPXHOC-
ThIO 00Opaslia ¥ HapaJiyIeSIbHbIMM CTEHKaMM BaHHBI,
BBIINTIOJIHABIIVIMI POJIbB KaTOOOB. B]::IJII/I YCTaHOBJIEHBI
CJEAVIOUIVE BHAYEHUS MEIKOJIEKTPOJSHOIO PacCTOsA-
Hust: 250 MM, 150 MM, 60 mMm. Vicrosb3oBaJjiach BaHHA
MO c 3meeBuKaMM 1A OXJIAMKAEHNUA U OapboTaskem
IJIA TIepeMelIMBaHUsA pacTBopa, paboumM 06beMoM
240 yiuTPOB, MBrOTOBJIEHHAA V13 HEPIKABEIOILIEH CTAJIN
mapku 08X18H10.

Jly1s1 mpoBeIeHNSA MCCIIeIOBAHA BJIVSAHIA COOTHO-
LIeHMA TIJIOIA el KaToha 1 aHoja Ha Irpoiiecc dop-
mupoBaHyA M O-NOKPBITUA UCIIOJIB30BAJIM 00pasITbl
u3 cnnaBa amoMyHEna AMr2M pasmepamn 150x170
mM. ILomans nokpertud 5 am?. B kauecTBe mpoTuBo-
BJIEKTPOA VMCIIOJIb30BaJIV [IJIACTUHBI 13 HEPIKABEIO-
mieit craau mapkyu 08X18H10 c pasmepamu: 560x500
MM, 280x500 mm, 140x500 mm, 50x500 mm, 20x250 MM,
obecreunBaIIMMI COOTHOIIEHMe moanein Sk/Sa:
11,6, 3,1,0,3

JVlcnmonbsoBasack Banua MJIO ¢ 3meeBUKaMM JJIs
oxJiaskaeHnsa 1 OapboTaskeM OJiA IepeMelIVBaHUA
pacTtBopa u pabounm odbemom 240 JIUTPOB, U3TOTOB-
JIEHHAA 13 [IOJIUIPOIJIEHA.

B obonx caydaax TemmepaTrypa pacTBoOpa COCTaB-
aana 20-25°C u noppepskuBasiach paboToi Ynmiepa.
MIO mnpoBogmiau B CJIA0OLIEJIOYHOM SJEKTPOJIUTE
«Manel-W» (pH=8) paspaboramnom AO MAHS3JIL
OJIeKTpUYeCKMe IMapaMeTpbl 00ecHeYmBaJjiCh M-
mysibeHbIM nctounnkoM muraana ARCCOR, paspabo-
TaHHbIM KoMmauneir AO OneCu 1 nmesu cyeayooye
3HaveHNA: HanpsskeHne - 500 B, wacrora cienosanma
uMnysbcoB - 50 I'm, quurenbHOCTh MMITysIbca — 300
MKc. IIpopomkurensHocts MJIO cocraBiana 60 mu-
HYT.

TonIyHy NOKPBITUA KOHTPOJIMPOBAJIM BUXPETO-
KOBBIM TOJIIIMHOMEPOM KoMHIaHumu Quanix. JVzmepe-
Hye TpoBoauu He MeHee 10 pa3 Ha KaskJg0M 00pasie,
3aTeM PacCUYMUTBHIBAJM CpenHIo Besnunyy. Ommbka
namepennii npubopa cocrapisaet 2%.

SHAYEHNUsS TOKA I HAMPAMKEHUS KOHTPOJIMPOBA-
aun ocumiinorpacpom UNI-T UTD2025CL 25MHz, 250
MS/s.

VlccoeoBaHme 5JIeEMEHTHOTO aHAJIN3A, IOJLyYEHVE
MUKpOogoTorpaduit OCyIeCTBIIAIN TPV IIOMOIIM CHC-
TeMBI C DJIEKTPOHHBIMMU U C(POKYCUPOBAHHBIMI JOH-
HBIMK yukamMy Quanta 200 3D.

Pesynbratel u nx obcygeHne

Dopmuposanme MIO-TIOKPBITUA B yCIJIOBUAX, KOT-
Jla MEHAJIOCh MEXKDJIEKTPOJHOE PACCTOSHME UM COOT-
HoIleHre SK/Sa, COIPOBOMKAAJIOCH POCTOM 3HAYEHUI
VIMITYJIBCHOT'O TOKa ¥ CHU’KEHMEM Ha4daJIbHOTO 3Hade-
HuA HanpsoxkeHnud — 500 B. JJlanuble npuBenens! B Tad-
auite 1 n Tabante 2.

Ckopee Bcero, Takoil xapaKTep M3MEHEHNs BeJ-
YMH MMITYJIbCHBIX TOKa M HAIPSAMKEeHUs 00bACHAET-

Drexkmpoocaxdenue MeMAAL06 U CHAABOE
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Tabnuua 1. 3HaueHHs MMMYNbCHBIX TOKA M HAMPSIXKEHUs NPU MEHSIFOLLLEMCS COOTHOLLEHMH SK/Sa
Table 1. Values of impulse current and voltage at varying Sk/Sa ratio

Bpewmsa, MJIO, munyTel | Hanpssxenne, B Tok, KA
MDO duration, min Voltage, V Sk/Sa=11 | Sk/Sa=6 | Sk/Sa=3 | Sk/Sa=1 |Sk/Sa=0,3
10 500 1,6 1,35 1,31 1,25 1,15
20 480 1,6 1,4 1,33 1,27 1,2
30 475 1,65 1,45 1,35 1,3 1,26
45 470 1,7 1,5 1,4 1,35 1,29
60 460 1,75 1,6 1,48 1,4 1,33

Tabnumua 2. 3HaueHMs MMMYMbCHBIX TOKA M HAMPSIXKEHMS NP MEHSIFOLLEEMCS MEKINEKTPOLHOM PaCcCTOSHWM
Table 2. Values of impulse current and voltage at varying interelectrode distance

Toxk, KA
Bpewmsa, MJIO, muu Hanpsaxenne, B Current. kKA
MDO duration, min Voltage, V -
250 MM (mm) 150 MM (mm) 60 MM (mm)
10 510 1,05 0,94 0,8
20 500 1,05 1 0,9
30 495 1 0,95
45 490 1,15 1,05 1
60 485 1,2 1,15 1

BAGMZ019 | det  HV i WD
:22.01 PM ETD 5.00 kV|15.4 mm 1000x -0°

mag it |

Puc. 1. Mukpodotorpadms MOO-nokpbITHs
Fig. 1. Micrograph of the MO-coating

CA Pa3BUTONM IOBEPXHOCTBIO ITOKPBITHA (puc.l) 1, Kak
CJIeZICTBYIE, HU3KVIM COIIPOTHBJEHMEM (POPMUPYEMOTO
IIOKPBITIA, KOTOpOoe cocTaBjiseT He Oosee 103 Om-Mm
(I'OCT 9.318-2013). Kpome ToOro, mocraTodHo pas3BU-
Tas IOPUCTOCTD IIOKPLITYIA II03BOJIAET ITOAIEPIKUBATD
CTabMJIBbHOI BEJIMUNMHY IIJIOTHOCTM TOKAa, YTO obecre-
4MBaeT ITOCTOSHHBIM MUTPALVIOHHBIV IIOTOK COCTaB-

JISIOIIVIX DJIEKTPOJINTA B 30HY MUKPOIIJIa3MeHHOI pe-
aKIMM K TPaHNUIIE MeTaJJI-TIOKPbITHE.

Pabora BrInosHANaCh B 2 prana. Ha mepBom sTare
IIJIAaHMPOBAJIV OIIPEIENINTb MEYKIIEKTPOIHOE PACCTO-
fAHMe, TIPY KOTOPOM CKOPOCTH (POPMMPOBAHMUA IIOK-
PBITHA MakcuMaJsbHadA. Ha BTOpoM aTalle, UCIOIb3y s
BBIOPAHHOE MEYKIJIEKTPOIHOE PACCTOSAHNME, BBIABIIAIN
COOTHOIIIeHNe SK/Sa, Py KOTOPOM TOJIIIVHA IIOKPBI-
T MakcuMagbHadg 3a 60 myayT MO.

Bausanue coomnowenus naowadell anoda u Ka-
moda Ha cxopocmdsd opmuposarus MIO-noxkpwi-
mus. Rak BUIHO M3 puc. 2 HE3aBUCUMO OT COOTHO-
LIeHNA IJIoIaneit Sk/Sa, CKOpocTb (DOPMMPOBAHUA
MIO-mokpeITHA MeHAeTeA anHerHo. OTHAKO0, MOKHO
OTMETUTD, UTO C yMEHbIIIEHVEM ILJIOIIA M KaTOa IIPO-
necc popMmupoBaHuAa 3aMezseTcA. Tak IIpy COOTHO-
mreEny Sk/Sa=0,3 cKOpoCcTb (POPMUPOBAHNUA MTOKPHI-
TV CHUBMJIACh HACTOJIBKO, YTO HE YZAJIOCh N3MEPUTH
TOJIINHY NOKPBITHA. C MUHMMAJIBHOM OIIMOKOI yra-
JIOCb M3MEPUTDH TOJIIVHY IIOKPBITISA, II0JIYyYEeHHOIO
ToJibko rtocyie 30 muryT MJIO. ITpn cooTHOIIeHNN SK/
Sa=1 nepBble N3MePEeHN TOJIIMHBI IIOKPLITIA CTAJN
Bo3MOkHBIMM Iocste 20 mmuyT MIO. 3HaUMTEIBHO
BBIPOCJIA CKOPOCTb (DOPMMPOBAHMSA ITOKPBITUSA II0C-
Jle TOro, KaK COOTHolIeHMe SK/Sa npesbicuiio 1. Ha
Ha4yaJIbHOM BJTalle MUKPOAYTOBOTO OKCUAVPOBAHNA,
nepsble 10 MMHYT, 0JIA COOTHOIIIEHMI, paBHBIX 6 1 3,
CKOPOCTB (POPMMPOBAHMA IIOKPBITUA COCTABJIAJA
0,7 MEM/MMH npnOIM3UTENIbHO. B nasibHelIIeM oHa

9Ae1cmpoocu>xaeﬂue MEMAAAOB U CNAABOB
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Puc. 2. BrinsiHme cooTHOLLEHM: NnoLLafekn Katoaa M aHoAa
Ha ckopocTb popmuposaHms MOO-nokpbITHs. BapuaHTsl
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Fig.2. Influence of the ratio of cathode and anode areas on
the rate of MAO coating formation. Variants of the ratio of
cathode and anode areas, Sk/Sa: 1-11, 2-6, 3-3, 4-1, 5-0.3

cHmskaJgack u cocraBuiaa 0,45-0,55 mxm/Mua. Makcn-
MaJIbHa s CKOPOCTDb (POPMMPOBAHMA JOCTUTAJACH IIPN
Sk/Sa=11. Ona cocrasJaina 0,9 MKM/MUH.

Binanne MeRaJIEKTPOIHOTO PACCTOAHMA HA CKO-
pocTh (POPMMPOBAHMA MOKPBITUA. JIJIA OLEHKM BJIV-
AHNA MEKDJIEKTPOSHOTO PACCTOAHMA ObLIO BBIOPAHO
COOTHOIIIEHVE TIIONIaZell KaToga u aHoma Sk/Sa=l11,
Kak Haubosiee dPQPEKTUBHO BIMANIIEE HA CKOPOCTH
dopmuposanua MJO-IOKPLITHA.

YMeHBIIIEHVE PACCTOAHUA MEXKAY 3JIEKTPOJaAMU
II0KAa3aJI0, YTO CKOpocTh popmypoannsa MIO-nok-
peiTusa pacter (pucd). IIpum sTOM MeHsAeTCS cOCTaB
nokpeITA. C yMEHBIIIEHMEM PACCTOAHUA MEXIYy
SJIEKTPOZAMM B IIOKPBITVY YBEJIMUMBAETCH COIEp-
JKaHMe KOMIIOHEHTOB 3JjeKkTposmra P u F (tabsa. 3),
YTO NPUBOAUT K CHVIKEHMIO (PUBMKO-MEXaHNYECKUX
cBoiicTB TOKpBITHA [6]. CrOpee Bcero, yMeHbBIIIEHVE
ME’K3JIEKTPOJIHOT0 PACCTOSAHNUA IPYBOANUT K POCTY Ha-
NPAYKEHHOCTH DJIEKTPIYECKOTO I10JI, UTO B CBOIO OUe-
penp AeslaeT MUTPALMIO KOMIIOHEHTOB BJIEKTPOJIATA
OCHOBHOJI CcTaayell OCTaBKM B 30HY PEaKIM Ha Tpa-
HUITY pasziesia dJIEKTPOA-PacTBOpP.

35
30
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15

TOmNmyHa MOKPEITILT, MIM
Thickness of coating, pm

Bpema MJIO, MITHY TBI
MAO time, minutes
Puc. 3. BninsiHne mexanekTpogHoOro paccTosiHMs Ha CKO-
pocTb popmuposarms MO nokpbitus. BapnanTsl paccto-

SAHUS MeXKAy KaTopoMm M aHogom: 1 —60 mm, 2 — 150 mm,

3-250 mm

Fig.3. Influence of the interelectrode distance on the

formation rate of MAO coating. Variants of the distance
between the cathode and anode: 1 - 60 mm, 2 - 150 mm,

3-250mm

BbiBoabi

TakuMm 00pa3oM, JJis IPUBEIEHHBIX B DTO CTaThe
YCJIOBMIA, TMHEHAA CKOPOoCcTh popmupoBanmsa MIO-
IIOKPBITISA COXPaHAETCA, KaK IIPY M3MEHEHN MeKa-
JIEKTPOJIHOTO PACCTOAHNSA, TaK M IIPU VM3MEHEHUM CO-
OTHOIIIeHMA SK/Sa, YTO TOBOPUT O BBICOKOV CKOPOCTH
opMMPOBAHNA TOKPHITHA.

B Toske BpeMa OTMeUeHO M3MEHEHVe CKOPOCTM
dopmupoBarua MJO-MIOKPBITUA B 3aBUCUMOCTU OT
COOTHOIIIEHVIA IIJIoaaeil Sk/Sa 1 MeKdJIEKTPOITHOTO
paccToAHMA, YTO HEOOXOAMMO YUUTBIBATD IIPU Pellle-
HIY KOHKPETHBIX MIPAKTUYECKUX 3ajad, IJd IIOBbI-
IIIEH)A IIPOMBBOAMTEBHOCTY IIPOIlecca M KadecTBa
IIOKPBITIA. YMEHbIIIeHNe IIJIOMAAY KaToha II0 OTHO-
IIeHVI0 K aHoAy IIPpMBOANUT K TOMY, 9YTO MbI BBIHYMK-
Jenbl yBeanunTb BpeMa MO nia nosydeHMs IOK-
PBITISA HYYKHOM TOJIIIVIHBI, & 3HAYNUT ¥ C TPeOyeMbIMI
CBOJCTBaMIL. YMeHBIIIEHVIE MeKAJIEKTPOLHOTO paccTo-
SAHUA MOBBIIIAeT CKOPOCTh (popmupoBanma MIO-1ox-
PBITUA HO IPUBOAUT K MBMEHEHUIO COCTaBa IOKPBITHSA,
YTO TaKyKe HeOOXOAVIMO yUMTBIBATH IIpM pa3paboTke
TEeXHOJIOIMYeCKOro Irponecca 1 obopynosanmsa MIO.

Tabrmuua 3. dnemeHTHbIM coctas MOO-noKpbITHS
Table 3. Elemental composition of the MAO-coating

Me3sxaIeKTPOSHOE PACCTOAHME, MM

OcHOBHBIE KOMIIOHEHTBI 9JIEMEHTHOTI'0 COCTaBa, %
Major components of elementary composition,%

Interelectrode distance, mm
Al P Na F (@)
60 21 28 6 33
150 26 23 6 4 29
250 27 18 10 4 30

Drexkmpoocaxdenue MeMAAL06 U CHAABOE
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O630p MccnegoBaHuit BO3[eMCTBMA (PAaKTOPOB
ranibBAaHM4eCKOro NPoOM3BOACTBA Ha YeNIOBEKa
M OKPY>KaloLLylo cpeay

© U.A. BaxHiok', K.FO. KupuueHko',
K.C. FTonoxsact'?, E.I. LLla6anuHa'

'JanbHEBOCTOUHbIN hefeparnbHbIi YHUBEPCHUTET,
690922, MNpumopckui kpamn, octpos Pycckum, n. nocenok Askc, 10
2 TuxooKeaHCKHM MHCTUTYT reorpacum [BO PAH,

690041, Bnagusoctok, yn. Paguo, 7; Ten. 8(423) 2652424, e-mail: droopy@mail.ru

ITenwbio maHHOM PAbOTHI ABJIAJIOCH PACCMOTPEHNE BOIIPOCOB BKOTOKCUKOJIOTMYECKOI OIIEHKY BO3JECTBUA
Pas3IMIHBIX (PAKTOPOB raJIbBAHMYECKOT'0 IIPOU3BOACTBA: IIIJIAMbI, CTOYHBIE BOAbI 1 adP030Jib. ObCyKIa0TCA
BKOJIOTMYECKIIEe 0COOEHHOCTY BO3IEIICTBIA Ha OKPYIKAIOIIYIO CPeqy KasKI0T0 U3 IIePedCIIEHHBIX (DaKTOPOB.
JI3yueHnio mIaMOB M CTOYHBIX BOJ IIOCBAIIEHO 3HAYMTEJIbHAA YaCTh HAYUYHBIX MCCJEIOBaHMIL, paspado-
TaHbl MeXaH3MbI nepepa60T}m VI VICIIOJIb30OBAaHMA OTXOOOB rajJibBaHMYECKOro Ipom3BoJCcTBa IIpyM M3roToB-
JIEHUM CTPOUTEJIBHBIX MaTepraJioB ¥ KOHCTPYKIMIL. BorrpocaM mcciiefoBaHMA MPOMBIIIJIEHHBIX a3P030JIelt
raJIbBAHMYECKOTO IIPOM3BOJACTBA VICCJIEAOBATEJAMY YAEJEHO MeHblllee BHUMaHMe. [IpnBogATCA JaHHBIE O
MOP(OJIOTMHECKOM, XMMMUYECKOM ¥ TPAHYJIOMETPUYECKOM COCTaBe UM XapaKTepPUCTUKAX YaCTUI] raJibBaHN-
YECKOr0 adp030Jid, CPOPMUPOBAHHBIX IIPU ITPOTEKaHMM 15 HanboJee pacupoCTPaHEHHBIX SJIEKTPOXMMUYIEC-
KX IIPOIECCOB B yCJIOBMAX IIPOMBIIIIJIEHHOTO ITPOM3BOJACTBA. TeXHOI‘eHHbIe qJaCTUIbI IIPOMBIIIJIEHHOI'O adpo-
30014, nmeIye nuaMmetp ot 10 o 120 HM COCTOAT M3 coenMHEeHUlT TOKCUYHbIX MeTaJsoB Cr, Ni n npyrux.
CoennHeHNs MeTaJIJIOB B HAHOYACTUIAX, ocobeHHO nuameTpoM MeHee 100 HM mpencTaBJIAET IIOBBIIIEHHYIO
OIIaCHOCTD JJIA YeJIOBEKA U IPOABJIAET TOKCUUECKNE CBOVICTBA BHE 3aBMUCUMOCTHY OT TUIA METaJlja N3-3a Or-
pomHoIt roia gy mosepxuocty (0T 500 000 mo 1 700 000 cm?/cm?), KoTOpasA ITO3BOJISAET COPOMPOBATH TOKCUY-
HBbIEe BEIIECTBA 13 OKPYIKAIOIell cpeibl. JJaHHbIe YaCTUIIBI CIIOCOOHBI PACIIPOCTPAHATHCA AAJIEKO 32 ITpeJebl
CaHMTapHO—SaLHMTHOﬁ 30HbI ITPOMBIIIJIEHHBIX npenanﬂTmﬁ  IIpeogoJieBaTb 3Ha4YMTEJIbHbIEe PACCTOAHMA.
BHEHpEHI/Ie KOMILJIEKCa Mep BHYTPM raJIbBaHMYECKUX II€X0B (OLII/ICTHI)Ie COOpPYyXeHNA M YCTaHOBKYM, MOHTAaM
HpI/IHyI{I/ITGJ’IbHO—BbITH}KHOﬁ BEHTUJIANIVN U VICIIOJIb30BaHVIE€ COBPEMEHHDBIX MOHGJIEIZ cpeacTB MHAVBUAYAJIb-
HOM 3allVIThI raJIbBaAaHOTEXHVKAMN CHOCO6HI:I SHAYVITEJIbHO CHI3UTDh PUCKY HETATVBHOI'O BOBIIGIZCTBI/IH Ha 300-
POBBbE YeJIOBEKA.

KiroueBsble cJjioBa: raJibBaHUYECKOE IIPOM3BOACTBO, B3BEIIIEHHbI€ YaCTUIbl, TOKCMYHOCTD, TeCT-00bEKTHI.
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Overview of studies on the human and environmental effects
of galvanic production particles

© L.A. Vakhnyuk!, K.Yu. Kirichenko',
K.S. Golokhvast'?, E.G. Shabalina'

' Far Eastern Federal University,
690922, Primorsky Territory, Russky Island, village Ajax, 10
? Pacific Institute of Geography, Far East Branch, Russian Academy of Sciences, 690041,
Vladivostok, st. Radio, 7; Tel. 8(423) 2652424, e-mail: droopy@mail.ru

The purpose of this work was to consider the issues of ecotoxicological assessment of the impact of various
factors of galvanic production: sludge, waste water and aerosol. The ecological features of the impact on the
environment of each of the listed factors are discussed. A significant part of scientific research is devoted to
the study of sludge and wastewater, mechanisms for processing and using waste from galvanic production
in the manufacture of building materials and structures have been developed. Researchers have paid less
attention to the issues of research of industrial aerosols of galvanic production. Data on the morphological,
chemical, and granulometric composition and characteristics of galvanic aerosol particles formed during
15 most common electrochemical processes in industrial production are presented. Technogenic particles
of industrial aerosol with a diameter of 10 to 120 nm consist of toxic metals Cr, Ni and others. Metal in the
form of nanoparticles, especially with a diameter less than 100 nm, poses an increased danger to humans
and exhibits toxic properties regardless of the type of metal due to the huge surface area (from 500,000 to
1,700,000 cm?/cm?®), which allows the adsorption of toxic substances from atmospheric suspensions. These
particles are capable of spreading far beyond the sanitary protection zone of industrial enterprises and
covering considerable distances. The introduction of a set of measures inside galvanic workshops (treatment
facilities and installations, installation of forced-exhaust ventilation and the use of modern RPE models by
electroplating technicians can significantly reduce the risks of negative impact on human health.

Keywords: galvanic production; suspended particles; toxicity, test objects.

OJIEKTPOXVIMIYECKIE IIPOLECChl II0 HAaHECEHUIO
BalUTHBIX OKPBITUII COBPEMEHHOrO rajibBaHUYIEC-
KOTO IIPOMBBOJICTBA 3aJeliCTBOBAHbI B Pa3JIMYHBIX
OTpacCJAX IIPOMBIIIJIEHHOCTY, B TOM 4MCJIe, Ha IIpea-
IPUATUAX 000POHHOTO CEKTOPA ¥ B KOCMOHABTUIKE.

HecmoTpsa Ha cOBpeMeHHbIE TEHAEHIIUN U YoKeCc-
TOYEHME IIPUPOJOOXPAHHOTO 3aKOHOAATEJILCTBA,
HallpaBJIEHHbIE Ha IIepPexo]i IIPOM3BOJICTBA K DKOJIO-
IMYECKM YMCTBIM TEXHOJOIMAM B olJsiacTyu ob6paboT-
K MeTaJIJIMYeCKNX JleTajell COXpaHAeTCA BbICOKA
CTENeHb 3aJeliCTBOBAHHOCTY DJIEKTPOXVMUYECKUX
IIPOIIECCOB [JIs HAHECEHUS BallUTHBIX ITOKPBITUIL

TasnbBaHMYeCKOe IIPOM3BOJACTBO BKJIIOUEHO B IIepe-
4eHb 00'bEKTOB I KaTeropmu 1o ypoBHIO HETaTVBHOTO
BO3JEVICTBUA Ha OKPY’KaIoIylo cpeny [1], Hopmupy-
€MOe Ha OCHOBE HalJIYHYIINX JOCTYIIHbBIX T€XHOJIOI'V-
YeCKUX pa3paboToK.

ITocTosHHOE BO3EiCTBYIE HETATUBHBIX (DAKTOPOB
raJIbBAHMYECKOrO IIPOM3BOJACTBA IIPUBOJNAT K BO3-
HYKHOBEHUIO IIPOgPeCcCHOHAJIbHBIX 3aboseBaHnii, B
OCHOBHOM 3a00JIeBaHII OPraHOB AbIXaHUA 1 BEPXHUX
JIbIXaTeJIbHBbIX IIyTell, CUCTEeMbl KPOBOOOpAIeHNUH,
OTIOPHO-ZIBUTATEJIBHON CHCTEMBI IIPU CTa)ke paboThI
ot 10 zmo 15 JieT.

10

DKkorozus u pecypcocbepexenue



2021, mom 29, Ne 1

T'arveanomexnuka u 06pabomia nosepxnocmu

CoBpeMeHHBIE TEXHOJIOTMY B IIPOMBIIIJIEHHOC-
TV TIO3BOJIAIOT JOOUTBCA BBICOKOM CTEIIEeH!U OYMCTKI
BBIOPOCOB (K0 99%) mmocpenCcTBOM BHEAPEHNA BEHTI-
JIATOPOB C KaIlJeOTAeJNTeJeM 13 IIPOINJIeHa [2], Ho
BBUJY VHOCTPAHHOTO IIPOM3BOACTBA JTaHHOT'O 000py-
IOBaHMA MOAEPHM3ALMA M TEeXHUUYECKOe IIepPeB00-
Py°KeHMe raJibBaHNYECKUX IIPOM3BOJICTB BECbMa 3a-
TPaTHOE VI OTeUYEeCTBEHHbIX IIPeIIIPUATIIA.
TpaaANIMOHHO 3HAYNTEJIbHOE BHUMAHYE YAEJIAIOT
OYJICTKE CTOYHBIX BOJ], HACBIIIIEHHbIX IOHAMM TMKe-
JIBIX METAaJlJIOB, M B IIeXaX, OCHAIIIEHHbIX I'aJbBaHV-
YeCcKMMM BaHHaMM [3, 4], B mapagurMe CTaHOBJIEHN
BOJIOXO03AVICTBEHHBIX IIPO0JIEM, 3arpA3HEeHEe BOAHON
cpenbl MOKET CTaTb (PaKTOPOM, CIEPKMBAIOIIVIM
COLVIAJIbHO-DKOHOMMYECKOe Pas3BUTME CTpaHbl [5].
B nanHOM HampaBJeHMM Pa3pabOTaHBl Pa3JIMIHbIE
PeKOMeHZanuM M BBIABUHYTHI IIpeJJioskeHnd [6] mo
pauyoHaIM3anuy BEIOPOCOB M yMEHBIIIEHUA aHTPO-
IIOTeHHOJ HAarpy3KM Ha OKPYJKaloIlyo cpeny [7, 8].
Hapsany c pacrymmmy obbeMaMy IPOU3BOACTBA,
B IIeJIAX IIPEJOTBPAIEHNA 3arpA3HEeHNA OKPYIKal0-
11el cpebl B paMKaX PalyOHaJbHOTO IIPPOIOIO0JIb-
30BaHUA Ha Teppuropun PP, ocobyro akTyasbHOCTb
VIMeeT pelleHNe IPUKJIATHOM 3a4a4M 110 Y TUIIM3a LN
1y nepepadoTKe rasibBaHoIIamoB [9, 10] u ouncTke
cTouHBIX BOJ [11, 12] rabBaHMYECKOTO IPOM3BOIC-
TBa, KOTOPBIE COJEPKAT BBICOOKOIIACHBIE BEIIECTBA,
TaKlye KaK IIeCTVBaJIeHTHbIN XpoM [13] 1 ap.
VIgyueHmIo 3arpsA3HEeHNs BO3LyXa paboueil 30HBbI,
B TOM 4ICJIE ¥ HAHO- VI MUKPOpPa3MepHBIX aTMocep-
HBIX B3Becejl B lleXaxX M Ha NPUJIEraollell TeppuTo-

pun mpupaercAa MeHblllee 3HAa4YeHMe, HECMOTpPA Ha
X (PUKCUPOBaHME HA 3HAUUTEJIbHOV yIaJIeHHOCTN
OT ITPOM3BOJICTBEHHBIX 3HaHMII [14] 1 BHAUUTESIBHOE
BJIMAHVE a3PO30JIbHBIX YaCTHUI] HA IIPOIeCCHI (DOPMIUI-
PpOBaHMA KJIMMAaTa B IPOMBIIIJIEHHBIX IIeHTpax [15], B
KOTOPBIX JI0JIA TEXHOTEHHBIX YacTull gocruraet 45%
OT 00IIero 4ucJjia a3po30JIbHBIX YacTull [16].

Hamu Obinm oOHapysKeHbl YacTUI[bl TaJibBaHU-
YECKOT0 adpo30Jis B TOPOJICKOIL Cpesie Ha PaCCTOAHNUN
6ostee 500 M ot 11ex0B [14]. B wacTHOCTH, B ropoje Yc-
CYPHUIICK HeIaJeKO OT JIOKOMOTMBOPEMOHTHOIO JIEIIO
MBI OOHAPYKMJIYM HAHOYACTUIBI C AuameTpoM or 10
110 70 HM, KOTOpBIE cocTaBJANN B 1pobe Gosee 80% ot
00111eT0 YycJIa 4aCcTHIIL.

Ha puc. 1 nmoxazan Hanbosiee XxapaKTepHbI CHI-
MOK, a B TabJI. 1 IpuBeeHbl pe3yabTaThl SHEPTOAVIC-
IIEPCUOHHOTO PeHTreHocrneKTpaJspHoro (J/IP) ana-
J¥3a IBYX YacTUI[ U3 YMcJja HauboJiee TAMKEIbIX (Ha
puc. 1 - Gesere).

Bce nszy4ueHHbIe YaCTUIIBI UMEJIV Pa3Mephbl, MEHb-
LIVie WUJIY COIIOCTaBYIMBIE C AMAaMETPOM BJIEKTPOHHO-
ro IIy4Ka MMKPO30HJA, II0OTOMY IIpM IIPOBENEHNUN
OIP aHasm3a B PEeruCTPUPYEMBbIil OT YaCTUI[bI CUT-
HaJI BHOCUTCHA BKJAJ OT HAXOAAIIVXCA PAIOM Hac-
THLL JIIOMOCUJIVKATOB, YTO OTPasKeHO perucTpanyen
npumecert Si u Al (cm. Tabs. 1). AtromHO-abcopbuy-
OHHBIV aHAJM3 IOKa3aJ IpucyTcTBre B mpobe Cr B
rosmdectse 0,001 MKI/MJ, a Macc-CIEKTPOMEeTPUs:
C MHOYKTVBHO-CBA3aHHOM IIJasdMoil Ha ypoBHe 0,3
MKT/MJL [ToMyMoO XpoMa BTOPO¥ aHaJ M3 BbIABUII TaK-
sxe Hasmune Fe B konnenTpanuu 10 12 mrr/i [14].

BneKTpoHHoe nactpaenmne 1

Puc. 1. O630pHbIN MMKPOCHUMOK HacTHL, M3 NPobbl CHera B 3anafgHoM HacTu r. YCCYPHICKa, BbIMOTHEHHbINH B OTPaXKEHHbIX
anekTpoHax. benble BbigeneHns - meTannuyeckme HacTULbl
Fig. 1. Overview micrograph of particles from a snow sample in the western part of Ussuriisk, taken in reflected
electrons. White discharge - metal particles. (Bzasto us: [14])
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Tabnuua 1. CocTas ABYX MMKPOHYACTHUL, XKene3a pasnMyHon Mmopdonorum

Table 1. Composition of two iron microparticles of different morphology (B3sito n3: [52])

DJIeMEeHT CriexTp 1 spectrum CnexkTp 2 spectrum
element Macc. % mass% ArtomH. % atomic% Macc % mass. % | Aroma. % atomic %
O 7.11 20.52 24.20 50.44
Al 2.93 3.62
Si 3.18 5.24 412 4.89
Fe 89.71 74.24 68.75 41.05
CymmMma
i 100.00 100.00

Tabnuua 2. MopcomeTpuyeckre napaMeTpbl YacTmL, BO B3BeCH Npobbl cHera
(r. Yccypuiick, B6nmn3mn oT TOKOMOTMBOPEMOHTHOrO AEeno)
Table 2. Morphometric parameters of particles in suspension of a snow sample (Ussuriysk, near the

locomotive repair depot) (s3sTo us: [14])
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20-30

30-40

Copepsxanne, %

84

1

3

5

5

2

Content,%

Cpenunii apudpmMeTnIecKnii [uaMeTp, MKM
Mean arithmetic diameter, mem

2,06

Mona, MM
Mode, mem

0,031

Mennana, MKEM
Median, mcm

0,034

OTKJIOHEHNE, MKM?
Deviation, mem?

29,05

CpenHekBagpaTUYHOE OTKJIOHEHNE, MKM
Mean scuare deviation, mem

5,39

Koapurment orrionenns, %
Deviation coefficient, %

260,96

YnesbHas IOBEPXHOCTD, CM2/CM3
Specific surface area, cm?/cm?

1711 471,75

HanowacTuiie!r rasibBaHNYECKOr0 a3p030J1sd, 00Ha-
Py°KEeHHbIe HAaMJ He Ha TEPPUTOPUN 1leXa, & B 30HE
SKILJION 3aCTPONMKY, MMEIOT XapaKTepHbIE MOP(OMET-
pUYecKre XapaKTEepUCTUKM, KOTOPbIE CBUAETEJILC-
TBYeT O INOTEHIMAJIbHOJ JKOJOTMYEeCKOV OIaCHOCTU
(Tab. 2).

ITomoOHBIE HaHOYACTUIIBI TaJIbBAHWYECKOIO as-
po30sia OblIM OOHAPYIKEHbI U BO3AyXe roponaa bBia-
roeemencka Bosman (okoso 500 m) OAO "Cymoctpo-
UTeJIbHBIA 3aB0o nMeHu OKTAOPBCKOI PEeBOJIIOINN .
ITpu ncenegoBaumy Ipod C IIOMOIITBIO CKAHNPYIOIIETO
3JIEKTPOHHOI'O MMKPOCKOIIA BO BTOPUYHBIX BJIEKTPO-
Hax OBLIM BMU3yaJM3MPOBAaHbI HAHO- ¥ MUKPOYACTH-
IIbI METAJIJIOB, KOTOPBIE C IIOMOIIIBIO DHEPrOVCIIEPCH-
OHHOTO aHaJn3a ObLIN MAEHTUPUIMPOBAHLI Kak Fe,
Cr, Ca (puc. 2).

HanogacTuiier raspBaHNMYECKOT0 a3p030J1d BOJIM-
31 CyZIOPEMHOTHOrO 3aBoJia B BuraroserrieHcke Taksxe
VMEIT MOp(oMeTpUYecKye XapaKTEePUCTUKY, CBU-
JeTeJIbCTBYIOIVE O IIOTEeHIIMAJIbHOM SKOJIOTMYIeCKOM
orracHocTH (TabJr. 3).

Kaxne sxe 10 MOpdomMeTpuyuecKkne xapaKTepuc-
TUKJM HAHOYACTMUI] raJIbBAHNYECKOTO a3p030Jid, KO-
TOpbIE OJIXKHBI HAC HACTOPOYKUTH? Bo-nepBBIX, 5TO
gacTuIlel, nMmermue guamerp ot 10 7o 120 um u co-
cToAlMe U3 TOKCUYHBIX MeTaJoB Cr, Fe n npyrux.
Merann B paszMepHOIt popMe HAHOYACTHI], 0COOEHHO
muamerpoMm MeHee 100 HM IIPOABJIAET TOKCUUYECKME
CBOJICTBa BHE 3aBMCUMOCTM OT TUIIA MeTaJlia. Taksxe
CTOUT OTMETUTH OIPOMHYIO IIJIOIIAJb IIOBEPXHOCTM
(or 500 000 mo 1 700 000 cm?/cM?®), KOTOpPAS TTO3BOJIAET
CcopOMPOBATH HA CBOEI ITIOBEPXHOCTY JIIOObIE TOKCUY-
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Tabnuua 3. MopdomeTpryeckre napameTpbl HacTHL, BO B3BecH Npobbl cHera (r. bnarosewexck, B6nusm ot
CYAOPEMOHTHOrO 3aB0o/,a)

Table 3. Morphometric parameters of particles in suspension of a snow sample (Blagoveshchensk, near the
shipyard) (s3sT0 U3: [14])

Pazmep gactuiy, MKM

0,01-0,12 4-10 10-30 40-50

Copepsxanne, %
Content,%

36 20 24 20

Cpenunit apudpmeTnIecKuii JuaMeTp, MKM
Mean arithmetic diameter, mecm

13,07

Moga, MKM
Mode, mem

16,29

Mennana, MEM
Median, mecm

7,41

OTrJoHeHUE, MKM?
Deviation, mecm2

214,29

CpenHexkBagpaTUYHOE OTKJIOHEHNE, MKM
Mean scuare deviation, mem

14,63

Kosdpdurment orronenns, %
Deviation coefficient, %S

111,97

YnesibHA s IOBEPXHOCTD, CM?/CM3
Specific surface area, cm2/cm3

564102,88

S-3400N 15.0kV 10.1mm x1.60k BEE3D . *..

Puc. 2. MNonumeTtannmMyeckme HaHO- M MMKPOUaCTULLbI,
cocrosiwme us Fe, Cru Ca, copbuposaHHbie Ha opraHuyec-
KOM peTpuTe, 3 obpasua cHera, cobpaHHOro B paloHe
TPAHCNOPTHOro KomnbLa no ynuue TeatpanbHOM, OKOMNO
OAO «CypocTtpouTtenbHbii 3asog meHn OKTs6pbcKoM
pesontoumnm». CKaHMpYtoLLas 3NEKTPOHHAash MUKPOCKOMMS
BO BTOPMYHbIX aneKTpoHax. Yeenudyenue x1600.

Fig. 2. Polymetallic nano- and microparticles consisting of
Fe, Cr and Ca, sorbed on organic detritus, from a snow
sample collected in the area of the transport ring along
Teatralnaya Street, near the Oktyabrskaya Revolution
Shipyard. Scanning electron microscopy in secondary
electrons. Magnification x1600 Basto us: [14]

HbIE BEIlleCTBa, HAIIPMMep, II0JIMapoMaTIdecKye yr-
JeBogoponsl (ITAY) n camy.

Bosee mompobHO MBI M3yumam MopdoJiormdec-
K€ U IpaHyJIOMeTPpUYeCKYe XapaKTePUCTUKY HaHO-
4acTUIl, IPOU3BEJEHHBIX Ha 15-TU raJbBaHMUYECKUX
nporeccoB B paborte [17]: 1. OcBeTJieHNe aJIIOMUHNS;
2. TpaBaenne anoMmuuusd; 3. CepHOKMCIIOE aHOOUPO-
BaHue; 4. Obe3kupUBaHNe AJIOMUHNA; 5. XUMMUIec-
Koe o0ezskupuBaHme; 6. DJIEKTPoo0e3KMPUBaHYE; 7.
AaeKTpoodesdkMpuBaHMe (npyroi npomnecc); 8. Inu-
koBaHme; 9. CHATHEe TpaBusbHOro nurama; 10. Tpas-
JIeHJe IBeTHBIX MeTaJios; 11. XpommpoBaHme; 12.
Huxenuposanne; 13. XuMmudyeckoe HUKEJIVPOBAHUE;
14. Kagmuposanue; 15. CepebpeHnne.

O0benuHeHHasa nmarpaMMma pasMepHBIX (pak-
Uit Bcex 15-Tu IIpolieccoB NPMUBOAUTCA HaA puc. 3
(B3aTo u3 [17]).

KaugectBenHaa n Mopdosornyeckas xapakTepuc-
TUKAa YaCTUI] TaJIbBAHMYECKOT'0 adP030JIA HEKOTOPBIX
IpolieccoB npuBoauTcA Ha puc. 4 (A-T).

IToutn 20 srleT Haszajn BBIIIEJ IIPEKPACHBIN TPYL
C.C. Bunorpagosa oz pegakuneir B.H. Kynpasnesa
«OKOJIOTMYEeCK) 0e30IIacHoe raJibBaHMYEeCKoe IIPO-
M3BOJICTBO», 000OIMBINMIT OCHOBBI IIOHMMAaHUSA BJIV-
AHNA raJIbBAaHNYECKOT0 IIPON3BOJICTBA HA OKPYIKAI0-
yio cpeny [18].

CerogHa MbI nMeeM OoJiee COBEpPIIEHHBIE U KOM-
IJIEKCHBbIE METOAMKM M3Y4YeHUd, a TaKsKe aHaJIUTU-
YecKMe MHCTPYMEHTBI, YTOOBI IIPOJOJIKATE U3YYaTh
SKOJIOTMYECKOE BJIMAHIE raJIbBAHOTEXHIUKY Ha OKPY-
sKaroumit Hac Mmup [19-24].

Crout OTMETUTD, YTO OOJIBIIMHCTBO paboT B 006-
JACTM SKOJIOTUM TaJIbBAaHMYECKOI'0 ITPOM3BOJICTBA

DKrorozus u pecypcocbepexenue
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Puc. 3. CpaBHeHHe rpaHynoMEeTPMUECKOro COCTaBa HacTuLy,
ranbBaHU4ECKOro NMPOMUCXOMAEHMS OT BCEX MPOLLECCOB.
Fig. 3. Comparison of particle size distribution of particles
of galvanic origin from all processes

KaCcaloTCA raJibBaHMYECKUX CTOUYHBIX BO [25-38] min
raJibBAaHUYIECKOTO 1ama [39-44].

TaspBaHMYeCKNMe IJIaMbl aKTVBHO JMCIIOJIB3YIOT
B IIPOVBBOJCTBE CTPOUTEJBHBIX MAaTEPMAJIOB, B Hac-
THOCTH, IIOKPBITUI ¥ 0OJIMIIOBOYHON IUTKY [45-48].

TanpBaHMYecKkMii myIaM Kak HOOOYHBIN HPOSYKT
raJIbBaHMYECKO)  IIPOMBIIIJIEHHOCTY, CYUTAETCH
OITACHBIM B CBfA3JY C HAJMYMEM TAMKEJIBIX METAJIJIOB
(Cr, Ni, Cun Zn). Ha cerogHANIHNI IeHb CYIIIECTBYET
OoJIbIIIOE KOJIMYECTBO PabOT, IOCBAIIEHHBIX YTUJIN-
3alMy CTOYHBIX BOJ| M raJIbBAaHMYECKOro IytaMa. da-
111e BCETO OTXO/bI «yIIaKOBBIBAIOT» B TBEPJblE MATPN-
bl (Hampumep, 1eMeHT) [49-50].

B pabore kuraiickux aBTOpoB [51] rasmbpBaHMYeC-
KM [IJJaM CMeIINBaJy C JeTydeil 30J1011 ¥ IOPTIaH-
JIIeMEeHTOM U ToJrydaJsn Os10ky. PesysbraTe! nokasa-
JIJI, 9TO IIPOYHOCTB IIOJIy4daeMbIX OJIOKOB Ha CiKaTye
coctraBiagaeT 1o 15 MIla, mosToMy X MOKHO MUCIIOJIb-

Puc. 4. Yactuubl ranbeaHuyeckoro asposons. A) TpaeneHue antomutmns. CKaHUpytoLLLas 3MeKTPOHHAash MMKPOCKOMMS.
(COM). Yeenuuenue x300. B) CepHokucnoe aHoguposanne. COM. Yeenuuenue x1000. B) Xpomuposarue. COIM. Mame-
putenbHbii oTpesok 10 mkm. ') Kagmuposarue. COM. UsmeputensbHbii otpesok 10 MKm
Fig. 4. Galvanic aerosol particles. A) Aluminum pickling. Scanning Electron Microscopy. (SAM). Magnification x300. B)
Sulfuric acid anodizing. SAM. Magnification x1000. C) Chrome plating. SAM. Measuring section 10 microns. D) Cadmium
plating. SAM. Measuring section 10 pm. Basto nus [17]
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30BaTh B CTPOUTEJBCTBE. BBIXOJ OTIEJIbHBIX TOKCUY-
HBIX MeTaJoB Zn, Ni u Cu 3HaYUTEJIbHO CHUMKAJICS,
a npyrux (Cr) Bce 3xe ocTaBaJiCA BBIIIIE COOTBETCTBY-
IOUINX ITPeJeJIbHbIX 3HAUeHNUIA.

B pabore Opasnibckux yueHbIX [24] mpuBOgUINCH
JICCJIEIOBAHYA 10 CO3JAaHMIO COCTaBa IJIA 3aTBeple-
BaHMA U CTaOMIMBAINM TBEPHABIX rajIbBAaHUYECKUX
OTXOZOB C MMHMMAJIBHBIM NIOTPebJIeHeM OOBIYHOTO
IIOpTJIaHAIIeMeHTa, 0e3 IOIOJHUTEJbHBIX I00aBOK,
0e3 pacxoia SHEPTrOPECYPCOB U PECYPCOB OKPYIKaI0-
11et cpensl. VIMy ToKa3aHo, YTO IPY COOJIFOIEHUI O~
peleseHHBbIX yCJOBU 3(P(PEKTUBHOCTL yIAEPIKAHUA
JLJIs1 TOKCUYHBIX METAJIJIOB U OPTaHUYECKIX BEIIECTB
MOKeT cocTaBJIATh 99% (3a UCKIIIOUEHIEM aJIFOMIUHIS
(95%) 1 sxemesa (98%)). OCHOBHOI MEXaHU3M yIEPIK -
BaHUA KOPPEJNMPOBAJ C COPOLIVIOHHOI U BJIEKTPOOT-
PUIIaTEJIBHO IJI0THOCTBIO IMIPOKCUIIBHBIX TPYIII U3
MEeJIKOAMCIIEPCHBIX YaCTUI] TBEPABIX OTXOO0B II0POT,
OoraTeIxX (PUIJIOCUIUKATAMIU.

K Gospiniomy HallleMy coskaJieHMIo, raJbBaHNYIeC-
KU1 a3P030Jb, B OTJINYYE OT CTOYHBIX BOJ U IIIJaMa
MeHee BCEro M3y4deH KaK ABJIEHME U MaJio U3YUeHO
€T0 BJIMAHME Ha OKPYKAIOIIYIO Cpeqy U YeJoBeKa.

Hammn Obrmm obHapysKeHbl YacTUIIbl TaJIbBaHU-
YeCKOr'o appo30JIa B TOPOACKOIL cpeJie Ha PACCTOAHUN
6osee 500 m ot 1exoB [52-53]. B wacTHOCTH, B TOpO-
e YccypuiicK HeJaJIeKO OT JIOKOMOTMBOPEMOHTHOTO
JIeTI0 MBI OOHAPYIKWUJIM HAHOYACTUIIBI C AMaMEeTPOM
ot 10 mo 70 HM, KOTOpbIE COCTABJIANN B IIpode OoJsee
80% ot ob1iero uncgaa gacTuil. IIogo0HbIe HAHOYACT-
IIbI TAJIbBAHNYECKOT0 a3p030J1A ObLIN 00HAPY KEHBI 1
Bo3Ayxe ropoza BiaroserieHcka BOamsn (0koJso 500
M) OAO "CynoctponresbHblil 3aBog MMeH OKTAOPb-
CKOI1 PeBOJIIOINN .

Kaxmne sxe 370 MOphomeTpruecKkme xapaKTepuc-
TUKM HAHOYACTUI] rajJIbBAHUYECKOTO a’p030Jid, KO-
TOpbIe JOJI?KHBI HAC HACTOPOXKUTHL? Bo-IIepBBIX, 5TO
JacTullkl, uMeloiue auameTp ot 10 go 120 BM u co-
CcTOAIINe U3 TOKCUYHBIX MeTaJioB Cr, Fe u npyrux.
MeTtann B popme HaHOUACTHUL, OCOOEHHO AMaMEeTPOM
MeHee 100 HM IpoABJIIAET TOKCUUECKNE CBOICTBA BHE
3aBUCUMOCTY OT Tuna MetaJsia [54-55]. Takske cTouT
OTMETUTBb OIPOMHYIO ILJIOIab noBepxHOocTU (0T 500
000 mo 1 700 000 cm?/cm3), KoTOpas IIO3BOJSAET COP-

Jluteparypa

1. Bunokypos E.I, Bypyxuna T.®. I'agbBanmdec-
KOe IIpOM3BOJICTBO B Poccnut: oLleHOYHBI TOAXO0/,
3aZla4uy [IOBBIIIEHNA PECYPCHOM U BKOJIOTUYECKO
acppexTuBHocTN // Texnomornsa merasios. 2020.
Ne 7. C. 2-6.

2. Kpewnos E., Rouetkos C,, Jlenitec V1. CoBpemeH-
Hble OTeUYeCTBEHHbBIE raJIbBaHMYECKYIE JIMHNUN JJIA
nponssogcTaa III1 Beicokoro knacca // TexHoso-

O6MpOBaTh Ha CBOEI IIOBEPXHOCTY JIIOObIE TOKCUYIHBIE
BelllecTBa, HAIIPMMeD, M0JIapoMaTIYecKe yIjeBo-
nmopoznsl (ITAY) u caxy [56-57].

OxroJiorndeckye d3P@EeKTH OT IPOAYKTOB TaJIbBa-
HIYECKOT'0 IIPOM3BOCTBA U3y YaJI/ICh HA PABHBIX K-
BBIX MOJIEJIAX, B YACTHOCTI:

- bakTepuax [58-60];

- Bozmopociiax [61-64];

- omocpeioBaHO Ha aonax [10, 12, 13, 14, 16, 17, 65,
66 1 op.].

Il nocTysKeHM s MaKCMaJIbHOM 3(peKTUBHOC-
TV Mep, HallpaBJIEHHBIX Ha CHMKEHJEe HeraTVBHOTIO
BO3JIEVICTBMA IIPOMBIIIJIIEHHOTO adpo30Jid, CJEeILyeT
IPUIEPKMBATHCA KOMIIJIEKCHOTO ITOAXOAa ¥ KOMOV-
HIPOBAHMA PA3JIMYHBIX 3AIMTHBIX MEPOIIPUATIIL.

PazpaboTka cOBpeMeHHBIX CPENCTB MHIUBULY-
aJIbHOM 3amuThl opraHoB Abixanua (CVI30[), cro-
COOHBIX yJIaBJMBATH M HENTPaJM30BaThb HamboJsee
ornacHble ppakuyy 1 coenvHeHna A MOryT cylecT-
BEHHO YJIYUIIUTh YCJOBUA TPyAa rajgbBaHukos. ClI-
30]I, [OMKHBL CIYKUTb IIOCJEHEl MEPOI 3aIlNThI
U IONOJIHATH (PUIBTPOBEHTUIIAIVIOHHBIE YCTAHOBKM
M CIlelMaJibHble BBITSKHBIE CHCTEeMBbl Ha paboumx
MeCTax raJIbBaHMKOB. [lJIA OCYILIeCTBIICHNA dTOV 3a-
Jlady HeoOXOAMMO IIOJIyYUTh JOCTOBEPHBIE INaHHBIE
II0 IIPOM3BOIHBLIM TaJIbBAHMYECKNUX MaTepuaJoB, C
YeTKOJ KJaccu(yKaIyeil IpyuMeHAeMbIX PaCcTBOPOB
II0 YPOBHIO BPeNHOCTU. Pe3ysbTaTel TaKMUX MCCJIe-
JIOBaHMII MOTYT OBITH IIPVMMEHEHBI IIPY IIOATOTOBKE
IIPOEKTOB 3aKOHOJaTeJIbHbIX aKTOB 10 OTPaHNYEHIIO
JICIIOJIb30BAHMA HanboJIee OIaCHBIX C IUTVYIeHNYeCKON
TOYKM 3PEHVA TUIIOB U MAPOK DJIEKTPOIOB.

BosmoskeH u paguKaJJIbHO aJbTePHATUBHBIN 101~
X0l — BHeJIpeHle POOOTU3MPOBAHHBIX MEXaHU3MOB,
YTO MO3BOJIUJIO ObI YMEHBIIUTD YUCJIIO ITpop3abosie-
BaHUI B raJibBaHNYeCKOi oTpacin. ITo cpaBHEHMIO ¢
[TaJIIMATVBHBIMIY MeTomaMy 00pbObI ¢ BpeJHBIM BO3-
neivictBueM cakTopoB I'A Takoil IOAXOA ABJIAETCH
HamboJiee IIPeNNoOYTUTEIbHBIM. HecMOTpA Ha Mak-
CUMAaJIbHYIO 3KOHOMIMYECKYIO 3aTPATHOCTb JaHHOTO
IIy TV, HEOOXOAVIMYIO IJIA IIOJIHOTO IIePeOCHAIleHNA
MHAYCTPUAJBHOTO ITapKa TrajJbBaHMYECKO! OTPAaCIIN,
Ha CErOJHAIIHNI IeHb B JaHHOM HallpaBJIEHUN VIMe-
€TCs IIOJIOKUTENbHAA TEHIEHINA.
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OO0 «APBAT»

445017, r. TOJBATTH, Monoaexubiii OyanBap 22-110,
TeJ1/axc 8482-254632, paxc 8482-220352

I'AJIbBAHUYECKHME TEXHOJIOI'MH, BJIECKOOBPA3YIOIIMUE TOBABKU,
XUMHNYECKASA ITPOAYKIUSA NJ15 TAJIbBBAHOTEXHUKU,
XPOMHATUPOBAHME 6e3 Cr(VI)

[TonpoOuee Ha: www.galvanicrus.ru

Mexanudeckoe IIMHKOBaHUE

Hama mpoaykums:
bieckoobpa3yromue komnozuiuu HTL-P 1 11e109HO0T0 IMHKOBaHMS,
JInmo-muHK A 1 b 1151 c1aboKucioro MMHKOBaHUS,
Jlo6aBku IIM-1A u IIM-2A 171 MEXaHHMYECKOTO IIMHKOBAHUSI,
Kommnozuruu Xpomurt-1A n XpomMuTt-2A 17151 6ECIIBETHOTO U PaLy>KHOTO
NaCCUBUPOBAHUS (XPOMUTUPOBAHUS) LIMHKOBBIX MTOKPHITUM, HE COJIEPIKUT
Cr(VI);
Cmecs BODII-A ny1st XpoMaTupOBaHUS ATFOMUHMUS
Creapatr C®-A 175 IPOMUTKU «MBLTOMY» PochaTUPOBAHHBIX 3arOTOBOK MEPE]T
XOJIOJTHBIM BBIJIaBIMBAHHUEM.

®upma «APBAT» npoussoaur 0osee 30 XuMHUIECKHX NPOAYKTOB AJIA

MAIIMHOCTPOCHUS

Hammu naptaepst:

Ceble 40 npeanpuaTHd NPUMEHSIIOT NPOoAYKUIHIO pupmbl KAPBATY
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Hay4yHo-npousBoacTBEeHHOE NpeanpusiTue

"COM.M"

HIIIT "COM.M'" — npeonpusamue, cneyuaiuzupylouieecs ¢ odiacmu
2a1b8AHOMeEXHUKU, 0bpazosano ¢ 1994 2. epinycKHUKaMu u COmMpyoOHuUKamu
cmapeniuien ¢ Poccuu kaghedpuvr Texnonozuu ynexkmpoxumuieckux npou3eo0cmes
PXTY um. /[.H.Menoeneesa

Mer1 npeanaraem 6/1eckoo0pasyromme 100aBKH U CIELHAILHbIC KOMIIO3HUMH COOCTBEHHBIX
Pa3padoToK AJIs1 rajJbBAHUYECKHUX MPOLIECCOB:

- XUMHYecKoe 00e3:KupUBaHHe

- 3JIEKTPOXHMHYECKOe 00e3KUPUBAHUE

- TPaBJ/ICHHE CTAJIeH

- HUHKOBAaHWe LIeJI04H0e

- UMHKOBaHHe cj1adoKkuc/ioe

- NACCHBALMS UHHKOBBIX MOKPBITHI - paayxkHasi, 0eCLIBETHAS, ¢ FoOJyOLIM OTTEHKOM
- IACCUBALIMS] UMHKOBBIX MOKPLITHI HA OCHOBe coeanHeHuil xpoma (111)
- KAAMUPOBaHHE DeClHAHUCTOE

- HUKeJIMpoBaHue GJecTsiee 1 MaToBoe

- HUKEJHPOBAHHE U3 CYJb(PAaMATHBIX YJIEKTPOJIHTOB

- HUKeJHPOBaHHE XUMHUYeCKoe DiecTsiiee

- XpOMHPOBAHHE

- CBHHIIeBaHMe

- 0JIOBSIHUPOBAHUE U HAHECEHME CIVIABOB 0J10BA

- MeJIHEHHe M3 KHUCJbIX U LIeJ0OYHO-TAPTPATHBIX JIeKTPOJIHTOB
- MeJlHEHHWE MeYaTHBIX MJiaT

- IATHHUPOBAHHE MeJH U ee CILIABOB

- TpaBJieHHe U XUMHYecKoe OKCHAHPOBAHHE ATIOMHHHUSA

- X0JIO/IHOE YepHeHHe cTaJlei

- hochaTupoBaHME

- AAre3MOHHO0E OKCHIHO-TUTAHOBOE MoKpbITHE mox JIKTI

N

3apEeruCcTPUPOBAHHBIN TOBAPHBIN 3HAK
HayuHo-npou3zBocTBeHHOro npeanpusatud “CoOM.M”

R KH

\Y 8| OCYIICCTBIACM paspaﬁoTKy, BHECJIPCHUC U CCPBHUCHOC COMPOBOKACHHUE BJICKTPOXHMHUYCCKHX
TeXHOJTOl"PIﬁ, OTBEHAIONIUX COBPEMEHHBIM TCXHHYCCKUM H DKOJIOTHYECCKUM TPEGOBHHHHM.

HIIIT "COM.M" — 3710 cTaOHJILHOE KAYeCTRO,
pasyMHasi LeHOBasl MOJUTHKA,
KBAJTU(PUUUPOBAHHBIE KOHCYJIbTALHH.

Tea/pake +7-495-978-94-42 +7-901-517-94-42
E-mail: npp-semm@yandex.ru http://bestgalvanik.ru
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ﬂorpyxnoii Anekrpoxumuieckui MOAYAD

[3M - peLueHme aKonornyeckux npobnem ranbBaHNYECKOro Lexa:

e npekpauweHume c6poca orTpaboraHHbIXx pacTtBOpoB 6narogapa wmx
pereHepauum
e coO3aHMe 3aMKHYTbIX TEXHOJIOFMYECKUX LUKIOB

[13M - He TpeByeT Hi OGHOrO KBAZPATHOro METPa AONOMHUTENBHOA NNOLALH;

e YyCTaHaBJ/IMBaeTCA HernocpeacTBEeHHO B pabouyr BaHHY ANA pereHepauuu
pacTtBopa

e yCTaHaB/NMBaeTCA B BaHHY Y/IaBJIMBAaHUSA ANSA U3BJIEUEHUS] U3 NPOMbIBHOMN
BOAbl MOHOB, 3aHOCUMbIX B HEé C AeTansAMm

MM - HavanbHble 3atpatbl B 50-500 pa3 Huxe, Yem B ApYrux MeTogax:

e CTOMMOCTb ogHOro N3M c KOMNNEeKTYLNMU — OT 34 TbicAY pybnen
e ANA NUTAHUA NPUroaHbl NPOCTENLLME UCTOUYHUKU TOKA MOLLHOCTbIO 0,2-2 KBT

NM3M — Hu3KMe akcnnyaTauynoHHbIe pacxoAabl:

e 3NIeKTpo3Heprus — 1-5 KBT'4 B CYTKM
e TpyAao3aTpaTtbl Ha o6cnyxuBaHue — 0,5 u B Hepgesno

N3M — cpok okynaemoctu — 3-4 mecsiua

) 3anpochbl HanpaenaTb npod. Kpyrnnkosy Ceprero CepreeBuuy
Ten. M06.: 8-916-616-96-99

—_— Email: skruglikov@mail.ru

OOOOO
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TEXHONOMMuU Ana XMMMKO-rAlibBAHUHECKMNX
NPOU3BOACTE M NOANroTOBKM NEPEA OKPALLLIUBAHMUEM

or 000 «COHMC»

OBE3)>XUPUBAHME
TPABJIEHME
LUMNHKOBAHME
XPOMATUPOBAHME
MEOAHEHME
HUKEJIMPOBAHME
XPOMUPOBAHME
DPOCHOATUPOBAHME
XONNTOAHOE YEPHEHMUE

VVVYVYVVYVYYVY

Mbl NnoMOraem LexosbiM
TexHonoram HaxoauTb
onTuMasnibHble peweHun!

CoBpemeHHble 6neckoobpasyouiue no6asku
ANA ULMHKOBaHUA

KauecTBO Bbille — 3aTpaTbl HUXe!

«Konuunk ALL®-2>»

«Koncup AP-HT»

BecLuMaHUCTbIN LWEeNoOYHOM

AMMOHWWHO-XJIOPUAHbIN

1. Bbicokasi pacceuBatoLlas
cnoco6HOCTb- Npoyecc ngeaneH ansa
LUMHKOBaHUA cioXHonpodunm-
pPOBaHHbIX U3aenumn

2. Bbicokob6necrTsalme HeTeEMHeOWMe
nokpbiTua 6e3 “nysbipen”
oca)xAaloTcsl B LUIMPOKOM AMana3oHe
napamMmeTpos

3. ToNWwMHY NOKPbITUA MOXKHO
yBennuuBaTtb A0 35 MKM U Bbilue

4. MokpbiTUA NJIaCTUYHbIE — Bbiaep-
YKMBAIOT yAapHble Harpy3kKu,
pa3BajibLlOBKU, U3rnbbl u T1.4.

1. Mpwm pasorpese anekTponuTa Ao 55 °Cun
Bbllle Ka4yeCcTBO NMOKPbITUA COXpaHAeTcA

2. DNEeKTPOoJIUT NEeHUTCHA Mano

3. UuHkoBaTb MOXXHO B 6apabaHax u Ha
noaBeckKax

4. MokpbiTUa nony4yatorca 6e3 npurapos
Ha BbICTYNalLWMUX YaCcTAX U OTJINYHO
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Operation of Chromate-Based Solutions without Dumping:
Industrial Experience
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Regeneration of several types of chromate-based solutions used for the treatment of zinc-plated parts
including silver-containing “black chromate” has been implemented in several dozen plating shops in Russia,
USA and Germany since 1996. Regeneration includes oxidation of trivalent chromium into chromate, removal
of zinc ions from the solution and stabilization of its pH. Regeneration eliminates frequent replenishments —
additions of chromate and periodic dumping, stabilizes the composition of the solution and thus the quality of
the chromate treatment. Operation costs are considerably reduced especially in the case of black chromate
due to complete recycling of silver ions. One of the big plating shops using the process for more than 10 years
is located in Chicago — “Gatto Industrial Platers, Inc.”. Now similar processes are used in Russia for the
regeneration of solutions used for the treatment of copper, copper-based alloys and cadmium- or zinc-plated
parts.

Keyword: chromium, chromate-based solutions, electromembrane electrolysis, electrochemical
processes, regeneration, plating industry

Be3oTxofHaa 3KCNJyaTtaLMsa pacTBOPOB Ha OCHOBE XpOoMmara:
NPOMbILUJIEHHBbIM ONbIT

C.C. Kpyrnukos', E.C. KpyrnukoBa’

" PoccUMCKMIM XMMHMKO-TEXHONOrMYECKni yHuBepcuteT umenn [.1. MeHpeneesa,
125047 Mockea, Muycckas nn., 9; e-mail: skruglikov@mail.ru
2 MOCKOBCKMM NOMMUTEXHUYECKUIM YHUBEPCUTET,
107023, Mocksa, bonbias CemeHosckas, 38,

Perenepaia HeCKOJIBKMX BUJIOB PACTBOPOB HA OCHOBE XPOMAaTa, MCIOJIb3YEMBIX IJIA 00paboTKM OLIIHKO-
BaHHBIX JIeTaJIel, B TOM 4lMCJIe cepebpocoiepsKalllero “4epHoro XpoMaTUpPOBaHUA”, ocyiiecTBasAeTcAa ¢ 1996
roza B HECKOJIBKUX JIeCATKaX raybBaHndeckux 1exoB Poccun, CIITIA u 'epmannu. Perenepanmsa BrJIO49aeT
OKMCJIEHME TPEeXBaJIEHTHOTO XPOMa B XPOMAaThI, yJIaJeHle MOHOB IIMHKA M3 PacTBOpPa U CTAOMJIM3AILIMIO €ro
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pH. Perenepaius nckJr049aeT 4acThle [IOMOJHEHNA — J00aBJIeHNs XpoMarTa 1 reproandeckne copocsl, ctabm-
JIM3UPYET COCTAB PACTBOPA U TEM CAMBIM KadeCTBO 00paboTKM XpoMaTa. DKCILIyaTal[IOHHbIe PACXOAbI 3HA-
YUTEJBHO CHUIKAIOTCHA, OCOOEHHO B CJIydae 4epHOr0 XPOMaTUPOBAHNA, 38 CYET MOJIHOM YTUIM3alUN MOHOB
cepebpa. OnuH 13 KPYIIHBIX raJIbBAaHUYECKNX [I€X0B, UCIIOJb3YOIINX TOT IIpoljecc yaxe bosee 10 seT, HaXO0-
murcea B Huraro — “Gatto Industrial Platers, Inc.”. Celtuac aHaJIorMYHbIE TPOIECCHI UCIIONbI3YIOTCA B Poccum
[LJI5 pereHepanyn pacTBOPOB, UCIOJIb3YEMbBIX JJisg 06paboTKM Mei, CIIJIaBOB HA OCHOBE MeI U KaMUEBBIX

VIJIVI TVMHKOBBIX neTaJein.

KoroueBnle cisioBa: 0e30TX0OHAA TEXHOJIOIMA, KOHBEPCUOHHbBIE TTOKPBITYA, MEMOPAHHBIN BIJIEKTPOJIMZED,
pereHepaIsa, XpoOMaTUPOBaHNE, XPOMIPOBaHNE, DJIEKTPOXVMUYECKYIE IIPOIIeCChI

1. Introduction

This article is summarizing information on the
application of immersed electrochemical modules
(IEMs) which has appeared in the literature for last
5 years.

1.1. Major types of chromate-based

solutions

Chromate-based solutions have different
applications in the plating industry (Tables 1& 2).

In the processes # 1, # 3 and # 8 chromate-
containing solutions are subjected to electrolysis and
in the processes # 2, # 4, # 5, # 6 and # 7 hexavalent
chromium reacts chemically as an oxidant with the
surface of parts which are treated in the solution.
The only exception is the process # 4, where the
surface of aluminum has been already oxidized in
the previous stage.

Oxidation is a major chemical reaction of the
material of any surface, when it is brought in
contact with any chromate-containing solution.
Chromate ions which take part in this reaction are

Table 1. Applications of electrochemical processes

reduced to trivalent chromium. For example, during
the chromate treatment of zinc-plated parts zinc
is oxidized and chromate is reduced to trivalent
chromium:

3Zn +2CrO* + 6H" = 3Zn*" +2Cr** + 8H,0 (1)

Oxidized material either passes completely into
the solution (descaling, stripping) or is partially
incorporated into the film formed on the surface
(conversion coatings). Reduction of chromate into
trivalent chromium takes place also in the process of
etching of plastics and is one of cathodic reactions in
chromium plating, electropolishing and anodizing of
aluminum. All these processes result in the built-up
of trivalent chromium ions and stripped metal ions like
zine, cadmium, copper, etc. in the process solutions.

In the absence of electrolysis the operation of
any chromate-based solution depends on its redox-
potential, E, which is expressed for the reaction (1)
by the following equation:

pogo BT GGC' | @
3F C,

for the regeneration of chromate-based solutions

No | Process Results of the Regeneration

1 | Chromium plating Removal of cationic impurities: Fe?*, Cu**, etc.
2 | Etching of plastics Reoxidation of Cr** to Cr(VTI)

3 | Aluminum anodizing Removal of AI** and other cations

4 | Sealing of oxide films on aluminum Reoxidation of Cr** to Cr(VI) removal of AI**

5 | Stripping of Cu, Cd, etc.

Removal of metal cations, reoxidation of Cr®* to
Cr(VI), acidification

6 | Bright dipping, descaling, pickling

Removal of metal cations, reoxidation of Cr** to
Cr(VI), acidification

7 | Chromate conversion coatings

Stabilization of the quality of coatings by
maintaining constant composition of the solutions,
removal of metal cations, pH-adjusting

8 [ Electropolishing

Removal of metal cations, reoxidation of Cr®* to
Cr(VI)

Rinse water in reclaim tanks after processes
1to8

Recycling of chromic acid free of cationic impurities,
reduction of water consumption

Korozun u pecypcocbepexenue
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Table 2. Principal components of chromate-based solutions for different process

Principal Components

CrO

3

CrO,, H,S0,

Na,Cr,0O, or K2C1°2O7
H,SO, or Na,SO,

CrO,, Na,CrO, or K,CrO,
H,SO, or Na SO,
HNO,

CrO,
H,SO,

CH,COOH or H,PO,
AgNO,

here E° is the standard redox potential of the
solution; R is the universal gas constant; T is the
absolute temperature; F is Faraday’s number; C,, C,
and C, are the concentrations of chromate, hydrogen
and trivalent chromium ions.

It follows from the equation (2) that E value is
especially sensitive to the concentration of hydrogen
ions, i.e. to the pH value. If no chemicals are added to
the solution in the course of its operation, the redox
potential and the quality of the chromate treatment
would gradually change. Periodic additions of
chromate and an acid can compensate the growth of
trivalent chromium concentration and prevent the
decrease of the redox potential. However we know
from the industrial experience that the operation at
increasing concentrations of all solution components
has to be stopped finally. For example, for zinc
chromate treatment the operation is usually stopped
and the solution is dumped, when the concentration
of zinc ions reaches 10 to 20 g/l. Similar behavior
is observed in other chromate-based solutions
operating without passing electric current.

The built-up of trivalent chromium is observed
also in chromium plating, electropolishing and
aluminum anodizing solutions. Here it is caused
by cathodic reduction of chromate and can be
controlled usually by proper choice of cathode-to-
anode surface ratio. However the built-up of iron
in chromium or electropolishing baths as well as
the built-up of aluminum ions in the anodizing
solutions may be the reason for solutions dumping.
For example, the operation of chromium plating
solution is usually stopped, when the content of iron
ions reaches 10-14 g/1.

1.2. Regeneration as a combination of
the electrochemical reaction and the ionic

transportthrough ion-exchange membranes

It is obvious that a conversion of trivalent
chromium into hexavalent one can be easily
performed by the anodic oxidation:

Cr*" + 8H,0 = CrO,*> + 8H" + 3e 3)

It is very important that the reaction (3) ensures
simultaneous regeneration of both the chromate
and the acid just in quantities equivalent to the
consumption of these solution components in the
reaction (1).

Various metal ions, such as zinc, iron, cadmium,
copper, aluminum, etc. are other products of the
reaction (1) are built up in the chromate solutions. It
is impossible to convert them back into metal state
directly in the chromate solution, since chromate
ions will be reduced at the cathode and no metal
will be deposited on it, if the cathode is placed into
the chromate solution. Therefore the solution to be
regenerated is contained in the anode compartment
of an electrolytic cell and the metal cations are
transferred into the cathode compartment through
a cation-exchange membrane which separates the
anode and the cathode compartments (Fig. 1).

The behavior of zinc ions in the cathode
compartment depends on the solution pH: at higher

+

Cationic membrane s
b 2 %
g +~—+ " i
2 b a2t H,0
.M M 5
v ' CrO&
1 Cr3+
]
Catholyte: Process solution - anolyte

Fig.1. Two-chamber cell with cation-exchange membrane
used for the regeneration of zinc passivating solutions
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Fig.2. Three-compartment cell for the regeneration
of zinc-chromate solutions: 1. Process tank; 2. Anode
compartment; 3. Intermediate compartment; 4. Cathode
compartment; 5. Rectifyer

pH zinc is deposited at the cathode and at lower values
(below 1) zinc is accumulated in the catholyte as zinc
sulfate. It is especially convenient in the regeneration
of silver-containing black zinc-chromate bath. All
silver ions transferred into the cathode compartment
are discharged at the cathode as silver sponge which
is periodically dissolved in nitric acid and returned
back into the chromate solution. Therefore there are
no loss of silver. This particular process was firstly
introduced on an industrial scale in Germany (Assmus
Metal Veredelung GMBH, Ditzenbach, Germany) and
is used successfully for 20 years on a large scale in the
USA (Gatto Industrial Platers, Inc., Chicago, I1.).

Since all kinds of cations which are contained
in the anolyte will be transferred from the anode
compartment into the cathode compartment, they,
of course, include trivalent chromium which still
have not been oxidized at the anode. So, the anodes
with large surface area are recommended in order to
increase the part of trivalent chromium which will be
oxidized at the anodes and will not be lost due to the
transfer into the catholyte.In Russia similar processes
are used in industry for the regeneration of solutions
used for the passivation of zinc, copper and cadmium.

The rate of any regeneration process is controlled
by the rates of the transfer through the membrane
of metal ions which should be removed from the
anolyte. Since major competing ions in this process
are hydrogen ions, the acidity of the anolyte is of
great importance. So, zinc passivating solution
operating usually at pH about 3 is regenerated much
faster than copper passivating bath which contains
free sulfuric acid

to the plating tank

Cr (V1)

Fig.3. Three-compartment cell for the recovery of pure
chromic acid from the solution contaminated with iron and
other cationic impurities:

1 - three-chamber cell; 2 - lead anode; 3 - anion-exchange
membrane; 4 - cathode; 5 - cation-exchange membrane

The second factor is the concentration of metal
ions to be removed from the anolyte. Minimum
energy consumption in the regeneration process is
reached, if a steady-state concentration of metal ions
to be removed is close to upper limiting value, e.g.
for zinc — usually 10-20 g/l1. Thererfore continuous
regeneration process is preferable since it may be
operated with maximum efficiency, ie. close to
upper limit of the concentration.

The chromate solution is treated first in the
anode compartment of a three-compartment cell.
The anode compartment is separated from the
intermediate one by an anion-exchange membrane
which preventsthe electrolytic transfer of any cations
from the anolyte into the intermediate compartment
and into the catholyte. When trivalent chromium
is completely oxidized at the anode, the solution is
transferred into the intermediate compartment
separated from the cathode compartment by a
cation-exchange membrane. Now all metal cations
(e. g. zinc) can pass into the cathode compartment.
Simultaneously chromate and other anions (e.g.
sulfate) are transferred into the anolyte, where the
regenerated solution is accumulated.

1.3. Behavior of other solution components

The electrolytic transfer of hydrogen ions
through the cation-exchange membrane is obviously
undesirable since it reduces the transport number
of other cations competing with hydrogen ones. In
general the transport number of any ion species
depend on the product of its mobility and its
concentration divided by the sum of similar products
for all ionic species contained in a particular solution:

[U,C,|Z,[]
L Xuckh ®
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Here t, is the transport number of a partcular ion
species; ¢, u, and z are their molar concentrations,
mobilities and charge numbers respectively.

It follows from the equation (4) that all chromate-
based solutions may be classified on the basis of the
concentration of free acid:

(A) Low acidity;

(B) High acidity.

A majority of chromate-based solutions belong to
(A)-type and a typical examples of (A)-type are zinc
and cadmium passivating solutions. Therefore the
specific energy consumption for the removal of zinc
or cadmium from a passivating solution will be lower
than that for the removal of metal ions from solutions
with high acidity. However, if the upper limit for the
built-up of these ions is high enough, ti will increase
proportionally and will, at least partially, compensate
high concentration of hydrogen ions.

Regeneration of a conventional chrome plating
solution containing iron ions is an example of a
process with very low efficiency since for the
concentrations of iron (1 to 10 g/1) and chromic acid
(250 g/1) molar concentrations ratio is rather low, and
taking into account the difference in their mobilities,
we should expect very low value of the transport

® 1 e
H,0 Hy
——
To the plating tank \
—H — }
J’ H | H—
1/ | Cr 3+,
L H,0 | A
22—
NS ’_:j_ cro,=(cr,0,%)
4-—-—""“"___/]'/_’____
=T |

Fig. 4. Reclaim tank with animmersed electrochemical
module: 1 - Reclaim tank; 2 - Immersed anodic module; 3 -
Anode; 4 - Anionic membrane; 5 - Cathode

Plated parts Plated parts

' —— | '
|
. v
Chrome CrO, > =——t—> flowing
plating 1 rinse
tank Reclaim : Immersed
7'y tank | module
M
| H,0

chromic acid concentrate
free of Fe3* and Cr3*

Fig. 5. Flowsheet diagram for reclaim tank with immersed
electrochemical module

number of ironions. The cell used for the removal of
iron is similar to that shown in Fig.1.

Therefore it may turn out more economical to
recover pure chromic acid from a contaminated
solution by the electrolytic transfer of chromate
ions from the contaminated solution into the
anode compartment through an anion-exchange
membrane using a cell shown in Fig. 3.

An interesting example is the regeneration
of so-called “black-zinc chromating solution”
which is rather expensive, since it contains silver
nitrate as an additive. The regeneration process
was implemented first on industrial scale in 1993
at “Assmus Metallveredelung” plating shop near
Frankfurt (Germany). A couple of years later
regeneration of similar solution was implemented at
“Gatto Industrial Platers” in Chicago.

Electrochemical regeneration reduces sharply the
costs related with making up fresh solutions, costs
of replenishments and waste treatment. Practically
100% of silver is circulating in a closed loop, since
silver powder deposited at the cathode is dissolved
in nitric acid and is returned back into the process
tank.

Conventional zinc passivating solutions (yellow,
blue, etc.) are being regenerated successfully at
tens of plating shops in Russia. The implementation
started on large scale in the course of 90ties.

Zinc ions transferred into the cathode
compartment can be removed from the catholyte
in the form of metal deposited at the cathode (if
pH of the catholyte is high enough) or they are
accumulated there as zinc sulfate (if pH of the
catholyte is maintained below 1). Practically all
shops prefer not to have dealt with the removal of
dendrites which can destroy the membrane and
therefore maintain low pH in the catholyte.

2.2. Passivating of cadmium

Regeneration of cadmium passivating solutions
is running in a number of shops in Russia and
principally proceeds similarly to the regeneration of
zinc passivating solutions. Same solution is used at
some shops for both zinc and cadmium.

2.3. Chromate treatment of copper

and its alloys

The process is used for about ten years at
several shops in ship-building industry and in
the manufacture of refrigerators. It is one of most
efficient economically, since the solution contains
usually only chromic and sulfuric acids. Therefore
cheap lead anodes which show highest current
efficiency can be used. Copper ions transferred
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through the membrane are discharged at the
cathode and form copper deposit.

2.4. Processes with restricted
concentration of sulfate ions

in the chromate-based solutions

Sulfuric acid or acidified sulfate solutions are
usually used as the catholyte in the majority of the
electrochemical regeneration processes. However
there are a number of chromate-based solutions
with rerstricted concentration of sulfate ions. An
example of such process is the recovery of chromic
acid free of all cationic impurities, including iron,
from reclaim tanks installed in chromium plating
lines. The process is performed using membrane
half-cells immersed into the reclaim tanks. It exists
in two versions:

(1) Reclaim tank with a single (anodic) immersed
electrochemical module (Figs. 4 & 5)

(2) Reclaim tank with 2 modules (cathodic and
anodic) ( Fig.6).

Both versions have their advantages and
disadvantages. Version (1) is cheaper, consumes by
50% less energy and reduces the input of chromates
into the next rinsing tanks more effectively due to
lower voltage and the cathodic reduction of those
chromate ions which had not passed through the
membrane into the anolyte.

Version (2) can, in principle, recycle 100% of
chromic acid brought with plated parts into the
reclaim tank, whereas in the version (1) only about
50% is recycled and the rest of chromic acid in the
reclaim tank is reduced at the cathode to trivalent
chromium.

At present time several tens of chromium plating
shops in Russia are successfully using version (1)
and quite recently few of them have started to use
version (2).
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2.5. Other processes

Only very few examples and very little
information are known to the authors concerning
the regeneration of bright dipping, descaling,
electropolishing, pickling and etching solutions.

Conclusions
1. Both economical and environmental
considerations speak in favor of wide-range

implementation of electrochemical regeneration
of all chromate-based solutions used in the plating
industry.

2. Regeneration ensures better control of the
quality of any chromate process solution.

3. Equipment used for the regeneration is not
expensive and electric energy consumption is low.

Information about authors

Sergey S. Kruglikov - Dr. Sc. (Chem.), Prof., e-mail:
skruglikov@mail.ru

Elena S. Kruglikova — Cand. Sci. (Eng.), ass. Prof.

For citation
S.S. Kruglikov, E.S. Kruglikova. IOperation of
Chromate-Based Solutions without Dumping:
Industrial Experience. Galvanotekhnika I obrabotka
poverkhnosti. 2021, vol. 29, no. 1, pp. 32-37.
DOQOI: 10.47188/0869-5326_2021_29 1 32

Korozun u pecypcocbepexenue

37



Galvanotekhnika i Obrabotka Poverkhnosti 2021, vol. 29, no. 1

DOI: 10.47188/0869-5326_2021_29 1_38
YK 66.2;544.6;546.76

38KOHOMepHOCTH CHMYKEeHMSA KOHLIeHTpPaLlMM (I)eHOHB,
umaHMAOB 1 TMOLIMAHATOB KOM6MHHpOBaHHbIM
AMNEKTPOXMMHUYECKMM METONLOM U3 XﬂOpHﬂHO-CYHb(baTHbIX
M aMMHUAYHBIX PACTBOPOB

T.A. XapnamoBa, FO.FO. AtaMaHoOBa

MOCKOBCKMIM rocypapcTBEHHbIN 06NacTHOM YHUBEPCHUTET,
141014, Mockoeckas obn. r. Mbituwm, yn. Bepbl BonowmHon, 24.
Ten. 8(495)7800943, pno6.1342, e-mail: 9168787573@mail.ru, julia@atamanova.com

B crarpe paccmaTpuBaeTca KOMOVHMPOBAHHBIN 3JIEKTPOXMMUYECKNIT METOJ CHUMKEHNA KOHIIEHTPAI[UN
TOKCUYHBIX COENVHEHNI M3 MOAEJbHBIX (DEHOJICOAEPIKAIINX XJIOPYUIHO-CYIb(AaTHBIX PACTBOPOB U aMMU-
a9YHBIX TPEXKOMIIOHEHTHBIX cucTeM, comepskamnx dgenon (C.H OH), umannzaet (CNY) n tuonmanats: (CNS)
(Tabi.l). OKCIEPUMMEHTBI MPOBOAMJIIN B MOHOIIOJIAPHOM HACBIITHOM 3JIEKTPOJIN3EePe MUINHAPUIECKON (POPMBI,
TI03BOJIAIOIIIEM COBMECTUTD BJIEKTPOPIOTOK0ArYIANNIO (OPK) ¢ OKMCANTEIBEHOM NeCTPYKIMell, B CTaTUIec-
KOM J ITPOTOYHOM peskyMax. JICIosIb30BaHbl 1Ba KOHCTPYKTVBHO OAVMHAKOBBIX 3JIEKTPOJIM3epa ¢ paboummMm
obwbemamu 0,271 n 4J1, paccunTaHHbIEe HA TOKOBBIe Harpy3kM 10A u 100 A, cooTBeTCTBEHHO. AHOJT COCTOAT U3
IBYX HacTell: HaChIITHOM YaCTU M3 CTAJBbHOM CTPYSKKM M PACIIOJIOKEHHOV BHYTPHU KOPITyca SJeKTpoJu3epa
nepdOpPUPOBAHHO TUTAHOBOM TPYOKM, TOKPBITOII OPTA (0KCHIHO-PYTEHMEBO-TUTAHOBBIM TOKPBITIEM) KO-
TOopad CIIYsKMJIa TOKOITOABOMOM. JlJid pasziesieHNa HACBhIITHOTO aHOMA ¥ KaToJa 110 BHYTPEHHel ITI0BEPXHOCTI
KaToZa YKJIaAbIBAJAaCh IIOJMITIIIEHOBAA CeTKa ¢ pasMmepoM dueek 0,8 cm u TkaHb 6esbTuHT. [IeHHBI TpO-
LYKT OTZAEJIANM MeXaHNYeCcK) 13 BepXHell YacTy dJleKTposmsepa. [Toka3aHo, 9To IpeiIosKeHHa A KOHCTPY K-
V1 MOHOIIOJIPHOTO HACBIITHOTO BJIEKTPOJIM3epa II03BOJIAET 3(P(PEKTVBHO CHNKATH TOKCUYHbIE BEIleCTBa
OPTaHMYEeCKON ¥ HeOPraHMYeCKON MPUPOILI U3 UX CMeCH. OKCIIEPVMEHTAJJIbHBIM IIyTEM OIpeNeJieH PesKUM
BJIEKTPOXVMIYECKO 00pabOTKY, IIO3BOJIMBIINII ITOJYYUTh BBICOKVE OPTaHOJIENITUYEeCKe ITIoKas3aTesan obpa-
OOTaHHBIX PACTBOPOB IIPU INIyDOKON CTEIeHM yAaJleHNs TOKCUYHBIX KOMIIOHEHTOB: coziepskaHue peHosa 13
CyJib(haTHO-XJIOPUAHOTO pacTBopa cHusKaeTcsa Ha 99,2%, 13 aMMMavHOTO TPEXKOMIIOHEHTHOTO PacTBOpa Ha
92,3%, comepsxanne TronmaHaToB Ha 97,3% u umannmos Ha 42,3% (tabu. 3, 7). Hanbosblias CKOPOCTb CHI-
SKEeHIA KOHIIEHTPAIMY KOMIIOHEHTOB HabJrioaeTcsa B repBble 20-25 MMUHYT BIIEKTPOXMMUIYECKOI 00pabOTKIL.
OJIEMEHTHBIM aHAaJIM30M IILJIaMa JT0Ka3aHo, YTO M3 aMMuadvHoro pactesopa OPK ynansercs no 70-75% denoa,
a camskeHre KoHIeHTpaImy CN™ 1 CNS™ MOHOB IPOMCXOAUT ITPENMYIIIECTBEHHO 3a CUET UX OKMUCIIUTEJIbHO
mectpyknuy. Ha ocHOBaHMY SKCIIEPMIMEHTAJIbHBIX JAHHBIX PACCUNTAHbBI 3aTPATHI 3JIEKTPOSHEPTMY Ha U3BJIE-
4yeHMe 1 I CyMMBI yZaJIeHHBIX TOKCUYHBIX KOMIIOHEHTOB B 3aBMCUMOCTY OT X HAYaJIbHOV KOHI[EHTPAIUN U
crerneHn usBjgedeHns (tabda. 4, 8).

KoroueBsle cooBa: peHOJ, MaHUAbI, TUOIMAHATEI, 3JEKTPOJIN3, OKUCIUTETIbHAA NeCTPYKINIA, DIEKTPO-
II0OTOKOATYIAINIA, MOHOIIOJIAPHBIN 3JIEKTPOJIN3ED, HACBIITHON aHOJ,.
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Reqularities of decreasing the concentration of phenol,
cyanides and thiocyanates by the combined electrochemical
method from chloride-sulfate and ammonia solutions

T.A. Kharlamova, Yu.Yu. Atamanova

Moscow State Regional University, 141014, Moscow Region, Mytishchi,
Vera Voloshina str., 24. tel. 8(495)7800943, ext. 1342, e-mail: 916878757 3@mail.ru

The article discusses a combined electrochemical method for reducing the concentration of toxic
compounds from model phenol-containing chloride-sulfate solutions and three-component ammonia systems
containing phenol (C,.H OH), cyanides (CN"), and thiocyanates (CNS") (Table 1). The experiments were carried
out in a cylindrical monopolar bulk electrolyzer, which allows combining electroflotocoagulation (EPC) with
oxidative destruction, in static and flow modes. Two structurally identical electrolysers with working volumes
of 0.2L and 4L, designed for current loads of 10A and 1004, respectively, were used. The anode consisted of
two parts: a bulk part made of steel shavings and a perforated titanium tube, located inside the cell body,
covered with an ORTA (ruthenium-titanium oxide coating), which served as a current lead. To separate the
bulk anode and the cathode, a polyethylene mesh with a mesh size of 0.8 cm and a belting cloth were laid along
the inner surface of the cathode. The frothy product was mechanically separated from the top of the cell. It is
shown that the proposed design of a monopolar bulk electrolyzer makes it possible to effectively reduce toxic
substances of organic and inorganic nature from their mixture. The mode of electrochemical processing
was experimentally determined, which made it possible to obtain high organoleptic characteristics of the
treated solutions with a deep degree of removal of toxic components: the phenol content from the sulfate-
chloride solution decreases by 99.2%, from the ammonia three-component solution by 92.3%, the thiocyanate
content by 97, 3% and cyanides by 42.3% (Table 3. 7). The highest rate of decrease in the concentration of
components is observed in the first 20-25 minutes of electrochemical processing. Elemental analysis of the
sludge proved that up to 70-75% of phenol is removed from the ammonia solution of EPA, and the decrease
in the concentration of CN- and CNS-ions occurs mainly due to their oxidative destruction. Based on the
experimental data, the electricity consumption for the extraction of 1 g of the amount of removed toxic
components was calculated, depending on their initial concentration and the degree of extraction (Table 4. 8).

Keywords: phenol, cyanides, thiocyanates, electrolysis, oxidative destruction, electroflotocoagulation,

monopolar electrolyzer, bulk anode.

BeeaeHue

Vl3-3a OoTCyTCTBUA B IIOJABJIAIOIIEM CJIydae JIO-
KaJIbHbIX OYJMICTHBIX coopymeHMﬁ raJibBaHYeCKIe
1exa cOpacbIBalOT HA OYMCTHBIE COOPYIKEHUA IIpe-
OpUATUA OTPabOTaHHbIE TEXHOJIOTMUYECKNE PacTBO-
PbI 1 ITPOMBIBHBIE€ BOAbI C CAMbIX Pa3HbIX onepaumf/’[
00paboTKM MeTasIMYecKUX IIOBEPXHOCTeN, obpa-
3ysA BBICOKOTOKCUYHbBIE CTOYHbIE BOABI CMEIIIaHHOI'O
coctaBa. B HUX MOryT coZepsKaTcs BeIlleCTBa Kak
OpPraHMYEeCKON, TaK ¥ HEOPraHUYECKON HPUPOABI, B
YaCTHOCTM, KaTMOHBI MeTaJsioB, ITAB, xpacuresn,
STUJIEH- VI ITPOIINJIEHTJIMKOJIN, le)eHOJIbI, IIVIaHVICThIE
coenuHenuAa 1 np. O030p HAYYHO-TEXHUUECKON JIUTe-
paTyphbl cCBUAETEeJbCTBYET O TOM, UYTO 3JIEKTPOXMUMMN-

YecKye MeTOIbl ABJIAITCA HauboJsee MOAXOLAIIIMNI
I3 00e3BpEeKMBAHNA CTOYHBIX BOJ OTHOCUTEJBHO
HeboublIoro o0'beMa, CoIepsKallX BeIlecTBa pas-
JuuHolt npupons! [1-7]. C ImOMOIIBI0 3JIEKTPOXMIMU-
YeCKMX METOLOB COIJIACHO COBPEMEHHOM KJaccu-
duranyuy, NpensosKeHHO aBTopaMu [8], MOYKHO
BBLAEJIUTL MM Pa3heuTbh TOKCUUHBbIE BeIecTBa
(MeTonbl pasmesieHusa U BbIOEJIEHNA), Pa3pyLIUTDb 0
HETOKCUYHBIX COCTABJIAKIINX (METOLbI IIpeBpalie-
HIA), a TaKKe BO3MOMKHO KOMOMHMPOBAHHOE BO3-
nevicTBue (koMOMHMpOoBaHHbBIE MeTobl). CoBMellleHNe
BIJIEKTPOXVMMUUECKNX METOLOB Pa3HOHAIIPABJIEHHOIO
IEVCTBUA MMEeT IOJIOKUTEJbHBIN OIBbIT IIpMMEeHe-
HuA [9-11]. Hacrosamiee coobiiieHre OTHOCUTCA K pa-
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foTraM B HAaHHOM HAIIPaBJIEHUM C JMCIIOJIb30BAaHMEM
BJIEKTPOJIM3ePa, TIO3BOJIAIOIMM COBMECTUTD DJIEKT-
podaroToroarynanuio (ODPK) ¢ oxucaAMTEIHLHON Ie-
CTPYKLMEN, C LIeJIbI0 CHIKEHNA KOHIIEHTPALI TOK-
CUYHBIX KOMIIOHEHTOB TUIIMYHBIX IJIA CTOYHBIX BOZ
raJIbBaHMYECKIX IIPOM3BOICTB.

MeroamnKka skcnepmmeHTa

HacpinHO¥ di1eKkTposm3ep. YcTaHOBKA i obpa-
OOTKM pPacTBOPOB COCTOAJA W3 MOHOIOJSAPHOIO Ha-
CBIITHOTO BJIEKTPOJIM3epa, EMKOCTM IJIs IIpyemMa 00-
paboTaHHOTO PaCcTBOPA, IIEPUCTAJBTUYECKOrO HACOCa,
VICTOYHMEKA TTOCTOAHHOrO Toka BVP 15V/100 A, 1500 BT.

KopIiryc MOHOIIOJIAPHOTO HACBIITHOTO 3JIEKTPOJIVI-
3epa IpeCcTaBJAJ COOOM IIOJIBI CTAJIbHOM JBYX-
CTEHHBIVI IUJIMHIP, BHYTPEHHAA 4YacTb KOTOPOTO,
pacnoJsiokeHHas Ha paccrtosgHuy 0,5 ¢cM OT BHeNTHEN
4JacTy, 1epdopnpoBaHa ¥ OJHOBPEMEHHO CJIYIKIJA
KaTOIOM. BHYyTpm Kopryca pacIoJIOXKeH aHOIHBIN
TOKOIIOABOJ, BBIIIOJIHEHHBIN M3 TUTAHOBOM TPYOKMU,
KOTOpad IPOXOANUT Yepe3 OTBEPCTIE B JHMUIIE dJEK-
Tposamsepa. HacTp pacIosIosKeHHO BHYTPY KOpITyca
TUTAHOBOI TPyOKM mepdoprpoBana u nokpsira OP-
TA (OKCUIHO-PYTEHMEBO-TUTAHOBBIM IIOKPBITHEM).
Yepes TpyOry OTpabOTaHHBI PACTBOP BBIBOAMJICH
U3 peaKIMOHHO 30HBL II0 BHYTpeHHel IOBEpPXHOC-
TY KaToAa YKJAaAbIBAJach IOJIMATUIIEHOBAA CETKA C
pasmepom gueek 0,8 cM 1 TKaHb O0€JILTUHT JJIA U30-
JIAIMY HACBIITHOTO aHOZA OT KaToza. Bee mpocTpaHe-
TBO MEXKJIy M30JIMPYIOLIel IIPOKJIaAKOM ¥ aHOSHBIM
TOKOIIOABOZOM 3aIl0JIHAJOCE CTAaJIBbHOV CTPYKKOIL.
O6pabaTbiBaeMbIll PacTBOp IOJABAJICA B BJIEKT-
posmzep depesd BepxHMI narpybok. IleHTpasbHas
cTaJbHAA TPyOKa COenVHEHa CO CJIMBHON TPYOKOI
PE3VHOBBIM IIIJIAHTOM, KOTOPas yCTaHABJIMBAJACh HA
TaKOM YPOBHE, 4TOOBI CTAJIbHAS CTPYKKa BO BpeMs:A
paboTsI OblJIa IOTHOCTBIO 3alI0JTHEHA pacTBOpoM. O6-
pabaTeIBaeMBIN PacTBOP Yepes NaTPyOOK NOCTyIIal B
IIOJIOCTB KOPITyca BJIEKTPOJIM3Eepa, IIPOXOANII Yepes
nepdopaliio KaTosia, HAChIITHONM aHo I, IepdopaIio

QHOJTHOT'O TOKOIIOABOZA 11 Yepe3 CIVBHYIO TPYOKY BbI-
BOJMJICA 3 3JEKTPOJIN3EPA B IPMEMHYIO EMKOCTb.

B pabore wucnosp30BaHbI [1Ba KOHCTPYKTVBHO
OZIVIHAKOBBIX BJIEKTPOJIM3epa ¢ pabodumu ob’beMamu
0,2 11 4 J1, paccunMTaHHbIE Ha TOKOBBIe Harpy3ku 10A
1 100 A, coorBeTcTBeHHO. IIeHHBIN IPONYKT OTIOEJIA-
JIVI MEXaHUYECKY C BEPXHEN JacTy 3JIeKTPOJIN3EePa.

ITepen HauaJIOM IPOBEIEHNA DKCIIEPVIMEHTOB C I10-
MOIIIBIO TIEPCTAJIBTIHYECKOTO HACOCa 3aII0JIHAN Pac-
TBOPOM ITI0JIOCTB 3JIEKTPOJIMBEPA, BKIIIOYAJIV IIOCTOIH-
HBIVl TOK Y1 IIPM CTATMYECKOM PEXKVIME IIPOBOANIIN €TO
HEIIPephIBHYIO0 00paboTKy B TedeHVE OIpelesIeHHOTO
BpemeHn. IIpy npoBeneHMM IIPOIECCa B IIPOTOYHOM
pesxuMe obpabaTbIBaeMbIil PACTBOP IOAABAJIM CBEP-
Xy BHU3 BJOJB Iep)OPMPOBAHHOIO aHOZAA C OIpese-
JIEHHOJI CKOPOCTBIO, COOMPAaJIN B IIPMEMHOI EMKOCTH 1
TI0CJIe TIOJIHOTO OCasKIEHNA IIIJIaMa ONpedeIsy OCTa-
TOYHYIO KOHIIEHTPAIMY KOMIIOHEHTOB.

HachInHOI 00bEM CTAJIBHONM CTPYSKKY MOIIEPIKI-
BaJIM Ha IIOCTOSHHOM YPOBHE II0 MEPE €ro Pacxofo-
BaHMA. OCHOBHBIM TEXHOJIOTMYECKMM IIapaMeTpPOM B
paboTe ABJIANACH yAebHAS IIJIOTHOCTD TOKA, T.€. CIJIa
TOKa, TPUXOAAIAACA Ha 1 T cTasbHOM cTpy KM i [A/T].

OO beKkTaMM MCCIIENOBAHNA CIIYSKIUIIN MOZEJIbHBIE
eHoOICOMEPIKAIIIE  XJIOPUIHO-CYJIb(aTHbIE pPac-
TBOPBI ¥ aMMMaYHbIe TPEXKOMIIOHEHTHBIE CVICTEMEI,
comepskarmue denon (CH,OH), mmannaer (CN) u
tuonmanaTel (CNS°) B Buse nmpocTbix coseit NH,CN
u NH,CNS B coornomenun 10:1:5,6 (Tabma. 1). Bee
KOMIIOHEHTBI ABJIAIOTCA BBICOKOTOKCUYHBIMM W TU-
NMYHBIMY JJI COBPEMEHHOTO IaJIbBaHNYECKOTO IIPO-
usBojcTBa [12]. PoHOBEIT costeBoit coctas Na, SO, +
NaCl c ob1r1eit KOHIIEHTpaIMed b T/

CremneHb CHMIKEHUA KOHIIEHTPAIMY KOMIIOHEHTOB
o (%) paccumMTBIBAIN, KAK OTHOIIEH)E PAa3HUIIBI MEXK-
Oy Ha4daJIbHOM ¥ KOHEYHOJ KOHIJeHTpallyell KOMIIO-
HEHTA K €T0 Ha4aJIbHOM KOHLIEHTPALNY 110 (DOPMyJIe:

o (%) = [(Co- Ckomn. )/Co]-100 %

KommuecTBeHHOE cozepsKaHME  JCCJIENYeMBIX
KOMIIOHEHTOB OIIPEeJIAIN CIEKTPO(OTOMETPUIEC-

Tabnuvua 1. XMMUUECKHI cOCTaB MOLENbHONO aMMHMAYHOIO pacTBopa
Table 1. Chemical composition of the model ammonia solution

No ITokazaTenn Konuenrpaimsa, mr/u
) Indicators Concentration, mg/L
1 Penon (C,.H OH) 300
2 IMnannger (CN-) 30,28
3 Tuormanatel (CNS) 169,49
5 Amwmuax obmmit (NH*" + NH,) 10 220
6 pH 8
9 OO0VY*, (Total organic Carbone - TOC) % 62

*O0¥- obwyuti opeanuueckutl yzaepoo
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Tabnuua 2. BrnsiHue o6beMHONM NNOTHOCTM TOKA HAa CKOPOCTb OCAMOEHUS YENEe30COAEePIKALLEro LWna-
Ma 1 OpPraHoMnenTMYECKYO XapaKTepPMUCTUKY 06paboTaHHOro hEeHONCOAEPIKALLLErO XNOPUAHO-CYIb-
draTHOro pacTtsopa
Table 2. Influence of the volumetric current density on the sedimentation rate of the iron-containing
sludge and the organoleptic characteristics of the treated phenol-containing chloride-sulfate solution

OpraHoJjiennT4ecKas OlleHKa PacTBOpa II0CJIe
CKOpPOCTB OCasKaeHU 11JIa- o6paboTkn
No iv, A/T Ma, M/d Organoleptic evaluation of the solution after
/o i,A/g The settling velocity of the treatment
sludge m/h IIBetr 3amax
Colour Smell
1 2,5-10-3 2,0 OKpallleH (3eJIeHbIIt) CUJIbHBIV
2 6,2-10-3 1,5 OKpatier (?paHﬁce— CUJIbHBI
BBI)
2,5:10-2 1,5 6/11B CUJIbHBI
4 5-10-2 0,8 0/11B 0e3 3amaxa
7,5-10-2 0,6 6/11B Oes 3amaxa

Tabnmua 3. BrmsiHue cKOpOCTM NPOTOKA PAcTBOPA Ha CTEMEHb CHUXKEHMSI KOHLEHTPaLMK beHona
Table 3. Effect of the flow rate of the solution on the degree of decrease in the concentration of phenol

CKOpOCTB ITPOTOKA PacTBOpa,
No /4
Solution flow rate,1 / h

Konnenrpaua geHosa mocie
obpaborku, mr/mo*
Concentration of phenol after
treatment, mg/1*

Crenenn cayxenns, %
Degree of reduction, %

1 8 70 30
L5 13,5 86,5
0,5 0,85 99,2

*Ucxodnasn xonyenmpayus gernona 100 me/a

KM MEeTOAOM C MCIIOJIb30OBaHMEM M3BECTHBIX METO-
nuk [13, TOCT 31863-2012].

Pesynbratsl u nx obcyxaeHme

1. SnekTpoxummuueckas obpaborka ¢peHonco-
AepiKalLero Xxja0pMuaHO-CynbhaTHOro pacrteopa B
MPOTOYHOM PEXKMME

C mesibio BIOOpA YCJIOBUI IJIA ONITUMAJIBHOTO CO-
OTHOLIEHVA OKUCJIMTEJBHOIO JeCTPYKTUBHOTO IIPO-
necca 1 OPK Ob1y1M TPOBEIEHBI KCIIEPVIMEHTEI ¢ pe-
HOJICOZEPIKAIIVIM PACTBOPOM B IIPOTOYHOM PEXKUME C
JICTIIOJIb30BaHMEM dJIeKTposm3epa oobemoM 0,2 J1.

Bausaue yaenbpHoii niuotHocTu Toka. Ilpnm i, <
5-102 A/r u cKopocTu IpOTOKa pacTBopa ~1,5 j/9
OpraHOJIENITMYEeCKNEe IIoKaszaTeau obpaboTaHHOrO
pacTBOopa OKa3aJiCh He YJOBJIETBOPUTEJbHBIMH,
Ha YTO yKa3blBaeT II0ABJIEHVE OKPACKN Y HEIIPUAT-
HOro pe3Koro 3amaxa. JlaHHBIA (paKT cBUAETEJbC-
TBYET O He JOCTMKEHUN OIITVMAaJbHOTO COOTHOIIIE-
HUA OKMCJIMTEJIbHOIO JAeCTPYKTUBHOIO IIpoljecca 1
ODK. Ilpu yBesuueHNn yAeJIbHON MJIOTHOCTU TOKA
noi =5-10"* A/r u BeIlIe OBLIO OTMEYEHO CHUKEeHMe
CKOPOCTM OCaKIeHM sKeJle30coAeprKalllero njaama

U yJydlIeHlMe OPraHOJIENTUUYEeCKNX IIoKasaTeJei
0b6paboTaHHOrO pacTBOPA, YTO OTPAsKEHO B TabJI. 2.

Bansanne ckopocTu nmpoToka pactsopa. Vccmeno-
BAHO BJIMSAHME CKOPOCTY IIPOTOKA PAacTBOpa Ha yra-
JeHye (peHoJsa IIPU DKCIEPVMEHTAJBHO BbIOPaHHON
i, =5-102A/r. lna aTOro NpoBe/ieHa cepusa IKCIepu-
MEHTOB, B KOTOPBIX CKOPOCTb IIPOTOKA M3MEHSJIN B
npepenax ot 0,5 7o 8 si/4. ITomydyeHHBIE PE3yJIbTATEI
(TabJi. 3) MOKa3BIBAIOT, YTO PV YMEHBIIIEHNN CKOPO-
CTU IIPOTOKa pacTBopa B ~16 pas cTelleHb CHIMKEHUST
KOHIIeHTpaIuy peHoJa Bo3pacTaer 04T B ~3 pasa!
¢ 30% 1o 99,2%, a 0bpaboTaHHBI pacTBOP MPHodpe-
TaeT XOPOIIIMe OPraHoJIeITUIEeCKNEe [TI0Ka3aTen (0T-
CyTCTBME LIBETa U 3aI1axa).

VI3 BBIIIOJIHEHHOTO BECOBOIO aHaJM3a HACBIIIHOTO
aHO/la CJIeJlyeT, UTO BLIXOJ [10 TOKY »KeJiesa Ipu i =
5-10% A /T 1 CKOPOCTH ITPOTOKA PACTBOPA Yepes dJIeK-
Tposmzep 0,5 /4 coctaBu ~68%.

IIpu manpHEIIEM CHUYKEHUY CKOPOCTM IIPOTOKA
BO3HMKJIM TPYLHOCTM C OTBOJOM TeIlJIa, B TO BpeMs:A
KaK CTelleHb CHIIKEHIA KOHI[EHTpaIuy (peHosia Bo3-
pocJia He3HAYNTEIbHO.
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Tabnunua 4. 3atpatbl aneKkTpoaHeprum Ha yaanexHue 1 r dpeHona 13 cynbdaTHO-XNOPUAHOro PacTBopa
Table 4. Energy consumption for the removal of 1 g of phenol from a sulfate-chloride solution

Kounenrpanmsa noc- | KosmudectBo yna- | Bpemsa 06- | 3aTparsl BJIeKTpo-
VlcxonHa st KOHIIEH-
o Je 06paboTKM, Mr/J1 | JeHHoro peHosa, Mr | paborku, 4 sHeprun, KBTx/r
No | Tpanma, mr/a Initial . . .
concentration, mg /1 Concentration after | Amount of removed | Processing | Energy consumption,
8 treatment, mg/1 phenol, mg time, h kWh /g

100 70 6 0,025 0,062

100 17 17,3 0,133 0,112

100 0,85 19,8 0,4 0,303

Tabnuua 5. BnnsHne 06 beMHOM NIOTHOCTM TOKA HA CHUXEHME KOHLEHTPALLMM
KOMMOHEHTOB aMMMaYHOro pacTeopa
Table 5. Effect of the volume current density on the decrease in the concentration of the components
of the three-component ammonia solution

Kounenrtpanusa, Mmr/ma
Concentration, mg /| Cremnens camxennd, %
No TTokaszaTesn VcxonHas ITocyie 06paboTr” Degree of reduction, %
/1 Indicators Initial After processing
i =3-10%A/r [ i =5-102A/r| i =0,03 A/r [ i =0,05A/r
i =3-10*A/g|i =5-10"A/g | i =0,03A/g [ i =0,05A/g
1 DeHOoIBI 300 99,8 50,3 66,7 83,4
2 IInaunpgsr 30,28 28,12 23,79 7,1 22
3 TuonnaHaThI 169,49 79,09 26,15 53,3 84,6
4 AmMMuax oot 1022
5 00V, % 62 49,7 26,7 19,8 56,9
6 pH 8 9 9 - -

*Obwee 8pems 00padbomxu 25 murym

Auepronorpedisenne. Ha ocHoBaHUM BKCIEpU-
MEHTAaJIbHBbIX JAHHBIX PACCUMTAHBI 3aTPAThl BJIEKT-
posHepruu Ha ypaJjeHue 1 r dpeHosa 13 CyJIb(aTHO-
XJIOPUIHOTO PACTBOPa KOMOMHMPOBAHHBIM METOJIOM B
3aBJCUMOCTM OT BpeMeHM) ero o0paboTKM M IyIyOMHbI
yzaJsieHusa peHoJia, KOTopble IPMBENEHBI B TabJIL. 4.

2. DneKTpoxummdeckas o6paboTka ammmayHo-
ro TPEeXKOMMOHEHTHOro PAacTBoOpa B CTATMHECKOM
pexnme

Bananue ynesnpHOV mioTHOCTM TOKa. C IeJIBIO
orpeniesleHNs BIMUAHUA yAEJbHOM IIJIOTHOCTM TOKAa
Ha 5(PEKTUBHOCTD CHUIKEHUA TOKCUYHBIX KOMIIO-
HEHTOB I3 aMMMAa4YHOI'O0 PacTBOpa IIPOBEJeHa Cepusa
SKCIIEPVMEHTOB B DJIEKTPOJIM3epe 00beMoM 4 J1 mpu
IBYX Pas3JIMYHBIX TOKOBBIX HarpysKax B CTaTU4eC-
KIX YCJIOBUAX. YCPEeIHEHHBIE PE3YJIbTAThl XVMIYIeC-
KJX aHaJ30B PACTBOPOB II0CJE BJIEKTPOJN3a P i
=3-10" A/rui =5-10" A/r mpuseieHs! B TaOJL. 5.

VI3 anasmza pes3ynbTaToB (Tab. 5) caegyeT, 4To ¢
pocrom i, B ~1,7 pas HabiofaeTcA MOBLIILIEHNE CTe-
TIeHN M3BJIeUeH s KOMIIOHEHTOB: (peHosa B ~1,2 pa3sa,
IMaHUIOB B ~ 3,1 pasa, TnonnaHaToB B ~1,6 paza. Bona
TI0CJIe BJIEKTPOJIM3A ITprodpesIa c1abopo30BYI0 OKpac-

Ky U CylLIecTBeHHO OoJjiee CMJIBHBIN 3alaxX aMMMaKa,
4TO0, BEPOATHO, CBA3aHO C IIePeX0J0M HEKOTOPOro KO-
JIMYecTBa CBA3aHHOIO aMMMakKa B JeTyunii. CKopocTb
ocaenuda nuwiama npu i =0,5 A/r cocraguna 0,8 m/4.
Bimanne npogossxuTesHOCTY dy1eKTpos3a. IIpo-
JIOJIKUTEJIBHOCTb 06paboTKY 3aBUCUT OT OYeHb MHOTMIX
aKTOPOB, ¥ B IIEPBYIO OYepelb OT HAYaJIbHOV KOH-
LIEHTPAIM TOKCUYHBIX KOMIIOHEHTOB, OJTHAKO aHAJII3
JIMTEPATYPHBIX JAHHBIX IIOKAa3bIBAET, YTO JasKe IJIA
MHOTOKOMITOHEHTHBIX ~CIUJIBHO 3arPA3HEHHBIX CTOKOB
peKoMeHyeMoe onTuMaJsbHOe BpeMa OK obpaborknu
00bIYHO He mpeBblmaeT 45-60 muuyT [9, 10], Tak KaK
IIpY CHVKEHMY KOHIIEHTpAaIN Ipumeceil 3ppeKTmB-
HOCTB IIpolecca cHusKaeTcda. [IoaToMy ¢ Iesblo onpe-
JleJIeHNsI BAVAHNA IPOJOJLKUTEIBHOCTY BJIEKTPOJIN3a
Ha CTeIleHb CHVKEHVS KOHIIEHTPAal[Mii KOMIIOHEHTOB
IIPOBEJIM BKCIIEPVMEHTDI B Tedenye 50-Ty MUHYT IIpH 1
=510 A/r. YcpenHeHHbIE PE3yJIbTaThl XMMIYECKOrO
aHaJm3a pob BOAbI 3a yKa3aHHOE BPEMA U IIPOMEKY-
TOYHOJ IIPOOBI (25 MUHYT) IpMBeAeHbI B Ta0JL. 7.
PacTBops! nocse asexkTposmsa nprobpeTaroT Xo-
polliMe OpraHoOJeNTUYECKe [I0Ka3aTeN, O YeM CBY-
JleTeJbCTBYET OTCYTCTBUE IIBeTa I 3aIaxa.
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Corslacuo [14], mpu BJIeKTpOJsIM3e CTOYHBIX BOJZ C
coZlepsKaHMeM I[MaHUJOB ¥ TUOLMaHATOB B ONMHAKO-
BOJ KOHLIEHTPAIVM 3JIEKTPOXMMMYECKOe OKJCJEHVE
CN- noHOB nmponcxonnuT OoJiee MHTEHCMBHO. B Hariem
cJIydae IIpY COYeTaHUM ECTPYKTUBHOTO OKVCJIEHVA U
ODK 1 mpu COOTHOIIIEHNN B UCXOAHOM pacTBope CNS-
:CN- = 6:1 npenMyIIeCTBEHHO YAAJIAIOTCA IIePBLIE.

B skcrepyMeHTax IO JJINTEJIBHOCTH 3JIEKTPOJIV-
3a ObplJIa IOJTy4YeHa 3aKOHOMEPHOCTb CHIMKEHUS CO-
mepsxkauHusa penosia 1 OOY 13 aMMMaYvHOTO pacTBopa
IyTeM (PMKCMPOBAHNA 3HAUEHMII 9TUX IIOKas3aTesen
C MHTEPBAJIOM B D MUHYT B TedeHle 00IIIero BpeMeHN
BJeKTposu3a 25 MuHyT (TabJr. 6).

CreneHp CHMIKEHMs KOHIEHTpaluy (peHosa I
OOY 13 aMMMavHOr0 pacTBOpPa OT BPEMEHN DJIEKTPO-
JI13a HATJIANHO IIOKa3aHa Ha PUCYHKeE.

W3 puc. 1 cenyet, 9TO CTEIIEHY CHUYKEHNA KOHIIEH-
Tpanyu dpesosia 1 OOY HOCAT CXOHBIN BO3PACTAIOIINIT
XapaKTep C POCTOM OOIEr0 BPEMEHM JJIEKTPOJIM3A.

ITosrydenHble pe3yJsbTaThl 0 cHypKeHMI0 OOY cBume-
TeJIbCTBYIOT O IVTyOMHe ynaJieHns (peHosIa U3 CYUCTEMBL

3. Snektpoxummuueckas obpaborka ammmad-
HOro TPEeXKOMMNOHEHTHOrO PacTBopa B MPOTOYHOM
pexnme

OJIEKTPOJIM3ep 06 beMoM 4J1 3aII0THANN aMMuad-
HBIM TPEXKOMIIOHEHTHBIM PacTBOPOM 1 00pabaTeIBa-
JI1 ero BHa4aJle 6e3 IpoToKa B TedeHMe 50-Ty MUHYT
npu i= 0,05 A/r (I=100 A), a 3aTem obecreunBan
IIPOTOYHBIN PEXKUM CO CKOpocThio ~4,8 ji/4. Obiiee
BpeMs HEIIPEPBIBHOTO BJIEKTPOJIN3A COCTaBMIIO 6 da-
coB. OTO0p mpod TPOMBBOAMJICA IIOCJIE BKJIOYUEHUA
IIPOTOKA PacTBOpa Yepes3 IPOMeKyTKY BpeMeru 1,24
7 6 4acoB 1 Pes3yJIbTaThbl IPUBEIEHbI B TA0JL. 6 1 7.

VI3 pesyspraTos TabJ. 6 caenyeT, YTO OCTaTOYHA A
KOHIIEHTPAaIA (peHoJIa U3MEHAETCA He3HAUYNTEJIbHO,
YTO yKa3bIBaeT Ha CTaOMJIBHYIO PaboTy BJIEKTPO-
ausepa. O0UIMiI XUMMUYeCKNiT aHaIM3 IPoObl aMMU-
aQ4HOTO pacTBOpa, 0TOOPaHHOI 3a BpeMsA HellpepbIB-

Tabnuua 6. BnusHne npoponkutensHocTH o6paboTkM Ha CHUXKEHME KoHLeHTpaumu dpeHona u OOY us
aMMMaYHOro pacTeopa

Table 6. Influence of the duration of tfreatment on the decrease in the concentration of phenol and TOC
from ammonia solution

IlokaszaTesnn
No Bpewms 06paboTKy, MUuH Indicators
- Processing time, min Kouienrpaims dpeHosa, Mr/m 00V, %
Concentration of phenol, mg/1 TOC, %
1 - 300 62
2 5 210 52,6
3 10 140 44
4 15 124 38,4
5 20 80 31,9
6 25 55 27

Tabnuua 7. BrinsHue NpopomKUTENbHOCTU 3NIEKTPONM3a Ha CTEMEHb CHUMKEHMUS KOHLLEHTPALMKU KOMMO-
HEHTOB aMMMAaYHOro pPacTeopa
Table 7. Effect of the duration of electrolysis on the degree of decrease in the concentration of an
ammonia solution

Kounenrpanmsa, mr/ma
Ne TokasaTenn Concentration, mg/1 Cremnens cHmxennsd, %
n/m Indicators VlexonHas Bpewms 25 mur | Bpems 50 mun Degree of reduction, %
Initial Time 25 min Time 50 min

1 Denou 300 49,02 21,2 93,0

2 Inanangbr 30,28 241 19,4 35,9

4 TwuonmaHaThI 169,49 27,5 8,00 94,8

5 AmMMuax o011 1022 - 681 33,4

6 0O0Y,% 62,0 - 20,6 66,8
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Puc. 1. 3aBucMMoOCTb cTeNeHM CHUXKEHUs dpeHona n OOY ot
BPEMEHM INIEKTPOXMMHUHUECKOM 0B6paboTKM
Fig. 1. Dependence of the degree of reduction of phenol
and TOC on the time of electrochemical treatment

HOJ paboThI HJIEKTPOJSIN3EPA B IPOTOUHOM PEIKIIME,
peJicTaBJieH B Tabsuiie 9.

VI3 Tabamir 8 n 9 cyegyeT BhICOKAA CTENEHD M3BJIE-
yeHNA ¢eHosa U THonMaHATOB. COOTHOIIEHNE KOM-
TIOHEHTOB B 00pabOTaHHOM pPacTBOpPE M3MEHUJIOCH U
COCTaBUJIO C6H5OH:CN‘:CNS‘ = 5:3,6:1 BcJjencTBUE
IPEeUMYIIIECTBEHHOrO yaaseHna dperosa 1 CNS -110HOB.

AiaeMeHTHBIT aHaau3 uwiama. OOpasyomuiicsa
nopu paboTe JJIEKTPOJIM3epa IIJaM ObLJI BBICYIIIEH

rpu 30 °C 10 IOCTOAHHOTO Beca 1 IIPOaHaJ M3V POBaH.
OJIEMeHTHBIV aHaJN3 BBICYIIIEHHOIO II1JIaMa II0Ka3aJI,
YTO B HEM IIPAKTUYECKM OTCYTCTBYeT a30T, HO MMe-
eTcs BeIcokoe comepskanua C n H. OrcyTeTBue azora
yKas3bIBaeT Ha TOo, uTo cHMKeHre CN™ 1 CNS™ - noHoB
IIPOMICXOAVT B OCHOBHOM 3a CYET UX JIeCTPYKTUBHOTO
OKJVICJIEHMA Ha aHoje. VI3 KoIM4ueCcTBEeHHOT0 CoZlepsKa-
HUA B IIIJIaMe YIJIEPOJA ¥ BOJIOPOZa PACCUNTAHO, YTO
1o 70-75% dpeHosa ymaJsisgercs u3 pacTBoOpa 3a C4eT
OPK, u, crenoBaTesIbHO, Ha JIOJIO JECTPYKTUBHOTO
OKJVICJIEHIS IPUXOIUTCS cooTBeTcTBEHHO 30-25%.

JHepromoTpedaeHue. Pacxo s 5y1eKTposHeprum Ha
1 r cyMMBI yaJIeHHBIX KOMIIOHEHTOB B 3aBUCHMOCTH
oT octaTtouHoro 3HaueHna OOY B oObpaboTaHHOM aM-
MIMaYHOM pacTBOpe IIpuBesieH B TadJ. 10.

BbiBoabi

VlccoienoBal mpoliece yaaJseHNs TOKCUYIHBIX KOM-
TIOHEHTOB OPraHMYeCKOM I HEOPTraHNYeCKO IPUPOabI
(dpenosia, UMaHMOOB, TUOIMAHATOB) U3 CYJIb(QATHO-
XJIOPUIHBIX VI AMMMAYHBIX PACTBOPOB HA DIIEKTPOJIV-
3epe, MO3BOJIAIINEM KOMOMHMPOBaTE OPK 1 oxmc-
JIUTEJIbHYI0 OEeCTPYKIMI. OKCIEPUMEHTAIbHBIM
IIyTeM OIpefiesleH PesKMM 3JIEKTPOXUMUYECKON 00-
paboTKM, TO3BOJIMBILINIL ITIOJIYYUTb BBICOKME OPraHo-
JIETITUUeCKYe TTIOKa3aTesn o0paboTaHHBIX PACTBOPOB
py IyOOKOI CTeIleH YyAaJIeHUA TOKCUYHBIX KOM-
TIOHEHTOB: cofiep:kanye peHoJa U3 CyJIb(PaTHO-XJI0-

Tabnmua 8. OcTaTouHas KOHLEHTPALMS U CTEMNEHb CHUXKEHMs dpeHona npu ob6paboTke amMMa4YHoOro
TPEXKOMMOHEHTHOrO PAcTBOPA B MPOTOYHOM PEXMME
Table 8. Residual concentration and the degree of reduction of phenol when processing an ammonia
three-component solution in a flow-through mode

Kommnouenr | ViaTepsas orbopa mpobel, u | OcraTrouHasi KoHIleHTpanysa, mr/ia | Crenensb cumkenns, %
Component Sampling interval, h Concentration, mg /1 Degree of reduction, %
1 26,3 91,3
denoI 2 20,8 93,3
Phenol 4 24,0 92,0
6 23,4 92,3

Tabnunua 9. Pe3ynbraTbl XMMMUYECKOro aHanM3a aMMMaYyHoOro pacTsopa nocne
06paboTKH B MPOTOUHOM peEXMMe
Table 9. Results of chemical analysis of ammonia three-component solution
after tfreatment in the flow mode

Kounenrpanmsa, Mmr/ma
No 11/ [TapameTrp Concentration, mg /| Crenens caysenns, %
Parameter VcxonHasd ITocie 06paboTEM Degree of reduction, %
Initial After processing

1 Denom 300 23 92,3

2 Onanngbr 30,28 17,3 42,9

3 TuornmaHaThI 169 4,65 97,3

5 (0]6) 62,0 21,0 66,1
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Tabnuua 10. 3aTpaTbl 3NEKTPO3IHEPIUM HA ANMEKTPOXMMUYECKYIO 06paboTKy aMMHMaYHOro pacteopa
Table 10. Energy consumption for electrochemical treatment of an ammonia solution

. Conepan 009,510C, 5| b sesprmepmn
49,7 0,098
26,7 0,115
20,6 0,164

pugHOro pactBopa cuykaerca 1o 99,2%, ns ammuad-
HOTO TPEXKOMIIOHEHTHOT'O0 pacTBOpa yObLIb (peHoJa
nocturaer 92,3%, tnonyanatoB 97,3% u IMaHUIOB
42 3%. Haubosblliasg CKOPOCTh CHUIKEHUA KOHIIEHT-
pauuy KOMIIOHEHTOB HabJromaercsa B mepsble 20-25
MUHYT BJIEKTPOXMMUYECKON 00pabOTKMU. OJIeMEeHT-
HBIM aHAJM30M IIJIaMa JOKa3aHO, YTO M3 aMMuad-
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CPOKU MNPOBELAEHMNA M YCJIOBUA YHACTHSA B 2021 rO4Y

Kypcbl: «FanbBaHOTEXHMKA M FaNbBaHO — XMMMYECKas 06paboTKka NOBEPXHOCTH METANNOB»

I'pynna (mmdp) Jdara mpoBegeHUs CroumocTts, pyo.
I'pynma Ne 68 (KT - 68) 17 mas — 21 mas 33700 - 00
I'pymma Ne 69 (KT - 69) 18 okTs10pst — 27 oxTIOpS* 40300 — 00
I'pynma Ne 70 (KT - 70) 15 HostOpst — 19 HOAOpA 33700 - 00

*Mocewenmne 19-si MexxAyHapOLHON BbICTABKM TEXHOIOM K, 060PYA0BaHMS M MaTepmanos A41s obpabor-
KM MOBEpPXHOCTH M HaHeceHus NoKpbiTi « ExpoCoating Moscow 2021»

Kypcbl: « AHANMTMYECKMIH KOHTPONDb B raflbBaHM4€CKOM NPOM3BOACTBEN

I'pynmna (mmudpp) Iara mpoBegeHMs1 CroumocTs, pyo.
Tpynma Ne 27 (AKT - 27) 12 anpena — 16 anpesa™™ 33500 — 00
I'pymma Ne 28 (AKT - 28) 11 okTs10pst — 15 oxTA0ps 33500 - 00

** MNoceweHne 19-o1 mexxayHapPOLHOMN BbICTaBKM nabopaTopHoro o6opy[oBaHus M XMMMHYECKUX PEaKTUBOB
«AHanutuka dkcno 2021»

Croumoctb 06yuenma HAC He obnaraetca. Onnata nepedmcreHnem.

Pernctpaums cnywarenem geHb Havana kypcos ¢ 10-00 go 11-00 yacos 8 MXO mum. [.1. MeHgene-
eBa no agpecy: Mockea, KonokonbHukos nepeynok, g. 17.

MNpoesa: m. «CyxapesBckas» 1 ganee newkom no yn. CpereHka B CTOPOHY LeHTpa 0o KonokonbHu-
KOBa Nepeyrika.

YuyacTHrKam KypcoB BpoHMpYIOTCS MecTa:

- B roctuHunue «Bera» (M3amannoBckui rocTuHmuHbIM Komnnekc). MNpoesg: m. «MNaptuzaHckas». MNo-
ceneHue B roCTMHMLY B KOMHaTe 414 kopnyca «Bera» (4 3tax). CTOMMOCTb OQHOrO MecTa MPOXKMBaHMs
coctaeut 2000 — 4000 py6. B CyTKM.

Mnarte)xHble pekBu3nMTbi MOO MXO nm. . U. MeHgeneeBa:
MHH 7710056339, p/c4. 40703810300000000060 BaHk BTB (MMAO), r. MockBa
Kop/cu. 30101810700000000187, BMK 044525187, K 770201001

B rpadpe «Ha3HayeHne nnartexa» cnepyer ykasaTb COOTBETCTBYOLLMM WMAP.

MpubbiBLUME Ha KypPCbl [OMMHbI NPEROCTaBUTL KOMUIO NIIATEXHOrO NOPyYeHUs ¢ OTMETKON BaHka
06 onnate. O6 yuyacTum B Kypcax criefyer 3asBuTb MO TenedoHy He nosgHee, Yem 3a 3 gHa Ao Havana
3aHSATHUM, YKa3aB NOTPeBHOCTb B rocTMHMLE 1 JaTy npuesna.B 3asske npocum ykasaTb: peKBM3UTbI Mpes-
npusTHs, KTo nognucbieaet gorosop (PHMO nonHocTbIO) M Ha OCHOBaHMM KAKOrO [OKYMEHTA.

TenedoH ANsi NofauM 3a9BOK U CMPABOK:
Ten/cakc: (495) 625-86-00, (495)742-04-22,
(977) 543-49-01 — MXO um. [1.1. MeHpeneeBa
e-mail: mosmxo@yandex.ru http: www.mmxo.ru
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1. 13-15 anpens 2021 ropa - 23-1 MexpyHapopgHas BbicTaBka aneKTPOHHbIX KOMMOHEHTOB,
mopynen u komnnektytowmnx ExpoElectronica u ElectronTechExpo 2021. MBL|, "Kpokyc Jkcno", MNa-

BunboH Ne3, 3zan 14.

2.13-16 anpensg 2021 ropa - 19-1 MexxpyHapopgHas cneumanmM3mMpoBaHHas BbiIcCTaBKa AHaNMUTHU-
Ka 3kcno 2021. MBL|, "Kpokyc Jkcno", nasunboH 3, 3an 13.

3. 28-30 ceHTa6ps 2021 roaa - 14-1 MeskayHapogHas cneLmanmM3mMpoBaHHas BbICTaBKa TEXHOMOMMM
o6opygnosanus "TepmoobpaboTka - 2021". "DkcnoueHTp"”, Mockea, MasunboH Ne7, zan 1.

4. 26-28 oKkTa6ps 2021 rofa - 19-1 MexpayHapopHas BbiCTaBKa maTepuanos 1 obopygosaHus ans
06paboTkM NOBEPXHOCTH, HAHECEHMS NMOKPbITHI M ranbBaHuHecknx npouseoacts Expo Coating 2021. MBL|,
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Beenenne

Jlanubni mallnoH COAEPXKHUT TMpaBWia W TpUMEphl O(OPMICHWS PYKOMHCH ISl TIPEACTAaBICHHS B OKypHAI
«["anpBaHOTEXHUKA 11 0OPaOOTKA TOBEPXHOCTH».

Bech Teker nabupaercst mpudrom Times New Roman, 14 u BeipaBHUBaeTCs «M0 MuprHe». [ToAnucH K pucyHKaMm,
TabIMIIaM JIENA0T TeM Ke PUQTOM, HO ¢ pazmepoM 12. Pazmep Beex mosiel ycTaHaBamBaoT 20 MM.

Bo BBEJIEHIMU oTpaskaroT akTyalbHOCTh, COBPEMEHHOE COCTOSIHUE IPOOJIEMBI, OIIUCHIBAIOT KPATKO JOCTUTHYTHIE
JIPyTUMU  UCCIIENOBATENsIMA M aBTOPAMU HACTOSILEH CTaTbM pe3yJbTaThl, 0003HAYAIOTCS HEpPEICHHbIE MPOOJIEMBI.
BBeznenne 3akaHuMBAIOT ONMCAaHMEM Lenu M 3anad uccienosanus. O6vem BBEJIEHUS He nomken mpeBbimarh 2,5
crpanutl (IpupT Times New Roman, 14, BEIpaBHUBaHHE 1O MIUPUHE).

OnuceiBas COBPEMEHHOE COCTOSIHUE PAcCMATpUBAEMON MPOOJIEeMBbI HEOOXOAMMO IUTHPOBATH OpPUTHHAIIBHBIE
paboThI, OIyOIMKOBAaHHKEIE B OTEYECTBCHHBIX HETIEPEBOIHBIX [ 1], mepeBoHbIX [2] 1 3apyOexkHBIX [3] KypHanax, KHUTaX Ha
pycckoM [4] uamM MHOCTPaHHOM sI3bIKe [S], @ Tarke MHISKCHPYeMble B MEeXKIYHApOIHBIX 0a3ax AaHHbIX WoS mam Scopus
Mmarepuaibl kKondepenuuii [6]. CcbUIKH Ha IUTEpaTypy JAroTCsi HU(paMu B KBaAPaTHBIX CKOOKaX B MOPsIIKE YIIOMUHAHHS B
tekcte. Crnmcok nmteparypsl U ero anaigor Ha anrinuiickom sizpike (REFERENCES) mpunaraercs B KOHIE CTaThH.
bubnuorpaguyeckoe onmcaHue yKazaHHBIX THUNOB pabor pasnmunoe it pazaena JIMTEPATYPA (I'OCT ) u
REFERENCES, B KOTOpBIX U OTpa)KE€HbI MpPUMEPHI JUI COOTBETCTBYIOLIMX THUIIOB LUTHPYEMbIX HCTOYHUKOB. Crmcku
nureparypbl (References), o6pabarsiBatorcst (pazmedarores) B HaykoMeTpudeckux 6azax ganubix (PUHIL, Scopus, WoS)
ABTOMATHYECKH, MIOTOMY BCE IEPEUHCIICHHBIC JAaHHBIC HEOOXOIMMO IPEICTABISATH B TOM IOPSIKE M IO IIpaBWJIaM C
COXPaHEHHEM YKa3aHHOI IMyHKTyaluu 1 (HOpMATHPOBAHUS, KOTOPbIE YKa3aHbl B PUMEPAX, YTO MO3BOJIUT MX KOPPEKTHO
obOpaboTatsb.
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Kak npaBuiio, peKoMeHIyeMoe KOJIMYEeCTBO LUTHPYEMBIX paboT coctasisier 25-60, B 3aBUCHUMOCTH OT o0iacTu
HCCIE0BaHNsI, B TOM UHClIe poccuiickux aBTopoB (~40-50%).

Ccpulkd  Ha HeOmyONMKOBaHHBIE pPabOThl (IMccepTanuy, aBTopedeparsl) WIM HE WHICKCHPYEeMble B
MEXIyHApOJHBIX 0a3ax JaHHBIX TPYAbl, COOPHUKH TE3MCOB JOKIAIOB KOH(pEpeHIMH Wiu ydeOHbIe MOCOOWs M T.N. He
JIOITy CKAFOTCSI.

Ccpuiku Ha 'OCT garores B Tekcte ctatel (I'OCT 6.301-79) u He npUBOASTCS B CIIUCKE JTUTEPATYPHIL.

IlutrpoBanue KHUT, MOHOTpaduii ciienyeT orpaHuduTh (He Oosiee 10% B CHKCKE JIUTEPATyphI).

B craThe JOJDKHBI HCIIONB30BAThCS (PU3MUYECKHE SANHUIIEI M 0003HAYEHHUS, IPUHATHIE B MEXKIyHapOJHO! cUCcTEME
eaunnui;: CU (I'OCT 9867-61). B xauecTBe UCKIIIOUEHNUS, TOMYCKAETCS UCTIOIb30BAaHUE PACIIPOCTPAHEHHBIX BHECUCTEMHBIX
enuHAI (31eKTpoH-BonbT (3B) mym mutp (11) ¥ T.11.), €CITH 3TO CIIOCOOCTBYET SICHOCTH M3JIOXKEHUSI MaTepHaa.

Touka He craButcs nocne: «Y JIK», 3arnaBust ctaTbi, aBTOPOB, aPECOB, 3ar0JOBKOB M M0/3ar0JI0BKOB, HA3BaHUH
TaOJIuII, pa3MEpHOCTEH (C — CeKyHIa, T — TpaMM, MUH — MUHYTa, CYT — CYTKH, Tpax — rpaayc, [k, Ki).

IIpoGen He craBuTes mepen 3HakoM « % » (40%), nmpm ykasanuu BaneHTHOCTH (XpoM(Ill)) m mpm ykazanum
temneparypsl (15 °C).

3aps MoHa 0003HAYACTCS HAACTPOUHBIMH CHMBOJIAMH, a 0003HAUC€HHE XMMUYECKOTO HJIEMEHTA BCEraa IPSIMbIM
mprdrom (Cu®").

Mexny nmdpamu 1 cIOBaMH CTaBUTCS 3HAK « — ». Hanpumep, U namensiercst B nuana3one 3—18 (ue 3-18).

@Dopmynel crnegyer HaOMpaTh € IOMOLIBIO DPENAaKTOpOB (OPMYJ, BCTPOEHHBIX B TEKCTOBYIO IIPOTPaMMYy.
[IpeamnovTuTeNFHO UCIIOIB30BAaHNE CTAHIAPTHOTO perakTopa hopmyn - MS Equation wmm penakropa MathType.

o 2,3RT
+ R —
nF

E=F g e, 2+ (1)

Bce dopMyibl TOMKHBI OBITH TPOHYMEPOBaHbBI U(GPAMHU B KPYTJIbIX CKOOKaxX. CCHUTKU Ha GOPMYIIBI yKa3bIBAIOTCS
mudpaMu B KpyTIIBIX CKOOKaX, HanpuMep, ypaBuenue (1).

BonpmmHcTBO 00603HaueHNH (U3MYECKUX BEJIUUYMH ClleyeT HaOMpaTh KypPCHBHBIM (HAKIOHHBIM) MIPH(TOM, a He
MPSIMBIM (j — IJIOTHOCTD ToKa. U — HanpsihkeHue, £ — 3JIeKTPOIHBINA MOTEHIHAI U T.11.). VICKIIIOUeHUsT COCTABISIOT CUMBOJIBI
MaremMariudeckux (QyHKIMH exp, lg, In, lim, sin, u T.1., a Takke rpedeckue cumBoibl (A, T, v, @, K, X) U MHAEKCHI,
oOpasoBannble OT (Gammnuii: Ep, (or Fermi), 6p (ot Debye) u T.1., mim ot cokpamenuit cioB: O, (ot Joule), BT (ot
«BbIX0A 10 ToKy»), CE (ot «current efficiency») u T.1.

Marepuasbl H METO/bI HCCJIEOBAHUS

B sToM paszmene B nepByro ouepeah ONMUCHIBAIOTCS MCXOHBIE PEAKTUBEI, MATEPHAIbl M COCTAaBBI pacTBOPOB. lIpu
ONMCAHNM PEAaKTHBOB, WCIOJB30BABIINXCS IPH BBIIOJHEHNH SKCIEPUMEHTAIBHONH pabOTHI, HEOOXOAWMO yKas3aTh
KBIM(UKALMIO peakThBa (0C.4., X.4., 4.1.2. 4., TeXH.). Onucarb He0OX0MMO BCE PEaKTUBBI, HCIIOIB30BaHHbIE B paboTe, B
TOM YHCIIE BCIIOMOTATEbHbIE (PAaCTBOPUTEIH, I'a3bl, KUCIOTHI M LIEIOYH U T.J.). ECIIN NCIO/Ib30BaHHBIC PEAreHThl OUHIIAIN
B 1a00OPATOPHBIX YCIOBUSX MEPE MPOBEICHUEM YKCIIEPUMEHTHI, YKa3bIBAIOT METO]] OUNCTKH.

Jlnst pa3nuyHBIX cMeceid, 100aBOK, MaTepuajoB M T.N. yKa3bIBAIOT mpom3Boxutens mpoaykra, TY wmm ['OCT,
KOTOPBIM COOTBETCTBYET JaHHas Mmpoaykuus. Hampumep, «...0bUia mpoBeJeHa TONOJTHUTEIbHAs (UIBTPALMS PacTBOpa C
NOMOIIBI0 00€33071eHHbIX (GuiIbTpoB «CuHsst seHTay ¢ auameTrpoM mop 1 mxm (TY 2642-001-13927158-2003) mmm «B
kadecTBe Oeckoobpasytomeii 1o6aku ucnonszoBanmy [[IKH-01 (TY 2499-002-40195348, HITITI COM.M)»).

Jlanee B JjeTansx ONUCHIBAIOTCS ODKCIEPHUMEHTAIBHbIE METOJbI, CHOCOOBI, KOTOPHIE HCIOIb30BATIUCH JUIS
MONy4YeHus: 00pasoB, pe3ynbTaroB. OOBMHO CHadama JaeTcs oOmias cxeMa JKCIIEPUMEHTOB/MCCIECAOBAHMS, 3aTEM OHHU
MPEJICTABIIAIOTCS HACTOIBKO MOJAPOOHO U € TAKUM KOJIMYECTBOM JeTajeil, yToObl 11000l KOMIIETEHTHBIN CIeNUaIucT MOT
BOCIPOM3BECTH HX, MOJIB3YSCH JIMIIb TEKCTOM CTaThu. B ciiydasx, KOraa METOoIuKa IPOBEACHUS SKCIICPUMEHTA, CHHTE3a
COEJIMHEHMS He SIBJISCTCSl OPUTMHAIIBHOM, a ONICaHa paHee, JOCTATOYHO yKa3aTh OOIILYI0 CXeMy MPOBEICHHS HCCIIEI0BAHNUS
U J]aTh CCBUIKY B MHIEKCHPYEMOM JKypHase Ha paboTy, COJIEPIKAILyI0 €r0 OIHUCAHKE.

Onucanue 3KCIEePUMEHTOB NIPUBOIAT MOAPOOHO, YTOOKI CIeIaTh BO3MOXKHBIM MX BOCIIPOU3BE/ICHHE.

3aTeM ONHUCHIBAIOTCS (DU3MKO-XMMHUYECKHE W/WIH (PU3MKO-MEXaHUYECKHE W/WIM aHAJIMTHYECKUE METOJIUKH,
WCIIONB30BaHHBIE UL IOJNYYSHUs] OKCHEPUMEHTAIbHBIX pe3ysibTaToB. HeoOxoammo ykaszaTb, MapKy, MOJelb
3a/1eliCTBOBAHHOTO 00OPY/I0BAaHUS U YCIIOBHS MPOBEAEHNUS OnbITOB. [Ipy onmcanin npuOopHOit 6a3bl yKa3pIBalOT Ha3BaHHUE
MOJIeTH TprOOpa U IMPOU3BOIUTEIS.

CraTtuctiueckne mpoueayphsl MPeJICTaBIIIOTCS KPATKO, TOCKOIBKY B OOJBIIMHCTBE CIIy9aeB HUCIIOIB3YIOTCS JIHOO
XOPOILO M3BECTHBIE CIIOCOOBI CTATUCTUYECKOTO AHAIIN3A, JTM00 X MOIU(DUKALIMH.

Ecim crarhss MNOCBSIIEHA TEOPETHYECKOMY HMCCIEAOBAHUIO, TO HAa3BaHME O3TOr0 pasjiena 3aMEHseTcs Ha
«TEOPETUYECKHE OCHOBBI» nan « METOJIbI PACUETA».
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B teopernueckoit padore B pazaene « TEOPETMYHECKUE OCHOBbBI» nm « METOJIbI PACUETA» npuBonsT
MaTeMaTHYEeCKHE BBIKJIAJKH C TAKOW CTENEHBIO MOJPOOHOCTH, YTOOBI MOXKHO OBLIO JIETKO BOCHPOM3BECTH MX M POBEPUTDH
NPaBUIIBHOCTD MOJTYYEHHBIX PE3yJbTaToB. BKIounTe Bce HEOOXOMMMBIEC TaHHbIE, ()OPMYJIbI, YpaBHEHHsI, HA30BUTE, KaKUE
npeoOpa3oBaHusl HaJl HUMH COBEPIIAJIHCE.

PesyabTaThl 1 00CyKIEHAE
Paznen «PE3YJIbTATBI U OBCYXJEHUME» nomkeH copepkaTb SKCIEPUMEHTAIbHBIC WINM TEOPETHUYECKHE
JIaHHBIE, MOJY4YEHHBIE B XOJ€ MCCIeloBaHUs. Pe3ynbraTsl jaroTcs B BHIE TaOmMI, rpaduKoB, AUarpaMM, YPaBHEHUH,
¢dororpadwmii, pucyHkoB. Bee crocoOsl npecTaBlieHUs] pe3ysIbTaTOB KOJIUYECTBEHHOTO MCCIIeIOBaHUsI (TEKCT, TaOIUIbI U
PUCYHKH) JTOJDKHEI JIOMOJNHSATH, @ HE MOBTOPATH APYT Apyra. B aToM pasnene mpuBojsTcst (akThl U UX WHTEPHpPETAIHs,
CONOCTABJICHUE C JAHHBIMU APYTHX HccliefoBaTteneil (eciyM ecTh Takas BO3MOXKHOCTb), MPEAIONOKEHUS O TOIyUeHHBIX
(akrax.

Pucynkn. Pucynku momkusl OBITh B 4epHO-OeloM (HE cepoM M HE I[BETHOM) HCIOJNHEHHH, OTOOpakaTh pasyMHOE
KoiaudecTBo MH(OpManuu u He ObITh meperpyxeHHbIMU (puc. 1, 2). Ha moammcsx kK ocsiM 00O3Ha4YeHMS NEPEMEHHBIX
OTIETATh OT eAMHMI[ u3Mepenus 3amstoit (V, m/c (m/s)). Iloamucn k ocsiM 00s3aTEeNbHO TPUBOISATCS HA PYCCKOM H
aHITIMIACKOM sA3bIKaX. MeTKu JiefleHni Ha OcsiX pacoliaratoT Hapy Ky. Bee CHMBOIIBI M HAJIMCH HA PUCYHKAX JJOJDKHBI OBbITh
YETKO BH/IHBI ¥ BBIIIOJIHEHBI ¢ Mcnonb3oBaHueM mpugTa Taimes New Roman, pasmepom 12. Bee kprBbIe HyMepyIOTCS U
pacipoBBIBAIOTCS B MOJPUCYHOYHOW MOAIKCH, KOTOPAsk MPUBOJUTCS HA PYCCKOM M aHIJIMICKOM si3bIKax. PaspemieHue
PHUCYHKOB JIOJDKHO OBITH He MeHee 600 Touyek Ha /roiiM. Bee pUCYHKH JTOIDKHBI OBITH IPOHYMEPOBAHBI U UMETH MOATNCH.
JlomyckaeTcsi MCIOJIb30BaHWE IIBETHBIX PHUCYHKOB. B dIIEKTPOHHOW BepCHM CTAaThM I[BETHBIE PHCYHKHM OecruiaTHbl. B
MeYaTHON BEPCHUU CTAThU I[BETHHIE PHCYHKU IO YMOJIUYAHUIO IE€YaTalOTCs OECIUIATHO B IPajlallUsiX CEporo IBeTa WM 3a
JIOTIOJTHUTEIIBHYIO [LUIaTy M3aTeIbCTBY B IIBeTHOM.CCHIIKM HA PUCYHKH B TEKCTE JAIOTCS Kak puc.1, puc.2.

. - ONi T'OCT 9.047-75 I'OCT 9.314- T'OCT P 58431-
EZO- BCr § '§
T l\ s i
5 N NN TN A
"] B N N [N N
2 \ nmnn
0 IN T NN N[N [N [N

1939-  1949-  1959- 1969- 1979- 1989- 1999- 2009- 2019
1948 1958 1968 1978 1988 1998 2008 2018

Toner/ Years

Pric. 1. JIMHAMEKA y/IEIBHOTO TOTpeBIeH s Bobl Ha mpoMbiBkH (qK™) mociie HHKeTHpOBAHIS I XPOMHUPOBAHHS
Fig. 1. Dynamics of specific washing water consumption (qK"*) after Nickel and Chromium plating
(nycmas cmpoka)
Kaxplit rpaduk, Kaxnas Tabauia JOKHBI ObITh NPE/ICTABICHBI M ONMCAHbI B TEKCTE.
OOBIYHO TEKCTOBOE OMMCAHWE WILTIOCTPALMIOHHOTO MaTepHalla COCTOUT U3 TpeX 3JIeMeHTOB. IlepBrlil ykasbIBaer,
YTO MMEHHO TPEACTABICHO B BHAE rpaduxa (Tabiauubl U T.L.), U TJe 5TO MOXKHO HAalTH B cTaThe. BTOpoil ommchiBaeT
Han0oJiee BayKHBIE YEPThI 3TOTO TpaduKa, a TPETHil y)ke KOMMEHTHPYET.
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Puc. 2. BiusiHre KOHIEHTpAIUK TIULIHHA HAa CKOPOCTh ocaxaeHus (1) u yaensHoe naMeHenue pH pactBopa mocie
ocaxkaenus nokpeituii (2). Cocras (Mons/m) pactBopa: NiSO, — 0.12, NaH,PO, — 0.36, HGly — 0.05 — 0.40, H,Succ — 0.2,
Pb*" - 107, pH—5.8.

Fig. 2. Effect of the glycine concentration on the deposition rate (1) and the specific change in the pH of the
solution after deposition of the coatings (2). Composition (mol/L) of the solution: NiSO4 — 0.12, NaH,PO, — 0.36, HGly —
0.05 — 0.40, H,Succ — 0.2, Pb* - 107°; pH — 5.8.

(nycmas cmpoka)

TaGauubl JTODKHBI OBITH MPOHYMEPOBAHBI U CHAOXEHBI MOJIMHUCSIMH Ha PYCCKOM M QHTJIMIICKOM s3bIkax. Bce
rpadsl B TabNUIax AOJDKHBI MMETh 3arojOBKH Ha PYCCKOM M aHTJIMHCKOM SI3bIKaX M OBITH pa3zesieHbl BEPTUKAIBHBIMHU U
rOpuU30HTaIbHBIMY JnHUSIMA. COKpamieHus ¢jIoB B Tabiuiax He momyckarorces. CebUIKy Ha TaONUIBI JAIOTCS CIIEAYOLIM

obpazom: Tadm.1, Tabn.2 u T.1.

#

£ i

SEM HV: ﬁﬂlV WD: 13.24 mm L J VEGA3 TESCA
View field: 5.24 pm Det SE 1 pm 5
SEM MAG: 528 kx | Date(midly): 1072519 Pertormance In nanospace
se
s AA

SEMHV: 200V | WD: 1324 mm I© 7 vesasresca
View field: 26.1 pm Det: SE 5pm
SEM MAG: 10.6 kx | Date(m/dly): 1025113 Performance in nanospace
se
Mo A A

Puc. 3. COM u300pakeHHs TIOBEPXHOCTH CepedPSHOTO 3JIEKTPo/ia MPH Pa3INyYHbIX yBenndeHusx/ Macmrab: a — S

MKM, b — 1 MKM.
Fig. 3. SEM images of the silver electrode surface at different magnifications Scale: a —5 pm, b — 1 um.
(nycmas cmpoka)

52



2021, mom 29, Ne 1 TI'aarveanomexnuxa u 06pabomia nosepxHocmu

TaGumura 5. 3aTpaTel 2IeKTPOIHEPTHH HA M3BICUCHIE CYMMBI TSDKEIBIX METAIIOB
Table 5. Electricity consumption for the extraction of the amount of heavy metals

Homep npoGbt Bpewms usBieuenus, 4 J, Alnm® V ienbHbIe 3aTpaThl SIEKTPOIHEPTUH
Sample number Retrieval time, h Jj, A/dm? Specific power consumption
kBra/m’ kB1u/r
kW-h/m’ kKW-h/g
ITpoba I 0.5 5 2,2 0,022
Sample No. 1 i 10 43 0,042
I[Tpoba II
Sample No. II 1,5 10 9,8 0,010

(nycmas cmpoka)

B sTom paszene MoxHO:

MEePEYNCIIUTh OCHOBHBIC PE3yJIbTaThl, HE3ABUCUMO OT TOTO, MOJICPKUBAIOT MM OMPOBEPralOT OHU HPOBEPSIEMYIO
TUNOTE3Y, HAXOMATCS B COTTIACHH MIIM B IPOTHBOPEUHH C JAHHBIMHU APYTHX HCCIIeA0BaTeNeH;

- 0000IMTE pe3yIbTaThI;

- CpPaBHHTH PEe3YJIBTATHI C JJAHHBIMH JPYTHX HCCIe0BaTENCH;

- IPUBECTH BO3MOXKHBIE OOBSICHEHHS CXOCTBA U POTHBOPEUHMIT C IPYTUMH HCCIICIOBAHUSIMHT;

- HATIOMHUTH O [[EJTH U TUIOTE3¢ MCCIIeOBAHNS;

- 00CY/IUTh COOTBETCTBYIOT JIH MOJIyYCHHbIC PE3yIbTaThl THIIOTE3€ UCCICIO0BAHMS;

- yKa3aTh Ha OTPaHMYCHHS NCCICA0BAHMS U 000OMICHHS €ro pe3yIbTaToB;

- IPEUIOKHUTH MPAKTHYECKOE TIPUMEHEHHE;

- IPEUIOKUTH HATIPaBICHHE 1JIs OYyAyLIMX UCCIIEI0BaHMIA.

3ak/a0ueHne
3aKiIroYeHne JOJDKHO COZIEp)KaTh TJIaBHBIC MIEM OCHOBHOTO TEKCTA CTAThH. DTy 4acTh paszeia Hamo TIIATEIbHO
OTpEJaKTHPOBATh, YTOOBI HE MOBTOPSTH (JOPMYJIMPOBKH, IIPUBEICHHbIC B MPEIBIIYIINX pa3jenax. JKeaaTenabHo CpaBHUTD
MIOJTyYCHHBIE PE3YyJIbTaThl ¢ TeMH, KOTOPhIE IUIAHWPOBAJIOCH ITOIYYUTh, & TAKXKE ITOKAa3aTh X HOBU3HY M NPAKTHUYECKYIO
3HAYMMOCTB, TPOIHCATh OTPAHMUYEHUS, C KOTOPHIMH CTOJKHYINCh B XOjae padoThl. B KOHIIE MPHBOIATCS BBIBOABI U
PEKOMEH/IalNH, ONIPEAEIISIIOTCS OCHOBHBIE HAIIPABJICHUS AIBHEHIINX MCCIIEA0BAaHUN B TAHHOM 001aCTH.

BaarogapuocTu (eciy He0OX0IMMO)
Pabora Beimosnnena B pamkax PH® (temsr HUP 1 1.11.) Ne 0226-2019-0052.
PaGora BeinosHeHa rpu ¢punancoBoit nojuepxkke PXTY um. JI.U. Menneneea
(mpoext Ne 3-2020-004).
ABTOpBI OnaromapsaT 1.X.H., npodeccopa M. O. Damuus 3a nposeaeHue koucynbrauumii, 1 O. dammmms — 3a
[peJOCTaBICHUEe Ka4yeCTBEHHbIX (ororpaduii 00pa3loB, BHINOJHEHHBIX C MCIIOJIB30BAHHEM PACTPOBOTO AIEKTPOHHOIO
MHKPOCKOITA 1 T.II.
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kmHa, a. 19, nom. 12; ten:(495)545-76-24, 517-
46-51; dpakc: 8(499)272-24-08; E-mail:bmb@

SONiS-CO.ruU; WWW.SONis-CO.ru

OOO INK "HIMM COM.M" (cTp. 24)
1125047, Mockea, Muycckasa nn., 8. 9; ten/
dakc: 8(495)978-94-42, +7(901)517-94-42: npp-

semm@yandex.ru; www.bestgalvanik.ru

000 “XUMCHUHTE3" (cTp. 29)

606008, r. [OsepxxkuHck Hwuxeropopckon
obn., a/a 175; ten/dakc: (8313) 25-23-46,
+7(951)902-91-65;e-mail: chimsn@kis.ru

HMN “3KOMET” (cTp. 27)

119071, Mocksa, JleHuHckmit np., A4.31,
ctp.5, UbX u 3 PAH,ten: (495) 955-40-33; ten/
dakc (495) 955-45-54; E-mail: info@ecomet.ru;
www.ecomet.ru

3A0 “XUMCHAB" (cTp. 28)

420030, r.KaszaHb, yn. HabepexHas, 4. ten:
(843)214-52-25; E-mail: info@chemp.ru, www.
chemp.ru

TA "dnma" (cTp. 30)
Ten.: +7(812)490-75-03, +7(812)921-48-02;
e-mail: info@td-elma.ru; www. info@td-elma.ru

Vudopmarya njsa aBTopoB skypHaJa "'ajbBaHOTeXHMKA 1 00paboTKa IOBEPXHOCTI' pa3MellleHa Ha caiire
www.galvanotehnika.info

3akas Ne 2068. Tupax 500 sks.

OrtneuaraHo B TMnorpadgpmu OO0 «AnbgpaCramnCr
107023, r. Mockea, yn. dnekTpo3aBopackas, gom 21, atax 3,
nomeuteHme CXIX, komHarta 157,160
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000 «HABUKOM» npencraBasiet

nporpammuoe obecnedeHue «CMAPT-Koutpoab»

IIIQ

CMAPT

Iporpammuoe odecneuenne «CMAPT-KoHTpo/ib» no3Bo/IsieT 0CYMECTBIATE YNPAB/IeHHE BLINPAMHTENLHBIMH ArperaraMmm

«IMYJIBCAP» ¢ yaajieHHOro nepcoHAILHOI0 WK NPOMBILLIEHHOT0 KOMIBIOTEPA.

DOYHKIHOHAILHBIE BOIMOKHOCTH:

1. Coop, orobpaikeHHe U XpaHeHHe (apXHBHPOBAHUE M BBIIPY3Ka) JaHHBIX 0 paboTe arperara BinpamurensHoro (AB),

B TOM YHCIIE CIIEIYIONIHX NAPAMETPOB:
Tox
Hanpsxenne
Monspuocts
Bpems
Pesum pabotsl (pyuHoii/no nporpamme)
npasJeHne napamMerpamu paboTer:
Toxk
Hanpssxenue
TonsiprocTs
Banyck/ocTaHoB
3amyck nporpamMmei

3
S T T T e T

[MpotokoaupoBanue BuIGpaHHbIX NoJb30BaTeNeM napameTpos AB.

BosmoikHOCTB ynpaBiaeHHs HECKOJIBKHMH AB OJIHOBPEMCHHO.

QoIoy LN b 1

[TpocMOTp M PefAKTHPOBAHHE MPOrpamMM (Kak BeTpanBaeMeix B AB, Tak v xpanumbix B [1K).

BCJJCHHC apxuBa npOTOKOJ’IOB (XpaHCHHC, anyamqsauuu. 3KCNopT B d;aﬁn, BBIBOJ] HA l'le“laTb)A
PaGoTa ¢ AHATHOCTHYECKHMH AaHHBIMH (C6Op, XpaHeHHe, BU3YaIH3aLus, SKCropT B daiin s ueneii yaaneHHoH AMarHoCTHKH, UMIOPT K3 daiina).

Criocofbl KOMMYHHKALHHE

1. Tloaxmouenne k AB no BeiGopy nonb3oBarens:
» RS-485
» TCP/IP

2. [lloaknoueHHe K HECKOJNILKHM arperatam (B TOM YHC/IE BXOAALIHM B COCTAB BLIIPAMHTEILHOIO KOMILIEKCA).

Mporpammuoe odecnevenne «CMAPT-KonTpoas» HMeeT AeMOHCTPANHOHHYIO H THICH3HPOBANHYIO BepeHn!

Heckonbko ypoBHeii nonb30BaTe/iei: onepaTop, TeXHOJIOr, aAMHHHCTPATOP; YNPABJIEHHE J0CTYNOM K QYHKUHOHAILHBIM GJ10KaM NPOrpaMMBbl,

RS-485/ Ethernet/ Modbus

ﬂOCT’y"HOCTh NOoJHOro quHKLlHOHaJ'Ia l'lp()l"paMMbl ONpeaenaeTca HaMn4YHEM B lbal‘/i.ﬁe-.l'llfll.leHZHM cepuifmnro HDMepﬁ arperara (Mﬂ,ﬂyﬂﬁ ynpaBneHHn). Bl

MOKeTe HPHOéPECTH I'IO W JTHUEH3HHN KaK 118 YIIPABIEHHA OJIHUM BBINIPAMHUTENEM, TAK H HECKOJBKHMH BLINPAMHTEIAMH.

Yp JLOCTY]

1A noJib3oBareJiei

DyHKUHOHAN

bl |
A

Onepartop

Texunonor

AJIMHHHCTPATOp

PBﬂaKTHEOBﬂHHC CITHCKA BBINPAMHTEICH

oL

+

PejakTHpoBaHie CIMCKa N0/Ib30BaTeNeH

TIpocMOTp AaHHEIX ¢ BHIIpAMUTENEH

+|

+|

+|

IlpocMOTp JaHHBIX € CHIOBLIX OJIOKOB

BeIrpy3ka HAKOIIEHHBIX JIAHHBIX B (haiil BO BHYTPEHHEM (hopMaTe 1porpamMmbl

€5

Bhirpy3ka HakonieHHbIX JaHHbIX B (haiin B popmarax txt/dbf/xls

TIpsimMoe ynpasJieHHe BbIIPAMHTEISMH

vy 3aMyCKOM MpOrpaMm

+ 4|+ +]

PelakTHpoBaHHE NPOTpamMM

|+

M HACTPOCK TN

] ]

3akasars nporpammioe ogecneuetne «CMAPT-Konrpo.by» BO3SMOXKHO, yKa3as AaHHYIO 0TPEGHOCTD NPH 3AN0IHEHHH ONIPOCHOTO JIHCTA HIH

oGparusuick B 000 «Hasukomy» no ten./(akc: (4852) 74-11-21, 74-15-67 unu va e-mail: commerce@navicom.org,

Monyunts HHGOPMALHIO O BOIMOIKHOCTAX MPOrpaMMHOro ofecnedenns, 03HaKOMHThEA ¢ HuTepdeiicom nporpaMmsl, ckavarhk Aemo-sepenio 10
«CMAPT-Kontponb» u «Kparkue pexomeraauun o nactpoiike IO « CMAPT-KouTposab» Bel MoXkeTe B COOTBETCTBYIOIIEM pasie/ie caiTa Haiiei

komnanuu http://www.navicom.org/.
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19-a MexxayHapoaHas
BblCTaBKa MaTepunanos
n ob6opynoBaHUA

ana o6padoTKM
MOBEPXHOCTH,
HaHeCeHMA MOKPbITUN
M ranbBaHUYECKMX
Mnpown3BOACTB
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2021

MockBa, Kpokyc 2Kcrno

OpraHmsatop — KoMnaHua MVK
Odbuc B CaHkT-lMeTepbypre

rV( MexayHapoaHas
BoeictaBoyHas
Komnanwa

MoopobHee O BbICTaBKe: 7
+7 (812) 380 6000 . (*12+\}
expocoating@mvk.ru expocoating-moscow.ru \'“7
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