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SYSTEMS

Hasedeno pezynvmamu KOMNAEKCHO20 OYIHIOBAHHS KOPO3IUHO-eIeKMPOXIMIYHOI NOGEOIHKU MAN0Gy2leyesux cmanetl y
6000NPOGIOHIl 8001 13 00ABAHHAM eKCMPAKMY KOPIHHA XpiHy. Buseneno sanesxicnicms npomukopositinoi akmueHocmi 0ocii-
Oarcenol ineibyiouoi dobasku 6i0 ii konyenmpayii. Pospobaenuil ineivimop (XC) € exonoz iuno 6esneunum sax Ha cmaoii upo-
OHUYMEa, MAaK i 3aCMOCY8anHs, OOCMYNHUM 34 CUPOBUHHOIO DA3010, GIONOGIOAE CAHIMAPHO-2 i2 IEHIYHUM HOPMAM.

Knrouogi cnoea: inzibimop xopo3sii, excmpaxm KOpiHHA XPiHY, RPOMUKOPO3iiHa AKMUGHICMb.

IIpeocmasnenst pesynvmamovl KOMRIEKCHOU OYeHKU KOPPOZUOHHO-DNEKMPOXUMULECKO2 0 NOBCOCHUs. MAN0Y2 NePOOUCTNBIX
cmazneil 8 8000nPOBOOHOU 800e ¢ 000asNeHUeM IKCMPAKMA KOPHEll XpeHa. YCmaHonena 3a8Ucumocms npomueoKoppO3UOH-
HOU GKMUBHOCMU UCCIe008AHHOU uH2 ubupyiowell 0obasku om ee konyenmpayuu. Paspabomannvii uneubumop (XC) nens-
emcsi IK0N02 uHecKU 6e30NaACHbLIM KAK HA CMaouu Npou3eo0cmad, max u npumeHenust, 00CIYnHblM No Cblpbegoll base, coom-
gemcmayem CaHumapHo-2u2 UeHU4ecKUM HOPMAaM.

Knrouesvie cnosa: une ubumop xopposuu, SKCmMpaxm KOpHell Xpend, npomueoKoppOIUOHHAS AKMUBHOCIb.

The results of a comprehensive assessment of corrosion-electrochemical behavior of low-carbon steels in tap water with
the addition of an extract of the horse-radish roots are given. The dependence of the corrosion-inhibiting additives actively
explore on its concentration. Designed inhibitor (XC) is an environmentally friendly both in the manufacture and use, an
available on the resource base, meets sanitary and hygienic standards.

Key words: corrosion inhibitor, extract of the horse-radish roots, anticorrosive activity.

IlocranoBka nmpodJemu. [Ipobiema MPOTUKOPO3IMHOIO 3aXUCTy CHCTEM BOAOINOCTAadyaH-
HsI 3aBXIU Oylia 1 3QJIMIIAETHCS Y IEHTPl YBaru H>KEHEPHOI MpakTuku. Bimomo, mo cepemno-
BHIIIA O60pOTHOFO BOJOIMIOCTa4YaHHA BI/IpO6HI/ILII/IX HiZ[HpI/I€MCTB BUABJAIOTH 3HAYHY aIpCCHUB-
HICTB: Y 3aMKHCHUX CHUCTCMax 3 YaCOM BHUIIAAANOTh Ba)KKOpO3‘-H/IHHi CIIOJIYKH; 3pOCTa€
KapOOHATHAa TBEPIICTh, BMICT XJIOPUIB Ta Cyab(ariB; 3MiHIOETECS pH cepenoBuia, mBUA-
KICTh TIOTOKY, TpamieHT Temrieparyp. [Ipomyktu koposii MOTipuIyloTh SKICTH BOAM 1 3a0py/I-
HIOIOTH BHYTPIIHIO TMOBEPXHIO TPYO, 3MEHIIYIOUM X MPOIYCKHY 37aTHICTh Ta 3HUXKYIOUU
eQeKTUBHICTb po0OOTU. SIK pe3yabTaT, MOTIPUIYETHCS TEIIOBiAIaYa, MUIBUIIYETHCS OIIp Ce-
PENOBHUILLY, IO PYXAEThCS, Y 3B’ 43Ky 31 3MEHIIEHHSM BUIBHOTO IepeTuHy Tpyo [1].
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Cepen npiopuTETHUX IHXEHEPHUX METOIB 3a0€3MeUeHHs] HaIMHOCTI CHCTEM BOJIONIOCTA-
YaHHs, BIINOBITHO A0 JlepKCTaHAapTy, € 3acTOCYBaHHS HTIOTOPiB Koposii. Ha croroani mis
MPOTHUKOPO3IMHOTO 3aXMUCTY BOJOOOOPOTHUX CHCTEM IPOMOHYIOTHCS KOMITO3HUIM, 10 CKIamy
SIKUX BXOJISITh Y PBHUX CITIBBITHOIIEHHSIX pocarauii 1 poconarauii Hridropu, 6€3B01HA Tir-
POCKOIIYHA CUTb JIYXKHHUX 1 JIyXKHO3EMEJIbHUX METaJliB HEOPraHMHUX KUCIOT TOwwo. CyTTeBUM
HEOJIIKOM TaKMX KOMITO3UIIH € yTBOpeHHs (ocdaTHOTO 1U1amy y BoIi, HEOOXITHICTh BBEICHHS
iX 10 cucrteMu y TBepiil ¢asi, 10 YCKIaJAHI0€e BUOIp epeKTUBHOTO PEKMUMY HTIOyBaHHS 1HE 3a-
Oe3rneuye MBUIKOTO PIBHOMIPHOTO PO3MO/ILTY KOMIOHEHTIB Y CEpPEeIOBUII. 3aCTOCYBAHHS TaKUX
HTIOITOpIB KOPO3ii, SIK HITpaTh, XpoMaTH, OiXxpoMaTu oOMeKeHe 3 IPUYUH TOKCUYHOCTI [2].

VY 3B’s3Ky 3 LIMM HEOOXUTHICTh pO3pOOJIEHHS HEIKUIMBUX JJIsl IPUPOJHOTO CEPEIOBUILA
Ta XUATTS JIIOAWHU, JT00pe CYMICHUX 13 BOJHUM CEPEIOBHUINEM 3aCO0IB TPOTHUKOPO3IHHOTO 3a-
XUCTY METaJIeBUX KOHCTPYKUIA CTUMYNIO€ IOIIYK HOBUX IHTriOIropiB. OCTaHHIMH pOKaMH,
30KkpemMa Ha 0a3i UepHIrBCHKOTO HAIIOHAIBHOTO TEXHOJIOTTYHOTO YHIBEPCHTETY, 3 BHKOPHC-
TaHHSM EKOJIOTTMHO Oe3MeYHOi TEXHOJIOTH POo3pOo0JIEHO IHTIOrOpH KOpO3ii Ha OCHOBI poOC-
JMHHOI CUPOBUHM 3 BUCOKUM CTYIEHEM IMPOTHUKOPO3IMHOIO 3aXUCTy METaJOKOHCTPYKLIH —
PC-UATY, I'C-1 [3; 4]. AxTyaJIbHUM 3aBJaHHSM CHOTOJICHHSI 3JIMIIAETHCS PO3MIMPEHHS
ACOPTHUMEHTY €(EeKTUBHUX, EKOJIOITYHO O€3MEeYHUX SIK Ha CTajil BUPOOHUIITBA, TaK 13aCTOCY-
BaHHsI HHTIOITOPIB KOPO3il 3 MMPOKOK CHPOBUHHOK 0a3010 JIJIsi BUPOOHHUIITBA.

MeTa crarTi. Po3poOienns eQekTuBHUX HTIOTOPIB KOPO3ii HA OCHOBI MPOAYKTIB TIEepe-
POOKH €KOJIOrMHO Oe3Me4HOi POCIMHHOI CUPOBHMHHM YKpaiHU (KOpIHHS XpiHY) AJIS 3aXUCTY
CHCTEM 00OPOTHOTO BOJIONOCTAYaHHSI.

O0’exkTH i MeTOaU AOCTiIKeHHs. SIK HTriOy0OYy 100aBKy JOCIIKYBAINU IPOTUKOPO3ii-
HY aKTUBHICTb BOJHO-CIIUPTOBOTO €KCTPaKTy B KopiHHS XpiHy (HTiOrop XC). Ilepcriekrus-
HICTh BUOOPY XpiHY IOB’si3aHa, MMO-TEPINe, 3 TOCTYMHICTIO CHPOBUHHOI 0a3u, mo-Apyre, 3 Ha-
SBHICTIO CYIb(ypy, OKCUIEHY 1 HITPOT€HY B CKIajJi AIOYUX PEUYOBUH KOpiHHSA. Bimomo, 1o
Cynb(Qyp-, OKCUTEH-, HITPOTEHOBMICTHI CIIOJIYKH 3apeKOMEHIyBanu cebe sK e(eKTHBHI HTI-
omropu koposii [5]. Sk Binomo [6-9], aitounMH pEeYOBMHAMH BOJHO-CITUPTOBUX EKCTPAKTIB 13
POCIIMHHOI CUPOBUHU € IJIIKO3UM, AJIKAJIOiNH, (uIaBOHU, KApOTUHOIIM, KCAHTOHU. BpaxoBy-
I0YM TIOTepesHi MOCHDKeHHs [9] Ta aHanByroud XIMMHUN CKIaJ KOpPIHHSA XpiHY, MOXHAa
3pOOUTH BHCHOBOK, 0 aKTUBHUMHU KOMIIOHeHTaMu Hrioropy XC € IJIIKO3UAU: CHHITPUH —
83 % Ta rmrokoHacTypiiin — 11 % (puc. 1).
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Puc. 1. [litoui peuosunu ineibimopy XC

Iaridirop XC — pinuHa >k0BTOr0 3a0apBJICHHS 3 BMICTOM aKTUBHHX pedoBUH 2 %. Kopo-
3iliH1 BUMPOOYBAaHHS MPOBOIMIM TPAaBIMETPUYHUM Ta EJIEKTPOXIMIYHMM METOJaMU y BOJIO-
riHHid Boai (pH — 7,2; minepanais — 372,4 mr/i; 3arajgbHa >KOPCTKICTh — 4,7 Mr-eks/i; De-
pym 3araneHuit — 0,4 mr/m) 3a temnepatrypu 291 K. Jlnsg onTumBanii KUTbKOCTI HTIOYrO4OT
J00aBKU JTOCTKEHHS MPOBOJMIIA 32 YMOBHU KOHIIGHTpAIIl EKCTPAKTy B POOOYOMY Cepeso-
sunt: 0,05; 0,1; 0,2; 0,3; 0,4 r/n, y nepepaxyHKy Ha Aitoul peuoBuHH. [lonspu3zaniiini BUMIpU
3aiicHIOBaIM Ha 3paskax crtami 20 (moreniioctat I1-5827), ctaTuyHi BaroBi JOCIUHKCHHS —
Ha 3paskax 3i cranmi Ct3 y BUNIAAI NPSIMOKYTHUX IUTACTHHOK po3MipoM 50,3%22.3x3,2 Mm.
[ToBepxHIO 3pa3KiB MOCTINOBHO IUTipyBamu Ha ApiOHO3EpHUCTOMY narepi mapok P 240 —
P 1200, npomuBasu y npoTouHiii Boji 1 3HexkuproBany. Ilicis excro3ulilii MOBEpXHIO 3pa3KiB
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OYUIIAIA B MPOJYKTIB KOPO3ii, MPOMHUBAIN MPOTOYHOIO BOJOI0, BUCYIIYBAJIH, 3HEKUPIOBA-
JIM 1 3BaXKYBaJIU.
[IIBuaKicTs KOpO3il OLiHIOBAH 32 (GOPMYIIOIO:
Km = (rn] —m;)/S-T,
ne K,, — IMBUIKICTh KOPO3Ii, F/(Mz-FO,Z[); mj, my — Maca 3pa3ka 10 BUIIpoOyBaHHS Ta MICJs BU-
poOyBaHHsI, BIIIOBIIHO, I} S — ILIOLIA MOBEPXHI 3paska, M* ; T — TPHBAIICTD TOCIIDKEHHS,
TOJAUHU.
EdexTuBHICTS 3aXMCHOI Jii HIIOTOpa KOpO3il OLHIOBAJIH 3a CTYIIEHEM 3aXUCTY Zy:
Zn =[(Kn —K'n) ! Ky 1100, %,
ne K, K',, — IBHAKICTH KOPO3il 32 BTPATOI0 Macu MeTally 0e3 Hrioiropy Ta 3 HIiOmropoM
BinmoBinuo, r/(M*T0x).

Obice-eNEeKTPOHHY CHEKTPOCKOITIF0 3aCTOCOBYBAIHU JJIsi KOHTPOIIO 32 BMICTOM 1 PO3MO/Ii-
JIOM XIMIYHHUX €JIEMEHTIB Y MpHUIlOBepxHEeBOMY Imapi merany (Oace-cniekrpomerp AES-2000
npuianoBoro kombaiina-nadoparopii LAS-2000 Riber, ®panii).

PesyabTaTH AocaimkeHHsl. Pe3ynpTatu eIeKTPOXIMIMHUX JOCHIDKEHb BIUIMBY PBHHUX
KOHIIeHTpaliil Hriomropy XC Ha KOpO3WHY 0 BOAOTIHHOI Boau 3a Temmeparypu 291 K Ha
ctayib 20 HaBeJCHO Ha pUC. 2 Ta B TaOJI.
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Puc. 2. onapuszayivini kamoowi (1-4) it anooui (1'-4') kpusi cmani 20 y 6odoeinniii 600i 6e3 ineibimopy (1,1') ma

3 dobaexamu ineioimopy XC (2/n, y nepepaxyuxy na oiroui peuosunu): 2,2' (0,1); 3,3'(0,2), 4,4' (0,3)
Tabmuis
3anescnicmo napamempis enekmpoximiuHoi Koposii ma eghpekmusHocmi ineioyeanns cmani 20
810 konyenmpayii ineioimopy XC y 60002iHHill 8001

IMotenuian | I'yctuna crpymy, | KoedinienT inrioy- .
In, 2/n Kopo3ii, B ! A’ Py b BAHHA Y Crynine saxucry, %
'Ec irc ia ic Pk Ya Ye ZK Za Zc
— 0,32 1,29 | 1,55 | 0,55 - - - - - -
0,1 0,30 1,05 | 0,78 | 0,18 1,23 1,99 3,06 | 18,60 | 49,68 | 67,27
02 0,28 071 | 0,28 | 0,11 1,82 5,54 500 | 4496 | 81,94 | 80,00
03 0,28 0,71 | 0,28 | 0,11 1,82 5,54 500 | 4496 | 81,94 | 80,00

Hpumimxa: i,upu E,=-0,4 B, i,npu E,=-022 B.

3a moJyispu3aiiHUMA BHUMIpaMH BCTAHOBJICHO, IO 30UThINICHHSI KOHIIEHTpaIlil HTIOyr040i
no6asku 3 0,1 1o 0,3 r/n (y mepepaxyHKy Ha JiFOYi PEUOBUHH) CIPUSE 3POCTAHHIO 3aXUCHUX
BJIACTUBOCTEH: ¥, 30uIbIIyeThCS y 1,63 pasa, Z.— y 1,19 paza. [lpu momaBanH1 HTIOITOpPY B
KOPO3UBHE CEPEIOBHINE BITOYBA€ThCS rajbMyBaHHS 000X MPOIECIB — KATOJHOTO il aHOJHOTO
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(Ya > vx)- Crnocrepiraetbes 3MillIEHHS MOTEHLIAMy Kopo3sil £, B aHo1HYy obnacts Ha 20—40 MB
3aJIeKHO Bil KOHIIEHTpallii. Bcranosieno, mo st iHridiropy XC onTumaibHa KOHIIEHTpAIlist
y Boai — 0,2 /i (y nmepepaxyHKy Ha /04l peYOBHHU).

['paBiMeTprYHI JTOCTIDKEHHS MATBEPAMIIM TOMEpenHi pesyabTata (puc. 3). BianmiueHo,
mo y Boji 0e3 Hridiropy MBUIKICTh KOPO3ii CTaji 3HauHA — KOPO3iiiHI ypaKeHHs MOBEPXHI
MeTally TIOMITHI BBYaJbHO B)XKE Ha JOPYruil AcHb. [Ipoaykru kopo3sil y BHIIISIII Oyporo ocamy
BHITQJIAIOTh HA JTHO CKISHKH. B cepefoBHIaX 3 HTIOTOpaMu 3pa3Kd 3JIMINAIOTHCS YUCTHMHU
BIPOAOBK 192 roguH JOCTIKEHHS.
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KoHuenTpauia iHribitopy XC, rin

Puc. 3. [lpomuxoposiiina akmuenicmo ineibimopy XC na cmani Cm3 y 60002inniti 600i 3a memnepamypu 291 K

TakuM YMHOM, XOYa EKCTPAKT KOPIHHS XPIHY MOCTYHNAETHCS 3a €(EKTUBHICTIO HTIOTOp-
HOTO 3aXHCTy CTajell y HEUTPaTbHOMY CEPEIOBUIN pO3pO0JIECHOMY HAMHU paHIle HTIOropy
Ha ocHOBI 3epeH pinaky — PC-UATY (Z,, = 96 %) [3], mpoTe TakoX BUSBIISE TOCUTh BUCOKI
MOKa3HUKU MPOTHKOPO3iifHOI akTuBHOCTL [miko3uau y ckiani ridomropy XC y BOAHUX PO3-
YHHAX YaCTKOBO TIIPOJIBYIOTH, IO TOSICHIOE JCIIO 3HIKCHY e(DeKTUBHICTH Ail. CHHITPUH PO3-
KIaJa€ThCs Ha KaJid TiIporeHCynbdaT, TIIIOKO3Y 1 TpundHy edipHy oaito (puc. 4):

NOSO.K
]

CH, — C—5—CHyO, + H0 - CH 0, +CH, —N=C =5+ KHS0,
Puc. 4. Ilpodykmu 2ioponizy cuniepumny

VY pe3ynbrati riapoiBy TIFOKOHACTYPINHY YTBOPIOETHCS TIIFOKO3a, TipunyHa edipHa OJIist
Ta cynbgaTHa KucioTa (puc. S5):

NOSO H
]
CH, - C-S-CH, 0, t H0 - CH L0, + Gy —N=C=5+H,50,
Puc. 5. Ilpooyxkmu 2ioponizy enokoHacmypyiiny
[lopBHsHHS pe3ynbTaTiB Ootce-CrieKTpocKomii 3a BMicTOM DepyMy y MPUIIOBEPXHEBHUX
mapax ctaii Ct3 Ha moBITpi (KOHTPOJBHUI 3pa30K) Ta y BOJI 3 HTIOIropoM (puc. 6) mokasye
ix Omu3bki 3HayeHHs. Toxl sk y Boxi 0e3 Hrioiropy BmicT depyMy CYTTEBO 3MEHIIYETHCS.
[TosicHIOETBCS 11 THM, IO Y MPUCYTHOCTI HTiOITopa XC MOBEpXHS CTalli BKPUBAETHCS 3aXHC-
HOIO TUTIBKOIO, SIKa MOXKe ckiafatucs 3 depymy okcuaiB Ta cnoiryk depymy 3 HTIOITOPOM.

IcHyBaHHS 3aXMCHOI IUIIBKM Ha MOBEPXHI CTall YCKIAAHIOE AUQy3it0 HOHIB-aKTUBATOPIB 110
MOBEPXHI METAIy 1 IepemKkokae Buxoay @epyMy y BUIIISAI MEPBUHHUX MIPOIYKTIB KOPO3IL.
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Puc. 6. 3aneacnicmo emicmy Depymy 6i0 enubunu mpasienns 3paskis iz cmani Cm3
(uac excnosuyii'y 600i 168 2ooun)

BucHoBKH. 3anpornoHOBaHO HTIOTOp KOpO3il MaJOBYIIEIIEBUX CTalleil Ha OCHOBI KOpIH-
Hs xpiHy — XC. MakcumainbHi 3aXHCHI BIaCTUBOCTI Y BOJOTIHHIA BOJI CIIOCTEPIralOThCsl TPH
KOHIleHTpalil ekcrpakry 0,2 r/11, y nepepaxyHKy Ha Ji0o4l pedoBUHH (Zy — 85,7 %). Po3po0-
JIeHU# HriOIrop € eKOJOriMHO Oe3MeYHUM SIK Ha CTail BUPOOHMIITBA, TAK 1 3aCTOCYBaHHS,
JOCTYITHUM 32 CHPOBHHHOIO 0a3010, BIIMOBiNA€ CaHITapHO-TINEHMHUM HOPMaM, IO J03BO-
JIsI€ PEKOMEHyBaTH HOTO IS TPOTUKOPO3IfHOTO 3aXUCTY METATOKOHCTPYKIIH.

Metonom Ovice-eneKTPOHHOI CIIEKTPOMETpii MiATBEPHKEHO HASBHICTh 3aXUCHOI TUTIBKA
Ha noBepxHi ctayi CT3 B HTOOBaHUX PO3UMHAX.
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