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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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PROTECTIVE ZINC COATINGS
FROM ACID ELECTROLYTE OF ZINC-PLATING

Abstract. The aim of the work is to select the a combination of surfactants to be introduced into the galvanizing
electrolyte in order to obtain uniform, thick, non-porous zinc coatings, with a high probability of protecting the
product surface from corrosion in corrosive environments - wet, underground, hot.

The object of research is the process of electrodeposition of zinc from simple sulfate galvanizing electrolytes
with a combination of surfactants: succinic acid with urotropin, citric acid with thiourea, at a current density of
1-3 A/dm’, at a constant fixed pH value at room temperature. For an objective evaluation and comparison of the
quality of zinc coatings obtained from electrolyte with combined surfactants, studies of electrolytic zinc production
from an electrolyte containing no surfactants were performed. For both cases, an energy-dispersive electron micro-
scopic expertise of zinc coatings was performed and presented in the form of photographs and tabular data. The ele-
mental composition of zinc coatings obtained from electrolyte without surfactant and with combined surfactants is
determined and presented. The chemical expertise of the zinc coating was carried out to determine its thickness and
porosity. The effective effect of the selected surfactant combination on the quality of the zinc coating is shown. The
conclusions are drawn and recommendations are given on the results of the conducted research.

Keywords: sulfate electrolytes, zinc coatings, surfactants (surfactants).

The metallic constructions can be protected from atmospheric, marine, underground, gas and other
types of corrosion with the help of various protective coatings: metalic, paint and varnish, etc.

The hot methods for applying metallic protective coatings (methods of immersion in molten metal),
diffusion methods, methods of metallization (spraying by compressed air of metal or alloy on the metallic
surface), paint coatings, chemical coatings exploitative in different corrosive environments can’t effec-
tively to resist the aggressive corrosive environment. Effectively to protect the metallic products from
corrosion only by way of electrolytic method applying possibly to their surface of the metallic coatings.
The valuable property of the electrolytic method is the opportunity to regulate of the coating thickness,
down to fractions of the micron, which allows at coating efficiency of coating to save electrolyte. Electro-
lytic zinc, copper, chrome, nickel, cadmium galvanic coatings attached to the protected metallic product
not only decorative finish (coating color and gloss), but also impart the necessary properties to the coating,
such as hardness, porosity, uniformity over the entire surface of the protected product [4, 5].

To receive high-quality cathodic zinc coatings obtained from acidic sulfate electrolyte containing
succinic acid as the surfactant in combination with urotropine, reagents of the grade " chemically pure"
were used: zinc sulfate, sodium sulfate, aluminum sulfate, surfactants, anodes from electrolytically pure
zinc, steel cathodes brand ST-3.

We carried out researches of electrolyte without surfactant to compare the quality of zinc coatings.
In the table 1 shows the results of the quality of the zinc coatings obtained from the acid sulfate electrolyte

— 122 ——
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Table 1 — Zinc coatings obtained from electrolyte without surfactant

Scanning electron microscope data

Iy, CO, Appearance of zinc coatin Thickness, | Porosity JSM-6490LV

A/dm? % pp £ mkm % impurities % Zn

in the coating in the coating
0,5 76,6 Gray, coarse-grained 24,8 Porous | C, O, Al, Fe - 10,15 89,85
1 76,1 Gray, coarse-grained 23,5 Porous | C, O, Al, Fe - 13 87,0
2 56,2 Dark gray, coarse-grained 21,6 Porous | C, 0O, Al,Fe-18 82
56,2 Dark-gray, along the edges with cadmium 223 Porous | C, O, Al, Fe-16,93 83,07

without surfactant. External parameters and data’s on zinc coating obtained with the scanning electron
microscope (% of zinc in the coating) are described, and the calculated values of the zinc current yield are
shown.

Protective zinc coatings obtained from electrolyte without surfactants, coarse-grained, porous, with a
low current yield (56-75%). At that, than the current density increased, than the coatings darken, peel off
along the edges of the coating, and dark molds are formed.

The elemental composition of the zinc coatings described with the JSM - 6490LV of electron micro-
scope from a single coverage area for a current density of 0.5 A/dm? is shown in figure 1.

Element Weightily, %
C 4.76
(0] 2.00
Al 0.14
Si 0.07
S 0.09
Fe 0.43
Zn 92.51
L FINEKTPORHOR MIOBPaWEHIE |

Figure 1 — Zinc coating and its elemental composition in electrolyte without surfactant

An analysis of the elemental composition of the zinc coating shows the content of zinc in the coating.
From the electronic photograph, the presence of pores and fuses along the edges of the zinc coating is
evident.

In figure 2 is given the elemental-weight composition of the zinc coatings and the electronic image of
the surface of the coating obtained from the electrolyte with surfactant (succinic acid with urotropine) at a
current density of 1 and 2 A/dm”. The content of zinc in the coating is higher, as compared to coatings
obtained from electrolyte without surfactant. The zinc coating is light, non-porous, with no fumes.
However, the composition of the elements differs from the coating of zinc, obtained without surfactants in
the electrolyte. Sera and silicon appear, probably present in the surfactant.
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CnerTp 1

Element Weightily, %
C 7.62
o 1.53
Al 0.21
Fe 0.79
Zn 89.85
Tmm 1 .3J'IE:KTpDHHDE wauﬁpaerM;1

o 1 2 3 4 ] 5} 7 8 9
MNMonHaa wkana 27010 Wmn. Kypoop: 0.000 [l

Element Weightily, %
C 3.50 ek
0 111 .
Al 0.18
Si 0.08
S 0.07 - _
Fe 0.15 §
Zn 94.91 el

1mm ! GNEKTROHHOE W30BNIKEHHE 1

o 1 2 3 4
onHaA WEana 25503 wan. Kypoop: 0.000 [Bl=)

Figure 2 — Zinc coating and its elemental composition
from electrolyte with surfactant at a current density of 1 and 2 A/dm?

In the table 2 are given the quality indices of zinc coatings obtained from an electrolyte with the
surfactants. At the current density of 1 A/dm? the coatings are light gray, much lighter when compared to
coatings obtained from an electrolyte without surfactant. Non-porous, which have the high current output
of 98.6%. At the current density of 2 A/dm’, the zinc coatings are lighter, non-porous, with a zinc current
output of 98.2%. The presence of sulfur impurities: 0.07-0.09% by weight, does not negatively affect the
quality of zinc coatings. It is possible that the sulfur impurity has a positive effect in that it promotes more
active adsorption of the surfactant on the surface of the article to be protected, crushing and improving the
coating structures. It should be noted the high yield of zinc current in the whole investigated current
density range (from 90 to 98%).
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Table 2 — Quality of zinc coatings from electrolyte with the addition of succinic acid with urotropine

COO, Appearange Thickness, Porosity . Scam'li'ng Talectron m.icroscope data J SM-649OLY
Yo of zinc coating mkm % impurities in the coating % Zn in the coating
0,5 92,0 Light Gray 21,68 Non-porous ((}:énoe’r;}l:’ 18(’)’26; 88,63
1 98,6 Light Gray 22,36 Non-porous C(’}Sn’eﬁll’ %41;e 92,51
2 98,2 | Light coloured 23,24 Non-porous C(’}cg;elr:ll’ SS’,OFge 9491
3 90,7 Light Gray 21,2 Non-porous C’Ggr’lg(}i’l SS”;: ¢ 91,3

Also was researched the combination of surfactants: citric acid with thiourea in the galvanizing
electrolyte. The quality of zinc coatings is given in table 3.

Table 3 — The quality of coatings of zinc and BT in the electrolyte with the addition of citric acid and thiourea

. Scanning electron microscope data JSM-6490LV
Iy, CO, Appearance Thickness, Porosit — — 0
A/dm? % of zinc coating mkm y .A> 1mpur1t}es . % Zn .
in the coating in the coating
05 | 71,6 | Darkerey, 16,04 Porous C,0, Al S, K, Fe - 30,06 69,94
without fumes
73,0 | Gray, with spots 15,88 Porous C, 0, AlLS, K, Fe - 34,06 65,94
2 68,2 | Gray, with spots 15,72 Weakly porous | C, O, Al, S, Fe, K - 30,24 69,76
3 69,3 | Dark grey, along the 16,64 Porous C, 0, AlS, Fe,K - 40,24 59,76
edges of the coke

The elemental composition of the zinc coating shows 6.52% by weight of sulfur. Sulfide sulfur in
contens in thiourea is probably to have a detrimental effect on the quality of the zinc coating. Coatings at
all current densities are dark, porous.

Element Weightily, %

C 5.53

(0] 27.29

Al 0.27

S 6.52

Fe 0.07

Zn 69.76

Figure 3 — Zinc coating and its elemental composition from electrolyte with surfactant at a current density of 2 A/dm®

In all the investigated range of current densities, the current efficiency is low, within 70%. Appea-
rance also does not meet the requirements; zinc coatings are dark, with cracks, with spots. The thickness
of the zinc coating is also lower, compared to another combination of surfactants in the electrolyte, all the
coatings obtained are porous, which is clearly visible in figure 3.

Conclusions.

1. The conditions of electrodeposition of zinc coatings from electrolyte with combined surfactants are
researched.

2. Quality indicators of zinc coatings obtained in the current density range of 0.5-3 A/dm’ without
surfactants and with additives are given.

3. The effective combinations of surfactants in the electrolyte (succinic acid and urotropine) to obtain
high-quality zinc coatings are shown.
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4. An energy-dispersive electron-microscopic analysis of the composition and appearance of zinc
coatings obtained from pure electrolyte and in electrolyte with surfactant has been performed.
5. The optimum mode for obtaining a high-quality zinc coating is shown.

H. A. BLICOIIKaHl, b. H. Kaﬁl,mﬁelcona', P. Cnaﬁexona',
K. A. Bexsxururosa', K. T. Kyp6au6exos', I'. K. Opmanosa’, E. I. Jlykun®

M. Oye3oB arbiHaarel OHTYCTIK-Ka3akcTan memiiekeTTik yauBepcureTi, LIsiMkenTt, KazakcraH,
2OHTYCTiK Kazakcran meaunuHanbsik akagemus, Hsimkent, Kasakcran,
FKIIC «XuMHAITBIK TeXHOTOrHs», Mackey, Peccei

KbIIIKBIJIIBI MBIPBIIITAY JIEKTPOJIMTIHEH KACAJIFAH
MBIPBIIITHI KOPFAHBIC ’KABBIH/IBIJIAPBI

AnHoTauus. JXYMBICTBIH MaKcaThl: BUIFQJIIBI, JKE€P acThl, KAHFBIII — arpecCHBTI OpTalapaarbl OYHBIMHBIH
OeTiH KOppO3usiiaH KOPFaybIH JKOFaphl bIKTUMAIIBLIBIFBIMEH, KAJIBIHIBIFGI OOMBIHILA OIPTEKTI, THIFI3, KEYEK eMec
MBIPBIII KAOBIHIBIIAPEIH ATy MaKCaThIHIA, MBIPBIITAY SIEKTPOIUTIHE eHAiIpyre apHajraH OeTTik OenceHai 3at-
TapbIH (apbl Kapaii Bb3) koMOMHaNMSCBIH TaH Il ajTy.

3eprrey 00BeKTici — KapamailbiM Cyab(arThl deKTposutTTepAi bb3 KOMOMHAIMACBIMEH MBIPBIITAY KE3iHAE:
1-3 A/nM* TOK THIFBI3IBIFBIHIAFHL, GOJIME TeMIepaTypachiHaFbl pH-ThIH TypakTsl GeNrileHreH MOHiHAE: YpOTpo-
MUHJ] SHTaph KbIIIKBUIBIMEH, THOMOYEBHHAIbI JIMMOH KBIIIKBUIBIMEH MBIPBIIITHI JJIEKTPOTYHABIPY TPOLEci OOJIbII
tabbutanel. KomOnnanusuianran BB3-MeH aneKTpoNnTTEH ajbIHFaH MBIPBIII >KaObIHABUIAPBIHBIH CallachlH CajlbIC-
TBIPY oHe 00BeKTUBTI Oaranay ymriH, BB3-b1 60IMaliTBIH 3J€KTPOJUTTEH MBIPBIIITHI MIEKTPONUTTI ajy YIIiH 3epT-
Teynep Kypriziires. Exi skarnaiina 1a MBIPBI KaOBHIBUTAPBIHBIH SHEPTOIUCIIEPCHSIIBIK MIEKTPOHIBIK MUKPOCKO-
MUSUTBIK, CapanTaMachl XKYPTi3iIreH )KoHe HOTIDKENEpl CyperT, Kecte Typinae kentipinred. KomOunanusianran bb3 -
MeH koHe BB3-ChI3 AIIEKTPONUTTEH ajubIHFaH MEIPHIII KaOBIHIBUIAPBIHBIH IEMEHTTIK KYpaMbl aHBIKTAIFaH JKOHE
KeNTipireH. MBIpBIIT >KaObIHIBICEIHBIH KAJIBIHABIFEl MEH KEyEeKTLTIriH aHbIKTay YIIiH OHBIH XUMUSUIIBIK CapanTaMachl
xyprizinred. Tanganem anbiaFad bb3 KoMOWHAITUSACHIHBIH MBIPBIII YKaObIHICHIHBIH CarachlHa THIMJI 9cepi Kepce-
tinres. JXypriziares 3epTTey HOTHXKeCi OOHWBIHIIA YCHIHBICTap OepiiireH KoHe KOPBITHIH/IBI JKacaFaH.

Tyiiin ce3mep: cynbhaTThl HIEKTPOIUTTEDP, MBIPHILI )KaObIHBUIAPHI, OeTTiK-Oescenni 3artap (bb3).

H. A. BBICOIIKaHl, b. H. Kaﬁbmﬁekonal, P. CnaﬁeKOBal,
K. A. Bexsxnrurosa', K. T. Kyp6au6exos', I'. K. Opmanosa’, E. I. Jlykun®

'"TOxn0-Kazaxcranckuii rocyrapcTBeHHsI yHHBepeuTeT uM. M. Ayesosa, LlIbivMkent, Kazaxcran,
2}OxH0-Ka3axcTaHckas MeauIMHCKAs akagemus, llIsimkent, Kazaxcras,
3TOO «Xumuueckue TexHoJiorumn», Mocksa, Poccust

AU THBIE HMHKOBBIE NOKPBITHUA U3 KUCJIOT O 3JIEKTPOJINTA TMHKOBAHUSA

Annoranus. Llens paboTel 3akmovaercs B moabope komOuHanuu [TAB [is BBeICHHUS B AJIEKTPOIHUT IIHHKO-
BaHUS, C LEJBI0 MOITYYCHUSI PABHOMEPHBIX IO TOJIIMHE, INIOTHBIX, OECIIOPUCTHIX IIMHKOBBIX IMOKPHITHH, C BRICOKOM
BEPOSATHOCTHIO 3aIIUTH TTOBEPXHOCTH M3IENUS OT KOPPO3UU B arpeCCHBHBIX Cpelax — BIAXKHBIX, MOJ3EMHBIX, TOP-
STYUX.

OOBEKTOM HMCCIIEJOBAaHUN SIBIISIETCS] MPOLIECC JJIEKTPOOCAKICHHS [IMHKA M3 MPOCTBIX CYJIb(aTHBIX 3JIEKTPO-
JUTOB IUHKOBaHUS ¢ KomOuHanmei [TIAB: sHTapHas KUCIOTAaC yPOTPOIIMHOM, JINMOHHAS KHUCJIOTa C THOMOYEBHUHOM,
TIPH [UIOTHOCTH TOKa 1-3 A/mM%, TpH mOCTOSHHO (UKCHpyeMoM 3HadeHni pH npu koMHATHO# Temmeparype. Jlis
06’beKTHBHOﬁ OIICHKHN U CpaBHCHHA Ka4€CTBa HUHKOBBIX HOKpI)ITHﬁ, IMOJIYYCHHBIX M3 3JICKTPOJINTA C KOMGI/IHI/lpOBaH-
HeiMU [TAB, npoBeneHs! Hccnen0BaHUs IEKTPOIUTHUECKOrO MOJYYeHUs [IMHKA U3 3JIEKTPOJINTA, HE COepIKaIlero
ITAB. [Ins oboux ciy4aeB HmpoBeleHA YHEPrOANCIEPCHOHHAS 3JIEKTPOHHOMUKPOCKOIIMYECKAs! AKCIEPTH3a IIMHKO-
BBIX TIOKPBITHI W TIpeJCTaBlIcHa B Buae (oTtorpaduii M TaOIMYHBIX AaHHBIX. ONpeneNcH U MPeJCTaBICH DIICMEHT-
HBII COCTaB IIMHKOBBIX IOKPBITHH, NOIyYeHHBIX U3 anektponura 6e3 [TAB u ¢ kom6unnposanusivu [TAB. IIpose-
JIeHa XUMHYeCKasl SKCIIEpPTH3a IIMHKOBOTO TOKPBITHS [UIS OTNpEAETICHHS €ro TONIMHBI W MOopucTocTH. [lokazaHo
s dexTHBHOE BIMsAHUE MonoOpanHoi komOnHanuu [1AB Ha kadecTBO NMHKOBOTO MOKPHITUS. ClenaHbsl BEIBOIBI M
JTaHBI PEKOMEHIAINH TI0 Pe3yJIbTaTaM IPOBEICHHBIX UCCIICIOBAHUN.

KiroueBbie cjioBa: cyinb(aTHbIE 3JIEKTPOJHUTHI, IWHKOBBIE IOKPHITHSA, MOBEPXHOCTHO-aKTUBHBIE BEIIECTBA
(ITAB).
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