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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-
Iytic 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
zing, 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
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Table 1 — Zinc coatings obtained from electrolyte without surfactant

Scanning electron microscope data
I, CO, T S—— Thickness, | Porosity JSM-6490LV
Aldm? % bp g mkm % impurities % 7Zn
in the coating in the coating
0,5 76,6 Gray, coarse-grained 24.8 Porous | C, O, Al, Fe-10.15 89,85
76,1 Gray, coarse-grained 23,5 Porous | C, 0O, Al Fe-13 87,0
2 56,2 Dark gray, coarse-grained 21,6 Porous | C, O, 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 e¢lectrolyte 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 - 6490LYV 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, %

. 4.76

0] 2.00
Al 0.14

Si 0.07

S 0.09

Fe 0.43

Zn 92.51 :
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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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CnexTp 1

Element Weightily, %
C 7.62
O 1.53
Al 0.21
Fe 0.79
Zn 89.85
1‘n’1m- 1 3J'IEKTFDHHD;M3UEIHE.1>;<‘EHHIIB1

o 1 2 3 4 ] 5} 7 8 9
MonHaa wkana 27010 wmn. Kypoop: 0.000 [E=l=]

Element Weightily, % 5
C 3.50 . ed
0 111 %
Al 0.18
Si 0.08 :
S 0.07 -
Fe 0.15 g
Zn 94.91 ;

o 1 2 3 4
onHaA WEana 25503 wan. Kypoop: 0.000 [l=]

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’ Appearance Thickness, Porosity .Scam.li.ng .electron m.icroscope data J SM—6490LY
Yo of zinc coating mkm % impurities in the coating % 7Zn in the coating
0,5 | 92,0 Light Gray 21,68 Non-porous (C}él?e,reﬁl:, 18623 88,63
1 98.6 Light Gray 2236 Non-porous C(,}Sn,eilll, 7S:41;e 92,51
2 98,2 | Light coloured 2324 Non-porous C(,}Sn,eilll, SS:()l;e 9491
3 90,7 Light Gray 21,2 Non-porous C,G(zl,leAri;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, Porosity — — "
A/dm? % of zinc coating mkm % impurities - Win
in the coating in the coating
65 | 7ig | DEEemy 16,04 Porous C. 0, AL S, K, Fe - 30,06 69.94
without fumes
1 73,0 | Gray, with spots 15,88 Porous C,0, AL S, 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 60,3 | Dark grey, along the 16.64 Porous C.0,ALS,Fe,K -4024 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, %
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0] 27.29
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K 0.55 e e I e
Fe 0.07
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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.
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KbIIIIKBLJIAbI MBIPBIIITAY JJEKTPOJUTIHEH KACAJTAH
MBIPBIIITHI KOPFAHBIC JKABBIH/IBLJIAPBI

Annoramust. XyMBICTBIH MAaKCAThI. BUFAIABL >KSP ACTHI, >KAHFBINI — ArpeCCHBTI OpTanapAarbl OYHbIMHBIH
OcTiH KOPPO3UANAH KOPFaydbIH JKOFAPBI BIKTHMAIIBUIBIFBIMCH, KAJIBIHABIFBI OOHWBIHINA OIPTEKTI, THIFBI3, KEYEK EMEC
MBIPBII KAOBIHABLIAPHIH ATy MAKCATHIHIA, MBIPHIIITAY 3JCKTPOIMTIHE CHAIPYTEC apHAnFaH OCTTik OelceHmi 3ar-
TapabiH (aps! Kapad bb3) KoMOMHANMACHIH TAHJAT AJy.

3eprrey 00BEKTICI — KapamaibiM Cyab(darTsl nekTpommTrepai bb3 KOMOMHAIMACHIMEH MBIPBIITAY KE3iHIC:
1-3 A/mM’ TOK THIFBI3IBIFBIHIAFEL, GOIME TEMICPATYPACHIHIFSI PH-THIH TYPAKTH OGCITiNEHICH MOHIHAE YPOTPO-
MUH/] STHTAPh KBIIKBUIBIMCH, THOMOYCBHHATGI JTUMOH KbIIIKBUIBIMEH MBIPBIIITHI JNCKTPOTYHABIPY IPOILECI OOJIBII
tabsriagel. KomOnHanmsananFan BB3-MCH 3MCKTPOHUTTCH AJbIHFAH MBIPHIN SKAOBIHABLIAPBIHBIH CAMACHIH CAJBIC-
TBIPY oHE 00BEKTHBTI Oaranay ymiH, Bb3-b1 O0JMAHTBIH 37EKTPOIUTTCH MBIPBIITHI JMCKTPOIUTTI ATy YIIiH 3€pT-
Teynep kypriziareH. Exi xarmaiiaa aa MbIpINI KaObIHABLUIAPBIHBIH SHEPTOIUCTICPCHSUIBIK 3JCKTPOHIBIK MHKPOCKO-
TIFSUIBIK CapamTaMachl JKYPri3iireH sKOHE HOTIDKEIIEPl CYyPeT, KecTe Typinae kenripinren. KomOnnanusutanran bb3 -
MEH >koHEe BB3-ChI3 3/IeKTPOINTTEH ANBIHFAH MBIPHI KAOBIHIBLIAPBIHBIH 3JICMEHTTIK KYPAMbl AHBIKTAJIFAH KOHC
KeJITipiareH. MBIPhI >KaOBIHIBICBIHBIH KAJBIHIBIFBI MCH KEYCKTLNIIH AHBIKTAY YIUIH OHBIH XHMISUIBIK CAPANITAMACHI
sxkyprizinreH. Tagmamem ansiaFaH BB3 KOMOWHALMACHHBIH MBIPBII >KAOBIHACHIHBIH, CATACHIHA THIMII dCepi Kepce-
TinreH. JKypri3iireH 3eprrey HOTIXECI OOMBIHINA YCHIHBICTAP OEPIITCH JKOHE KOPBITHIH/BI SKACATFAH.

Tyiiin ce3aep: cyIb(haTThl 3ICKTPOJUTTEP, MBIPHIII KA0BIHABLIAPEL, OeTTiK-0encenai 3arTap (BB3).
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SAIIIMTHBIE IMUHKOBBIE NOKPBITHUA U3 KHCJIOT'O DJIEKTPOJIUTA IMHKOBAHUA

Annoramus. Llexs padotsl 3axmrouactca B moadope komOuHaumu [1AB 11 BBCICHHS B 37CKTPOIHT IUHKO-
BaHWSA, C LENbIO MOy YCHHUS PABHOMEPHBIX IO TOJIIUHE, IUIOTHBIX, OSCIOPUCTHIX UHKOBBIX MOKPHITHIH, C BHICOKOH
BCPOSITHOCTBIO 3aIIMTHI MOBEPXHOCTH H3JCIUS OT KOPPO3HH B aTrPECCHUBHBIX CPEJAX — BIAKHBIX, MOA3EMHBIX, TOP-
STUHX.

OOBEKTOM HCCICIOBAHUH SBIBICTCS MPOLECC 3JICKTPOOCAKACHHA IMHKA M3 MPOCTHIX CYIb(aTHBIX 3IEKTPO-
JUTOB IMHKOBAHUA C koMOmHanueh [TAB: sHTapHAs KUCIO0TAC YPOTPONMMHOM, JTMMOHHAS KHCIO0TA C THOMOUCBHHOM,
TIpH TLIOTHOCTH TOKA 1-3 A/IM°, NIPH TIOCTOSHHO (PHKCHPYEMOM 3HaueHHH pH TpH KOMHATHOM Temmeparype. Jlmsa
O0OBEKTUBHOH OLICHKH M CPABHCHUS KAUESCTBA IMHKOBBIX MOKPBITHH, ITOJIYICHHBIX U3 3JICKTPOJIUTA C KOMOHHUPOBAH-
HeIMH [TAB, mpoBeaeHbI HCCACAOBAHMS ICKTPOIUTHIECKOTO MOTYyYCHI IIMHKA W3 3JICKTPOIHNTA, HE CONEPKALICTO
[TAB. Jins oboux ciy4acB IPOBEACHA SHEPrOAMCICPCHOHHAS HICKTPOHHOMHKPOCKOIIMYECKAS SKCIEPTU3A IIMHKO-
BBIX NOKPHITHH U IpeacTasieHa B suae (ororpaduit u TabmmyHbIX JaHHBIX. ONpPEacacH H MPEACTABICH ICMEHT-
HBII COCTAB IIMHKOBBIX MOKPBITHH, HMOJXYyUCHHBIX U3 31ekrponura 6e3 I[TAB u ¢ komOunnposanasvu [1AB. TTpose-
JICHa XHMHYCCKAsl 3KCIEPTH3a UHKOBOTO IOKPHITHS ULl ONMPEACICHUS €ro TONMHUHBI M mopucroctd. [TokaszaHo
s exTUBHOC BIHAHUC MOm00paHHOH KoMOmHAINH [TAB Ha KaueCTBO MHHKOBOTO MOKPHITHA. CIEIaHBI BHIBOJBI H
JIAHBI PEKOMCH/IAINH TI0 PE3yJIbTaTaM IIPOBEACHHBIX HCCICAOBAHMIA.

Kiouennbie cioBa: cynb(arHbIC 3JICKTPOIMTHI, IHHKOBBIC MOKPBITHS, MOBEPXHOCTHO-AKTHBHBIC BEINCCTBA
(TIAB).
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