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of zinc and zinc alloys as also their properties are presented in 
summary Table 1.

It has been shown that the addition of polymer such as 
polyethylene glycol (PEG) to electrolytic bath result in an im-
prove of current efficiency in compare to baths without PEG. It 
indicate that PEG can suppress the hydrogen evolution reaction 
and consequently the deposition process exceeds the hydrogen 
evolution. The presence of PEG in electrolytic bath helps to 
achieve smooth and compact Zn-Mo layers and, what is im-
portant, PEG is not built in to the layer [7]. PEG molecule can 
suppresses dendritic growth by adsorption of several molecules 
of additive on the deposit surface and thus potential shifts to 
more negative value [9]. Guo et al. found that the presence of 
PEG and dodecyl sulfate sodium salt (SDS) in electrolytic bath 
makes that polymer can adsorb on the surface of the micelles 
of SDS. PEG with shorter chain clings easier to SDS micelles 
than PEG with longer chain [25].

Gomes et al. [15] indicated that anionic surfactant SDS can 
adsorb on the growing zinc deposit and block the electrocrys-
tallization process. This inhibition depends on the size of the 
organic molecules and on the specific interactions between the 
surfactant and the substrate as well as on the surfactant and the 
deposit interaction. For the Zn deposits obtained from solution 
containing SDS the most intensive diffraction lines were (101) 
[15] and (102) [10], which correspond to crystallographic texture 
with high angle pyramids planes as the main texture component 
(i.e. planes (10.1) and (10.2) are parallel to substrate surface and 
directions of crystal growth are <10.1>||ND and <10.2>||ND), 
where ND is perpendicular direction to substrate surface). The 
crystallographic orientation changes because the metal’s surface 
energy is modified by the adsorption of the organic molecules 
[15]. The presence of SDS in electrolytic bath makes the ar-
rangement of Zn as hexagonal platelets layer by layer, parallel 
to each other and to the substrate, hence the basal plane (002) is 
the main texture component in these layers [10].

Sharma et al. noted that [9] the addition of nonionic sur-
factant Triton X-100 to electrolytic bath result in the improve-
ment of current efficiency when compared to electrodeposition 
without the presence of Triton X-100. During the electrodeposi-
tion process from bath containing Triton X-100 both adsorption 
and complex formation phenomena may occur. The electrocrys-
tallization process can be hampered by the adsorption of Triton 
X-100 molecules on the growing zinc deposit. The deposits 
obtained in the presence of Triton X-100 are more irregular, 
with a distinct morphology, constituted by cauliflower type ag-
glomerates. Even though the crystallite size of obtained films 
decreases when the Triton X-100 concentration in electrolyte 
growth. Moreover, the addition of Triton X-100 may lead to the 
formation of ZnO. It may be due to the blocking effect of sur-
factants molecules adsorbed on the metal surface, which cause 
shift of deposition potential toward more negative values, and 
then result in the incomplete reduction of ZnO [15].

Pereira et al. [6] showed that when the concentration of 
D-sorbitol (organic compound) is higher than 0.05 M the adsorp-
tion of D-sorbitol molecules on the zinc substrate is possible 

which then inhibit the deposition process. This phenomenon 
is observed by the decrease of the cathodic current density and 
the shift of the potential to more negative values with increas-
ing D-sorbitol concentration. It was also suggest, on the basis 
of SEM micrographs, that the sorbitate anions cause refinement 
of zinc crystallites as the sorbitol concentration in the plating 
baths increases.

Praveen Kumar et al. studied the effect of surfactant cetyl 
trimethyl ammonium bromide (CTAB) on the co-deposition of 
B4C nanoparticles in Zn matrix and reported that it enhanced 
the nucleation rate and retardation in crystal growth leading to 
the smaller crystallite size of the deposit [10]. The influence of 
CTAB on the drop of the crystallite size of the deposit is also 
confirmed by Gomes et al. [15], Mehta et al. [26] and Maharana 
et al. [27]. CTAB is a cationic surfactant that have the positive 
charge, and hence it attracts the negative charged particles. As 
suggested, CTAB possess more covering power than SDS, and 
hence formerly influences the deposition process. The addition 
of CTAB to the plating bath promotes the formation of needle 
shaped grains of Zn. The earlier investigations have revealed 
the similar type of deposit with porous nature in the presence of 
CTAB [15]. It is noteworthy to mention that the porous nature 
of the coating is due to the needle shape grains. An adsorption 
of a cationic surfactant hinders the growth of crystallite and nu-
cleation of the new crystallite takes place. However, the growth 
of the latter would also be stopped by the adsorption of the 
surfactant, hence the process results in a fine-grained structure. 
Furthermore, the morphology change can be related to a strong 
blocking effect of the cationic surfactant, which causes an en-
largement of the nuclei renewal rates, leading to an increase of 
nuclei number and needle growth.

Sharma et al. [9] investigated the addition of organic com-
pound thiourea on morphological and structural characteristics 
of obtained coatings. They showed that the thiourea is likely 
to suppress the hydrogen evolution reaction and improve the 
adsorption of PEG molecules on the metal surface. This type of 
synergetic effect is often observed when several additives are 
added to the electroplating baths resulting in a better surface 
finish and a refined grain size [9].

As a result, the current efficiency increase with the addi-
tion of thiourea. Moreover, the addition of thiourea may inhibit 
dendritic growth by adsorption of several molecules of additive 
on the deposit surface [9]. Such additive molecules adsorb read-
ily on the cathode, thus regulating the reduction of zinc ions by 
either of two possible mechanisms: physical barrier or temporary 
metal complex formation. Moreover, it leads to the formation 
of a three-dimensional network of deposited zinc instead of 
a continuous plate film [14].

The influence of organic compound such as, disodium 
ethylenediaminetetraacetate (EDTA) on zinc electrodeposi-
tion process and on the morphology, structure and chemical 
composition of the electrodeposits was studied by Carvalho et 
al. [12]. They reported that zinc form complexes with EDTA. 
Zn2+ ions can form hydroxylated species, which are soluble or 
insoluble, depending on the pH solution. Therefore, in order 
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TABLE 1

The role of organic additives examined

structural formula

additive SDS PEG Triton X-100 D-sorbitol CTAB Thiourea 
(Tu) EDTA

surfactant type anionic nonionic nonionic nonionic
(pH<13) cationic nonionic

(pH>0) anionic

critical micelle 
concentrations (CMC) 8.2 mM 1 mM (PEG 

300) 0.2-0.9 mM — 1 mM — —

concentration
range in bath used 0.05 g/dm3 0.25-1.5 

g/dm3
0.1-1.5 
ml/dm3

0.1-2 
mol/dm3

0.05-1.0 
g/dm3 0.1-1.5 g/dm3 0.05-0.2 

mol/dm3

adsorption on zinc surface Yes [15] Yes [15] Yes [6] Yes
[14-15,20,26] Yes [14]

suppress the hydrogen 
evolution reaction (improve 

of current effi ciency)
Yes [15] Yes [9] Yes [9] Yes [15] Yes [9] No [this paper]

suppress the dendritic 
growth Yes [9] Yes [9] Yes 

[15,20,26]

Yes [14]
No [this 
paper]

No – up to value 
0,05 mol/l

Yes – above 
0,1 mol/l [this 

paper]
increase of zinc reduction 

overpotential Yes [9]

built in to the layer No [7]
complexing of zinc(II) Yes [15] Above pH 13 Yes [14] Strong [12]

presence of ZnO in deposit 
layer Yes [15] Yes [15]

reducing grain size No 
[this paper]

Yes, strong 
[7] Yes [9] Yes [6] Yes 

[14,15,20,26] Yes [9] Yes, faintly 
[12]

promoting levelling Yes (2) Yes (3) (4) 
(5) (6)

synergy

Adsorption 
PEG onto 

SDS micelles 
(preferential 

PEG with 
shorter chain)

 [25]

Thiourea 
with PEG 
and Triton 

X-100 results 
in decrease of 
Zn grain size 

[9]

preferential
orientation

(101) [15]
(102) [20]
(high angle 
pyramids)

(101) [15]
(high angle 
pyramids)

(100) [20]
(110) [15]

(prisms 
planes)

(002) [12]
(basal plane)

molecule size
(length, max. dimension)

~ 1.45 nm
(~ 3.7 nm 

micelles, at 
20 mM SDS) 

[24]

~ 26 nm 
(PEG 3000)
~ 170 nm 

(PEG 20000)
(~ 0.38 

nm/mer) 
[33]

~ 10.5 nm 
[34] ~ 0.74 nm ~ 1.96 nm ~ 0.25 nm ~ 0.88 nm
























