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n this article, the effect of potassium on the phase formation and 
anticorrosion properties of zinc phosphate pigments has been investigated. 
The co-precipitation method was selected as synthesis method of potassium 

zinc phosphate pigment. Then the synthesized pigment was characterized by x-
ray diffraction (XRD), Fourier transform infrared (FTIR) and Raman 
spectroscopy. Morphology of the powders was investigated with scanning 
electron microscopy (SEM). The inhibition efficiency of this pigment was 
compared to the commercial zinc phosphate pigment in a 3.5 % NaCl solution by 
means of electrochemical impedance spectroscopy (EIS) on mild steel 
specimens. The surface composition and morphology of mild steel specimens 
after exposure to the test solutions were examined by scanning electron 
microscopy- energy dispersive X-ray spectroscopy (SEM-EDX). The results 
indicate the better corrosion inhibitive performance of potassium zinc phosphate 
in comparison with the commercial zinc phosphate. Prog. Color Colorants Coat. 
5(2012), 91-99. © Institute for Color Science and Technology. 
 

 

 
 

  
  

1. Introduction 

Combination of zinc and phosphate which would be zinc 
phosphate (ZP) is the most important group of phosphate 
pigments. ZP pigment is a nontoxic compound with the 
following formulation:  
 
Zn3(PO4)2.xH2O    (x=2 or 4) 

 

 
The initial and the simplest generation of phosphate 

pigments were produced by mixing of disodium 
phosphate and zinc sulfate solution in boiling point. This 
method creates first generation of phosphate pigments 
which is ZP [1]. Inappropriate corrosion inhibition 
activity is the result of low solubility of this generation 
[2]. A small amount of phosphate can be released by ZP 
pigments, which is not enough to protect the metal 
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surface [3]. 
Second generation is created by modification of the 

cationic or anionic parts or the first generation [4-5]. The 
most important feature of this generation is the increased 
solubility in water. Aluminum zinc phosphate and 
molybedate zinc phosphate are of the most important 
pigments of this generation. Many studies have 
investigated the role of pigments of this generation in 
cathodic delamination of water base coatings [6-7].  

There are different ways to study the inhibitive 
properties of such pigments. One of the most common 
methods is to study the corrosion of the bare metal 
immersed in extract solution of pigments [8]. Evaluation 
of the inhibitive effects in extract solutions could be 
useful in understanding the mechanism by which the 
anticorrosion pigments perform in the protective 
coatings. 

Previously, Wei et al. [9] described the 
electrochemical behavior of potassium zinc phosphate 
(KZn2PO4(HPO4)) in extract solution and coating. They 
found that this compound is a new engineered 
anticorrosive pigment because it can efficiently enhance 
the inhibition properties on cathodic delamination. 
Comparing with zinc phosphate, its solubility is 
enhanced which can be the reason of its higher inhibition 
efficiency. 

In this article, we have synthesized and characterized 
the potassium zinc phosphate (PZP), and its inhibition 
performance was compared with commercial ZP by EIS 
and surface analysis method. The main difference 
between this work and the above mentioned work [9] is 
that in the published work, KZn2PO4(HPO4) is used 
while in our work PZP with all phases included in the 
final deposition is compared to ZP. 
 

2. Experimental 

2.1. Materials 

Zinc chloride, phosphoric acid (85%), potassium 
hydroxide and triethanolamine were obtained from 
Merck and ZP pigment from Nubiola.  

 
2.2. Pigments preparation 

Zinc chloride (8.1 g) was added to a phosphoric acid 
solution (which was prepared by solving 6.2 ml of H3PO4 
in 100 ml of water) and stirred with a magnetic stirrer to 
achieve a complete dissolution. Then 3.5 ml of 
triethanolamine were added and the solution further 
stirred for 15 min. Another solution prepared with 

solving of 4.2 g of KOH in 80 ml of deionized water and 
was added to the above mentioned solution and stirred 3 
h, and heated at 100 °C for 24 h. The precipitate was 
recovered by filtration, washed to neutral pH and dried at 
100 °C.  

 
2. 3. Characterization of the pigments 
The X-ray diffraction (XRD) was performed on as 
prepared PZP powder using Philips X-ray spectrometer, 

PW 1800 type (Netherlands) with Cu-k filament. FTIR 

analysis was carried out using KBr disks in the region of 
4000-400 cm-1 by using FTIR Perkin Elmer Spectrum 
One. Raman test was performed using Almega Thermo 
Nicolet Dispersive Raman Spectrometer on the prepared 
samples. The size and the shapes of the particles of 
synthesized PZP were studied by the LEO 1455VP 
(Angstrom Scientific Inc., USA) scanning electron 
microscope (SEM). 

 
2. 4. Evaluation of the inhibitive properties of the 
pigments extracts 
2.4.1. Sample preparation for electrochemical 
impedance spectroscopy (EIS) measurements 

In order to run the EIS measurements, steel samples with 
the mentioned compositions of Table 1 were cut down 
into the pieces with 1 cm2 surface area. On the following, 
a braided wire was attached to one side of steel pieces by 
brazing, then the steel samples were mounted by 
unsaturated polyester. Later, the mounted samples were 
abraded using emery paper 600 and 800. Finally, the 
samples were washed using methanol to remove any 
remaining contamination. 

 
 

Elements wt% 

Fe 97.7 

C 0.19 

Si 0.415 

Mn 1.39 

P <0.005 

S <0.005 

Cr 0.026 

Mo 0.018 

Co 0.0559 

Cu 0.0429 

 
Table 1: The composition of the mild steel panels. 
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In order to prepare the test solutions, 1 g of each 
pigment was stirred in 1 liter of 3.5% w/w NaCl aqueous 
solution for 24 h and filtered. A blank solution of 3.5% 
NaCl containing no pigment was also prepared to take 
into account as a reference solution. Then steel samples 
were immersed in the test solutions for 24 h. 

 

2.4.2. EIS 

EIS measurements were carried out employing Ivium 
Compactstat (Netherlands) in the three electrode cell 
containing Ag/AgCl as a reference electrode, graphite as 
a counter electrodes from and steel samples as working 
electrode. EIS measurements implemented at OCP 
potential using 10mv perturbation in a frequency range of 
10 kHz-10 mHz. Obtained data was analyzed using 
Iviumsoft software. 
 

2.4.3. SEM-EDX 

SEM-EDX test was implemented on mild steel panels 
with dimensions of 1 cm ×1 cm and thickness of 2 mm 
using Philips (XL30) after 24 h immersion in 100 mL 
test solutions. Afterwards, the samples were washed with 
distilled water and dried.  

3. Results and discussions 

3.1. Characterization of the synthesized pigment 

3.1.1. X-ray powder diffraction 
Figure 1 displays the XRD result for as synthesized 
pigment powders. Two forms of PZP including KZnPO4 
and KZn2PO4.HPO4 can be detected as the major phases 
and ZnO as the minor phase. According to the relative 
intensity of the diffraction peaks, it can be concluded that 
the KZn2PO4(HPO4) is the major phase in the 
synthesized powder.  
 

3.1.2. FTIR 
Figure 2 shows the FTIR spectrum of the synthesized 
PZP powder. The absorption bands which are observed at 
3160.8-3429 cm-1 is characteristic of the O-H stretching 
vibrations of free and hydrogen bonded surface hydroxyl 
groups [10]. A second typical absorption band at1559.29 
and 1617.92cm-1 is assigned to physically adsorbed water 
(H-O-H bending) [11]. Absorption bands at 712.42 cm-1, 
781.95 cm-1 and 781.95 cm-1 belongs to P-O bending and 
stretched vibration [12]. The bands between 1211.86 -
1488.42 cm-1 show stretched vibration of P=O [13]. The 
bands associated with the νOH stretching frequencies of 
P-O-H appear at 2937.99 and 3080.94 cm-1 [14]. 

 

 

 

Figure 1: XRD pattern of as synthesized PZP sample. 
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Figure 2: FTIR spectrum of the synthesized PZP. 

 

 
The characteristic absorption bands of ZnO are 

observed at 1838.1-2425.91 cm-1 and 527.58-673.79 
cm-1 [14]. Also, for K-O only an absorption band with a 
wave number of 492.59 cm-1 is observed. The bands at 
962.98-1140.24 cm-1 are indications of Zn-O-P 
vibrations [15-16]. The above observed bands confirm 
the presence of KZnPO4 and KZn2PO4.HPO4 and ZnO 
phases, which are in accordance with XRD result. 

3.1.3. Raman  

The PZP phase was identified by Raman spectroscopic 
analysis. The Raman spectra and the characteristic 
bands of PZP are shown in Figure 3 and Table 2, 
respectively. The detected K-O, Zn-O, POP, PO2 and 
PO3 bands specifies the presence of K, Zn, O and P 
elements which can be related to the above mentioned 
phases. This reveals that the synthesized pigment has 
no unwanted impurity. 

 

Table 2. Raman wave numbers and assignments of the prepared PZP. 

Wave number (cm-1) Assignments[17-20] 

303 K-O, δPO2 

490 Zn-O,δPO2 

590 δPO2 

766 ν POP (sym) 

910 ν POP (asym) 

1013-1074 ν PO3 (sym) 

1137-1332 ν PO3 (asym) 

1813-3429 OH 
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Figure 3: Raman spectrum of the synthesized PZP. 

 
 

 
Figure 4: SEM micrograph of (a) PZP and (b) ZP.  

 
 
3.2. Morphology of the synthesized pigment 

The SEM micrographs of as prepared PZP and 
commercial ZP powders can be seen in Figure 4 It is 
clear that the morphologies of two samples are different. 
The PZP particles are rod-like which have been grown to 
several hundred micrometers, while ZP powders don’t 
have uniform shape and are smaller in size compared to 
PZP powders. 
 

3.3. Evaluation of the inhibitive properties of the 
pigments extracts 

3.3.1. EIS  

Figure 5 displays typical Bode (a) and Nyquist (b) 
diagrams of the mild steel specimens after 24h 
immersion in the 3.5% NaCl solution containing no 
pigment (blank) and ZP and PZP extracts in 3.5% NaCl 
solution. According to the diagrams, the presence of PZP 

(a) (b) 
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in sodium chloride solution can increase the impedance 
at low frequencies to the higher amounts, comparing to 
the ZP extract and blank solution. Also, only one 
relaxation time could be observed for the mild steel 
samples immersed in ZP extracts showing that it could 
only influence the charge transfer process. The presence 
of second relaxation time in the PZP extract indicates the 

formation of a protective film at the mild steel surface. 
Figure 6 shows equivalent circuits to fit the EIS 

results, where Rs represents solution resistance, Rct 
charge transfer resistance, CPEdl the constant phase 
element of the double layer, Rf protective film resistance 
and CPEf constant phase element of protective film. 

 

 
 

 
Figure 5: The diagrams of (a) Bode and (b) Nyquist for mild steel samples after 24 h of immersion in 3.5% NaCl solution 

containing no pigmented (□), ZP (∆) and PZP (◊).  

 
 
 

 

Figure 6: Equivalent electrical circuit with (a) one time constant and (b) two time constant. 
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The double layer and protective film capacitance 
values could be calculated by the Eq. 1 [21, 22]. 

 

n

1

0 )n1.R(YC        (1)
 

 

 

where, Y0 is the magnitude of admittance of the CPE  
(in Sn.Ω−1. cm−2) and n is the CPE exponent, as  
n = α/ (π/2) (α is the constant phase angle of the CPE). 
The n value has a meaning of phase shift and can 
characterize different surface phenomena such as surface 
heterogeneity resulting from surface roughness, 
dissolution of the metal, impurities, and distribution of 
the active sites, inhibitor adsorption and porous layer 
formation. 

Extracted electrochemical parameters obtained from 
fitted EIS results are listed in Table 2. It can be seen that 
the presence of potassium in ZP structure leads to charge 
transfer resistance increment of saturated solution. The 
capacitance and admittance value of samples immersed 
in PZP extract is lower than those immersed in ZP 

extract and blank solution. Y0,dl for PZP is less than ZP, 
which in physical terms can be either associated with the 
formation of a compact dielectric film or it may 
correspond to the increase of the electrical double layer 
thickness. The ndl value of mild steel immersed in blank 
solution is higher than the one immersed in 3.5% NaCl 
solutions containing ZP and PZP. 

 

3.3.2. SEM-EDX 

EDX determines the chemical composition of the 
corrosion products formed at the surface. This elemental 
composition of the surface layer shown in Table 3 
indicates that the mild steel specimens are covered by 
some species of ZP and PZP.  

Considering the precision of EDX analysis, there are 
only small amount of Na (atomic weight: 23 g/mol) and 
Cl (atomic weight: 35.5 g/mol) on the mild steel 
immersed in the blank solution however, in the case of 
ZP and PZP there is no Na and Cl on the surface 
indicating that the complex layer formed on the surface 
are neutral.  

 
 

 
Table 3: Electrochemical parameters of the mild steel after 24 h exposure to blank solution and ZP and PZP extracts. 

 

Pigment 
Rct 

(Ω.cm2) 
Y0,dl

 

(μsn.Ω-1.cm-2) 

 

ndl
 

 

Cdl(μF/cm2)
Rf 

(Ω.cm2) 
Y0,f

 

(μsn.Ω-1.cm-2) 

 

nf
 

 

Cf(μF/cm2) 

Blank 529±28.2 544.5±362 0.64 270.35 - - - - 

ZP 755.6±59.1 25.59±9 0.53 1.93 - - - - 

PZP 9016.5±1751 1.64±0.9 0.54 0.04 950.5±372.1 2.6±1.9 0.63 0.07 

 
 
 

Table 4: EDX result (wt %) of steel samples immersed for 24 h in blank solution and ZP and PZP extracts. 

 Fe Zn P Na Cl   K 

Blank solution balance 0 0 0.18 0.17 0 

ZP Extract balance 1.51 0.32 0 0 0 

PZP Extract balance 1.2 0.15 0 0 0.22 
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Although in the previous research [9] the higher 
inhibition effect of PZP is related to its higher 
solubility in water, their effect on surface films could 
be also influential. In the presence of ZP and PZP, 
there is a considerable amount of Zn and P on the 
surface, which could be related to the formation of 
protective layer composed of Zn(OH)2 and Fe3(PO4). 
The presence of K on the mild steel surface exposed to 

PZP extract indicates that there is a chance for 
deposition of PZP on the surface, which could be 
responsible for better protective performance of PZP 
compared to ZP. Figure 7 depicts the morphology of 
the mild steel after 24 h exposure in the 3.5% NaCl 
solution containing no pigment (a), ZP (b) and PZP (c) 
extracts. 

 
 

 

Figure 7: SEM micrograph of the mild steel samples after 24 h immersion in 3.5% NaCl solution containing (a) no 
pigment, (b) ZP and (c) PZP. 

 

4. Conclusions 

The PZP pigment was synthesized successively via co-
precipitation method. The results of XRD, FTIR and 
Raman techniques exhibited same results which 
confirmed that the synthesized pigment contains 
KZn2PO4 (HPO4), KZnPO4, and ZnO as major to minor 
phases, respectively, with no other impurities. From the 
SEM studies it was depicted that the particles of PZP 
have extra grown rod-like morphologies. Inhibitive 

performance of PZP was compared with commercial ZP 
by EIS and EDX. According to the EIS results, the 
modified pigment (PZP) revealed greater inhibitive 
properties compared to the conventional ZP pigment. 
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