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Abstract: The object of the research was a low-temperature phosphating solution, in which the nitrate accelerator was replaced with a more 

environmentally friendly hydroxylamine. Research on the process of the low-temperature crystalline phosphating has been carried out, 

which allows to obtain fine-crystalline phosphate layers weighing 5.0-7.5 g/m2 with an increased protective ability up to 200 seconds, 
measured by the drop method using Akimov's reagent. At different temperatures, phosphate coatings of various thicknesses are formed, 

which can be used to form anti-corrosive layers for oiling with a specific gravity of 7.5 g/m2 and adhesion layers for painting with a specific 

gravity of up to 5.0 g/m2, which corresponds to the recommendations for phosphating for ensuring good physical and mechanical properties 
and increasing the corrosion resistance of paint and varnish coatings. 
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1. Introduction

Such valuable properties as high adhesive power to a metal 

base, adsorptive capacity, corrosion resistance, protective ability, 

low electrical conductivity, ease of production and relatively low 

cost allow wide application of phosphate coatings for corrosion 

protection of various metal surfaces [1]. Phosphate coatings due to 

significant harshness and porosity firmly adhere to the surface of 

the product and provide good adhesion of the organic coating to the 

surface of the product. Anti-corrosive phosphate coatings with a 

mass of at least 5.0 g/m2 are treated with oils, while coatings with a 

mass of not more than 5.0 g/m2 are allowed for coloring (for 

electrophoretic painting less than 3.5 g/m2). The protective ability 

increases when the mass increases, however the relatively fragile 

phosphate film is destroyed under strong deformation, and the paint 

on top cracks and then peels off. A well-known disadvantage of 

solutions of anticorrosive crystalline phosphating is the high 

operating temperature of the processes, which causes high energy 

consumption [2]. Analysis of the relevant publications reveals that 

all known phosphating compositions contain derivatives of nitric or 

nitrous acids, which complicate cleaning of the wastewater [1-3]. 

At present, the requirements for the quality of phosphate 

coatings and technologies for their application have increased 

significantly. Meanwhile, such improvements as lowering the 

process temperature, reduction of the toxicity of solutions, and 

improving the quality of the resulting coatings are required [4]. 

2. Preconditions and means for resolving the problem

For the preparation of phosphating solutions, reagents of "pure", 

"chemically pure" qualifications and distilled water were used. The 

acidity of the solutions was controlled by the addition of a NaOH 

solution. As samples for the deposition of phosphate coatings, 

plates of cold-rolled low-carbon steel 08 were used. 

The samples were degreased and activated before coating. 

Surface morphology was studied using a LEXT-OSL 4100 Olimpus 

confocal microscope. The protective ability (РА) of phosphate 

coatings was determined by the drop method using a solution of the 

composition CuSO4 · 5H2O 82 g/l; NaCl 33 g/l; 0.1N HCl 13 ml/l 

(Akimov's reagent). The criterion for assessing the quality of the 

coating was the time of the color change of the control area under 

the drop from blue to red-brown. The corrosion resistance of the 

surface of phosphated and painted with polyester powder paint 

Ecocolor PE RAL 9016 / P steel after treatment in the Ascott 

S120iP salt spray chamber was evaluated in accordance with [5] 

and the international standard ASTM B117 (SCAB test). The width 

of propagation of underfilm corrosion from the notch h (mm) was 

measured. The adhesion of polyester powder paint Ecocolor PE 

RAL 9016 / P was determined in accordance with the international 

standard ASTM D 3359 and [6] with a help of an Elcometer 107 

adhesion tester using the lattice notch method. 

3. Results and discussion

The choice of the main components of the low-temperature 

solution for the formation of crystalline phosphate coatings is a 

result of the analysis of numerous scientific developments [7-13]. 

The object of the research was a phosphating solution, in which 

the nitrate accelerator is replaced by a more environmentally 

friendly hydroxylamine, and the composition contains few 

components - layer-forming zinc ions and phosphoric acid anions. It 

was found that the phosphating process can be carried out at 

temperatures close to room temperature without deteriorating the 

characteristics of the coatings. 

The main objectives of this work are: 1) to study the influence 

of the parameters of the phosphating process on the coatings 

characteristics, 2) to determine the optimal process conditions for 

obtaining anticorrosive crystalline coatings for subsequent oiling 

and coloring, 3) to develop a low-toxic low-temperature deposition 

process for phosphate coatings with improved protective 

characteristics. 

It was found that at room temperature the maximum specific 

gravity of the phosphate film is formed in 15 minutes and is about 

7.5 g/m2. The mass of metal etched away during phosphating 

changes insignificantly after 5 minutes of the process. A further 

increase in the duration of the process leads to a slight decrease in 

the thickness of the phosphate layer, but at the same time, 

apparently, the pores of the coating are filled with precipitated 

phosphates. The maximum value of the protective ability, measured 

by the drop method using Akimov's reagent (PA), is 160 seconds 

with a process duration of 25 minutes, which is the optimal 

phosphating time at a given temperature. 

It was found that at a phosphating solution temperature of 

50 °C, phosphate layers are formed in a shorter time. In this 

solution, a layer with a specific gravity of 5 g/m2 with the highest 

protective ability of 180 seconds is formed in 5 minutes. 

Figure 1 shows the characteristics of coatings formed at the 

optimum process duration for each temperature in the solution 

temperature range from 22 to 50 °C. It can be seen from the figure 

that at different temperatures phosphate films of various thicknesses 

are formed, which can be used to form anticorrosive layers for 

oiling with a specific gravity of 7.5 g/m2 and adhesion layers for 

painting with a specific gravity of up to 5.0 g/m2. Such masses 

comply with the recommendations for phosphating, including 

ensuring good physical and mechanical properties and increasing 

the corrosion resistance of paint and varnish coatings [14]. 
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Fig. 1. Dependence of mph, mМе and РA on the temperature of 

the phosphating solution at the optimal duration of the process 

Thus, a phosphate film suitable for oiling is formed on the steel 

in the test solution at room temperature. The anticorrosive 

phosphate layers formed in the optimal mode were treated with I-

20A straw oil. It was found that the РA of oil-treated samples 

increased up to 200 seconds, oil absorption is about 4 g/m2. 

Examination of the surface of the samples using a microscope 

have revealed an obvious difference between the coatings formed in 

solutions of different operating temperatures. It is confirmed that 

the film on a sample formed in a low-temperature solution is more 

coarse-crystalline and harsher, while the film on the sample formed 

at 50 °C has smaller crystals and is less harsh. 

Corrosion tests carried out according to [15] showed that the 

investigated phosphate coatings do not corrode for 15 minutes in a 

sodium chloride solution, and oiled phosphate coatings formed in a 

low-temperature solution do not corrode for 2 hours. Thus, the 

layers formed in the test solution at room temperature can be used 

as independent anticorrosive coatings. 

Corrosion tests of painted adhesive phosphate coated steel 

samples in a salt spray chamber for 240 hours showed that the 

phosphate layers deposited at 50 °C met the requirements of ASTM 

B117. It was found that painted phosphate coatings have 

exceptionally good adhesion (according to ASTM D3359) - class 0, 

which have not deteriorated even after corrosion tests. 

4. Conclusion

As a result of the conducted studies of the process of low-

temperature crystalline phosphating, we have obtained phosphate 

layers weighing 5.0-7.5 g/m2 with an increased protective ability. 

The optimal conditions for the process of obtaining crystalline 

coatings for subsequent oiling and coloring have been determined. 

The use of the developed process of low-temperature 

phosphating will reduce the energy costs of production, increase the 

protective properties of phosphate coatings, and reduce the toxicity 

of phosphating solutions. 

«The work was carried out with the financial support of the 

Mendeleev University of Chemical Technology. Project number X-

2020-028». 
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