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The study of the iron phosphate coating porosity in bufered borate solution

Jovan P. Popi¢, Bore Jegdi¢*, Jelena B. Bajat**, Vesna Miskovi¢-Stankovi¢**

ICTM-Department of Electrochemistry, University of Belgrade,NjegoSeva 12, Belgrade, Serbia
*Institute GoSa, Milana Raki¢a 35, Belgrade,Serbia
**Faculty of Technology and Metallurgy, University of Belgrade,Karnegijeva 4, Belgrade, Serbia

The iron phosphate layer on the low carbon steel surface slows steel corrosion in aggresive
environments. The quality of the iron phosphate layer depends on the fraction of the total surface area
covered by phosphate coating. Various factors affect this coverage fraction, in particular the
composition of the deposition bath, bath temperature, deposition time, the morphology of the deposit
and additives used in the electrolyte’?.

The samples used in this study were low carbon steel. Prior to deposition of phosphate coatings, steel
surface was degreased and mechanically polished with 600-grade emery paper and rinsed with
distilled water. Phosphating was carried in the phosphate solution (NaOH + H3;PO,4 + NaNO,, pH 3,8)
at different temperatures (30-70°C), during 5-15 min. The porosity of phosphate coating on low
carbon steel was determined using electrochemical voltammetric anodic dissolution technique
(VAD)** in borate solution. The morphology of phosphate coating on steel was studied using
scanning electron microscopy (SEM) end atomic force microscopy (AFM).

Anodic polarization curves (VAD technique) for bare steel and steel with phosphate coatings in borate
solution are shown in Fig. 1. The phosphate coating deposited on the steel surface decreased the
anodic dissolution rate of steel, as well as reduced the anodic current passivation peaks. The
increase of the temperature of phosphate solution resulted with coatings that decreased anodic
dissolution of steel.
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A comparison of the passivation charge density of the bare substrate (standard passivation charge
density, Q%ass) and that of the coated substrate (Q,ass) provides values of the coating porosity (Eq. 1).

0= Qpass / Qopass (1)

The charge density used to calculate the porosity corresponds to the area under the curve up to the
passivation peak (Fig. 1) and the results obtained for bare steel and phosphated steel deposited at
different temperatures of the phosphate solution are shown in Table 1.
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Table 1. Values of passivation charge density, Qp.ss, and the porosity, 6, for bare steel and
phosphated steel deposited at different temperatures of the phosphate solution during 5 min

Substrate Qpass, MC cm™ 6, %
Bare steel 12.26 100
Phosphate coating, 30 °C 12.12 99.1
Phosphate coating, 40 °C 9.01 73.7
Phosphate coating, 50 °C 9.14 73.7
Phosphate coating, 60 °C 8.15 65.9
Phosphate coating, 70 °C 6.87 56.6

The porosity values for phosphate coatings on steel deposited during different time, at 50°C, are

shown in Table 2.

Table 2. Values of passivation charge density, Qu.ss, and the porosity, 6, for bare steel and
phosphated steel deposited during different time

period

Substrate Qpass, MC cm™ 6, %
Bare steel 12.26 100
Phosphate coating,50°C,5 min 9.14 73.7
Phosphate coating,50°C,10 min 7.58 61.8
Phosphate coating,50°C,15 min 7.26 59.2

On the basis of the results presented in Fig. 1 and Tabs. 1 and 2 we can conclude that porosity of the
phosphate coatings depends on the temperature of the phosphate solution and deposition time. The
increases of the temperature of the phosphate solution, as well as of the deposition time, decrease
the porosity of phosphate coating on steel. The lowest porosity was obtained for phosphate coating
deposited at 70°C, during 5 min.

The addition of NaNO, in the phosphate solution significantly decreased phosphate coating porosity.
Different amounts of NaNO, in the phosphate solution were tested (0.1 — 1.0 g dm™ NaNO,) for
different solution temperatures and the lowest porosity of phosphate coating (35.1%), was obtained
with 1.0 g dm™ NaNO, in the phosphate solution, at 50°C, during 5 min (Table 3).

Table 3. Values of passivation charge density, Qu.ss, and the porosity, 6, for bare steel and
phosphated steel deposited with different concentration NaNO, in the phosphate solution.

Substrate Qpass, MC cm™ 0, %
Bare steel 12.26 100
Phosphate coating, 50°C 9.14 73,7
Phosphate coating, 50°C+ 0,1 g dm™ NaNO, 5.52 44.7
Phosphate coating, 50°C +0,5 g dm™ NaNO, 5.01 40.5
Phosphate coating, 50°C +1,0 g dm™ NaNO, 4.35 351

The morphology of the phosphate coating deposited from the phosphate solution with 0.5 g dm™
NaNO, (6 =40.5), at 50°C, during 5 min, is shown in Fig. 2. The study of the phosphate coating
morphology showed that coating was evenly deposited on the whole steel surface. There are two
characteristic forms of phosphate coating: laminated structure and needle-like forms. The EDS
measurements provided the information of the concentration of particular elements on the phosphate
coating surface. On the basis of the results of four independent measurements, taken on different
surface spots, the average value for the concentration of the elements was calculated: oxygen 37.6%,
phosphor 3.26% and iron 59.14%. Assuming that phosphate coating was made of iron phosphate
FePO, and iron oxide Fe,03, it could be proposed that phosphate coating contains 17.6% FePO, end
82.4% Fe,0s.
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Spectrum
O P Fe FePO4 F6203

Spectrum 1 | 22.14 | 1.46 | 76.40 7.9 92.1

Spectrum?2 | 2715 | 1.72 | 71.14 9.3 90.7

Spectrum 3 | 50.61 | 5.18 | 44.21 | 28.0 72.0

=3 . Elecnlmagnﬁ - - Spectrum 4 50.50 | 4.68 | 44.82 25.3 74.7

10pm

Mean 37.60 | 3.26 | 59.14 | 17.6 82.4

Fig 2. Surface morphology (SEM) of phosphate coating deposited on steel from the phosphate solution with
0.5¢g dm™ NaNO,, during 5 min at 50°C and the EDS spectrums corresponding to particular surface spots.

On the basis of the cross section analysis of the coating surface, acquired with AFM technique (Fig.3)
it was shown that the grain height is 2 ym, whereas the width ranges from 2 to 5 ym.
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Fig.3. AFM image of phosphate coating deposited on steel from the phosphate solution with
0.5 g dm™ NaNO,, during 5 min, at 50°C.
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On the basis of all the results presented it could be concluded that porosity of phosphate coatings on
the steel is very high. However, the temperature of phosphate solution and the addition of NaNO, in
the phosphate solution significantly decrease the porosity of the phosphate coatings. The lowest
porosity of the phosphate coating on steel was obtained with 1.0 g dm™ NaNO; in the phosphate
solution, at 50°C.
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