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Abstract: The effect of surface mechanical activation such as grinding of surface by 180 grade emery papers,
sand blasting and shot blasting on the quality of zinc phosphate coating is discussed in this paper. The
morphology of formed layer is investigated by Scanning Electron Microscope technique. These observations
shows that a uniform and fine-grained coating with an average crystallite size of 57.65 µm in length is formed
on the sand blasted surface compared with the coating formed on the grinded surface with average crystallite
size of 118.14 µm in length. Also, preparation of surface by shot blasting leads to the formation of the non-
uniform phosphate layer with average crystallite size of 169.72 µm in length. Furthermore, the corrosion
resistance of samples are described and compared through the neutral Salt Spray test and the results show that
preparation operation of surface by sand blasting has evident influence on improving protection properties of
formed phosphate layer.
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INTRODUCTION surface with low reactivity reduced the rate of pickling at

Phosphating is a well-known conversion process that active centers for the nucleation of phosphate crystallites.
has been widely used in automobile, aerospace and But with an increase of the surface roughness, many
military industries as a surface pretreatment process [1-4] active centers possess a great number of sites for
on plain carbon steel [5-7]. nucleation and therefore the phosphate crystallites size is

When the sample is immersed in the aqueous reduced [9].
phosphate solutions, the etching attack by free Therefore, the purpose of the present paper is to
phosphoric acid at micro anode sites (reactions 1) and investigate the effect of diverse methods of surface
evaluation of hydrogen at micro cathode sites (reactions mechanical activation on the change of surface state of
2) are initiated. So, near the metal surface, the solution is plain carbon steel and consequently its effect on the
alkalized due to discharge of the hydrogen ions and an microstructure and protection properties of formed
insoluble Phosphate deposit is formed on the metal phosphate coating. 
surface by reactions of 3 and 4 [7-9].

Fe Fe  + 2e (1) this  study  is  plain  carbon  s teel  with  a  size of2+ -

2H  +2e H (2) 80×40×2 mm . The surface activation of samples was+
2

3Zn  + 2H PO  +4H O Zn (PO ) .4H O(s) + 4H (3) carried out  by  three  different  mechanical   methods2+ - +
2 4 2 3 4 2 2

Fe  + 2Zn  +2H PO  + such  as  grinding  by  180  emery papers, sand blasting2+ 2+ -
2 4

4H O FeZn (PO ) .4H O(s) + 4H (4) by silica sand with particle size ranging from 102 2 4 2 2
+

The surface mechanical activation before blasting by steel shot with the hardness of 40-45 HRC and
phosphating influences morphology and properties of particle sizes ranging that is given in Table 1, for 10
applied coating. Ghali and et al. reported that a smooth minutes.

the first stage of coverage and therefore presented few

Experimental  Procedure:   The   substrate    used   in

3

micrometers up to about 180 micrometers and shot
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Table 1: The particle sizes range of steel shot
Steel shot S 110 S 170 S 230 S 280 S 330 S 390 S 460 S 550 S 780
Size (mm) 0.3-0.5 0.42-0.71 0.6-0.85 0.71-1.0 0.85-1.2 1.0-1.4 1.2-1.7 1.4-2.0 2.0-2.8

Table 2: The coverage conditions applied on the substrate

Substrate ID Coverage condition

Untreated Surface without phosphating
G-Ph Grinding & phosphating
S-Ph Sand blasting & phosphating
Sh-Ph Shot blasting & phosphating

After that, the samples were degreased in 10% NaOH
solution with temperature of 85°C for 10 min to remove all
the alkali and pickled in 20% HCl to clean out all oxides
remained on the surface. The substrates were rinsed with
distilled water between each step to remove all the
contaminations and at the end, dried under a warm air
stream. Then the surface roughness of substrate before
phosphating was measured by Taylor & Hobson
Surtronic 25™ instrument, which is capable of measuring
arithmetic mean deviation (R ) and average peak to valleya

height (R ).z

In the next stage, the samples were immersed for 10
min into a phosphate solution containing 15 ml H PO3 4

(85%), 10 g/l ZnO, 2 g/l NaNO  and 4.2 ml HNO  (65%)3 3

with free acid value (FA) 1.5 point and total acid value
(TA) 21 point. The phosphating temperature was 60-65°C.
The coverage conditions are given in Table 2.

A comparison between morphology of formed
coating on the surface, after its preparation by different
mechanical methods was performed by SEM (Cam Scan
MV2300). Afterward, for evaluating the protection
properties of samples, Neutral Salt Spray (NSS) test was
conducted on the experimental samples according to the
ASTM B117  standard  in  salt  spray  chamber,  model
S83-V300 (made in pars Hiram company, Iran) and before
their exposure, the post-sealing of them was carried out
by oil with density of 885 kg/m3. Also, at the end of test,
the corroded area of samples was measured with Clemex
software and recorded.

RESULTS AND DISCUSSION

The Morphology of Phosphate Coating: SEM micrographs condition for applying phosphate coating.
of coatings applied on the activated surfaces of plain
carbon steel by various mechanical methods are shown in
Fig. 1.

As shown, the activation of surface by sand blasting
operation, causes the formation of a uniform fine-grained
phosphate coating (Fig.1 a/d) with average crystallites
size of nearly 57.65 µm in length, compared to average size

of phosphate crystallites formed on the grinded surface
(Fig.1 b/e) with 118.14 µm in length. Also, very coarse
phosphate crystallites with average size of 169.72 µm in
length are formed on the shot blasted surface (Fig.1 c/f).

In order to find out the reasons of such changing in
the morphology of coating, the surface state after
different mechanical activation is  studied  by  SEM in
Fig. 2. As well, surface roughness after the activation
process is measured and the results are shown in Fig. 3.
Then, by investigating the results, following reasons are
presented:

Preparation of surface by sand blasting with
changing surface state produces a great number of
active centers on it that results in a high rate of
nucleation. On the other hand, sandblasting
operation with increasing the surface roughness
raises the pickling rate in first period of immersion of
sample into phosphate solution and as a result, more
numbers of nucleuses are formed. It is quite obvious
that the large number of nucleuses in the first stage
of coating reduces the final size of phosphate
crystallites.
Preparation by grinding gives a surface with a low
roughness and electrochemical reactivity.
Consequently, this surface presents fewer active
centers for the nucleation of phosphate crystals.
The very rough shot blasted surface does not create
the suitable condition for applying a compact and
fine-grained coating. Because, Ghali and et al.
reported that the pickling rate of a very rough surface
in acidic medium was definitely smaller than that of a
less rough one [9] and pickling as a first stage of
phosphate coating formation affected the number of
phosphate nucleus during the initial period of
immersion.

Therefore, sandblasting with creation rather smooth
and as active as possible surface provides the best

Neutral Salt Spray Test: Fig. 4 shows the NSS results of
Sh-Ph, G-Ph, S-Ph and untreated samples after 5-Day
exposure to the salt fog. As well, macroscopic image of
samples are comparable in Fig. 5. The result shows that
corrosion resistance of untreated sample is poor and the
corroded  area  more  than  97% appears on the surface.
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Fig. 1: SEM micrographs of phosphate coating applied after preparation of surface by different mechanical methods

a)Sand blasted surface b)Grinded surface c) Shot blasted surface
Fig. 2:  SEM micrograph of surface after different mechanical preparation operation

Fig. 3: Average roughness (R  and R ) of surfaces after different surface preparation operationa z

Fig. 4: NSS results of Sh-Ph, G-Ph, S-Ph and untreated samples
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Fig. 5: The macroscopic image of samples after 5-day exposure at the salt spray chamber
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