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Phosphating of zinc surfaces in zinc-calcium solutions
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This paper exhibits the results, obtained during the examination of the effect of calcium modified zinc phosphating
compound on the processes of phosphate film formation on zinc surfaces. By means of gravimetric, chemical,
electrochemical, and physical methods the characteristics of the compounds (density, pH, conductivity, total and free
acidity) and of the produced coatings (thickness, phase and chemical composition, structure, protective capability) are
determined.

It is found that with the increase of the working solution concentrations (5—15 %vol.), the thickness of the phosphate
films increases, expressed stronger for the KAF-90 ZK compound; the medium temperature (20, 40, and 60°C) strongly
affects the phosphate coating thickness for both phosphating compounds. The coatings, formed at 20°C, have the
greatest thickness while the coatings, formed are at 60°C, the thinnest. The phosphate coatings consist of a single phase,
the hopeite, and contain mainly the elements of Zn, P, O, a smaller quantity of Ni and traces of Ca for the coatings,
produced in KAF-90 ZK solutions. The crystals nucleate from one center and grow spherulite-like. The phosphate
coatings have high resistance in 3.5% NaCl. Those, produced in the calcium modified compound, exceed the ones

produced in zinc-phosphate solutions.
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1. INTRODUCTION

During the past years, the production of zinc
coated sheet steels with a lacquer-paint, laid on the
surface, and polymer coatings, has considerably
expanded. The most important indicator which
determines the quality of such coatings is their
adhesion to the metal surface. Because the adhesion
of these coatings to metal has a physical and
mechanical nature, the significance characteristics
are the roughness and the surface tension.
Therefore, the best preparation before laying
organic coatings is to phosphate in such way that
will increase 3—4 times the surface roughness and
the surface tension. It provides good adhesion to
zinc even for materials possessing high surface
tension such as the polyethylene, polypropylene,
and some others [1-4, 5].

The formation of a phosphate coating is a result
of complex corrosion processes and of crystal
nucleation and growth, running on the zinc surface
Their speed and interaction determine the
crystallization kinetics, the structure and properties
of the coating [3].

Compared to Cr®— passivation, phosphating
improves the zinc resistance several times [1-3].
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The phosphate films are considerably more
resistant than the chromate at high temperatures.
They ease the deep drawing, stamping, and rolling
[4].

Optimum corrosion protection is achieved by
phosphating and subsequent painting [3, 7].

The effect of phosphating Zn—Fe alloy coatings
on the corrosion resistance is studied in [6]. It is
found that the crystal phosphating shows much
higher protection in comparison with the
amorphous.

This paper presents the results, obtained during
examination of the effect of calcium modified zinc
phosphating compound on the processes of
producing phosphate films on zinc surfaces.
Determined are the density, pH, conductivity, and
total and free acidity of the phosphating compound.
The effect of the phosphating solution
concentration and the temperature on the thickness
of the formed coatings, their phase and chemical
composition, is studied and their structure is
characterized.

2. EXPERIMENTAL
Materials and samples

The specimens have the shape of disk (0.001 m?)
and are made of mild steel sheet (0.17 % C) with
thickness of 1.0 mm. The specimens are zinc-
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coated in chloride electrolyte, and the zinc coating
thickness is approximately of 12 pm.

The preparation of the specimens prior to the
tests covers in succession the following operations:
alkaline cleaning, washing, etching, washing, and

drying.
Solutions

The working media are water solutions of the
KAF-101 ZT zinc compound as well as of its
modified alternative of KAF-90 ZK, where 10 % of
the zinc phosphate is replaced by calcium
phosphate, and for which the ratio of P,Os : NO; =
1:3 is valid. The working conditions are as follows:

- concentrations: 5.0; 10.0; 15.0 % vol.

- temperatures: 20.0; 40.0; 60.0 °C.

- experiment duration: 5.0; 10.0; 15.0 min.

Methods of investigation

The gravimetric method. This method is used for
investigation of phosphate coating formation
kinetics in dependence of the effects of various
factors. Its essence, it consists of determination of
the specimen mass prior to phosphating m;, upon
formation of the coating m, followed by its
removal, m;, measured in grams. By the values of
m,, m,, and mj3, the mass is calculated or to name it
as it is accepted: M; is the phosphate coating
thickness, M, is the dissolved substrate metal
quantity, and Mj is the change of the specimen
mass during phosphating [9, 10].

The X-Ray structural method. 1t is used for
determination of the phosphate coating phase
composition. The investigations are performed
using the TUR-M—62 apparatus with source CuKa
600/1°C.

EDX. INCA Energy 350 System, Oxford
Instruments made, is used.

SEM. The analyses are carried out using the
JEOL JSM 6390 microscope.

The electrochemical method. Using PAR -
263A the change of the potential with time is
measured by exposure of the phosphatized
specimens in 3.5 % NaCl.

The preparation of the specimens, the equipment
used the investigations, and the methods of work
are described in details earlier [9, 10].

3. RESULTS AND DISCUSSION
Characteristics of the phosphating solutions

Table 1 presents the values of the most
important parameters such as the density, p; pH;

conductivity, o; total (K,) and free (K. ) acidity,
which characterize the phosphating compounds.
The data, given in the Table 1, exhibit that the
densities of the both compounds are very close in
value. However, the calcium modified phosphating
compound has lower conductivity, higher pH, and
possesses significantly lower total and free acidity.

Table 1. Characteristics of the phosphating compounds

Characteristic, P, pH o, K, K,
compound g/cm’ mS/cm

KAF-90 ZK 1.330 1.08 163.7 280 32
KAF-101 ZT  1.335 1.00 168.7 320 40

Gravimetric studies

These investigations determined the effect of the
working solution concentration, the temperature,
and the duration of the phosphating process on the
thickness/mass of the produced coatings (M), the
quantity of the dissolved substrate metal (M), and
the change of the specimen masses (M;).

The parameters of concentrations (5, 10 and 15 %
vol.) and temperatures (20, 40, 60 °C) are defined
experimentally, criteria for their selection being the
production of a uniform and dense phosphate film
on the surface of the zinc coated specimens as well
as the stability of the working solutions.

Figures 1 and 2 show the typical
correlations of ‘thickness/mass of the coatings
— time’, obtained at different concentrations
and temperatures of the working solutions. It
follows from the movement of the curves, in
regards to the both examined phosphating solutions,
that coating of greatest thickness is formed at the
shortest time of specimen exposure to the working
medium, i.e. 5 min. In case of a longer stay, the
phosphate film mass/ thickness decreases or retains
comparatively constant. All this shows that the
phosphate coatings on the zinc surface form quickly
(up to 5 min) after which their reorganization
follows: interaction (exchange) with the
components in the solution, resulting in compaction
of the coatings and decrease in their mass. An
exception of the observed regularity is the change
of the specimens, obtained at 20°C, for all the
examined concentrations of the KAF-90 ZK
product. That is probably related to the known in
the literature effect of the calcium ions on the
crystal nucleation and growth during phosphating
in zinc compounds, particularly at low solution
temperatures [1, 4].

Fig. 1 and 2 show that with the increase of
solution concentration, the phosphate film thickness
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Fig. 1. Effect of the phosphating time, T on the thickness/ mass of the produced phosphate coating, M;: a— 5 %; b —
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Fig. 2. Effect of the phosphating time, t on the thickness/ mass of the produced phosphate coating, Mi: a — 5 %; b — 10

%; ¢ — 15 %vol. (KAF-90 ZK)

grows in both phosphating solutions, being the
greatest at 20°C, and the smallest at 60°C. The
presence of calcium ions (KAF-90 ZK) in the
phosphating solution leads to the formation of
thinner coatings, compared to those, formed in the
pure zinc phosphating bath.

The wvisual observation (x 10) of the
phosphatized zinc surfaces shows that with the
temperature increase the uniformity and density of
the coatings, formed in both phosphating solutions,
increase.

The measurement of the mass (M;) of the
dissolved substrate metal (Zn) in the process of
phosphate coating production shows that this mass
increases with the time and with increase in the
working solution concentrations, which should be
expected from the phosphating process mechanism.
Besides the close values of M,, obtained in zinc
surface phosphating, it is also found that M,
decreases with the temperature increase in both
phosphating baths under other similar conditions.
The above observation is an indication for a faster
and more economical formation of phosphate films
by increasing the temperature of the working
solutions.
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X-ray phase analysis

The results of the X-ray phase analysis, unless
KAF-90 ZK is calcium modified, show the
presence only of Hopeite, (Zn; (PO,),.4H,0) and
zinc in the formed phosphate coatings.

EDX — analysis

The EDX-analysis is performed on phosphatized
specimens for both phosphating products at 60°C,
in 15%pvol. solutions, for 10 minutes (Fig. 3 and
Fig. 4).

Determined by this analysis, the basic elements,
contained in the coatings are Zn, P, O, and smaller
quantity of Ni. The latter is contained in the
solutions as an accelerator. The Ca contents in the
phosphate coatings, formed in the solutions of
KAF-90 ZK, are in the limit of error.

Electron microscope examinations

Fig. 5 shows photomicrography (SEM) of the
phosphate coatings, formed on zinc coated
specimens in the product solutions: (a) KAF - 101
ZT, and (b) KAF — 90 ZK, at a concentration of 15
%pvol, for 10 minutes, and a temperature of 60°C.

It follows from the figure that the habitus of the
coatings is permanent. The crystals form out from a
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Fig. 5. Microphotography of phosphate coatings: a - KAF-101 ZT; b - KAF-90 ZK

single center and grow spherulite-like. Cracks are compounds. The crystal sizes are between 0.2 and
observed in the phosphate films of both 100 pm. The presence of more expressed and of
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larger dimensions ‘leaf-like’ shapes of some of the
crystallites, formed in the KAF-101ZT, could be
pointed out as a more distinctive difference
between the coatings.

Corrosion tests

The corrosion resistance, and the protective
capability of the phosphate coatings, respectively
(concentration of 15%vol., for 10 minutes at 60 °C),
is determined in a 3.5% NaCl. The test is made by
dipping the phosphatized specimens in NaCl. The
coating is considered resistant and completely
stable if there are no changes on the surface or
coloring of the solution for two hours. This test also
measures the corrosion potential of the specimens
(Fig. 6) and the change of a non-phosphatized
specimen potential is shown for a comparison.
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Fig.6. Dependence “potential, E — time, t”, during expo-
sure of phosphatized specimens in 3.5% NaCl, 20+2°C.

The figure shows that the non-phosphatized
specimen potential shifts to a negative direction,
and becomes stationary after 50 min in a value of
about —1050 mV (SCE). This evidences that the
zinc surface activates in the working medium in the
very beginning of the process.

The potentials of the phosphatized surfaces,
produced in both of the phosphating products
(KAF-101 ZT and KAF-90 ZK), shift sharply to a
positive direction immediately upon dipping into
the corrosion medium (expressed stronger for KAF-
90 ZK), and they become practically equal after
approximately 50 min for KAF-101 ZT, and 20 min
for KAF-90 ZK. The shift of the potentials to a
positive direction, most probably, is due to filling
of the pores in the coatings with corrosion
compounds.

4. CONCLUSIONS

The results, presented in this paper, suggest the
following general conclusions:
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- With increase of the concentration of the working
solutions (5-15%vol.), the phosphate film thickness
increases, expressed stronger for the KAF-90 ZK.
Coatings of the greatest mass/thickness are formed
within the shortest time of specimen exposure to
the solutions, ie. 5 min for all examined
concentrations;

- The temperature of the medium (20, 40, and 60
°C) strongly affects the phosphate coating thickness
for both phosphating products. The greatest
thicknesses are formed at 20° C, and the thinnest at
60 °C.

- The mass of the phosphate coatings, produced in
the both phosphating compounds, is greater in all
specimen exposure times to the working solutions,
than the mass of the dissolved zinc.

- The phosphate coatings consist of a hopeite single
phase, and contain mainly the elements of Zn, P, O,
smaller quantity of Ni, and traces of Ca, for the
coatings formed in the solutions of KAF-90 ZK.

- The crystals nucleate from one center, and grow
spherulite-like. The presence of more expressed and
larger ‘leaf-like’ shapes of part of the crystallites,
formed in the KAF-101 ZT, could be pointed out as
a more important difference.

The phosphate coatings are of higher resistance
to a 3.5% NaCl. Those, formed in the calcium
modified product, have higher resistance than those
produced in zinc-phosphate solutions.
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DOOCOPATUPAHE HA IMHKOBU ITOBBPXHOCTHU B [NMHK-KAJILIMEBU ITPEITAPATU

J1. BanoBa, JI. ®ayukoB

Xumukomexrnonoeuuen u memanypeuuer ynueepcumem, 1756 Cochus, 6yn. “Kn. Oxpuocku 8, Bvieapus
[Moctenmna wa 28 rouu, 2010 r.; mpepadorena Ha 21 centemspu, 2010 T.

(Pesrome)

B mpencraBenara paboTa ca mokazaHH pe3yJITaTHTE, IOJYUYEHH NPU U3CIIeIBaHE BIMSHUETO HA MOAUDUIIMPAH
¢ Kanuuii NUHKOB (ocdarupail npenapar, BbpXy HpOLECHTe Ha moiydaBaHe Ha (ochaTtHu GuiMu BbpXYy HHUHKOBH
MOBBPXHOCTH. [lOCPENCTBOM TpaBHUMETPHYEH, XHMHYEH, EJCKTPOXHMMUYHH W (HU3WYHH METOOH Ca OIpeleIeHH
XapaKTepUCTHKUTE Ha mnpemnaparture (IbTHOCT, pH, mnpoBoammoct, o0ma u CcBOOOAHA KHCEIMHHOCT) M HA
[0JTy4aBaHHUTE MOKPUTHS (nebennna, (pa3oB U XUMUYEH ChCTaB, CTPYKTYPA, 3allIUTHA CIIOCOOHOCT).

VYcraHOBeHO €, 4e ¢ yBeJuuaBaHe Ha KOHIEHTpamusaTta (5-15%) Ha pa®oTHHTE pa3TBOpHU, JeOeauHaTa Ha
docharauTe HUIMU HApPACTBA, O-CUIIHO M3paseHo 3a npenapara KA®-90I[K; temneparypata na cpeaata (20, 40 u 60°
C) oka3Ba CHJIHO BIMSIHUE BbpXY JeOennHara Ha GocdaTHUTE MOKPUTHUS U 32 ABarta Gocdarupamu npenapara. C Haii-
roJsimMa gebenuiHa ca nokpurusTa noxydern npu 20° C, a Hail-TeHKH - ipu 60° C; GochaTHUTE HOKPUTHS C& CHCTOSAT OT
enHa (asza: XOMEHUT W ChABPXKAT INIAaBHO eieMeHtute Zn, P, O, B mo-mainko konmvectBo Ni u cieau ot Ca, 3a
nmokputusATa moinydeHn B pastBopu Ha KA®-90LIK; kpucrammre ce 3apakgar OT €OWH IIEHThPD M HApacTBaT
cheponurononodro. PochaTHUTE MOKPUTHS ca ¢ BUCOKa ycToiumBocT B 3.5% NaCl kato Te3n, MOIXydYeHH B
Moau(uUIMpaHus ¢ KUl Ipenapar, MpeBb3X0KIaT IMOIyYeHUTE B IIMHKOBO-(GOChaTHUTE PA3TBOPH .
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