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The applicability of wet-process phosphoric acid containing such impurities as Al*+, Ca®*,
Fe?+ and SO,%~ was examined. From the viewpoint of the corrosion resistivity of the phosphate

coating, A3+ ion was found to be the most undesirable contaminator.
the most effective masking reagent for an elimination of AI*+ hindrance.

NaF was recognized as
SO,?- also affected the

phosphate coating formation, but the presence of less than 19} SO,2~ did not disturb the coating
formation when an appropriate amount of accelerator was added to the phosphatizing solution.

This investigation was initiated for the purpose
of examining whether phosphoric acid manufactured
by wet-process was applicable to a process of
phosphate coating or not. Recently, a wet-process
phosphoric acid has come to be available at cheap
cost in Japan. In ordinary methods, however,
it is impossible to use phosphoric acid as raw
material for the phosphatizing solution because of
the presence of such impurities as Al¥+, Ca2+,
80,2~ and so on. Khain'~% has already investi-
gated the formation of the phosphate coating, using
the phosphatizing solution containing nitrates of
metals with mono-, bi- and trivalency as recaction
accelerators. As the pH lowering occured in their
solutions, characteristic effect of nitrates could not
be examined individually., The qualitative study
of undesirable influences of SO2-, AsO2~, Cr3+
and A3+ in the ordinary acidic bath of zinc phos-
phate was also reported by Nagai.®> In the
present paper influences of A3+, Fed3+, Ca?+ and
80,2~ on Zng(PO,), phosphatizing solutions were
described, and an effective chemical procedure
was proposed to eliminate the hindrance of AP+,

Experimental

A) Stock Solution for Phosphatization. A
solution was prepared by dissolving 17 g of zinc oxide
in 34 g of boiling 85%, phosphoric acid, cooled to room
temperature, and then adding 6 g of 609 nitric acid,
diluted finally to 100 m! with distilled water. All
chemicals used were reagent-grade materials. Table 1
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TasrLe 1. COMPOSITION OF STOCK SOLUTION FOR
PHOSPHATING (wt%,
Zn*+ PO~ NO,~
10.3 24.8 4.34

shows the composition of the solution thus prepared.

B) Phosphatizing Solution. Various kinds of
phosphatizing solutions were prepared by adding 1.7
g of Na,CO,; and a certain amount of 189 NaNO,
solution as an accelerator to 95 g of the above-mentioned
stock solution, and diluting to 1/ with distilled water.
At this stage, free acidity and total acidity of the solu-
tion were 1.98 and 30.56 in point,*? respectively.
Furthermore, SO2~, NO, -, Al**, Ca*+ and Fe?** were
added to the above solutions for experiments on the
cffects of these materials.

C) Procedure. Specimens of commercial mild
steel, 3 mm x5 mm %20 mm, were used for the phos-
phate coating. The elemental composition of the
mild steel is given in Table 2. The specimens were
polished with emery paper (No. 400), degreased with
benzene, dried, and dipped into the phosphatizing
solution. After phosphatization at 25°C, the amount
of iron dissolved from the specimen in the solution was
determined by colorimetric analysis with Nitroso R
salt. The corrosion resistance of phosphate coating
was tested by dipping the specimen in a 100 m/ of air-
bubbled 39, NaCl solution for 10 hr at 25°C and then
determining the amount of iron dissolved in the solu-
tion. A relative resistivity of phosphate coating may
be indicated by this test, although it has not been
officially approved yet.

TasLe 2, COMPOSITION OF MILD STEEL USED (wt%)

G Si Mn P S Cu Cr Ni

0.13 trace 0.53 0.03 0.026 0.05 trace trace

*3  Point is equal to ml of 0.1 x NaOH which is
required to titrate 10 m! of a phosphatizing solution.
Total acidity represents the the titer of 0.1 N NaOH
when phenolphthalein is used as an indicator. Free
acidity is equal to the titer of 0.1 x NaOH in case
of bromophenol blue.
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Results and Discussion

The experimental results at various concentra-
tions of accelerators are shown in Figs. 1 and 2.
The amount of dissolved iron increased linearly
with phosphatizing time, in the case of the solution
containing 1 g/l of the accelerator concentration as
shown in Fig. 1, whereas, at 2g/l and 3 g/l of the
accelerator concentration, the amount of dissolved
iron reached saturation after 20 min. Figure 2
shows that, with respect to the corrosion resistance
of phosphate coating, the most favorable concentra-
tion of accelerator was 4 g/l. The influences of
sulfate addition to the phosphatizing solution are
shown in Figs. 3 and 4. Sulfate ion caused an
increase in amounts of dissolved iron and a decrease
of resistivity. The presence of more than 1%
sulfate was undesirable in the process of the phos-
phate coating. Figures 5 and 6 show that the
amount of dissolved iron and the corrosion re-
sistance were dependent on the concentration of
accelerator when the phosphatizing solution con-
tained 19, of sulfate ion. From the results shown
in Fig. 6, it was concluded that the presence of
194, sulfate ion did not disturb the film formation
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Fig. 1. Variation of amount of dissolved iron in

phosphatizing solution with phosphatizing time
at various concentrations of accelerator.
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Fig. 2. Variation of relative resistivity with phos-
phating time at various concentrations of accele-
rator.
accelerator concn.
—w—: tgfl

—@—: 1g/l, —O—: 2g/l,

Takao Umecaki, Hiroshi Ito and Taijiro OkABE

[Vol. 42, No. 6

Bo T T T T T o
8] -
=
,ﬁg 08} i
8g
=0
ey 06
=R
=R
S g 04
g8
3
T —_ 2l
E ] 02
=}
2 0 . .
=] 0 20 40 60 80 100 120
Phosphating time (min)
Fig. 3. Variation of amount of dissolved iron in

phosphating solution with phosphating time at
various concentrations of SO,*~ ion.
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Fig. 4. Variation of relative resistivity with phos-
phating time at various concentrations of SO,*~

ion.
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Fig. 5. Variation of amount of dissolved iron in
phosphating solution containing 1% SO,*~ with
time and accelerator concentration
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if more than 4 g/l of the accelerator was added to
the phosphatizing solution. As shown in Fig. 7,
the lessening of corrosion resistivity was caused by
addition of AI(NO,), and Fe(NO,),, whereas the
phosphatizing solution containing 3—5g/l of
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Fig. 6. Variation of relative resistivity with phos-
phating time at various concentrations of accele-
rator in case of the addition of 19, SO*-.
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Fig. 7. Variation of relative resistivity with con-
centration of various impurities.
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Ca(NQy), gave more sturdy film. Fe®* ion does
not exist in the phosphatizing solution with high
pH, and therefore the influence of Fe** ion could
be easily eliminated by adding alkaline to enhance
the pH of the phosphatizing solution. On the
other hand, AI¥+ was recognized as one of the most
undesirable contaminators on the phosphatizing
solution, because a milky-white amorphous coating
lacking in adhesive ability to iron surface appeared
by the addition of only 0.585 g/l of AI*+ and the
solution containing 1.76 g/l of Al®* gave neither
amorphous coating nor oxide film. The maxi-
mum allowable concentration of AIP* in the
phosphatizing solution was estimated to be less
than 0.01 g/l. Therefore, various kinds of AL+
masking reagents were examined in order to
avoid the AP+ hindrance. Table 3 and Table 4.
shown that the corrosion resistivity of the phos-
phate coating was improved by an addition of
NaF, and that the masking effect of NaF was most
remarkable. A sturdy coating was obtained by
the addition of more than 2 g/l of NaF, even though
the phosphatizing solution contained 2.93 g/l of
AP+, 1In the case of the presence of 0.23 g/l of
AR+, the addition of more than 1.3 g// of NaF
to the phosphatizing solution was necessitated.
The sturdiness of phosphate coating thus obtained

Influence of Impurities on Phosphate Coating Formation

TasLe 3. EFrFrecT OoF AI** MASKING REAGENTS
Dissolved
. Reagent Al3+ iron in
P:Sk:::g congn. concn. 309, NaCl
cagents g/l g/t soln.
(mgfcm?)
NaF 2,50 2.93 0.578
(NaPOy), 2.59 2.93 0.699
Na,P,O,-10H,O 2.45 2.93 1.49
KNaC,H,0,4-4H,0O 2.75 2.93 1.05
Na,C,H,04-6H,0 2.79 2.93 0.867
Na,CzH,;0;-2H,0 2.60 2.93 0.691
(NaPO,), 2.50 0.23 0.850
Na,P.O,-10H,O 2.50 0.23 0.831
KNaC,H,04-4H,0 2.50 0.23 1.02
Na,C,H,0;-6H,O 2.50 0.23 0.197
Na,CH,0;-2H,0 2.50 0.23 0.732

TaprLE 4. MaskinGg EFFECT OF NalF
NaF conen.  Al** concn. Dmg;};“k:gr m

gl g/t soln. (mg/cm?)
0.42 2.93 0.920
1.26 2,93 0.976
1.68 2.93 0.125
2.10 2.93 0.123
2.94 2.93 0.075
4.62 2.93 0.031
0.43 0.23 0.933
1.28 0.23 0.058
2.13 0.23 0.043
3.05 0.23 0.074
3.83 0.23 0.010
0.23 0.023

4.68

was comparable with that obtained from an ordinary
phosphatizing solution without A3+,

Conclusion

The reaction mechanism of phosphate coating

formation is commonly accepted as follows:
(1) Fe + 2H,PO, = Fe(H,PO,), + H,
(2) Zn(H,PO,), = ZnHPO, + H,PO,
(3) ZnHPO, = Zny(PO,), + H,PO,

Corrosion reaction represented by Eq. (1) begins
when the iron specimen is dipped in the phos-
phatizing solution. As a result, both equilibriums
of Eq. (2) and (3) are shifted to the right hand by
the decrease of HyPO, concentration and then an
insoluble Zng(PO,), crystallized on the iron surface.
Recently, composition and crystal structure of the
phosphate coating have been classified by many
investigators. Therefore, in addition to the above-
mentioned qualitative explanation, the rate-deter-
mining factors of the coating formation can be
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discussed, taking the precise crystal structure into
consideration. Later, the hindrance of AI** and
the reaction mechanism will be reported, from a
viewpoint of electrochemistry.  Although a theoret-
ical explanation of the influence of each impurity
has not been established yet, the following con-
clusions have been made: (a) AP+ is the most
undesirable contaminator for the phosphatizing
solution, and the addition of NaF is effective in
climinating the hindrance of AI**. (b) The inter-
fercnce of Fe?+ can be avoided by the addition of

[Vol. 42, No. 6

alkali to the phosphatizing solution. (¢} The
addition of an appropriate amount of the accelerator
makes it possible to use the wet-process phosphoric
acid containing Ca?*+ and SO,%- as raw material
for the phosphatizing solution.
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