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The Invention concerns a method of phosphating metal surfaces consisting at least partially of iron or steel using low-zinc
technology, In which the metal surfaces are brought into contact with agueous acidic phosphating solutions at between 30 and
65 "C for between 1 and 8 minutes. The phosphating solutions contain: between 0.4 and 2.0 g/l Zn; between 7 and 25 g/l P,O_;
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between 0.005 and 0.5 g/l peroxide (calculated as H,0,); and between 0.01 and 10 g/l formiate (calculated as formiate ion). The
phosphating solutions are free from chlorate and added nitrite, the weight ratio of free P,O, 1o total P,O, therein is set at a value of
between 0.03 and 0.20, and the amount of free acid Is set at a value of between 0.5 and 2.5. Additionally, the phosphating
solutions can contain up to 30 g/l nitrate and manganese, magnesium calcium, lithium, tungstate, vanadate, molybdate or
combinations thereof optionally also nickel and/or cobalt each in amounts of up to 3 g/l and optionally also up to 0.030 g/l copper.
The weight ratios of Mn : Zn, Mg : Zn, Ca : Zn and optionally of Ni and/or Co : Zn should be at most 2 : 1 in each case. The method
IS suitable in particular far preparing metal surfaces for subsequent electrophoretic enamelling, in particular cathodic electrophoretic

enamelling.
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(54) Title: METHOD OF PHOSPHATING METAL SURFACES

(54) Bezeichnung: VERFAHREN ZUR PHOSPHATIERUNG VON METALLOBERFLACHEN

(57) Abstract

The invention concems a method of phosphating metal surfaces consisting at least partially of iron or steel using low-zinc¢ technology,
in which the metal surfaces are brought into contact with aqueous acidic phosphating solutions at between 30 and 65 °C for between I
and 8 minutes. The phosphating solutions contain: between 0.4 and 2.0 g/l Zn; between 7 and 25 g/l P20s; between 0.005 and 0.5 g/l
peroxide (calculated as H2O2); and between 0.01 and 10 g/1 formiate (calculated as formiate ion). The phosphating solutions are free from
chlorate and added nitrite, the weight ratio of free P20s to total P7Os therein is set at a value of between 0.03 and 0.20, and the amount of
free acid is set at a value of between 0.5 and 2.5. Additionally, the phosphating solutions can contain up to 30 g/1 nitrate and manganese,
magnesium, calcium, lithium, tungstate, vanadate, molybdate or combinations thereof, optionally also nickel and/or cobalt each in amounts
of up to 3 g/, and optionally also up to 0.030 g/l copper. The weight ratios of Mn : Zn, Mg : Zn, Ca: Zn and optionally of Ni and/or Co
: Zn should be at most 2 : 1 in each case. The method is suitable in particular for preparing metal surfaces for subsequent electrophoretic
enamelling, in particular cathodic electrophoretic enamelling.

(37) Zusammenfassung

| Bei einem Verfahren zur Phosphatierung von mindestens teilweise aus Eisen oder Stahl bestehenden Metalloberflichen gemall der
Niedrigzink-Technologie, bringt man die Metalloberflichen bei 30 bis 65 °C fiir die Dauer von | bis 8 min. mit willrigen sauren
Phosphaticrungslosungen in Beriihrung, die 0,4 bis 2,0 g/l Zn, 7 bis 25 g/1 P20s, 0,005 bis 0,5 g/l Peroxid (ber. als H203), 0,01 bis 10 g/!
Formiat (ber. als Formiation) enthalten, die frei von Chlorat und zugesetztem Nitrit sind, in denen das Gewichtsverhiltnis von Freiem P20s
zu Gesamt-P20s auf einen Wert im Bereich von 0,03 bis 0,20 und der Gehalt an Freier Siure auf einen Wert im Bereich von 0,5 bis 2,5
eingestellt ist. Die Phosphatierungslésungen konnen zusitzlich bis 30 g/l Nitrat sowie Mangan, Magnesium, Calzium, Lithium, Wolframat,
Vanadat, Molybdat oder Kombinationen hiervon, gegebenenfalls auch Nickel und/oder Cobalt in Mengen von jeweils bis zu 3 g/I, gef.
auch bis zu1 0,030 g/l Kupfer enthalten. Dabei sollten die Gewichtsverhiltnisse Mn : Zn, Mg : Zn, Ca: Zn und gegebenenfalls von (Ni
und/oder Co) . Zn jeweils maximal 2 : 1 betragen.

|
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Process of Phosphatizing Metal Surfaces

Description

This invention relates to a process of phosphatizing metal
surfaces, which at least partly consist of iron and steel, in
accordance with the low-zinc technology, and to the use of
such process for the preparation of metal surfaces for elec-

tro-dipcoating, in particular for cathodic electro-

dipcoating.

In the metal-processing industry the process of zinc phos-
phatizing is used on a large scale. As a pretreatment for
lacquer coating, phosphatizing processes making use of the
low-zinc technology are particularly advantageous. The phos-
phatizing solutions used here contain zinc in concentrations
of only about 0.4 to 2 g/l and produce phosphate layers on
the steel, which have a very good lacquer adhesion and a high

resistance to subsurface corrosion of the lacquer.

As accelerators in low—zinc phosphatizing baths nitrite and
chlorate as well as organic nitro compounds are particularly
suited. These baths provide high-quality, uniformly covering
phosphate layers within a short period. It is also known to
use peroxides as.accelerators in low=-zinc phosphatizing

baths. For reasons of work-place hygiene and environmental



CA 02236512 1998-05-22

protection these should be preferred over the use of the
aforementioned accelerators, but they have a very high oxi-
dizing effect as regards the oxidation of iron(II) to
iron(III). The consequence 1s that even with a long treatment
time comparatively thin phosphate layers with only a moderate

protection against corrosion can be achieved.

To solve this problem, the EP-A-414296 proposes a process of
phosphatizing iron and steel surfaces in accordance with the
low-zinc technology by means of nitrite-free phosphatizing
solutions containing zinc, phosphate and nitrate, where the
weight ratio of free P,0s to total P,05 has been adjusted to
a value in the range from 0.04 to 0.2. H,0, or alkali perbo-
rate should be added to the phosphatizing solution in such an
amount that - in the incorporated condition - the maximum
peroxide concentration is 17 mg/l (calc. as H,0,) and the

maximum Fe(II) concentration 1is 60 mg/l (calc. as Fe).

The aforementioned process can, however, have the disadvan-
tage that the phosphatizing speed is not sufficient for some
technical applications. In practice, one therefore tends to
increase the phosphatizing speed by adding chlorate. In doing
so, a major advantage of the aforementioned process is, how-
ever, abandoned. In addition, there are obtained phosphate
layers with a relatively low coating weight and a coarse-
crystalline structure. Moreover, when zinc is present at the
same time, specks are formed on zinc surfaces especially be-
cause of the nitrate content. When aluminum is present, crys-
talline phosphate layers cannot be formed on the aluminum

surfaces.

It is the object of the invention to provide a process of
phosphatizing metal surfaces at least partly consisting of
iron or steel, which process leads to sufficiently thick and
fine-crystalline phosphate layers, also leads to proper phos-

phate layers when zinc and/or aluminum surfaces are present
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at the same time, and does not have the disadvantage con-
nected with the addition of chlorate.

This object is solved in that 1in accordance with the inven-
tion a process of the above-stated kind is used, where at a
temperature of 30 to 65°C and for a period of 1 to 8 min the
metal surfaces are brought in contact with aqueous acid phos-

phatizing solutions, which contain

0.4 to 2.0 g/l Zn

7 to 25 g/l P,0cg

0.005 to 0.5 g/l peroxide (calc. as H»>05)

0.01 to 10 g/l formate (calc. as formate ion),

are free from chlorate and added nitrite, and in which the
weight ratio of free P,05 to total P,05; has been adjusted to
a value in the range from 0.03 to 0.20, and the content of
free acid has been adjusted to a value in the range from 0.5

to 2.5.

Free from added nitrite means that no nitrite should be added
to the phosphatizing solutions, but - when designing the
process with addition of nitrate - there can at best be pres-

ent minor contents due to a formation from nitrate.

For determining the free acid, the free P,0c¢ and the total
P,05, reference is made to Rausch, "Die Phosphatierung von
Metallen", Leuze-Verlag/Saalgau, 1988, pages 300 to 304.

The process in accordance with the invention is determined in
particular for the surface treatment of iron and steel. To-
gether with iron and steel there can, however, also be
treated zinc—-plated steel, alloy zinc-plated steel, i.e. for

instance steel coated with ZnAl, ZnFe and ZnNi, aluminized
steel, aluminum, zinc and the alloys thereof.
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It 1s known from WO 94/13856 that for phosphatizing metal
surfaces, in particular zinc-plated or alloy zinc-plated
steel strips, with treatment times of 2 to 20 sec., phos-
phatizing baths are used, which in addition to zinc, phos-
phate and certain contents of free acid and total acid con-
tain water-soluble organic acids with a pK value for the
first dissociation constant lyling between the dissociation
constants of the first and second stage of the phosphoric
acid contained in the phosphatizing bath, where as an example
for suitable organic acids formic acid is mentioned, and as
an example for an additional oxidizing agent hydrogen perox-
ide or peroxide compounds are mentioned. Apart from the fact
that in addition to Hy0; or peroxide compounds various other
oxidizing agents are referred to as suitable, it is empha-
sized as a particular advantage of the process that it pro-
duces bright metallic surfaces in the case of unilaterally
zinc-plated substrates. Therefore, it had to be expected that
phosphatizing solutions containing peroxide and formic acid
and operating in accordance with the low-zinc technology
would not be capable of producing proper, high-quality phos~
phate layers also on surfaces of iron and steel. It could in
particular not be expected that the phosphatizing speed is

increased considerably by also using formic acid.

The phosphatizing process 1n accordance with EP-A-361375 also
provides for adding formic acid, possibly in combination with
nitrate, chlorate, nitrite and nitrobenzene sulfonate to
phosphatizing solutions, which preferably operate according
to the low-zinc technology. The purpose of adding formic acid
1s to produce phosphate coatings with relatively high nickel
contents when using nickel-containing phosphatizing solu-
tions, even if the nickel concentration in the phosphatizing
solution is comparatively low. Even from this prior art it
could not be derived that the advantages obtained by means of

the inventive process could be achieved.
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In accordance with a preferred embodiment of the invention

the phosphatizing solutions used in the inventive process may

contain nitrate up to a concentration of 30 g/1.

As is usual in processes of the low-zinc technology, the
weight ratio of Zn to P305 in the phosphatizing solution
preferably is (0.023 to 0.14) : 1.

When adjusting the kind and quantity of cations and anions of
the phosphatizing solutions being used in the inventive proc-
ess, it is regarded as a rule that for higher bath tempera-
tures and/or zinc concentrations ratios in the upper range,
and for lower bath temperatures and/or zinc concentrations

ratios in the lower range should be selected.

In accordance with a preferred embodiment of the inventive
process the metal surfaces are brought in contact with phos-
phatizing solutions which contain 0.01 to 0.1 g/l peroxide
(calc. as H,05) and 0.3 to 2.5 g/l formate (calc. as formate

ion).

In accordance with a further advantageous embodiment of the
invention the surfaces are brought in contact with phos-
phatizing solutions containing in addition up to 3 g/l each
of manganese, magnesium, calcium, lithium, tungstate, va-
nadate, molybdate, possibly also nickel and/or cobalt or com-
binations thereof. From the point of view of work-place hy-
giene and environmental protection, the addition of nickel
and/or cobalt should, however, be omitted. It is also expedi-
ent to add up to 0.030 g/l copper to the phosphatizing solu-
tions, where the addition may be effected alone or in combi-

nation with the aforementioned cations.

If the phosphatizing solutions additionally contain manganese

and/or magnesium and/or calcium, possibly also nickel and/or
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cobalt, the weight ratio of Mn : Zn, Mg : 2n, and Ca : 2n,
possibly (Ni + Co), should not be more than 2 : 1.

A further advantageous embodiment of the invention consists
in the fact that the metal surfaces are brought in contact
with phosphatizing solutions which contain fluoborate in an
amount up to 3 g/l (calc. as BF4) and/or fluosilicate in an
amount up to 3 g/l (calc. as SiFg) and/or simple fluoride in
an amount up to 1.5 g/l (calc. as F). The anions fluoborate,
fluosilicate and/or fluoride generally increase the phos-
phatizing speed and are in addition advantageous especially
when the treatment of aluminum-containing zinc surfaces is
desired. For the crystalline phosphatizing of aluminum and
the alloys thereof the presence of free fluoride is abso-

lutely necessary.

The process in accordance with the invention is performed at
a temperature in the range from 30 to 65°C. Below 30°C the
phosphatizing speed is generally not sufficient for a modern
series production, whereas at higher temperatures disadvan-
tages may appear, for instance due to an increased scaling of
the plant.

The process in accordance with the invention may be performed
by spraying, dipping, spray-dipping or flow-coating. When the
process is used as a sprayling method, the zinc concentration
should be 0.4 to 1.2 g/l. When the process is applied in a
spray-dipping or dipping method, a zinc concentration in the
range from 1.0 to 2.0 g/l 1s advantageous.

It is expedient to introduce the formate ions in the phos-
phatizing solution as alkall formate, ammonium formate or
free formic acid. For adjusting the inventive content of the
phosphatizing solution as regards the free acid and the ratio
of free P,05 to total P,05 there are expediently used zinc
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carbonate, zinc oxide and/or carbonates of the other possibly

added cations.

When carrying out the phosphatizing process in accordance
with the invention it is expedient to remove water from the
phosphatizing solutions, and to compensate the same by adding
rinsing water from the succeeding rinsing stage or rinsing
stages. The removal of water 1s effected for instance by
evaporation, reverse osmosls and/or electrodialysis. In par-
ticular when using hydrogen peroxide as peroxide component it
is possible to operate the inventive process such that no
sewage contaminated with phosphate is produced in the rinsing
process subsequent to the phosphatizing. The rinsing stages
expediently designed as rinsing bath cascade employ water
containing little or no salt 1n the last rinsing bath, which
water is supplied to the phosphatizing bath opposite to the
workpiece flow from rinsing stage to rinsing stage. In the
phosphatizing bath 1t compensates the above-mentioned removal
of water from the phosphatizing solution. The water removed
from the phosphatizing bath for instance by reverse osmosis
and electrodialysis can be recirculated to the rinsing

stages.

The pretreatment of the metals before the actual phosphatiz-
ing is effected in a conventional way. Degreasing can for in-
stance be effected by means of aqueous, alkaline cleaners,
which expediently contain a surfactant. If present, scale or
rust should be removed by a pickling treatment, for instance
by means of sulfuric acid, phosphoric acid or hydrochloric

acid.

Although not absolutely necessary, the workpieces may be
prerinsed before the phosphatizing in a manner known per se,
so as to form finely crystalline phosphate coatings, for in-
stance by means of an activation bath containing titanium

phosphate.
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After the phosphatizing treatment the workpieces are usually
rinsed with water. To 1lmprove the protection against corro-
sion, the workpieces may subsequently be treated with rerins-
ing solutions containing for instance chromic acid or no
chromic acid. It is, however, particularly advantageous when
in accordance with a further advantageous embodiment of the
invention a rerinsing with fully deionized water, which by
means of mineral acid has been adjusted to a pH in the range
from 3.6 to 5.0, is effected instead of the aforementioned

rerinsing.

The phosphate coatings produced in accordance with the inven-
tive process can be used 1in all fields where phosphate coat-
ings are employed. When phosphatizing metal surfaces it is,
however, particularly advantageous for the subsequent lacquer
coating, in particular the subsequent electro-dipcoating. In
this connection, especially the process of preparing for the

cathodic electro-dipcoating 1s of particular importance.

The invention will now be explained by way of example and in

detail with reference to the following Examples.

Example 1

For use in spraying, the following phosphatizing solutions

were prepared:

Solution A: 1.0 g/l Zn 0.7 points free acid
1.0 g/l Mn 23 points total acid
13.0 g/l P30g
0.05 g/1 H505
1.0 g/l1 formate
3.0 g/l NOj

alkali for the adjustment of the free acid
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Solution B: solution A, but without formate

In solutions A and B steel sheets degreased by means of an
activating alkaline cleaner were treated by spraying for 2
min at 52°C. There were measured the coating weight, the
crystal size, the minimum phosphatizing time, and - upon
coating with a cathodic electrodeposition paint, filler and
finishing lacquer - the adhesion and resistance to subsurface
corrosion on a subsequently provided scratch. The following

values were measured:

Coating weight 2,2 g/m2 2,2 g/m2
Crystal size 12 pm 35 um
Minimum phosphatizing time 1.2 min 1.4 min
Lacquer adhesion O 0-1

(cross-cut mark)

Subsurface corrosion 1n an

outdoor-weathering test, |

12 months (mm) 11.5 1.8

Example 2

For use in a dipping process, the following compositions were
chosen for the phosphatizing solutions.

Solution C: 1.8 g/l Zn 1.6 points free acid
1.0 g/1 Mn 25 polints total acid
13.0 g/l P,0g
0.05 g/1 Hy0
1.0 g/1 formate
3.0 g/l NOj
alkali for adjusting the free acid
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Solution D: like solutlon C, but with 2.5 g/1 Cl03 instead of

formate

Solution E: like solution C, but without formate.

Steel sheets degreased by means of an alkaline cleaner were
activated in a solution containing colloidal titanium phos-
phate and phosphatized by dipping into solutions C to E for 3
min at 55°C. The coating weilght, crystal size, minimum phos--
phatizing time and - upon coating with cathodic electrodepo-
sition paint, filler and finishing lacquer - the adhesion and

resistance to subsurface corrosion were measured. The follow-

Solution C |Solution D |Solution FE

ing results were obtained.

Coating welght (g/mz) 2.5 1.6 1.4
Crystal size (um) 10 22 35
Minimum phosphatizing |

time (min) 2.0 2.0 3.0
Adhesion (cross-cut mark) 0 0-1 1
Subsurface-corrosion 1n

an outdoor weathering 1.5 1.5 2.2

test, 12 months (mm)
L__m“________________“_____J____m__ﬁ___l_____m I l
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CLAIMS

1. A process of phosphatizing metal surface which at least partly consist of
iron or steel, in accordance with the low-zinc technology, where at a temperature

of 30 to 65°C and for a period of 1 to 8 min the metal surfaces are brought in

contact with an aqueous acid phosphatizing solution which contains

0.4 to 2.0 g/l Zn

7 to 25 g/l Py0g

0.005 to 0.5 g/l peroxide (calc. as H303)
0.01 to 10 g/l formate (calc. as

formate ion),

which is free from chlorate and added nitrite, and in which the weight ratio of

free P2Og to total P2O5 has been adjusted to a value in the range from 0.03 to

0.20, and the content of free acid has been adjusted to a value in the range from
0.5to 2.5.

2. The process as claimed in claim 1, characterized in that the

phosphatizing solution also contains up to 30 g/l nitrate.

3. The process as claimed in claim 1 or 2, characterized In that the

phosphatizing solution contains

0.010 to 0.1 g/l peroxide (calc. as H;0,) and

0.3 to 2.5 g/l formate (calc. as formate ion).

4. The process as claimed in claim 1, 2 or 3, characterized in that the

phosphatizing solution also contains manganese, magnesium, calcium, lithium,
tungstate, vanadate, molybdate or combinations thereot.
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D. The process as claimed in claim 4, characterized in that the

phosphatizing solution on further contains nickel, cobalt or both of them, each in
an amount of up to 3 g/l.

6. The process as clamed in claim 4, characterized in that in the

phosphatizing solution, the weight ratios Mn : Zn, Mg: Zn and Ca : Zn are each
not more than 2:1.

7. The process as claimed in claim 5, characterized in that in the

phosphatizing solution, the weight ratios Mn : Zn, Mg: Zn, Ca : Zn and (Ni and/or
Co) : Zn are each not more than 2 : 1.

8. The process as claimed in any one of claims 1 to 7, characterized in that
the phosphatizing solution additionally contains up to 0.030 g/l Cu.

9. The process as claimed in any one of claims 1 to 8, characterized in that
the phosphatizing solution additionally contains complex and/or simple fluorides.

10. The process as claimed in any one of claims 1 to 9, characterized in that
the phosphatized metal surfaces are rerinsed with fully deionized water, which
has been adjusted with mineral acid to a pH in the range from 3.6 to 5.0.

11. Use of the process as claimed in any one of claims 1 to 10 for the

preparation of metal surfaces for subsequent electro-dipcoating.

12.  The use of claim 11, characterized in that the subsequent electro-

dipcoating is a cathodic electro-dipcoating.
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