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(54) Bezeichnung: VERFAHREN ZUR BESCHICHTUNG VON METALLISCHEN OBERFLACHEN UND VERWENDUNG

DER DERART BESCHICHTETEN SUBSTRATE

(§7) Abstract: The invention relates to a method for coating metallic surfaces by a manganese-zinc phosphatizing process, using an
aqueous phosphatizing solution, in which nickel is deliberately not added. Said method is characterized in that the zinc: manganese
weight ratio of the phosphatizing solution is maintained in the region of between 0.05: 1 and 0.99: 1 and that the phosphatizing
solution has the following contents: between 0.05 and 5 g/1 zinc, between 0.075 and 5.2 g/l manganese and between 0.008 and 0.050
g/1 copper and/or hexatluoride complexes of titanium, hafnium and/or zirconium totalling between 0.002 and 0.5 g/1, calculated as
I~ Fs. The invention also relates to the use of the metal parts coated in this manner.

(57) Zusammenfassung: Die Erfindung betrifft ein Verfahren zur Beschichtung von metallischen Oberflachen durch Mangan-Zink-
Phosphatieren mit einer wésserigen Phosphatierungslosung, bei dem der Phosphatierungslosung kein Nickel absichtlich zugesetzt
wird, das dadurch gekennzeichnet ist, dal} das Zink : Mangan - Gewichtsverhiltnis der Phosphatierungslo- sung im Bereich von 0,05
: 1 bis 0,99 : 1 gehalten wird und dal} die Phosphatierungsldosung folgende Gehalte aufweist: Zink im Bereich von 0,05 bis 5 g/L,

o Mangan im Bereich von 0,075 bis 5,2 g/L. sowie Kupter im Bereich von 0,008 bis 0,050 g/L. oder/und insgesamt 0,002 bis 0,5 g/L. an
Hexafluoridkomplexen von Titan, Hafnium oder/und Zirkonium, berechnet als F6.AuBerdem betrifft die Erfindung die Verwendung

der derart beschichteten Metallteile.
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METHOD FOR COATING METALLIC SURFACES AND USE OF THE
_W_m

SUBSTRATES COATED IN THIS MANNER

fhe present invention relates to 3 process for coating
metallic surfaces as well as the use of the substrates
wilth metallic surfaces coated by the process according
o the Invention. This process is intended +o serve as
a pretreatment before z2 further coating, in particular

paint application, or as a treatment without subsequent
coating,

In zinc phosphating on galvanised subs+ rates and in the
subsequent painting, in particular with cathodic dipping
paint, paint adhesion proolems always arise, in which
small or even relatively lzrge parts of the overzll
pPaint structure may become detached and the paint can be
removed without any difficulty. In a c¢ross-hatch
adhesion test tctal detachment can be detected ir a part
of the test body. In this ceonnection the detachment
normally occurs between the galvanised surface and the
phosphate laver with the paint structure.

In zinc-manganese-nickel phesphating generally zinc
contents were chosen in the range from 0.6 to 2 g/l and
nanganese ccocntents were chosen in the range from 0.4 to

1 g/1, the zinc content normelly being higher than the
manganese content.

On account of the toxicity and environmental
incompatibility, increzsed nickel contents in the
phosphating selution, which lead to unavoidable high
neavy metal contents in the waste water, in the

Phosphate slurry and ir. the grinding dust, are becoming
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increasingly less acceptable. Some attempts have
therefore been made to operate with nickel-free or at
least low nickel content phosphating sclutions. These
phosphating solutions have up to now still not been
widely .adopted however, and in addition have hitherto
also continued to exhibit significant disadwvantages
compared to the high nickel content phosphating
processes. When hitherto phosphating was carried out
with low nickel conternts in the automcbile industry,
problems arose on account of variable paint adhesion,
with the result that these trials were not continued
further.

Prephospnating has hitherto been used for galvanised
steel strip material. Prephcsphating is nowadays
normally understood to denocte a phosphating process in
which metallic substrates zare phosphated either without
prior cleaning directly after the galvanising or are
phosphated following a prior <leaning if no galvanising
Oor a storage oI optionally oiled substrates is chosen,
anc are then phosphated once more. Cutting and/or
werking of the substrates, forming, bonding to other
oarts that have optionally alsoc been prephosphated,

‘and/or welding of the substrates may take place be-ween

the prephosphating and the second phosphating (= post-
phosphating). However, according to the applicant’s
knowledge up to now no prephosphating processes are
known that can be carried out largely or completely free
of nickel without significant loss of quality.

DE-Al1-40 13 483 describes a process Zor the phosphating
of metal surfaces with agueous, acidic phesphating
solutions that contain zinc, manganese, copper,
pnosphate and coxidising agents as well as only traces of
iickel, in which the concentration of Fe?' iens should be
kept below 0.1 g/l. Copper contents in the range from 3
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to 5 mg/l are menticned in the examples. Serious
problems may however arise with the phosphating
solutions mentioned there on galvanised surfaces, while
the quality of the tri-caticn processes based on high
nickel content Zn-Mn-Ni phosphating is achieved.

DE-A1-42 10 513 relates to a process for producing
copper-containing, nickel-free phosphate layers by
spraying and/or dipping with a phosphating solution that
centzins 0.2 to 2 g/l of zinc, 5 to 30 g/l of P20s, 0.005
to 0.025 g/l of copper and 0.5 to 5 g/l of a compound
based on hvdroxylamine, calculated as HA, by means of
which phosphate crystals are produced having an edge
length in the range from 0.5 to 10 um., Low pore
content, compact phosphate layers with a low surface
density, excellent corrosion resistance ard very good
paint adhesion are said to be produced in this way. All
copper-containing embodiments either Lave a zZniln ratio
of > 1 or a high nickel content.

FP-A-0 €75 972 describes 2 process for the productior o=
copper-containing, largely nickel-free zinc phosphate
lavers with an aguecus composition, as well as the
aqueous composition itself, which contains 0.026 to
0.074 g/l of copper, 0.45 to 2 g/l of zinc, 0.1 to

10 g/l of compounds based on hydroxylamine, calculated

28 HA, total zcid values in the range from 5 to 40

points as well as free acid in the range from -0.5 to
+0.8 point, and which may preferably contain total
contents of up to 2 ¢/l of manganese and cobalt. Thls
process is said to be more environmentally friendly and
cheaper than the conventional nickel-containing
phosphating processes, and coatings of tne same cuality
as those produced by conventional ZnMnNi phosphating are
said to be obtained. All copper-containing embodiments

LN
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either have a Zn:Mn ratio of > 1 or even no manganese at
all..

DE-A1-196 06 Q17 describes z prccess for the phosphating
of metal surfaces with agueous, acid phosphating
solutions that contain specific contents of zinc but
only traces of manganese and copper 1n additien to
phosphate and at least one accelerator and also, as farx
as possible, only traces of nickel. No aqueous
compositions with a Zn:Mn ratio of < 1 can be employed

in this process.

DE-A1-196 34 685 discloses an agueous solution for
producing phosphate layers as well as the associated
phosphating process, in which the phosphating solution
is adjusted with zinc, phosphate, nitroguanidine as
accelerator and with further additives so that phosphate
crystals with a mazimum edge length of < 15 pym are
producec at comparatively low temperatures, and a low
laver weight and a good paint adhesion are achievead.

All copper-containing embodiments have a2 2Zn:Mn ratio of
> 1, or with a Zn:Mn ratio of < 1 have copper contents
of only up to 0.005 g/l. The use oI nitroguanidine as
accelerator is however often disadvantageous, since with
prolonged use of the phosphating bath - 1n some cases
even after a day - in the presence ¢f copper a bath
poison is formed that seriously affects the layver
formation on steel surfaces. If necessary the bath then
has to be discarded and reconstituted.

*n the manganese-zinc¢ phosphating processes commenly
used at the present time contents cof zinc to manganese
in the ratio of about 1.3:1 teo 3:1 are normally used.
It has now surprisingly been found that the paint
adhesicn was significantly improved if the weight ratio
of zinc to.manganese'is less than 1l:1.

HWlerdv
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The object of the invention is therefore to obviate the
disadvantages of the prioxr art in a phosphating system
free of added nickel and also to eliminate the sericus
paint adhesion problems, in particular on galvanised or
zinc surfaces. In particular a process should be
provided for coating galvanised suxfaces that 1is as far
as possible industrially suitable for cecating individual
parts as well as for coating strip material at high
speeds. The pheosphating precess should be at least
equivalent as regards corrosion resistance to the
phosphating systems that are currently used for
pretreatment or treatment, but should 21so be
inexpensive and should be able to be used in an
ervironmentally friendly manner, in particular largely
free of nickel. The aobiject consisted in particular of
providing an industrially usable, largely nickel-free
phosphating process for prephosphating.

This object is achieved by a process for the coating of
metallic surfaces by manganese-zinc phosphating with an
agqueous phosphating solution, in which no nickel 1is
intentionally added to the phospkating solution, which
nrocess is characterised in that
the zinc:manganese weignht ratio of the phosphating
solution is maintained in the range from 0.05:1 to
0.99:1,
and “hat the phosphating solution has the following
contents:
zinc in the range from 0.05 to 5 g/1,
manganese in the range from 0.075 te 5.2 g/l,
as well as
copper in the range from 0.008 to 0.030 g/l
and/or
z total amount of 0.002 to 0.5 g/l of
hexafluoride complexes of boron, zlumirium,

A v v P8 4
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titanium, hafnium and/or zirconium, ca’.culated
as Fg.

It was surprisingly found that with phosphating
solutions free of added nickel significantly better
coating results can pbe achieved with a Zn:Mn ratio of
less than l:1 without the occurrence of the otherwise
described problems of defective paint adhesion. The
zinc:manganese weight ratio of the phosphating solution
is vreferably in the range from 0.5:1 to 0.9:1, in
particular in the range from 0.65:1 to 0.8:1.
Surprisingly the coating is of high quality over & Vvery
wilide range of tre zinc:manganese weight ratios of the
phosphating solution. If however in very acidic
solutions the zinc content drops below 0.2 g/l, the
coating quality on high iren content surfaces may alsc

fall.

The phosphating soclution preferably has zinc contents in
the range from 0.5 to 3.8 g/l, for strip material
especially in the range from 1.6 to 3.5 g/l and for
parts especially in the range from 0.6 to 2 g/l and
particularly preferably in the range from 0.8 to

1.1 g/l. In the case of phosphating bv spraying ¢f
parts a zinc content in the range from 0.3 to 1.3 g/l is
often sufficient, whereas with dipping, zinc contents in
Lhe range from 0.7 to 1.9 g/l are necessary. For the
prephosphating the zinc content is preferakly in the
range frcem 1.1 to 3.5 g/l. If the zinc content of the
ph.esphating solution is tco low, then the layer
formation 1s incomplete, in particular on high iron
content surfaces. With zinc contents cf less than

0.4 g/l, in certain circumstances goosd coating results
can nc longer be expected in the case of parts, in
particular on high iron content surfaces, With zinc

centents greater than 2.5 g/l the paint adhesion may
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already deteriorate slightly, even if the manganese

contents are onlv in tne range fLfrom about 2.55 to

2.8 g/1l. The smaller the zinc¢:manganese weight ratio,
the more efficiently is this effect controlled, so that
with zinc contents of greater than 3.5 ¢/l the paint
adhesion may ceteriorate slightly only with manganese
contents in the range from abcut 3.55 to 3.8 g/l.

The term “zinc surfaces” within the context of the
present invention includes not only the surfaces of zinc
alloys, but also galvenised surfaces, in particular
thoge of iron alloys and steel. Similarly, the terms
"aluminium surfaces” include surfzces of aluminium and
aluminium 2lloys, and "iron surfaces” include surfaces of
high iron content alloys.

The manganese content of the phosphating solution is
preferably in the range from 0.2 to 4 g/l, for strip
material especially in the range Zfrom 2.7 to 3.0 g/1,
and for parts in particular in the range from 0.3 to

3.8 g/l and particularly preferzbly in the range from 1
to 3 ¢/1. A significant imprevement in the paint
adhesion on the phcsphated surfaces is achieved by an
increased manganese content. For the prephosphating the
manganese content is preferably in the range from 1.3 to
2.4 g/l.

The copper content is preferebly in the range from 0,008
to 0.045 g/l, particularly preferably in the range from
0.010 to 0.040 g/l, and for strip material especially in
the range from 0.012 to 0.25 g/l and for parts
especially in the range from 0.012 to 0.0230 ¢g/l. For
the prephosphating the copper content is preferaply in
the range from 0.008 to 0.04§ g/1l, particularly
preferably in the range from 0.017 to 0.043 g/1l. 1In the
prephosphating experiments it was found that the results
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as regards correosion protection and paint acdhesicn in
the BMW paint structure improved continuously, starting
from the poor results with copper-free phosghating
sclutions to the good results starting from 0.017 g/l of
cepper: it was a2lso found however that these restlts may
become worse again above azbout 0.040 to 0.043 g/l of
COpPEr.

In the resultant phosphate coating the copper content
was generallyv found to be in the range Irom 3 to

35 mg/m?. By adding minor amounts of copper better
coating results and paint adhesion values can Dbe
obtained than without adding copper and also with very
small additions of copper. In particular the correcsion
resistance of an iron surface is improvec by adding
copper. Copper contents in the range from 0.020 to
0.050 g/l do not lead to poorer gquality layers; however,
higher copper contents in combination with too long 2
residence time of the substrates in the baths can result
in a nen-uniform deposition cf copper on the surfaces to
be phosrhated.

The paint adhesion can be significantly improved by the
addition of small amounts of titanium, hafnium and/or
zirconium hexafluoride. These amounts are preferably in
the range from 0.003 te 0.3 g/l, particularly preferably
in the range from 0.C04 to 0.1 g/l. Howevex, in the
case of aluminium surfaces these hexafluorides should
generally be limited to values of uvp to 0.05 g/l -
calculated as F¢ ~ since otherwise there may be a marked
interference in the laver formation. In addition a

content of silicon hexafluoride, in particular in the
range from 0.5 to 4 g/l Sifs and preferably in the rangs
from 1 to 3 g/l, may be advantageous in order to improve
the homogeneity of the phosphate layer, in particular
with zinc surfaces, and to stabilise the bath as xegards
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zinc precipitation in the pressnce of free fluoride and
thereby to ensure that the zinc contents remain
dissolved in the bath.

Preferably the phosphating solution is free of additions
of oxo anions of nalogens, in particular o¢f nickel, and
of 2luminium contents greater than 0.05 g/l. Even if no
nickel is intentionally added to the phosphating
solution, on account of the nickel content of the
metallic surface of the supstrate to be coated, on
account of the possibly nickel-cortaining vessel
materials and to a minor extent on account of trace
impurities in the additives, the bath may have a nickel
cantent of up To 0.2 g/l and in extreme cases, on
account of very high nickel cortent metallic surfaces,

even up to 0.25 g/l.

Whereas in the freguently employed nickel-containing
phosphating in many cases 1 to 2 ¢/l of nickel are used
in the phosphating, in the case of the copper-containing
and largesly or wholly nickel-free phosphating according
te the invention it is possible to manage with only
0.008 to 0.050 ¢/1 of copper. Whereas with the
afcrementioned nickel contents in the bath arcout 10 tc
20 mg/m® of nickel and 0.7 to 1.3 wt.% of nickel are
contained in the phosphate coating, despite the much
lowexr copper contents in the phosphating sclution about
5 to 35 mg/m® of copper and 0.3 to 2 wt.% of copper are
found in the phosphate coating according te the
invention. |

The coating process according to the invention may be
distainguished bv the fact that the vhosphating solution
has a content cf silver in the range from 0.0001 to
0.05 g/1l, preferably in the range from C,001 to

0.03 g/l.
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In addition the phosphating solution may also contain
contents of Fe®" ions in the range of up to about 1 g/l,
especially in the case of iron surfaces. Neither minor
nor larger Fe?* contents in the phosphating bath normally
interfere in widely different metal surfaces.

In the coating prccess according to the invention the
phosphating solution may have a content of godium in the
range from 0.01 to 10 g/l and/or a content of potassium
in the range from 0.01 to 10 g/l, preferably a content
of sodium in the range from 1 to 5 g/l, most
particularly preferably in the range from 3‘to 4 g/l.
The addition of sodium is usually advantageous 1n order
to reduce the levels of free acid. Furthermore the
addition of sodium may help to precipitate, for example
as cryolite, & part of the aluminium content ln the
phosphating solution, which depending on the
circumstances can adversely affect the layer formation
on steel and in some cases also the paint adhesion.
Potassium is less recommended than sodium, not only on
account of the somewhat higher costs but also, 1n
certain circumstances, on accocunt of the poorer coat

propertiles.

In the coating process according to the invention the
zinc:phosphate weight ratio of the phosphating solution
may be maintained ir the range from 0.016:1 t©O 1.33:1,

phosphate being calculated as POy. Preferanly this ratzo

ie maintained in the range from 0.02:1 to 0.&8:1,
particularly preferably in the range from 0.025:1 to

0.25:1.

In the coating process according to the ianventicn the
vhosphating solution may have a content of phosphate in

the rance from 3 tc 75 ¢/1, phosphate keing calculated

P TS P 0¥ ATy ARl A, AT e




10

15

20

23

CA 02440151 2003-092-05

- 1] -

as PO,, preferably in the range from 7.5 to 37 g/1,
particularly preferably in the'range from 10 to 30 g/l,
most particularly preferxrably in the range from 12 to

26 g/l, and in the case of strip material especiallv in
the range from 17 tec 21 g/1l. For the prephosphating the
phosphate content is preferzbly in the range from 12 to
18 g/l. If the weight ratio (zinc+manganese) :phosphate
1s toc high, then the bath may tend to become unstable
unless the content of free acid is increased, failing
which there may be a fairly marked precipitation of
phosphate. If this weight ratio is too low, then the
corrosicon resistance and the paint adhesion may be

impaired.

In the coating process according to the invention the

phosphating solution may have a chloride content in the
range from 0.01 to 10 ¢/l and/or a chlorate content in
the range from 0.01 to 5 ¢/l, preferably a chloride
content in the range from 0.1 teo 6 g/l and preferably a
chlorate content in the range from 0.1 to 3 g/l. An
addition of chloride and possibly a2lso chlorate or
chlorate alone in specific amounts should be zvoided in
the phosphating ¢f zinc surfaces on account oI the
danger of the formation of white spots (specks), if

nitrate and/or nitrite are present.

Since aluminium contents from aluminium oz aluminium-
zinc surfaces mey be a problem without the presence of

fluoride, it i1s accordingly advantageous to add free

tlucride, for example as HEF or as sodium biflucride,
and/or silicon hexafluoride. Silicon hexzafluoride can
stabilise the phosphating solution, i.e. reduce the
precipitation of prhosphates, and can also reduce the

formation of specks in zinc surfaces.




CA 02440151 2003-092-05

- 17 =

In the coating prccess according to the invention the
phosphating solution may hzve a2 content of free fluoride
1n the rance from 0.001 to 0.8 ¢/l, preferakly in the
S range from 0.0 to 0.5 g/l, particularly preferably in

the range from 0.03 to 0.2 g/l, calculated as F. A
content of free fluoride mav e beneficial for the
phosphating of aluminium surfaces and for the
precipitation of aluminium. Typiczlly akout 1 to 60% of

10  the total fluorine content is present in the form of
free fluoride and the remainder is present as complex
fluoride and as unassociated hydrofluecric acid.

In the coating process according to the invention the

15 phosphating solution may have a2 content of total
fluoride i1in the range from 0.01 to S5 g/l, preferably in
the range from 0.1 to 1 g/l, calculated as F.

In the coating process acceorxrding to the invention the

20 phosphating solution may have a2 content of a2t least one
accelerator in the range from 0 tec 40 g/l, preferakly in
the range from 0.02 to 30 g/l, particularly preferably
in the range from 0.1 to 20 g/l. The accelerator may

help to suppress the formation ¢f hydrogen bubbles on

N
n

the surfeces. Due to the better contact with the
surface to be coated - since this is not partially
covered by hydrogen bubbles - more crystal nuclei can be
formed there. The presence of zn accelerator is not
absolutely essential, especially in the case of zinc

30 surfaces. BAn accelerator is however of considerable
advantage, generally in the case of aluminium, iron and
steel surlaces, since in this way the phosphate lavyer
can be prcocuced in a finely crystalline form because the

phosphate layer can thereby be sealed more quickly and
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easily and because the corrosion protection and the

paint adhesion can be improved in this way.

In the cocating process accerding to the invertion the
phosphating solution may have a nitrite content in the
range from 0.01 to 0.3 g/1l, a nitrate content in the
range from 1 to 30 g/l, a content of compounds bzsed on
peroxide in the range from 0.001 to 3 g/l, preferably in
the range from 0.01 to 0.15 g/l, calculated as Hz;0;, 2
content of nitrobenzenesulfonate (NBS), nitropropane,
nitroethane and/or other nitro-ocrganic compounds with
oxidising procperties - with the exception of compounds
based on nitroguanidine -~ with a total content in the
range from 0.1 to 3 ¢/l calculated as NO;, a content of
compounds based on nitroguanidine in the range from 0.1
to 5 é/l, 2 chlorate cortent preferably in the range
from 0.05 to 4 g/l, a contert ¢f reducing sugar
compounds in the range from 0.1 to 10 g/l and/or a
content of compeunds based on hydroxylamine (HA) in the
range from 0.1 to 6 g/l, calculated as HA. Chlorate
additions are normally used in nitrite-Zfree and nitrate-
free baths 1f zinc surfaces are to be coated. For the
prephosphating the nitrate content is preferably in the
range from 12 to 19 g/l. If leow nitrate contents or
even nitrate-free soluticns are used In the
prechosphating, then an addition of 0.5 to 3 g/l of

peroxide, calculated as H;O,;, is preferred.

Preferably the phosphating solution has a content of
nitrite in the range from 0.05 to 0.2 g/l. Although
nitrite, like the nitrogen-containing gases that may
possibly be formed therefrom, has the disadvantage that
it 1s extremely toxic, nitrite has the advantage that it
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is inexpensive and its action is very well known and can
pe effectively controlled. Preferably the phesphating
solution has a content of nitrate in the range from S to
25 g/1l. On account of the weak action of this
accelerator higher contents of nitrate are often
employed. Preferably the phosphating solution has a
content of compounds based on peroxide in the range from
0.01 to 0,1 g/l. Preferably the phosphating solution
has a2 total content of nitrobenzeresulfonate and/or
other nitro-organic compounds with oxidising properties
in the range from 0.5 to 2 g/1. Preferably the
prosphating solution has a content of compounds based on
hydroxylamine in the range from 0.5 to 2 g/l.

Preferably the ratio of the contents cf compounds based
on hydroxylamine, calculated as HA, to the sum total of
zinc and manganese in the phosphating solution is 1in the
range from 1l:2 to 1:4. However, in certaln

circumstances hydroxylamine may be catalytically
decomposed in the preserce of a specific coppex content.

At least one compound based on perboric acid, lactic
acid, tartaric acid, citric acid and/or a chemically
related hydroxycarboxylic acid may advantageously be
added in order to stabilise the bath, the concentrate or
the replenishment sclution, in particular to prevent or
reduce precipitations from cne of these solutions, as
well as to increase the crystallinity of the phosphate
layer, whereby the water resistance of the phosphate
layexr is substantially improved.

Furthermore, an additicn ¢f a2 polymeric alconocl may also
be advantageous in c¢crder to form phosphoric acid esters
with this alcohol, especially during the drying, which
have a beneficial effect as lubricants in forming. At
the same time the addition of a polymeric alcohol may

affect the reaction with the excess free phosphoric acid
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that is possibly present in the phosphating solution, by
improving the crystallinity and the water resistance of

the phosphate coating.

It was surprisingly found that the prephosphating using
copper-containing phosphating solutions with a Zn:Mn
weight ratio of less than 1:1 leads to extremely good
paint adhesion results, in particular on galvanised
surfaces, if post-phosphating was carried out wholly or
lzrgely nickel-free after the prepnosphating and before
the painting. It was also surprisingly founcd that, due
to the almost complete absence ¢of nickel, the good
results of a nickel-containing prephosphating layer as
regards corrosion protection, formability, bondakllity
and we>dabilityv are retained, and in the case of
fermability however lead to even better results. The
prephosphating is particularly suiteble for the
implementation of a rinse phosphating by spraying and/or
dipping with spraying/dipping times approximately in the
range from 3 to 15 seconds and at a temperature in the
range from 45° %o 65°C, particularly with galvanised

surfaces.

The prephesphating is particularly suitable for the
production of strip material by rinse processes, 1in
which rinsing is performed after the application of the
phosphate laver. This process is suitable in particular
for autcmobile procuction.

In the coating process according te the invention the
phosphating scolution for the prephosphating may contain
the following amounts:

zinc in the range from 0.4 to 5 g/l,

manganese in the range from 0.5 to 5.2 ¢/l,

copper in the range from 0.008 to 0.030 g/l.
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If prephosphating, in particular prephosphating
according to the invention, is carried out, then post-
phosphating according tec the invention may also be
carried cut in the following way, in which first of all
prephosphated, ootionally at least partially
formed/shaped and optionally at least partially welded
metallic substrates are phosphated by manganese/zinc
phosphating with an aqueous phosphating solution in
which no nickel is intentionally added to the
phosphating solution or the phosphating solution only
has a nickel content of up to 0.3 g/l, which is
characterised in that

Che phesphating solution contains the feollowing

amounts:

zinc in the range from C.05 to 5 g/l and

manganese in the range from 0.075 to 5.2 g/l.

The coating results and corrosion protection results
that were obtained are outstanding, especially with
zlnc—-containing surfaces.

In the ccating preocess according to the invention the
phosphating solution may have the fcllowing contents, in
particular for parts:

zlnc in the range from 0.5 to 1.4 g/1,

manganese in the range from 0.7 to 2.0 g/l1,

zinc:manganese weight ratio in the range from 0.6:1

to 0.95:1,

phosphate calculated as PO, in the range from 12 to
25 g/l1,

zinc:phosphate weight ratic in the range from 0.02
to 0.12,

copper 1in the range from C.008 to 0.0235 g/1,
total content of fluoride as free fluoride, as
pound fluoride ard/or as at least one complex

- AT S 2 o ol B e 1 & OGS 1 4 W
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fleoride, in the range from 0 to 6 g/l, calculated
as F,
wherein the .complex fluoride SiF¢ is contained in an
amount in the range from 0 to 4.5 g/l calculated as
5 Sirg, and |
nitrate in the range from ¢ up to 22 g/l and/or at
least one other accelerator selected from the group
comprising nitxite or compounds based on
hydroxylamine, nitroguanidine and/or peroxide, in
10 each case 1n the range from 0.01 to 2 g/l.

In the coating process according to the inven*ion the
phosphating solution ﬁay have the following contents, in
particular for strip material, particularly preferably

15 for galvanised strip surfaces:
zinc in the range from 0.1 to 4 g/l,
manganese in the range from 0.5 to 5 ¢/l,
zinc:manganese weight ratio in the rznge from
0.02:1 to 0.9:1,

20 phosphate calculated as PO4 in the range from 10 to
40 g/l,
zinc:paosphate weight ratio in the range from
0.0025 to 0.4,
copper in the range from 0.0C8 to 0.032 g/1,

25 total content of fluoride as free fluoride, as
pound fluoride and/or as at least one complex
fluoride in the range from C teo € g/l, calculated
as F,
wherein the complex fluoride SiFg is contained in an

3C amount i1n the range from Q0 to 4.5 g/l, calculated
as Sirzg, and
nitrate in the range from 0 up to 22 ¢/l and/or =zt
least one further accelerator selected from the
group comprising nitrite cr compounds based on

35 hydroxylamine, nitroguanidine and/or peroxide, in
each case in the range from 0.01 to 2 g/l.

el . B e T sSSP SsSB4+ 2+ S-S At B s et v e A I A - e L S
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In the coating process according to the invention the
pnosphating solution for the prephosphating may
- preferably have the following contents:
zinc in the range from 1.3 to 2.3 q/l,
manganese in the range from 1.7 to 2.6 g/l,
zinc:manganese welght ratio in the range from 0.5:1

to 0.95:1,

phosphate calculated as POy in the range from 10 to
20 g/,

zinc:phosphate weight rztio in the range from 0.06
to 0.23,

copper ir. the range from 0.008 to 0.048 g/,

total content of fluoride as free fluoride, as
bound fluoride and/or as at least one complex
fluoride in the range from 0 to é g/l, czlculated
as F,

wherein the complex fluoride SifFg is contained in an
amount in the range from 0 to 4.5 g/l, calculated
as SifF¢, and

nitrate in the range from 0 up to 30 ¢/l and/or at
least one further accelerator selected from the
group <comprising nitrite or compounds based on
hvdroxylamine and/or nitroguanidine, in each case
in the range from 0.01 to 2 g/l, or peroxide in the
range from C.01 to 3 g/l.

In this connection the nitrate content, i1f nitrate is
added as accelerator, is preferably in the range from 3
To 22 g/l, and the content of at least one compound
based on peroride is in the range from 0.5 to 2.5 g/1,
especilzlly 1f a2 nitrate-free process 1is used.

In the coating process according te the inverntion the
phosphating solution mav also preferably have the
following contents:
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zinc in the range from 0.6 <o 1.4 g/1,

manganese in the range from 0.7 to 2.0 ¢g/1,
zinc:manganese weight ratio in the range from 0.6:1

to 0.85:1,

phosphate calculated as PO, in the range from 12 to
25 g/l,

zinc:phosphate weight ratic in the range from 0.C2
to 0.12,

total content of fluoride as free fluoride, as
bound fluoride and/or as at least one complex
Zluoride in the range from 0.012 to 6 g/l
calculated as FE,

wnerein the total contesnt of complex fluorides of
titanium, hafnium and/or zirconium is in the range
from 0.0C2 to 0.5 g/l, calculated as Fs, and wherein
tnhe complex fluoride SiF¢ is contzined in an amount
in the rance from 0 to 4.5 g/l, czlculated as SifFs,
and

nitrate in the range from 0 up to 22 g/l and/or at
least one further accelerator selected from the
group comprising nitrite or compounds based on
hydroxylamine, nitroguanidine and/or peroxide, ir
each case in the range from 0.01 to 2 g/l.

In the c¢oating process according to the invention the
metallic substrates may be coated for 2 time of up to

20 minutes, strip material preferably being cozted for a
time ranging from 0.1 to 120 zseconds and particularly
preferzbly for a time ranging from 0.3 to €0 seconds,
and parts preferably being coated for z time rarnging
from 1 to 12 minutes and particularly preferzbly for a
time ranging from 2 to 8 minutes.

In the coating process according to the invention the
temperature of the phosphating sclution for the coating

may be in the range from 10° to 72°C, for strip material
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preferably in the range from 40° to 70°C and for parts
preferably in the range from 2C° to 60°C and
particularly preferably in the range from 3z° to 58°C.

In the coating process according to the invention the
free acid level may be from 0.1 to 10 points, the totzl
acid may be from 5 to 50 points, the total acid
according to Fischer may be from 3 te 25 points, and tae
ratio of the free acid to total acid according to
Fischer (S5 wvalue) may in particular be in the range from
0.01 to 0.7, wherein the concentration of free acid is
preferably 0.15 to 4 points, the concentration of total
acid according to Fischer is preferably 12 to 35 points
and the ratio of the free acid to total acid according
to Fischer (S wvalue) is preferxably in the range from
0.03 to 0.3. For the prephosphating it is particularly
preferred to have values of the free acid in the range
from 2 to 4.4 pecints and values of the total acid
according to Fischer in the range from 18.35 to 21 points
and thus an S value in the range from 0.14 to 0.24.

In order to determine the free acid 1 ml of the
phosphating scluticn, after dilution to ca. 50 ml with
distilled water and optionally with the addition of
Ka{(Co(CN)g) ©or ¢f K4y(Fe(CN)g) in orqer to remove
interfering metal cations, is titrated with 0.1 M NaOE
using <cimethyl yellow as indicator until the colour
turns from pink to yellow. The zmount of 0.1 M NaCOE
used in ml represents the value of the free acid (FA) in

poLnts.

" The total content of phosphate 1ons is determined

following the measurement of the free acid, by titrating
the titration sclution after additicn cf 20 ml of 30%

neutral potassium coxalate solution, with 0.1 M NaOH

O AN s
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using phenolphthalein as indicator until the colour
turns from colourless to red. The censumption of 0.1 M
NaOH in ml between the colour change with dimethyl
vellow and the colour change with phenolphthalein
corresponds to the total acid accoraing tb Flscher
(TAFY. If this value is multiplied by 0.71, the total

content of phosphate ions 1s obtained (see W. Rausch:

"Die Fhosphatierung von Metzllen”, Eugen G. Leuze-Verlag

1988, pp. 300 ff).

The so-called S value is obtained by dividing the walue
of the free acid by the value of the total acid

according to Fischer.

The total acid (TA) is the sum total cof the contained
divalent cations as well as free and bound phosphoric
acids (the latter being phosphates). The total acid is
determined from the consumption ©f 0.1 I sodium
hvdroxide using phenclphthalein as indicator. This
consumption in ml corresponds to the point value of the

total acic.

In the coating process according to the invention the pH

of the phosphating solution may be in the rance from 1

to 4, preferably in the range from 2.2 to 3.56.

In the coating process according to the invention the
phosphating scluticn may be applied to the surface of
the substrates by knife coatihg, flow coating, sprayindgd,
sprirkling, brushing, dipping, nebulising or rolling,
individual process steps being able to be combined with

one another - in particular spraying and dipping,
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spraying and squeezing off as well as dipping and

squeezing off, and optionzlly subsequent squeezing off.

In the coating process accordirng to the invention
substrates with 2 metallic gurface predominantly
containing aluminium, iron, copper, magnesium, tin or
zlnec, in particular surfaces of at least ocne of the
materials based on aluminium, iron, steel, zinc and/or
alloys with 2 content of aluminium, iron, copper,
magnesium, tin or zinc¢, can pe coated with the
phosphating sclution.

in the coating process according to the inventicn a
phosphate coat can be precipitated from the phosgphating
solution that has a2 layer weight in the range from 0.2
to 6 g/m®, preferably in the range from 1 to 4 g/me.
Particularly in the case of aluminium surfaces it may be
desirable in some cases to apply only very low laver
weights. In the pretreatment or treatment of surfaces
of aluminlium or aluminium alloys it is not absolutely
essential to achilieve a high degree of covering in the
phosphating process. A laver weight of the phosphate
layer in the range from 0.2 g/m? zo 1 g/m? is sufficient.
A layer weight cf up to 6 ¢/m® and thus a complete
covering 1s however not disadvantageous, apart from an
increased consumption of chemicals. With surfaces of
1ron, steel and zinc zn zlmost complete or complete
covering with the phosphate layer is hewever necessary.
This 1s achieved with a layer weight in the range from
1 g/m° to 6 g/m?. In the prephosphating a layer weight
in the range from 0.8 to 2.4 ¢/m® is particularly

preferred, especially 1 to 2 ¢/m?, in particular if the
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substrates with the prephosphate coating are to be used

for welding.

In the coating process according to the invention

metallic surfaces may be cleaned, pickled, rinsed and/or

activated before the phosphating. The cleaning 1is
preferably carried out with an alkaline agent and takes
place in particular over a time ranging from 10 seconds
to 15 minutes. A weak alkzline cleaning agent may Dbe
employed for metallic surfaces, in most cases over 2 to
4 minutes. The treatment times are correspondingly
shorter for strong alkaline cleaning agents. It may be
advantageous to add a titénimm—containing activator to
the cleaning agent. An acidic cleaning may also be

chosen in particular for aluminium and aiuminium alloys.

In principle any water of sufficiently pure quality 1is
suitable for the subsequent rinsing. Tap water 1s
recommended. If the activation can take place in a
separate bath or rinsing step, which 1s most
advantageous, then fully deionised water should be used
as solvent after prior rinsing. An activation 1s often
very advantageous in order to form crystal seeds. The
activation may in particular be based on titanium. An
activation over 10 to 30 seconds is often sufficient,
although in principle the activation time may range Irom
0.1 second up to at least 5 minutes. The activation may
21so be longer tkan 5 minutes, though this does rnot have
any beneficial effect. It may be advantageous to add
copper and/or one of the additives known in principle to

the activation.
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In the coating process according to tne invention the
phosphated substrates may be rinsed at least once and
opticnally treated after a rinse procedure or between
two rinse procedures, with a post-rinse solution to
confer additional passivation. In principle any water
of sufficiently pure quality is suitable for the rinsing
after the phosphating. Tap water or fully deionised
water i1s recommended - for example dippring in cold tap
water for 10 seconds - followed in the next rinse step
by ful_.y deionised water - Ior example spraying with
cold, fully deicnised water for 10 seconds. In the
post-rinsing an addition of for example zircenium
rerxafluoride or cf one of the organic substances known
in principle may be emploved, whereby a further
improvement in the corrosion resistance and paint

edhesion of the coating may be achieved.

In the coating preocess according to the invention the
metallic surfaces can be prephosphated before the
phosphating. The prephosphating of substrates is
advantageous i1f for example the prephosphated strip is
subsequently formed/shaped or i1f parts zare
intermedizately stored, bonded and/or welded in the
corrosion-protected state. The substrates pretreated in
this way can thereby be much more easily formed/shaped
and are protected against corrosion. In a particularly
advantageous preocess variant the metallic surfaces are
welded, bonded anc/or formed/shaped after the
phosphating (prephosphating) and are then optionallvy
rephosphated.

In most cases the phosphating plants in the auvtomobile
industry use weakly elkaline cleaning agents, but in

some cases also strongly alkaline cleaning agents. It
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was surprising that the first crystalline prephosphating
layer according to the invention is sukbstantially more
resistant to the influence of strongly alkaline cleaning
agents. With the short treatment times that are
normally emploved, the first phosphate layer according
to the invention was not or was only slightly affected

by a strong alkaline cleaning agent.

The first and/or seccnd phosphate layer applied to the
metal part may be wetted with ar oil, a dispersion or a
suspension, in particular with a forming oil or anti-
corrosion oil and/or with a lubricant such as a dry
lubricant, for example with a wax-containing mixture.
The oil or the lubricant serves as additicnal temporary
corrosion protection and may in addition alsc facilitats
2 forming vprocedure, the unformed metal part also having
ar. increased corrosion resistance. A coating with an
0il mav also be of benefit for the second phosphate

layer if the parts to be painted have to be transported

to a2 distant paint shop.

Any oil layer or lubricant layer that 1is present can ce
removed from the first or second phosphate layer 1in
order to prepare the coating for painting, fcrming,
assembly, bonding or welding. The o0il must be removed
before a subsequent paint coat, theugh 1t deces not
necessarily have to ke removed for other process

procedures.

The metal parts provided with a first and/or second
phosphate layer may be painted, coated with anothex type

of organic coating and/cr with an adhesive layer, ard

o dern
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then optionally formed/shaped, wherein the metal parts
coated 1n this way may in addition be bonded and/or
welded to other parts. At the rresent time a very wide
range of organic coatings are known that can be used on
a phosphate layer. In this connection not all organic
coatings are covered by the def:inition of paints. The
metal parts provided with a first and/or second
prhosphate layer may be provided with a ccating either

before cor only after the forming and/or assembly.

The phosphate-coated metal parts according to the
invention may 1f necessary be oiled in a so-called strip
plant or may if necessary be degreased and/or cleaned,
before they are subsequently coated in a paint shop.

The phosphate-coated metal parts according to the
invention may 1f necessary be oiled for the production
cf for example equipment linings, may if necessary be
formed/shaped and may if necessary may be degreased
and/or cleaned, before they are subsequently - if
desired - coated in a paint shop. For economic reasocons
the deociling is preferably comitted before the bonding or

weldincg.

The phosphate-ccocated metal parts according to the
invention may be ciled and formed/shaped for the
production of for example automobiles, in which
connection several metal parts are then welded together,
bonded together or joined together in some other wav,
following which the assembled parts can be degreased

and/or cleaned kefore they can subsequentlv be ccated in

a paint shop.
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The metal parts coated by the process according to tne
:nvention may, as prephosphated metal parts, for a
renewed conversion treatment or for a renewed conversicn
pretreatment, in particular before being painted, or, as
pretreated metal parts - in particular for the
automobile industry - especially before being painted or
as end-phosphated metal parts that are optiocnally a so
subsequently painted, organically coated in some other
way and/or coated with a film, be coated with an
adhesive laver, formed/shaped, assembled and/or welced
together. However, a normal precondition for welding 1is
that the phosphate layer is not too thick and that any
organic coating that optionally is applieda 1is

electrically conducting.

In the coating process acceording to the invention the
met-al parts provided with a first and/or second
phosphate laver may be coated with & paint, with another
type of organic coating, with a film and/or with an
adhesive layer and if necessary formed/shaped, wherein
the metal parts coated in this way may 1ir additlion be
bonded or welded to other parts and/or may be joined to

one another in a some other way.

Also a mix of various materials such as for example
metal parts formed from uncoated steel and prephosphated
metal parts can be coated next to cne another at the
same time by z process according te the invention

withocut anv problem.

In the case of pre-assembled or assembled metal parts a
better corrosion protection than accerding to the

aforementioned prior art can be zchieved in hollow
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spaces and cavities by the prephecsphating, even without

application of a paint coat.

It may be advantageous to apply a passivating solution
directly to the first and/or second phosphate layer, in
particular by spraving, dipping or rolling. In this
case a pbst-rinse solution is preferably used to further
enhance the corrosion resistance and the paiht adhesion,
which solution may contain at least one substance based
on Cr, Ti, 2r, Ce and/or other rare earth elements
including lanthanum or yttrium, tannin, silane/siloxane,
phosphorus-containing self-assembling molecules,

phosphonates or polymers.

On comparing various types of metallic surfaces, such as
for exanmple those of cold-rollec steel (CRS) and
galvanised steels, the same phosphating solution
produces significantly different results 1n some cases.
With hot-dip galvanised steels (HDG)} and with
electrolytically galvanised steels (EG) the zinc that
can dissolve out from the galwvanising has a marked
effect on the bath composition. With HDG steels the
content of aluminium in the HDG surface in certain
circumstances has a negative effect: in order to
optimise the pnosphating in the czse of HDG steels and
aluminiuvm surfaces za2n addition of flucrides in free
=nd/or bound form, for example as hydrorluoric acid or

silicon hexafluoride, i1s then favourable.

Surprisingly the coating according to the invention 1s
equivalent as regards corrcsion resistance and paint

adhesion to a comparable high nickel content coating,

but is significantly chearer and siqgnificantly more
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environmentally friendly than the high nickel content
coating. In this ceonnection 1t is especially surprising
that the high-grade c¢oating quality is largely
indepencent of the chosen accelerator or zccelerator
mixture. The coating process according to the invention
is a2lso unexpectedly robust. Furthermore, it was
extremely surprising that the same high~-grade properties
could be achieved bv a Zn:Mn ratioc in the wvery wids
range from 0.9:1 to 0.3:1. Moreover, the same high-
grade oproperties cculd he obtained alsc outside this

range provided the composition of the bath was suitably

adapted.

The procegss according to the invention has the advantage
compared to the afcoredescribed and implemented processes
that it provides excellent coatings with low
consumptions of chemicals and comparatively low costs,
in particular of HDG, and is in this connection
particularly environmentally friendly. On account of
the fact that no nickel is added in this process, fewer
heavy metals are discharged into the waste water,
phosphate slurry and in the grinding dust. In ccntrast
to similar baths, it is possible to reduce the bath
temperature still further during the phosphating. On
account of a slightly raised copper content the paint

adhesion can be improved still further.

A concentrate Icr making up tne phosvhating solution or
& replernishment scolution for replenishing the
phcsphating solution may contain in particular zing,
manganese, copper and phosphoric acid, but only in

certain cases alkalis and/or accelerators.
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The substrates coated by the process according to the
invention may be used for strip production, for the
production of components or car body parts or
preassembled elements in the automobille or aerospace
industry, in the building and construction industry, in
the furniture industry, for the production of
irstruments and units, in particular domestlic
appliances, measuring instruments, control devices,
testing devices, structural components, claddings/
linings as well as small parts; as wire, wire colling,
wire mesh, metal sheeting, c¢ladding/lining, screening,
car bodies or parts of car bodies, parts of wvehicles,
trailers, mobile homes or missiles, as electronic or
microelectronic compeonents, as coverings, housings,
lamps, lights, hanging light units, items of furniture
or furniture parts, components of domestic appliances,
frames, profiled sections, moulded parts of complicated
geometry, beam-barrier, radlator or sauna parts,
automobile bumpers, parts of or with at least one pipe
and/or a profiled section, window, dcoccr or bicycle
frames, or as small parts such as for example screws,

nuts, flanges, sSprings or spectacle frames.

Exanples:

The subject matter of the invention is illustrated in

more deteil with the 2id cof embodiments:

The exzmples were carriecd out using the substrates and

process steps itemised hereinafter:
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The test sheets consisted of an aluminium allov AlMcgSi
of thickness 1.2 mm or of uncoated, continuously
annealed car body steel (CRS) or of steel galvanised on
both sides with a coating of a hot-dip galvanising (HDG)
or of an electrolytic galvanising (BEG) with a total
thickness of 0.7 mm. The surface area cof the substrates

was 400 ecm® (measured over both surfaces).

a) The substrate surfaces were cleaned and thereby
thoroucghly degreased in a 2% solution of an

alkaline cleaning agent for 5 minutes at 60°C.

b)  This was followed by rinsing with tap water for 0.5

mirute at room temperature,

<) The surfaces were then activated by dipping in a

titanium-containing activation solution for 0.5

minute at room temperature.

d) The surfaces were then phosphated for 3 minutes at

55°C by dipping in the phosphating so’ution.

e) The surfaces were next rinsed, first of all with

tap water znd then with fully deionised water.

L) The coated substrates were then dried in a drving

oven at 80°C for 10 minutes.

qg) Finally the cxry test sheets were provicded with a
cocat of a cathodic dippin¢ pvaint and cecated with
the further layers of a paint structure

conventionally used in the zutomobile industry for
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car body parts (layer structure and paints

corresponding to Daimler Chrysler in "Moon Silver”).

well 28 the results of the tests are shown in Tables 1

(1)

To

Table 1: Composition of the phosphating solutions in g/l

or poirts of free acid (FA) or total acid (TA)

B L1 |1.2
B 22 |1.2
B 13 1.2
5 14 | 1.2
B 15 11.2
B 16 (1.2
B 177 |1.2

1.8 -

1.95 ) =

1.95 -

0.008

2.COB

0.008

0.004

{»)

1.5 EA

32

32
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HA |
NCx rA | TA

etCI
g8 18 . . 1.5 BA 1.8 1 32
3 19 | 1.2 1.3 1.5 HA | 1.8 | 32
0.008% I

| 0.006+

B 20 1.2 (2.5 - - . 19 - l 3 1.5 BA|[1.8 ] 32
q 0.005 ; 1 | |
VE 1 0.005 - 18 0.1 3 - 1.8 | 32

"“? denotes without zdditior of an additive
ek denotes calculated as I
“+7 denotes a contert of 3 g/l SiF¢ and 0.13 g/l SO,

Ir. acdition the baths contained 2 minor amount to a

certain amount of sodium as well as, for the

pretreatment of aluminium surfaces, an amount of free

fluoride in the range from &0 to 250 mg/l by addition of
10 ammonium bifluoride. The total zcid is given

approximately.

Table 2: Results of the acdhesion and corrosion tests on
aluminium, steel or galvanised surfaces, on coatings
15 produced according to the invention (B) or in compariscn

examples (VB), obtained by

1. cross-hatch adhesicn test according te DIN/EN ISO
2409 afrter storage for 40 hours in 5% NaCl solution

20 (BMW specification ),

. —_ R NA LA SRR
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B 12
B

B 14
B 15

E 16
B 17
E 13
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B 20
VB 1l
VB 2
VB 3

VB ¢

B 13 |
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stone impact test over 12 cycles according to VW

specification, .and

salt spray/cendensztion water alternating test over

12 cycles according to VDA €2.-415.

B

|

>
Ol ] ] | B | »
» D *
‘._.l
H

3_..1

o 1] =

1 0 IIHII 1.1 - ~ - - -

2 N S S A N N A M N I

0 1 1 [ 1.1] - - - - -
1 1 1 1, - - - - -

- - 0.5 | - - - - - -

- - 2.5 - - - ~ - —

1 1 0 1.1 4 | S 5 0.5 | 2.0

1 1 2 | 1.1 | - - - - -

1| 4 3 | 1.1 4 30 100 | 0.5 | 2.5 |

1 4 4 - 8 1 60 35 | 1.5 | 2.0
1.2 | 3 | 30 25 0.5 | 2.5

1 1 1 3 4 3 0.5 | 2.0

unground.

cross-hatch achesion

test

[

3
-
'._l
=

-

N
o
LR

o

-
wn

Stone Impact
Test acec, tc VW

% Paint Loss
1 CRS EG HDG

= ©

; -]
A
|
{ % =
i wn

acc.

1.1 3 10 10 0.5
1.1 S | € 12 0.5
5 10 15 | 0.3

1.1 4 > & 0.3
1 S o 10 0.3
3 D.5

Alternatirg Test
ro VDA 62°-415

A= ground,

mm CXeep
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VB 6 IIIIIIIIII‘ZJ. 10 70 | lﬁlaliss 3.5 | -
VB 7 1 2 2 1.1 4 2 1.0 1 2.5 | 2.0 -
e T T

In the cross-hatch adhesion test the scores rangsd from 0

to 5 for the best and for the worst results
respectively. In the stone impact test the percentage
paint loss through the layer structure down to the
metallic substrate surface is.given in area %, while for
the salt spray/ condenéation water alternating test the
corrosive creep of the pzint starting from a scratch 1is

given in mm. In all tests the results are mean values

over in each case several tested sheets.

In the tests it was found that for all the results given
in Table 2, the results of the examples according to the
invention were better with an increasing copper content
or with a lower Zn:Mn ratio of the copper-contzainlng
examples. The same is also true for an increasing
hexafluoride content in titanium/zirconium/hainium and
for a reduced Zn:Mn ratio of the copper-free examples.
The conbination ¢f the copper content with the
hexafluoride content in *itanium/zirconium/hafnium
indicates, at least for the content of titanium
hexafluoride, a significantly better improvement in the
paint adhesion results, which were tested on the basis
of the metal surface (HDEG) that behaved most badly. The
results vary only slightly however, depending on the

type of metal surfaces.

Table 3: Results of the corrosion tests on coatings

obtained a2ccording to the invention (B) and obtalned 1in

Vw4 A LA TN 1
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the comparison examples (VB) on the z2luminium alloy

A1MgSi and on thoroughly arnealed stesel (CRS) by

1.  Filiform test according to DIN EN 3665,

5
Z . salt spray/condensation water alternating test over
12 cycles according to VDA 621-415, and
3. salt spray test accorxrding tc DIN 50021 for steel,
10
the following letters icentifying the processing state:
A = ground, B = unground
Filifoerm Test galt Spray/ Szalt Spray
Fumidity Cycle Tast
. Test
= Ceees
AIMgSi CR3
I D R -
3.2 3.5 2.5 1.5 <l
B 3 5.3 1.3 1.8 0.3 <l
B 5 6.5 3.0 3.9 0.75 <1l
B 6 §.0 4.0 4.0 0.5 | <1l
B 7 6.5 S0 | 3.5 1.0 <1
B ¢ 1.3 1.75 0.5 <1
V2 1 4.3 43.3 2.2 1.3 <1
VB 2 - - - - | 1.3
VB 3 €.1 5.2 3.3 1.0 | <l
VB 4 4.0 2.5 2.0 | 1.0 <1
18

In the filiform test the mean value of the size of the

filiform corrosion phenomenz in mm was measured. In the

AP v Sy e S e e B = 8§ e A -
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salt spray/condensation water alternating test and in

the salt spray test according to DIN 50021 on steel the
corrosive creep of the paint starting from a2 scratch was
given in mm on base metal. In &ll tests the results are

mean values over in each case several tested sheets.

Since indivicdual sites of such sheets are still always
reground in industrial coating, i.e. individual ground
parts occur between the largely unground suriaces, this

comparison is significant for practical purposes.

In this connection it was found that when the aluminium
zlloy was tested by the filiform test, the expectea
reliability was not obtained, whereas in the salt
spray/condensation water alternating test in some cases

even better results were obtained in the samples coated

sccording to the inventien than in the nickel-contalning

rhosphating.

Overzll, the quality of the high nickel contert
phosphatings was cbtained with the tests of Table 2 and
Table 3.

It was also found that the layer weight of the EDG
sheets coazted according to the invention was almost
constant, in the range from 2.0 to 2.1 g/cm® with 2
manganese content in the range from 1 to 2.5 g/l, and
was almost exactly 1.0 g/cm’ with a copper content 1in tae

range frem S to 20 mg/l.

In the prephosphating on the one hand compositions with

a nitrate acceleratien (B 21 - B 23) and on the other
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hand with a nitrate-free peroxide acceleratiorn (B 24 -

B 26) were successfully tested and compared to 2 nickel-
free prephosphating and to a very low copper content or
high nickel content pheosphating (VB 26 and VB 27).

Also, céppermfree and relatively high copper content
phosphating solutions (VB 21 - VB 24) were used compared
to the phosphating soclutions according to the invention
with 2 certain copper content. Hydrofluoric acid was
added in five tests. The sample shests were treated, as
in the experiments inveolving Examples B 1 to B20,
acccrding to the steps a) to c¢), though the titanium-

containing activator was spraved on. Layer weights in

the range from 1.5 to 1.6 g/m® were obtained.

~akble 4: Composition of the prephosphating solutions in
g/l and points of free acid (FA} and total acid

according to Fischer (TAF)

Mn | Ni Cu | Fesesr | POs | NE, | NOs | H,0, | FA | TAF |
5

N
|
-~
>

*

B
B 23 [1.74 - 20 ~ | 15.5{ - 2.6 | 15.2
B 25 [1.74 |2.251 - |0.020] 0.5 | 20 | ~ | - C 1.0 | 3.4 1.7 ]
B 26 | 1.74 | 2..5 - 6.9 | 20 | - - | 1.0 2.4 | 19.2
VB 23[1.74|2.15] - | - 0.9 [ 20 | ~ ] - [ 1.0 3.4 [13.2

- 118.0] =~ :12.0 - 2.9 | 13.0

3.0 | 18.50.5 3.2 1.2% ] 3.0 {12.4
VB 27 0.7 | 1.0 | 1.0 - - 0.8 | 18.0

*

‘as added amount ‘as SiFg as HA
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In the comparison example 23 a nickel-containing
prephosphating was applied in a layer weignt of about
1.5 g/m?, whereas in the comparison examples 26 and 27
phosphate lavers were applied in a layer weight of about
3 g/m?*. The comparison examples, like the
prephosphatings according to the invention of the
examples B 21 to B 26 according tTo the invention
(without post-phosphating), were painted with a
automob:le paint structure according to BMW and tested.
In additicon the baths contained a very small toc a
specific amount of sodium. Due to the high nitrate
levels a comparatively minor amount of nitrite was

formed, which had a strongly accelerating effect.

Teble 5: Results of the corrosion tests on

electrolytically galvanised steel surfaces, cn coatlings

ootained according to the invention (B) and coatings

obtained in the comparison examples (VB) by

1. paint adhesion test by cross-hatch adhesion test
method according to BMW test N 600 87.0 after 40

hours’ storage in 5% NaCl solution at 40°C,

I

paint adhesion test by cross-hatch adhesion test
/condensation water test according to DIN/EN ISO

2409 after 240 heours’ storage in ccndensation

water,

3. corrosion alternating test according to General

Motors GM-SCAR Test 95-11 over 40 cycles, anc
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corrosion test by weathering in the open air with

NaCl acceleration according to VDA 621-414,

CLXOosSS~- cross-ratch | GM~SCAB Test Open Air
hateh adhesion 95-11 Weathering

acdhesion test- Test acc.

| test acc. condensation | to VDA

| to BMW watar Test 621-414

: ace. to
DIN EN ISO
. 2409

- Score | Scozre mm Creep e Creep

Ve 21 5.0 5.0 lllliillll
W 2 0.6

VB 22 | - 4.5 2 =

VB 25 2.0 1.5 1 0.3

VB 26 z.0 - 1 0.3

Whereas in the two cross-hatch adhesion test sceocres cf 0

—

to 3 can be awarded, 0 being the best, in the corrosion

tests the corrosive creepage cof the paint starting from
= crack is specified in mm on base metzl. 1In all tests
tne results are mean values over in each case several

tested sheets.

In these tests it was found that the sheets cocated
according to the invention have approximately the szame
qualitv as sheets with high nickel content phosphate

coatings.




10

15

30

CA 02440151 2003-092-05

- 41 -

Patent Claims

Process for the coating of metallic surfaces by
manganese-zinc phosphating with an agueous
phosphating sclution, in which no nickel is
intentionally added to the phosphating solution,

characterised in that

the zinc:manganese weight ratio of the
phosphating solution i1s maintained in the
range from 0.05:1 to 0.99:1,
and that tne phosphating solution has the
following contents:
zinc in the range from 0.03 to 5 g/l,
manganese in the range from 0.075 to
3.2 g/l, as well as
copper in the range from 0.008 to

0.050 ¢/, and/or
a totzal azmount of 0.002 to 0.5 g/l of
hexafluoride complexes of boron,

aluminium, titanium, hafnium and/or
zlrconium, calculated as Fe.

Coating process according to claim 1, characterised
in that the phosphating sclution has a content of
silvexr in tne range from 0.000)1 to 0.05 g/l.

Coating process according to one of the preceding
claims, characterised in that the phosvhating
solution has a content of sodium in the range from
.01 to 10 g/l and/or a content of potassium in the
range from 0.01 to 10 g/l.

Coating process according to one of the preceding

claims, characterised in that the zinc:phosrhate
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welght ratio of the phosphating solution is
maintained in the range frem 0.016:1 to 1.33:1,

phosphate being calculated as PO,.

Coating process according to one of the preceding
claims, characterised in that the phosphating

solution has a content of phosphate in the range

from 3 to 75 ¢/2, phosphate being calculated as PO,.

Coating process according to one of the preceding
claims, cheracterised in that the phosphating

solution has a chloride content in the range from

'0.01 to 6 g/l arnd/or a chlorate content in +the

range from 0.0l to 5 qg/l.

Coating process according tc one ¢f the preceding
claims, characterised in that the phosphating
solution has a content c¢f silicon hexafluoride in

the range from 0.1 to £ g/l.

Coating process according to one of the preceding
claims, characterised in that the phosphating
solution has a content of free fluoride in the

range from 0.001 to 0.8 g/l.

Coating process accorcing to one of the preceding

claims, characterised in that the phosphating

solution has a total content of flucoride in the

range from 0.01 to S g/l.

Coating process according to one of the preceding

claims, characterised ir that the phosphating

P LT rrT
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solution has 2 content of at least one accelerator

in the range from 0 to 40 g/l1.

Coating process according to cne of the preceding
claims, characterised in that the phosphatingc
solution has a content of nitrite in the rance Zrom
0.01 to 0.3 g/l, a content of nitrate in the range
from 1 to 30 g/l, a content of compounds based orn
peroxide in the range Irom 0.00l to 3 g/l
calculated as H.0,, a total content of
nitrobenzenesulfonate (NBS), nitropropane,
nitroethane and/or other nitro-organic compounds -
with the exception of compounds based on
nitrogquanidine - with c¢xidising properties in the
range from 0.1 to 3 g/l calculated as NOp, a content
of compounds based on nitroguanidine in the range
from 0.1 to 5 g/l, a chlorate content in the range
from 0.05 to 4 g/l, a content of reducing sugar
compounds in the range frem 0.1 to 10 g/l and/or a
content of compounds based on nydroxylamine (HA) in

the range from 0.1 to 6 g/l, calculated as HA.

Coating process according to one of the preceding
claims, characterised in that the phosphating
solution has the following contents, in particular

for parts:

zinc in the range from 0.6 to 1.4 g/l,
manganese in the range from 0.7 to 2.0 g/1,
zinc:manganese welight ratio in tne range from
C.6:1 to 0.95:1,

phosphate calculated as PO4 1n the range from
12 to 25 g/1,

WA LSV LT
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zirc:phosphate weight ratie in the range from
0.02 to 0.12,

copper in the range from 0.008 te 0.023 g/l,
total content of fluoride as free fluoride, as
bournd fluoride and/or as at least one complexX
fluoride, in the range from 0 to 6 g/l,
calcuvlatec as F,

wherein the complex fluoride SiFg 1s contained
in an amount in the range from 0 to 4.5 g/l
calculated as Sifs, and

nitrate in the range from 0 to 22 g/l and/or
at least one other accelerator selected from
the group comprising nitrite or compounds
based on hydroxylamine, nitroguranidine and/cor
peroxide, in each case in the range Zfrom (.01
to 2 g/l.

Coating process accorcding to one of the preceding
claims, characterised in that the phosphating
scluticn has the followineg contentes in particulax
for strip material, particularly preferably for

galvanised strip suriaces:

zinc in the range from 0.1 to 4 g/l,
mancanese in the range from 0.5 to 5 g/l,
zinc:manganese weight ratio in the range from
0.02:1 to 0.9:1,

phosphate calculated as POy in the rarge from
10 to 40 g/1,

zinc:phosphate weight ratic in the range from
0.0025 to 0.4,

copper in the range from 0.008 to 0.032 g/l1,
total content of fluoride zs free fluoride, 2as
bound fluoride and/or =2s at least one complex
fluoride in the range frem 0 to © g/l

£,

calculated as F,
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where:n the complex fluoride SiF¢ 1s contzazined
in an amount in the range from 0 to 4.5 ¢g/l,
calculated as Sitg, and

nitrate in the range from 0 to 22 g/l and/or
at least cne further accelerator selected from
the group comprising nitrite or compourds
based on hydroxylamine, nitroguanidine and/or
percxicde, in each case in the range from 0.01
to 2 g/l.

Coating process according to one of the precedirg
claims, characterised in that the phosphating
solution for the prephcspnating has the following
contents:
zinc in the range from 1.3 to 2.3 g/l,
manganese -n the range from 1.7 to 2.6 g/l,
zinc:manganese weight ratio in the range from
0.5:1 to 0.95:1],
phosphate calculated as POy in the range from
10 to 20 g/1,
zinc:phosphate welight ratio in the range from
0.06 to 0.23,
copper in the range from 0.008 tc 0.048 g/l1,
total content of fluoride as free fluoride, zs
bound fluoride and/or as at least on2 complex
fluoride in the range from 0 to 6 g/l
calculated as I,
wherein the complex fluoride SiFg is contained
in an zmount in the range from 0 toc 4.5 g/l,
calculzted as SiF;, and
nitrate in the range from 0 to 22 g/l and/ox
at least ore further accelerator selected from

the group comprising nitrite or compounds
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based on hydroxgylamine and/or nitroguanidine,

in each case in the range from 0.01 to 2 g/1,

or peroxide in the range frem 0.01 to 3 g/l.

Coating process according to one c¢f the preceding

claims, characterised in that the phosphating

solution has the following contents:

zinc in the range from 0.6 to 1.4 g/l,
manganese in the range from 0.7 to 2.0 g/l,
zinc:manganese welght ratio in the rance from
0.6:1 to 0.985:1,

phosphate calculated as FO; in the range from
12 to 25 g/1,

zinc:phosphate weight ratio in the range from
0.02 to 0.12,

cotal conternt of fluoride as free fluoride, as
bound fluoride and/or as at least one complex
flueride, in the range from 0.012 to 6 g/l,
calculated as F,

where-n the total content of complex fluorides
of titanium, hafnium and/ocr zirconium is in
the range from 0.002 to 0.5 g/l, calculated as
I's, and wherein “he complex fluocride SiFg is
contained in an amount in the range from 0 to
4.5 g/l, calculated as 8SifF¢, and

nitrate in the range from 0 to 22 g/l and/or

at least one further zcceleratcr selected from
the group comprising nitrite or compounds
based on hydroxvlamine, nitroguanidine and/or
peroxide, in each case in the range frem 0.01
to 2 g/l.
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Coating process according to one of the preceding
claims, characterisec in that the metallic
substrates are coated for a time of up to 20
minutes, wherein strip material 1s preferably
coated for a time of 0.1 teo 120 seconds zand
particularly preferably for a time of 0.3 to 60
seconds, and wherein parts are preferably coatec
for a time from 1 to 12 minutes and particulearly

preferably for a time from 2 to 8 minutes.

Coating process according to one of the preceding
claims, characterised in that the temperature of
the phosphating solution in the coating procedure
is in the range from 10° to 72°C, wherein strip
material is preferably coated in the range from 40°
to 70°C and whereir pzrts are preferably coated in
the range from 20° to 60°C and particularly

preferably in the range from 22° to 58°C.

Coating prccess according to one ¢of the prececing
claims, characterised in that the free acid has =
value of 0.1 to 10 points, the total acida according
to Fischer has a value of § to 50 points, and the
ratio of the total acid accorxrding to Fischer to

free acid is in the range from 0.01 tc 0.7.

Coating process according tc ocne of the preceding
claims, characterised in trhat the pH of the

phosphating soluticon is in the range from 1 to 4.

Coating process according tc cocne ¢f the preceding

claims, characterised in that the phesphating




10

20

23

21.

23.

24.

CA 02440151 2003-092-05

solution 1s applied to the surfzazce of the
substrates by knife coating, flow coating,
spraying, sprinkling, brushing, dipping, nebulising
or rolling, wherein indiwvidual process steps may be
combined with one another, the application

ocptionally being followed by squeezing off.

Coating process according to one of the preceding
claims, characterisec in that substrates with a
metallic surface predominantly containing
aluminium, iron, copper, magnesium, tin or zinc are
coated with the phosphating solution, in particular
surfaces of at least one ¢of the materials based on
aluminium, irxon, steel, zinc and/or alloys with a
content of 2luminium, iron, copper, magnesium, tin

or zinc.

Coating process accerding to one of the precedinc
claims, characterised in that a phosphate coating
that has a layer weight in the range from 0.2 to

6 g/m* is depecsited from the phosphating solution.

Coating process according to one of the preceding
¢claims, characterised in that the metallic surfaces
axe clearned, pickled, rinsed and/cr activated

before the phosphating.

Coating process acceording to one of the preceding
claims, characterised in that the metallic surfzces

are galvanised directly before the phosphating.

B e e LT PR YT Y e
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Coating process according to one of the preceding
claims, characterised in that the metallic surfaces

are prephosphated.

Coating process according to claim 285,
characterised in that the phosphating solution for

the prephosphnating has the following contents:

zinc in the range from 0.4 to 5 g/1,
rnanganese in the rence from 0.5 to 5.2 g/l1,
copper in the rance from 0.008 to 0.050 g/l.

Coating process according to claim 25 or 26,
characterised in that at least partially '
prephosphated, optionally at least partially
formed/shaped, opticnally at least partiallv welded
metallic substraztes are phesphated by coating with
an aquecus phosphating solution, in which no nickel
is intentionally added to the rphosphating solution
or the coating is carried out onlv with a nickel
content of the phosphating solution of up to
0.3 g/1, wherein the phosphating solution has the
fellowing contents:

zinc in the range from 0.05 to 5 g/l, and

manganese in the range from 0.07% to 5.2 g/l.

Coating process according to one of the preceding
claims, characterised in that the pnosphated
supstrates are rinsed at least once and are
optionally treated between two rinse procedures
with a poest-rinse scolution to provide additional
passivation.

Coating process according to one of the preceding
claims, characterised in that after the phosphating
tne metallic surfaces are welded, konded znd/or
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formed/shaped, and are then opticnally
rephosphated.

Coating process according to one of the preceding
claims, characterised in that the metal parts
provided with a first and/or second phosphate layer
are coated with a paint, with another type of
organic ceating, with a film and/or with an
adhesive layer and are optionally formed/shaped,
wherein the metal parts coated in this way may in
addition be bonded or welded to other parts and/or
joined together in some other way.

Coating precess according to one of claims 1 to 30,
characterised in that the metal parts preovided with

a first and/or second applied phosphate layer are
coated either before or after the forming and/or

assembly with 2 coating coxrresponding to claim 28.

Use ¢of the metal parts coated by the process
accordirg to at least one of claims 1 to 31 as
prephosphated metal parts for a renewed conversion
treztment or for z renewed conversion pretreatment,
in particular before painting, or as pretreated
metal parts in particular for the autcmobile
industry, especlally before pzazinting, or an end-
phosphated metal parts, which may optionally also
subsequently be painted, organically coated in
another way and/or cecated with a film, with an
adhesive layer, formed/shaped, assembled and/or
welded together.

Use 0f the substrates coated by the process
according to at least cone of claims 1 to 31 in the

production ¢f strip mzterial, for the production of
components cr car body parts or preassemdled
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elements in the automobile or aerospace i1ndustry,
in the building and construction i1ndustry, 1n the
furniture incdustry, for the production of
instruments ancd units, in particular domestic
appliances, measuriﬁg instruments, contrecl devices;,
testing devices, structural components,
claddings/linings as well as small parts; as wire,
wire colling, wire mesh, metal sheeting,
cladding/lining, screening, car bodies or parts of
car bodies, parts of vehicles, trailers, mobile
homes or migsiles, as electronic or microelectronic
components, as coverings, housings, lamps, lights,
hanging light units, items of furniture or
furniture parts, components of domestic appliances,
frames, prof:iled sections, meculded parts of
complicated geometry, beam barrler, radiator or
sauna par:s, automobile bumpers, parts of or with
at least one pipe and/or a profiled section,
window, door cr bicycle frames, or as small parts
such as for example screws, nuts, flanges, springs
or spectacle frames.
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