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Coating materials with minimized lubricant demand enable 
optimized tribological conditions in forming flat steel prod 
ucts and are also unobjectionable in relation to their effects 
on the environment . With such coating materials , steel 
components can be produced by forming flat steel products 
in forming machines . For example , a tribologically - active 
layer may be produced on at least one surface of a flat steel 
product or a forming machine used to form the flat steel 
product , wherein the at least one surface comes into contact 
with the opposing component during forming . The tribo 
logically - active layer may be formed by coating the at least 
one surface with a coating material from a group consisting 
of aluminum sulfate , ammonium sulfate , iron sulfate , and 
magnesium sulfate . The flat steel product may be inserted 
into the forming machine to be formed into the steel com 
ponent . ” 
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USE OF A SULPHATE , AND METHOD FOR 
PRODUCING A STEEL COMPONENT BY 
FORMING IN A FORMING MACHINE 

[ 0001 ] The invention relates to the use of a sulfate from 
the group consisting of aluminum sulfate , ammonium sul 
fate , iron sulfate , and magnesium sulfate . 
[ 0002 ] The invention likewise relates to a method for 
producing a component by forming of a flat steel product in 
a forming machine . 
[ 0003 ] For the forming to give a component , the respec 
tive flat steel product to be formed is inserted into a forming 
machine and then is formed by the machine to give the 
respective component . This forming may be implemented as 
cold forming , in other words as forming at temperatures 
below the recrystallization temperature of the respective 
steel of the flat steel products , or as hot forming , in other 
words as forming at operating temperatures which lie above 
the recrystallization temperature . 
[ 0004 ] One typical example of a forming operation of this 
kind is deep drawing , in which the flat steel product to be 
formed is pressed by means of a punch into a die . The shape 
of die and punch here determine the form which the flat steel 
product receives as a result of the forming operation . 
[ 0005 ] In any forming operation , there are relative move 
ments between the product to be formed and the forming 
tool used for shaping in each case . At the same time there is 
contact between the surfaces of the product and the corre 
sponding surfaces of the forming tool . The tribological 
system which develops between the tool and the product to 
be formed is determined by the physical properties of the 
product to be formed and of the tool , and also by the media 
present between the product to be formed and the tool . As a 
result of the relative movement between the forming tool 
and the product to be formed that makes contact with the 
forming tool , friction is produced . 
10006 ] In the forming of flat steel products , in particular , 
this friction may greatly differ locally , because , in the course 
of forming , the material of the flat steel product is deformed 
differently in sections and therefore the material of the flat 
steel product also flows to different extents locally during the 
deformation . Therefore , especially in the production of 
components of complex shape by deep drawing or compa 
rable cold forming operations , where generally high degrees 
of forming are obtained and complex shapes are modeled , 
there are dynamically changing frictional conditions in 
which static friction and sliding friction may occur alter 
nately . 
10007 ] The frictional forces which come about in the case 
of cold forming , in particular , may be high enough to 
possibly disrupt the continuous running of the shaping 
operation and to cause incorrect molding of the particular 
component being formed . At the same time , the unavoidable 
friction results in considerable tool wear . 
[ 0008 ] Proving particularly critical in this respect are flat 
steel products to which a zinc - based or aluminum - based 
protective coating , affording protection from corrosion or 
other environmental influences , has been applied to the 
actual flat steel product . 
[ 0009 ] In order to diminish the adverse effects triggered by 
friction during forming , the surfaces that come into contact 
with one another during the forming operation are in prac 
tice lined with lubricants . Through the use of suitable 
coating materials it is possible to protect the forming tools 
and so to extend the tool lives substantially . For this purpose , 

the lubricant may be applied both to the flat steel product to 
be formed and to those surfaces of the tool that come into 
contact with the flat steel product . 
[ 0010 ] Customarily used as lubricants for cold forming are 
lubricants based on mineral oil , to which various additives 
may be added in order to optimize their lubricity effect , such 
as sulfur - containing , phosphorus - containing or chlorine 
containing adjuvants . A detailed elucidation of tribology 
within forming technology is found in section 2 . 8 of volume 
4 . “ Umformen ” [ Forming ] of the “ Fertigungsverfahren " 
[ Fabrication processes ] compendium by Prof . Dr . - Ing . Fritz 
Klocke , Prof . em . Dr . - Ing . Dr . h . c . mult . Wilfried König , 5th 
edn . , 2006 , Springer - Verlag Berlin Heidelberg . 
[ 0011 ] Examples of coating materials for cold forming that 
are based on mineral oil or similar hydrocarbons are 
described in DE 101 15 696 A1 . These coating materials 
include lubricants with a paraffinic or naphthenic basis , or 
ester oils with a plant or animal basis . 
[ 0012 ] DE 10 2008 016 348 A1 , furthermore , describes a 
low - friction coating which is intended for application to the 
particular flat steel product to be formed and which is based 
on graphite in mineral oil . At high processing temperatures , 
this low - friction coating is said to ensure effective sliding of 
the metal between the processing tools . 
[ 0013 ] DE 100 07 625 Al discloses coating materials 
based on carbonic esters . The coating materials comprise 
one or more components selected from the group of the 
monoesters and / or diesters of mono - or oligophosphoric 
acids , triglycerides , and fatty acid methyl esters . These 
components are intended to serve in particular as a substitute 
for mineral oil hydrocarbons or other petroleum distillates . 
[ 0014 ] DE 699 06 555 T1 , lastly , describes a method for 
applying a layer of zinc hydroxysulfate to galvanized steel 
sheet . The layer is applied in the form of a solution to the flat 
steel product , the pH of the solution being greater than or 
equal to 12 but less than 13 . The solution is applied to the 
galvanized surface of the flat steel product by anodic polar 
ization of the surface . The layer thus produced consists of 
zinc hydroxysulfate , also called “ basic zinc sulfate ” . 
[ 0015 ] Against the background of the prior art , the object 
of the invention was to identify coating materials which , 
with minimized lubricant demand on the one hand , permit 
optimized tribological conditions in the forming of flat steel 
products , and , on the other hand , are unobjectionable in 
terms of their effect on the environment . 
[ 0016 ] The intention was also to specify a method with 
which components can be manufactured from flat steel 
products by cold forming with high efficiency and mini 
mized environmental burden . 
[ 0017 ] In relation to the coating material , this object has 
been achieved by the use as specified in claim 1 of a sulfate 
selected from the group consisting of aluminum sulfate , 
ammonium sulfate , iron sulfate , and magnesium sulfate as a 
coating material for improving the tribological characteris 
tics of a flat steel product on forming in a forming machine . 
[ 0018 ] The achievement by the invention of the object 
identified above in relation to the method lies in performing 
the worksteps specified in claim 4 in the production of a steel 
component . 
[ 0019 ] Advantageous embodiments of the invention are 
specified in the dependent claims and are elucidated in detail 
below along with the general concept of the invention . 
0020 ] According to the understanding of the invention , 
the term “ flat steel product ” covers all rolled products whose 
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length is very much greater than their thickness . They 
include steel strips and sheets and also blanks and billets 
obtained from them . 
[ 0021 ] The flat steel products for cold forming in accor 
dance with the invention encompass , in particular , what are 
called thin sheets , these being sheets having a thickness of 
less than 4 mm , more particularly 0 . 4 - 3 . 5 mm , typically 
0 . 5 - 3 mm , which can be formed in the cold - rolled or 
hot - rolled state to give a component . An overview of flat 
steel products of the type in question , envisaged typically as 
thin sheets for cold forming , is provided by DIN EN 10130 
( uncoated thin sheets ) and by DIN EN 10346 ( thin sheets 
provided with an anticorrosion coating ) . Examples here 
include the soft steels for forming with the material numbers 
1 . 0226 , 1 . 0350 , 1 . 0355 , 1 . 0306 , 1 . 0322 , 1 . 0853 . 
[ 0022 ] Surprisingly it has emerged that the sulfates envis 
aged in accordance with the invention as coating materials 
for flat steel products lead to a significant improvement in 
the tribological conditions during forming of flat steel prod 
ucts . Thus , with the sulfates selected in accordance with the 
invention for use as coating materials , it is possible to attain 
lubricating properties which match the properties achieved 
with conventional lubricants of the type presented at the 
outset . This effect is in principle independent of whether the 
forming is carried out as cold or hot forming . The sulfates 
used in accordance with the invention as coating materials 
prove particularly effective in the cold forming of flat steel 
products . 
[ 0023 ] At the same time , the sulfates used in accordance 
with the invention as a coating material for improving the 
frictional conditions during forming are notable for high 
environmental compatibility and can be applied easily to the 
flat steel product in question . 
100241 On account of their solubility in water , the sulfates 
used in accordance with the invention can also be removed 
again easily , after deformation , from the steel components 
obtained after the forming operation in each case . Residues 
of coating remaining on the steel component cause at most 
insignificant interference to the operations customarily tra 
versed , after forming , in the ongoing processing of steel 
components . 
10025 ) Specific sulfate coating materials particularly suit 
able in accordance with the invention for practical use are 
the sulfates from the group consisting of aluminum ( III ) 
sulfate , ammonium sulfate , iron ( II ) sulfate , iron ( III ) sulfate , 
and magnesium sulfate . 
[ 0026 ] Ultimately , with the use as proposed in accordance 
with the invention of sulfates from the group consisting of 
aluminum sulfate , ammonium sulfate , iron sulfate , and 
magnesium sulfate , a coating material is available which has 
optimum processing properties and service properties and 
which can be provided readily in sufficient quantity at low 
cost . 
[ 0027 ] The method of the invention for producing a steel 
component by forming a flat steel product in a forming 
machine comprises , accordingly , the following worksteps : 

[ 0028 ] providing the flat steel product , 
[ 0029 ] producing a tribologically active layer on at least 

one of the surfaces of the flat steel product or of the 
forming machine used for forming that come into 
mutual contact during forming , by coating with a 
coating material from the group consisting of alumi 
num sulfate , ammonium sulfate , iron sulfate , and mag 
nesium sulfate ; 

[ 0030 ] inserting the flat steel product into the forming 
tool ; 

[ 0031 ] forming the flat steel product inserted into the 
forming machine , to give the component . 

[ 0032 ] On account of their ease of application , the sulfates 
envisaged in accordance with the invention for use as 
coating materials in a method of the type of the invention are 
suitable for coating the surfaces of the respective tool with 
which the flat steel product to be formed comes into contact 
on forming . Hence the sulfates used in accordance with the 
invention may be applied as an aqueous solution to the 
critical surfaces of the forming tool by spraying , brushing or 
in another manner already known in practice for these 
purposes . 
[ 0033 ] In the industrial application of the invention , it is 
found particularly advantageous if the flat steel product in 
question is coated with the coating material in the course of 
its production . In that case the ease of application and the 
ready adhesion of the sulfates used in accordance with the 
invention to the surface of the flat steel product that is to be 
coated are particularly beneficial . The sulfates proposed in 
accordance with the invention for use as lubricants can also 
be applied to the particular flat steel product to be formed , 
using conventional coating equipment of the kind custom 
arily available for applying organic or inorganic layers to flat 
steel products of the type in question here . The respective 
sulfate as coating material can be applied to the flat steel 
product accordingly by dipping , spraying , coating , or brush 
ing in . 
0034 ] The application of the sulfates used in accordance 
with the invention as coating materials for improving the 
frictional state during deformation of flat steel products is 
made particularly easy by the fact that these sulfates readily 
wet the particular surface to be coated and , accordingly , 
form uniform layers without any need for special measures . 
In particular there is no requirement for the respective 
aqueous solution to undergo particular heating . Instead , the 
aqueous solution comprising the sulfate intended for use in 
accordance with the invention can be applied at room 
temperature . 
[ 0035 ] . Application of the sulfates used as coating mate 
rials in accordance with the invention is particularly easy 
when they are applied in the form of an aqueous solution . 
After a subsequent drying operation , the flat steel product 
bears a dense , uniformly distributed , thin sulfate layer , 
which ensures optimum deformation characteristics during a 
forming operation , particularly a cold forming operation . 
[ 0036 ] In this context it is found that there is no need for 
additives , of the kind required in the prior art in order , for 
example , to set a particular pH , to ensure effective coverage 
of the particular surface to be coated in the particular coating 
operation with the coating material used in accordance with 
the invention . Hence it has proven sufficient for the aqueous 
solution to consist of two components , of which one com 
ponent is water as solvent and the other component is the 
respective sulfate as tribologically active constituent . If 
distilled water is used as solvent here , this has the advantage 
that there can be no disruption to the function of the coating 
by extraneous ions . 
[ 0037 ] A sufficiently thick and dense tribologically active 
coating for the purposes of the invention on the surfaces of 
flat steel products or forming tools to be coated in each case 
is obtained if the amount of the tribologically active sulfate 
constituent in the aqueous solution is 0 . 2 - 1 mol / l ( based on 
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the SO42 - ion concentration ) , with highly effective coatings 
being produced in an operationally reliable way in practice 
when the amount of the sulfate constituent provided in 
accordance with the invention in the aqueous solution is 
0 . 4 - 0 . 7 mol / l ( based on the SO2 - - ion concentration ) . 
[ 0038 ] Mixtures of the sulfates provided as coating mate 
rials in accordance with the invention can also be applied 
inventively to the flat steel product . 
[ 0039 ] In order to ensure reliable effect under the plant 
conditions for the sulfate coating material provided for use 
in accordance with the invention , the layer formed from the 
respective coating material on the flat steel product or on the 
surface of the forming tool to be coated can be applied with 
a coatweight of 5 - 50 mg / m² . Optimum effects come about 
when the coatweight is 10 - 30 mg / m² . 
[ 0040 ] In order to ensure optimum adhesion on the respec 
tive surface of the coating material intended for use in 
accordance with the invention , the relevant surface can be 
subjected to alkaline cleaning before the coating material is 
applied . 
[ 0041 ] The application of the sulfates provided in accor 
dance with the invention for improving the tribological 
properties significantly enhances the coefficient of friction of 
the respectively coated surface . For instance , by a layer 
formed from the sulfates provided for use in accordance 
with the invention , the coefficient of friction of the respec 
tively coated surface is regularly reduced to s0 . 15 . 
[ 0042 ] This success comes about especially when the flat 
steel product has been corrosion - protected by coating , in 
particular by hot dip coating , with a protective coating based 
on zinc . This Zn - based coating may have been applied 
conventionally to the respective steel substrate , as a pure 
zinc layer , as a zinc alloy layer with fractions of Mg , Al or 
Si , electrolytically , for example , or by hot dip coating . It is 
also possible for flat steel products to be coated inventively 
with Al - based coatings in order to improve their forming 
characteristics on cold or hot forming . 
[ 0043 ] Without having for this purpose to accept the 
disadvantages of the conventional materials , such as poten 
tially environmentally harmful constituents , complex meth 
ods of application and the like , coatings which are formed by 
the inventively selected coating materials thus achieve fric 
tional properties which correspond reliably to the frictional 
properties of coatings which consist of conventional mate 
rials customarily used for improving the tribological prop 
erties . 
[ 0044 ] The invention is elucidated in more detail below 
with working examples . In the drawing : 
[ 0045 ] FIG . 1 shows a diagram in which the development 
of the coefficient of friction of the surface of a galvanized 
thin sheet coated with an ammonium sulfate layer , during the 
strip - drawing test , is plotted against the respective contact 
pressure ; 
10046 ] FIG . 2 shows a diagram in which the development 
of the coefficient of the surface of friction of an untreated 
galvanized thin sheet , during the strip - drawing test , is plot 
ted against the respective contact pressure ; 
[ 0047 ] FIG . 3 shows a diagram in which the development 
of the coefficient of friction of the surface of a galvanized 
thin sheet coated with an iron ( II ) sulfate layer , during the 
strip - drawing test , is plotted against the respective contact 
pressure 
[ 0048 ] FIG . 4 shows a diagram in which the development 
of the coefficient of friction of the surface of a galvanized 

thin sheet coated with an aluminum sulfate layer , during the 
strip - drawing test , is plotted against the respective contact 
pressure . 
[ 0049 ] The coefficient of friction profiles reproduced in 
the figures were determined in a strip - drawing test , which is 
explained , for example , in section 2 . 8 . 7 . 4 of volume 4 of the 
5th edition of the “ Fertigungsverfahren 4 ” [ Fabrication 
methods 4 ] compendium by Fritz Klocke and Wilfried 
König , Springer - Verlag Berlin Heidelberg , 2006 ( ISBN - 13 
978 - 3 - 540 - 23650 - 4 ) . 
[ 0050 ] Experiment 1 
[ 0051 ] A tribologically active ammonium sulfate layer 
was applied to a conventional flat steel product in the form 
of a thin sheet strip provided with a Zn coating . 
[ 0052 ] This was done by preparing an aqueous solution 
where 90 g of ammonium sulfate ( ( NH4 ) 2SO4 ) were dis 
solved in 1 1 of water ( distilled ) , giving the aqueous solution 
an ammonium sulfate content of 90 g / 1 . The native pH of the 
resulting solution was 5 . 3 . 
[ 0053 ] The aqueous solution thus constituted was applied 
at room temperature to the thin sheet flat steel product , 
subjected beforehand to alkaline cleaning , by means of a 
“ Chemcoater ” which is customary in the industry . 
[ 0054 ] A “ Chemcoater ” is a plant component which is 
used in the steel industry for applying chemical substances , 
for application in the form of an aqueous solution , to 
galvanized quality flat steel . Such coaters are used in par 
ticular for applying water - soluble media which serve to 
pretreat the respective flat steel product for a subsequent 
varnish or film coating or for improving the corrosion 
control . It allows different treatment chemicals to be applied 
via rollers to the particular flat steel product to be coated . 
The flat steel product furnished with the coating subse 
quently travels through an oven , in which the coating is 
dried . 
[ 0055 ] The parameters set when applying the ammonium 
sulfate solution are reported in table 1 . 
[ 0056 ] In order to determine the development of the 
coefficient of friction against the contact pressing , which is 
decisive for the characteristics on cold forming ( deep draw 
ing ) in the cold - forming tool ( punch / die ) of a cold forming 
machine , samples of the resulting flat steel product , coated 
with the ammonium sulfate layer and additionally oiled with 
a conventional oil , which was a conventional , barium - free , 
thixotropic anticorrosion agent with good forming proper 
ties , available under the name PL 3802 - 39S , the oiling 
taking place with an add - on weight of 1 . 5 g / m² , were 
subjected to a strip - drawing test . In this test , the samples 
were disposed at room temperature between two uncoated 
braking jaws consisting of the steel with material number 
1 . 2379 , which acted with a contact pressure of up to 100 
MPa against the samples . The measuring distance was 500 
mm / min at a testing speed of 60 mm / min . The contact area 
between tool and sample surface was 600 m² . The result of 
this test is shown in FIG . 1 . 
[ 0057 ] For comparison , an untreated sample of the same 
flat steel product was likewise subjected to a strip - drawing 
test under the same conditions as the sample investigated 
before . The profile of the coefficient of friction against the 
contact pressure , determined in this case , is reported in FIG . 
2 . The profile reproduced there shows that the substrate 
surface of the untreated sample exhibits the “ slip - stick ” 
effect already at a very early stage . The plot shown in FIG . 
2 runs out , since the experiment was discontinued in order 
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to avoid damage to the tool . This slip - stick effect is a 
phenomenon which occurs when the static friction is greater 
than the sliding friction . In this case , surface parts coupled 
in a damped manner perform a very rapid sequence of 
sticking , bracing , separating , and gliding . The effect disap 
pears as soon as the friction partners are separated by a 
lubricant . The sulfates selected in accordance with the 
invention prove particularly effective here , as demonstrated 
by a comparison of FIG . 2 with FIG . 1 or with FIGS . 3 and 
4 , which are elucidated below . 

strip - drawing test . The result of this test is shown in FIG . 4 . 
Here as well it was confirmed that , just as for the ammonium 
sulfate layer investigated in experiment 1 and the iron ( II ) 
layer investigated in experiment 2 , the aluminum sulfate 
layer reliably achieves coefficients of friction of less than 
0 . 15 at relatively high contact pressures . 
[ 0068 ] The tribologically active layers which consist of 
the sulfates proposed for use in accordance with the inven 
tion therefore achieve the same effect as the conventional 
coatings consisting , for example , of ZnSO4 . 

TABLE 1 

Setting of 
dip roll and feting and Thickness 

Gap width 
between dip 

roll and Peripheral speeds Thickness Drying oven 

application Mode of 
operation 
of coater 

Application 
roll 

[ m / min ] 

Transport 
roll 

[ m / min ] 

application 
roll 
[ um ] 

Dip roll 
[ m / min ] 

of flat steel 
product 
[ mm ] 

roll 
Add - on 
weight 

[ mg / m2 ] Experiment 
Residence 

time 
[ s ] 

Temperature 
[ ° C . ] 

PMT 
[ ° C . ] [ um ] 

25 30 71 reverse 
reverse 
co - rotating 

30 
25 
30 

10 
10 
10 

23 ?? ?? ??? | 

- 400 
- 500 
- 400 222 0 . 9 

0 . 9 
0 . 9 

30 
100 
100 
100 

100 
100 
35 

71 
30 71 

10058 ] Experiment 2 
[ 0059 ] A tribologically active iron ( II ) sulfate layer is 
applied to a conventional flat steel product likewise in the 
form of a thin sheet strip provided with a Zn coating . 
[ 0060 ] For this purpose , 189 g of iron ( II ) sulfate ( FeSO4 ) 
were dissolved in 1 1 of fully demineralized water , giving the 
aqueous solution an iron sulfate content of 189 g / 1 . The 
native pH of the resulting solution was 2 . 2 . 
10061 ] As in the case of experiment 1 , the aqueous solu 
tion was applied at room temperature , using the coater 
already described above , to the flat steel product , which had 
undergone alkaline cleaning beforehand . The application 
parameters are again reported in table 1 . 
[ 0062 ] Samples of the flat steel product furnished with the 
layer of iron ( II ) sulfate were likewise subjected to a strip 
drawing test under the conditions already elucidated above . 
The result of this test is shown in FIG . 3 . It is apparent that , 
just like the ammonium sulfate layer investigated in experi 
ment 1 , the iron ( II ) sulfate layer reliably achieves coeffi 
cients of friction of less than 0 . 15 with relatively high 
contact pressures . 
[ 0063 ) Experiment 3 
[ 0064 ] A tribologically active aluminum sulfate layer is 
applied to a conventional flat steel product likewise in the 
form of a thin sheet strip provided with a Zn coating . 
[ 0065 ] For this purpose , 240 g of aluminum sulfate ( Al2 
( SO4 ) 3 ) were dissolved in 1 1 of fully demineralized water , 
giving the aqueous solution an aluminum sulfate content of 
240 g / l . The native pH of the resulting solution was 2 . 1 . 
[ 0066 ] In this case as well , the aqueous solution was 
applied at room temperature , using the coater already 
described above , to the flat steel product , which had under 
gone alkaline cleaning beforehand . The application param 
eters are again reported in table 1 . In the table , the indication 
“ Setting of dip roll and application roll ” identifies the degree 
by which the squeeze - off gap present between the dip roll 
and application roll is smaller than the thickness of the 
processed flat steel product . At the same time , “ PMT ” refers 
to the “ Peak Metal Temperature ” . 
10067 ] Samples of the resulting flat steel product coated 
with the aluminum sulfate layer were again subjected to a 

1 . - 15 . ( canceled ) 
16 . A flat steel product configured to be formed by a 

forming machine , the flat steel product comprising a coating 
material that includes a sulfate from a group consisting of 
aluminum sulfate , ammonium sulfate , iron sulfate , and 
magnesium sulfate , wherein the coating material improves a 
tribological characteristic of the flat steel product relative to 
a tribological characteristic of a flat steel product without the 
coating material . 

17 . The flat steel product of claim 16 wherein the group 
consists of aluminum ( III ) sulfate , ammonium sulfate , iron 
( III ) sulfate , iron ( II ) sulfate , and magnesium sulfate . 

18 . The flat steel product of claim 16 wherein the coating 
material forms a water - soluble layer . 

19 . A forming machine for forming a flat steel product , the 
forming machine comprising a coating material that includes 
a sulfate from a group consisting of aluminum sulfate , 
ammonium sulfate , iron sulfate , and magnesium sulfate , 
wherein the coating material improves a tribological char 
acteristic of the forming machine relative to a tribological 
characteristic of a forming machine without the coating 
material . 

20 . The forming machine of claim 19 wherein the group 
consists of aluminum ( III ) sulfate , ammonium sulfate , iron 
( III ) sulfate , iron ( II ) sulfate , and magnesium sulfate . 

21 . The forming machine of claim 19 wherein the coating 
material forms a water - soluble layer . 

22 . A method of producing a steel component by forming 
a flat steel product in a forming machine , the method 
comprising : 

providing the flat steel product ; 
producing a tribologically - active layer on at least one 

surface of the flat steel product or of the forming 
machine by coating the at least one surface with a 
coating material from a group consisting of aluminum 
sulfate , ammonium sulfate , iron sulfate , and magne 
sium sulfate ; 

inserting the flat steel product into the forming tool ; and 
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forming the flat steel product to create the steel compo 
nent , wherein during forming 
the at least one surface of the flat steel product comes 

into contact with the forming machine , or 
the at least one surface of the forming machine comes 

into contact with the flat steel product . 
23 . The method of claim 22 wherein the group consists of 

aluminum ( III ) sulfate , ammonium sulfate , iron ( II ) sulfate , 
iron ( III ) sulfate , and magnesium sulfate . 

24 . The method of claim 22 wherein the forming of the 
flat steel product is performed as cold forming of the flat 
steel product . 

25 . The method of claim 22 wherein the tribologically 
active layer is produced on the flat steel product . 

26 . The method of claim 25 wherein a sulfur fraction of 
the tribologically - active layer produced on the flat steel 
product is 5 - 50 mg / m² . 

27 . The method of claim 25 wherein a coefficient of 
friction of the at least one surface of the flat steel product 
after the tribologically - active layer is produced is not more 
than 0 . 15 . 

28 . The method of claim 22 wherein the coating material 
is applied as an aqueous solution . 

29 . The method of claim 28 wherein the aqueous solution 
consists of a first component and a second component , 
wherein the first component is water as a solvent and the 
second component is the respective sulfate as a tribologi 
cally - active constituent . 

30 . The method of claim 29 wherein the first component 
is distilled water as the solvent . 

31 . The method of claim 29 wherein an amount of the 
tribologically - active constituent in the aqueous solution is 
0 . 2 - 1 mol / 1 based on a SOAP - ion concentration . 

32 . The method of claim 22 wherein the flat steel product 
includes a anticorrosion control coat , wherein the tribologi 
cally - active layer is produced on the anticorrosion control 
coat . 

* * * * * 


