Zinc diffusion coating nmethod The present invention relates to a

met hod for the diffusion coating of a surface of a netallic substrate
With zinc in which the substrate to be coated is heat-treated
together with zinc as a diffusion source at tenperature between 200
and 500C but below the nelting tenperadture of the diffusion source.
Conmponents of materials susceptible to corrosion such as for exanple
of iron and steel have been zinc coated for a long tine, i.e.

provi ded on their surface with a conparatively thin zinc layer in
order to increase the corrosion resistance of the conponents.
Exanpl es for such conponents are joining and fastener el enents such
as screws and bolts, body parts for notor vehicles, crash barriers,

__railings, outdoor stairs and the |like. By way of exanple hot nelt

zinc coating, galvanic zinc coating and sheradi zing are known as zinc
coating nethods. In hot di pzadaiff@sibhidatiiy sdthblaate to be coated
is dipped after an appropriate pre-treatnent, which normally includes
the steps of degreasing, pickling, fluxing and drying, into a zinc
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t enper at ur egihesrean decisively |loose strength and in this way
beconme unusable. 2 electrolyte. This nethod is, however, only
conditionally utilizable for substrates of conpl ex shape.
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pages 1 to Biting manifests itself when the attempt is made to coat heat-treated
high strength steel parts, since under the influence of the relatively high
process temperature these can decisively loose strength and in this way

become unusable.

With galvanic zinc coating, the application of the zinc layer onto the mate-

rial to be zinc-plated takes place by electrochemical deposition from a zinc



Wth the sheradi zi ng nethod very uni form zinc coatings which adhere
firmy to the substrate with a layer thickness of up to 100 pm are
produced even when using substrates of conplicated shape and have an
excel l ent corrosion resistance. However, the known sheradi zi ng

met hods have some di sadvantages. 3 One di sadvantage of the known
sheradi zing nmethod is the conparatively high consunption of zinc

whi ch is caused by the burned-off of zinc in the initial air

at nosphere present in the reaction spacg with an oxygen concentration
of 21 Vol .-% because the burned-off zinc is no |longer available for
the coating. Mreover, disadvantages are associated with the use of
the filler and indeed both for conplex conponents which are mainly
fixed in frames in the drumand also for the process itself. As a.

result of the self-weight of the filler undesired deformations of the

material to be zinc coated can nanely arise. Furthernore, as a result
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required for S GAS t

di spensed mﬁ?ﬁgﬁﬁur%ﬂggﬁ%gﬁgfh F§Rﬁf ?eﬁ%ﬁﬁ£§“£%5$§{on process
st eps and hapalits ngnelevbectesated vgth tlrhentqthdadem oxdstr th prentdddtierdangehe
drum prior t nd subsequently separated fromthe
coat ed nater@nﬁngdggpégghg§ggma re-use. The fine dust burden due to
filler abrasion and zinc ash is of concern and thus requires speci al
measures to Re,LBkefnfoh Pk bBBradtHf ninGX b 261

Systems or resplltrat?%n néﬂglﬁ&fgﬂ&{]e f%ﬁfllser a ?nﬁ& ?ds( d?’s dgg@g
with in ordemateriadyopd zinfeeated @d@ﬁﬂéﬁt@@@%“ﬁth@mfppa‘&@‘?rc@%h W8 & hat

the process H@;th?é‘&% Ax‘?ﬁi@?t ﬁl%tér?a)f SF il SR KD Md br &é}ﬁnﬂé Y extrflC
nmetering and thus fails or that the zinc consunption rel ated to the

zi nc coat ed Blgrfluménymg %‘Bi%laﬂérta@wfﬁthtfr‘é@y@@l xng%ﬁfpeThﬁ@lﬁbe of
| oose zinc dysis Md}g éaﬁtﬁe@%ﬁt irl Q%Bfea%wﬁlgcm haatied Desalsfdt hi s
i

requires an adequate stribution of the zinc dust in the retort
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(:vfI bull% material, it also prevents the parts striking together and thus

damaging of the components. Sheradizing methods relates to a diffusion

coating method in which the zinc is diffused into the surface layer of the
substrate to be zinc coated from the vapor phase which is formed as a re-
sult of a comparatively high vapor pressure of zinc by sublimation at the
temperature used for the heat treatment. Such methods are for example
described in DE-PS 134 594, in DE-PS 273 654 and by E.V. Proskurkin &
N.S. Gorbunov, "Galvanizing, sheradizing and other zinc diffusion coatings”
Technicopy Limited, England, 1972, pages 1 to 68.

With the sheradizing method very uniform zinc coatings which adhere firmly to
the substrate with a layer thickness of up to 100 m are produced even when
using substrates of complicated shape and have an excellent corrosion re-

sistance. However, the known sheradizing methods have some disadvantages.



4 whi ch the nunber of ovens can be kept snaller than the nunber of
retorts. Because the retorts rotate wthin the heating chanber of the
oven the seals also lie inside the firing space. Since these are not
conpletely seal ed air and gaseous oxygen-contai ni ng conbusti on
products can enter into the retorts during the heat treatnment which
inpairs the reliability of the process and also in particul ar

i ncreases the consunption of zinc for the above-naned reasons. The
obj ect of the present invention is thus,the making avail able of a

met hod for diffusion coating of the sur?ace of the substrate with
zinc in which even when using substrates of conplicated shape very
uni form zi nc coatings can be obtained with an excellent resistance to
_corrosion which firmy adhere to the substrate, which does not_have _
to be carried out in a rotating or otherw se noved retort, which has
a reduced zinc consunption related to the surface of the substrate to
be zinc coated and which nakes it possible to dispense with the use

of filler angnthRa&8tHf of %%o%%ﬁeﬁﬁﬁﬁlg%ﬂi&gmttﬂ@C(hﬁ]?&raﬁxreﬁ%gﬁ_nt .
I n accordance with the_inve s OH{eCt is satisfied by naking
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application of a suspension which contains iquid and zinc
zinc alloy as a diffusion source or zinc donor onto the surface of
t he subst r at Moteovdredisadiaathgedre a23ocagl witlatieake@f tta Allefhdindsébdthe
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zi nc and/ or nc a usron source or zinc donor onto
the |iquid aleg the process itself. As a result of the self-weight of the filler undesired defor-

mations of the material to be zinc coated can namely arise. Furthermore, as a
result of the heat capacity of the filler consideranbly more heat energy is required
for the method than is the case if the filler could be dispensed with. Furthermore
the filler requires additional process steps and handling devices. Thus the filler
must be added into the drum prior to the sheradizing and subsequently separat-
ed from the coated material and cleaned for re-use. The fine dust burden due to
filler abrasion and zinc ash is of concern and thus requires special measures to
be taken for working protection, such as extraction systems or respiration
masks. If the filler material is dispensed with in order to avoid these disad-
vantages then practice shows that the process no longer leads to layer formation
{ ' with the usual zinc metering and thus fails or that the zinc consumption related

to the zinc coated surface is considerably increased.

Furthermore the use of loose zinc dust during the heat treatment is complicated
because this requires an adequate distribution of the zinc dust in the retort
which is normally achieved by a moved retort, in particular a rotating retort dur-
ing the heat treatment and, on the other hand, because the handling of dust is of

concern from technical environmental and technical working viewpoints.

Finally, the retorts that are normally used in the sheradizing method are also
disadvantageous. Normally, for the above-named reason, retorts are used for this
purpose which rotate in an oven or are moved in order to achieve a uniform dis-

tribution of the zinc dust and of the filler and in order to achieve a situation in



5 c) carrying out a heat treatnent of the substrate obtained in the
step b) at a tenperature between 200 and 500C but bel ow the nelting
tenperature of the diffusion source under a protective gas atnosphere
and also d) renoving the mxture applied in the step ai) or az). In
the context of the present invention it could surprisingly be found
that with a nethod based on zinc diffusion for the coating of a
surface of a netallic substrate it is possible to dispense during the
heat treatnment with the use of filler, wth the use of |oose zinc
powder and with a novenent of the retort in which the heat treatnent
is carried out, when, in the nethod prior to the heat treatnent,

t hrough the nmethod step ai) or the nethod step az) in conbination

with the drying in accordance with the nmethod step b), zinc is firmy

adhered to the substrate surface to be coated and the substrate with
the zinc firmy adhered thereto is subsequently subjected to a heat
treat nent undbkichahgnonbatdl veengasn &t irepioingriler than the stumhet afoetotts. Bdie
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In accordance with the invention this chject is satisfied by making available a
method in accordance with patent claim 1 and in particular a method for the dif-
fusion coating of a surface of a metal substrate with zinc which includes the fol-

L lowing steps_

ai) application of a suspension which contains a liquid and zinc and/or
a zinc alloy as a diffusion source or zinc donor onto the surface of
the substrate to be coated, or

az) application of a liquid onto the surface of the substrate to be coated
and subsequent application of zinc and/or of a zinc alloy as a diffu-

sion source or zinc donor onto the liquid

b) drying of the substrate obtained in the step a;) or ag),



desi gned considerably nore sinply in distinction to the novable
retorts positioned in the oven normally used in the sheradi zing

met hod. This reduces the investnent costs. In particular the
substrates to be coated in the nmethod of the invention in the
reacti on space do not have to be nmounted on a frane in distinction to
the novable retorts normally used in the sheradi zi ng nmet hod.

Moreover, in the nethod of the invention, as a result of dispensing
wi th novabl e retorts which have to be rftatably arranged in the
firing chanber of an oven, it is possible to utilize nornal
protective gas technol ogy or vacuum furnace technol ogy. Through the
gas tight design the entry of air during the heat treatnent can be
__reliably prevented. In this way, in conbination with the heat
treatment under the protective gas atnosphere, a situation is
achieved in which no burning off of zinc by reaction with oxygen
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8 by the drying of the suspension applied to the substrate surface
whi ch takes place in the nmethod step b). In order to inprove the
adhesion of the zinc or of the zinc alloy onto the substrate surface
to be coated after the drying at |east one further conpound can be
added to the suspension used in the nethod step ad in addition to the
liquid and the zinc or the zinc alloy, which is selected fromthe
group whi ch consists of dispersing agents, binding agents, wetting
agents and any desired m xtures of two or nore of the above-naned
conpounds. Wil e the dispersing agents 1 nprove the honogeneity of the
suspensi on and thus a uniform application of the diffusion source
onto the substrate surface and the wetting agents facilitate the

_wetting of the substrate surface, the binding agent acts as an

adhesi ve which inproves the adhesion. In accordance with a second
preferred enbodi nent of the present invention the application of the
di ffusion source zinc takes place in accordance with the nethod step

i.e d f f bst te
o2 cont ca, "ot S e PR B8 rRAG LS B 8P BRI BB o
alloy is summmm wyucaptpiellmzktmmunbm ib icqutiiedl outt, l hetheorsd qimoswabiang

agent. As a || bond pronot i ref.er.abl
daed, opti orSiTyd 1 G 2R PRSI pR et St b eto B SR

which is sel mﬁdemi theoradtivn gracep used firghe moethdd df srme]memgorag@nbs

bi nder agent t | nd. . des].t ture nor e
of the agoveéenS é\dgg%b%gﬁgﬁn%%gﬁg%l\gedﬁ%ﬁg& 0e@re&ag1 Iﬁo‘%tl cu ar%
preferably dpsstifi¢nedniiiceren aopmefiyuatd jn tlsae&herﬂdhtzmgrmeﬂmdl Vhisae-

wat er, | iqui &&%%Q%?{e‘%%gm @c!s%)'iﬁ %r&élﬂ Kl ONa5 1 Hte LGS #t%‘kﬁ’s or
I|qU|d m xt ures can ?vent provi di ng fhese are

vol atil e, |ithewnsihodaddhe mnhpnm@hqrmctlhnzspace émldoahevqoiroeiieer ably
able to dis hﬁf: r .
trichl oroeth yb}eﬂﬁ%e%aéd% aglﬁg(;{rrr{éél gﬂgﬁ B%tflg F%t%{t%lr%rfnan}( o d &o
al cohols in @&r&hecmlangmthadoMOIWthlthe pw@p@mgf thgridvéniieemesa 9 A
good adhesi i drlafpkhBifeQhi biaBld RlorBwhidh BMBEE theabByGaal ed

is also achie cond e diment. o e present 1 nvention by

t he dryi ng visingpd ﬂlak%ﬁlpnéebamﬂ?er ﬁ%aIFr@Yfﬁbdt istngssipe tf utilige nargsld
applied to t}%}%té!ﬂﬁé §tt@c1§1'6[d;§%? vaEuﬁ‘lfn Mﬁa&%éhﬂ&ggtﬁh%u@g L gas

applied to t substrate surface and he zinc

adhesi on of gt dasign e axtry ¢faiy iiﬁenarﬂll@;ﬁealtotrt:ﬁ@em lsgp rb&tréh%b}ma@:e to

be coated af{&fiediithes dhy Ilﬁ%éhlb@mmﬁpﬁﬁﬁtmé h%@f‘tr@@hﬁ’gﬂ%&e? thbe
liquid or bond pronoti n%_ea gent used in the nethod step az) which is

sel ect ed fr oPicteréivg et piperrliese. hiteatiqn ispohisved ia ganels no ugaingpff

agents, wet tmgh@eeMatRAdvianY %'tbﬁéls Pla¥t 'dh?i%gQBeHé’Qt Qeatiét, & the
above- named conpounds. | ndependent of whet her 'the diffusion source

i s applied |Waéé]é%Fl&ﬁﬁeésWPHoflH@laFF‘élﬁWdélesstué%wﬁP)’ thy suistete i Peely to

this in accosfapssteiis YeryhewBlaNade&t 8RnA%hent thd Ssdbef gNéad didhat the
suspensi on applied in the nmethod step al) and the |iquid/bond

promoting agefsed SHih-doteAvarh he /s SansBRtion jn Hamsthn ofthe daean-one

bi ndi ng agention W fultttch @cddhdedi iINGhAORNS pRESTHIRT Abh rebialt agtkfe%l;qﬁﬁc@ﬂoxﬁ rom
the group consjsting of hal ogen salts, sulfates, sulfit

phosphat es, Githe cIRCRs 2 Bgndh @Wﬁ%ﬁlﬁbj? on{aitae Sb‘baggteaﬁﬁﬁfa&ﬁ}o &&sired

mi xtures of doaRe DpribPtctHef carRen@baY 6f tha et &Qaﬁﬁemd% ofrdpptphar |y
good results are 1 n particul ar achl eved when t di ng agent

consi sts of ZPHR Z0M GrihgsubsBate sHEERS laéeq%?fﬁ@g. ﬁ%ae‘-%i Satipg; For
amoni um chl g ﬁﬁtsoﬂj e St frattes aved aﬂmedasmoelcbﬂmx tinkfe@sioAfis bivRast

nore of the gbov ou These co t he. advant age
That they arGPhpRRHTG e PROTE F 2k ¢h SR HE TR Mo SEUo EIF t he
heat treat nemktliod sfahe iekndioh,ark s@nfﬂﬁh\ﬂ@eé’ssa@ﬁnaﬁdl@@l&ﬁhocﬂé)mﬁr :

from the prior art.



10 As wetting agents the suspension applied in the nmethod step al) or
the |iquid/bond pronoting agent applied in the nmethod step az)
preferably contains a conpound which is selected fromthe group
consisting of tensiles and al cohols. Exanples for suitable al cohols
are nethanol, ethanol, propanol, butanol or pentanol. The suspension
applied in the step al) or the liquid applied in the step az) is
preferably cooled to a tenperature of |ess than 20C and preferably to
a tenperature of less than 10C prior tqg the application to the
substrate. An exenpl ary suspension suitable for carrying out a first
enbodi nrent of the present invention can for exanple consist of water
saturated with sodiumchloride, zinc, zinc chloride (for exanple in a
_quantity of 1 % by weight) and alcohol (preferably ethanol or
met hanol ). An exanple for a bond pronoting agent suitable for
carrying out a second enbodi nent of the present invention is for

e>r<] iarrpl g a SSUﬂlaémH p;}(ﬂ:ﬂsth‘&'t g'zﬁ;gatlﬁfospﬁﬁlel’mltﬁeébﬂm efhthe rpreksent piatéht ap- f
chl oride and_al coho y ethanol or ne For ons o
G004 suspondBaRRs BdrHlaHs G Ao S OTCRIh DRRnEHSE Wit h an
aver age partiche, ﬁreiﬁabfy lasgreher UM, q:farﬁ&ﬂagmpreﬂefsﬂﬁy ek ythah 108)pitim
20 pm and particul arl referably of. a naxi ed in
Che et nod <P st BHERENTRR nberlp o felE Frbeaal SRRAYIES L7
Good resul t sthamel ppopatd irtist prefacblyey athxivntim af M@ powdeygear. zi nc dust
wi th an average particle size between 3 and 6 gmand wth a maxi num

particle size of 70 pm 11
In accordance with a first preferred embodiment of the present invention

the application of the diffusion source of zinc takes place in accordance
with the methoed step ai), i.e. a suspension is applied onto the surface of a
substrate to be coated which contains a liquid and zinc and/or a zinc al-
loy. As a liquid water and particularly preferably distilled water is prefera-
bly used. Since water or liquid containing water reacts or will react with
zinc at elevated temperatures with hydrogen formation a cooled suspen-
sion is preferably used in method step ai) and indeed particularly prefera-
bly a suspension cooled to a temperature of less than 20°C and more par-
ticularly preferably to a temperature of less than 10°C. Alternatively to wa-
ter liquid hydrocarbons, alcohols or ketones or other liquids or liquid mix-
tures can be used as the liquid, providing these are volatile, likewise react
in restricted manner with zinc and are preferably able to dissolve salts.
Preferred examples for this are trichloroethylene, dichloromethane, benzol,
xylol, toluol or Ci1-Cio alcohols in particular methanol, ethanol, propanol
and butanol. A favorably priced method with water makes it possible, as a
result of the low viscosity of the suspension, to apply this suspension uni-
formly also onto regions of the substirate surface which are of difficult ac-
cess, even with substrates to be coated of complicated shape, so that in
the heat treatment which takes place after the subsequent drying these

regions of the substrate surface are also uniformly coated with zinc.

In this first embodiment of the present invention a good adhesion of the

zinc or of the zinc alloy to the substrate surface to be coated is achieved



Furthernore, it is preferred for the zinc that is used to have a zinc
content between 90 and 100 % by wei ght and particularly preferably a
zinc content between 99 and 100 % by wei ght. The present invention is
not restricted with respect to the way in which the suspension is
applied to the substrate in the nethod step al) or the liquid or the
bond pronoting agent is applied to the substrate in the nethod step
a2). This can, for exanple, take place by spraying, inmersing,
coating, rolling or by brush painting. Through the drying carried out
in the nethod step b) the diffusion medi umi.e. the zinc or the zinc
alloy is adhered to the substrate surface. The drying preferably
takes place in the nethod step b) at a tenperature between 40 and
.250C. In order to assist the drying process the substrate can be.
additionally heated prior to coating, i.e. prior to the step ¢) and
preferably prior to the step b) to a tenperature preferably between
4§) and gSOQ byl Fﬁe deaig @ﬂmaésmpénm appli@kesthel saestrake %xlﬂl]gamhmﬁ step
c) can basica e carried out at any te rature an or .an '
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correspondi ng protective gases are nobl e gases, nitrogen, nethane,

G-C al kaneﬁl’ ﬂc%?&qﬁze v&&.ﬁ %e%ljﬂ Blee?erréci Eﬁngimm%rf?lggBresent inven-

tion the application of the diffusion source zinc takes place in accordance

with the method step asg), i.e. a liquid is first applied to the surface of a
substrate to be coated, preferably a bond promoting agent, before zinc
and/or zinc alloy is subsequently applied onto the liquid or the bond pro-
moting agent. As a liquid or bond promoting agent a solvent is preferably
used, optionally in a mixture with at least one further compound which is
selected from the group consisting of dispersing agents, binder agents,
wetting agents and any desired mixtures of two or more of the above-
named compounds. As a solvent water and particularly preferably distilled
water is preferably used. Alternatively to water, liquid hydrocarbons, alco-
hols and ketones or other liquids or liquid mixtures can also be used as a
solvent, providing these are volatile, likewise react restrictedly with zinc
and are preferably able to dissolve salts. Preferred examples for this are
trichloroethylene, dichloromethane, benzol, xylol, toluol or C,-Cip alcohols

in particular methanol, ethanol, propanol and butanol.



and ammoni a. The present invention is basically not limted with
respect to the pressure at which the heat treatnent is carried out.
By way of exanple the heat treatnent can be carried out at

at nospheri c pressure or under an excess pressure of up to 1.5 bar,
preferably of between 1.02 and 1.2 bar. This ensures that in the
event of an undesired | eakage in the retort during the heat treatnent
no air enters into the retort. However, it is just as readily
possible to carry out the heat treatnent at an under-pressure, for
exanpl e at a pressure between 10-2 and ?.99 bar and preferably
between 1 and 10 nbar. As expl ai ned above the nmethod in accordance
with the invention is preferably carried out without filler. It is
_however al so possible, even though this is less preferred, to add a
little filler to the retort. In this, less preferred case, it is
however advantageous if the filler content in the retort during the

heat treat meAtgoad@dRtsion betied gelciod zirkea gl dhetfurtie t6 Baebhra iS RRGE,
13 to less than 20 %, . particularly to less than 10 % and especially
: podiment gl |
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Independently of whether the diffusion source is applied in accordance
with the method step aj) or alternatively to this in accordance with the
method step ag) it is preferred that the suspension applied in the method
step ai1) and the liquid/bond promoting agent applied in the method step
az) contains at least one binding agent, with the binding agent preferably
being selected from the group consisting of halogen salts, suifates, sul-
fites, phosphates, silicates, boron compounds, water glass and any de-
sired mixtures of two or more of the above-named compounds. Particular-
Iy good results are in particular achieved when the binding agent consists
of zinc chloride, sodium chloride, potassium chloride, ammonium chlo-
ride, zinc sulfate and any desired mixtures of two or more of the above-
named compounds. These compounds have the advantage that they are
temperature-resistant at the temperature at which the heat treatment is
carried out, i.e. between 200 and 500°C. Moreover, they are readily water-
soluble which is why they can easily be removed again from the coated
substrate after the heat treatment. Furthermore, the above-named salts
also act as fluxes and activators. Finally, the salts corrosively attack the
substrate and the zinc dust so that in this way any oxide present on the

substrate surface is removed.



In accordance with a further preferred enbodi ment of the present
invention, provision is made to set the oxygen content in the

at nosphere contained in the reaction space in which the heat
treatment is carried out. prior to the start of the heat treatnent,
i.e. before the tenperature is achieved at which the heat treatnent
is carried out, i.e. already prior to or at the latest during the
heating up phase to less than 10 % preferably to less than 1 %
particularly preferably to | ess than 100 ppm and even nore preferably
to less than 10 ppm quite partlcularIJ to less than 1 ppm and nost
preferably to a maximumof 0.1 ppm In this way it is reliably
prevented that zinc is burned off by oxygen during the heating up of
_the reaction space. 14 the nmethod step c) is carried out, to

mai ntai n the oxygen content in the protective gas atnosphere
contained in the reaction space at less than 10 0/0, preferably Iess
than 1 % particularly | ess than 100 ppn1 even nore preferably to

| ess than 10 uite rticul ar] rab to | ess t han
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application in accordance with the nmethod step ai) or the met hod step

az), prefer Wleltl %XQ%B{L%@EQ%(%H% Sgulftzﬁ:be fc'grréaat man%ut a If"l Junen?xﬁrml €
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pref erably oteightmrgralcohd (piiefeygbly ethatplay nighasglhnpl e steel and cast
iron, of copper and its alloys and/or of alum numand its all oys.

An example for a bond promoting agent suitable for carrying out a second
embodiment of the present invention is for example a solution consisting
of water, sodium chloride, zinc chloride and alcohol (preferably ethanol or

methanol).

For reasons of good suspendability zinc in the form zinc powder or zinc
dust with an average particle size of a maximum of 100 pym, preferably of
maximum 20 pm and particularly preferably of a maximum of 10 um is
used in the method step ai) or alternatively to this in the method step ag).
Good results are in particular achieved with zinc powder or zinc dust with
an average particle size between 3 and 6 pm and with a maximum particle

size of 70 um.



Patent Clainms: 1. A nethod for the diffusion coating of a surface of a
metallic sub- strate with zinc including the steps: al) application
of a suspension which contains a liquid and zinc and/or a zinc alloy
as a diffusion source or zinc donor onto the surface of the substrate
to be coated, or az) application of a liquid onto the surface of the
substrate to be coated and subsequent application of zinc and/or of a
zinc alloy as a diffusion source or zinc donor onto the liquid and b)
drying of the substrate obtained in th%lstep al) or az),

Furthermore, it is preferred for the zinc that is used to have a zinc content
between 90 and 100 % by weight and particularly preferably a zinc con-
tent between 99 and 100 % by weight.

The present invention is not restricted with respect to the way in which

( the suspension is applied to the substrate in the method step ai) or the
liquid or the bond promoting agent is applied to the substrate in the
method step ay). This can, for example, take place by spraying, immersing,

coating, rolling or by brush painting.

Through the drying carried out in the method step b) the diffusion medi-
um i.e. the zinc or the zinc alloy is adhered to the substrate surface. The
drying preferably takes place in the method step b) at a temperature be-
tween 40 and 250°C. In order to assist the drying process the substrate
can be additionally heated prior to coating, i.e. prior to the step c} and
preferably prior to the step b) to a temperature preferably between 40 and
250°C.

The heat treatment which takes place in the method step ¢) can basically
be carried out at any temperature and for any duration known for cus-
tomary sheradizing processes. Preferably the heat treatment is carried out
at a temperature between 300 and 420°C and particularly preferably at a
temperature between 340 and 410°C. The heat treatment should, howev-
er, preferably be carried out at a temperature which is lower than the
melting temperature of the diffusion source, i.e. of the zinc or zinc alloy
applied in the step aj) or az), because otherwise the danger of sintering of

the subsirate surface arises.

The duration of the heat treatment can for example amount to between 10

minutes and 10 hours.



c) carrying out a heat treatnment of the substrate obtained in the
step b) as a tenperature between 200 and 500C but bel ow the nelting
tenperature of the diffusion source under a protective gas atnosphere

and al so d)

renoving the mxture applied in the step al) or az). 2. A

met hod in accordance with claim1, characterized in that the
suspension applied in the step al) contains, in addition to the
liquid and the zinc and/or the zinc alloy at |east one further com
pound which is selected fromthe group consisting of dispersing

agents, binder

or nore of the above-naned conpounds. 16

As explained above, the heat treatment is carried out in accordance with
the invention under a protective gas atmosphere with a protective gas at-
mosphere here being designated as a gas or a gas mixture which contains
less than 10 % oxygen. Particularly good results are obtained when the
protective gas atmosphere contains, during the heat treatment in method
step c), less than 1 %, particularly preferably less than 100 ppm, even
more preferably less than 10 ppm, quite particularly preferably less than 1

ppm and most preferably at most 0.1 ppm oxygen.

Examples for corresponding protective gases are noble gases, nitrogen,
methane, C1-C4 alkanes, C;-C4 alkenes, C1-Cs alkines, silanes, hydrogen

and ammonia.

The present invention is basically not limited with respect to the pressure
at which the heat treatment is carried out. By way of example the heat
treatment can be carried cut at atmospheric pressure or under an excess
pressure of up to 1.5 bar, preferably of between 1.02 and 1.2 bar. This en-
sures that in the event of an undesired leakage in the retort during the

heat treatment no air enters into the retort.

However, it is just as readily possible to carry out the heat treatment at an
under-pressure, for example at a pressure between 102 and 0.99 bar and

preferably between 1 and 10 mbar.

As explained above the method in accordance with the invention is prefer-
ably carried out without filler. It is however also possible, even though this
is less preferred, to add a little filler to the retort. In this, less preferred
case, it is however advantageous if the filler content in the retort during

the heat treatment amounts, related to the volume of the reaction space,

agents, wetting agents ahd any desired m xtures of two



3. A nmethod in accordance with claim1, characterized in that the
liquid applied in the step az) contains a solvent and optionally at
| east one further conpound which is selected fromthe group
consi sting of dispersing agents, binder agents, wetting agents and
any desired m xtures of two or nore of the above-nanmed conpounds. 4.
A nmethod in accordance with at | east one of clains 1 to 3,
characterized in that the liquid of the suspension applied in the
step al) or the solvent of the liquid applied in the step az)
contains or is a conmpound which is selégted fromthe group consisting
of water, alcohols, Iiquid hydrocarbons, ketones and any desired
m xtures of two or nore of the above-naned conpounds. 5. A nethod in
accordance with claim4, characterized in that the liquid of the
suspension applied in the step ai) or the solvent of the liquid
applied in the step az) contains or consists of trichloroeth-

to less than 20 9%, particularly to less than 10 % and especially preferably

to less than 1 %.

For the carrying out of the heat treatment, the retort, together with the
substrate to be coated which is located therein with the diffusion source
(-' adhering to it, is first heated to the heat treatment temperature before the
temperature is maintained for a time adequate for the heat treatment and
the retort is finally cooled down to room temperature. Heat treatment in
the sense of the present patent application will be understood to be the
time interval during which the temperature required for the heat treat-
ment is maintained, i.e. excluding the heating up phase and the cooling
down phase. In accordance with the invention the heat treatment is car-
ried out under a protective gas atmosphere whereas no inert gas atmos-
phere has to be present during the heating up rate and/or during the

cooling down phase, even though this is less preferred.

In accordance with a further preferred embodiment of the present inven-
tion, provision is made to set the oxygen content in the atmosphere con-
tained in the reaction space in which the heat treatment is carried out.
prior to the start of the heat treatment, i.e. before the temperature is
achieved at which the heat treatment is carried out, i.e. already prior to or
at the latest during the heating up phase, to less than 10 %, preferably to
less than 1 %, particularly preferably to less than 100 ppm and even more
preferably to less than 10 ppm, quite particularly to less than 1 ppm and
most preferably to a maximum of 0.1 ppm. In this way it is reliably pre-
vented that zinc is burned off by oxygen during the heating up of the reac-

tion space.

Furthermore, it is likewise preferred, in accordance with a further pre-

ferred embodiment of the present invention, in the reaction space in which



yl ene, dichl or onet hane, benzol, xylol, toluol or a Ci-C o al cohol,
preferably nmethanol, ethanol, propanol or butanol. 6. A nethod in
accordance wth at |east one of the clains 2 to 5, characterized in
that the suspension applied in the step al) or the liquid applied in
the step az) contains at |east one binder agent which is sel ected
fromthe group consisting of hal ogen salts, sulfates, sulfites,
phosphates, silicates, boron conpounds, water glass and any desired
m xtures of two or nore of the above-nanmed conpounds. 17 7. A nethod
in accordance with claim®6, characteriZ®d in that

the method step ¢) is carried out, to maintain the oxygen content in the
protective gas atmosphere contained in the reaction space at less than 10
%, preferably less than 1 %, particularly less than 100 ppm, even more
preferably to less than 10 ppm, quite particularly preferably to less than 1
ppm and at most preferably to a maximum of 0.1 ppm oxygen until the

(-' temperature in the reaction space has cooled down or has been cooled
down to less than 200°C after the termination of the heat treatment. In

this way, the formation of a sintered cake can be reliably prevented.

Furthermore, it is preferred when the mixture or the diffusion source or
zinc donor applied in the method step ai) or in the method step ag) is re-
moved from the coated substrate after the heat treatment for example by

washing, by ultrasonic treatment or by brushing of the coated substrate.

Moreover, the coated substrate can be passivated after the heat treatment
and indeed preferably after the removal of the mixture applied in the

method step aj) or in the method step ay.

In a further development of the concept of the invention it is proposed that
the substrate be cleaned prior to the application in accordance with the
method step ai) or the method step as), preferably by mechanical surface
treatment. This can for example take place with a blasting medium, by

pickling in alkaline or acidic solutions and/or by treatment with a flux.

The method in accordance with the invention is particularly suited for the
coating of substrates which consists of a metal which can be alloyed with
zinc, preferably of iron and its alloys, such as for example steel and cast

iron, of copper and its alloys and/or of aluminum and its alloys.



t he suspension applied in the step al) or the liquid applied in the
step az) contains at |east one binder agent which is selected from
the group consisting of zinc chloride, sodiumchloride, potassium

chl ori de, ammoni um chl oride, zinc sulfate and any desired m xtures of
two or nore of the above-nanmed conpounds. 8. A nmethod in accordance
with at | east one of the clainms 2 to 7, characterized in that the
suspension applied in the step ai) or the liquid applied in the step
az) contains at |east one wetting agent which is selected fromthe
group consisting of tensides and al cohdPs, preferably nethanol,

et hanol , propanol, butanol or pentanol. 9. A nethod in accordance
with at | east one of the preceding clains characterized in that the
~suspension applied in the step al) or the liquid applied in step az)
is cooled prior to the application to the substrate of a tenperature
of less than 20C and preferably to a tenperature of |ess than 10C.
10. A net hodpatend@@aiance with at | east one of the preceding clains,
characterized in that in the step ai) or in the step az) zinc is used
in the formof zinc powder or zinc dust having an average particle

size of at nost RefHnd for eheamlsioroéoingaIst sudthdeBf ande@id 4wl arl y

preferably of atsggéé“%%

ZEI‘T?: including the sieps:

[ a1)  application of a suspension which contains a liquid and zinc
and/or a zinc alloy as a diffusion source or zinc donor onto
the surface of the substrate to be coated, or

az) application of a liquid onto the surface of the substrate to be
coated and subsequent application of zinc and/or of a zinc al-

loy as a diffusion source or zinc donor onto the liquid
and

b) drying of the substrate obtained in the step ai) or ag),

c) carrying out a heat treatment of the substrate obtained in the
step b) as a temperature between 200 and 500°C but below
the melting temperature of the diffusion source under a pro-
tective gas atmosphere and also

d) removing the mixture applied in the step ai) or ag).

2. A method in accordance with claim 1,
characterized in that
the suspension applied in the step ai) contains, in addition to the
liquid and the zinc and/or the zinc alloy at least one further com-
pound which is selected from the group consisting of dispersing
agents, binder agents, wetting agents and any desired mixtures of

two or more of the above-named compounds.



18 11. A nethod in accordance with claim 10, characterized in that in
the step al) or in the step az) zinc is used in the formof zinc
powder or zinc dust having an average particle size between 3 and 6
pmand with a maxi num particle size of 70 pm 12. A nethod in
accordance with at |east one of the preceding clains, characterized
in that the suspension in the step al) or the liquid in the step a2)
Is applied to the substrate by neans of spraying, inmersing, coating,
rolling or brush painting. 13. A nethod in accordance with at | east
one of the preceding clainms, characteril®ed in that the drying in the
step b) is carried out at a tenperature between 40 and 250C.

3. A method in accordance with claim 1,
characterized in that
the liquid applied in the step ag) contains a solvent and optionally at
least one further compound which is selected from the group con-
sisting of dispersing agents, binder agents, wetting agents and any

desired mixtures of two or more of the above-named compounds.

4. A method in accordance with at least one of claims 1 to 3,
characterized in that
the liquid of the suspension applied in the step ai) or the solvent of
the liquid applied in the step a2) contains or is a compound which is
selected from the group consisting of water, alcohols, liquid hydro-
carbons, ketones and any desired mixtures of two or more of the

above-named compounds.

5. A method in accordance with claim 4,
characterized in that
the liquid of the suspension applied in the step ai) or the solvent of
the liquid applied in the step az) contains or consists of trichloroeth-
ylene, dichloromethane, benzol, xylol, toluol or a C1-Cj¢ alcohol,

preferably methanol, ethanol, propanol or butanol.

6. A method in accordance with at least one of the claims 2 to 5,
characterized in that
the suspension applied in the step ai) or the liquid applied in the
step ag) contains at least one binder agent which is selected from
the group consisting of halogen salts, sulfates, sulfites, phosphates,
silicates, boron compounds, water glass and any desired mixtures of

two or more of the above-named compounds.



14. A method in accordance with at | east one of the preceding clains,
characterized in that the substrate is heated prior to the coating to
a tenperature between 40 and 250C. 15. A nethod in accordance with at
| east one of the preceding clains, characterized in that the heat
treatment in the step c) is carried for a tinme between 10 m nutes and
10 hours at a tenperature between 300 and 420C and preferably at a

t enperature between 340 and 410C. 16. A nethod in accordance wth at

| east one of the preceding clains, characterized in that 19 the heat
treatnment in the step c) is carried out’under a protective gas

at nosphere and contains less than 10 % or preferably less than 1 %
particularly preferably I ess than 100 ppm and even nore preferably
less than 10 ppm and quite especially preferably |ess than

7. A method in accordance with claim 6,
characterized in that
the suspension applied in the step ai) or the liquid applied in the
step ag) contains at least one binder agent which is selected from
the group consisting of zinc chloride, sodium chloride, potassium
chloride, ammonium chloride, zinc sulfate and any desired mixtures

of two or more of the above-named compounds.

8. A method in accordance with at least one of the claims 2 to 7,
characterized in that
the suspension applied in the step a1} or the liquid applied in the
step ag) contains at least one wetting agent which is selected from
the group consisting of tensides and alcohols, preferably methanol,

ethanol, propanol, butanol or pentanol.

9. A method in accordance with at least one of the preceding claims,
characterized in that
the suspension applied in the step ai) or the liquid applied in step
ag) is cooled prior to the application to the substrate of a tempera-
ture of less than 20°C and preferably to a temperature of less than
10°C.

10. A method in accordance with at least one of the preceding claims,
characterized in that
in the step ai) or in the step a2) zinc is used in the form of zinc pow-
der or zinc dust having an average particle size of at most 100 um,

preferably of at most 20 ym and particularly preferably of at most
10 pm.



1 ppm and nost preferably of a maxi num of 0.1 ppm oxygen. 17. A

met hod in accordance with at | east one of the preceding clains,
characterized in that the protected gas is selected fromthe group
whi ch consi sts of nobl e gases, nitrogen, nethane, C -C4 al kanes,
Cl-C4 al kenes, Ci -C4 al ki nes, silanes, hydrogen, ammoni a and desired
conbi nations of two or nore of the above-naned conpounds. 18. A

nmet hod in accordance with at | east one of the preceding clains
characterized in that the heat treatnent is carried out at a pressure
between 1 and 1.5 bar and preferably bdfween 1.02 and 1.2 bar. 19. A
met hod in accordance with at | east one of the clainms 1 to 17,
characterized in that the heat treatnent is carried out at a pressure
bet ween 10-2 and 0.99 bar and preferably between 1 and 10 nbar.

11. A method in accordance with claim 10,
characterized in that
in the step ai) or in the step as} zinc is used in the form of zinc pow-
der or zinc dust having an average particle size between 3 and 6 pm

and with a maximum particle size of 70 um.

12. A method in accordance with at least one of the preceding claims,
characterized in that
the suspension in the step ai) or the liquid in the step ag) is applied
to the substrate by means of spraying, immersing, coating, rolling or

brush painting.

13. A method in accordance with at least one of the preceding claims,
characterized in that
the drying in the step b) is carried out at a temperature between 40
and 250°C.

14. A method in accordance with at least one of the preceding claims,
characterized in that
the substrate is heated prior to the coating to a temperature be-
tween 40 and 250°C,

15. A method in accordance with at least one of the preceding claims,
characterized in that
the heat treatment in the step ¢} is carried for a time between
10 minutes and 10 hours at a temperature between 300 and 420°C
and preferably at a temperature between 340 and 410°C.

16. A method in accordance with at least one of the preceding claims,

characterized in that



20. A nmethod in accordance with at | east one of the preceding clains,
characterized in that less than 20 %filler material, preferably |ess
than 10 % filler material, particularly preferably less than 1 %
filler material and quite especially no filler material is present in
the reaction space during the heat treatnent related to the vol une of
the reaction space. 20 21. A nethod in accordance with at |east one
of the preceding clains, characterized in that before the start of
the heat treatnment in the reaction space in which the step c) is
carried out, the oxygen content in the 13t nosphere contained in the
reaction space is set to less than 10 % preferably less than 1 %
particularly preferably to Il ess than 100 ppm even further preferably
to less than 10 ppm quite especially preferably to |less than 1 ppm
and nost preferably to a maximumof 0.1 ppmand the heat treatnent is
then started and carried in the reaction space in the atnosphere so
produced. 22. A nBt¢ hest irBat@eiidANE etepid) s adrrile@asit 191@Rr afprbhitive
preceding clai m;’gag I;‘ll rgglglserrle%a% clogteEiQsaf Eess than 10 % or preferably less than

1 %, particularly preferably less than 100 ppm and even more pref-

erably less than 10 ppm and quite especially preferably less than

1 ppm and most preferably of a maximum of 0.1 ppm oxygen.

17. A method in accordance with at least one of the preceding claims,
characterized in that
the protected gas is selected from the group which consists of noble
gases, nitrogen, methane, C1-C4 alkanes, C;1-C4 alkenes, C1-Cy
alkines, silanes, hydrogen, ammonia and desired combinations of

two or more of the above-named compounds.

18. A method in accordance with at least one of the preceding claims,
characterized in that
the heat treatment is carried out at a pressure between 1 and
1.5 bar and preferably between 1.02 and 1.2 bar.

19. A method in accordance with at least one of the claims 1 to 17,
characterized in that
the heat treatment is carried out at a pressure between 102 and
0.99 bar and preferably between 1 and 10 mbar.

20. A method in accordance with at least one of the preceding claims,
characterized in that
less than 20 % filler material, preferably less than 10 % filler mate-
rial, particularly preferably less than 1 % filler material and quite
especially no filler material is present in the reaction space during

the heat treatment related to the volume of the reaction space.



in the reaction space in which the step ¢c) is carried out, the oxygen
content in the protective gas atnosphere contained in the reaction
space is set or naintained at |less than 10 % preferably at |ess than
1 % particularly preferably at | ess than 100 ppm even nore
preferably at |less than 10 ppmand quite especially preferably to

| ess than 1 ppm and nost preferably to a maxi rumof 0.1 ppm oxygen
until the tenperature in the reaction space of the term nation of the
heat treatnment has been cool ed down or has cool ed down to | ess than
200C. 23. A nethod in accordance with &’ |east one of the precedi ng
clainms, characterized in that the coated substrate is cleaned in the
step d) by washing, ultrasonic treatnent or brushing to renpve the
~mxture applied in the step al) or az). 21 24. A nethod in
accordance with at |east one of the preceding clainms, characterized
in that the coated substrate is passivated after the heat treatnent.
25. A met hod2in aceefidaneeadtbtdhrt Wwigkaat leasicordd oft the pRe@c@tk Agdirks,ai ns,

characterized in chgxas}cterized in that
before the start of the heat treatment in the reaction space in which
the step c) is carried out, the oxygen content in the atmosphere con-
tained in the reaction space is set to less than 10 %, preferably less

( than 1 %, particularly preferably to less than 100 ppm, even further
preferably to less than 10 ppm, quite especially preferably to less
than 1 ppm and most preferably to a maximum of 0.1 ppm and the
heat treatment is then started and carried in the reaction space in

the atmosphere so produced.

22, A method in accordance with at least one of the preceding claims,
characterized in that
in the reaction space in which the step c) is carried out, the oxygen
content in the protective gas atmosphere contained in the reaction
space is set or maintained at less than 10 %, preferably at less than
1 %, particularly preferably at less than 100 ppm, even more prefer-
ably at less than 10 ppm and quite especially preferably to less than
1 ppm and most preferably to a maximum of 0.1 ppm oxygen until
the temperature in the reaction space of the termination of the heat
treatment has been cooled down or has cooled down to less than
200°C.

23. A method in accordance with at least one of the preceding claims,
characterized in that
the coated substrate is cleaned in the step d) by washing, ultrasonic
treatment or brushing to remove the mixture applied in the step ai)

or ag).



the substrate is cleaned before the application step in accordance

with step al) or az) by a nechanical surface treatnent with a
bl asting medi um by pickling in alkaline or acidic solutions and/or

treatment with a flux. 26. A nethod in accordance with at | east one

of the preceding clains, characterized in that the substrate consists

by

of a netal which can be alloyed with zinc, preferably of iron and its
all oys, such as for exanple steel and cast iron, of copper and its
all oys and/or of alum numand its aIIo%?.

24,

25.

26.

A method in accordance with at least one of the preceding claims,
characterized in that

the coated substrate is passivated after the heat treatment.

A method in accordance with at least one of the preceding claims,
characterized in that

the substrate is cleaned before the application step in accordance
with step aj) or az) by a mechanical surface treatment with a blast-
ing medium, by pickling in alkaline or acidic solutions and/or by

treatment with a flux.

A method in accordance with at least one of the preceding claims,
characterized in that

the substrate consists of a metal which can be alloyed with zinc,
preferably of iron and its alloys, such as for example steel and cast

iron, of copper and its alloys and/or of aluminum and its alloys.



