We claim

1. A pre-flux coating for the manufacturing of heat exchanger components of aluminum,
wherein the coating comprises a combination of fluxes in the form of potassium
aluminum fluoride K;.3AlF4.6, potassium trifluoro zincate, KZnF3, lithium aluminum
fluoride Li3AlFs, filler material in the form of metallic Si particles, Al-Si particles
and/or potassium fluoro silicate K»SiFs, an additive in the form of aluminum oxide and
at least one other oxide selected from the group consisting of zinc oxide, titanium oxide
and cerium oxide forming a post braze ceramic layer, and a solvent and a binder
containing at least 10% by weight of a synthetic resin which is based, as its main

constituent, on a methacrylate homopolymer or a methacrylate copolymer.

2 The pre-flux coating as claimed in claim 1, wherein the coating is blended as (i) a one
layer coating comprising the flux component, the filler material and the additive mixed
with the binder and the solvent, or (ii) a multi-layer coating comprising the flux
component, the additive and the filler material mixed as separate coatings with the

binder and the solvent.

3. The pre-flux coating as claimed in claim 2, wherein the multi-layer coating comprises
2, 3 or 4 individually blended coating layers, wherein each layer comprises the binder
and the solvent with at least one of (i) the flux component, (ii) the additive, and (iii) the

filler material or a filler generating material.

4. The pre-flux coating as claimed in claim 1, wherein the potassium aluminum fluoride,
K13 AlFss, 1s at least one compound selected from the group consisting of KAIFa,

K>AlFs and K3AlFs.

5. The pre-flux coating as claimed in claim 1, wherein the aluminum component is based
on an aluminum alloy with a high Mg content, and the coating further comprises an

additional flux component of cesium aluminum fluoride CsAlFa.

6. The pre-flux coating as claimed in claim 1, wherein a ratio of the particles and the binder

is between 3:1 to 4:1.




[
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The pre-flux coating as claimed in claim 1, wherein a ratio of particles of the different

components of the coating corresponds to a load of 0-5.2 g/m? Si, 1.41-16 g/ m? Zn flux

(KZnF3), 2.2-9.2 g/m? potassium flux (KAIF4/K3AlFs) and 0.01-5 g/m? additive/oxide.

A method of applying the pre-flux coating as claimed in claim 1 on an aluminum

component as a one layer coating or a multi-layer coating, wherein the method

comprises (i) applying in one operation a mixture of the flux component, the filler |
material, the binder and the solvent on the aluminum component to obtain the one layer |
coating, or (ii) applying a first layer comprising a mixture of the flux component, the
filler material and a second layer comprising the binder and the solvent, and optionally
applying an intermediate curing between the first and second layers, on the aluminum

component to obtain the multi-layer coating.

The method as claimed in claim 8, wherein the coating is applied on the aluminum

component by roll coating or dip coating.

Dated this 20" day of March, 2014

[RANJNA MEHTA DUTT]
[IN/PA- 190A]

OF REMFRY AND SAGAR
ATTORNEY FOR THE APPLICANT(S)



ABSTRACT

"BRAZING PRE-FLUX COATING WITH IMPROVED CORROSION
PERFORMANCE"

The present invention relates to a pre-flux coating for the manufacturing of heat exchanger
components of aluminum, wherein the coating comprises a combination of fluxes in the form
of potassium aluminum fluoride Ki3AlF4.6, potassium trifluoro zincate, KZnFs, lithium
aluminum fluoride LisAlFs, filler material in the form of metallic Si particles, Al-Si particles
and/or potassium fluoro silicate K.SiFs, an additive in the form of aluminum oxide and at least
one other oxide selected from the group consisting of zinc oxide, titanium oxide and cerium
oxide forming a post braze ceramic layer, and a solvent and a binder containing at least 10%
by weight of a synthetic resin which is based, as its main constituent, on a methacrylate
homopolymer or a methacrylate copolymer.
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"BRAZING PRE-FLUX COATING WITH IMPROVED CORROSION
PERFORMANCE"

SAPA AS, of Biskop Gunnerusagate 14, N-0185 Oslo, Norway,

The following specification particularly describes the invention and the manner in which it is
to be performed:



Brazing pre-flux coaling with improved corrosion performance

The present invention is related to a pre-flux coating with improved corrosion

performance for the manufacluring of components by brazing, in particular |
manufacluring of heat exchangers of aluminium components, the coating including one

or more fluxes and filler material(s).

Heat exchangers can either be mechanically assembled or they can be brazed. Itis
state of lhe arl to braze aluminium heat exchanger i a so-called CAB process which
stands for Controlled Atmosphere Brazing. It Is called Controlled Atmosphere as the:
brazing lakes place under the protection of inert gas. Typically this gas Is nilragen.

The known pre-flux coatings are combination of a flux and filler material. Flux is required
to clean the surfaces of the aluminium parts from oxides and the filler metal is required
for the melallic bonding.

Due to the fact that oxygen is nearly excluded in the furnace almosphere {key process
parameler for controlling the process), less aggressive types of flux can be used. Older
brazing technologies used fluxes that were corrosive in nature and required post braze
cleaning processes to remove corrosive flux residues. If not removed, early corrosion
couid occur in the field. The less aggressive fluxés so called non-corrosive fluxes, are
mainly comprised of aluminium fluorides such as potassium aluminium fluoride. _
The required filler melal is usuallyra low melting aluminium alloy from AA4xxx series

(containing silicon).

As stated above, aluminium heat exchangers are commonly used for automotive
applications. Such heat exchangers are commonly used in air conditioning system,
engine cooling system, engine oil cooling system and in automotive engine turbo-
charger systems.



in addition lo automolive apblicalions. aluminium heal exchangers are now to an
increasing exlent being used for non-automolive applications such as induslrial and

residential applications performing similar functions as in automotive applications

Brazing heat exchangers using the Controlled Almosphere Brazing process relies lo a
large extenton: ‘

e The flux (typically polassium aluminium fluoride)

s Thefiller (typically from AA4xxx series)

¢ The properties of the proteclive almosphere (typically nitrogen), and

e The elevaled lemperature exposure required to melt the filler material for metallic

bonding. ,

The process paramelers are modified depending on the lype/size of heat exchanger to
be brazed as well as the types of filler metal and flux compounds used.
Common practice for creating a metallic bond in a heal exchanger is by having one of
the two componenls being Joined lo be clad with AA4xxx series ('ex. clad fin and non-
clad tube). A general application of flux (as defined previously) is applied to the entire
heat exchanger assembly prior lo brazing.
New types of braze coaling eliminates the requirement of having-ene of the componenis
made from clad material (AISi malerial). These types of coaling type is called Silflux™
{made by the company Solvay) and HYBRAZ™® {(introduced by the applicant).

For corrosion prolection of brazed aluminium components, a proleclive layer can be

" used. The protective layer can in general be of the following two types:

s Passive

¢ Saciificial
A sacrificial layer is a layer which is less noble than the core maleial. It will result in
lateral corrosion when exposed to aggressive environment. A lypical sacrificial layer on
aluminium is the application of a zinc layer. This zinc layer can be applied to the
aluminium surface by zinc arc spraying. Melallic zinc is applied io the the product such
as a mull portg 1be {MPE) surface typically in line during the extrusion process. Fdll




corrosion prolection occurs afler lhe tube has passed through a brazing cycle and a zinc

diffusion gradient is formed into the lube.

As an alternative lo lhe zinc arc spray applicalion of zinc 1o an aluminium component
surface as menlioned above, there is now a significant interest in using reactive Zn flux
on the aluminium surface. The HYBRAZ ™ coaled products containing reactive Zn flux
provides flux for brazing as well as a Zn diffusion gradient into the tube for corrosion
protection. Zn fluxis a so called reaclive flux from polassium fluorozincale type, '
generaling brazing flux and melallic zinc during the brazing cycle. The melallic zinc
forms a Zn gradient inlo the Al tube as a sacrificial layer,

“On the other hand, a passive layer is a coating thal is chemically passive (dead) and
covers the surface.

From WO 2011/011251 is formerly known a method for trealing an aluminium article
where flux Is applied lo an ouler surface of the aluminium arlicle to improve their
resislance and reduce corrosion. The ouler surface of the arlicles is initially brazed and
then anodized lo form an oxide layer where a porlion of ihe oxide layer is formed

between the flux and the outer surface of the aluminium article.

In the applicants former Norwegian palent application No. 20101172 the invenlors
further improved the applicant's HYBRAZ ™" coated products by intreducing an LI-

" containing flux into the flux coalings for Al lubes used in heal exchangers since this flux
after brazing provides flux residues on the surface of the product that show limited waler
solubility and therefore reduced allack from dissclved fluorides lo the aluminium
surface.




The siluation as regards industrial applications (HYAC&RY) is different, Heal exchangers
are different in size (much larger), have a longer life lime and have lo withstand different
 conditions. An example is their exposure to high pH or low pH conditions.

ILis also known thal a residual flux layer improves the corrosion resistance compared (o -

bare Al parls. This is due lo low water solubility of the flux residues. A very low
dissolution of flux residues lakes place under the conditions In automolive applications.
The exposure lo waler in non-automotive applications is different. The aluminium paris
are exposed lo varying conditions (dry, humid, low ph ! high pH).

The present invention is based on the principle of providing a ceramic layer which is
created during the brazing cycle and which is beneficial for a betler corrosion resistance
againstimpacl from stationary water. '
Thus, with the present invention major advantages are oblained in particuular in relation
lo non-automolive applicalions such as:
Invesiment saving

- Increased productivity -

- Less energy usage

- Improved quality

- Weight reduction

The invention is characlerized by the fealures as defined in the allached independent
claim 1.

Preferred embodiments are further defined in the subordinate claims 2 - 9.

The invention will now be further described in the following by way of examples.

The major focus within the applicanl's work on combining a braze material with additives
was, as mentioned above, on non-automotive applications.

in particular relating to applications where varying conditions might cause influence to

-lhe heat exchanger, additional corrosion protection, beyond sacrificial Zn prolectionis
desired,

« Uy




[n the applicants fonnerrl.\'lomegian palent application No, 20101172 the invenlors
further improved the applicant's HYBRAZ™'® coated products by introducing an Li-
containing flux into the flux coatings for Al lubes used in heat exchangers since this flux
afler brazing provides flux residues on the surface of the product thal show limited waler
solubility and therefore reduced attack from dissolved fluarides to the aluminium
surface. This former invention thus provided a novel pre-flux coating which provides
both sacrificial and pas‘s'ive proléction and which, at the same time provides braze (filler)
material for the joint formation and flux for removal of oxide layer. -

With the present inVéntion the inventors have come a step further in their allempt {o
imbrove corrosion resistance against impact from varying conditions in industrial
applications. Thus, the invenlors gol the idea lo create and strengthen a pdst-braze
ceramic layer on the subslrate (prodﬁcl] to be bra'zed which is able to withstand better
the requirements in HYAC&R applicalions, The idea was nol o stop al the stage of a
layer from standard post-braze flux residues but maintain the stabillty of this ceramic
layer wilh addilives.

Different materials were added to HYBRAZ™® coatings and the corrosion behaviour of
brazed minicores were tesled by SWAAT exposure. 7
Initially-aluminium oxide was used as addilive and a clear improvement was seen which
is further shown an discussed below. . -
In a second step olher malerials will be investigaled. This work is ongeing and will be
finished within 2011, Other malerials are zinc oxide, titanium oxide, cerium oxide and

common pigments used as corrosion proteclion pigments In lacquers/paints

The HYBRAZ ™™ pre-flux coaling according lo the present invention is based on a
mixlure including flux parlicles from one or more fluxes with differenl propetties, as well
as Si parlicles as filler malerial and suitable oxide or material forming a post braze
ceramic layer and further including a solvent and binder. More precisely the present
invenlion may be composed of fluxes such as potassium alumihum fluoride (Ky.3 AlF46),

potassium trifluoro zincate (KZnF3), lithium aluminum fluoride LizAlFs, filler material in




the form of melallic Si particles, Al-Si particles and/or potassium fluoro silicale iK;SiFs,
and alumminium oxide and/or other suitable oxide or material forming a post braze

ceramic layer, the coaling furlhér i-nc{uding solvenl and binder containing at least 10%
by weight of a synthetic resin which is based, as its main consliluent, on methacrylale

homopolymer or methacrylate copolymer.

~ The polassium aluminium fluoride (Ki.3Alz4-5) as mentioned above can be KAIF,, KAIF5

and KsAlFg or a combination of these. Thisis a product from a real synthesis.
Potassium trifluoro zincate, KZnF, can be added for corrosion prolection by forming a
Zn diffusion gradient into the brazed produc. '

The polassium fluoro silicate K3SiFs reacts with Al and generales Si melal, which forms
AlSi12 as filler metal. ' '
Further, lithium aluminium fluoride LisAlFg may as an oplion be added for limiling waler
solubility of flux residues and therefore limiled attack from stationary water.

As to the particles added to form the post braze ceramic layer, beyond the aluminium
oxide, olher suitable oxides such as zinc oxide, litanium oxide, cerium oxide or
combination of thes may be added. Further, common pigments used as corrosion
protection pigments in lacquers/painis may be added.

Correct composition is required to oblain the desired effect from posi-braze flux
residues.

For alloys with high Mg, optionally potassium aluminum flucride (see above) plus

cesium aluminium fluoride CsAIF, mechanically blended, may be added.

As to the composition of the ‘coaling materials, the conlent of solvent may preferably be
approximately 30wl % depending on the desired application properlies. Further the ratio
of parlicles and binder may vary from 3:1 o 4:1.

Addilional thickener might be added lo the coaling material (cellulose), conient approx.
14w % related to acrylic binder. '
The ralio of particles of the different fluxes may vary as is apparent from the lable
below,




The coating as applied on an aluminium component may furlther vary with different total

load between 8 g/m® and 16 g/m’. See as well in this connection the lable below.

Table (particle content):

} Silicon Zn Flux Flux (KAIF, / KsAlFg) Additive
(Si) (KZnFs) g/im® {oxide/pigment)
om* -~ |gm® plr?
Ralio 0-45 2-16 4-8 0,01-5
{coaling)

Ralio (load) 0-52 1.41-16 2,2-92 0,01-5

The coaling is produced by mixing based on the following sequence:
- blending of solvent and binder by slirring in a suitable blender, and
- adding of the flux parlicles and oxide or other malerial particles forming the
ceramic layer lo lhe solvenl and binder composition under Conti.nuous slirring,
- 1horough mixing of the composilion until desired quality with respect lo specified

paramelers of the coaling malerial is oblained.

Upon application of Ihe coating on the components lo be brazed, lﬁe coaling is again
subjected lo sliriing lo guaranlee a homogenous coaling malerial. During the slirring
operalion viscosily of the coaling is adjusted according lo 1he application process and

equipment.

- Drying of coaled components may lake place in a separale drying process, e.g. using IR

light or other heaiing sources.

It should be stressed that the invention as defined in the claims is nol restricted lo the
example as described above, Thus, the coaling may be blended and applied as a one
layer coaling or a mulli layer coaling.

One layer coating represents the preferred embodiment of the invenlion and implies that
all fiux components are mixed with binder and solvent and are applied in one step lo the

aluminium surface,




As a multi layer coating is understood that the coating is mixed as separate coatings

with binder and solvent and can be applied in 2, 3 or 4 layers as follows:
o 2 layer coating: ' :
o In afirst layer flux, potassium aluminum fluoride, and filler material or filler
generating material are applied to the aluminium surface.
o in a second layer the additve is applied.
o The coating applied either in the first or in the second layer might contain
other components such as potassium trifluoro zincate or lithium aluminium
fluoride, .
The opposite direction of the two Iayers' is possible too, with the additive/oxide as
first layer. '
s 3 layer coating; _
o Each cohponent is applied as a single coating layer.
o Flux coating layer '
o Filler material or filler generating material coaling layer.
o Potassium trifluoro zincate coating layer.
o The additive can be applied within each of the coating Iayers; Each layer
might con lithium aluminium fluoride.
= 4 layer coaling:
o Each componentis applied as a separate coating layer as with the 3 layer
above. :
in the case of a multi layer coating it will be important to coniral the total amount of
binder to avoid any trouble from foo high content of organic resin and therefore trouble
in brazing.

In case of a multi layer coating some of the layers might be discontinuously applied.

As to how the pre-flux coating may be provided on an aluminium component, any
technique may be used such as roll coating, dip coating, spray coating or even screen

printing.
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