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(57) ABSTRACT 

A method is disclosed for direct application of a brazing flux 
material to a brazing Surface. The method includes the Step 
of applying a brazing filler material to a Substrate utilizing 
a kinetic spray process to form a brazing Surface. Following 
application of the brazing filler material to the Substrate 
brazing flux material can be directly applied to the brazing 
Surface as either a dry powder or a wet slurry. The nature of 
the brazing Surface allows the applied flux material to adhere 
to the Surface without the utilization of additional binders or 
resin materials. 



Patent Application Publication Apr. 28, 2005 Sheet 1 of 9 US 2005/0087587 A1 

ZZZZZZZZZZZZZZZZZZZ 2 
& 

- 

UHe U 
- C 

SJ, N O O 

S 

s 

  



Patent Application Publication Apr. 28, 2005 Sheet 2 of 9 US 2005/0087587 A1 

S 

S 
S 

S 
S 

s 
;..: 

NNNNN S. N B NS. s 
A. y 

S. 

2 

s 

  

  



Patent Application Publication Apr. 28, 2005 Sheet 3 of 9 US 2005/0087587 A1 

86 

FIG. 4A 

  



US 2005/0087587 A1 Patent Application Publication Apr. 28, 2005 Sheet 4 of 9 

FIG. 3 

  



US 2005/0087587 A1 

96 

90 

Patent Application Publication Apr. 28, 2005 Sheet 5 of 9 

. 4B FIG 

  



Patent Application Publication Apr. 28, 2005 Sheet 6 of 9 US 2005/0087587 A1 

2 

O 

8 

  



Patent Application Publication Apr. 28, 2005 Sheet 7 of 9 

(a) 

(b) 

is 

US 2005/0087587 A1 

132 

6 

... I 
| | | | | | 
| | | | | | | 
TTTTTT 

| | | | | | | 
| | | | | | | 

| | | | | | 
S O S 20 2S 30 

Flux concentration in flux-water slurry 

16 

14 

12 

10 

8 120 122 

6 

4. 

2 

O 

  

  

  



US 2005/0087587 A1 

142 

Patent Application Publication Apr. 28, 2005 Sheet 8 of 9 

FIG. 7 

  





US 2005/0087587 A1 

METHOD FOR DIRECT APPLICATION OF FLUX 
TO A BRAZING SURFACE 

TECHNICAL FIELD 

0001. The present invention is directed toward the art of 
brazing, and more particularly, to a method for direct appli 
cation of a brazing flux to a brazing Surface. 

BACKGROUND OF THE INVENTION 

0002 Brazing is a process that involves the joining of 
components with a brazing filler material whose melting 
point is lower than that of either of the components. The 
brazing proceSS is typically used to join components that are 
either metals or alloys. Typically, the brazing filler material 
is placed adjacent to or in between the two components to be 
joined and the assembly is then heated to a temperature 
where the brazing filler material melts but not the compo 
nents. Upon cooling, the brazing filler material forms a 
metallurgical bond between the two Surfaces of the compo 
nents. Often, the Surfaces to be joined include Surface metal 
oxide layers that can prevent formation of a good brazing 
joint between the Surfaces. Therefore, it is typical to include 
a brazing flux material in addition to the brazing filler 
material. Typical brazing fluxes contain either chlorides 
and/or fluorides and the flux material typically melts at a 
lower temperature than the brazing filler material. Once 
molten, the brazing flux material works to dissolve the hard 
shell of metal oxides on the two Surfaces, which enhances 
the wetting and flow of the molten brazing filler material, 
thereby allowing it to be drawn freely by capillary force 
between the joints of the components to be brazed. The 
composition of the brazing filler material is determined by 
the composition of the Surfaces to be joined as is known by 
those of ordinary skill in the art. Likewise, there are numer 
ous brazing flux materials that are available and the particu 
lar one utilized depends on the identity of the components to 
be brazed. Typically, when brazing aluminum components 
the industry utilizes the flux NocolokCR, manufactured by 
Solvay Fluor. This flux comprises a mixture of potassium 
fluoraluminates. 

0003. In current manufacturing processes, application of 
the brazing flux to the brazing Surface prior to brazing of the 
apparatus is a difficult process. Typically, the brazing filler 
material is applied to one of the Surfaces to be joined and the 
apparatus is pre-assembled. After pre-assembly the entire 
apparatus is often dipped in a water-flux slurry or Such a 
water-flux slurry is sprayed onto the entire assembly. Alter 
natively, the flux material is applied on the entire apparatus 
via a static dry powder process. AS discussed above, the flux 
is actually only required at the localized areas where the two 
Surfaces are being joined. The entire fluxed apparatus is then 
passed into a brazing furnace where the brazing flux material 
becomes a liquid and tends to drip from the apparatus 
forming very hard residues inside the brazing furnace, which 
requires the furnace to be shut down and cleaned periodi 
cally. In addition, the heated brazing flux material generates 
fumes that must be treated prior to release into the atmo 
Sphere. Often brazing fluxes will not adhere well to a brazing 
Surface and thus one is required to include additional binders 
and resins in order to adhere the brazing flux material to the 
brazing Surface. Finally, these processes are wasteful 
because of the exceSS flux material that must be used. 

0004. It would be advantageous to provide a method for 
direct application of a brazing flux material onto a brazing 
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Surface that was simple and allowed the brazing Surface with 
applied flux material to be handled extensively prior to the 
brazing process. With Such a method only the brazing 
Surface and not an entire assembly would have to be fluxed, 
Significantly lessening the capital investment, footprint of 
the fluxing apparatus, amount of required flux material, and 
the labor required for the fluxing process. 

SUMMARY OF THE INVENTION 

0005. In one embodiment, the present invention com 
prises a method for application of a brazing flux material to 
a brazing Surface comprising the Steps of applying a brazing 
filler material directly onto a Substrate by a kinetic Spray 
application to form a brazing Surface and Subsequently 
depositing a brazing flux material directly onto the formed 
brazing Surface. 

0006. In another embodiment, the present invention com 
prises a method for application of a brazing flux material to 
a brazing Surface that comprises the Steps of: providing a 
brazing filler material as a particle mixture, entraining the 
particle mixture into a flow of a gas, the gas at a temperature 
insufficient to cause thermal Softening of the particle mix 
ture, directing the particle mixture entrained in the flow of 
gas through a SuperSonic nozzle placed opposite a Substrate 
and accelerating the particle mixture to a Velocity Sufficient 
to result in adherence of the particle mixture onto the 
Substrate thereby forming a brazing Surface by a kinetic 
Spray application, and then depositing a brazing flux mate 
rial directly onto the formed brazing Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007 FIG. 1 is a kinetic spray system for use in the 
present invention; 

0008 FIG. 2 is a cross-sectional view of a kinetic spray 
nozzle for use in the present invention; 
0009 FIG. 3 is a scanning electron micrograph photo 
graph of a plane View of a Substrate having applied thereto 
a brazing filler material by a kinetic Spray application 
according to the present invention; 
0010 FIG. 4A is a scanning electron micrograph photo 
graph of a plane View of a brazing Surface having applied 
thereto 10 grams per meter Squared of a dry brazing flux 
material according to the present invention; 

0011 FIG. 4B is a scanning electron micrograph photo 
graph of a plane View of a brazing Surface having applied 
thereto 40 grams per meter Squared of a dry brazing flux 
material according to the present invention; 

0012 FIG. 5 is a graph demonstrating retention of a 
brazing flux material on a brazing Surface before and after a 
Series of drop tests for three Samples according to the present 
invention; 

0013 FIG. 6A is a graph showing the dependence of 
brazing flux loading onto a brazing Surface on the brazing 
flux concentration in a water-brazing flux slurry according to 
the present invention; 

0014 FIG. 6B is a graph showing retention of the 
water-brazing flux slurry on three Samples before and after 
a drop test according to the present invention; 
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0.015 FIG. 7 is a scanning electronic micrograph photo 
graph of a plane View of a brazing Surface after application 
of 8 grams per meter Squared of a water-brazing flux slurry 
to the Surface according to the present invention; and 
0016 FIG. 8 is a drawing of a wheel for applying brazing 
flux material according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0.017. The present invention comprises a method for 
formation of a brazing Surface by a kinetic Spray application 
of a brazing filler material directly onto a Substrate and direct 
application of a brazing flux onto the formed brazing Sur 
face. The method includes use of a kinetic spray proceSS as 
generally described in U.S. Pat. Nos. 6,139,913, 6,283,386 
and an article by Van Steenkiste, et al. entitled “Aluminum 
coatings via kinetic spray with relatively large powder 
particles' published in Surface and Coatings Technology 
154, pages 237-252, 2002, all of which are herein incorpo 
rated by reference. 
0.018 Referring first to FIG. 1, a kinetic spray system for 
use according to the present invention is generally shown at 
10. System 10 includes an enclosure 12 in which a support 
table 14 or other Support means is located. A mounting panel 
16 fixed to the table 14 Supports a work holder 18 for holding 
the Substrate to be coated. In one embodiment, the work 
holder 18 is capable of movement in three dimensions and 
is able to Support a Suitable Substrate to be coated. In another 
embodiment, the work holder 18 is capable of feeding a 
Substrate to be coated past a kinetic Spray nozzle 34, 
described below. The enclosure 12 includes surrounding 
walls having at least one air inlet, not shown, and an air 
outlet 20 connected by a suitable exhaust conduit 22 to a 
dust collector, not shown. During coating operations, the 
dust collector continually draws air from the enclosure 12 
and collects any dust or particles contained in the exhaust air 
for Subsequent disposal. 
0019. The spray system 10 further includes an air com 
preSSor 24 capable of Supplying air pressure up to 3.4 MPa. 
(500 psi) to a high pressure air ballast tank 26. The air ballast 
tank 26 is connected through a line 28 to both a high preSSure 
powder feeder 30 and a separate air heater 32. The air heater 
32 Supplies high pressure heated air, the main gas described 
below, to a kinetic spray nozzle 34. The temperature of the 
main gas varies from 100 to 3000 C., depending on the 
powder or powders being Sprayed. The preSSure of the main 
gas and the powder feeder 30 varies from 200 to 500 psi. The 
powder feeder 30 mixes particles of a single powder or a 
mixture of particles with unheated high-pressure air and 
Supplies the particle mixture to a Supplemental inlet line 48 
of the nozzle 34. The particles utilized in the present 
invention comprise the Selected brazing filler material. Gen 
erally, the brazing filler material comprises a metal, an alloy 
or mixtures thereof, examples are provided below. A com 
puter control 35 operates to control both the pressure of air 
Supplied to the air heater 32 and the temperature of the 
heated main gas exiting the air heater 32. AS would be 
understood by one of ordinary skill in the art, the system 10 
can include multiple powder feeders 30, all of which are 
connected to one or more supplemental feedline(s) 48. For 
clarity only one powder feeder 30 is shown in FIG. 1. 
0020 FIG. 2 is a cross-sectional view of the nozzle 34 
and its connections to the air heater 32 and the Supplemental 
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inlet line 48. A main air passage 36 connects the air heater 
32 to the nozzle 34. Passage 36 connects with a premix 
chamber 38 which directs air through a flow straightener 40 
and into a mixing chamber 42. Temperature and pressure of 
the air or other heated main gas are monitored by a gas inlet 
temperature thermocouple 44 in the passage 36 and a 
preSSure Sensor 46 connected to the mixing chamber 42. 

0021. The mixture of unheated high pressure air and 
particle powder is fed through the supplemental inlet line 48 
to a powder injector tube 50 comprising a Straight pipe 
having a predetermined inner diameter. The predetermined 
diameter can range from 0.40 to 3.00 millimeters. Preferably 
it ranges from 0.40 to 0.90 millimeters in diameter. The tube 
50 has a central axis 52 which is preferentially the same as 
the axis of the premix chamber 38. The tube 50 extends 
through the premix chamber 38 and the flow straightener 40 
into the mixing chamber 42. 

0022 Mixing chamber 42 is in communication with the 
de Laval type nozzle 54. The nozzle 54 has an entrance cone 
56 that decreases in diameter to a throat 58. Downstream of 
the throat is an exit end 60. The largest diameter of the 
entrance cone 56 may range from 10 to 6 millimeters, with 
7.5 millimeters being preferred. The entrance cone 56 nar 
rows to the throat 58. The throat 58 may have a diameter of 
from 3.5 to 1.5 millimeters, with from 3 to 2 millimeters 
being preferred. The portion of the nozzle 54 from down 
stream of the throat 58 to the exit end 60 may have a variety 
of shapes, but in a preferred embodiment it has a rectangular 
cross-sectional shape. At the exit end 60 the nozzle 54 
preferably has a rectangular shape with a long dimension of 
from 8 to 14 millimeters by a short dimension of from 2 to 
6 millimeters. The distance from the throat 58 to the exit end 
60 may vary from 60 to 400 millimeters. 

0023. As disclosed in U.S. Pat. Nos. 6,139,913 and 
6,283,386 the powder injector tube 50 supplies a particle 
powder mixture to the System 10 under a pressure in exceSS 
of the pressure of the heated main gas from the passage 36. 
The nozzle 54 produces an exit velocity of the entrained 
particles of from 300 meters per second to as high as 1200 
meters per Second. The entrained particles gain kinetic and 
thermal energy during their flow through this nozzle 54. It 
will be recognized by those of skill in the art that the 
temperature of the particles in the gas Stream will vary 
depending on the particle Size and the main gas temperature. 
The main gas temperature is defined as the temperature of 
heated high-pressure gas at the inlet to the nozzle 54. These 
temperatures and the exposure time of the particles are kept 
low enough that the particles are always at a temperature 
below their melting temperature SO, even upon impact, there 
is no change in the Solid phase of the original particles due 
to transfer of kinetic and thermal energy, and therefore no 
change in their original physical properties. The particles 
exiting the nozzle 54 are directed toward a Surface of a 
Substrate to coat it. 

0024. Upon striking a substrate opposite the nozzle 54 the 
particles flatten into a nub-like Structure with an aspect ratio 
of generally about 5 to 1. When the Substrate is a metal or 
alloy and the particles include a metal or an alloy, all the 
particles Striking the Substrate Surface fracture the oxidation 
on the Surface layer and the metal or alloy particles Subse 
quently form a direct metal-to-metal bond between the 
particle and the Substrate. Upon impact the kinetic sprayed 
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particles transfer Substantially all of their kinetic and thermal 
energy to the Substrate Surface and Stick if their yield StreSS 
has been exceeded. AS discussed above, for a given particle 
to adhere to a Substrate it is necessary that it reach or exceed 
its critical velocity which is defined as the velocity where at 
it will adhere to a Substrate when it strikes the Substrate after 
exiting the nozzle 54. This critical velocity is dependent on 
the material composition of the particle. In general, harder 
materials must achieve a higher critical Velocity before they 
adhere to a given Substrate. It is not known at this time 
exactly what is the nature of the particle to Substrate bond; 
however, it is believed that a portion of the bond is due to 
the particles plastically deforming upon Striking the Sub 
Strate. 

0.025 The kinetic spray system 10 is extremely versatile 
in producing any of a variety of coatings. The kinetic Spray 
System 10 is utilized to apply a brazing filler material to one 
of the two substrates to be joined to each other. The brazing 
filler material is provided as a particle mixture and prefer 
ably the powders have an average nominal particle size of 
from 25 to 200 microns in diameter and more preferably 
from 50 to 200 microns in diameter. As discussed above, the 
material chosen as the brazing filler material may comprise 
either a metal or an alloy and its composition is dependent 
on the composition of the Substrates to be joined. For 
example, when brazing aluminum Substrates to each other it 
is preferable that the filler material comprise a ternary 
mixture of aluminum, Zinc, and Silicon. Preferably, the 
ternary mixture comprises from 50 to 78% by weight 
aluminum, 12 to 45% by weight zinc, and 5 to 10% by 
weight Silicon with all the weights based on the total weight 
of the brazing filler material. The Zinc provides corrosion 
resistance to the brazing filler material. Other brazing filler 
materials, however, can be utilized Such as, for example: 
Silicon; Silicon and aluminum; and Silicon, aluminum, Zinc, 
and copper. AS discussed above, the System 10 includes a 
work holder 18 that is capable of moving in three dimen 
Sions in one embodiment. Thus, a Substrate to be coated by 
the brazing fill material could be mounted in work holder 18 
and manipulated in front of nozzle 34 to precisely delineate 
the area of brazing Surface that was desired to be generated. 
In another embodiment, work holder 18 can be utilized to 
feed a piece of Substrate past nozzle 34 at a rate of, for 
example, from 0.5 to 10" per second thereby enabling a high 
Speed production coating of a Substrate Surface with the 
brazing fill material. When the brazing filler material is 
applied to a Substrate by the kinetic spray process it produces 
a rough coating layer having a Series of “hills and Valleys' 
as shown in FIG. 3. FIG. 3 shows a scanning electron 
micrograph photograph of a kinetically sprayed brazing 
Surface that was sprayed with a brazing filler material 
comprising a mixture of aluminum, Zinc, and Silicon. The 
stand-off distance from the nozzle 34 to the Substrate was 
approximately 2 centimeters. It is preferable to load a 
substrate with from 50 to 100 grams per meter squared of 
brazing filler material. 
0026. The flux material can be any of the fluxes that are 
known to those in the art. These include well known fluxes 
Such as the potassium fluoraluminates Sold under the name 
NocolokoR. The composition of the flux utilized is dependent 
on the identity of the Substrate composition and the brazing 
filler material composition. The flux can be applied to the 
brazing Surface formed after the kinetic spray proceSS by any 
of a variety of methods including: dry Static powder appli 
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cation; dry powder Spray application, dry powder deposition 
through a Screen, dry Smearing or dry brushing of a powder, 
running a wheel containing flux material Over the brazing 
Surface; Spraying of a water-flux slurry, or dipping the 
brazing Surface into a water-flux Slurry. Typically, the flux is 
deposited through a Screen as a dry powder onto the brazing 
Surface and then the exceSS is removed by brushing the 
Surface. Because of the mountains and Valleys formed by the 
kinetically sprayed brazing Surface the brazing Surface is 
able to retain large amounts of the flux material as shown in 
FIGS. 4A and 4.B. The amount of flux material required for 
a particular application varies widely from 2 to 50 grams per 
meter Squared, more preferably from 2 to 35 grams per 
meter Squared, and most preferably from 6 to 15 grams per 
meter Squared. In FIG. 4A, a Scanning electron micrograph 
photograph of a plane View of a brazing Surface having 
deposited thereon 10 grams per meter Squared of flux 
material is shown. As can be seen in FIG. 4A, the particles 
of the brazing filler material are shown at 80 and form a 
series of high spots with dry flux material 86 located 
between the high spots. In FIG. 4B, a brazing surface 
comprising particles 90 is shown with flux at a loading of 40 
grams per meter Squared shown at 96. 
0027. In FIG. 5, the retention of a dry flux powder on the 
brazing Surface was tested. Three specimens, A, B, and C, 
were each loaded with dry flux using a dry powder brush 
application. The Specimens were 10 centimeter long alumi 
num tubes that had been kinetic spray coated with a brazing 
filler material comprising aluminum, Zinc, and Silicon. Each 
tube was dropped from a height of 5 centimeters onto a flat 
Surface and the loading of flux on the Surface before and 
after the drop test was recorded. Bars 100, 106, and 112 
represent each specimen’s flux loading prior to a first drop 
test. Bars 102,108, and 114 represent the flux retention after 
a single drop. AS Shown in the figures, typically less than 
10% flux falls off following the first drop test. Bars 104,110, 
and 116 show the result of a Subsequent drop test. AS Shown, 
there is negligible additional flux lost as a result of the 
Second drop test. The results demonstrate that the brazing 
flux material applied in accordance with the present inven 
tion adheres well to the kinetically sprayed brazing Surface 
in the complete absence of binders, adhesives or resins, 
which are necessary in prior art methods of applying flux 
material. The amount retained after the drop test is signifi 
cant. Obviously, the amount of flux required is dependent on 
the brazing filler material, the Surfaces to be joined and the 
flux, as known to those or ordinary skill in the art. Retention 
of at least 5% after a first drop step is preferred, more 
preferably at least 20% of the deposited flux material is 
retained after a first drop test, and most preferably at least 
50% is retained after a first drop test. 
0028. In FIG. 6A, the effect of the flux concentration in 
a flux-water slurry mixture on the amount of flux loaded 
onto a Sample is shown. All of the samples were applied by 
a Spraying methodology and the excess water was removed 
by an air jet. As shown in FIG. 6B, the wet flux material 
readily adheres to the brazing Surfaces. Three Samples A, B, 
and C had the wet flux slurry applied to them and the initial 
flux loading is shown in bars 120,124, and 130. The samples 
were then dropped vertically from a height of 5 centimeters 
above a flat surface and the flux retained after the drop is 
shown in bars 122, 128, and 132. As can be seen from FIG. 
6B, there is negligible loss of the flux material following 
loading using a spray application of a wet flux-water Slurry. 
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The results demonstrate that the brazing flux material 
applied in accordance with the present invention adheres 
well to the kinetically sprayed brazing Surface in the com 
plete absence of binders, adhesives or resins, which are 
necessary in prior art methods of applying flux material. The 
amount retained after the drop test is Significant. Obviously, 
the amount of flux required is dependent on the brazing filler 
material, the Surfaces to be joined and the flux, as known to 
those or ordinary skill in the art. Retention of at least 5% 
after a first drop Step is preferred, more preferably at least 
20% of the deposited flux material is retained after a first 
drop test, and most preferably at least 50% is retained after 
a first drop test. 
0029 FIG. 7 is a scanning electron micrograph photo 
graph showing the brazing filler material 140 forming the 
brazing Surface and the flux material 142 retained on the 
Surface following application using a spray of a wet-flux 
Slurry. The flux was loaded at a density of 8 grams per meter 
Squared. 
0.030. In FIG. 8 a system for application of a brazing flux 
material 212 is shown generally at 200. System 200 includes 
a wheel 208 that is rotatable within a bracket 214. A flux 
material feeder 210 deposits flux 212 onto a surface of the 
wheel 208. Bracket 214 holds wheel 208 against a brazing 
Surface 204 that has been formed by a kinetic Spray proceSS 
as described above on a Surface of a Substrate 202. In FIG. 
8 the substrate 202 is moving in the direction of arrow 206. 
Feeder 210 continuously applies flux 212 onto the surface of 
wheel 208 resulting in a fluxed brazing surface 216. The 
wheel 208 can be any sort of a wheel that will accept flux 
212 and deposit the same onto a moving brazing Surface 
204. In a preferred embodiment, wheel 208 is a fabric wheel 
of the jewelers-type that readily accepts a powder flux 212. 
The system 200 is simple to operate and is one method of 
carrying out the present invention. 
0031. The foregoing invention has been described in 
accordance with the relevant legal Standards, thus the 
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description is exemplary rather than limiting in nature. 
Variations and modifications to the disclosed embodiment 
may become apparent to those skilled in the art and do come 
within the Scope of the invention. Accordingly, the Scope of 
legal protection afforded this invention can only be deter 
mined by Studying the following claims. 

1. A method for application of a brazing flux material to 
a brazing Surface comprising the Steps of: 

a) providing a brazing filler material as a particle mixture 
wherein the average nominal particle Size of the par 
ticle mixture is from 65 to 200 microns, entraining the 
particle mixture into a flow of a gas, the gas at a 
temperature insufficient to cause thermal Softening of 
the particle mixture, directing the particle mixture 
entrained in the flow of gas through a SuperSonic nozzle 
placed opposite a Substrate, and accelerating the par 
ticle mixture to a velocity of from 300 to 1200 meters 
per Second to result in adherence of the particle mixture 
onto the Substrate thereby forming the brazing Surface 
by a kinetic spray application; 

b) depositing a brazing flux material directly onto the 
formed brazing Surface. 

2. (canceled) 
3. The method of claim 1, comprising providing the gas 

at a temperature of from 300 to 3000 degrees Fahrenheit. 
4. The method of claim 1, wherein the brazing flux is 

deposited in at least one of the following ways: dry Static 
powder, as a Sifted dry powder, by dry powder brush 
application, as a dry powder Smear, by running a wheel 
containing flux over the brazing Surface, as a wet slurry by 
dip application, as a wet slurry by Spraying application, or a 
mixture thereof. 

5. The method of claim 1, further comprising depositing 
from 2 to 40 grams per meter Squared of brazing flux 
material directly onto the brazing Surface. 

k k k k k 


