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13:
heat exchangers. For example, it enables the manufactoday to make heavy-duty radiators for truck and off-
ture of charge air coolers that can withstand higher road applications. A tremendous body of specialized 13:
temperatures than existing equipment, allowing the manufacturing expertise and process knowledge, includ-13:
transportation industry to reduce emissions and increaseng many specialized machines and furnaces, haveis.
fuel efficiency by replacing temperature-challenged alu- developed around this industry. The basic process con-i3:
minum charge air coolers with copper—brass sists of melting, flowing and solidifying the solder at 13

counterparts. the joint, typically forming a metallic bond with the 13
soldered surface@r parent metals 13
2. CuproBraze materials and technology Soldering and brazing involve the same bonding 13
mechanism except that soldering is defined as usingia
2.1. Effect of annealing filler metals that melt below 450C (which equals 723 14

K or 840 °F) and brazing uses filler metals that melt at 14

The alloys used in conventional copper and brass higher temperatures. In both soldering and brazing the 14
radiators are designed for soldering below 480(842 bonding mechanism is a reaction between the filler 14
°F). When subjected to high temperatures for long metal and the parent metal or metals. Brazing and 14
periods, these conventional alloys soften due to anneal-soldering usually result in alloying, i.e. a metallic-type 14
ing, a well-understood metallurgical effect. Annealing bond forms at the interface. 14
rearranges the positions of metal atoms in the metal Typically, the filler metal flows into the joint gap by 14
lattice through solid-state diffusion, effectively removing capillary force, solidifies and forms a bond. Several 14
the deformations that would otherwise strengthen the factors affect the mechanical performance of the finished 15
alloys. The resulting decrease in yield strength is partic- joint. For example, joint clearance and geometry are 1s
ularly steep for metals previously strengthened by rolling important. The relationship between the joint gap-width 1s:
or other deformation-hardening processes. and capillary force accounts for filler metal distribution. 1s
Annealing is time- and temperature-dependent. One purely mechanical effect is the restraint on the 1s.
Because annealing is based on solid-state diffusion,plastic flow of the filler metal, which is due to the 1=
metals and alloys can lose significant strength well greater strength of the base metal. Other effects are thes
below the melting point; however, annealing is much possibilities of slag entrapment and void formation. 15
more pronounced at temperatures close to the melting Interactions between the filler metal and the base 1s:
point. For comparison, on the absoluti€elvin) tem- metal take place in both soldering and brazing. Becauseis
perature scale, the melting points of aluminum, copper of the higher temperatures for brazing, however, inter- 1s
and iron are 933.5, 1357.8 and 1811 K, respectively. actions are usually greater for brazing than soldering. ie
Some annealing occurs in copper alloys at 728480 The interactions are time- and temperature-dependentas:
°C), which is only a little more than half the melting To minimize interactions, the brazing temperature should 1s:
temperature on the Kelvin scale. It is noteworthy, how- be as low as possible, and the time period that the 1s.
ever, that this temperature is nearly 80% of the melting materials are held at the brazing temperature should beie

point of aluminum. In fact, brazed aluminum radiators as short as possible. 16
undergo processing at brazing temperatures that
approach 98% of aluminum’s melting point, which 2.3. CuproBraze materials 16

results in considerable annealing of aluminum radiators.

Process engineers and radiator designers have long Conventional deformation-hardened alloys soften 16
been confronted with an ‘either—or’ type of dilemma. when exposed to brazing-temperatures. Fortunately,is:
Brazing processes promised strong bonds at the jointsresearchers faced this challenge and developed strongr
but brazing weakened the bulk material because of materials that could withstand the high temperatures of 17:
annealing. Heat-exchanger designers have been frustratbrazing and remain strong. Anneal-resistant copper 17
ed for several decades by these limitations. The industryalloys are strengthened by mechanisms other than merelyr
had to wait for the development of anneal-resistant deformation hardening. 17
copper alloys before further advances could be made. CuproBraze fin material is made of copper that is 17

alloyed with chromium. The chromium precipitates grow 17
2.2. Soldering and brazing in the copper—metal matrix of the fins during the brazing 17
process. Although these chromium-—copper precipitatesiz:

For decades, manufacturers avoided annealing effectsare only approximately 3 nm or 0.0Q8m in diameter, 17
in copper—brass radiators by using solders that meltedthey play a vital role in strengthening the fin alloy 1s
well below annealing temperatures. These solders werethrough a well-known mechanism known as precipita- 1s:
used to bind copper fins to brass tubes and brass tubesion hardening. 18:
to headers, which are the essential steps in the radiator Ironically, the precipitates strengthen the fins at tem- 1s:
assembly. These methods are still widely employed peratures that in the past would have seriously weakeneds
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fins made from conventional alloys. Interestingly, the of 4.2-wt.% nickel (Ni), 15.6-wt.% tin(Sn) and 5.3-
precipitation of the chromium in the copper fins restores wt.% phosphorugP) with the balance coppef=75- 237
the electrical conductivity. Since thermal conductivity wt.% Cu). This alloy has been patentedS Patent 238
on this type of materials tracks electrical conductivity, Number 5,378,294 but can be freely used for automo- 239
the thermal conductivity of the fins is also restored. The tive and heavy-duty industrial heat exchanger applica- 240
electrical conductivity is only 60% of the conductivity tions. The melting temperature is 600 with a melting 241
of pure coppel(IACS) before brazing but after brazing range of 10°C. 242
the conductivity is restored to a minimum of 90%, The OKCG600 filler metal alloy is available as a 243
because the chromium atontwhich interfere with the  powder, foil or paste. Cold forming of the filler metal 244
conduction of electronsare precipitated out of most of s virtually impossible. 245
the copper—metal matrix. The thermal conductivity of OKC600 powder is produced by gas atomizing the 246
the CuproBraze copper-fin alloy after brazing is 377 material into a spherically shaped, fine-grained powder. 247
W/m°C, which compares to 222 Wh°C for Atomization is normally performed using a protective 248
aluminum. gas such as nitrogen as atomizing media. The atomiza-49
Because soldering temperatures are not high enoughtion parameters are set for a maximal particle size of 250
to raise the thermal conductivity, this new copper—alloy approximately 9Q.m (i.e. 0.0035 inch or 3.5 mjn 251
fin material must not be used to make conventional Depending on the powder manufacturer, the average2s2
soldered radiators; they should only be used for particle size is normally 15—-3@m (i.e. 0.6—1.2 mm 253
CuproBraze heat exchangers. The CuproBraze brazingn practice, each atomized lot is passed through a sievezsa
operation is needed to restore the thermal conductivity. to exclude particle sizes exceeding| @M. Some powder 255
Similarly, CuproBraze tubes are made from a brass manufacturers reduce the powder to remove surfacezss
(i.e. copper that is alloyed with zimcmaterial that is  oxidation. The powder must be protected against oxi- 257
approximately 85% copper with approximately 1% iron dation during manufacturing, transportation and storing. 2ss
to prevent softening of the material during the brazing The product data sheets and storing instructions shouldzsg

operation. be carefully followed. In case the powder oxidizes 260
during transport or storage, reconditioning by reduction 261
2.4. Strength at elevated temperatures treatment might be possible by powder manufacturers. 262

(Reduction is a reverse chemical reaction to oxidajion. 263

Besides being anneal-resistant, the new copper-fin and Thin brazing metal foil with thickness down to 20 264
brass-tube alloys have high strength at elevated temperqum and composition close to OKC600 is also available 265
atures. For example, as operating temperature isfor the CuproBraze process. In some cases, foil can bezss
increased from 0 to 300C the tensile strength of the more practical than paste and should to be considerecke?
brass-tube alloy decreases from 400 to 260y and complementary to the paste, depending on the proceszss
the tensile strength for copper-fin alloy decreases from requirements. 269
350 to 260 Nmn?. Similarly, the fin and tube alloys Paste is a mixture of brazing powder and binder. The 270
retain much of their yield strength at 30Q. Such high purpose of formulating a paste is to facilitate application 271
strengths at elevated operating temperatures give thesef the powder to the parts to be brazed. Application can 272
CuproBraze alloys a clear advantage compared to cor-then be done by means of conventional commercial 273

responding aluminum alloys. application methods. Binders can be water-based, sol-274
New designs of charge air coolers need to operate atvent-based or thermoplastic. 275

temperatures that are much higher than past operating

temperatures. The copper fins and brass tubes described.2. Filler application 276

here are well suited for such high-temperature service.

Although widely used in past designs of charge air For tube-to-fin joints, brazing paste can be applied 277
coolers, aluminum alloys rapidly lose strength at these either on the tube surfaces or fin tips. A thin layer of 278
elevated temperatures and are unsuitable for the newpaste is applied on the flat surfaces of the heat exchangee7s
designs of charge air coolers at reasonable materialtubes using many different methods, including dipping, 280

thickness levels. roll coating or spraying. Tubes and fins normally do not 2s1
need precleaning. 282
3. Application of filler and component assembly The layer that is applied should be as thin as possiblezs3
to prevent problems with tube- or fin-deformation during 284
3.1. Filler materials core building and compression. Most brazing pastes 2ss

have to be dried, normally with warm air, and instruc- 2se

The brazing filler metal that was developed for joining tions from paste suppliers must be followed because 287
CuproBraze fins and tubes belongs to the CuSnNiP-too-high temperatures during the drying cycle can oxi- 2ss
family. This filler metal, called OKC600, is composed dize the brazing powder and lead to a poor brazing 2s9
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result. Pastes that have high metal content after dryingthe brazing process or they can be welded prior to the
and leave a smooth surface after drying are recommend-brazing process. 34!
ed. Good temperature control is needed during heating High-frequency(HF) welded tubes are convenient to 34
and drying to prevent overheating and subsequent pooruse for CuproBraze heat exchangers because their consa
brazing result. The brazing properties of the pastes cantoured shape is uninterrupted around the circumferencesa:
be destroyed above 13 (226 °F). Coatings should  of the tube. A consistent gap can be achieved betweensa:
be evenly applied and, typically, a coating thickness the tube and the header. The drawback of HF-weldedss
(weight) of 150-250 gm? (i.e. 3.4-5.% 103 oz/ tube is that the gauge is limited to a minimum of ss:
inch?) is required. The better the fit between tube and approximately 0.12 mn{i.e. 0.005 inch because the ss;
fin the thinner the layer can be. edges of the strip must be butt-welded. HF-tubes aress:
Consumption of brazing paste could, in most cases, sold commercially. 35.
be lowered in another way by applying the paste on the Folded tubes can be made of thinner brass stripsss:
tips of the fins rather than on the tubes. Thermoplastic already down to approximately 0.080 mi®.003 inch. 351
pastes as well as some solvent-based pastes are suitablEhe most common folded tube uses the lock-seam fold. 35
for fin-tip application. The coating thickness is measured The drawback of the lock-seam fold is that the seam s
by weighing; the recommended amount of paste on eachbecomes an irregularity on the tube surface, which ss
tip is 0.3—0.5 mgmm of fin tip width (2.7-4.5<10* makes it difficult to achieve a uniform gap in brazing 3s

oz/inch). Again, less paste is needed for better fits the tube to the header. 36!
between fin and tube. Thermoplastic paste can be New tube designs offer advantage over the lock-seamss:
applied to fin tips with rollers. The paste is picked up design. The overfold desigtcalled snap-overand B- 36!

on the two rolls as a thin, even layer, and, as the fins fold design are just two of many folds being tested for sze.
pass between the rolls, the paste is transferred to the finCuproBraze heat exchangers. Applying paste only on ss:
tips. the flat surfaces of the tubes does not result in a leak- ss

Because the tube-to-header joint must be leak free,tight seal at the seams. Folding methods include inject- 36
enough molten braze filler metal must be in place during ing the overlapping parts with a bead of thermoplastic se
brazing to fill the entire gap. A separate, dedicated- brazing paste in the tube mill. Paste injection has to be zs:

slurry (i.e. a mix of powder, binder and solvenis performed correctly for optimal brazing results. 371
recommended for tube-to-header joints. This slurry can
be applied by pouring or spraying. To make the brazing 3.4. Header and brazing fixture 37

process more forgiving when oxidized afwa dirty
components are used, a small amount of non-corrosive The holes in the header can be designed and manusz.
flux can be added to the slurry. The slurry application factured in different ways. For the CuproBraze process, 37:
methods are well suited for automation. pierced holes are recommended using a two-stage opersr.
A furnace brazing operation requires narrower toler- ation, which creates a continuous collar of contact 37
ances than soft soldering. Generally, closer tolerancessurface area between the header and the subsequenthy
and well-defined joint gaps result in better and stronger inserted tube. This shape draws braze alloy from thes7
joints. Another factor to take into account is that the surface of the header into the joint by capillary action. 37
brazing alloy is in powder form and builds up a thicker No tears are allowed in the drawn section. The optimal 37
layer than a solid metal. The geometry of the tubes andsize for the gap between header and tube is 0.05 mmas
fins and the tube pitch in the header should be adjusted(0.002 inch and this gap should not exceed 0.1 mm ss
accordingly. (0.004 inch. 38
Consistency in the fin amplitude is also important.  Stiffening ribs on the header are also beneficial. 3s:
Inconsistency in the fin height can result in a gap that Besides functioning as reinforcement, ribs lower the ss.
is too large between fin tip and tube, and a low slurry consumption. Slurry flowing into the wells around ss:
percentage of correctly brazed tube-to-fin bonds. Varia- the tubes is not wasted on areas between tubes. Whens

tions from fin-tip to fin-tip should be at an absolute header gauges are smaller than 0.8 B3 inch, 38
minimum. extra care is recommended with tabbed header designss:

from the point of view of strength. 38,
3.3. Tube fabrication The brazing powder builds up a thicker layer than a 39

solid metal of the same weight, as previously mentioned. zo:

Several types of brass tubes can be used to manufacThis extra thickness must be taken into account when so:
ture CuproBraze heat exchangers. These tubes are unispecifying tube pitch in the headers and in the brazing- 3o
formly made from brass strip because thin gauges arefixture devices. The tube pitch in the headers is a 3o
required for lightness and efficient heat exchange. Tubefunction of the tube width and fin amplitude with an 39
fabrication requires that the edges of the strip be reliably allowance for brazing paste layer. The allowance for 3o
bonded together. The tube seams can be sealed duringprazing paste in turn depends on the tube dimension,ss
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the core width and the fin design. It has to be determined The time above 600°C should be limited to a
with actual components. As a guideline, approximately maximum of 3—4 min. The heat exchanger will lose 452
0.10 mm per tube often works well, resulting in a thermal performance if the temperature is too high or 4s3
complete braze joint between fin and tube. held too long above 608C. On the other hand, the part 454
The assembly and brazing-fixture system should allow will not braze if the temperature is too low or the time 455
for a barrel shape of the core before brazing, due to theabove 600°C is too short. The governing factor for the 4s6
brazing paste build up. For a 58%00-mn¥ (20X 20- brazing cycle is the brazing of the tube-to-header joints. 4s7
inch?) core, a typical dimension measured in the middle The effect of the brazing cycle on the tube-to-header 4ss
of the core is 502.5-503 mif20.1-20.12 inch joints cannot be seen by the naked eye. During optimi- 459
Another demand on the brazing fixture is a low-mass zation of the brazing cycle, overshooting of the brazing 4so
that allows the fixture to follow the temperature of the temperature can sometimes happen yet not cause as1
radiator core as closely as possible. This arrangementnoticeable visual effect on the brazed heat exchanger. 462
avoids differences in dimensions due to temperature
differences that could lead to permanent deformation of 4.2. Selecting a furnace 463
fins or tubes. For the same reason, the fixture material
should have a thermal expansion coefficient as close as Factors to consider when selecting a suitable furnaceasss
possible to that of brass and copper. A slight flexibility are production volume, part size, available floor space, 465
in the fixture to follow the core when the brazing paste capital expense and operating cost. Based on the specisss
melts is also recommended, especially for larger cores. fications outlined above, the CuproBraze radiators can 467
It could be preferable to design with side supports be processed in batch, semi-continuous or continuousasss
that are mechanically attached to the header prior tofurnaces. 469
brazing. These supports provide a well-defined gap (1) A batch furnace uses the same door to load and 470
during the entire brazing cycle for the outermost fins unload the part. These furnaces can only produce ones71
that are close to the header. In this manner, brazingbatch at a time. A load is purged with nitrogen, then 72
voids or deformation of the fin or tube in the corner moved into the brazing chamber, and after brazing, the 473

region can be avoided. load is moved back into the purge chamber where it is 474
cooled. 475
4. Processing of assemblies (2) A semi-continuous furnace uses separate entry47e
and exit doors. Parts are indexed from the loading areaasrr
4.1. Brazing operation to the purge chamber, where the part is purged with 478

nitrogen and then moved into the next chamber. The 479

Because the temperature of brazing is much higherfurnace simultaneously moves the purged part into the 4so
than that of soldering, an inert atmosphere is needed tobrazing chamber and a new part into the purge chamberas1
prevent oxidation of the parent and filler materials. In a semi-continuous furnace, it is possible to have a 4s2
Selecting a suitable furnace requires knowledge of the part in each zone. This type of furnace is suitable for 4ss
temperature, time and atmospheric conditions of the large parts or intermediate volume production. 484
process. (3) A continuous furnace uses a conveyor to contin- 4ss
Recommendations for the furnace conditions are asuously move parts through the furnace where they arease
follows. The primary function of the brazing atmosphere continuously purged with nitrogen, brazed and then sz
is to prevent oxidation. Furnaces today use high purity cooled. This type of furnace is for high volume produc- a4ss
nitrogen to displace oxygen from inside the furnace. tion. A continuous furnace is not recommended for parts 4ss
The atmosphere of the furnace must have a dew pointlonger than 1000 mm because when the front of the 4s0
of less than—40 °C and oxygen content of less than part enters the heating zone, it conducts heat to the rears:
20 ppm. If moisture and oxygen levels are higher than of the part. As a result, the trailing section of the part 492
these levels, the powder and the base material risk beings held at temperature for much longer time than the 493
oxidized at temperatures exceeding approximately 200leading edge of the part. 494
°C and brazing might not be complete. All these furnaces have heating and cooling sections. 495
The furnace must be able to cool the load at a Batch furnaces and semi-continuous furnaces are suita49s
maximum of 150°C/min. ble for any part size but limited with respect to produc- 497
No heat should be applied if the atmospheric condi- tion volume. Continuous furnaces are suitable for ags
tions are not met. The part should not leave the inert volume production but limited with respect to part size. 499
atmosphere if part temperature is above 18D In It is possible to heat all the three types of furnaces soo
places where ambient humidity is high the temperature with electricity, natural gas, or propafteutane. In many  so1
should be even lower, to prevent discoloration. Part countries, natural gas and propane are a cheaper source:?
temperature uniformity must be withie 7 °C and the  of energy than electricity, but they require more main- so3
furnace must be able to operate at 7@D tenance and have a higher initial cost. Gas burners alscso4
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55!
require a gas-tight barrier between the combustion prod-ening coating for tubes. Corrosion test results were
ucts and the brazing atmosphere. Such a barrier can beecently obtained and have been published. The refer-ss:
radiant tubes or a muffle. ences were soldered copper—brass radiators and brazesh
Effluent is generated when the binder is volatized aluminum radiators. According to the results from four se
during the first part of the heating cycle. This effluent different kinds of accelerated corrosion tests, Cupro- se
must be properly managed to prevent contamination of Braze radiators were generally more corrosion-resistantss:
the atmosphere in the furnace. The constant flow of than soldered copper—brass radiators and very competises:
nitrogen normally expels the effluent from the brazing tive with aluminum radiators. Generally, aluminum radi- se:
atmosphere. When these fumes exit the furnace, theators were more prone to localized corrosion forms, se
gases must either be burned or diluted with ambient whereas the corrosion form on CuproBraze was usually se

atmosphere, according to the local specification. The even. 56!
law changes from country to country and state to state,
so one must check with the local authorities before 5.2. High performance coatings 561

designing a furnace.
Normally no cleaning is needed after the brazing CuproBraze radiators are mechanically strong and sz

operation. facilitate down-gauging. High performance coatings fur- s7:
ther improve corrosion resistance and make down- s7:

5. Corrosion and repar ability gauging possible without risks from corrosion. 57:
There are different ways to increase external corrosionsz.

5.1. Corrosion resistance resistance when down-gauging. The easiest way is tos:

leave the commonly used cosmetic coating off totally. 57

The corrosion resistance of CuproBraze radiators is An uncoated radiator has approximately 30% longer 57
better than that of soldered radiators and very competi- lifetime than a cosmetically spray-coated radiator. 57
tive with that of aluminum. Electrophoretic coating is the best technical solution s7
When different metallic materials are used in the to increase corrosion resistance. It increases the lifetimess
same cooling system, questions sometimes are raisedy 2.5—-3 times compared to an uncoated radiator. A ss
about possible microgalvanic corrosion risk, considering new option is powder coating with a multi-nozzle spray ss
the noble metal(copped deposits on the non-noble gun, which gives good results with respect to corrosion ss:
metal (aluminum surfaces. Inhibitor systems in the resistance and thermal performance and, has a lowerss.
coolant are designed to prevent all kinds of corrosion in cost compared to an electrophoretic coating. 58!
the cooling systems, including microgalvanic corrosion  High performance coatings cover the entire external ss
and, for this reason, maintenance of coolant is important. radiator surface, not only approximately 10% of it like ss
In general, however, copper alloys are less sensitive toconventional cosmetic-spray coating. They clearly pro- ss

bad coolant than aluminum. long the lifetime of the radiators. These technologies ss
Corrosion test results in coolants for CuproBraze are commercially available. 59

materials (including tube brass SM 2385 and header

brass SM 246} are similar to test results for copper- 5.3. Reparability: soldering and re-brazing 59

based materials used in soft-soldered radiators. In our
study on a mixed-metal cooling system, there was no Reparability is one of the major advantages of so
indication of microgalvanic corrosion on aluminum CuproBraze heat exchangers compared to brazed aluse:
caused by copper. minum heat exchangers. 59
Therefore, the coolants that fulfil the standard requi- CuproBraze radiators can be repaired both at the so:
rements with copper materials are considered compatiblemanufacturing plant and in the field with lead-free soft sa
with materials used in CuproBraze radiators and vice solders. In the CuproBraze process, copper—tin, copper—sg
versa. CuproBraze heat exchangers are compatible withphosphorous and nickel-phosphorous compounds areso:
mixed metal cooling systems. formed during brazing. Due to decreased wetting of so
The risks of external corrosion caused by galvanic these compounds compared with brass and copperso
attacks is minimized by the fact that the materials in efficient fluxes have to be used. Many of the fluxes eo
CuproBraze radiators, including the copper-fin alloy, used for brazing of stainless steel can satisfactorily be eo:
brass-tube alloy and the brazing alloy, have about equalused for repairing CuproBraze components. Some of so:
mutual nobility. The brass-tube alloy is 85% copper, these fluxes leave corrosive residues and careful rinsingso.
which means that the alloy is less sensitive to stressof the joints is necessary. 60!
corrosion cracking and dezincification than conventional ~ Another repair method at the manufacturing plant is eo
brass alloys. to apply additional brazing slurry at the failure site, dry so
The brazing alloy OKC600(CuNiSnP-typg also it and re-braze it, using the same brazing cycle as is 6o
provides an extra protective and mechanically strength- normally used in manufacturing. During re-brazing the so:
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fins will become slightly softer, and due to increased Manufacturing processes are now being applied globally
alloying of the fins, the thermal performance of the heat in the manufacture of advanced heat exchangers usingsze

exchanger may somewhat decrease. The heat exchangéehis technology. 627
should be re-brazed with the opposite side up compared
to the first time, to keep tube-to-header joint sealed and References 628
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