Développement économique Canada

Office de la Propriété Intellectuelle du Canada

I*I Innovation, Sciences et

Innovation, Science and CA 3138936 A1 2020/11/26

Economic Development Canada

Canadian Intellectual Property Office (21) 3 138 936
12 DEMANDE DE BREVET CANADIEN

CANADIAN PATENT APPLICATION
(13 A1

(86) Date de dépo6t PCT/PCT Filing Date: 2020/04/20

(87) Date publication PCT/PCT Publication Date: 2020/11/26
(85) Entrée phase nationale/National Entry: 2021/11/02

(51) CLInt./Int.Cl. C22C 21/02(2006.01),
B23K 35/02(2006.01), B23K 35/28 (2006.01),
C22F 1/043(2006.01), F28F 21/08 (2006.01)

(71) Demandeur/Applicant:

(86) N° demande PCT/PCT Application No.: US 2020/028933 NOVELIS INC., US
(87) N° publication PCT/PCT Publication No.: 2020/236373 (72) Inventeur/Inventor:

(30) Priorité/Priority: 2019/05/19 (US62/849,938)

KADALI, JYOTHI, US
(74) Agent: TORYS LLP

(54) Titre : ALLIAGES D'ALUMINIUM POUR APPLICATIONS DE BRASAGE SANS FLUX, LEURS PROCEDES DE
PREPARATION ET UTILISATIONS ASSOCIEES
(54) Title: ALUMINUM ALLOYS FOR FLUXLESS BRAZING APPLICATIONS, METHODS OF MAKING THE SAME, AND

USES THEREOF

(57) Abrégé/Abstract:

Provided are new aluminum alloys for use as one or more cladding layer(s) in clad aluminum alloy products for brazing
applications. The cladding layer(s) include constituents that break and remove the oxide film on metal parts to be joined to produce
high-strength brazing joints without the use of corrosive flux. Also provided herein are corrosion-resistant aluminum sheet
packages including one or more of the aluminum alloy cladding layer(s) and an aluminum alloy core.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191




wo 20207236373 A1 |0 0000 KO Y00 00 0 0

CA 03138936 2021-11-02

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property '

Organization
=

International Bureau

(43) International Publication Date
26 November 2020 (26.11.2020)

WIPO I PCT

(10) International Publication Number

WO 2020/236373 Al

(51) International Patent Classification:

B23K 35/02 (2006.01) C22C 21/00 (2006.01)
B22D 11/00 (2006.01) C22C 21/02 (2006.01)
B23K 35/28 (2006.01) C22C 21/10 (2006.01)

B32B 15/01 (2006.01) F28F 21/08 (2006.01)

(21) International Application Number:
PCT/US2020/028933

(22) International Filing Date:
20 April 2020 (20.04.2020)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

62/849,938 19 May 2019 (19.05.2019) UsS

(71) Applicant: NOVELIS INC. [CA/US]; 3560 Lenox Road,
Suite 2000, Atlanta, Georgia 30326 (US).

(72) Inventor: KADALI, Jyothi; c/o Novelis Inc., 1950
Vaughn Road, Kennesaw, Georgia 30144 (US).

(74) Agent: THOMAS, Christopher et al; Kilpatrick
Townsend & Stockton LLP, 1100 Peachtree Street, Suite
2800, Atlanta, Georgia 30309 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(54) Title: ALUMINUM ALLOYS FOR FLUXLESS BRAZING APPLICATIONS, METHODS OF MAKING THE SAME, AND

USES THEREOF

(57) Abstract: Provided are new aluminum alloys for use as one or more cladding layer(s) in clad aluminum alloy products for brazing
applications. The cladding layer(s) include constituents that break and remove the oxide film on metal parts to be joined to produce
high-strength brazing joints without the use of corrosive flux. Also provided herein are corrosion-resistant aluminum sheet packages
including one or more of the aluminum alloy cladding layer(s) and an aluminum alloy core.



10

15

20

30

CA 03138936 2021-11-02

WO 2020/236373 PCT/US2020/028933

ALUMINUM ALLOYS FOR FLUXLESS BRAZING APPLICATIONS,
METHODS OF MAKING THE SAME, AND USES THEREQOF

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No. 62/849 938, filed

May 19, 2019, which is incorporated herein by reference in its entirety.

FIELD
The present disclosure relates to the fields of material science, material chemistry,
metallurgy, aluminum alloys, aluminum fabrication, and related fields. More specifically, the
present disclosure relates to novel clad aluminum alloys for fluxiess brazing, and relates to
methods of manufacturing the same. Additionally, the present disclosure relates to clad
aluminum alloys that can be used n a variety of brazing applications, including, for example, in

heat exchangers.

BACKGROUND

Alumunum alloys have become an important material source for automotive parts (e.g.,
heat exchangers) due to their high strength, resistance to corrosion, hugh thermal conductivity,
and hight weight. Consequently, aluminum alloys are increasingly used to make heat exchangers,
which are incorporated 1n air conditioners, automobies, and the hike. However, in processes
used for fabricating aluminum parts (e g, brazing in an automotive heat exchanger), the stability
of the surface oxide film present on metal parts resuits in unstable brazing jonts. During
brazing, the oxide film acts as a barrier to wetting and flow of the filler metal required for joint
formation. Commonly, oxide removal and prevention of re-oxidation are required for
conventional aluminum joining methods.

For joining aluminum alloy parts to other metal parts {e.g., copper-containing parts,
aluminum-containing parts, steel parts, etc.}, flux-brazing methods are often used in which
brazing s performed by using a molten cladding laver composed of an aluminum-siticon alloy.
In this process, a fluoride-based tlux is applied onto the cladding layer followed by heatingina
non-gxidizing environment {e.g., under a mifrogen gas atmosphere}. However, in flux-brazing
methods, if the flux application amount 15 insufficient, there is a risk that oxide films present on

the surfaces of metal parts will be insufficiently broken down. To remove the oxide film,

-



10

CA 03138936 2021-11-02

WO 2020/236373 PCT/US2020/028933

automotive parts {e.g., heat exchangers) pass through a cleaning/etching process to achieve
uniform fhux coating. In addition to the harmful etchants used for the flux coating process, the
flux slurries often include volatile polar solvents such as alcohols. These solvents are used in
relatively large quantities, resulting 1n increased cost and inefficiency of the brazing process.
Additionally, the use of volatile organic compounds presents environmental and safety concerns.
Although some brazing methods produce a sound joint, there s a need for improved clad
aluminum alloys and brazing processes that can produce a sound brazing joint with other metal

parts without the use of flux.

SUMMARY

Covered embodiments of the invention are defined by the claims, not this summary. This
summary is a high-level overview of various aspects of the invention and introduces some of the
concepts that are further described in the Detailed Description section below. This summary 13
not intended to identify key or essential features of the claimed subject matter, nor is 1t intended
to be used in isolation to determine the scope of the claimed subject matter. The subject matter
should be understood by reference to appropriate portions of the entire specification, any or all
drawings and each claim.

In some embodiments, the present disclosure relates to an alununum alloy comprising
about 7.0 - 14.0 wt. % 81, about 0.05 — 1.0 wt. % Fe, about 0.01 — 0.60 wt. % Cu, about 0.01 —
0.30 wt. % Mn, about 0.01 — 0.50 wt. % Mg, about 0.0 — 0.60 wt. % Zun, about 0.001 — 0.50 wt.
% Bi, up to about 0.30 wt. % Sb, up to about 0.20 wt. % Sr, up to about 0.20 wt. % Na, up to
about 0.25 wt. % T1, up to about 0.15 wt. % of impurities, and Al In some embodiments, the
alummum alloy comprises about 8 0 — 12.0 wt. % 84, about 0.10 — 0.90 wit. % Fe, about 0.01 —
0.50 wt. % Cu, about 0.05 - 0.20 wt. % Mn, about 0.01 — 0.40 wt. % Mg, about 0.05 — 0.40 wi.
° Zn, about 0.01 — 0.40 wt. % B4, up to about 0.25 wt. % Sb, up to about 0.15 wt. % Sr, up to
about 0.10 wt. % Na, up to about 0.20 wit. % T1, up to about 0.15 wt. % of impurities, and Al In
some embodiments, the alurinum alloy comprises about 8.5 — 11.0 wt. % 81, about 0.15 - 0.30
wt. % Fe, about 0.01 — 0.40 wt. % Cu, about 0.05 ~ 0.15 wt. % Mn, about .05 —~ 0.30 wt. % Mg,
about 0. 10 —~ 0.30 wt. % Zn, about 0.05 — 0.30 wt. % B1, up to about 0.20 wt. % Sb, up to about
0.10 wt. % Sr, up to about 0.06 wt. % Na, up to about 0.15 wt. % Ti, up to about G.15 wt. % of

impurities, and Al In some embodiments, the aluminum alloy comprises about 9.0~ 10.5 wt. %
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S1, about 0.15 — 0.25 wt. % Fe, about 0.30 — 0.40 wi. % Cu, about 0.05 ~ 0.15 wt. % Mn, about
0.15-030 wt. % Mg, about 0.15 - 030 wt. % Zn, about 0.10 —~ 6.35 wt. % Bi, up to about 0.15
wt. % Sb, up to about ¢.05 wt. % Sr, up to about 0.05 wt. % Na, up to about 0.10 wt. % Ti, up to
about 0.15 wt. % of impurities, and Al. In some embodiments, the aluminum alloy comprises
about 9.5 — 10.5 wt. % Si1, about 0.30 - 0.50 wt. % Fe, about 0.01 — 0.05 wt. %% Cy, about 0.05 —
0.15 wt. % Mn, about 0.01 — 0.05 wt. % Mg, about 0.20 — 0.25 wt. % Zn, about 0.10 — 0.20 wt.
% Bi, about 0.01 — 0.05 wt. % Sb, about 0.001 — 0.02 wt. % Sr, up to about 0.01 wt. % Na, up to
about 0.10 wit. % T1, up to about 0.15 wt. % of impurities, and Al In some embodiments, the
alloy s produced by direct chull casting, followed by hot rolling and cold rolling. In some
embodiments, the alloy has a corrosion potential of 660-720 mV or less, measured after brazing,
in some embodiments, the alloy withstands at least 28 days without perforation during airside
corrosion testing after brazing.

In some embodiments, the present disclosure relates to a clad aluminum alloy product,
comprising: a core layer; and at least one cladding layer comprising the aluminum alloys
described herein. In some embodiments, the core layer comprises an aluminum alloy comprising
up to about 0.25 wt. % S, up to about 0.35 wt. % Fe, about 0.50 — 0.60 wit. % Cu, about 1.4 - 1.6
wt. % Mn, about 6.06 — 0.62 wt. % Mg, up to about 6.05 wt. % Cr, up to about 0.04 wt. % Zn,
about 0.10 — 0.20 wt. % T1, up to about 0.05 wt. % Sr, up to about 0.15 wt. % of impurities, and
Al

In some embodiments, the present disclosure relates to a clad aluminum alloy product,
comprising: a core layer, wherein the core layer has a first side and a second side; at least one
cladding Iayer on the first side or the second side; wherein the at least one cladding layer
comprises about 7.0 — 14.0 wt. % 81, about 0.05 - 1.0 wt. % Fe, about 0.01 — 0.60 wt. % Cu,
about ¢.01 — 0.30 wt. % Mn, about 0.01 — 0.50 wt. % Mg, about 0.0 — 0.60 wt. % Zn, about
0.001 —~ 0.50 wt. % B, up to about 0.30 wt. % Sb, up to about 0.20 wt. % St, up to about 0.20 wt.
% Na, up to about 0.25 wt. % T1, up to about 0.15 wt. % of impurities, and Al In some
embodiments, the core layer comprises an aluminum alloy comprising up to about 0.25 wt. % St
up to about 0.35 wt. % Fe, about 0.50 —~ 0.60 wt. % Cu, about 1.4 -1.6 wt. % Mn, about 0.06 —

0.62 wi. % Mg, up to about 0.05 wt. % Cr, up to about 0.04 wit. % Zn, about 0.10 - 0.20 wt. %

3

Ti, up to about 0.05 wit. % Sr, up to about 0.15 wt. % of impurities, and Al In some

embodiments, a corrosion resistant brazing sheet comprises the clad aluminum alloy product
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described herein. In some embodiments, a heat exchanger comprises the clad aluminum alloy
product described herein. In some embodiments, the heat exchanger is an automotive heat
exchanger. In some embodiments, the automotive heat exchanger is a radiator, a condenser, an
evaporator, an oil cooler, an inter cooler, a charge air cooler or a heater core. In some
embodiments, a tube 1s made of the clad aluminum alloy product described herein.

In some embodiments, the present disclosure relates to a method of forming a brazing
joint, comprising the steps oft providing one or more metal parts; providing a clad aluminum
alloy product on or between the one or more metal parts to form an assembly, wherein the clad
aluminum alloy product comprises at least one cladding laver; brazing the assembly without
applying flux to join the clad aluminum alloy product and the one or more metal parts to produce
a brazed assembly; and cooling the brazed assembly, wherein the at least one cladding layer
comprises about 7.0 — 14.0 wt. % 84, about 0.05 — 1.0 wt. % Fe, about 0.01 — 0.60 wt. % Cu,
about 0.01 — 0.30 wt. % Mn, about 0.01 — 0.50 wit. % Mg, about 0.0 — 0.60 wi. % Zn, about
0.001 — 0.50 wt. % Bi, up to about 0.30 wi. % Sb, up to about 0.20 wt. % Sr, up to about 0.20 wt.
% Na, up to about 0.25 wt. % T1, up to about 0.15 wit. % of impurities, and Al In some
embodiments, brazing occurs in a controlled atmosphere brazing furnace comprising an inert gas.
In some embodiments, the controlled atmosphere brazing furnace comprises less than 100 ppm
oxygen. In some embodiments, the controlled atmosphere brazing furnace has a dew point of
less than -40° C. In some embodiments, the assembly 1s brazed at a brazing temperature in the
range of about 590° C to about 610° C. Tn some embodiments, the controlled atmosphere
brazing furnace 1s heated to the brazing temperature 1o less than five minutes. In some
embodiments, the assembly 15 brazed for 3 minutes at 600° C i the controlled atmosphere
brazing furnace having an oxygen concentration less than 50 ppm and a dew pont less than -40°
C in a nitrogen atmosphere. In some embodiments, the at least one cladding layer comprises
about 8.0 —~ 12.0 wi. % 81, about 0.10 — 0.90 wt. % Fe, about 0.01 — 0.50 wt. % Cu, about 0.05 —
(.20 wt. % Mn, about 0.01 — 0.40 wt. % Mg, about 0.10 — 0.40 wt. % Zn, about 0.01 — 0.40 wi.
Y% B1, up to about 0.25 wt. % Sb, up to about 0.15 wt. % Sr, and up to about 0.15 wt. % of
impurities, and Al

Further aspects, objects, and advantages will become apparent upon consideration of the

detailed description of non-limiting examples that follow.
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BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is an optical microscope image of a braze joint at 100x magnification using a
Keyence microscope according to one embodiment.

Fig. 2 is an optical microscope image of a braze joint at 100x magnification using a Zeiss
Optical microscope according to one embodiment.

Fig. 3 15 a graph of the yield strength, ultimate elongation, and elongation of example
aluminum alloys described herein.

Fig. 4 1s a graph of the post-brazing yield strength, ultimate elongation, and elongation of
the example aluminum alloys described herein.

Fig. 5 1s a schematic representation of the results of metallographic exanunations of sea
water acetic acid tested (SWAAT) samples for Example Alloys 1, 3-7, 12-14, and Comparative

Example A after 2 weeks, 3 weeks, and 4 weeks, as presented in Table 9.

DETAILED DESCRIPTION

Described herein are clad aluminum alloy products comprising an aluminum alloy core
layer and at least one aluminum alloy cladding layer. These aluminum matenals, including a
core layer and at least one cladding layer, can be referred to as “clad alununum alloy products.”
The clad alumimmum alloy products described herein can be fabricated as sheets {or other
products), with the cladding layer on one or both sides of the core laver to form a sheet {(or other
product), in which case the materials can be referred to as “clad sheet alununum alloy products,”
“clad alumunum sheets,” “clad sheet alloys,” or by other related terms, 10 singular or plural. The
term “clad aluminum alloy” or “clad aluminum alloy product” and similar terms used herein are
broader mn scope than the term “clad sheet alunumum alloy™ and similar terms. In other words,
clad sheet aluminum alloys are a subset of clad alumunum alloy products.

Clad alumunum alloy products, including clad sheet aluminum alloys, can possess various
compositions and properties. Some of these properties may be conferred by the chemical
composition of the core and cladding layer(s), while other properties may be conferred by the
manufacturing or fabrication processes used n the production or fabrication of the
clad aluminum alloy products.

In processes for joining aluminum alloy products to other metal parts {e.g., aluminum,

steel, copper parts, etc.}, an oxide film present on the metal parts has long been recognized as a

-5
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detriment to forming stable braze jomis. Chemical cleaning of the parts to be joined is typically
required to remove thick oxide films, followed by the use of a separate corrosive flux during
braze bonding. Use of the flux removes the oxide, allowing the molten brazing alloy to contact
an oxide-free surface to form the required joint. However, while the use of a flux s an aid to
wetting and flowing, its subsequent complete removal is difficult and in many cases impossible.
Any flux trapped in the final joint can be detrimental from both a strength and corrosion
standpoint. Specifically, good braze joints are necessary in heat exchangers to achieve high
mechanical strength, corrosion resistance, and leak-free heat exchangers. The present aluminum
alloy compositions provide aluminum alloys for use as cladding layers, which have the capacity
to form a brazed joint without using a corrosive flux.

The composition of cladding layer(s) of the clad aluminum alloy products described
herein includes promoter agents that iterface with the oxide filim on the surface of the metal part
10 be joined to the clad aluminum alloy product to reduce or remove the oxide film without the
need for flux. The combination of promoter agents in the cladding layer(s) of the clad alurminum
alloy products reduces the oxide film on the metal part to be joined, thereby enabling fluxiess
brazing. Additionally, the promoter agenis in the composition of the cladding layer(s) improve
the ability of the molten cladding layer(s) to wet and conform to the base metal surface and, as a
result, when cooled below its solidus temperature, to form a strong bond to the base metal. The
cladding layer{s} has a synergistic combination of elements that, when in the molten state,
influences viscosity of the molten cladding layer(s}, reduces surface tension of the molten
cladding layer(s}, and promotes wetting of the metal part to be joined to the clad alominum alloy
products.

The clad aluminum alloy products described herein are suitable for use n fabrication or
manufacturing processes that can require the joming of a surface of the clad aluminom alloy
products to another metal surface by brazing. The clad aluminum alloy products can be used in
industrial applications, including in heat exchangers, or in other applications. In a heat
exchanger, the cladding laver(s} of the clad aluminum alloy product forms brazing joints for
components of the heat exchanger (e.g., a tube to which the core allov is attached}. Brazing isa
metal joming process in which a clad aluminum alloy product 1s heated above a melting pomt
and distributed between two or more close-fitting parts by capiliary action. When the clad

aluminum alloy products described herein are used in a brazing process, the cladding layer(s)

-6-
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melt and become a filler metal that flows by capillary action to points of contact between the
components being brazed. It is to be understood that it is not necessary for both or all parts being
joined for brazing to be made of a clad aluminom alloy. At least in some cases, 1t 15 sufficient
for only one part of those parts being joined to be made of a clad aluminum alloy. For example,
a clad tube stock can be joined to a non-clad fin alloy in a radiator or an evaporator. In another
non-limiting example, a clad fin can be joined to a non-clad extrusion tube in a condenser. The
uses of the clad aluminum alloys in brazing and the related processes and resulting products,
such as the objects fabricated according to the manufacturing processes that involve brazing, are
generally referred to as “brazing applications.”

The cladding layer(s) of the clad aluminum alloy products described herein exhibit
improved wetting and flow required for joint formation in brazing applications by controlling the
melting of the filler material, promoting pore formation in an oxide film layer of the metal to be
joined, and transporting promoter agents to interface and/or remove the oxade film on the metal
part during brazing applications. Specifically, the clad alumimumm alloy products {e.g., one or
both cladding layers) include specific amounts of magnesium (Mg}, bismuth (Bi), antimony (8h),
strontiur {St), sodmurn (Na), titannum (T1), and/or other constituents (referred to herein as
promoter agents) that result in a product that s especially useful as a filler alloy for fluxless
brazing applications {e.g., as clad aluminum alloys for use in combination with copper or
alumimum alloy tubes in heat exchangers). For example, low amounts of Mg (e.g., less than 0.50
wt. %), in combination with By, 8b, Sr, Na, and/or T1, synergistically work to crack the surface
oxide layer on the metal part to be joined such that the melted clad aluminum alloy {e.g., filler)
flows through the cracks to form stable braze jonts without the use of flux. The promoter agents
break down the oxide film exposed on the surface of metal parts allowing the jomnt surfaces
between components to be filled by the molten cladding laver(s} to form a stable joint. The
promoter agents {g.g., Mg, Bi, 8b, Sr, Na, and/or Tt) break, and i1n some cases, extract the
oxygen from the oxide film on the surface of a metal part that interferes with the formation of

continuous and defect free braze joints.

Definitions and Descriptions:
The terms “invention,” “the invention,” “this invention,” and “the present invention” used

herein are intended to refer broadly to all of the subject matter of this patent application and the
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claims below. Statements containing these terms should be understood not to limit the subject
matter described herein or to limit the meaning or scope of the patent claims below.

In this description, reference 1s made to alloys identified by aluminum industry
designations, such as “series” or “Ixxx.” For an understanding of the number designation
system most commonly used in naming and identifying aluminum and its alloys, see
“International Alloy Designations and Chemical Composition Limits for Wrought Aluminum
and Wrought Aluninum Alloys” or “Registration Record of Aluminum Association Alloy
Designations and Chemical Compositions Limits for Aluminum Alloys in the Form of Castings
and Ingot,” both published by The Aluminum Association.

As used herein, the meaning of “a,” “an,” or “the” includes singular and plural references
unless the context clearly dictates otherwise.

As used herein, a plate generally has a thickness of greater than about 15 mm. For
example, a plate may refer to an aluminum product having a thickness of greater than about 15
mm, greater than about 20 mam, greater than about 25 mm, greater than about 30 mm, greater
than about 35 mm, greater than about 40 mm, greater than about 45 mm, greater than about 50
mm, or greater than about 100 mm.

As used herein, a shate (also referred to as a sheet plate) generally has a thickness of from
about 4 mm to about 15 mm. For example, a shate may have a thickness of about 4 mm, about 5
mm, about 6 mm, about 7 mm, about & mum, about 9 mm, about 10 mm, about 11 mm, about 12
mm, about 13 mm, about 14 mm, or about 15 mum.

As used heremn, a sheet generally refers to an aluminum product having a thickness of less
than about 4 mm. For example, a sheet may have a thickness of less than about 4 mm, less than
about 3 mum, less than about 2 mun, tess than about 1 rom, less than about 0.5 mun, less than about
0.3 mum, or less than about 0.1 mm.

Reference 1s made in this application to alloy temper or condition. For an understanding
of the alloy temper descriptions most commonly used, see “American National Standards
(ANSI) H35 on Alloy and Temper Designation Systems.” An F condition or temper refers to an
aluminum alloy as fabricated. An O condition or temper refers to an aleminum alloy after
annealing. An Hxx condition or temper, also referred to herein as an H temper, refers to an
aluminum alloy after cold rolling with or without thermal treatment {e.g., annealing). Suitable H

tempers include HX1, HX2, HX3 HX4, HXS, HX6, HX7, HX8, or HXO tempers. For example,

8-
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the aluminum alloy can be cold rolled only to result in a possible H19 temper. In a further
example, the alummum alloy can be cold rolled and annealed to result in a possible H23 temper.

As used herein, “electrochemical potential” refers to 3 material’s amenability to a redox
reaction. Blectrochemical potential can be employed to evaluate resistance to corrosion of the
aluminum alloy products described herein. A negative value can describe a material that is
easier to oxidize {e g., a material that loses electrons or increases in oxidation state) when
compared to a material with a positive electrochemical potential. A positive value can describe a
material that is easier to reduce {e.g., a material that gains electrons or decreases in oxidation
state) when compared to a material with a negative electrochemical potential. Electrochemical
potential, as used herein, is a vector quantity expressing magnitude and direction.

As used herein, the meaning of “room temperature” can include a temperature of from
about 15 °C to about 30 °C, for example about 15 °C, about 16 °C, about 17 °C, about 18 °C,
about 19 °C, about 20 °C, about 21 °C, about 22 °C, about 23 °C, about 24 °C, about 25 °C,
ahout 26 °C, about 27 °C, about 28 °C, about 29 °C, or about 30 °C.

All ranges disclosed herem are to be understood to encompass any and all subranges
subsumed therein. For example, a stated range of “1 to 107 should be considered to include any
and all subranges between (and inclusive of) the miniroum value of 1 and the roaxunum value of
10; that 15, all subranges beginning with a minimum value of 1 or more, e.g, 1 t0 6.1, and ending
with a maximum value of 10 or less, eg, 5510 10

As used herein, the term “controlled atmosphere brazing” or “CAB” refers to
a brazing process which utilizes an inert atmosphere, for example, nitrogen, argon or helium n
the brazing process.

As used herem, “filler” refers to a clad aluminum alloy that 1s melted above 1ts liquidus
temperature used to braze the core to other metal articles.

The following aluminum alloys are described in terms of their elemental composition in
weight percentage {wt. %) based on the total weight of the alloy. In certain examples of each
alloy, the remainder is alominum, with a maximum wit. % of 0.15 % for the sum of the

impurities.

Clad Aluminum Alloy Products

The terms “cladding,” “clad,” “cladding layer,” “clad layer,” and the related terms are
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used generally to refer to a relatively thin surface layer of clad aluminum alloy products. The
terms “core,” “core layer,” and the related terms are used to refer to a relatively thicker layer of
clad alumimum alloy products. In some examples, a clad aluminum alloy product (e.g., a

clad sheet aluminum alloy} can have cladding layers on both sides of the core layer, in which
case a core layer is indeed an internal layer of the aluminum material. However, a clad
aluminum alloy product {e.g., a clad sheet aluminum alloy} can alternatively have a cladding
layer on only one side of the core laver, in which case the core layer can also be on a surface.
The core layer and cladding layer(s) typically have different chemical compositions. In some
cases, a clad aluminum alloy product can have two different cladding layers with different
compositions and properties.

It 1s to be understood that clad aluminum alloy products suitable for brazing applications
do not necessarily contain only a core laver and one or two cladding layers. Clad alununum
alloy products can contain other layers {(e.g., to form multilayer aluminum materials), some of
which may be referred to as “interlayers,” “outer layers,” “liners,” and by other related terms.
For example, clad aluminum alloy products can have 2, 3, 4, 5, 6 or more distinct layers, each
having a certain function. More generally, clad aluminum alloy products can have as many
layers as can be stacked and bonded together in one or more operations. In the commercial
context, one possible limiting factor 1s the cost of production and/or scrap generated during
production of clad aluminum alloy products, which can become too high with the increased
number of layers for the clad aluminum alloy products to be commercially viable. In the context
of clad alummum alloy products suitable for brazing applications, one or more of the cladding
layers can be the portion of the product that melts during a braze cycle. A liner can be a layer
that 1s not expected to melt during a braze cycle and may confer some other benefits, such as
corrosion resistance or increased strength, to the clad aluminum alloy products. A core can also
include multiple layers, such as one or more interlavers on one or both sides of the main core
layer.

In some embodiments, the clad aluminum alloy products include a core layver and at least
one cladding laver. In some cases, the clad aluminom alloy products include a core layer, a first
cladding layer, and a second cladding layer. In these cases, the first cladding layer can be
adjacent to and contact the first side of the core layer to form a {irst interface (1., no layers

intervene between the first cladding layer and the first side of the core layer). The second
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cladding layer can be adjacent to and contact the second side of the core laver to form a second
interface (1.e., no layers intervene between the second cladding layer and the second side of the
core layer). The first cladding layer and the second cladding layer may each comprise the alloy
compositions described herein. In some embodiments, the core layer is clad on only one side. In
other embodiments, the core layer is clad on both sides. In other embodiments, the core layer is
clad on one side of the core layer and a water sideliner or other layer is placed on the other side
of the core layer.

The composition of one or more of the cladding layer(s) of the clad aluminum alloy
products includes promoter agents {e.g., Mg, By, Sb, Sr, Na, Ti, etc ) that interface with the oxide
film on the surface of the metal part to be joined to the clad aluminum alloy product to reduce or
remove the oxide film without the need for flux. The combination of promoter agents in the
cladding layer(s) of the clad aluminum alloy products reduces the aluminum oxide fili, thereby
enabling fluxless brazing of the products. For exarple, the cladding laver(s) of the clad
aluminum alloy products described herein melt and flow over a narrow range of temperatures o
break and fill the oxide film on the surface of the metal part to be joined to the clad aluminum
alloy product to form a sound metallurgical joint.

The cladding layer(s) of the clad aluminum alloy product melts and becomes the filler
metal that flows by capillary action to points of contact between the components being brazed.
The promoter agents in the composition of the cladding layer(s} improve the ability of the
molten cladding layer{s) to wet and conform to the base metal surface and, as a result, when
cooled below its solidus temperature, to form a strong bond to that metal. Additionally, the
composition of the cladding layer(s) also exhibits improved flowability of the molten cladding
layer(s) (e.g., the distance molten cladding layer will travel in the molten state away from its
original position due to the action of capillary forces). The cladding layer{s} of the clad
aluminum alloy products does not suffer any appreciable increase in its liquidus temperature
even though its composition may be altered by dissolution of the base metal. This is important
in aluminum brazing since the brazing operation is generally performed very near the hquides
temperature. In some embodiments, the wettability and flowability are functions of both the
molten cladding layer(s) and the core layer of the clad aluminum alloy products.

The clad aluminum alloy products and methods described herein can be used in industrnial

apphications including sacrificial parts, filler parts, heat dissipation, packaging, and building
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materials. In some embodiments, the clad alummum alloy products described herein can be
employed in aluminum alloy parts for heat exchangers. Specifically, the clad aluminum alloy
products described herein can form brazed joints between aluminum alloy parts and/or other
metal parts {e.g., copper parts} in a heat exchanger without the need for a fluxing operation.
Suitable cladding layers and core layers for use in such clad aluminum alloy products are
described below.

Cladding Laver(s)

Provided herein are novel aluminum alloys. In one embodiment, the aluminum alloys
can be used as one or more cladding layers, in combination with a core layer, to form a clad
aluminum alloy product as described herein. The resulting clad alumunum alloy products are
suitable for use in a variety of applications, including for use as a corrosion resistant brazing
sheet package in manufacturing tubing.

In some examples, the alumimum alloy for optional use as a cladding laver described

herein can have the following elemental composition as provided in Table 1.

Table 1
Element Weight Percentage (wt. %)
i 70-14.0
Fe 0.05 1.0
Cu 0.01 —-0.60
Mn 0.01-030
Mg 0.01 - 0.50
4n 0.0 0.60
Bi 0.001 - 0.50
Sb 0.0- 030
> 0.0-0.20
Na 0.0-0.20
o 0.0-025
Others 0 - 0.05 {each)
0—0.15 (total)
Al Remainder
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In some examples, the alummum alloy for optional use as a cladding layer described

herein can have the following elemental composition as provided in Table 2.

Table 2
Flement Weight Percentage (wt. %)
Si 8.0-12.0
Fe 0.10- 090
Cu 0.01-0.50
Mn 0.05 - 0.20
Mg 0.01 —0.40
Zn 0.05 - 0.40
Bi 0.01 - 0.40
Sh 0.0-025
Sr 0.0-0.15
Na 0.0-010
T 0.0-020
0 —0.05 (each}
Others ,
0 0.15 (total)
Al Remainder

In some examples, the aluminum alloy for optional use as a cladding layer described

herein can have the following elemental composition as provided in Table 3.

Table 3
Flement Weight Percentage (wi. %

81 85-11.0

Fe 0.15-0.50

Cu 0.01 - 0.40
Mn 0.05-0.15
Mg 0.05-030

Zn 0100306

Bi 0.05-0.30¢

13-
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Sb 0.0-0.20
Sr 0.0-0.10
Na 0.0-0.06
Ti 00015

0 —0.05 (each)

Others

0-0.15 (total)

Al Remainder

In some examples, the alummum alloy for optional use as a cladding layer described

herein can have the following elemental composition as provided in Table 4.

Table 4
Element Weight Percentage (wt. %)
81 9.0-105
Fe 0.15-0.25
Cu 0.30 — 0.40
Mun 0.05-015
Mg 0.15-030
Zn 0.15-0.3¢
Bi 0.10-035
Sb 0.0-0.15
St 0.0-0.05
Na 0.0 0.05
Ti 0.0-0.10
0 - 0.05 (each)
Others
0-0.15 (total)
Al Remainder

In some examples, the alummum alloy for optional use as a cladding layer described

herein can have the following elemental composition as provided in Table 5.

Table 8
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Flement Weight Percentage (wt. %)
81 95105
Fe 0.30-0.5¢
Cu 0.01 - 0.05
Mun 0.05-015
Mg 0.01-005
Zn 0.20-0.25
Bi 0.10-020
Sb 0.01 - 005
St 0.001 -0.02
Na 0.0 - 0.01
Ti 0.0-0.10
Others 0 - 0.05 (each)
0 - 0.15 (total}
Al Remainder

The aluminum alloys can include silicon (81} at different concentrations to provide
various melting ranges necessary for brazing applications. In some examples, the disclosed alloy
inclodes St in an amount from about 7.0 % to about 14.0 % (e.g., from about 8.0 % to about 13.0
%, from about 8.5 % to about 11.0 %, or from about 9.0 % to about 10.5 %) based on the total
weight of the alloy. For example, the alloy can include about 7.0 %, about 7.1 %, about 7.2 %,
about 7.3 %, about 7.4 %, about 7.5 %, about 7.6 %, about 7.7 %, about 7.8 %, about 7.9 %
about 8.0 %, about 8.1 %, about 8.2 %, about 8.3 %, about 8.4 %, about 8.5 %, about 8.6 %,
about 8.7 %, about 8.8 %, about 8.9 %, about 9.0 %, about 9.1 %, about 9.2 %, about 9.3 %,
about 9.4 %, about 9.5 %, about 9.6 %, about 9.7 %, about 9.8 %%, about 9.9 %, about 10.0 %,
about 10.1 %, about 10.2 %%, about 10.3 %, about 10.4 %, about 10.5 %, about 10.6 %, about
10.7 %, about 10.8 %, about 10.9 %, about 11.09%, about 11.1 %, about 11.2 %, about 11.3 %,
about 11.4 %, about 11.5 %, about 11.6 %, about 11.7 %, about 11.8 %, about 11.9 %, about
12.0 %, about 12.1 %, about 12.2 %, about 12.3 %, about 12.4 %, about 12.5 %, about 12.6 %,
about 12.7 %, about 12.8 %, about 12.9 %, about 13.0 %, about 13.1 %, about 13.2 %, about

13.3 %, about 13.4 %, about 13.5 %, about 13.6 %, about 13.7 %, about 13.8 %, about 13.9 %, or
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about 14.0 % Si. All percentages are expressed in wt. %.

The aluminum alloys described herein can include iron (Fe) in relatively small amounts
in solid solution after processing. Fe can form intermetallic constituents which may contain Mn,
81, and other elements. 1t is beneficial to control the Fe content 1n the composition to avoid large
constituents which do not contribute to the beneficial properties of the cladding layer of the clad
aluminum alloy product. In some examples, the alloy includes Fe in an amount from about 0.05
% to about 1.0 % (e.g., from about 0.10 % to about 0.90 %, from about 0.15 % to about 0.50 %,
or from about 0.15 % to about 0.25 %) based on the total weight of the alloy. For example, the
alloy can include about 0.05 %, about 0.06 %, about 0.07 %, about 0.08 %, about 0.09 %, about
0.10 %, about 0.11 %, about 0.12 %, about 0.13 %, about 0.14 %, about 0.15 %, about 0.16 %,
about 0.17 %, about 0.18 %, about .19 %, about 0.20 %, about 0.21 %, about 0.22 %, about
0.23 %, about 0.24 %, about 0.25 %, about 0.26 %, about 0.27 %, about 0.28 %, about 0.29 %,
about 0.30 %, about 0.31 %, about 0.32 %, about 0.33 %, about 0.34 %, about 0.35 %, about
(.36 %, about 0.37 %, about 0.38 %, about 0.39 %, about 0.40 %, about 0.41 %, about 0.42 %,
about 0.43 %, about 0.44 %, about 0.45 %, about 0.46 %, about 0.47 %, about 0.48 %, about
(.49 %, about 0.50 %, about 0.51 %, about 0.52 %, about .53 %, about 0.54 %, about 0.55 %
about 0.56 %, about 0.57 %, about 0.58 %, about 0.59 %, about 0.60 %, about 0.61 %, about
(.62 %, about 0.63 %, about 0.64 %, about 0.65 %, about 0.66 %, about 0.67 %, about 0.68 %,
about 0.69 %, about 0.70 %, about 0.71 %, about 0.72 %, about 0.73 %, about 0.74 %, about
(.75 %, about 0.76 %, abowut 0.77 %, about 0.78 %, about 0.79 %, about 0.80 %, about 0.81 %,
about 0.82 %, about 0.83 %, about $.84 %, about 0.85 %, about 0.86 %, about 0.837 %, about
(1.88 %, about 0.89 %, about 0.90 %, about 0.91 %, about .92 %, about 0.93 %, about 0.94 %,
about .95 %, about 0.96 %, about 0.97 %, about 0.98 %, about .99 %, or about 1.0 % Fe. All
percentages are expressed in wt. %.

The aluminum alloys described herein can include copper (Cu) to increase strength of an
aluminum alloy. Depending on the concentration, Cu can have an effect on the corrosion
resistance of, for example, a clad aluminum alloy product including the aluminum alloy as a
cladding layer. For example, in the aluminum alloys according to some embodiments, Cu in
solid solution can increase the corrosion resistance by lowering the spread between the corrosion
potential of the matrix and the S1 particles in the eutectic system. In some examples, the

disclosed alloy includes Cu in an amount from about 0.01% to about 0.60 % (e.g., from about
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(.01 % to about 0.50 %, from about 0.01 % to about 0.40 %, or from about 0.30 % to about 0.40
%} based on the total weight of the alloy. For example, the alloy can include about 0.01 %
about (.02 %, about 0.03 %, about 0.04 %, about 0.05 %, about .06 %, about 0.07 %, about
0.08 %, about 0.09 %, about ¢.10 %, about 0.11 %, about 0.12 %, about 0.13 %, about 0.14 %
about 0.15 %, about 0.16 %, about 0.17 %, about 0.18 %, about 0.19 %, about 0.20 %, about
0.21 %, about 0.22 %, about 0.23 %, about 0.24 %, about 0.25 %, about (.26 %, about .27 %
about .28 %, about 0.29 %%, about 0.30 %, about 0.31 %, about .32 %, about 0.33 9, about
0.34 %, about 0.35 %, about 0.36 %, about 0.37 %, about 0.38 %, about 0.39 %, about 0.40 %
about 0.41 %, about 0.42 %, about 0.43 %, about 0.44 %, about 0.45 %, about 0.46 %, about
0.47 %, about 0.48 %, about 0.49 %, about 0.50 %, about 0.51 %, about 0.52 %, about 0.5
about 0.54 %, about 0.55 %, about 0.56 %, about 0.57 %, about 0.58 %, about 0.59 %, or about
0.60 % Cu. All percentages are expressed in wi. %.

In some examples, the alloy can include manganese (Mn) in an amount from about 0.01
% to about 0.30 % {e.g., from about 0.05 % to about 0.20 %, from about 0.05 % to about 0.15 %,
or from about 0.10 % to about 0.13 %) based on the total weight of the alloy. For example, the
alloy can mclude about 0.01 %, about 0.02 %, about 0.03 %, about 0.04 %, about .05 %, about
(.06 %, about 0.07 %, about 0.08 %6, about 0.09 %, about 0.10 %, about 0.11 %, about 0.12 %,
about 0.13 %, about 0.14 %, about 0.15 %, about 0.16 %, about 0.17 %, about 0.18 %, about
0.19 %, about 0.20 %, about 0.21 %, about 8.22 %, about 0.23 %, about 0.24 %, about 0.25
about .26 %, about 0.27 %, about 0.28 %, about 0.29 %, or about 0.30 % Mn. Al percentages
are expressed in wi. Y.

The aluminum alloys can include low amounts of Mg to improve brazing performance
when the alloy 15 used as a cladding layer i a clad alurmmnum alloy product. In brazing
applications, Mg pulls out the oxygen in the oxide film layer and cracks the film such that it 13 no
longer continuous. The low amounts of Mg provide good brazeability in a flux-free brazing
method. In some examples, the alloy can include Mg in an amount from about 0.01 % to about
0.50 % (&.g., from about 0.05 % to about 0.40 %, from about €. 10 % to about 0.35 %, or {from
about (.15 % to about (.25 %) based on the total weight of the alloy. For example, the alloy can
include about 0.01 %, about 0.02 %, about 0.03 %, about 0.04 %, about 0.05 %, about 0.06 %
about (.07 %, about 0.08 %, about 0.09 %, about 0.10 %, about 0.11 %, about 0.12 %, about
(.13 9%, about 0.14 %, about 0.15 %, about 0.16 %, about 0.17 %, about (.18 %, aboui 0.19 %
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about (.26 %, about 0.21 %, about 0.22 %, about 0.23 %, about 0.24 %, about 0.25 %, about
0.26 %, about 0.27 %, about ¢.28 %, about 0.29 %, about 0.30 %, about 0.31 %, about 0.32 %,
about .33 %, about 0.34 %, about 0.35 %, about 0.36 %, about 0.37 %, about 0.38 %, about
0.39 %, about 0.40 %, about (.41 %, about 0.42 %, about 0.43 %, about 0.44 %, about 0.45 %,
about 0.46 %, about 0.47 %, about 0.48 %, about 0.49 %, or about 0.50 % Mg. Al percentages
are expressed in wt. %

In some examples, the alloy includes zinc (Zn) in an amount up to about 0.60 % (e.g,,
from 0 % to about 0.60 %, from about 0.01 % to about 0.50 %, from about 0.05 % to about 0.40
%, or from about 0.10 % to about 0.30 %) based on the total weight of the alloy. For example,
the alloy can include about 0.01 %, about 0.02 %, about 0.03 %, about 0.04 %, about 0.05 %,
about 0.06 %, about 0.07 %, about 0.08 %, about 0.09 %, about 0.10 %, about 0.11 %, about
(.12 %, about 0.13 %, about 0.14 %, about 0.15 %, about 0.16 %, about 0.17 %, about 0.18 %,
about 0.19 %, about 0.20 %, about 0.21 %, about 0.22 %, about 0.23 %, about 0.24 %, about
(.25 %, about 0.26 %, about 0.27 %, about 0.28 %, about 0.29 %, about 0.30 %, about 0.31 %,
about 0.32 %, about 0.33 %, about 0.34 %, about 0.35 %, about 0.36 %, about 0.37 %, about
0.38 %, about 0.39 %, about 0.40 %, about 0.41 %, about 0.42 %, about 0.43 %, about 0.44 %,
about 0.45 %, about 0.46 %, about 0.47 %, about 0.48 %, about 0.49 %, about 0.50 %, about
(.51 %, about 0.52 %, about 0.53 %, about 0.54 %, about 0.55 %, about 0.56 %, about 0.57 %,
about 0.58 %, about 0.59 %, or about 0.60 % Zu. In some examples, Zn 13 not present in the
alloy (1.e., 0 %). All percentages are expressed in wt. %.

In some examples, the alloy mncludes Bt in an amount from about 0.001 % to about 0.50
% (e.g., from about 0.01 % to about 0.40 %, from about 0.05 % to about 0.30 %, or from about
0.10 % to about 0.25 %) based on the total weight of the alloy. For example, the alloy can
include about 0.001 %, about 0.002 %, about 0.003 %, about 0.004 %, about 0.005 %, about
0.006 %, about 0.007 %, about 0.008 %, about 0.009 %, about 0.01 %, about 0.02 %, about 0.03
%, about 0.04 %6, about 0.05 %, about 0.06 %, about 0.07 %, about 0.08 %, about 0.09 %, about
0.10 %, about 0.11 %, about 0.12 %, about 0.13 %, about 0.14 %, about (.15 %, about 0.16 %
about (.17 %, about 0.18 %%, about 0.19 %, about 0.20 %, about 0.21 %, about 0.22 %, about
0.23 %, about 0.24 %, about 0.25 %, about 0.26 %, about 0.27 %, about (.28 %, about 0.29 %
about (.36 %, about 0.31 %, about 0.32 %, about 0.33 %, about 0.34 %, about 0.35 %, about

0.36 %, about 0.37 %, about 0.38 %, about 0.39 %, about 0.40 %, about 0.41 %, about 0.42 %,
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about .43 %, about 0.44 %, about 0.45 %, about 0.46 %, about 0.47 %, about 0.48 %, about
0.49 %, or about 0.50 % B1. All percentages are expressed in wi. %.

In some examples, the alloy includes 5b in an amount up to about 0.30 % (e.g., from 0 %
to about 0.30 %, from about 0.001 % to about 0.20 %, or from about 0.01 % to about 0.15 %)
hased on the total weight of the alloy. For example, the alioy can include about 0.001 %, about
0.002 %, about 0.003 %, about 0.004 %, about 0.005 %, about 0.006 %, about 0.007 %6, about
{1.008 %, about 0.009 %, about 0.01 %, about 0.02 %, about 0.03 %, about 0.04 %, about 0.05 %,
about 0.06 %, about 0.07 %, about $.08 %%, about 0.09 %, about 0.10 %, about 0.11 %, about
(31.12 %, about 0.13 %%, about 0.14 %, about 0.15 %, about (.16 %, about 0.17 %%, about 0.18 %,
about 0.19 %, about 0.20 %, about $.21 %, about 0.22 %, about 0.23 %, about (.24 %, about
{1.25 %, about 0.26 %%, about 0.27 %, about 0.28 %, about (.29 %, or about 0.30 % Sb. In some
cases, Sb 13 not present in the alloy (1.e., 0 %). All percentages are expressed in wt. %.

In some examples, the alloy includes Sr in an amount up to about 0.20 % {e.g., from 0 %
to about 0.15 %, from about 0.001 % to about 0.10 %, or from about 0.01 % to about 0.05 %)
based on the total weight of the alloy. For example, the alloy can include about 0.001 %, about
(.002 %, about 0.003 %, about 0.004 %, about 0.005 %, about 0.006 %, about 0.007 %, about
(.008 %, about 0.009 %, about 0.01 %, about 0.02 %, about 0.03 %, about 0.04 %, about .05 %,
about 0.06 %, about 0.07 %, about .08 %, about 0.09 %, about 0.10 %, about 0.11 %, about
0.12 %, about 0.13 %, about 0.14 %, about 0.15 %, about 0.16 %, about 0.17 %, about 0.18 %,
about 0.19 %, or about 0.20 % Sr. In some cases, 8115 not present in the alloy {(1.e, 0%). Al
percentages are expressed m wt. %o.

In some examples, the alioy includes Na 1 an amount up to about 0.20 % (e.g., from 0 %
to about 0.15 %, from about 0.0001 % to about 0.10 %, or from about 0.0004 % to about 0.10 %)
based on the total weight of the alloy. For example, the alloy can include about 0.0001 %, about
0.0002 %, about 0.0003 %, about 0.0004 %, about 0.0005 %, about 0.0006 %, about 0.0007 %,
about 0.0008 %, about 0.0009 %, about 0.001 %, about (.002 %, ahout 0.003 %, about 0.004 %,
about 0.005 %, about 0.006 %, about 0.007 %, about 0.008 %, about 0.009 %, about (.01 %,
about .02 %, about 0.03 %, about 0.04 %, about 0.05 %, about 0.06 %, about 0.07 %, about
0.08 %, about 0.09 %, about 0.10 %, about 0.11 %, about 0.12 %, about (.13 %, about 0.14 %,
about (.15 %, about 0.16 %, about 0.17 %, about 0.18 %, about 0.19 %, or about 0.20 % Na. In

some cases, Na 1s not present in the alloy (1.e., 0 %). All percentages are expressed in wt. %.
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In some examples, the alloy includes T1 in an amount up to about 0.25 % (e.g., from 0 %
to about 0.25 %, from about 0.001 % to about 0.20 %, or from about 0.01 % to about 0.10 %)
based on the total weight of the alloy. For example, the alioy can include about 0.001 %, about
0.002 %, about 0.003 %, about 0.004 %, about 0.005 %, about 0.006 %, about 0.007 %, about
{1.008 %, about 0.009 %, about 0.01 %, about 0.02 %, about 0.03 %, about 0.04 %, about 0.05 %,
about 0.06 %, about 0.07 %, about $.08 %%, about 0.09 %, about 0.10 %, about 0.11 %, about
(31.12 %, about 0.13 %%, about 0.14 %, about 0.15 %, about (.16 %, about 0.17 %%, about 0.18 %,
about 0.19 %, about 0.20 %, about 0.21 %6, about 0.22 %, about 0.23 %, about (.24 %, or about
0.25 % Ti. Insome cases, T1 15 not present in the alloy {(i.e., 0 %). All percentages are expressed
in wt. %. It was found that titanium in the aforementioned amounts can improve the wettability
of the clad aluminum alloy in the molten state.

In some examples, the alioy ncludes chromium (Cr) in an amount up to about 0.10 %
{e.g., from 0 % to about 0.05 %, from about 0.001 % to about 0.04 %, or from about 0.01 % 1o
about 0.03 %) based on the total weight of the alloy. For example, the alloy can include about
(0.001 %, about 0.002 %, about 0.003 %, about 0.004 %, about 0.005 %, about 0.006 %, about
(.007 %, about 0.008 %, about 0.009 %, about 0.01 %, about 0.02 %, about 8.03 %, about 0.04
%%, about 0.05 %, about 0.06 %, about 0.07 %, about 0.08 %, about 0.09 %, or about 0.10 % Cr.
In some cases, Cr is not present in the alloy (1.e, 0%). All percentages are expressed in wt. %.

Optionally, the alloy composttions can further include other minor elements, sometimes
referred to as impurities, i amounts of about 0.05 % or below, 0.04 % or below, 0.03 % or
below, 0.02 % or below, or 0.01 % or below each. These impurities may mclude, but are not
bimited to, Ga, V, N1, Sc, Ag, B, Zr, L1, Pb, 8n, Ca, Hf, or combinations thereof. Accordingly,
Ga, V, N1, Sc, Ag, B, Zr, L1, Pb, 8n, Ca, or Hf may be present in an alloy m amounts of 0.05 %
or below, 0.04 % or below, 0.03 % or helow, 0.02 % or below, or 0.01 % or below. In certain
aspects, the sum of all impurities does not exceed 0.15 % {e.g., 0.10 %). All percentages are
expressed in wt. %. In certain aspects, the remaining percentage of the alloy 15 aluminum.

The thickness of the cladding laver(s} can be from 1 micron to 100 mucrons. For
example, the cladding layer(s} can be from 5 microns to 90 microns, from 10 microns to 80
microns, from 15 microns to 70 microns, from 20 microns to 60 microns, from 25 microns to 55
microns, from 30 microns to 50 microns, from 5 microns to 50 microns, from 10 microns to 40

microns, or from 15 microns to 35 microns.
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The thickness of the cladding layer(s) can each be up to 40 % of the thickness of a core
layer in a clad aluminum alloy product. For example, the cladding layer{(s) can be 40 %, 39 %,
38 %, 37 %, 36 %, 35 %, 34 %, 33 %, 32 %, 31 %, 30 %, 29 %, 28 %, 27 %, 26 %, 25 %, 24 %,

Yo, 15 %, 14.5 %, 14 %, 13.5 %,

23 %, 22 %, 21 %, 20 %, 19 %, 18 %, 17 %, 16.5 %, 16 %, 15.5 %, 15
13%, 12.5%, 12 %, 11.5%, 11 %, 10.5%, 10%, 9.5 %, 9 %, 8.5 %, § %, 7.5 %, 7 %, 6.5 %, or

B

B

6% of the thickness of a core layer in a clad aluminum alloy product.

In some embodiments, the onset temperature of the cladding layer(s) is important for
controlling the properties for the brazed joint. The onset temperature refers to a temperature at
which the aluminum alloy, in this case, the cladding layer(s), begins to melt (i.e, the onset of
melting). The cladding layer(s) described herein have an onset temperature which promotes
good spread of the molten cladding layer(s) between the core layer and other components in an
aluminum alloy product {e.g., an heat exchanger). If the onset temperature of the cladding
layer(s) 1s high (e.g., greater than or at 600 °C), the ability to form good braze joints decreases
because there is not sufficient spread of the molten cladding laver(s) to form sohd joints. In
some embodiments, the onset temperature of the cladding layer(s) is from about 500 °C to about
600 °C {e.g., about 510 °C to about 595 °C, about 525 °C to about 590 °C, about 540 °C to about
S8S °C, from about 350 °C to about 580 °C, or from about 560 °C to about 5375 °C). In some
embodiments, the onset teraperature of the cladding layer(s) is from about 560 °C to about 580
°C.

Additionally, cladding layer(s) having a low melting temperature exhibit increased
flowability when molten. If the melting point of the cladding layer(s) 1s high, then the
workability or ability to form good braze joints decreases because there 1s not enough molten
cladding layer avadable to form solid joints. In some embodiments, the melting point of the
cladding layer(s) is from about 600 °C to about 700 °C {e.g., about 610 °C to about 690 °C,
about 615 °C to about 680 °C, about 620 °C to about 670 °C, from about 630 °C to about 660
°C, or from about 640 °C to about 665 °C}. In some embodiments, one or more cladding layer(s)
have different compositions, and therefore have different onset temperatures and melting points.

Core Layer

The present disclosure further provides clad aluminum alloy products that include at least
one clad aluminuem alloy laver and a core layer. Core aluminum alloys can be alloys commonly

described as a “lifelong core alloy,” meaning that the core layer uses a mechanism to slow down
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the corrosion through the core. One example of such an alloy is described in U 8. Pat. No.
9,546,829, the contents of which are incorporated herein by reference. As discussed in U.S. Pat.
No. 9,546,829, the higher S1 content in the core alloy leads to formation of AIMnSi dispersoids
resulting in dispersoid strengthening of the matrix. The results also show that the presence of 81
leads to formation of an effective dense precipitate band (DPB), even at high St content up to
0.4%, during brazing which leads to improved post braze corrosion resistance. Additionally, this
patent discloses that the presence of high Fe content leads to higher post braze strength. Though
higher Fe content may lead to deleterious corrosion behavior in the core layer, this effect was
mitigated by adding Ti, producing Ti rich bands in the post-braze condition which improved
corrosion behavior. Without being bound by theory, it was found that using the clad aluminum
alioys described herein with a core aluminum alloy comprising Ti beneficially provided
Corrosion resistance to the brazing package.

In some embodiments, the core layer 1s a 3xxx series aluminum alloy or a 6xxx series
aluminum alloy. Suitable 3xxx series aluminum alloys for use n the core layer described herein
mclude, for example, AA3002, AA3102, AA3003, AA3103, AA3I03A, AA3103B, AA3203,
AA3403, AA3004, AAZO04A, AA3104, AA3204, AA3304, AA3005, AA3003A, AA3IOS,
AA3105A, AA3105B, AA3007, AA3107, AA3207. AA3207A, AA3307, AA3009, AA3010,
AA3110, AA3011, AA3012, AA3012A, AA30I3, AA30T4, AA3015, AA3016, AA3017,
AA3019, AA3020, AA30ZE, AA302S, AA3026, AA3030, AA3130, and AA306S.

Suitable oxxx series aluminum alloys for use mn the core layer described herem include,
for example, AAG10T, AAGICIA, AAGIOIB, AAG20T, AAGZ0TA, AAG4ADT, AAGSDE, AAGDOZ,
AAGO03, AAG103, AAGO0S, AAGOOSA, AAGDOSE, AAGOUSC, AAGI0S, AAG20S, AAG30S,
AAGDOG, AAGIOG, AAGZ06, AAG3IN6, AAGDDE, AAGDUS, AAGDLD, AAGTI0, AAGTIOA,
AAG011, AAG111, AAGO12, AAGOI2A, AAGOL3, AAG113, AAGOT4, AAGDLS, AAGO16,
AAGD16A, AAGT16, AAGOTS, AAGOTO, AAGD20, AAGO2T, AAGO22, AAGO23, AAGD24
AAB025, AAGO26, AAGD27, AAG028, AAGO31, AAG032, AAGO33, AAGO40, AAGO4T,
AAG042, AAGD43, AAGIST, AAG3ST, AAG3S1A, AAG4ST, AAGOST, AAGOS3, AAGDSS,
AAB056, AAG156, AAGOG0, AAG160, AAG260, AAG360, AAGAE0, AAGAGOB, AAG560,
AAG660, AAGD61, AAGDGIA, AAG261, AAG36T, AAG162, AAG262, AAG262A, AAGDG3,
AAGOG3A, AAGA63, AAGAGIA, AAGT63, AGUE3, AAGOG4, AAGOGLA, AAGDES, AAGDGG,
AAGOGS, AAGOGO, AAGOTO, AAGORT, AAGIST. AAGIRTA, AAGOS2, AAGOS2A, AAG1SD,
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AA6G091, and AAG(92.

In some embodiments, the clad aluminum alloy products are corrosion resistant and
provide a brazing package for use in manufacturing tubing for heat exchangers. In some
embodiments, the clad aluminum alioy products comprise a core layer of aluminum-containing
alloy comprising from about 0.10 wt. % to about 0.20 wt. % Ti. In some embodiments, the core
layer is made of an alloy comprising up to about 0.25 wt. % Sy, up to about 0.35 wi. % Fe, about
{1.50 wt. % to about 0.65 wt. % Cu, about 1.4 wt. % to about 1.6 wt. % Mn, about 8.06 wi. % to
about 0.62 wt. % Mg, up to about 0.05 wi. % Cr, up to about 0.04 wt. % Zn, about 0.10 wt. % to
about 0.20 wt. % T1, up to about 0.05 wt. % Sr, up to about 0.15 wt. % of impurities, and
aluminum. In some embodiments, the core layer 1s made of an alloy comprising up to about 0.25
wt. % S1, up to about 0.25 wt. % Fe, about 0.50 wt. % to about 0.65 wt. % Cu, about 1.4 wt. % to
about 1.6 wt. % Mn, about 0.06 wt. % to about 0.14 wt. % Mg, up to about 0.05 wt. % Cr, up to
about 0.04 wt. % Zn, about 0.10 wit. % to about 0.20 wt. % T, up to about 8.05 wt. % S1, up to
about 0.15 wt. % of impurities, and alununum.

In some embodiments, the core alloy comprises about .04 wit. % to about 0.40 wt. % S1,
about .50 wi. % to about 1.0 wit. % Cu, about 0.005 wit. % to about 0.15 wt. % T1, about 0.20
wt. % to about 0.50 wt. % Fe, about 0.0 wt. % to about 0.29 wt. % Mg, about 1.4 wt. % to about
1706 wt. % Mn, up to about 0.15 wit. % of impurtties, and Al In still another embodiment, the
core alloy comprises about 0.05 wi. % to about 0.34 wi. % 81, about 0.50 wt. % to about .95 wit.
% Cu, about 0.01 wt. % to about 0.15 wt. 9% T1, about 0.25 wi. % to about 0.45 wt. % Fe, about
0.0 wit. % to about 0.27 wt. % Mg, about 1.45 wt. % to about 1.65 wt. % Mn, up to about 0.15
wt. % of impurities, and Al In another embodiment, the core alloy comprises about 0.16 wit. %
to about 0.50 wt. % 81, about 0.50 wt. % to about 1.1 wt. % Cu, about 0.001 wt. % to about .20
wt. % T1, about 0.15 wt. % to about 0.55 wt. % Fe, about 0.0 wt. % to about 0.35 wit. % Mg, 1.3
wi. % to about 1.8 wit. % Mn, up to about G.15 wt. % of impurities, and Al In vet another
embodiment, the core alloy comprises about 0.16 wt. % to about 0.40 wit. % S1, about 0.50 wt. %
to about 1.0 wt. % Cu, about 0.005 wt. % to about 0.15 wt. % T1, about 0.20 wt. % to about 0.50
wt. % Fe, about 0.0 wt. % to about 0.29 wt. % Mg, about 1.4 wt. % to about 1.7 wt. % Mn, up to
about 0.15 wt. % of impurities, and Al In still another embodiment, the core alloy comprises
about 0.16 wt. % to about 0.40 wt. % 81, about 0.50 wt. % to about 1.0 wt. %% Cu, about 0.005 wit.

%8 to about 0.15 wi. % T1, about 0.20 wi. % to about 0.40 wt. % Fe, about 0.0 wt. % to about 0.29
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wt. % Mg, about 1.4 wt. % to about 1.7 wt. % Mn, up to 0.15 wt. % of impurities, and Al In
another embodiment, the core alloy comprises about 0.16 wi. % to about 0.34 wt. % 51, about
(.50 wt. % to about 0.95 wt. % Cu, about 0.01 wt. %% to about 0.15 wi. % T1, about 0.25 wt. % to
about 0.45 wt. % Fe, about 0.0 wi. % to about 0.27 wt. % Mg, about 1.45 wt. % to about 1.65 wt.
% Mn, up to 0.15 wt. % of impurities, and Al In yet another embodiment, the core alloy
comprises about 0.20 wt. % to about 0.50 wt. % $1, about 0.52 wt. % to about 0.80 wt. % Cu,
about 0.11 wt. % to about .20 wt. % T1, about 0.25 wi. % to about 8.55 wi. % Fe, about 0.0 wt.
%% to about 0.20 wt. % Mg, about 1.51 wi. % to about 1.80 wt. % Mn, up to about 0.15 wt. % of
impurities, and Al In still another embodiment, the core alloy comprises about 0.20 wt. % to
about 0.50 wi. % Si, about 0.52 wi. % to about 0.75 wi. % Cu, about 0.11 wt. % to about 0.20 wt.
% 11, about 0.25 wt. % to about 0.55 wt. % Fe, about 0.0 wt. % to about 0.20 wt. % Mg, about
1.51 wt. % to about 1.80 wi. % Mn, up to about 0.15 wit. % of impurities, and Al In vet another
embodiment, the core alloy comprises about 0.20 wt. % to about 0.40 wt. % 51, about 0.52 wt. %
to about 0.70 wt. % Cu, about 0.11 wit. % to about .18 wt. % T1, about 0.25 wt. % to about 0.55
wt. % Fe, about 0.0 wi. % to about 0.20 wi. % Mg, about 1.51 wt. % to about 1.75 wt. % Mnu, up
to about 0.15 wi. % of impurities, and Al In another emnbodiment, the core alloy comprises up
to about 0.25 wt. % 81, about 0.15 wt. % to about 0.55 wt. % Fe, about 0.50 wt. % to about 0.60
wt. % Cu, about 1.4 wt. % to about 1.6 wt. % Mn, about 0.06 wt. % to about 0.14 wi. % Mg, up
to about 0.05 wt. % Cr, up to about 0.04 wt. % Zn, about 0.10 wt. % to about 0.20 wit. % of Ty,
up to about 0.05 wt. % of Sr, up to about 0.15 wt. % of impurities, and Al In vet another
embodiment, the core alloy comprises about 0.16 wt. % to about 0.25 wt. % 51, about 0.15 wt. %
1o about 0.55 wt. % Fe, about 0.50 wt. % to about 0.60 wi. % Cu, about 1.4 wit. % to about 1.6
wt. % Mn, about 0.06 wt. % to about 0.30 wt. % Mg, up to about 0.05 wt. % Cr, up to about 0.04
wt. % Zn, about 0.10 wt. % to about 0.20 wt. % of T1, up to about 0.05 wt. % of Sr, up to about
0.15 wt. % of impurities, and Al In still another embodiment, the core alloy comprises about
(.16 wt. % to abouti 0.25 wt. % 81, about 0.15 wt. 9% to about 0.55 wt. % Fe, about 0.50 wt. %% to
about 0.60 wi. % Cu, about 1.4 wi. % to about 1.6 wt. % Mn, about 0.0 wt. % to about (.30 wit.
% Mg, up to about 0.05 wt. % (r, up to about 0.04 wt. % Zn, about 0.10 wi. % to about 0.20 wi.
% Tti, up to about 0.05 wt. % Sr, up to about 0.15 wi. % of impurities, and AL

The thickness of the core layer can be from about 100 microns to about 4000 microns. For

example, the core layer can be from about 150 microns to about 3500 microns, from about 200
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microns to about 3000 microns, from about 250 microns to about 2500 microns, from about 300
microns to about 2000 microns, from about 350 microns to about 1500 microns, from about 400
microns t¢ about 1000 microns, from about 450 microns to aboui 900 microns, from about 500
microns to about 800 microns, or from about 550 microns to about 700 microns.

The alloys described above for use as the core layer are resistant to corrosion and have
good mechanical properties. The alloys are formulated to produce a sacrificial band of dense
precipitates at the first and second interfaces {(1.e., between the core alloy and the first and second
cladding layers). As used herein, sacrificial means that the dense precipitate band region will
corrode in preference to the core layer. The dense precipitate band region can form during the
braze cycle. This band prevents perforation of the tubes from the outside and enhances the
corrosion resistance of the core layer, as described in U.S. Patent No. 5,041,343, U.S. Patent No.
3.037.707, U.S. Patent No. 6,019,939 and International Patent Publication No. WO 94/22633,
which are incorporated by reference herein in their entireties. The band of dense precipuate

typically has a thickness of about 20-50 um {e.g., about 25-40 pm).

Brazing Sheet Package

A clad aluminum alloy product can be made from one or more cladding layer{s) and a core
layer using any product method known to those of skill inthe art. For example, the clad alumuinum
alloy product can be made by hot metal rolling or the like to bond the one or more cladding layver(s)
to the core layer. The clad aluminum alloy product can be formed by fusion casting, as described
m more detail below. Optionally, the clad alummum alioy product can be made by a process
ncluding hot rolhing and cold rolling a composite cast ingot as described in U.S. Published Patent
Application No. 2005/0011630, which is hereby mncorporated by reference in its entirety. The
resulting clad aluminum alloy product provides good resistance to corrosion when brazed to metal
parts.

In some embodiments, a clad aluminum alioy sheet, once formed, can be converted to tube
form by any method of tube formation known to those of skill in the art. For example, the clad
aluminum alloy sheet can be converted to tube form by folding or welding. The resuliing tubes
can be used, for example, in a heat exchanger. Optionally, a fin can be attached to the sheet or

tube formed from the clad aluminum alloy sheet.
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Methods of Preparing and Processing

In certain aspects, the processes for making or fabricating the clad aluminum alloy
products described herein, as well as for fabricating the objects using the clad aluminum alloy
products are also included within the scope of the present disclosure. The clad aluminum alloy
products described herein can be fabricated by processes that include at least some of the
technological steps described and shown in this document. 1t is to be understood that
descriptions and tHlustrations of the processes contained in this document are non-limiting. The
process steps described herein can be combined and modified in various ways and suitably
employed for fabricating the clad alummum alloy products or forms and objects from
such alloys. Process steps and conditions that are not exphicitly described herein, yet commonly
emploved in the areas of metallurgy and aluminum processing and fabrication, can also be
meorporated into the processes falling within the scope of the present disclosure. The process
for preparing the cladding layer of the clad aluminum alloy product 1s described in more detail
below.

Casting

The cladding layer of the clad alumunum alloy product described herein can be cast using
a casting method as known to those of skill in the art. For example, the casting process can
melude a direct chill (DC) casting process. The DC casting process s performed according to
standards known to one of skill in the art. The DC process can provide an mgot. Optionally, the
mgot can be scalped before downstream processing. Optionally, the casting process can include
a continuous casting {CC) process nstead of a BC casting process.

In some embodiments, the cladding laver of the clad alumimum alloy product can be cast
using “fusion casting,” which can be also referred to by the trade name FUSION™ {(Novels,
Atlanta, U8}, and is described, for example, in U.S. Pat. No. 7,472,740, the contents of which are
incorporated herein by reference. Generally, fusion casting is a process of casting of a composite
or muttlayer metal ingot. When casting by the FUSION™ {(Novelis, Atlanta, US) process 18
employed for production of the clad aluminum alloy product described herein, an aluminum
alloy for use as a cladding layer is solidified on one or both surfaces of a partially solidified core
alloy. A fusion casting process typically uses a mold with a feed end and an exit end. The
molten metal 1s added at the feed end, and a solidified ingot is extracted from the exit end of the

mold. Divider walls are used to divide the feed end into at least two separate feed chambers.
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The divider walls terminate above the exit end of the mold. Fach feed chamber 15 adjacent to at
least one other feed chamber. For each pair of adjacent feed chambers, a stream of a first alloy 18
fed to one of the pair of chambers to form a pool of metal in the first chamber. A stream of a
second alloy s fed through the second of the pair of feed chambers to form a pool of metal in the
second chamber. The first metal pool contacts the divider wall between the pair of chambers to
cool the first pool, so as to form a self-supporting surface adjacent the divider wall. The second
metal pool 1s then brought into contact with the first pool, so that the second pool first contacts
the self-supporting surface of the first pool at a point where the temperature of the self-
supporting surface is below the solidus temperature of the first alloy. The two alloy pools are
joined as two lavers and cooled to form a composite or multilayer ingot, which can be also
referred to as “package.” The multilayer ingot obtained by fusion casting s included within the
scope of the clad alummur alloy product described herein.

The cast aluminum alloy can then be subjected to further processing steps. For example,
the processing methods as described herein can include the steps of homogenization, hot rolling,
cold rolling, and/or annealing.

Homagenization

The homogenization step can mclude heating a cast alununum alloy as described herein
to attain a homogenization temperature of about, or at least about, 570 °C (e.g., at least about 570
°(, at least about 580 °C, at least about 590 °C, at least about 600 °C, at least about 610 °C, or
anywhere in between}. For example, the cast aluminum alloy can be heated to a temperature of
from about 570 °C to about 620 °C, from about 575 °C to about 615 °C, from about 585 °C to
about 610 °C, or from about 590 °C to about 605 °C. In some cases, the heating rate to the
homogentzation temperature can be about 100 “C/hour or less, about 75 °C/hour or less, about 50
°C/hour or less, about 40 °C/hour or less, about 30 °C/hour or less, about 25 °C/hour or less,
about 20 °C/hour or less, about 15 °C/hour or less, or about 10 °C/hour or less. In other cases,
the heating rate to the homogenization temperature can be from about 10 °C/min to about 100

[eYa V)
o

°C/min {e.g., about 10 °C/min to about 90 °C/min, about 10 °C/min to about 70 “C/min, about 10

OF /.
o

°C/min to about 60 °C/min, from about 20 °C/min to about 90 °C/mun, from about 30 °C/min to
about 80 °C/min, from about 40 °C/min to about 70 °C/min, or from about 50 °C/min to about 60
°C/min}.

In some embodiments, the cast aluminum alloy is then allowed to soak (i.e, held at the
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indicated temperature) for a period of time. According to one non-limiting example, the cast
aluminum alloy 1s allowed to soak for up to about 5 hours {e.g., from about 10 minutes to about S
hours, inclusively). For example, the cast alominum alloy can be soaked at a temperature of at
least 570 °C for 10 minutes, 20 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours,
or anywhere in between.

In some embodiments, the cast aluminum alloy can be cooled from the first temperature
1o a second temperature that is lower than the first temperature. In some examples, the second
temperature is greater than about 555 °C {e.g., greater than about 560 °C, greater than about 565
°C, greater than about 570 °C, or greater than about 575 °C). For example, the cast aluminum
alloy can be cooled to a second temperature of from about 555 °C to about 590 °C, from about
560 °C to about 575 °C, from about 565 °C to about 580 °C, from about 570 °C to about 585 °C,
from about 565 °C 1o about 570 °C, from about 570 °C to about 590 °C, or from about 575 °C to
about 585 °C. The cooling rate to the second temperature can be from about 10 °C/min to about
100 °C/min {(e.g., from about 20 °C/min to about 90 °C/min, from about 30 °C/min to about 80
°C/min, from about 10 °C/min to about 90 °C/mn, from about 10 °C/nun to about 70 °C/nun,
from about 10 °C/min to about 60 °C/min, from about 40 °C/muin to about 70 *C/mun, or from
about 50 °C/mmn to about 60 °C/min).

In some embodiments, the cast alummum alloy can then be allowed to soak at the second
temperature for a period of fime. In certain cases, the ingot 1s allowed to secak for up to about 5
hours {e.g., from 10 minutes to 5 hours, inclusively). For example, the ingot can be soaked at a
temperature of from about 560 °C to about 590 °C for 10 munutes, 20 munutes, 30 minutes, 1
hour, 2 hours, 3 hours, 4 hours, S hours, or anywhere n between.

Hot Rolling

Following the homogenization step, a hot roliing step can be performed. In certain cases,
the cast aluminum alloys are hot-rolled with a hot mill entry temperature range of about 560 °C
to about 600 °C. For example, the entry temperature can be about 560 °C, about 565 °C, about
570 °C, about 575 °C, about 580 °C, about 585 °C, about 590 °C, about 595 °C, or about 600 °C.
In certain cases, the hot roll exit temperature can range from about 290 °C to about 350 °C (e g,
from about 310 °C to about 340 °(C). For example, the hot roll exit temperature can be about 290
°C, about 295 °C, about 300 °C, about 305 °C, about 310 °C, about 315 °C, about 320 °C, about
325 °C, about 330 °C, about 335 °C, about 340 °C, about 345 °C, about 350 °C, or anywhere in
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between.

In certain cases, the cast aluminum alloy can be hot rolled to an about 2 mm to about 15
mm thick gauge {(e.g., from about 2.5 mm to about 12 mm thick gauge). For example, the cast
aluminum alloy can be hot rolled to an about 2 mm thick gauge, about 2.5 mm thick gauge,
about 3 mm thick gauge, about 3.5 mm thick gauge, about 4 mm thick gauge, about S mm thick
gauge, about 6 mm thick gauge, about 7 mm thick gauge, about 8 mm thick gauge, about 9 mm
thick gauge, about 10 mm thick gauge, about 11 mm thick gauge, about 12 mm thick gauge,
about 13 mm thick gauge, about 14 mm thick gauge, or about 15 mm thick gauge. In certain
cases, the cast aluminum alloy can be hot rolied to a gauge greater than 15 mm (1.e,, a plate). In
other cases, the cast aluminum alloy can be hot rolled to a gauge less than 4 mm (1., a sheet).

Cold Rolling

A cold rolling step can be performed following the hot rolling step. In certain aspects,
the rolled product from the hot rolling step can be cold rolled to a sheet (e.g., below
approximately 4.0 mm). In certain aspects, the rolled product 15 cold rolled to a thickness of
about 0.4 mm to about 1.0 mm, about 1.0 mm to about 3.0 mum, or about 3.0 mm to less than
about 4 0 mm. In certain aspects, the alloy 15 cold rolled to about 3.5 mm or less, about 3 mum or
less, about 2.5 mun or less, about 2 mm or less, about 1.5 nun or less, about T mm or less, about
0.5 mm or less, about 0.4 mm or less, about 8.3 mm or less, about 0.2 mum or less, or about 0.1
mm or less. For example, the rolled product can be cold rolled to about 0.1 mm, about 0.2 mm,
about 0.3 mm, about 0.4 mm, about 0.5 mam, about 0.6 mm, about 0.7 mun, about 0.8 mm, about
0.9 mrn, about 1.0 mumy, about 1.1 mm, about 1.2 ram, about 1.3 mm, about 1.4 mum, about 1.5
mum, about 1.6 mim, about 1.7 mim, about 1.8 mun, abouwt 1.9 mam, about 2.0 mum, about 2.1 mun,
about 2.2 mm, about 2.3 mim, about 2.4 mm, about 2.5 mm, about 2.6 mm, about 2.7 mum, about
2.8 mm, about 2.9 mm, aboui 3.0 mm, about 3.1 mm, about 3.2 mm, about 3.3 mm, about 3.4
mm, about 3.5 mm, about 3.6 mm, about 3.7 mm, about 3.8 mm, about 3.9 mm, about 4.0 mm,
or anvwhere in between.

In one case, the method for processing the aluminum alloys as described herein can
include the following steps. A homogenization step can be performed by heating a cast
aluminum alloy as described herein to attain a homogenization temperature of about 590 °C over
a time pertod of about 12 hours, wherein the cast aluminum alloys are allowed to soak ata

temperature of about 590 °C for about 2 hours. The cast aluminum alloys can then be cooled to
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about 580 °C and allowed to soak for about 2 houss at 580 °C. The cast aluminum alloys can
then be hot rolled to a suitable gauge. The cast aluminum alloys can then be cold rolled to the
desired gauge.

Annealing

Optionally, the aluminum alloy can be annealed by heating the alloy from room
temperature to an annealing temperature of from about 200 °C to about 400 °C {e.g., from about
210 °C to about 37S °C, from about 220 °C to about 350 °C, from about 225 °C to about 345 °C,
or from about 250 °C to about 320 °C). In some cases, the heating rate to the annealing
temperature can be about 100 °C/hour or less, about 75 °C/hour or less, about 50 °C/hour or less,
about 40 °C/hour or less, about 30 °C/hour or less, about 25 °C/hour or iess, about 20 °C/hour or
less, about 15 °C/hour or less, or about 10 °C/hour or less. The alloy can soak at the temperature
for a period of time. In certain aspects, the alloy 1s allowed to soak for up to approximately 6
hours {e.g., from about 10 seconds to about 6 hours, inclusively). For example, the allov can be
soaked at the temperature of from about 230 °C to about 370 °C for about 20 seconds, about 25
seconds, about 30 seconds, about 35 seconds, about 40 seconds, about 45 seconds, about 50
seconds, about 55 seconds, about 60 seconds, about 65 seconds, about 70 seconds, about 75
seconds, about 80 seconds, about 85 seconds, about 90 seconds, about 95 seconds, about 100
seconds, about 105 seconds, about 110 seconds, about 115 seconds, about 120 seconds, about
125 seconds, about 130 seconds, about 135 seconds, about 140 seconds, about 145 seconds,
about 150 seconds, about 5 minutes, about 10 minutes, about 15 minutes, about 20 minutes,
about 25 minutes, about 30 minutes, about 35 nunutes, about 40 minutes, about 45 minutes,
about 50 manutes, about 35 minutes, about 60 minutes, about 65 minutes, about 70 minutes,
about 75 minutes, about 30 minutes, about 85 nunutes, about 90 minutes, about 95 minutes,
about 100 manutes, about 105 muinutes, about 110 minutes, about 115 munutes, about 120
minutes, about 2.5 hours, about 3 hours, about 3.5 hours, about 4 hours, about 4.5 hours, about 5
hours, about 5.5 hours, about 6 hours, or anywhere in between. In some examples, the alloy is
not annealed.

In some examples, the alloy is heated to an annealing temperature of about 200 °C to
about 400 °C at a constant rate of about 40 °C/hour to about 5¢ °C/hour. In some aspects, the
alloy is allowed to soak at the annealing temperature for about 3 hours to about 5 hours (e.g., for

about 4 hours). In some cases, the alloy 15 cooled from the annealing temperature at a constant
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rate of about 40 °C/hour to about 50 °C/hour. 1n some examples, the alloy is not annealed.

Properties and Advantages

The mechanical properties of the clad aluminum alloy product can be controlled by
various processing conditions depending on the desired use. The clad aluminum alloy product
can be produced {or provided) in an H temper (e g, HX1, HX2, HX3 HX4, HXS, HX6, HX7,
HXE, or HX9 tempers). As one example, clad aluminum alloy product can be produced (or
provided) in the H19 temper. H19 temper refers to products that are cold rolled. As another
example, the clad aluminum alloy product can be produced {or provided) in the H24 temper.
H24 temper refers to products that are cold rolled and partially annealed. As a further example,
the clad alumimum alloy product can be produced {or provided) i the O condition or temper.

In some non-limiting examples, the clad aluminum alloy product has high strength i the
H tempers {e.g., H19 temper and H24 temper) and high formability (i.e., bendability) inthe O
temper. In some non-limiting examples, the clad alummnum alloy product has good corrosion
resistance in the H tempers (e.g., HI9 temper and H24 temper), and O temper compared to
conventional clad alununum alloy products.

The clad aluminum alloy products described herein can produce brazing joints that resist
corroston better than conventional cladding alloys without the use of corrosive flux. An
advantage of the present clad alummum alloy products 1s that the hardened filler alloy produced
post-brazing can resist corrosion better than the hardened filler alioy produced by conventional
cladding alloys. The improved corrosion resistance 1s due to the presence of the promoters n the
cladding alloys used in the clad aluminum alloy products, in comparison to conventional
cladding alloys. A few examples of such additional promoters that can beneficially affect the
corrosion properties of the residual cladding, which can act as protective anti-corrosion coating

in the parts and objects subjected to brazing, are Bi, Sb, Sr, Na and T1. When present in specific

quantities in the cladding layer{s) of the clad aluminum alloy products, there is no need for flux
operation when brazing a joint between the clad aluminom alloy product and the metal part to be
joined. This improves the corrosion potential of the clad aluminum alloy products since no flux
operation is required when producing the braze joint which negatively affects the corrosion
potential of the joint.

In certain aspects, the clad aluminum alloy products can have a corrosion resistance that
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provides a negative corrosion potential or electrochemical potential (Ecorr) from about -650 mV
to about -760 mV {e.g., from about -660 mV to about -750 mV, from about -670 mV to about -
740 mV, from about -680 mV to about -730 mV, from about -690 mV to about -720 mV, from
about -700 mV to about -710 mV, etc.} when tested according to the ASTM G69 standard. In
certain cases, the negative corrosion potential or electrochemical potential (Ecorr) can be about -
650 mV, about -660 mV, about -670 mV, about -680 mV, about -690 mV, about -700 mV, about
=710 mV, about -720 mVY, about -730 mV, about -740 mV, about -750 mV, or about -760 mV, or
anywhere in between.

In certain aspects, the clad aluminum alloy products, when in an H temper, can have a
yield strength from about 150 MPa to about 250 MPa (e.g., from about 160 M¥Pa to about 240
MPa, from about 165 MP3a to about 225 MPa, from about 170 MPa to about 210 MPa, from
about 170 MPa to about 200 MPa, from about 175 MPa to about 195 MPa, etc.). In certain
cases, the clad aluminum alloy products, when 1n an H temper, can have a vield strength of about
160 MPa, about 165 MPa, about 170 MPa, about 175 MPa, about 180 MPa, about 185 MPa,
about 190 MPa, about 195 MPa, about 200 MPa, about 205 MPa, about 210 MPa, about 218
MPa, about 220 MPa, about 225 MPa, about 230 MPa, about 235 MPa, about 240 MPa, about
245 MPa, or about 250 MPa.

In certain aspects, the clad alurminum alloy products, when 1n an H temper, can have an
ultimate tensile strength from about 175 MPa to about 250 MPa (e.g., from about 180 MPa to
about 240 MPa, from about 185 MPa to about 245 MPa, from about 190 MPa to about 240 MPa,
from about 195 MPa to about 235 MPa, from about 200 MPa to about 230 MPa, etc.). In certain
cases, the clad aluminum alloy products, when in an H temper, can have an ultimate tensile
strength of about 175 MPa, about 130 MPa, about 185 MPa, about 190 MPa, about 195 MPa,
about 200 MPa, about 205 MPa, about 210 MPa, about 215 MPa, about 220 MPa, about 225
MPa, about 230 MPa, about 235 MPa, about 240 MPa, about 245 MPa, or about 250 MPa.

In certain aspects, the clad aluminum alloy products, when in an H temper, can have an
elongation from about 11 % to abowut 18 %, (e.g., from abowt 12 % to about 17.5 %, from about
12.5 % to about 17 %, from about 13 % to about 16.5 %, from about 14 % to about 16 %, eic.).
In certain cases, the clad aluminum alloy products, when 1n an H temper, can have an elongation
of about 11 %, about 11.5 %, about 12 %, about 12.5 %, about 13 %, about 13.5 %, about 14 %,

about 14.5 %, about 15 %, about 15.5 %, about 10 %, about 16.5 %, about 17 %6, about 17.5 %,
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or about 18 %.

It 18 contemplated that when the cladding laver of the clad aluminum alloy products
forms a brazed joint, it will exhibit good corrosion resistance when subjected to accelerated air
side corrosion tests. Specifically, brazing jomts formed from the cladding layer of the clad
aluminum alloy products described herein may exhibit a good air side corrosion rating when sea
water acetic acid tests (SWAAT) are carried out according to ASTM G85:A3. For example, the
clad aluminum alloy products can be subjected to SWAAT tests for 2 weeks, 3 weeks, and 4
weeks. In each of these examples, it is expected that minimal corrosion activity and no

perforations will form in the clad aluminum alloy for at least 28 days.

Methods of Brazing

The clad alummum allov products described herein are suitable for brazing applications
without the use of flux. Surprisingly, it was found that the constituents in the cladding layer(s)
of the clad aluminum alloy product penetrate the oxide film of a metal part to be joined to break
or remove the surface oxide film, thereby entirely replacing the need for flux. Accordingly,
various brazing processes and technological steps can be suitably emploved in the embodiments
of the present disclosure. In this method, the clad aluminum alloy products can be brazed in an
mert gas atmosphere without using flux by incorporating amounts of Mg, By, 8b, Sr, Na, Ti, etc.,
m the alloy composition of the cladding laver to break and remove the oxide film on the surface
of the metal part to be jomed. Any suttable inert gas may be emploved mcluding, for example,
argon, helium, mitrogen, etc. During the brazing application, the filler alloy formed by melting
the cladding layer can flow and wet the cracked oxide film to form a structurally sound braze
jont without using corrosive flux.

As such, the clad aluminum alioy products described herein are suitable for controlied
atmosphere brazing (“"CAB”) without applying flux. For the brazing cycle, the clad aluminum
alloy products can be heated in an inert atmosphere CAB furnace. In a brazing process using
flux, elements in joint materials (base materials) and core materials are strictly controlled
because certain elements react negatively with the flux. The alloy composition of the cladding
layer described herein tolerates brazing of the clad aluminum alloy products to a variety of metal
parts having different compositions since no flux operation is required. This makes it possible to

use alloys which remain strong and corrosion resistant after brazing.
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In some embodiments, the surface of the metal part to be joined to the clad aluminum
alloy product 1s prepared {e.g., pretreatment) before brazing. In some embodiments, the metal
part to be joined 1s subjected to one or more pretreatments which can be used to promaote
adhesion of the clad aluminom alloy product and the metal part. The adhesion of the clad
aluminum alloy product to the metal part, for example the cladding layer of a clad aluminum
alloy product, may be improved by pre-treating the outer surface of the metal part on which the
clad aluminum alloy product is being deposited to produce good braze joints. In some
embodiments, the pre-ireatment includes a preliminary cleaning step during which the surface of
the metal part 1s treated to remove grease, o1l, buffing compounds, rolling hubricants or slitting
otls. This can be accomplished in many ways, for example by vapor degreasing, solvent
washing, solvent emulsion cleaning, mechanical grinding, or by mild etching,

In some embodiments, the surface of the metal part to be joined 1s etched to remove
residual traces of o1l and grease from rolling processes and to make the oxide film layer thinner,
For example, the preparation process involves etching the surface of the metal part using a
caustic cleaner {e.g., 10% NaOH) to remove all traces of 01l or grease. In some embodiments,
etching the surface can produce surface characteristics that are important to form a good braze
jomnt. In particular, the surface roughness is an important property of the material surface and
mereased surface roughness can have more area for oxidation reactions and for oxide film layers.
In some embodiments, mechanical grinding increases the surface roughness. The surface
roughness can be from about 0.1 mucrons to 2.0 about microns (e.g., from about 0.2 microns to
about 1.5 mucrons, from about 6.3 microns to about 1.0 microns, or from about 0.4 microns o
about 0.8 microns} to yield good braze joints.

The brazing process 1s carried out 1 a dry atmosphere with little or no oxygen in the
atmosphere. In some embodiments, the brazing process is carried out in an inert atmosphere of
nitrogen, argon, or helium. The atmosphere in the CAB furnace may include iess than 100 ppm
oxygen, e.g., less than 90 ppm, less than 80 ppm, less than 70 ppm, less than 60 ppm, less than
50 ppm, less than 40 ppm, less than 30 ppm, less than 25 ppm, less than 20 ppm, less than 10
ppm, or less than 5 ppm oxvgen. The lower conceniration of oxygen prevents re-oxidation on
the aluminum alloy part during the brazing process.

In some embodiments, the atmosphere in the CAB furnace can have a dew point of less

than -30 °C, e.g., less than -32 °C, less than -34 °C, less than -36 °C, less than -38 °C, less than -
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40 °C, less than -42 °C, less than -44 °C, less than -46 °C, less than -48 °C, less than -50 °C, less
than -52 °C, less than -54 °C, less than -56 °C, less than -58 °C, less than -60 °C, less than -62
°C, less than -64 °C, less than -66 °C, less than -68 °C, or less than -70 °C. For example, the
dew point in the CAB furnace can be from about -30 °C to about -70 °C, from about -35 °C to
about -65 °C, from about -40 °C to about -60 °C, or from about -45 °C to about -55 °C.

The brazing process can include heating the clad aluminum alloy products as described
herein to attain a brazing temperature of about, or at least about, 560 °C {e.g., at least about 570
°(, at least about 380 °C, at least about 590 °C, at least about 600 °C, at least about 610 °C, or
anywhere in between). For example, the clad aluminum alioy product can be heated to a
temperature of from about 560 °C to about 620 °C, from about 570 °C to about 615 °C, from
about 580 °C to about 610 °C, or from about 590 °C to about 605 °C. In some cases, the heating
rate to the brazing temperature can be about 200 °C/hour or less, about 180 °C/hour or less,
about 160 °C/hour or less, about 140 “C/hour or less, about 120 °C/hour or less, about 100
°C/hour or less, about 75 °C/hour or less, about 50 “C/hour or less, about 40 °C/hour or less,
about 30 °C/hour or less, about 25 °Clhour or less, about 20 °C/hour or less, about 15 °C/hour or
less, or about 10 °C/hour or less. In other cases, the heating rate to the brazing temperature can
be from about 10 °C/nun to about 200 °C/min {e.g., about 10 “C/min to about 175 °C/muin, about
10 °C/min to about 150 °C/nun, about 10 °C/mun to about 100 °C/omun, from about 20 °C/mun to
about 90 °C/min, from about 30 °C/nun to about 80 °C/mun, from about 40 °C/min to about 70
°C/min, or from about 50 °C/min to about 60 °C/min}. In some embodiments, the heating rate to
peak temperature in the CAB furnace 15 less than 3 munutes,

In some embodiments, the clad aluminum alloy products can be heated 1in the CAB
furnace at a rate of 100 °C per minute until a temperature of 520 °C 1s reached. The clad
aluminum alloy products can then be heated at a rate of 25 °C per minute until a temperature of
605 °C 1s reached, followed by a 3-minute heat soak at 605 °C. The clad aluminum alloy
products can then be cooled to 570 °C, and removed from the furnace to cool at room
temperature. In some embodiments, the clad alominum alloy product 1s heated for 3 minutes at
600° C in a CAB furnace under the brazing atmosphere in which the oxygen concentration s less
than 50 ppm and dew point 1s less than -40° C (in a nitrogen atmosphere).

In some embodiments, a method of manufacturing an article, such as a heat exchanger,

joined by brazing or an assembly of brazed components is provided. The method may include
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providing the components of which at least one 1s made from a clad alominum alloy product
described herein. The method may include assembling the components, such as corrugated fin
stock material and other components such as tubes, into an assembly. The method may further
include brazing the assembly without applving a brazing fhix on the assembly of components.
The whole assembly 1s brazed i a controlled inert gas atmosphere at a brazing temperature,
typically at a temperature in a range of about 560° C to 620° C for a period long enough for
melting and spreading of a filler joining the various components, e.g., a dwell time of 1 t0 S
minutes. The oxygen content in the brazing atmosphere should be as low as reasonably possible,
and 1s preferably below about 100 ppm, and more preferably below about 50 ppm, for example at
25 ppm or less. The method further includes cooling of the brazed assembly, typically to below
about 100° C, e.g., to room temperature using, for example, blown air or any other suitable
cooling medium.

In this operation, no flux 1s required to remove the oxide film from the metal part that 1s
joied to the clad aluminum alloy product. At elevated temperatures for brazing, the constituents
in the cladding layer of the clad aluminum alloy product remove or at least break open the oxade
film durmg the brazing operation to allow the molten filler to come into contact with the metal
part to form the joint  In certain aspects, the cladding layer of the clad aluminum alloy product is
used as a filler alloy for a method of manufacturing an article, such as a heat exchanger, joined
by brazing or an assembly of brazed components. Without intending to limut the disclosure, the
alloy composition of the cladding layer of the clad aluminum alloy product controls the melting
of the cladding layer to form the filler material, promotes pore formation in an oxide film of a
metal part to be joined to the clad aluminum alloy product, and transports promoter agents to
reduce or remove with the oxide film during brazing applications.

While metal parts such as aluminum alloy articles are described throughout the text, the
methods and articles apply to any metal. In some examples, the metal part is aluminum, an
aluminum alloy, magnesium, a magnesium-based material, titanium, a titantum-based material,
copper, a copper-based material, steel, a steel-based material, bronze, a bronze-based material,
brass, a brass-based material, a composite, a sheet used in composites, or any other suitable

metal or combination of materials.

Methods of Using
The clad aluminum alloy products and methods described herein can be used in industrial
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apphications including sacrificial parts, heat dissipation, packaging, and building materials. Uses
and applications of the clad aluminum alloy products described herein are included within the
scope of the present invention, as are objects, forms, apparatuses and similar things fabricated
with or comprising the clad aluminum alloy products described herein. The processes for
fabricating, producing or manufacturing such objects, forms, apparatuses and similar things are
also included within the scope of the present invention.

Some other exemplary objects that can be made with the products of the present
invention are described and shown in U.S. Pat. No. 8,349 470, the contents of which are
incorporated herein by reference. Some non-limiting examples of such objects are an evaporator
plate, an evaporator, a radiator, a heater, a heater core, a condenser, condenser tubes, various
tubes and pipes, a manifold, and some structural features, such as side supports. The uses of the
clad aluminur alloy products disclosed herein are not limited to the processes that
mvolve brazing cladding alloys onto core alloys or interlaver alloys. For example,
cladding brazing alumunum alloys can be produced for filler rings made from drawn wire. In
another example, clad aluminum alloy products produced in sheet form can be used as filler
shim. The shim material can have a thickness anywhere from a few microns to a millimeter,
depending on the application. The aluminum alloys described herein provide better corrosion

performance and higher strength as compared to alloys currently employed.

Hiustrations of Aluminum Alloys, Clad Alumirean Alloy Products, and Methods

Dlustration 1 18 an aluminum alloy comprising 7.0 — 14.0 wt. % 84, 0.05 ~ 1.0 wt. % Fe,
0.01 — 0.60 wt. % Cu, 6.01 - 0.30 wi. % Mn, 0.01 — 0.50 wt. % Mg, 0.0 — 0.60 wt. % Zn, 0.001 ~
0.50 wit. % Bi, up to 0.30 wt. % Sb, up to 0.20 wt. % 5r, up to 0.20 wt. % Na, up to 0.25 wt. %
Ti, up to 0.15 wt. % of impurities, and Al

[Hustration 2 18 the aluminum alloy of any preceding or subsequent illustration,
comprising 8.0~ 12.0 wt. % 51, 0.10 - 0.90 wt. % Fe, 0.01 - 0.50 wt. % Cu, 0.05 - 0.20 wt. %
Mn, 0.01 ~0.40 wt. % Mg, (.05 - 0.40 wt. % Zn, 0.01 — 0.40 wt. % B1, up to 0.25 wt. % Sb, up
t0 0.15 wt. % Sr, up to 0.10 wt. % Na, up to 0.20 wt. % Tt, up to 0.15 wi. % of impurities, and Al

[Hustration 3 is the aluminum alloy of any preceding or subsequent Hlustration,
comprising 8.5 - 11.0 wt. % 51, 0.15 - 0.50 wt. % Fe, 0.01 — 0.40 wt. % Cu, 0.05 - 015 wt. %
Mn, 0.05 - 0.30 wt. % Mg, 0.10 - 030 wt. % Zn, 0.05 — 0.30 wt. % B, up to 0.20 wt. % Sb, up
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t0 0.10 wt. % Sr, up to 0.06 wi. % Na, up to 0.15 wt. % Ti, up to 0.15 wi. % of impurities, and
Al

[Hustration 4 15 the aluminum alloy of any preceding or subsequent illustration,
comprising 9.0 - 10.5 wt. % S5, 0.15 - 0.25 wt. % Fe, 0.30 - 0.40 wi. % Cu, 0.05 - C.15 wt. %
Mn, 0.15-030wt % Mg, 0.15-030wt % Zn, 0.10-035 wt. % By, up to 0.15 wt. % Sb, up
10 0.05 wi. % Sr, up to 0.05 wt. % Na, up to .10 wt. % T1, up to 0.15 wt. % of impurities, and
Al

THustration S s the aluminum alloy of any preceding or subsequent tllustration,
comprising 9.5 - 10.5 wt. % Si, 0.30 — 0.50 wt. % Fe, 0.01 —0.05 wt. % Cu, 0.05-0.15 wt. %
Mn, 0.01 —0.05 wt. % Mg, 0.20-025wt. % Zn, 0.10-0.2 ‘o B1, up to 0.05 wt. % Sb, up
10 0.02 wt. % Sr, up t0 0.01 wt. % Na, up to 0.10 wt. % Ti, up to 0.15 wt. % of impurities, and
Al

[Hustration 6 1s the aluminum alloy of any preceding or subsequent tllustration, wherein
the alloy 1s produced by duect chill casting, followed by hot rolling and cold rolling.

DHustration 7 18 the aluminum alloy of any preceding or subsequent illustration, wherein
the alloy comprises a corrosion potential of 660-720 mV or less, measured after brazing.

DHustration 8 1s the aluminum alloy of any preceding or subsequent illustration, wherein
the alloy withstands at least 28 days without perforation during airside corrosion testing after
brazing.

THustration 9 15 a clad aluminum alloy product, comprising: a core layer; and at least one
cladding layer comprising the aluminum alloy of any preceding or subsequent illustration.

THustration 10 1s the clad aluminum alloy product of any preceding or subsequent
ifiustration, wheremn the core layver comprises an aluminum alloy comprising up to 0.25 wt. % 5y,
up 10 0.35 wt. % Fe, 0.50 wt. % 10 0.60 wt. % Cu, 1.4 wt. % 10 1.6 wt. % Mn, 0.06 wt. % 10 0.62
wt. % Mg, up to 0.05 wit. % Cr, up to 0.04 wt. % Zn, 0.10 wt. % to 0.20 wt. % Ty, up to 0.05 wt.
% Sr, up to 0.15 wt. % of impurities, and Al

[Hustration 11 is a clad aluminum alloy product, comprising a core layer, wherein the
core layer has a first side and a second side; at least one cladding layer on the first side or the
second side; wherein the at least one cladding layer comprises 7.0 — 14.0 wt. % 51, .05~ 1.0 wt.
% Fe, 0.01 — 0.60 wt. % Cu, 0.01 - 0.30 wt. % Mn, 0.01 ~ 0.50 wt. 9% Mg, 0.0~ 0.60 wt. % Zn,
0.001 — 0.50 wt. % B, up to 0.30 wt. % Sb, up t5 0.20 wt. % Sr, up to .20 wt. % Na, up to 0.25
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wt. % T1, up to 0.15 wt. % of impurities, and Al

[Hustration 12 is the clad aluminum alloy product of any preceding or subsequent
itiustration, wherein the core layer comprises an aluminum alloy comprising up to 0.25 wt. % S3,
up to 0.35 wi. % Fe, 0.50 wi %6 to 0.60 wi. % Cu, 1.4 wi % to 1.6 wi. % Mn, 0.06 wt. %10 0.62
wt. % Mg, up to 0.05 wt. % Cr, up to 0.04 wt. % Zn, 0.10 wt. % to 0.20 wt. % Ti, up to 0.05 wi.
% Sr, up to 0.15 wt. % of impurtties, and Al

IHustration 13 1s a corrosion resistant brazing sheet comprising the clad aluminum alloy
product of any preceding or subsequent illustration.

IHustration 14 1s a heat exchanger comprising the clad aluminum alloy product of any
preceding or subsequent iHustration.

IHustration 15 1s the heat exchanger of any preceding or subsequent illustration, wherein
the heat exchanger 1s an automotive heat exchanger.

[Hustration 16 is the automotive heat exchanger of any preceding or subsequent
ilustration, wherein the automotive heat exchanger is a radiator, a condenser, an evaporator, an
oil cooler, an inter cooler, a charge air cooler or a heater core.

THustration 17 15 a tube comprising the clad aluminum alloy product of any preceding or
subsequent dlustration.

THustration 18 1s a method of forming a brazing joint, comprising the steps of providing
one or more metal parts; providing a clad alominum alloy product on or between the one or more
metal parts to form an assembly, wherem the clad alummum alloy product comprises at least one
cladding layer; brazing the assembly without applying flux to join the clad aluminum alloy
product and the one or more metal parts to produce a brazed assembly; and cooling the brazed
assembly, wherein the at least one cladding layer comprises 7.0 - 14.0 wt. % St, 0.05 - 1.0 wt. %
Fe, 0.01 ~0.60 wt. % Cu, 0.01 ~0.30 wt. % Mn, 0.01 —0.50 wt. % Mg, 0.0 — 0.60 wt. % Zn,
0.001 - 0.50 wt. % B1, up t0 0.30 wt. % Sb, up 10 0.20 wt. % Sr, up to (.20 wt. % Na, up to 0.25
wt. % T1, up to 0.15 wit. % of impurities, and Al

[Hustration 19 is the method of forming a brazing joint of any preceding or subsequent
itlustration, wherein the brazing step occurs in a controlled atmosphere brazing furnace

comprising an inert gas.

[Hustration 20 1s the method of forming a brazing joint of any preceding or subsequent

illustration, wherein the controlled atmosphere brazing furnace comprises less than 100 ppm
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oxygen.

[Hustration 21 is the method of forming a brazing joint of any preceding or subsequent
ittustration, wherein the controlled atmosphere brazing furnace has a dew point of less than -40°
C.

[Hustration 22 is the method of forming a brazing joint of any preceding or subsequent
ilfustration, wherein the assembly is brazed at a brazing temperature in the range of 590° Cto
6510° C.

THustration 23 is the method of forming a brazing joint of any preceding or subsequent
iltustration, wherein the controlled atmosphere brazing furnace is heated to the brazing
temperature in less than five minutes.

[Hustration 24 is the method of forming a brazing joint of any preceding or subsequent
tlustration, wherein the assembly 1s brazed for 3 nunutes at 600° C in the controlled atmosphere
brazing furnace having an oxygen concentration less than 30 ppm and a dew pount less than -40°
C in a nitrogen atmosphere.

DHustration 25 15 the method of forming a brazing jont of any preceding or subsequent
ilustration, wherein the at feast one cladding layer comprises 8.0 —12.0 wt. % 81, 0.10-0.90
wi. % Fe, 0.01 —0.30 wt. % Cu, 0.05-0.20 wt. % Mn, 0.01 —0.40 wt. % Mg, 0.10 — 0.40 wt.
% Zn, 0.01 =040 wt. % By, upto 0.25 wt % Sb, up to 0.15 wt. % Sr, up 10 0.06 wt. % Na, up
10 0.15 wt. % Ti, and up to .15 wt. % of impurities, and Al

The following examples will serve to further llustrate the present invention without,
however, constituting any limitation thereof. (Ou the contrary, it 1s 1o be clearly understood that
resort may be had to various embodiments, modifications and equivalents thereof which, after
reading the description herein, may suggest themselves to those skilled 1n the art without
departing from the spirit of the mvention. During the studies described in the following
examples, conventional procedures were followed, unless otherwise stated. Some of the

procedures are described below for illustrative purposes.

EXAMPLES
Fxample 1: Aluminum Alloy Compositions and Properties
Exemplary and comparative alloys, as shown in Table 6, were prepared according to the

method described below. Alloys 1-14 are exemplary alloys for the cladding laver of the clad
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aluminum alloy product. Comparative Alloy A 1s a comparative alloy for a cladding layer.

Table 6

Alipy | Si Fe Cu Mo | Mg Za Bi Sh Sr Ma ¥i
ii- § 0.15- 0.05- 1 0.05- | 0.15- 0.01-

i 0.01 G.001 .02 - ~
1251 025 0.15 | 015 | 030 0.03
9.5- § ¢.15- 0.05- | 0.05- | 0.15- | 0.08- | 001-

2 0.01 0.02 - -
16,51 0.25 015 | 015 | 030 | 0.12 0.03
9.5- 1 0.15-1 630~ 005 | 605~ 0.15- 1 0.10- | 0.0%-

3 G.02 - -

1057 025 ) 040 | 015 | 0.15 | 030 | 020 0.063

A 9.5~ 1 0.15-] 030~ 0.05-}0.25 | 0.15-) 610- ] 001- 0.00
302 - -
16531 025 1 040 | 015 | 040 | 030 | 020 0.03

95~ 1 0.15-1 0.30- | 6.05-§ 6.15- | .15~ 1 025~ 0.01-

5 .02 - ~
1657 025 ) 040 | 015 | 030 | 030 | 0335 0.03
9.5 | 0.15- G.05- | 6.25- | 0.15-] 0.10- | 001~

5 0.01 .02 - -
1651 028 015 1 040 1 030 | 0.20 0.03
9.5- 1 030~ .05~ | 6.15- | 6,15~ 1 6.10- 1 001~

7 0.01 G.02 - -
1031 050 035 1 030 1 030 | 0.20 0.63
9.5~ 10350 0.05- 1 0.15- 1 0.15- | ¢.10- 1 0.01-

8 0.01 6.02 - ~
1651 090 015 030 | 030 | 020 0.03
G5~ 1 G.15- G.05- 1 6.01-| 615~ 610~ 0.08-

9 0.01 0.02 - -
1051 025 015 1 005 1 030 ] 020 0.12

9.5- 1 G153~ 1 030~ | G.05- 1 6.01- | 0.15-1 0.10- 1 0.08-
10 G.02 ~ -
1057 025 1 040 | 015 | 005 | 030 | 0.20 0.12

9.5- 1 030~ (.05~ | 6.01- | 0.15- | 6.10- | 0.08~

11 001 G.02 - -
6.3 1 0.50 035 1 0065 1 030 ] 020 012
9.5~ 10,50 G.05- 1 6.05- | 0.15-1 0.10~- | 0.08-

12 0.01 .02 - ~
1651 090 015 | 015 | 030 | 020 0.12
9.5- | 0.20- 0.05- | 6.05-| 0.15-] 0.10- | 0.08-

13 0.01 .02 - -
1651 028 015 | 015 1 030 | 0.20 0.12

’ 9.5- 1 615~ 1 030~ | 6.05~ | 6.05-| 0.05 | 6.10- G.0004- 1 6.05-
105] 030 ) 050 | 015 | 0.15 0.20 0.10 0.20

N 9- 0.3- | 0.05-) 0.05-001-) 001~} 601-}§ 001- 0.00
£ y02
1t 04 {01531 0151005 010 | 003 0.03

All expressed as wt. %. Up to 0.15 wt. % impurities; remainder Al

The cladding layer compositions i Table 6 were produced using a direct chill casting
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process to cast an ingot. The mgots were then homogenized, hot rolled, and cold rolled

according to the methods described herein to produce a final gauge aluminum alloy product.
The cladding layers described in Table 6 were used to produce a ¢lad aluminom alloy

product {e.g., a clad sheet aluminum alloy} comprising a cladding layer and a core layer. The

core layer comprised a 3xxx series aluminum alloy having the composition shown in Table 7.

Table 7
Core Si Fe Cu Mn Mg Zn Ti
S -
0.03-009 | 014-024 [ 050-056{145-158{007-0.13 [ Upto04 O;ig

The core layer was prepared according to the method described below. The core
aluminum alloy composition of Table 7 was direct chill cast to produce an ingot. The ingot was
subsequently scalped. The scalped ingots were thereafter heated to a homogenization
temperature from about 480 °C to about 520 °C 1n about 12 hours. The ingots were soaked at the
homogenization temperature for about 5 hours to about 6 hours. The homogenized ingots were
then hot rolled to a gauge thickness of 19 mm. The clad alomunum alloys described i Table 6
were then welded to one side of the 19 mm thick core layer to produce a clad aluminum alloy
product. After welding, the clad aluminum alloy product was reheated to a temperature of about
450 °C for about 45 to about 60 minutes, followed by hot rolling the clad alummum alloy
product to a gauge thickness of about 3 mm to about 4 mm. The clad aluminum alioy product
was subsequently cold rolied to an initial gauge thickness of about 1 mm to about 2 mm. Then,
the clad aluminum alloy product was further cold rolled to a final gauge thickness of about 300
um. The cladding layer had a gauge thickness of about 25 um to about 30 pm and was about 7
% to about 13 % of the total thickness of the clad alominum alloy product. The final gauge
aluminum alloy product was partially annealed at a temperature ramp of 30° C per hour followed
by a three-hour soak at 305° C to achieve an H24 temper condition.

The cladding layer(s) of the clad aluminum alloy product described herein controls the
melting of the filler material, promotes pore formation in an oxide film layer of a metal part to be
joined to the clad aluminum alloy product, and transports promoter agents to interface with the
oxide film during brazing applications. Specifically, the alloy composition of the cladding layer
includes specific amounts of Mg, Bi, Sb, Sr, Na, and/or T1 constituents that can be especially
useful as a filler alloy for fluxless brazing applications. For example, low amounts of Mg (e g,

less than 0.50 wt. %) 10 combination with By, Sb, Sr, Na, and/or T1, synergistically work to crack
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the surface oxide layer such that the melted clad aluminom alloy flows through the cracks to
form stable braze joints without the use of flux. The clad alominum alloy products described
herein can also be used in other situations where mechanical strength in combination with
corrosion resistance are desired.

Table 8 below shows the onset temperature and melting point of the cladding laver of

Alloys 1-14 and Comparative Alloy A.

Table 8
Alloy {;)nzgt Mei‘i?% };’a}im
1 570.63 652.18
2 | 573.07 653.87
3 570.02 653.10
4 | 567.49 652.85
5 568.76 652.18
6 569.8 652.60
7 | 871.07 652.80
& 569.45 633.75
9 | 571.58 654.35
10§ 567.37 652.70
11 | 57384 657.02
12 571.6 653.48
13 57225 654.74
14 | 574.18 655.42
A 5713 654.97

The cladding layers of Examples 1-14 had an onset temperature of less than 575 °C. The
onset temperatures of the cladding layers of Examples 1-14 are advantageous for producing a
good brazed joint. The cladding layers of Examples 1-14 have an onset temperature, which
promotes good spread of the molten cladding layer between the core laver and other components
n an aluminum alloy product {e.g., an heat exchanger). Therefore, the cladding layers of

Examples 1-14 can advantageously promote good braze joint formation between the core layer
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and other components in an aluminom alloy product. Additionally, cladding layers of Examples
1-14 had a melting temperature from 630 °C to 660 °C. Therefore, the cladding layers of
Examples 1-14 exhibit increased flowability when molten to form good braze joints.

This 1s further evidenced by Figs. 1 and 2 which show optical images of example braze
joints formed from the clad aluminum alloy products described herein, taken using Keyence and
Zeiss Optical microscopes at 100x magnification, respectively. Specifically, clad aluminum
alioy products comprising the cladding laver of Example Alloys 4 and 6 were subjected to a
brazing process to produce the joints shown in Figs. 1 and 2, respectively. The brazing process
was carried out in a CAB furnace at dry atmosphere with little or no oxygen in the atmosphere.
The clad aluminum alloy product was heated in the CAB furnace at a temperature from about
600 °C to about 605 °C for about 3 minutes to about 5 minutes, followed by air cooling. As
shown, Example Alloys 4 and 6 formed excellent braze joints without the use of flux. When
heated to a sufficiently high temperature for a sufficient period of time, the cladding laver(s) of
the clad aluninurm alloy product 1s melted to form a filler metal which forms the braze joint
between the parts being joined by brazing. As previously indicated, the promoter agents
meorporated in the cladding layer improved the quality of the braze joint.

Tensile properties of each of Example Alloys 1, 3-7, 12, 13, 14, and Comparative
Example 14 were determined after the clad aluminum alloys were partially annealed to a H24
temper, and after a brazing process. Measured tensile properties included the yield strength,
percent elongation, and ultimate tensile strength. FIG. 3 provides the tensile properties of the
clad aluminum alloys in an H24 temper and FIG. 4 provides the tensile properties of the post-
brazed clad alomunum alloys. From these resulis, the yvield strength (YS) of Example Alloys 1,
3-7,12, 13, and 14 were comparable to Comparative Alloy A. Similarly, the ultimate tensile
strength (LTS} and elongation (EL) properties of Example Alloys 1, 3-7, and 12 were
comparable to Comparative Alloy A, Example Alloys 13 and 14 exhibited a higher UTS and
elongation than Comparative Alloy A

Example Alloys 1, 3-7, 12-14, and Comparative Example A were tested for potential
values for open circuit corroston according to ASTM G69 standards. The difference in the
corrosion potential between the dense precipitate band (DPB) and the cladding layer was
measured. The DPB measurements were carried out by grinding and polishing to ensure that the

exposed surface was within the DPB area. Additionally, corrosion in relation to air (SWAAT)

44



10

15

CA 03138936 2021-11-02

WO 2020/236373 PCT/US2020/028933

was carried out in accordance with Annex 3 of the ASTM (85 standard. Acidified synthetic
seawater having a pH of 2.8-3.0 {42 g / | of synthetic sea salt + 10 mi / | of glacal acetic acid)
was used. The samples were then cleaned in 50% metric acid for one hour, sectioned at four
different places and examined for corrosion. To assess the severity of the corrosion after having
submitted the samples to the SWAAT trials, a qualitative scale was used, in which the corrosion
was characterized as: in order, low, moderate, severe and very severe. The severity of the
corrosion was characterized as: (1) low: for corrosion occurrence within the DPB region; (u1)
moderate: for corrosion occurrence that just consumed the DPB region; (i11) severe: for corrosion
occurrence that consumed up to one quarter to one third of the core thickness without
perforation; and (1v) very severe for corrosion occurrence which led to perforation. The open
circutt potential {OCP) corrosion values and the SWAAT test results for Example Alloys 1, 3-7,

12~14, and Comparative Example A are provided in Table 9.

Table 9

Alloy | OCP (mV) 2 weeks sw?iiei: e 4 weeks
i -594 Low Moderate Moderate
3 -687 Low Moderate Moderate
4 -693 Low Moderate Moderate
5 -693 Low Moderate Severe
6 -694 Low Moderate Moderate
7 -696 Low Moderate Moderate
12 -673 Low Moderate Severe
13 -672 Low Moderate Moderate
14 -677 Low Moderate Moderate
A -687 Low Very Severe Very Severe

As shown in Table 9, the example alloys had a corrosion potential from -672 to -696 mV.
The corrosion potential values of Examples 1-14 indicate that the residual clad layer has a
corrosion potential typical of 4xxx sertes aluminum alioy and will act sacrificially to effectively
protect a core alloy. Specifically, Example Alloys 3, 4, 6, 7, 13 and 14 had less negative

corrosion potential than Comparative Alloy A, In practical applications, when clad aluminum
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alioy products, produced with the cladding layers of Example Alloys 3, 4, 6,7, 13 and 14, are
coupled with fin stock that has a more negative corrosion potential, the fin stock will act
sacrificial to the clad layer and protect a heat-exchanger part (e.g., tube) from corrosion. In some
embodiments, the fin siock can include zinc, aluminum, or combinations thereof. In some
embodiments, the fin stock can comprise about 1 wt. % to about 10 wt. % Zn (e.g., from 1.1 wt.
%8 to 8 wi. %, from 1.2 wi. % to 6 wt. %, from 1.3 wi. % to 5 wt. %, from 1.4 wt. % to 4 wt. %%,
or from 1.5 wt. % to 3.5 wt. %),

The results of the SWAAT test are summarized in FIG. 5. FIG. 5 shows a schematic
representation of the results of metaliographic examinations of SWAAT corroston tests for
Example Alloys 1, 3-7, 12, 13, 14, and Comparative Example A after 2 weeks, 3 weeks, and 4
weeks, as presented in Table 9. Each of Example Alloys 1, 3-7, 12, 13, and 14 exhibited better
corrosion resistance than Comparative Alloy A after 2 weeks, 3 weeks, and 4 weeks. FIG. 5
demonstrates that cladding layer(s) of the clad alunmunum alloy products described herein can
produce brazing joints that resist corrosion better than conventional cladding alloys without the
use of corrosive flux. As discussed herein, the improved corrosion resistance s due to the
presence of the promoters in the cladding alloys used in the clad aluminurm alloy products, in
comparison to conventional cladding alloys, that can act as a protective anti-corrosion coating in
the parts and objects subjected to brazing. When present in specific quantities 1n the cladding
layer(s) of the clad aluminum alloy products, there 1s no need for flux operation when brazing a
jomnt between the clad alurminum alloy product and the metal part to be joined. Since no flux
operation 1s required when producing the braze joint, the corrosion potential of the clad
alummum alloy products is improved because flux negatively affects the corrosion potential of
the jont.

All patents, publications and abstracts cited above are incorporated herein by reference in
their entireties.  Various embodiments of the invention have been described in fulfillment of the
various objectives of the invention. It should be recognized that these embodiments are merely
itlustrative of the principles of the present invention. Numerous modifications and adaptions
thereof will be readily apparent to those skilled in the art without departing from the spinit and

scope of the present invention as defined m the following claims.
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WHAT IS CLAIMED IS:

I. A aluminom alloy comprising 7.0 - 14.0 wt. % S1, 0.05 - 1.0 wt. % Fe, 0.01 - 0.60 wt. %
Cy, 0.01 - 030 wt. % Mn, 0.01 - 0.50 wt. % Mg, 0.0~ 0.60 wt. % Zn, 0.001 —0.50 wt. % B, up
10 0.30 wt. % Sb, up 10 0.20 wt. % Sr, upto 020 wt. % Na, up t0 0.25 wt. % Ty up to 0.15 wt. %

of impurities, and AL

2. The aluminum alloy of claim 1, comprising 8.0 —~ 12.0 wt. % $1, .10 — 0.90 wt. % Fe,
0.01 — 0.50 wt. % Cu, 0.05 - 0.20 wt. % Mn, 0.01 — 0.40 wt. % Mg, 0.05 - 0.40 wt. % Zn, 0.01 —
0.40 wt. % Bi, up to 0.25 wt. % Sb, up to 0.15 wt. % Sr, up to 0.10 wt. % Na, up to 6.20 wit. %

T1, up t0 0.15 wt. % of impurities, and Al

3. The aluminum alloy of claim I, comprising 8.5 - 11.0 wt. % 81, 0.15 — 0.50 wt. % Fe,
0.01 - 0.40 wt. % Cu, 0.05 - 0.15 wt. % Mn, 0.05 — 0.30 wt. % Mg, 0.10 - 030 wt. % Zn, 0.05 -
0.30 wt. % Bi, up to 0.20 wt. % Sb, up to 0.10 wt. % Sr, up to 0.06 wt. % Na, up to 6.15 wt. %

T1, up t0 0.15 wt. % of impurities, and Al

4. The aluminum alloy of claim I, comprising 9.0 - 10.5 wt. % 81, 0.15 — 0.25 wt. % Fe,
0.30-040 wt. % Cu, 0.05 - 015 wit. % Mn, 0.15 - 0.30 wit. % Mg, 0.15 - 030 wt. % Zn, 0.10 -
0.35 wt. % Bi, up to 0.15 wt. % Sb, up t0 0.05 wi. % Sr, up to 0.05 wt. % Na, up to 0.10 wit. %

Ti, up to 0.15 wi. % of impurities, and Al

S. The alununum alloy of claim 1, comprising 9.5 - 10.5 wt. % 51, 0.30 — 0.50 wt. % Fe,
0.01 — 0.05 wt. % Cu, 6.05 -~ 0.15 wi. % Mn, 0.01 —0.05 wt. % Mg, 0.20 - 0.25 wt. % Zn, 0.10 ~
0.20 wt. % Bi, 0.01 - 0.05 wt. % Sb, 0.001 — 0.02 wt. % Sr, up to 0.01 wt. % Na, up 10 0.10 wt.

% Ti, up to 0.15 wt. % of impurities, and Al

6. The alumium alloy of any of claims 1-5, wherein the alumunum alloy 1s produced by direct

chill casting, followed by hot rolling and cold rolling,

7. The aluminum alloy of any of claims 1-6, wherein the alominum alloy comprises a

corrosion potential of 660-720 mV or less, measured after brazing.
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8. The aluminum alloy of any of claims 1-7, wherein the aluminum alloy withstands at least

28 days without perforation during airside corrosion testing after brazing.

9. A clad aluminum alloy product, comprising:
a core layer; and

at least one cladding layer comprising the aluminum alloy of any of claims 1-8.

10, The clad aluminum alloy product of claim 9, wherein the core layer comprises an
aluminum alloy comprising up to 0.25 wt. % St, up t0 0.35 wt. % Fe, 0.50 wt. % to 0.60 wt. %
Cu, 1.4 wt. % to 1.0 wt. % Mn, 0.06 wt. % to 0.62 wit. % Mg, up to 0.05 wt. % Cr, up to 0.04 wi.

% Zn, 0.10 wt. % to 0.20 wt. % T, up to 0.05 wt. % Sr, up to 0.15 wt. % of impurities, and Al

1t A clad alumuoum alloy product, comprising;

a core laver, wherein the core layer has a first side and a second side;

at least one cladding layer on the first side or the second side;

wherein the at least one cladding layer comprises 7.0 — 14.0 wt. % 81, 0.05 — 1.0 wt. % Fe,
0.01 - 0.60 wt. % Cu, 0.01 — 030 wt. % Mn, 0.01 — 0.50 wi. % Mg, 0.0 - 0.60 wt. % Zn, 0.001 -
0.50 wt. % B, up to 0.30 wi. % Sb, up to 0.20 wt. % St, up to 0.20 wt. % Na, up to 0.25 wt. % T,

up to 0.15 wi. % of impurities, and AL

12, The clad aluminum alloy product of claim 11, wherein the core layer comprises an
alummnum alloy comprising up to 0.25 wi. % 81, up to 0.35 wi. % Fe, 0.50 wit. % to 0.60 wit. %
Cu, 1.4 wt. % to 1.6 wt. % Mn, 0.06 wt. % to 0.62 wt. % Mg, up 10 0.05 wit. % Cr, up to 0.04 wt.

% Zn, 0.10 wi. % to 0.20 wi. % Ty, up to 6.05 wt. % Sr, up to 0.15 wt. % of impurities, and Al

13. A corroston resistant brazing sheet comprising the clad aluminum alloy product of claim
Itoriz2

14 A heat exchanger comprising the clad aluminum alloy product of claim 11 or 12.

15. A method of forming a brazing joint, comprising the steps of:
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providing one or more metal paris;

providing a clad aluminum alloy product on or between the one or more metal parts to
form an assembly, wherem the clad aluminum alloy product comprises at least one cladding
layer;

brazing the assembly without applying flux to join the clad aluminum alloy product and
the one or more metal parts to produce a brazed assembly; and

cooling the brazed assembly,

wherein the at least one cladding layer comprises 7.0 — 140 wi. % 81, 0.05 - 1.0 wt. %
Fe, 0.01 - 0.60 wt. % Cu, 0.01 — 030 wi. % Mn, 0.01 —0.50 wt. % Mg, 0.0 -0.60 wi. % Zn,
0.001 — 0.50 wt. % B1, up to 0.30 wt. % Sh, up to 0.20 wt. % Sr, up to 0.20 wt. % Na, up to 0.25

wt. % T1, up to 0.15 wt. % of impurities, and Al

16, The method of claim 15, wherein brazing occurs 1n a controlled atmosphere brazing
furnace comprising an inert gas, wherein the controlied atmosphere brazing furnace comprises

less than 100 ppm oxygen.

17. The method of claim 15 or 16, wherein the controlled atmosphere brazing furnace has a

dew point of less than -40° C.

18 The method of any of claims 15-17, wherein the assembly 1s brazed at a brazing
temperature from 590° C 1o 610° C, wherem the controlled atmosphere brazing furnace is heated

to the brazing temperature 1n less than five minutes.

19. The method of anv of claims 15-18, wherein the assembly 1s brazed for 3 minutes at 600°
C in the controlled atmosphere brazing furnace having an oxygen concentration less than 50 ppm

and a dew point less than -40° (' 1n a mitrogen atmosphere.

20 The method of anv of claims 15-19, wherein the at least one cladding layer comprises 8.0
~12.0 wt. % Si, (.10~ 0.90 wt. % Fe, 0.01 —0.50 wt. % Cu, 0.05 — 0.20 wt. % Mn, 0.01 - 0.40
wt. % Mg, 0,10~ 040 wt. % Zn, 0.01 —~0.40 wt. % B1, up t0 0.25 wt. % 8b, up to 0.15 wi. % Sr,

up to 0.06 wt. % Na, up to 0.15 wt. % T1, and up to G.15 wt. % of impurities, and Al
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