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METHODS OF PREPARING 7XXX surface oxide layer ( 5 ) . These surface or near - surface cop 
ALUMINUM ALLOYS FOR ADHESIVE per - bearing intermetallic particles ( 50 ) may interrupt the 

BONDING , AND PRODUCTS RELATING TO aluminum oxide ( 30 ) and magnesium oxide ( 20 ) layers , 
THE SAME causing formation of the thin , mixed magnesium oxide 

5 aluminum oxide layer ( 40 ) ( e.g. , a mixed Mgo - A1203 
CROSS - REFERENCE TO RELATED layer ) . As shown below , de - alloying of these copper - bearing 

APPLICATIONS intermetallic particles ( 50 ) may cause corrosion issues and / 
or adhesive bonding issues . 

This application is a continuation of International Patent In one approach , a method comprises reducing ( 200 ) the 
App . No. PCT / US2017 / 068949 , filed Dec. 29 , 2017 , which 10 as - received thickness of the surface oxide layer ( 5 ) of the 
claims the benefit of priority of U.S. Provisional Patent 7xxx aluminum alloy product ( 1 ) to a preparation thickness , 
Application No. 62 / 447,720 , filed Jan. 18 , 2017 , each of where the reducing step ( 200 ) comprises at least one of ( i ) 
which is incorporated herein by reference in its entirety . reducing a volume fraction of the magnesium oxides of the 

surface oxide layer , ( ii ) increasing a volume fraction of the 
BACKGROUND 15 aluminum oxides of the surface oxide layer , and ( iii ) main 

taining a volume fraction of the copper - bearing intermetallic 
7xxx aluminum alloys are aluminum alloys having zinc particles proximal the surface oxide layer , thereby producing 

and magnesium as their primary alloying ingredients , a prepared 7xxx aluminum alloy product . As described in 
besides aluminum . It would be useful to facilitate adhesive further detail below , this reducing step ( 200 ) may comprise 
bonding of 7xxx aluminum alloys to itself and other mate- 20 a chemical preparation and / or a mechanical preparation . 
rials ( e.g. , for automotive applications ) . While the word “ layer ' is used herein for illustrative 

purposes , it is to be understood that no specific topography 
SUMMARY OF THE INVENTION is be imparted into the meaning of the word layer ; the 

topography of the oxide may be any normal oxide topog 
Broadly , the present disclosure relates to methods of 25 raphy , whether as - received or as - prepared . Further , it is to be 

preparing 7xxx aluminum alloys for production of a func- understood that the word “ layer ” does not require any 
tionalized layer thereon ( e.g. , for adhesive bonding ) . In specific layer structure to be present in the oxide ; the 
particular , and referring now to FIGS . 1-3 , a method may chemical constituents making up the magnesium oxide layer 
comprise receiving ( 100 ) a 7xxx aluminum alloy product ( 1 ) ( 20 ) versus the aluminum layer ( 30 ) may vary , where some 
having a 7xxx aluminum alloy base ( 10 ) with a surface oxide 30 aluminum oxides are included in the magnesium layer ( 20 ) , 
layer ( 5 ) thereon . The surface oxide layer ( 5 ) may include a and vice - versa for the aluminum oxide layer ( 30 ) . 
first portion / layer ( 20 ) generally comprising magnesium After the reducing step ( 200 ) and any appropriate inter 
oxides ( “ the magnesium oxide layer ( s ) ' ' ) , a second portion / vening steps ( e.g. , rinsing ) , a method may include contacting 
layer ( 30 ) generally comprising aluminum oxides ( “ the ( 300 ) the prepared 7xxx aluminum alloy product with an 
aluminum oxide layer ( s ) " ) , and a third / portion layer ( 40 ) 35 appropriate chemical ( e.g. , a phosphorus - containing organic 
generally comprising a mixture of magnesium oxides and acid ) to form a functionalized layer . In one embodiment , the 
aluminum oxides ( " the mixed magnesium oxide - aluminum contacting step ( 300 ) may include contacting the prepared 
oxide layer ( s ) ” ) . These portions / layers ( 20 , 30 , 40 ) may be 7xxx aluminum alloy product with any of the phosphorus 
formed , for instance , due to normal processing ( mechanical containing organic acids disclosed in U.S. Pat . No. 6,167 , 
and / or thermal processing ) encountered by the 7xxx alumi- 40 609 to Marinelli et al . , which is incorporated herein by 
num alloy product . Although the various portions / layers ( 20 , reference . A layer of polymeric adhesive may then be 
30 , 40 ) are being shown as uniform , this is for illustrative applied to the functionalized layer ( e.g. , for joining to a 
purposes only as the portions / layers are generally non- metal support structure to form a vehicle assembly ) . The 
uniform / have an irregular topography . contacting step ( 300 ) may include other chemical methods , 
As illustrated in FIG . 1 , the magnesium oxide layer ( 20 ) 45 such as those using titanium , or titanium with zirconium , to ( e.g. , comprising MgO ) generally overlays the aluminum facilitate production of the functionalized layer . oxide layer ( 30 ) ( e.g. , comprising A1,02 ) , which is disposed 

on the surface of the 7xxx aluminum alloy base ( 10 ) . The I. Reducing the Surface Oxide Thickness 
as - received surface oxide layer ( 5 ) generally has an as 
received thickness ( shown via arrow ) , which is at least 50 As noted above , the method generally includes reducing 
partially defined by these magnesium oxide and aluminum ( 200 ) the as - received thickness of the surface oxide layer , 
surface layers ( 20 , 30 ) . The as - received thickness of the and this method generally includes at least one of ( i ) 
surface oxide layer ( 5 ) is generally 20-60 nm thick . Oxides reducing a volume fraction of the magnesium oxides of the 
that may be included in these layers include MgO , surface oxide layer , ( ii ) increasing a volume fraction of the 
MgA1204 , Al2O3 , A1OOH , and Al ( OH ) 3 , for instance . As 55 aluminum oxides of the surface oxide layer , and ( iii ) main 
shown below , reducing the volume fraction of the magne- taining a volume fraction of the copper - bearing intermetallic 
sium oxide layer ( 20 ) , while maintaining or increasing the particles proximal the surface oxide layer ( e.g. , by restricting 
volume fraction of the aluminum oxide layer ( 30 ) may or avoiding de - alloying of copper - bearing intermetallic par 
facilitate production of 7xxx aluminum alloy products hav- ticles ) , thereby producing a prepared 7xxx aluminum alloy 
ing functional layers properly bonded thereto . 60 product . Reducing the magnesium oxide and / or increasing 

The 7xxx aluminum alloy base ( 10 ) may include various the aluminum oxide content may facilitate bonding of the 
precipitates and intermetallic particles . Among these may be functionalized layer during contacting step ( 300 ) . Further , 
copper - bearing intermetallic particles ( e.g. , dominant cop- maintaining a volume fraction of the copper - bearing inter 
per - bearing intermetallic particles , such as Al , Cu Fe par- metallic particles proximal the surface oxide layer may 
ticles ) . In the illustrated embodiment of FIG . 1 , a copper- 65 restrict production of element copper ( e.g. , from the copper 
bearing intermetallic particle ( 50 ) is included in the 7xxx bearing intermetallic particles ) , which elemental copper may 
aluminum alloy base ( 10 ) and is located proximal the interfere with proper bonding of the functionalized layer 
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and / or the polymeric layer applied thereto . In one embodi- than 8 at . % of magnesium oxides . In one embodiment , due 
ment , a method includes both ( i ) reducing a volume fraction to the chemical preparation , the surface oxide layer com 
of the magnesium oxides of the surface oxide layer and ( ii ) prises no greater than 6 at . % of magnesium oxides . In one 
increasing a volume fraction of the aluminum oxides of the embodiment , due to the chemical preparation , the surface 
surface oxide layer . In one embodiment , a method includes 5 oxide layer comprises no greater than 4 at . % of magnesium 
both ( i ) reducing a volume fraction of the magnesium oxides oxides . In one embodiment , due to the chemical preparation , 
of the surface oxide layer and ( iii ) maintaining a volume the surface oxide layer comprises no greater than 2 at . % of 
fraction of the copper - bearing intermetallic particles proxi- magnesium oxides . In one embodiment , due to the chemical 
mal the surface oxide layer . In one embodiment , a method preparation , the surface oxide layer comprises no greater 
includes both ( ii ) increasing a volume fraction of the alu- 10 than 1 at . % of magnesium oxides . In one embodiment , due 
minum oxides of the surface oxide layer , and ( iii ) maintain- to the chemical preparation , the surface oxide layer is 
ing a volume fraction of the copper - bearing intermetallic essentially free of magnesium oxides . In one embodiment , 
particles proximal the surface oxide layer . In one embodi- due to the chemical preparation , the surface oxide layer 
ment , a method includes all of ( i ) reducing a volume fraction consists essentially of aluminum oxides . 
of the magnesium oxides of the surface oxide layer , ( ii ) 15 The preparation solution may be any suitable solution that 
increasing a volume fraction of the aluminum oxides of the realizes reduction of the as - received surface oxide layer 
surface oxide layer , and ( iii ) maintaining a volume fraction while maintaining a volume fraction of the copper - bearing 
of the copper - bearing intermetallic particles proximal the intermetallic particles . Suitable alkaline and acidic solutions 
surface oxide layer . are described below . The chemical preparation may include 

After the reducing step ( 200 ) , the surface oxide layer of 20 spraying , immersion , roll coating or any combination of 
the prepared 7xxx aluminum alloy product has a prepared these chemical contacting methods . After the chemical 
thickness . This prepared thickness may be any suitable preparation , the 7xxx aluminum alloy product may be rinsed 
thickness that facilitates later successful production of the ( e.g. , via city water or deionized water ) , after which the 
functionalized layer . In one embodiment , the prepared thick- functional layer may be created thereon . 
ness of the surface oxide layer is no greater than 20 nm . In 25 i . Alkaline Preparation Solutions 
another embodiment , the prepared thickness is no greater In one approach , the preparation solution is alkaline . In 
than 17.5 nm . In yet another embodiment , the prepared one embodiment , the alkaline solution is a mild alkaline 
thickness is no greater than 15 nm . In another embodiment , solution comprising a pH of no greater than 10 ( e.g. , having 
the prepared thickness is no greater than 12.5 nm . In yet a pH of from 7.1 to 10 ) . In one embodiment , the alkaline 
another embodiment , the prepared thickness is no greater 30 solution is BONDERITE 4215 NC , produced by HENKEL 
than 10 nm . In another embodiment , the prepared thickness Corp. , 1 Henkel Way , Rocky Hill , Conn . , 06067 United 
is no greater than 7.5 nm . States , or an equivalent thereof . 
A. Chemical Preparation An alkaline preparation solution may be used at elevated 
As disclosed above , the reducing step ( 200 ) may comprise temperatures ( e.g. , from 100-150 ° F. ) . Depending on tem 

reducing the as - received surface oxide thickness via a 35 perature , the alkaline preparation solution may contact / be 
chemical preparation . In this regard , the reducing step ( 200 ) applied to the as - received 7xxx aluminum alloy product for 
may include contacting the as - received surface oxide with a at least 20 seconds . In one embodiment , the preparation 
preparation solution for a time sufficient to reduce the solution contacts the as - received 7xxx aluminum alloy prod 
as - received thickness of the surface oxide to a preparation uct for at least 60 seconds . In one embodiment , the prepa 
thickness while maintaining the volume fraction of the 40 ration solution contacts the as - received 7xxx aluminum 
copper - bearing intermetallic particles proximal the surface alloy product for at least 90 seconds . Any suitable alkaline 
oxide . In this context , “ maintaining the volume fraction of preparation times and temperatures may be used to reduce 
the copper - bearing intermetallic particles proximal the sur- the as - received thickness of the surface oxide layer , pro 
face oxide layer " and the like refers to a chemical prepara- vided the volume fraction of copper - bearing intermetallic 
tion that restricts ( e.g. avoids , prevents ) substantial de- 45 particles proximal the surface oxide is maintained . 
alloying of the copper - bearing intermetallic particles ii . Acidic Preparation Solutions 
proximal the surface oxide layer such that suitable corrosion In another approach , the preparation solution is acidic . In 
resistance and adhesive bonding is realized by the 7xxx one embodiment , the acidic solution comprises a pH of no 
aluminum alloy product having a functionalized layer greater than 3 ( e.g. , having a pH of from 1 to 3 ) . In one 
thereon . De - alloying of copper - bearing intermetallic par- 50 embodiment , the alkaline solution comprises nitric acid 
ticles may result in degraded corrosion resistance and / or ( e.g. , an 8 wt . % nitric acid solution ) or an equivalent 
degraded adhesive bonding relative to the later applied thereof . 
functional layer . In one embodiment , the reducing step An acidic preparation solution may be used at about 
comprises contacting the as - received surface oxide layer ambient temperature ( e.g. , from 70-90 ° F. ) . Depending on 
with the preparation solution for a time sufficient to reduce 55 temperature , the acidic preparation solution may contact / be 
the as - received thickness to the preparation thickness and in applied to the as - received 7xxx aluminum alloy product for 
the absence of substantial de - alloying of the copper - bearing at least 8 seconds . In one embodiment , the preparation 
intermetallic particles proximal the surface oxide layer . In solution contacts the as - received 7xxx aluminum alloy prod 
one embodiment , the volume fraction of magnesium oxides uct for at least 15 seconds . In one embodiment , the prepa 
is reduced and the volume fraction of aluminum oxides is 60 ration solution contacts the as - received 7xxx aluminum 
increased while the volume fraction of the copper - bearing alloy product for at least 20 seconds . In another embodi 
intermetallic particles proximal the surface oxide layer is ment , the preparation solution contacts the as - received 7xxx 
maintained . aluminum alloy product for at least 25 seconds . In yet 

In one embodiment , due to the chemical preparation , the another embodiment , the preparation solution contacts the 
surface oxide layer comprises no greater than 10 at . % of 65 as - received 7xxx aluminum alloy product for at least 30 
magnesium oxides . In one embodiment , due to the chemical seconds . In another , the preparation solution contacts the 
preparation , the surface oxide layer comprises no greater as - received 7xxx aluminum alloy product for at least 40 
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seconds . In yet another , the preparation solution contacts the 7140. In one embodiment , the 7xxx aluminum alloy is 7081 
as - received 7xxx aluminum alloy product for at least 50 or 7181. In one embodiment , the 7xxx aluminum alloy is 
seconds . In another , the preparation solution contacts the 7178 . 
as - received 7xxx aluminum alloy product for at least 60 The 7xxx aluminum alloy may be in any form , such as in 
seconds . Any suitable acidic preparation times and tempera- 5 the form of a wrought product ( e.g. , a rolled sheet or plate 
ture may be used to reduce the as - received thickness of the product , an extrusion , a forging ) . The 7xxx aluminum alloy 
surface oxide layer provided the volume fraction of copper product may alternatively be in the form of a shape - cast 
bearing intermetallic particles proximal the surface oxide is product ( e.g. , a die casting ) . The 7xxx aluminum alloy 
maintained . product may alternatively be an additively manufactured 
B. Mechanical Preparation 10 product . As used herein , “ additive manufacturing ” means “ a 
As disclosed above , the reducing step ( 200 ) may comprise process of joining materials to make objects from 3D model 

reducing the as - received surface oxide thickness via a data , usually layer upon layer , as opposed to subtractive 
mechanical preparation . This mechanical preparation may manufacturing methodologies ” , as defined in ASTM F2792 
be used in addition to or in lieu of the chemical preparation . 15 facturing Technologies ” . 12a entitled “ Standard Terminology for Additively Manu 
In one embodiment , the mechanical preparation is mechani 
cal impingement , which removes at least a portion of the III . Creating the Functional Layer 
surface oxide layer ( 5 ) . The mechanical impingement may 
also remove a portion of the 7xxx aluminum alloy base . A functional layer may be created on the prepared 7xxx 
Since no chemicals are specifically used to prepare the 20 aluminum alloy product after the reducing step ( 200 ) . Prior 
surface oxide , mechanical preparation generally avoids de- to creating the functional layer , the prepared 7xxx aluminum 
alloying of copper - bearing intermetallic particles . In one alloy product may be further prepared , such as by rinsing the 
embodiment , the mechanical preparation comprises media prepared 7xxx aluminum alloy product . This rinse may 
blasting , such as grit blasting . Machining , sanding , and the include rinsing with water ( e.g. , deionized water ) so as to 
like may also / alternatively be used . 25 remove debris and / or residual chemical . In one embodiment , 

In one embodiment , due to the mechanical preparation , a rinsing step results in growth of additional aluminum 
the surface oxide layer comprises no greater than 10 at . % oxides on the surface of 7xxx aluminum alloy product , 
of magnesium oxides . In one embodiment , due to the which may nominally increase the thickness of the prepared 

surface oxide layer . mechanical preparation , the surface oxide layer comprises 
no greater than 8 at . % of magnesium oxides . In one To create the functional layer , the prepared 7xxx alumi 

num alloy product is generally exposed to an appropriate embodiment , due to the mechanical preparation , the surface chemical , such as an acid or base . In one embodiment , the oxide layer comprises no greater than 6 at . % of magnesium chemical is a phosphorous - containing organic acid . The oxides . In one embodiment , due to the mechanical prepara organic acid generally interacts with aluminum oxide in the 
tion , the surface oxide layer comprises no greater than 4 at . 35 prepared oxide layer to form a functionalized layer . The % of magnesium oxides . In one embodiment , due to the organic acid is dissolved in water , methanol , or other suit mechanical preparation , the surface oxide layer comprises able organic solvent , to form a solution that is applied to the no greater than 2 at . % of magnesium oxides . In one 7xxx aluminum alloy product by spraying , immersion , roll 
embodiment , due to the mechanical preparation , the surface coating , or any combination thereof . The phosphorus - con 
oxide layer comprises no greater than 1 at . % of magnesium 40 taining organic acid may be an organophosphonic acid or an 
oxides . In one embodiment , due to the mechanical prepara- organophosphinic acid . The pretreated body is then rinsed 
tion , the surface oxide layer is essentially free of magnesium with water after the acid application step . 
oxides . In one embodiment , due to the mechanical prepara- The term " organophosphonic acid ” includes acids having 
tion , the surface oxide layer consists essentially of alumi- the formula R . „ [ PO ( OH ) 2 ] n wherein R is an organic group 
num oxides . 45 containing 1-30 carbon atoms , m is the number of organic 

groups and is about 1-10 , and n is the number of phosphonic 
II . 7xxx Aluminum Alloys acid groups and is about 1-10 . Some suitable organophos 

phonic acids include vinyl phosphonic acid , methylphos 
The methods disclosed herein are generally applicable to phonic acid , ethylphosphonic acid , octylphosphonic acid 

7xxx aluminum alloy products , such as those including 50 and styrenephosphonic acid 
copper resulting in the formation of copper - bearing inter- The term “ organophosphinic acid ” includes acids having 
metallic particles . In one approach , the 7xxx aluminum alloy the formula R „ R ' [ PO ( OH ) ] , wherein R is an organic group 
product comprises 2-12 wt . % Zn , 1-3 wt . % Mg , and 1-3 wt . containing 1-30 carbon atoms , R ' is hydrogen or an organic 
% Cu . In one embodiment , the 7xxx aluminum alloy product group containing 1-30 carbon atoms , m is the number of R 
is one of a 7009 , 7010 , 7012 , 7014 , 7016 , 7116 , 7032 , 7033 , 55 groups and is about 1-10 , n is the number of phosphinic acid 
7034 , 7036 , 7136 , 7037 , 7040 , 7140 , 7042 , 7049 , 7149 , groups and is about 1-10 , and o is the number of R ' groups 
7249 , 7349 , 7449 , 7050 , 7150 , 7055 , 7155 , 7255 , 7056 , and is about 1-10 . Some suitable organophosphinic acids 
7060 , 7064 , 7065 , 7068 , 7168 , 7075 , 7175 , 7475 , 7178 , include phenylphosphinic acid and bis- ( perfluoroheptyl ) 
7278 , 7081 , 7181 , 7085 , 7185 , 7090 , 7093 , 7095 , 7099 , or phosphinic acid . 
7199 aluminum alloy , as defined by the Aluminum Asso- 60 In one embodiment , a vinyl phosphonic acid surface 
ciation Teal Sheets ( 2015 ) . In one embodiment , the 7xxx treatment is used that forms essentially a monolayer with 
aluminum alloy is 7075 , 7175 , or 7475. In one embodiment , aluminum oxide in the surface layer . The coating areal 
the 7xxx aluminum alloy is 7055 , 7155 , or 7225. In one weight may be less than about 15 mg / m² . In one embodi 
embodiment , the 7xxx aluminum alloy is 7065. In one ment , the coating areal weight is only about 3 mg / m² . 
embodiment , the 7xxx aluminum alloy is 7085 or 7185. In 65 An advantage of these phosphorus - containing organic 
one embodiment , the 7xxx aluminum alloy is 7050 or 7150 . acids is that the pretreatment solution contains less than 
In one embodiment , the 7xxx aluminum alloy is 7040 or about 1 wt . % chromium and preferably essentially no 
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chromium . Accordingly , environmental concerns associated the results of which are show in FIG . 4a - 4b , below . The 
with chromate conversion coatings are eliminated . surfaces of these 7075 - T6 samples were then prepared by 

The functionalized 7xxx aluminum alloy product may wiping via a solvent ( e.g. , hexane or acetone ) to remove 
then be cut in desired sizes and shapes and / or worked into organic contaminants and dirt , followed by contacting with 
a predetermined configuration . Castings , extrusions and 5 a dilute BONDERITE 4215 NC solution at 140 ° F. for 2 
plate may also require sizing , for example by machining , minutes . Due to this preparation , the oxide thickness of the 
grinding or other milling process . Shaped assemblies made samples were reduced . For one sample , the oxide thickness 
in accordance with the invention are suitable for many was reduced to less than 11 nm , as shown in FIG . 5a - 5b , 
components of vehicles , including automotive bodies , body- with a substantial reduction of the magnesium oxide content 
in - white components , doors , trunk decks and hood lids . The 10 ( to less than 10 at . % Mg ) . The samples were then rinsed in 
functionalized 7xxx aluminum alloy products may be city water for 2 minutes and were found to be water - break 
bonded to a metal support structure using a polymeric free , indicating sufficient removal of organic contaminants 
adhesive . and dirt . The samples were then treated with an organic 

In manufacturing automotive components , it is often phosphoric - containing acid at 150 ° F. for 8 seconds to 
necessary to join the functionalized 7xxx aluminum alloy 15 produce a functionalized layer thereon . FIG . 6a - 6b illus 
material to an adjacent structural member . Joining function- trates the XPS measurement of one sample with a function 
alized 7xxx aluminum alloy materials may be accomplished alized layer thereon . As illustrated , the composition and the 
in two steps . First , a polymeric adhesive layer may be thickness of oxide remain unchanged , with the net effect 
applied to the functionalized 7xxx aluminum alloy product , being the intended penetration of the acid into the oxide 
after which it is pressed against or into another component 20 layer , which is indicated by the presence of phosphorus ( P ) 
( e.g. , another functionalized 7xxx aluminum alloy product ; to a depth of 8 nm . The removed magnesium oxides facili 
a steel product ; a 6xxx aluminum alloy product ; a 5xxx tates this penetration . 
aluminum alloy product ; a carbon reinforced composite ) . The samples were then sequentially bonded and then 
The polymeric adhesive may be an epoxy , a polyurethane or subjected to an industry standard cyclical corrosion expo 
an acrylic . sure test , similar to ASTM D1002 , which continuously 

After the adhesive is applied , the components may be spot exposes the samples to 1080 psi lap shear stresses to test 
welded together , e.g. , in a joint area of applied adhesive . bond durability . Surprisingly , all samples ( four in this case ) 
Spot welding may increase peel strength of the assembly and completed the required 45 cycles . The samples were found 
may facilitate handling during the time interval before the to have 6102 , 6274 , 6438 , and 6101 psi retained shear 
adhesive is completely cured . If desired , curing of the 30 strength after the testing , well above the nominal value of 
adhesive may be accelerated by heating the assembly to an 5000 psi generally obtained in 5xxx alloys , and comparable 
elevated temperature . The assembly may then be passed to those observed in 6xxx alloys . These results indicate that 
through a zinc phosphate bath , dried , electrocoated , and no substantial de - alloying of the copper - containing interme 
subsequently painted with an appropriate finish . tallic particles occurred during the BONDERITE prepara 

tion , resulting in appropriate production of a functionalized 
BRIEF DESCRIPTION OF THE DRAWINGS layer thereon . 

25 

35 

FIG . 1 is a cross - sectional schematic view of an as Example 2 - Preparation with Alkaline Solution 
received 7xxx aluminum alloy product having surface Followed by Acidic Solution 
oxides thereon ( not to scale ; for illustration purposes only ) . 40 
FIG . 2 is a flow chart illustrating one embodiment of a For example 2 , the same 7075 - T6 sheet and procedure 

method for producing 7xxx aluminum alloy products in was used as per example 1 , except after the BONDERITE 
accordance with the present disclosure . preparation and rinse , a conventional acid preparation was 
FIG . 3 illustrates various aspects of the reducing step used ( 6.5 vol . % Deoxidizer LFN by CLARIANT , BU 

( 200 ) of the FIG . 2 . 45 Masterbatches , Rothausstrasse 61 , CH - 4132 Muttenz , Swit 
FIGS . 4a - 4b , 5a - 5b , and 6a - 6b are XPS graphs from zerland ) , followed by another rinse , and then application of 

Example 1 illustrating various concentrations and thick- the organic phosphoric - containing acid . The samples from 
nesses of various 7xxx aluminum alloy products , the figures this example 2 were then subjected to the same lap shear 
being as - received ( FIG . 4a - 4b ) , prepared ( FIG . 5a - 5b ) , and stress testing as per example 1. All samples failed after no 
functionalized ( FIG . 6a - 6b ) . 50 more than 7 cycles , indicating substantial de - alloying of the 
FIGS . 7a - 7b are XPS graphs from Example 4 illustrating copper - bearing intermetallic particles occurred during the 

various concentrations and thicknesses of various 7xxx preparation , resulting in elemental copper being present and 
aluminum alloy products after mechanical abrasion . interfering with production of the functional layer . FIG . 9 
FIG . 8 is an SEM micrograph showing typical micro- shows such elemental copper particles . 

structural features of an as - received oxide of 7075 - T6 . 
FIG . 9 is an SEM micrograph showing pure elemental Example 3 — Preparation with Acidic Solution 

copper particles in the 7075 - T6 product due to de - alloying 
of copper - bearing intermetallic particles . For example 3 , the same 7075 - T6 sheet and procedure 

was used as per example 1 , except an 8 wt . % nitric acid 
DETAILED DESCRIPTION 60 solution was used in lieu of the BONDERITE preparation . 

The nitric acid temperature was 80 ° F. and the treatment time 
Example 1 Preparation with Alkaline Solution was 60 seconds . The samples from this example 3 were then 

subjected to the same lap shear stress testing as per example 
A 7xxx aluminum alloy sheet ( 7075 - T6 ) was received and 1. Surprisingly , all samples completed the required 45 

cut into various samples . FIG . 8 shows a typical as - received 65 cycles . The samples were found to have an average retained 
oxide . The as - received oxide thickness and compositions shear strength of 5600 psi after testing , indicating sufficient 
were measured via XPS ( X - ray photoelectron spectroscopy ) , bonding occurred . 

55 
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Example 4 - Media Blasting 5. The method of claim 4 , wherein the preparation solu 
tion comprises a pH of not greater than 10 . 

For example 4 , the same 7075 - T6 sheet was used , but , 6. The method of claim 4 , wherein the contacting step 
instead of a chemical preparation , media blasting was used occurs for at least 20 seconds . 
to reduce the as - received oxide thickness . As shown in 5 7. The method of claim 4 , wherein the contacting step 
FIGS . 7a - 7b , the blasting removed the magnesium oxide occurs for at least 60 seconds . 
layer ( within the accuracy of the XPS ) and without any 8. The method of claim 4 , wherein the contacting step chemical attack . The blasting also beneficially created a occurs for at least 90 seconds . roughened surface for the subsequent functionalization layer 9. The method of claim 4 , wherein the preparation solu creation . tion comprises a preparation temperature during the con Whereas particular embodiments of this invention have tacting step , wherein the preparation temperature is from been described above for purposes of illustration , it will be 100-150 ° F. evident to those skilled in the art that numerous variations of 10. The method of claim 3 , wherein the preparation the details of the present invention may be madepc without solution is acidic . departing from the invention as defined in the appending 15 11. The method of claim 10 , wherein the preparation claims . 
What is claimed is : solution comprises a pH of not greater than 3 . 
1. A method comprising : 12. The method of claim 10 , wherein the preparation 

solution is nitric acid . ( a ) receiving a 7xxx aluminum alloy sheet , wherein the 13. The method of claim 10 , wherein the preparation 7xxx aluminum alloy sheet comprises a surface oxide 20 
layer ; solution comprises a preparation temperature during the 
( i ) wherein the surface oxide layer comprises an as contacting step , wherein the preparation temperature is from 

70-90 ° F. received thickness ; 
( ii ) wherein the surface oxide layer comprises magne 14. The method of claim 3 , wherein the reducing step ( b 

sium oxides and aluminum oxides ; comprises contacting the surface oxide layer with a prepa 
ration solution for a time sufficient to reduce the as - received ( iii ) wherein the 7xxx aluminum alloy sheet comprises 

copper - bearing intermetallic particles at least proxi thickness to the preparation thickness and in the absence of 
mal the surface oxide layer ; substantial de - alloying of the copper - bearing intermetallic 

( b ) reducing the as - received thickness of the surface oxide particles proximal the surface oxide layer . 
15. The method of claim 1 , wherein the reducing step layer to a preparation thickness , wherein the reducing 30 

comprises maintaining a volume fraction of the comprises mechanical preparation . copper 16. The method of claim 15 , wherein the mechanical bearing intermetallic particles proximal the surface 
oxide layer ; preparation comprises media blasting . 

17. The method of claim 15 , wherein the mechanical ( c ) after the reducing step ( b ) , creating a functional layer 
bonded to the 7xxx aluminum alloy sheet . preparation comprises at least one of grit blasting , machin 

2. The method of claim 1 , wherein the copper - bearing ing and sanding . 
intermetallic particles comprise Al , Cu , Fe particles . 18. The method of claim 1 , wherein , after the reducing 

3. The method of claim 1 , wherein the reducing step ( b ) step , the preparation thickness of the surface oxide layer is 
comprises : not greater than 20 nm . 

contacting the surface oxide layer with a preparation 40 19. The method of claim 1 , wherein , due to the reducing 
solution for a time sufficient to reduce the as - received step ( b ) , the surface oxide layer comprises not greater than 
thickness to the preparation thickness while maintain 10 at . % magnesium oxides . 

20. The method of claim 1 , wherein the 7xxx aluminum ing the volume fraction of the copper - bearing interme 
tallic particles proximal the surface oxide layer . alloy product comprises 2-12 wt . % Zn , 1-3 wt . % Mg , and 

1-3 wt . % Cu . 4. The method of claim 3 , wherein the preparation solu- 45 
tion is alkaline . 
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