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SmfacC Trgqnem 

The present invention :n:Jates to a process for aeatiDg a metal smfac:e especially 
alanninium in Older to hnpiovc i1s adhesion propcrdes. 

Various methods for preueadng aluminium surfaces arc known in Older to pmvide tho 

buis for adhesive joinrs. 

For aluminium, a lot of smface preuauncnts such u pickling-etching or phosphoric 

anodisation 11C well known for giving adhesive bonded joints with excellent pafon11•nco 
and for instance are used in the aircnft btumy. Pmlla1inents such as pickling-etching 
ar phosphoric anodisation usually include a prior de&J'CllSinl proc:eu which is genenlly 

canicd out with the use of solvents or water based albline dep:asing liquids. 
Subscqucndy rinsing pmccsscs, mostly widl warer, may be needed and eventually. a 
drying process. 1ben. in general, the etching or anadisali0n piocesses with liquid adds 
me c:micd out. Fmthcrriming and drying steps and cvm in some cases primer.operations 
may follow. As these pn:tmatmcnts involve the use of a lot of liquids they me mfci1'ed to 

hen:in IS "wet pretmatments". 

1be "wet pmnaunents" have some tremendous disadvantaps. Their main disadvamaps 
are of environmencal nature, ie. the nature and number of prcucaanent agents and the 

pmblems 10. achieve shmc cycle times when prelntating larger compmmts. ForeUmp)e 
the long preueaunem limes in acid or liming badls compazed to tho shott cycle-times of 
automadve poducdon would zesult in the necessity to install exueuiely larp badls with 
acids. T:mnendaus invOllment costs and rmminl com would be necessary and these wet 

types of pretreatments would not be considaed to be ecological good soludons. Anodm 

disadvantage of "wet ~aancms" is that in gmara1 fer geometrically c0mplex 

components their bath pmcessa do not allow selective pre11eatmems of lhe bonding mea 
only, because by submerging the component into the bath. an intcgal prerrcaanent of all 

of the submcrpd surface is effected. 1bis bas a disadvantageous impact on the nmning 

COl1I. 

•· 



WO ff./23037 . 

·2-

PCl'/GBMIGOOtl 

THIS SHEET HAS BEEiv 
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Allanadws to "wet pmtreallllellll" have been developed and described for instance in BP 

0326097. EP 0444701. US 50247ll and DD 294472. 

One method wom with a flame and i. a relatively low pretnatmcnt spcaL Far good 

bonding performance this merbad requim a bah metal smfai:e before using the Sama. 
This fresh metal surface CID be achieved by sandblasting.. Afu:t the flame pn:tmlunent a 
standald sillme primer hu 10 be applied. 

Another method known u the SACO wqethod involves sandblasting with special COl1eCl 

panic1es and a subsequent primer c:oadng with a silane-based soludon. The bonding 

performance achieved with this mcthoclin combination with e.g. 2-Component epoxy or 

2-componcnt PUR adhesives is exccDmt. 

no SACOpmreauncntovercomes lbe main diladvantaau of "wet~· but 

also suffers fl'om some weak points. nae major weak poin11of1be SACO pmreasment ms 
mlatively high running COSll (consmnpdon of coa1ed sand); messy working environmeat 

(18114 dust); exhaust. needed; and them is a danpr of deformation of sensitivdthia 

componems through die sandbludng. 

We bave now developed a proc:eu which ovammes lbe di"4Yantaaa of the known 

pomses, while at the same lime pmviding ID excellent bonding and durability 

perfannance. · 

Ac:conliligly the peseat invendon pro)'ides 1, piocess for uadng a metal surface which is 

aJmnjnium or an aluminitun alloy in Older 10 impmvo its adbesiOn properties wbk:h 

comprises trcadn1 a cJcail metal smfaCle with _an orpnosilane llld exposing 1he surface 10 

a luerwbich produces an cleYa1ed temperature on the smfac:e of die metal. 

The me1al smface may be uuted wl"' the orpnosiJane and the laser in either Older. 
Plefcrably however an otpDOSilane ii ftnt applied 10 the metal surface and the coated 

IUlflCti is exposed to a laser. 

If desired. die me~ may be depased usinJ any standald method such u wipiq with a 

soheDt such u acotone, ~urdcgreaslng, dipping with orwi~ ukrasaaic ~ 

or by using aJlraHne depasin1 agents. 
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1bc orpnosilane may be a compound of foanuia I 

. R.Si(OR1). (I) 

wlK= R is anorpnic group which may be ~ll:dve or non-reacdve. Rl is .alkyL 

alkoxyallc:yl or acyl, n is 1or2 and m is 2 or 3 such that n+m • 4. Pmferably n is land m 

is3. 

Examples of orpnic; groups R include alley!, phenyl, YinyJ, acrylatoalkyJ, glycidyloxyalkyl 

and the like, whem •alkyl" groups have 1•4 carbm atoms. 

When R 1 is alkyl, k is preferably lower alkyl with I to 4 Cllbon atoms and most piefaably 

methyl or edayL · When Rl is alkoxyalkyl. each alkyl moiety JRfcn,bly bu I to4 cadxm 
atoms. Most pmfcrably as alkoxya1kyl RI Is medsoxyedlyL When R1 is acyl it~y 
has 2 to 4 carbon atoms. most preferably ac:eroxy. 

Specific examples of suitable siJanes an::-

~Cffs)COO(CHV,sSi(oal,}, 

0 

~~O(CHi>JSi(OCHs), 
af,Si(C>afs), 
CtffsSi(Oafs), 

CJl,(CHi>JSi(OCH,).s· 

BS(ali), Sl(C>afs), 
~i(C>OC.'CHJ), 
CHi-afSi{Oai3)J 
~i~ 
Q(CHi>JSi(~ 

and ~i(oafiCHaOCHs>J 

The sUane may be used in soludon in warer or an orpnic solvent. 

If Water is used u the solvent 8ild. the silane is diffica1t to dissolve, a small amount of a 
nonionic wetting alent may be added to the water bofom the silane addition. 
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Alunativcly, the silanc may be used u an emulsion. 

Suitable organic solvents include alc:obols, esten, edle.rs, btDnes and cbloriinated 

hydrocarbons. Pldenecl aJcohoJa - alkanols with 1to10 carbon a1Dml such as metbald. 
edumo1, popano1. bexanol IDd declnol. Prefamcl esun am CrC.. alkyl es1a1 of CrC.. 
alipharic ~lie acids such as ~yl acfa,te. ethyl acetate, butJl acetate and methyl 
popionate. PJeferred ethers• dialkyl. ethers such u diethyl ether, bu1oxJelhano1 and 
cyclic: elbers such as tetrah)dmfuran. Plefared ch1arinalCd hydmcadxms am 
dichloromethane 1,2-dichloroethane, and ttlchlometbane. 

Pre.femd ketones are lower aliphatic btona such .. ..,_ and methyl ethyl btonc. 
Mixmms of these solvents xnay be med if dcsimL Tho most pmfemsd solvents am polar 

sol'leDtS such as .btoncs, cspec:ially acetone. Water muJ/or a carboxylic acid may also be 
added to suilablc organic tol'Velltl u part of the solution. 

Tho soludon may contain any cancellJl81ion of silane preferably flOln 1 to 10'6 by welgbt 
of the silane based on the IDtal weight of the soludon. 

The orpnosilane solutioll may be appliecl by any suitable method. for example, wiping, 
brushing or spraying on ro the areas to be tn:ated. 

Bo1h the degn:asing and applicadon of orpnosilane solution may be cmicd out with 
aunnatic equipment such 11 mbols. 

Any laser which will pmduco an e1eYatcd temperatme on the melll surface may be used, 

e.g. at 400 mJ/pulse. Suitable lum ~ ps Jasen. acimer Jams, C0i 1um. 
Nd:YAG 1ascn and Q-switcbed Nd:YAO Jams. Others am well boWn in the lilmltUre. 

Pot bigh treatment speeds and not ID damap the met11.racet1arougb unaccepcable high 
eneqy concenuadom. tho beat multi are obcalned usin1 an unfocussed laser. 

The ICIUa1 power level needed 10 avoid dlJl>aging the mecal smface depends on the actual 

smface beina 1l'eatecl-1 a.a the specific laser used. This can be readily dc1rmlinecl by 

simple experiment. 
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arable for at least 3 days. Tho bonding may be tO another smfaco by me8m of a' adhesive 
or by applying a coadng co the surface. When bonding co another surface. that otbcr 
smface may be mecallic or non merallic. If it is mOlallic:, it 100 may be p.n:ll'CllCd by the 
same pmcess u describccl above if desired. 

When the tmatecl surface is banded to anotber smface, this ·may be~ .... various 
adhesives such u I-component or2-cmDPoncnt epoxy adhesives, and 2-comp0aent 
po1yuredumc adhesives. Preferably the adhesive used is one wbieh will react widl die 

orpnosilanc: used in the process of the inVemion. 

The proceu of the invention povidcs cxccJlentjojnt performanc:c, a fut treatmelat, a dean 

pmccss, ecological advantages ewer die "wet" pmcesscs and sandblasdng processes. low 
nmaing costs, allows for tho USO of a wide JBDP of adhesives and makes local ba!mellt 
of the mta IO be bonded possible. 

Tbe invemion is musuatect by the following Examples. 

An aluminium alloy (Al 6063) is subjected to various combinarions of. pzmeaunents 
wlDch am one or more of: 

(a) degn:asing by wiping the smface with acetone. 

(b) primiaa by ueatment with a solution.containing 81.5 pans by weight ethanol •. 2.8 pans 
by weight glacial acedc acid, 9.4 partl by weight deionised WW and 6.3 pans by weight 
pmma. pycidoxypropyllrimcdioxy liJanc 

(c) a Juer operating at 240 mJ/puJse. 

(d) a laser operadag at 400 mJ/pulse. 

Two pieces of the naa:d aluminium.alloy a bonded using a 2-component cold c:ming 

epoxy lelin. The ICSin component is a filled paste based on bisphenol A epoxynsin. 1he 
banlener component is a filled paste based on a mixa:n of aliphatic amine hardenen plus 
amine 1aminated butacficne acrylonittile polymer. 
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The lap shear auaigth is measmed immediaaely aft.et curing of the adhesive and after 14 
days ageing tho bonded joints in catapluma. The results obtained arc II folloa. 

LAP SHEAllAT 23UC JN MPa 
PRETREATMENT INmAL 14 DAYS CATAPLASMA 

a 111 A/C 10.7 A 

a+b 16.6 c 13~1 A 

a+c 18 c 143 A 

a+b+c 17.S c 16.5 A 

a+b+d 19.8 c 19.6 c 
Compared to degmaiag only the initial lap shear stenath hu:lems by about 50CI. mini 
the pmcesa of the invention. The bigest differcnce is seen after 14 days cataplasma when 
nmty lO<JCI, biper snngth is acbieved and the failum mode changes from adhemn 

failme (A) to the dcsinld cohesive faihn (C). 

Egmple2 

Example I is mpeated with another adbesiw being Used: 

In this case the iBmples am bonded ..m1 a I-component epoxy min. nns is a fil1ecl pas• 
based on bispbenol A epoxy resin and containing a n:8Clion pmduct of bispbenol P epoxy 

resin and carbox.y renninaled butldlene acayloaitrilo polymer. The cmin1 agent compzilol 
dicyandiamidc and a padiculale ...... 
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'l"he teSU1ts obadned are as follows. 

LAP SHBARAT 23UCJN MPa 
PRBTRBATMBNT INmAL 14DAYS CATAPLASMA 

a. 24.7 c 16.7 AJC 
a+b+d 25.8 c 21.7 c 

This shows the good zesulu obtahu:d ming the pnx:ess of die invention in combinalion 
with l..component, beat curing epoxy adhesives. 

Aluminium alloy (Al 52Sl) is subjected ID pmummeius as·spccified in Example 1 and 

bonded ming the adhesive describccl in Example 2. The bonded joints me subjected to 

streu-humidity tcsdng by stressinJ at 5N/mm2 and exposed at 42°C ID 4aoc to IOO'I 
ldatiYe humidity. The iesults obtained arc IS follows. 

PRETREATMBNT DAYS OP SURVIVAL FAD..URB MODB 

a 90 A/C. 

a+b+c >550 not yet·failed 

a+b+d >550 llOt ye& failed 

The adhesion pmmoling effect of the process of the invcnlion can be clearly seen by these 
resuhs. 
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Egmple4 

~ 2 is~ usinl ID excimcr laser filJed with argon fluoride to pve a 
~velengtla of 193nm. ID dais cue w samples of the aluminium wra first primed and 
dlCll imdiati:d wllh the Juer and some wse fint irradiated with the laser and then primed. 
the nsults obtaJned am u follows:-

Applied~ MeanSnagth ·Paihn 
O!mm"1 (MPa) Mode 

Primer then laser Q.005 31.3 c 
" 0.01 32.0 c 
" 0.015 30.8 c 

Laser1ben primer 0.01 26.7 A 
• 0.013 27.6 A 
• 0.015 29.0 A 

Control 
19.9 A -

It can be seen that while the amment with the primer and lasc:r is ~vein either Older, 
the best iesults arc obta:inc:d usiaa the pdmer first and then the laser. 
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Claims 

1. A process for 1l'eldng a meal surface which is aluminium. or aa aluminium alloy in 

aider to improve its adhesion properties which comprises ueatiag a clean metal 
smfacc widi an orpnosilanc and exposing the surface to a laser which produces an 
elevated temperatm: on the surface of the metal. 

2. A process as c:Jaimcd in claim 1 in whic:h aa organ~ is appticd to the me1l1 
smface and the coated surface is then exposed to a laser. 

3. A pmcess as claimed in claim 1 or 2 in which the organosilane bas the pnma1 

fmmuJal 

RaSi(OR1>.. 
whele R is an organic glOUp which may be reactive or non-n:active. Rl is alkyl. 

altoxyalkyl, or acyl, n is 1or2 and m is 2 or 3 such that n + m • 4. 

4. A process as claimed in any preceding claim in which the metal surface is cleaned 
by degreasing widi ID organic: solvent. 

5. A pmcess as claimed in uiy pm:eding claim in which the sUane is used in soludon 
in Wiim and/or an orpnic ·IOlvent. 

6. A pmc:ess as claimed in claim S in which the said solution conrains from l to 1K 
by weight of orpnosi1anc. 

7. A pmcess as claimed m any preceding claim m which tbc laser is a non-focusacd 
lam'. 

8. A method of bonding a mecal smface which is aluminium or an aluminium alloy to 

anodlcr surface which comprlses ueatin1 the metal surface by a process as clahud 
in any one of lhe preceding claims and then bonding it to tbe other surface with an 
adhesive. 

•. 


