WO 96/ 23037 : :
PCT/ GB96/ 00093 The present invention relates to a protess for:
—treating a netal surface—especrar Ty atum UM T order to fprove rrs
adhesi on properties. Various nethods for pretreating alum niumsurfaces
are known in order to provide the basis for adhesive joints. For
alumnium a lot of surface pretreatnents such as pléghbggbéﬁﬁging or
phosp R ¥ ¥odi sation are well known for giving adh djoints
W th excellent performance and for instance are used in the aircraft
I ndustry. Pretreatnents such as pickling-etching or phosphoric anodi sation
usual ly include a prior degreaskidg process which is generally carried out
with the use of solvents or water based al kal i ne degreasing |iquids.
Subsequently rinsing processes, nostly with water, nay be needed and
eventual ly, a drying process. Then, in general, the etching or anodisation
process with liquid acids are carried out. Further rinsing and dryi ng steps
and even in sone cases primer operations may follow. As these pretreatnents
i nvolve the use of a a lot of liquids they are referred to herein as "wet
pretreatnents”. The "wet pretreatnments” have sone trenendous di sadvant ages.
Their§§E¥@J§Qgﬂgmantages are of environnental nature, i.e. the nature and
nunber of pretreatnent agents and the problens to achi eve short cycle tines
when pretreating |arger conponents. For exanple the |ong pretreatnment
ti WESMWMWWQWM’M’M e-ti mes of
aut onglinmirfud i Gdet odmpiuve itd adiRSich properticilc necessity to install extrenely
| arge baths with acids. Trenendous investnment costs and running costs would

be necessary and the wet types of pretreatnents would not be considered to
be ecVYadausasthods for presreating aluminiyrg serégces are known in order to provide the

basis for adhesive joints.

=

For aluminium, a lot of surface pretreatments such as pickling-etching or phosphoric
anodisation are well known for giving adhesive bonded joints with excellent performance
and for instance are used in the aircraft industry. Pretreatinents such as pickling-etching
or phosphoric anodisation usually include a prior degreasing process which is generally
carried out with the use of solvents or water based alkaline degreasing liquids.
Subsequently rinsing processes, mostly with water, may be needed and eventually, a
drying process. Then, in general, the etching or anadisation processes with liquid acids
are carried out. Further rinsing and drying steps and even in some cases primer operations
may follow. As these pretreatments involve the use of a lot of liquids they are referred to
herein as "wet pretreatments”, o |

The "wet pretreatments” have some tremendous disadvantages. Their main disadvantages
are of environmental nature, i.e. the nature and number of pretreatment agents and the
pnﬂmmnsu:uﬂﬁewsﬂﬂnzcydbthneswhgnpnnnnnnglmmmrcnuqmmcnu.I%remanqﬂe
ﬂndnngpnnnnnmumrmmsinwddurnnangbuwucmmpuadu:dnlhuncydb4ﬁmcsof
automative production would result in the necessity to install extremely large baths with
acids. Tremendous investment costs and running costs would be necessary and these wet
types of pretreatments woulkd not be considered o be ecological good solutions. Another
disadvantage of "wet pretrcatments” is that in general for geometically complex
components their bath processes do not allow selective pretreatments of the bonding area
only, because by submerging the component into the bath, an integral pretreatment of all
of the submerged surface is effected. This has a disadvantageous impact on the running
costs.



di sadvant age of "wet pretreatnents” is that in general for geonetrically
conpl ex conponents their bath processes do not allow sel ective

pretreatments of the bonding area only, because by submerging the conponent
into the bath, an integral pretreatnent of all of the subnerged surface is
effected. This has a di sadvant ageous inpact on the running co

WO 96/ 23037  WO96723037 Percasen0nss
PCT/ GB96/ 00093 - 2- Al ternatives
to "wet pretreatnents"” have been devel oped and described far.instance in. EP.
0326097, EP 0444701, US 5024711 and DD 294372. One net hod| FHIKSHEAET RAS BEEY
flame and has a relatively |ow pretreatnment speed. For goo¢l bonRgpgACED
performance this nmethod requires a fresh netal surface bef!¢ '
flame. This fresh rret aI surface can be achieved by sandbl asting. After the

flame pretreat JBEMM Wb?eimﬂﬁlﬂdforwa{ﬂ?
nmet hod known as sting with special coated
particles and & w Oﬂ%#%t‘f@&%@ si | ane- based sol ution. The

bondi ng perfor mance ach| eved W|th this rret hod in conbi nation vvith e. g.
2- conponent epogya

pr et r eat nent overcprres he nmE iagvamaw t eag but
al so suffers fr 5\#’0? 86”‘

pr et r eat ment arﬂuﬂbﬁmﬂmﬁe@uhmwmuﬁmmwa
sand); nessy wog #&ngm st); exhaust .needed; and there is
a danger of deformatlon sensitive h| n conponents through the

sandbl asting. W have now devel oped a process which overcones the

di sadvant ages oAndther rimthod knownas teSACO/methoddavalves sandbiasting with speciaticostedan

excell ent bondi Bos i nfl s sdbletidn! primer coating with a silanc-based solution. The bonding
performance achieved with this method in combination with e.g. 2-componeat epoxy or
2-component PUR adhesives is excellent.

The SACO pretreatment overcomes the main disadvantages of "wet prereatments” but
also suffers from some weak points. The major weak points of the SACO pretreatment are
relatively high running costs (consumption of coated sand); messy working environment
(sand dust); exhaust needed; and there is adanuerofdefonnmon of sensitive/thin
components through the sandblasting. -

We have now developed a process which overcomes the disadvantages of the known
processes, while at the same time providing an excellent bonding and durability
performance. '

Accordingly the present invention provides a process for treating & metal surface which is
aluminium or an aluminitm alloy in order to improve its adhesion properties which
comprises treating a clean metal surface with an organosilane and exposing the surface 1o
a laser which produces an elevated temperature on the surface of the metal.

The metal surface may be treated with the organosilane and the laser in either order.
mblymmmmﬂmkﬁmapphedwmememmmmem
surface is exposed to a laser.

If desired, the metal may be degreased using any standard method such as wiping with a
mmhummvmam&dmﬁngﬁmmﬁmmm“m
or by using alkaline degreasing agents.

- This Sheet Has Been Repl

A rm




Accordingly the present invention provides a process for treating a netal
surface which is alumniumor an alumniumalloy in order to inprove its -
—atdhesi on proper tteswhr T ToOnMprTSsestreatr Ty —a cieamrmetat—surface~wt h an,
organosi | ane and exposing the surface to a | aser which produces an
el evated tenperature on the surface of the metal. The netal surface may bé
treated with the organosilane and the |aser in either orgﬁé E ef erably
howev WO R3837ganosi | ane is first applied to the metal PN énd t he
coated surface is exposed to a laser. |If desired, the netal may be
degreased usi ng any standard method such as wping with a solvent such as
acetone, vapour degreasing, dipRigug with or wthout ultrasonic treatment or
by using al kali ne degreasi ng agents. WO 96/ 23037
PCT/ GB96/ 00093 -3- The

organosi | ane may be a conmpound of fornula I

R err W %*ﬁéﬁ%ﬁ rganl c group which may be reactive or
non- r}eraﬁé | errﬂ’%s al'ky aqkyl or acyl, nis 1 or 2 and mis 2
or 3 such that n+nr4. Preferably n is 1and mis 3. Exanpl es of organic
groups R include al kyl, phenyl, vinyl, acryl atoal kyl, glycidyl oxyal kyl and

the |like, where "al kyl s have 1 to 4 ca n atoms. VWen Rerr] is
B3kl 3

al kyl, it is preferabl al kyl wih 1 to 4" carbon atons and nost

prefewem %?meﬂaﬁﬁdoﬂn%n&uﬁwdﬂw ach al kyl noiety

Hifrmenes 'mz,mgw el A s Lt

Ewuples of organic groups Rmclndc alkyl. phenyl. vinyl, acrylawulkyl. xlycldyhxyalkyl
and the like, where "alkyl” groups have 1 to 4 carbon atoms.

WhenR‘i:dkyLitispreﬂerablylowerdkylwithlm4carbonatomundmostpmﬁmbly
methyl or ethyl. When R! is alkoxyalkyl, each alkyl moiety preferably has | to-4 carbon
atoms. Most preferably as alkoxyalkyl R? is methoxyethyl. Whenk‘xsacylnpmfeubly
has2m4carbonmms.mostpmfaablyacewxy

Specific examples of snitable silanu are:-
CH:-C(('H;)GOO(G-I;),S;(O(I-I,),

élthHzO(Csz&(OCHs)s
CH,Si(OCHy);
CeHsSi(OCH,);
CH,(CH,),Si(OCHy)3
HS(CH,); S{(OCH,);
CH,=CHSi(OOCCH,),
CH,=CHSi(OCH3)3
CH,=CHSi(OCH;);
- CUCH,);SH(0OCH,);
and CH,=CHSi(OCH,CH,0CH;),
The silane may be used in solution in water or an organic solvent.

If water is used as the solvent and the silane is difficult to dissolve, a smaill amount of a
nonionic weiting agent may be added to the water before the silane addition.



has 2 tto 4 carbon atons, nost preferably acetoxy. Specific exanples of
sui tabl e silanes are: - _
CH[err]—C(CI-I[err])COO(CI—I[err])[err]Sl(OCH[err])[err]

o [err]
&%g;”sﬂ%%[tar%% !err])[err]Sl(OCH[err])[err] . PCTICBYGI0093

C[err]H[err]Sl(OCH[err])[err] CH err](CHerr])[err]Si(OCH err])[err]
HS(CH err])[err]Si(OCH err])[err]

CH err]=CHSI (OCH err])[err] 4.
CA(CHerr])[err]Si(OCCHerr])[err] and
CH[err]—CHS|(OCH[err]CH[err]OCI—I[err])[err] The silane may be used in

sol ution in watAtermatively, the gdancanaydiensed as anemulgioner i s used as the sol vent
and the silane is difficult to dissol ve, a smal | anount of a nonionic

wetting agent rganynﬁg added 0 thewt efore tn i |anemzad(“uonI

WO 96/ 23037
PCT/ GB96/ 00093 hydrocarbons. meenadalcohokmalhnolswithltommbonammmhnmed:mol,

Alternatlvely, m MLQ
solvents inclu coh ether et on and chl 0 |nated

hydr ocar bons. I’S@ﬁ@‘ “Aﬁ‘i’émﬁ%}%% A acstate pnd methyd
such as net hanmmmmmmwmmm tataxyethasol and  er S
are Clerr]- rgﬁ% Mmbh@% Er&;ﬁcﬁ&k{) Q¥y/! i ¢ acids
such a net hyl z cetate and net hyl propionaye.
Preferred ethe 'ﬁ%ﬂ‘ et her, but oxyet hanol
and cyclic ethers such as tetrahydrofuran. Preferred chl ori nat ed

hydrocar bons  arpzeginedkdtbitd e 16WEr aliphaticlicfdabPfudf bd'idfone 2t mbthyFGhyl'KeihB2Ne
Mixtures of these solvents may be used if desired. The most prefecred solvents are polar
solvents such as ketones, especially acetone. Water and/or a carboxylic acid may also be
added to suitable organic solvents as part of the solution.

The solution may contain any concengration of silane preferably from 1 10 10% by weight
of the silane based on the total weight of the solution.

The organosilane solution may be applied by any suitable method, for example, wiping,
brushing or spraying on to the areas to be weated.

Both the degreasing and application of organosilane solution may be carried out with
antomatic equipment such as robots.

Any laser which will produce an elevated temperature on the metal surface may be used,
¢.g. at 400 mJ/pulse. Suitable lasers include gas lasers, excimer lasers, CO, lasers,
Nd:YAG lasers and Q-switched Nd:YAG lasers. Others are well known in the literature.

For high treatment speeds and not to damage the metal surface through unacceptable high
energy concentrations, the best results are obtained using an unfocussed laser.

‘The actual power level needed 1o avoid damaging the metal surface depends on the actual
surface being treated and on the specific laser used. This can be readily determined by
simple experiment.

Afver the laser treatment the surface is ready for bonding although the treated surface is



Preferred ketones are | ower aliphatic ketones such as acetone and nethyl|

et hyl ketone. M xtures of these solvent may be used if desired. Thé nost
~preferred sotventsare porar SOl VENTs Such as Retones,” especiar 'y acetone:
Water and/or a carboxylic acid may al so be added to suitable organic -
solvents as part of the solution. The solution may contain any
concentration of silane preferably from1l t 10% by weight.of the silane
based WA%M3% ot al wei ght of the solution. The organsg?’f; P00 uti on may
be applied by any ‘sui tabl e nethod, for exanple, wi ping, brushing or
spraying on to the areas to be treated. Both the degreasing and
application of organosil ane sol ut.isan nmay be carried out with automatic

equi pnent such as robots. Any laser which will produce an el evated
tenperature on the netal surface may be used, e.g. at 400 mJ/ pul se.

Su abmeie ot e T y beson e by sk 1} e N VAG
| aser s ofbylaypigig k 6y Wmea.swm hey Rirfack MHeGher t he
I|teratue hi ds t o damage .t he tal surface
t hr oug REFARE Y m%&ﬁ#%ﬁ@ gﬁ%% ﬁeewaﬂg»s%gﬁ?ts

obt ai n!ﬂ!ﬂwmwm The actual power |evel needed to avoid

damagi ng the netal surface depends on the actual surface bei ng treat ed and

on the fIC| used. is.can b di | determne.db .Sinmple
exper i »@ﬁf’cﬂ“ “&?f? Mgmﬁ@‘ bondi ng

al t hougthesives such as kmmmmmmmmmm: _

PCT/ adhesﬁés.a adhBavd usdd H06e whicdhowill2esdt With iy be to
anot her suréace % ans of adheS| ve or by applying a coating to the
surfac p:%e 8?&'5 MVERRN e that ot her surface may be
rretalllc or non netallic. it is metallic, it too may be pretreated by

the mpmcessoftheinvenuonpmvmcxcellentmpafmnm 2 fast treatment, a clean
process, ecological advantages over the "wet” pmeesmandsandblamngpmeesses,bw
nmnmgcosts,aﬂowsfoﬂhcmofamdemgeoﬂdheumandmahslocdmmem
of the area to be bonded possible.

The invention is illustrated by the following Examples,
Examplel

An aluminium alloy (Al 6063) is subjected to various combinations of pretreatments
which are one or more of: |

(a) degreasing by wiping the surface with acetone.

(b) priming by teatment with a solution containing 815 parts by weight cthanol, 2.8 parts
by weight glacial acetic acid, 9.4 parts by weight deionised water and 6.3 parts by weight
gamma - glycidoxypropyltrimethoxy silanc

(c) a laser operating at 240 mJ/pulse.

(d)llmqpmﬁngnmwlpul!e.
Twopiecesofﬂwmwdﬂuminiﬁm'anoymbondeduﬁngaz-compmn;coldm
epoxy resin. The resin component is a filled paste based on bisphenol A epoxy resin. The

hudcnermpommxsnﬁlledpm buedonammmofaliphancammehaxﬂenenplus
amine terminated butadiene acrylonitrile polymer.



sanme process as described above if desired. Wen the treated surface is
bonded to anot her surface, this may be achieved using various adhesives
such as 1-conponent or 2-conponent epoxy adhesives, and 2-conponent

pol yur et hane adhesi ves. Preferably the adhesive used is one which wll
react with the organosilane used in the process of the invention. _The
process of theWo&303%n provi des excel l ent joint performance, P%"?W’
treatnment, a clean process, ecological advantages over the "wet processes
and sandblastlng processes, |low running costs, allows for the use of a w de
range of adhesives and nmakes |ocal treatnggt of the area to be bonded
possible. The invention is illustrated by the foll ow ng Exanpl es. An
alumniumalloy (Al 6063) is subjected to various conbinations of
pretreatments which are one or nore of: (a) degreasing by wiping the

surface with acgls :;:J&nﬁﬁ ﬁﬁfﬁg&gw A ddhbdive Fidl ng
81.5 parts by wel Qﬁ et hapo glarts ht ql ggfal acet] Ggm ,a9.4
parts by weigh mhﬁéﬁ WVE&M L -

gl yci doxypropyl trimethoxy silane (c) a-laser operating at 240 ml/ pul se.

(d) a laser oper » $ _ _ ni um
al l oy are bonded u%%m TF’ ek v e S¥ o |
component is a fi)lled pastie I T, ner
conponent is a fifjled Raste base %lm xtureyw ali pfl@lc amne p
hardeners plus g ne term nated but& ene acryronijtril poI ymer.
WD 96/ 23037 a+b C A
PCT/ GB96/ 00093
a+c 18 C 143 A
a+b+c 175 c 165 A
s+b+d 198 C 196 c
Compared to degreasing only the initial lap shear stength increases by about 50% using
the process of the invention. The biggest difference is seen after 14 days cataplasma when

nearly 100% higher strength is achieved and the failure mode changes from adhesion
failure (A) to the desired cohesive failure (C).

Example 2
Example 1 is repeated with another adhesive being used:
In this case the samples are bonded using a I-component epoxy resin. This is a filled paste

based on bisphenol A epoxy resin and containing a reaction product of bisphenol F epoxy
resin and carboxy terminated butadiene acrylonitrile polymer. The curing agent comprises



6- The lap shear strength is nmeasured imediately after curi ng of the
adhesi ve and after 14 days agel ng the bonded joints in cataplasma. The

—Tesutts obtaimedare as ot Tows. AP,
SHEAR AT 23[err]C I N MPa PRETREATMENT I NI TI AL ;
14 DAYS CATAPLASNA a 13.1 A C
10. 7 A a+b 16.6 . C
13,7 WO923037 a+c 18  FCT/GBIGOOTHS
143 A avb+c 17.5
165 A . a+b+d 19.8 C
19.6 C Conpared to deggeasing only the initial |ap shear stength

i ncreases by about 50% using the process of the invention. The biggest
difference is seen after 14 days catapl asma when nearly 100% hi gher

st engtTheresults obaipediarg a8ifollowss ai | ure node changes from adhesion failure (A)
to the desired coheS|ve fallure(C3 - Exanple 2 Exanple 1is repeated with
anot her e T . _ nded using a
This AP S =d_qn _bi sghenol A epoxy

st arf ERIHERA i M

resin a T@n tio ct of Ri AT in and

carboxy fermnated butadi ene acrylonitrild %ner. currnyg agent
erat-or.A?c WO

conpri sgs di cyfandi ani de{an@d part€cul at e
96/ 2303 as+b+d 28 C
PCT/ GB94g/ 00093 '

Ihuahowsthegoodresuluobmnedmgdmpmeessofmemvennonmmmbimm
mthl—component, heat curing epoxy adhesives.

Example 3

Alumininm alloy (Al 5251) is subjected to pretreatments as specified in Example 1 and
bonded using the adhesive described in Example 2. The bonded joints are subjected to
stress-humidity testing by stressing at SN/mm? and exposed at 42°C t0 48°C to 100%
relative humidity. The results obtained are as follows.

PRETREATMENT | DAYS OF SURVIVAL FAILURE MODE
a | 90 AIC
a+b+c > 550 . not yet failed
a+b+d > 550 not yet failed

The adhesion promoting effect of the process of the invention can be clearly seen by these
results.



The results obtained are as foll ows.

LAP SHEAR AT 23[err]C IN MPa PRETREATMENT I NI TI AL

14 :DAYS CATAPLASNA a 24. 7 C

1647 A C a+b+d 25. 8 C

21.7 C This shows the good result obtained using the process of the
invention in CYOP¥IABT on with |-conponent, heat curing epoxy QGH§§*®QEF

Alumi niumalloy (A 5251) i subjected to pretreatnments as specified in

Exanpl e 1 and bonded using the adhesive described in Exanple 2. The bonded
joints are subjected to stress-humdity tgasting by stressing at SN mmierr]
and exposed at 42[err]C to 48[err]Cto 100%relative humdity. The results

obtai ned are as foll ows. PRETREATMENT DAYS OF SURVI VAL

FAI LURE MODE a ' 90

A C 4 > 550 not yet failed
a+b+d iﬁaﬁﬁ&L‘ > 550 not yet failed The

adhesi on pronoting effect of -the process of the invention can be clearly
seen by these Example 2 is repeated using an excimer laser filled with argon fluoride to give a

wavelength of 193nm. In this case some samples of the alnminium were first primed and
then irradiated with the laser and some were first irradiated with the laser and then primed.

‘The results obtained are as follows:-

Applied energy Mean Strength * Failure
(O/mm?) (MPa) Mode

Primer then laser 0005 313 - C

- 0.01 320 C

" 0.015 | 308 ¢

Laser then primer 0.01 267 A

" 0.013 27.6 A

. 0.015 29.0 A

Comtzol e 199 A

It can be seen that while the weatment with the primer and laser is effective in either order,
the best results are obtained using the primer first and then the laser.
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WD 96/ 23037

PCT/ P OooﬁmuullL“"”ullrlUIun EXCI BT T aser rirrregwt ;18:3{r gaon L llfﬁ?r(?fleeIg ;

gi ve a wavtl engtth 8f 193hm In this case sone sanples of the al uminium
were first primed and then irradiated with the | aser and sone were first
irradiated wwth the |aser and the prined. The resul Wd are as
f ol | onNQ96/23037 Appl i ed energfér n Strength
Fai l ure (J/m*r[err]) (MPa) Mode Primer
t hen | aser 0. 005 31.3 C !
0.01 32.0 -9C " 0. 015
30.8 C Laser then primer 0.01 26. 7
A . " 0.013 27.6 A
" Claims 0.015 29.0 A  Control

19.9 It can be seen that while the
treat t w e
best Fﬂ;i;m tsﬂ%&gﬁ%b&%%ﬂ?ﬁ& prl rrer rs@%*‘%ﬁﬁger

order to improve its adhe compmesmngacleanmenl

smfacemdunorgmosilaneandexpomglhcsmfwemahserwhichmdmm
clevated temperature on the surface of the metal.

2. A'pumsaschimedinclaimlinﬁhichmorganosﬂmqisappﬁedmmemenl
' surface and the coated surface is then exposed to a laser.

3. A process as claimed in claim 1 or 2 in which the organosilane has the general
formula I
R,Si(ORY),
whereRisanorgamcgmupwhxchmaybexeacnveornon—reacuve.R‘ualkyl.
alkoxyalkyl, or acyl, nislor2and mis 2 or 3such thatn + m = 4,

4, A process as claimed in any preceding claim in which the metal surface is cleaned
by degreasing with an organic solvent.

5. Apmcessasclmmedmmypxmdmgclaiminwhxchdmsﬂmeuuedhmlnﬁon
mwamand/oranorgamcsolvem.

6. A process as ¢laimed in claim 5 in which the said solution contains from 1 to 10%
by weight of organosilane.

7. A process as claimed in any preceding claim in which the laser is a non-focussed
laser.

8. A method of bonding a metal surface which is aluminium or an aluminium alloy to
another surface which comprises treating the metal surface by a process as claimed
in any one of the preceding claims and then bonding it to the other surface with an
adhesive,
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PGT/~SB96/ 00093 G—CartE—i-
A process for treating a netal surface which is alumniumor an al Lﬁﬁmmm Py
adoy in order to inprove its adhesion properties gt NC onpr i ges

treating a clean netal : surface with an organosil ane ;;-u.i«'
the surface t PCEaser whi mmmmwmmwen@vat ed t eNia

PERTY at ur e Yon
the surface of the. netal roce%k'l%ﬁa W&EB&’ e: E E iE}é&‘l’;@F‘e

o or g NTERNATIONAL ReETicaTIGN PUBLIS

surf m)mmmw'a | aser (11) InterBatibaDPBIRoA Susiki TEd WO 96230371 v~
or 2|i n @®gamzt he organosil ane has M] general forrrul a |

R er ]Sl(CR[err])[err] whet e Mintermatignal Publication Pates , i Augrst 1339 (1 08.96)
reacffive or non-reactive, R err al koxya or ac
e s B n SR o

i s 1|60 pernitigms} Mpplication Npmbgr: |, -
| N angzbeadokel Wing Datk:M | N 18/¥eruiy 1956 118.000%) surﬁ.enemm.nr.lwame.
[ A process as cl ai med |n any

degrgasing with an organic solvent. 5.

prece % il I N Which the silane is LN sol ution i n water
and/q masﬂ C SOlwskry 19965240195 A/DEBLESS Wi ikdridica GkarcKyegohrai M 5 i n whi ch
t he < aid solution contains from1 to 10p6 by wei ght of organosil ane.
7. o alPiBsighdicd %%.%g|ngcla|m|nvvh|chthelaser|sa
non-foc&%cm :ﬁ:ﬁiﬁna. ﬁs.:ﬂcmet od of bonding a nmetal surface whidh

I's alum niumor an alumniumalloy to anot her surface which

correr W : a process as cl ai ned in any
B e

ing it to the other surface with gn
adhegi ve. (GB).

(74) Agent: SHARMAN, Thomas; Ciba-Geigy plc, Patent Dept.,
Hulley Road, Macclesfield SK10 2NX (GB).

mes

(54) Title: SURFACE TREATMENT
(57) Abstract
mpummvendmmvlduamufuuuﬁngl ncewhichinluminmmmaluminmallaymaﬂenommwe

its adhesion properties' which comprises treating a clean metal surface with an organosilane and exposing the surface to a laser which
produces an elevated temperature on the surface of the metal.




