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Various metiiods of plasma
tremedrnend oot crlarnees bording af
sulsbretes, ol gas plosig
sirinee thadification enfuenees
silficonee rbber adhesion, Alsa, the
CHC-fren plasima, efemadieg of
wmetals ard olfier substyales
trprrones perfornanes boreding,

lasma processes can be nsed

Lo treat substrates in various

ways to enhanee bonding.
Cold gas plasma surlface modilication
improves adlwsion of silicone rubber,
while plusma ¢leaning of metals and
olher subsirates lacilitales perlor-
mwance bonding withoul using CIMCs,
This article addresses these tso plasma
treatment applications.

Bonding of Silicone Rubbers

Silicone elostomers are widely used
i many indusiries, sinee they provide
Nexihle, (emperature-resistand. compo-
nerils wilh desivable dielecirice proper-
Lies, Homwever, Lheir inherently low sar-
Face energy maloes secondary applica-
tions such as bonding, marlding or decs-
orating difficult, Moor wetlability hin-
dora adeguate apread and pencteation
ol the adhesive,

The adhesion process is further com-
plicated Dy the migration of Iow-molec-
har-weighl oligomers o Che sarlace,
providing a weald houndary layer and
larther limiting bond stremich, Cold sas
plasma sueface modileation of silicons
ribber provides a reliable, reprodocible
method o deamalically improve adhe-
sion,

Experimental Silicone rubber
samples (silicone rubber, commercial
grade pigmented red) were cut into 1 x
2 in strips. The samples were plasma
treated inoa PSOS00 plasmea unit nsing
various oxyEen blend gas chemistrios
Tor @ min, The sampes were bonded

using o AM two parl epoxy (22107 using
the 24 hr atd T8°C cure in accordanee (o
the manufacturer's recommendation,
Untreated samples also were propared
and bonded as controls. Additionally,
phasma reaked samples woere skored in
KuPuk heal sealed bags Tor varions
lengths of Hme prior to bonding, in or-
der o investigale the effeel of elipsed
time alter plagma Lreatiment on bondd-
ability. Elapsced times of 1 min 1o 192 he
(5 days) between teocatment and honid-
ing weere invesligted. Aller curing, the
samples were pulled to Tailure by hand
and the mode recorded,

Additionally, four other silicone
malerials {elear GE LI 3045, clear GIS
RMX-3 unlillered, GE [luorosilicone
blend pigmented red and a GIS gray sili
eone were treaked using the same air
plagma process, These sauples were
separated inlo Lwo groups; one wis
bonded inmumediacely aller plasmea treat-
mend, the olher was storecl For 86 Tosin
KalPak hear sealed bags prior to bond-
ing, The samples were adhesive bond-
ed, cured and tested as desceribed

Aeprinted from ADHESIVES AGE, Decamber 1553

above. Untreated  cohesive bond
samples also were  failure through
prepared and boned-  the silicone

e a5 conlrols, substrate; note

Results. The thatthe gray
control  samples Eﬂ?ﬁsﬂ'ﬁ :;:“"
woere difficult, to § %

: Failure interface.
wol wilh the adhe-

siver, and ol exhibited adhesive Tailore,
All of the plasime beealed red silicone
rubtber samples showed cohesive bonel
failure, irrespective of the type ol gas
chemistey crployed, Forthermaore, no
differenee in bond integrity was ob-
served hetween the samples hondecd
immaediately altor treatment, and those
slored For 192 hours prior o honding,
Similarly, the Ffour other silicone
maderials showed cohesive bond filure
whether bonded immediadely aftor plas-
i ireatimesnt or 96 hr e,
Conclusion. Process condilions
I Bren identified which [aeilitate
the bonding of silicone rabibser, Colue-
sive bond failure of the silicone rubber
can be achieved using o varicly of gas
chemistries ander these process conddi-



tions, Further il has heen demmonseraed
fliad, the meadilied surlface resulling
Ironm plasmma tresalment i3 stable Tor al
st L9 honrs,

Pluama modification of silicone in.
crenses surface weltabilily dramatical
Iy, Whiere by promoting beller adlesive
sprepdd aned penelralion, and thas iin-
prrees] overall adhesion, This hizgt sar-
[ ey appears (o be stable foran
exdended porviod of Ciwee, Tooaddacion,
plasma treatmenl establishes finetion-
al moicries capable of reacting with
sl “enaripg type” adhesives providing
cowvilenl bonds, These bonds provide
excellont stability Lo environmental
altack by oxygen or moistare, enhane-

g Lhe reliabilice and perlfornance of

(e Bonchedd ncterind, The plasm pro-
css plso his been shown to be alTee-
tve will vavious silicone elastomer
classes. Mosl importantly, plasma is
nod oy i reliable and vepeodueilile
methodd for ohtaining oprimum adhe-
sive bonding but is envirenmentally
clian il worlgHace sale,

Cleaning of Metal Surfaces

The Montreal Protocol on Ozone
Depleting Chemicals las mandateod the
replacement of ehlorofluoracarbon
CFC) based eleaning solutions. Car-
rendly, CTC based cleaning methods ae
eonmonly utilised Loy many imdustries
Ly remerve: ypdroearbon oils, greases
and other contuminants [Tom metal
sybsleales withowul lesving podendlindly
chinmaging residoes, Although severil
allernatives are available Lo replace
CIC eleaning solutions, theie effective-
ness al reneving organic contaminants
is less Lhan optimel,

Addchitionally, many allernatives pose
ervironmental, headth or safely risks as
well us increased costs, An elleclive al
termativie to chemica] cleaning process-
s s plisma eleaning, which allows che
reanovi] Of surlace conbuninadion Ceom
metal subslrales wlhile prodocing nao
uncdesivabibe heallh ar sately problems.
Unlike comventional eheemical cleaning,
prlatsng prrocesses do ol leayve eleaning
residues thal complicale later process-
ing sleps.

Evaluating Cleanliness. 'I'n sludy
Lhe ellectiveness of o cleaning process,
several analytical technigues may he
emploved, One mellhod s Bleciron
Speciroscopy Tor Chemical Analysis
(EECA S, o surlee sensilive teehoigue
which provides elemendal and ehemical
informalion from D ouleriost 40 Lo
E0A of o snelacs, BSCA nses incident $-
rayd, lypically AT I alpha, o canse the
photoemission of electrons from e
malerial, The Kinetic cnergy of e elec-
Lrans emitoed Trom the soelace identi-
[es the clemends prosenl, B3y measuring
Lhe exacd binding energy and peak
aliape of @ spectom, the elisnental gl
chomical composition af a sorfes can

e dledermined.
BESCA dlisteets holl
organic and inor
s surfaes con-
Letrnninnalion,
Acsecond methodd Lo evalonde the re-
moval ol organic contaminanls leom

Plasma Science
P50150 surfoce
treatment
syshem.

Lhe metal subsirales s measwrement. of

sgurface tension nsing deionized (M)
waler and precisely formuolared weting
lension Lesl aolutions, The solulions
il tesr methodology ave in acenr-
dance with ASTM D25TE-TD, nsing a
Aedect Sysiems surface lension e To
ensure accuracy, the samples werp
mea=nred in several locations.

Experimental

Stainless Steel. Bleciropolishied
slainless sleel coupons CHLG L) wore
contaminated nsing W -4l lnbricant,
The WH-AD was applicd to the conpons
Frovoe 1 distance of 4 in and spreavead
continuously onto the surface For 10
sec, A controel coupon and soveral con-
Lainated conpons were analveed by
ESCA Lo deterovine the surlaee carlbon
coneentration alter inpehining (e as-
ritceived coupons asowell as aliler in-
tenliomal organic conlianinglion,

Aller analysis, (he coupons wers 6x-
prosed] toe one ol dhe following clieningg
moelhods: & min oxygen plasma; 5omin
ArEONSOXVEeN plasina sonicarion (&
mnind in & non-ionie surfactant with no
prlasima cleaning; sonicacion followed

o 3 i o vEen phasmea; and sonicei-
ficn followed by a L0 oin argondfoxgyien
JEETHS

All coupons were labeled For direc|
conmpwurison af eavhion eonlent bhepween
“conlarinared” and "cleaned” surlace,

Brass., Scveral hrass coupons
COSGN) Feee culling brassowers oxam-
inced By [S0A after machining, solvent
cleaning or plasma cleaning, The
change ol carbon concentration on the
surbiee of the hrass coupons was deler-
mined alier solvent wd plasmea elean
ing and compared Lo che noeleaned
Cpast msehining ) surface, The ollow-
ing eleaning melhods were einployved: 5
min oxygen plasma, 5 min argondoxy-
goen plasma and [PA solvent rinse,

Header Connectors (lin, gold and
plastic combination]. The surlace ener-
gy ol 200 mew 0100 i cenlerline dual
powe henclors was negsured 8 received,
Lo exprosure Lk i S min, oxygen plis-
ra peoeess, wnd aller intentional eon-
ramination by sonicating in an 1PA sal-
vienl barh to which several drops of
waler based cutting oil (Cimeaol & Sear
A0 I, Cineinnali Milacron Marketing
Clon ) hiwed Breen acddedd, The infencionally
conlanmingded parts were thon exposed
P an additional 5 min oxygen plasma
cleanime process and the surlface ener
oy recorded,

Resulis

Stainless Steel. The control
coupon, tepical of a stainkess stee] sur-
Face alter machining, exhibited o
Fnee carbon alnmdance ol B alom por-
cont. Theoretically, alvpical slainless
slec] containg less than 1% carbon in
Talk, As eleclropalisted slaindess has o
cliromimm axide passivalion Luyer w
the surface, carbon is oot an expec el
crrstitent ol the surlaoe, Inpraeice,
however, metal surfaces are highly
active, arlracting M Lo S0 atoonde Tnypers
ol adventitions maleeial, ineloding axy-
gon, waler and hyvdrocarbons adsorhed
Ieonn the ambient environment, The
contaminated coupons displayed car-
kot [evels panging botweon 86 and 1l
alom percent ol Hhe surface analyzced.
The top 40 co 804 of Lhese coupons
consists ahnost enlirely ol carbon. Sk
secuent bonding, painting, decorating
o plaling of such o contmminaled steel
sirlace would he hwnpered by the
weal boundary layver ol conlaomirmlion
imcdicitled] by oxeess carbon,

Boh plasme cleaning (Dwo prociess-
e and sowicariom significantly redoce
the inkenltional contamination lovels.
Thas somicalion preoeess OO0 min i a non-
ioatie surfactanty reduced Lue carbom
leve] Bronn 85 o7 alom poreent, signif
tesndly below the carbon abundasnee
chaeryved on the as-received material,
An nxvgen plasma trealment (5oming
reduces Lhe surlace carbon abuondanes
Lo A5 o percend, significantly below




thal achioved by sonicadion,

Uher treatmend employing o 5oomin a-
gomfoxygen plusma (lailored for non-
clectropolished surfaces where oxicde
Formnidion 15 8 concern ) reduced the ind
sl B3 atom percent carbon level to 62
atom pereent, The process cmploying
soniearion (Lo remove inorganie con-
Laminanda) fedlowed by ancoxegen plas-
ma (2 mind redueed the hyedroeearbon
lewved froon 37 Lo 36 aloan percenl, Soni-
catlion cleaniog followed by a 10 min
argond oxvgen process reduced the sore
fnee carbon abuandanee from &8 o 27
Alom pereend.

Brass, The contri] coupons, repre-
senlialive of a standard process, variod
[rean 78 Lo B3 alom pevcend sirlace car
Ty alnelanee. ARer solvent cleaning,
the overall carbion comeoniralion was
redueed by appreoximately 7 to 13 alom
percent. Plasma eleaning, however,
reduced the amonnt ol carbon on Lhe
gurlace by 28 arom percenl, withoul
Lrnishing e finish of the brass,

Header Pins. Two hundred new
(00 in conterline dual row headers
were Foond to have o averagfe suelace
encray ol hd dynesfem, Aller a live
minute erygen plasmn process, all
areas of Lhe pin were waler weliable
(73 dyvnesfem ) Thee pins were then in-
tentionally conlmninated by sonicaling
in an [PA solvenl Balh to which several
drops af culling ol (Cimenod & Star 40
[, Cincinnali Milacron Yarloeding Ca,)
el brezeery anclelogd,

Afer “eleaning” will thae conlaominag-

E ]

The plasma method
cleans a variety of
metals, ceramics and
plastics for subsequent
adhesive bonding or
metal brazing.

e [TPA solvent, the surface energy Lo
Lhe headers Tuud been reduced Lo ap-
proxinlely A0 denesfom, The samples
werre apiin Snbanitled oo S min oevgen
plasma cleaning, Alter the plasma
cleanimt process, all areas ol the heacd-
ers showed a surface cnergy ol 73
iy mesdfom,

Conclusion

As the indoslrial community secks
sale, more crvironmentilly friendly
cloaning methods, plasma treatment for
cleaning moelal surfaees is gaining
grealer acoeplance, Mlasma processes
are effecrive ol cleaning melds which
are nal susceptible to oxidalion {elee-
Lrapolished stainless steel) as well as
those which meay experience tarnishing
[hrass), albeit using dilTerent gas
chermistries. An advanlage of plasma is
the abilily Lo clean assemblies contain-
ing dissimilar materials such as the
hegler pin, which contains both mastal
ek plastic components.

Moo eloaning mellod can provide o
0" carbon metallic surfcee i thal
metal 15 remmoved From o high vacuum,
soeone must asle how clean s clean or
how elean 1s necessary, The plasma
method currently cleans o variely of
metaly, coramies and plasies for subse-
fuenl acdhesive bonding or metal brae
ing, Plasma cleaning Iacilitates perlor
mance bomcling wirh high relinbility and
repraodieibility. Fartherioore, the possi-
lility of comdamination imleoduced vin a
compromiaed solvent degreasing or
cleaning ludly i eliminated when using
[ cleaning,

Cold gas plasma effectively removes
[ydrocarhon contmnation from the
aurlface of 316 B slainless steel (GO0
free cutiing benss, ardd gold and tin plac-
cil plastic hepder pins, Pl cleaning
prresdncess volalile compouirds which
are rernoved during processing, o no
residuals romain that may complicate
further processing such as bonding or
prsnlinge,

Plosma eleaning ol melkal surfaces
poses no environmental, heallh or sado-
Ly risks and reduces costs normally
pssncinted with chermrical cleaning pro-
cesses (disposal costs, salely equip-
mend aned training, ebe.). Plasmn clean-
ing isan clfective, reproducible al-
lernarive to chomieid cleaning process-
O, Pemoving organie surfaee conlami-
nation from medal subsleales while pro-
ducing no undesirable environnental
ar slely problens,



