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Ten grudes of [B3 and four grodes of nolypronylene
have been plated with various cooper -+ nickel +

chromiwn coatings and subjected to o variety of tests.

F

Tn corrosion studics the pre-clectroplating sequence and
plas®tics type have been shown to influence performance.
One ABS pre-clectroplating sequence Was consistently
associated with better corrosion performance; two factors
were responsible for this, namely the more severe nasure
of %he etch and the relatively more noble electroless
nickelo Statistical onalysis has indicated that

ceverity of the corrosion tests was static-mobile-CAls,

CesUs

{the latter Leing the least severe. In wmechanical
two properties of ADS and polypropylene, dquctility and
impdct gtrength, have veen shown to be adverscly affected
vhen electrodeposited layers were applied. The cause of
this is due to a complex of factors, the most important oL
which is +the notch sensitivity of the vlestics. Peel

o

~dhesion has been studied on flat panels and also on Ones wien

~ ~es A

had a ridge  ond a valley moulded into one Ioce. ign
adhesion neaks occurred oOn the Tlat foce at regions
asoociated with the ridge and vailey. The local moulding
conditions induced by tie features vere responsible for
this phenonemon. In the main programme the therual cyeling
tegt was snown to be more likely than the peel adicsion test

to give an indication of the service performance oI

elecctroplated plasticse
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1. TTONRLAURE RSV IS,

Tntroduction.

e electrodepositvion of metals on bo non-conductors
was an early developuent in the history of electroplating.
Tor clectrodeposition o be facilitated the surfsce of The

article must be rendered clectrically conductive and
nydrovhillic. o Torly unethods devised 1o fulfil the firs:
requirement wtilised graphite in colloidel suspensions

a2 e OGN n -] ol s [
which was paintecd over uvae srbicle or silver which as

produced by chemical reduction. The second requirement wos
qotisfied by mild mechenical sbrosion, or by chemicel etching.
In present day plating on pla .stics processes the aforeuncntion~
ed conditions are satisfied using chemical etcuants and an
electroless copper OF niclkel depositv; the eleciroless
golutions are initially catalysed by some noble metal such

os palladium, ut afterwards the deposited metal itselfl
further catalyses the reaction and so appr recicble thicknesses
(0.25 pm) can be deposited rautocatalytically’

Initially clectropla aced non-conductors wvere used in
very specialised & applications,or move commonly for souvenirs
such as leaves Or shells. The clectrodeposits encans ulated
the object since no bond existed between the object ~nd
coating. Turthermore, Jarge deposit thiclknesses were NECESS~
ary Lo ensure complete encapsulation and so the reproduction
of fine surface details was 1Ot possible. Tn modern Process-
co Lorx electroplating plagtics the electrodenoslit nas a‘
qeasurable adneslon +o the substrate and relatively thinner

-

(ond ihercforc less Lly) deposit {thiclknesses are uscde




1.1,

1.2

b2 -

Ilainly due to thesce fcatures the electrodenosition of metals
onto plastics has become an established branch of the metal
finighing industry.

Cencral Considerations.

The question 'vhy plate plastics ?' cammot be ansvicred

aderuately unless some of the adventages of using plastic

[6)]

[ S

nstead of metallic substrates are examined. Plastics ha

o
o
b

e a
much lower density than metals and thus offer consideroble
savings in weight. Furthermore, intricately shaped plastics

-

mouldings can be produced having a high surface gloss, this in

conjunction with 'brightened' electroplating solutions ravours

the vproduction of a bright decorative finish, eliminating

expensive mecnanical polishing operations. The cost of zinc
RiANe \
- - 3 l‘\l/
pose  material ig currently around & 333 per tonne
whils®t plastics materials such as acrylonitrile butadiene
%?(2)
styrene (ABS ) have a cost of around & g50 per tonne .
The advantazes of denositing met%l% onto plastics have been
3
adeguotely documented by Goldie . TFor example, the

flexural modulus of the plated plastics part is higher than

-

ucna

(6]

the unplated version. It is evident that other properties

-0

+

as abrasion resistance and resistance to UV degradation &
also improved when metallic coatings are applied TO plastics.
However, as will be discussed later some provertics of
plastics such as impact strength and gquctility may be
affccted adversely by application of electrodeposited laycrs.

e Choice of Plasgtics Material.

At the present time many plastics have veen

successfully plated ; they include ABS, polypropylene,

test Ligurcs available in 1974.




and nylon. However, only two plasgtics, LS and polypropylene
are used to any great extent for electroplating purposes.

the reasons for this are partly due to economic considera-
tions partly due to the overall chemical and physical
properties of the plastics and partly due to the relative
case with which the plastics can be electroplaved.

The Tinal choice of which plastics type to electroplate
will be a matter of compromise. Some of the advantares of
using polypropylene, such as its lover cost, lower densiwuy,
higher peel adhesikon values and good thermal cycling
benaviour may be offset somewhat by other factors since it i1s
more dAifficult to successfully electroplate polypropylene
than ABS. A further advantage that ABS offers is that 1%
exhibits superior moulding characteristics to polypropylene,
shrinkage is much less and this Tavours the production of
nouldings with a high degree of dimentional accuracy. Until
polypropylene can be plated as satisfactorily and as consist~-
ently as ABS the latter plastics will continue to dominate
“he plated plastics market.

llany supply houses have available methods for plating
the various plastics mentioned above and this alone bealrs
witness to the amount of research that has been underteken on
the subject of electroplating plastics. Today electroplated
plastics are being used in a aumber of functional as well &as
decorative applications. Such items as lamp bezels, car Trim,
hub caps, handles and a variety of bathroom fivtings are

Trequently found to be plated plastics.




1.3
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Despite the volume of plated plastics oroduced there
has been surprisingly little effort to determine some of the
more fundamental mechanisms that can affect the service liTe
of plated plastics. The present work was intended 1o examine
the effects of process variables, plastics types and deposit
thicknesses and combinations on a number of Dropersvies of

plated ABS and polypropylene.

THE CHIGIISIRY AlD STRUCLURES OF ACRYIOWITRITH BUTALDILIS

STYRITE  (AB3).

Three nonomers, acrylonitrile, butadiene and styrene
make up the terpolymer known as ABS. These lhree constituents
all have quite different physical and wmechanical properties
vhich they can confer to the resulting terpolymer. The ratio
of A:B:3S can be varied over a large range resulting in a
family of ABS plastics having widely differing properties.

1.4 ACRYTOWITRIIE (CH = CHCN)
2

This constituent readily polymerises to form a
crystvalline, high melting point poly@er. The material is
highly resistant to chemical attack ’ and this is i%j)main
contribution to the properties of ABS.Atkinson et al ' have
stated that this constituent can have a pronounced effect on
the reactivity of ABS towards etchants and thus the ratio(gf
A:B:S should be carefully chosen. IHowever, ‘lebusch et al
maintain  that the ratio is of little importence in influenc-
ing the plastics electroplating characteristics. The argue=-
ments of Atkinson et a1(4) propounding that the acrylonitrile
content can influence etching seems tenable since, as confirm-
ed in +this present work, ABS polymers having high acrylonit-

- 3 S8 ~ o
+ile contents need longer etching times to ensure adequate

o0hesion.
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1,5 ~ DUMADILNE (CI = OO - CH = CH)
2 2

Butadiene readily polymerises to form polybutadiene
which is a rubber-like polymer at room temperature. The
double bonds present in the structure lend themselves to
linking and may even enter into metal to plastics bonding .
At sub-zero temperatures the material becomes brittle. The
property which it confers on the terpolymer is dmpact
resistance, the cracks being arrested at the butadiene rich
areas or being made to go around the butadiene nhase. Liovever,
if the plastics has & sharp crack present, the behaviour of
“he plastics in impact testing is poor due to the notch
sensitivity of the ABS terpolymer as a viholeo

e soyrmmm (96 H? CI = O 2)

Styrene polymerises to form polystyrene wihich is a hard

rigid transparcnt thermoplastic that exhibits good moulding
characteristics. However, it has the drawbacks of belng very
brittle and having a comparatively low softening point.
ilowever, wodifications to the basic styrene structure such as
incorporaiting methyi(Cﬁl3) groups on the benzene ring
structure can increase significantly the heat distortion
temperature.

(3, 7)
The structure of ABS has been well documented

and generally the accepted struciture is one where the poly=

Y 1 Y il hgled J ol ud -
butadicne (graft rubber) particles are dispersed in a styrene

acrylonit rile copolymer waltrix.

no obtain ABS polymers having acceptable properiuies
copolymerisation techniqgues are used. Butadiene-acrylonitrile
rubbers are compatible with styrene-aorylonitrile copolymers
due o the high degree of polarity and mutual attraction

e A e e aervionitrile molecule in each phase.
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Copolymers exhibit wetter mechanical »roperties than physical
mixtures or polyblernds due to the formers compatibiility.

llany modifications can be incorporaied into ALBS polymers,
inorgenic fillers such as carbon and titanium diozide are
often added. The use of metallic stearates, lubricants and

(8)

plasticigers has been shown to affect tie peel adhesion
value obtained on plated ABS presumably due to thnelr influence
on the ctching processe. The size of the butadiene vhase can
olso infgluence the peel adhesion value the maximum size
favoured being ~~ 1 jpm.

It is evident that commercial grades of ABS can vary
in composition and thus can be expected To exhibit a range of
oroperties.

1.7 PROCESITNG AND JICUIOTING O ATS .

ADS terpolymers are amenable o processing in a variety
of ways but they are generally injection moulded. Since ABS 1s

5,9)
knovny to absorb water it is essential that the maverial

is dried prior to moulding; 2 hr. at 80° ¢ being a common
treatment applied. If this precaution is not talken the
mouldings are likely to exhibit blisters and splay marks which
render them useless for decorative applications since
subsequent electrodeposit%on serves +to magnify the surlace
imperfections. Ellis(lo has studied the effects of various
moulding parameters on the peel adhesioﬂkalue subsequently
obtained and Ffound that an increase in melt temperature, &
decrease in filling speed, an increase in mould temperature

and a reduction in pmoulding pressure enhanced adhesion.
11)

Lbneth eﬁal have shown that even the choice of moulding

. A | b) o= R 53 [N [ IR i}
machine can influence the peel adiesion obtained. They Tound
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e ey an S et e . \ s
that screw injection types gave wmore favourable results than
plunger types, this being attributed to the better heat

transference and mixing characteristics of the fomaer Types.

(11) (10) |

Lhneth et al and =llis are in agsreecnent Tuot ol though
sie Lemmorstare of the injcction mould excrts only minimal
influence on peel adhesion values {pecl value incrcases with
increcasing nould temperature) it is of paramount imnortance

-

with rerard o plastics we%d)and surface gloss on the
5
moulding. ‘Velbusch et al arc in conflict with ubreth
(11) (10)

et al and Tllis since they maintein that the mould
temperature exerts a considereble influence on neel adnesion
value. They stvate that an optimum would temperawure of 50° ¢
is essential. However, since cold moulds result in poor suriace
finish mouldings and in paris having a higher Gegree of suriace
stress it is probable that the higher mould Tenperatires
vill favour the production of better guality mouldings.
Purithermore, since mouldings having an internal stress do
exhibit lower adhesion levels than stress-free mouldings %t

(11) (10)
ig difficult to rcason why Zbneth et al and Zllis
generally discount the influence of “the mould temperawures

One peason could be that they used higher mould temneratures

(5)

+than Jeibusch et al but examination of the results shows
5)
that Weibusch et al found that peel adhesion levels

decreased with mould temperatures over 500 ¢, The main focior
in this conflict may be due to the fact that all aiffercnt
grades of ABS were used in each investigation, and as such a
differ ent response GO the mouldiny variables was

encountered.
(7) (11)

Weibusch ond bneth et al have shown that



peel adliesion values can be influenced by wmoulding
configuration ; the vthicker the sccbtion the nigher <the
adhiesion. This dictum does not always anply since 1t has
been found that a decrease in local cross-sectlion can also
lead to an increased pecl adhesion value. Care must be
exercised in internreting these confliicting views since

JAA

variables other than section thickness such as localilised

noulding conditions may well influence the phenonemon. L'or
instance the level of moulded in stress could vary with

section thicknegs, this is knmown to greatly influence 3eel
\3, ll)
adhesion values .

Llthough the use of mould release agents especially ol
| (5,12)
e ?11300ne Type 1s(generaily depracated » sbneth and
11 13)

i0ll and Dennis reason that surface greases 1L 1o

-
v

03]

Yoo severe may be readily removed by eilther pre-cleaning in
o soap solubtion or by the oxidative action of the acilds

emvloyed in the »rocess scquence. nowever, if contaminatvion
does occur the extra process involved in removing it way add

-

40 overall production costs, the recommendatilon by o plasvics

(14) . 1
monufacture thet mouldings should be handled witn gloves
ond stored in plasticqbags until required scems the besy

way o obvaln readily plateable moulaings.

ST A TTTIGT n AT T TV T VA AT
1.8 TTOCIIALTIOI O ABD PIii—_a ULl o TATIHG
*
5y Nt e
PRCCH D00 .

several roubes may be adoptea itate electro-

~t

depogition onto the surface of the plastics. ilodern 4o

pre—clectroplating process Sequences involve a uuaber of

stoces, the final of which resulis in the electroless de-

. - N KR 1y A [
position of either coppexr OT nickel onto the suriace. .l
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1 ey SRR B e R - KT B - .
important fcature of this 1s whatv in adcition to being

clectrically conductive, the electroless deposit 1s also
bonded to the plasvtics substrate, & typlcal ABS process
1s outlined bhelow :=
1) Ztching in a ohromio/phosphoric/sulphurio acild
mixture (10 nmin. at 659 C).
owill in water.
2) Teutralising I alent cnromium in sodium metabisulphite

solution , (2 min. at 28° C).
Swill in water.

%)  Activating in a catalyst, usually a palladiun chlorid%/
stannous chloride mixture in hydrochloric acild,
(2 min. at 28 ¢).

Swill in water.

4) Accelerating or rendering the catalyst in an active form;
o solution which solubilises stannous salts 1s used,

(2 min. at 50° C).
Swill in watere.

5) ulectroless deposition; the palladium initially catalyses
the reduction of either nickel or copper, the reaciion
proceeds autocatalytically, (7 min. at 30° C).

Swill in water.
ilectrodeposition as required,
"he Tunction of each stage may be summarised in very
broad terms as -
1.8.1)  Btching.
Tis renders the surface nydrophillic and also causes DLTS
and fisgures to develoDd in the surface; the etched

KR
%

urface providing tonchoring' points for the suvsequen

cleciroless deposite



1.8.2 Meuvralication.

his serves to »nrevent contamination of subsequent

treatuent solutions by hexavalent chromium.

1.8.,3 JLctivetion.

[ERY!

The catalyst for the electroless depositlion 1s adsorbed

onto the surface in this stage.

1.8.,4 Jiccelersiion.

me catalyst is rendered active due to the accelerators'

actlon on the adsorbed catalyst complex.

1.8.5 mlectroless deposition.

A ¥hin layer of metal (or metal alloy) is reduced
chemically in situ onto the surface of the plastics.
The catalyst starting the initial reaction but as

o

deposition occurs the metal itself further catalyses

the reaction.

o e ~

The effects of +the a2bove, excent the etching stage, on
the service performance of plated ABS have not received much
attention from research workers. The influence of etchant
compositions and operating condivions have frequently bheen

related to the performance in the pecl adhiezion test only.

1.9 i THGMULICE 0F CHANES »

rtohants have been the most widely investigated stage of
the pre-clectroplaling sequences used for ABS. It has oveen
chovn that the condition of the mouldings (degree of moulded=-
in stress) can influence the degree of etching sustained in a

(11)
piven etehing solution . sbneth et al have shownl that
orbicles having a high degree of internal stress should be
treated with ebtchants free from vhosphoric acid. Welbusch
(5)

et al are in conflict® with these views and maintailn thav

mild phosphoric acid containing etciies should be used alwa
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(5) -

wWelbuseh et al justify thelr arpuments by stating vhat

with highly stressed articles, etching will occur prefecrent-
lally at low stress regilons leaving sitressed areas insufficiont
ly etched; by using milder cetching acids cond longer immersion
times all arcas will recelve adecuate etching. This argument
seems valid since noor adhesion is often encountered at

highly stressed regions such as the injectlon gate area and

o

these areas frequently need longer etching to ensure adeguate
adhesion. A mild setch (chromic/sulphuric/phosvhoric acid)
rather Ghan a severe etch (i.ec. straignt chromic/sulphuric
acid) will not severely over-ctch those areas wiich are 1ot
gtressed and therefore be susceptible towards etching. There

are many variants on the formulations of etchants that are
(1

)

N

suiteble Tor use on ABS plastics Iowenhieim - has coliated
and critically reviewed a selcction of etchants. ihe basic

compositions of thie etching aclids comsist of concentrated
sulphiuric acid (8.G. 1°84), water and chromic acid To
aaturation. Some solutions may contain phosphoric acid wilch
it is clainmed (5>acts as a buffer to the more severe etc:ing
action of straight sulphuric/chromiqécid nixtures. If the
ADS plastics are treated prior To ctching with a reagent
| (15)
qovn o have a solvent action on them then it is cledmea
that substantial increases in peel adihesion value TesSULUS .
vmile the mechanism by which the solvent pre-ctch conditioner
tne effectiveness of the chemical eteh canot be

(16)

. ) LU { . R Dty R A~ an -
completely explained, it is postulated c.1av the solvenws

1

increases

selectively softens a portlon of the styrene-acrylonitrile

phase and thereby facilitates oxidation of the butadienc-—
styrene or butadiene—acrylonitrile "back bone'. leymann

(17) (18) _. o }
cv ol and Lbaeth believe that the purpose of



etcuants is to preferentially attack the butadiene phase and

=129

creave an extensive networik of fine challow pits on the
(7)
surface of ABS. ‘elbusch believes they form deen inver-
(19)

locking chamnels inside the »nlastics surfoce. Xato has

suggesived that etening ativacks the dispersed rubber vnarticles

in an envirely selective manmner without affecting the wmatrix.
J L (19) ~ (20)

In complete contrast to Lato Iogie and Rantell have

o a0 L

shown that etching of the styrene-scryloniirile ($AN) can
(21)

occur, but only at a slow rate, Rantell considers a
surface under—-evtched when the mavrix is unattacked and over-
ctched when considerable attack of the matrix has occurred
resulting in deep penetration into the surfoce. It may be
that the type of attack depends on the composition of the
etching acid, wviaether or not a solvenl pre-treatument has been
anpplied, the composition of the ADS and even the amount oL
moulded in stress in the ABS. iuch conflict is in evideuce as
to the action of etching acids on ABS; what 1s agreed upon

is *that the ebchants do serve to create a neltwork of pivs

snd cavities which can act as 'anchoring' points and taus
facilitate adhesion between the plastics and electrodenosived

(22)

layers. Saubestre and Khera believe that the sul»ohuric
ncid content of the etchant serves as the active etching
constituent, while the chromic acid oxidises the plastics
surface resulting in the formation of C = C bonds; these they
suggest serve to establish chemical bonding. This seews
tenable since the C = C bond is often found in or near the

qurface of thermownlastics materials. Thls bond is relatively

1

casily oxidised by oxidants, such as chromic acid to form



the Tollowing :-

|
o
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]
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0 0

The unsatisfied oxygen linkages created are mnow available

to enter into bonding. The incorporation of carboxylic

(COOI) groups in ABS resins can result in increased peel
G
adhesion and so it is evident that the composition of the

plastics may grectly influence the performance wien plated.

L developuent on the theme of chemical solvent treat-—

(17)
ment prior to etching as described by Hlinger et al is

o (23)
diccussed in the patent assigned to Saubestre and Bailer .

“hey Gescribe now 'unrcactive' ABS resing nay be reundered
tactive! and hydrophillic by treating them in an etching
solution containing an aliphetic hydrocarbon nonocarboxylic
S
v

scid. The use of carboxylic radicles is likely to PYomote

peel adhesion due to thelr contribution to the chemical

(8, 16) |
component of adhesion o Since s%ygene acrylonitrile
)
( 5)N) is resistent to chemlcal attack it is unlikely

that appreciable avtack will ocour on this vhese; in view of
(20) |
+hnig it is likely that Iogle and rentell are correct 1in

stating that only slow attack occurs on TAIT.

The depth of penetration of the e%z% pits 1s governed
by a number of factors. Atkinson et al have concluded
thgt the depth of penesration is dependant unpon the rubber
(butadiene) content and composition of the ABS, rTubber
narticle size and the orientation of rubber particles at or

near the surfoce. Lany workers velieve that as far as peel

] - . KR - RS - S e~ Y
adliesion is concerned, etching 1s Tthe mOST 1H%gsu;du stage 1
thie plating on nlagcics SequceicCe. saubestre states Tt



the level of adinesilon of subseiuent electrodeposite denends
primarily on thils sitage. As will be ghown later, little
change in peel adheslon value occurs over a rgnge of ctch
times once a minimum etcn time has been exceeded.

In interpreting peel adhesion results it is prudent to
exanmine the precise nature of the test, the process sequences
employed and the plastics used. A wminimum etch time may
result in higher peel adhesion values since the surface layer
vill not be extensively attacked and weakened. Prolongeé etch
times may cause surfece degradation resulting in low pecel
adhesion values. As will be discussed later, the time between
plating and testing and the storage conditions may also

influence the pecel adhesion value.

It is evident that wany factors can influence tTie

action of etching acids on ABS plastics. The most likely
changes that take place are the dissolution of butadiene, wne
slight attack of the SANT matrix and the creation of unsatis-
fied chemical linkages which serve %o create a hydropnillic

surface and sites vwhiere chemical bonding of the gubstrate o

-

metal is possidle.

1,10 Q% IMRIUATCH OR JoUMR TISTIG O - ons

Mere is general agreement that neutralisation of

hnexavalent chromium is Gesirable after the etching stace.

j=
o+
e function of neutralisation is to prevent C(r being
carried over Lo the subsequent pre-treatuent stages and
6+
contaminating them. Surfaces that have Cr on them will

1nd

. L

not respond correctly to the various treatment svages

T

areas of the plastics will not be covered in electroless

metal; this results in 'skip! plating.
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Although there hos not been much publisied viork concerin-—

ing the role of catalysts in influencing service periolmaziice

e

it is of interest to note that until recently the exact nature

SR

and function of these catalysts was not kmowm. This is an

S. 0 .

example of the platers' art outdlstancing theory. The catalyst
stage 1s important in that insufficiently catalysed curiaces
will not react with the electroless solution and will ©Thus

(24)
result in 'ekip' plating. Rantell and Toltzman nave shovi
that, contrary 1to common belief, the modern palladiun ciloride/
stannous chloride catalysts do 1ot contain 'free' colloidal
nalladium. ‘he palledium is only rendered active (end
colloidal) after the final rinsing stage of ihe cetalyst/

g

accelerator trecatment, when masking tin salts are lecched

aviay o The one-step Type catelyst solutions since tuelr incep-
(25) )
tion in 1903 have largely replaced tae simnle two-zten

sbannous chloride sensitisers and palle dium cctivators. the
former offer many advantages over the latter since they

provide a greater catalytic activity and facilitate selective

or one-jig plating. fhe variables affecting <he performa?c% of
4
P
these catalyst solutions have been documented by Goldie .

The mos® imvortant variables belng the palladium content, tae
nil and temperature.

1,12 0in 0L 01 AC C il ASTO .

Rantell and Ioltzman state that the function of
accelerators is to convert hydrolysed adsorbed catalyst inwo
active metallic palladiuwm. They uhave found that scveral renfens
will Ffacilitate this function but a great variation in

eTficiency is detected. They state that acid accelerators call

adversely affect catalytic activity due to their propensity
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soviords ebtching out the active palladium nuclei. For this
reason they Tavour slkaline accelersiors sucil as ammoniun

tg have largely explained the role of

2

hydroxzide. Thelr resu.l
achivators and nave shown the luportaance of the rinsing
stages in the process sequence.

1.13 D RGROLESA DEECS T ICH .

After the etching, activation and acceleration stage
“he ABS is cavable of catalysing metal deposition onto its
*urfcce rom solutions tha®t can undergo a redox reacvlon;
the metal ions in the electroless solutlion being reduced TO
e metallic state whilst sonme other constituenty usually
sodium hypophosphite is oxidised.

e nechanicm involved in this rweoction nas given

rise o much speculavion; for although the reduction can ve

revresented by the following equetion @

2+

_ . - . . --.0 -+ or e -

i +(1~12 ?Og) + r12 O=-=1i + 2 + 11 (LL,'Oj)

the details of how this reaction occurs have not yet been
(26,27) TG) o

finalised . Goldle has suggested that the cleciro-

’

less decomposition of copper solutions using formaldeliyde as

the reductant can be reoresented as
2+
Cu + HCHO + 304 —> Cu + HCOO + 2y O

The function of compTex1ﬂg agents in clectroless niciel
and copper solutions 1s primarily <o prevent hydrozide
precipitation and ©o control the free ion concentration. Ix
the complexes formed are too stable then reduction will 1now
be readily facilitated; vhis is why cyenides are not use ed

for electroless copper solutions since +Lhe free ion concentra-—

tion will be almost negligible, for example, a soluvion in



which HCI is normal and the Cu ~  concentration decinorual
lias a free cuprous ion content of 5 X 10
wxamination of the literature shows
copper was originally favoured for »nlating on nlestics but
now it isused rarely . Llectroless nickel solutions exhibit=—
ing high stability bave found favour due to thelr tolerance
to convamination end sultability for use in continual rather

than batech procesces.

1.14  SOMIE AZILCRS CF SIDCTROTOSE DuPOSITICIT AVD TI-IR

TITHTUENCE O 5 SRVICH 7w nQillli:iCi,

1.74.1
Wlectrolcss Conper.

©lectroless Copper baths are usually of the Fehling

a £ d .

type winich employ formaldenyde as the reductant and usualry

contein complexing salts other than Rochelle salis. For

example T D 1T 4 acts as an accelerator and octyl mer-

(28) .
captan . as a stablliser . An imvortant aspect rezurding
electroless copper is that the deposit is virtually pure

(29)
copper; some oxide being the only other substance nresent .

This ig in consrast to electroless nickels wialch have

. .

appreciable quantities of phosvhorous in them.

AT

Tlectroless copver solutions are used a2t a D in

excess of 12 since the commonly used ?e%vct nt (formaldciyde)
)

will not function at lower pi values .
Tt has been Tound that clectroless covper will give
(30)
better recistance to corrosive attack and in this respect

has a great advairtage over electroless nickel.
1.14-“2
blectroless ilickele

. i s - P
A nickel solution which was catalytic and deposived Ol

v

a sultably orepared substrate wes discove: red by Dreuner anag

~

Riddell in 1944. fThe results of thelr investigatvions were
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L _ | (51)
mublished in 1946 and 1947 . ey observed tnat wien
electrodepositing nicikel Lfrom o ha®th croni-ining sodium
hypophosohite the cathode elfficlcnc, Lgher than 100%,

and 1T was then found that additional meval wac belng
plated out by means of a chiemical reduction reacwtvion which
supplicd the neccecsary clectrons. The Bremner and :iddell
bath was alkaline and worked at 98° C. 4Lt such overaiing
conditions ammonia volatilised rapildly and was extrencly
unple asante.

ITodern ctectroless nickel pleting solutions o erate
at room temperciture and con be either of »n ccidic or

(

nlloline noture. In contrast to electroless copper denoslts

electrolens niclkels are not 'vpure' denosits duv 'alloys'.
_ (32)
Goldenstein et al have postulated that clectiroless

nickel is an emorphous solid, having a lamellar structure
due to variations in dissolved phosphorous, this rever
Yo a crystalline structure at low temperature (vbelow $90°C),

being essentially a solid solution of nickel phosphide in a

natrix of niclkel. However, in contrast to Goldenstein et
(32) (33) ﬁ .
al Grahan et al have shovn that electroless niclkel

is not amorphous but is rather a supersaturated solid

solution of phosphorous in crystalline nickel. Randin et
(34) . o o
al nave shown by differential thermal analysis thav as

upersaturated solid soluvion

(&1

plated electroless nickel is a

. mesastable intermediate state

£

of phosvhorous in nickel as
Tetween that of a mixture of nickel plus phosphorous and the
equilibrium systemn of nickel plus nickel phosphide.

In attenpting to rationalise some of the conflicting

ovidence as to the structure of electroless nickel, 1t 1s
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best 1o examine those parameters that can influence the
L - (3)
phosphorous content. Yor example Goldie has stated

that phoswhorous content 1s depeandant on Temierature,
pH and hypophosphite content. It is probable that a
variety of structures can be developed in elcctroless
nickel due o varying solution parancters, for example,
the layered structure often exhibited by the electroless
nickels has been shown to contain varying anounts of
phosphorous . Tis layering effcct can be inlluenced

]

by agitation end so quite severe concentration gradients

moy exist across a deposit. It 1s highly or bable that the
dominant structure present i% electroless nickel is the

74

54

one cited by Rendin et al since electroless nickels

—~

1.

reated o give very high hardness values in

h) PO DR 5

cenl be heat
excess of 900 HV; the heat treatwent on the super saturaved
go0lid soluvion serving to create precipitation of iz ¥

causing lattic roining and hence hardening.

e 8%
(29) ' ,
Narcus has presented the arguments 1n lavour

of electroless nickel and while notv entirely digcounting

L 5

“he usec of clectroless copper has shown that the latter
solutions have scveral undesirable charccteristics; for

cxomple, clectroless copper solu*ions are very scnsitive

and spontancous decomposition and rack platin% ogn occur.
29

oy

An interesting fact that cmerges Irom Narcus discourse

[N

iz that a 0.25 pm thickness of electroless nickel is umore
conductive than electroless copper of the sane tiickness.

N e SRS Ry AR
A5 TS CILSITOERY AT bh STURDL O D0TY2R0W

Un+il the discovery in 1953 of Zicgler catalysts,
. i - e
attempts to polymerise propylene resulved 1n ruo.ery avlcy

40lids of no real practical use. The Tirst hich molecular
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velghit polymers of »nrounylene wore nrenared using Zelgler
cavalystes in 1954 and so useful polypropyléne VIES

synthesiscd. Polynropylene is a colouricss, odourless

thermoplastic maverial of hign rigidity high chenicol

el

reslotance and surface hardness; tinese properties 1t can
rcetain at clevated temperatures. The basic structural unit
of polypropylene is based on

CHl5

I

I
C G
| |

I H

o1
B

If polymerisation of propylene takes place without the usc
of special catalysts the resulving siructure is amorphous
and random in nature; such a structure is termued 'atactlc'o
s such as trimethy

The use o ereosnecific catalyss

\/c}-

T s
(36
aluminium inducecs tthe CH3 (nethyl) radicles

o position

<

in an ordered manner along tie polymer chalns. Two types ol
configuration are possible, the first being vhen the CH5
groups are in the same relative position along the chain,
(iso actl# tructure ). The sccond wien the CH; groups arec
nositioned on alternate sides of the polymer chain,
<syndioﬁactio structure ). The former configuration is
capable of a high degree of crystallimity and oo 100G
mhysicol end mecuanical propertics (tensile, im-act and
chenmical renist nco). The atactic rendon Jrbrvetire 1o
amorphous ond has HOOT vhysical and mechanical nroperties.

In commercially produced material all three Tyves oi suruc=

—~
Ul
~

wure are Tound in varying proportioms. Goldile gtates Tihav
commercial polymers commonly exhibit 65-75% crystallinity.
4o will he discussed later the bresence of atactic arcas in
polypronylene are of imvortence with regard to Tae evening

sroccss. fhe relative proportions ol ataciic,isotactic and
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syadiotactic structure in the polyoropylene hove a gread

influence on the polymers' mechanical and physical propert-

(3)

les. Goldie states that physical nroperties depend on
four main characteristics -

1) Percentage of isotactic material present.
2) Ilolecular vielght.

%) Type of crysitalline structure.

4) Gopolymerisation.

-

ne

ct

As The isotactic index dincreases so do
following :-
Yield stress, hardnecss, mould shrinkage, zoftening

e

point, creep resistence and tensile sirength. Iiowever, es
o1

crystallinity increases so does the possibility of siress

.

craciing.

Pronylene is Tfreguently copolymerised with evhylene

[65]

%o yield polynropylene copolymers having enhanced nropertic
compared to sitraich®t polyvropylene homopolymers. 48 will
be shovn later, work carried out on a variety of poly rony-
lene types has shovm that, where a plated poly»ropylene is
required to have resistance to impact the copolymer grade
should be usedo

In common with ABS polyopropylene frejuently contains
inorganic fillers such as titanium dioxide. ItV is evident
that commercial grades of polyorovylene can vary significantly
with respect to composition and thereore in resvnongse o the

q

electroplating scquences to which they are subjeciede.
A5T o ousuS TG LD MOUIDING O POIYIRONY .
(%7) o o ‘

Perrins and Pettett have indicated that the success-—

-—

tul nlating of polynropylene devends primarily on cood

moul ding »ractice. liowever, Perrineg and Pectett bagse Thelr

conciucions on the effect of woulding nressure on peel



adliesion value; the lower the injection »ressure U
higher the peel adhesion value. licGregor and -'errin
hove shown that the addition of incrt fillers in

wvate the producitlon of a

[N

nolynropylene »niastics faclls

[?

d .

cadlly etchable material less dependant on moulding

B

conditions. Although thic may be generally desirable

it is evident that the use of fillers is likely to
increase the cost of the basic raw material. 1T 1sc far
better to use a chcayer moterial and to use Ll correcy
moulding conditiong. The work described later will siow
that the moulding conditions certainly influenced the
suseptibility of some grades of polypropylene to the
ctching process, but overall there vas only a clisng
influence on cervice performance. [t will be shown tha
the peel adnesion value on ADS can be influciced
gignificanily by local mould configuration but the peel
adhesion value on polypropylene is influenced only

slightly. This highlights a difference between ADD and

(39)
polypropylene, and this aspect has been ascribed e
the differences in structure between ABS and polyprony -
leneo

- CareeraT e AT IO TRITYS AV TSI DI L e L AT T T
141542 CTROITATITSLD O ROLYPR0PY JhaTh PRE-Libia s

VYT Y
L O Slded e s did

he methods Tor applying on electroless deposit

onto polypropylene arc essen¥tially the some as those

Il

adopted for ADS. ilowever, there are some main differences
viiich exist due ©o the resistance polypropylone s110ViS

to chemical atvtack. Certain non-polar solvenis are movin
to attack ani swell the amornhous regions in

solynropylence  Juch solvents are linsced oil and
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Tturpentine. The solvenqyﬁotion of these reagents
enable the subscouent acld cetenh to create Tthic citched
surfoce generally obscrvedo

A Typical polynropylene pre —electroplating
gsequonce 1g showmn below =
1) Ton-polar solvent treatment (emulsion of turnentin
end linszed oil at 70° C.)
Swill in Jater.
2) Acid pre-etch and clean (dilute chromic/sulpauric
acid solution 5.¢ 1.25) 2 min at 65° C
3) lMain acid etch (more concentreted chromic/sulnnuric/
phosphoric acid mixture) 10 min at 80° C.
owill in water.
4) surfsece pre-activating treatment (usually a solution
of =n omine - this acts as a 'glue' fo promote the
sdherence of the noble metal catalyst to the polymers'
surfoce) 2 min at 28° C
Swill in waver.
5) Catalyst treatment (pallsdium chloride/stanmous

<y

chloride in hyd rochloric acid) 5 min at 30° C.
Swill in waver.
6) icceleration (solution to solubulise tin salts)
2 min at 50° C.
Swill in watier.
7) Wlectroless metal deposition 7 nin at 30° C.
Swill in water.
Tlectrodeposition as recuired.

By comparing the process sSequence schedules for
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ABS and polypropylene it is evident that some diflferences
exist. However, the use of the zolvent treatment and a
surface pre-activating stage 1s not entirely rwecessory

since some commercially available processing scguences

e

L S .
omit thege stages.
Te15e3 e Tora-romreem O T TR LS DTROYITA T (e
53 muim TN ULATCE OF CDOCHATYS 0 5 IVICHE DarCRiiilCis .

As in the case of ABS, the ctchants scrve to create
surface conditions which favour the boanding of metal to
the substrate. The amorphous areas are breferentially
gttacked leaving the crystalline (isotactic) regions

(40,41)

relatively unaffected . In this context a
parallel may be dérawn with ABS, the amoI cyhlous arcas
corresvonding to butadiene whilst the icotactic rezions
corennond o the O motriz. Due To wic mainer in waica
e amorphous regions are preferentially attocked the

tch patterm resul ting exhibits long decp fisoures
cxzivending well below the surfaoce of <he polymer; this

(40)

has been cited as a reason why polypropylene generally

exnibits higher peel adhesion values than ABS, the latter

usually exhibiting relatively shallow »pits and fissures

(38)

<L

when studying

0'2

after etching. leGregor and Perrins

i-—')

cctors influencing the peel adhesion of clectroplated
copper to polypropylene demonstrated the interdependance
of polymer composition and etching acid composition.

It is of interesct To note that in addition to the innort-
ance of a well roughened surface they found thav chemical
bonding, involving chomically combined chromium ias also

necessary to promote good peel adhesion. /n imvortant
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regording holynronylene otehing solutions

is the change of cowmposition that occurs duc to vater

evaporation. The problem is not so nronounced with ABS

)

etching solutions since they overate at lover temperat-
Ny o (38)
ures. ilcGregor and Perrins state that poly»ronylcne

etching acids may rapidly change comnosition and ‘ience
their ability to effectively etch polypropylene will
alter. They show that for meximum peel adnesion values
to be obtained the composition of the scild wust be
rigidly maintained. This factor may well be re:ponsivle
(39)

for -dic low peel adhesion values occasionally reported
for polypronylence.

T+ should be noted thalt phosphoric acld appears
to be a necessary component of the etching acid in order
to obiain selective attacke. This is in contrast to the
etching acids used in ABS solutions where thie use of
phosvhoric acid-containing acids is only recomm%yggd

for mouldings having negligible internal stress e

1015.4 278 20I0 0R SURRACH PRE-ACTIVATING S0LUTIONS .

ek

Tue to the chemical inertness of polypropylone
difficul+ty was encountered in ovtaining a f£ilm of
catalytic metal to adhefe to its surface. The stannous
chloride/palladium chloride complexes could 10T efTfective-
ly adsorb onto the surface. Surfactants, usually based
on amines were found to promote catalytic metal
adsorption onto etched polypropylene substrates. these
Teagents act as telues! to retain the catalyst on the

surface; their mode of actlon is due to the polar groups



(42)
they exhibit which attract the catalyst compleX .
141545 IE IO ON ArsCHeOr s D n I .
. (29)
Mhile Tarcus hos Tavoured the use of clectro=-

less nickel on nlated plastics there is evidence that
the use of olectroless cooner on polypropylene can, in
certain caces result in incressed peel adhesion values.

(3)

Goldile ig in conflict with the views of Perrins and
(37)

! P9 S oY Ja o - PRI 3 .

Pettett and points out that copper is a catalyst for

the thermal degradation of polypropylene especially at

temperatures in excess of 60°C. It is partly duc %o

this oxidative degradation that determines the final

(37)
peel adnesion on polypropylene . However, it is
(37
postulated by Perrins and ettett that electroless

copper is responsible Lor the generation of incrcased
polarity at the polymer/netal interface wnilch causes an
increase in peel adhesion. They also found that 1f oxygen
was allowed access To the plastios/metal interfaoce the
peel adiiesion was increased. Furthermore, the increase
in peel adhesion was much less wanen using electroless
nickel rather than coppers

e oxidation process described by Perrins and

r4
Pettett 5T has been noted by the present author but
since electroless nickel instead of electroless copper
was used the ma wnlgud§ of peel adhesion increase vas
37

less; This is due to the relative efficiency of the

metals in catalysing the processoe
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The nublished work frecuently cites the peel

V3

adiesion vest as the sole criterion for assessing
sexrvice performance. "here is little evidence of work
carried ouv to detect the influcnce of other waramctors
on service performances. The production of on adhoerent
mevallilic coating vhilst scemingly hignly important 1is
not necessarily a measure of secrvice performances. In
tensile and iwmpact Lests on plated plastics adherent

metallic coatings can cause embrittlement.

. . T fp vy e A Y T
SIERAT, PACYORS COIIC S oD WITATL WIE PRa- 0 CTRO N L WG
iy mC e L A T =D rem et o
PROCESS S iy TIRIUSICE o DWW ICH PuRFOmLCr OfF
ERh e A Ty TS S Ay T
L JCT:U I..-‘_‘D R0 U : — O:_, .

Tachors other Tthan those thgt influence peel

&}

adhesion must be taken into consideration when assessing

mechanisus that alfect the service life of picted
"lastics. Yhe choice of pre-clectiroplating sequence may
have o direct bearing on the corrosion and thermal

(43)

cycling behavour. Jiggle et al have shown the
importance of a well etched substrate in retardiang the
lateral spread of blisters due to corrosion. e response
to etching devcnds on many factors and these uave been
discussed previously. A given process sceqguence uay yrelel
o grade of plastics in a different mamner and thererore
exort some influence on the rate av which blistering
may spread on subscquent service exposure. ihe relative
nobility of the clcctroless metals cmployed will also
influence corrosion performance. These asnects are

digcussed in the following agectione.
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Corrosion.
“1.17.2 Infliuence of clectroless laveors.
o (43 )
Jiggle et al have showan tnat the type of

electroless mebval cen have a congiderable influeuce
on corrosion hehaviour. By using anodic potential
determinations they showed clcctroless nickel Lo be
highly anodic, presunably due to the vresence of
phosphidess Whe reactivity of clectroless nickel does
seem o be portially due to the amount of pnosphorous
present in the deposit; this has been confirmed in the
(44)
present work. It has been suggested — that the use
of electroless copner cen lead to an improved resistance
+o corrosive attack. Anodic potential determinations
coertainly suggest that thls deposif should have superior
corrosion resistance than electroless nickel. Furtiermore,
os will be seen later the corrosion service nerformance
on statically exposed plated plastics was imdroved wviaen
an electroless copper rather than an electroless nickel
underlayer was enployed. This goes some way in showing
the validity of enodic potentials in predicting likely
cervic e behaviour but due conglderation should always ©oc
cgiven to the precise conditions under which the
deterninations arce made since slight veriations in
clectrolyte composition, 7, temper%Z§§e and even the
agitation can influence the values

layver

93}

(3]

1.17.3 Influence of electrodenosited

The choice of electrodenosited layers was thought

initially not to be of great importance gince it vias



-2y -

a3

Y- sl Ly DR PP PRPS 5 . o PP - 3 -
argucd that, as the substrates were plastics,unsigitly

corrosion wroducts from the substrates would not occur.

Ilowever, corrosion of the wultilayer coatings fTrejquently

Yol

csulted in disastrous losses of adnesion. the influence

on service performance of various electrolens and clectro—

deposited layers nas Concerged a nwaber of autinoxrs over
(45 746 y47 )

the last few years .
The choice of deposited laycr will be coverned by

the service into which the couponent will enver. In
\ (48) .
LS 4601:1970 o guideline is given as to the Ttynes ond

thicknesses of metsl deposits to be used in tyoical

service applications. In broad terms the more arduous tne

S0

corrosive environment exnected the thicker uhe layer of

niclel. The use of microdiscontinuous chromium systens
hags permitted some relaxation of the standard with regard
to niclkel thickness; the discontinuous type chromlum

overlays can be used with thinner nickel deposits.

T+ has been shown that plastics plated to the BS 4601:1970

(48)

standard can merform badly ilam service tests.

(46)

Crouch has found that severe brown stalning can occur

cuite early on in static outdoor exposure tests Pllen

e

rolatively thin (6 mm) bright nickel layers are denosited
onto conper and then placed with wmicrodiscontinuous

(49)

chromiunm overlays. Chadwick has stated that the brown
stain is due to cunrous sulvhite formed when corrosive
media breach the nickel deposit and allow sulphur dioxide

access To the underlying copper. The present autior using
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on X-ray encrgy Gispersive technique has noted tat the
brovn staining contains apyr cclable amounts of copper,

sulpnour and chlorine.
(47,50) o (45)
lint and Helbourne Dennis and vuch
| - (43)
and Wiggle et al have made studies with regonxd ©o

-1

“he clectrochenmical activity of a variety of e’ectroless

and clectrodeposited coatings. By defermining uhe open

) n

circuit and znodic potentials of the netal denosits in
various electrolytes some fundamcntal inforintion uay
be derived as to the probable corros ion bhehaviour the

etels will exhivit in service. While #linv and

(47,50)

llelbourne regard the mailn corrosion mechanism in
(51)

Cu-ali+Cr layers to be under cathodic control,longhurst

disagrees with this stating that an increase in Llaw

@
O

density in the chromium layer will not necessarily incr-
cose corrosion resistances In view of the beneficial

orrosion protection that microdiscontinuous chiromium
(46)
ts are known To give it is difficult to see
(51)
how Ionghurst can justify his argument. However, he

deposi

points out that cathodic control is present on nickel
with chromium overlays when a layer of water is over the
chromium. As the thickness of the layer of water decrcases
then a reversal is likely and the process comes under

(52)
anodic control. 1le cites Russian literature to

support his views. However, due consideration should he

taken of the availability of oxygen, passivacion effects
( 50 ) hd (o4 1.9 L N ol e R S
and Tthe precloe nature of the environients v tile

corrosion pits. The use of nitrogen atmospheres yhen



-3 -

5

detoraining cnodic potentials iz fovoured by Mlint and
e s (90) (45)
liclbourne and Demnls ard such since g condivion

0L oxygen suvarvetion is likely ot the base of a corrosion
pit due to the preseuice of corrosgsion products.
Anodic poventials are more likely than standing o
onen circult potentials to indicate the electrochemical
activity of mulitilayer coatings since in »ractice corros-
ion currcnus flow bevuween Tthe anodic and cathodic areas.
e corrosion behaviour of organically brightened
electrodeposited nickel is partly dependant on e 2mounlt
) o (45),
of sulphur present in the denosit the higner the
1 } 1 8 . - . (55 )
sulphur content the more base the deposit. Du .lose
noted that iT a sulvhur free nickel spccimen was subjected
%o an atwmosvthere rich in 50, 1ts anodic »otential was
more base than without the sulnhur treatment. Only vrolong-
Ve T 1 Y e s o - 2 - Semmntet ] -t
ed scrotch brushing could restore Tie Quoalc MOVCITiAL WO
i%s original value. & further concideration when interiweTd
ing orodic notenticl deteridnotions ig the influcnce of
stress in the deposit. Pully brightened nickel devnosits
may have high stresses; stre sed metals are likely to
S Gh)
exhibit anodic dissolution .
Although the use of anodic potential determinations
in predicting corxy ~osion behaviour has been demonstrated by
(43,45,47) . 1
several authors some anomalies are encountered
such as found in this present work where the vreferential
attack of bright copper instead of bright nickel waen
smodic potentials indicate that the latter should corrode
vreferentially. Great care must be excercised in the

interpretation of such results since other factors wmay

well overide the differences in anodaic potentials.
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Titerature reparding the wechanical nroverties of
_ | (7,55,56,57)
electronlated plastics 1is rather goarse and
this 1s no doubt due to the fact that electroplated
plastics have been used mainly in decorative rather thean
functional applications. If more use is to be made of
electroplated plastics then more fundamental knowledge
regarding mechanical »roperties and modes of fracwure
will be neccssary.

Clearly the addition of an adherent metal skin w©o

pl

o

stics materials will produce composites with properties
which Dear little resemblance to those of their unplaved
counterparts.

M (56) -

lorton =nd Baler show that the ductilivy oL
plated polypropylene is dependent on the metallic coating
applied. Lhey state that decorative nickel and chromiuvm
coatines are associated with high strength and low
ductility ie they act elastically to applied stresses;
the sharp yield point corresponding vo the failure of tlie
netallic skin. On the other hand they state that ductile
electroplates yvield composites viich react plastically

(57)

to appliied sTresses. llatsunaga and iagiuda wnlls®
obtaining an improvement in tensile strength also shoved
that with ABS plated with nickel + decorative chromiunm,
ductility increased with increasing deposit thi
conflict with Ilorton and Baler out 1t

(57)

should be noted that Matsunaga and Hagiuda carried ouv

This appears in

: imens i kv nanels and hence
their bests on specilmens cut from plated panels and nence

7, [oul he ® 3 C*'
no devnoslt was present on the edges of the specimens



(57)

Comparing the results of llatsunaga and Iogiuda viitn

)

\

1 T~ n : L R . g )
thoge of lorton and 3Sailex it ig evident that the

former tested a metael/plastics/metal 'sandwich'; 1% is

- P SRR - = - - e . - e
likely that a different sitress system would opcratve on
such & composite compared to when o completely encapsulated

plastics specimen is tested. This may explain the conflict~

. . (57)

ing views ( ropounted vy “at sunagza and Hagluda and Morton
56

and Baler . Since ABS and polypropylene are notch

sensitive, the effccts of clecirodeposits on vnose plasti

H

should be carefully sctudied. Tor example iiorton and Dale:
stote that & ductile deposit will induce a ductile-uype
failure but care must be excercised when making such

<

statenents since “he stress system in the composite may
well induce =z ductile material to fail in a brittle mode;
+triaxial stresses developed due to cons traint ceffeccis
being primarily responsible for brittle failure. fn analogy
can be made with regard to brittle fallure of ferrite in
steel. If large pearlitic reglons surround the ferrite then
o condition of physical restraint can induce brittle
foilure in a material that usually exhibits high ductilivy.
Despite the loss of ductility that occurs when electro-
deposited layers are applied to ABS and polypropylene the
effect has been largely discounted‘by various workers
(55,56,57)

. he reason for this may be due to a lack of

more fundamental knowledge regarding the precise na ture of

the embrittlenent and Tailure wmechanlsms.

T+ has been suggested that the loss 1in
ductility is due mainly to the brittle nature of the
(58)
clectrodcpos %us .
P

Goldie has stated that the impact resistance Ok
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plastics 1s lmproved when copver + nickel + chromiwn

Lavers are denosited. hret (11)

Layers are deposited. uhneth et al are in conflict

with This statement and demonstrate how electrodeposited
e - - LR Y LAN)

coatings sexrve to embrittle the composite; they did not

offer any reason as to the precise mechanism of embrivtle-

. e , o -
ment. In view of the notch sensitivity of ABS and
polypropylene it is likely that vwhen the metallic deposits

frocture the crack will cause the embrittlement ouvscrved.

(7)

Ty e - ciee UL T e I Ralsl ———n - PP S . o
Welbusch nos cuoan Uiay Uhee Dol odwvn ol U nnulcCn

in dwmroved by the application of clectrodeposited layers
Tn applications rewiring stifiness in Ilexure pleved
nlantics are likely to be worth consideration,
should Dbe emphasised that the electrodeposited layers may
also ve a source of embrittlemente.

1.18 FLCUORS INFCUSHCING Wil DAY, ADEESION ViiUs O Friiad

20 UICS.
- (59) |
The Jacquet peel adhesion test is often uced to
determine the adhesion of metal on plastics. The test
involves peeling a strip of metal off the plastics
substrate at a constant angle of 90° under standardised

conditions. The validity of the test in assessing service

performance has not been fully examined but Saubestre

(60)
et al conclude the test to be adequate in assessing the

merit of plastics to metal bonds.

Mfuch controversy has sSurr ~ounded the peel adhiesion
(20,60,61)

test on plated olastics over the last nine years .

e controversy has not only been concerned with the

, . ~oany trdeai t 7 3 E alsS the
measurenent and nature of the 'adhesive' bond but aiso

validity of the test as a realistic measure of service

performance.
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Wany theorices nave been offered to exnlain the
nature of the bond between nlastics and metals and these
can be grouped invo two categories: those emnhasising
mechanical interlocking as the source of bonding and those
which emphasise chemical effects as being responsible for
the bonding.

1 .1 TTN T A S ERTANS ol TN
8e2 MG ANICAT OR ZIE0TOGICAT AHLL0RY .

(62) ’

Bikerman has obgerved that failure rarely, if

]

ever, occurs at the plastics/metal interface and suggests

O}

that failure in the plastics subsurface 1s more likely.
(60)
Saubestre et al have shown that failure must occur in
the subsurface 1f any appreciable bond exists. iogle and
(20)
Rantell confirmed these findings and also showed how
the extent of the subsurface layer influenced the peel
adhesion value. This weak layer is the result of the
electroless layer partly blocking the cavities »roduced
by the etchant. The butadiene when nreferentially etched
avay-leaves the surface covered with pits and fissures
which serv anchor +the subsequent electroless denosivt.
tlatsunaga nas chown that peel adhesion is dircctly
related to the amount of mechanical interlocking.

1.18.3 Ciisiludl WHL0RY .

(20)
Togle and Rantell have shown that a chemical

factor is of importance to the final peel aduesion value
obtained. By using replica techiniques they produced
surfaces corresponding to an etched surface. The peel
adiesion value was low but a brief immersion in an acid

etchiant markedly increased the peel adhesion value.
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(64)

Miksys and Saubanska nave also noted thne importance
of e %Eggical component in adhesion. licGregor and
Perrins ’ have stated that for good clectroplate adhes-
ion on poly»ropylene chemically combined chromium in
addition to a well etched surface 1s necessary. By an
acld extraction technique they demonstrated how the peel
adhesion value could be influenced by altering the
concentration of hydrolysed chromate groups on the

38 )
vlastics surface. Perrins and Petitett demonstrated
the importance of an oxidation pro%gsi on peel adhesion
values on polypropylene. Saubesire g has furtner
indicated the importance of chemically combined chromium
in creating conditions favourable for good plastics to
meval adhesion.

It is evident that no single theory adeqguately
explains the mechanism of the bond between the plastics
and wmetal, and that the real answer explaining the bond
mechanism will contain elements of both mechanical and
chemical theories.

(60)

vhen Saubestire et al applied dimentional
analysis to the peel test they considered that 1t was a
measure of a complex of factors including the thiclkness
of the clectrodeposited metal, the thiclkness of the
plastics yielding film, Youngs' Moduli of the electro-
deposited metal and plastics yielding film end the
tensile strength of the plastics yielding film. One
feature which may be a flaw in their analysis is that
they assumed Hooke's Tew to be obeyed for the plastics

£41m and the metal deposit. In the region undergoing the



peel test very locelised deformations are oresent;

the wetal layer is being bent tarough 90° and

therefore is likely to undergo souwe piastic as well

as elastic deformation. This is evident since a peeled

foil is permanenitly deformed indiceting plastic

deformation. Similarly, the plastics film is bent through

9OO n.d. N = 4 RN . f bl - - - 3 e - el
a unon examinavion is found to ve torn and distort-

ed. Close scrutiny of the data presented by Saubestre

(60)
et al reveals some anomalies. For instance they find
(F)

that the reading obiained in the Jacquet test pcorresponds

to the following equation :

Nl

F_: 1000 x 1,

Vhere ty, is the thickness of the metal deposit
and 1000 is a 'constant' derived from various parsmetvers
such as the Young's Moduliof the plastics and uwetal,
deflection values and the ‘thicknesses of the deposited
metol and plastics yielding film. Iater they show how
this'éonstant' varies with metal deposit thickness; 1t
is evident that for any real meaning to be applied To sug%\
enalysés the precise conditions must be stated. Rantell l
when studying the influence of surface roughness and
cliemistry on peel adhesion derived an expression relating
peel value to some chemical component, a geometric
componen®t and a polymer toughness components This ap%ggﬁch
seems the more appropriate since the Saubestire et al

analysis failed o take into considerat%zg the chemical

componen®t for adneslone. Atkinson et al although

acknowledging that the peel adhesion test measures a
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complex type of failure not necessorily related to

stresses set up during service state that it is a

useful comparitive method to determine the optimum
conditions for nrocessing and pre-treatment . They are
. e (60)
in conflict with the Saubestre et al analysis since
they arcue that it is unlikely thnat Hooke's Taw will
be obeyed in the severe deformation zones present in
the subsurface layers. They put forwerd the theory that
the peel value depends primarily on the mechanical
(67)

properties of the polymers' surface. Arrowsmith has

may be -ossible

indicated that higher peel adhesion valuespifl the

fracture toughness of the substrate could be improved;

in this context he is in broad agreement with Atkinson
4) | (4)
et al . The snelysis of Atkinson et al shows tiiat

' depends on the following equation :-

k-

'neel strength'
To=1\p + 1V
There Wp 1s the work done in plastically deforming the
plaétics and Wm is the work done in plastically deform-
ing the metel layer. The equation was found to give
good agreement with observed peel values wien appropricte
values of Youngs' lModuli, radius of curvature of neeling
foil and breaking elongation were used. However, this
treatment does not include allowances for the chemical
component of adhesion.

Ifuch work has been expended in enalysing the peel
adhesion test and the nature of the plastics to metal
vond but little has been done in assessing the peel
sdhesion test as a reliable method in determining service

5 A = I, | oS M ~
performsnce; the present author has found that the peel
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adnesion test dees not nccessarily indicate how a
component will perform in gervice.

1,19 PACHORS T USMCTING (I 96N iAT CYCLIG

o VOYRTTATT OO (VI T AT
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.

The thermal cycling test is Lrcquently cuployed

"

to assess the likely service performance of plated
plastics. The test often used involves cycling the
parts between - 4OOC}room temperature and + 80° C

L

allowing at least 1 hr. to elapse betlween eaci stage
(48)

. The test, although providing a measure of adhesion
does not measure the same property as the peel adunesion
test since a layer of detached plastics is not associcted

(60)
with thermal cycling faillures « As will be demonstra-

ted later the thermal cycling test is likely to indicate
more nearly ¥he service performance of plated plastics.
Due to the difference in coefficient of thermal
expansion betwecen an ABS or polypropylene substrate and
the electrodeposited layers 1% is necessary 1o ubilise
o ductile metal underlayer in order to 'bulffer' thernally
induced stresses. In the case of ABS the plas tics are
likely to expand up to six vimes as much as the metal
layer in a given temperature interval; for polypropylene
the ratio is nigher. Although polypropylene has a higher
coefficient of expansion than ABS it can pass thermal
cyecling tests with an all-nickel coating system whilsw
68) o
ABS cannot. This has been atiribuved to thie higner

pecl adhesion attainable on polypro%gﬁgne.

-

)

Although Saubestre and Hajdu find that the

total number of articles failed in thermal cycling 1s
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(70)
proporiional to the number of cycles, Crouch

does not; ne found that articles could withstand s

large number of cycles with Jlittle further

deterioration providing satisfactory plating conditions
oy
(56)

had been used. llorton and Baier state that the real

key to thermal cycling resistance is the stress in the

e

applied elecirodeposits. This latter statement may bhe
only partly true since 1t is articles that have been

plated with thicker deposits that tend vo fail early
(71)
- | <1

on in thermal cycling tests « 48 will De shiown,

thick chromium deposits are especially detrimental To
thermal cycling werformance hut the effect 1s lessened
when vlastics having low coefficients of thermal exvan-
sion are ?estedo This is in conflict with tThe ILlorton
55)
and Baler statement which discounts the effect of
the subsirate.
- (72) (73) (70)
ouch and Baldwin , Carter and Crouch
are all in agreement that a ductile copper undercoat 1s
a necessity if plated ABS is to pass the thermal o%cling
(48) (29)
test as laid dovm in BS 4601:1970 . Narcus wiilst
aclmowledging the need for a ductile underloyer favours
5 ductile nickel layer deposited from a sulphamate
(74) o
bath. Carter has demonstrated the validity of vie
“hermal cycling test in predicting likely thermally
induced service failures.
The chromium type as well as thiclmess nay influ-

ence thermal cycling performance. Idcrororous caromiun

types usually exhibiting somewhat inferior performance

e
o

4han wmicrocrecked chromium tyDes. Mis way be due TO vk

“ S oo gy AT, PN L
curend roisers  due Uo Wle presence of the inertw
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porticles 1n The wlcropowows ol ol v
serees rolled aue o the comwnlete crack pattern in
microcracked chiromium surfaces.

Degpite the volume of rescarch wiork that has becn
und ertaken on the subject of electroplated plastics,
several factors have emerged from the literature review
which suggest that more work is necessary if the
behaviour in service of plated nlastics is o be more
fully understood. Conflicting arguments resarding the
importance of moulding conditions, the role of e tchants,
the nature of *the plastics to metal bond and the validity

(o]

of *he various tests in indicating secrvice neriorm

1CEe

M

de

will only be rationalised when more Léndamental data
becones availzble. It was one of the alms of this currers
work %o investigate whether the corrosion resilstence

of plated ABS and polypropylene was influenced by The
crade; 1t is of interest to note that most of the
published work relates to a few grades of ABS and
polyprooylane only, this work has involved the
investigation of ten grades of ABS and four gredes of
polypropylene. inother oim of the research programie

vwas to use stgtistical analysis in order to investigate
vihether any relationships existed between laboratory

tests and observed service. performeances
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1) anufacture of Plestics Injection Die

L steel die was designed which utilised common
ton and boltom hlocks but with int erchangeable 'sandwich'

pieces to produce the recuired

&

hane of specimen,lig 1
111 surfaces of the die were highly polished end then
chromium plated to ensure a good surface finis
mouldings. The specimens produced werc tensile test
picces o ABT specificotion D638-TL (type I) , and
impact test bars 12.0 om X 1.3 e x 0.65 cm. wo tynes

of nonels, 6.0 cm x 8.8 cm X C.% cn were also mouvlied,one
having plain surfoces on each cide but the other having
o videe 0.04 cm high and a valley 0.04 cm deep in one

surfrce. The positions of the ridee and valley are gomm

in PMig.lb.The imvact test bers were m=ole Lo o slze
vhich enabled the nroduction of specimens relatively

free ffom qurface and internal defccis. hin "f£lash"
tyne injection gates were positioned to allow adequate
nelt ingress into the mould cavities. Other factors such
ae the nced for melt turbulence in ARS moulding to
prevent surface irregularities (lmovm as "jelt sing" ) and
the nced to position injection gales remote Irom any
critical testing aveas or faces vere also taken into
concideration. The positions and relative sizes of the
injection gates are shovm in Fig 1b.

-

0) DPre-drying of Movlding Materials.

Mhe manufecturers of the ABS grades used in the

s
invesiication recommended the motoriels (supplied as

. o
ﬁranules) to be dried in on 2ir cirveulating oven at 80 C
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for a minimum of 2 hrs. before mouldins. “his »Hre
i 1ll e AR N1 e
cowbion wao tallen since ABS absorhs water and

can cause surface irrepularitics such as blist

Q

and snlay marks to form on moulding. The grades of
polynronylene were also dried Lefore moulding.

Information recarding the verions gredes of materials

ig eiven im @

atle 1.

Lol

%) loulding nrocedures.,

his operation was carried out using the screw-
injeot%$§>type moulding machine shown in T'ig 2. Sbneth
et al - state that these types give efficient homo-
genisation of the melt which reduces neating and
residence times in the machine, and so minimises the
risk o%j?hermol degradation to the plastice. Shneth
et al - nhave shown that with mouldings droduced in
screv-injection type machines a higher nlastics to metal

19, 19 1, -

adhesion is pososible compared to that ohvained on

=

mouldingss produced in plunger types; precumably due to
fhe more Tevourable heat transfer and mizing character-
igtics of the Tormer tyves.

The moulding pressures were controlled by a
hydraulic unit whilst +the moulding temperatures were
controlled by thermostats situated on the neater bands
clammed to the barrel. The moulding conditions chosen
were those expected to result in minimun stress levels
for the various crades and types of plastics,Table 11.

, L A ] ing
Tn one ingtonce the effect of changing the moulding

. Y + s g o 8.-‘ S
nressure on the performance 1n the ts of wo grace

s M - ‘('1‘;. iong
of plated nolypronylene Vos oxamined. The conditio
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TABLE II. ‘'MOULDING CONDITIONS FOR ABS AND POLYPROPYLENE
Plastics Plastics Temperature Pressure A
Type Grade °c KN/m?

L 220 7000

R 230 7000

S 245 7000

T 240 7000
@ u 250 7000
2 ' 250 7000

W 250 7000

X 230 7000

Y 270 7000

yA 240 7000

M 175 5500 (i)

M 175 4500 (11)
% N 175 5500 (i)
€ N 175 4500 (ii)
g P 190 7000
§ Q 190 7000

The figures quoted relate to the nominal settings

on the Manumold Machine.
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chosen were those waich were likely %o give different
stress leVelc 17 4 ‘b 1
Stress S 1in tne mouldings and were designated

(1) and (ii), scc Yeble 11. Velues of

' .
o . - A ymmy
DR} cemn ooue o Foe
N T B R SRR S S E 2 IR e , . .
Jj).;_ CLoUne St ouowe SO0 wiC O Jlg‘,l Lo SIS .‘j(ﬂ 1C ‘._ed
(SR halide M

ER

cnoone Jleiumold screw injection machine. The nmoulding
presoure is iaflucnced by eoffscis taling place at the
tlp of the nozzle at the instant of injection. A
pressure in excess of that indicated on the machine is
developed since the diamcter ofvthe injection nozzle
is swmaller than that of the ram. The melt temperature

11

-

ncrease aue Lo the increcase in pressure, gate

-
.

W
geometry, wmell internal friction and shearing and
friction hetween the flowing melt and the nozzle. As
the melt enters the cavity a »ressure drop will then
occur. The moulds were vre-heated 1o 400 ¢ oHrior to
use in order to nromote good melt fluldity end to
(11)
minimise surface soress .

4) Precautions Teken after jlo 1ding,

oa1a

s P o 4 Az T e
A11 mouldings were removed from the die cavivico

. - A - A ¢ o P AN ‘,',I_'\.
and imnmediately placed 1n'p0¢%tn§ne‘ bags unvil recuired
' 14

I e R alve A a0 e
This vractice 1s recommended to prevent absorpuion

-

1 1 L S and Lo prevent accidental
of woter in +he case of ABS and to preventy

inatvio: ith sreas nd dust. ALl Trans-
surface contamination Wil srrease and

» oA . | R o
fopence operations were p-rlformed with gloved hands
ade — L ~ (=

-y K 4 1 Mouldlngs e
5) cuality Control on .0

i v 51 wality mouldinrs
1 e 4 at the best possible qua :
To ensure wiav U
. Y £10m
] .« were taken periodically Ixo
1ad been oproduced samples were v

. R N .J.WO L es JGS .
batches and subjected O T
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5a) Acetic feia o

Aee LIXess oo,
(L0, 60)

Lt 1s well kuown gt j
mat glacial acetic

acid will indu GETEAE e ATt
€¢ siress cracking where internal

e .
stress 1s vresent <w ADa o
s 15 DPresent in ADS. The alfected areas manifest

patches. iluch conflict is in
S e e et .
evidence as to the conditions uander which the test should
- > e - L :
ve conducted and al?i ghe interpretation of the resulis

0

S biained . w114 . . .
S0 0O0TTalined. ..JlllS suggests lmmersj.l'lg the ADBS

moulding in glacial acetic acid for 30 seconds while

1 (60)

o s - 4 . . . .
,Jauo%$é€o et al favour a.2 min lmmecrsion period.
Cox however points out that not only immcrsion

time but tempe?ggure must be specified, for example,
)
230 C. Goldie has stated that the test is inconclus-
ive and the results should be interpreted very carefulliy.
Dest conditions of 2 win. immersion at 23° C were
adopted in these tests since they appeared to be the
T e

best compromise.

5%) Radiogranhic Ixaminavion.

Sypecimens were subjected to 'soft' X-radiation
and a high contrast filum was used to facilitate detvec-
“ion of serious internal flavis.

6) Pre-cle chroplating Processing SeCUENCes .

The plasvics were processed using the ap»hroyriave

cnces which all involved thne use

0q

Hre-clectroplating scqu

nick Propriete solutions were used
of electroless nickel. Proprietalry

. . LR . Tra in
and these were convained in 5 1itre beakers
o Q. N ) ] .

hermostatically controlled water baths. Periodic
LLC (&) C . e

- g ol - - » . \I)ellats
int ofe arried out and ad just

! _intenance was Cé

analysis and wal |

] atrat to ensure vhav
made with the aopropriate concentrates TO ciSuUL
He Ny
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B . tions v 1
uie solutions were Kept within e nenufacturers
specifications. I+ should be noted that only etching
end conditioning +tiges Were varled in a given wrocess
sequence since these were chosen to suit 4o various

. S

crades of plastics .
v plasvlcs, sce Table 1. Yetails of the process
i IS

sequences are shown below :—

-

2.6,1 Zrocess Sequsnce A forp ABS.

1) Alkaline cleaner - 3 pin a% 60° ¢
Oowill in water.
2) Hydrolyser - 3% min at 60° ¢

Sowill in waser

N
~

Conditvioner (organic emulsion) -~ appropriate
tine at 350 ¢
owill din water.
4) ztch (SG¢ 1.80) - appropriate time st 65° C
5) Immerse in cold eteh solution - 2 min at 20° ¢
owill in water.
- . i = . o 7O
6) Moutralise - 5 min at 4% C.
owill in watser.
- T ~ " K3 ¢ : C" 2 -4 0 e
/) Hydrochloric acid dip (25% v/v) - 1 min at 20° C.
. 0
8) Cavalyst = 2 min at 28 C.

owill in wavcer.
C

0

KR IV AL =0
t catalyst treatment (accelerauor) -~ 2 win at 43

9) Po
Owill in water.

10) Slectroless nickel A —7 win at 28° ¢
Swill din water.

Slectroplating as required.

- -
Drocenn Joouence B oior M55 .
2"6.2 LTOC QD ;_)\,(JL_L L. 4 o

e g OC
1) Acid cleancr (pre-eich, &G 1.20) - 2 min at 54
57 0

Ch

. B ~ N ,‘1“:.1‘_ -tj.l\]e a‘t
2) wich (5.G. 1.45) appropriate Ui



2.6.3

Swill din water.
%) Weutraliser - 1 min at 30° ¢
bwill in watezr.

4) Catalyst - 6 min at 30° C

5) Post coiclyst treatuent (accelerctor) - 2 min al 5

Swill in water.

6) Tle ctroless nickel B - 7 min at 30° C
Swill in water.
Jlectronlating as recuired.

Process Scauence C Tor Polynronylcne.

1) Tlon-polar solvent treatment - 10 win at 729 C.

Swill in water.

49 ¢.

2) Acid cleaner (pre-etch, S.G. 1.20) - 2 min at 54° (.

0
%) Btch (8.¢G. 1.45) - appropriate time at 82 C.

Swill in wavter.

4) Surface pre-activating treatment ~ 2 min at 28° C.

Swill in watier.
. o)
5) Catalyst - 3 min at 307 C

Swill in water.

6) Post catalyst treatment (accelerator) - 2 min

Swill in watere.
) . = A0
7) Tlectroless nickel B = 7 min at 307 C.
Swill in watere.

Wlcctroplating as required.

at 54° C.

A very limited programme using ABS specimens

having clectroless copper underlayers was
These were processed 1n sequence D but an
copper ctage was subs €1
one. The electr

used formaldchyde as the reducing

also uungertalien.
clectroless
titused for the elcciroless niclel
oless copper solution ves proprietarys

agent and worked av



300 ¢ at a oI of 12.

The vlastics panels were jigged on gtainless

steel rods for processing through all the pre-

clectroplating stages but were then transferred to
conventional plastics coated jigs for electroplating
nurposes. 1o avold damaging or conteminating the
surfaces of the specimens this operation was nerformed
vhile wearing rubber gloves which had been wetted with
clean water.

Before commencing the main programme preliminary
trials were carried out to determine the plating times
reqired to give a particular thickness of devosit end
to ensure that the arrancement of the suecimens on the
various jigs resulted in fairly uniform mefal distribu-
tion. \ire 'roblers' Were used for this nurpose

7) NDetermination of 1l ectrodenosit Thickness.

The thicmesses of the electrodeposits were
determined by two methods. “he first method involved
cutting cross-sections from various parts of snecimens
end after grinding, polishing and etching viewing the

section under an optical microscope. This method had

many drawbacks for plated plastics svecimens since

J

they could not be mounted in a block like metallurgicd

specimens since hot mountins in 1Bokelite'melted the

vlagiics and cold curing mixtures abttaclied the plastics

. f g 3
substrates. The development of a cha mfered edge

invalidates any thickness determination and so this

: - [ 5 PO I |
method was abandoned. e BNT soulombmetric thickme ss

toater was used to determine the thicimesses of the
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deposits. The essential feature of this method 1s the
measurement of the total quantity of the charge
required to anodically strip the melal deposit from a
clearly defined area. The test is stopped after each

metel layer is penetrated and the appropriate solution

introduced for stripping the next metal. The lnstrument

igs designed %o switch off automatically once the netal
devosit is penetrated. The reading on the machine is

Saken and the thiclmess of metal relating to that
figure ig given in charts.

8) lectrodenosition.

A1l electroplating solutions were nroprietary types
and they were operated and nmaintained within the
manufacturers specifications. The solutions' compositlons
and operating conditiams are detailed in Pable 111.

T+ was Tound that the thin clectroless nickel deposit
would 'burn off' if initially too nigh a current density
vwas applied. Hence the precaution of aopplying only a
low initial current density was adopted. It was tiaen
incrensed slowly over &a period of two minutes. 4his
procedure facilitated the deposition of a thin layer of
copper which, as electrodeposition procceded Vies canable
of withstanding a hifher current density. The sveclmens
were rinsed thoroughly between stages when apnlying

+he multilayer coatings in order to prevent contamination
of +the solutions by 'carry over'. The coatings deposiied
ore listed in cach cection of the various phaces of the
workoe

1 = 1 -7 N e Rk aby
icroporous cilromlud deposits were obvalncd using
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the following procedure. After application of <the
- Py PR . > o - - - M t . .

bright nickel layer a 'special' thin nickel layor

(o 1 pm) vias denositved from a solution containing

Y s anen mac foxd o ey 3 - ! R (]
inert particles of ~0.02 pun diamever. Lhe parvic

e

}_J

2

o
viere kept suspended by vigourous alr agitation. Yhe
'special! layer contained the inert narticles winich
co=deposited with the nickel; the solution contained
several organic addivives to brighten the deposit and
to facilitate the co=devnosition of the particles.
After rinsing thoroughly a chromium layer vas deposited
using a conventional regular chromium plaving golution
on top of whis 'special' layer. Deposition of the
chromium was prevented at the sites of the inert
narticles.

9) “nality Coatrol on il ectrodenositved Joycis.e

Apart from periodic thickness deterainavions
using the coulombmetric method described oreviously
three other Tests were applied to the various coatings
in order Lo confimm that they had been plated within
specification.

The first Gest was used to assess the ductilivy
of the bright copper, bright nickel and semi-hright
nickel devnosits. This entoiled depositing the metals
onto annealed brass tHounsfield' tensile hars,chanfering
the edges o remove the 'huild up' regioms due to high
current density and marking a 5.0 cm gauge lengti on
them. They were extended and the percentage elongetion

extvension on the gauge length at

£U

ck

was talen as Ttha

. . _ o o el
which the deposiv firgs cracked, divided by the orlgiin

' L +11ities of The brigh® coppel
gouge length X 100. The ductilitles of © o I
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bright nickel and semi-bright nickel were 50%,
. ! .
5¢% and 10% resnectively.

Another test was carried out to see if the

microcraced chromium nrd suifficicny croclis wo ooviolsr
. { ﬁ o

A ) . - . . e R i \/:u>

e oboodond cdven In 35 4601 5 1970 . Yhe cracks

ser unit length were detemined using a 'Wickers!

nrojection nicroscone. e crack density was more thon
2

- [y

250 cracls,/cm

o ensure that the nore.density in the microporous
chromium deposit was sufficiently hipgh enough to mee?
A3
the remiirements of 138 4601 : 1970 a Dubrpernell-type
. . . ] - .
test was employed. luch controversy is in evidence

as to the validity of thig test since it is renorted that
his test tends to over—estimate the number of

nores present. Purther, the result can re influenced by
the +ime allowed bhetween plating and apniying the test.
T™e procedure adopted in thig instance was that recommend-—

sary o produce

w
{,’)

ed by the supplier of the solutions ncces
the microvorous chromium -

1). A polished brass Tull cell panel was plated with

A
20 nm of bright nickel.

2). 'The pancl was ploted with the 'anecial! nickel
containing vparticles for 2 min.

3 o 1 Tt
%Y. Lfter rinsing in waver the De anel was chromium platved

i o Tall cell for 4 nin at 5 anps.

> | > -~ -l - ']
4). After rinsing anc drying those areas oL the nanel

iy
not nlated with chromivm were masked off with TVC tave.

nel was soakx-cl caned in hot alkaline

5) The masgled »ar

: . S 1. a .
cleancr until the surface was waiter hreak Tree

e ———
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van deod=looded into an acid copper
solution and plated at 0.5 A/An® for 5 min.

After removal from The plating solution the
panel was dried off in air. Using a bench microscope
the density of the copner spots was noted at three
positions on the vanel. The thickness of chromium was
deternined at these three positions using the IR

coulombmetric testarand a plot of porosity (copyer spot

density) ve.chromium thickness was made. in cxtravola-

™

tion to a chromium thickness of 0.25 pm and 0.75 pm
showed the 'porosities' likely to be present in the
specimens uscd for the project. The poré density was
Tound +to be around 25,000 pores pEIr cm “ at a chromium
thiclkness of 0.25 pm and around 18,000 pores per cm 2
at a chrowium thickness of 0.75 pm.

10) Corrosion Zests.

)

Tree types of corrosion tests were adopted, static
and mobile outdoor exposure and the CASS tect. The static
test was conducted by mounting specimens at 450 on a
rack facing south. This was situated on a roof in the

centre of Nirmingham. The panels wvere insuloted Irom

ihe Tramerork vith ceramic washers and fixed with nylon

serevs. In order o expose the vecuired number of

ssary o uvililse a
number of cars. These all opcrated 1n tae Dimmincham aread

but nevertheless +thig aid introduce on oxtra wacontrolled

= 4 - -
i ' ] jere fiX to 1 ars with nylon
variable. The panels were fixed to badge bars witl 1y

! - ., e L el
~crews and were mounted on the LTronts OL

] Y arious cars test panels were
to the design ol ne various cars the utesT Dallels
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not at a uniform height above the ground and this could
lead to a slight variation in the corrosive environment

encountered. Mhe CALS test was performed according to

(48)
the practice recommended in BS 4601 : 1970,Apvendix G .
11) Assessment of Corrosion Behaviour.
411 corroded specimens were assessed using the
o (77)
ADTM B 537-70 method. This system was adonted since
it affords scope for reporting both protection and
anpearance ratings.
12) Clesning of Specimens Prior o Rating.
Tn accordance with the procedure given in ADUII
(77) . y -
B 537-70 the panels were lightly cleaned with a mild

soap solution prior o rating. The severe brovn steining
developed on some specimens was nov removed by this
nrocedure. wWhen removal of this stain was desirable a
mild abrasive, magnesium oxide suspended inwater, was

used.

Due to the d ifferent times material became available
the outdoor tests were undertaken in ftwo main phases.
The Tirst phase, designated the 'pilot' »rogramme took

place between 1/1/72 and 1/10/72. The results of this

3 -

nrosramme were used to determine some of the veriables
“ & 1

by} J R 2 R L] -~ t
+o be studied in the second phase, deslgnoted Uie malin

nrosramme. T1s programre commenced 1/10/72 and testing

. 1. . N
ig still proceeding (1/9/74). A third phase, a limited

‘ LI
i t1 thicker brig nickel deposius
programme usSing relatively wcalcgier bright I

' Y] 57¢ i on
on a few grades of ABS and polypropylene, was started O
(3 VY - C



1/8/73 and <esting is still proceeding (1/9/74).

13) Dlecctrode rotential Deterninaiion.

In order o obtaln inforuation on the clectro-
chemical activity of the individual wmetals comvrising
the multilayer coatings, an exverimental technique
was devised To determine the ope#oircuit and anode
potventials of thesc deposits. The method used was

(45)

similar to the one employed by Dennis and ouch
to evaluate the electrochemical activity of
bright and seni-bright nickel deposits, the only
difference being that a potentiostat was used as the
current source. Specimens of electroless niclel
and comper were prepared by depositing coatings
onto ABS substrates in the usual wmanner since 1%
would heve been extremely difficult to vrepoere
foils. Similarly specimens of clectrodeposits were
srepared by depositing onto an elcctroless under-
layer. ~rotenticls were determined in two solutlous,

(48) (48)
ncetic acid salt spray solution and CASS
solusion, and in Two atmosvheres, alr and nitrocen.
ATter deposition the specimens vere washed thoroughly
in water,clipped in a 'perspex' jig and immersed
in the electrolyte as quickly as possible. Vetted
rubber gloves were used for this tronsfer. The
electrolytes had been subjected to a minimum of

' ion with eitl ok i trogen wvefore
1 hour agitation with either alr or nitrogen v



introducing the sypecimen invo the veusel.
A1l clectrical. connectlions were facilitated by
platinum viire, the reference clectrode vas a
gaturated calomel clectrode (0C7) end the counter
clectrode was made from platinum foil.

The open circult potential was noted alter

5 min. and the s»ecimen was then polarised

anodically using the potentiostat. Values of current

and voltage were recorded at 3 min. invervals vhen

it was secn that a steady value was obtained.little

change occurred over the course of 1 lour Tor a

Pa el

civen setting. “ince the desrce of agitation affects

the notential of an clectrode in a cell 1% was

<l o J3

0 standardise the flow rate 0L uwle fas
veed Tor this purpose; a rate of 4 ml/s was used
in these tests. After ecach determination the

electrolytes vere discardeds & T ble source of

error in Tthe clectrode DO tential determinatlons

could have arisen from the sna all areas of
clectroless nickel exposed at the electronlating

jig contact regions.

14). lechanical TesUINZ.

. . P
Two tests, the tengile and impact tesv vere

acopted
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in order to investigate the influence thav the various
processing variables and electrodenosited layers exerted
on the wechanica properties of plated plastics.

14a) Tensile Tests.

An '"Instron' tensile testing machine was used for
these tests. The rate of extension was standardised at
2 cm./min. This was chosen as a compromise since a
preliminaxy investigation had showm that the plastics
were not too strain rate sensitive within the range
0.5 —= 5 cm./min. The choice of testing speced was also a
compronise when o?mp%ring it 4o those recommended in
the ASTI D 6%8-72 & procedure. The ABS nlagtics
materials since their moduli of elasticity were greater

than 686 MN/m2 were classed as 'rpigid plastlc?'8%ccord—
ing to the definition given in ASTIL D 883-T%a ! . 55
such the recommended rate of extension vas 0.5 cm./min.
The polypropylene plastics materials sincé their modulil
of elasticity were lessinan 686 Mﬂ/ﬁz were classed as
"non-rigid plastics' ond the recommended rate oI extension
vas 5.0 cm./min. The compromise rate of extension vias
chosen in order o eliminate a variable in the testing

. S - -~ | - e At
programmne. 1he SpPecimens were held in stendard dounsfield

wedge gripse
Some grades of unplated polypropylene exhibited

] 111t . / ain rates. Tensile
very high ductility at 1ow strain rates. Lens

T I he - ~oss-scctional
strength was calculated using the true cross—s e

; thi ses of
areas, that 1s allowance was made for the thiclmesse



the various coatings deposited. The dustility of the
specimens (on a 5.0 cm. gauge length) was calculated
using two techniques. The first technique involved
determining thg elongation from the chart recorder and
the second technique involved placing the frazctured
plieces together and measuring the increase in length.
The latier method results in significant errors and
renders the fractured surfaces useless for detailed
examination. After an initial test programme this
method was abandoned. It was found that more consistent
results could be obtained by using the chart recorder
fTechnique.

14b) Tnpact Hests.

in 'Amsler' pendulum type machine which could be
adjusted to provide a wide range of impacting energiles
was used to Tvest the unenotched bars (12.6 cm. x 1.3 cm
% 0.65 cm). The hammer (156J) had a striking nose of
0.2 cm radius and a 30° total included angle. The
specimens were supported to give %7g)cm. span as
recommended in BS 2782, 111, 1965 . Preliminary triels
indicated the ranges that could be used in order to meet
the requirements of this standsrd waich states that vhe
energy absorbed 1n breaking a specimen should be less
than 80% but more than 10% of the impacting energy. It
should be ndted’ﬁhat this requirement could not be ad-
hered to in all cases because some specimens were SO
brittle after plating that they absorbed less than 105
£ {he impacting cnergy evel when the machine was set at

of
its lowest capacity (10 J and 1.4 m/s). In contrast 1o



this, some unplated grades of ADS and polypropylene
were 80 ductile that they were not broken by the machine;
consequently these resulis are recorded as "invalid" in
_ : (79)
accordance with the BS 2782, 111, 1965 standard.
Certain grades of ABS and polypropylene were lmpact
tested at - 4600 and <+ 80° ¢ as well as atv room Tvempera-
ture. They were cooled to - 40° ¢ using‘a solid carbon
dioxide/acetone mixture and heated to + 80° ¢ in an air
oven. The time allowed at temperature was 10 min. The
specimens were all placed on the supports with the injec-
tion gate area on the left hand side; this prectice was
adonted since some variation in impact strength was scen
to be due to the positioning of the impact bers. Yhe
energy absorved inlfimcturing the specimens was recorded
directly and as in the tensile tests the true cross-—

sectional areas were used TO calculate the impact strengihs.

15) Peel Adhesion Tests.

Pwo types of tes®t ponel 6.0 cm X 8.8 cm x 0.5 cm
were used for this investigation. The first type had
plain surfaces on each side but the other had e ridge

and a valley moulded into one face. Preliminary trials on

panels supplied by an ABS plastics manufacturer shovwed

that a pattern on one surface could influence locally 7uae

> Qa - A P P v s A AN
peel adhesion value obltained on the Ouwilcl. The ridge was

0.04 cm high and corresponded O “hne size of a similalr

L * o 11
feature on the panels gupplied by wuae nenufccturer. +i1€
(& . i
! : - n £
valley was 0.04 cm. decp TO match the size ol Wie ridge,
Clda ol
Tigs. 1D

(the nogitions of the features can be secen 1l

md 33)e
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The pancls for peel adhesion testing viere

usually bright copper plated but a limited progrsmme
involving conver '+ semi-bright nickel layers was also
undertaken. Plated panels were stored in the unslit
condition for 10 days before slitting end testing. Since
previous work had shown the adhesion of plated polypropy-
lene to be partly dependant on the ease of access of‘
pxygen, some panels were slit and then stored before
testing. Peeling was commenced from the injection gate
end, although peeling from the opposite end had no
detectable effect on the values recorded.

Peel adhesion was determined using an 'Instron'
tensile testing machine fitted with the attachnent shown
in Pig. 3 bolled to the bottom cross-head. The specimens
were clipped to the trolley supported by roller bearings
and by means of a thread attached to the trolley it was
arranged that this moved forward as the lower crosg-head
descended. This mechanism ensured that a foil, 2.54 cm
w ide was pecled off at a constant angle of 900 with
respect to the substrate. The width of the peeled foil
was determined VY nmilling narallel s1lits through the
coating into the substrate, Pig.4. A tag of neval wvas
then lifted off the substrate using pliers. Mluctuaitions
in peel adhesion were registered by means of a load cell

hat i i T f0il. The chart®
connected to the clamp that gripped the foil e

' that © haz was the
recorder was adjusted S0 vngt the chart speed

H ig W tand ardi 2t 2 Cile
same as the rate of peel; this was standardised av /

min.
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Average veel adiiesion values were determined Ly measuring
the areas uncder the curves by means of a planimeter .
This gave a measure of work expended in detaching the

foils from vhe substrates.

16) Determingtion of the Thickness of Plastics Film

Detached During Peel Testings.

When a metal foil is deﬁadhed from a plastics
substrate by the peel test, failure occurs in the sub-
surface layers 1f there is any significant bond between

(60)
the metal and plastics. Daubestre et al have proved
by dimentional analysis alone that the bond must break
at a point somewhat removed from the actual interface
between metal and nlastics. It was the object of this
investigation to examine the effect of plating and
moulding variables on the thiclmesses of plastics filums
detached from several grades of ABS and polypropylene
during the peel adhesion test.

The +thicknesses of the plastics layers were
determined by cutting sections 4 cm X 2.54 cm from
identicel areas of the peeled folls and dissolving the
metals (electroless nickel, electrodenosited copper and
in some cases semi-bright nickel) in 205 /¥ amaonium
persulphate at room temperature. The delicate plastics
films were washed thoroughly in de-ionised waier, placed
on filter vaper md dried in an ovel at 500 ¢ for elght

. . . A y1q v L0 3 -
hours. The dried films were welghed accurately and Tielr

anpropriste values for he
Jnd X£111.
astics, Tablesl/\Errors in calculated

thicknesses calculated by using

densities of the vl

ni inevit i y sities of uhe
{thicknesses were inevitable since the denslvle T
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bulk plastics were unlikely to be exactly the same as
those of detaoheq filws. The surfaces of the plastics
were subjected to etching prior to plating and so
butediene would have heen removed from ABS and filler
may have been sclectively etched out of ABS and
polyvropylene. Ztching may have thus modificd the
effective densities of the films. In any case it is
questionable whether true thicknesses car be reported
for the plastics films since they are seriously
distorted while being torn off The substrate during
the peel adhesion test. However, results have been
reported in terms of thickness but 1t may have been

-1

equally velid to have given the welight of plastics

adhering to a unit area of foil.

17) Thernal Cyelingz Test.
This test was carried out in accordemce with
(48) o o
BS 4601, 1970, Appendix T that is between - 407 C

and + 80° C. The specimens were subjected ©o Tour cycles
of the test and rated using en arbitary system each tinme
they returned wo room temperature. A value of 10 indicates
no deterioration and 0 indicaves disastrous failure. The
system was welghted 80 that defects appearing early in
the tes®t qualified for greater penalties than tho
appearing after a number of cycles. Blisters and Lluiov
arcas of poor adiesion Were regarded as serious defects
while fine line sinks were considered less serious. some
test panels were supplied by an ADD plastics nay ufacturers;
they were plain on one side bubt had a pattern on the other

i i i e i mificant surface.
ond so the plain side was designated @ significs
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Conseqently defccts appearing on the plain surface
e - A A A Yo, S - L s y 1
varrentcd greaver penalty points than tThose occuring
g
N S o [ T D 3 >
on the patterned side. An outline of the rating system

is given in Yable 1V.

18) Izamination of Svecimense

1,

18a) Corrogion Tegts.

Corrosion sites werc examnined by three techniques:
scanning electron microscopy, optical mlcroscony and
eleclron proLe nLicro-gnalysis (IA)e A scanning electron

microscope (531) with an energy dispersive Z-ray attach-

ment was also used to identify elements present in
| (80)
corrosion products. Dennis and Muggle have described

Jo et

the use of the 9II for tvhe investigation of the morpholory
of corrosion oits in decorative nickel + curomium coatings

. The sene procedure vas adopted in

9]

on metalliic substrave
+“hig instance, appropriate sections were cut from the nanels ,
vacuun coabted with carbon and gold-palladiun alloy and
examined using the Suil. T he ontical microscope and vkl

were usecd Lo examine metallographically nrevared Crosi=
sections in order to observe the anount of sreferential
ottock of underlying layers in the multilaycr coatingse

The electron ovrobve microanalyser (Z711A) and the encra
dispersive X-ray attachnent fitted to the 5.1 were used

4o identify the clements present in the corrosion products
that had exuded out of the coxrrosion pits onvo the suriacee
The BFMA proved useful for the examination of the backs

of foils stripped from the regions in which Ylistering

nhad occurred.his will be described later in detail 1t vios

possible o prove that blistering resulted vecause
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eiectroless nickel had beon Preferentialily corroded
away Ifrom a localised area.

18b) lechanical Tests.

m ey - . .2 .
The fracwure surface 0 tensile and imnacy

speclmens were eXamined in & similar manner 4o the

m

corrosion spmecimens. The high resolution of the i
enabled a detalled study of thesurfaces and revealed
areas w:irere the metal deposits had been partly lifted
off from the substrates.

The S7II nroved uselful when a study of the surfoces

of etched ABS and polypropylene was made. Tne surface

-

topogravhies of »eeled nanels and folls and The apnear-—

ance of those substrates over which the wetallic
coating had blistered during thermal cycling were also
studied using the Sl

The S1I with the X-ray energy dispersive analysis
attachment was used to detect the distribution of

palladium on samples cut from ridged pancls after the

catalyst stage in the process seguernce. The specimens
used for this investigation were vacuum coated with

carbon only. When standard operating conditions were

employed, the technique was sufficiently sensitive 1o

show tiat the pelladium concentration vas greatest i

. . - = . - . N -a
regions where “the highesv adhesion was lmowil TO OCCUL.

s D - e R "__(.‘_,’_J_'
It had been noted with the nalted eye tvhat vreferential

- e . a1
adsorption of catalyst occurred giving rise to dark

. . . (3] - na “O 1Y 1 ene
bads on “he plain side of ridged ADS and pOlypropylen

panels. These dark bands corresponded o regions of

R . L S TI R Jd.
high adhesion in the casce of ABS but the effect was 1o0v
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s0 avnarent for poly ropylene.lifferences in the
amounts of fillers in the »lastics couwld alsg

detected atv reglons associated with +the ridge and
valley, eg. titanium and calcium indicating %the
distribution of titanium dioxide and calcium carbonate.

19). Pransmiscion iilectron iicroscouy (Wii).

The shape, size and distribution of butadiene
particles in specimens cuv from different parts of
ridged ABS mouldings was evaluated by transuission
electron microscopy (EN) . It should be noted thatv
only two grades were examined, U and R, contalning

65 and 16% butadiene respectively, sece Lable I .

Osmium tetroxide stains butadiene and the mcthod

(81)
employed wassimilar to that used by Kato . oiall
niesces of AiBS plastics were soaked in osmium tetroxide
0

for 10 days then thin specimens not wore Than 10C0O
thick, were sliced from them using an: ultramicrotone.
Mhese were dried before ezamining at 60 kv using a

transnission electron microscope.

20). Statiatical Analysis Uochniguos .
The use of statistical analysis vias concidered
onnorbune in view of the large numbers of variables
tecanigques

and specimens used in the investigation. Tnree

2 -~ e - -
were adooted; the analysis of variance, correlavion

amd regression ana 1ysis and the comnarison of means O
T heste ALl these tests are de?orgbed fully in
82

b - |~“ 3
wigcts from Figures® by lioroney and “Beoslc

e - B R B e oLl
Statistical Methods for ngineers and Sclentists" by



(83)

Feville wnd Kennedy

.[Ll’lalVS is of V ariasnce.

This test involved the use of a standord
'statspackage' from the computer library. Suitably
presented data was processed to iundicate which variables
vere affecting the vroperty being measured.

Correlation and 2esression Analveis.

This test was used in order Lo assess whether any
relationship between data obtained in the various corros-
ion tests existed. A standard program was selected for
use on an '0Olivetti Programma 101' desk computer.

The da%a was presented in a form which ensured a high
number of degrees of freedom which is desirable if the
onalysis is to be meaningful.

Commnarison of lleons or 'L' test.

-

“he paired data technique was applied to data

i,

(84)

obtained from the mechanical testing programmes. Aston
has shown that this method is extremely sensitive for
detecting the effects of varisbles. The condition for
homogeneity of variances 1s not required if +this version
of the 't' test is applied; this technique is not
influenced by random effects due to0 non-homogenous
variancese.

7 ot O M ARTIGTONT, PR
et GTOSOSARY Qu u.L.iL'.LlDJ.I ALy LUiuihd e

3 s o & <L ~ Rala) e
1). Analysis of variance 18 & study of the clilects

i in T (peri T 3 examination
of all the variables in the experiments and examinadv

. . . . o adia e
of these variables 1n oraer to determine wheuier Ul v

offect the property being neasured.

2). CoeiTicient of Corrclation (r)

that some interdevnendance

Correlation indicatves

. . ol
" 5 et ¥ N ion coefflclenv
Setveen daata exists and the correlat
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¢ DO SUT £ 47 Lnce gl E
J1Ves a measure or une lnveraenendance between variates.

2 - Wal
A value of + 1 indicates a perfect: relationshin, 0O
indicates no relationship and - 1 indicates a perfect

inverse relavionship.

%) Degrees of Freedom (V).

B

Degrees of frecdom cen be defined as the number of
clhioices of values that exist in a set of data.

4). Iull Tynothesis.

In statistical significence tests the null
hypothesis is set up which states there is no sigrific-
ant differcnce between sets of data or that no
cslgnificant association exists ‘etween tvo sets of data

o

coming from wtwo different sources. If the statistic
used to btest the nhypothesis lies outside acceptable
timits then the null hypothesis is rejected.

5). Regression Anolvsis.

Regression analysis is the fitting of the 'pesv
line through a set of data where a dependant variable
vy is being estimated by an independanty varicble X.
Me value of X is taken bto be free from error valle ¥
ig the observed or measured quantity, subject O errors
which have ©o be 'climinzted! by the regression technigue.

6). Significo Co.

statistic used to test it lies outside accepiads

7). a1 enificant Pirst OQrder ITnecracCylOnlbe

e}

The combined coniributions of two variables that

affect significantly the propery bEINE

Imown oo significaat Lirst order interactionsS.
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&). Sirmificrnce Jevel.,

Sigmificence level indicaoves the risk of bweing
incorrect in stating that a reluivionship or ascoclation
exists between two variables or that genulne differcnces
exist beltween sets of data. For example, at the 5% level
of significance there ié a risk ol gtaving incorrectly 5
4times in every 100 that a relationship exists. AT the 15
and 0.1% levels the risks are 1 in 100 and 1 in 1000
resnectively. Consequently, the lover the ocignificence
level the more justifiable‘the statenent that relationshdps

-4

and /or genuine differences exnist between sets ol dcta.

9). Commarison of lizans OT 'Y Gect,

e 1%' test is applied to the null hypothesis
oples being compared sre dravi LIod vie
s

same povulavion. ine probability of the dirfercnce

IaVGra@e of sample 1 = averafge of samvle Zi having a

&)

volue as large or greater than observed is
neasure of any justifiable acccptance (or vejection) of

the null hypothcsis.

VARTALLED o

Variates are the values that very.

Cu



3.1 Gorrosion Tests - IMrst Tha

hase; Honecimens on
Outdoor xposure 1.l.72 %o 1.10,7?.

R R T I R o ’
i o= ) “n ~ o ~ S, " .
Ilouldings of three grades of ABS, X,Y ond Z vere

.

crrvAl A ad T . ~1m9q -F :
supplied by a plastics nomufocturer for this »ilot

.

ol tenving o A RTe iigvs - -

cox lon Tenting progromne. Whio ﬂnonllcu““: b N1
B e I B T T T S~ T

clocTironiawing Lo rnecad 2L RO ) oo oloo used.

TnTorantion rescrding the coupositions of the ABS prade

LA00 -
ig given in Table 1. It should be noted that a coumon etch
time of T.min.was used on all grades of ABS in elther
process A or B. A compromise conditioner time of 2 min.
was also used in process sequence L. The eteh Times viere
standerrdised to avold another vaviable helng introduced
into the progremme.The coating systems applied are given

in Table V.
The histograms shown in ¥1g.5 indicate the corrosion
protection and aglea“anoe ratings,using the ASTIT tvio
(77

number systen , of plated ABS pancls after monile and

' i3

static oubtdoor exposure and after one 16 h cycle of the

(48) . S
A00 test. A1l specimens used 1n the firgst progremme

vere btalken off test on 1/10/72 in ordecr Tthat a detailed

exeninotion could be undertakene
3.71.1.1  Cf

a) Bricht 17

~ative Chromiume.

The main feature exhibited by this group of speclmens

; R cmmay O] U ~ el Bh
‘was the fairly severe nature Of the corrosive atteclk,tie

tyoes of fallure included stripoing of vhe coating from

1

the substrate,blistering, extengive pin-hole

. S i .- IS ~rcead wsing
cracking. It was noted Ui 1a% specimens processed USIHE

sequence B tended 1O vlister more than those naving all
identical coating but nrocessed in sequence L.

type ¥,when processed using Sequence B,was porticulosly

.6 +the metallic coating
to reveal the size

cuscupbible to plistering.tn F1g
had been peeled from the ocubs trate

o~ c 27,
of corrosion Pite in the case of plastics T end &
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he back £ a TN -3
aci 0f o metal foll and the ADS curfoce

"

- veilay A .
from vl ovan st ..
1 ovinlea 1 was svripped 1s ghown in Pig.7. Yhe

he)

Teature 1llustrated is I .
Justraved is a corrosion site at which
nenetration to the substrate u .
X atlon o the substrate had occurred. Preferenvial
R . el T “a L . l
astack of underlying metsl had resulted in the develop-
- o o e o T s 1= ~
ment of a blister. Dxaminstion of the back of the foil
revealed a bright circular area of copner indicating
£ S o [&)
that electroless nickel had heanr corroded away. Wiggle
- g
(43%)
oo . s - ~ .
et al have observed a siuwilar effcet after secrvice

eXDOSUTC e

-

[©]
1

@]

By electron nrobe microanalysis it was possibl
nrove that electroless Aickel had been completely dissolved
aviay by the CADS solution. Tig.8 shows a nicliel i-ray
whotooraph taken rrom the area of metal denicted in
Pig.7. Uhe diameter of the blister matched cxactly the

amoter of the circuler area revealed on strinning off

[uy

e

d

the metal folle 47 higher nasnification it was anparent

she boundary at the edge of the 'corrosion circle!

] i
Pt -
(VaRany

was clearly defined, as shovil in Fig.9. On the right

hand side of the figure the ADS surface is covered WwWith

! o v - - 2 An a5 G
a layer of corrosion nroducts vhile on the other 8i4e€

' . - R Ne al -
“he purtace has the typical appearance of a plastics

curTace from which & netaliic coating has been gtriphed.

Mhig indicates taat plister Tormation was aue O CoTrros—

: : - . aoion of the coating to the
ion and nov Lo Poor adhesion OL Ul€ oating v

m e £ AR g T No0T ave a TOoYil
ubs‘tra‘teo Me suriace of e ABS \Ioulu Nnowv &

o]

T adacoion

and digstorlbed appearance unless fairly #ood

B .y - 3 1~ £ e oto,
had been achieved. wig.10 shows the dOCH of a metal
5 ~te, the orea On e

- N . o1 N8 YR A
£0il shrippod from & DPLOS tics suooLI=t




























































very little detverioration occurred during the test

There was no discernable differcence betvicen senplog

having 6 pao and 15 pm bright of nickel. In the cage of
all grades‘of ADS and polypropylenc substrates, the

only deterioration in coating appecarance was due to a
greenish wiite bloom which could be removed casily by

mild cleaning. In no instance was browan staining observed.

This was in coatrast to the results of siotic ouldoor
xposure where the staining of microdiscontinuous

chromium systems was caused by copper corrosion products

(46)

3.2¢%.3 By omy lickel + Micronorous Chromium (0.25:3m ).

L

The performance of this coating systen was similar

A
to that of microcracked chromium. The features exhibited
by both AB3 and polypropylene specimens were Line micro-

pits and consequently somc surfoce dulling.

3.2.1.4 Drisht Ticliel + iieropnorous Chromium (0.75 )
r

Very fine edge cracks developed on most of the

a

N the most scevere

Hi

snecimens for both nickel thicknesses.
case, (plastics W/orocess B), the cracks emmgted for

1.2 cm. from the top Jjig pnoint area. Similar Lfecvures,
although more severe were noved on speclmens after outdocr
static exnosure.

3.2.2  qurpo0n SRLTIC WNUCSTURL .

3.2.2.1 Bricht Iickel + Decorative Chromiun.

. ' . b} N pn} v T mpay =AY Iayiele
Blistering occurred on both ABS and polynronylene

substrates due to penetration of the multilayexr cod

o
ci-
.

ngs
. . . o 1 - Aoy o 3 het'a)
and preferential dissolution of the electroless nickel

[N ]

. ' . . - 20 Ao ~ K
layers. The degree of blistering devended on the arade of



- Gul -

s “n T vy rea . . 2
Ao 0T polypropylene and, in the case of A3, on the

processing sequence.

i
O
(@
@)
@]

55 A resulted in Jless

=7 "

bligtering than process B as illustrated by the

n

photographs shown in Fig.1l9. Tince nore anpropriate
etch times were used in this programme for 4B3, the
amount of blistering in the case of grade ¥, was
negligible compared to tne behaviour obscrved in the
first phase of corrosion tests, when only a compromise
etch time was used. The periforumaiice of grade T o
Loving o clectsroless copner unleorloyer vas cureri
to similar s»ecimens but maving electrolens niclel

) .

underlayers. Lhe exvent of Wligvering ves leos, oven
onn thosce gnceimens having a 7 min. ceteh. Tnis indicoted
the imporbance of choosing the correct electroless nevel

it as well as sufiicient etch ftimes. Polypropylene

oy

U\

1eDo

crade I was very susceptible to blisvering but this was

(918 8]

not a recommended plating grade. The ease with vaich
polypropylene grades I ond I could be etched was found
o be influenced to some extent by the moulding
conditionss this voriable was not investigated ILor

1.

crades 2 and Q. AT civen etch time the pgrades of

6]

polypropylene were etched more severely if nmoul

condition (ii), see Table 11, as shovm by the sce ﬂﬂin’

clectronmicrographsin 1'ig.20. Congsequently o
vas less likely to occur wica samples were moulded av

condition (ii)-.

3.2.2,2 DBri~ht Ticlkel + 1licrocrocied Chromitile

- (B 3 ] R
A persistent greenisn brovn stain develoved alwuel

RN T DT FN R Sy SN b
about 7 wecks oxposure on this coavling Wit elther L55

A









or polynropylene substroites having the 6 Am o thick
nickel layer. The samples having the thicker niclel

N .

layer were not stoined affber this period of exposure.
Dxamination of cross-sections revesled that brovin

steining was an indicotion of ottock of 1o commer

g

layer. L ST Lit

-

ved with an encrgy dispersive X—rao
analysis attachnent was used to identify the elencnis
nresent in the stain. Avpreciable quantities of CopDer,
sulphur and chlorine were detected. After removal of

the stain the specimens appeared bloomed but otherwise
the coatings had performed quite well. There was 1itile
evidence of blister formation even for the 6 pm niclkel
coatings on the most unfavourable substrates and even
wvhen the ectch time was inadequate, for example polynrooy-
lene grade I etched for 5 min. Specimena are still under
tes% in order 1o observe whether blistering will occur

on prolonged exvosure.

3e202.3 Lright Mickel + lMicronorous Chromium‘(O.ZS}gu)

In general the performance‘of this coating syoten
was good &nd once again comparable to the microcracked
chromiun system. The greenish brown stain appeored af
the same exposure period (7 wecks) in the case of tile
thinner niclkel samples. There was a greater tendency for
blister formaion when ABS of all grades was precessed

using sequence B than when using sequence A.

Polypropylene
type W, pariticularly when moulded using condition (1)
(sce Table 11) was more suscentible to blistering wan

A . Tated.
any of the other grades of polypropylene plated



= Uy

3e242.4 Bricht vdcitel + ITcronorous Chromivm (0.75 111)
ya

This coating system provided some intercsiing

(S

Teatures in that quite severe edge cracking occurred

on most grades of ADBS and polypropylene. The greenish

brown staining was again in cvidence on thosce specimens

} having only 6 jm ol bright nickel. Cracks associated with
} corrosion sives were also observed.

3.2.3 OUTDOQCR LIOBIL: JUPQSURE.

3.24347 Dright Uickel + Decorative Chromium.

~

The features observed on plated AB3 and polypropy—
lene specimens subjected to thls test included Tine
pitting, bloomingz, severe atltack with blistering and
impact damage coused by flying debris from the road.
Again ABS specimens processed using sequence A performéd
better than those in B. Polynropylene grade il was most
unsatisfactory in that the cooting frequently blistered
over the whole of Tthe specimen surface.

3.2.,3.2 Dricht Hickel + ilicrocracked Chromium.,

Slight brovn staining, blooming, blistering ond

impact damage were noted on ABS and polypropylene snecimens

1

plated with this coating system. llost of the ABD specimens

o

performed very well but polypropylene grades I

ond I plated

with 6 jm of nickel produced disappointing resulis.
Targe blisters were formed, mostly associated with

b - LIS N S ,"" =
corrosion sites tha® appeared to have been initiated by

- - ! -1 1 o lze
impact damage. Polyprovylene grades P and 0, both nickel

R . . O IR, Faps
thicknesses still had a high rating alter 8 months

eXposure.



~ o

342¢3.3 Bricht Tickel dleronorous Ghromium (0.2 pm)

Once again the behaviour of this sysven ves almoot
identical with that of bright niclel + nicrocraclked

chromiun.

3.2.3¢4  Bright Ilickel + Ilicronorous Chromiun (0.75 wn)
7

iy “

ihe severe edge cracking which was so prevalent
on static outdoor exposure was not so annarent on mobile
exposure. The extent of edge cracking was similar to thaot

experienced in the CABS test. 4 typical corrosion sit

[©]

9

ig shown in I'ig.21; the crack has propogated around the
criginal corrosion site.

3,3 CORROSICH WBsis UPR 10 1/9/74.

Very little change had token place in the specipens
alfter a Turther neriod of exposure. The severe brown
stoining was however, less pronounced and svyecimens

o g

including those having decorative cihromium overlays with
lBlpm of bright nickel sv1ill exhibited good periormance.
The further period of exposure from 31/3/74 to 1/9/74
included the relatively milder weat:er of Spring and
Summer, oand this could be an important factor in the
degree of corrosion taking place on the srecimens.

3¢4 pUATTILUICAT, AAIYSIS OF CORROSICH RusUIES.

Statistical analysis of the corrosion resu/is was
carried out by rumming computer PTrograns desirned Lo shov
which variables were of sirmificance in each tesv.

The Tesults were accessed using btwo techniques nonely

) ~17¢ revi e
the analysis of varionce and regresgion analysis. Lae

-t

Tormer technique gives an indication of wihich variables
exert most influence on the corrosion nehaviour v

the second can be used 1o assess U






L0000 a8

the various tests used.

m 5 = BT =" SN al=¥a ave 7 - - 1
Ihe results are presented in two zections o e

1) 9

firswv secvion relotes to the pilot corrosion programune

4

and the second relates To Hlhe Lol VLo Tl 1o

L L_'L‘ 1::C
O N JOC S [ - RN . .
LGS e XONLOT vVaLies oxn Uhe oocceiiniong on ]//9/” 4

vere virtually identical to those obtained oa 31/3/74
1t was considered that a svetistical analysic on e
‘-r-‘i~-] ~ l maectd e U e e s - = R e A

final rotings' was not worthwhiles

3.4 BLATIOWICAD ANATYOILS O PIRST THASH O CORROSION CRK -

(Specimens on Zxnosure 1/1/72 to 1/10/72.

Computer programs for the analysis of variance
yielded the information listed in Table VI11.

3edet Protection Retincs.

Chromium type and nickel thickness viere the
variables shown (o have the greatest influence on
nrotection ratings. Thelr effects on corrosion perform-
ance are obvious and require no further discussion.
Processing sequence did not appear either as an individual
veriable of significance or as a first order intersction
with other variables. Plastics type occurred as a
significant variable in the most severe environment and
os a sicnificant first order inbteraction in the static
and mobile

3.4,2 Apwmearancce Ratings.

Appearance rating vas shown to be influenced

primarily by chrowmium type but process Sefuenco vias

found to be of significance on CABY testing and arver
static outdoor exposure. 1t had been observed -
specimens plated using process B tended to blister more

N =) T

3 A e o RN
than thogse plated uslng DITOCESS Lo Darticuwlarly on
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- 110 -

ey e Eva ~n ) m - -
BLaLlc ouvaoor exposure. The reasons for the superior

performance of process sequence A were the more nobvle

nature of the electroless nickel wid the nore severe

etching which made it more difficult Tor the oleciroloss

RS

nickel to Dbe dissolved away Trom o rough plastics/metnl
(43)

(RN I e - PR A .. o s . . .

interiace « Plastics type was found to he simificant

at the 1% level after static exnosure and to be involved
in some first order interactions af% wnat test. In
general, process sccuence and plastics type were gliovn
to be of greater significance with respect to enpecronce
ratings than to protection ratings. For the coating/
subs trate systems concerned a reduction in apnearance
rating con be associatved mainly with the extent of
blister formation.

3.4.3 IURNTUSICE O A15 PRE-STECIRODIN WTUG 2R00055 Sa0Uiic.)

CIT CORRCS L0 2 AVIOUR.

Standard programs for correlation and regression
analysis were used to assess the influence of the »vre-
electroplating scquences., The information vias processed
so that all coating systems on the threegrades of AD5
were considered. The equations quoted in Table V111 relote
the behaviour, in a particular test, using sequence L
to that using scquence B. By substituting specimen volues
in the equations concerned with protection roting it dis
apparent that vrocessing sequence has no significant
olfccte Mis is not surprising since the profecuion velue
ig dependant prinarily on the coating system, it provides

only an ascesgsment of the number and size of corrosion

pits that penetrate to the subsirate.
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In general, vhen values are substituted in the

cquations concerned with apvearance rating, sequence

A is shown to result in significantly better performance
than sequence B. As discussed previously, blister Torma=-
tion was more in evidence when process B was empnloyed
and since apvesrance rating evaluates deterioration due
to defects such as blisters this is the reason vy
process B was shown to be inferior by +his analysis.

3.4.4 _RoTATTONSHIP BUTVIAT RESULDS QSUATID I CONQLILON @il iy,

Having assessed a relatively large number of
specimens after corrosion testing, it was decided to use
statistical techniques to determine whether any relation-

) B

thle viarec

—

shins existed between the results obtained in
corrosion tests. for example, it would be most useful if
relationships could be evaluated between the CASD test

and outdoor exposure since then an accelerated test could

be used o predict the results of a lengthy outdoor

AT

exposure programme. However, it must be emphasised thev

any relationships derived are dependant on the actual
information processed and so will be dependanty on%ﬁariables

such as severity of the weather conditions during

exvosure period. ITevertheless 1f relationships can be siovn

+

to exist it is likely that thece cen be used with
reasonable confidence if similar experimental conditions
prevaile.

Correlation and regression analysis of the data
was carried out and the resulting information is

n several viays

-

. ; . N -
sumiarised in Table 1X. The data was split
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in order to investigate the relationshiv betweoen the

various tesits and to give as neny valrs of results a

o~
Curl

39

possible for each analysis. The latter en sured a high
value for~y y the number of degrees of frecdon and hence
a more accurate and meaningful correlstion if this

existed. The validity of a particular relationghin is

reported in terms of level of sipnificances
Consideration must be civen to the confidence

with which these equations can be used. Homrmally
protection and appearance values of less than 7 ore

cf little practical interest. Since most of the volues
used to compute the above equations vere in the range

5 to 10 it cen be assumed that their accuracy will
good Tor the practical range of rating values. However,
the accuracy of the equations is limited becouse roting
values were assessed in increments of half a unit. “he
order of sevérity of the three tests indicated by the
analysis showed the static test to be the most severe
while the CA3S test was the least severeo

3¢5 SLADISDTICAT, ATATYSIS ON AT ZHASST CF CORNCSION

VORK: PRGNS O 3X200URS 1/10/72 to 31/3/74

The results are summarised in Tables X and 1.

3.5.1 Analyeis of Verionce Test.

3.5.1.1 a) ABS bstrotes = 6O bl bricsht nickel cogtbtings.

o

. - . o RO ~ -1
The impoztance of chromiwn type in arfocting houil

protection and avncarance ratings wos indiceved.

TMarthernore, plastics type was shown to be of signiiic-
ance in influencing both ratings. The role of plasiics
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type in affecting protecti v ratings is provably
assocliated Lo some extent i . its effects on peel
adhesion and blister formation. If a low peel adhesion
value occurs then it is likely +hat the coating will
11f% so that subsequently cracking will result and
corrosive environments will have access 40 the under—
lying layers. Both plastics type and procesdl ng sequernce
were shown to be significant with regard to appearance
ratings. This can be explained in terms of the relative
severity of the etching on a given plastics tyve
resulting from the use of process sequence A compared
with that given by B for a similar etch time.(This

e
effect is 1llustrated in Mg.22. VWiggle et al r))have
noted that blister size may be minimised if the plastics

substrate is well etched.

p)

Ao

ABS substrates = 15 pm brisht nickel coatinss,
7

T

In this lindited proZioniic wic wovile outdoor teot
vios ondtted ond grades, R,Y¥,24 and U only vicre evaluated.

-

Chromium <type was indicated as being of significeance,
in both the CASS and static outdoor tests, in affecting
protection and appearance ratings.

Polvvronylene substrates — 6 um brichyv nickel coatin~e.
T

As anticipated, chromium type was again shown ©o he
significant in affecting protection and appearance
rasings in all tests. Pirst order interactions of moulding
conditions, etch time and grade of polypropylene were
indicated as being of significance in affecting provec-
tion rotings on mobile testing. The same effects vere

not detected at the end of the exposure perlods 1n UWlE

CASS and static outdoor vestse









(v

et -

The CASH test was

[

relatively mild and 211 specimen
grours had similar ratings hence discrinination between
specimens wivthin particular groups was not possible. Cn
analysis of results at carll staces in the svatic
outdoor vest, moulding condivions and etch bvime were
shown to be significant in influencing protection
ratings. The static test ic The most severe of the
corrosion tests employed and the relative differences

in coating performance were greater alter a prrticular

o127,

time of exposure than at the end of the period. s
corrosion proceeded the rating values allotted to the
inferior coabtings could not continue to decrease very
much but the more satisfactory ones could so that thelr

ting values vecame more similar. The mobile test was
of intermediate severity between the CLS3 and statvic

! by

tests and 1once at the cnd of the exposure period it

€

did show certain variables %o be of significance in
inTluencing performances.

1‘1 [

3.5.1.4 2olypronylene substrates ~ 15 il hrisht nicliel coobingg.

A1l four grades of nolyprovylene werc Cipos ed Uo
the three corrosion tests bubt at the end of this
exposure period corrosion%vas not sufficiently advancce
to indicate performance trends.

3.5.2 TIRTUCI0E OF PRE-LLECTROPTATING PROCESS SEQUIIC. !

017 CORROS IO BiiiAVIOUR.

Correlation and regression analysis was carried
out to investigate whether the ABS vprocesg sequence

had exerbed any influence on the corrosion behaviour.



34543

“he information obtained is siven in Table T11.

The overall trend indicnted by the analysis vas ot
once agaln the use of nrocess A would lead %o o hedier
performance in corrosion testing with reserd o
appearance rgtings than process 3. The process

sequence was not detected as influencing the rotesiion
ratings end as such agreed with the findings

in the pilot programme .

RETATIONONTR PuTBEN TESTS O3 ITD TIT KATI DR0GIAT L

CORROL IO L1505 .

3.5.3.ﬂABS substrates.
/

3eD.342 L

The equations obivained by correlation and

regression enalysis are listed in Teble X111l. Tor this

nogure programme the order of severity of test was
static = wmobile = CASS, static being the most severe,
The points raised in the previous s ection dealing with
the validity and use of these equations rewmain peritinent
here. However, this analysis v»roved useful in assessing
the severity of the tests when large nunbers of sneciuens

had been tested.

Thie: statistical analyois on the »eriormonce of
polypropylene grades in various tests showed thav there

'

vas little evidence of any association betwvcen the tests.

The analysis failed +to yield a sufficiently high enough
o H ) I, a4

value of r, the coefiicient of correlation, for the

dearees of freedom available.
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3.6 ELECTRODE POTENTIAL DETERMINATION

The open circuit potentials of the relevant
eléctrodeposits and electroless deposits, determined
in acetic acid salt spray and CASS solutions, are
listed in Table XIV while the results of anode potential
determinations are shown in Figs. 23 to 26. The most
noticable feature of these results was that the two
electroless nickel deposits were much less noble than
all the electrodeposits. They were also considerably
less noble than the electroless copper deposit. The
order of nobility of the deposits was more or less the
same in both electrolytes when using either air or
nitrogen agitation but certain anomalies were observed.
In acetic acid salt spray solution electroless nickel
from process A (6.35% P) was found to be more noble than
the electroless nickel from process B (6.72%P) but in
the CASS solution when using air agitation, their
relative electrochemical activities were reversed on
application of a polarising voltage. This was almost
certainly due to the galvanic deposition of copper on to
the surface of the electroless nickels. The formation
of a copper coloured film could be detected easily with
the naked eye and the more base the specimen immersed
in the CASS solution the more readily the galvanic reac-
tion took place. The anode potential value obtained
could be influenced by the amount of copper deposited on
the specimen surface and so spurious results due to this
'mixed surface' effect were recorded. Another example
of the problems encountered when using the CASS solution

is highlighted by the results shown in Table XIV and

Fig.26 for the behaviour of bright nickel when employing
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ANODE POTENTIAL,

Fig.23.

mv vs S,C,E,
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0
Electroless Cu /
) Byronhosphate Cu }p
= Bright Ni ) s
9 special Ni containing solids lQ‘
. O Electroless Ni "a" «
-100 flectrolass Ni."RY O fo Ax
Q
=200 j;7%
1)
X6 /
- 300
0] ////ﬁ
=400

Relationship between applied current density and anode
potential for the relevant electroless and electrodeposits.
Acetic acid salt spray solution, pE 3.2, air agitation,

4 md/s.

1 . 2

Log c.d., ypA/cm?




S.C.E.

mv vs

ANODE POTENTIAL,

Fig.24.

=200

- 127 -

X Electroless Cu oA
 Pyrophosphate Cu

<«Bright Ni
0 Special Ni containing solids

® Electroless Ni "aA"
=100 !sElectroless Ni "B"

ol

XY
-300 .

=400

-500 _/\,

Log ¢.d., uA/cm?

Relationship between applied current density and anode
potential for the relevant electroless and electrodeposi?s.
Acetic acid salt spray solution, pH 3.2, nitrogen agitation,
4 mi/s.
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mv
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AHODE POTE

Fig.25.
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0
Q Pyrophosphate Cu
4 Bright Ni
0 Special Ni containing solids
© Electroless Ni "A"
-100 Electroless Ni "B"
O
=200 |
=300
=400 ﬁ} /

Log c.d., pA/am?

Relationship between applied current density and anode
potential for the relevant electroless and electrodeposits.
CASS solution, pH 3.2, air agitation, 4 mi/s.



Fig.26.

0
Q Pyrophosphate Cu
-4 Bright Ni
0 Special Ni containing solids
® Electroless Ni "A"
. IRoRl]
~100 | Electroless Ni "B

[

~500 =\

Log c.d., uA/cm?

Relationship between applied current density and anode
potential for the relevant electroless and electrodeposits.
CASS solution, pH 3.2, nitrogen agitation, 4 mg /s.

Note: Two ranges of values were observed for bright nickel
in CASS solution when using nitrogen agitation,
see Table XIV andplil¥



- 130 =

nitrosen ggitation. Wwo rances of resul ts were obiteined

Ja

and 1t appears that intvtermittent nossivicy occurred.

ihis effect may be similar to that revorted by Demnis
| (45) |
and ouch viaen 1nvesilegating the anodic potentials

of semi-bright nickels in nickel sulphate solution.
The results obtained in acetic acid salt svray solution
are simpler to interpret but it was concidered worthwnile
to undertake the study using ¢isd solution since this was
the accelerated test used in this work. iven in the
CAGS solution the electroless nickel devosits were shovn
to be less noble than the clectrodenosits.

he OOJ@CU of detrrmining open circuit and anode
notentials was o comnare Tundamental inforwation Lo the
henoviour of the relcvant deposits wiien cmploved os
layers in composite coatings subjccted to outdoor
exposure or CLID testing. The study of the morpholosy
of the corrosion pits had shown that the bright copper
was abtacked in preference to ‘the brisht nickel once
o corrosion pit had nenetrated to that layer, sce Fife
15. Subsecquently when the copper waes attacked To such
an extent that the electroless nickel layer wos eXdX@ cu,
the latter was wnreferentially corroded avay as shovn in
Mig.7 and blister Lformation then occurred,

Mhe results of te anode notentinl study covtoinly
cupeent that preferential corrosion of the elecirolde s

~

nickel layers should take place. Also siuce electroloss

Qickel D is less noble than type A i1t would apneor

likely that blister cornation should occur more readlly
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winen plastics are processed using seguonce L. Ui
phenomenon was ovscrved narticiylorly after stotic
gxposure of plagitlics naving a ton coat of decorative
chromium. In general, the type of process sequence
had 1ittle effcet on protection rating of vtest »anels

but it did have some influence in teims of annearonce

O

rating. The celectroless copper deposit exhiblted souneviet

more noble bhehaviour than the electroless nickel deposivus.

At = <

The behaviour in corrosion testing on ADS crode Y wiien

hoving an cleciroless copper underlaoyer vas

50 similar specimens hnoving electrolecss nickeld

e electrode poltential determinstions do now

)

provide such a stralmt Torviard explanation ol the

mochanisw For nreferential atiock on the clectrodenonited

RS

copner laycr since the anodic notential velues indicaote
“hot the conper deposit is wmore noble than the bri; G

niclels The behaviour of copper + nickel + chiromiuil

cowtlnfﬁ‘(n1110u¢]1io substrates is a blom Lant n

DO

(4)’/‘77 5)
k) I Nel S ~ R Vel
concerned a nunber of authors , in rccont

vears and conllicting information has been revnorted. LU
has been shown that the mode of attacl on the coaner

layer in governed by the vype of chronium ovorlay ,tiat

is vhen a discontimuous tyne of chromium ig used
cnodic current density at the corrosion cite is lovol
then vhen o Tow Jarge defects ore preogent in tne

. e . g R e . R A N S ‘,“...7 ‘;-|
chironiwn layer. lovever, 1in the ~regsent work proroveniiod

Aobock of copper toolk place 1 211l instances,re crules
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,. (46)

of chromium tync. Crouch has olso noted thio

clfect on ALD lizving microdiscontinuous chioniunm
coz :
) . . (LJO )
overloys. Dennls ond rugole tave algo obporved

the same corrosion mechonism in the case of zine alloy
substrates. The corrosion wechonism is obviously rovern=-
gL

od by the conditions prevailing at the botiton of

>

]

corrosion pit and in the presmmt case the bhrirht nickel
must pacssivate or oxidise go that the underiying copoer
ig vreferentially corroded away. This elffect may vell
overide the diffcrences in potentials which supres

that bright nickel should be attacked in prefercnce to
CONTE T,

3.7 ILCLATIOLT TG,

Tour grades of ABS (R,5,U and %) and threc grades

(&

~

of polynronylene (11, P end Q) were investigated;detalls
of these materialg are listed in Weble 1 together with
the eteh times employed. Whe coating systens deposited

4

onto “he nlastics were the same as those used in the

. / ~ - 1
nain corrosion teuting yprogromme(see Table 71).

3741 oneile Tento.

the tensile strengths ond ductilities exhidhited
by ADS and polypronylene as moulded, etehed ond when
plated with various coatin~s are recorded 1u Yable
amd YW1. Bach value represents The averrre o GO
determinations. Dy studying the indornatvion dn Wb
WVoand XVL o4t ds apparent that alvhough coching ded wo
o olirht decrease in U.T.5, it reosulted in an increose
tag moulded!

in nercontare clonpation with resnecct to the

condition. Whe eteh nits produced did not recult in
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nremature fallure and so presuvmably were not sufficient.

large to act as contres of stress concentrasion. ince
the onrocensing solutions werxre operatea ot olevaoted
temperatures 1t was decided wo cvaluate the clffects of
héating specimens in cither alr or wvater Lor neriods
corresponding approximately to the immersion times in
the processlng solutions. The conditions chosen for the
two plastics types werc as follows :-
ARS = 10 min. at 65° ¢
Polypropylene = 10 min. at 65 U followed by

10 min. at 80 C.
The results obtained dild not differ significently from
those on aop noulded samples. Meither the relatively low
tenperature heat treatment nor the nosslble absorpuion
of water had any effect.

e electrolens nickel layer wos culte thin,

aprroximately 0.25 pm, and the applicotion or this

L )

coating had Little further e Lect than etching on Ul

but in many instonces led to a moderate foll in
luctility. lore severe chonges in both properiies
occurred as o result of depositing o copier coacing

20 ym thicl. The U.T.5. incro aced by bebtween 10 - 304
compared to the 'as mouldedt condition hutv the
clongation fell to 2¢5 or less Tor all grades of ANL

ond o only slightly higher velues for polypropylene,
with the excention of gradc Il. The effect on ﬁ.T.S. Nfets

~ Ct

as miticivated since the »lactics substrate Was

o

reinforced by a metallic shell but the severe reduction



in percentage elonsatlion was more surprising since the
copner Geposit had a ductility of approximately 505 viien
plated onto an amnealed brass substrotee.
Towever, the stressc systen present during the
" s

+enocile test 1in the case of a vlastics substrate

i

i

encapsulated by an adherent layer of copner is diffecrent
to that when a COPper/brass/cépper tgandviich' is tested.
Tn the former case a triaxial state of tengile stress
will be generated in the copper since in addition to the
longitudinal tensile stpess a transverse siress component
will also be induced as the copper ‘neclts doym' onto tne
plastics substrete; this process is vhysically constroined
by the substrate and thus the transverse suress is

generated. It is well known that a triaxial s e of

ToL
(86)
tensile stress can result in brittle foilure .

O+ther Tactors such as edge reinforcement effccts may

1

also Tavour the ceneration of a tpansverse tenpslle STUresSe

In the case of a copper/orass/copper 'sandwicn!

0
0

being subjected to a tensile stress only plane stres

gituation is prescnt; edge reinforcenent cffects are

climinated since edges are chamfered off »nrior to testinge

Variable results were obtained for TeTeSe viICH
bright nickel layers werc plated onto electrodenosi ted
copper. In comparison with +he results for copnel alone

he strength decreased in about two thirds of the CcasceSe
fpnlication of chromium overloays On nickel resulted 1n

: s ROy o~ O
Tower valucs than for copver alone; in many 1NsTences vaey

L] oL e 1., R P4 -
were similar to those obtained for the ctched condlilone
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For all grades of ADS, ductility was Jow wiicn coponer -+
nickel + chromiuwm coatings were applicd. Whe resulits
were ratner more Tavourable for volypropylame althouch
comewnat crratic. ‘he highest velues werce achicved with
prades LI and @, particularly with a microporous ohromium
overlay. The types of fractures changed when different
coatings were deposited on the plastics substrates. Yhe
examples shown in Figs.27 and 28 show The ductile fallures
of ABS and polypropylene aféer testing in the etched
condition and ¥the brittle nature of the fractures when
the same materigls were plated with copper +nickel +
microporous chromium.

Percentace elongation was determined by two methods.
The Tirst mebthod involved measuring the gauge length
vefore and after testing. The Tinal neasurement vas wade
afber reassembling the broken speeimens but this procedurc
led o significant errors for both large and small
extensions.

T+t wag difficult to position the {two pleces of
ductile specimens in close contact while for biittle
ones a simall error in the measurcment of extension
resulted in a relatively large error in percentage
elongation. furtihermore, {this »rocedure rendered frocuoured
faces uselecoss Tor LI examinasion since the Tine suriace
dotails were likely to be damared.

Me metiiod using he load—extension nlot ous on
the chart enabled calculation of +he elongation witlhou®

damage Lo the fractured faces.
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The ductility of strip-type plated plastics may
have been influcnced by edge effects. The coatings vicre
thicker at the edges than on flat surfaces and so cracks
were likely to be initiated at the edgés and nroenature
railure could have occurred. ‘hen the duetility of an
cloctrodeposit is determined by plating onto 2 metallic

qubstrate This problem 1s elinminated by chamfexring the
edges to remove build up from high wurrent density recgions.
This procedure could not be adopted with confidence on
plastics substrates due to the lower adhesion lcvels

involyr ed. MAs previously mentioned the form of the test
piece may also inTluence the results since different

stress systems will be establisied. In the present work

the plastics substrate was encapsulated with en adherent
. Soe=rr N\
\oi)

.

rectongular tube of metal but llatsunango and Hagiuda

used snecimens cut Lrom nlased panels. Congeruently they

-/ + A - . / . = -
tested o ‘<3u@1/,w' et ae/oe T prrduich nENS Y AT Ul es
of the substrate would not be coated with metal.

Some typical examples of the losd~extension granis

iy

exhibited by »plated ADS and polypropylene arc shown in

he results cobitained at room temperature are
1isted in Toble XV1L and those at = 40°C end + 80°C
ip Table XV111l. In general +hese results folloved &
aimilar palttern to the quctility results oviuained in tne
tensile tests in that when ony of the clcetrodaenosited

coatings were anplied the impact strength was reduced

simificantly. In many instances z€T0 imnact stre engtn
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Fig.29. Load extension curves for ABS grade Z plated using sequence B.
a) As moulded, b) etched for 3 min., <) etched for 3 min
+ " 0.25 um electroless nickel, d) plated with 20 um copper,
e) plated with 20 um copper + 6 um bright nickel + 0.25 um
decorative chromium, £) as moulded, with 45V notch 25 um deep.
Similar curves are present at conditions e) and f) indicating
that a cut notch may affect the plastics in a similar manner
to electrodeposited layers.
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Fig.30. Loadvextension curves for polypropylene grade Q.

a) as moulded, b) plated with 20 um copper, c¢) plated with
20 um copper + 6 um bright nickel + 0.75 um microporous chromium,
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was recorded for polypropylene at room tenperature.
Tor both types of plastics the highest values were

: : 4 0 R
penerally obtalned at + 80°C although even these were

-1

low for the nlated samplesS.

I

e

gome grades of plastilces I, © and Z could not be
ovaluated in the as moulded, etched and electr cless.
plated conditions because they were so ductile that
thelr test bhars wvere pv shed past the supports by the
hammer without being broken. These results have been

(79)

lesirmated 'invalid' since according to IS 2782:1965

,.‘

the specimens must be fully broken. The value recorded
shows the energy expended in bending the bars and their
subsequent transport past the supports. The results
have been included merely to indicate how ductile these
particular grades were and to show how they were

subseqently embritiled by ele ctropla ting. Typical

Prachures are shown in Tigs. 3 1 and 32.

x

GO M T T TTA TR T 2 TATTT YT T
y.7.3 DOATISUICAL ANATYSTS OF IGICILATICAT SRGRING RTUNTS.

1.

The resulie were acnecsred to see whether the varlous
treatments had influenced the properties measurcd.

ke
' @

[¢]

The +test used was the 'comvarison of means' or 't' U«
A summary of the variables indicated by the
analysis as influencing performance in|t ensile and
impact tests is givgn in Tables XI1X and XX. In
atatistical significance tests the level of signifioanbe

indicotes the desree of certainty with which an infcrence

=t
2
[ X
Q
o)
<

can be made. The lower the value of siemificance the

more justified the inference; usually the 5% level is
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TASLE XX, SUMMARY OF VARIABLsSS AFFECTING PRRFORMANCE ON IMPACT T<STING

Variable ABS SIGNIFICANCE LEVEL %
being Grade Process A Process B Polypropylene Process C
tested Grade
Effect of U NS NS M >10 (Etch!i) associated
etch time with higher average
within a impact strength) .
zlvzzni‘;ocess z >10 (Etch(i) associated NS P >5 (Etch (i) associated
:C:OOC results with higher average impact with higher average
strength) impact strength)
compared)
effect of R >10 (Etch (i) associated NS M NS
etch time with higher average impact
within a strength)
given process s NS NS P NS
sequence
(
(+#23 C results U NS NS 0 NS
compared)
Z NS NS

Effect of
etch time U NS NS M NS
within a
given process
sequence z NS NS P NS
{(+80 C results
compared)
Ef fect of test 6] >10 (Higher aveéage impact NS M >1 (Higher average impact
temperature strength at +80 C) strength at + B0 C)
{-40° ana +80°C
results compared) 4 NS >S5 (dHigher average impact] P >5 (Higher average impact

P strength at +80 C) strength at + 80" C)
Effect of u NS
process
sequence
{-40°C results Z NS
compared)
Effect of R NS
process
sequence S NS
(+237C results
compared) u NS

Z NS

Effect of u NS
process
sequence
{(+80°C results z NS
compared)

NS Denotes no significance detected

> Indicates that the level of significance was better than the figure quoted
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talcen as provably significant . It can be
seen that in many cascs 1o effects could be detected

due Lo the plating variables but where they could,

¢
[
R

the level of gigmificance wab found in most cases o

bl T T B ~ 7
be better Thall 5%

o

3.8 PERL ADHESTOW,

Thege recults are renorted in three scclionsge

e first section deals witl the peel adhesion determina-

tions on Tthe three grades of ADS (X, ¥ and 7Z) used 1in

the pilot corrosion testing DPrograliic. The second 5 ection

prescnts the poel adheslion results obtained on the rrodes

of ADS and polynr nylene used i the main corrosion

dnind

[ETRPRPRRE U R - : no o R - -t <
centing programue (1.e. 3o erades R,Y,%,3,%, Us

1,1,P and Q.) The effects

61

b=t
P
=

¥, and polypropylene crade

of changing the moulding conditions on the peel adheslon

values on polypropylene grades 1l and ¥ are also given.

The first Two peel adhesion investigations were corried

out in order TO determine whether there was ony rclation-

ship between the peel adhesionﬁfalue and the ncrformailce

of plated ADBD and polypropylene in corrosion testoe The
third section prescnte the results of a more detailed

i mation into the foctors affecting the peel

investlga
adhesion value on A5 end polypropylene. ADS grades

Ty, Ry U and 7, and polypropylene grades II,° and Q were

used for this investigatione Me thicknesses of the

detached plastics £ilms are also gilven.
3.8.1 Pecl Adhesion Results on DS Orades X, ¥ and 7
e ~L! - D/ -

hege specimens were 211 plated with 50 pm of

bright copper and peel adhesion was determined av three



e a

ehbeh times in ~ddition to the gtandord 7 min. etch
used for the corrogion Drogrammnc. For specimens
procesged 1n gequence A the conditioner time was kept
constant at 2 min. The results are summarised in Table
V{1, Semples processed 1n sequence A usually exhibited

1

higher peel adhesion than those processing in sequence

bl
B, Tt apneared thot +he 7 min. ctch was ingufficient to
achicve maximum peel Adhesion in the case of grade T,
particulafm'when paing sequence A. In three out of fouxr

£ 1 A e plooticon VYR S Eh
oLt tae 4 enALNING Dl vico WyDe orocenndld

cohinotionm, e voriation in etch +ime over the ranlc

investigated resulted in only slicrht cnonies in mecl
8
sahenion. frevious vork carried out on a wide Trange

}_

of ABS formula tions had indicated +hat In mosy inavances

realistic variations of etch time did not hove & great

deal of influence On veel adheslon once & cxi

had been exceeded . Howevel, +the surface

[en}
He
=
®
}_J.
[
Q
h
(¢}
©
[6]
o)
89!
®
s
H
GQ
®
8]
N

changed congiderably as the evch
shows some examples Of the degree of etehing after T

and 21 mine tproatment. ALL grades of plastics were

e

etched rather more gseverely after a particular time 1n
process A than in process B. By comparison of Tigs. 22¢
ond 2%h, it can he seen that type ¥ was elched more
geverely after 7 min. in process A than after 21 min. in
B

3.8.% Peel Adhesion Results on ABS Grades, R,V , 7,0 ,T: U,

Vv and VW, and Polypropylene Grades 11, M, P and Qo

A1l specimens were plated with 50 pm of bright
copner and the peel adhesion values for the grades
studied are listed in Table w1l. A1) plated test

panels werc allovwed Lo age DY otoring Tor Len dayse.
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TABLE XXIT .. PEEL ADHESION OBTAINED ON ABS AND POLYPROPYLENE
TEN DAYS AFTER PLATING - MAIN CORROSION PROGRAMME

Code Peel Adhesion KN/m

Process A Process B ’
R 0.57 0.55
Y 1.05 0.85
Z 2.90 2.16
S 3.35 2.51
T 2.01 1.82
U 0.92 1.39
v 0.93 0.87
W 1.21 1.20
PROCESS C.
Code Moulding Etch Time | Peel Adhesion
Condition Mins KN/m
i ' 5 0.74
ii 10 0.74
M i 5 0.85
ii 10 0.69
ii 5 3.46%*
i 5 0.21
ii 10 0.09
N i 5 0.20
ii 10 0.06
ii 5 2.92%
P 10 2.62
Q 10 1.54

* Denotes values obtained from specimens
slit one year before testing




R

- 153 -

at rToom ‘temperature before slitting and peel adhésion
tosting. The results of pre-clitting polypropylene
crodes M and W are also shown. In both ABS process
sequences the nighest peel adhesion values were
obtained on ABS grades 8,7 and T whilsf the 1owest‘
occurred on grade Re T+ should be noted that for grade
¥ processed in sequence A the increased amount of etch-
ing improved the peel adhesion put the value achieved
was not as high as rhat obtained in the firgt vhase of
work when using prolonged etch times. The moulding
conditions and etch times used had little influence on
peel adhesion values obtained on polypropylene grades
M and N after sporing foﬁten days. Grade I was not a
recommended nlating grade and the peel adhesion values
were extremely low. Much higher peel sdhesion values
were obtained on volypropylene grades P & Q than on M

and N 3 these grades which were specifically formulated

for electroplating,etohed'readily and were easy to

treat in process sequence Co It was observed that

maximum peel adhesion values occurred near jig contact

points on all prades of polypropylene. This was i% )
37

agreemen’t with the results of Perrins and Pettett

who considered the phenonemon was due to an increase

in polarity resulting from an oxidation pProcessS. In

the case of grade P the adhesion was S0 great at oxygen

access points that areas of electroless nickel adhered

to the substrate in thege reglons after peeling off

s of impottance to

[N

the electrodeposited coppere. It
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note that in the peel adhesion investigations electro-
lesg nickel was employed throughout as the initial
metal layer. The peel adhesion values obtained on poly-

propylene grades v and N ten days after plating &

)

30

e
3
similar to those obtained by Perrins and Pettett
when processing gimilar grades of polypropylene vesing
electroless nickel as the initial layer and determining
peel adheslon after a similar ageing periocd on uncut
plagues. Polypropylene grades H and W which had been
s1it ready for tes ting but then stored for one year
hefore peeling exnibited much greater adhesion than
cimila r specimens tested @fter ten days storage, Table
¥¥1l. This was also in agreement with the results of

7

(37)

peyrrins and Pette et . It should be emphasised that

[y

the rate of 1lncrease in adhesion on storage is less
when electroless nickel is used rgther than cOopXET
since the latter metal 1s more efficient in catalysing
the oxidation reaction., It is also dependant on the
eage of access of oxygent thisg is facilitated by defects
in the coating at jig contact points or by slitting the

coating well before the peel test 18 performed .

3,8.,3 Peel Adhesion Results on ABP crades L,R,U and 7 s

X,

and Polypropylene Grades M, P and Qo
In this programme.the effect of
copper -+ gemi-bright nickel layers, etch time and
mould geometry (using ridged pamels)<x1peel adhesion
was stbudied. Details of the etch times used are shown

in Table XK111 and the types and thicknesses of the
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electrodeposits are listed in Table XX1V. Two types

of vanels, 6.0 cm x 8.8 cm x 0.3 cm. were used in

3

this dnvestization. One was the usual form having
plain surfaces on each side but the other had a
ridge and a valley in one surface. The positions of
these featbures are shown in Figs. 1 and 33. ABS
panels of both types were subjected to the acetilc
acid test for 2 min. at 230 C. Areas assoclated with
high adhesion peaks on ridged panels were least
affected by the test (sec Pig.33b). Typical graphs
obtained by peel testing the various plastics types
and grades are shown in Fig.34. It was noted that
all graphs obtained on a particular grade of plastics

had a charecciteristic sha

"

e. ABS grade I was included
| . (®)
in the programme since from carlier vork it was

knovmn to exhibit the "slip stick" failure mechanism in
the peel adhesion test. Bxamination of the plastics

surface after peeling off the coating revealed the

presence of parallel bands over part of the peel length,

o]

particularly when process B was used. The raphs shown

5 illustrate how the peel adhesion

®
)
5]
W

in Mgs. 34a and

values increased and decreased periodically.

&)

expanded graph shown in Mg.35 was obtained by increas-
ing the chart speed and this i1llustrates that the load
increased periodically up to a critical value at which
peeling could occur. The radius of curvature of the

metal foil at the line of pecl became smaller as the
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Fig.34. Typical peel adhesion curves obtained on plain panels. All

samples were plated with 50 um copper. ABS grade L processed
in sequence B, etch (i). ABS grades U and Z processed in
sequence A, etch (i). Polypropylene grade Q processed in
sequence C, etch (ii).
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1

1oad increased and consequently the stress field became

2 ]

more intense. At a certain load and radius the stress

field was sufficiently high to shear away the area of

1

nlastics within the field. This caused a sudden relief

of “he force on the plastics and the load dropned

-4,

sharply. Consequently the term tglip stick" was applied

to this failure mechanism. Dtopping the test amd then re-
o it did not prevent this mechanism occurring on
this grade of plagtics. Fig.36 shows the appearance of
the band effect on the substrate and on the back of a
detached metal Foil. It is apparent +that a somewhat
different failure mechanism took nlace in the two arcas
and that a sharp demarcation occurred between them.
Tone of the other plastics included in this invegtigation
exhibited this effect but the shapes of the wmeel adhecion
graphs weré thought to be dependant on the proverties of

the plastics and thelr mofilding characteristi

-
Q
6]

The relationships bhetween peel adhesion and the
thiclmess of plastics layers adhering to the metal
foils are plotted in Tigs. 37 and 38, These results are
also 1isted in Table XXV in order that some comparisons
can be made more readlly. T+t should be noted that results
could not be plotted in Fig.38 for polypropylene grade I
since no detectable layer of plastics was present on

aterial. Bach value in

=
§

metal foils peeled from this

Ties. 37 and 38 represent an average of two resultse.
Although not correct for cach specific case the

general trends of hehaviour can be summarised as

indicated belowe
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3.8,3.17 PLATE PMTHTS .

|’r‘(‘1

N e
1S Substrates.

Procesc

2

sequence A usually resulted in higher
peel adhesion than B. This effect had beem noted in
the previous peel adhesion investlgations (see previous
qub-section ). For grades R and Z the thiclmesses of
detached plastics films were greater for process A than
for B. llowever, in the case of grade Z the peel values
vere 21l quite low end so there was not much differcnce
hetween the peel adhesion results obtained in »nrocess

& oand B even though there wos a considerable difference

in the thicknesses of (etached plastics films.
2). An increase in etch time did not have a very
significant effect in most instances on either peel

.

adhesion or the thickness of detached plastics £illms

C’)

3) e WMo definite trend was egtablished Tfor the

relationships between either peel adhesion or detacned

L")

plagtics film thiclmess and increase in coating thicknesse
4). In the majority of cases peel adheslon and

thiclkness of detached plestics film were greater, for a
particular coating thickness, when a single copper

layer was employed instead of one consisting of copper +
semi-brieght nickel.

5) Me relationship between peel adhesion and

thickness of detached plastics £i1lm devended on the

grade of plastics. IFor grades R and Z there was an
indication that the thickness of +he detached plastics

£ilm increased as the peel adhesion increased.
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3°8'3J'2Polypr0Dylene substrates.

1) The longer etch time resulted in somewhat higher
pecl adhesion Ffor grades P and Q.
2)o An increase in coatingz thickness usually resul ted

in lower peel adhesion values but thicker detached

plastics films.

%) The relationship between peel sdhesion and thicimess
of detached vlastics film depended on the grade of plastics

(1ig.38). In the case of grade M no film was detected.

3.8.3.,2. RIDGED PANIETS .

The influence of mould geometry on peel adhesion

ig 1llustrated clearly in Figs.39 and 40. Vhen copper
coatings 50 Jum thick were peeled from the plain surface

of ABS, adhesion pesks occurred at positions corresponding
4o the ridge and a region just beyond the valley. Small
peaks were also noted direotiy opposite to the valley
feature . The highest peel values were obtained at the -
region just beyond the valley, the maximum adhesion
recorded as being as much as seven times the average

value. Iight coloured bands could be seen on the plastics
curface indicating the areas at vhich greater forces had
been involved in tearing the metal foll from the substrate.
The direction of peel was reversed on a few gpecimens in
order to check whether this had eny effect on the values
obtained. The peaks occurred at the same positions and
peel values were in good agreement with those obtained
in ‘the main programme. A few panels of each grade of

ABS were annealed at 80°0C for 2 hours before plating byt
this had no effect on the position or magnitude of the

adhesion peakso.
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Fig.40.

Distance along panel

Typical peel adhesion curves obtained on ridged panels of
polypropylene grades M and P. Both samples plated with
50 m copper, 1O min. etch. Peaks occurred on grade M
but not on grade P.
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r = d
The results for average and maximum peel values

are recorded in Table XXV1 together with the thickness

x.)u)eS

of detached plastics film. The SLM investigation on ABS

WA i,

“\.

ck

revealed that the degree of etching varied along the

plain side of ridged panels and that this was related to
Teatures on the reverse side of the mouldings. It was
evident that the etch patterns in low adhesion areas were

oricnted in the direction of melt flow during moulding

5

and that those areas exhibiting high adhesion were etched
more uniformly. The true surface area was much greater
in these latter regions and so provided more scope for

o, AMlso, 1t was noted that the palladium

<

mechanical keyin
catalyst was adsorbed more readlly at these regions and
that electroless nickelld eposition also occurred more
rapidly, nresumably due to the nresence of a greater
concentration of catalyst. Although greater concentrations
of titanium dioxide filler were detected at the high
andhesion repions using the energy dispersive X-ray

analysis technique, it is unlike%%)that they would have

had very much effect on adhesion .
S —— o e
The resulis of the TEM investigation confirmed that

. - e = 1 . racent
adhesion was lowest where the butadiene phase was present

in an elongated form. AT the ridge and valley reglons

: A QY £ -7 23S ametaratt
it occurred &as spheroldse Measurement of the diameters

. CR | . 1. tt 3 -~ -
of the butadiene phase will indicate the orientation

, . gt
factor" ¢ o This factor 18 obtained by dividing the
. C -

. . £ . R hutadiene varticle
lorger "diameter! of en elongated buva D&

e B} . y B y
by the smaller ngiametert. It is ODVIOUS that the more

A A1 tiale is the higher the value
elongated a butadicne particle 1S U g

of ¢. A value of unity will describe a perfectly sphericdl
. /) e [ - u
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butadiene particle. The values of # obtained on

D5 egrade along various locations of a ridged vanel
are listed in Table XXV11l. Tt is evident that values
of ﬁ aporoach ynity near the ridge and valley features
indicating that less orientation was present. Typical
Mt electromicrogranis are illustrated in Tig.4l.

ite areas are due to the embedding resin

nhage 1g the butadienec.

Bxamination of the backs of peeled foils showed

v

that the amount of detached plastics varied along

e

lencth of panels, usually being greatest at the high

e .

fed in Fig.30.

[N
y
(@]
C

adhesion regions. This effect is depl

Polypronylene did not exhibit such great fluctua-
tiong in peel adhesion as ABS. Tn many instances peals
were barely detectable even though preferential adsorp—
tion of mpalladium <took place on the nlain surfaces

of panels opposite the ridge and valley regions. The

etch nattern also qeemed more uniform at these narts

. o e .
of the mouldings. It 18 probable that verlatlons 1n
1 . RO PN 3 R N P | A -
adliesion vere nob co urmied In W CosC Ox DOLy LoDy on
. N v Iz e ~ A O £
voonee 1 von oo cifferent ahruchture to ABD. The

lattber contalins one b

sreference o the rest while the etching of nolypronylene

s denendent on the relative etching characteristics

ofamorphous and crystalline regions, together with

1 9 ke < (- YR a ~ A
any effects due TO fillers. [ilmg of polypropylene could

o

¢ poy £ e +a1 folls
not be detected on the hacks of any of the metal foils

stripped from grades I and Q unless

. L] LS £
in the slit condition. A more debailed exemination O
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TABLE XXVII, ORIENTATION FACTORS OF BUTADIENE AT DIFFERENT
LOCALITIES ON THE PLAIN SURFACE OF RIDGED PANELS

f'ABS Typical Butadiene
Plastics Peel Adhesion | Orientation Comments
Value Factor
KN/m : )
0.3 4.24 1 om in from injection gate
R 1.4 ' - 1.67 Opposite ridge
1.7 1.29 Just past valley
0.5 3.1 8 cm from injection gate
0.3 | ©3.82 1 cm in from injection gate
1.3 1,37 | Opposite ridge
v 1.6 1.81 Just past valley
0.4 2.85 8 cm from injection gate

ABS Grades R and U both processed in sequence A,

shorter etch times used = see Table I.

NB Peel adhesion value obtained from different panels to those used

for TEM examination since etching, plating and peeling renders the

surfaces of panels useless fox TEM examination.
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grade 11 showed that adhesion had been due solely +o
a 'press stud' effect. The electroless nickel appeared

to have been pulled out of the holes vroduced by

rather surprising that an'apnreoiable

RIS |
etchin g

2

(-3
=
oy
L=
Sl
8%}
6]
)

o

plastics layer was not present on foils strivned From

material. A few ridged specimens were slit one month

esting, plastics films could then he observed

4

on the backs of metal folls gtripned from all Types
of polypronylene and the adhesion values were higher

than those obtained on panels stored for ten days in the

N

unslit condition. As mentioned previously the adhesion
of electrodeposited metal on polywnronylene depends

nartly on the case of access of oxygen.

)

3,9 TIHRAL CYCLING

these results are presented in two sections.

41

™Me first section deals with a limited programme On taree
erades of A3S (X, Y end Z) only. These three grades viich
were also used in the pilot corrosion testing programme
were subjected Ho the '"compromise® euch time of 7 min.

in either process A or B. They also had the sane coating
systems deposited on them as used in the pilot corrosion
testing prosramme since 1t was intended{d sec whether

any relationship between the thermal cycling anc corrosion
teots existed; the coating systens aoplied are listed in

, . . eenlts obtoined
Mable V. "The second section presents results obuaine

~ A - T r
. " NG - e ~ orade £ polyprony-—
on the cight grades of ADS and Tour grades O DOLYPTOD]

we

. . r . ; Teotine nrogramme
Jene used in the main corrosion festing Og
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) . N L PP - .
thege also had identical etch times and moulding
AL 'L:

conaiﬁlons and coating systems as vsed for the main

L

corrosion testing nrogromme, see Tables 1, 11 and V1.

41 e

v 9.1 hermal Cycline Results on ABS CGrades ¥,1 7,
! 1 485 Grades X,¥Y and

m . -4 -0 - 3
™e results after four cycleg of the thermal

cyling test ave showm in Blg.42. The use of the arbitary
roting system enabled assessment to be wade of the

vhbent of deterioration of tes

that the type of ABS and nrocessing sequence cmnloyed

had a significont effect on behaviour during thermal

£ the specimens still had a hich rating
- (& -

D
O

cycling. lla
oven ofber four cycles of the test out
7 was slightly superior to ¥ while both were considercbly
hetter then 7. Processing sequence L resulved in more
satisfactory behaviour then B, particularly in the case
of plastics Z.

e influence of the chromium coatings on thermal

14
ct
U)

cycling behaviour provided rather unexpected re

L4 al

The microporous system was found to be The most unsavlsiacs

tory while decorative and microcracked chromlum gave

almost identical results. The latter Two chromium deposits

have little similarity, the microcracked was much thicker

. - PR, o] s -2
than the decorative and contained & high d ensity oL

Jiscontinuities. On the other hend, the milcroporous

chromium wags the same thickness a8

15 : : i tie +renable explanation
o high density of discontinuities. A tenable G‘L(AAE

, R )
for this behaviour has been put forwa rd by Carter

1uced performance tr therma

A
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cling tests of milcroporous chronium systems nay

ve due bo Tthe presence of the inert particles acting

309.1 51

3.9.2

ng obress raisers. He also suggested that
crack na*tern‘in ﬁiorooracked chromium nay serve to act
s stress relievers thus accoun ting for this systens
superior thermal cycling performance.

T4 wos noted that there was no d

@
Q

£i1lm present on the backs of +the deposited layers where
o blister or other defect had manifested itself. This Is
in contrast
to find a detached pla s film on the backs of peeled
foils. Saubestre ct al have also nbwed this effect
and conclude that the thermal cycling and peel % sts

each measure a different property of the lastics/metal

composite.

AT A ATT A PTG T T Tt S T PRT L YT
SOANTETTCAT ATLIVST QR WHRIEIATL, CYCRING How Uiis

information which is summarised in Table XXvilli. It

k-

appeared that the ABS plas ics grade and processing

sequence were of greater significence in thermal cycling

= St

than in corrosion TESTS.

Thermal Cycling Results on ABS Grades R,Y,%,5,7,U0,V,

and W, and Polyproovylene crades 15,11,P and Q.

e results after four cycles of the thermal
™

cycling test are shown in Fig.43. The pregent results

showed that all grades of ABS were more satisfactory
when processed using sedquence A then vhen proc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>