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ABSTRACT

The catalyltic activitics of dilfcrent substralc metals in Ni—B—SiC clectroless compositc bath was investigaled
by mcans of mcasuring slalionary potentials, potential-time curves and EPMA. The mechanism of clectroless
plating taking placc in the substratc metals at initial stage was investigated. Experimental results showed: (1) In
addilion to the stationary polential of the substrate metal and the temperature ol the bath, the change of the sur-
face stale of metal, ¢.g., its passivily, is onc of the lactors for deciding calalylic activity ol a substratc metal. (2)

the transition time is helpful in determines the degree of catalytic aclivity. (3) I the substirate metals posscss

catalylic aclivily, the coating rates ol clectroless plating arc mostly cqual,
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1 TNTRODUCTION

Elcctroless plating is a mcthod by which
metal ions arc reduced on the surlace of a
catalytic metal by a chemical reductor without
clectric encrgy. The clectroless bath is a thermo-
dynamically unstable system which cxibits a
tendency of taking place as an oxidation-reduc-
ton reaction. Howcever it 1s a quasistatic sysiem.
If only the surface of the substratc metal has

catalylic activily, the reaction can take place. So,

clectroless plating cxibits the characlenstics ol

choice deposition and instable bath. Tn order to
avoid the disintegration ol bath, il 1s necessary
that the bath be filtered olten during the process
of clectroless plating to remove some solid picces.

(CManuscript recieved Scpt. 26, 1992

But, in the technology of clectroless composite
plating, largc amounts ol solid powdcr must be
introduced. That is very harmlul to the stationa-
ry bath''.

In the rescarch of clectroless nickling, the
stationary potential ol the substrate metal and
the temperature of the bath arc considered to
dctlerminc the catalytic activily ol the metal® )
The catalytic activitics of the substrale mcetals
in clectroless composite baths have not been
studicd.

The stationary polenhial and the change in
the passivily ol the mectal are rescarched in a
Ni—B—SiC clectroless composite plating bath.
The experimental results arc dilferent {rom those
[or clectroless nickling,
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2 EXPERIMENTAL PROCEDURES

2.1 Composition of the Bath and Conditions of

Deposition
NiCl, « 6H,0 g/ L
NaOH 40g/L
NH,CH,CH,NH, 36g/L
o/v 0.5-4.0dm?*/ L
KBH, 1.0g/L
PbCl, 20 ppm
Temp. 75+ 1T
SiC Size 1.5(dia.1.0—1.5)um

Addcd amount of SiC:4.0g/ L
2.2 Measurement of the Stationary Potential

Substrate metals trcated normally belore
deposition were used as rescarch clectrodes. The
stationary potential and potential—time curves
were measured with a digital PZ—36 potential
mcter and LZ3—20XY rccording instrument at
75 C. The stainless stecl was TCr18Ni9Ti.

2.3 Inducing Method

The inducing mectal that was pretreated for
aclivity was inseried into the bath and touched
with substratc mctal.

2.4  FElectron probe X—ray Micro Analysis

The initial coating of Ni—B—SiC clcctroless
composite plating on the stainless steel alier in-
duction was analyscd with a 810Q EPMA.

3 RESULTS AND DISCUSSION

3.1 The Determination of the Stationary Poten-
tial

It was found that the potentials of the met-
als change with time. This change corresponds to
the change [rom substralc mclal Lo compositc
plating. The initial stationary potentials were
considered 1o be the stationary potentials of the
substrate metals in the article. The stationary po-

tentials of copper and six other mcetals or alloys
were mcasurcd, their values arc given in Table 1.

According o the experimental result, the
order ol thc catalylic activitics ol thc mectals is
Ni—B—SiC(Ni—B) > copper> brass > iron > stain-
less stecl > Ni—P. Copper, brass, iron, Ni—P and
Ni—B can be plated directly. But in the casc of
stainlcss steel, the induction by a catalytic mctal
is nceded.

Although the stationary potential of stain-
less steel 1s more negative than that o Ni—P alloy
at suitable temperaturces, 1t is not catalytically ac-
tive. The results show that the stationary polen-
tial is not a simplc paramcter by which to csti-
matc the calalylic activily ol substralc mctals in
clectroless baths. This result is diflerent [rom the
casc ol Ni—P clectroless nickling.

The stationary potenual of the Ni—B—SiC
coating is cqual lo that ol the Ni—B alloy.This rc-
sult shows that the embedment ol SiC powder
docs not allcct the stationary potential of Ni—B
alloy.

3.2 Change of Stationary Potential

The potential-ime curves ol the substrate
meclals arc presented in Fig.1. The results show
that the potential of the catalytic metal under-
gocs three stages (Fig.2). In stage T, the potential
ol the metal rcaches [ast its stationary polcntal
in two scconds. This valuc represents the activily
ol the clean surlace of the substratc metal. Of
coursc, Lhe surlace has a adsorbed [ilm that con-
sists of coordinated ions and solvent moleculest,
The adsorbed lilm can probably aflect the [or-
mation ol the passive [1lm and clectroless compo-
silc coating.

In stagelll , the potenuals ol cvery metal
rcach —1.21 V and do not changc.Al this timc,
bascd on thc cxperimental obscrvation compo-
site coatings have been plated on the substrate
mectals. The scanning analysis ol EPMA ol Nion
stainless stecl{Fig.3) shows that Ni has nuclcated
wcll-distributedly after induction for 1 min. Aflter
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Table 1 Stationary potentials of some substrate metals in a Ni—-B—SiC electroless composite plating bath. 4
substrate metal Cu Brass Fc Ni—P alloy Stainless Steel Ni—Balloy  Ni—B-=SiC
Stationary Petential / V -1.12 -1.08 —-1.01 —0.56 —0.57 —1.21 -1.21
less deposition requires the removal of the adso-
—1.21 V rption [ilm, and the aclivation energy is higher.
8 —1.2p 1 Alter some atoms ol Ni and B have plated, the
“ 1k ratc ol coating increascs because ol the lower
S 2 activation encrgics. The adsorption of SiC to the
; -1.0r 3 surfacc of Ni—B alloy and thc dcposition of
= 4 Ni—B result in the embedding of powerd sicl!,
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Fig. | Potential-time curves of some substrate metals
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Fig. 2 Sketch map of potential-time curve

this time, all substratc mctals have cssentially
been covered by a Ni—B—SiC clectroless coating.

Stage [[ is a transition period as the surlace
statc changes [rom the substrate metal to electro-
less composite coating. This process involves
somc changes in the desorption, passivity and
nucleation ol the clectroless coating. The synthe-
tical contribution of cvery [actor delecrmines the
time¢ and slope of the change of the potential to
—1.21V. This timc is called the transition ume.
The transition times ol copper and other mctals
arc shown in table 2. The results show that the
shorter the transition ume, the stronger the
catalytic actuivity ol the metal.

Tt can also bec scen [rom the slopes of the
curves (Fig. 1) that the rate ol clectroless coating
[ormation is slower during the initial period of
the tansition process. The reason is that clectro-

Fig. 3 Scanning micrograph of EPMA of Ni

on stainless steel after induction for 1 min

Table 2 Transition times of some substrate metals
Ni-P alloy

Substrate metals Cu Brass Fe

Transituon time / 3 18 22 27 a8

3.3 The effect of Catalytic Activity on the De-
position Rate

Tablc 3 shows that the deposition ratc of
clectroless composile plating is the same il the
substratc metal 1s catalytically active. This is a re-
sult of very small differences in transition times.
The greatest diflcrence in time in the test was
about 20 scconds. This short time can be virtual-
ly neglected in comparism to the whole plating
time (3 600s). So, the rate of deposition 1s ter-
mined by the time reguired lor forming onc layer
ol clectroless coating.

Tablc 3 also shows the rate of deposition of
Ni—B-=SiC dccreased with the increcase of SiC
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powdcr. The reason is that the SiC powder that
has no catalytic aclivity is adsorbed to the sur-
face of the Ni—B alloy and decrcases the cllective
arca of rcaction.

Table 3 Deposition rate of Ni—B—SiC on Cu and Fe

Subsirate added amount of SiIC/ g« L™
Mclal 1.0 2.0 4.0 6.0 80
 Cu 6.08 521 454 382 334
Fe 619 523 444 387 335

3.4  Relative Catalytic Activity of the Substrate
Metals

The conditions of the bath have a dircct
bearing on the catalytic activilty ol the substralc
mclal. Onc subsiratc mclal may have calalylic
activity in onc bath, but may not be cclalytically
aclive in another bath. Table 4 shows again that
the stationary potential of the metal and the
temperature of the bath can not completely de-
lcrmine the catalylic aclivity,

Table 4 Stationary potentials

and eatalytic activities of some metals

i Stationary calalylic
mctal Kind of bath .
Patennal / V aclivily
HEDP bath -0.22 Inc(Tective
Cu
Ni—B-8iC balh -1.12 Eflecttve
HEDP bath -0.22 Tneflective
Brasy
N1—B-SiC bath —1.08 Ellecluive
HEDP bath —0.7% ElTeclive
Fe
Ni—B-SiC bath —1.01 EfTeclive
Ni-P HEDP bath -0.72 EfTective
alloy Ni—B-8iC bath -0.96 Eflective
Stsinless HEDP balh -0.83 TnefTeclive
steel Ni~B-5.C hath -0.97 TnelTective

Ni-P bath temp.80 C

3.5 The Factors Affecting the Catalytic Activi-
ties of Substrate Metal

The experimental results show that the
stainless steel docs notl have the catalytic aclivily
although the stationary potential is less than that
of the Ni—P alloy and thc tempcerature of the

bath is high cnough. The potential-time curve ol

stainless stecl in the Ni—B—SiC clectroless com-

posite bath was investigated in order to under-
stand thc reason. The result shows that the po-
tential of stainless stecl goes through [ive periods
(Fig.4).

In period 1, the potential of stainless stecl
rcaches —0.97 V in a bring umec alter the stainless
steel is inserted into the bath. This potential value
rcpresents the value of the clean surlace of stain-
less steel. In period 11, the potential moves up Lo
—0.83 V. This caursc probably rcpresents the
passivation ol thc stainless steel. The polential
(—0.83 V) is the valuc ol a passive [1lm in the
bath. In period [i[, the stainless steel is induced
by copper. The potential moves quickly to —1.12
V aller a small positive incrcasc. The valuc
(=1.12 V) is the stationaary potential ol copper.
The mechanism ol the process is shown below!™:
copper makes up a short circuit cell with
Ni(en);" in the bath and the following reaction
lakcs placc.

Cu+Ni(en); ' —Ni+Cu(en)?” ¢))
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Fig. 4 Potential change curve of stainless steel

The clectrons from copper can also trans
plant Lo the surface ol stainless steel. Mcanwhile,
Ni(cn)§+ can oblain clectrons [rom the surlacc ol
stainlcss stecl.

Ni(en);™+2¢ Ni+3cn

Ni has catalytic activity and induces the fol-

lowing rcactlions
BH,+4Ni(cn); +80H =

4Ni+BO;+12en+6H,0
2BH,+4Ni(en)i +60H =
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2NiB+12en+6H,0H,
The transportation ol clectrons suddenly
deereasc the potentiai to —1.12 'V,

At the moment of inducing the polential of

the stainless steel moves suddenly [rom —0.83 V
to —0.72 V and then moves to —1.12 V. Perhaps it
is rclated to the surface reactions. The detailed
mcchanism should be rescarched further, Period
IV is the transilion stage that has been discussed
before. Period V' is the period when the Ni—
B—SiC clectroless composite plating occurs con-
unuously.

The experimental results indicate that the
passivily of the surlace is onc of thc [actors
dcterming the catalytlic activity ol the substrate
metal besides the stationary potential and tem-
perature of the bath,

4 CONCLUSIONS

The obtained results arc summarized as fol-
lows:

(1) Besides the stationary potential of the
substirate mctal and tecmperaturc ol the bath the

passivity of the surfacc of substratc metal deter-
mines its catalytic aclivity;

(2) The transition time and slopc ol the po-
tential—time curve arc usclul for judging the
catalylic activity ol a substrate mctal;

(3) The deposition rate of Ni—B—SiC clec
troless composile platung is almost the samc on
the catalytic metal.
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