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CONCLUSION

Three empirical rate laws have been developed for three electroless nickel-boron plating systems,
each using a different complexing agent:
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These rate laws hold only for the respective complexing agents and only in a limited range of

concentrations and pH. To deduce any plating reaction mechanism requires more information.

However, the method discussed here permits one to determine the rate laws for any electroless
nickel plating system and to use the derived rate law to optimize the system of interest.
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LIFE EXTENSION OF ELECTROLESS

NICKEL SOLUTIONS

Dr. Juan B. Hajdu and E. F. Yarkosky

INTRODUCTION

Electroless nickel deposition occurs by a process of chemical
reduction induced by a catalytic surface or displacement of nickel
from solution. The deposited nickel then functions as the catalyst

and the process becomes self-sustaining or auto catalytic, provided
that the nickel and reducing agent is replaced.

Electroless nickel solutions, nevertheless, are characterized
by a finite bath life due to the gradual build-up of products
of reaction and replenishment chemicals. In this sense, electro-

less nickel plating solutions are self-contaminating. They

are also vulnerable to a wide variety of contaminants that even
in small amounts can prevent nickel deposition, change the quality
of deposit, and cause spontaneous bath decomposition. Consequently,

electroless nickel plating baths are at an optimum when new.

In order to satisfy the requirements of the industry, baths
that have better life and stability than textbook formulae are
necessary to minimize the interruptions of production schedules
and to assure deposit quality.

There are several ways to cope with this requirement:

1) Chemically fortify the plating solution against the
harmful effects of reaction by-product and contaminant
build-up.

2) Treat the solution periodically to remove those by-
products and other contaminants.

3) Operate the bath under conditions that will maintain
the functional composition of the bath near optimal
conditions.

4) Modify standard plating cycles with innovative
pre-treatment techniques.

5) Operate the bath under conditions that maintain a
concentration of by-products and contaminants at or
below a limiting value and thus achieve a steady or
equilibrium state.
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Electroless nickel bath life is commonly measured in terms

of metal turnovers. A turnover may be defined as the number

of times the original concentration of nickel in the bath is

consumed. Electroless nickel baths usually operate at 7.5 gm/1

(1 oz./gal.) nickel metal and last under standard conditions
for about 8 - 10 turnovers, or when 60-75 grams of nickel have
been plated from a liter of solution. After this time, the

baths are usually discarded because bath and deposit properties,

such as brightness, stability, and in certain cases adhesion,

gradually deteriorate. Most importantly, the decline in plating

rate reaches a point when it is no longer economically feasible

to continue plating in the bath.

The deterioration of bath properties are attributable to

several causes:

1) The inevitable contamination of the bath due to the

work being processed.

2) "Drag-in" of contaminants from water, cleaners, etc.

3) Reaction end-products, i.e. phosphites.

4) Accumulation of replenishment chemicals, i.e.
sulfates, ammonium salts, etc.

Most electroless nickel baths are of the acid-hypophosphite

type and operate at elevated temperatures. Volume loss due

to evaporation allows for the addition of replenishing chemicals

without requiring any removal of the plating solution. There-

fore, there is little dilution of the bath and the concentra-

tion effect can be ascertained from the following figure (Fig. 1).

Water

added evaporated

Work + drag-in Ni plated work

+ drag-out

--0

Replenishment chemicals

NiS04, NaH2P02, NH4OH,

A

Na+ r-7 H+

etc.

Na+ NH4 S04 =

A A-2. + -

HP03= chelates

Ni+ + 2H20 + 2H2P02- -9 Ni + 2HPo3 + 4H+ + H2

Fig. 1: Sources of contamination in electroless nickel plating.
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Effect of Impurities

Proprietary electroless nickel baths are prepared from con-
centrates that have been formulated with raw materials of relative

high purity. Also, de-ionized water or its equivalent are used
in the manufacture of these concentrates. This is done to assure

a plating performance on bath make-up of high quality. Extending

the life of an electroless nickel bath begins at this point.

Therefore, it is important to use the same high quality water
for dilution and replenishment. The effect of "drag-in" of

pretreatment solutions will accordingly aggravate the problem.
The following simplified equation is an expression that approxi-
mately quantifies how long it would take to "poison" an electro-
less nickel bath if a threshold concentration of contaminants
is kriown:

Equation 1

T = VC / (E +V) C1 W

T = time to reach maximum concentration of

contaminant

V

C

E

V
r

C
W

volume of plating bath

maximum concentration of contaminant allowed

evaporation rate, gal./hr.

drag-out rate, gal./hr.

concentration of contaminant in water (diluent)

A similar equation is applicable for contaminants entering
the bath through chemical reaction. This in fact is a common

source of contamination especially when processing aluminum

that has an immersion deposit on zinc which then dissolves in the
electroless nickel bath. Also, this type of contamination is

likely when processing leaded steels directly in the electroless
nickel bath. The dissolved lead from the steel soon exceeds

a tolerable concentration of approximately 3 mg/1 and will totally
prevent nickel deposition. Likewise, the introduction of cadmium

from racks used in cadmium plating will soon cause poor bath

performance and deposits of inferior quality. Thus, as in other

types of plating, sound plating practices are essential as a
first step in maximizing electroless nickel bath life.

Bath Control

Since electroless or auto catalytic deposition proceeds

without electric current or anodes, the source of electrons

(reducing agent) and nickel must be replenished at regular inter-
vals to maintain plating characteristics. Modern electroless

-3-













no dilution

 Danger threshold     - 10% dilutiop

20% dilution

0

30% dilution
A.

r f

4 8 12 10 20

METAL TURNOVERS

Fig. 3: Dilution effect on steady state equilibrium.

The limiting value or equilibrium state can be estimated
by the following approximate equation:

2) C
Q

V
r

Where Q = weight of end product (or impurity)
formed/unit time

V = drag-out in volume/unit time
r

te = limiting value

The formula assumes no plate out of the end product or impurity.

The time to reach this state is estimated, as before, from

equation 1.
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