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ABSTRACT
Regarding to the low rate of conventional Ni-P electroless plating method that needs more time to make a coating on
the substrate surface, a new technique called “substrate local heating” was introduced based on the temperature
parameter modification and its advantages were expressed and compared to the conventional electroless plating
technique (temperature=90°C, pH=4.7). In order to provide necessary equipment making this approach practicable,
electrical resistance was used as the heating source, and air injection and cooling water circulation were employed to
control the solution temperature near the substrate and in the bulk solution, respectively. Considering the heater power
(1000 W), the substrate and bulk temperatures were about 190°C and 80°C, respectively. This novel method could
enhance the plating rate up to 32 um/h which was about 60% greater than that of the conventional method, 20 pm/h.
Moreover, benefits such as local plating, reduction of production costs, and formation of functionally graded coatings

(FGC) can be achieved.

Keywords: Electroless, Nickel-Phosphorus coating, Water circulation, Plating rate, Substrate local heating.

1. INTRODUCTION

Electroless plating is a useful technique to form a
metal-plated layer on the surface of various solids
including metals and nonconductors, such as
ceramics or plastics, without employing an
external power source. It is an autocatalytic
chemical deposition method in which the
necessary electrons of the reaction are supplied by
oxidation of a reducing agent and metal ions can
reduce to their metallic form [1]. It is well-known
that electroless Ni-P deposition is an effective
coating for increased corrosion and wear
resistance of materials [2]. The commercial Ni-P
electroless acidic bath with a hypophosphite
reducer works at 90+2°C, pH=4.5-4.7, and
deposition rate of ~20 um/h [3]. According to a
widely-used classification, the process is called
high-speed and super-high-speed EN plating if the
deposition rate is in the range of 1822 pm/h and
23-27 um/h, respectively [4]. One of the
disadvantages of electroless plating is the low rate
of plating in comparison with electrical type [5].

*: p.verdi@pa.iut.ac.ir

In recent years, considerable efforts have been
expended to raise the rate of electroless plating
and make the process more economical. For
instance, Saez et al introduced a new method
called ultrasonically enabled low-temperature
clectroless plating and showed that the
temperature operation (80°C) can be lowered
(70°C) with the aid of ultrasonic waves [6]. Yang
et al used indirect hot water heating system
instead of hot plate. Their work showed
possibility of increasing the bath temperature up
to 95°C with better uniformity of cauliflower-like
structure [7].

In this study, a novel method called “substrate
local heating system (SLHS)” or “hot substrate”
was introduced that could increase the deposition
rate without the bath unsteadiness. In this
technique, heating energy was applied to the near
surface of the substrate instead of the bath
solution bulk. The substrate temperature was
increased to 190°C, while trying to keep the
solution temperature at 80°C or lower. In this
regard, the rate of deposition was reached above
30 um/h due to more heating energy provided for
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the electroless plating reactions. The properties of
the SLHS electroless coating was evaluated and
compared with the conventional method.

2.MATERIALS AND METHODS

2.1. Materials

For this experiment, AISI 1045 carbon steel disks
with 25 mm diameter and 5 mm thickness were
prepared as a substrate. A commercial electroless
nickel bath (SLOTONIP 70A from Schlotter) with a
hypophosphite reducer was used in order to deposit
Ni-P layers. The pH was controlled by adding
ammonia and H>SOy4 acid through a burette.

2.2. Sample Preparation and Pretreatment

The samples were grounded (from 600 up to 1200
grind size SiC paper) and polished with ALOs
suspension. The initial thickness of samples was
measured by a digital micrometer. Prior to the
plating process, the samples were ultrasonically
cleaned by acetone for 15 min and then degreased
by immersion in a solution containing 70 gr/L
NaOH, 40 gr/L Na,COs, 20 gr/L NasPO4, 10 gr/L
NaySi0;, and distilled water for 15 min at 60°C.
Finally, the samples were activated in HCI 30% for
30 s. Rinsing with the deionized water was done
between each step.

2.3. Plating Condition

Stirring and cooling the bath solution were performed
by an air pump with a flow rate of 2.5 I/min. The
solution was heated up by an elemental resistance
heater working at 1000 W. The condition of the
plating bath for conventional and SLHS methods
has been presented in Table 1.

3. RESULTS AND DISCUSSION

3.1. Deposition Rate

The SLHS method can work with the deposition
rate of over 30 um/h and without the risk of
decomposition. The plating rate maximally
reaches 20 um/h in the conventional plating
technique.

3.2. Phosphorus Content

The plots of phosphorus content versus pH for the
SLHS and conventional methods are presented in
Figure 1. It can be seen that increasing in the
plating rate reduces the phosphorus level by
nearly 2 wt.% for SLHS sample in comparison of
conventional one.

13 1 1274 a
125 F 12.35 157
21
115 T
11+ 1062
105 T 10.2 b
01 10.01 993 99

Phosphorus content %

Figure 1. Relationship between phosphorus content
versus pH: a) conventional, b) SLHS

3.3. The relationship between heater power,
bath and substrate temperatures

The relationship among three parameters, namely
heater power, bath and substrate temperatures is
shown in Figure 2. The red part of this 3D
diagram is an acceptable operational condition
that SLHS system can work satisfactorily.

3.4. Plating rate-solution temperature
dependency

According to Figure 3, it is clear that the
conventional plating shows much more solution
temperature changes than SLHS. This dependency
is so strong in the conventional technique, but
negligible for SLHS one.

4. CONCLUSION

Maximum rate of deposition for SLHS method
was achieved about 32 um/h. The rate for
conventional electroless plating was nearly 20
pum/h. Therefore, a 60% improvement was
observed. The main reasons for enhancing the
deposition rate in hot substrate method were
related to the accelerated redox reactions on the
surface of the sample. Some advantages of this
novel technique were high deposition rate, cost
effectiveness, and possibility of making FGC and
local plating.
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Figure 2. The 3D diagram of the heater power-substrate temperature-solution temperature.

Table 1. Plating condition for conventional and SLHS methods.

Condition Conventional plating SLHS plating
Bath solution SLOTONIP 70A SLOTONIP 70A
Stirring method Air agitation Air agitation
pH 4.6-5.2 4.6-5.2
o . 190°C (substrate)
Temperature 90°C (solution) 80°C (solution)
Cooling system No Exterior water circulation with air injection in solution
Time of deposition 1h 1h
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Figure 3. The dependency of deposition rate with
solution temperature: a) SLHS, b) conventional.
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