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Abstract: Coating diamond particle surfaces with a layer of high-temperature resis-
tant nickel, which possesses weldability, effectively enhances the bonding strength be-
tween diamond particles and substrates in pre-grinding tools. This improves their
stability and strength at high temperatures, thereby enhancing the performance, lifes-
pan, and efficiency of grinding tools. This paper explores the electroless nickel plating
process on diamond surfaces, analyzes the working principle of electroless nickel plat-
ing on diamond surfaces, and proposes the use of 2 g/L AgNO3 solution and 2 g/L
AgNO3 + 10 mL/L NH3·H2O solution as Pd-free activating solutions. Experimental studies
have demonstrated the feasibility of using silver nitrate as an activator, and it has been
found that the 2 g/L AgNO3 + 10 mL/L NH3·H2O solution achieves a higher surface
plating ratio when used as an activator for electroless nickel plating on diamond surfaces.
Based on this, through orthogonal and single-factor experimental methods, the effects of
ammonia solution concentration, sodium hypophosphite concentration, plating temper-
ature, and diamond particle size on electroless nickel plating on diamond surfaces were
investigated. The optimal process for electroless nickel plating on diamond surfaces was
obtained: ammonia solution concentration of 17.5 mL/L, sodium hypophosphite concen-
tration of 33 g/L, and plating temperature of 80 ◦C. Under this process, using diamond
particles with a size of 120/140 for electroless nickel plating, a surface plating ratio of
10.75% electroless nickel-plated diamond can be achieved.

Keywords: diamond surface; electroless plating nickel; AgNO3; activator

1. Introduction
Diamonds are known as the hardest material in nature [1] and possess exceptional

physical, chemical, and mechanical properties, such as superior thermal conductivity [2],
good chemical stability [3], and an extremely high melting point [4]. These characteristics
endow diamonds with significant application value in the industrial sector. Generally,
diamond particles in diamond tools are integrated with the matrix through binder or
mechanical embedding methods. However, under conditions of high-speed and high-
pressure grinding forces, these integration methods may not effectively ensure a robust
bond between the diamond particles and the matrix. At high temperatures, diamonds
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are prone to oxidation and weight loss, and may even undergo graphitization, leading
to a decrease in their compressive strength and subsequently affecting the efficiency of
diamond tools. Therefore, enhancing the bonding strength between diamond particles
and the matrix, while simultaneously improving the stability of diamond particles under
high-temperature environments, has become one of the research focuses.

Research has found that by coating diamond particles with a layer of metal, the
bonding strength between the diamond particles and the matrix in diamond tools can
be effectively enhanced. This, in turn, improves their stability and strength at high tem-
peratures, thereby extending the service life, performance, and efficiency of the diamond
grinding tools [5–8]. The most commonly used method involves coating the surface of
diamond particles with a layer of metallic material through physical or chemical means,
encapsulating the diamond particles and thus enhancing their bonding strength with the
matrix, as well as improving their stability at high temperatures. Currently, commonly
used diamond surface coating methods include electroless plating [9], physical vapor
deposition (PVD) [10], chemical vapor deposition (CVD) [11], electroplating [12], vacuum
micro-evaporation coating, and salt bath plating [13]. Compared to other methods, the
electroless plating process does not require an external electrical current and can efficiently
produce uniform coatings that cover even complex surfaces.

In electroless plating, the use of palladium as an activator is not only costly but
also leads to certain precious metal pollution. Therefore, there is a need to explore new
palladium-free activation processes for diamond electroless plating. Tian et al. [14] devel-
oped a palladium-free activation method for electroless nickel plating on copper surfaces
through immersion nickel technology. It demonstrated that the catalytic activity of this
Ni-activation method was slightly lower as compared to the conventional Pd-activation,
but both obtained electroless Ni–P layers exhibited similar morphology, chemical composi-
tion, corrosion resistance, and adhesion strength. Luo et al. [15] proposed a new available
palladium-free surface activation process on polycarbonate (PC) engineering plastic before
electroless plating. The growth mechanisms were analyzed as the reactant (Cu2+) in the
electroless plating solution dispersed and were adsorbed by the plastic surface in the
process of Cu plating. Shu et al. [16] investigated an environment-friendly surface etching
and activation techniques for acrylonitrile–butadiene–styrene (ABS) surface metallization
as a replacement for conventional chromic acid etching bath and palladium catalyst. After
etching by H2SO4-MnO2 colloid, the ABS surfaces became rough; meanwhile the carboxyl
and hydroxyl groups were formed on the surface. Currently, there is still relatively little
research on the palladium-free activation chemical plating process for diamonds.

Metal nickel possesses characteristics such as high temperature resistance, resistance
to oxidation, excellent mechanical strength, ductility, and corrosion resistance, making it
commonly used as a material for diamond surface coating.

Currently, the most commonly used method for nickel plating on diamond surfaces
is chemical nickel plating [17–19]. Typically, chemical nickel plating on diamond surfaces
is subdivided into two steps: diamond surface pretreatment and chemical nickel plating.
And the key to the pretreatment lies in the activation process. This article employs silver
nitrate as an activator for chemical nickel plating on diamond surfaces, replacing palladium
chloride, which is expensive and environmentally harmful, and verifies its effectiveness.

2. Methods and Principles
Due to the absence of catalytic centers on the diamond surface, electroless nickel

plating cannot proceed directly. Therefore, prior to electroless nickel plating, it is necessary
to pretreat the diamond surface to deposit some metal particles as catalytic centers on
its surface. Subsequently, electroless nickel plating can be conducted. As illustrated in
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Figure 1, it describes the process flow of diamond surface pretreatment, which includes the
following steps in sequence: surface degreasing, roughening, sensitization, activation, and
reduction. The diamond surface is pretreated to obtain a pitted surface. Within these pits,
metal particles are deposited, serving as catalytic centers on the diamond surface.

Oil Removing

Sensitization 
Process

Activating Restorating

Reductive 
liquid film

Coarsening

Catalytic Center

Figure 1. Process flow diagram for diamond surface pretreatment.

Electroless nickel plating on the surface of the diamond involves dehydrogenation at
the catalytic centers on the diamond surface through hypophosphite ions in the solution.
Nickel ions are reduced to nickel monoxide under the influence of hydrogen atoms, sub-
sequently depositing on the surface of the catalytic centers and gradually forming nickel
nodules. These nickel nodules on the diamond surface act as catalytic centers, enabling
the deposition of newly reduced nickel monoxide around them. As the electroless nickel
plating reaction continues, a continuous and dense coating layer is gradually formed on
the diamond surface. Figure 2 illustrates the growth model of the electroless nickel coating.

Figure 2. Schematic diagram of the growth model of electroless nickel plating.

The electroless nickel plating on the surface of the diamond primarily involves the
following processes:

The hypophosphite ion undergoes dehydrogenation under the catalysis of the catalytic
center on the diamond surface, resulting in the formation of phosphite ions and hydrogen
atoms. The generated hydrogen atoms adsorb onto the surface of the catalytic center. The
chemical reaction is depicted in Equation (1).

H2PO−
2 + H2O → H+ + HPO2−

3 + 2H (1)

Hydrogen atoms adsorbed on the surface of the catalytic center reduce nickel ions in
the electroless plating solution to metallic nickel, which then deposits on the surface of
diamond particles. The chemical reaction is depicted in Equation (2).

Ni2+ + 2H → Ni + 2H+ (2)
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Certain hypophosphite ions are also adsorbed onto the surface of the catalytic cen-
ter and reduced to elemental phosphorus by the active hydrogen atoms, as depicted in
Equation (3).

H2PO−
2 + H → P + H2O + OH− (3)

In the process of electroless nickel plating, besides the reduction reaction of nickel
ions, a hydrogen evolution reaction also occurs, as shown in Equation (4).

H2PO−
2 + H2O → H+ + HPO2−

3 + H2 ↑ (4)

3. Selection of Activating Agents
Activation is a crucial step in the pretreatment of diamond surfaces. Typically, palla-

dium chloride solution is employed as the activator; however, it is expensive and environ-
mentally harmful. Silver, a transition metal element, possesses atomic structural characteris-
tics akin to palladium, both containing unfilled d-orbitals. These unfilled d-orbitals provide
active sites conducive to interacting with reactant molecules. This interaction can lower
the activation energy of the reaction, thereby enhancing catalytic activity. Consequently,
silver can serve as the catalytic center on the diamond surface. In this paper, a silver nitrate
solution with a concentration of 2 g/L is selected as the activator in the pretreatment of
diamond surfaces, replacing palladium chloride.

The activating solution composed of AgNO3 and deionized water exhibits poor stabil-
ity in the atmosphere. When this activating solution is utilized for the activation of diamond
particles, a portion of it decomposes during the activation process, thereby diminishing the
effectiveness of the activation. The decomposition reaction is represented by Equation (5).

2AgNO3 → 2Ag + 2NO2 ↑ + O2 ↑ (5)

Therefore, the activation of the diamond surface using an activating solution composed
of AgNO3 and deionized water results in fewer active centers on the activated diamond
surface, which in turn leads to a lower surface plating ratio of electroless nickel on diamond.
The activation reaction mechanism is illustrated in Equation (6).

2Ag+ + Sn2+ → Sn4+ + 2Ag ↓ (6)

To effectively enhance the stability of the activating solution, a concentration of
10 mL/L NH3·H2O was added to a 2 g/L silver nitrate activating solution. The NH4

+ pro-
vided by ammonia solution serves as additional coordination bonds for AgNO3, inhibiting
the reduction of silver ions, thereby enhancing the stability of the solution, preventing
self-decomposition of the activating solution, and improving the activating effect. The
reaction equation for the silver–ammonia complexation reaction is as follows, shown in
Equation (7):

AgNO3 + 3NH3·H2O → Ag (NH3)2OH + 2H2O + NH4NO3 (7)

The mechanism of the activation reaction is illustrated in Equation (8):

2[Ag(NH3)2]
+ +Sn2+ → Sn4+ + 2Ag ↓ + 4NH3 (8)

Regarding the inclusion of ammonia solution in silver nitrate, two activation solutions
were proposed, with their chemical compositions shown in Table 1. The study investigated
the effects of these two activation solutions during the electroless nickel plating process on
diamonds, selecting the activation solution with superior activation performance.
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Table 1. Chemical Composition of the Activating Solution.

Activation Solution Chemical Composition

A AgNO3 (2 g/L)
B AgNO3 (2 g/L) + NH3·H2O (10 mL/L)

Diamonds with a particle size of 45/50 were activated using Activation Solution A
and Activation Solution B. Under the conditions of a plating temperature of 80 ◦C and
a rotational speed of 100 r/min with magnetic stirring, the pretreated diamond particles
underwent electroless nickel plating for 30 min. Following the completion of electroless
nickel plating, the nickel-plated diamonds were cleaned, dried, weighed, and subjected to
scanning electron microscopy analysis. As shown in Figure 3, which illustrates the surface
plating ratios of electroless nickel-plated diamonds under different activation solutions, it
can be observed that the use of Activation Solution B for diamond activation results in a
higher surface plating ratio of electroless nickel-plated diamonds.

Figure 3. Surface plating ratio of electroless nickel plating on diamonds under different activation
solutions.

Figure 4 illustrates scanning electron microscopy images of electroless nickel-plated
diamond coatings under various activating solutions. As evident from panels (a) and (b),
nickel nodules have formed on the diamond surface, with dimensions that are essentially
uniform. However, a comparative analysis of the number of nickel nodules generated on
the diamond surface reveals that the use of Activation Solution B as the activator results in
a higher number of nickel nodules on the surface of the electroless nickel-plated diamond,
indicating that Activation Solution B exhibits superior activating effects compared to
Activation Solution A.

  
(a) (b) 

Figure 4. Scanning electron microscopy images (×3000) of electroless nickel plating on diamond
coatings under different activating solutions. (a) Activation Solution A, (b) Activation Solution B.
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4. Experimental Design
4.1. Composition of Electroless Nickel Plating Solution

The electroless nickel plating solution utilized comprises primarily the following
components: metal salt, reducing agent, complexing agent, stabilizer, and dispersant.
The composition and function of each component in the plating solution are outlined in
Table 2 [20,21].

Table 2. Main components of electroless plating solution.

Components Medicine Concentration Role

Metal salt Nickel Sulfate 25 g/L Provision of metal ions

Reducing agent Sodium Hypophosphite 33 g/L Reduction in metal ions
Sodium Citrate 12.5 g/L-

Complexant Ammonia solution 17.5 mL/L Prevent the precipitation of precipitates
from the plating solution

Citric Acid 20 g/L

Stabilizer Thiourea 1.4 mg/L Stable plating solution

Dispersant Sodium Dodecyl Benzene Sulfonate 1 g/L Improving the phenomenon of particles

(1) Weigh an appropriate amount of citric acid and dissolve it in 50 mL of ultrapure water.
Continue heating and stirring until the solution becomes transparent. Subsequently,
add an appropriate amount of sodium citrate, heat and stir until dissolved to obtain a
transparent solution, designated as solution a.

(2) Weigh an appropriate amount of NiSO4·6H2O and dissolve it in 50 mL of ultrapure
water to obtain solution b. Subsequently, gradually add solution a to solution b,
resulting in solution c.

(3) Weigh an appropriate amount of sodium hypophosphite and dissolve it in 50 mL
of ultrapure water, stirring continuously to ensure complete dissolution, thereby
obtaining solution d. Subsequently, add solution d to solution c and heat while
stirring to dissolve, resulting in solution e.

(4) Add an appropriate amount of ammonia solution to solution d, continue heating and
stirring until complete dissolution is achieved. Subsequently, introduce an adequate
quantity of Sodium Dodecyl Benzene Sulfate (SDBS) and thiourea, and stir for 5 min
to obtain the electroless plating solution f.

4.2. Design of the Experimental Scheme

From the chemical reaction Equations (1) and (2), the following can be observed:
Firstly, during the electroless nickel plating process, H+ is continuously generated, leading
to a continuous decrease in the pH value of the solution. However, upon the addition
of ammonia solution, the H+ in the solution is neutralized, and the chemical reaction
proceeds in the positive direction. Therefore, the concentration of ammonia solution in
the plating solution is crucial for the electroless nickel plating reaction on the diamond
surface. Secondly, during the electroless nickel plating process, nickel ions are reduced to
nickel metal by the action of active hydrogen, depositing on the diamond surface to form a
plating layer.

The role of sodium hypophosphite in the electroless nickel plating process is to provide
the active hydrogen required for the reduction of nickel ions. Its concentration determines
the content of active hydrogen in the solution, which in turn affects the reduction rate
and plating efficiency of nickel ions. Sodium hypophosphite decomposes to release active
hydrogen at a certain temperature. A higher plating temperature aids in accelerating the
decomposition rate of sodium hypophosphite, increasing the content of active hydrogen
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in the solution, and promoting the reduction reaction of nickel ions, thereby facilitating
the electroless nickel plating process. Conversely, if the plating temperature is too low,
it may lead to a slower decomposition of sodium hypophosphite and insufficient active
hydrogen, affecting the nickel reduction process, resulting in a decrease in plating quality or
abnormal plating solution reactions. Therefore, during the electroless nickel plating process,
it is necessary to control the plating temperature to ensure that sodium hypophosphite
can decompose sufficiently, releasing enough active hydrogen to ensure normal plating
solution reactions.

Based on the comprehensive analysis, it can be concluded that the concentration of
ammonia solution and sodium hypophosphite in the plating solution, as well as the plating
temperature during the electroless nickel plating process, exert significant impacts on the
electroless nickel plating on the diamond surface. A three-factor, three-level orthogonal
experiment was designed, as presented in Table 3, to investigate the effects of ammonia
solution concentration, sodium hypophosphite concentration, and plating temperature
during the electroless nickel plating process on the electroless nickel plating solution.

Table 3. Orthogonal experiment.

Levels

Factors A B C
Ammonia Solution

Concentration
Sodium Hypophosphite

Concentration Plating Temperature

(mL/L) (g/L) (◦C)

1 15 30 75
2 17.5 33 80
3 20 36 85

4.3. Analysis of Preliminary Experimental Results

Based on the orthogonal experiment designed in Section 4.2, various experimental
schemes were tested and calculated; the results are shown in Table 4.

Table 4. Orthogonal experimental schedule and results.

Study Number

Factors Ammonia Solution
Concentration

Sodium Hypophosphite
Concentration

Plating
Temperature Surface Plating Ratio

(mL/L) (g/L) (◦C) (%)

1 15 30 75 4.56
2 15 33 80 6.72
3 15 36 85 5.54
4 17.5 30 80 7.74
5 17.5 33 85 7.13
6 17.5 36 75 5.83
7 20 30 85 6.71
8 20 33 75 5.75
9 20 36 80 6.32

Table 5 was obtained through the application of range analysis. Based on the experimental
results, the primary and secondary relationships of the impact of various influencing factors
on the deposition surface plating ratio of electroless nickel plating on diamonds can be
determined as follows: plating temperature > ammonia solution concentration > sodium
hypophosphite concentration. The optimal parameter combination for deposition rate is as
follows: ammonia solution concentration of 17.5 mL/L, sodium hypophosphite concentration
of 33 g/L, and deposition temperature of 80 ◦C. Under the condition that other factors remain
unchanged, using this set of parameters, the deposition rate of electroless nickel plating on
diamond can reach 8.18%. In Table 5, R1, R2, and R3 represent the average values of the sum
of experimental results corresponding to factors 1, 2, and 3, respectively.
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Table 5. Analysis of the extreme range of surface plating ratios for electroless nickel plating on
diamonds.

Levels
Factors

A B C

R1 5.61 6.33 5.38
R2 6.9 6.53 6.93
R3 6.26 5.89 6.46

range 1.29 0.64 1.55

5. Results and Discussion
5.1. The Influence of Ammonia Concentration on Electroless Nickel Plating

A single-factor experiment was designed to investigate the influence of ammonia
concentration in the electroless nickel plating solution on the deposition rate and mi-
crostructure of the electroless nickel-coated diamond. The plating temperature was set at
80 ◦C, the diamond particle size was 45/50, the diamond loading was 1 g, the magnetic
stirring speed was 100 r/min, the electroless nickel plating duration was 60 min, and the
ammonia concentration ranged from 12.5 to 20 mL/L. The plating solution parameters
with different ammonia concentration are presented in Table 6.

Table 6. Plating solution parameters with different ammonia concentration.

Number
Factors Ammonia Solution

(mL/L)
Nickel Sulfate

(g/L)
Sodium

Hypophosphite (g/L)
Citric Acid

(g/L)
Sodium Citrate

(g/L)
SDBS
(g/L)

Thiourea
(mg/L)

1 12.5 25 33 20 12.5 1 1.4
2 15 25 33 20 12.5 1 1.4
3 17.5 25 33 20 12.5 1 1.4
4 20 25 33 20 12.5 1 1.4

5.1.1. The Influence of Ammonia Concentration on the Surface Plating Ratio

Figure 5 illustrates the impact of ammonia solution concentration on the surface plating
ratio. The graph reveals that when the ammonia solution concentration in the solution
is 12.5 mL/L, the surface plating ratio is comparatively low. The primary reason for this
is that at lower ammonia solution concentrations, the pH value of the electroless plating
solution is lower, and the reducing capability of the solution is weaker. Consequently,
less Ni2+ is reduced, leading to a lower surface plating ratio. As the ammonia solution
concentration increases, the pH value of the electroless plating solution also rises, rapidly
reducing the H+ concentration in the solution. This shift in pH favors the forward direction
of the reaction, resulting in a gradual increase in the surface plating ratio.

When the concentration of ammonia solution increased to 17.5 mL/L, the surface
plating ratio reached its maximum. However, as the concentration of ammonia solution
continued to rise to 20 mL/L, the surface plating ratio began to decrease. The primary
reason for this is that, with the increasing concentration of ammonia solution, the reaction
rate of electroless nickel plating becomes excessively rapid. Consequently, the reduced
nickel element fails to deposit on the diamond surface and instead forms nickel slag,
precipitating at the bottom of the beaker, thereby leading to a reduction in the surface
plating ratio.

5.1.2. The Influence of Ammonia Concentration on the Microscopic Morphology of
the Coating

Scanning electron microscopy was employed to observe the microtopography of nickel-
plated diamond coatings under varying ammonia concentrations, with the results presented
in Figure 6. As found in Figure 6a, when the ammonia concentration is low, the diamond
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surface exhibits only a small number of nickel nodules with relatively small sizes, indicating
no significant plating formation. With increasing ammonia concentration, as shown in
Figure 6b,c, the diamond surface generates an increasing number of nickel nodules with
progressively larger sizes. When the ammonia concentration reaches 17.5 mL/L, a distinct
plating layer is formed on the diamond surface. Furthermore, as depicted in Figure 6d,
as the ammonia concentration continues to rise to 20 mL/L, the plating becomes uneven,
accompanied by significant underplating, and the size of the nickel nodules begins to
decrease.

Figure 5. The influence of ammonia solution concentration on the surface plating ratio.

  
(a) (b) 

  
(c) (d) 

Figure 6. Scanning electron microscopy images (×1000) of the microscopic morphology of the coating
at different concentrations of ammonia solution. (a) Ammonia solution concentration of 12.5 mL/L,
(b) ammonia solution concentration of 15.0 mL/L, (c) ammonia solution concentration of 17.5 mL/L,
(d) ammonia solution concentration of 20.0 mL/L.
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At lower concentrations of ammonia, the reaction rate is slow, preventing the formation
of a coating. As the ammonia concentration gradually increases, the reaction rate accelerates,
leading to an increasing number and size of nickel nodules on the diamond surface, and the
formation of a distinct coating. However, when the ammonia concentration is excessively
high, the reaction rate becomes too rapid, resulting in the partial reduction of nickel ions in
the solution. This leads to the precipitation of nickel slag at the bottom of the beaker and
the deposition of some on the diamond surface, causing missed plating.

5.2. The Influence of Sodium Hypophosphite Concentration on Electroless Nickel Plating

A single-factor experiment was designed to investigate the influence of sodium hy-
pophosphite concentration in the electroless nickel plating solution on the deposition rate
and microstructure of the electroless nickel-coated diamond. The plating temperature was
set at 80 ◦C, with diamond particle size of 45/50, diamond loading of 1 g, magnetic stirring
speed of 100 r/min, electroless nickel plating duration of 60 min, and sodium hypophos-
phite concentration ranging from 12.5 to 20 mL/L. The plating solution parameters with
different sodium hypophosphite concentration are presented in Table 7.

Table 7. Plating solution parameters with different sodium hypophosphite concentration.

Number
Factors Nickel Sulfate (g/L) Sodium

Hypophosphite (g/L)
Citric Acid

(g/L)
Sodium

Citrate (g/L)
Ammonia Solution

(mL/L)
SDBS
(g/L)

Thiourea
(mg/L)

1 25 27 20 12.5 17.5 1 1.4
2 25 30 20 12.5 17.5 1 1.4
3 25 33 20 12.5 17.5 1 1.4
4 25 36 20 12.5 17.5 1 1.4

5.2.1. The Influence of Sodium Hypophosphite Concentration on the Plating Efficiency

Figure 7 illustrates the impact of sodium hypophosphite concentration on the surface
plating ratio. The graph reveals that when the sodium hypophosphite concentration is
too low, the surface plating ratio is comparatively low. This is attributed to the fact that a
lower concentration of sodium hypophosphite results in a reduced amount of hydrogen
ions (H) in the solution, leading to a decreased number of nickel ions (Ni) being reduced,
thereby reducing the surface plating ratio. As the sodium hypophosphite concentration
increases, the amount of decomposed hydrogen ions in the solution increases, leading to
an increased number of reduced nickel ions, and consequently, the surface plating ratio
continuously increases.

Figure 7. The effect of sodium hypophosphite concentration on plating efficiency.
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When the concentration of sodium hypophosphite in the electroless plating solution is
33 g/L, the surface plating ratio reaches its maximum; however, as the concentration of
sodium hypophosphite continues to increase, the surface plating ratio begins to decrease.
The primary reason is that when the concentration of sodium hypophosphite is excessively
high, it spontaneously decomposes to produce hydrogen gas. The accumulation of hydro-
gen gas affects the chemical equilibrium of the plating solution, leading to instability and
turbidity, which in turn reduces the surface plating ratio.

5.2.2. The Influence of Sodium Hypophosphite Concentration on the Microscopic
Morphology of the Coating

Scanning electron microscopy was employed to observe the microtopography of
nickel-plated diamond coatings under varying concentrations of sodium hypophosphite,
with the results presented in Figure 8. As shown in Figure 8a, when the sodium hypophos-
phite concentration was 27 g/L, the nickel nodules that formed on the diamond surface
were relatively small in size, and some areas remained uncoated. Figure 8b reveals that
at a sodium hypophosphite concentration of 30 g/L, the size of the nickel nodules on the
coating surface began to increase. Figure 8c demonstrates that when the sodium hypophos-
phite concentration reached 33 g/L, the diamond surface exhibited the highest number
and largest size of nickel nodules, forming a distinct coating. However, as the sodium
hypophosphite concentration increased to 36 g/L, as shown in Figure 8d, the diamond
surface coating became sparse, and the number of nickel nodules began to decrease.

  
(a) (b) 

  
(c) (d) 

Figure 8. Scanning electron microscope images (×1000) of the microscopic morphology of the coating
at different concentrations of sodium hypophosphite. (a) Sodium hypophosphite concentration of
27 g/L, (b) sodium hypophosphite concentration 30 g/L, (c) sodium hypophosphite concentration of
33 g/L, (d) sodium hypophosphite concentration of 36 g/L.
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The primary reason is that during the electroless nickel plating process, nickel nodules
tend to form on the diamond surface where catalytic centers are present. In areas without
catalytic centers, the low concentration of sodium hypophosphite results in insufficient
reduction driving force, preventing the electroless nickel plating reaction from continuing.
This leads to significant areas of unplated surface, resulting in uneven plating phenomena.
When the concentration of sodium hypophosphite is excessively high, its spontaneous
decomposition produces hydrogen gas. The accumulation of hydrogen gas disrupts the
chemical equilibrium of the plating solution, causing it to become unstable and turbid.
Consequently, the number and size of nickel nodules on the diamond surface decrease, and
the plating becomes sparse.

5.3. The Influence of Plating Temperature on Electroless Nickel Plating

A single-factor experiment was designed to investigate the influence of plating tem-
perature on the surface plating ratio and the microstructure of electroless nickel-plated
diamond. The diamond particle size was selected as 45/50, with a plated diamond loading
of 1 g, a magnetic stirring speed of 100 r/min, electroless nickel plating for 60 min, and a
plating temperature ranging from 75 to 85 ◦C, as shown in Table 8.

Table 8. Plating solution parameters with plating temperature ranging from 75 to 85 ◦C.

Chemical Composition Concentration

Nickel Sulfate 25 g/L
Citric Acid 20 g/L

Sodium Citrate 12.5 g/L
Thiourea 1.4 mg/L

SDBS 1 g/L
Ammonia solution 17.5 mL/L

Sodium Hypophosphite 33 g/L

5.3.1. The Influence of Plating Temperature on the Surface Plating Ratio

Figure 9 illustrates the impact of plating temperature on the surface plating ratio. It
can be observed from the graph that at a plating temperature of 70 ◦C, the lower tempera-
ture results in reduced ionic activity and diffusion rates, leading to insufficient chemical
kinetics. Consequently, there is less hydrogen (H) produced through the decomposition of
sodium hypophosphite, which in turn leads to a lower surface plating ratio. Within the
temperature range of 70–80 ◦C, as the plating temperature increases, the surface plating
ratio gradually increases.

This is primarily due to the following: as the plating temperature increases, the
decomposition of sodium hypophosphite yields more hydrogen, thereby promoting an
increase in the surface plating ratio. However, when the temperature continues to rise
to 85 ◦C, the surface plating ratio begins to decrease. This is because as the temperature
continues to increase, the chemical kinetic energy increases, and even without the effect of
catalytic centers, sodium hypophosphite spontaneously decomposes to produce hydrogen,
increasing the reduction rate of Ni+. Consequently, the reduced nickel element mainly
deposits at the bottom of the beaker rather than on the diamond surface, leading to a
decrease in the surface plating ratio.

5.3.2. The Influence of Plating Temperature on the Microstructure of the Coating

The scanning electron microscopy (SEM) was employed to observe the microtopogra-
phy of the nickel-plated diamond coating surface at different plating temperatures, with
the results presented in Figure 10. As observed in Figure 10a, when the plating temperature
was at 70 ◦C, only a small amount of discontinuous nickel nodules was present on the
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diamond surface. As the plating temperature gradually increased, the number of nickel
nodules on the diamond surface gradually increased and their size enlarged. When the
plating temperature reached 80 ◦C, a continuous coating layer was formed on the diamond
surface, as observed in Figure 10c. As the plating temperature continued to increase to
85 ◦C, the coating layer on the diamond surface again exhibited a phenomenon of missed
plating, as seen in Figure 10d.

Figure 9. The influence of plating temperature on surface plating ratio.

  
(a) (b) 

  
(c) (d) 

Figure 10. Scanning electron microscope images (×1000) of coating microstructures at different
plating temperatures. (a) Plating temperature of 70 ◦C, (b) plating temperature of 75 ◦C, (c) plating
temperature of 80 ◦C, (d) plating temperature of 85 ◦C.
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As the plating temperature increases, the chemical kinetics within the plating solution
intensify, leading to enhanced ion activity and diffusion rates. Consequently, the decompo-
sition of sodium hypophosphite generates more hydrogen ions, thereby accelerating the
growth of nickel nodules and initiating the formation of a coating on the diamond surface.
As the plating temperature continues to rise, the chemical kinetic energy increases. Even
in the absence of catalytic centers, sodium hypophosphite spontaneously decomposes,
releasing hydrogen atoms. This increases the reduction rate of the solution, causing nickel
ions to be reduced to elemental nickel and deposited at the bottom of the beaker, ultimately
leading to missed plating.

5.4. The Influence of Diamond Grain Size on Electroless Nickel Plating

A single-factor experiment was designed to investigate the impact of diamond gran-
ularity on the plating efficiency of electroless nickel plating on diamond. The diamond
granularities were categorized as X1: 45/50, X2: 70/80, X3: 120/140, and X4: 230/270.
Figure 11 illustrates the effect of diamond granularity on the plating efficiency. It is evident
from the graph that as the diamond granularity increases, the plating efficiency initially
increases and then decreases. At a diamond granularity of 120/140, the plating efficiency
reaches 10.75%.

Figure 11. The influence of diamond grain size on the surface plating ratio.

The primary reasons are the increase in diamond grain size and the decrease in grain
diameter leading to an increase in the specific surface area of individual diamond particles,
thereby enhancing the number of activation centers. During the electroless nickel plating
process, the proliferation of these activation centers accelerates the deposition rate of the
coating, resulting in an increase in the surface plating ratio. However, as the diamond
grain size continues to increase to 230/270, the surface plating ratio begins to decrease.
This decline is primarily attributed to the decrease in diamond grain diameter due to the
increase in grain size, leading to diamond agglomeration during the electroless nickel
plating process. The uneven dispersion of diamonds in the plating solution results in a
reduction in the surface plating ratio.
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6. Conclusions
(1) Silver nitrate was employed as the activator for the pretreatment of diamond surfaces

prior to electroless nickel plating. The activation effects of two activation solutions,
namely a 2 g/L AgNO3 solution and a mixture of a 2 g/L AgNO3 solution and
10 mL/L NH3·H2O, were investigated. The results indicated that the combination of
a 2 g/L AgNO3 solution and 10 mL/L NH3·H2O as the activation solution achieved a
higher surface plating ratio on electroless nickel-plated diamonds, with a greater num-
ber of nickel nodules formed on the plating surface. This demonstrated the feasibility
of using silver nitrate as an activator in the pretreatment of diamond surfaces.

(2) An activation solution consisting of AgNO3 2 g/L and NH3·H2O 10 mL/L was
employed for the pretreatment of diamond surfaces, facilitating the investigation
of electroless nickel plating on diamonds. The results of orthogonal experiments
indicated that the primary and secondary factors affecting the process were in the
following order: plating temperature > ammonia concentration > sodium hypophos-
phite concentration. The findings from single-factor experiments revealed that as the
plating temperature, ammonia concentration, and sodium hypophosphite concentra-
tion increased, the surface plating ratio of electroless nickel on diamonds, as well as
the quantity and size of nickel nodules formed on the diamond surface, exhibited an
initial increase followed by a decrease.

(3) Based on the analysis of the experimental results, the optimal process conditions were
determined as follows: an ammonia solution concentration of 17.5 mL/L, a hypophos-
phite concentration of 33 g/L, and a plating temperature of 80 ◦C. Under these process
conditions, the highest deposition rate of electroless nickel on diamonds was achieved,
and a continuous and dense coating layer was formed on the diamond surface.
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