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In this work, electroless nickel plating on the surface of CaCO3z powders successively modified with stearic
acid, oleamide and 3-amino-propyltriethoxysilane in that order was developed. Hydrophobic and
hydrophilic coatings were deposited onto the surface of the CaCOs powders in that order. On the one
hand, the hydrophobic chains coated onto the surface of the modified powders could effectively protect
the powders from chemical reaction with acidic solutions (the sensitizing solution and the activating
solution). On the other hand, active groups formed on the surface of the hydrophilic coating could
adsorb a palladium catalyst for electroless nickel plating. It was observed that Ni—P particles were
deposited on the surface of the modified CaCOs powders after electroless plating. The size of the
particles was less than 100 nm. The mechanical bonds between the modified powders and the plated

Received 16th March 2017 particles were strong, leading to good adhesion. The saturation magnetization of the plated powders
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was around 1.5 emu g~*. By changing the type of inorganic powder and plating bath, the established

DOI: 10.1039/c7ra03110f method can potentially be adopted for the plating of metals such as copper, cobalt, and nickel onto
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1. Introduction

Metallized (such as Ni, Cu and Co) inorganic powders have
attracted attention in recent years due to their numerous
potential applications in fields such as conductive paints,
electromagnetic shielding paints, and thermal conductive
fillers.” Electroless deposition is the preferred method for the
metallization of powders.>” Electroless plating onto the surface
of Al,03,> WC,* Cr;3C,,”° B4C (ref. 6) and ZrO, (ref. 7) powders has
been reported. In these studies, pretreatment, sensitization,
activation, and then plating were the most commonly used
steps in the electroless plating process.*” Pretreatment can
enhance the interfacial adhesion between the metal nano-
particle catalysts and the substrates.®>*® Activated particles (such
as Au, Ag and Pd) are adsorbed by the active groups when the
pretreated powders are successively immersed in a sensitizing
solution and then in an activating solution.** The activated
particles serve as seeds to catalyze for electroless plating onto
the surface of the powders.>*°
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It is well known that the sensitizing solution and activating
solution are usually acidic SnCl, solution and acidic PdCl,
solution, respectively, where the pH is adjusted using HCI so as
to avoid the formation of Sn(OH)Cl and Pd(OH),,"™* which
would reduce the catalytic performance. This will facilitate the
formation of Sn** and [PdCI,]*~ in the acidic solutions. Only the
$n** and [PdCl,]>” ions in the sensitizing solution and acti-
vating solution are useful for electroless reactions."*™** However,
many carbonate powders (such as CaCO; and MgCOj3) easily
react with acids, so these powders cannot be activated in acidic
PdCI, solution.

Calcifying organisms incorporate carbon directly from
seawater into their skeletons in the form of inorganic minerals
such as CaCOj3, and many species of invertebrate have shells or
skeletons made of CaCO;. Calcite or marble is crushed and
graded to produce many kinds of technical natural CaCO; with
different fineness." CaCO; powders are characterized by low
cost, high whiteness and natural abundance.'* They are widely
used in rubber, plastic, paint, and paper. Nickel-plated CaCO;
powders may help to expand the applications of conductive
fillers and electromagnetic shields. Polymer-based composites
will have good anti-static and electromagnetic shielding prop-
erties if a resin is added into the plated CaCO; to reduce the
resistivity. In addition, plated CaCO; has wide applications in
electronic slurries, conductive paints and other fields because
of its good oxidation resistance, thermal stability and low cost.
However, activation of CaCOj; in acidic PdCl, solution and then
electroless nickel plating onto the surface of CaCO; is still not
well studied. In this work, electroless nickel plating onto the

This journal is © The Royal Society of Chemistry 2017


http://crossmark.crossref.org/dialog/?doi=10.1039/c7ra03110f&domain=pdf&date_stamp=2017-05-12
http://orcid.org/0000-0003-4572-7767
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c7ra03110f
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA007041

Open Access Article. Published on 12 May 2017. Downloaded on 2/8/2026 11:46:56 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

surface of CaCO; powders successively modified with stearic
acid, oleamide and 3-amino-propyltriethoxysilane (KH550) in
that order was developed. The structural properties and
magnetic performance of the plated powders were investigated
systematically using an LCR bridge, scanning electron micros-
copy (SEM) and X-ray diffraction (XRD).

2. Experimental

Commercial CaCO; powders were purchased from Kelong
Micro-powder Co. Ltd (Hezhou, China). The size of the particles
was 800 mesh. The powders were dropped into a high-speed
mill at 453 K for 30 min. Then, the high-speed mill was
cooled to 373 K. Stearic acid (0.2 wt%) and oleamide (0.8 wt%)
were added twice at intervals of 30 min in order, and stirring of
the mixture was continued for another 20 min. After that, the
covered powders were immersed in KH550 solution (40 wt%) at
60 °C for 5 min, and then rinsed again and dried in an oven at
80 °C for 60 min. The modified CaCO; powders were sensitized
with SnCl, solution (adjusted to pH 1 using HCI) and activated
with PdCl, solution (adjusted to pH 2 using HCI). Then the
powders were cleaned with deionized water. After that, the
powders were immersed in an electroless nickel plating bath
(Na;CeHs0,-2H,0 8 g L™ ', NiSO,-7H,05 gL~ ", NH,Cl 18 g L,
NaH,PO,-H,0 15 g L’l). The bath temperature was 333 K. The
PpH value was 10. The plating time was 3 min. Then, the plated
powders were ultrasonically treated for 20 min.

The surface morphology of the powders was observed by
SEM (JEOL, JSM-5600LV). The chemical structures of the
samples were measured by XRD (Rigaku D/max-2550V) and
X-ray photoelectron spectroscopy (XPS, Shimadzu, AXIS Ultra
DLD). Information on the surface functionalities of the powders
was obtained by Fourier transform infrared spectroscopy
(FT-IR, Thermo, Nicolet 6700). A links systems energy dispersive
spectrometer (EDS) was used for elemental analysis. The
magnetic performance of the plated powders was investigated
using an LCR bridge (JEOL, HP4284A).

3. Results and discussion

Fig. 1 shows the FT-IR spectra of the pristine CaCO; powders (a),
and the powders modified with stearic acid and oleamide (b),
and then KH550 (c) in that order. The peaks at about 876 cm ™,
1040 cm ™%, 1430 cm ™}, 1454 cm ™! and ~3000 cm ™ are due to
the (C-05)>7, C-N, C-O, N-H, and O-H characteristic peaks,
respectively.'*'>16 As shown in Fig. 1(b), the peak at ~3000 cm™*
disappeared and a peak at 1454 cm ' appeared.'»'>'¢ These
results indicated that amine and hydrophobic groups were
attached onto the surface of the CaCO; powders modified with
stearic acid and oleamide. The hydrophobic chains could
effectively protect the CaCO; powders from moisture and ion
penetration. As shown in Fig. 1(c), the relative intensity of the
peak at 1454 cm ' increased and a peak at ~3000 cm ™’
appeared. These results indicated that more amine groups were
attached onto the surface of the powders. In addition, the
surface of the powders became hydrophilic, which is helpful for
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Fig. 1 FT-IR spectra of (a) the pristine CaCOz powders, and the
powders modified with (b) stearic acid and oleamide, and then (c)
KH550 in that order.

the dispersion of the modified powders in the sensitizing
solution, activating solution and plating solution.

Fig. 2 shows the XPS spectra of the (a) pristine CaCOj;
powders, (b) modified powders, (c) sensitized powders, (d)
activated powders and (e) plated powders. The peaks at about
286 eV, 336.3 eV, 398.8 €V, 439 eV, 486 eV, 534 eV, 649 eV, 728 eV
and 795 eV are due to C 1s, Ca 2p3/2, Pd 3d, N 1s, Ca 2s, Sn 3d, O
1s, Ni, and Sn 3p, respectively.'”*® The peak positions of Ca 2p3/
2 and Pd 3d are very close. As shown in Fig. 2(b), the charac-
teristic peak of nitrogen was detected, which indicated that
amine groups were formed on the surface of the modified
CaCO; powders. Meanwhile, an Sn 3d signal was detected in the
spectrum, as shown in Fig. 2(c). This indicated that the surface
structure of the modified powders facilitated the adsorption of
tin ions. Fig. 3 shows the deconvoluted Pd 3d XPS spectra of the
(a) modified CaCO; powders, (b) sensitized powders and (c)
activated powders. The characteristic peak of palladium was
only detected in the XPS spectrum of the activated powders. As
shown in Fig. 3(c), the peak at about 336.3 eV was assigned to Pd
3d, which is below the standard value of the Pd 3d peak position
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Fig. 2 XPS spectra of the (a) pristine CaCOs powders, (b) modified
powders, (c) sensitized powders, (d) activated powders and (e) plated
powders.
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Fig. 3 Pd XPS spectra of the (a) surface modified CaCOz powders, (b)
sensitized powders and (c) activated powders.

(338.4 eV)."?* These results indicated that the active groups
adsorbed Pd atoms via chelation, which reduces the electron
density around the Pd atoms.' It was indicated that the
surface structure of the modified powders facilitated the
chemisorption of palladium ions. The chemisorbed Pd atoms
were used as the catalyst for electroless plating,*'®* and as
shown in Fig. 2(e), an Ni signal was detected in the spectrum.
The chemical reaction process can be summarized as follows:*

catalyst+heat

Nitg)*" + H2POxaq)~ + H20y)
3H(aq)+ + HPO}(aq)27 + Nig

Sodium hypophosphite cannot reduce Ni** directly. The Pd
atoms can adsorb sodium H,PO, ", H" and Ni** onto the surface
of the powders. The reduced Ni can also act as the medium,
which causes Ni** to be continuously deposited.*®

500 nm
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Fig. 4 shows SEM images of the (a) pristine CaCO; powders,
and (b) and (c) plated powders, and (d) EDS of the plated
powders. As shown in Fig. 4(a) and (b), it was found that the
surface of the pristine CaCO; powders appeared as corruga-
tions. The rough surface of the powders could provide a large
area for mechanical bonds between the powders and the plated
coating, resulting in good adhesion. It was also found that well-
distributed fine particles were formed on the surface of the
modified CaCO; powders after electroless plating, which
resulted from the aggregation of the deposited nickel atoms to
form agglomerated nickel particles, the sizes of which are all
below 100 nm. Fig. 4(d) shows the chemical compositions of the
plated powders measured using EDS. The signals of nickel,
phosphorous, chlorine and oxygen were found. It was suggested
that Ni-P particles were deposited on the surface of the modi-
fied CaCO; powders after electroless plating.

Fig. 5 shows a schematic diagram of electroless nickel
plating onto the surface of the CaCO; powders. As shown in
Fig. 5, the CaCO; powders and modifying macromolecules were
bound together by hydrogen bonds and intermolecular forces.
On the one hand, the surface energy and the charge of the
powders can be significantly decreased by adding stearic acid.
This macromolecule improves the dispersion of the powders in
dry conditions. Hydrophobic and hydrophilic coatings were
sequentially deposited on the surface of the CaCO; powders in
that order. On the other hand, the surface of the powders was
insulated by organic layers and organic-inorganic materials
with core-shell structures were formed. The hydrophobic
chains could effectively protect the powders from moisture and
ion penetration. The surface of the powders was hydrophobic,
which could prevent acid solutions (the sensitizing solution and
activating solution) from touching the powders, such that H"
does not chemically react with the powders. Then, amine
groups and oxhydryl groups were grafted onto the hydrophobic

(b)

Ni particles

Fig. 4 SEM images of the (a) pristine CaCOz powders, and (b) and (c) plated powders, and (d) EDS of the plated powders.
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Fig. 5 Schematic diagram of the electroless nickel plating procedure.
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Fig. 6 XRD patterns of the (a) pristine CaCOs powders, (b) plated
powders and (c) plated powders after ultrasonic treatment.

coating when the powders were further modified with hydro-
lyzed KH550. At the same time, the surface of the powders
became hydrophilic. The surface active groups were expected to
be used as the scaffold for chemisorption of Pd*" via their ion
exchanging or coordinating behaviors. The adsorbed Pd atoms
were used as a catalyst for electroless plating onto the surface of
the CaCO; powders. Ni-P particles were deposited on the
surface of the modified CaCO; powders after electroless plating.

Fig. 6 shows XRD patterns of the (a) pristine CaCO; powders,
(b) plated powders and (c) plated powders after ultrasonic
treatment. The characteristic peaks at 22°, 29°, 35°, 39°, 42°,
47°, 48° and 57° are attributed to CaCO;.>*** In addition, the
peak at about 45° belongs to nickel [111], as shown in Fig. 6(b).
It was observed that nickel crystallites were plated on the
surface of the modified CaCO; powders. As shown in Fig. 6(c),
the characteristic peak of nickel crystallites was also detected in
the plated sample after ultrasonic treatment. Fig. 7 shows SEM
images of the plated powders after ultrasonic treatment. It was
found that nickel particles were also attached to the surface of
the ultrasound-treated powders. The amine groups adsorbed Pd
atoms and Ni atoms. The nickel particles are connected to the
substrates through Pd-N coordinate bonds. Accordingly, the
fracture energy per unit area of the interface is the Pd-N bond
energy, which is 2.12 J m>.2** The results indicated that the

This journal is © The Royal Society of Chemistry 2017
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Fig. 7 SEM images of the plated powders after ultrasonic treatment.
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Fig. 8 Magnetic hysteresis loops of the plated CaCOz powders.

mechanical bonds between the modified CaCO; powders and
nickel particles were strong, leading to good adhesion.

Fig. 8 shows the magnetic hysteresis loops of the plated
CaCO; powders. As shown in Fig. 8, the plated powders have
a certain magnetism. The saturation magnetization of the
plated CaCO; powders was around 1.5 emu g~ . It is well known
that CaCO; powders are not magnetic, so the presence of
magnetism suggested that nickel particles were deposited on
the surface of the modified CaCO; after electroless nickel
plating, which will be useful for future applications.

4. Conclusions

In this work, electroless nickel plating on the surface of CaCO;
powders successively modified with stearic acid, oleamide and
KH550 in that order was developed. It was found that hydro-
phobic chains were coated on the surface of the stearic acid
and oleamide-modified powders, which could effectively protect
the powders from chemical reaction with acid solutions
(the sensitizing solution and activating solution). At the same
time, active groups were formed on the surface of the hydro-
phobic coating after immersing in KH550 solution, which could
adsorb palladium catalysts for electroless nickel plating. Ni-P
particles were deposited on the surface of the modified CaCO;
powders after electroless plating. The size of the particles was
less than 100 nm. The mechanical bonds between the modified
powders and particles were strong, leading to good adhesion.
The saturation magnetization of the plated powders was around
1.5emug .
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