3355 6 W Al 1k 2% 2% Eild Vol.33 No.6
2017 4 6 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 1030-1034

HEZDREZHREKRERIR Au-Cu WEE

BER! & 2 F F? REE? HABR? KIES K K
(ERXEPREMNE TARFR FR 402160)
CERLEFRAMMMHBEAB LR, £K 402160
CPEIRDEHALEHIREHIT TS 4 621900)

FE ., PS/Au/Cu W5T 2% 58 A R AE F ] 0 i DUBLSE B op iy e /8 25 0 ROR Z R SR BEAR b i O &2 T8 B PS/Aw Bk | 4%
JE TR U Cu, 126, PS/Au TOEROLHE T RAF (U BRE B o iR A HURBEEEAC, HREEIA 5 5.6 wm, HIT Au FHH A AR [ Y
TH0 7 7 SR EE T LA Cu WA Au B R IR Z5 A 7E PS/Au RIETVIAL, ORI Au-Cu £5 5 JE% B3, Cu WEE N 8.62 pm, Au
MYJEEE N 4.04 um, PS/Au/Cu WORF Au-Cu WGEJZ2 BB JEBE | h o FORDRE BE & il i 3D K= i i858 , SEM \EDS I XRD SRAE,
HA R IR PS/AW/Cu R B A R Au-Cu 35T 4B RS B2 A%

KER ., WE)Z, EEHMEk,; mITH
HESES, 0614.121; 0614.123 ARG . A XEHS . 1001-4861(2017)06-1030-05
DOI: 10.11862/CJIC.2017.120

Electrodepositing Double Au-Cu Shells on Hollow Polystyrene Miscorsphere
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Abstract: Double core-shells composite miscorsphere of PS/Au/Cu have been prepared by electrodepositing Cu
on the PS-Au composite miscorsphere which is electrodeposited Au on the template of hollow polystyrene
microsphere in the self-designed electrodepositing setup. Firstly, PS-Au miscorsphere keep a good spherical
symmetric. And the Au electrodeposit is fine with thickness of 5.6 pm. Secondly, Cu is electrodeposited on
integral PS-Au miscorsphere selected. Cu grow along crystal structure of Au because of the same face-centered
cubic structure. Then the section of Au-Cu is compact. Finally, the thickness of Cu is 8.62 pm, the Au is 4.04
pm. The morphology, thickness, composition and roughness of PS/Au/Cu microsphere and double core-shells are
studied by 3D-Video microscope, SEM, EDS and XRD. The results show that the complete shells of uniform
deposit, good smoothness and low roughness of PS/Au/Cu microsphere and Au-Cu are synthesized on the surface

of hollow polystyrene microsphere.
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0 Introduction

Hollow structural materials are applied to many
areas of materials, biological medicine, photoelectric,
catalytic and so on because of high stability, low
density, large specific surface area™”. Research scholars
work on the preparation of organic/inorganic composite
microspheres and application in recent years. PS
microspheres as the core, inorganic materials as the
shell, both to ensure the appearance of the shape, but
also can reduce the density of materials and cost, but
also has conductivity and magnetic properties. There
are many methods for preparing double core-shell
polymer microspheres such as electrochemical
deposition, electroless plating, layer upon layer self-
assembly method and ultrasonic chemistry-method,
etc. Chen Mingyue successfully synthesized PS/Ag
composite microspheres with good catalytic activity.
Au as a polyelectrolyte and light-emitting semicon-
ductor, the surface of PS microspheres deposited
CdTe, CdS is prepared single core-shell structure
materials®”. In addition, many of organic/inorganic
composite microspheres of PS/Au, PS/Pd, PS/Ag are
obtained by chemical vapour depositing®"?. PS/Au
composit microspheres are successfully prepared by a
selfdesigned electroplating bath™'. The single shell
thickness is at the nanoscale, and the roughness of
microsphere surface increases with the increase of the
thickness. However, double shell-cores microsphere
can be better integrated the features of the organic/
inorganic nanomaterials. Now, the double cores
composite microspheres are prepared by success, such
as glass microsphere/Au/Cu™, SiO-Au-Ag!"®  PS/Au/
Ag" C/Mn,0;S™. In order to study the suitable
conductive filler of ICF microsphere, this article
successfully developed double core-shells microsph-
eres of PS/Au/Cu. Au is firstly electrodeposited on the
surface of hollow polystyrene microsphere to prepare
PS/Au composite microsphere. Secondly, Cu is elec-
trodeposited on the surface of PS/Au microsphere to

prepare PS/Au/Cu, which is one of important typical

pellet in ICF experiments.

1 Experimental

1.1 Before processing

The hollow polystyrene microspheres are 400 ~
600 nm in diameter. Hollow polystyrene microspheres,
contacting the cathode as the cathode, do not conduct
electricity. For electrodeposition following the Faraday's
law, the conducting layer of 10-100-nm-thick is
prepared on the surface of hollow microspheres by
magnetron sputter plating!®. To ensure follow-up
experiments go smoothly, the layer must be uniform
and covering completely the microsphere.
1.2 Au electrodepositing

In the self-designed setup, Au film is electrod-
eposited on the sputtered hollow microspheres by the
sulfurous acid plating liquid™. The experimental
parameters are adjusted to 8 (x0.5) of the pH value
with the addition of NH; -H,0, 25 °C of the
temperature, 2.5 mA -cm™ of the current density and
150 r+min™ of the rotational speed of the solution
3l The preparation process of PS/Au lasts one hour.
1.3 Cu electrodepositing

Cu is electrodeposited on the surface of PS/Au
from the following bath in the same self-designed
setup: Cu,P,0,-4H,0 70 g L, K,P,0O; 320 ¢ L7,
C,OH,KNa 40 ¢g-L™', Na,HPO, 40 g-L", KiCsHs0;-
H,0 18 gl.”!, CHs0; (NH,); 18 g-L™", SeO, 8 mg-g™,
C;HgN,S 2 mg-g™. The anode of self-designed setup is
replaced to copper, which be oxidized to copper ion
supplying to solution near the cathode. Then the
concentration of copper ion keeps the dynamic
balance in the electrolyte solution. The principle of
elctrodepositing and miscrosphere moving on the
cathode is showing in Fig.1. After considering the
solution viscosity and the heated miscrospheres are

swelled to Au film cracked, the solution temperature

Anode Cathode
Cu“E Cu Cu?* Barycenter Rotating

Cu2+ Cu2+
Gravity

Fig.1 Principle of elctrodepositing and

miscrosphere moving
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should not be higher. Accordingly, the experimental
temperature is regulated to 45 °C after a lot of contrast
experiment. For the hollow polystyrene microsphere
covered the complete and thick Au layer and the
greasy solution, the rotational speed is increased to
200 r-min~". Then copper ions are mixed evenly in
solution. The elctrodeposited microspheres are moving
freely on the cathode. Due to NH;-H,0 corroding the
Cu layer, anode and cathode, pH value of the electrolyte
solution is adjusted to 8 (£0.5) with the addition of
30% KOH, not NH;-H,0. PH is more relatively stable
to whole experiment process. Cu could be not
electrodeposited on the surface of the PS/Au by the
low current density. By the larger current density, Cu
and oxide particles deposited on the surface of PS/Au
and the cathode results in coarse grains. After a lot of
experimental results are contrasted, the current
density is controlled to 20 mA -¢cm™. The experimental
process of electrodeposited Cu lasts one hour.
1.4 Characterizations of Au electrodeposits and

Cu electrodeposits

The integrity morphology of PS/Au is recorded by
the KH-3000VD microscope. The surface and section
morphologies and thickness of the electrodepositing
Au and Au-Cu are analyzed by the TM-1000 SEM.
The composition of the Au and Cu layers is analyzed

by the EDS, attached the TM-1000 SEM.
2 Results and discussion

The integrity and spherical degree of PS/Au is
important to copper plating. The good spherical
degree of PS/Au microsphere can ensure microsphere
moving freely and centrifugally on cathode. As is seen
from Fig.2, the microsphere has a diameter of about
500 pm. There is a center circle of the microsphere
because of 3D microscope light projection, that
demonstrates the microsphere keeps spherical symm-
etric after magnetron sputtering and elecrodepositing.
Fig.3 shows the SEM image of the morphologies of Au
film and section. The particles of the Au film are
(Fig.3a). The thickness of the
Au film is quantified to approximately 5.6 pm (Fig.

homogeneous and fine

3b). Throughout the course of the experiment, the

cathode of Cu is corroded by NH;H,0 adjusting pH to
8 leads to the bath becoming to blue. Consequently, it
is tested whether the presence of impurity Cu in Au
film by the EDS. The result of the analysis is shown
in Fig.3c. The result demonstrates there are not Cu
and other impurities in Au film. NH;+H,0 makes the
deposition potential of Cu moving negative, thus Au
and Cu are hardly codeposited by the low current
density. Besides, SO~ in the bath complexing with
Cu** produces a shielding effect. Cu has not been
electrodeposited on the microsphere.

The current density is a direct factor to the
roughness and compactness of the electrodeposited Cu

on PS/Au miscrosperes. The other influence factor are

Fig.2 3D-Video microscope image of PS-Au

miscrosphere

Au

A A

10
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Fig.3  (a)~(b) SEM images of surface morphology and
thickness of Au deposit; (¢) EDS spectra of PS/

Au composite microsphere
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rotational speed, temperature, pH value, etc. Under
the situation of other conditions being equal, the
roughness of the electrodeposited Cu varies with
different current densities (Table 1). The SEM images
are shown in Fig.4. Fig.4a shows the morphology of
the surface of the Cu film, which is rough and
concavo-convex containing big white particles by the
current density of 10 mA -cm 2 for lhour. A small
amount of Cu®* gets electrons to form nuclei and grow
because of the lower overpotential. With the current
density increasing, the concavo-convex morphology of
the Cu film has been significantly improved (as shown
in Fig.4b). With an increasing in cathodic polarization
effect, the nucleate speed of Cu crystal increases
obviously. Accordingly the Cu film becomes compact
and smooth. Fig4c shows compact particle and

smooth features of Cu deposits, which is very different

from the rough surface of the Cu film by the current
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Fig.4 SEM images of the surface of microspheres by
different current densities, (a) 10 mA-cm?,
(b) 15 mA-ecm™, (€)20 mA-em?, (d)25 mA-em?,
(e) 30 mA-cm™  (f) XRD pattern of the surface
of the PS/Au/Cu microsphere

density of 20 mA -cm ?. When the current density
continue to increase, the Cu film begins to become
rough (Fig.4d). Other conditions remain unchanged,
The current density increases to 30 mA -cm ™, Cu
anode is dissolved fast, a large number of Cu* exist in
the bath. Small amounts of hydrogen are liberated on
the surface of the cathode and the microspheres. The
Cu film is coarse and exist pore. Besides, the PS/Au/
Cu microsperes are preserved in alcohol for Cu
oxidized easily. Fig.4f presents the XRD patterns of
the elecdeposited Cu film with six peaks, which are
obtained at the center area from 40° to 120° of the
surface of the PS/Au/Cu microspere with a scan rate
of 1 min™. The diffraction peaks are located at 26
values of 38.1°, 44.2°, 64.6°, 77.7°, 81.7°, 98.0°,
111.7° and 114.6°, which perfectly match the (111),
(200), (220), (311), (222), (400), (331) and (420)
planes in the Cu face centered cubic crystal structure
(PDF#03-064-8601), respectively. The absence of the
diffraction peaks of Au and copper oxide indicates the
high purity of the Cu film. In addition, the PS-Au
microsphere covered the smooth and compact Cu film
suggests that the PS/Au/Cu microsphere is prepared
successfully.

The morphologies of PS/Au/Cu and section are
shown in Fig.5. As shown in Fig.5a, the Au-Cu film is
integrated to cover the whole microsphere. Spherical
symmetry of the microsphere keeps a good. The
surface morphology is amplified in Fig.5h. The surface
is smooth to prove that grain is fine. The Fig.5¢ shows
the section of the double Au-Cu films. Cu grains grow
along the surface of the Au film with lager nucleation
driving force, because the grains of Au and Cu have
the same face-centered cubic structure. This way of
growth is called to grow along crystal, and the
principle diagram is as shown in Fig.5d. The Cu
particles, arranging compactly, crystallize uniform.
And the double films are in combination with well.
The thickness of Cu is estimated to be about 8.62
wm, the Au is 4.04 pm. As the non soluble anode of
Au, the depositing speed reduces because of Au** not
supplemented in the solution, the thickness of Au has

a differences. The composition analysis of the surface
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of the PS/Au/Cu is obtained by the EDS. Even if the
Au and Cu have the same crystal structure, they do
not mutually diffuse. In addition, there are no peaks
of other impurities except Cu in Fig.5e. The double
Au-Cu films are covered the hollow polystyrene
microsphere. The result meets the requirements of the

experiment.

3 10 15 20

Energy / keV
(d) Cu film
gEREE — M

Au film Au film

Fig.5 (a)~(c) SEM images of PS/Au/Cu composite
microsphere, surface morphology and thickness
of Au-Cu deposit; (d) Principle diagram of
elerodeposited Cu; (e) EDS spectra of PS/Au/

Cu composite microsphere
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