March 2010

Trade Science Ine.

ISSN : 0974 - 7486 Volume 6 Issue 1

Waterialy Science

A Tndéian Yournal

— Pyl Paper

M SAIJ, 6(1), 2010 [47-51]

Preparation and characterization of magnetic hollow glass
microspheres by electroless plating

Wen-Bin Yang*, Xiao-Hong Tang, Xiao-Ping Hu, Chao Wang, Yuan-Lin Zhou
School of M aterials Scienceand Engineering, Southwest Univer sity of Scienceand Technology,
Mianyang 621010, (P. R. CHINA)

E-mail : yangwenbin@swust.edu.cn
Received: 7" January, 2010 ; Accepted: 17" January, 2010

ABSTRACT

Magnetic hollow glass microspheres (HGM) were prepared by electroless
plating technique. Morphology, composition, structure, infrared radiation
and magnetic property of hollow glass microspheres before and after plat-
ing were characterized by SEM, EDS, XPS, XRD, IR and VSM, respectively.
The results showed that Ni-P plating, composed of particles of 1~2 um
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diameters, was uniformly coated on surfaces of HGM. Because of the exist-
ence of Ni-P plating, peak intensity of the plated HGM in IR and XRD were
lower than those before. Since the plated HGM own anti-infrared radiation
and magnetic property, they are useful in some specia areas.
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INTRODUCTION

Hollow glassmicrosphere (HGM) isakind of ma-
terial with many advantages, such aslow density, huge
surface area, excellent therma resistance, highwearing
resstanceand finefluidity, soit hasbeenwiddy usedin
plastic, rubber, paint and coating systems*4. If the
HGMs are coated with alayer of magnetic metal or
aloy, they will combinethe properties of both thetwo
components, and alow themto be usedinwider aress,
such asimmunoassay, catal yst, magnetorheol ogical
fluids, e ectromagnetic shie ding and microwaveabsorb-
ing materid 7. Many methods have been applied to
deposit alayer of magnetic metal or alloy on the sur-
face of HGMs, such as physical vapor deposition
(PVvD), chemical vapor deposition (CVD), vacuum
deposition, magnetron sputtering and el ectrol ess plat-

ing®4, Dueto spheric shapeand low density of HGM s,
itisvery difficult to deposit acontinuousand uniform
coating on thesurfaceof HGMs.

Electrol ess plating owns many advantages, such as
low cost, easy formation of continuousand uniform
coating on surface of substrate with complex shape,
and capability of depositing on either conductiveor non-
conductive parts, which haveattracted al ot of interests
in both academiaand industry(**%%, Therefore, €l ec-
troless plating has been widely employed to deposit
metdlicthinfilm on surfaceof € ectrically nonconduc-
tivethree-dimensional subgtrates.

Inthiswork, el ectrol ess plating method was ap-
plied to deposit alayer of Ni-P aloy on surface of
HGMs. Then morphol ogy, composition, structure, in-
frared radiation and magnetic property of HGMsbe-
foreand after plating were characterized by means of
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SEM, EDS, XPS, IR, XRD andVSM.

EXPERIMENTAL

Pretreatment of HGM

HGM isakind of nonmetal material whosemain
ingredient is3AI,0,2Si0,, sothey must be pretreated
before el ectrol ess plating. Washing, etching, sensiti-
zation and activation areincluded in pretreatment pro-
cess. Firstly, HGM swere cleaned, degreased and pol-
ished with ethanol (C,H_OH), 0.1mol/L sodium hy-
droxide (NaOH) solution and 0.3mol/L sodium car-
bonate (Na,CO,) solution at 40; @ for 10min. Sec-
ondly, HGM swereetchedin 1mol/L hydrofluoricacid
(HF) solution and 0.05mol/L sodium fluoride (NaF)
solution at 40; & for 2min. Thirdly, HGMswere sensi-
tizedin 0.5mol/L stannum chloride (SnCl,), 0.1mol/L
sodium stannate (Na,Sn0O,) and 0.5mol/L hydrochlo-
ricacid solution at 40; & for 3min. Fourthly, HGMs
were activated in 0.01mol/L palladium chloride
(PdCI.) and 0.5mol/L hydrochloric acid solution for
10min at room temperature. At last, HGMswerefully
washed indistilled water.

Electrolessplating of HGM
The pretreated HGM swere put into alkaline bath.

The composition of electroless bath and the operating
conditionsarelistedinTABLE 1.

TABLE 1: Compositon and oper ation conditionsof electro-
less plating

Chemicals Concentration (mol/L)
NiSO46H,0 0.12
NaH,PO,-H,0O 0.28
Na,P,0 10H,0 0.23
NH,CI 0.06
(NH,),CS 4x10°
pH 10
Tempreture (°C) 55
Time (min) 20

Characterization of HGM

Morphology of HGM sbeforeand after platingwas
investigated by scanning electron microscopy
(STEREOSCAN-440, 20kV, U.K ., LeicaCambridge
Co. Ltd). Energy dispersion spectrometry (NSS300,
USA, Thermoelectricity Co. Ltd) and X-ray photo-
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el ectron spectroscopy (XSAMB800, U.K., KRATOS
Co. Ltd) were performed to i dentify chemical compo-
sition of the plating on surface of HGMs. Structure
analysiswascarried out by X-ray diffractometer (D/
max- I UA, Japan, Rigaku Co. Ltd, CuKa, 45kV, 40
mA). Infrared spectrum was recorded on spectrom-
eter (Nicolet5700, USA, Nicolet Co. Ltd). Magnetic
property wastested by vibrating sample magnetometer
(LakeShore 7400, USA, LakeShore Co. Ltd).

RESULTSAND DISCUSSION

SEM analysis

SEM photographsof HGM before and after plat-
ingareshowninFigurel. From Figurel(a) and Fig-
ure 1(b), it can be seen that HGM beforeplatingisa
high spherica pdlet, with diameter of 50um or so. There
areaso alot of poreson the surface of HGM before
plating. Asshownin Figure 1(c) and Figure 1(d), there
isno obviouschangeinitssphericity when HGM is
plated. The diameter of HGM after plating isbigger
thanthat beforeplating. The plating on surfaceof HGM
isuniform. The pores on surface of HGM disappear
when alayer of plating iscoated. Furthermore, it can
befound that the platingis composed of particleswith
1~2 um diameters at high magnification asshownin
Fgure 1(d). According to mechanism of e ectrolessplat-
ing, particlesin plating are assembled with atomsre-
duced during dectrolessplating process. Therefore, the
morphology of surfacelayer may bemoresmoothif the

(©)
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(a) (b) before plating; (c) (d) after plating.
Figurel: SEM photosof HGM
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eectrolessplatingiscomposed of smdler particles. How
to achieve smooth and magneti c coating on the surface
of HGM isbeing studied.

Figure 2 is SEM photograph of cross-section of
HGM after plating. Thetop layer isthe coating of elec-
trolessplating, and thedown layer isthewall of HGM.
It showesthat thethickness of theplating isabout 3um,
and the thickness of thewall of HGM is8um or so.
Thejoint between theplating and thewall of HGM is

verytight.

Figure2: SEM photo of cross-section of HGM after plating
EDSanalysis

EDSanaysisof theplating on surfaceof HGM is
shownin Figure3. It indicatesthat the plating on sur-
face of HGM is composed of Ni and P. The weight
percentageof Ni intheplatingis94.8%, and that of Pis
5.2%. Compared with the content of Ni, the content of
Pisrather low.
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Figure3: EDSspectrum of plating on surfaceof HGM
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XPSanalysis

XPS measurement was employed to identify sur-
facecompositionof dectrolessNi-Pdloyfilm. The XPS
gpectraof Ni-Pplating areshownin Figure4. In XPS
Spectra, peaksat 855.8 eV and 133.6 eV are ascribed
toNi 2pand P2p, respectively. Theresult clearly shows
that Ni eement exists primarily asNi° only withasmdl
quantity of Ni*, and Pelement existsas P*. Therefore,
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we can deducethat the e ectrolessNi-Pplating iscom-
posed of acombination of Ni® and asmall amount of
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(a) survey spectra; (b) Ni 2p; (c) P 2p.
Figure4: XPSspectraof plating on surfaceof HGM
XRD analysis

XRD patternsof HGM beforeand after plating are
showninFgure5. Becausethemainingredient of HGM
isSO,andAl,QO,, therearestrong diffraction peaks of
SIO, andAlLO,in XRD patterns of HGM before and
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after plating. Three peaks at 28.12°, 35.18°, 60.56°
are characteristic peaks of SIO,, and two peaks at
18.32°, 35.18° are ascribed to AL,O,. Comparing XRD
patternsshownin Figure5(a) and Figure5(b), thechar-
acteristic pesk intensity of SO, andAl, O, intheplated
HGM isdecreased obviously. Theresult showsthat
the covering degreeof Ni-P platingiscompact and the
thicknessreachesat |east to um scale. Furthermore,
thereis abroad peak at 20 = 40~50° in XRD of the
plated HGM, whichindicatesthat theNi-P plating on
surface of HGM isamorphous.
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(a) before plating; (b) after plating.
Figure5: XRD spectraof HGM
IR analysis

IR transmission spectraof HGM beforeand after
plating are shown in Figure 6. Dueto adsorped H,0
on surface of HGM, there are characteristic peaks of
H,OinIR patternsof HGM before and after plating.
Peaks at 3435cm-1 and 1633cm-1 are attributed to
hydroxy(O-H) stretching vibration and bending vibra:
tion, respectively. Becausethemainingredient of HGM
isSI0, andAl.O,, thereare characteristic absorption
peaks of SIO, and AL O, in IR patterns of HGM be-
foreand after plating, too. The Si-O stretching vibra-
tion of SIO, is observed at 1110cm™, and the Al-O
stretching vibration and bending vibration of AlLO, are
observed at 745cm™ and 560cm'?, respectively. Com-
paring Figure6(a) with Figure 6(b), theintensity of pesks
intheplated HGM islower than those before plating.
Theresult showsthat theplated HGM carriesanti-in-
frared radiation property because of Ni-P plating on

surfaceof HGM.

Transmittance (%s)
’ . .

Wavenumber (cm™ )

(a) before plating; (b) after plating.
Figure6: IR spectrum of HGM

VSM analysis

Figure 7 shows magnetic hysteresis loop of the
plated HGM at 300K. Asshownin Figure 7, the satu-
ration magnetization(Ms), the remnant
meagnetization(Mr) and the coercivity(Hc) of theplated
HGM are 3.587x103emu/g, 6.462x10*emu/g and
11.93 Oe, respectively. Theresult showsthet the plated
HGM ismagnetic and can beusedin broad areas.
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Figure7: Hysteresisloopsof HGM after plating

CONCLUSIONS

Ni-Palloy plating was successfully coated on sur-
face of HGM by electroless plating technique. The Ni-
P plating on surface of HGM iscomposed of particles
with diametersof about 1-2 um and the phaseisamor-
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phous. EDS and X PS spectrashow that theplatingis
composed of thecombination of Ni withasmall quan-
tity of Ni3P. Compared with those before plating, the
peak intensity of the plated HGM in XRD and IR de-
crease obvioudly, which suggest that plated HGM own
anti-infrared radiation property. VSM test showsthe
plated HGM owns magnetic property. With thesetwo
properties, itsapplication range can be broadened.
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