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ABSTRACT

The displacement method was employed to modify the surface of micron
Al onwhich alayer of Ni nanoparticles were coated. NH,F acted asakey
that enabled the displacement reaction occurring in neutral solution.
PEG600 prevented Al from being corroded by water and restricted the
overgrowth of Ni nanoparticles. Other parameters, such as NH,F and
NiCl.-6H,0O concentrations, were determined by experiment and discus-
sionto be 0.2 mol-Lt and 1.17 g-L*, respectively. The fabricated Al/Ni
bimetallic nanocomposites were corroded by hydrochloric acid solution
and alkaline NaOH solution to investigate its corrosion characteristics.
After being etched by the acidic solution, micron Al cores were eroded
and Ni shellsremained. However, the Ni shells broke into fragments after
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the Al coreswere dissolved in the alkaline solution.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

M odification of micron granulesby nanoparticles,
i.e. fabrication of core-shell nanocomposites, combines
both the advantages of micron coresand nano shellg*
3. Thesenew materid sexhibit different characterigtics
totheir coresand shellg*7. MicronAl particlesareused
asthefud in solid proped lantsor duminized explosives
[&10, Usudly, thesemetallic particleswere oxidized by
air firstly and produced denselayerscapping available
Al. Thisblocksthefurther oxidation of Al particles.
Therma andys sindicatesthat theignition point of mi-
cron Al ismore than 2100 °C!**2, Therefore, if the
alumina layers are replaced by layers of metalic
nanoparticles, thereactivity of micronAl will beremark-

ably enhanced.

Some studiesreported the fabrication of Al-based
nanocompositesby using eectrolessplating*9. Xiong
et d. studied the mechanism of e ectrolessplatingand
established thekinetic mode for the deposition of Ni
onmicronAl", However, these studies showed that
thesolutionsfor plating have high pH values; itiseasy
to erodeavailableAl cores. Therefore, alowly corro-
sive medium becomesthe requirement to prepareAl-
based nanocomposites. Asthedternative, displacement
method ismore proper to deposit metal nanoparticles
onmicronAl. Thedisplacement method isa so atype
of electrolessplating, where thereducing agent isthe
metalic coreitsalf. Compared to conventiond e ectro-
lessplating, thedisplacement method issuperior inde-
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positing nanoparticlesin situ. Other characteristics of
the displacement method ared so attractiveto research-
ers, includingitssmplicity, itshigh reaction speed, and
low impurity. Using displacement method, Mou et dl.
prepared Sn/Cu compositeswith metallic Cuand Sn
asthe coreand shell™. Liu et al. coated the Cu par-
ticleswith Ag nanoparticles?. Using redox reaction
between metallic Cuand [Ag(NH,),]OH-xH,0, Gao
introduced Cu particlesinto asilver-ammoniasolution
to fabricate Cu/Ag composites?l. A potential advan-
tage of Al-based core-shell compositesisthat theAl
core can be removed. This paper described how the
Al/Ni nanocompositeswerefabricated and whether the
shells subjected to the etching process could be re-
tained.

EXPERIMENTAL

The displacement reaction between Ni? ionsand
metallicAl occurred sincea1.414V potential differ-
ence

existed between (pO(A|3+/A|) (-1.66V) and

(po(Ni 2 /Ni) (-0.246 V). Thesurfactant wasintroduced

toNiCl,-6H,0 agueous solution. Raw Al were added
into the above solution and the NH,F solution wasin-
troduced into (to removetheAl O, layers). Thereac-
tion ceased when the suspension was unableto change
the color of the SDT, and the product was separated.
After filtration, lavation and evaporation in vacuum at
40°C, the Al/Ni core-shell nanocomposites were fab-
ricated. The as-prepared Al/Ni nanocompositeswere

added into acidicor dkainesolutionsto removetheAl
corefor further investigation.

Themorphol ogy of the sampleswasexamined by
aLEO-1530V Pfield-emission scanning el ectron mi-
croscope (SEM). X-ray powder diffraction (XRD)
analysis was conducted on a Bruker Advance D8
Diffractometer operated at 40 kV and 35mA using Cu
Ka radiation.

RESULT AND DISCUSSION

I nitiation of displacement reaction

During fabrication, NH,F acted asakey toincur a
displacement reaction. Usudly, Al particleswerecoated
with denseAl, O, layers (amorphous) that restricted the
further oxidation of e ement Al by air, water, even Ni?*
ions in preparation. Due to the especial property of
AlQO,, most strong acids and alkaiscould dissolveit
(Egs. 1and 2)!?2:

ALLO, +6H*’— 2AI* +3H,0 Q)
Al,O, + 2NaOH ’— 2NaAlO, +H,0 @)
Al +6F "= [AIF ]* @3)
2Al +3C0% *— 3C0 + 2Al* @)

However, having dissolved duminalayers, theacidsand
akaiswill further erodetheavailableAl. Therefore, it
isnecessary to give more prominence onthe method of
properly removing aduminalayers. It isreported that F
anion canirreversibly react with alumina(Eg. 3), for
which thereaction (Eq.1) was accelerated in the ab-
sence of strong acids®. After theAl O, layerswere
removed, the“candidate reaction”, i.¢. the displace-

X

Figurel: SEM imagesof raw Al (a) and (b) Al/Ni prepared with OPassurfactant.
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ment reaction between metallicAl and Co?* ions (Eq.
4), occurred.

During fabrication, asurfactant was necessary
to limiting the overgrowth of displaced Ni particles
andto preventingAl coresfrom being eroded by the
solution. In our study, wetried using OP, sodium ole-
ate, and PEG600 as the surfactant. The experimen-
tal results showed that OP was not ableto protect
element Al because many bubbles were observed
during thereaction. Figure 1(b) illustrates some of
theAl particleerosion. The use of sodium oleatere-
sulted inthe serious aggregation of Al particles. Al/
Ni nanocomposites were successfully fabricated by
using PEG600 as surfactant.

Figure2: SEM imagesof Al/Ni prepared at different NH F co
concentr ation of 0.14 mol-L-%; (d) concentration of 0.2 mol-L%;
in Figure 3d; (f) concentration of 0.32 mol-L%.

—== Fyl] Paper
Ammonium fluorideand precur sor concentration

Systems with four NH,F concentrations (0.08
mol-L?, 0.14 mol-L%, 0.2 mol-L*%, and 0.32 mol-L?)
werestudied and the products are shownin Figure 2.
Atlessthan 0.1 mol-L?, few tiny particleswere depos-
ited onAl surface (Figure.2b). When the concentration
increased to 0.14 mol-L*, Al coreswere ornamented
by many small particles(Figure.2c). At 0.2mol-L?, lay-
ers of nano particles densely coated on the cores
(Figure.2d and €). At the concentration of 0.32 mol-L-
1 theAl coreswereobviously eroded and the etched
particdesareillugratedin Figure 2f. Therefore, the proper
concentration of NH,Fwas0.2 mol-L™.

ncentrations. (a) rawAl; (b) concentration of 0.08 mol-L%; (c)
(e) partial surfaceof theparticlepointed with an arrow shown
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Besides, the precursor concentration, which deter-
minesthereactionrate, isalso important. Inthiscase,
theweight percentage of Ni (inAl/Ni) and concentra-
tion of NH,F were kept at approximately 3.0 wt.%
and 0.2 mol-L, respectively. Concentrations of
NiCl,-6H,Owere2.34g-L*, 1.17gL*, and0.78 g-L-
1. The XRD patternsof the productsare shownin Fig-
ure 3. By compared the pattern of raw Al, thediffrac-
tion peaks of metallic Ni exist (in Figure 3b-d). The
peaks at 20 of 38.47°, 44.90°, 65.09°, and 78.22°
belongedtothe{ 111} ,{ 200}, { 220}, and { 311} planes
of Al; the peaks at 20 of 44.79°, 51.85°, and 76.38°
corresponded tothe{ 111}, { 200}, and { 220} planes
of Ni. TheNi peaks seemed broader duetoitssmaller
grainsize. Employing the M 1D Jade5.0 software, we
caculated thegrain szeof thedisplaced Ni. Theprod-
uctsfromaconcentrationof 2.34g-L%, 1.17g L%, and
0.78gL*had grainsizesof 2.1, 6.0, and 9.2 nm re-
spectively. A reciprocd relationship betweenthegrain
Szeand theprecursor concentrationisinferred. During
the typical course of heterogeneous nucleation, the
depogitionrateof tiny particlesmultiplieswithincrease
of salt concentration®!. However, if the salt concentra-
tion wastoo high, part of theNi?* ions could be hydro-
lyzed and form deposits. Therefore, the proper salt
concentrationis1.17 gLt
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Figure3: XRD patternsof theAl/Ni prepared at different
concentrationsof NiCl:6H,O: (a) rawAl; (b) concentration
of 2.34g-L’%; (c) concentration of 1.17g-L%; (d) concentration
of 0.78g-L ™

Corrosion characteristics of Al/Ni
After being ultrasonicated in distilled water, theas-

flano Soienoe and flano Teohnology

prepared Al/Ni nanocomposite particleswere etched
by ahydrochloric acid solution and aNaOH akaline
solution. When therewere no bubbl esrose, the etched
residueswere separated. The XRD patternsand SEM
imagesof theresduesareillustrated in Figure4 and 5.
The XRD patterns indicate that the Al core was ap-
proximately completely removed. In Figure 5a, after
etched by acid, the Ni nanoshellsremained. However,
inanakalinesolution (asseenin Figure5h), Ni shdls
brokeinto fragmentsasAl coresdissolved. Infact, no
distinct concentration differencewas observed between
two solution (the hydrochloric acid solution had ap-
proximately 30wt% HCI and theakainesolutionwith
aconcentration of 8 mol-L%).
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Figured: XRD patternsof theetched residues: (a) Ni shells

etched by hydrochloricacid; (b) Ni fragmentsetched by alka-
lineNaOH.

Theexperimental results suggested different etch-
ing mechanismsinacidic and dkainesolutions. Inan
acidic solution, thecorrosion of Al particlesinitiated at
the exposed Al surfacesfurther progress by penetrat-
ing (asschematized in Figure6aand b). Thisindicates
that etching may proceed outward in acids (Figure 6¢
and d). Finaly, Ni shellsimaged in Figure 5(a) were
retained. Inanakainesolution, thecorroson of Al began
at the surface and proceeded around the core surface
without penetrating into the core (asschematized in Fig-
ure6eandf). Thefurious effervescence at the begin-
ning of thereaction madethe shellsbrokeninto frag-
ments (as shown in Figures 6g and h), which consists
withtheimagesin Figure5b.
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Figure: 5 SEM imagesof theetched residues: (a) Ni shellsetched by hydrochloricacid; (b) Ni fragmentsetched by NaOH
solution.
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Figure: 6 Schematic diagramsof possible etching mechanismsfor Al/Ni in hydrochloric acid (a-d) and NaOH solution
(e-h).
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Al, becauseit redounded to dissolvetheauminalayers

CONCLUSIONS that blocked the displacement reaction. Several fac-

tors, such as surfactant, NH,F concentration, and

In this study, the displacement reaction between  NiCl,-H,O concentration, werediscussed. TheNH,F
metallicAl and Ni* ionswasemployedtodepositNi - concentration of 0.2 mol-L* andtheNiCl-6H,0 con-
nanoparticlesonmicronAl insitu. Infabrication, NH,F  centration of 1.17 g-L* were proper. The PEG600 used
isthekey toincur theredox reaction between Ni** and  asthe surfactant not only protected theavailableAl but
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a so prevented the overgrowth of Ni particles.

Toinvestigatethecorrosion characteristicsof the
Al/Ni bimetalic nanocomposites, the as-prepared Al/
Ni nanocompositeswereetched by ahydrochloricacid
solution and an alkaline NaOH solution. Theetched
residuesexhibited different morphologies. Inacidic so-
lution, the Al cores were dissolved while the Ni
nanoparticlesremained ashollow shells. Inthedkaine
solution, themetdlicAl coreswered soremoved. How-
ever, theNi shellswerebroken into fragments. There-
fore, themechanismsof acid etching and dkaineetch-
ing wereoutward and inward respectively.
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