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ABSTRACT

LaF, superfine powder was synthesized from LaCl,.7H,O and NH,F by
microwave method, using methanol or de-ionized water as dispersants
respectively. Theresultsof XRD, TEM, and SEM indicate that the superfine
powder has high purity, regular particle shape, and narrow distribution of
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granularity. The granularity of the best sample isin the range of 10-20nm.
Compared with traditional preparation methods of LaF, powder, the
advantages of microwave heating method was summarized. The powder
belong to hexagona symmetry witha=7.182A.U, andc=7.254A.U. Rapid
synthesis with near uniform diameter of lanthanide based nano crystals has

been achieved.

INTRODUCTION

LaF,isoneof themost important solid el ectrolytes
with highionic conductivity. LaF, superfinepowder is
widely used to make F,, CO, O,, SO,, CO, gas sen-
sors, and Lasensor in order to test the different gases
concentration and theactivity of Lainthemelt respec-
tively™ 2. LaF, superfine powder is also used asthe
addictiveinthelubricantstoincreasetheantiwear prop-
ertiesat extreme pressureand |ubricating ability®. The
antiwear propertiesof somealloyscanbereinforced
with LaF, superfine powder asaddictive. Furthermore,
LaF, superfine powder isone of thevital materialsfor
laser crystal* 9,

However, the preparation of LaF, superfine pow-
der isnot easy because of itstypical ionic bond. Gen-
eraly, LaF, powder isprepared by adding lanthanum
oxide or lanthanum carbonate powder into hydrofluo-
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ric acid at room temperature. In addition, LaF,ispre-
pared by heating lanthanum oxide and ammonium
bifluoride powder. Inthis experiment LaF, superfine
powder was synthesized from LaCl ..7H,O and NH,F
by microwave heating method, using methanol or de-
ionezed water asdispersants.

EXPERIMENTAL

Therecelved chemica swere used without further
purification. Thesynthesisof LaF,nanocrystalinewas
carried out in domestic microwave, which was oper-
ated at 100% power of 800W and afrequency of 2.45
GHz. Inatypica procedurefor thepreparation of LaF,
powder 0.072 g of NH,F 0.192 mol wasdissolvedin
10 ml of de-ionized water. Another solution was pre-
pared by mixing 7 ml of 0.064 mol LaCl..7H,O, and
swiftly injectedinto theNH,F solution through 10 ml
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syringe. White preci pitate gppeared instantly. Themix-
turewas put in a100 ml round beaker and placed in
microwave. The synthetic reaction was carried out at
800W for 1 hr with on-off modehaving atimeinterval
of 30 sec. Initid milkfishwhiteindicating formation of
LaF.. Thewhite precipitate then segregated to the bot-
tom. The separated product was then washed severa
timeswith water and absolutea cohol and dried a room
temperaure.

The X-ray crystall ographic pattern was obtained
by PANALY TICAL XPERT PROMPD diffractometer
model using CuKa =1.54 A with scanning rate of 2°
per minfrom 0° to 80°. The morphology and particle
sizeanalysisof the sample prepared were done by us-
ing transmission € ectron microscope (Philips, CM 200,
operating voltage: 20-200kv, resolution: 2.4A°). The
morphol ogy and elemental composition of materidswas
examined by HR-SEM WITH EDAX-WDS analysis
with Quanta FEG 200 with Pt coating.

RESULTSAND DISCUSSION

Reaction process

LaF, superfine powder was synthesized from
LaCl,.7H20 and NH,F by microwave heating method.
Thereaction isProportion of L& ionscan berelated
by the chemical reaction equation bel ow.
XLaCl,.7H,0+3NH F-LaF +3NH,CI+7H,0

Here, x representsthemol ar percentageof La** ions,
where X=0.064 mol and 0.192mol of NH, . Solutions
containing Molar Proportions[X (1): NH,F(3)]

Thereaction timewith methanol asdispersantis
shorter than that with de-ionized water. According to
the microwave, heating theory!®. The Speed of warm
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Therefore, the heating speed with methanol asdispers-
ant isfaster that de-water asdispersant.

methanol de—water

X-ray diffraction analysis

The XRD patternsof the synthesi zed superfine pow-
dersusing methanol and de-ionized water asdispers-
antsare shown fromthe Figure 1(a) and (b) that:
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Figurel(a) : XRD Pattern of LaF,de-waters.
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Figurel(b) : XRD Pattern of LaF, methanol.

Thesetwo kindsof synthesi zed superfinepowders
were proved to be LaF,. Dispersants have strong im-
pact ontheacuity of diffraction peaks. Thediffraction
pesksof sampleusing purewater asdispersant arevery
wide. Thereason may bethat the crystal LaF, super-
fine powders grow faultily or that some amorphous
material comesinto being. Contrarily, thediffraction
peaksof thesamplewith ethanol asdispersant arevery
sharp. It indicatesthat ethanol canimprovethegrowth
of thecrystal LaF, superfine powder.

Ingeneral, itiseasy for LaF, to behydrolyzedinto
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LaOF in moist atmosphere. However, no diffraction
peaks of LaOF can be seen. The reason is that the
La**- H,O bond is weakened by microwave, which
makes La(H,0),* dehydrate more easily. Therefore,
the naked La** can combinewith F directly®.

LaF, belongsto hexahedrd crystd system. Thelat-
tice constants can be calculated by the formula of
hexahedral crystal gap and Brug equation®.
Sin29=k_2[4(H2+K22+HK)

4 3a

Where ) is the wavelength ; 0 isthe diffraction
angle ; H, K, and L are crystal indexes. According to
thetwo peaksof (300) and (302) in XRD pattern shown
inFigurel, thelattice parametersare obtained asshown
inTABLE 1.

TABLE 1: Lattice parameter sof synthesized samplesand
dandardLaF,

L attice By Figure ByFigure  Standard

LZ
t=

Consgtant 1(a) 1(b) LaF;
alA°® 7.182 7.195 7.186
c/A° 7.254 7.342 7.352

Microstructureanalysis

Figures2(a) and (b) show the SEM images of syn-
thesized Laf , superfine powdersusing pure water or
ethanol asdispersant respectively. It isindicated that
when purewater is used as dispersant, thesizeof LaF,
superfine powder isintherangefrom 100 nmto 1um
and thedistribution of granularity isasymmetric. Fur-
thermore, afew aci form crystalscomeinto being. How-
ever, thegranular distribution and powder shapeof LaF,
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Figure2(a) : SEM imageof L aF,de-waters.
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Figure2(b) : SEM imageof L aF,methanol.

Figure3(a) : TEM imageof L aF,de-waters.

Figure3(b) : TEM imageof L aF, methanol
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superfine powder synthesized using ethanol asdispers-
ant arevery regular. Thediameter isintherangeof 10-
20nm. Thecauseof thisdifference may bethehydroxyl
of H,O moleculeshashigher reectivity thanthe hydroxyl
of C,H,OH moleculeandisattracted by cationsmore
easily. Thehydroxyl of H,O moleculeswill becomedi-
rectiona and readjust able. Theinterior H,O molecules
will losepartia trand ation and rotation degree of free-
dom. Another causeisthat the combination of partia
H.,O molecul es accel erates the aggl omeration of su-
perfine powder particles®.

Figure 3(a) and (b) showsthe natureand exact di-
mensions of the synthesized powder wasanaysed us-
ingaTEM (Philips, CM 200, operating voltage: 20-
200Kkv, resolution: 2.4A°). Thedispersion medium used
wasethyl alcohol. Figure 3 showsabright fieldimage
of LaF, The dispersed particles may be due to pres-
ence of long chain ligands on the surface preventing
aggregation. The average crystalline size of the
nanocrystalswaswe | under 10-20 nm. Under highreso-
[ution, most nanocrystalsformed exhibit well defined
cyddline

Comparison of microwaveheatingmethod with tra-
ditional preparation methods.

Thetraditional preparation methods of LaF, pow-
der arelisted asbelow:

La,0,+6HF - 2LaF,+3H,0 @)
La,(CO,),+6HF -

2LaF,+3C0,+3H,0 @
La,0,+6NH,HF, >

2LaF,+6NH +3H,0 +6HF 3
LaCl,.7H,0+3NH F —

LaF +3NH,CI+7H,0 (4)

Inreactions (1) and (2), HF isreactant. The SEM
image of LaF, powder prepared by reaction (4) is
shownin Figure5Asseenfrom Figure5, LaF, powder
isdl strip particles, whoseaveragegranul arity is 10-20
nm.

Inreaction (3), thereis poisonous HF giving off.
Thisreaction should be heated indloy tubeand kept at
300°C for 12 h. when thereactionis over, superfluous
NH,HF, and vapor should beexpelled. Inaword, these
traditiond reactionsared | related to poisonousHF and
pollute environment. Compared to these traditional
preparation methods of LaF, powder, the microwave
heating method hasalot of advantages such as short

reactiontime, low energy consumption, high purity and
smdll, well-distributed granularity of resultant.

CONCLUSIONS

e LaF, superfine powder was synthesized from
LaCl,.7H,0 and NH,F by microwave heating method,
using methanol or pure water as dispersant respectively.

e Theresultsof XRD, SEM, and TEM indicate that LaF,
superfine powder has high purity, regular particle shape,
and narrow distribution of granularity. Methanol asdis-
persant has a great impact on LaF, grain size and mi-
crostructure. The XRD pattern of LaF, powder the in
Figure 1 shows that the peak positions and intensities
agree well with the data reported in the JCPDS stan-
dard card (32-0483) of pure hexagonal LaF, crystals.
The sizes of the powder were calculated from the XRD
pattern based on the Debye-Scherrer formula assum-
ing that the particles are spherical in shape. Figure 3
shows the TEM image of the LaF, powder. As can be
seen, the nanocrystals have a roughly spherical shape
and a particle size 10-20 nm. Which is close to that
measured using XRD.

e Compared with the traditional preparation methods of
LaF, powder, microwave heating method has a lot of
advantages such as short reaction time, low energy
consumption, high purity and small, well-disturbed
granularity of resultant.
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