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The lanthanum hexaboride (LaBg) nanoparticles are synthesized via a solid
state reaction in vacuum. Silane coupling agent is used for modifying the
surface of the nanoparticles. This process is carried out in different solutions
so as to ascertain the best modification technology. Modified LaB4; nanoparti-
cles are added to polymethyl methacrylate (PMMA) matrix by in-situ polym-
erization. Synthesized nanoparticles are characterized by XRD and TEM, the
results show that the obtained particles have high degree of crystallinity and
elliptical or cubic shape, the size ranged from 20 nm to 100 nm. In addition,
FESEM and Medium infra-red spectrometers are used to prove the effect of
surface modification of nanoparticles, alcohol solution can provide the best
modification atmosphere for the modifying process, as LaBg; nanoparticles
modified in alcohol solution appear in uniformly elliptic shape and smallest
size. Furthermore, the microstructure of PMMA /LaBg composites are char-
acterized, and optical properties of the composites are tested by UV-vis-NIR
spectrophotometry. Experimental results show that modified LaB; nanopar-
ticles dispersed well in the PMMA matrix, the relationship between added
LaB; nanoparticles and optical properties of PMMA matrix is demonstrated
as well. PMMA matrix contained 0.02% wt. LaB; nanoparticles can block
NIR effectively with slight influence on the high transparency of PMMA ma-
trix.

Hanouactunku rexcabopuny jgantany LaBg cuHTEe30BaHO IIJISAXOM TBEPAOTI-
JbHOI peakIil y Bakyymi. [lia MmogudikyBaHHSA IIOBEPXHi YaCTUHOK BUKODPUC-
TOByBaJlach CIOJIyYHA peuoBumHa cuiiad. Ileil mpomec BUKOHYBaBCA B PiBHUX
po3uUMHAX IJIs BUBHAUEHHA HAWKpaIoi TexHoJorii mogudikyBauus. Moaudi-
KoBaHi HaHOouacTuHKU LaBg nogmaBanuca o MaTpulli moJiMeTHIMEeTaKPUIaTy
(IIMMFK) mix uac mosimepwmsanii. CuHTe30BaHI HAHOYACTMHKY AOCIiAKYyBa-
JIUCh METOJOM PEHTTEHOCTPYKTYPHOT'O aHAJIi3y Ta IPOCBiUyI0YO0i eJ1eKTPOHHOI
MiKpOCKOITil, pe3yJibTaTy IMOKAa3yIOTh, III0 OJep:KaHi HAHOYACTHHKU MAalOTh
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BHUCOKUH CTYHiHb KPUCTAJIUYHOCTI, elinTuuny abo Ky6iuny ¢opmy i posmipu
Bix 20 mo 100 um. Kpim Toro, misa miagTBepA;KeHHA BILIUBY Moaudikairii mose-
PXHi HAHOYACTUHOK BUKOPHCTOBYBAJIICh aBTOEMIiCiliHUY CKaHyBaJIbHUN €JIeK-
TPOHHUI MiKPOCKOII Ta CIEKTPOMETP CepeqHbOTr0 iH()pauepBOHOTO Aiama3oHy.
CnupToBUI PO3UMH MOKe 3a0e3leUunTy HallKkpallle HaBKOJHUIIIHE CEePEeJOBUIIle
Ins npouecy momudikarnii, Tomy 1o HaHouacTuHKU LaBg, momudirkoBaHi B
CIMPTOBOMY DO3YUHi, MaioTh OZHAKOBY eJinTHUHY (opmMy Ta MiHimMaabHUIHI
poamip. Binbire Toro, oxapaxTepu30BAHO MiKPOCTPYKTYPY KOMIIO3UTIB
IIMMK/LaBg, a ix onTuuHi BIaCTUBOCTI AOCTiAKEeHO MeTOgaMu CIIeKTPodo-
ToMeTpii B yabTpadiosieToBOMYy, BUAUMOMY i OGJMKHLOMY iH(GpPauepBOHOMY
miamasoHax. Pe3yabTaTu eKCIIePUMEHTY IIOKAa3yIoTh, 1110 MOAN(MiKOBaHi HaHO-
vyacTuHKu LaBg mo6pe posmoxineni B matpuiii IIMMEK. IIpomemoucTpOBaHO
TaKOK 3B’A30K MiXK JOZaBaHHAM HaHOUacTUHOK LaBg; Ta omTUYHMMU BIacTU-
poctsamu matpuili IIMME. Marpuia IIMMEK 3 0,02% mac. LaB; moxke edek-
TUBHO OJIOKYBAaTH BUIIPOMiHEHHs OJMKHBOTO iH(GpauepBOHOTO Aialla3oHy IIPU
c1abKoMYy BILJIMBi HAa BUCOKY mpoaopictsk maTpuii IIMMEK.

HanouacTumsl rexcabopumga JantaHa LaBg cMHTe3MpOBaHBI IIyTEeM TBEPIO-
TeJIbHOUM peakmuu B BakyyMme. g MOAu(MUITNPOBAHUS IOBEPXHOCTH HAHOYA-
CTHUIIL UCII0Jb30BAJIOCEH CBA3YIOIIee BEIleCTBO CUJIaH. DTOT IIPOIIECC BHITIOIHSII-
csA B PA3JIUYHBIX PACTBOPAX AJIs ONpeaeJeHU HauIydllei TeXHOJOTUN MOIH-
dunupoBanua. Mogudunuporanubie HaHOUACTUIHI LaB,; tobaBianmcs K MaT-
purtte noaumeruamerakpuaara (IIMMEK) Bo Bpemsa mostumepusanuu. CuHTE3U-
pPOBaHHbBIE HAHOYACTUIIHI HCCJIEIOBAJIUCH METOJaMHU PEHTTeHOCTPYKTYPHOTO
aHaJaM3a W IPOCBEUMBAIOIEH 9JIeKTPOHHON MUKPOCKOINH, Pe3yIbTaThl ITOKa-
3aJIM, YTO MOJyYeHHbIe HAHOYACTHUIILI UMEIOT BHICOKYIO CTEIIeHb KPUCTAJINY-
HOCTH, SJINITUYECKYIO MIN KyOouuecKyio ¢hopmy u pasmepsl or 20 o 100 M.
Kpome Toro, AJid MOATBEP:KACHUS BAUSHUA MOAUPUKAIINYN TOBEPXHOCTU Ha-
HOYACTUII MCIOJb30BAJINCh ABTOSMUCCHUOHHBIN CKAHUPYIOMINI 3JIEKTPOHHBIN
MUKPOCKOII 1 CIIEKTPOMETD cpegHero nHpakpacHoro guamasona. CoupToBoit
pacTBOp MOKET 00eCIIeUnTh HAUJIYUIIYIO OKPY:KAIOIIYIO CPeNy MJIA IIpoIlecca
moauduKaINY, TaK Kak HaHouacTuilbl LaBg, MoguduimpoBanHbie B CIIULPTO-
BOM PACTBODE, MMEIOT OAMHAKOBYIO JIIUNTUYECKYIO (GOPMY M MUHUMAJIbHBIHI
pasmep. DBosee Toro, oxapakTepus3oBaHa MUKPOCTPYKTYpa KOMIIO3UTOB
IIMMEK/LaB;, a ux onTuuecKue CBOMCTBA MCCJAEIOBAHBI METOAAMHU CHEKTPO-
doroMeTpuu B yJABTPA(UOJETOBOM, BUAMMOM 1 OJMKHEM HHOPaAKpPacHOM
IramnasoHax. Pe3yabTaThl SKCIIEPUMEHTA IMTOKA3hIBAIOT, YTO MOAU(MUITNTPOBAH-
Hble HaHoyacTuikl LaBg xopormio pacnpexnenensr B matpuine IIMMEK. IIpoxe-
MOHCTPUPOBaHA TaKiKe B3aMOCBA3h MEXK Iy nobaBaeHreM HaHouacTull LaBg u
ontuueckumMu cBoiicrBamu maTpuilbl IIMMK. Matpuma IIMMEK ¢ 0,02% wmacc.
LaBg moruia apdekTrBHO G6JIOKMPOBATH U3JIyUeHMe OJIMKHEro nH(pPaKpacHOro
auamasoHa NpPU CJa0oM BJIMAHUYM Ha BBICOKYIO IIPO3PAYHOCTH MATPHUILHI
IIMMEK.

Key words: LaB; nanoparticles, PMMA, microstructure, optical properties,
surface modification.
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1.INTRODUCTION

Lanthanum hexaboride (LaBg) was widely used in cathode as an excel-
lent thermionic electron emitter material, the relatively low work
function yield high current at low cathode temperature, resulting in
greater brightness and longer life [1, 2]. Recently, LaBg; had drawn
much attention due to other excellent characteristics such as great ab-
sorbance in near-infrared light, bringing itself wide applications in
solar heat control [3].

It was advantageous to add nanomaterials into polymer to prepare a
nanocomposite since this kind of material often showed excellent proper-
ties that neither of the two components would have [4—7]. Polymers con-
taining LaB; are studied extensively because of their outstanding per-
formance in daily sunlight regulation. PMMA was the primary choice for
the preparation of polymeric nanocomposites because of its superior
properties such as high strength, compatibility with ceramics, dimen-
sional stability, and especially high optical clarity [8—10]. LaBs-doped
polyvinylbutyral (PVB) laminates [11] and PMMA [12] prepared through
melt extrusion exhibited effective absorption of near infrared (NIR) and
good transmittance of visible radiation (VIS). However, it is difficult to
get a good distribution of inorganic nanoparticles in the polymer matrix,
because the problem of nanoparticle agglomeration often existed, more-
over the interfacial adhesion between inorganic nanoparticles and the
matrix is poor. Modifying agents could be used to improve the wettabil-
ity between nanoparticles and matrix [13—16], however modification
technology of LaB; nanoparticles had not been dealt in depth, it is of vital
importance as it could allow LaBg nanoparticles to be incorporated into a
polymer matrix to give a well combined composite material.

In this report, the best atmosphere for modifying the surface of
LaB; is ascertained among several solutions using silane coupling
agent first. Then modified LaB; nanoparticles were added to PMMA
matrix by in-situ polymerization and microstructure and optical prop-
erties of the composites are also characterized.

2. EXPERIMENTAL PROCEDURE
2.1. Surface Modification of LaB; Nanoparticles

LaBg nanoparticles were synthesized via solid state reaction at 1200°C
for 2 hours in the vacuum with LaCl; and NaBH,. Obtained particles
were dissolved in deionized water (DW), dilute hydrochloric acid (8%
HCI) and alcohol solution (AL, 50%), separately. And then 0.4 ml si-
lane coupling agent (KH550) is added into 20 ml above-mentioned so-
lutions to finish the surface modification of LaBg particles. The process
is accompanied by supersonic vibration at 40°C. As the reference sam-
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ple, LaBg nanoparticles were also added into DW without silane coupling
agent existing and underwent supersonic vibration at 40°C as well.

2.2, Composites Preparation

The PMMA matrix composites containing LaB; nanoparticles were
prepared as shown in Fig. 1. The silane coupling agent treated LaBg
was well dispersed in methyl methacrylate (MMA) under supersonic
vibration. A certain amount of benzoyl peroxide (BPO) working as ini-
tiating agent was added to above mentioned solution and the pre-
polymerization of MMA was carried out at about 90°C accompanied by
mechanical mixing. After pre-polymerization, the mixture was poured
into a mold and then kept at 45°C in vacuum for 20 hours.

2.3. Testing Methods

X-ray diffraction (XRD) measurement is performed on Japan Rigaku
D/max-RB X-ray diffractometer (A =1.5406 A). The transmission electron
microscopy (TEM) image is obtained on a Hitachi H-800 transmission elec-
tron microscopy with 200 keV accelerated voltage. Medium infra-red spec-
trum (MIS) is recorded on a VERTEX-70 infrared spectrometer. Field
emission scanning electron microscopy (FESEM) images are taken on a
JSM-6700F scanning electron microscope at 3.0 kV acceleration voltages.
Ultraviolet-visible-near infrared (UV-vis-NIR) absorption spectra of the
products are recorded on UV-vis-NIR spectrophotometry (U-4100).

3. RESULTS AND DISCUSSION
3.1. Formation of LaB; Nanoparticles

The formation of LaBg nanoparticles is confirmed through XRD analysis,
FESEM and TEM characterization, as shown in Fig. 2 and Fig. 3. XRD
result shown in Fig. 2 indicated the products were pure LaB; and had good
crystallinity. Fig. 3 demonstrated that most particles were elliptical or
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dispersed in MMA in mold

Fig. 1. Procedure of preparation of PMMA matrix composites containing LaB;
nanoparticles.
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Fig. 2. XRD image of LaBg nanoparticles.

cubic shaped with sizes ranging from 20 nm to 100 nm. The inserted im-
age in Fig. 3, b depicted the crystalline structure, it clearly showed an in-
terplanar distance of 4.16 A, corresponding to the theoretical value

4.15 A of LaB; (100) planes.

3.2. Modification of LaB; Particles

Figure 4 showed the MIS result of LaBg; nanoparticles treated in differ-
ent solutions. The peaks observed at 3440 cm™ and 1630 cm™ in Curves
1, 2, and 3 were that of By structure according to the literature [17].

Fig. 3. Morphology and structure images of LaB; nanoparticles: FESEM image
of the products (a), TEM image of LaB; nanoparticles (b). The inserted image:

lattice structure.
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Fig. 4. Medium infra-red spectrum of LaB treated in different solutions.

Two faint peaks disappeared in Curve 4, this might be caused by de-
structive effect of strong acid atmosphere to B4 structure. Compared
with Curve I, new characteristic peaks around 18380 cm™, 1113 cm™,
900 cm™ and 785 cm™ appearing in Curves 2, 3 and 4 are attributed to
the symmetric bending vibration of C—CH,;, stretching vibration of C—
N, rocking vibration of —CHj; and stretching vibration of Si—C (usually
two or more peaks in the range of 690—890 cm™) in SCA, respectively
[18]. So it could be concluded that silane coupling agent exists in LaBg
nanoparticles by certain kind of connecting mode.

Figure 5 showed the morphology of LaB; nanoparticles modified in
different solutions. It could be seen from Fig. 5, a that the unmodified
sample is mostly composed of cubic nanoparticles appearing in ag-
glomeration to some extent. Particles modified in DW show different
morphology with an elliptic shape, indicating that their surface had
been, though not uniformly, covered by silane coupling agent. Sample
modified in 8% HCI exhibits serious grain agglomeration in spite of
similar morphology, as shown in Fig. 5, a, so acid atmosphere could not
guarantee satisfactory surface modification of LaB; particles using
silane coupling agent. Particles in Fig. 5, d appear in uniformly elliptic
shape and the degree of grain agglomeration is reduced to the smallest.

Based on the results above, we come to the conclusion that the solu-
tion adopted during surface modification process has strong effect on
the modification result of LaB4 nanoparticles, and AL is the best solu-
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Fig. 5. FESEM results of LaBg; nanoparticles modified in different solutions:
(a) unmodified in DW, (b)—(d) modified in DW, HCIl and AL, respectively.

tion among all these mentioned above for this process.

3.3. Microstructure of PMMA Matrix Composites
Containing LaB; Nanoparticles

Figure 6 shows the distribution of LaB, particles with different weight
ratios from zero to 0.03% in PMMA matrix. Most nanoparticles dis-
persed well in matrix and the shape is intact. The nanoparticles show
uniform morphology, although LaBg; content in the composites in-
creases. Because of the silane modification of LaBg nanoparticles, in-
organic nanoparticles used to agglomerate spontaneously are not
shown here. First, the addition of silane coupling agent reduced surface
activity of nanoparticles and prevents LaB; nanoparticles from aggrega-
tion together successfully. Meanwhile it works as the bridge between
inorganic nanoparticles and polymer matrix, and then improves com-
patibility between organic and inorganic particles, producing more
evenly distributed inorganic nanoparticles within organic matrix.

3.4. Optical Properties of PMMA Matrix Composites
Containing LaB; Nanoparticles

Figure 7 showed the result of UV-vis-NIR absorption spectra of the
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Fig. 6. FESEM images of LaBg particles with different weight percents in
PMMA: 0% (a), 0.01% (b), 0.02% (c), 0.03% (d).

composites. Spectral absorption of the composites had an increasing
tendency as LaB; mass fraction increased, especially at the wavelength
300-1600 nm. There is linear relationship between the absorption and
LaB; weight ratios, as the absorption value substantially increases 0.5
with the addition of the LaB; increased by 0.01% wt. This linear for-
mulation could be given as follows

Yy =Apyma +90x (x=0.01,0.02, 0.03), (1)

where y and Apyya are the absorption of PMMA contained LaBg com-
posites and pure PMMA, respectively, x equals to the LaB; mass frac-
tions in the composites. However, LaBg; content had a slight effect on
the absorption value from 1700 nm. One can note that Curve 2 is sub-
stantially parallel to Curve I from 300 to 600 nm. The absorption of
Curve 3 decreases sharply around 600 nm, while curve 4 displayed
similar but weaker tendency. That is to say, Curve 3 had comparatively
lower absorption at VIS-light, and comparatively higher transmittance
meanwhile. So, PMMA matrix containing 0.02% wt. LaBs nanoparti-
cles could prevent NIR effectively with slight influence on the high
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Fig.7. Absorption spectra of PMMA matrix composites contained LaB;
nanoparticles.

transparency of PMMA matrix.

4. CONCLUSION

The surface of LaBs nanoparticles is treated by silane coupling agent
among several solutions, and the modified atmosphere is found to have
a strong influence on the morphology of the nanoparticles. LaB; sam-
ple modified in AL is composed of uniformly elliptic particles without
agglomeration. So, silane coupling agent could perform as an excellent
modifier for surface treatment of LaBs; materials in AL solution. Fur-
thermore, modified LaBs; nanoparticles are dispersed well in PMMA
matrix, and one can conclude that modification of nanoparticles plays
a significant role in preventing inorganic nanoparticle agglomeration
and in improving interfacial adhesion between inorganic nanoparticles
and polymer matrix. PMMA matrix containing 0.02% wt. LaBg
nanoparticles has a significant effect on blocking NIR among men-
tioned groups of composites.
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