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SUMMARY

STUDY ON THE SYNTHESIS OF PEROVSKITE LaFeO3
BY MICROWAVE-ASSISTED HYDROTHERMAL METHOD

In this paper, the process of the synthesis of perovskite LaFeQOs by microwave-assisted hydrothemal

method was studied. The properties of the received product are evaluated by modern analytical methods
such as XRD, SEM-EDX, FTIR, TGA/DSC, XPS. The combination of microwave with hydrothemal
process help shorten the synthesis time. The results demonstrated that the synthesized perovskite LaFeOs

has high purity, the product has a cube shape with size of 55-65 nm
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1. MO DAU

Vat li¢u loai perovskite c6 cong thuc chung
ABOs trong d6 A 1a cation kim loai dat hiém
16n ¢6 phdi tri 1ap phuong véi nguyén tir oxi va
B la ion kim loai chuyén tiép nhé hon c6 phdi
tri bat dién voi nguyén tor oxi. Noi chung,
nguyén tir A giup duy tri sy 6n dinh cua cdu
trac tinh thé va nguyén tir B dong gop vao cac
chirc ndng khac nhau cua vt li¢u. Trong vai
nam gan day, LaFeOs 1a mot perovskite duoc
nghién ctru rong rdi vi co nhiéu tmg dung nhu
trong pin nhién li€u oxit ran [1], luu trit dir liéu
tir tinh [2], cam bién khi [3] va cac tng dung
quang dién [4]. Cac tinh chat doc déo cua
LaFeOs 1a do niang luong ving cim thap va sy
hién dién cua céc vi tri thiéu oxy trong cAu trac
tinh thé.

C6 nhiéu phuong phap khac nhau dé dé tao cac
hat perovskite LaFeOs3 nhu phan hiy nhiét [5],
phuong phap phdn Ung nano vi nhii tuong
nghich [6], phuong phap sol-gel [7], phuong
phap thuy nhiét [8], va phuong phap dong két
tua [9]. Nhitng k¥ thuat ndy tao ra cac cau tric
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vat liéu va kich thudc cac hat khac nhau. Viéc
lya chon phuong phap phu thudc vao hinh thai
cAu trac va tinh ung dung cua vat lidu.

Phuong phéap thuy nhiét 1a phuong phap don
gian duoc st dung dé tong hop cic hat
perovskite LaFeOs. Viéc ting tdc clia qua trinh
thiy nhiét dat dugc nho sy két hop vi song.
Diéu nay 14 do su gia nhiét dong nhat ciia hdn
hop phan ung nho sy phéan cuc ludng cuc cla
dung dich nudc [10], dong thoi 1a do vi song
déng mot vai tro quan trong tao ra nhiét d6 cao
mot cach nhanh chéng va din dén qua nhiét
cuc bo trén bé mat hat, din dén tang cuong qua
trinh két tinh va tang truong hat [11].

Muc tiéu cua nghién nay 1a tdi vu hoa cac diéu
kién tong hop dé co thé dat dugc kich thudc
vat liéu perovskite theo mong mudn, phii hop
v6i muc ti€u tng dung cuia vat li¢u.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

2.2.1. Héa chit

Hoa chit dugc st dung cho nghién ctu nhu
Fe(CsH702)3, Axit oleic, La(NOs)s-6H20, Dopamine
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dugc cung cap boi hing Sigma Aldrich. Cac héa
chit khac nhu KOH, Fe(NOs);-9H>O, Ethanol,
Benzyl alcohol, NHsOH, FeCl;.6H-0, FeCl..4H20,
CO(NHa)....1a cic hoa chit tinh khiét (>99%)
dugc cung cép boi hing Xilong, Trung Qudc,
duoc str dung ngay khong qua tinh ché.

2.2.2. Thiét bj

Mot sb dung cu, thiét bi duge su dung trong
nghién ctru nhu hé théng vi song Multiwave
Pro (Anton-Paar GmbH, Austria), may ly tam
lanh varispin (Novapro, Han Quéc), cbc Teflon
100 ml.

2.2. Phuong phap nghién ctru

2.2.1. Nghién civu ché tao céu triic perovskite
LaFeOs3

Dé thyc hién phan tng thity nhiét trong truong
vi song, st dung hé théng vi song Multiwave
Pro (Anton-Paar GmbH, Austria), tin sd 2,45
GHz v6i tong cong suit birc xa vi song 1a 1400
W, cbc Teflon ¢ thé chiu nhiét do trén 250 °C
va 4p sudt 60 bar.

Tron 20 ml dung dich 0,4M La(NO3);-6H20 va
Fe(NO3)3-9H20 véi nhau, sau d6 hoa tan 22 g
KOH vao hdn hgp thu duge bang cach khudy
déu. Két qua cua viéc hoa tan mdt lugng 1on
kiém trong dung dich nudc la sy bién dbi nhiét,
sau d6 huyén phu thu dugc duoc 1am lanh d&én
nhiét d6 phong, tiép theo 5 g CO(NH.)> duoc
thém vao va khudy trong 15 phut. Sau d6, dung
dich thu duoc duge dd vao cde Teflon 100ml
va dat trong hé thdng vi song dé téng hop thuy
nhiét. Tat ca cac phéan tng dugc chay & ché do
cong sudt 6 900 W (nhiét do 240 °C).

Qué trinh tong hop vi séng dugc thyuc hién
trong 1, 3 va 9 gio. Sau khi hoan thanh qua
trinh téng hop thuy nhiét, cic mau duoc ly tim
dé thu san phém rén, sau do dugc rua bé“mg
nudc cat va lam kho ¢ 100 °C trong 12 gio.
2.2.2. Nghién citu tinh chét ciia sin phim
perovskite LaFeQs

DPé xac dinh cAu truc tinh thé cia cac mau
thu dugc, phan tich nhiéu xa tia X dugc thuc
hién trén mdy do nhidu xa D8 Advance
(Brucker, USA). Céac nghién ciru cdu tric
dugc thyc hién o nhi¢t do phong trong
khoang 0 tir 10 dén 80 do véi téc do quét
2°/phut va budc quét 1la 0,020°.
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CAu tric bé mit cla cac mau duge nghién ctu
bang kinh hién vi dién tir quét (SEM) trén hé
théng JSM — IT200 (JEOL, Nhat Ban). Céc
hinh anh dugc chup & ché do dién tur thir cap
v6i dién 4p gia tbc 5-20 kV va khoang cach
lam viéc 8-10 mm. Nghién ctru EDX vé cac
méu dugc thyc hién biang may quang phd tan
xa nang lugng tia X (Oxford Instruments,
Anh).

Thanh phan va trang thai oxy hoa cua céc
nguyén té trong LaFeOs dugc phan tich bing
méy phén tich quang phd quang dién tir tia X
POIBOS-HSA véi ngudn tia X don sic Al K-
alpha 1486,74 KeV. Cac gia tri nang luong lién
két dugc so sanh véi dir liéu tiéu chuin duge
tim thay trén Lasurface.com.

Ph6 hdng ngoai bién d6i FTIR cua cic mau
dugc ghi lai & nhi¢t d§ phong trén may quang
phd Cary 630 Series FTIR (Agilent, My) trong
khoang 400-4000 cm™'.

Phan tich nhiét trong lugng ctia cac mau dugc
thue hién trén thiét bi TGA PT 1600 (Linseis,
Dirc). Mot luong mau 100 mg duoc cho vao
chén bach kim va nung trong khong khi tr 20
dén 600 °C v6i tbe do gia nhiét 10 °C/phit.

3. KET QUA VA THAO LUAN

Hinh 3.1 cho thdy gian dd XRD cuia san phdm
nhan dugc véi thoi gian tong hop khac nhau.
D& dang nhan thay hiéu suat thu nhan thip cua
LaFeOs (thé tinh thé PDF # 37-1493) la két
qua cta qué trinh téng hop vi séng trong 1 gid
(Hinh 1a). Ngoai ra, miu nay chira mot lugng
dang ké La(OH); (PDF # 83-2034) va Fe:O;3
(PDF # 33-0664) dugc tao thanh do thém kiém
vao dung dich. Cac mau thu dugc véi thoi gian
tong hop 3 va 9 gio (Hinh 1b, ¢) cho két qua
twong ty nhau va c¢6 do tinh khiét cao. Tuy
nhién, khi kiém tra ky dang nhiéu xa tia X, c6
thé tim thdy dau vét cia cac tap chat néi trén.
Thuc té 1a ching c6 mit voi lugng tuong ddi
nho trong cac mau ldy ¢ cac thoi diém khac
nhau, diéu nay cho thiy chiing khong bién mat
theo thoi gian. Po do dé loai bo céc tap chét
nay co thé sir dung axit nitric lodng dé rua,
hiéu qua cta viéc 1am sach mau béng axit duogc
xéac nhan két qua XRD (Hinh 1d).
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Hinh 1. Gian do XRD ctia san phdm
a) Mdu xit Iy vi séng 1h; b) Mdu xit Iy vi séng 3h; ¢) Mdu xit Iy vi séng 9h; d) Mdu xit Iy vi séng 3h va
rika lai bang axit nitric

Hinh 2 cho thiy két qua ctia kinh hién vi dién tir
quét két hop phd tan xa ning luong (SEM-EDX)
clia cac diém dugc danh diu cia mau dugce xir Iy
vi song 3h ma khéng lam sach bang axit (Hinh
2a) va mau dugc rira bd sung bang axit nitric
lodng (Hinh 2b). C6 thé thay rd rang ca hai mau
chi1 yéu bao gdm céc vi tinh thé LaFeOs hinh lap
ph}Iong c6 kich thudc 55-65 nm.
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Hinh 2. Két qua SEM-EDX ciia san pham rira
bang axit va khéng rira
a) Mau xit Iy vi séng 3h khéng rira bang axit
nitric; b) Mau xi 1y vi séng 3h va rira lai bang
axit nitric
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Hiéu qua clia qua trinh rira bang axit nitric
dugc xac nhan bdi sy gidm dang ké s6 luong
tinh thé hinh tru (La(OH)s) trong mau (Hinh
2b). Két qua phéan tich EDX trén bé mat cua
tinh thé 1ap phuong cho thiy ty 1é nguyén tir
La/Fe = 1,02-1,03 tuong ung voi LaFeOs, con
trén bé mit tinh thé hinh try c6 ty 18 nguyén tir

Hinh 3. Két qua SEM-EDX ciia san pham véi
thoi gian xut Iy vi song khdc nhau
a) Mau xir Iy vi séng 1h; b) Mau xir Iy vi séng
3h; ¢) Madu xit Iy vi séng 9h



So sanh két qua SEM ciia cac mau thu duge &
cac thoi diém tong hop khac nhau (Hinh 3), co
thé két luan rang thoi gian xr Iy vi song ¢6 anh
hudng dén kich thude cua tinh thé. Vi vay, néu
sau 1 gior xtr Iy vi song, ¢ céc tinh thé LaFeOs
16n hon 100 nm dugc hinh thanh (Hinh 3a), khi
thoi gian xu ly vi song tang 1én 3 gio quan sat
théy su tdn tai ciia ca cac tinh thé 16n va nho
(Hinh 3b), va véi viéc tang thém thoi gian xur
1y vi séng 1én 9 gid (Hinh 3c¢), kich thudc hat
trung binh khéng vugt qua 70 nm.

Dé ubc tinh lwong tap chat trong san phim
cubi cung trong mau xtr Iy vi song 3h va ria
bé‘mg axit nitric, mdt phan tich nhiét vi sai da
duogc thuc hién (Hinh 4). Két qua cho thdy su
mét trong luong ban dau 4,3% quan sat dugc &
nhiét d6 368 °C 1a do sy mat nudc cua LaFeOs,
diéu nay duoc chimg thuc bang dinh téa nhiét
& 400 °C trong dudng cong DSC. Tuong tu, su
sut giam trong luong 2,4% khac xdy ra gilra
368 °C dén 688 °C 1a do sy chuyén d6i LaOOH
thanh La>0; [12], két qua nay dwoc hd tro boi
sy hién dién cia mdt dinh nhd trong duong
cong DSC tai 620 °C. Trong luong giam thém
0,9% trong khoang nhiét d6 690 °C dén 840 °C
¢6 thé 1a do sy phan hily cta céc tap chat khac.
O nhiét do trén 840 °C khong cé sy sut giam
trong luong dang ké nao duoc quan sat thiy
chimg to rang khong c6 sy thay ddi vé pha
hoic ciu triic nao xay ra trong mau. Do d6 co
thé khiang dinh san phdm LaFeOs thu dugc co
d tinh khiét va d¢ két tinh cao.
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Hinh 4. Két qua TGA/DSC ciia san pham voi

thoi gian xit Iy vi soéng 3h va rika bang axit nitric
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Cac két qua thu duoc khing dinh hiéu qua cia
blic xa vi song trong qué trinh tong hop thiy
nhiét cAu trac perovskite LaFeOs, thé hién &
vi€c hinh thanh cac hat nano (55-65 nm) va thu
duoc san pham chi trong vong 3 gio, nhanh hon
it nhat 16 1an so véi cac cong trinh trude day
v6i qua trinh tong hop thuy nhiét LaFeOs
khong str dung vi song [13].

Ph6 FTIR cua LaFeOs dugc thé hién trong
Hinh 5. Dai phd quan sat dugc ¢ dinh 3451 cmr
''va 1640 cm! twong tng véi dao dong kéo dai
va dao dong udn cong cua cac nhém O-H. Dao
dong kéo dai d6i ximg cua lién két cacboxyl
C=0 dugc quan sat & dinh 2358 cm™ do su hip
phu ctia CO: trong khi quyén, vi LaFeOs dé tu
do trong khi quyén dé& dang hap phu CO>. Dinh
cuong do cao quan sat duge ¢ dinh 555 ¢cm’!
do sy hién dién cua dao dong kéo dai cia Fe-O
chung thuc cu trac FeOs hinh bat dién c6

trong LaFeOs.
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Hinh 5. Phé FTIR ciia san pham
Thanh phin va trang thai oxy héa cua cac
nguyén to trén b& mit cac hat nano LaFeO;
dugc phén tich bang quang phd quang dién tir
tia X. Két qua phd khao sat cta cac hat nano
LaFeOs trong Hinh 6a cho théy sur hién dién cua
La(3d), Fe(2p) va O(1s). Phd do phan giai cao
clia La3d va Fe2p trong LaFeOs cho thiy cac
nguyén tir La, Fe & trang thai s6 oxi hoa chinh 1a
+3. Pho c¢6 d6 phan giai cao cta La3d cho thiy
hai cyc dai La manh & 834,62 va 851,31 eV,
twong Ung voi sy phan tdch quy dao spin cua
3dsp va 3ds» cia ion La** (Hinh 6b) [14].



Tuong tu, cac dinh quan sat dugc ¢ 711,47 eV,
718,29 eV va 724,69 eV tuong Gng voi 2p3n,
dinh v¢ tinh va 2p12 cta ion Fe** (Hinh 6¢). Hai
dinh cyc dai Ols quan sat dugc ¢ 530,25 eV va
532,58 eV tuong tmg voi cac loai oxy mang tinh
thé (Ov) va loai oxy hydroxyl (On) (Hinh 6d).
Dinh Ov lién quan dén cac lién két LaO va FeO
c6 trong céac hat LaFeOs. Con dinh Ou lién quan
dén nhém hydroxyl do do 4m bi hdp phu tir
khong khi [15].

Hinh 6. Phé XPS cia san pham, a) Phé day di,
b) Phé La3d, ¢) Phé Fe2p va d) Phé Ols

4. KET LUAN

Pi tién hanh nghién ctru va tong hop thanh

Binding Energy / 8V

cong vat lidu perovskite LaFeOs bang phuong
phap thay nhiét két hop vi séng. Két qua da
chimg minh rang vat liéu dugc tong hop co
hinh lap phuong kich thudce tir 55-65 nm. Quy
trinh tong hop két hop vi song gitip rit ngan
thoi gian tong hop. Pong thoi, dé san pham co
d6 sach cao thi can tién hanh rua béng axit
nitric loang.
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Nhom tac gia xin gui 161 chan thanh cam on
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cép kinh phi dé thuc hién dé tai.
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