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ER SE’ HOQI NGHI TOAN QUOC KHOA HQC TRAI DAT
SABSORNLES e VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2022)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cau truc 161/v6 va tinh chat vat 1y cua vat licu composite
(1-x)PbTi03/xCoFe204
Ngb Thi Cam Linh"*, Pao Viét Thang®*

I Truong Pai hoc Van héa Nghé thudt Qudn doi
2 Truong Pai hoc Mo - Pia chat

TOM TAT

Hé vat liéu composite (1-x)PbTiO3/xCoFex04 (x = 0,0 + 0,5) v&i ciu tric 18i/vo dd dugc ché tao thanh
cong bang phuong phap sol-gel. Cac dic trung céu tric, tinh chat quang va tinh chit tir ciia hé vat lidu
dugc nghién ctru thong qua anh hién vi dién tir quét SEM, gian d6 nhiéu xa tia X, pho tan xa Raman, phd
hap thy, dudng cong tir tré. Két qua phan tich gian dd nhidu xa tia X cho thiy hai pha thanh phan PbTiO3
(PTO) va CoFe,O4 (CFO) ddng thoi két tinh tét. Khi nong do CFO tang 1én, trong pha PTO, hing sd
mang a ting khong dang ké tir 3,903 A dén 3,911 A con hang s6 ¢ giam tir 4,137 A xubng 4,107 A. Phd
tan xa Raman cua hé vat liéu cho thdy vi tri cac dinh A,(1TO), E(2TO) dich vé phia sé song thip. Cac két
qué thu duoc da chung to giita hai pha 13i/v6 ¢ su lién két chat ché voi nhau din téi sy anh huong 13n
nhau vé cdu truc ciing nhu cac tinh chét vat 1i khac. Phd hap thu cho thiy bé rong ving cdm giam tir 2,99
eV xuéng 1,22 eV khi néng d6 spinel tang tir 0 dén 50% mol. Dic biét, hé vat liéu composite PTO/CFO
Vv6i cdu tric 18i/vo biéu hién tinh sit tir v6i tir d6 bio hoa tang tir 0,025 emu/g dén 25,217 emu/g khi ndng
d6 CoFe,04tang tir 0 dén 50% mol.

Twr khoa: PTO/CFO, sol-gel, composite, multiferroic.

1. D3t vin dé

Vao nhitng niam 1950 — 1960, vat liéu multiferroic duoc phat hién ciing cac tinh chét “ferroic” vo cung
li thé ctia n6. Multiferroic 1a vat lidu thé hién dong thoi ca tinh sat tir va sit dién (Eerenstein, Mathur er
al., 2006). Nguoi ta sir dung cac vat liéu multiferroic dé ché tao cac dau doc thong tin si€u nhay, cam bién
smh hoc khong can cép ngudn, cac bd nh¢ dién -tir khong tu x6a, cho phep ghi bang dién truong thay vi
bang tir trudng nhu cac vat liéu truyén thong (Wang, Liu er al., 2009). Tuy nhién, trong tw nhién, co rét it
cac vat lidu ton tai d(“)ng thoi ca tinh chét sat dién va tinh chét st tir. Chinh vi vay, day la loai vat li¢u
dang duoc cac nha khoa hoc quan tim nghién ctru. C6 hai phuong phap phé bién dé ché tao ra nhirng vat
liu c6 tinh chat multiferroic: (1) thay thé bing cac ion c6 tinh tir vao vat liéu perovskite va (2) tao
composite gifra 2 vat liéu co tinh s&t dién va sit tir (Sheoran, Kumar et al., 2019).

PbTiO; (PTO) 12 mdt trong nhitng vat lidu sét dién, vat liéu nay c6 hai pha céu triic dién hinh 1a pha lap
phuong va pha tir giac. O nhiét do phong, tinh thé PbTiO;3 c6 cau tric tir giac voi do bién dang tinh thé
16n (ti s6 c/a = 1,063), thé hién tinh chét sit dién manh (P = 81 pC/cm?) va hang sé dién moi 16n
(Chaudhari and Bichile, 2013). Tuy nhién, vét liéu PbTiOs biéu hién tinh cht nghich tir, ddy 1a tinh chét noi tai
clia vat liéu. Mot sd nghién cuu trén thé gidi da tién hanh tao composite voi mdt pha tir gido manh trén nén
PbTiOs nham tao ra cac vat lidu c6 su két hop déng thoi cua hai trat tu sit dién va sét tir (Eerenstein,
Mathur et al., 2006; Liu, Fu et al., 2005).

Bén canh d6, CoFe;O4 (CFO) 1a vat lidu co cau trac spinel ddo (Daliya and Juang, 2007). Day 1a mot
vat liéu tr cirng déc trung, luc khang tir cao (5400 Oe), & nhiét d6 phong, tir d0 bio hoa ctia vat liéu cd 80
emu/g (Liu, Fu et al., 2005). CoFe>O4 6 tinh di hudng va d6 6n dinh hoa hoc kha cao (Kim, Kim er al.,
2003). Do d6, vat liéu nay rat thich hop dong vai tro pha tir gido trong viéc ché tao vat liéu multiferroic
(Mansour, Imam et al., 2020; Rui, Sheng-wen et al., 2006; Singh and Saha, 2021).

Trong bao c4o ndy, ching toi ché tao vat liéu composite (1-x)PbTiO3/xCoFe;04 (x = 0,0 = 0,5) cdu tric
13i/v6 ché tao bang phuong phap sol-gel va khao sat sy anh huéng cta ndng dd CoFe,O4 t6i ciu trac tinh

* Tdc gid lién hé
Email: ngocamlinh289@gmail.com; daovietthang@humg.edu.vn
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thé, tinh chét quang hoc, ciing nhu céc tinh chat dién tir cua vat liéu composite dé tim ndng d6 pha spinel
toi uu cua loai vat liéu nay.

2. Thue nghiém

Vit liéu composite (1-x)PbTiO3/xCoFe;04 (x = 0,0 + 0,5) dwoc ché tao bang phuong phap sol-gel. Cac
tién chat dugc str dung gdm c6: TTIP 97%, Pb(NO3), 99%, Co(NO3),.6H,0 99%, Fe(NOs)3.9H,0 98,5%,
dung moi ethylene glycol va axit citric 99,5%. Pau tién, ching toi tién hanh ché tao tinh thé PbTiO;:
mudi Pb(NO3); dugc hoa tan trong nudc cit, sau d6 dem tron 1an véi TTIP da dugce hoa tan trong axit
citric ri gia nhiét ¢ khoang 90 °C dong thoi vai khiy tir dén khi thu duoc gel dong nhat. Lam kho gel
khoang & nhiét d6 195 °C trong 4h. Gel kho dwoc nung & 500 °C trong 3h thu dwoc tinh thé PbTiOs. Tiép
theo, chiing t6i tao sol CoFe;O4: cac mudi Co(NO3),.6H,0 va Fe(NO3):.9H,0 duge hoa tan trong nudc
cét, sau d6 dem tron 13n véi axit citric dd dugc hoa tan, rdi gia nhiét & khoang 90 °C dong thoi véi khiy
tir dén khi thu duoc sol déng nhéit. Cubi cung, ching t6i dua tinh thé PbTiOs vao sol CoFexO4, tiép tuc gia
nhiét & khoang 90 °C dong thoi véi khudy tir dén khi thu dugc gel dong nhat. Gel duge sdy kho ¢ nhiét do
195 °C trong 4h. Gel khé dem nung & nhiét ¢ 800 °C trong 3h thu duogc san pham cubi cing.

Céu triic tinh thé cua vat liéu dugc khao sat thong qua phép do gian dd nhidu xa tia X trén may DS —
Advanced dung btc xa CuK. Phé Raman duoge thuc hién trén hé LABRAM — 1B dung budc song 514
nm kich thich. Ph6 hap thu do boi phd ké Jasco V670 trong dai bude song 200 - 1200 nm. Dudng cong tir
tré do bai tir ké mau rung DMS véi tir truong cuc dai 1a 13,5 kOe.

3. Két qua va thio luin

Hinh 1 14 anh SEM chuyp hinh thai bé mit 3 miu PTOIOO— CFOO; PTOm— CFOzo; PTOSO— CFOSOVé biéu
dd phan b kich thudc hat twong tmg cua ching. Anh SEM cho thiy cac hat c6 hinh dang gia cau, kich
thudc hat kha dong déu va tang 1én theo su ting nong d6 CFO. Sau khi lam khép bang ham phan b log-
normal cho 3 miu, ching t6i thu duogc gia tri duong kinh hat trung binh cho timng mau PTO - CFOy,
PTO7 - CFO30, PTOs0 - CFOs0 lan luot 1a 44,76, 138 nm. Diéu nay duoc giai thich 1a do giai thich 1a do
vat li€u composite cod cau trac 16i-vo. Khi nong do CFO tang Ién, 16p vo CFO boc tinh thé PTO tré nén
day hon. Chung t6i da tién hanh chup anh TEM cuia mau PTO50 CFO50 dé thé hién 16 hon ciu tric 16i/vo

clia composite qua sy twong phan mau sic cua hinh anh: c6 nhitng hat CFO rit nho bam trén bé mit cta
hat PTO (Hinh 2).
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Hinh 1. Anh SEM lan lwot ciia 3 méu PTO -CFO ; PTO_-CFO ; PTO -CFO
100 0 70 30 50 50

(trdi qua phai) va biéu dé phédn bé kich thudc hat twong img cia ching
Hinh 3 1a gian dd nhiéu xa tia X cua hé vat liéu composite (1-x) PbTiOs/xCoFe,O4 (x = 0,0 + 0,5). Mau
PTO (x = 0,0) két tinh t6t v&i cac dinh nhidu xa c6 cudng do 16n. Cac dinh nhidu xa duge gan phu hop
v6i vat lidu PTO c6 céu trac perovskite tir gidc v6i hing sé mang: a = 3,903 A va ¢ = 4,137 A trong thé
chudn JCPDS s6 22-1086. Két qua cho thdy miu dé ché tao 1a PbTiO; c6 céu tric perovskite tir gidc véi ti
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s méo mang tir giac 1a ¢/a = 1,059 va khong ton tai pha la. Mau CFO (x = 1.0) c¢6 cac dinh nhidu xa phu
hop véi thé chudn JCPDS s6 60-452, chimng té mau ché tao 13 CoFe,04 ¢b ciu tric spinel dao voi hing sb
mang a = 8,37 A. Khi ting ndng do spinel tir x = 0,0 t6i x = 0,5 cuong d6 cac dinh nhiéu xa cla spinel
CFO tang lén trong khi cuong d6 cua vt licu nén PTO giam di. Mau PTO d ché tao c6 cdu tric tir giac
dugc nhan biét thong qua viéc tach cua cac cip dinh nhu (001)-(100) hay (101)-(110). Tuy nhién, khi
nong do CFO tang lén, cac cap mat phing mang nay ¢6 xu hudng tién lai gan nhau chimg t6 da c6 su thay doi
hang s6 mang trong pha PTO. Két qua tinh toan dya trén gian d6 nhiu xa tia X cho thay, khi nong d6 CFO
tang 1én, hang s6 mang a tang tir 3,903 A dén 3,907 A trong khi hang s6 ¢ giam tir 4,137 A xudng 4,107
A. Su thay d6i nay ching t6 da c6 su anh huéng cta 16p vo CFO 1én céu trac tinh thé cua 16i PTO.

=(511)
"440)

CQuong do (d.vity)

40
Géce 26(d6)

Hinh 2. Anh TEM ctia mdu PTOso-CFOsp Hinh 3. Gidn dé nhiéu xa tia X cia vdt liéu
composite (1-x)PbTiO3/xCoFe;04(x = 0,0 =0, 5)

Hinh 4 biéu dlen pho tan xa Raman cua h¢ mau PTO/CFO cau trac 18i/vo da ché tao. Trong dai sd song
tir 200 — 900 cm!, pho tan xa Raman ciia mau PTO (x = 0) xuét hién 9 dinh ¢ cac Vl tri twong ung voi sO
song 150,7 cm’!, 212 ,85 cml, 289,95 cm!, 326,82 cm!, 447,16 cm!, 504,62 cm, 594,63 cm!, 720,77
cm’, 765,13 cm’ -1, Cac dinh duoc gan voi cac mode tuong Lrng nhu h1nh 3. Phd tan xa Raman cua mﬁu
CFO (x=1) xudt hién 5 dinh & cac vi tri 171,86 cm™, 467 cm™, 560 cm™, 609,42 cm™, 692,22 cm!. Trong
cac mau composite, co thé quan sat thay cac dinh tan xa Raman tuong g vdi ca hai pha thanh phan. Khi
ndng d6 CFO tang 1én, mot s6 dinh phd Raman c6 sy dich vé phia sb song thip nhu A,(1TO), E(2TO),
diéu nay ciing ching t6 sy anh hudng cua 16p vo CFO 1én tinh chit dao dong cua 18i PTO. Nhu vay, gian
dd nhidu xa tia X va phd tan xa Raman da khang dinh giita hai pha 13i/vo cua composite c6 sy lién két
kha chat ché véi nhau. Pay 1a diéu kién quan trong dé vat lieu composite biéu hién duge hiéu ung tu dién
thong qua tuong tac dan hoi vi mé giita hai pha tir gido (CFO) va dién giao (PTO).

Cuong do (d.v.t.y.)

200 400 600 : 800 1000
S6 séng (cm )
Hinh 4. Phé Raman clia hé vat liéu (1-x) PbTiOs /xCoFe>04 voi (x = 0,0 +0,5; x = 1,0)
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Phd hép thu cta hé mau PTO/CFO dugc biéu dién nhu trén hinh 5. Theo tinh toan, bé rong vung cAm
clia mau PTO 13 2,99 eV, bé rong ving cdm ciia CFO 1a 1,05 eV. Quan sat trén hinh, ta nhan thdy khi c6
mit thanh phan CFO,bo hap thu dich manh vé phia anh sang d6 (E; = 1,6 eV ung v6i x = 0,1). Khi gia tri
x ting dén 0,5, bé rong ving cam hiéu dung ciia composite tiép tuc giam dén 1,22 eV. Piéu nay c6 thé
giai thich 1a do CFO c¢6 bé rong ving cAm nhé hon so v&i PTO lam cho viing cdm ctia composite giam di.

0,0

Cuong do hap thu(d.v.t.y)

400 600 800 1000 1200
Budc séng (nm)

Hinh 5. Phé hdp thu ciia hé vit liéu (1-x) PbTiOz /xCoFe;04 véi (x = 0,0 +0,5; x = 1,0)

DPudng cong tir hoa ciia hé mau PTO/CFO khao sat tai nhiét do phong dugc biéu dién trén hinh 6. Hinh
chén rong hinh 6 biéu dién duong cong tir hoa cia PTO. PTO biéu hién tinh chat nghich tir nhu 1a mot
tinh chét ndi tai cua vat liéu. Tuy nhién, cac mau composite déu biéu hién tinh chit sat tur thong qua dang
duong cong tir hoa. Khi ndng do spinel CFO ting 1én, mdmen tir bdo hoa Ms ting va dat gia tri I6n nht ¢
mau 0,5PTO + 0,5CFO (25,217 emu/g). Pdng thoi, luc khang tir He ciing ting va ciing dat gia tri cuc dai
& mau x = 0,3 (H.= 1596,11 Oe). Gia tri nay tham chi con 16n hon ctia spinel (H. = 849 Oe). Piéu nay
cho thdy vt liéu composite biéu hién tir tinh manh & nhiét do phong. Day 1a diu hiéu tét dbi véi viéc ché
tao vat liéu multiferroic.

80

M(emu/g)

-4000 ‘ 0 . 4000
H(Oe)
Hinh 6. Puong cong tir hoa cua hé (1-x) PbTiO/xCoFe;04 (x = 0,0 +0,5; x = 1,0) 0 nhiét do phong

4. Két luan

Vit liéu composite (1-x) PbTiO3/xCoFe;O4 (x = 0,0 + 0,5) da duoc ché tao thanh cong bang phuong
phép sol-gel. Két qua nghién ctru cho thiy gitta hai pha PTO va CFO c6 su lién két chit ché v6i nhau din
téi sy anh hudng qua lai vé cAu trac, tinh chit dao dong, tinh chét quang. Tu tinh cta hé vt li¢u ting Ién
dang ké khi ting nong d6 CFO va dat 16n nhat & mau x = 0,5. Pay la dau hiéu t6t ddi cho thay c6 thé tao
ra vat liéu multiferroic bang cach composite giita vat liéu sit dién PbTiOs va vat lidu sét tir CoFeOs.
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ABSTRACT
Core/Shell Structure and Physical Properties of (1-x)PbTi103/xCoFe204

Composite Materials

Ngo Thi Cam Linh!, Dao Viet Thang?"
! Military University of Culture and Art
2 Hanoi University of Mining and Geology

The (1-x)PbTiO3/xCoFe;04 (x = 0.0 - 0.5) (PTO/CFO) composite materials with core/shell structure
were successfully prepared by the sol-gel process. The structural, optical and magnetic properties of
materials were investigated by scanning electron microscopy (SEM), X-ray diffraction (XRD), Raman
scattering spectroscopy, absorption spectroscopy and magnetic hysteresis (M-H) loops. Analysis results
of XRD showed that the simultaneous crystallization of two component phases PbTiO; (PTO) and
CoFe;04 (CFO). Increasing CFO concentration in PTO constituent led to increase a from 3.903 A to
3.911 A and decrease ¢ from 4.137 A to 4.107 A. Raman spectroscopy showed that the position of
characteristic peak such as A1(1TO), E(2TO) shifted to low-wavenumber. Based on the results, it is
found that the structural properties and the physical properties are influenced by the strength of the
core/shell bond. Absorption spectroscopy showed that the optical energy band-gap values reduced with
respective band-gap values of 2.99 eV and 1.22 eV with an increasing in spinel concentration (0 to 50%
mol). The testing of magnetic properties showed that PTO/CFO composite has ferromagnetic properties.
Specially, increasing the concentration of CFO from 0 to 50% mol, the PTO/CFO composite materials
with core/shell structure exhibited ferromagnetic properties with the magnetic saturation value of the
sample increase from 0.025 emu/g to 25.217 emu/g.

Keywords: PTO/CFO, sol-gel, composite, multiferroic.
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