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Abstract: Barium titanate nanopowders, and composite materials of barium titanate/ graphene
oxide (10 wt.% of graphene oxide according to the initial composite composition) were
synthesized by hydrothermal method at the fixed reaction condition of 200 °C and 24 hours. The
obtained powders were characterized by different techniques: X-ray diffraction, FTIR
spectroscopy, Particles size distribution, and Scanning electron microscopy. Zeta potential
measurement under electrophoretic mobility technique was also employed to investigate the
stability of the BaTiO; nanoparticles and composite materials of barium titanate/graphene oxide.
The results showed that the BaTiO; present with the tetragonal crystal structure (P4mm, a =
4.0000 A, ¢ =4.0109 A) and has uniform morphology with the grain sizes are in the range of 70 -
140 nm. The BaTiO; nanoparticles were well distribution and covered on a surface of graphene
oxide. The BaTiO; nanoparticles, and BaTiOs/graphene oxide are stable in alkali, neutral media,
and acidic media up to pH ~ 5.
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biac trung thé bé mat va diém déng dién cua vat liéu nano
BaTiOs/graphen oxit bang phuong phap dién di

Vuong Thi Vy Anh, Nguyén Thi Qung, Chu Ngoc Chau, Phan Thi Tuyét Mai,
Nguyén Xuan Hoan

Truong Pai hoc Khoa hoc Tu nhién, Pai hoc Quo”'c gia Ha Noi,
19 Lé Thanh Téng, Ha Ngi, Viét Nam

Nhén ngay 15 thang 08 nam 2020
Chinh stra ngay 21 thang 2 nam 2021; Chap nhén déng ngay 16 thang 3 nam 2021

Tém tit: Trong nghién clru nay, vit liéu nano bari titanat va compozit bari titanat/graphen oxit
(10% khdi lugng graphen oxit) duoc ché tao bang phuong phap thuy nhiét tai diéu kién 200 °C/ 24
gi0. Cac vat liéu dugc dac trung cac tinh chét: nhidu xa tia X, phé héng ngoai, phan b kich c& hat
bang tia Laser, chup anh hién vi dién tir quét. Phép do thé Zeta dugc dung dé danh gia d6 bén phan
tan ctia nano BaTiO; va compozit bari titanat/graphen oxit, sir dung k¥ thuat dién di. Két qua thu
dugc cho thiy, BaTiO; thudc cdu tric mang ludi tinh thé tir phwong (P4mm, a = 4,0000 A, ¢ =
4,0109 A), va c6 o ddng nhét cao vé kich thuéc hat trong khoang 70 - 140 nm. Cac hat nano
BaTiO; dugc phén tan dong déu trén bé mit cua graphen oxit. Hat BaTiOs, va BaTiOs/graphen
oxit ton tai bén trong ca méi truong kidm va méi truong trung tinh, tng voi pH > 5.

Tiwr khoa: Graphen oxit, bari titanat, BaTiO3/GO, thé Zeta, dién di.

1. Mé dau

Bari titanat (BaTiO;) 1a vat liéu dugc quan
tdm nghién ctru do c6 cac tinh chét: dién moi,
ap dién, sat dién..., nén dugc dinh hudng st
dung cho nhidu ung dung quan trong trong
nganh cac cong nghi¢p dién, dién tir, cam
bién,...[1,2]. BaTiO; dugc két hop dé tao vat
lidu t6 hop voi cac vat liéu khac gop phan mo
rong kha niang ng dung cho ic quy liti-ion,
siéu tu dién [3,4]. Trong sb d6, co thé ké dén
viéc tao compozit cia voi cac vat liéu cacbon
nhu: dng nano cacbon, graphen hay graphen
oxit,...[5-8]; tiép do, ching dugc phan tan/két
hop v6i cac vat liéu nén polyme dé ché tao cac
vat liéu polyme compozit da chie nang [9,10].
Tinh chat cua vat liéu polyme compozit ché tao
phu thudc vao kha ning phan tan va do bén cia
cac hat BaTiO; trong mdi trudong phan tan [11].
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Chinh vi thé, nghién ctru bé mat, dic biét 1a thé
bé mit, cling nhu xac dinh diém déng dién
(isoelectric point, IEP), hay diém dién tich
khong (point of zero charge, PZC) cho phép du
doan kha ning phan tan, ciing nhu do bén cua
hat vat liéu trong mdi truong phan tan. Hién
nay, méi chi co sd it nghién ctru khao sat trén
hat vt liéu BaTiO; ¢ dang ciu trac 1ap phuong,
va cac BaTiO; pha tap nguyén t6, hay graphen
oxit [12,13], nhung gan nhu chua c6 cong b
nao @& cap dén vat  liéu compozit
BaTiOs/graphen oxit. Trong nghién cuu nay,
cac vat liéu nano BaTiO; ¢ dang cAu tric tinh
thé to phuong, vat liéu compozit t& hop
BaTiO,/graphen oxit dd duoc ché tao truc tiép
bang phuong phap thity nhiét trong méi trudng
kiém ciia KOH, va duoc sir dung dé nghién ctru
tinh chét bé mat, diém ding dién trén co s cua
phuong phap dién di.

2. Thyc nghiém

H(’)a‘chét chinh dugc st dung trong nghién
ciu gom: BaClL.2H,0 (>99%, Merck),



30 V.I.V. Anh et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 37, No. 1 (2021) 28-34

TiCl3(15% trong HCI, Merck), HCI (37%,
Merck), KOH (>82%, Merck), va graphen oxit
(GO) ché tao theo phuong phap Hummer cai
tién [14], sir dung cac hoa chat tinh khiét gdm:
graphit bot, H,SO,, H;PO,, KMnO, va H,O,.

Vit liéu BaTiO; duogc lwa chon téng hop
bang phuong phap thuy nhiét theo quy trinh da
cong bd [15] tai diéu kién: st dung hdn hop
mudi Ba™, Ti*" (ty 1& Ba/Ti = 1,6), diéu kién
phéan tmg 200 °C/ 24 gio.

Vi vat ligu compozit BaTiOs/graphen oxit
(10 % khdi lugng graphen oxit) theo quy trinh
sau: Graphen oxit dugc phan tan siéu am véi
lwvong nudc cit vira du trong 15 phut, sau d6
hdn hop mudi Ba®", Ti*" dugc thém vao dung
dich trén, va cudi cung 1a dung dich KOH. Hon
hop cac chét phan tmg duoc chuyén vao binh
thiy nhiét va thyc hién phan ung trong cung
diéu kién nhu ché tao vat liéu BaTiOs.

San phim BaTiO;, GO, va BaTiOs/graphen
oxit tong hop dugc nghién ciru cac dic tinh va
tinh chit: Xac dinh pha bang nhidu xa tia X trén
thiét bi nhidu xa Bruker D8 Advance (Acuke =
1,5406 A, goc quét 20 = 0,03%/step, khoang quét
tir 10 - 70°). Phd hong ngoai trén thiét bi Jasco
FT/IR-6300, dai quét 4000 - 400 cm™', st dung
k¥ thuat ép vién KBr. Puong cong phan bd c&
hat cua vat liéu duge xac dinh trén thiét bi phéan
bb ¢ hat bang tia Laser (Shimadzu SALD-
2101). Hinh thai hoc hat vat liéu dugc quan sat
trén kinh hién vi dién tir quét phan giai cao
NOVA NanoSEM.

Thé bé mat va diém déng dién cua vat liéu
BaTiO;, BaTiOs/graphen oxit dugc danh gia
trén thiét bi Zeta Phoremeter IV (CAD
Instrumen-tation), trén co so phuong phap dién
di, tai dién thé 100 V. Méu vt liéu dugc phan
tan trong mdi truong nude cat chira 0,001 M
KCl (v6i myc dich ting d6 dan va giit lyc ion
khong d6i), va khao sat tai cac gia tri pH khac
nhau. Cac dung dich loang 0,1 M HCI, va KOH
dugc dung dé diéu chinh pH cua méi truong.
Gan dung theo phuong trinh Schmoluchowski
dugc st dung dé tinh gia tri dién thé bé mat hat
(hay thé Zeta).

3. Két qua va thao luan

Hinh 1a Ia gian dd nhiéu xa tia X cta mau
bot BaTiO;, GO, va BaTiOs/graphen oxit
(BaTiO/GO). Gian d6 XRD ctua mau GO chi
xuét hién duy nhét pic nhidu xa dic trung cta
GO tai vi tri goc nhiéu xa 20 = 10,8°[6,14].
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Hinh 1. (a) - Gian d4 nhi&u xa tia X ctia cic mau GO
(1), BaTiO; (2), va BaTiOs/graphen oxit (3);
(b) - Pho hong ngoai turong trng cia vat li¢u ché tao.

Trén gian dd nhidu xa ciia mau BaTiOs, chi
xuét hién chi yéu cac pic voi cuong do 16n, dic
trung cho pha vat liéu BaTiOs, thugc hé mang
ludi tinh thé t phuong (P4mm, ICSD code: 01-
070-9164) [15,16]; dugc quan sat ro khi phong
dai tai goc 26 trong khoang 45,2° véi sy phan
tach thanh 2 pic nhidu xa mg v6i mat phing
(002) va (200); va o khoang goc 56,1°, véi su
phan tach 2 pic nhiéu xa ung v6i mat phiang
(112) va (211). Bén canh d6, con xut hién pic
cua pha BaCO; (Pmcn, orthorhombic, ICSD
code: 00-005-0378) vé6i cudng do yéu, vi phan
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ung thuy nhiét duge thyc hién trong méi truong
KOH. Tuong ty nhu BaTiOs;, mau BaTiO;/GO
thu dwoc voi pha BaTiOs ¢ céu trac tir phuong
tuong Ung cac mit phiang mang tinh thé: (100),
(101), (110), (111), (002), (200), (210), (112),
(211), (202) va (220). St dung phan tich
Rietveld trén phin mém PowderCell, cho phép
tinh cac thong s6 mang tinh thé thuc nghiém
cia BaTiOs; dbi v6i mau vat liéu BaTiOs: a =
4,0000 A, c =4,0109 A, va d6i voi mau vat lidu
BaTi05/GO: a = 4,0043 A, ¢ = 4,0089 A, tuong
ung.

Hinh 1b trinh bay phd hong ngoai FT-IR
ctia miu GO, BaTiO;, BaTiOy/GO. Phd h6ng
ngoai ciia GO xuét hién cac dai song hap thu
tai: 3431, 1738, 1625, 1384, 1223, 1058 cm ',
ung voi cac dao dong dac trung ciia nhom : O—
H, C=0, C-C, C-OH va C-O [8,9]. Trén mau
BaTiO; va BaTiO;/GO, dai song dic trung cho
dao dong Ti-O trong cdu tric titanat cta
BaTiO; twong ng voi cac vi tri s6 song co
cuong dd hap thu 16n tai 567 va 431 cm’
[6,11], bén canh dao dong nhém cacbonat (—
CO;™) véi cuong d6 nho con lai trong mau tai
1443 cm™'. Ngoai ra, xudt hién dai song tai
3431 va 1621 cm ' dic trung cho dao dong cua
nuée hap phy va nhém hydroxyl trén bé mit hat
vat ligu. Sy ¢6 mat cia nhom hydroxyl trén bé
mit duoc biét dén 1a nguyén nhan gy nén gia
tri dién thé am ctia hat vat ligu dugc xdc dinh
qua phép do thé Zeta (tai Hinh 4).

Két qua chup phéan bd ¢& hat bang tia Laser
trén miu bot BaTiOs;, GO va BaTiOs/GO khi
phan tin trong méi trudng phan tin nudc ct
véi tdc nhan trg phan tan Na(POs)¢ cung anh
chup SEM trinh bay trén Hinh 2 va Hinh 3. Gia
tri kich thudc cac hat BaTiO; nim trong khoang
phan bd tir 70 - 140 nm vé6i gia tri trung binh
hat 12 95 nm. Phan b vé kich thuéc hat cua
BaTiO; chi ¢c6 mot don pic nhon thu dugc trén
duong cong phan bd cho phép khing dinh su
ddng nhit vé kich thudc hat vat liéu. Véi méu
vat ligu compozit BaTiO;/GO, duong cong
phan bd mé rong tap trung trong dai kich thudc
tr 70 nm dén 1 micromet, mot luong nho vat

lidu tim thay v&i phan bd & kich thude 16n trong
khoang 1 - 20 micromet. Két qua thu duoc nay
twong d6i pht hop v6i ham lwong GO-10%
dugc phén tan trong qua trinh téng hop thiy
nhiét dé tao compozit BaTiO;/GO, khi dbi
chiéu voi dai phan bd rong tir 1 dén 50 pm coa
mau GO (Hinh 2b).
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Hinh 2. Gian db phan bé ¢ hat cua (a) - BaTiOs,
(b) - GO, (c) - BaTiO+/GO.

Céc két qua thu dugc quan sat tir anh chup
SEM ciia vét liéu twong d6i phu hop véi két qua
thu dugc tir cac duong cong phan phd vé kich
thudce hat da chi ra trén Hinh 2. Cac hat BaTiO;
¢6 dang gan ciu voi kich thudc hat trong
khoang 90 nm. Trén mau vat liéu compozit
BaTi0,/GO, quan sat thiy cac hat BaTiO; ¢6 xu
huéng bam - bao phil trén bé mat cic tim
graphen oxit v6i kich thudc hat twong ddng nhu
mau BaTiO; (Hinh 3c), va so sanh cung véi anh
chup hinh thai bé mat mau bot graphen oxit tim
thiy & dang céc tAm/ phién mong (Hinh 3b).
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Hinh 4. Gian d6 phan bd dién thé bé mit cua cac hat vat lidu BaTiOs, GO va BaTiOs/GO do tai gié tri
pH =3, 5, va 8 dugc phan tan trong dung dich dién ly KCI 0,001 M.

Dién thé bé mat hat vat liéu BaTiO;, GO va
BaTi03/GO dugc khao sat trong moéi truong pH
khac nhau chira 0,001 M KCI. Tai mdi gia tri
pH tuong mg, miu dugc do trung binh tir 15
dén 20 lan dé xac dinh gia tri thé Zeta trung
binh, va tir d6 xdy dung duong cong phan bd vé
dién thé bé mat hat. Trén Hinh 4 gi6i thiéu dai
dién gian d6 phan bé thé Zeta cua cac mau tai 3

gia tri pH khao sat, 1an luot bang pH = 3, 5 va
8. Tai gia tri pH = 5, cac hat vat liéu ché tao déu
¢6 dién thé 4m trén bé mat, gia tri thé Zeta trung
binh l4n luot bang: —25,1 mV, —39,4 mV va
—44,6 mV; véi cac gia tri dién thé am trén bé
mat, chung t6 cac hat nano BaTiO;, GO, va
BaTiO;/GO ché tao bang phuong phap thiy
nhiét déu bén trong méi truong phan tan dung
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moi nude. Gia tri am vé thé bé mat cua cac hat
BaTiO; co thé 1y giai trén bé mit c6 chua cac
nhom OH™ du va mang dién am da tao lién két
v6i bé mit cac hat theo mé hinh: (bé mat hat) {—
O-H-}, [11]. Céc duong phan b6 vé dién thé bé
mat trén cac miu déu co dang don pic phén tan
hoan toan phu hop véi két qua thu duge trén
duong phéan bd vé kich thudc hat nhu di chi ra
trén Hinh 2. Su dich chuyén gia tri dién thé bé
mit ctia tirg mau duoc quan sat rd nét khi thay
d6i tir pH =3 sang gia tri pH = 8, v6i xu hudng
dich chuyén vé& phia dién thé 4m hon theo chiéu
tang cua pH ctia méi truong. Hinh 5 bidu dién
su phu thudc ciia thé Zeta vao pH dua trén g1a
tri trung binh thé Zeta ctia cac mau tai moi gia
tri pH khao sat.

304

Thé Zeta (mV)
| |
[]
e

601 —=—co
704 —e—BaTiO,
—¥—BaTiO,/GO

Hinh 5. Sy phuy thudc cta dién thé bé mit vao pH
cua cac hat vat liéu BaTiO;, GO va BaTiO;/GO
dugc phan tan trong dung dich dién ly KCl.

Tir d6 thi Hinh 5 cho thdy, véi mau GO, gia
tri dién thé bé mat hat luén 4m trong khoang pH
khao sat tir 2,5 dén 8. Két qua thu duoc nay
trong dong véi cac két qua trong nghién ctru
[13]. Khi pH tang, gi4 tri dién thé bé mit cang
giam manh vé phia ving dién thé 4m hon. GO
¢6 xu hudng bén phén tan khi pH > 4. Gia tri
dién thé bé mat &m ctua GO, d3 minh churng cho
kha niang hap phu cac ion Ba® va Ti'" nho
tuong tac tinh dién. T d6, cac hat BaTiO; hinh
thanh trong qué trinh tong hop thuy nhiét dé
dang phan tan/bam dinh déu trén bé mat GO
(4nh chup SEM - Hinh 3c). Cac mau BaTiO; va
BaTiO,/GO khi phén tan trong dung dich chat
dién ly 0,001 M KCI c6 gia tri thé Zeta khong

khéc biét nhiéu va déu cé gia tri diém déng dién
(IEP hodc PZC) tai pH trong khoang tir 3,5 dén
4,2. So sanh véi cac két qua da cong bb trén hat
BaTiO; khi chi phan tan trong moi truong nudc
cit cho gia tri pHpzc = 2,4, kh:?mg dinh su c6
mit cia dung dich dién ly da lam dich chuyén
gia tri diém dang dién vé phia pH cao hon nhu
da chi ra trong cac nghién ctru [12,17]. O ving
pH ~ 5, 6 16n cua gié tri thé Zeta, | | > 25 mV
va trong khoang pH > 6, d6 lon gia tri thé Zeta
clia cac mau gan nhu khong thay doi, [ | > 40
mV. Gi4 tri ndy am hon nhiéu so véi cc nghién
clru d3 cong bd va cho thiy cac hat BaTiO; va
BaTiOs/GO ché tao bang phuong phap thiy
nhiét ton tai bén trong mdi trudng phan tan
trung tinh va kiém. Trong ving gi4 tri pH < 3,0
(mbi truong axit), cac hat nano BaTiO;, hodc
pha tap chat BaCO; da bi hoa tan mot phan trén
bé mat, giai phong cac ion Ba®* ra méi trudng
[12,17] va dugc hip phu nguoc tro lai, két qua
1a gia tri thé Zeta ctia BaTiO; da dich chuyén tu
vung gia tri am, { ~ —9,3 mV, tai pH = 4 sang
vung c6 gia tri dién thé duong hon { ~ +18,8
mV, tai pH = 3. Két qua twong tu ciing dugc
quan sat trén mau compozit BaTiO,/GO.

4. Két luin

Pi ché tao vat lidu nano BaTiO; va
BaTiOs/GO (10 % GO vé khdi lugng) bing
phuong phép téng hop thily nhiét. Cac két qua
thu duoc thong qua cac phuong phap dac trung
tinh chat cho thiy BaTiOs ton tai trong cau tric
tinh thé t&r phuong (P4mm, a = 4,0000 A, ¢ =
4,0109 A). Vvat liéu BaTiOs/GO véi cic hat
BaTiO; duoc phén tan déu trén bé mat GO, co
hinh thai hoc kha dong nhit so sanh véi kich
thudc cua BaTiOs, kich thudce hat ~ 100 nm. St
dung phuong phap do thé Zeta, sit dung ky
thuat dién di, dé khao sat dién thé bé mit cua
cac hat BaTiO;, BaTiOs/GO, va do bén cua cac
hat tai cac gia tri pH khac nhau cho thiy ching
déu ton tai bén trong mdi truong phén tan chira
chat dién ly 0,001 M KCI khi pH > 5. Diém
déng dién cua cac hat vat liéu BaTiO; va
BaTiOs/GO ché tao trong nghién ciru nay ciing
duogc xac dinh tuwong Gng vai gia tri pHpze ~ 3,5
va4,2.
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