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SUMMARY

INFLUENCES OF pH ON MORPHOLOGY AND PHOTOCATALYTIC
ACTIVITY OF Ta-ZnO NANOMATERIALS PREPARED BY HYDROTHERMAL
METHOD

The synthesis of Ta-doped ZnO nanomaterials (TZ) was carried out in this study using the hydrothermal
method. The synthesis was performed at various pH levels (9, 11, and 14), with a concentration of 2% mol of
Ta. The shape and photocatalytic effectiveness of TZ materials are greatly influenced by the pH of the
solution. The surface morphology (SEM) experiments revealed the formation of rods at a pH of 9. However,
the morphology and size of the rods were not consistent. Nevertheless, their structure and dimensions
become more distinct and consistent when the pH is equal to or greater than 11. In addition, the impact of
the pH of the synthesis solution on the photocatalytic activity of the TZ material was investigated by
examining the Rhodamine B (RhB) decomposition reaction. The findings indicated a positive correlation
between pH levels and the effectiveness of photodecomposition, with higher pH values resulting in a steady
increase in efficiency. The RhB breakdown efficiency of TZ14 particles, produced at pH = 14, was much
higher than that of undoped ZnO, with an approximate increase of 2.5 times. In addition, the impact of RhB
concentration and catalyst content on the effectiveness of RhB photodegradation was also investigated.

Keywords: Ta-doped ZnO, Rhodammine B, Photocatalyst, Visible light, Hydrothemal.

1. Gigi thiéu
Rhodamine B (RhB) la hop chat hda hoc  miéng. Tiép xtc lau dai, RhB c6 kha ning
c6 mau do dam, duogc st dung nhiéu trong  kich tng manh [én duong tieu hoa, gay
cong nghiép dé nhuém mau gd, soi vai,  ndn nao, tham chi co thé gay doc o gan va
gidy. Chat nay con ciing duoc dung dé tao  ung thu [1]. Vi thé, viéc nghién ciru dé loai
mau trong phong thi nghiém cho xét  bo RhB ra khoi ngudn nudce thai truée khi
nghiém té bao hay téc huynh quang.. Tuy  thai ra méi truong la rat quan trong va co y
nhién, cho dén nay rhodamine B dugc xép  nghia thyc tién.

vao loai chit doc, do né co the, gay kich

p A o , 99Y BT Zn0 14 oxit ban dan thuoc nhém 11-VI, c6
thich cuc manh Ién da, vbng mat, mdi va

nang luong ving cdm rong (xap xi 3,37eV
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& nhiét do phong), ning lugng lién két
exiton 16n (60 meV), 6n dinh nhiét va co.
Vit liéu ZnO duoc xem la vat liéu da chirc
nang bai nd ¢b cac tinh chat vat Iy, hoa hoc
doc dao nhu 6n dinh hoa hoc, hé s6 ghép
dién hoa cao, pham vi hap thu buc xa rong
va kha nang on dinh quang cao. Ngoai ra,
vat liéu ZnO c6 gia thanh tuong dbi ré, doc
tinh thap, tuong thich sinh hoc va kha ning
phan huay sinh hoc tét [2-4]. Trong vong 2
thap ky qua, ZnO duoc quan tam nghién
ctru nhiéu véi vai tro 1a chat xuc tac quang
hoa va cac két qua chi ra rang ZnO c6 hoat
tinh xdc tac t6t dudi anh sang cuc tim [4-
6]. Mot s nghién ciu thi chi ra rang ZnO
¢6 cho hoat tinh xuc tac quang héa cao hon
TiO, va mot sé oxit ban dan khac trén co s
hdp thu ning lwong buc xa mat troi anh
sang mat troi [7,8].

Ning luong ving cam rong va su tai két
hop nhanh cip dién tr va 15 tréng quang
sinh 14 hai nguyén nhan chinh khién cho
viéc ung dung ZnO nhu mét xuc tac quang
hoa bi han ché. Mét trong nhimg phuong
phap khic phuc la pha tap kim loai, kim
loai chuyén tiép nhu Mn, Co, Fe, Cu, Mg,
Ta...[9-14]. Vat liéu ZnO pha tap Ta cling
da duoc nghién ctru va bao cdo. Cac ion
kim loai chuyén tiép Ta (Ta®: 0,64 A);
Ta**: 0,68 A va Ta’": 0,72 A) c6 ban kinh
gan véi ban kinh ion Zn (Zn**: 0,74 A). V&
mat |y thuyét cac ion Ta c6 thé thay thé
cac ion k&€m trong qua trinh pha tap tao nén
cac khuyét tat mang va chi mot luong nho
thich hop Ta pha tap c6 thé tao nén céc
dién tir ty do can thiét [13-21]. Céc két
qua nghién ciu nay cho thiy, pha tap Ta
da lam thay doi mot s tinh chét cua vat
liéu nhu tinh chat dién, nhiét dién, quang
dién va xuc tac quang cua ZnO. Trong do,
cac bdo cdo nay tap trung nghién cau vé
tinh chat dién, nhiét va quang cua vat liéu,
rat it nghién ciru vé ZnO pha tap Ta véi vai
tro 1a chat xuc tac quang héa. Va theo hiéu
biét cua tac gia, cho dén thoi diém hién tai,
chua co nghién ctu vé anh huéng anh
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huéng cua pH dung dich tong hop dén
hinh thai va hoat tinh quang xuc tac cua
ZnO pha tap Ta, ciing nhu nghién ciu vé
su phan huy RhB cua vat liéu ZnO pha tap
Ta. Trong bai bao nay, vat liéu ZnO pha
tap Ta duoc tong hop bang phuwong phap
thiry nhiét véi diéu kién pH tong hop khac
nhau. Anh huéng cua pH dén hinh théi,
C4u trdc va hoat tinh quang oxi hoa cua vt
lieu tong hop duoc nghién cau va thao
luan chi tiét.

2. Thuc nghiém

2.1. Tong hop vat ligu TZ bing phwong
phap thay nhiét

Vit ligu ZnO pha tap 2% mol Ta (TZ)
dugc tong hop bang phuong phap thuy
nhiét voi cac tién chiat kém axetat
(Zn(CH3C00),), Tantan clorua (TaCls),
C,HsOH (dung mdi), NaOH (diéu chinh
mdi truong pH). Tat ca hoa chit déu 1a tinh
khiét phan tich cua (Himedia-An D¢. Céac
mau téng hop TZ9, TZ11 va TZ14 duoc
tong hop ¢ pH = 9, 11 va 14. Qua trinh
tong hop: hoa tan hdn hop gom 0,664g
Zn(CH3COO)22HzO va 0,0229 TaCI5
trong 100 ml C,HsOH va khudy trén may
khuay tir 30 phat. Sau d6, chinh pH dung
dich hdn hop bang cach cho tir tir dung dich
NaOH 1M vao dén pH thich hop, dong thoi
khudy déu hén hop 30 phdt. Chuyén toan
bo hdn hop nay vao binh phan ung thiy
nhiét va én dinh nhiét trong ta siy ¢ 150 °C
trong 20 gio. Bé ngudi binh phan tng dén
nhiét 6 phong, rdi tién hanh loc, ria chat
ran nhiéu lan bang nudc cat dén pH xap xi
7. Shy chét rdn ¢ 80 °C trong 10 gid thu
duoc san pham TZ dang bot.

2.2. Nghién ciru cac dic trung tinh chat
cua vat liéu

Sy hinh thanh va bién d6i pha tinh thé caa
vat lieu tong hop duoc xac dinh bing
nhiéu xa Ronghen trén thiét bj D8
Advance cua hang Bruker (Ptc) véi budc
séng A = 1,5406 A. Hinh thai hoc bé mait
vt lidu duoc quan sat bang hién vi dién te



quét SEM trén thiét bi Hitachi S-4800
(Nhat Ban). Phan tich dinh lugng thanh
phan c&c nguyén té co trong mau trén may
Horiba H-7593 (Anh). Phé FT-IR duoc
thuc hién trén may 55 EQUINOX Bruker
(Puc). Phan tich phd phan xa khuéch tan
tor ngoai-kha kién DRS miu bot xic tac
trén may V-500 JASCO (Nhat Ban).

Ning lugng vang cim Eg duge xic dinh
theo cong thicc sau: B, = =< (1)

a1
Trong d6: h = 6,626.10°* (js): hing sb
plank; ¢ = 3.10° (m/s) : van tbc &nh séng; A
(nm): budc séng.

2.3. Nghién cwu hoat tinh quang xuc tac
cua vat liéu

Hoat tinh quang xuc tac caa vat liéu duoc
danh gia dya trén phan Gng phan huy
metylen blue (RhB) boi vat liéu tong hop
dugc dudi anh ang UVA. Nong d6 RhB
con lai theo thoi gian caa phan ung quang
xtc tac duge xac dinh trén thiét bi UV —
VIS Evolution 600 — Thermo Fisher (My).
Ngudn séng chiéu xa cho phan ung quang
hoa tir dén halogen (Osram) 150W. Lay
0,05 g xuc tac (Ta-ZnO hoac ZnO) cho vao
100ml dung dich RhB 7ppm, khuiy hdn
hop phan tng 90 phat trong bong tdi trén
may khudy tir dé dat can bang hap phu.
Sau d6 14y ra 3ml hdn hop phan tng dem li
tam tach xUc tac va do mat d¢ quang (tinh
thoi diém t = 0, mat do quang A,). Tiép tuc
khudy duéi anh sang dén Osram va cr sau
30 phat 1dy 3ml mau ra li tdm tach chat ran
va do mat do quang (A;) cho dén khi dung
dich mét mau.

Hiéu suit (H%) phan huy RhB cua phan
ung quang xuc tac dugc xac dinh theo
cong thuc:

AAt

H(%) = 2"t x 100 = x 100 (2)

Trong do: Aova A¢ mat do quang RhB
tai thoi diém t = 0 phdt va t phat; C, va C:
nong do cua RhB tai thoi diém t = 0 phut
va t phat.
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3. Két qua va ban luan
3.1. Két qua hién vi dién tir quét (SEM)

Anh SEM cua cac mau TZ9, TZ11, TZ14
va ZnO khdng pha tap thé hién ¢ hinh 1.
Két qua SEM cho thay & vat liéu tong hop
& pH dung dich 9 co6 hinh thai khac nhau
nhu hat nho hinh cau, hinh que va khéi Ion
véi su két tap cua céac hat hinh cau va hinh
que trén bé mat. Trong sé dé, vat liéu dang
hinh que ngan, kich thudc bé chiém wu thé.
Khi pH dung dich tang 1én 11, cic que TZ
tré nén rd rang, sic nét hon, kich thuéc
chiéu dai ting manh. Tuy nhién bén canh
d6 van xen lan mot it miéng det va cac que
c6 hién tuong két tap. Tiép tuc ting pH
dung dich Ién 14, c&c que hinh thanh rat rd
nét, kha dong déu vé hinh dang, kich
thuée, dong thoi kich thudc chiéu dai va
rong ciing tang lén, ddc biét la cac que
khong bi két tap. C6 thé du doan rang, qua
trinh t6ng hop v6i méi truong pH yeu
(pH=9), ban dau tao thanh cac hat kém tan
(Zn(OH),, NaTaOs3), trong qué trinh phan
ng, cac hat nay co thé két tap tao thanh
cac hat l1on, sau d6 dudi tac dung cua nhiét
d6 va ap suat tu sinh thuy nhiét tao thanh
cac hat, que va mang Ién Ta-ZnO khéng
d6ng nhat. Khi pH dung dich ting 1én 11,
mOi truong bazo manh, néng dd OH" I6n
hon, cac hydroxit Zn(OH), tiép tuc tac
dung véi céc ion OH tao thanh phirc tan
[Zn(OH)4]*. Sau do, dudi didu kién thay
nhiét hinh thanh nén céc que Ta-ZnO c6
kich thudc dai. Tuy nhién, & pH =11 van
chua du dé chuyén hoan toan céac hydroxit
Zn(OH); thanh phic tan, do d6 hé van ton
tai cac mang két tap (Zn(OH),, NaTa0s),
do @6 vat liéu thu dwgc van ton tai mot it
mang det Ta-ZnO bén canh cac que dai
Ta-ZnO sau qué trinh thuy nhiét. Trong
treong hop, pH dung dich tang 1én 14 -
mdi trudng bazo rat manh, cac hydroxit
Zn(OH), chuyén hoan toan thanh phuc
[Zn(OH)4])%, c6 thé tro thanh hé keo V6i
céc hat NaTaOs nong do bé phan tan trong
dung dich phan wng. Két thic qua trinh



thay nhiét, cac que dai Ta-ZnO kha dong
déu, sic nét duoc hinh thanh ma khéng bi
két tap. Vat liéu TZ14 tong hop ¢ pH dung
dich 14 (hinh 1D) cho thay hinh thai dong
nhét, sic nét, do do co thé cho rang vat liéu
TZ14 ¢6 db tinh thé hoéa cao.

Céc phan ung xay ra trong qua trinh tong
hop dugc mo ta nhu sau:

$-4800 10.0kV 7.9

nm x60.0k SE(M)

Hinh 1. Anh SEM cua vt liéu TZ téng hep ¢ pH khac nhau, A) pH=9; B) pH=11; C) pH = 14 va D) ZnO.

3.2 Két qua nhiéu xa tia X (XRD), pho
FT-IR va UV-Vis

Két qua nghién ctiu cau tric va thanh phan
pha cua céc vat ligu TZ (hinh 2A, 2B) cho
thiy céc pic nhidu xa cua vat liéu TZ9 hoi
tu va cuong do tuong dbi thap. Cuong do
pic nhiéu xa tang, sac nét khi pH dung dich
tang. Pac diém nay lién quan dén do tlnh
thé hoa cua vt lidu, vi thé cd thé cho rang
khi pH dung dich téng hop > 11, vat liéu
thu duoc (TZ11 va TZ14) c6 do tinh thé
héa cao. Ca ba vat licu TZ9, TZ11 va
TZ14 déu c6 ciu trac don pha luc gi4c
wurzite cua ZnO tuong ung cac ho mat
phang mang 100, 002, 101, 102, 110, 103,
200, 112, 201. Két qua nay phu hop véi
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Zn?* + 20H — Zn(OH), (1)
2Ta’ + 60H + 2Na* — 2NaTaO; + 3H,0 (2)
Zn(OH),+ 20H™ — [Zn(OH)4]* (3)

thuy nhiét
[Zn(OH),]*, NaTaO; ——— Ta-ZnO  (4).

gian 6 XRD cua ZnO dang khéi, cau tric
hexagonal wurtzite véi thé chuan JCPDS
00-036-1451. Tuy nhién, quan sat k¥ nhan
thiy pha tap Ta din dén su chuyén dich
nhe dinh nhiéu xa caa cac vat liéu TZ so
véi ZnO khodng pha tap. Bén canh do, nhan
thay pH ciling anh huéng dén kich thuéc va
dd tinh thé héa cua tinh thé thu dugc, cu
thé pH dung dich ting, do rong pic nhiéu
Xa giam, dong thoi cuang do pic tang. Do
rong pic nhiéu xa cua céc vat liéu TZ téng
hop & pH khac nhau déu 16n hon ciia ZnO,
twong tng V&i kich thudc hat cia TZ nho
hon cua ZnO.

Céc dc trung lién két cua vat ligu TZ
dugc nghién ciu dua trén phép do phd FT-



IR, két qua thé hién & hinh 2C. Phd nay
cho thdy, cac dao dong c6 sb song lan can
390 va 500 cm™ dic trung cho dao dong
lien két kim loai- oxi bao gom Zn-O va Ta-
O-Zn [13]. Bén canh do, cac pic hap thu co
s6 séng lan can 3460 va 1620 cm™ dac
trung cho dao dong cua lién két O-H do
nuéc hap thu bé mat [22]. Céc pic hap thu
con lai c6 s6 séng lan can 1540 va 1420
cm™ thi ddc trung cho dao dong cua lién
két -COO™ va -C=0 [22-26].

Tinh chat hip thu quang cua vat liéu TZ
duoc dic trung bai pho phan xa khuéch tan
tr ngoai - kha kién (UV-Vis-DRS) — hinh
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Hinh 2. A, B) Gidn do XRD; C) phé FT-IR;

Céc két qua nghién ciru cac dic trung trén
day cho thay, pH dung dich tong hop anh
huong rat 16n dén hinh thai vat liéu, d6 1a
sy dong nhat va sac nét vé hinh dang, dong
déu vé kich thugc. pH dung dich téng hop
> 11 tao ra vat liéu TZ coO hinh thai kha
ddng nhat. Tuy nhién, pH dung dich bing
14 cho dic diém vé hinh thai tot nhat. Két
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2D. Két qua nay cho thdy, vat liéu ZnO
hap thu tét anh sang véi A < 395 nm, tuong
ung Eg = 3,14 eV, trong khi d6 vat ligu TZ
hap t6t anh sang véi A < 415 nm, tuong
ung Eg =2,98 eV. Nhu vay, vat liéu TZ va
ZnO déu héap thu tét anh sang vung tir
ngoai, nhung TZ hap thu kém hon (mat do
quang thip hon). Tuy nhién, vat liéu TZ
(tong hop ¢ pH=14) hip thu dugc mot
phan anh sang vung kha kién (voi A < 415
nm). Nhu vay, su pha tap 2% Ta da thu
hep ning luong ving cim va cai thién tinh
chat hap thu quang ving anh sang kha kién
cua vat liéu ZnO.
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D) phé UV-Vis-DRS cua vit liéu TZ va ZnO.

qua nay kha pht hop véi két qua XRD khi
nhan thay vat liéu tong hop & pH > 11 deu
cho cac pic. nhiéu xa cuong do cao va sac
nét - dac diém lién qua dén do tinh thé hoa
cua vat liéu. Ngoai ra, su pha tap 2% mol
Ta da cho thay sy giam kich thuéc hat va
cai thién tinh chat hap thu quang ving anh
sang nhin thy cua ZnO.



3.4 Két qua nghién ciru phan #ng phan
hay RhB cuaa cac vat ligu TZ

Phan ng phan huy quang oxi héa RhB sy
cO6 mat cua xdc tac TZ va anh sang nhin
thiy (dén halogen 150W — Osram) dugc
thuc hién & cac diéu kién khac nhau nhu
pH dung dich tong hop, nong d6 RhB va
nong do xuc tac. Két qua thé hién ¢ hinh 4.
Hinh 4A thé hién sw giam mat do quang
tuong ng su giam nong d6 cua RhB theo
thoi gian khi c6 mat xic tac ting dan theo
ther tu ZNnO<TZ9<TZ11<TZ14. Bong hoc
phan ung ciing duoc nghién cau, két qua
hinh 4B cho thay su tuyén tinh tét gitra
In(Ao/A,) theo thoi gian, véi hé sé tuong
quan R? déu x4p xi bang 1 (R*>0,995),
ching to phan ing quang oxi hda phan hay
RhB tuan theo dong hoc phan tng bac 1.
Hang sé toc d6 phan tng ddi véi xlc tac
ZnO, TZ9, TZ11 va TZ14 lan luot la
0,006; 0,00764; 0,01223 va 0,01469 phl]t'l.
Nhu vay, pH dung dich téng hop anh
huong dén tinh chat quang xuc tac cua vat
lieu, pH tong hop tang thi hoat tinh quang
xuc tac tang. Vat liéu TZ14 (pH dung dich
t6ng hop =14) cho hiéu qua phan huy RhB
cao nhat, gap 2,48 lan so véi ZnO khéng
pha tap. Két qua nay kha pha hop véi két
qua SEM va XRD thu dugc ¢ trén vai viéc

lién quan dén sy ddng nhét vé hinh thai, do
tinh hoa va kich thudc cua vat liéu. Trong
cac thi nghiém tiép theo, vat lieu TZ14
duoc sir dung dé nghién ctu.

Anh huéng cia nong do RhB duoc nghién
ctru v&i ndng d6 RhB phan tng lan luot 12
7, 15 va 30 ppm tuong @ng. Két qua hinh
4C va 4D cho thiy néng d6 RhB anh
hudng l6n dén téc do phan hay RhB theo
thoi gian. Hiéu suat phan hay RhB dat trén
98% sau 140 phit voi nong d6 RhB ban
dau 1a 7ppm, trong khi d6 hiéu suit phan
huy RhB dat 95,8 va 89,3% sau 210 phat
v6i ndng d6 RhB ban dau twong ung 1a 15
va 30 ppm. Hang sé téc do phan tng giam
dan khi tang dan nong do RhB ban dau.
Hang sé téc do phan ung la 0,029; 0,015
va 0,011 phat™ twong Gng véi ndng do
RhB 7; 15 va 30 ppm. Sy giam nay la do
nong d6 RhB ting giy nén hiéu tng chin
anh sang Ién bé mat xdc tac va lam giam
hiéu suét luong tir. Khi ting n(‘)ng do RhB
1én hai lan, tir 7pp [én 15ppm, hang s6 toc
d6 phan wng giam gan hai lan, nhung khi
tiép tuc ting lén 30ppm (gap 2 lan so voi
15ppm) thi hang s6 toc do phan tng giam
xap xi 1,36. Vay nén, nong do6 RhB 15ppm
duogc st dung cho thi nghiém tiép theo.
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Hinh 3. Phan huiy RhB dudi su c6 mat cia xtc tac TZ va chiéu xa anh sang khd kién & cac diéu ki¢n khéc
nhau. A, B) pH dung dich téng hop; C, D) nong dé RhB va E, F) nong dé xUc tac.
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Khac vai yéu té pH va nong do RhB, ham
luong xUc tac trong gidi han khao sat (0,3;
0,5 va 0,7 g/L) anh huéng khéng nhidu dén
tbc d6 phan tng phan huay cua RhB. Hang
s6 toe d6 120,0119; 0,0147 va 0,0133 phat™
tuong ng véi ndng do xdc tac sir dung 0,3:
0,5 va 0,7 g/L. Két qua nay cho thay sy du
thira khi xGc tac c6 nong do 1a 0,7g/L. Su
du thira xtc tac cling gdy nén hiéu tng chin
sang, do d6 lam giam téc d6 phan ng.
Nong do xdc tac TZ14 phu hop cho phan
tmg duoc lya chon 1a 0,5¢/L véi hiéu suat
dat 95,82% sau 210 pht chiéu sang.

4. Két luan

Vat liéu hinh que ZnO pha tap 2% Ta da
duoc tong hop thanh cong bang phuwong
phép thiy nhiét ¢ diéu kién pH khac nhau
9, 11 va 14. pH dung dich téng hop di cho
thay anh huong 16n dén hinh thai va hoat
tinh quang xuc tac cua vat liéu. Cac vat
liéu tré nén dong nhat, sic nét va c6 do
tinh thé hoa cao khi pH ting tir 9-14. Vat
liéu TZ14 co6 hinh théi va hoat tinh quang
xUc tac tot nhat. Van téc phan tng phan
huy quang RhB cua vat liu TZ14 cao hon
gan 2,5 lan so voi ZnO khéng pha tap.
Hiéu suit phan hay RhB 15ppm dat
95,82% sau 210 phut chiéu sang véi nong
do xuc tac TZ14 1a 0,5¢/L.
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