JOURNAL GF SCIENCE
AND TRANSPORT TEGHNOLOGY

Journal of Science and Transport Technology

University of Transport Technology

Article info

Type of article:
Original research paper

DOI:
https://doi.org/10.58845/jstt.utt.2
023.vn.3.4.1-7

"Corresponding author:
E-mail address:
hopdtb@utt.edu.vn

Received: 7/8/2023
Accepted: 30/10/2023
Published: 14/11/2023

Synthesis of Cr®* doped ZnO nano materials

for visible light photocatalytic applications
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Abstract: In this report, Cr** doped ZnO (ZnO:Cr®*) nanomaterials were
synthesized by a sol-gel method. The surface morphology of the as-
synthesized sample was examined using a field emission scanning electron
microscope (FESEM), revealing the presence of ZnO:Cr3* nanomaterials with
a diameter between 50-200 nm. X-ray diffraction pattern (XRD) analysis
confirmed the replacement of Cr®* ions into the Zn?* ions position in the ZnO
lattice. Furthermore, UV-Vis reflectance spectroscopy indicated that the
absorption band edge of the ZnO:Cr®* sample was redshifted compared to pure
ZnO. The photocatalytic activity of the ZnO:Cr®* nanomaterials was evaluated
under visible light, demonstrating a 4.1-fold increase in the decomposition
efficiency of methylene blue (MB) compared to ZnO sample. These results
suggest that the synthesized ZnO:Cr®* nanomaterials have a great potential for
application in the dye decomposition under sunlight irradiation.
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Ché tao cac hat nano ZnO pha tap ion Cr®*
nham dinh hwéng *ng dung quang xuc tac

dwéi kich thich cia anh sang nhin thay
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Hoang?, Bang Thj Bich Hop*
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Tém tat: Chung tdi bao céo quy trinh céng nghé ché tao vat liéu nano ZnO
pha tap Cr¥* (ZnO:Cr*) bang phwong phap sol-gel. Quan sat hinh thai bé mat
bang kinh hién vi dién t&r quét phat xa truorng (FESEM) cho thay vat liéu nano
ZnO:Cr¥* thu dwoc dang hat véi dwdng kinh tir 50 — 200 nm. Bang phép phan
tich gidn dd nhiéu xa tia X (XRD) ching té ion Cr¥* da thay thé vao vi tri cla
ion Zn?* trong mang nén ZnO. Két qua nghién ctru phd phan xa UV-Vis cho
thdy b& vung hap thu ctia mau ZnO:Cr3* bi dich chuy&n dd khi so sanh véi
ZnO. Thir nghiém dac tinh quang xuc tac dwdi kich thich ciia anh sang nhin
thay chi ra rang vat liéu nano ZnO:Cr3* ¢6 hiéu suat phan hdy xanh methylene
(MB) cao hon mau ZnO khoang 4,1 1an. Két qua ctia nghién ctru nay chirng td
vat liéu nano ZnO:Cr®* ma chung tdi ché tao dwoc c6 thé dwoc (rng dung trong
phan hay chat mau duwéi kich thich cla anh sang mat troi.

Tw khéa: Vat liéu nano ZnO, ZnO pha tap Cr®*, pha tap.

1. Gi&i thiéu

Kém oxit (ZnO) dwoc biét dén 13 chat ban
dan loai n, mau trdng, khdng mui, cé6 nang lwong
vung cAm rong 3,37 eV, ndng lwong lién két exciton
I&n 60 meV [1]. V&i nang lwong ving cAm I&n, ZnO
cho thdy hap thu manh birc xa trong vung can tir
ngoai (NUV) va vung nay chi chiém khoang 5%
quang phé mat troi [2]. Do dé, viéc nghién ciru
chuyén dich b& hdp phu ZnO vé phia viing nhin
thay dé tang cuwdng hoat ddng quang xuc tac la can
thiét [3]. D& giai quyét van dé nay, cac nghién ctu
chi ra réng c6 thé lai héa ZnO v&i cac chat ban dan
vung cdm hep hodc pha tap (thwong la kim loai
chuyén tiép hoac kim loai d4t hiém) [4] [5]. Néu lai
héa v&i cac chat ban dan vang cdm hep sé lam

tang kha ndng hap thu viing anh sang nhin thay
ctia ZnO [3]. Néu pha tap kim loai chuyén tiép hodc
kim loai d4t hiém sé tao nén cac tam “bay dién t&”
va lam gidm téc do tai két hop dién tor va 16 trong,
két qua tang hiéu suat phan hay [6][5]. Trong sb
cac kim loai chuyén tiép, Cr 14 nguyén té dién hinh
c6 d6 clrng cao, déng thoi ion Cré* cé ban kinh gan
v&i Zn?* nén dé dang thay thé ion Zn?* trong mang
tinh thé ZnO. Cac nghién ctru chi ra réng khi ion
Cr®* di vao mang tinh thé ZnO sé gay ra cac khuyét
tat trong cu tric ZnO, lam dich chuyén bd hép thuy
ctia ZnO vé phia vung nhin thay [7,8]. Do do, vat
liéu ZnO:Cr c6 tiém nang réat I1&n trong viéc phan
hly chat mau duéi kich thich ciia anh sang mét
troi. Mac khac, ZnO:Cr?* dwoc biét dén 1a vat lieu
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dé ché tao, it ddc, chi phi san xuét thap, kha ndng
tai str dung cao, do dé co thé san xuat duoc & quy
mé I&n [1,2,9]. Trwdc day, cac nghién clru vé quy
trinh tdng hop vat liéu nano ZnO:Cr®* nham &ng
dung phan hdy quang xuc tac dwéi blirc xa UV da
dwoc bao cao [10]. Trong nhitng nam gan day,
hoat tinh quang xuc tac cua vat liéu nano ZnO:Cr®*
dwai kich thich cGa anh sang nhin thay da bat dau
dwoc chu trong [8,11].

Trong nghién ctru nay, chung toi sé tap trung
nghién ctru quy trinh t6ng hop vat liéu nano ZnO
pha tap Cr bang phwong phap Sol-gel. So sanh
hinh thai bé mat, cu tric tinh thé va tinh chét
quang cta ZnO va ZnO:Cr® sé dwoc nghién clru
va thdo luan chi tiét. Thir nghiém phan hdy chéat
mau xanh methylene (MB) b&i vat liéu nano ZnO
va ZnO:Cr** dwai kich thich cla anh sang nhin
thay ciing dwoc thuc hién.

2. Phwong phap thwc nghiém
2.1. Héa chat

Cac héa chét si dung dé ché tao vat liéu
nano ZnO va ZnO pha tap Cr** bao gém: Mudi Kém
Nitrat (Zn(NO3)..6H,0, xuét s Merck véi do tinh
khiét 99,0%); Mudi Crom Nitrat (Cr(NO3)3.9H,0,
xuét str Merck véi do tinh khiét 99,0%); Acid citric
(CeHsO7, xuat st Merck véi do tinh khiét 99,5%) va
nwéc khir ion.

2.2. Quy trinh tédng hop vat liéu nano ZnO:Cr*

Quy trinh ché tao cac vat liéu nano ZnO va
ZnO:Cr** dwoc str dung phwong phap sol-gel gdm
4 bwéce chinh sau day.

Buéc 1. Hoa tan Zn(NO3)2.6H0,
Cr(NO3)3.9H,0 va CgHsO7 trong 60 ml nwdc cét
bang may khudy tr & nhiét d6 phong trong thoi
gian 1 gi¢&r dé thu dwoc dung dich ddng nhét.

Budc 2: Khudy hdn hop dung dich déng nhéat
trén & nhiét dé 60 °C trong thoi gian 1 gi¢ dé tao
dung dich sol trong subt.

Budrc 3: Tiép tuc khudy dung dich sol & nhiét
dd 100 °C trong thoi gian 1 gi& dé tao thanh gel
wot.

Pham & nnk

Buwdc 4: Thiéu két gel wét & 200 °C trong 10
gi& dé tao thanh gel kho. Nghién gel khé thu dwoc
vat liéu nano ZnO va ZnO pha tap Cr3*.

C,H,0,
|

Zn(NO,),.6H,0 I | Cr(NO,),.9H,0 ] [

60 ml H,0 -—--—- Khudy tir 1 gi&
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60 °C ———- Khudy tir 1 gié

Hl
H

Dung dich Sol
100 °C ——-—- Khudy tir 1 gi®»
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4
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b

Hinh 1. Quy trinh ché tao cac hat nano ZnO:Cr®*
bang phwong phap Sol-gel
2.3. Cac phép phan tich

CAu trac tinh thé ctia mau ZnO va ZnO:Cr¥
dwoc xac dinh bang phép do gidn dd nhiéu xa tia
X (XRD) trén co s& thiét bj D8 Advance, Bruker.
Hinh thai bé mat clia cac mau dwoc quan sat bang
kinh hién vi dién t& quét phat xa trwong (FESEM)
st dung thiét bi tich hop FESEM-JEOL/JSM-
7600F. Nghién ctru dd rong viing cAm cua vat liéu
béng phéo do phd UV-Vis rdn s dung thiét bj
quang phd JASCO V-750. Tt ca cac phép do déu
thwe hién & nhiét d6 phong.

Nghién clru dac tinh quang xuc tac cta vat
liéu nano ZnO va ZnO:Cr**, chlng t6i st dung chéat
mau Methylene Blue (MB). D4u tién la xay dwng
dwong chuén cia MB véi cac ndng do tir 5.10°
mol/L dén 25.10°¢ mol/L. Tiép theo, lay 0,03 g vat
liéu ZnO va ZnO:Cr®* cho vao 200 ml dung dich MB
cé noéng dd dau 50.10° mol/L va sau dé khuly tw
v&i tbe dd khoang 200 vong/phit. Sau cac khoang
thoi gian 5, 10, 15... va 240 phat, 1y 5 ml dung
dich m&u bang pipet, quay ly tam dé tach vat liéu
con lai trong mau. Tién hanh do phb hap thu UV-
Vis va xac dinh cuwdong do hép thu quang tai buwéc
séng cwc dai 664 nm. Chu y rang ngudn sang kich
thich & day la dén LED cong suat 20 W.
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3. Két qua va thao luan
3.1. Phan tich XRD

Hinh 1 trinh bay gidn d6 nhiéu xa tia X (XRD)
cla hai mau vat liéu nano ZnO va ZnO pha tap Cr®*
ché tao bang phuwong phap sol-gel. Cé thé thay
rang ca hai mau, gidn d& XRD déu xuét hién cac
dinh nhiéu xa tai goc 26 = 31,74°; 34,38°; 36,22°;
47,48°;, 56,58° 62,86° 66,38° 68,02° 69,08°;
72,52° va 77,10° twong (rng v&i cac mét tinh thé
(100); (002); (101); (102); (110); (103); va (112) dac
trung cho clu tric haxagonal cla ZnO (theo
JCPDS 36-1451) [12,13]. Chung tdi khong tim thay
b4t ky dinh nhiéu xa nao lién quan dén nguyén t6
Crom trong gidn dd XRD clGa ZnO:Cr®*, chirng t6
viéc pha tap Cr** vao ZnO khéng tao thanh pha
mai. Tuy nhién, khi so sanh véi mau ZnO, vj tri dinh
nhiéu xa cia ZnO:Cr®* tai mét tinh thé (101) bi dich
chuyén vé géc nhiéu xa Ién hon nhw dwoc chira
trong hinh chén nhé trén Hinh 1. Diéu nay duoc ly
giai la do sw thay thé ctia ion Cr®* ban kinh nhé cho
ion Zn?* ¢6 ban kinh Ién hon (0,74 A) trong mang

nén ZnO [10].

. S 355 360 365 37.0
Goéc 20 (d9)

C. dé (d.v.ty.)

Cwong do (d.v.t.y.)
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(002
°8
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| I —
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Hinh 2. Gian d& XRD clGa mau ZnO va ZnO:Cr®
ché tao bang phwong phap Sol-gel

DPé xac nhan véi nhan dinh trén, tlr gidn dé
XRD chung t6i tién hanh phan tich Rietveld cta hai
mau ZnO va ZnO:Cr®*. Két qua phan tich Rietveld
dwoc chira trén hinh 2. Két qua phan tich Rietveld
cho thdy hé sb khép 2 bé (<0,5) va hé sé Rup ~
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7,99 chirng té sw phu hop gitra sé liéu thuc nghiém
va ly thuyét. Hang s6 mang (a = b, c) va thé tich 6
co s& (V) thu dwoc sau khi chay Rietveld cua cac
mau co gia tri lan lwot 1a ZnO (a= 3,2478 A, ¢ =
5,2075 A, V = 47,5715 A%) va ZnO:Cr®* (a= 3,2476
A, ¢ = 52065 A, V = 47,5565 A%). Chang tbi thay
rang ti 1& hang sé mang c/a cé gié tri c& ~1,60 cho
hai m4u, chirng t6 cau tric ZnO dwgc hinh thanh
la dang hexagonal [12]. Thém vao do, hang sé
mang a, ¢ clia mau ZnO:Cr®* |a nhé hon ZnO va
dan dén thé tich 6 co s& V ciing nhé hon. Sw gidm
héng s mang va thé tich V, moét lan nira khang
dinh ion Cr®* ¢6 ban kinh nhd da thay thé vao vi tri
Zn?* ¢é ban kinh Ién hon trong mang nén ZnO.

Yobs - Ycalc

A . 3+
. s Sobs (b) ZnO:Cr
1 ; — Ycalc
Yobs - Ycalc
-
>
o
«©- | )
o o Yobs (@) ZnO
21 Ycalc
<)
By
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Hinh 3. Phan tich Rietveld ctia mau ZnO va

ZnO:Cr®* ché tao bang phwong phap Sol-gel

3.2. Phan tich FESEM va phd hép thu UV-Vis
Anh FESEM trén hinh 4a cho thay vat liéu
nano ZnO:Cr¥* nhan dwoc co dang hat véi kich
thwée tir 50 - 200 nm. Dé xac nhan théng tin vé
hép thu anh sang cla vat liéu, ching toi tién hanh
do phd phan xa khuéch tan t&r ngoai kha kién. Ddi
v&i Zn0O, d6 rdng viing cdm quang cé thé dwoc xac

dinh dwya theo céng thirc Kubelka-Munk (6) [14].
F(R).hv = A(hv - E)? (1)
Trong d6: F(R ), hv (eV), A lan lwot 1a ham
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Kubelka-Munk, ndng lwgng photon va hang sb
Tauc. Eg (eV) la ndng lwong ving cdm quang. T
phd phan xa khuéch tan tlr ngoai kha kién (khéng
trinh bay & day) chung téi tinh toan va vé dwong
cong Kubelka-Munk ctia mau ZnO va ZnO:Cr¥, két
qua thu dwoc chi ra trén hinh 4b. Tl d6, d6 rong
vung cdm quang (Eg) ctia mau ZnO va ZnO:Cr¥*
duwoc wéc lwong lan lwot 1a ~3,19 eV va ~2,90 eV.
R& rang dd rong viung cdm quang cla mau
ZnO:Cr¥* giam manh so v&i ZnO [15]. Sy giam Eg
ctia mau ZnO:Cr¥ so v&i ZnO chirng 16 ¢co sw
twong tdc manh giira ion pha tap Cr®* va mang nén
ZnO, gay ra hap thu anh sang trong viing nhin thay.
Pay 1a minh chirng quan trong cho thay vat liéu
nano ZnO:Cr’* ma chung tdi ché tao c6 thé &ng
dung trong quang xuc tac dwdi kich thich cia anh
sang nhin thay.

30

N
o
1

(F(R)hv)? (eV.cm™)?

o
1

2.0 215 3!0 3.5
Nang lwong (eV)
Hinh 4. Anh FESEM (a) va dwdng cong Kubelka-
Munk (b) ciia mau ZnO va ZnO:Cr®* ché tao bang
phuwong phap Sol-gel
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3.3. Nghién ctru hoat tinh quang xuc tac

Két qua nghién ctvu thir nghiém phan hay MB
cta hai mau ZnO va ZnO:Cr® dwai kich thich cua
anh sang nhin thy dwoc trinh bay trén hinh 5. O
day hiéu suat phan hiy MB dugc xac dinh béi cong
thire (2) [16]:

_ CoC

H o

100% 2)

Trong d6: C, va C Ian lwot la ndng dd MB tai
thdi diém ban dau va tai thoi diém t bat ky (mg/L).
T hinh 5 cho thdy sau 240 phut chiéu sang, hiéu
suat phan hdy ctia ZnO va ZnO:Cr®* Ian lwot la
21,1% va 84,5%. Diéu nay cé nghia la ion pha tap
Cr®* vao mang nén ZnO cd vai trd rat quan trong
trong viéc nang cao dang ké hiéu suat phan hay
MB (cao hon so vé&i ZnO khodng 4,1 1an). Hiéu suét
phan hiy MB cua ZnO:Cr** trong nghién ctru cla
chuing t6i cé gia tri cao hon so véi cac cong bb gan
day [8,17]. Cac nghién ciru gan day cho réng khi
ion Cr** di vao mang nén ZnO sé tao ra cac tam
bay dién t&r, ngan chan qua trinh tai hop gitra dién
t&r va 16 tréng va dan dén tang hiéu suét phan hay
MB [4]. Tuy nhién, dé hiéu rd hon vé co ché phan
hiy MB cla vat liéu ZnO:Cr®*, viéc nghién ctru mét
cach hé théng va chi tiét hon & cac nghién ctru tiép
theo la rat can thiét.

100

80 - ,o—o’°'°_°‘°—°_°~°
—_— ’ 0/0_0/0
& 60- / —o— Zn0
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40 80 1éO 160 200 24
Thei gian (phat)
Hinh 5. Hiéu suat phan hdy MB cla vat liéu nano
ZnO va ZnO:Cr®* ché tao bang phwong phap Sol-
gel
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4. Két luan
Chuang t6i da ché tao thanh coéng vat liéu
nano ZnO pha tap Cr bang phwong phap sol-gel.

Anh FESEM cho thay vat liéu thu dwoc dang hat

véi dwong kinh tir 50 — 200 nm. Phan tich gian d6

XRD va phé UV-Vis chirng té ion Cr** da duwoc thay

thé cho vj tri ion Zn?* trong mang nén ZnO va lam

dich chuyén be ving hép thu ZnO vé phia vung
nhin thdy. Dwéi kich thich clia anh sang nhin théy,
vat liéu nano ZnO:Cr?* cho thay kha nang phan hay

MB véi hiéu suat I6n hon ZnO khoang 4,1 lan.

Diéu nay ching té rang vat liéu nano ZnO:Cr* ma

chuing t6i ché tao dwoc cé tiém nang I6n trong (ng

dung phan hdy chat mau dwéi kich thich ctia anh
sang mat troi.
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