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ABSTRACT

Undoped and Fe-doped ZnO nanosheets have been successfully
synthesized by hydrothermal method using zinc acetate as the source
of Zn2*, iron(lll) nitrate as the doping source, urea as media to control
the solution pH and polyethylene glycol as structure-directing agents.
The obtained materials were characterized by means of XRD, TEM, BET,
FT-IR and UV-Vis-DRS. The results show that ZnO has a hexagonal
wurtzite structure and that the Fe3* ions were well incorporated into the
ZnO nanosheets crystal lattice. As the Fe/Znmolar ratios increased from
0.05% to 0.1% results in increased absorptionin the visible region of the
spectrum, a slightly decreased optical band gap and increased
photocatalytic activity in comparison with the undoped ZnO. The
photocatalytic activity was evaluated based on photodegradation of
methylene blue (MB) in aqueous solutions under visible light irradiation.
The optimum Fe doping at the molar ratios of Fe/Zn = 0.1% showed the
highest photocatalytic activity and was 2.19 times higher than that of
undoped ZnO. The kinetic studies showed the decomposition of MB
followed pseudo first-order kinetics with the rate constant were
determined kapp = 7.33x102 min~".

Gidi thiéu chung

ung thu, khdng phén hdy sinh hoc va gay thiét hai I&n
cho con nguai[1,2]. Do do, viéc nghién cltu loai bd cac

Do nhu cdu chua ting cé va sy Ung dung da linh vuc
nhu hoa chat, hoa dau, dugc phdm, nganh in va
nhudm, & nhiém moi trudng do cac chdt 6 nhiém hitu
G géy ra da trg thanh van dé nghiém trong trén toan
thé gigi [1]. Theo théng k&, trong s& 7x10° tan san
luagng hang nam, khodng 5~10% lugng thuéc nhudm
dudc thai vao nudc dudi dang chat gay 6 nhiém [1,2].
Ngay cd mot lugng nhd thudc nhuém (khodng vai
ppm) ¢& mat trong nudc cling khdng dugc mong
muén vi ching chra sdc t& mau rat nguy hiém, gay

thudc nhudém hitu cg ra khoi ngudn nudc thai la quan
trong va mang tinh bat budc.

D€ gidm thiét hai do thuSc nhuém hitu cg gay ra,
nhiéu nghién cfu da tap trung vao chét xdc tac quang
dé chuyén thu6c nhuém hitu co thanh cac chat vo hai.
Viéc sit dung cac vat liéu ban dan oxide kim loai,
chdng han nhu TiO2 va ZnO, lam chét xdc tac quang
dé& thu hit nhiéu sy chd y do khd nang phan hly cac
chat & nhiém cla nhitng vat liéu nay dudi su chiéu xa
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UV. Mac du TiO2 la chét xic tac phé bién, dudgc cong
nhan réng rai va la chat xic tac quang dugc st dung
thudng xuyén nhat, nhung nhiéu nha nghién cfu dang
thiic ddy su kham phé cac dac tinh clia ZnO trong cac
phan Ung quang xuc tac (QXT) [2,3]. ZnO dudc cho la
chat QXT thich hgp dé thay thé TiO2 do nd cb nang
lugng vung cdm tuong tu. Ngoai ra, ZnO thé hién tinh
hiéu qua cao cho sy phan hiy thuéc nhuém hitu cg
trong ca mdi trudng acid va mdi trucng base [3]. Tuy
nhién, Ung dung clia ZnO bi gidi han trong mét s inh
vuc do viéc st dung kém hiéu qua clia anh séng nhin
thdy cling nhu sy tai két hgp nhanh chdng clia cac cap
electron-16 tréng quang sinh. Do do, viéc nang cao ty
lé sir dung clia ZnO dudi buc xa &nh sang nhin thay la
Uu tién nghién clu hién nay. Cac ky thuat khac nhau
dd dugcstrdung dé diéu ché ZnO, bao gom: bién d 6
bé mat, Idng dong kim loai quy, phucng phép pha tap
ion, cap doi vai cac oxide ban dan khac, nhay quang
vdi thudc nhudm va kiém soat hinh thai [4]. Nhiéu
nghién clfu da chi ra rang viéc pha tap nguyén t& kim
loai chuyén tiép, dac biét 1a ion Fe vao bé mat ban
dan c6 dé réng vung cdm I6n 1a mét trong nhitng
cach hiéu qua dé md rong phan Ung QXT cla ching
dén vung anh sang nhin thdy [1]. Saleh va cong su
nhan thdy rang cac hat nano ZnO pha tap Fe cé hoat
tinh quang xuc tac cao hon so vdi cac hat nano ZnO
khong dugc pha tap [3]. P& cd nhiéu nghién clu bao
cdo viéc diéu ché ZnO pha tap Fe, nhung su két hap
dong thai bdi sy pha tap va kiém soét hinh thai dé
nang cao hiéu qua QXT van con kha khiém tén.

Trong nghién clfu nay, chdng toi chon cach tiép can
thdy nhiét dé diéu ché cac t&m nano ZnO dudc pha
tap Fe & cac ty lé mol Fe/Zn khac nhau. Anh hudng
cla ion Fe3* dén cdu trdc, kich thudc hat va do rong
ving cam, dan dén tang kha nang hap thu quang
trong vung anh sang nhin thdy va cai thién hiéu qua
QXT dugc danh gia chi tiét. BE danh gia kha nang x
ly nudc bdi chat xtc tac quang, thudc nhudém MB dugc
chon nhu 1a chat 6 nhiém mé hinh do nd cac dac tinh
quan trong nhu: dugc st dung rdng réi va dugc ban
phd bién trén thi truding; bén vat ly va hoa hoc; c6 doc
tinh cao khi ti€p xtc nhiéu vd&i nod; tinh chat dam mau
nén thuan lgi dé quan trac trong qua trinh déanh gia
hoat tinh QXT cla chéat xUc tac.

Thuyc nghiém va phuang phap nghién ctu
Héa chdt

Céc hoda chéat chinh dugc s dung trong thuc nghiém,
bao gém: zinc acetate dihydrate (CaHs60Q47n.2H20, >

99,5%), iron(lll) nitrate nonahydrate (Fe(NO3)3, =
99,0%), urea (CO(NH2)2, = 99,5%), polyethylene glycol
20000 (HO(C2H40O)nH), methylene blue
(C16H18N3SClxH20, 99,5%). Tat ca cac hda chét st dung
déu nhan dugc tir hang Merck, theo chudn phéan tich,
dugcst dung truc tiép ma khdng can phai ché hdabd
sung.

T6ng hgp cdc tdm nano ZnO dugcpha tap Fe

Cho hdn hop gém 549 gam Zn(CH3COO)2.2H20
(0.025 mol ion Zn2*), 2,0 gam uré va 01 gam
polyethylen glycol (PEG) vao trong céc (loai 150 mL) dé
chtta sdn 59,0 mL nudc cat, khudy tron déu cho hén
hdp tan hoan toan. Cho I&n lugt 1,0 mL dung dich
mudi Fe(NO3)3 & cac nong dé khéc nhau: 0,125x1073;
0,250x1073; 1,250x 103 va 0,025 M vao dung dich hén
hop & trén dé dat & cac ty 1é mol Fe/Zn khac nhau:
0,05; 0,7; 0,5 va 1,0%, khudy trén déu hdn hap trong 60
phit. Dung dich hdn hgp sau do dugc chuyén toan bd
vao I6i binh teflon (clia autoclave) cd dung tich 1720 mL,
tién hanh thay nhiét & 180 °C trong 16 gid. Két tla sau
khi thiy nhiét dugc loc va rira sach vai lan bang nudc
cat dén khi pH cla dich loc dat xdp xi 7. Két tha sau khi
rira dugc sdy khd G105 °C trong 12 gic va sau dé dugc
tién hanh nung & 500 °C trong 2 gid, thu dugc cac tdm
nano FeZnO. Mau ZnO khong pha tap dugc tién hanh
diéu ché tuang tu trong su vang mat clia Fe(NO3)3.

Phuang phdp ddc trung vit ligu

Nhiéu xa tia X (XRD) dudc ghi bdi may do nhiéu xa tia
X D8 Advance (Bruker, BUc) vdi ngudn buic xa CuKe, A
= 015406 nm. Gidi han goc quét 26 nam trong
khoang tur 20 dén 80° vd&itéc dd quét 0,03°/phdt. Hinh
anh hién vi dién ti truyén qua (TEM) dugc ghi nhan
bdi kinh hién vi dién tir truyén qua JEOL JEM 1400
(Nhat Ban). Phé DRS-UV-Vis dugc ghinhan bdithiét b
UV-2600 (Shimadzu) trén nén BaSOa4. Dién tich bé mat
riéng (BET) dudc xac dinh bang cach ghi duding dang
nhiét hap phu — gidi hdp N2 & nhiét dé nitg long (77K)
s dung thiét bi hép phu Quantachrome TriStar
3000V6.07A. Phd héng ngoai FT-IR cla cac mau dudc
ghi nhan trén thiét bj IR Affinity-1S spectrophotometer
(Shimadzu).

Ddnh gid hoat tinh quang xtic tdc

Cho 0,15 g chat xtc tac vao trong cdc d& chira sdn 200
mL dung dich MB & ndng dé 25 mg/L, pH = 6.5 va sau
dé dat cdc dudi gia sat d& den. Ngudn sang la den
Compact 45W-220V (Dién Quang) dugc chiéu sang
https://doi.org/10.51316/jca.2022.022
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xuyén qua kinh loc B+WF-Pro 010 UV-Haze E 77 dé cit
loc céc tia t& ngoai (A < 420 nm, d = 77 mm). Huyén
phu dugc khudy tron trong béng téi trong 30 phit dé
dam bao su hdp phu dat can bang va sau dé duac
chiéu séng trong cac khoang thai gian thay déi tir 0
dén 90 phut cho phan Ung quang hoa dién ra. 3 mL
huyén phu dugc rut ra tai thai diém xac dinh va dugc
ly tam dé loai bd chat xuc tac ran. Nong dd MB trong
cac dung dich thu dudc dugc phan tich b&i may quang
phé UV-Vis tai Amax = 664 nm. Hiéu sudt phan hay
(H%) ctia MB dugctinh toan theo phuang trinh:

H(%) = C"g—o‘:txmo 0

trong d6, Coe va Cr (mg/L) tuong Ung vd&i ndng do
thudc nhuém tai thai diém dat can bang hép phu
trude khi chiéu xa (t = 0) va sau khi chiéu xa tai thdi
diém t. Theo mdé hinh dbng hoc Langmuir —
Hinshelwood [5], qué trinh QXT clia MB ¢6 thé dugc
biéu dién dudi dang phuang trinh déng hoc biéu kién
bac mot:
Ct
lnC—= _kappt (2
oe
trong do, t (phdt) la thai gian phan hiy va kapp (phut 1)
la hang s6 t6c d6 biéu kién bac mot.

K&t qua va thao luan
Ddc trung tinh chdt cGa vt ligu

Cac tdm nano ZnO dudc pha tap Fe & ty cac 1é mol
Fe/Zn khac nhau: 0,05%, 0,1%, 0,5% va 1,0% va ching
dugc ky hiéu lan lugt la 0,05%FeZnO, 0,1%FeZn0,
0,5%FeZnO va 1,0%FeZnO. D& so sanh miu ZnO
khéng pha tap cling dugc diéu ché tuang ty va nd
dugc ky hiéu 1a ZnO. Phé XRD cla tét cd cac mau
dugc trinh bay trong Hinh Ta. Cac dinh nhiéu xa cula
mau ZnO dudgc dinh vi tai goc 20 = 31,679 34,379
36,200 47,510, 56,57°; 62,900; 66,41°;, 67,88° va 68,96°,
tuong véi cac mat tinh thé (100); (002); (101); (102); (110);
(103); (200); (112) va (201) clia ZnO. Hon nita, khdng co
dinh dac trung nao khac cla tap chat xuat hién, diéu
nay cho thdy dé tinh khiét cao clia cac mau ZnO téng
hop dugc. TU su so sanh tat ca cac dinh nhiéu xa vJi
thé tiéu chudn JCPDS 36-1451 c6 thé cho rang cac vat
liéu téng hop dudgc két tinh theo kiéu ciu tric wurtzite
ZnO. Dac biét, co thé thdy rang su pha tap Fe3* vao
cdu trdc tinh thé ZnO 6 thé tang cudng su két tinh
clia ZnO khi so sanh cudng do dinh nhiéu xa clia mat
(100). Kich thudc tinh thé trung binh va cac gia tri
thong s6 mang cla cac mau dudc tinh toan dua theo
cac phuang trinh (3) [6] va (4) [7] tucng Ung nhu sau:

_ 094 3)
- p.cos@

1 4(h%+hk+ k? 12

Fr () g )

trong do, D (nm) la kich thudc tinh thé trung binh tinh
theo dinh nhiéu xa (101); A4 1a budc séng tia X (A =
0,15406 nm); B (radian) la dé rong ban cuc dai; 8 (d9)
la goc nhiéu xa Bragg; d (nm) 1a khoang cach gitta cac
mat mang va (hkl) la chi s6 Miller. Kich thudc tinh thé
trung binh va cac gié tri hang s& mang a va ¢ tinh toan
dugc nhu thé hién trong Bang 1. Cac thong sé mang
‘a’ va 'c clla mau ZnO khdéng pha tap tinh toan dugc
lan lugt 1a 3,2499 A va 52061 A. Khi ham lugng Fe >
01%, sy thay thé ion Zn* bdi ion Fe3* tai cac vj trf
mang tinh thé clia ZnO lam tang gié tri cla cac hang
s6 mang ‘a’ va 'c’ va nd cling d& dugc xac nhan trong
cac bao cao [3,4].

Kich thudc tinh thé trung binh cla ZnO khéng pha tap
la 21,1 nm. Kich thudc tinh thé trung binh gidm nhe khi
ham lugng Fe tang lén (Bang 1). Su gidm kich thudc
clia tinh thé chu yéu la do su cong két clia ion Fe3* vao
trong trong cdu trdc mang tinh thé ZnO, lam gidm su
tao mam va téc dé tang trudng sau do cla cac tédm
nano ZnO. Mat khac, ty |é tuong déi cla cusng do
dinh nhiéu xa mat (100) clia cac tdm nano ZnO pha tap
Fe cao han so véi ZnO khong dugcphatap. Co thé két
ludn rang ty 1& mol Fe/Zn khac nhau clia cac tdm nano
ZnO pha tap Fe cho thdy anh hudng dén su phattrién
c6 dinh hudng clia mat (100) ZnO, nghia la gay ra su
phét trién tinh thé mét cach wu tién doc theo mat (100)
détao thanh cac tdm nano ZnO mdng va én dinh [8].

Bang 1: Théng s6& mang, kich thudc tinh thé trung binh
(D) va nang lugng ving cam (Eg) clia cac mau

Mau Tylé mol Thong sémang D Fg
Fe/Zn a=b c(m) (nm) (eV)
(%) (nm)

ZnO 0 3,2499 52061 22,1 3,26

0.05%FezZnO 0,05
0,1%FezZnO 01

32499 52159 232 324
32501 52094 211 3,18
0,5%FeZnO 0,5 32514 52113 214 317
1,0%FeZnO 10 32537 52118 225 315

Hinh 1b 1a cac phé XRD dugc md réng trong gidi han
gbc 20 tUr 30° dén 40°. TU Hinh 2b ¢ thé quan sat
thdy cac dinh nhiéu xa c6 sy dich chuyén nhe vé phia
goc 20 thap han, cho théy cac ionFe da dugcpha tap
mot phan vao mang ZnO [5,6]. Diéu nay cé thé do bén
kinh ion Fe3* (0,68 A) nhd hon so vai ban kinh ion Zn2+
(0,74 A), gay ra su md réng thdng s mang trong cac
tinh thé ZnO pha tap Fe [3,6]. Su thay d&i nhd nay vé
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vi trf cac dinh nhiéu xa chi ra rang cac ion Fe d& dudgc
két hgp thanh cdng vao mang tinh thé ZnO [3,5].
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Anh TEM & Hinh 2 cho thdy c hai miu ZnO khong
pha tap va ZnO dugcpha tap & ty 1é mol Fe/Zn = 0,1%
déu c6 hinh dang trong nhu cac tdm nano véi do dai
cla tdm trong khoang tUr 30 dén 150 nm. Céc tam
nano trén ca hai mau nay déu co xu hudng két tu lai
v&i nhau dé hinh thanh nén cac 16 x&p v&i dudng kinh
dao déng trong khoang ti 15 dén 40 nm. Trong téng
hop thly nhiét zinc acetate dihydrate dugc sif dung
lam tién chat Zn2+, trong khi uré dugc st dung lam
moi trusng dé kiém soat pH dung dich. Uré dé bi phan
hiy thanh NH3 va CO2 trong qué trinh thdy nhiét
[9,10]. Do dé, né phan Ung v&i Zn2*+ détao thanh ZnO
va tao ra cau tric x8p. Hon nlfa, trong xU ly thdy nhiét
ching téi c6 st dung chit hoat dong bé mat
polyethylene glycol, giip dinh huéng, &n dinh cu tric
va Uc ché su két tu gita cac hat tinh thé, tr do cling
gbp phan tao nén ciu tric x6p cho vat liéu. Dac diém
nay co lgi dé tap trung cac thudc nhudm dén bé mat
ZnO dé& qué trinh phan hly quang sau dé dién ra
thudn Igi han. Quan sat Hinh 2b cho théy vat liéu ZnO
dugcphatap Fe cd bé mat nhdn hon, cac tdm nano va
cac 16 x6p phan bd déng déu hon so véi mau ZnO
khong dudc pha tap (Hinh 2a). Dang tdm nano ZnO
quan sat dugc trong nghién clfu nay cling cho thay
phu hgp vdi su quan sat TEM & cac cong trinh nghién
cu [7,910].

Hinh 2: Anh TEM clia cac mau a) ZnO khdng pha tap va b) ZnO pha tap Fe &1y & mol Fe/Zn = 0,1%

Bang 2: K&t qua phan tich BET clia cdc mau ZnO va
ZnO dudc pha tap Fe gty 1é mol Fe/Zn=0,1%

Mau SeeT (M?/q) Viore (cm3/q) Dpore (Nm)
n0O 13,06 0.119 37,36
0,1%FeZnO 15.46 0117 35,93

Seer la dién tich bé mdt riéng; Vpore thé tich mao quadn
va Dpore la duoing kinh mao qudn trung binh

Hinh 3 cho thdy cac dudng ddng nhiét hdp phu-giai
hdp nitd clla cac mau ZnO méau 0,1%FeZnO va cac
théng s& phan tich BET dugc trinh bay trong Bang 2.
Dua theo su phan loai clia IUPAC, c& hai mau déu co
dudng dang nhiét loai IV dién hinh v&i vong tré H3,
ngu y vat liéu két tinh theo ki€u mao quan trung binh
(mesoporous) [11]. Biéu nay cho thdy phu hgp khi gia
tri dudng kinh mao quéan trung binh clia ZnO va
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01%FeZnO 1an lugt la 37,36 nm, va 35,93 nm, nghia la
ching nam trong gidi han 2 dén 50 nm nén chiing két
tinh theo ki€u cdu tric mao quan trung binh [12]. Mau
01%FeZnO & dudng kinh va thé tich mao quan bé
hon doéi chit so v&i mau ZnO (Bang 2). Diéu nay b
thé trong qué trinh pha tap mot phan nhd ion Fe3* da
chén vao bén trong cac 16 mao quan clia ZnO. Tuy
nhién, su khac nhau vé thé tich va dudng kinh mao
quan gilta hai mau trén 13 khdng 16n, chiing to ion Fe3*
pha tap da khong anh hudng nhiéu dén cau tric
mesoporous trong cac tdm nano ZnO. Bén canh do, tur
Hinh 3 quan sat thdy c& hai mau ZnO va 0,1%FeZnO
cb su gia tang dang k€ cla su hdp phu N2 & ap suét
tugng déi (P/Po) tir 0,6 dén 1,0 la do sy xudt hién cla
SU ngung tu mao quan trong cac t&m nano ZnO va su
hap phu dalép N2 trong mesoporous [13]. Gia tri dién

@
o
1

—=— ZnO (hép phuy)
—e— ZnO (giai hap)
—&— 0,1%FeZnO (hap phu)
—v— 0,1%FeZnO (giai hip)
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1 1
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Hinh 3: Budng déng nhiét hdp phu/gidi hdp N2 clia cac
mau ZnO va 0,1%FeZnO

Phd FT-IR clia hai m3u ZnO va 0,1%FeZnO dugc ghi
trong khodng tan s6 tr 400 - 4000 c™!, nhu mo ta &
Hinh 4. K& qud cho thdy, c& hai madu ZnO va
0,1%FeZnO déu co vi tri dinh hdp thu khéd gidng nhau.
Dao dong hoa tri cla cac lién két -OH va dao dong
bién dang H-O-H clia cac phan t& nudc dugchap phu
trén bé mat vat liéu dugc quan sat thédy tai 3443-3340
cmva 1635-1637 cm, tuang Ung [5,14]. Dinh hédp thu
tai 1037-1034 cm™ dugc quy gén cho dao déng -OH
clia phan ti nudctrong mang tinh thé ZnO [7]. B&ivéi
mau ZnO khong pha tap co cac dinh hdp thu dac
trung tai 563 cm! va 449 cm! dugc cho cé lién quan
dén cac dao déng hoa tri va dao ddng bién dang cla
lién k&t Zn-O [5). Mau ZnO dugc pha tap Fe cling xudt
hién dinh hdp thu tai hai viing nay, tuy nhién da co su
chuyén dich tuang Ung vé phia tan sé thap hon la 560
cm™ va 423 cm™ va nd dugc quy gén cho dao déng
Fe-O-Zn trong mang tinh thé ZnO dugc pha tap Fe

tich bé mat riéng clia cac mau ZnO va 0,1%FeZnO lan
lugtla 13,06 me/g va 15,46 me/g (Bang 2). Nhu vay, su
pha tap ion Fe3* d& lam tang nhe dién tich bé mat
rieng cla ZnO va diéu nay cling phu hgdp khi kich
thudc tinh thé trung binh gitta hai madu ZnO va
0,1%FeZnO khac nhau khong Ién (Bang 1). A. Hui va
cac cong sy [4] da diéu ché vat lieu ZnO bang cach
thly phan céc tién chat Zn(NO3)2 va Fe(NO3)3 trong
moi trudng kiem NaOH vdi sy hd trg cla chat hoat
déng bé mat sodium dodecyl sulphate tai 80 °C trong
6 gid, san phdm dudc nung & 300 °C trong 3 gid. Két
qua cho thay, mau ZnO khong pha tap ¢ dién tich bé
mat riéng 13,4 m2/g va mau ZnO dudc pha tap Fe tai
ty 16 mol Fe/Zn = 1,0% dién tich bé mét riéng cling chi
dat15,7 mé/g.

— 0,1% FezZnO
——2Zn0

%T

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

$6 séng (cm™)

Hinh 4: Phé FT-IR clia cAc mau ZnO va 0,1%FeZnO

[7,15]. Biém dang chd vy khi quan sat & Hinh 4 1a mau
0,1%FeZn0 c6 dinh hdp thu tai 3440 cn' cb dinh nhon
va cb cudng dd cao hon dang k€ so véi mau ZnO
khobng pha tap, ching t© nd c6 sé lugng nhém
hydroxy! trén bé mat nhiéu han so véi ZnO. Khad nang
hoat ddng QXT clia bat ky chét xtc tac quang nao déu
6 lién quan chat ché dén s6 lugng nhém -OH vi cac
nhém -OH ¢6 thé cung cdp mot electron cho 16 tréng
quang sinh va chuyén thanh cac géc hydroxyl hoat
déng *OH [5], gilp phén hiy hiéu qua cac chat &
nhiém hitu co.

PhS hép thu UV-Vis clia mau ZnO va cac mau Fe-ZnO
dugc trinh bay trong Hinh 5a. Khi tdng dan ham lugng
clia Fe, canh hdp thu di chuyén vé phia budc séng dai
hon. Bdc biét, so v&i ZnO khdng pha tap cd su thay
déi dang ké dén muc co thé quan sat dugc dé la su
hdp thu dudc tdng cudng trong vung &nh sang nhin
thdy nam trong khoang tir 400 dén 600 nm cho tt ca

https://doi.org/10.51316/jca.2022.022
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cac mau Fe-ZnO. Két qua nay chiing td rang cac ion
Fe3* da dugc pha tap thanh cdng vao mang tinh thé
cla ZnO, cb thé tao ra cac vi tri khuyét tat hoat déng
hon [5]. Trong khi do, nhiéu anh sang nhin thdy han
dugc hdp thu qua céc vi tri khuyét tat nay, diéu nay co
thé dan dén hoat tinh QXT cao hon clia cac tinh thé
ZnO pha tap trong vung anh sang nhin thdy. Su
chuyén dich d6 hdp thu vé ving quang phé anh sang
dé cla su pha tap Fe3* 1a do tuong tac trao déi sp—d
gita cac electron trong vung cla ZnO va cac electron
d cla Fe3* [4]. Tuy nhién, su chuyén dich nay cling c6
thé do hiéu Ung Burstein-Moss, nghiia la tao ra mic
nang lugng bé sung Fe3*/Fe?* phia dudiving dan cua
Zn0O vi khd ndng hdp thu quang trong vung &nh sang
nhin thdy tang Ién cing vdi su gia tang thanh phan Fe
pha tap [16].

Haon nira, nang lugng ving cdm (Eg) da dugctinh toan
bdng cach sit dung phan tich d6 thi Taug, biéu thi maoi
quan hé gilta hé s6 hap thu (o) va nang lugng photon
(hv) bang cach st dung phuong trinh nhu sau:

16

a)
—2Zn0O

—— 0.05%FeZnO
— 0.1%FeZnO
—— 0.5%FeZnO
—— 1.0%FeZnO

1.2 4

0.8 4

Do hép thu (a.u.)

0.4+

0.0 4

T T T T T
300 400 500 600 700

Bwéc song (nm)

a=A(hv— E)Y*/hv (5)

trong do £g la d6 réng vung cdm quang hoc clia cac
mau, v 1a tan s& anh sang, h 1a hang s& Plank va A 1a
hé s6 ty 16. Do thi biéu dién sy phu thudc gitta (ahv)?
so v3i (hv) d&i vai cac mau ZnO dugc thé hién trong
Hinh 5b. Nang lugng ving cdm da dugcxac dinh bang
cach ngoai suy ngoai suy phan tuyén tinh cla dudng
cong dén do hép thu bang 0. Gié tri nang lugng ving
cdm clia cac mau ZnO pha tap Fe & cac ty 1& mol
Fe/Zn = 0,05%, 0,1%, 0,5% va 1,0% tucng Ung la 3,24
eV, 3,18 eV, 3,17 eV va 3,15 eV (Bang 1). Cac két qua
nay chi ra rang tat ca cdc mau ZnO pha tap Fe déu c6
nang lugng vung cdm bé han so véi ZnO khdng pha
tap (3,26 eV). Ngoai ra, Eg gidm nhe khi tdng ndng do
Fe va thé hién dé réng ving cdm nhd nhat la 3,15 eV
khi ham lugng Fe dat 1,0%. Su gidm dé réng vung cam
kni tdng ham lugng Fe pha tap cling dugc thdy & céc
cdng trinh nghién ctu [4,6,16] da dugc bdo cao trudc
day.

b) 120
——2Zn0
—— 0.05%FeZnO
100
—— 0.1%FeZnO
—— 0.5%FeZnO
. %1 ——10%Fezno
=
<z
B 60+

40

T T T T T T
29 3.0 31 3.2 3.3 3.4 35 3.6 3.7

Néng lwong viing cam, eV

Hinh 5: @) phS UV-Vis clia mau ZnO va cac mau ZnO dugcphatap Fe & cac ty 1é mol Fe/Znkhac nhau; b) dé thi
theo Tauc tuang Ung vai phd UV-Vis cla a)

Hoat tinh quang xtc tdc

Hiéu sudt phan hiy MB clia mau ZnO khong pha tap
va cac mau ZnO dugcpha tap Fe & cac ty Ié mol Fe/Zn
khéc nhau dugc danh gid theo quy trinh thuc nghiém
8 muc 2.4. Phan Ung dugc tién hanh & nhitng diéu
kién t&i uu da dugckhdo sat (kndng dugcthéng bao &
day), bao gom: lugng chét xtc tac 0,15 gam, ndng dé
MB 25 mg/L, pH = 6.5, hdp phu trong bong t6i 30
phUt va thai gian chiéu séng thay déitrong gidi han tu
0 dén 90 phit. Bong hoc phan hiy MB theo mé hinh
déng hoc biéu kién bac moét Langmuir—-Hinshelwood
(phuang trinh (2)). Céc két qué cho su phan hiy MB
trén cac vatliéu diéu ché dugcnhu dugcmd td & Hinh
6 va dugc trinh bay tom tat trong Bang 3. Hinh 6a cho
thdy trong khodng thai gian chiéu séng tur 0 dén 90
phdt ndng dé clia MB gan nhu khong thay déi, chiing

td nd bén trong diéu kién khao sat. Hiéu sudt hadp phu
MB tai thai diém dat can bang cla tat ca cac vat liéu
nam trong khoang tu 5,0 dén 7,0%. Do doé, hiéu qua
loai bo MB chui yéu la do qué trinh phan hay QXT. Cac
chét xtc tdc ZnO dugc pha tap Fe déu cé hiéu suét
phan hly MB cao hon so véimau ZnO khéng pha tap.
Pac biét, mdu ZnO dudc pha tap 0,1% cho thay hiéu
sudt phan hly quang MB cao nhéat va dat 99,71%, cao
hon gép 2,19 lan so vd&i ZnO khéng pha tap (H =
45,48%). Tuy nhién, hiéu sudt phan hay QXT gidm khi
su pha tap > 0,1%. Két qua nay dugccho la do & ndng
d6 nhd cac ionFe3* ¢ thé hoat ddng nhu cac 16 tréng
va by dién tu, Uc ché sy tai t8 hop clia 16 tréng-
electron, nhu dugc md ta bdi cadc phudng trinh dudi
day [16,17]:
https://doi.org/10.51316/jca.2022.022
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Zn0 + hv - e~ + h* (tao ra cap dién tich)

Fe*+ + eqy > Fe?* (bay electron)

Fe?* + 0y (qas) = Fe** + 05~ (phong thich electron)
Fe2* + hjp— Fe** (bay 16 trong)

Fe*t + OH~ — Fe3* + 0H* (phéng thich 16 trong)
(10)

Cacion Fe3* phan Ung nhu cac 16 tréng va bay dién tu,
sau dé tao thanh Fe2* va Fe** (phuang trinh (7) va (9)).
Cac ion Fe?* va Fe** tuang doi khong bén so vdiion
Fe3* DE 4y lai su 6n dinh, cacion nay sé& phan ing vdi
oxy va ion hydroxyl dugc hdp phu trén bé mat xic tac
dé tao ra cac géc hydroxyl (OH®) va superoxide 05~
(phuang trinh (8) va (10)). Cac ionFe?* va Fe2* sétham
gia vao quaé trinh chu ky tiép theo va hoat tinh QXT sé&
dudc tang cudng so vdi ZnO khdng pha tap. Tuy
nhién, tai ndbng dd Fe cao (> 0,1%), khd nang bay bi
gidm do Fe** phan Uing vdi electron (Fe** + e —» Fe3 )
va Fe3* hoat dong nhu tam téi két hop (Fe3* + e -
Fe?* va Fe?* + h* — Fe3*) vi vay gidm hoat tinh cla
chat xic tac quang Fe-ZnO. Mat khéc, khi nong doé
pha tap cao, Fe3* dua vao mang tinh thé da tr& nén
bao hoa, do dé Fe3+ du thira sé két hop véi ZnO thanh
pha riéng biét clng co thé lam gidm hiéu qua QXT.
Hiéu sudt phan hly MB clia mau ZnO, cac mau ZnO
dugcphatap Fe 0,05%, 0,1%, 0,5% va1,0% tucng U'ng
la 45,48%, 91,58%, 99,71%, 90,04% va 81,72%. Mau
01%FeZn0O cb hiéu sudt phan hdy quang cao nhét so
v&imau ZnO cling nhu cac mau ZnO dugc pha tap Fe
khac. Biéu nay ngoai nguyén nhan vé muic do tai két
hop gitta electron-16 tréng quang sinh nhu dugc luan
gidi & trén, né con co thé do kich thudc tinh thé trung

a) Hép phu —=-MB25mglL —e—ZnO
304 trongbéng toi | A 0.05%FeZnO —v— 0.1%FeZnO
0.5%FezZnO 1.0 %FezZnO
25 ,:. iCOe
E‘) 20 Phén hiiy quang xiic tic
o
=
S 15
0
=
o
Z 10
54
— T4
0- D S
T T T T T T T T
-30 -15 0 15 30 45 60 75 90

Thoi gian phan hity, phut

binh cla 0,1%FeZnO bé hon so vditat ca cac mau khac
téng hap dugc (Bang 1).

Ngoai ra, tu Hinh 6b cho thdy su phan hly MB tai
nong do 25 mg/L cac dudng thang biéu dién sy phu
thudc gitra In(C/Coe) theo thai gian déu cd hé s& tuang
quan > 0,98, ching to su phan hdy MB trén cac vat
litu ZnO dugc mo ta t6t bdi md hinh déng hoc biéu
ki€n bac mot. Tat ca cac mau ZnO dugc pha tap Fe
déu c6 giatri hang s6 kapp cao han dang ké so vai ZnO
khéng pha tap. Cac mau ZnO dugc pha tap Fe 0,05%,
0,1%, 0,5% va 1,0% c& gié tri kapp lan luct 1a 3.15x10°2;
733x102;,  292x102 va 215x102 phat!. Mau
0,1%FeZn0O 6 t6c dd phan hdy cao han gap 9,77 lan
so v3i mau ZnO khoéng pha tap (0.75x1072 phut™). Gia
tri kapp thu ducgic clia mau 0,1%FeZnO trong nghién clru
nay clng cho thédy I&n han so véi mét sé cong trinh
nghién cltu khac [5,11,14,18] da dudc béo cao trudc
day. biéu nay cho thdy vat liéu t&m nano ZnO dugc
pha tap bdi ion Fe3* cd tiém ndng Ung dung xir ly
thudc nhudm MB trong nudc thai.

Bang 3: Hiéu suét phan hty (H%) va cac thong sé
déng hoc phan hlly MB trén cac vat liéu khac nhau

b)

In(C/Cy,)

Méu T),/ |é mol /<app R2 H
Fe/Zn (%) (phut™) (%)

ZnO 0 0,75x102 0,983 4548

0,05%FeznO 0,05 3.15x10% 0989 91,58

0,1%FeZnO 01  733x10° 0988 99,71

0,5%FeZnO 05 292x102 0,989 90,04

1,0%FeZnO 10  215x102 0,988 81,72

Zno y =-0.0075x + 0.0248; R? = 0.983

0.05%FeZnO
0.1%FezZnO
0.5%FezZnO
1.0 %FeZnO

y =-0.0315x + 0.2356; R? = 0.989
y =-0.0733x + 1.0417; R? = 0.988
y =-0.0292x + 0.2183; R? = 0.989
y =-0.0215x + 0.1512; R? = 0.988

4brponm

0 k\.\'\l\.\.
214

27 4 N
31 A

44

15 30 45 60 75 90
Thoi gian phan hiy, phut

Hinh 6: Cac do thi vé a) mo ta can bang hap phu va phan hly QXT theo thdi gianva b) biéu dién su phu
thudc gitta InCt/Coe va thdi gian phan hldy MB trén mau ZnO va cac mau ZnO pha tap Fe (x%FeZnO)
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K&t ludn

Cac tdm nano ZnO dugc pha tap Fe & cac nong dé
khdc nhau da dugc téng hop va dac trung cac tinh
chat. Cac mau ZnO dudc pha tap Fe da cho thay kich
thudc tinh thé trung binh gidm cing vdéi su gia tang
nong do chat pha tap. Khi ham lugng Fe Ién hon >
0,05%, su thay thé cac vi tri clia ion Zn?* bdiion Fe3*
trong mang tinh thé ZnO da lam tang gia tri cla cac
hdng s6 mang ‘a’ va ‘'c’. Su quan sat TEM cho théy vét
litu ZnO pha tap Fe & dang cac tdm nano co bé mat
nhan bdéng va phan bé déng déu han so véi mau ZnO
knong pha tap. Két qua phan tich BET va ghi phd FT-IR
da chiing thuc cac tdm nano Fe-ZnO c6 dién tich bé
mat riéng 1&n han doéi chit va cd nhiéu nhdom hydroxy!
trén bé mat han so vdi ZnO. Sy hédp thu budc song dai
han trong ving anh sédng nhin thdy va su chuyén dich
do cla do réng ving cdm dugc quan sat thdy trén tat
ca cac mau ZnO dudc pha tap Fe. Hoat tinh QXT cla
cac tdm nano ZnO dudc tdng cudng déang ké chi khi
nong doé Fe3* phatap nho. Tai ndng dé pha tap téi vu
0,1%FeZnO hiéu sudt phan hiy quang dat cuc dai va
cao han gédp 2,19 l1an so v&i mau ZnO khong pha tap.
Ngoai ra, dT liéu thuc nghiém cla su phan hty MB
cho thdy dugc mo ta t6t bdi phuong trinh déng hoc
biéu kién bac mot véi hang s6 téc d6 biéu kién kapp =
7,33x102 phdt™ cho mau ZnO dudc pha tap bdi ion
Fe3* taity Ié Fe/Znt6iuu 0,1%.
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