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Tom tat:
Vit liéu nano ZnO (nZnO) pha tap Pr (nZnOPr) dwoc tong hop bing phwong phap
két tiia, phwong phap phd bién trong nghién ciru vat liéu nano. Tinh chat cia vat
ligu dwoge dic trung héa bing cac ki thuat ghi pho nhiéu xa tia X (XRD), pho héng
ngoai bién déi Fourier (FTIR), phd tir ngoai kha kién (UV-Vis) va kinh hién vi dién
tir quét phat xa trweong (FESEM). Bén canh dé, hoat tinh quang xtc tac duwge danh
gia théng qua qué trinh phan hay xanh methylene (MB) trong dung dich nwéc dwéi
anh sang mat trai. Két qua nghién cieu chi ra ring, khi ting nhiét dd nung tao mau
tir 900 18n 1000 va 1100°C, hiéu suat phan hiy MB ciia ca mau nZnO va nZnOPr
déu giam. Trong d6, mau ZnOPr0,5% nung & 900°C cho hiéu suit quang xdc tac
tot nhat duéi anh sang mat troi, véi hiéu suat khir mau MB dat téi 99,0%.
Tar khéa: nano ZnO, pha tap, phan hay, praseodymium oxide, xanh methylene
Chi so phan logi: 1.4, 2.4,2.5
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Abstract:
In this study, praseodymium oxide-doped nano ZnO nanomaterials (nZnOPr)
were synthesised by means of the precipitation method, which is widely applied for
preparing nanostructured compounds. Following the synthesis, the structural,
optical, and morphological properties of the resulting materials were
comprehensively characterized. This was accomplished through a suite of
analytical techniques, including X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), ultraviolet-visible (UV-Vis) spectroscopy, and field
emission scanning electron microscopy (FESEM). Furthermore, to evaluate their
practical applicability, the photocatalytic activity of the nanomaterials was
meticulously evaluated through the process of monitoring the degradation of
methylene blue (MB) in an aqueous solution under natural sunlight exposure. The
experimental results clearly revealed that increasing sintering temperature from
900 to 1000 and 1100°C led to a reduction in the MB degradation efficiency for
both nano ZnO (nZnO) and nZnOPr samples. Notably, among all tested
conditions, the ZnOPr0.5% sample sintered at 900°C exhibited the best
photocatalytic performance wunder sunlight, achieving nearly complete
decolourisation of MB with an efficiency of 99.0%.
Keywords: degradation, doping, methylene blue, nano ZnO, praseodymium oxide
Classification numbers: 1.4,2.4, 2.5
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1. Pit van dé

Zinc oxide (ZnO) duoc xem la chat xuc tac day tiém ning trong viéc phan hay
cac chat mau hiru co ciing nhu khtr tring nuéc. So véi TiO2 va mot s6 oxit ban dan khac,
ZnO c6 kha ning xuc tac quang héa cao hon nhd kha ning hap thu birc xa mit troi hiéu
qua [1-4]. Tuy nhién, ZnO c6 ning luong ving cam kha 16n (3,27 eV), tuong (ng Voi
viing &nh séng cuc tim, von chi chiém khoang 5% trong phd birc xa anh sang mat troi,
nén hiéu qua x(c tac quang trong diéu kién &anh sang tu nhién con han ché. Bé nang cao
hoat tinh xUc tac quang va mé rong pham vi ung dung cua ZnO, diéu can thiét 1a thu
hep dugc nang lugng ving cAm caa ZnO va han ché qua trinh tai hop gitra electron va
15 tréng quang sinh. Mot trong nhitg phuong phap hiéu qua Ia pha tap (doping) kim
loai, phi kim hoac déng thoi ca hai vao mang ZnO, gilp cai thién rd rét hiéu suat xdc
tac quang cua vat liéu nay. Trén thé giéi ciing nhu tai Viét Nam, di c6 nhiéu cong trinh
nghién ctru vé vat liéu ZnO pha tap nham nang cao hiéu qua quang xuc tac [5-9]. Pha
tap duoc xem la mot trong nhitng phuong phap hiéu qua nhat trong viéc cai thién hoat
tinh quang xdc tac ciia ZnO. Viéc pha tap kim loai c6 thé lam thay doi cau tric ving
ning luong cia ZnO, dong thoi tao ra cac khuyét tat tinh thé, dién hinh 1a khuyét tat 1

trng oxy (V). Céc ion kim loai pha tap, dic biét 1a nhitng kim loai da hoéa tri, con c6
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thé dong vai tro nhu cac “bay” electron, két hop voi cac khuyét tat oxy, gép phan thic
day qua trinh phan tach hiéu qua giira electron va 13 trbng quang sinh. Bén canh do, pha
tap kim loai con gillp mé rong kha ning hap thy anh séang cia ZnO sang ving kha kién,
nho Viéc tao ra cac mirc niang lugng trung gian trong ving cam. Diéu nay gop phan ting
cudng dang ké hoat tinh quang xtc tac dudi anh sang mat troi. Cac nghién ctu vé ZnO
d6ng pha tap praseodymium va nghién ciru kha ning xtic tic quang cua né da cho thiy
kha nang xuc tac phan huy Rhotamin B cua né duéi anh sang mat troi [10]. Nghién cau
nay trinh bay viéc tong hop vat liéu ZnO pha tap Pr bang phuong phap két tua. Cac dic
trung tinh chat va ciu tric caa vat liéu nano ZnO pha tap Pr ciing nhu kha ning quang
xuc tac phan huy xanh methylene (MB) dudi anh sang mat troi cling duoc trinh bay va
thao luan chi tiét.
2. Vat li¢u va phwong phap nghién ciru

2.1. Nguyén ligu va hoa chat

Nano kém oxit ZnO (nZnO, 99,5%, kich thudc hat trung binh 100 nm;
praseodymium (I11) nitrate hexahydrate (Pr(NOs)3.6H20, 99,99%) duoc cung cap boi
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hdng Hang Aladdin (Trung Quéc). Diethanolamine (DEA, 99%, di-etanol amin), dang
long dwoc cung cap boi cong ty TOC Glycol Chemical (Thai Lan). Phenolphthalein
(C20H1404), dung dich amoniac (NHs, 25-28%), xanh methylene (C16H1sCIN3S, 99%),
duoc san xuat boi cong ty hda chit Xilong (Trung Qudc).

2.2. Ché tgo mdu nano ZnO pha tap Pr

Quy trinh ché tao mau hat nZnOPr0,5% (bang 1) dwoc thuc hién nhu sau: 5 g
nano ZnO duoc phan tan trong 20 g nudc cat va khudy déu trong 20 phut. Tiép theo,
0,133g Pr(NO3)3-6H20 dugc thém vao cung vai giot dung dich phenolphthalein 1% lam
chi thi. DEA duoc nho dan dén khi dung dich chuyén sang mau hong nhat, dung dich
duoc khudy thém 1 gio. Chat rin thu dwgc thu hoi bang quy trinh ly tdm (6000
vong/phut, trong 6 phat) va ria lai 2-3 l1an bang nudc cat hoic cho dén khi dung dich
rica dat pH 7, sau d6 sdy kho ¢ 110°C trong 24 gid, nghién min va nung ¢ 900, 1000 va
1100°C. Mau sau khi nung tiép tuc duoc nghién lai va ray qua sang 160 pum, cudi ciing
dugc bao quan trong lo kin. Mau nZnOPr3% ciing dugc ché tao tuong tu.
Bang 1. Thanh phan cac chat dung trong téng hep cac nano ZnO pha tap Pr

STT Ki hiéu miu ZnO  Pr(NOs):.6H.O  DEA Nwéc cat

1 nZnO 5 0 0 20,0
2 nZnOPr0,5% 5,00 0,133 0,096 20,0
3 nZnOPr3% 4,88 0,798 0,579 20,0

2.3. Diic tring tinh chit

FTIR: Pho hong ngoai bién d6i Fourier (FTIR) ciia mau bot nZnO va nZnOPr
dugc ghi trén may quang pho héng ngoai bién doi Fourier Nicolet iS10, hing Thermo
Scientific & nhiét do phong, trong khoang 4000-400 cm™t véi do phan giai 4 cm™ va 32
lan quét, sir dung phuong phéap ép vién KBr.

XRD: Phuong phap nhiéu xa tia X (XRD) ctia cac mau bot nZnO va nZnOPr
dugc phan tich bang may do nhiéu xa D8-Advance véi buc xa Cu K, hoat dong ¢ 40
kV/25 mA véi budc song A = 1,5406A.

SEM: Hinh thai ciu tric cia mau nZnO va nZnOPr dugc quan sat bang cach sir
dung kinh hién vi dién tir quét phat xa treong JSM-1T800 hang Jeol, Nhat Ban.

UV-VIS: Méy do quang phd UV-Vis S80 hdng Biochorm (Cong hoa Phap) duoc
sir dung dé phan tich phd hap thy UV-Vis caa bot nZnO ban dau va nZnOPr sau khi



nung véi khoang budc song tir 400-800 nm, dung mai so sanh 13 nudc, ham luong chat
ran duoc sir dung 1a 0,006 mg/ml.

2.4. Ddanh gid hogat tinh quang xuc tac cua vt liéu dwéi anh sdng mat troi

Cac dung dich MB chuan véi cac nong d6 twong tng (Cme) duoc ghi phd hip thu
UV-Vis va xac dinh d6 hap thu (A) dic trung ciia xanh methylene & budc song khoang
665 nm. Do hip thu A duoc xac dinh bang khoang céch tir dinh dic trung 665 nm cua
phd UV-Vis dén dudng co sé (base-line) tao boi cac chan day thap gan nhét véi dinh
dic trung nay. Két qua xac dinh duong chuin do hap thu A theo nong d6 C cua MB
dugc xac dinh boi phuong trinh A=0,0412xCwmg, Véi hé s6 tuong quan R?=0,996 (hinh
1).
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Hinh 1. Pwong chuin dd hap thu A theo ndng d9 xanh methylene (MB).
Céc ong nghiém chira cac chat ran nZnO va nZnOPr0,5% (0,006 g/ml) duoc phoi dudi
anh ning mit troi (trong khoang tir 10A.M-15P.M) vao cac ngdy nang cho dén khi mat
mau. Thoi gian 1dy mau 13 0, 3, 5 gio (h). Mau dung dich duoc do quang phdé UV-Vis va
xéac dinh cudng d6 hap thu & bude song 665 nm. Hiéu suat (H) phan hiy MB tinh theo
cong thic: H = (Co-Cy)/Co, trong do, C, 1a néng dd MB ban dau, C: néng do MB sau
khi phoi ning va 1dy miu dung dich & thoi diém t (h). H ciing c6 két qua twong tr khi
tinh thong qua cong thuc H = (Ao-At)/A,, trong dd A, 1a do cao peak dac trung & 665
nm cua phé UV-Vis ctia mau & thoi diém ban dau, A 1a do cao peak dic trung ctia mau
dung dich sau khi d3 phoi ning va ldy mau dung dich & thoi diém t (h).
3. Két qua va ban luan

3.1. Phé héng ngogi ciia mdgu nZnO va nZnOPr

Hinh 2 12 phd hong ngoai (FTIR) ciia mau nZnO va nZnOPr vai cac ham lugng

Pr khéc nhau. Hinh 2A cho thiy dao dong hoéa tri (v) cia Zn-O trong mang tinh thé xuat
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hién ¢ 436 cm™ [11]. Céc peak hap thu & 3448 cm™ va 1634 cm™ la dic trung cua
v(OH) bé mat [12]. Khi pha tap véi Pr, phd FTIR cua cac mau nZnOPr0,5% (hinh 2B)
va nZnOPr3% (hinh 2C) xuat hién thém cac peak hap thu méi, lan luot & 1101 va 984
cm™* (mau ZnOPr0,5%) va ¢ cac vi tri 1070, 1113 cm™ va 1187 cm™ (véi mau
nZnOPr3%), cé thé gan cho cac dao dong cua v(Pr-0). Diéu nay 1a do cac hat PrsO11 da
hinh thanh trén bé mit céc hat nZnO ban dau. Co ché hinh thanh oxit nay 1a su tao thanh
Pr(OH)s ¢ giai doan dau, sau d6 chuyén hoa thanh PreO11 trong qué trinh nung & nhiét

do cao.

(A): nZn0
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Hinh 2. Phé FT-IR ciia mau (A) nZnO, (B) nZnOPr0,5% va (C) nZnOPr3%.

3.2. Phé nhiéu xg tia X ciia mdu nZnO va nZnOPr ¢ cac nong d¢ khac nhau

Hinh 3 1a cac phd nhidu xa tia X (XRD) cua ca&c mau nZnO, nZnOPr0,5% va
nZnOPr3%. Hinh 3A cho thay céac peak nhiéu xa dic trung ctia ZnO (phl hop Vvéi thé
chuan JCPDS 01-082-9744 cua ZnO dang wurtzite, hay con duoc goi 1a Zincite) trong
g vai cac mat tinh thé (100), (002), (101), (102), (110), (103) va (112). Khi ham luong
Pr tang tir 0,5% Ién 3%, cac phd XRD trong hinh 3A va 3B cho thay sy xuét hién caa
mot s6 dinh nhidu xa mai, mac du khdng that su rd nét. Boi véi mau nZnOPr0,5%, ¢
hai dinh méi tai cac goc 20 la 28,65° va 33,20° (phu hop vai thé JCPDS 01-075-6705
cta PrO2). Hinh 3C thé hién rd hon vai bn dinh méi tai cc vi tri 28,25°, 32,74°, 46,99°
va 55,71° (pht hop véi thé chuan JCPDS 00-042-1121 cua PrsO11) [1].
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Hinh 3. Phé XRD ciia mau (A) nZnO, (B) nZnOPr0,5% va (C) nZnOPr3%.

3.3. Hinh thdi va kich thwéc ciia mdu nZnO va nZnOPr

Hinh 4 1a anh FESEM cta mau nZnO ban dau (nung 900°C), mau nZnOPr0,5%
(nung 900°C) va mau nZnOPr3% chua nung va sau khi nung & 900°C. Hinh 4A cho
thay hinh thai bé mat cia mau nZnO, trong d6 cac hat c6 hinh dang gan véi luc giéc.
Hinh dang nay phu hop véi cta ciu tric wurtzite cia ZnO nhu di dugc xac nhan boi
két qua XRD (hinh 2). Dudi tac dung cua qua trinh say va nung, cac hat nano ZnO so
cap c6 xu hudng két dinh thanh tirng cum véi s6 lwong 2-10 hat so cap. Phan 16n hat so
cap c6 kich thudc nho hon 100 nm. Hinh 4B 13 anh FESEM cua cac hat nano
nZnOPr0,5%, trong d6 cho thay phan tng két taa dan dén su tao thanh Pr(OH)s tur
Pr(NOs)s d3 xtc tién qué trinh lién két cac hat nano ZnO. Mac du vay, phan Ion céc hat
S0 cap van gilr duoc déu co kich thudc nhd hon 100 nm. Hinh dang da giac cua hat
khéng con rd rang nhu & mau ban dau, chirng to qua trinh tong hop hat nZnOPr ¢6 thé
d3 1am bién doi bé mat cac hat nano ZnO, khién ching tré nén tron hon va it sic nét goc
canh hon. Hinh 4C thé hién hinh thai bé mit caa mau nZnOPr3% chua nung, trong d6
ngoai cac hat nano ZnO con quan sat duwoc Su Xuat hién cia mot cau tric hat khac, phan
bd xen k& va c6 hinh thai khong dong nhat. Cau tric ndy cd thé gan véi sy tao thanh cua
Pr(OH)s tir tién chat Pr(NO3)s trong qué trinh két taa, gop phan 1am bién d6i dic trung
bé mit so v&i miu nZnO ban dau. Cé4c hat nano ZnO phan b kha roi rac, bé mat gd ghé
va ton tai nhiéu khoang trong gitra cac cum hat, chiing ¢6 xu huéng két tu nhung chua
hinh thanh bién hat rd rang. Trong khi d6, hinh 4D la anh FESEM ctia mau nZnOPr3%

sau khi nung ¢ 900°C. Sau khi nung, pha Pr oxide gan nhu khéng con quan sat thiy &
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dang hat riéng r&. Quan sét ki hon cho thay cac ciu trdc c6 thé gan véi Pr oxide da phan
bd & ving bién hat ZnO, goi y rang Pr c6 thé ton tai ¢ trang thai pha phu rat min hoic
da twong tac tryc tiép vai ranh gisi hat ZnO. Céc hat da phat trién 16n hon, bién hat tro
nén rd nét va hién trong két khdi thé hién rd rét, dan dén céu tric dic hon. Qué trinh
nung ciing thiic day sy két tinh, khién bé mit hat tré nén déng déu va giam dang ké do

x6p S0 Vi mau chua nung.

FOV HYV FC m HV 82/

Hinh 4. Anh FESEM ciia mau (A) nZnO, (B) nZnOPr0,5%, (C) nZnOPr3% (chua

nung) va (D) nZnOPr3% (da nung ¢ 900°C).

3.4. Khd néng phan hity MB ciia cac mdu nZnO va nZnOPr

Hinh 5 trinh bay phd hap thu UV-Vis cua dung dich MB sir dung mau nZnO nung
& cac nhiét d6 khac nhau (900-1100°C) 1am x(c tac phan huy, trong khi hinh 6 thé hién
phd hap thu twong tng khi sir dung mau nZnOPr0,5% lam xuc tac quang. Nhin chung,
cac miu nZnO va nZnOPr déu cho hiéu qua xuc tac quang tbt, do hap thu cua dinh tai
665 nm déu gan nhu bang 0 sau 3 gio (h) phoi ning. Tuy vay, kha ning xuc tac phan
hity ctia ca hai mau nZnO va nZnOPr déu c6 xu huéng giam, khi ting nhiét d6 nung.
Sau 3 gio phoi nang, hiéu suat phan hay MB cia mau nZnO nung & 900, 1000 va 1100°C
lan luot 12 58,2; 41,2 va 32,4%. Khi sir dung mau nZnOPr nung & 900, 1000 va 1100°C,
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hiéu suat phan huy MB dat lan luot 1 63,4; 48,5 va 33,8%. Nhu vay, sau 3gid phoi nang
mau dung dich chira nZnOPr0,5% nung & 900°C c6 d6 hap thu A giam 3 hon so Vi
mau nZnO.

Sau 5 gior phoi nang, hiéu suit phan huy MB cua mau nZnO nung & 900, 1000
va 1100°C lan luot 12 98,0; 94,4 va 91,0%. Khi st dung mau nZnOPr0,5% nung & 900,
1000 va 1100°C, hiéu suat phan huy MB dat lan luot 1a 99,0; 95,3 va 93,6%. C6 thé thay
mau nZnOPr0,5% nung & 900°C c¢6 do hap thu thap nhat sau 5h phoi ning, MB gan nhu
mat mau hoan toan trong dng nghiém, twong tng véi hiéu suat phan hay tinh duoc 12
99,0%. Hiéu suat quang xUc tac cao ciia mau nZnOPr0,5% nung & 900°C cd thé duoc
ly giai boi viéc vat liéu gitr lai mot mace d6 cao cac khuyét tat mang tinh thé, dic biét 1a
cac 16 trong oxy, khi nung & nhiét do twong dbi thap [12]. Nhitng khuyét tat nay dong
vai trd quan trong trong viéc kéo dai thoi gian séng cua céc cap electron-15 trong, tir d6
nang cao hiéu qua quang xuc tac. Két qua nay ciing goi Y rang viéc tiép tuc giam nhiét
d6 nung va/hoic téi vu héa phuong phap tong hop cd thé 1a hudng di tiém nang dé tiép
tuc cai thién hiéu suat xuc tac quang cua vat liéu nZnO pha tap Pr, vi du nhu dong thoi

hinh thanh cau tric nano caa nZnO va PrgOu1.

(A): Phé UV-Vis cua cic dung dich MB chira mdu nZnO nung & | (B): Hiéu sudt phan hiy MB trong cac dung
cac nhiétdo khac nhau dich chira nZnO theo thoi gian phoi
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Hinh 5. (A) Phé UV-VIS cua dung dich MB chtra cac mau nZnO nung & cac nhiét do
khac nhau, trude va sau khi phoi ning, (B) Hiéu suit phan hiy MB cua cac dung dich

chira mau nZnO theo thoi gian phoi nang.



: Phd UV-Vis cua cac dung dic chira mau nZn ,5% : Hiéu suat phan hay MB cua cac dd chira
A): Pho UV-V d dich MB ch ZnOPr0,5% (B):H han huy MB dd ch
nung ¢ cac nhiét dé khac nhau nZnOPr0,5% nung & cac nhiét do khac nhau
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Hinh 6. (A) Phé UV-VIS cua dung dich MB chira ca&c mau nZnOPr0,5% nung & Cac
nhiét d6 khac nhau, trude va sau khi phoi nang, (B) Hiéu suat phan hily MB cua cac
dung dich chira mau nZnOPr0,5% nung & cac nhiét do khac nhau.
4. Két luan

Mau nZnO pha tap Pr (nZnOPr) da duoc tong hop thanh cong bang phuong phap
két taa. Phd FTIR cho thiy su xuat hién cac peak dic trung cua lién két Pr-O. Phd XRD
cho thdy nZnOPr c6 cau triic chii yéu 1a hexagonal wurtzite ciia ZnO, dong thoi xuat
hién PreO11 véi ham lwong nho. Anh FESEM cho thay vt liéu nZnOPr thu duoc & dang
hat voi kich thuéc trung binh dudi 100 nm. Ca hai vat liéu nZnO va nZnOPr déu thé
hién kha ning xUc tac quang trong phan hily MB, trong d6, mau nZnOPr0,5% nung &
900°C cho hiéu qua phan huy MB ngoai troi cao hon so véi cdc mau nung ¢ 1000°C va
1100°C. Sau 5 gid phoi sang, vat liéu nZnOPr0,5% gan nhu lam mat mau hoan toan
MB, véi higu suat dat téi 99,0%.
LOT CAM ON

Nghién ctru nay duoc tai trg bai B Khoa hoc va Cong nghé Viét Nam (MOST)
cho dé tai véi ma s6 DPTPLCN.22/23.
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