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In this publication, we continue to study the optical properties of the
Eu®* doped ZrO,/GO nanohybrids (0-2 mol%, ZrGOEu) by
hydrothermal method and use it to removal of methylene blue (MB) in
water. Diffuse reflectance spectroscopy shows that the ZrGOEu
nanohybrid absorb energy in the visible region with bandgap energies
of about 2.375 eV — 2.750 eV. Methylene blue is well adsorbed by
ZrGOEu nanohybrid with efficiency of 45.606% — 54.248%. The
adsorption kinetics model was evaluated according to Lagergren's
linear first-order and second-order kinetics, showing that the second-
order linear Kkinetics model is a better fit, with the correlation
coefficient R = 1. The efficiency removal for MB the whole process
reached the highest 94.481%. Especially, the ZrGOEu hybrid
nanocomposites have excellent photocatalytic  ability, the
decomposition efficiency for MB reached 88.606% when illuminated
by xenon lamp in 180 minutes, according to the first order
decomposition kinetic model. With good characteristic properties, there
is potential to use ZrGOEu nano-hybrids in the treatment of organic
dyes and heavy metal ions in water.
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Trong cong bo nay, chiing toi tiep tuc nghién ctru tinh chat quang cua
cac nano lai ZrO,/GO pha tap Eu** (0 — 2 mol%, ZrGOEu) bing
phuong phép thuy nhiét va tng dung dé xu 1y xanh methylen (MB)
trong nuéc. Phd phan xa khuéch tan cho thdy, cac nano lai ZrGOEu hap
thy ning luong trong ving kha kién véi ning luong ving cam khoang
2,375 eV- 2,750 eV. Xanh metylen bi hap phu t6t boi cac nano lai
ZrGOEu Véi hiéu suat dat 45,606% - 54,248%. M6 hinh dong hoc haip
phu duoc danh gia theo phuong trinh dong hoc béc 1 va bac 2 tuyén
tinh cua Lagergren, cho thay md hinh dong hoc tuyén tinh bac 2 ¢6 su
pht hop t6t hon, vai hé s6 twong quan R2 = 1. Hiéu suat xir Iy MB cta
ca qua trinh dat cao nhit 94,481%. Dic biét, cac nano lai ZrGOEu c6
kha nang quang xuc tac tuyét voi, hiu suat phan huy MB dat 88,606%
khi chiéu sang dén xenon trong 180 phut, theo md hinh dong hoc phan
huy bac 1. V&i cac tinh chit dic trung tbt, tiém ning st dung cac nano
lai ZrGOEu trong xtr 1y phdm mau hitu co va cac ion kim loai ning
trong nudc.
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1. Mé dau

Nuée ludn 1a mot trong nhitng nguon tai nguyén thién nhién rat quan trong va quy gia. Tuy
nhién, do sy gia ting nhanh chong cua dan sé va tién bo cong nghiép, nguoén nu6C ngot dang bi
suy giam mot cach dang bao dong. Su suy glam chat lugng nudc boi cac chat gay 6 nhiém nguy
hiém da thuc day cac nha nghién ctru phat trién cac phuong phap tim ra vat liéu méi c6 hiéu qua
va chi phi xir ly thap Hap phu két hop véi quang xuc tac la mot trong nhitng bién phap c6 hiéu
qua dé loai bo nhiéu chat 6 nhidém, ngay ca ¢ nong do rat thap Gan déy, cac vat liéu nano dua
trén graphene oxit hira hen kha nang xtr 1y kim loai nang, thudc nhuom va cac chat 6 nhiém nguy
hiém khac, do tinh 6n dinh hoa hoc cao, dién tich bé mat 16n vai nhidu nhom chac hoat dong bé
mat, hiéu qua xir 1y cao va d& dang tai ché [1] — [5].

Bibin Jacob va cong su di diéu ché cac hat nano Co;0,/GO pha tap nito (NGCO), ty 1€ 2-10
mmol Co?* trong 50 mL of GO (2 mg/mL), thong qua phuong phap tong hop hoa hoc & nhiét do
thap. Vat lisu NGCO duoc sur dung lam chét xtc tac dé khur 4-nitrophenol (4NP) va xuc tac thuy
phan NaBH,. Vat licu NGCO8 the hlen hoat tinh xtc tac tot va on dinh cho qua trinh khir 4NP
v6i hing sb toc d6 1a 97,8 phat™.g™* & 303 K, dat hiéu sut phan huy 99,3% 4NP trong 11 phut.
Ngoai ra, NGCO c6 tiém nang hoat déng va do bén trong qua trinh giai phong hydro tir su thay
phan NaBH,, véi téc d6 tao hydro téi da 1a 2090,6 mL.min™.g™". Xuc tic phan ung thay phan
NaBH, theo md hinh dong hoc bac 0. Hoat tinh xtc tac ciia vat lisu NGCO duoc cai thién nhiéu
SO VGi cac hat nano Co;0, ban déu, 1a do kha nang phan tan tdt cta cac vi tri hoat dong va tac
dung hiép dong cua ca GO va N pha tap voi Coz0, [6].

Zhengting Zhang va cong sy da ché tao thanh cong vat liéu Eu/GO/PbO, bing phuong phap
ddng dién phan, ung dung lam xuc tac dién dé phan huy hydroquinone tai cuc duong. Vit liéu
Eu/GO/PbO, thu duoc ¢o ciu tric hat, kich thudc nho tir 17,11-21,88 nm, 1am tang cuong kha
nang chdng dn mon cua dién cuc. Bén canh d6, dién cuc Eu/GO/PhO, cé thoi gian sir dung lau
hon (87 gid), thé oxy hoa cao hon (2,64 V) va dién tro chuyén electron thap hon (41,08 Q) so véi
GO/PbO, va PbOz ban diu. Hoat tinh xuc tac dién cua dién cuc Eu/GO/PbO, duogc cho 1a nho
kha ning tao ra goc hydroxyl manh hon, nhleu vi tri hoat dong hon va dién tro chuyen electron
thip hon. Dudi sy tan cong lién tuc caa cac gbc hydroxyl tu do, hydroquinone cudi cing di bi
khtr thanh CO, va H,O [7].

Weiwei Guo va cong su da tong hop nano lai ZnO/GO/Fe bang phwong phap thuy nhiét,
nham nang cao kha niang cam bién phat hién HCHO. Vit li¢u nano lai ZnO/GO/x%Fe co kich
thudc hat 39,9-51,9 nm, dién tich bé mit riéng tir 16,5-48,2 m?/g, ning luong vung cam Eq giam
dan tir 3,51-3,23 eV. Cac nano lai ZnO/GO/5%Fe c6 kha ndng cam bién trong khoang nong doé
5,0-12,7 ppm HCHO ¢ 120 °C, thoi gian phan hdi va phuc hoi lan luot 1a 34 va 37 gidy, dong
thoi co do 6n dinh va d6 chon loc tét [8].

Rajinder Singh va cong su di ché tao thanh coéng cac composite CoFe,O, va nano lai
N/GO/CoFe,0, bang phuong phap thiy nhiét. Vat ligu CoFe,04 va N/GO/CoFe,0, co kich thudc
tinh thé khoang 100-150 nm. Cac N/GO/CoFe,0, c6 thé st dung 1am chéat quang xuc tic phan
hiay MB tt hon so v6i CoFe,0, ban dau. Ban chit tir tinh cua vat lisu NG@CoFe,0, giup cho
viéc thu hdi chit xic tac d& dang bang thanh nam cham sau khi xtr Iy [9].

Khushbu Sharma va cong su da tong hop vat liéu Sb,Sy/GO va nghién ciu sir dung lam chat
quang xtc tac dé phan haty phenol dé dudi anh sang kha kién. Vt lidu Sh,Sy/GO c6 céu trac spinel
lap phuong vdi kich thudc hat trung binh 1a 14,26 nm. Hoat tinh quang xtc tac cua Sh,Sz/GO phan
hity phenol do, dugc nghién ciru thong qua cac yéu td anh huong nhu pH, ndng do thube nhuom,
khéi lugng chit xtic tac va cuong do anh sang dén téc do phan huy. Qua trinh quang phéan da sinh
ra anion gdc phén tir oxy, duoc coi 12 nguyén nhan giy ra su oxy héa phenol doé [10].

Easar Alam va cong su da tong hop nanocomposite Fe;0,@mZrO,-Re (Re = Y/La/Ce) bing
phuong phap thiét ké mau thyc nghiém thong ké&, nham xir 1y As(III) va As(V) trong moéi trudng
nuéc. Két qua xtr 1y thong ké qua 14 1an thuc nghiém cho thiy, ty 18 mol tdi wu cua cac chat
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Fes0,, TMAOH:Zr(OBu)4:Y:La:Ce dugc chon 1a 1:12:11:1:0,02:0,08. Lép ZrO, bén ngoai cua
cac vat liéu nano tong hop duoc, chii yéu ton tai & dang ZrO, vo dinh hinh. Vat liéu c6 hiéu suat
tach tir tot, dang hat cau nano véi kich thugc 32-65 nm, dién tich bé mit riéng rat cao 1a 263 m%g
va rat giau nhom hydroxyl, thé tich mao quan 0,156 cm®/g va dudng kinh mao quan 2-5 nm.
Theo md hinh Langmuir, dung lwong hap phu As(II) va As(V) cao nhat tuong ing 1a 68,33
mg/g, 84,23 mg/g theo phuong trinh dong hoc bac 2. Kha néng tai sinh vat lidu la t6t, higu suat
hap phu lan hai véi As(l11) va As(V) van dat 75,15% va 77,59% [11].

Yinjun Li va cong sy da ché tao thanh cong cac vat lisu Eu/Zr-MOF bang phuong phép thuy
nhiét nham xac dinh tetracycline (TC) trong nuéc. Sy pha tap ion Eu®* vao lién két kim loai manh
cua Zr-0 theo ty I¢ mol (Zr:Eu = 1,5:1) da tao ra vat li¢u Eu/Zr-MOF véi cac dac tinh doc dao
nhu d6 6n dinh ciu tric trong qué trinh xur Iy TC, dong thoi 1am ting cudng do huynh quang dic
trung cia Eu®* & budce song 615 nm, gia tri gii han phat hién TC giam thap hon. Vit liéu co6 thé
phan tich dinh luong TC trong khoang nong d6 rong (0,001-0,5 pg/mL), giGi han phat hién thap
(0,00092 pg/mL), do thu hoi cao (93,16-104,16 %). Ngoai ra, Eu/Zr-MOF con thé hién kha ning
hip phu TC tét, dung lwong dat 289 mg/g trong dung dich nudc [12].

Yumkun Li va cong su da tong hop thanh céng GA va Co/GA bing phuong phap thuy nhiét,
dé tang kha nang oxy hoa cua peroxymonosulfate (PMS) trong viéc loai bo cac chét hitu co 6
nhiém kho phan huy trong nuéc. Toc do phan huy sulfamonomethoxine (SMM) khi c6 mat
Co/GA 1am xtc téc cho PMS dat 6,11.10"° min™, cao hon 3,04 1an so v&i khi c6 mat GA. Téc do
phan mg phan huy ciprofloxacin (CIP), sulfanilamide (SN) va rhodamine B (RhB) khi st dung
Co/GA/PMS c6 thé dat 7,75.10 3 min%; 17,6.10 ® min* va 36,4.10° min *, twong tng [13].

Trong phan 1 cua nghién ctru ndy, chung t6i di tong hop thanh cong cac vt licu ZrGOEu
(ZGE) bang phuong phap thuy nhiét. Cac ZGE ¢o day dii ddc trung tinh chat uu viét vé hinh thai,
Cu trac cua vat liéu nano lai trén nén graphene thong qua phéan tich XRD, Raman, FE-
SEM/TEM, EDS thanh phan va mapping, BET. O cong trinh nay, chiing ti tiép tuc chi ra viéc
tng dung ZGE dé xtr Iy pham nhudm xanh methylen (MB) trong méi trudng nudc.

2. Thuc nghiém
2.1. Héa chdt, thiét bi

- Vit liéu ZrGOEu d6 tinh khiét cao va xanh methylen (Merck, Dirc).

- Can dién tir £10 g; may khudy tir; may ly tam 8 chd (LDZ 1.2, Trung Quéc).

- Bén xenon (HID, H4, 12V, 7A, 55W, 4300K), kich thudc (dai 8 cm, duong kinh de 3 cm),
V6i co ché phat sang 1a hd quang dién, cuong d6 anh sang 4300K ¢ng v6i mau sang trang, choi
va hoi xanh & khoang 525-570 nm 1a mau séc tiéu chuin cua dén khi hoat dong.

- Pho phan xa khuéch tan cua cac vat liéu ZGE dugc xac dinh bang may quang phd UV-Vis-
DRS (Carry 5000).

- Phé hap thu phan tir cia MB duoc ghi do bang may quang phd UV-1700 (PharmaSpec,
Shimadzu, Kyoto, Japan).

2.2. Xir Iy xanh methylen bang vit ligu nano lai ZrGOEu

- Kha nang xtr Iy phAm nhudm cua vt liéu ZrGO:x mol% Eu®* (x = 0 — 2) duoc danh gia bang
su phan hity MB trong bong tdi va dudi anh sang kha kién (dén Xenon 300 W). Can 25,0 mg mdi
loai vt liéu ZGE va cho vao 30,0 mL dung dich MB (Co = 8,0 mg/L) trong cdc thuy tinh loai 100
mL. Giai doan du, dung dich dugc khuéy tur 15, 30, 45 va 60 phit trong bong tdi, dé dat trang
thai can béng hép thu. Giai doan sau, tiép tuc duge chiéu xa béng anh sang dén xenon 55W tir 0
dén 180 phut. Khoang cach tir dén dén dung dich MB dugc giit ¢6 dinh 12 10 cm. Dé han ché anh
hudng cua anh sang bén ngoai, toan bd hé théng thi nghiém duogc dat trong bué)ng tdi.

- Ngoai ra, hiéu suét hép phu va quang xuc tac dugc so sanh béng cach thuc hién mot thi
nghiém ddi ching twong ty nhu trén, nhung khong co vat liéu ZGE. Tai cac khoang thoi gian
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nhét dinh, sau khi ly tam & tde do 2000 vong/phut dé vat liéu 1§ng can, léy 2,0 mL dung dich sau
phan (mg quang hoa dé do d6 hap thu phan tr cia MB tai budc séng 662 nm. Sy giam ndng do
MB duoc xac dinh bang cach ghi lai cac gia tri hip thu cuc dai dé danh gia hiéu qua phan huy
MB ¢ cac thoi diém khac nhau. Hiéu suat xir Iy MB dugc tinh theo cong thirc (1):

€ =C 100-= (1—C3).1oo 1)

0 0
trong do, %H 1a higu suat phan hiy MB (%) va C,, C (mg/L) lan luot 1a ndng do cia MB tai
thoi diém ban dau va sau thoi gian chiéu sang (t) phut.

%H =

3. Két qua va thao luan
3.1. Phé phdn xa khuéch tdn UV-Vis-DRS va ning lwong viing cam ciia ZrGOEU

Céc tinh chét quang hoc cua vat liéu ZrGO:x mol% Eu® (x = 0 — 2) duoc nghién ctru thong
qua phd phan xa khuéch tan chi ra trén hinh 1. Két qua chi ra rang, cac dai hip thu cuc dai tur
ving can tir ngoai cua vat liéu nano lai ZGE c¢6 xu huéng dich chuyén vé phia budc song dai hon
trong khoang 200 — 800 nm. Budc song hip thu dugc xac dinh tir 450 nm — 520 nm, cho thiy cac
nano lai ZGE c¢6 kha ning hap thu trong ving 4nh sang kha kién. Do d6, su phan hiy quang xuc
tac cac chat mau boi cac nano lai ZGE duéi dnh sang kha kién c6 tiém ning trong xtr Iy nudc thai
hiéu qua.

Theo dudng cong ning luong Kubelka—Munk, d thé hién mdi quan hé giira ning luong ving
cam (Eg) va dai lugng (ohv)2 clia cac nano lai ZGE va duge chén vao hinh 1. Két qua cho thay,
khi ting ndng d9 pha tap ctia Eu3+ tir 0 mol% — 2 mol% trong ZrO,/GO, cac gia tri Eg cua vat
liéu ZGE giam xuéng, tir 2,750 — 2,375 eV va nho hon nhiéu so véi cac cong bo trude [6] — [12],
[15] - [17]. Két qua da ching minh rd sy pha tap cua Eu** vao ZrO,/GO da lam dich chuyén
dang ké su hap thu sang Vung kha kién. Hiéu mg nay c6 thé duoc giai thich bang viéc dua cac
muc nang luong 4f cua Eu** vao giita viing cAm cua ZrO, dé tao thanh cac mirc nang luong thip
hon trong vung cam cua ZrO,, lam giam Eq cua vt lidu tong hop xudng dudi 2,80 eV, diéu nay la
hitu ich cho hiéu suat phan huy chat mau bang quang xuc tac dudi anh sang kha kién.
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Hinh 1. Phé UV-Vis-DRS va duwong cong nang lirong Kubelka—Munk ciia ZrGOEu (1/1/x, x = 0 -2)
3.2. Sw bién déi nong dp MB khi cé cic vt liéu ZrGOEuU

D¢ déanh gia hi¢u qua cua viéc pha tap Eu®" va gin cac tm GO vao nén ZrO,, qua trinh hp
phu va phan huy quang xtic tic MB khi ¢6 cac chat xuc tac ZrGOEu (1/1/x, x = 0-2) da duoc
khao sat. Két qua dugc trinh bay trén hinh 2 va mo ta chi tiét ¢ bang 1.
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Hinh 2. Phé hdp thu UV-Vis ciia MB duwéi anh sang kha Kién khi khong c6 (a)
va c6 mat cua cdc xic tac ZrGOEu 1/1/x: (b)) x =05 (c) x =1; (d) x =2
Bang 1. Ty I¢ C/Cy cua MB dudi anh sang den xenon 55W tai cdc thoi diém khdc nhau
khi khong c6 va khi ¢6 mat cua ZrGOEu (1/1/x, x =0 - 2)
Thaoi gian - ZrGOEu ZrGOEu ZrGOEu
(min) Qué trinh MB (1/1/0%) (L/1/1%) (1/1/2%)
-60 1,00000 1,00000 1,00000 1,00000
-45 0,99346 0,64270 0,65359 0,54394
-30 0,98620 0,60349 0,64924 0,54248
-15 0,97749 0,59695 0,60349 0,53159
0 Hép phu 0,97095 0,57589 0,54394 0,45752
30 va quang 0,97023 0,52070 0,45316 0,35149
60 xUc tac 0,96078 0,44299 0,42484 0,28322
90 0,94699 0,41612 0,33842 0,17211
120 0,94336 0,38998 0,31082 0,11983
150 0,90487 0,35149 0,26870 0,08497
180 0,88308 0,28903 0,13508 0,05519
0 1,00000 1,00000 1,00000 1,00000
30 0,99925 0,90416 0,75912 0,72564
60 Quang 0,98953 0,76923 0,71168 0,58471
90 xuc 0,97532 0,72257 0,56691 0,35532
120 tac 0,97158 0,67718 0,52068 0,24738
150 0,93194 0,61034 0,45012 0,17541
180 0,90950 0,50189 0,22628 0,11394
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3.3. Ddnh gid khd ndng hdp phu ciia cdc vit ligu ZrGOEu

Nho cdu trac don 16p cia GO, dd lam ting dién tich bé mat riéng cua cic nano lai ZGE.
Nghién ctru truée di cho thdy, dién tich bé mit riéng cua ZrGOEu (1/1/1%) rat cao 102,624 m%/g,
thé tich mao quan 0,201594 cm*/g va dudng kinh mao quan 1én 3,9509 nm. Trong diéu kién bong
t5i, hiéu suat hap phu MB trén bé mit cia cac vat liu ZrGOEu (1/1/x, x =1-2) dat 45,606% -
54,248% va cao hon so voi ZrGOEu (1/1/0%) 1a 40,305%.

Dung lugng hap phu tai thoi diém t duoc tinh theo cong thirc (2):

q=S"Cy (2)
m
Phuong trinh d6ng hoc bac 1 va bac 2 dang tuyén tinh do Lagergren dwa ra theo cac cong thirc

3) va (4):

@)

log(q. —a;) =log q, — > 203"
t 1 t
L + = (4)
q kol q
trong do, e, G dung lugng hip phu ciia MB trén ZGE tai thoi diém cén bang va th0'1 diém t
(mg/Q); ki: hang s6 toc do hap phu bac 1 (phat 1; kz: hang s6 téc do hap phu bac 2 (g.mg™.phut™); t:
thoi gian hap phu (phit). Tur két qua nghién ctu anh husng cua thoi gian hap phu, ching toi tién
hanh nghién ctru dong hoc qua trinh hap phy MB theo 2 mé hinh dong hoc hap phu bac 1 va bac 2.
Két qua tinh toan cac thong s6 hap phu MB dugc chi ra & bang 2 va trinh bay trén hinh 3(a,b).

Bang 2. Théng s6 hap phu MB bang cdc vt liéu ZrGOEu
t Co

(min) ™ (mg) VvV (mL) (mg/L) vatligu C(mg/L) g:(mg/g)  de  log(de-qy) t/q,
15 25 30 8,0 5,1416 3,4301 4,0715 -0,1929 4,3731
30 25 30 8,0 ZrGOEu 4,8279 3,8066 4,0715 -0,5769 7,8812
45 25 30 8,0 (1/1/0%)  4,7756 3,8693 4,0715 -0,6943 11,6301
60 25 30 8,0 4,6071 4,0715 14,7367
15 25 30 8,0 5,2288 3,3255 4,3782  0,0223 4,5106
30 25 30 8,0 ZrGOEu  5,1939 3,3673  4,3782  0,0047 8,9092
45 25 30 8,0 (1/21/1%)  4,8279 3,8065 4,3782 -0,2429 11,8218
60 25 30 8,0 4,3515 4,3782 13,7042
15 25 30 8,0 4,3515 4,3782 5,2078 -0,0811 3,4261
30 25 30 8,0 ZrGOEu  4,3399 43922 5,2078 -0,0885 6,8304
45 25 30 8,0 (/12%)  4,2527 4,4967 5,2078 -0,1481 10,0073
60 25 30 8,0 3,6601 5,2078 11,5211

0244 ZrGOEU (1/11/2%): ¥ = (2.23.107 £0.00).x - (3.895.107 £0.03); R = 0.8314 m ZrGOEU (1/1/0%). ¥ = (023227 0.00594) x + (0.94532 £ 0.24383); R = 0.9987
® ZrGOEu (1/1/1%): y = (-8.84.10° £0.00).x + (0.19322 + 0.143); R? = 0.7996 16 ® ZrGOEu (1/1/1%): y=(0.20329 +0.02661).x +(2.11308 +1.09307); R = 0.9669
0.14= ZrGOEuU (111/0%) y = (-1.671.10245.10°).x+(1.339.10740.1662); R? = 0.9138 A ZrGOEu (1/1/2%): y =(0.18308 £ 0.02105).x + (1.08069 + 0.86453); R? = 0.9743
00d * . 14
01 124
F-02{ = .
-:; -0.3 4 ° S 104
= 0.4 -
_0‘5_
061 = *]
074 (a) Ll 4 i (b)
-0.8 ; : : : : : ; . . . .
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Hinh 3. (a) Bong hoc hap phu biéu kién bédc 1 va (b) biéu kién bdc 2 dang tuyén tinh ciia ZGE doi véi MB
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Quan sat két qua trén hinh 3a nhan thdy, theo mé hinh dong hoc hap phu bac 1, hé sb tuong
quan R2 dat tir (0,7996 — 0,9139). Con két qua trinh bay & hinh 3b cho thiy, mé hinh dong hoc
hap phu bac 2 d6i véi MB, ¢o céc gia tri R2 = (0,9743 — 0,9987) =~ 1,0. Nhu vay, su hap phu MB
boi cac vat lieu ZGE tuan theo phwong trinh dong hoc bac 2 cua Lagergren. Dua vao két qua
thdng ké trén hinh 3b, x4c dinh dugc dung luong hap phu can bang tinh theo mé hinh dong hoc
bac 2 twong tmg 1a qcal = 4,3053; 4,9191; 5,4621 mg/g va hing sb toc do cua phan tng hip phu
tuong (g Véi cac vat lidu trén 1an luot 1a k, = 0,0571; 0,0196; 0,0310 (g.mg.phut™).

3.4. Danh gid hoat tinh quang xiic tdc cua cdc vit ligu Zr/IGO/X%Eu

Sy suy giam ndng d6 cia MB theo thoi gian khi khong c6 va khi c¢6 miat cac ZrGOEu, duoc
trinh bay trén hinh 4. Hiéu suét xur Iy MB (ca qua trinh hap phu va quang xtic tac) cta cac vat liéu
ZrGOEu (1/1/x, x = 0-1) dat tir 71,097% - 94,481%. Hiéu suat dat dugc nay la tuong duong voi
mot s6 vat liéu khac trén nén GO khi xtr Iy mot sb chét chiru co nhu MB, 4-nitrophenol, phenol
do, metyl da cam (MO), pham nhuém xanh malachite (MG), trong khoang 92-99% [4], [6], [9],
[10], [17], [18]. Xét riéng giai doan quang xuc tac, hiéu suat quang xtic tic phan hity MB ting tir
49.811% 1én 88,606%, cho thdy néng d6 pha tap cua ion Eu®** c¢6 anh huong Ién dén kha ning
quang x@c tac clia cac nano lai ZrGOEu khi chiéu sang. Duéi anh sang dén xenon 55W, do céac
gia tri Eq cta vat ligu pha tap Eu®* 1a thap hon so véi khi khong pha tap Eu®* (hinh 1), nén hiéu
suit phan huy quang xtic tic ctia cac nano lai ZrGO:x mol%Eu (x = 1-2) duoc ting cao hon so
V6i ZrGOEu (1/1/0%). Piéu nay 1a do khi ting mol% cuia ion Eu*, da ngin can su tai hop
electron — 15 trong, dic biét hiéu ing quang xtic tic ciia vat liéu ZrGOEuU 1/1/2% thé hién rd nhat
trong khoang tir 30-90 phit dau chiéu sang dén xenon, hiéu suit phan huy MB ting tir 27,436%
1én 64,468%, tuong ng.

A ZrGOEU (1/1/2%) y =(1216.102:4.3401.10).x - (0.06579+0.04695); R* = 0.9937

1.0 4 2.5 ZrGOEU (1/1/1%): y = (6.92.10°£0.0011) x - (3.453.10%0.1188); R? = 0.8882

0.9 Dark m W ZrGOEU (1/1/0%) y = (3.55.10%+2.482.10"%).x + (3.55.107+0.02686); R? = 0.9761
A

0.8 —=—MB .

—+— ZrGOEU (1/1/0%)

—i— ZrGOEu (1/1/1%)
064 e —v— ZrGOEu (1/1/2%)

0.7
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Hinh 4. Qua trinh hap phu va quang xuc tdac xur ly Hinh 5. Bgng hoc tuyén tinh cua phan ing quang
MB bang cdc vt ligu ZrGOEu (1/1/x) xuc tac phdan huy MB bai cdc vdt ligu ZrGOEu

(1/1/X) duwéi chiéu sang dén xenon 55W

DPuong hoi quy tuyén tinh theo mé hinh dong hoc bac nhat cua cua phan img quang xic tac
phan huy MB béi cac nano lai ZrGOEu (1/1/x) dugc fit bang phan mém Origin va trinh bay trong
hinh 5. Cac phuong trinh hdi quy déu c6 dang y = a.x +b, duoc théng k& mé ta cung véi hé sb
tuong quan R, Cac gia tri R* = 0,8882 — 0,9937, khang dinh cac dwong hdi quy 1a tuyén tinh,
chimg minh dong hoc phan tng phan huy MB 14 bac 1. Gia tri (a) phan anh hang sé toc do (k)
cua phan mg phan hity MB trén bé mit cac nano lai ZrGOEu (1/1/x) va duoc xac dinh tuong ¢ng
bang 3,550.10°%; 6,920.10°° va 1,216.10 phit . Qua do cho thay, cic nano lai ZrGOEu (1/1/1%)
va ZrGOEu (1/1/2%) thé hién hoat tinh quang xtc tic cao hon han véi hang sé tdc do phan ting
cao hon gap 3,425 1an so véi ZrGOEu (1/1/0%) dudi chiéu sang dén xenon 55W.
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Céc nhom chirc hoat dong trén bé mit ciia GO va tuong tac nhém ZrO,-Eu®* trong chét xiic
tac, da thuc déy su hinh thanh cac tim giao dién Ién trén bé mit cia cac nano lai ZrGOEu, noi
MB dugc hap phu va sau do bi phan huy. Trong do, su phan huy MB dugc xic tac boi cac tam
ZrO,: Eu® lién ving, 13 yéu tb c6 vai trd chinh cua hoat dong quang xuc tac [19].

Co ché quang xtc tac cua cac nano lai ZrGOEu, co lién quan dén chuyén giao giira cac hat
mang dién, dugc dé xuat theo cac phuong trinh sau [11], [14], [16]:

GO/ZrO;:EW* + hv — g +h" e +0,— 0y h* +H,0 — OH + H*

h + OH — OH’ 'Oz- +H — HOz. '02- + HzO — H02 + OH"
HOZ. Hzo — H202 + OH- HZOZ — ZOH.

MB + '02_ — C02 + Hgo MB + OH- — COZ + Hgo

Céc két qua nghién ctru da khéng dinh dic trung tinh chat ndi bat, kha ning hap phu, ciing
nhu hiéu suit quang xuc tac rat tot cua cac ZrGOEu (/1/x). dbi voi phdm nhuém MB. Pay 1a co
sO dinh huong cho nghién ctru trong thoi gian toi, tiép tuc tong hop cac vat liéu ZGE voi su thay
ddi céac ty 1€ hop phan Zr/GO/Eu, nham nang cao hon nita hi¢u Sult xur ly thudc nhudom hitu co,
du luong khang sinh, cac ion kim loai ning gay 6 nhiém, khang khuén va xuc tac oxi hda-khir.

4. Két luan

Pi danh gia tinh chat quang va xac dinh ning luong ving cim cua cic nano lai ZrGOEu
(ZGE) bang phuong phap phé UV-Vis-DRS. Vit liéu ZGE c6 kha ning xir Iy MB theo 2 giai
doan, trude tién 1a kha nang hap phu tét MB véi hiéu suat dat 45,606% - 54,248%, tuan theo
phuong trinh dong hoc bac 2 dang tuyén tinh ctia Lagergren. Dac biét, 1a giai doan quang xtc téc,
cac ZGE c6 kha ning xir Iy gan nhu hoan toan MB véi hiéu sut cao nhét dat 94,481% va dat
hiéu qua nhét trong 30-90 phut dau khi chiéu sang dén xenon. Céac nano lai ZGE c6 tiém ning
g dung 1am vat liéu hap phu va xuc tac quang trong xir Iy 6 nhidm chét hitu co ciing nhu cac
ion kim loai trong moi truong nudc.
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