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Received: 27/11/2024 This  publication further investigates the chemical composition, energy
reflection/diffusion properties and surface charge of Bi**-doped Zr0,@GO
Revised: 03/01/2025 nanocomposites (ZrO,@GO:Bi**) have been synthesized by ultrasound-assisted
. . hydrothermal method, aiming to exploit the photocatalytic applications. The EDX
Published: 04/01/2025 spectra confirm that the ZrO,@GO:Bi** nanocomposites have high purity with the
main chemical components (Zr, Bi, C, O), which are evenly dispersed in the sample
KEYWORDS matrix. The zeta potential distribution spectra demonstrate that the surface charge of
Zr0,@GO Zr0,@GO:Bi*" materials had highly negative surface charges with zeta potential
_3+2 values ranging from —2.77 mV to —16.03 mV. The diffuse reflectance spectra show
Bi that Bi®* ion doping reduced the band gap of ZrO,@GO from 2.50 eV to about 2.13—
Activity 2.00 eV in the ZrO,@GO:Bi** nanocomposites. The Zr0,@GO:Bi* nanocomposites
Photocatalytic have a m_egatively charged surf_ace, sui_ta_ble for treating posi_tively charged dyes such as
Rhodamine B Rhodamine B. The adsorption efficiency of Rhodamine B on the surface of

Zr0,@GO:Bi** nanocomposites reaches 35.97% - 39.70%. The Bi®* ions improve the
photocatalytic ability of ZrO,@GO:Bi** material, while the Rhodamine B
decomposition reaction reaches 91.84% efficiency and followed the first order kinetic
equation, when illuminated with xenon lamp for 180 minutes. The ZrO,@GO:Bi**
materials has excellent properties and great potential in treating wastewater
contaminated with dyes and organic substances that are difficult to decompose.
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Cbong bd nay tiép tuc di sdu nghién ciru thanh phan hoa hoc, tinh chat phan xa/ khuéch
tan nang luong va dién tich bé mat cua nanocomposite ZrO,@GO pha tap Bi**
(Zr0,@GO:Bi*") téng hop bang thuy nhiét hd trg siéu am, nhdm khai thac tng dung
quang xuc tac. Phuong phap phdé EDX xéc nhan cac nano ZrO,@GO:Bi* ¢6 do sach
€ao VGi cac thanh phan héa hoc chinh (Zr, Bi, C, O) duoc phan tan déng déu trong nén
mau. Pho phan bd thé zeta chimg minh dién tich bé mat cua cac vat lidu
Zr0,@GO:Bi* mang gia tri 4m cao tir 2,77 mV dén -16,03 mV. Phé phan xa khuéch
tan cho thay su pha tap ion Bi** d4 lam giam d6 rong ving cam cia ZrO,@GO tir 2,50
eV xubng khoing 2,13 — 2,00 eV trong cac nanocomposites ZrO,@GO:Bi**. Cac
nanocomposites Zr0,@GO:Bi* ¢o bé mit mang dién tich am, thich hgp Xt Iy cac
thudc nhudm mang dién tich duong nhur Rhodamin B. Hiéu suat hap phu Rhodamin B
trén bé mat cac nano ZrO,@GO:Bi*" dat 35,97% - 39,70%. lon Bi*" da cai thién kha
niing quang xuc tic cua VAt liéu ZrO,@GO:Bi*, phan tng phan huy Rhodamin B dat
higu suat 91,84% va tudn theo phuong trinh dong hoc bac 1, khi chiéu sang dén xenon
trong 180 phit. Vat liéu ZrO,@GO:Bi*" c6 nhiing tinh chét wu viét, tiém nang lon
trong xtr 1y nudc thai 6 nhiém thude nhudm va cac chét hiru co khé phan huy.
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1. Gigi thigu

Qué trinh cong nghiép héa nhanh chong, dan sé thé giéi tang truong (vuot qua 7,5 ty ngudi
Va1 muic tang hang nam la 1,2%) va viéc su dung rong ri cac chat hiru co, vo co tong hop gy 6
nhiém ngudn nudc ngot. Nudc thai cong nghiép khong duoc xir 1y va nudc thai nong nghiép lam
tram trong thém tinh trang 6 nhiém nuéc ngot, dic biét 1a tir cac nganh cong nghiép ning lién
quan dén thudc nhuom [1], [2].

Nhiéu phuong phap khac nhau da dwoc sir dung dé xir 1y cac chat 6 nhiém hiru co va vo co
nhu phan huay sinh hoc, quy trinh mang, siéu loc, dong ty, clo hoa, trao dbi ion, quy trinh oxy hoa
néang cao (AOP), tham thau nguoc. Quang xuc tac 1a mot trong nhimg phuong phéap quan trong
nhét, c6 thé phéan huy hoan toan cac chét 6 nhiém doc hai thanh H,0 va CO,. Khi chiéu anh sang
dé kich hoat, bé mat cua vat lidu ban dan s& hap thy ning lugng cac photon va hinh thanh cip
electron (€7) va 16 trong (h* ). Phan tmg quang xuc tac xay ra do (e) s&€ khtr cac phan tr c6 kha
nang nhan electron va 18 trong (h*) s& oxi hoa cac phan tir c6 kha nang cho electron. Bang cach
tuong tac voi H,0, cac cap electron-15 tréng duoc tao ra sé thuc diy qua trinh oxy hoa va/hoic
khtr. Quang xtc tac phan hay thuéc nhudém bang oxit kim loai c6 thé loai bo hiéu qua cac chat 6
nhiém hitu co trong nudc thai, 1a mot phuong phap doc dao, hiéu qua kinh té, khong yéu ciu cac
diéu kién qua cao [3].

ZrO, 1a mot oxit ban dan loai n, c6 thé ton tai da dang pha tinh thé nhu don nghiéng
(monoclinic, < 1170 °C), tir gidc (tetragonal, 1170-2300 °C) va lap phuong (cubic, >2300 °C).
ZrO; c6 kha ning chéng mai mon tét, d6 on dinh hoa hoc va d6 gidn no nhiét cao, do dan nhiét
thap (< 1 W.m *.K™), dién thé dai dan tt (—1,0 V), c6 kha niang twong thich véi méi trudong va
sinh hoc, c6 thé duoc cai thién hi¢u qua quang xuc tac. Ngoai ra, ndng luong phonon quang hoc
cua ZrO, phu thudc vao dang cau tric pha tinh the monochnlc tetragonal, cubic co tan sé hong
ngoai khac nhau tuong ung ¢ 270 cm- ', 435 cm ! va 480 cm . Nhiing dic tinh trén lam cho ZrO,
rat phu hop cho nhiéu ung dung cong nghlep nhu 16p phu chin nhiét, cam bién oxy, chét hd tro
xuc tac, cac tng dung y sinh, cong dién méi, pin nhién liéu va xuc tac di thé [4].

Tuy nhién, giai phap cai thién ung dung quang xtic tic dudi anh sang kha kién cua ZrO, 1a van
dé duoc quan tim nghién ciu, boi vi v6i khoang cach dai rong (5,0 eV), qua trinh quang xtic tac
chu yéu xay ra duéi sy chiéu xa caa tia UV, chi chiém khoang 5% tong ning lugng birc xa mit
troi. Mat khac, toc do tai hop cao caa cac cap electron/I tréng quang sinh trong chat ban dan da
han ché hiéu qua quang xuc tic ciia ching. Vat liéu composite hdn hop ciia ZrO, véi cac oxit
khac (CuO, ZnO, Fe;0,, GO, Bi,0j, V.v.) 12 mot giai phap nhdm ting cudng su tach dién tich va
mé rong kha ning hap thu ving anh sang kha kién, do d6 thuc dy hiéu qua quang xuc tac [5],
[6]. Vat liéu ZrO, pha tap Fe, Co, Ni, Cu, Pb, Nd, Er, Te da gitp ting cuong kha ning hap thu
anh sang, giam dién tr¢ cua hat mang dién tich, tao ra cac khuyét tat bé mat, tc ché sy tai hop
electron/I5 tréng va thuc day hoat dong quang xic tac phan huy methylen blue, eriocrom black T,

congo red, caffein, khang khuan va khang nam [7], [8]. Rhodamine B (RhB), la thuéc nhuom
nhom xanthene, ¢6 nhiéu tng dung thyc tién, nhung ciing 13 mot loai chat giy 6 nhiém nude va
tac dong co6 hai dén sizc khoé con ngudi va méi trudng song [9].

Giai phap pha tap ion Bi*" vao nén composite giita graphene oxide (GO) va ZrO, la mot
huéng di méi nham cai thién hiéu suat quang xuc tac ctiia ZrO,. O cong trinh nghién ciru trudc
[10], chung t6i d3 mé ta cac budc tong hop va chi ra cac dic trung tinh chat doc déo cua vat lidu
ZrO,@GO pha tap ion Bi**. Cac nanocomposite ZrO,@GO:Bi*" tng hop bang ky thuat thuy
nhiét & 200 °C trong 15 giod, hd tro rung siéu am 2 gio, co cau tric 16p x6p, dién tich bé mit cao,
duong kinh mao quan kha 16n, kich thuéc hat ZrO,:Bi** khoang 20-30 nm. Trong nghién ctu
nay, chiing toi tiép tuc chi ra cac tinh chit doc déo cua vat liéu nanocomposite ZrO,@GO:Bi** va
budc dau danh gia anh huong cua nong do pha tap Bi** dén hoat tinh quang xuc tic phan huiy
thuéc nhuém Rhodamin B trong nudc.
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2. Phuwong phap nghién ciu
2.1. Vit liéu, thiét bi

Nguyén liéu sir dung trong nghién ctu gém: cac nanocomposite ZrO,@GO:Bi** tong hop
duoc theo [10], Rhodamin B (99,5%).

May khuay tir (IKA C-MAG HS 10 Digital); dén xenon (12V, 7A, 55W, Trung Qudc); can
dién tir sai s6 +10™ g; binh dinh mtc va pipet cac loai.

2.2. Pdnh gid dj tinh khiét, dién tich bé mdt va tinh chit quang ciia vit liéu

Thiét bi EDX (Hitachi TM4000Plus) duoc sir dung dé ghi do phd tan sic ning luong tia X,
nham xac dinh thanh phan héa hoc va anh xa cic nguyén té trong nén vat liéu.

May do pH HQ411D Benchtop Meter (HACH company, USA) dung dé xac dinh pH cac dung
dich khi khao sat xac dinh diém ding dién cua vat liéu va may do thé zeta () Zetasizer Nano
7890 Ver. 7.11 (Malvern Panalytical) hoat dong ¢ 25 °C, chit phan tan trong nudc c6 do nhét
0,9972 cP, hﬁng sb6 dién moi phan tan 78,5, chay zeta 12 14n, té bao zeta trong subt dung mot lan,
vi tri do 2,0 mm, b suy giam 7; ding dé xac dinh dién tich bé mat ctia vat liéu & pH = 7.

Thiét bi UV-Vis-Drs (Carry 5000) dén D2 va WI, do trong khoang budc song 200-800 nm,
tbc do quét 300 nm/min, budc nhay 0,5 nm; dung dé phan anh tinh chat phan xa khuéch tan caa
vat ligu.

Hiéu qua xtr Iy Rhodamin B dugc tinh toan théng qua do hap thu phan tir ciia dung dich RhB
tai budc song 526 nm trén thiét bi UV—1700 (Hitachi, Japan).

3. Két qua va ban luan
3.1. Thanh phén héa hoc bé mat va dé tinh khiét ciia cdc nanocomposite ZrO,@GO:Bi**

Hinh 1. Phé EDX cua nanocomposite ZrO,@GO-3%Bi: (a) Dang thanh phan, (b) Dang mapping va dnh
Xa nguyén to: (€) O — mau do luc, (d) Zr — mau xanh lam, (e) C — mau xanh lyc, (f) Bi — mdu ving

Phé tan sic ning luong tia X (EDX) dang thanh phan va dang mapping cua vat liéu
nanocomposite ZrO,@G0:3%Bi*" dai dién duoc trinh bay trén Hinh 1(a-f). Hinh 1a d xac dinh
dugc thanh phan hoa hoc cua mau ZrO,@GO:Bi** gom: Bi, Zr, C va O 1a phu hop véi cac thanh
phan chinh cta cic miu nanocomposite nghién ctru. Dang phd EDX mapping cua vt li¢u trén
Hinh 1b da xac nhén dac tinh phan b6 dong déu tat ca cac nguyén té hoa hoc va quan sat thay
thong qua mau sic anh xa dic trung cac nguyén té (Hinh 1c, 1d, le, 1f). Két qua nay da khang
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dinh hiéu qua pha tap thanh cong ion Bi*" vao nén composite Zr0,@GO bﬁng rung siéu 4m hd
trg qué trinh thily nhiét, tao ra cac nanocomposite ZrO,@GO:Bi** chit lugng tét.

3+

3.2. Tinh chdt phan xa khuéch tdn va gidn dé ning lwong ciia ZrO,@GO:Bi
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Hinh 2. (a) Phé UV-Vis-Drs va (b) Gidan do Kubelka-Munk ciia nanocomposites ZrO,@GO:x%Bi (x = 0-5)

Dic tinh phan xa va khuéch tan ning luong cua cic nanocomposites Zr0,@GO: X%Bi** (x =
0-5) duoc gh1 do va trinh bay trén Hinh 2a. C6 thé d& dang quan sét thiy rang, cuc dai hap thu
vung tir ngoai (I)-UV ¢6 xu hudng chuyén dich sang ving kha kién (II)-Visible. Diéu tha vi 1a,
bo ving hap thu cta ZrO, tir 280-310 nm di dugc dich chuyén vé viing 495 - 600 nm, x4c nhan
cac nanocomposite ZrO,@GO:x%Bi*" ¢6 tinh chit quang doc ddo, c6 thé khai thac hiéu qua
mg dung trong diéu kién anh sang kha kién va mat trdi mo phong.

Theo phuong trinh Tau’c: a(hv) = C(hv- Eg) (trong d6 a, hv, Eg va C lan lugt 1a hé s6 hap
thy, nang lugng photon, khoang cach dai va hang sd), duong cong blen ddi nang lugng cia cac
nanocomposites ZrO,@G0:x%Bi** dugc trinh bay trén Hinh 2b. Quan sat hinh nay, c¢6 thé nhan
thay rang khi tang ty 16 mol% Bi* pha tap vao nén ZrO@GO, gia tri khoang cach dai Eg cia cac
ZrO:@GO:x%Bi** giam kha manh. Cu thé, khoang cach dai Eg giam tir 2,50 eV (ddi vai vat liéu
khong pha tap Bi*") xubng con khoang 2,13-2,00 eV, twong tng voi cac vat liéu pha tap 3-5
mol% Bi**. Pang chu y, gia tri nay thdp hon rat nhiéu so voi d6 rong ving cim cia ZrO: tong
hop biang phuong phap sol-gel (3,25 eV) [4], phuong phap thuy nhiét (5,15 eV) [10] va phuong
phép ddng két tua (5,77 eV) [11]. O day, cac mirc nang lugng 5d cta ion Bi®" da chén xen k& va
chia nho khoang cach dai ctia ZrO,, tao thanh cac phan muc nang lugng nho hon 5,77 eV. Dir kién
nay ching minh rd rang vé anh huéng tich cuc cia su pha tap ion Bi** trong nén ZrO,@GO,
tao ra su chuyén dich do rd rét, bo ving hap thu ciia nanocomposites ZrO,@GO:x%Bi** sang
ving kha kién. Diéu nay chu yéu 1 do d6 din cta cdu trac hai chiéu ciia GO, ¢6 1oi cho su tach
dién tich va di chuyén cua cac electron quang sinh, 1am giam tdc do tai hop cua cac electron va
16 trbng quang sinh [12]. Mit khéc, do dai hoa tri lai hoa O 2p va Bi 6s® cta chung, thu nho
khoang cach dai hep lai, tang cuong hoat dong quang xuc tac [13]. Cac nanocomposites
ZrO,@GO:x%Bi*" c6 niang lugng ving cam tir 2,50-2,00 eV, thich hop cho cac tmg dung
quang xtc tac dudi chiéu sang kha kién hodc anh sang mat troi md phong (simulated sunlight).

3.3. Khdo sdt diém ding di¢n va thé zeta ciia nanocomposites ZrO,@GO:Bi**

Két qua khao sat diém dang dién (pI) va thé zeta () cua ZrO,@GO:x%Bi*" duoc trinh bay
trén Hinh 3.

C6 thé thay rang vat lieu Zro,@GO: 0%Bi*" ¢c6 pI ~ 7,20, trong khi cac vat liéu pha tap 3-
5%Bi% ¢6 pI giam xudng con khoang 6,65 va 6,40, twong wng (Hinh 3a). Theo do, khi tién hanh
thi nghiém trong méi truong c6 pH ~ 7, nano ZrO,@GO:0%Bi** ¢c6 bé mit mang dién duong,
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con bé mat cac ZrOz@GO:(3 5)%Bi s¢ mang di¢n am. Nham khang dinh trang thai dién tich bé
mit caa vat liéu bién tinh Bi**, sy phan b the zeta (€) cua vat liéu ¢ pH = 7 da duoc ghi do Va
trinh bay trén Hinh 3b. Két qua nay xac nhan rang bé mat nanocomposites ZrO,@GO: x%Bi%"

gia tri 4m cao tir { = -2,78 mV dén -16,03 mV, va c6 lién quan dén cdc nhom mang dién tich cua
GO. Trong GO con c6 mot hé thong lién hop 7 16n voi mot té hop bé mat (2D) dac biét, dién tich
bé mat Ion, d6 dan electron cao voi cac nhom chire ning chira O phan mg va cac nhom epoxide,
carboxyl axid va hydroxyl da ting cuong gan két cac hat kim loai hozc oxit kim loai [14]. Nhu
vay, trong méi truong pH = 7, luc twong tac Coulomb giira cac phan tir hitu co mang dién duong
nhu methylen blue (MB*) va rhodamin B (RhB*) véi bé mit vat liéu ZrO,@GO:x%Bi*" s& duoc
tang cuong, nang cao hiéu suat hap phu thudc nhudém caa vat liéu [7], [9], [15].

&4 2o i~ 14829 md (b)
510°]  Smco swum ~ 16025 mV x
-~ \ e GO 2T MV
=
T .
=
Mg
£
3.-,0&.5
2 g g
—=—2rGO_0% Bi,pl=7.20| 2"'71 58
——2rGO_3% Bi, pl =6.65 3
——2rGO_5%Bi.pl =640 | .
pH, e Céc 1op dién thé Zeta (mV)
L} L Ll ‘l L - L L] 1 T T L] X T T Ll T T T T Ll
50 55 60 65 70 75 B0 85 90 95 100 80 60 -40 =20 0 20 4 &0 &0

Hinh 3. (a) Gidn do khdo sdt diém dang dién va (b) Thé zeta cua vat liéu ZrO,@GO:x%Bi (x = 0-5)
3.4. Hoat tinh quang xiic tic ciia cdc nanocomposite ZrO,@GO:Bi*"

Dé danh gia hiéu qua pha tap ion Bi** vao composite ZrO,@GO, thuc nghiém xir 1y thubc
nhuém RhB trong diéu kién khong c6 va cd chat xuc tac nanocomposites ZrO,@GO:Bi** da
duoc tién hanh. Phdé UV-Vis caa RhB trong khoang budc song 400-650 nm theo thoi gian xir 1y
duoc trinh bay trén Hinh 4.

Trong bong tbi, do cac vat lieu ZrO,@GO:Bi*" c6 d6 xp va bé mit riéng 16n, ciing nhu mat
d6 dién tich 4m bé mit cao va cac nhom wa nudc (-OH, -COOH) 16n, nén hiéu suét hap phu RhB
t6t, dat kha cao tir 35,968% dén 39,698%. Hinh 4a trinh bay su bién d6i cua ty 1é C/Co ciia RhB
theo thoi gian xir 1y trong cic hé nghién ciru. Hiéu suat xir Iy RhB bang cic xlc tic quang
ZrO,@GO:Bi** dat tir 74,870% dén 95,094%. So véi xuc tac ZrO,@G0:0%Bi**, hoat tinh quang
xuc tac cua ZrO,@GO0:3%Bi* va ZrO,@G0:5%Bi** duoc cai thién kha nhiéu, ning cao hiéu
suét phan huy RhB tir 65,889% lén 85,536% va 91, 839%. Két qua nay c6 lién quan dén cac gia
tri d6 rong vung cAm E, cua céc vt licu pha tap Bi** 1a thdp hon rat nhiéu so vai vat liéu khong
pha tap Bi*" (Hinh 2b) DO vay, dudi chiéu sang kha kién, hiéu qua phan huy RhB cua
nanocomposites pha tap Bi** dugc nang cao déng ké. Viéc ting mol% cua Bi** gilip ngan chan
hiéu qua qu4 trinh tai t& hop electron — 13 tréng, dong thoi lam ting hiéu qua dan dién coa vat
liéu, thac ddy cac qua trinh oxy hoa-khir RhB* trén bé mat xtc tac ZrO,@GO:Bi** [16].

Hoat tinh quang xfic tac clia cic nanocomposites ZrO,@GO:x%Bi*" thé hién thong qua cac
hat mang dién ZrO,:Bi** dong vai tro 1a cac tim giao dién 1on trén bé mat, duoc minh hoa theo
cac phuong trinh chuyén hoa nhu sau [16], [17]:

GO@ZrO,:Bi** +hv—e +h" h"+OH — OH HO," + H,0 — H,0, + OH"
e+ 02 - -02- ‘02_ + H+ i HOZ- H202—> 20H’
h+ + HzO — OH. + H+ '02_ + Hzo — HOZ- + OH" RhB + -OZ_IOH‘—K..—) C02 + Hzo
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Hinh 4. Phé hdp thu phdn ti ciia RhB trong diéu kién: () khéng cé
va (b d) ¢6 xiic tdc quang ZrO,@GO:x%Bi*": (b) x = 0; (c) x = 3; (d) x =
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Hinh 5. (a) Ty Ié C/C, ciia RhB va (b) Pong hoc tuyén tinh phan iing quang xuc tac phan huy RhB
bsi Zro,@GO: X9%Bi** duri chidu sdang kha kién

Thong sé hdi quy twong quan cac phuong trinh dong hoc bac nhét phan tng phan huy RhB bai
cac nanocomposites ZrO,@GO:x%Bi dugc hién thi chi tiét trén Hinh 5b. Dai lugng tuong quan
mau R® = (0,926 - 0,971) = 1 va xé4c dinh céc gia tri hang s6 téc do (k) cia phan tmg quang phan
RhB boi nanocomposites ZrO,@GO:x%Bi* (x = 0-5) lan luwot 1a 5,250.10° + 6,6514.10;

9,550.10° + 7,3578.10™ va 1,242.10° + 1,130.10° phat ™

. Trong diéu kién chiéu sang kha kién,
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nanocomposites pha tap Bi** thé hién hoat tinh quang xtc tac tot hon véi toc d6 phan huy RhB ting
gap 1,30 dén 2,37 lan so véi nanocomposite khong pha tap Bi®".

4. Két luan

Chung t6i dd ché tao thanh cong cac nanocomposite ZrO,@GO:x%Bi** (ZGB) bing k¥ thuat
thity nhiét hd trg song siéu am cho hiéu qua cao. Phd EDX di cho thiy cic nanocomposites
Zr0,@GO:Bi** ¢6 thanh phan hoa hoc tinh khiét gdm Zr, Bi, C, O va su phan bd déu cac nguyén
t6 trong toan nén mau. Phuong phap do thé zeta da khang dinh, bé mat vat liu Zr0,@GO:Bi*
tich dién am véi cac gia trj thé zeta tir -2,77 mV dén -16,03 mV, thich hop xt Iy cac chét hitu co
mang dién tich dwong bé mat. Phé UV-Vis-Drs xac nhan cac nanocomposites ZrO,@GO:Bi**co
bd ving hip thy trong ving tir 495 - 600 nm, &ng voi d6 rong ving cam nho tir 2,50 - 2,00 eV,
phu hop wng dung quang xuc tic trong ving kha kién hoic mat troi mé phong. Nanocomposite
ZrO,@GO pha tap 5 mol% Bi** c¢6 hoat tinh quang xuc tac va tbc do phan ¢ng phan huy
Rhodamin B cao gap 2,37 lan so vai nén nancomposite ZrO,@GO, hiéu suat xir Iy Rhodamin B
cua ZrO,@GO0:5%Bi*" dat 91,84%. Phan tmg quang phan huy RhB bing cic nanocomposite
ZrOZ@GO:Bi3+ tudn theo mdé hinh dong hoc tuyén tinh bac 1. Cac hanocomposite
Zr0,@GO: Bi®" ¢ nhitng tinh chit dic trung doc ddo, c6 ¥ nghia khoa hoc va thuc tign quan
trong, b6 sung thém hé vat lidu quang xtc tac co nhleu tinh ning moi xir 1y chat hiru co 6 nhidm
méi treong nudc. Cac nanocomposite ZrO,@GO: Bi** m¢ ra dinh hudng tng dung vat liéu chon
loc trong xtr 1y khang sinh, thudc trir sau, thudc bao vé thyc vat ton du kho phan huy trong nudc.
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