TNU Journal of Science and Technology 226(16): 90 - 98

SYNTHESIS AND PHOTOCATALYTIC DECOMPOSITION METHYLENE
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In this article we synthesized ZrO,/ZnO composite nanoparticles
doped Ce* ions by hydrothermal method. Photocatalytic activity of
methylene blue (MB), under simulated sunlight was tested. Analysis
of X-ray diffraction (XRD) has been shown ZnO/ZrO, doped Ce**
nanomaterials exist in the form of composites and purity. Scanning
electron microscope (SEM), Fourier-transform infrared spectroscopy
(FT-IR) have also been studied. The results show that the morphology
of synthetic composite nanomaterials is nanoparticles with diameter
of 40 nm. When meterial was doped Ce**, the perfomance degradation
of MB is 73.13%, higher than that of no doped Ce** ion with 44.73%.
This first result shows that the ZrO2/ZnO nanocomposites doped Ce**
have potential applications in water pollution treatment.
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Trong bai bio ndy, ching toi di ché tao thanh cong hat nano
compozit ZnO/ZrO, pha tap Ce**, véi ty Ié pha tap tir 0 - 9%, bing
phuong phap thay nhiét. Gian @b nhidu xa tia X (XRD) chi ra c4c vat
liéu ZnO/ZrO; pha tap Ce** ton tai & dang compozit, khdng 13n tap
chét. Hinh thai va dién tich bé mat cua vat liéu dugc nghién ctu bang
hién vi dién tir quét (SEM), dién tir truyén qua (TEM) va BET, cho
thiy cac hat ZnO/ZrO, pha tap Ce** c6 kich thudc nano khoang 40
nm. Phd FT-IR cua vat liéu xuét hién cac nhém lién két hoa hoc rat
pht hop cho su hip phu cac chat mau. Ngoai ra, két qua khao sat
budc dau chi ra rang, cac nano compozit ZnO/ZrO, pha tap Ce*
déu c6 kha ning quang xuc tac phan hay xanh methylene (MB) khé
tbt, hiéu suit dat lan luot 1a 44,73% va 73,13% dudi anh sang kha
kién va khi chiéu sang dén Led. Budc dau cho thay vat liéu nano
compozit ZrO,/ZnO pha tap Ce** ¢6 tiém ning ung dung trong xu
Iy 6 nhiém méi trudng nudc.
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1. Mé dau

Oxit zirconi (ZrO,) 1a mét chét ban dan loai n dwoc st dung rong réi trong nhiéu linh vuc céng
nghé hién dai nhu dién phan, pin nhién lidu, gém k¥ thuat, chat xtc tac, hd tro xuc tac, cam bién
oxi va cong dién mdi. Nhém téc gia [1] da ché tao thanh cdng hat nano ZrO; bing phuong phap
dong két taa, phat quang manh mau xanh duong c6 tiém ning ng dung trong linh vuc quang di¢n
tur ma khong can sir dung cac nguyén t dat hiém. ZrO, va mot s6 oxit kim loai khac dugc nhiéu
tac gia nghién ctru vé kha nang phat quang [2].

ZrO, c6 thé duoc sir dung nhu mot loai quang xtic tac & phan huy hau hét cac chét 6 nhidm
hitu co nhu chat tdy rira, thudc nhuom, thudc trir sdu va céc hop chét hiru co d& bay hoi. Tuy
nhién, ZrO, chi c6 hiéu qua hoat déng cao khi sir dung theo phwong phip quang xuc tac. Mat
khéc, toc do tai hop nhanh cua céc cap electron/I trong duoc tao ra trong chét ban dan ZrO; lam
cho hiéu qua quang xtc tac thap. Vat liéu compozit caa cac oxit kim loai s& cai thién hiéu qua
quang xuc tac do ting sy phén tach dién tich vd ma rong su hap thu anh séang nhin thay [3]-[6].
Nhém tac gia [7] da tong hop duoc nanocompozit ZrO,/CeO; ¢ khoang cach mang 12 0,31 nm va
¢ kha niang quang xuc tac phan huy Rhodamine B dat hiéu sut 40% trong 150 phut, cao hon
nhiéu so véi hiéu suat quang phan hay caa ZrO; trong cung diéu kién (khoang 15%). Tuy nhién,
két qua cho thiy khong phai tat ca cac hat nano ZrO, déu dugc phét hién trén bé mit cua céc hat
nano CeO,, dan dén hoat dong quang xdc tac cua hdn hop ZrO,/Ce0, chua cao. Mot sb két qua
nghién ctru khac lai chi ra rang, khi pha tap cac kim loai Ce, La, Bi, Zn,... vao oxit ZrO; da lam
tang rd rét kha nang phan huy quang xUc tac cac hop chit hitu co c6 mau [ [10]

C6 nhiéu phuong phap dé tong hop cac nano composit [10], [11] va phu’O’ng phap thay nhiét
dugc danh gia 1a ¢6 nhiéu wu diém ndi bat.

Trong bai b4o nay chiing toi chi ra két qua tdng hop nano ZnO/ZrO; pha tap Ce** bing phuong
phap thay nhiét va danh gia hoat tinh quang xdc tac phan hay MB.

2. Thuc nghiém
2.1. Hoa chat va thiét bj

Mau ZnO/ZrO, pha tap Ce** véi ty 1é tir 0 - 9% duoc tong hop bang phuong phép thuy nhiét.
Céc hoa chat do tinh khiét cao ciia hang Merck duoc sir dung dé tong hop vat liéu gom: ZrCly
(98,6%), Zn(NO3)2.6H,0 (99%), Ce(SO4)2.4H,0 (99%), NaOH rin, C,HsOH 99,7% va xanh
methylene.

Binh thuy nhiét (vo bang thép, 16i 1a coc teflon dung tich 100 mL). Can dién tir c6 d6 chinh
x&c 0,0001 g. May khudy tir gia nhiét, dén Led cong suat 30W va cac dung cu khac trong phan
tich dinh lwong.

Qué trinh téng hop mau dugc mo ta theo so dd Hinh 1. Sy hinh thanh hat nano compozit
ZnO/ZrO, pha tap Ce** xdy ra theo cac phuong trinh phan g sau:

(1) ZrCls+ 4NaOH — Zr(OH), + 4NaCl (2) Zr(OH)s —— ZrO,+ 2H,0

(3) Zn(NO3); + 2NaOH — Zn(OH), + 2NaNOs (4) Zn(OH),—"— ZnO + H,0

(5) Ce(SOs)2 +4NaOH — Ce(OH)s + 2Na;SOs  (6) Ce(OH)s——> CeO, + 2H,0
2.2. Cac phwong phdp khdo sat dac trung cua vt ligu

Céu triic tinh thé, thanh phan pha ciia cac hat compozit ZnO/ZrO, pha tap Ce*" duoc dic trung
bai nhiéu xa tia X (XRD, D8 Advance, Bruker, Duc). . 7 i

Kich thuéc va hinh dang cua cac hat vat liéu dugc xac dinh bang kinh hién vi dién tir truyen qua
(TEM) JEM1010 JEOL - Nhat Ban va kinh hién vi dién tir quét (SEM) S4800 Hitachi - Nhat Ban.

Xac dinh dién tich bé mat vat liéu thong qua phép do BET trén may TriStar 3000 cua hang
Micromeritic (USA).
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Dé khao sat cac nhom dao dong cua vat liéu, pho hap thu hong ngoai (FT-IR) (Spectrum two,
PerkinElmer) - Vién Hoéa hoc, Vién Han Iam Khoa hoc va cdng nghé Viét Nam - duoc ghi lai
trong khoang sé séng tir 4000 - 400 cm™. Vung hap thu cua vat liéu duoc xac dinh biang may UV-
Vis-DRS Carry 5000 tai Pai hoc Bach Khoa Ha Noi.

0,005 mol ZrC1,+ 0,005%%0mol (0,02+ 0,02x2%) mol 0,005 mol Zn(NO ),6H,0 || 0,01 molN2OH +10
Ce(S0 ), 4H,0+ 10 mL CH,0H || NaOH +10mL CHOH || +10mL C,H,0H, Kindy ml C,HOH djc,

: L] ’ o o
dic, khuiy 2 giv, ¥ 25 C dic, Khuay 2 giv, # 25 C 2ei, 525 C Khuay 2 giv', 6 25 C

l Dung dich (1) |_> +10mL € H,0H djc

Khdy 1 gitr

| Két fiia va huyénp hi |

L]
Thiy nhiét, 150 C, 20 giir

| Sanphim thiy nhigt |

Loc, rita nhiéu En

I S‘inp]émv'fgt]i’gu wirt |

Shy (5 60 °C, 15 gié) v nung (600 °C, 5 giv’)

I Vit ligu Compozit ZrOyZnOpha tap Ce* I

Hinh 1. So d6 téng hop mdu ZnO/ZrO, pha tap Ce**
2.3. Nghién ciru khd ning quang xiic tac phin hiy MB

Khao sat sy phan hiy MB theo thoi gian: Cho 0,0100 g vat liéu ZnO/ZrO; pha tap Ce** vao
binh chira 50 mL dung dich MB ndng do 2,203 mg/L, khudy déu bang may khudy tir, khéng va co
chiéu dén Led 30W. St dung may UV-vis 1700 (Shimadzu, Nhat Ban) do d6 hap thu quang cua
dung dich MB sau xir ly ¢ budc song tir 400-800 nm trong cac khoang thaoi gian khéac nhau. T gia
tri d6 hap thu quang cuc dai va dudng chuan, tinh duoc gia tri néng do MB tuong tng. Hiéu suat
phan hay MB dugc xac dinh bang cong thirc (1):

H%:Cf’c_c.loo (1)

0
Trong d6: C, va C 1a nong d ciia MB ban dau va sau céc khoang thoi gian xir Iy (mg/L).

3. Két qua va thao luan
3.1. Khao sat dic trung caa vat li¢u
3.1.1. Cdu truc tinh thé va cdu tric dao dong cua vt lidu

CAu truc tinh thé va cau trac dao dong cua vat liéu ZnO/zrO, pha tap Ce** duoc chi ra trén céc
Hinh 2 va 3.

Két qua nhiéu xa tia X (Hinh 2) cho thiy, cac dinh nhiéu xa caa vat liéu ZrO,/ZnO pha tap Ce**
déu quan sét thay ¢ cac vi tri giéng nhau; diéu dé cho thay, cac vat liéu c6 cau tric kha twong
ddng. Theo thé chuan JCPDS 37-1484, cac dinh quan sat dugc ¢ goc 20 = ~17,2°; 24,2°; 28,2°;
31,5°; 38,5°% 45,3° va 60,1° (ng véi mat phang mang (100), (001), (1-11), (111), (110), (112) va
(302) Ia pha monoclinic ZrO; [12]. Cac dinh quan sat dugc ¢ goc 20 = ~31,7°; 34,3°; 36,2°; 47,4°;
56,5°; 62,7° duoc cho la cac mat phan xa (100), (002), (101), (102), (110) va (103) cua pha luc
giac ZnO, duoc so sanh theo thé chuan JCPDS 036-1451 [13]. Trén gian dd nhiéu xa tia X, ngoai
2 pha ZrO; va ZnO, ching t6i khdng quan sat thay pha oxit dat hlem nao khac. Diéu ndy ching to
ion Ce** da pha tap vao mang nén caa ZnO va ZrO,. Mt khac, khi nong d6 Ce** pha tap ting, dinh
nhiéu xa c6 xu huéng dich vé phia goc 26 nhé hon. Nguyén nhén 13 do ban kinh ion Ce** (1,01 A)
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lon hon ion Z1** (0,59 A) va ion Zn** (0,60 A), nén khi pha tap Ce** vao Zr0,/ZnO da lam mang
tinh thé ctia compozit co lai.

100
* ZnO * (®)
*
’Zr(): 1 ‘T -’
| o ** b .
9%Ce 5 MN AL 2 o TNe ot 2 o fx ”

7% Ce
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1720 cm™

Pj hip thy (%)

Tin hi¢u (a.u)

1578cm”™ 3126 cm”
3% Ce 40 o:
e 766 cm™
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L 1 N 11, s L
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Goc 2 theta (26, d9) S6 song (cm™)
Hinh 2. Gidn do nhiéu xg tia X cuia cac mau Hinh 3. Phé FT-IR cua c&c mau compozit:
Zn0O/ZrO; pha tap Ce** tir 0-9% (@) ZnO/Zr0O3, (b) ZnO/ZrO; pha tap 5% Ce**

C4c vit liéu ZnO/ZrO, pha tap 7% va 9% Ce** xuét hién pha cua cac oxit ZrO, ZrOs. Con cac
vt liéu ZnO/ZrO, khong pha tap va ZnO/ZrO; pha tap 5% Ce** thu dwoc la tinh khiét, khong 1an
tap chat ZrOs va Zn, chi chta 2 pha 12 ZnO va ZrO,. Do d6, chung t6i tiép tuc tap trung khao sét
hinh thai cua 2 vat liéu ZnO/ZrO, khong pha tap va ZnO/ZrO, pha tap 5% Ce*".

‘| (b):

X
o] W f
R =
aL? T : % A
4 5 4 \ ]
R A MR { : R
— K S ) ¥ a—
100 nm 1 g 100 nm

Hinh 4. Anh SEM cua: (a) ZnO/ZrOs, (b) ZnO/ZrO, pha tap 5% Ce**va
Anh TEM cua: (c) ZnO/ZrO,, (d) ZnO/ZrO, pha tap 5% Ce**

Phé FT-IR (Hinh 3) di chi ra cac dic trung ciu triic dao dong gan giéng nhau cua 2 vat liu
Zn0/ZrO, va ZnO/ZrO, pha tap 5% Ce*". Cac dinh & s séng 670, 766, 1578, 1720, 3126, 3620
cm™ déu quan st thay & tat ca cac mau téng hop duge. Piéu nay cang khang dinh thém sy twong
dong vé thanh phan, hinh thai va cau tric caa cac mau vat liéu. Dinh & s6 séng 542 cm™ duoc quy
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gan cho dao dong ctia nhom Zr-O va cac dinh & 670-766 cm™ dugc quy cho dao dong cua Zn-O.
Cac dinh dic trung ¢ 1578 cm™ Vél 1720 cm™ duoc quy cho dao dong cua Zr-O-Zn. Su hién dién
cua cac dinh ¢ 3126 va 3620 cm’ ! duge quy gan cho dao dong kéo dai ciia nhém -OH (hydroxyl)
trong nuéc am. Ngoai ra, trén phd FT-IR con xuit hién cac dinh dic trung cho cac nhém lién két
khéc trong vt lidu 1a phii hop cho su hap phu céc chat mau.

3.1.2. Hinh thai cua vt liéu

Anh SEM va TEM trén Hinh 4 cho thiy, cdc nano compozit ZnO/ZrO; khéng pha tap va
Zn0/ZrO, pha tap 5% Ce** ¢6 kich thuéc hat kha dong déu.

Céc vat liéu ché tao bing phuong phap thay nhiét, sau khi nung & 600°C c6 kich thuéc hat
trung binh khoang 40-100 nm. Vat liéu ZnO/ZrO; pha tap 5% Ce** ¢6 dang hinh que hon va kich
thudce cling 16n hon so véi cac hat khong pha tap Ce**,

3.1.3. Di¢n tich bé mgt BET

Dién tich bé mit, kich thuéc mao quan cua vat liéu dugc nghién ctu bang phuong phap BET
trong méi trudng hap phu va giai hap nito (Hinh 5). Theo dé, dién tich bé mit riéng do duogc ddi
véi mau ZnO/ZrO, pha tap 5% Ce** 1a 11,71 m?/g, cao hon rat nhiéu so véi dién tich bé mat cua
mau ZnO/ZrO; (7,91 m?g). DPiéu nay duoc giai thich 1a do vat liéu ZnO/ZrO, pha tap 5% Ce*
duoc tao thanh ¢ dang thanh nano, nén it bj két tu hon so vé6i hat nano ZrO,/ZnO duoc tao thanh &
dang hinh cau. Dién tich bé mat 13 yéu t6 c6 anh hudng 16n dén hiéu qua quang xuc tac cua vt
liéu. Thong thuong, vat lidu nano cé dién tich bé mat cao thi hiéu qua xdc tac quang caa ching s&
t6t, vi khi dién tich bé mat cao su hap phu chat mau 1én bé mat vat liéu s& 16n hon, tao thuan loi
cho qué trinh oxi h6a bac cao xay ra trén bé mit cua vat liéu.
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Hinh 5. Purong dang nhiét tuyén tinh (Isotherm Linear) cua: a) ZnO/ZrO; va (b) ZnO/ZrO; pha tap 5% Ce**
3.1.4. Ph(f UV-Vis-DRS cua cac vdt liéu

Pho hap thu UV-Vis-DRS cua 5 vat liéu compozit ZrO2/ZnO pha tap x% Ce**, véi x = 0; 3; 5;
7; 9, duoc chi ra trén Hinh 6.

(ahv)®

2.0 25 3.0 3.5 4.0
Niing lugng (eV)

—Zr0/Zn0

g- " —Zr0./Zn0/3% Ce
I

0.4 - Ly En()/5% L,E

I, Zn()/ % Ce

0.2 4 —TrOo/TIn0n%ce

200 300 400 500 600 700 800
Buwée séng (nm)

Hinh 6. Phé UV-Vis-DRS cua c4c vat liéu ZrO,/Zn0O pha tap Ce** tir 0 - 9%
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Két qua & Hinh 6 cho thdy, khi ndng do Ce** pha tap tang 1én, ving hap thu cua vat liéu dugc
mé& rong vé phia anh sang c6 bude song dai hon. Tir phd hap thu ching t6i sir dung phuong phap
Tauc plot's dé tim méi lién hé giira ning lwong ving cim (E,) véi dai lwong (ahv)?. Két qua cho
thiy ning lwong ving cim cua vat liéu giam tir 3,25 dén 3,15 eV khi nong do Ce** pha tap ting
Ién tir 0 dén 9%. Vat liéu co thé hap thu cac budc séng & khoang gan 400 nm. So véi vat liéu
ZrO; c6 do rong ving cam tir 3,25 dén 5,10 eV, voi pha cubic chi hip thu anh sang tir ngoai &
khoang budc song 254 nm. Nhu vay, bang cach composit ZrOz v6i ZnO va pha tap thém ion
Ce**, chung t6i d3 mo rong viing hap thu cua céc vat liéu vé& vang &nh sang kha kién. Piéu nay
khing dinh co s¢ khoa hoc dé du doan cac vt liéu ZrO,/ZnO pha tap Ce** ¢ kha ning quang xtic
tac phan huay cac chat mau hiru co.

3.2. Kho sét hogt tinh quang xuc tac phan hizy MB ciza ZnO/ZrO, va ZnO/ZrO, pha tap 5% Ce**
3.2.1. Khdo sat danh hweng cia nong dé MB khi khong va cé chiéu sang

Xur Iy 50 mL cac dung dich MB c6 ndng d tang dan tir 1,910-7,196 ppm, khi c6 mit 0,0100 g
céc vt liéu ZnO/ZrO, va ZnO/ZrO;, pha tap 5% Ce** ¢ pH = 7, trong 180 pht, diéu kién anh séang
thuong (KCS) va chiéu sang bang dén Led 30W (CCS). Két qua tinh hiéu suit phan hiy MB duoc
chi ra ¢ bang 1.

Béng 1. Hiéu sudt xi 1y MB (1,997-7,196) ppm bang CAC vt liéu ZrO,/ZnO va ZrO2/Zn0 pha tap 5% Ce**
khi khong va c6 chiéu den Led 30W trong 180 phut

o Zr0/Zn0 Zr0/Zn0O pha tap 5% Ce**
STT ( ° m) Khong chiéu sang Chiéu dén Led Khong chiéu sing  Chiéu dén Led
PP Cppm) H% Ceppm) H% C(pm) H% C(ppm) H%

1 1910 1171 38,691 0,825 56,806 1,278 33,089 0,752 60,628
2 1,997 1,344 32,699 0,812 59,339 1,371 31,347 0,732 63,345
3 3,415 2,569 24,773 1,750 48,755 2,722 20,293 1,670 51,098
4 5,672 4,507 20,539 4,160 26,657 4,693 17,260 4,054 28,526
5 7,196 6,091 15,353 5,672 21,182 6,158 14,425 5,565 22,665

Bang 1 cho thay, véi cac dung dich MB nong do tang dan, khi c6 mat cac vt liéu ZrO,/ZnO va
ZnO/ZrO; pha tap 5% Ce** 1am xuc tac, hiéu suat phan hay MB giam trong ca 2 diéu kién khong
va c6 chiéu sang dén Led 30W. Sau 180 phut, & nong d6 MB 1,997 ppm, hiéu suét phan hily MB
khi chiéu sang dat tir 59,339 - 63,345% va cao hon han so véi khi khéng chiéu sang chi dat tur
31,347 - 32,699%.

3.2.2. Khao sét hoat tinh quang xuc tac phan huy MB cua vat liéu ZnO/ZrO, khdng va c6 pha tap
5% Ce**

Phd UV-Vis cua dung dich MB sau cac khoang thoi gian chiéu sang khac nhau cua hai vt liéu
Zn0O/ZrO; va ZnO/ZrO; pha tap 5% Ce** dugc chi ra trén hinh 7. Véi cuing mot thé tich 50 mL MB
¢6 ndng d6 ban dau Co = 2,203 ppm, & pH = 7, c6 mat 0,0100 g vat liéu, thoi gian tir 0-240 phit, &
diéu kién KCS duoc chi ra ¢ Hinh 7(a, b) va CCS dugc chi ra & Hinh 7(c, d).

Hinh 7(a, b) cho thay, hiéu suat phan hay MB sau khoang thoi gian 240 phit twong ddi tot,
khi c6 mat vat liéu ZnO/ZrO, dat 44,73%, con vat liéu ZnO/ZrO; pha tap 5% Ce** cho hiéu suat
phan huy dat 42,61%. Nhu vay trong diéu Kién anh sang thuong, hiéu suat phan hay MB cia hai
vt liéu 12 khong cao va khac nhau khong déng ké.

Khi ¢6 anh sang dén Led 30W (Hinh 7c, d), hiéu suat phan hiy MB cuaa cac vat liéu ting 1én
rd rét. Sau 240 phut chiéu sang, xdc tdc ZnO/ZrO, cho hiéu suat 66,79%, con véi ZnO/ZrO; pha
tap 5% Ce** cho hiéu suat cao hon han dat 73,13%. Nhu vay, vat liéu nano compozit ZnO/ZrO,
pha tap 5% Ce** ¢6 kha ning quang xtc tic phan huy MB la rat tét.
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Hinh 7. Phd UV-Vis khi xii [y MB trong diéu kién khdng chiéu sang: (a) ZnO/Zr0,, (b) ZnO/ZrO; pha tap
5% Ce** va dieu kién chiéu sang den Led 30W: (c) ZnOIZrO,, (d) ZnO/ZrO; pha tap 5% Ce**.

3.2.3. Bude dau khdo sat déng hoc ciia qué trinh phan hiy MB

Phan ng quang x(c tac phan huy chat mau xay ra trong pha hap phu (trén bé mat chat xuc
tac). Kiéu hoat hoa xuc tac khi chiéu sang la quang hoat hoa, con xuc tac di thé truyén thong la
hoat hoa nhiét.

Qué trinh quang xdc tac phan hay chat mau tudn theo phwong trinh dong hoc Langmuir-
Hinshelwood dc trung cho qud trinh xic tc dj the. Toc do mat mau quang hoa dau tién (r, ) ti 18
v6i phan bé mat bi che phi bai chat phan tmg theo cac phuong trinh (2) va (3) nhu sau [14]:

dC AC C,-C,

My =——(—=—"——=—"——
dt At t

Trong do: 1, 1a toc 6 dau tién (mg/L/phit); Cova Ct la nong do cua chat mau trén bé mat vat

=kCg (2) hay logr, =logk+n.logC, (3)

liéu tai thoi diém ban dau va thoi diém t; n 1a bac caa phan tng phan hay.

Dé xac dinh cac tham sé dong hoc (bac phan ang n va hang sb téc do k) ciia phuong trinh téc
d6, chiing tdi tién hanh xéac dinh dai luong In(Co/C) theo thoi gian twong tng vai cac vat liéu xuc
tac ZrO2/ZnO va ZrO,/ZnO pha tap 5% Ce** khi chiéu sang dén Led 30W. Hoi qui tuyén tinh giira
céc dai lugng logr, va log C, dugc tinh toan va trinh bay trén Hinh 8. Cac duong hdi qui giita

logr, va log C,cé hé s R rat cao (R® > 0,950). Hay n6i mot cach khc, cac duang hoi qui nay

la tuyén tinh véi hé sé twong quan R gan bang 1 (R = 0,977 - 0,989). Nhu vy, phan tng quang
hoa phan hiy MB khi sir dung cac xuc tac ZrO»/ZnO khong va c6 pha tap 5% Ce** tuan theo
phuong trinh dong hoc bac 1. Budc dau xac dinh dugc hang sé toe do cua phan wng (gia tri b giao
cat vai truc tung) twong (Mg véi cac xUc tac trén lan luot 13 k = 0,0373 va 0,0762 phit™.
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Hinh 8. S phu thugc cua In(C,/C) vao thoi gian phan hiy MB khi si- dung cac xuc tac
Zr0,/Zn0 va ZrO,/Zn0 pha tap 5% Ce** ¢b chiéu sang den Led 30W

4. Két luan

Trong bai bao nay, chung t6i di ché tao thanh cong hat nano compozit ZnO/ZrO; pha tap Ce**
tir 0-9% béng phuong phap thily nhiét. Cac hat nano ché tao duoc c6 duong kinh khoang 40 nm.
Vit lidu khi pha tap Ce** ¢6 kich thudc hat 16n hon khi khong pha tap. Két qua budc dau xir Iy MB
da chi ra rang, cac hat nano composit ZnO/ZrO; pha tap Ce** ¢6 kha ning quang xuc tac cho phan
g phan hiy MB, hiéu suat phan huy ting 1én rd rét, nhat 1a khi chiéu sang dén Led 30W va sir
dung nano compozit ZnO/ZrO, pha tap 5% Ce** lam vat liéu xdc tac. Phan tng quang xUc tac phan
hiy MB bang céc vat liéu nano compozit ZnO/ZrO; pha tap Ce** tuan theo phuong trinh dong hoc
bac 1.
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