Hoa hoc — Vit liéu - Sinh hoc

QUANG XUC TAC XU LY THUOC NHUQM PO RR 120
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Tém tit: Nghién cizu ndy trinh bay két qua ché tao hat nano ZnO bang phwong phdp
hoa siéu am u#ng dung quang xuc tac xi Iy thuéc nhugm dé RR 120 trong méi truong
mieoc. Anh hirong cua pH (3-9), khoi lirong vat liéu (0,3-0,5 g) va nong dé ban dau cua RR
120 (10-30 mg/L) dd dwoc nghién ciru. Két qud tim dwoc diéu kién toi wu cho qud trinh xir
Iy RR 120 1a pH 9, khéi lirong 300 mg, thei gian la 120 phdt.

Tir khéa: Quang xuc tac phan hay; Phuong phap héa siéu &m, ZnO; Thudc nhudém dé RR 120.
1. MO PAU

RR 120 1a loai thudc nhuém do duge sir dung phd bién trong nganh cong nghiép dét nhudm,
gidy va da do c6 mau sic tuoi, dd bén mau cao, dé tan trong nudce [1, 2]. Tuy nhién, RR 120 la
thudc nhudém khé phan huy, tinh 6n dinh hoa hoc cao, khi thai ra méi truong co thé tic dong x4u
dén dong, thuc vat va st khoe con nguoi [1]. Do dé, phat trién cac phuwong phap dé xir 1y thude
nhuém do RR 120 noi riéng va nude thai dét nhuom nodi chung trude khi thai ra moi truong la
yéu cau cip thiét.

Quang xtc tac 1a mot k¥ thudt ddy hta hen cho xir 1y nuée bi 6 nhidm di dugc nghién ctru
rong rdi trong nhimg nim gan day vi hiéu qua xa ly nhanh, than thién véi méi truong, 6 thé
phan hily cac phan tir hitu co thanh chat it doc hai hon [3, 4]. Trong sb cac vat liéu ban dan, ZnO
hay duoc lya chon st dung lam vét li€u xuc tac do tinh chat dién va quang déc ddo, khong doc
hai, than thién voi moi truong, do on dinh cao, hiéu qua quang xUc tac ndi bat, co thé tai su dung
sau qua trinh xr Iy quang xuc tic, san pham tir su phan huy nay an toan, it phat sinh thém cac
chat thai tht cép [3, 5]. Do d6, nhiéu ky thuat da duoc phét trién dé ché tao ZnO & kich thudc
nano vi du nhu: phuong phap moc mam tinh thé, phuong phap dién héa, ling dong dién di, qua
trinh sol-gel va két taa héa hoc [3]. Tuy nhién, cac phuong phap trén c6 han ché Ia san pham yéu
cau xtr Iy nhiét hodc sir dung thém céc chat hoat dong bé mat. Do d6, trong nghién ciru nay,
chung t6i lira chon phuong phap mét budc ché tao truc tiép ZnO ngay tai nhiét dd phong khong
can chét hoat dong bé mit sir dung phan tmg két tia c6 su hd tro cua siéu 4m ing dung quang xdc
tac xur Iy RR 120 trong moi trudng nudc.

2. VAT LIEU VA PHUONG PHAP

2.1. Phwong phap ché tao vat ligu

Hinh 1a 1a so dd minh hoa qua trinh ché tao vat liéu nano ZnO sux dung phan ng két tua két
hop cung song siéu dam. Quy trinh nhu sau: nhd tr tir 90 mL dung dich NaOH 0,5 M (Merk, Cas-
N0:1310- 73-2) vao 90 mL dung dich Zn(NO3), 0,25 M (Merk, CAS-No: 19154-63-3) dung trong
cdc thity tinh dat trong bé rira siéu am (Ultrasons H-D, Selecta Tay Ban Nha, tan s6 40 kHz, cong
sudt 400 W). Nhiét d6 cua phan tng duoc duy tri xung quanh 40 °C. Dé phan tmg ddng déu, dung
dich duogc khudy nhe véi thoi gian 1a 1 phat/lan. Sau 90 phit lugng NaOH dugc sir dung hét, dung
dich trong cdc thuy tinh dugc rung siéu 4m thém 15 phat. Két tia thu dugc sau qua trinh trén c6
mau tring duc dugc loc boi mang loc gidy sir dung bom chan khong, sau d6 duoc rira nhiéu lan
bang nudc cit hai 1an cho dén mdi trudng trung tinh. Két tia sau khi loc dugc siy trong ti siy &
80 °C trong 24 gio. Vat liéu thu duge dang bot mau tr?ing va dugc ky hiéu la UZn.

Pic diém bé mit, hinh thai hoc cua vat liéu duge xac dinh st dung phuong phap hién vi dién
tir quét (JEOL JSM-6700 SEM) va kinh hién vi dién tir truyén qua (TEM JEOL 2100 F). Cau

236 N.T.K.Van, ..., . T. Hwong, “Quang xiic tac xi ly thuéc nhuém ... phwong phdp hoa siéu am.”



Nghién ctru khoa hoc cong nghé

trac vat liéu dugc phan tich st dung phuong phéap gian d6 nhidu xa tia X (XRD) (nhiéu xa D2
PHASER Bruker).

2.2. Nghién ciru kha ning quang xuc tac ciia vat liéu UZn

Hoat tinh quang xuc tac ciia UZn dugc danh gia bang cach nghién ciru sy phan huy dung dich
RR 120 duéi sy chiéu xa tia UVA sur dung hé thi nghiém & hinh 1b.

NaoH a : w . b

beén UVA

Dung dich
RR120

My khuay tir

Buéc séng (nm)

Hinh 1. () So do minh hoa qud trinh ché tao vit liéu nano ZnO sir dung phirong phdp héa siéu
am; (b) Anh nhé la hinh chup khi lam viéc, anh chup mé hinh thi nghiém xir Iy RR 120 trong
nieée bang phirong phdp quang xiic tac sir dung vit liéu Uzn; () Quang phé quét ddi ciia dén
va cong sudt ciia dén UVA.

Dé han ché anh huong cua anh sang bén ngoai, toan bo hé thi nghiém duoc dat trong phong
¢6 rém che va tat dién khi 1am viéc. Dong thoi, binh phan tmg dwoc lam mat xung quang bang
nuée sao cho nhiét do phan tng ludn duy tri xung quanh 25 °C. Tién hanh thi nghiém nhu sau:
Chuén bi dung dich RR 120 (1.000 mL, 20 ppm). Dung micropipet liy ra 1,5 mL dung dich cho
vao lo dung mau t6i dé lam mau néng do ban dau. Can cac khdi lwong vat liu UZn cho vao coc
dung tich 1000 mL c6 chira 1000 mL RR 120 trén, khudy tir 60 phut trong bong tdi dé dat duoc
can bang hip phu - giai hip. Sau d6, dung dich trén dong thoi duoc khudy tir va chiéu bang birc
xa clia dén UVA trong thoi gian 2 h, voi thoi gian lay mau lan lugt 30 phdt, 60 phat, 90 pht,
120 phdt, thé tich mdi 1an 1ay 1a 1,5 mL, dung dich lay ra dugc ly tim véi téc do 6.000 v/ph
trong 20 pht dé loc bo két tua, bao quan trong lo téi mau va do phd hap thu.

Hiéu suit phan hity mau pham do RR 120 dugc tinh theo cong thirc sau:

c’-C
H= £.100
c’

Trong do: C° - Nong d6 RR 120 tai thoi diém ban dau t = 0; C; - Nong do RR 120 tai thoi
diém khao sat.

Noéng dd RR 120 ban dau va sau qué trinh quang xuc tac duge xac dinh bang may quang pho
hap thy phan tu (UV-Vis Hitachi UH5300) tai budc song A = 510 nm theo phuong phap duong
chuan. Chat lugng ciia dén UVA (Philip-8W) str dung trong thi nghiém duoc kiém tra bang phép
do phd quét dai sir dung thiét bi AVANTES Starline Avaspec - 2048 (budc song do duge 352
nm) véi cong sudt quang 2,02 mW/cm® do bdi may do cong suat laze XLPF12-3S-H2 (Gentec-
EO a Laser Power Meter, Canada) biéu dién trén hinh 1c.
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3. KET QUA VA THAO LUAN

3.1. Pic trung vit liéu
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Hinh 2. (a) 4nh SEM; (b) TEM; (c) Gidn do XRD cua vt liéu UZn.

Hinh 2a la anh SEM cua vat liéu UZn ché tao dwoc. Két qua cho thay vat ligu UZn c6 dang
hat nano véi kich thudc €& 50-100 nm nhu dugc chi ra trong anh hién vi dién tu truyén qua TEM
(hinh 2b). Cau tric cua UZn duoc kiém tra béi phép do XRD (hinh 2c). C6 the thay rd, gian do
XRD cua UZn xuat hién cac dinh dac trung 26 tai 31.20, 34.70, 36.52, 47.61, 56.58, 62.85,
66.41, 67.93, 69.08, 72.54 va 76.85° twong ttng VaGi cac mat (100), (002), (101), (102), (110),
(103), (200), (212), (201), (202) va (203) cua cau tric luc giac wurtzite ZnO [6, 7].

3.2. Két qué quang xic tac RR 120 ciia vat liéu UZn
3.2.1. Anh huong ciia pH

Trong cac nghién ctru quang xtc tac, pH 12 mot théng sd quan trong c6 anh huéng 16n dén
qué trinh quang xtc tac. P9 pH cia dung dich xac dinh tinh chat bé mat cta vat liéu UZnO. Do
do, chlng t6i da nghién ctru anh hudng cta nd 1én sy phén hiy quang xuc tic ¢ cac gia tri pH

khac nhau (3.02, 7.00 va 9.00) cua dung dich RR 120 c6 nong d6 ban dau 20 ppm. Két qua dugc
trinh bay ¢ hinh 3 v&i méc thoi gian -30 dén 0 biéu thi qua trinh hap phu trong béng tdi.
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Hinh 3. (a) Hiéu suat phan hiy phu thuge pH; (b, ¢, d) phé hap thu tai cac pH khac nhau.
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Két qua chi ra trén hinh 3 cho thay kha nang hap phuy RR120 ctia vét liéu UZn giam khi ting
gia tri pH tir 3,02 dén 9. Kha ning hap phy pham d6 RR120 ctia vét liéu kém. Khoang thoi gian
dat can bang hap phu 1a 30 phit. Khi tién hanh quang xuc tac hiéu suit phan hity ctia vat liéu UZn
tang 1én khi ting gia tri pH tir 3.02 dén 9.00. Trong diéu kién pH thap hiéu suat phan huy thap c6
thé do su hoa tan cia ZnO. Hiéu suit phan huy 16n nhat dat dugc trong thoi gian chiéu xa 120
phat & pH 9,00. Gié tri nay cao hon nhiéu so véi hiéu suit ciia né & pH 3,02. Do vay, ching toi
Iwa chon pH tot nhét 1a khoang pH 9. Két qua nay dugc sir dung cho nhiing thi nghiém tiép theo.
3.2.2. Anh huong cia khoi lwong vdt liéu xuc tac

Dé khao sat anh hudng cua khi lugng vat liéu xic tac dén hiéu qua quang xuc tac, cac thi
nghiém da duoc tién hanh 1an luot voi kh01 luong vat lidu 1an luot 1a: 0,2 g; 0,3 ¢; 0,4 g. Trong
céc thi nghiém nay dung dich RR 120 c¢6 nong do 1 20 ppm dugc diéu chinh pH 9, thoi gian tién
hanh 120 pht dudi sy chiéu sang cua dén UVA. Két qua duoc chi ra & hinh 4.
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Hinh 4. (a) Hiéu suat phan hiy phu thugc khoi heong vit liéu UZn;
(b, ¢, d) Phé hap thu tgi cac khéi lirong khac nhau.

Tir hinh 4 cho thay khi khéi lugng UZn tang tir 0,2 g dén 0,4 g thi hiéu suat phan hay RR 120
tang. Piéu nay dugc giai thich nhu sau: dudi tic dung cua anh sang tir ngoai, cac phan tir UZn da
duoc hoat hoa va tré thanh chit xuc tac hoat dong, tao ra cac géc tu do c6 kha niang oxy hoa
manh cac hop chét hitu co tao ra cac chat CO, va H,O hoic cac phan tir don gian thir cap. Khi
lugng UZn cang nhiéu né s& tao ra nhidu gbc tu do c6 kha ning oxy hoéa manh lam cho dung
dich RR 120 mat mau nhiéu hon. Khi ting khdi lugng xtc tac dan dén su can tré anh sang tiép
xic 1am RR 120 phéan huy khéng nhiéu. Do d6, khdi lwong UZn 1a 0,3 g dugc lya chon cho cac
thi nghiém tiép theo.

3.2.3. Khao sat anh huong cua n5ng do dau

Hiéu suét phan hiay phu thudc ndng d6 c6 ndng d6 dau thay déi: 10 ppm; 20 ppm; 30 ppm.
Cac dung dich trén dugc giir 6n dinh & pH 9, thoi gian trong 120 phit dudi sy chiéu sang ciia dén
UVA. Két qua duogc thé hién trén hinh 5.
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Hinh 5. Hiéu suat phan hiy phu thugc nong do; pH9, 300 mg, 120 phiit.

Tu hinh 5 ta théy, voi cung mot luong chat xuc tac UZn 1a 300 mg, khi ndng do ban diu cua
MB ting tir 10 dén 30 ppm thi hiéu suat phan huy giam manh. Nguyén nhan 1a trong cung didu
kién thi nghiém nhu nhau thi cing mét lwong UZn chi ¢6 thé tao ra cac gbc tu do co kha ning
oxy hoa tuong duong nhau, nén chi phan huy dugc mét luwong nhgt dinh RR 120. Vi vay, lugng
RR 120 con lai sau thi nghiém ty 1€ thuan véi lugng RR 120 ban dau.

3.2.4. Khao sat anh huong cua den UVA toi sw phan iy RR 120
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Hinh 6. Sw phdn hiy ciia RR 120 boi phan ving quang hoa (UVA) va quang xic tac (UVA+Zn0O).
Kha nang quang xuc tac xir ly RR 120 cua vat liéu ZnO duoc danh gia thém thong qua phan
ng quang hoa chi dudi sy chiéu sang ciia dén UVA trong thoi gian 120 phit (hinh 6). Két qua
cho thdy kha ning phan hiy RR 120 boi dén khong dang ké (3,1 %), thip hon rat nhiéu so véi
khi ¢6 vat liéu xtic tac ZnO (83,54 %) & cung cac diéu kién thi nghiém.

4. KET LUAN

Pi ché tao thanh cong vat liéu nano ZnO dang hat, kich thudc ¢& 50 - 100 nm br:ng phuong
phép hoa siéu am (mg dung quang xtc tac xir 1y thudc nhuoém do RR 120 trong méi trudng nudc.
Két qua khao sat cho thay vat liéu c6 kha ning quang xtic tac phan hity phdm d6 RR 120 t6t nhat
tai pH = 9, khéi lugng vat lidu xuc tac sir dung 13 0,3 g v6i hiéu suét 83,54%. Cac két qua thu
dugc s& 1a co sé cho dinh hudng nghién ciru nham tmg dung trong viée xir Iy ngudn nude bi 6
nhiém phdm nhudm.

Loi cam on: Nghién cieu ndy dwoc sw tai tro vé kinh phi ciia dé tai co s¢ md s6 CS2021-TN06-06,
Truong Dai hoc Khoa hoc, Pai hoc Thdi Nguyén.
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ABSTRACT

PHOTOCATALYTIC DEGRADATION OF DYE REACTIVE RED 120
IN WATER USING ZnO FABRICATED FROM SONOCHEMICAL METHOD

This study reported the results of photocatalytic degradation of reactive red 120 dye
(RR120) in water using ZnO nanoparticles (UZn) fabricated from one-step sonochemical
method. The as-product UZn were characterised using X-ray diffraction (XRD), scanning
electron microscopy (SEM), and transmission electron microscopy (TEM). The
photodegradation of RR 120 has been investigated in the presence of UZn under UVA light
irradiation. The effects on photocatalytic process such as the influencing factors of pH,
absorbent dosage, initial dye concentration also were studied. The results showed that the
photodegradation under optimum conditions of pH9, UZn dose = 300 mg and 120 minutes.

Keywords: Photocatalytic degradation; Sonochemical method; ZnO nanoparticle; Reactive red 120.
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