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NGHIEN CUU SU DUNG VAT LIEU NANO TONG HOP Ti0,/ZrO,
XUC TAC QUA TRINH OXY HOA TIEN TIEN 6ZON
PE XU LY AXIT ORANGE 7

STUDY ON USING SYTHETIC CATALYTIC NANOMATERIAL OF Ti0,/Zr0,
IN THE ADVANCED OXIDATION PROCESS OF OZONATION FOR REMOVING ACID ORANGE 7

Pang Thi Tham"*", Pé Van Manh'?, Nguyén Thanh Déng?,
Pao Trong Hién', Tran Manh Hai', Nguyén Hoai Chau?, Trinh Vin Tuyén'?

TOM TAT

Cing v6i su phat trién cong nghiép héa, 6 nhiém méi trudng ngay cang gia tang dic biét phai ké dén cac van dé 6 nhiém nudc thai. Trong do, nudc thai chia cac
chat hitu co khd phan hdy sinh hoc dac biét la cac chat nhugm mau dang ngay dugc quan tam vi chiing hau hét la chét hitu co ddc hai, bén trong moi trudng nudc va
dang str dung véi mgt so lugng I6n trong khdi nganh cdng nghiép dét nhugm. Cong nghé dxy hda tién tién da va dang dugc danh gia cao bdi kha nang oxy hda manh
d0i véi cac chat nhudm mau. Bang qué trinh oxy hda tién tién sir dung 0, va vat liéu nano tong hgp Ti0,/Zr0, @€ xt Iy chdt nhudm mau axit orange 7, budc dau da dugc
thu dugc hiéu sudt x{ Iy rdt cao. Két qua chi ra rang, st dung vét liéu nano tong hgp Ti0,/2r0, 6 ndng do 200ppm, tai pH 3 cho hiéu sudt x{ Iy t6t nhét cu thé la, hiéu
suat xtt Iy AO7 dat 95% sau 15 phdt thi nghiém véi nong d9 chat mau axit orange 7 (A07) ban dau khoang 175ppm, véi nong do ban dau AO7 350ppm dat 99% sau 18
phit, v6i chdt mau A07 550ppm dat 95% vdi thai gian x( Iy sau 30 phit khi lién tuc ti€p xtc véi dong 0, véi toc do dong khi cap clia 0, tinh khiét 0,5L/phut véi cac thi
nghiém. Bén canh d6, & cac diéu kién pH 7, pH 10 va vdi nong do ban dau cla chat mau A7 khac nhau (175ppm, 350ppm, 550ppm), hiéu qua x( Iy A07 theo thi gian
da dugc danh gid kha nang x( Iy bdi qua trinh oxy héa tién tién st dung 0, va vat liéu nano tong hgp Ti0,/2r0, & cdc ndng do ban dau khac nhau. Céc két qua thu dugc
ghi nhan dong hoc xi Iy chat mau A07 trong cac thi nghiém nay theo phan ting bac 1 vdi dd tin cy cao.

Tir khéa: Oxy héa tién tién, 6zon, nano Ti0,/Zr0,, axit orange 7 (A07), hiéu sudt xir Iy.

ABSTRACT

According to the industrialized development, environmental pollution is increased day by day especially wastewater pollution problems. In there, wastewater
companied to dis-biodegradable organic compounds such as dyes is interested due to they are toxic and persistent organic compounds in water environment and used
with the amount of dyes in textile industry. The advanced oxidation technology has been appreciated by powerful oxidation capacity for dyes. The advanced oxidation
process of ozonation and synthetic nanomaterial Ti0,/Zr0, for removing acid orange 7 (A07) obtained preliminary high efficiency. Results showed that using synthetic
nanomaterial of Ti0,/Zr0, at 200ppm, pH 3 get the best for removal efficiency, detailed as, removal efficiency of AO7 got 95% after 15 minutes of experiments with
initial AO7 concentration of 175ppm, with initial AO7 concentration of 350ppm get 99% of removal efficiency after 18 minutes, with initial AO7 concentration of
550ppm get 95% after 30 minutes of experiments with continuous stream mode and initial 0, flow rate of 0.5L/minute for experiments. Besides, conditions at pH 7,
pH 10 and different AO7 concentration (175ppm, 350ppm, 550ppm), removal efficiency of AO7 versus by time has been evaluated the removal capacity by the
advanced oxidation process using 0, and synthetic nanomaterial of Ti0,/Zr0, with different initial concentration. The obtained results recorded that treatment kinetics
of AO7 in experiments followed by the pseudo first order reaction with high reliability.

Keywords: Advanced oxidation, ozonation, nano Ti0,/Zr0,, acid orange 7 (A07), removal efficiency.

'Vién Cong nghé méi trutng, Vién Han lam Khoa hoc va (dng nghé Viét Nam
“Hoc vién Khoa hoc Cong nghé, Vién Han 1dm Khoa hoc va Cong nghé Viét Nam
3Trung tdm Gido duc va Nghién ctiu Unipetrol, Czech Republic

“Email: thomiet@gmail.com

Ngay nhan bai: 20/3/2021

Ngay nhdn bai sta sau phan bién: 10/6/2021

Ngay chap nhdn déng: 25/6/2021

1. GIGI THIEU quan tam va phat trién, c6 thé iing dung trong thuc té xu ly
moi trudng doi véi cac chat hitu co khé phan hay sinh hoc.

Véi su phat trién cda khoa hoc céng nghé hién nay, )
Vé&i nhing uu diém trong xU ly nudc thai bsi kha nang oxy

cong nghé 6z6n hoda xuc tac (nano-catazone) dang dugc
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hoéa cao cla 6z6n va su cd mat clia xuc tac dac biét la xdc
tac kich thuéc nano dang kim loai hodc oxit kim loai da tao
ra nhiting qua trinh uu viét hon trong viéc nghién ctu va xu
ly cac chat hitu co khé phan hay sinh hoc dac biét la cac
chat nhuém mau.

Enling Hu va cong su da nghién clu loai bd thudc
nhuém hoat tinh bang phuong phép 6z6n hoda xuc tac [1].
Nghién ctu so sanh hiéu qua xd ly nudc thai tu qua trinh
ria c6 chia thuéc nhuém hoat tinh cta hai qua trinh: qua
trinh chi s& dung 6z6n va qua trinh két hop 6z6n véi chat
xuc tdc MnFe,0,. Trong thi nghiém loai bé mau, ban dau
nudc thai c6 mau xanh dam vi c6 su hién dién cta thuéc
nhuém RB19 (Remazol breliant blue), sau 10 phut, nudc
thai xr ly bang catazon da mat mau hoan toan. Sau 60
phuat, dd hap phu hiau nhu khéng thay d8i, cho thay thudc
nhudém bi gitt bdi cac chat xuc tac. So sanh vai khi chi st
dung 6z6n mang lai hiéu qua cao hon. Diéu nay cé thé thay
xUc tdc MnFe,0, trong qua trinh catazon nay thuc ddy tao
ra OH° manh hon so vGi 6z6n trong oxi hoa chat hitu co. Vi
thi nghiém loai bo COD, két qua cho thay hiéu qua loai bd
COD sau 60 phut cda qua trinh 6z6n la 60%, khi sit dung
thém xuc tdc MnFe,O, hiéu qud tdng 1én 75%.

Chung-Hsin Wu va céng su da nghién ctu loai bd thuéc
nhuém azo RR2 (Red reactive 2) va AO6 (Acid orange 6)
bang qua trinh catazon xdc tac MnO, [2]. Két qua khdr mau
cho thay, sau 120 phdt, hiéu suat khr mau ctia RR2 trong
0;, 0,/Mn0, (1g), 0,/Mn0, (2g), 0/Mn0O, (3g) lan luct la
83%, 92%, 95% va 95%, con véi AO6 lan lugt la 67%, 91%,
90% va 93%. Ca hai thuéc nhudém RR2 va AO6 déu c6 hiéu
suat kh&r mau I6n hon 90% khi st dung thém chat xuc tac
MnO, sau 120 phut x{ ly.

DPac biét hon, cong nghé nano doéng vai trd chinh trong
viéc phét trién cac phuong phap tiéu thu it ning lugng, vat
liéu va gidm tac hai dé€n moi trudng cling nhu xt ly cac chat
gay 6 nhiém moi trudng. Cac vat liéu nano cé kich thudc tir 1
dén 100nm, moét s6 cé déc tinh xuc tac, hap phu va dé phan
ung cao c6 dién tich bé mat riéng cao, do do day la nhiing
vat liéu ¢ tiém nang ung dung trong x& ly moi trudng, dac
biét 1a xr ly mau 6 nhiém. Cac vat liéu nano c6 thé dugc sur
dung lam chat xuc tac trong qua trinh 6zé6n héa xt ly chat
hiiu co trong nudc. Nhiéu vat liéu nano da dugc nghién cuu,
bao gém cac oxit kim loai (TiO,, ZnO, MgO,...) kim loai (Fe,
Zn) hoac kim loai trén nén oxit kim loai.

Vat liéu nano c6 dién tich bé mat I6n cho ty 1& thé
tich/khéi lugng cda vat liéu nano ting giup ting cudng
tinh hap phu cua vat liéu. Cac nghién ctu gan day vé xt ly
nudc thai bang cdng nghé nano da st dung nhiéu loai vat
liéu bao gbm cac chat ban dan, nano khoang sét, chat xdc
tac nano, hat nano, vat liéu t8ng hgp nano chi yéu la TiO,,
paladi, Fe;0,, ceri oxit, chitosan tu tinh...

Cac hat nano oxit kim loai nhu TiO,, ZnO va CeO, da su
dung réng rai cho xt ly cac chat 6 nhiém trong nudc. Do
dién tich bé mat cao, tinh chat quang dién, hat nano oxit
kim loai dugc coi la chat xuc tac quang tét cho qua trinh
lam sach nudc. Cac hat MgO va Mg dugc st dung dé pha
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hay/hdp phu chat diét khudn chéng lai vi khuidn gram
duong va gram am nhu Escherichia coli va Bacillus
megaterium va bao t vi khuan [3].

S.M Tabatabaei va céng su da nghién clu tang cudng
qua trinh 6z6n héa 4-Nitrophenol (4NP) trong nudc bang
xuc tac nano ZnO. Nghién ctu da tién hanh nhimng thi
nghiém so sanh hiéu qua x ly 4NP bang 6z6n va 6z6n két
hgp vGi chat xuc tac ZnO. Khoang 93% 4NP dugc loai bo
trong 5 phut dau tién khi st dung nano ZnO. Trong khi do,
khi st dung micro ZnO thi chi cé 70% 4NP dugc loai bé.
Diéu nay cho thay vat liéu nano gilp tang cudng qua trinh
XU ly chat & nhiém trong nudc. Cu thé khi néng tang néng
dd ZnO ban dau tang tur 100mg/L dén 300mg/L thi ham
lugng 4NP bi phan hay ciing tang Ién tir 69% dén 93%
(trong 5 phut dau). Nong d6 4NP ban dau 10, 12, 14 va
16mg/L hiéu quéd phan hdy tuong Ung 63%, 68%, 75% va
93%. V&i qua trinh phan hay bang 4NP néng dé 16mg/L
bang qua trinh catazon xuic tac ZnO ndéng dé 300mg/L,
0z06n 5,64mg/L dat hiéu qua tot nhat & pH = 3 [4].

Nhu vay, st dung xuc tadc nano oxit kim loai dé ting
cudng qua trinh oxy hoa tién ti€n trong viéc x ly nudc thai
dac biét la nudc thai cong nghiép c6 ham lugng chat hiu co
cao, khé phan hay sinh hoc nhu déi vai cac chat nhuém mau
sé la moét tiém nang dugc danh gia cao. Vi vay, nghién cdu
nay nham danh gia hiéu qua xt ly sa bo viéc sit dung qua
trinh 6z6n hoéa véi su c6 mat cla vat liéu nano téng hgp
TiO,/ZrO, dé xtr ly chat nhudém mau axit orange 7 (AQ7).

2. D6l TUONG VA PHUONG PHAP NGHIEN CUU

Déi tuong nghién ciu

Thudc nhudém axit orange 7 (AO7) C,4H,,N,NaO,S la mot
loai thuéc nhudm azo c6 xuat xd Aladdin - Trung Quéc dé
danh gid nghién cuu.

Hinh 1. Hinh anh TEM cud xtic téc Ti0,/Zr0,
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Hinh 2. Gian do nhiéu xa tia X cda Ti0,/Zr0,
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Xuc tac nano TiO,/ZrO, dugc ché tao tir vat liéu: TiIOSO,
va ZrCl, trén theo ty 1& mol 2:1, khudy trong binh 1L. NaOH
1M dugc thém vao hdn hgp cho dén khi pH dat 11,5. H6n
hgp dung dich mau trang xanh dugc dugc khuay tiép trong
12 gid, dé ldng va tiép tuc dugc loc, rira bang nudc cat. Két
tda ran thu dugc dem sdy & 50°C trong 12h. K&t qua ché tao
vat liéu TiO,/ZrO, va xac dinh dac trung clia xdc tac nano
TiO,/ZrO, qua anh TEM va chup nhiéu xa tia X tai Phong thi
nghiém vat liéu va ky thuat tién tién - Trung tam Gido duc
va Nghién cdu Unipetrol - Cong hoa Séc. K&t qua trén hinh
1 va 2 minh hoa vat liéu nano TiO,/ZrO, da cho thay kich
thudc rat nhoé tir 1 - 3nm dugc do bdi kinh hién vi dién tl
truyén qua (Transition Electron Microscopy (TEM)) va két
qué phan tich TEM d6ng nhat véi két qua XRD vé cdu tric
hat vat liéu.

Hon nifa, vat liéu nano TiO,/ZrO, dugc phan tich theo ly
thuyét phiém ham mat d6 (NLDFT nonlocal density
functional theory) tai Phong thi nghiém vat liéu va ky thuat
tién tién - Trung tdm Gido duc va Nghién ctu Unipetrol -
Cong hoa Séc va tinh toan cu thé dac trung cau tric cha vat
liu dugc thé hién trén bang 1.

Bang 1. Ddc trung cda vat liéu nano Ti0,/Zr0,

Théng sé | Don vi ‘ Két qua
NLDFT analysis
Dién tich bé mat (Surface area) m/g 530,4
Dung tich 6 rong (Pore volume) an’/g 0,370
Dung tich 16 x6p (Micropore volume) a’/g 0,036
Dung tich mao quén trung binh (Mesopore volume) | cm’/g 0,330

Phuong phdp nghién ciu:

Néng d6 chat mau AO7 dugc xac dinh biang phuong
phap trdc quang so mau UV Vis UH5300 Hitachi Nhat Ban tai
budc séong 481nm. Néng dé 6z6n dugc xac dinh bang
phuang phap Indigo Carmin tai budc séng 595nm trén may
so mau UV Vis UH5300 Hitachi Nhat Ban. Gia tri pH trong céc
thi nghiém dugc do bang may Hanna HI2211-02 Rumani.

Qud trinh tao 6z6n va thiét ké thi nghiém

0z6n dugc sinh ra ti oxy tinh khiét (99%) cung cap tu
binh chira oxy 40L v&i luu lugng khi diéu chinh 0.5 L/phut di
vao may tao 6z6n D - 10S (cong sudt 10g O,/h) qua van diéu
chinh luu lugng dan téi bé phan (ing khi 16ng 0,6L. Khi 6z6n
dugc cung cap, phan phéi déu bang qua sdi bot min dé tang
kha ndng chuyén hda 6zén tir pha khi sang pha 1dng trong
suét qua trinh thi nghiém. May khudy tu dugc st dung dé
tang cudng qué trinh tron mau dugc déng déu trong bé
phan Ung pha ldng. Khi 6z6n du sé qua bé khur khi cé chia Kl
trudc khi xa ra ngoai moi truding. Busdng 6ng cung cap khi O,
vao va O, ra khéi binh phan ting cé 1ap dat van mét chiéu. Hé
théng dugc thiét ké la mot hé kin, cac thi nghiém dugc tinh
todn hiéu qua xt ly trong binh phdn tng 0,6L.

Véi lugng xuc tac nano TiO,/ZrO, khic nhau (100ppm -
200ppm - 300ppm) dugc cho vao ti ban dau trong bé phan
Ung vai diéu chinh pH ban dau ¢é dinh tai pH 3, 7 va 10, s
dung nudc cat siéu sach dam bao khéng moét yéu t6 nao
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anh hudng dén céc phan tng O, trong qua trinh. Bong
thdi, chdt mau ciing dugc chuén bi sdn trong bé phan (ing
vGi cac diéu kién thi nghiém ng véi cadc ndng do danh gid
175ppm; 350ppm va 550ppm. M&i thi nghiém dugc tién
hanh trong khodng 15 - 60 phut tuy thuéc vao tung phan
Ung, néng dé chat mau AO7, nbng d6 xuc tac nano dau vao
va ndng d6 chit mau dugc danh gia theo thoi gian phan
tng. Cac mau phan tich dugc 13y ra tur binh phan tng bang
syringe 10ml d&&m bdo d6 chinh xac cao dé ti€n hanh phan
tich va danh gia sé liéu thu dugc.

Hiéu suat xur ly chat mau cta qua trinh dugc tinh toan
theo cong thuc sau:

M_‘]OO
C

o

H(%) =

Trong d6:

H la hiéu sudt xt ly ciia qua trinh (%);

C, 1a néng d6 clia chat mau AO7 (ppm) tai thoi diém
ban dau thi nghiém;

C;1a néng dd clia chat mau AO7 (ppm) tai thoi diém két
thic qua trinh x( ly.
3.KET QUA VA THAO LUAN

3.1. Anh huéng clia ndng d6 chat xic tac ban dau dén
hiéu qua xi ly chat nhuém mau AO7 theo cac pH khac
nhau

Thi nghiém sir dung nano TiO,/ZrO, 100ppm (100ppm
CAT)

NOng d6 ban dau clia AO7 trong thi nghiém dugc bé tri
175ppm véi xuc tac nano TiO,/ZrO, 100ppm trong cac thi
nghiém pH 3, 7 va 10 va O; dugc cap lién tuc véi téc do
dong khi ctia O, 0,5L/phut. Két qua nghién ctiu hiéu qua x
ly AO7 dugc minh hoa trén hinh 3.
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Hinh 3. Nong d9 A07 theo thdi gian vdi 100ppm xtc tc nano Ti0,/Zr0, tai
cdc pH khac nhau

Hiéu suat xt ly chat mau AO7 dugc tinh toan ti phan
tich néng d6 AO7 ban dau va néng d6 AO7 tai thdi diém
két thuc qua trinh xt ly. Két qua cho thay, sau 16 phat
(994s) xtt ly, hiéu xuat x¢ ly AO7 tai pH 10 dat 99,3%. Hiéu
suat xt ly AO7 dat dugc 1a 99,3% tai pH 7 chi sau 12 phut
(751s) va 99% tai pH 3 sau hon 10 phat (672s) va néng dé
chat mau AQ7 déu gidm tuyén tinh theo thaoi gian véi cac
diéu kién ban dau thi nghiém (hinh 3).
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Tai pH 10, n6ng d6 6z6n sinh ra da tiéu thu nhanh dé
chuyén héa, hinh thanh géc OH' trong qua trinh thac day
Oxy héa chat mau AO7. Tuy nhién, so sanh diéu kién pH 3
va pH 7 thi tai pH 10 nbng d6 AO7 dugc xt ly cham hon
(hinh 3). Tai cac thi nghiém pH 3 va pH 7, ndong d6 6z6n hoa
tan I8n trong su6t qua trinh xt ly, néng d6 O, la 10,46ppm
va 9,42ppm (hinh 4) lan lugt tai pH 3 va pH 7 do d6 qua
trinh x& ly dién ra nhanh, hiéu qua hon bai qua trinh 6z6n
truc ti€p. Diéu do, ching té rang, co ché truc ti€p cla 6z6n
va hiéu Ung xuc tac nano TiO,/ZrO, trong diéu kién pH 3 da
chiém uu thé han nhat trong x{ ly chat mau AO7.

Dé thdy dugc ndng dd 6z6n sinh ra va cd ché 6z6n phan
hay trong dung dich phan tng, cac thi nghiém trén hinh 4
minh ching néng d6 6z6n trong dung dich phan ng vai
su ¢6 mat clia xuc tac nano TiO,/ZrO, 100ppm tai cac pH
khac nhau 3, 7 va 10 khi khéng ¢6 vai chat mau AO7 trong
bé phan ung.

12
-~ 9 -
=X —e—pH3
o
= —ea—pH7
Z—:, 6 pH10
T:H
& 3
=
0
(1] 500 1000 1500 2000
Théi gian (s)

Hinh 4. Nong d9 6zon theo thoi gian tai cac gia tri pH khac nhau

Néng dé 6zén hoa tan tdng manh trong 5 phat dau tién
tai pH 3 va 7. Tai pH 3 néng dé 6z6n tang tur 3,93ppm lén
10,17ppm sau d6 dat trang thai bao hoa vGi néng do 6z6n
trung binh 10.46ppm trong binh phan ung khi khéng cho
chat mau AO7. Tuong tu pH 7, néng dé 6z6n ciing tang
manh tu 5ppm |én 8,26ppm va sau dé dat trang thai béao
hoa véi nong d6 6zén trung binh 1a 9,42ppm. Tai pH 10,
néng do 6z6n sinh ra bi tiéu thu ngay chi con khoang
0,2ppm va khong bién dong nhiéu theo thoi gian do trong
moi trudng kiém pH 10, ndéng d6 6z6n da phan dng rat
nhanh trong cac chudi phan (ng dé sinh ra cac géc tu do
va dac biét la géc OH° linh dong [5, 6].

Vi vay, cac két qua danh gia ban dau da ghi nhan déng
hoc xtr ly chdt mau AO7 trong cac thi nghiém nay theo phan
Ung gia bac 1 véi hang s6 déng hoc (k, s') phu thudc vao
thoi gian phéan ng va diéu kién thi nghiém. Hang sé dong
hoc phan Ung tai thi nghiém pH 3 cho két qua I6n nhat
k=8.10%",7.103" tai pH 7 va 6.10® tai pH 10 (hinh 3).

Thi nghiém s dung nano TiO,/ZrO, 200ppm (200ppm
CAT)

Thi nghiém tuang tu thuc hién véi diéu kién ndng do
mau AO7 ban dau 175ppm, véi 200ppm xUc tac nano
TiO,/ZrO, trong bé phan tng 0,6L tai pH 3, 7 va 10. Véi
dong O, lién tuc cdp vao bé phan tng véi téc d6 dong O,
dau vao 0,5L/phut, két qua xi ly chat mau AO7 dugc minh
hoa trén hinh 5.
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Hinh 5. Nong d chat mau AO7 theo thdi gian vdi xtc tac nano Ti0,/Zr0,
200ppm tai cac pH khac nhau

Tuong tu nhu thi nghiém véi néng d6 chat xuc tac
100ppm, khi c6 mat néng d6 200ppm chéat xuc tac nano
TiO,/ZrO,, tai pH 3, pH 7 va pH 10 ¢é su giam néng d6 chat
mau mot cach tuyén tinh theo thoi gian. Két qua thi
nghiém cho thay, hiéu suat x ly AO7 dat 95% sau 15 phut
thi nghiém va diéu kién thi nghiém pH 3, véi su cé mat cla
xuc tac nano TiO,/ZrO, 200ppm la diéu kién t6t nhat thuc
hién dé xt ly chat mau AO7 (hinh 5). V&i cac két qua thi
nghiém dugc tinh toan, dong hoc xur ly chat mau AO7 dugc
thé hién theo phan Ung bac mét vdi hé s6 phan tng k lan
luot & pH 3, 7 va 10 1an luot 13 7.10%; 5.10° va 5.103s™. Két
qua dugc minh hoa trén hinh 5 vdi sai s6 R? ¢4 dd tin cay
cao, lan luot 1a 0,88; 0,98 va 0,98 tai pH 3, pH 7 va pH 10.

Thi nghiém s dung xiic tdc nano TiO,/ZrO, 300ppm

Tuong tu nhu hai hé thi nghiém trén, cac thi nghiém
nay dugc bé tri véi néng do chat xuc tac nano ban dau
nano TiO,/ZrO, 300ppm vai néng d6 chat mau AO7 khoang
175ppm. K&t qua xi ly chat mau AO7 trong bé phan tng
0,6L vGi dong O; lién tuc cap vao bé phan wng véi téc do
dong O, dau vao 0,5L/phut tai pH 3, 7 va 10 dugc minh hoa
trén hinh 6.
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160 ¥ y = 1800006
*=0.89

140 R 11
120 .
100 | *

y = 180e" 005
80 R: = 0.8963
60 . o
40 & .
o L ]
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@ pH3-300ppm CAT
v = 180e000sx @ pH7-300ppm CAT

R*=0.9519 pH10-300ppm CAT

Nong 46 AO7 (ppm)

0 500 1000
Thoi gian (s)
Hinh 6. Nong d9 AO7 theo thdi gian vdi xtc tac nano Ti0,/Zr0, 300ppm tai
dc pH khac nhau

1500

Két qua thi nghiém cho thay hiéu suat xdr ly AO7 sau 20
phut dat 98,65% dai vai pH 7, 98,49% déi vai pH 10. Két
qua xu ly AO7 tai pH 3 la 98,57% chi sau gan 15 phat xu ly.
Vi pH 7, vai xtc tac nano TiO,/ZrO, 300ppm, néng doé chat
mau AO7 ¢6 xu hudéng gidm cham hon so véi pH 3 va 10
trong sudt qua trinh x ly. Day la diém khac biét so véi khi
st dung xuc tac nano TiO,/ZrO, 100ppm va 200ppm cho
két qua toc do xtr ly AO7 chdm nhat tai pH 10. Do vay, tai
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cac thi nghiém véi pH 10 véi xuc tac TiO,/ZrO, 300ppm, kha
nang san sinh géc OH° trong dung dich phan ting manh
hon dé tac dong manh vai chat mau AO7 hon & cung diéu
kién pH7. Tuy nhién, tai diéu kién pH 3, t6éc do xi ly chat
mau AO7 van la t6t nhat véi su c6 mat cla chat xdc tac
nano TiO,/ZrO, 300ppm, chiing td co ché truc tiép va hiéu
Ung xuc tac bé mat két hgp cia nano da dong gop trong xi
ly chat mau AO7 trong su6t qua trinh thi nghiém.

TU cac thi nghiém thay d8i néng dé xuc tac khao sat véi
diéu kién ban dau tai pH 3, 7, 10 cho thay thi nghiém tai pH
3 cho két qua néng dé 6z6n hoa tan trong dung dich phan
(ing t6t nhat va hiéu qua x& ly chat mau la t6t nhat va én
dinh v&i su c6 mat cda nano TiO,/ZrO,. Diéu nay phu hgp
vGi ly thuyét vé phan hly 6z6n trong moéi trudng axit so
sanh v&i moéi trudng kiém [5, 6]. Nano TiO,/ZrO, da déng
gbp quan trong trong viéc xuc tién qua trinh xu ly, co ché
thic ddy qué trinh 6z6n héa khi c6 mat xdc tadc nano da
dugc tac gia va cong su danh gia [7]. Cac két qua trén duac
danh gia cho thay co ché xir ly chat mau azo AO7 hiéu qua
bang con dudng xu ly truc ti€p bang 6z6n hon co ché gian
ti€p bdi géc OH'.Co ché cla qué trinh 6z6n khi c6 mét cla
xUc tac nano TiO,/ZrO, d€ xu ly chat mau AO7 dugc gidi
thich nhu sau:

Trén bé mdt chdt xic tdc nano TiO,/ZrO,

+ Oxy héa xuc tac bai géc linh déng

Ti0,/Zr0, -s +0, = Ti0,/Zr0, - s°-0°

TiO,/Zr0, - s°=°° > Ti0,/Zr0, - s + 0,

TiO,/Zr0, - s°" + AO7-> CO, + H,0 + chat trung gian

+ Oxy héa truc tiép bi 6z6n

TiO,/ZrO, % + AO7 - CO, + H,0 + chat trung gian

TiO,/Zr0, -AO7 + O; = CO, + H,0 + chét trung gian

Trong dung dich phdn ing

+ Oxy hoa truc ti€p véi O,

0, + AO7 - CO, + H,0 + chat trung gian

Tu cac két qua nghién clu cho thdy, st dung xuc tac
nano TiO,/ZrO, néng d6 200ppm vita dam bao tiét kiém
nguyén vat liéu s&r dung ma van mang lai hiéu qua cao
trong xr ly chat mau AO7. Vi vdy, néng ddé xuc tac
nanoTiO,/ZrO, 200ppm dugc st dung nghién cliu trong cac
thi nghiém tié€p theo.

3.2. Anh hudng ndng d6 chat mau AO7 dén hiéu qua xi
ly theo cac pH khac nhau

Cac thi nghiém dugc tién hanh vai luu lugng dong khi
cap vao déng déu O, & 0,5L/phut tao 6z6n vdi cong suat
10g O,/h nhu nhau dé chuyén hoa 6z6n tur khi sang léng
trong bé phan ung 0,6L véi diéu kién dugc bé tri nbng d6
chat mau ban dau AO7 cao hon la 350ppm, 550ppm tai cac
diéu kién thi nghiém pH 3, 7 va 10. Cac két qua nghién ctu
anh huéng clia néng dé chat mau AO7 dén hiéu qua xu ly
dugc minh hoa trén hinh 7 va 8.

Thinghiém véinéng dé chdt mau AO7 ban dédu 350ppm

Két qua thi nghiém cho thay v&i ndng do chat mau 350
ppm dau vao, thdi gian x ly sé tang 1én do néng d6 chat
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mau ban dau dugc bé tri cao va néng dé chat mau giam
tuyén tinh theo thgi gian xr ly trong cac thi nghiém nghién
ctu. Thi nghiém trong 5 phut dau tién tir néng dé mau AO7
ban dau 350ppm, & pH 3, ndng d6 chat mau AO7 giam
nhanh, gidm xuéng con 102,9ppm, dat hiéu suat xu ly
69,87%. Tai thi nghiém pH 7 néng dé chat AO7 gidam xuéng
con 212,47ppm, dat hiéu suat 38,4% trong 5 phut dau. O thi
nghiém pH 10, sau 5 phuat x ly, néng dé chat mau AO7
gidm xudng con 206,24ppm dat hiéu suat 44,44% (hinh 7).
Hiéu suat xt ly chat mau AQ7 véi ndng do ban dau khoang
350ppm dat 99% tai pH 3 sau 18 phut, tai pH 7 sau 30 phut,
tai pH 10 sau 25 phut xt ly. Cac két qua nghién ciu cho
thay & thi nghiém pH 3 da cho hiéu qua xutr ly chat mau AO7
la t6t nhat voi su c6 mat clia xdc tac nano TiO,/ZrO,

200ppm.

400 I

350 } y = 35]e000% ® pH3-200ppm CAT
= 300 B ® pH7-200ppm CAT
EE 250 .‘E;__':'{::q;; ) pH 10-200ppm CAT]
5 200 e y = 351000
< R?=0.9296
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ol *
.5 100 .

0 L PP, L S R
0 500 1000 1500 2000 2500 3000
Thn gian (s)

Hinh 7. Nong do AO7 theo thoi gian vdi 200ppm nano Ti0,/Zr0, tai céc pH
khdcnhau

Co ché ddng hoc xtr ly chat mau AO7 & cac diéu kién
trén theo co ché xi ly bac 1. Thi nghiém tai pH 3 vdi
200ppm xuc tac nano TiO,/Zr0O,, hang s6 dong hoc phan
Uing dat cao nhat & pH 3 13 4.10°s" va hang s6 ddng hoc &
pH 7, 10 1a 2.103s™ (hinh 7). Két qué ghi nhan dugc sai s6
tuong quan cla qua trinh déng hoc la dang tin cdy véi gia
tri R? clia tiing qua trinh x& ly chat mau tai cac thi nghiém
lan lugt 1a 0,89; 0,95 va 0,93 tai cac diéu kién pH 3, 7 va 10.

Thi nghiém véi néng dé chdt mau 550ppm

Hiéu qua x{ ly chat mau AO7 tai ca ba gia tri pH 3, 7 va
10 vGi su c6 mat ciia nano TiO,/ZrO, déu tuong tu nhau
(hinh 8). Néng d6 chat mau AO7 gidm nhanh trong hon 10
phut dau tién, hiéu sudt xi ly dat lan lugt dat 75,76%;
70,62%; 75,56% d6i véi pH 3, 7, 10 véi su c6 mat nano
TiO,/ZrO, 200ppm.

Nhu vay, tai ndbng dé rat cao ban dau cda chat mau
AO7 550ppm, xu hudng xt ly chat mau AO7 tai cac diéu
kién pH 3, 7 va 10 gan tuong duong nhau khi c6 xuc tac
nano Ti0,/Zr0, 200ppm. O cac diéu kién nay, hiéu qua x{
ly chdt mau AO7 dat 95% khi thoi gian x{t ly ngoai 30 phut
lién tuc ti€ép xtc véi O; nhu nhau trong cac diéu kién trong
bé phan (ng.

Két qua dugc minh ching rang, ddng hoc x{ ly chat mau
AQ7 trong cac thi nghiém & diéu kién nay cho cac két qua
giéng nhau vé hang sé déng hoc phan tng, k = 2.10%s" va
sai sO R? clia cac phép do la rat dang tin cay, lan lugt la 0,97;
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0,91 va 0,94 tuong Ung véi cac thi nghiém pH 3, 7 va 10 véi [7]. Dang T.T., Do V. M., Trinh V. T., 2020. Nano-Catalysts in Ozone-Based
su ¢d madt cla xuc tac nano TiO,/ZrO, 200ppm (hinh 8). Advanced Oxidation Processes for Wastewater Treatment. Curr. Pollut. Rep., 6(3),
600 | pp. 217-229.
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o e o
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Hinh 8. Néng do AO7 theo thai gian véi xc tac nano Ti0,/Zr0, 200ppm, Qraduate University of Science and Technology, Vietnam Academy of
nong do chat mau ban dau A07 khoang 550ppm tai cac pH khéc nhau Science and Technology
4. KET LU AN 3Unipetrol Centre of Research and Education, Czech Republic

Nhu vay, cac két qua va thao luan da minh ching mét
tiém nang cta qua trinh x{ ly chat mau bang céng nghé
6z6n vai su c6 mat cha xuc tac nano. Vai cac diéu kién pH
khac nhau, méi trudng axit, trung tinh va méi trudng kiém
da dugc danh gia cling véi su thay déi néng doé chat xuc tac
nano TiO,/Zr0O, ban dau va néng dé cao chat mau ban dau
da mang lai hiéu suat xt ly AO7 rat cao.

Nghién ctiu cho thdy mot kha nang va trién vong mai
trong viéc ti€p can cong nghé 6z6n héa xuc tac (catazone)
st dung vat liéu tién tién nano ma dién hinh s dung vat
lieu nano téng hop TiO,/ZrO, trong xi ly cac chat nhudm
mau va co trién vong déi vai viéc x ly nudc thai nganh
cong nghiép dét nhuém.
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