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I. Gi6i thiéu phwong phap quang xdc tac

O nhiém mai trudng 1a mot trong nhitng thach thirc 16n do téc do phat
trién d6 thi héa va cong nghiép hoa dién ra nhanh chéng. Viéc cung cap mot
moi trudng trong sach cho con ngudi 1a rat quan trong ddi véi kha ning ton tai.
Céc chét xtic tic quang ciu tric nano véi dic tinh hoa 1y hap dan da mang lai
co hoi giai quyét van dé bén vitng moi trudng. Trong nhitng nim gan day, ngudi
ta da chimg kién nhimng tién bo dang ké trong viéc tong hop va ung dung chat
xUc tac quang trong viéc xir Iy moi truong. Nhimg chat xuc tac quang méi nay
da cho phép céac ing dung rong rai trong loc khong khi, xir 1y nudce thai, v.v.
trong khoa hoc xuc tac, khoa hoc nano va vat liéu cho phép tao ra nhimng tién
bo dang ké trong cac chién lugc méi ddi vai viée chuin bj ¢ kiém soat, co ché
phan g xuc tic quang va mdi quan hé cau trac-hoat dong ctia chat xuc tac

quang.

Sy phat trién nhanh chong cua xtc tac quang d6i v6i moi trudng, trong
nghién ctru ndy t6i mudn gidi thiéu va nang cao hiéu biét vé cac van dé chinh
trong tmg dung méi trudng ctia chat xdc tac quang ciu trac nano. Véi cac khia
canh sau nhu 1a thiét ké va tong hop cac chét xtic tac quang véi hinh thai méi
va céc vi tri xtic tic hoat dong; cac chat xuc tac quang tong hop xanh; cac chét
xuc tac quang dé chuyén d6i CO2 thanh mit troi; cac chat xuc tac quang dé xur
Iy nude thai va loc khong khi; va va co ché phan tmg xtc tac quang nhu dugc

ap dung trong céc bai toan mdi truong.

Nhu ta da biét quang xUc tc Photocatalyst 1 mot nhanh trong nganh vét
ly - hoa hoc co lién quan véi cac hiéu ung hda hoc cua anh sang. V§i phan Gng
hoa hoc do hép thu tia cuc tim (c6 budc song tir 100 dén 400 nm), hép thu anh
sang kha kién (400 - 750 nm) hodc btic xa hdng ngoai (750 - 2500 nm). Trong
phan g nay cac chét xuc tac nhu 1a TiO2, cac vat liéu ban dan, perovskite. ..

khéng thay doi hodc mét di, nd chi dong vai tro 1a xtc tac.



II. Co ché xiic tic quang xir Iy chat 6 nhiém

Nhu ciu vé nudc sach ngay cang gia ting nhung ngudn nudc sach thi
dang dan hét do su phat trién vuot bic ctia cong nghiép hoa, su gia ting dan sb
chong mit va han han kéo dai da tré thanh nhitng van dé quan trong trén toan
thé gidi. Cac chién lugc va giai phap thuc té khac nhau da dugc 4p dung dé tim
ra nguén nudc cho nhan loai. Trong do, viéc tai ché nude thai dugc coi 1a chia
khoa dé giai quyét van dé thiéu nude. Tuy nhién, sy hién di¢n cta cac hop chat
hitu co ddc hai, nhu thude nhuém hitu co, phenol va thudc trir sau, trong nudc

thai 1a diéu con lo ngai[1][2].

Viéc loai bo hodc phan hily cac chat mau hitu co da 1a mot van dé dang
rat dugce quan tim. Cac k¥ thuat truyén thong nhu hap phu trén than hoat tinh,
siéu loc, dong tu bang cac tac nhan hoa hoc va trao d6i ion trén cac chat hap
phu, d3 dugc str dung rong rai dé loai bo cac thude nhuém[3][4]. Tuy nhién,
cac phuong phap nay lai tao ra ngudn 6 nhiém thi cap, chung ta can xi Iy thém
chat thai ran va tai sinh chat hip phu nén gia thanh cho qua trinh nay rat cao.
Hon nita, Forgacs. va cong sy di luu ¥ rang cac cong nghé xtr Iy nudc thai
truyén thong 1a khong hiéu qua dé xtr 1y nude thai nhudém vi chat 6 nhiém loai
nay rat bén [5]. Qua trinh xtc tic quang oxi hoa di thé str dung chat xuc tic ban
dan nhu TiO2 va anh sang UV hodc anh sang kha kién 1a hi vong phan huy
thudc nhudm hitu co tao ra cac chét ¢6 kha nang phan huy sinh hoc hoac it doc
hon. St dung qua trinh quang xtc tac dé loai bo thuéc nhudm tir nudc thai da
duogc cac nha khoa hoc rat nd luc nghién ctru [6][7][8].

I1. 1 Mot sé khai niém

Khai niém phan g xtic tic quang dung dé n6i dén nhiing phan ting xay
ra dudi tac dung ddng thoi ctia chat xuc tac va anh sang, hay néi cach khéc, anh
sang chinh 14 nhan t6 kich hoat chat xuc tac, giup cho phan tng xay ra. Khi c6
su kich thich cta anh sang, trong chat ban din s& tao ra cip electron — 15 trong

quang sinh va c6 su trao doi electron gitra cac chat bi hap phy, thong qua cau



ndi 1a chat ban dan. Xtc tac quang 1a mot trong nhitng qua trinh oxi hoa — khtr

nho tac nhan anh sang.

Vung héa tri — ving dén, ning lweng viing cém
Theo 1i thuyét ving, cdu tric cta vat chat gdm c6 mot ving gdm nhiing
obitan phan tir dugc xép du electron, goi 13 viing hoa tri va mot viing gdm nhing
obitan phan tir con trdng electron, goi 1a viung dan. Hai ving nay dugc chia
cach nhau bdi mot khoang cach nang lwong goi 14 ving cAm, ning lugng ving
cadm Ebg (band gap energy) chinh 13 6 chénh 1éch ning lugng giita hai ving

hoa tri va vung dan.

Su khac nhau giita vat liéu dan, khong dan va ban dan chinh 1a sy khéc
nhau vé gia tri nang lugng ving cam Ebg. Vat liéu ban dan 1a vat lidu c6 tinh
chat trung gian gitra vat liéu din va vat liéu khéng dan. Khi duogc kich thich da
16n bdi ning luong (16n hon ning lugng ving cAm Ebg), cic electron trong
vung hoa tri cua vat liéu ban dan c6 thé vuot qua vung cAm nhay lén vung dan,
trg thanh chét din c6 diéu kién. Néi chung chat dan dién khong c6 ving cam,
ving dan va ving hoa tri chdng 1én nhau, nhimg chét c¢6 Ebg 16n hon 3,5 eV 1a
chat khong dan, nhirng chéat c6 Ebg nho hon 3,5 eV 14 chat ban dan. Nhiing chat

ban dan déu c6 thé lam chat xic tac quang.
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Hinh 1. So do nang heong cua chat cach dién, chat ban dan va chat ddn dién
[8]
Cap electron — 14 tréng quang sinh
Khi duogc kich thich béi cac photon c6 nang lugng 16n hon nang luong

vung cam Eg, cac electron vung hda tri cua chat ban dan s€ nhay 1én vung dan.



Két qua 1a trén ving dan s& co cac electron mang dién tich am, duoc goi la
electron quang sinh (photogenerated electron e- CB) va trén vung hoa tri sé co
cac 10 trong mang dién tich duong, duwoc goi 1a 16 trong quang sinh
(photogenerated hole h+ VB) [9].

11.2. Co ché
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Hinh 2. Co ché xic tac quang cia perovskite

Qua trinh oxi héa quang xuc tac dugce khoi mao khi chat xuc tac hap thy
mot photon voi ning lugng thich hop (16n hon hoic bang Ebg cuia chat xuc tac
ban dén) kich thich mét e (e-) & VB nhay 1én CB, dé lai VB céc 16 tréng (h+)
mang dién tich duong [10]. Trong phan tng ndy h+ va e- déu 13 cac tac nhan
oxi hoa va khir rat manh, chung phan tach va di chuyén t&i bé mit hoic tiép
diém cua vat liéu quang xtc tac. O d6 e bi bay boi cac phan tir oxi hoa tan trong
moi trudng dé tao 02+ —, trong khi d6 16 tréng mang dién tich duong oxi hoa
cac chat 6 nhiém hodc nudc tao thanh radical OHe. Trong d6 02— déng vai tro

1a chat khir manh va OHe déng vai tro 13 chit oxi hoa.

Theo nhém nghién ciiu Chong va cong sy [10] qué trinh nay cd thé dién ra

theo cac budc nhu sau:
Khoi mao phan tng:

Perovskite + hv — Perovskite (" + h*) (1.1)



Dién tir quang sinh e chuyén vé chat nhan dién tir (electron acceptor):

€ce — €TR (1.2)
L3 trong quang sinh h* chuyén vé chat nhudng dién tir (electron donator):
h*ve — h*rs (1.3)

Cac san pham duoc tao ra trong cac phan tng trén s& tham gia phan ¢ng voi
chat hiru co dé tao thanh cac san pham trung gian va cudi cung. Nhu vay, su
kich thich quang cua xuc tac s€ khoi mao toan bg qué trinh quang xuc tac. Trén
bé mit cua perovskite, ¢6 ba phan tmg oxy hoa quan sat duoc bang thuc nghiém
[11,12]:

L3 tréng c6 thé oxy hoa truc tiép mot sé chat 6 nhiém hap phu 1én trén bé

mat perovskite do su truyén dién tir:
perovskite (h*) + chat 6 nhiém — CO, + H,0 (1.4)
Hoac oxi hda nudc:
perovskite (h*) +H,O — OH" + perovskite + H* (1.5)
Hozac oxi héa OH™ hap phu trén bé mit:
OH™ + perovskite (h™) — OH" + perovskite (1.6)

Mt khéc, khi cac electron quang sinh e xuat hién trén viing dan, chiing ciing
di chuyén ra bé mat hat x(c tac, néu c6 mat oxy hap phu trén bé mat xuc tac sé
xay ra cac phan ung khtr tao thanh cac ion peroxyt O, va tiép sau phan tng

véi nude va tao goc OH' nhu sau:
perovskite (e7) + (O2)nip phu — O2” (1.7)

20"+ 2H,0 — H,0,+ OH + O, (18)



perovskite (¢) + H,O, — OH"+ OH" (1.9)

O,"+ OH" — HOO' (1.10)
HOQO" + Perovskite (') — HO" (1.11)
HO;" + Perovskite (h*) — H,0; (1.12)

Va OH" ciing c6 thé phan ung véi 13 trong trong VB dé tao thanh OH" theo
phan ung 1.6. Do c6 thé oxy hda cao, mét khi duoc tao thanh, céc géc tu do
OH* phan g vé&i hau hét cac hop chat hiru co hap phu trén bé mat chat xuc tac
va c0 thé oxy héa chiing dén san pham cubi ciing 1a nude va cacbonic. Nhu vay,

ta c6 thé tom tat qua trinh quang hoa xac tac ddi véi cac chat 6 nhidm nhu sau:

Chét 6 nhiém + OH'— céc san pham phan hay (1.13)
Chét & nhiém + Perovskite (h*) — cac san pham oxy hda (1.14)
Chét 6 nhiém + perovskite (€)) — cac san pham kht (1.15)

Tuy nhién, trong thuc té khong phai tat ca cac cap e/h* déu tham gia vao cac
qué trinh phan ng & trén. Cac cap e/h* trong chat ban dan co xu hudng tai két
hop vai nhau kém theo giai phdng nhiét hoac anh sang vi dién tir trong vung
dan ¢ trang thai kich thich khdng bén.

e" + h*— nhiét / anh séng (1.16)
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Hinh 3. Electron ter CB quay lai VB gidi phong nang lwong [13]

Ngoai ra, trong hé con c6 thé dién ra qua trinh khir cua céc goc tu do OHboi

dién tir ving dan:
perovskite () + OH'— perovskite + OH" (1.17)

Hai phan tng 1.16 va 1.17 1a nguyén nhan ma nhiéu vat liéu c6 nang luong

viing cam nho nhung hoat tinh xUc tac quang van kém.

Pé khic phuc dugc diéu d6 va nham 1am ting hoat tinh quang xuc tac cua
chat ban din 1a dua thém cac chat oxy hoa (chat nhan dién tir) vao dung dich
phan tmg. Khi d6, cic chit oxy hoa dugc bd sung (nhu H.0, va O) s& nhan
duoc dién tir trong ving dan cua perovskite (e7) hoic phan tng véi O, va cudi

cung tao thanh OH".

Chét oxy hoa b6 sung 12 H,0; s& lam gia ting dang ké téc d6 qua trinh quang
xuc tac vi khi H,0,nhan mot dién tir trong ving dan no sé phan ly theo phuong
trinh 1.9. Nhu vay, H,0, khdng nhitng ngin can qua trinh tai két hop cua cac
cap e / h*, kéo dai thoi gian sdng cua cac 15 tréng ma con gop phan tao thanh
g6c OH".

Tuong tu, VSi O, ¢6 thé nhan dién tir cua ving dan dé tré thanh gbc tu do
peroxyt theo phan ung 1.7. Khi d6, O, va Oy~ déu cd thé tao thanh géc OH" b
sung theo cac phan umg 1.7 dén 1.12. Xéc suat dé xay ra phan tng tai két hop



giira cac cap e-/h+ phy thudc rat nhiéu vao hoat tinh quang x(c tac cua chat ban
dan 1a perovskite. Tuy nhién, hoat tinh quang xdc tac caa perovskite lai do cac

thanh phan pha, tinh chat bé mat, kich thudc hat... cua perovskite.

Mt khac, diéu dac biét ¢ day 1a cac perovskite trén co s& sat da duoc bao
c40 nhu mot chit xdc tic cho qua trinh “Fenton bién thé” (Fenton - like) di thé.
Chét x(c tac di thé Fenton bién thé dang duoc nghién ctiu cho céng nghé oxi
hoa tién tién dé xtr 1y nuoc thai cong nghiép [14]-[16]. Nhu ching ta d3 biét,
qua trinh Fenton di thé truyén théng duoc kich hoat biang H,0, va cap
Fe(II)/Fe(I1I) dé tao ra cac géc OH" c6 tinh oxi hda rat manh. Trong nhitng béo
c4o vé chat xuc tac Fenton bién thé, Sun cling cong su [17] di ché tao thanh
cong vat liéu nano BiFeOs két hop véi H,0, cho hiéu suét loai bo phenol dén
74% trong 20 mg/L phenol chi trong 4 gio véi sy ¢ mat caa 50 mg/L H202.
Luo cuing cong su [18] d& ching minh rang cac hat nano BiFeOs co thé st dung
nhu mot chat xic tac di thé Fenton bién thé dé phan hiy RhB. Con trong nghién
ctru ctia Lingling cting cong su [19] EuFeOs da co thé xtr Iy 40 mL RhB 5 mg/L
véi 0,05 mL H,0, dat hiéu qua 71% sau 3 gid dudi anh sang nhin thay.

Vi vt liéu ReFeOj3 vira c6 ciu tric perovskite vira cO nguyén tb sat trong
thanh phan, vat liéu ReFeOs rat c6 thé s& tré thanh mot loai chat xdc tac di thé
Fenton bién thé méi dé xir Iy céc chat 6 nhiém hitu co. Tuy nhién, chua co
nhiéu nghién ctiu vé van dé nay. Dua trén nhitng nghién ciru trude do, vat liéu
ReFeOs duoc ché tao trong dd an nay duogc hi vong vira cd thé Ia chat xdc tac
quang vira c6 thé 1a chat xtc tac di thé Fenton bién thé. Két hop hiéu qua caa
hai phan &ng quang xuc tac va phan ang Fenton c6 thé nang cao hiéu qua xu ly
chat & nhiém.

Xét phan ng Fenton caa H,0, véi cau tir sit, tao thanh phuc cia =Fe'" va
H,0, ki hiéu 1a =Fe"' H,0, (phuong trinh 1.18), trong d6 =Fe'!' dai dién cho céc
vi tri Fe(l11) trén bé mat chat xuc tac. =Fe'' H,0, c6 thé bi chuyén thanh =Fe"

va HO," (phuong trinh 1.19) géc HO," vira sinh ra s& phan ung véi =Fe'" tao



thanh =Fe" (phuong trinh 1.20). Sau d6 tat ca =Fe" tao thanh c6 thé phan ¢ng
véi H20; dé tao thanh cac goc OH (phuong trinh 1.21)

=Fe'"" + H,0, — =Fe'"' H,0, (1.18)
=Fe'' H,0, — =Fe!'+ HO," + HY (1.19)
=Fe'' + HO," + H*— =Fe''+ O, + H* (1.20)
=Fe!' + H,0, — =Fe'''"+ OH" + OH - (1.21)

I11. Gi6i thiéu mét s6 wng dung trong mdi truong

Uu diém cua phuong phap xuc tac quang 1a khong c6 yéu cau thém do6i
v6i bat ky phuong phap xtr 1y thtr cip nao vi cac chat 6 nhiém hitu co duoc
chuyén doi thanh carbon dioxide, nuée, cac ion vo co, Vv.v. Nhung véi céc
phuong phap xur Iy khac nhu hip phu bang than hoat tinh va tach khi chi don
thuan 1a c¢6 dic cac hoa chat co trong chat 6 nhiém va chuyén ching vao chat
hap phu hodc khong khi. Chiing khong chuyén chiing thanh chat thai khong doc
hai nhu trong truong hop xtc tac quang. So vdi cac cong nghé oxy hda khéc,
khong can dén cac phuong phap oxy hoa dit tién vi oxy mdi trudng xung quanh
va nude duoc str dung. Mot sb chat xtc tac quang c6 thé duoc sir dung hiéu qua
trong viéc xir 1y 6 nhiém méi trudng d6 1a TiO2, ZnO, CdS, ZnS, Sn02, Fe203,
v.V. XUc tac quang 1a mot qua trinh quan trong ctia qua trinh oxy hoa nang cao.
Chung duoc st dung rong rai dé loai bo cac thanh phan hiru co kho xtr 1y tir
nudc thai cong nghiép va thanh phd. Hé thdng quang xuc tic ddng nhat di dugc
nghién ctru k¥ ludng va né di duge bao cao 1a mot phuong phap day hira hen
dé xir Iy nudc thai, nhung cac ion van con trong dung dich vao cudi qua trinh
trong cac phan g quang xtic tac dong nhat. Do d6, viéc loai bo bun & cudi
qua trinh x@ 1y nudce thai trd nén can thiét va lam tang chi phi, vi can mot lugng

16n hoa chat va nhan lyc cho muc dich nay. Nhuoc diém nay cua hé¢ xtc tac



d6ng thé co thé duoc khic phuc bang xuc tac quang di thé sir dung chat xic tac
quang thich hop.
111.1 Mot sb chat xc tac quang dang oxit
111.1.1 Titanium dioxide -TiO2

Day 13 mot chét xuc tic quang voi nhiéu img dung rong rii trong cac linh
vue khéac nhau né ¢6 wu diém d6 1a tinh 6n dinh hoa hoc cao khi tiép xuc voi
cac diéu kién, khong doc hai, gia thanh tuong ddi thép, an toan voi moi trudong

va cac ddc tinh oxy hoda cao.

TiO2 ton tai ¢ ba dang bién ddi tinh thé khac nhau d6 1 anatase, brookite
va rutil. Trong s6 cac dang nay, anatase thé hién hoat tinh quang xtc tac tong
thé cao nhat v&i kha nang oxy hoa cao khi ¢ 4nh sang lam cho no c6 kha ning
phan hity cac hop chat hitu co va vo co ngay ca ¢ nong do rat thap. Hiéu tng
quang xuc tac cua TiO2 co thé duoc st dung dé tu 1am sach bé mat, phan huy

cac chat 6 nhiém trong khi quyén (trong nudc va khong khi), tu khi tring, v.v.

TiO2 & dang co ban va dang n khong cd y pha tap, do cac khoang tréng
oxy trong mang tinh thé TiO2 véi tinh chét ciia n6 twong tu nhu ZnO. Dudi tac
dong c6 budc song thich hop thiic day mot dién tir tir ving dién tir VB ctia nd
sang ving dan CB. Piéu nay giup cho electron trong ving din CB bay gid di
san sang dé chuyén giao, trong khi 15 trong trong VB m¢& dé hién ting. Ca hai
kha ning déu xay ra ¢ ddy: chat phan Gng nhan electron tir TiO2 s& bi khtr,
trong khi chat phan mg nhuong electron cho chéat ban dan dé chiém 15 trong s&

bi oxy hoa.
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Hinh 4: So 6 mo ta qua trinh quang xdc tac dbi véi TiO2

TiO2 ¢6 tri nang luwong vung cdm 3,2 eV, day 1a mot bat loi cho viée st
dung no trong xtic tic quang, tuy nhién dé ting hiéu qua cac nghién ctru di tién
hanh doping cac tap chat khac. Pay 1a viéc dua mot sb tap chit vao vat liéu véi
muc dich thay ddi cac dic tinh vat 1y hodc dac tinh di¢n cua no. Chét pha tap
c6 thé 1am ting muc d6 ctia canh VB hodc giam mirc d6 CB, va tiy thudc vao
ban chat ctia chat pha tap, cho du n6 13 kim loai hay phi kim; do d6 1am giam
do rong vung cAm. N cai thién hodc giam thiéu su tai két hop electron-16 tréng,

dé giam thiéu bat ky ton that nao trong ning suat luong ti.

* Ung dung dé xir 1V axit 4-hydroxy benzoic va benzamit (BZ)

Bot nano titan oxit duge diéu ché bai bang phuong phap Sol-Gel do
Bessekhouad va cong su (2003) da duoc st dung dé st dung hai chit 6 nhiém,
axit 4-hydroxy benzoic va benzamit (BZ). Tuy nhién, hiéu sut phan huy cua

chung phu thudc rat nhiéu vao loai chat 6 nhiém.

* Ung dung dé xir Iy chit nhuém mau MG




Trong nghién ctru ctia Chen va cong su (2007) chat nhuém mau xanh luc
malachit - MG dugc nghién ctru xir 1y ¢ cac diéu kién pH va lugng TiO2 khac
nhau. Két qua cho thiy 99,9% lugng MG bi phan huy trong vong 4 gid trong
diéu kién 0,5 g / L TiO2 trong dung dich c6 nong d6 50 mg / L thudc nhudm.
Qua trinh phan huy dién ra theo timg budc dé bé giy cac mach va tao ra cac
loai thudc nhudém c6 mach don gian hon 1& MG mono-, di-, tri- va tetra-N-de-

methylated trong qua trinh phan huy.

* Ung dung dé xir 1V thudc trir siu

Acetamiprid, mot loai thudc trir sdu neonicotinoid gdc pyridin dugc st
dung rong rai da dugc danh gia béi Guzsvany va cong sy (2009) trong modi
truong huyén phu dudi anh huong cia tia UV ctia O2. Trong qua trinh phan
huly d4 hinh thanh mot s6 hop chét nhu 13 acetaldehyde, axit fomic va axit axetic
va céc chat trung gian chira pyridin. Va do pH thay cau méi trudong thay doi tir

5 dén 2 trong qua trinh quang xuc tac.

* Ung dung 1am vit liéu cim bién khi

Vit liéu cam bién khi doi vdi axeton va etanol dugc nghién ctru phét trién

tir mang mong TiO2 pha tap NiOx cua Wisitsoraat va cong su (2009).

* Ung dung san xuat khi hydro

TiO2 1a mot giai phap tot khong chi dé 1am sach khong khi, nude bi 6
nhiém ma con duoc tng dung dé san xuét hydro. Trong nghien ctru ctia Zhu va
cong su (2015) cho thdy TiO2 den c6 cau tric 18i-vo vo dinh hinh tinh thé va
dé dang bi khtr bé1 CaH2 & 400 °C, thu dugc hon 80% su hép thu anh sdng mat
troi, trong khi TiO2 trang chi thu duge 7%. N6 c6 kha nang khir doc trong nude
nhanh hon 2.4 14n va san xuat H2 cao hon 1,7 1an so véi TiO2 co ban. Day 1a
phuong phap day hira hen va hiéu qua vé chi phi dé cai thién hiéu suat va kha

nang hap thy anh sang nhin thay cua TiO2.



Tom lai qua cac két qua nghién ctru cho thdy tng dung quang xuc tac
ctia TiO2 c6 rat nhiéu tng dung trong méi trudng do N6 ¢ tinh ning quang xuc
tac rat manh, c6 kha ning oxy hoa va phan huy manh céc chét ban trén bé mat
va trong khéng khi. Khi bé mit vat liéu dugc phun pha 16p nano TiO2, bé mit
nay gap anh sang dudi 400nm s& xay ra hién tuong quang x(c tac. Khi bé mat
tiét xtic voi nude, nd s& nudc tach ra thanh 2 thanh phan: cac gdc hydroxyl
[OH] va anion superoxit [02-1]. Va 2 gbc tu do nay, né cho phép qua trinh oxy
hoa cac hop chit hita co bay hoi (VOC) trong khong khi va cac chat hitu co
doc hai (virus, mam bénh, ndm méc) thanh carbon dioxide va nudc.

Trong qué trinh phanrn tng nano TiO2 khong bi mat di ma chi 1a mot

chat tao diéu kién cho phan ting hoa hoc xay ra.

A

i d
VQ

Ectoplasm

Cellulose
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Hinh 5: So 6 mé ta qua trinh diét khuan
111.1.2 Oxit kém - ZnO
K&m oxit - ZnO duoc biét dén 1a chit ban dan c6 khoang cach niang luong
vung cim rong va thugc nhém chit ban dan loai II dén VI. N6 c6 mot sb dic
tinh ddc biét nhu do trong subt tot, tinh linh dong cua dién tir cao, d§ rdng vung
cam rong. Dang tinh thé ton tai cua k&m oxit & hai dang chinh: dang luc gidc

va dang lap phuong, trong do cau tric luc giac 1a pho bién nhat.

* Ung dung dé xir 1y chit nhuém mau tinh thé tim CV




Thudc nhudm tim tinh thé -CV da dugc Rao va cong sy (1997) nghién
ctru xtr Iy phan hiy bang phuong phap quang xtc tic bang vat liéu oxit kém lo
limg trong dung dich. Phan tmg quang xuc tac duoc theo ddi quang phd bang
cach quan sat do hap thy ¢ cac khoang thoi gian khac nhau. Anh huong cua céc
thong sé van hanh khac nhau da dugc quan sat bao gdbm ndng do thudc nhuém
CV, pH, lugng va ban chit cua chit ban dan, va cuong do anh sang. Quan sat
tuong tu nhu né)ng d6 cta thudc nhudém CV, pH, lugng, va ban chét cua chat

ban dan va cuong do anh sang.

* Ung dung dé xir Iy chit nhuém miu rhodamine B (RhB)

Vit liéu ZnO duoc diéu ché bang phuong phap thuy nhiét trong nghién
clru ctia Byrappa va cong sy ndm 2006 tir mudi kém clorua. P duogc st dung
nghién ctru lam vat liéu quang xuc tac dudi tdc dung anh sang mat troi trén
thudc nhuom rhodamine B (RhB). Su phan hily ciia thudc nhuém rhodamine B
tuan theo qui luat dong hoc bac nhat. Bén canh d6 tac gia cling da thir trén loai
nude thai dét nhudém thuc té ¢ chtra thanh phﬁn RhB. Két qua phan tich suu
suy giam gia tri COD trong nudc qua xir 1y cho thdy ¢6 su pha hiy cac phan tir
hitu co cung véi viée loai boé mau sdc cua nudc thai.

Mot s cac két qua nghién ctru cau trac cia vat liéu ZnO téng hop dugc
ctia mot sb tac gia nhu boi Mohajerani nam 2009 cho thiy ¢ cac hinh théi caa
vat li€u co6 cac dang khac nhau nhu hat, thanh, luc giac, giéng hoa va vi cau
bang phuong phap thiy nhiét don gian. Két qua cho thay dudi sy chiéu xa truc
tiép cuia 4nh sang mit trdi, vat lidu cd ciu trac luc giac kiéu Waurtzite ¢d kich
thudc tinh thé trong khoang 67-100 nm, qua trinh khir méau AR 27 tun theo
dong hoc bac nhat. Con voi nghién ciru ctia Pung va cong su tong hop thanh
cong thong qua phuong phap sol-gel nam 2012, vat liéu ZnO dang que thi cé
hiéu qua nhat trong viéc phan hiy dung thuéc nhuom RhB dudi sy chiéu sang

cua tia UV.

* Ung dung dé xir Iy chit nhuém dé metyl (MR)




Trong nghién ctu ctia Welderfael va cong su 2013, vat li¢u nano oxit
kém duoc duoc pha tap Ag- N (NP) dugce tong hop thdng qua qua trinh ngam
tam cac hat nano ZnO. V4t liéu sau khi duuoc téng hop dugc ing dung phan
huy thubc nhudm d6 metyl (MR) trong diéu kién chiéu xa mit troi cling nhu tia
cuc tim. Két qua cho thdy hoat tinh quang xtc tac cao hon so véi oxit kém

nguyén chat.

* Vat liéu nano graphdiyne-ZnO

Thangavel et al. (2015) sir dung phuong phap thiy nhiét. Tinh chat quang
xUc tAc ctia mau chuan bi duoc danh gia dua trén sy phan huy cta hai thude
nhudém azo (MB va RhB). Cac nanohybrid graphdiyne-ZnO cho thiy cac dic
tinh quang xtc tac vuot troi so voi cac NP ZnO tran. Tc do phan huy véi cac
thanh nano graphdiyne-ZnO cao hon gan hai 1an so v&i cac NP ZnO (Hinh 3.1).
Két qua nghién ctru thay rang su pha tap N da lam tang déng ké kha niang hap
thu anh sang cua ZnO trong vung kha kién va thé hién hoat tinh quang xtic tac
cao hon so voi cac NP ZnO thuong mai va tinh khiét. ZnO pha tap N c6 kich

thudc nano c6 o 6n dinh cao va c6 thé tai sir dung.

> o
an----------------------Graphdi‘,r’HE

Hinh 6. vat liéu xuc tac Graphdiyne-ZnO nanohybrid



111.1.3 Mgt sé oxit khac

Vit liéu nano Bi203 dugc didu ché bang phuong phap két tia amoniac
véi trung gian trung gian polyol va phuong phap nhii twong ctia Peng va cong
su (2004) duoc thir nghiém lam vat lidu quang xuc tac xt Iy cac hop chat hiru
co nhu benzen, toluen va xylen. Két qua cho that hoat tinh quang xtc tac cta
cac hat vat liéu Bi203 dugc diéu ché bing phuong phap nhii twong cao hon.

Téc d6 phan hity ciia ba chat 6 nhiém giam theo trinh tu sau
Xylene > Toluene > Benzene

Nghién ctru ciia Gondal va cong su (2009) nghién ctru kha ning cua chét
xuc tac ban dan Fe203 dudi tac dung chiéu xa bang tia laser UV véi sy phan
huy phenol. Két qua cho thay qua trinh loai bo phenol dat hon 90% véi qua
trinh chiéu sang dai 1 gio.

Oxit nano CeO2 dugc téng hop bang phuong phap két tia va nung & 600
°C trong nghién ctru cia Pouretedal va Kadkhodaie (2010) da dugc ing nghién
ctru su phan huy cua thudc nhudém MB duéi tac dung chiéu xa cua tia cuc tim
va anh sang mat troi. Két qua dat duoc t6i da duge thyc hién voi diéu kién 1,0

g/L CeO2 trong moi truong pH 11 trong vong 125 phut.

Vit liéu nano thiéc oxit SnO2 duoc tong hop bang cach thiy phan bang
vi song, két tia hoa hoc va phan ng & trang thai rin ciia Yuan va Xu (2010)
duogc sir dung nghién ctru quang xuc tac phan huy MO. 1am chét 6 nhiém hiru
co kiéu mau. Anh huong cia luong chit xtc tic quang, chit xtic tic quang pha
tap voi cac ion kim loai khac nhau, va do pH ciing duoc quan sat thdy. SnO2
két tinh tt & budc song 3040 nm thu duoc bang phuong phap thity phan thiéu
két & nhiét do khong doi & 800 ° C. Su khir mau 97% cua MO dat duoc trong
120 phat, diéu nay cho thiy hoat tinh quang xtc tac ciia SnO2 duoc diéu ché

bang phuong phap nay cao hon so v6i hoat tinh ctia cac phuong phap khac.



Ciing trong nghién ctru khac cta Chu va cong sy (2011), bang phuong
phap nhiét phan co6 hoat tinh bé mit trong méi truong hdn hop nudc-etanol da
tong hop duoc céc tinh thé nano SnO2. Vat liéu duoc nghién ctru phan hiy hop
chat hitu co Acetaldehyde - CH3CHO. Két qua cho chat xuc tac quang SnO2
vé6i kich thude 4 nm, voi dién tich bé mat 130 m2/g c6 dic tinh oxy héa quang
xuc tac tot nhat.

111.2 Gigi thiéu két qua nghién ciu &ng dung vt lidu perovskite NdFeO3
lam chat xGc tac quang xir Iy chat nhuém mau MB
111.2.1. Ung dung ciia vt ligu perovskite dat hiém

Moét sb6 vu diém cua vat liéu Perovskites dang thu hut sy quan tam cua
gidi khoa hoc va timg dung cong nghé dugc biét dén do 1a gia thanh ré, kha nang
thich tng va on dinh nhiét, dic diém vé khi lugng, dic tinh bé mat. Vat liu
nay di va dang dugc nghién ctru va tmg dung rong rii vé cac dic tinh xuc tac,
dién, tur, quang hoc va cac dac tinh xtc tac da chirc nang. La mdt trong nhitng
g cir vién day hira hen cho viéc nghién ciru tich nudce bang xtic tic quang va
cho céc timg dung xuc tic moi truong. Véi nhimg tién bo khoa hoc trong ki
thuat tong hop ngdy cang nhiéu loai vat liéu loai perovskite dugc nghién ctru
ché tao thay thé cho céac vt liéu xuc tac khac nhu cho qua trinh oxy hoa, xtc

tac ba chiéu, phan huy...
Ung dung ché tao vit liéu thiét bi cam bién

Trong linh vuc ché tao thiét bi cam bién vt perovskite dat hiém véi
nguyén to lantan hién nay 1a mot trong sb cac vat liéu dugc nghién ctru nhiéu
nhat, dudi day 1a mot s6 minh chimg nghién ctru ctia vat liéu ny. Trong nghién
ctru moi truong, ching dugc dung dé ché tao thiét bi cam bién khi phuc vu viéc
phat hién mot s6 loai khi dua trén cam bién do dan dién, cam bién dién hoa,
cam bién do phd hép thu hong ngoai... Trong nghién ctru cla tic gia
Wankassama Haron, vat liéu nano perovskite LaFeO3 dugc tong hop bang

phuong phap dong két tia va nung & nhiét d6 900 °C dung lam sensor cam bién


https://vi.wikipedia.org/wiki/Aldehyde

khi etanol. Vat liéu LaFeO3 ciing da duogc tong hop bang phuong phap sol-gel
v6i sur co mit cua axit citric va etylen glycol va tmg dung thtr nghiém ddi véi
loai khi nay trong nghién ctru ctia tac gia D6 Thi Anh Thu [20]. Vit liéu nay
cling d duoc tac gia Nguyén Ngoc Toan tong hop thanh cong bang phuong
phap sol-gel citrate dé phat hién khi CO, CH4 va NO2 & cac ndng do va cac
diéu kién nhiét d6 khac nhau trong khong khi [21]

Ung dung lam vit liéu di¢n cwc trong pin nhién li¢u oxit rin SOFCs

Perovskite dat hiém co thé duogc ung dung trong ché tao dién cuc pin
nhién liéu oxit rain SOFCs thay thé cho cac kim loai thong thudong khong thé
dap ung voi diéu kién 1am viéc & nhiét do cao tir 600 dén 1000 °C duoc tao ra
b1 phéan ing dién hoa trong qua trinh hoat dong. Vat licu perovskite LaMnO3,
PrMnO3 duoc tong hop dé ché tao dién cuc catot dua trén kha ning chuyén
hoa nang luong hoa hoc thanh ning lugng dién [22]. Ung dung tot nhat cua loai
pin nhién li¢u ran SOFCs nay la viéc sir dung ca nhiét va dién sinh ra boi qua
trinh hoat dong. Mo ta cau tao hoat dong cua loai pin nay dugc thé hién trén

hinh 1.12.
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Hinh 7. C4u tao hoat dong cua pin nhién liéu rin SOFCs
Ung dung trong tim pin ning lwong mdt troi

Nang lugng mit troi 1a mot trong nhitng ngudn ning lugng sach hang dau
trén thé gidi va dang phat trién rat nhanh trong thoi gian qua. Cac tim pin ning

lugng mat troi trude kia duge lam tir vat li¢u silicon tinh thé mong dugc san



Xuat v6i quy trinh phtc tap thuong ¢ nhiét do cao hon 1000 °C va phai str dung
mot lugng 16n dung mdi doc hai. Vat liu perovskite LaMnO3 duoc téng hop,
str dung va danh gia cho thay co hiéu suit chuyén héa nang luong mit troi cao
hon vé&i nhiéu vat liéu trude day. Mang mong vat liéu YMnO3 da tinh thé duoc
tong hop trén chat nén oxit thiéc indi & 500 °C bang phwong phap phong xa tir
truong trong nghién cru cua O.Polat cho thdy ddy 1a mot vat lidu tiém ning cho
viéc ché tao pin mit troi. TAm pin mit troi perovskite dé san xuét véi chi phi
ré hon va hiéu suit chuyén hoa ning luong twong duong hodc cao hon >20%
so vo1 pin silicon. St dung vat li¢u perovskite lam pin nang lugng mat troi giap

nang cao hiéu suat phat dién, ha gia thanh ctia san pham.
Ung dung vit liéu perovskite trong xir Iy méi truong

Theo céc con s6 cua cong ty Alkane Resources thong ké trén thé gidi,
kim loai dat hiém 1am chat xtic tac chiém t&i 18% tong luong dat hiém dang
dugc khai thac va st dung. Tuy nhién viéc nghién ctru ing dung trong xtr 1y
méi trudng con dang nhiéu van dé dang dugc nghién ctru, va duge nhic dén
nhiéu nhét van 1a vét liéu nano LaFeO3, vt liéu nay cling duoc téng hop béng
phuong phap sol — gel va sau d6 duoc thir nghiém nhu 14 chat xtc tac quang dé
xtr 1y cac chat 6 nhiém hitu co véi thudc nhuém Rhodamine B hay metylen
xanh trong khoang anh sang kha kién c6 budc song 16n hon 400 nm. Tuong tur
nhu vay, trong nghién clru cua tac gia Peisong Tang, vat licu perovskite YFeO3
dugc tong hop bang phuong phap sol-gel véi kich thudce hat trung binh 60 — 70
nm dé phan huy Rhodamine B. Vit lidu perovskite NdFeO3 tong hop bang
phuong phap nhii twong duoc sir dung 1a chat xuc tic dé phan hily chat mau
metylen xanh cua tac gia Ying-juan Hao. Bén canh do, vat li¢u nay duogc st
dung nhu 1a vat li¢u hép thu dé xu 1y kim loai ndng nhu asen trong nghién ctru

cua tac gia Luu Minh Dai [23].

Ngoai cac nghién ctru tng dung xir Iy chét hitu co trong méi truong nudc,

vat li¢u perovskite YFeO3 vai kich thudc nano co su két hop voi TiO2 tao



thanh hé xtc tdc TiO2/YFeO3 dugc sir dung dé chuyén hoa va xu ky khi benzen
[24]. Trong nghién ctru khac cta tac gia Jun Li, vat liéu nano perovskite
YFeO3YFel-xGdx03-z ciing dd dugc tong hop bang phuong phéap sol-gel sir
dung lam chat xac tac chuyén héa CO thanh CO2 [25]. Twong ty nhu vay, vat
liéu LaFeO3 trong nghién ctru cua tac gia Luu Minh Dai duoc sir dung dé oxi
hoa CO thanh CO2 [26].

II1.2.2. Co ché xUc tac quang x Iy nwéc thdi ciia vt ligu Perovskite

Co ché qua trinh phan tng quang xuc tac phan hay hop chat hitu co, cua

vt liéu peroveskit dugc thé hién trén Hinh 1.14.

R Chat hitu co
0, SP trung gian

C02 + H20
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w
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Hinh 8. Co ché phdn hity hop chdt hitu co ciia vt lidu perovskite
Quia trinh quang hoa dién ra trén vat liéu dién ra theo cac budc nhu sau
Khoi mao phan ng:
Perovskite + hv — Perovskite (¢”+ h*) (1.22)
Pién tir quang sinh e chuyén vé chat nhan dién tir
€ce — €TR (1.23)
L5 trong quang sinh h* nhan dién tir tir cht nhuong dién tir

h+v|3 — h+TR (124)



Cac qué trinh phan hay hop chat hitu co va cac qua trinh oxi hoa c6 thé
dién ra trén bé mit vat liéu nhu sau:
Oxy hda truc tiép chat 6 nhidm hap phu Ién trén bé mit perovskite:
Perovskite (h*) + chat 6 nhiém — CO,+ H,0O (1.25)
Ox1 hoa nuéc
Perovskite (h*) +H,O — ‘OH + perovskite + H* (1.26)
Oxi héa OH" hap phu trén bé mit:
OH™ + perovskite (h™) — "OH + perovskite (1.27)
Tom lai qué trinh quang xudc tac phan hay cac chat 6 nhiém hitu co nhu
sau
Chét & nhiém + "OH — cac san pham phan hay (1.28)
Chét 6 nhiém + Perovskite (h*) — cac san pham oxy héa (1.29)
Chét 6 nhiém + perovskite (") — cac san pham khtr (1.30)
Bén canh d6 trong vat liéu REFeOs vira cO cau tric perovskite vira c6
nguyén té sat trong thanh phan, do vay né ciing s& 1a mot loai chat xuc tac di
thé Fenton bién thé moi dé xir Iy cac chat 6 nhiém hitu co. Trong qua trinh
quang xc tac, co ché phan hay chat mau duoc dua trén phan @ng Fenton hoac
gia Fenton. Qua trinh Fenton (hay phan tng Fenton) la phan ang giira ion Fe?*
véi H,0; sinh ra cac gbc tu do *OH, con Fe?* bj ion hoa thanh Fed*.
Fe?* + H,0, —>Fe¥* + "OH + OH" (1.31)
Géc "OH s& oxy hoa cac chét hitu co khé phan hay sinh hoc, phan hay
ching thanh céc chat vo co hoic cac chat ¢ phan ti lugng thap hon, c6 kha
nang phan hay sinh hoc. Bic tinh caa géc tu do 1 trung hoa vé dién trong khi
cac ion déu mang dién tich duong hay am. G4c ty do duoc tao thanh tir su tch
ra hai phan bang nhau cua lién két hai electron, vi du: khi quang phan H,O, s&
thu dugc 2 goc "OH:



HO : OH + hv — "OH + HO" (1.32)

M®i goc *OH déu khong mang dién va co thé két hop tro lai thanh HOOH
cling khong mang dién. Géc ty do khdng ton tai san nhu céc tac nhan oxy hoa
thong thuong va chi duoc san sinh tai chd va tirc thoi ngay trong qua trinh phan
g, c6 thoi gian rat ngan khoang vai phan nghin gidy nhung lai lién tuc dugc
tao ra trong qua trinh phan &ng. Mot khi géc tu do duoc hinh thanh s& xay ra
hang loat cac phan ung ké tiép theo kiéu chudi véi nhitng goc hoat déng mai.
Chinh vi thé, gdc hydoxyl khi dugc hinh thanh s& tao ra mot chudi phan tng
trong dung dich va tao ra nhiéu san pham trung gian khac nhau, kho doan dugc
tat ca nhitng san pham oxy hda trung gian c6 thé tao ra trong qua trinh vi goc
hydroxyl phan ang khong chon lya [27-30]. Theo mot sé két qua nghién cau
goc *OH c6 thé tac dong tai cac phan tir MB tao thanh cac san pham, theo cac

bac phan huy dugc mo ta trén Hinh 1.15.
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Hinh 9. Co ché phdn hiiy ciia xanh methylen thu dwoc tir phan tich GC- MS



111.2.3 Tinh chdt quang xuc tac cia vt ligu

Mot trong nhiing théng sé quan trong dé danh gia kha ning vat liéu c6
thé ¢ng dung 1am vat liéu quang xtc tac hay khong, vt liéu duoc tién hanh do
phd phan xa khuéch tan trén vat liéu rin UV Vis - DRS va tir d6 xéac dinh gia

tri nang luong viing cam cua vat liéu.

Két qua do dugc thé hién trén hinh 10 cd thé nhan thay ca hai vat liéu
déu cd kha ning hap thu photon trong viing can tir ngoai trong pham vi budc
séng tir 200 + 400 nm, trong ving anh sang kha kién tir 400 + 700 nm va tét
hon 1 trong viing 4nh sang kha khién c6 buéc séng 16n hon 400nm. Tuy nhién
vat liéu REFeOs tong hop tir mudi hdn hop dat hiém thu hdi cho thay c6 kha
nang hap thu photon tét hon so vai vat lidu NdFeOs tong hop tir mudi neodym
tinh khiét. Biéu nay c6 thé la do cac kim loai dat hiém khac nhu 1a Pr va Tb
phan nao da dong gop vai trd ctia minh vao qué trinh hap thu photon anh sang.
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Hinh 10. Phé UV Vis- DRS cua vit liéu ReFeOs va NdFeOs

Dua trén két qua phd phan xa - khuéch tan UV Vis - DRS d6 rong vung cdm cla

vat liéu duoc xac dinh dwa trén phuwong trinh Tauc’s dwoc thé hién trén hinh 11.
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Hinh 11. Puong cong Tauc xdc dinh dg réng viing cam vit liéu ReFeOs va NdFeOs
111.2.4. Danh gia hoat tinh quang xuc tac vt ligu perovskite trong phan
hity MB

Khdo sdt cdc yéu to anh hwéng dén qud trinh quang xiic téc

Pé khao sét cac yéu té anh huong, nhu da dugc dé cap trong phan thuc
nghiém & chuong 2, mot luong vat liéu chat xtc tic REFeO; duoc dua vao
trong cdc dyng dung dich MB, sau d6 duoc boc kin tranh anh sang va dem rung
siéu am trong khoang thoi gian 1,5 gio dé dam bao qua trinh hap phu MB trén
vat liéu xay ra hoan toan hay nong d6 dung dich dat &6 can bang roi méi dem
tién hanh khao sét cac yéu to anh hudng. Qua trinh ndy con duogc 1a qua trinh

khuay tbi.
Anh hwong ciia lwong chdt xic tic

Trong qué trinh quang xuc tac di thé, ham luong chét x(c tac duoc biét
dén 12 mot trong nhitng tac nhan quan trong anh hudéng dén toc do phan huay
cua cac hop chat ciing nhu tinh kinh té cua qua trinh. Trong khao sét nay, cac
lwgng chét xdc tac ReFeOs 1a 0,03; 0,04 va 0,05 gam duoc dua vao trong 100
mL dung dich MB 5 mg/L sau khi dat 46 can bang s& duoc dua vao hé thi
nghiém quang xuc tac va thém vao dung dich 2 mL tac nhan oxi hda H,0, ndng
d6 30%. Ctr sau khoang thai 30 phit chiéu sang s& tién hanh 1y 2 mL dung
dich sau khi tach loc chét xtc tac duoc dem do d6 hap thu quang.



Két qua xac dinh ndng d6 dung dich MB tai thoi diém lay mau duogc biéu
dién trén hinh 12 cho thiy, trong cting mot khoang thai gian, kha ning phan

hay MB cua vt liéu REFeOs véi cac mic ti 16 ran long khéac nhau.

—O=—0.5g/L
—o—0.4q/L
—&—0.3g/L

CiCo

- - \ X \

Thai gian {gid)

Hinh 12. Si phdn hity MB theo thoi gian véi cdc liéu lwong chat xiic tac khdc

nhau

(Piéu kién: VMB= 100 mL; néng dé MB la 5mg/l, nhiét d6 méi treong 35 <C;
H202 30% = 2 mL)

Tir két qua thuc nghiém c6 thé dua ra mét s6 nhan dinh sau: (1) khi khéi
lwgng chit xtc tac tang tir 0,3 g/L 18n 0,4 g/L, kha ning va téc d6 phan huy MB
tang 1én; (2) khi tang 1én 0,5 g/L kha ning va téc do phan huy lai kém di. Két
qua cho thay chi sau 3,5 gio chiéu sang, & mau thi nghiém véi 0,4 g/L vat liéu,
dung dich MB da dugc phan hiy gan nhu hoan toan, con dbi véi cac thuc
nghiém 14 0,3 va 0,5 g/L néng d6 MB trong dung dich van con lan luot Ia
22,79% va 5,84% so véi ndng d6 ban dau.

Co ché cua qué trinh quang xdc tac nay co thé giai thich 1a khi cudong do
anh sang khong doi theo thoi gian, luong photon di vao dung dich 14 khong doi.

Khi di vao dung dich tiép xic véi vat liéu, bé mat caa vat lidu dong vai trd hap



thu &nh sang, tao ra céc trang théi kich thich tao san pham cung cip cho qué
trinh phan hay MB dudi tac dung cua anh sang kha kién. Khi lugng chat xdc
tac tang 1én, dién tich bé mat vat liéu tang 1én, luong photon duoc hap thu ting
Ién, din dén tdc d6 quang xuc tac phan huy MB ting. Tuy nhién, dén mot gia
tri gi6i han nao d6 va trong truong hop nay tai mic 1a 0,5 g/L, luong vat liéu
trong dung dich qué Ién da can tré sy xam nhap cua anh sang vao sau trong
dung dich, 1am giam lugng photon 4anh sang dwgc hap thu trén bé mat vat liéu
chét xtic tac. Diéu ndy 1am giam thé tich viing phan ¢ng va lam giam hiéu suét
phan hay MB trong dung dich. Vi két qua thuc nghiém nay, khdi luong chat
xuc tac 1a 0,4 g/LL da duoc chon lam diéu kién tbi wu cho cac thi nghiém khao

sét tiép theo.
Anh hwéng ciia tic nhéin oxi héa H202

Ap dung quy trinh thuc nghiém nhu dd mé ta & chuong 2 voi diéu kién
khdi lwgng chat xic tac tdi uu da duoc lua chon, dé danh gia su anh huong cua
viéc co mat hay khong cd mat tdc nhan oxy hoa H,0, téi qua trinh phan ng.
Sau khi dat diéu kién can bang hap phu véi khao sat khéng co va co su bd sung
c4c lidu ugng H,0, vao dung dich MB 1an luot 1, 2 va 3 mL trudc khi bét dau
chiéu sang. Trong cac thi nghiém quang xuc tac, tac nhan oxi hda H,0; ludn dugc
sir dung va chung duoc xem nhu 14 tac nhan khoi mao dwoc bo sung dé kich thich,
gia tang toc d6 ctia qua trinh quang Xuc tac vao thoi diém ban dau. Hiéu suat phan
hiy MB dua trén ndng d6 MB con lai trong dung dich tai thoi diém lay mau duoc

biéu dién trén hinh 13.
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Hinh 13. Hiéu sudt phéan hity MB duwéi anh hieong ciia liéu lwong H,O,

(Piéu kién: VMB= 100 mL; nong dé MB 1a 5mg/l, nhiét dé méi truong
35 €; mReFeO3 =0.4 g/L)

Qué trinh quang xUc tac phan hay MB c6 thé dugc gia thiét dugc phan

hity theo 3 co ché nhu sau:

(1) Co ché quang x(c tac: vat lidu xGc tac hap thu anh sang kha kién va

trai qua qua trinh tach dién tich dé tao gc "OH ty do
ReFeOs + hv —» e, + hl, (1.33)
H>0O, + ec'b —‘OH + OH"- (1.34)

(2) Co ché gia Fenton: nguyén tir sit (=Fe?*) phan tng véi H.0, dé tao
ra goc "OH [29,30,31].

EF62+ + HZOZ — EF€3+ + .OH + OH- (135)

(3) Qua trinh phan huay: gbc “OH tu do tac dung véi MB thyc hién qua trinh
phan huy

MB + *OH — sdn pham bj phan haiy (1.36)



Két qua hinh 13 cho thay khi khoéng c6 mat tac nhan xdc tac qua trinh
phan huy dién ra rat cham, nong 6 MB trong dung dich gan nhu khéng thay
d6i. Diéu nay cho thay qua trinh quang xtc tac da xay ra nhung tdc 6 khong
cao. Khi dugc bd sung chat oxi hoa H,0, véi lidu lwgng 1 mL chi sau 3 gio
chiéu sang hiéu suat phan huy da dat téi 80%, so véi khi khéng c6 mat chat oxi
hoa chi dat 17%. Khi ting liéu luong H,O, 18n 2 mL, chi sau 3 gio hiéu suat
phan huy MB di dat t6i 99%. Tuy nhién, khi ting liéu luong H2O; Ién 3 mL thi
sau 3 gio chiéu sang hiéu suat chi dat 98%, thap hon so véi liéu luong 2 mL.
Piéu nay cho thay viéc bd sung qué nhiéu chat oxy hoéa chua han dem lai hiéu
qua cao d6i véi qua trinh phan huy, viéc ting qua nhiéu chat oxy hda s& gay
can tré qué trinh phan tng hoic su tai két hop cac géc OHe tu do trong dung
dich theo cac phan ung 3.18 + 3.20.

‘OH + 'OH — H,0; (1.37)
‘OH + HO," — H,O + O (138)
2°0H + H,0, — 4HO," (1.39)

Anh hwéng ciia néong dé dung dich MB

Vi cac diéu kién vé khéi lugng chit xuc tac va lugng tac nhan oxy hoa
H,0; tdi wu & trén, trong nghién ctru ciing da thyuc hién khao sat anh huong cua
nong d6 ban dau cua dung dich MB dén kha ning hoat tinh caa vat liéu. Thi
nghiém duoc 1am véi céc gia tri nong d6 5; 7,5 va 10 ppm, két qua danh gia
hiéu suat phan huy duoc biéu dién trén hinh 14 cho thay khi nong d6 dung dich

tang 1én thi hiéu suat phan hay giam di.
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Hinh 14. Hiéu sudt phéan hity dung dich MB ¢6 néng do khdc nhau theo thoi
gian
(Piéu kién: VMB= 100 mL; H202 30% = 2 mL; nhié ¢ méi truong 35
T; mReFeO; = 0.4 g/L)

Ttr két qua c6 thé dua ra nhan dinh nhu sau: khi nong do dung dich ting
d6ng nghia 6 mau cua dung dich ting 18n s& can trd sy thAm nhap anh séang,
giam luong photon anh sang dwgc hap thu trén bé mit vat liéu. Diéu nay dan
dén giam hiéu qua phan (ng quang xuc tac cua vat liéu, dan dén hiéu suat phan
tng phan hay giam di. Két qua ciing cho thay, vat liéu c6 thé &p dung dé phan
haty véi dung dich c6 nong do 16n, nhung tdc d6 va hiéu suat phan hay cham.
Ung dung caa vat liéu c6 thé phi hop va triét dé hon 1a d6i véi cac dung dich

¢ nong do thap.



Két luan

O nhiém moi trudng 12 mot trong nhing thach thirc 16n do toc do phat
trién d6 thi héa va cong nghiép hoa dién ra nhanh chéng. Viée cung cap mot
moi trudng trong sach cho con ngudi 1a rat quan trong ddi véi kha ning ton tai.
Céc chét xtic tic quang ciu tric nano véi dic tinh hoa Iy hip dan da mang lai
co hoi giai quyét van dé bén vitng moi trudng. Trong nhitng nim gan day, ngudi
ta d chimg kién nhimg tién bo dang ké trong viéc tong hop va ing dung chat
xUc tac quang trong viéc xir Iy moi truong. Nhimg chit xuc tac quang mdi nay
da cho phép céac ing dung rong rai trong loc khong khi, xir 1y nudc thai, v.v.
trong khoa hoc xuc tac, khoa hoc nano va vat liéu cho phép tao ra nhing tién
bo dang ké trong cac chién lugc méi ddi vai viée chuan bj ¢ kiém soat, co ché
phan g xuc tic quang va mdi quan hé cu trac-hoat dong ctia chat xuc tac

quang.

Sy phat trién nhanh chong cua xtc tac quang d6i v6i moi trudng, trong
nghién ctru ndy t61 mudn gidi thidu va nang cao hiéu biét vé cac van dé chinh
trong tmg dung méi trudng cia chat xdc tdc quang ciu tric nano. Véi cac khia
canh sau nhu 1a thiét ké va tong hop cac chét xtic tac quang véi hinh thai méi
va céc vi tri xtic tic hoat dong; cac chat xuc tac quang tong hop xanh; cac chét
xuc tac quang dé chuyén d6i CO2 thanh mit troi; cac chat xuc tac quang dé xur
Iy nude thai va loc khong khi; va va co ché phan tmg xtc tac quang nhu dugc

ap dung trong céc bai toan mdi truong.



Tai liéu tham khao
1. F. Fu, W. Han, B. Tang, M. Hu, and Z. Cheng, “Insights into environmental
remediation of heavy metal and organic pollutants: Simultaneous removal of

hexavalent chromium and dye from wastewater by zero-valent iron with ligand-
enhanced reactivity,” Chem. Eng. J., vol. 232, pp. 534-540, 2013.

2.R.T.P.Pinto, L. Lintomen, L. F. L. Luz, and M. R. Wolf-Maciel, “Strategies
for recovering phenol from wastewater: thermodynamic evaluation and
environmental concerns”, Fluid Phase Equilib., vol. 228-229, pp. 447-457,
2005

3. Konstantinou and T. Albanis, “TiO2-assisted photocatalytic degradation of
azo dyes in aqueous solution: Kinetic and mechanistic investigations: A
review”, Appl. Catal. B Environ., vol. 49, pp. 1-14, 2004.

4.S. Dawood and T. K. Sen, “Review on dye removal from its aqueous solution

into alternative cost ef- fective and non-conventional adsorbents”, vol. 1, 2014.

5. F. Han, V. S. R. Kambala, M. Srinivasan, D. Rajarathnam, and R. Naidu,
“Tailored titanium dioxide photocatalysts for the degradation of organic dyes

in wastewater treatment: A review”, Appl. Catal. A Gen., vol. 359, no. 1, pp.

25-40, 20009.

6. P. Priyanka and V. Srivastava, “Photocatalytic oxidation of dye bearing
wastewater by iron doped zinc oxide”, Ind. Eng. Chem. Res., vol. 52, pp.

17790-17799, 2013.

7.X.Z.Liand F. B. Li, “Study of Au/Au3+-TiO2 photocatalysts toward visible
photooxidation for water and wastewater treatment”, Environ. Sci. Technol.,

vol. 35, no. 11, pp. 2381-2387, Jun. 2001.
8. W. A. Anderson, Semiconductors. University of Waterloo, 1991.

9. M. Boroski, A. C. Rodrigues, J. C. Garcia, L. C. Sampaio, J. Nozaki, and N.

Hioka, “Combined electrocoagulation and TiO2 photoassisted treatment



applied to wastewater effluents from pharmaceutical and cosmetic industries”,

J. Hazard. Mater., vol. 162, no. 1, p. 448—454, Feb. 2009.

10. M. N. Chong, B. Jin, C. W. K. Chow, and C. Saint, “Recent developments
in photocatalytic water treatment technology: A review”, Water Res., vol. 44,

no. 10, pp. 2997-3027, 2010.

11. L. M. Pai, N. T. Anh, Pham. S (2012). Nghién ctu thu hoi tong oxit dat
hiém tir ba thai tuyén quang dong sinh quyén bang phuong phap thity luyén vi
song. Tap chi hda hoc, 50.2012, pp. 682-685.

12. Nguyén Thanh Anh (2014). Thu hoi dat hiém tir ba thai tuyén quing dong
Sin Quyén ung dung 1am phan bon cho cay ché va mot so loai rau tai Pa Lat,
Lam Dong. Luan an Tién st Hoa hoc, Ha Noi.

13. G. Tejuca (1989) Properties of perovskite-type oxides: Studies in catalysis.
Journal of The Less-Common Metals, 146.1989, pp. 261-270.

14. P. V. Tuong (2007) Cac phuong phap téng hop vat licu gém, NXB Dai hoc
qudc gia Ha Noi.
15. N. F. Atta, A. Galal, and E. H. EI-Ads (2016). Perovskite Nanomaterials -

Synthesis, Characterization, and Applications. Perovskite Materials -

Synthesis, Characterisation, Properties, and Applications, pp.107 -151.

16. N.X. Phuc, N. M. Ha, D.H. Manh, L.T. Hung, L.T.C. Tuong, L.V. Hong,
Y.D Yao (2006) Perovskite nanoparticles: Preparation by reactive milling and
magnetic characteristics. Journal of Magnetism and Magnetic Materials,
304.2006, pp.133-137.

17. H. Ghayour, M. Abdellahi, M. Bahmanpour (2016) Optimization of the
high energy ball-milling: Modeling and parametric study. Powder Technol,
291.2015, pp.7-13.

18. B. M. Hung (2007) Nghién citu mot s6 vat liéu nano perovskite ché tao

bang phuong phap nghién co ning lwong cao. Luan van thac sy



19. B. G. Rao, D. Mukherjee, and B. M. Reddy, Nanostructures for novel
therapy novel approaches for preparation of nanoparticles. Elsevier Science
Publishers, Amsterdam, NL, VVolume 1, Chapter 1, 2017, pp. 1-36.

20. B. T. A. Thu, H. T. Giang, B. H. Manh, N. N.Toan (2010) Nghién ctu céng
nghé ché tao vat liéu nhay khi LaFeO3 bang phwong phép sol-gel tao phtc ung
dung trong cam bién nhay hoi con. Tap chi Khoa hoc PHQGHN, Khoa hoc Tu
nhién va Céng nghé s 26, tr 36-43.

21. N. N. Toan, S. Saukko, V. Lantto (2003) Gas sensing with semiconducting
perovskite oxide LaFeO3. Physica B: Condensed Matter, 327.2003, pp.279-
282.

22. T. Ishiham, T. Kudo, H. Matsuda, Y. Takita (1994) Doped Perovskite
Oxide, PrMnQO3, as a New Cathode for Solid-Oxide Fuel Cells that Decreases
the Operating Temperature. Journal of the American Ceramic Society, 77.1994,
pp.1682-1684

23. L. M. Dai, D. N. Nhiem, N. V. Duc, P. N. Chuc, V. T. Ninh, D. T. Dung
(2016) A new perovskite-type NdFeO3 adsorbent:synthesis, characterization,
and As(V) Adsorption. Advances in Natural Sciences: Nanoscience and
Nanotechnology, 7.2016, pp 1-12.

24. W. C. Wang, S. Li, Y. Y. Wen, M.C Gong, L. Zhang, Y. L. Yao, Y. Q.
Chen (2008) Synthesis and characterization of TiO2/YFeO3 and its
photocatalytic oxidation of gaseous benzene. Acta Physico - Chimica Sinica,
24.2010, pp.1761-1766.

25. J. Li, U. G. Singh, T. D. Schladt, J. K. Stalick, S. L. Scott, R. Seshadri
(2008) Hexagonal YFel-xPdx03-6: Nonperovskite host compounds for Pd2+
and their catalytic activity for CO oxidation. Chemistry of Materials, 20.2008,
pp.6567-6576.



26. L. M. Pai, B. N. Nhiém, D. K. Trung (2012) Tong hop perovskit LaFeO3
cau tric nano bang phuong phap dét chay gel va tng dung lam xuc tac cho
phan tng oxi hoa CO. Tap chi hda hoc, 50.2012, pp.140-143.

27.J. E. Lee, N. T. Khoa, S. W. Kim, E. J. Kim, S. H. Hahn (2015) Fabrication

of Au/GO/ZnO composite nanostructures with excellent photocatalytic

performance. Materials Chemistry and Physics, 164.2015, pp.29-35.

28.J. Kong, T. Yang, Z. Rui, and H. Ji (2019) Perovskite-based photocatalysts
for organic contaminants removal: Current status and future perspectives.
Catalysis Today, 327.2019, pp. 47-63.

29. P. Kanhere, Z. Chen (2014) A review on visible light active perovskite-
based photocatalysts. Molecules, 19.2014, pp. 19995-20022

30. D. Melgoza, A. Hernandez-Ramirez, J. M. Peralta-Hernandez (2009)
Comparative efficiencies of the decolourisation of Methylene Blue using

Fenton’s and photo-Fenton’s reactions. Photochemical & Photobiological

Sciences, 8.2009, pp.596-599.

31. J. Lee, N. T. Khoa, S. Kim, E. Kim, S. Hahn (2015) Fabrication of
Au/GO/ZnO composite  nanostructures  with  excellentphotocatalytic

performance. Materials Chemistry and Physics, 164.2015, pp.29-35.



	Bia Semina 2020
	Semina 2022 ky II xuc tac quang

