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Tom tat

Nudc 1a mot ngudn tai nguyén thiét yéu cho sy ton tai va phat trién ctia moi sinh vat trén hanh tinh. Tuy nhién, hang triéu
ngudi trén thé gi¢i van chua c6 kha ning tiép can duoc ngudn nude an toan va chat lwong du dé phuc vu sinh hoat hang
ngdy. Van dé 6 nhidm tai nguyén nudce do cac chat 6 nhiém hiru co va vo co di trd thanh mot thach thire dbi véi nhidu
qudc gia trong thoi gian gin day. Nudc thai chira chét nhudm dgc hai dang tr¢ thanh mot vén d& nghiém trong do cac nha
méy dét nhudm trén khép thé gisi thai hang triéu tin nudc thai 6 nhiém hang ngay. Tuy nhién, viéc xtr Iy nudc thai nay
dang gap kho khin vi khong c6 k¥ thuat hidu qua va kinh t& dé giai quyét. Gan day, cac nano oxit kim loai (MONP) da
thu hat sy quan tdm dic biét cia nhiéu nha nghién ciru trong viée xtr 1y nue thai chira chit mau nhuém. MONP 1a nhirng
vét liéu ban dan co kich thude nano, c6 cac tinh chat vat 1y va hoa hoc d9c dao nhu tinh x1c tac va kha nang hép thu cao,
gitip phan hity cac chit mau nhugm mét cach hidu qua. Bai bao nay gidi thidu nhiing tién bo gan day vé tmg dung MONP
trong viéc loai bo cht mau hitu co trong nude thai bang phuong phap quang xtc tic. Bai bao tap trung vio cic phuong
phap tong hop MONP, céc (mg dung xiic tac quang ciia MONP, ciing nhur dé cip dén mot s6 loai thude nhuém phd bién.
Nghién ciru nay ciing thao luan vé cac thach thirc dbi véi viée tmg dung quang xitic tac cia MONP va cac chién lugc dé
cai thién hiéu qua xuc tac cta chlng.

Tuwr khoa' Nano oxit kim loai; quang xuc tac; thudc nhudm; phén hay; x@ Iy nudce thai.

Abstract

Water is a vital resource crucial for the survival and development of all living organisms on Earth. Despite this, millions
of people worldwide still lack access to safe and high-quality water for their daily needs. The pollution of natural water
sources with both organic and inorganic contaminants has emerged as a significant challenge for numerous countries in
recent times. Particular concern is about the presence of hazardous dye pollutants in wastewater, with textile dyeing
factories being major contributors to the discharge of heavily polluted wastewater, amounting to millions of tons.
However, the treatment of such wastewater presents considerable difficulties due to the absence of specific and
economically feasible techniques to effectively address this issue. In response to these challenges, the utilization of metal
oxide nanoparticles (MONPS) in the treatment of dye-contaminated wastewater has gained considerable attention from
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environmental researchers. MONPSs, as semiconductor materials with nano-sized dimensions, exhibit unique physical and
chemical properties, including catalytic activity, superparamagnetism, and exceptional adsorption capabilities, which
enable them to efficiently degrade dye pollutants. This review presents recent advancements in the application of MONPs
for the removal of organic dyes in wastewater using photocatalytic methods. The article focuses on the synthesis methods
of MONPs, their photocatalytic applications, and also discusses some common types of dyes. Furthermore, the study
explores the challenges in implementing the photocatalytic activity of MONPs and the strategies to enhance their catalytic

efficiency.

Keywords: Metal oxide nanoparticles; photocatalysis; dyes; degradation; wastewater treatment.

1. Mé& dau

Trong thoi dai phét trién cong nghiép hién
nay, su gia ting nhanh chong ctia san xuét va tiéu
thu cac san pham cong nghiép da tao ra mot
luong 16n chét thai cong nghiép, trong d6 co
pham mau nhuom (PMN) [1]. Cac PMN la cac
hop chat hitu co phiic tap, c¢6 ddc tinh cao, c6 thé
gdy ung thu va kho phan huy sinh hoc. Chung c6
cAu trac phtrc hop chira cac nhom auxochromic
va chromophoric duoc lién két v6i nhau, chi yéu
duoc su dung dé tao mau cho cac san phém vai
trong nganh dét may, giay da, va cac nganh cong
nghiép khac (in an, thuc pham, va dugc pham),
dé tao ra nhiing san pham véi nhiéu mau sic da
dang va hap dan. Theo Ngan hang Thé gi6i, cac
doanh nghi¢p dét may la nguyén nhan chinh gay
6 nhiém ngudn nudc (chiém khoang 17 - 20%).
C6 hon 72 chét doc hai dugce phat hién trong
nudc thai tir cac nha may dét nhudm, trong dé cod
khoang 30 chét khong thé xtr Iy duoc [2]. Su ton
tai cia chit mau trong mdi trudng c6 thé can trd
qué trinh quang hop cua thyuc vat thiy sinh va gay
do6t bién té bao ¢ ngudi va dong vat [3]. Do do,
xtr Iy nudce thai chira PMN trudce khi thai ching
ra moi truong 13 viée 1am can thiét va cap bach.

C6 nhiéu phuong phap xir I cac chat thai hiru
co dang duoc ap dung nhu xir 1y bang qua trinh
sinh hoc, xtr 1y bang cong nghé tham thdu ngugc,
xtr 1y bang hap phu, hodc sir dung héa chat nhu
cac tac nhan Fenton, v.v... [4-6]. Tuy nhién cac
phuong phap ké trén van ton tai nhidu han ché.
Ch'fmg han nhu, do ddc tinh cao ctia khang sinh
va PMN nén phuong phap st dung vi sinh khong
¢6 hiéu qua cao vi vi sinh kho phat trién va d& bi
tiéu diét. Phuong phap tham thau nguoc can thiét

bi dat tién dan dén chi phi cao trong xtr 1y, khé
ap dung & quy mo 16n [4]. Phuong phéap hap phu
chi gitr cac chat 6 nhiém bén trong vt liéu hp
phu ma khong xu 1y triét dé ching, do d6 can tén
thém chi phi dé xir 1y cac cht thai rin phat sinh
trong qué trinh hip phy. Str dung cac tic nhan
Fenton trong xir Iy nude thai hitu co ¢6 thé mang
lai hiéu qua cao, tuy nhién cac tac nhan nay
khong thé thu hoi tai st dung va thuong c6 chi
phi xtr ly cao. Bén canh d6, cac ion kim loai
chuyén tiép trong tac nhan Fenton ¢ thé di theo
ngudn nude gay nhiém doc kim loai nang [3].

Hién nay, xtic tic quang hoda di thé duoc danh
gia 1a phuong phap hiru hi¢u va duogc ap dung
rong rai nhat do sy don gian trong van hanh, hi¢u
sut cao trong xur 1y, chi phi thap do c6 thé tai st
dung nhiéu 1an vat liéu, va co thé tan dung dugc
ngué)n nang lugng v6 tan ctia mat troi. Phuong
phap nay hoat dong dua trén qua trinh quang
hop, trong d6 cac vt liéu xiic tac quang hoa héap
thu nang luong tir &nh sang mdt troi, va sau do
sir dung nang luong d6 dé kich thich cac qua
trinh héa hoc dé phan huy cac chit 6 nhiém
thanh cac chat vo hai nhu nudc va CO; [7,8].
Mot trong nhitng vét liéu xuc tac quang hoa phd
bién nhét 13 cac hop chat oxit kim loai chuyén
tiép nhu ZnO, TiO2, MnO», g-C3N4, CuO, Cu20,
CdS, Fez0s, Fe30s, NiO, v.v... Cac oxit kim loai
chuyén tiép nay co cAu trac tinh thé dic biét, tao
ra cac trang thai dién tir du thira trong dai cép
nang luong, gitp chiing tr¢ thanh cac vat li¢u xtc
tac hoat dong manh trong qua trinh quang hoa.

Trong nhitng nim gan day, su phat trién cua
cong ngh¢ nanomaterial dd md ra mét linh vuc
moi trong xac tac quang hoda. Cac hat nano co



42 T.T.Kiéu Ngdn, P.T.Viét Ha, L.Vén Thudn | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(61) (2023) 40-49

kich thudc nho hon 100 nm, tao ra mot dién tich
bé mit 16m so véi khdi lugng, cung cép nhiéu vi
tri hip phu va ting hiéu suat xic tac. Bén canh do,
cac hat nano ciling c6 thé duge diéu chinh vé ciu
tric va kich thude dé t6i wu hoa hiéu suét xuic tac
trong qua trinh phén hity chat 6 nhiém [9].
Nghién ctru nay nham tong hop cac van dé vé
ung dung cua vat liéu xtic tac quang héa oxit kim
loai chuyén tiép kich thudc nano trong qua trinh
phan huy cac PMN. Nhiing tién b trong viéc
tong hop va diéu chinh ciu trac cta cac vat liéu
nano nay s€ dugc xem xét, cling nhu nhitng co
ché xuc tac duge tim hiéu. Cudi cung, bai viét
cling s& danh gia trién vong va thach thiic trong
viéc ing dung cac nano oxit kim loai xtic tac
quang hoa nay trong viéc xur Iy nudce thai cong
nghi¢p chira PMN.
2. Phim mau nhudm

PMN 1a cac hop chat hoa hoc hodc tu nhién
duoc st dung dé tao mau cho nhiéu loai vat liéu,
bao gém so1 dét, my phém, giéy, thuc phém,
thudc da va thudc men. Lich sir cia PMN d3 bat
dau tir thoi c¢6 dai, khi con ngudi sir dung chét
mau ty nhién tir cac ngudn thién nhién nhu cay
cdi, qua cdy va dat sét dé t6 diém va trang tri.
Trong qua trinh phat trién, khoa hoc di déng vai
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trd quan trong trong viéc tao ra nhirng dot pha
trong cong ngh¢ nhudém mau. Nam 1856, nha
héa hoc nguodi Anh William Perkin da tinh co
phat hién ra chit mau luc téng hop, mé dau cho
ky nguyén ctia chit mau tong hop trong nganh
cong nghiép. Tir d6, sy phat trién ciia nganh cong
nghiép chit mau d tiép tuc bung nd va da dang,
san xuit hang nghin loai chit mau méi dé dap ung
nhu ciu ngdy cang ting ciia con ngudi [10].

Thong thudng, cac PMN c¢6 thé duoc phan
loai thanh hai loai chinh 14 ty nhién va téng hop.
Chét mau tu nhién 13 nhitng chat mau ton tai ty
nhién, bit nguén tir cac phﬁn cay c¢di nhu 14, qua,
06, nim, dia y va vo cdy. Trong khi d6, chat mau
tong hop 1a nhitng chat mau duoc tao ra boi con
nguoi tr cac hop chit héa hoc, dan xuét tir dau
mo va khoang chat trén trai dat. Hinh 1 trinh bay
cac loai chat mau tong hop va tng dung cia
ching. Nhing chit mau nay chii yéu duoc sir
dung trong linh vuc thyc phém va dd uéng, in
an, cong nghi¢p dét may va duogc phém. Cu thé,
cong nghi¢p dét may dong gop chinh vao viéc
thai cac chat mau vao moi truong. Hang nam,
trén toan cau, c6 khoang 7 x 107 tdn chat mau
duoc san xuat va hon 10.000 loai chat mau khac
nhau dugc str dung bdi cong nghiép dét may[11].
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Hinh 1. Cac loai chit mau tong hop va tmg dung cong nghiép ctia chung [11].
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Céc chat mau duoc thai ra tir cdc nha may,
khu cong nghiép di vao ngudn nudc co thé giy
tac dong xau dén moi truong va sic khoe con
nguoi. Chung c6 ciu trac phire tap, bén va c6 thé
phan huiy tao ra cac amin thom doc hai. Xam
nhap vao méi trudng nude, cac chit mau ciing
anh huong tiéu cuc dén cic qué trinh tu nhién
trong hé thdng sinh thai, nhu qua trinh quang
hop va ho hap cua sinh vat thiy sinh. Sy giam
thiéu anh sang mat trdi co thé thay doi cuong do
quang hop va lam gidn doan chu trinh sinh hoc
tu nhién trong mdi trudng nudc, anh huéng dén
canh quan sinh thai va sy phong phu cua cac loai
sdng trong hé sinh thai nudc. Ngoai nhiing tac
dong tiéu cuc d6i v6i moi truong, cac PMN ciing
gy nguy hiém dbi véi sirc khoe con nguoi. Tiép
xuc véi cac hop chat doc hai trong PMN c6 thé
gdy ra cac van dé sic khoe nghiém trong nhu
ung thu, vin dé vé ho hap va hé mién dich, anh
hudng dén cac co quan quan trong nhu tim, gan,
than va ndo. Bén canh d6, cic PMN c6 thé gay
di ung, viém da va kich ing mat.

Viéc giam sat va han ché sir dung PMN doc
hai 1a can thiét dé bao vé méi trudng va sirc khoe
con nguoi. Cac bién phap xir ly nudce thai cong
nghiép dét may can dugc cai thién dé giam thicu
tac dong x4u ciia cac chit mau vao ngudn nudc

Phuwong phép tong hop
MONP

va hé sinh thai. Pong thoi, nghién ctru va ap
dung cac chit mau than thién véi moi trudng va
khong gay hai cho stc khoe cling 1a mot gidi
phép quan trong trong vi¢c bao v¢ mai truong va
strc khoe cong dong.

3. Nano oxit kim loai va phwong phap tong
hop

Nano oxit kim loai (MONP) la vat liéu ban
dan c6 mg dung rong rii trong nhiéu linh vuc
khoa hoc va cong nghé&. Nhitng hat MONP c6
cac tinh chat ly-hda ddc biét hon so voi dang vat
lidu thong thuong cung thanh phan. Dién hinh 13
tinh han lanh, si€u thuan tir, va 3 déo cao hon
so voi vat liéu kich thudc hat 16n. Cac MONP
cling c6 dién tich bé mat riéng 16n, tinh xtic tac
va hap phu cao, tbc d6 khuéch tan nhanh, do
nhay va do chon lgc cao, khién chung tr¢ thanh
vat liéu khong thé thiéu trong cong nghé nano
hién dai. Ngoai ra, tinh mat do thap, ty 1& bé
mat/thé tich cao va tinh chét luong tir 1a nhiing
dic tinh hap dan ciia cic MONP. Vi nhiing tinh
chat dic biét nay, MONP thu hut sy quan tdm ctia
cac nha nghién ctru tir cac Iinh vuc y hoc, héa hoc
vat li€u, khoa hoc vat li¢u, vat 1y, ndng nghiép,
dién tir, cong nghé thong tin, nang lugng, y Sinh,
XUc tac, cam bién va méi truong [12].
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Hién nay, da phat hién mét ) luong rat 1én
cac MONP ban dan c6 tac dung phan huy cac
chit 6 nhidm trong nudc thai. Trong s cac
MONP nay, TiO2 va ZnO da nhan dugc su quan
tam dic biét do dé tong hop, d6 6n dinh hoa hoc
cao, chi phi thép, hiéu suit xuc tac cao va kha
nang tuong thich sinh hoc. TiO2 va ZnO, cling
gan duoc goi 1a hai trong sd cac chat xuc tac
quang 1y tuong do tinh chat tuyét voi cua ching.
Khi so sanh nhitng MONP khac, ngudi ta thay
rang ca TiO; va ZnO déu phan mg véi cudng do
btrc xa thap hon hoic bang budc séong UV.
Nhung, ZnO dugc kham pha 1a nhay cam voi sy
an mon quang hoc hon so vai TiOz [2]. Tuy
nhién, ZnO 6n dinh hon, tao ra d6 két tinh va cac
khuyét tat nho hon. Hon nita, hiéu qua ctia hoat
dong quang xuc tac ctia ZnO ciing c6 thé dugc
cai thién bang cach bo sung hodc pha tap cac
nguyén to khac. Sau khi phét hién ra TiO2 vao
nam 1972, nhiéu MONP khac nhu WO3, ZrO;,
Sn0,, CeO2, Cuz0, Fe 0s3, v.v. cling dugc kham
pha 1am chit xtic tic quang xir Iy PMN vi tinh
chét quang hoc, dién tir va di hudng uu viét ctia
ching, chéng han nhu dién tich bé mit cao, than
thién v&1 moi truong, hi¢u qua cao, chi phi va
doc tinh th:?ip, san c6, 6n dinh va kha nang chéng
lai cac budc song chiéu xa khac nhau [13].

Phuong phap tong hop MONP da dang va
phtrc tap, co thé dugc phan loai thanh hai huéng
tiép can chinh: tiép can tir trén xudng va tiép can
tir dudi 1én, nhu thé hién trong Hinh 2. Céch tiép
can tir trén xudng lién quan dén viéc giam kich
thudc cua cac hat 16n hoac vi mé hoac vi mo
xudng kich thudc nano. Trong khi d6, tiép can tir
dudi 1€n 1a qua trinh tang trudng tirng nguyén tir
dé tao thanh cac hat c6 kich thudc nano [14].

Tiép can tir trén xudng bao gdm cac phuong
phap phan manh, gia c6ng nano sb luong 16n va
in thach ban. Trong do, phan manh la qua trinh
chia nho cac hat 16n thanh cac hat nho hon véi
kich thudc nano. Gia céng nano sd lugng 16n 1a
viéc san xuét hang loat cac MONP cung mdt
kich thudc va hinh dang thong qua qua trinh san

xudt cong nghiép. In thach ban 1a mot phuong
phap in 4n chinh x4c cac hat nano 1én cac bé mit
mach dién tir hodc vat liéu khac.

Trong tiép can tir dudi 1én, cac phuong phap
vat ly, héa hoc va sinh hoc duoc st dung dé téng
hop cac MONP. Phuong phép vat 1y 1a qua trinh
bién d6i chat khi thanh chit ran. Cac phuong
phap vat 1y bao gdm phun nhiét phén, ling dong
16p nguyén tir, chum tia epitaxy phan t, ling
dong hoi héa hoc, ling dong hoi vat 1y va cdy
ghép ion. Trong khi d6, phuong phép sinh hoc 1a
mot phuong phép tong hop xanh cua cac hat
nano tir cic ngudn thién nhién nhu tao, nAm men,
vi khudn, chét thai néng nghiép va cong nghiép,
thuc vat va nAm. Cac phuong phap hoa hoc dé
tong hop MONP bao gém phan ung dong két
tua, khir héa hoc, sol — gel, vi nhii twong, thuy
nhi¢t va dung moi, dic khuon mau, dién hoa va
quang hoa. Cac phuong phap nay cho phép kiém
soat chinh xac kich thuéc va tinh chat cia
MONPs, dap tng cac yéu cau tng dung khéc
nhau trong khoa hoc va cong nghé [15].

4. Co ché chung ciia xiic tac xir Iy pham mau
nhu¢m

Co ché xtic tac quang hoa xtr 1y PMN dua vao
su tuong tac gilra vat liéu quang xlc tac va anh
sang, gop phan kich hoat hodc tang toc cc phan
g khir va oxy héa (oxy hoa khir) cu thé véi
chat duoc chiéu xa. Trong qua trinh xuc tac
quang héa, vai trd chinh cta chat xuc tic quang
1a day nhanh qué trinh oxy hoa va khir cy thé,
dong gop boi anh sang ma ching tiép nhan. Co
ché phan hay quang xuc tac dién ra voi ba qua
trinh chung: (i) su phan tach cac hat mang di¢n
(electron va 18 trdng) dudi sy chiéu sang; (ii) su
tan xa cua hat mang di¢n trén bé mit chit xuc
tac; (iii) qua trinh oxy héa-khir dién ra tai cac vi
tri hoat dong trén bé mit xuc tac (Hinh 3) [16].

Khi anh sang chiéu vao, vat liéu quang xuc
tac tao ra cac 16 trong (h*) trong dai ning lugng
hoa tri (VB) va cac dién t (¢") trong dai nang
luong hoa tri (CB). Cac 15 tréng va dién tir bi
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quang hoa va c6 thé di chuyén dén bé mit cua
chét xtic tic quang, kich thich cac qué trinh xtc
tac oxy hoa va khur. Hon nira, cac hat mang dién
tuong tac véi Oz va H20 trén bé mit chat xuc tac
dé tao ra cac gbc oxy héa "0z va khir "OH. Kha

ning oxy hoa va khir cao hon cua cac gdc nay
dan dén sy phan hiy quang hoc cua cac phan tir
PMN. Céc phan tng chinh lién quan trong qua
trinh phan hiy dwoc thé hién trong cac phuong
trinh (1) - (5) [12].

MONP + hv = (MONP)(h*)vs + (MONP)(e )cs 1)
(MONP)(h*\g + H20 - H* + OH (2)
(MONP)(e )ce + O2 = "O2 3)
(MONP)(e—)cg + Oz + 2H* = "OH + OH~ 4)
PMN + "OH — san pham phan hay (CO2, H20, v.v) )

Hinh 3. Co ché xtic tac quang hoa

Co ché quang xtic tac cling c6 mot sb han ché.
Chi ¢6 cac photon c6 ning lugng bang hodc 16n
hon ning lugng ving cdm cia chat xuc tac
quang maéi c6 thé dugc sir dung trong cic phan
g muc tiéu. Do d6, diéu quan trong 1a t6i wu
hoéa va diéu chinh khoang cach ving cAm dé dat
dugc hidu suat cao nht cua chit xiic tic quang.
Mot thach thire khac trong qua trinh quang xuc
tac 1a téc d6 nhanh cua tai hop dién tich (tai hop
cap electron - 13 tréng) trong chat xtic tic quang,
ma khéng tao ra cac gbc tu do. Pé vuot qua
nhirng thach thac nay, da co nhiéu lua chon tha
vi nhu diéu khién cac diéu kién thi nghiém, tao

ra chat xtc tac quang c6 do rong ving cdm thap
va bién d6i cic cation cua chat xuc tic quang.
Céac chién luoc nay duoc thyc hién dé t6i wu hoa
qua trinh phan huy quang va nang cao hiéu qua
ctia co ché quang xuc tac [17].

5. Mt so thach thirc trong ing dung MONP
trong xi ly PMN

Hoat tinh xtc tac cia MONP phu thude nhiéu
vao tinh chat quang hoc, cAu trac tinh thé, tinh
chat bé mit va dién tir cia n6. Tuy nhién, nhitng
thach thirc dang ké nhu chi phi cao cua chit ban
dan, mirc d6 hip thu nang luong mit troi thap va
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su tai hgp nhanh chéng cua cac cap electron — 16
trng duoc tao ra d han ché kha nang ing dung
cta no. Tinh 6n dinh kém, an mon quang hoc
nhanh va tinh tiy bién ctia cic MONP ciing 1a
nhiing thach thtc.

Hiéu suét hdp thu photon cta chit xuc tac
quang duogc xac dinh boi ving cAm cua né. Hau
hét cac chét xuc tac quang duoc phat hién nhu
TiO2 va ZnO déu ¢ vung cAm rong nén chi hoat
dong dudi tac dung cua vung cyc tim clia quang
phd mat troi. Quang phd mit trdi bao gom 5%
tia cuc tim, 45% kha kién va 50% tia hong ngoai,
diéu d6 c6 nghia 1a tia cyc tim dét tién va han
ché. Do @6, diéu chinh bandgap 1a thach thirc co

ban trong cic MONP can dugc giai quyét. Su tai
hop cua cac cip electron — 18 trong quang sinh 13
mot van dé quan trong khac anh huéng dén hoat
tinh quang xtic tac ciia cdc MONP. Su tai hgp cé
thé xay ra voi $6 lugng 16m hoac trén bé mit chét
xuc tac bang cach tiéu tan nang lwong dudi dang
khong buc xa (nhiét) hodc bic xa (dnh sang)
giam hoat tinh quang xtc tac. Hoa hoc bé mat
thip ciing anh huong dén hoat dong quang xtc
tac cua chat ban din MONP. Trong phan tng
quang xdc tac, ning luong bé mit dong vai trd
rat 10n trong viéc chuyén electron giita cac chit
phan ung [18,19]. Uu diém, nhugc diém va co
ché ciia mot s MONP ddi voi su phén hay céac
PMN dugc trinh bay ¢ Bang 1 [20].

Bang 1. Co ché, uvu nhugc diém ctiia mot s6 MONP ddi v6i qua trinh phan hiy cac PMN.

Vat ligu

Huwéng khac

S Co ché U'u diém Nhuge diém

xUc tac phuc
TiO2+hv—e +h' Bén, chi phi| Sutaihopdiénta/ld | Pha tap voi kim
O2+e — 'Oy tong hop thap, | trbng nhanh, hiéu | loai hoac phi kim:;
02 +H,0 — HOY doc tinh thap, | suat quang xuc tac | két hop vai nhiing

TiO2 HO/OH™ +h* — "OH | ua nudc, do on | thap, hoat dong kém | MONP khéc.
‘0O2/HO2’/"OH +PMN | dinh hda hoc va | trong vung anh sang
—CO2+H,0 quang hoa cao. | kha kién.
ZnO+hv—e +h* b6 nhay sang | Suw tai hop cua | Pha tap véi kim
O2+e — 0Oy cao, than thién | electron/15 tréng | loai hozc phi kim:;
02 + H,0 — HO?' v6i méi truong, | nhanh;  hoat  tinh | két hop véi nhiing

ZnO H.O/OH +h* —"OH | va chi phi téng | quang xlc tac thap; | MONP khac; thay
"02/HO,"OH+PMN | hop tuong dbi | phanting thap o ving | doi hinh théi, kich
—CO2+H,0 thap. &nh séng nhinthdy. | thudéc.
WOx+hv—e +h" Hoatdongtrong | Su tadi hop cua | K&t hop voi céc
O2+e — 'Oy anh sang kha | electron/Id  tréng | oxit khac.

WO 02 + Hx0 — HOY kién; bén trong | nhanh; hoat tinh

X H,O/OH™ +h* — ‘OH | m6i truong axit. | quang xuc tac thap.

‘02 /HO2/"OH + PMN
—CO2+H20
SnO2+hv—e¢e +h* Nhan dién tir | Khdng thé st dung | Kéthop véinhing
O2+e — 'Oy tét, toc do tai | riéng lé. chat xuc tac khac.

SN0, 02 + H20 — HOY' hop cac hat dign
H,O/OH +h* — ‘OH | tir quang thap
‘O2/HO2/"OH + PMN
—CO2+H>0
CdS+hv—e +h' Hoat dong trong | Hiéu suit quang hoéa | Két hop véi nhiing

Cds O2+e — 'Oy ving kha kién. | thap. chat xuc tac khac.
02 + H20 — HO?'
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H,O/OH™ + h* — "OH
‘02 /HO2’ /"'OH + PMN
—CO2+H20

Nhiéu nghién ctru dd dugc bao cdo vé cac
chién lugc dé phat trién mot chat xuc tac quang
méi va hiéu suét cao. Pha tap la thém hodc thay
thé cac nguyén t6 la hodc 1 kim loai hay phi kim
thanh cac nguyén to gdc, co thé gy ra nhimg
thay d6i trong cdu tric dién tir va tinh thé cua
oxit gbc. Pha tap chat vao chat ban dan chu la
mot trong nhitng phuwong phap hiéu qua nhat dé
diéu khién céc ciu trac dién ti, do d6 tach céc
dién tich mot cach hiéu qua [21]. Uu diém chinh
ctia pha tap 13 diéu chinh ving cidm cua céc oxit
gbc bang cach ting hodc giam do rong ving cdm
clia cac oxit kim loai. Céc tap chat phi kim loai
14 flo, nito, clo, cacbon, ibt, phét pho, selen, va
luu huynh, thuong dugc s dung lam tap chét
trong cac oxit kim loai. Nhiing tap chat nay co
thé thay thé & vi tri cua oxy hodc co thé ton tai
dudi dang tap chat xen k&. Céc chét pha tap kim
loai nhu kim loai kiém thé, kim loai chuyén tiép,
kim loai d4t hiém va kim loai sau chuyén doi
ciing c6 thé duoc sir dung trong k¥ thuat thay doi
ving c¢Am cua MNOP. Pha tap ion kim loai ¢o
ru diém 1a tao ra khuyét tat va thay doi hanh vi
khuéch tan, c6 thé cai thién d6 linh dong ciia dién
tir va van chuyén dién tich, do d6 ting cuong tinh
chat dién. Sy pha tap kim loai ciing c¢6 thé kich
hoat bé mit ciia chat xuc tac quang dé thuc day
phan ung xuc tac [20,22].

6. Két luan va trién vong

Nhin chung, viéc sir dung cadc MONP trong
xtr Iy PMN di cho thdy nhiing tiém ning 16n
trong viéc cai thién chat lugng nudc va giam
thiéu tac dong ti€u cyc 1én moi truong. Mot
sdtng dung MONPs phd bién bao gdm qua trinh
phan huy quang hoc va phan ung xuc tac. Céc
phuong phép téng hop dd phat trién dé diéu
chinh kich thudc, hinh dang va tinh chét cua
MONPs, tir d6 t6i vu hoa hiéu qua trong viée xir
Iy nudc thai mau nhudm. Tuy nhién, viéc ap

dung MONP ciing dbi dién voi mot sé thach
thirc. Mot trong nhitng han ché chinh 13 ti wu
hoa viéc st dung anh sang va diéu kién xuc tac
dé dam bao hiéu qua tdi da trong phan huy cac
PMN. Cén nghién ctru thém dé ting kha ning
héap thu anh sang cia MONP va giam ty 1é tai
hop dién tich dé dat dugc hiéu qua tot nhat trong
viéc phan huy.

Trién vong cua viéc tmg dung cac MONP
trong xtr Iy PMN la rat hira hen. V&i sy tién bo
ctia cong nghé va nghién ciru, chung ta co thé
tiép tuc cai thién tinh chdt va hiéu qua cua
MONP, tir d6 phat trién cac phuong phap xir 1y
nude thai mau nhudém tién tién va bén viing hon.
Hon nita, viéc tng dung MONP ¢6 thé duoc mé
rong sang cac linh vyc khac nhu xr Iy nude thai
tir nganh cong nghiép khéc, nang cao chit luong
khong khi, va str dung trong cac ting dung y hoc
va nang luong. Toém lai, viéc Ung dung céc
MONP trong xur ly PMN khong chi giup giai
quyét van dé 6 nhiém moi trudng ma con mo ra
nhiing trién vong hira hen trong linh vuc cong
nghé moi trudng va phat trién bén vimg. Su tién
bo trong linh vuc nay s& dong gop dang ké vao
nd luc bao vé tai nguyén nudc va tao ra moi
truong song tot hon cho cong dong va toan cau.
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