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TOM TAT:

Pugc truyén cam hung tir cong trinh sir dung vt liéu quang xuc
tac titan di-6-xit (TiO,) dé tach phéan tir nude thanh hydro (Hy) va
oxy (0O2) cta hai nha hod hoc Fujishima Akira va Honda Kenichi
vao nam 1972, nhidu nhém nghién ciru & Nhat Ban va trén thé
gi6i da nghién ctru TiO, va nhiéu loai vat liéu quang xuc tic khac
c6 d6 bén cao va co kha nang hoat dong dudi ngudn sang kich
thich & trong ving anh sang kha kién thay vi chi dudi ving anh
sang cuc tim nhu TiO,. Véi viéc Ha dan duoc st dung rong rai
nhu mét nhién li¢u sach, khong phat thai khi nha kinh trong qua
trinh tiéu thu va co ti khdi nang lugng 16n, vi du nhu pin nhién
liéu hydro cho nganh c6ng nghiép 6 t6. Quang xuc tac da cho thay
tiém nang ctia minh trong viéc san Xuat nhién liéu H» trén dién
rong véi gia thanh ré vi tn dung ngudn nang lugng mat troi doi
dao. Nguyén ly co ban cia céc vat li€u quang xuc tac 1a cac dién
tir va 16 trong duoc sinh ra tir qua trinh kich thich bang anh sang
s& dugc st dung cho phan tng oxy hoé ctia phan tir nudc thanh
O va khtr proton thanh H». Dua trén nguyén ly cén ban nay, bén
canh tach nudc, quang xuc tac ciing c¢6 thé dugc tmg dung trong
nhiéu muc dich khac nhu phan huy cic hop chat hitu co doc hai
vGi moi truong, diét vi-rat co hai trong qua trinh san xuét thuc
pham. Bai Vlet nay s& cung cip buc tranh tdng quan vé& nhiing
budc tién ndi bat trong nghién ctru va trién vong Umg dung cua
linh vuc quang xuc tac vao cong nghi¢p san xuat nhién lidu, vat
liéu & Nhat Ban noi riéng va thé gidi noi chung, trong do co Viét
Nam.

Tw khoa: quang xuc tac, chat ban dan, nang lwong mdi troi,
nhién liéu sach

1. Giéi thi¢u

Nham d6i phé voi nhitng tac dong tiéu cuc dén moi truong va khi
hau ctia viéc st dung nguén nhién liéu hod thach, nhiéu quéc gia
tién tién nhu Hoa Ky, Nhat Ban, va EU da dau tu vao nghién ctu
vé linh vuc ning lugng tai tao nhur mot giai phap thay thé. Uu
diém ctia nhitng ngudn nang lugng nay 1a c6 mic phat thai cac
khi nha kinh nhu CO rat thip hogc bang khong, dong thoi trix
luong cia chiing khong phai hitu han nhu nhién li¢u hoa thach.
Trong s6 do, nhién liéu hydro (H,) duoc danh gia 1a mot tmg cir
vién sang gia boi ti khdi nang luong 16n du trit trong lién két hoa
hoc giita hai nguyén tir hydro, dong thoi chi sinh ra nudc sau khi
két hop vdi oxy (0,) théng qua qua trinh oxy hoa khir bén trong
pin nhién liéu hydro [1]. Bén canh d6, H, ciing 12 mot thanh phan
quan trong trong viéc san xudt mot sd hoa chat thiét yéu nhu
amonia. Dé san xuit dugc H, trong cong nghiép, phuong phap
phé bién 1a reforming, chuyén hoa nhién liéu hoa thach nhu khi
methane (CH4) dudi ap suat cao. Tuy nhién, phuong phap nay
khong than thién véi méi trudong vi doi hoi ngudn nang luong dau
vao 16n va ddng thoi phat thai CO,.
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Do d6, nhiing phuong phap tan dung dugc ngudn
nguyén liéu sin c6 va khong phat thai ra nhidu khi nha
kinh d& va dang dugc chu trong nghién ctru [2]. Vao
nam 1972, hai nha hoa hoc nguoi Nhét Ban la Honda
Kenichi va Akira Fujishima d4 cong bé mot cong trinh
trén tap san Nature vé chit xuc tac ban dan TiO; su
dung ngudn sang kich thich & ving tir ngoai dé tach
nuée [3], gdm hai qua trinh khir proton thanh H, (1)
va oxy hod phén tir nudc thanh O, (2), theo hai phuong
trinh sau:
2H"+2e¢” > Hx (1)
2H,0 > O, +4H" + 4e (2)

Anh sang t ngoai 14 mot phan trong dai phd hép thu
cuia anh sang mat troi, do do cong trinh ndy da goi mé
mot huéng di tiém nang tan dung ngudn nang lugng
mat troi doi dao, dédc biét ¢ nhitng nude c6 khi hau phu
hop nhu Viét Nam, va dong thoi chi ding nuée lam
ngudn nguyén liéu dau vao dé san xuit nhién li¢u Ho.
Db6i véi mot dat nude nhidu thién tai nhu dong dét,
song than nhu Nhat Ban, dic biét 1a sau su ¢ 1o ri chét
phong xa sau tham hoa kép ¢ Fukushima nam 2011,
nghién ciru nay dugc cho 13 can thiét dé giam bot sy 18
thudc vao ngudn ning lugng hat nhan vén tiém an
nhiing riii ro vé an toan ki thuat. Trong linh vuc quang
Xuc tac, cac nha khoa hoc Nhat Ban dang tién phong
trong vi¢c nghién cru nhiing vat liéu moi c6 kha nang
hoat dong dudi nhiing diéu kién chiéu sang c6 budc
song trong vung kha kién, va & nhiing méi truong cé
didu kién pH (ndng d¢ axit) khac nhau [4]. Bén canh
ting dung trong viéc san xuét nhién liéu Ha, quang xtc
tac cling dad dugc van dung vao nhiing linh vuc khac
nhu phan huy cac hop chét hitu co ddc hai va san xuét
chét phu gia trong cong nghiép ché bién thuc pham [5].
Dbi voi mot dat nudce dang thiic day phat trién vé cong
nghiép nhu Viét Nam, yéu té moi truong va phat trién
bén vitng can dugc dam bao. Do do, nhing nghién ciru
vé quang xuc tac ndy c6 thé s& dong vai tro quan trong
trong tuong lai. Trong khuén kho bai viét nay, tic gia
s& gioi thiéu mot sd khai niém can ban vé co ché hoat
dong va g dung cuia quang xtc tac.

2. Co ché hoat ddng ciin ban va mdt sé nghién ciru
tiéu biéu vé quang xic tac & Nhat Ban

2.1. Co ché hoat djng co ban ciia quang xiic tic
Viéc lya chon loai xuc tac cho tiing phan tng tuy thude
vao nhiéu yéu t, co ban bao gdm thé oxy hoa khir ciia
phan tmg hoa hoc muc tiéu, dai quang phd hép thu cua
chét quang xuc tac va pH ctia mdi trudng phan tng.
Nguyén Iy co ban ctia mot chat quang xuc tac dya trén
hién tuong ban dan. D6i véi phan tng tach nudc, khi
chét quang xuc tac duge chiéu sang boi ngudn sang co
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budc séng nam trong dai quang phd hép thy, cac
electrons (dién tir) s& dugc kich thich dé chuyén tir
valence band (vung hoa tri) sang conduction band
(ving dan), dong thoi cac holes (15 trdng) sé dugc sinh
ra dé khoa 1ap vi tri ctia cac dién tir. Dién tir sau do sé
khir proton thanh H,, va 16 tréng s& oxy hoa nudc
thanh O,. Diém quan trong can luu y & ddy la phan tng
tach nudc 1a phan tng khong tu nhién dién ra va no
doi héi mot ngudn nang luong dau vao kha 16n (1.23
V theo thang dién cuc chuén hydro), vy nén chét xuc
tac phii hop cho phan tmg tich nudc can dam bao it
nhét c6 do rong gitra ving hod tri va ving dan 1a 1.23

V[2].

Bén canh phan tng tach nudc, dién tir va 13 tréng sinh
ra & trong qua trinh kich thich chét quang xtc téc cling
¢6 thé duogc dung dé tao ra mot sb géc tu do nhu *OH
va Oy~ bang viéc thiét 1ap moi truong phan tng phu
hop. Sau d6, cac gbe tu do nay co thé duoc sir dung
cho mot s6 phan tng oxy hoa khir khac. Vi du nhu,
oxy hoa nhdm phéan huy cac hop chat hiru co doc hai
nhu phenol hay methylene blue. Cac phan ung nay
thuong khong yéu ciu ngudn nang lugng dau vao 16n
nhu phan tng tach nudc dé cap ¢ phan trén (Hinh 1).

2.2. M{jt 56 nghién civu tiéu biéu vé quang xiic tic &
Nht Bin

Nghién ciru vé& xuc tac TiO, ding cho phan tng tich
nude bdi Honda-Fujishima nam 1972 (Hinh 2) duogc
coi 1a md hinh dau tién vé viéc ding chat quang xiic
tac dé tich nuéc. Mo hinh nay két hgp ngudn sang véi
budc song ving tir ngoai véi mdt ngudn dién kich
thich bén ngoai, nhim thuc hién phan mg oxy hoa
nudce thanh O, & dién cuc lam viéc (working electrode)
TiO, va khir proton thanh H, & dién cuc dbi trong
(counter electrode) platinum.

Phan ting tach nuoc Phén ting oxy hoa chét hiu co

Light Light
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EB o 5 CB e——
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ﬁ Methylene blue, phenol,...
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Hinh 1. Co ché hoat déng co ban cua quang xiic
tac, VB: valence band (vung hoa tri), CB:
conduction band (ving ddn), e : electron, h™: hole
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electrolyte solution

TiO, semiconductor Platinum counter electrode

photoelectrode
Hinh 2. Phan wng tach nudc swe dung dién cuc quang
TiO; véi nguon sang kich thich ¢ vimg tir ngogi ciia
Honda-Fujishima nam 1972. Bén trdi. dién cuc lam
viéc TiO». Bén phdi: dién cuc doi trong platinum

Tuy nhién, nhuge diém ciia phuong phap nay 1a TiO»
chi hoat dong dudi ving chiéu sang tir ngoai. Ngoai ra,
phuong phép nay ciing doi hoi ngudn dién cung cp
bén ngoai dé van chuyén dién tir tir dién cuc quang
TiO; sang dién cuc dbi trong platinum.

Do d6, mot sd nha nghién ctru khac di tap trung vao
mot phuong phap don gian va kinh té hon 1a str dung
chét xtic tic quang & dang bot, sau d6 chiéu sang truc
tiép hon hop gdm nudc va bot xuc tac (Hinh 3). Co rat
nhiéu nghién ctru & Nhat Ban vé cac loai chét xuc tac
hoat dong dudi ca ving anh sang kha kién dé tan dung
duoc ngu@)n nang luong mat trdoi mot cach hiéu qua
hon, va déc biét can phai bén trong thoi gian dai.

Trong s& cac nghién ctru trén, huéng nghién ciru sir
dung hai loai xuc tac khac nhau hoat dong cho hai phan
ung khtr proton thanh H, (1) va oxy hoa nudc thanh
03 (2) da dugc quan tAm rat nhiéu (Hinh 4), tiéu biéu
1a c&c cong trinh tir cdc nhém nghién clru cia gido su
Kudo Akihiko ¢ dai hoc khoa hoc Tokyo, Domen

Kazunari ¢ dai hoc Tokyo va Abe Ryu ¢ dai hoc Kyoto.

Nuéce

Bo6t quang xuc tac

Hinh 3. Phwong phdp sir dung chdt quang xiic
tac dang bot cho phan vung tdach nudc
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Two-step (Z-scheme) water splitting:

3 H,

H*MH, &£B%¢ _'_'C.H'
_ _CB N
S Red
s 0,/H,0 [¢)
= X -
3 —h VB

H.0 <—h VB H,-photocatalyst
0, Oy-photocatalyst
Redox couples: Fe3*2* |0,7/I", Co-complexes

- transfer e~ and h* between two photocatalysts.

Hinh 4. H¢ quang xuic tac sw dung hai logi xuc tac
khac nhau cho phan vng tdach nudc. Hx>-photocatalyst:
xuc tac Hs, Os-photocatalyst: xuc tac O, redox
couples: cap oxy hoa khir.

Uu diém cua phuong phap nay giam b6t nhimg kho
khan trong viéc nghién ctru cdu trac, phuong phap
téng hop vat liéu xuc tac so véi viéc chi sir dung duy
nhét mot loai xtic tac cho ca hai phan ung (1) va (2).
Co ché hoat dong clia phuong phép nay 1a khi ca hai
loai xuic tac dugc kich thich boi ngudn sang bén ngoai,
dién tur sinh ra tor xtc tac Hy (vi du Rh-doped SrTiOs,
Cr-doped SrTiOs;, TaON, BaTaO,N) s& khir proton
thanh H, 18 trdng sinh ra tir xtc tac Oz (vi du WOs,
BiVOs, Bi2M0,0y) s& oxy hod nudc thanh O,. Pong
thoi, 16 tréng sinh ra tir xic tac Ha s& két hop vai dién
ttr sinh ra tir xtc tic O, nhim tao nén mot hé can béng.
Bén canh hai loai xuc tac, mot cép oxy hoa khtr (vi du
nhu Fe3*2*, 1057/I") ¢6 thé dugc bd sung vao hé phan
g, voi muyc dich van chuyén dién tir va 13 tréng gitra
hai loai xuc téc, do d6 thiic day hiéu sudt ctia phan tng

[2.4].

Bén canh phan mg tach nudc dé san xudt nhién lidu
H», quang xtc tac cling c6 tiém ndng Ung trong cong
nghiép san xuit thuc phdm. Tiéu biéu nhu nghién ciru
st dung Rh-doped SrTiO; dé loai bo vi-rat ¢6 hai ma
khong anh hudng dén vi khuan c6 ich trong ché phdm
sinh hoc cho qué trinh 1én men [5]. Co ché cua qua
trinh nay dang duoc tiép tuc nghién ciru.

3. Thong tin vé mot s6 nhém nghién ciru vé quang
xuc tac & Nhat Ban

3.1. Nhém nghién civu vé xiic tic quang cho phdn
irng tach nwoc va khir khi CO; tai dai hoc khoa hoc
Tokyo

Website:
https://www.rs.kagu.tus.ac.jp/kudolab/en/index.html
Giao su chu nhiém: Kudo Akihiko

Hudng nghién ctru chinh: Xuc tac quang dang bot cho
phan tng tach nudc.
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3.2. Nhém nghién ciru vé xiic tic quang cho phan trng
tich nwdc va san xudt mjt sé hod chit quan trong
khac tai dai hoc Tokyo

Website: http://www.domen.t.u-
tokvo.ac.jp/english/index_framepage E.html

Giao su chti nhiém: Domen Kazunari

Hudng nghién cru chinh: Nhiéu loai xtc tac khac nhau,
dac biét 1a xuc tac dang tAm c6 hiéu nang cao.

3.3. Nhém nghién civu vé xiic tic quang cho phan trng
tach nwdoc va khir CO; tai dai hoc Kyoto

Website: http://www.ehce.kyoto-
u.ac.jp/eh41/home/abe/en/research/

Gido su chd nhiém: Abe Ryu

Hudng nghién ctru chinh: Xtc tdc quang dién, xuc tac
quang dang bot.
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