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XU LY CHAT HOAT PONG BE MAT TRONG NUOC BANG HE
XUC TAC QUANG HQC Cu®*/TiO, VA ANH SANG MAT TROI

Nguyén Trung Thanh®
Phan Phwéc Toan™

Tom tit

Trong nghién cizu nay, hé xdc tac quang hoc bao gom vt liéu Cu®*/TiO, va anh
sang mat troi (hau hét 1a anh sang trong ving nhin thdy) dwoc iz dung dé giam COD
(Chemical Oxygen Demand) cuia nudc c6 chiza chat hoat déng bé mat (CHPBM). Két qua
nghién cizu cho thdy vat liéu véi 10% Cu?*(khai lirong) trén bé mat TiO, cho kha nang xir Iy
cao nhat (giam COD cia nweéc nhiéu nhat) gan 90% so Véi gia tri COD ban dau ciia nuwéc.
Nguyén nhan ma hé xtc tac ndy hoat dong tot trong viing anh sang nhin thdy cé thé 1a do su
thay déi vé cdu tric cua TiO, bai cac ion Cu®* so Véi cdu tric TiO, nguyén thiy. Pong thoi
danh hwong cia HoO, dén hiéu qua ik Iy ciing diroc nghién ciru.

Tir khoa: xic tac quang hoc, TiO,, chdt hoat déng bé mat.

1. GIOI THIEU

Nudc va nuéc thai dang thu hit nhiéu sy quan tdm cua céc nha khoa hoc va
nhiéu qudc gia trén thé gioi. Bac biét 1a cac chit doc hai, chat khdng c6 kha ning
phan huy sinh hoc trong nuéc thai (vi du nhu cac chat hoat dong bé mat, céc loai
thudc bao vé thuc vat, cac hoa chat co chira cac nguyén t halogen,...) c6 kha ning
héa hoi, di vao tang khi quyén va s& pha huay tang ozon. Hau qua caa qua trinh nay
lam mat can bang sinh thai trén toan cau; 6 nhiém dat, nuéc ty nhién; 1am can kiét
ngudn nudc sach...Trong céc thap ky qua, bén canh cac qua trinh xir Iy nuéc thai
bang phuong phap sinh - Iy - héa hoc truyén théng thi viéc ung dung céc qua trinh
oxy hoa nang cao ngay cang tré nén phd bién va giir vai tro dac biét quan trong dé
xir ly céc chat & nhiém doc hai, kho hodc khéng c6 kha niang phan huy sinh hoc. Kha
ning phan hay cac hop chit hitu co ciia cac qua trinh oxy hda nang cao la nho vao
phan tng oxy hoa day chuyén gitta cac goc hydroxyl va cac hop chat hitu co c6
trong nudc. Cac qua trinh c6 thé duoc thuc hién ca dudi hai hinh thie ddng thé va di
thé. Tuy nhién, xtr Iy moi trudng bang cac qué trinh oxy hoa nang cao dudi hinh
thire di thé thuong dugc wa chudng nhidu hon; boi vi qua trinh nay mang tinh than
thién véi méi truong, chi phi xi 1y thap va co tinh kha thi cao.

CHDBM la chit 1am ué6t ¢6 tac dung 1am giam sirc cing bé mat cia mot chat
long. V& mit cdu tric, chang 1a nhitng phan tir ¢6 cau tric phan cuc, gom mot phan
ua nudc va phan con lai 1a ki nuge. Hién nay, viéc str dung cic CHDBM ngay cang

* TS, Truong Dai hoc An Giang
* KS, Truong Pai hoc An Giang
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tré nén pho bién tir céng nghiép cho dén gia dinh. Piéu nay lam cho méi truong
nuéc phai chiu anh huang 16n boi cdc CHPBM (bao gom ca chét hoat dong bé mat
ion va chat hoat dong bé mat khong ion); vi du nhu giam lugng oxy hoa tan vao
trong nudc, thay d6i cac dic tinh cua nudc tu nhién... Cac chat 6 nhidm dang nay
dugc xem 1a mot dang 6 nhiém kho xt 1y so véi cac chat 6 nhidm khac va hiéu qua
xt ly phu thudc rat nhidu vao cau tao cua ching. O Viét Nam, viéc sir dung céc
CHDBM c6 ion la phd biét nhat nhu cac ché pham tay rira gia dinh, cong nghiép Xi
ma, thuc pham...Dé danh gia hiéu qua xtr Iy nudc 6 nhidm nay thi gia tri COD duogc
wu tién xem xét dau tién. Bai vi COD 1a lugng oxy can thiét cho qué trinh oxy hoa
hoa hoc cac chat hiru co trong nudc thanh CO, va H,O. COD biéu thi luong chat
hitu co c6 thé oxy hda bang héa hoc va COD duoc dung rong rai dé dic trung cho
muc do cac chat hitu co trong nudc 6 nhiém (ké ca chat hitu co dé bi phan hiy va
kho phan huy sinh hoc).

Thuc té cho thay, viéc sir dung anh sang trong viing nhin thay trong cac phan
g xUc tac quang hda van con nhiéu han ché so véi 4nh sang c6 ning lugng trong
vung ti ngoai (tia UV). Trong nghién ctru nay, ching téi str dung xdc tac quang hoc
trén co ban 1a TiO, cung véi phu gia dé mé rong “band gap” sang ving nhin thay
(visible range) véi muyc dich tan dung ngudn ning lwong anh sdng mit troi doi dao
(ddc diém noi bat cua dia ly Viét Nam) tir d6 c6 thé nang cao tinh tng dung dé tai
nay vao thyc té tai Viét Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Hoa chat

TiO, cong nghiép, HC1 (dam dic, 36%, Trung Qudc), NaOH (khan, Merck),
Cu(NOy),.2H,0 (Trung Quéc), K,Cr,0; (Merck), H,0, (30%, Trung Quéc), Dung
dich FAS (chuan bi theo huéng dan xac dinh chi s6 COD, TCVN 6491:1999).

2.2. Thuc nghiém

- Lam sach TiO, nguyén liéu: Can chinh xac khoang 5 g TiO, c6ng nghiép
rira Vai 1an véi nuée cat, sau d6 TiO, duoc ngdm 30 phut trong 30 mL dung dich
HCI-15% thé tich. TiO, sach thu dugc sau khi rira vai 1an véi nudc cat va siy 24 gio
& nhiét do 110°C.

- Tong hop vat liéu Cu?*/TiO, (dua cac ion Cu®* vao ciu tric cua TiO,): hoa
tan hoan toan khoang 2 g TiO, nguyén liéu (sau khi dugc lam sach) vao 50 mL dung
dich NaOH-2M. Han hop huyén phu nay duoc khudy déu 2 gio o nhiét d6 on dinh
50°C. Tiép d6, mot thé tich xac dinh caa dung dich Cu(NOs),-0.5M duoc nhé ting
giot that cham vao hdn hop huyén phll ¢ trén. Luu y rang hdn hop huyén phi van
tiép tuc dugc khudy tron va duy tri ¢ nhiét d6 50°C cho dén 30 phut ké tir khi cham
dat qua trinh nho giot dung dich Cu(NO3),-0.5M. Tiép theo, quéa trinh tong hop thay
nhiét cua vat liéu nay dugc tién hanh trong thiét bi phan tng autoclave bang thép
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khéng gi bao boc mot dng hinh tru bang Teflon chaa hdn hop trén. Sau qué trinh
thay nhiét nay (24 gid ¢ nhiét do 250°C) vat liéu Cu®/TiO, thu duoc tach ra bang
cach loc, rira nhiéu 1an véi nudc cat va sy qua dém ¢ nhiét do 110°C. Cac vat liu
Cu®*/TiO, voi ham lwgng Cu®* khac nhau (3%, 5% va 10% Cu®") dugc bao quan
trong binh hit 4am bang vat lidu silica chuan bi lam xuc tac cho phan ¢ng sau nay.

- Kha nang xt ly CHPBM c6 trong nudc tay rira cua chat xdc tac TiO, duoc
xac dinh bang cach: Cho 5g chét xuc tac chira 3% Cu?* (twong tu vai cac chat xdc
tac chira 5% Cu?*, 10% Cu®* va véi mau TiO, khong chaa Cu?*) vao 100 ml dung
dich nuéc rira chén da duoc pha lodng (0,0004%) thi nghiém duéi diéu kién anh
nang mit troi chiéu tryc tiép vao trong cac khoang thoi gian: 0, 20, 40, 60, 80, 100
phat. Loc lay dung dich, phan tich COD bing phuong phap dun hoan luu kin (st
dung K,Cr,05). Su anh huéng cua H,0, dén hoat tinh xuc tac cua vat liéu dugc xac
dinh theo cac thi nghiém tuong ty nhung cho thém 0,5ml H,0, cho mdi thi nghiém.

Céc thi nghiém khao sét tién hanh doc lap véi chat xuc tac TiO,va TiO, + H,0,.
3. KET QUA VA THAO LUAN
3.1. Kha ning xi ly chat hoat déng bé mit ¢é trong nwéc tiy rira cia chat xdc
tac TiO,
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Hinh 1. Kha ndng xiz Iy COD phuy thugc vao nong dé chat phu gia
(1) TiO,+3% Cu?*  (2) TiO, +5%Cu?*  (3) TiO, +10%Cu®*  (4) TiO,
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T c4c s6 liéu thuc nghiém thu duoc cho thay céc vat liéu dugc chon thé hién
mot hoat tinh xdc tac rat cao (Hinh 1); diéu nay di duoc thé hién thong qua sy giam
gia tri COD theo thoi gian xt ly (hay chiéu sang). Trong d6, khi ting ham lugng cua
chat phy gia tir 3% dén gié tri 10% thi hiéu qua xtr 1y tang 1én dang ké tir khoang
50% dén gan 90% twong ung véi gia tri COD 1a 211,2 mgO,/L va 44,8 mgO,/L.
Diéu nay c6 thé 1a do khi ting ham lugng cua chat phu gia (Cu®") két qua 13 1am ting
c4c tam hoat dong ciing nhu di mé rong “band gap” sang ving anh sang nhin thay
(xtc tac quang cho hoat tinh trong viing nhin thay) va két qua nay hau nhu pha hop
véi céac két qua cua cac qué trinh nghién ctu vé loai xUc tac quang ndy ung véi qua
trinh oxy hoéa glycerol (Paul T. Anastas, 2008). Va ciing tir c4c két qua thu dugc cho
thay ¢ ham luong 10% phu gia 1a mot ham luong téi wu vi & diém nay xdc tac cho
mot hoat tinh kha cao cing véi su 6n dinh hoat tinh (d¢ bén) rat tét trong khoang
thoi gian thuc hién nghién cau. Tuy nhién, vai vat liéu TiO, (khdng c6 phu gia Cu?")
cling cho mot hoat tinh cao; nhung vé mat ly thuyét thi vat liéu nay c6 do bén khong
cao Vi thiéu sy dich chuyén dién tir qua lai gitra cac nguyén tir Ti va Cu. Nhu vay, c6
thé d& xuat mot trat tu vat lieu cho hoat tinh xdc tdc giam dan nhu sau
TiO,+10%Cu®* > TiO, > TiO,+5%Cu?* > TiO,+3%Cu?*. Trat ty nay hoan toan phi
hop véi ly thuyét vé tm hoat tinh cua xuc tac; vi khi ching ta gan Cu?* Ién bé mat
cua TiO, 1am sb luong tdm hoat dong (tdm hap phu) trén bé mit caa TiO, dong loat
giam, diéu ndy dan dén hoat tinh xGc tac giam theo; nhung véi ham lugng 10% phu
gia lai cho hoat tinh kha cao, diéu ndy cd thé 1a do ¢ ham lugng nay cac hop chat
Cu?*va Ti*" c6 thé da tao thanh céc spinel (mot dang phirc chét ran cua cac oxit) 1am
tang cuong mirc do va su on dinh cua qua trinh truyén van céc electron.

Nhu vay, véi ham lugng tam 10% 1a mot diém ti wu (vi dd cho mét qua
trinh xu ly hiéu qua COD giam tir 345,6 mg/L dén 44,8 mg/L) cho ngudn nuéc thai
dau ra loai A sau thoi gian xir Iy 100 phut. Tuy nhién, dé bude dau nghién cau trién
khai ra diéu kién thyc té, ching t6i tién hanh nghién ctu hoat tinh xdc tac cua céc
vat lidu nay anh huong boi H,0, (hydrogen peroxide) mot hoa chit thong thuong
trong xtr Iy méi trudng voi muc dich 1a rat ngan thoi gian xir 1y thuc va tiét kiém chi
phi xay dung - van hanh (Hinh 2).

3.2. Kha ning xir ly chat hoat déng bé mit ¢é trong nwéc tay rira cia chat xdc
tac TiO, + H,0,

Khi c6 mat cua H,0, thi hiéu qua xir Iy Gtng véi céc vat liéu déu dat trén 60%
chuyén héa so véi lugng COD ban dau. Tuy nhién trat tu caa hoat tinh cua vat liéu
c6 mot su thay do6i dang ké chi riéng véi TiO, cho mat hoat tinh cao va khong thay
anh huong cua H,0, dén hiéu qua xu ly; trat ty nhu sau: TiO, > TiO,+3%Cu?* >
TiO,+5%Cu?" > TiO,+10%Cu®". Pidu dang chii ¥ hon 1a sau thoi diém 20 phut dau
cua qué trinh xt ly thi hiéu suat dat trén 40% va véi cac vat liéu c6 phu gia co cac
dién bién kha phtc tap khi nghién ctu hiéu suét trong subt qué trinh xir ly, cu thé
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nhu sau: Hiéu suit ting nhanh ¢ giai doan 20 phat dau. Hau nhu, khong doi trong
khoang 40 phut ké tiép va sau d6 1a ting nhe dé dat hiéu qua trén 60% & méc thoi
gian 100 phat (Hinh 2).
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Hinh 2. Kha nang xir ly COD cua hé TiO; + H,0;

Hién nay, theo cac tai liéu ching t6i tham khao van chua c6 nhitng giai thich
mot cach ddy du va rd rang vé nhitng hién tuong nhu da xay ra trong hé thong ma
chung t6i dang nghién ctru. Do do, tir viéc tong hop céc giai thich cho céac hién
tugng xay ra trong hé théng str dung dén UV va nhiing kién thuc co ban vé hé xtc
tac quang hoc c6 sir dung H,0, chiing t6i d& nghi mot cach giai thich sau day:

Nhu chung ta di biét, khi ¢ mit caa cac xac tac (dong thé hoac di thé) H,0,
s& phan huy dé tao thanh gbc tu do HO™ hay oxy nguyén tir [O] va dong thoi ciing
tao ra mot luong 16n cac ion HO (ion hydroxyl), chinh cac ion nay da dau doc céac
tam hoat dong cua cac ion Cu?* lam giam kha ning trao ddi electron giita cac
nguyén tir Ti va Cu. Do d6, cac nguyén tir Cu** di bi dong khdi (blocked sites)
tuong tu nhu hién twong cbc hoéa trén bé mat xic tac khi cracking cac hop chat
hydrocacbon trén bé mat xtic tac zeolite (nhu ZSM-5...) va chung t6i ciing minh hoa
mot mo hinh block héa (Hinh 3).

Tu nhitng ly thuyét chiing tdi vira néu, ching ta s& d& dang giai thich cac hién
tugng da dién ra trong hé thong anh husng boi H,0, nhu sau:

O thoi gian 20 phut dau, H,0, phan hay nhanh chéng dé tao thanh cac goc tu
do HO™ hoic oxy nguyén tir va cac hop chat nhanh chéng oxy héa (phan huy) cac
hop CHPBM, nho vay gia tri COD ¢ giai doan nay giam mot cach nhanh chong va
vi thé hiéu qua xtr 1y ting dén ~40% nhung sau giai doan nay da tao mot luong 16n
céc ion hydroxyl (OH") 1am déng bang cac tim hoat dong cua nguyén tir dong. Vi
thé, sau méc thoi gian nay, hiéu qua xt ly hau nhu khong doi (do phan hiy hoan
toan lugng H,0, ¢d trong dung dich); tuy nhién sau 40 phdt thi hiéu suat xa ly bat
dau tang tro lai. Viéc tang tro lai caa hiéu suat xir 1y 1a do cac tdm hoat dong dan dan
duogc giai phong khoi sy dau doc cua cac ion OH™ duéi tac dung cua anh sang va nho
su XUc tAc cua cc vat liéu dudi tac nhan quang hoc ma cac CHPBM tiép tuc phan
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hity (ddy ciing 13 co ché phan huy cac hop chat hiru co trong truong hop khdng cé su
hién dién caa H,0,). Véi nguyén nhan ndy ma vat liéu TiO, (khdng cé thanh phan
phu gia dong) s& cho mot hoat tinh cao va 6n dinh hon so véi céc vat liéu c6 phu gia.
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TiO, substrate (nen TiOy)

TiO, substrate (nén TiO,)

Trang thai tw do cia tim Cu?* va cac ion hydroxyl Trang thai tam Cu®" bj dau doc boi cac ion hydroxyl
Hinh 3. Co ché dau dgc cua céc ion Cu?* bai ion hydroxyl

Nhu d3 biét méi quan hé nghich bién giira chi s6 COD va thoi gian (xem Hinh
1) va mdi quan hé dong bién gitra hiéu qua xur ly va thoi gian (xem Hinh 1 va 2).
Tuy nhién, d6i véi vat liéu TiO, (khong c6 phu gia Cu?*) lai c6 nhitng doan bat
thuong, vi du nhu: méi quan hé déng bién giira COD va thai gian trong khoang thoi
gian tir 60 dén 80 phit va méi quan hé nghich bién giira hiéu qua xir ly va thoi gian
trong khoang thoi gian tir 20 dén 40 phat (Hinh 1) va tir 60 dén 80 phut (Hinh 2).
Diéu bat thuong nay c6 thé 1a do anh huéng cua cau tric bé mit xdc tac va mace do
che phii cia CHPBM trén bé mat xUc tac rin dén qua trinh khuéch tan (giai hap) cac
san pham phan ung (cac chét sau phan (ng oxy héa) tir bé mat xdc tac ran ra moi
truong dung dich (Nguyén Hitu Phi, 1998).

Tur nhitng két qua dat duogc, ching ta c6 thé d& dang nhan thay rang hé xuc
tac nay da thé hién mot vai tro rat xuat sic khi dugc két hop véi ngudn énh sang
trong vung nhin thiy dé xa ly CHPBM (dang alkyl sulfunate) c6 trong nudc véi mot
chi phi thap. Biéu d6 cho thiy, viéc trién khai két qua tir nghién ciru ndy mang tinh
kha thi cao, nhat 14 trién khai sir dung vat liéu nay trong xtr 1y nuéce thai tir cac khu
dan cu boi nhitg uu diém vuot troi sau day:

- X(c tac ¢6 hoat tinh cao; san xuat dé dang vai gia thanh ré; c6 kha nang tai
sir dung nhiéu lan (day 1a mot wu diém quan trong cia xdc tac ran);

- Piéu kién xir Iy than thién véi méi truong (pH trung tinh, anh sang mat troi);

- Gia thanh xtr ly khoang 700 VNB/1 m® nuéc chira CHPBM (chi phi xir ly
cha yéu 1a chi phi cho qua trinh tong hop vat liu; va kha nang xtr Iy: 1,2 gam TiO,-
10% Cu?*/1 m® nudc thai, sb liéu nay s& dugc trinh bay trong cdng bé tiép theo).

- Sir dung nguon anh sang mat troi day 1a mot dac diém noi bat cua Viét Nam.
4. KET LUAN

Chung t6i da ché tao dugc vat liéu TiO, c6 10% phu gia (Cu®*) dung lam xuc
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tac quang hoc cho hoat tinh xir Iy CHPBM trong nuéc cao (gan 90%). Pong thoi,
nghién ciu nay da cho thay anh huong cua H,0, va dé xuat mot co ché co thé xay ra
anh huong cua ion OH™ dén hoat tinh xuc tac cua céc vat liéu. Bén canh viéc cho
thay kha nang 4p dung trong twong lai cta vat lidu c6 hoat tinh quang hoc ma cu thé
la voi phu gia Cu?* trén TiO, cho hoat tinh cao thay cho hé xuc tac quang hoc cb
dién (TiO,+ H,0,). Cong trinh nghién ciu nay 1a mot budc khai dau day tiém ning
khi ttng dung vat liéu mai trong xir Iy méi trudng vai chi phi thap va tan dung ngudn
nang lugng anh sdng mat troi phong pha tai Viét NamUd
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Abstract

Treating surface active compounds in water by using photocatalyst system Cu®*/ TiO,
structure and sunlight

In this research, the photocatalyst system, included Cu®*/TiO, material and sunlight
(most of which is the light in the visible range), was investigated in the significantly COD
(Chemical Oxygen Demand) decreasing of the experimental liquid contented the organic
surface active compounds. The results have shown that photocatalyst with 10% loading of
Cu?*compound on the TiO, surface brings about the highest treatment capacity in COD
decreasing (around 90%) under the sun lighting. It could be implied by Cu?* ions dropped
into the TiO; structure resulting the highly active catalyst in the visible range. Additionally,
the effect of H,O, compounds on the COD decreasing behavior of this photocatalyst is also
concerned.

Key words: photocatalyst, Cu?*’ TiO,, surface active compounds



