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SUMMARY

EVALUATION ON TREATMENT OF DYE IN WATER
BY FLOCCULANT- PHOTOCATALYTIC COMBINING METHOD

In this work, synthesized TiO, photocatalyst by a precipitation method using Tetra isopropyl ortho
titanate as a precusor and commercial PAC flocculants were used for decolorization of Direct Blue
DB71 in water. The flocculation method, photocatalysis method and the combination of these methods
were applied to evaluate the degradation of dye through the concentration of PAC, the concentration of
TiO, and pH. The experimental results showed that by the flocculant - photocatalytic combining
method, the decolorization efficiency of DB71 dye can reach 76 % at the TiO, content of 800 mg/L and

PAC 200 mg/L.
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1. MO PAU

Pham nhuém dang ngady cang duoc s dung
rong rdi trong cac nganh cong nghiép hién dai
nhu nganh in, nganh dét, thudc da, san xuét
gidy, nhya, thuc phim, my pham, ... [1,2] Pic
diém ndi bat cua cac loai phém nhudém la c6 d6
bén mau cao, kho bi phan huy boi diéu kién
moéi truong. Hién nay, c6 dén 100.000 loai
phém nhudm khac nhau dugc san xuét, trong
do, chi riéng nganh dét nhuém, trén 36.000 tan
phém nhudém dugce tiéu thu mdi nam [1]. Trong
qué trinh st dung, c6 dén 20 % lugng phim
nhudém bi tén thit, giy anh huong 16n dén moi
truong, dac biét la moéi truong nude [1,3].

Pé xir Iy mau phim nhudm trong nude, ¢ kha
nhiéu phwong phap dugc s dung nhu cic
phuong phap sinh hoc, phuong phéap hoéa 1y (vi
loc, két tua, keo tu, dong tu, hép phu...),
phwong phéap oxy hoa sir dung cac chét xuc tac
quang, ... [2]. Cac phuong phap xir 1y sinh hoc
khong c6 hiéu qua véi nude thai dét nhudém do
phim nhuém thuong chira cic nhom azo va
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vong thom kha bén [2]. Cac phuong phap hoa
1y chi tach loai phdm nhudém va chuyén dang
ton tai trong moi truong, vi nhu chuyén tir
nudc vao bun thai, chr khong lam suy giam
mau cling nhu dgc tinh cta chung [3]. Do do,
dé o thé loai bo hoan toan mau phém nhuém
tr nudc thai, can thiét phai két hop nhiéu
phuong phap. Keo tu 1a mot trong cac phuong
phap phd bién dugc sir dung dé loai bo pham
nhuém. Tuy nhién, phuong phap nay tao ra
mot luong 16n bun kho xir 1y, do do, dé co thé
sir dung phuong phap keo tu truyén thdng, can
thiét phai két hop thém véi mot hodc mot vai
qué trinh khac dé nang cao hiéu sudt xir ly
mau, cling nhu giam ndng do cua cac tac nhan
sir dung.

Ngay nay, phuong phép quang hoa dang 1a mot
trong cac phuong phap duoc cho 1a ¢6 hiéu qua
trong viéc giam mau phim nhuém va chuyén
hoa chung thanh cic san phim khéng doc nhu
CO; va H20 [2,3]. Trong sb cac chat xic tac
quang thuong dung, TiO, dugc chiing minh la



¢6 hiéu sudt cao trong xir 1y vi sinh vat va loai
b6 cac chat hitu co trong nuéc [3,4]. Tuy
nhién, phuwong phap nay chi hi¢u qua trong
truong hop nong d6 pham nhugm hay noéng do
cac chat 6 nhidm thap [2,5]. Do do, viéc két
hop phuong phap keo tu - xUc tdc quang s&
dem lai tiém nang x 1y mau nudc thai dét
nhudm. Uu diém cua viéc két hop nay la c6 thé
loai bo cac chat xtic tic quang hoéa cing véi
phim nhudm, thiét ké nho gon, hoa chat sir
dung don gian, thuan tién cho cac qua trinh xu
ly cong nghiép.

Di ¢6 nhiéu cong trinh cong bd danh gia kha
ning loai bo cic chit hitu co bing phuong
phap két hop keo tu - x(dc tac quang. Lee va
cong sy [4] da sir dung phuwong phap két hop
nay dé loai bo 1,4-dioxan trong nudc. Két qua
cho thay viéc sir dung cht xic tac quang TiO;
cung véi chét keo tu da lam gia ting hiéu suit
loai bo 1,4-dioxan. Murcia va cong su [5] cling
két hop hai phuong phap nay (chat xiic tac
quang TiOz) dé loai bé hoan toan vi khuan
E.Coli trong nu6c thai cong nghiép sira. Dé
loai b6 mau nudc thai dét nhuém, Wang va
cong su ciing di sir dung su két hop nay [2].
Nhu vay, muc tiéu ctia nghién clru nay la danh
gia hiéu suat loai b6 mau pham nhudém bang
phuong phap keo tu dung tdc nhan PAC,
phuong phap quang héa, XUc tac sir dung TiO-
va két hop hai phuong phap nay, lya chon cac
diéu kién t6i wu dé gia tang toi da hiéu suit loai
b6 mau pham nhudm.

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Vit liéu

Dung dich phdm xanh truc tiép (direct blue
DB71), Trung Qudc dugc st dung dé danh gia
hiéu suat xir Iy mau. Budc song hip thu cuc
dai & 583 nm. Chét keo tu dugc st dung la
polyaluminum chloride (PAC) thuong mai.
TiO; didu ché bang phwong phap két tia sir
dung tién chit Tetra isopropyl ortho titanate
(TIOT) Ti(OCsHy)4 98 %.

2.2. Phwong phap nghién ciru

2.2.1. Pdc trung tinh chit vit ligu TiO> diéu
ché

- Phuwong phap nhiéu xa tia X (XRD) sir dung
may D8 — Advance 5005, do tai khoa Hoa hoc,
truong Pai hoc Khoa hoc Ty nhién, Pai hoc
Qudc gia Ha Noi.
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- Phuong phép hién vi dién tir quét (SEM) sir
dung thiét bi JED — 2300 — Analysis station,
JEOL, do tai khoa Vit ly, truong Pai hoc Khoa
hoc Tu nhién, Pai hoc Qubc gia Ha Noi.

- Phuong phap phd tan xa ning lugng tia X
(EDX) str dung thiét bi JED — 2300 - Analysis
station, JEOL tai khoa Vat 1y, truong Dai hoc
Khoa hoc Ty nhién, Dai hoc Quéc gia Ha Noi.

2.2.2. Ddnh gid higu sudt xiv Iy mau phim
nhupm trong nwéc

- Keo ty pham nhuém DB71 sir dung chit keo
tu PAC: tron nhanh chat keo tu vao 25 mL
dung dich pham DB71 25 ppm trong 30 gidy,
dé ling dung dich trong 15 phut, ly tam & tdc
d6 4500 vong/phut trong 10 phut. Gan bo phan
can, do quang dung dich dé xac dinh néng do
pham nhudm sau keo tu.

- Sir dung chat xic tic quang TiO, oxy hoa
phiam nhuém DB71: cho TiO; ham luong xac
dinh vao 25 mL dung dich pham DB71 25
ppm, rung siéu am trong bong tdi 30 phut dé
dat can bz?mg hép phu, sau d6 chiéu dué6i déen
UV 254 nm 16 W trong thoi gian xac dinh,
khoang cach tir dén dén bé mat mau dung dich
la 20 cm). Sau d6, ly tam ¢ téc do 4500
vong/phut trong 50 phut. Gan bo phan can, do
quang dung dich dé xac dinh nong d6 pham
nhudém sau khi xt 1y quang hoa xdc tac.

- Str dung két hop phuong phap keo tu - quang
hoa: cho TiO; ham lugng x4c dinh vao 25 mL
dung dich pham DB71 25 ppm, rung siéu 4m
trong bong t6i 30 phut dé dat can bang hip
phuy, sau d6 chiéu dudi dén UV 254 nm 16 W
trong khoang thoi gian xac dinh. Sau do, tron
nhanh chét keo tu vao dung dich sau xtic tac
quang trong 30 gidy, dé ling dung dich trong
15 phit, ly tim & toc do 4500 vong/phut trong
10 phut. Gan bo phan cin, do quang dung dich
dé xac dinh néng do phém nhuém sau khi xur
ly.

- Hiéu suat xir Iy dugc danh gia qua cong thirc:
H(%) = CgocloO% trong d6 C, 1a ndng do
dung dich DB71 ban dau (mg/L) va C 1a nong
d6 dung dich DB71 sau xur ly (mg/L).

- Cac thong sb khao sat: ham luong chét keo tu
PAC, pH dung dich pham, ham lugng TiO.

3. KET QUA VA THAO LUAN

3.1. Pic trung tinh chit vat liéu TiO. diéu
che




3.1.1. Gidn dé nhiéu xa tia X (XRD)

ity of Ghemistry, HUS. VNU, D8 ADVANGE-Bruker

Hinh 1. Gian do XRD ciia mau vt liéu TiO,
diéu ché

Gian dd nhiéu xa tia X cua mau vat lidu TiO;
diéu ché dugc thé hién trén hinh 1 cho thiy
mau vat liéu TiO; diéu ché xuét hién cac peak
déc trung cia pha anatase TiO> tai vi tri goc
nhiéu xa 20 = 25,26° 37,78°; 38,56°; 48,00°
53,90° [6].
3.1.2. Anh SEM mau vit liéu TiO> diéu ché
Anh SEM mau vét liéu TiO, diéu ché duoc thé
hién trén Hinh 2 cho thiy méu vat liéu tong
hop dwoc c¢6 dang ciu dic trung cho dang
anatase cua TiOg, xép, min, kha dc‘")ng déu vé
kich thuéc (khoang 8 - 15 nm).

Hinh 2. Anh SEM mdéu vt liéu TiO; diéu ché
3.1.3. Két qud phén tich EDX
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Anh EDX mau vat ligu TiO; diéu ché dugc thé
hién trén Hinh 3 véi viéc chi xudt hién cac pic
dic trung coa Ti va O. Két qua thanh phan
nguyén t6 ciia mau vat lidu TiO; diéu ché cho
thiy phan tram khéi luong céc nguyén t6 O va Ti
trong mau vat liéu lan luot 1a 48,08 va 51,92 %.

A

Hinh 3. Anh EDX mau vit liéu diéu ché
Nhu vdy, mau vat liéu TiO, diéu ché chu yéu
ton tai & pha anatase dang cau, kich thude hat
khi dong déu, thanh phan mau chi chira cic
nguyén t6 O va Ti. Piéu nay dy doan vat liéu
¢6 kha ning xuc tac quang tot.

3.2. Panh gia hi¢u sudt xir Iy mau phim
nhuém trong nwéc bang phuwong phap keo
tu sir dung chit keo tu PAC

3.2.1. Anh hwéng ciia ham lwong PAC dén
higu sudt xir Iy mau phim nhupm DB7I
trong nwoc

Tron nhanh PAC cac néng d6 khac nhau tir 120
dén 8000 mg/L vao 25 mL dung dich phim
nhuém DB71 25 ppm. Sau thoi gian ling, dem
do quang dung dich sau keo tu dé danh gi4 hiéu
suat xtr ly mau phim nhuom DB71. Két qua
thue nghiém duoc chi ra trén Hinh 4 cho th?iy
hiéu suét xir 1y tang tir 50 % dén khoang 52,4 %
khi ting ham luong chét keo tu tir 120 dén 200
mg/L, v c6 xu huéng giam néu tiép tuc ting

ham lugng chat keo tu PAC.
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Hinh 4. Anh heéng ciia ham heong PAC dén
hiéu sudt xik Iy mau pham nhuém bang phirong
phap keo tu
That vy, PAC la chat keo tu cation v6i mat do
dién tich duong cao. Khi tron PAC vao dung
dich pham, PAC s& trung hoa dién tich cia cac



hat keo di¢n tich am trong nudc, ngan can sy
chuyén dong hon loan cua cac ion, gilp cho
viée lién két tao bong keo tu thuén loi, hi¢u
suét xir Iy cao. Tuy nhién, khi ham luong PAC
16n s& lam mat do dién tich duong qué 16n, dan
dén hién twong ty phan hay can, lam giam hiéu
sut xu 1y.

3.2.2. Anh hwéng ciia pH dung dich dén hiéu
sudt xir Iy mau phim nhupm khi siv dung
phwong phdp keo tu

Qua trinh keo tu st dung PAC thuong bi anh
hudng boi pH dung dich béi n6 anh hudng dén
kha nang hoa tan cua hat keo, dén dién tich hat
keo... Trong thi nghiém nay, pH dung dich
dugc thay d6i nho dung dich HCI 1 N va dung
dich NaOH 1 N d&n cac gia tri pH xac dinh
trong khoang tir 1 dén 13. Ham luong PAC
duoc lua chon st dung 1a 200 mg/L. Hiéu suét
xtr Iy mau pham nhudém bang phuong phéap keo
tu trong cac moi trudng pH khac nhau duge thé
hién trén Hinh 5.
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Hinh 5. Anh hieong cia pH dén hiéu sudt xir 1y
mau pham nhuém bang phwong phap keo tu
Két qua thuc nghiém cho thdy hiéu suat xt ly
mau phim nhudm dat cao nhét & pH trung tinh
(tir 6 dén 7), trong moi trudng axit, hidu suét
xtr 1y ¢6 xu hudng 6n dinh va kha cao (khoang
50 %) khi ting pH dung dich pham, tuy nhién,
trong moéi truong kidm, hiéu sudt xir 1y giam
dan khi ting pH dung dich phim. Diéu nay
duoc 1y giai 1a do & diéu kién pH thap, cac dién
tich duong cua hat keo dé dang trung hoa cac
nhom am dién trong phdm DB71 (phdm anion)
dé hinh thanh bong cin, lam hiéu suit xir 1y
cao. Tuy nhién, pH thip lai giy can tro sy hoat
dong cua cac hat keo PAC. Con trong mdi
truong kiém, cic nhom mang dién tich duong
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cta hat keo bi tan trong dung dich, hinh thanh
cac ion am khién kha ning trung hoa véi cac
nhom 4m dién trong pham DB71 giam di, din
dén hiéu suat xtr ly giam manh.

Nhu vay, bang phuong phap keo ty, hiéu suat
xtr 1y téi da chi dat khoang 54 % tai pH 6,5. Do
do, can két hop thém phuong phap khac dé co
thé xir Iy hoan toan dung dich pham DB71.

3.3. Panh gia hiéu suit xir Iy mau phim
nhuém trong nwéc biang phwong phap
quang xuc tac sir dung TiO, diéu ché

3.3.1. Anh huéng ciia ham luwong TiO> dén
hiéu sudt xir Iy mau phim nhuém DB7I
trong nudc

St dung TiO, v&i cac ndng do khac nhau tir
400 dén 8000 mg/L dudi biic xa tir ngoai trong
2 gio dé thuc hién qua trinh quang xuc tac 25
mL dung dich phim nhuém DB71 25 ppm. Két
quéa danh gia hiéu suét xir Iy mau phdm nhudm
bang phwong phéap quang xic tac st dung TiO;
véi cac ham luong khac nhau duogc chi ra trén
Hinh 6.
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Hinh 6. Anh hweéng ciia ham leong TiO2 dén
hiéu sudt xir 1y mau pham nhuém bang phwong
phéap quang xUc tac
Két qua thuc nghiém cho thay khi ting ham
lwong TiO; trong dung dich, hiéu sudt xi ly
tang dan, tuy nhién, néu ting qua 800 mg/L,
hiéu suét xir 1y lai giam néu tiép tuc ting ham
lwong TiO2. Piéu nay co6 thé duoc Iy giai 1a do
lwong chit xtc tac ting qua cao sé lam ting do
duc cua dung dich, hiéu suit chiéu buc xa UV

thip hon 1am giam hiéu suét xr 1y.

3.3.2. Anh hwéng ciia pH dung dich dén hiéu
sudt xie Iy mau phim nhugm bing phuong
phép quang xuc tac



Phdm DB71 14 pham anion, do d6, pH dung
dich ¢6 anh huong kha 16n dén hiéu suat xir 1y
mau pham nhudém. Trong thi nghiém nay, pH
dung dich duoc didu chinh bang dung dich HCI
1 N va dung dich NaOH 1 N dén cac gié tri pH
xéc dinh trong khoang tir 1 dén 13. Ham luong
TiO2 duoc lua chon sir dung 1a 800 mg/L. Hiéu
sudt xr 1y mau phim nhuém bang phuong
phap quang xuc tac trong cac moi truong pH
khac nhau dugc thé hién trén Hinh 7.

Két qua thuc nghiém cho thy sy giam mau
pham nhudém thap hon trong méi truong bazo
va cao hon trong méi truong axit. Diéu nay
duoc 1y giai 1a do trong mdi truong axit, TiO»
¢6 xu hudng tich dién duong, lam gia tang kha
nang tiép xuc giita chat xuc tic va dung dich
phém, tang hiéu sult xtr ly; va nguoc lai, trong
mdi truong kiém, TiO, c6 xu hudng tich dién
am, lam giam kha nang tiép xuc giira chit xac
tac va dung dich pham, giam hiéu suat xu ly
[7]. Tuy nhién, trong thuc té sir dung, viéc loai
b6 mau phim nhuém DB71 bing cach giam
pH cta dung dich gy ra nhiéu bt cap sau do,
do phai trung hoa dung dich sau xtr 1y vé moi
truong trung tinh thi mai ¢ thé dap tng tiéu
chuan xa thai. Tai pH dung dich = 6,5, hiéu
suat xtr 1y dat khoang 52 %.
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Hinh 7. Anh huong ciia pH dén hiéu sudt xir 1y
mau pham nhudm bang phwong phép quang
xuc tac
3.4. Panh gia hiéu suidt xir Iy mau phim
nhudm trong nuéc bing phwong phap két
hop keo tu - quang xic tac xir dung TiO:

diéu ché va PAC thwong mai

Trong thi nghiém nay, chét keo tu PAC ndng
d6 200 mg/L va ham luong TiO; ndng d6 800
mg/L dudi birc xa tir ngoai trong 2 gi¢ dugc
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lya chon dé thuc hién qua trinh xr ly 25 mL
dung dich pham nhuém DB71 25 ppm. Két qua
danh gia hidu sudt xtr 1y mau phim nhuém
bang phuong phéap két hop keo tu - quang xdc
tac st dung TiO, trong cac moi truong pH
khac nhau dugc chi ra trén Hinh 8.
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Hinh 8. Anh hwéng ciia pH dén hiéu sudt xir Iy
mau phdm nhuém bang phwong phdp két hop
keo tu - quang xUc tac
Két qua thyc nghiém cho thdy su két hop hai
phuong phap nay cho hiéu suit xir Iy cao hon
(khoang 76 %) so voi tung phuong phép riéng
1&. C6 thé thiy, pH 6,5 cho hiéu sut xir Iy kha
t6t va khoang pH nay ciing thuan loi vé khia

canh moi trudng khi trién khai tmg dung.

4. KET LUAN

Pi tién hanh didu ché va danh gia cac dic
trung cta vat liéu TiOy, st dung vat liu TiO»
diéu ché va vat liéu PAC thuong mai xtir ly
mau phiam nhudm tan trong nude. Két qua thuc
nghiém cho thdy, viéc két hop cac phwong
phap keo tu va quang xtic tic cho hiéu suit xir
ly cao hon so voi khi st dung riéng ting
phuong phap. Trong nghién ciru nay, tai pH
6,5, khi str dung TiO> tu diéu ché dé xir Iy mau
phim nhuém DB71 tan trong nudc, hiéu suat
xu ly dat 52 % ¢ ham luong TiO2 800 mg/L;
khi str dung chét keo tu PAC thuong mai, hiéu
suat xtr 1y dat 54 % & ham luong PAC 200
mg/L; néu két hop keo tu va quang xuc tac &
diéu kién pH 6,5 véi ham lugng TiO; va PAC
tuong tw, hiéu suét xur 1y dat 76 %.
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