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SUMMARY

STUDY ON PREPARATION OF TiO,/Si0O; PHOTOCATALYTIC MATERIAL
APPLYING FOR TREATMENT OF WASTEWATER CONTAINING 2 4,6-
TRINITROTOLUEN

This paper presents results of research on preparation of TiO2/SiO: photocatalytic material applying for
treatment of wastewater containing 2,4,6-Trinitrotoluen. Results of synthesizing TiO2/SiO: photocatalysis
by sol-gel method in water - organic solvent with a 1:1 molar ratio show the apperance of grain in the
Sform of anatase TiO: grip on SiO: with nano-sized of 5 - 20 nm when sample calcined at 500°C. Studying
on the ability to apply new materials for wastewater treatment containing 2,4,6-Trinitrotoluen shows that
TiO2/SiO: is 6 g/L for the largest performance degradation reaching 65.6%. At the same time the process
of TNT decomposition occurs in neutral and alkaline environments. In addition, the reaction temperature
does not affect the performance of the decomposition reaction of TNT.

Keywords: TiO:, SiO:, photocatalytic material, 2,4,6-Trinitrotoluen.

1. MO PAU va hau nhu khéng tan trong nudc. Trong céc
2,4,6-Trinitrotoluen (TNT) 1a mot hop chat hoa dang sir dung, TiO: c6 cdu tric pha anatase cao
hoc co cong thirc CeH7(NOz)3, 1a thanh phan da dugc ching minh 1a cho hi¢u qua khoang
chinh trong mot s loai thuéc nd phd bién, 1a hoa 16n cac chat kho phan hiy trong méi
chat doc, gdy 6 nhidm dang ké dbi véi moi truong [3,4].

trudng ¢ noi san xudt, noi cit giit va khu vuc Trong nhiéu cach dé téng hop TiO», phuong
xung quanh, anh hudng 16n dén sirc khoe cia phép sol-gel da thu hut sy quan tdm cua céac
con ngudi va sinh vat. Hién nay viéc xu ly nha nghién ctru (dac biét 1a thuy phan cac titan
nguén nuée thai 6 nhidm c6 chira cac dan xuét hitu co) boi tinh uu viét cua n6 [4-6]. Day la
nitro thom noéi chung va TNT néi riéng da mot phuong phap téng hop vat liéu hién dai
dugc thir nghiém bang nhiéu phwong phap nho kha niang diéu khién tinh chat san pham
khac nhau nhu vi sinh, hip phy, bic xa UV, thong qua tac dong vao budc tao sol hodc gel,
0zon/UV, dién hoa [1,2]. Trong d6 phuong nén to ra rat hiru hiéu dé tong hop nhing vat
phap st dung TiO2/UV 1a mot trong nhitng xtic liéu c6 kich c& nano hay nhitng mang siéu
tac quang hoa c6 nhidu vu diém ndi troi nhu mong. Phuong phap nay ngay cang dugc phat
kha nang khoang hoa nhanh cac chét hitu co ¢6 trién va ung dung dé ché tao vat liéu nano tao

nong do cao, dd bén nhiét, 6 bén co hoc 16n
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dot bién vé kha nang xt 1y do hiéu tng kich
thude [7].

Véi dién tich bé mit 16n cia SiO», hé xuc tac
quang oxit hdn hop TiO2/Si02 di cho thy cac
tinh ning ndi trdi trong cac phan ung xiic tac
quang trong moi trudng so vai chit xtic tic chi
c6 TiO2 [3,8].Cong trinh nay nghién ctru anh
huong cta nhiét d6 nung dén sy hinh thanh pha
tinh thé TiO» trén silicagel tir cac mubi titan va
silic hitu co bang phuong phép sol-gel va khao
sat kha nang phan huy TNT trong nudc trén hé
xtic tac da diéu ché.

2. POI TUQNG VA PHUONG PHAP
NGHIEN CUU

2.1. Péi twong nghién ciru

Dioxit titan 14 mot chit bot mau tring, bén
nhiét, n6 ton tai chu yéu & mot trong bdn dang
thu hinh: v6 dinh hinh, rutile, anatase va
brookit. Trong cAu trac tinh thé cia TiO2, mdi
ion Ti*" duoc bao quanh béi sdu ion O,
Khoang cach Ti-Ti trong tinh thé dang anatase
(3,79 A) 16n hon khoang cach Ti-Ti trong tinh
thé dang rutile (2,96 A). Trong khi d6, khoang
cach Ti-O trong tinh thé dang anatase (d°¢ti-o =
1,934 va 1,980 A) nho hon khoang cach Ti-O
trong tinh thé dang rutile (d®rio = 1,949 va
1,980 A). Sy khac nhau vé ciu triic mang tinh
thé 1a nguyén nhan dan téi sy khac nhau vé
khéi lwong riéng (p) va cu trac ving dién tir
(Eg) gitta hai dang TiO.. Vat liéu nay khi duoc
chiéu sang s& hdp thu ning lugng tir nhiing
photon ¢ bude song phu hop dé chuyén sang
trang thai kich thich v&i mrc nang lugng cao.
bay la nguyén nhan gy ra cac phan tng hda
hoc tao cac géc tu do c6 tinh oxy hoa rat manh
dé phan huy cac chéat hiru co khé phan huy
nhat [7,9,10].

2.2. Phwong phap nghién ciru

- Phuong phép tong hop vét ligu: Liy 5 mL
dung dich Tetraethyl orthosilicat (TEOS) 0,1M
vao cbc thuy tinh 200 ml, sau d6 cho tir tir 5
mL dung dich Titanium isopropoxide (TTIP)
0,IM trong etanol va khudy déu ¢ nhiét do
80°C trong 1 gi¢ thu dugc dung dich A. Dung
hén hop dung dich etanol, isopropanol, HCI va
nude dé diéu chinh pH dung dich A dén pH =
3-4. Bé yén dung dich A trong 12 gid & nhiét
d6 phong thu dugc dung dich sol mau trang.
Sau d6 mang dung dich di sdy kho ¢ 105°C
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trong 2 gio. Cudi cing, miu sau khi sdy duoc
mang di nung & cac nhi¢t d6 khac nhau 400;
500; 600; 700; 800°C, toc do gia nhiét
5°C/phut thoi gian nung 3 gio, thu dugc
Ti02/Si0x.

- Chyp anh kinh hién vi dién tir truyén qua
(TEM) JEOL JEM-1010 dé khao sat hinh dang
va kich thudc cac hat vat liéu xtc tac da diéu
ché; dong thoi danh gia kha ning hinh thanh
tinh thé, dang tinh thé, cuong do va sy thay doi
cdu trac vat liéu dung thiét bi nhidu xa tia X
(XRD) Bruker D5005.

- Sir dung méy sic ky long cao ap (HPLC)
Shimadzu LC-20A dé xac dinh ham luwong
TNT trude va sau cac thoi diém chiéu sang.

- Nghién ctru kha ning phan hiy TNT bang
bilrc xa tir ngoai trén xuc tac TiO2/SiOx: Tét ca
cac phan ing phan huy quang va quang xuc tac
déu tién hanh trong hé théng phan tmg gdm 1
binh thity tinh c6 thé kiém soat nhiét do trong
qué trinh phan tng, bom dinh luong dugc két
nbi gitta binh chira dung dich va budng phan
{mg quang dé tuan hoan dung dich. Binh chira
thily tinh hé' dé bio hoa oxi khong khi ¢6 dung
tich 1 L. Dung dich phan ung dugc khudy lién
tuc trong qua trinh thi nghiém bang may khudy
tir véi tbe do 300 vong/ phit va tuan hoan nhd
may bom dinh lugng tbc d6 750 mL/ phut.
Budng phan ung quang gdbm 1 dén UV cong
suét 15 W buée song 254 nm, cudng do buc xa
1175 lux ndm gitra cot phan tmg phan cach
bang 6ng thach anh bao quanh dén.

- Céc thi nghiém vé anh huéng ciia ham lugng
TiO2/ SiO2 , nhiét do, thoi gian, pH, nong do
TNT dén qua trinh quang xuc tic phan hiy
TNT.

+ Ham luong TiO2/Si02: Cho 1 L dung dich
TNT c¢6 néng d6 100 mg/L vao binh chira cua
hé thdng phan tng quang. Thém lan lugt chat
xuc tac quang TiO2/SiO2 véi ham lugng twong
tmg 12 6; 12 va 18 g/L vao mdi binh. Thyc hién
cac phan tng quang xuc tac voi cuong do buc
xa 1175 lux (cudong d birc xa nay su dung ddi
véi tit ca cac thi nghiém thyc hién trong
nghién cuu), budc soéng 254 nm & nhiét do
phong, pH = 7 va sau 3 gio ldy mau di phan
tich.

+ Nhiét do: Lay 1 L dung dich TNT ndng do
100 mg/L c6 pH = 7 vao binh chira ctia hé



thong phan g phan quang tuin hoan. Sau do
cho thém xtic tdc TiO2/SiO2 véi ham luong 6
g/L. Thuc hién cac phan tng & 20; 30 va 40°C.
Sau cac thoi gian 30; 60; 120; 180 phut ldy
mau 1 lan.

+ pH: Léy lan Iuot 1 L dung dich TNT c6 nong
d6 100 mg/L vao binh chira. Pidu chinh pH
ctia dung dich dén céac gia tri 3; 7 va 11, dong
thoi thém vao mdi binh 6 g Ti02/SiO>. Thuc
hién cac phan ung phan quang ¢ nhiét do
phong véi cac gia tri pH nhu trén. Mang mau

di phan tich sau cac khoang thoi gian ¢ dinh
dé xac dinh nong d6 TNT con lai trong dung
dich sau xur 1y.

+ Nong do TNT ban dau: Tién hanh khao sat
dung dich TNT ban dau véi 3 nong d6 10; 30
va 100 mg/L & pH = 7. Phan ung thyc hién &
nhiét d phong va ham lugng xuc tac 1a 6 g/L.
Xac dinh néng do TNT sau mdi khoang thoi
gian 30; 60; 120; 180 phut trén HPLC.

3.KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua ché tao vit liéu TiO2/SiO2
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Hinh 1. Gian dé nhiéu xa tia X cua TiO2/SiO: nung ¢ cdac nhiét do:
(a)-400, (b)-500, (c)-600, (d)-700 va (e)-800 (°C)

Két qua khao sat anh huéng cia nhiét d6 nung
va thoi gian nung téi qué trinh chuyén pha va
kich thuéc hat TiO2/SiO2 duge thé hién trén
Hinh 1, cho thiy:

- Khi nung mau & nhiét do 400 va 500°C (hinh

la, 1b) da xudt hién hop chét cua titan & pha
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anatase voi cuong do rat manh (khoang 2000
cps). Ngoai ra khong thiy xuét hién cac pha
khac cua hop chat titan va ciing khong thiy sy
chuyén bién déng ké khi thay d6i nhiét d6 nung
tor 400 1én 500°C. Khi tang nhi¢t 46 nung 1én
600 va 700°C (Hinh lc, 1d), ngoai pha anatase



(cudong d6 giam xudng 130 cps) con thiy xuit
hién pha rutile v6i cuong d¢ kha manh (180
cps), manh hon anatase. Tiép tuc tang nhiét do
nung lén 800°C (Hinh le), bén canh pha
anatase va rutile con xuat hién pha moéi la
cristobalit ciia SiO2 voi cuong d6 manh nhat
trong mau le (> 200 cps). Cac két qua nay cho
thdy, dudi nhiét do 500°C pha v6 dinh hinh cta
TiO> dan chuyén sang pha anatase; Néu tiép
tuc nang din nhiét do anatase bat du chuyén

sang dang cau truc cua rutile ¢ nhiét do trén

3.2. Khio sat sy phan hity TNT bang birc xa
tir ngoai trén xic tac Ti02/Si0:

- Anh huéng ciia ham heong xiic tac TiO2/SiOa:
Tién hanh nghién ctu anh huéng cia ham
luong Ti02/Si02 dén d6 chuyén hoa ciia TNT,
& ham luong TiO2/SiO> 6 g/L toc do phan hiy
1a t6t nhat v&i do chuyén hoa dat 65,6 %, con
v6i ham luong 12 va 18 g/L thi do chuyén hoa
lan luot dat 51,3 va 36,5 %. Két qua cho thay
khi ting ham lugng chat xuc tac thi do chuyén
hoa giam. Diéu nay co thé dugc giai thich do
ham luong xtic tac 1on ddng nghia véi viée
luong e'cs va h*vs duoc sinh ra nhiéu khi chiéu
birc xa UV vao, hay néi cach khac 1a mat d6 16
trng h* 16n nén xac xuat bat giap cia ecs véi
h*vs cao (tai td hop cao), do d6 lam giam
luong e dén phan tng voi oxy hoa tan trong
nuée, ciing nhu lam giam luong h* dé tao
chudi cac ion/gde tu do ("O2; *OH; *0O) c6 kha
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600°C va chuyén hoan toan thanh dang rutile &
nhiét d6 700 - 900°C.

- Hinh 2 tuong tng la danh TEM cia mau
Ti02/SiO2 nung ¢ nhiét d6 500°C va 700°C.
Khi nung & 500°C, trén bé mit silica dd hinh
thanh nhimg tinh thé hinh cau vdi kich thudc
tir 5-20 nm. Nhiing tinh thé nay kha dong déu
va phan tan tot trén bé mit silica. Khi ting
nhiét d6 nung 1én 700°C thi khong thay sy thay
dbi dang ké vé kich thudc hat, tuy nhién do
chat sit gitta cac hat da c6 su khac biét (Hinh 2b).

(b)
Hinh 2. Anh TEM ctia TiO2/SiO: (a) nung ¢ 500°C, (b) nung 6 700°C

nang oxy hoa va lam khoang héa cac chét kho
phan hily nhu TNT.

- Anh hwéng cia nhiét @é: Anh huong cua
nhiét do phan tmg téi do chuyén héa TNT
duogc trinh bay trén hinh 3. Tu dd thi 3 cho
thdy nhiét d6 gan nhu khong anh huéng téi do
chuyén héa TNT. Hién tugng nay chi ra ring,
khi ting nhiét o phan tmg lam cho tdc d¢ cua
tat ca cac phan ung trong hé déu ting, loai trir
qué trinh sinh cip electron quang sinh va 16
tréng quang sinh. Mat khac tang nhiét do phan
{g dan dén sy hoa tan cta oxi trong dung dich
thip, gdy nén sy suy giam toc do sinh cip
electron quang sinh va 13 trdng quang sinh do
tang kha nang tai két hop cua cap nay.

- Anh huéng cia pH: Nghién ciru anh hudng
ciia pH dung dich téi do6 chuyén héa TNT
trong phan tng quang phan cho thiy, qué trinh
phan huy TNT xdy ra cao ¢ moi trudng trung
tinh va kiém yéu (Hinh 4).
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- Anh hwéng ciia nong do TNT ban dau téi toc
do phan wng va kha nang phan hiy TNT

Khao sat anh hudng ciia nong d6 TNT ban dau
dén kha ning phan hiy (hinh 5a) cho théy:
trong cing mot didu kién phan tng (pH = 7; 1
= 1175 lux; 01 L dung dich; 6 g TiO2/SiO2 &
nhiét do phong), ndng do ban dau cua chat
phan tmg cang 16n thoi gian can thiét d& phan
hay hoan toan chat phan tng cang tang.
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Hinh 5. Anh hong ciia [TNT] ban dau dén
(a) kh{i nang phan huy TNT
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Téc do phan tig 16n khi ndong d6 TNT ban dau
16n. Pic biét, khi ndng d6 dau TNT = 100
mg/L tdc do phan tng ting rit nhanh trong 40
phut dau sau d6 giam cham dan va nam trong
khoang 0,36 - 0,37 mg/L, ph; trong khi d6 &
ndng do 10 - 30 mg TNT/L téc d6 phan quang
trung binh chi dat & khoang 0,06 - 0,11 mg/L,
ph (hinh 5b). Diéu nay c¢6 thé do qua trinh phan
hay quang xuc tac da tao nhiéu gbc tu do & giai
doan trung gian din dén lam ting toc do cac
phan tmg day chuyén nho gbe tu do.

4. KET LUAN

Pi téng hop dugc xuc tac quang TiO»/ SiO»
bing phuong phap sol-gel tir ngudn titan va
silic hiru co. Két qua chup anh TEM cho thiy
xudt hién mot 16p phi cac hat TiOs trén SiO>
c6 kich thudc khoang 5 - 20 nm khi nung mau
& nhiét d6 > 500°C trong thoi gian 3 gio.

Nhiét d6 anh huéng manh dén ty 1 xuit hién
cc dang tinh thé. O nhiét do < 500°C hinh
thanh duy nhét dang anatase; ¢ nhiét d6 >
500°C d3 xuét hién dang rutile véi cuong do
16n hon dang anatase.



Nghién ctru anh hudng cua ham luong xtic tac,
nhiét d6 va pH dung dich t6i do chuyén héa TNT
trong phan tmg quang phan cho thiy, ham luong
TiO2/Si02 14 6 /L cho hi¢u suét phan quang 16n
nhat dat 65,6%; qué trinh phan hay TNT xéy ra
cao & mdi trudng trung tinh va kiém yéu. Hiéu
suat cta phan Gmg phan quang TNT trén xuc tic
TiO2/SiO> hau nhu khong bi thay ddi trong
khoang nhiét d6 phong (20 - 40°C).
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