Tap chi Héa hoc, T. 46 (1), Tr. 30 - 34, 2008

TONG HOP ANATAT KiCH THUGC NANO BANG PHUONG PHAP
SIEU AM HOA HQC

Bén Toa soan 11-4-2007
NGUYEN KHOATI' , DINH QUANG KHIF‘:UZ, Hé SY THANG®
'Dai hoc Su pham Hué, Dai hoe Hué
"Dai hoc Khoa hoc Hué, Dai hoc Hué

*Pai hoc St pham Dong Thap

SUMMARY

Synthests of anarase spherical particles by ultraound assisted alkali hvdrolysis of anatase was
investigated. The dispersion of anatase in NaOH solution was treated by wltrasound with 2.5
MH:. The obtained anatase was characterized by XRD, SEM, and SEM. Sonochemisiry treatment
enhances chemical reactivity of anatase solid surface with NaOH. The sonochemistry treatment
with acoustic cavitation pulverized the raw anatase into nanometer size. The present process with
low cost starting materials and simple operation makes possible to prepare relatively large
gquantities and high vield of nano structured ttanate.

[- MO DAU

Phuong phap xuc tac quang hda la moét ki
thuat méi xur 1i moi rudng, theo cdc nghién clu
hién nay déu cong bo rang, gdn nhu tat ca cic
chat hitu co va mot vai loai hop chat vo co trong
nudic va khong khi cé thé duge xir 1i mot cach ¢6
hiéu qua bang phuong phdp nay. Xic tic quang
héa ¢6 thé ding dé loai bo cdc chdt mau, lam
sach khong khi, xir i nude thai va nhiéu tng
dung khic dang mong dgi trong tuong lai. Loat
xuc tdc quang héa 16t nhat theo quan diém bao
vé va xtr li moi trudng duoc cho 1a TiO, boi nd
on dinh, khong doc, ré va cé hiéu qua [1].

P61 véi nudc ta, ngoai nhidém vu xtt li 6
nhiém do san xudt va sinh hoat con phai xir li
céc chat gay 6 nhiém khé phan huy trong dat
nhu DDT, 2.4 D do hoan canh lich sir dé lai vin
dang 13 van dé khd nan giai. St dung xic tdc
quang héa TiO, dé xr li cdc 6 nhiém nay la su
lra chon ¢6 nhiéu trién vong [2].
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(sonochemistry) 1a phuong phap sut dung séng
siéu am (1dn s tr 20 klz dén 10 MHz) dé ho
r¢ cho phan Gng héa hoc. Phuong phap nay da
dugc tng dung nhiéu dé tdng hop cic nano oxit
kim loai, kim loai cling nhur cic var lieu gém
(3.

Trong bai bdo ndy ching to1 trinh bay
phuong phap diéu ché TiO, kich thugc nano
trong moi truong kiém cé sy hd trg coa song
siéu am. Uu diém cla phuong phdp nay la don
gian, it t6n thoi gian va ¢ thé ta2o ra luong 16n
TiO, cdu triic nano tir nguyén liéu ré tién la bot
TiO, so v6i cac phuong phap khic 16n nhiéu
thoi gian hon va sir dung alkoxit hay la cic muot
titan déi tién hon.

IT - THUC NGHIEM

Céc loai héa chat bao gom TiO,, NaOH,
HCl (PA, Trung Quéc) duge su dung trong
nghién cdu nay.

Quy trinh diéu ché nhu sau: Lay 1g bot TiO,



anatat cho vao 200 ml dung dich NaOH xM (x
=1, 2, 3...10). Hén hop huyén phi duge khuay
lién tuc bang mdy khudy tir vi dong thoi duoc
kich hoat bang séng siéu am (tu thiét ké nhu
hinh v&, tan s6 2,5 MHz) trong 20 gi®. Sau do
huyén phiu dugc pha loang dén thé tich 1 lit, li
tam tach lay két tua va rira mau bang dung dich
HC1 0.1 M va nude cat cho dén khi nude loc thu
duoc moi trudng trung tinh va khong con ion CI
(thir bang AgNO,). Say mau o 100°C trong 24
gid, sau do nung ¢ 400°C trong 15 phit. Téc do
sa lang dugc xac dinh theo phuong phédp di cong
bo & [4].

Hinh vi ca san pham diéu ché duge quan
sdt bang TEM (Jeol-JEM 1010) va SEM (JSM-
5300 LV). Kich thude hat dugc tinh bang SEM
{do hon 200 hat) vd phuong trinh Sherrer [3].
Thanh phdn pha ctia san phiam dugc nghién ciu
bang nhiéu xa tia X trén may D8 Advance,
Brucker voi tia birc xa CuKa. Hoat tinh quang
xUc tac duge ddnh gia thong qua phan tng phan
hiy metyl do (CH,;O,N;). Qud trinh quang
héa duge thuc hién trong hé phan dng pha tinh
gom 10 ml dung dich sol TiO, 0,5 g/l va 90 ml
metyl do néng d¢ 2.10° M (tuong duong néng
do sol 10, 14 0,05 g/1). Ngudn birc xa UV dung
trong phan mg duge phdt ra tir 01 dén wr ngoai
c6 cong suat 15 W duge dat cach 25 cm phia
trén b¢é mat dung dich phan (mg. Sau khoang
thdi gian 60 phit, mau duge lay ra mot lan dé
quan st su bién doi héa hge thong qua phé hap
thu UV-Vis (UV Shimadzu-2450).

11 - KET QUA VA THAO LUAN

Hinh 2A trinh bay XRD cia TiQ, ban diu
va Ti0, xu If trong NaOH 3 M va 5 M. Két qua
cho thiy 1O, ban dau chi yéu la pha anatat v6i
cdc phan xa manh o (101), (103), (104) va
(112). Khi xu li rong NaOH 3 M va 5 M, thanh
phan pha hau nhu khong thay déi so v6i pha
anatat ban dau. Cudng do phan xa mat (101)
gidm dan khi nong do NaOH tang tir OM (anatat
ban dau) dén 5 M. Tuong dng voi kich thudc hat
tinh theo Sherrer giam tir 100 nm doi véi TiO,
ban diu dén 70 nm d6i v6i mau xir 1y trong
NaOH 5 M. Khi cutmg d§ cla pic giam xuéng
thi do rong ban phd ting 1én, do vay, kich thudc
clla hat giam xuéng.
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Hinl I: Dau phit song siéu am

Hinh 2B trinh bay XRD cia TiO, ban dau va
TiO, xUr Ii trong moi trugng NaOH néng do 10
M. Nhan thay rang, khong c6 su thay doi thanh
phan pha nao khi xr lf & moi trudng xiit cao,
thanh phan pha cua cGa hén hop chi yéu la pha
anatat. Cé thé nhin thdy cudng d6 pic khéng
thay d6i nhiéu so v&i ban dau. Tir két qua XRD
c6 thé nhan xét rang dusi tic dong cla song
siéu am trong moi truong NaOH di c6 tac dong
dén kich thude cia hat ma hdu nhu khéng 1am
thay déi thanh phén pha.

Hinh 3A trinh bay SEM cia TiO, ban dau.
Kich thuéc hat trung binh khoang 204 nm.
Trong khi do kich thude hat cita TiO, sau khi xU
Ii trong moi trudmg kiém bing siéu am giam di
ding ké, khodang 70 nm déi véi TiO, xu1 i trong
mot truong kiém 5 M nhu chi ra trong hinh 3B.
Kich thuéc hat tinh theo phuong trinh Shererer
cua anatat ban dae khoang 100 nm, khic nhiéu
so v&i kich thude hat tinh theo SEM khoang 204
nm diéu dé chitng 10 anatat ban ddu gém phimg
hat nho két tu lai. Trong khi d6 kich thuéc hat
tinh theo phuong trinh Shererer cia mau xir 1y
trong NaOH 5 M 1a 60 nm, gin v&i k&t qua tinh
theo TEM, khoang 70 nm. diéu d6 cho thdy, vat
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liéu thu duge gém cac hat hinh cau kich thudc
nano c¢é do x0p rit cao. Quan sit TEM & hinh
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Hinh 2A: Gian d6 XRD cua TiO, ban ddu va
sau khi xir li trong NaOH

Hinh 3A: Quan sdt SEM cua TiO, ban dau

TiO, sau khi xir Iy béng siéu am héa hoc,
san phim dugc rira bang nudc cét c6 kha nang
tao sol, nhat 1a khi xir Iy trong moi trudng ma
néng do cita NaOH khoang 5 M. Hinh 4 trinh
bay téc do sa lang ctia huyén phi TiO, ciing nhu
kich thudéc hat vio nong d6 NaOH xir )i sau 120
gity. Khi néng do NaOH cang cao t6c do sa lang
cang cao chimg 10 kich thude hat cang 16n diéu
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3B chimg 16 san pham thu dugce cdc hat nano c6
do phan tan rat cao.
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Hinh 2B: Gian dé XRD cia TiO, ban ddu
va san pham TiO,
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Hinh 38: Quan sat TEM clia san pham
TiO, xir 1y trong moi trudng kiém 5 M

nay pht hgp véi su kién la kich thudc hat hiu
nhu khong thay déi so véi TiO, ban dau. Xu I
siéu am trong NaOH 7 M va 10 M, kich thude
cla cdc hat vao khoang 200 nm. Khi néng do
NaOH tir 1 dén 5 M, hat hiau nhu khong bi sa
ling hoac sa ling rat cham. Kich thude hat giam
trung binh tir 200 nm ban ddu dén 70 - 80 nm
khi néng do NaOH wong khoang ! dén 5 M.
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Hink 4: Anh huéng cia néng do NaOH dén
kich thudc hat va t16c do sa lang

Nang luong cha soéng siéu 4m anh hudng 1én
phan iing hoa hoc thong qua hi¢u dng 16 tréng”
{cavitation). L& tréng hinh thanh do su lan
truyén cua séng siéu am. Séng lan truyén trong
chat long theo nhilmg chu ky nén va xa tao nén
cdc 16 tréng hay cdc vi bot & nira chu ki (gidn)
v nd & nua chu ki con lai (nén). Cic vi bot nay
t0n tai trong vai phan nghin giay, nhiét do & 1am
bot khoang 5000 K va dp suat c6 thé lén dén vai
ngan at [6, 7). Bé mat TiO, ti€p xiic véi céc vi
bot khi & viing siéu t6i han (ving khi-long) nén
phan img gita NaOH va bé mat oxit (itan xay ra
rat manh liét. Thong thudng phan ng nay doi
hoi xdy ra trong diéu kién khic nghiét (4p suat
va nhigt do cao), nguoc lai trong diéu kién siéu
am, phan dng héa hoc xdy ra rit 6n hoa & nhiét
do va ap suat phong. Viéc nghién ciu co ché
phan (ng doi hoi nhiéu nghién ciu chi tiét hon,
ching 16i du doan c6 thé phan (ng xay ra tao
cdc mudi litanal natri ¢ viing siéu 161 han. Sau
dé qua trinh trung hoa thi mugi nay bi thuy phan
va cho td lai titania hidrat (Ti0,.nH,0). Qud
trinh phan (ng ding hudng nén cic hat ban dau
bi bio mon (hay cat got) theo moi hudng nhu
nhau.nén hat thu duoc cé dang hinh cau. Nhu
vay qua trinh siéu am héa hoc phu thudc vao
néng do cia NaOH va cudng do song siéu am.
C6 thé nhéan thay kich thudc hat gidm khi néng
do NaOH ting nghia 14 phén (ng héa hoc giita
bé mat TiO, va NaOH 1ang lén khi néng do
NaOH tang va khi néng d6 NaOH tang dén mot
ngudng nao d6 thi né ¢ tic dung can ud sy

Hinlt 5: Phé UV-Vis clia metyl do
va bot TiO, sau thoi gian chi€u UV

truyén song siéu &m nén phan tng héa hoc xay
ra do song siéu am khong con nita. Trong
nghién ciu & day, néng do NaOH khoang 5 M
la thich hop dé qua trinh siéu am héa hoc xay ra
16t nhat.

Hinh 5 trinh bay phé UV-Vis clia metyl do
néng do 2.10° M va cic san pham trén xiic lac
oxit titan anatat kich thuéc nano theo théi gian
chiéu tia cuc tim khdc nhau. Metyl d6 xuat hién
van hap thu manh & 425 nm do su chuyén dién
tor n-p* coa nhém —N=N, mot van dac trung
khac & 220 nm c6 thé qui cho su chuyén dién tr
p-p* lién quan dén nhan thom [7). Cac dinh cuc
dai hdp thu giam ddn chimg t6 néng do cla
metyl do giam dan do bi phan huy dudi tic dung
quang xUc tic coa TiO, kich thude nano. Phan
{fng mat mau xay ra do su bién mat cia lién két
azo tirc la sy bién mat van hdp thu & 425 nm. Tir
dudng 5 va 6 trén hinh 5 ¢6 thé nhan thay ring
van hdp thy mau bién mat trude. Tuy nhién, sau
khi pha v& lién két azo thi lugng vong cua nhan
thom tang lén, sau dé mdéi giam xubng theo quy
luat. Sau th&n gian chigu 300 phit, van & 425
bién mat, trong khi dé van ¢ 220 nm véin con
vai, tuy vay dinh hdp thu cta né chuyén vé séng
dai hon nghia 1a tao ra cdc san phdm dé& bi phan
huy hon.

IV - KET LUAN
ba nghién ciu t6ng hop TiO, hat cdu véi
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kich thudc nano bang phuong phdp siéu am.
TiO, dugc thuy phan trong moi trudng Kiém
nong do 5 M cé su tang cudng cua song siéu
am. Titania ¢6 dang hat cau véi kich thudc
khoang 70 nm. San pham thu duge ¢6 hoat tinh
quang héa cao. Uu diém cia phuong nay 1a diéu
kién tong hop don gian, di tr nguyén li¢u re
tién, san pham ¢6 d¢ lap lai cao, dé sit dung.

Loi cam on: Cong trinht ndy hodn thanh nho s
tai trer dé 1ai nghién citn co ban cua Bé Khoa
hoe va Cong nghé.
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