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TOM TAT

Vat liéu nanocomposite MMT/TIiO,_n7s dugc t8ng hop bang phuong phap khudy uét don gian
& nhiét do phong, ti cac 6ng nano TiO, (TiOz_n7y) va montmorillonite (MMT). Nanocomposite
MMT/TiOz_ s sau khi téng hop dugc strdung lam chét xtc tdc quang dé phan hlly thuéc nhuém
hiiu co rhodamine B (RhB) khi duagc kich thich bdi ngudn sang UVC (15 W, 254 nm). Trong dé, MMT
dugc tinh ché tir dat sét entonite (Lam Dong, Viet Nam). MMT sau khi tinh ché, cé mat mang dac
trung (001) tai goc 26 = 6,1°. Dung lugng hdp phu va dé rong khoang sét cia MMT lan luct la 70
ma/g va 14,48 A. Cac 6ng nano (TiO,_yrs) dugc tdng hop bing phuong phap thiy nhiét ¢ cau
tric da tinh thé gém hai pha anatase va rultile. BPusng kinh va chiéu dai trung binh ctia 6ng TiO,
lan lugt la 5 nm va 110 nm. Cac két qua phan tich vé thanh phan, hinh thai hoc bé mat, cau tric
tinh thé, dao déng lién két va cac ddc trung hiéu sudt quang xUc tac cho thay sau khi bién tinh
vao MMT, TiO,_y7s da dugc gan c6 dinh va phan b6 ngdu nhién trén bé mdt hodc dan xen vao
trong cau tric dang vay phién ctia MMT tao thanh cau tric dang sét chéng (illared interlayer clay
(PILC)). Do MMT c6 dac tinh hap phu tét, nén MMT da& déng vai tro la tdm hédp phu , da bat cac
phan t& RhB trong cac I6p khodng sét va déng thai ngan can qua trinh tai hop ctia TiO; nha vao
qua trinh by cac e~ quang sinh vao cac van dao d con tréng clia cdc nguyén té kim loai ¢é trong
MMT. Khi d6, cac géc "OH hay "0~ duac sinh ra tif phan ting quang xuc tac TiO, da dé dang phan
Ung vdi cac phan t& RhB va phan hiy ching. Hiéu suat quang xuc tac phan htly RhB 10 ppm cla

MMT/TiO,_nrs la 82% khi dugc kich thich bai nguén UVC trong 210 phut.
Tukhoa: 6ng nano TiO2, xtic tac quang, monmorillonite, rhodamine B, hdp phu

GIGI THIEU

Tai nguyén nudc co6 vai tro rit quan trong déi véi
su song va phat trién ctia con ngudi va dong thuc
vat trén trai dit. Vi vdy, bdo vé nguén nuédc 13 mot
trong nhiing nhiém vu cdp biach ma mdi chung ta
phai thuc hién. Theo World bank, 17-20% chat thai
codng nghiép nay hién nay la tit qud trinh xt Iy mau
va dét nhudém, dong gép 72% chit thai doc hai vao
ngudn nudc, trong d6 30% la chét thai vinh vién
(Bdo cdo nganh dét may, FPT,12/2017). Chinh vi
vay, ngudn nudc thai khong dugc xt ly nay da tré
thanh mot trong nhiing nguyén nhén I6n gy ra sy
6 nhiém nguén nuéc'. Hién nay loai thuéc nhuom
dugc su dung rong rai trong cac nganh dét may 1a
thu6c nhudém hoat tinh, c6 chita nhém azo (-N=N-)
vanhom ulfonate (-SO3-) 2. Rhodamine (RhB) 14 mot
trong nhiing thudc nhudém dugc stt dung chu yéu dé
nhudm len, lya va 1am laser cong sudt mau. Ngoai ra,
RhB con dugc st dung d€ nhuém té€ bao trong cong
nghé sinh hoc. Chéit nhuém nay khd doc, tan nhiéu

trong nudc va cac dung moi khac nhu methanol,
ethanol... Cic thu6c nhuém RhB cé mau sic tuoci
sang, hdp din nén con dugc stt dung dé€ nhuém mau
thuc phdm, vai sg¢i..., diéu nay c6 thé gay nguy hiém
d6i véi stic khoe clia ngudi tiéu diing>.

Trong nhiing nam géan day, viéc st dung vét liéu ban
dan quang xuc tdc d€ ting dung trong xt ly céc hgp
chét hitu co da dat dugc nhiing thanh tyu dang ké va
thu hat nhiéu su quan tdm ti linh vyc nghién ctiu
co ban dén tng dung do vat liéu nay c6 kha nang
tao ra cac goc tu do cd tinh oxy héa manh. Mot
s6 chét ban dan dang nano da dugc nghién ctiu st
dung lam chét xdc tdc quang nhu TiO,, ZnO, CdS,
Fep03...%°. Trong d6, TiO, dugc biét nhu 1 chit
xuc tac quang tiém nang trong linh vic lam sach moi
trudng vi tinh tro hoéa hoc, tuong thich sinh hoc, dé
san xudt, khong doc va gid thanh tuong d6i ré >°. Véi
nhiing tinh chét dé, TiO, gan nhu la chét xuc tac ly
tudng. So véi cdu truc hat nano TiO,, nano TiO,
céu truc 6ng (TiO, nanotubes — TiO,_y75) ¢6 nhiing

Trich dan bai bao nay: Tam D TB, Loan HT T, Truiong N H, D6 N T, Nhién L H, Nhan H T C. Nghién citu téng
hgp vat liéu nanocomposite montmorillonite/6ng nano TiO,cé thé ting cudng hoat tinh quang
xuc tac phan hity pham nhuém rhodamine B trong vung UVC. Sci. Tech. Dev. J. - Nat. Sci; 2022,
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tinh chét uu viét hon trong linh vuc xuic tdc quang
nhu dién tich bé mat (478 m2/ g) va thé tich mao quan
16n (1,25 cm3/g), kha nang trao d6i ion, kha ning
chuyén dién tit nhanh chéng & khoéng céch dai, kha
néang hdp thu anh sing cao do c6 ti1é gitia chiéu dai va
dudng kinh éng 16n... 78, Tuy nhién, TiO,_y7y ciing
c6 nhiing han ché trong ting dung quang xuc tic nhu
su tai hgp dé dang gitia cac cip electron va 16 tréng
quang sinh (1077-10"!2 giay)® lam giam hiéu suét
phéan hay, chi hoat dong quang xtc tac dudi nguon
anh sang ti ngoai gin, kho tach va tai ché sau qua
trinh xt 1y nudc... D€ khic phuc nhiing han ché trén
cac nha khoa hoc da tién hanh pha tap, bién tinh bé
mat hodc két hgp v6i cac chit ban dan khéc va dong
thoi ¢6 dinh ching trén céc pha nén khac nhau nhu
khoang sét montmorillonite (MMT), zeolit, carbon
nhdm cai thién hon nita hoat tinh quang xtc téc cua
TiO; 1%-12. Vat liéu khodng bentonite giau MMT sin
c6 tli cac ngudn khodng san tu nhién, gia thanh thép,
déc biét ¢ cu truc 16p thudc ho vat liéu mao quin
trung binh, dién tich bé mat I6n, kha nang hdp phu
tt, trao d6i cation va tinh chiu nhiét cao 13-, Viéc
sti dung MMT lam pha nén cho vat liéu nanocompos-
ite c6 thé tan dung dugc kha ning luu giii tot cac tac
nhin 6 nhiém ciing nhu tdm hoat dong xuc tac, tu
d6 gitip nang cao hiéu qua xuc tic>'®!7, Do dé, bai
bao nay trinh bay viéc t6ng hop vat liéu nanocompos-
ite MMT/TiO;_y7s nhim ting cudng kha nang hip
phu va phéan htty rhodamine B trong viing UVC.

VAT LIEU VA PHUONG PHAP

Héa chat

Titanium dioxide (TiO,) (Merck) entonite, ethanol
(Viét Nam) nitric acid, sodium hydroxide, sodium
chloride, rhodamine B (Trung Qudc).

Téng hop MMT tif bentonite

Khudy hén hgp dung dich gébm 200 g entonite va 5 L
nudc cit trong 24 gic va d€lang 5 gi¢. Thém 1 g mudi
NaCl, khudy co trong 3 gi& va d€ 1lang 24 gid. Sau khi
ling, thu dugc phan huyén phi, ly tim 30 phut vé6i
téc d6 quay 3500 vong/phit. Sau d6, hén hop duge
rtta bang nudc cit trong 4 gic va d€ lang 8 gi¢. Thém
ethanol (30% so véi thé tich dung dich) vao dung dich
va khudy 30 phut. Sau d6 d€ lang va bat dau ly tam
thu hoi MMT. San phdm ran cudi cung sau khi ly tim
dugc sdy kho ¢ 60 °C, nghién min d€ thu dugc san
phdm MMT tinh khiét.

Téng hop TiO, 7,
éng nano TiOp (TiOy_y7s) dugc ché tao bing
phuong phép thty nhiét trén hé thuy nhiét dugc thiét
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ké nhu Hinh 1 v6i ngudén nguyén liéu ban du la bot
TiO, thuong mai (TiO,-Merck), pha anatas, d¢ tinh
khiét > 99%, c6 mau trang sita min.

Téng hop nanocomposite MMT/TiO, y7

2,00 g MMT dugc phén tan trong 100 mL nudc DI
bang mdy khudy ti trong thdi gian 24 gic d€ MMT
truong nd hoan toan. Sau do, cho 0,2064 g TiOy_ 7
vao dung dich huyén phtt MMT khudy ti trong 4 gi¢
va danh siéu 4m 1 gi¢. Ly tAm thu hoi mau rén vdi téc
do6 quay 3.500 vong/phut trong 15 phut. San phdm ran
sau khi ly tim dugc sdy kho & 80 °C trong 24 gid va
thu dugc vét liéu nanocomposite MMT/TiO;_yrs.

Quy trinh hap phu va phéan hiy rhodamine
B

Nguoén sang dugc st dung la den UVC hoat dong &
budc séng 254 nm, cong sudt 15 W. D€ danh gia kha
nang xu ly phdm nhu¢m RhB, cdc thi nghiém dugc
tién hanh 14n lugt trong diéu kién bong t6i va khi dugc
chiéu xa UVC, theo quy trinh sau:

- Khdo sat kha nidng hdp phu: Cho 10 mg chat xuc tac
vao 100 mL dung dich RhB néng d¢ ban dau 10 ppm
(Cyp), khudy ti trong bong t6i 240 phit, cach 30 phut
&y mau 1 lan, x4c dinh lugng RhB con lai trong dung
dich (C;), r6i tinh lugng cht bi hdp phu (q,). Dua vao
d6 thi su phu thudc g, vao thoi gian, suy ra thdi gian
can bang hdp phu cua vat liéu.

- Khao sathoat tinh quang xdc tac: Lay 10 mg chét xtc
tac khudy trong 100 mL dung dich RhB trong bong
t6i dén khi dung dich dat can bang hdp phu. Chiéu xa
bing dén UVC 15 W (254 nm) (tu phut thit 0 dén 210
phut), cach 30 phut rat 5 mL dung dich cho vao cac
falcon, cdc mau dugc ly tim 4.000 rpm trong 10 phut
dé tach vat liéu ra khoi dung dich thudc nhuém. St
dung phan dung dich thu dugc d€ do UV -Vis va tinh
hiéu suét phan hay.

Cac phuong phap danh gia

Gian d6 nhiéu xa tia X (XRD) ctia cic mau san phdm
dugc ghi trén nhiéu xa ké tia X D2-PHASER vdi tia
Cu-Ka (dung tdm loc Ni) ¢6 budc séng A=1,5406 A°,
dién ap gia t6¢c 40 kV, cudng d6 dong dién 40 mA, gbc
quét 20 = 5-80, t6c do quét 0,030 °/s. Kich thudc
hat trung binh dugc tinh dya vao dinh déc trung trén
gian d6 XRD theo phuong trinh Scherrer®. Phg héong
ngoai (FTIR) dugc do tit 4000-400 cm™! trén may
Nicolet i$ 50 (FT-IR, Thermo, USA). Anh TEM dugc
chup trén thiét bi kinh hién vi dién tt truyén qua JEM
1400 kem bo chup anh X-Ray va phdn mém chup anh
3D, ctia hang JEOL-Nhat Ban. Dién dp thé 120 KV,
chup anh truyén qua véi do phong dai 50-1.200.000
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Hinh 1: (a) Binh chita mau (binh teflon) (b) Binh bao vé (binh thép khong gi) (c) Hé thay nhiét. Bot TiO, dugc phan
tan trong dung dich NaOH 10M, ti |é mol TiO, : NaOH Ia 1:30, bdng may khudy ti trong thdi gian 4 gi&, & 50 °C.
Huyén phu nay sau dé dugc thay nhiét trong binh autoclave cé 16t teflon véi nhiét d6 130 °C trong 24 gi®. San
phdm sau qua trinh thay nhiét dugc loc ria sach bang nudc DI dén pHY, va ngdm trong dung dich HNO3 2M dén
pH7. Sau d6 rra lai bang nudc cat. Ly tam thu héi phan bét rdn va phan tan trong nudc DI (80 °C) trong 4 gid dé
loai bd muéi tao thanh khi st dung acid trung hoa dung dich. Sau dé ly tam thu hoi phan bot rén va sdy 60 °C cho
t6i khi khé. San phdm cudi cuing dugc nung trong khong khi & nhiét d6 400 °C trong 2 gid véi téc do nang nhiét

1a 5%/pht, thu dugc vat liéu TiO,_yrs '8.

14n. Anh SEM ctia cic méu dugc do bang thiét bi hién
vi dién ti quét Hitachi S4800. EDX HORIBA H-7593
nhdm phat hién cic thanh phan nguyén t6 trong hgp
chét va thong tin vé ty s6 phin trim cic nguyén t6
nay. Cuong do dinh tia X ty 1& v6i phén tram nguyén
t6 c6 mit trong mau. Phd UV-Vis duge do trén may
do quang phd Jasco V-670.

KET QUA VA BAN LUAN

Thanh phan, hinh thai bé mat

Hinh 2a cho thdy bé mat MMT c6 dang vay phién
(sheet) vdi kich thude va hinh dang khéc nhau dugc
sdp x€p theo mot cach ngdu nhién. Thanh phin héa
hoc cia MMT gém cac nguyén t6 Al, Ca, Fe, K,
Mg, Na, O, Si (Hinh 2b). Anh TEM ctia TiOs_y7s
(Hinh 2c¢) cho théy cac 6ng nano TiO sau khi téng
hgp bing phuong phédp thuy nhiét c6 kich thude
tuong doi dong déu véi duong kinh 6ng trung binh
5 nm, chiéu dai 6ng 110 nm va hinh thanh theo nhiéu
huéng khac nhau. Quad trinh thty nhiét TiO, trong
NaOH di lam pha v caclién két Ti-O-Ti, cacion Ti ™
trao d6i v6iion Nat dé€ hinh thanh dang lién két Ti-
O-Na, con cac ion Na™ dan bi thay thé béi cécion H
d€ hinh thanh lién két Ti-OH. Qua trinh khii nudc
ctia cua lién két Ti- OH hinh thanh lién két Ti-O-Ti
hodc lién két hydrogen Ti-O...-H-O-Ti, cic lién két
Ti—O-Ti c6 thé két ndi v6i nhau tai doan cudi d€ tao
thanh c4u tric dang 6ng ',

Khi bién tinh TiOy_y7s vao MMT, cac 6ng nano
TiO; dugc phan tan xen ké va ngau nhién vao cac 16p
MMT détao ra ciu tric khong dong nhat, hinh thai bé
mit chia MMTTiO;_ 7, dugc thé hién nhu Hinh 2d
va Hinh 2e. Két qua EDX (Hinh 2f) cho thdy thanh
phén héa hoc ctia MMT/TiO;_ 75 ngodi cic nguyén

t6 cia MMT (Al, Ca, Fe, K, Mg, Na, O, Si ), con cd
thém mot lugng nho nguyén t6 Ti (5,20 %wt), dong
thoi %wt cua nguyén t6 O trong MMT/TiO_yrs
cling tang so v6i MMT; chiing to c6 sy ton tai ctia lién
két Ti- O- Ti sau khi bién tinh TiO,_ 7, vao MMT.

Gian dé nhiéu xa tia X

Két qua phan tich XRD ctia TiO; anatas, TiO2—_n7s,
MMT va MMT/TiO,_y7s dugc thé hién & Hinh 3.
Céc hat nano TiO, ban dau c6 pha két tinh cht yéu
la anatase gébm céac dinh nhiéu xa 26 & 25,3°; 37,9°%;
47,8°; 54,3°; 55° va 62,7° tuong ing v4i cdc mit mang
(101), (004), (200), (105), (211) va (204) véi dinh dic
trung A(101). Péy la clu tric c6 hoat tinh quang
xtic téc cao nhét ctia TiO, !0, Céc 6ng nano TiO; sau
khi dugc téng hgp bing phuong phap thuy nhiét c6
do két tinh thép, ngoai cdc dinh nhiéu xa tuong tGng
v6i pha anatase con cd pha rutile va cac tap chit nhu
H,TizO7 va NayTi307, diéu nay cho thdy trong qud
trinh thay nhiét cac phan ting héa hoc xay ra khong
hoan toan 2!,

MMT cb céc dinh nhiéu xa tai 20 = 6,1; 19,91;
20,91; 26,67; 29,42; 34,91; 62,1%; v6i mét mang dic
trung (001) tai 6,1°, d(g) = 14,48 A, kich thudc
hat trung binh la 1,17 nm 37 Sau khi bién tinh,
dinh dic trung (001) ctia MMT tai géc 20=6,1° da
dich sang vi tri géc 260=9,2°, lam d6 rong khoang sét
gidm [d(001)pspr7 /7i02—NTS=9,06 A]. Ngoai ra, trong
MMT/TiO)_y7s cing ton tai mot it pha rultile va
tap chit NapTizO7. Do duong kinh ctia TiOy_nr
la 5 nm, 16n hon rdt nhiéu so véi khoang sét, nén
cdc 6ng TiOy_yty khé chui vao ndm trong khoang
sét ma uu tién bao quanh cdc phién sét MMT va tao
thanh c4u trac dang sét chong ( illared interlayer clay,
PILC). Cac l6p sét chong nay chén 1én cacl6p MMT la
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MMT
855 Mg 1.0
151 Na 0,74
550 o 4923

328 Si 3008

Intensity (a.u)

MMTITIO, .

Intensity (a.u)

Hinh 2: Anh SEM ctia MMT (a); EDX ctia MMT (b); Anh TEM ctia TiO_y7s (c); Anh SEM ctia MMT/TiOs_n7s (d); Anh
TEM ctia MMT/TiOs_y7s (€) va EDX ctia MMT/TiOp_ 7 (f).

nguyén nhan lam cho d¢ rong khoang sét cha MMT
giam tir 14,48 Angstrom xudng con 9,06 A. Két qua
nay phtt hop véi cic cong bs 2224,

Phé héng ngoai (FTIR)

Hinh 4 cho théy TiO, va TiO,_ 7y déu c6 dao dong
diic trung 6 s6 s6ng 430 cm ™! va 460 cm ™! tuong ting
véilién két Ti-O>'°, Ngoaira, TiO;_y7y cOn c6 thém
céc peak &740 cm ! va 908 cm™! ciing diic trung cho
Ti-O 19, Tai 1641 cm~! va tai 3390 cm ™! cdc nhém -
OH trén bé mit TiOy_yrs 016,

Déi v6i MMT, tai 462 cm™ !, 524 cm™!, 789 cm™!,
987 cm~!, 1640 cm ™!, 3388 cm™! va 3621 cm ™! l4n
lugt diic trung cho céc lién két Si-O-Si®; Al-O-Si'S;
Al-O Si-O; H-O-H, -OH>16,

2263

Do ham lugng TiO,_ 75 bién tinh vao MMT c6 khéi
lugng it hon nhiéu so v6i MMT (mpsp7 : MTi02—NTs

=1:10) nén MMT/TiO;_ 75 phan16n ton tai cac dao
dong dic trung cia MMT. Trong d6, ving dao dong
i1 462-686 cm ! dic trung cho sy hép thu ctia Ti-O-
Ti” va 1634 cm ™! dic trung cho lién két Ti-O°. Do
khong tim thdy lién két gitta Si-Ti nén c6 thé két luan
rang lién két trong MMT/TiO,_ 75 la tuong téc vét

IyS.

Khao sat kha nang hap phu r hodamine B

Hinh 5 cho théy kha ning hdp phu RhB ctia TiO_y5
rat thap (H% < 10%, g <10 mg/g). Sau khi bién tinh,
hiéu sudt va dung lugng hdp phu cia MM T/TiOs N7
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Hinh 3: Gian d6 XRD cla TiOz, TiO2_ 75, MMT va MMT/TiO2_n7s
tang lan lugt 1a 10% va 10 mg/g so v6i MMT. biéu
nay cho théy TiO, v6i cdu tric dang dng nano da tac 1w00] 3 Tor
dong dén ciu truc dang khoang cia MMT va lam ting A= MMTITIO,
cudng kha ning hip phu. Thoi gian can bing hip phu = DO S R
ctia TiOy_y1s, MMT va MMT/TiO;_ns 140 luot 12 P R o
60 phtt, 15 phtt va 60 phat (Hinh 6). =
404

Khao sat kha nang quang xuc tac phan hay wl |
RhB -‘I‘J v - v - v v v
Hinh 7a cho thdy néu khong st dung chét xtc tac, thi a8

néang lugng UVC khong du d€ phan hay RhB (H%y v ¢
< 10%). Do MMT chi c6 déc tinh hdp phuy, nén sau
60 phut ddu can bang-giai hdp, hiéu sudt gn nhu
khéng thay d6i khi chiéu UVC. Cac 6ng TiOz_yrs
6 hiéu sudt quang xuc téc ctia khodng 42%. Sau khi
dugc bién tinh vao MMT, TiO,_ y7, tao thanh cac sét
chéng trong nanocomposie. Céu truc PILC la vat liéu
ran siéu x8p, ¢ cdu trac va tinh chit doc dao, duge
hinh thanh bai cac polycation kim loai chén vao gitia
cac l6p ctia khodang sét truong nd, ddc biét la smectite.
Béng cach chong d cac 16p silicate, cdc oxide kim loai

T T T T T T T T
1] 30 60 20 120 150 180 210

Théi gian (phat)

Hinh 5: Hiéu suit hap phu RhB

¢6 tinh nang nhu cft chong gitia cic 16p, tao ra cac
mao quan xdp kich ¢& meso va micro. Cac polycation
kim loai chén gitta cdc 16p lam tiang khoang cach co
ban va dién tich bé mat riéng ctia dat sét ty nhién 25-27
Vi véy, sau khi dugc bién tinh vao MMT, TiO,_ 7
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TiO2-n7s " (H%ymar/1i02-NTs = 82%). SU mét
100] < ;‘.gl mau cta phdm nhuém RhB sau qua trinh phan huay
I N quang xuc téc dugc thé hién nhu Hinh 7b. Ban dau
] gt : ) : e dung dich RhB 10 ppm c¢6 mau hong dam, theo thoi
% 0 .r = gian, mau sic nhat d4n va gan nhu rit nhat & cudi chu
E | trinh phéan htly. So v6i cac chit quang xdc tac khac
2 ‘.‘" duya trén TiO, _y7y trong cong bé trude day>'=*° ¢
204 ."f Bang 1, nghién ctiu nay cho thdy hiéu qua ding ké
[ 5 . = - = v v v trong viéc phan hty Rh ti MMT/TiO;_n7s. Cing
0% & Bang 1, khi so sanh véi cac cong b khac c6 chat
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Hinh 6: Dung lugng hap phu RhB

lam ting mat d¢ 16 x6p ctia MMT va lam ting cudng
kha ndng hdp phu cia MMT. Tt 6 lam ting kha ning
luu gitt cdc chit 6 nhiém hitu co cing nhu cic tim
hoat dong xuc tac trén bé mat hay trong cac khoang

sét, dan t6i hiéu qua xdc tac cao hon so véi MMT va
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xuc quang dya trén MMT, nhung MMT khong phai
13 pha nén trong composite >>®*7 thi qua trinh quang
xuc tac phai cin st dung mot lugng chdt xtc tac hay
cong sudt nguodn kich thich 16n thi méi c6 thé dat
hiéu sudt phan huy RhB nhu mong muén. Nhu vy,
MMT/TiOy_n7s ¢6 pha nén la MMT khong nhiing
tan dung dugc kha nang hép phu cia MMT lam tam
hép phu céc phén tt thuéc nhudm hay con goi la tdm
xuc tic, ma con ngdn can qud trinh tai hgp cta cip
e~ —h" quang sinh trong TiO2_y7;, gitip ting cudng
sn sinh ra cdc g6c *0%~, *OH va nhanh chéng tiép
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cén cac phan tt RhB tai cdc tAm xdc tic, ti d6 lam
tang hiéu qua phan hty RhB so véi cac cdng bo trude
day.

Khi thay d6i néng d6 ban dau [RhB] tit 3-20 ppm, kha
nang phan hily quang xtc tic cia MMT/TiO2_yry
dugc thé hién nhu Hinh 8a. K&t qua cho thiy khi
[RhB] cang ting, kha ning quang xdc tac phan hay
cang giam. Diéu nay dugc giai thich la do khinong do
[RhB] ban ddu ting da lam giam d¢ dai duong di ctia
photon khi di vao dung dich thuéc nhudm, tit d6 giam
viéc san sinh cac g6c OHe . Hon nita, viéc hip phu
cac phan tt RhB trén bé mat MMT/TiO,_n7s khién
TiOy_n7s bi céc phéan ti thudc nhu¢m che chén, kho
tiép can véi nang lugng photon. Diéu naylam gidm sy
hép thu photon ctia chét xuc tac va do d6 hiéu qua loai
bd thuéc nhuém giam %2036, Sy khac biét vé bién
d6i mau sic dung dich RhB 3 ppm va 20 ppm sau 210
phut chiéu xa dugc thé hién 1an lugt nhu Hinh 8b va
Hinh 8c. Qua trinh mat mau nay dugc giai thich nhu
saw: khi dugc kich thich béi ngudén UV-C, cic 6ng
nano TiO, trén bé mat MMT thuc hién chiic ning
quang xuc tdc. Ban ddu, cic cip 16 trong—electron
(e”~h™) quang sinh dugc tao ra dudi tic dung ctia
tia UV-C. Cac electron mang dién tich am dugc kich
thich vigt qua viing cim (E,) va nhdy lén viing dan
(CB), dé1ai cac 16 trong mang dién tich duong & viing
héa tri (VB). Véi sy hién dién cta khodng sét MMT,
cac dién ti dugc tao thanh da chuyén dén céc van dao
d tréng ctia cic kim loai trong ciu triic ciia MMT .
Quié trinh chuyén dién ti nay c6 thé tao diéu kién cho
cdp e~ h™ khong bi tai hgp. Sau dé, cac dién ti bi
giam giit trong MMT c6 thé phan tng v6i O; trén bé
mat chat xuic tdc quang dé tao ra cic goc tu do, thi du
nhu *0?~, *OH va H,0,. Péng thoi, céc 16 tréng
mang dién tich duong & viing hoa tri da phan tng véi
H,O dé tao ra *OH. Tét cé cic goc tu do dugc tao ra
dugc xem 1a tic nhan chinh d€ 1am mat mau thudc
nhudm hitu co”®!2. Qua trinh tao cip e~ “h™ quang
sinh, vai tr6 gid mang dién tt cia MMT dugc thé hién
qua cic phuong trinh (1-10)°.

TiOs_n7s + hv (dén UVC) — e + iy (1)
MMTgr + ecp — MMTgz —e~ (2)

MMTgr —e= + O) = MMTg; + .02_(3)

*0, + HY — HO, (4)

HO, +°0, + HT = Hy0, + 0, (5)

H,O, + — *OH + OH™ (6)

H,Op +°0,"—=*OH + OH™ + O, (7)

hyp + HoO — *OH + HT (8)

Iy g + OH™— *OH (9)

*OH/*0O; + RhB — Cdc chét trung gian, CO;, + H,O
(10

KET LUAN

MMT dugc tinh sach tii khoang entonite cé d¢ rong
khoang 14,5 A va chi c6 dic tinh hidp phu (quur =
70 mg/g). TiOs_nrs dugc tdng hop bing phuong
phap thiy nhiét v6i dudng kinh 6ng trung binh la 5
nm, chiéu dai 6ng 110 nm va dugc dinh hudng ngau
nhién. Nanocomposite MMT/TiO,_y7s dugc tong
hop bang phuong phép khudy uét don gian véi cac
6ng TiOp_n7s dugc gin trén bé mit va dan xen vao
cdu tric dang vay phién ctia MMT tao thanh cdu tric
dang sét chong. Trong d6, MMT déng vai tro la gia
mang dién 1, han ché sy tdi hgp cliacip e -h' quang
sinh. Két qué cing cho thdy bing cdch bién tinh MMT
khong nhiing c6 thélam ting cudng kha nang hdp phu
ctia MMT (qymr/Tio2—nTs = 80 mg/g), ma con ting
cudng hiéu qua quang xuc tac TiOy_yrs ([RhB] =
10ppm, H%yp17 /7102 NT5 = 82%).

LO1 CAM ON

Nghién ctiu dugc tai trg bdi Dai hoc Quéc gia Thanh
phé H6 Chi Minh (PHQG-HCM) trong khudn khé
Dé tai ma s6 562-2022-18-01.

DANH MUC CAC TU VIET TAT

MMT: Monmorillonite
NTs: nanotube

RhB: Rhodamine B
TQ: Trung Qudc

XUNG POT LO1 iCH

Chung t6i cam két khong c6 bat ky xung dot Igi ich
nao gitia cdc thanh vién trong nhom nghién ciiu
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Hinh 7: Hiéu suat quang xuc tac cta TiO,_y7s, MMT va MMT/TiO,_ 75 khi chiéu UVC

Bang 1: Hiéu suat quang xuc tac phan hiy RhB clia chat xic tac quang dua trén TiO,_ 7, so véi cac nghién ciu

tir 2017 dén nay
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Montmorillonite/TiO, nanotubes could enhance the
photocatalytic activity of rhodamine B degradation in the UVC
region

Tam Thi Bang Dao"?"*, Loan Thi Thu Ha"2, Truong Huu Nguyen'-2, Do Trung Nguyen'-2, Nhien Hon Le'?,
Chi Nhan Ha Thuc'2

ABSTRACT
MMT/TiO,_n1s NAanocomposite materials were prepared by a simple wet agitation method at room
temperature from TiO, nanotubes and montmorillonite (MMT). The synthesized MMT/TiO_y7s
Use your smartphone to scan this samples were used as a catalyst for the photocatalytic degradation of rhodamine B (RhB) under a
QR code and download this article UVC light source (15 W, 254 nm). MMT was purified from entonite clay (Lam Dong, Vietnam). MMT
after purification possessed a characteristic lattice surface (001) at an angle of 20 = 6.1°. The ad-
sorption capacity and the basal spacing of MMT were 70 mg/g and 14.48 A, respectively. The TiO,
nanotubes (TiO,_n1s) Were synthesized by the hydrothermal method. TiO_y7s possessed a poly-
crystalline structure consisting of two phases, anatase and rutile. The average diameter and the
length of the TiOy_y7s Were 5 nm and 110 nm, respectively. The results on the composition, sur-
face morphology, crystal structure, bonding vibration and photocatalytic efficiency characteristics
showed that after modification into MMT, TiO,_y7s Were immobilized and randomly distributed
on the surface or incorporated in the clay sheets of MMT to form a pillared interlayer clay (PILC)
structure. Because MMT possessed good adsorption properties, MMT would act as an adsorption
center to capture RhB molecules in clay layers. MMT also prevented the recombination of TiO, by
trapping the photogenerated e~ into the vacant d orbitals of the metallic elements present in the
MMT. Then, the *OH or *0%~ radicals generated from the TiO, photocatalytic reaction would easily

"Faculty of Materials Science and react with the RhB molecules and decomposed them. The photocatalytic efficiency of 10 ppm RhB
Technology, University of Science, Ho degradation of MMT/TiO,-NTs was 82% when excited by a UVC source for 210 min.
Chi Minh city, Vietnam Key words: TiO2 nanotubes, photocatalytic, monmorillonite, rhodamine B, absorption
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