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Nghién ctru tong hop chét xuc tdc quang hoa trén co s& khoang vat
tu nhién halloysite rng dung trong xir Iy 6 nhiém nudc thai

Ngé Ha Son'*, Nguyén Thi Thanh Té', Trin Ngoc Tuan', Pham Xuan Nui'*
! Truwomg Pai hoc Mo - Dia chit

TOM TAT

Trong nghién ctru nay, vt liéu fmg nano halloysite s& dugc ché tao tir khoang vat halloysite tw nhién va
duge sur dung lam chat hd trg cho pha hoat dgng xiic tic quang trén co s& TiO,. Vit ligu duge dic trung
tinh chat bing cic phuong phap ho4 1y hién dai nhu XRD, SEM, BET, phd UV-vis. Theo d6, halloysite
tinh ché ¢6 kich thude nano véi chiéu dai khoang 1,3 um va kich thuéc mao quan khoang 5 nm. Sau khi
dua Ag-TiO; Ién halloysite, bé mit riéng cua vat liéu do duge bang phuong phap BET 12 khoang 60 m%/g.
Nang lugng vung cam cua vét liéu tong hop dugce cling duge cai thign 16 rét so voi TiOz nguyén chit gitp
cho vit ligu c6 kha ning hip thu cic budc song anh sing dai hon dé tham gia vao qua trinh xuc tac. Xic
tac quang trén co s Halloysne va TiO; thé hi¢n hiéu qua rét cao 1én t&¢i hon 95% trong qua trinh phén huy
chit hiru co gdy 6 nhiém dién hinh RR-195. Két qua nay cho théy trién vong lén trong viéc sir dung céc
qua trinh oxy hoa ndng cao trong xur ly moi trudng.

Tir khoa: Halloysite; TiO;: Ag-TiO,; xic tdc quang hoa; RR-195.

1. Pat véan aé

Thude nhudm hoat tinh 1a mot trong nhlmg tién bo vé ky thut quan trong nhat & thé ky 20 trong linh
vuc thuée nhugm. Chung duoc st dung ngay cang nhiéu vi chiing c6 mau sic tuoi sang, phong pht va co
d6 bén mau cao. Hién nay, luong thude nhuém hoat tinh trong nganh dét nhuém chiém khodng 50% tong
lrong thude nhuém duge sir dung trén thi truong. Tuy nhién, di kém theo do la nhimg vén dé& méi truong,
nudc thai chira cac hop chét nhugm ton du va phu gia hoa hoc duge sir dung trong qua trinh nhugm (Bagane
vi nnk, 2000). Chét thai nay rit nguy hiém cho méi truong, dic biét 1a méi truong séng thuy sinh néu
khong dugce xu 1y trigt dé (Imamura va nnk, 2002), do kha nang hoa tan trong nuée va tinh 6n dinh véi
nong do tir thap dén cao. Do do, viéc loai bo thuéc nhuém nhan duge su quan tam cua cac nha nghién ciru.

Hip phu sir dung than hoat tinh tir lau da dwoc sir dung dé loai bo nhleu chit 6 nh1c1n trong nuéce. Tuy
nhién, hap phu chi c6 thé thu gom chét 6 nhidm ma khéng xir 1y triét dé duoc cic chit nay. Bay laly do tai
sao nhiéu nha khoa hoc di nghién ciru tinh kha thi cia viée sir dung céc vit lidu ré ticn, co sin trén thi
mrong 1am téc nhén loai b thudc nhudm béng nhirg qua trinh ¢6 hiéu qua cao va khong phit sinh 6 nhiém
thir cap.

Gén day, halloysite, mgt nguyén li¢u c6 gié thanh re, nguon cung dbi dao, véi cac uu dlem nhu kha
ning phén tan tét, cic nhom hoat dong phong phi, doc tinh thép, tinh tuong thich sinh hoc tot, than thién
v6i moi trudng va co san trong tir nhién d thu hit sy quan tm siu rong, hira hen kha nang sir dung nhu
mdt chat mang xic tic dé loai bé thude nhuém hidu qua (Zhang va nnk, 2016; Kamble va nnk, 2012).

Trong linh vire quang xtc tac dé xir Iy mdi truomg, vét li¢u nano tiéu biéu dugc thé gidi nghién ctru hién
nay la vat liéu trén co s¢ nano TiO,. TiO; la vat liéu khéng doc hai, phd bién trong cdc tmg dyng trong linh
vuc ning lwong mit troi va dic biét 1a xir Iy mai trudng boi tinh quang xuc tic manh va bén vimg héa hoc
cta chiing (Amin va nnk, 2009). Tuy nhién, TiO; ¢6 ning lugng viing cém I6m doi hoi chlcu xa tia cye tim
dé kich thich kha néng xic tic. Hon nita, s tai két hop nhanh chéng cua cip electron - 16 tréng c6 lhc lam
giam d4ng ké hiéu suit lugng tir. Do @6, thu hep ning lu'o-ng ving cam cua TiOz dé ting phan (mg hap thu
anh séng nhin thay la phwong phép thudng dugc sir dung d& cai thién hiéu suat quang xuc tac (Rooj va nnk,
2010). Cac phuong phéap dé thu hep néng lwong ving cam thudng duge sir dung la dua thém cac kim loai,
oxit kim loai, ctia cdc nguyén to khéc nhau vao trong mang tinh thé TiO, nhu Zn, Fe, Cr, Eu, Y, Ag,
Ni...hodc dua thém car: phi kim nhu N, C, S, F, Cl... hodc dong théi dua hon hop cdc nguyén t6 vao mang
tinh thé TiO,... Hau hét nhitng san phém dugc bién tinh c6 hoat tinh xic tic cao hon so véi TiO; ban diu

“Tdc gia lién hé
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trong vung énh sang nhin théy (Dong va nnk, 2010). Trong d6, bac la mét trong thanh phén c6 hiéu qua
cao (Guo va nnk, 2009).

Do da, trong nghién ciru nay, ching t6i hu'émg dén viéc ché tao vt lidu quang xtic téc trén co s6 HNT
v&i pha hoat tinh 1a TiOz dugce pha tap Ag dong thoi danh gid hoat tinh cua chét xuc tac nay trong qué trinh
phan huy quang hoa chit mau RR-195, mdt chat gay 6 nhiém c6 trong nudc thai dét nhudom.

2. Thye nghi¢m
2.1. Hod chat va dung cu

- Thiét bi: ti sdy; ti nung; mdy khuay co hoc; méay khudy tir gia nhiét; can phan tich dién tir; may li tam;
bom hit chan khong va mot sb thiét bi khac.

- Dung cu: coc dong thuy tinh cic logi; sinh han hoi fuu; binh dinh mirc; p]pet cdc loai; nhiét ké; binh
cau ba co, hai ¢d; gidy bac; gidy do pH; cbi va chay ma ndo; mang boc va mot so dung cu khac.

- Hoa chit: nguyén lidu halloysite tho dugc iay tir mo cao lanh thé; Axit Sulfuric (H2SO4, 98%); Etanol
(C;Hs0H); Axit axetic (CH:COOH, 99%); Titanium isopropoxide (TTIP) (Ti(OC;H7):): Bac nitrat
(f}gNO;}; Glucose (C¢H206); Dung dich NH3; Hydro peroxide (H203); Reactive Red - 195 (RR195); Nude
cat; Pa lanh.

2.2. Tinh ché halloysite (HNT) _

Halloysite thé ciia nhom cao lanh dugce nghién nho, sang loai bo cac hat san va séy khé ¢ 100 °C, sau do
liy 40 g cao lanh thé hoa tan v&i 55 ml HoO cét. Thém tir tir 2 ml H>SO4 98%, sau do6 khuay tir & 90 °C
trong vong 90 phit, thu dugce dung dich 1. Loc, rra nhiéu lan dung dich 1 bing nudc cat dé loai bo hét
H2S0; dur rbi say kho. Thém 1,5 lit H20 ct vao hon hop vira duge say kho (& budce 3). Khuay co hoc trong
vong 24 gid, thu duge dung dich 2. Dé ling dung dich 2 trong vong 96 gid va loc, gan lay phéan trén cua
dung dich 2, bo di phan can dudi déy, thuc hién lap lai budce 4 va budc 5 trong 3 lan. Sau dé loc ly tdm, say
kho, thu duge halloysite tinh khiét.

2.3. Tong hop Ag-TiO/HNT

3,3 mL CH3;COOH duge 1am khan trong méi truong da lanh cho téi khi dong bang hoan toan. Thém
6,6 ml C,HsOH, khuay khoang 30 phiit, dé thu dugce dung dich 1 hoan toan trong sudt. Tiép tuc thém 3,3
ml TTIP khudy trong 30 phut, thu dwgce dung dich 2. Thém 0,1 g glucozo véo dung dich 1, khuay nang
nhiét tir tir [én 80°C trong vong 45 phut, thu dugc dung dich 2. Thém tir tir 280 ml AgNO3/NH3(aw 0,002M
vao dung dich 2, khuay nhanh trong vong 15 phut, thu dugc sol Ag- TiO.. Ha nhiét tir tir sol Ag-TiO, xuong
65°C, rdi thém 3 g halloysite tinh khiét da tinh ché khpay & 65°C trong vong 24 gid, sau do dem di 1 trong
autoclave 5 gio & 180°C, thu duge dung dich 3 va cudi ciing loc, rira dung dich 3, rdi sdy khé & 70°C, thu
duge vt liéu Ag- TiO, — HNT.
2.4. Xir Iy két qua

Hoat tinh cua xiic téc quang dugc danh gid thong qua phan iing E:hﬁn huy quang hoa thu¢c nhudém RR-
195. Hi¢u suat ctia phan img nay dwgc tinh dya trén viée xac dinh nong dé thude nhudm trude va sau phan
{mg bing phwong phéap phd tir ngoai UV-vis. Cy thé, hiéu sut dugc tinh theo cong thirc nhir sau:

H (%) = (Co - C0/Co (N
Trong do: C, - nong d6 ban dau cua RR-195 (ppm)
C, - nong d¢ tai thon diém t (phut) cua phan img (ppm)

3. Két qué va théo lufn
3L Bgc mmg ciia vit hgu
3.1.1. Két qua dac trumg cau tric tinh thé va hinh thdi ciia vt heu HNT

Pé xdc dinh peak dic trung cua vét ligu halloysite tinh ché dugc, phd nhidu xa X-ray dugc xdc dinh
trong khoang 260 tir 5 - 80°. Ket quéa do XRD cua vit liéu halloysite dwoc dua ra ¢ Hinh 1.

Phé X- ray gbéc 1én ctia mau halloysite da tinh ché dwoc cho thay sw xuét hién céc peak dac trung cta
ong nano halloysite. Trong d6, cdc goc phan xa dic trung & gia trj 20 tai 12,2° (001); 19,9° (100);
24, 84u (002); 35,02° (110); 37,98° (003) va 54,34° (211) phu hop véi dit ligu nhidu xa tia X tiéu chudn
cua ong nano halloysite (HNT).

3.1.2. Két qua ddc trung vdt liéu halloysit bang phuong phdp kinh hién vi dién t quét (SEM)

Pé xéc dinh hinh thai bé mat dic trung cho vit lidu halloysite tinh ché thi phuong phap SEM duoc tién
hanh va két qua anh chup hién vi dién tr quét (SEM) nhu Hinh 2.

Qua anh SEM cho théy halloysite tinh ché dugce da s6 déu c6 dang ong véi kich thude nano, ciu tric
xOp rong djc trung va c6 do dong déu cao. Cuy thé vé chiéu dai 1a 1,3 um, kich thuéc duong kinh 1a 130
nm, cho thiy halloymtc tinh che 1a cac 6ng halloysite ¢6 kich thlrac nano (HNT) [8]. Qua céc két qua trén
chimg minh di tinh ché dwoc dng nano halloysite (HNT) tir ngudn halloysite thé & Viét Nam.
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Facuty of Crormisiry, HUS. VAU, D8 ADVANCE Bruier - Halloysits

Lin (pm)

2-Theta - Scoe

Hinh 1. Phé X-ray (XRD) ciia vt liéu halloysite tinh ché

Hinh 2. Hmh anh SEM cuia vat heu kaz’!oyw!e da dtrp‘c tmh che

3.1.3. Két qua dac trung vit liéu HNT bang phuwong phap BET

bé xéc dinh dién tich bé mit riéng, thé tich mao quén va duorng kinh mao quan cia HNT, phuong phép
ding nhiét hap phu Nito & 77,3 K theo BET dugc tién hanh do: vai mau vat liéu ong nano halloysite.

Két qua dugce xdc dinh ¢ Hinh 3 cho thay dang duong ding nhiét hép phu- nha hap phu cua HNT trén
thuge kiéu s IV twong g vdi vét liéu mao quan trung binh va c6 duong dang tré H3 ddic trung cho vit
ligu mao quan trung binh cau tric 16p theo phan loai ctia IUPAC. Pudng cong phin bd kich thude mao
quén cho thay dudng kinh mao quan trung binh cia HNT 13 4,8 nm.

i r——— Céc thong sb dic trung cia HNT thu duoc tir két
— ‘ qué do BET:
=0 : . - Dién tich bé mt riéng (Sger): 28,0186 m¥g
2 < ‘ - Téng thé tich mao quan (Vpore): 0,137840
R cm’/g
£ > - Dudmg kinh mao quan (Dgyn): 21,8489 nm.
F 41 4
2
z

" 0.0 fIT: ﬂ.‘-l ﬂTﬁ UrH (1]

Relutive Pressure (/P )

Hinh 3. . Pwong dang nhiét hap phy - nha hap phu
N:; ¢ 77,3 K ciha HNT
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3.1.4. Cac két qua ddc trung ctia vat liéu quang xic tac Ag-TiO/HNT

Céc két qua dic trumg XRD, UV-vis rin, EDX vi SEM cua vt ligu Ag-TiO-/HNT dugc thé hién trong
Hinh 4,5, 6va7.
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Hinh 6. Két qua phan tich EDX cua vit li¢u Ag- Hinh 7. Anh SEM (a va b), HR- TEM (c va d) ciia
TiO> HNT Ag- TiO-HNT

Phé X-ray ctia vt li¢u Ag-TiO/HNT (Hinh 4) van the hién céc peak dic trung cua TiO; diéu nay chimg
to khong c¢6 su thay dbi céu tric cua vt liéu TiOs, d6ng thoi xuat hién thém 2 peak tai 20 = 38,1°(111);
64,4° (220) va peak c6 cuong dd yeu hon & 26 = 44,3% (200) dic trung cho su hién du;n ctia bac kim loai
(JCPDS 65- 2871). Nhu vy, cac két qua chira rang viéc dua TiO» va Ag- TiO: 1én chit mang HNT khéng
¢6 anh huong dén céu tricc dng nano halloysite.

Bén canh d6, phd nhiéu xa nang lrong tia X ctia vat ligu Ag- TiO,- HNT véi ving nang lugng lién két
tir 0 - 10 keV & Hinh 6 cho thay tin hiéu twong {mg cia cac nguycn t6 tao nén xuic tic Ag- TiO,- HNT va
khong xuat hién bét ki nguven t0 nao khéc ngoai nhitng nguyén to thanh phan tao nén vat lidu vdi ti 1¢ phan
tram khéi lugng cua cic nguyén t6 khé twong thich véi tinh toan ban dau diing dé tong hop Ag- TiO2/HNT.

Anh SEM, HR- TEM ¢ Hinh 7 da chung to dugc khi dua truc tiép Ag- TiO11én céc dng nano halloysite
thi céu triic dng cua halloysne khong bj mat di. Hinh anh cho théy sur phan tan kha déng déu cua céc thanh
nano Ag- TiO; trén cic dng nano halloysite (HNT) va céac hat nano Ag duoc gén chit trén bé mit cia cac
thanh nano TiO; tao ra céc thanh nano Ag- TlOz vai kich thude trung binh khoang 10- 20nm.

Ag- TiOs/HNT c¢6 dién tich bé mat 1ém hon gap ddi va thé tich mao quan ting dang ké 16n hon so véi
chit mang HNT béi Ag- TiO; ciing ¢6 dién tich bé mit riéng va cling c¢6 cic mao quan cua nd, chimg to
¢6 sur hién dién cua céc thanh nano Ag- TiO; trong Ag- TiO>- HNT (Béng 1).
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Bing 1. Cdc théng s6 ddc trung cua vit liéu Ag- TiO»- HNT

] Théng sb Gi# tri
Dién tich bé mat (Sger - m%/ g) 57,3668
Budng kinh mao quan trung binh (Dgy - nm) 10,6906

3.2. Hoat tinh xic tdac cua vit liéu Ag-TtOz/HN T
3.2.1. So sdnh hoat tinh cia Ag-TiOy/HNT va cde vt lidu xic tée da tong hop

Qua tnnh phén hiy quang thuc nhugm RR- 195 duoc thue hién & nhiét d6 phong véi cdc thong 56 cu
thé sau: néng do RR- 195 ban du: 20ppm, Iml H205, 0,05 g xiic téc, khuay t6i 3 gir dé dat can bang hip

phu, sau d6 chiéu sing bang dén UV. Két qua so sénh hoat tinh xtic tac cia cc vat lidu duge trinh bay &
Hinh 8.

0.6
O
% o F
Eoos -
% 02 |  pum
01|
o | IS
Tio2  Ag-TiO2 TiO2-HNT  Ag-Tio2-
HNT

Catalyst
Hinh 8. So sdnh hoat tinh xiic tde cia cae vit liéu

Két qua thu duqc cho thiy vat liéu xic tac Ag- TiO»- HNT tdng hop tryc tiép co hoat tinh quang xtc tac
manh nhét. Diéu ndy cé thé giai thich do khi dua Ag’ cac thanh nano TiO; 1am gidm ning lugng viing cém
cua TiO2(2,6 eV). Ngoal ra, Ag® con cé thé chuyén tlep dién tich va c6 kha ning bay céc electron cao ngin
can kha ning tai két hop cia electron quang sinh va 16 trong quang sinh trén bé mit T10; Dong thoi, Ag
con ¢6 hiéu tmg cong hudng Plasmon, cic electron dugc sinh ra s& nhay vao ving dan cua TiOo, tir d6 sé
hinh thanh cac C&P electron va 13 tréng, do d6 1am kéo dai thdi gian hoat dong cia cac 16 trong din dén san
sinh nhi¢u hon gdc *OH va tang hi¢u qua quang xic tic.

3.2.2. Anh huong ciia ham lugng chit xic tic

Sy anh huong ciia ham luegng chét xtc téc dén do chuyén hod cta thude nhudém RR- 195 trén xuc tic

Ag- TiO>- HNT duogc khao sat. Cic két qua duoc trinh bay trong Hinh 9.
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Hinh 9. Anh hwdng cia ham lirong chat xiic tée
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Két qua thu dugce cho thay, sau 360 phut chiéu siang UV diing xiic tac Ag- TiOs- HNT (truc tiép) véi
khéi lugng 0,15 g thi hi¢u suat khir RR- 195 dat 96%, cao hon xic tac c6 khdi Iwong 0,05 g va 0,1 g (66%
va 90%). Piéu nay co thé gidi thich nhu sau: khi lugng xic téc tang 1én thi lugng tam hoat tinh xtc tac cling
tang 1én, 1am cho tdc do khuéch tan cua cdc anion RR- 195 dén bé mt tam hoat dong tang, din dén tang
kha nang chuyen héa RR- 195. Con s6 96% thé hién vigc phan huy hau nhu hoan toan chat gay 6 nhiém
ngay tai diéu kién thuomg.

4. Két lun

Nghién ctru ndy di thu dugc mot s6 két qua déng chd y véi hé vét liéu quang xic tac trén co s¢ khodng
vat ty nhién halloysite con kha méi me. Cu thé, da tinh ché dugc dng nano halloysite (HNT) tinh khiét tir
ngudn halloysite thé lay tir mo cao lanh véi dién tich bé mat riéng 1a 28,0186 m*/g, chleu dai la 1,3 pm,
kich thude duong kinh 12 130 nm. Sau do, vat li¢u quang xtc tc Ag- TiO: - HNT da dugc tong hop va danh
gia hoat tinh quang xtc tac. Két qua thé hién ring xtc tdc Ag- TiO: - HNT cé hoat tinh xic tac vugt troi
hon so véi cac xiic tac con lai 1a TiO; Ag- TiOs; TiO-HNT nho sy 6 mat Ag ciing nhu cua chit mang
xuc tac HNT. Ag- TiO»- HNT gén nhu da phan hiy hét RR- 195 ngay 0 nhiét do thuong va méi truong pH
trung tinh. Diéu nay cho thdy vat liéu Ag- TiO2- HNT mang lai tiém nang tmg dung vo cling hira hen trong
céc qua trinh xtr 1y nuée thai 6 nhiém
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ABSTRACT

Synthesis of photocatalyst based on natural halloysite nanotube for the
removal of contaminants in waste water

Ngo Ha Son', Pham Xuan Nui', Nguyen Thi Thanh Tu', Tran Ngoc Tuan'
! Hanoi University of Mining and Geology

Environmental pollution, especially water pollution at present, is a global problem and seriously affects
human health. Recently, advanced oxidation processes (AOP) using semiconductors - "green" catalysts,
have been studied and widely used to remove organic pollutants in wastewater. Carriers such as activated
carbon, zeolite or mesoporous materials have been used to overcome the disadvantages of photocatalysts.
However, these carriers are still prepared from expensive and pure chemical sources. In this study, the
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halloysite nanotube material will be fabricated from a natural halloysite mineral and used as a support for
the photocatalytic activity phase based on TiOz. The material is characterized by modern physical and
chemical methods such as XRD, SEM, BET, UV-vis spectrum. Photocatalyst based on Halloysite and TiO»
exhibited very high efficiency up to more than 95% in decomposition of RR-195 - a typical organic
pollutant. This result shows great potential of using halloysite mineral in environmental treatment
processes.

Keywords: Halloysite; TiOz; Ag-TiO2; photocatalyst; RR-195.
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