Tap chi Khoa hoc va Céng nghé, Sé 75,2025

HOA - SINH - MOI TRUONG

NGHIEN CUU KHA NANG UNG DUNG PHAN HUY MAU
METHYLENE BLUE CUA VAT LIEU COMPOSITE TiO2/Si0»/CMC

TRAN THI DIEU THUAN", DO THI LONG, LO NHAT TRUONG, BUI THI THU THUY
Khoa Cong nghé Hoa hoc, Truong Dai hoc Cong nghiép Thanh phé Ho Chi Minh, 12 Nguyén
Van Bado, Go Vap, Ho Chi Minh, Viét Nam, 700000
* Tac gia lién hé: tranthidieuthuan@iuh.edu.vn
DOIs: https://www.doi.org/10.46242/jstiuh.v75i3.5267

Tém tit. Vat licu composite tur TiO,, Si0, va CMC da dugc tong hop bang phuong phap sol-gel. CAu tric
cua vat lidu duge xac dinh bang cac phuong phap nhu: nhiéu xa tia X (XRD), quang phd hong ngoai (F TIR),
pho tén sic ning luong (EDX), kinh hién vi dién tir quet (SEM), phd phan xa khuéch tan tur ngoai kha kién
(UV —Vis DRS), pho tan sac nang luong (DLS). Két qua cho thay vat liéu Ti0»/SiO»/CMC tong hop dugc
¢6 dang hinh cau, phan bd kha dong déu trong ving kich thude tir 90 — 100 nm. Khao sat img dung cta vat
liéu composite TiO»/SiO; va Ti0,/Si0»/CMC dé phan hity mau Methylen Blue trong diéu kién khong chiéu
sang va c6 chiéu sang da duoc thuc hién bang phuong phap UV - Vis. Két qua cho thay, voi khéi luong vt
liéu my = 0,05 g, Cymp < 20 ppm thi chdt mau bj phan huy hoan toan. Mt khac v6i khoang Cys = 100 - 200
ppm, my = 0,1 — 0.2 g, t = 60 phit v6i diéu kién chiéu sang hiéu suat phan huy dat dugc 97%, trong khi
khong chiéu sang — 93%. Ddi véi vt liéu Ti0,/Si0; 1an lugt twong g 92% va 87%. Nhu vay cé thé thay
trong cung mot diéu kién khao sat composite TiO2/SiO, ¢6 pha CMC khi c6 chiéu sang va khong chiéu
sang déu thé hién kha nang phan huy mau tot hon composite TiO2/SiO,. Va dudi tac dong cia 4nh séng
hiéu suat phan hiy mau ting 1én tir 8 — 10% so véi diéu kién khong chiéu sang. Pong hoc phan ting phan
huy dugc khdo sat theo mo hinh Langmuir — Hinshelwood.

Tur khéa. Quang xuc tac, Methylene blue, Titan dioxit, Silic oxit, CMC

1. GIOI THIEU

Methylene Blue (MB) (CisHisCIN;S) la mot trong sO nhiing chat mau hitu co dugce sur dung pho bién
trong nganh dét, dugc pham, thuyc pham. Dic diém cia cac chat mau la co cAu triic phan tir phire tap voi
mot 6 nhom chire va kha niang phan huy sinh hoc thap, va rat 6n dinh, ton tai lau trong méi trudng. MB
tuy duogc xem 1a chat mau khong qua nguy hiém, nhung Van 6 nhing tac dung phu khi nhiém phai. Vi dy,
0 nguoi s€ gay kho tho hodc thd nhanh trong thoi gian ngan khi hit phai, hodc co thé gay viém da day [1].
Dbi voi cac sinh vat trong moi truong nudc, s€ anh huong nhiéu vao qua trinh hé hip & sinh vat, lam suy
giam viéc hap thu oxy va dan dén sy nging thé. Hon nita, viée tich liy trong cac méd c6 thé gy ra cac bat
thuong vé sinh Iy va anh hudng dén sy sinh san, cudi cung de doa sy ton tai cta cac loai. Nhu vay co thé
thy, viéc xanh methylene ton tai qua 1au trong méi truong ma khong dwoc xtr Iy déu mang lai nhiing tac
hai truc tiép cling nhu gian tiép cho hé sinh thai cling nhu con ngudi. Nén viée st dung phuong phap méi
hay 1a phat trién cac hé thong don gian, kinh té va hiéu qua dé loai bo thude nhudém khoéi cac ving nudc bi
6 nhiém 1a diéu can thiét. Phan hity quang hoa 1a mét trong cac phuong phap hién nay duoc sir dung phd
bién boi nhitng vu diém nhu than thién méi trudng, don gian, dé thuc hién, c6 kha ning tai sir dung.

Hién nay cac vét liéu quang xtic tic don hodc composite dugc cong bd nhidu nhat c6 thé ké dén 1a
Ti0,, Zn0O, SiO; [2 - 5]. Titanium dioxide dac bi¢t c6 hi€u qua trong cac phan ung xuc tac quang hoéa, nhu
phan huy cac chét 6 nhidm hiru co duéi tac dong cia anh sang UV. Tuy nhién nhuoc diém cua TiO, c6
ning luong ving cim rong (~3.2 eV cho pha anatase), c6 nghia 1a n6 c¢6 thé hip thu 4nh sang UV mot cach
hiéu qua nhung it hiéu qua hon trong viéc str dung anh sang nhin thay (~ 5% ning luong anh sdng mat troi).
Ngoai ra, nhugc diém cua vat liéu ndy do6 1a sy dé két tu cua cac hat nano TiO, dan dén giam dién tich bé
mit, toc do tai hop nhanh ciia cac cip electron — 16 tréng cao nén han ché hiéu suét xtc tac quang. Pé cai
thién tinh trang trén, nhiéu phuong phap bién tinh vat liéu TiO, dugc dua ra, nhu pha tap v6i kim loai [6],
hoic tao cac composite véi hop chat khac nhu ZnO, SiO,, vong Crown [7 - 9].

So v&i TiO; thi SiO, thudng 1 trong sudt véi anh sang UV va anh sang c6 thé nhin thiy, nén bj han
ché trong ung dung cac phan irng quang hoa truc tiép va thuong dugc sir dung nhu mot vat liéu hd tro cho
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cac chat xuc tac quang hoa khac. Tuy nhién tinh quang xtc tac cta SiO, ciing dugc chu y trong mot sb
nghién ctru. Mot s6 composite pha tap SiO» ing dung quang xtic tic phan hily chat 6 nhiém co thé ké dén
nhu: Ti02/S10,[8], ZnO/Si10,[10], CeO/Si0,[11], Fe304/Si02/NiO [12], CuO-Si0/PVA [13]. Nang lugng
ving cAm ctia SiO; 1an dau tién duoc xac dinh boi Distefano va Eastman véi gia tri 9 eV [14]. Nang lugng
viing cam cua silisic oxit phu thudc nhiéu vao cau triic ctia né, vi du ¢ dang da hinh va dang vé dinh hinh
cogiatri Eg lan luot 12 10,2 eV va 3.852 eV [15].

CMC (Carboxymethylcellulose) 13 hop chét polymer ¢ chira nhém chirc phan cuc (-CH,COOH) ¢6
thé tang kha ning tao phirc va hoa tan trong nudc. Nho kha nang gilr nude vao tao ra hop chat keo nén
CMC dugc ing dung trong mot so linh vyc voi vai tro 1a chat két dinh va 6n dinh nhu nganh san xuit bong
soi, san xut pin, thuc pham, y té. Trong nhitng nim gan day, CMC dugc dung dé bién tinh cac vat lidu
nanocomposite tmg dung trong phén hiy mau nhudm, hap phu chat mau, kim loai nang [16 - 18]. Trong
nghién ciru cua nhom tac gia [19] cho thay, tang ty 1¢ hat nano SiO; vao polymer CMC lam giam dang ké
ning luong vung cAm ciia CMC tir 5.69 xudng 5.29 eV. Mot nghién ciru khac ciing két luan rang, viéc
thém hdn hop oxit Si0; va CoFe;O4 vao CMC lam giam ning lugng ving cam va ¢ kha ning lam ting
kha niang phan hiy mau Methylene orange ciia CMC polymer dudi sang mit trdi v6i hiéu suat tir 13.99 %
tGi 47.73% [20]. Nghién ctru [21] tong hop thanh cong biopolymer tir alginate, CMC va bién tinh bai oxit
ZnO c6 thé phan hay t6i 90,12% mau Congo Red trong thoi gian 110 phat, pH = 3 va khdi lwong vt lidu
60 mg dudi blrc xa anh sang mat troi va sau hai lan tai st dung dat dugc hi¢u suét 1an lugt 72,82% va
69,63%.Trong nghién ciu [22] cho thdy composite sinh hoc tir nanochitosan, CMC va TiO,
(NCS/CMC/TIOz) co thé phan hity duoc téi 95% mau tim (Crystal violet dye) so véi vat liéu don TiO».

C6 thé thay rang, cac vat liéu don TiO;, SiO, mac du ¢6 hiéu qua trong cac phan ing phéan huy quang
hoa, tuy nhién van ton tai nhitng han ché. Va viéc nghién ctru tong hop cac composite gom hai oxit v6 co
nhu TiO,, SiO2 va c6 sy gbp mit ciia mot hop chit thir ba (kim loai hodc hgp chit polymer) ciing mang dén
nhiéu s cai thién hiéu suat xtr Iy cac chét thai hitu co [20-22]. Tuy nhién s lwong cac nghién ctru van chua
nhidu. Chinh vi vay trén co s& st dung nhirng hop chat c6 gia thanh ré, than thién véi méi trudng, tinh 6n
dinh, c6 kha ning quang xtc tac nhu TiO,, c6 kha nang hd trg on dinh cau tric nhu SiO; va kha nang két
dinh, gitt nudc ciia CMC chung t6i da thir tién hanh tong hop vat liéu composite TiO2/Si0/CMC dé tmg
dung phan hily mau Methylene Blue trong ving anh sang kha kién.

2.1. Héa chit

Trong nghién ctru ndy cac hoa chit dugc sir dung bao gdm: Titanium isopropoxide (TTIP) — 98%
(Trung Qudc), Tetraethyl orthosilicate ((C2Hs)4SiO4) TEOS— 98% (Trung Qudc), Ethanol — 99.7% (Viét
Nam), Carboxymethyl cellulose ([CsH702(OH)(OCH,-COONa), ) — 99% (Trung Qudc), Mau Methylene
Blue — 85% (Trung Qudc). Cac dung dich sir dung trong thi nghiém dugc pha bing nudc cét hai 1an.

2.2. Phwong phap thuc nghiém

2.2.1. Tong hop vat liéu

Cho 60 ml ethanol tinh khiét vao becher 250, cho ca tir vao becher, dit coc 1én may khua‘iy tir, diéu
chinh tdc d6 450 vong/phit. Cho tir tir 10 ml TEOS vao becher trén may khudy, sau d6 chinh pH vé 2 bang
dung dich HCI 1 %, khudy trong 1 gid. Tiép tuc cho that cham 0,25g CMC vao va tiép tuc khudy. Cudi
cung cho thém 20 ml TTIP vao becher chira hdn hop trén, tiép tuc khudy va gia nhiét 70 — 80 °C trong 1h
dé tao gel. Luu mau qua dém roi dem sy & 110 — 120 °C dén khdi lwong khong doi. Dem mau nung & 350
°C trong 2h thi ta thu dugc vat li¢u TiO»/Si0,/CMC.

2.2.2. X4c dinh ciu tric va thanh phén cia vt liéu

Mot sb céc phuong phap da duoc str dung trong thuc nghiém dé xac dinh kich thudc, thanh phrfm cua
cac mau vat lidu don va composite sau khi tong hop dugc 1a:
Phwong phap nhiéu xa tia X (XRD) dé xac dinh ciu trac, kich thudc ciia vat liéu. Cac mau vat liéu nghién
ctru dugc ghi trén may nhiéu xa tia X (D2 PHARSER — Brucker - Birc) voi dng phat tia CuKa budc song
61,5406 A, goc quét tir 5 dén 80°.
Phuwong phip phd hdng ngoai (FTIR) ding dé xac dinh cac nhom nguyén tir ddc trung cua vat liu
Ti04/Si0,/CMC. Céac mau vit lidu téng hop dugc ghi nhdn trén may FTIR (EQUINOX 55 Bruker —
Germany), bot mau vt liéu phan tich dugc tron véi chat nén KBr, do trong vung song tur 400 dén 4000

cm'.



Tac gia: Tran Thi Diéu Thuan va cdc cong su

Thiét bi kinh hién vi dién tir quét (SEM) (Hitachi- Cong nghé Nhat Ban) dé chup dic diém bé mit cua
mau vat liéu.
Thanh phéan céc nguyén té va hinh thai bé mat ciia mau vat liéu duoc xac dinh trén thiét bi SEM-EDX (Jeol-
JSM 6610LV).
Xéc dinh kich thudc hat trong hé keo va sy phan bd cua chung, thuc nghiém da st dung k¥ thuat tan xa anh
sang dong DLS (hay la phuong phap quang pho tuong quan photon).

2.2.3. Phuong phap phé hip thu phén tir UV- VIs

Nguyén tic ctia phuong phap 1a dua trén viéc cac chat co kha nang hap thy cac tia birc xa va cho
céc phd UV-Vis nhay.

Phuong trinh dinh lugng MB trong mau nudc theo phuong phap UV-Vis tuan theo dinh luat Lamber
—Beer: A = £.1.C, trong d6: C — ndng d6 ciia MB (ppm), | — d6 dai cuvet (co gia tri 1 cm), € — hé s6 phan
mol.
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Hinh 1. (a)- Phé hép thu UV — Vis ciia dung dich Methylen blue; (b) - do thi dwong chudn thé hign sw
phu thugc mét dp quang va nong @ chit mau MB

Methylene Blue c6 dinh hap thu cuc dai & budc song 664 nm. Do do, tat ca cac phép do quang dé
xac dinh n@)ng d6 chat mau sau phan huy déu dugc thuc hién & bude song 664 nm (Hinh 1a).
X4y dung dwong chuin xic dinh khoang tuyén tinh ciia nong d Methylene Blue (MB) trong dung
dich
Chuan bi lan luot cac dung dich MB lan luot co néng d6 2; 5; 10; 15; 20 ppm trong cac binh dinh mirc
25 mL. Gia tri mat do quang (A) duoc thuc hién trén may quang phé UV-VIS GENESYS 20, tai budc
song hép thu cyc dai Amax = 664 nm. Gia tri do A va phuong trinh hoi quy tuyén tinh véi hé s6 hoi quy 1an
luotla:y=0.0174x —0.0199, vi R? = 0.9991 (Hinh 1b).
2.2.4. Thye nghiém qua trinh phén hity chit mau Methylene Blue
Qua trinh phan hiy chdt mau Methylene Blue duoc khao sat theo cac yéu té nhu: khéi lwong vat liéu
Ti02/Si0,, Ti02/Si0»/CMC thoi gian phan hity, ndng d6 chat mau MB da dugc tién hanh.
2.2.4.1. Khao sat anh hwong ciia khoi heong vét liéu dén kha nang phan hity MB
Pha dung dich MB ¢6 ndng d 100 ppm, hut 20 ml MB 100 ppm cho vao becher, cho ca tir vao.
Can lan lugt 0,05; 0,1; 0,15; 0,2; 0,25 gam vat liéu da téng hop, cho vao tung cbe da chua sin dung dich
MB. Dung gidy bac boc kin cdc (hodc chiéu sang bang dén vis), dit 1én may khudy tir, didu chinh 350
vong/phut. Sau 30 phit, 14y dung dich dem ly tdm dé loai bé ran, dem dung dich do quang & budc séng 664
nm.
2.2.4.2. Khao sat anh hiong ciia nong dé dén kha ning phdan hity MB
Pha dung dich MB c6 nong d6 500 ppm, tir d6 pha lodng thanh cac dung dich MB c6 nong d¢ lan
luot 1a 20; 30; 40; 50; 60; 70; 80; 90; 100; 150; 200 ppm, sau d6 hut 20 ml mdi néng d6 cho vao tirng coe
riéng biét. Can 0,15g vat liéu TiO»/SiO, (0,1g dbi véi vat lidu tich hgp CMC), cho vao cdc di chira san
dung dich MB. Duing gidy bac boc kin cbc (hoic chiéu sang bang dén vis), dat 1én may khudy tir, diéu chinh
350 vong/phit. Sau 60 phut (45 phut dbi voi vat lidu tich hop CMC), 14y dung dich dem ly tdm dé loai bo
ran, rdi do quang & budc séng 664 nm.
2.2.4.3. Khao sat anh huong ciia thoi gian dén kha nang phdan hity mau Methylen Blue.
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Thuyc nghiém khao sat thoi gian trong khoang 30 phut dén 150 phut cho ca hai vat lidu TiO2/SiO; va
Ti0,/Si0»/CMC. Pha dung dich MB ¢6 ndng 100 ppm, hiit 60 ml MB 100 ppm cho vio becher, cho c4 tir
vao. Can 0,45g vat liéu TiO,/SiO; (0,3g ddi véi vat liéu tich hop CMC), cho vao coc da chira sin dung dich
MB. Dung gidy bac boc kin cdc (hodc chiéu sang bang dén vis), dit 1én may khudy tir, didu chinh 350
vong/phut. Ctr sau 30 phut (dén 150 phit thi dimg), 1dy dung dich dem ly tim d¢é loai bo ran, dem dung dich
do quang & budc song 664 nm.

Lip lai thi nghiém d6i v6i dung dich MB ¢6 ndng d6 20 va 50 ppm dé ting d6 chinh xéac ca két qua
thu duoc.

2.2.5. Pong hoc qua trinh phan hiiy chat mau MB

Pong hoc qué trinh phan hity mau MB duoc tién hanh nhu sau: ding pipet hit 60 mL dung dich MB
¢6 ndng d6 100 ppm vao cde 100 mL. Sau d6 tiép tuc cho thém 0,3g vét lidu Ti02/Si0/CMC vao cde. Hon
hop trén duoc chiéu sang bang dén Vis co cong suat 40W va dugce khudy bang may khudy tir véi toe do
khudy 350 vong/phut trong thoi gian 60 phut. Trong thoi gian 60 phut, cit mdi 10 phut ding pipet hut 7 mL
dung dich, dem ly tim dé loai bo chit rin. Nong do MB sau phan huy duoc xac dinh bang phwong phap
UV- Vis. Nong d6 cua chit mau sau phan huy duoc xac dinh dwa vao dudng chuin MB di xiy dung.

Hiéu suét phan hity mau dugc xac dinh theo cong thire sau:

Co—C
H =¥x 100, % (13)
. 0
Trong do: Co va C 1a ndng do MB trudce va sau khi phan hiy (ppm).

M6 hinh dng hgc Langmuir — Hinshelwood

Mo hinh dong hoc Langmuir — Hinshelwood bac nhét gia dinh duoc thiét 18p nhu sau: goi C 1a néng
d6 MB sau khi phan hity bai Ti0,-SiO»/CMC theo thoi gian t, k 13 hing s tbe d6 quang phan huy, toc do
phan tmg duoc biéu dién theo phuong trinh sau:

) Ly tich phan 2 vé ctia phuong trinh véi diéu kién ndng d6 di tir Co dén C tuong tng véi thoi gian tir
0 dén t, ta duoc:

In (C%) = —kig.t 24)

Do thi In (ci) theo thoi gian t 1a mot dudng thang c6 hé sé goc 1a hang sb toc do quang phan hay
0
[35].
3. KET QUA VA BAN LUAN

3.1. Két qua phan tich céu tric ciia vét liéu

Tur két qua Hinh 2a-b, pho tan sic nang lugng EDX cua vat liéu composite TiO»/SiO; thy rang chi
céc nguyén t chinh cau thanh vt liéu dd duoc danh dau trong mau phan tich. Titanium c6 ba tin hiéu xuét
hién 1an luot & cac vi tri 0,4; 4,5 va 4,92 keV. Nguyén t6 Silicic xuat hién & vi tri 2,75 keV véi cuong do
manh nhét, cta nguyén td Oxygen nam & vi tri 0,5 keV. Tuong ty v&i mau vat liéu c6 phu thém CMC cho
thdy ngoai 3 thanh phan nguyén té chinh (Ti, Si, O) con tin hié¢u xuét hién cta Carbon (12,26%) tai vi tri
0,3 keV. Thanh phan phan trim (%) nguyén tir cic nguyén té cdu thanh vat liéu duoc thé hién bang 1.

Bang 1. Thanh phan nguyén to trong vit liéu TiO»/SiO; va TiO»/SiO»/CMC

TiO./SiO;
Thanh phan Phan trim khéi lugng, % Phan trim nguyén tir, %
0) 54.56 73.68
Si 18.30 14.08
Ti 27.14 12.24




Tac gia: Tran Thi Diéu Thuan va cdc cong sy

TiO./Si0,/CMC
C 7.74 12.26
o 58.54 69.59
Si 16.98 11.50
Ti 16.74 6.65

(a) (b)
Hinh 2. Phé tan sdc nang lwong EDX ciia mau vit liéu TiO; /SiOa(a) va TiO2/SiO/CMC (b)

Két qua pho nhidu xa tia X (Hinh 3) cho thdy mAu vat liéu composite xuat hién cac peak dic trung
tai vi tri 20 1an luot 13 25,3°; 37,9°; 48,0°; 53,8°; 55,0°; 62,8°; 68,6 70,2° va 75,0° tuong rng voi cac mat
mang (101), (004), (200), (105), (211), (116), (204), (220) va (215) cua cac tinh thé TiO, pha anatase
(JCPDS card No. 84-1285) [23]. Cuong d6 nhidu xa dic trung va cac dinh nhiéu xa ciia pha anatase déu
thé hién rd rét trén phd, dic biét & goc 25,3° sic nhon hon va cao hon rit nhiéu so véi cac tin hidu con lai.
Tir d6 cho thiy & diéu kién téng hop vat liéu rat phi hop voi xu hudng phat trién cta tinh thé TiO, pha
anatase. Trén pho nhidu xa khong c6 cac peak dic trung ciia Si0O; chung t6 SiO; ton tai trong vt liéu duoi
dang c4u tric vo dinh hinh. Nhu vy, sur c6 mit ctia SiO, c6 thé 1a yéu t6 lam gia ting tinh 6n dinh cua ciu
truc pha anatase va han ché su hinh thanh cua pha Rutile cua TiOx. Piéu nay da gop phan tang cuong hoat
tinh quang xtc tac cta vat liéu do cdu tric rutile biéu thi tinh chat nay thap hon nhiéu so véi ciu tric

anatase.
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Hinh 3. Phé nhiéu xa tia X ciia vt liéu composite TiO»/SiO,/CMC

Su hién dién cua SiO; trong V§1t liéu da dugc chirng minh béng cac phuong phéap phan tich EDX,
FTIR. Kich thugc trung binh tinh thé 1a 50.18 nm dugc tinh theo phuong trinh Debye — Scherrer tai vi tri
¢6 cuong do nhicu xa manh nhat, tuong ung voi goc 20 = 25.3127°.
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Phuong trinh Debye — Scherrer:
kA

D=
Bcos O

Trong do:

- D la kich thudc tinh thé trung binh (nm),
- 01a gbc nhicu xa,

(14)

- B (hay FWHM) 13 d6 rong vach nhidu xa dic trung (radian) 1y gia tri bing nira cudng do

cuc dai,
- A labude séng cua tia téi (nm),

- kla héng s6 Scherrer phu thudc vao hinh dang ctia tinh thé va chi s Miller cua vach nhidu

Xa.

Bdng 2. Kich thiede tinh thé TiO,-SiO2/CMC tinh theo phwong trinh Debye — Scherrer

Mau k A, nm FWHM, deg 20, deg D, nm

Ti0,-Si0,/CMC 0.9 0.1540 0.1622 25.3127 50.18

(a) B | (b)
Hinh 4. Hinh anh chup SEM cua vat liéu TiO»/SiO: (a) va TiOx/SiO,/CMC (b)

Hinh anh kinh hién vi dién tir quét (hinh 4a-b) cho thy cac hat vat liéu sau khi tong hop déu c6 dang
hinh cau, kha déng déu va déu c6 hién tuong két tu manh gitra cac hat. Tuy nhién, mau TiO,/SiO/CMC
(hinh 4b -E, G) khi phéng dai 120k lan thiy cac hat vat liéu xép chong 1én nhau thanh 16p, dugc bao boc
va lién két thong qua mot 16p mang mong. Lép mang nay c6 thé dugc 1y giai 1a do ciu tric vo dinh hinh
ctia SiO, cung véi chét két dinh CMC da bao phu va lién két cac hat TiO; lai v6i nhau mt cach chit ch@
hon (4b -I). Hién tugng nay khong quan sat thdy déi voi mau TiO»/SiO, (hinh 4a-A-D). Nhu vay su c6 mit

cia CMC trong mau TiO»/SiO; gitip ting sy két tu giita cac hat TiO; va SiOa.

Frequency (%)

90 o5 100 105 110 115 120 125 130 135

Diameter (nm)

Hinh 5. Biéu doé phan bé kich thuéc hat ciia vt liéu composite TiO»/SiO,/CMC
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Phén tich két qua phd DLS (Hinh 5) cho thdy, hat vat liéu TiO2/Si02/CMC c6 kich thude tir 94 dén
105 nm 1a chu yéu, céc kich thuéc 16n hon 110nm xuét hién rat it.

Dé kiém tra sy xuét hién cac lién két gitra Ti-Si, cac nhém chuc trong mau vat liéu, thuc nghiém do
phd hong ngoai FTIR da dugc thyc hién. Két qua phan tich tir thyc nghiém do quang phd hong ngoai FTIR
cua mau vat liéu TiO»/SiO; va Ti0/Si0,/CMC duoc khao sat trong dai hép thu tir 400 cm™ dén 4000 cm™!
dugc thé hién & hinh 6a-b va 7.

Nhin thay, dac trung cho dao dong keo dai cua nhom —OH xudt hién 10 rét tai cac dam phé rong tur
3400 — 3870 cm™ va 1638 cm! ctia 2 mau vat liéu, chirg to trong qua trinh tong hop mau tir céc tién chat
va dung méi da hinh thanh lién két ctia nhom hyrdoxyl. Tin hiéu xut hién & 1704,99 cm™ 13 do su kéo dai
bat d6i xtg ctia nhém carboxylate [19].

1.02

11 | ——Tio,Sio, —— TiO,-Si0,/CMC

Ti-O

Transmittance (%)
Transmittance (%)

0.4 -

| 107292

.86
0.3 4000 3500 3000 2500 2000 1500 1
4000 3500 3000 2500 2000 1500 1000 500

y Wavenumber (cm™)
Wavenumber (cm™)
() (b)

Hinh 6. Phé hong ngoai FTIR ciia méu vit liéu TiO2/SiO; (a) va TiOx/SiO/CMC (b)

Cac dam phé rong va sdc nét xudt hién & vi tri 1072.92; 1039.58 cm™! dai dién cho nhitng dao dong
hoa tri cua lién két Si-O trong cdu trac tir dién. Pinh ndm & vi tri 948.77 cm™' dic trung cho dao dong cia
lién két Si-O-Ti cho thdy sy tuwong tac giita cic tién chat trong qué trinh tong hop vat liéu. Tin hidu tai
797.53 va 740.99 cm™! dai dién cho cac dao dong hoa tri cua lién két Ti-O. Céc tin hiéu tir 440 — 460 cm!
dic trung cho cac dao dong bién dang cuia lién két Si-O thanh Si-O-Si va Si-O-Ti [24]. Bdi véi vat lidu
duoc tich hgp CMC, trén phé FTIR xuét hién thém cac peak tai 1438,83 1a cac dao dong cia nhom —CH,
va tin hiéu tai 2848.73 cm! chi ra su c6 mat c6 lién két C—H. Piéu nay giup khéng dinh thém sy ton tai cia
CMC trong vét li¢u. V& co ban, vat liéu composite Ti02/Si0; ¢ tan s dao dong tuong dbi manh hon vat
lidu Ti02/Si02/CMC. Vi tri dao dong cua cac peak dic trung c6 sy chuyén dich nhung khong qua 16n (Hinh
7). Céac tin hiéu dao dong ciia cic nhém chuc trong hai mau vat liéu composite TiO»/SiO, va
Ti02/Si0,/CMC duoc trinh bay & bang 3.

Bdng 3. Thong ké cdc tin hiéu dao dong trong hai mau vt liéu tong hop

Vi tri peak Loai lién két Vat liéu
1638 cm’! OH Ti02/Si0;
3400 — 3870 cm’! Ti0,/Si0,/CMC
1704.99 cm! -COOH Ti0,/Si0,/CMC
. Ti0,/Si02
. 1 )
1072.92; 1039.58 cm Si-O Ti04/Si0,/CMC
948.77 cm’! Si-O-Ti Ti02/Si0»
. Ti0,/Si02
\ -1 _
797.53 va 740.99 cm Ti-O Ti0/SiON/CMC

440 — 460 cm’! Si-O-Si Ti0,/S102
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Ti-O-Ti Ti02-Si0,/CMC
1438.83 cm’! -CHa Ti0,/Si0,/CMC
2848.73 cm’! -CH Ti0,/Si0,/CMC

Transmittance (%)

(a) - TiIO,-SiO,/CMC
(b) - TIO,-SiO,

4
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Hinh 7. Phé hong ngoai FTIR ciia mau TiO»/SiO; va TiO2/SiOy/CMC

4.00E+013
5e (a) - TiO, ‘

(a) - TiO,

(b)
——— (b) - TiIO,-SiO_/CMC —— (b) - TiO,-SiO,/CMC
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L L A L
200 300 400 500 600 700 800
Wavelength (nm)

2.0 25 3.0 3.5 4.0 4.5 5.0
ho (eV)

(A) (B)

Hinh 8. Phé UV — Vis DRS (4) va biéu do Tauc tinh ndng lwong viing cam ciia TiO2 va composite
TiO2/Si02/CMC (B)

Két qua phan tich phd phan xa khuéch tan tir ngoai kha kién (UV — Vis DRS) cho thay ca TiO, don
va composite déu c6 bude song hap thu lan luot 1a 400 va 375 nm (hinh 8). Diéu nay ching t6 tinh kha thi
cua vat liéu khi img dung lam xuc tic quang dudi anh sang nhin thay Bén canh d6, bo hap thu cta vt lidu
composite nam & ving tiép giap giita tia UV va anh sang nhin thiy, diéu nay giup vat liéu c6 kha ning hip
thu mot s tia cuc tim tao ra sy cai thién vé tinh chét cua vat liéu, ndng cao tinh ung dung trong doi

song. Ning luong vung cAm dugc xac dinh thong qua biéu d6 Tauc trén hinh 9, gia tri E, cta TiO, don va
Ti02/Si0,/CMC lan lugt 1a 3.5 va 3.73 eV (bang 4).

Bang 4. Bang nang luwong vung cam cua mot so vat liéu

Mau vit lidu Ning lugng ving cim (eV)  Nguon trich dan
CMC (tinh khiét) 5.69 [19]
TiO; (anatase phase) 32¢eV [25]
Si0; (tinh khiét) 3.852;9.1 [14, 15]
CMC — 1wt % TiO, 2.68 [19]
CMC/SiO,NPs 1wt% 5.61 [19]
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Ti0,/Si02/CMC 3.73 Két qua cua nghién
cliru
TiO, 3.5 Két qua cta
nghién cuu

Su khac biét vé gia tri nang lugng ving cam giita TiO, don va composite Ti02/Si0/CMC c6 thé
dugc 1y giai boi mot sd nguyén nhan sau: ¢6 su chénh léch giira pha anatase va pha rutile ctia TiOs trong 2
mAu vt liéu, sy hinh thanh lién két Ti-O-Si trong vt liéu composite c6 xu hudng lam thay doi cdu tric
dién tr so véi TiO; don, ham lugng SiO; trong vat li¢u da lam gia tdng khoang cach nang lugng giira ving
dan va vung hoéa tri ctiia TiO; [26]. Con sy c6 mat cia CMC gitp cho su lién két tot hon gitra cic hat TiO»
va SiO; (hinh 4).

3.2. Két qua \rng dung phan hiiy chit mau MB bang vit liéu Ti0,/Si0/CMC

Anh huéng khdi lwong vat liéu dén kha niing phan hily mau MB

Thue nghiém dugc tién hanh véi khéi lugng vat lidu tir 0,05 g dén 0,25 g, véi bude nhay 14 0,05 g.
Nong d6 chat mau MB 20 mg/L, 50 mg/L va 100 mg/L trong diéu kién chiéu sang va khong chiéu sang.
Néng d6 mau MB trude va sau khi cho vat liéu TiO,/SiO; va TiO2/Si0/CMC duge xac dinh bang méy do
diém UV-Vis GENESYS 20 tai budc song hip thu cuc dai Amax = 664 nm. Hinh 9a thiy rang, mat do quang
dung dich chira MB giam dan déu dén gié tri 0.1 (méat mau xanh ciia MB) khi thém vao vat liéu TiO»/SiO,
va Ti0,/Si0»/CMC trong diéu kién khong chiéu sang va co chiéu sang. Tuy nhién mat d6 quang A cia
dung dich MB giam manh hon ddi véi vat liéu TiO2-Si0»/CMC hon 1a vat lidu TiO,/SiO,. Mit khac, trong
diéu kién c6 chiéu sang Ti0,-SiO,/CMC thé hién kha ning phan hity mau gip tir 0.5 dén 0.7 14n so v6i diéu
kién khong chiéu sang.

Khi ting ndng d6 MB 1én 50 mg/L va 100 mg/L, khdi lugng vt liéu TiO»-SiO»/CMC trong khoang
0,1g dn 0,2 g cho hiéu suét t6t va 6n dinh véi gia tri H tir 95 — 96,7%. Va khi ting khéi lugng vét liéu 1én
0,25 g mirc d6 phan huy mau dao dong kha nhe va dat gia tri 97%. Nhu vay, co thé chon m=0,15 gla
khoang diéu kién t6i wu ctia khdi lugng dé khao sat anh hudng cta cac yéu té tiép theo 1én kha ning phan
hiy mau MB cua vat liéu (Hinh 9b)

100
0.5 - .- H%
~_ 1
98 -
0.4 3
e
- 96 o« — -
- AN — = — 1
0.3 AN ~ - w
A 94 - o« -
. —— A _—
i —a _—
0.2 - —- — . —
TT—e 92 4 -
v
S -
0.1 I m (9)
T T T T T 90 T T T T T
0.05 0.10 0.15 0.20 0.25 0.05 0.10 0.15 0.20 0.25
m (g)

b
(@) (b)

Hinh 9. (a) -Su phy thugc mat do quang A cua mau MB (C = 50 mg/L) vao khoi lwong vt liéu composite
TiO/SiO: (1 va 3) va TiO2/SiO/CMC (2 va 4) khi chiéu sang va khong chiéu sing )
(b) - Hiéu sudt xir Iy phdn hiry mau MB cua vdt lieu composite TiO2/SiO/CMC' khi chiéu sang va khéng chiéu
sangvoi nong do MB: 1- 20 mg/L; 2- 50 mg/L; 3 — 100 ppm/L
Anh huéng ciia thoi gian dén kha ning phan hity mau MB
Thuyc nghiém dugc khao sat voi khdi luong vat 1iéu 0,15 g, ndong d6 mau MB 50 mg/L trong khoang
thot gian tir 0 phut dén 150 phut trong di€u kién chiéu sang va khong chi€u sang.
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0.4 +

0.3 4

0.2

0.1+

0.0

T T T
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(a) (b)
Hinh 10. (a) - Sw phan hiy mau MB theo thoi gian: TiOy/SiO; (1 va 3); TiOy/SiOy/CMC (2 va 4) trong diéu kién
) ¢o chieu sang (1 va 2) va khong chiéu sang (3 va 4) )
(b) Hi¢u suat phan hiy mau theo thoi gian cua vat liéu TiO2/SiO; (1 va 3), TiO2/SiO/CMC (2 va 4) ) trong diéu
kién co chieu sang (1 va 2) va khong chieu sang (3 va 4)

Hinh 11. Hinh dnh mdu thir sau phdn hity mau MB trong diéu kién khéng chiéu sang (trdi) va c6 chiéu sang (phdi)

Két qua cho thiy trong khoang thoi gian 90 phut du, hidu sut qua trinh phan hity mau ting nhanh
dbi v6i ca hai vat liéu TiO/SiO, va TiO2/SiO2/CMC trong diéu kién chiéu sang 1an khong chiéu sang. Tiép
tuc tang thoi gian dén 120 phat nhung hiéu sut chi ting nhe trong khoang 1 %. Dén 150 phut, qua trinh
phan huy dat dén téi han, higu suat khong tiép tuc ting ma con c6 xu huéng giam nhe. Nhu vay t = 90 phiit
dugc xem 1a diéu kién ti wu dé khao sat cac yéu t tiép theo. Mit khéc, tir hinh 10b ciing cho thiy vat lidu
Ti02/Si0, dugc tich hgp CMC van thé hién kha ning phan hity mau MB nhanh hon va hiéu qua hon so véi
vat ligu chi ¢ TiO; va SiO; ngay ca khi chiéu sang va khong chiéu sang.

Anh hwéng ciia nong do mau MB dén kha nang phan hiy mau caa vat liéu

Thuc nghiém duoc khao sat véi khoang ndng d6 20 mg/L dén 500 mg/L, thdi gian phan hiy 90 phit,
khdi lwgng vat ligu 0,15 g.

Vé6i ndng d6 500 mg/L hiéu suat phan hily mau MB dat dugc 74% trong thoi gian 90 dbi vé6i vat lidu
Ti02/Si0»/CMC va 50 % vdi vt liéu TiO,/SiO,. Mit khac, thiy rang vt liéu TiO2/Si02/CMC c6 thé phan
hay mau MB tir néng d6 20 mg/L dén 200 mg/L véi hiéu suat dat 97 %, tot hon rat nhidu so véi vat liéu
Ti0,/S10; (~84%).
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Hinh 12. Hiéu sudt theo nong dj ciia 2 mau vit liéu trong diéu kién chiéu sang va khéng chiéu sang
3.2. Nghién citu dong hoc qua trinh phin hiy mau Methylene Blue cia vat liéu
Ti0,/Si02/CMC
DPong hoc qué trinh phan hiy thuéc nhuém bing xuc tac di thé thuong duge ap dung theo mé hinh
Langmuir — Hinshelwood.

T 1
e 20 40 60 80 t (min) 100

V= -2.64627 + -0.01245%x
-2.8 -

0.98023

-3.0 4

-3.2 4

In(CICo)

3.4

-3.6 -

-3.8 -
Hinh 13. Pong hoc bdc nhat gia dinh theo mé hinh Langmuir — Hinshelwood

Tir két qua tinh toan cho thidy mé hinh dong hoc bac nhét gia dinh theo Langmuir — Hinshelwood 1a
hoan toan phu hop d6i véi qua trinh phan hay MB bang Ti0,/SiO»/CMC, hing sb tbc d6 quang phan hay
12 0,01245 (1/phit), hé sb tuyén tinh R = 0,98 > 0,95 thoa mén diéu kién ap dung ctia md hinh. Két qua
nghién ctru déng hoc ctia mot sb vat liéu ing dung phan huy mau duoc trinh bay trong bang 5.

Bdng 5. So sdnh két qua nghién ciru dong hgcphdn huy chdt mau MB ciia mét s6 vit liéu

Mau vat liéu K (min") H¢ so6 tuong Hiéu suat (%) Trich dan
quan (R?)

W-Ti0»/Si0, 0.0747 0.978 99.5% [26]
CuO-SiO,/PVA (0.1 g—MB 20 2.1073 0.971 91% [13]
ppm)
CuO-Si0,(0,1 g-NB 20 ppm) 8.6.107 0.958 90% [13]
Ti0,/Si0,/CMC 1.3.102 0.980 97% Két qua cua

nghién cuu

Nhu vay co thé théy, sur xuat hién cua kim loai hoic polymer trong thanh ph?m cta vat liéu nén nhu
Si0,, TiO; lam thay doi dang ké toc d6 phan huy mau cta vat liu do. Diéu nay giap khang dinh ket qua
thu dugc trong nghién clru ctia chung toi 1a dang tin cay.
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KET LUAN

Nghién ctru nay da tong hop vat liéu composite TiO»/Si0»/CMC bang phuong phéap sol-gel. Cac hat
vt liéu c6 kich thude trung binh 103 nm. Tir két qua thyc nghiém phan huy mau xanh MB cho thay, nong
d6 MB dudi 20 mg/mL v&i khdi lugng vt liéu 0,05 g chat mau bi phan huy hoan toan. Khoang nong do tir
20 + 200 mg/mL vé&i khdi lwong vt liéu 0.1 g c6 tac dong ciia chiéu sang, hiéu suat phan huy dat 97% cao
hon 13% so vo1 vat liéu khong chira CMC (TiO2/Si0,). Nhu véy, cho thay viéc pha tap CMC vao hdn hop
hai oxit v6 co nhu TiO,, SiO, rat ¢6 tiém ning trong xr Iy phan huy mau dudi tic dong clia 4nh sang ving
kha kién.

LOI CAM ON

Thay mat nhom tac gia, t61 xin chén thanh cam on Truong Dai Hoc Cong nghiép Tp. Ho6 Chi Minh,
Khoa Cong nghé Hoa hoc da tao dicu kién v€ co so vat chat dé chung t6i thyc hi€n nghién ctru nay.
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REMOVAL OF METHYLENE BLUE FROM AQUEOUS SOLUTION USING
TiO2/Si02/CMC PHOTOCATALYTIC COMPOSITE MATERIALS

TRAN THI DIEU THUAN!, DO THI LONG', LO NHAT TRUONG', BUI THI THU THUY'

1Faculty of Chemical Engineering, Industrial University of Ho Chi Minh City, 12 Nguyen Van
Bao, Go Vap, Ho Chi Minh, Viet Nam, 700000
*Coressponding author: tranthidieuthuan@iuh.edu.vn

Abstract. In this study, the composite material made from TiO», SiO,, and CMC was synthesized using
the sol-gel method. The structure of the material was characterized by various techniques, including X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), energy-dispersive spectroscopy
(EDX), scanning electron microscopy (SEM), UV-Vis diffuse reflectance spectroscopy (UV-Vis DRS),
and dynamic light scattering (DLS). The results indicated that the synthesized TiO»/SiO./CMC material
had a spherical shape with a fairly uniform size distribution in the range of 90—100 nm. The applicability
of the TiO/SiO, and TiO,-SiO,/CMC composite materials for degrading Methylene Blue under both
illuminated and non-illuminated conditions was evaluated using the UV-Vis method. The results showed
that, with m= 0.05 g and an initial dye concentration (Cwmg) below 20 ppm, the dye was completely degraded.
Furthermore, for CMB concentrations in the range of 100200 ppm, with m= 0.1-0.2 g and t = 60 minutes
under illumination, the degradation efficiency reached 97%, whereas under non-illuminated conditions, it
was 93%. For the TiO»/SiO, material, the corresponding values were 92% and 87%, respectively. Thus, it
can be observed that under the same experimental conditions, the TiO»/SiO, composite with a CMC coating
exhibited better dye degradation performance than the TiO»/SiO, composite, both under illuminated and
non-illuminated conditions. Additionally, under illumination, the degradation efficiency increased by 8—
10% compared to non-illuminated conditions. The kinetics of the degradation reaction were studied based
on the Langmuir-Hinshelwood model.
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