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AT LIEU

Khao sit diic tinh cAu tric va kha ning quang xtc tac ctia vit liéu nano dang
thanh TNTs/TiO,, 5%gC;N,-TNTs/TiO, so sanh v&i Degussa P25
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TU KHOA TOM TAT

Chét ban dén TiO, Céc vat liéu Na,TiOs/TiO, va 5%gCsN,-Na,TiO;/TiO, (TNTs/TiO, va 5%gC;N,-TNTs/TiO,) dugc tdng

Na,TiO, hop tit nguyén liéu dau Degussa P25 (TiO,). VAt liéu da dugc khao sat dic tinh chu tric theo cac

gng"'TNTS/T 10, thanh nano phwong phap XRD, SEM, EDX va phd UV-vis. Tinh chét xtic tic quang ciing da dugc khao sat cho phin
1 nano

huy chét mau metylen xanh (MB) duéi chiéu xa béi anh sdng mat troi. Cac vat liéu TNTs/TiO, va
5%gC3N4-TNTs/TiO, dwgc cho thiy 1a c6 hinh dang hat tinh thé & dang thanh nano vé6i chidu dai
thanh ~5-10 pm va chiéu réng thanh ~80-100 nm. Degussa P25 thiong mai c6 hinh dang hat tinh thé
hinh ciu véi kich thuée 40-60 nm, duge s dung 1am mAu so sanh. Vat liéu pha tap 5%gC;N,-
TNTs/TiO, c¢6 kich thuée tinh thé trung binh (dTiO2anata= 5,02 nm; dTNTs= 14,53 nm) nho6 hon vit
liéu khéng pha tap TNTs/TiO,. Nang lwgng khe tréng ctia 5%gC,N,-TNTs/TiO, (Eg= 3,12 eV) ciing
dugce giam nho hon so v&i vat liéu TNTs/TiO, (Eg= 3,21 eV). Hiéu qua xtc tdc quang ctua 5%gCsN,-
TNTs/TiO, lam phan hity chit mau metylen xanh (MB) dwéi chiéu xa anh sing mit troi dat duge cao
nhét (78,8 %) so v&i vat liéu khong pha tap TNTs/TiO, va vat liéu so sanh Degussa P25 (dat hiéu suét
tuong Gng la 42,6 % va 28 %).

Chiéu xa 4nh sdng mat troi
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TiO, Semiconductor The Na,TiO;/TiO, and 5%gC;N,-Na,TiO5/TiO, (TNTs/TiO, and 5%gC;N,-TNTs/TiO,) were synthesized
Na,TiO, from the Degussa P25 (TiO,) commercial material. The material’s structural properties were investigated
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b by methods such as XRD, SEM, EDX and UV-vis spectra. Their photocatalytic properties have also been
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Sunlight Irradiation investigated for the degradation of methylene blue (MB) dye under sunlight irradiation. The TNTs/TiO,
and 5%gCsN,-TNTs/TiO, materials were shown to have a crystalline grain shape in the form of nanorods
with bar length ~5-10 um and bar width ~80-100 nm. The commercial Degussa P25 has a spherical
crystalline grain shape with a size of 40-60 nm used as a comparison sample. The average crystal size of
the 5%gC;N,-TNTs/TiO, sample (driozanaa= 5.02 nm; dpy,= 14.53 nm) was smaller than that of the
TNTs/TiO, undoped samples. The gap band energy of 5%gC;N,-TNTs/TiO, sample (Eg= 3.12 eV) was
also reduced smaller than that of TNTs/TiO, sample (Eg= 3.21 eV). The photocatalytic efficiency of
5%gCsN,-TNTs/TiO, sample for degradate methylene blue (MB) dye under sunlight irradiation was the
highest (78.8%) compared with the TNTs/TiO, undoped sample and the commercial Degussa P25

sample (42.6% and 28%, respectively).

1. Gigi thiéu truong 1am sach ngudn nwéce thai... [1-3]. Tuy nhién, mit han ché

ctia vat liéu TiO, 1a: khe tréng rong nén chi thitc hién cic phan tGng

TiO, da duoc biét dén 14 chét ban din v&i khe tréng rong (Eg~
3,2 eV d6i v6i TiO, dang anata va Eg~ 3,0 eV dbi v&i TiO, dang
rutin). Chat ban din TiO, ¢6 nhidu wu diém ndi tréi nhv hoat tinh
xtic tic quang tt, khéng c6 doc tinh, bén v& mit héa hoc va sinh hoc,
gia thanh ré,... TiO, dugc nghién citu trong nhidu linh vie ¥ng dung
rong 1am pin mit tr&i mang moéng, té bao quang dién, sensor khi, vat

liéu tu lam sach, vat liéu chéng swong mu, vat liéu cho x Iy moi
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quang héa trong ving ti¢ ngoai; tbc d6 tai két hop cip dién ti- 16
tréng (e, h*) quang sinh trong phan ng quang héa 14 nhanh nén da
lam giam 16 rét hiéu suét phan Gng; hinh dang hat tinh thé caa TiO,
ché tao dugc tit cac phwong phép truyén théng thi da sé chi & dang
hat hinh ciu nano, khé dé thuc hién viéc didu chinh duge cac hang
hat tinh thé hinh que, sgi, thanh, rdu hay hinh hoa nano... ma nhitng

hinh dang hat tinh thé bién dang nay cua vat liéu da duwgc xac nhan
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12 mét trong nhitng bién phap lam giam tbc d6 tai két hop cip e, h*
quang sinh. Do d6 ciing 14 mét trong nhitng bién phap dé 1am ting
cao hon hiéu suét phan #ng quang héa ctia vat liéu [1,2,4-7].

Gan day, nhiéu nghién ctu da cha y dén hé vat liéu nano Na.
,TiO3 (TNTs) lam vat liéu ghép trong nhitng Wng dung cta vat liéu c6
phan #ng quang héa. Vat liéu Na,TiO; c6 khe tréng rong (E8(gian tiépy™
3,61 eV, Eg(uye ugpy™ 3,88 eV). Tuy nhién, wu diém cua vat liéu 1a d&
dang dé ché tao dugc & dang hat tinh thé dang soi hoac thanh nano
[7-9]. Do vay, viéc nghién ctiu dé ché tao vat liéu ghép nano Na.
,Ti03/TiO, (TNTs/TiO,) hoac pha tap thém vé&i loai vat liéu cé khe
tréng hep nhu gC;N, (Eg~ 2,7 eV) sé 1a hy vong c6 co s& dé lam giam
duoc khe tréng rong cua vt liéu ban dAu, 1am kéo dai dvoc thoi
gian séng ctia cip e, h* quang sinh. Din dén nang cao dugc hiéu
suét trong cic phan ¥ng quang héa ctia vat liéu [4-9].

Trong nghién cu nay, ching toi trinh bay “Khao sat dac tinh
cAu tric va tinh chit xic tic quang ctia vt liéu thanh nano 5%gCsN,-
TNTs/TiO,, TNTs/TiO, va vét liéu Degussa P25 Titan dioxide thuong
mai (TiO,P25) trong phan huy metylen xanh (MB) duGi chiéu xa anh

sdng mat troi”.

2. Thyc nghiém
2.1. Héa chdt

Céac héa chét st dung: Urea ((NH,),CO =46,3 %, AR-Vietnam);
Thiourea ((NH,),CS =99 %, AR- China); Natri hidroxit (NaOH =90 %,
AR- China); Degussa P25 Titan dioxide thwong mai (TiO,P25 =99,9 %,
-btic); nuGe cht 2 1an.

2.2. Quy trinh thu'c nghiém

Ché tao vit liéu thanh nano TNTs/TiO, v 5%gC;N,-TNTs/TiO,:
-Hoa tan déu 0,01 mol bét thwong mai Degussa Titan dioxide
(TiO,P25) vao 100 mL dung dich NaOH 10M trén mdy khudy tir tbc
d6 250 rpm trong 10 phiit. Thém tiép vao dung dich hdn hop nay
mét lwong 13 5% mol bét nano gCsN,, duoce tinh so v&i sé mol ctia
Ti** (b6t nano gC;N, duge ché tao theo phin nghién cttu clia chiing
toi béi phuwong phip nung hén hgp Urea ((NH,),CO) va Thioure
((NH,),CS) ¢ ty 1é mol 1:1 tai 500°C trong 2 gi¥, va da dugc trinh
bay kj hon & béo céo trudce ctia chting ti). Dung dich hdn hop sau
d6 dé khudy ddéng déu thém 10 phit nita rdi cho chuyén vio binh
thiy nhiét va dit & ché do thity nhiét 150°C trong 24 giv. Bot nhio
thu dugc sau thiy nhiét dem rita sach bing ly tdm nhiéu lan véi
nuwée ct 2 1an dén diém do pH=7. BOt sach sau ria ly tim duogc
dem siy 90°C qua dém. San phdm miu thu dugce 13 bot mau tring
sach min v&i ky hiéu mau 14 5%gC,N,-TNTs/TiO,.

-MAu vat liéu TNTs/TiO, dugc ché tao hoin toin twong ty
nht quy trinh trén nhitng khéng cho bé sung thém bdt nano gC,N,.
MAu bét thwong mai Degussa Titan dioxide (TiO,P25) ciing dugc st
dung 1am miu so sanh trong phin khao sat nay. Cac miu vit liéu ché
tao TNTs/TiO,, 5%gC,N,-TNTs/TiO, vd miu so sinh TiO,P25 dugc

khao sat cac dic tinh ciu triic va tinh chéit xdc tic quang phan huy
chit mau hitu co dwdi chiéu xa boi anh sdng miit troi.

+ Phép do cac dic tinh cta vat liéu khao sat gdm: Phuong phap
nhifu xa tia X (XRD, X’pert Pro (PANalytical), tia biic xa Cu-K*
(AL=1.54065 A), tbc do quét 0.03°/2s, géc quét 20~ 25-75°); phitong
phép hién vi dién t& quét/ phd tin xa ning lwong EDX (SEM/EDX,
HITACHI TM4000 Plus); phitong phép phé hip thu UV-Vis rén (DRUV-
Vis, Jasco V-750) v6i st dung qua ciu tich hgp 60 mm (ISV-922), tbc
d6 quét 200 nm/min. Phwwong phap phd hip thu UV-Vis 16ng thitc hién
trén thiét bi 8453 UV-Visible Spectrophotometer (Agilent 8453).

2.3. Khdo sdt tinh chdt xtic tdc quang

Tinh chit xdc tic quang ctia cic miu vat liéu khao sat
TNTs/TiO,, 5%gC;N,-TNTs/TiO, va miu so sanh TiO,P25 da dugc
lam thyc nghiém bing phan tGng phan hiy dung dich chit mau
metylen xanh (MB -cong thitc phan tit 1a C,4H,4CIN,S.3H,0). Tién
hanh chuén bi 3 cbc thiy tinh pyrex 100 mL. Mdi cbc thiy tinh dugce
l4y vao chinh x4c 0,015g miu bot vat liéu (TNTs/TiO,, 5%gCsN,-
TNTs/TiO, va TiO,P25). Tiép theo, thém vao mbi cbc thiy tinh d6
50mL dung dich chit mau metylen xanh (MB), b sung thém 0,028
gL ctia dung dich H,0,. Cic dung dich hdn hop nay cho khudy téi 30
phtt dé dat can bing hip phu-nha hip. Sau d6, dung dich hdn hop
dugc dem khudy duGi chiéu xa béi 4nh sang mit tryi (thue nghiém
khao sat dwgc tién hanh trong ngay ning nhidu). Sau mdi khoang
thoi gian chiéu sdng mit troi 10 phit, dung dich duge trich ra 2 mL,
dem li tam loc 14y dung dich trong, sau d6 dem do d6 hép thu trén
may quang phd Agilent 8453 (tai buéc séng cuc dai cia dung dich
MB la A= 660 nm). Hiéu suit xtic tic quang phan hiiy dung dich chit
mau MB dugc xac dinh theo coéng thiic (1):

H (%) = (C,-C)/Cy X100 (%) (1)

Vé6i Cy, C 14n Iwgt 12 ndng d6 clia chit phan ng lic ban diu va

& thoi diém t (mg/L).

3. Két qua thuc nghiém
3.1. Két qud nhiéu xa tia X (XRD)

Hinh 1 thé hién két qua nhifu xa tia X (XRD) cta cdc mAu
TNTs/TiO,, 5%gC;N,-TNTs/TiO, va miu so sanh TiO,P25. Trén hinh
phd XRD c6 thé thiy: miu TNTs/TiO, va 5%gC;N,- TNTs/TiO, déu
xuét hién céc dinh nhiéu xa (pic nhidu xa) & cac vi trf géc nhifu xa
20~ 23,5° 28,2°, 34,2° tWong Gng v&i cac ho mdt mang tinh thé
(211), (310), (321) cua pha tinh thé Na,TiO; (ky hiéu la: TNTs) [8-9].
Thém d6, cAc mau TNTs/TiO, va 5%gC;N,- TNTs/TiO, con cb cic pic
nhiéu xa & cdc vi trf géc nhiu xa 20~ 38,2°, 48,3°, 62,5° twong ing
vG&i cac ho mat mang tinh thé (112), (200), (204) cta pha tinh thé
TiO, anata [2-5] (trén phd XRD ciia hai miu TNTs/TiO, va gC,N,-
TNTs/TiO, dwoc ky hiéu: (*) 13 pic ctia pha tinh thé Na,TiOs; (+) 13
pic ctia pha tinh thé TiO, anata (A)). Ngodi ra, trén hinh phd XRD ciia
méu gC;N,-TNTs/TiO, khong quan sat thdy cé pic dic trung cua
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gCsNy, didu nay cé thé 1a do sw pha tap 5% ctia gC;N, vao vit liéu
TNTs/TiO, dugc cho 1a lvgng pha tap nhé. Cic miu TNTs/TiO, va
gC;N,- TNTs/TiO, ciing khéng quan sat thiy cac pic clia Ti hay Na,
diéu nay cho thiy 14 miu vat liéu TNTs/TiO, va gC;N,-TNTs/TiO, ché
tao dugc tén tai & hai pha tinh thé Na,TiO; (TNTs) va TiO, dang
anata. Phd nhiéu xa clia miu so sanh TiO,P25 cho théy 13 tdn tai &
hai pha tinh thé TiO, anata va rutin (k¥ hiéu vi trf pic trén phé XRD
mau TiO,P25 14: TiO, anata (A); TiO, rutin(R)).

Ap dung phuong phap Debye-Scherer [3] difa vio d6 ban m&
réng vach (FWHM -B) clia pic ¢6 cudng d6 manh nhit cho mdi pha
tinh thé tit phd XRD, tinh dugc kich thiede tinh thé trung binh ciia
céc mau 5%gC;N,-TNTs/TiO,, TNTs/TiO, v miu so sanh TiO,P25.
Két qua tinh dwgc thé hién & Bang 1.

Theo két qua tinh todn nhin dugc & Bang 1 cho thdy: cac
mau vat liéu ché tao 5%gC,N,-TNTs/TiO,, TNTs/TiO, vA miu so
sanh TiO,P25 d&u c6 kich thudc tinh thé trung binh ¢& nano-mét;
miu 5%gC;N,-TNTs/TiO, c6 kich thuge tinh thé trung binh cta 2
pha tinh thé TiO, anata (dyiozumae = 5,02 nm) vi TNTs (dpygs= 14,53
nm) déu twong ¥ng nho hon so véi mau TNTs/TiO, (driozanaa = 5,8
nm va dpyps=18,36 nm). Didu nay cé thé duge giai thich 1a do ¢6
su pha tap thém 5% gC,;N, dd 1am ngin can sy phét trién 16n lén
cdc tinh thé, dn dén 1am giam dugc kich thude tinh thé cua vat
liéu dugc pha tap hon so v&i vat liéu khéng pha tap [4-6]. Viéc lam
giam duoc kich thude tinh thé trung binh caa vat liéu da duoc cho

12 mot trong nhitng loi thé 1am nang cao hiéu qua xic tic quang

trong phan huy chit mau, ¢ng dung trong linh virc xi 1y nudc thai
cong nghiép [2-5].

|——eCNINTSTIO,

+ TNTs
+Ti0,

il TNTS/TiO, * TNTs
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7 ]
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Hinh 1. Phd XRD ctia cdc mAu thanh nano 5%gC3N,-TNTs/TiO,,
TNTs/TiO, va mau so sanh TiO,P25.

Bang 1. Vi trf pic twong ng véi cudng d6 manh nhit cia mi pha tinh thé tit phd XRD, dyy va kich thude tinh thé trung binh ctia cdc miu vat

liéu 5%gC;N,-TNTs/TiO,, TNTs/TiO, v mAu so sanh TiO,P25.

Vi trf 20 cta pic cwong d6 3 L R .
_ . X Kich thudc tinh thé trung binh (nm)
Mau véat manh nhat tit pho XRD 8 B 8
lieu vitrf (310) | vitri (200) | vitrf(110) @1 o %1 tinh théd Na,TiO, | tinh thé tinh thé
(Na,TiO,) (TiO, A) (TiO, R) (TNTs) TiO, A TiO, R
5%gCyN,-
. 28,32 48,2 - 1,8 0,82 - 5,02 14,53 -
TNTs/TiO,
TNTs/TiO, 28,3 48,25 - 1,56 0,65 - 5,8 18,36
TiO,P25 - - 27,35 - - 0,5 - - 15,42

3.2. Két qud hién vi dién ti¢ quét (SEM)

+ Két qua hién vi dién tit quét (SEM): Hinh 2 14 két qua hién vi
dién ti quét (SEM) ctia cdc maiu vat liéu TNTs/TiO,, 5%gC;N,-
TNTs/TiO, va miu so sanh TiO,P25. Trén hinh SEM cho thdy cic miu
TNTs/TiO, va 5%gC,N,-TNTs/TiO, déu ¢6 cAu tric tinh thé dang thanh
nano dai vd manh, véi kich thuée chidu dai thanh c& khoang 5-10
um, kich thuwéc rong ctia thanh ¢& 80-100 nm. Tuy nhién, c6 thé quan
sat thdy & maiu 5%gC;N,-TNTs/TiO, ¢ sy phan b clia cac thanh nano
dvoc dinh huéng hon, ddng ddu hon va do x6p cao hon. & miu so
sanh TiO,P25 cho théy 1a hinh déng hat tinh thé dang hinh ciu, xép
khit nhau va dugc phan bd twong dbi ddng ddu trén bé mat vat liéy,
kich thuéc hat hinh cAu c¢& khoang 40-60 nm.

+ Két qua phd tan xa ning lwong (EDX): Phé tin xa ning
lwgng ctia miu so sanh TiO,P25 (a) va cic miu vat liéu ché tao
TNTs/TiO, (b), 5%gCsN,-TNTs/TiO, (c) dugc thé hién trén Hinh
3(a,b,c). Trén Hinh 3a 12 phd EDX cta miu so sanh TiO,P25 cho quan
sat thdy 1a chi gdm c6 pic ctia céc nguyén t6 Ti (Ka, Kp, L) va O (L),
thudc thanh phin cac nguyén té cua vat liéu TiO,. Trén Hinh 3b 1a
phd EDX ctia miu TNTs/TiO, cho quan st thiy 13 gdm cac pic ctia cc
nguyén t6 Na, Ti va O, thugc thanh phan cic nguyén t6 ctia 2 pha tinh
thé TiO, vd Na,TiO4(TNTs). Trén Hinh 3c 13 phdé EDX cta miu
5%gC;N,- TNTs/TiO, cho quan st thiy 14 ngoai pic ctia cic nguyén té
Na, Ti va O thi con ¢6 thém pic ctia cdc nguyén té C va N. Diéu nay
cho thdy, mau vat liéu ché tao 5%gC,N,-TNTs/TiO, 12 c6 thanh phin
céc nguyén t6 ctia cdc pha tinh thé TiO,, Na,TiO;(TNTs) va gC,N,.
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10 pm

Hinh 2. Hién vi dién tif quét ctia cAc miu thanh nano 5%gC;N,-
TNTs/TiO,, TNTs/TiO, va mau so sanh TiO,P25.

Tika (a)

TiKp

Eewegy [1eV]

cpufe

® | (c)

10 z a ™

Hinh 3. Phé tan xa nang lugng EDX cua mau TiO,P25 (a), miu
TNTs/TiO, (b) va mau 5%gC;N,-TNTs/TiO, (c)

[}
Energy (kev]

3.3. Két qud phé hdp thu UV-Vis

Hinh 4 13 phd hip thu UV-Vis cia miu so sanh TiO,P25 va cdc
mau vt liéu TNTs/TiO,, 5%gC;N,-TNTs/TiO,. Trén phd hip thu UV-
vis Hinh 4 cho thdy, miu so sanh TiO,P25 c6 by hdp thu ndm trong
viing bude séng tit ngoai gan (A< 400 nm). Mau TNTs/TiO, va mau
5%gCsN,-TNTs/TiO, ciing ¢6 b& hip thu nim trong viing budc séng it
ngoai gin (A< 396-398 nm). Phd hép thu UV-vis rin cia cic miu
TiO,P25 va TNTs/TiO,, 5%gCsN,-TNTs/TiO, do dugc & thyc nghiém
nay la pht hgp véi céc tai liéu [2,3,5,9].

Ning lgng ving cAm Eg ctia cdc miu vat liéu dugce xac dinh
bfing ap dung cong thic (2) [2].

12395
Eg =

2
: @)
Trong d6, budc séng A trong cong thic dugc xac dinh 1a giao
diém ctia dwong tiép tuyén véi by hip thu mé rong tir phd UV-vis véi
truc hoanh (truc 1). Két qua xic dinh gia tri ning lwvgng ving cAm Eg

clia cic mAu vt lidu dugc thé hién & Bang 2.

— TOP25

—— INT¢ THO: —5%gCNL-TNTTiO:

E
i

Absorbance (a.u.)

B

o EN o o E 3 E3 L3 = C: F R T T T T

Wavelength & (nm)
Hinh 4. Phé hip thu UV-Vis ctia mAu so sanh TiO,P25 vi cdc miu
thanh nano TNTs/TiO,, 5%gC;N,-TNTs/TiO..

Bang 2. Ning lugng viing cAm Eg ctia mAu so sanh TiO,P25 va cdc
mau TNTs/TiO,, 5%gC;N,-TNTs/TiO,.

Mau vat liéu | TiO,P25 | TNTs/TiO, | 5%gC;N,-TNTs/TiO,
Gié tri A (nm) 400 396 398
Eg (eV) 3,09 3,21 3,12

Theo két qua tinh to4n gia tri Eg & Bang 1 cho nhan xét: Mau
TiO,P25 c6 gia tri ning lwgng ving cAm Eg~ 3,09 eV 14 phit hop theo
cic tai liéu tham khao [2,5]. Mit khic ciing cho thiy, giita phiong
phép tinh gia tri ning lugng ving cAm Eg theo céng thitc (1) va
phuong phép tinh gid tri ning lwgng ving cAm Eg theo ham Taus 14
¢6 s léch nhau, nhung d6 1éch gia tri tinh toan nay nim trong pham
vi chp nhan duoc [2,9]. MAu vit lidu c6 sy pha tap thém 5%gC;N,
(5%gC;N,-TNTs/TiO,) d4 lam thu hep dwgc ning lwgng viing cAm Eg
hon so véi vat liéu khong pha tap TNTs/TiO,.

3.4. Két qud khdo sdt tinh chdt xiic tdc quang

Hinh 5 12 dd thi khao sat hiéu suit xic tic quang phan hay
dung dich chAt mau xanh metylen (MB) cta céc mau vat liéu
TNTs/TiO,, 5%gCsN,-TNTs/TiO, vA miu so sanh TiO,P25. Trén Hinh 5
¢6 thé thiy, miu so sanh TiO,P25 dat hiéu suit xdc tic quang 28%
trong phan hiy chit mau MB sau 60 phit chiéu 4nh sing mit trovi.
Mau TNTs/TiO, dat hiéu suit xdc tic quang 42,6% trong phan huy
chdt mau MB sau 60 phit chiéu anh sing mit trdi. Mau 5%gC,sN,-
TNTs/TiO, dat hiéu suit xtc tic quang cao nhit 78,8% trong phan hity

chAt mau MB sau 60 phiit chiéu anh sang mit trdi.
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Théi gian chifu sang (phiit)
Hinh 5. Hiéu suét xic tic quang phan hiy dung dich chit mau MB
dué6i chiéu xa anh sang nhin thy ctia miu so sanh TiO,P25 va cac
mau TNTs/TiO,, 5%gC,N,-TNTs/TiO,.
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Piéu nay c6 thé giai thich: trong phd anh sang miit trdi (trong
ngay néng nhiéu) thi d&u c6 t&i khoang 5% la tia ti ngoai (UV). Cic
mau vat liéu v&i gia tri ning lwong ving cAm Eg~ 3.09-3.21 eV, kich
thich dugc buéc séng anh sang A~ 380-400 nm, twong ng vdi budc
séng 4nh sang thudc viing ti ngoai gin. Do viy cac miu vat lidu trong
khao sat trén TiO,P25, TNTs/TiO, va 5%gC,N,-TNTs/TiO, vin dat
dugc hiéu qua xic tic quang phan hiy chit mau hitu co (MB) duéi
chiéu 4nh sing mit tréi 1a phtt hop. Tuy nhién, miu 5%gC,N,-
TNTs/TiO, dat hiéu sut xiic tdc quang cao hon hin (78,8%) con ¢6 Iy
do, d6 1a sy tai két hop clia ciip dién t@-16 tréng (e, h*) quang sinh
trong mAu pha tap 5%gC,;N, dwgc giam hon hin. Didu nay, din téi
lam tdng hiéu qua xuic tdc quang cta vit liéu pha tap cling nhu vit
liéu duge xit Iy bé mit[2-7].

4. Két luan

Tt cac két qua khao sét trén rat ra mot sb két luan sau:

- Vat liéu TNTs/TiO, v& 5%gC;N,-TNTs/TiO, dugc tdng hop tit
nguyén liéu diu Degussa P25 thwong mai (TiO,P25) c¢6 dang thanh
nano véi kich thuée chidu dai thanh ¢& khoang 5-10 um, kich thuée
réong cta thanh c& 80-100 nm. Trong khi miu so sinh TiO,P25 c6
dang hat hinh ciu v&i kich thuée 40-60 nm. Phd EDX cho x4c dinh 12
trong cdc mau vat liéu khao sat chi chita cic nguyén t6 ciu thanh 1én
thanh phan pha tinh thé ctia mbi vat liéu twong @ng va khong chia
nguyén t6 la khéc.

- Véi viéc pha tap thém 5%gCsN, vao TNTs/TiO, da lam giam
kich thude tinh thé trung binh (dtipzanaa= 5,02 nm; dpyps= 14,53 nm)
so v6i miu khéng pha tap TNTs/TiO, (driomw=5,8 nm va
dns=18,36 nm). Nang lugng ving cAm Eg clia miu 5%gC,N,-
TNTs/TiO, ciing duwgc lam thu hep hon so v&i miu khong pha tap
TNTs/TiO, (Eg(sugcananrsmion = 3,12 €V, Eglrnrs/mion= 3,21 eV). Mau
5%gC,N,-TNTs/TiO, dat hiéu suét xic tic quang phan hiiy chit mau
metylen xanh (MB) du&i chiéu xa anh sang mat troi la 78,8%, cao
hon hin so v&i miu khong pha tap TNTs/TiO, va miu so sanh
TiO,P25 (hiéu suit dat twong tng 1a 42,6% va 28%).
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