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KEYWORDS

Céc vat liéu nanocomposit gC;N,-Cu,0, gC;N,-TNTs/TiO, dugc tién hanh ché tao theo phuong phip
thuy nhiét. Ty 1€ pha tap ctia nano gC;N, vao Cu,O 1a 10 % mol va pha tap vao TNTs/TiO,1a 15 % mol
(so sanh v&i s6 mol ctia Cu* va Ti** twong tng). Pic tinh ciu tric cta vat liéu duge xac dinh bing cic
phitong phép: XRD, XEM/EDX. Tinh chét quang ctia vit liéu dige x4c dinh biing phiong phép phd hip
thu. Két qua cho thiy, cdc miu gC;N,-Cu,0, gC;N,-TNTs/TiO, déu ¢ ciu triic nano-mét. Mau gC;N,-
Cu,0 c6 céc hat tinh thé bat dién (octahedra) vé6i kich thiwée hat ~300 - 400 nm. MAu gC,N,-TNTs/TiO,
¢6 cac hat tinh thé dang thanh nano vé6i chiéu dai thanh ~ 5 - 10 um va chiéu rong thanh ~ 80 - 100 nm.
Trén b mit cac hat tinh thé ctia nanocomposit gC;N,-Cu,O, gC;N,-TNTs/TiO, déu ¢ xen 14n tinh thé
dang 16p béng md ctia nano gC;N,. Phd hip thu clia cic nanocomposit ¢6 by hip thu mé rong va ndm
trung gian trong khoang d6 mé rong bd hép thu clia cac vat liéu don pha twong ng. Ning lugng viing
cAm quang Eg ctia nanocomposit gC;N,-Cu,0 va gC;N,-TNTs/TiO, 14n lwgt 1a 2,01 eV va 3,39 eV la gia
tri trung gian gitta gia tri ning lwong viing cAm cta cac vat liéu nano don pha Cu,0, TNTs, TiO, (twong
Gng Eg~ 2,17 €V, 3,61 €V, 3,2 eV) va vat liéu pha tap nano gC;N, (Eg ~ 2,73 eV).

ABSTRACT

gC3N4-Cu20
gC3N4-TNTs/TiO2
Graphite layer structure
Nanocomposite
Octahedra

Nanorods

The gC;N,-Cu,0, gC3N,-TNTs/TiO, nanocomposites were fabricated by the hydrothermal method. The
doping ratio of gCsN, nano to Cu,O was 10 mol. % and to TNTs/TiO, was 15 mol. % (compare the
molarity of Cu?>* and Ti**, respectively). The structural characteristics of the materials were determined
by the methods: XRD, SEM/EDX. The optical properties of the materials were determined by the
absorption spectroscopy method. Results showed that, the gC3N,-Cu,0, gC;sN,-TNTs/TiO, samples were
nano-meter structure. The gC;N, - Cu,O sample had octahedral crystals with grain size ~ 300 - 400 nm.
The gC;N, - TNTs/TiO, sample had nanorods crystals with length size ~ 5 - 10 um and width size ~ 80 -
100 nm. On the surface of the crystal particles of gC;N, - Cu,0, gCsN, - TNTs/TiO, nanocomposites were
interwoved with gC;N, translucent cotton-like crystals. The absorption spectra of nanocomposites all had
extended absorption edge and were intermediate in the range of extended absorption edge of single-
phase materials, respectively. The band gap energy (Eg) of gCsN, - Cu,O, gCsN, - TNTs/TiO,
nanocomposites were 2.01 eV, 3.39 eV, respectively. This Eg value was determined to be an
intermediate value between the Eg values of the single-phase Cu,0, TNTs, TiO, nanomaterials (Eg ~ 2.17
eV, 3.61 eV, 3.2 eV, respectively) and the doped gC;N, nanomaterials (Eg ~ 2.73 eV).

1. Gi6i thiéu

vite ng dung nhi: chuyén dbi ning lwgng mit trdi, cam bién sinh

hoc, xtic tic quang phan hity chit bin hitu co, x@ lj nudc thai, moi

Vit liéu nano cacbon nitrua (gC,N,) dugc biét dén 13 chit ban
dan dang polyme hitu co loai n khéng chita kim loai. Vat liéu nay cé
cAu triic gin gidng véi graphene (cAu tric don 16p clia than chi) va ¢
ning lwong ving cim hep (Eg ~ 2,7 V) [1]. Nano gC;N, 14 mot trong
nhitng vat liéu nano tién tién dwgc chii ¥ quan tim nghién citu b&i

nhiéu nhém nghién ctu trén thé giéi va trong nwéce trong nhitng linh

Nhanngay 12/07/2021, giai trinh ngay 03/09/2021, chdp nhan dang 11/10/2021

truong, pin, siéu tu dién, diot phat anh sang tring, dén LED,... [1-4].
Tuy nhién, trong nhitng ng dung cta vit liéu gCsN, véi sy kich thich
b&i 4nh sang nhin thay bi han ché, do téc do tai két hop twong dbi
nhanh cua cip dién ti - 16 tréng quang sinh. Mot trong nhitng bién
phap khéc phuc han ché nay 1a ché tao vat liéu ghép hay vat liéu
composit gitta gC;N, v&i mot chit ban din khic. Nhitng chit ban din
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phé bién ¢6 linh vige nghién cttu tng dung gin gibng v&i chit ban din
polyme hitu co gC;N, dugc ké dén nhu: TiO,, ZnO, CdS, Cu,0, CuO,...
Trong d6, ndi bat nhét vAn 1a TiO, vA Cu,0 v&i sy phong pha vé
ngudn nguyén liéu, gia thanh thip, khong dbc hai [2 - 4]. TiO, dang
anata c6 kha ning oxi héa cao nhing lai c6 ning lugng viing cAm
rong (Eg ~ 3,25 eV) chi duge kich hoat & viing 4nh sing tit ngoai.
Cu,0 nbi bat v6i ning lwong ving cAm hep (Eg ~ 2,17 €V) nén dat
dugce kha nang cao v&i nhitng ng dung dugc kich hoat & viing dnh
séng nhin thy [5 - 10]. Tuy nhién, nhidu cong trinh nghién ctu da
cho théy céc vat liéu trén nhu TiO,, Cu,0,... & dang don pha thi déu
dat hiéu qua thip trong cic nghién ctu ng dung quang va quang
dién t do téc do tai két hop nhanh chéng clia ciip dién ti - 16 tréng
(e, h™) quang sinh [2 - 7]. Bién phap dé ting cwong hiéu qua tach va
giam tc d6 tai két hop cip e, h* quang sinh d6 1a: sy pha tap; giam
kich thuéc hat nano; ché tao vat liéu ghép; ché tao vat liéu composit
ctia hai hodc nhidu chit ban din khac nhau; hoic ché tao vat liéu véi
hinh dang khac nhau (cAu nano, thanh nano, day nano, 6ng nano,
chép nano, riu va hoa,...) [2 - 11]. M6t vai nghién cttu ciing da chi ra
réng vat liéu nano TiO, nano don pha ché tao duoc phé bién & dang
tinh thé hinh cAu nano. Khi vét liéu & dang pha hdn hop nano TiO, va
nano Na,TiO; (TNTs) da tao dugc tinh thé dang hinh que nano hoc
thanh nano [11,12]. Dan dén lam ting cwdng dwoc nhiéu dic tinh va
tinh chét vat 1y 1y thd hon cho vat liéu nano TiO,.

Véi nhitng phan tich trén, ching t6i di tién hanh khao sat diic
tinh cu trdc, tinh chit quang cta vat liéu nanocomposit gC;N,-Cu,0,
gC;N,-TNTs/TiO, ché tao theo phuong phap thily nhiét va so sanh véi
ddc tinh cta vat liéu don pha gC;N,, Cu,0, TiO,, TNTs, 1a vét liéu
dugc ché tao trong cic nghién ctiu trieée ctia nhém nghién ctiu chiing

toi va theo tai liéu tham khao.

2. Thuc nghiém
2.1. Héa chdt

Cac héa chit st dung trong nghién ctiu ddu 1a héa chit tinh
khiét bao gém: Pdng sunphat (CuSO, . 5H,0 99,9 %, AR-China); Natri
Sunfit (Na,SO; 99,9 %, AR-China); Urea ((NH,),CO = 46,3 %, AR-
Vietnam); Thiourea ((NH,),CS = 99 %, AR- China); Natri hidroxit
(NaOH =90%, AR- China); Degussa Titan dioxide (TiO, P25 = 99,9
%, -Ditc); nude cit 2 1an.

2.2. Quy trinh thu'c nghiém

- Quy trinh ché tao nano gC;N,: Mot lugng hdn hop gém 25¢g
Urea ((NH,),CO) va 25 g Thioure ((NH,),CS) dugc tron 14n d?)ng ddu
va nghién min trén ci ma néo. Tiép theo, cho hén hop bdt nghién
min nay vao chén st day nép kin, rdi dem nung & 500°C trong 2 gid,
tbc d6 gia nhiét 5°C/phit. San phdm sau nung thu duoc 13 chét bot
min polyme gC,N, mau vang nhat. Chit bt min gC,N, nay dugc sit

dung dé ché tao nanocomposit v&i Cu,0 va TNTs/TiO,.

- Quy trinh ché tao nanocomposit gC;N, - Cu,0: Mét dung dich
hén hop gdm ddng sunphat CuSO, . 5H,0 0,1 M va natri Sunfit Na,SO,
0,1 M dugc tron 14n theo ti 16 mol 14 1 : 10. Dung dich hdn hop lic
nay c¢6 mau mau xanh nhat. Dung dich hén hop duoc cho khudy trén
méy khudy tit & téc d6 250 rpm trong 30 phit rdi bit diu cho gia
nhiét dén nhiét d6 90°C. Tiép theo, mot lwvong bot gC;N, véi ti 16 phin
trdm vé sb mol so v6i sb mol caa Cu?* 1a 10 % duogc cho thém vio
dung dich hdn hop. Tiép tuc vin cho khudy dung dich hén hop dén
khi ¢6 xuét hién két tiia mau nau do, rdi cho khudy tiép thém 30 phit
nita. Sau d6, dung dich hén hop duwgc dem thity nhiét 120°C trong 48
gi®. Két thiic thiy nhiét thu duoc bot nhio, dem rita va loc bing gidy
loc nhidu 13n véi nuwée cit 2 1an. Bot min sach duge dem siy kho &
90°C trong 24 giv. San phdm cudi ciing thu dwgc 13 miu bt min mau
d6 nau, ky hiéu mau 13 gG,N, - Cu,0.

- Quy trinh ché tao nanocomposit gC;N, - TNTs/TiO,: Mot khoi
lugng bot nano TiO, P25 theo tinh toan dugc hoa vao trong 100 mL
dung dich NaOH 10 M va cho khu4y déu dung dich hén hgp trén may
khudy tir trong 10 phiit. Tiép theo, thém vio dung dich hén hop trén
mot Iigng bdt nano gC,N, véi ty 1& mol 1a 15 % so v&i s6 mol cia
Ti** va vin khudy déu tiép hdn hop thém 10 phiit nita. Dung dich hén
hop thu dugc nay cho vao binh thép autoclave va cho thiy nhiét &
150°C trong 24 gid. San phdm bdt nhao sau thily nhiét dem ly tdm ria
sach miu nhiéu 14n v6i nuwde cit 2 14n. Sau d6, bot sach dem sdy &
90°C trong 24 gi®y, thu dwgc bdt sach min mau tring, ky hiéu miu la
gCsN,-TNTs/TiOs.

San phém cdc mau vt liéu ché tao nanocomposit gC;N,-Cu,0,
gC3N, - TNTs/TiO, va mAu vét liéu nano gC;N, dvgc biéu dién & Hinh 1.

+ Céc phuong phép do ddc tinh véat liéu: Cac dic tinh cua vat
liéu duge do bing phiong phap vat ly: Phwong phap nhiéu xa tia X
(XRD, X’pert Pro (PANalytical) MPD, tia btic xa Cu-K* (A=1.54065
R), tbe db quét 0.03°/2s, v&i gbc quét 20 ~ 25 - 75°); phuong phip
hién vi dién t¢ quét/ phd tin xa ning lwong EDX (SEM/EDX,
HITACHI TM4000 Plus); phwong phép phd hip thu UV-Vis rin
(DRUV-Vis, Jasco V - 750) v@i st dung qua ciu tich hgp 60 mm (ISV-
922), téc d6 quét 200 nm/min.
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Hinh 1. San phim cdc miu vét liéu nanocomposit gC;N,-Cu1,0, gCsN,-

TNTs/TiO, va miu nano gC;N,.
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3. Két qua thuc nghiém
3.1. Pdc tinh cdu triic vdt liéu

Két qua nhifu xa tia X (XRD) clia cic mau vat liéu

nanocomposit gC;N,-Cu,0, gC;N,-TNTs/TiO, va mau vit liéu nano
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gCsN, duge bidu dién trén Hinh 2. Trén hinh phd XRD cho thy: miu
nanocomposit gC;N, - Cu,O xuét hién céc dinh nhiéu xa (pic nhiéu xa)
& cac vi tri géc nhidu xa 20 ~ 29,5°, 36,2°, 42,5°, 61,5° tiong Gng v&i
cac ho méit mang tinh thé (1 10), (111), (200) (220) ctia mau vat liéu
Cu,0 [2,5 - 7]. MAu nanocomposit gCs;N, - TNTs/TiO, xuét hién cac
pic nhiéu xa & cac vi tri géc nhiéu xa 20 ~ 23,5°, 28,2°, 34,2° tong
Gng v&i cac ho mét mang tinh thé (211), (310), (321) clia mau vat
liéu Na,TiO; (ky hiéu la: TNTs) [11-12]. Bén canh d6, miu gC;N,-
TNTs/TiO, con c¢é cac pic nhidu xa & cic vi tri géc nhiéu xa 20 =
38,2°, 48,4°, 62,5° tuong Ging v&i cdc ho mit mang tinh thé (112),
(200), (204) ctua miu vat liéu TiO, [3,4,6,7] (trong phd ctia miu
gC,N,- TNTs/TiO, thi: (*) dugc ky hiéu 1a pic ctia pha tinh thé Na,TiO,
va (+) duoc ky hiéu 13 pic ctia pha tinh thé TiO, anata). M&u gC;N,
cho théy 1a c6 2 pic nhifu xa & vi trf géc nhidu xa 20 ~ 13,2° va 27,3°
twong ng véi cac ho mdt mang tinh thé (100) va (002) caa pha tinh
thé cacbon nitrua gC;N, [1-4]. Ngoai ra, trén hinh phé XRD ctia miu
gGCsN, - Cu,0 khéng thiy c6 pic dic tring ctia Cu, CuO. Mau gC,N, -
TNTs/TiO, khéng c6 pic dic trung cta Ti hay Na. Pidu nay cho thiy
12 mAu nanocomposit gC,N, - Cu,0 ché tao dugc 1 don pha tinh thé
Cu,0. MAu nanocomposit gC,N, - TNTs/TiO, ché tao duogc ton tai & hai
pha tinh thé Na,TiO, (TNTs)va TiO, dang anata. Trén hinh phé XRD
ctia mdi miu nanocomposit gC,N,-Cu,0 va gC;N, - TNTs/TiO, déu
khong thiy xudt hién pic dic tring ctia pha tinh thé gC,N, . Pidu nay
¢6 thé do lugng pha tap ctia gCsN, trong mdi miu nanocomposit van
con 12 nhé (10 - 15 % mol). Mat khéc, Cac pic nhiéu xa dic trung cla
c4c mau nanocomposit gC,N, - Cu,0, gC;N, - TNTs/TiO, ché tao déu
dwge mé rong. Bidu nay cho viée xdc dinh 13 cdc miu vt liéu ché tao

¢6 kich thwéc c& nano-mét.
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Hinh 2. Phb XRD ctia cic miu nanocomposit gC,N, - Cu,0, gCsN, -

TNTs/TiO, v miu nano gC;N,.

Kich thugc tinh thé trung binh cta cdc miu vat lidu
nanocomposit gC;N, - Cu,0, gC;N, - TNTs/TiO, va mau vat liéu nano
gC;N, dugce tinh todn 4p dung theo cong thitc Scherrer [5-6]: D=
K\/Bcosd (1). Trong d6, D 1a kich thuéc tinh thé trung binh, K 13 hé s
(K = 0,9), A 1a buge séng caa tia X (A = 1,5406A), p 1a do ban m&
réng ctia pic nhiéu xa c6 cudng dé6 manh nhét, 0 13 géc nhiu xa. Tinh
dvge kich thwée tinh thé trung binh clia cic miu vat lidu
nanocomposit gC;N, - Cu,0, gC;N, - TNTs/TiO, va mau vat liéu nano
gCsN, twong tngla 12,5 nm, 9,6 nm va 10,35 nm.

3.2. Hinh thdi hoc vdt liéu

+ Hién vi dién t quét SEM: Hinh chup hién vi dién t@ quét
(SEM) ctia cic miu vat liéu nanocomposit gC;N, - Cu,0 va gGC,N, -
TNTs/TiO, duge thé hién 1An lwgt & Hinh 3(a,b). Trén hinh SEM
(Hinh 3(a,b)) ctia mbi miu nanocomposit ché tao c6 hinh chén nhé &
géc phai phia trén mdi hinh 13 hinh SEM ctia miu cacbon nitrua
gC,;N,. Quan sét hinh SEM ctia miu gC;N, cho thiy 14 ¢6 ciu tric dang
16p (kidu 16p bbng) gibng véi cAu triic dang 16p graphit, ¢6 kich thuée
16p ¢& 500 - 1000 nano-mét [1 - 4]. Hinh SEM ctia miu gC;N, - Cu,0
(Hinh 3a) cho théy 12 ¢6 cac tinh thé hinh bat dién (octahedra) cua
Cu,O vé6i sy phan bd kich thude hat tinh thé twong déi ddng déu, kich
thude hat tinh thé sip xép & khoang 300 - 400 nm. Hinh SEM ctia
mAu gC,N, - TNTs/TiO, (Hinh 3b) cho thdy 13 ¢6 cAu triic tinh thé
dang thanh dai, manh v&i kich thwdc dai cta thanh c& khoang 5 - 10
um, kich thuwéc réng ctia thanh ¢& 80 - 100 nm. Trong hinh SEM cua
cdc miu nanocomposit gC;N, - Cu,0 va gC;N, - TNTs/TiO, cho quan
sat thdy hinh anh tinh thé octahedra Cu,O hoic tinh thé dang thanh
nano TNTs/TiO, du c6 xen 14n tinh thé dang 16p béng m& ctia nano
gC,N,. Pidu nay cho thiy 14 d4 c6 sy pha tap ctia gC;N, vao vat liéu
nanocomposit gC;N, - Cu,0 va gCsN, - TNTs/TiO,. Vi su didu chinh
hinh dang hat tinh thé ctia vt liéu nanocomposit tit dang octahedra
(khi cho gCsN, két hop véi tinh thé Cu,0) hoac dang thanh nano (khi
cho gC;N, két hop véi tinh thé TNTs/TiO,) - day 14 mong muén trong
ché tao vat liéu v6i sy didu chinh dwoc dang hinh déng khac nhau cta
tinh thé vat liéu dé dat dwgc nhitng tng dung da dang san phim trong

vat liéu cong nghé va vat liéu thuong mai [2 - 11].

+ Phb tan xa ning lvong EDX: Hinh 4(a,b,c) 13 phd tén xa ning
lwgng ctia cac miu gC,;N, (a), gCsN, - Cu,O (b) va gCyN, - TNTs/TiO,
(c). Trén hinh phé EDX ctia mau gC3N, (Hinh 4a) cho théy 1a ¢6 pic
clia nguyén t6 C va N. Trén hinh phd EDX ctia miu gC;N, - Cu,O (Hinh
4b) cho thiy 12 ngoai pic cta céc nguyén t C, N thi con ¢é thém pic
clia nguyén t6 Cu va O. Trén hinh phé EDX clia miu gC,N, -
TNTs/TiO, (Hinh 4c) cho thiy 14 ngoai pic ctia cic nguyén té C, N thi
c6 thém pic clia cdc nguyén t§ Na, Ti vd O. Nhu vay, trong mau
nanocomposit gC;N, - Cu,0 13 ¢6 du thanh phin cic nguyén t6 cua
Cu,0 va ctia vat liéu pha tap gC,N,. Trong mau nanocomposit gC;N,, -
TNTs/TiO, ciing ¢6 di thanh phin cic nguyén t6 ctia TiO,, Na,TiO;
(TNTs) va cta vét liéu pha tap gC;N,.

JOMC | 51



Tap chi Vat liéu va Xay dung Tdp 11 s6 5 (10 - 2021)

Hinh 3. Hién vi dién tit quet ctia cAc mAu nanocomposit gC,N, - Cu,0 (a) va gC3N4 TNTs/TiO, (b).

+ Phd t4n xa ning lwvgng EDX: Hinh 4(a,b,c) 14 phd tan xa ning
lugng clia cdc mau gC,N, (a), gC3N, - Cu,0 (b) va gCyN, - TNTs/TiO,
(¢). Trén hinh phé EDX cuia miu gCsN, (Hinh 4a) cho théy 14 ¢6 pic
ctia nguyén té C va N. Trén hinh phd EDX ctia mu gCsN, - Cu,0 (Hinh
4b) cho thiy 14 ngoai pic ctia cc nguyén t6 C, N thi con c6 thém pic
clia nguyén t6 Cu va O. Trén hinh phd EDX ctia miu gGC,N, -
TNTs/TiO, (Hinh 4c) cho thiy 13 ngoai pic cta céc nguyén té C, N thi
c6 thém pic cta céc nguyén t& Na, Ti vA O. Nhu vay, trong miu
nanocomposit gC;N, - Cu,0 14 ¢6 da thanh phin cic nguyén t6 ciia
Cu,O va cta vat liéu pha tap gC;N,. Trong miu nanocomposit gC;N, -
TNTs/TiO, ciing ¢6 di thanh phin cic nguyén té cta TiO,, Na,TiO,
(TNTs) va cua vat liéu pha tap gCsN,.
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Hinh 4. Phé tan xa ning lvgng EDX cta cic mau gC;N, (a), gCsN, -
Cu,0 (b) va gCsN, - TNTs/TiO, (c).
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3.3. bdc tinh quang cta vt liéu

Phd hép thu UV-vis rin cia cic miu vat liéu nanocomposit
gC,N, - Cu,0, gC,N, - TNTs/TiO, va mAu vt liéu nano gC;N, dugc thé
hién trén Hinh 5. Trén hinh phd hip thu UV-vis cho thdy: miu
nanocomposit gG;N, - Cu,0 c6 b& hip thu mé rong nhiéu trong ving
anh sang nhin thiy véi buéc séng A ~ 700 - 730 nm; mau
nanocomposit gC;N, - TNTs/TiO, c6 b& hap thu & viing budc séng A =
400 - 420 nm; miu nano gC;N, c6 by hip thu & ving budc séng A =
450 nm. So sanh véi vat liéu nano don pha & céc nghién citu trudc
ctia nhém va céc tai liéu tham khao thi: vat liéu nano Cu,O don pha
c6 bo hap thu & dai rong ctia ving anh sang nhin thay A ~ 700 - 800
nm [5 - 7]. Vat liéu nano TNTs, TiO, anata don pha c6 b& hip thu
380 nm [6,7,10].
vat liéu gC;N, c6 bd hép thu & ving xung quang buéc séng A ~ 450

trong viing budc séng anh sang tt ngoai gin A <

nm [1 - 4]. Piéu nay cho nhan xét 1 d4 c6 sy tac dong cta yéu t6 pha
tap gCsN, dén vat litu Cu,0 va TNTs/TiO,. B& hép thu ctia miu
nanocomposit gCsN, - Cu,0 dugce thu hep hon trong ving dnh sang
nhin thiy so v&i miu nano Cu,0 don pha (nhung vin nim trong viing
TNTs/TiO,
duge mo rong hon (trong dai bude séng xanh luc nhat) so v&i mau
nano don pha TNTs, TiO,.

Ning luwgng ving cAm quang (Eg) clia cic miu vat liéu

anh sang d6). B& hip thu cia miu nanocomposit gC;N, -

nanocomposit gC;N, - Cu,0, gC;N, - TNTs/TiO, va miu vat liéu nano
gCs3N, dugc xéc dinh theo phuong phap Tauc [3,6 - 7]. Theo phuong
phép nay, gitta d6 hap thu va ning lwvong 6 méi lién hé duge biéu thi
theo phuwong trinh: (ahv)?= B(hv - Eg) (2). Trong d6: a la hé sb hip
thu dugc xac dinh ti phé hép thu UV-vis rin ctia miu vat liéu; h 1a
hing s6 Plang (h= 4,135.107° eV.s); v 12 tin s6 séng anh sang (v =
C/x, C - van téc anh sang (3.10% m/s), A - buéc sang anh sang); B 1a
hing s6. Hinh 6 13 dd thi biéu thi mbi quan hé clia (ahv)? va ning
ligng hv dva theo phuong trinh Taus clia cic maiu vat liéu
nanocomposit gC;N, - Cu,0, gC;N, - TNTs/TiO, vd miu vat liéu nano
gC;N,. Ning lwong ving cAm quang Eg dugc xdc dinh bing cich
ngoai suy ti¥ dd thi (ahv)*hv tai diém (ahv)> = 0. Bang 1 trinh bay
gia tri ning lwong ving cAm quang Eg cla cdc mau vat liéu
nanocomposit gC;N, - Cu,0, gC;N, - TNTs/TiO,, gC,N, va cic mau vat
liéu nano don pha Cu,0, TiO, (& nghién ctu tride cta ching téi) va

c4c mau twong ing theo tai liéu tham khao.
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Bang 1. Ning lwong viing cAm quang Eg ctia cic miu vt liéu nanocomposit gCsN, - Cu,0, gCsN, - TNTs/TiO,, gC;N, va cdc miu vat liéu tham

khao.
. gC3N,- Cu,0 TiO, anata TiO, anata Na,TiO,
Mau gC3N,4-Cu,O . gC3N, Cu,0 [2,5]
TNTs/TiO, [8,9] [6,71 [10] [12]
Eg (eV) 2,01 3,39 2,73 2,00 2,17 3,2 3,26 3,61
=5 100 — Ny | | — gCiN+Cw0 | 1 : gC:NATNTS T,
- | b
Py . \
w _ ]
d = 1
£ a0 | }
=< 0 1 y T )
W0 40 S0 60 00 0 900 300 400 00 600 700 S0 %0 300 400 S0 600 700 800 900

Wavelength A (nm)
Hinh 5. Ph hfip thu UV-Vis rén ctia cdc miu nanocomposit gC,N, - Cu,0, gC,N, - TNTs/TiO, va maiu nano gC,N,

gCsNy

—— gC3N-CuyO

oC:N-TNTS/TiO;

2018

20

Energy
Hinh 6. D4 thi biéu thi mbi quan hé ciia (ahv)?va hv ctia cdc mAu gC;N, - Cu,O, gC;N, - TNTs/TiO, va gC,N,

Theo két qua thé hién & Bang 1 cho thiy, gid tri ning lugng
ving cAm Eg ctia miu nanocomposit gC;N, - Cu,0, gC;N, - TNTs/TiO,
xé4c dinh duge 1a niim trung gian giita gia tri ning lvgng ving cAm clia

vat liéu nano gC;N, va vat liéu don pha Cu,0, TNTs, TiO, tiong ing.
4, Két luan

Vit liéu nanocomposit gCsN, - Cu,O, gCsN, - TNTs/TiO, da
duoc ché tao thanh cong theo phuong phép thuy nhiét. Cac vat liéu
gGCsN, - Cu,0, gC,N, - TNTs/TiO, va gC;N, déu c6 ciu triic nano - mét
v6i kich thuée tinh thé tinh theo phuong trinh Scherrer 1An luwot 1a:
12,5 nm, 9,6 nm va 10,35 nm. Miu nanocomposit gC;N, - Cu,0 c6 két
tinh tinh thé hinh béat dién (octahedra) gif)ng vGi tinh thé nano Cu,0
don pha v&i su phan b kich thuée hat twong dbi ddng déu, kich
thuge hat tinh thé ~ 300 - 400 nm. Mau nanocomposit gCsN, -
TNTs/TiO, c6 két tinh tinh thé dang thanh nano v&i kich thuge dai
cua thanh ~5-10 pm, kich thuwéc réng ciaa thanh ~ 80 - 100 nm. Trén
b& mit cic hat tinh thé cta nanocomposit gC;N, - Cu,0, gC;N, -
TNTs/TiO, déu cé xen lan tinh thé dang 16p bong md ctia nano
gC,N,. Cac mAu vat liéu nanocomposit ché tao di c6 sy tic déng clia
vat liéu pha tap gCsN, lam thay ddi dic tinh cua vat liéu
nanocomposit so v&i vat liéu don pha Cu,0 va TNTs, TiO,. B& hip
thu ctia miu nanocomposit gC;N,-Cu,0 ¢6 A ~ 700 - 730 nm (thude

viing anh sing d6) dugc xac dinh 1a mé réng hon so véi by hip thu

3 24 25 262

V)

ctia gC;N, (A ~ 450 nm) va thu hep hon so véi miu nano don pha
Cu,0. B& hip thu ctia miu nanocomposit gC;N, - TNTs/TiO, dugc m&
rong hon (A ~ 400 - 420 nm - thudc dai budc séng xanh luc nhat) va
nim trung gian giita 46 m& réng by hip thu cta vat liéu nano gC,N,
va bo hip thu clia vét liéu nano don pha TNTs, TiO, (A < 380 nm).
Gi4 tri niang lwong ving cAm quang Eg clia cic miu nanocomposit
gCsN, - Cu,0 va gCsN, - TNTs/TiO, 1an Iwgt 13 2,01 €V va 3,39 eV,
dwogc x4c dinh 13 gi tri trung gian gita ning lugng ving cAm cua vat
liéu don pha Cu,0, TNTs, TiO, (tvong ting Eg ~ 2,17 eV, 3,61 eV, 3,2
eV) va vt liéu pha tap nano gC;N, (Eg ~ 2,73 eV).

Loi cam on. Cong trinh nay dwoc thuc hién véi sy hd tro vé
kinh phi ctia d& tai cAp truong T2018-PC-233, Trudng Pai hoc Bach
Khoa Ha Noi.
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