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ANH HUONG CUA NHIET PO VA THOI GIAN NUNG LEN CAU TRUC,
TINH CHAT VAT Li VA KHA NANG QUANG XUC TAC CUA VAT LIEU g-CsN,
PUQC PIEU CHE BANG QUA TRINH NHIET PHAN URE TRONG KHONG KHi

Lam Thi Hang®, Lvong Cao Thang?, Vi Thanh Mai?, Nguy&n Manh Hung?,
Lé Thi Mai Oanh? va b4 Danh Bich?
'Khoa Khoa hoc Pai cirong, Trieong Bai hoc Tai nguyén va Méi trirong Ha Ngi
2Khoa Vdt Ii, Trwong Pai hoc Sw pham Ha Ngi
*Khoa Khoa hoc Co bdn, Trieong Pai hoc Mo Pja chat

Tém tit. Trong bai bdo nay, ching tdi nghién ciu anh huong caa nhiét do va thoi gian
nung mau |én cau trac, tinh chat vat 1i va kha niang quang xuc tac cia vat liéu g-CsN4 duoc
ché tao bang qua trinh nhiét phan uré trong moi truong khong khi. Cau tric va tinh chat vat
li chia cac mau thu dwoc duoc nghién ciu bang cach sir dung kinh hién vi dién tir quét
(SEM), nhidu xa tia X (XRD), pho hap thu hng ngoai (FTIR), phé hép thu UV-Vis va phd
huynh quang (PL). Két qua chi ra rang nhi¢t d6 nung c6 anh hudng I6n hon thoi gian nung
Ién cau trdc va tinh chat vat Ii cua vat liéu g-CsN4. Kha ning quang xiic tac ctia CAC tim
g-C3N, ché tao dugc duoc danh gia boi sy suy giam nong d¢ dung dich Rhodamin B (RhB)
10 ppm dudi su chiéu xa cia dén Xenon. Két qua cho thiy, mau g-CsN4 nung & 550 °C
trong 2 gio cho kha ning quang xtic tac tot nhat, xir 1i dugc 94% RhB trong dung dich sau 3
gio chiéu séng. Két qua nay dugc cho 12 do mau g-CsN4 nung ¢ 550 °C trong 2 gio c6 do
x6p cao dan dén dién tich bé mat riéng 16n, thém vao d6 1a toc do tai hop cua cap dién tir -
15 tréng cia mau nung & 550 °C trong 2 gio thap.

Tar khoa: g-CsNg4, quang xuc tac, nhiét do nung, thoi gian nung, RhB.

1. Mé& dau

Hién nay, con nguoi dang du’ng trude nguy co cua viéc can kiét nguon nguyén liéu hoa
thach va 6 nhiém moi trU:O’ng do céc chét thai cong nghlep, dic biét 12 6 nhim ngudn nudc.
Théach thuc 1on déi véi céc nha khoa hoc trén thé gisi ndi chung va Viét Nam nai riéng 1a tim ra
céc vat liéu c6 kha ning quang xuc tac tot dé cd thé st dung ngudn ning lwong Mt Troi cho
céc chit x(c tAc quang ung dung trong linh vuc xir Ii cc chét thai gay 6 nhiém méi truong, san
xuit hydro théng qua phan tng tach nudc va giam thiéu CO, trong méi truong khong khi [1-5].
Trong nhitng nam gan day, mot trong nhiing vt liéu dugc quan tdm nghién ctu nhiéu la vat liéu
0-CsN4. Pay 1a vat liéu ban dan phi kim loai v6i nang lugng ving cam nho (c& 2,7 eV), bén co
hoc va hoa hoc, khong doc va kha ning quang xic tac tot [6-11]. Chinh vi nhiig dac tinh nay
ma g-CsN4 da tro thanh mot trong nhimg dbi tuong nghién ctu hap dan trong linh vuc quang
xuc tac.

Ngay nhan bai: 12/3/2020. Ngay sura bai: 20/3/2020. Ngay nhéan déng: 27/3/2020.
Té&c gia lién hé: LA&m Thi Hang. Bia chi e-mail: lamhang289@gmail.com
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g-C3N, duoc tdng hop tir nhirng tién chat giau nito nhu uré [12], thiourea [13], melamine [14],
cyanamide [15], dicyandiamide [16].... Cac phwong phép phd blen dugc sir dung trong ché tao
g-C3Ny 1a trung hop nhiét [17], thuy nhlet [18], Solgel [19]. Mot sé nghién ctru [10, 20, 21] da
chi ra rang khi duoc nung boi cac tién chét va diéu kién cong nghé khac nhau thi g-C3Ny ciing
thé hién kha ning quang xuc tac khac nhau. Nghién ctru trude day cua chung toi [8] ciing di chi
ra rang khi nung uré & 550 °C trong 2 gid trong méi trudng khi Ar, vt liéu g-CsN4 cho kha nang
quang x@c tac tot nhat. Tuy nhién, viéc ché tao g-C3N, trong moi truong khi Ar c6 mot s6 han
ché @6 1a hé théng diéu khién khi Ar phuc tap, dé ché tao luong 16n g-CsN, cho cac Gmg dung
thuc t s& ton kém va mat nhiéu thoi gian. Do vay, viée thir nghiém, khéo sat, toi wu hoa cac
diéu kién cong nghé dé ché tao thanh cong g-C3N, trong diéu kién khéng khi 1a mot viée hét sic
can thiét va dugc nhidu nhom nghién ctu quan tam. Trong nghién ctu ndy, chdng tdi ché tao g-CsN,
bang phu:orng phép nhiét phan uré trong moi truong khong khi va nghién ctu dnh huong cua
nhiét do va thoi gian nung mau I1én ciu tric, tinh chat vat Ii va kha niang quang xtic tac cua vat
lieu g-C3N,.

2. Noi dung nghién ciu
2.1. Thyc nghiém

Ché tao g-CsN,: Cac tam nano g-C3N4 dugc ché tao bang phuong phép nhiét phan uré
trong moi trudng khong khi. Pau tién, cho 10 g uré vao trong cdc str boc kin bang gidy bac. Sau
d6 nung mau trong 2 gio & cac nhiét do khac nhau (400 °C, 450 °C, 500 °C, 550 °C, 600 °C) va &
550 °C trong céc thoi gian khac nhau (0,5; 1,0; 1,5; 2,0; 2,5 h) trong khéng khi. Cac mau nung &
cac nhiét do khac nhau trong 2 gio ki hiéu la: gCN-400, gCN-450, gCN-500, gCN-550,
gCN-600. Cac mau nung & 550 °C trong cac thoi gian khac nhau ki hiéu 1a: gCN-0,5; gCN-1,0;
gCN-1,5; gCN-2,0; gCN-2,5.

Thi nghigm quang xuc tac: Pau tién cho 0,06 g mau g-CsN, vao 30 ml H;0, khudy tir
trong vong 30 phtt va rung siéu am trong vong 1 gio ¢ nhiét d§ phong ta dugc dung dich A.
Cho dung dich A vao 30 ml RhB dugc dung dich B, khuéy tr dung dich B trong diéu kién
khong c6 anh sang trong vong 30 phit dé dat dén trang thai hip phu bdo hoa. Tién hanh 1y mau
2 1an trong thoi gian khudy tdi. Lan 1: khudy t6i 10 phat. Lan 2: khudy t6i 30 phit. Dit dung
dich B dudi dén Xenon (cong suit 300 W) sau khi loc 4nh sang ving tir ngoai, khudy tir trong 180
phut & nhiét do phong. Trong 1 gid déu tién, cit cach 15 phut 1dy mau mot lan, 2 gio tiép theo ctr 30
phut ldy mau mot 1an, mdi lan 1dy ra 4 ml dung dich. Cac méu lay ra duoc li tim 2 lan (t6c d6 4000
vong/phut trong thoi gian 7 phit) dé loai bo bot g-CsN,, thu duoc dung dich RhB. Nong do RhB
sau khi xir 1i quang xtc tac duoc xac dinh thdng qua phép do phé truyén qua tai budc séng 552
nm trén may Jassco L1 — tai phong thi nghiém Trung tdm Khoa hoc va Céng nghé Nano,
Truong Pai hoc Su pham Ha Noi.

Céu trdc cta vat lidgu dugc khao sat bai phép do gian d6 nhidu xa tia X thuc hién trén hé do
D8-Advance véi birc xa Cu-K,, va phép do phd hdng ngoai chuyén ddi Fourier (FTIR) thuc hién
trén hé do Jasco - FT/IR 4600. Hinh thai bé mat cua cac tim g-CsN, duoc thuc hién bai phép do
SEM thuc hién trén hé Hitachi S-4800. Phé hép thu UV-vis duoc thuc hién trén hé do Jasco
670. Pho huynh quang PL duoc thyc hién trén hé Nanolog iHR 320, Horiba ¢ budc song kich
thich 350 nm.

2.2. Két qua va thao luan

Gian d6 nhiéu xa tia X cua cic miu g- C3N; nung & nhiét do khac nhau va thoi gian khac
nhau dugc trinh bay trén Hinh 1. Két qua cho thdy, tat cd cic mau déu xuat hién hai dinh nhiéu
xa tai vi tri khoang 12,8° va 27,7°. Cac dinh nay twong tmg v6i mit phang mang c6 chi sb Miller
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(100) va (002) Riéng cac mau nung & nhiét do khac nhau (Hinh 1a) con xuat hién thém dinh
nhiéu xa tai vi tri 24,9° ing voi mat phang mang (101). Vi tri cac dinh cia mau hoan toan phu
hop véi dit lidu tir thé chuan JCPDS s6 87 - 1526 cua tinh thé hexagonal, thudc nhom khdng
gian P-6m2.

Dbi v6i cac mau nung & nhiét do khac nhau (Hinh 1a), khi nhiét d6 U ting tir 450 °C dén
600 °C, cuong do dinh nhifu xa ting 1én, trong d6 mau gCN-550 cho cudng d6 dinh 16n nhat.
Nhu vay, nhi€t d0 nung ¢d anh huong nhét dinh t&i chét lugng tinh thé g-C3N,. Vi thoi gian
nung la 2h, g-CsN, két tinh 6t & 550 °C. Ngoai ra, dinh tai vi tri (002) c6 sy dich chuyén nhe vé
phia géc nhiéu xa 16n khi nhi¢t do nung mau tang lén, cho thay su giam khoang cach xen ké&
gifra cdc 16p va gidm hang s6 mang c. Két qua tinh toan chi ra rang hing sb mang ¢ giam tur 7,17
A cho mau nung ¢ 450 °C xuéng 7,07 A & miu 600 °C. Hang s6 mang a ciing c6 thé duoc tinh
todn thong qua dinh nhiéu xa tai 24,5 ° ang véi mat phang mang (101). Két qua cho thay hing
s6a cling giam tur 4,39 xuéng 4,29 A khi nhiét d6 nung mau tang tir 450 dén 600 °C. Chlng toi
cho rang, khi nhiét do u tang 1én, mang lui polyme lién két giita cac vong s-triazine trong tinh
thé g-C3N, duoc mo rong, so lugng céc lién két m tang 1én, 1am cho su xen phu nhau giira cac
orbital ting 1én dan dén hang s6 mang tinh thé giam.

Dbi voi cac miu nung & 550 °C véi thoi gian khac nhau (Hinh 1b), gian d6 nhiéu xa tia X
clia cac mau khong c6 su khac biét nhiéu. Cac vach dic trung cia g-CsN, deu xuét hién, diéu
nay cho thay, tinh thé g-C3N4 duogc hinh thanh ngay tir khi thoi gian nung mau 13 0,5 gio va thoi
gian nung mau khong lam anh huéng nhiéu dén cau tric tinh thé ciia vat ligu.
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Hinh 1. Gidn dé nhiéu xa tia X ciia cac mdu g-CsNy: (a) nhigr dg khac nhau,
(b) thei gian khac nhau

Hinh 2 trinh bay phd hap thu hdng ngoai FTIR cua cac mau thu dwoc. Két qua chi ra rang,
cac dinh dic trung chinh duoc quan sat thdy trong khu vuc tir 900 dén 1700 cm™. Cac dinh nay
¢ ngudn gbc tir cac dao dong co dan caa cac don vi lap heptazine, bao gdm cac mode dao dong
co dan cua lién két sp? C=N va dao dong udn ngoai mat phing cua lién két sp® C-N, trong khi
dinh sic nét & khoang 810 cm™ dugc gan cho mode dao dong tha dac trung cua cac vong tri-s-
triazine. Cac dinh trong khoang tir 3000 dén 3500 cm™ dugc cho 1a ¢6 lién quan dén mode dao
dong co dan caa cac lién két N-H ty do trong céc cau ndi giita cac lien két C-NH-C va O-H c6
ngudn gbc tir viéc hap phu nudc trén bé mat vat liéu g-CsN, [3].

Mét s6 mode dao dong (1250, 1327, 1418, va 1489 cm™) (Hinh 2a thu nho) nam trong khu
vue 1200-1500 cm™ ciing duoc cho 1a twong tng véi cac mode dao dong co dan cia cac lién két
C-N ctia nhdm amin so cdp va thir cap [22]. Nhimg dinh nay ¢ su dich chuyén nhe vé phia s6
song thap cho thiy sy giam duong kinh cta cac vong thom. Pic biét, cac dinh hép thu tré nén
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sdc nét hon khi nhiét do nung ting, cho thiy riang nhiéu nhom C-NH, va cac ciu C-NH-C giita
cac don vi heptazine dugc tao ra ¢ nhiét do nung cao hon [21].

Véi cac mau g- CsNgy duge tong hop trong thoi gian nung khac nhau, pho FTIR cho thiy cac
dinh hép thy ciing thé hién gidng nhu da trinh bay & phd FTIR cta cac mau duge ché tao ¢ cac
nhlet d6 nung khac nhau (Hinh 2b). Tur két qua XRD va FTIR, c¢6 thé két luan dugc rang cac
mau g-CsN, thu duge déu c6 ciu truc poly triazine va khoang cach gifra cc 16p glam di khi ting
tang thoi gian nung. Nhiét d§ nung mau ¢4 anh hudéng 16n dén chu trac tinh thé cua vat liéu g-

C3Nj hon 1a thoi gian nung mau.
gCN-2,5
triazine |
gCN-2,0
gCN-600
.,-\J'VJW\ gCN-1,5
QCN-550

A / W “\ gCN-500 _——. gCN-1,0

—L/\V\/\\_ﬂfi&/\ _ a5

10'00 20‘00 30‘00 1 OIOO 20I00 30I00
$6 song (cmt) $6 song (cmt)
Hinh 2. Phé FTIR ciia cac mdu g-C3N,: (a) nhiéz d¢ khac nhau; (b) théi gian khac nhau

Pé danh gia anh huong cua nhiét d6 nung mau Ién hinh thai bé mat caa vat lieu g-CsN,,
chung t6i tién hanh chup anh SEM. Anh SEM cua cac mau g-C3N4 dugc tong hop ¢ nhiét do
nung khac nhau trong cung thoi gian nung 2 gi¢' dugc thé hién trong Hinh 3. Quan sat thay, hlnh
thai va cau trac vi md ctiia g-CsN, thay doi dang ké khi ting nhiét d6 u. Co the thay, d6i voi mau
duge nung & 450 °C, hinh thai cta vat lidu gdm cac 16p 16n véi cac nép gip va 16 hong trén bé
mit; véi mau dugc nung & 500 °C, cac 16p 1én bi nit va cudn thanh cac dam nho hon; véi cac
mau duge nung & 550 °C va 600 °C, dién tich cua timg dam d6 trd nén nhé hon dang ké, thém
nhiéu 16 16n trén bé mit cia mau gCN-550 va gCN-600. T d6, cd thé du doan rang, khi miu
dugc tong hop ¢ nhiét do 550 °C va 600 °C, vat liéu da x6p hon; diéu nay phu hop cho tng
dung xdc tac cua g-C3Ny.

CN
f
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Cuong d (d.v.t.y.)

Hinh 3. Anh SEM cia cac médu g-C3N, nung ¢ nhigt dg khac nhau
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Hinh 4 trinh bay phd hap thu va d6 rong ving cidm cia hé mau g-CsN, dugc nung & cac
nhiét do khac nhau trong 2 gio. Hinh 4a cho thay tit ca cac mau déu thé hién sy hap thu manh
&nh sang nhin thay véi bo hap thy co ban & khoang 450 nm. Khi nhiét d6 nung miu ting lén, bo
hap thu c6 xu huéng dich chuyén vé phia budc song dai hon cho dén mau nung & 550 °C va sau
d6 giam & mau 600 °C. Déi véi ban dan g-C3N, ¢6 ving cam xién, nang lugng ving cam (E,) c6
thé dugc xac dinh bang cach v& duong tiép tuyén caa (Ahv)"* theo ning lwong photon nhu
trinh bay trong Hinh 4a thu nho. Két qua tinh toan nang lwong ving cim cua cac mau duoc thé
hién trong Hinh 4b. Két qua chi ra rang, ning lwong ving cam phu thudc nhiéu vao nhiét do
nung mau. Trong d6, mau g-CsN, nung & 550 °C trong 2 gid c6 nang luong ving cdm nhé nhét
122,66 ¢eV.

0,6 3,0
i (a) = (b)
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= Y =
_E 26 28 30 32 A L:"JD
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Hinh 4. (a) Phé hdp thu UV-vis va (b) niing lweng ving cdm ciia cac mau g-CsN,
nung ¢ c&c nhiét dé¢ khac nhau

Hinh 5 trinh bay phd huynh quang PL va chuan hda phé PL cua cac tim nand g-CsN4 nung
& cac nhiét d6 khac nhau bang cach sir dung anh séang kich thich la 350 nm. Hinh 5a cho thay
phd huynh quang cia cac mau nhin chung la mot dai phéat xa rong mau xanh luc ma tam phat xa
& khoang 450 nm, phu hgp véi bo hip thu co ban trong phd UV- vis Hinh 4a. Phé PL chuan hoa
(Hinh 5b) cho thay sy dich chuyén do cua tim phat xa PL khi nhiét d6 1 tang 1én. Thém vao do,
cudng do dinh huynh quang caa cac miu ciing c6 sy thay d6i. Pau tién, khi nhiét do ting tir 400
Ién 500 °C, cuong d6 dinh huynh quang tang, sau do giam khi nhiét do tiép tuc tang. Trong do,
phd PL cia mau gCN-550 c6 cudng do thap hon so véi mau gCN-600. Nhu da biét, cuong do
cua phd huynh quang 12 mot phép do gian tiép phan anh xac suat tai hop caa cac cap 16 tréng —
dién tir dugc tao ra, tic la xac suit tai hop cang cao, cuong do huynh quang cang manh. Nhu
vay, c6 thé thay rang X4c suét tai hop cap dién tur - 15 trong cua mau gCN-550 u trong thoi gian
2 glo la nho nhat. Két qua nay gian tlep chira rang mau gCN-550 cho két ‘qua quang xuc tac tét
nhit boi xac suat tai hop thap cho thay thai gian séng cua cap dién tir 16 trong ting.

gCN-400 9gCN-600

)

200 500 500 200 500 600
Budre séng (nm) Buée song (nm)
Hinh 5. (a) Phé PL va (b) chudn héa phé PL ciia cac mdu c6 nhiés dé nung khac nhau
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Dé nghién ciu kha ning quang xtc tac ciia c&¢ mau g-CsN4 & cac nhiét do nung va thoi
gian nung khac nhau, chiing tdi danh gia kha ning phan hiy dung dich RhB dudi su chiéu xa
cta dén Xenon. Két qua quang X0c tac phan huy dung dich RhB dugc trinh bay trong Hinh 6.
Két qua cho thay, qué trinh hp phu xay ra trong 10 phit dau tién va bao hoa sau 30 phat khudy

trong bong toi.

1.0 koo gCN-400
(a) gCN-450)

08 CN-500
g 0,6}
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5 04t
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Toi Séng _ gCN-550 ' i Séang
0,0F ‘ '
0 50 100 150 0 50 100 150
Thoi gian (phat) Thoi gian (phat)

Hinh 6. Khd ndng quang xiic tdc ciia cac mau g-CsNy: (8) nhigr dg nung khac nhau,
(b) thei gian nung khac nhau

Két qua trinh bay trén hinh 6a cho thay kha ning quang xuc tic ctia cA&c mau gCN phu
thudc manh vao nhiét d¢ nung. Cuy thé 1a ti 16 C/C, giam khi nhiét d6 nung tang tir 400 °C dén
550 °C va sau d6 giam khi nhiét d6 nung ting 1én 600 °C. Didu nay phu hop véi két qua nghién
cliu Vé cau tric ciing nhu tinh chat quang da trinh bay o phén trén va cé thé dugc giai thich boi
do Xop cao lam cho dién tich bé mit riéng 16n, thoi gian song cua cap dién tr - 16 trong dai lam
cho mau gCN-550 c6 kha ning quang xic tic tot nhat.

Dbi véi hé miu co thoi gian nung khac nhau (Hinh 6b), két qua ciing cho thay kha nang
quang xuc tac phu thudc vao thoi gian nung mau. Kha niang quang xtc tic ciia cac mau theo thir
tu gCN-1,5 < gCN-2,5 < gCN-0,5 < gCN-1,0 < gCN-2,0.
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Hinh 7. Swsuy giém nong dé RhB trong pho hdp the UV-Vis theo théi gian ciia mdu 9-C3Ny
nung & 550 °C trong 2h (Dx nghia la khudy trong bong téi x phiit, Ex nghia la chiéu xa
dwdi anh sang dén Xenon trong x phut)
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Hinh 7 1 phé hép thu UV-vis cia dung dich RhB sau khi chiéu sang véi thoi gian khéac
nhau ciia mau gCN-550. Két qua cho thdy su thay d6i rd rét nong do RhB theo thoi gian. Sau
180 phut chiéu sang, cudong do dinh hip thy dic trung cho ciu tric ciia RhB tai bude séng 552
nm khoéng chi giam ma con dich chuyén tir 552 nm sang 530 nm. Piéu nay ching té c6 su phan
huy ciu trac lién két cia RhB. Tong hop cac két qua khao sat tinh ciu trac, tinh chit vat li va
kha ning quang xtc tac cia hé mau theo nhiét d6, thoi gian nung khac nhau, chung t6i thiy rang
diéu kién tong hop mau tdi wu dé cho kha ning quang xuc tac tot nhét 1a nung mau & 550 °C
trong thoi gian 1a 2 gio.

3. Kétluan

Vit liéu g-CsN, da duoc ché tao thanh cdng bang phuong phap nhiét phan uré trong moi
truong khong khi va nghién cau anh huong cua nhiét ¢6 va thoi gian nung mau 1én ciu trdc,
tinh chét vat Ii va kha niang quang xuc tac cta vat liu g-CsN,. Ca nhiét ¢6 va thoi gian nung déu
anh huong téi tinh chat quang va kha ning quang xic tac cua vat liéu g-CaNy4 ché tao duoc. Véi
moi truong khong khi, diéu kién nung ¢ 550 °C trong 2 gid l1a tdi wu, thu duoc vat liéu g-CsN,
c6 kha nang quang xuc tac tot nhat trong ving anh sang nhin thay. Vat liéu ché tao dugc co thé
phan hiy 94% RhB trong 180 phut. Huéng nghién cau tiép theo cua ching toi 1a bién tinh vat
liéu g-C3N, dé nang cao hiéu suét quang xdc tac cua vat liéu.

Loi cam on: Nghién ctru nay duoc tai tro boi dé tai cap Bo trong dé tai ma sé B2018- SPH-06-
CTrVL.
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ABSTRACT

Influence of temperature and time on structure, physical properties
and photocatalytic ability of g-C3N,4 synthesized through urea themal polymerization
in an air atmosphere

Lam Thi Hang®, Luong Cao Thang?, Vu Thanh Mai?, Nguyen Manh Hung®,
Le Thi Mai Oanh? and Do Danh Bich?
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2Faculty of Physics, Hanoi National University of Education
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In this article, we study the effects of temperature and heating time on the structure,
physical properties and photocatalytic activity of the Graphitic carbon nitride (g-CsN4) material
which were prepared from urea via a thermal polymerization method in an air atmosphere.
Structure and physical properties of synthesized samples were characterized using scanning
electron microscopy (SEM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR), UV-vis absorption, and photoluminescence (PL). The results showed that the heating
temperature has a greater effect than time on the structure and physical properties of the g-
CsN, material. The photocatalytic ability of the g-CsN, nanosheets was evaluated by
photocatalytic degradation of Rhodamine B (RhB) solution 10 ppm under the irradiation of the
Xenon lamp. The results showed that the g-C3N4 nanosheets synthesized with heating time 2.0 h
at 550 °C showed good photocatalytic ability decomposing 94 % of RhB after 3 h of Xenon
lamp exposure.

Keywords: g-CsN,4, photocatalytic, heating temperature, heating time, RhB.
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