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ABSTRACT

In this study, banana-peel-derived carbon/g-C3N4 (BC/CN) composite
was prepared by a facile calcinating method from the urea (NH2)2CO
and banana-peel-derived carbon (BC) precursors. Whereas, the
banana-peel-derived carbon was prepared from the waste banana peel
as biomass source. The obtained composite was characterized by X-ray
diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR),
transmission electron microscopy (TEM), UV-Vis diffuse reflectance
spectroscopy (UV-Vis DRS), and N2 adsorption—desorption isotherms.
The results showed that the BC/CN composite had the higher
photocatalytic activities in the degradation Rhodamine B (85%)
compared to the pristine g-C3N4 (31%) under visible light. This shows
that the BC/CN composite as a promising new material with low cost for

photodegradation of organic pollutants in wastewater.

Gidi thiéu chung

O nhiém ngudn nudc do cac hoé chat doc hai da trd
thanh maéi quan tam 1&n cla thé gidi trong nhiéu thap
ki qua. Trong do, cac hoa chat dét nhuém dudcxem la
mat trong nhiting ngudn 6 nhiém phd bién nhat. B3 co
nhiéu ki thuat xir ly nudc thai khac nhau, trong do
phucng phap véat ly bao gém hap phu dugc st dung
déxtt ly nudc thai cdng nghiép.

Tuy nhién, chdng chi gidi han & viéc chuyén chat 6
nhiém tUr nudc thai lén chat hdp phu ma chua co sy
phan hly cla cac chat hitu cg, dac biét cac chat khd
phan hly trong mdi trudng nudc. Phuong phap oxy
hda nang cao la mét trong nhitng phucng phap mdi
dua trén ¢g sd su hinh thanh cac géc tu do dé phan

hly cac hgp chat htiu cd, dac biét qué trinh xdc téc
quang hoéa [1].

Gan day, g-C3N4 da thu huat nhiéu su chd y vé Ung
dung xuc tac quang tach nudc tinh khiét va phan huiy
chét hitu cg gay 6 nhiém dudi anh sang kha kién [2].
Vat liéu nay co nhiéu Igi thé nhu ¢ viung cdm khoang
2,7 eV, khd ndng san xuét v&i quy mo I6n, gid thanh
hop ly, phuong phép t6ng hap don gidn, d6 bén hoa
cao va than thién v&i moi trudng nén dudc st dung
phé bién va rong rai [3]. g-CG3N4 dugc st dung dé
phan hly cac chat & nhiém hitu co, tach nudc, khi
CO2.[4]. Tuy nhién, g-C3N4 c& nhifng han ché clia nd
nhu dién tich bé mat riéng nho va kha nang hédp thu
anh sang kha kién trong dai blc xa mat trgi con thép
dan dén hiéu sudt quang xuc tac thap [5]. Ngoai ra, g-
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(3N tinh khiét thé hién t6c dé tai két hap cap 16 tréng
va dién t& quang sinh nhanh. D& khac phuc nhugc
diém nay nhiéu phuong phép da dugc ap dung dé
bién tinh g-C3N4 nhu diéu ché g-C3N4 dudi dang ciu
tric mao quan va bién tinh g-C3Na4 bang cach ky thuét
pha tap hoac ghép vdicac vatliéu khac [6].

Bén canh dé, nhiéu vt liéu carbon dugc s&t dung dé
xU ly nudc thdi nhu: graphene, carbon hoat tinh,
carbon dang &ng nano... Trong dé, than hoat tinh la
vat liéu co cdu tric 16 x8p, hdp phu manh, ¢ dién tich
bé mat riéng Ién dugc st dung réng rédi nhu moét chét
hd trg hdp phy va xic tac [7],[8]. Ngoaira, bé mat than
hoat tinh giau cdc nhom cacboxyl, nhodm hydroxyl
phenol, nhém carbonyl, nhdm lacton, nhdm amit... c6
thé phan Ung vai polyme dé tao vat liéu composite.
Bén canh do, nhe Igi thé vé do dan dién cao nhu cac
vat liéu nén carbon khéc, than hoat tinh la mét dong
xUc tac thich hgp gilp cai thién khad néng tach cdp dién
tr - 16 tréng quang sinh hiéu qua. M6t s6 cdng trinh
clla cac nhdm nghién cdu s dung dang composite
chtta carbon cho qué trinh quang hoa dé x Iy nudc
nhu clia Zhang va cdng sy [11]. Nhdm nghién ciru da
st dung than hoat tinh lam chat hdp phu trong khi
Ag@BIOBr dugc st dung lam chét xic tac quang. Han
nlfa, than hoat tinh 13 loai vat liéu sinh hoc tai tao va
gia thanh thdp. Cé nhiéu ngudn nguyén liéu dé san
xuat than hoat tinh va mét trong nhitng Iua chon dugc
thu hdt nhat hién nay 1a di tr ngudn nguyén liéu phé
thai. Vo chudi la mot trong nhitng chat thai sinh khoi
néng nghiép ¢ tiém nang 16n dugc sd dung lam
nguyén liéu dé san xudt than hoat tinh. V& chudi chiém
khoang 40% t6ng trong lugng cla qua chudi va cd
ham lugng ligno xenlulo cao khodng 90,3% (trén ca s&
trong lugng khod) [9]. Nhiting vo chudi nay hau hét déu
dugc xem nhu 1a cac chét thai rén vai chi phi xr Iy 16n
do dé viéc chuyén hda lugng vo chudi nay thanh than
sinh hoc va st dung nd nhu mét chat hd trg xuc tac la
mot y tudng kha thi va hitu ich [10].

Cac phan tich trén cho thdy, trong Ung dung lam xtc
tdc quang, bén canh mot s& uwu diém, ca vat liéu
carbon va g-C3N4 riéng 1& déu co nang luc yéu trong
xUc tac quang. DE cai thién cac han ché clia vat liéu
donlé, viéc tang tang dé dan dién va dién tich bé mat
cla g-C3N4 la nhifng muc tiéu quan trong can dat
dugc. Cac nghién clru da chi ra rang véi cdu tric 16p
tuang tu nhau (2D-2D), su két hgp gilra véat liéu carbon
va g-G3Na & mét cach hiéu qua dé khac phuc cac
nhugc diém cla méi vat liéu riéng 1é, ddng thdi tao ra
composite ¢6 tinh chét quang, dién ddc dao cling nhu
hoat tinh xdc tac cao. Ngoai ra, nhdm nghién ciu
Huirong Zhang va cdng su [12] cling diéu ché than

hoat tinh tr than da vaisu bé sung clia canxi carbonat
lam chat hdp phu dé loai RhB khoi nudc

Nghién clu nay trinh bay mét phuaong phap don gian
dé t6ng hop composite C/g-C3N4, trong do C tif vd
chudi va g-C3Na ngung tutrén C tl ngudn nguyén liéu
urea.

Thyc nghiém va phuong phap nghién clu
Nguyén lidu va héa chdt

Cac vét liéu va hoa chat dugc st dung cho nghién clfu
nay: vo chudi Latundan (& tinh Binh Binh), urea, KOH
20%, HCI 2M, C2HsOH, H202, rhodamine B (Xilong,

Trung Qud0).
T6ng hop vdt liéu carbon hoat tinh tir vo chudi

V& chudi dugc rira bang nudc khir ion dé loai bo bui
bén va cét ra thanh nhiéu miéng nhd khi con tuoi. Sau
do, dugcsdy & moi trudng chan khong trong 24h & 110
°C. Vo khé dugcnghién min va nung trong moi trudng
kni Argon & 800 °C trong 5h, t6c dé gia nhiét la 5
°C/phut. Sau do6 san phdm thu dugctiép tuc xit ly bang
dung dich KOH 20% & 70 °C trong thai gian 2h va
dung dich HCI 2M & 60 °C trong thdi gian 15h. San
pham thu dudgc log, rira va sdy trong méi trudng chan
khong & 110 °C trong thdi gian 12h. Tiép theo, san
phdm dugc nung trong khdng khi & 300°C trong 3h.
Sau khi nung, sén phdm duac log, rira bang dung dich
HCl 2M va nudc, sdy kho thu dugcsanphdm la carbon
hoat tinh tr vo chudi, ky hiéu la BC.

Téng hap vdt liéu C/g-CsN4

Urea (20 g) cung v&i BC (0,1 g) dugc phan tan vao 50
ml dung dich nudcva con, khudy lién tuc & nhiét dé 60
°C dén khi khd hoan toan. Nghién min lugng ran va
tién hanh nung trong khi Argon & nhiét d6 550 °C
trong 1h. Chét ran dem loc, rira va sdy & 80 °C trong
12h thu dugc sén phdm la composite C/g-C3N4 (ky
hiéu 1a BC/CN). D& so sanh, mau vat liéu g-C3Na4 cling
dugc téng hop tucng tu nhu diéu kién trén nhung
khdng cd su cd mat clia carbon hoat tinh (ky hiéu la
CN).

Ddc trung vat liu

Ph& nhiéu xa tia X clia cac mau dugc do trén nhiéu xa
ké Bruker D2 Advance vd&i éng phat tia X clia Cu ¢
budcsong A (CuKo) = 1,5406 A, cong sudt 40 kV, dong
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40 mA. Géc quét tir 10 dén 80°. Phd hdng ngoai duagc
ghi trén phé k& IRAffinity-1S (Shimadzu) vé&i s6 song
trong khoang 400 dén 4000 cm™'. Phd UV-Vis-DRS cla
cac mau vat liéu dugc xac dinh trén may Jasco-V770
budc séng tu 200 — 800 nm. Phuang phap Brunauer-
Emmett-Teller (BET) dudc do trén Tristar Il 3202. Hinh
anh TEM dugcdo trén JEOL JEM-2100F.

Khdo sdt hogt tinh quang xdc tdc

Hoat tinh quang xUc tac cla vat liéu dudcxac dinh qua
phdn Ung phan hty RhB trong dung dich nudc dudi
anh sang kha kién. Cho 50 mg xdc tac vao 100 mL
dung dich RhB ndng dé 10 mg/L va khudy trong béng
toi vai thai gian 1a Th dé€ dat can bang hdp phu - giai
hdp phu. Sau do, tién hanh qué trinh quang xUc tac vdi
deén LED 30W. Ct sau méi thdi gian 10 phdt &y 5 mL
dung dich dem ly tdm, loai bo phan ran. Néng dé cla
RhB trong dung dich dudc xac dinh trén may do UV-
Vis (CE-2011) & budc song 553 nm.

K&t qua va thao luan
Bdc trung vt ligu
Két qua dac trung vé cdu tric tinh thé cla vat liéu BC,

CN va BC/CN dugc khdo sét bang phé nhiéu xa tia X
va két qua thu dugcdugcthé hién trén hinh 1.
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Hinh 1: Gian d6 XRD cla cac vatliéu BC, CN va
composit BC/CN

K&t quad & hinh 1 cho thdy mau BC c& mét vung nhd
lén trong khodng giatri 26 = 20 — 30°la ddc trung cua
chat vé dinh hinh c&u trdc cla than hoat tinh [13]. Mau
CN ¢6 dinh nhiéu xa manh & 20 = 27,59 1a do céu tric
I&p clia g-C3Na vdi sy xép chong xen k& clia cac daon vi
tham lién hgp tucng tu cdu tric clia graphite [14]. Vdi
mau BC/CN chi quan sat dugc pic cla g-C3N4 nhung

pic dac trung tu va cudng dé thdp hon so vdi pic
tugng Ung cla g-C3N4. Digu nay la do b su xen phd
cac 16p carbon gitta cac tinh thé g-C3N4 bdi sy hinh
thanh composite va than hoat tinh khéng c6 anh
hudng dén su hinh thanh clia g-C3Na4 [15].

Cac dic trung vé lién két hoa hoc clia cac mau vat liéu
dugc dac trung IR. K&t qua dudc trinh bay trén hinh 2
cho thdy, v8i mau carbon hoat tinh, cac pic & s6 song
trong khoang 1384 - 1638 cm! thé hién cho su cd mat
clia cac lién két C=C vong tham va nhdom C-N [16]. D6
v&i cac mau CN thé hién dinh nho sdc nét & s§ séng
809 cm™' dac trung cla vong triazine [17], trong khi &
889 cm™! 6 lién quan dén su bién dang cla heptazine
lien két chéo bién dang [18]. Binh & 1638 cm™ la cla
dao déng C=N, trong khi 1242 cm, 1325 cm', 1408
aml, 1465cm™ va 1568 cm™! ¢b thé dudc xem la dao
déng cta C-N thom [19, 20]. Dao déng xung quanh
pic 3178 cm™! thé hién cho lién két N-H [21]. Diéu nay
cho thdy rang phan I6n cac dinh pic trong mau BC/CN
déu thé hién phan Ién cac pic clia g-CG3N4 nhu nhan
dinh cla Chen vacdng su [15].

D& truyén qua (% T)

‘ { triazin
¥ heptazin

NiH BC
[ i

C=N
C-N

T T T T T T T T T T T T T T
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Hinh 2: PhS IR ciia mau BC, CN va composite BC/CN

C4u tric cla cac vat liéu CN, BC va BC/CN dudc dac
trung bai anh TEM (Hinh 3). Co6 thé thdy CN bao gdm
cac t&m mong, trong luc dé BC ¢6 céu tric dang hat,
con BC/CN lai cb dang sgi. Két qua nay cho thdy cb su
két hgp chat ché gitra vat liéu carbon nano va cac tam
g-C3N4 dé tao thanh vat liéu composite mot chiéu
BC/CN.

Pudng cong hdp phu-giai hdp phu N2 va phan bé kich
thudc mao quan cla vat liéu CN, BC va BC/CN dugc
thé hién trén hinh 4.

K&t qua cho thdy, dudng dang nhiét hap phu-giai hap
phu N2 & 77K cla vat liéu composite BC/CN trong
vung &p suat tuang déi 0,4 < P/Po < 0,99 khdng trung
khit ma c& dang tré thudc loai IV (theo phan loai clia
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IUPAC) dac trung cho hé vétliéu cd cdu tric mao quan
trung binh. Dién tich bé mat riéng clia mau composite
BC/CN dat 66,2 m?/g cao hon so vdi vat liéu g-C3N4
(34 m?/g), nhung lai thdp hon nhiéu so vd&i BC (802
m?/g). Budng kinh mao quan cla véat liéu composite
tap trung trong khodng tir 3 — 5 nm.

Hinh 3: Anh TEM clia vt liéu CN (a), BC (b) va BC/CN (¢)
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Hinh 4: Budng dng nhiét hap phu-gidi hdp phu va
dudng phanbé mao quan clia cac vatliéu CN, BC va
BC/CN

Ph& UV-Vis cla vat liéu BC, CN va BC/CN dugc thé
hién trén hinh 5. K& qué cho thédy vat liéu BC hap thu
anh sang ca trong vung tU ngoai va kha kién, gan nhu

khong cb nang lugng vung cdm, diéu nay cho phép du
doan rang vat liéu nay gan nhu khong co kha nang
quang xUc tac [23]. Trong khi dé mdu CN va BC/CN
déu hdp thu trong ving t& ngoai va kéo dai sang nhin
thay [15]. So v&i mau CN, mau BC/CN cudng do hédp
thu tang hon so v&i mau CN & trong ving kha kién.
Diéu nay c6 thé sy c6 mat cla carbon trong
composite.

£)
E BC
=
=
-t
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CN
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Hinh 5: Phd UV-Vis DRS clia cdc mau BC, CN va
BC/CN

Gia tri nang lugng ving cdm Eg dudc xac dinh theo
ham Kubelka-Munk [24, 25] cho thdy mau composite
BC/CN 6 Eg = 2,65 eV nhd hon so v&i mau don chét
CN (Eg = 2,72 eV) dugcthé hién trén hinh 6.

(FIRI*huy’

Eg (eV)

Hinh 6: Gia tri mc nang lugng Eg tinh theo phucong
trinh Kubelka-Munk

Tinh chdt xtc tdc quang cta vt liéu

Cac mau vat liéu CN va composite BC/CN dugc khao
sat hoat tinh quang xUc tac phan hty RhB dudi ving
anh sang kha kién. Trudc khi danh gia hoat tinh xuc
https://doi.org/10.51316/jca.2022.068
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tac, cac mau vat liu dugc hdp phu trong bong téi v
thai gian 1a 1 gig dé€ dat can bang hdp phu - gidi hdp
phu. Hinh 7 cho thdy mau BC/CN thé hién hoat tinh
quang xUc tac phan hdy RhB cao han so vdéi dan chét
g-C3N4 sau 1 gi¢s chiéu sang. Cu thé, hiéu qué quang
xUc tac cla cac mau CN va BC/CN tuong Ung bang
31% va 58%, trong luc dé BC géan nhu khéng cé tinh
chét xtc tac quang.

10 - - - - - o
; 0y
0.9+ .
2 »
0.8
.
o) .
Q 074 A .
o <
A
0.6 '
A
0.54 = BC .
o CN A
0.4 4 4— BC/CN A
T T T T T T T T v T v T
0 10 20 30 40 50 60

Thai gian (phat)

Hinh 7: Su phan hdy RhB clia cac mau vatliéu dudi
vling anh sang kha kién. Biéu kién: Crhe = 10 mg/L,
khéi lugng xtc tac = 0,05g, 100 mL dung dich RhB, dén
LED 30W

Hoat tinh quang xUc tac clia composite dugc cdi thién
¢ thé cb hai ly do. Thr nhét, carbon BC dong vai tro
nhu mét chat tang tinh dan dién clia vét liéu so vd&i g-
C3N4 nguyén chéat; thd hai, BC lam tang kha nang hép
thu quang trong vung &nh sang kha kién, diéu ma
dugc minh chiing bang két qua phé UV-vis DRS. Quy
ludt déng hoc xtc tac quang trén hai vat liéu déu tuan
theo m& hinh Langmuir-Hinshelwood (Hinh 8). Theo
do, nang luc xtc tac quang clia composite I6n han gép
2,4 1an so vaig-C3Na.

1.0
= BC
e CN, R*=0,995, k = 0,00625 =
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o 06
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£ 044 . .
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Hinh 8: M6 hinh déng hoc Langmuir-Hinshelwood clia
cac mau vat liéu

P& xac dinh dé bén cla xtc tac, mdu composite dudgc
tai sinh sau 4 1an xUc tac. Két qua Hinh 9 chi ra rang dé
giam hiéu sudt xtc tac khong dang k&, khoang 7%.
Mat khac cdu tric cling dugcduy tri dugcthé hién qua
gian do nhiéu xa tia X sau 4 lan st dung.

604 58%

56.5% 55,2% 54.1%
504

I
I
|

\W BCICN trude

BCI/CN sau

T T T T T ;

Ldn1 Lin2 Lin3 Lin4 15 2 % ) 35 a0
20(dd)

Higu susit (%)
3 & 3
Cuéng dé (a.u)

Hinh 9: Hiéu suét sau 4 [an xUc tac (bén tréi) va gian do
nhiéu xa tia X trudcva sau 4 1an xdc tac (bén phai).

K&t ludn

V&t liéu carbon hoat tinh dugc téng hop thanh cdng
bang phucng phap nung trong mai trudng khi tra tir
nguyén liéu sinh kh&i phé thai vé chudi. Trén cd s& do,
vat liéu composite gilta carbon hoat tinh va g-C3N4
(BC/CN) dudgc téng hap, trong do si dung urea nhu
mot tién chat cho g-C3Na4. Vat liéu BC/CN ¢ cau tric
sgi mot chiéu vdéi dién tich bé mat riéng dat 66,2 m?/g
va dudng kinh mao quan trung binh tf 3—5 nm. Hoat
tinh quang xUc tac clia vat liéu composite BC/CN (H =
58%) cao han nhiéu so vdivatliéu g-C3N4 don chat (H
= 31%) cho qua trinh phan hly RhB sau 1gi& phan Uing
dudi ving anh sang kha kién. Su cai thién nay dugc
cho do su cd mét cla carbon (BC) 1am téng tinh dan
dién va khad ndng hédp thu quang trong vung kha kién.
Pay o thé 13 mdt hudng nghién clu day hda hen
trong viéc tan dung dugc ngudn nguyén liéu phé thai
lam vét liéu cho qua trinh xr ly nudc thai va giam thiéu
dudcvandé 6 nhiém mobi trusng.

L&i cdm an

Céac tac gid chan thanh cdm on BO Gido duc va Bao
tao da hd trg kinh phi dé thuc hién ndi dung bai bao
thong qua dé tai ma sé B2021-DQN-04.
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