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DEVELOPMENT OF A GREEN AND SUSTAINABLE METHOD
FOR SYNTHESIZING BIOMASS-DERIVED POROUS CARBON DECORATED ON
GRAPHITIC CARBON NITRIDE TO REMOVAL OF TOXIC ORGANIC POLLUTANTS

Environmental pollution caused by toxic organic pollutants has become a serious concern for
water quality and human health. Vietnam possesses abundant biomass resources, which can be
utilized as sustainable and low-cost precursors for advanced carbon-based materials. In this study,
biomass-derived porous carbon decorated on graphitic carbon nitride (PC@CN) was successfully
synthesized through a green and sustainable approach. The structural, morphological, surface,
and optical properties of the prepared materials were analyzed using various characterization
techniques. The obtained PC@CN composite exhibited effective photocatalytic degradation toward
methylene blue and tetracycline under light irradiation. In addition, radical trapping experiments
were conducted to identify the main reactive species involved in the degradation process. These
results suggest that PC@CN is a promising and eco-friendly photocatalyst for removing toxic organic

pollutants from wastewater.
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1. MO DAU

O nhiém moéi trudng nudéc do cac chat hiu co doc
hai dang trd thanh mot van dé nghiém trong, dac biét Ia
sy hién dién ciia phdm nhuom tong hop va khang sinh
trong nudc thai[1]. Cac hop chat nay thudng co6 cau tric
bén, khd phan hay sinh hoc va c6 thé gay anh hudng tiéu
cuc dén hé sinh thai thiy sinh cling nhu stic khoe con
ngudi[2]. Do do, viéc phat trién cac vat liéu xd Iy 6 nhiém
hiéu qua, chi phi thdp va than thién véi moi trudng dang thu
hut nhiéu su quan tdm nghién ctu. Graphitic carbon nitride
(CN) la mot vat liéu quang xuc tac khong kim loai ¢6 nhiéu

@

uu diém nhu do bén hoa hoc cao, cdu truc ving nang
lugng phi hdp va kha nang hoat dong dudi chiéu sang|[3].
Tuy nhién, CN nguyén chét van con mot s6 han ché nhu
dién tich bé mat thap, sO ludng tdm hoat tinh han ché va
su tai t6 hgp nhanh clia cap electron-I6 tréng quang sinh,
lam giam hiéu qua quang phan hiy céac chat 6 nhiém hiu
cd[4-6]. Viéc két hdp CN vdi carbon xdp dugc xem la mot
hudng ti€p can hiéu qua nham cai thién kha nang hap phu,
tang cuong hdp thu dnh sang va thic ddy qué trinh phan
tach dién tich. Trong do, carbon x6p c¢6 ngudn goc sinh
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khoi nhan dudc nhiéu su quan tdm nhd nguon nguyén ligu
phong pha, chi phi thdp va phi hdp véi dinh hudng phat
trién vat liéu bén viing. Nhiéu loai phu phdm va sinh khdi
thuc vat da dudc chuyén hoa thanh vat liéu carbon cho cac
ting dung hdp phu, luu trd nang lugng va xd Iy moi trudng.

Viét Nam c6 ngudn sinh khéi tu nhién phong phd, trong
d6 hoa sting 1a mot ngudn nguyén ligu thuc vat dé tim, ¢o
kha nang tan dung dé chuyén hoa thanh vat liéu carbon
x0p c6 gia tri [7], [8] . Viéc st dung hoa sting lam tién chét
khong chi gop phan khai thac hiéu qua nguon sinh khoi
san ¢6 ma con phu hdp véi dinh hudng phat trién vat liéu
xanh, bén viing va than thién véi moi trudng. Tuy nhién,
viéc sti dung hoa sting (Nymphaea rubra), mét ngudn sinh
khoi pho bién tai Viet Nam dé ché tao carbon xdp va két
hdp véi CN trong hé quang xuc tac van con it dudc dé cap.
Bén canh do, khi ham ludng carbon tang, hiéu qua loai bd
chat 6 nhiém c6 thé chiu anh hudng dong thdi cua qua

trinh hdp phu va quang phan hiy, do dé can dudc xem xét
dé danh gia phu hdp hoat tinh cua vat liéu. Trong nghién
clu nay, vat liéu carbon xp c¢6 ngudn géc tu hoa sting
dudc tong hap va bién tinh trén graphitic carbon nitride dé
tao thanh composite

PC@CN béng phudng phap xanh va bén viing. Céc
déc trung cau trac, hinh thai, bé mat va tinh chat quang
clia vat liéu dudc phan tich bang cac phuong phap phu
hgp. Hoat tinh quang xuc tac clia PC@CN dudc danh gia
théng qua qua trinh phan hiy methylene blue (MB) va
tetracycline (TC) dudi diéu kién chiéu sang. Bén canh do,
cac thi nghiém bat goc tu do cing dudc thuc hién nham
xac dinh cac tac nhan hoat tinh chinh tham gia vao cd ché
phan hiy. K&t qua nghién ctu hudng dén viéc phat trién
vat liéu quang xtc tac than thién véi mai trudng tii ngudn
sinh khoi hoa stng cho xu Iy cac chat 6 nhiém hiu co
trong nudc.

II. THU'C NGHIEM

2.1. Nguyén liéu va héa chit

Cac hoa chat trong nghién ctu nay déu la hoa chat
co do tinh khiét thuéc hang phan tich mua cuta hang
Xilong. Hoa stng dudc thu thap tai phudng Sa Déc, tinh
Dong Thap. Nudc cat hai lan dugc st dung trong sudt
thi nghiém.

2.2. Tong hop vit liéu

—

g

thés
Hoat hoa &

Hoa sing Carbon xbp

Nhiét phan

Melamine Urea Graphitic carbon nitride

Hinh 1. Quy trinh tng hop vat liéu PC@CN

Quy trinh tong hop vat liéu dugc trinh bay 6 Hinh 1.
Hoa sting (Nymphaea rubra) dudc riia sach bang nudc
cat, sdy kho, cat nho va nhigt phan ¢ 800°C trong 1 gid
dudi khi N, vdi téc do gia nhiét 5°C/phat. San phdm thu
dudc dudc ngam trong dung dich ZnCl, 1g/I trong 24 gig,
sau d0 tiép tuc nhiét phan & ciing diéu kién va nghién min
dé thu carbon x6p (PC). CN dudc tong hop tii hén hop
melamine/urea véi ty 16 1:1 bang phudng phap nhiét phan
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4 550°C trong 2 gid[9, 10]. Cudi cung, PC va CN dudc
nghién tron, sau do nhiét phan 6 550°C trong 2 gid dé thu
vat lieu xPC@CN, trong d6 x la ham lugng PC tudng tng
1, 2 va 3%.

2.3. Phan tich dac trung

Dic trung cua vat liéu dugc phan tich bang cac phép
phan tich hién dai bao gdm: FTIR (Alpha-E, Bruker Optik
GmbH, Ettlingen, Diic), XRD (D2 Phaser, Bruker, Germany),
FE-SEM (Hitachi S4800, USA) va SEM (Jeol-JMS 6490,
Japan).

2.4. Khao sat kha nang quang xuc tac

Hoat tinh quang xtic tac cla céc vét liéu dudc danh gia
thong qua qua trinh phan hiy MB va TC dudi chiéu sang
den LED 50W (A > 395nm). Trong mdi thi nghiém, 20mg
vat liéu dudc phan tan vao 50ml dung dich MB hoac TC
10ppm, sau d6 khudy trong t6i 30 phit dé dat can béng
hap phu-giai hap trudc khi chiéu sang. Trong qua trinh
phan (ing, 3 mL dung dich dudc |y theo tiing khoang thoi
gian, loc bo xuc tac va do do hdp thu bang UV-Vis tai budc
song dac trung clia MB va TC. Ngoai ra, anh hudng cta
pH dén kha ndng quang phan hiy chat 6 nhiém cing dudc
khao sat st dung NaOH va HCI 0.01M dudc diéu chinh
bang but do pH HANNA HI98103.



I1I. KET QUA VA THAO LUAN

3.1. Dic trung cuia vat liéu

Phé FTIR (Hinh 2a) ctia cac mau xPC@CN cho thdy su
xudt hién day dl cac dao dong dac trung ctia CN, bao gom
viing dao dong G-N/C=N cua khung heptazine va dinh
ddc trung clia vong tri-s-triazine, chiing to cdu triic nén CN
van dugc duy tri sau khi két hgp vdi PC. Gian d6 XRD (Hinh

2b) ghi nhan dinh nhiéu xa dac trung cla mat mang (002)
ctia CN tai viing 27-28°, tuy nhién dinh nay c6 su dich
chuyén nhe 6 cac mau xPC@CN. Sy thay d6i nay cho thdy
PC da tuong tac vai cdu trac I6p cla CN, lam anh hudng
dén khoang cach I6p va muc do xép chong n—=, qua do
xac nhan su hinh thanh thanh cong composite XPC@CN.
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Hinh 2. (a) Phé FTIR, (b) gian d6 XRD; anh FE-SEM ciia (c) CN, (d) 1PC@CN, () 2PC@CN, (f) 3PC@CN; va (g) 4nh SEM ciia PC

Nhu trinh bay trong Hinh 2c¢, anh FE-SEM cho thay CN
06 dang cac I6p mong xép chong va két tu véi nhau, lam
han ché dién tich bé mat tiép xac. Trong khi d6, PC thé
hién céu tric xdp, g ghé va khong dong nhét (Hinh 2g).
Sau khi két hgp PC vdi CN, cdu tric xép chong cua CN
dugc giam dang ké, cac I6p CN dudc tach rai t6t hon va bé
mat vat liéu trd nén xdp hon (Hinh 2d-f). Su cai thién hinh
thai nay c6 thé tao thém cac vi tri hoat tinh, tang kha ndng
hap phu chét 6 nhiém va ho trg qua trinh quang xuc tac.

Hinh 3a va b trinh bay kha ndng quang phan hily MB
va TC cua cac vat liéu. Sau 60 phat chiéu sang, CN dat
higu sudt phan hiy MB va TC lan lugt la 32,75 va 23,33%.
Khi két hop véi PC, higu suét phan hiy MB cla 1PC@

CN, 2PC@CN va 3PC@CN dat 72,75; 76,33 va 87,50%,
tudng Uing, trong khi hiéu suat phan hiy TC lan lugt dat
73,33; 77,37 va 88,08%. Sy cai thién nay co thé lién quan
dén c4u trac xop va bé mat go ghé cua PC, gilip tang kha
nang tiép xac va lam giau cac phan tl chat 6 nhiém gan
bé mat quang xuc tac. Dong thdi, su phan bo cta PC trong
cau tric CN gop phan han ché su xép chdng cta cac I6p
CN va tao thém cac vung ti€p xuc gidia hai thanh phan.
Mang carbon lién hdp cta PC cing c6 thé dong vai tro tiép
nhan va van chuyén electron quang sinh, tif d6 han ché su
t4i t6 hop electron-16 trong va tang kha nang tham gia phan
(ing clia c4c hat tai dién.
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Mac du 3PC@CN cho hiéu sudt loai bo tong cao nhét,
mau nay da lam giam ndng do MB va TC trong giai doan
hap phu t6i lan lugt la 54,94 va 17,37%, cho thay su dong
gop dang ké clia qua trinh hdp phu ban dau, dic biét doi
véi MB. Do do, hiéu suat ghi nhan ctia 3PC@CN khong
hoan toan phan anh riéng qua trinh quang phan hdy ma la
két qua dong thai ctia hap phu va quang xuc tac. Trong khi

d6, 2PC@CN van duy tri hiéu sudt x{i ly tudng d6i cao doi
vGi ca MB va TC véi ham lugng PC thdp han va mdc do
phu thudc vao hap phu ban dau thdp han. Vi vdy, 2PC@
CN dudc Iia chon 1a mau co thanh phan phu hgp hon khi
xét dén su can bang gitia ham lugng PC, kha nang hap phu
va hiéu qua quang phan hy.
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Hinh 3. Hiéu suat phan hiy (a) MB va (b) TC cla vt liéu; (c) anh hudng cia pH dén hiéu suat quang phan hiy MB cta vat ligu

Hinh 3c cho thdy pH c6 anh hudng rd dén higu suat
phan hily MB va TC. Dai véi TC, hiéu sudt phan hiy tai pH
3, diéu kién thudng (khong hiéu chinh), pH 7 va pH 9 lan
lugt dat 93,1; 77,4; 90,9 va 90,6%. Trong khi do, hiéu suat
phan hlly MB tudng (ing dat 70,7; 76,3; 62,4 va 60,3%.
Két qua cho thdy TC duy tri hiéu suét phan hiy cao trong
ca moi trudng acid, trung tinh va kiém nhe, trong khi MB
dat hiéu sudt cao nhat 6 diéu kién thudng va giam khi diéu
chinh pH. Su khac biét nay c6 thé lién quan dén trang thai
ion hoa ctia chat 6 nhiém, dién tich bé mat vat liéu va su
hinh thanh cac tac nhan oxy hda trong tling mai tridng pH.

IV. KET LUAN
Trong nghién ctiu nay, da téng hop thanh cong vat
lieu PC@CN tir carbon x8p ¢6 ngudn goc hoa stng va
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graphitic carbon nitride. Két qua FTIR, XRD, FE-SEM va
SEM xac nhén su hinh thanh composite, trong d6 PC anh
hudng dén céu trac xép 16p cta CN, hd trg tach 16p va cai
thién hinh thai bé mit. Cac mau xPC@CN cho hiéu suét
phan hly MB va TC cao hon CN tinh khiét,sau 60 phut
chiéu sang, 2PC@CN dat 76,33% doi véi MB va 77,37%
d6i véi TC, trong khi 3PC@CN dat hiéu sudt tong cao han
nhung ¢6 Iudng hdp phu ban dau cao. Két qua khao sat
pH cho thdy moi trudng phan ting anh hudng dén hiéu qua
quang phan hly cda vét lieu. Nhin chung, PC@CN la vat
liéu quang xuc tac co tiém nang ting dung trong XU ly céac
chat 6 nhiém hiu co trong nudc. Cac nghién cliu trong
tudng lai can tap trung 1am rd cd ché phan ting, danh gia
d6 bén tai sti dung va md rong khao sat trén cac chat 6
nhiém khac cing nhu mau nudc thuc té.
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