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ABSTRACT

This study used reed biomass and urea as raw materials to produce
biochar and g-CsN4 by pyrolysis under N atmospheric conditions at
400°C and 520°C, respectively. The g-CsNs/biochar materials were
prepared by dispersing different masses of g-CsN4 onto the biochar
surface and characterized by XRD, SEM, BET, FT-IR and UV-Vis-DRS
methods. The photocatalytic degradation on doxycycline (DC) was
investigated from the factors of pH and concentration. The
characterization showed that g-CsNs4 was well incorporated on the
surface of biochar and increased the specific surface area of the
material. The presence of biochar narrowed the band gap and
increased light absorption at a wider wavelength range of g-CsN4. The
composite of g-CsNs/biochar ratio of 2/1 presented the best
performance, which is 2.38 times faster than g-CsN4 degrading DC.
Kinetic studies showed that DC degradation followed pseudo-first-order
kinetics with a determined rate constant kspp = 4,82x10° min™' at a
concentration of 5.0 mg/L DC. The study shows that the g-C3Na/biochar
material has great potential in the treatment of antibiotic contaminated
wastewater.

Gidi thiéu chung

chdc nédng clia hé ndi tiét, gay tac dong anh hudng
dén suc khde clia ngudi va dong vat; 1a nguyén nhan
gay ra cac bénh ung thu, gidm lugng tinh tring & nam

Khéng sinh hién dang dugc st dung réng réi cho con
ngudi, thd y va chdng ¢ mat nhiéu trong nudc thai
sinh hoat, nudc thai bénh vién hodc céc trang trai chan
nudi [1]. Trong qua trinh s& dung, chi mét phan nho
cac khang sinh dugc hédp thu va chuyén hoa trong co
thé ngudi/vat nudi, con phan 16n dugc bai tiét nguyén
dang. Khéang sinh co thé ton tai trong dét, nudc, khong
khi va mot khi da xam nhap vao ca thé sé lam réi loan

gidi, ung thu VU & phu ni, gay ra hién tugng quai thai
[2,3],... Do do, viéc nghién clu loai bd ton du khang
sinh trong cac ngudn nudc trudc khi thai vao moi
trusng dugc cho la van dé cép thiét hién nay.

DE x( ly cac ngudn nudc xa thai bi & nhiém bdi khang
sinh ngudi ta c6 thé tién hanh bang nhiéu phuong
phap khac nhau nhu: phan hay sinh hoc, dién hoa,
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keo tu va loc mang [2,4]. Tuy nhién, do dac diém cau
tric phuc tap cla khéng sinh, su hinh thanh cac san
phém phu déc hai, va chi phi van hanh hodc bao tri
cao lam cho cac phuang phép trén trd nén kém hiéu
qua [2,4]. Trong khi do, phuang phap phan hly quang
xUc tac (QXT) hién dugc xem la gidi phap hiéu qua
nhat trong xU ly nudc thai do chi phi van hanh thép, cé
tinh linh hoat va kha néng tai s dung cao [2,4].

Gan day, mot loai ban dan khong kim loai, dang
polymer cla carbon nitride c6 céu tric I&p nhu graphit
(g-G3Ny). VAt liéu nay co nhigu uu diém nhu nang
lugng ving cam bé (khodng 2,7 eV), cé kha nang hoat
dong QXT trong diéu kién anh sang mat trdi, cd thé
téng hagp lugng 16n va bén hoa [1]. Tuy nhién, g-CsN4
& dang nguyén chat cé nhugc diém nhod la téc do téi
két hop gilta cac cap electron/16 tréng quang sinh cao,
dan dén hiéu qud xic tac quang kém [5]. D& khac
phuc han ché nay céc ky thuat bién tinh g-CsN4 khac
nhau d& dudgc thuc hién nhu pha tap bdi cac ion phi
kim [5], pha tap bdi cac ion kim loai [6], cap déi véi cac
oxide ban dan khac [7,8] hodc phan tan né lén cac pha
nén khac nhau nhu salicylic acid [9], kaolin [10],
montmorillonite [11], hydroxyapatite [12],.v.v. Hién tai,
cac nha khoa hoc cé xu hudng quan tdm dén viéc
téng hop composite g-C3N, trén cd s& biochar dugc
tao ra tUf cac biomass phu phdm vén dudgc cho 1a ré
tién, s&n co, hiéu qua va than thién moi trusng [13,14].
Biochar, mét vat liéu giau carbon, thu dugc tU quéa
trinh nhiét phan biomass, dugc xem la vét liéu day hura
hen trong x ly moi trudng vi cac dac tinh hoa ly tuyét
v3i clia n6, chang han nhu cé dién tich bé mat riéng
I&n, c& nhiéu nhém chiic hoat dong trén bé mat va co
cdu tric mao quan [13,14]. Ngoai hiéu suét hap phu
vuagt tréi, biochar c6 thé hoat dong nhu chét nhan
electron va tham gia vao qua trinh van chuyén
electron. Hon ntfa, véi d6 6n dinh cao cho phép
biochar tr& thanh chat hd trg tuyét vai cho cac chét
xUc tac quang [13,14]. Theo nhiéu nghién cltu cho thay
hinh thai va tinh chéat cta biochar phu thuéc manh vao
nguon nguyén liéu thd ban dau, tUr dé anh hudng dén
tinh chét clia composite g-CsNa/biochar thu dugc. Do
do, viéc nghién cu téng hop g-CsNa/biochar dugc tao
ra tr ngudn nguyén liéu biomass thd cu thé la that su
can thiét. Tuy nhién, theo hiéu biét clia ching t6i dén
hién tai van chua thdy cac céng trinh dugc cong bd co
lién quan dén nghién clu t6ng hop g-CsNu/biochar
dugc tao ra tU ngudn nguyén liéu biomass say tho.

Trong nghién ciu nay, ching téi tién hanh phan tan g-
C3N4 1én nén biochar nhan dugc ti biomass say bdi sy
thdy phan & nhiét @6 phong hén hop bét ran gom g-
C3N4 va biochar trong méi trudng kiém. Bong thdi,

hoat tinh QXT clia san pham dugc dénh gia théng qua
khd ndng phan hay QXT khang sinh doxycycline (DC)
trong dung dich nudc dudi buc xa &nh sang nhin thay.

Thuc nghiém va phuong phap nghién cdu
Nguyén liéu

Cay say dudgc thu nhan tai huyén Thap Mudi, tinh
DPéng Thap (10°31'7" Bac; 105°53'54" Bong). Than cay
say dugc rlfa sach, cdt nhd, phai kho, nghién min (dat
kich thudc khoang 1-2 mm), sau d6 dugc sdy kho dé
tao ngudn nguyén liéu biomass sy thd (cellulose
43,31%; hemicellulose 30,82% va lignin 20,37%) va cho
vao binh bdo quan dé st dung.

Héa chdt

Cac hoa chét chinh dugc s dung trong thuc nghiém,
bao goém: urea (CO(NH,),, > 99,5%), sodium hydroxide
(NaOH, = 97%), hydrochloric acid (HCl, 37%),
doxycycline hyclate (C22H24N20g-HCI-0.5H,0- 0.5C2Hg0,
> 93,5%). Tét ca cac hoda chét sit dung déu nhan dugc
tl hang Sigma, theo chuén phén tich, dugc st dung
tryc tiép ma khéng cén phai ché héa bé sung.

Digu ché g-CsNy/biochar

Cho 3,0 gam biomass say thd vao thuyén si, boc gidy
nhom va chuyén vao 10 nung 6ng. Tién hanh carbon
hda biomass say & 400°C trong 2 gid (t6c d6 gia nhiét
3 °C/phut) trong diéu kién bdo hoa khi N2. San phdm
sau khi nung, dau tién dugc rra bdi 50 mL dung dich
HCI 1,0 M, tiép dén duagc ria vai lan bang nudc cét dén
khi dich loc trung tinh va sau do dudc sdy kho & 105 °C
trong 12 gid, thu dugc biochar.

5,0 g uré dugc cho vao thuyén su, boc gidy nhom va
tién hanh nung & 520°C trong 2 gid (t&c dé nang nhiét
3 °C/phut) trong diéu kién bdo hoa khi No. San phédm
bot mau vang sau khi nung dugc cho vao céc cé chira
nudc cat va danh siéu am hdn hgp trong 2 gid. Chét
ran sau do dudc loc va séy khé & 105°C trong 12 gid,
thu dugc bot g*C3N4.

Cho boét hdn hap gém 0,5 gam biochar va x gam g-
C3Ny4 da dugc diéu ché bén trén (x = 0,5; 1.0; 1,5 va 2,0
gam; ty & khdéi lugng g-CsNu/biochar 1/1, 2/1, 3/1 va
4/1, tuong Uing) 1an lugt vao trong cac cdc da chita san
80 mL nudc cét. Hiéu chinh gia tri pH cla dung dich
hén hgp phan Ung dat ~ 9 bdi su bS sung cla dung
dich NaOH 1,0 M. Tién hanh thdy phan hén hop &
30°C trong 15 gid va sau dé duac log, ria vai lan bang
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nudc cét dén khi dich loc trung tinh. B6t rén sau khi
rifa dudc sdy khod & 105°C trong 12 gic va sau do dugc
nung & 450°C trong 2 gi§ (t6c dbé néang nhiét 3
°C/phut) trong diéu kién bdo hoa khi No. Cac méu g-
C3Na/biochar thu dugc theo ty & khéi luong g-
C3Na/biochar khac nhau dugc ky hiéu tuong Ung tu
CNB-1dén CNB-4 .

Bdnh gid ddc trung cdu trdc vat liéu

Nhiéu xa tia X (XRD) dudc ghi bsi may do nhiéu xa tia
X D8 Advance (Bruker, Buc) véi nguén bic xa CuKa, A
= 0,15406 nm. Gidi han gbéc quét 26 nam trong
khodng tir 10 dén 80° vdi t6c do quét 0,03°/phdt. Hinh
anh hién vi dién t& quét (SEM) dugc ghi nhan bdi kinh
hién vi dién tit quét FE-SEM NOVA NanoSEM 450
(Nhé&t Ban). Phd DRS-UV-Vis dugc ghi nhan bdi thiét b
UV-2600 (Shimadzu) trén nén BaSO.,. Dién tich bé mat
rieng (BET) dudc xac dinh bdng cach ghi dudng dang
nhiét hdp phu — gidi hdp phu N> & nhiét db 77K trén
thiét bi hdp phu Quantachrome TriStar 3000V6.07A.
Ph& hdng ngoai FT-IR clia cac mau dugc ghi nhan trén
thiét bi IR Affinity-1S spectrophotometer (Shimadzu,
Nhat Ban).

Ddnh gid hoat tinh quang xuc tdc

Cho 0,1 g chat xtc tac vao trong cdc da chifa sén 200
mL dung dich DC & cac gia tri ndng do va pH xac dinh
va sau do dat c6c dudi gia sat dg den. Ngudn sang la
den Compact 45W-220V (Bién Quang) dudc chiéu
sang xuyén qua kinh loc B+WF-Pro 010 UV-Haze E 77
dé cét loc cac tia t& ngoai (A < 420 nm, d = 77 mm).
Huyén pht dugc khudy trén trong bong t6i 60 phut dé
dadm bao su hdp phu dat can bang va sau dé duoc
chiéu sang trong céac khoang thai gian thay déi tur 0
dén 150 phut cho phan Ung quang hoa dién ra. 3 mL
huyén phu dugc rit ra tai thai diém xac dinh va dugc
ly tdm dé loai bo chét xuc tac ran. Néng dé DC trong
cac dung dich thu dugc dugc phan tich b&i may quang
phé UV-Vis (Spectro UV-2650, Labomed- USA) tai Amax
= 346 nm. Hiéu suat hap phu DC (A%) dudc tinh toan
dua theo phuang trinh (1) nhu sau:
Co—cy
A(%) = C—GE x 100 (1)
e
Trong do:
Co va G (mg/L) lan lugt 1a ndng dé DC ban dau va
nong do DC tai thai diém hép phu t (phut).
Hiéu suat phan huy QXT (D%) dugc tinh toan dua theo
phuang trinh (2) dudi day:

D(%) = CUZ_Ct * 100 @)

oe
Trong do:
Coe va Gt (mg/L) 1&n luct la ndng dé cta DC tai thai
diém dat can bang hap phu va tai thai diém chiéu xa t
(phut).
Theo m6 hinh déng hoc Langmuir — Hinshelwood [15],
qué trinh phan hay QXT DC c6 thé dugc bidu dién
dudi dang phuong trinh déng hoc biéu kién bac mot:

c
In—t = —kgppt
e PP (3
Trong do:
t (phat) la thai gian phan hiy va kg, (1/phit) 1a hang
sG t6c dé biéu kién bac mot.

K&t qua va thao luan
Bdc trung tinh chdt cda vt liéu

Gian do XRD clia cac mau biochar, g-CsNy4 va cac mau
g-CsNu/biochar & cac ty 1é khéi lugng g-CsNa/biochar
khac nhau: 1/1 (CNB-1), 2/1 (CNB-2), 3/1 (CNB-3) va 4/1
(CNB-4) dugc trinh bay & Hinh 1. Két qué cho théy,
mau biochar xudt hién hai dinh nhiéu xa c6 cudng do
thap va réng xung quanh & hai gié tri géc 20 = 23,7°
va 44,3° tuong Ung vdéi cac mat (002) va (100) la dac
trung cla cac tdm graphite [16]. Tuy nhién, nhin chung
mau biochar khéng c6 dinh nhiéu xa manh va sic nét
(Hinh 1), ching té rang biochar chd yéu ton tai cdu
trdc pha carbon vé dinh hinh [16].
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Hinh 1: Gidn do XRD clia cac méau biochar, g-CsNa va
cac mau CNB-1; CNB-2; CNB-3 va CNB-4
DGi v mau g-C3Na o thé quan sat thdy hai dinh &
cac goc phan xa 13,1° va 27,4° thuéc vé carbon nitride
[17]. Binh phan xa tai 27,4° (002) la ddc trung cla cac
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I6p g-C3N4 lién hgp pi va lién quan dén dinh xép xen
ké cta hé tham vdi khodng cach gilia cac I6p la 0,32
nm, dugc cho la pht hgp vai g-CsN4 nhu da dugc bao
cao trudc day 16]. Binh phan xa gbc thap tai 2-theta
13,1° Ung v&i mat mang (100) va biéu thi don vi 13p lai
trong sy phan tach gilta cac mat phang cla cau tric
tri-s-triazin v&i chu ky 0,685 nm [17,18]. Giéng vdi mau
g-CsNy, cadc mau g-CsNa/biochar cling xudt hién hai
dinh phan xa tai 13,1° (100) va 27,4° (002) la dac trung
clia graphite carbon nitride. Béng thdi, c6 thé thay
rang hai dinh phan xa nay cla cac mau g-
C3Na/biochar ¢ xu hudng tang cung vdi sy gia tang
ham lugng g-CsN4 trong mau. Anh SEM clia cac mau
biochar, g-C3Nx va CNB-2 & Hinh 2 cho thdy, mau
biochar thu dugc bdi sy nhiét phan biomass say dudng
nhu & dang cac sdi cellulose chéng chap lén nhau va
bé mat clia né tréng kha san sui (Hinh 2a). Mau g-

IMS-NKL 5.0kV 5.5mm x80.0k SE(M)

(3N4 cho thdy & dang cac phién nano g-CsN4 chong
chéo lén nhau tao ra cac khoang tréng cé dusng kinh
tr vai tram nm dén vai um (Hinh 2b). Mau composite
CNB-2 cling & dang céc phién nano nhung bi bién ddi
thanh cac phién nho va tr& nén bdéng x6p hon so Vvdi
mau g-CsNs (Hinh 2¢). Hon nlta dang sgi cellulose
trong mau CNB-2 khong con dudc quan sat thdy rd
rang nhu biochar thd ban déu, dudng nhu ching b
bién d&i manh va cong két vao cing vdi cac phién
nano clia g-CsN4. B& mat vat liéu g-C3Nu/biochar cling
ton tai cac khodng tréng do su dan xen gilta cac phién
nano, tuy nhién ching c6 dudng kinh nhd va phan bé
dong déu hon so v&i mau g-CsNs ban dau. Biéu nay
rét hiu ich cho sy hédp thu quang, cling nhu hép phy
cac phan t&r chét & nhiém vao bén trong céu tric cla
no, tUr dé gép phan nang cao hiéu qua QXT.

Hinh 2: Anh SEM clia c4c mau: a) biochar, b) g-CsN. va ) CNB-2 (ty lé khéi lugng g-CsNa/biochar = 2/1)

Bang 1: K&t qua phan tich BET clia cac mau biochar, g-
C5Na va CNB-2 (ty lé khéi lugng g-CsNu/biochar = 2/1)

Mau Seer (mz/g) Vpore (Cm3/g) Dpore (nm)
Biochar 22,8 0,0128 12,43
g-CNy 36,8 0,1665 31,29
CNB-2 43,1 0,2636 26,98

Seer la dién tich bé mdt riéng; Vpore thé tich mao qudn

va Dpore la duong kinh mao qudn trung binh

Hinh 3 cho thdy cac dudng dang nhiét hdp phu-giai
hap phu N clia cdc mau biochar, g-CsNsva CNB-2, va

cac thong s6 phan tich BET dugc trinh bay trong Bang
1. Két quéa cho thdy gié tri duang kinh mao quan trung
binh clia ba mau biochar, g-CsN4 va CNB-2 1an lugt 13
12,43 nm, 31,29 nm va 26,98 nm, tlc la ndm trong
khodng 2 nm < Dpoe < 50 nm nén c& ba loai vat liéu
nay déu két tinh theo ki€u cdu tric mao quan trung
binh. Gia tri dudng kinh mao quan trung binh cla vat
liéu g-CsNa/biochar thu dugc bé han so véi g-C3Ng
nhung lai 16n han so vd&i biochar, ching té trong qué
trinh thiy phan hén hop biochar va g-CsNg da cb su
cong két va 1ap day 16 mao quan cho nhau. Ngoai ra
https://doi.org/10.62239/jca.2023.075
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con quan sat thay su hdp phu N trén cd ba mau:
biochar, g-CsN4 va CNB-2 dugc gia ting dang ké
trong khodng &p suét tuang déi (P/Po) tir 0,6 dén 1,0 la
do xuédt hién clia su ngung tu mao quan va sy hdp phu
da I&p N trong mesoporous clia cac vat liéu nay [19].
Gia trj dién tich bé mat riéng clia cac mau tang theo
trat tu: biochar < g-CsN4 < CNB-2 (Bang 1), ching to
su két hop cla biochar va g-CsNg lai véi nhau c6 thé
tao ra composite g-CsNu/biochar cé dién tich bé mat
riéng cao hon so Vi tling loai vat liéu don 1é ban dau.
Pay cling chinh la cg s& gidi thich vi sao vat liéu g-
C3Na/biochar ¢b hiéu sudt phan hiy quang cao hon
dang ké so vdi vat liéu g-CsNu, ma sé dugc trinh bay rd
han & ndi dung danh gia hoat tinh QXT bén dudi.

PhS FT-IR cta mau biochar, g-CsNs va cac mau
composite CNB-1, CNB-2, CNB-3 va CNB-4 (ty & khdi
lugng g-CsNa/biochar = 1/1; 2/1; 3/1 va 4/1, tucng Unq)
dugc dua ra & Hinh 4. D&i v&i mau biochar, dai hdp
thu trong gidi han 3200-3600 cm™ 1 dao déng hoa tri
O-H ctia nhdm hydroxyl hodc cac phan tir nudc dugc
hap phu trén bé mat [7]. Binh tai 2924 cm™ 13 tuong
tac C-H vdi bé mat cla carbon [18]. Dinh tai 1462 cm™

180

Ung vdi dao déng C=C [20], tai 1385 cm™' va 848 cm’'
tuang Ung vdi su dao dong cia C-OH va COO- [21],
dinh tai 1106 cm™ va 596 cm™ tuong Ung v&i C-H, C-C
va O-H [21,22]. So v&i mau biochar, ving hép phu
manh hon gitta 32003600 cm™ da dugc quan sat doi
v&i mau g-CsNs, ma nod dugc cho la dao déng hoa tri
clia N-H va O-H [18].

Ngoai ra, mau g-CsN4 c6 mét loat cac dai dao dong
hoda tri dac trung cla cac di vong C-N (1636, 1459, va
1410 cm™) va dao doéng bién dang véi cudng dé cao
clia don Vi tri-s-triazine (813 cm™) [18]. Cac dao déng
hoa tri cia C-N(-C)-C va C-NH-C cling dugc quan sat
lan luct tai 1317 cm™ va 1240 cm™' [18]. Quan trong
han, su vang mat clia cac dinh hap thu & 3000 va 2200
cm™ d3 loai trir su hinh thanh lién két ba C=N.

Trong trudng hop vét liéu g-CsNa/biochar, cé thé quan
sat théy vi tri cac dinh hdp thu FT-IR cla né gidng vdi
g-CsNyg va khi ty 1é g-CsNy/biochar thay déi da khong
quan sat thdy thém cac dinh dac trung cho vat liéu
téng hop, ngu v rang su hién dién cla biochar da
khéng lam &nh hudng I6n dén cdu tric cla g-CsNa.
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Hinh 3: Budng dang nhiét hap phu-giai hdp phu N>

clia cac méau biochar, g-C3N4 va CNB-2 (ty 1é khéi luong

g-GNu/biochar = 2/7)

PhS UV-Vis clia cac mau biochar, g-CsN4 va cac mau
g-CsNu/biochar & cac ty 1& khéi lugng g-CsNa/biochar
khac nhau & Hinh 5a cho thdy mau biochar gan nhu
trong sudt trong dai budc song dai han 300 nm. Tat ¢
cac mau g-CNa/biochar & céc ty 1& khéi luong g-
C3Na/biochar khac nhau déu c6 bg hép thu quang
chuyén dich nhe sang viing &nh sang nhin thdy hon so
v6i mau g-CsNy tinh khiét, ma do dac diém vat liéu
carbon c6 dé hdp thu quang manh. Cling vi ly do nay
nén khi tang dan ham luong g-CsNi trong mau
composite khd nang hap thu quang clia cac composite
g-CsNa/biochar gidam (Hinh 5a).

3004 CNB-2

CNB-3
350 4 W

250 4

T (%)

CNB-1
200 4
9-C3N,

150
504 __\/_’__.4———'\/\4—/-")

T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
1

S0 song, cm”

Hinh 4: Ph& FT-IR ctia cac mau biochar, g-C3Ny va CNB-2

(ty & khéi lugng g-CsNa/biochar = 2/1)

Hon nita, nang lugng viing cédm (Eg) c6 thé dugc tinh
toan bang céch stf dung phan tich do thi Tauc, biéu thi
ma&i quan hé gitta hé s6 hép thu (o) va nang lugng
photon (hv) theo phuang trinh nhu sau:

a = A(h’b’ - Eg)l'zth’b’ (5)

trong do Fq4 la db réng vang cdm quang hoc clia cac
mau, v la tan s6 anh séng, h 1a hang s& Plank va A 1a
hé s6 ty lé. Do thi bidu dién su phu thudc gitia (ahv)"”?
so vai (hv) déi v&i mau g-C3Na va cac mau g-
CsNu/biochar dugc thé hién trong Hinh 5b. Nang
lugng vung cdm da ducgc xac dinh bang céch ngoai
https://doi.org/10.62239/jca.2023.075
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suy phan tuyén tinh ctiia duong cong dén doé hap thu
bang 0. Gia tri ndng lugng viing cdm cla cac mau g-
C3Na/biochar & céc ty 1é khéi luong g-CsNa/biochar =
1/1 (CNB-1), 2/1 (CNB-2), 3/1 (CNB-3) va 4/1 (CNB-4)
lan lugt 1a 2,23 eV, 2,33 eV, 2,44 eV va 2,53 eV. Cac két
qua nay cho thay rang tat ca cac mau g-CsNu/biochar
déu c6 ndng lugng ving cdm bé hon so véi g-C3Na
don & (2,65 eV). Ngoai ra, Eq cia cac mau g-
C3Na/biochar tdng nhe cuing vdi sy tang ham lugng g-
(3N, Sy tang dé rong ving cdm theo su gia tdng ham
luong g-CsNa trong méu g-CsNu/biochar cling dugc
thay & cac cong trinh nghién clu [13,18] da dugc bao
céo trudc day. Mau composite c6 do réng ving cam
nhd nhét la 2,23 eV khi ty 1& khéi luong g-CsNu/biochar
=1/1

Bang 2 trinh bay hiéu qua x ly DC trén cac chat xdc
tac khac nhau. Két qua cho thay, mau biochar chl yéu
c6 dac tinh hdp phu, gan nhu khdng ¢ hoat tinh QXT
va hiéu suét hap phu dat 12,35%. Mau g-C3N4 co hiéu
sudt hap phu chi dat 2,44%, trong khi do hiéu suét
phan hlly quang dat dén 38,92%. T4t ca cac mau CNB-
X (x =1, 2,3 va4) déu co hiéu sudt hdp phu va hiéu
sut phan hdy DC cao hon so véi mau g-CsNy, ching
to su két hop g-CsN4 vdi biochar cé thé gitp cai thién
hoat tinh QXT trong ving anh nhin thdy cla g-CsN.

trong composite. Diéu nay dugc cong trinh [23] gidi
thich rang: (i) vat liéu biochar cé thé dong vai tro la cac
kénh nhan va truyén dién t& hiéu qua dé cai thién su
phan tach gilta cac cap electron/I6 tréng - quang sinh;
(i), vat liéu biochar co thé hoat dong nhu chét déng
xUc tac d€ cung cdp dl cac vi tri xic tac cho qué trinh
phan huy; (i) vat liéu biochar c6 &i luc manh haon véi
cac chét hitu co, va do dé gidp tép trung tét cac hap
chat hitu cg 1én bé mat chat xdc tac. Cudi cung, sy co
mat clia biochar cé thé tao ra hiéu Uing quang nhiét co
Igi cho cac phan tng QXT.

Tuy nhién, néu ham lugng biochar trong miu g-
CsNu/biochar I6n co thé gay ra hiéu Uing che chédn anh
sang dén bé mat cla g-CsN4 nén lam gidm hiéu qua
QXT. Piéu nay ly gidi vi sao mau CNB-1 cé hiéu sudt
phan hiy quang thdp hon so vai mau CNB-2. Mac du
vay, néu tang ty 1& khéi luaong g-CsNa/biochar > 2/1
hiéu sudt phan hay quang gidm, do dé dé réng ving
cdm tang cung Vvai sy gia tang ham luong g-CsNa
trong mau composite g-CsNu/biochar nhu da dugc
thdo luan vé két qua phan tich phd UV-Vis & trén. Tom
lai, mau g-CiNu/biochar & ty & khéi lugng g-
CsNu/biochar = 2/1 ¢6 hoat tinh QXT cao nhét va cao
haon gép khoang 2,38 1an so v&i mau g-CsN4 don 1é.

Bang 2: Hiéu suét hdp phu va hiéu suét phan hay DC trén cac chéat xtc tac khac nhau (lugng chét xic tac 0,1 gam;
200 mL dung dich DC 8,0 mg/L, pH ~ 5; thai gian hdp phu 60 phut va thai gian chiéu xa 150 phut)

o ylekndilvong -y b o ctiaDC Getape iy suat Hieu suat
Ky hiéu mau  g-CsNa/biochar (ma/L) (ma/L) (ma/L) hdp phu  phan huy
(@/9) J J J A%) D%
Biochar 0/1 8 7,103 7,012 12,35 1,14
g-C3Ny 1/0 8 7,805 4,767 2,44 38,92
CNB-1 il 8 7,311 1,061 8,61 85,49
CNB-2 2/1 8 7,323 0,309 8,46 95,78
CNB-3 3/1 8 7,328 0,557 8,40 92,40
CNB-4 41 8 7,346 1,371 8,18 81,34
a) 1.6 b) N
1.4 ™ g-C3N,
— ; CNB-1
3 1o —— Biochar CNB-2
i ——g-C.N, 34 CNB-3
g 1.0 ——CNB-1 o CNB-4
g ——CNB-2 S
Z o0s- —— CNB-3 2
Z —— CNB-4 S 2-
a 0.6
=
«. 0.4
= 14
0.2 4
0.0 4 0
100 200 300 400 500 600 700 800 15 20 25 30 35 40 4.5

Buéc séng, nm

Niing lwgng ving cAm, eV

Hinh 5: a) phé UV-Vis cla mau bochar, g-C3Na va cac mau g-CsNu/biochar & cac ty 1€ khéi lugng g-CsNa/biochar
=1/1 (CNB-1), 2/1 (CNB-2), 3/1 (CNB-3) va 4/1 (CNB-4); b) do thi theo Tauc dua trén phd UV-Vis cla a)
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Sy phdn hay quang xuc tdc
Anh hutng cta pH dung dich DC ban déu

P& khao sat anh hudng clia pH dung dich DC ban dau
dén hiéu suét phan hly quang, thi nghiém dugc tién
hanh bang cach gitt ¢§ dinh cac thong s6: lugng chat
xUc tac g-CsNu/biochar (méu & ty 1€ khéi luong g-
C3Na/biochar = 2/1) 0,1 gam, ndng dé DC 8,0 mg/L,
thai gian hép phu 60 phut va thai gian chiéu xa 150
phut. Biéu chinh pH ctia dung dich DC sao cho dat &
cac gia tri khac nhau: 17; 3,0; 50; 7,5 va 9,5. Anh
hudng cla pH dén hiéu sudt hdp phu va hiéu suét
phan huy DC trén g-CsNu/biochar dugc trinh bay trong
Bang 3. K&t qua cho thay, hiéu sudt hdp phu va hiéu
sudt phan hay DC tang dang ké trong khoang pH tu
1,7 dén 5,0 va sau dé c6 xu hudng gidm khi tang gia tri
pH > 5. Diéu nay co thé dugc gidi thich théng qua su
tuong tac gitta DC bj proton héa trong dung dich va
kha nang tich dién trén bé mat vt liéu g-CsNu/biochar.

19
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Hinh 6: D6 thi mé ta diém dang dién (pHezc) clia vat
liéu g-C3Na/biochar

Gia tri diém déng dién pHezc clia g-CsNa/biochar ducc
xac dinh theo phuong phap chuyén dich (drift method)
[24] nam trong khodng tur 4,10 dén 6,03 (Hinh 6). Do
do, trong maéi trusng acid c6 do pH < 4,10, bé mat cla
g-C3Nu/biochar ¢6 xu hudng tich dién duong, dan dén
cac loai dién tich am c6 xu hudng hép phu trén bé mat
chat xic tac. Tréi lai, & pH trén 6,03 cac dién tich
duang c6 xu hudng hédp phu lén bé mat chat xdc tac.
Néu gié tri pH dung dich nam trong khoang 4,10 < pH
< 6,03 bé mat chét xic tac co thé tich dién duong
hodc am. Mat khéc, theo céng trinh [25] DC c6 bdn
trang thai ion hda khac nhau theo cac khodng pH khac
nhau (HsDC" & pH < 3,5, H.DC* & 3,5 < pH < 7,07,
HDC & 7,49 < pH < 9,13 va DC* & pH > 9,13). Do do,
néu pH dung dich DC < 3 bé mét tich dién duong cla
g-CsNu/biochar sé tuong tac ddy véi HsDC* nén hiéu
suét hdp phu va hiéu sudt phan hdy quang thép. Néu
pH dung dich DC ndm trong khoang tur 4,1 dén 6,03

phan bé mat tich dién am cla g-CsNu/biochar sé hut
|8y cac phan t HsDC* va/hodc H.DC*, két qud lam
tang hiéu suét hdp phu va hiéu sudt phan hay DC. Trai
lai, khi pH > 6,03, bé méat bé mat tich dién am cla g-
C3Nu/biochar s& tuong tac ddy tinh dién vdéi cac ion
HDC " va/hodc DC nén hiéu suét hdp phu va hiéu suét
phan hay DC gidm. Vi vay ching t6i nhan thay pH ~ 5
la gia tri thich hgp dé phan hiy quang DC trén vat liéu
g-C3Ny/biochar.

Bang 3: Anh hudng ctia pH dung dich DC dén hiéu
suét hap phu va hiéu sudt phan hiy DC trén g-
C3N4/biochar

pH  Co(DC) Ce (DO) C; (DC) A D
(DC)  (Mg/)  (Mg/l) (mg/y (%) (%)
1,7 8,0 7565 1576 544 7917
3,0 8,0 7481 0,842 649 8874
5,0 8,0 7323 0309 846 9578
7,5 8,0 7512 0686 610 90,87
9,5 8,0 7438 1389 7,03 8133

Anh huéng cia ndng dé DC ban déu, déng hoc phdn
hay quang DC trén g-CsNy/biochar

Phan Ung dugc tién hanh & nhitng diéu kién t&i uu nhu
dé trinh bay & muc 3.2.1. Khdo sét su phan hay DC &
cac néng dé khac nhau 5,0 mg/L, 8,0 mg/L va 12,0
mg/L dudi su chiéu sédng trong khoang thai gian thay
déi tir 0 dén 150 phut. K&t qua cla su phan hay DC
trén g-CsNu/biochar cho thay su hdp phu DC trén g-
C3Nu/biochar gan nhu dat can bang trong khoang thdi
gian hap phu 60 phut (Hinh 7a). Trong khoadng thai
gian chiéu xa tr 0 dén 150 phdt, hiéu sudt phan hay
quang DC gidm cung vdi su gia tang nong dé DC ban
dau (Bang 4). Hién tuong nay cé thé giai thich theo hai
cach: (i) khi ndng do ban dau cla chat 6 nhiém ting,
cang c6 nhiéu phan tU bi hdp phu trén bé mat chat
xUc tac, nhung sé lugng géc hinh thanh trén bé mat
chét xdc tac va thai gian chiéu xa la khéng déi, do dé
su phan hty QXT cta DC gidm va (i) ndng dé ban dau
cao cta DC sé ngan chan cac tdm hoat dong trén bé
mat chat xdc tac va lam gidm sy tuong téc cla cac
photon [26].

DU liéu dong hoc phan hay DC dugc mé ta theo mo
hinh déng hoc biéu kién bac mét Langmuir—
Hinshelwood (L-H, phuong trinh (3)), trong do kapp dai
dién cho hang s6 bac nhat bao gdm cac nhém
hydroxyl va hé s6 t6c dé tan cong 16 tréng va hé s6
hap phu lén bé mat chat xtc tac. Bang cach vé do thi
IN(C/Coe) 5O VGi thdi gian chiéu xa (t) theo phuong
trinh (3) dé cé dugc dudng thang cé hé s6 goc 1a Kapp.
https://doi.org/10.62239/jca.2023.075
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Nhu dugc hién thi trong Hinh 7b, nghién clu déng
hoc cho thay tai ba gia tri ndng do khac nhau 5,0; 8,0
va 12,0 mg/L cac dudng thdng déu cé hé s& hoi quy
tuyén tinh R* > 0,98 chi ra rdng déng hoc phan hay
quang DC trén bé mat chét xdc tac dugc mo ta tét bdi
mo& hinh doéng hoc L-H. Cac gia tri kapp tai ba gia tri
néng dé & trén gidm Ian Iuct theo trét tu: 4,82x107 >
1,98x10 > 0,88x107 1/phdt. Bidu nay co thé do viéc
gidm s lugng vi tri hoat dong trén bé méat chat xdc tac
quang vi sy ngan chan bé mat g-C3Na/biochar bdi cac
phan tr DC, ty |é thuan vd&i néng dé DC ban déau. Hoac
cling o6 thé do sy tang ndng dé DC da lam giam su
tuong tac clia cac photon dén bé méat chét xdc tac
[26,27], t& db anh hudng dén sy tao thanh cac géc tu
do (cac electron va 16 tréng quang sinh, «O° va «OH).
Theo phan I6n cac nghién clu trude day, téc dé phan
Ung phu thudc vao ndng dé cla cap electron/16 tréng
va gbc «OH. Budc quyét dinh téc dé cla phan Ung

a)
12 A\‘\‘ —&—5mg/L
—o—8mg/L
o 104 —A— 12 mg/L
£
°
g 81 ’\0\'
g- Phan huy quang xtc tac
Q ¢
©
- B¢
2
“«Q 44
z
21 Happhy
trong téi
o

b) 05

IN(C/Co)

quang xUc tac dugc coi la phan Ung cla cdp
electron/I6 tréng hodc gbc «OH vai cac phan tir DC
trén bé mat chat xic tac [28]. Nhiing ludn gidi & trén
cho thdy hang s6 téc dé biéu kién thudng phu thudc
vao ndng do chat & nhiém ban dau, trong khi d6 hang
s6 t6c do phan hay gan nhu khéng phu thudc vao
néng dé. Dac diém giam gid tri kapp cling Vai sy gia
tang ndng do chat & nhiém ban dau clng dugc tim
thdy & nhiéu nghién clu da dugc bao cao trudc day
[22,27-29].

Su so sanh tuang déi vé hang s6 téc do biéu kién cla
su phan hty quang DC trén g-CsNu/biochar trong
nghién clu nay vdi vat liéu & cac cong trinh nghién
clu khac (Bang 5) co thé théy rang téc dé phan huy
cla g-CsNy/biochar kha cao so vdi cac bao céo trudc
day, ching to vét liéu nay co tiém nadng trong Ung
dung xU ly khang sinh DC trong nudc thai.

y=-0.0482x - 0.1022; R?=0.994 W 5mg/L
y=-0.0198x - 0.0702; R =0.988 ® 8mglL

0.0
y=-0.0088x - 0.1664; R?=0.990 A 12 mglL

-0.54
-1.0 4
-1.54
-2.0 4
-2.5 4
-3.04
-354

4.0

45

T T T T T T T
-60 -30 0 30 60 90 120 150

Theoi gian, phut

T T T T T
30 60 90 120 150
Thei gian phan hay, phut

Hinh 7: a) Dong hoc hdp phu va phan hiy DC trén mau g-CsN./biochar va b) biéu dién su phu thudc
gilta INCy/Cee va thdi gian phan hay DC trén mau g-CsNu/biochar

Bang 4: Cac thong s6 dong hoc héap phu va déng hoc phan hiy DC trén vat liéu g-CsNu/biochar

Thai gian DC 5,0 mg/L DC 8,0 mg/L DC 12,0 mg/L
(phuit Coma/) A Cpmal)  A(h) _ Cu(mal) A%
) -60 5,00 0 8,00 0 12,00 0
Eii’ -30 4,80 400 761 488 11,32 5,67
' 0 4,76 480 7,32 846 10,92 9,00
C: (mg/L) D% G (mg/) D(%) G (mg/l) D (%)
0 476 (= Co) O 7320 (=Co) O 10,92 (=Co) 0
) 30 1,08 7731 3414 5338 7,45 31,78
Phhoa; 60 0,21 9559 2,190 7009 533 51,18
90 0,06 98,74 1230 8320 3,98 63,57
120 - - 0,702 90,41 3,23 70,45
150 - - 0,309 9578 2,57 76,42
Kapp = 482x102 Vphtt  kapp = 1,98x102 1/phlt  kapp = 0,88x102 V/phtt
(R? = 0,994) (R = 0,988) (R = 0,990)

Ca ché phan hly co thé xay ra clia chét xlc tac quang
g-CsNs/biochar dugc trinh bay trong Hinh 8. Dudgi anh

sang kha kién, composite nay bi kich thich nhanh
chéng do nang lugng vang cdm cla no thép (~ 2,33
https://doi.org/10.62239/jca.2023.075
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eV). Cac electron quang sinh dugc chuyén dén viing
dan (CB), tao ra cac 16 tréng trong ving hoa tri (VB).
Tiép theo, céc electron dugc chuyén sang céc hat
biochar, khuéch tan Ién bé mat chét xic tac quang,
kéo dai thdi gian sbng cla cac electron quang sinh
[19]. Céc electron quang sinh nay sé phan Ung vdi O;
trong hé phan Ung dé tao ra cac géc «O," hoat déng,
tham gia vao qua trinh quang xuc tac phan hay DC
[30]. Cac h* trén vung hoa tri clia chét xic tac quang
o thé tryc tiép trai qua cac phan Uing oxi héa khir véi
DC [19,30]. Ngoai ra, h* c6 thé khong phan Ung vdi
H.O dé€ tao thanh «OH, nhung «OH tham gia vao qué
trinh phan hdy DC c6 thé thu dugc théng qua cac
phan Ung sau [19]:
e0O% + e + H" = H.0» (6)

H,Oz + e+ OH — «OH @)
Tom lai, «O27, «OH va h* déu co thé dugc st dung nhu

cac loai hoat déng dé tham gia cac phan Ung oxi hoa
khir véi DC dugc hdp phu trén bé mat chat xdc tac, dé
dat dugc muc dich khoang hda va phan hily cac chat 6
nhiém.

. H*, H,0

Anh sang ‘0, ————"OH
(L > 420 nm) 0 CB =

XX X-Xo £
0, <
o
|
0 233eV 0 ~®
o
3

® ++ 4+ + +
h+ “/h* "OH DC |

@ ve hoiic h*
g-CN/BC 8

Hinh 8: So do dé xuét vé ca ché phan ting QXT c6 thé
c6 cla composite g-CsNa/biochar dudi sy chiéu xa anh
sang nhin thay

Bang 5: Hang s& téc db phan hiy quang DC trén g-CsNu/biochar so vdi vat liéu khac & cac tai liéu da xuét ban

Chét xtc tac Ngudn sang Co (ma/L)/ kapp (1/phlt)  Tai liéu

V' (mL)/m (mg)
In203/BisO7 Pen Xe 300W, & > 420 nm 20/100/50 1,970x10°° [15]
g-GN4@TIO; Pen Xe 300W, A > 420 nm 10/50/20 1,683%10 (8]
g-GN,@CeO; Pen Xe 150W, A > 420 nm 10/50/50 0,381x10 [31]
MWCNTs/o-Bi2O3 - Ben Xe 150W, A > 420 nm 10/50/50 1,810x10° (32]
Sn*/S?7/N-TiO.—x  Pén Xe, A > 400 nm 25/100/50 1,770x10° (33]
Bi7O9l3/g-CsNy4 Pen Xe 300W, A > 420 nm 20/100/50 1,250%10° (34]
g-C3Na/biochar Ben Compact 45W, A > 420 nm 8/200/100 1,980x10° Nghién ciu nay

Két luan

Vat liéu composite g-CsNu/biochar da dudc téng hap
thanh cong bang phuong phap thly phan hén hop
gom g-CsNs (diéu ché tUr uré) va biochar (nhan dugc
tUr biomass say) trong maéi truong kiém va két hgp vdi
nung xU ly nhiét. K&t qua cho thay mau dudc diéu ché
3 ty lé khéi lugng g-CsNa/biochar = 2/1, nung & 450 °C
trong 2 gi§ & dang cac phién nano (cac daon vi tri-s-
triazine CsN4 lién két vai nhau) va cong két tot trén bé
mat biochar, dién tich bé mat rieng dat 43,1 m?/g, c6
cdu tric mao quan trung binh vd&i ducng kinh mao
quan 26,98 nm, do rong viing cdm 2,33 eV va co hoat
tinh QXT cao nhét, cao hon gép 2,38 14n so vdi mau g-
C3N4 don lé. Ngoai ra, nghién ctu con cho thay pH
dung dich va néng db DC ban d&u c6 anh hudng
manh dén sy phan hdy khéng sinh DC trén g-
CsNu/biochar. DU liéu thuc nghiém cho sy phan hay

nay dugc mé ta tét bdi phuong trinh déng hoc biéu
kién bac mot vdi gia tri kapp tai ba ndng dé DC 5,0; 8,0
va 12,0 mg/L 1an lugt 1a 4,82x107%; 1,98x1072 va

0,88x107 1/phut. K&t qua ching td réng vat lieu g-
CsNy/biochar co nhiéu tiém nang trong Ung dung xUr ly
ton du khang sinh trong nudc thai.
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