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ABSTRACT

In this study, the ternary composite ZnO/g-C3Ns/seed stem biochar
(ZCNBC) was successfully synthesized using a simple hydrolysis
method. Research shows that biochar has a significant influence on the
structure and photocatalytic activity of the resulting composite
materials. It has shown a series of roles such as inhibiting crystal growth,
improving specific surface area, narrowing the band gap, and
enhancing visible light absorption of ZnO. The resulting photocatalytic
composite  was used as an effective photocatalyst for the
photodegradation of the antibiotic doxycycline (DC) from aqueous
solution. The prepared ZCNBC hybrid catalyst was shown to have much
higher photocatalytic activity than pure ZnO in the decomposition of
DC (104 times higher). All synthesized catalysts exhibited extremely
high photocatalytic efficiency under visible light; The DC photocatalytic
degradation efficiency of ZCNBC can reach 98.1% under visible light.
The results show that the prepared catalysts are promising for the
degradation of DC from water sources.

Gidi thiéu chung

gay ra tinh trang khang khang sinh & vi sinh vat, dan dén
tac dong tiéu cuc dén vi sinh vat, do dé co thé gy nguy
co nghiém trong cho con ngudi va cac déng vat khac

Viéc si dung khéng sinh réng rai, dac biét la lam dung
ching dang thu hdt nhiéu sy quan tam cta du luén.
Trong qua trinh san xuét va Ung dung, mét lugng 16n
nudc thai chifa khang sinh dugc tao ra va thai vao moi
trudng, gay 6 nhiém nghiém trong. Khang sinh con sot
lai bén va khé phan huy bdi cac phuong phap xUr ly sinh
hoc thdng thudng [1]. Doxycycline (DC) la loai khéang
sinh ban téng hop thudc nhom tetracycline va no
thudng dugc sir dung cho ca ngudi va thi y [2]. Do déc
tinh khang khuén, ngay ca & néng dé thap, n6 cé thé

[1,2]. Vi nudc thai bi © nhiém chu yéu do ngudn cung
cép khang sinh cho méi trudng nudc nén viéc phat trién
cac phuong phap xtr ly nudc thai hiéu qué la can thiét
dé loai bod cac hgp chét c6 hai nay.

Mac du TiOz d& dugc sif dung réng réi cho cac Ung
dung xU ly méi trudng, nhung zinc oxide (ZnO) dugc
tim thdy la vat liéu ly tudng dé thay thé TiO2 do cac tinh
chdt uu viét ciia nd nhu cé hoat tinh quang xuc tac
(QXT) cao, chi phi thdp, va c6 Ung dung da nang [3].
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Tuy nhién, ZnO nguyén sa lai c6 dé réng vung cdm I6n
(~ 3,37 eV), chi hoat doéng QXT trong vung &nh sang tu
ngoai, han ché kha ndng tan dung ngudn nang lugng
anh sang doéi dao tu mat trai [3]. Hon nlfa, ZnO nguyén
G €O ¢o ty 16 tai két hop gilta cac cap electron/I6 tréng
Ién nén kho dat dugc hiéu qua xdc tac quang cao. Bé
khéc phuc nhitng han ché nay, nhiéu kj thuét bién tinh
Zn0O khac nhau da dudc thuc hién nhu diéu khién hinh
thai va thanh phan, pha tap ion kim loai va/hoac phi kim,
cap doi vdi cac chat xdc thc quang khac, vv..

Gan day, graphitic carbon nitride (g-C3Ns) - mét dang
ban dan polymer phi kim dugc cho la thich hop dé cap
doéi véi ZnO do nd cd dé réng vang cdm hep (2,7 eV)
va céu trdc nang lugng vung cadm thich hap [3]. Nhiéu
nghién cltu cho thdy su ghép néi di thé ZnO/g-CsN4 ¢
thé gilip tdng cudng hiéu quéa tach cap electron - 16
tréng [3], tr d6 néng cao hiéu qua phan hiy QXT.

Pé tang cudng hon nita hoat tinh QXT cla vat liéu
Zn0/g-C3Ns, cling nhu gidp dé thu hoi chat xic tac
guang han sau cong doan xUf ly nudc, cac nha khoa hoc
nghién ctu c6 dinh chidng 1én cac pha nén khac nhau
nhu clay, polymer, zeolite, carbon, thly tinh, v.v. [4].
Biochar - mét dang khéc clia carbon, thu dugc tUr qué
trinh nhiét phan cac biomass trong diéu kién y&m khi.
No dugc xem la vat liéu déy hda hen trong xU ly moi
trudng do s& htu cac dac tinh hoa ly tuyét vai nhu dién
tich bé mat riéng va dudng kinh 16 mao quan 16n, va cé
nhiéu nhom chidc hoat ddng trén bé mat. Ngoai dung
luong hap phu vuat tréi, BC c6 thé hoat dong nhu chét
nhan electron va tham gia vao qué trinh van chuyén
electron. Hon nita, vé&i dé 6n dinh cao cho phép BC tra
thanh chat hd trg tuyét vai cho cac chét xic tac quang
[5]. Trong nhitng nam gén day cac vét liéu trén ca s& BC
nhu ZnO/BC TiO2/BC, BiOBr/BC [5] v.v. dugc st dung
nhu la chét xic tac quang cho sy phéan hiy cac chat 6
nhiém khac nhau. Tuy nhién, theo hiéu biét clia ching
toi dén thai diém hién tai viéc nghién ctu tai ZnO/g-
C3Ng4 lén pha nén BC van con kha khiém tén.

Trong bai bao nay, nghién ctru téng hap, dac trung tinh
chét clia chét xtc tac quang ZnO/g-C3Ns mang trén nén
BC tao ra tu biomass say. Hinh thai, cdu tric, cling nhu
tinh chéat hdp thu quang clia cac chat xtc tac dugc dac
trung bdi cac phuong phap XRD, SEM, TEM, BET, FTIR
va UV-Vis. Déng thdi, hoat tinh QXT dugc kiém tra dua
trén su phan hiy quang cla khang sinh DC dudi diéu
kién anh sang kha kién.

Thuc nghiém va phuong phép nghién cdu

Cac hda chét chinh dugc si dung trong thuc nghiém,
bao gdm: zinc nitrate hexahydrate (Zn(NO3)26H20,
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98%), sodium hydroxide (NaOH, > 97%), doxycycline
hyclate (Co2H24N20g'HCI-0.5H20-0.5C2H60, > 93,5%) va
urea (CO(NH2)2, > 99,0%). T4t ca cac hda chat trén déu
nhan dugc tu hang Sigma.

Cho 3,0 gam biomass say thd (cellulose 43,31%;
hemicellulose 30,82% va lignin 20,37%) vao thuyén su,
boc gidy nhém, va tién hanh nung trong 16 nung 6ng
bdo hoa khi N2 & 400°C (t6c dé gia nhiét 3 °C/phdt)
trong 2 gid. San pham trudc tién dugc ria véi 50 mL
dung dich HCI 1,0 M va tiép dén rlra vai lan bang nudc
cdt dén khi dich loc trung tinh. S&y kho san phém &
105°C trong 12 gig dé thu dugc BC.

Cho 5.0 gam urea vao thuyén s, boc gidy nhoém va tién
hanh nung trong dong khi N2 & 520°C trong 2 gid vdi
téc dé gia nhiét nhu trén. Tép theo, san phdm dugc cho
vao cdc chtra 100 mL nudc cat va danh siéu am hdn hop
trong 30 phut. Chéat rdn sau dé dugc loc va sdy kho &
105°C trong 12 gig, thu dugc g-CsN4 (CN).

Hoa tan 7,437 gam zinc nitrate v&i 80 mL nudc cat. Cho
ti€p 1,5 gam g-C3N4 va BC (khado sat & cac khdi lugng:
0,25; 0,50; 0,75 va 1,00 gam) vao dung dich trén, khudy
trén déu hon hgp trong 12 gid. BN mau nay dugc ky
hiéu tuong Ung tu ZCNBCO0.25 dén ZCNBC1.00. Tiép
dén, nhd chdm tung giot dén hét 50 mL dung dich
NaOH 1,0 M, thiy phan hdn hop & nhiét d6 phong trong
4 gi&. Sau sy thiy phan, hon hgp dugc dé yén trong 1
gi®, dugc loc va rlfa bang nudc cét dén khi dich loc
trung tinh. San pham dugc sdy khéd &105°C trong 12 gid,
sau do nghién min va tién hanh nung trong 16 nung éng
dugc bdo hoa khi N2 & 450°C trong 2 gid (t6c do gia
nhiét 3 °C/phat), thu dugc san phém ZnO/g-
C3Na/Biochar (dugc ky hiéu 1a ZCNBC). Mau ZnO tinh
khiét cling dugc tng hgp & clng diéu kién nhu trén
trong su vang mat déng thai ca BC va g-CzNa.

Phuang phdp ddc trung vt liéu

Nhiéu xa tia X (XRD) dudc ghi bdi méy do X D8 Advance
(Bruker, BUc). Hinh anh hién vi dién t& quét (SEM) dugc
chup bdi thiét bi FE-SEM NOVA NanoSEM 450 (Nhat
Ban). Cac anh TEM dugc chup trén kinh hién vi dién tr
truyén qua TEM JEOL JEM—=1400 (USA). Ph& UV-Vis-DRS
dugc ghi nhan bdi thiét bi UV-2600 (Shimadzu) trén nén
BaSQa4. Dién tich bé mat riéng (BET) dugc xac dinh bang
cach ghi duding dang nhiét hap phu/giai hdp N2 & nhiét
do 77K trén thiét bi Quantachrome TriStar 3000V6.07A.
Ph& héng ngoai FTIR dudc ghi nhan bdi thiét bi IR
Affinity-1S spectrophotometer (Shimadzu).

Ddnh gid hogt tinh quang xuc tdc

Cho 0,1 gam chét xUc tac vao c6c da chira sén 200 mL
dung dich DC dat ndng dé 25 mg/L (pH ~ 3), dat c6c
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dudi gia sat d& den. Chiéu xa huyén phu théng qua kinh
loc B+WF-Pro 010 UV-Haze E 77 (A < 400 nm) bdi den
Compact 45W-220V (Dién Quang). Huyén phu trudc
tién dugc khudy tron trong béng t6i 60 phut va sau do
dugc chiéu sang trong 150 phut. Nong doé DC trong
dung dich trudc va sau phan Uing dudgc xac dinh bang
quang phd UV-Vis (Spectro UV-2650, Labomed- USA)
tai Amax = 346 nm. Hiéu suat phan hly QXT (D%,) dugc
tinh toan dua theo phucng trinh (1) dugi day:

((y) (COe ) %100 M

Oe

Trong dé: Cee (Mg/L) va Ci (mg/L) 1an lugt la néng do
clia DC tai thai diém dat can bang hap phu va tai thdi
diém chiéu xa t (phut).

K&t qua va thao luan

Bdc trung tinh chdt cta vt ligu

XRD dugc st dung dé phan tich cu tric tinh thé cla
Zn0O, CN, BC va cac composite ZCNBx (x = 0,25; 0,50;
0,75 va 1,00). Nhu thdy & Hinh 1, mau BC gan nhu khong
6 dinh nhiéu xa dic trung, chiing té nd ton tai chu yéu
& dang carbon vé dinh hinh. Gian do XRD ctia mau ZnO
hién thi cac dinh nhiéu xa tai cac goc 20: 31,7°; 34,4°;
36,2°; 47,5°% 56,6° 62,8° 66.4° 67,9° ©9,1° 72,6° va
76.9° tuong Ung vdi cac mat (100); (002); (101); (102);
(110); (103); (200); (112); (2071); (004) va (202), lién quan
dén ZnO cAu trdc wurtzite (JCPDS-01-075-9743) [3]. Céc
dinh nhiéu xa dac trung tai 13,1° va 27,4° dugc xac dinh,
tuong Ung véi cac mat (100) va (002) ciia g-C3Na4 [3]. DO
véi cac mau composite ZCNBC ngoai su xuét hién cac
dinh nhiéu xa dac trung clia ZnO con xuét hién thém
pha mdi zinc cyanamide (ZnNCN) véi cudng dé nhiéu
xa thép tai cac goc 26 xép xi 19,1°% 27,9° va 28,6° tuong
Ung vai cac mat (107), (211) va (220) [6]. Biéu nay do lién
két héa hoc co thé dat dudc théng qua phan ing ngung
tu gitta nhém amino triazine va cac nhém hydroxyl bé
mat cla ZnO dé tao ra lién két Zn—N [6]. Ngoai ra, tu
Hinh 1a con cho thay cudng dé nhiéu xa clia ZnO trong
composite ZCNBC thdp hon so vdi ZnO thanh phan,
chiing té ¢6 sy tuong tac manh gitta mat tinh thé ZnO
véi BC, dan dén lam gidm do két tinh clia ZnO. Trong
khi @6, theo phuong trinh Scherrer tai dinh nhiéu xa
(107), kich thudc tinh thé trung binh clia cac mau ZnO,
ZCNBCO0.25, ZCNBCO0.50, ZCNBCO0.75 va ZCNBC1.00
tinh toan dugc lan lugt la 33,7 nm, 28,9 nm, 23,9 nm,
24,3 nmva 25,7 nm (Bang 1). Su thay déi vé kich thudc
hat chi ra rang g-CsNs va/hodc BC da Uic ché su phéat
trién tinh thé clia ZnO trong composite. BC va g-C3N4
thé hién vai tro nay la do ching & dang tadm I6p va trong
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cau tric ton tai cac 16 mao quan kha réng nén gilp cho
su phéan bé cac hat nano ZnO 1én bé mat, cling nhu vao
trong cac 16 mao quan dién ra thuan Igi, tt dé ngan can
su két tu gilia cac hat nano ZnO vdi nhau, ngan can su
tang trudng cac hat tinh thé ctia ZnO.

Bang 1: Kich thudc tinh thé trung binh (d nm), nang
lugng ving cdm (Eg eV) va hiéu sudt phan hiy quang
DC (D %) clia cac mau

Caemau  CUONIBC Lo B ev) D )
(gam)
ZnO 0 337 318 95
g-CsNs 0 279 48,01
ZCNBC025 0,25 289 287 87,20
ZCNBCO.50 0,50 239 253 9891
ZCNBCO75 0,75 243 250 9570
ZCNBC1.00 1,00 257 241 8976

PhS FTIR & Hinh 1b cho théy tit c& cac mau ZnO, g-
C3N4, BC, va cac mau composite ZCNBC déu co cac dinh
hap thu xung quanh 3400 cm™va 2350 cm™ ¢é lién quan
dén dao doéng hoa tri lan lugt ctia —OH trong phan ti
nudc va C-0 trong phan tir CO2 [7]. Cac dinh hép thu
clia ZnO xung quanh 3400 cm™, 1640 cm™ va 498 cm’!
c6 lién quan dén cac dao déng héa tri —=NHz, H-O-H
va Zn-0, tuang Ung [3]. B&i vai BC, ngoai cac dinh héap
thu co lién quan dén cac dao déng —-OH va C-O nhu
d3 dé cap & trén con o6 cac dinh hap thy tai 2924 cm’!
va 1619 cm™ dugc cho 1a dao déng bat déi xing cla
C—H va sp? dac trung clia C=C, tuang Ung [8]. Pinh tai
1462 cm™ c6 thé dudc quy gan cho dao dong hoa tri
ctia COO- [7]. Vung gilta 900-1300 cm™ va 1385 cm’!
dugc quy gan cho dao dong C-0O, O-H, C-Cva sy bién
dang C—H [7]. B&i v&i mau g-CsNs, viing hédp thu réng
gitta 3200-3600 cm™' dugc cho 1a dao déng hdéa tri clia
N-H va O-H [3]. Ngoai ra, mau g-CsN4 cé mét loat cac
dai dién hinh dao déng hoa tri clia cac di vong C-N
(1636, 1459, va 1410 cm™) va dao déng bién dang vdi
cudng dé cao cua don vi tri-s-triazine tai 813 cm™ [3].
Céc dinh tai 1317 cm™ va 1240 cm™ ¢6 lién quan dén
dao déng C-N vong thom [3]. P& vdi cac mau
composite ZCNBC, chiing cling xuat hién céac dinh dao
déng clia cac vat liéu thanh phan nhung vdi cusng dé
thap han, chiing minh sy tao thanh thanh céng cla lién
két di thé trong composite. Ngoai ra, tir hinh 1o con
quan sat thay tat ca cac mau ZCNBC déu xuat hién dinh
hap thu mdi tai 2050 cm™ 1& d&c trung cho dao déng
hoa tri bat déi xiing clia ~N=C=N- (trong lién két Zn-
NCN) [9]. Xie Y cho rang su tao thanh cdu trdc dj thé g-
C3N4/ZnNCN 6 thé tang cudng hiéu qua tach gitta cac
cap electron/I16 tréng [9], 1a yéu t& quan trong gilp cai
thiét hoat tinh QXT cho céc chét xuc tac quang hoa.
https://doi.org/10.62239/jca.2024.074
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Hinh 1: @) Gian do XRD; b) Phé FTIR; ¢) Phé UV-Vis va d) do thi theo Tauc clia ¢) cla cac mau ZnO, g-C3Ny4, BC va
cac mau composite ZCNBC

Tinh chat quang clia cac mau ZnO, g-C3Ng, BC, va cac
mau composite ZCNBC dugc danh gia bdi phd hap thu
UV-Vis trong gidi han budc song tir 200 dén 800 nm.
Mé&u BC hién thi mét dai hdp thu nhe bao phd toan bd
vung anh séng t ngoai - kha kién (Hinh. 1c). Hinh. 1c
cho théy rang, cac mau ZnO tinh khiét va g-CaNa o
canh hép thu quang di chuyén Ién I&n luct & cac budc
soéng khodng 390 nm va 445 nm. Sau khi ZnO dugc phd
lén bé mat clia g-CsNa va/hodc BC canh hadp thu quang
clia cac mau composite ZCNBC déu ¢ su chuyén dich
déng ké vé cac viing c6 budc song > 445 nm. DE tinh
toan cac gia tri nang lugng vung cdm (Eg), quan hé biéu
d6 Tauc dugc st dung [7]:

ahv = A(hv - Eg)2 )

Trong do: o la hé s6 hép thy, h la hang s Planck, v la
s6 séng va A la hang sé. Gia tri nang lugng vung cdm
tUr dit liéu hap thu dugc tinh todn bang cach v& do thi
(ahv)? so vdi ndng luang photon £4 = hv (Hinh 1d). Gia
tri £y cla cac mau ZnO, g-C3Ni ZCNBCO.25,
ZCNBCO0.50, ZCNBCO.75 va ZCNCB1.00 tinh toan dugc
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lanluct 1a 3,18 eV, 2,79 eV, 2,87 eV, 2,53 eV, 2,50 eV va
2,41 eV (Bang 1). Su gidm gié tri nang lugng ving cdm
clia cac mau ZCNBC theo su gia tdng ham lugng BC
trong thanh phan composite ngu y rang nd da gilp tang
cuding dang ké kha nang hdp thu quang trong viing énh
sang nhin thdy cho cac composite. BC thé hién vai tro
nay la do dac tinh hap thu quang manh tu nhién vén cé
cla no.

K&t qua quan sat SEM cho thdy mau ZnO & dang cac
hat hinh cau két tu vdi nhau vdi kich thudc trung binh
khodng 30-35 nm (SEM-Hinh 2a, TEM-Hinh 2b va Hinh
20). M&u g-C3N4 hién thi cac vay g-CsNs mdng va chiing
chéng 1én nhau tao ra céc khe rong (Hinh 2d). Mau BC
van con c6 thé quan sat dugc dang sdi va bé mat cla
né tréng khéa nhdn bong (Hinh 2e). Mau ZCNBCO.50
(SEM-Hinh 2f, TEM-Hinh 2g va Hinh 2h) bao gém c céc
hat dang nét va dang tdm vdi kich thudc hat trung binh
clia ZnO trong composite khoang 27,2 nm va phan bé
déng déu hon so vdéi mau ZnO tinh khiét. K&t qua SEM
va TEM cho thdy cac hat nano ZnO dudng nhu da dudc
dinh thanh cong lén bé mat g-CsNa4 va BC.
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Hinh 2: Anh SEM cua (a) ZnO, (d) g-C3Ng, (e) BC va (f) ZCNBCO.50; Anh TEM cla (b) ZnO, (g) ZCNBCO0.50; () va (h)
la gidn dd phan bé kich thudc hat theo cac anh TEM (b)-ZnO va (g)-ZCNBCO0.50

Bang 2: Cac dac trung hap phu vat Iy N2 clia cac mau

Seer (M?/Q)  Vpore (cM?/g)  Dpgore (NM)
ZnO 5,5 0,02 16,9
g-C3Ny 36,8 0,16 313
BC 22,8 0,01 12,4
ZCNBCO.50 25,1 0,14 28,9

Pac tinh bé mat clia cac mau ZnO, g-C3Ns, BC, va
ZCNBC0.50 dudgc nghién clu tir sy hdp phu dang nhiét
hap phu/gidi hdp N2 nhu dugc thé hién & Hinh 3. C6 thé
thdy rang su hdp phu/gidi hdp N2 cla tat ca cac mau
trén déu thudc dudng ddng nhiét loai IV vdi vong tré
ki€u H3 (Hinh 3a) theo su phan loai ciia IUPAC, chi ra
rang cac mau nay thudc cau tric mesoporous [8]. Diéu
nay cling phu hop khi gig tri dudng kinh mao quan

trung binh (Dgore) clia cac mau ZnO, g-CsNa, BC, va
ZCNBCO0.50 lan lugt 1a 16,9 nm, 31,3 nm, 12,4 nmva 28,9
nm (Bang 2), tuc la ndm trong khoang t&r 2 nm < Dpore
< 50 nm nén ching thudc kiéu cdu truc mesoporous.
Hinh 3 con cho thdy, mau g-CsNs, dac biét 1a mau
ZCNBCO0.50 trong khodng ap sudt tuong déi (P/Po) tU
0,6 dén 1,0 c6 su hdp phu Nz ting dang k€ 1a do xuat
hién su ngung tu mao quan va sy hdp phu da I&p N2
trong mesoporous cla hai loai vat liéu nay. Két qua
phan tich BET cho thdy mau ZnO c6 dién tich bé mat
rieng bé nhat (5,5 m?/g), ké dén la BC (22,8 m?/q), tiép
theo la composite ZCNBCO0.50 (25,1 m?/g) va Ién nhat 1a
g-GNs (36,8 m?/g). Dién tich bé mat riéng cla
composite ZCNBCO0.50 I6n han gép khoéng 5,2 lan so
véi ZnO tinh khiét, ma nguyén nhan do cé su hé trg clia
g-C3Na va BC vén c6 dién tich bé mét riéng Ién.
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Hinh 3: (a) Pudng dang nhiét hdp phu/gidi hdp N2 clia cac mdu ZnO, g-C3Na, BC va composite ZCNBCO0.50; (b) Su
phan hay quang cta DC khi khdng cd mat chat xic tac va cd mat ZnO, g-CsNa va ZCNBC0.50 va () So do biéu
dién co ché QXT trén composite ZCNBC
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Hinh 3b cho thdy rang khéng cé hién tuang quang phan
clia DC sau 2 gi¢f chiéu xa, ching to né 6n dinh dudi
blc xa anh séng kha kién vai diéu kién véng mat chat
xUc tac quang. Hinh 3b con cho thdy mau ZnO tinh khiét
c6 kha nang phan hiy DC thdp do né khéng thé bj kich
thich bdi bic xa anh sang kha kién. Trong khi do, mau
composite ZCNBC thé hién hoat tinh QXT cao haon
nhiéu so véi cac mau ZnO va g-CsNa thanh phan. Hiéu
sudt phan hly quang DC cla cac mau ZnO, g-C3Ny,
ZCNBO0.25, ZCNBCO0.50, ZCNBCO0.75 va ZCNBC1.00 dat
G cac gia tri 1an luot la 9,50%, 48,01%, 87,20%, 98,91%,
95,10% va 89,76% (Bang 1). Két qua nay chiing to rang
viéc ghép ndi ZnO vdi g-C3Na va phan bo ching 1én bé
mat BC da gitp cai thién déng ké hoat tinh QXT trong
diéu kién chiéu xa anh sang kha kién cho composite xic
tac quang ZCNBC thu dudgc. Biéu nay cé thé dugc giai
thich theo nhing luén gidi ti€p thao dudi day.

Thé ving héa tri (Eve) va thé ving dan (Ecs) clia ZnO
tinh toan dugc an lugt 1a 2,69 eV va -0,49 eV va cla g-
3Nz 121,635 eV va -1,155 eV. Do céc vi tri Eve va Ecs cla
Zn0O va g-C3N4 khac nhau nén xay ra hiéu Ung ghép nai
gitia chiing [3]. ZnO tinh khiét kho bi kich thich bdi blic
xa kha kién do dé réng vung cdm cla né 1én (3,18 eV).
Do g-C3N4 ¢ d6 réng vung cdm hep (2,79 eV) nén bj
kich thich bdi anh sang kha kién dé tao ra cac cap
electron-16 tréng. Do Ece clia g-C3Na (-1.155 eV) &m hon
so vdi Ecs clia ZnO (-0.49 eV), cac electron quang sinh
trong CB clia g-C3N4 s& di chuyén sang CB ctia ZnO va
sau dé chung tiép tuc dugc di chuyén dén bé mat cla
composite ZCNBC [3]. Mat khac, BC trén bé mat cla
ZCNBC cling c6 thé dén nhén truc tiép cac electron trén
CB clia ZnO hodc g-C3N4 [10]. Cac electron quang sinh
trén bé mat chat xUc tac sé tac dung vdi Oz hoa tan
trong dung dich va tao ra cac anion g&c superoxide *Ox.
Cac goc *O2" nay sé ti€p tuc phan Ung vai cac phan t
H20 dudc hdp phu trén bé mat chét xic tac hodc cac
ion H* c6 mat trong dung dich dé tao thanh cac géc
hydroxyl *OH, dé sau do *OH tham gia vao qua trinh
phan hiy quang cac phén tir DC [1]. Méat khac, do thé
Evs clia ZnO (2,69 eV) la dudng haon so vdéi «OH/OH"
(1,99 eV) [11] nén cac 16 tréng trong ving hda tri khéng
thé phan Ung vdi cac ion OH dé tao thanh cac géc
hydroxyl hoat déng *OH, thay vao do ching co thé oxy
hoa truc tiép cac phan ti DC [1]. Ca ché phan hiy quang
DC trén composite ZCNBC dudi buc xa anh sang kha
kién co thé cé nhu dugc dé xuét & Hinh 3c.

Két luan
Nghién ctu da t6ng hgp va dénh gia anh hudng cia
lugng BC dén cau trdc va hoat tinh QXT clia composite

https://doi.org/10.62239/jca.2024.074
62

ZCNBC. K&t qué cho thédy BC d& thé hién vai tro Uc ché
su phat trién tinh thé, cai thién dién tich bé mat riéng va
thu hep nang lugng viing cdm cda ZnO. Composie dugc
téng hop & diéu kién t6i uu (ty 1& vé khéi luong cla
ZnO(NOs)2.6H>0/g-C3N4/BC = 7,437/1,5/0,5) d& tao ra
composite ZCNBC cé dudng kinh hat khodng 27,2 nm,
dién tich bé mét riéng 25,1 m?/g, ndng Iugng ving cam
2,53 eV va ¢d hiéu suat phan hly quang DC (98,91%)
cao hon gap khoang 10,4 1an so v&i mau ZnO tinh khiét
(~9,5%). Nhiing két qua nay cho théy rang chat xdc tac
quang ZnO/g-C3Ns/biochar c¢é nhiéu tiém nang trong
Ung dung xt ly khéang sinh trong nudc thai.
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