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Tém tat. Trong nghién ctru nay, vat liéu ZnO/biochar (ZBC) da dugc téng hop thanh cong bing phuong
phap thiy phan don gian hdn hop gom mudi Zn(NOs): va sinh khdi c6 ngudn gdc tir than cay sdy. Vat
liéu sau khi tong hop dwoc ddc trung tinh chat béi cac phuong phap XRD, SEM, TEM, BET, FT-IR va
UV-Vis-DRS. Su phéan htly quang xtc tac cia doxycycline (DC) dugc nghién ctru tir cac yéu t6 anh huong
ctia pH va ndng d6. Dic trung tinh chat cho thay rang ZnO duwoc phan tén tt trén bé mat biochar. Su
hién dién ctia biochar da gitp cai thién dién tich bé mét riéng, thu hep ning luong vung cdm va tang
cuong kha nang hap thu anh sang ¢ dai bude séng rong hon ciia ZnO. Composite ZBC & ty 18 khéi luong
ZnO/biochar = 1/0,25 cho hiéu sudt phan hiy quang cao nhat, cao hon khoang 3,5 lan so véi ZnO tinh
khiét trong su phéan htty DC. Nghién cttu dong hoc cho thdy sy phan huy DC tuan theo m6 hinh déng
hoc biéu kién bac mét vdi hf“mg 0 tdc d kapp = 2,03x102 phut?! ¢ nong d6 DC 9,0 mg/L. Nghién ctru cho
thdy vat liéu ZBC c6 nhiéu tiém nédng trong viéc xt ly nuwdc thai nhiém khang sinh.
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Abstract. In this study, ZnO/biochar (ZBC) materials were successfully synthesized by simple hydrolysis
of a mixture of Zn(NOs)2 salt and biomass derived from reed stems. The synthesized materials were
characterized by XRD, SEM, TEM, BET, FT-IR and UV-Vis-DRS methods. The photocatalytic
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degradation of doxycycline (DC) was studied from the influencing factors of pH and concentration.
Characterization shows that ZnO is well dispersed on the biochar surface. The presence of biochar
helped improve the specific surface area, narrow the band gap and enhance the optical absorption in the
visible light region of ZnO. The ZBC composite at ZnO/biochar mass ratio = 1/0.25 showed the highest
photodegradation efficiency, about 3.5 times higher than pure ZnO in DC decomposition. Kinetic studies
showed that DC degradation followed an apparent first-order kinetic model with rate constant kapp =
2.03x10 min™ at DC concentration of 9.0 mg/L. Research shows that ZnO/biochar material has great
potential in treating antibiotic-contaminated wastewater.
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1 Pit van deé

Ky thuat oxy hoa nang cao trén co so cac
chét xuc tac quang hdéa dang dugc ing dung phd
bién trong linh vie xt ly nude thai do ky thuat nay
gitp phan huy hoan toan c4c chat 6 nhiém hitu co
ddc hai va bén vitng ma khong sinh ra bun thai
hodc gay 6 nhiém thi cap [1]. Trong s& cac chat ban
dan xtc tac quang da biét nhue ZnO, TiO:, CdS,
Cuz0, WOs,... ZnO duoc str dung pho bién do nd
c6 cac tinh chat uu viét nhw gia thanh thap; kha
nang hoat dong quang xuc tac (QXT) cao; tinh bén
va khong doc [1]. Tuy nhién, ZnO ¢ dang tinh khiét
ton tai nhuoc diém nho 1a né ¢ nang luong ving
cam réng (khoang 3,2 eV) nén chi hoat ddéng QXT
dudi nguoén biic xa UV, han ché kha nang tan dung
nguon nang luong dnh sdng doi dao tir mat troi [2].
Hon ntta, ZnO tinh khiét c6 c6 ty 1€ tai két hop gitta
cac cap electron/15 trong 16n nén kho dat duoc hiéu
qua xuc tac quang cao [1]. Do d6, nhiéu ky thuat
bién tinh ZnO khéac nhau da dwoc thuc hién nhw
diéu khién hinh théi va thanh phan [3, 4], pha tap
ZnO boi cac nguyén td kim loai va phi kim [5, 6],
cap d6i voi chat ban dan QXT khac [7], phan tan
ZnO 1én cac pha nén khac nhau [8, 9],...

Gan day, mot sO nghién cttu da cho thay su
cong két cac hat nano ZnO vao trong mang ludi
carbon c6 thé gitp cai thién hoat tinh QXT va dé
thu hoi cac composite xtuc tac quang, tit d6 tranh
duoc 6 nhiém thit cdp sau qua trinh xt ly nudce [2,
10]. D€ khic phuc nhuoc diém gia thanh cao ctia
carbon hoat tinh thuvong mai san ¢ trén thi treong,

cac nha khoa hoc da nghién ctru tdng hop vat liéu
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composite ZnO/carbon c¢6 ngudn goc tr cac
biomass phu pham nhuw hat ngti cdc [11], chat thai
[1], c6 dai [2], soi dai [10], v.v. Phragmites australis,
mot loai say thong thuong, #6 moc hoang ¢ cac bai
lay va cac vung dat ngap nudc khac. Than cay say
bao gdm cac mo ¢d cdu tric x0p, la ngudn sinh khéi
ly twong d€ tao thanh biochar x6p [12]. Biochar,
mot loai vat liéu giau carbon, thu dwoc tir qua trinh
nhiét phan cac biomass trong diéu kién yém khi.
N6 la vat liéu day hira hen trong x@ Iy mdi treong
nho nhitng dédc tinh hoéa ly tuyét voi nhu dién tich
bé mét 16n, duong kinh 16 réng 16n va c6 nhidu
nhom chtrc hoat dong trén bé mat. Ngoai kha nang
hdp phu vuot trdi, biochar con ¢é thé déng vai tro
la chat nhan dién ti va tham gia van chuyén dién
te. Ngoai ra, v6i dd 6n dinh cao cho phép biochar
trod thanh chat ho trg tuyét voi cho cac chat xtc tac
quang [13]. Trong nhiing ndm gan day, cac vat liéu
composite trén co sé biochar nhu TiOz/biochar [14],
CosOs/biochar [15], CuO/biochar [16] va
BiOBr/biochar [17] da duwgc st dung lam chat xuc
tdc quang héa d€ phan huy cac chat 6 nhiém khac
nhau. Tuy nhién, theo hi€u biét cta ching t6i dén
hién tai van chua thay cac cong trinh dwoc cong bd
6 lién quan dén nghién cttu tong hop ZnO/biochar

duoc tao ra tir nguén nguyeén liéu biomass say tho.

Trong nghién ctru nay, chung toi tién hanh
phan tan cac hat nano ZnO lén nén biochar (nhan
dugc tir biomass say tho) bang cach thiy phan hén
hop gom mudi Zn(NOs)2 va biochar trong mdi
treong kiém o nhiét d phong. Dong thoi, hoat tinh
QXT cuia san phdm duoc danh gia thong qua kha
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ndang phan huy QXT khang sinh DC trong dung

dich nuéc dudi biic xa anh sang nhin thay.

2 Phuong phap

2.1  Nguyén liéu va hoa chat

Cay say dwgc thu nhan tai huyén Thap
Muoi, tinh Pong Thap (100317 Bac; 105053'54”
DPong). Than cay sdy duoc rira sach, cat nhé, phoi
kho, nghién min (dat kich thudc khoang 1-2 mm),
sau d6 duoc sdy khd dé€ tao ngudn nguyén liéu
biomass say tho (cellulose 43,31%; hemicellulose
30,82% va lignin 20,37% [18]) va cho vao binh bao

quan d€ st dung.

Céc hoa chét chinh duoc st dung trong thuc
nghiém, bao gom: zinc nitrate hexahydrate
(Zn(NOs)2:6H20, 98%), sodium hydroxide (NaOH,
> 97%), hydrochloric acid (HCI, 37%), doxycycline
(C22H2sN20s-HCI1-0.5H20-0.5C2HsO, >

93,5%). Tat ca cac hoa chat sit dung déu nhan duoc

hyclate

tit hang Sigma, theo chuan phan tich, duoc st

dung truee tiép ma khong can phai ché héa bd sung.

2.2  Diéu ché ZnO/biochar

Cho 3,0 gam biomass say tho vao thuyén st,
boc gidy nhom va chuyén vao 10 nung ong. Tién
hanh carbon hoéa biomass say ¢ 400°C trong 2 gio
(toc d0 gia nhiét 3 °C/phut) trong diéu kién bao hoa
khi N2. San pham sau khi nung, dau tién dwgc riva
v6i 50 mL dung dich HC1 1,0 M, tiép dén duoc rixa
vai [an bang nudc cdt dén khi dich loc trung tinh
va sau do6 duoc sdy kho ¢ 105 °C trong 12 gio, thu
duwgc biochar (BC).

Hoa tan 7,437 gam Zn(NOs)2.6H:0 trong 80
mL nudce cat. Cho ti€p x gam BC (x = 0,25; 0,5; 1,0
va 2,0 gam) vao dung dich mudi kém dé dat duoc
ty 1& khoi lwong ZnO/biochar theo tinh toan lan
lwot 1a 1/0,125; 1/0,25; 1/0,5 va 1/1 (gam/gam). Céc
mau dugc ky hiéu twong tng la ZBC1/0.125;
ZBC1/0.25; ZBC1/0.5 va ZBC1/1. Khudy trén déu
hdn hop trong 12 gid. Cho tir tir 50 mL dung dich
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NaOH 1,0 M, tién hanh thtiy phan hdn hop ¢ 30 °C
trong 5 gio. Hon hop ran sau khi thiy phan duoc
loc, rira nhiéu [an bf“mg nwdc cat dén khi dich loc
trung tinh va sau d6 dwgc sdy kho dén khoi luong
khéng d6i. Tién hanh nung bot ran trong 1o nung
ong bao hoa badi khi N2 ¢ nhiét d6 450 °C trong 2
gi0, thu duoc san phdm composite ZnO/biochar
(ZBC). D€ so sanh, mau ZnO tinh khiét ciing duoc
diéu ché twong tw nhw trén.

2.3 Danh gia hoat tinh quang xtc tac

Cho 0,1 gam chat xuc tac vao trong c6c da
chtra sdn 200 mL dung dich DC & céc gid tri nong
dd, pH xac dinh va duoc khudy trdn trong bong t6i
60 phut d& dam bao sy hdp phu dat can bang va
sau d6 duoc chiéu sang trong cac khoang thoi gian
thay doi tir 0 dén 150 phut. Ngudn sang la den
Compact 45 W-220 V (Dién Quang) dwoc chiéu
sang xuyén qua kinh loc B+WF-Pro 010 UV-Haze E
77 &€ cit loc cac tia tit ngoai (A €400 nm, d = 77
mm). Tai cac thoi diém xac dinh 5 mL hon hop
duogc 14y ra va ly tam dé loai bo chat xtc tac ran.
Nong d6 DC trong cac dung dich thu dwoc dwoc
phan tich boi may quang phd UV-Vis (Spectro UV-
2650, Labomed- USA) tai Amax = 346 nm. Hiéu suét
hdp phu DC (A%) duoc tinh toan dwa theo phuong
trinh (1) nhw sau:

A(%) = MxlOO 1)
CO

trong d6, Co (mg/L) va Coe (mg/L) lan luot la nong

dd DC ban dau va nong do DC tai thoi diém dat

can bang hap phu. Hiéu suat phan huy QXT (D%)

dwoc tinh todn dyra theo phwrong trinh (2) duwdi day:

D(%) = w <100 @

trong do, Coe (mg/L) va Ct (mg/L) lan luot la nong
dd ctia DC tai thoi diém dat can bang hdp phu va

tai thoi diém chiéu xa t (phat).

Theo moé hinh doéng hoc Langmuir -
Hinshelwood [19], qua trinh phan hay QXT DC cé
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thé dwoc biéu dién duwdi dang phuong trinh dong

hoc biéu kién bac mdt nhu sau:

In (% = Kot )
Oe
trong do, t (phut) la thoi gian phan hay va kapp

(1/phut) la héng sO tdc do biéu kién bac mot.

24 Xac dinh diém dang dién caa vat liéu

ZnO/biochar

Diém dang dién (pHrz) cta mau
ZnO/biochar (ZBC) dugc xac dinh bang phuong
phap pH drift [20]. Pha nhiéu binh tam gidc c6
chtra 50 mL hén hop ctia 2 dung dich NaCl 0,1 M
va HC1 0,1 M, sao cho c6 gié tri pH ban dau (pHi)
cua dung dich duoc diéu chinh trong khoang tir 2
dén 11. Sau d6, 0,1 gam ZBC duoc cho vao mdi
binh, hdn hop duoc gift trong méy lac va lic véi tdc
d6 180 vong/phut trong 36 gio; xac dinh pH cudi
cung (pHs) ctia cac dung dich. Lap d6 thi phu thudc
cua sy khéc biét gitta pH ban dau va pH cudi cung
(ApH = pHi - pHjy) theo gia tri pHi. Giao diém ctia
duong cong véi truc pH;, tai d6 ApH =0, xac dinh
dwoc pHrzc.

2.5 Phuwong phap dic trung vat liéu

Nhiéu xa tia X (XRD) dwoc ghi béi may do
nhiéu xa tia X D8 Advance (Bruker, Pitc) voéi
nguon birc xa CuKa, A =0,15406 nm. Gi6i han goc
quét 20 ndm trong khoang tlr 10 dén 80° véi tdc dd
quét 0,03°/phat. Hinh anh hién vi dién t& quét
(SEM) duoc chup bdi kinh hién vi dién ti quét FE-
SEM NOVA NanoSEM 450 (Nhat Ban). Cac anh
TEM ctia mau dwoc chup trén kinh hién vi dién ti
truyén qua TEM JEOL JEM-1400 (USA). Pho UV-
Vis-DRS dugc ghi nhan boi thiét bi UV-2600
(Shimadzu) trén nén BaSOs. Dién tich bé mat riéng
(BET) duoc xac dinh bang cach ghi duong dang
nhiét hap phu - giai hdp phu N2 6 nhiét d¢ 77 K
trén thiét bi hap phu Quantachrome TriStar
3000V6.07A. Ph& hong ngoai FT-IR cta cac mau
duwoc ghi nhan trén thiét bi IR Affinity-1S
spectrophotometer (Shimadzu).
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3  Két qua nghién ctru

3.1 DPac trung vit lieu

Gian d6 XRD ctia cic mau ZnO, biochar (BC)
va cac mau ZnO/biochar & cac ty 1& khéi lwong
ZnO/biochar khac nhau: 1/0,125 (ZBC1/0.125),
1/0,25 (ZBC1/0.25), 1/0,5 (ZBC1/0,5) va 1/1
(ZBC1/1) dwgc thé hién & Hinh 1. Két qua XRD cho
thdy, mau BC xuat hién hai dinh nhiéu xa c6 cuong
do thdp va rong xung quanh ¢ hai gia tri goc 26 =
23,7° va 44,3° twong tng voi cac mat (002) va (100)
ddc trung cho cac tdm graphite [21]. Tuy nhién,
nhin chung mau BC khong c6 dinh nhiéu xa manh
va sac nét (Hinh 1), chting to n6 chti yéu ton tai &
dang pha carbon v6 dinh hinh [21]. Mau ZnO xuat
hién cdc dinh nhiéu xa tai 31,7°; 34,4°; 36,2°; 47,5°;
56,6°; 62,8° 66,4°% 67,9°; 69,° 72,6° va 76,9° tuong
tng véi cac mat (100); (002); (101); (102); (110);
(103); (200); (112); (201); (004) va (202) (Hinh 1) ctia
cau tric ZnO wurtzite theo JCPDS-01-075-9743 [10,
22]. D3i véi cdc mau composite ZnO/biochar ciing
quan sat thdy co cac dinh nhiéu xa dic trung cta
ZnO, tuy nhién cudng dd nhiéu xa cua chiing giam
dan cung vdi su gia tang ham lwgng BC trong cac
composite. Diéu nay gian tiép cung cap bang
chiing rd rang cho tac dung trc ché sy phat trién
tinh thé ZnO cua BC. Hinh 1 con cho thdy, tat ca
cdc mau composite ZBC déu c6 dinh nhiéu xa ctia
pha ZnO thap hon so v6i ZnO tinh khiét, ching to
da ¢ sy twong tac manh gitra cdc mat tinh thé cuia
ZnO va BC [21] va c6 thé dan dén sy hinh thanh
lién két méi trong composite thay vi lién két Zn-O
nhu da duoc dé cap ¢ cac bao cdo cong bd trude
day [23, 24]. Tac dung trc ché sy phat trién tinh thé
ZnO cua BC trong cac composite cang dugc cling
¢6 khi nhan thdy kich thudc tinh thé trung binh cta
ZnO trong cdc mau composite déu bé hon so voi
mau ZnO tinh khiét (Bang 1). Nhuw vay, c6 thé thay
rang BC da thé hién vai trd tic ché manh sy phét

trién tinh thé ctia ZnO trong cac composite ZBC.
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Hinh 1. Gian d6 XRD ZnO; BC va cdc mau composite
ZBC 6 cac ty 1é khoi luong ZnO/biochar khac nhau

Bang 1. Kich thudc tinh thé trung binh (d) va hiéu suat
phan huy quang DC (D%) ctia mau ZnO va cic mau
composite ZBC

Céc miu MZzn0O/Mbiochar d D
(gam/gam) (nm) (%)
ZnO 1/0 33,7 27,10
ZBC1/0.25 1/0,125 26,1 86,28
ZBC1/0.25 1/0,25 22,1 95,47
ZBC1/0.5 1/0,5 22,6 84,71
ZBC1/1 1/1 25,6 71,18

Két qua chup SEM cho thady mau BC thu
dwoc boi sy nhiét phan biomass tit than cay say
van con ¢b thé quan sat duoc dang soi va bé mat
ctia né trong kha nhdn béng (Hinh 2a). Mau ZnO &
dang cac hat cau véi duwong kinh hat dao dong
trong khoang 30 dén 35 nm va chtiing c6 xu hudng
két tu lai v6éi nhau (Hinh 2b). Sau khi hinh thanh
nén composite ZnO/biochar cac hat ZnO da phu
dong déu va day déac trén bé mat BC va chung c6
xu hudéng chuyén tir dang hinh cau sang dang hinh
que luc gidc (Hinh 2¢). Quan sat TEM cho thay cac
hat ZnO trong composite ZBC c6 kich thiedc hat bé
va phan bg dong déu hon so véi mau ZnO tinh
khiét (Hinh 2d va 2e).
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Hinh 2. Anh SEM ctia cic mau a) BC, b) ZnO, ¢)
ZBC1/0.25; anh TEM ctia cic mau d) ZnO va e)
composite ZBC1/0.25

Két qua phan tich BET cho thay tat ca cac
mau ZnO tinh khiét, BC va composite ZBC1/0.25
cung hién thi dang duong déng nhiét loai IV, cho
biét sy hinh thanh cdu tric mao quan trung binh
(Hinh 3) [25]. Diéu nay ciing phtt hop khi tinh toan
duwoc gia tri duong kinh mao quan trung binh
(Dpore) ctia cac mau ZnO, BC, va ZBC1/0.25 Ian luot
la 16,9 nm; 12,4 nm va 21,0 nm (Bang 2), tizc la nam
trong khoang tit 2 nm < Dpore < 50 nm nén ching
thudc kiéu cdu mao quan trung binh theo sy phan
loai IUPAC [26]. Hinh 3 con cho thay, ca hai mau
BC va ZBC1/0.25 trong khoang ap suét twong doi
(P/Po) tte 0,6 dén 1,0 c6 sw hap phu N: ting dang ké
la do xuét hién cua sy ngung tu mao quan va sy
hap phu da 16p N2 trong mesoporous cta hai loai

vat liéu nay [27].

Két qua phan tich BET 6 Bang 2 con cho thay
vat liéu BC c6 dién tich bé mat riéng 16n nhat (22,8
m?/g), k&€ dén la ZBC1/0.25 (10,3 m?/g) va thap nhat
la ZnO tinh khiét (5,5 m?/g) va né cing phu hop
voi cong trinh nghién cttu [28] da bao cdo trudc
day. Vat liéu ZBC1/0.25 c¢6 dién tich bé mat riéng
bé hon so véi BC dwgc cho la do hién twong 1ap day
c4c 16 mao quan ctiia BC boi cac hat nano ZnO trong

composite ZBC.
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Hinh 3. Puong déng nhiét hdp phu - giai hdp N2 ctia
cidc mau ZnO, BC va composite ZBC1/0.25

Béng 2. Két qua phan tich BET ctia cac mau ZnO, BC,

va composite ZBC1/0.25
X SBET Vpore Dpore
Mau
(m*/g) (cm’/g) (nm)
ZnO 5,5 0,0215 16,9
Biochar 22,8 0,0128 12,4

ZBC1/0.25 10,3 0,0428 21,05
Ser la dign tich bé mat riéng; Vo thé'tich mao qudn v Dyore
la dwong kinh mao quan trung binh

Ph6 FT-IR cta cac mau ZnO, BC, va cac mau
composite ZBC1/0.125, ZBC1/0.25, ZBC1/0.5 va
ZBC1/1 dugc dua ra & Hinh 4. D&i v6i mau BC, dai
hap thu trong gidi han 3200-3600 cm! la dao dong
héa tri cia nhém O-H [11, 29]. Dinh tai 2924 cm! la
do twong tac C-H v6i bé mat carbon [30] va dinh
tai 2360 cm duoc cho la sy hdp phu CO: trén bé
mit mau [30, 31]. Pinh tai 1462 cm! tuong tng véi
dao dong C=C [1, 32], tai 1385 cm™ va 848 cm!
teong tng syt dao dong ciia C-OH va COO- [11, 29,
33, 34]. Cac dinh tai 1106 cm™ va 596 cm™ tuong
tng véi dao dong C-C va O-H [29, 35]. Cac dinh
hap thu cua ZnO duogc quan sat xung quanh 3400
cm?, 1640 cm? va 500 cm™ lién quan dén cac dao
dong hoa tri -OH, H-O-H va Zn-0O [36]. D6i voi
tat ca cdc mau composite ZBC ciing quan sat thay
¢6 cac vung dao dong hda tri dac trung ctia ZnO va
BC thanh phan, ching to da cé su tao thanh lién
két di thé trong composite ZnO/biochar.
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Hinh 4. Phé FTIR ctia cdc mau ZnO; BC va cdc mau
ZBC 0 cac ty 1é khoi lwgng ZnO/biochar khac nhau

Phé hap thu UV-Vis pha ran ctia cdc mau
ZnO, BC va cac mau composite o cac ty 1& khdi
lwong ZnO/biochar khac nhau dugc trinh bay
trong Hinh 5. Ké&t qua cho thdy mau BC gan nhu
trong sudt trong dai budc song dai hon 300 nm. T4t
ca cac mau composite ZBC déu cé canh hap thu
quang chuyén dich nhe sang viing anh sang nhin
thay hon so véi mau ZnO tinh khiét, ma nguyén
nhén do vat liéu carbon c6 dac diém hép thu manh
anh sang. Cling vi ly do nay nén khi tang dan ham
luong BC trong composite kha nang hdp thu quang
trong vung anh sang nhin thay cua cdc composite
ZBC tang (Hinh 5a). Nang luong vung cam tur div
liéu hdp thu duoc tinh toan bf“ang cach vé d6 thi
(ahv)? so v6i nang luong photon E = hv (Hinh 5b)
[25]. Két qua tinh toan thu dwgc gid tri nang luong
vung cdm cua cac miu ZnQO; ZBC1/0.125;
ZBC1/0.25; ZBC1/0.5 va ZBC1/1 lan lwgtla 3,19 eV;
3,10 eV; 3,08 eV; 3,05 eV va 3,01 eV. Gia tri E caa
cdc mau ZBC c¢6 xu huéng gidam dan cung véi su
gia tang ham lwong BC trong composite cling duoc
tim thay & cac cong trinh nghién ctu da dugc bao
cdo truoc day [21, 37].

Két qua hiéu suat phan htiy quang ctia mau
ZnO va cac mau ZBC & céac ty 1& khdi luong
ZnO/biochar khac nhau cho thdy mau ZnO cé hié¢u
sudt phan huy DC (D = 27,10 %) thap hon ddng ké
so véi tat ca cac mau ZBC1/0.125 (D = 86,28%),
ZBC1/0.25 (D =95,47%), ZBC1/0.5 (D = 84,71%) va
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ZBC1/1 (D = 71,18%) (Bang 1). Két qua nay ching
té viéc phan tan cac hat nano ZnO lén mang luéi
BC da giup cai thién dang ké hoat tinh QXT trong
vung anh sang nhin thdy cua ZnO. Trong s6 cac

mau ké trén, mau ZBC1/0.25 cho hiéu suét phéan
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hay quang cao nhat va cao hon khoang 3,5 Ian so
véi mau ZnO tinh khiét nén mau nay duwoc ching
toi st dung d€ khao sat sy phan huy quang DC
trong dung dich nuéc nhu duoc trinh bay tiép theo

dudi day.
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Hinh 5. a) Pho UV-Vis cta cac mau ZnO, BC, va cidc mau composite ZBC1/0.125, ZBC1/0.25, ZBC1/0.5 va ZBC1/1; b)
do thi theo Tauc twong ¢ng véi a)

3.2 Danh gia su phan hiy quang DC
Anh hwéng cia pH dung dich DC ban diu

Thi nghiém duoc tién hanh bang cac thong

A

SO:

ZBC 1/0.25: 0,1 gam, nong d6 DC 9,0 mg/L, thoi
gian hap phu 60 phut va thoi gian chiéu xa 150
phut. Khao sat pH & cac gia tri khac nhau: 1; 3; 5, 7
va 9. dén hiéu sudt phan hay DC dugc trinh bay
trong Bang 3.

Bang 3. Anh huong ctia pH dung dich DC ban dau dén
hiéu suat hap phu (A%) va hiéu suét phan huay (D%)

cua DC trén ZBC1/0.25
pH (DC) Co(DC) Co (DC) C: (DC) A (%) D (%)
(ng/L) (mg/L) (mg/L)
1 9,0 8,50 1,66 555 80,47
3 9,0 8,33 1,14 744 86,27
5 9,0 8,02 0,37 10,89 95,38
7 9,0 8,27 0,81 8,11 90,20
9 9,0 8,45 1,24 6,11 85,32

Két qua hiéu sudt hap phu va hiéu sudt phan
htly quang DC tang trong khoang pH tir 1 dén 5 va
c6 xu hwdéng giam khi ting gia tri pH > 5 (Bang 3).
biéu nay c6 thé duoc giai thich thong qua su tuong
tac gitta DC bi proton hoda trong dung dich va kha

DOI: 10.26459 /hueunijns.v133i1C.7426

nang tich dién trén bé mat vat liéu ZBC1/0.25 khi
thay ddi gia tri pH dung dich. Gi4 tri diém dang
dién pHrzc cia composite ZBC1/0.25 dwoc xac
dinh 1a 6,9 (Hinh 6). Do d¢6, trong mdi treong acid
c6 do pH < pHrzc = 6,9, bé mat cua ZBC c6 xu
huwdng tich dién duong, dan dén cac loai dién tich
am c6 xu hudng hap phu trén bé mat chat xac tac.
Tréi lai, & pH > pHrzc, bé mat ctia ZBC c6 xu hudng
tich dién am nén cac dién tich dwong c6 xu hudéng
hdp phu 1én bé mat chat xuc tac. Mt khac, theo
cong trinh [38] DC ton tai & bon trang thai ion hoa
khac nhau tuy theo cdc khoang gia tri pH khac
nhau (HsDC* ¢ pH < 3,5, H.DC= ¢ 3,5 < pH < 7,07,
HDC- 6 7,49 < pH < 9,13 va DC* ¢ 9,13 < pH). Do
d6, néu pH dung dich DC < 3 bé mat tich dién
duong cua ZBC sé twong tac day voi HsDCt nén
hiéu sudt hdp phu va hiéu sudt phan huy quang
thap. Trong khoang pH dung dich DC tt 3,0 dén
6,9 bé mat tich dién duwong ctia ZBC* sé hat lay
phan am cta H2DC#, két qua lam tdng hiéu suat
hap phu va hiéu suat phan hay DC. Trai lai, khi pH
> 6,9, bé mat tich dién am cua composite ZBC- sé
tuwong tac ddy tinh dién vdi cac ion HDC- va/hodc
DC?, két qua lam giam hiéu sudt hap phu va hiéu

sudt phan huy DC.
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Hinh 6. D6 thi md ta diém dang dién (pHrzc) ctia vat
liéu composite ZnO/biochar

Anh hwéng ctia néng d6 DC ban diu, dong hoc
phan hiay quang DC

Khao sat sy phan huy DC & cac nong do
khacnhau 7,0 mg/L, 9,0 mg/L va 11,0 mg/L duwdi su
chiéu sang trong khoang thoi gian thay doi tir 0
dén 150 phut. Két qua cho thdy sw hap phu DC trén
ZnO/biochar gan nhu dat can bang trong khoang
thoi gian hap phu 60 phuat (Hinh 7a). Trong khoang
thoi gian chi€u xa ttr 0 dén 150 phut, hiéu suat phan
htly quang DC giam cung véi su gia tdng nong do
DC ban dau (Bang 4). Hién tuong nay c6 thé giai
thich theo hai cach: (i) khi ndéng dd ban dau cta
chét 6 nhiém ting, cang c6 nhiéu phan ta bi hap
phu trén bé mét chat xac tac, nhung s6 lugng goc
te do hinh thanh trén bé mat chat xdc tac va thoi
gian chiéu xa 1a khong d6i, do d6 sy phan huy QXT
cua DC giam va (ii) nong d¢ ban dau cao caa DC
sé ngan chan cac tam hoat dong trén bé mat chat

[N
N
I

Hap phu Phan hay quang xuc tac

&)
=

[N
o
1

[e]
1

—&— DC 7 mg/L
—e— DC 9 mg/L
—&— DC 11 mg/L

Néng dé DC (mg/L)
o
1

-60 -30 0 30 60 90 120 150
Thoi gian (phat)

xdc tac va lam giam sy twong tac ctia cac photon
[20].

Dt liéu dong hoc phan huy DC dwgc mo ta theo
mo hinh dong hoc biéu kién bac mot Langmuir—
Hinshelwood (L-H, phuong trinh (3)), trong d6 kapp
1a hing s& t8c d6 bidu kién. Bang cach bidu dién &b
thi In(C/Coe) theo thoi gian chiéu xa (t) d€ c6 duoc
duong tuyén tinh véi hé s6 goc 1a kapp. Nhue duoc
hién thi trong Hinh 7b, nghién cttu déng hoc cho
thdy tai ba gia tri nong d6 DC khac nhau 7,0; 9,0 va
11,0 mg/L cac duong tuyén tinh déu cd hé s6 xac
dinh R? > 0,99, chi ra rang dong hoc phan huy
quang DC trén bé mat chat xuc tac dwge mo ta tot
boi md hinh dong hoc L-H. Cac gia tri kapp tai ba
gia tri nong do ¢ trén giam lan luot theo trat tu:
2,76x102 > 2,03x102 > 1,19x102 (1/phtt) (Bang 4).
Déc diém giam gia tri kapp cing véi su gia tang nong
d6 chat 6 nhiém ban dau cling dwoc tim thay & cac
nghién cttu da duoc bao cao trudc day [35, 39-41].
biéu nay c6 thé€ do viéc giam dan sd luwgng vi tri
hoat dong trén bé mit chat xuc tac quang do su
ngan chdn bé mat ZnO/biochar béi cac phan ti DC,
ty 1¢ thuan voi sy gia tang nong dé6 DC ban dau.
Hodc cling ¢6 thé do viéc tang nong d6 DC da lam
giam sy twong tac cua cac photon dén bé mat chat
xuc tac, tir d6 anh hudong dén sy tao thanh cac goc
tw do (cac electron va 16 tréng quang sinh, 02" va
*OH) [20, 39]. Theo nhiéu nghién cttu trude day,
toc dd phan tng phu thudc vao néng dd ctaa cip
electron/16 tréng va gdc ¢OH. Budc quyét dinh t8c
dd ctia phan ting quang xtc tac dugc xem la phan
tng gitta cac cap electron/16 tréng hodc goc sOH
v6i cac phan tie DC trén bé mat chét xuc tac [40].

1.0
1.5+
-2.0 4

2.5

In(CIC,,)

-3.0

B DC 7.0 mgiL
® DC9.0mg/L
A DC11.0mg/L

404 — y =-0.0276x - 0.1521; R? = 0.9974
——y =-0.0203x - 0.1806; R? = 0.9936
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Hinh 7. a) Déng hoc hap phu va phan huy DC trén mau ZnO/biochar va b) biéu dién su phu thudc gitta
InCt/Coe va thoi gian phan hay DC trén mau ZnO/biochar
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Bang 4. Cac thong s6 dong hoc phan huy DC trén vét liéu ZnO/biochar

Thoi DC 7,0 mg/L DC 9,0 mg/L DC 11,0 mg/L

(g;?lt) C(mg/L) In(C/Co) D(%) C(mg/lL) In(C/Co) D(%) Cimg/L) In(C/Cx) D (%)
0 6,129 - 1244 8020 10,89 10,920 9,36
30 2,180 11,0337 6443 3,490 08321 5649 7,450 06272 46,59
60 1,020 17932 8336 2,152 13153 7316 5332 1,029 64,30
90 0,490 25264 9201 1,104 1,9833 8624 3,978 1,410 7561
120 0,183 35113 9701 0527 27227 9343 3227 1,7087 81,89
150 0,082 43141 9866 0,338 31679 9579 2,575 22,0668 87,34

kapp = 2,76.10'2, R2= 0,9974

Kapp = 2,03.1022, R?=0,9936

Kapp =1,19.102, R2=0,9973

Su so sanh twong d6i vé gia tri kapp trong
nghién cttu nay voéi cac gia tri kapp trong sy phan
huy DC trén céc vat liéu khac (Bang 5) c6 thé thdy
rang t6c do phan huy DC ctia ZnO/biochar 1a khé

cao so voi cac loai vat liéu khac da duwoc bao cao
trude day, ching té vat liéu ZnO/biochar duoc
ching tdi tdng hop c6 nhiéu tiém nang trong tng
dung xt ly khang sinh DC trong nuwedc thai.

Béng 5. Hang s8 tdc d6 phan huy DC trén ZnO/biochar so véi vat liéu khdc ¢ cac tai liéu da xudt ban

Chat xtic tac Nguodn sang Co (mg/L)/ kapp (1/phtit) Tai liéu
V (mL)/m (mg)

In20s/BisO7 Den Xe 300W, A > 420 nm 20/100/50 1,970x10 [19]
g-CsNs@TiO:2 DPen Xe 300W, A >420 nm 10/50/20 1,683x102 [42]
g-C3sNu@CeO: Deén Xe 150W, A > 420 nm 10/50/50 0,381x102 [43]
MWCNTs/a-Bi20s  Den Xe 150W, A > 420 nm 10/50/50 1,810x102 [44]
Sn**/S?*/N-TiO2-x Dbeén Xe, A > 400 nm 25/100/50 1,770x102 [45]
BizOol3/g-CsN4 DPen Xe 300W, A >420 nm 20/100/50 1,250x102 [46]
ZnO/biochar Den Compact 45W, A > 400 nm 9/200/100 2,030x10-2 Nghién ctru nay

Co ché phan huy c6 thé xay ra cta chat xtc
tdc quang ZnO/biochar duoc trinh bay trong Hinh
8. Dudi anh sang kha kién, composite nay bi kich
thich nhanh chéng do nang luong ving cdm cua
noé thap (~ 3,08 eV). Céc electron quang sinh duoc
chuyén dén vung dan (CB), tao ra cac 16 trong
trong vung hoda tri (VB). Tiép theo, cac electron
duoc chuyén sang cac hat biochar, khuéch tan 1én
bé mat chat xuc tac quang, kéo dai thoi gian séng
cia cac electron quang sinh [47]. Cac electron
quang sinh nay sé phan ttng voi O2 trong hé phan
tng dé€ tao ra cac goc #O? hoat dong, tham gia vao
qua trinh quang xtdc tac phan huy DC [48]. Cac h*
trén vung hoa tri cua chéat xtic tac quang co thé truc
tiép trai qua cac phan tng oxi héa khtr véi DC [47,
48]. Ngoai ra, h* c6 thé khong phan ting véi H20 dé
tao thanh ¢OH, nhung ¢OH tham gia vao qua trinh

DOI: 10.26459 /hueunijns.v133i1C.7426

phéan huy DC c6 thé thu dugc thong qua cac phan

tng sau [47]:

O + e+ H* > H202 (4)

H202 + e+ OH- —» «OH (5)
Tom lai, O, «OH va h* déu c6 thé dwoc st

dung nhu cac goc hoat dong dé tham gia cac phan

tng oxi héa khtr véi DC duoc hdp phu trén bé mat

chat xuc tac, d€ dat duoc muc dich khoang hda va

phan huy céc chat 6 nhiém.
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Hinh 8. So d6 dé xuit vé co ché€ phan tng QXT c6 thé
¢6 ctia composite ZnO/biochar dudi sy chiéu xa anh
sang nhin thay

4 Kétluan

Vat liéu composite ZnO/biochar da duoc
tong hop thanh cong bang phuong phap thiy phan
don gian 6 nhiét d6 phong €6 két hop voi nung xt
ly nhiét. Két qua nghién cttu cho thdy vat liéu
composite ZBC duoc diéu ché€ ¢ ty 1é khoi luong
ZnO/biochar = 1/0,25, nung chan khong & 450 °C
trong 2 gio 6 dang cac hat cdu nano ZnO phan tan
tot trén bé mat biochar. Dién tich bé mét riéng cua
vat liéu ZBC dat 10,3 m?/g, c6 cdu tric mao quan
trung binh véi duong kinh mao quan 21,05 nm, do
rong viing cadm 3,08 eV. O diéu kién téng hop nhuw
trén, vat liéu composite ZBC c6 hiéu suat phan hay
quang DC cao nhét va cao hon géap khoang 3,5 lan
so v6i mau ZnO don 1é. Ngoai ra, nghién cttu con
cho thdy pH dung dich va nong d6 DC ban dau cé
anh huong manh dén sy phan huy khang sinh DC
trén ZnO/biochar. Dt liéu thuwc nghiém cho sw
phan huy nay duoc md ta tot boi phuong trinh
ddng hoc biéu kién bac mot véi cac gid tri kapp tai ba
nong do DC 7,0; 9,0 va 11,0 mg/L Tan luwot la
2,76x10% 2,03x102 va 1,19x102 phut!. Két qua
chting t6 rang vat liéu ZnO/biochar cé nhiéu tiém
nang trong ung dung xu ly ton dw khang sinh
trong nudc thai.

Loi cAm on: Nghién ctru nay dugc hd tro boi
dé tai ma s6 B2022.SPD.562.07 va duoc Dai hoc

Hué hd tro mot phan theo Chuwong trinh nhém
nghién cttu manh s6 NCM.DHH.2019.08.
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