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Preparation and Visible-light Photocatalytic Degradation on
Metronidazole of Zn,Si04-ZnO-biochar Composites
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Abstract: Using pine alkali hydrolysate to replace NaOH solution as zinc salt precipitator, the Zn,SiO4-ZnO-biochar
(SOB-x-y, x is the dosage of pine powder, while y is the concentration of NaOH) ternary composites were prepared by
hydrothermal method. The photocatalysts were characterized by different methods. The degradation of metronidazole
over the H,O, photocatalysis was studied. Results showed that the as-prepared photocatalysts were composed of ju-
jube-type willemite Zn,SiO4 mesocrystals, hexagonal ZnO and pine biochar. Compared with pure hexagonal ZnO, the
SOB-x-y photocatalysts has better H,O, photocatalytic activity due to the higher surface area and pore volume, lower
band gap energy, lower PL emission peak intensity. Metronidazole degradation using the H,O, photocatalysis was

well-fitted to a pseudo-first-order kinetic model by SOB-x-y. Its catalytic activity increased with the increase of NaOH

WimHAA: 2019-10-16; YKBMERAREHA: 2019-12-27

BEEWH: b 38R %54 (B2017205146); B R E A& it%I50 H (2018YFC0506901)
Natural Science Foundation of Hebei Province (B2017205146); National Key Research and Development Plan
(2018YFC0506901)

TEZ BN KARM(1994-), T, WL 54, E-mail: 865562617@qq.com
ZHANG Dongshuo (1994-), male, Master candidate. E-mail: 865562617@qq.com

BIEE: &7 )1, #¥Z. E-mail: mazc@vip.163.com

MA Zichuan, professor. E-mail: mazc@vip.163.com



924 1 A 7 < = S

¥ 35%

concentration, and increased at first and then decreased with the increase of pine flour content. The SOB-3-4 has best

photocatalytic acitivity. Meanwhile, rate constant (k) and degradation rate ( 77) of SOB-3-4 increase with the decrease

of pH, increase with the increase of H,O, concentration, increase firstly and then decrease with the increase of catalyst

dosage. Degradation rate of metronidazole gradually decreases with the increase of its initial concentration. Under the

optimal condition (pH=3, catalyst dosage of 0.4 g/L, H,O, dosage of 80 mmol/L, initial metronidazole concentration of

300 mg/L), k value was 2.68x10° min ' and # reached 99.70% after reaction for 3 h. This study provides an important

experimental basis for the treatment of pharmaceutical wastewater.
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FH fil§ M (Metronidazole) & — 1 i H I 9T 4 &,
I PR = 3 B P T30 pR B oK L R DL R e,
AN A, BT M R A L R P 8
R KHER BT R HE AR SR A N
G, BOTEWRE R E 5, 4% PRSP i ™
(RIsZ I P, 2 BB R R K (YR R T VR 2 R, RS
PRI MR R EAERR R
W R AR, A I S0 A AR S A
A L6777 AR PR AR AR BN, (HFERT R, Atk
TR R s Y ST B8, FRBEA IR e
Y, A b B SRR L BT LA SR R AT Ak
7 AR RMK SRR E Y] . Shemer Z5'22) H,0, J
AL, HELT UV/H,0,.H,0,/Fe* Fil UV/H,0,/Fe*”
FERIUE pH 3.5 24 T AT 1 me/L PR MEFEAE, 73 5lik
B 64%- 76%H 94% 1) 2 FRAR, UEBH I AH S A1 -
Fenton 7772 [ AR B B AR T B — SR AN e s Ak Fl
B —J5J4H Fenton J51%. RETRIIZEIIEY)4E pH 4 F1
1 mg/L MR T, P15 UV/H,0,/Fe® %t F Al
WA T B AR RN 95.8%, T UV/H,04(36.2%) Al
H,0,/Fe’"(66.6%), FH LT $17 f) UV/TiO, M fifh
1%:(85.5%). Wang 2" % 7 Wik g-C3Ny/MnFe,0./
graphene & &AL, 750 WOGRESS N eiE it
TR ER(S,087), K 20 mg/L FPAY PR IR P AR R I v
L F] 94.5%. A WL, FIHSEHEAFMELL H0, AL )
[Fi] B4 A FFR e, T DA 7E 40 R T 2R SR AR TR AR
#, 3 R AT AR .

FIF FEHE AL HLO, AL B R HLTS S, RHER
148 = AL 7 . ZnO 5 TiO, A, R 5 e Rt
SUME(~32 eVv), BAEREEE. EHRARTS
T, LRG]S RARMKERS, E&1EN
AL E-HoO WS AL AL 77, 2 4F e 45 32 eyl
IR, W5 E & e 5 Zno 1)
Ak RE . Gholami 2514 ZnO YKk Sk 7E A4 4
IRZZMH, A UL 35 2408 HOW A% 95 90 2 (Gemifloxacin)

KR AP AR RS . T ok, FRATEHA
PAARTRAI 558 Eh R A R N, )% Zn(OH), Hif
URAA, FIE A K AL AR AL B, #1145 ZnO-2EW)
WREA M AR, TEMAKRIRAE ISR, BT
SEBE IR MBS R, BAMIE] Zn,Si0,-
ZnO-EWIR A MR, RILIL BA B 1 mr Wo-
Fenton #E L PE o HR4E SCERAG 2R, 492K 4514 Zn,SiO,
AN 4 S S T A (R B e, i L IR
FIE S BAT L ZnO B 4 (1 58 Ml 1 Ab B e ik g ),
(B ILAE IR BT A0 (0 B AR A0 AATT R . AR STk
18 Zn,Si04-ZnO-AE W) 5k 5 A A RE Je FouT H R e [ ]
TG H0, FEARVERE, i B e 1 AL 7] 1 B il
B A 2R K 1R BE SR HEAR I

1 SLIG/E

1.1 MRIEE

FaAR¥y (FedbiAs), ETBE ARSI,
M EE KBS, TRENATE, 4% 0.15 mm
7 00 . AL (ZnCly) . A SE A HI(NaOH) ALK 4
W (CoHsOH) I N 23 A 4l 51, 1T R K KA 22k
FIE A A MR AR . FEE(CH;OH) A £ i 44 25 571,
T RSB A R A A . HAH B (CsHoN;03)
W A ai g i, R T IE R R ERHECA R A
H, RAAEEMEH . SLiH KB A AL H ]
128 PR FHE<1 pS-cm™).

WHL-25A {Hif A OB T 2= WA s A IR
23H]); SHB-T P 37K B 23 32 R AR} T 5 R
A w]); PHS-3S 2 pH T+ (R 7 R85 BRAK 7 12 4 TR
A ]); MS-PB #3454 (Ll SRR AR A R
~F]); PLS-SXE300D AT Ye (AL s B A
BRAT]); L-3000 75 A4 o A (b 50 B 5 kS sk}
Hi A R~ 7]); SB-2F 24 COD (Chemical Oxygen Demand)
B CEMEEARBECA TR A F]).
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1.2 EEFIRHE

(DS KRB 1] £ FREL 3.00 g FAARE, ¥
B #] 250 mL BH BRI AL 00 = DB, InA
60 mL. 1.0 mol/L [f] NaOH /K&K, fEHE e R
IE R IERFE 12 h, HARAHE G, B2
A -

Q)E A BERT IR 4« T B A AT VR 1Y
L, BURE, FIARME HCL bR € OH M . AR
FA KT (AR AR OH K, #%4#[Zn”"] : [OH |=
1:2, B8N ZnCl W, SRJETEEH TR 4 h,
TR BRI (I4E Zn(OH),~ ZnSiOs Al Zn,Si0s).

(3) 5 A B T IR AR/ AR R (K G b s Bk
526 T IR AR 55 A R TR A A 1) ek R A e A B
200 mL VUG 20 P AT /K R N &2+, 75 180 C
TEIRTERAE N R 12 h, WEIE SR, KU
I H BRI ZRIEAK (L - IR AW 3 IR, Bk )h
IF=HI7E 70 'C R T4 6 h, WFEEIL 100 H (149 um)
i, SR E AR, Fich SOB-3-1, H, S 8
K Zn,Si0y (zinc silicate) O A3 ZnO (zinc oxide)+
B R#FEA W5 (biochar), 55— AN 7«37 F R N H
IMANEIFAARKY A 3 g, B 71 FRoR I B i
F () NaOH # £/ 1.00 mol/L.

8 BRI & T, R AR A, &
A% NaOH ¥ JZ 9 2.00. 3.00 1 4.00 mol/L, 7435l
535 A1k 77 SOB-3-2. SOB-3-3 I SOB-3-4.
4 [# % NaOH W JE A 4.00 mol/L 61FF, B A
W R RN 2 Al 4 g I, 05115305 L7
SOB-2-4 1 SOB-4-4,

P 4.00 mol/L ff] NaOH & iACH Fa A B AR,
HELRQ)MG)EEI4E ZnO FEAAE AN ELIELT .
1.3 HEAFIRSERIE

KH Kubo-X1000 7 b 3R AR & FLAZ 2 B (b
AR A H - HR A R\ IR R B A R Y B
R FLENCTFALAE; FIH S-4800 ¥ 37 K 55T
F i 7 BB (Hitachi Limited, Japan)ill ik & & f#
TRFFIRITESR, R H 5 ) INCA Energy 350 fg
TEASCIN 5 R T X e &R 4 Ak 83 Nicolet 6700 7Y
{8 B 21 46 1 43 143 (Theromo Fisher, America)ill]
HEEAET FT-IR 5, H KBr J&Fr, 575 4000~
400 cm™'; {# /] DSADVANCE % X 4t 43A741%
(Bruker AXS, Germany) il & & & 18 14 75 (1) i AH 25 44
7E FLS980 % 7%t Fe i A% bl & 1 i I Y BUR Fe ok
W (PL), MR MK A 365 nm, I E HAE 450~850 nm
TEHEM R EE S KM Cary 5000 % 4hal W4
O FE TH W g 8 Ah—7T L8 S 5 O 1 (UV-Vis DRS),

W 5E Z 14 BaSO4.
1.4 WM R A1 PR SCIE

TEWR B Se b, Fahl FRAERERTAG YR A 300 me/L,
SOB-3-4 1 ZnO W H & A 0.4 g/L. B 50 mL (1] FF i
MR E T 100 mL () REAR T, 3R pH W % 3.0, I
MNEALF, FEMEER (30 C)II&MF NG IBid:. 1R
BAFIE] £ 4 0.54 2+ 4. 64 8. 104 15, 20. 30. 45
A1 60 min B, %L 0.2 mL %%, Fl 0.45 um FIBSL
IE RS IR T, W R A RS

T 4 0 B e S 36 v R A WA A1 i FH = 28 R
50.0 mL, JiRE N(30+2)Cy WAT IR [ E 7E FE
RNARTRTE 10 em ) EJ7, TR 300 W, #ES14%
o TEAFR GHAFIN HaO, YaftE A P55,
P ) RS PRI AR R FE N 300 mg/L. fEALF BN
0.4 g/L. HyOp ¥R LN 40 mmol/L K = NiAk & 1
W14 pH 4 3.0 TEBFIT IR B 56 A 52 e s der 3
i1/ SOB-3-4 Fih, {38 H i —/N38 £ (H,0, %
IR AR B FE R ] a8 TR B R I B AR 2R
[1IRI4E pH), 113 E &R FF— 2.

FFRRI IR, R AR RE R R, Sadi
P 30 min, fFHOA B PHPAE, SRR ECE— A
WA, HRFEAE A P R VIR L, RS
W HyOp TR (30Wt%), FEIRFT G, N FF ik
THE, BEB% 20 min BOFE, H 0.45 pm BIFFLIE 84S
g€, A HPLC RN, ()it &
EBRE,

C,-C .
n= G, x100% 1

A, I M Y B A 2R (%), Co N Ha O, SR
JSE (R AT 46 PR PR (mg /L), € N RN 3] ¢ I 21 i
B P 9 B (mg/L) o
1.5 SWAEE

K FH L-3000 2 5 R00A €23 0] i VA
TR BT . A B i FE8 EC-C18 (4.6 mmx
100 mm, 2.7 pm), ARSI 30 °C, Fsht AR
Et 80 : 20 HI/K—HEEIR &, Yiii# N 0.8 mL/min, i
FEARRN 20.0 pLo K283 KB E N 277 nm. K
H 5B-2F %4 COD (Chemical Oxygen Demand )i il] {3
N7 R YAV ) COD R

2 #R5THE
2.1 EUFITT ML H0, W AR R RYIME 1

RIEL A
Bl 17 78 pH=3.0 K ARLIE &1 T SOB-3-4
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A1 ZnO xf F AL B 3 ) F il 2, FTLAE H, B
B AL RIS LU £ 70T FF R P 1 PR BRHAR AR, 7E 5K
B ¥ € ¥ 30 min PN Rk 20 P45, SOB-3-4 1
WP PERE R T ZnO, (H MR WAH 12.9%,
I 2B B A SE A A A 258 2 Bk PR i e

3 5l I 78 AN [F] NaOH & 52 RIS [E] A AR 4 FH 2
13 B PI L E A A TRIRE i 1T OB ML HLO, [%
filt AL B g2 M 2, I I HE— 203h 7% J7 U
BERRERFE, W 2a,b)Fin. MWE 2 LA
t, Ak HEAHFR, B4 NaOH WKJZHI T,
P 2 A HEALTDEHELL HoO, AR N A g
H ke B HLIE K, IX KT SOB o FF R Ik 4 fife 5 8% 1)

300 F
280 \

1260 -

o0

g

S 240t
20} —=— SOB-3-4

—o—7n0O

200

(I) 1I0 2lO 3»'0 4IO SIO 6‘0
t/ min
B A TR X i e ) I B ) g 2 it

Fig. 1 Adsorption kinetic curves of metronidazole on the catalysts

100
Catalyst k/min™ R? (a)
- SOB-3-1 0.0042 0.979
75 | - SOB-3-2 0.0068 0.983
-4 SOB-3-3 0.0101 0.970
- SOB-3-4 0.1568 0.964,
X
<50
s
25+
o+
1 1 1 1 1 1 1
0 30 60 90 120 150 180
t/ min
100
(b)
75+
xX
250
=
Catalyst  k/min™! R?
25+ -2-SOB-2-4 0.0148 0.9658
-o-SOB-3-4  0.0157 0.9643
- SOB-4-4 0.0096 0.9638
0F

0 30 60 90 120 150 180
t/ min
K2 Jufidl HyO, FEME HURN I 50 ) 2 20 #r
Fig. 2 Degradation kinetics of metronidazole by H,O, photo-

catalysis
(a) Effect of NaOH concentration; (b) Effect of pine wood flour dosage

FEAEALTE PERE NaOH ¥R BEMIIG K4 . (B2, #
Yk 245 5 NaOH ¥ J¥ (>4 mol/L), £ {fiFA AR B v 1
SRR, AFIT R SEAFING & B 2b) 1%
FH, 7E NaOH ¥ J¥ )9 4 mol/L I&44F T, #AAK H
TN 2 F1 3 g ATARFE 0] DG Ak HLO, 76 T 200,
SOB-3-4 [#] k& KT SOB-2-4; 4¥AAKS F B 48 K 5
4 g i, FTERESI & R, a7 6L Hy0,
EPERRK . EEE S, PL SOB-3-4 B WAL H,0,
A A P el %) 4 A V5 1 A A o

¥ SOB-3-4 545 ZnO [ FF RS e ) m] ILOG i 1k
M DLRAS I HoOo( A48 AT TS 48 4k ) R A it o' 8
(R HaO0)Z1F T IR MR AT L, 4531
w3 fos, ATLVE M, EAHFZAT SOB-3-4 [
e FFR P 1 T DL OB AL HLO, BA M MR B AT
ZnO, HIEFFHHE ZnO 1 1.71 £5. XM A
BRARVBLAR s B0 2l TS LB (NaOH)AE Zn® HIUTTE T, 7]
BERE YA WA H0, BT, FIET
MR, ZE A MAFIE T IR H,0, th[FAEH
T HEA MG, (A H & OO WL L S P Bl
B AL HyO 351

BEAh, X SOB-3-4 W] WL A4 B i FF A e S 17
A JE (0 F1 180 min)E i ) COD #EAT 1 041 45
F B, H COD %3N 296.4 A1 57.3 mg/L, B ibE N
80.7%, IF HITE S {4 Ik T v A e 5 s S A B
ﬁﬁ[(’]o
2.2 SOB 1 ZnO HIFRIELE R
2.2.1 XRD R{FER

F_E iR s2I8 R 043 2 SOB-3-4 ¥ i 5 ZnO 3t
ATXE A #T, DA 7R WA A A 9 AE D0 770 7 2B R
. B 49 SOB-3-4 #1 ZnO i XRD i, HEwAS
UL, F NaOH ¥ AEDTIE IS 21 ZnO AT ST IR
Bl H R, B AE ORAS RIF, JERTIEIE NS T
A ZnO (JCPDS 89-0510)1%; 17y FHI A AT it i 45 5]
1) SOB [ &tk A 53¢ ey AT S 75 I, 7 59 28 i Ak Lot

Catalyst A/min™ R

100 F SOB-3-4  0.0157 0.9628
ZnO 0.0092  0.9773

-& SOB-3-4+light+H,0,
75 | ¢ SOB-3-4+light
° -8 SOB-3-4+H,0,
N .

> -¥ ZnO+light+H,0,
= 50 | —« light+H,0,

- H,0,

0 30 60 90 120 150 180
t/ min

3 NTE) LA 2R AR A P SR B

Fig. 3 Comparison of metronidazole degradation in different

reaction systems
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{aon
(100) (00 103
A l (1(12) (llﬂo) ( ,()11%)(201)
6113) 101) ZnO
s (10 Goa), (713)
& (300) (220) [(093)(223) (102)(333)(110)(103)1 12)(416)
> (410) SOB-3-4
El ey @ O (75%?
I N A
= @101 Willemite Zn,SiO, 1-1076
“ (110)(103)(112),
O ) PO e
) Hexagonal Zn()I 89-0510

10 20 30 40 50 60 70 80
20/ ()

B 4 SOB-3-4 1 ZnO f#) XRD &3
Fig. 4 XRD patterns of SOB-3-4 and ZnO

WG 2, W HERREEE, RRERERE
HAESET (Zn,Si0y, JCPDS 1-1076)F175 77 fiAH ZnO
M. 73Hr SOB-3-4 il gl #7825 B (1) H FAT
W2 525 PR N 3R T R BLAE B Na,pSiOs, FE5 1A
AR A i e A R 3 B e S P A B 1R (2)
ZnCly B 73 B 542 (K37 85 OH % Si0s™ e, ARk,
Zn(OH), M ZnSiO; EAHFRTIRARL SN T2, 3));
TE IR (3)H Zn(OH), B SR e AL K AFE AT 17N 7
Al ZnO(L s B 75 £ 20(4)), [FEF Zn(OH), #1 ZnO
YT 5 ZnSi0; [ N A HEEEN Y Zn,y SiO4( WL N 77
(5, 6))*). Zn,Si04 Ml ZnO 1 f Ak A% 5 4 Kot
T 25 52 B RN A AW o 1 o 8 P PRI S, R 1 445 o
RAEAR 2 bR TSz .

Zn”"(aq)+20H (aq)=Zn(OH)q(s) )
Zn*(aq)+ SiO5* (aq)=ZnSiOs(s) (3)
Zn(OH),(s)=ZnO(s)+H,0 “4)
Zn(OH),y(s)+ZnSiOs(s)=Zn,SiO4(s)+H,0  (5)
ZnSiOs(s)+Zn0(s)=Zn,SiO04(s) (6)

2.2.2 SEM FRAE

Kl 5(a, b)7> B H T ZnO Al SOB-3-4 £ i ki
) SEM R J, XFEUAE b T AR H: ZnO 3 2058 ik
7N A RIORL AR BLHE B 0T i, BURLER TR i, RSFA
$5), LI AR AE 50~450 nm 2 [8]; SOB-3-4 #£ &
K R R AZ R ORL AN /> 8 1) 22 3 TR, 22 3 T 350

WM, BA ZnO MFHIE, LR B0k % i
FERE,  EHAR /DN B 40 2K SR 2 255 1T e, ZRALL T ot
R 3 BRSP4, PRS2 250 nmx
180 nm (KA ), HEMH A Zn,Si0s. MRIFIEL
#L45 i (Non-classical crystallization) #5124, 78 7K #
RNFEAET, AN G678 1 TEHLA8 KR 1
NEEREETE, 5L W 2H 2 A ML R
rdfe HATIR MR &N, {E#] % SOB-3-4 HI/KHVA
AP EAREMIMAREYREILERESY, XLy
K TR 5 WAL H ) ZnySi0, 9K k% 3R 1,
SR Ji 38 3k LA FR A L 2 R WL R AR
Zn,Si04 A\ i R o

HE 5(c)f EDS 744t T Lifg i, SOB-3-4
FEEH O Zn, Si M CYWMITE, Zn 5 Si HET
LN 1.53, /T Zn,SiO4 AL AR L), T O
5 Si IEFHtL N 7.67, B KT Zn,Si0, HIfL 2
TFE@). T C IS EIXE 16.87at%, 1A
SR TE AR A LE P TR A K B GRAF T R A Ak, T2 &
TAMRP T AR, R K IR A 15 3 1)
R EH FERRE . MRS A TR,
LA Zn,SiOy 1 ZnO #HLL, MR IAFAERT Zn
A ST B SR - 2H R B FRBERLRL TR O 1 T
PR A AN, Rk, SOB-3-4 F2
B Zn,SiO R E, FLE ZnO B AR AR A4
W, M= InEE MR
2.2.3 FT-IR 547

6 /& ZnO Fl SOB-3-4 ¥ 5 ) FT-IR i . Lk
BRI, SOB-3-4 (1)1 Bl Hh A7 7E = AMFRAEIE, 43 5 JH
J& T ZnO T MW MK H-O-H 454k 3)
(3432 cm ). H-O-H %5 fi#E50(1630 cm ") Al Zn-O i
RN (575 em"), (AIHEIE R OB AR T A
[F) A B2 () 0 B HLAG U1 9 AR 55 . SOB-3-4 (11 ]
EL ZnO % 4 &, Hirb 2927 em ™ 4bHI5514. 1243 cm ™!
Ak Py v A U RT3 A E T AR ) C-H & C-0-C
(A Bk A 4 B B U, A7 T 924 em ! BRI AN

Element wt% at%
C 9.02 16.87
Si 10.19 8.15
Zn 36.28 12.47
(6] 44,51 62.51
Total 100 100

Zn
N ALz
4 6 8
Energy / keV

10

K5 (a)ZnO f) SEM ff A, SOB-3-4 [£](b)SEM & A F1(c)EDS # &
Fig. 5 (a) SEM image of ZnO, (b) SEM image and (c) EDS results of SOB-3-4
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462

3455 2927 1633 1243
/ SOB-3-4
A
924, 547

Transmittance / (a.u.)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

Bl 6 ZnO Fl SOB-3-4 [ Ah ik &
Fig. 6 FT-IR spectra of ZnO and SOB-3-4

462 cm ' (11550653 551 V&R T ZnySiO, 11 O-Si-O 18145
PSR ZS fhiRZh % . FT-IR iR RAEE RS
SEM/EDS 43 #r 45 5 — 2.
2.24 BETE

R AHTAFEEAFIM LR, LA KLAL
#, i 1 77%0, SOB-3-4 #1 ZnO #J& T LA K,
FLEARE, 7 H SOB-3-4 [ b3 FRIFL 28 2 0 &5
KT ZnO, XA R TGS AL, B2 % F A e
W o e £ B A R 7
2.2.5 UV-Vis DRS JE

HEALFI IR P BE X FEb AL HL0, FERRTS
PEEA B2 5w, — M WO 14 408 R
JE AR A S A FIROL 1 7(a, b)Y BN
SOB-3-4 1 ZnO (114 &h—1] WLi8 S 51 B 5 (ahv)’~
hv 128, BRI, ZnO £ 400 nm LA R A 558 (1)
W, TBREER 3.21 eV, SHALERYAH—2; SOB-3-4
BARTE A XU ISR 55, (HAE AT W XA 5 I
I, X UL SOB-3-4 HA 54 (1 0] WL (AL TG 1,
AT DA e Aok A% mhos T L6 BRI 26 . 3% Kubelka-
Munk #1857 21T H A 5] SOB-3-4 (12547 5 FiE
N 3.01eV.
2.2.6 PL Ri&EoHr

MR IE 8RO 5 HOG AR I K NE %)
SR, & 8 5y SOB-3-4 Fl ZnO £ 365 nm 41
WOR 3RS PL %, BB, ZnO 7E MR KE
WA BRI RIS T, WETIRLT 620~660 nm 4%
WIEE A 1 SOB-3-4 MIZEAE S M BIK5E, JL

x1 TEMELTIHEERER, FLERFLE
Table 1 Specific surface area, pore volume
and pore size of catalysts

Specific surface Pore volume/

Catalyst arca/ (mz-g’l) (cm3-g’l) Pore size/nm
SOB-3-4 31.29 0.32 20.40
ZnO 24.39 0.24 19.74

(€Y

SOB-3-4

Absorbance / (a.u.)

ZnO

200 300 400 500 600 700 800
Wavelength / nm

- (b)
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Fig. 7 UV-Vis diffuse reflectance spectra of SOB-3-4 and
ZnO (a), and corresponding relationship between (ahv)? and
photonic energy(b)

12000 -

10000

8000

6000

Intensity / (a.u.)

4000

SOB-3-4

2000

0 1 1 1 1
500 600 700 800
Wavelength / nm
K8 SOB-3-4 fl ZnO IEEUR 61

Fig. 8 PL spectra of SOB-3-4 and ZnO

PRI A BE S, S B BRI R DG A
TR, R A RNH B - NE A,
X ] R A 6T B i R R ek B O G mT L R AL
H,0, FE AR PE R R 2 — o
23 REFHMNESHEAFTIEERNE
2.3.1 pH KN

SOB-3-4 J2& H1 Zn,Si04 ZnO FIFA A AW 57 A4 1%,
M= e A MR, HRM AT 3Z2 47 51 pH K52, [
I pH 00738 A M IR AF T AS, AT §2 0 H HH 2
PR 77 A TR AR ) PR A . BT TR 5821 SOB-3-4 $00n
BN 04 g/L. HHMAYIEKEE N 300 mg/L. H,0,



%8

KRN, 25 Zn,Si04-ZnO-4 W B A Wi & S AT WG {4k Ho0, B FF A e 929

18 F R P 9 40 mmol/L N, VARATI 4G pH ) FF s e i
R P G 9 B, B pH T A P ) B4 i
ML T2, pfil k9. 2 pH=9.0 B, 74 78.0%- k
9 8.1x107° min', WTE pH=2.0 %1+ F, n5 k45l
TF2 99.4%F1 2.3x10° min ' i IR PEIRES A F T
RS Hy0, HfEL PSR, X — RN 5 Fe-Zn-
oxide/hydrochar HEILAR R AR, X 5 B TR
PEIAEEE R T-0H [~ 4
2.3.2 H,0, KEHIFN

Bl 10 7R 7 HO BN E 7351l 104 40 F
80 mmol/L i} SOB-3-4 Y {4k HoO, B fif: F i L (1 30
J1% ik, ATULE W, B H0, Wk EERIIE K, R
WA OK, PR RIE S, 4 H0, WKEN
80 mmol/L I, HHEH B A 2.68x10° min', FEMEE
L E] 99.70%. JEINA, 1EIE 2400 TE N B
H,0, F & 0T LS A5 2 16 2 BTG EAL B OB, 7
A T 22 SR HE ) I 3E(«OH), T bt R i R A2,
233 EAFIAERS0

FHPE 11 A1, SOB-3-4 [ FH &% FF A e 1) % fige
OB BRI, 0 57 A & R 0.1 g/L 89K 3
0.4 /L INF,  FF A el 80 e 3ok S0 R P At %6 ) R 4t v
T DR A 388 o A7 1 FH T DABR AL B 22 ()3 PR AL

100
75
X
50
= Hmin' R
= 2 00230 09773
25 - 3 00157 09642
- 5 00131 09736
>~ 7 00093 0.9598
ol <« 9 00081 0.9645

0 30 60 90 120 150 180
¢t/ min

Bl 9 SOB-3-4 EANIA] pH 44 T % FF A P Fr) B fif %6

Fig. 9 Effect of pH on metronidazole degradation over SOB-3-4

100
75
x
< 50 H,0,
& concentration/ %/min! R
(mmol-L™)
25 - 10 0.0114 09774
o 40 0.0141 09750
A 80 0.0268 0.9499
0F

0 30 60 90 120 150 180

t/ min
Bl 10 HoO, M FEXT SOB-3-4 (1 FAiff P B 2 14 i 1) 5 i
Fig. 10 Effect of H,O, concentration on the degradation effi-
ciency of metronidazole over SOB-3-4

100
75+
X
<50
&
SOB-3-4 .
251 amount/(g-L ) k/min™  R*
= 0.1 0.0092 0.9598
- 04 0.0157 0.9628
0 A 05 0.0150 0.9549

0 30 60 90 120 150 180
t/ min

Bl 11 SOB-3-4 F) F X FF R A F 2 figh 20 RE FE) S M

Fig. 11 Effect of SOB-3-4 amount on the degradation effi-

ciency of metronidazole

A, IR HaO, 205~ 42 55 2 11+ OH, M 17T 3 5 FH A
M Ry A A 0 . SR 2 2k 48 T D 1 ) B I
P A P o AR 205 SR B T A B, X AT R PR T
&allzik SEInqioR
2.3.4 FERTHMIIE IR E B9S2 00

TEWIUE pH v 3. LA =N 0.4 g/L. H,0,
BOMA LA 40 mmol/L K Jx RIS [8]24 3 h 4644 T,
2T WA F R IR N b AL HoO, B MR SCR
sy, S5 R ILE 12, WEFRAT LA, BEE F AN
MR IR FE (1) T iy, PR AR SRR . X 2R
FRRH MR Pk v, 25 55 4R FH A RS PE A RURd
“OH 1 H P57 FHOBR 2%, Bl S0 I f 11 PR R e 53
THA WD, (HHFERERS T,

3 &g

1) EPEIEAE RS NaOH W 5] 97t b FE A
AN 13 RIS AT, 2 o RN R &8
AUORAA, K AFEAL, Bl &t Zn,Si04-ZnO-
VR = TC B S EH(SOB-x-y). AR ke 1Y
Zn,Si04~ 75 7 EiAE ZnO RS AR A=W 5 K AR, Zn,SiOy
AR A AR

100

80 -

60 -

n!/%

40

20

200 300 400
Initial concentration of metronidazole / (mol-L™")
P12 PPV I B2 o JEL O 55 1 e A 230 2R 1 2
Fig. 12 Effect of initial concentration of metronidazole on the
degradation over SOB-3-4



930 /1 A = =

i $35%

2) 547575 A ZnO M EL, Zn,Si04-ZnO-E4)
o A AR 1 b 2 T AR FL 2% 386 K 7 R A ik /)
FOGR SR B S, RN 31.29 mYg,
FLZAEN 032 cm’/g, HHAEN 3.01 eV;

3) Zn,Si04-ZnO-E W) 5 A AL TR XS FR i e 1)
Jefth HoO, BRI FERF G HE—Hsh Ji e, H
TeAEALIE T ] AL T ZnO, I H.BE NaOH ¥ B 11
KT HE R, Bl FA AR FH & 13 K38 K5 o, LA
SOB-3-4 [P Ak PE f AR ;

4) SOB-3-4 Sl HyO, FEfif FF A M (1) 22 56
MR ZIA R pH. H0, W AL & K&
R ] A6 R P I i . BT R IG 45 L W],
i P 53 i B 7 ) SR 2 4B pHL I PRI T 3G K, B
HoO, R FE BT+ i i 38K, Il e 4 7] FH 2 (1 38 o e 34
KGN, 8 PR P AT) 6 A< B ) T o o it 38 32
BEAR;

5) HWitE pH v 3V HE RN 0.4 /L H,0,
B A 80 mmol/L % HI AN ML 4 48 K i A
300 mg/L I, R % ECN 2.68x10 > min', &% 3 h
Ja PR 218 2] 99.70% o

S HK:

[11 YANG LL, WEIQ S, LI Z C, et al. Effects of dissolved organic
matter (DOM) on photodegradation of metronidazole. Guangdong
Chemical Industry, 2016, 43(14): 13—15.

[2] INGERSLEV F, TORANG L, LOKE M L, et al. Primary biodeg-
radation of veterinary antibiotics in aerobic and anaerobic surface
water simulation systems. Chemosphere, 2001, 44(4): 865-872.

[3] MENDEZ-DIAZ J D, PRADOS-JOYA G, RIVERA-UTRILLA 17,
et al. Kinetic study of the adsorption of nitroimidazole antibiotics
on activated carbons in aqueous phase. Journal of Colloid and In-
terface Science, 2010, 345(2): 481-490.

[4] RIVERA-UTRILLA J, PRADOS-JOYA G, SANCHEZ-POLO M,
et al. Removal of nitroimidazole antibiotics from aqueous solution
by adsorption/bioadsorption on activated carbon. Journal of Haz-
ardous Materials, 2009, 170(1): 298-305.

[5] FANG Z Q, QIU X Q, CHEN J H, et al. Degradation of metroni-
dazole by nanoscale zero-valent metal prepared from steel pickling
waste liquor. Applied Catalysis B: Environmental, 2010, 100(1/2):
221-228.

[6] JOHNSON M B, MEHRVAR M. Aqueous metronidazole degrada-
tion by UV/H,0, process in single-and multi-lamp tubular photo-
reactors: kinetics and reactor design. Industrial and Engineering
Chemistry Research, 2008, 47(17): 6525-6537.

[7]1 JOSS A, ZABCZYNSKI S, GOBEL A, et al. Biological degrada-
tion of pharmaceuticals in municipal wastewater treatment: pro-
posing a classification scheme. Water Research, 2006, 40(8): 1686—1696.

[8] CARBALLA M, OMIL F, TERNES T, et al. Fate of pharmaceuti-
cal and personal care products (PPCPs) during anaerobic digestion
of sewage sludge. Water Research, 2007, 41(10): 2139-2150.

[91 HOFL C, SIGL G, SPECHT O, et al. Oxidative degradation of aox
and cod by different advanced oxidation processes: a comparative
study with two samples of a pharmaceutical wastewater. Water Sci-
ence and Technology, 1997, 35(4): 257-264.

[10] AMMAR H B, BRAHIM M B, ABDELHEDI R, et al. Enhanced
degradation of metronidazole by sunlight via photo-Fenton process
under gradual addition of hydrogen peroxide. Journal of Molecular

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Catalysis A: Chemical, 2016, 420: 222-227.

LUO T T, WANG M, TIAN X K, et al. Safe and efficient degrada-
tion of metronidazole using highly dispersed beta-FeOOH on pa-
lygorskite as heterogeneous Fenton-like activator of hydrogen
peroxide. Chemosphere, 2019, 236: 1-7.

SHEMER H, KUNUKCU Y K, LINDEN K G. Degradation of the
pharmaceutical metronidazole via UV, Fenton and photo-Fenton
processes. Chemosphere, 2006, 63(2): 269-276.

XIONG Z H, CHEN Z X, LIU J M. Comparison of metronidazole
degradation by different advanced oxidation processes in low con-
centration aqueous solutions. Chinese Journal of Environmental
Engineering, 2009, 3(3): 465-469.

WANG X Y, WANG A Q, MA J. Visible-light-driven photocatalytic
removal of antibiotics by newly designed C;Ns@MnFe,O,-graphene
nanocomposites. Journal of Hazardous Materials, 2017, 336: 81-92.
RAI S C, WANG K, DING Y, et al. Piezo-phototronic effect en-
hanced UV/visible photodetector based on fully wide band gap
Type-11 ZnO/ZnS core/shell nanowire array. ACS Nano, 2015, 9(6):
6419-6427.

QI K Z, CHENG B, YU J G, ef al. Review on the improvement of
the photocatalytic and antibacterial activities of ZnO. Journal of
Alloys and Compounds, 2017, 727: 792-820.

GHOLAMI P, DINPAZHOH L, KHATAEE A, et al. Sonocatalytic
activity of biochar-supported ZnO nanorods in degradation of
gemifloxacin: synergy study, effect of parameters and phytotoxic-
ity evaluation. Ultrasonics - Sonochemistry, 2019, 55: 44-56.
YANG Y, ZHUANG Y, HE Y H, et al. Fine tuning of the dimen-
sionality of zinc silicate nanostructures and their application as
highly efficient absorbents for toxic metal ions. Nano Research,
2010, 3(8): 581-593.

QIAO Z, YAN T J, ZHANG X F, et al. Low-temperature hydro-
thermal synthesis of Zn,SiO4 nanostructures and the novel photo-
catalytic application in wastewater treatment. Catalysis Communi-
cations, 2018, 106: 78-81.

XIEJ,LIP,LIY T, et al. Solvent-induced growth of ZnO particles
at low temperature. Materials Letters, 2008, 62(17/18): 2814-2816.
MR3EN, XUIREE, BfEle, & GAURE IR, dbat Bl
HARAE, 2012: 68-71.

LIY, HUAY X, LIN Z Y. A novel process for synthesis of zinc
silicate. Journal of Materials and Metallurgy, 2007, 6(3): 224-229.
ZU L H, QIN'Y, YANG J H. In situ synergistic crystallization-induced
synthesis of novel Au nanostar-encrusted ZnO mesocrystals with
high-quality heterojunctions for high-performance gas sensors.
Journal of Materials Chemistry A, 2015, 3(19): 10209-10218.
LUDI B, NIEDERBERGER M. Zinc oxide nanoparticles: chemi-
cal mechanisms and classical and non-classical crystallization.
Dalton Transactions, 2013, 42(35): 12554—-12568.

WANG L P, CHANG Y Z,L1 A M. Hydrothermal carbonization for
energy-efficient processing of sewage sludge: a review. Renewable
and Sustainable Energy Reviews, 2019, 108: 423—440.

LIS J, MA Z C, WANG L, et al. Influence of MnO; on the photo-
catalytic activity of P-25 TiO, in the degradation of methyl orange.
Science in China Series B:Chemistry, 2008, 51(2): 179—185.

YU C L, YANG K, YU J C, et al. Hydrothermal synthesis and
photocatalytic performance of Bi,WO¢/ZnO heterojunction photo-
catalysts. Journal of Inorganic Materials, 2011, 26(11): 1157-1163.
LIANG C, LIU Y, LI K, et al. Heterogeneous photo-Fenton degra-
dation of organic pollutants with amorphous Fe-Zn-oxide/hydrochar
under visible light irradiation. Separation and Purification Technology,
2017, 188: 105-111.

PLGNATELLO J J. Dark and photoassisted Fe**-catalyzed degra-
dation of chlorophenoxy herbicides by hydrogen peroxide. Envi-
ronmental Science and Technology, 1992, 26: 944-951.
DUKKANCI M, GUNDUZ G, YILMAZ S, et al. Heterogeneous
Fenton-like degradation of Rhodamine 6G in water using CuFeZSM-5
zeolite catalyst prepared by hydrothermal synthesis. Journal of
Hazardous Materials, 2010, 181(1/2/3): 343-350.



