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Abstract

A series photocatalysts of biochar supported ZnO were prepared by pyrolysis with different bio-
mass at 500°C in muff furnace. The removal properties of prepared photocatalysts toward tetra-
cycline hydrochloride in water were studied. The effects of biomass type, doping ratio, initial con-
centration of tetracycline hydrochloride and pH value on the removal rate were investigated. The
results showed that compared with other biomass, wheat straw based biochar supported ZnO had
the maximum tetracycline hydrochloride removal rate of as high as 97.38%. When the doping ra-
tio of biomass and ZnO was 1:1 in weight, the removal rate of tetracycline hydrochloride reached
its maximum. The optimal pH value for the tetracycline hydrochloride removal was 7, which was
because of the H* would corrode ZnO and consume OH- at a low pH value, while the OH- would
react with ZnO to form hydroxyl complex at a high pH value. The initial concentration of tetracyc-
line hydrochloride has an obvious effect on the removal rate, and the higher the concentration, the
lower the removal rate.
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1. 5|8

RIT . FRESATI R E A AU R R m N S % 71, RBRISCRI I BT A 208 B R
HEBGEE N KIRES, IR T AR 1] BUAERBEN KIS ok — RAETE, o KA AP e
BB PR, 15T A A B A A BRI AP BRI AR S A 2] BHATK R R BB ITE R
it R AEVIRRIR . JeMEALBR A e Gh0E. IR, RIBIBESBACERT DL B3] [4]. el
TR fR R — P AR E MmN BOR, A BRREIR. 5 D550 5. TiO, =2 5 F e AL,
SR ZnO ¢ TiO, AN 5 HAEM % (3.37 eV)m T TiO, (3.2 eV), B H T A 52 X0 B[5]. HiE%
[6]F P K BGE i i Bi,WOG/ZnO, I G A ARk B ik V. FR 66 3 0 DU 34 252 .40 ZnO B AR 11 246 AN
4500 fi5 o AW AE—FhBRIN 519 8% 2 ORI BV AT RL 7], HO AR 2 AR RAFIT P RE[8], LA
W NERAR ) £ 5 B Y G HE A B S e B RAFI BRI . Lu SF[O1BF 78 T SRR AR 6138 TiO,
FEHE b PR RS I ORGSR BLH FAEYIKRE Tio, MY RIVER, btk B IR I (4 0% T m ik
96.88%. SR, PLEMRAE NPTAERWIHS Zn0 34k, @I AEYIR KR & ZnO HIEHEAE B F
R K B AE R R T RS

ARSI & T — BBV AR GFURAL ZnO AT, A5 B BRS040 B [RIVE F 25 Bk R BRR DU R 2R,
I T AR AR EAL . AR ZnO B4t W90 pH (6. ERERVUPR R WL IR FE 254 15 R R DU 2R
R EBRBOR MR, DA AR B B A R KSR AT LR

2. SWHMBERE
2.1. FEMEEMIE

Z IR R M A (BILON-R-BA), LB E IR A ] LAl WA HIL6S), L X
R B A PR AT s 8 B AR 2T A8 615X (Nicolet 1S10), EEZRER K /REIH AR JLESE
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M AE

R HT{X (kubo X1000), JLHEEAER THAAR AT . HRIUMAKR, LlL R EMHRIZG A A
e, LB R T AR AR AT RREE, MR AR A IR AR, T 2550 9 e 22 4t

2.2. SKERMRIEYHIE

FREL 10 g ZBREEVET 100 mL 25 37K, 158500 10 g M e A RE A BRI N REFE XML T2k
FEFF YM. 2935 LW, /AAKHE SM. #AM NM. KEFFF DD, e YO IR e itk . iR Gk
ONER PSS 8 7 30 min, 15 B THIRIR T 48987 24 h (130 rpm, 30°C){f Z B4 HE N AWK
KB ZE TR AP ORISR E BN TIRAE, £ 105CTHE2h. BTHENREEME TS
Jhd, £ 500°C N 6 h, BT A3 FE iR Bt A= 51 R A B PR iE N ZnO/XM L ZnO/YM . ZnO/LW . ZnO/SM.,
ZnO/NM. ZnO/DD. ZnO/YC,

2.3. SEWGE

SEEOAE 2 DR AR R EEAT, DL S00 W IR KT A6, SREGHT Sk 25 me/L EhER YR 1A
100 ml I 9L B, TN 100 mg LT, JRBIEIREAT LS, [AIFR S (R EURE, 48 0.22 pm /K
FRUB NI S5 e R B . 2 HESCHR[10], FIEEAN - AT I3 66 BE v 2 S ER DU BR 3R B2, KA 357 nm,
P2 A vy =0.03174x — 0.00161, R*=0.9992.

BoRbmseith ZnO S5/ERFREILAIN: 130 1:24 1:1.25. 1:1. 1:0.7. 1:0.5. pH {HFM5E
3, {8 0.05 mol/L ¥ HCI 1 NaOH ¥ pH {20 A 1. 3+ 54 7+ 9 11, 13 IEIHIAAR 20
S ERERDUBA BRI 22 08 5+ 104 154 204 25. 30 mg/L. pH {8 5 520 S256 BT AR 9 ZnO/XM.

3. ER518
3.1. FRIEDHT

AR AT TIO, AL IR TH S FLBR G5 M % 1 fion. BT AL 77 B R T AR ok, Hohfa
ASiE ZnO LR EFR AN 255.28 m™/g, Mi/NEREFT 613 ZnO #/NA 82.22 m/g. WhAb, 5 LR RS
% ZnO/SM FIFLIAF R KN 0.1236 em®/g, 17 ZnO/XM /N A 0.0427 em’/g. FTSMEHA F i 5 5L
S FBESEYTRMEIR KRR . AR LA 4R S EHRAFRA R, AR A4 R MagE xR
TE il T 5 TR, LU BRI DTk e, e e R m AR = & & 5 I AR i EeR AR AL
BRUEMK[11]. Bb4h, FLARS MR TS B G AT DR T 2 nm /AL S B0 )
(1) b 3R T 5 AL AL B He s 21 FO0S Eh R DU A 22 (R BHE . gk s B0 AR R IS A PR R IR

Table 1. Specific surface area and aperture structure of the supported catalysts

= 1. A EATINERERSTLRER

LT BET(m/g) FLIEB(cm¥/g) P21 £L4% (nm)
ZnO/DD 103.36 0.0514 2.00
ZnO/NM 124.65 0.0783 2.46
ZnO/LW 201.43 0.0745 2.68
ZnO/SM 255.28 0.1236 1.94
ZnO/XM 82.22 0.0427 2.08
ZnO/YC 132.18 0.0711 2.16
ZnO/YM 192.30 0.0896 1.86
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A ZnO SAF 7L ZnO/XM LLAMERE 3 FIAIE 1 FToR. 3430 em™' BT 2RI M4E0E, &2
AL TRIZR T 17K 90 TR AR AR50 5, MR SE REBS SR ML FTE PR 12]. 1580 em ™' Ak VR i /2
C=C XA IRBFTEL. 7F 860~1050 cm ' Z [A] (RIS F C-H B3 iRz S8 K 1(b)FR, BEEA
Y55 4= LE O3 BT A AL Y O-HL C=C LA J C-H S35 853k, 2% W Fr A A7 Hh A= ok e R 3 22
O-H 5 C-H EHeBM G ek A7 B T 34580 R (SRR MERE, IR A= nf K b SRR DU R 22 R B 13
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Figure 1. FTIR spectra of (a) different biomass and (b) different doping ratio
L ZI5NRIEE () NEEVIRIEMEL; (b) FREIBZEE

3.2. EHBEMRERNE

ANFEAEYRFEA R 3, ZnO 5 ZRBRPTAERIBERIIE 2 i, XM 53, ZnO LFRPiE R HCRR A
97.38%, EBRFLE 0~5 min KIEFE, 7E 5~120 min #4T°F2%E, HBETHALGERA Zn0 LT HAh
AW AR BUEAGTLE 15 min JEXT SRRV R I R T 128, Fra M AFI7E 120 min B EBRBUAE R
T AR 93.5%~97.38% . 7 RS & RIMEMT AL A DL TR BT AR R I EFRACR, 2RI
ML T R R DUMA B AL 2P, (B PR R (44 . 38% ) AR T AL 0L 4N, AEFERTM ZnO Xt
FEVUIR R PR ATIE 94.5%, WEAKTANIR GBI AR B B AR Bh R DU BR 3R 1) B
KZ@ET ZnO, XATREZ T AW @ W HE sl 75 shBR DU 2 LBk . AT AR, BRAELE
REA MO AP E G2, M ZH 6L, BEMifEm ZnO MG AGIERE[14] [15].
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Figure 2. Removal of tetracycline hydrochloride on biochar supported ZnO
B 2. £ mEE Zn0 KREEBRNIFRYR
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3.3. B

AR FRIEAELS ZnO KI5 2% HUM TS St BB A AL 77 25 B IR DU A R K R an B 3 P
BN 1:10 5 1:1 FAEALTRIRT SRR DUIAT 10 L BR R ZE ATIE 50%, Ui IS 2 LU Eh IR DU SR &
BRI . LEfoy 11 I KRR & T AR, IF B A ES 2% LR AL I #RAE 60 min B
ERRR KA. BB IARUOIL NS, — I AR KRR 85, 55— 51 ZnO K6 i 7 AIA A
REFFRIA R, FE ZnO BEMBR A . RS A WHIL RN, AIREZ I 2 RSB Ao 1 7
ARG &, am et 7 i AR IR 4, FHLAS -OH A-O, H BRI, MMFEK T ZnO KL
ERE[16]. HBALGIN 1:1 B, BERSRA KIS ZnO KOGAER T RINE S, MAELZRGR
Az s, $Ew ZnO KIGHELPERE[17].
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Figure 3. Photocatalytic degradation of tetracycline hydrochloride on biochar supported ZnO with different doping ratio
B 3. AL TIFE R R BTN R AR

3.4. pH {ERIF N

pH EX EEFR VYRR 2R L BRG] 4 R o 3Bk PH i AN A T SR DU R I LBk, ERRVESRAF T &
ERAETIRIESEAF N, 7 pH =7 I, EhIRVUIR K M FEAR Ay 96.63%. ERIRVUM K2 — M PEI L,
HAE KR AETEASBE pH SURTIANF[18]. ShARPUM R & A IRt IMEEEedE. —HEIE(19], IRER
KM ZH HE T2 OH, MR 2 XS OH 1F A s S5 ) H A R AR BRI b Ah,
MM P RER S Zn0 ]S, MMM ZnO FERHIGHEALIEE20]. pH RIS, KEWHH T OH
25 ZnO BB FEIERC A (201, ZnO 4l 2 A AL RE I BEARAN A TOL AL P 2 IR DU A 2R
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Figure 4. Effect of pH on the photocatalytic degradation of tetracycline hydrochloride on biochar supported ZnO
& 4. Bk pH E3TL R SR EER N ERR M
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3.5. BEAEKE AR

AR X 13 Y ZnO 2R ERR VU R s an 4 5 froR . 76 R BLFIFIHA(0~30 min), #IUHIK
FEXTDURR 25 Js B m A K, HATGIR BB BRI, 5 min B, 5 mg/L MIERER YRR 2R 1) bR N
90%, TR N 30 mg/L HIERERTUPR 2 2B RN 64%. 30 min J5 &% EBRRZHHTHE, X 5mg/L 5
30 mg/L IR RRVUIR R 3IL B T 92% 1 LBk .
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Figure 5. Effect of initial concentration on tetracycline hydrochloride removal

B 5. #9a7KEX B ER YR 2R L FRAIEN

SRR, R EENS E R VYA ZR (0 5 R AR, 2R i TV Wb SR UPR R S A MR W B O
LR (e ZnO/EW RN . FERWRIET R, JCR S AT EAZRZZ T ZoO/ AW HRI L 5 AT PR,
AL R VIR 7> T Tk S B 2 ZnO/ B I ALIE h O B, 3 BCERTR DU 3R (9 25 B R AR
[21]e 53—T51, B ERER VUM SRR LG, SuEtb et A2 mh w2, 5 MU R I3E
FAE IR AT RER FECEBRR T FEA— AR E[22].

4. &5t

1) AFEEMR IR ZnO HEACTHILBRK T ERER VUM SR ICRA P 25, NEREFT 73 ZnO % ERER DY
WRERBCR A, EBRFATIE 97.38%.

2) EMBIEMELS ZnO K145 A LO0 SRR VUSRI L BR SR A W B, SEIR A1 T B4 oy 101
i 25 B SRR VUSRS RO B £

3) WK pH B 7R ZnO HEALGT R ERIRVUIA R A 20, MK pH EAMF TR 21 HE T2
ZnO HiH#E OH , & pH E M /KT ) OH & 5 ZnO RN AL R FRIE L &1 o

4) ERRR VUM R AOWIA A BE NS L BRFR IR, I HWR BBy BRI

E&WE

TLIR R B2 2448 SRR 00T 70 BRI H (18KJA610003); 431 T BRI H (KC18150, KC16SS091).
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