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Abstract; To deal w1;h pro bléms such as the diffieult treatment ofTow- cﬂncentratlon fluoride-containing Avatex, and water pollution caused by excessive ﬂuorlde (F ')

o

LI Zal xmg -~

discharge , aluminuiand zirconium-modified biochar (AZBC) mas prepdred and its adsorption characteristics ahiljadsotption Techanism for low-concentration fluoride invater
were_stdied, The results showed that AZBC was a mesopordus blochar th:uniform' pore slruclure It could rapldl\ adsorb F~ from water and reach adsorption equili -
within 20 min/ When the fittal p(F~ ) was 10 mg+1} ™" and the AZBC doqage wag/30 gl
g+l "], THe pH,, of
and the adsorption process accorded with the Langmuir nodel. The maxifitm ddsoq)tlon capacities at 25, 35, and 45°C were 8.91, 11.40, and 13.76 mg-g™",
Fluoride could"be desorbed by 1 mol-L ™" NaOH. The adsorption capacity of AZBC decreased by approximately 15.9% after 5 cycles. The adsorption
mechanism$ of AZBC were the combination of electrostatic adsorption and ion exchange. Taking actual sewage as theexperimental object, when the AZBC dosage was 10
gL7", the p(F

Key words: biochar; fluoride ; adsorption characteristics; modification; antibiotic residue

, the removal rate was £ 90. 7%, and the effluent concentration was lower than 1
of AZBC was 8.9, and the recommended pH inpractical -apphcaﬁ‘on Was 3 2-8.9. The adsorption kinetics accorded with pseudo-second order kinetics,

respectivelys /¥

") was reduced to below 1 mg-L™".
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1.2 SebEA: e il &

1.2.1 AL s Ak P ) il 2%

e FL R A TS A ) A 2 AR I S I 5 T 1k o
#U M R R JCKBR R AR R 1 1 H
BN, A B FK 2B 2 h, B 20574
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mol - L™ R FRIZ I, LA K Bk 2 AR IRE 5 K 43, Wi Je
M EBE TRV IR EE T 15 2] S fLB s 2B
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1.2.2  GRES RO AR ) i &

FREL7.50 g ASPRED . 3.22 ¢ AAEALEFI 2 o
HBC, A 100 mL £ 87K, TE#E S fig P45 L9 41
2 h,SRIGZHINIAL mol-L~" NaOH I JE % pH &
12, 42ttt 2 b, Bl 5 PRk 10 h, 23 38 9F LBk
RV E I WO v, FEET 110°C BEAS gt
T AR B A B Y ik (AZBC) .

>

B 4%
1.3 WeRfses
1.3.1 B LR E

SYHIFREL 0.2, 0.4, 0.6, 0.8, 1.0 Al 1.2 ¢

AZBC FA&BLE R A 40 mL W1 4R IE A 5. 10
120 mg- L") NaF &%, BIFE e 5 ~30 gL,
FE pH Ry 7,388 R 25°C 55340 200 remin ' SR T
fEIR PR 2 h, 2 P8I DE R P ) F R

1.3.2 )4k pH XFm it Ao 5 i

FRELO0. 1 ¢ AZBC F &L, A 40 mL 4145
WeRE N 20 mg- L7 By NaF ¥, 8359046 pH Ry 2 ~
12, 7E 1R E Ry 25°C , 553k 200 remin ™' S5 44 F fE
% 2 h, L UEIFIE DR ) F R
1.3.3  HEAFT X W B 9 A 52 e
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HeFE } 20 mg- L' A NaF ‘faﬁfﬁ,ﬁ%ﬂjﬂeﬁﬂ NaNoQ, .
NaCl . Na,COgFl Na,SO, , ffi NO; | Cl s coz- Al
SO2™ WM BE 433198 0 . 10, 100 mmol - L' 4 7E pH H
75W%mﬁ:%ﬁﬁmmmm'%#TEﬁ%@
2 h, GBI E SR TG B e P .
1.3.4 W 1 P

PRELO I g AZBCﬁE%’ LA A 40 ml, %}111‘*
ﬂ%fhj\]ZOmg 1.7 E/JNaF{ﬁ(fﬁ TijV7 ik f_f]
25°C , 5% #9200 1 - min l%ﬁﬁ—FTH {E%/ﬁi?ﬁmﬁf
TP 0 5% & i Fcise i T 7 9
1.3.5 KRS "

FRELO. 1 g AZBC FELLE P, INA 40 mL —F
IR E AT (1 ~ 100 mg-L~") 1Y NaF ¥, 7€
IR 4y )k 25, 35 F145°C, pH Ry 7, 3 SN 200
remin " ZPF FHEIRIR S 2 b, g IR0 E s P Y
FRE.

1.3.6 RN S5

FRELO. 1 g WEHHE A AZBC, BT 40 mL ¥
A5 0.5, 1 F12 mol-L ") NaOH ., NaCl F1 HCI 1%
Wb 7 pH N 7, 75485k 200 vemin T AR T TERESR S
2 h, i IEFIENER P B F R TR R 7ER
SEfR WM R, TR 0.1 g AZBC, L W) B MR E 20
mg- L™ A S AAH I AT 0 B - MO B A S0 6
1.4 Srthirik

F R BER HB 1 e £ R 7 (GB 7484-87) it
AT 72 43 B, % J7 Bk 0k I BE A 0.05 ~ 1900
mg- L™ (LA F 1) SRR (D) TR SN 25 BR, 5K
(2) AP A W R, 2 (3) T

R =" % % 100% (1)
Co

q. = (cg —c)V/m (2)

qq = ¢y xVy/m (3)
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Kb, R AT EBRR, % 5 o FIHRIUGRI IR 5  Hk
B mg-L™"; ¢, R A IR BT A B mg L7 5 c
Sy it R S VR B TR mg - L5 VORI IR AR L,
Vy AR Ly m W R B g

W B 3l 7 2ok A — G 8h J12 [ 2 (4) ],
W sh Sy i e [ (5) ) AUEURE N 1807 R [ X
(6) TXHmIA A"

g, =q. (1 -e™) (4)
q, = ¢ kst/ (1 + q.kyt) (5)
q, = kgt +C (6)

P, ¢ AW BB TR], ming g, DA ¢ B 220 ASE R B
mg-g ' g, NP BB R mgeg Ty K, ATE—
Pz )R A AT L min 5 &y HHEZ BN
AR HOR R, - (mge-min) ~'; k, PO N
PR AL Y AR A g+ (gemin'?) ' € R R,
KL B0 R Y AR ¥
W B 45 i 2% R F Langmuir #5574 [ 5 (7}] il
Freundlich #71[ X (8) ]Xﬁﬁfﬁiﬁﬁ?ﬁ{%m]
q. saq.Kie/(1+Kg) | (1)
- ) i - KFC:,-/" ‘ 117 f
st o WA IR 1 e B g ol g T
O B R AR W e ™"+ AR 0 R
%M‘f%,.mg-g_l ,F K, i Langmuir ﬁ%’ @I, ’kf K
Fretdlich %%0; n ol SULHSREH WAL | 7
1.5 #iiE )ik ;N\
R 2 A sl L 3R T R ke LB A B AY

! g (87 a

-
=

( Micromeritics ASAP 2460, USA ) il & 4= ¥ = FL B 45
FRRAE 5 38 2 59 5 f 7 B 50 BE (SEM, JSM-7800F ,
Japan ) ML A= W) i R S E5 48 |, BB 151X (EDS, Oxford
X-max 80, UK) 5 4514 1 58 3% #0022 A= ) o 1) 3% 1T
JCE ; KM X BLATHAL (XRD, Ultima 1V, Japan )
W5 A= 0 o ) e AR 5 40 5 SR AR B P 21 80 35X
(FT-IR, Thermo Scientific Nicolet iS20, USA ) il & 4=
PIscy B BE I 287 SR A X TR 6 T B RS AY
(XPS, Thermo Fisher ESCALAB XI + , USA) il € 4=
YAk A R 2.

2 HR5ITR

2.1 FHBHYRAE

XA 5O I JG BEAT N, WS - B 52 46 0
H) AL B R AT, 45 AN 1 T RS
HBC BT e 22 TR, LABCEL S 4 P2 LA
L 757nm , L HUAE] 991. 39 m*¥g V) HEH-F
VAL HBC KR 95, 1 HBE AT
5, AZBC FUBRGE IRV E AR (L, B LT 991, 30
m’ g " FIHEE 64590 mig ! MALKCIRES LA LA
R, AL L 220118 nm, AZBC Hf st tE-
EAOBCAL AL S50 0 Ay TL 0 3 AT 5 7
76. 39 il b W A A1 e WAL T
204 T HBC 3L 5 3 (7 AZBC AUl

R, A RRIE IR A LA R AT DL

TS GBS FLRR T BTG PO AR SR T, O
HAR mA R AERCR.

F1 BUMERTEEM R FLIREHIHE

Table 1  Pore structure before and after biochar modification

- JSY IR AL L T AR L% PR
m /m?-g”! /m?-g”! /em? g~ ! /nm

HBC 991. 39 901. 45 0. 435 1.757

AZBC 643.90 491. 27 0.341 2.118

X AR e i MR T JS 64T SEM R AE, I XF AZBC
#47 EDS-Mapping 43 H7, 45 R ani& 1 FE 2 Bk,
HBC FHLRE, A 5 LR Z5H , JF H LB K
ANBISY 3R R RIURLIR ) S5 VT R R R Yk e 8 LA e
(5% B8 45 4. o ME S, AZBC (LI TR k2% 3%, {EL4)Y
T AT R FLE S5 M, X A ¥ n] DUl i A
AZBC BYALIE N, 5 AZBC 2 1] F W BF 07 55 45 4.
SEM 5 BET Z5 R UESE 1 11 4804 J& A1k 4 A oK 1l it
5T HBC LK. #i4E EDS-Mapping 25 %, AZBC
THASI Al TG R M Zr TCR AATE, U & )8 3 F
) 4k, IF H AZBC £l Zr TR HE KT Al
JCR. B AR B TR, RIS & AZBC R IE
HLAr , BT F - A=A R Y. A ¢ AZBC R

HLRPRAAE 2. 3 SRS
XA OCPE RS 54T XRD R AE, 25 R W 3
i, HBC AT H BUBH S 7 S0, AN 3 A d AR 254
Mk JS, AZBC 7E 18.8°, 20.2°, 27.8°, 40.6°,
53.2° 63.8°, 64.4° 70.7° il 78.9° kb Hi B AT 5F
W 283 LU XT, FF A bR ifE R - (PDF#74-1119) , %55E
R=FA A, B AL LLALO, -3H,0E X fi % T HBC
b AR FRBIALO, - 3H,0 Al I HR Ak A
5 F 3T ac i, WA R L BR7K & F. AZBC
WA R Ze AHOCUEAE , 7E 25°BhiE Sos S AR A
T KRR G P 1Y T 0 " @& EDS-Mapping 25 B
BR[ 23] 408, 2B Ze LARES & B 10 T e TR K & Uk
Y X 2T HBC. ARFFR R e Al
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Fig. 1 SEM before and after modification of biochar
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Fig. 3 XRD pattern before and after modification of biochar
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Fig. 7 Fitting curve of fluoride adsorption isotherm
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Table 2 Comparison of fluoride adsorption effect of different adsorbents

YN R - e ]

B FE R il £ R e ik ) . SCHR
/mg-g /min

AZBC HERE®E IptHEE 8.91 20 EN TSN
7r0,/BC FMkT 72 Zr B -IARIL 9.63 180 [41]
WMRBC [N Pufigp ik 9.50 180 [42]
ACRPSAC R Al LT 4.10 120 [43]
ESR P N/NT Y a) KR4 La 1275 -8k 1.23 180 ~300 [44]
R E AR R IV 4% AN Rk TR -JBHpe 36.48 ~62.35 240 [45]
ZALERIRIE PE MgO SAEE S PITRAIEES 52.67 60 [46]
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Fig. 11 FT-IR spectrum of AZBC before and after fluoride adsorption
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