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A= & 83.5%, -t A e, AR
S22 WA, EE A 7 G S R, R R R
1 1b B AR B T — AN HERE b X ST RM—“H
P IREE E R T BRIRAIR A, ROyl E
aa_%mx&-ﬁm%ﬁ,LlJltt:L_H’F/WI‘-.F“r_%
HR I BT IR e
AT FE LLAR 3 56 0 JRURE, SR FH B Ak 7E
FUAARY T S B ARk, JF X L HET R AL 4
BT, B9 I R A g e W B R R U R O RCR, OF
T8 of S R B SE 8 B S A SRR T

EERfr- L 5% (2000 L, B AREERAMELIEFRARBFHRERF L,

#HHEB(1980— ), 4, #AL A H A, # L

12

TREYRE R A ERER, L, R TREEE,



HURERE AN ERANERODAFHAMBERT R

FEURHEBLIR
1 MB5TE

1.1 EBES5KF

e B2 52 K B =/ 3C M o R 52 72 0 skt
JE B EERE 100 B 0 &, 2 al A4 2 1 25 5 B
afi, B AIAY 2% @5 B P (A IR E &, OTF-
1200X-S-11 ) 73 # K V- (b8 35 4, FA1004) | %
SN 66 BE I (BT, UV-5200) .pH 3t (
W, PHS-3C) ., /K i 16 iR % 3% #% (% M 12 §E,
SHZ-82)% .
1.2 9RO

¥ 0. 25 mol/L BYBEER B IA WA 0. 5 mol/L

FEALBRIE WL 1 1 IRA T BUR & 80a 1, LIk
AR EE RSB R 1 g 10 mL 1]
Ho B HOR A, 7E AU B FBERE 30 min, & TRIE
W pH % 10, 4kEHEFE 30 min F 7R E 12 h, A&
2l K kR RS 9 8RBk A Y R BOKR, A SR
Bt R . KBTS B8R Bk AR W % 4 3T 600
T M 800 C FIHK 120 min, K¢ 1% 2189 4= 5% 53 31
IC N Fe-AC0 1 Fe-ACso H A2 40 3 M FE 5%
B AR TF 800 C F A 120 min, ¥ 75 5 A9 4= 4 52 i
A ACswo

1.2 SBAHE
1.2. 1 #HEHHr
3 5 9 T R RO (SEM) BFFT R & Y 26 0

T2 il X R AT X (XRD) % A4 ¥ 5 i#E 17 4
AR 23 # 5 8 i B B R S RE R 1T (VSM) I A
Tl P A3 55 50l e X5 RO T BB (XPS)
) R TG
1.2.2  WBfscse

TER A 50 ~ 300 mg/L 100 mL #hHER PO ¥ %
WA HETE RN 0.05 ~ 0.2 g B Fe-ACu0,
TE pH A3 —~ 11 W& F TH## % 180 r/min HY
FE PR R 3% W2 B O - R RORE, JE 2 LR R 0. 22
o B B 0, 78 28 50 43 6 6 BE 3T (UV-6100A)
b 357 nm Ab 04 W% 56 BE O 1 5 W BR A W B A
R AR ()R,
LG :nCJ 1% (0
K. QMW7 fik (mg/g)s G NERFR U H I
WP IR MEPE (mg/ L) 5 C AW B I ¥ W b £h g 1
WEWE (mg/L); VB U F E R ik
(L); mAEYRMEINE(g).
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2.1 HEYIRRUESW

A4 40 B B2 (SEM) . X B 2677 55 (XRD) .
BESR T (VSM) F1 X 5F 4R 6 1 B i (XPS) X B
MHEAT T RIESPT(E 1), & MBI,
A W R Y % AR ARURE b AR 3R Bk 0 R AL
R ZAL(E 1a, B 1b), A A M (&
1c) AT A1, Fe-ACsoo B A B 45 (Y9 84 P, 160 R0 % 58 JiE
Al 35 39,1 emu/g, =W HI 1319 Fe- ACsoo H A ML #E
P, Fe-ACso 70 SBT3 B F Fes O BY(311)
(400).(331).(422). (531 ) i A9 45 1E 0 () 1d) .
XPS 20 (B 1e B8 1) R Fe 2p 7£ 711. 4 eV Al
724.8 eV AL HL T FT AN BE A 0, S LA S,
711.2 eV Fl 724.3 eV ALY WEXT B F Fe 2p3/2,
713.1 eV Bl 726.5 eV &b A9 WX B F Fe 2pl/2,
HWAME 719. 4 eV F1733.1 eV A5 FIHH B T Fe
2p3/2 1 2p1/2 By TR %85 RWIEE T Fe-
ACaoo LAY EAL Y N Fes Ot
2.2 WRBAFEE
202,01 I W B AN Bl o 2 gt

Shy 3k — A5 BIF 9 M FE 5 A g e ot U IR 5 v W A
$5E, KA Langmuir 88 1 Freundlich #& &Y X 52
WA RHITHA, FR MM AESHNE 1, Lang-
muir B H F Freundlich B A {9 4 340 5 W (2) 5
H(3) P

K. C, (2)
1 + K}.Cﬁ
g = KeC!” (3)

K, gk TR B W BV i e W2 B R (mg/ ), gl
W BT 70 38 B KW B B (mg/ ) 5 C.oR W B F- 7 ef
Ff’-JTﬁ??’i?’&ﬁ, KL/{:I!_'_ Langmuir 'ﬁ&(l,/g), Kp»hll:'
Freundlich ##0; 1/ nt R AR E,

Bl 2a At W 5 W B PO 2R 3 9 Freundlich K2
R E., WE 1 AT H, Freundlich £ A9 AT L) 8 &
AL A Fe-ACsw fl Fe-ACeo B9 W B 3 #2, Lang-
muir A& A ] LS A M 8L 5 ACsgo IO WG B 2L 12, 3X
1 B R 22 3R BR AL B A Cooo R TG, W B2 A
G A ¥ Y F DU PR 2R A W B R T 62 R BT, R R
BN T 28 0L BBk AL B Y Fe- ACso F1 Fe-ACe
P AR Fea Oy BURL, W BT A7 63 73 A5 AS 1 HL W% Bfy
R REE TR JE W B, W bR R R AR T X —
ZERFFS SEM B TR, % 1 BIR, Fe-ACu Y
I KW Bt R TF Fe- ACaao I A Cano Y 5 KW B &,
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E,. 40 < 20+ : :::IL-
o — ;.;-:l NP Em
20 4 10 - - = -
] T T T - T o v i - - - i
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C, (mglL) Time (min)
B2 WESEYREMOEFELN Freundlich REBE (o) FUE—HZ AFZEERSE (L)
K1 HEREDRBMOARENERBEHSH
Langmuir 47 Freundlich 43
ol R
. (2 K: R 1/ n Kr K
Fe-ACson 96. 154 0. 0365 0. 9399 0. 452 9. 494 (). 993
Fe-ACen 37.453 0. 0596 0. 8977 (0. 145 16. 482 (). 958
ACx0 15. 674 0. 0567 0. 9991 0. 153 6. 391 0. 935
k2 NEREYRBHORENRMSIAFESHY
M— L F A FAER o HERA
XS 3 Qm - . a , = = >
K q. R K qe i
Fe-ACu0 96. 154 0. 3583 48. 004 0. 9818 0.0166 49, 505 (. 884
Fe-ACeq 37.453 0.2779 31. 126 0. 9693 0. 00676 34. 247 0. 907
ACsn 15.674 0. 1597 9. 837 0. 9600 0.0275 10. 373 0. 951
R — S Eh SRR RME — S sh )y R N VU, - (5)
XS B A5 AT BA G, E— S Bh o Oy BERE — 7 Keg g

K g W BRI (] ¢ B 6 2 B B (mg/ @), o R
FHPRE T BB A R (mg/g), Ak TR

Gz J12F B A (4) A (5) KR
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1A 26 BT, W B B R A A ) E K T
AN TEW BRI, AW e R T W B A7 A5, DY 3R
3k T ok I B 00 A 4 e T 5 e O R AAE AT, W
{37 45 32 T Wk 2L, WO o 3o 5 i R 0%, G RF i 1
B FEAL.

HI 3% 2 AT, 3 R Ak $ g W B D BR 5RO i —
GBI LRI R ¥R T M B A i Ml ¢
FH R, UL HE— 2 3h Jy 2 R BB T AT M R e Y
WRRAE 3 T A= e L it Wi B BB, 0 T s P Al R
70 A P BT VU IR ZE 0 W B ok B 2 Ok 0 B B

25 TR W B 5 Bl ) 2 W B S 50 3 B, R R AR OR
B 92 Fe-ACeo, B UL G 2244 % H 3 25 m A
FETTHRT,

2.2.2 RwREWNR

e Wy i A5 I Ak 3k A A e W B I FR 5E f 5
Wi O P 3a. W BRI & Fe- ACaoo 320 1k 14 18 K 1fif
T, 30 A O 8 2R T E AR F1 R A R ok i AU
%, W BT B I R 0 A Y S PR AR T
VU AR 3 A A7 200 4 fioh 1 B, 9 hn T PR R ek ik AR

M B 3b R, MRy 0.5 g/L B,
Fe- A Cgo X PHEF 3 1 W B & J5 K 1A W PR 8 e i .
PR, 256 A 9 e X DY 3R 3 0 W Bf R % W B R %
JE,IEEU 1.0 g/ L A e 8 it f5 2 50 3 %
1.0 g/L 2} Fe-ACuo B9 AL

pH B 35k A W e W BFF DU 36 52 A4 52 e AL )
3eo pH 2l gk 5w W B R 5 W B R 3% i R
JoFG T 5% ) R B ARCSRTYT L 4 pH R 3~ 5 B, Fe-
ACso R IEHR, WA EHE 5 Fe-ACu Z [
(1% i R HE R 0 T B AE T4 pH > 5 B,
T EL A P U553, Fe- A Cooo W 1M 34 35 1) W Y &k 5 A7
TR ARREE M pH > 9, % pH #5&, MUK
FWE 75 Fe-ACao 7 M 1A (19 #f o HEFr 40
W B D T R R R 2 AL S B A, R AT BB R
BER KT F AN, SRR A, B fE Y
Fe- ACao W B 1Y 38 55 52 ) £ /1y, LI 58 7 F 76 0
B 2oL Pl 3 S AE A, B pH X Fe-ACsoo 9 K
B PEBE 52 ma 45/, X R W] Fe- A Cago W FfF U 35 5
pH 1 R0 B A,

w4 a - — b v
- - -
A - B i v A
2 0 4 A— =
/ - v DR ol = o
50 / _— ® - —
[ - / =
! al & {o—
= 404 {f & —h——— g 1/
] i e v| & 0 /
= v v o & S
w 204 ffiw = e —.
> E —
il =— 0.5 5 —=— 0521
24 —s— 1.0z < 204 —o— 1.0
i 4 15 = & 1.5
104/ v 20gL v 2.0
o f—r—T—rrTr"—T" T T T T T i T LY. PR, B e R |
20 40 L] 80 100 120 140 160 180 20 40 (1] BO 00 120 140 160 180
Time (mm) Time (min)
C o o &) d — _"_.-—._:T,-—x
4 e e = = &
=0 o —3 I
2 '} p—
- s 40 4 i
40 - e
.'-_
LTI ™
= 'y pH=3 =
= i & pH-5 o
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20 4 I/ a— pH=7 204 25T
§ iy —y— pH=9 4 38T
=gl —y—45C
10 - / 104
U T ; T 0 1 L 'l
0 20 60 B 100 120 0 o 60 10 2
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a T B W BB O B2 0 s b S0 B X W PR A RE 0 o pH ) W TR A REE N 3R E 0 W BRI 69 B2 e
B3 ZwmEAELERA

T X A% Bk A= B me W B PO BR 2% B 2 e L
3d. & 3d AT AL, MR AT 288 ~ 298 K, Fifl
HiIREE }-I'-KI%, Fe-ACsun FOR LB 7N ﬂ&h’ﬁ%ﬁ%o

Wil 3 I RE -, POOBR O A AL A8 R R, ] Fe-
Af‘sgoikﬁ‘ﬁif'rﬁ)ﬂl@ﬁﬁ$tﬁlﬁﬁﬂ,Iﬂﬂt"ﬁﬁﬁ%f’r
e 14 BRAT T IR R (U e W B EE, e iR T
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E5 4,5

Fe-ACago 2 11 WE B} 7K 43 7 00 i W 107, 24 i B Ak
298 ~ 308 K, fif W i B K W B 3 B, W B R R
B, MIBEEKT 308 K, B EE T, Fe-ACswo
XiF U R 2 B W B R T G K, AT RE R A O IR A
L, W R R R, DL 2R 1 R E A AT A
o Rk, IR BE X Fe- ACsao W B PU B 22 B9 52
L7 N

P HUREERT A AR A (KI/mol).
KA AH® (KJ/mol) i AS® (J/(mol - K)), A

FH 2 B el B e AR A BE B AR AL, S EGTER
R Bl (e) X (7)) XFR .
InKp A—IS: % (6)

AGQ = - RTII‘IKD (7)

wOEEE, N

A, RASE#H%,8.314 J/(mol - K), THRK
MR, Kp= qfc , BVFHEAREREWRE R 5
[

BT 5 A e W R DO B 3R R A D 2 2 0
W3, NELIALAEN, MRE/NT 208 K B,
AGY K T2, i W B 5of 02 | % o AR 5 24 0 B K
T 308 K 0, AG /NF5&, iAW i BN HE B &
AR, BEREZHA R, AC F @/, U
WA F T Fe-ACeo WM A E, BZ AH KT
F, LA W B L FE O WL AR R R, KR AS ROME
37.089 J/(mol » K)(> 0), BEH] Fe- ACso W B} 1Y
B2 ot P O W R A 1 R R 43 T E T8/ R & P g
& 3 N TC R, TR R T L g W B AR

xR MEZTEMRKBEHARIHEMANESH

AR BE/K AG" (KJ/mol) AH"(KJ/mol)  AS"(J/{mol * K))
288 0. 865 11. 364 37.089
Fe-ACsu 298 0. 001
308 0.039
318 0.329

3 HFig

LA b 1% 374 R FE e Sk JRURE, SR I 95 i
BAE E R F A R A, o K T T
TR0, W FE T 1% 2E Y e W B 46 18 DU 2R R 19 3L
SR, I 0 5 45 IR W BN S 56 | 3h 2 R ) 2F IR AT R
Wf T BB AR S BT S W et ARk etk IS
B A=, R R 1 3R Fe, O, KL F 1 L AT ik
Tt L PR 2 T 5 Ry A v T L AT AR K Y W BT & a2
F oK Ak B R AT AR B Bt D BR 5 kAT W B L
8 ¥ ],

Xf H Fe-ACgo Fe-ACen F1 ACg 19 W F 2%
B, WT LA ), Fe-ACsoo ¥ PUFR 3R Y W2 B & B2 K,
A1 3K 96. 154 mg/g. X 3 WT 40k B vk Ak 2 R0 42 v
0% TR 35 AT KR AR AR TR ST A e U R R Y
W B ik Rk e R R 2 B BR AR B Y A H a1 B
YRGS LA E AT A — B h A X i
B FE 5 A 49 5 Wi B 0 2R 2 A o A A g R
AR, B LI R, Fe- ACs ¥ P IF % Ay
A 2k A8 2 W PR 406 7, AR G R EE T 494 iR W R A
Fo M HERLERY, BEE Fe-ACso & 1Y
B8 K, Fe-ACaoo X VU I8 3 Y W B &5 720 87 05k /I 1 W2
B SR AW K, pH Wi E o 4%, % pH &4 F
5 ~ 9 B, Fe-ACsoo X PU IR Z Y W B & 47 15 2 %
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M pH < 53 pH > 9 W, W SMALES, H
AR R N, BB, pH X Fe- ACso0 W Hff 1Y
R 0 B/, X R W] Fe-ACeo A B 9 pH
THEE,

(& % x k)
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Preparation of Magnetic Chestnut Shell Biochar and Its Adsorption
Effect on Tetracycline Hydrochloride

Wang Yanzhe, Hu Lei, Huang Hongxia™, Su Hui
( School of Life Science and Technology, Hubei Engineering University, Xiaogan, Hubei 432000, China)

Abstract: Using chestnut shells as raw materials, magnetic biochar was prepared by immersion heating
method. The results of characterization analysis showed that the iron-loaded modified biochar had
magnetism due to the loading of Fe;O. particles, which could reach 39.1 emu/g. The results of iso-
thermal adsorption experiments showed that the surface of the biochar without iron-loaded modifica-
tion was smooth, and the adsorption sites were evenly distributed. The adsorption process of tetracy-
cline hydrochloride was more in line with the Langmuir model. After the iron-loaded treatment,
Fe; Os particles were distributed on the surface of the biochar. It was loose and porous with uneven
distribution of adsorption sites. The adsorption process of tetracveline hydrochloride was more in line
with the Freundlich model. The adsorption capacity of the iron-loaded modified biochar for tetracy-
cline hydrochloride was greatly increased, and the maximum theoretical adsorption capacity of Fe-
ACspocould reach 96.154 mg/g. The process of Fe-ACsn adsorption of tetracycline hydrochloride was
mainly controlled by physical adsorption, which was an endothermic entropy increasing reaction. In-
creasing the temperature can enhance the adsorption. pH had little effect on Fe-ACspo s adsorption of
tetracycline, which showed that Fe-ACsp had a good adsorption effect on tetracycline in a wide pH
range.

Key Words: chestnut shell; Fe;O.; magnetic biochar; adsorption; tetracycline hydrochloride
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