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In-situ preparation of magnetic activated carbon and
removal performance of aniline
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Abstract Magnetic activated carbon (MAC) has been prepared in-situ from waste Lonicera leaves after the
microbial enzymatic extraction of chlorogenic acid. The phase structure and magnetic properties of MAC were
characterized by Brunauer-Emmett-Teller analysis, X-ray diffraction analysis, and vibrating sample magnetome-
try. The effects of the MAC dosage, pH, reaction temperature, and reaction time on the adsorption of aniline
were investigated. In addition, the adsorption kinetics and adsorption thermodynamics were discussed. The re-
sults showed that MAC exhibited excellent magnetic properties when the specific surface area of the MAC was
410.03 m’ + g ', the average pore size was 2. 83 nm, and the saturation magnetization intensity was 2. 889 emu -
g~ '. The optimal conditions were found to be temperature of 40 °C , pH of 2, MAC dosage of 0.5 g, and adsorp-
tion time of 180 min, which yielded an aniline removal rate of 97. 61% , while the initial concentration is 200
mg -+ L™'. In addition, the concentration of the aniline solution was only 4.79 mg - L™'. Both physical and
chemical adsorption were involved in the overall adsorption process. The adsorption kinetics were well fitted by
the Lagergren equation.
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1 SWEL

2B 5K F
OB BRI AR 7 I ) A AR AE IR, AR AE
MECE E R L

ACEE - b 2% TE AR B AL AR 43 B 3 ) ( F-Sorb
3400, Jb 5t & ISR A R A R ) PR B HE b R AL
(VSM-7307 %I, £ [#| Lake Shore /] ) X 4F £k it 5t
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K7 :ZnCl, FeSO, - 7H,0 Fe, (S0,), - XH,0 .,
NaOH (HCI | = Jo BE it B2 44 R R e (39 R 3 B 2k
1.2 ZWHE
1.2.1  BEMEEM R 64 &

Bt 60 H il fif 132 52 K AR 16 M43 5 1 IR IR 42
WAL R 4 g, 4 ZnCl, 3§16 2 h, T A 40 mL f#fk
TR, WAL SRR n(Fe’ " )in(Fe’™) =1:1.5

1.1
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X-ray powder diffraction patterns for MAC and AC

K 1
Fig. 1
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B R A RETE R R . 2R A MAC
LR EE Ky 2. 889 emu - g AR BEILIRE 0. 018 4
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Fig. 2 Magnetic hysteresis loop of MAC
2.1.3 24Pk (FT-IR) 547

KA FT-IR 204 MAC H1 AC (9 3% 11 5 RE AT, 4N
3 /R HiIE A H, MAC 1 AC 7 3 400 cm ™' 4k
HA W dp Wi, 2 O—H {1 46 41 201 5| A2 1) A e 5

2901 em ™' py B LA 3K v C—H PR 3151 1Y
FEAE DA 51 638 em ' Ab {1 W i i S B 3L C =0 fif1 45
PRI 51 319 em ™" Ay W Wi e R R 3k R L ) B
s i i C—O i 45 4% 2 51 kS ) W die e, fly &1 AT A
MAC 7€ 1 319 em "' [0 3R B 1L AC BB, 5 B JRL (3
B i 25 0GR NG P A B R AL R RE ] C—O 3
i, R 5 a0 M e 0 & e BE—NH, A5 AL IR
Bt B4, MAC £ 567 em ™' 746 cm ™' ib i B 8k &
Ak W o WA s, 6 B MAC B 5 43 7 B b B 1 B
A A SR A A i RE A
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Fig. 3 FT-IR spectra of MAC and AC

2.1.4 BET ® & 5 #

K BET X 43 MAC Fil AC L 3R 1 R J
LB S5 haR 1AL R B S, MAC L3R
A AC Y LR T AUIR, HALAE AR 37. 9% , LR M
FHREAR 53.76% ,FL4% H1 2. 75 nm 3K K 2. 83 nm,
ST IR RAE T B E TG PE i R ALY Fe, O,
o0 Pk o 2 T, DT U2 3 M A Y bE 3R TR A
MAC il & i B2 v, B A - = b 6 il 1R 4 B Ik
Fe,0, A%, A Fe,0, M7 1E 53 MAC L B35 %,
M REAR MAC FLZ .

%1 MACH AC FLBES#
Table 1 Textural parameters of MAC and AC

. L F i/ L& Lz
EEELES 2 -1 3 -1 -
(m” - g™") (em” +g7") nm

AC 886.72 0.58 2.75
MAC 410. 03 0.36 2.83

2.2 MAC 37K B 9 W% Bt 14 BE #F 5%

2.2.1 R E MAC 3% 3 3t o8 B3R Bz 64 % "h
ZRINE R 0.1 ~0.5 g MAC Xt b& vk i H

200 mg - L' A9 ZE BB 1 h JE O RCR, W& 4 B

o HIEA] AL, BEE MAC 4 389 0, 26 e W% [ % i
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BT I M Ak 3% T HL 00 5 B A MAC B o Y B
i, S HL PR MAC 5 BB 12 A7 78 19 25 B2 1] 1Y)
i FL A 0, DA T it v O 1 R %

100 - 91.26

88.12

83.73
80

60

TR 25/%

40

20

0

0.1 0.2 03 0.4 0.5
MACH /g

4 MAC AT 4 B 2 1 B
Fig. 4 Effect of MAC dosage on adsorption capacity of aniline

2.2.2 REKBRES MAC B M E K6 %

— 2 I B AT B AR o T R G2 B, b g AR
P R N AR RE IR, B S R T ORI E T
MAC X 9] 4 e JBE O 200 mg + L™ (2 e W i 1 b B
(52 o FH AT 0 Bt o T A T i, MAC X 2K i
F14) W o6 238 32 W 16 K, X UL BE T = 45 C B, MAC X 2R
Jhie 1 W B 32 48 28 93. 89% 5 fE Il B Dy 45 ~ 55 C |,
MAC X 28 i 14 W% B 32 38 K A X 22148, o 93.89% ~
94.01% . Sy AT A T, 8 B AR, B 2 1 11
Pz sh A%, 5 MAC Rl 1 A9 JL RN, B 25 R
[ TH s, AR 43 19 TR BRBE RS i, 5 MAC ) flf 4 JL
SN, DR 0 B SR R (E — i S A A A
FER
2.2.3 ik pH AT MAC WB R 3K i 09 % vl

MAC X 28 iz it W B 5 v W pH (A DG . 181 6 I
BT AN[E pH {E T, MAC 1% B %) 46 ¥k B2 2y 200 myg -
LRI 1 h B84k 24 pH R A2 0T A e R B 2R
B4, 756 ) i, 3% k5% X A e o B e KOl I
A, ZERRPE S E T, MAC X 55 iz 178 W5 B 20 SR B 38
Rl pH (E 2 2 BF, R e B % 0l 36 95.31% . 43
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Fig. 5 Effect of temperature on adsorption of aniline
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PR B, T R R R T A BV T WA 4 B R 33
BILfl Fe'* +e = Fe* &4l TR 5%, I Pk i K 1
RSP ISR 5 9 W P pHL 30 S S R R 1 v R
AR MAC 0 fif R 04 5 B =2 1) (9 e
Yo (HBEE 7 pH {5 19 T8 , MAC 1 Fe,0, i
T 1T ) 1 R 9 WA, L e = T Y S N
AL D55 DR T 0 55 X e e R R
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Fig. 6 Effect of pH value of solution on adsorption of aniline

2.2.4 RF) A A MAC 2R H3E Be 69 % R

MAC 5 28 iz 1 W T B W 66 Bt (1) 17 22 4k o X B
4341 0.5 ¢ MAC 5 AC WZ[fl 100 mL 4] 4 ¥ & >4 200
mg « L™ 2R 78 pH hy 2 TR N 40 C R W B
fz Bl R A2k . Wi 7 Fros , MAC 5 AC W Jff 2% %
i B ] 7 22 A i A A — B, BAT — B Z) MAC YK
FE K F AC, HT 30 min 3K, 1 h B 535 35
5] 92.11% 1 66. 02% , 2 J5 #a T 22 ; % [ft 180 min
Jo . R MV WROBT Ok B E T OF i, MR R Gk
97.61% , I, 15 W e e FE AL Ky 4.79 mg - L7,
R FHEBOAR#E (5.0 mg « L") o 4387 5 48, 1
AH )R AP 355 A i W% B 248 B e 1 S K, A5 Bl 344
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{1 P T 5 24 0 ) A 48 E R 6 9 5 R 5 o AR I ) T
BAF A 5 15 MAC W B 2 1% e 1 AC R D il Ak 0 19
Tl L 3285057 ) Bt MAC 5 6 g 1 i e W 51, 42 785
IR Ik Wi Y RE A o
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Fig. 7 Adsorption kinetics of two kinds of activated

carbon adsorption of aniline

2.2.5 MAC &4 dp oy i MR8 A7
7% 5% MAC v i Ak 9y 7 8 il b 2L A v 9 39
HYIF B0, BRI 0 9 BE O 200 mg - LA R VR T
(pH =4.7) FE/K i JE N 40 C I, 5% A 5T R4k
Sr ot Rk A I W ff 60 120 A1 180 min J& Y
EROR R TR AR R 2, R 2 AT, TR
Bf 180 min Ji5 , Bki th {4 0. 016 9 mg - ¢, K H]
A BN AL B A 27 R
IR
x2 BMEERFHKEHE
Table 2 Dissolubility of iron in the

process of adsorption

W B T/ min PR EL/ (mg - g ")
60 0.002 3
120 0.004 8
180 0.016 9

2.3 WRB MR fE AT
2.3.1 MAC ¢ 3K e o B AL

TE MAC W BfF 4 g (9 aok B oy - €800 0 S B
YER R BN &, - 8 2 3% 1 % % A AL
15 QY N ) AKX B B — R AE TR T ORI M
IRFEHAS)ZN m B FA VLS YRR B
H HH 20 KA P& S 307 R GBI, 36 M e 3R T
AEZEPH C=C PR « 70 =
KR AL . MAC I % Jx R T R Hk—COOH #1192
F—OH B K £ , R F—COOH FIH; 23 —OH 43

9T A R M v R e —NH, Gl USSR
TR K FRIR I R BRASCR

H
|
HZN\ e e I}]"'H*O*MAC
HO—MAC~+ O = | n
= S H 0
| I
0 HN. - o N H0—CMAC
H—C—MAC+\[\/j = Q/H
o .

B8 P R AR RS R R AR
Fig. 8 Hydrogen bonding interaction of hydroxyl

and carboxyl to aniline

2.3.2 RS F A

SRR AT MAC TR Bt e 1) #8 ) 2F 2 40, R 4

Langmuir J7 72 #1377 0 7 B, 4075 7 B2
q Al CAS

In+ =

c. TR TR (3)

K 1q N MAC IR M it mg - g 7' 5 €, bl i
VR e T i e B, mg - LT AH R IR BREASLT -
mol "' 5 AS W AR LT - mol T R Ay BHAR SR H %L,
8.314 ]+ (K- mol) ;T MiEE K,

A 7 FE (3) b 3HAS [W] 385k B2 WA 6 4 i 11%) 52 3 %K
i, I LA (In(g/C))-(I/T)ER L 18K In(g/C,) =
- 4557.8/T +15.072,R = 0.987 2, H HL& Al %5
- AH/R™ B A AS/R, 4y B3t 1 MAC 1E
298.15 ~318. 15 K [HE N AH Fl AS, 25 R W43,
Y8 3 AT Bl IR T, AG BB, R AR
M HEAT ; M58 AH <20 kJ - mol "' i}, J& Ty
WE s 24 80 kJ - mol ™' < AH <400 kJ - mol '}, J&
FAb 2 g B0 1 AH = 37.89 kJ - mol ™', & B
MAC XJ 24 i 1) W BFF B A 4 2 Wi B S A A 2 W Rf
X5 MAC 4y $HU0g B S = 00 L B 45 44 43 A7 R Ak 2 2R
F R EE BE B 43 T — 2, I 5 OR T W B S g 46
WG o

®3 BAFESY
Table 3 Thermodynamic parameter
/K AH/ AG/ AS/
(kJ-mol™") (K -mol™")  (J- (K- mol)"!
303. 15 37.89 -0.312 4 125.3
308. 15 37.89 -0.802 6 125.3
313.15 37.89 -1.2470 125.3
318.15 37.89 -1.947 6 125.3
2.3.3 RWHFEA

MG Lagergren J5 #2 (#E — W [ 3 ) % U5
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