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Characterization of chitosan, Fe—-Mn—modified rice husk biochar and its Cd** adsorption performance
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(1. College of Agronomy, Shenyang Agricultural University / National Biochar Research Institute /Key Laboratory of Biochar and Soil
Improvement, Ministry of Agriculture and Rural Affairs, Shenyang 110866, China; 2. Shenyang Rural Revitalization and Development
Center, Shenyang 110034, China)

Abstract: To improve the Cd* adsorption capacity of rice husk charcoal. Chitosan, iron nitrate, and potassium permanganate were used to
modify rice husk biochar. Chitosan—modified rice husk biochar (C-BC) and iron—-manganese—modified rice husk biochar (FM=BC) were
prepared, and the basic physical and chemical properties of each rice husk biochar were characterized via specific surface area analysis,

Fourier transform infrared spectroscopy, and X-ray diffraction characterization. Subsequently, kinetic adsorption and isothermal adsorption
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experiments were conducted, and the adsorption amount and removal rate of Cd** by modified biochar were investigated under different pH

and dosing conditions. The results showed that both modification methods reduced the specific surface area and total pore volume of rice
husk carbon. FM-BC was found to contain the characteristic functional groups Mn-0 and Fe-0. In addition, the functional group types of
rice husk charcoal before and after modification were found to have remained unchanged. Both modification methods induced
corresponding crystal structure changes in rice husk carbon. The kinetic adsorption characteristics of Cd* on the two modified carbons were
in accordance with the pseudo—second-order kinetic model. The intra—particle diffusion model was divided into three stages, and the
isothermal adsorption characteristics of Cd** were found to be in accordance with the Langmuir model. The equilibrium adsorption
capacities of C-BC and FM-BC were 25.51 mg-g™" and 16.25 mg- g™, respectively, which were 1.7 times and 1.08 times that of BC(14.97
mg-g™"). Finally, with the increase of solution pH, the adsorption capacity and removal rate of C-BC and FM-BC gradually increased, and
were always higher than those of BC. With increasing dosage, the Cd* removal rate of C—-BC and FM-BC increased gradually, while the
adsorption capacity decreased gradually. Both modifications can improve the Cd* adsorption capacity of rice husk carbon to some extent,
and both are dominated by single-molecule layer chemisorption, and the equilibrium adsorption amount of C-BC was significantly higher
than that of FM=BC. Moderate adjustment of solution pH and dosage can improve the Cd** adsorption effect of modified rice husk carbon.

Keywords : biochar; modification; chitosan; Fe—Mn; adsorption; Cd*
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Figure 1 FTIR diagram of modified rice husk biochar
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Figure 3 Fitting curve of modified rice husk biochar adsorption

kinetic model
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Table 2 Fitting parameters of modified rice husk biochar

adsorption kinetic model

A ESIPIES )
% - g
Adsorption kinetics 2 dpaaicr BC HEHERL
HE— G5 Sy 2 ¢/(mg-g™) 7.009 11332 10.729
Quasi-first-order ki 0.029 0045  0.136
kinetic model
R 0932 0951  0.646
it T DA Eir q/(mg-g™) 7343 11.698  11.131
Quasi-secondary ks 0.006 0007  0.020
kinetic model
R 0982 0969 0913

BC.C—-BC Fll FM-BC ft) Cd** W Ff ik F2 ¥4 7] B i 54 3
AN B B bR ZBR B BE(0~2 h) 18 2 BB B (3~12
h) FI S B B (13~24 h;25~35h) o 7655 1 B,
W 5632 2% p =5 2K A C-BC>BC>FM-BC, % W BE W [t
T 7 W 4 o) i ey, L IR AT RS B T C-BC
FFM-BC 2 [fi [B) e B 22 ¢ &7, 4 HEBH g /), Pl i
o ZE LR Y HE) C-BC A FM-BC [ 4hg&im, 7 5 3

—_
W
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—
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% B+ Adsorption capacity/(mg-g™)
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Figure 4 Fitting diagram of intra—particle diffusion model of

modified rice husk biochar
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Table 3 Fitting parameters of intra—particle diffusion model for

adsorption of modified rice husk biochar

5 H Ttem S parameter BC C-BC  FM-BC
1B ky/(mgeg+min %)  0.643 1.109 0.568
The first stage c/(mg-g™) 0403 1399  5.620
R 0.981 0.975 0.977
20 B ky/(mg-g'+min®®)  0.091 0.020 0.015
The second stage (0. 1) 5000 11365  10.882
R 0.714 0.308 0.509

3B B ky/(mg-g'+min™)  0.0006  0.0150  0.002 3
The third stage c(mg-g™) 7273 10501 11174
R 0.604 0.952 0.881

FE KA RO s 25 A, & AR AN R T RO 2
T R BFe2T 2 2 B B, W o 3 2 o 211Kl BC>C-
BC>FM-BC, iz B B W it o 28 5 A Fir R A1, v e A PR
J5 TR, — 2 ph T [ RO D v 3 22 B AIG, 9 3 .-
BC I FM-BC 2 [fi i) Cd* Btk /b, —JE & Fioe e
T P A 2050 R o6 A S sk /L, W A 4% A e i R THT Y €™
T ) FL B R R CRPASORE P9 47 IO P, FFE A TFL BRI
Fe, KA EEER RS . 5 3 B, 3 kR W B R
B C-BC>FM-BC>BC, Fifi 5 [ VRUAF 7] e JBE 22 11
VE— A BEAR NG RO B A T T T D, A AR AR S B
AT Fr s AR A . 3N BEILA IR
PRI XA 0, 156 B AIURE A it thil 2 Wi B 2ot
R BRI LT . 5 BCAH L, C-BC I FM-BC 1
SR N G R B, 7R A 3 B BE LA Y A
FM-BC 5 C-BC ) N ¥ BURFIE R AHAL, 3 4B B v
C-BC ) k, 15 F FM-BC. URL P4 OB 71 25 50
B C-BC 5 FM-BC X Cd™ WK [ & — A2 % . Z 38
AR

W B 3 7 2 S B v U sl Sy R R R
RO TR R 6% B - b UL 50 SRR 5 R e A 4 e ko
CA> M B o 315 T 78 = A0 A 5 25 SR ARLARL, BRI
TR B I RIS BT AT S T8 e
Tan SE"V% BLIE — 2% 50 1 2E R RUE A Cd> e RRaEpk
e EE W) e R e SR Rk e 1 W Bl O 2 ok R Y e
[ EUNER U AN E TR A ATE Dt 3 UG e
Xif C® 0 I B 5 B S AR v o R A 5 i PR R R
PRI B LS & T A O B T RS R AR Yk, &
BRARAR AU SR CdP AW B A G T 8l ) 24 A R A
SORE PRI e AR, AR TR SRR 78 SR Lk
i CPE A W ekt Cd™ 1 W B 8 g 2R AE 5 AR 5 1 A
PERFSEAE YR KA —B, 20 5 BN A2 e b . A
EL BC, PR e X — e BB b 4 Je T A e i W
CA> IR BN [a], 2 T1 T FE5 AR et Cd> i ff
i, o FM-BC (- i w6 &5 1 C-BC.
2.2.2 WL SERZR

43 ) 2K A Langmuir F1 Freundlich #5 7 XJ 25 15 1
B SEG 25 R BEA TG 5 R S SR 4 PR . B
CA™ W HR Ve FE B3G T, 45 A 76 R Cd™ (0 W B 4t 34
T, e Bt 2 7 A A W B2 - . BC.C-BC
FFM-BC 1)1 i 58 B 405 45 2R R |, Langmuir i R?
(0.880. 0.955. 0.978) #J {& T Freundlich [ (0.831,
0.867.0.919) , R ele M Hij J5 A5 5¢ Sic Cd™ WL B o 7% B A%
4 Langmuir B 8Y o 78 55 76 02 B 5% H , BC.C-BC #1
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FM-BC X Cd™ ) d5e KW B 4t 29 1] 4y 14.97 .25.51 mg -
¢ ' M116.25 mg-g™',

MR B 25 30 2 ASE AR A S AR e R R A [ )
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B — MBI, Langmuir A5 59 2 H I B 5T 76 T il
T ) B 43— J2 Py B B 45 2], Freundlich £ 115 A F
W i 5] A1 25 59 SR 8T B 22 535 T2 W BRSP4
AGRIH, Langmuir A5 GBS B 4 b HUL 55 SR 5 2%
i PR AR ) e o AP R R o SO e SRR
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Figure 5 Fitting curve of isothermal adsorption model of modified

rice husk biochar
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Table 4 Fitting parameters of modified rice husk biochar

isothermal adsorption model

W B 45 g A 7 28

Adsorption isotherms Parameter

BC C-BC  FM-BC

oo/ (mg-g™) 1659 32.21 16.76
KJ/(L-mg")  0.047 0.055 0.118

Langmuir 1554

R 0.880 0955  0.978
Freundlich 157 K; 2.567  4.008 4.388
1/n 0.354  0.439 0.270
R 0.831 0.867  0.919

P 1%) WHARTY

B 2o 2 LS55 IR MR B T
2.2.3 pHXFBUPERTFE A Cd™ W B i) 2 i)

ANT] pH 45 F T A5 s > il i B it 5 25 ok
REERNE 6 T 7n . BC.C-BC M FM-BC X Cd> iy 2=
Wik 5 TR o B VA pH TR fin . 24 pH A 3 3%
JnE) 7 8, Cd* i L BR & 4L R, BC.C-BC FFM-BC [y
22 5 K 4 BN 11.40% . 39.38% F1 37.35% 34 fin 5]
38.40% .77.10% F1 67.63% , W [t 5 73 5] I 2.84.9.84
9.34 mg- g W AN%]9.59.19.27 .16.91 mg-g'. TEMRME
I P4 F , C-BC HI FM-BC f4 25 [ 8 F0 [ B
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4 pH M 8 38 fin £ 9 ik, BC .C-BC A FM-BC 1) 2 B %
I3 9N 42.12% . 83.35% Fil 84.20% 1 i £ 90.81%
91.68% 1 95.54% , W ¥t 12 43 ] A\ 10.52.20.84 .21.05
mg- g I INF] 22.69.22.92 .23.88 mg- ¢!, BC i E HE 1
T 115%. TEfmBEZF T (pH=8) , C-BC 1 FM-BC
1) 2 B 3 R B 2 341 55 F BC, FM—BC [ 25 B3 R Al
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treatments(P<0.05). The same below.

6 EIAR pH &% 14 3 B 7 52 A W 7 Cd™ R BR B 82 )
Figure 6 Effects of different solution pH conditions on the

adsorption of modified rice husk biochar Cd*
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Figure 7 Effects of different dosages on the adsorption of Cd*of

modified rice husk biochar
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