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Adsorption Mechanism of Ammonium Nitrogen onto Rice Husk Biochar

Du Yanhong Jiang Enchen Li Zhiyu Zhang Shijun Li Shibo Wang Mingfeng
(College of Materials and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract: The adsorption mechanism of rice husk biochar to ammonium nitrogen was investigated. The
influence of biochar amount, particle size, original concentration and pH value of ammonium nitrogen
solution and shaking time on the adsorption characteristics were explored. The results showed that the
unit adsorption quantities of ammonium nitrogen were increased with the increase of original concentration
and pH value of ammonium nitrogen solution. The adsorption rate reached the highest point within 60 min
and then kept unchanged within 90 min. The adsorption equilibrium of ammonium nitrogen was gained
within 1. 5 h. The maximum adsorption for ammonium nitrogen solutions was 81. 14 mg/kg. Additionally,
the effect of particle size on the adsorption process was significant. High adsorption quantities of
ammonium nitrogen were got with small particle size and the adsorption capacity of rice husk biochar
reached the maximum with particle size of 0. 25 mm. The adsorption mechanism was investigated using
thermodynamic and kinetics analyses. The results indicated that the adsorption behavior of biochar for
ammonium nitrogen was inhomogeneous and it belonged to one of polymolecular layer fitted by Freundlich
model properly. Quasi-dynamic equations were matched well with adsorption process of biochar to
ammonium nitrogen, which included the diffusion in the fluid film, shift inside the grains and surface
adsorption process by physical adsorption.
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X B 30 0% 6 300 g 40 2 T 5 28 0o 1 Ak 3 T Y 2 O
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Fig.1 Preparation device of biochar
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o 15 RS 16 RS 17, B Pl A
1.2.2  fF5e s AR 5 K Tk 43 #r
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7 ALE R S
Feioe mcit 80 H Ui 5 #EAT B R v i, A e
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(2) JERE B B0 e Tll 53 B
K AP A RA SR il 3 A PR /AR 7R ) YX -
GYFX7701 A 4= H ) Tk o0 Hr A 4700 2 . 2 M
GB/T 28731—2012 M 7 A= 4y o JsURE F1 ¢ 19 7K 73 K
A BBy o G T 500°C $ g G 72 pe i Tl 4> #F
W2,
1.2.3 S50 0% B 0e
(1) V5 TR0 46 S5 o e B 6 R B ) 52 i
PRI 0.5 g 2k 80 Hfi iy Fg e 5 6y, 4 il im A
40 mL ) IR BT W 0.5.1.3.5,10 mg/L Y

F1 BEREAER
Tab.1 Physicochemical properties of RHC500

IERER,  WELER, SR E R/ L/ LER, AR CEC/ Bl %
W H
A= W) B (m?-g) (m?eg!) (m?-g1) am (em*g™")  (em’-g ") pH {H (cmol-kg™") (mg-g~")
RHC500 8.5156 3.1451 5.3705 21.756 5 0. 020 744 0.001 672 9.3 25.9 64.22

{1 : RHC500 71 500°C #4fif G 7 <
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(b) RHC500
P2 R 5T MR 7 i e B 18
Fig.2 SEM images of RH and RHC500
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Tab.2 Industry analysis of rice husk and rice

husk biochar %

oK K4y K5y BRI 2 o ik
RH 10.76 11.55 63.94 13.75
RHC500 4.17 30. 69 14. 30 50. 84

E RH FIR 5%

NH, -N W b, P8 8 90 46 pH H o 6.5, 78 25C |
150 v/min Z5AF FAE AR 2 h, BOE B, B0 0
E, 10 mL 8 60R B W bE 320038 N, -N i
B

(2) T 5 i FH £ X6 W2 B 19 5% i)

Sy FREL0.1.,0.3.0.6.1.0.1.5 ¢ 1 80 HIfAY
Fse s, & T 50 mL R 24 & 04, A 40 mL
5 mg/L Y NH,"-N 78, W06 pH BN 6.5, K Fir A i 0
BETHEBIRGHL L, E 25C 150 v/min 504 F R
2 h, B0 GBS TSN O R HIE RR E

(3) W IR pH R I B 9 52 0

PRI 0.5 g ik 80 H i i A5 7¢ 7 , A 40 mL Jig
AR DY S mg/L Y NH,-N 3, T ER R F 2 A AL
PRV R VWD 46 pH (2 2.6.4.8 .6.0.7.0,
8.0.10.0.11.0,7F 25°C 150 r/min 251 FEIRE IR %
2 h, 0 GRS SR A 0 o' 0 B I v R B

(4) T 76 1 FIURERL A Xof W BT 114 5% i)

FRI 0.5 g FFFE /¢, A 40 mL 5 mg/L ) NH, -N
VW, W0 R pH N 6.5, Rl 58 mORLAE 23 0 R 0 ~
0.075 mm,0.075 ~ 0.15 mm,0.15 ~ 0.18 mm,
0.18 ~ 0.25 mm, 0.25 ~ 0.38 mm, K F % F
0.38 mm, 7E 25°C 150 v/min 5&{F F¥R7% 2 h, i B
o EO I, DO AT I

(5) 4 32 Mk 1] 06T W% Bh 1) 52 Wi

PRI 0.5 ¢ 1 80 H i 19 A 7¢ 5, il A 40 mL
5 mg/L fY NH, -N %, %) i pH fH R 6.5, 4k 3% i)
[8] 43514 5 .10 .20 40 .60 .90 ,120 min , 7 25°C 150 1/ min
FAF TR JE B Bk uE, B AT I
1.2.4 gy i

PRI 80 HIi 4 0.5 ¢ 5k T 50 mL 3 L5

LE A 40 mL NH,-N BT &k B2 3 mg/L Al
5 mg/L i) NH,"-N ( TS84k B e i) ¥ W, 2 iR T ¥
% IR % IR 43 58 5 .10 .20 . 40 .60 .90 120 min, i
HECH, BT 25C . AL 3 000 r/min B0 10 min, 53
U8 10 mL 8 9 SR #E 3 HE 60k 04l NH, -N 5t
WA . TR BN [F A A NH,-N W B AT 3
F12E53NT, T E— % E — W% FfEASE R Elovich 3l )
507 FEFUBORL N Y BIOT FE AT IS .
1.2.5  NH,-N M5y ik —— W i e gk

FHHS WA 7% IO B ~F- 5 75 9 10 mL & T 50 mL
(R 28 0 PO A 2 20 mL UK AR B, SR 5 AU A i
0 5] g3 5 YR B SR B VA W 4% S mL, FE A3 FE A
Jo S ORI ZY 1 b 2 B K E A
BRI H55), HE 000 606 B T AE 625 nm 1 )¢
KA NH, -N 57 & 9 5
1.3 #iEahE

W FF - 687 Fof PR 7 BT 6 A 7 A 19 NHT-NI i
AN

0.=97(Co=C) (1)

S I B S5 A ¢ Ak IR BT NH,-N

i, mg/ ke
C,——NH," -N ¥ W 990 I it ik 2, mg/ L.
C,—— W B ~F i J5 NH,-N 3 B0 it &

B me/L

VWl B - 1 VA A R AR L
M——RE5e IR Ui, g

W B 45 T R AU Ly

KX q,

Freundlich % % q, = kaP’L’ (2)
Langmuir 5 %) g= ! +Ce (3)
9. KO, @

Temkin & %I q, = BlnA + BInC, (4)
A b —— W, AU R R I &, me/kg

n—55 W B 55 J3E AT OC 1 45 4K

Qo —W B JBT BRL 43 1 )23 WS BRF IR e I A
mg/kg

K—— A W% B 35 T 5t 55 1) o 5, 5 % Ff
4K, L/mg

A—>F- 18 W8 B 5 K, L/ mg

B—— 5 0 A A 5 8
W — O
dg/di =k, (q, —q,) (5)
AP g, ——1 I 2 B mg/ ke
Iy ——— 1l — SR 23 4, i
%2 (4) HEAT B 5
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q,=q. -qe " (6)
T = 2% B A5 Y
t/q,=1/(kyq>) +1/q, (7)
bk, G AR B - i W B 3R
kg/(mg-min)

Elovich 3y J1 % )7 &
q,=(1/B8;)In(a,B;) + (1/8;)Int (8)

X WG W B 25 %, mg/ (kg min)
B FifR R WA i 32 5 B, kg/mg
UL AR O AR

q, =k’ (9)
Ak, —— TR S B R R, me/ (kg min®?)

2 HRE5OMW

2.1 fEx&X NH,-N B9S8R R b4 I R
2.1.1  NH,"-N S50 % B A 200 2 Jo 9k 2
Hi /& 3a A LUFE i, NH,-N 94 4R S5t 9 B 0
FAER e AW Bt AR K. BEE NH, -N %
B0 e R e B A 3 0, AL o R AR SE R 9 NH-N
MR BB AN BT 8, 5 e NHL N9 R0 B o ik 2
Al LA e NH-N A2 R 7 e b i W B, 32 i e
X NH-N A S0 B o W) AR B EER N S me/L
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100 |

50 /

OfF m—=

q,/(mg-kg™

0 2 4 6 8 10
NH, NREKE/(mg L)
(@
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140 |-

q,/(mg-kg™)

20
2
pH{E

©

K, X 5 Freundlich )4 45 R —2(,
2.1.2 NH, -N S5 05 B 6% i B 550 6

& 3b w] LUE X T W) bR B kO
5 mg/L Y NH, -N W, 78 50 7% % NH-N #5247
W Bt 5 B 5 A e i T 1 185 0 52 3 2 369 0 S AR 1Y
B RGP R e A — 8 WY NH,-N
TR B 8 223k B 1 1 0, A R 5 o T R O
L o DR A AN A R st {57 R R 4 32 W AR AT
2.1.3 NH, -N Z535 W% 5ty pH {H

Hi& 3c AT LU, IRYE S0 T, BEE pH ERY
FER L RESE HA NH,-N ity B {5 W 4 2 38 fn )5 B
IC, 72 pH EAARES, H 5 NH, B 38 4 0 BT, H [w]
1 25 R 7 A % T 1) P B AS  R BRYRSOR A G, e o
XF NH-N A AL B 8K ZERD 4G pH E R T 7
I, BT I B i 2R T, K R NH NI R
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FAFR O NH, -N DL AU U8 &, JF B R e A B
AR LU 5 5, B H A T TR T R 2% S A e 4
5, ZWL B A e o 1) TR B A B AN TR, S B b
Y T2 R 1 LR 22 T B, B, FE AR A%
FF W B Y e A W0 B pH (B 6.0,
2.1.4  NH, -N S5 itk W B % i B 50 F0RE R A2

76 ¢ BURLRL A X NH,"-N L7 W B 5 114 52 1
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Fig.3

Isothermal adsorption characteristics of NH,  -N onto RHC
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5, T AR T 45 A W o R AL T 2 R A AL A
KA AN [R]) 1) A= 0 Joi o L 2 i FR 22 S AR K, AT 23 5%
Wi W% RRF 3o 3 R B 2 i fl 181 3d R LU R SE IR
RLAZ BN NH =N 5307 08 B K, 3 02 PR R ok
RIS L 3 T BB A, W R S AT R
BRARTE 0. 12 ~0. 25 mm {5 [ A IF, NH,-N 507 0%
B e e, (ELJE 55 /IR A R 8 A Y R o e 22 S AN
R, IX AT RE 5 R o8 o N R FLIE 45 4 A7 5%, A Fp ik — 20
X L 2 T AR AL T8 2548 2R AT I A
2.1.5 Pz I a] X A 40 5 e W BfE NHL =N (95 1)
HIET 4 a] LU B IR 35 I 18] F9 S 4, A 52 )
XF NH, =N A B A7 0 B AN I8 389 e i DR AN 2
A 20 min PN, F5E 5% NH,"-N {9 0% B B0, 2 )5 %52
NN, feJa A% T A2, 90 min P Ik B 0 -
i o 3k R IR B S e 2 ) T DR R A B B 2 1 T
B B BE AN F- 485 B BEo 0 4 S LW O 3 mg/L AN
5 mg/L ) NH, -N 8 80H , f8 72 = X NH,-N i) £
W i 23550 31.26 81 14 mg/kg, [7] — I %1, A5 7c
Xt S mg/Lfg NH,-N A F- 167 % B 4 50, 00 4 ok
JE WA R T NH,-NFLA7 I8 B A9 5

90 r
80 —=—5mg/L .
0k 3 mg/L
—~ 60}
‘:MD 50
g 40 -/
;“30 L
20
10F
L L L L n )
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Pl 4 HiR 5 B 18] 0 i 7 5 W B NHL -N RS 2 00
Fig. 4 Effect of shaking time on adsorption of
NH," -N onto RHC

2.2 EE&X NH, -N WR B g9 #4 1 A B 43 4
M3 W LUF ), Freundlich J7 72 B AR 4 3 i
i NH, -N FEfE5e ¢ b 0955 il W A7 24, 17 Langmuir
TR XS NH, -N Ay S5 7 W B o #E 40A B 2. 1
Freundlich 7 #2H, R %0 n W 7 Wz BiF 5590 (9 W BRF
AE, — MO, n (BB, W B B 25 5 64T, 2 n AR
1 ~2 S5 Bl A I, R B 45 5 347, 24 n < 0.5 IR
BiFAE O IR HE, 2 3 no= 1690 3, 3% B A ¢ A k)
NH,"-N [0 i Fe 5025 5 i 47 o Freundlich J7 5 0 Fff
R R ST T WS TR f A A A e, (RO, R BA
WP NH,-N 7R RS 7 A b i W B s A bR, 5% 3
k,=6.823, KB NH," -N 7E & 7¢ i 2 17 17 W F 3 32
B o Langmuir 7Y (5 I R 500 08 <5 Je8 5 1 114 W0 o
R B — 1 B3 1 2 W RE, HLA BR Y  F TR] DS A
YR, T Freundlich FE7Y 005 F) W B 257 T £k S (B IS0 WA

FRURS 2 S T Y W B D AR 8 — Y 2 0 1 R R, HL
MR Y £ 2 3 ) S T Y00 G A R A3 T 49 K, 28
B 4 LR I RS A KR T NH, N R B A
& Freundlich #5513t I 354, A 5 ¢ X 7K ¥
NH,' -N 50 Bt Sy A2 — 14 227312 Wt

®3 BERZAX NH-NBHORNZESH

Tab.3 Isothermal parameters for adsorption of
NH, -N onto RHC
2R /T B2 B
0o/ (mg-g~") 133.636 2
Langmuir 25 K 0.099 3
R? 0.3663
k, 6.823
Freundlich 25 n 1.690 3
R? 0.944 8
B 157.9
Temkin 25 A/mg ™! 1.211925
R’ 0.7265

2.3 WBRANBRMASNESH
NH," -N %) 46 o 5 W B2 3 mg/L F1 5 mg/ L,
XF JT I 5 9 107 — 2L HE = G W B AR A | Elovich
J5 FEFNORL N BRGSOy AT IS G AR 3 )
S L NIy E SO PR e d SN
F4 WERI NH-NRMEZHZESH
Tab.4 Kinetic parameters for adsorption of

NH, -N onto RHC

NH; -N
SR R/ 28 EVEE]
(mg-L°")
k, /min "' 0. 000 265
3 q,/(mg-kg™") 7.01
R? 0.8952
e — 2 B A5 ky /min ! 0.014 150
5 q./(mg-kg™") 17.72
R? 0.969 2
ky/(kg-mg™'-min~") 0.000 137
3 q,/(mg-kg™ ) 65.16
R? 0.8612
o R B ky/(kg-mg ™' +min~") 0.000 735
5 q,/(mg-kg™") 84.51
R? 0.9719
a,/(mg-kg ' +min~")  1.30997
3 By/ (kg-mg™') 0.074 6
R? 0.946 5
Elovich 8 )5 ay/(mg-kg ' ~min~') 20.77075
5 By/(kgemg™") 0.070 4
R? 0.824 4
k,/(mg-kg ™ -min %)  2.987
3 R 0.919 1
UKL Py 4 RIS k,/( mg-kg ™' +min ~*%) 8.578
3 R? 0.696 1
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Fig.5 Kinetic equations fitting results for NH,” -N adsorption
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