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Preparation of biochars from biogas residue and adsorption of ammonia-nitrogen
in biogas slurry
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Abstract: Five types of biochars were prepared through chemical activation utilizing fermentation residue from
biogas plants. NaOH, KOH, H,SO, H3;PO4 and ZnCl, were used as chemical activating agents. Biochars could
absorb ammonia-nitrogen in biogas slurry. Biochar derived from KOH treatment (KOH-CC) showed better
adsorption efficiency than the others. The adsorption process followed pseudo-second-order kinetics, and the
adsorption isotherm could be fitted to Langmuir equation. Simulation test indicated that the maximum adsorption
capacity could reach 120 mg * g '. The properties of KOH-CC were characterized by BET, SEM, XRD and FTIR.

The machanism of ammonia-nitrogen adsorption was discussed.

Key words: methane;biogas residue; biochar; adsorption; ammonia-nitrogen; sorbent

5 = BRI FRI R 5 BRI e R 0%
BRI 2 AR L.
B R Gt USRS A BRI PR MR IR AR, %

FAEH 10%~20%!", BWRE AT RS, BHORBOK P E A EmEAR R, RS
BRAE R Z RSN TR BREBLEEN. . BT CHRE TR E R 5 IR A

2013-12-31 Y EIHTRF, 2014-01-19 W EME R Received date: 2013-12-31.
BREREAN: FEM. B—FE&: AHE (1990—), J5, WL, Corresponding author: Prof. LI Qingbiao, kelgb@xmu.edu.cn
ESWE. EZE MR R RIBE (2013CB733505). Foundation item: supported by the National Basic Research Program

of China(2013CB733505).



5

WG IR A A B R B VE B R

* 1857 -

RIBIFER RRIRGETE . BEE. BIBEL. &Y
TERR B . IR A R A IRRERE. SR sE
PR, AR BRI R AR B s W B AN i 2R 25 1)
B, BRI TR PR

AR RS RSRIE E R, SFEURET
HEE. K A& BEEAR. FaEpBR, &
B, R BB, BEERP, R
EVAVE HAEAH SRS KR, VEE B
R Ry E RS TR U= € 7/L5c DN N L N e LSS N (i ]
fa B R B TV SRR, R H R
FIFTEE R CEPIR) BRI E. FAE 20 4
90 4EAX, Namasivayam 2510 S4380F FH 73 i 1 4%
BB TR, A R B T ISR AT ER PR AN
WYEESE. BT AN EEREAR, W ENI
J B e DL A R FE . AR 5T DA R 5 Rl Oy R
R I AE PR W B A I FE, IR T AR Ak
H5 K I RN, A A R 2 T P ARIE A (1
B, HIEEYIRIITEE L kL &
VAL . AR RVE, AR R RS TEIE, 5
BAE, AR TEMRIARERI LR, ZHl%
AR I i T A AN S IR e
A 2GRS A AR SR, SR 5 R L 7% B mriR o
S R TR, AR AR o Sun PR
Rozada 2541 5% A 23 il 46 T AR 0 o A8 RO B T
DA 3 & 7 A AR S g AT B QI (B S
B HF] o

AR, REASR TR &R, hE
TR VE IR BT ) . R KR TR
B AR A B b B, A ARSI B IR B T
TR DAL, ASTUAAEY M G R E iR N 5
Bl RIS & =R YRR AR, IF
BN H TEBR AR, WRTEEE AT E T
e R . AT T AT DLV S AR R Y
—ARAGAL IR, AR B L SR 40 T N AR s AL
225 AR R 53 R 2 2k B B AR KT

1 AR AR ik

1.1 EYREI&E S E

SEI6 BT FH VBV 5 V8 W Sk B RER % T T AR X
(4 3T S TR, Sl B B 04 B,
LS KBEBRTZ )G, £ 105CEETH’T. R
TR, R TR . 5 S Ao 52
. SUEAEN. BERR. EUEIRER. &bEE, B ERR
THERE A BRI EE A 1 g:2.5 ml I TEA TS W,

FE 24 h 5 BIEWER 2 o 5k B I A OB
HRET, AR5 e B il o AU AR AU I
FENPGHEE S 5°C « min™', IR 550°CIRE
Thn#k 1 h, AREEEWE 1 R SRR ENE G
MR s, FHEBE TR, REHET,
WS JE T 0.25 mm MGG 50, KA RIS A7) 2otk 1Y
VR S5 N HS04-CC. NaOH-CC. H;3PO,-CC.
KOH-CC. ZnClL-CC. AKX AL (1) A= %
TN N-CCo JIX Lo W e T o ORAF A5
., BRSO G BT UKAR A

BT ARt B

Fig. 1 Pyrolysis equipment for experiment

1—nitrogen cylinder; 2—rotameter; 3—tube furnace; 4—regulating

transformer; S—temperature controller; 6—recycling offgas
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Fig.2 6 kinds of biochars adsorption for ammonia-nitrogen
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Table 1 Kinetic constants for ammonia-nitrogen adsorption by KOH-CC obtained by different models

Pseudo first order kinetic Pseudo second order kinetic
fo/min™ R q/mg g

0.01474 0.975 88.4

Sorbent  Cy/mg * L g/mg * g’l

ky/g » mg™" « min™! R’

0.00031 0.998

gdmg * ¢!
KOH-CC 100 86 81.7
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Table 2 Langmuir and Freundlich constants for ammonia-nitrogen adsorption by KOH-CC
K Sorbent Langmuir Freundlich
gm/mg * g b/L + mg™ R Kimg * g (Un)lg + L™ R
298 KOH-CC 120 0.0222 0.9856 57.88 0.0983 0.88946
3 BEM KOH-CC Bl ae s
Table 3 Parameters of pore structure for biogas residue and KOH-CC
Sample BET surface area/m” * g_1 Total pore volume/ml * g™ Mesopores volume/ml * g™' Average pore radius/nm
biogas residue 6.39 0.0092 0.14
KOH-CC 229.58 0.20 0.66
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Fig3 SEM images of biogas residue and KOH-CC
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Fig5 FTIR of biogas slurry residual, KOH-CC and KOH-CC
after adsorbing of ammonia-nitrogen
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