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Investigation of the Ammonia Nitrogen Adsorption Properties of co-Pyrolysis Biochar Derived from Cotton Stalk and Oil
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(Xinjiang Key Laboratory of Coal Clean Conversion & Chemical Engineering Process, College of Chemical Engineering, Xinjiang
University , Urumqi 830046, China)

Abstract ;: By utilizing cotton stalk (CS) and oil shale (OS) as raw materials, co-pyrolysis biochar was prepared by co-pyrolysis,
followed by an investigation into its ammonia nitrogen. Various factors such as pyrolysis time,CS and OS ratio, pyrolysis tempera-
ture ,and CS particle size were examined to optimize the adsorption capacity of the co-pyrolysis biochar for ammonia nitrogen. Ad-
ditionally, the adsorption kinetics and adsorption isotherm models were also analyzed.The results revealed a significant enhance-
ment in the structural and surface morphology of co-pyrolysis biochar derived from cotton stalks and oil shale, thereby increasing
its adsorption capacity for ammonia nitrogen.The optimal preparation conditions included a pyrolysis temperature of 500 C ,a mass
ratio of cotton stalk to oil shale of 3:1,pyrolysis time of 30 min,and a CS particle size of 0. 20~0. 30 mm.Under the conditions of
10. 0 g/L adsorbent dosage and pH 9.0, the adsorption capacity of the biochar prepared under the optimal conditions reached
4. 89 mg/g,which was 2.2 times higher than that of cotton stalk biochar.The adsorption process followed pseudo-second-order ki-
netics and Langmuir isotherm adsorption model.The primary mechanism involved in the adsorption process were ion exchange,e-
lectrostatic adsorption,and complexation.
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Fig.1 Schematic diagram of biochar preparation device

1.3 AEWmryRAE

HHE GB/T 212—2008 ( B i Tl 43 ¥ 7
Py IR S R A ) K e R S R
FRLAEIR L 1:15(g/g) IRA, T H pH 11 ;
W AYITCER S HALHEAT TR 538, Aon R it
PVl It SEM-EDS W< i 5 343
BroCZE A, A i 4 A B A5 4 2 000 £
i FT-IR WA W 0k 19 B e A 45 49 2R A7 43T
fdiFH KBr JE i, BE 5L AT KBr FLfil R 1:200, 7E4T
AN R B VR AT T8 A0 BB 1 H Y L 4000 ~
400 cm™'
1.4 AR S

Wk ZE L S E S 0.1 mol/L NaOH
1%, 0. 1 mol/L HCl ¥AE I = pH 2~12 3£ 11 4>
FREE K4 0.06 ¢ FES A F] 10 mL 1Y LRI
o RS 25 ClERIR G de R 24 h, &
AN pHe , 3B Fc 2 pHe A1 UG pH EAE R,
732 pH
1.5 AWML

SR E B 0. 10 g FePg A= My B T
HETEHL P, A 10 mL ( 100 mg/L) NH,Cl % &
(pH 9) , it ATH R FE K Th7E 25 °C T H IR %
24 h, B H 0. 25 wm JEARER L5, 2 BUK R
AYVEERE B (HI 536—2009 ) S il s 44 &Y .

TR ZE pH 3~ 10, 4 AT pH X B 52 56 1)
A
TEAS[R] (1 W B BF ] (5,15,30,60, 120,240 ,
480,960 F1 1 440 min ) B, I 22 A= 9 e X 2 A
W R, S A R B Bl 2. 3h D1 e A R
— (1)) FE= G (2 (2) ) Wbt 2l Iy 2 A5 Y
X SRR TS
4, = q.(1 -exp™') (1)
g, = (kyql)/ (1 +q,t) (2)
g, Bl g, 53 ¢ B 20 K B O G071 0 R0 I
me/gsky Ay 22 h G = SR8
MU NH,Cl % R B2 (10,25.,50,100
200 F1 300 mg/L) M 5E T W B AR 4 W IH A5 IR
LRI R A Langmuir (2 (3) ) 1 Freundlich ( =
(4)) RS R AT LA
0. = (KQge,)/(1+Ke,) (3)
0. = K" 4
Qo MKW, mg/g; K H1 K, 7334124 Langmuir Fl
Freundlich S A9 6 2505 n 4 Freundlich BURINE MR S5,

2 #R5iTe
2.1 EVRREES T

21 PRI R 500 °C .CS Kifeh 0. 20 ~
0. 30 mm FIFASE T[] & 30 min T FIF ) 45 4= 4 o
1773 pH fH . JTZH (C . H .0 \N.S) & &t Fl K 7355
AT, FTLLVE H,BEE OS Fb % i 4
1o, RIS LR W e R 77 SRR R 43 B B G v S R T
0S & Sio, Flg & S8, 1CS00S
() pH 10. 32, Ffi OS H M3 i34 K, pH {EL %
FAA [ 2 B pH 8. 94, EWIRIICE (C H,
O.N.S) Freth KA B, C M HICE S
& OS IS i FEfk, H/C A O/C Bl OS
SRy Il oAy =k

R AEYRIEARBER"

Tab.1 Basic physicochemical properties of biochar

IEWBRER ER/%  pHE P % TS/ % it

c H N S H/C 0/cC
1€S008 33.92 10.32 66.11 2.25 18. 13 0.67 0.45 11.84 0.41 0.21
4CS108 44.53 10.21 49.38 1.89 27.91 0.97 0.46 40. 96 0.45 0. 44
3CS108 48.87 9.87  42.99 1.85 30. 11 0.95 0.46 43.96 0.51 0.52
2CS108 51.22 9.35 33.06 1.31 27.36 0.96 0.45 57.38 0.47 0.62
1CS108 57.53 9.21 24.74 1.09 24. 54 0.9 0.47 64.78 0.52 0.74
1€8208 69. 52 9.02 17. 44 0.80 17.67 0.82 0.51 68. 02 0.55 0.75
0CS108 88.36 8.94 8. 66 1.09 15.22 4.07 0.48 70. 52 1.51 1.31
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Fig.8 Adsorption kinetic curve of ammonia nitrogen

adsorption onto 1CSO0S and 3CS10S
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Tab.2 Adsorption kinetic parameters of ammonia nitrogen
onto 1CSOOS and 3CS10S
We— 943 1 A L Sy
ky qe R? q. ky R?

1CS00S 0.006  2.289 0. 995 2.584 0.003 0. 999
3CS10S 0.007 4.477 0.979 4.933 0. 023 0. 995
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Fig.9 Adsorption isotherms curve of ammonia nitrogen

onto 1CSO00S and 3CS10S
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Tab.3 Adsorption isotherm parameters of ammonia nitrogen
onto 1CSO00S and 3CS10S
Langmuir W% fiHEE Freundlich W Bt

Qo K R K; /n R?
1CS00S 3.283  0.029 0.936 0.514 0.323  0.944
3CS10S 6.881 0.017 0.978 0.442 0.465 0.895
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Fig.10 Mechanism of ammonia nitrogen adsorption
by 3CS10S
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