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Table 1 Ultimate and proximate analysis of raw material

JCE ST HT% LAk 53 #71%
C H O N S M A V FC
MFF 43.38 6.35 37.20 1.87 0.25 6.47 11.20 71.03 11.30
HITAE 61.04 6.35 21.88 7.87 2.86 3.47 73.67 18.89 3.97
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Table 2 Oil shale char heavy metal content

HERMIE M/ mg kg I FEARE(—H ) /mg kg™

JR

#t(Pb) 6.88 <35
#B(Cd) 0.09 <0.2
i (As) 14.36 <15
K (Hg) 0.01 <0.15
i (Cu) 37.96 <35
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Fig.1 Schematic diagram of biochar preparation device
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Table 3 The physicochemical characteristics of biochar

A i oH MSR RmA LR
% ws/em m’/g cmY/g
08500 88.36 8.87 620 2.23 0.00 112
0S600 85.44 9.04 713 4.85 0.009 23
08700 81.09 9.36 688 13.65 0.038 94
CS500 3392  10.38 4340 5.11 0.051 19
CS600 31.66 11.25 5018 20.39 0.196 30
CS700 29.10  11.06 5370 8.78 0.105 43
0S-CS500 51.16  10.17 785 4421 0.013 58
0S-CS600  46.68  11.15 850 64.44 0.040 19
0S-CS700 4549 11.69 1033 114.24 0.082 32
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693 1.87 668 062 032 121 1299 7344
738 088 655 007 0.4 132 1350 7276
479 171 653 203 043 856 3325 4325
454 094 657 184 025 806 37.14 4414
439 089 618 153 024 828 4016 39.16
HL, MO A R AR LA S5 AS 2] T
R

2.12 SEM %

Kl 2 AR FE AP i SEM K], AL 2 7T L)
B R R AP S B AN R TR A FIFLBR 25 4
CS700 HIFLERZE B &, LN TR &Y 7F 0S-
CS700 H, HULTA B ZLEE UKL & TR A R i R
TR AE ) i LB, (IR S PR aS FE 43
Tt AR TG MBERRER W b, LA 2(c)~
(e) FT AR I, Wl 2 PRA L T e, i U el v AR
W 2 TRDRELRS B2 189 0, FLIRUR B &2
2.1.3  FT-IR 43t

& 3 N AR WA FT-IR 3%, A 3 Af
PIFE H . M T €S700,0S-CS H)-CH, Ik 3l %
(1438 em™)F1 A1-0 PR35 (777 cm™) B I 1455

.3,



2024,42(1)

(a)0S700 (b)CS700 (¢)0S-CS700 (d)0S-CS600 (e)0S-CS500
2 &EWIH SEM
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Fig.4 Effect of OS,CS and OS—CS on phosphate adsorption

capacity under different pyrolysis temperature preparation
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Fedh k, qe R? k,

0S700 0.4029 1.830 0.974 0.2677

CS700 0.128 5 2.403 0.960 0.140 6
0S-CS700 0.481 8 5.897 0.982 0.068 3
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Fig.9 Adsorption isotherms curve of phosphate onto 0S700,
CS700 and 0OS-CS700
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Table 5 Adsorption isotherm parameters of phosphate onto

05700, CS700 and OS-CS700

oy Langmuir %, B ALY Freundlich M B 744
" Q/mg-g” ki R kg ln R
0S700 4.033 0.0079 0.960 0.214 0.493 0.949
CS700 7.094 0.0790 0.948 0461 0429 0915
0S-CS700 15.88 0.0213 0.987 1.247 0455 0.931
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Phosphate adsorption characteristics of oil shale modified biochar
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Abstract: This study aims to address the challenges of phosphorus recovery and solid waste

treatment by preparing biochar composites(OS—CS) using a co—pyrolysis method with cotton straw

stalk and oil shale as raw materials. The physicochemical properties of the biochar were analyzed

using SEM -EDS, BET and FT -IR tests. The influence of pyrolysis temperature, adsorbent

dosage, and solution pH on phosphate adsorption was investigated, and both the adsorption

kinetics and isotherm models were studied. The results indicated that the structural properties and

surface morphology of the biochar were significantly enhanced through oil shale modification,

leading to a notable improvement in phosphate adsorption capacity. At an injection level of 4.0 g/L

and pH5.0, the maximum adsorption capacity reached 7.01 mg/g, which was 2.47 times higher than

that of cotton straw biochar and 3.52 times higher than that of oil shale char. The adsorption

process followed the proposed secondary kinetics and Langmuir isothermal adsorption model, and

the mechanisms involved surface precipitation, ligand exchange, and electrostatic attraction. This

approach of oil shale modified biochar composites provides a novel strategy for both phosphorus

removal and solid waste resource utilization.

Keywords: biochar; modification; oil shale; phosphate; adsorption



