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Abstract: [Objective] This study investigates the influence of pyrolysis temperature and calcium-iron (Ca/Fe)
modification on the pore structure of biochar and its phosphate adsorption performance, aiming to provide
reference for the application of modified biochar in the field of water treatment. [Method] Biochars and
Ca/Fe-modified biochars were synthesised at 300, 500, and 700 °C, and characterised using scanning electron

microscopy (SEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR) to investigate
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their microstructure and surface chemistry. Batch adsorption experiments were conducted to evaluate the effects
of pyrolysis temperature, dosage, solution pH, and co-existing ions on phosphate removal. Furthermore,
adsorption mechanisms were elucidated using isotherm and kinetic models. [Result] With increasing pyrolysis
temperature, the pore structure of biochar developed progressively. Notably, Ca/Fe-modified biochar produced
at 700 °C exhibited a highly ordered porous architecture and enlarged specific surface area, achieving a maximum
phosphate adsorption capacity of 890.836 mg-g ' and a removal efficiency of 90.32%. Adsorption isotherms
fitted the Sips model, while kinetic data followed the pseudo-second-order model, indicating chemisorption as
the dominant mechanism. XRD analysis confirmed the formation of Ca(OH), at high temperature, which
contributed to enhanced phosphate fixation. Adsorption performance was influenced by pH, dosage, and co-
existing ions; alkaline conditions and optimised dosage improved phosphate removal, whereas competing
anions such as NO; and SOi‘ inhibited the adsorption process. [Conclusion] Tuning pyrolysis temperature
and Ca/Fe modification significantly enhances the pore architecture and adsorption performance of biochar,
offering an efficient material for phosphate removal from aqueous environments. [Ch, 5 fig. 4 tab. 32 ref.]

Key words: biochar; phosphate adsorption; pyrolysis temperature; Ca/Fe modification; adsorption mechanism;

water pollution treatment
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Table 1 Elemental composition, specific surface area, and pore size analysis of biochar before and after modification

TLR BT 2 /%
AW R T/ (m? g ™) F-HFLAE/mm
C o Ca Fe

CSB-300 68.33+1.12 ¢ 23.55£1.60 b 0 0 2.87+0.06 ¢ 5.49+0.07 b
Ca/Fe-CSB-300 60.89+1.56 d 30.63+0.60 a 2.59+0.21 ¢ 1.20+0.05 ¢ 5.54+0.25 ¢ 8.22+0.87 a
CSB-500 80.44+2.50 b 12.75+1.54 ¢ 0 0 31.27+£3.85d 2.55+0.77 d
Ca/Fe-CSB-500 61.41£1.40d 13.29+2.66 ¢ 6.40+0.21 b 5.57+0.39 a 81.80+£2.13 ¢ 3.61+0.10 ¢
CSB-700 85.0242.64 a 8.66+1.39d 0 0 192.5844.34 b 2.27+0.13d
Ca/Fe-CSB-700 55.15+2.06 ¢ 32.80+2.90 a 6.67+0.18 a 4.98+0.44 b 218.94+3.04 a 2.95+0.24 cd

B ARIF/INE S RERIR ] —FEFR AN R Ak R[] 22 53 1235 (P<<0.05).

XRD 73045 5 (K 1B) 7 . Ca/Fe BUMEA= Wy i A 4146 1) Ca(OH), AbAH , X8 A B TE B34 T
HRANES T A5 5 . Ca/Fe-CSB-700 R HL AR AYZE b, T E R TCETEMESE M, 1M S AR W 5 hnf
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Figure 1 SEM images (A), XRD patterns (B), and FTIR spectra (C) of raw and modified biochar at different pyrolysis temperatures
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Figure 2 Phosphate removal efficiency at different pyrolysis temperatures (A) and dosage (B)
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Figure 3 Adsorption kinetics and isotherm model fitting of CSB-700 (A —D) and Ca/Fe-CSB-700 (E—H)
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&2 CSB-700 # Ca/Fe-CSB-700 B Bi Zh 1 ZF & S
Table 2 Adsorption kinetic fitting parameters of CSB-700 and Ca/Fe-CSB-700

HE— B2 i e WEZ 2B 127 T e
AW ¢
n/(mg-g™) ky/min™ R dw/(mg- g™) ky/(g-mg™ - min™) R
CSB-700 95.44 0.01 0.90 102.43 0.00 0.93
Ca/Fe-CSB-700 871.87 0.02 0.91 917.39 0.05 0.96
&3 (CSB-700 #0 Ca/Fe-CSB-700 H %R MEEI & S5
Table 3  Adsorption kinetic fitting parameters of CSB-700 and Ca/Fe-CSB-700
Langmuirf 7 Freundlich#& %) SipstE Al
ER)va T(K) 1-1n,
: ( qm/—l KL/—I s KF/f:ngl n 1/n R qm/—l K -1 n R
(mg-g) (L-g) gL (mg-g) (L-mg)
288 152.91 0.08 0.92 19.15 0.50 0.96 143.41 0.01 0.55 0.95
CSB-700 298 166.39 0.02 0.93 1.88 1.15 0.93 189.81 0.02 1.41 0.92
308 298.51 0.02 0.97 6.60 0.82 0.97 199.14 0.01 1.01 0.96
288 324.13 0.07 0.90 38.16 0.75 0.96 828.39 0.07 2.65 0.98
Ca/Fe-CSB-700 298 585.82 0.04 0.92 34.99 0.79 0.98 890.84 0.06 2.21 0.99
308 232.78 0.11 0.91 46.76 0.72 0.96 900.71 0.07 2.38 0.98
R 4R : 5 CSB-700 #H tb , Ca/Fe-CSB- % 4 CalFe-CSB-700 HIR M 258
700 Tﬂ_:‘ 298 K B?J‘ E/‘JEP@TT%L'@ (Ke) }J\ 3.23 L-mol ?XEI%;I%J— Table 4 Thermodynamic parameters for Ca/Fe-CSB-700
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FERIRR T(K) . " » g
i%ﬁﬁﬁ El EE ab (AGO) B/‘J F&{EE (—6.35~6.98 kJ'mOlil) (L-mol™") (kJ-mol ") (kJ-mol ") (J: mol "+ K™)
288 3.09 -2.70
s R R A R M. BUNE R (AH=1.59
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