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Radushkevich fBIDLA , PRI A W) ¢ P O 42 il O g AL . 5 SR 22 B - NalLC.Os i b B SR $i o8 T 452 A W e 1) Lo 3R B AR AL
Mi%ﬂ,irbméz\ﬂlujz70%~11o 84% K1 1.42%~123.80% , 12 5 HIF5 Bk (C=C) , H/C B4 1E g 5.56%~29.41% , ] I A% T 544 B RE 1AL
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Effects of NaHCO; pretreatment on the properties and phosphorus adsorption capacity of biochar

MENG Xiangzhi, YUAN Jie, WANG Keqin, HOU Lei"

(College of Ecology and Environment, Southwest Forestry University, Kunming 650224, China)

Abstract: In order to explore the effect of NaHCO; pretreatment on the properties of different types of biochar and its phosphorus (P)
adsorption capacity, the differences in the surface characteristics and pore structures of three types of biochar including straw, shell or
kernel, and other types before and after NaHCOs pretreatment were compared by using elemental analysis, photoelectron spectroscopy, pore
size analysis, and scanning electron microscopy. The mechanisms of biochar properties affecting P adsorption were discussed based on the
adsorption isotherms and related fitting results of Freundlich and Dubinin—Radushkevich models. The results showed that: After NaHCO;
pretreatment, the specific surface area and pore volume of all types of biochar were increased by 2.709%-110.84% and 1.42%-123.80%,
respectively. The aromaticity (C=C) of biochar was increased with H/C increased by 5.56% —29.41%, whereas the contents of polar
functional groups (C—0 and C=0) were decreased with polar index (0+N)/C decreased by 13.18%—46.34%. The release amount of P
from pristine biochar ranged from 78.33 mg - kg™ to 568.33 mg - kg™'. NaHCOjs pretreatment significantly increased the adsorption capacity
of P to all types of biochar, which showed similar affinities with adsorption coefficient of Freundlich, which ranged from 119 mg'™"-L"- kg™
to 254 mg'™+ L'+ kg™'. Furthermore, physical adsorption was the dominant effect based on the fact that all the adsorption—free energy ranged
from 5.85 kJ - mol™ to 7.29 kJ - mol™. The contribution of biochar surface characteristics to P adsorption capacity outweighed that of pore

structure, in which the content of C—O group was the key factor. This study indicated that NaHCO; pretreatment could significantly
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increase P adsorption capacity of biochar through moderately changing its properties and is an alternative pretreatment approach for the

environmental application of biochar.

Keywords: adsorption of phosphorus on biochar; NaHCOs pretreatment; surface characteristic; pore structure; polar functional group
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Table 1 Effects of NaHCO; pre—treatment on the structure and surface characteristics of biochar
NaHCOs Zb#f FAp 1 ) LRSS FR FEFF2E Straw 504% 2 Shell and pit At Other

NaHCOstreatment ~ Physicochemical property Specific indicator SD LW YM XK YK TH MZ MX YMX
b PR e pH 732 988 850 565 999 583 10.13 6.64 347
Before treatment L BET L&AV (m?-g") 101.02 4588  3.59 871.44 1051.45 293.31 15092 592 348
fUAR/(em®-g)  0.046  0.027 0.005 0.413 0439 0.121 0.074 0.005 0.002

AR /mm 181 237 554  1.89 1.67 1.65 197 355 257

TERAL H/C 0.04 007 0.8 002 003 0.04 007 0.14 0.17

(0+N)/C 026 019 054 009 014 013 021 062 027
EQ NNz ST C—C/C=C/% 4244 4646  77.92 4479 4723  61.75 50.10 51.05 53.99
C—H/% 3882 3136  —  30.16  30.63 — 2551 — 2838

C—0/% — — 1323 — — 1645 — 3283 —
C=0/% 1874 2217 885 25.04 2214 2179 2439 1612 17.63

iS: = TR pH 721 784 871 7186 7151 835 937 867 799
After treatment FLEE BET LR Y (m?-g") 109.04 96.57  7.17 895.02 1041.89 44047 19628 572 5.15
R (em’-g")  0.054  0.061  0.009 0419 0432  0.188 0.089 0.004 0.003

LA /mm 197 252 497 187 1.66 170 1.81 267 277

JLHE AR H/C 003 008 017 002 002 005 007 015 0.2

(0+N)/C 018 0.6 043 008 008 009 023 046 030
FIE REM T C—C/C=C/% 61.06 4581 6557 39.74 4642 5267 49.60 7023 59.17

C—H/% 3140 3432 — 3994 3404 3217 3083 — —
C—0/% — — 1821 — — — — 1812 2267
C=0/% 754 19.86 1623 2032 1954  15.16 19.57 11.65 18.16
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NaHCO:4b FR 5 Fb 25 1 AR LA i 25 488 K i) 3 Fh A
Y5 AT SEM 2 4F (K 2 LW, YM, I TH, ) , 45 % iR
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Figure 3 Phosphorus release amount from biochar before NaHCO; pretreatment(a) and adsorption isotherms of

phosphorus on biochar after NaHCOjs pretreatment(b)
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Table 2 Results of adsorption model fitting and parameter calculation

e K Lk Freundlich % Freundlich model Dubinin-Radushkevich % Dubinin-Radushkevich model
Biochar type Raw material R Ki/(mg™- L' kg™) n R Ki/(10™ mol®+J7?) E/(kJ-mol™)

FEFFIE Straw SD 0.997 177423 1.028+0.041 0.984 12.99+0.55 6.20
LW 0.992 12031 1.146+0.081 0.958 14.59+0.88 5.85
YM 0.998 161=13 1.043+0.026 0.988 12.74+0.72 6.26
FE4%24 Shell and pit XH 0.998 254424 0.941%0.032 0.994 9.4120.42 7.29
YK 0.999 1938 1.046+0.013 0.998 9.8120.25 7.14
TH 0.996 235+40 0.985+0.056 0.994 9.4120.42 7.29
HAt1Z Other MZ 0.997 211+34 1.070+0.052 0.995 10.65+0.45 6.85
MX 0.998 187+18 1.086+0.029 0.990 10.01+0.55 7.07
YMX 0.998 119+13 1.160+0.033 0.987 12.51+0.83 6.32
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Figure 4 Results of redundancy analysis between phosphorus adsorption parameters and surface characteristics (a) and

pore structures(b) of biochar
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normalized by the specific surface area
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