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NaOH 1L
HA 24 h HCI pH 7 0.45 1.5
pum 10 ml (TOC)
TOC HA (mg/g) = ( — )x
HA /
1.3 (mg/g) = X /
1.3.1 0.2 mm
05¢g w1) 1:25 (%) = / x100%
0 10 20 40 60 80 100 Excel 2010 SPSS19.0
120 140 mg/L 25 ml( 0.01 mol/L
NaCl Na,SO; Na;PO,
) HCl NaOH pH 2
7 25 C 24 h 8 000 2.1
r/min 10 min 2.1.1
3 UVass 600 C
[15]
1.3.2 10 20 40 60 SEM
80 100 120 140 mg/L EDS (D
(m2) 1
(W2-wl) 0.01 mol/L NaCl Fe 7.28%
Na,SO; Na;PO, 25 ml 25°C
24 h 8 000 r/min 10 min Ca** K"
10.77% 96.35%
[16]
3 1
1.4
(SSX-550 )
(Vario Macro cube,
Elementar) EDS CNO Ca
K Fe /
BET 004A  BET 1
/
(ASAP2020 )
£1 TESWK EDS TEEARSHTR%)
Table 1 The element analysis and analysis of EDS elemental composition
C N (6] Ca K Fe
46.72 2.85 20.34 5.85 2.74 3.02 18.48
41.63 1.74 26.86 6.48 5.38 3.24 14.98
2.1.2 2
/ BET
13.168 m*/g 2.28
0.1 ~410 m%/g x10? cm’/g  t-Plot 4.369 m’/g t-Plot
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[18]

1.82x107 cm’/g 6.628 nm BET

t-Plot t-Plot

VEGA3 TESCAN|

SEM HV: 10.0 KV WD: 15.80 mm
View field: 208 ym Det: SE
SEM MAG: 1.00 kx | Date(m/dly): 08/23/17 RCAM of KMUST & YNTI

RCAM of KMUST & YNTI

43

1 F#EAMRRSFHEA SEM S E (S 000 1)

Fig.1 The SEM structure scan of dairy manure biochar and dairy manure

R2 FEEYVRRNIKRENS. KRERSK

Table 2 Pore structure. specific surface area parameters of the dairy manure biochar

(C) BET (m¥/g) (cm*/g)  t-Plot (m*g) t-Plot (cm?*/g) (nm)
600 13.168 2.28x1072 4.369 1.82x10°2 6.628
2.2 3
NaCl
3 NaCl 6.10 mg/g 87.14% Na;PO,
Na,SO,; Na;PO, 3 1.40 Na,SOy
5.89 mg/g
84.14% Na;PO,
1.35 Na;PO,
3
2.3
(10 ~ 20 mg/L) Na,S0y4 3
0.17 ~
0.62 mg/g 35.20% ~ 62.00% NaCl
0.13~0.60 4
mg/g 25.4% ~ 60.00% Na;PO, 10 ~ 60 mg/L
0.12 ~0.37 mg/g CI SO; PO;
12.00% ~ 37.00% (40 ~ 120 Cl- SO; PO;
mg/L) 3 NaCl 3
Na,SO,4 Na;PO, (140 mg/L) SO > PO; >CI” SO; Cl" 1.56
NaCl Na,SO, Nas;PO, 60 mg/L 3
4.36 ~ 6.10 mg/g 62.28% ~ 87.14% 80 ~ 100 mg/L SO: PO;
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0.67 ~ 120 ~ 140 mg/L
0.70 mg/g  0.59 ~ 0.66 mg/g Ccr SO; >PO; >CI” 3
0.37 ~ 0.43 mg/g
R 3 [ AR B TARR B9 OR M 4R AE
Table 3 Adsorption characteristics of humic acid by different electrolytes
(mg/L)
10 20 40 60 80 100 120 140
NaCl (%) 25.40 60.00 77.00 82.67 85.25 86.60 86.80 87.14
(mg/g) 0.13 0.60 1.54 2.48 341 4.33 5.21 6.10
Na,SO4 (%) 35.20 62.00 75.00 77.67 80.75 83.00 83.33 84.14
(mg/g) 0.17 0.62 1.50 2.33 3.23 4.15 5.00 5.89
Na;PO, (%) 12.00 37.00 57.00 62.00 62.06 62.12 62.16 62.28
(mg/g) 0.12 0.37 1.14 1.86 2.52 3.12 3.73 436
R4 F[E R BIARR 8RR IREFE
Table 4 Desorption characteristics of humic acid by different electrolytes
(mg/L)
10 20 40 60 80 100 120 140
NaCl (%) 53.54 4791 20.51 14.45 10.93 9.94 8.80 8.22
(mg/g) 0.07 0.29 0.32 0.36 0.37 0.43 0.46 0.50
Na,SO4 (%) 86.85 75.46 37.70 26.75 20.63 16.78 15.05 13.26
(mg/g) 0.15 0.47 0.57 0.62 0.67 0.70 0.75 0.78
Na;PO4 (%) 90.55 76.77 44.86 29.45 23.53 21.17 18.66 17.24
(mg/g) 0.11 0.29 0.51 0.55 0.59 0.66 0.70 0.75
CI" SOi PO; PO;
cr cr SO; PO;
4
CI SO; PO; 2.4
10 ~ 80 mg/L PO;
67.02% Langmuir  Freundlich
SO; PO; 5 R*(Langmuir)>
cr R*(Freundlich)>0.937
80 mg/L
Cl" SO; PO;
Ry 1 (0.194 ~ 0.984)
CI'> SO; >PO;
CI SO; PO;
Ccr 6 Langmuir 3
3
0.948 ~ 0.991 0.892 ~
PO; >SO; >CI’ 7331%  73.59% 0.970 Langmuir
45.32% SO% Om
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51
x5 ARBEBRMBEBRNEERMAEUESH
Table 5 Isotherm constants for humic acid adsorption by different electrolytes
Langmuir Freundlich Ry
K R On K¢ R n
NaCl 0.019 0.948 25.814 0.499 0.937 1.117 0.819 ~ 0.984
Na,SO4 0.030 0.962 15.731 0.533 0.941 1.259 0.194 ~0.771
Na;PO4 0.016 0.991 9.852 0.062 0.995 0.928 0.279 ~ 0.844
Onm (MBC) K. On
NaCI>Na,SO,>Na;PO, NaCl
25.814 mg/g NazPO, 9.852 mg/g MBC MBC
2.62 Ky MBC
Ky 0.158 ~ 0.490 NaCl>Na,SO4>
Na;PO,
x6 AREBRMBERNZLBRATEUSSH
Table 6 Isotherm constants for humic acid desorption by different electrolytes
Langmuir Langmuir
KL R? On(mg/g) MBC KL R? Xn(mg/g) MBC
NaCl 0.019 0.948 25.814 0.490 0.028 0.892 0.593 0.166
Na,S04 0.030 0.962 15.732 0.472 0.037 0.933 0918 0.034
Na;PO4 0.016 0.991 9.852 0.158 0.021 0.970 0.992 0.021
Langmuir X NaCl Na,SO; Na3;P0O,3
(Om) Na;PO4>Na,S0,> [20]
NaCl Na;PO, X, 0.992 mg/g NaCl
X 0.593 mg/g K
Maghsoodloo  *!!
Na,SO0s Kp 0.037
Na;PO, K 0.021 (MBC) Na,SO, Na;PO,
K. X NacCl
Langmuir 3 Ca SO
Na;PO, PO} Ca
Na,SO, CaCl, Ca
NaCl
(Xm) Li ™ cCa
(MBC)
PO} Ca Cay(PO.),
3 Na;PO,
SO:
Langmuir (9] Ca CaS0, Ca;(POy),
Na,SO,
R <1 NacCl Na;PO,
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Cr
HA Ca
HA
SOy
SO; Ca
Ca;(POy),
PO; PO;
Ca
PO;
PO;
PO;
Guan Qin
[23-24] PO
MBC
Ky On
NaCl>Na,SO,>Na; PO,
MBC Ky  Xa
Na,S0,>Na;PO,> NaCl Na;PO,
Na,SO, Nas;PO,
Na,SO, NaCl
4
1) NaCl Na,SO; NazPO, 3
NaCI>Na,SO,>Na;PO,
Na,SO,>Na;PO,>NaCl
NaCl>
Na,SO4>Na;PO, Na;PO,>
Na,S0O,>NaCl
2) Langmuir
Ry 1 (0.194 ~
0.984)
3) (MBC)
NaCI>Na,SO>
Na;PO, Na,SO,>Na;PO,>
NaCl
4) NaCl
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Effects of Different Electrolytes on Adsorption-desorption
Characteristics of Humic Acid in Dairy Manure Biochar

HUANG Huiqun'?, ZENG Heping'", ZHANG Jianyu', LI Can'

(1 College of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500,
China; 2 Guangdong Institute of Eco-environment and Soil Sciences, Guangzhou 510650, China)

Abstract: The effects of three kinds of background electrolytes (NaCl, Na,SO, and Na3;PO,4) on the adsorption and
desorption of humic acid in the dairy manure biochar were studied. Results showed that under the effect of the three kinds of
background electrolytes, the dairy manure biochar adsorption capacity and adsorption rate increased with the increase of liquid
humic acid concentration, however, the increasing speed gradually slowed down. Compared to the three kinds of background
electrolytes, NaCl had the highest adsorption capacity and adsorption rate of humic acid in dairy manure biochar, The range of
adsorption capacity was 0.13—6.10 mg/g, the range of adsorption rate was 25.40%—-87.14%. With the increase of the concentration
of adding liquid humic acid, the desorption capacity of adsorption state humic acid gradually increased, and the desorption rate
gradually decreased. Compared to the three kinds of background electrolytes, Na,SO4 had the highest desorption rate of
adsorptive humic acid in dairy manure biochar, and the range of desorption capacity was 0.15-0.78 mg/g. the concentration of
liquid humic acid was 140 mg/L, the desorption capacity of the three kinds of background electrolytes to the adsorptive humic
acid of dairy manure biochar have reached the maximum value, the order of desorption capacity was Na,SO,>Na;PO,>NaCl.
Na;PO, had the greatest effect in the desorption rate of humic acid, the range of desorption rate was 17.24%-90.55%, NaCl had
the minimal effect in the desorption rate of humic acid, the range of desorption rate was 8.22%-53.54%. The isothermal
adsorption curves and isothermal desorption curves of the three kinds of background electrolytes in humic acid were fitted with
Langmuir, and the correlation coefficients were significant. The results showed that the effects of different background
electrolytes to dairy manure biochar on the adsorption and desorption of humic acid were studied, which provided a theoretical
reference for soil fertility and soil fertility.

Key words: Electrolytes; Dairy manure biochar; Humic acid; Adsorption; Desorption
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