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Effects of Biochar on Adsorption Characteristics of Water—soluble Fluorine in Tea Garden Soil

SUN Yong-hong, WANG Wen—jiao, ZHAO Zheng—yu, CAI Kui, ZHAO Ming"

(Qingdao Academy of Agricultural Sciences/Qingdao Laboratory of Risk Assessment for Agro—product Quality and Safety, Qingdao 266100,
China)

Abstract : The adsorption characteristics of water—soluble fluoride with application of biochar in tea garden soil was studied by indoor culture
test. The results showed that the adsorption quantity and adsorption rate of water—soluble fluorine decreased gradually with the increase of
biochar amounts in tea garden soil. The isothermal adsorption of Langmuir equation, Freundlich equation and Temkin equation could be
better used to describe the adsorption law of water—soluble fluorine, and the Freundlich equation had the best fitting curve. With the increase
of biochar content of soil, the net amount of fluoride adsorption reduced gradually. The adsorption kinetics of fluoride in soil was characterized
by fast adsorption and slow reaction stages. The equilibrium time was less than 120 min for the rapid increase of adsorption, 0.25% and 0.50%
biomass carbon content treatments of the soil reached to equilibrium after 1 440 min. The results of theoretic calculation were in good
agreement with experimental adsorption quantity by dual constant equation, Elovich equation and first order kinetics equation, which could
accurately describe the adsorption process of water—soluble fluorine in soil with biochar. The increase of soil pH with the addition of biochar
was closely related to the decrease of maximum adsorption quantity, adsorption intensity and net adsorption quantity of water—soluble fluorine
in tea garden soil.
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Figure 1 The isothermal adsorption curve of fluorine in soil
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Table 1 The water—soluble fluorine adsorption quantity and adsorption rate of different treatments in soil

FAE IR S /mg - 1

5 10 20

40 80 100
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W% -5/ Uip=)
mg- kg™ mg-kg™

W B/

S R %
mg- kg

W W 52/%

R B 5/%

ot WIS gy seron IR i,
mg-Kg

1 [§ 222
ity mg-kg™ mg-kg!

JEit 44.4+0.2a 88.7+0.3a 85.2+0.6a 85.2+0.6a 159.9+0.5a 79.9+0.2a 282.7+1.4a 70.7+0.3a 459.0+0.0b 57.4+0.0b 532.2+0.0b 53.2+0.0b
T1 44.1+0.0b 88.2+0.0b 84.9+0.2a 84.9+0.2a 157.9+0.0b 79.0+0.0b 281.5+0.0b 70.4+0.0b 469.9+3.8a 58.8+0.5a 553.4+0.0a 55.3+0.0a
T2 43.6+0.1c 87.1+0.2c 83.4+0.4b 83.4+0.4b 155.0+0.0c 77.5+0.0c 272.8+0.0c 68.2+0.0c 444.3+4.0c 55.6+0.5¢ 515.2+5.5¢ 51.5+0.5¢
T3 43.4+0.1c 86.9+0.2¢ 82.6+0.2¢ 82.6+0.2¢ 152.9+0.6d 76.5+£0.3d 267.1+0.0d 66.8+0.0d 427.7+0.0d 53.5+0.0d 496.8+0.0d 49.7+0.0d
T4 41.6+£0.2d 83.3+0.5d 78.6+0.3d 78.6+0.3d 143.9+0.0e 72.0+0.0e 249.0+0.0e 62.3+0.0e 400.7+0.0e 50.1+0.0e 463.1+0.0e 46.3+0.0e
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Table 2 The fitting results of fluoride adsorption isotherm equation

Langmuir FRECIX=1/(k-X,)+CIX,,

Freundlich 572 : InX=Ink+1/n(InC)

Temkin 2 : X=a+bInC

o fal 2H (&1 )5 7 ZH [l ZH
X k r k n r a b r
JE4 C/X=0.001 6€+0.016 9 625.0 0.094 7 0.990 8 InX=0.555 8InC+4.203 8 66.94 1.799 0.996 9 X=111.4InC+55.42 55.42 111.4 0.974 4
T1 C/X=0.001 5C+0.017 9 666.7 0.083 8 0.986 1 InX=0.576 OlnC+4.168 9 64.64 1.736 0.998 4 X=117.4InC+48.42 48.42 117.4 0.967 5
T2 C/X=0.001 6€+0.019 4 625.0 0.082 5 0.989 7 InX=0.565 3InC+4.108 5 60.86 1.769 0.997 5 X=110.0lnC+40.37 40.37 110.0 0.972 7
T3 C/X=0.001 7€+0.020 3 588.2 0.083 7 0.989 8 InX=0.555 8InC+4.084 8 59.43 1.799 0.997 5 X=105.3InC+37.98 37.98 105.3 0.973 6
T4 C/X=0.001 8C+0.025 9 555.6 0.069 5 0.989 2 InX=0.573 6InC+3.905 3 49.66 1.743 0.998 0 X=102.1InC+13.48 13.48 102.1 0.972 6
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Table 3 The water—soluble fluorine desorption quantity and desorption rate of different treatments in soil

WA /g - L

b 5 10 20 40 80 100
et TS TR T ST T S e i T S e T S e T ST
Ji+ 9.8+0.1¢ 22.0+0.1¢ 18.2+0.0b 21.4+0.1d 36.6+0.1b 22.9+0.1d 70.8+0.1b 25.0+0.1d 129.6+0.8a 28.2+0.2bc 154.4+2.2a 29.0+0.4h
T1 10.3+0.1ab 23.4+0.3b 19.6+0.2a 23.0+0.3b 38.0+0.1a 24.0+0.0b 73.7+0.la 26.2+0.0b 130.4+2.0a 27.8+0.2¢ 154.4+1.0a 27.9+0.2c
T2 9.9+0.1bc 22.6+0.3bc 18.5+0.3b 22.2+0.4c¢ 36.6+0.1b 23.6+0.0c 69.8£0.9c 25.6+0.3c 126.1+0.9b 28.4+0.4b 149.5+2.0b 29.0+0.7b
T3 9.4+0.2¢ 21.620.5¢ 17.6+£0.4c¢ 21.3+0.5d 35.5+0.4c¢ 23.2+0.3d 68.2+0.2d 25.5+0.1¢ 122.9+1.9¢ 28.7+0.4b 146.2+2.1c 29.4+0.4h
T4 10.6£0.5a 25.5t1.4a 19.8+0.0a 25.2+0.l1a 37.8+0.4a 26.3x0.3a 73.4x0.2a 29.5+0.la 125.8+0.6b 31.4+0.1a 144.5+0.6¢ 31.2+0.1a
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Figure 2 The isothermal desorption curve of fluorine in soil
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Figure 3 The net adsorption of fluoride in soil
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Figure 4 The adsorption dynamics curves of soil
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EA MR, L3 pH {H A HL Kk LA B
Fe Al Mn 4801k %5 5% 360 04 W o 2 7 A 5 K (R 5
7T L 38 X8 96025 1 10 A RS s Pk W o, Sz o i
pH (BT AR A B e & A 0 oG &
U Na K Mg, Ca %5 LA AL P sl ik iR £k 10 TE UA 7 42 T
JR Ay 8K e SRR, U0 2 38 5 mT A R
- A A Al AR T, X K VA R R B AR 7 A
o, AR H T1~T4 4bFE 1380 pH {5 51 R
5.74 .5.81.5.91 1 6.18( 3 5), H B + 43 i #2 5
0.04.0.11.,0.21 ~F01 0.48 AP, Fifi A= 49 Jo 7 45 o+
(3G 58 pH EZE W g . 3R 5 &, T1~T4 4t
PEAYERY pH {E 5 E IR M Langmuir 52 o i) B K
SE B (X,,) Freundlich 77 78 A i W% i %% & {8 .
Temkin J5 72 7 A 2 5655 50 b 6 R0 980T 340340 R B 3t 2
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IR LA S HE - S A Y e s pH E Y
P& 1R B A, LD PR T el a AR o 5 | A OH-
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Table 4 Fitting curves of kinetic equation of water—soluble fluorine adsorption in soil

. Qb
i iR E It :
R4 Tl T2 T3 T4

XUH B InY=a+blnt a 54513 5479 5 55427 5409 0 52249

b 0.201 3 0.179 4 0.187 0 0.196 4 0.264 8

R? 0.980 4 0.987 4 0.991 8 0.974 9 0.976 7

Elovich /573 Y=a+blnt a 217.79 227.77 220.58 209.40 162.89

b 65.174 57.495 59.108 60.537 76.006

R 0.976 0 0.985 8 0.989 7 0.969 9 0.967 9

— B IR InY=a+bt a 5570 6 5587 1 5.564 8 5.524 6 53805

b 0.039 6 0.035 1 0.036 6 0.038 8 0.052 4

R? 0.990 7 0.984 1 0.990 0 0.992 6 0.996 5

T30 a oW RG 0 g MEE A R Dy e R AL

RS RMEYEUR T pH Ext KA R4

IR

Table 5 Effects of soil pH on water—soluble fluorine adsorption properties of soil with biochar application

L R S T
it pH {H Langmuir 7 : X, Freundlich 712k Temkin b
T1 5.74 666.7 64.64 117.4 194.2
T2 5.81 625.0 60.86 110.0 184.0
T3 591 588.2 59.43 105.3 178.4
T4 6.18 555.6 49.66 102.1 160.8
AR Y=790.6327-9 673.7x+30 143 y=-5.794 16+36.4042+46.039 y=140.64’—1 T10x+5 298.7 y=75.906:-978.09x+3 306.5
WA R’=0.998 5 R’=0.984 5 R*=0.989 5 R*=0.988 5
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