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OB ARBESOAFER EARAAT R F] A AR R . 0 HA pH . WA B L A UA TR TR | G S A SR A 5 4 O TR AE
Ly - e A - HGE AR AR SR AR U, PRI FESE PR, ARRIAL B 4 A 5 0 W B B /NI N - 0 B ik 2
>pH> IR TR EE>LE YT e Le 815 55 e ) IR B S ) R/ INIBUT D+ WA S B> ) A i ok S >p > 2R W) e L 1] . 25 IR B 45 IR 3 22 [
M5 E AR, AR R TR AR AS A AE pHL, ZE WAk LU . RIRABEHR I . #0046 S0k B 45 DR 3 SR RIS i B (e R B 44> « pHL 5.0,
W AT 2.9% | WIHARREE 144.0 mg/kg . WILAEMREE 178.8 mg/kg, TELLA1F N AATITN ARl . SRR FFHE 239100 949.6 mg/kg
1 622.0 mg/kg.
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Competitive Adsorption Characteristics of Phosphorus and Fluorine in Yellow Soil of Western

Sichuan Under Different Treatment Conditions
YU Zhengyi, XIAO Xinjuan®, XIAO Xinjuan, XIE Nan
(College of Resources, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: Response surface method was used in this study to analyze the competitive adsorption characteristics of phosphorus
(P) and fluorine (F) in yellow soil of western Sichuan under different proportions of biochar, different initial pH, P and F
concentrations in order to provide new ideas for soil F fixation and fertilization technology. The results showed that under
competition, the effects of different treatment conditions were in the order of initial F concentration>pH>initial P concentration>
biochar ratio on P adsorption capacity, and were in the order of initial F concentration>initial P concentration>pH>biochar ratio
on F adsorption capacity. Considering the interaction between various factors, the optimal reaction conditions under the combined
influences of pH, biochar ratio, initial P and F concentrations obtained by the response surface model were: pH 5.0, biochar ratio
was 2.9%, initial P concentration was 144.0 mg/kg, and initial F concentration was 178.8 mg/kg. Under these conditions, the
predicted P and F adsorption amounts were 949.6 mg/kg and 1 622.0 mg/kg, respectively.

Key words: Yellow soil; Biochar; Phosphorus; Fluorine; Competitive adsorption
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TREs RN, A A TE AR, — TR
BF RS AT ) T BRI BRE T g — S B A7 U R
AR RS T, SOATIR BRRERRAR

A ) B A S A AR BIR A PR e B A ) o R Ak
HRLER R, B e B A A AR
WA Wy B e J 25T 1 R A A FLBR A5 1 , A R TR A=
K, SRy =m0 A R D
M RA S E T, RSN A F T L, R
WA S R, HRA R AP R T ac e,
A ARG i1 b 3 pHUT . BESERE, A
A B S KB BT HA R A 5 AT LA
B RO & o AR Bl W] LGE i ks g
T 4 VORG240 A S I s Dl e 2 1)
RIS, A=) T o< T LARKAE 3 rh U B2, R 05
TR R, DT S e

M 7 1A 5 (response  surface methodology, RSM)
MG RIS SR @R AL T 2k, )
PRI AR Y A TR, 83— W 2Rk Y 200
FCRRE LA AN [ PR 2R (1A 28 ) 5 3K 45 2R (T O )
Z KA, WIS 28 fe s sy, 5 1A
BOERGEHr h S EUE R AR R e HAg B
B RN W 7 R P 58 P e P % LA 70 AR 021 Tl £
235 1) FRL PR 2R BT S IR L o 7 T A I R
Do MERRE . EER RO A A P A
SCRIE D IO TRV A9 5 )1 G B A W8 R UL A [+ Ak B 2
AT RS, LA Sy 3 G R it N S A
5y

1 #MREFE

1.1 ka4

AR I PG B0, SRS I A 5k, B0 ~
20 cm HHEZ, FPUMEIAT4E5Y, SHIRASRIRER, o
2mm i, FeoMRA]. TIHEEATMEMERT: pH4.67, AL
J5 1545 ghkg, 49R.2.03 ghkg, KIAPEMR 607.87 mg/kg,
H R 44.58 mg/kg, BRI 300 g/kg, Fiki 380 g/kg,
¥iki 320 g/kg.

A A Wy 5 e i RO R 25 i, 240k A T 38 Ll
i AR R ORI R N 2R R i B ROk 2%
Fs, RF, FBBAURRGE 2 mm §F, 76580
500°C T 24 2 h il A, WHIEE 0.15 mm
i, B TR R
1.2 REHE

AR FCEIEAER 0 pH. AW s L] 4
UV B2 DL B0 e JUHk B AS [ ) 25 1R 1 X 8 R

W B B 7 B sZ I, e 7 TSR A3 AT ] A RS RN
[P S G S o A i vivs -4 E 5 W e 3 S S g AP S
RN AR5 S5, 25T Box-Benhnken
KL, PR i W B i | A W B Y 4 S
RIZ: pH. AW B uf] . WIGawhk s . )45 sk
B, hEE: xi. xo xs. xg, 3T 4 KR 3 K
()22 B A 0L 180 53 B 0 o i 7 TR 3 PR 327K F- i
T2 1 2,

F1 MRS EZEKFEFGRG

Table 1 Factor levels and codes of response surface test

K pH: x; WAL WIABEIREE . PILRBIRIE .

ity x2(%) x3(mg/kg) x4(mg/kg)
-1 5 1 64 50
0 6 2 104.5 125
1 7 3 145 200

F2 ORIt

Table 2 Design of response surface test

b
Jo

X1 X2 X3 X4
1 -1 0 1 0
2 1 0 1 0
3 0 1 1 0
4 0 0 1 1
5 -1 0 -1 0
6 0 0 -1 -1
7 1 -1 0 0
8 0 1 0 -1
9 -1 -1 0 0
10 -1 1 0 0
11 0 0 1 -1
12 0 0 0 0
13 1 1 0 0
14 0 0 0 0
15 1 0 0 1
16 0 -1 -1 0
17 0 1 -1 0
18 0 -1 0 -1
19 0 -1 1 0
20 0 1 0 1
21 0 0 0 0
22 -1 0 0 -1
23 1 0 0 -1
24 -1 0 0 1
25 0 -1 0 1
26 0 0 0 0
27 0 0 0 0
28 1 0 -1 0
29 0 0 -1 1
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SRR B A E . FRIBGE 0.25 mm G Y AR
2.00 g T 100 ml B0, Hrh Ay Bise b . pH.
WITRTERR B . )46 0 BEAR S 28 2 v g o) 107 1 3 55
BTG, S RVE THRGALLL 200 Y /min A7 4H iR
(25C+1CHRY 24 h J5 TELOPLELG , BOLH R E
T R AR
1.3 #iEabiE

MR . O=(Co-Co)xVim, K. O MWk 7 it
(mg/g); Co NWIHAHE (mg/L); Co AW FFHF-5 )5 itk
FE(mg/L)); V NRIIREEARTA(L); m R ARAE ah B
H(g)-

H Microsoft Excel 2016, Design-Expert 10.0.1 4§
AT HATEAR AL B

2 GRS

21 MEEIREERRFESH
FIH Design-Expert 10.0.1 K AFXF 10650 4E 31T
Gt o, 19 EIRAERE | R r) ik 2= A
T
Op=366.72 + 54.6075 x,-8.79847 x, + 49.6045 x; —
93.8665 x4—144.169 x; x,—36.488 x| x3 +
42.5874 X1 X4+ 87.7225 Xy X3+ 44.877 Xy X4—
15.4377 x3 x4 —26.4736 x> + 97.7013 x,° +
325.664 x> + 54.2709 x,* (1)

Or =1416.96-58.0157 x,—31.7645 x, + 90.6777 x3 +
430.683 x,~46.2471 x, x,-54.891 x; x3—
37.3447 x| x4 —35.2244 x; x3 —63.5846 x, x4 —
39.0516 x5 x4—14.1586 x,* + 18.9694 x,—
118.287 x3°-252.746 x4 )

XF R A 5 AT 5 255007, 5 R AN 3R 3 RSk
4 i, Horfr F (R AT A ARG 50 45 25 H5 0] 0 1o F 5 1 1)
VAR, FARBROAR , DUJAH 7% S P 5 M o R A e
MR ) S MR IR HER P<0.05 B, DA R iZ AR H.
BEET2EE o TR 3 TLAE Y, IR A5 X B A it
B2 SE A R/ NI R 2 xq>x>x3>000 B AR 2 R AR
R* 2 0972 1, ULHAMA BLA & W&, [F
Ry;=0.944 2, RIRIREASARAEIALE 94.42% AN (H
A5, HLSTINAR G R BN Rooq FEIT, BEMTI B
5 BRI G RE R AT, B e S S [
B, AR 4 AT, 2 R X U B e e R/ NI
H: x> x> x> Xy, RP=0.9493, R2;=0.898 6, fi%!
ARG dt, TR RO /4 Al
TR . S B i R AR T
2.2 REEAXEERMER R
TERUEWEUE ] 104.5 mg/kg. WILRFHE N
125 mg/kg B, pH-AEW A L 5138 HLAR DG
TR LR R E . BB 1A R, pH-A Y5 ik

®3 TERMMERTHEMEUERAFTEHAESIRER

Table 3 ANOVA results of fitting regression equation for Phosphorus adsorption in competitive adsorption

J5 22K 05 A FiH PfH M
(8] g A 1 1 065 000 14 76 067.11 34.85 <0.000 1 Hox
x 35783.71 1 35 783.71 16.39 0.001 2 o
X2 928.96 1 928.96 0.43 0.524 7
X3 29 527.26 1 29 527.26 13.53 0.002 5 Hox
X4 105 700 1 105 700 48.44 <0.000 1 o
X1 % 83 138.25 1 83 138.25 38.09 <0.000 1 o
X1 X3 5325.49 1 5325.49 2.44 0.140 6
X)Xy 7254.75 1 7254.75 3.32 0.089 7
X2 X3 30 780.96 1 30 780.96 14.10 0.002 1 o
X2 X4 8 055.76 1 8 055.76 3.69 0.0753
X3 X4 953.29 1 953.29 0.44 0.519 4
x)? 4 546.07 1 4546.07 2.08 0.171 0
x° 61917.10 1 61917.10 28.37 0.000 1 o
x3? 687 900 1 687 900 315.1 <0.000 1 o
x4 19 104.81 1 19 104.81 8.75 0.010 4 o
B2 30 557.29 14 2 182.66
AT 27 101.74 10 2710.17 3.14 0.140 9 N
a7 3 455.55 4 863.89
At 1095 000 28

TE: R*=0.9721, R};=09442, R}, =0.8526; *FI/RTE P<0.05 KFW3F, *FIRTE P<0.01 KTFHEE; NFRALE P>0.05

red
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Table 4 ANOVA results of fitting regression equation for fluorine adsorption in competitive adsorption

T EARR Sl F B FAH PAH e
[ Y1 A 7 2928 000 14 2928 000 18.72 <0.000 1 o
X 40 389.79 1 40 389.79 3.62 0.078 0
X2 12 107.78 1 12 107.78 1.08 03155
x3 98 669.36 1 98 669.36 8.83 0.010 1 *
x4 2226 000 1 2226 000 199.24 <0.000 1 **
X1 % 8 555.16 1 8 555.16 0.77 0.396 3
X1 X3 12 052.09 1 12 052.09 1.08 0.316 6
X1 X4 5578.50 1 5578.50 0.50 0.491 4
XX 4963.04 1 4963.04 0.44 05159
X2 X4 16 171.98 1 16 171.98 1.45 0.248 9
X3 X4 6100.11 1 6 100.11 0.55 0.4722
x? 1300.32 1 1300.32 0.12 0.738 0
X’ 2334.09 1 2334.09 0.21 0.654 6
X3 90 758.22 1 90 758.22 8.12 0.0128 *
xg 414 400 1 414 400 37.09 <0.000 1 o
B2 156 400.00 14 11171.74
AU I 146 400.00 10 14 636.57 5.83 0.052 0 N
4l 10 038.68 4 2509.67
At 3085 000.00 28

TE: R°=0.9493, R, =0.8986, R ,=0.7216; *F/R{E P<0.05 KV, TR P<0.01 KFHEE; NFRRARE P>0.05.

0810 5 AR X Tl %) O B 1) 5 i s A S A
L pH 6 FILEM R H ) 2% R 3L, W 545 I
TFAHXXRE AR MAEY T LE>2% I, B
W ik B pH AT TR, X kAR
HIBIFTE—20, RSB0 Tk B A KR, B AP
WCBIER] 4%, AT RE 0 N AL AR
pHl<2% B, BT A AR FREE pH TR
FhErs Y pH<6 B, B S A T B AR 5T
BT T, X AT RE R IR AL TRAPE SR T,
Tk R AR R SR A W SO HLR AR R
T P L P 1) 5T~ AU BB pHL By 3S inmi g fm, B &g
g P B 22 1Y) [T 2 1 W BT 7, 8 4 S X ot 1 WA o
BB 24 pH>6 I, BN B B A B A AR
Fe BTt s A . BRIk, 28 B T Wl ) W e 7
pH 5.0, =¥ H L] 3% & pH 7.0, A9 Fisc Lt
1] 1ol AR AR, — 38 38 AR X 1 R o 5
Wi LA B3

TEVIIR WA 104.5 mg/kg, AW HLBIN
2% B, & 1B FrR Y pH-A AR 0 i 7 i 1 55 A1
%, UARH pH—) 1A F0R 2 38 ELAE FH X 14 R o8 %) 52
BUNH W 7F pH 6.0, FIMHBEAKEE 104.5 mg/kg I,
&l 1 C Frn A8 BAEFA T RS BN, A=W B L

(511 3 oA S A K P B o 2 i S
TEAE W TR LR 2% W0 UR SR Ol 125 mg/kg
B, WAV BEAE pH—) 1 Wk B2 A BAE R X e 1
W M AL pH K, HLBTRRUL R, Sl B Y
JEEM R, MIE 1D AIAL, pH RISk AC .
A FFT T 2 08 TR TR, , Xl A R o 114 2 i) 2
e pH BYBEIITRA  I B ESE e N E ITW LA
YR FE 0 255 RS I B 3 Se i /D J 35, 3X A AT e TR
it 4, B U B IR — SR A T — bl
R 2 SR R A <P 37 K A 60 (R b T - R SR
BRETT, T IR s —E , TS AR F T B Y
W R ARG, B ) G v B A3, i - 3% 38
4 “TC 057 7K G B B VR FHARR 400 46 Wt e 2 0T - 38 W
WRAGVER, NI S 20 S il ) W B 38, A2 1
VER W0 N . A% 8 =3 520 T AR T
AR SR T TR B B 64 mg/kg/145 mg/kg
K- (B, 7E pH 6.0 WITAFIKE 125 mg/kg I,
A LG5 400 B Bl e T A2 TE AR X gt ) R o
S . BN LE WAL, A2 m 5 R AR
Ui B A= 0 3 i L4515 400 s Wt e 5 2 TR A R K gt A
W . 7E pH 6.0, WK LH] 2% B, )
U Wl Ve FNAT) e VAR B 1) 22 A FE R Tl 11 O 4t 5
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Wi % . &1 IF B s B b, 0 i B Bl 2 )
UV B2 1) B N T S8/ 5 B, 0 e e vk R
B Py BECURR PR 2R, R 38 ELAE FH P I S A 500 B S v
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JEE P 3 T I 2 RS G ke g, TRE S & 1D Y

WA I (me/kg)

\\\ \\‘

A=Wy L Bi2%
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\\‘ \\ \‘ “
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“BATK AT AL, B 1E. 1F Frind i i b
AW LB | AT SR EE B AL A AN R, XA
AIRESE PN LRI 1E | TF A0 i i B2 S i vy R o

MR 2R, eSS AT T P A B A Wy i e 491
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Fig. 1 Surface trend charts of phosphorus adsorption with different factors

23 ZEMEAXMEKMENZI

TEVIABEREE S 1045 me/kg, FIUR K EE K
125 mg/kg W, pH-A=Y) Bus LA 58 B AT IR 00 Ff
TSR B2 I 2A AIA, pH-—AE Y 5 L 1
28 AR P R /NI FE AR A, R A S AR
XoF SRR 2 BT 1 5 Ml A 3 5 TE AR W Bk L 2%
VIR SR EE 125 mg/kg B, pH—] bR Bk 15 32 B AE
FHRS S 1 B Sk 452 mi /s HL A2 35 . iy 1 2B R
pH X FUI 82 B i S e 422 i R M AR AL, TR B vk
I DT 5 SO R B R, xR HEE
XA AT Rl R AE TR M A M v B RN A S A B, p
TP B RR AT A T — ] 2 i R
B <BE AN KA >, DT B = 398 % 30 174 W B 7
7£ pH 6.0, WIHARFMEIE 125 mg/kg B, MK 2C 1]
U, WA AR R ) T e L A9 32 AR FE R SR
igTie- Al E N

TEVIABEHRE 104.5 mg/kg . AT HLH] 2%
B, pH—7 i JE0vR B 58 A FH b R0 TR k32 470 4y i
WL RS B3 . & 2D Fron i pH—9) 1A J ik 2
O 1 18T AT AL SRR I B 2 pHL S /I H R 3
11724 pH — € B, 42 2 00 1R JUHk B2 W AR K T3 I
Bif e, DRA SRS - W e Tk B A e, TR TR 2 1 3
BT 5 W B A5 2 (A IR R 2 s o, [ Bt T
SEEIET YRR A R L | TR IR, X T
A SRR, 248 pH A 5.0, WItRHHKE
170 ~ 200 mg/kg IF, S — A2 T 5200 AU
HITEARIRER 2585 76 pH 6.0, WITATEMKEE 104.5 mg/kg
BF, Az W 3 i LA el At 18 VR O k52 T AN 83, 0 463 i
V5 U W B S TR AR DG OC R . 1B 2E R AE )
JE s LB i R E L HAE RS B 2D B isg B
YEFEZ MR ZAL,, A 400 S5 J B 451 X 3 1 R o 522 i S
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Fig. 2 Surface trend charts of fluorine adsorption with different factors
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