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Study on different predictive models for the adsorption of fluoride
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ABSTRACT: Objective To establish a prediction model of fluoride ion adsorption by different Sraitia
grosvenorii seeds. Methods The adsorption capacity as evaluation index for screened factors affected the
adsorption effect. Based on single-factor experiments, response surface methodology (RSM) was used to optimize the
adsorption temperature, contact time, adsorbent dosage, initial fluoride ion mass concentration, and solution pH. An
adsorption capacity prediction model was constructed using back propagation artificial neural network (BP-ANN)

with the input parameters being adsorption temperature, contact time, adsorbent dosage, initial fluoride ion mass
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concentration, and solution pH. According to the performance of the model in the prediction set, the specific input

parameters were determined, and the BP-ANN which optimizes the number of neurons in the hidden layer was

compared with the models optimized by other learning models (genetic algorithm, GA). Results By comparing the

coefficient of determination (R*), mean absolute error (MAE), mean square error (MSE), root mean square error
(RMSE), mean absolute percentage error (MAPE) values of the two models, it was concluded that the GA-BP-ANN
model (R*=0.92594) had a better predictive effect than the BP-ANN model (R*=0.88498). Conclusion Compared

with BP-ANN prediction model, the optimized GA-BP-ANN prediction model has higher prediction accuracy for

adsorption capacity. GA-BP-ANN prediction model can provide technical reference for the adsorption effect of

fluorine ions by Siraitia grosvenorii seeds, and the removal effect of fluorine ions in water is better.

KEY WORDS: Sraitia grosvenorii seeds; back propagation artificial neural network; genetic algorithm; fluoride

ions; prediction model; response surface
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DR3900 43 BE 1T 7522 /1), IS-RDV3 373 0BL L
PRI G AR (T SR A R A, FA2004N 47K
FCREEE 0.1 mg, A BRAF); DHG-9145A H
A IR KT AR (L ST R FAER A FRA FD).

1.3 75 %
1.3.1  F S RAFR A 6 %) &

B 20 g BIURAT, A 1000 mL 2% B4 AL %
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SOCCHYBL X T4 h 145 2 h ZfEE, 348047,

132 RMAKZAOMERLR L LR
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Table 1 RSM test factors and levels
K AW HHRLEE /°C B 2} 7] /min C W B 70148 i 2 /(g/mL) D B F IR BT AL R/ (mg/L) E ¥ pH
-2 15 30 4 1.0 5
-1 20 45 5 1.5 6
0 25 60 6 2.0 7
1 30 75 7 2.5 8
2 35 90 8 3.0 9
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Fig.1 BP-ANN model for adsorption of fluoride ions
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15~35°C, 3EMUETR] 30~90 min, WZHMFIFIIE 4~8 g/mL,
SRS THILA B 1.0~3.0 mg/L, ¥ pH 5~9,

2 HERS5SH

21 BEZEIBLER

HR R 2 . BE 2A FIAEL 4
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AT LA A2 LE A 7 I B PR 3 S B e W B 50 R e T 6 /L,
305 SR A4 MR 7R3 o — PO
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WL B S B B AR, T, MR TR
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ZIRENT 97.67%, WMt RkE . HBLXA IS 2
% ISR AT IR B 00 A B R e 1Y), R RES S AR
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55 A AR R TR

H [ 2E WA, 500 bR B Mk B O 25 mL 2 mg/L S ES
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B S R AR A ) pH X W RSO A ST i 2 SR — 3k, e
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BAS T F 60 7 Bl 2 DR W R . 24V pH 3
ki, %5 H'S54 0 Fa] LU E #2E )% HE A HFY . Tid
T HF R T8 EME, £mEREAGTS5HE TR
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W B o 24 pH 2w B, VY OH AR Y FIE ALSE
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WELH, HARSZRBET R AR L 2,

X2 2 M SR ECE AT Z e ARG, 15 50 0%
W B B (A) . B 1R1(B) . MR B FIE I (C) . TR T4
IR BTV (D) . VM pH (E) 5 AR 11 [l AR 7 7 -

Q.=0.290-0.023A+0.001B-0.015C+0.062D+0.005E—
0.002AB+0.018AC-0.018AD+0.005AE-5.626BC-0.007BD+

0.030BE—0.010CD—0.005CE+0.009DE+0.001A>-0.023B*—
0.032C*-0.014D*~0.005E>

X Bl R 4T 0 22508, L3R 3.
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Fig.2 Effects of adsorption temperature (A), contact time (B), adsorbent dosage (C), initial fluoride ion mass concentration (D), and
solution pH (E) on the adsorption capacity
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Hy: D>ASC>E>B, BRIV ) If o ek v Ji >R o a3 >0
R~ pH> 2 foh et 1]



%56 34 B, S 2 DURKF I IS 5O 1A [ SR A 5 251

F2 MR SR RER
Table 2 RSM experimental design and results

AT A/°C B/min Cl(g/L) D/(mg/L) E Q. W B /(mg/g)
1 0 0 0 0 0 0.29
2 -1 -1 -1 1 -1 0.40
3 -1 -1 1 1 1 0.26
4 0 0 -2 0 0 0.16
5 1 -1 -1 -1 -1 0.16
6 1 -1 1 1 -1 0.24
7 0 2 0 0 0 0.20
8 0 0 0 0 2 0.26
9 0 -2 0 0 0 0.18
10 0 0 2 0 0 0.15
11 1 -1 1 -1 1 0.12
12 1 1 -1 -1 1 0.18
13 2 0 0 0 0.29
14 -1 1 1 -1 1 0.17
15 1 1 -1 1 -1 0.17
16 0 0 0 0 0 0.29
17 0 0 0 0 0.30
18 1 1 1 -1 -1 0.13
19 -1 1 -1 -1 -1 0.19
20 2 0 0 0 0 0.29
21 0 0 0 0 0.29
22 -1 -1 -1 -1 1 0.17
23 1 -1 -1 1 1 0.24
24 0 0 0 0 0 0.29
25 0 0 0 0 0 0.29
26 0 0 0 2 0 0.37
27 1 1 1 1 1 0.25
28 -1 -1 1 -1 -1 0.18
29 -1 1 1 -1 0.24
30 0 0 0 ) 0 0.08
31 -1 1 -1 1 1 0.42
32 0 0 0 0 -2 0.26
#3 HERBENHESH
Table 3 Analysis of variance for regression models
3 A B Seq SS Adj SS Adj MS F P
Y| 20 0.188450 0.188450 9.62 0.009423 0.000
&t 5 0.111667 0.111667 0.022333 22.79 0.000
For 5 0.047585 0.047585 0.009517 9.71 0.001
ZHAEM 10 0.029199 0.029199 0.002920 2.98 0.044
BRI 2 11 0.010778 0.010778 0.000980
R 6 0.010760 0.010760 0.001793 495.60 0.000
4l 2z 5 0.000018 0.000018 0.000004
a1t 31 0.199229
¥ Seq SS: WU 2=-F- J5 Fil; Adj SS: AR5 (i 221 5 Fil; Adj MS: 888 5 A-F-24 5 4 21 5 il
2.3 RHIE BP-ANN #1 GA-BP-ANN Tl 5y TR0 1) 15 2 4R Ay o AR ATk A3 M, R Ik,

w7 BP-ANN R LU BRI | B2t a] . 0 Ff] Lt AR . 2. A REAE, SRBEEIE 3 TR,
B . SRS TR R R R pH M % 5 i 283 60 YGRS B AL 46, $R3) BP-ANN iy fe S 4G
ABEMATE, o2 a4, WHEIENE R — BRI, SRR AR, g2 R |
AN 2T, BP-ANN 836 FNGEH Ny 5-4-1. il F R 1) R BRI B R R0 AR BRI B ANA VR pH
1000 K23, 230 %0 0.01, Y%k HARE/NSEZE N 0.00001,  FREUTALALBR
BT 0.01, HER/AMERESE R 107 B ZRE5 0 BP-ANN 7 il GA-BP-ANN H BB a2 A 4] 4~7
PL BP-ANN Ay 8t A 5030 )i 107 J3E pRi B, A S Bl FZE S Fim . R F 2 7 bk 25 k22 i g A DGR
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QSRS AR A R A e R B 1, U
Ut BH 3K 79 N R AE 5 i (B 2 ) HAT SR A DG E . AR, SR
R T T 0, DU HA AN AE 5 i (=2 ) TP AN AE R
PR o A — X AR S 2 Y R, IFHETX
SEE RO R AE I RHIE T4, AT AR 1 YI ZRA1CR .
4Nz 5, BP-ANN HE% i) R 3 0.88498, i GA-BP-ANN A%
(1) Rk 0.92594, I GA-BP-ANN FEHEIFIAR 54, iX
53kt —st,
F4 HAEARENABTEZMRN

Table 4 Significance test of regression model coefficients

I YWhiRkE TH P BEE
g+ 0.012485 23.283 0.000 ok
A 0.006390 -3.597 0.004 ok
B 0.006390 0.098 0.924
C 0.006390 -2.393 0.036 *
D 0.006390 9.732 0.000 ok
E 0.006390 0.763 0.462
A 0.005780 0.203 0.843
B? 0.005780 -4.050 0.002 ok
c? 0.005780 -5.608 0.000 ok
D? 0.005780 —2.464 0.031 *
E? 0.005780 -0.958 0.359
AB 0.007826 -0.216 0.833
AC 0.007826 2.356 0.038 *
AD 0.007826 -2.356 0.038 *
AE 0.007826 0.583 0.572
BC 0.007826 -0.072 0.944
BD 0.007826 -0.887 0.394
BE 0.007826 3.778 0.003 ok
CcD 0.007826 —-1.222 0.247
CE 0.007826 -0.583 0.572
DE 0.007826 1.190 0.259

0 o FIRZE TR E(P<0.01), *F /R 22 5t B3 (P<0.05),

9.4 X107 IS W BE{E: 0.00113455

220 e ST R B

..............................................

0 10 20 30 40 50 60
AREL
(ES R i e RE S K 7 R
Fig.3 Optimization trajectory of genetic algorithm
-4 246 X 1R 22 (mean absolute error, MAE) ., )5 1R2%
(mean square error, MSE) , RMSE #\ &4 H F T & 1At
RS R 048 bR, T RTINS 5 JT S Z ] i 22 R K

/1o MSE Sz WUICHR 53 A1 i 2 R 2, i RMSE J&2—FP A T
5 B TIOR3 St e b P TROIDORS B 138 A%, RN TR
5 B IAEZ [ B3 I 22 R, e 858 vh A = i (B3
FEH . MAE 2SI RS 5 5 SRR 2 (RSP 4 %o 22
8, BAIREXS MAE TTHR iR M E R IEL, —4
Wi 2 oI B #4509 MAE. MSE #1 RMSE, H. MSE
(BRI, ORI R RT3 5 nT, GA-BP-ANN
TR A MAE . MSE #1 RMSE 4 [t BP-ANN 8 A4,
4350 0.013784 . 0.00051757. 0.02275,

045 o B

0.40 |- —s—BPTHIE
—+—GA-BPTIE

0.35

0.30,

m o N A R

& 025

535

0.20 .

0.15

0.10

005 1 L L 1 1 | 1 1
1 2 3 4 5 6 7 8 9

FEA G5
¥l 4 BP-ANN Fl GA-BP-ANN Tl A5 7 il 0 7 1
RSM #2571 B SEAH 14 b 4K

Fig.4 Comparison of predicted values between BP-ANN and
GA-BP-ANN prediction models and true values of RSM model

0.30

025 f /,/'\

—=— BPTIIR 22
—+ GA-BPTiillliR2=

-0.05

FEAR G

15 BP-ANN il GA-BP-ANN T 5 76 35 ) {F A0
SERRE R 22 1 LR
Fig.5 Comparison of prediction errors between BP-ANN and
GA-BP-ANN prediction models and actual values

REH T ERE—MGEHIREE, Hh— R8RSR
I S B B R B A A I o B 7T LA B 14
TR FE A2 B0k T R BEAR A A FbR v 22 .
FiE 7 AT%1, GA-BP-ANN f9 X %l bin 3G RI1E-0.035250~
0.082670, BP-ANN [ X %l bin H3E FEI£E—0.01481~ 0.25660.,
GA-BP-ANN HRIFRZEE B A, IRE(EHE /N,
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