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Abstract: In response to the growing demand for fluoride pollution control in aquatic
environments, cerium-modified nano-alumina (CA) adsorption materials were successfully prepared via
the chemical impregnation method, and a multi-factor collaborative optimization system was established
using the response surface methodology (RSM). Box—Behnken experimental design was employed to
systematically evaluate the effects of reaction time, solution pH, and CA dosage on the fluoride ion
removal rate. A quadratic polynomial regression model was subsequently developed with removal rate as

the response variable. The analysis of variance results indicated that the factors were significant in the
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following descending order: pH (P<0.000 1), CA dosage (P<0.000 1) and reaction time (P<0.000 1), while
the lack-of-fit term of the model was not statistically significant (P=0.359 6), thereby confirming the

model’ s reliability. The optimized process parameters were determined as follows: reaction time of 122

minutes, pH of 6.65, and CA dosage of 2.16 g/L. Under these conditions, the theoretical fluoride ion

removal rate reached 87.49%, while the experimentally verified removal rate was 90.53%, yielding a

absolute error of only 3.04%. The residual fluoride ion concentration after treatment was reduced to 1.17

mg/L, which complied with the class Il water quality limit (1.5 mg/L) specified in Environmental Quality

Standards for Surface Water (GB 3838-2002). The characterization using scanning electron microscopy—

energy dispersive X-ray spectroscopy (SEM—EDS), X-ray photoelectron spectroscopy (XPS), and Raman

spectroscopy confirmed the successful loading of cerium onto nano-alumina, which increased the number

of active sites and enhanced the fluoride ion removal efficiency.

modified alumina;

Keywords:

performance optimization

FES T (F ) XF A AR 5 HLAT XUER 52 ), 2K FH K
0. 5~1. 0 mg/L ] T By i 145 -0 14 1 A B, (0L
i (51,5 mg/L) 23 T BORBE T HUCEHRE B AR 3R
BL o PRBE A 305 YR T 2ok A SR TR CAr A AUk
KL ) AR CTLHERC 5 A ARG ) |,
TR % Al i 5 37 XSk SCH B RRAE 5 N 280 sl
JIE A UL R A 2

FES U K AL B R v, BT 2 R AR 2R DL
TE - B 2H A T2 o AR DL A E T i R K
(WA F~>1 000 mg/L) , 7] #f HF% 2 20~50 mg/L, {H
BE— 2Dk bRi ME (<1, 5 mg/L):ﬂo B RB
75 B AT SRR B A E AR = A BRI TR A
JTH S W R R R R T S T A A AT A
2 VR A o AR TS R S S) f E Y
FEPE, R A R B B T ac g 1

FRIEE A MRLE A (1) 48 HoAth 4 e kR
& & AR AT OO (B TR M SR (pH B
FHYG A BR AN A= ERE 22 S8 e . AT R
P e BRI A La Ce 6 + e Z BEAR I A AL
PR R, T 2 5 y—ALO, B m ke 2 M . He
SR R B4 T La Fl Ce BiOPENFLAEALSR , R
IR La Fl Ce 1Y 20 PR R HBFR &5 T F I W RE 1
b, T & B B0 K 5 W A 22 5% 512 AT B AR 1 K
PR H A A TR,

2 SR AL A IR 00 o A8 T R A oK A
F(CA), R TT L BR R R 1 e P 2 . 4
X A% G0 B R R A AT A7 1 1 38 BAE FH Z20 W [ A,

response surface methodology;

adsorption;  defluorination;

M 157 T 32 (RSMD) 5 |AGHT B 40 K b4 A0 B A 28 R A T ARG
ft.. 3T Box-Behnken (BBD) 524631, R 4 % 5%
pH SN B[] CA 52 i Up [R50 07, # e — Ik &
T AR it BT 2 50 R 0 28 AL, O30 o 4
5 (SEM) X BTG F BB IS (XPS) Al &
TERAE MR MRS BT S A, B A AR
W B T2 B AR BRI | R B o] S 9ok 2 A R
PR A6 AT Ry 4 S AR 4%

1 M EF*®

1.1 R F SR %

SR AL AN (NaF) (K E AR Sk S
fiFi R4 [ Ce(NO3)3-6H,0 | \E A ALHN (NaOH) (R TR
(HCD), LA 2550035 R o Br i

G 7 %« S A R A B RSO A
VW pH dd 3t pH AN AE 5 3R B A8k ] SEM 3RAE
F b2 153 T AR 2= A SR XPS $E4TI0L 5 43
FE5H R E Re HIZEACR FH A2 OGS UE TR I, 340
UK M 532 nm,

1.2 MHHRH&E

KA IR i 4 CA . e i — 22 e BE A
i i 5 W, TGS it 40 K Sk R IR BT T A 1R il A TR
AR AR . AEE IR T LA 150 o/min fH R R
i 2 h G HEATHE , SR FHZE 1K vk 3k LA L BR AR 7
) Ce™ W A Je R I 7E 105 CTRHET 12 h, B
IR AIRITE3] CA.

1.3 EKAIEILG
HX 200 mL ¥4 10. 0 mg/L (AR B T

<79 -



BE F1H

OE 4 K HE oK

www. cnww1985. com

HEIE R P, 55 pH L BILA CA L 7223 T LA 150 r/min
JE R IR 5 W B — € I TS, O 3898, 3 0. 45 wm
D i M FHT 5 EEu i AN S AR A IR S 1R
1.4 R PR RE VT4 F0 0E Sz 4L

MR A 50 1 B R FH S - S BRI R T R
PR S ER 25 R B E BBD L i, T A5 CA B0
I pH | S E] 34> PR3O R 1 25 BRASCR Y 32
Wi o LASRUES 5~ 25 BR A IR AR, A BBD YA BT
A S5, S5 H 4 R ] Design—Expert 13 #0447 53
B, S CA SO | pH | SN I 18] 5 90 5 5 B R
ZIA] A8 R R YRR B 5 e AR S R A
2 ZR5T#R

2.1 BREREXR
2.1.1  CA BN ER IR A 5200

61 W B VR BE R 10. 0 me/L 19 7 U3 K th iR
[) Jo 2 ) C A, B2 R 32 A 150 v/min, pH 24 7. 0, %
BRFEFIEISY 2.0 ho 4 CA NS 0. 5~1. 5 g/L I, Xf
BT RBRR R B E LT SR, 2 CA B
M LS LIS 0 /LI, 50 T LBR R AR
T3 B IR U 2% |, IR R ERTE 90. 00% LA | Fifi
& CABOM G, RSO SR 2, 7
SO TS T 1 s R R HE T, 2 R i £ 1 BE NS
BTk SR, XY CA B 1k B — 7 BE ) |, W
VA, o 5 Y CA AT R BUBURL A SR B4, #E 1M
R P AL B 2, 055 CA MR RE g . S50
SERLN], Y CABINEE N 1.5 /LI, U THk i ]
FEZ 1.5 mg/LLAF , ZBRE 2R 89. 00% .
2.1.2  pHXIBR AR A5

FE A S AR TR A 50 R, 2 pH R 5.5~7.5
BF, X6 3808 -1 5 BR 28 W A 80. 00% LA |, >4 pH<
5.5, RBRACHE WAL, 40T KA pH
B CA B DTS FLA5 R AR 8 P o A, ZER
PESAE T, CA FINHY I f A7, X B AT B8 19
W R T, AT RE S 3 PR HEF 998 S AETE , AT A
R S F R B IR O . Y pH>T. 5B,
X RS 1 B 3 N R, O DR AR B S 1
T, Ce™ Gy K fife Az B B, S0 AT A0k B B
. [FEE, 0 OH 15 F35 4 CA 210 15 VR 7 05,
T T CeF, i AR i 72, CA 2% 1A 1E AL 77 4 9 20 1)
55 1 X FRY L MR T DTN B BR AT R
SCEGSE R, Y pH=6. 5 I}, % 460 i 2 R AT

iK85.00% LA . [, pH=6. 5 A RS0 Ak 5 3
ROR P A 1
2.1.3 W BRFAR DX SRUASCSR 1 52 M

FE A S8 25 AR R A1 0T, TR0 - e B i
Bifi 5 S 17 B () f A S B 0 2 TR R A Y O
ISF ] 24 30~90 min B, 980T 1~ 2 ok 258 1 < ok 3 4
1 590 min LA K bR 2 E T, 7T LIS E] 80. 00%
DL F s 527 IS TE] A 120 min B, 9505 1~ 25 14 R 3k )
91. 77%. HI U B B 3 3805 7K v B vk B2 3 ey
CA F T HAT A XS = & 13 M7 o5, HIE B i ik A
FEREH, PR I 2 1T 37 1 7 A5 % R B R o 40 2 e
A7 5 S I ] E K 2 120 min B, F 540K &0 58 Y
BT R RFEL A A, T B0 BB B B R A, T
RO TR, A LB AR S S O A
FREETRE
2.1. 4 LAF ST XF BR USR5 1)

RIRKR SR K B — 25 WS+, &
MBEARRRRE L5 F3ed CAREAIEENM S 7
SR Cl 80,2 .CO.7 PO, NOAENILAEE T, 7
B T CA BR AR B 2, HAE B B Pk EE 5 F
Yy Z b3k 501, SRR g R R, SR 5+
X CA BRI A — & 520, AN A 2 X CA BR U
i i HE ¥ 8 CO.>P0,>S0,2>N0>Cl , Hor
CO;” PO, XF CA BRI 2, RGN/ Y&
B3 SR A 591 K 29, 31% . 55. 42% , #E T CO,> 5 ) ik
Fo HOK i S 300 pH T ik — 25 1) 55 1 B 5510 2 T
IEHLAr, ] T CA BRI
2.2 RSMEWLHHT
2.2.1 SEERITT SR EE ST

R4 BBD BB 11, LA CA s (4) . pH(B) |
J IR (C) 3R R A AR, DL F K BRoR
(Y) e WA, 15231 3 BRI 2R 3 7K1 A o v T S 2, 5K
WS HAETT I 1. 5T BBD AU LI e 2 M 4%
Rk 2,

®1 MEEXREZERAKTEET
Tab.1 Factors and levels setting of response

surface experiment

IKSF- Al(g/L) B C/min
-1 0.5 4.5 60
0 1.5 6.5 120
1 2.5 8.5 180
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dosage and pH on fluoride ion removal rate
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Fig.2 3D surface and contour plot of influence of CA

dosage and reaction time on fluoride ion removal rate
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