550 TR T IR 244R 17 5 79 2023 % 75

Eco-Environmental Chinese Journal of Vol. 17, No.7 Jul. 2023
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074

0 BB KIFEHE
EEsEM  DOI 10.12030/.cjee.202303179 W4 2ES X703 SCHRFRINGS A

TG, VRIT, BRERIN, 45, SR oo M M S AL B IR R K o IR T B R BRIV RE (D], PRBE TAR-2 4, 2023, 17(7): 2181-2191. [LIANG
Jinhao, XU Bing, ZHANG Yugqing, et al. Removal performance of metal salt modified active magnesium oxide on fluoride ions in drinking

water[J]. Chinese Journal of Environmental Engineering, 2023, 17(7): 2181-2191.]

@ T etk E M EAL E AR Bk RS 2R
4B

I HE

Rk HENIE R AR s A R

VAR A2 T B S R TR, DRR 2501015 2. 11 AR A9 2% Vi U L9 SR BERFSC% . DR 250101

B OFE PAKP RO BB AR S E A RA MR, AW TR 1 — e R I R SR T 2 B RO K A S
To AWFECRMBEB, HrberIrikr 4wt GBI B b, A R PR A R, BT LR AICR A
M BT BR IR B2 R o SRR, 2 S ER, BRERBCIE R A0 1 S A B B R B A i R, AR ARk
PREREE AT A 98 0 I BR JBURBCR, 5 Bk W B 50038 B pHL Ry 3~10; 4 J b SO PE 1 M S AL B b BIUK BER S5 Mg Rili2
DUER B TR, R — Tl 22 4 ] 52 A 1 B R S RE L
REIE  RmILchE; PR OHKER R

ot HARAMMEBEITTRZ —, BAEARR DL A (CaFy). WKdha . BB KA FIE XA, X
e AL S, B A ML T KR ST, P ot E 2 Nk, SRR Pk EE
Mo FRE SRS o)z, JRHERAEI I, Wil 7 RE, IWARA A, B
Y M DX LA e T 22 1 7 b IX R A R TR AR A R UM R K X, X S S Ul T KON AN 4 Y b R
OKAHE R TG ZANE T H 2 25 Y b i S A T R 2 T R R A R BE AT, RIS TR R . S AR
B AR DI OG, AR R AT S LS 5 K20 0.1 mg, K2 90% £ A 14 23 B £ 14357 Bk
FBHHEER SN, B F BRI S AF AR T BRI B B A 2 G 2 b, AR ER AU I 2R A8 2 1K
B, XWEH R RN, F R R AR K R L A, RS A R SRR
Tk AL FFIE. BIE. RISER 28 E Y, HAardisk= A 8000097 B, BREFORTT LA
R DR K e 3 5 AR A )

H Al E Y 32 BRSO A AR IRBEDLIEED . B Ak B aED A, R
THITEMESE . 20 w25 R H T O K BRI R 220750 H A 32 2 A 0 B R0 A 40 Ak 4 Jm
B R A MBS, SANINI 45V F ] CeO, BUtE 1 M E AL AR R 5 BR K i T3 AYALEW %07
O T e U4 0 TR A R A W R 590 X6 b K T B B SRR 5 LAONAPAKUL 45 3 o 48 be ey I+ /9 i
WK A7 5 4 b4 RE SR W B B 98 s THIRUNAVUKKARASU %60 X5 Ay W i T R e bR, B3R T2k
Wy B A R T 5 I A JR S O 5 AMIIN S5 U0 A1) T P T T A 0 i A W SR /I VR v 1 5 e g e S 1 SR
s BHEE: 2023-03-30; FAHHA: 2023-06-10
EE&TH: ERAKRBEILLSHBITH (51908334)

E—EH: RB4EW 1999—) , B, B LA, 1933536565@qq.com; BRBIE(EE: W (1977—), B, M+, Bl##%E,
xubing1977@sdjzu.edu.cn


mailto:1933536565@qq.com
mailto:xubing1977@sdjzu.edu.cn

2182 ok L B ¥ W EEAVE S

FRIR B T A8 T 00 8 0 A 305 M AR R R BRE5R) KR BRE SR AE 3 h P RTRE 10 mge Lt A U TR P A
U T PR 95% Ao A7 ; BAKHTA S5 ) F 38 2o 4 & 12 958 A0 1 106 1 e v 4t e L B PR B, 2 — AR
A AT A KA BEAA R, H ETBE ST HRGE R 2 EOW B AR DL B 1) RS, TR RCREAS
R AT R, ) i FEE TRE 5, BERMEZE. 3) pHIE B RIZAE, JUHZ YW IMEF, K
AH pH T W2 B 590 0 B BB A AR K5, — i pH BRI, BRSBUPE REBR AT 4) MORLAR IR ME, VRS A
Ao 5) A SR W MR S APE AR, AU 2 s gy, i KRB & SR T
K AR R A EE o PRI —Fh = 200, 2 4 1R AR FH 7K I53% RUR) 2 AL R 32k 1) S B

MgO fE R EME B K& JE A ey, BHASWKaE T . smgEmd) . Rfaet, &—F1+5a
LA I B kBT 10 BRSO R . R AR TSR Y T B R kot S A B S R B M RE, R A
I O S AR RAF A W BT E  s  EES AR R R e M TR PR AR R S WG A R A BT
PR o AL R T B R M A Y R B A R AR MR, A MR S T pH A, R
TGP A A EE 5 At B T L AE BT AW BT RE O, 4R LR B FIBR AR E M, DUV MR BEAE Sy 2 1L
PR R, ikl B5ERVE R B AR ALk s R, P a8 A5 R B
R, BT ARSI &AM, JRE R R, X PR AR AT SN, A B AR e 2T S0 S SOk I
FHEATRAL
1 #Rl5RE*%
1.1 MRS5S

AALEE, MR N, IKOTR, Afbsh, S ek, SIS, SEbah, FAbEN, BREREh, il
FREN, BREREN, BERREN, EhMR¥Yhadra.

CJI78-1 1 S +F 4% ;5 PF-2-01 SRl & FiE Bl Ml ; 232 2 L HL 5 Multi3620 pH it ; PX223ZH/E
BT 20 B K F ;. DHG-9013A 18 IR 88 XU TR 46 3 SX2-2.5-10 46 2% i iR L B ;. HWS-26 18 I 7K 1 54 5
D8 advance X 5 2 ¥y R A7 44 ; MERLIN compact 948 Fi 7 S 158 5 is5 1 HLIH- A8 40 2T ARG .
1.2 LWHE

W AL BEAE 420 °C N XIBE 1.5 WA BITE AR, B st AL S & R IR R AL IR 1 220 mL
WL BRR G, JFE TREABFEAS Eisk2h, §E, fRR BB SE, HWEE LERw
H5 TR A 55 K FRORE BB R A BEAE 7E 105 °C FHET 12 h, K A R A IRCHS B B8 RS K, A T I
W, 75— BT SRR e 2 h, HI75 00t T M A AL B B3

XoF B — 5 R K RIS UL 5 80K FH K ol P 35 P AR B R R o 9B, P R TR R A SR A BV TR R T
pH, . —EFH KT HEHRHE 7, BT HIKAEKPLREE T A Cl. CO . SO . NO; .
HPO,” . Na'., 7ESCHGIFErh, BCAR WG BAFBSFa] . 0 BN A . pH &5 S50 B3R DL AT AR 4544 1Y
W o6 S B %k L, W B, P AR R R ) R R, TR R R R SR B i, A S
HE 3R, BOPHMEE R A s
2 #HR51R
2.1 #&HEH) SEM FIE

TGS ALEE . FeCl,-MgO . Fe,(SO,),-MgO. CaCl-MgO SEM FAFE45 AN 1 i, 6 ALk
FERLEE T S5 RPN, UKL 22 B) 28 BREC AR, ot W B 55 2% 1T AR AR ORRE , A AT R B R, b ER I
PRI B R . BET LR A4 SRR W], P LEE . FeCl,-MgO. CaCl,-MgO A9 bt 2% T 2 43 5l
H17.724, 47423, 56.642 m>g ', PRMESE MW L R E AR A T 2/, RO RS
Fe,(SO,); Bk Ja A WL BE 5510, el 06 1 AL R AE S5 K et il B b 2B R T LA R R 5 4 i A A
1138 1 Fe,(SO,); BTk 2o 2 i IF A B IR X — 254, MR AE UL 250 B 58 T 73k, 4 ikl be



57 RGBSR PR ACBE ORI b 308 7 19 B E fE 2183

Z
2,

‘, £
(a) WG PESALEE

(¢) Fe,(SO,),-MgO (d) CaCl,-MgO
E1 EMEAESMRE SEM B
Fig. 1 SEM images of active magnesium oxide before and after modification
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Fig. 2 X-ray diffraction patterns of active magnesium oxide before and after modification
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Fig. 3 FTIR spectra of active magnesium oxide before and after modification
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Fig. 6 Effect of different calcination temperatures on the adsorption capacity of modified active magnesium oxide
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Fig. 7 Effect of adsorbent dosage on fluoride ion removal rate and adsorption capacity
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Fig. 8 Effect of adsorption time on fluorine ion
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NO, . HPO/", Na’) Hy it ¥ iy 5 mg- L™ £y 5 0 B
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MgO 7 52 7 3 S0k JT K 8 80 326 28010 B SF I
5 R SRS T 90% L) F OB TR R, B 10 WRHAERE S mgL” mEH
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AR E R T mg.Lil i E AR Fig. 10 The ﬂuori(::fr:l}:)\tlaiffi\ aidsorbent in simulated
ARG FARAE, AT UL T A R SR 6 RS 5 mg-L ™" actual fluorinated drinking water
O 1E M 2 1A, 7RSS PR IR K BR U A

RO
211 RMFRLZ
I 0.1 g 3 PE AL EE . FeCl-MgO. Fe,(SO,);-MgO. CaCl,-MgO 43 %I & T 100 mL %] 1A 9 &5 7 %
WREHE K5, 10, 20, 25, 100, 200, 300 mg-L™" ARSI & ok, 7ES 06 25 °C PRI 12 h
Ja B E TR, 43 3% 4T Langmuir(zX (2)) Ml Freundlich(=X (3)) S5 RW M BL R4, 1A
ZERNFE 1R
%= 1 W HIFIAY Langmuir 1 Freundlich &8 I MR A &S

Table 1  Fitting parameters of Langmuir and Freundlich isothermal adsorption models for adsorbent

Langmuir Freundlich
W B 551 )
R Opa/(mgg ™) K, /min R n K/min!
TSR 0.998 6 59.59 0.66 0.8487  0.4423 15.44
FeCl,-MgO 0.997 6 107.64 0.17 09158 04271 15.96
Fe,(SO,),-MgO 0.997 2 89.29 0.15 0.8864  0.4149 13.12
CaCl,-MgO 0.994 6 108.34 0.22 08754 03984 18.71
C C 1
e e (2)
Qe Qmax KL Qmax
lgC
lgQ. = == +lgK; 3

Kr: C WM SRR R E, mgL's O W AWM &, mgg's O NEKRH &,
mgg'; K, N Langmuir ‘F-1 % %, L-mg"'; K, M Freundlich “F-# % %{, L-mg"’

4 Ffr il B 590 (%) Langmuir W B 45 5 A58 480G AH DG PE R 2L R? 3K T Freundlich W B 45 LSS AL 4005 4
KM 2B, BTG TEEALEE . FeCl-MgO . Fey(SO,);-MgO. CaCl-MgO, X F At W ff 55 {5 ] T 843
T2, FeCl,-MgO . Fe,(SO,)-MgO. CaCl,-MgO 1) f5c K W i 75 5 ¥ 47 @ 5 36, 485 sl ik %
P J T 2 RS SR A B0 255 i R T 48 ok kT Ak P 1) R T A L i PR 2 A TR R M i g I B )
B35 381 4 P-4 J O F s .

£ Freundlich M B AE IR AL, 1/n AT S BEWR B 09 A FIFREE , 0<U/n<l G HI TMR A 4. B 1
AUAAE Y, 4 e MR ) 1/n 33120 0<U/n<1, 150 BH 4 Fo g BR300 35 7 e 0p g W B0 o B8, 3 7P sl e R
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B 1Un 39/ THEMERALEE Un, Bil] FeCly. Fey(SO,), Ml CaCl, A B A7 1) T 17 14 4 10 85 1) it ff 0
212 MERMIFIAFRE M

B2 0.1 g CaCl,-MgO FHepH, I A#E 4K 100 mL, F 25 °C F LA 150 rrmin~' #%7% 120 min, #)
HE DAL AR G 5 B BB B, SRR ROKEEh BB &, R AR MEER T7, 54b
Xf CaCl,-MgO B %5 MUK FESEAT RN, [RIAE A AG I HE 6 8 5 B 0.1 g 2k 26 ek W B 700 T e 4 v
e FIRAEF A S5 T EE LR WA TIENT . R Mg* ANSBEE R NB AT, Aot
Wi,

LNV W N 0/ T o N R € Sl W= <0 B3 O O Q) [ /NG i+ d i = W A X2 R S
WA UIVE B HL0.1 g CaClL,-MgO Fhefrr, 76 b a4 [F] (4 2% 140 T B0 3 W A 2D 1 Bk TR M ¥4
W, RUHIDINE, RUNRBEEMNE TIFASHE A ROV B o 33 16 I ot W B 3R Ao 1 R
U, ANIERUGHTE G .

B O.1 g el PEWC B 30) S e rb, A 4K 100 mL, F 25 °C F LA 150 r-min' #8 % 120 min, %
BRI KR P BB T & i, S5 RARR B T 59 AT U W B 70 B 06U 1 K R 14T
D, [RIREAAS I 6 B, R e PR B RS P, BRI R AT HAL B+, ASE
W54,

U 0.1 g Bk £R Bl PE MR B 0] S AR b, AE IR AR TR A ERPE S, RIWWA DU B A; ol g
CaClL,-MgO Fhe#h i, FERFERIRIESM T, RHBVIE, EWRBRNE TIFASHE RN B
FFEW o XU BT O W BRI AR e M R A, AN T R TS
3 4%Hig

D) e JE B E AL BE N SR A5 N B %, R AR E RN, 5E TS NG R £,
ELAEPEAL s T AnAR e, DT 4E g 7 RT 98025 - A MR BT 280238, Fl 4k 8 AR A A e P s 1 2 R 590 A7 LA 4R Ak
BEON R, BB Ak DL R R AT AS L A i e R R I

2) WMk A AL E T F S OH BB Fac e 5 R K TP A U 1, Bk 3R oo vk A0 W B 551 1R T Fe-F 4
AR, W R RN A B A Bl AT 4 A U, 45 A I R R g K TS A, A R
I 3 PR F 590 6T 360 28 0 0 5 R R 5 TS R SO A I B SRRV A B B Ca-F E, fH Ca¥' il 5 F e
NV 3% B CaF, ULUE, CaF, b AR 75 F a5 & mMRRethm, Sl iEh, shholob: a5 id i b 55
P IAF B B 7 T PR 00 B KR 3 o

3) S0P O 0 R 5 e S R I, R B R R R R TR TR I R B RIE R R R
i e O R 7R %) 1 SRR, . FeCl,-MgO il CaCl,-MgO FY e FE R B I B & 400 °C, Fey(SO,);-MgO
e A b i 2 500 Co

4) ACPE F G W R R0 A v R LA L, 3 R pH YE R AR YE, pH FE 3~10 P34 AT 4 RER =AY BR R
o PP R AT G Langmuir F8 R B AL, 2ot BRI BR 980G KRR R A BE B MR it AR B I

NI 2 IRT5 G .

& £ X @

[1] WANG H, YANG L, GAO P, et al. Fluoride exposure induces technique  for fluoride removal from water[J]. Materials
lysosomal dysfunction unveiled by an integrated transcriptomic and Today:Proceedings, 2022, 71(2): 215-219.
metabolomic study in bone marrow mesenchymal stem cells[J]. [3] LUNGC, LIU J C. Removal of phosphate and fluoride from wastewater
Ecotoxicology and Environmental Safety, 2022, 239: 113672. by a hybrid precipitation —microfiltration process[J]. Separation and

[2]  TANEJA L, KOCHAR C, KUMAR Y P, et al. Adsorption: A preferred Purification Technology, 2010, 74(3): 329-335.


http://dx.doi.org/10.1016/j.ecoenv.2022.113672
http://dx.doi.org/10.1016/j.seppur.2010.06.023
http://dx.doi.org/10.1016/j.seppur.2010.06.023

57 RGBSR PR ACBE ORI b 308 7 19 B E fE 2191

(4] S0, W4, KA. TR BRIBF ST L) FHE AT 5 0, 2022, []. AEET A4, 2016, 10(8): 4189-4195.
12(2): 78-82. [12] BAKHTA S, SADAOUI Z, LASSI U, et al. Performances of metals
[5] ANIS S F, HASHAIKEH R, HILAL N. Reverse osmosis pretreatment modified activated carbons for fluoride removal from aqueous
technologies and future trends: A comprehensive review[J]. solutions[J]. Chemical Physics Letters, 2020, 754: 137705.
Desalination, 2019, 452: 159-195. (13] SlFRde, 420, X 1RE. SR A L Ben ok B PERERTF I [I]. e
[6] SANINI B, LEICHTWEIS J, SILVESTRI S, et al. Impregnation of JEIFE R =24 (A SRR RR), 2023, 44(1): 52-57.
activated alumina with CeO, for water defluoridation[J]. Materials [14] TE, iR, Rk, 25, dobhis P AL BE Y bR UK BE e L[], 3R
Chemistry and Physics, 2022, 291: 126648. B TAR:AR, 2015, 9(5): 2125-2130.

[7]  AYALEW A A. Comparative adsorptive performance of adsorbents [15] WANG X Y, WEILJ J, PENG W C, et al. Evaluation and DFT analysis

developed from kaolin clay and limestone for de-fluoridation of of 3D porous rhombohedral Fe-modified MgO for removing fluoride

groundwater[J]. South African Journal of Chemical Engineering, 2023, efficiently[J]. Applied Surface Science, 2021, 552: 149423.

44:1-13. (16] MK, FNGELT, T 2205, % BEIARRAEIL SO,/ TiO,-SnO M & K
[8] LAONAPAKUL T, SUTHI T, OTSUKA Y, et al. Fluoride adsorption HAR A PR VK 7 FR[I]. K 4u4k T, 2018, 35(5): 791-795.

enhancement of Calcined-Kaolin/Hydroxyapatite composite[J]. Arabian ~ [17]  #26Fk, 4L, HHIZL. SO /ALOLMEALHR K FAE & HAEFR A AL =

Journal of Chemistry, 2022, 15(11): 104220. RIREACITPED]. P AR, 2019, 44(12): 55-58.

[9] THIRUNAVUKKARASU A, NITHYA R, SIVASHANKAR R. [18] LIL X, XU D, LI X Q, et al. Excellent fluoride removal properties of
Continuous fixed-bed biosorption process: A review[J]. Chemical porous hollow MgO microspheres[J]. New Journal of Chemistry, 2014,
Engineering Journal Advances, 2021, 8: 100188. 38(11): 5445-5452.

[10] AMIN F, TALPUR F N, BALOUCH A, et al. Biosorption of fluoride [19] LU M, GUAN X H, XU X H, et al. Characteristic and mechanism of

from aqueous solution by white—rot fungus Pleurotus eryngii ATCC Cr(VI) adsorption by ammonium sulfamate-bacterial cellulose in

90888[J]. Environmental Nanotechnology, Monitoring & Management, aqueous solutions[J]. Chinese Chemical Letters, 2013, 24: 253-256.

2015, 3: 30-37. [20]  fitge, sk 3cte, VLT, 25, BBk A AL BR AL & i S EC L F R
(1] BR/NGR, 22 R, 2220, 45, SO oM 1 SR AR AR 1 R e i FUPERERBIFFE ). FREE TR, 2020, 38(2): 70-76.

(FTAE %% 452 W )

Removal performance of metal salt modified active magnesium oxide on
fluoride ions in drinking water
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Abstract  Excessive fluoride content in drinking water can harm human health. In this study, a modified
adsorbent was developed to remove excessive fluoride ions from drinking water. The impregnation and
calcination methods were used to load metal salts onto activated magnesium oxide for the preparation of
modified activated magnesium oxide. The fluoride removal effect and the main influencing factors were studied.
The results showed that the maximum adsorption capacity of activated magnesium oxide modified with calcium
and iron salts significantly increased, and it still had outstanding fluoride removal effects in complex water
environments; The pH values of 3~10 were suitable for the modified adsorbent; Metal salt modified active
magnesium oxide treatment of water samples did not release Mg”" and immersion salt ions, it is a type of safe
and reliable material for adsorption and fluoride removal.

Keywords metal salt modification; active magnesium oxide; defluorination of drinking water
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