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Synchronous adsorption of fluorine, iron and manganese
from groundwater by hydroxyapatite
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(School of Civil Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract; In order to reduce the harm of groundwater containing fluorine, iron and manganese to the
livelihood of human lives, hydroxyapatite was synthesized by sol-gel method for the adsorption of these el-
ements. The optimal adsorption performance parameters were selected by single factor rotation method to
establish an isothermal adsorption model and adsorption kinetics equation. Then, the adsorption mecha-
nism was analyzed by SEM, EDS, XRD and FTIR microscopic characterization methods, and the recy-
cling property and practical application of hydroxyapatite were studied. The results show that the optimal
adsorption conditions of hydroxyapatite are as follows: the dosage is 4 g/L, the reaction time is 150 min,

and the reaction temperature is 35 °C. Under these conditions, the removal rates of F~, Fe’* | and Mn”*
in the test water samples were 84.6% , 99.9% , and 99.8% , respectively, which met the requirements
of standards for drinking water quality ( GB 5749—2006). The adsorption of fluoride, iron and manga-
nese by hydroxyapatite is in line with Langmuir isothermal adsorption, and the adsorption is a spontane-
ous endothermic entropy increase process, which conforms to the pseudo-second-order kinetic equation.
The application of hydroxyapatite can achieve simultaneous adsorption and removal of F~, Fe’* | and
Mn®* in groundwater through physical adsorption, surface complexation reaction and ion exchange.

Key words: hydroxyapatite ; fluorine; iron; manganese; synchronous adsorption; surface complexation;

ion exchange

e IR, B2 R B T 3T T8 S £ X KA A
IR SRk e I S R A 1 B e L TR K S ek
AR, B IIER AR BRSO R AR 1 ok T O >

RS HEE.2021-07-21; f&E HEE.2021- 10- 11

BELWA : BZRERKHRIHIE L LW (2017YFC1503100) 5 I TH AT IT R0 L B (LIKZ0344) ; L TH AT
A T AT H (2018CO01 ) 5 11 748 K2 A B R 5L 381+ 5 H (5202010147028 )

EE BN ZEEAR1979 - ) 5 bR 4 0%, 1A 2E S 0W, BT oA K R 5 R e S IR HR .



28 KBRSk LR 2R

2021 4

SR P A PR R AR , 257 [ A 14 B B R P 27
FUPRAR IR D) L R /K b Bk R B b 2
FEAEVES PSR | 5 M AR 5 Hh oA e 28 2 55 T
WAL I, ST T A B R R R
FRAR AR BAK K 22 4 (i o 1) S HA
S

R T 7K R 98 7 v 2 A DOTE v L L B 2R
Ve BB TR RN R AN B TSk D gk
S SR WA AE R W R IR R AR LA B
EAREEE S W BT R AR R R AR
BB FRBE AU L R T 2 4 1 fR7 BS54 T 4532 6
L BRIEBE R A (Cayy (PO, ) (OH),  HAP) 24
B AT (R — R I 3, A S R 5, B L
F A AR AP I B RE o Avram 261038 FHTTE
A T R R L T AR A R IR A o
A7 LK P T 4 8 e SOW A A E W T B 4
MR RE . SIS 38 I 45 (4 HAP 4b Bk
VRV TP B SRS T, T A AR () BT I 2 B 5 M I R
ST HAP X} F~ RLUFAY L BRa%H . Popa 2155
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FHETRPMEREZEAT T 5T, h v e B b DX 7K
R BE TSR
2 RRBRHS ORI )71k
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E/‘J ons @?{g{&ﬁ Ca( NO3)2 : 4H20 @?ﬁfg‘(&ﬁ/ﬁc%,
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TEES i T AW TR G, TR I, AL 3 d A
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2 h, FARYS J0 5 W 2o 0, FH 2% Bk A 0 B il A 3
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WS e G RE T (Z - 2000 74) 52
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- F/ Fe’*/ Mn*/ Ca*/ HCO, / cl/ Na*/ Mg**/
p
(mg-L7") (mg-L") (mg-L7") (mg-L7") (mg-L7') (mg-L7") (mg-L") (mg-L7")
6.6~7.4 1.5~8.4 3.5~36 0.9~8.9 34.1~186 79.7~248 5.1~165 8.2~144 3.7~83.3
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a1 AP G TE I (Fourier transform infrared spectrome-
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X F~ Fe’* Mn®* BRI L 1, HE 1A
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54 S8 IS8k 80 T 18 5 336 2 T g W o 551 458
TR AR , 4% 15 1T WG A3 A 3 5k #R £2 , Liang!™)
SRS BN BB K A R M e A 3 T
MIFI 45, B0 AE] 600 mg( Bl 4 ¢/L) 25,
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100
9|
fsor
+F-
M60- +Fel+
50} e
40

0 100 200 300 400 500 600 700 800 900
B g/ mg
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SR B 20 ~ 50 °C, [ R 5 4 Bl aE P Fe’” |
Mn®* ¥, AR RS R X B~ Fe® \Mn®* 2[R3R
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Fe’™ \Mn®* (i LR, 302l Mg Al Ca® " L
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EF] HAP By il .
3.2 MEIRLZ
iz F Langmuir 1 Freundlich % i 15 AL it



30 KI5 K TR

2021 4

HAP [R5 BRI 4040 M BE ST 3 A, A 45 R L
#2, mF2 ATLIA M, Langmuir 7RIS K R
{E Ht Freundlich 7 R4 5 1Y R® fH R , 580 HAP X}
F~ Fe’™ Mn®" ({0 B 5545 A Langmuir 551, J& F
2L 2 K, SRR A RS AR Lang-
muir F 40, 0 < K, < 1, H K, R 15 0 i
T, U B T ) T W B a1 T

TR AT HAP X F™ (Fe®*  Mn®" I [ff 75
BN 7.60.11.64.9. 16 me/g ¥ HAP 5 HAbAR
K SCHR I B0 R R 25 e R AT % B, 4 SR WL 3, HAP
MR B Fe®* \Mn®* MO 2S5 K 4

0 I 50 mg/L

FEBRE/%
Fe"ERHE/%

H 2 3 F Al HAP 0] LUg A k& —Fh i AE 1Y
RO, o] T R R BRI R B Fe?T
FMn® B 1, HEA B MW AR, 8 TR
HAP IR R R EEXT F~ Fe’ ™ \Mn®" B F RS 2%
W Bk AR RS AR (AH ) WA & i AR AR A
A5 (AS ) HI B4 R IR ELRR B RS AS k. B HREAR 1k
(AG) FNH W B BRIy 2, & 4 n A&
P Fe?™ Mn " 5 A 2 B 7 R AR 3
Fiti, H AH >0,AS >0,AG <0, FR&SEURE
YLl HAP Xf F~ (Fe’ ™ \Mn®* 55 (1% B2 A 2 B9
PR

I 100 mg/L

c 4%

Ca®* Mg" Na' CI  HCO; Cca* Mg¥  Na' CclI  HCO; Mg”  Na* ClI  HCO;
(8) WEFZ B R 1 B (b) X{Fe™'%: B % 1 B W () HMn®' % B % i1 W
B4 FARREMEMBFTHENF F’ Mo ZBRERHFIE
R®2 HAPRBH F~ Fe’" Mn’" BIIRMERIMASH
Fed R EE/ Langmuir 45 %4 Freundlich %1
R T q,/(mg-g™') K /(L-mg™') R K. /(L-g™) 1/n R
15 6.90 0.2483 0.9973 1.5736 0. 4540 0.9652
F- 25 7.33 0.3213 0.9967 1.9047 0.4335 0.9651
35 7.60 0.4795 0.9929 2. 4642 0.3773 0.9848
15 8.10 0.5115 0.9985 4.8511 0.1197 0.9871
Fe** 25 10.05 0.5123 0.9981 5.2797 0. 1584 0.9932
35 11.64 0.6736 0.9977 6.1565 0. 1644 0.9934
15 4.11 1.1305 0.9980 2.3422 0.1712 0.9907
Mn®* 25 6.66 1.7905 0.9975 3. 6669 0.2133 0.9853
35 9.16 1.9561 0. 9960 4.8388 0.2661 0.9890
%3 HAP S5HXCEEBMFI AR F- Fe’" Mn’* FFEIRBEE /7 b
gz B 551 pH Fg, /(mg-g™") Fe’"q, /(mg-g™") Mn*"q, /(mg-g™") P
AW KA 5~6 4.99 SCiER[19]
ST T 7 3.58 2.54 K[ 6]
TR 7~9 4.91 3.80 4.09 SCHk[3]
HAP 7 7.60 11.64 9.16 P S'e
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F4 HAPERBH F~ Fe’' Mn’" XM NESH
SUSEWE &

BT RE/K OAG AS AH

3.3 KR AES
B JHE— 3 S35 FUE — 8 12 O 00 it

288 -1.39 HAP [a] 20 BRI 20 0 B8 A7 9005, SULA 45 R L
F~ 298  -2.45 183.09 51.59 y =-6.2lx +22.02 5. RS AWM, NHEZA F T RUE
38 -4.9 JE ) R AR T E— S sh J 2 A G 1 R
288 -4.03 {8, DXt , M — 9% 30 3 5 AT L 4 b 4 3R HAP X
Fe’* 298  -5.39 181.55 48.40 y =-—5.82x +21.84 F~ Fe’* Mn®" [Al 0 It A, FLiE 2% 5l )y 2
308 -7.59 T T p 2 1 s g ik AR A i Sl R B B
288 -8.89 LT I
Mn®* 298 —12.08 247.02 62.01 y =-—7.46x +29.71 3.4 LEEERILPEES
308  -13.71 HAP 11§ N, W — BB SR £ 0L 5
x5 HAPIRHF~ Fe’" Mn’* HIRMZN HFEMESH
B g/ HE—GR 8 )2 it 2 WA = o2 R
KM (mg- L7 q./(mg-g™") K, /min"~"' R q./(mg-g™") K, /min"~"' R
5 0.69 0.0187 0.9570 1.19 0.0385 0.9949
F 10 1.41 0.0193 0.9129 2.41 0.0181 0.9940
20 2.24 0.0164 0.8351 4.58 0.0160 0.9979
20 9.18 0.0914 0.9539 5.95 0.0054 0.9965
Fe’* 30 10.43 0.0843 0.9943 8.93 0.0037 0.9947
40 18.20 0.0838 0.9587 12.66 0.0018 0. 9960
5 1.31 0.0785 0.9709 1.38 0.0393 0.9959
Mn®* 10 2.37 0.0734 0.9541 2.76 0.0199 0.9949
20 4.24 0. 0696 0.9775 5.45 0.0114 0.9989

M3 N, W - Ry R B HAP B9 LR K
5.08 nm, f£ 2 ~50 nm i Fl P, FLERE FA-L, 4L
AFITF HAP X F~ Fe** Mn* [R50 [ BET
FLE AN 21. 68 m’/g.,

“r ——mp
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3.5 X SEATAHS

HAP R/ XRD 675 0P 6 s,
K6 nLUA i, 78 2 6 O 26°.32° 33° ,40° 47° 4k 1Y
WEESE SRIES: T HAP S5H (0K ™, HAP 15 %
7K BE LI Hh BT 7 0, 9 0 0 9 4 2 9 0

Cas (PO, ) F . Fe,, (PO, ), (OH)z il Mn,, (PO, ),
(OH),,
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~ 1000 L RRE v he 4 Fe,((PO,)(OH),
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S 800
e v
g 600
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20/(°)
6 HAP IRBfBI/E XRD {751 Ei%
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HAP Wt sz bR £ oM e s e 7 frs
K7 AT 3 566.3 em ™ [ B T OH ™ 14k shig,
1E 567.07.603.71 F11 041.56 cm ™' X} PO,” ™ (4R
Bt MBSO T, SR S % X6 8 T OH
PO, ™ HIE IS A S, R OH™ 25T FIE
TR, PO, AIRES 5T Fe " Mn®* U445 X
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IO, A OB R #R 45 S . 7E 1 386. 80 em ™ by
NO; R 3l , 3 a] BE (K O il 55 HAP IF A i 1R 45
VR, BRI NOS ¥ T HK I b il NO;™ 4R 3)
e I B k5
3.7 PAEBESH

K8 Sy HAP Ak B4 530 K S MR SEM
KA EDS &, i 8 n] LI i, HAP 2 Ifi ks 52 3
ZALIEAS (K 8 (a) ), iy HAP [y W B34 i 1 0k Bt
5 AL BB KRR HAP SR A 2R 5™ 2
Wi 7E HAP ZKif (& 8 (b)), W] HAP Xf F~ |
Fe’* Mn®* JEAT T R IE YA, HAP i Ca,

. A !
- }’. I " 3
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0 1 1 o 4 1 e
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(c) W it BTEDSAE i
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-
l’“z’
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4000 } Ca 24.82
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#3000 [ Fe 10.40
! Mn 7.23
2000 - F
000 Mn i F 4.25
I Fe 4 M Fe
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BEE/keV
(d) % [t JEEDSHR 1% &

8 HAP WEpft F~ \Fe’* \Mn’" BTf5H9 SEM E 0 EDS &Eit &

3.8 WRMHLESH

HAP(Ca, (PO,), (OH),) 4544 3R A K i 1)
OH™ .Ca’* #1 PO,”” ,PO,’” 5 Fe’* Mn’* % /E F1H
KAVER, 76 XRD A7 5 B B 08 BT 1 45 &
Yy 2 )5 Ca®* 2 b TE P g e o e 2 5
F12n] 50 HAP X Fe®* B ptiE (11. 64 mg/g) KT
i Mn®* (I Bt (9. 16 mg/g) , Zhu 25254y ix 5
BT A G, Fe’ (1.83) \Mn®* (1.55) iy L £t
PEH Ca® (1.00) K432, Fe’* ) W Bff 2 % K+
Mn®" |, FLRRL B2 K 0 B 5 o 4 W B
Ut Fe’ ™ Mn®* B 5 5 Ca® 478 A et A, O
5 PO, Bz i, i Fe®*  Mn®* B4 4 [ 5 £F HAP
b X AR A BFSR 4K R LB K A R T T

i P2 IR, B ik Sy HAP )
PR Ry Ca® EA B 70 1 B T2 L M R 454
MRS T X O S E AR B T ER., 51t
[RIAsE A HL g F - 5 T 1 fL i HAP = A i
W17, B 95 k25T BE ST A HAP 36 1 Y 35 %
( - OH) 5 T2k I8 1 7 B F W B2 5, F - ek
W 2] HAP 3210, J5 5 HAP th K&/ OH ™ 475
TR I, AT 35 2 T 17 25 B 9 22 B4 1 H i
ZEGMHT, HAP X #b Rk i B Fe® ™  Mn®" iy [F] 25
FEA AT R B B | L B - 5 4 S o AR B Ak 2
g LA B 3 THT 455 S
3.9 REBRANBEBARESRETASE

;|

g B R S 461 T 0. 1 mol/L Na,CO, Fl
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0.1 mol/L HNO, fE A PEBEH , XI5 B} I 1y HAP
ANEREAT T 5 U AR AR ER B0 3K, 2597 B RS
F~ Fe’* Mn®* [l LR3I 9 Fi7R o

F N Fe™ I Mn™

100
280}
~
#
&
# 60 -

40

0 1 2 3 4 5
BABR R

9 HAP NEBFEREMBERMIEHTL

H & 9O WIE ), bl PR PG R B 384, HAP
X 4% B S BR R B T AR, X 2K HAP /NERFAE
PEAE e 7250, S BN A B T B A7F T
A7 5 BRI T XS B R B e . ISR BIFE S5 IR
TEAZ G, HAP /NERAT g O 4 HOB AR I EE i W]
D BAE N, X T RO AR A R XS
R HAP BA R A AE b %) 7 A 2 1 A ]
AR HMERE

AT Y HAP ZNEROGESEBR b T 7K B W B B
B HAP /NERJICA 150 mL SZFRHL T 2K KRE T, 3647
3 AR SR, R 2 BRI F - Fe® AN Mn® " He B
ZESRUNME 10 frs . fIE 10 Al 0L, RS F- Fe’ |
Mn?* W BE [ ZE 24 0. 66.0. 23 .0. 07 me/L, Bk F(
TR K T AR ME) (GB 5749—2006) 0 fy 25K
PRI, HAP 0] J8 ok &7 o SRR 1 b R KB 2 A R
4 2 S 55

= F

o
o

N e I Mn*

=
o

d . N

RRKH
B 10 HAP 3$3LhRit 7k sp F~ Fe’* Mn®" AOUR B R

BFIRE/ (mgL")
o o
(S

4 45w

(1)HAP [aE 4030 F~ Fe’ " Mn®* &2 & 7KEER
T RN 25 by s B de Sk 4 g/ L RN B[R] 150
min, JZ W 35 °C, oA, HAP XA IR KFEp F -y
Fe ™ Mn® " [ 25 B R 55 15 40 31l o : 84. 6% .99. 9% .
99.8% , HCO; F1 Ca’* Mg** BYLETE S 5200 F -

I Fe® Mn® " I BRASCER: , ELVR 2B o R MoK

(2) Langmuir % ff 25 8 AR R RN — 2 8l J1 2407
FEELFHIFAR T F ™ (Fe’* \Mn”" ¥£ HAP |- ([l 25 0
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