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Abstract A novel magnesmm -calcium hydroﬂyapatlte‘ adseérbent was'prepared by the Sol<gel method with different proportions of Mg/
(Ca% Mgb uslng Mg aszdoped ions, and the removal (’hal:attenstlc@ and process mechanism of PB** on the magnesium-calcium
hydroxydpdtlte in‘an aqueous solutions were Studied.’ “The_ reslﬂfs show that the surface of the adsorbent is composed mainly of a
hydroxyphosphonite eompound [ Pb,, (PO, ), (OH), ], The morphological characteristics of the magnesium-calcium hydroxyapatite
adsorbent surface was investigated as crystal structure changes from short rods to needle structures according to scanning electron
microscopy (SEM). Testing at a temperature of 25°C and pH of 5 showed that the adsorption of Pb’* by magnesium-calcium
hydroxyapatite reached equilibrium within 720 min. The adsorption capacity was determined to be 813. 17 mg-g™" at a dosage of 0. 6
g-L™". The thermodynamic test results of AG® <0, AS® >0, and AH® >0 indicated that the adsorption process of Ph*>* by magnesium-
calcium hydroxyapatite is a spontaneous process with endothermic reaction and entropy increments, and higher temperatures were
considered be favorable for adsorption at a range of 25-45°C. The adsorption could be effectively described by a pseudo-second-order
kinetic equation. The equilibrium data were found to follow the Langmuir adsorption model. Material characterization and adsorption
tests showed that surface complexation and dissolution-precipitation were the main mechanisms for the removal of Ph** by magnesium-
calcium hydroxyapatite in an aqueous solution.

Key words: hydroxyapatite; lead ions (Ph**) ; adsorption kinetics; isotherm adsorption; removal mechanism
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ﬁj%./ x qm./mg~g’1 KL/L-m];nlgmulr o R, R? Ky/mg! *"-g*‘F-rETdhCh *Eiﬂl/n R’
25 813.01 0. 857 0.009 ~0. 185 0.999 6. 054 0. 136 0.933
35 909. 09 0.733 0.011 ~0.214 0.998 6. 165 0. 150 0. 957
45 1111.11 0. 643 0.012 ~0. 237 0. 996 6.249 0. 144 0.973
ALwF, R 22 0 A TS WL RS 80 o A i S 50 2
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Table 2 Thermodynamic parameters of Mg-HAP adsorption of Ph?*

T/K AG/kJ +mol 7! AH®/kJ-mol='  AS®/J+(mol-K) ~!

298 -6.203 2. 094 27.811

308 -6.451 2. 094 27.811

318 -6.761 2. 094 27.811
2.7 WEBsh 12

FERT GG Pb* W& B 4 5l D 400, 450 F1 500
mg-L™"F, M 8w w] LUULEE B A~ [] 1 25 B
I TERIUG B B B A R B (] AR 15, 4 e rh gk
BA (1) Ph>* e BERAA, Ph>* B BB B Tt RS
I o6 1 R Y % 28 AR R AN R o 2 1 3k 1) °F



4086 SN A - S 40 ¥
. X R AT R HIG B Mg-HAP o Pb** 4

(6T Kk B T D T B 7, P il b R 4 T

HPOZ ™+ H ™ F 03 A SRR 45 4, T L

W I Rk, W RS ek, s |

P E R R 2 I (P TRy ML 2|

RGP Bt W A TR A FE K, Mg-HAP 6 1 W - PO B
HHOAENA IR, B R P RIS | 2 isomL

Ca® I Mg ™ RS T cHued B2, 11/ T Pb** R pE ~o-500me L
BT, NITTEEVRH RS B Pb> 4 » e

LRU R ROBE N, W B AR R I, X T PbYY
FE R BE S = AR 3 IR 3 g, Ph* T S5 B 5 fk )
S N i A Nl L4 i N 7 G4
BEFEHIE]ZE 720 min By 08 B 6 AR 58 1) -7, GRS A1) e
KW BfF B 4y Sk 663.45. 737.71 Al 790. 20
mgeg ™', BB M RLIE T A B VR G A
JEIK.

iR e AR R WFSY Mg-HAP 5(]‘ Pb“ g
Bt 2h F1 2.

th—gsh e e

= lnI(qe |
t'/qt = 1/(k2q ) et/ g r(9})
Mornst L ALY O . j
=g, =kt + b Y (10) |
Elohch ZﬁJ)j] %7:7?5'5 : “ 4 L~
g =" (1B n(aBy) + (1/B) e 4CFD)

:EQEF', ,qe ﬂeﬂ q, 5% B R A A e BsE 220 ) I R
(mgeg™"), k (h™") Fl k, [g-(mg-h) '] 5351 K 1h
— 2B 12 RN Rl T2 DR R, kR U
PO A 1 AR B [ g+ (mgemin'?) 7' ], o K
) 1 W B 3R H B, mg - (gemin) T By A B B
W, gomg ™.

qt) = Ing, -k, ‘) ~ (8)
ygs

1 1
0 200 400 600 800 1000 1200 1400
t/min

&8 Mg-HAP 33 Pb?* U it = i B B A9 35 1k
Fig. 8 Change in Pb?* adsorption amount onto
Mg-HAP with time
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Table 3 Adsorption kinetic model and fitting parameters of Mg-HAP for Ph?*

(RIS ¢o/mg-L~! Fikx q./mg-g”"! R?
400 In(g, —g,) = —=0.007 7t +5.993 3 400. 73 0. 808
P—BBh 2 450 In(q, —q,) = =0.007 7t +6.359 1 577.73 0. 804
500 In(q, —q,) = —0.007 41 +6. 566 0 710. 52 0.738
400 1/q =0.001 5¢+0.030 3 666. 67 0.999
Ph =93 Sy i i 450 t/q=0.001 37 +0. 038 7 735.29 0.996
500 /¢ =0.001 3 +0.041 0 769. 23 0. 996
400 q,=5.777 41" +481.33 — 0.918
Morrist JUAE P A HURE 764 450 q,=7.508 7t"% +491.07 — 0.954
500 q, =9.508 5:'% +482.21 — 0.952
400 q, =36. 6111t +391. 40 — 0.960
Elovich 3l 712405 & 450 q, =45.986Ins +381. 94 — 0.930
500 q, =59. 0111 +340. 24 — 0.953
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