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Competitive Adsorption Kinetics of Aqueous Pb** and Cu’* on Nano-HAP

Surfaces

HU Tian-tian'*, CANG Long”, WANG Yu-jun®, SI You-bin', ZHOU Dong-mei’

(1. College of Resources and Environmental Sciences, Anhui Agricultural University, Hefei 230036, China; 2. Key Laboratory of Soil
Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract; Competitive adsorption kinetics of aqueous Pb’* and Cu®* on Nano-HAP surfaces were investigated by performing the

adsorption kinetic experiments and comparing the change of { potentials and XRD-map before and after metal adsorption. The results

showed that the adsorption quantity of Pb”* on Nano-HAP was higher than that of Cu®* in the single system. However, the competitive

2+ d C 2+ 2+ N HAP
and Cu on Nano-

increased, while that of Ph** surface analysis indicated that

adsorption of Ph occurred in the co-existence system of Pb’* and Cu®*. The adsorption quantity of Cu

2+

decreased. The X-ray diffraction (XRD) and adsorption quantities of Ca
dissolution-precipitation is the primary immobilization mechanism for Pb*>* , while surface complexation and electrostatic adsorption

2+ 2+

account for Cu®>* sequestration. The adsorption quantities of Pb’* and Cu’* on Nano-HAP had marked linear relationship with Ca
release from Nano-HAP ( R* 0.861-0.954).

parabola, Elovich, double constant equation and LJ function, respectively, in which the second-order and power function kinetics

The adsorption kinetics were fitted with the equations of first-order, second-order,

equation fitted the results best. According to above results, the adsorption kinetics of Ph>* and Cu’* on Nano-HAP is a complex
adsorption processes with both chemical reaction and physical adsorption.

Key words:Ph>* ; Cu’* ; hydroxyapatite nanoparticles ( Nano-HAP) ; competitive adsorption kinetics; { potential; XRD-map
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% B #H T 2 i 88 ( Transmission electron
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mmol L ™" B— Co® AW . 0. 1 mmol-L™'Cu** F10. 1
mmol-L ™" Pb** S [ n(Cu)/n(P) N 1], R}
PAAfisK Ryl IR AR IRAR -7 AE 25°C, J3 sl IR 2R IR
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Fig. 1 A dynamic adsorption apparatus
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2.1 Nano-HAP BYFEIE

€ 2 J& Nano-HAP [ TEM [&]. Nano-HAP JE 1k
FFER, SEH R K 2 140 nm, HAA 2 20 nm. XRD
T EE S SRR I A AR R B (JCPDS 9-432) L
XF—2. n(Ca)/n(P) N 1.65, 5 Fewk KA W FRE
g W & . Nano-HAP 14 Fb 26 1 AR 3 38
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100 nm

B2 #RkEEBRAH TEM B A (100 000 %)
Fig. 2 TEM imaging of Nano-HAP
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B[R] A RE K | TS B — i e A7 5544, Ph Al
Cu’* 7€ HAP 1A 14 B0 R [A] I8 B 12 349 750 8 0k 20
IREFAT. 24 P>t A Cu* IAF IR R A T 58
G IFE, Ph* 1 Cu®* 118 R 68 A0S st [ A X6 1 B
— B TR T A T AR A W R B AR AN B
N7 IS ) W B R R /N A PBP T (BR—) > PbP Y (3EAF)
>Cu" (FEAF) > Ca®* (B—). ZEMBT R NPT,
Nano-HAP 1 9 1 P W B 55 2 AR 2, Ph?* Al Cu®*
A L[]S W B FE Nano-HAP T | | Fifi 25 W Bk
FOASITIR A, Nano-HAP 2 [ %) 3% 14 W J6F 5 A7 328 3

0.12

0.08

BELST I () 1% B ik /mmol kg ™!

600 900
I i)/ min

1200 1500
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VAL B TR A S e WA B, W R PR | AR S
o7 B 25 5 S M W B T 2 T B SL TR I T
B S 17 e 101, Cu® * Ay A s ] R Bt v 1 PB7 . 181 3
(b) W5, B AR ] R 14, P> 1 Cu®*
£ Nano-HAP |- 1) 52 BRI Fff ot 22 i 184 fin , HL 2R AR
B B4 A/ IN R 5 B 7 ) W i — . B B9
T, PH> T AE HAP b i) W B oo A 2 22 02 % UL
JE T R P RN Ca’t AT B ARSI A
4RI HAP UUHE. T Cu®* AW Fifid #2276 HAP %
TET 149 OS2 07 s 0 7 2% v P o TR B pl T 7 A T
Bt AR Y DX, 7 A v A IR B B S I AR [ Y
Ph** il Cu®* EAFRT, Ph** (1) BEUR FfHE %5 Ph * Bl
FEAEmt K T W B/ b R W Cu® AETESe g T
Pb>* 7E HAP I B W BfEAE o5 P2 BE s K A #E 5 Pb*
A7 AR 2 A R A 0 A R W K 0P
HAP £ Pb** N, BEA P> 1) Ui v & 1 7
15, HAP Xf Ph?* (1) 25 B R BEAR. X056 Bl 5 4 &
WORWTE AR SR R RERS 5 HAP SO0 1)
Ph>* BRI, HAP X Ph>* fY 25 [ 4% ph*
B RN U8 2. Rl Cu® MITELE 324 T Pb>* 7E
HAP | B W B 037 o5, 45 Ph> Y 22 R IRE i 4
Ph* " BUMAEAE R 2 A= T A Sk b | T Cu® R R
WY B RS Cu®* B AR TR & AR T 0 3 B .

4 J& Pb>* Fl Cu®* 1£ Nano-HAP 193 12
i 2. BE A T 4 R B T W R Y % T RS
Nano-HAP F1 ] 22 Y Ca®* #k B 2k, Ca’* IV
RS & 4 (a) PRI Cut g B
RS E 3(b) Hh Ph’ R Cu®* Y BRI K
HERUVEEAAT &, 2010 5 2 1 B R B
A BB R RAMEKIR R . Cu®* (FA—) > Cu®*

250

(b)

200

150

100 Cu?* (3 H)
50 Cu? (H—)
D
0 C 1 1 1 1 1
0 300 600 900 1200 1 500
I i)/ min

B3 Pb** # Cu®* % Nano-HAP I35 4R M3 113 dh &
Fig. 3 Adsorption kinetics of Pb2* and Cu®* on Nano-HAP
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(ZH) >Ph** (%H) >Pb** (B—). A 4(b),
H— PhP AEAERS Ca® " BB R B s TR —
Co’ " fAAERT, Ji— Cu®  fATERT Ca’ " IO i 5 4l
ARG RE B 33T, UEBH Cu®* #E Nano-HAP b [ % Ff}
HREFEZELIFE YW 3, H A F 5
Ca** R EVE . 1T PH* " fEFERT, Ca® BRI =
W a6 Ph> T 5 HAP Wil Ca® " B TE T

15

Cu®* BPLHi i fit/mmol

Ph**.

0 300 600 900 1 200 1500
i ]/ min

e, FH Ca®t 1 KB Pb** R Cu® " L A7 B
[ Ca®* Wil BE/N T Ph* Y SRMAEAE T 1Y Ca® "
W X R Cu’ AETERZI T Pb>* 7E Nano-HAP
T YW RS, B AR T 5 4 IR B A2 8t ) Ca® ™ Y
# Pb*T |, Cu’* B9 BRFUK & 5 Nano-HAP | Ca®”
FABURE I #E AT WG, 15 BB 1 4 O R (DL

x1).
50
(b)
40 Pb (#—)
=
E 30
=
%
B 201
B
&
o
0l . PR(KH)
u* (H—)
ol sk
1 1 1 1 1
0 300 600 900 1200 1500
Fif ] /min

B4 Pb’*F Cu’* 7£ Nano-HAP LHIZ) 2 H H2k
Fig. 4 Effluent concentration of Ph>* and Cu®* on Nano-HAP

%1 Pb**F1 Cu®* 7 Nano-HAP RME (y) 5
T Ca’t BHE (x) WEMXER

Table 1  Liner relationships between Ph?* and Cu®* adsorption
quantities on Nano-HAP and Ca®* release quantities from Nano-HAP
Hm L R?

Cu®* (B—) y=0.0007x +12.771 6 0.8610
Ph2* (H—) y =0.005 6x +30. 888 8 0.9542
Cu’* (%H.) y=0.003 0x +23.765 5 0.9415
Ph2* (XX H.) y =0.003 5x +35.940 9 0.903 0

2.3 AYHTE Nano-HAP K Zeta HL (AR 4L

Nano-HAP W [ff Pb** . Cu** Ji5, FLFR I ) Zeta
AL RA T — 28 (W3R 2) . sliykxf i, i
FREN Ca®* BER H AR, Nano-HAP I 4 HL
XUHL 2 TE B A 98 b BRI Zeta B A7 5 5 4R Nano-
HAP i FL B30, BA— Cu® W BRI, Nano-HAP
RIAY Zeta HLALH GOPERSAT S0 55 2K AL BRAH
2R, XEW Cu®* 7F Nano-HAP F i F 5
S LI BOE A 3 R W R O A Bl AR T OS2 N
FETT ) I L fr 450, PR L Zeta HEL AR ALAR /DN, BRL—
Pb** W B, Nano-HAP 3R TH Y Zeta H v H, £ 1 I
BN X R K P P F] Nano-HAP 3R 1

P OB J2 B P T, DA T S B0IE H A 3, A
Nano-HAP [ 5t fi 07 B AIK. 24 Pb** | Cu®* HLAE T,
Nano-HAP £ i 1Y) Zeta HL 0 8¢ 5 4f Nano-HAP 1)
FrEF i (H S H— Cu® " AL PR A4, R Pb* T |
Cu** FLAFRT Cu®* 50 T Ph** A F] HAP K1 H B
UL JZ Y N R T, AT T3 Zeta HAAZ LI/
®2 WHEhHZE KRS Nano-HAP BX{A Zeta B 4T
Table 2 {-potentials change of Nano-HAP

colloids after adsorption kinetics

RS RS WK FR Nano-HAP #Y Zeta HL{7/mV pH

1 J5f Nano-HAP -16.9+0.6 6.98
2 a7k -19.0+0.9 7.19
3 Cu** -19.9+1.2 6.92
4 Ph?* -2.88 0. 40 7.19
5 Cu?*-Ph%* -18.4£0.50 7.23
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Fig. 5 XRD pattern of Nano-HAP after adsorption
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Table 4  Adsorption kinetic equations
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Table 5 Adsorption kinetic equations of Ph** and Cu?* on the Nano-HAP

I Cu?* (B—) Cu®* (%H) Ph2* (BA—) Pb%* (%2 H.)

g y =0.002 1x +1. 619 y=0.002 6 x +2. 064 y=0.0026 x +2. 496 y =0.002 5x +2. 455
R*=0.6297 R?* =0.750 4 R*=0.7182 R?* =0.708 4

I y=12.53 x +0.0102 y=6.541 x +0.009 8 y=5.560 x —0.0010 y=5.074x +0.004 1
R?* =0.998 4 R? =0.998 9 R? =0.999 3 R?=0.9999

Elovieh 77 y=8.975 x -28. 49 y =26.66 x —94. 87 y=40.47 x - 142.7 y=32.52x -112.2
R?* =0.8587 R*=0.7227 R* =0.747 1 R*=0.7717

. - =1.307 x —4. 911 r =4.125 x —30.22 r=6.206 x —43. 31 =4.936 x -31.27
WALy woT ) * ) * J * 4 *
R?=0.997 1 R*=0.9474 R?=0.9617 R?=0.9732

W y =0.7908 x —1.787 y =0.9314 x-1.8245 y=0.9516x-1.511 y=0.8970 x —1.332
R*=0.987 1 R* =0.9992 R*=0.9995 R? =0.9992

1] H y =0.0147 x +12.56 y=0.0013 x +8.531 y =0.0009 x +5.492 y=0.0022 x +5.708
R*=0.9857 R?=0.4243 R?=0.8337 R?=0.903 2
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