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Transport of Hydroxyapatite Nanoparticles in Saturated Packed Column: Effects

of Humic acid,pH and Ionic Strengths
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Abstract: Quartz sand was selected as collector and saturated packed column was constructed to explore the effects of environmental
factors (humic acid, pH and ionic strengths of the bulk solution) on the transport and fate of hydroxyapatite nanoparticles ( Nano-
HAP) through measuring { potentials and representative ¢,/c, of Nano-HAP. It was suggested that { potentials of Nano-HAP colloids
became more negative with increasing humic acid concentration and the change in solution composition from 0 to 10 mg/L humic acid
yielded an increase in the { potentials of Nano-HAP colloids from - 15 mV to - 55 mV and a sharp decrease in a ( attachment
efficiency) from 1.0 to 0.012, meanwhile, the increase in bulk solution pH yielded a slight decrease in a which enhancing its
transportation in saturated packed column. However, { potentials of Nano-HAP colloids became less negative as the ionic strength of
bulk solution increased due to the compression of diffuse double layer and yielded an increase in o which greatly impeded its mobility
during the pore-water solution, meanwhile, divalent cations have significantly stronger influence on the transport of Nano-HAP than
monovalent cations of the bulk solution. The increase in the concentration of monovalent cation (Na” ) from 1 to 100 mmol/L yielded
an increase in a from 0. 030 to 0. 13, and divalent cations (Ca’*) from 0.2 to 10 mmol/L yielded a greatly increase in « from 0. 030
to 1. 0. It is important to note that the results could considerably contribute to gain insights in the transport and fate of Nano-HAP in
natured and engineered porous media.

Key words: hydroxyapatite nanoparticles ( Nano-HAP ) ; humic acid ( HA); pH; ionic strength (IS); { potential; attachment
efficiency (a); DLVO theory
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Accusorb 2100E )

( Micromeritics

(JS94G) (UV721-100)
; (BT00-50M) ; ( BS-
100A) ; (KQ-3000VDE).
1.2
; Sigma-Aldrich ;
; Milli-Q
1.3
1.3.1
(
, >98% )
500 pm, 1.25.

0.01 mol/L NaOH 24 h
s 0.01 mol/L HCI 24 h

’

,105C s
1.3.2 Nano-HAP
TEM . JEM-2100

200 kV.
XRD: Rigaku D/
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2 @ 3~5PV 200
mg/L  Nano-HAP [ .pH Nano-HAP
(1S) , 1];® Nano-HAP 1 mL/min.
1 Nano-HAP
Table 1 Physicochemical properties of Nano-HAP colloidal suspensions and saturated packed columns
/mg']_fl pH /mmol-L ™! /ememin ~! /em? +min ! PV()”
1 0 7.0 0% 0.52 0.04 5.0
2 5 7.0 0 0.53 0.04 5.0
3 10 7.0 0 0.51 0.04 5.0
4 10 6.0 0 0.52 0.04 5.0
5 10 7.5 0 0.52 0.04 5.0
6 10 9.0 0 0.53 0.04 5.0
7Y 10 7.0 1 0.52 0.04 3.0
8 10 7.0 10 0.51 0.04 3.0
9 10 7.0 50 0.51 0.04 3.0
10 10 7.0 100 0.52 0.04 3.0
11 10 7.0 0.2 0.52 0.04 3.0
12 10 7.0 2 0.52 0.04 3.0
13 10 7.0 4 0.51 0.04 3.0
14 10 7.0 10 0.51 0.04 3.0
1) . 2) pH 0;3) 7~10  NaCl
11~14  CaCl,
1.4 DLVO :
Nano-HAP (a) (1) ¢Tmal(h> = quDL(h) + qulw(h) (4)
el Dy (kg 1) Dy (kyT) Dy, (R T)
a = — (1) ' ’ ! 23
Mo (nm) ,k, (1.38 x10" 7 J/K),T,
,m  Nano-HAP s, Mo (293 K).
- Nano-HAP Dy (h) =gy ¢, +a,
( ) 1 +exp(-k-h)
2, i, - | PA-K
Nano-HAP (n) (2) { Y29, ln 1 —exp(-«k-*h)
d
n -2 N (esey) (2) + (¢ +¢3)In[1 —exp(—thﬂ}
3 (1-¢)-L
,d, (500 wm), s (5)
-12
(em’+em™) L (20 em) ,c¢,/c, o [8.85 x 10
C-(V-m) '], e, ,a, Nano-HAP
Nano-HAP () (m),¢, v, Nano-HAP
-1
(3) ,13]: g (V>9K . - (m )
Mo =2 AN N @2 R S ()
1.675 7 0.125 -0.24 nr 111 0.053 g0t &t ky TS
0.55 N,"“°N,*'> 4+ 0.22N, “*N, """ + N0 . C1.60 x 10°C]. N,
(3) [6.02 x10%mol ' ], M,
A (46) , N, (2.00 x Cmol/L] .z ’
107%) N, (0.65), N, A-a 14h
@ (h) ===+ 10 (7)
(2.47) N, (1.22),N, 6h A
(1.41 x10°%), , ,A  Hamaker (J),A (
[13]. 100 nm).
Nano-HAP (4) ~(7) , Nano-HAP
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2 H* ),H”
, £
2.1 Nano-HAP Kolakowski'"*’ Kretzschmar' "’
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100 mmol/L, Nano-HAP L
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Fig.1 TEM imaging of Nano-HAP Nano-HAP
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. HA [ 2(a)],Nano-HAP S 2 s
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Fig.2  {-potentials of Nano-HAP colloids and quartz sand under different concentration of humic acid,
and pH, and ionic strengths( NaCl and CaCl, as the electrolyte) of bulk solution
s 1.0
HA
’ i O 0mg/L
2] L meERERESESESS O S mg/L
Nano-HAP. Salerno >’ ( 0.8 o * . lénrig/L
06 0
, *
g
, O Nano-HAP S oal
1:5, 154 m*/g, L
02
: -
0 - SHEIOO000000000000000000000!
HA 5 mg/L ,Nano-HAP ' . : : : s : : .
0 1 2 3 4 5 6 7 8 9
80% , ,HA PV
Nano-HAP , HA
3 HA Nano-HAP
,Nano-HAP  { ,
Fig.3 Representative breakthrough curves of Nano-HAP
HA 10 . ) . .
’ colloidal suspensions under different HA concentration
mg/L ,Nano-HAP 89% . R
pH Nano-HAP
10 mg/L HA Nano- 4 , pH
HAP , pH
2.4 pH [ 2(b)]. pH



8 2289
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’ . pH
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Fig.4 Representative breakthrough curves of Nano-HAP
2 Nano-HAP (e./ey) s (n) . colloidal suspensions under different pH of bulk solution
(m0) (a) DLVO
[ (@) (@) ] HAP . DLVO [oeCa)],
Table 2 Representative c;/c, of Nano-HAP colloids, and single- 1S 1 mmol/L , ( (D“m)
collector removal efficiency(n) ,and single-collector contact 222kl Tk Nano-HAP
efficiency( 7, ) ,and attachment efficiency () of the saturated
packed column, and calculated DLVO interaction parameters ’
(@, and Dy,;,) ’ IS D
’ ( ¢2°min ) ( ) .
b (b Ty ) G IS 100 mmol/L @ 1.5k, T, ,
bE Nano-HAP [
1 0 ND¥ 0.025 1.0 ND ND
2 0.81 5.6x10°* 0.025 0.022 ND ND 6(a)]) ’ » Do 8.4
3 0.89 3.1x10°* 0.025 0.012 ND ND k,T,, Nano-HAP
4 0.84 4.6x10°* 0.025 0.018 ND ND ( [ 6(d )]) [24]
5 0.85 4.3x10°* 0.025 0.017 ND ND o :
6 0.90 2.8x10°* 0.025 0.011 ND ND 28%.
7 0.75 7.6x107* 0.025 0.030 222 -1.0 CaCl, [ 5
8 0.72 8.7x10°* 0.025 0.035 153 -3.2 (b) ] Nano-HAP IS
9 0.51 1.8x107% 0.025 0.069 99.7 -6.1
10 0.28 3.4x10°% 0.025 0.13 1.5 8.4 IS 0.2 mmol/L , Nano-HAP
11 0.75 7.6x107% 0.025 0.030 215 ND 75% IS 4 mmol/L
12 0.37 2.6x107° 0.025 0.11 66.9 -2.4 0.3% , 1S 10 mmol/1, , Nano-
13 0.03 9.3x10°% 0.025 0.37 13.6 -3.7
) HAP . 2 , IS 0.2
14 0 ND 0. 025 1.0 7.1 -5.7
1) 1;2) ] mmol/L 10 mmol/L, a 0. 030
1.0, S ( Ca’" )
2.5 (Na™) s NaCl
IS 10 mmol/L |« 0. 035.
5 . IS , Nano- DLVO [ 6(b,) 1], IS 10 mmol/L |
HAP . NaCI djmm 7' lkh Tk ’ de“miu - 5 7kl) Tk ’
[ 5(a)], IS s Nano-HAP , Nano-HAP
Nano-HAP . IS 1 mmol/L HA ( . ) Ca’*
100 mmol/L. 75%
28% , ,a  0.030 0.13, Nano- '
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