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Abstract: Magnetic hydroxyapatite (MP) modified boron nitride (BN) composites (MPBN) were prepared
by co-precipitation method. The morphology, pore size, specific surface area, elemental composition,
crystalline shape, surface functional groups and magnetic properties of MPBN were characterized by SEM,
BET, FTIR, XRD, XPS and VSM. The adsorption properties of Pb>" by MPBN were investigated by single
factor adsorption experiments. The results showed that MP was successfully loaded in the lamellar structure
of BN and MPBN was superparamagnetic. The adsorption capacity reached 460.75 mg/g under the
conditions of mass concentration of Pb>" was 250 mg/L, temperature of 25 °C, pH=6.0 and MPBN dosage
of 0.4 g/L, adsorption time 10 h. The adsorption process of MPBN for Pb”" was in accordance with pseudo
second-order kinetic model and Langmuir isothermal model, indicating that the adsorption process of
MPBN for Pb*" was mainly attributed to the chemisorption of single molecular layer. AH and AS for the
adsorption process were 94.76 kJ/mol and 339.61 J/(mol-K) by fitting the thermodynamic model,
indicating that the adsorption process was a spontaneous endothermic process at normal temperature.
MPBN also showed excellent stability and good recyclability after 4 cycles.
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Fig. 2 N, adsorption-desorption (a) and pore size distribution
(b) curves of BN, MP and MPBN
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Table 1 BET parameters of BN, MP and MPBN
LA /(ecm®/g) fL#2/mm Fb 2 i B/ (m?/g)
BN 0.268 24.36 37.86
MP 0.492 12.57 136.56
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SEM images of BN (a), MP (b) and MPBN (c)
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Fig. 3 FTIR spectra (a) and XRD patterns (b) of BN, MP
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Fig. 4 XPS spectra of MPBN and MPBN-Pb
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Fig. 5 Magnetization diagrams of MP, MPBN and MPBN-5
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i & 7a T 0L, MPBN X Pb™" Al ik Bt s 2 i T
BN fl MP, S MP [ HLEREFIRKT MPBN, {H
MP 7EWE It fE v & & AR AR, s ma e B R,
W £ I MPBN, 35 W BF-i /5, MPBN 9 I fff
I MP. BN 2057 205.17 F1 354.99 mg/g, *
FME—918h 15 (X (3)) ME= ks 12 (KX (4))
AR NP B (5K (5)) BERDR LA MPBN (15555
R, BIAZRILE To~d, BIASEIE 2, mFE
2 A[ L, HE TR SRR (RP=0.998 ) HifE—Zk 3
FI2EAERL (R*=0.934 ) ¥ AE S BfEE AE, BEIE IR
BHHETT (Gecar» 476.19 mg/g) WA (q.,
460.75 mg/g ), 2 H I B =5 22 R o b2 Wt
OB NP R (18 7d) AT, MPBN X P 1%
B RN 3 B BE: 5 1 B B DR e B B B
W BRI R ks by 73.60, HEL I BV A Pb* 3 b
WG Bff7E MPBN 1i 5 55 2 B BEA UKL 9 4 5L Bt
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I, P g A [ PR R WG B S YR 2B 3 B ER
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B acHh  SLpiiE SR g,

ln(qe_qt):hlqe,cal_klxt ( 3 )
1, n

q, kz X qe,cal qe,cal
q, =k xt*3+C (5)

X g BB A i, me/g; g TE ¢ Y
[ B B 25 0, mg/gs ke SR AL, min
by RUE —HGHARE R, g/(mg min); k; A URL N9
HARFEG C B FEEEA KRR

%2 MPBN Xf Pb™ [l 5 Jy AR B4
Table 2 Fitting parameters of MPBN adsorption kinetics

for Pb*
R? 0.934
HE— 3 ) 2 Ay ky/min™" 7.27x107
qeca/(mg/g) 280.8
R? 0.998
HE Bl Iy 2 A A k,/[g/(mg-min)] 6.98x107°
qecal/ (/) 476.19
ks 73.60
0~30 min C —92.53
R? 0.9912
. ks 8.14
*}%ﬁg;ﬁ% 60~480 min G, 275.70
R 0.9788
ks 2.90
510~600 min  Cs 389.69

R? 0.9539

232 IR E RN AR B SRR

25 °C'F, MPBN £l 0.4 g/L, HWRPILH
pH 4 6.0, %58 Pb> ) by [t o vk J8E o Wt Ff £ 1) S i
ZEIRULIE 8a. MTLATE H, B Pb>" o fak e (38
MPBN 1 fff 5 M 82.50 mg/g 4 /i1 %) 529.00 mg/g. 5>
H>% H Langmuir [ 2 (6)) il Freundlich [ 5 (7))
BRGS0 8E , A 4R ILE 8b~c, &GS
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Fig. 8 Effect of initial mass concentration on adsorption

effect (a), Langmuir model (b) and Freundlich
model (c)

# 3 MPBN X} Pb™" i M BF 5 I AR R 400 45 2 80
Table 3  Fitting parameters of adsorption isothermal model
of MPBN for Pb**

Langmuir 57 Freundlich #5#
gn/(mg/g) K /(L/mg)  R? 1/n  Kp/(L/mg) R?
540.5 0.095 0.998 0.230 153.9 0.996
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i 3 WA, Langmuir #A! ( R*=0.998 ) b
Freundlich #% ( R?=0.996 ) A H 47L& 1, W
W o 3ot A Ry T W, SR R T AR A AT
MEAMST, B Langmuir FERIEE ARSI M &
( gm, 540.50 mg/g ) 5 5L BRI ( g, 529.00 mg/g )
AL o B4, Freundlich S H ) 1/n 7E 0~1 Z [H] A,
Xof R oot A 22 FEARHESE T, MPBN 9 1/n
1 0.230, FIULTE AT 45 1F T R N2 A o

Po__ 1 P (6)

9 KL dnm
lnqezanF+llnpe (7)
n

K g PRI 250, me/g; gm WERIR IR
KW Rff 254, mg/g; pe VT Po> Y Bk
mg/L; K & Langmuir % %%, L/mg; K¢ & Freundlich
WH, Limg; 1/n AW 7205 %0,
233 IREWHABRRM AN FHER
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MPBN £ 1H4 0.4 g/L BRI @E AR E
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Fig. 9 Effect of temperature on adsorption effect (a) and
adsorption thermodynamic model (b)
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Pe
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AG NEARH A MAE, kl/mol; AH AFRAER R,
kJ/mol; AS AHRAERTAELL, J/(mol-K).

# 4 MPBN X Po™ iy M Bff B ) 245 LD S50

Table 4 Fitting constants of adsorption thermodynamic for
Pb2
TIK AG/(kJ/mol) AH/(kJ/mol)  AS/[J/(mol-K)]

284.15 -1.43 94.76 339.61
288.15 -2.41

293.15 —4.78

300.15 —-7.68

306.15 —-10.04

313.15 -11.13

323.15 -14.40
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Fig. 10 Effect of different interfering cations on Pb*"
adsorption
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