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Abstract: A low-cost oyster shell was carried to prepare biogenic calcium carbonate (bio-CaCOs) to remediate
Pb(I1) and methyl orange (MO) from contaminated water. The morphology, composition and structure of the mate-
rial were analyzed mainly by scanning electron microscope (SEM), thermogravimetric analysis (TGA), X-ray fluo-
rescence (XRF). The adsorption of Pb(II) and MO by bio-CaCOj; was studied by combining batch experiments and
microstructure characterization. Batch sorption experiments showed that 45% MO was removed by bio-CaCO;
(Msorvent Vsotven=0.2 g/L, [MO]i1iia=60 mg/L). An obviously morphology change took place after MO adsorbed onto
bio-CaCO;. The maximum sorption capacity of bio-CaCOs; for Pb(Il) is 1775 mg/g (pH=5.0, 7=298 K), which is
higher than that of the traditional nanomaterials such as bentonite and activated carbon. The Pb(II) removal mecha-
nism is expected to be CaCOs+ Pb(I[)—PbCO,, where the AH’, AS® and AG® of Pb(Il) sorption by bio-CaCO,
(pH=5.0, 7=298K) are —7.64 kJ/mol, —17.92 J/(mol-K) and —2.30 kJ/mol, respectively. More regular products with
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quadrangular structure are formed after Pb(IT) adsorption. The results highlight that the bio-CaCO; has a high Pb(II)

and MO sorption efficiency, demonstrating that it is a promising adsorbent material in environmental pollution

management.

Key words: biogenic calcium carbonate; Pb(Il); methyl orange; sorption
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Table 1 XRF results of oyster shell

Element Na Mg Al Si P S Cl K Ca Fe Cu Sr

Mass frac- 15 (8 004 011 009 021 029 002 9743 007 003 033
tion/wt%

Oxide Na,0 MgO ALO; S0, P,05 SO; ClI  K,0 CaO  Fe,0 CuO SO
Mass frac- 55 (39 007 019 017 043 024 002 9692 006 002 0.4
tion/wt%
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Fig. 1

TGA curve of oyster shell (A) and XRD patterns of oyster shell before and after calcination (B)
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Table 2 Physical property of oyster and calcined oyster

Adsorbent BET area/ Pore Zeta Size/
(m*g") size/nm potential/mV nm
Oyster shell 4.32 6.53 -31.0 836
Calcined

oyster shell 4.93 6.22 -19.1 4156
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Fig. 2 Effect of adsorption time on the sorption of Pb(Il) (A)
and MO (B) by bio-CaCO;
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Fig. 3 Pseudo-first-order (A), pseudo-second-order (B), and
Intraparticle diffusion model (C) fitting for Pb(Il) sorption by
bio-CaCO;
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0.01 mol/L
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Table 3 Kinetic parameters of Pb(II)
sorption by bio-CaCO;

Pseudo-first-order model Pseudo-second-order model

1c2/min’1 qc/(mg-g’l)

0.998 2.61x10° 2092.05

R*  k/min”’' ¢J/(mgg’) R
0.477 0.00225  600.94
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Table 4 Intraparticle diffusion model constants and correlation coefficient for Pb(II) sorption by bio-CaCO3;

Ka/(mgg'min"?)  Kp/(mg'g 'min™"?)  Kg/(mg-g"-min

-1/2
)

G G Cs R*> RS Ry

470.71 77.0 8.55

-220.39 1034.38 1747.0 1.0 0.95 0.78
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Fig. 4 Effects of pH (A) and ionic strength (B) on Pb(II)

sorption by bio-CaCOj3
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Fig. 5 Adsorption isothermals of Pb(II) on bio-CaCOj3
pH=5.0, m/V=10.2 g/L and [NaClO4] = 0.01 mol/L
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Table S Parameters of Pb(II) sorption by bio-CaCO;
for Langmuir and Freundlich constants models

Langmuir Freundlich
AN ] K/ 1 2 K¢/ 1 " R
(mg-g™) (L-mg ") (mg'g)

25 177533 0.041 0.992 4153 4.1 0.898
35 141594 0.059 0.998 441.1 5.1 0.876
50 1237.35 0.063 0.986 421.8 5.6 0.885
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Fig. 6 Plots of distribution coefficient against temperature for

Pb(II) adsorption with different concentrations by bio-CaCO;
pH=5.0, m/V' = 0.2 g/L and [NaClO,4]= 0.01 mol/L
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% 6 Bio-CaCO; IR ff Ph(IDEIA N F S H
Table 6 Thermodynamic parameters for the
adsorption of Pb(II) on bio-CaCO;

[Pt AH/ ASY AG"/(kJ-mol ")
(mol'L™)  (kI'mol™) ('mol "K™) Hoe k 308 K 323 K
9.09x10*  -8.24 -14.92 379 -3.64 -3.42
1.36x10°  —7.85 -1635 298 -2.81 -2.57
1.82x10°  -8.29 -19.33 2,53 233 -2.04
227x10°  -8.09 -20.06  -2.11 -1.91 -1.61
2.73x10°  —7.42 -1898  -1.76 -1.57 -1.29
3.18x10° 771 2077  -1.52 -1.31 -1.00
3.41x10°  -5.87 -15.04 139 -1.23 -1.01
Average —7.64 -17.92 -230 -2.11 -1.85

A

= @11)

H (021%002) J(((:)l;gs 47(-212713: standard PbCO,

%: r T T'r !Tln' 'I'!TT'I'TTI"H!H'I"I'

2

§ Opyster shell after Pb(II) sorption

20 30 40 50 60

260/ (%)

B E MR ER A AR X NP, x5
bio-CaCO; M B Pb(ID)HT Ji5 B 2 B F AL (B 8)F
Ko WP AT bio-CaCO; LA KN (1125 1 HUIR 2544,
KANERA—, HEREEHF AL 100~300 nm (¥
FLIEZER, W 8(A)FT/R. XFHFLIE LS T H1
BRI LR TR, WL Po() & R R P2 A K &I
S0 I %) DY A 254
2.6 DR P14 EEXT LE

SEIGXTEE T bio-CaCO; 5 H el MR F AR AT Ph(ID)
I B PERE . 298 K B, I bio-CaCO; X} Ph(ID) 1
FIR BB ik 1775 mg/g, ZINEAA B 1.9 £,
B A T F TS R . A S8 . 2 IR
MENEE 7). T H T FL L4 H1% F bio-CaCOs

7 Bio-CaCO; "I Pb(I)J5 I XRD &3k (A)HI A4 PbCO; 4514 [E(B)
Fig. 7 XRD patterns of bio-CaCOj after Pb(II) sorption (A) and structure image of cerussite (B)

K8 Bio-CaCO; W fff Pb(ID)ai (A)FIW I /5 (B, C)fJ SEM HE /v
Fig. 8 SEM images of bio-CaCOj; before (A) and after Pb(II) sorption (B, C)

&7 Bio-CaCO; *f Pb(ID)IR Fff BE 7 5 H fth IR Bff 7 Y bL 3K
Table 7 Comparison of Pb(II) adsorption capacity of Bio-CaCQj; with other adsorbents

Adsorbents Cs max/(mg- g’l) pH T/K Ref.

Activated carbon 21.80 6.0 303 [30]

GMZ bentonite 23.83 52 293 [31]

S3.99,-8-C5Ny 52.63 4.5 328 [32]

GO 937.65 4.4 298 [33]

r-GO 92.99 4.4 298 [33]

Tianjin oyster shell without calcination 1591 5.0 298 [14]

Guangzhou calcined oyster shell 1067 ~7 298 [13]
Rushan calcined oyster shell 1775 5.0 298 This work
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K9 Bio-CaCO; HiF PR XT MO % BRAE
Fig. 9 MO removal percentage of bio-CaCO; and activated
carbon

Activated carbon

Bl 10 Bio-CaCO; I MO i (A)FIWE Y J5 (B)K) SEM R F
Fig. 10 SEM images of bio-CaCO; before (A) and after (B)
MO sorption

(4.93 m’/g) W SHATEHE BT TR EA M (2.49 m%/g)
(G5, 1X 0] RS HBOR B LR T AR AN S50 %

ST HIUEWE A 60 mg/L ) MO, bio-CaCO; [
FBRBCRLIN 45%, 5P IR KBRS 48%( 9),
R bio-CaCO; thEA —EMANYR I ERE. 8
i+ SEM (& 10)%f bt & FH, bio-CaCOs [ MO J&, #4
BERI P E T — e B SEH N, L EgR
RO A DI RS 0 42 8 Ph(IDAT MO A ML
YR BT R b e

3 Zig

A S 308 T B o 5 ) % A A kT A VI
MRl HF LB KTPIESE Po(ID & TR L
) MO . i it 72 W B FIAO R AE B 5L T bio-CaCO;
XF Pb(IDAT MO M EBRRUR, HHEE T ARHAELH
AT bio-CaCO; WY it i5 Je W i 52 o BF 52 K B,
bio-CaCO; X} Pb(IN)FA1 MO ¥JEA K &7 W it 4 6E,
298 K N, XF Po(IDFAE AR &N 1775 mg/g. 45
G B 1A SEM RAE 54T, bio-CaCOs M)
B Po(IDAE e A FUU DU B AL 454 1) PbCO;s, Hoi%
WY B 2 AH = —7.64 kJ/mol, AS"=—17.92 J/(mol-K),
AG"=-2.30 kJ/mol (pH=5.0, T=298 K). il kL H
DLRIIR B R4, BTl 4 10 bio-CaCOs W57 B A =

R B IREFL AL, AEKTS SR B B WL
2 Y A5
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