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Fabrication and Highly Efficient Adsorption for Cs*and Pb* of
v-AlIOOH/ALQO; Modified Diatomite
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Abstract: The composite adsorption materials modified by wispy nanostructure y-AIOOH or y-AL,O; were prepared
via one-step hydrothermal method by using crystalline aluminum chloride (AICl; -6H,0) as the resource of
aluminum, sodium dodecylbenzenesulfonate (SDBS) as template and diatomite as the substrate. The as-prepared
samples were characterized by X-ray diffraction (XRD), scanning electron microscope (SEM), transmission
electron microscope (TEM), thermogravimetric analysis/differential scanning calorimetry (TG/DSC), and N,
adsorption-desorption measurement. The adsorption capacity for Cs* and Pb*" of the samples were investigated. It
was found that the samples showed superb adsorption properties for Cs* and Pb*. The maximal removal efficiency
of the y-AlOOH/diatomite and y-Al,Oy/diatomite for Cs* were 98.9 and 99.6%, respectively, and the maximum
adsorption capacities for Pb** were 357.1 and 416.7 mg-¢g™, respectively. Both of the adsorption models for Ph?*

were consistent with the Langmuir adsorption model.
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SE/INR SR | 2 B RE IR AR AR R 2 T, B L (b)v]
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I k3 (a) oy-AIOOH/BE 3 - (b) Rl y-ALOy/RE 3 +
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Fig.1 XRD patterns of (a) diatomite, (b) y-AIOOH/
diatomite and (c) y-AlLOy/diatomite
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B2 kW A (a-c) cy-ALOOH/ M BE = (d-f) Fl y-ALO/ ik B - (g-1) 1 31 1B B 1K1 1R
Fig.2 SEM images of (a-c) diatomite, (d-f) y-AlOOH/diatomite and (g-h) y-Al,0/ diatomite

K3 y-AIOOH (a)Fl y-ALO; (b) Y5 3 HL 455 X y-AIOOH (c) Y785 53 B2 5 e 4 1445
Fig.3 TEM images of (a) y-AIOOH, (b) y-Al,0; and (c) HRTEM images of y-AlIOOH
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(A) Nitrogen adsorption-desorption isotherms and (B) pore size distributions of (a) diatomite,

(b) y-AlOOH/diatomite and (c) y-Al,O5/diatomite
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AIOOH & y-AlLO, B & 0 it i 1 1 e 1H1 FEL A & 2B
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Fig.6 Effects of adsorbent mass on the Cs* removal
efficiency of the (a) diatomite, (b) y-AIOOH/

diatomite and (c) y-Al,Os/diatomite

2.7 HEam3T Pb>AY R Bt

7 RARBE 40 mL Ph* ¥ 46 Y EE R 20~
1 000 mg-L" ¥ pH=4 it # + 5{ y-AIOOH/AE ¥
+ 8 y-ALOYRESE LA N 20 mg I, DA B3
S A7 W B BB T3 (o) X8 T A 2 B R E (e )P T, 22 T 1Y
W B SRR W] AR A I X P I B AE
WA B B B T R BB — Rk, TETR
— IR E T | y-ALOOH/ i i = i) Y- £ I B A%+
y-ALO/HE A 11 #5708 BB P X Ph2+ 8 e i i
FAR TR, 7690 46 e FE R AR g, 3 M AR Y Ph> ik
JERGE I g, WIS, JF B W TV

400

©

ot B B B B

0 200 400 600 800 1000
C,./(mgL™)
7 kSt () y-ALOOH/RE 8 1 (b) Rl y-ALOYRE 3 +
(c) (AT PH2#1 5 B 257 i 2
Fig.7 Adsorption isotherms of Pb* with (a) diatomite,
(b) y-AlOOH/diatomite and (c) y-Al,Oy/diatomite

as adsorbents

R T AT = Ph Y A IR R BHREAE | X
AR A R B 45 R R ) Langmuir A1 Freundlich 45
T XA TS H P Langmuir 55 1 A5 AL
MW 5500 05 P A7 o 11 B S22 WA R ASE D O A A Y A T B
P s Freundlich 45 i M JF A5 11 Oy 22 30T B 1 I8 452
AU U BT B Ph2+ SR 8 3G T AN B s gy
HIECE R IR AT Sy

Langmuir %5 7 F2 =X .

CJlq.=1/(q.xK)+CJq., 8)
LS

1/q.=1/(C.xq.xK;)+1/q.(q.=(Co—C)xV/m) )

T, g T KB St (mg - g7) 5 g0 ~F 157 2 B 4 (g«
o) C,: P> A BE (mg - L) ; K : Langmuir 5 4%,
Freundlich &5 7 22X
q=K:C." (10)
ASLIFE N
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Fig.8 Langmuir adsorption isotherm of Ph* adsorption by (a) diatomite, (b) y-AlOOH/diatomite and (c) y-AlLOs/diatomite;

Freundlich adsorption isotherm of Pb* adsorption by (d) diatomite, (e) y-AIOOH/diatomite and (f) y-Al,Oy/diatomite



%5 T 55 . y-AIOOH/ALO, i ik 3 L 1 45 5 Cst Ph> W B 14 fig 937

F1 EEL y-AIOOH/FEE T &K y-ALO,/FE % T # Langmuir 1 Freundlich %8 & %
Table 1 Langmuir and Freundlich isotherm constants of diatomite, y-AlIOOH/diatomite and y-Al,O;/diatomite samples

Langmuir model Freundlich model
Adsorbent
qu/ (mg-g”) Ky R’ R: Ky / (mg-g™) n R?
Diatomite 25.126 0.026 0.999 8 0.037 4.555 1.519 0.843 7
v-AlOOH/diatomite 357.143 0.006 0.999 8 0.143 6.420 1.238 0.961 0
y-ALOy/diatomite 416.667 0.006 0.999 3 0.143 6.869 1.195 0.964 1

F2 AEIRMFXT Po>iy & K2

Table 2 Maximum adsorption capacities of different adsorbents for Pb*

Adsorbent Adsorption capacity / (mg-g™) Ref.
Diatomite 25.1 This work
Precursor y-AIOOH/diatomite 357.1 This work
Calcination y-AlLOs/diatomite 416.7 This work
Fe;0,@C nanocapsules 79 4
Acid-activated clays 40.75 23
Flower-like y-AIOOH 124.22 24
Mg,Al-NOs-LDHs modified by KH-791 378.0 25
Magnetic Fe,0,@AIO(OH) 29.55 26
Hydrogel with magnetic properties 321 27
2-Line ferrihydrite 366 28

B+ I y-ALOYRE#E 1 X Ph> Y W A 5 & A2 B P25 ) XPS @i aeiS B nT LUE 2 Ak i 1

B Langmuir W BRI AEBE + y-AIOOH/  FEA P 9K 50 AL BR 3R T A W] W 1Y AL R AEAS 5
fik 3 1 F y-ALOyKE ¥ %5 Ph> 0 e KB 53 ) W 7E 74 S0 118 eV 7775 2 MME 5 0 A T AL-O
M 25.1.357.1 .416.7 mg-g™', Frifil & 0BT AKAK - HEBR TAFTEWI Y AL F S AN TR XPS 2 fEE
AIOOH/REHE + MBR y-ALOYRE B 14T POk G IRFTER I Ph (5506, TEZ5GREN 434,
W e B S R AR R R X PR AR, S 412,142 137 eV A AFTE B R W Ph M RRIE(E 5
TAH G SCHR T 0 B ) A A B A e LU A LR 2,58 08 A3 Bl XV Pbdds-O \Phdds,-O \Pbdfi-O \Phdf;,-0
W] y-AIOOH/KEBE + S y-ALOy/AERE X Ph>HAGHE k2@, it a] DU y-AIOOH/EE ¥ + ) y-ALOY

e BB RE T ik - W B Ph> S, Ph2+ 5 W BfE A 5 & AR T k2
2.8 WAL PR 5T ) W B, BRIV DA Ak 2 AR 0 B AE y-AIOOH/fi
Bl 9A 1 y-AlOOH/FE#E + o y-ALOYRESE £ #E % y-ALO,/EE 3 £ 31 . 8 9(B~D)H y-AlOOH/
) 3 o . © ols ©) ols
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Fig.9 (A) XPS spectra of y-AlOOH/diatomite and y-Al,Oy/ diatomite after Ph** adsorption; (B) O1s XPS spectrum of y-AIOOH/
diatomite; (C) Ols XPS spectrum of y-AlOOH/diatomite after Ph* adsorption; (D) Ols XPS spectrum of y-Al,0y/diatomite
after Ph* adsorption
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