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Abstract: Novel hierarchically porous alumina/manganese oxide-diatomite composites ( Dt-Al-Mn)

were prepared via an in-situ synthesis/loading method. The oxide nanoparticles were well dispersed
on the surface of diatomite and the macroporous structure of diatomite was well preserved. The X-ray
diffraction scanning electron microscopy transmission electron microscopy and nitrogen adsorption—
desorption isotherms analysis techniques were used to characterize the composition morphology and
pore structure of the prepared Dt-Al-Mn nanocomposites. And phosphate adsorption experiments were
conducted to evaluate the adsorption capacity of the nanocomposites. The results indicated that a
granular Al-Mn bimetal oxide film with low crystallinity was coated on the surface of diatomite and
the macroporous structures of diatomite were well retained and considerable micropores and

mesopores appeared. The composites exhibited much higher specific surface area and pore volume
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(352.4 m*g ™' and 0.535 cm’™ g™ respectively) than the raw diatomite ( Dt) and the modified
diatomite was loaded with Al,O,( DA) . In addition the maximum phosphate adsorption capacity of
Dt-Al-Mn was 67.9 mg P g™ and its adsorption isotherm fitted well with the Langmuir isotherm
model. In summary Dt-Al-Mn has the potential to be used for the removal of phosphate in water.

Keywords: diatomite metal oxide phosphate adsorption.
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1.2
1.2.1
100 ¢ 1L N
. 100 30%( wt%)
. N 450 C (Dt).
1.2.2 DA
0.5¢g Dt AI(NO;) 9H,0 100 mL 65 C 24 h
80 C . 650 C 2h
1.2.3  Dt-Al-Mn
60 mL 0.1 molL”"  KMnO, Al( NO,) #9H,0 0.32 g Dt 3 h.
200 mL 160 °C 24 h
3 60 °C
1.2.4
50 mg 50 mL 20 mL pH=5.0 KH,PO, (5—
150 mgeL™") HCl  NaOH pH 25 °C 200 remin”'
24 h .
KH,PO, 0.5mg*L”" 1.0mg-L™" 20 mL 50 mL
5.6.7mg 10.12.14 mg HCI NaOH pH
25 °C 200 r*min”' 24 h
Langmuir .Langmuir
K, C,
=1+ a, C,
q. (mgPeg™) C, (mgeL™) K. «a
Langmuir K, K, /a,
1.3
XRF Rigaku RIX 2000 X 4 kW (30 wm)
X 1%—5%; Elementar Vario EL Ill Universal CHNOS
.XRD  Bruker D8 Advance Ni Cu Ka (A=0.154 nm)
40 kV 40 mA 3%min”' 0.01° .SEM  EDS
Hitachi SU8010 1.5 kV.TEM  FEI Talos F200s
200 kV.N, Micromeritics ASAP 2020
(77 K) . 250 C 12 h. ( Sger) Brunauer—
Emmett-Teller( BET) . ( Vicropore) Horvath-Kawazoe
nonlocal density functional theory( NLDFT)
2 ( Results and discussion)
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2.1.1
1 DDA DiAlMn  XRD . 1 D la) 22.0°
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Fig.1 XRD patterns of Dt (a) DA (b) and Dt-Al-Mn( c)

2.1.2
1 Dt.DA  Dt-Al-Mn XRF . 1 Dt SiO, 89.52%
Si Al
36:1 Al.DA Si0, 80.90%
Si:Al 6:1 6 .Dt-Al-Mn
(29.06%) Si :Mn 1:1 .
Si0, 33.09% Si:Al 3:1 DA 2
1 DDA DiAlMn  XRF  (wi%)
Table 1 The XRF results of Dt DA and Dt-Al-Mn( wt%)
Sampls $i0, ALO;  MnO,  Fe,O, K,0 Na, 0 a0 MgO Lo e
Dt 89.52 2.49 — 0.24 0.68 0.48 0.18 0.12 5.91
DA 80.90 14.68 — 0.21 0.58 0.47 0.25 0.12 2.41
Dt-Al-Mn 33.09 13.59 29.06 0.07 0.17 0.10 0.07 0.03 23.66
2.1.3
2 Dt.DA Dt-Al-Mn SEM TEM . ( 2a) 30 pm
300 nm.
( DA 2h)
( 2b )

( Dt-Al-Mn 2c)
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2 Di(a) .DA(b) Dt-Al-Mn(c—d)
Fig.2 SEM and TEM images of Dt (a) DA (b) and Dt-Al-Mn ( c—d)
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Fig.3 Nitrogen adsorptions and desorption isotherms of Dt DA and Dt-Al-Mn

2 Dt.DA  Dt-Al-Mn

Table 2 Specific surface area and pore volume parameters of Dt DA and Dt-Al-Mn

Samples Sper/(m™g™") Viieropore 1 ( €m™g™") Ve /(cm™g™")
Dt 26.2 0.007 0.051
DA 25.2 0.008 0.048
Dt-Al-Mn 352.4 0.102 0.535
2.2
4 3 DtAl-Mn.AA DA 3
Dt . 3 Dt-Al-Mn.AA DA 3
Langmuir R 0.937.0.973  0.981. 3
Dt-Al-Mn  AA K; DA K,
Dt-Al-Mn  AA
.Dt-Al-Mn 67.9 mg P+g” DA
(10.9 mg Peg™')  AA(17.9 mg Peg™") 4—6 ( 4).
3 (1) -

1 (2)
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4 DA.AA  Dit-Al-Mn
Fig.4 Adsorption isotherms of phosphate by DA AA and Dt-Al-Mn

3 DA.AA  Dt-Al-Mn

Table 3  Fitting parameters of Langmuir isotherm model for the adsorption of phosphate by DA

Langmuir

AA and Dt-Al-Mn

Langmuir model

Adsorbents Qu/ (mg Peg™) K/ (Lemg™) R?
Dt-Al-Mn 67.9 15.322 0.937
AA 17.9 20.391 0.973
DA 10.9 0.874 0.981
4
Table 4 The phosphate adsorption capacity of different adsorbents
Adsorbents Adsorption mpéfity Reaction condition Reference
Qn/ (mgPeg™)

10.9 pH=4.46 T=25 °C adsorbent=20.0 g*1.”" 18
42.0 pH=4.46 T=25 °C adsorbent=20.0 gL' 18
8.3 pH=7.0 T=25 °C adsorbent=1.5 g*L"! 19
13.6 pH=8.5 T=25C adsorbent=0.5 g*L"! 14
37.7 pH=7.0 T=25 °C adsorbent=20.0 g*L"! 20
3.6 pH=7.0 T=25 °C adsorbent=10.0 g*L™! 21
27.0 pH=4.4 T=25°C adsorbent=2.0 g*L."! 22
20.4 pH=5.0 T=30 °C adsorbent=2.0 gL' 23

/ - 67.9 pH=6.7 T=25 C adsorbent=4.0 g*L™!

5  Dt-Al-Mn
0.1—1.0 mg- L™
0.5 mg*L™" 1.0 mg°L™". 5
0.5mg*L™" 1.0 mg-L™" 0.35 gL 0.7 gL'
99.56%  99.78%. (0.25 gL' 0.5g-L™")
0.09 mgeL™"  0.19 mgeL™" ( GB3838—2002) IV

( <0.2 mg-L™").
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Fig.5 Adsorption of low concentration phosphate by Dt-Al-Mn
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