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Preparation and Adsorption Properties for Methyl Orange of
Highly Dispersed Boehmite and Alumina Nanostructures
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Abstract: The nano boehmite (y-AlO(OH)) was synthesized by template-free hydrothermal method with aluminum
nitrate as the aluminum source and urea as the precipitant. The final products aluminum oxide (y-AlLO; and 6-
Al O;) were obtained by calcined at different temperatures. The products were characterized by X-ray diffraction
(XRD), field emission scanning electron microcopy (FESEM), transmission electron microscopy (TEM), Fourier
transfer infrared (FTIR), nitrogen adsorption-desorption method and UV-visible Spectrophotometer (UV-Vis). The
adsorption properties of the product for methyl orange (MO) was studied, and the effect of adsorption time, pH
value of the solution, methyl orange concentration and recycling on the adsorption performance of the products
systematically were investigated. In addition, the adsorption theory studies on the adsorption process was
conducted. The results showed that the products obtained by this method are more dispersible, uniform and
complete in morphology compared to the products prepared by other methods. The products were highly dispersed
nano-bundled structure. The maximum adsorption of y-AlO(OH) on methyl orange reached 1 492.5 mg-g™. The
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adsorption mechanism of the products includes chemical adsorption mechanism, electrostatic adsorption

mechanism and so on. The adsorption of MO on the three products accord with the Langmuir monolayer

adsorption model, and the adsorption process are consistent with the pseudo-second-order kinetic.

Keywords: materials science; boehmite; hydrothermal method; aluminum oxide; methyl orange; adsorption;

highly dispersed nanostructure
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Fig.4 N, adsorption-desorption isotherm curve (a) and pore size distribution curve (b) of various materials
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Table 2 Kinetic parameters for the adsorption of MO onto y-AlIO(OH), y-ALQO; and #-Al,O;
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v-Al0; 100.0 24.7 0.032 99 0.483 24 100.3 0.008 58 0.999 85
0-AL,0; 125.0 374 0.187 66 0.734 32 125.2 0.020 93 0.999 99
24 WMERLZ% mg ™) F (Tt 20 7 i) s 5 W R 7 R R 5

K- 7 A A 5% T £ 36 A 3R Al R B - R R 5 22
AR AHEAE T, & 7(a)h 3 FRE il AE AN TR0 B MO
e £ (200,300,400 ,500 ,600 700 mg-L™") T X% MO
WL B AR 2, S B T R I g, EREE C, 13
T I A7 2 WA A E (R O T PR
RS MO FMERH 7] Z 18] B9 5C &, ] Langmuir 1
Freundlich B A 73 H7 W B S 40 %508 S5 U8 T .

Langmuir: C./q.=1/(q.Ki)+C./q., )

Freundlish : Ing =InK+InC, /n (6)
g (mg- g™) A W B R Y B W BFE 5P K (L - mg ™)
2 55 W B A OCHY Langmuir # 40, K{(mg-g™)(L-

£ FH) Freundlich % %L,

PLASRLWME 7(b,c) i 2 AR %R 26
S T FE R R AR T AR R 3 b B R Y
FIRLSHI TR 3 1, & 3 RI] y-AlO(OH)¥ MO
M d5e KW BfE 7% i B B T y-ALOs Al 0-ALO;, 5
Freundlich B AH LY | Langmuir B A R? 3887 | Ui B
MOBHEAF G Langmuir 55 U W B R85 3 DT 0 B 2
FE X ST B R 2R 1 R B MO 1R R S
it Langmuir 77 #2480 &, y-Al0(OH) ) ¢,, 4 1 492.50
mg g, L& T y-AL0;(420.20 mg-g™) Hl 6-AL0,
(444.40 mg-g™), & y-AIO(OH)XT MO 1) W B 45 i
2.0

-AlO(OH) ®)
600 - (a) [«
[ 180 4 y-ALO,
L6f |
500 F —«— y-AlO(OH) = § 0-A1,0,
—— 1-ALO, T, l4r
o L , & 12k
Lo 400 —4— 6-ALD, <
g 7,10
< . !
< 300 , Q 08t
o A
) 0.6
200} )
I 04F
100 - 2 e
1 1 1 1 0 0 1 1 1 I |
0 100 200 300 400 500 ) 100 200 300 400 500
C,/(mgL™) C,/(mgL™)
6.6
cal 7-AIO(OH) ©
4T % 1-ALD,
621 pALQ,
__60F
o 5.8F
&0
£ 56f
wsal
S 51
50
481
461

1
2.8

1 1 1 1 1
32 36 40 44 48

1 1 1
52 56 60 64

In[C, / (mg'L™)]

Conditions: adsorbent dosage was 1 g-1”', pH=3, contact time was 210 min

7
Fig.7

(¢) Linear fitting curves with Freundlich model
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(a) Adsorption isotherm of MO on the obtained materials; (b) Linear fitting curves with Langmuir model;
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KF y-ALO; Al 6-ALO;, 1AM, Hi Freundlich J5 & 1l
A1 y-AIO(OH) M Ky e K, 1.3 B y-A10(OH) X} MO
FLA R A 3R A7 i LT ) B R A B FLAR -
ALO;.0-ALO; Fl y-AlO(OH)Xf MO 1 fe KW Bt # it
T REZHAE M B ER 4), JFH 5 HAD y-AlO

(OH)AH L, A SCHY y-AlO(OH) X MO 1) W Fff g 77 £2
w710 54 G R E A R LR y-ALO; . 6-
ALO; F1 y-AlO(OH) M BHRAT A R £ BrA HLY R 52
Pk TS

# 3 7 y-AlO(OH).y-ALO; 1 9-ALO; LR MO B 2 & RER KNS
Table 3 Parameters of two kinds of isothermal models of MO adsorbed on y-AlIO(OH), y-AlLO; and #-Al,O;

Langmuir isothermal model

Freundlich isothermal model

Ki/ (L-mg™) qu/ (mg-g™) R Ky / [(mg-g™)(L-mg™)"] n R
y-AlO(OH) 0.008 30 14925 0.997 7 226 0.752 55 0.997 48
y-ALO, 0.003 04 4202 0.997 83 6.5 0.596 33 0.995 36
6-ALO; 0.005 16 4444 0.999 68 13.5 0.524 0.986 17

F 4 HARMFX MO HRXRMEEH LR

Table 4 Comparison of the maximum adsorption capacity for MO with other adsorbents

Adsorbent Gn! (mg-g™) Reference
Walnut-like y-AlO(OH) 97.15 [23]
Cabbage-like y-AlO(OH) 84.93 [23]
Chitosan/AlLOymagnetite 417.00 [41]
Leaf-like hierarchical y-AlO(OH) 59.90 [42]
Zn0-ALO; 344.83 [43]
Nano-bundled y-ALO; 420.20 This work
Nano-bundled 6-AL,0; 444.40 This work
Nano-bundled y-AlO(OH) 1 492.50 This work
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MO 73 1 7 75 W i 5] 2 1ol
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481

(b) 4\ —«q— 7-AIO(OH)
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Fig.8 FTIR spectra of y-AIO(OH) before and after adsorption between 400 and 4 000 ¢cm™ (a) and { potentials of various materials

(0.2 mg-mL™) in aqueous solution at pH=3 (b)
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I 9 1E 400~4 000 em™ &L y-AIO(OH)F1 y-AIOOH)EL K 5 19 FTIR 35 (a); MIHL y-A10(OH) 2Bk MO & (b)
Fig.9 FTIR spectra of y-AIO(OH) and y-AIO(OH) after desorption at 400~4 000 cm™ (a);
Recycling of y-AIO(OH) for removal of MO (b)
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