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Abstract: Phosphorus is an important nutrient element that affects the growth of algae. The sorption of phosphorus
on the sediments plays an important role in its bio-geochemical cycle, with metal oxides such as alumina being one
of the important active components for the process. The sorption behavior of phosphorus on two kinds of alumina
(y-Al,O3, amorphous alumina) was studied through batch methods. Both kinetics and thermodynamics of the process
were investigated, as well as the effects of temperature, salinity, and pH of the medium on the process. The sorption
kinetic curves could be described by a two-compartment first order equation, and the isotherms fit Freundlich equation
well. The amorphous alumina has a larger specific surface area, and its sorption ability is stronger than that of y-Al,Os.
Based on the results of surface acid-base titration, the sorption behavior is also considered to be related to the surface
acidity and alkalinity of the aluminum oxides. Compared with NaNO; medium, the sorption of phosphorus in seawater

was weakened. The sorption capacity decreases with the increase of the ionic strength. pH significantly affected the

Wks EHEA: 2019-08-28; WEIERFEHER: 2020-01-13
HEWE: [F5HRRHHEE(41676064); H 5 & 5 HFR IR H (2016 YFA0601301)
National Natural Science Foundation of China (41676064); National Key Research and Development Program of
China (2016YFA0601301)
TEZ B 25 W(1995-), %, Wi+HF 7L, E-mail: 840609162@qq.com
LI Jing(1995-), female, Master candidate. E-mail: 840609162(@qq.com
BIEE : ®HEiE, 7, E-mail: caoxy@ouc.edu.cn
CAO Xiaoyan, professor. E-mail: caoxy@ouc.edu.cn



1006 T AL A R R

¥ 35%

sorption ability of the oxides with the maximum capacity at pH=5. Higher temperatures are favorable to the sorption

progress, which is endothermic and spontaneous with entropy increasing. The difference in the thermodynamic pa-

rameters of the two alumina seemed unremarkable.
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Fig. 1 XRD patterns of y-Al,0; and amorphous alumina
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Table 1 Surface acid-base properties of two aluminum oxides in different ionic strength media

NaNOj; concentration/ Hs concentration/(mol-L ™)

TOTH,j—g/(mmol-L™")

"
pHpznec

(mol-L™"

y-Al,0;  Amorphous alumina  y-Al,O;  Amorphous alumina  y-Al,O;  Amorphous alumina
0.01 3.35x107 2.69%107 - -
0.10 2.94x107° 1.79x107 - - 4.52 425
0.70 2.75x107° 1.09x107 ~0.809 -1.380

*Note: the value is tested based on the three ion strength media
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Dot: experimental data; Line:two-compartment first-order model fitting
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Table 2 Sorption kinetic parameters of phosphorus
on amorphous alumina

Medium  Frp  Fuow kiow/h”' kup/h' O(mg-g") 77
0.7 mol-L™!

NaNoO, 0.813 0.187 0.977 2632 2142 0.977
NSW  0.740 0.260 0.193 20.23 16.56  0.988

0. and Q, (mg/g) are the sorption amounts of sorbate at equi-
librium and various time ¢ (min), F,, and Fy,, are the rapid
and slow fractions of the process (Frp+Fyow=1), and kg, and
kslow are the rate constants of the rapid and slow sorption

m (.7 mol-L ! NaNO,

7 .
e 0.1 mol'L! NaNO;
or = 0.01 mol-L™' NaNO,
0 0.5 1.0 1.5 2.0 2.5
C./(mgL™)

AR B T30 NaNO; A fh, WL EE7E y-AlLO5(a) I TE i FE AL AR (b)) b 1R 258 T R o oy 28

Sorption isotherms of phosphate on y-Al,0O3 (a) and amorphous alumina (b) in NaNO; with different concentrations

Dot: experimental data; Line: Freundlich model fitting
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Table 3 Isothermal sorption parameters of phosphates on y-Al,O; and amorphous alumina
Sorbent (mol L) _ Fr:clufl/’(]lhch ! _ Langmuir _
Ky/(mg'g™) (L'mg ") n r Ow/(mg'gh)  Ki/(L'mg™) r

0.7 12.39 4.52 0.942 14.93 5.288 0.848
v-AlL,O4 0.1 13.20 6.08 0.912 13.47 18.29 0.702
0.01 14.37 7.20 0.896 14.28 27.90 0.485
0.7 26.28 3.27 0.933 34.70 3.828 0.838
Amorphous alumina 0.1 27.66 4.09 0.933 34.60 4.888 0.820
0.01 28.36 3.24 0.907 43.22 2.046 0.817

O are the maximum amount of phosphorous sorbed onto sorbent (mg/g); K is the Langmuir sorption coefficient (L/mg); K¢ and n

are the Freundlich constants which relate to sorption capacity and sorption intensity; / is ionic strength of medium
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Sorption isotherms of phosphate on y-Al,O3 (a) and amorphous alumina (b) at different femperatures

Dot: experimental data; Line: Freundlich model fitting
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Table 4 Sorption thermodynamic parameters of phosphate on y-Al,O; and amorphous alumina

Adsorbent T/K  Kg/(mg-g™") (L-mg™)"" n o AGY(KImol™) AH'/(kT-mol™)  ASY/(J-mol K™
298 11.55 5.18  0.938 -23.18
y-ALO, 303 12.22 440 0948 -23.71 9.007 108.0
308 12.99 498 0952 -24.26
298 26.28 327 0933 -25.21
Amorphous alumina 303 28.84 3.60 0.947 -25.87 11.96 124.8
308 30.73 3.64 0951 -26.46

“Standard free Gibs energy change (4G, standard enthalpy change (4H°), and standard entropy change (45°%)
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