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ABSTRACT

The acid pickling milling wastewater from high-phosphate hematite mineral processing should be
treated and comprehensively reused on-line with a low pH value and a high phosphate removal.
The absorbents, raw and different activated red mud (RM), named as RM-q, {3, y, 9, and ¢, were
firstly studied on the phosphate removing performances in this paper. During the treatment of
the actual mineral processing wastewater with pH 2.50-2.53, the turbidity 600-800 NTU, and
phosphate concentration 98.85 mg/L, the optimum dosage of raw RM, RM-q, 3, v, d, and ¢ was
23.00g/L, 22.50 g/L, 22.00 g/L, 23.50 g/L, 28.00 g/L and 20.00 g/L, respectively, and the phosphate
removal was 92.47%, 99.39%, 99.32%, 99.42%, 98.56% and 99.66%, respectively, and effluent pH was
8.02,3.93, 3.06, 3.82, 3.72, and 2.98, respectively. The results indicated that the activated red mud ¢,
or RM-¢, was the most suitable absorbent with the highest phosphate removal, the lowest dosage

and pH value in the effluent.
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1. Introduction

The hematite with high amounts of phosphate is one
of the most important iron minerals distributed broadly
in nature. The acid pickling milling process was usually
used for the utilization of their minerals. Then, the acidic
wastewater with high phosphate concentration was pro-
duced in iron ore. In recent decades, acidic wastewater
containing phosphate has been discharged directly into
a large number of lakes, rivers, coastal waters and seas
without efficient treatment, which caused serious water
pollution, increased the nutrients load, destructed the
aquatic ecological balance, resulted in the deterioration
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of sensory properties of the water shed, reduced the self-
purification capacity and its quality, raised the cost of wa-
ter supply, and that had serious affect on the food chain,
even poisoned humans, animals, livestock, etc. [1,2].

In order to respond to the demand for lowering the
emission of the wastewater into the environment, many
technologies for phosphate and other harmful wastes
removing have been developed. The current technolo-
gies include physical-chemical methods, photochemistry
methods and biological methods [3-8]. Biological methods
have high removal efficiency and avoid using chemicals,
but complex plant configurations and operating condi-
tions are required [9]. Inorganic phosphate acid waste-
water is mostly suited to be treated by physical chemical
methods which mainly include coagulation, crystalliza-
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tion, adsorption, electrodialysis, reverse osmosis, and so
on [10]. Adsorption is one of the techniques which would
be comparatively useful and economical for phosphate
removing from the inorganic phosphate acid wastewater.
In recent years, considerable attention has been paid to the
advantages of adsorption, such as adsorbent recycling,
large adsorptive capacity, and low cost. Adsorbents were
mainly used to adsorb the components in the wastewater
so as to achieve the purpose of the wastewater treatment
[11-13]. Nowadays, the research mainly focuses on the
improvement of the absorption capacity. The adsorbents
widely used contain natural material, waste residue and
active alumina as well as its modified material, porous
material and synthetic adsorbent. Furthermore, the eco-
nomic and environmental concerns have been taken into
consideration, different types of low-cost sorbents, such
as clinoptilolite [14], alum sludge [15], red mud (RM)
[16-18] and other waste materials [19-33] were used as
alternative adsorbents. RM is a waste by-product during
the alkaline leaching of bauxite in the Bayer process, and
it causes serious environmental problems due to its high
alkalinity and large amount. Owing to the high content
of aluminum, iron, and calcium, RM has been used to
remove fluoride [34], hexavalent chromium [35], dyes
[36], chlorophenols [37], phosphate, Cu*, Zn*, Ni** and
Cd* from aqueous solution, and the RM, neutralized by
seawater, can remove arsenate as well [38]. Although red
mud was found to be a good phosphate removing me-
dium, the direct use of raw red mud as adsorbent without
activation for wastewater treatment is not appropriate
due to the high dosage and alkalinity.

Enshi locates in the southwest of Hubei province,
China, and it is rich in hematite resources. The acid pick-
ling milling was the main hematite mineral processing,
and produced great amounts of acidic wastewater with
high phosphate concentration. It must be treated and
reused on account of groundwater resources shortage in
this area. In our study, red mud was chosen as absorbent
due to the adsorption property and tremendous specific
surface area, and activated with different methods, and
then firstly used for phosphate removing of acid pickling
milling wastewater from a high-phosphate hematite min-
eral in Enshi, aiming to realize the comprehensive reuse

Table 1
Conditions of different activated RM

of the acidic phosphate wastewater on-line with a low
pH value and ultra-high phosphate removal.

2. Materials and methods
2.1. Materials

The acid wastewater tested in the experiment was
taken from Enshi Chaoyang Iron Ore, Hubei province,
China. The pH value ranged from 2.50 to 2.53, the phos-
phate concentration was 98.85 mg/L, and the turbidity
was 600-800 NTU.

The raw red mud (RM-raw) was obtained from Shan-
dong Aluminium Industry Corporation, Shandong prov-
ince, China. The particle size was averaged 20 mesh. The
preparations of the activated RM, named as RM-a, 3, v, o,
and &, were mainly described as follows: the raw RM was
firstly washed and air dried, then pretreated at 800°C for
2 h or unpretreated and transferred into the glass reactor
with HCl at 40-60 g (raw RM)/L(HCI). The mixture was
adjusted to pH = 8 or unadjusted along with stirring for
1 h with or without water bathing. Then, the suspended
liquids were fully precipitated, and the prepared products
were washed, dried, and sieved through a 60 mesh sieve,
sealed and preserved. Much preliminary work has been
done to illustrate that the RM sieved through 60 mesh
sieve was appropriate for the experiment. The phosphate
was not fully adsorbed when the particle size was smaller
than that while the precipitation after the treatment was
not sufficient when the size was a little bigger. The condi-
tions of different activated RM are listed in Table 1.

2.2, Testing

Acid pickling milling wastewater from high-phos-
phate hematite mineral processing (600 mL, phosphate
concentration 98.85 mg/L, pH 2.53) was added into six
stirrers, respectively, then RM-raw, a, 3, v,  and & were
put into the stirrers, respectively, and stirred with the
velocity gradient 63.6. The phosphate concentration and
pH value of supernate were measured after 4 h settling.

2.3. Analysis methods

The phosphate was measured using the ammonium

RM Pretreating HCI concentration Additions Water-bathing
(mol/L)

RM-a Without 2-3 NH,HCO, powder Without

RM-3 Without 0.5-1 Without 60-100°C1h

RM-y Without 0.5-1 NH,HCO, powder 60-100°C 1 h

RM-d Without 0.5-1 RM powder 60-100°C1h

RM-¢ 800°C2h 0.5-1 Without 60-100°C1h
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molybdate spectrophotometric method with an ultravio-
let spectrophotometer (DR4000/U, Hach Company, USA).
A pH meter (PHS-3C, Shanghai LeiCi Instrument Plant,
China) was used to measure the pH of the solutions. The
specific surface area of RM was determined by the BET
nitrogen gas sorption method using a fully automatic
specific surface area analyzer (Gemini 2360, Micromerit-
ics, USA). The SEM micrograph of RM was determined
using an analytical transmission electron (TEM) (H-600
STEM/EDX PV9100, Hitachi, Japan ).

All the chemicals and reagents used in this study were
of analytical grade. All glassware and sample bottles were
soaked in diluted HCl solution for 12 h, washed and then
rinsed three times with deionized water. Deionized water
was used for the preparation of solutions. All experiments
were conducted in duplicate and the average values were
used for data analysis. Each water quality was tested
according to Water and Wastewater Monitoring and
Analysis Methods (4th ed., in Chinese).

3. Results and discussion

3.1. The characteristics of different activated RM

The components of raw RM and the five modified RM
are listed in Table 2. RM-raw consists of a heterogeneous
mixture of several minerals, and some metal oxide or
metal hydroxide plays an important role in the process of
phosphate removal, while some inorganic minerals and

metal ions (such as Na*, K*, etc.) and other impurities in
the components have a bad effect on phosphate removal
[7]. In addition, the existence of superficial hydroxyl
often brings electronegativity, which could bring about
the electrostatic repulsion with phosphate radical ions in
solution and consequently results in lower RM adsorp-
tion capacity.

The compositions of five modified RM are different
from the raw samples. The main compositions were
turned to ferric hydroxide and aluminum hydroxide,
and some soluble salts were removed, which resulted in
different phosphate removal. Besides, the alkalinity of
RM reduced greatly after activation treatment. The pH
of raw RM was 10.21 (solid/liquid ratio 1:20, dissolved in
distilled water), and RM-a, 3, v, 0, and € were 6.53, 4.46,
6.86, 6.25, and 4.39, respectively.

Scanning electron microscope (SEM) pictures are pre-
sented in Fig. 1. The raw RM was relatively smooth and
flat, and the activated samples show many new cavities
and coarsened exterior, probably due to the removing
of some acid-soluble salts. After heat treatment, RM-¢
exhibited a morphology similar to the others, but got
much more porosity.

The BET surface area of various RM is also given in
Table 2. It indicates that the activation treatment increases
the surface area of the RM, the BET surface area of the
raw RM was 14.79 m*g™ and RM-¢ showed the largest
one 23.46 m*g™. The membrane clung to the surface of
the raw RM, which impeded phosphate removal, was

Fig. 1. SEM micrographs of the raw and activated RM: (a) RM-raw, (b) RM-q, (c) RM-(, (d) RM-y, (e) RM-d, (f) RM-¢.



206

Table 2
Composition and properties of different RM
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RM Components (wt.%)

pH SBET

Na,O  ALO,  SiO CaO TiO

(m*g™)

Fe,O, ZnO

15.05 26.71
14.01 27.51
13.63 29.69
13.61 29.72
14.35 28.12
13.22 28.39

23.57
23.85
19.26
18.19
20.36
24.33

2.38
2.03
1.64
1.65
1.97
2.12

1.78
2.11
2.61
2.66
2.23
2.65

Raw

" o2 ™ R

10.21
6.53
4.46
6.86
6.25
4.39

14.79
19.12
20.62
20.55
20.67
23.46

29.46
31.52
30.68
31.08
30.56
30.43

0.19
0.22
0.28
0.31
0.23
0.18

0.61
0.38
0.39
0.42
0.51
0.43

washed away in acid activated process, and interior pores
were dredged at the same time.

3.2. The phosphate removing performance of different RM

Asis known, the influent pH was from 2.50 to 2.53, and
the phosphate concentration 98.85 mg/L. The experiment
conditions were optimized through batch tests ahead. The
optimum conditions were as follows: reaction time was
1 h, and 45 min for RM-raw and five different activated
RM, respectively, velocity gradient (G value) 63.6 for all.

3.2.1. Effect of the dosage of RM on the phosphate removal

The effect of the dosage of RM on the removal of
phosphate is shown in Fig. 2. From Fig. 2, the optimum
dosage of raw RM was 23 g/L, corresponding phosphate
removal was 92.47%. When the dosage of raw RM was
less than 23 g/L, the phosphate uptake increased with the
increase of the dosage of the raw RM. While abnormal
phenomenon appeared when the dosage was less than
3.5 g/L, that was because phosphate was adopted by RM
to form colloid which could not be deposited adequately,
and the liquid—solid was not separated adequately, re-
sulting in a lower phosphate removal. The phosphate
removal gradually declined with the increase of the dos-
age when it was higher than 23 g/L, which may be due to
the impact of the increased alkalinity. For activated RM,
colloidal phenomena did not appear and liquid-solid
was separated quickly. The optimum dosage of activated
RM (RM-q, B, v, o, and €) was 22.5 g/L, 22 g/L, 23.5 g/L,
28 g/L and 20 g/L, respectively, corresponding phosphate
removal was 99.38%, 99.21%, 99.42%, 98.10% and 99.61%,
respectively.

3.2.2. Effect of reaction time on the phosphate removal

Fig. 3 shows the phosphate removal with reaction time
5min, 15 min, 30 min, 45 min, 60 min and 75 min. As seen
from Fig. 3, the raw and activated RM have the similar
phosphate removing trends, and the phosphate removals
of all the activated RM were higher than that of the raw
RM. The phosphate removal achieved the peak value at
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Fig. 2. Effect of dosage on the phosphate removal by raw and
activated RM.

60 min for raw RM, and at 45 min for the activated RM.
Activated RM could reach higher phosphate removal in
a shorter reaction time.

3.3. Effect of dosage of RM on the effluent pH

The effect of the dosage of RM on the effluent pH is
shown in Fig. 4. All the effluent pHs were increased by
varying degrees with the increase of the dosage of RM,
while the influence of activated RM was much less. As
seen from Fig. 4, when the dosage of RM (raw RM, RM-a,
B, v, ©, and €) was 23 g/L, the effluent pH was 8.02, 3.99,
3.11, 3.87, 3.78 and 3.06, respectively. The alkalinity of
RM reduced obviously after activation, which was more
conducive to deal with acidic wastewater. Maintain-
ing the lower pH value is useful for the reuse of acidic
wastewater.
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Fig. 3. Effect of reaction time on the phosphate removal with raw and activated RM.
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Fig. 4. Effect of the dosage of RM on the effluent pH.

4. Conclusions

Through the experiment study, some conclusions are
drawn as follows:

(1) Different red mud activation methods brought about
different characteristics: the surface area increased,
the adsorption capacity improved, and the alkalinity
reduced obviously. The optimum dosage of RM-raw,
&, B, v, 0 and e was 23 g/L, 22.5 g/L, 22 g/L, 23.5 g/L,

28 g/L and 20 g/L, respectively, corresponding phos-
phate removal was 92.47%, 99.39%, 99.32%, 99.42%,
98.56% and 99.66%, respectively, and the effluent pH
value was 8.02, 3.93, 3.06, 3.82, 3.72, and 2.98, respec-
tively.

(2) The activated red mud ¢, or RM-¢, was the most suit-
able absorbent for the acid pickling milling wastewater
treatment and reuse on-line because of its highest
phosphate removal and lowest dosage and pH in the
effluent. It has great application prospect because of
its simple preparation method, low-cost, high rate of
phosphate removal and lower effluent pH.
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