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To explore new ways to recycle red mud, this paper study on iron recovery by microwave carbon heat reduction-
magnetic separation from red mud. Using orthogonal experimental method, study the effect of carbon to oxygen
ratio, microwave power, heating time and slag former ratio on recovery of iron. The results show that microwave
power is the main factor affecting iron recovery. After optimized by orthogonal experimental results, in the case
when carbon to oxygen ratio is 1,5, microwave power is 3 000 W, heating time is 45 min, slag former ratiois 5 %, the
grade and recovery of iron reach to 64,58 % and 90,64 % respectively. Analyzed comprehensivly by X-ray diffraction
(XRD), Scanning Electron Microscope (SEM) and Energy Dispersive Spectrometer (EDS), Fe,O, in red mud is reduced

to Fe,0, and Fe by microwave carbon heat reduction.
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INTRODUCTION

Red mud is the polluting waste residue of alumina
plant when producing alumina. According to the differ-
ence between technics and technological level of alu-
mina production, the average yield of 1 ton of alumina
is produced with 1,0 ~ 2,0 tons of red mud [1]. Because
of the high basicity and production and never being
solved in an effective way, it is bringing serious pollu-
tion to the surrounding water, soil and atmosphere. In
recent years, with the increasing attention to the envi-
ronmental hazards caused by the piling-up of red mud,
as well as the strict requirements of the state environ-
mental protection, the emission of red mud has been
greatly improved. But piling-up of red mud is still a se-
rious problem. If it can not being solved in time and
efficiently, it will bring great harm to the environment.
Therefore, it is of great significance to study the com-
prehensive utilization and recovery of red mud [2-4].

For the resolution and recovery of red mud, domes-
tic and foreign researchers have conducted relevant re-
searches and testing. For example, valuable metals can
be extracted from red mud [5,6], making adsorbent and
catalyst[7,8], also it can be used to make cement, ce-
ramics and insulation materials[9-11]. Microwave en-
ergy is an efficient and clean energy source. In this pa-
per, microwave carbothermal reduction technique is
adopted to carry out direct reduction of red mud with
carbon, investigating the recovery effect of iron, and
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providing a new method of recycling and industrial pro-
duction of red mud

EXPERIMENT
Experimental material

The main chemical compositions of red mud for ex-
perimental are shown in Table 1, the chemical composi-
tions of coal and slag former in the carbothermal reduc-
tion are shown in Tables 2 and 3.

Table 1 Chemical compositions of red mud / wt, %

Fe,O, ALO, SiO, CaO MgO Na,0
40,23 16,95 19,53 2,13 0,19 3,73
K,0 TiO, S P Burning loss

0,19 3,48 0,22 0,07 13,28

Table 2 Chemical compositionsf coal / wt, %

Elements FC, v, A,

Content 79,31 14,25 6,44

Table 3 Chemical compositions of slag former / wt, %

Elements Sio, Ca0 Others
Content 2,95 80,01 17,04
Table 4 The factors and levels
Factor Level
C/O 1,2 1,5 1,8
Microwave power / W 1000 2000 3000
Heating time / min 25 35 45
Slag former ratio / % 0 5 10
75



Table 5 Orthogonal experimental design

Experimen- C/0 Microwave Heating | Slag former
tal scheme power/W | time/min ratio / %
1 1,2 1000 25 0
2 1,2 2000 35 5

3 1,2 3000 45 10
4 1,5 1000 35 10

5 1,5 2000 45

6 1,5 3000 25 5
7 1,8 1000 45 5
8 1,8 2000 25 10
9 1,8 3000 35 0

Experiment method

The orthogonal experimental method was adopted
in this paper, mainly studied C/O, microwave power,
heating time and slag former ratio on recovery iron ef-
fect. The table of factors and levels is shown in Table 4.

According to the information of Table 4, nine ex-
periments can be designed as shown in Table 5.

RESULTS AND ANALYSIS
Effect of experimental factors on iron
recovery

After the reactants broken and grinded, passing the
magnetic tube under the magnetizing current of 2,5 A.
Magnetic separated two times to ensure that the con-
centrate is not lost. The grade and recovery of iron is
shown in Table 6.

As Table 6 shown, the grade of iron is 52,20 % ~
63,65 % and the recovery of iron is 65,16 % ~ 88,17 %
after magnetic separation. The iron grade and recovery
of Experiment 1 are the lowest in all experiments, and
the grade of iron and recovery are the highest in Ex-
periment 5.

In order to research the effect of each factor on iron
recovery in depth, extreme difference analysis method
is introduced into analyze the data in this paper. That is
to say, the importance of a factor to the experiment is
judged according to the range. According to the experi-
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mental results obtained in Table 6, calculating the aver-
age of each factor at each level, extreme difference is
obtained by subtracting the maximum from the mini-
mum.The effect of each factor on iron recovery was
shown in Table 7.

The greater the range, and the greater the effect of
the corresponding factor in the experiment. So, it can be
concluded that the effect of iron recovery from big to
small is microwave power, heating time, C/O and slag
former ratio. Thus, microwave power is the main factor
affecting the recovery of iron.

Optimization experiments and results

In order to verify that microwave power is the main
factor affecting the recovery of iron, two optimized ex-
perimental schemes are designed as Table 8 shown.

The optimized experiments are carried out accord-
ing to the same experimental method, and the same
magnetic separation and testing, the experimental re-
sults are shown in Table 9.

As can be seen from Table 9 that the iron recovery of
the two optimized experiments are 89,33 % and 90,64
% respectively, compared with the original orthogonal
experiments, the iron recovery has been improved.
Scheme 2 compare with scheme 1, only microwave
power is increased by 1 000 W, but the grade and recov-
ery of iron increase by about 1 % respectively. It veri-
fies that microwave power is the main important factor
affecting the experimental results.

XRD analysis

The XRD spectra of red mud and optimizing experi-
mental scheme 2 are shown in Figure 1.

Refering to Figure 1(a), red mud was complicated and
had many kinds of elements. The Fe in red mud mainly
existed in the form of Fe,O,, and a small amount of Fe
existed in minerals such as spinel (MgFe,O,). According
to Figure 1(b), Fe,O, is almost completely reduced to Fe,
Fe,0,and FeO after the carbothermal reduction. Some

other mineral compositions also vary slightly.

Table 6 Grade and recovery of iron after magnetic separation / wt, %

Result 1 2 3 4 5 6 7 8 9
Grade 52,20 59,71 60,08 54,67 63,65 61,01 56,33 57,18 62,47
Recovery 65,16 81,95 83,23 78,85 88,17 82,62 80,07 80,83 86,04

Table 7 Effect of each factor on iron recovery

Table 8 Optimizing experimental schemes
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Level C/0 Microwave Heating | Slag former Scheme C/0 Microwave Heating | Slag former
power/W | time/min ratio / % power/W | time/min ratio / %
Average 1 76,78 74,69 76,20 79,79 1 1,5 2000 45 5
Average 2 83,21 83,65 82,28 81,55 2 1,5 3000 45 5
Average 3 82,31 83,96 83,82 80,97
Range 6,43 9,27 7,62 1,76 Table 9 Optimizing experimental results
Scheme Grade Recovery
1 63,79 89,33
2 64,58 90,64
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Figure 1 The XRD spectra of red mud(a) and optimizing
experimental scheme(b)

SEM and EDS analysis

The product morphology of optimizing experimen-
tal scheme 2 is shown in Figure 2

From the whole of the reduction product, it is mostly
black materials, and there are silver white bead iron parti-
cles on the surface. In order to study the organization struc-

iron

Figure 2 The reduction product
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Figure 4 EDS of point Aand B

ture of the reduction product, it should be polished and
observed under SEM, the pictures are shown in Figure 3.

From Figure 3, it has been found that surface struc-
ture of the product is compact and rough, and which is
accompanied by many spherical substances in different
sizes. There are a lot of spherical substances, and the
lower left corner is similar to the flocculent slag phase.
EDS analysis carried out at point Aand point B is shown
in Figure 4.
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EDS analysis presents that there are three main ele-
ments of C, O and Fe at point A, and there are two ele-
ments in point B, Fe and C respectively. With the analy-
sis of XRD spectrum, the elements of Fe and O at point
A mainly form the oxide Fe,O,, while the element C at
point A and point B is the residue after reaction, and
other elements are elements in the slag system. The en-
ergy spectrum of point B shows that the content of Fe is
the highest and relatively simple. According to its mi-
cro-morphology and XRD analysis, it can be concluded
that the near spherical substance under the scanning
electron microscope is the metal pellets composed by
element Fe.

CONCLUSIONS

Red mud reduced by microwave carbon heating, the
iron oxide is reduced and minor amount of iron beads
generate. Microwave power is the main factor affecting
the grade and recovery of iron.

According to the optimizing experimental results,
when C/O is 1,5, microwave power is 3 000 W, heating
time is 45 min, slag former ratio is 5%, the grade and
recovery of iron reached 64,58 % and 90,64 %. Through
the comprehensive analysis of XRD, SEM and EDS, it
has been found that the reduced iron is mainly Fe,O,
and little amount of iron form.
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