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In this paper, the steel slag-lime system was used to prepare steel slag products under the enzymatic action of
microorganisms. The results showed that, after 3h carbonization, the compressive strength increased from 32.8MPa
to 49.5MPa, the strength of steel slag products was improved obviously. By CT and other analytical tools, the
mineralization depth of microorganism is obviously deepened, and the pore structure is optimized. The results show
that the amount calcium carbonate significantly improved, the calcium carbonate filling in the pores around, the
pore structure has been optimized, the strength has been improved. In addition, microorganisms have the role of
loading and catalytic, on one hand, it can be a steady stream of carbon dioxide which transport it into the brick to
happen sequestration, on the other hand, the secretion of the enzyme can significantly accelerate the hydration
reaction rate of carbon dioxide, which will form more and more CO 32- inside the brick, so a higher probability of Ca 2
+ and CO32- combining to generate CaCO3.

Introduction

The steel industry is the basic industry of the national economy. In the
situation of the rapid economic development of the country, the steel
industry also presents the trend of leapfrog development [1].Steel slag is
in the process of iron and steel production by slagging reactants, erosion
loose materials, smelting furnace and furnace material, metal furnace
charge into the impurities and specially for adjust the properties of steel
slag and join the slagging materials composed of solid slag, is a by-product
of the production process of steel, the number of general for crude steel
output by 12% to 20% [2-4].The yield of steel slag is closely related to the
equipment level and metallurgical technology, and the process of making
steel less slag or even slag is widely used in developed industrial countries.
However, due to the backward production technology in China, the quality
of raw materials is poor, the steel slag of steel production is more, and the
production of steel slag of 1-ton steel [5]. In recent years, China's steel
output has reached 800 million tons, producing more than 120 million
tons of steel slag annually, and still growing by more than 30 million tons
per year. If there is no reasonable way to make comprehensive use of these
steel slag, there will inevitably be a lot of harm to the social environment,
such as occupying the land, polluting the air and wasting resources [6].
The activity main mineral composition of steel slag is C2S, C3S, C4AF and
RO, and activity main mineral composition are very similar compared to
the cement gel activity, the activity of steel slag is low, studies have shown
that steel slag in 48 h is only the total hydration heat of cement of 10. 5% ,
but this kind of hydraulic steel slag stimulated amplification can be treated
with a certain way [7]. In recent years, it has been widely used in the field
of traditional building materials: production of steel slag cement,
preparation of steel slag concrete, and backfilling and reinforcement of
foundation [8, 9]. According, to the research, the slurry can stimulate the
potential activity of steel slag, and the slurry is also the ideal material for
fixing CO2 and preparing slag products [10]. With slaked lime as alkali
excitation agent, therefore, use of industrial waste steel slag fine powder,
in the role of microbial enzymatic, prepared microbial products, efficient
solid carbon steel slag to study the mechanical properties and microscopic
mechanism of carbon sequestration.
In this experiment, a bacterium that can produce carbonic anhydrase was
used to produce steel slag materials, and the rate of microbiological
mineralization was significantly increased compared with the normal
carbonization process. Class basophilic bacteria can capture CO2 in the air,

its special enzyme characteristics can effectively improve the hydration
reaction of CO2, promote the shift towards HCO3 - and CO2 in the alkaline
solution environment, HCO3 - and OH - quick response to generate CO32 -,
chelating environment constantly Ca2+ calcium carbonate precipitation
[11]. Unlike the more commonly used bacteria, this type of bacteria is used
as an inorganic carbon source for mineralization of CO2 in the air [12]. The
carbon dioxide in the air is everywhere and continuously, and the
efficiency of inorganic carbon source is improved, and the efficiency of the
bacterial enzyme solution is improved [13]. In the H2O-CO2-Ca2+ system,
eosinophilic microorganisms in cell surface induced deposition of CaCO 3
biochemical reaction can be expressed by formula (1-1) to formula (1-4).
CO2 + H2 O ↔ HCO−3 + H+

(1-1)

HCO−3 + OH− → CO2−
3 + H2 O

(1-2)

Ca2+ + Cell → Cell − Ca2+

(1-3)

Cell − Ca2+ + CO2−
3 → Cell − CaCO3

(1-4)

2. MATERIAL AND METHODS
2.1 Bacterial culture
A species of bacteria that produces carbonic anhydrase is chosen. Strain
fermentation medium are shown in table 1, regulate the fermentation
culture medium pH = 7, placed in a triangle in the bottle, at 121 ℃ high
temperature sterilization 25 min. Remove the sterilized triangle bottle in
the oven to dry, to be used. Inoculation of carbonic anhydrase purified
strains in the sterile culture medium, culture in 30 ℃ oscillation incubator
for 24 h, the oscillation frequency of 170 r/min.
Table 1: Purified medium of the strain
Sucrose
10.00

NaHPO4.12H20
2. 50

MgSO4
0.25

CaCO3
1.00

KCL
1.00

(NH4)2SO4
0.50

Yeast extract
0.20

2.2 Raw Material
Main chemical compositions of the steel slag as shown in table 2, the main
composition of steel slag and cement clinker are similar, its main chemical
composition of calcium oxide, silicon oxide, aluminum oxide and
magnesium oxide, and partial oxidation, such as iron oxide.
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Table 2: Chemical composition of steel slag/w %
whole cross section is not completely reacted and the carbonization is
incomplete. Control group are part of the red sample center, carbide edges
Component
CaO
SiO
Al O
MgO
Fe O
P O
SO
show colorless, edges that section completely, carbide generated CaCO 3, so
2
2 3
2 3
2 5
3
colorless, but the incomplete carbonization, cross section and the
mass/%
43.7
13.1
9.1
5.8
17
7.2
0.6
remnants of the Ca(OH)2, which is red. The whole section of the sample of
microorganism accelerated carbonation is colorless, indicating that the
2.3 Preparation of microorganism mineralized steel slag cementing
carbon dioxide has been completely diffused into the inner and Ca(OH) 2
materials
carbonization completely, which is converted into CaCO3.The
phenomenon of phenolphthalein staining showed that the microorganism
Strain after 24 h, under 5 ℃, 9000 r/min speed centrifugal 10 min, remove
could accelerate the carbonization reaction significantly and increase the
the supernatant fluid. After the addition of ionized water washing, the
carbonization depth, so that more Ca(OH) 2 carbonation was converted
above process was repeated, and the concentration of the high strain cell
into CaCO3.
was 2*109 / mL. The experiment was based on the micro-powder of steel
slag and the slurry, the standard sand was the aggregate, and the specific
distribution was shown in table 3. The specimen obtained at room
temperature (25 + 2 ℃) environment static maintenance for 24 h, A batch
of samples in the carbonization pressure kettle, carbide carbide
parameters as follows: temperature 25 ℃, relative humidity 60%, CO2 gas
pressure is 0.30 Mpa, carbonization time 3 h. Another group of let stand
not carbide, carbide parameters: temperature 25 ℃, relative humidity
60%, atmospheric pressure stand for 3 h.
Table 3: Mix proportions of Steel slag products/g
Mix

SS

SL

Water

Aggregate

Bacterial

Figure 2: Mineralization depth of samples

Curing

3.3 Pore structure Analysis

A1
A2

525
525

105
105

315
315

1250
1250

0
3.15

standard
standard

A3
A4
B1

525
525
525

105
105
105

315
315
315

1250
1250
1250

6.3
9.45
0

standard
standard
carbonation

B2
B3

525
525

105
105

315
315

1250
1250

3.15
6.3

carbonation
carbonation

B4

525

105

315

1250

9.45

carbonation

3

Three-dimensional CT scan, different colors represent different aperture
size and its distribution, can be seen from the figure 3. The control sample,
microorganism accelerating carbide carbide group samples are marginal
porosity is small, the farther the internal porosity is larger. The pore
distribution of the sample of microorganism accelerated carbonization
group was the most uniform, and the margin and internal porosity were
small. The pore distribution, edge and internal pore difference of the
sample of the carbonization control group were poor. This is also a good
illustration of the reasons for the more uniform densification of the sample
of microorganism accelerated carbonization group than the carbonization
control group.

RESULTS AND DISCUSSION

3.1 Strength
Figure 1 shows the compressive strength of carbonized steel slag brick and
micro-organism mineralized brick under two kinds of curing conditions.
As can be seen from the figure, the compressive resistance of steel slag
bricks increases with the increase of microbial addition in both natural
and carbonized maintenance. Under natural curing conditions, the
compressive strength of the non-microbial group was3.2 MPa, and the
strength of the microorganism was 9.15 ml, and the strength was 7.9 MPa.
When the pressure of carbon dioxide conservation was 0.3 MPa, the
compressive strength of the non-microbial group was 32.8 MPa. The
strength of the microorganism was up to 49.5MPa and the strength
increased by 50% when the microorganism added 9.15 ml.

Compressive Strength
49.5

Compressive Strength (MPa)

45.8
39.7

40

32.8

20

5.7

6.9

0
A2

A3

A4

B1

B2

B3

B4

Mix

Figure 1: Strength of steel slag
3.2

4.

With Microorganism

Figure 3: Three-dimensional CT scan of steel slag
CONCLUSION

The production of calcium carbonate in the slag-lime system is
significantly increased, and the pore structure is optimized, and the
strength is improved. Carbonation reaction intensity enhancement effect
of steel slag slaked lime gel system, carbide generated in the process of
calcium carbonate on the body of filling effect, is analyzed the main cause
of pore structure optimization and increase strength. The microorganism
is added, and the mineralization reaction is enhanced to further fill the
pore of the matrix, and the strength is obviously improved. Microorganism
to slide and catalytic role, on the one hand, can be a steady stream of CO2
transport to the carbonation reaction in brick, on the other hand can
significantly accelerate the secretion of enzyme carbon dioxide hydrate
reaction speed, so as to form more CO32 - inside the brick, Ca2 + have a higher
chance and generate CaCO3 with CO32 - combined.
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