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Abstract: Because of the high cost of cultivating urease-producing bacteria (UPB), this paper proposes soybean-urease-induced 
carbonate precipitation (SUICP) as a novel biocement for treatment of nickel contaminants and cementation of sandy soil. We 
found the optimal soaking time and soybean-powder content to be 30 min and 130 g/L, respectively, based on a standard of 5 U 
of urease activity. The most efficient removal of nickel ions is obtained with an ideal mass ratio of urea to nickel ions to 
soybean-powder filtrate (SPF) of 120׃2.4׃. The removal efficiency of nickel ions can reach 89.42% when treating 1 L of nickel-ion 
solution (1200 mg/L with the optimal mass ratio). In incinerated bottom ash (IBA), the removal efficiency of nickel ions is 
99.33% with the optimal mass ratio. In biocemented sandy soil, the average unconfined compressive strength (UCS) of sand 
blocks cemented with soybean urease-based biocement can reach 118.89 kPa when the cementation level is 3. Currently, the 
average content of CaCO3 in sand blocks is 2.52%. As a result, the SUICP process can be applied to remove heavy metal ions in 
wastewater or solid waste and improve the mechanical properties of soft soil foundations.
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1 Introduction 

Microbial-induced carbonate-precipitation (MICP) 
cement is widely used in the field of civil and environ‐
mental engineering (DeJong et al., 2006; Liu et al., 
2021; Lv et al., 2022; Qian et al., 2022; Xiao et al., 
2022; Xue et al., 2022; Zhang et al., 2022; Yu and 
Zhang, 2023b). It can reinforce sandy soil foundations 
and repair cracks in cement-based and rock materials 
for civil engineering applications (Jiang et al., 2020; 
Li et al., 2020; Lin et al., 2020; van der Bergh et al., 
2020; Fan et al., 2023; Kou et al., 2023). In the field of 
environmental engineering, MICP cement can remove 
heavy metal ions in soil, water, and solid waste (Li 
et al., 2010; Jiang et al., 2019; Yin et al., 2021; Song 
et al., 2022). The most commonly used MICP cement 
involves urease-producing bacteria (UPB), which can 

hydrolyze urea to produce carbonate ions that react 
with surrounding calcium ions to form calcium car‐
bonate with cementing properties (Xiao P et al., 2018; 
Hoang et al., 2020, 2023; Gebru et al., 2021; Xiao Y 
et al., 2021; Wu et al., 2023). UPB can be isolated from 
limestone caves and carbide slag (Omoregie et al., 
2016; Wu et al., 2020), and enlarged for production 
for in-situ soil biocementation (Omoregie et al., 2020). 
MICP cement is similar to ordinary Portland cement 
(OPC); it can consolidate loose sandy soil particles and 
repair cracks in cement-based materials (Cheng et al., 
2014; Meng et al., 2021; Sun et al., 2021; Xiao et al., 
2023; Yu and Zhang, 2023a). Seawater-based UPB and 
cementation solution can be applied to bind sea sand 
and sandy soil, and their permeability and compres‐
sive strength are successfully improved in marine envi‐
ronments (Cheng et al., 2014; Yu and Rong, 2022). 
The erosion of sand-soil slopes by seawater, river water, 
or rainwater can be effectively controlled using MICP 
cement, as demonstrated by Kou et al. (2020), Sun 
et al. (2022), and Xiao et al. (2022). Furthermore, the 
use of biocementation has significantly enhanced the 
anti-landslide performance of these slopes. These stud‐
ies provide strong evidence that MICP cement is a 
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valuable asset in the field of civil and environmental 
engineering. Due to the need for specialized cultiva‐
tion during the production of biocement using UPB, 
large-scale application in practical engineering may not 
be feasible.

Soybeans can be grown on a large scale, with a 
growth cycle of approximately five months, and the 
yield in China is approximately 1800 kg/ha. Soybeans 
are rich in a variety of nutrients that can enhance immu‐
nity and improve diet (He and Chen, 2013; Nile et al., 
2020). The protein content of soybeans is about 36.5%, 
including soybean urease protein (He and Chen, 2013; 
Nile et al., 2020). Soybean urease is soluble in water, 
alcohol, and acetone, which means that these sol‐
vents can be used to extract it. The activity of soybean 
urease in hydrolyzing urea to produce carbonate ions 
is similar to, but more easily controllable than, that of 
microbial urease. The carbonate ions react with sur‐
rounding calcium ions to produce calcium carbonate, 
which serves as a cementing agent. This process is 
called soybean-urease-induced carbonate precipita‐
tion (SUICP), and is similar to MICP (Lee and Kim, 
2020; Fan et al., 2022; Garg et al., 2023).

Soybean-urease-based biocements such as those 
produced by SUICP process can bind loose sand parti‐
cles and repair cracks in cement-based materials and 
rock. Unlike UPB, soybeans do not require professional 
cultivation, which can save costs (Gao et al., 2019; 
Xiao et al., 2019). The price of soybeans is much lower 
than that of commercially available pure plant-based 
urease, which is in turn lower than that of UPB. Thus, 
soybean urease is advantageous because it is non-toxic, 
inexpensive, and eco-friendly (Moghal et al., 2020). 
The urease can be extracted from soybean powder by 
soaking it in an aqueous solution, and the process is 
simple and fast compared with the preparation of UPB 
solution. Therefore, soybean-urease-based biocement 
has broad application prospects for biocementation 
of sandy soil and biotreatment of heavy metals. The 
soybean-powder filtrate (SPF) has a certain level of 
viscosity that may affect cementation levels, and thus 
the soil-reinforcement effect. Therefore, it is necessary 
to find a way to extract high-purity soybean urease.

To extract urease, soybeans are ground into a 
fine powder and then soaked in deionized (DI) water. 
Urease activity resulting from different soaking times 
and soybean-powder content is measured based on 
changes in conductivity. The optimal soaking time and 

concentration of SPF are determined through a combi‐
nation of urease activity and cost. The SPF is then used 
to remove nickel ions from the solution and inciner‐
ated bottom ash (IBA). Optimal removal conditions 
are determined by adjusting reaction time, urea con‐
tent, and SPF concentration. By attending to all these 
factors, different concentrations of nickel ions can be 
removed well from solution and IBA. Loose sand par‐
ticles can also be cemented into a whole with better 
mechanical performance by soybean-urease-based bio‐
cement with the optimal SPF concentration. In this 
way, soybean-urease-based biocement can be used to 
replace MICP cement and OPC in the cementation of 
sandy soil and treatment of waste solids containing 
heavy metals.

2 Materials and methods 

2.1 Materials

Nickel (II) chloride hexahydrate (NiCl2·6H2O, 
analytical reagent) was used to prepare nickel-ion 
solutions, and was configured with a concentration of 
1200 mg/L. The soybeans were purchased from a nearby 
supermarket and were imported from Canada. The 
price of the beans was approximately 770 USD/t. We 
ground the soybeans into powders of different fineness 
with a pulverizer (Fig. S1 of the electronic supple‐
mentary materials (ESM)). The various powders were 
sealed and refrigerated at low temperatures before use. 
The IBA contained heavy metals obtained from city land‐
fills, as shown in Fig. S2a. The particles had an irregu‐
lar block-like structure with a rough surface (Fig. S2b). 
The nickel-ion content was (197.09±2.41) mg/kg, as 
determined from the IBA with an inductively coupled 
plasma emission spectrometer (ICP-OES, Optima 8000, 
PerkinElmer, USA). The nickel-ion content eluted from 
the IBA was (0.060±0.005) mg/kg. The amount of 1 mol 
of the mixture of urea and calcium chloride dihydrate 
was dissolved in 1 L of DI water to obtain a cementa‐
tion solution of 1 mol/L.

2.2 Extracting urease from soybean powder

The 10 g of soybean powder was mixed with 
100 mL of DI water and soaked for 10, 30, 50, 70, 90, 
or 120 min (Table S1) (Yu and Pan, 2023). The SPF 
was obtained by filtering through four layers of gauze 
with an aperture size of approximately 1 mm. The SPF 
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(2 mL) was thoroughly mixed with a urea solution of 
10 mL (3 mol/L) and DI water of 8 mL in a plastic 
tube. The change in its conductivity was measured over 
1 min to determine urease activity.

The soybean powders (1, 3, 5, 7, 10, 13, and 15 g) 
were mixed with 100 mL of DI water and soaked for 
30 min, as shown in Table S2 (Yu and Pan, 2023). 
The SPFs of different concentrations were obtained via 
filtering through four layers of gauze. We then observed 
and determined the change in the conductivity for each 
concentration.

2.3 Preparation of bio-carbonate minerals

The nickel-ion solution (100 mL, 1200 mg/L) 
was put in a beaker. Based on the optimal quality ratio 
of urea to nickel ions to SPF (120׃2.4׃), we added 50 mg 
of urea and 1000 mg of SPF to the nickel-ion solu‐
tion, mixed them evenly, and stilled the resulting solu‐
tion at room temperature (26 ℃ ) for 24 h. We then 
obtained precipitates by filtering the solution. Samples 
were washed with tap water three times and finally 
dried in an oven. The flowchart for the biotreatment of 
IBA is shown in Fig. 1.

The cementation solution (50 mL, 1 mol/L) was 
put into a beaker. Next, 50 mL of SPF was added to 
the above cementation solutions, mixed thoroughly, 
and stilled at room temperature (26 ℃) for 24 h. The 

microstructure of synthesized bio-carbonate cement 
is similar to the carbonate produced in the process of 
biocementation of sandy soil. Fig. 2 shows the flow‐
chart for biocementation of sand blocks. All samples 
were washed with tap water three times. After drying 
the samples, we collected bio-carbonate minerals by 
lightly grinding the sand blocks.

2.4 Mineralization and removal of nickel ions

2.4.1　Removal of nickel ions under different conditions

Urea (110 mg) was dissolved in each of seven 
identical nickel-ion solutions (10 mL, 1200 mg/L). Then 
1 mL of SPF (130 g/L) was added and mixed well 
and the solution was stilled for 0, 2, 4, 6, 8, 24, 48, or 
72 h (Table S3).

Urea (110 mg) was also dissolved into five iden‐
tical nickel-ion solutions (10 mL, 1200 mg/L). Then 
0.2, 0.5, 1.0, 1.5, or 2.0 mL of SPF (130 g/L) was 
added, shaken well, and stilled for 24 h, as shown in 
Table S4.

Different amounts of urea (10, 30, 50, 70, 90, 110, 
130, and 150 mg) were dissolved into eight identical 
nickel-ion solutions (10 mL, 1200 mg/L). SPF (1 mL, 
130 g/L) was added into each solution, shaken well, 
and stilled for 24 h (Table S5).

After 24 h, clear light blue solutions were obtained 
by passing liquids through a paper filter.

Fig. 1  IBA biotreatment flowchart
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2.4.2　Removal of different concentrations of nickel 
ions in solution under optimal conditions

The four groups of 20 mL of nickel-ion solution 
(120, 600, 1200, and 3000 mg/L) were taken out and 
put into beakers. Based on the optimal mass ratio of 
urea to nickel ions to SPF (120׃2.4׃), we added the 
corresponding mass of urea and SPF to the solution 
and mixed it thoroughly at room temperature (26 ℃) 
for 24 h, as shown in Table S6. After 24 h, clear light 
blue solutions were obtained by passing the liquids 
through a paper filter.

2.4.3　Removal of different amounts of nickel ions 
in the IBA under optimal conditions

The content of nickel ions was adjusted in the 
IBA to simulate the actual concentration of nickel pollu‐
tion in the environment. The contents of nickel ions per 
kilogram of IBA were 120.03, 600.03, and 1200.03 mg. 
The DI water (1 L) was added into the IBA with dif‐
ferent nickel-ion contents. The solution of 100 mL was 
taken out and put in a beaker. Based on the optimal 
mass ratio of urea to nickel ions to SPF (120׃2.4׃), we 
added the corresponding masses of urea and SPF and 
mixed them evenly. All samples were stilled at room 
temperature (26 ℃) for 24 h (Table S7). After 24 h, 
clear solutions were obtained by passing the liquids 
through a paper filter.

2.5 Biocemented sand blocks

Ottawa sand weighing 215 g (20/30 meshes) was 
put in a cube model. First, 50 mL of SPF (130 g/L) was 
poured into sand blocks (50 mm×50 mm×50 mm), and 

the specimens were then set for 15 min. Next, 50 mL 
of cementation solution (1 mol/L) was added to the 
blocks and then left for 24 h. Each group contained 
three samples. The cementation levels were 1, 2, and 
3. All specimens were washed three times with tap 
water. We then measured the unconfined compressive 
strength (UCS) and calcium carbonate content of the 
sand blocks using an electronic testing machine set at 
1 mm/min and 2 mol/L hydrochloric acid (HCl) (Yu 
and Rong, 2022).

2.6 Characterization of samples

2.6.1　Determination of urease activity

The SPF (2 mL) was mixed with 10 mL of urea 
(3 mol/L) and 8 mL of DI water in 25 mL of the plas‐
tic tube (Yu and Rong, 2022). A conductivity probe 
(Orion Star A212 Conductivity Meter, Thermo Fisher 
Scientific Inc., USA) was put into the mixed solution 
to record the change in conductivity. Based on the con‐
ductivity change over 1 min, we calculated the urease 
activity using Eq. (1) (Whiffin et al., 2007; Cheng et al., 
2017; Yu and Rong, 2022):

U = S × 11.11 × 10, (1)

where U is the urease activity, μmol/min, and S is the 
conductivity, mS.

2.6.2　Powder X-ray diffraction (XRD) analysis

Bio-carbonate minerals were put in a sample tank. 
The specimens were scanned at a speed of 2.5 (°)/min, 
2θ ranging from 5° to 80° and λ=1.5406 Å by powder 
X-ray diffraction analysis (XRD, Bruker D8-Advance, 
Bruker Company, Germany). Chemical components of 
bio-carbonate minerals were determined by index‐
ing raw files produced by XRD equipment with MDI 
Jade 5.0.

2.6.3　Field emission scanning electron microscopy with 
energy-dispersive X-ray spectroscopy (FESEM-EDS)

First, we sprayed the surface of the samples with 
a layer of platinum in a vacuum environment. Next, 
we placed them into the sample compartment of the 
FESEM analyzer (JSM-7600F, JEOL, Japan). We ad‐
justed the acceleration voltage of the electron gun to 
5.0 kV, and were able to determine the morphology 
and size of nickel carbonate and sand blocks from the 
FESEM images and record their elemental composi‐
tions with EDS.

Fig. 2  Sand-block biocementation flowchart
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2.6.4　Unconfined compressive strength (UCS)

The UCS of sand blocks was determined with an 
electronic testing machine (DDL 100, Sinotest Equip‐
ment Co., Ltd., China). The axial load was applied at 
a constant rate of 1.0 mm/min (Yu and Rong, 2022), 
and UCS values were recorded in triplicate.

3 Results and discussion 

3.1 Effects of soaking time and soybean-powder 
content on urease activity

The effect of soaking time on urease activity has 
been reported by Yu and Pan (2023). The urease activ‐
ity of 5 U and soybean cost are used to determine the 
optimal content of SPF. When the urease activity in 
SPF is greater than 5 U, it can better remove heavy 
metals and cement sandy soil (Cheng et al., 2017). The 
average urease activity is higher than 5 U when the 
soaking time is 30, 70, 90, or 120 min (Yu and Pan, 
2023), and the optimal soaking time appears to be 
30 min. At a soaking time of 30 min, the average ure‐
ase activity increases with the increase of the concen‐
tration of SPF (Yu and Pan, 2023). Yu and Pan (2023) 
found that the optimal concentration of SPF in terms 
of soybean cost is 130 g/L. Therefore, the optimal 
soaking time and concentration of SPF are 30 min 
and 130 g/L, respectively (Yu and Pan, 2023).

3.2 Chemical components and microstructures of 
bio-carbonate minerals

EDS images show that the elements C, O, Ni or 
C, O, and Ca distributed widely over the entire figure 
(Figs. S3 and S4). Three elements overlap. Nickel- and 
calcium-carbonate-type compounds are determined 
from element overlap. Fig. 3 shows that a nickel- or 
calcium-carbonate-type compound can be precipitated 
by the SUICP process. Hence, nickel ions can react 
with carbonate ions to form water-insoluble nickel 
hydroxide carbonate (Ni2CO3(OH)2·H2O) (Do et al., 
2020), which can remove nickel ions from wastewa‐
ter and solid waste (Fig. 3a). In sand particles, cal‐
cium ions react with carbonate ions to produce cal‐
cite (CaCO3, calcite) with cementing properties and can 
act as a bridge to connect sand particles, as a result of 
having certain mechanical properties (Gebru et al., 
2021; Yi et al., 2021; Gao et al., 2022) (Fig. 3b). The 

soybean-urease-based biocement can be used for soil 
improvement and solid-waste treatment.

Fig. 4a displays FESEM images of nickel-
carbonate-type compounds precipitated by the SUICP 
process. The morphology and size of the nickel hydrox‐
ide carbonate are evident in the FESEM images. The 

Fig. 3  XRD patterns of nickel hydroxide carbonate (a) and 
calcite (b) precipitated by the SUICP process

Fig. 4  FESEM images of nickel hydroxide carbonate (a) 
and calcite (b) precipitated by the SUICP process

40



J Zhejiang Univ-Sci A (Appl Phys & Eng)   2024 25(1):36-46    |

morphology of the nickel-carbonate-type compound 
is an irregular block structure with particle size below 
200 µm. The shape and diameter of the calcite are shown 
in Fig. 4b. The microstructure of calcite is regular and 
irregular spheres with a size range of 5–50 µm, and 
regular and irregular spheres of calcite can be filled 
into pores of sandy soil and bind them together (Yu 
and Rong, 2022). The soybean-urease-based bioce‐
ment can be used in the field of civil and environmental 
engineering according to the formation mechanism.

3.3 Effects of SPF content, urea content, reaction 
time, and nickel-ion concentration on removal 
efficiency of nickel ions

We used a nickel-ion solution of 10 mL with an 
initial concentration of 1200 mg/L. The concentration 
of the SPF was 130 g/L. The effects of SPF concentra‐
tion, urea content, and reaction time on the removal effi‐
ciency of nickel ions are shown in Fig. 5. All samples 
were kept still in the experimental room for 0–24 h. After 
24 h, the removal efficiency of nickel ions increased 

with the increase of reaction time, but the degree of 
increase was small. Therefore, the optimal reaction 
time appeared to be 24 h (Fig. 5a). When the content 
of SPF was 1 or 2 mL, the removal efficiency of nickel 
ions was higher than those for other content levels. The 
removal efficiency of nickel ions for an SPF content 
of 2 mL was slightly higher than that for 1 mL of SPF. 
The optimal SPF content was selected as 1 mL (approxi‐
mately 1000 mg), as shown in Fig. 5b. With the opti‐
mal reaction time and SPF content, the optimal urea 
mass was 50 mg. Under those conditions, the nickel-
ion and urea contents were 120 and 50 mg, respectively 
(Fig. 5c). Therefore, the optimal mass ratio of urea to 
nickel ions to SPF is 120׃2.4׃ when the concentration 
of SPF is 130 g/L. The removal efficiency of nickel 
ions is approximately 90% with the SUICP process, 
which is higher than that of microbial-induced phos‐
phate precipitation (MIPP) under optimal conditions 
(Yu and Jiang, 2019).

The pH of nickel-ion solutions is approximately 
5 at concentrations of 120, 600, 1200, and 3000 mg/L, 

Fig. 5  Influence of reaction time (a), SPF content (b), urea content (c), and concentration of nickel ions (d) on removal 
efficiency of nickel ions

41



|    J Zhejiang Univ-Sci A (Appl Phys & Eng)   2024 25(1):36-46

which indicates weak acidity. The average removal 
efficiencies of nickel ions are 59.50%, 83.87%, 89.42%, 
and 93.25% when the concentrations of nickel ions 
are 120, 600, 1200, and 3000 mg/L, respectively, with 
the optimal mass ratio of urea to nickel ions to SPF 
 as shown in Fig. 5d. Samples 1, 2, and 3 ,(20׃2.4׃1)
belonged to one group of specimens. The experimen‐
tal results show that the removal efficiency increases 
as the concentration of nickel ions increases. The solu‐
bility product constant of nickel carbonate (1.42×10−7) 
demonstrates that high concentrations of carbonate 
and nickel ions are conducive to a shift of the reaction 
equilibrium to the formation of nickel carbonate with 
the same volume. Hence, when the concentration of 
nickel ions is higher, the removal efficiency is better. 
In electroplating wastewater, the removal efficiency of 
nickel ions at 1475 mg/L can reach above 90% with 
the SUICP process, which is better than the removal rate 
with phosphate microbial mineralization (Yu and Jiang, 
2019). Therefore, the SUICP process can be advanta‐
geously applied to remove nickel ions from electroplat‐
ing wastewater.

3.4 Treatment of nickel-ion solutions eluted from 
IBA

Fig. 6 shows the removal efficiency for different 
amounts of nickel ions in IBA. The pH of the solution 
eluted from the IBA was approximately 11 when the 
mass ratio of water to IBA was 21׃. The concentra‐
tions of nickel ions in the solution eluted per kilogram 
of IBA were 120.03, 600.03, and 1200.03 mg/L, respec‐
tively. Samples 1, 2, and 3 belong to the same group 
of specimens. With the optimal mass ratio of urea to 

nickel ions to SPF, the average removal efficiencies of 
nickel ions can reach 98.79%, 99.33%, and 94.77% 
when the nickel ion concentration was 120.03, 600.03, 
and 1200.03 mg/L, respectively. The experimental re‐
sults show that different amounts of nickel ions eluted 
from IBA can be removed well, with an efficiency of 
up to 94%. A comparison of the removal efficiency for 
different concentrations of nickel ions in the eluted 
solution shows that alkaline IBA is beneficial for the 
removal of nickel ions by the SUICP process.

3.5 Biocementing sand blocks using SUICP

Loose sand blocks (50 mm×50 mm×50 mm) can 
be cemented into a whole through the SUICP process, 
as shown in Fig. 7a. Each group of blocks contained 
three samples. The UCS of sand blocks was deter‐
mined by a 1.0 mm/min electronic testing machine under 
wet conditions. The average UCS values were 2.52, 
24.85, and 118.88 kPa at cementation levels of 1, 2, 
and 3, respectively (Fig. 7b). When the cementation 
level was higher than 3, the soybean-urease-based 
biocement could be used to improve the bearing capac‐
ity of the sand foundation. As shown in Fig. 7c, the 
CaCO3 content of sand blocks increased with the in‐
crease of cementation level. The CaCO3 content was 
determined by the acid dissolution method until no air 
bubbles were generated in the sand blocks. They were 
left to stand for 2 h and then dried in an oven to deter‐
mine the mass before and after. Finally, we obtained 
the CaCO3 content of the sand blocks. The average 
CaCO3 content was 1.81%, 2.51%, and 2.52% when 
the cementation level was 1, 2, and 3, respectively. The 
urease extracted from Chinese soybeans can also be 
used to hydrolyze urea and bind sandy soil (Shu et al., 
2022). Its cementation effect is similar to that of Cana‐
dian soybean urease when used on the sand with simi‐
lar CaCO3 content (Shu et al., 2022). When the cemen‐
tation level is higher than 1, it is difficult to pour 
SPF sand blocks manually. When the level is higher 
than 3, a peristaltic pump should be used to inject the 
soybean-urease-based biocement into sand blocks; a 
higher UCS can then be obtained. Pores of sand blocks 
are filled well by biocement, and this increases cemen‐
tation levels (Yu and Pan, 2023). The UCS of sand 
blocks increases as the cementation level rises (Yu and 
Rong, 2022). Because the cementation level increases 
with the content of biocement, this content is propor‐
tional to UCS in the sand.

Fig. 6  Removal efficiency of different levels of nickel-ion 
content from IBA
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3.6 Potential applications and formation mechanism 
of soybean-urease-based biocement

Soybean-urease-based biocement can be applied 
to remove heavy metals, as well as to bind sand blocks. 
As explained above, soybeans contain a certain amount 

of urease, which can be dissolved in water, ethanol, 
acetone or their mixed solution (Fig. S5). Soybean-
based urease has the same function as microbial ure‐
ase; it can hydrolyze urea to produce carbonate and 
ammonium ions, as shown in Fig. 8 (Yu et al., 2022; 
Yu and Pan, 2023). The Ni(I) in soybean-based ure‐
ase is coordinated with urea to form a urease-urea 
complex (Benini et al., 2001). The urease-urea com‐
plex forms urease, carbamate, and ammonia after 
structural transformation and proton transfer (Benini 
et al., 2001). In an aqueous solution, carbamic acid is 
unstable and will react with water molecules to form 
carbonate and ammonium ions (Yu et al., 2022). Nickel 
and calcium ions can be precipitated to form bio-
carbonate minerals by reacting with carbonate ions. 
Soybean-urease-based biocement can be applied to pro‐
duce building materials and treat solid waste contain‐
ing heavy metals.

4 Conclusions 

This paper presents a new SUICP process that is 
similar to MICP technology and can be applied in the 
treatment of heavy metals and cementation of sandy 
soil. Soybean-based urease can be obtained by a water-
soaking method for the production of biocement. Soy‐
bean powders mixed with DI water release urease into 
the aqueous solution and hydrolyze urea, thereby caus‐
ing a change in conductivity. The optimal soaking time 
and soybean-powder concentration were 30 min and 
130 g/L, respectively, and the average urease activity 
we obtained was bigger than 5 U. Soybean-based ure‐
ase hydrolyzes urea to produce carbonate ions, which 
combine with nickel and calcium ions to form nickel 
carbonate and calcium carbonate, thereby reducing 
the concentration of cations. Under optimal condi‐
tions for removing nickel ions, the mass ratio of urea 
to nickel ions to SPF is 120׃2.4׃. The removal effi‐
ciency also increases with higher concentrations of 
nickel ions and the optimal mass ratio. With regard to 
sandy soil, the UCS of sand blocks can be improved 
by soybean-urease-based biocement when the cemen‐
tation level is higher than 3. We also found that the 
content of CaCO3 in sand blocks increases at higher 
cementation levels. Thus, the SUICP technology could 
be used to consolidate heavy metal ions in solid waste, 
desert sands, and foundations of island reefs.

Fig. 7  Cementation state (a), UCS (b), and CaCO3 content 
(c) of biocemented sand blocks
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