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ABSTRACT

Cemented uranium tailings backfill created from alkali-activated slag (CUTB) is an effective method of
disposing of uranium tailings. Using some environmental functional minerals with ion exchange,
adsorption, and solidification abilities as backfill modified materials may improve the leaching resistance
of the CUTB. Natural zeolite, which has good ion exchange and adsorption characteristics, is selected as
the backfill modified material, and it is added to the backfill materials with cementitious material pro-
portions of 4%, 8%, 12%, and 16% to prepare CUTB mixtures with environmental functional minerals. After
the addition of natural zeolite, the uniaxial compressive strength (UCS) of the CUTB decreases, but the
leaching resistance of the CUTB increases. When the natural zeolite content is 12%, the UCS reaches the
minimum value of 8.95 MPa, and the concentration of uranium in the leaching solution is 0.28—8.07 pg|/L,
the leaching rate R4y is 9.61 x 1077 cm/d, and cumulative leaching fraction Py; is 8.53 x 10~* cm, which
shows that the alkali-activated slag cementitious material has a good curing effect on the CUTB, and the
addition of environmental functional minerals helps to further improve the leaching resistance of the
CUTB, but it reduces the UCS to an extent.
© 2022 Korean Nuclear Society, Published by Elsevier Korea LLC. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Uranium tailings generally refer to the solid residue produced in
the process of ore processing, hydrometallurgy, and heap leaching.
They are a type of long-life and large volume low (extremely low)
radioactive solid waste. Uranium tailings are mostly stacked by
building reservoirs on the ground, which will inevitably cause
certain environmental and safety problems [1,2]. However, the
common dry-filling, hydraulic-filling, and even cemented filling
methods do not fundamentally solve the problems of radioactive
diffusion or the leaching of metal ions. Even so, techniques such as
the cement solidification of medium and low-level radioactive
wastes and the cemented backfilling of tailings containing heavy
metals have revealed that stabilization and solidification tech-
niques based on inorganic cementitious materials have a good ef-
fect on controlling the precipitation of radionuclides and heavy
metals. If the problems of the poor mechanical properties and poor
leaching resistance of cemented uranium tailings backfill in mines
can be solved, underground backfill disposal will become the best
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method of the safe and efficient disposal of uranium tailings [3,4].

In the field of mine filling, the development of new cementitious
materials based on solid waste is a hot issue. Numerous studies
conducted by experts and scholars have shown that materials such
as blast furnace slag, red mud, fly ash, and even acidic lead smelting
slag can be prepared into cementitious materials. The preparation
of cementitious materials from these mineral materials has a low
cost, and these materials have a good water retention, corrosion
resistance, and high later strength. In particular, alkali-activated
binders have better performance than ordinary portland cement
in immobilization of toxic, hazardous, or radioactive elements,
which will greatly improve the application of cemented backfill in
solid waste disposal. Zhang, Chen, and others have shown that
alkali-activated slag can effectively solidify Cr (VI), and it can
convert Cr(VI) into Cr(Ill) without any additional reductants [5,6].
Alonso showed that the fixation of alkali-excited materials to Pb
exceeds 99.7%, and its immobilized performance exceeds that of
OPC pastes [7], Abdel-Gawwad conducted the leaching experiment
on the alkali-excited water cooled steel slug mixed with lead
bearing slug, and the results showed that the lead concentration
(mg/L) in the leaching solution was below the safe limit of toxicity
characteristic leaching procedure (TCLP) [8]. Kiventera showed that
the alkali-activated GGBFS can effectively consolidate sulfites and
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heavy metals in gold mine tails [9]. Wang showed that alkali-
activated slag can effectively reduce the leaching amount of
heavy metals (Mn, Cr (VI) and Cr) and is lower than TCLP regulatory
limit [10]. Jan, Yliniemi, Zhang, and others also have shown that
alkali-activated binders are suitable materials for immobilization of
heavy metals and have obvious advantages over ordinary portland
cement [11,12]. Niels and Tian showed that alkali-activated
cementitious materials have good curing effects on radionuclides
such as Cs* and Sr®* [13,14]. Komljenovi¢ also showed that alkali
-activated blast furnace slag can not only be regarded as a potential
effective substrate for caesium fixation, but also the addition of
caesium can improve its strength [15]. Gijbels showed that alkali-
activated materials based on ground blast furnace slag and phos-
phogypsum had good curing effects on 233U, 2%6Ra, 219Pb and >?%Ra
[16]. Zhou used alkali-activated coal gangue to immobilize
uranium-contaminated soil, and showed that the maximum
compressive strength of the solidified body reached 24.6 MPa, and
the maximum fixation efficiency of uranium reached 77.44% [17].
Jiang showed that for the cement solidified form of uranium tail-
ings, when slag powder is added, the leaching resistance of the
solidified form is significantly improved. For the uranium tailings
geopolymer with fiber, the solidification effect is optimal when
0.6% basalt fiber is added [18,19].

It can be seen that cemented uranium tailings backfill created
from alkali-activated slag (CUTB) can theoretically reduce the
adverse effects of the uranium tailings' characteristics on its for-
mation and long-term stability. Different from the quality indexes
of other metal tailings, the ultimate characteristic of the CUTB is its
leaching resistance. Therefore, when considering adding certain
modified materials to improve the fluidity of the filling slurry and
mechanical properties of the filling body, we should consider
whether these materials can improve the leaching resistance of the
filling body to strengthen the ability of the filling body to retain
uranium and other metal ions. Rudzionis showed that natural
zeolite as an additive of portland cement can reduce the leaching of
heavy metals, and its effect is better than that of synthetic zeolite
with cement or cement alone [20,21]. Vyvail showed that Portland
cement with natural zeolite has better curing effect on Ba, Cr, Cu, Ni
and Pb [22]. Jimenez-Reyes reviewed the application of zeolites in
radioactive waste and showed that zeolites have good adsorption
performance for uranium [23]. If we choose environmental func-
tional minerals such as natural zeolite as modifying materials, the
leaching resistance of alkali activated slag and uranium tailings
cemented backfill will be further improved.

To study the consolidation and immobilization effect of alkali-
activated slag mixed with natural zeolite on uranium tailings, we
prepared CUTB with specific mass concentration, specific cement to
sand ratio, specific slag, specific alkali activation scheme and
appropriate amount of natural zeolite. By testing the uniaxial
compressive strength of CUTB and the concentration of uranium in
the leaching solution, the influences of the characteristics of alkali-
activated slag mixed with natural zeolite on the mechanical prop-
erties and leaching resistance of CUTB were analyzed.

2. Materials and methods
2.1. Experimental materials

The experimental materials used in this study mainly included
uranium tailings, blast furnace slag, quicklime, liquid sodium sili-
cate, sodium hydroxide, natural zeolite, and water.

The uranium tailings were obtained from a uranium tailings
reservoir in China, with a water content of 10.91%, a density of
2.55 t/m>, and a volume density of 1.375 t/m>. The main chemical
compositions of experimental materials obtained via X-ray
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fluorescence (XRF) analysis (PANalytical Axios) are presented in
Table 1. The pH of the uranium tailings was 5.29 according to the
Soil Quality-Determination of pH [24]. The particle size composition
of the tailings was obtained using the screening method (Fig. 1). The
particle size ranged from 45 to 425 pum, and the median particle size
was 208 pum. The average particle size was close to the median
particle size. The results show that the inhomogeneity coefficient
was 2.31, the curvature coefficient was 0.93, the grain size distri-
bution of the tailings was discontinuous and non-uniform, and the
gradation was not good [3,25].

The blast furnace slag selected for the experiments was S95 slag
micro powder, which was produced by a building materials en-
terprise, with a density of 2.86 g/cm> and a specific surface area of
431 m?/kg. According to the chemical composition of the blast
furnace slag, its chemical modulus was K = 1.91, its alkali modulus
was Mo = 0.97, and its active coefficient was Ma = 0.52. The
chemical modulus K of the slag was far greater than the index
specified in GB/T 203-2008. The alkali modulus Mo was slightly less
than the standard for neutral slag, which is acidic slag. The active
coefficient Ma was much greater than the standard of 0.3, making it
high activity slag [26—28]. The broad hump at 20°—35°(20) of the
XRD pattern of blast furnace slag indicates a typical amorphous
structure (Fig. 2), and the crystalline form is mainly a small amount
of calcite, dolomite and quartz, which indicates that blast furnace
slag is mainly an amorphous glass body, which depolymerizes
under the condition of alkali activator, which is also the reason for
the high activity of blast furnace slag powder [29,30]. The quicklime
was purchased from the market in the form of a white powder, with
a specific surface area of 400 m?/kg. According to the Building
Quicklime (JC/T 479-2013), the CaO + MgO content was 97.09% (i.e.,
>90.0%), and the MgO content was 2.31% (i.e., < 5.0%). SO3 was not
detected, which meets standard CL90-QP for powdery calcareous
lime [31]. Liquid sodium silicate activator was prepared from liquid
sodium silicate and sodium hydroxide purchased from the market.
The natural zeolite was a 200-mesh micro powder purchased from
the market, and its silicon aluminum ratio k was 5.22, which is in
the medium silicalite range k = 4—8 [32]. According to the XRD
analysis and comparison, it is found that the natural zeolite is
mainly composed of clinoptilolite, and also contains quartz and
other phases [33,34]. The water was urban tap water.

2.2. Experimental scheme

Non-equilibrium leaching is a common method in leaching
resistance tests. It is generally realized via continuous flow of the
leaching solution or the regular replacement of the leaching agent,
which is also close to the environment of the underground filling
body. According to the Standard test method for the leachability of
low and intermediate level solidified radioactive waste forms(GB|T
7023—2011), non-equilibrium leaching is also used as the standard
leaching method for solidified forms of low and medium level
radioactive wastes. Referring to the two Chinese national standards
(GB|T 7023—2011 and GB 14569.1-2011) [35,36], the tests mainly
included the following steps:

1) Preparation of CUTB. First, according to the proportion deter-
mined in the test scheme (see Section 2.3) and referring to the
Standard testing method for the performance of building mortar
(JGJ/T70-2009), the filling materials were mechanically mixed
using a J]-5 cement mortar mixer. During the mixing, the ma-
terial was mixed at low speed for 120 s, then suspended for 15 s,
and then mixed at high-speed for 120 s to ensure that all of the
materials were evenly mixed. Then, the prepared slurry was
poured into #50 mm x 50 mm cylindrical molds, and the
samples were vibrated manually to eliminate bubbles when
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Table 1
Main chemical compositions of experimental materials.
SiO; Al,03 SO3 K>0 Fe,03 Na,O Cao TiO, P,0s5 MnO MgO 8]
uranium tailings 86.06 6.04 243 2.37 1.55 0.51 0.38 0.21 0.13 e 0.10 0.04
blast furnace slag 31.86 16.53 0.04 0.54 0.43 0.33 39.81 1.23 —_— 0.18 6.89 _—
natural zeolite 74.99 14.36 0.03 4.46 0.82 2.74 1.34 0.13 0.01 0.05 0.99 —_

- —=— Cumulative distribution
—&— Sieve distribution _ma— "
s
80 -
y,
o
c\a //
o 60+ | |
80 /
s /
=
240
A A
/"
r
20 4 o N
.l/l o
- - ¢ ——»
- — -
" e/ -
04 ¢ A
. . e —
100 1000

Particle size/pm

Fig. 1. Particle size accumulation curve for uranium tailings.
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Fig. 2. XRD diagram of blast furnace slag and natural zeolite.

poured into the mold. Finally, the cast sample was placed in a
curing box (25 + 5°C, humidity > 95%). It was removed from the
mold after 24 h and allowed to continue curing for an additional
27 days (i.e., a total of 28 days of curing).

2) Preparation for leaching. First, the uniaxial compressive
strength (UCS) test was carried out on the filling specimen cured
for 28 days. If its strength was greater than or equal to 7 MPa, it
was considered to meet the conditions for the leaching test, and
its upper and lower end faces were polished. In addition, the
height and diameter were measured to make sure its height to
diameter ratio was > 1 and its geometric surface area was

10—5000 cm?. A polyethylene plastic wide mouth bottle with a
cover was selected as the leaching container and was cleaned
with deionized water for use after pickling. In addition, deion-
ized water with a pH of 6.8—7.2 was selected as the leaching
agent.

3) Leaching test. First, the prepared filling specimen was hung in

the leaching container so that it was at least 1 cm from the
container wall of the leaching container in all directions (Fig. 3).
Second, according to the standard that the ratio of the volume of
the leaching agent to the geometric surface area of the filling
body test piece was 10, the geometric surface area of the filling
body test piece was measured and a corresponding amount of
deionized water (i.e., the leaching agent) was added. The
container was covered and maintained at 25 + 2°C for the static
leaching test. The leaching agent was changed when the cu-
mulative leaching time reached 24 h,3d,7d,10d,14d, 21 d,
28 d, 35 d, and 42 d, and an appropriate amount of leaching
solution was taken out during the replacement process for
testing. Finally, the concentration of uranium in the leaching
solution was determined via inductively coupled plasma mass
spectrometry (ICP-MS; 7700x), and the pH value of the leaching
solution was determined using a pH meter.

‘ontainer
cover

eaching
vessel

pHanging
rope

—1pl.eaching
agent
Filling

specimen

Fig. 3. Schematic diagram of the leaching experiment.
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2.3. Test plan

To explore the influences of the characteristics of the natural
zeolite on the leaching resistance of the CUTB, the other parameters
were fixed, and only the types and additives of the environmental
functional minerals were taken as variables. Considering the par-
ticularity of the use of uranium tailings as the filling aggregate, the
water to solid ratio of the filling slurry was fixed at 0.25, and the
cement to sand ratio was fixed at 1:4. Liquid sodium silicate was
selected as the activator of the blast furnace slag. Its modulus was
1.2, the alkali equivalent of Na;O accounted for 6% of the cemen-
titious material, and 6% quicklime was added as the auxiliary ma-
terial. The natural zeolite was mixed into the filler according to
proportions of 4%, 8%, 12%, and 16% of cementitious materials for
comprehensive testing. For comparison, a control group with no
addition of functional minerals (i.e., 0%) was also set up.

3. Results and discussion
3.1. Mechanical properties of filling specimens to be leached

When the leaching resistance test was carried out on the cement
solidified body of medium and low-level radioactive waste, the
premise was that the UCS of the solidified body was greater than or
equal to 7 MPa, and the strength range of the high-strength filling
body in mine filling is only 4—5 MPa. For a filling body with a large
amount of low or extremely low radioactive uranium tailings as the
aggregate, the requirement of a UCS of greater than or equal to
7 MPa is inappropriate. Since there is no clear strength index
requirement in the field of cemented filling of uranium tailings, the
strength index before the leaching resistance test was temporarily
set as 7 MPa.

According to the UCS tests (Fig. 4) on the CUTB after 28 days of
curing, the strengths of the test groups and the control group were
greater than 7 MPa, of which the UCS with 0% functional mineral
was 13.45 MPa. The UCS of the CUTB with natural zeolite contents
of 4—16% was 8.95—12.37 MPa, and the UCS initially decreased and
then increased with increasing zeolite content. When the content
was 12%, it reached the minimum UCS, and its strength was less
than that of the control group, which indicates that the use of
natural zeolite as a functional mineral has a weakening effect on the

7
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N

Uniaxial compressive strength(MPa)

Addition of functional minerals(%)

Fig. 4. USC of filling specimens mixed with natural zeolite (28 d).
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strength of the CUTB.

The zeolite was mainly composed of SiO,, Al;03, CaO, and MgO,
which is basically consistent with the chemical composition of blast
furnace slag. Theoretically, the addition of zeolite should
strengthen the performance of cementitious materials, but the
weakening effect generally appears, which may be because the
addition of these functional minerals improves the Q3, Q% Q*(1AL),
and other high degree of polymerization products, but the content
of low degree polymerization products is reduced and the micro-
pores cannot be filled, which will make the structure of the filling
body loose or cause the production of cracks, affecting the mate-
rial's macro mechanical properties. Nevertheless, the strengths of
the CUTB specimens were still much greater than the set standard
of 7 MPa.

3.2. Effect of natural zeolite on uranium concentration in leaching
solution

The concentration of uranium in the leaching solution is a direct
index of the leaching resistance of the CUTB. If the concentration of
uranium in the leaching solution is lower than the corresponding
limit of the index, the water body similar to the leaching environ-
ment has reached the discharge standard. The non-equilibrium
leaching method was adopted in this study, which is very similar
to the flowing state of the groundwater environment in which the
filling body would be located in mining applications. To more
intuitively express the variation in the uranium concentration with
increasing number of leaching cycles, we plotted the relationship in
Fig. 5.

When the addition of zeolite was 0%, the uranium concentration
of the leaching solution gradually decreased from 11.36 pg/L to
0.52 pg/L with leaching time. The relationship between these var-
iables can be fitted and expressed using the Farazdaghi-Harris
function (Equation 1) [37]. In addition, the curve can be divided
into stages A, B, and C (Fig. 4), which are stages of rapid decrease,
decelerating decrease, and stabilization of the uranium concen-
tration, respectively, and the corresponding leaching times of the
three stages are 114 d, 14—28 d, and 28—42 d. It can be seen that
when the zeolite content was 4—16%, the uranium concentration of
the leaching solution was lower than that of the control group
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Fig. 5. Variation in the uranium concentration of the leaching solution with cumula-
tive leaching time.
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(content of 0%), especially in stage A (1—14 d). The uranium con-
centration of the leaching solution was much lower than that of the
control group, but the difference decreased in stage C (28—42 d).
Similarly, the variation in the uranium concentration of the leach-
ing solution with increasing leaching time after the addition of
zeolite can still be expressed using the Farazdaghi-Harris function,
but after the addition of the functional minerals, the uranium
concentration of the leaching solution decreased more significantly
during 1-14 d, and the decreasing trend slowed down at 14—28 d.
Generally, the influence of the zeolite content was not linear, that is,
the uranium concentration of the leaching solution did not
decrease linearly with increasing zeolite content.

Y=(a+bxx9)L(1)

Where “Y” is the uranium concentration (pug/L), X is the leaching
time (d), and a, b, ¢ are constants. The values of a, b and ¢ will
change when the addition of natural zeolite are different.

The Regulations for radiation protection and radiation environ-
ment protection in uranium mining and milling (GB 23727—-2020)
stipulate that the uranium concentration at the wastewater
discharge outlet shall not exceed 0.3 mg/L [38]. The uranium con-
centration of the uranium tailings filling body mixed with func-
tional minerals was far lower than this limit within the tested
number of leaching cycles, which indicates that alkali activated slag
is an effective cementitious material for the creation of a solidified
body of uranium tailings. The leaching resistance of the backfill was
thus further improved.

3.3. Variations in the pH of the leaching solution with leaching time

The pH is the key factor affecting the leaching resistance of the
CUTB, which directly affects the formation and stability of cemen-
titious material products. Although the zeolite content of each test
group was different, the activator modulus and alkali equivalent of
each group of samples were consistent, and the pH values of the
different groups of samples at different leaching times were rela-
tively close. We used the average pH of the leaching solutions of the
test groups with different contents to obtain the relationship be-
tween the average pH and the leaching time (Fig. 6).

It can be seen that the average pH value ranged from 10.70 to

11.1 4
11.0

10.9

pH of leaching solution

10.5 T T T T T |
20 30

Leaching time (d)

Fig. 6. pH values of leaching solutions of different functional minerals versus leaching
time.
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11.14, and the pH of the leaching agent in each leaching cycle was
about 7. This was due to the dissolution of the alkali activator in the
filling system, and it changed slightly with increasing leaching
time. The pH increased from 1 to 14 days, decreased from 14 to 28
days, and remained approximately stable from 28 to 42 days. This
shows that the leaching test was always carried out in an alkaline
environment. The alkaline environment of the leaching solution
provides a good environment for the secondary polymerization of
alkali-activated slag cementitious material, which results in the
CUTB having good mechanical and anti-leaching properties.

3.4. Leaching rate and cumulative fraction leached

The leaching rate and cumulative fraction leached represent the
leaching rate and cumulative amount of uranium leached in a
certain leaching cycle, respectively. They consider not only the
relationship with the initial value but also the relationship between
the geometric surface contact area and the sample volume, so they
can characterize the leaching resistance of the filling body better
than the uranium concentration of the leaching solution. GB/T
7023—-2011 [35] proposed the use of the leaching rate (R42) and the
cumulative fraction leached (P43) at 42 d as a quality index of the
leaching resistance and reported that R4y and P4y should be less
than 1 x 10> cm/d and 0.17 cm, respectively. Therefore, the re-
lationships between R4, P4», and the leaching time of each test
group were analyzed (Fig. 7).

When the content of functional minerals was 0%, R4> and P4y
were 1.76 x 10~ cm/d and 1.06 x 10~3 cm, respectively, which are
far below the limits specified above (i.e., by 1-2 orders of magni-
tude). The leaching rate R4 and cumulative fraction leached P4
when the zeolite content was 4—16% were less than those when the
content of functional minerals was 0%, which indicates that the
addition of functional minerals effectively strengthened the
leaching resistance of the CUTB.

From the above experimental results, it was found that the CUTB
with natural zeolite added as backfill modified material had good
mechanical properties and leaching resistance, but the influences
of the natural zeolite on these properties were quite different.
Theoretically, the mechanical properties are the macroscopic
characterization of the characteristics of the CUTB, which are
affected by the products of the cementitious materials and the
structure of the filling body, and the mechanical properties affect
the leaching resistance to a certain extent.

The reason that the addition of natural zeolite reduced the
strength of the CUTB and enhanced its leaching resistance can be
analyzed from the perspective of its impact on the alkali-activated
slag cementitious products. Akbarpour, Ozen, and others showed
that the increase of natural zeolite content will reduce the early
strength of concrete or geopolymer, but will increase the late
strength, and will also significantly reduce its rheological proper-
ties [39—41]. The addition of natural zeolite as backfill modified
material may have led to an insufficient content of low polymer
products in the cementitious products, which resulted in a loose
filling structure and/or the development of cracks. In addition, due
to the high concentration and high viscosity of the filling slurry,
holes may have been formed by bubbles in the filling body due to
improper vibration during the molding process. These factors may
all have reduced the strength of the CUTB.

After adding natural zeolite, the leaching resistance of CUTB is
effectively improved. Although there is little research on its impact
on the leaching resistance of uranium tailings, Rudzionis showed
that the compressive strength of cementitious materials will be
reduced after adding natural zeolite, yet the adsorption capacity of
heavy metals is high [20]. EI-Eswed showed that the fixation of
heavy metals in geopolymers may be due to the participation of
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heavy metal cations in the balance of aluminum negative charges in
unreacted zeolite and geopolymers phase frames [42]. Thomas
showed that natural zeolite participates in the hydration reaction,
which makes the structure of the solidified body thicker, thereby
reducing the leachability of harmful substances [43]. It can be seen
that the main reasons are the following aspects: First, the uranium
tailings were fully wrapped by the alkali activated-slag cementi-
tious material mixed with natural zeolite to form a relatively ho-
mogeneous and dense filling body, which further reduced the
contact area between the uranium in the uranium tailings and the
leaching agent, resulting in physical fixation. Second, the addition
of natural zeolite to the filling material as backfill modified material
encouraged the chain structure of the cementitious products to
interweave and form a three-dimensional network structure. In
addition, the part that does not participate in the reaction has the
synergistic effects of separation, wrapping, and adsorption, which
strengthen the uranium fixation effect. Moreover, it is also possible
for uranium to enter the gelled products instead of some of the
elements in the gelled products, and some of the insoluble pre-
cipitates formed also have a good uranium fixation effect.

These inferences and the experimental data show that in the
process of consolidating uranium tailings via the fixation of ura-
nium by alkali-activated slag mixed with natural zeolite not only
produces physical fixation of the uranium, but it also has multiple
effects, such as fixation, adsorption, exchange, and precipitation. In
future research, it will be necessary to further analyze the mecha-
nism by which the environmental functional mineral backfill
modified materials influence the CUTB by studying the micro-
structure and phase evolution of the filling body.

4. Conclusions

In order to study the influences of the use of environmental
functional minerals (i.e., natural zeolite) as backfill modified ma-
terials on the characteristics of the CUTB, CUTB samples formed
under specific conditions were tested in this study. The UCS of the
CUTB and the concentration of uranium in the leaching solution for
samples with different natural zeolite contents were determined,
and the following conclusions were drawn.

(1) When 4%, 8%, 12%, and 16% zeolite were added, the UCS of the
CUTB decreased from 13.45 MPa to 12.37 MPa, 10.05 MPa,
8.95 MPa, and 9.22 MPa, respectively. This shows that the
addition of natural zeolite weakened the UCS of the CUTB to a
certain extent, and the weakening effect was the most
obvious when the amount of zeolite addition was 12%.
Nevertheless, the UCS of the CUTB was still higher than the
requirement of 7 MPa for a cement solidified body of
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medium and low-level radioactive waste specified in GB
14569.1-2011. It is also greater than the 4—5 MPa specified
for a high-strength filling body proposed in the manual of
mining engineers.

(2) When 4%, 8%, 12%, and 16% natural zeolite were added, the
maximum uranium concentration of the leaching solution of
the CUTB decreased from 11.36 pg/L to 9.44 pg/L, 8.67 ng/L,
8.07 ng/L, and 8.45 ug/L, respectively, indicating that the
addition of natural zeolite can effectively improve the
leaching resistance of the CUTB, but its strengthening effect
on the leaching resistance is not linear. When the zeolite
content was 12%, the strengthening effect on the leaching
resistance of the CUTB was the best.

(3) For uranium tailings, a type of long-life and large volume
very low-level radioactive solid waste with special physical
and chemical properties, cemented backfill with alkali-
activated slag as the cementitious material is an effective
disposal method. When natural zeolite is added as the
backfill modified materials, its influences on the UCS and
leaching resistance of the CUTB are inconsistent; that is, it
has a weakening effect on the UCS and a strengthening effect
on the leaching resistance.
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