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For the proposed novel procedure of immobilizing HLWwithmagnesiumpotassiumphosphate cement (MKPC), Fe2O3 was added
as a modifying agent to verify its effect on the solidification form and the immobilization of the radioactive nuclide. The results
show that Fe2O3 is inert during the hydration reaction. It slows down the hydration reaction and lowers the heat release rate of
the MKPC system, leading to a 3∘C-5∘C drop in the mixture temperature during hydration. Early comprehensive strength of Fe2O3
containing samples decreased slightly while the long-term strength remained unchanged. For the sintering process, Fe2O3 played
a positive role, lowering the melting point and aiding the formation of ceramic structure. CsFe(PO4)2, or CsFePO4, was generated
by sintering at 900∘C. These products together with the ceramic structure and absorption benefit the immobilization of Cs+. The
optimal sintering temperature for heat treatment is 900∘C; it makes the solidification form a fired ceramic-like structure.

1. Introduction

Theutilization of nuclear energy resulted in the accumulation
of large amounts of liquid high-level radioactivewaste (HLW)
which contains environmentally hazardous elements like
plutonium and other actinides in addition to fission and cor-
rosion products [1]. Safe disposal of HLW is of key concern in
the application of nuclear energy. The dominant technology
for the solidification of HLW is vitrification. Generally, the
technology of immobilizing HLW through vitrification does
not ensure the complete immobilization of radionuclides
due to the low hydrothermal stability of the glass produced
[2]. In recent research, the incorporation of radionuclides
into crystalline phases (pyrochlore, zircon, zirconolite, etc.)
that are analogs to natural minerals and that have high
radiation and chemical stability is considered as an alternative
way for vitrification. Various methods were proposed for
the preparation of mineral-like matrices, e.g., cold pressing
and sintering or hot pressing or induction melting in a
cold crucible [3]. As alternative materials for vitrification,
various matrices were proposed for immobilization of HLW

including hydrothermal synthetic rock [4–6], ceramics [2],
and Portland cement [7].

Magnesium phosphate cements (MPCs) are cementitious
materials that are formed through a solution acid-based reac-
tion between dead burnt magnesia and phosphate. Retarder
and mineral admixtures may be added during hydration
reaction to achieve proper workability or specific properties
[8–10]. Formed at ambient temperatures and exhibiting prop-
erties like ceramics,MPCs are also termed chemically bonded
phosphate ceramics [11]. MPCs have several advantages over
conventional Portland cement such as rapid setting time,
high early strength, good bonding with Portland cement,
little drying shrinkage, and better resistance to abrasion, etc.
[12]. These superior properties lead MPCs to be widely used
in various engineering structures, especially in emergency-
repairing aswell as in the solidification of hazardousmaterials
[13].

Earlier MPCs featured a “two-part” system, consisting
of dead burnt magnesia and a soluble orthophosphate, i.e.,
NH4H2PO4 (ADP) or KH2PO4 (KDP) [14]. However, the
hydration reaction is too fast to allow enough time for
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operation. Subsequently, a “three-part”MPC systembased on
magnesium and phosphate was prepared with the addition of
retarders [15]. The use of sodium triphosphate (STP), boric
acid (H3BO3), or borax (Na2B4O7⋅10H2O) as retarders has
been reported in recent literature [16, 17]. Particularly, borax
has been widely used in academic study and commercial
application due to its easy storage and effectiveness [8].

Since the reaction between MgO and ADP releases
ammonia, in consideration of the secondary pollution con-
trol, we prefer to adopt the magnesium potassium phosphate
system as the raw material. The hydration reaction is gov-
erned by [18]

MgO + KH2PO4 + 5H2O → MgKPO
4
⋅ 6H2O (1)

Nuclear reactors periodically unload spent fuel contain-
ing unburnt nuclear fuel, abundant fission fragments, and
their decay products [19]. To achieve intensive utilization
of limited uranium resources, spent fuel should be recycled
by postprocessing such as PUREX [20]. Postprocessing dis-
charges aqueous HLW that carries most of the radioactive
activity and toxicity from the spent fuel, making aqueous
HLW the most important radioactive waste that needs to be
handled.

As shown in the reaction equations, aqueous HLW could
be directly immobilized by the introduction of binding
agents.The cement-like solidification process is characterized
by its low energy inputs, the simplicity of realization, as well
as the minimization of secondary radioactive waste, and the
low mobility of the nuclide ion. Compared to conventional
cementation, MKPC has perceptible advantages: possibility
of solidifying liquid wastes within a wide range of pH, high
loading capacity toward HLW, etc. Interest in the use of bind-
ing phosphate materials for radioactive waste immobilization
has risen during last few years. Singh et al. investigated
immobilizing 99Tc with MKPC Ceramicrete. The solidified
form was achieved and had a comprehensive strength no
less than 30 MPa. The solidification mechanism of 99Tc
was proven to be the combination of mechanical enclosing
and chemosetting [21]. Vinokurov et al. studied to solidify
simulated HLW with MPC at ambient temperatures. Results
show that the density of solidified form is 1.7 g/cm3 while
its comprehensive strength exceeds 20 MPa. The leaching
resistance conforms to relevant standards [1]. Wagh et al.
attempted to solidify radioactive waste containing Pu with
MPC. Pu3+ was translated into Pu4+ (Insoluble oxide) first to
reduce the solubility and then achieve better immobilization.
Testing shows that Pu4+ was well immobilized through both
the chemical stabilization and the physical encapsulation [22,
23].

Scientists of ANL (USA) offered the use of phosphate
materials (Ceramicrete) for immobilization of low-level and
technetium-containing simulant waste solutions as well as
for incorporation of Pu-containing ash. At the Khlopin
Radium Institute (Russia) and INEEL (USA), the possibility
of incorporating a simulant of low-level ash remainder of
combustible radioactive waste into iron phosphate matrices
was also studied [1].

In our previous study, a novel procedure of HLW immo-
bilization was developed in which the liquid HLW was
added as a substitute for the mixing water of the MKPC
system. This procedure makes the processing very simple
and direct. The solidified form has advantages over glass
solidification or synroc solidification in terms of chemical
stability and heat resistance, etc. Further study showed that
the MKPC solidification form has good thermal resistance;
it keeps intact even after sintering at 1400∘C for hours, and
the sintering makes MKPC form into real fire ceramics.
In consideration of the heat releasing of the HLW, the
MKPC form needs to withstand quite high temperatures
after the HLW disposal. So, we believe that the presintering
is beneficial for the durability and stability of the solidified
forms as well as for the immobilization of the nuclide.

Iron phosphate has been proven to be appropriate for
hazardousmaterial immobilization. Sales, B. C. et al. reported
that the lead-iron phosphates glass performs well as stable
storage of high-level nuclear waste [24]. Greaves, G. N. et
al. added iron oxide to prepare lead-iron-phosphate glasses
and to achieve more stable structure [25]. Mechanically, iron
ions can enter the network structure of phosphate, Fe3+, and
replace P5+ because of its stronger electro-positivity, thus
forming a Fe - O - P bond which has better water resistance.
Furthermore, the smaller radius of the iron ion (Fe3+, Fe2+)
can hinder the larger water module from passing through
the solidification form, therefore, significantly improving the
chemical stability of immobilization matrix [26, 27].

Iron oxide is one of the most abundant metal oxides on
earth. Its abundant and inexpensive characteristics make it a
promising candidate to partially replace the magnesium for
forming phosphate cements. It is meaningful to investigate
the effect of fe2o3 on the immobilization of aqueous high-
level waste with magnesium potassium phosphate ceramic.
An experimental study was carried out in this paper to verify
the function of the iron oxide in both the hydration reaction
and the sintering process of the MKPCmatrix.

2. Materials and Experiments

2.1. Materials. Themagnesium potassium phosphate cement
paste was prepared through a mixture of dead burnt mag-
nesium oxide (MgO), acidic phosphate (KDP), and borax in
specific proportions. The chemical characteristics of the raw
materials are listed in Table 1.

The aqueous HLW considered in this study is the effluent
of spent fuel postprocessing. During the postprocessing
procedure, the spent fuel from the nuclear power reactor
is mechanically cut and then dissolved in nitric acid. The
solution is then filtered and clarified, and residual U and Pu
are extracted for recycling by extraction agents, e.g., TBP.
The aqueous HLW is discharged by spent fuel recycling
and posttreatment processes. Generally, it is a mixture of
concentrated nitric acid and various kinds of nitrate solution
that contain the majority of the radiation and toxicity of the
spent fuel. Due to the safety considerations and experimental
conditions, a simulated aqueous HLW was used to represent
the nuclear power reactor aqueous HLW. Cations were
introduced into nitric acid by corresponding nitrate.Nuclides
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Table 1: Characteristics of raw materials.

Component Characteristics Supplier
Dead burnt magnesium oxide powder
(MgO) Industrial grade, >95%MgO Liaoning Xinrong Mining Group Co.

Ltd., China

KDP (KH2PO4) Industrial grade, >98% KDP Qingzhou Guanghui Chemical Plant Co.
Ltd, China

Borax (Na2B4O7⋅10H2O) Industrial grade, >95% borax Tibet Pengdu Boron Industry Co. Ltd.,
China

Table 2: Composition of typical power nuclear reactor aqueous HLW (g/L) [28].

𝐴𝑙
3+

𝐵𝑎
2+

𝐶𝑟
3+

𝐹𝑒
3+

𝐾
+

𝑁𝑎
+

𝐶𝑠
+

𝑁𝑖
2+

𝑆𝑟
2+

𝑀𝑜
6+

𝐶𝑒
3+

𝑁𝑑
3+

15.9 0.074 2 17.4 0.45 51.2 2 8.2 0.61 0.82 0.78 2.05
aCHNO3=2.6 mol/L.

Table 3: Basic formula of MKPC.

Component MgO KDP Borax Water
Ratio 100 25 12 16

were represented by their nonradioactive isotopes.Webelieve
this is appropriate in chemical view. The simulated aqueous
HLW was prepared according to the composition listed in
Table 2.

K3PO4⋅7H2O was introduced into aqueous HLW to
adjust the pH value in advance. Fe2O3 powder was mixed
with MgO homogeneously as an additive. All above-
mentioned chemicals are analytically graded products.

2.2. Experiments. Solidified blocks were prepared through
the following steps. (1) Add K3PO4⋅7H2O into aqueous HLW
to adjust pH to the specific value. (2) Add KDP and Borax
into the liquid HLW at specific proportion and stir to make
the liquid (solution and sediment) a homogeneous mixture.
(3) Addmixture ofMgOandFe2O3 into the liquid and stir the
hydration reaction. Pour the paste into cubic mold when the
flowability is appropriate. (4) Vibrate by hand, use glass rod
to densify paste, and avoid the opening. (5) Cure at ambient
room temperature for hours. (6) Remove mold and retrieve
blocks for further processing and study. (7) After ambiently
curing for 7 days, the solidification forms were sintered for
2 hours at specific temperature in a muffle furnace. Heating
rate of the muffle furnace was set to 5∘C/min.

The basic formula of MKPC was listed in Table 3.
Hydration heat release was tested by an eight-channel

micro calorimeter (Thermonetrics TAMair). The compres-
sive strength of the hardened blocks was measured according
to the standard of method of testing cement-determination
of strength (idt ISO 679:1989). The strength of the samples
at the ages of 1 h, 3 h, 1 day, 3 days, and 7 days was
tested. To assure the reproducibility of experimental results,
at least three replicates of specimens from each set were
prepared and tested under the same conditions. The adiabatic
temperature curve of the hydration reaction was recorded by
an automatic temperature recorder that was dipped into the
mixture while the mixture was placed into a vacuum cup.
The leaching behavior of the most important nuclide, i.e.,
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Figure 1: Exothermic curve of the mixture during hydration.

cesium, was tested according to the static immersion method
of MCC-1 [29] using deionized water as the leachant and
leaching at 40∘C.The concentration of the Cs+ in the leachant
was analyzed by flame atomic absorption spectrophotome-
ter (TAS-990). The reaction product of MPC and liquid
HLW were analyzed by X-ray diffraction (XRD, Panalytical
xpert Powder) with a 2𝜃 scanning rate of 0.5∘/min. The
microstructure and morphology of the blocks were observed
by scanning electron microscopy (SEM, Hitachi 1050).

3. Results and Discussion

3.1. Effect on MKPC Systems. Fe2O3 was added at a dosage
series of 0%, 3%, 6%, 9%, and 12% (wt% of MgO to replace
MgO) to investigate the effect on MKPC hydration.

The exothermic curve of the mixture during hydration
can be seen in Figure 1. The hydration heat release curve
of the original MKPC has an endothermic valley and two
exothermic peaks. The endothermic valley is because of the
heat absorption of monopotassium phosphate’s dissolution.
MgO’s dissolution in an acid solution as well as the hydration
reaction release heat to make up the two exothermic peaks.
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Figure 2: Comprehensive strength.

Endothermic valley keeps the same after the addition of
Fe2O3, for the dissolution of monopotassium phosphate
keeps unchanged. The addition of Fe2O3 reduced the heat
release rate of the hydration reaction thus nearly flattening
the second exothermic peak. Although Fe2O3 also meets the
same requirements as MgO of 2n (pH) ≥pKsp to prompt the
hydration reaction [30], its dissolution rate is much lower
than MgO in an acid solution at room temperature.Thus, the
addition of Fe2O3 substituted part of MgO and played the
role of inert matter, resulting in a slower reaction rate and
less hydration heat release rate because of the reduction of
active substance, i.e., the MgO. Fe2O3 prolonged the setting
time and lowered the exothermic curve dramatically while
the overall heat releasing just changed slightly because of the
reduction of MgO.

Fe2O3 was added at a dosage series of 0%, 6%, 9%, and
12% (wt% of MgO to replace MgO) to investigate the effect
on mechanical property. Samples of the original MKPC and
the sintered MKPC were tested for comprehensive strength
(Figure 2). The basic result is that the addition of Fe2O3
does not reform the mechanical property of original MKPC
remarkably. The comprehensive strength of the original
samples even dropped with the addition of Fe2O3. Sintering
at nomore than 800∘Cweakened the comprehensive strength
of samples. This is due to the sintering destroying the original
structure, but not leading to a solid melting reaction due
to the temperature not being high enough. Sintering at
900∘C hardened the samples because of the melting reaction
forming ceramicmicrostructure. 1000∘Cand 1100∘Csintering
hardened the original sample while weakening the Fe2O3
containing samples. Both the original and Fe2O3 containing
samples were macroscopically destroyed by 1200∘C sintering.
The addition of Fe2O3 hardened the sintered samples at a
temperature range of no more than 900∘Cwhile its effect was
negative for the original samples. The proposed mechanism
is that Fe2O3 is inert matter for the hydration reaction, but it

lowers the melting temperature of system remarkably. When
considering sintering in the whole immobilization process,
Fe2O3 does benefit the mechanical property of the MKPC
solidification form.

3.2. Effect on HLW Immobilization. Aqueous HLW was used
to substitute mixing water completely in the proposed immo-
bilization procedure. Since liquid HLW is a very concentrated
acid liquor (pH<1), it may degrade the cement system and
lead to failure of the immobilization. So the liquid HLW
was treated in advance to adjust its pH value. K3PO4⋅7H2O
was used as buffer agent since its solution is alkalic and
the introduction of K3PO4⋅7H2O does not bring in extra
elements. The neutralization reaction produces the sediment
nuclide phosphate, which is more stable than hydroxide.
Thus, the pretreatment benefits immobilization and elimi-
nates the negative effect of nitric acid.

HLW was pretreated to specific pH (3, 5, 7) and then
incorporated into the MKPC systemmix water to form solid-
ification blocks. Original samples and samples containing
9% Fe2O3 were tested to find the effect of Fe2O3 on the
immobilization form.

As can be seen in Figure 3, comprehensive strength test
indicated that the addition of Fe2O3 reduced early strength
(age < 1 d) dramatically while the long-term strength was
almost the same as original solidification forms at all pH
levels. This is due to the fact that Fe2O3 substituted MgO
as an inert matter and then reduced the generation of the
K-struct struvite, i.e., MgKPO4⋅6H2O. At the same time, it
slowed down the hydration reaction. Both effects harmed
the early strength. Long-term strength stood unchanged
because the dosage of Fe2O3 was relatively low overall.
Samples were sintered at 800∘C, 900∘C, and 1000∘C to see
the effect of Fe2O3 on sintering. The findings verified that
the introduction of Fe2O3 lowered the melting temperature
of system and reinforced the structure when sintered below
1000∘C. This benefitted the sintering process through easier
melting reaction and the forming of ceramic structure.

The adiabatic temperature curve of the hydration reaction
was plotted. As seen in Figure 4, the curve of the Fe2O3
contained samples is lower and smoother than the Fe2O3
free samples. This indicates that at all pH levels (3, 5, 7),
the introduction of Fe2O3 slowed down the heat release rate
and lowered the equilibrium temperature and delayed the
emergence of thermal balance. A reasonable explanation is
that the partial substitution of MgO by Fe2O3 resulted in the
reduction of reactant, therefore slowing down the hydration
reaction. This explanation is also proven by chemical phase
analysis.

The unsintered solidification form and the solidification
form sintering at 900∘C were prepared and analyzed by
XRD. For the XRD spectrum, see Figure 5. HLW was
pretreated to different pH levels (3,5,7) before mixing with
the MKPC matrix. The XRD spectrum of the unsintered
samples demonstrated that the iron phase shows as Fe2O3
and FeO⋅OH. This demonstrates that Fe2O3 is really an
inert matter for hydration reaction. As to FeO⋅OH, it is the
product of Fe2O3 in an alkaline environment, since MgO is
superfluous according to the reaction formula and the basic
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Figure 3: Comprehensive strength of solidification forms. AHLW pH=3,BHLW pH=5,CHLW pH=7,DHLW pH=5, sintered samples.
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Figure 4: Adiabatic temperature curve (Fe2O3 dosage=9%).

matrix formula. Fe2O3 keeps stable at quite wide pH range.
After sintering at 900∘C, the characteristic diffraction peak
of Fe2O3 and FeO⋅OH at the position of 2𝜃=21∘, 2𝜃=34∘, and
2𝜃=36∘ almost disappeared, indicating that Fe2O3 reacted
with other constituents in the process of sintering. The HLW

pH=3 diffraction peak of Fe2O3 is very similar to the Fe2O3-
free samples, indicating that the addition of Fe2O3 barely
altered the chemical phase of the solidification form. When
dpH=5, the diffraction peak of CePO4 moved right. A little
isometric system of CePO4 phase showed beside this trigonal
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Figure 5: XRD spectrum of solidification forms (Aunsintered,
Bsintered at 900∘C).

system. The crystallinity of the form improved. Conclusions
can be drawn that the addition of Fe2O3 lowered the melting
temperature thus producing more liquid phase at same
sintering temperature benefitting the formation of ceramic
structure. When pH=7, the chemical phase constitution
changed dramatically. The diffraction peak at 2𝜃=30∘ rose
remarkably while a new diffraction peak appeared at 2𝜃=20∘.
The new peak is verified to be CsFe(PO4)2 according to Jade
software analysis.

Figure6: SEMphotoof unsintered samples (HLWpH=3,ABFe2O3
free,CD9% Fe2O3 addition).

In order to investigate the effect on the microstructure of
the solidification form, HLW was pretreated to specific pH
levels and incorporated in the MKPC matrix. The original
form and Fe2O3 containing samples were prepared. All
sample series were sintered at 900∘C and compared with
unsintered samples. SEM photos were taken and compared.

When HLW pH=3, the microstructure is mainly a small
particle, and the crystal is underdeveloped because of the
rapid hydration reaction (AB in Figure 6). Plate column and
layered structure can be seen in microstructure of the Fe2O3
containing samples (CD in Figure 6). As Fe2O3 is an inert
matter, its addition reduced the content of reactant, i.e.,MgO,
thus slowing down the hydration reaction, making the crystal
better developed and forming the plate column and layered
structure.

WhenHLWpH=5, the crystal developed into a bigger for-
mation. The reason is that free H+ gets less, slowing down the
reaction. The prolonged setting time makes better developed
crystal (AB in Figure 7). For the Fe2O3 containing samples,
the crystal size is smaller andmainly layered in structure, and
the appearance of Fe2O3 reduced the production of the K-
struct struvite for it is an inert matter (CD in Figure 7).

When HLW pH=7, the crystal agglomeration region
did not show on the vision field. The solidification form
developed into a bigger compact plate structure. The bigger
compact plate structure is a result of enough setting time
for the production of K-struct struvite. The pH=7 envi-
ronmentally lessens the free H+ and benefits the crystal
growth (AB in Figure 8). For Fe2O3 containing samples, the
microstructure is compact and shown as lamellar structure
(CD in Figure 8).

As to all samples that sintered at 900∘C, the microstruc-
tures present for the fire ceramic-like structure are all very
compacted without visible pores (Figures 9, 10, and 11).
When the HLW pH=3, Fe2O3 containing samples are more
compacted than the Fe2O3 free ones, and the appearance
of the iron phase lowered the melting temperature and
generated more liquid phase to from ceramic structure.
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Figure 7: SEMphoto of unsintered samples (HLWpH=5,ABFe2O3
free,CD9% Fe2O3 addition).

Figure 8: SEMphoto of unsintered samples (HLWpH=7,ABFe2O3
free,CD9% Fe2O3 addition).

When HLW pH=5, the microstructure of Fe2O3 containing
samples interspersed with the column crystal. This deserves
further investigation. When HLW pH=7, crystal grows well
in Fe2O3-free samples, but the melting and resolidification
works poorly during sintering; the microstructure is more
granular. On the contrary, Fe2O3 containing samples show
more compacted ceramic structure because of the better
melting and reintegration. This is helpful for immobilization
of radioactive nuclides.

According to mechanism research, immobilization of
Cs+ with MKPC system mainly depends on the following
reactions. (a)Cs+ replaces the metal ion with minor radius
thus entering the crystal lattice. (b)Cs+ is absorbed by metal
phosphate. Cs+ leaching behavior of samples containing
free Fe2O3 and Fe2O3 as well as sintered and unsintered
samples was tested according to the MCC-1 method. HLW
was pretreated to a specific pH (3,5,7) first before being
incorporated in. For the leaching rate of Cs+, see Figure 12.

Figure 9: SEM photo of 900∘C sintered samples (HLW pH=3,
ABCFe2O3 free,DEF9% Fe2O3 addition).

Figure 10: SEM photo of 900∘C sintered samples (HLW pH=5,
ABCFe2O3 free,DEF9% Fe2O3 addition).

Figure 11: SEM photo of 900∘C sintered samples (HLW pH=7,
ABCFe2O3 free,DEF9% Fe2O3 addition).

For unsintered samples, the addition of Fe2O3 lowered
the leaching rate slightly while the variation tendency stayed
the same with the Fe2O3 free samples, which is why the
leaching rate of Cs+ is lower in higher HLW pH value. In
an acidic environment, free H+ makes the MgO dissolve
faster and thus sped up the hydration reaction. This makes
Fe2O3 have fewer chances for entering the crystal lattice or
for being absorbed. Thus, harming the immobilization of
Cs+ and making it escape easily from the solidification form.
Addition of Fe2O3 makes the form more compacted because
of the accumulation of its particles. Denser structure prevents
the flushing out of the Cs+.

For sintered samples, sintering at 900∘C makes the
solidification form a fire ceramic structure. Cs+ replaces
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Figure 12: Leaching rate of Cs+ (Aunsintered samples, B 900∘C sintered samples,C1000∘C sintered samples).

K+ and forms MgCsPO4 and CsFePO4 both of which have
better water resistance. The addition of Fe2O3 lowered the
leaching rate significantly since it lowered the melting point
and helped the formation of ceramic.

Sintering at 1000∘C cut the Cs+ leaching rate of Fe2O3
free samples but improved the Cs+ leaching rate of Fe2O3
containing samples dramatically. This again proved that the
addition of Fe2O3 lowered the melting point, destroying
Fe2O3 containing samples in the 1000∘C sintering, and Cs+
was leached out easily because of the failure of encapsulation
and absorption.

4. Conclusions

As an additive for the novel procedure of HLW immobiliza-
tion, in which the liquid HLWwas added to substitute mixing
water of themagnesiumpotassiumphosphate cement system,
the effect of Fe2O3 can be concluded as follows.

Addition of Fe2O3 lowers the heat release rate of the
hydration reaction significantly, thus lowering the tempera-
ture of the mixture during hydration, while not harming the
comprehensive strength of the test blocks.

Fe2O3 increases the compactness of the samples due
to the accumulation of particles. For sintered samples, the
existence of Fe2O3 lowers the melting point and generates
more liquid phase in the sintering; this lowers the firing
temperature effectively.

Fe2O3 is an inert matter for the hydration reaction, but
it plays a positive role in sintering process. It lowers the
melting point and helps the formation of ceramic structure.
The sintering process produces CsFe(PO4)2 and immobile
Cs+ more effectively.

When taking its cheap price and remarkable availability
into consideration, Fe2O3 may play an important role as
an additive in the application of HLW immobilization with
MKPC.
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