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Sources of Magnesium used In the Synthesis of
Struvite from Wastewater: A Review
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Abstract— The use of magnesium sources such as magnesium
hydroxide (Mg (OH),), magnesium oxide, pretreated magnesite
(MgCO3) and magnesium chloride, (MgCl,) as precursor in the
production of struvite has been explored by researchers. This study
compares the different types of magnesium sources and their
effectiveness in the production of struvite from wastewater effluents. A
review of previous studies will be employed. The study will investigate
the most effective magnesium salt in terms of environmental impacts,
struvite quality, cost and availability. The study indicates that MgCO;
is the most cost effective, environmentally friendly and easily
accessible source of magnesium for the synthesis of struvite from
wastewater.
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I. INTRODUCTION

The precipitation of struvite from waste streams has gained
attention of the scientific community due to its potential for
phosphorus recovery for fertilization [1], as phosphate rock is
expected to be depleted in the next 100 years [2]. The
precipitation of struvite especially from wastewater supernatant
is done to also manage the impacts of P and N in receiving
natural waters [3], in a country already facing enormous
challesges with regard to water pollution and physical scarcity
[4-36]. The process has proven to be environmentally and
economically viable method to reduce and recover phosphorus
from wastewater [3] [37]. The addition of precursors in the
form of magnesium sources has been recently investigated. The
majority of the wastewater treatment plants use insoluble iron
and aluminum salts to remove phosphate from sludge and then
dispose the sludge at landfill sites, the water soluble magnesium
sources like MgCl, are also used to recover phosphate and form
struvite [38]. Other sources of magnesium used for struvite
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formation include insoluble MgCO3; Mg (OH), and MgO [38].
The paper focuses on the comparison of the different
magnesium sources in synthesizing struvite and reviewing their
efficiencies in terms of environmental impact, cost, availability
and struvite quality. According to [39] cumulative energy
demand, global warming potential and acidification potential
can be expected through the implementation of P recovery from
wastewater [40-42]. This is mainly due to the high energy
requirements needed to manufacture the chemicals used in the
process. It is therefore, important to find more sustainable ways
of producing struvite by focusing on readily available materials
that are environmentally sustainable.

Il. METHOD

A. Research Activity

A literature survey was done to gain an insight of the struvite
formation process, identification and quality. The literature
search using the Scopus database was done with struvite and
wastewater in the search words from 1985 to 2019. The search
resulted in 897 articles. In the results, papers published before
1994 accounted 0.4%, and there was a considerable difference
in publications per year and the number of publications per year
varied with most articles published in 2018. Articles were then
screened by selecting relevant papers based on the title and
abstract of the articles. Articles dealing with struvite synthesis
from wastewater were selected.

B. Overview of publications per year
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Fig. 1: Number of publications on struvite synthesis from
wastewater per year
I1l. RESULTS AND DISCUSSION
The results reveal that the conventional method of



synthesizing struvite is unsustainable due to the use of soluble
magnesium salts like MgCl, which is extracted from sea water
or brine and require a lot of energy to produce. MgO also
requires some processing; the energy requirements although
minimal still contribute to the carbon footprint. MgCO;
(magnesite) is readily available and can be used raw for the
synthesis of struvite. The process of producing different
magnesium salts is seen in Figure 2
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Fig. 2: The process of producing a. MgCl, b. MgO
c. MgCOs; [43]

The sustainability of struvite synthesis is influenced by a
number of factors like cost, availability and the environmental
impact as seen in Table 1. The chemical cost varies based on
wastewater composition and the chemicals being used. MgCl,
and MgO require energy to manufacture and process them as
such they are expensive and they contribute to the carbon
footprint. The latter have also contributed to the slow
application of struvite synthesis by industry [2]. MgCO; is
cheaper and environmental friendly. South Africa is
well-endowed with cryptocrystalline magnesite and as a
developing country, it is important to find a low cost and easily
accessible Mg source to make the process of struvite synthesis
commercially attractive [37].

TABLE |: FACTORS INFLUENCING THE USE OF MAGNESIUM SOURCE [11]

Magnesium source

Cost

Auvailability

Environment

al impact

USD 0.04/kg Easily Energy
MgCl2 [44] available intensive

USD 0.08/k Requires

.08/kg
Auvailable energy

MgO [44] Easl Carbon
MgCO; Naturally :\/S;i%/able footprint due

occuring to

transportation

A. Phosphate removal efficiency

The results by [40] indicate that MgO gives higher phosphate
removal efficiency than MgCl, and [37] proved that MgCQOg3 is
very efficient in phosphate removal from wastewater.
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[40] [37]

B. Struvite quality

Struvite crystallization includes nucleation and crystal
growth (Morphology). There is limited research currently on
struvite product quality. Morphology and crystal size are used to
identify struvite [2]. The end use of struvite (product) depends
on particle sizes and quality. The bigger particles are suitable
for application as fertilizer because they are easy to transport,
however, they lead to a slower fertilizer release rate, whereas
the smaller particles reduce the loss of nutrients, thus,
supporting the growth of plants [2]. The SEM results shown in
Figure 4 indicates that MgCl, as a precipitant creates rod- or
coffin-like structures at lower ratios of MgCl,:P and highly
dendritic crystalline structures at higher ratios. MgO/Mg(OH),
dissolution results in fast precipitation, instant nucleation,
dendritic growth and small crystal sizes [40]. On the other hand,
MgCO; portrayed nanosheet-like structures with reduced size
[37].
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Fig. 4: MgO Vs MgCIz and MgCOs product [40][37]

The sustainability analysis of struvite indicates that using
MgO or various carbonates of magnesium to produce struvite
significantly reduce energy requirements and the resulting
carbon footprint by a factor of 3 compared to MgCl,, [43].
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TABLE Il: THE ADVANTAGES AND DISADVANTAGES OF MAGNESIUM
SOURCES
Magnesium Advantages Disadvantages | Reference
source s
Magnesium pH increasing agent, Must be Shokouhi,
Oxide (MgO) prepared 8-16 2017 [41]
hours before Stolzenbur
usage, Requires | ¢t al,
energy to 2015 [40]
process
Magnesium pH increasing agents | Inability to Shokouhi,
hydroxide Inexpensive, high attain an 2017 [41]
(Mg(OH)2 alkalinity, very low equilibrium Bishop
; concentrations of solubility '
Brucite 2006 [42]
heavy metals. Higher
solubility
Magnesium Most popular, and Expensive to Shokouhi,2
Chloride easily accessible Mg synthesize, 017 [41]
(MgCly) source High energy Kiani et al,
requirements 2019 [43]
High carbon
footprint
Cryptocristalline | Low cost, Easily Alot of sludge | Mavhungu
Magnesite accessible produced etal, 2019
(MgCO03) Characterised of Mg, 371,
Ca, Fe and Si Masindi, et
sandwiched together 1,2015
gives it up hand due to [45],Hoon,
hybrid properties, 60 2013 [46]
megatons deposits in
SA Reduced
environmental impact
IV. CONCLUSION
Economical analysis of struvite crystallization renders it not
feasible. However, looking at the environmental benefits of
reducing/preventing eutrophication and increasing the use of
available renewable resources, phosphorus recovery maybe an
economically feasible process. The use of naturally occurring
magnesium sources has proven to be the most sustainable
method of struvite synthesis with minimal impacts to the
environment and the materials are always available. It is
therefore, the conclusion that MgCOs is a better source of
magnesium for struvite formation from wastewater.
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