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Magnesium chloride is the name for the chemical
compounds with the formulas MgCl, and its various

hydrates MgCl,(H,0),. These salts are typical ionic

halides, being highly soluble in water. The hydrated
magnesium chloride can be extracted from brine or sea
water. In North America, magnesium chloride is produced
primarily from Great Salt Lake brine. It is extracted in a
similar process from the Dead Sea in the Jordan valley.
Magnesium chloride, as the natural mineral bischofite, is
also extracted (via solution mining) out of ancient
seabeds; for example, the Zechstein seabed in northwest
Europe. Some magnesium chloride is made from solar
evaporation of seawater. Anhydrous magnesium chloride
is the principal precursor to magnesium metal, which is
produced on a large scale. Hydrated magnesium chloride
is the form most readily available.
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Structure, preparation, and general
properties [edi

MgCl, crystallizes in the cadmium chloride motif, which

features octahedral Mg. A variety of hydrates are known
with the formula MgCl,(H,0),, and each loses water with

increasing temperature: x = 12 (-16.4 °C), 8 (3.4 °C),
6 (116.7 °C), 4 (181 °C), 2 (ca. 300 °C).[1] In the
hexahydrate, the Mg2* remains octahedral, but is
coordinated to six water Iigands.[z] The thermal
dehydration of the hydrates MgCl,(H,0), (x = 6, 12)
does not occur straightforwardly.[3]

As suggested by the existence of some hydrates,
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anhydrous MgCl, is a Lewis acid, although a very weak
one.

In the Dow process, magnesium chloride is regenerated
from magnesium hydroxide using hydrochloric acid:

Mg(OH)Z(S) + 2 HCI — MgClz(aq) + 2 H20(|)

It can also be prepared from magnesium carbonate by a
similar reaction.

In most of its derivatives, MgCl, forms octahedral

complexes. Derivatives with tetrahedral Mg2* are less
common. Examples include salts of
(tetraethylammonium),MgCl, and adducts such as

MgCI(TMEDA).[4]

Applications [edit

Magnesium chloride serves as precursor to other
magnesium compounds, for example by precipitation:

MgCIZ(aq) + Ca(OH)Z(aq) — I\/Ig(OH)Z(S) + CaCIZ(aq)
It can be electrolysed to give magnesium metal:[°]
MgClay — Mgy + Cla(g)
This process is practiced on a substantial scale.

Magnesium chloride is most commonly used for dust
control and road stabilization. Its second-most common
use is ice control. In addition to the production of
magnesium metal, magnesium chloride also is used for a
variety of other applications: fertilizer, mineral supplement
for animals, wastewater treatment, wallboard, artificial
seawater, feed supplement, textiles, paper, fireproofing
agents, cements and refrigeration brine. Mixed with
hydrated magnesium oxide, magnesium chloride forms a
hard material called Sorel cement.

This compound is also used in fire extinguishers: obtained
by the reaction of magnesium hydroxide and hydrochloric
acid (HCI) in liquid form along with water in gaseous
state.[61[7] Magnesium chloride also is used in several
medical and topical (skin related) applications. It has been
used in pills as supplemental sources of magnesium,
where it serves as a soluble compound that is not as
laxative as magnesium sulfate, and more bioavailable than
magnesium hydroxide and magnesium oxide, since it
does not require stomach acid to produce soluble Mg2*
ion. It can also be used as an effective anesthetic for
cephalopods, some species of crustaceans,[®] and several

species of bivalve, including oysters.[®]

MgCl, is also commonly utilized in the polymerase chain

reaction(PCR). The Magnesium ion is necessary for both
in vivo/vitro DNA synthesis.
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Chemical formula

Molar mass

Appearance

Density

Melting point

Boiling point

Solubility in water

Solubility

Solubility in
ethanol
Refractive index

(np)

Crystal structure

Coordination
geometry

Properties

MgCl,

95.211 g/mol (anhydrous)
203.31 g/mol (hexahydrate)
white or colourless
crystalline solid

2.32 g/cm?3 (anhydrous)
1.569 g/cm? (hexahydrate)
714 °C (1,317 °F; 987 K)
117 °C (243 °F; 390 K)
(hexahydrate)

on rapid heating: slow
heating leads to
decomposition from 300 °C
(572 °F; 573 K)

1,412 °C (2,574 °F; 1,685 K)
anhydrous 52.9 g/100 mL (0
°C)

54.3 g/100 mL (20 °C)
72.6 g/100 mL (100 °C)
hexahydrate

167 g/100 mL (20 °C)
slightly soluble in acetone,
pyridine

7.4 g/100 mL (30 °C)

1.675 (anhydrous)
1.569 (hexahydrate)

Structure

cdcl,

(octahedral, 6-coordinate)

Thermochemistry

Specific

heat capacity (C)
Std molar
entropy (S%g)

Std enthalpy of
formation

(AtH298)
Gibbs free energy
(A¢G°)

71.09 J/mol K

89.88 J/mol K

-641.1 kJ/mol

-591.6 kJ/mol

Hazards
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Use in dust and erosion control [edit]

Magnesium chloride is one of many substances used for
dust control, soil stabilization and wind erosion
mitigation.[1%] When magnesium chloride is applied to
roads and bare soil areas, both positive and negative
performance issues occur which are related to many
application factors.[*1] Water absorbing magnesium
chloride (deliquescent) attributes include

1. it starts to absorb water from the air at 32%
relative humidity, almost independent of
temperature,

2. more effective than calcium chloride solutions for
increasing surface tension,

3. treated roads can be regraded and re-compacted

with less concern for losing moisture and density.

However, limitations include

1. a minimum humidity levels to absorb moisture
from the air is required,

2. it is more suitable in drier climates,

3. in concentrated solutions it is very corrosive,

4. it attracts moisture thereby prolonging the active
period for corrosion,

5. rainwater tends to leach out highly soluble
chlorides,

6. if high fines content in treated material then the
surface may become slippery when wet,

7. when less than 20% solution it has performance

effectiveness similar to water.[101[11]
The use of magnesium chloride on roads remains

controversial. Advocates claim (1) Cleaner air, which leads

to better health as fugitive dust can cause health

Main hazards Irritant

Safety data sheet |ICSC 0764 &
R-phrases R36, R37, R38
S-phrases S26, S37, S39
NFPA 704

Flash point Non-flammable

Lethal dose or concentration (LD, LC):

LDsq (Median 2800 mg/kg (oral, rat)
dose)

Related compounds

Other anions Magnesium fluoride
Magnesium bromide

Magnesium iodide
Other cations Beryllium chloride
Calcium chloride
Strontium chloride
Barium chloride
Radium chloride

Except where otherwise noted, data are given
for materials in their standard state (at 25 °C
[77 °F], 100 kPa).

X verify (what is: v/ x?)
Infobox references

problems in the young, elderly and people with respiratory conditions;[*2] and (2) Greater safety
through improved road conditions, [131[14] including increased driver visibility and decreased risks
caused by loose gravel, soft spots, road roughness and flying rocks.[2°] It reduces foreign sediment in

nearby surface waters [16] (dust that settles in creeks and streams), helps prevent stunted crop growth
caused by clogged pores in plants, and keeps vehicles and property cleaner.[17] Other studies show the
use of salts for road deicing or dust suppressing can contribute substantial amounts of chloride ions to
runoff from surface of roads treated with the compounds. The salts MgCI2 (and CaCl2) are very soluble
in water and will dissociate.[18] The salts, when used on road surfaces, will dissolve during wet weather
and be transported into the groundwater through infiltration and/or runoff into surface water
bodies. 4] Groundwater infiltration can be a problem and the chloride ion in drinking water is
considered a problem when concentrations exceed 250 mg/I. It is therefore is regulated by the EPA’s
drinking water standards. The chloride concentration in the groundwater or surface water depends on
several factors including:

1. application rate,
2. composition and type of sail,
3. type, intensity, and amount of precipitation,
4. the drainage of the road system.[1°]
In addition, the chloride concentration in the surface water also depends on the size or flow rate of the

water body and the resulting dilution achieved. In chloride concentration studies carried out in
Wisconsin during a winter deicing period, runoff from roadside drainages were analyzed. All studies
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indicated that the chloride concentration increased as a result of deicing activities but the levels were

still below the MCL of 250 mg/I set by the EPA.[201[211[22][23][24] Neyertheless, the long-term effect of
this exposure is not known.

Although the EPA has set the maximum chloride concentration in water for domestic use at 250 mg/I
animals can tolerate higher levels. At excessively high levels, chloride is said to affect the health of

animals.[2°] As stated by the National Technical Advisory Committee to the Secretary of Interior
(1968), “Salinity may have a two-fold effect on wildlife; a direct one affecting the body processes of
the species involved and an indirect one altering the environment making living species perpetuation
difficult or impossible.” One major problem associated with the use of deicing salt as far as wildlife is
concerned is that wildlife are known to have “salt craving” and therefore are attracted to salted
highways which can be a traffic hazard to both the animals and motorists.

Regarding the accumulation of chloride salts in roadside soils including the adverse effects on roadside
plants and vegetation physiology and morphology, documentation dates back to World War Il era

times [26] and consistently continues forward to present times.[?7] As far as plants and vegetation are
concerned, the accumulation of salts in the soil adversely affects their physiology and morphology by:
increasing the osmotic pressure of the soil solution, by altering the plant’s mineral nutrition, and by
accumulating specific ions to toxic concentrations in the plants. Regarding the intentional application of
excessive salts: see Salting the Earth.

Road departments and private industry may apply liquid or powdered magnesium chloride to control
dust and erosion on unimproved (dirt or gravel) roads and dusty job sites such as quarries because it
is relatively inexpensive to purchase and apply. Its hygroscopy makes it absorb moisture from the air,
limiting the number of smaller particles (silts and clays) that become airborne. The most significant

benefit of applying dust control products is the reduction in gravel road maintenance costs.[28]
However, recent research and updates indicate biological toxicity in the environment in plants as an

ongoing problem.[?7] Since 2001, truckers have complained about "Killer Chemicals" on roads and now
some states are backing away from using salt products.[221[30]

Also a small percentage of owners of indoor arenas (e.g. for horse riding) may apply magnesium
chloride to sand or other "footing" materials to control dust. Although magnesium chloride use in an
equestrian (horse) arena environment is generally referred to as a dust suppressant it is technically
more accurate to consider it as a water augmentation activity since its performance is based on
absorbing moisture from the air and from whatever else comes in contact with it.

To control or mitigate dust, chlorides need moisture to work effectively so it works better in humid
than arid climates. As the humidity increases the chloride draw moisture out of the air to keep the
surface damp and as humidity decreases it diffuses and releases moisture. These naturally occurring
equilibrium changes also allow chlorides to also be used as a dehydrating agent including the drying

out of and curing and preservation of hides.[31]

As a road stabilizer, magnesium chloride binds gravel and clay particles to keep them from leaving the
road. The water-absorbing (hygroscopic) characteristics of magnesium chloride prevent the road from
drying out, which keeps gravel on the ground. The road remains continually "wet" as if a water truck

had just sprayed the road.[3?]

Use in ice control [edit]

Magnesium chloride is used for low-temperature de-icing of
highways, sidewalks, and parking lots. When highways are
treacherous due to icy conditions, magnesium chloride helps to
prevent the ice bond, allowing snow plows to clear the roads more
efficiently.

Magnesium chloride is used in three ways for pavement ice control:
Anti-icing, when maintenance professionals spread it onto roads
before a snow storm to prevent snow from sticking and ice from
forming; pre-wetting, which means a liquid formulation of
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Picture of truck applying liquid %
de-icer (magnesium chloride) to
city streets.

i}

Picture of solid form of rock
salt used for ice removal on
streets.

magnesium chloride is sprayed directly onto salt as it is being
spread onto roadway pavement, wetting the salt so that it sticks to
the road; and pre-treating, when magnesium chloride and salt are
mixed together before they are loaded onto trucks and spread onto
paved roads.

While it is generally accepted that ongoing use of any de-icer (ice
melter) will eventually contribute to some degradation of the
concrete surface to which it is applied, some de-icers are gentler on
concrete than others. Conflicting information in regards to
magnesium chloride- and calcium chloride-based liquid de-icers
have left many unsure which choice is best-suited for their needs.

Past studies have often utilized high temperatures to accelerate the
Impact to concrete. By setting parameters that more closely
represent real-world de-icing conditions, Purdue University
researchers measured the impact of magnesium chloride and
calcium chloride to concrete. Their study concluded that calcium
chloride damages concrete twice as fast as magnesium chloride

does.[33]

Nutritional supplement [edit]

Magnesium chloride is a type of neutraceutical preparation of magnesium.

Use in hydrogen storage [edit]

Magnesium chloride has shown promise as a storage material for hydrogen. Ammonia, which is rich in
hydrogen atoms, is used as an intermediate storage material. Ammonia can be effectively absorbed
onto solid magnesium chloride, forming Mg(NH3)¢Cl,. Ammonia is released by mild heat, and is then

passed through a catalyst to give hydrogen gas.[34]

Niche uses [edit]

Magnesium in natural seawater values are between 1250 mg/L and
1350 mg/L. (approximately 3.7% of the total seawater mineral Sea salts Sea water

content. See thumbnail chart.) Dead Sea minerals contain a
significantly higher magnesium chloride ratio (50.8%). Carbonates
and calcium are essential for all growth of corals, coralline algae,
clams, and invertebrates. Magnesium can be depleted by mangrove
plants and the use of excessive limewater or by going beyond

natural calcium, alkalinity, and pH values.[3°]

Culinary use [edit]

Diagram showing
concentrations of various salt ions

Magnesium chloride (E511[%6]) is an important coagulant used in in seawater: Note that the
the preparation of tofu from soy milk. In Japan it is sold as nigari diagram is only correct in units of
(lchH*Y, derived from the Japanese word for "bitter"), a white wt/wt, not wt/vol or vol/vol.
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powder produced from seawater after the sodium chloride has been
removed, and the water evaporated. In China, it is called lushui
( 7K). Nigari or lushui consists mostly of magnesium chloride, with some magnesium sulfate and other

trace elements. It is also an ingredient in baby formula milk.[37]

Gardening and Horticulture [edit]

Because magnesium is a mobile nutrient, magnesium chloride can be effectively used as a substitute
for magnesium sulfate (Epsom salt) to help correct magnesium deficiency in plants via foliar feeding. It
is advisable to use a smaller dose when using magnesium chloride compared to the recommended
dose of magnesium sulfate (20 g/L).[38] This is due primarily to the chlorine present in magnesium

chloride, which can easily reach toxic levels if over-applied and/or applied too often. [3°]

It has been found that higher concentrations of magnesium in tomato and some pepper plants can
make them more susceptible to disease caused by infection of the bacteria Xanthomonas campestris,

since Mg is essential for bacterial growth.[#0]

Toxicology [edit

Magnesium ions are bitter-tasting, and magnesium chloride solutions are bitter in varying degrees,
depending on the concentration of magnesium.

Magnesium toxicity from magnesium salts is rare in healthy individuals with a normal diet, because
excess magnesium is readily excreted in urine by the kidneys. A few cases of oral magnesium toxicity
have been described in persons with normal renal function ingesting large amounts of magnesium salts,
but it is rare. If a large amount of magnesium chloride is eaten, it will have effects similar to
magnesium sulfate, causing diarrhea, although the sulfate also contributes to the laxative effect in
magnesium sulfate, so the effect from the chloride is not as severe.

Plant Toxicity: Chloride (CI™) and magnesium (Mg2*) are both essential nutrients important for normal
plant growth. Too much of either nutrient may harm a plant, although foliar chloride concentrations are
more strongly related with foliar damage than magnesium. High concentrations of MgCl, ions in the

soil may be toxic or change water relationships such that the plant cannot easily accumulate water and
nutrients. Once inside the plant, chloride moves through the water-conducting system and accumulates
at the margins of leaves or needles, where dieback occurs first. Leaves are weakened or killed, which

can lead to the death of the tree.[271[41]

Eco Toxicity levels related to terrestrial and aquatic organisms for magnesium chloride are listed in the
Pesticide Action Network Pesticide Database.[421[43]

Locomotive Boiler Problem [edin

The presence of dissolved magnesium chloride in the well water (bore water) used in locomotive
boilers on the Trans-Australian Railway caused serious and expensive maintenance problems during the
steam era. At no point along its route does the line cross a permanent fresh watercourse, so bore
water had to be relied on. No inexpensive treatment for the highly mineralised water was available and
locomotive boilers were lasting less than a quarter of the time normally expected.[*4] In the days of
steam locomotion, about half the total train load was water for the engine. It is not surprising that the
line's operator, Commonwealth Railways was an early adopter of the diesel-electric locomotive.
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