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1 Abstract

The thermal decomposition of natural mixtures of huntite and hydromagnesite has been investigated.
Hydromagnesite decomposes endothermically giving off water and carbon dioxide, the mechanism is
dependent on heating rate. Mass losses measured by TGA are consistent with the loss of four water
molecules, from the loss of water of crystallisation, and one water molecule from the decomposition of
the hydroxide ion, followed by the loss of four carbon dioxide molecules from the decomposition of the
carbonate ions. The magnesium carbonate, remaining after the dehydration of hydromagnesite,
recrystallises exothermically in response to higher heating rates. This causes the decomposition of
the carbonate ions to split into two stages with the second stage moving to a higher temperature. The
magnitude of each stage is dependent on the heating rate. Huntite decomposes endothermically, at a
higher temperature, giving off carbon dioxide in two stages. Mass losses measured by TGA are
consistent with the loss of three carbon dioxide molecules, from the decomposition the carbonate ions
associated with the three magnesium ions, followed by the loss of a single carbon dioxide molecule
associated with the decomposition of the carbonate ion associated with the calcium ion.

2 Introduction

Mixtures of huntite and hydromagnesite form naturally and are mined, processed and sold
commercially as an alternative to the commonly used mineral filler fire retardants, aluminium
hydroxide (ATH) and magnesium hydroxide (MDH). Previous authors have discussed the
decomposition of huntite[1-6] and hydromagnesite[1,3,7-19]. A recent comprehensive review[1] has
drawn together the present state of knowledge relating to the thermal decomposition of these
minerals from various natural sources, both as mixtures and as individual minerals. It also highlights
comparisons with synthetic forms of these minerals. Little, if anything, has been reported on the
huntite and hydromagnesite from the World's largest known deposits in Turkey. This deposit is
operated commercially and the minerals are sold as a fire retardant additive, by Minelco, under the
tradename ‘UltraCarb’. Huntite and hydromagnesite from this deposit are the focus of the work
discussed within this paper.

Hydromagnesite has the following chemical formula[20] and thermally decomposes releasing water
and carbon dioxide, leaving a solid residue of magnesium oxide.

Mg5(C03)4(OH)24H20 — 5MgO + 4COZ + 5H,0

Huntite has the following chemical formula[21] and thermally decomposes releasing carbon dioxide,
leaving a solid residue of magnesium oxide and calcium oxide.


mailto:Luke.Hollingbery@Minelco.com

Mggca(C03)4 - 3MgO + Cal + 4C02

The thermal degradation of these minerals through endothermic release of carbon dioxide and water
has lead to several studies showing the application of mixtures of these minerals including fire
retardant polymer compounds[22-42], controlling burning rates in cigarettes[43,44], and as a potential
material for fighting forest fires[45-49].

3 Experimental
3.1 Materials
Huntite and hydromagnesite

Samples of huntite and hydromagnesite were supplied by Minelco Ltd. The minerals were mined from
the deposit of mixed huntite and hydromagnesite in Turkey. The mineral samples supplied had been
processed into powder form suitable for incorporation as a fire retardant into polymer compounds.
Various ratios of the minerals were supplied ranging from almost pure huntite to almost pure
hydromagnesite. Because the minerals in the Turkish deposits naturally formed as mixtures it is very
difficult to find 100% pure samples of either mineral.

Synthetic hydromagnesite

Synthetic hydromagnesite was obtained from Solvay under the tradename Carbomag TL. The
chemical formula quoted by Solvay for Carbomag TL (4MgCO;.Mg[OH],.4H,0) is identical to natural
hydromagnesite. This material provides a reference point for discussion since it is synthetically
produced and of high purity.

Magnesium carbonate, calcium carbonate, and magnesium hydroxide

Also used for comparison and discussion purposes were magnesium carbonate, calcium carbonate
and magnesium hydroxide. Magnesium carbonate and calcium carbonate were from natural sources
and supplied by Minelco Ltd. under the trade names HyperCarb 5 and MicroCarb ST10H. Magnesium
hydroxide was obtained from Martinswerk under the tradename Magnifin H5A.

3.2 Test methods
Thermogravimetric Analysis (TGA)

TGA tests were carried out using a TA Instruments Q5000IR. Unless otherwise stated testing was
carried out in air at a heating rate of 10°Cmin™.

Simultaneous Thermogravimetric Analysis with Fourier Transform Infrared Analysis (STA-FTIR)

The equipment used for this work was an STA 780 coupled with a Nicolet Magna IR
Spectrometer 550. Samples of approximately 10 mg were heated at a controlled heating rate of
10°Cmin™ in air from room temperature up to 1000°C using the TGA instrument. The evolved gases
were fed to the FTIR analyser allowing analysis of the gases to be associated with mass losses
measured by TGA.

Differential Scanning Calorimetry (DSC)

DSC analysis was carried out using a Rheometric Scientific DSC-1500. Samples were heated in a
nitrogen atmosphere at a heating rate of 10°Cmin™ unless otherwise stated.



4 Results and Discussion
4.1 Thermal decomposition of huntite and hydromagnesite

Both huntite and hydromagnesite thermally decompose, losing mass and giving off water and carbon
dioxide. Figure 1 shows a comparison of the thermal decomposition of the two minerals with a
commercially available mixture of huntite and hydromagnesite (UltraCarb LH15).

Huntite decomposes through two stages. The first stage occurs between about 400°C and 630°C with
an associated loss in mass of 38%, and the second stage occurs between about 630°C and 750°C
with a further mass loss of 12% making a total mass loss of 50%. Huntite has a total molecular mass
of 353 gmol'l. Since it is a carbonate mineral it is likely that its thermal decomposition consists of
release of carbon dioxide, which has a molecular mass of 44 gmol'l. Release of three carbon dioxide
molecules followed by further release of one carbon dioxide molecule gives calculated mass losses of
37.4% and 12.5%, which is in very close agreement with the measured values.
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Figure 1: Thermal decomposition, measured by TGA, of huntite, hydromagnesite, and a commercially
available mixture

The decomposition of hydromagnesite is more complicated than huntite. There is a mass loss of 15%
up to about 350°C and a further loss of 41% by about 700°C. Using hydromagnesite’s molecular
mass of 467.5 gmol'l it can be calculated that loss of the four water molecules (from water of
crystallisation) would account for a mass loss of 15.40%. The loss of a further water molecule from
the decomposition of the hydroxide ion and loss of four carbon dioxide molecules would account for a
further 41.50% (3.85% and 37.65% respectively) mass loss. The figures are close to the measured
values, and suggest that the decomposition of the hydroxide ion overlaps the decomposition of the
carbonate ions. It is also clear from Figure 1 that the decomposition is not a simple two step
mechanism; this will be discussed in more detail later.



The mass loss profile for the natural mixture of huntite and hydromagnesite shows a four step
mechanism, which is a combination of the two individual minerals and provides thermal activity over a
wide temperature range.

Figure 2 shows the thermal decomposition of a commercially available mixture of huntite and
hydromagnesite (UltraCarb LH15) measured by DSC. It is clear that the major decompositions of the
minerals are all endothermic, meaning that these minerals have great potential as fire retardants. By
comparison with Figure 1 it is also clear that each of the decompositions measured by TGA is
associated with an endotherm. The total heat of decomposition of the mixture of huntite and
hydromagnesite is approximately -990 Jg™. The peak heights will vary depending on the ratio of the
two minerals.
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Figure 2: Thermal decomposition, measured by DSC, of a commercial mixture of huntite and
hydromagnesite

4.2 Thermal decomposition and investigation of huntite’s chemical formulae

Ozao et. al.[6] used the fact that the chemical formula for huntite, MgsCa(COs),4, can also be written
as, 3MgCO;-CaCOg3, to show by DTA that mechanical mixtures of calcium carbonate and magnesium
carbonate have similar although not identical thermal decomposition characteristics as huntite. That
the thermal decomposition is not identical is not surprising since huntite forms its own distinct crystal
structure[50]. In a similar way the current sample of Turkish huntite has been compared to calcium
carbonate and magnesium carbonate using TGA (Figure 3).
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Figure 3: Comparison of huntite with magnesium carbonate and calcium carbonate using TGA

By proportionally summing the mass loss profiles of magnesium carbonate and calcium carbonate in
a 3:1 ratio (the same ratio as present in huntite) a calculated mass loss profile has been constructed.
This calculated mass loss profile is similar to that of huntite. The mass losses from magnesium
carbonate and calcium carbonate in the calculated profile correspond well with those of the first and
second stages of mass loss from huntite. The mass losses occur at lower temperatures in huntite
than in the calculated profile. This is because huntite is not a mechanical mixture of two individual
minerals with their own crystalline structures. It is a single mineral with a single crystalline structure
that happens to contain the same ratio of magnesium and calcium atoms, and carbonate ions as a
mechanical mixture of magnesium carbonate and calcium carbonate. This indicates that the
decomposition mechanism of huntite is as follows:

1% stage — between 400 and 630°C, decomposition of the carbonate ions associated with the
magnesium atoms, releasing carbon dioxide and leaving a magnesium oxide calcium carbonate
residue.

Mggca(C03)4 - 3MgOCaC03 + 3C02

Clearly the calcium carbonate does not form the same crystal structure as natural calcium carbonate
because it decomposes at a lower temperature. This is due to the presence of the magnesium oxide
within the structure.

2" stage — between 630 and 750°C, decomposition of the remaining carbonate ions associated with
the calcium atoms, releasing carbon dioxide and leaving a mixed residue of magnesium oxide and
calcium oxide.

3MgO.CaCO; — 3Mg0O.CaO + CO,

4.3 Thermal decomposition and investigation of hydromagnesite’s chemical formulae

A similar analysis to the comparison of huntite with mixtures of calcium carbonate and magnesium
carbonate can be carried out with hydromagnesite. The chemical formula of hydromagnesite,
Mgs(CO3)4(OH),.4H,0, can also be written as, 4MgCO3.Mg(OH),.4H,0. Therefore, comparison with
magnesium carbonate and magnesium hydroxide in a 4:1 ratio (Figure 4) provides some insight into
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its thermal decomposition. The analysis is not as straightforward as with huntite since hydromagnesite
contains four molecules of water of crystallisation which are not present in either magnesium
hydroxide or magnesium carbonate.
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Figure 4: Comparison of hydromagnesite with magnesium carbonate and magnesium hydroxide using
TGA

It has been shown[7-9,11,15-19] that hydromagnesite thermally decomposes by first losing water of
crystallisation, followed by decomposition of the hydroxide ion and finally release of carbon dioxide
from decomposition of the carbonate ion. Calculation using atomic masses shows that these three
decompositions would result in mass losses of 15.45%, 3.86%, and 37.77% respectively and result in
a total mass loss of 57.08%.

The decomposition of Turkish hydromagnesite, shown in Figure 4, does not clearly separate the three
decomposition steps. However, it was shown in Figure 1 that at 350°C (the shoulder between the two
major mass losses) the mass loss is 15%, a further mass loss of 41% occurred by 700°C, giving a
total mass loss of 56%. This is very close to the expected total mass loss of 57.08%. The mass loss
associated with the decomposition of the hydroxide ion probably occurs somewhere between 330°C
and 430°C but is overshadowed by the larger mass loss associated with the decomposition of the
carbonate ions. This temperature range is also close to the temperature range over which the
hydroxide ion in magnesium hydroxide decomposes.

The decomposition profiles of magnesium carbonate and magnesium hydroxide were summed
together in a 4:1 ratio. The four water molecules present in hydromagnesite accounting for 15.45% of
the mass have been taken into account in the calculation, therefore the line in Figure 4 starts with a
total residual mass of 84.55%. As expected from the mass loss profiles of magnesium carbonate and
magnesium hydroxide, the sum of the two components does not fit closely with that of
hydromagnesite in terms of decomposition temperatures. As discussed above, the decomposition
temperature of the magnesium hydroxide does appear to coincide quite closely with that of the
hydroxide ion in hydromagnesite. However, the decomposition temperature of magnesium carbonate
does not coincide with that of the carbonate ion in hydromagnesite, although the total mass losses do
closely agree. Although the chemical composition of hydromagnesite is similar to a 4:1 mixture of
magnesium carbonate and magnesium hydroxide the crystal structure of hydromagnesite [51-53] is
quite different leading to a more complex decomposition that predicted from simple mixtures.



Comparison of natural hydromagnesite with synthetic hydromagnesite (Figure 5) shows that the mass
losses of the two materials are almost identical, as would be expected. However, the synthetic
hydromagnesite decomposes at a lower temperature than the natural material.
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Figure 5: Comparison of natural hydromagnesite with synthetic hydromagnesite using TGA

The maximum rate of mass loss associated with loss of water of crystallisation occurs at about 275°C
for natural hydromagnesite and at about 240°C for the synthetic material. The onset of decomposition
is also much lower (well below 200°C) for the synthetic material. This is a significant advantage in
favour of the natural material in terms of processing in polymer compounds. The lower onset of
decomposition of the synthetic material restricts its use to polymers that are processed below that
temperature.

The maximum rate of decomposition associated with the decomposition of the carbonate ions occurs
at about 465°C for the natural hydromagnesite and at about 450°C for the synthetic hydromagnesite.
Again the decomposition is occurring at a lower temperature in the synthetic material although in this
case the difference is smaller and not significant in terms of processing polymers filled with
hydromagnesite because it is well above the processing temperature of most polymers.

The additional peak of mass loss at 520°C measured in the natural hydromagnesite but not present in
the synthetic hydromagnesite is due to crystallisation of magnesium carbonate during decomposition
of the mineral. This will be discussed in more detail below.

From these results it is clear that the decomposition of synthetic hydromagnesite follows a similar
pathway to that of natural hydromagnesite albeit at slightly lower temperatures. This difference in
decomposition temperatures is probably due to variations in the crystal structure between the natural
and synthetic materials. It has been reported[54] that the degree of crystallinity of synthetic
hydromagnesite is lower than that found in naturally formed material. This has been attributed to
differences in the formation conditions such as temperatures and time scales.

According to the technical datasheet for the synthetic hydromagnesite, supplied by Solvay, the
average particle size (dsp) is 0.7 um and the BET surface area is 22 ng'l. This compares to a ds, of
49 pum and a BET surface area of 9.7 ng'l for the natural hydromagnesite. This difference in
morphology may also account for part of the difference in the decomposition temperatures.



4.4 Analysis of decomposition gases

In order to further investigate the decomposition mechanism of huntite and hydromagnesite, the
decomposition gases generated during TGA analysis were identified using FTIR. This was done in
real time allowing the gases indentified to be linked to a specific mass loss and temperature range.
Figure 6 shows the Gram-Schmidt data from FTIR analysis of the evolved gases from huntite. This
shows the output of the FTIR detector without linking it to a wavenumber and therefore shows the
temperature ranges where evolved gases are detected without identifying them. Unsurprisingly gases
are detected in relation to the two mass losses measured by TGA. There is a slight offset between the
temperatures of maximum mass loss rate and temperatures where maximum FTIR peak intensities

are measured due to a progressively increasing delay as the evolved gases pass through the FTIR
gas cell.
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Figure 6: Gram Schmidt data from TGA-FTIR analysis of huntite

Figure 7 shows the FTIR spectra of the evolved gases measured at temperatures determined by the
maxima and minima in the Gram Schmidt data. The FTIR peaks that can be seen between 2400 and
2200cm™ and below 750cm™ are characteristic of carbon dioxide. This confirms that the two mass
losses measured during the decomposition of huntite are solely due to the decomposition of the
carbonate ions and the subsequent release of carbon dioxide.
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Figure 7: FTIR spectra of gases evolved during decomposition of huntite

Figure 8 shows the mass loss and Gram Schmidt data for the thermal decomposition of
hydromagnesite. As with the huntite data, the maxima and minima in this data has been used to
select the temperatures for FTIR analysis of the evolved gases.
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Figure 8: Gram Schmidt data from TGA-FTIR analysis of hydromagnesite

The FTIR spectra of the gases evolved during the decomposition of hydromagnesite are shown in
Figure 9. The broad FTIR peaks measured below 350°C at wavenumbers between 2000 and
1200cm™ are characteristic of water. Above 350°C no further water was detected, this confirms that
the initial mass loss from hydromagnesite is due to the release of the crystalline water and
decomposition of the hydroxide ion. Above 350°C the FTIR spectra are characteristic of carbon
dioxide due to decomposition of the carbonate ions.
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Figure 9: FTIR spectra of gases evolved during the decomposition of hydromagnesite

To further clarify, the variation in magnitude of the peaks with temperature at 1308 cm™ and 2310 cm™

(which correspond to the areas associated with water and carbon dioxide respectively) have been
plotted and shown in Figure 10. This breaks the Gram Schmidt data down into its components clearly
demonstrating that the first mass loss from hydromagnesite is due to loss of water and the second
mass loss is due to loss of carbon dioxide. The presence of water vapour and traces of carbon
dioxide within the FTIR spectrophotometer give rise to the noisy baseline.
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Figure 10: Analysis of gases evolved during decomposition of hydromagnesite
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4.5 Effect of heating rate on the thermal decomposition of hydromagnesite

The rate of heating has a significant effect on the decomposition of hydromagnesite. Figure 11 shows
how heating rate affects the mass loss profile of hydromagnesite. At a heating rate of 1°Cmin™ there
are two clearly defined mass losses with peak mass loss rates at 240°C and 405°C, these are due to
the evolution of water and carbon dioxide respectively. Increasing the heating rate to 10°Cmin™
moves these peaks about 280°C and 455°C and broadens the mass loss rate peaks. This is a simple
heat transfer effect, at 1°Cmin™ the sample temperature will closely match that of the furnace
temperature, at higher heating rates the sample temperature will lag behind the furnace temperature
causing the rate of mass loss peaks to move to apparently higher temperatures and also making the
peaks less sharp.

Above 450°C more complex differences become apparent. At a heating rate of 1°Cmin™ the mass
loss rate has returned to almost zero by 450°C, at a heating rate of 10°Cmin™ the mass loss rate
returns to almost zero at about 500°C, but is then followed by another small peak in mass loss rate at
520°C. As the rate of heating is increased further the additional mass loss at 520°C increases and is
compensated for by a reduction in mass loss between 400 and 500°C. This is showing a clear change
in the decomposition mechanism of the carbonate ions. A higher heating rate causes the single stage
decomposition to split into two stages.
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Figure 11: Effect of heating rate on the thermal decomposition of hydromagnesite measured by TGA

As the heating rate increases, the release of water apparently moves to a higher temperature due to
heat transfer effects. At 30°Cmin™ the release of water is spread over a much wider temperature
range than at lower heating rates and the peak rate of water release occurs at a higher temperature.
In addition to heat transfer effects as the heating rate increases, the water molecules released within
the hydromagnesite particles have less time to diffuse to the surface further spreading the apparent
temperature range over which the release occurs. The carbon dioxide release splits into two stages
as the heating rate is increased. The release of carbon dioxide initiates at about the same
temperature, just less than 400°C, for heating rates between 10 and 30°Cmin™, however less mass is
lost and the peak rate of mass loss moves to a lower temperature. At 520°C a sudden mass loss
occurs which increases with heating rate. This mass loss is associated with an exotherm (Figure 12)
at 520°C followed by an endotherm which both increase with heating rate.
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Figure 12: Effect of heating rate on the thermal decomposition of hydromagnesite measured by DSC

This affect of heating rate on the decomposition of hydromagnesite has been reported by several
authors[11-13,15-19]. The partial pressure of carbon dioxide has been shown[13,16] to have a strong
influence on the second stage of carbonate decomposition and associated exotherm. It has also been
shown[11,13,19] that the exotherm is due to the formation of crystalline magnesium carbonate after
the initial loss of some carbon dioxide. It is likely that at higher heating rates the increase in the partial
pressure of carbon dioxide close to the surface, and within, the hydromagnesite particles is greater
than at lower heating rates when the gas has more time to disperse. Therefore at higher heating rates
crystallisation of magnesium carbonate is stronger due to the higher local partial pressure of the self
generated carbon dioxide atmosphere. The sudden mass loss at 520°C, clearly visible in Figure 11,
has been attributed[12] to ‘explosive’ release of carbon dioxide trapped within the hydromagnesite
particles. Thermal energy due the mechanical stress caused by entrapped carbon dioxide and its
explosive release has also been suggested as a cause for the exotherm. However the appearance of
a second stage of mass loss above 520°C suggests that a combination of the two mechanisms is
likely.

At slow heating rates hydromagnesite initially releases water of crystallisation followed by
decomposition of the hydroxide ion releasing further water. The remaining magnesium carbonate
decomposes directly to magnesium oxide by releasing carbon dioxide.

At high heating rates the release of water of crystallisation and decomposition of the hydroxide ion
follows the same mechanism as it does at slower heating rates. The remaining magnesium carbonate
begins to decompose releasing carbon dioxide. Because the heating rate is high the pressure of
carbon dioxide within the hydromagnesite particles increases, as does the partial pressure of the gas
at the particle surfaces. This causes an increasing amount of the carbonate ions to remain intact
within the crystal structure until a critical temperature of 520°C is reached. At this temperature the
remaining magnesium carbonate exothermically recrystallises to form a more thermally stable
structure. The shift in the atomic arrangement of the magnesium carbonate releases any entrapped
carbon dioxide leading to a sudden mass loss at the recrystallisation temperature. The higher the rate
of heating the more pronounced this effect becomes.

4.6 Thermal decomposition of a mixture of huntite and hydromagnesite

Huntite and hydromagnesite extracted from Turkey occurs as a natural mixture of the two minerals,
and in its use as a fire retardant it is also used as a mixture. Figure 13 shows how the minerals
influence each other when mixed together. The thermal decomposition of the two individual minerals
was measured using TGA, along with a manually created equal mass mixture. The manually created

12



mixture of the two minerals was used to ensure this mixture was directly comparable to the individual
huntite and hydromagnesite components. The expected mass loss profile of the mixture of the
minerals was calculated by proportionally summing the measured mass loss profiles of the individual
minerals.
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Figure 13: Measured and calculated thermal decomposition of a mixture of huntite and hydromagnesite
by TGA

The measured mass loss of the mixture corresponds closely to that of the calculated mass loss
profile. Both show decomposition taking place through four stages of mass loss and the mass losses
for each stage correspond well with each other. Therefore the decomposition mechanism of the
mixture is unaffected by the presence of the other mineral. However, each stage of the measured
decomposition occurs at a lower temperature than calculated.

The thermal decomposition of hydromagnesite, when measured alone, will have generated a larger
endotherm per gram of material present at any specific temperature than when mixed with huntite this
may have slowed the decomposition of hydromagnesite when measured alone. In the mixture over
most of the temperature range at which hydromagnesite decomposes the huntite is inert, therefore
there is less overall cooling in the mixture than in the sample of hydromagnesite alone. This means
the mixture will heat more readily than the individual minerals. The effect will be less significant over
the temperature range at which huntite decomposes because the hydromagnesite will have
decomposed meaning the dilution effect on the huntite portion of the mixture is smaller than it is on
the hydromagnesite. This is seen in the difference between measured and calculated decomposition
being less for the huntite portion of the mixture than for the hydromagnesite portion.

The calculated rate of mass loss shows that the drop at 520°C associated with the decomposition of
crystallised magnesium carbonate formed from the hydromagnesite should be detected in the
mixture. However, the measured decomposition of the mixture did not show this. In the mixture the
hydromagnesite particles are less closely packed due to the presence of huntite particles. Therefore,
the partial pressure of carbon dioxide generated from the decomposition of hydromagnesite will be
lower in the mixed sample than in the sample of hydromagnesite. It has been shown[13,16] that a
higher partial pressure of carbon dioxide causes a higher degree of crystallisation. In a mixture of
huntite and hydromagnesite crystallisation is less likely and therefore the predicted mass loss does
not occur when the thermal decomposition is measured. As the heating rate is increased
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crystallisation is more likely to occur (see Figure 11), but is less than predicted from a mixture of the
two minerals.

Figure 14 summarises the decomposition mechanisms discussed above, in relation to the
decomposition of UltraCarb; a commercially available natural mixture of hydromagnesite and huntite.
The data shown in Figure 14 was measured at a heating rate of 10°C min’. At this heating rate only a
minimal amount of crystallisation of magnesium carbonate is expected to occur during the
decomposition.
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Figure 14: TGA and DSC decomposition of natural mixture of hydromagnesite and huntite
(UltraCarb LH15)

An initial mass loss and associated endotherm (A) between the temperatures of 220°C and 350°C is
due to the loss of crystalline water from the hydromagnesite. This is followed by a second step in
mass loss. In Figure 1 it is clear that this mass loss, associated with the loss of carbon dioxide from
the hydromagnesite, is not complete until about 540°C (B). Therefore, it overlaps with the initial mass
loss associated with loss of carbon dioxide from the huntite (D). The loss of the hydroxyl group from
hydromagnesite as water is not detected as a separate mass loss in Figure 14. However, it was
reported by Haurie[33] that this loss of water occurs between 380°C and 450°C which would mean
that it occurs in the lower half of region B in Figure 14. This region also covers the temperature range
where carbon dioxide is being lost from the hydromagnesite. At about 520°C a slight discontinuity is
seen in the DSC data (C). This is the temperature at which the exothermic crystallisation of
magnesium carbonate has been reported. The heating rate used for this measurement was
10°C min™® which is why the exotherm is very small, indicating that there is only very minimal
crystallisation of magnesium carbonate. It also occurs in the temperature range (D) at which huntite is
endothermically decomposing. Figure 1 shows that above 520°C there is a continued slow loss in
mass from hydromagnesite up to about 700°C which is probably slow degradation of the small
amount of crystalline magnesium carbonate.
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Figure 1 shows that huntite begins to decompose rapidly at about 470°C. This loss in mass with its
associated endotherm is complete at about 610°C. The decomposition over this temperature range
(D) is due to the loss of carbon dioxide from the carbonate groups associated with the magnesium
ions. A final mass loss and endotherm (E) between 610°C and 800°C is due to a final loss of carbon
dioxide resulting from the decomposition of the carbonate groups associated with the calcium ions.

At 800°C the hydromagnesite has decomposed to leave a magnesium oxide residue and the huntite
has decomposed to leave a mixture of calcium oxide and magnesium oxide.

5 Conclusions

Both huntite and hydromagnesite endothermically decompose releasing a mixture of water and
carbon dioxide over a temperature range up to about 750°C.

Hydromagnesite releases about 15% of its mass as water below about 350°C, this corresponds to the
mass loss expected from the loss of the four molecules of water of crystallisation. A further mass loss
of 41% between about 350°C and 700°C corresponds to the mass loss expected from the
decomposition of the hydroxide and carbonate ions. FTIR analysis of the evolved gases and
comparison with the decomposition of magnesium carbonate and magnesium hydroxide confirms this
as the probable decomposition mechanism. The decomposition of the carbonate ions is highly
dependent on the heating rate. Higher heating rates cause an increase in the local partial pressure of
carbon dioxide which in turn causes the partially decomposed hydromagnesite to recrystallise forming
a structure which decomposes at a higher temperature.

Huntite thermally decomposes in two stages, releasing 50% of its original mass as carbon dioxide.
Comparison with the thermal decomposition of magnesium carbonate and calcium carbonate
suggests that when huntite decomposes it initially loses carbon dioxide from the carbonate ions
associated with the magnesium ions, followed by decomposition of the carbonate ion associated with
the calcium ion.

Since both minerals decompose endothermically and release non-combustible gases mixtures of the
two have great potential to act as fire retardant fillers in polymer materials. The higher onset of
decomposition temperature of natural hydromagnesite compared to its synthetic version is a
significant advantage in terms of polymer processing.
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