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1 INTRODUCTION

Greenhouse gas emissions including anthropogenic CO. is disrupting the climate (IPCC,
2018), and mineral carbonation is one of the most valuable remediation solutions
(Seifritz, 1990; Lackner et al., 1995).It is a spontaneous and exothermic reaction that

occurs naturally between atmospheric CO, and divalent cation-bearing silicates.

Serpentines are attractive reactants due to their high magnesium content—up to 40 wt
% (Page, 1968). Moreover, their high availability and abundance in the Province of
Quebec represents their great potential for such a process (Huot et al., 2003). Three
main polymorphs—chrysotile, lizardite, and antigorite—constitute the serpentine
minerals groups (MgsSi,Os(OH),4). Their structure is a stack of layers composed of two
sheets: a tetrahedral sheet composed of silica tetrahedron (SiO,) linked by their apical
oxygen to an octahedral sheet composed of Mg(OH), (Aruja, 1945; Nagy and Faust,
1956; Wicks and Whittaker, 1977). Van der Waals interactions ensure interfoliar
cohesion via the outer hydroxyl groups, and intrafoliar cohesion is due to the inner

hydroxyl groups (Mellini and Zanazzi, 1987; Turci et al., 2008; Larachi et al., 2010).

At high temperatures, serpentine minerals undergo dehydroxylation. Serpentines can
lose up to 14 wt % of their initial mass depending on their initial water content (Jolicoeur
and Duchesne, 1981; Turci et al., 2008). At the beginning of the process (between
100 °C and 300 °C) the non-structurally bonded water molecules escape the structure.
As the temperature increases, a pseudo-amorphous serpentine, a-metaserpentine is
formed and corresponds to 50 % of the total dehydroxylation reaction. When it reaches
90 % of the total dehydroxylation reaction, a meta-serpentine partially replaces the initial

structure. Beyond 700 °C, forsterite starts to crystalize and is joined by enstatite after



875 °C (Hey and Bannister, 1948; Ball and Taylor, 1963; Brindley and Hayami, 1963,

1965; Gualtieri et al., 2012).

The magnesium atoms are linked to hydroxyls inside the structure. Thus, it is important
to heat treat the serpentine prior to dissolution. This enhances magnesium leaching and
improves material dissolution to promote CO, carbonation (Lackner et al., 1995).
Alternatives to heat activation proposes pH swing processes, where cations are
exctracted using strong acids or ammonium salts. Carbonates are then precipitated after
increasing the pH using base (Park and Fan, 2004; Teir et al., 2007; Wang and Maroto-
Valer, 2011; Azdarpour et al.,, 2015; Lacinska et al., 2016; Ferrufino et al., 2018).
Mechanical and microwaves applications were also tested (Kim and Chung, 2002b; Yoo

et al., 2009; Bobicki et al., 2014; Li and Hitch, 2016).

Thermal activation of the serpentine has been thoroughly investigated in previous
studies and linked to dissolution efficiency under carbonation reaction conditions
(Gerdemann et al., 2003; O’Connor et al., 2005; Li et al., 2009; Mann, 2014; Lacinska et
al., 2016). Serpentine dissolution—and thus magnesium availability—is a carbonation-
reaction limiting factor. It is mostly controlled by the efficiency of the thermal activation.
In addition, the formation of meta-serpentine promotes Mg?" leaching during carbonation
(Mckelvy et al., 2004). The proportion of Mg?* leached during the dissolution part of the
carbonation reaction is used here to evaluate the efficiency of the thermal activation.
Therefore, no carbonates were precipitated from the solution. The leaching conditions

used are similar to those described and investigated by Pasquier et al. (2014b).

A few studies have evaluated the impact of grain size distribution during thermal
activation on carbonation: Alexander et al. (2007) showed that finely ground materials

are required to achieve a higher yield of carbonation. Other studies (Martinez, 1961;



Drief and Nieto, 1999; Hrsak et al., 2008) investigated the impact of grinding on thermal
treatment in terms of dehydroxylation. Grinding affects the thermal treatment of
chrysotile by decreasing the dehydroxylation temperatures. Therefore, the loss of mass
due to dehydroxylation starts at lower temperature in the ground sample; this decreases
the temperature of formation of the amorphous phases and forsterite. The octahedral

layers preferentially break into ground particles (Drief and Nieto, 1999).

Dehydroxylation in ground particles can be enhanced by two factors: (i) the increase in
surface area resulting from grinding can favor escape of hydroxyl groups; (i) the
alteration of bonds during grinding allows them to break at lower temperatures. This
again helps the hydroxyl groups escape the structure. Water vapor would form between
the particles once the hydroxyl groups are no longer bound to the structure. In finely
ground materials, the compaction of particles leads to entrapment that releases water
vapor and inhibits liberation from the material (Brindley and Hayami, 1965; Dlugogorski
and Balucan, 2014). Several studies have evaluated the potential of serpentine
mechanical activation via grinding as a tool to promote carbonation. The results show
that a prolonged grinding (120 minutes) can greatly enhance the extraction of metals
from the serpentine structure and improve carbonation efficiency (Kim and Chung,
2002a; Li and Hitch, 2015; Rigopoulos et al., 2018). Bloise et al. (2018) observed a shift
to lower temperature in the dehydroxylation process—this decreased its enthalpy and

encouraged evaluation of the grinding impact on thermal activation.

This study extends research on cement plant direct flue gas mineral carbonation by
Mercier et al. (2016) at INRS, Québec, using optimized the reaction conditions and
demonstrated the economic viability and overall feasibility of the process for the
Province of Québec (Pasquier et al., 2014a; Pasquier et al., 2016). The final stage of the

process is precipitation of carbonates, and this was studied in detail by Moreno Correia



(2018). A pilot scale test conducted in 2015 highlighted the importance of optimizing
thermal treatment conditions for the INRS process (Kemache et al., 2016; Kemache et
al., 2017). Previous unpublished work from the group determined them to be 750 °C for
a treatment of 15 minutes using a static conventional furnace with a mineralogical

assemblage of intermediate amorphous phases and meta-serpentine materials.

The particles size distribution is critical for process reliability and carbonation. In addition
to temperature and residence time, it enables a better understanding of serpentine
thermal activation and can provide insights on how it affects the dissolution of the
serpentine. This paper provides a better understanding of the process behind heat
diffusion within the particles during static prograde thermal treatment. The temperature
at which the mineral transformations occurred during dehydroxylation of ground and
unground serpentine was observed using a novel approach to quantify amorphous
phases. We also evaluated the role of particle size distribution on thermal activation and

its impact on Mg dissolution under flue gas carbonation conditions.

2 MATERIAL AND METHODS

2.1 Material

The residues used here come from Jeffrey Mine, in the town of Asbestos in Southern
Québec. The material sampled was already crushed and have a sand like appearance
with a mean granulometry of 416 pum (Figure 1). The remaining fibers were removed for
sanitary precautions by flottating them in water. About 90 wt % of the iron oxides were
separated by density using a Wilfley table due to their potential commercial value and
poor carbonation behavior. The resulting material is corresponding to the initial and

unground sample discussed within the manuscript.



The chemical composition of liquid and solids were obtained with inductively coupled
plasma-atomic emission spectrometry (ICP-AES) after being fused using lithium
metaborate via the Claisse Method. The starting composition of the residue is given in
table 1. The chemical composition is consistent with previously analyzed samples
collected in the area. Loss on ignition for both samples (ground and unground) were
measured via heating at 1 025 °C for 6 h; the samples were 13.9 wt % for the ground

sample and 13.2 wt % for the unground sample.

Table 1

2.2 Physical characterization

Half of the residue was ground using a ring mill (Retsch RS200) to obtain a mean size of
28 um. The unground sample presented a mean particle size of 416 um. The particle
size distribution was measured with a particle size distribution analyzer LA-950V2
Horiba. Figure 1 present the granulometry curve of both ground and unground samples.
Specific surface areas (SSA) were obtained via N2 adsorption at ambient temperature

using Brunauer—Emmett—Teller methodology (BET) (Brunauer et al., 1938) (table 2).

Figure 1

Table 2

2.3 Phases identification and quantification

X-Ray diffraction (XRD) was performed using a Siemens D5000 Bragg-Brentano ©-26
diffractometer with CuKa radiation (40 kV, 40 mA). An aliquot of 1.6 g of each sample
was mixed with 0.4 g of pure corundum (Al,O3) acting as a 20.0 wt % spike. To ensure

homogenization, samples were ground in ethanol using agate grinding pellets for 7



minutes in a McCrone micronizing mill. Scans were acquired for 30 minutes with 26
values of 3° to 80° with a scanning step size of 20 = 0.3° and a counting time of 7
seconds per step. Matches were identified using Brucker identification software
DIFFRACplus EVA and the ICDD PDF-2 database. Phase quantification was performed
using the Rietveld method (Bish & Howard, 1988; Pawley, 1981; Raudsepp et al., 1999;
Rietveld, 1969). This method is based on a calibration factor derived from the mass and
volume of each phase’s unit cell, and it requires all phases to present a high crystallinity
level and a well-defined crystal structure. However, serpentine minerals show
discrepancies from their ideal structure (Turvey et al., 2017; Wilson et al., 2006) and
require the use of the partial or not known crystalline structure (the PONKCS method)
(Scarlett & Madsen, 2006). A calibrated mass value (Rietveld, 1969) leads to chrysotile
peak fitting (Le Bail, 2005); the unit cell parameters and space group (Falini et al., 2004)
calibrated the PONKCS model. A standard sample of pure chrysotile and fluorite have
well-known proportions and are used for this calibration (Wilson et al., 2006). The
PONKCS file can then be used as a crystallographic information file in TOPAS software
from Bruker. The results show two amorphous phases—intermediate amorphous

components and meta-serpentine materials (see supplementary materials).

2.4 Thermal treatment

2.4.1 Prograde tests

Prograde heating tests used a Neyo M-525 Series Il muffle furnace. Two thermocouples
using type K probes were inserted inside the furnace—one measured the temperature
inside the furnace and the other measured the temperature inside the sample. Ground
and unground samples were tested. Forty grams of sample were placed in a cast-iron

skillet 10 cm diameter and 4 cm depth. The sample temperature measuring probe was



insert inside the powder 3 to 4 cm deep to obtain its core temperature. The calibration
curve is given in figure 2. Both temperatures were measured every two minutes until

both reached 750 °C.

Figure 2

2.4.2 Isothermal tests

Isothermal treatments were performed in batch mode using a Furnatrol 133 muffle
furnace (Thermolyne Subron Corporation). A cast iron skillet 20 cm diameter and 4 cm
deep containing 20 g of sample was placed in the furnace and set beforehand to the test
temperature. A range of temperatures (500 °C, 650 °C and 750 °C) were tested every
15, 30, and 60 min. Samples were weighed before and after the test, and the variation

corresponded to the mass loss.

2.5 Successive batches dissolution

Dissolution tests used the carbonation conditions optimized by Pasquier et al. (2014a).
These were performed in a 300-mL stirred reactor (model 4561; Parr Instrument
Company) using 4.0 vol % O, and 18.2 vol % CO, balanced with N,. This simulates the
flue gas of a cement plant at 22 °C + 3 °C. The solid ratio was set to 15 wt % (150 g.L ™).
A batch of gas at 10.2 bar was injected in the reactor and reacted for 15 minutes under
an agitation of 600 rpm. During the experiment, the pressure dropped to 0.1 from 3.5 bar
depending on the amount of gas initially inserted. At the end of the first batch, the gas
was emptied from the reactor, and 10.2 bar of gas was re-injected for a second 15-
minutes batch. The pulp was filtered every two batches, and the liquid phase was
acidified using 50 % nitric acid and sampled for chemical analyses. After 6 batches, the

solid was dried at 60 °C and ground using a ring mill at 700 RPM for 1 min to remove the



silica passivation layer formed around the particles. This was then used for another six
batches. Depending on the tests, the solid was tested for 2, 6, or 12 batches to follow

the leaching efficiency along successive CO, injections (figure 3).

The efficiency of thermal activation was observed as magnesium leached from the solid
during the reaction. Reliability in the method was endorsed by performing mass balance
to highlight any precipitation occurring during manipulation or during the pressure
release of the vessel. This efficiency was studied using equation 1 where [Mg];q is the
measured concentration of Mg?* in the final solution, V and m are the volume of solution
and the mass of solid, respectively, and Cyq is the concentration of magnesium in the

solid measured after thermal treatment. Carbonates did not precipitate from the solution.

Equation 1 Proportion of Mg®* leached

%Mg= ([Mgljiq*V)/(Cngm)

Figure 3

2.6 Approach

Two tests were performed and compared to tests performed on ground samples.
Treated and ground samples were first thermally-treated and then ground for dissolution
under carbonation conditions; ground samples are ground prior to thermal treatment and
then submitted to dissolution. Unground samples were directly considered for

dissolution. Dissolution of untreated samples used two batches of gas (figure 4).

Figure 4



3 RESULTS

3.1 Heat diffusion during prograde heating

Figure 5 shows the temperature inside the ground and unground samples as well the
furnace temperature. It represents heat diffusion speed inside the two tested samples

and inside the furnace.

Figure 5

Both samples reached the expected temperature at the end of the experiment. However,
it appears that the heat diffuses faster inside the unground particles. The line
corresponding to the temperature inside unground particles (figure 5) shifted to the left

meaning that this sample reaches this temperature sooner than the ground sample.

Figure 6

Figure 6 present the heating speed within the furnace. The difference between the two
samples is more evident as the heating rate is higher in unground particles than in fine
particles. On both figures, the lag between the furnace and sample temperature is
clearly shown. Furnace temperature is quickly increasing within the first 10 minutes, up
to 35°C. min™. Then it quickly falls down to show a steady decrease until the end.
Heating rates on samples are less hectic. It rapidly increases to reach a high plateau
around 20 °C. min™ and 10 minutes. Before 20 minutes the rate slowly decreases and

join the furnace rate after 50 minutes.

10



3.2 Thermal activation

3.2.1 Mass loss

Figure 7 compares the mass lost during isothermal treatment of ground (x-axis) and
unground (y-axis) particles. The dotted line represents the 1:1 line where the mass lost
by ground and unground particles are equal. Most samples are on the right side of this
line illustrating that ground samples present a higher mass loss. As expected, increasing
the temperature is inducing a higher mass loss. The same pattern is observed with the

time.

Figure 7

3.2.2 Mineralogical transformations

The starting materials are mostly serpentine and magnetite (table 3). The amorphous
phase was quantified using the Rietveld method, but this is the result of the stacking
disorder observed in the serpentine structure (Wilson et al., 2006; Turvey et al., 2017).
Nevertheless, the original data shows the Rietveld refinements and indicates that the
measured amorphous phase proportion differs from one sample to the other. Indeed, the
grinding performed to obtain the fine sample induced 6.2 wt % of amorphous to start

with.

Table 3

As previously demonstrated, the thermal treatment of serpentine minerals leads to a
series of mineralogical transformations. Transformations in fine particle serpentine
samples have been studied in a previous study (table 4 (ground)). These data are

compared to those in unground particles (unground). Intermediate amorphous phases

11



tend to form faster in ground particles versus unground samples. Treatment at 550 °C
for 15 min led to 36.8 g of product per 100 g of starting material; unground sample
similarly treated only presents 14.4 g per 100 g of starting material. The grinding-induced
amorphization observed in the ground starting material might lead to the formation of
intermediate amorphous phases at lower temperatures (as low as 500 °C). The meta-
serpentine phase appears earlier in the unground particles (550 °C for 15 minutes)

versus 650 °C at 15 minutes in ground particles.

Forsterite starts to crystallize at 650 °C for 60 minutes in unground particles as a result
of the dehydroxylation reaction with 5.0 g/100 g of starting material while the ground one
displays 2.1 g per 100 g of starting material. The formation of forsterite was observed
with 750 °C treatment for 30 minutes on ground particles; the yield is higher (24.8 g per
100 g of starting material). At 650 °C for 30 minutes, the mineral distribution is similar in
ground and unground samples with intermediate amorphous phases representing more
than half of the samples: meta-serpentine and residual serpentine. Furthermore, the
content of meta-serpentine samples formed at 750 °C for 15 minutes in both ground and
unground particles are different (26.8 and 5.5 g per 100 g of starting material,
respectively); the unground sample produced 34.0 g per 100 g of starting material of
forsterite. The formation of hematite partially results from the oxidation of serpentine iron

and magnetite. It is less common in unground particles.

Table 4

3.3 Dissolution of thermally-treated serpentine

Figure 8 show the results of successive batches dissolution tests performed on
untreated and thermally-treated samples (isothermal treatments). Each sample was

divided into three experiments: (i) unground, (i) ground prior to thermal activation, and

12



(i) ground after thermal activation. Hatching patterns (thermally-treated unground and
untreated samples) represent an extrapolation of the proportion of Mg®* extracted after
twelve batches of gas treatment. Thermally-treated ground samples were tested in
twelve batches, and six batches of thermally-treated unground samples were tested; two
batches of untreated samples were tested. Extrapolation was computed based on the
average proportion of Mg®* extracted during the next six to ten batches for samples

tested for twelve batches and applied to the considered samples.

Overall, it appears that dissolution performed on fine particles—in terms of the amount of
Mg?" extracted—offers better results than those performed on unground or post-
treatment ground particles (Pasquier et al., 2014a). Untreated samples have a much
lower proportion of leached Mg?" because thermal treatment is required to enhanced
serpentine dissolution (Lackner et al., 1995). Despite their low amount of Mg®', the

proportion is higher (6.8 %) for ground particles than for unground particles (2.1 %).

The samples on which dissolution was performed after grinding showed similar results:
close to 30 % of Mg®" extracted after twelve batches of CO,, except for the one treated
at 750 °C for 15 minutes which reached 45 % of Mg®* extracted. For treatment at 650 °C
during 30 minutes, results show that particle size does not affect the extraction of Mg
as both ground and post-treated ground sample leached close to 30 % of magnesium

after twelve batches of gas.

Figure 8

BET measurements performed on thermally-treated ground and unground samples
(table 5) showed that the specific surface area (SSA) varies with the temperature and
duration of the treatment. The SSA of a ground sample treated at 650 °C for 30 minutes

decreases versus a ground untreated sample. In contrast to prior reports Larachi et al.

13



(2010), as the temperature increases, the SSA drastically increases to 31.04 m*.g™ for a
ground sample treated at 750 °C for 15 minutes. Therefore, the enhanced dissolution of
material treated at 750 °C for 15 minutes might be due to both a suitable mineralogy and
a higher specific surface area. This suggests that thermal treatment makes the particles
increasingly porous as the amorphous phases are formed. Unground particles treated at
750 °C have a significant increase in their SSA while unground particles treated at 650
°C for 30 minutes show a significant drop. This can be due to the smaller amount of
meta-serpentine within the samples treated at 750°C compared to the samples obtained

at 650°C after 30 minutes.
Table 5

4 DISCUSSION

Forsterite and amorphous phases tend to crystalize sooner in unground samples than in
ground samples indicating a shift in the dehydroxylation temperatures according to
particle size. Mineralogical transformations which should occur at temperatures higher
than 750 °C as seen in ground particles, tend to occur at much lower temperature or for
shorter residence times in unground samples. Therefore, two important aspects are
observed: (i) the role of grinding on breaking down the serpentine structure; and (ii) the
influence of the patrticles size and compaction of the grains on the water vapor diffusion

during heating.

Brindley and Hayami (1965) showed that grinding tends to slow down the crystallization
rate of the dehydroxylation products (forsterite and enstatite). The dehydroxylation
reaction is topotactic (Aruja, 1945), and the formation of products will be delayed if the
atomic positions are disrupted by grinding. These observations contrast with those made

by Drief and Nieto (1999) who demonstrated that the dehydroxylation reaction can be

14



hastened with grinding due to the transformation of structurally-bound water into surface-
absorbed water. Furthermore, Martinez (1961) noted a decrease in the starting
temperatures for dehydroxylation when the serpentine minerals are ground suggesting
that the dehydroxylation stages are reached sooner in ground particles. This may be
caused by an increase in the specific surface area during grinding, which offers a larger
surface for the hydroxyl groups to escape the structure. However, a higher specific
surface area also induced a higher compaction of particles; hence, there is less space

between the samples.

Dlugogorski and Balucan (2014) suggested that dense and compact particles would
prevent hydroxyl groups from being released as water vapor and thus escaping the
particles. Seipold and Schilling (2003) assumed that the two heat flow mechanism
should be considered during serpentine heating. Heat must be transported by both (i)
heat conduction and (ii) heat advection. The second supposes that a part of the heat is
carried advectively by water vapor throughout the particles. Therefore, water vapor
disposes of larger spaces between the particles in unground samples. They circulate

and heat the sample.

In ground samples, the water vapor cannot travel as easily inside the spaces left
between the particles. They are smaller and are less connected than in unground
samples. This leads to an accumulation of water vapor in those spaces. This might lead
to the formation of a thin film around the particles as described by the Ledeinfrost

effect—this delays the dehydroxylation process.

Furthermore, the fact that the heat diffusion is slower when treatment is performed on a
ground sample might be due to the experimental set-up. Previous observations

suggested that thermal treatments performed in a static furnace fostered the entrapment

15



of water vapor between the particles leading to a shift in the dehydroxylation
temperatures. Dlugogorski and Balucan (2014) suggested that when dealing with dense
and compacted fine particles, they should be fluidized to avoid such entrapment. Our
observations confirm this. Therefore, thermal treatments should be performed
dynamically such as in a rotary kiln or with a fluidized bed. This would help the released

water pressure to escape from the structure.

The onset of the dehydroxylation process would occur at lower temperatures or within a
shorter treatment time than in a static experimental set-up. Furthermore, when
optimizing the thermal treatment step in a mineral carbonation process, the grinding
place should be thoroughly investigated. This study highlights the impact of the type of
furnace used for activation. Samples should be ground prior to thermal treatment when
using a conventional static furnace. This prevents formation of forsterite and promotes

the formation of amorphous phases.

5 CONCLUSIONS

In this paper, the influence of particles size on serpentine thermal activation for
dissolution under direct flue gas carbonation was explored to better explain its impact.

The following conclusions can be drawn:

o When a static treatment is performed on particles, coarser ones tend to heat
faster because there is more space available between them for the heat to
circulate. In fine particles, water molecules escaping the structure are trapped
between the particles and form a layer between them. Therefore, the
dehydroxylation process is slowed down under these thermal treatment

conditions.

16



e Samples treated at 750 °C for 15 minutes show a significant increase in its
specific surface area. These are combined with a suitable mineralogical
assemblage that leads to a better dissolution of the material. Unground particles
showed a similar trend in variation of their SSA as ground particles.

e Formation of amorphous phases including products of the dehydroxylation
reaction is enhanced by grinding due to the preliminary disruption of the
crystalline structure.

¢ Dissolution of serpentine under carbonation specific condition is improved when
thermal activation is performed on fine particles rather than on unground particles

in a static furnace.
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Highlights (for review)

Highlights
e Thermal activation of ground and unground serpentine residues;
o Formation of amorphous phases during dehydroxylation of serpentine;
o Heating speed of ground and unground particles in serpentine residues;

e Entrapment of water vapor from removal of hydroxyl groups.
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Table 1 Chemical composition of starting material

Elements CaO Cr,043 Fe,O4 K,O MgO MnO NiO SiOo, LOI

wt % 0.7 0.2 6.8 0.2 41.0 0.1 0.3 39.9 13.3
Table 2 Specific surface area of untreated samples
Sample Specific Surface Area (m°.g™) Standard Deviation

Untreated- Ground 19.57 0.70
Untreated- Unground 12.18 0.84

Table 3 Mineralogical characterization of starting material: ground and unground

particles

Ground Unground

Measured values (Rietveld data) — wt %

Amorphous 39.7 % 33.5%
Serpentine 55.8 % 62.6 %
Magnetite 4.5 % 3.9%

Calculated values— g/100g of start. mat.
Serpentine 95.5 96.1

Magnetite 4.5 3.9
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Table 4

Mineral

composition of each thermally-treated sample:

ground and

unground. These are expressed in grams per 100 grams of starting material

Serp: serpentine, Inter. am: Intermediate amorphous components, Meta-serp: Meta-serpentine,

Forst: Forsterite, Mag: Magnetite, Hem: Hematite, M.L.: Mass loss.

550 °C 550 °C 650 °C 650 °C 750 °C 750 °C
Samples
15 min 60 min 30 min 60 min 15 min 60 min
Particles G U G U G U G U G U G u
Serp 533 744 535 624|216 256 | 42 228 | 00 55 0.0 0.0
Inter. Am. | 36.8 14.4 370 199 | 60.3 386 | 70.3 34.7 | 499 426 | 343 438
Meta-serp | 0.0 4.5 00 114 | 40 234 | 72 231|272 55 |203 34
Forst 0.0 0.0 00 00| 00 00|21 50 | 00 340305 380
Mag 3.9 4.8 3.3 34 3.0 4.8 21 55 5.2 0.0 0.0 0.0
Hem 0.4 0.0 0.8 0.0 1.2 0.1 1.6 14 35 14 3.2 21
M.L. 55 2.0 55 3.0 9.8 74 | 125 75 | 142 109 | 11.7 127
Table 5 Specific surface area (m*.g™) measured on thermally-treated samples

Samples

Specific Surface Area (m°.g™)

Standard Deviation

750°C 15 min - ground

750°C 15 min - unground

650°C 30 min - ground

650°C 30 min - unground

31.04

44.94

17.15

9.48

6.72

3.45

3.11

2.83
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Abstract

Mineral carbonation represents a promising way of reducing the emission of
anthropogenic GHG emissions, particularly in the Province of Québec where large
amounts of serpentine mining residues are waiting for remediation. However, when used
in reactors, serpentine minerals need to be activated to promote Mg2+ leaching. In this
study, ground and unground samples have been thermally activated in a muffle furnace
at different temperatures and residence times. Their mineralogical composition have
been determined using XRD coupled with Rietveld refinements from which the
amorphous phases have been distinguished and quantified. The objectives are to
determine the influence of the particle size distribution of the samples on the
dehydroxylation process and on the dissolution under aqueous mineral carbonation
reaction. Results show that in a muffle furnace, unground particles tend to heat faster
than ground particles. This is due to the larger spaces left between the particles,
allowing a better heat diffusion through the sample. In ground particles samples, water
vapor tends to be entrapped in those space, leading to the formation of a water vapor
layer, slowing down the heat process. Carbonation experiments were performed on the
different resulting fractions obtained. Regarding Mg dissolution efficiencies, 6 batches
experiments show that Mg2+ extraction is higher when performed on sample ground
prior to thermal activation. The collected information will advance the knowledge on
serpentine heat activation mechanism and help to improve carbonation technologies

efficiencies.

Keywords

Serpentine, Dehydroxylation, Particle Size, Heat Activation, X-Ray Diffraction, Rietveld

Refinement, Magnesium Leaching, Carbonation.
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