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The activation of magnesia in serpentine
by calcination and the chemical
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ABSTRACT

Asbestos tailings are a typical serpentine, hydrated magnesium
silicate, consisting primarily of antigorite and a few per cent of
unrecovered fibrous chrysotile. Serpentine has unique thermal
properties in that dehydroxylating calcination at 600 to 700°C
can yield an amorphous structure in which most of the
magnesia is liberated from the original bond with silica and
thereby rendered chemically active. The amount of activated
magnesia can be quantified by selective leaching with a weak
acid such as acetic acid. Many wet processes have been propos-
ed to extract magnesium values from calcined or natural
serpentine by means of various acids and their ammonium
salts. However, the only commercial utilization of serpentine
today is found in dry processes such as the production of fused
magnesium phosphate fertilizer.

The present paper reviews the physical chemistry of the
dehydroxylation of serpentine and also various wet and dry
processes in order to provide a general view regarding the
chemical transformation of asbestos tailings.

* Now at the University of Utah.
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Qu’est ce que les
RMA?
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Quelgues définitions

Mining and mine waste ® Concentrate
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T 1 750 tonnes per day

A

chrysotile

Overburden materials like soil and rocks are removed
to access the ore body. These are generally considered

Ve u n
. ] benign and are often used for revegetation or landscaping. Slurry tailings
In coal mining the overburden is referred to as spoils. 200 000
|
| Tailings pond tennes peray
Slurry

dessus et autours - mort et - =
terrain

Waste rock is classed as ores that
are below the economic cut-off grade.

* Reésidus miniers : ce gqui est
autours du minerai et n’est —
p a S V e n d u Waste rock storage facility

\ g L e Toe seepage
Sub-economic rock A

=S - =
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Groundwater flow
Source: Ground the trekking, 2014, Mine Tailings, www.groundtruthtrekking.org
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Serpentine?

Sous les paves la plage...

* |apetus se referme = obduction
* Phyllosilicates

* Famille de minéraux (3 polymorphes)

Trioctahedral Dioctahedral
Lizardite Mg,Si,O5(OH), Kaolinite Al,Si,O5(OH),

https://www2.tulane.edu/~sanelson/eens211/phyllosilicates.htm
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Lacinska AM, Styles MT, Bateman K, Wagner D, Hall MR, Gowing C, Brown PD (2016) Acid-dissolution of antigorite,
chrysotile and lizardite for ex situ carbon capture and storage by mineralisation. Chemical Geology 437:153-169.
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Villeneuve, 2013. Rapport de caractérisation de caracterisation des résidus miniers Region de Thetford Mines. MDDEFP



Composition chimiques des RMA

m Nom d’échantillon | % Chrysotile Nom d’échantillon | % Chrysotile
* Entre 15 et 20% de M KBHADL | 2005
0 9 keino | a0as
Flintkot FL-HA-03 15-20 KB-HA-03
1ntkote
DO-HA-03* 15-20 KB-HA-04

* Méme ordre de grandeur pour Si Koo |

KA
KB-HA-08
KBHAD
KB-HA-10
National

20-25
20-25
20-25
20-25
15-20
15-20
15-20
05-10

VEHAOL | 1520
VLA
Villede
Thetford
Fedml

BE-HA-01 15-20 VI-HA-01 25-30
BE-HA-02* 15-20 NINO-CA-01 25-30
Normandie

* Fer:4,4-2,6%

* Nickel: 0,18 - 0,06%

* Traces de Cr, Mn

Blanc de
v |0

* Duplicata

Institut national

Villeneuve, 2013. Rapport de caractérisation de caractérisation des residus miniers Région de Thetford Mines. MDDEFP O



Comment les
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Larachi F, Daldoul I, Beaudoin G (2010) Fixation of CO2 by chrysotile in low-pressure dry and moist carbonation: Ex-situ and in-situ characterizations. Geochimica Et Cosmochimica Acta 74(11):3051-3075.
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Activation

X-RAY POWDER DIFFRACTION PROVIDES STRUCTURAL INSIGHT
%[]mm l‘éﬁg INes! | INTO THE REACTIVE META-SERPENTINE MATERIALS THAT FORM*

* Forsterite

e Dehydroxylation de la serpentine T Temp. o
observeée entre 550 et 1100°C SRR uwe oon
- 2 e N < swom

* Entre 650 et 750°C, matériel z - e 5% o
amorphe (plus réactif) a = . G e on

S580°C 45 % OH

* Au-dela, recristallisation de la + \ .
forsterite et enstatite (stabllité)

20°C 100% OH

* XPD patterns shown are for heat-activated lizardite.

McKelvy M, Chizmeshya A, Bearat H, Sharma R, Carpenter R (2001) Developing mechanistic understanding of
CO2 mineral sequestration reaction processes. p 5-8. IN
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Dissolution des

serpentines |
L’importance du pH O D Meeey (90N
R Aot
* Acides:
* Acide Chlorhydrique (HCI) -
 Acide Sulfurique (H2S04) g
* CO2 -
* Bases:

* Hydroxide de Sodium (NaOH)

* Sels dammoniums

* NH4HSO4
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Pourquol les
valoriser?




Composés de Magnésium

Magnésium métal: Sulfate (MgSOa):

Nombreuses applications dans des alliages. Engrais, industrie, médecine
Leger et robuste

Hydroxyde Mg(OH)2: Chlorure (MgCl2):

traitement de I'eau, antiacide, agroalimentaire déglacant, controle de poussieres, supplemen
etc. nutritif

Oxydes (MgO): Carbonates (MgCOz3):

réfractaires, anti-feu etc. desiccant pour les mains, sequestration du
carbone




Silice

* Métallurgie
° Ciment

* Verre

* Fonderies

* Industrie chimigue

Institut national
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Nickel

Acler inoxydable
Piles et batteries
Alllages de métaux non ferreux

Electroplaguage
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Volie de valorisation



| es sables Olimag
INcC.

Fabrication de sables
d’olivine (traitement
thermique)

Les Sables
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Des expeériences plus ou moins
fructueuses...

Victimes de facteurs externes
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Quel futur?




Un nouvel essor?

* PEVCA

* CCTT (COALIA, KEMITEK)
* CIMMS KSM
* Universités

°* ONA

Les Sables
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Conclusions



Simplicité
Efficacité

Securite
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Merci de votre attention!
Questions? Discussions!

louis-cesar.pasquier@inrs.ca
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