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GoalsGoals

The presentation extends an experimental base of possibility to The presentation extends an experimental base of possibility to store the store the 
carbon dioxide emission via artificial carbon dioxide emission via artificial carbonatizationcarbonatization of of metaperidotitemetaperidotite
bodies located in the East Slovakia. bodies located in the East Slovakia. 

Three types of hydrated mantle rocks, Three types of hydrated mantle rocks, metaperidotitemetaperidotite ((metalherzolitemetalherzolite), ), 
metawehrlitemetawehrlite and and metawebsteritemetawebsterite were subjected to reaction with water and were subjected to reaction with water and 
COCO22 and therefore obtained suspensions were heated by the differentand therefore obtained suspensions were heated by the different
temperatures of 50temperatures of 50°°C, 160 C, 160 °°C and 200 C and 200 °°C C in the laboratory conditions. in the laboratory conditions. 

From the heated suspensions the acid carbonates (From the heated suspensions the acid carbonates (nesquehonitenesquehonite, , 
barringtonitebarringtonite, , dypingytedypingyte, , hydromagnesitehydromagnesite) and carbonates (calcite, dolomite, ) and carbonates (calcite, dolomite, 
magnesitemagnesite) were formed and confirmed by X) were formed and confirmed by X--ray analyses. ray analyses. 

According to the mass balance calculations between the source siAccording to the mass balance calculations between the source silicate licate 
minerals (serpentine) and new carbonatesminerals (serpentine) and new carbonates--products, the amount of COproducts, the amount of CO22 can can 
be sequestered in 1 mbe sequestered in 1 m33 of the source of the source metaperidotitemetaperidotite, , metawehrlitemetawehrlite and and 
metawebsteritemetawebsterite. . 



SepentiniteSepentinite
 

--
 

first step to first step to carbonatizationcarbonatization

SerpentiniteSerpentinite forms by forms by hydratationhydratation of olivine and of olivine and enstatiteenstatite at variable depths in the at variable depths in the 
EarthEarth’’s crust or mantle during regional metamorphism. Alternatively, is crust or mantle during regional metamorphism. Alternatively, it can be formed t can be formed 
by water alternation on the surface in conformity with reactionsby water alternation on the surface in conformity with reactions (Johannes, 1968; (Johannes, 1968; 
Martin & Fyfe, 1970, Martin & Fyfe, 1970, MalakhovMalakhov, 1971):, 1971):
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CarbonatizationCarbonatization

The serpentine group (The serpentine group (chrysotilechrysotile) reacts with CO) reacts with CO22

 

to produce to produce magnesitemagnesite

 

during its during its 
carbonatizationcarbonatization

 

in atmosphere conditions (Herzog, 2002, in atmosphere conditions (Herzog, 2002, DrobekDrobek

 

et al., 2008). et al., 2008). 
However, a process of However, a process of artificial artificial carbonatizationcarbonatization

 

uses uses NaClNaCl

 

and NaHCOand NaHCO33

 

to produce to produce 
intermediate product of MgClintermediate product of MgCl22

 

+ Mg(OH)+ Mg(OH)22

 

and consequently, the final and consequently, the final carbonatizationcarbonatization

 reactions are following : reactions are following : 
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Therefore Therefore SerpentiniteSerpentinite bodies are efficient in CObodies are efficient in CO22 storage. storage. 

Those bodies which were not influenced by natural COThose bodies which were not influenced by natural CO22 during during 
metamorphism, or exhumation, are suitable for the artificial metamorphism, or exhumation, are suitable for the artificial carbonatizationcarbonatization
purposes. purposes. 

Therefore a mineralogical and Therefore a mineralogical and petrologicalpetrological study of the bodies is needed, study of the bodies is needed, 
because its results are crucial to select a suitable body in thebecause its results are crucial to select a suitable body in the mineral mineral 
sequestration methodology.sequestration methodology.



Mineral composition of source mantle rocks (Mineral composition of source mantle rocks (serpentiniteserpentinite) used ) used 
for artificial for artificial carbonatizationcarbonatization

 MetaperidotiteMetaperidotite
 

bodies located in the East Slovakiabodies located in the East Slovakia

••

 

MetawebsteriteMetawebsterite

 

is formed by is formed by antigoriteantigorite
 

+ + chrysotilechrysotile
 

(75 %),(75 %),
 

AlAl--enstatiteenstatite

 

+ Al+ Al--

 diosidedioside

 

±±

 

fayalitefayalite

 

(15 %), magnetite prevails over oxide mineral association: (15 %), magnetite prevails over oxide mineral association: 
pyrophanitepyrophanite

 

+ + MnMn--rutilerutile

 

+ Cr+ Cr--magnetite (together 5 %); calcite (6 %). Content of Almagnetite (together 5 %); calcite (6 %). Content of Al--

 spinelspinel

 

in both samples is below 0.5 %. Following minerals can be foundin both samples is below 0.5 %. Following minerals can be found

 

in accessory in accessory 
concentrations: concentrations: pargasitepargasite

 

+ + milleritemillerite

 

+ + SiSi--mineral (quartz?) + mineral (quartz?) + melanitemelanite

 

+ Cr+ Cr--garnet + garnet + 
schwaningiteschwaningite

 

+ chlorite + + chlorite + cronstedtitecronstedtite

 

––

 

kellyitekellyite

 

+ + BaBa--asbolaneasbolane

 

(?) + Co(?) + Co--MnMn

 

mineral mineral 
(?) + (?) + andratiteandratite

 

+ + diabanitediabanite

 

and barite.and barite.

••

 

MetawehrliteMetawehrlite

 

is composed of is composed of lizarditelizardite
 

+ + chrysotilechrysotile
 

+ + antigoriteantigorite
 

+ Ni+ Ni--Fe serpentine Fe serpentine 
(79 vol. %).(79 vol. %).

 

TiTi--diopsidediopside

 

+ Na+ Na--diopsidediopside

 

+ + diopsidediopside

 

±±

 

olivine (8 %); magnetite + Crolivine (8 %); magnetite + Cr--

 magnetite + hematite + Crmagnetite + hematite + Cr--hematite + hematite + MnMn--hematite (together 7 %) dominates over hematite (together 7 %) dominates over 
oxide and carbonate association: oxide and carbonate association: rutilerutile

 

+ calcite + Cr+ calcite + Cr--spinelspinel

 

(6 %). This rock (6 %). This rock 
sporadically contains sporadically contains milleritemillerite

 

+ + siegenitesiegenite

 

+ + melanitemelanite

 

+ + grosulargrosular

 

+ + andratiteandratite

 

+ + 
ernienickeliteernienickelite

 

+ Cr+ Cr--chlorite.chlorite.

••

 

MetaperidotiteMetaperidotite

 

is formed by is formed by chrysotilechrysotile
 

(80 vol. % ),(80 vol. % ),
 

olivine + olivine + enstatiteenstatite

 

+ + diopsidediopside

 (10 %), calcite and dolomite (1.3 % ), magnetite and hematite (9(10 %), calcite and dolomite (1.3 % ), magnetite and hematite (9

 

%). The content of %). The content of 
CrCr--spinelspinel

 

is in the both samples less than 0.5 %. Moreover, it is possiblis in the both samples less than 0.5 %. Moreover, it is possible to recognize e to recognize 
hornblende, hornblende hornblende, hornblende ––

 

pargasitepargasite, , tremolitetremolite, Ni , Ni sulphidessulphides

 

and talc in accessory and talc in accessory 
quantity.quantity.



Sample Sample preparation,analyticalpreparation,analytical
 

methodsmethods
 and experimental conditionsand experimental conditions

••
 

SerpentiniteSerpentinite
 

was mixed with water and carbon dioxide according to the was mixed with water and carbon dioxide according to the 
procedure used by procedure used by TuTuččekek

 
et al., (2009). et al., (2009). 

••
 

Stable temperature, 22 Stable temperature, 22 °°CC
 

and COand CO22

 

pressure from 0.1 to 0.3 pressure from 0.1 to 0.3 MPaMPa
 

was was 
maintained during controlled reaction from 5 to 20 hours. maintained during controlled reaction from 5 to 20 hours. 

••
 

Leaches, with pH value about 8 become the source medium from whiLeaches, with pH value about 8 become the source medium from which ch 
new products were formed at temperatures 50 new products were formed at temperatures 50 °°C, 160 C, 160 °°C and 200 C and 200 °°C. C. 

••
 

The crystallization time was from 4 to 24 hours. The crystallization time was from 4 to 24 hours. 

••
 

The new formed and crystallized products were studied by the optThe new formed and crystallized products were studied by the optical ical 
methods and were methods and were analysedanalysed

 
and controlled by electron microprobe, by CHA and controlled by electron microprobe, by CHA 

(chemical silicate analyses), by RTG(chemical silicate analyses), by RTG
 

(X(X--ray diffraction analyses), by DTA ray diffraction analyses), by DTA 
(differential (differential thermicthermic

 
analyses) and by DTG (differential analyses) and by DTG (differential thermogravimetricthermogravimetric

 analyses) where the almost endanalyses) where the almost end--member of acid carbonates and member of acid carbonates and 
carbonates have been found.carbonates have been found.



Minerals of artificial Minerals of artificial carbonatizationcarbonatization
 

formed at temperature 50 formed at temperature 50 °°C C 
a) a) nesquehonitenesquehonite

 

((NeqNeq) in binocular loupe ) in binocular loupe 
b) b) nesquehonitenesquehonite

 

and and barringtonitebarringtonite

 

(Bar) in binocular loupe (Bar) in binocular loupe 
c) c) nesquehonitenesquehonite, , barringtonitebarringtonite, Ca , Ca ––

 

nesquehonitenesquehonite

 

(Ca(Ca--NeqNeq) and ) and SiSi

 

hydromagnesitehydromagnesite

 

((SiSi--hMaghMag).       ).       
BackBack--scattered electron image scattered electron image 

d) detaild) detail--c relict hydrated c relict hydrated enstatiteenstatite

 

and new and new barringtonitebarringtonite

 

and and nesquehonitenesquehonite. Back. Back--scattered  scattered  
electron imageelectron image



Minerals of artificial Minerals of artificial carbonatizationcarbonatization
 

formed at temperature 50 formed at temperature 50 °°C C 
a) a) nesquehonitenesquehonite

 

((NeqNeq) and ) and dypingitedypingite

 

((DypDyp) in binocular loupe) in binocular loupe

 
b) b) nesquehonitenesquehonite

 

and and dypingitedypingite

 

in binocular loupein binocular loupe

 
c) c) nesquehonitenesquehonite, , dypingitedypingite

 

and and hydromagnesitehydromagnesite

 

((hMaghMag). Back). Back--scattered electron imagescattered electron image

 
d) detaild) detail--c relict of hydrated calcite (c relict of hydrated calcite (hCalhCal) and dolomite () and dolomite (DolDol) replaced by ) replaced by dypingitedypingite

 

and and nesquehonitenesquehonite,  ,  
BackBack--scattered electron imagescattered electron image



Variation of HVariation of H

 

22

 

O and COO and CO

 

2 2 in coexisting pair of in coexisting pair of nesquehonitenesquehonite

 

––

 

barringtonitebarringtonite

 

((metaperidotitemetaperidotite

 

source) source) 
and in coexisting pair and in coexisting pair nesquehonitenesquehonite

 

––

 

dypingite/hydromagnesitedypingite/hydromagnesite

 

((metawehrlitemetawehrlite

 

source). source). 
Grey plusGrey plus

 

––

 

contents of Hcontents of H

 

22

 

O and COO and CO

 

22

 

in end member minerals: cal in end member minerals: cal ––

 

calcite, calcite, doldol

 

––

 

dolomite, mgs dolomite, mgs ––

 
magnesitemagnesite. . 

Grey circlesGrey circles

 

--

 

contents of Hcontents of H

 

22

 

O and COO and CO

 

22

 

in hydrated relic of in hydrated relic of enstatiteenstatite. . 
Grey rhombGrey rhomb

 

––

 

carbonate relics from original carbonate relics from original metawehrlitemetawehrlite..



Minerals of artificial Minerals of artificial carbonatizationcarbonatization
 

formed at temperature 160 formed at temperature 160 °°C C 
a) a) hydromagnesitehydromagnesite

 

((hMaghMag) in binocular loupe) in binocular loupe

 
b) b) hydromagnesitehydromagnesite

 

in backin back--scattered electron imagescattered electron image

 
c) The relict of c) The relict of enstatiteenstatite

 

replaced by replaced by magnesitemagnesite

 

((MagMag), ), dypingitedypingite

 

((DypDyp) and dolomite () and dolomite (DolDol). Back). Back--

 
scattered electron imagescattered electron image

 
d) relic of hydrated d) relic of hydrated diopsidediopside

 

replaced by replaced by hydromagnesitehydromagnesite. Back. Back--scattered electron image. scattered electron image. 



Variation of HVariation of H

 

22

 

O and COO and CO

 

2 2 in coexisting in coexisting dypinditedypindite, , hydromagnesitehydromagnesite, calcite, dolomite and , calcite, dolomite and magnesitemagnesite.. .. 
Grey plusGrey plus

 

––

 

contents of Hcontents of H

 

22

 

O and COO and CO

 

22

 

in end member minerals: cal in end member minerals: cal ––

 

calcite, calcite, doldol

 

--

 

dolomite, mgs dolomite, mgs ––

 
magnesitemagnesite

 
Grey reverse triangleGrey reverse triangle

 

––

 

content of Hcontent of H

 

22

 

O and COO and CO

 

22

 

in hydrated relic of in hydrated relic of diopsidediopside..



Results in reactions at 50 Results in reactions at 50 °°CC

((metaperidotitemetaperidotite

 

source) source) 5050ooC + 0.1MPa COC + 0.1MPa CO22

MgMg33

 

SiSi22
 

OO55
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O        O        →→
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.3H.3H22

 

O + MgCOO + MgCO33

 

.2H.2H22

 

O + SiOO + SiO22
serpentine group                                                serpentine group                                                nesquehonitenesquehonite

 

barringtonitebarringtonite

(metawehrlite sourse)                 (metawehrlite sourse)                 5050ooC + 0.1MPa COC + 0.1MPa CO22

22MgMg33

 

SiSi22
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++
 

55COCO22

 

+ + 44HH22

 

OO
 

→→
 

MgCOMgCO33

 

.3H.3H22

 

O O + + MgMg55

 

(CO(CO33

 

))44

 

(OH)2.4H(OH)2.4H22

 

O + 2SiOO + 2SiO22
serpentine group                                              serpentine group                                              nesquehonitenesquehonite

 

hydromagnesitehydromagnesite



Minerals of artificial Minerals of artificial 
carbonatizationcarbonatization

 
formed at formed at 

temperature 200 temperature 200 °°C C 

a)a)

 

and and b)b)

 

hydromagnasitehydromagnasite

 

((hMaghMag),   ),   
nesquehonitenesquehonite

 

((NeqNeq), ), barringtonitebarringtonite

 
(Bar), (Bar), sergeevitesergeevite

 

(Ser) and    (Ser) and    
dypingitedypingite

 

((DypDyp) in binocular loupe. ) in binocular loupe. 
c)c)

 

zonalzonal

 

grains of grains of hydromagnesitehydromagnesite

 
(core), (core), sergeevitesergeevite

 

(core), (core), 
nesquehonitenesquehonite

 

(rim), (rim), barringtonitebarringtonite

 
(rim) and calcite (cal). Back(rim) and calcite (cal). Back--

 
scattered electron image.scattered electron image.

 
d)d)

 

calcite and calcite and dypingitedypingite

 

relation in relation in 
backback--scattered electron scattered electron inageinage., ., 

e)e)

 

diopsidediopside

 

replaced by calcite, by replaced by calcite, by 
hydromagnesitehydromagnesite, by dolomite (, by dolomite (DolDol) ) 
and and magnesitemagnesite

 

((MagMag). Initial    ). Initial    
chrysotilechrysotile

 

(serpentine) was (serpentine) was 
replaced by replaced by nesquehonitenesquehonite, , 
hydromagnesitehydromagnesite

 

and and dypingitedypingite. . 
BackBack--scattered electron image.scattered electron image.

 
f)f)

 

hydromagnesitehydromagnesite, Ca , Ca magnesitemagnesite

 
((CaMagCaMag) and ) and magnesitemagnesite

 

in backin back--

 
scattered electron imagescattered electron image.



Minerals of artificial Minerals of artificial carbonatizationcarbonatization
 

formed at temperature 200 formed at temperature 200 °°C C from from 
websteritewebsterite

 
source source ((a,b,ca,b,c,),)

 
and from and from metaperidotitemetaperidotite

 
source source (d)(d). . 

a)a)

 

hydromagnesitehydromagnesite

 

((hMaghMag) ) nesquehonitenesquehonite

 

((NeqNeq), ), SiSi

 

nesquehonitenesquehonite

 

((SiSi

 

NeqNeq) and calcite (Cal) in back) and calcite (Cal) in back--

 
scattered electron image.scattered electron image.

 
bb))

 

enstatiteenstatite

 

grain replaced by grain replaced by dypingitedypingite

 

((DypDyp). Back). Back--scattered electron image.scattered electron image.

 
c)c)

 

calcite, calcite, hydromagnesitehydromagnesite, , barringtonitebarringtonite

 

(Bar) and (Bar) and sergeevitesergeevite

 

(Ser) in back(Ser) in back--scattered electron image.scattered electron image.

 
d)d)

 

magnesitemagnesite

 

(Mgs) in back(Mgs) in back--scattered electron image.scattered electron image.



Variation of HVariation of H

 

22

 

O and COO and CO

 

22

 

in coexisting acid carbonates: in coexisting acid carbonates: nesquehonitenesquehonite, , barringtonitebarringtonite, , dypingitedypingite, , 
hydromagnesitehydromagnesite, , sergeevitesergeevite

 

and carbonates: calcite, dolomite and and carbonates: calcite, dolomite and magnesitemagnesite. . 
Grey plusGrey plus

 

--

 

H2O and CO2 contents in end member minerals: cal H2O and CO2 contents in end member minerals: cal ––

 

calcite, calcite, doldol

 

––

 

dolomite, mgs dolomite, mgs ––

 
magnesitemagnesite. . 

Grey triangleGrey triangle

 

--

 

H2O and CO2 content in hydrated H2O and CO2 content in hydrated diopsidediopside..



Variation of CaCOVariation of CaCO

 

33

 

and MgCOand MgCO

 

33

 

in carbonates. These minerals crystallized at the expenses siliin carbonates. These minerals crystallized at the expenses silicates in cates in 
various mantle rocks. Dolomite and calcite are relicts of the sovarious mantle rocks. Dolomite and calcite are relicts of the source urce metawehrlitemetawehrlite, stable at 50 , stable at 50 ooCC..



Variation of Cr2O3 and Variation of Cr2O3 and MgOMgO

 

in in nesquehonitenesquehonite, , barringtonitebarringtonite, , dypingitedypingite

 

and and hydromagnesitehydromagnesite. . 
CrCr

 

22

 

OO

 

33

 

indicates molecule indicates molecule stichtitestichtite

 

presence Mgpresence Mg

 

66

 

CrCr

 

22

 

(OH)(OH)

 

1616

 

(CO(CO

 

33

 

).4(H).4(H

 

22

 

O) in these minerals. O) in these minerals. 



Results in reactions at 160 Results in reactions at 160 °°C and 200 C and 200 °°CC
((metaperidotitemetaperidotite

 

source)source)

 

160 160 ooCC

 

and 200 and 200 ooCC

 

+ 0.1MPa CO+ 0.1MPa CO22

MgMg33

 

SiSi22
 

OO55

 

(OH)(OH)44

 

+ CaMgSi+ CaMgSi22
 

OO66

 

+ Mg+ Mg22

 

SiOSiO44

 

+ 6CO+ 6CO22

 

+ 3H+ 3H22

 

O  O  →→
 

MgMg55

 

(CO(CO33

 

))44

 

(OH)2.4H(OH)2.4H22

 

O +O +
serpentine group      serpentine group      diopsidediopside

 

olivine                                              olivine                                              hydromagnesitehydromagnesite

MgCOMgCO33

 

+   CaCO+   CaCO33

 

+   5SiO+   5SiO2 2 
magnesitemagnesite

 

calcite calcite 

((metawebsteritemetawebsterite

 

sourcesource)                                                        200 )                                                        200 ooCC

 

+ 0.1MPa CO+ 0.1MPa CO22

MgMg33

 

SiSi22
 

OO55

 

(OH)(OH)44

 

+ + CaMgSiCaMgSi22
 

OO66

 

+ Mg+ Mg22

 

SiSi22
 

OO66

 

+ 6CO+ 6CO22

 

+ 6H+ 6H22

 

O O →→
 

MgMg55

 

(CO(CO33

 

))44

 

(OH)2.4H(OH)2.4H22

 

O +O +
serpentineserpentine

 

groupgroup

 

diopsidediopside

 

enstatiteenstatite

 

hydromagnesitehydromagnesite

MgCOMgCO33

 

.3H.3H22

 

O O + + CaCOCaCO33

 

+  6SiO+  6SiO22
nesquehonitenesquehonite

 

calcitecalcite



ConclusionsConclusions
••

 
1 m1 m33

 

of of metaperidotitemetaperidotite, , metawehrlitemetawehrlite
 

and and metawebsteritemetawebsterite
 

consumed the consumed the 
weight of carbon dioxide from 902 kg to 1 264 kg.weight of carbon dioxide from 902 kg to 1 264 kg.

••
 

The consumed weight does not depend neither on the temperature The consumed weight does not depend neither on the temperature
 

 
condition of artificial condition of artificial carbonatizationcarbonatization

 
nor on the type of the source rock.nor on the type of the source rock.

••
 

The gradual temperature increases from 50 The gradual temperature increases from 50 ooCC
 

through 160 through 160 ooCC
 

to 200 to 200 ooCC
 and it has influence to higher share of carbonates formation (caand it has influence to higher share of carbonates formation (calcite, lcite, 

dolomite, and dolomite, and magnesitemagnesite) than acid carbonates () than acid carbonates (nesquehonitenesquehonite, , 
barringtonitebarringtonite, , dypingitedypingite, , hydromagnesitehydromagnesite) ) formatedformated

 
at lower temperature.at lower temperature.

••
 

Acid carbonates are dominating by temperature 50 Acid carbonates are dominating by temperature 50 ooCC
 

while higher while higher 
temperatures serve as a suitable environment for carbonates formtemperatures serve as a suitable environment for carbonates formation.ation.

••
 

Results of experimental study show that Results of experimental study show that serpentiniteserpentinite
 

rocks are a appropriate rocks are a appropriate 
eliminator of COeliminator of CO22

 

especially in the Eastern part of Slovakia.especially in the Eastern part of Slovakia.

••
 

Achieved results represent a solid base for better understandingAchieved results represent a solid base for better understanding
 

the the 
process of artificial process of artificial carbonatizationcarbonatization. . 
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