H,S sequestration into




Motivation

J Sulfur is a major component in geothermal vapor and water

J Geothermal utilization results in considerable release of
sulfur to is environment

Geothermal fluid
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(1 One possible options of
reducing H,S is re-
injection and
mineralization into the
geothermal systems
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Motivation

d The H,S is mineralized in the reservoir upon fluid-rock interaction
and sulfide formation

basalt H,S in water sulfide


http://faculty.chemeketa.edu/afrank1/rocks/igneous/vesbasalt.htm
http://faculty.chemeketa.edu/afrank1/rocks/igneous/vesbasalt.htm
http://commons.wikimedia.org/wiki/File:Pyrite_Fools_Gold_Macro_2.JPG.JPG
http://commons.wikimedia.org/wiki/File:Pyrite_Fools_Gold_Macro_2.JPG.JPG

Study the geochemistry of H,S in
geothermal systems

Study the mineralization of H,S
under geothermal conditions

Assess the feasibility of H,S
sequestration




Geochemical modeling

Fluid-rock reactions
Two-phase fluids, Fluxes

Geochemistry of H,S
Conceptual and quantitative
understanding
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Natural systems

Gas, water, rock and mineral composition
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H5S chemistry of ng_tu’rﬁf'gepthermal systems

o

J The chemistry of sulfur is complex due to many oxidation
states and possible reactions

J The chemistry of sulfur in geothermal systems is deviated
into three sub-tasks

JSulfur speciation — The chemical form of sulfur in
geothermal systems

JThe source of sulfur in geothermal systems
JThe reactions between sulfur species and rocks



Sulfur speciation 88

Titration p\ \ Onssite IC Experimental set-up

. On-site sulfur species analysis

d H,S, S,0,, S0, 5,0, S S, SO, and SO,

 In geothermal fluids in Iceland we have H,S, SO, and S,0,
 H,S both present in the water and steam phase



Sulfur speciation.,

.
-

o &

%

e
Y

)

- BUENen

Experimental set-up

Titration
10000 10000 10000
v v
v veey
— 1000 - 10001 Vv gV . 1000 -
g
- cie .gég; =
— 3]
a0 ) — —
2 100 - ~ 100 - —~ 100 A
E } 2 e T 2 2
=3 = o B8 =)
'I_' ] ngum ?:ID L [ g_ X °® E'
A 10 - ® =10 e = o
Cl-)q . ) - ® ® = Nm E\El%n { Ncn
s %9 e 3
1 1 = g 1
] l - " ]
¥ @
::]
0.1 T T T 0.1 T T T 0.1 T T T T 1
10 100 1000 10000 100000 10 100 1000 10000 100000 0.1 1 10 100 1000 10000

$042- [umol kg1

S042- [umol kg_l]

$2032" [umol kg™! S-eq.]



d The source of H,S in steam and water and SO, in water was
studied using sulfur isotopes

 H,S (steam and water) originated from magma (mantle
values)

SO, originates by oxidation of H,S and from marine S-source



) -

Mantle Seawater

) § W
SO,(L)
= H,5(V)
H.S(L)
| T T T T I T T T T | T T T T ] T T T T I T T T T | T T T T I
5 0 #5410 +15 420 425

SMSV-CDT [“00]



 H,S concentration in

s MIXING . geot!*nermal systems are
considered to be

‘\ S controlled by interaction

. between common

alteration minerals and the
geothermal fluids

 The H,S concentration is
effected by boiling and

cooling

vapor

( (superheateq)
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The process of Hé,,_ry}_'i;ﬁ{él"zatio-n_j

-

rocks + H,0 + H,S = secondary minerals + solutes

) (J Computer simulation of

.\ H,0+H,S reactions between rocks,
/ water and H,S to form

secondary minerals and
elements in water
secondary [ Based on simulation
X minerals many reactions using
+salutes .
thermodynamics and

Fluid flow kinetics




The process of‘H S mm%ral'iaﬂdn -

rocks + H,0 + H,S = secondary minerals + solutes
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mole secondary minerals
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rocks + H,0 + H,S = ‘secondary minerals [+ solutes
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At low H,S concentration
we have insignificant
sulfide mineral formation



rocks + H,0 + H,S = ‘secondary minerals [+ solutes
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At high H,S concentration
sulfide mineral formation
is important
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H5S mineralization Ssess

5 mM H,S in wastewater
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(J The geochemical reaction
modeling is being tested using
laboratory scale fluid-rock
experiments

d70-300°C and 1-50 mM H,S

Batch type rearltor
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EXperiments of HZS,;njﬁ?_gfahzatlon |

™

rocks + H,0 + H,S = ‘secondary minerals [+ solutes
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Experiments of H S mmerallzatlon

rocks + H,0 + H,S = secondary minerals 4 solutes
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Effective H,S mineralization at high-temperatures
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H5S sequestration u;tq{feot ermal..

4 H,S emissions during geothermal utilization is of growing
concern

 Possible way of reducing the emissions is re-injection of H,S
to depth whereas H,S may mineralize to form sulfides

J The geochemistry and rate of such mineralization is being
explored by studying natural systems, geochemical modeling
and laboratory experiments

] So far the results are promising
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http://www.natturuhreyfing.is/umsagnir.html
http://www.natturuhreyfing.is/umsagnir.html
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