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1 Introduction

quantification of mobilized fraction of CRM 
enrichment and leaching rates 

detailed identification of physicochemical controls 
on, and mechanisms of, leaching

first assessment of whether geothermal scales 
constitute a CRM resource
 

Successful dissolution of CRM-bearing sulfide phases in 
geothermal precipitates is achieved by leaching.

 
One week batch time with EDTA / HCl+HNO3 at elevated 
temperature is the most effective and feasible combination 
of experimental variables.

Scale formation and disposal rates need to be estimated 
before evaluating the total extractable amount of CRMs and 
the practical potential for valorization.
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Batch leaching experiments were con-
ducted in an orbital shaker (Fig. 2) accor-
ding to Table 1. Leachates were subjec-
ted to immediate in-situ measurements 
(S2-, ORP, O2, pH, conductivity), IC and 
ICP-OES/-MS, (un)leached scale to 
pXRF, XRD, SEM and ICP-OES/-MS. 
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3 Preliminary Results & Discussion

Figure 1 - Blue Cu-(Fe)-sulfide scale 
in surface high-pressure well in Reyk-
janes. From [2].

We aim to assess a new combination of energy and critical raw 
material (CRM) extraction in the geothermal industry: the valori-
zation of otherwise discarded geothermal precipitate (scale) 
by leaching of CRMs. CRMs are metals/minerals charac-
terized by a high supply risk and economic importance for the 
EU [1]. Scale formation upon pressure and temperature drops 
during fluid ascent in the power plant (Fig. 1) removes CRMs 

from the brine [2]. In 
Reykjanes, scale is 
enriched in the 
CRMs As, Bi, Co, 
Ga, Mn, Sb, V and 
W, as well as other 
elements of econo-
mic importance [2].

Table 1 - Variables in scale 
leaching tests.

Figure 2 - Scale granu-
late with leachant and in 
orbital shaker.

Figure 4 - CRM con-
centrations in different 
leachates for (a) Mn 
and (b) Mg after 
leaching in two batches 
at room (blue)/ elevated 
temperature (green). 

Figure 3 - SEM Back Scatter 
Electron (BSE) images of 
granulated sulfide scale (a/b) 
before leaching and (c) after 
leaching with EDTA and (d) 
HCl+HNO3 at 70°C for one 
month, exhibiting various 
dissolution features. Note that it 
is not possible to image the 
same grain before and after the 
experiment. 

Reykjanes scale exhibits a main mineralogy of Zn-Cu, Cu-Fe 
and Pb sulfides (light phases in Fig. 3b) along with Mn-Fe 
silicate (dark phase in Fig. 3b).
A relative scarcity of sulfides after leaching experiments (Fig. 3c/
d) indicates that CRM-bearing minerals have been dissolved.  
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Magnitude comparison of critical major element enrichments in 
leachates (Fig. 4) suggests favorable conditions for CRM 
release include: 
  (1)  higher temperature (70°C), 
  (2)  longer batch time (1 week - 1 month) and 
  (3)  complexing (EDTA) or acidic leachant properties 
         (HCl+HNO3). 
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