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Abstract

:

Super-hot acid leach residue is generated during zinc production in the roasting–leaching–electrowinning route, where both primary and secondary resources are used as feed material. This residue may contain valuable metals, such as lead, zinc, and iron, as well as precious metals, such as gold and silver. Four materials, namely super-hot acid leach residue, a residue formed when super-hot acid leach residue is selectively leached for lead with triethylenetetramine, as well as flotation concentrate, and flotation tailings formed in a selective silver flotation process with super-hot acid leach residue as the feed material were characterized to obtain a deeper understanding of possible further metal extraction. These four materials were characterized for chemical composition, mineralogy, and mineral distribution via chemical analyses, X-ray diffraction, and energy-dispersive scanning electron microscopy, respectively. The scanning electron microscope images showed that the materials have large variations in particle size distribution and composition. The results showed that the main lead phase in super-hot acid leach residue is lead sulfate, whereas it is mostly converted to lead sulfide during the selective lead leaching of the super-hot acid leach residue. The remaining lead sulfate is found in a solid solution with barium sulfate. Extracting lead from super-hot acid leach residue via triethylenetetramine leaching resulted in increased concentrations of gold and silver by 41% and 42%, respectively. The identified silver phases in super-hot acid leach residue may correspond to silver sulfide, silver chloride, and elementary silver, where silver sulfide was the most commonly occurring silver phase. After leaching this selectively for lead with triethylenetetramine, similar silver phases were identified, but silver sulfide and silver chloride occurred to a similar extent. Additionally, silver copper sulfide was detected. The presence of different silver phases might pose a challenge to reaching high silver recovery during leaching as the optimum leaching conditions differ somewhat. Furthermore, elemental sulfur, with a tendency to coat gold and silver particle surfaces, which is indicated to be present in all materials except the silver flotation tailings, may hinder metal extraction.
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1. Introduction


Zinc (Zn) has a wide variety of uses and is known to be one of the most important metals in the world. Nearly 60% of the Zn produced worldwide is used in the steel industry for galvanizing, and the rest for different purposes, such as metal alloying, cosmetics, electronics, and healthcare [1,2].



Most of the Zn is produced from primary Zn sulfide (ZnS) concentrates, but some secondary sources, such as electric arc furnace dust (EAFD), leaching residues, Zn ash, etc., are also used [3,4]. More than 90% of Zn metal refining is based on hydrometallurgical processes. The most common process route is the roasting–leaching–electrowinning (RLE) process, where both primary and secondary resources are treated [1]. A general flowsheet of the RLE route is shown in Figure 1.



ZnS concentrates are converted to Zn oxide (ZnO) via roasting at approximately 900 °C. Primary and secondary ZnO materials with high contents of impurities, such as halides and volatile elements, also benefit from roasting since it will prevent the accumulation of said impurities in the later processing steps, e.g., electrolysis [5]. ZnS concentrates with low contents of these specific impurities can be subjected to direct leaching, thus bypassing the roasting process.



The Zn leaching processes usually consist of two or more steps. The first neutral leaching step is conducted at approximately pH 4 and at 60 °C, which targets dissolving ZnO and avoiding iron (Fe) in the leaching solution. It may be combined with a weak acid leaching step to improve the extraction of Zn from ZnO and also leach Zn-silicates. The secondary leach may start with hot acid leaching (HAL) that can dissolve Zn ferrites, and finally, the material is subjected to a super-hot acid leaching (SHAL) at approximately pH 1 and at 90 °C [5] that hinders jarosite formation, which is important if a lead (Pb)- and silver (Ag)-containing residue is recovered. Even with the added leaching steps, all the Zn cannot be dissolved efficiently, and the remaining super-hot acid leach residue (SHALR) can still contain significant amounts of potentially valuable metals such as Pb, Fe, silicon (Si), calcium (Ca), sulfur (S), Zn, and aluminum (Al) [2,4,6,7], as well as precious metals, such as Ag and gold (Au) [8,9]. Owing to the high industrial focus on sustainability, increasingly strict environmental protection regulations, and the constant increase in the demand for metals, the possibility of recycling residues is constantly being evaluated.



SHALR originates from the treatment of both primary concentrates and secondary resources such as waelz oxide, Zn fuming dust, and EAFD [10] and is therefore inhomogeneous with a large range in particle size and mineralogy. As the generated residue is wet and carries Pb as a stable PbSO4, the cost of dewatering to the transportable moisture limit of 15% is relatively high compared to the value of the by-product and thus the residue is often stockpiled [8,11]. With a nearby Pb smelter, dewatering may not be necessary. The by-product value is influenced by the larger efforts needed in Pb production when using PbSO4, compared to, e.g., Pb oxide (PbO) [8,11].



The valorization of the relatively high Pb contents present as PbSO4 via selective leaching may simultaneously lead to concentration of the Ag. Pb is often one of the major elements in this type of residue [4,12,13,14], and some previous studies have reported the possibility of extracting Pb via alkaline leaching [12]. brine leaching [14,15]. One study on the recovery of Pb by triethylenetetramine (TETA) leaching of high PbSO4-bearing residue formed in the copper (Cu) production [16] showed that TETA leaching can be used as a selective Pb extraction method. Despite enrichment in Ag, different and unknown properties of TETA leach residue (TLR) in comparison to the SHALR may influence the leachability of Ag. Ag can also be enriched in a concentration by applying a selective flotation process on SHALR targeting the Ag phases [11,17,18], as shown in Figure 1.



The present study aims to evaluate the possibility of further processing generated leaching residues from the common RLE route. By applying a novel TETA leaching method to selectively dissolve PbSO4 and recover Pb from SHALR, other elements, including Ag, are being enriched in the TLR, which may possibly improve the economy of the Ag extraction. However, it is indicated that the constitution in TLR may be different than in SHALR due to the alteration of present phases during TETA leaching. To understand if the potential for Ag extraction is higher from SHALR or TLR, these materials, as well as Ag flotation concentrate and Ag flotation tailings, were characterized, i.e., the four different materials: “SHALR”, which is the leaching residue from the super-hot acid leaching step seen in Figure 1; “TLR”, which is the residue from selectively Pb-leached SHALR via TETA leaching; and “flotation concentrate” and “flotation tailings”, which are product and residue from a selective Ag flotation process with SHALR as the feed material.




2. Materials and Methods


2.1. Sample Preparation


The SHALR, flotation concentrate, and flotation tailings used in this work were obtained from a Zn production plant using the RLE route. The TLR was produced by leaching SHALR with TETA, which was carried out on a pilot scale by IMN in Gliwice, Poland. All collected test materials were first split into samples of approximately 800 g via coning and quartering and stored in sealed plastic bags. The samples for characterization were dried, pulverized with a steel rolling pin, and split into samples of approximately 5 g using a riffle splitter.




2.2. Characterization Methods


For the chemical composition, samples microwave digested in aqua regia were analyzed by ICP–OES. The mineralogical composition of the samples was studied by X-ray diffraction (XRD), which was performed using a Malvern Panalytical Empyrean diffractometer applying Cu Kα radiation at 45 kV and 40 mA mounted with a Malvern Panalytical PIXcel3D detector. The XRD was conducted in the 2θ range of 10–90°, with a 0.0260° step size and 421 s scan step time.



Scanning electron microscopy (SEM) with an energy-dispersive X-ray (EDS) detector was used to study mineralogy in detail. Manual and automated scans were performed on polished and carbon-coated epoxy samples. A Gemini Zeiss Merlin microscope (FE-SEM, Carl Zeiss AG, Oberkochen, Germany) with an Oxford EDS- Xmax 80 mm2 detector was used for manual scans. The accelerator voltage was set to 20 keV with a 1 nA emission current. A back-scatter electron (BSE) detector was used for producing SEM images. Automatic scans for quantitative target mineralogy (QanTmin) were conducted on particles in random areas on the entire sample surface within a predefined BSE grayscale using an SEM, Zeiss Sigma 300 VP (Zeiss, Oberkochen, Germany). One EDS analysis was performed in the center of each identified particle, and all point analyses were saved in a separate datasheet for each material. The compositions were analyzed using two Bruker Instrument EDS detectors (Bruker, Billerica, MA, USA) and Zeiss Mineralogic software Ver. 3.0 (Zeiss, Oberkochen, Germany).





3. Results


3.1. Chemical Composition


The chemical analysis was performed on three representative samples of SHALR and TLR; the results are shown in Table 1. The major elements were Pb, Fe, and Zn. The respective Pb, Fe, and Zn contents were 21.9%, 4.4%, and 6.9% in SHALR and 6.8%, 6.6%, and 6.2% in TLR. The chemical analysis showed that extracting Pb from SHALR via TETA leaching resulted in increased concentrations of Au and Ag by 41% and 42%, respectively.




3.2. X-ray Diffraction


The X-ray diffraction patterns for the SHALR, TLR, flotation tailings, and flotation concentrate are compared in Figure 2. The figure shows the diffraction patterns in the 2θ range of 10–65°, with relative intensities normalized to the respective highest peaks.



The diffraction pattern of the SHALR sample indicated that the dominant phases are anglesite (PbSO4), sphalerite ([Zn, Fe]S), hematite (Fe2O3), bassanite (CaSO4∙½H2O), and elemental sulfur (S0). PbSO4 had the highest relative peak intensity, and S0 had the lowest.



The crystallography in the TLR sample showed some differences compared to SHALR. The dominant phases were galena (PbS), gypsum (CaSO4∙2H2O), [Zn, Fe]S, Fe2O3, and S0. CaSO4∙2H2O had the highest relative peak intensity, and S0 had the lowest. Some PbSO4 was also present in TLR.



The major difference between SHALR and TLR was the dominant Pb phase, and what phase CaSO4 exists in. The dominant Pb phase in SHALR was PbSO4, whereas in TLR, it was PbS, and CaSO4 was less hydrated in SHALR (CaSO4∙½H2O) compared to in TLR (CaSO4∙2H2O). Both materials had a diffraction pattern matching S0, with clear peaks, which indicates its presence in both materials.



The diffractogram of the flotation concentrate shows clear peaks corresponding to three dominant mineralogical phases: [Zn, Fe]S, S0, and PbS. The matched peaks for S0 were clearly distinguished. The dominant phases in the flotation tailings were PbSO4, CaSO4∙½H2O, jarosite (NaxX1−xFe3(SO4)2(OH)6), and [Zn, Fe]S. Peaks corresponding to S0 could not be matched to the diffractogram.




3.3. Scanning Electron Microscopy


A BSE detector was used to produce the images seen in Figure 3, Figure 4, Figure 5 and Figure 6, where brighter areas represent phases with higher atomic numbers. Particles of different brightness were selected and analyzed in each sample to determine how the different phases are distributed throughout the materials. The point analyses are summarized in Table 2, and each typical composition of elements (in atomic %) was assigned to a possible mineral. The possible minerals that were identified in the manual SEM-EDS analyses and stated in Table 2 are marked in Figure 3, Figure 4, Figure 5 and Figure 6.



For the automated mineral scan, all particles within a predefined grayscale at random sites across the entire surface of each sample were analyzed. The particle size area and EDS analysis in atomic % were saved for each analyzed point. The materials were dried before analysis. Therefore, particle size distribution and specific particle size of different phases may not be fully representative of the original moisture materials.



3.3.1. SHALR


Particles of different brightness in the SHALR sample analyzed by point analysis with EDS are marked in Figure 3. The material contained mostly small grains < 10 µm surrounding larger grains ranging from to 10 µm to >100 µm. Five different phases found in the SHALR material could represent the following minerals: A, ZnS/(Zn, Fe)S; B, CaSO4; C, BaSO4; D, SiO2; and F, PbSO4.



An automated scan was set up with the Zeiss Mineralogic software, where 29,194 random particles were analyzed throughout the sample. Apart from the same phases found in the manual SEM-analysis, the automated scan identified molybdenum (Mo), molybdenum dioxide (MoO2), Pb, PbO, barium (Ba), and barium sulfide (BaS). Out of the analyzed points, 17 Ag-rich particles were identified, about 0.058% recurrence. The identified Ag phases could represent Ag sulfide (Ag2S), Ag chloride (AgCl), and metallic Ag (Ag0), where Ag2S was most commonly occurring. S0 was analyzed in 15 points throughout the SHALR sample, which represents a 0.05% recurrence.




3.3.2. TLR


The TLR samples were analyzed similarly to the SHALR samples to gain an understanding of how the composition and mineralogy change during the Pb leaching. Six different phases were identified in the material containing fine particles of various sizes. The different phases marked in Figure 4 possibly represent the following minerals: A, ZnS/(Zn, Fe)S; B, CaSO4; C, BaSO4; D, SiO2; E, FeOX; and H, [Pb, Ba]-sulfate solid solution. The same type of automated scan as for SHALR was conducted on TLR, where 3094 random particles were analyzed. Apart from the manually identified phases, the automated scan found Mo, MoO2, Ba, BaS, Pb, and PbS. Out of the 3094 analyzed points, 29 Ag-rich particles were found, with about a 0.93% recurrence, which was significantly more often than for SHALR. The identified phases were Ag2S, AgCl, Ag0, and Ag/copper sulfide ([Ag, Cu]S), where the most common Ag2S and AgCl occurred about as often. S0 was analyzed in 8 points throughout the TLR sample, which represents a 0.26% recurrence, which was also significantly higher than in SHALR.




3.3.3. Flotation Concentrate


Due to the difficulty in finding Ag phases in SHALR and TLR, a manual SEM scan was performed on a sample of the flotation concentrate to gather information about in which phases Ag may be present in SHALR. Particles marked I1–I9 correspond to different Ag-rich areas with varying composition. In general, the main components in these areas were Ag (19–50 atomic %), S (2–46 atomic %), and Cl (9–26 atomic %), with varying contents of trace elements such as Ba, Pb, bromine (Br), Zn, Fe, and Si. The Ag-to-S ratio in these particles varied significantly from 0.5 to >10. The different phases marked in Figure 5a could represent the following minerals/compounds: A, ZnS/(Zn, Fe)S; B, CaSO4; G, S0. Phases I1–I9 in Figure 5b correspond to a few of the Ag-rich particles with different compositions.



The point analyses of Ag particles found in the flotation concentrate were marked and are presented in Table 3. To be able to categorize the Ag phases, the analyzed particles were assigned to a group (α, β, γ, and δ) depending on the general composition given by the EDS analyses. Phases with significantly different compositions were assigned to different groups, whereas variations in a limited composition range were allowed within the groups, as the chemical composition was based on EDS analyses. The results suggest the presence of at least four different Ag phases, with the β phase being the most common. The chemical composition range of each Ag phase was as follows:



	α
	(I1) approximate Ag/S-ratio 1/2,
	high S (≈50%), low Cl (<10%)



	β
	(I2–I5, I7, I9) approximate Ag/S-ratio 15/1,
	high Cl (>20%), low S (<5%)



	γ
	(I6) approximate Ag/S-ratio 2/1,
	high Cl (≈20%), high S (≈20%)



	δ
	(I8) approximate Ag/S-ratio 1/1,
	high Zn (≈20%), high S (≈20%)









3.3.4. Flotation Tailings


The identified phases in the flotation tailings, marked in Figure 6, possibly represent the following minerals/compounds: B, CaSO4; C, BaSO4; D, SiO2; E, FeOX; F, PbSO4; H, Pb-Ba solid solution; and J, KAlSi3O8. BaSO4 and PbSO4 were mostly found together, as seen in Figure 6b. PbSO4 surrounds BaSO4 in Figure 6b, whereas in Figure 6c, there is no visible border between them (H). The FeOX phase has what looks like a “porous” structure, as seen in Figure 6a.






4. Discussion


SHALR and TLR, as two potential sources for Ag extraction, have some major differences in their characteristics. The dominant Pb phase in SHALR is PbSO4, whereas the dominant phase in TLR is PbS. TETA selectively leaches the PbSO4, and Pb2+ is solvated by electron pairs on nitrogen atoms, forming an ionic couple with SO42− [16]. TETA can function as a reductant. This may suggest that the S present as SO42 undergoes a reduction from oxidation state +VI to −II. Since S progresses from a positive to a negative oxidation state, it is not improbable that some S0 are formed. This was also indicated by the automated SEM analysis on SHALR and TLR. S0 was analyzed in 0.26% of the analyzed points in TLR, whereas only 0.05% of the analyzed points in SHALR corresponded to S0.



Since the Pb content in TLR is significantly lowered compared to in SHALR, a concentration of the other metals is expected to become higher if these are not forming complexes with TETA. Zn has, e.g., a greater stability constant than Pb when it comes to complex formation with TETA [19]. Therefore, Zn is co-leached with Pb, which explains why Zn does not follow a similar trend as other elements. If present, similar could be expected for Cu and Ni since these metals also have a greater stability constant for TETA complex formation than Pb.



The BaSO4 phase was identified in both SHALR and TLR via SEM-EDS. However, the XRD results did not indicate that any Ba phase would be present in these materials. The Ba phases that were identified via SEM were sulfates, which could explain the absence of Ba phases in the XRD results. BaSO4 and PbSO4 have quite similar diffraction patterns [20], and they may form a complete solid solution [21]. In the SEM analysis of the flotation tailings, Ba and Pb sulfates were identified in the same particles throughout the sample, with a visible gradient of PbSO4 surrounding a BaSO4 core. This suggests that the Ba sulfate exists as a solid solution with Pb. The automated mineralogical scan also suggested that Ba and Pb also exist in their elemental states. It could be possible that these two elements exist as stable fluorides. Fluorine is too light to be detected in the analysis by the EDS used in the present study, and since the secondary feed materials for Zn production possibly contain fluorine [22,23], the existence of PbF2 and BaF2 is probable. The presence of (Pb, Ba)SO4 in TLR also hints that some of the Pb in SHALR might not be accessible for TETA leaching due to being locked in the solid solution structure with Ba.



Most of the smaller particles were difficult to analyze individually by SEM since the size of the electron beam and the interaction volume would result in an analysis point larger than the particle itself. The interaction volume of the electron beam might have affected the analyses of these particles, resulting in an analysis that is not fully representative of the targeted particle.



During flotation, the hydrophobic phases such as sulfides, elemental sulfur, and all Ag phases are floated and enriched in the concentrate, whereas the sulfates and oxides are directed to the tailings; however, CaSO4 is found in both fractions. The XRD results indicated that there are significant amounts of S0 present in all materials except the flotation tailings. Higher recurrence of S0 in TLR compared to in SHALR, as shown in the automated SEM analyses, indicates that there would be more elemental sulfur present in the TLR. This could be considered a potential problem for further noble metal extraction due to the tendency of elemental sulfur to coat Au and Ag particle surfaces, especially in oxidative leaching [24,25,26,27,28].



Due to the low Ag content in the SHALR and TLR, the results from the manual SEM scan yielded limited information about present Ag phases. The study of the Ag concentrate showed which potential Ag phases could be expected in SHALR and TLR. At least four different Ag phases were identified: Ag2S, AgCl, [Ag, Cu]S, and Ag. Similar phases were identified in SHALR and TLR, with one exception: the [Ag, Cu]S was not detected in SHALR. It is reported in the literature that depending on which Ag phase is dominating, the selected method of Ag extraction can vary. In the case of an AgCl-dominated material, the use of acidic thiourea leaching in a non-oxidizing atmosphere or thiosulfate leaching under mild oxidant and elevated temperatures has proven relatively successful [29]. However, if the system is dominated by Ag2S, thiosulfate leaching with Cu and ammonia as additives [30], as well as oxidative thiourea leaching, has been proven successful [31]. This indicates that the high leachability of Ag might be difficult to achieve if Ag exists in different stable phases, such as Ag2S and AgCl.




5. Conclusions


The presented work outlines the characterization of high Pb and Ag containing Zn leach residue to enable further metal extraction. The characterization study mainly focused on the differences and benefits of treating SHALR via selective Pb leaching before further metal extraction or extracting metals from SHALR.



The characterization study showed that the main phases in SHALR were PbSO4, [Zn, Fe]S, CaSO4, BaSO4, and SiO2. The main phases in TLR were similar to those for SHALR except for the Pb that mostly was found as PbS in the selectively Pb-leached SHALR. The remaining PbSO4 is found in a solid solution with BaSO4.



The Ag phases identified in SHALR were Ag2S, AgCl, and Ag0. The Ag content in TLR was enriched by 42% after Pb leaching, and the identified Ag phases were Ag2S, AgCl, [Ag, Cu]S, and Ag0.



Based on the results, Ag is a suitable target for further extraction from SHALR or TLR. The upgrading of the Ag content by removing the Pb could improve the extraction efficiency, but the indicated larger content of S0 in TLR may have a negative impact on the leaching of Ag. Furthermore, the presence of different Ag phases in both SHALR and TLR might pose a challenge in Ag extraction, as the optimum leaching conditions differ.
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Figure 1. General flowsheet of Zn production via roasting, leaching, and electrowinning, with two possible treatment methods of the generated leaching residue, SHALR. 
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Figure 2. X-ray diffraction pattern for SHALR, TLR, flotation tailings, and the flotation concentrate. The diffractograms are plotted with relative peak intensities vs. 2θ. 
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Figure 3. SHALR sample analyzed by SEM-EDS with five identified phases: A, ZnS/[Zn, Fe]S; B, CaSO4; C, BaSO4; D, SiO2; and F, PbSO4. 
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Figure 4. TLR sample analyzed by SEM-EDS with a few identified phases marked: A, ZnS/(Zn, Fe)S; B, CaSO4; C, BaSO4; D, SiO2; E, FeOX; and H, (Pb, Ba) SO4 solid solution. 
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Figure 5. Flotation concentrate sample analyzed by SEM-EDS. Image (a) shows the general mineralogy of the sample. Image (b) shows a few Ag-rich particles, all with varying compositions. A, ZnS/(Zn, Fe)S; B, CaSO4; G, S0; and I, Ag- and S-rich particles as defined in Table 3. 






Figure 5. Flotation concentrate sample analyzed by SEM-EDS. Image (a) shows the general mineralogy of the sample. Image (b) shows a few Ag-rich particles, all with varying compositions. A, ZnS/(Zn, Fe)S; B, CaSO4; G, S0; and I, Ag- and S-rich particles as defined in Table 3.



[image: Metals 14 00073 g005]







[image: Metals 14 00073 g006] 





Figure 6. Three sites of the flotation tailings sample analyzed by SEM-EDS with a few identified phases marked: Image (a) shows the phases E, FeOX and J, KAlSi3O8, image (b) the phases C, BaSO4; D, SiO2 and F, PbSO4; and image (c) the phases B, CaSO4 and H, (Pb, Ba)SO4 solid solution. 
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Table 1. Average concentrations of the major elements in three samples of each SHALR and TLR are given in weight percent.
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	Material
	Pb
	Zn
	Fe
	Unit





	SHALR
	21.9 ± 0.4
	6.9 ± 0.1
	4.4 ± 0.1
	%



	TLR
	6.8 ± 0.0
	6.2 ± 0.1
	±0.0
	%










 





Table 2. The major elements of the possible mineralogical phases marked in the SEM images presented in Section 3. All analyses are given in atomic %.
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	Element
	A
	B
	C
	D
	E
	F
	G
	H
	J





	Al (%)
	
	
	
	
	
	
	
	
	7.5



	Ba (%)
	
	
	10–20
	
	
	
	
	5–10
	



	Ca (%)
	
	10–20
	
	
	
	
	
	1–2
	



	Fe (%)
	1–5
	
	
	
	40–50
	
	
	1
	



	K (%)
	
	
	
	
	
	
	
	
	7.5



	O (%)
	
	60
	60
	66
	50–60
	60
	
	50
	60



	Pb (%)
	
	
	
	
	
	10–20
	
	10
	



	S (%)
	30–50
	10–20
	10–20
	
	
	10–20
	84–92
	20
	



	Si (%)
	
	
	
	33
	
	
	
	
	23



	Sr (%)
	
	
	1–2
	
	
	
	
	1–2
	



	Zn (%)
	30–50
	
	
	
	
	
	<1
	
	



	Possible

Mineral
	ZnS,

(Zn, Fe)S
	CaSO4
	BaSO4
	SiO2
	FeOx
	PbSO4
	S
	(Pb, Ba)SO4

solid solution
	KAlSi3O8










 





Table 3. The composition of the different Ag phases, which are marked in Figure 5b, based on SEM-EDS point analyses. All analyses are given in atomic %.
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	Element
	I1
	I2
	I3
	I4
	I5
	I6
	I7
	I8
	I9





	Ag
	19
	46
	45
	42
	56
	39
	50
	25
	46



	Br
	2
	12
	13
	8
	7
	6
	4
	4
	7



	Cl
	9
	23
	22
	26
	23
	17
	19
	11
	17



	O
	18
	10
	12
	18
	6
	12
	20
	14
	19



	S
	46
	4
	3
	2
	3
	20
	3
	24
	6



	Si
	3
	1
	1
	1
	1
	2
	1
	2
	1



	Zn
	3
	4
	4
	3
	4
	4
	4
	20
	4



	Group
	α
	β
	β
	β
	β
	γ
	Β
	δ
	β
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