American Mineralogist, Volume 58, pages 936-941, 1973

SyntheticArgentojarosite:
PhysicalPropertiesand
ThermalBehavior
ArrxlNnnn Mnv
TuscaloosaMetallurgy ReseqrchLaboratory, U.S. Bureau ol Mines,
Tuscaloosa.Alabama
J. J. SrosrRG, AND E. G. BeclrN
Reno Metallurgy Research Center, U.S. Bureau of Mines, Reno, Neuada
Abstract
Artificial argentojarosite, AgEFe€(OH)-(SO.)., prepared in connection with U. S. Bureau of
Mines research on refractory silver ores, has been synthesizedin considerably greater quantities
than in previous studies. As a result, a detailed study of its thermal decomposition, optical
properties, and physical properties was possible by a combination of chemical analyses, differential thermal analyses, X-ray diftraction, and optical techniques. Cell dimensions are a =
7.347 (-r.OlO), c - 16.580 (-r.053); refractive indices are e - 1.789-1.790,o = 1.889-1.890.
Twenty-nine observed X-ray diftraction reflections including reflection indices, relative intensities, and observed and calculated d-spacingsare listed.

Introduction
An appreciable fraction of the silver in some lowgrade ores is refractory to conventio'nal cyanidation.
Recent studies have shown that ores of this type are
also refractory to the more severe treatment sequence
involving the electrolytic oxidation procedure developed by the Bureau of Mines, followed by cyanidation.1 According to electron microprobe data, the
silver often occurs as argentojarosite and as varieties
of oxide and sulfide minerals. After leaching, some
silver-bearing minerals are depleted, but jarosite is
usually unaffected. Unfortunately, pure samples of
argentojarosite are rarely found because argentojarosite is generally closely associated with one or more
of the following minerals: potassium jarosite, plumbojarosite, iron oxides, and fine-grained silica. Thus,
in an attempt to learn more about the nature of
argentojarosite to aid in increasing the extraction of
silver from refractory ores, synthetic argentojarosite
was prepared and its physical properties and thermal
behavior were studied.

'8.

J. Scheiner, D. L. Pool, J. J. Sjoberg, and R. E.
Lindstrom, Extraction of silver from refractory ores, Reno
Metallurgy Research Center, Bureau of Mines, U. S. Department of the Interior, to be published.

Synthesis of argentojarosite was reported by Fairchild (1933); however, the yield was too small for
a complete analysis. Silver was determined to be
19.1 percent Ag2O compared with a theoretical 20.3
percent. Refractive indices were determined as e :
1.785, <,r= 1.880, which agreed with the refractive
indices of the natural mineral. In contrast to Fairchild's work, the present synthesesgave good yields.
Complete chemical analyses, refractive indices, cell
dimensions, and specific gravity were obtained, and a
gomprehensive thermal study of the synthetic argentojarosite was performed.
Differential thermal analyses of this synthetic
argentojarosite gave approximately the same peaks
as for the natural argentojarosite studied by Kulp and
Adler (1950). However, extensive weight loss experiments performed at fixed temperatures, coupled
with X-ray diffraction analyses of the products obtained at various temperatures, resulted in a somewhat different interpretation of the differential thermal analysis peaks from that of Kulp and Adler

( 19s0) .
Chemical analyses of jarosites frequently reveal
that the amount of water is greater than theoretical,
and the alkali metal content is lower than theoretical
@rophy, Scott, and Snellgrove, 1962; Kubisz, 196l).
We obtained thesesame results. Brophy and Sheridan
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(1965) attributedthe "excess"water to hydronium
ions. However, by consideringthe total volatile
material, we concludethat hydronium ions may not
adequatelyexplainthe apparentdiscrepancy.
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Fairchild (1933), in his synthesis of argentojarosite, started with a saturated solution of Ag2SOa
mixed in a 1:3 M ratio of AgzSO+and Fez(SO+)g,
plus a 20 percent excess of the latter, in 1.5-3 N
H2SO4.These reactants were heated in a sealed tube
for three days at 110'-200'C. The crystals that
formed were washed with water and dried.
In the present work, synthetic argentojarositewas
prepared by a method similar to that used by Brophy
et al (1962) to make jarosite and natrojarosite. Due
to the limited solubility of Ag2SO+, low concentrations were necessary. Samples were prepared under
the following two, conditions :
L Preparation in 0.2 N HNO,.
3.27 g (10.5
millimoles) AgSOa was dissolved in a boiling solution containing 100 millimoles HNOB in 437 ml
HzO. 63 ml hot 0.5 M Fez(SOr)e solution was added
to the Ag2SOa solution. The mixture was refluxed at
97"C for approximately 20O hours. A mustardcolored precipitate was filtered off, washed thoroughly
with water, and dried over anhydro rs CaSOa. The
yield was 73 percent based on total Ag content o
the mixture.
2. Preporation in 0.2 N HrSOr. 3.27 g (1O.5
millimoles) AgzSO+ was dissolved in 430 ml boiling
IJ2O. 63 ml hot 0.5 M Fez(SO+)gsolution and 5.7
ml 17.6 N H2SO4 (100 meq) were added to rhe
AgdOn solution. The total volume was 500 ml. The
mixture was refluxed and the product recovered as
above. The yield was 86 percent based on total Ag
contentof the mixtureElemental analysesfor these two samples are reported in Table 1. X-ray diffraction patterns for both
products were identical with no evidence of unreactedAg2SOaor Fer(SOa)3.
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Physical Properties
Physical properties of the artificial argentojarosite
prepared in this study are summarized in Table 2.
Optical properties were obtained by using standard
oil immersion grain mount techniques on a polarizing
microscope.
The material was quite homogeneous and very fine
grained, with individual crystals ranging from less
than a micron to nearly 10 microns in diameter. Most
grains were euhedral cube-like rhombohedrons, ap
proximately 3-7 microns across.
Maximum observed refractive index was . :
1.889-1.890, while the minimum observed was € =
1.789-1.790, giving a birefringence of (, - € :
-0.100. Excellent interference figures were obtained,
confirming that the material was uniaxial negative.
Individual crystals showed a strong yellow color in
the grain mounts but only weak pleochroism. The
bulk powder was deep yellow to yellowish brown in
color.
X-Ray Difiraction

and Density Measurements

X-ray powder diffraction measurementswere made
on a modified General Electric xno-5 Diffractometer2
using a Cr target X-ray tube (I = 2.290924).
Powder smears on gla.ssslides were scanned at 20
20/min for identification, while the scans used for
obtaining lattice parameterswere run atO.2" 20/min,
with tungsten metal (a : 3.165164 @ 25'C) as
an internal standard. Figure 1 shows a typical scan
Tlsrs 1. ElementalAnalysesof SyntheticArgentojarosite of the synthetic argentojarosite; Table 3 lists 29
Samples(Wt Percent)
indices, corresponding relative intensities, observed
d-spacings, and calculated d-spacings. The major
Calculated
for
Sample
Sample
Ag2fe6(OH)12(S04)4
prepared
in HNO3
prepared
peaks were initially indexed by analogy to existing
in H2S04
Ag
Fe
S

o
H

18.94
29.4L

rr.26
39.33
1.06

t7.72
29.4
1r.0
40.2
1.08

1 7. 1 0
29.1
1 1 .4
4 2. 6
L.34

'Reference to specific brand names is for identification
only and does not imply endorsement by the Bureau of
Mines.
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Frc. 1. X-ray diffractometer pattern of syntheticargentojarosite(CrKa).

ASrM cards for jarosite (Card No. 10-443) and
natrojarosite (Card No. ll-302). These were later
confirmed and other minor peaks indexed by comparing d-spacings calculated from possible hkl combinations and the refined a and c values. Using a
Wang 700 Programmable calculator, a and c unit
cell dimensions were computed for over 65 possible
line pair combinations. The average a value obtained
was 7.347 i0.010A while the c value was 16.580
:L0.053A.
The calculated density was 3.660, which agrees
closely with values reported in the literature. Because
of the size and very fine-grainednature of the sample,
obtaining a measured density proved fairly difficult;
however, by using a Beckman Air Comparison
Pycnometer (Model 930) calibrated with measured
steel bakbearings that bracketed the sample volume,
C,

a value of 3.62 :L0.11 was obtained, which agrees
quite well with the calculated density of 3.660 g/cm".
Thermal Behavior
and weight
Differential thermal analysis (lre)
loss experiments were performed on the synthetic
argentojarosites.A typical DrA scan, shown in Figure 2, was obtained on a R. L. Stone difterential thermal analyzer (Model xt-2u). Since the DrA runs
used only approximately 50 mg, a number of larger
samples (300 mg) were heated to constant weight
at 20O",350', 500', and 800"C so that chemical
analyses and X-ray diffraction identification could
be performed.
Correlation of the weight loss data (Table 4) with
the X-ray diffraction data of the decomposition
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products indicates that thermal decomposition of
synthetic argentojarositeproceedsas follows:
(1) At 200"C, only a small loss in weight occurred,
probably due to adsorbed moisture as the X-ray pattern still showed the presence of the jarosite structure.
(2) At 350'C, the samples darkened and very
slowly lost weight (averaging 9.3 percent loss) as
the jarosite structure disappeared. This decrease in
weight closely corresponds to the removal of hydroxide groups as water, with the subsequent destruction of the jarosite crystal structure, as summarized by the probable reaction:
Ag'Fe.(OH),,(SOn)* ---+Ag,SOa * Fe,(SOo),
I 2Fe"O', + 6H,O1.

TenI-e 3. X-ray Powder Diftraction
Data for Artificial Argentojarosite
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The exact nature of the decomposition products
formed at 350'C could not be determined by X-ray
diffraction because only a poor, rather complex
pattern was obtained.
(3) When heated at 500"C for a short time, the
samples appeared unchanged. However, on prolonged heating, they very slowly attained constant
weight with a weight loss averaging 23.5 percent.
The probable reaction is:
Ag,SO, *

Fe,(SOn),* 2Fe,O,
--+ Ag,SOa * 3Fe,O, + 3SO,t.

<2)
X-ray diffraction analyses of the solid products
formed at 500'C confirmed the presence of only
Fe2O3and Ag2SOa.
(4) Finally, prolonged heating at 800.C decomposed silver sulfate into Ag (metal) plus SOs and O:,
thus:
Ag,SOo'* 3Fe,O,

--->2Ag
* 3Fe,O,+ So3l + t/2o,1.

(3)

The presenceof silver metal and iron oxide was also
confirmed by X-ray diffraction. This compares favorably with Hegediis and Fukker (1956) who found
that Ag2SOqdecomposedin air above 79O"C.
DTA

Interpretation
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with some of the peaks for silver sulfate, iron oxide,
and a number of iron sulfate compounds. The fact
that the first DTA peak does not occur closer to
35OoC, as would be expected from the weight loss
studies, is probably due to a time lag problem involving the reaction rates of decomposition. The ore
runs were made at -lO-15'/min
while many hours
were required to achieved equilibrium in the weight
loss experiments.Kulp and Adler (1950) incorrectly
assigned the 450' peak to the decomposition of
AgzSO+ while, in fact, Ag2SOa merely undergoes an

EXOTHERMIC
i
|

With weight loss and X-ray diffraction data as a
basis, the DrA curve (Fig. 2; was interpreted as follows: The large endothermic peak from 400"-480.C
corresponds to the decomposition of the argentojarosite into Ag2SO+ and other products. X-ray
diffraction scans on samples that had been heated
in the lre to approximately 500"C gave only poor
patterns; however, peaks were present that coincided
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Ftc. 2. Differential thermal analysis curve of synthetic
argentojarosite (heating rate approximately 10'C/min.).
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Loss in Wt Percent on Heating to Constant
Weight
Theory

HNq

prep

HrSO" prep

Loss in aeigh. (perccnE):
I m Hg
@200' C, 18 hrs
(as adsorbed moisture)
G350' C, 21 hrs 650 m
(as bonded vatcr)

Hg

G5o0' c, 47 hrs
650 nm
(as S0. fror F%(So+)3)
G800" c, 90 hrs
650 mn
(as Sq + op from Ag?S04)
Toral ueighE loss
cxcludinr
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10 2L

8.36

2L 08

22 66

24 40

a44

5.85

638

t9 0l

3 8 . 12

39 14

I
Adsorbedwater..
Agro..
FezOa..
S O s . .. .

Percent,
by weight
O.42
18.37
4 1. @
28.46

Sum....

88.85

Remainder.

11.15
il

adsorl

endothermicinversionnearthis temperature(432"C,
Barshad,1952). Thus, the 450' peak we observed
is probably a double peak, partly due to breakdown
of the argentojarositestructure into various iron
sulfate compounds and AgzSOr, and partly due to
the inversionof the A9SO+ just formed.
Kulp and Adler (1950) attributed the small
exothermicpeak at 510"C to the crystallizationof
Fe2O3formed during the argentojarositebreakdown.
In our study, the exact nature of this small peak
could not be determined;however, FerO" was present in all samplesheatedto approximately500oC,
both in the ore and in the weight loss experiments.
It appears,though,that FezOsis formed, at least in
part, directly from the initial breakdown of the
argentojarsite.
The endothermicpeak at about 630'C probably
correspondsto the melting of Ag2SOaformed earlier.
A ou run on pure AgSOa gave endothermicpeaks
for both the inversion point at -430oC and the
meltingpoint at -650"C.
Kulp and Adler (1950) assignedthe 720"C peak
to the decompositionof Fez(SOa)3,which is apparently correct. In spite of the weight loss data,
Fez(SO+)swould probably be presentbecauseof
the short time span of the nre run. Fez(SOr)aproduced during the 450"C decompositionof the
argentojarositeapparentlydid not have time to convert completely to FezOs. Dre runs on pure Fe2
(SOn)udid showa largepeak at abaut720"C,while
samples of the artificial argentojarositethat had
been heated to constantweight at 500oC showed
only the 450o and 630o peaks for AgzSO+.
ttExcessttWater
Alternate ways (I and II) of representingthe
compositionof argentojarosite
are:

Total volatiles
Ag.....

39.56
17.10

FezOg. .

4r.@

Sum...

98.26

Remainder.

1.74

The numbers are calculated from the elemental
analysesin Table 1 and the weightlossdatain Table
4 for the H2SO4preparation.
If the remainderin listing I is taken as structurally
an excessof 1.66percent
bondedwater,it represents
water above the theoreticalvalue of.9.49 percent.
Brophy and Sheridan(1965) postulatedthat jarosites contained hydronium ions. Thus they subtracted the theoretical amount of water from the
remainder and calculated the difference as H3O*,
which in the above instancewould be 1.66 percent
H3O.. SinceII3O. is a cation, its amount was added
to the alkali metal or silver, and by so doing, corrected for both the low alkali metal content and
the high water content. Thus, in listing I, Ag2O
plus H3O- equal 20.03 percentas comparedwith the
theoreticalvalueof 2O.34percentfor AgeO.
The total volatile material in listing II was determined by loss in weight measurementsand represents all adsorbedwater, bonded water, SOs, O2,
and any other volatile material.The remaining1.74
percent was non-volatile at 800oC, thus excluding
the presenceof hydronium ions in the solid products.
X-ray patterns did not indicate the presenceof unreactedAg2SO+or Fez(SO+)3in the syntheticargentojarosite, and in any case,any adsorbedAg or Fe
saltswould be includedin the sum of listing IL Spectrographic analysisof the argentojarositeshowedAl,
Mg, Pb, and Mo, all at lessthan 0.005 percent, and
Si at 0.01 percent, with 23 other elementsundetected.
Sincethe valuesin listingsI and II are basedon
only a few analyses,no attempt has been made in
this report to explain the significanceinvolved other
than to point out that any discrepanciesfrom theo-
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retical values, that in one case were interpreted as
"excess"water, can also be interpreted as unidentified solid impurities.
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