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INTRODUCTION

The thesis problem selected was to determine in 
what form the iron in ferriferous sphalerites exists. These 
sphalerites are commonly referred to as marmatite and contain 
as much as ZQfjo iron."u?he composition is always such that the 
ratio of metal atoms to sulfur atoms is 1:1.

The presence of iron in zinc concentrates is object
ionable for many reasons the foremost of which is the recovery 
of zinc is lowered due to the formation of insoluble zinc 
ferrite during the roasting process. Knowledge of the nature 
of the iron in the sphalerite could possibly throw some light 
on a means of extracting it from the concentrates prior to the 
roasting process thus increasing the percent recovery of zinc.
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DISCUS3I0II OF THE PROBLEM

Two possibilities exist for the form in which the 
iron atoms are present in the ferriferous sphalerites:
(1) they may exist as a separate and distinct phase of an 
iron-sulfur compound, or (2) they may occupy positions in the 
sphalerite lattice which normally would be filled by zinc 
atoms if no iron were present.

The methods of x-ray diffraction are applicable to
the determination of which of the above-mentioned alternatives
is holding forth. These methods are well described in the
references cited-at the end of this paper and many other
publications. In addition if the second case above is in

«

effect, x-ray diffraction data should give information of the 
effect of iron atoms on the lattice.

In an analysis of this type the desirability of 
having zinc-iron-sulfur compounds ranging in iron content from 
a few percent iron to about twenty percent iron free from 
other compounds of iron and sulfur can easily be appreciated. 
However, such compounds rarely exist in natural form and 
therefore a portion of this work was devoted to attempts to 
produce zinc-iron-sulfur compounds synthetically.
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SUMMARY OF EXPERIMENTAL WOHX

Production of Synthetic Marmatite
The production of synthetic zinc-iron-sulfur com

pounds was approached on the basis of preparing melts of 
mixtures of zinc sulfide and iron sulfide and subsequently 
following the cooling curves to determine if any reaction 
occurred in the melt during cooling. Due to the fact that

j Jzinc sulfide sublimes at a temperature of 1185 C and tbat
J Jthe melting point of iron sulfide is 1193°0 the melt could 

not be produced by placing a mixture of both sulfides into a 
crucible and melting. Two methods of preparing the melts 
were tried neither of which was successful.

The first procedure used was to melt the iron sul
fide in the crucible by itself and then to slowly add the 
zinc sulfide charge to the molten iron sulfide. Upon carrying 
out this procedure only a small portion of the zinc sulfide 
was taken into solution by the iron sulfide and subsequent 
additions sublimed before the full amount of the zinc sulfide 
charge could be added to the crucible.

The second procedure used involved packing the zinc 
sulfide charge in the bottom of the crucible, placing the 
iron sulfide charge in a layer covering the zinc sulfide and 
covering with a packed layer of graphite. However upon 
applying heat to the crucible the zinc sulfide again sublimed 
and no melt resulted.

This phase of the work was then abandoned.
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Selection and Preparation of Samples for X-Ray Analysis
Having failed to produce synthetic compounds for 

x-ray analysis, selected samples of marmatite, sphalerite, 
and pyrrhotite were used,

A museum type specimen of massive marmatite crystals 
from Gilman, Colorado was used for analysis. The crystals 
exhibited well developed crystal faces, were black in color, 
and were associated with pyrite and quarts. Samples of 
concentrates from Gilman assaying 14,4̂ > iron and from Lead- 
ville, Colorado assaying 12.5$> iron were also analyzed.

The specimens of sphalerite and pyrrhotite were of 
the mineral collector type and exhibited all the mineral- 
ogieal features of these two minerals. The pyrrhotite speci
men was from Horanda and the locale of the sphalerite was 
unknown.

All samples were ground in an agate mortar suf
ficiently fine to pass through 200 mesh linen screening cloth. 
For Debye-Scherrer patterns the powdered mineral was diluted 
with flour in a volume ratio of 1;2 and thoroughly mixed with 
Duco cement to form a paste. The paste was then rolled into 
a cylindrical rod about one centimeter long and less than
0.5 millimeters diameter. For back-refleetion work a paste 
of the powdered mineral, flour, and water was prepared and 
packed into a hole of l/8 inch diameter in a sheet of monel 
metal of suitable size for use in the back-refleetion camera 
specimen mount. Figure I, page 6, shows the schematic arrange
ment of the sample with respect to the x-ray beam, film, and 
flat-cassette•
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X-Ray Analysis of hatural Marmatite
JDebye-Scherrer powder patterns of the various

_ § /samples were obtained and analyzed by both, the Hanawalt
_ § /method and by the comparative method. Baek-refleetion 

patterns war© also taken and analysed by utilizing the Bragg 
equation.
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EQUIPMENT

Por the experiments on the production of synthetic 
marmatite a 6 kilowatt Ajax-IIorthrup induction furnace was 
used with a graphite crucible.

The x-ray diffraction work was done with a aeneral 
Electric 50 kilovolt x-ray diffraction unit a photograph of 
which is shown in Plate I, page 9. This unit operates with 
a sealed Coolidge type x-ray tube, and records the diffraction 
pattern on a special x-ray photographic emulsion, Debye- 
Scherrer circular cameras of 14,32 centimeters diameter and 
a Sachs flat-cassette type back-rellection camera were used 
to obtain the diffraction patterns of the powdered specimens.

Selection of Hadiation
X-ray tubes having molybdenum, copper, iron, and 

chromium targets were available for use. The molybdenum radi
ation wbuld be the most desirable as its low characteristic 
emission wavelength of 0,708 angstrom units makes possible 
diffraction from planes of smaller interplanar spacing than 
is possible when using radiation of longer wavelength from 
the other available targets. However the absorption edge of

_i/iron is 1,739 angstrom units and that of zinc is 1*2805
J jangstrom units. If molybdenum radiation were used fluo

rescent x-rays from the zinc and iron atoms would cause 
fogging of the film which could only be prevented by use of 
a manganese-copper filter. Jhirther the low dispersion of the 
diffracted rays would not be conducive to showing displacement
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of the diffraction lines on the film when analyzed by the 
comparative method.

Copper radiation has a k-alpha one emission wnve- 
length of 1.537 angstrom units and thus would produce fluo
rescent x-rays from the iron atoms but not from the zinc 
atoms. Since the iron in the marmatite represents only a 
small portion of the sample and in using Debye-Seherrer 
cameras only a small amount of the sample is exposed to the 
x-ray beam satisfactory patterns of marmatite were obtained 
for comparison with sphalerite using copper radiation. Due 
to the increase in the amount of sample exposed to the x-ray 
beam when using the baek-reflection camera the amount of 
fluorescent x-rays is greater than when using Debye-Seherrer 
cameras and sufficient to cause fogging of the film. For 
this reason iron radiation with a k-alpha one emission wave

j Jlength of 1.932 angstrom units was used to obtain back- 
re fleet ion patterns. Debye-Seherrer patterns were also 
obtained with iron radiation.
Film

All patterns were recorded on Eastman Kodak Medical 
X-Ray Film. This film, commonly known as "No-Screen" has a 
super sensitive emulsion applied on both sides of the cellu
lose base. After exposure the films were developed in 
Eastman Liquid X-Ray Developer in accordance with recommended 
practice depending upon the temperature of the bath, fixed 
in Eastman Liquid Fixing Bath for 10 minutes, washed for 
20 minutes, and allowed to dry in air.
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Pattern Analyzer
All patterns were analyzed on a Picker X-Ray 

Diffraction Film Scale.



12

RESULTS OF EXPERIMENTAL WORK

Che experimental interplanar spaeings as calculated 
from the Beuye-Seherrer patterns using the Table of Inter
planar Spaeings far Crystal Structure Determinations by X-Ray

J JDiffraction are shown in Table I, page 13, along with
_£/published data of the ASTM Card Index for sphalerite and

Iron sulfide. The experimental results for sphalerite compare
#

favorably with the published data and none of the strong lines 
of the iron sulfide appear in the calculated date for the 
marmatite pattern.

A comparison of the patterns is shown in Plate II, 
page 14, (copper radiation) and Plate III, page 15, (iron 
radiation). Examination of the plates shows that the marma
tite sample gives a pattern almost identical to that of the 
sphalerite. The difference between the two patterns lying in 
a slight displacement of the lines in the back-refleetion 
region of the pattern and the lines of the marmatite pattern 
are less intense and more diffuse than those of the sphaler
ite, Do trace of an independent pattern of a separate phase 
can be found in the marmatite pattern. The displacement of 
lines on the film indicate a change in lattice parameter
similar to that observed when comparing a pure metal pattern

4/
to that of a solid solution alloy of that metal.

Changes in lattice parameter are most accurately
J j

measured by the back-refleetion method- oe cause of the high 
sensitivity of the Bragg angle "theta" to small changes in 
interplanar spaeings at large values of "theta". Back-
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TABJM I

Table of Observed and Published Interplanar Spaeings

Observed Published
Sphalerite Marmatite Sphalerite Iron Sulfide
A=l. 537 A = l . 537 ASTM Card No. A S M  Card No.

11-1233 3333
Bel. Bel. Rel. Bel.

d Int. d Int. d Int. d Int.
3.46B* W 3.468 W
3.13 VS 3.13 VB 3 .1 2 1.0 2.97 0 .3 3
2.83 w 2.84 VW 2.88 0.04
2.69 M 2.68 M 2.70 0.7 2.65 0 .3 3
2.46 VW 2.06 1.00
2.11B w 1.71 0.33
1.91 s 1.91 s 1 .9 1 0.9 1.61 0.07
1. SOB w w 1.80B w w 1.48 0.04
1.75 w w 1.442 0,09
1.63 s 1.63 s 1.63 0.9 1.321 0,13
1.56 w 1.56 w 1.555 0.3 1.299 0.05
1.49B w w 1.179 0.01
1.35 w 1.35 w 1.35 0.7 1.050 0.07
1.24 M 1.24 M 1.24 0.8 .995 0.01
1 .2 1 w 1.20 W W 1.21 0.3
1.10 M 1.10 M 1.105 0.8
1.04 w 1.04 w 1.04 0 .7
.954 w .955 w
• 952A2 VW
.913 w .914 w .914 0.7
.910 VW .912 V W
.903A2 w w
.854 w .855 w .855 0.7
•852A2 VW
• 824 VW .825 w
•822A2 VW .823A2 w w
.779 VW .781 w
•778A2 w w

*B-d©notes diffraction of beta ray
**A2-denot©3 diffraction of alpha-2 ray
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reflection patterns of the various marmatite samples are shown 
in Plate IV”, page 17. A pattern of sphalerite was run on each 
plate in order to identify the diffracting planes, to enable 
calculation of an accurate specimen to film distance, and to 
provide a visual comparison of the marmatite and sphalerite 
patterns. The published value of the lattice parameter of

J Usphalerite of 5.412 angstroras was used to back-calculate the 
specimen to film distance. The spacings of the diffracting 
planes of the marmatite were calculated by using the Bragg 
equation and the lattice parameter determined by utilizing the 
expression for interplanar spacings in the cubic system. 
Results of the calculations are given in Table II, page 18.
The lattice parameter of the marmatite is about .01 angstrom 
unit larger than that of the sphalerite. The difference 
between the assayed marmatite samples and the selected marma
tite crystals is negligible as calculations must be carried 
to four significant figures to show any difference. This is 
beyond the limits of measurement of three significant figures.
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SUMMABY OF RESULTS

The Debye-Scherrer patterns gave indication of a
displacement of lines in the back-reflection region of the
marmatite pattern when compared to the sphalerite pattern.
The back-reflection patterns clearly substantiate this
observation along with the observation of more diffuse lines
from the marmatite sample,

A quantitative determination of the difference in
lattice parameters cannot be considered significant due to
the inherent inaccuracy of analyzing patterns by visual
means. However, qualitatively the patterns show a similar
diffraction pattern for marmatite and sphalerite with a
slight increase in the lattice parameter of the marmatite,

8.9/
This is an indication of the presence of a solid solution
of iron in the sphalerite. The appearance of broadened
diffuse lines gives further evidence of the possibility of

10/
having a solid solution. Bunn points out the fact that 
varying compositions of several crystals will produce line 
broadening on the photograph. In considering the formation 
of a zinc-iron sulfur crystalline compound by deposition from 
solution we have a situation suitable for the formation of

11/crystals of varying compositions. Further, Sproull indicates 
line broadening or diffuseness of lines can be due to the 
presence of micro-strains in the crystal. With a substi

tutional solid solution of iron in the sphalerite lattice the 
formation of micro-strains in the lattice is highly possible 
as the cohesive forces existing between sine, iron, and sulfur



so

atoms are not the same as those existing between zinc and 
sulfur atoms alone.

The smell change in lattice parameter is evidence 
that the zinc and iron atoms are very nearly the same size.
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conclusion

The experimental results have led me to the con
clusion that ferriferous sphalerites consist of a substi
tutional solid solution of iron in sphalerite. X-ray dif
fraction analysis does not give any evidence of the presence 
of a separate and distinct phase other than that of the 
sphalerite.

An accurate quantitative determination of the change 
in lattice parameter could be made if a micro-photometer were 
used for determining the positions and intensities of the 
diffracted rays thus avoiding the inherent inaccuracy of 
visual methods of determining line positions and relative 
intensities.
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