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Abstract— Pitchstone is a natural occurring volcanic rock that mainly consists of amorphous silica and low amounts of other 
metal oxides. Its chemical composition and structure is similar to that of perlite and obsidian; the main difference between 
these materials constitutes their content in chemically bound water. Perlite water content ranges between 2 and 5% and 
constitutes a well-known raw material for the production of cellular, lightweight particles. Pitchstone’s water content exceeds 
that of perlite and its direct expansion with traditional expansion equipment is practically impossible. Thus prior partial 
removal of its water content constitutes a prerequisite towards the production of acceptable expanded material. Nevertheless, 
even in case of raw material preparation, its expansion to traditional furnaces is cumbersome when its granulometry is below 
500 μm. In the current research work a recently developed perlite expansion process is applied for the production of expanded 
glassy microspheres from low-values pitchstone ore. Two different production routes were applied: (1) the ore was dried prior 
to the expansion in order to partially reduce its water content one and afterwards was subjected to thermal processing in a 
Vertical Electrical Furnace (VEF) for the production of expanded, glassy microspheres, and (2) the raw material was 
introduced directly in the VEF and both drying and expansion were performed at a single step process. It was found that the 
new method is capable to produce expanded, glassy microspheres with loose bulk density below 110 kg·m-3, even without 
excessive water removal prior to expansion. SEM morphological analyses shown that the produced grades are cellular, 
closed-structured, and exhibit low porosity. Furthermore, according to the expansibility test that was performed to the 
produced grades, theircontent in sufficiently expanded grains exceeds 88 % vol. For the first time in bibliography, the novel 
VEF method has been successfully applied for the production of closed-structure expanded, glassy microspheres from 
pitchstone fine grade. The promising experimental results of the current preliminary study possesses with an alternative route 
towards the valorization of pitchstone fines that nowadays constitute an abundant waste of non-economic value. The expanded 
microspheres produced may find various potential applications including their use as filler in plastics or paintings, or in joint 
compounds. 
 
Index Terms- pitchstone fines expansion, vertical electrical furnace, lightweight microspheres, wastes valorization.  
 
I. INTRODUCTION 
 
Pitchstone is amorphous, rhyolitic, volcanic glass that 
contains considerable amount of combined water in its 
index; depending on the deposit, water content in 
pitchstone may range between 5 and 10 % (wt). Other 
volcanic glasses of rhyolitic composition constitute 
obsidian and perlite with water content of about 0-2 % 
(wt) and 2-5 % (wt), respectively [1]. Perlite and 
pitchstone ores are formed through hydration of 
obsidian. Due to the presence of chemically bound 
water, the aforementioned materials expand when 
heated rapidly at a temperature that exceeds their 
softening point as the contained water vaporizes and 
pushes its way out of the softened grain. The resulting 
expanded material ischaracterized by an extensive 
network of air bubbles in its index that affects 
beneficiallyits properties; it is lightweight (bulk 
density lower than 150 kg∙m-3), inorganic, chemically 
inert, fire resistant, with superior thermal and sound 
insulating properties, while its properties are invariant 
in time. Perlite constitutes the most common source 
for the production of expanded material, and due to its 
unique properties has found numerous application in 

various branches of the industry, including building 
sector (provides lightweight, fire and sound insulating 
properties), horticulture (provides roots aeration and 
optimum water retention), chemical industry, 
filtration, and many other.  
Expansion potential differs among volcanic glasses 
because it is affected by crystalline content and 
chemical composition of the ore, as well as the 
quantity and quality of the combined water. 
Obsidian’s expansion potential is low due to its low 
water content, while concerning pitchstone its high 
water content burdens direct expansion in traditional 
gas or oil fired furnaces; it is required prior processing 
of the ore towards elimination of its water content, 
while even in case of pretreatment, the processing of 
fine ores (d<500 μm) using such furnaces is 
problematic, as has been reported elsewhere [1].  
Nychum perlite/pitchstone occurrence, which is 
owned by Perlco Pty Ltd, is located north of Chillagoe 
in north Queensland, Australia, and may contain 700 
Mt resource [2]. 100 Mt of pitchstone exists, and on 
annual basis, 30% of pitchstoneis crushed into fine 
stone-dust with particle size less than 500 μm [3]. As a 
consequence of its fineness and its relatively high 
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water content, at present, this stone-dust is stockpiled 
since it has no economic value [4].However, recent 
researches haveproved that pitchstone fines has 
pozzolanic properties and can be used in concrete as a 
cement replacement [4]-[6]. 
Recently, a new perlite expansion method has been 
developed scoping the production of tiny, 
closed-structure expanded perlite microspheres in a 
vertical electrical furnace. The novel furnace is 
characterized by a) precise control and the flexibility 
of the expansion conditions, depending on the raw 
material characteristics and the required properties of 
the expanded product; b) broader range of grain sizes 
that can be sufficiently operated in the furnace 
(including ultra-fines), and c) the prevailing of mild 
temperature profile in the expansion chamber and 
absence of flame [7]-[9].  
Objective of the current research study constitutes the 
valorization of abundant pitchstone tailings originated 
from Nychum deposit (Australia) through their 
transformation toa valuable product. Pitchstone fines, 
supplied by Perlco Pty Ltd were heat treated with a 
novel, sophisticated expansion technology towards the 
production of lightweight expanded microspheres, 
which can find various potential application in 
numerous branches of the industry. 
 
II. EXPERIMENTAL 
 
A. Raw material characterization 
Pitchstone sample has been subjected to analyses 
aiming at chemical, mineralogical and physical 
characterization. The chemical analysis was 
performed using Energy Dispersive X‐Ray 
Fluorescence (EDXRF) instrument Xepos (SPECTRO 
A.I. GmbH Company), and the Al2O3 content was 
defined by flame Atomic Absorption Spectroscopy 
(FAAS,Perkin Elmer 2100 spectrophotometer) after 
dissolution in a HF/HClO4/HNO3/HCl mixture. 

Table IChemical composition of pitchstone sample 

 
Pitchstone mainly consists of silica and low amounts 
of other metal oxides (Al2O3, K2O, Na2O, Fe2O3, CaO, 
MgO, TiO2). The mineralogical composition was 
determined by X-Ray diffraction (XRD) on a 
SIEMENS D5000 diffractometer with Cu-Kα (Ni 
filtered) radiation, in the 2theta range from 5 to 75° 
and 0.02°∙sec-1 step, and indicated the dominance of 
amorphous phase with minor content in quartz and 
feldspar. 

 
Fig. 1 XRD pattern of pitchstone sample 

Particle size distribution has been determined through 
sample sieving with sieves of various aperture sizes. 
Raw sample D50 was found to be between 250 and 
315 μm. 

 
Fig. 2Particle size distribution of raw pitchstone sample 

In order to determine the contained water release 
temperature, both grades (-500+300 μm and -300+100 
μm) were subjected to thermogravimetric analysis 
under environmental atmosphere and heating rate of 
10 °C per minute. 

 
Fig. 3Thermogravimetric analysis of pitchstone sample 

During pitchstone sample heating, 2 stages of water 
release were identified: (1) at 25-200 °C moisture and 
loosely held water is evaporated, and (2) at elevated 
temperature (above 200 °C) chemically bound water is 
released. The identified total weight loss of sample 
exceeds 9 % (wt), and is typical for pitchstone.  
Furthermore, samples moisture and Loose on Ignition 
(L.O.I) content was determined through Perlite 
Institute standard procedure [10]. 
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Table IIMoisture and L.O.I content of pitchstone grades 

 
 
Samples initial moisture content is below 1 % (dry 
basis), while in case of sample’s heating at 950 °C for 
4 hours, the total sample weight loss on dry basis was 
found to be approx. 8%. Comparing L.O.I values of 
-300+100 μm (Grade A) and -500+300 μm (Grade B) 
samples no considerable difference was determined, 
while due to the higher specific surface area of fine 
sample (Grade A)its moisture content is higher in 
comparison to coarser sample (Grade B). 
 
The raw sample morphology was examined through 
Scanning Electron Microscopy. It is shown that raw 
sample consists of grains of wide granulometric range. 
Grains are polygonal and their shape exhibits sharp 
corners and edges as a result of the ore’s primary 
crushing, which it typical for glassy and brittle 
materials, including volcanic glasses. 
 

 
Fig. 4Morphology of raw pitchstone sample 

 
B. The vertical electrical furnace (VEF) 
The VEF consists of (a) heating chamber which is 
cylindrical, 3m long and diameter 13.4 cm, and made 
of Kanthal APM FeCrAl alloy, (b) 6 pairs of electrical 
resistances (total heating capacity 24 kW, maximum 
temperature 1250°C), located around and along the 
tube, defining six heating zones, the setting points of 
which can be adjusted independently, (c) raw material 
feeding system, (d) the air supply system and (e) the 
particle collector. The raw perlite particles are fed 
directly at the top of the heating chamber and as they 
are moving downwards through regions of 
progressively increasing temperature, they are 
expanded, and are collected at the bottom of the 
chamber. An air stream can be injected at the direction 
of the gravity force in order to better control the 
particle residence time in the chamber.  

 
Fig. 5 Open view of VEF, with detail view of raw material feeder 
 
C. Processing routes 
At first, raw material was dried overnight in order to 
remove moisture. Then, part of raw material was 
subjected to sieving in order to produce 2 subgrades; 
-300+100 μm (Grade A) and -500 +300 μm (Grade B). 
Grades A and B were further heat treated at 300 °C for 
1 h in order to remove part of the combined water. 
After this process, combined water content has been 
eliminated to 41 and 46 % of the initially contained 
water in Grades A and B, respectively. 
 
Table III Combined water released during samples heating at 

300 °C for 1 h 

 
Subsequently,dry Grade A, B and “as received” raw 
material were subjected to heat treatment in VEF 
towards the production of expanded 
microspheres.Pitchstone expansion experiments 
where performed under 1200 °C furnace temperature, 
and air feeding rate of 100 l∙min-1. 

 
Fig. 6 Processing route for the production of expanded 

microspheres from pitchstone fines 

 Raw material 
 -300+100 μm (Grade A) 
 -500+300 μm (Grade B) 

Raw material 
 -500 μm (as received) 

Moisture removal 
 Overnight drying at 105 °C 

Moisture removal 
 Overnight drying at 105 °C 

Partial removal of 
combined water 
 Sample heating at 300 °C for 1 h 

Expansion at VEF 
 Heat treatment at 1200 ° C 

Expansion at VEF 
 Heat treatment at 1200 ° C 

Products 
 Product PRF1 (raw: grade A) 
 Product PRM1 (raw: grade B) 

Product  
 Product L4 (raw: - 500 μm) 
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III. RESULTS AND DISCUSSION 
 
The samples that have been produced according to the 
processing route presented in Fig. 6, are depicted in 
Fig. 7. All three samples (L4, PRM1 and PRF1) are 
white, frothy and lightweights. 
 

 
Fig. 7Photograph of expanded microsphere samples; L4 (left), 

PRM1 (middle). PRF1 (right) 
 
The samples’ Loose Bulk Density (L.B.D) do not 
exceed 110 kg·m-3 in all cases. Expanded pitchstone 
samples that originate from raw material that were 
subjected to partial water removal prior to expansion 
(Grades A and B), attained L.B.D values below 36 
kg·m-3, while L4 sample which originated from the 
original raw material presents higher LBD value, close 
to 110 kg·m-3. 
 
It is shown that partial removal of pitchstone water 
prior to expansion significantly increase sample 
expansion potential. It is also noteworthy that VEF can 
produce expanded material ofacceptable properties, in 
terms of L.B.D. even without prior partial water 
removal. 
 

Table IVLBD and skeletal density of expanded microspheres 

 
 

Samples’degree of expansibility was determined 
through implementation of Sinks-shattered-floaters 
test. Test’s results are used to evaluate the expansion 
process and give valuable indications on expanded 
grades quality, through measuring the samples’ 
content in unexpanded (sinking matter), shattered 
(expanded grains fragments) and sufficiently 
expanded (floating) grains. 
 
Expanded pitchstone samples (300 ml) were placed in 
an Imhoff sedimentation cone which was partially 
filled with water (approx. 700 ml) and the slurry was 
left to rest for 45 min. The floating portion of the 
sample constitutes the sufficiently expanded material, 
while the precipitated matter consists of 
dark-coloredunexpanded grains and white colored 
expanded grain fragments. 

Table V Expansibility test results of expanded pitchstone 
samples 

 
 
Samples PRF1 and PRM1 exhibit high content in 
sufficiently expanded grains (88.75 and 83.97 % wt, 
respectively). Concerning L4 sample, its content in 
unexpanded grains and expanded grain fragments is 
considerably higher (25.43 % wt.).  
Granulometry of expanded pitchstone samples was 
determined through sieving technique. L4 sample is 
characterized by wide distribution which is attributes 
to the wide size distribution of the source material 
(0-500 μm). PRM1 sample content in coarse particles 
is high; approximately 50% (wt) of the sample 
granulometry exceeds 1000 μm. Comparing PRM1 
and L4 samples it is obvious that PRM1 sample 
contains much higher proportion in coarse grains.  

 

 
Fig. 8 Particle size distribution of expanded microspheres 

Samples’ morphology were analyzed through SEM technique. 
 

 
Fig. 9SEM micrograph of PRM1 sample 
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Fig. 10SEM micrograph of PRF1 sample 

 
Fig. 11SEM micrograph of L4 sample 

 
Samples PRM1 and PRF1 consist of expanded grains 
of closed outer surface, while at the interior an extend 
network of air bubbles is identified. It is of great 
importance that both samples exhibit practically zero 
surface porocity, since closed structure expanded 
particle are accompanied with remarkable mechanical 
properties and low absorptivity [1]. Concerning grains 
shape, in case of PRF1 grains exhibit high sphericity, 
while in case of PRM1 the majority of grains exhibit 
non-symmetric, platelet shaped grains; the shape of 
expanded grains is related to the shape of the raw 
material. Due to the glassy nature of pitchstone, during 
raw material crushing high proportion of 
non-symmetric grains were produced, while 
asymmetry is higher for coarser grains as shown in 
Fig.4. Even after sample expansion, a high proportion 
of the produced grains retained their original shape. 
Concerning L4 sample, its morphology is quite 
different; the sample consists of well expanded, coarse 
grains, together with considerable amount of fine 
expanded grain and fragments. Coarse expanded 
grains also exhibit higher open porosity in comparison 
to PRM1 and PRF1 samples. The fact that the raw 
material for the production of L4 sample consisted of 
high water content proves to be crucial due to its effect 
on expanded grains morphology; once such grade is 
introduced inside the furnace heating chamber, its 

inevitable temperature raise results in violent and 
uncontrollable release of considerable amount of 
water. The forces exerted inside the grain during water 
release are strong enough to break the grain, thus 
producing the fragments that were identified. It is also 
noteworthy that high portion of the contained 
combined water release at temperature below 700 °C, 
where pitchstone softening point has not been reached 
yet, so the pressure exerted cannot be relief since grain 
is still coherent.  
 
CONCLUSIONS 
 
The current study has made a scoping investigation of 
the usage of pitchstone tailing for the production of 
expanded microspheres through sophisticated 
processing in a vertical electrical furnace at 1200 °C. 
Two samples were subjected to partial combined 
water removal prior to expansion; the samples 
produced exhibit LBD values lower that 35 kg·m-3 and 
closed surface structure. Sample originated from 
-300+100 μm raw material attained high sphericity, 
while concerning sample originated from -500+300 
μm attained platelet shape. Both samples expansibility 
test shows their content in adequately expanded grains 
exceeds 94% (vol). Another sample has been produced 
through direct expansion of pitchstone in the VEF. 
The product attained LBD value of 110 kg∙m3, while 
its content in adequately expanded grains is approx. 89 
% (vol). Sample inhomogeneity in terms of grains 
morphology and its relatively high content in fines, is 
attributed to high water content of raw material which 
results in grains rupture with parallel production of 
fine fragments. 
It has been shown that VEF technology constitutes an 
alternative for valorization of pitchstone tailings, 
through their sophisticated processing towards the 
production of valuable expanded glassy microspheres, 
which may find various uses, including its use as filler 
in plastics and paints, or in joint compound. 
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