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The removal of organics from copper electrolyte solutions after solvent extraction
by dual media filtration is one of the most efficient ways to ensure the clean
electrolyte flow into the electrowinning. The clean electrolyte will ensure the
good quality cathode plate production.

Dual media filtration uses two layers of filter media for filtration as anthracite and
garnet respectively. The anthracite layer will help the coalescing of the entrained
organic droplets which will then float to the top of the filter, and back to the
solvent extraction process. The garnet layer will catch any solids left in the
electrolyte traveling through the filter media.

This thesis will concentrate on characterization of five different anthracites in
order to find some differences using specific surface area analysis, particle size
analysis, and morphology analysis. These results are compared to the pressure loss
values obtained from lab column tests and bed expansion behavior. The goal of
the thesis was to find out if there were any differences in the anthracite which
would make the one perform better than the other.

There were no big differences found on any aspect of the particle characterization,
but some found differences should be further studied in order to confirm the
meaning of the porosity, surface area, intensity mean and intensity SD (Standard
Deviation) on anthracites and their use in dual media filtration. The thesis work
analyzed anthracite samples the way that is not found on any public literature
sources, and further studies on the issue would bring more knowledge to the
electrolyte process.
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Uuton jélkeinen orgaanisen aineksen poisto kaksikerrosrakennesuodattimella on
yksi tehokkaimmista tavoista varmistaa puhtaan kuparielektrolyytin virtaus
elektrolyytin  séhkoiseen talteenottoon. Puhdas elektrolyytti mahdollistaa
hyvélaatuisen katodilevytuotannon.

Kaksikerrosrakennesuodatusmenetelma kayttdd kahta suodatinvéliainetta, kuten
antrasiittia ja granaattikerrosta. Antrasiittikerros mahdollistaa orgaanisten
pisaroiden yhtymisen suuremmaksi pisaraksi, joka kohoaa suodattimen yldosaan,
ja sieltd takaisin uuttoprosessiin. Elektrolyyttiliuoksessa olevat kiintoaineet jaavat
granaattikerrokseen kun elektrolyytti virtaa suodatinvaliaineiden I&pi.

Diplomityd keskittyy tutkimaan viittd erilaista antrasiittia vertaillen niiden
ominaisuuksia analysoiden partikkelien ominaispinta-alaa,
partikkelikokojakaumaa ja morfologiaa. Analyysien tuloksia verrataan
laboratoriomittakaavaisen kolonnitestilaitteen koeajoja antrasiittien painehdvikin
ja suodinkerroksen laajenemisen kautta.

Diplomityosséd ei l0ydetty suuria eroja mink&an antrasiitin partikkelien
ominaisuuksien Vvélill4, mutta jotkut l6ydetyt erot olisi hyva vahvistaa
lisatutkimuksilla erityisesti huokoisuuden, pinta-alan, intensiteetti hajonnan ja
keskihajonnan merkityksestd kaksikerrosrakennesuodatuksessa. Diplomitydssa
analysoitiin antrasiittindytteitd tavalla, jota ei ole I6ydettdvissé kirjallisuudessa.
Tyon jatkaminen toisi antrasiitin kdyttdytymisestd hyddyllista tietoa, jota
voitaisiin kdyttada hyodyksi elektrolyyttiprosesseissa.



FOREWORD

Chinese philosopher Lao-Tzu said that 'a journey of thousand miles begins with a
single step’. Sometimes it has felt that this journey of studying has taken as long as
actually walking thousand miles. But the idea of this journey is not to get to the

end, but starting a new journey with the new step where the one ended.

I would like to thank the company, my colleagues, the personnel of the LUT for
the opportunity to study interesting subjects on the way of graduating, the support
given, and the great chance of combining real life experience with the theory. This
handshake makes many new and innovative things possible, given a great base of

starting something new and/or developing old to a better.

| also want to thank my family and friends since you are the ones who made this

all happen.

One of the lecturers said, 'teknikko taitaa, insindori tietdd, diplomi insindori taitaa

tietdd', so I'm finally there.

Thank You! Kiitos!

Leena Tanttu



TABLE OF CONTENTS

N

9

INTRODUCTION ..ottt 6
SOLVENT EXTRACTION ...oocviiiiiiiieieeeee ettt 7
REMOVAL OF ORGANICS ...ttt 9
3.1 Crud and OFQANICS ......ceiviiierieeie ettt re e sne e 9
3.2 Removal of crud and OrganiCS.........cocuveerieieienieniesee e 10
3.3 ENLrained OrQANICS .....cveuveieieieiieesesiesie sttt 11
REMOVAL METHODS OF ENTRAINED ORGANICS.........ccccoeernnnnns 11
4.1 Column FIOtatioN .........ccveiiiiecieecc e 11
4.2 COBIBSCET ...ttt ettt 13
4.3 Activated CarboN ..o 14
4.4 Dual media fIlters ......cooveii e 14
4.5 Dual Media filter with dissolved air flotation ............cc.ccccoveveiviiiennnne. 16
4.6 COMALIIX FILEIS ..ovcviiieiicee s 17
4.7 The Outotec Larox DM® electrolyte filter.........c.ccooovvevieivviceiecnienne, 18
COALESCENCE.......ci ittt ens 20
5.1 Coalescing in solvent eXtraCtion............ccoceverirereneneneiese e 21
GARNET AND ANTRACHITE.......coci e 21
6.1 GAIMEL ...t 22
6.2 ANTNTACITE ..o 23
EXPERIMENTAL WORK ...ootiiiiiicisect et 25
7.1 Specific surface area of the particles ...........ccocooeiiiiiiiiiineees 26
7.2 Particle Size analySiS........cciiiiiiiiiiieiere e 27
7.3 MeChanicCal StreSS TEST ......cvvieieieicieee e 28
7.4 MOrphology analySiS ........ccveieiieiiiiiin e 29
7.5 The 1ab COIUMN TESE.......eeieiieieee e 30
RESULTS ...ttt sttt sttt 31
8.1 Specific surface area of the particles ..........cccovevvivivi i 32
8.2 Particle Size analySiS.......cccivveiieieiieiecie e 33
8.3 MeChaniCal StrESS TEST........vcieeieieie e 34
8.4 MOIPROIOGY ... 36

8.4. L CIFCUIAIILY .. 36

8.4.2 CONVEXILY ....ueiiiiieeiictieie sttt ettt 38

8.4.3 ElONQALION........coviiiiiiciccie et 40

8.4.4 Intensity Mean and Intensity SD ........cccovviiiienininneeie e 42

8.4.5 PartiCle SIZE......coe et 44

8.4.6 BACKWASNING.......coiiiiiiiiiiiiieie et 45

8.4.7 Summary Of the reSUILS ........ccccoviieiiieiee e 47
CONGCLUSIONS ...ttt et 49

REFERENCES ... 51



1 INTRODUCTION

The organic removal after solvent extraction (SX) from the copper electrolyte
solution is very important. In the solvent extraction process the metal, in aqueous
phase, will be carried to the organic phase, and then later this process is reversed
in stripping stage (Ritcey, 2006). If there are organics carried to the
electrowinning (EW) process the cathode plate production will be effected by
decreasing efficiency. The organics will affect the physical and chemical
properties of cathode deposits reducing metal production, i.e., reducing the profit
making. Sole et al. (2007) mention especially zinc process being sensitive to the
entrained organics. Harmful effects include changes in orientation and
morphology in cathode plates, also "sticky zinc” will be formed effecting the
cathode plate removal from the cathode starter sheets (Sole et al. 2007). The target
level for the organics in electrolyte solutions is as low as possible. The methods of
removing entrained organics before electrowinning now reach levels between 20-
50 ppm, but as low as 10 to 20 ppm have been reported. (Greene, 2010).
Generally it can be said that removing entrained organics from any metal SX will

help the good quality cathode production.

Outotec Oyj is a Finnish based company that provides process and technology
solutions services to minerals processing, metals refining, energy production and
water treatment (Outotec, 2014). Outotec operates mainly in the minerals, and
metals industry (Outotec, 2014). One important part of the business is providing
the process equipment to the hydrometallurgical plants as copper plants. The
solvent extraction (SX) and electrowinning (EW) technology is one of the
offerings from Outotec. It is important, as mentioned in the earlier paragraph, to
have clean electrolyte solution to EW, so Outotec has developed an Outotec

Larox® DM filter to clean entrained organics.

Outotec Larox® DM (Dual Media) filter has two layers of filter media, the upper
layer as anthracite, and the lower layer as garnet. This Master’s Thesis will study
the properties of the anthracite filter media layer on the DM filter through

characterization of the anthracite particles through different analysis techniques.



Some results of the analyses are compared to a parallel research project work for
running the lab size DM test filter column for characterization of the running
conditions with different anthracites.

2 SOLVENT EXTRACTION

The solvent extraction process consist generally three stages: extraction,

scrubbing and stripping (Ritcey, 2006). The simplified SX process can be shown
schematically in Figure 1.
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Figure 1. The simplified solvent extraction process (Ritcey, 2006)



In the extraction phase the metal will be moved from aqueous phase to the organic
phase (organic solvent). In the scrubbing phase the remained small amounts
impurities, such as different chemically transferred impurities (Latvala, 2009), can
be transferred to the aqueous phase. In the stripping phase the wanted metal is

stripped from the organic phase to the back to aqueous phase. (Ritcey, 2006)

The Liquid lon Exchange (LIX) reagents are dissolved with an organic solvents,
such as kerosene (Anderssons et al., 1980) and are used to extract chemically the
metal-ions from the aqueous feed to the organic phase (Kordosky, 2002). Habashi

(1999) states that the solvent extraction is used in the following applications:

e Recovery of a metal from a leach solution.

e  Separation of two or more closely related metals.

e Purification of a leach solution, i.e., removal of unwanted impurities such as
iron.

e Production of pure acids, e.g., HsPOa.

e Treatment of electroplating effluents, e.g., chromium electroplating bath.

e Regeneration of pickle solutions

e Reprocessing of nuclear fuel element.

Solvent extraction process has been designed to strip the organics back to use as
the organic solvent, but many times part of the organics will travel with the

electrolyte solution, and have harmful effects on the electrowinning process.

Solvent extraction process uses commonly following equipment: mixer settlers,

packed columns, pulsed columns and rotating-disk columns (Habashi, 1999).

Figure 2 shows how the organic solvents are mixed with the aqueous phase in the
mixer end of the mixer settler, and then in the settling chamber mixed phases are
separated by gravity. The electrolyte solution and the organics will be separated to

the further processing at the end of the settler. The aqueous solution would travel



to electrowinning, and the stripped organic would go back to be used in solvent

extraction.
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Figure 2  Conventional mixer settler (MacKenzie 2011)

Separating the organic phase from the electrolyte solution almost never works
ideally, so the additional removal of organics is needed in order to assure proper

cathode plate production.

3 REMOVAL OF ORGANICS

The impurities in electrolyte solutions after solvent extraction can be separated in

two parts: crud and organics, and entrained organics.

3.1 Crud and organics

The crud formation studies have been mostly carried out for copper solvent
extraction (SX) processes (MacKenzie 2011), so also this Master’s Thesis section

will be based on the copper SX.

The word crud has been said to come from the words Chalk River Unidentified
Deposit. The first crud formation was discovered in the early uranium mine, and
its SX plant in Chalk River Mine. Crud is a combination of organic droplets,
water, fine solids and air. Organic droplets have adsorbed themselves onto the

solids, and solid-organic-water phase. (Mackenzie 2011)
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Crud usually collects in the mixer settler, and specifically in the settler part. In the
settler, crud can be settled in the bottom, or sometimes crud can be seen floating

on the top of the layer of organic. (Seecharran 2011)

In order to the crud to be able to form, also suspended solids have to be present.
These solids can be from the leaching process, the airborne dust to the pregnant
leach solution (PLS) ponds, from the drains to the bond, pH changes or other
chemical changes enabling precipitation to occur. Usually the solids are fine
particles in form of oxides. The mechanism of organics to adsorb themselves to
the solids does involve hydrogen bonding. Since the organic solvents for the
copper solvent extraction contains OH group, the hydrogen bonding on the

surface of the solids is possible. (MacKenzie 2011)

3.2 Removal of crud and organics

Seecharran (2011) states, that only good separation method for crud is centrifuge.
MacKenzie (2011) explains that crud can be separated by agitation in the crud
treatment tank after mixer settlers, or crud can be mixed with diluents, electrolyte,
acid or PLS. In the methods described by MacKenzie (2011), crud will settle in
the bottom of the tank, so that the solutions of organic and aqueous solution can
be removed from the tank. If the crud still floats, ports can be installed to prevent

crud going with the organic and aqueous solution.

In some existing installation the crud removal has been done by chamber filters.
The precoat layer will be formed on the filter media by pumping the bentonite
clay into the filter, after that, crud with organic solution will be pumped in.
Bentonite clay will act as an adsorbent, and crud will stay on the precoat and filter
media, while organic phase will flow through the filter into the filtrate tank
(MacKenzie 2011). In the filtrate tank the solution is allowed to settle, and the
organics can be decanted from the top of the tank. Any solids, which have come

through, will settle at the bottom of the tank.



11

3.3 Entrained organics

The entrained organics are specified as the entrained organics after mixer settlers,
i.e., any trace organics which will be harmful for any electrowinning (EW)

process (Sole at al. 2007).

The entrained organics are coalescing microscopic droplets, average size 0.01
mm, and basically hydrocarbons and related substances. The organic droplets are
mixed with particles in the electrolyte solution, and have to be removed before the

EW for example in the copper extraction process (Dzhragatsparyan 1997).

4 REMOVAL METHODS OF ENTRAINED ORGANICS

There are several different removal methods (MacKenzie 2011) in operation or
have been tried in order to remove entrained organics:

e Column flotation

e Coalescer

e Activated carbon

e Dual media filters

e Dual media filters with dissolved air flotation

e CoMatrix filters

The first four methods are used in solvent extraction processes, where the
activated carbon has been used mostly in purifying gold and silver from cyanide
solution (Habashi, 1999). The activated carbon has been tried as an alternative

when comparing dual media filters and CoMatrix filters (Sole et al., 2007).

4.1 Column Flotation

The column cell has been used for removing organics, but the idea is based on the
flotation cell (Heiskanen, 2011). The main principle is to pump electrolyte
solution to the high void volume cell with air. The high intensity mixing will

break the bubbles when reaching the collection area. The organic droplets will be
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collected before coalescing from the top of the cell, and clean electrolyte will be
collected from the bottom of the cell. (Jameson cell, 2011)
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Figure 3 The working principle of the column cell (Jameson Cell, 2011).

There are different designs of the column cells. Figure 3 shows the tank structure
where the organics are pumped in through the circular feed pipes, and Figure 4
shows the column cell where the feed is pumped into the column from one side of

the column. The principle of the removal is the same.
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Figure 4  The working principle of the column cell (Eriez Flotation, 2015).
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4.2 Coalescer

There are some weaved screens used as a coalescers (Greene, 1997) or coalescer
tanks where matrix packing and air can be used to enhance the coalescing action
(Greene, 2011).

The function of the coalescers is based on the microscopic droplets of organics
unifying together to as a bigger droplets. The bigger droplet size will help
organics to rise to the surface of the tank.

Some coalescer units have a woven monofilament filter media around the filter
elements, which are fitted to the tank (SX Kinetics, 2011).

There is also a coalescer system where the electrolyte solutions with organics are
fed into the tank from the bottom either as is, or with air. The electrolyte solution
feed is fed into the cylinder which is inside the tank. There is a layer of either
anthracite or polyethylene beads or shells in the top of the cylinder. The
coalescing bead or shell layer is kept on its place by a grid. The coalesced organic
will flow to top of the tank, and the electrolyte solution will continue downwards
through matrix packing. The matrix packing will help organics further to coalesce,
and the bigger droplets will float through the solution to the top of the tank. The
electrolyte solution will exit from the bottom of the tank. (Greene, 2011) The

filtration method described above is shown on Figure 5.
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Figure 5 Coalescer with matrix packing (on left), and coalescer with matrix
packing and air injection to the feed system (on right) (Greene,
2011).

4.3 Activated carbon

Activated carbon has not been directly used as a removal method after solvent
extraction on electrolyte solutions, but has been tried as parallel method (Sole et
al., 2007) with dual media and CoMatrix filter. The activated carbon usage is
based on adsorption, and since organic solvents greatly decrease the effect of the
adsorption (Habashi 1999.) trough porous surface, this could be the reason why

activated carbon is not widely used for organic removal from electrolyte solutions.

Activated carbon has a large surface area up to 1000 m?/g and higher. The new or
regenerated carbon will act as adsorbent for the organics, functioning as chemical
removal phase. In this stage both, dissolved and entrained, organics will be
removed. When active surface of the carbon gets saturated, the coalescing of the
organic droplets will happen. This is the physical removal stage of organics using
activated carbon. (Sole et al., 2007).

The activated carbon is usually used in the column based separation systems.

4.4 Dual media filters

The dual media filters consist of a tank where two layers of different material

have been stack on each other. Usually the upper layer consists of coarser material
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than the lower layer. The upper layer is crushed anthracite, and the lower layer

consists layer of garnet.

The electrolyte solutions containing organics are fed into the dual media filter
from the top of the filter. Since the anthracite is oleophilic, i.e., bonding easily
with oils rather than water, its surface will be covered by organics easily. The
microscopic droplets will coalesce on the anthracite surface, and when they reach
a large enough size, they will float to the top of the column. These droplets might

grow from 0.01 mm to approximately 1 mm. (Dzhragatsparyan 1997).

The three steps happening in coalescing are shown in Figure 6; the individual
droplets will be collected together, the several smaller droplets will be combined
into a one larger droplet, and, in organics removal cases, the enlarged droplets will
rise. (ACS 2006).

The coalescing is depending on the physical properties of the fluid such as

interfacial tension, density and viscosity. (Ban et al., 2002)
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Figure 6 The forming of coalescing droplets (ACS, 2006).

The lower layer containing garnet acts as a physical separation medium for the

finer suspended solids that have gone through the anthracite layer. Garnet layer
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will catch the solids which will flow in electrolyte solution through the anthracite
layer. (Sole et al., 2007).

The electrolyte solutions will be flown out from the bottom of the filter while the
entrained organics are recovered from the top of the filter (Spintek, 2015) as seen
in Figure 7.

Figure 7 The working principle of Dual Media filter (Spintek, 2015).

45 Dual Media filter with dissolved air flotation

The dual media filter with the dissolved air flotation (DAF) uses dissolved air in
order to help the coalescing of the organic material. The dissolved air in the
electrolyte will help the filtering electrolyte to stay polished decreasing the
backwashing liquid need. (Smith & Loveless Inc, 2014).
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Figure 8  The Dual Media filter with dissolved air flotation (Smith & Loveless
Inc, 2014).

Figure 8 shows how the dissolved air will help the organics coalesce, and
coalesced droplets will float to the top of the dual media filter, the dual media
layers, anthracite and garnet, will help in polishing the electrolyte, and

simultaneously the electrolytes will exit from the bottom of the filter.

4.6 CoMatrix filters

The CoMatrix filters have dual media layers as describe in the chapter before, as
well as matrix packing. Matrix packing is made from polyvinylchloride (PVC),
and it is the top layer before the anthracite and garnet layers. (Spintek, 2015).

The spongy structure of matrix packing pore size is designed to help coalescing
the microscopic droplets to the larger droplets as shown on Figure 9. The larger
organic droplets will then float to the top, and will be removed from there (Sole et
al., 2007). Since the matrix will be the first layer to remove most of the organics,

also the anthracite and garnet layers will stay functional longer (Spintek, 2015).
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Figure 9  The coalescing droplets in matrix packing surface (Spintek, 2015).

The Dual Media and CoMatrix filters both have a backwashing capability also for

the anthracite and garnet layers, as also showed in the Figure 10.

Figure 10 The working principle of CoMatrix filter (Spintek, 2015).

4.7 The Outotec Larox DM® electrolyte filter

The Outotec Larox DM® electrolyte filter has been designed for the removal of
entrained organics, and suspended solids (as crud) from electrolyte in the copper
solvent extraction process. The filtration principle uses the dual media concept,
which is well proven for copper SX plant for entrained organics removal method
(Holliday, 2011).

The filter consist of two layers of filter media, where the anthracite layer will

remove the entrained organics using coalescing, and the garnet layer will remove
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any suspended solids or/and crud which will travel through the solvent extractions

process.

The coalescing layer (upper layer) on the filter is anthracite, and for the suspended
solid separation garnet layer is used (bottom layer). As all Dual Media filters also
this filter uses sand as a under bed layer. Sand layer is coarse as gravel, and
functions as supporting layer for anthracite and garnet layer.

The working principle, as described, is the same than seen in the Figure 7.

Figure 11 shows the typical installation flow on the Outotec Larox DM®
electrolyte filter. The rich electrolyte after the DM filter or filters will be taken
directly to electrowinning and lean electrolyte back to the solvent extraction as

recovered organics can be recycled back to SX process.

The schematic shows lines for air scouring, and backwashing. These functions are
important in order to regenerate the garnet, and anthracite layers for good

performance in continuous process runs.

Air Out
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Lean Electrolyte (LE)

Figure 11 The schematic of Outotec Larox DM® electrolyte filter installation
(Holliday, 2011)
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5 COALESCENCE

Coalescence means two drops merging to a larger drop. Bansal et al. (2011)
explain the main steps of coalescing filtration as following: 1. the small droplets
traveling in the immiscible liquid to the filter medium, 2. the small droplets
attaching to the filter medium, 3. droplet size increasing by coalescing on the filter
medium, 4. droplets growing together and traveling on the filter medium, and 5.,
removal of the coalescence droplets from the filter medium. This phenomenon is

also seen in Figure 6 as three step coalescing (ACS 2006).

There are several physical, chemical and mechanical properties that effect the
coalescence. Among of them are the properties of filter medium as surface
wettability and roughness, pore size, permeability and thickness. Droplet size,
phase density difference, interfacial tension, and viscosity are some of the

properties, as well as operating conditions (Agarwal et al., 2013).

The surface wettability has a great impact on coalescing. If the surface has high
hydrophilicity the wettability is high, and if low the wettability is low. Figure 12
shows that when the contact angle is less than 90 degrees, the wettability is high,
and when the contact angle is over 90 degrees that wettability is low (Agarwal et
al., 2013).

8 <90° 6 =90° 0> 00°
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Figure 12 Contact angles and wettability (Agarwal et al., 2013)

The coalescing will work best when the filter medium surface is hydrophobic, and

wettability is low.
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5.1 Coalescing in solvent extraction

The coalescing in solvent extraction is based on density difference in agueous
phase, and organic solvent. These two liquids are also immiscible to each other,
and this will help the droplet formation and coalescing between organic drops.
The density difference between two liquids will cause the coalesced droplet,
organic solvent, to be able to float, and use the buoyancy force to help its travel to
the surface. The speed to be able to float up is also effected by the viscosity of the
aqueous phase, the droplet size and the force of gravity as seen in Figure 13.
(ACS, 2006 & Hearer et al., 2015).

bu oyance
{ drag

Figure 13 The forces effecting droplet buoyancy (Hearer et al., 2015)

6 GARNET AND ANTRACHITE

The dual media filters consist of three layers of material, where the lowest part is
sand, the mid part garnet, and the upper part anthracite. Figure 14 shows how the

sand, garnet, and anthracite materials look in the DM filters.

This section of the Master’s Thesis will discuss garnet and anthracite, and their

characteristics only.
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Figure 14 Sand, garnet and anthracite materials respectively (Holliday, 2011)

Usually the upper layer consists of irregularly shaped coarser material than the
lower layer. The upper layer is anthracite (filtracite), and contains more than 90 %
coal (Derwent, 2011). The lower layer consists of garnet (almandite) which is iron
aluminum silicate, FesAlz2(SiO4)s (Derwent, 2011).

The garnet and anthracite layers on the dual media filters have a key role how the
filter works. The characteristics such as narrow particle size distribution, being
physically hard and durable, are some of the most important factors (Spintek,
2013). The narrow particle size distribution of garnet and anthracite effects how
the filter works during the filtration cycle, how effective the backwashing is, and

how well and even the liquid flows between the particles (Spintek, 2013).

6.1 Garnet

Garnet belongs to the silicate family, and it is naturally occurring. Usual place for
garnet is above the sand layer of the dual media filters, but could be used on its
own as a filtering layer. Garnet is quite hard, but has finer particle size than
anthracite. (MacKenzie, 2011.) The hardness varies depending on the source, but
mostly variation is reported to be between 6.5 and 7.5 Mhos scale. The specific

gravity varies between 3.6 to 4.3 (Harpen et al., 1996).

The main function of the garnet layer is to catch the finer suspended solids that
travel through anthracite layer. The particle size distribution (differential size) is

narrow, which is beneficial to remove the finest solids. The goal removal for
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solids is 10 to 20 mg/L. The garnet solids are acid and abrasive resistant, but
during the air scouring, and backwashing some grinding of the particles will
happen. (SpinTek, 2013.)

6.2 Anthracite

Coal started to form approximately 300 million years ago during the
Carboniferous Period, also called first coal age. The big forests, which covered
most of the earth that time, died over time, and accumulated in swamps. Over time
these vegetation sediments, with the movements of earth’s crust, got buried deeper
and deeper forming peat. High pressures and temperatures occurred along the
chemical and physical changes transforming peat to coal. (World Coal Institute,
2009.)

The ‘organic maturity’ of coal is based on length of time in formation, and the

quality of coal deposit is defined by temperature and pressure. (World Coal
Institute, 2009)

ERGY CONTENT OF COAL HIGH

f

Low Rank Coals Hard Coal
47% 53%
o Lignite Sub-Bituminous Bituminous Anthracite
a 17% 30% 52% -1%
Thermal Metallurgical
Steom Coal Coking Coal
v v v v v

Figure 15 Types of coal (World Coal Institute, 2009).
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The coalification, i.e., ‘rank’ of coal vary from lignite to anthracite. It is based on
the physical and chemical properties of coal. The low rank coals have higher
moisture content, and lower energy content, and higher rank vice versa as seen in
Figure 15. Lower rank looks more ‘earthly’ and are softer, where high rank as
Anthracites are harder and looks shinier as seen in Figure 16. (World Coal
Institute, 2009)

Coal contains mostly carbon, hydrogen and oxygen, so it can be used for power
generation. Hard coal, such as anthracite, is used for heating, and for industrial

use.

lignite sub-bituminous bituminous anthracite
coal coal coal coal

Figure 16 Main types of coal (Ciris Energy, 2015).

Anthracite is much denser and heavier than regular coal. It does not absorb as
much water in it as regular charcoal. The surface of the anthracite is hard, and in a
way can be polished (Savuntum, 2011). In the Mohs scale the hardness of
anthracites used in the dual media filter vary from 3 to 4. When compared to the
other minerals, it can be seen in Figure 17 that anthracites are below the mid range
of the hardness when listed mineral types from talc to diamond, talc being the

softest and diamond the hardest.
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Figure 17 Mineral hardness in the Mohs scale (AFMS 2014).

Carbon content in anthracite varies from 86 to 98 % by weight (Purdue
University, 2008). These characteristics of anthracite makes it a great material to

be used as coalescence layer in dual media filters.

7 EXPERIMENTAL WORK

There were five different anthracites chosen for the experimental work. They were
Clack, EGL Puracite, Everzit N, Red Flint 0.9 mm (average size) and S&L
(customer sample) anthracites. Anthracites chosen for the experimental work are
typical anthracite types used in DM filters as filter media, and were readily
obtainable. The goal of the experimental work was to characterize different
anthracites through different analyses, and to compare that what are the most
significant differences between the samples. There were four different analyses

done for all anthracite samples:

e Specific surface area of the particles
e Particle size analysis
e Mechanical stress test

e Morphology analysis
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Part of these analyses were done along the other research work project in the
LUT’s separation technology laboratory by another researcher. On the parallel of
this Master’s Thesis, other study was performed, where the Master’s Thesis was
part of. In this other research work some of the testing was done using a
laboratory column test unit and part of the results obtained from those tests are
also presented in this thesis. The column tests were used in order to see how the

different anthracites perform when backwashing is done.

7.1 Specific surface area of the particles

The specific surface area of the different anthracite particles were measured using
BET (Brunauer, Emmett, and Teller) analyzer Gemini V series from
Micromeritics (Figure 18). The analyzer measures surface area of the particles
also using the inner porosity in order to determine the surface area. The
knowledge of the surface area will give an understanding the particle formation,

structure, and potential applications. (Micromeritics, 2013)

The analyzer uses gas sorption method, and used gas is usually nitrogen. The
analyzer software uses, among other things, adsorption isotherm, single- and
multipoint BET surface area, Langmuir surface area, total pore volume, and
desorption isotherm. (Micromeritics, 2013) These analytical methods enable very

efficient analysis for the specific surface area of the particles.

The different anthracite samples were kept in the oven in order to get all the
moisture out before the analysis. The sample preparations were according the
instructions from Lappeenranta University of Technology. The sample run time,
i.e., analysis time was about 40 minutes, whereupon the printout of the analysis
can be made. The analysis print results were taken to the Excel sheet. All the

anthracite samples analyses were repeated six times.
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Figure 18 The analysis set up for specific surface area of the particles

7.2 Particle size analysis

The particle size analyses were run using Retsch sieve analysis equipment (Figure
19). Since the anthracite particles are relatively big, the sieve analyzer was chosen

as the method.

The sieve sizes were chosen, from bottom up, as 50 um, 125 pum, 500 pm, 710
pm, 1000 pm, 1400 pm, 2000 um, and 4000 um in order to accurately measure
the particles sizes. Sample size of 100 grams was measured, and 15 minutes were
used as sieving time. In the analyzer it is possible to choose the vibration
frequency, so 40 % was chosen as it was noted to be a maximum with these
samples. After the sieving, each sieve was measured for weight to see how much
anthracite was left on the sieve. The sieve analysis was repeated two times with

each sample. The results were recorded into the Excel sheet.
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Figure 19 Sieve analysis equipment with the different sizes of sieves used

7.3 Mechanical stress test

The mechanical stress test was performed in order to determine if the backwash in
the Outotec Larox® DM filter will effect on the different anthracites by grinding
mechanically particles smaller. After the mechanical test the sieve analysis were

performed to compare the results from the previous sieve analysis.

The test was done using in a small laboratory size ball mill. The balls were
removed in order to see how the particles themselves will effect the particle size
due to pumping and abrasion to each other. This will also simulate the particle
behaviour in the DM filter during the backwash.
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Sample size was 100 grams, and samples were treated for 48 hours in the mill one
by one. After running each sample, samples were weighed again, and run through
sieve analysis equipment (Figure 19). The results were recorded into the Excel

sheet for comparison to the particles sizes without the mechanical stress test.

7.4 Morphology analysis

All the five different anthracite samples were analyzed with Morphologi G3
analyzer from Malvern. The instrument analyses morphological characteristics of
the particles as shape and size. The analyzer uses number-based statistics where
the particles are analyzed one by one, and also as a whole group (as sample) of
particles. (Malvern, 2013).

Different shape factors were looked at in the analysis. The shape factors of
interest in this study were as follows; circularity, convexity, and elongation. The
size was also analyzed, and compared to the sieve analysis done earlier. Since the
particles were quite large size, image analysis was used in analysis. This means
that the picture was taken by a camera of the certain anthracite to be analyzed, and
the image was converted by the analyzer using parameter microns per pixel in

order to calibrate the system.

The analyzer cannot calculate the images directly in 3D, so the image has been
copied as 2D image into the analyzer, and modified as an equivalent circle area
2D image (Figure 20). Since the one size number CE diameter, does not describe
the particle size well enough, better understanding of particle distribution can be
calculated statistically as mean, median, standard deviation, D[n, 0.1], and D[n,
0.9] percentiles. The standard percentile D[n, 0.1] is the size of particles from the
sample which are under 10%, and D[n, 0.9] are under 90% (Malvern 2013).
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3D particle Capturad as a 2D Converted to a Diameter of
image circleof same area  circle measurad

Figure 20 Capturing the 3D particle as 2D into the Morphologi G3 analyzer
(Malvern 2013)

Since the particle size gives only one way of describing the particle
characteristics, the shape was also included, as mentioned above, into the study in
order to have a better understanding of the anthracite particle behavior. Also
other morphological parameters such as Intensity Mean and Intensity SD were
taken into the comparison of the morphological differences in anthracites.
Intensity Mean is the average of the pixel grayscale levels, and Intensity SD is the

standard deviation of the pixel grayscale levels in the object respectively.

7.5 The lab column test

The lab column test unit was used in order to see how the anthracites behaved
when backwashing was done. In the dual media filter it is important to regenerate
the filter medium, and pressure loss and bed expansion is the important measure
of that performance (Spintek, 2013). The backwashing will also clean out the

fines accumulated during the process runs.

The backwashing tests were performed using tap water at 20 °C. The
backwashing was done in column for half an hour with different speeds in order to
get the air out of the media, and also in order to remove any fines (Kuosa, 2014).
In the actual process lean electrolyte is used for backwashing. The used test

column was built at the Lappeenranta University of Technology for this test. The
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column measures as diameter of 0.1 m, height 1.57 m, and the anthracite bed

depth used was 60 cm (Kuosa, 2014). The test column is seen in the Figure 21.

Figure 21 The test column for backwashing tests (Kuosa, 2014)

8

RESULTS

This chapter will summarize the results achieved from the analyses described in

the chapter 7 for the characterization of the five anthracites samples. The analysis

results are from the following;

Specific surface area of the particles
Particle size analysis
Mechanical stress test

Morphology analysis
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This chapter also includes some of the testing data from the research work done
parallel to this thesis study. The results included are from the column test runs as
e Backwash vs. pressure lost

e Backwash vs. bed expansion

8.1 Specific surface area of the particles

The samples were prepared after the drying in the oven for 8 hours or longer
before running the sample in the BET analyzer. The sample cuvette was weighed
empty with the cork, and then with the sample. After the sample preparations in
the BET analyzer, the weight was checked, and filled into the software, and the

analysis was started.

The analysis results were read from the printout and taken into the Excel of the
analyzed anthracites. The analyses were run six times for each sample, and the
lowest and highest surface areas were left out from the results achieved. Table |

shows the results from the different analyses.

Table | Average BET surface area results for five different anthracite samples
from six parallel analyses.

Sample name Clack Red Flint Everzit N SEL EGL Puracite
avg surface area [mz,-’g] 2.1144 0.8998 0.2136 0.8166 0.4185
Surface area [m”/kg] 2084.40 894.80 214 80 757.13 43057

Above table shows average specific surface area results from the accepted runs.
The shadowed font shows the average of all the runs with the highest and the
lowest. As seen, there are no big differences compared to the final results. The
table shows that there are some differences in the specific surface areas between
the samples, where Everzit N sample resulted in the lowest surface area, and

Clack anthracite sample in the highest respectively as seen in Figure 22.



33

2500.00

2000.00

1500.00

1000.00

Surface area, m2/kg

500.00

0.00

Ii=i1

Clack

Red Flint

Everzit N

Sample name

EGL Puracite

Figure 22 BET surface areas of anthracite samples.

8.2 Particle size analysis

The particle size analyses were performed with the Retsch sieve analyzer.

Different anthracite samples were analyzed two times through the analysis. The

results were recorded into the Excel sheet, and calculated as shown in table II.

Table Il Example of the calculation of particle size distribution for a single
sample in Excel sheet.
Sample EGL Puracite
retained wt  retained wt total wt Differential Cumulative
opening [um] sievewt[g] | +sieve [g] [g] retained [g] wi [%] wi [%]

4000 420.7 420.7 0.0 0.0 0.0 100.0
2000 393.8 393.8 0.0 0.0 0.0 100.0
1400 375.8 414.6 38.8 38.8 38.8 61.2
1000 368.8 415.6 46.8 B85.6 46.8 14.4
710 325.9 339.3 13.4 99.0 13.4 1.0
500 326.8 327.3 0.5 99.5 0.5 0.5
125 274.7 274.9 0.2 99.7 0.2 0.3
50 274.4 274.5 0.1 99.8 0.1 0.2
0 237.1 237.2 0.1 99.9 0.1 0.1

The distribution was calculated by

distributions.

mass as cumulative

and differential
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Differential weight distribution is the total retained weight on the sieve divided by
the total mass of the particles. Cumulative weight distribution is calculated from
the sum of the total retained weight. All the anthracite samples were calculated in

the same way, and the distribution curves are presented in Figure 23.

Differential particle size represents a relative population of certain size particles
on different sieve sizes. Cumulative particle size gives a result amount at or below

certain particle size.
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Figure 23 Particle size distribution curve — differential and cumulative

The particle size distribution graph shows that there are no big differences in the
cumulative curves, but in the differential S&L anthracite shows the widest

distribution, and Clack anthracite the highest and most narrow distribution.

8.3 Mechanical stress test

The mechanical stress was performed in the lab size mill as described in the

chapter 7.3. After the stress test the particles were weighed again, and the size
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distribution of the particles was checked in order to see if there are any changes in
the particle size. Differential and cumulative size distributions were calculated as

in chapter 8.2, and the resulting distribution curves are presented in Figure 24.
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Clack milled —— S&L milled —— EGL Puracite milled

Figure 24 Particle size distributions — milled particle

There are very small changes in the differential and cumulative size distributions
after milling the particles. Figure 25 shows the differences in Clack and S&L
anthracites before and after the stress test (milling the particles).
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Figure 25 Particle size distributions — milled particles vs. non milled particles for
the Clack and S&L anthracites.

8.4 Morphology

The morphology analysis tells the size and shape of the particles. The size is
important in order to determine how the particles function in any type of filtering
situation and being the filter media themselves. The shape factors are also

required to be analyzed if the particle characterization is wanted to be performed

in thorough matter.

All the anthracite samples were analyzed for the circularity, convexity, and
elongation. Also morphology factors such as intensity mean, and intensity SD
were taken into the analysis in order to get a better understanding of the anthracite

particle characteristics.

8.4.1 Circularity

Circularity is a shape factor where the particles are compared to the perfect circle,

and how close the particle shape is to circle shape. Circularity value of a perfect
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circle is 1, and if the particle has irregularities in its shape the value will be

between 0 and 1 as demonstrated in the Figure 26. (Malvern 2013).

Circularity = 1 - Circularity = 0.64

Circularity = 0.89 _ Circularity = 0.67
Circularity = 0.50 *— Circularity = 0.35

ill 758 il 7560

Figure 26 Circularity values from 1 to almost O for different shapes (Malvern
2013).

Morphology-software reports the circle as HS Circularity, where the HS is for

High Density for accuracy sake. HS circularity is calculated in the software as

follows:
HS Circularity = 47A/P? (1)
A the particle area
P particle perimeter

Circularity is the ratio of the perimeter of a circle with the same area as the

particle divided by the perimeter of the actual image (Malvern 2013).

All the anthracite samples were analyzed for the circularity, and Figure 27 shows

the circularity figures.
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Figure 27 The results of 5 different anthracite sample as a HS Circularity graph

The graph shows that the anthracites are quite circular as their shapes, and the
calculated mean value as an average is 0.791. There are some value differences
between different anthracite samples, but the values are close to calculated mean

value between all tested anthracite samples.

8.4.2 Convexity

Convexity is the convex roughness of the edges in the particles. The calculation
has convex hull perimeter divided by the particle perimeter. The convex hull is
measured from the idea that there is a rubber band around the particle as shown on

the Figure 28 below.

Figure 28 Imaginary rubber band around the different shape particles as an
example of the convex hull (Inform white paper, Malvern 2012).
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In other words

Perimeter of A+B
S Sre—— )

COI’IVEXIty T Perimeter of

where the A and B comes as Figure 29 below shows.

Figure 29 B is added ‘convexity area’ of the particle A surrounded by the
convex hull (Malvern 2013).

As circularity, the convexity has the values from 1 to 0. Spikiness of the particles
will give lower convexity number than particle that has smooth shape as seen in

the Figure 23.

Convexity =1 - Convexity = 0.96

Convexity =1 _ Convexity = 1
Convexity = 0.59 *— Convexity = 0.69

ill 7452 il TE60

Figure 30 Spikiness in the particle gives a lower convexity value than smooth
shape (Malvern 2013).



40

The convexity measurement (Figure 31) in the morphology analyzer as an average
convexity mean is 0.980. Convexity being close to 1, the anthracite surfaces are

considered being smooth.

Convexity smoothed over 11 points
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Figure 31 The results of 5 different anthracite sample as a convexity graph

All the analyzed anthracites are quite smooth on the particle surface, and do not

have that much irregularities.

8.4.3 Elongation

Particle elongation is defined in the analyzer [1-width/length] (Malvern 2012).

Figure 32 shows particle width and length as illustration of needle shaped particle.

‘W‘
fWidth

Figure 32 Image of length and width of needle shape particle (Malvern 2012).
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Elongation values vary from 0 to 1, where the needle shape particle has a higher
elongation value than for example sphere shape. The spikiness, i.e. convexity, in

the particle does not affect the elongation value.

Figure 33 below shows how the different shapes vary in the elongation values.
The particles with symmetrical distance by all the axes will have elongation value

as 0.

Elongation=0 - Elongation = 0.82

Elongation =0 _ Elongation = 0.79
Elongation = 0.24 * Elongation = 0.83

ill 7659 il 7560

Figure 33 “Needle’ shape particle have a higher elongation value than
symmetrical particle (Malvern 2013).

The anthracite particles have an elongation mean value as 0.308 which tells that
the particles are close to being symmetrical in all axes, but having some elongated
shape in particles also. All the samples fit into the same shape curve as seen in the

Figure 34.
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Figure 34 The results of 5 different anthracite sample as elongation graph

8.4.4 Intensity Mean and Intensity SD

There are two parameters, namely Intensity Mean, and Intensity SD in the

Morphologi G3 which measure the average of the pixel grayscale levels in the

object, and the standard deviation of the grayscale levels in the particle

respectively.

Intensity Mean uses formula as follows:

i=N
: =N,
Intensity Mean = %

li is the intensity value of pixel (i)

N is total number of pixels in the particle

The range from black to white is 0 to 255 respectively.

©)
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Intensity SD uses the following formula:

N A2
J2ﬁ11i2+—(2i=1\1,“)

N

Intensity SD =

li is the intensity value of pixel (i)

N s the total number of pixels in the particle

Intensity SD has a grayscale value from 0 to 255, where the uniform grey particle

has an Intensity SD value as 0.

The following graphs show the Intensivity Mean and Intensivity SD for the 5

different anthracite samples.

Intensity Mean smoothed over 11 points
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Figure 35 The results of 5 different anthracite samples as Intensity Mean
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Intensity SD smoothed over 11 points
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Figure 36. The results of 5 different anthracite samples as Intensity SD

Looking at Figures 35 and 36, they show that there are some differences on the
anthracites when it comes to the particle greyscale levels. The greyscale as
Intensity Mean indicates the particles being close to the black color. There are
Clack and S&L anthracites particles showing blacker values, as also more to the
uniform grey as grayscale level in the Intensity SD values. The D[n, 0.5] mean

values are 33, and 21 respectively.

8.4.5 Particle size

The particle size in the Morphology G3 analyzer can be analyzed as number basis
or volume basis. The number basis analysis treats each particle in the same way as
equally weighing fine small particles the same that the bigger particles. In the
volume-based analysis the bigger particles, which have larger volume, are favored
over the small particles since the volume of the small particles is not as significant

as in the big particles. (Malvern 2013).

The sieve analyses in chapters 8.2 and 8.3 are done based on the mass. Since the
mass and volume-based are quite close to each other, the volume-based analysis

from the results were chosen as Figure 37 shows.
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Figure 37 The results of 5 different anthracite samples as Volume-based analysis
result from Morphologi G3

Figures 37 and Figure 23 give differential particle size based on the volume, and
mass respectively. In the both graphs the particles sizes are grouped closed to the
1000 um area. The slight differences are due to the different particles size

distribution method used.

8.4.6 Backwashing

The backwashing tests in the column test unit were done with the three anthracites
in question studied in this thesis. The column tests were done as part of the other
research work, and by another person. The tested anthracites were; Clack, EGL

Puracite and Everzit N.

In the backwashing tests the anthracite bed thickness was 60 cm, water
temperature was around 20 °C, and the flow rate was varied from 15 — 67 m3/m?h.
Usually, in the process, used backwash flow is 19.6 m3/m?h, but can vary to some
degree (Spintek, 2013). Pressure loss (Figure 38), and bed expansion (Figure 39)
during the backwashing was measured in order to see how well the backwashing

functions (Kuosa, 2014) in the test column, and with the different anthracites.
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Figure 38 Backwash vs. pressure loss

In the Spintek report (Spintek,

expansion needs to be analyzed

2013) it has been mentioned that the bed

in order to examine how well the anthracite in

question will give free space for solids and organics to flush out. The given

number for proper bed expansion

is 10-15 % or greater (Spintek, 2013).
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Figure 39 Backwash vs. bed expansion
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Figure 38 show that Clack anthracite has the highest pressure loss during the back
washing test, and the lowest bed expansion as seen in Figure 39. In the normal
backwash flow, 19.6 m®m?h, the figure shows that there is hardly any bed
expansion happening for Clack anthracite, but the acceptable level of 10 to 15

%will be reached after 20 m3/mzh.

Spintek report (2013) shows the lower bed expansion when anthracite particle size
distribution is large, and have fines. The report recommends the particle size
distribution to be narrow in order to have efficient bed expansion, and not too high

pressure loss in order the back washing work well. (Spintek, 2013).

8.4.7 Summary of the results

The following table 111 has the filter media suppliers’ information of the different
anthracites specifications. The S&L anthracite was collected from the process site,

and all the information was not available.

Table 11l Anthracite specification given by the filter media suppliers
Densi Bulk Densi Bulk
ensity, . ensity, .
. . Porosity, ty density, |. vy density, -I-Iardness,
Media Origin measured, informed, | . informed,
mesured , |measured, ofom’® informed, Mok
cm cm ohs
e/ gfem’ g/em?
EGL
Puracite Britain 0.475 1.542 0.733 1.4 0.673 3
0.9 mm
SEL
i USA 0.369 1.424 0.898 1.6
anthracite
Everzit N
Germany 0.474 1411 0.741 1.42-1.45 0.700 4

0.9 mm
Red Flint

USA 0.459 1.580 0.856 1.65 0.833 2.0-3.5
0.9 mm
Clack

USA 0.397 1.482 0.895 1.6 0.800 3.0-3.8
0.9 mm
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There are not that many differences when comparing the different anthracite
samples to each other. Only values that are clearly different are the porosities of
S&L and Clack anthracites. Bulk density numbers on EGL Puracite and Everzit N
anthracites are lower than the others. Both have lower numbers than the other

three.
The analyzed results as specific surface area (BET), sieve particle size analysis,
morphology values as circularity, convexity, elongation and also shape factors as

intensity mean and intensity SD area collected to the table IV below.

Table IV Analyses results

CE . .
BET ! Intensity | Intensity
Mean PSD | diameter | | . . .
, Surface Circularity | Convexity | Elongation| Mean, SD,
Media by mass, |byvolume,
area, mean mean mean D[n, 0.5], | D[m, 0.5],
2 /g pum D[n, 0.5], um um
m
pm
EGL
Puracite 431 1340 975 0.817 0.981 0.277 37 27
0.9 mm
SEL
. 757 1448 1050 0.758 0.976 0.335 26 12
anthracite
Everzit N
215 1371 1003 0.791 0.980 0.307 38 27
0.9 mm
Red Flint
895 1307 1008 0.810 0.985 0.302 38 26
0.9 mm
Clack
2084 1330 878 0.779 0.978 0.219 20 11
0.9 mm

The analyses result table 1V shows that most of the values between the anthracites
are quite the same, but some differences can be found. The anthracites Clack and
S&L differ from the results on CE diameters by volume analysis, being the lowest
and highest numbers respectively. Also there is the difference in both intensity
analyses compared to the other anthracites; Clack and S&L anthracite have the
lowest values as intensity mean and SD analysis. In the BET analysis Everzit N

has clearly the lowest value, and Clack the highest.
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9 CONCLUSIONS

The goal of this thesis was to characterize the five different anthracites received
from the different suppliers, and to evaluate if there are some significant
differences between the samples. Anthracites are used as the filter media on the
DM filters. The characterization of the anthracites were done through particle size
distributions, morphology analysis as circularity, convexity, elongation with the
particle shape factors as intensity mean and SD. Also the analyses were compared
to the test column run for the pressure loss, and bed expansions on certain
anthracites.

The achieved results showed some differences between the analyzed anthracites,
but mostly there were no big differences when comparing the different analyses to
each other.

The biggest difference was in the Clack anthracite BET analysis given a surface
area of the particles including the inner surface area. Also the porosity, given by a
supplier, was lower with this anthracite as also with S&L anthracite. When
looking at the pressure loss, and bed expansion Figures 29 and 30, it can be seen
that highest pressure loss curve, and lowest bed expansion curve was seen on
Clack anthracite. Also the intensity mean and SD were lowest with Clack and
S&L anthracite meaning that these anthracites were closest to black, and uniform

gray respectively.

The high pressure loss indicates smaller particles, and larger particle size
distribution, but when looking at the mean values on table 1V, and particles size
distribution curves on Figure 18, can be seen that these anthracites do not differ
from the other anthracites that much. Anthracite S&L has the widest particle size
distribution, but unfortunately this anthracite was not run through the laboratory
column test.
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It is difficult to say if these subtle differences on the Clack and S&L anthracites
will tell anything how these anthracites will work in the process runs in the
solvent extraction process. The future study should be done with these two

anthracites and one of the other three in order to confirm the actual performance.

Also not forgetting developing technology around us, some other materials could
be analyzed in order to find something with narrow particle size distribution,
durable to abrasion and acid environment, coalescing with solid catching

properties, and of course sustainable.
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