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Abstract: 

The present deliverable aims to compile all the information available 
that is relevant to guide the selection and design of most suitable 
belt typologies to be used as anodes/cathodes in the prototypes 
based on Filtering Belt technology. 

On the one hand, a set of boundary conditions is established based 
on the state-of-art of the electrification of Belt Press for 
Electrodewatering, but attending to the particularities of the carbon 
regeneration process. 

On the other hand, preliminary benchmarking of belt materials is 
elaborated on the premises that they are commercially available 
with built in electrical conductivity feature. 

 



 

PORTABLECRAC - 768905  Page 5 of 42 

1 INTRODUCTION 

1.1 Commercial solutions 

Belt materials for filtering applications are usually made of polyester fibers (and synthetic 

fibers in general, such as nylon) with a variable typology of knitting pattern, warp/weft 

diameters and resulting mesh size. Polyester being a dielectric material (electrical insulator) 

naturally results in fabrics that lack the electron-conducting feature required by the present 

application. 

Alternatively, metallic meshes can also be found in the market but only in certain metal 

qualities (steel, nickel, bronze...). Unlike their polyester counterparts, these meshes do provide 

the required conductivity but their proficiency for filtering applications is less straightforward 

as in many cases they were developed for conveying applications only. 

A third family of materials comprise fabrics that mix both synthetic and metallic (or carbon) 

wires, with the aim to provide anti-static characteristics to the final mesh. In this case, the 

conducting threads are dispersed throughout the fabric, but it is still unclear if this network 

suffices for an effective electrification of the belt. 

1.2 Advanced solutions 

Extensive research and analysis have produced two interesting conducting fabrics by synthesis 

of conducting polymers on the fabrics, such as polyester coated fabric with polypyrrole (PPy) 

and doped with graphene oxide, and polyester coated fabric with polyaniline (PANI). 

The polypyrrole, which is an organic polymer formed by the polymerization of pyrrole, can be 

used as coating to produce polypyrrole/polyester textiles. The conductive forms of PPy are 

prepared by p-doping of the polymer. The doping, which creates holes in the main chains of 

the polymer, turns pyrrole into a p-type conducting material. Graphene oxide (GO) are 

included in different concentrations (e.g. 10/20/30 wt%) to neutralize positive charges of PPy. 

Thus, GO can be used to tune the conductivity of the fabrics by varying the GO content as 

electrical properties and electroactivity decreases the GO content increase. 

The conductive polyaniline (PANI) is one of the most promising conducting polymer due to its 

high electrical conductivity and environmental stability. The conducting coating can be 

deposited on fabric surfaces chemically or electrochemically, despite chemical deposition is 

the most frequently used as samples of higher size can be more easily adopted. In polyaniline 

synthesis, the counter ions employed are usually the same acids employed to produce the 

acidic medium. Several textile substrates have been coated with polyaniline, like nylon, wool, 

acrylics, and cotton, silica, glass. 

2 DESCRIPTION OF COMMONMESH TYPOLOGIES 

Using fully automated weaving machines it is possible to process a variety of raw materials 

such as stainless steel, phosphor bronze, steel, brass, copper, aluminum, polyester, polyamide 

and polypropylene. The mesh products can be manufactured to a maximum width of several 
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meters, comprising several weave types such as 3-twill, 4-twill, 2+2 twill, braided gauze, single 

and double weave. Several types, such as twill weave and so-called antistatic weave, are also 

produced in plastic. Antistatic weave is often used in areas where static belt charges can have 

an undesirable negative effect on the production process, for example the risk of an explosion 

or the presence of electrostatic charge near electronic devices. These products can be finished 

according to custom specification, during which the seam finish requires special attention. The 

seam can be woven in a seamless manner, whereby single and double eyelet seams as well as 

stainless steel clipper seam and spiral seam connections are also possible. 

2.1 METAL 

Wire mesh weaving of stainless steel, phosphor bronze, copper and brass. Every type of 

material has its own type of weave and finish. 

2.1.1 Stainless steel 

With stainless steel different types of fabric are possible, namely: 

 Twill weave 

 Simple weave 

 Herringbone weave 

 Braid weave 

Stainless steel can be finished as follows: 

 Diagonal cover 

 Simple eye suture 

 Double eye suture 

 Soldered needle  

 Welded needle (micro-plasma) 

 Clipper needle 

 Sides provided with button welds or iron back 

 Staining and passivating 

2.1.2 Phosphor bronze, brass and copper 

With these kinds of metal are the following weave types possible: 

 Twill weave 

 Simple weave 

 Herringbone weave 

 Braided weave 

 Ribbed weave 

Phosphor bronze, brass and copper can be finished as follows: 

 Diagonal cover 

 Single eye suture 
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 Double eye suture 

 Soldered needle 

 Welded needle (micro-plasma)  

 Clipper needle 

 Sides provided with button welds or iron back 

 Annealing 

2.2 PLASTIC 

In additional to metal materials, we can weave a variety of synthetic materials. The raw 

materials are polyester, polyamide and polypropylene. The following weave types are possible 

with synthetic material: 

 Twill weave 

 Simple weave 

 Herringbone weave 

 Braid weave 

Various colors of raw material can be used, among which the following finishes with synthetic 

material: 

 Thermal fixing 

 Endless needle 

 Simple eye suture 

 Double eye suture 

 Clipper needle 

 Sides provided with an ultrasound finish 

 Recoiled spiral needle 

 Woven spiral needle 

 Bands provided with PU + PVC control cord and strengthened edges 

 PVC/PU full + thread strengthened with enclosed sides 

2.2.1 SPIRAL 

A special type of plastic cloths is the so-called spiral cloth. These cloths, which are produced on 

special machines, can contain a maximum of 3 x 0.90 mm filling wires. Spiral fabric can be 

finished off with a PU glue edge or with heat sealed sides. Spiral meshes are available in 

stainless steel and aluminum. The metal meshes are produced from flat ribbon spirals, which 

are connected to a straight or crimped round rod. 

2.3 FILTERING SOLUTIONS 

Industrial meshes are precise mesh made of metallic and plastic wires as well as technical 

fibers ready for use in all industrial sectors, enabling a wide range of applications, including 

efficient filtration systems. The requirements placed on filtration meshes differ according to 

industry. Within technical meshes, the volumetric mesh is an outstanding example of an 
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innovative evolution of meshes. Based on conventional square mesh, it is possible to create a 

new mesh with significantly increased volume porosity, permeability and a minimized loss of 

pressure. 

2.3.1 Materials 

A wide variety of high-quality industrial meshes can be produced by using metals, alloys, 

polymers and other sophisticated materials such as basalt, glass or ceramic. Depending on the 

respective requirements, these materials can be turned into meshes, filters, filtration elements 

or wire mesh laminates using a precise and continuously reproducible process. Compound 

products are just as possible as high-precision mesh made of a single material. 

2.3.2 Weaves 

The choice of right weave type is a crucial parameter for quality, cost-efficiency and fitting 

accuracy of industrial meshes, at least as the selection of right material. Mixed and 

multidimensional mesh structures can be conceptualized either as multilayer designs. 

2.3.3 Typology of Belts: 

a) Precision Belts 

Precision belts are the industry-leading solution for applications with variable temperatures 

and are engineered to excel in environments with temperature fluctuations. Graduated 

teethes accommodate expansion and contraction for proper tracking. Angled, parallelogram-

shaped teeth fit perfectly into the precision mesh opening, providing a natural self-cleaning 

action. The stable, flat surface avoids tip page and reduces product damage, especially with 

delicate products. 

b) Specialty Belts 

Individual material combinations, known as hybrid belts, allow the positive characteristics of 

individual materials to be combined in a single product. Our synthetic mesh is generally 

supplied as pre-assembled stock goods. We identify the ideal mesh for your application from a 

broad range of permanently available products. If necessary, these are then adjusted to your 

requirements. Belts made of metallic mesh are typically application-specific one-offs which are 

custom produced on the base of specific application processes. Complementing woven 

products, latest machines can ensure to obtain the highest quality standards in producing 

synthetic spiral fabric belt for a wide range of custom applications. Many woven seams round 

off different products. 

2.4 OTHER HIGH-TECH BELTS (NON-FILTERING) 

To produce anti-static synthetic mesh belts for fibrous fleece forming, the manufacture of 

fibrous fleece starts with the flat or voluminous arrangement of the fibers on synthetic mesh 

belts. These anti-static belt types, also referred to as forming fabrics, are designed specifically 
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for the high-speed production systems used in nonwoven fabric forming. They are used in 

many different nonwoven forming applications, including airlaid, spunlaid, wetlaid and drylaid. 

Process belts are an important component in the thermal strengthening processes used in the 

nonwoven fabric industry. Temperature-resistant mesh belt types for these processes can be 

realized in single- and double-belt ovens in several different materials, among which there are 

bronze, steel, stainless steel, PPS or PEEK weaves depending on the application. Hybrid belts 

employ a fiberglass/steel or fiberglass/stainless steel material combination and are completely 

coated in PTFE. Moreover, a flat and easily closable loop pin seam is used for this purpose. 

Several conveyor belts can be made of metal, plastic and other material combinations for the 

chemical industry. Applications in this field include drying PTFE, foaming plastics, vulcanizing 

door profiles, drying granulates, or drying aluminum hydroxide. Processes such as these always 

require individual belt specifications. As such, these can be made temperature- stable up to 

1050°C, impervious to chemical influences or resistant to abrasion and other physical effects. 

Alongside the right choice of material, the mesh structure also plays an important role here. 

3 CONDUCTIVE TEXTILES 

3.1 METALLIZED FABRICS 

Conductive textile is made of a nylon rip stop fabric, metalized with Cu/Ni, extremely strong 

and flexible. It has conductivity in all directions, i.e. along the axes X, Y and Z. Conductive 

textile can be supplied as a cloth or as pressure-sensitive adhesive (PAS) tape which is easy to 

apply to plastic housings to cover complex forms and shapes. Conductive textile has low 

contact resistance and the tape version has superior adhesive force. The product shields 

electromagnetic interference (EMI) effectively. Laminates of metal foils with flame-retardant 

are also available. 

3.1.1 Advantages 

 Easily follows the contours of your housing 
 Flame retardant 
 Extremely strong 
 Corrosion free 
 Can be applied as die cut parts, as a sheet or in roll form 

3.1.2 Applications 

 Shielding plastic enclosure parts 
 Shielding all non-conductive materials 
 Ground plane 
 Antistatic floor 
 Electrical connection between surfaces (sheets/foils) 
 Die-cuts 
 Shielding in housings 
 Shielding cables 
 Temporary shielding during tests 
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3.1.3 Options 

 Flame-retardant version 
 With (conductive) self-adhesive backing 
 With insulation layer 
 Die-cutting to any shape 

3.2 STRETCH CONDUCTIVE FABRIC 

This conductive fabric is coated with a medical-grade silver coating and has a broad range of 

applications since it can be stretched in both directions (i.e. lengthwise even up to 100% of its 

original dimension). The fabric can be used as an antibacterial wound or burn dressing, but it is 

also a great material for electrode contacts, clothing, or other shielded garments. Not only is 

the material highly conductive, but the conductivity increases up to 25% as it stretches, which 

is convenient for smart textile applications. The silver coating is 99.9% pure. 

3.2.1 Advantages 

 The width of the fabric affects the percentage of conductivity 
 The material is very consistent in quality 
 When the material is stretched lengthwise, its conductivity increases; when the 

material is stretched crosswise, its conductivity decreases 
 Crosswise the fabric can be stretched by about 60%, and lengthwise by almost 100% 

3.2.2 Applications 

 "Smart" or shielding garments 
 Cable shielding wrap 
 Hobbies or technology where a change in conductivity with stretch is important 

3.3 CONDUCTIVE NON-WOVEN FABRIC 

Copper/Nickel conductive non-woven fabrics combine highly conductive metals with 

lightweight fabric to meet a diverse range of EMI/RFI shielding requirements. This metalized 

fabric is available in various woven and non-woven substrate configurations, while can be used 

several technologies for applying thin metal coatings of copper and/or nickel to woven and 

nonwoven fabrics. As a result, these metalized materials have the flexibility conformability and 

breathability of a fabric with the electrical properties of a metal. This means low surface and 

through resistivity and excellent shielding effectiveness. The conductive non-woven fabric can 

also be provided with a conductive or non-conductive adhesive. 

3.3.1 Applications 

 Protects against EMI/RFI and ESD where weatherability is not a concern 
 Architectural EMI/RFI shielding gaskets 
 Conductive tape for example for cable shielding 
 EMI shielding laminates for example for grounding 
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4 RELEVANT SPECIFICATIONS USED IN ELECTRO-DEWATERING 

PORTABLECRAC was preceded on its purpose of electrifying the belt-press technology by the 

sludge electro-dewatering technology developed by company ELECTROKINETIC LTD. This is a 

significant asset to be used as a background and potentially a suitable starting point for the 

development of the textiles to be used in the innovative belts. 

Belts developed to be used in electro-dewatering were based in the strategy of hybridization, 

combining conductive wires with non-conducting wires by using simple waiving patterns. 

Here a comprehensive review of the most relevant SPECs used in belt manufacturing for 

electro-dewatering is presented: 

4.1 Warp/weft materials 

First of all it must be clarified that in a preferred embodiment both warp and weft will be 

made of a combination of conductive wires (metal and/or metal oxides) and non-conductive 

threads. The later in most cases will be a polyester thread. 

The conductive wires used in the weft play the role of collecting the current are the ones used 

as the real electrode. The conductive wires are combined with the polyester thread using a 

constant ratio along the fabric. On the other hand, the conductive wires in the warp are placed 

forming longitudinal tracks in both extremes of the fabric. They play the role of distributors of 

the current towards the weft “electrode wires”. However, the central part of the warp is 

typically made of non-conductive threads only to provide good mechanical properties to the 

belt. 

The selection of the material to be used as conductive wire depends mainly on the operating 

conditions and nature of the chemical substances in the washwater: 

4.1.1 Weft conductive wires: 

- Belt anode and wires thereof need to be especially chemically resistant, therefore 

conducting elements fabricated from metal coated in mixed metal oxide or noble 

metals (platinum) are well established alternatives. In the case of the mixed metal 

oxide, the coating should comprise materials selected from the oxides of tantalum, 

niobium, iridium, palladium, ruthenium, rhodium and mixtures thereof. The metal core 

may be formed of any suitable metal suitable to the intended application. For example 

in harshly corrosive environments, the core is preferably a material capable of forming 

an effective passivating oxide layer, such as for example titanium, niobium, zirconium 

and alloys thereof. 

- Belt cathode and wires thereof are less exposed to corrosion (due to the negative 

polarization) and can be selected of readily available and affordable materials such as 

stainless steel, copper or carbonaceous fibers. 
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4.1.2 Warp conductive wires 

Conductive wires used in certain parts of the belt as current distributors are typically made of 

steel or copper, but other metals might be considered. Conductive regions along the warp 

direction can be further protected from corrosion by coating the exposed side of the belt with 

resinous layers that prevent water permeation into these regions.  

4.2 Warp/weft ratios and dimensions 

Typically the conductive wire is alternated in a 1:1 to 1:5 ratio with polystyrene threads. 

Warp in the filtration region (central part of the belt) are only made of polyester 0.5mm. The 

lower diameter of the warp ensures good flexibility of the belt. A warp 1:2 ratio of conducting 

wires and smaller diameter in the polyester thread are consider to be used in the current 

distribution regions. This enables the thicker conducting wire to slightly protrude for a better 

contact with the brushes that provide the electrification. 

Weft is proposed to be thicker than the warp 0.7mm. Diameter can be increased further 

without affecting the overall flexibility. Varied from 1:1 to 1:5 for metallic wefts. Include non-

conducting zones formed only of polyester threads. Anode belt 1:1-1:2, Cathode Belt 1:2-1:3. 

The polyester threads in the warp act as cage protecting the weft wires. Its insulating and 

hydrophobic nature minimizes the risk of shortcut due to direct contact of the weft wires. 

In general, fine weaves are more exposed to gas bubble accumulation than more open weaves. 

Gas bubbles have the undesired effect of reducing the active area of the electrode belt and 

result in an increase of the overall voltage applied to achieve the desired current density. 

Finally, the use of multifilaments is advantageous over the use of monofilaments due to: 

- Higher discharge area available 

- Higher conductivity than monofilament for same equivalent diameter 

- Good flexibility  provides smoothness 

4.3 Weave typology 

The suggested typology is satin-like with a 6:2 weaving of the warps. This means the warp 

passes over 6 consecutive weft wires, then crosses to pass under 2 more weft wires prior to 

cross back to the upper side. This weaving is well known for producing a smooth textile 

surface. The advantage when operating with the smooth side of the belt oriented to the sludge 

is to reduce fouling and facilitate de-caking of the dehydrated sludge. 

However, towards the extremes of the belt where the conductive warp regions are located it is 

recommended to invert the satin pattern, now located on the opposite side to the cake. This 

will maximize the contact area with the electrifying elements. 
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4.4 Belt pattern 

The belt pattern or 2D arrangement of different regions is consider to make the belt more 

functional and is one of the keys enabling electrification of belt-press technology. Each 

different part or region has a specific function as explained below (Figure 1): 

- Warp Transfer Zone (WTZ, 50-100mm): act as main 

contact with the electrification brush and distribute 

the current towards the weft wires 

- Warp Network Zone (WNZ, 15-30mm): add extra 

conductive paths for a more even and robust 

electrification of the fabric 

- Filtering Region: being the central part of the belt 

that provides the desired mechanical properties: 

tension resistance and flexibility 

- Transversal Non-conducting gaps (80-150mm) are 

achieved by means of chemicallyetching the 

conducting warp in strategical locationsof the WTZ. 

Reduce the risk of undesired current derivations in 

the warp direction 

 

A fully functional belt requires a careful design of the dimensions and relative spacing between 

regions. For example, it is critical that the final region of the belts besides the seam are non-

conductive gaps in both ends. 

4.5 Additional considerations for the Electro-regeneration of Activated Carbon 

Lab-scale studies of electro-regeneration put forward the importance of using compartment 

separation in the electrochemical cell. This is achieved by using an ion-exchange membrane 

selective to either anions or cations. As a result, the diffusion of desorption products from the 

semi-cell that contains the carbon to the other compartment can be either promoted or 

blocked. Preliminary results indicate that a careful selection and placing of the membrane can 

boost the regeneration efficiency. 

The implementation of this new element in the electrified belt-press technology shall be the 

matter of a separated study. One of the potential solutions would consist in attaching a 

coating to one of the belts, providing the ion-selective functionality. 

 

 

 

Figure 1. Scheme of 2D pattern for functional Belts 
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5 ANNEX I. Compilation of images of mesh samples 

 

Product Description Code of metal 
material (SS304, 
SS316, Bronze 
C95400…) 

Knitting/ 
waving 
pattern 
(PW, PDW, 
DTW, 
RDTW…) 

Warp/weft 
diameters 
(mm) 

Warp/weft 
ratio 

(+ density of 
conducting 
wires) 

Nominal 
Aperture 
(um) 
glass 
bead test 

Thick-
ness 
(mm) 

Weight 
(kg/m2) 

Linear 
breaking 
force 
(N/mm) 

Air 
permeab
ility 
(l/m2/s) 

Polyester mesh – Type 1003 Not included 2/1 Warp: 0.65 

Weft: 0.8 

Warp: 15 u/cm 

Weft: 6 u/cm 

340 1.8 1.3 NA 2350 
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Synthetic belts can be supplied as an open piece, with an endless seam, with a double loop 

seam, or with a stainless-steel clipper seam. 

The material with and endlessseam has the advantage that there is no marking in the end 

product. 

 

 

 


