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Hectrode Shroud Matenals Overview
The Importance of Compatible Shroud Mate nals

Chemically stable shroud matenals that opemte within a desired tempermture range are e ssential to
perform any electroc he mical study. Pine Research offersvarious electrode shroud mate nals inc luding
polytetrafluoroethyle ne (PIFE), polyc hlorotrifluoroethyle ne (PCTFE), and polyetheretherketone (PEEK).
The article herein aimsto introduce these electrode shroud matenalsand detailtheircompatibility with

diffe re nt syste ms.

1. Material Source Disclaimer

The shroud ofan electrode isdesigned to coverelectricalcomponents and prevent accidentalcontact with live
components. Therefore, inert,nonconduc tive materialsare used to constructanelectrode shroud. Common shroud
materials include polymers like polyte trafluoro ethylene (PIFE), polyc hloro trifluoro e thylene (PCTFE), and polyether

etherketone (PEEK) (see: Table 1).

Iike many polymers, the physical properties of PIFE, PCTFE, and PEEK are directly affected by their method of
fabrication. Forexample, the molding and sintering conditions used to produce PIFE affect its overall molecular
weight, alignment of polymer chains, percent crystallinity, macroscopic flaws, and microporosity; these factors
influence the permmeability, stiffness, resiiency, and impact strength of PIFE! Pine Research Instrumentation uses
polymers from several vendors with varying fabrication methods to shroud its electrodes. For this reason, Pine
Research Instrumentation offers specific operating conditionsunderwhich its materials perform (provided herein).

Shroud Material

Chemical Formula Chemical Stuc ture

2l
1

Polyte trafluoro e thylene (PIFE) [C2Fa]n
n
EET
Polyc hloro trifluoro e thylene (PC'TFE) [C,ClFs5], _'é_é'_
L4,
o)
Polye ther Ether Ke tone (PEEK) [C19H1205]n

Table 1. Chemical Formula and Struc ture of Shroud Materals
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2. Polyte trafluoro e thyle ne (PIFE)

2.1 Physical Properties

PIFE is a fluoropolymer that is produced when tetrafluioroethylene (C,F,) undergoes free-radical polymerzation
(see: Equation 1). The formation of PIFEs strong carbon-carbon bonds and very strong carbon-fluorine bonds
renderit unreac tive; only alkalimetalsand gaseous fluorine are known to break carbon-fluorine bonds undermo st
conditions, but fluornating agents like xenon difluoride or other metals like aluminum and magnesium can also
break the bonds at higher temperatures. Additionally, the fluorine atoms form a protective sheath around the
carbon atoms, giving rise to low permeability of waterand otherliquids.

n cm = CFZ — _[FZC_CFZ]‘H._ (1)

Once i its polymerized state, PIFE is white and waxy. Due to its high mic o porosity, the number and size of voids
created by mperfectparticle fusion, PIFEhasa high dielec tric c onstant, making it amenable to use asan insulator
between electical components.! Itslow thermalexpansion, low coefficient of fric tion, high hydro phobicity, and
high melting point also renderitusefulasa non-stickcoating forcookware.

2.2 Practical Use as a Shroud Matenral

When selecting an electrode shroud material researchers consider the chemical compatibility, operating
temperature range, and mechanicalproperties ofthe shroud and theirsystem of study.

2.2.1 Chemical Compatibility

A researchermay choose to work with an electrode that has a PIFE shroud if they are working with reac tive and
comosive materials. PIFE shroud materialcan be used forboth aqueous and non-aqueous wo1k, and is the most
chemic ally resistant shroud materialthat Pine Research Instrume ntation o ffe rs.

Chemical Compatibility:

)
PIFEwillreact with alkalimetals atstandard temperature.
hj

2.2.2 Them al Stability

PIFEmeltsathigh temperature (~327°C) and hasrelatively low linearthemrmalexpansioncoefficientsatte mperatures
below 25°C (see DuPont’'s Properties Handbook! formore information). An electrode with a PIFEshroud cannotbe
thermally cycled to temperatures ashigh asits melting point, however,because the thermalexpansion coefficient
of PIFEincrease s nonlneary astemperature increases. As a result, larger, nonlnearvolume changesoccurin PIFE
shroud materals at higher temperature. Significant volume changescan cause protrusion of the shroud from the
electrode edge and/ora leaky sealbetween the electrode and shroud material Aspartofthe quality assurance
protocol, Pine Research Instrumentation tests all fixed disk/ring electrodesat ambient (mom) temperature and has
approved PIFE-shrouded electrode use from 10°C to 25°C. Exposing an electrode with a PIFE shroud to
temperatures outside this range may create a leak between the electrode materal and the shroud and is not
recommended by Pine Research Instrume ntation.

The mal Sta bility:

The operating range ofany electrode with a PIFEshroud is from 10°C to 25°C. Extreme
temperatures willdamage the electiode seal




2.2.3 Mechanical Properties

Hardnessand modulusare two common mechanicalpropertiesthatresearchersshould considerbefore selec ting
a shroud material The hardnessofa materalreflec tsitsresistance to permanentindentation and is o ften me asured
using the Shore method. In the Shore method, the penetration depth ofa pressurized, spring-loaded needle into a
materialisrecorded and set proportionalto the hardness; a scale between 0 and 100 is used, with higher values
indicating a harder material PIFEis a fairly soft materal, with a Shore D (durometer) hardness of ~55.1 Underthe
rigorsofelectrochemicalresearch, e.g. routine polishing with aluminum oxide microparticle sluresassuggested by
Pine Research Instrumentation, the PTFE shroud will easily polish with the electrode material In one way, this is
advantageous since the disk/ring and shroud will stay coplanarafter many polishing preparations. However, the
low hardnessof PIFEalso dictatesthatcare mustbe used notto damage,scrape, ordentthe PIFEshroud maternal

Formost materials, a inearcomelation between hardness and mechanical strength exists. Modulusisa common
mechanical strength property, and isdefined asa materalsresistance to deformation. kis measured by dividing
the initial stress exerted upon the material by AL/L, where AL/L is the fractionalincrease in the materals length.
There are several types of moduli values for a material including tensile, compressive, and flexural For many
researc hers, the modulus of an electrode shroud bears no significant ole. However, forresearchers who work in
high pressure or mec hanic al stre ss environments, only materals with high moduli should be used. PIFEhas a low
tensile modulus of 0.5 GPa and should notbe used in high mechanicalstressapplicationsasitwildeform easily (for
more information on PIFEmodulus values, see Dupont Properties Handbook?).

3. Polychloro trifluoro e thyle ne (PC'TFE)

3.1 Physical Properties

PCTFE is a chlowfluoropolymer that is produced when chlor trifluor e thylene (C,CIF;) undergoes free-radical
polymerization (see: Equation 2). The formation of PCTFEs strong carbon-cartbon bonds and very strong
carbon-fluorine bondsrenderit mostly unreac tive like PIFE Replacementofa caron-fluorine bond with a cartbon-
chlorine bond differentiate s PCTFEpro pertie s; primarily, the largerchlorine atom in PCTFE disrupts the polymerhelix
formation that is pre sent in PIFE, e ffec tively lowering the crystallinity and melting point of the c hlorofluoropolymer.
As crystallinity is lowered, the fluorine atoms sheath the carbon atoms less efficiently, causing PCTFE to be more
susceptible to swelling in halocarbon, ether, ester, and aromatic solvents. Though PCTFE s lo wer ¢ rysta llinity make s
itmore susceptible to chemicalattack, it also inc re ase s its rigid ity, strength, and processability relative to PTFE2

n F,C = CCIF — —[F,C~CF,]p— (2)

Once in its polymerized state, PCTFE is optically transparent. It is an attractive material for elec tric al insulation
because it maintains its behavior through thermal cycling and high humidity due to its high compressive stre ngth
and low gas perme ability.

3.2 Practical Use as a Shroud Matenal

When selecting an electrode shroud material researchers consider the chemical compatibility, operating
temperature range, and mechanicalproperties ofthe shroud and theirsystem of study.

3.2.1 Chemical Compa tibility

Aresearchermay choose to work with an electrode that hasa PCTFEshroud if they are working with reac tive and
comnosive materials,aqueousornon-aqueoussystems, orifrepeated thermalcycling isneeded. Scientists may also
choose to work with PCTFE-shrouded electrodesif theirexperments require a highly compressive materal

Chemical Compatibility:

)
PCTFE will react with alkalimetals at standard temperature. It is also susceptible to
swelling in some chlorinated solvents and te trahydrofuran.
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3.2.2 The m al Stability

Compared to PIFE, PCTFE melts at a relatively high temperature (~210°C) and has similar low linear thermal
expansion coefficientsatmoderate temperatures (see Fluor plastic s? formore mformation). Like PIFE, anelectrode
with a PCTFEshroud cannotbe thermally cycled outside the smallte mperature range of 10°C to 25°C (see:section
2.2.2). Aspartofthe quality assurance protocol, Pine Research Instrumentation tests allfixed disk/ring electrodesat
ambient (mom) temperature and hasapproved PCTFE-shrouded electrode use from 10°C to 25°C. Exposing the
electrode to temperatures outside thisrange may create a ltakbetween the electrode material and the shroud
and isnotrecommended by Pine Research Instrume ntation.

The mal Sta bility:
+
S The operating range of any electiode with a PCTFE shroud is from 10°C to 25°C.
Extreme temperatures willdamage the electirode seal
\‘-—_—-ﬂ/

3.2.3 Mechanical Properties

Hardnessand modulusare two common mechanical propertiesthatresearc hers should considerbefore selec ting
a shroud material PCTFEis a hard materal, with a Shore D (durometer) hardness between 85-95; itsexact value is
influenced by temperature and resin composition, as well as other factors.® PCTFE shroud materal is not easily
damaged, scraped, ordented. However, because the PCTFE shroud material may not weardown as quickly as
the working electrode maternal, altemative polishing methods, such as a machine polisher, may be necessary to
maintain coplanarty of the disk/ring and shroud in the long run. PCTFEhas a moderate tensile modulusof 1.4 GPa
and could be used in some mechanic al stre ss applic a tions.?

4. Polye ther Ether Ke tone (PEEK)

4.1 Physical Properties

PEEK is a semi-crystaline organic thermoplastic polymer that can be produced through multiple methods
(electrophilic substitution, nucleophilic substitution, rng-opening polymerization, etc) from varying monomer
sources.*Once initspolymerzed state, PEEKisa gray/tan solid. PEEKs aromatic rings and ketonescombine to form
a very rigid and strong polymer. tisan attractive materialforelectricalinsulation because it maintainsits behavior
through thermalcycling and high waterpressure due to its high compressive strength and low gas permeability.

4.2 Practical Use as a Shroud Matenal

When selecting an electrode shroud material researchers consider the chemical compatibility, operating
temperature range, and mechanical properties ofthe shroud and theirsystem of study.

4.2.1 Chemical Compa tibility

PEEK is highly resistant to both aqueous and organic envionments and can withstand other aggressive
environments. At mom temperature, PEEKdissolvesin concentrated acid solutions. At highertemperature, a PEEK
shroud can be attacked by some strong ILewis and Bnsted acids and halogenated compounds (though the
temperatures needed for this attack are higher than the recommended electrode temperature descrbed in
section 4.2.2).

Chemical Compa tibility:

)
PEEK dissolves in concentrated acid solutions like sulfuric and nitric acid.
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4.2.2 Themal Stability

PEEK melts at high temperature (343°C). n comparison to PIFEand PCTFE, it has superiorlinearthermalexpansion
coefficients at temperatures between 10°C and 80°C. As part of the quality assurance protocol, Pine Research
Instrumentation testsallfixed disk/ring electrodesatambient (room) temperature and hasapproved PEEK-shrouded
electrode use from 10°C to 80°C. Exposing the electrode to temperatures outside this range may create a leak
between the electrode materaland the shroud.

The m al Sta bility:
+
S The operating range of any electrode with a PEEK shroud is from 10°C to 80°C.
Extreme temperatures willdamage the electirode seal
\‘-—_—-ﬂ/

4.2.3 Mechanical Properties

Hardness and modulusare two common mechanical propertiesthatresearc hers should considerbefore selec ting
a shroud material PEEKis a hard material, with a Shore D (durometer) hardness value of ~85; its exact value is
influenced by temperature and resin composition, as well as other factors. PEEK shroud materal is not easily
damaged, scraped,ordented. However, bec ause the PEEKshroud materialmay not weardown as quickly as the
working electrode material altemative polishing methods, such as a machine polisher, may be necessary to
maintain coplanarity of the disk/ring and shroud every so often. PEEK has a high tensile modulus of 4.3 GPa and
could be used in mo st me c hanic alstre ss applic ations.?

5. Overall Shroud Material Comparison

When choosing between shroud materals, researc hers should first ide ntify necessary and then desirable maternal
characterstics(see: Table 2). While the information displayed in Table 2 isnot quantitative, itismeant to serve asa
guide forbasic selection crterna.

For example, a researcher who wishes to perform an experiment in a comosive environment like sulfuric acid is
limited to using an electrode with PIFE or PCTFE shroud materal Kit is important to minimize costs, the researcher
should choose a PIFEshroud. Ifthe researchersapplication requires non-standard electrode shroud shapes (such
as specific molds) and the ability to withstand large mechanical stress, the researcher should choose a PCTFE
shroud.

Additionalinformation can be found in the resourcescited in the Referencesat the end of this work.




Property PIFE PCTFE PEEK
Themal Range 10°C — 25°C 10°C — 25°C 10°C — 80°C
Chemic al nc ompa tibility Alkalimetals Alkalimetals, chlornated Concentrated acid: sulfurc
so lve nts, te trahyd o furan and nitric
Color White Optically Tansparent Gray/Tan
Cost Iow Moderate High
Hardness Iow High High
Modulus Iow Moderate High
Creep Resistance Iow High High

Table 2. Property Comparison Betwe en Shroud Materials
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7. Support

Iyouhave any questionsaboutthe electrode shroud materialsdescrbed in thisdocument, please contactusvia
the meansprovided below:

7.1 Email

Reach usby emailing the entire salesdepartment: pinewire @pineinst.com.

7.2 We bsite

There isa contactusform onourwebsite. There may also be additionalresourcesforthe productsmentioned here:
http://www.pineresearch.com
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