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THEORETI CAL I NTRSOSBOTODRON

Thidd sseexpt iooes the bawkgeroumdubbat mgneyst .

applications. It also includes a brief over)
procedures for testing finished products. Su
perspective, examining the composition, synt

1l ntroducti on to coat

To construct a functional electrimachine, it is essential to direct the electric current in
predetermined pathways. This is typically accomplished by employing electric wires
composed of a material capable of conducting electric current with minimal resistance, which
in the vast majorityof cases is copper. To compel the electric current to flow in a specified
direction, rather than along the path of least resistance, it is crucial to prevent the bare
conductors from coming into contact with one another. The simplest means to achieve this
by maintaining a distance between the conductors that exceeds the flashover distance for the
applied voltage. However, this principle proves unsuitable for machines such as electric
motors or generators, hence air, as an insulating material, has bsétusad by materials
insulators superior to air, primarily varnishes based on synthetic resins. This substitution
enables the conductors to be brought into closer proxithig. a result, copper wires are now
coated with a thin layer of organic polymeerving as the insulating material

1.1 OVERVIEW ON COATINGS



Coatings are liquid, paste, or powder products that are applied to surfaces using a variety of
methods and equipment, forming layers of specific thickness. These layers create adherent
films on the surface of the substrate. Film formation can occur either through physical or
chemical processes. Physical film formation from liquid coatings, commonly known as drying,
involves the evaporation of organic solvents or water, while for powaings, it involves

a melting process. Chemical film formation becomes necessary when the coating components
are in a liquid or paste state; the transition to a solid film occurs through a chemical reaction
between the coating constituents. These reacaoa initiated by energy sources, such as heat

or radiation, after the application of the coati@patings are required to meet numerous
functional demands. They protect the substrate from corrosion, environmental factors, and
mechanical damage; they may also serve decorative purposes (e.g., automotive coatings,
household appliances, furniture); prowioshformation (such as on traffic signs, informational
signage, or advertising); or exhibit other specific propefieSince this work focuses
primarily on organic coatings, a brief overview of this category is provitladre are three

main types of coatings, classified according to their intended purpose:

1. Architectural coatingsThese include paints and varnishes (clear coatings) used to
decorate and protect buildings, both exterior and interior.

2. Original Equipment Manufacturer (OEM) coating&pplied in factories on products

such as automobiles, appliances, furniture, and magnet wires.

3. Special coatingsindustrial coatings applied outside the factory setting, such as

automotive refinish coatings, marine coatings for ships, and maintenance paints.

Organic coatings are often compesihaterials, as they consist of more than one distinct
phase. The matrix, referred to as the binder, holds the other components of the coating together
and typically forms the continuous phase in the dry coating, which is usually an organic
polymer. Examimg the composition of organic coatings in greater detail, we observe that
these materials are complex mixtures of chemical substances that can be grouped into four

major categories:

1. Binders: These materials form the continuous film that adheres to the substrate and are
also known as resins. In the realm of organic coatings, binders are generally polymers.
In some instances, the binders may be lower molecular weight substances, such as

oligomers, which are mixed with other components of the coating and undergo



polymerization after application. The binder largely dictates the properties of the final
coating film.

. Volatile components: These are the solvents essential for both the synthesis and
application of the coatings. Their primary function is to make the coating sufficiently
fluid for application on the substrate; during the application process, these solvents

evaporate.

. Pigments: Finely divided, insoluble solid particles dispersed within the binder, which
remain dispersed after the coating is applied. The primary function of pigments is to
providecolourand opacity, though they can also influence application properties and

mechanicabehaviour

. Additives: Substances incorporated into the coating to modify specific properties.

Examples include catalysts, stabilizers for light and heat, and wetting &yents



2Wi re Enamel s

This chapter introduces and explains wire e
technology and the main performance indicat
explored in greater detail in Chapter

2.1 Introduction

Numerous electrical devices influence our daily lives, surrounding us at home, in our cars, and
at work. In private residences, electrical machines power household appliances, while
transformers charge phone batteries, operate TVs, computers, and otilces.dElectric
motors control car windows, adjust seats, mirrors, and headlights, and serve as the primary
propulsion system in electric and hybrid vehicles. In industry, large transformer units convert
the high currents from power plants into standardvaltage, and they also transform kinetic

energy from both traditional power plants and wind turbinesdlgctricity.

Fi gbEkRectdriviameshi ci s mawdtuNetfer:&mar tha sdrantaalb as e .

To construct functional electrical devices and machines, electromagnetic fields must be
generated by directing electric current along specific paths. This is accomplished using wire
coils made from a conductive material, typically cop@opper wires must be insulated to
ensure that the electric current travels along the desired path rather than opting for the path of
leastresistanceThe simplest method to achieve this is by keeping the conductors spaced
farther apart than the flasiver distance of theoltage. While this approach is still used in

printed circuits, it is not practical for use in electrical motors or generators.



Such machines would be excessively large and challenging to operate efficiently, which is
why the insulating medium (air) has been replaced by polymeric materials, resulting in the
creation of enameled magnet wires. This allows copper windings to be plagedlose
together without causing sharircuits. Although referred to a8nameled) this wire is not
actually coated with enamel paint or vitreous enamel made from fused glass powder. Instead,
it is coated with a thin layer of polymer film insulatiodlire enamel is typically composed

of a blend of oligomeric compounds dissolved in a solvent system, which also contains latent
catalysts, crosknkers, and specialized additive$his mixture is applied to the wires,
providing electrical insulation necessary for generating the magnetic field needed for the
devicés operationDuring the enmeling process, the solvents evaporate, and the oligomers
undergo reactions to form insoluble, infusible macromolecules, resulting in a cured film on
the wires surfac€F i g U.The praperties of this film depend on the chemical composition

of the enamel and the enameling process conditions. Often, -@ahtadystem is used: a

base coat that offers good adhesion to copper and flexibility, and a topcoat that provides high

abrasim resistance andigh temperature tolerance

Copper wire

Fi gREramel ed copphat eviEdfer ricdnet cetiranbaalb a s e .

Enameled wires are used in various applications, and in electric motors or environments with
high wear conditions, they are subjected to friction, abrasion, humidity, and rotational forces.
To protect these components and extend their lifespan, impregragants made from

alkyd, phenolic, epoxy, or unsaturated polyester resins are applied to electrical devices.
These agents provide mechanical support, prevent excessive movement, enhance heat
transfer, and improve thermal endurance, a process known aslagcosulationlFi gur e

3and Fi)gure 4



Figure 3. Component of an electric motor: the ena

FigdareComponent of an electric motor: dthat emamel ed
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Yea

1900

1915

1938

1940

1950

1954

1959

1961

1965
1966
1967
1968
1973

1980

1988

Chemical basis

Tung oil, copal,

phenolicresins

Polyamide

Polyester
(glycerin)

Polyestefimide
(glycerin)

Polyhydantoif?

Corona resistant
wire enamel&?!

Inventor

General
Electric,Beck

Polyamideimide

BayerAG

General
Electric

Importance

Properties today

Improved hardness,
solvent resistance
flexibility and

Improved  mechanical
properties, flexibility, low Overcoat,
coefficient of friction, selfbonding

selfbonding

Excellent solvents and humidity
resistance, good thermal
endurance

Reduced

Improved cut through and
thermal endurance, increased

. Reduced
enamelingspeed

Excellent thermal,
mechanicgroperties

Excellent thermal properties
andadhesionhigh raw material
cost

Resistant to partial discharges
ininverterdrivenmotors

Special
applications

TabllVd reemamel s

history.
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The electric motor market is | amgelyi@dmiPikat
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2. 4Ther mal Properties

Electric and electronic devices are exposed to thestness which can arise from external
environmental factors or, more commonly, fréoule heating caused by the residual resistance
of electrical conductors and the friction of moving parts. This is particularly relevant fer high
performance electric motors or higbltage AGDC transformers, often operating in confined
and thermally insulated spaces. To prevent sticztiits resulting from the softening or thermal
degradation of polymeric films, magnet wires must effectively manage these conditions.
Testing the thermal progers of these wires is crucial to ensuring the longevity alabikty

of the final product. These properties reflect the enamel's ability to maintain its structural
integrity and performance at elevated temperatures. Key tests include:

o0 Thermal Class:

Thermal class, or heat classification, is represented byeh®erature inde&whichindicates

the temperature at which the insulating film can endure a specified voltage for 20,000 hours.
To reduce the duration of testing, an accelerated procedure is employed. Wire samples are aged
at temperatures higher than the expected class temeraftin failure times periodically
checked at room temperature under a defined voltage (e.g., 1,000 V for a 1 mm diameter wire).
These results are extrapolated to 20,80urs using the Arrhenius equation to determine the

wire enamdlks thermal index.
0 Heat Shock:

The same test sample used to assess flexibility is heated to a specific temperature corresponding
to its thermal class and then cooled to room temperature. The sample must show no visible
cracks, demonstrating itability to withstand thermal shocks, which is essential for the

windingGs durability.
0 Cut-through Test:

In this test, two magnet wire specimens are placed on a hot plate in a perpendicukeaioss
so that they touch at a single point where a standard weiglpplged. (Figure 10T he test
determines the maximum temperature at which the two metal parts of the wires do not make

contact (resulting in a short circuit) within axinute timeframe. This test is closely related to

NP



the enaméks ability to resist flow under pressure. Modern enamels with a thermal class of
200°C typcally have cuthrough temperatures exceeding 320°C. This value provides an
estimate of the safety margin for a winding in the event of a hotBpsttest will be conducted

on the magnet enameled wires developed in this work.

Figure 10. Cutthroughtester.

2. El2ctrical Properties

The electrical properties of enameled wire r
as electrical res)iasnd ncel taangde d(ileil keec t brri eca K doosws
continuity) generated by the current passi
I nternational El ectrotechni cal Commi ssion (I
as foll ows:

1 Continuity Tohfi sComneearsiunrge:s t he uniformity of

specified potenti al di fference to ensure con
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T Breakdown VoWAtawes{BODVWIire pair is prepared
tester. The voltage, typically at a frequen:
enamel fails. The breakdown voltage represe.]
withsttaahduw its insulating properties breaki

thickness and t he( Fmaguwerrd all3)of t he enamel

Fi guBBer eakdowhage er .

These tests wild/ be conducted on the final
2.4.3.Chemical Properties

Chemical properties refer to the ability of enamel to resist chemical attacks. This resistance
is crucial in preventing electrical breakdown caused by the absorption of solvents or oils
present in certain electrical devices, which can lead to corrosfantan in moving parts.

As defined by the International Electrotechnical Commission (IEC 60317), these properties

can be summarized as follows:

1 Resistance to Solvents:

This test measures the waseability to retain its hardness after being exposed to a specific
solvent mixture. The wire isubmersedh solvents (e.gbutanol,white spirit,styrene xylene)
at afixed temperature for a set time. Afterward, the hardness is tested by scratching the enamel

with pencils of decreasing hardness. The ena

NY



of the pencil at which it withstands the scratching. For some solvents like ethanol, a microscope
is used to check for micro ring formations, though this test is not part of IEC standards.

1 Resistance to Refrigerants:

This property is expressed as the percentage of mass retained after the wire is treated with

refrigerants, such as Freon R22 or R134.

1 Resistance to Transformer Oil:

This measures thereakdown voltage and adhesion loss of the enamel after being heated
in wet transformer oil within a sealed system. Three wire specimens are placed in a
calorimetric bomb containing transformer oil and heated to a specific temperature (e.g.,
150°C) for a st duration, ranging from days to weeks. Afterward, the wires are examined
for appearance and retained breakdown voltage (BDV).

1 Solderability:

The wire is submerged in a solder bath containing a metal alloy, heated to specific temperatures
(e.g., 320°C or 370°C), until the enamel breaks dolire time required for solder formation
provides the solderability value of the enanféle tests that will be performed arnechanical
(flexibility), thermal (cutthrough thermal class , and el,BbY)estz will be ( Tglu

conducted.The following table presents a comparison of various wire enamel types.

N ®



3Chemistry of Wi re Ena

A coating is a protective or decorative | aye
applications, cadeetiipnrg macti gqmoall i tofp| a@ahsswdle. ae

Functi onal coatings are designed to modi fy t
wettability, resi stance to chemicalCoan i mgc h;
comes various for ms, categorized by their pt
application meitchald,ors upchhy saisc a&lhevapor depositi

sprayingoand prroolclesses.

Wire enamel s, a type of functional coating,
solutions or aqueous solut-foese, resi nea. sAlifidp

enamel consists of several key component s:
T Binders

Binders, also called resins, are sticky mate

the majority of the solid denteemt niimgt hdec pa

the final fil m. I n solution, t hey act as t
flexibility, and durability.

T Vol atile Components

Solvents are included to allow the coating t
solvents or water, depending on the formul at
and i mproving workability andtepplliecaavtiinagn .b eC
solid enamel fil m.

T Catalysts

Catal yst s, either organic or i norgani c, spe
allowing it to cure more efficiently. They e
film in a shorter period.

T Addi ti ves

Additi ves are i1introduced i n small amount s,
properties of the coating. For exampl e, pl a

agents ensure a smooth surface finish.
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3. 1Pdl.yesmi:Beoperties and appli

Pol yesmtdes (PEI) were creatmechani cwaoolmbpnepéd
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3. 1Sy2n.t hesi s-iafi dRRsl yest er

The synthes-imi oé ipoVylewseerforming ester and

fundament al buil ding blocks of the pol ymer
aromatic dicarboxylic acid with icmiidneg nhowoe:
equi valents of an aromatic anhydride, l i ke

aromat ie Skcih@&menThe most commondmegt hgyednddiaann
( MDA) , as aromatic diamines are now favor e
ethanol amideamAnbébmat eer sesi stance to oxidat.
the pol ymelk?dDubatonehe. di fferent reactivity
functional groups towards amines, the format
of amide. This | eads to the product(iSocnheonfe a

2), following the ring closure of the amic ¢
i nsol ubl e substance but becomes soluble in
there is a risk of f or misndiyeaeldeomws e apkreedc)i pihtaa
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Due to its | ower boiling point compared to
easily driven off during the transesterific.
removal from the <coating f i ILho ntghtirraciung hd idoilfsf u
primarily used to improve pol ydegr &d?@&&ii dn.l i
Triols are introduced as branching agents to
mo s t commonly wused triols include gl ycerin
hydroxyethyl) isocydnurate (THEI C) ( Scheme

H
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HO/\/\OH glycerine
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HO trimethylolpropane
HO
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Various diacids, reported in the Iliterature
i mpart different-ipid@8Theemosd pompmenter use
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Recently ®dlasednawalkti@ls are getting interest.i
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conditions | argely dictate the resulting pol
meaning that di fferent conditions | eaids to d
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vibration ocklPABs @art ptli6®@® icnm ensities vary de

material ratios.

PEls are supplied as mixtures of cresylic so
solvents and volatile monomers such as et hyl
to increase molecular weightlt@hgrouglkdt pahgygens
reaction is catalyzed by *#litanium esters |iKk

3. Po3 yur prlopreeds i es and applic

Polyurethanes (PUs) representdiatungquehetdabsy
characteristics that set them apart from mos
array of products, including paints, liquid
and integralesRWUnfsar Manysed tdhday are merely

nvention by the German scientisttiFiPgibrfeessor

|l l ustrates the primary types of PUs and s
devel oopfmetnhte dii socyanate polyaddition techn

i ndustry, with PU initially synthesized fror
di.gfh

POLYURETHANES
Thermoplastic PU  Flexible PU Rigid PU PUI Water«!:ome PU
Examples. Keyboard Examples: Cushion  Examples Examples: Artficial Examples: Coatings,
protector for aptop, materials, carpet Thermal and hearts, connector  adhesives, sealants,
outer cases of mobile  underlays, furniture,  sound insulators tubing for heart binders
slectronic devices, bedding, automotive pacemakers and
automotive instrument  interior parts, haemodialysis
panels, caster wheels.  packaging, tubes
power tools, sporting blomedicine and
goods, medical nanocomposites

davices, drive belts,
footwear, infiatable
rafts, and a variety of
extruded film, sheet
and profile applications

Figlbrfeypes of PU and exapmpl iecsatoiforndheir commo

Pol yurethanes were first Il ntroduced as a s
material's versatility and ability to replac
numerous applications. For examptengPpapgent

creating garments that were resistant to bot
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3.1.4. Chemistry of Polyurethanes
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The physical properties shown by PUs depend
that havel9Pepinc alsled,. soft elastic polymers
segment s, while rigid, tough polymerekiamg. p
Stretchy polymers, on the other-lhakdngresvhler
hargdget ymers are derived fromlbshkrhgr Abtadil nk
combining |l ong chains wi-ltihn kainng nrteesruretds aitre ¢d
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Advantages

Polyether polyols based on propylene
oxide and ethylene oxide

Aliphatic polyester polvol

Aromatic polyester polyol

Polyether polyols based on
tetrahydrofuran

Polycarbonate polyols

Acrylic polvols
Polybutadiene polyol

Hydrolytic stability, cost, viscosity, flexibility

Creidative stability, modulus/strength
Flame retardance, modulus/stiffness
Hydrolytic stability, modulus/strength

Hydrolytic stability, oxidative stability,
modulus strength

Hydrolytic/oxidative stability, hardness

Low temperature flexibility, solvent resistance
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Tab2 Advanotogeberent polyol s

I n contrast, i socyanates are | nRgcrocougpot ai ed n g
compound because of their higchanr ebaectslilvowyat
t empelCdthirse.sl owdown may occur due to phase i
dense polyol phasppeolaard, tdenger aits oveyl yn antoen p h &
and suitable catalysts are needens tlby spelear iu
either the isocyanate or hydrAoxxcyolr dcionngp otuon d hte
enhancing the electrophilic nature of isocya

from tbgemior oxygen atoms within the NCO

toluene diisocyanate (TDI) and diphenyl met ha
than their aliphatic counterparts, |l i ke i sc
d i socyanate (HDI). Mo st i socyanates are dif
i socyanate groups, though there are exceptio

consists of a mixture of mol ecuwylses Itnhathiccorcta
average functionality of the compound tends
to the higher number of iisocyanate groups. \

synthesis process eéatof mPie prloeufcit sal proper

3.15. Synthesis of Polyurethanes

Pol yurethanes (PUs) can be sy fAflhesmasd ¢ bmmc
and practical approach involves the reactior
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car bonyl!%fgyrpoiucpasl | y, these secondary urethane
bet ween'ad@51¢m5Keanp in mind that, for polya
N-H phane bendi!guURebmamsipdmy this peak "as wel
1. This peak typicaillbg Olsrbaomwgse ,u po vier | talpe i h§4 Qv
ami des-O $hee€Cch dfs peleynwwtagaNd&2ma&l ky, this pea
1265amd 12200 wamevtalrd maiss. addi t iawme sal asmd baea tianltyr
during PU synthesi s. Common additiVveskemns] u
fillers, blowing agents, and surfactants. By
or additives, PUs daenrbegtabfi pabpdr wi B, asu
hardness and@dodéehsneyg. t heblteg pi cal component s

purposes.

Additives Reasons for use

Isocyanate Responsible for the FU reactivity and curing
properties

Polyols Contributes flexible long segments, which
produces soft elastic polymers

Catalysts To speed up the reaction between the isocyanate

and polyols and to allow reaction at a lower
reaction temperature

Plasticisers To reduce material hardness

Pigments To produce coloured FU materials, especially for
aesthetic purposes

Cross-linkers/chain extenders For structural modification of the PU molecule

and to offer mechanical support that will
enhance the material properties

Blowing agents/surfactants To aid the production of PU foams, to help
control the formation of bubbles during
synthesis and to control the foam cell structure

Fillers To minimize cost and to improve the material
properties, such as stiffness and tensile strength

Flame retardants To reduce material flammability

Smoke retardants To reduce the rate of possible smoke generation

when the material is burnt

Tab3dlGompounds Found in Polyuré™hanes (PUs) anq

OH

OO :/>H _— S—H 4>E>‘)5 4» Polymer
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Schelme Ropgni ng mechani sm of THF
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3.501 Polyol s

Polyols are generally categorized into eithe
polyols are formed by tahcet irveea ehtyirddrra igoefinnagn ceopnyp:

They can al so beoperndatge dp oM iyametrh @ atlifftynof ep

contrast, pol yester pol yol s ar e synt hesi ze
compounds and mul tifunctional carboxylic aci
i ntended use. Hi gh mol ecul ar wemoglhetc uploa ry owesi ¢
are primarily wused in flexible PU producti on
creatRU®PF §®dPflyol s for flexible PUs often inv
such as glycerinec(fl Hf3)=, 29i,proopya emiex tgur e
2.75) . Conversely, polyols for rigid PUs re:
sorbitol (f = 6), Mannich bases (f = 4), suc
et hylxeme @nd/ or propylene oxide is added to
wei ght i s achieved. |l tés i mportant to note t

oxides are added can significahfithliys iinnfclluuednecse
solubility in water, reactivity, and compat:i
generally terminate wi% mhdsdenmnddroy breydrsesyl e
with ethylene oxi de, which contain primary
polymer or filled polyol s, consacrty loofniftirndle
pol yur ea pol yhrmeni c plalry i glr @asnmod e eveh &gt a pdli yét
backbone. Thessearger aofftt-eppcsluyscedrer s, hiygWwoams t o

| oadaring capacity, and they may al so be add
and microcellul ar -molaeaeelidddi popobgal By folrowi ¢
prowded wusing initiators |like triethanol amin

catalytic properties due to nitrogen atoms i
poly(tetramethyl ene et her) gl ycol (®TMG) ,
tetrahydrofuran, anmgernftorn mamrad nd lya sutsoende risn, hci
appl i d®adh einies .
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Schelle Raop@gni ng mechani sm of THF

Polyester polyols armatperadaldced hfrroaurg hv itrhgei din
of highly pure diachusamadi gll yegodshhspich aci

(o] o]
HO Polymerization H /\/\/O
/\/\/OH + OH —— > (0] [¢]
HO ot
(¢}

(o]

SchelMe Pol yester r dadtainerdi mdt menan ald,ipi c aci d.

Polyester polyols are wusually more Vviscous &
they remain significant due to their ability
cut resistance. Another <cl| asescyyd!| edl| matsd reir a Iy
transesterification, also known as the glyco
or the distillation byproducts of di methyl

glycol. These ar ommatthi cI opw Inyool lesc,u ltayrp iwea lglhyt , &
production of rigid foams, ofrfedrairdga ndt o Ptr op &

polyisocyanurate (PIR) boardstock foams and

3.1Speiality Polyol s

A grospeoifalty polyols is necessary for t he
adhesives that need to withstand chall enging
of these specialty polyols includeygalrypowmlaftie
pol yols, and poPloyl bywtladiceame ad csloy dbles sour ced fr
as vegetable oils. These renewabl e sldtw’egles n
The vegetable oils usedttod,prsodbeanp o lPynlgsa mi

and cottboPoégdl si Fsom vegetable oils are pri
f oams, fl exible bun stocks, and el astomer s.

makes ptamemcul arly suitable for manufd%Cturin
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Wh e n

prop
soyb

reacted with isocyanates, polyols from
erties, suitable fld®nea Dtriody examliger eod mgq

ean oi l and castor oi | to make them via

foams exhibited reduced mechani c abla sperdo pf eoratmse

Howe
I n

chlo
fluo
poly
(one
radi

atta

| soc
cl as
al ip
ar e
dii s
and
MD I
ar e
sl ab
i nsu
appl
poly
al so
t he
cycl
and

when

ver, they shoPWed opaont epnrtoidaulc tfioorn rdiugéitbtt o t h

another area of researtcent,r aftlhieor cotploy Iy

rotrifluor oetaHlHyklydneviwmiytlh ehyhkeresx yhas l ed
roethylene vinyl ether (FEVE) polyol s. F
Il socyanate with FEVWVEncpeonltyroaltsi-0a®vibidmgf btoaoo dts
of the strongest chemical bonds) , fluo
ation, alkalis, chemicals, acids, solven

cks. Thesteh epm oipceerali efsoamavksge pani rhtisghand c o

2.2.2.3 |l socyanates

yanates are cruci al components in the p
sified as either di functional or hetero
hatic categories. Among t hey viagdduiss moyaar
met hyl ene di phenyl dii socyanate ( MDI ) ,
ocyanates. Some common Sicshcechydaynid tcea | d tyr, u avil
TDI areef freacrtd veeosatnd reasocyaeanatomproagddd
and TDI, which are wusually isomeric mixt
predominantly wused to produce flexible

stock foams fléFlhenptaresasl poodsediiom. maki
|l ating materials for refrigerators, anec
i cations. Modi fications to isocyanates

ol s or iy cacddiibrsdg assgees t o reduce their vo
| ower their freezing point, making then
properties ofLletssecoensnolndt iyng seadl y mecyanat
oaliphatic isocyanates, which are used i
color stability are i mpobdadsaand eRtlds idsarikse nb

expodBIomed common examples of aliphatic

ar ei sl c y3ansaotcoy an adt, Bmreit me/st by bhexane (i sophoron
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| PDI )-di ids,o4cyanato dicycl ohexyl methane -(hydrc

hexamet hyl ene diisocyanate (HDI ).

CH3

0 0
X &
N AN NG

(@}

40
0
~Waé! 130 R RRG6HI Ud
NYda U o}
/
r
HaC N
OCNWNCO C¢O
HaC N7
HaC
clfcaUqd! oWl r ft YG6YI YOUWI RRY
O\ ‘
~
I RGOIWRRIOWH! ¢ U¢
Schesamdodt used diisocyanates
Despite the widespread use of dii socyanates

researchers to explore alternative routes to
the environmemtxalciitmp acsts oxndted with diisoc
i nvestigated producing sustainabl e -PUs 1
ami nopropyl triethddhy sii lsmmganane Fioghnieninvoly
cyclic car bonh®ehsi | wi tthh ea npionleyso, | was deriveoc
oxypropyl altétloan ametthed example, oligomeric p
used f drasleidg PiUn b®didmicltd rebnpmi nhi @di pol yol was
di phenwlandtiesod o synthesize PUs. Most- studi

MN



I Soc ybaansaetde PUs | argely depend on the |4 gnin
l i nking and modulus. A tySpéemé&él synthetic rou

R 41, G&;.Fn%/_d

;
HzCoon—L HzCOCO—F— Coupling HO, /"‘--“El—l:l
e Agent  HzOOCO—— H b \
HEOCO L fm  HODCO—5— - O
h HOOCO
HaCOCO— HaOe0 3% o ;—NH
Haliooo -..p !
Epoxidized vegetable ol Carbanabed vegetable oil ]
P
HO—, y
au}_;?;'_"\ Lignir ]
]
“ay
q\f h T 0 ®=Lignin
HO O [T
HzCOCO H="%—a .
oco] : uc} /™ Lignie
HGLG _rg X !
Mo B
H H Lignin
HaLOG /Dma'}ﬂ

Schefrrol yurethane preparation starting from vegetab

3.20l vent System

Solvents are essenti al in wire enamel for mul
they provide the necessary viscosity for th
Choosing the right solvents drn prpedwEpirnat a
performance wire enamel that is free of surf
influence popping, sagging, |l eveling, as wel
To use solvents ef fteoc tuindeslrys,t aintd iwsh aitmpcoorntsa n t

types available, and their potenti al hazards

Solvents can be categori zed -biomtda ntgh +toahey dmavigre

acceptor, -mmoordd hdadmorg/eanccept or .
T Weak Hyeéedromgdlemg sol vent s:

These ar edipsettirlollaetuem mi xtures of aliphatic a
naphthas. They wvary in volatility and ar oma
bl ends ocfh ag tnr, aiddritinc,hednd al i cyclliact i lvyedryo clao

aromatic hydrocar bon content . One advant age
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particularly by vol ume, as they have | ow de
hydrocarbon solvents, whil e more expensive
pol ymer s.
T Hydr elgoemd acceptor solvent s:
Oxygenated solvent s, such as esters, ester e
are generally |l ess expensive than esters wit
cases, esters and ester ethetbhemayl bwepretier
f Hydr ebgeemd acceptor/ donor solvents:
Among oxygenated solvents are those -wond act
donors/ acceptors, such as hydroxy compounds,
al cohol s ieaethwydege nbosutphysHbptysié,¢ nand I sobutyl alc
compounds, such as phenol and al kyl ated phert
trimethyl phenol s), are also used. Adbdond onal
acceptor solvents. Due to their i ncreased
nitroparaffins are usefulBfiun el ectrostatic s
3.2 Solvent Selection
Selecting an appropriate seuwvlevant kiey g3 dretriia
T 't should not react with the reactants.
T It must effectively dissolve the final po
1 Ihasrgmain stable throughout iits shelf | i
1 It must not cause issues during applicati
1 I't shooétf beti ve.
1 't must okecnon
T It needs to have at | east 2 industrial pr

no



Anot her i mportant consideration is the mol ec
I mpacts its solubility. Il n a specific solverl
tend to reduce polymer solubrbesyi nAkéddi miol §

hi gher degrees of crosslinking reduce sol ubi
pol ymer chains and solvent molecules, preven

3.2.1 Hansen Solubility Paranmn
A useful approach for selecting solvents is
proposed by Charles M. Hansaeher Hel e cduelnatri ffi g
determine solubility:

T Di spersitdih forces (
1 Pol ar Upprces (
T Hydr ogentubondi ng (

These forces ar edirmeemseiscemale d Hawn saernt hsrpeaece, " v
are positionéddip pbated admetsheiThe cl oser two s

space, the more | ikely theyows etheo prissoil plece

di ssolves |like," meaning substanoneeslBPM th sim

The soltabil i tly) pacgalmeudleat §d using the equati
T w7 (Eq.1)

For solvent mixtures, a weighted average of the partial solubility parameters can be calculated:

| @ae= (¢ 191+ (¢ 192+ E + (+ 19

| @ ge= (= 1)1+ (= )2+ E + (o 1)z (Eq. 2)

ano= (+ 191+ (192 + £+ (o 19
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usle dhethe i dentad r mioh @1t baod i

Several methods can be
i ncludingotfhevaH®Pi Rvhi ch contains
The software can al so predict sol

|l nput Line Entr8iWiSystem (SMILES).
No.  Solvent 5D 5P 5H Score RED  MVol
52 | Benzene 184 [0 2 0 |1723 |895
325 | Ethanol 158 |88 194 |0 1504 |586
181  |Cyclohexane %8 |0 02 0 [1928 1089
585 | Propylene Giycol 168 04 (213 |0 [1550 (737
456 | Methanol 147 (123 |23 [0 [1891 [406
368 | Ethylene Glycol 17 1 2% 0 [2062 559
406 | Giycerol 174 n3 (272 |0 [2178 (734
9959 |Dihydrolevoglucosenone | 18.9 124 7.1 1 0.308 (100
9999 | Astrobio Ap-3 1753|1151 (863 0436 (100
9999 | Cardanol 175 |23 62 1310 100
9999 | Methoxy Phenol 1919 |76 123 0630 (100
9999 | Timol 178 |40 72 1068 100
9999 | Eugenl 185 |56 95 0797 (100
9999 | Estragol 13 45 48 1114 [100

dat abase

Pty

a
ubi |

par

FigureEtampl sl HiIdbbndens parameters. Not.e, from scr

To determine whether a solvent and poliysmer

assigned to the solute, defining a sphere in

at its center. The distance (Ra) between the
(Y9?= 4(de  de)?+ (dyp  dy)® + (doc  Og)? (Eq.3)

This can be combined with the int®iddtiremcee

(RED) of the system:

YOO 'Y Yo (Eq.4)

1 f RED < 1, the molecules are compatible an:

ne



91 f RED = 1, parti al solubility occurs.
1 f RED > 1, the system wil|l not dissol

HSPiP 5th Edition 5.0.06 Licensed to: ELANTAS License #1 - X
File Dist. Diff. Adh./Visc. ForceFit Teas HPLC IGC GC Temp. Evap. FindMols Grid DPC SMILES P.Tools Help Sfera Hansen prototipo PEI ‘

No.  Solvent 5D 5P oH Score RED Mol " nnmm ) & @

74 \-Methy-2-Pymolidone (N... 18 123 72 1 0415 |96 ] )

961 | N-Ehyl-2-Pymoidone 18 12 7 1 o4 |n3s e gL in= 16 0ut= 23 Total= 39

i [ MVol Comection ~ [] ESC Alett Double-Click Rad.| p= 19.26 P=12.04 H=9.53
9999 |e-Caprolactone 18 15 74 1 0534 (100 [ Sphere Rad. Chk [ Show Selected @D Lmt | Tot = 24.63
115 |y-Butyrolactone (GBL) 18 166 74 1 0679 |765 R=8.3
; Fit= 1.000

285 | NN-Dimethyl Acetamide | 16.8 15 94 1 0597 |93 - — b Core= +[0.60, 1.20, 1.15]

9999 |DMAc 168 15 94 1 0597 |100 by ke e Wrong In= 0

303 | Dimethyl Sufoide (DMSO) | 18.4 164 102 1 0571 |73 2 2 V.Smal v Bothonly | | Wrong Out=0

297 | Dimethyl Formamide (DMF) | 17.4 137 |13 1 05% |774 [ Show Master Dataset

9999 | Rhodiasolv Hsp 172 86 97 1 0647 |100

9999 | lsophorone 17 3 5 1 0912 {100

9999 | Nex 400 177 102 124 1 0557 |196

584 | Propylene Carbonate 20 18 41 1 0.988 (852

9999 | Dowanol Pma 16.1 6.1 66 0 1103|100

9999 | Trighme 16.1 58 68 0 1119|100

9999 | Nex 100 146 105 7 0 1178|1439 -
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In wire enameling, the solvent system typically comprises two key components: one serves as

a reaction medium to dissolve monomers and initiate the reaction (referresbtosads), while
di |

t he

and viscosity.

ot her

known

as

thinner s,

ut es

t

he

The reaction medium consists of hibbiling, highly polar aprotic solvents that are both

hydrogen bond donors and acceptors. Common examples include NMRetliyH2-

pyrrolidone), DMF (dimethylformamide) and DMAc (dimethylacetamide).

Thinners, on the other hand, are made up of medbioiimg-point solvents, such as aliphatic
and aromatic hydrocarbons like naphtha and xylene, as well as sombolligh-point

solvents. "Naphtha" refers to a group of chemicals derived from petroletittateéis and

nz
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natural gas condensates, typically with distillation ranges arourid.@80C. These are clean,
flammable solvents, customizable for various applications. Commonbbigihg solvents
include phenol, cresols (a mixture of medad parecresols), xylenolsigomers of dimethyl
phenols), cresylic acids (a mix of phenol, cresols, xylenols, and other alkylated phenols), and

synthetic alkylated phenols. These solvents have distillation ranges between 190°C and 250°C.

Thinners are added primarily to reduce the viscosity of resins, improving their workability and
application to wire. They are more c@stective than highly aprotic solvents, lowering the
overall cost of the enamel. Additionally, thinners evaporate faster NMP during wire
enameling, which helps cool the varnish mixture, preventing surface crusting and blistering in
the film. The choice of varnish solvents must ensure proper evaporation rates, aligning with the
curing oven's temperature profile and tlesired enameling speed to produce smooth, regular

films.

For uniform evaporation during baking, efforts are made to achieve a consistent evaporation
pattern as the composition of the changing azeotrope evolves. Abrupt changes can lead to

surface defects in the cured enamel film, such as blister formationréitessin Figurel9).
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Figure 19. Blister formation on enameled wires (Source: Elantas internal database).

As previously mentioned, solvents are crucial during film formation in the enameling ovens,
where they evaporate while the polymer cures on the copper wire. Therefore, the evaporation

rates of solvents are treated with special care to ensure a flawless finish

3221. Keygspaantds vari abl es on evapor

The rate at which a solvent evaporates is i
temper at utreeq ! wme fraaxtei o, and ai Thfel otvwe mpaetreat av
consider is that of the area at and near the

solvent at the temperature wHheoroel uenvea proartaito opn
cruci al role becaudgeree Vv aagerrdtaicen bled pyeems t dite

example, if 10 g of solvent are spread over

ny



compared to when theAsunrmfaecesudtea when) sot veé

thicker films with the same surface area, thi
at a sl ower and steadier pace. Additionally
evaporati osn onatteh ed eppaerntdi al pr e s ssuorlev eonft tihnet esrc
I f the vaporized solvent 1isnd6t removed qui ck

sl owing down t les.seAiarpfolroaw iroant epsr occan vary con:
application method, and therefore, the solve

the specific ab’pi1%ktation conditions

I n terms of selecting solvents, the most <cri
to assume that boiling points (the temperat
atm) are directly proporti ameals.t o hwapormamrye 4
points to estimate evaporation rates. Howev
pressure, and the two valwues can vary signitf
predict how much If astY @poromtee sood mepanrtedwitlo an
pressure data al one. Because of this, it bec
rates (HHABWEGR. 5) .

(¢ ( ES).

This equation is used to determine the relat

t hatbwtfyln acet at &o elpm etsteentesq u ditei dn,me require

to evaporate in a specific type of apparatus
the E wvalue, the faster the evaporation rat
numer ouest ggray asnuch as vapor pressure, tempera
i s primari-dyi ven s prhfesmmene non. To deter mi ne

measur ement s mu st be taken under standardi z

foriman process, it can be stated that the re
the rate of solvent evaporation. However, as
a point is reached where tAte telviapostadgen thae
the coating rises, reducing the avail abl e f

dependent on the rate of diffusion of the sc

rate itself. Twoendti setvianpcotr agpthiaosne sc aonf bseo li dent i

no



the evaporation rate i s determined by the seé
mi xtures. After a transitional phase, evapo
becomes reliant on the diffustihoen friadtne ofn tthhe
phase the diffusion rate is predominantly
Essentially, the solvent mol ecul es move thrc
void o another. The lmagt fgiegenivfoil uanet afvad tl arb
bet ween the temperature (T) and the glass tr
takes place at a temper atfurree weddi ra,b odzief ftthsei
l i mit tahtd oenvamdre at any point during drying.
temperature at which drying occur s, sol vent
di ffusi ofig)y atliembisi §Mes

3. Bhe Polymerization rea
Her e, we discuss the two primary <cl asses of
formation of or-gaowth cardwtalig epo Icyhmearniozwa thi a rs.
often referred to as additionmpwhwame mi z4teiadil
Whil e agirlowthhaipnol ymeri zations involve addit:i
correspomd otwd hc meeicrh ggmmiosvhsh. pOHaimer i zati on op
mai n mechani sms: free radocradi nagdniooni pol ym
Additionall vy, three essenti al types of reac
propagation, and termination. Someti mes, a
causing the ter mimaitn oaan d ft hoen ef agrrmami inagn cof a
starting a new chain. Initiation begins when
which quickly adds to a monomer mol ecul e, f
propagtadageo,n where the free radical adds rap
extending the polymer chain. The process of
stage the concentration of monomers and pol
pol ymer <chains. Finally, the growing chain e
Vi a either combi nati on or di sproportionat:
pol ymerization, the propagat i otnhe aftcer mat iqoun c
first free radicatlk’flends to be the sl owest

P M



3.13St&powth Polymerizati on

When it c ogrexswttho psotleypmer i zati on, mpbrs$aptrote:
because ités the method used for many of t
i ncluding polyesters, polyamides, and polyur

I n the ear l-gr pwtalts epo loff mesrtiepati onpot gemer necae a
happens quite slowly as functional groups ar

number of end groups need tnol kevet eymhstu npeadl ytno

chain. However, as the pdllyméraingetsi am Eromg/rea
to substanti al increases in molecular weight

@ (b)
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reagents.

Typically, the final conversion and-grown®hequ

processes are corssterqauiine dorbiyun.h eT hree accotnicoennt r a

at equilibrium are influenced.Byy rtemeovpmgsdrh
byproducts from the reaction medi um, their ¢
reverse reaction. This encourages the contin
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the for mat-moheaveli agrh g h glimwl yancehriseeve hi gh mol ec

polymers, the reaction needs to be pushed t
make the reaction medium quite Vviscous, Wwhioc
di ffusion of condemuagthi arh eb ynperdd duuc,t sma ki ng i
removed. Since the removal of these byproduc

mass transfer often bgercoopnbehsy niehrei zbaottito nesn.e c k i

To facilitate the removal of condensation by
maxi mi ze surface area to i mprove mass transf
applying a high vacuum can furdthskri gaimheance t

Figure 21. Hi gh vacuum pump for industri:

Pol ycondensation can be conducted through va
pol ymerainglat ubnon polymerization. A brief sum

the next ! %&aragraphs

3. 3Me2l.t polycondensation

In melt polycongreowiahi oeacthenstlepppen when
state, tempbr ahere raised above its melting |
created during the process, a vacuum can be
i nert gas can be pumped in to reduceadhheir
produces polymers that are usually very pur

t weak their appearance or stability, |like pi

o
111



As the polymerization progresses, the polyme

~—+

harder for small byproduct mol ecules to e
sl ows down the whole processeedadttop lodep htah €
in a molten state can sometimes | ead to unwa

arenott®Wsef ul

3. 3503l.ution polycondensat.i

I n i ndustry, solutioho pmeybodddmgatpromduicd n
pol yurethanes, polycarbonates, anmr occeerstsai ins
especially wuseful when keeping the reactant
di fficult, or when the final pol ymer has an
at | ower temperatures t hayc omedetn spactliyomme railzlaotw
heat control because the viscosity is | ower.
is done, the polymer must be separated from

the polymer thesebiightgdwato®®deand dried.

Model of Solution Polymerization

— Tummw

S o - Monomer
Heating and

Cooling jacket Initiator

Solvent

Fiug22. Mo d el of solution polymerizati on
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3.3SYeb. growth polymerization reactic

di stri buti on

To quantify t-geowthepotygmefi sakipon, It' s ess
reactivities of the functional groups on bot
key assiumpmdotnost éip systems is the eqlfhl reac

This means that the frequency with which fut
dictates the polymerization rate, is fairly
at the end of a poblyymen mbhayncabdddititberapres
doesn't significantly alter the reactivity ¢
rate can often be expressed simply -gasagdson
One of the critical characteristics of cond
il lustrate, comewtdrerpal ymeariargpgikemonowmelr i, n g
mi g ht be a hydroxyl group and Bf oaaimmdr bd x yal i
pol ylster.

o)
I I )k
R' o H
. HO HO ™~ +1n H,0
AN )L + n AN )J\ —> HO'P R O% b
R OH R OH N
o]

Schetnei teagr swiep polymerization

The goal is to model how the polymer <chain
stages ofl cogtvewtsh omol ymeri zation, the symbo
used to indicate the conversion of t he | i mi

i nterpr eoptreocb atbhdtihgny gi ven functional group
(e.g., TOH) has reacted with another [§roup (

demonstrated that the probability of a mol e

f ol |I(oBngs.: 6)
e N p N (Ea. 6)

The formation of a pol ymemrmoabaens tnhaigulcroeas
i ndependleinbnkicrhggi neacti ons, e aph Aodcdciutriroinnag | w
hydr oxyl group at the end of the pollymerp ren

PN



This results I n what's known as thi¢l omogt p
di stribution. I nterestinggyowt hep MPYPmerrainz atl is
The pr oPb(anbgiplrietsyent s t h en-mmeorl,e dfexnéoat)éi dorna sorf s taann ¢
90% conwyer=gifomM®h(e mole fractioms Jarlrasasa frmdll
fraction oh 6. @9%, 0diOmBelm, Handds t0 .i MMe29 .( As t he
i ncreases, the mole fraetioAs bDleeomenypenongires
Y 1 the mole fractions of smal | mol ecul es d
preval ent . EMearats,i dbty' saspoagsi bl e to debavedan
CLD fortypespAaBymdlbesysteemothaaét number of mol
p, &dgtdhe initial number oN =stdhgmendmohec mbées.
oh-mer b ekqoureetsi on 7
WeE
L p N
Since x(njlt1= TP (pn)), =t hpe nmerk eErgpuamft imnml B8s) of n
6 0n p N
and t he wei gretr (fErqaucattii com af) n
0 €0 O p N N ¢
00 0

I n t hwsgr ecparsees,ent s the molecul ar weight of a |
tot al mass of repeat units in the polymer <ch
23 |l lustrates the weight chain |l ength distr.i
val p2s0(96, 0.97, 0.98). As the conversion r
CLD curve shifts rightward, and the distri6b
i ndicates that ghitghseprecmelse cawlearb eweoimi ng mor e

progresses.
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Figuwrewegi ght chain |l ength distribution at diff

The namkermage degree of pol ymeaveaeradg®nddddPac
pol ymerization (DPw) can be determined using
(CLDEquation 10, 11)

oV € GE p neEn P Np ¢y on E
P N P
PN PN
o~ . . . x p N
O eEve P N €n P n p ¢n on E o N
The polydispersity index (PDI), defined as D

close to 1. Gmoflcereveliignhegarre wieipg hpol ymer s, t he p
appr oxi mehteelmol2e.cu.l ar wei ght averages can be
f or -nhoilgehevmeli grht pol ymers, the conversion (p)

p = 0.99 ,auvéireaguasambeegr ee of polymerization is

Pz



3. 3 Nbs2.oi chiometric compositior

I n ch38ptlert.he focus was on -ttyhpee pnod nyoomeerisz.atli

Ssystems, the structure of the monaegneoru pesn soufr ¢
both types, unl ess there are iIimpurities or

systemere can be a stoichiometric I mbal ance
The initial molar ratio of the two monomers

or oligomers during the rand tB ofnun cdtiicotnaatle sg rtc
for polymerization. This | oss of volatile mo
I's a notable issue in industrial pol ymeri zat

nyl on 6, 6 pr odcuacrtbioonnatoer idni pphoed nyyclar bonate pr o«

Now, consider a scenario where there's a sli
and BB polymerization, with @do0o Lbaoadsrsfamadl b
average mol ecul ar weight of a polymer can bg

key conEewpdatsi.on 11)
0 £ 0B & NMiiQi B on
0 £ 0 A QOB £ miiQi @@ on
0 , .
i 5 PP Qi € OGKR W W QI i
R WEE0QIddERD O £ MOQE@WODO WE O
Then, the initial(Equwatljeonoi2 molecules is

0 0 0 p
G G i

The tot al number of chain ends (Eagfutaetr) orne alc3t i o

. y .op o
0 0 ¢cp N ——

Since the total number (etf2 ,motl e we remsledt T detahnv e
can be expqgests)leadn ak4

PT



o5 2 QO ROHOBE aQHOAQI 6 T p o
Y QoG iR E A Qo a®ifc cp N p 1T

To understand how to calculate the polymer 0
|l ength" as the total number of monomer mol e

pol ymerizati on, it's the number poofl yreepre azta t u
itds roughly the numbEquatbbdomweat hahi wihethi i
amount of AA and BB mo=nolme(rls Ti sp)equwehli cthr i= 1t

Equal@doem AB pol(yHEmeuatziadn olns)

DO = P _Yon Yss
Gl UpMpn P 1 CUs Ugn Upn
I f Z is the number of moles of polymer | inka
0 0 @
0 0 0O p
And
0 0 0 n
0 0 1
0 0 0
0 W

Finally, the foll owi ng -aeveu aatgieo nc hdaeAsna d i elBiBnt gh

pol ymeri zat i(Fognu aits) oonb tla6 n e d:

, U 0 @ @

0O U 0 0
The der iEwaitait@lndgangss umes t hat l i near pol ymer mc
functional group at -wgaoWwtlngol Hmoevreivzat i anm s
significant number of cyclic obtbomer s hat b

PY
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s e
c a
st

mi

Fi

nctionalEqamdliogmalulp,s 1t4dend 5t @a nav drbest i mat e t
ain |l engths. The |ikelihood of forming cyc
pends on factors |ike the size and shape

er modynamic sttabdydltiyc orholtehte'fldeé § ftelratn c an

3. 3NbhB8neagr swtelp pol ymeri zati on

en monomers with more than two reactive en
nomer s) ar egrionmmtonl vpeal,y neetrepz at i ons -lliemadrt o

l ymer structures, such as hypd&rehlr pmodlyencr 9

own | h4CFeingdurriemer s, characterized by highly
ecise geometric structure, are wusually syn
guires purificatilodhs . |Tehaed ipnrgo ¢ eos 4 ooM odveerr darl i
core, expanding radially outward through s
ndr i mer depkikdotreidgi inmt &#&s gdrem a tetrafunct
bsequent additions of AB2 forming trifunct
condary forces within dendrimers are weake
n't pya ctko gteitghhetrl. As a resul t, no chain en:
rrenigor use in fibers and plastics. Howeve
scibility with other substanclds, making th
<

Hyperbranched

polymer Dendrimer Crosslinked polymer
gure 24. Di fferent Branched posltygnpeorwt sht rpwod tyurreersi ztah
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(e.

contrast, hyperbranched pol ymer s, whi ch |

n be synthesized in just one step using mu
2) , or by mixing |linear and 3nul fTihfeun atrieaqr
anching of hyperbranched polymers prevents
nctional modi fiers in crosslinked pol ymers
ampl espoilnycplhuedney | enes, polyesters, polycarhb
|l yet her s. There are excellent revi ews ava

|l ymers and®?d#nidni mgmperbranched pol ymers ¢
nomer s, most egfr otuhpes faurnec ttiyoprea IB,emda ki ng it
combine and f orlm klearsgterru cctruorsessl.i nHoewde vgeerl, &
nAB XxXture@o(gegmecozing AA with Bnyelcani éreadT|
osslinked str2icbuit d HeeprioduBEedurirae vari ous:s
near mol ecules (e.g., AB or a combination
. 02, 3AMAR. Bletrafunctional branching (which
stead of a T) can be achi evad lbnyc ruesaisnign gt ettl

action of mul ti functi onal monomers will bo

3.3l tnpdct of functionality on mol e

se8tB8ohselationsbepweevrer eormwerdgsi on and r
suming each monomer has two functional gr c

clude branched polymer chains formed with

oups. In suchncas{ainttthgf anedagerfa stoichi
stem, where the average number of funct.i
' ti functional monomers can fs3pabureueitpéee

g2)  EABati on 17)

B¢ "Q
B¢
Z M

"G




WheiQe epresents the functiwonalinty hef rm@aco maemg
i's the initial nruinsb etrh eo ft ontoa le crud mlde ratnimdé n mio h &
initial number of fua'@ti ormael fgracoupsonias giowne
functi ona(lEqguraotuiposn i1s8)

Ce&E ¢ C £

€ Q o P oz
Ther g(fEogrueat i on 19)

~ € C

o -

€ ¢ nNaQ

| f the average functionality is Equlat(foor 16
si mpl iEffiuead j@mn pFP n. | mstrodanchi ometr iNa<mgNkt ur e:
, reactions cease once all A groups are cons
of the Il imiting functional group rather thal
funct i@eguiatgy the total number of functional

number of deficient A groups) divided by t he

groups. Using this definition, HEdqweatfiraend & n a
the nawmbrage chai nEhbanatgtald rsiod kKgniowenn albsy t he Car
(named af tCarbWhHKresep | D0 me hdr $ ht ba vtehrea greu necbheari
l ength for the entire mixture, including any
oEquat ae s uthifgast e@rchwitsh epeacti on involves c¢oml
one | arger molecule, with cyclizationineact:i

Equat iroenv eladO8 aplpabachespaipmpfriomicthersasef or e, w h

¢ Qand the conversion of the | hmmkéreg agreou,|
chain |l ength can become infinite, |l eading to
of |l arge molecules that are insoluble in the
gel ation is crucial ,eatse liamper fgeeclt i noonlse ciunl epso
cause significant fouling in polymerizati on
of only a few extremely | argavmolgeulcdhsai dod
infinite. Gelasfsoorcmaattieodn iasnsdu etsh egZ@i°f! at conve

2N



3. 3Modl.ecul ar weight determinat.

chromatography

Si-Egclusion Chromatography (SEC), commonly K
(GPC) , i's a separation techniqgue that oper at
mol ecul es. This method is entropi aalcleys sc a st

influenced by the entropy associated with |

mol ecul es pass through a column filled with
from entering the pores, whpbeesmalrbuet umel e 8
| arger mol ecules elute first, followed by sn

osize (Fi®yure 25)

@ Membrane
O Large molecules

® Medium-sized molecules Polymer chain conformation in solution

e Small molecules

Figure 25. Chromatographic separation by

One key characteristic that differentiates s

i mpossible to assign an exact mol ar mass to

the chain I ength varies baspdl yme rrianatoino nf,a ct
2=



growth depends on the availability of compat
it depends on the | ifespan of the chain car
chains with varying | engthdghat¢r edttiemg fal ¢ loavi
patterns. Rat her than a single molar mass, |
mol ar masses and their averages. These dist
averages (as shownhei maRiugruer eo f2 6t)h,e rseafmpe cet. Si
techniques apply unique averaging methods,

characterization of the sample. Colligative

exampl espprfoasalcens at hat yield complementary m

Weight fraction

Molecular weight

Figure 26. Different average of molecul ar w

ThM,i s def(iBgeuda taison 20)

BO 0 Bu
B0 B O 0

Herler,epr esmummisent hef mol ecul es obD.spaciaéser nai
form for expressbng 0t/Bi, s wilee® AWh@g anhrsds0s cor

wei-ghermodemadyi snstde b targeRlqual)i on 2

20



BO 0 Bu 0
B0 O Bu

Stati 9triemridyents the first momeint sofdetf h@emu

the ratio

of the second to the f i rasvte rnaogmeen ti.:

then calcbEBdqaaXZRidomy?2

This calc
which i s
Anot her i
to as PDI
chains wi
the PDI v

I n addi ti
2. 0, refl
speci fic

pol ymeri z

o BO 0 Bo 0

" TBGO BU
ul ation results in zatadlvyevampe hmghanr
often essenti al for accurately des:«
mportant aspect to take into accour
The PDI serves as an indicator of

thin a specific pol yorera samipfi@er mFpao

al gequaldcbose2 to 1.

5 o U
0V O0—
U

on polymerization, the polydispersi
ecting a moderate distribution of
polymerization condi ti ecas egmondwish e pt

ations, the P¥® wusually averages ar

34Synt lPet ymenseovapobhubron?

Pol ymeric

applicati

material s, known widely as plastd.i

ons due to their versatility, corr.

2 n



composites or additives, these materials <ca
common perceptionsef fpilcaisetnitc st harroeu grheosuat u rtchee i r

pol ymer insulation conserves odu@ttiiomes wthheé e
components in vehicles reduce environment al
shelf life, lowering slh®biHoawees errat @ sh ea rech vri & down
of gl obal pl astic prreogduui crtiinogn caornes i sleb aba et ie
extensigeeaomalsoese gases, and microplastics t
25 million tons of plastic accumul ate annual

100600 years to break down. To addredabltédese
bi opol ymers aims to offer similar utility wi

sourcing alone doesnét guarantee sustainabil

Cycle Assessment (LCA) i sl oersep alsieada Imonempe i
solvents to reduce reliance on petrochemical
[B' n the experimental section, there will be

OFELANTBSr oped6sR&Dneée &@mnabi ming for the highest
considered every st aghkeeifnnihneg pwiotdhu crtd v mpa toed

through the transport system, and up to the

This apmpawmceas "kcradle to gate,"™ provides a

essential to note that LCA is one of the few

has a higher or | ower environmenuatl ei spapt | s
Cradle » Gate » Grave

Materials are acquired Manufacturing and Stored and ready Product is used by Product reaches its
and necessary production process for distribution consumer end of life
pre-processing occurs begins
Figure.27 Product Iife cycle.

35Bi-mased raw materi al s
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orefineries, i n many ways, operate much |
at theyodore designedatsedt feesfad ombten e abnl
ving away fr o' %Boisosmals sr,e soouurr creesnewabl e res¢
|l atively quickly and gener-géehgr dtaill s amd o:

ner ati on fgeeendesrtaotci kosn. fFeierdsstt ocks are made u

om edi bilkee soowrrmc,essudgar cane, and vegetable
at it i's possprbd ckucteo bsiuosmaasisn afbd ry -bfasced, f o
t e % | stgiernsett i on bi omass remains ethically
mpetition with food resources, palPicul ar
rrentl vy, around 0.02% of gl obal agricul tu

opl ast il@!porweecvuerrs,oras compl ete transition fr.
astic production is wunlikely, underscorin
ficient recycling processes. A full repl ac
chaggipl astics with bioplastics alone coul d
d would demand 60% more freshwh%Seercotnldan |
neration biomass-edobtesths owbstvas, owhi alono

ceptabl e andvreama dnibloye gdovoampllaebxl@e ,al t er nati ve

--Dg\\

(i

C-(

- -y,

SRy R S S

\_Sugarcane
~

- -

Figure 28. Di fferent sources of bio based
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und 20% of household Wda%re Iciogitsti sdfi nighiod,

earch is now exploring wédwaste toomerct op
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eat straw andisntgafeamenbapdessugars. Thi s
e for otherwise ditapar ded omat esruisatbasisndedbtl e a
oducti on. These agricul tedrfeaelbtuby @rreoqduui crtes e
etreatment to release cellulose and hemice
| ymer . hZ@@ft9ea keed, particularly brown and

omi sing sourcelagfinpolegs adohhardi dens .br own al

% of their dry weight, can gel with divale

oducing biodegradable films with desirabl

M31%8yeget able and plant oils offer phtasways t

p |
de

astics. However, using edible oils raises
fore3®rtmoaonteadishl,e nom waste oopsilldhmne mor

Vegetable o0oils contain triglycerides with u
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oduce epd®ddesiasally, polyols found in
ed in Dasadi pgl lyiuo et hanebsa s(ebdi coRpUsi)o.n A nnoctl huec
opademteai ning compounds sourced from plant ¢
a mu#Htoinmiel Isiccal e and widely wused as natur
mon peel, can be prforcee alsidodt pociyeatr bomias gls
acting | i moa@h?e®®@iotxd elef wiathundant yet | ow
so emerging as a direct feedstock for p o
t hdd88™This approach effefctdmet he sagmesphber

l ymer s, keeping it stored wuntil i tCR r el ea

mi ssi ons sxfuwrcd ey ilefisik eeenddHpcooweelr pl ant s, with

% and 15% respectiéeepyp)] ypfovi ddveapvioahblce i C
|l ycaedbpnand ot her.""4d4Wohabéeccheéei oal sremai
urce for most traditional, durabl e pol ymer
l ymer s. Due to the envierxotnrnaecnttianlg iammpda citnsc ia
sources, crude oil ssstgaineallEayfhe ebdi soipa eaks.e
edstock type poses distinct challenges, an
sources into functional chemicals in Dbior
etreatment techniqueas sarsd froor € er eneinlt iag n to nm
re efficieW®Bfioprocessing
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PARTI |1

EXPERI MENTAL SECTI ON

4.1 ProjectWiOverkbneaemelfor

This section wil/ di scuss three studies. The
pol y-based enamel for magnet wire, i n whi ch
repl acedbawietdh mmitceri als (includingn botht oreag
achieve app3®%i gnah £tl iyt t5i on whi | eelneacitnrtiaciani n

and mechanical properties. 5rhis study wil/ b

Dw99b 2Lw9 9b! a9]{

. . I'taconic acid @s parti al
POIlme”C replacer wit hngwL\’r@UI y mer
matrlx matriixmcorporating 'bt

during the syr

A product BIf-O

SOIVent Baseortfpolivo o ~ R # q 2 | RBLIV i

3t gl + Wi 1yl

SyStem evaluated ON i vawnwl o

pol yestwarsi mied ¢

Figure 29. Green Wire enamels work over\y

During the syntlhR sainsalGPsd sa nwde rAel Rp e r filoprpmhe de,d t |
and cured on copper wires by the Company's
enamel ing procedterle.ctAfitcearl tahnadt ,mé)chhememae ad o n &

to assure that the newtpmaddudt PEds acompaariyalpl
2Y



The second study is about the replacing of

Il somers of cresol s, xyl enol s, et hyl phenol :
trimethyl phenols and similar mo | & c uniexst,uran do
cresols isomers. The aim of the project is t
mai nt ai ni negl @dter itdeelr mrond mechanical perfor mat

as dirtys content and @& trsanwge cofsittlye i st arhcearsd nr e
case the enamel -3RTHRBEB EiCw MJe&)3.83 elrn t hi s study
were selected as candidates and many factor s

addressedh to chapter

[ ¢9wb! ¢L+9 ¢h /wo9{ [L/ !/ L5{

O

O )J\ O o)
o> Mg
LR O
S eaa-*aaee
/ 5D
0.0 N
o

(@)

°}
O O/]/m © f

The starting solvent system i s

APhenol Gk%

System Agresol OQSiV&@somers

Sbvent mwmmnmmthynsmmmmﬂ;%

Solvent

Figure 30. Alternatwive to cresol work oV

GPC analyses were per flioprpnieide,d tahnedn ,c uarleld boant cche

company' s operators, following an internal

20



theemectrical and méchlanwerane derse st ¢ Chaptre

was comparable to the standard PEI already p

I n order to harmonize what is going to be do
wire enamel production from the synthesis toc
go deep in the detadailscdfostshespreasossnes for n

However, we can summarize the main step in t

Figure 31. Main phases for wire enamel proc

These three phases are r elphestemitrad i wer K owi Itlh

anal ytical chemistry of wire enamel s, mor e
aromatic diamine residue that, depending on
so the Ilimit ot ipm@dgdmum@tdxyp dwntl| dohfdbEtrearx pl oi t ec
wor k, since it is a different technol ogy wi
i ntroduction on conformal coating and then t

™M



4 .. Materi al s

Al l reagents and solvents were purchased fr
without additional purification unless speci
was verified by the i nternbDeglenQuanlgi toyn Qadret remla
used, there wil/| be a bigger or a small er &
machine (call edni owheenroe ftrhoem maogwsnet wi re has

syntheses wer ¢ ipgenrh ototved @leasael? fnddkead wgltes

head and a mechanical stirrer, with heating
and distillation apparatus were utilized as
When the enameling step have been conducted
a diameter of 1 mm and more |iquid enamel

enameprnoangsynt médes wer d iperrbotomendl ghasas 6ves
with -rmecked gl ass head and a mechani cal stir

| aboratory vacuum pump and distill atiroens.appa

4 I3nstruments and Met ho

4 . el Permeation Chromatogt

GPC analyses weTlercroon dincsdtleelrmemta assembl ed

1000 pump and a Smartline 2300 differenti al
included three codRImpesd j W0 s®rx €3,007A.08m)  6DO O
and 500, 7.5 x 300 mm.alThewet hepartwvasl a gDz
and DMF. Both the eluent and column compartm
resin sadipsd £l wedein the appropriate eluent

30 and 50 mg/ mL depending on the dry content
0.4 RTFE syringe Efbdftoerre firmjne oMgiidganiio®d i | t er

into the instrument | oop.

43. 2 I nfrared Spectroscop:

I nfrared spectroscaplyhewamo pRaifertmefgiuapsiiedo we

Smart -t@mamismi ssi on accessory with KBr suppor

TN



Spectra were recorded over a wavenumber rang
of 16 repeated scans for both background anc
and absorption band wavEhemme r § OW&NESS eraitecsu | a
FTT Roftware.

4.3/i scosity Determinatior

Vi scosity measurements were performed using
rate at 23AC. All samples were measured witHh
I mPafsi | | i paschl per second

4 .3Boli d Content Deter mi nat

Solid content determination was <carried out
cm and heating it at 180AC for 1 hour. The

formul a:

i W
Y8 —ZpTmm
W

Whewe s the initiadisammlee weeigdhht adrnder heati

43. BISPSBft war e

Hansen solubility parameters were calcul ated

43. 6 Gas Chr eavmastso grmpaegh yM&me Any |l f GC

The -MBanal ysis was performed using a Perkin E
equi pped wWwiMSh campiHIliatrey col umn (30 m x 0. 25

Hel ium (He) was used as the carrieragResr laitna

El mer Clarus SQ8S mass spectrometer (MS), op

The foll owing parameters were used for the G
T Ilnjection volume: 0.2 OL

T



1 Temperature program:
o lnitial temperature of 45AC, held for

o Ramp 1: 10AC/min to 225AC, hold for 11

T Tot al run time: 40 minutes

For the MS analysis, the parameters were set
T l on source: El ectron ionization (EI +), SO
T GC line temperature: 200AC

T El ectron energy: 70 eV

T lon energy: 1.5 V

4 . 3De7t.er mi nati on of the bi obase

The samples were dated usingl&)heviradAocalrd@roa
Spectrometry (AMS) at the Center for Dating

Sal emMheoxtracted materi al was converted into
900AC in an oxidizing environment and subseq
empl oyed as the reducing agent, with iron

comdeg ation was measur ed!® yal€od napsa fEenlglu nadhse, ctuo
reference values Ggbpbtandaeddd romppllicea beietyi drheel
radi ocar bon dating resul ts were <corrected

measur g ttehen using the accelerator and acc

|l evQual ity control of the results was ensu
concentrations of oxalic acid provided by tF
(NI ST) . Finally, the radiocarbon <c¢omtge nat w a

contemporary radiocar bomerecdrtr eMadce rvral Gar odn

TO



51 Green Wire Enamel s

El antas is more asndtmommpaeodtmmytr sed  eapr ov e me
environment al footprintsr,edwictthi oan paanrdtlidcnucl raera
content. A partial replacemended omatt @esisal s oirs
step to accomplish such targets.

x Objective: to set up a modled i ras bl yesitrs
magnet wire) where reference materials a
monomers and sol ve3nlt% )r etpol ahcaevnee natb.out 25

I n ordemetf ®ate®@Ed @al ready commercially avail a
wi || be &ePPnophedi asl arc, di wacsomieccantiadadthes
repl acement of components for the pobashmeed ma
reagents is not possible due to the high per-
acid is a-blaswdpmdi exy lbiihe gahc icdh enmitchal val ue it ¢
candi dat e.

For the solvent system itds been replaced hal
that 1is a mixture of esters from organic aci
going to BbleOSr@MmeIdhiass product has been selecte
(Tabl e 4) and 2t4s6 AbCoi.l iTrhge poil wvte n(cy4 power ( RE
written 3i.mR .scehladepctteirng ERS. sol ute t he

=Y 021y Uy Up Un RED

GFQIIJiY 18,5 6, 5 13,7 =

7f 8E§ X { 19, 4 16, 5 5,1 0, 725

Tabl e 4. Hansens soQruebsiolli tayn dp aBrlaO&eQlerls f or m
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5. 185ynthesis and characterizati

Pol y-emmt des were synthesi-gteadp agrcocaldvihgae dl tt Hhe
variant process3d fleg8cribadonnccaaeaptewas used
ofpol yemmtde by replacing the total amount of
process unchanged. Every batch done was subj
needed to reach specific val uersogeorrt itehse. tThhee
rati o between reagents (diacids, di ols and -
tailor thellllperdatrananrmrc etshee lmobaratrad i toc aveoied |

exact mol ar or equi valearncti afl atdiesss,r abi venhy t

Neverthel ess, the data effectively represent
component i ncreases or decreases, t he ©perc:t
accordingly. The eanq wiovgloenretn t sa tciomsh stt wert | y

achieve the highest posGh &p3tee3cAdntviaebrlsei owh e raes

values are reported is here bel ow:
Mo | Mo | Mo | Mo | Mo |
BATCH PTA T MA N T | i
Aci d C Gl ycer.i
Ref . i 0, 4 0, 3 1, 3 0, 83 -
EPO1 0, 4 0, 3 1, 3 1( +2 00% -
EPO?2 0,(5M| 0,(6+5 0 1, 3 1 -
EPO 3 0, 1 0, 6 1, 3 1,(2+2 Q9 -
EPO4 0,1 0, 6 1, 3 1, 2 0, 843
EPOS5 0 0, 8 1,(Z %W 1, 2 -
Tabl e 5. Di fferent mol ar contribution of

Polyemtdes (PEIs) were synthesized using t hi

neckedbototuood gl ass vessel equi pped with a me

TP



col umn, and distillation apparatus, an exces
conducted with excess ethylene glycol as the
the transesterification steplwanhd the debdmi o
temperature were setted to 90AC. Then the It
mi xture, exothermy is observed up to 130AC m
and DPDA (respéf@anhdv &c§le BicThheme the Titanate b
THEI C i s added as catalyst and the reaction 1
is increased -210A@/Ch (WHretriel f200 ows differen:

appropriate exprleaancattiioonns otfh atthearnmeaionccur ri ng i

o o
OH
W HoN NH;
o MDA
TMA

I I O
HO N N
H H
OH HO

(0] (¢]

OH

2 H,0

OH

(e}

Scheme DI DA reaction formati on.
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0

+ 2 HO
OH
HN NH, s

MDA . .
Itaconic Acid
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HO
0
HO. _O
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H H
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Sche8e DPDA reaction formation.

After these two reactions, ethylene glycol
acid group of iTMAe rtnoe dfiocartne se sathedr ol i gomer s,

Sche@e 1
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HO )k OH
\/\N N/\/
HO
\/\OH + 5 \ 5
0] 0 OH

HO o
N
N HO

OH

OH

Sche®fe Esterification reactions.

Conditions were maintained until the temperature in the overhead column began to drop,
indicating that all condensation water had been completely distilled off. When the overhead
column temperature reached 75°C, the temperature of the reactor was $#tGp2id the

TY



vacuum pump was connected and configured to operate at 400 mBar. These stable conditions
facilitate the transesterification of ester oligomers by eliminating ethylene glycol, resulting in

an increase in the molecular weight of the polyeistéde (see Schre 20).

HO” Mo
OH
0]
N 2
o (0] N 0}
o o Y 0
Q O/\/N N\/\o
O T
0O
o] o O
%&(O\/OH
O
Ho\/\OH 0
0]
\O/\O
o OH
N
© 0« _N_ _O
O 5 i
N N
Oy O
0O
o] 0 O
N
Q\‘(o\/%
0]
o
Sche&Mme Treanerification reaction.
At this stage, reactions were controlled vi
when the mpdlexmeérmads wei ght equal ed ERPO. eAteetes
point, the vacuum pump and heater were tur

Bl OSOWAals added to adjust the viscosity and
final products were characterized using GPC
then applied to copperchwuaiirnest, r awnhseeossiséandkdsiitciad
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occurred in the enameling ovVveenn aante laerdo ucnodp p5e0r0

(see Qdhoermdcirmlsisng during the curing step). F
el ectrical properties were evaluated.

\O

HO (0]

OH

() W N
. O/\/NTN\/\OJ\QN O
}1 O T O

o~k
1 %
o={ N O 0 OHO+
}—%{ @ N?
VA
/ 19U
Sche&me Crosslink reaction.

Hemel ow there are the GPC overl aps between
represents the reference (EPO), while the bl
1 to 5.
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The thermemechanical and electrical properties of the cured enameled wires were evaluated

and compared to those of a commercial PEI batch.

5.MRResults and Discussions
Product Mw( g/ mo | Mn( g/ mol Mw/ M
Ref . EP 5417 2616 2,07
EPO1 4844 1992 2,43
EPO2 4619 1926 2,39
EPOS3 41109 1775 2,32
EPO4 4214 22414 1, 87
EPOS 4362 2357 1, 85
Table 6. Molecular weight distributions, re
Produc Wire A« Flexib Cut Tan De|l BDV
(%) Treusl (Ac) | (kv)
(AC)
Ref . E good |passed 0 80 AL 95 a1
EPO1 Wavy alpassed 420 179, 3 13,5
bl i st e
EPO2 Wavy ajpassed 400 187, 4 11, 8
bl i st e
EPO3 Wavy |passed 410 187, 8 11, 8
EPO4 good |passed 370 183, 8 9,7
EPOS good passe(¢ 410 197,0 12, 4
30%
Tabl e 7. Enamel ank cvhiarneg ctad s tasn:d teheercma i cal . ( Enamel

Y



To better clarivid¢geememadthanpgbeswedmtbdotaches a
the data in Tabl e (5Fiigsurper e3s7e)nt ed her e bel ow.
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1,3 1,3
40% 13 8c
1,3

30%

20% 03

10% . 0.6 0,6 06 08

0% 01 01 01
EPOO1 EP0O02 EPOO0O3 EPO0O4 EPOO5

mPTA (mol) TMA (mol) = Itac. Acid (mol) m THEIC (mol)m Glicerine (mol)

Figure 37. Graphic representation of the mol ar
I n the cu4 ®&d sPEct ABR (Figure 36), t he main a
carbonyl groups in the imide ring, carboxyl a

180106 00'rcacmge. Specifically, the symmetric al
i mide ring carbonyl (C=0) tarevhobseernvhed CatO b
vibration of the edt*®ty bond occurs at 1690 c

Three versions of this product (EPO0OO05) were

-EPOOS5 pol ymer matrix + Sol vent-crSegssdadle(nmEi n5a0l %
content of 3EPWOS5deBpiCted as

-EPOOS5 polymer matri x -ctr Sdlvenda5 ByRhemal ,30Pb %
Naphtha SN100 (Final drEyP0d2d&&n tCeAnt of 27 %) dep

-EPO0OOS5 polymer matrix + Solvendr Syclt eim: 1 2% %N &
SN1O0OO( Fi nal drde iooE R@RtA LB @ 7 %)
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i n USA.

THERMAL ENDURANCE TWISTED PAIR METHOD PER ASTM D2307
ELANTAS PDG, Inc. Testing Laboratories
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THERMAL ENDURANCE TWISTED PAIR METHOD PER ASTM D2307
ELANTAS PDG, Inc. Testing Laboratories

EPO23BI1 O
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/g
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[

\\\\‘
.

100 1 1 1 1 1 1 1 1 1 - 1 1
100 120 140 160 180 200 220 240 260 280 300 320

FiguwreTBer maEPDA&BdxO f(dr59, 2AC) .

5. 1Co3n.cl usi ons

I n all t he ver si olnismictrneaafteefdi,@|t hceo nmiemitmum ndi
was e Xxc etehdeérde Ritis wee i gbhd s eoed rhdatoer i BRPO-PTF eBle@t i
Botrleagemd ssol vents have Ibélmasnaed retrii qulblsy médhel a
matwax obtained by replacing approximately 5
|l taconwlhi calcirdeacts with MDA to form a pyrrold.
part odmoai Theidc st andaortd|RPEI el RTM namatsed. The |
gener al characteristics al itdhreegdnatl o ctl haes sr eoff e rl
thermal index ofl6ddACrAoBoRfnabEived d d 5@®arbenyfoot
simvbasdRE(C@OgKé, ¢S ,)9AAhi s product with 39% s
diluted a2t d207f% ewietnh sol veBPO@ZIr)CAand otntee sa ta
cont ailmMmbBdw mdhas si | or ERPIOREl BA®OswentCl@d@ cont e
det er mibnoetdh fporroduct s, obtaining resp. val ues
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sions. Both productosisat i 2a%elkdace sblermmer s e «

eral, good properties were observwidrdé or [

me(tsiuasf ace vwppedemtnecal)l y needttosbempotia

hl i ghtbased mateerbiianl , t hat comes frem feri
ic and safer with respecmodiof itehde PENes Iu
eresting al so t he pahk,adtohxe tphraotd uccotmeersa dheu twi
eri al hab maa dti ggempa&rOed t o t-basedodater w
en when taking infoo-bhbbhsddranwomacecelltat s ot
t Hoea sfeads smalt eri al ). This should | et wus un
not always the solution for every probl e
be calculated and evaluated.
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6 . Al ternative to Cresyl.]

Cresylic acids (CA), are a mixture of ar oma
phenol ar e slolkse, xyl enols ethyl phenol s, tri met
mi nor component s, derived primarily from pe
cresylic acids is formed by cresol s iesmmer s,
or -t psol s) . Cresols can appeyeal laossw,a oa o |lpoir

l i quid. Cresol hasctbas-ekesimkcuretsmd gp wihs cwrhe rva:r
in their physical pr opesrotmeerss. alrheec Ib¥0K.d0i AnCy2 fQpddrs

forcrmesol , andcr2dslal9,ACwHiolre pt heir melting poc
35. 5AC, respectivel y. The names of the compc
where hydrogen hasobeeareepgkaeed!| | ¢ obtained
Due to their similar boiling points, it is i
i nto pure components; instead, the mixture ¢
cres)ol an i mportant i ndustri al product used
manufacture of tricresyl phosphate.
OH
CH;

FigdteCresiodt rglemteur e

Y ®



Cresols are valuable as raw materials for va

Thecresol i1 somer is particularly usdefnwlt raos a

cr
i n
p |
hy
i n
sm
vV a
Ci
be

es
t
as
dr
cr
o k
ry
ga
d

omea#-¢ h2 or ophenoxy accreetsioct raacsiddl.p iTshoemenr s ar
he pr odiufcotrinoan doefh ypdhee moelsinh® amdcaesytopwn
ticizer and g-sbswtlyilnec raedsdoiltsi v(eag n tainodx i ddia n 1
oxytPtolodemseas).ons that invol ve exposure to
eased exposure to xlrepop sl atoinoppma.r eldn vtior ot
e is also a significant source of <cresol
depending on the branuwbmachdr tgpamibbér cwi
rettes s mokieodn,s crraensgoeld cfornocme mOt.rlast t o 3. 9 n

etected at |l ow | evel s in certain foods a

significantly to overal/l exposure for most i

reorted in various!®eviosommentdaedf d eee tt dhred Ptrlog

requi rYement s.

a

-

VProject Scope: \

Il ndividuate possible alternative to
Define solvent systems without CA ¢
i n PElI enamel s

PEI (pol yest ersioniudbel)e ragnsdit fsdtaab ¢ el | t

composition.

The resulting enamel domper akbllees@roo

standar d. /

\
V SOLVENT SYSTEMS REQUI REM

O Final enamel specifications mat c|

0 No resin depolymerization in the

U No severlemssSH i cation (not hiqher/

Table 8. Project scope and SS requireme
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With the help of the HSPi P software that wuse

how the selectedsebubehtzwngltbehpokymar, in
Polyesterimide. The molar ratio of the build
system is the mixture of solvents that are g

solhve system used for years for thecrsetsaondalrc
Naphdat SN10O (39/ 28/ 33) . Solvent naphtha (SN1C
l iquid derived from crude oi l refilnimgusgs ed e
to reduce the price and the viscosity. The p
t he-cm,e(smoeddt apaoaer esdhe first two parameters |
enameling is: the residual dry content and t
main phases (Figurwe&8d4d¢dpfevieusty baowkdfor

Taldd.H&SE, Regul atory constraints, Boil in
IP | Reference country Regulatory Boiling Point (°C) and 35%
Costraints Properties PEI 533 resin
dilution
Gamma- H319: Causes serious eye irritation Registered and BP: 207-208°C RED:
valerolactone H315: Causes skin imitation manufactured in and / 0,532
CAS 108-29-2 or imported to Europe,
at=1to< 10ty

Biomaterial

Those candidates were selected eval ueteing

availability of the pirtodnustt thbaek eaav aiinl acbd nes iidn
continuously. The H&SE section concerns the
associated with that substance. I n the stand

phrase@&xHeemhel y f | )aHhBn0azbH kkBala2enf e o f swal |l owed
wit h), skHiBdaduses severe samangebhBus pantdedyeoefdcaea
geneti )} HEMASctcsause damage to organs through
H4 1(Rar mful to aquatic I|.i f\Wwhewi tshe alracrhg nlga sftoirn g
a worseni mdriars etsheé sr inok aswé énotr @b hmgwsSuhir asbs
are not | ahcet elpR/eRlef er enc ei prouxitlrlgec stea § nakaes i t
FTO/ EU that means Fr(eéedomtt BuOppeatkerne ®wWufl |
couhthy opti mal condition is when there is
descwhbese the registration of the substance
and in which quantity per year(lthksdstubsR&EA
regi stlrhahtei oBho)i | i ng Point and Properties sect
or mixture and thereapage¢eldidn whsi cvhe riyt ibnopiolrst aan

® N



di

especially
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of the enameled wire. The | a23l. 1s exc@eowée g rRIERDe
aim of this study to evaluate alternatives t
PEI , commoml y nwdtuisltira @ed iapplicati o@smpamaysdoss 0
production sector This approach avoids the
typicall-$§ dagsei pes Batch. Moreover, using th
all tests are conducted ohn ttrhieals awmweu | RIE In ebcaetsc:
synthesis, where maintaining consistent mol e
chall enging, despite using identical mol ar r

5 .Resul

Al ternative

ts

and Discussio

S oR hveenEllDENER/ /N5 /5 11/2 4

Liquid enamelStandard PEI SA@ 295 Enamel | e*d| wi r &t andard PEI SA@295
(referencg epamel charactenisfriefserencg enamel
Solvent SystemhenGNSNI Phe nBIlOSAISWI Wire diameter 05mm 0,5mm
392833 246/511/245 (mm)
Solubility at RTClear Clear Coattimigckness Typi@@d 0,05
- (mm) Spe:dD 460,067
Sol ubisiLty at Clear2after Clear2after -
Sur face Ty pi@aPk iR, 03-Pyi R,
Dry content 3B M 35 Spewds-Pi-R;
(1g/1h/1 8 8, %) Flexibilityypi2plas@L5%, 1D) 33pas@L %, 1D)
Vi scdquAa,y 300400 Ca269 Spe2Bpas(@15%,1D) 2/3pa s(@2 %, 1D)
arR3y) Tgi@E) TypizGic 198
Theoretical22185KJKg 1810,68KIKQ Spexl,6i216/C
Combusiiop Heal Cut hr o(dq h Typtaaic 364
Specx3 8
i Resin behavior after heati Rg@t8dcat ment }Aﬁqvﬁ\)solvent bﬁyeﬂwtdll:%'\{
i the resinghhowepol ymerization Specs
He astho c k Typipads pass
i Solvents adding conditions (1D, 3 @a 22 230) Spec-s
u Phen0|_|ﬂ‘dded8"nt *Enamel | i ng: MAGnN #450.500nn$ 4 2w/mi ,162,si ngl.e coat
i Viscolsowtegranppebibly due to both resin depodgymgriigzation and solvent
viscosity cutting characteristic i Surface slightly worse than spec
i@ CT lower tha specs
i Conclusions and Next actions
i Resin depoNegxhkeordiizeyd t he enamel by
ate abteemper(@tuahet hat no depol ymer
occhrs Q ELANTAS
Fi gwrkex admpl e of a result presentation for a so
I med on the |l eft table are highlighted the p
enamel
|l ml,uoen the right table are highlighted the



Mor eover, bel ow the | eft table there are com
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re comments for that section. I n the red tal
eeds to be i-4n0 0t hneP arsa nagte PoSfA 2360BOU mPasasata?d3 AC.
O see that the theoretical combustion heat

HCV) indicates the wupper i mi t of the avai
ombustion of dsed .unitt i af memasmugy dper uni t mé
arameter has been used to calcul ate the rel
epicted under d&namel hewg®8hatbeshedergy from
uring wire enameling througihn ia caatealayti ion ml
nside theéeoeeaerr gipgsed otvee rpreadwe r  tthhee nesred Aweelsi n

wewlctahl ori fic value (HCV) in the solvent me

c O

rrent to oper atber itnhgeh ngrma noe Ipirmgdlucvt e mfn, cost

gher the solvent's HCV, HGBG®Wvamorse |l ercdregly aca
rameter to take in consideration. Mor eover
fore and after the ther mal treat ment (see
pofradleldows the three main phases in Figure
ating treatment t hercer essssloa hcyraepshagin,p |l a nodr tah i

a-k wewn | i ght depol ymerizati on. As we <can

® o o @ O Q

ction, written below the | iquid enamel tab

Bl OSOLVIhis solvent is a mixtdhe ofemaneri af

C
a
f
t

omponents | ed to a sighsfpoastbepbbymbBecka
| so see an i mpact of the depolymerization o
rom the tabl elott earaencil ®da wliowdri ng in the

hrough, that could possibly be coherent wit

Here below is shown &5 G Qp laamnadl ytshies sotna ntdhaer dS
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dar KTor eoce)t.t er understand the influence of ¢t}
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Candi date used: Bl OSOLV1

IP | Reference country Regulatory Boiling Point (°C) and 35%
Costraints Properties PEI 533 resin
dilution
BIOSOLV1 H319: Causes serious eye iritation FTO/EU BP: 175-242 °C. Mixture of RED:
Organic esters esters 0,725
blend
Biomaterial
Table 10. Overview of the parameteres of B
-SG1295

= St andard PEI

(tor

Refachve der

FigLBreSzlperimposed GPC analy5|s of SG1295 and

Alternative SofhenflllEESNAMS/5 11/2 4

Liquid enamelStandard PEI ERO029 Enamel | e*d| wi re&tandard PEI ER029
(referencé epamel charactedri sfriefserence enamel

Solvent SystemMhendG@ANSNI Phen®ll OSQISWI Wire diameter 0,5mm 0,5mm
392833 245/511/245 (mm)
Solubility at RTClear Clear Coattimigckness Typi@Gi 0,05
. (mm SpeddH 460067
Sol ubiSIALty at Clear2after Clear2after -
Sur face Ty pi@aPk iR, 0,- Py
Dry content 323 M 3 % Spewds-P-Ry
(lgihl 8 8, %) FlexibilitWypt2plas@l% 1D) 33pas @1 %, 1D)
Vi sc dqmsHa y 300400 264 Spex2Bpas(@19%,1D) 3/3pa s(@2 9, 1D)
aes) TQuE) Typizak 203
Theoretical224185KJKg 180,68KIKg Spexcls96i216AC
Combusilop eai Cut hr o(dq h Typi3al 384C
Specxw3 8
He asth o c k Typigpads pass
(1D, 3 @a 2 230) Spec-s

i Resin behavior after heah@hg8treatment with phenol of

U No depolymerization *Enamel | i ng Mé&Gn é4B5L0.508ms 4 2Wmi 62,5 i ngl.e coat
iU Solvents adding conditions 0 Results
i Phenol aldsd®e da BEHOSIA@RY d e d 44Tt i Wire properties in specs

U Viscolsowteyranduefto solvent cutting properf{iyConclusions and Next actions
0 The studiedix8wshowg below specs

© ELANTAS
Figuwr eER029 veanrranmesihe dancdhar acteristics.

I't is possible to observe that the viscosity

batch. However, i n t hi s i nstance, t he Cut

(O}



par ameters. This suggests that the primary
sol vencyBlpOSveobdingarce ke styd Cé Heaieddbe(l ow i s sho
anal ysiEPO@® rjphnedl t he st andardgde Standard PEI

-EP029

Fi gurSeupder i mpasad yGP68 of EPO029 and the standa

The project focus is the substitution of Cre

al most obligated, anyway itodéslWlhad been done

Nexandci date used:

IP | Reference country Regulatory Boiling Point (°C) and 35%
Costraints Properties PEI 533 resin
dilution

Gamma- H318: Causes serious eye irritation Registered and BP: 207-208°C RED:
valerolactone H315: Causes skin irritation manufactured in and / 0,532
CAS 108-29-2 or imported to Europe, §<_7/

at=1to< 10thy
Biomaterial

Tabl.e Qver vi ew of GahmiVaplae raonlea etremrse o f
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Al ternative

SoGammyd a lSe/rsa le@Vi)oBIIEOS QI /S N2 4 /5 12 46

Liquid enamelStandard PEI ER032 Enamel | exd® wi re&tandard PEI ERO032
(referencg¢ epamel characteni sfriecfserencég¢ emamel

Solvent SystemMhenGNSNI GVIBI OSOWSYNI Wire diameter 0,5mm 0,5mm
392833 2441512 %6 (mm)
Solubility at RTClear Clear Coattimigckness Typi@oid 005
A (mm) Spe:H 460067
Sol ubisILty at Clear2after Clear -
Sur face Ty pi@aPki Ry 0;- Py
Dry content 323 &% 3¢% Spei®-P;-R,
(19/11 8 8, %) FlexibilitWypt23plas@l% 1D) 23pas@L %, 1D)
Vi scduAa.y 300400 288 Spex28pas(@15%,1D) 1/3p a s(@2 %, 1D)
ag3s) Tgi) Typizafc 20,3
Theoretical22185KJKJg 1171 KIKQ Specls9,Bi 216/ C
Colbustiap Heat Cut hr o(dy h Typiz @l 38ic
Specx3 8
He astho c k Typipads pass
(1D, 3 6a 2 230) Spec-s
U Resin behavior afteh: heating treatment of
i GVL addlesdC:Ab depolymerization *Enamel | i ng: MAGnH &45L0.500m54 2Wmi ,1G2,si ngl.e coat
i Solvents adding conditions U Results . .
U GVL addlesdd aathst r added 44t O Wire properties in specs

U Vi s colsoiwteyr

Fi

I n the EPO

sol ubil i ze ttahn&Eprodl ¢ me n

maipm ob |l em

tdhwen trefsol vent

properth Conclusions and Next actions

cutting

U The studiedixk8wehowg bel ow and
combustion heat
© ELANTAS
guwreB®0Oarni sh and enamell ed wire characte
32 table is it possible to notice
Wwith opti mum cThhaer act e

of not wusicomgspilse o0 litincet ¢va neoaoeshi dtsyh a t

and the theoreti c anlor@o nibhueshte aoang ehheeayt. n&@raemanldl yi
not convenient for market purposes. The r ema
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Nexandci date used: Benzyl Al cohol

IP | Reference country Regulatory Boiling Point (°C) 35%
Costraints and Properties PEI 533
resin
dilution
Benzylic alcohal H319: Causes serious eye FTO Registered and manufactured BF: 205°C RED:
CAS 100-51-6 imitation in and / or imported to the 0,862
European Economic Area, at =
10000 tly.

On the list of the Community
rolling action plan (CoRAP) as
suspected sensitizer

TabPke AQverview of Bteme yd arad medtheorles o f

Al ternative SoGWIBEnNnzZ$Y 6 LCESANBEHMNIZ20

Liquid enam@krebeb38N35 ER037 Enamel | e*d*| wiTeer ebeb3 3MMN35 ER037
(referencg epamel charactenfi sfriecfserenceg enmnamel

Solvent SysteRmhendG@ANSNI GVLILBA SNI Wire diameter 0,5mm 0,5mm
392833 3 88/4 17/2 0 (mm)
Solubility at RTClear Clear Coattimigckness Typi®oi 0,0 5
5 (mm) Spe:0D 460,067
Sol ubisiILty at Clear 2after Clear 5
Sur f ace Typi@aR, iRy 0,1 Py
Dry content 3 23 &% 349 60 Spes-P;-R;
(1g/1h1 8 0, %) Flexibilithypi23plas@L %, 1D) 23pas@1 %, 1D)
Vi scgsHa,y 300400 100 Spec2Bpas(@1 9%, 1D) 0/3 (@2 @, 1D)
Sl Tgi@s) TypiZaf 208
Theoretical224185KJJg 216 8,43KJIKQ SpeclsV6i216/C
Compusilow Heai Cut hr o(dy h Typizafc 390
Specw3 8
i Resin behavior aft@&@mimea®Cng tr eat maaadth dcfk Typipads pass
0 GVLENo depolymerization (1D, 3 @a 2 230) Spec-s
*Enamel | i ng:MAGH HEH 0.H@Mm 4 2n/mi ,1G2,si ngl.e coa

U Solvents adding conditions
U GVL ad®eddC agstirmaedt aBOeiqgi8&L stirrédResults
and mai Bh,SNhednd BAL40dded at U Enamedt in specs

0 Conclusions and Next actions
U The studiedVixdbwehowg much be
Nof ur talcerioonnst h.i s SS

© ELANTAS

LI

Figur eB&Oarni sh and enameled wire character

Bl OSOLV1 has a very | owot,heodr eptriecsaeln tc o mmb utshtei
will overall decrease this value in a signif
(Figure 46) 1is it possible to see the effect
heat has keewemedt bwtrthe viscosity is very
back I n -Hdheedp h@D.ol

oT



Nexandcdi date useld: ABet gt e G BGA)

Product IP / Reference country Regulatory Boiling Point (°C) 35%

CASn° Costraints and Properties PEI 533
resin
dilution

Butyl glycol acetate H312: Harmful in contact with FTO Registered and manufactured BP: 192°C RED:

(2-butoxyethyl skin N ) in and / or imported to Europe, My lead to 0,971

acetate) H332: Harmful if inhaled N at = 10 000 to < 100 000 tiy transesterification

CAS: 112.07-2 e H reactions

TabBe Averview of Btuhe | pAGrieatnesdtleer es o f

Al ternative SoRhenBiut §y stGé mc/8NDb BchetDat e

Liquid enam@krebeb33N35 EmO040 Enamel | e*d*| wiTeer ebe838IN35 EmO040
(referencé epamel characteni striecfserence¢g enamel

Sol vent Syst emhen@ANSNI Phe n®GA NI Wire diameter 0,5mm 0,5mm
392833 552520 (mm)
Solubility at RTClear Clear Coattimigckness Typi@G3 0,05
- (mm) Speddd 460067
Sol ubisi&ty at Clear2after Clear . = .
Sur f ace Ty pi @aP,i Ry O,i Py
Dry content 328 &% 36 W% SpeDs-Pi-R;
(1g1h1 8 8, %) Flexibilit¥Wypi2plas@L% 1D) 33pas@1 %, 1D)
Vi s c qnsH a \y 300400 375 SpeBpas(@18%,1D) 2/3pas(@2 %, 1D)
ae3) TgiG) Typizafc 16,8
Theoretical224185KJKQ 22 92(KJIKQ Specls9,B6i21,6/C
CombUStl o) HEa Cut hr o(dQ) h TypiTRAC 310
) ) . . Speccw3 8
i Resin behavior aft erinimeladt8:ng treat ment of .
U BGADepolymerization observed He astho c k Typigads pass
(1D, 3 @a 2 230) Spec-s
U Solvents adding conditions . . i *Enamel | i ng:MAGH HES 0.5Mm 4 2Wmi ,1G2,si ngle coat
i BGA and Phenb9Laddedrad a8 animahenrl &#ned
stirred an@h8hNi nadiddddat 0 Results
0 Wire properties in specs

0 Conclusions and Next actions
0 AdBGA at | ower T aied®2 rcr ease

O ELANTAS

FigureB®Oarni sh and enameled wire character

From (GRPiCQuaraldgi s done after the heating tr
Acet at e ( BGA) It was possible to notice a

characteristics of the enamel edlUand ei, n whiee eC

oY



t hrough, confirming the hypothesis that dep
next tables tdene with BEAtheadedtlafter the

P tmn. 191080 56

-EPO040

(wbo|

Refrortive s

Fi gurSeupde8r.i mposed GPOamdatllyes i st add&Pd PEI

I n the BGA tests we decided to make an ename
specific referencaendia®dtPEhT gmi lspl bl version
di fferent oven wuvuseeti taFr ohWencani whjich the wi

Ilmm, to verify if different application syst

Al ternative SoRheenut 8y s Gé mc/8 Nd6ARDt240t e

Liquid enamelStandard P[EI E®045 Enamel | e*d| wir et andard PEI ER045
reference enamel characterni striecfserenceg emnamel
1mm

Solvent Systemhend@ANSNI PhenBGASNI Wire diameter 1mm
392833 602020 (mm)
Solubility at RTIlear Clear Coattimigckness Typi@&G8 0,0 8
. (mm)
Sol ubislI&ty atClear 2af ter Clear 5
Sur face Ty pi@aPi Ry O,i Py
S C(1glhl 8 8, %) 38 W 38l % Spewds-P;-Ry
] Flexibilitlypt23plas@1%,1D) 2/3pas(@2 %, 1D)
Vi scdqmsAa, 80000 880
anq i Spe28pas@Ll% 1D) 2/3pas(@3 %, 1D)
Theoretical 2259 &g 283 KIKY Tgi@E) TypiZ@fe 208
Combustion Heat Specls,Bi 216/
Cut hr o(Ay h Typi3ad 40
iU Resbe@havior after heatingh tarBelat ment with Phenol of Spewcxw3 8
U the resimghhowepol ymerization He esilh @ @ [k Typigads pass
U Solvents adding conditions (@), 8 (2 2 21 S CBE
iU Phenol aldsde darmd BGA and 1@ added at *Enamel | i ngVEBVdDets tdrmms 55Wmi,iI862,si ngl.e coat

Resul ts
U Surface in specs
U CT in specs

i Conclusions and Next actions
UG NewS to d¥eB@h@20Phe/BGASNI

© ELANTAS

Fi guwr eB®0arni sh and enameled wire character
(OX )



Al ternative SoRheenut 8y s Gé mc/8 N46ACLeDt3Dt e

Liquid e melr e MEE33 T3 @ E®R047 Enamel | e*d| wiTree ebe8&3 MNT3 @ ER045
reference enamel characterni striecfserenceg emnamel
1mm

Solvent SysteRfhend@ANSNI PhenBGASNI Wire diameter 1mm
392833 601030 (mm)
Solubility at RTIlear Clear Coattimigckness Typi@&G8 0,0 8
. (mm
Sol ubisSlI&ty atClear 2after Clear 5
Sur face Ty pi@aPi Ry 0,1 Py
Dry Content 38 W 3 9% Spewts-P;-Ry
@i B9, %) FlexibilitWypta3plas@l%, 1D) 2/3pa s @1 %, 1D)
Vi sc dqeHAa .y 80-000 898 Spe2Bpas(@19%,1D) 1/3p a s(@2 0, 1D)
arx) Tgi@) Typiz@ic 199
Theoretical 259&JKJg 2177 KIKg Speclsy,Bi216AC
Cloimbulsitii oin Heat Cut hr o(dQ) h Typi3RAC 394
. ) ) ) . ) Specw3 8
0 Resbhe@ahavior after heatindh tarB8&xt ment with Phenol of -
U the resimghhowepol ymerization He asth o c k Typipads pass
(1D, 3 Ga 22 230) Spec-s
U Solvents adding conditions “Enamel | i ng VEBVdDetsformm 5 5wmi,G2,si ngle coat

0 Phenol aldg darmd BGA and 1S added at
Resul ts
0 Surface in specs
0 CT in specs

i Conclusions and Next actions
G No further actions on this SS

© ELANTAS

FigboeBPOarni sh and enameled wire character

Nexandcdi dat e sol ventl Di basic Ester

IP /| Reference country Regulatory Boiling Point (°C) 35%
Costraints and Properties PEI 533
resin
dilution
DBE (dibasic esters)  No hazard FTO Notified C&L BP: 196-225°C RED:
(dimethyl adipate, My lead to 0,842
i transesterification

reactions

EC / List no.: 937-
156-2

TabWlhe Averview of Dtitbeaspar eemdtearses of

NMM



Al ternative SoRhernil BhyEstcaS8mMs 002 020

Liquid enam@krebeb38mM35 EmO042 Enamel | e*d* wiTer ebeb3 3MN35 EmO042
(referenc¢ epamel charactefisfriecfserence¢ enmnamel

Solvent SystemRhendGANSNI Phe nDBEBNI Wire diameter 0,5mm 0,5mm
392833 602020 (mm)
Solubility at RTClear Clear Coattimigckness Typi@&G3d 0,05
? (mm Spe:dd 460067
Sol ubi5sliA&Aty at Clear 2a&f ter Clear . - .
Sur face Ty pi@aRi Ry O, Py
Dry Content 3B % 3 1% Speids-P-Ry
(1g/1h/1 8 8, %) FlexibilitWypta3mplas@l%, 1D) 3/3pa s(@1 %, 1D)
Vi scdmsHAa .y 300400 307 Spe28Bpas(@15,1D) 3/3pas(@2 0, 1D)
aes) Tgi@) Typiz@ic 129
Theoretical224185KJKg 1850(KJIKg Spexls9B6i216/C
Combusidon Leai Cut hr o) h Typi3Ric 290
Specxw3 84
0 Resbhe@havior after h3@aitning treatment of .
i DBE 1a9%C:Pol ymerolaei oad He asth o ¢ k Typigpads pass
(1D, 3 @a 2 230) Spec-s
G Solvents adding conditions v E o - MAGN HIEEL 0.5 @ms 4 2Vmi 62, s | | ¢
i DBE and phenbdfasdtedmatt aBbheidh herwgdn . cnamel | ing:MAGH HES 05Mm 4 2wmi G251 ngle coa
stirred anahBbi naddeddat U Results ) )
0 Wire properties not in specs

0 Conclusions and Next actions
0 The introduction aliphati
a decr ease ienl etchter itcheahmwor act
i Nexatct:ctimr gi ngl 5DBBE a't

of

O ELANTAS

FigulreEB042 veanrranmesihe dancdhar acteri stics
| Standard PEI |
EPO042
| |
i — L
0 s i ——— \g\\ = N

From GPC analysi s done afterDitthaEssilhcea'isirQ@BEl)e

was possible to notice a polymerization wher
i ntroduction of aliphatic c-machsaniealdspéof al
respect to an inmpoduce&mdbnwefcanmfoimmami this |

enamel i ngd DBEswclotmp.ositidoinmetimiyxt vardei paft e, di m

di met hyl succinate)

Fi gbeSeuperi mposed GMPMamdhatllys i st ardfd&Pd PEI

fisafeo
ed

solvent in a temper a

he

I ntroduci
be the

ng t hi

ut i

S

s ol on, so it has been tri and

NMN



Al ternative SoRhentil BRyESttaSrNS 02 02 0

Liquid enamd@krebeb38N35 E®O049 Enamel | e*d| wiTree ebe8&3 MNT3 @ ER049
referenceg¢ epamel characterni striecfserenceg emnamel
1mm

Solvent SysteRhend@ASNI PhenDbBE NI Wire diameter 1mm
392833 602020 (mm)
Solubility at RTClear Clear Coattimigckness Typi@&G8 0,0 8
. (mm
Sol ubislI&ty at Clear 2after I n evaluatior 5
Sur face Ty pi@aPi Ry O;1 Pyi R,

Dry Content 3 & % 4 0% Spe:ds-P-R;
gl & 9, %) FlexibilitWypta3plas@l%, 1D) 2/3pa @2 %, 1D)
Vi sc dqeHAa .y 80000 855 Spe2Bp as(@19%,1D) 1/3p a s(@3 0, 1D)
aes) Tgi@) Typizafc 197

Theoretical 2259&JKg 1850(KIQ Speclsy,Bi216AC
Combustion Heat Cut hr o(A h TypiT@RAC 384

Specw3 8

i Resba@havior after heatinzh taBdlat ment with 4RBgMPIK O f Typigads pass

G the resilnghihowsepol ymerization (1D, 3 6a © 230) Spec-s
G Solvents add:i’ng conditions 3 *Enamel | i ng:VE®VAinm505mei,G2,si ngl.e coat

G Phenol aldee darmmd DBE and 181 added at

Resul ts
U Surface not in specs
U CT in specs

G Conclusions and Next actions
@ No further aStions on this

Q ELANTAS
Fi gbBEPD¥Y arni sh and enamel.l ed wire characte
The hypothesis was <correct, |l oading the DBE

reaction between thlet popady malassanhbhedt etcmid d de @ n tf
DMM (di propyl en GI ykioghurgei woedt)fy i néehesti ng ca

it doesndédt have any reactive group towards P

H3C0/\(Oj/\OCH3

CHz CHj

Figure 54, Di propylen Glycol Di met hyl e

Nexandci date sol ve(ndi:p rPoapwll e¢grd eGIDyWdVo | Di met

Product IP ! Reference country Regulatory Boiling Point (°C) and 35%

CASn® Costraints Properties PEI 533
resin
dilution

Proglyde DMM H319: Causes serious eye FTO Registered and BP: 175°C RED:

(Dipropylene Glycol imitation o= manufactured in and / or 1,482

Dimethyl Ether) H315: Causes skin irritation /L S imported to Europe, at =

CAS 111109-77-4 H335: May cause respiratory e =i T 100 to = 1000 ty

irritation h

NM=



Al ternat

Tabbe Aver vi

i ve

e w

of

SoR hveertRirl 0y BFMEINNG 2 020

Ptriog | yadiHa meMiMe r e s

of

Liquid enamelStandard PEI EmO043 Enamel | e*d*| wir &t andard PEI EmP043
(referencé¢ ephamel characternistriecfserence¢ emamel

Sol vent Syst emMhend@ANSNI PhenBDMMSNI Wire diameter 0,5mm 0,5mm
392833 602020 (mm)
Solubility at RTClear Clear Coattimigckness Typi@os 0,05
. (mm) Spe:dd 460,067
Sol ubi5SlIALty at Clear 2after Clear =
Sur face Ty pi@aRi Ry O,i Py
S C(1glhl 8 8 , %) 323 % 3 17% Spewds-P;-Ry
Vi scdmsAa.y 300400 331 Fl exibilitWypi23plas@19%,1D) 3/3pa (@1 %, 1D)
aR3) ’ Spec2Bpas(@15%,1D) 3/3p as(@2 0, 1D)
Theoretical2241,85KJKg 22382 (KIKJ Tgi@E) Typiz@l 203
Combustion Heat SpeclsHBi 21,6/
Cut hr o(dy h TypiZ@RAC 370
0 Resbha@ahavior after h3baitn ng treat ment of Specx3 8
i PDMM 1a9%C:No change in the molecular profile ol:[(served .
He astho c Typigads pass
i Solvents adding conditions (1D, 3 @a 2 230) Specs
it PDMM and Phendb9ALaddedr ad a8 fmimahennt aatn e d . . . .
18/C stirred aEHSMbiaﬂﬂ.‘!ﬂbdt uEnRaemSeLlj:ll|tnsg.MvAGnﬂi‘ESLG.SoﬁmnsA2m/m|,|GZ,s|ngl.e coat
0 Wire properties in specs
G Conclusions and Next actions
G The PDMM seems a good choice sin
power that can lead to an increa
U NevdSPhe/PDMMSNI6Q01030
© ELANTAS
Fi g brbe BROar ni sh and enamel.l ed wire characte
This time, since this solvent has no react.i
conditions, we can | oad it at 180AC and mai
produpgltamffhe GPC analysis revealed that t he
mol ecul ar weight distribution
) 4,89min. 1,07mRIU 5,3
Standard PEI
104 5
‘\ \
06
" N ‘/ \ 2
H‘v / ‘
. 7 ;Q//,A.\\Y‘_\ s R —
7 "o
H I H L 7 : i
Fi gb6Superi mposed GMChnmdhatllys i st arfd&Pd PEI

NMO



er
t

t h

on

t h

and

t est Wi

reducti

|t has been done anoth
has changed due to cos
Al ternative SoRhlenkil o3 B MMEINGQO1 Q30

Liquid enamelStandard P[EI ERO050 Enamel | ed*| wi r et andar d ERO050
(reference enamel characteifi striefserencé amel

Sol vent

Solubility
Sol ubislA t y
S C(1g1hl 8 8, %)

Vi sc dsHAa .y
aRk3x)

Theoretical 259&JIKQ

Combustion

0 Solvents
i Phenol
and

© ELANTAS
FigbveBm®Oarni sh and enameled wire
The properties of the wire are in specs
As | ast trial it has been tried the Mesi
replacer of cresylic acids. I n this case
been tried
Nexadandci date sol vent Mesitol
Product IP I Reference country Regulatory Boiling Point (°C) and 35%
CAS n° Costraints Properties PEI 533
resin
dilution
H302 + H312 Harmful if Registered and BP:221°C RED:
swallowed or in contact with manufactured in and / or 1,17
skin. imported to Europe, at =
H314 Causes severe skin burns 100 to < 1000 tly
and eye damage
Mesitol H317 May cause an allergic skin
2,4.6-trimethyl reaction.
phenol H335 May cause respiratory
CAS 527-60-6 irmitation.

Syst emthend@ANSNI

a

a

PhenBDMNMSNI Wire diameter 1mm
392833 601030 (mm)
t RTlear Clear Coattimigckness Typi@08 0,08
m
tClear2af ter I'n evaluation(n.b .
Surface Ty pi®@aRiR, 0,1 Pyi Ry

o

No

further

3 84 0% 33 00 Spes-P;-R;
80-000 860 Fl exibilitWypi23plas@L5%,1D) 2/3pa s(@2 %, 1D)
Spec28Bpas(@185,1D) 1/3p a s(@3 %, 1D)
2270 &KIK9 Tgi@E) T'ypiz%mx ) 204
Heat SpeclV,6i216/C
Cut hr o(dQ) h TypiZac 394
adding conditions Specw3 8L
aldodf® ds taitr medt aB@ed herl 84 st i rr Heasthock Typipads pass
mai Bb,8Nheddddd at (1D, 3 Ga © 230) Spec-s
*Enamel | i ng VEBVAEintm 505mmi, G2, si ngl.e coat
Resul ts
U Surface not in specs
U CT in specs
U Conclusions and Next actions

actions

S

Vi

s ol

\Y

SCOS

t ol
t

H341 Suspected of causing
genetic defects.

H373 May cause damage to
organs through prolonged or
repeated exposure.

Tabbe Averview

N MM

of

Melsd tmpdr.amet er es

of

character

h e



L

Al

Liquid enamelr e M&ds33T39® ERO044
reference¢ enamel

Solvent SysteRhendG@ANSNI

ternative

392833 472330
Solubility at RTIlear Clear
Sol ubisifty atClear 2adf ter I'n
S C(1g1hl 8 8 , %) 38 % 38 %
Vi s c qmsHas .y 80000 830
al &)
Theoretical 2259&JIKJ 227 0 KIKQg

Combustion Heat

behavior after
resiln ghhowsepol ymerization

i Resin
0 the

conditions
SNI

i Solvents
G Phenol

add:i ng

aldadke, Me a tatnadl dadie d

at

Phendle $SNI

eval uation

heahi agfx reat ment

Figb8eBROar ni sh

NMP

S:oR hveenhb b sSiyEsbiHd 2 I3 0

Enamel | e*d*| wiTree ebe§3 3/T3 @
characteni striecfserence¢ emnamel

Wire diameter 1mm 1mm

(mm)

Coattimigckness Typi@&G8 0,0 8

(mm

Sur face Typi@aPi Ry O,i P;T Ry

Speids-P;-R;

FlexibilitWypia3plas@19%,1D) 2/3p as(@2 %, 1D)
Spec2Bpas(@15,1D) 2/3p a s(@3 %, 1D)
Tgi@a) TypizZ@iC 2038
Spexcls,6i21,64C
Cut hr o(dQ) h TypiZ@ic 394
Specx3 8 A
Whéa%th%rz:eknm 2k Typipads pass
(1D, 3 Ga 22 230) Spec-s
*Enamel | i ng:VEBVAinmm 505mmi ,162,si ngl.e coat
Resul ts
i Surface in specs
G CT in specs
0 Conclusions and Next actions
G No further action on this SS
© ELANTAS
and enameled wire

character



6. Byat hetic approachptoj Acter B5gtni
of ababsieod sol vent

A compbied ebgsed sol vent has been sylnR haend z e«
GC/ MBsSIhe synthesis invol ved Hhy ee tglsaada liwfoir ket i:
sol vent anidn atthe epgetnainwcene fsulafroani ¢ aci d (F
catalyst and toluquinondédom® poheg me tTeha est ispyenrt ho
was condudtoed hmaxiknliyf-bt bbasedmpbkevehy +s abl e
cresol a 2ndcgkefdbweaoctummdegbabsegui pped with a
thermocoupl e, Vigreux col umn, and distillat:i
added. The reactionewhasobma@euceadtwionh mexdc @sn
removée reaction conditi-8@8ACweli:elf0 H4 altone Tl
et hanol wbthrar@tilwt % of0,cla%vatkt aobfi | ( PESA)Y MER G
acidity of the solution wasacuse®da teoKpliHytgs @i n
prodausctper internal “Whandahe prdeedygr (dOHpg
prodwmectconsi der the reaction terminated. The
itaconic acid not-estact £de emsdRarlgloavhien gnotnlde r «
et hanol is distilled off.-e3herimiixedrei @aci g «
point of9d\lCoutt h®7 i taconic acid is notweol ubl
rounbdetofacuum filtration were perfdrRmaddt o
GCMS analyses were sThhisesquatnclEpPwadarmamaeld out .

(0] o) O
HO /\OH Excess 0,1 %wt PTSA o o
OH > Lo ~7+ o ~
5 -H,0 78-82°C, 0,1%wt MEHQ,
Reflux, N, o 0
Sche&fe Di and mono aecsitdeeri fied i taconic

NMZ
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Fi gb®ATRTI R compari son between EP51(red) and pur

This analysis alone is not enoughM$ oaralnygirs
has been done, the parameter 43 &nd t he met hod

THF. 05-Tul-2024 + 08:45:30

EPOS1_dal1_10 Scan El+
1722 T

100+
S.68e9

o]

1o.08 2221
o T T T T T T T T T T T T T Time
DD 12.00 1700 22 00 27 00 32 .00 37 .00

Figure. 60 GC. analysis of EPS51

NMT



Hereafter i1itds shown the massniapectatmum9am®a8| y
The peakmidmas2dezh MHEQt i fhedstabilizer of th

prevent side reaction e.g. homopol ymeri zati o

Hit 1 : Itaconic acid diethyl ester
COH1404; MF: 929; RMF: 929; Prob 95.6%; CAS: 2409-52-1; Lib: mainlib; 1D: 673.

100+ 29
E
113 RN ~o
a6
50+
o ~
141 N
40 68 o
57
45
99 137 186
1|5 !II||||I|!||||||||'||!'|||||||3'||||!|||||I'|I|||| |I 129 |!| ||||I —

]
R R LN LN L LS T IRRRRNRE" RLARAN
10 20 30 40 50 &0 70 &80 90 100 110 120 130 140 150 160 170 180 150 200
(mainlib) Itaconic acid diethyl ester

Figure. 61 Mass sp2Ztrum of the peak at

Hit 1 : 4-Ethyl hydrogen itaconate
C7TH1004; MF: 909, RMF: 909; Prob 94.1%; CAS: 57718-07-7; Lib: mainlib; 1D: 626.

113
o)
50- ~ O“WT/“W/MOH
39 o
68
45 57
N 1 Y X N PO 3

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
(mainlib) 4-Ethyl hydrogen itaconate

Fi guzMass6 spectrunm ,o0f9.t he peak at 1

NMY



The aim of this synthesis iIis to evalwuate th
foll owing the s@amevproucweebuwrneeploesde dhneirndl bel ow

Product IP I Reference country Regulatory Boiling Point (°C) and 35%

CASn® Costraints Properties PEI 533
resin
dilution

Diethyl itaconate H319: Causes serious eye Pre-registration process BP: 228°C RED:

(Diethyl 2- irritation i 0.977

methylenesuccinate) . A ) e

CAS 2409-52-1 i '

Biomaterial

Tablle Avervi ew of Dtidhteh yplariatmed emraetse .of

Al ternative SoRhenle$Shytl e dstN®Fai@80 e

Liquid enam@krebeb38IN35 ERO052 Enamel | ed*| wiTer ebeb38IN35 EmO052
(referencé epamel characterni striecfserencég enamel

Solvent SystemhenG@ASNI PhenBDEISNI Wire diameter 0,5mm 0,5mm
392833 531730 (mm)
Solubility at RTClear Clear Coattimigckness Typi®Gd 0,05
X (mm) SpedD 460,067
Sol ubiSILty at Clear 2after Clear .
Sur face Ty pi@aki Ry O, Py
Dry content 323 M 3P W Speds-P-R;
(A &9, %) FlexibilitTWypi2plas@L5,1D) 3/3pas@2 %, 1D)
Vi sc qmsHa .y 300400 312 Spe28pas(@19,1D) 3/3pa s(@3 @, 1D)
az2e) T gi(s) Typizac 200
Theoretical224185KJKg 230 8(KIKQ Specls98i 218/
Combusilop Heat Cut hr o(éay h Typi3aic 370
Specw3 8
i Solvents adding conditions He asth o c k Typ':‘p:aasls pass
U Phenol aldW@dstaitrred aB8@mimahient &dtned irr (1D, 3 @a © 230) Speic-s
and mai @h8Nhednd DENL4Added at *Enamel | i ng VE®VEinm505mmi ,G2,si ngl.e coat
Resul ts
0 Surface in specs
G CT not in specs

i Conclusions and Next actions
G Nof urther action on this SS

O ELANTAS

FigaBeBROarni sh and enameled wire character

To summarize this big streamhafbedat ase,p otra belde
belldw:

NMo®



Summaafy lpegtt o Smi aPynstt e nfdEMmwi r e

Enamel | i ng:MAGN HEH 0.6 4 2n/mi ,1G2,si ngl.e coat

Al t er nta€i ved i &
ELANTAS Europe

E.Parrucci ‘) EL‘\N11‘S

10024

TabB&uthmary of the best performing solvent o

Summaofy Ipegti o Smi nPynstt e nlsnmavn r e

Enamel | i ng:V&EoB7d8 mm ® 5mgmi ,1G2,si ngl e coat

Al t er nta€ii e esd ii &
ELANTAS Europe

EParrucci © ELANTAS

10024

Tabb&uimmary of the best performing solvent ¢
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6. 2oncl usi ons

I n a rapidly evidedonmgd woaourdc e shaavfimmrg csotsrtat e gi
effeandveeadi ly avail able achupossebotiodnab

guarantee busi Mehss cdmutdiynueixtpyl ores alternat:i

solubility parameters were employed tiot 9 dent
value as a powerful tool Theapr wposadt al farhn
effectively presereeilsdt It st laebepvieedad © trs'msb rsatleatru
val i,dat edbVali eergo,l aBtonlke Gl ycol Acetat e, Pr oc
al coNhall.e these alternatives demonstohbhventomg
system (SS) inspecmbsi of ppropegtdesai l s are
considermeavemtshel ess they have been consider
select .cahdi datemportant to note that raw m
driven by unpredictable geopolitical factors
priced or everwsmored ebe@edrcemit cal c Agtds ti email h
the choi ce dfi nsgolcwenrdti tamdisl ccaan i nfl uence dep
shoul d be carTed uniltyiigsastnes ntdheissedut sohVvemadi ogpe

a |l ower tempaenatefercdrmétod gl veietalseutc v e n e

QO
—

groups towar d pesotcegeshiofnids( emviddietriodms Poogl yde
DMM)AnNn -hhonussyent hesi s was conduct ebda steod psrool dvuecnet a
ablteogewihter phenol, to sol uibmilAd eset etph ef osrtwaanrdda r

work could be to solubilize the PEI develope

NNN



7. Resi dual dapomat det er mi n ¢

pol yamisol ac¢i @& n

7. A ntroducti on

Generaanl lay,omht phbadvorc ipolyrnonduwdeed Pbhy t wo step

polyamic acid (PAA) synthesis from dianhydr.i
polycondensation reaction in a dipolar sol v
di met hyl for maet dpl § PM&ENe (NNMP) etc.) and se
reaction which is applied aftebchlehByenHi genl i
temperature resistance, me ¢ h atnriacnasl i tai nodn ct heermpi
(Tg), optamaé, tlrawsdnidltectri c constant prope:
Al t he menti oned properties of Pl s can %
macr omol ecul ar conditions such as mol ecul ar
forPkesfl ms are used as thermal control coat:i
and space applications thanks to remarkabl e
absorption and infrared emi ssitoemmperhdtdghr & h(eir
+300 AC), radiation resistance, en-8armded | elwe
density, toughness, flexiblihithe aodt dxtghot
environmental i sm, the study of the possible
|l ifecycle takes on considerable i mportance,

than on the pd®©DYAmeamdchaisn siatldel fare | i sted i
No. 1272/R00OBe amammoni zed cl assified hazar d:¢
carcinogenic 1B and mutagenic 1B. l'ts prese
exceeding 0.1% w/w results in the classificasa
canegolrtf®®sThe high toxicity of ODA, together
determining the physicochemical properties o
the need for accurate quantifiabéeroal fthit sl
their entTo eaddrfeescsy ctl hei.s , a novel met hod f or
diamines in high ther mal resi stance TPloéyamic
accurate quawixiyfdi @atilomeof( ODAJ"' i n PAA soluti
the equilibrium between the n®Scnlne®e and t he

NN=



o) (0]

o ODA

0 PMDA
N,, stir
(0] (0]
/ H H
— N o) N——
HOOC COOH
- —n

PAAs Solution

thermal imidization -H,0

o) (0]
H
(¢} (0]

PI film = n

Sché&de I ndustrial synthetic pathway for Pl s

This systeneip®l pmenezdtoi on under the3Infl ue
Consequentl vy, I mproper sample preparation c
resi dual monomer content . Further mor e, t he
interfering species can compromi se ythealana
i nstr ulmerstes .f actors highlight the essenti al
conjunction with the instrumental tammeRL-€si s,

MS/ MS t ecahsnelgaeimtsedvhe quanti fi caHearoen, owe aproam

an accurate and fast anal ytical met hod to ¢
precursor PAA soluti on, rat her than in PI, [
stage of the productiomnsgraonads |lingygr edsitrhg st
HPPAIn this study, we propose a precise and r ;

monomer content isroltuhe opmr ecmss®eradPAMA t he fi
evaluation of free ODA during the early stag
sustainabilityperdrfdhmancd apsl Yyorhermhs ghHPPs) .

NNO



7.2 MatemetaHsds=and

The -odx,y4di ani |l i ne (ODA) wused in this study was
at 5 AQradRL®@ater was -Qbgywys nemr, wshandge aeRlihCalnic
DMSO, and formic acSidg-Mmeedrei cphur chased fr om

7.2.1. Sampl e pFrMSp awSa taincan yfsa rs

Twerthyr ee samples of PAAs wer & Oprmivlildiedr mynsgloafnt e
were dissolved in 2.5 mL of DMSO, yielding
precipitation. The solution was t henMidilliut ed
Q, 50:50) and maint afi med30 nmiamutuds.r aBoed¢icpik
removed by centrifugation at 6000 rpm for 1
microfiltered through aHPLESOMSfsyseemand in

7. 2. 2. Liqui dThdemaMags aPpmegctr om
MS/ MS)

HPL-KS/ MS analyses were conducted using an Ag
coupled to an Agilent 6420 triple quadrupol e
Clar a, California, USA) equi pped weéet at iamg eil
positive ionization mode. Separation was pe.|
(250 mm IThie 6mamm)l.e phase wasQ awaS0e:r5 0annili xnieutr
containing 0.1% formic acid, tuendefr 0.s& cmla/t mic

injection volume was set to 2 OL, and tthhee co
i onization source, the drying gas temperatur
nebuli zer pressure was 40 psi, and the capil

in multiple reaction monitobumdgantMRM) o dnoate ,

guantification, while a minor product i on wa

NN



7.2.3. Optimization of the e

The sample preparation process was designed
i nto the HPLC while maximizing the recovery
bet ween the monomer and the polymersi mps ea ¢
effective extraction of ODA from the PAA sol

solvents such as NMP arPd ecii rpeatthayli sonl fi sx iad & r (i

preparation, as a pobdadomme oghydiecdlalryeitnamrap
residue in an wunpredictabtiecenhnpeeci swihomr ha m
mitigate this issue, pol ymer precipitation v

mi nutes to ensure effdbei vepsepgacabi dontgnadfr
was initially poor. To overcome this issue,
DMS O, a solvent capabl e of solubilizing bot
Precipitationpef ftomenegplolommegr awa®er the sol uti
was hamogely dissolved. This was achieved us
with the solution subjected to ultrasonic t
procedure yielded i mproved graemdiesn omaosresa tdrpyea
(HPIMG/ MS) was selected as the most effecti

sensitivity and specificity for the quantifi

7. 3. Mobil e Phase and det e

Mass spectrometric detectors preclude the wu

various mobile phases. The best results wer
met hanol, containing 0.1% for miemcaciod, fwmane rc
in the mobile phase was essential to f-acilit

mol ecul ar*.dodn i[sM+oth] energy was optimized to g
80, and 53. Based onhet hteriarn srietliaotni vfer oanb u2n0dla nt c

as the quantifier, while the transilt™ on fr om

NNP



7. 4. Results and Di scus

The method was applied to several batches pr
S.r. | . The pseappres waeader di fferent synt het
di sclosed due to confidentiality agreements
variability, rangi hagbl@er o2 h@. M1a% at co b2 a4 e {

optimizing the PAA synthetic pathway on both
monomer concentr Deispnteotahemspiemumi city of
the analysis of real samples reveal edh an ad
responded to both qualithtgVeRbansdugauant ¢d att h

of dimers or oligomers that were not fully |
the optimized chromatographic conditions, t
monomer. It is hypoddretsriizlewt @ ch atto tthlees eg esrpesrcat
the i1 onization source, resulting in signals
I n this <case, c hr comatyo gmeatphod rteanadn 6 f d rhent i
contributions, with the | atter being conside

e AN S A SA e

Figure @aws./ MBPLlcromatographic profile of s

NNZ



Sampl e % ODA Std. Dev
PAA 1 0,080 3,6
PAA 2 2,463 4,6
PAA 3 0,172 0,2
PAA 4 1,052 0, 3
PAA 5 1,127 3,2
PAA 6 0,109 1,0
PAA 7 0,233 5,0
PAA 8 0,075 0,5
PAA 9 0,282 1,0
PAA 10 0,073 3,3
PAA 11 0,099 9,7
PAA 12 0,100 4,6
PAA 13 < LOD
PAA 14 0,181 20,5
PAA 16 0,109 1,8
PAA 17 0,108 23,9
PAAS 0,020 28, 35
PAA 19 0,010 10
PAA 20 0,020 2,35
PAA 21 < LOD
PAA 22 0,010 18,6
PAA 23 0,020 4,6
Tabl.PARBOsampl e analyzed.

NNT



7.83oncl usi ons

Polyi mi des (Pl s)pearrfeoramamsied eproeldy meirgsh ( HPPs)

c h e mi cpahly saincda | properties, as well as their :
These characteristics, resulting from the pr
in specific applications challengyngf Ebsaseses
achieved by improving recyclability and min
entire | ife cycle. I n both <cases, it I s es

particularly when they .arAgctltileawisnd i telle aess ¢ e
availability of effective and accurate anal

monomer content from the elam ltyhisd agtewsdy,f weol

new, fast, and precise analytical met hod f or
ODA, i n PAA solutions, which serve as precul
met hod to real saomptiewmi hatsi dmcof i Pateynt hesi
the resnadmerl aontent. This enhancement | mpr o
ways: by reducing adverse impacts on human
polymer | ife cycle, ensuring compliarcefwith

these -do é€pl agpetriiogmance pol ymer s.

NNY



8 1 Brief l ntroduction to ¢

The foll owi ngbiwmolrikg g ri anpthei scthsimage eheersels,, was <car

Ger many, specifically at the Hamburg site of
Ro Cto.nf or mal coatings are polymeric or other
assemblies from @®@ywliadecommnagmi nafntlisi.f eThese

i nsul ati on l evel s and exhibit resi sttasnce t

encountered throughout the product's | ifespe
various particulsaurefsacen atnlde aaxdseasblpr ot ect i\

compondrnitgur e 64)

Fi guwAat@® mat ed spray technology.

Their moisture and humidity resistance hel p:
"Cr os,sttlaelckt r ochemi cal mi gration (ECM), conduc
dendri t(eFiggwrweaméds )ar ci ng. These issues are be
shrinking component sizes, reduced pitch an
operating voltages, and the increasing freq

NNO®



compact el ectronics designed for outdoor or

i mportance of confor mal coatings. Once a pri
tested, and inspected, environndenittasl fpunoctteica !
(151

,{gp? U

ST ——

’Hi |'|!

Figuwrez6om of a dendrite growth.

L

i ‘.1

e N s i

Conf or mal coating matefiPiahtso aatt lcemsnonf gurcl| ¢
their chemical composition: epoxy ( ER), acr
Urethane and acrylic coatings -Aaseettymatalbl gl
fifth category instagpsocieased WwWiorhparsticul ar
appropriate materi al provides properties tai
resistance of a riffgedsmgreatbaly Frbe e€paxyodi
silicone. Urethane is wunsuitable for repair
excell ent chemical resistance. I n contrast,
humi ditylgndepsaieable. Within ad¥# gfiaemnorcd elr
the curing agent and the type of monomer ar €
as an effective humidity barrier. n8Sel babneanca
act as a produoewcadwvamcement in confor mal |
acrylic and urethane chemilkdywayst TFfsri eseo reartedn it
features UV curing properties, despite also
provides i mmediate protection and all ows fo
process. H o wceuvreer , p rtohcee sthudarleyyuaneds nkeds a co
achieve full curingtamd| adlgediayersthe ckinle.s sC
humi dity diffusion and rceuwruec iphPhoctehses cycl e t i



8l1l.Qonmalt Caaptpilngati ons met h

Conformal coatings can be applied using vari
Ma

1

t

pr
Sp
it
Di

co

co

t
t

a
h

Bo
Ha

i
i
I
t

s
s
0
h

n

Au

au
bo
h e

Cca

es

f

o

Se

precisely to certain areas of the board,

nual Coati nig Whitsh metBrauds henabl es preci sce
me oOfr hi gh equi pment cCosutpss. odn tihsi nc osnpn
eviously coated areas, for coating repl
ray or aut onmatt irce ancohz.z | letsbscaenspeci ally e

ems but can be highly variabl e.

p Coatlidem@al for coatings with a-cluoreg pot
atingspaand maneri al s, this method invol
ating solution. A long pot |ife reduces
nkco®t png i s not suited for | ayering th
e bath can dissolve prior | ayers, and a

ards can be partially dipped i f needed.
nd Spray Tlhiag i ngchnique i s suitable for

sprayed multiple times, rotating it 90
needed to avoid shadowing by tall comp
werropates. A witness strip can be spray
ickness. Controlling viscosity is cruci

thickness.

tomatic Convey:.orHvSgphruarye QGopaptliincgat i -ons be
tomatic spray machinelsi, navhecaat ipmgpvihyes),)
ard as it mecvoevse r &ldoncgo navy eyaper Rot ating
ads ewsdtdéd Tolhvler aglkeebwit magyhadowigng, as
nnot be specifically targeted. Compl et
sential. After one side is coated, the
r nggoaotni t he opposite side.

|l ective Robdthiec Geathiong empl oys a robot

selective approach is ideal for compl ex a

not need coating.



Each application method has distinct advant e
robotic nozzles to the ef fviocliuemec yp roofd uacutti oonma t
of method depends on factors Volkemd,heamdd ss p:
board redquwi comasputdy. t he met hod that Sebegbing
Robotic. Coating

81.Quring meohbdsemal <coating

Room Temperature Vulcanizati on

Some s-bhsedneoatings use the RTV curing proc
environment to complete the cure. Humi di ty ¢

| eadmpoboper or incomplete curing.

Heat Cur e
Ovenwr able systems rely on an extended bakint
several hours, to fully cure. Thermally acti
curing, while thermally acceodoem atteemp esryasttuermes
typically baked to speed up the procdeshserand
temperatures result in faster curing and a h
any thermally sensaywilbe azfoimpothedt sf t hagh mte

accelerate the cur e.

Uv Cur e
UVcur abl e materi alvolame @ommdarctiimnhi Als s e mbl i
with-imtgmsitymm¥di ampsy after coating, all ow
move to the next assembly stagea,yabdblleh mas ec o
not fully cure beneath components, where t he
mo Utvcur abl e coatings include a secondary cu
curing, to ensure the complete curing of the
ambient conditions within the fitnoals ppercoidfucct .

wavel engths, coordinating the UV I|li®®ht sourc

Z
111
11l



O o o m®Oo -~ o o o T

@) Monomer

@ Oligomer

(P) Photo-initiator

M Ink/coating
Substrate

Liquids applied:

inks, coatings,
adhesives UV-LED exposure
causes chemical reaction

Liquids harden,
final product is UV cured

FigurleVcBring step.

8 1SBR test

i glreliability electronics are particularly

n
(0]
(0]

- D

T O oS- < T
Emmmm

Vv

ir

onments, such as high temperatures and

ntaminants from théeeammaaumacher sopstpracess

m

S

n

=

bi

k
I

ur

f a

nation of moisture, el ectrical potenti e
of electrochemical failures, such as di
ead to peibor mancece ethegroanpd et e har dwar e
e proper cl| eanmanngu faanca uirn sl a toil Bfmihtel ugrait reg

ce I nsulation Resistance (SIR) test is

assembly materials and manufacturing pro

ra

t ianngd ihnu nhiodt e rFviigk.®BMBrigsn ttsest measures the

rbemaween two electrical conductor s, pr ov

ul

ation caused by the breakdown of insul a

t BhRstesting involves applying a voltage

B)

and measuring the returning cur-rent.

N=0



common conductors is then calcul ated dusing
typically involving éteealbkeBR hesat hedpsrehsan

electrical isolation®™ n challenging environm

—
e o

ol

Fiug@8Temperature Humidity Test Chamber

8 .2 Materi al s

Al | reagehventsdwere purchased from commerc
without additional purification unl ess speci
was verified by the i nternbeglenQuadg aogeol@idmyg r o |
used, thereowi simabafeas ybialjlgdesy st heses were pe
| i t erbortotuonmd gl ass vesmseealk efdi tgtl eads swihtela da afnidv ea

with heating provided by a mantl e.



8 3 nstruments and Met hod

83. 1 Gel Per meati on Chromat o

GPC analyses weThlercroon dincsttieedrmemta assembl ed
1000 pump and a Smartline 2300 differenti al
included three coHdRImpesYd j hd s®rx €3,007A.08n)  hD0O 0

and 500, 7.5 x 300 mm.alThewet hepartwasl a gDz
and DMF. Both the eluent and column compartm
resin samples were dissolved in the appropr.i

30 and 50 mgdmLt e pémydi agnt ent of the sampl e
0.4 RTFE syringe Efbdftoerre firmne cMfgiidganiio® i | t er

i nto the instrument | oop.
8. 3.2 Infrared Spectroscop

I nfrared spectroscaplyhevwamo pRaiferrtmeigiuaEiiendo we
Smart -t@rmamismi ssi on accessory with KBr suppor
Spectra were recorded over a wavenumber rang
of 16 repeated scans for bptelttbad k gilrad tan dvea rec
and absorption band wavE&hemme r § OW&AEES eraitecsu | a
FI1 Roftware.

8. Results andCoifsocrunsasli oChosat i ng

It S necessar-houoe dewretl logpsian oifn ur et hane
prepolymers, since they are usedaiypngducoati
we are g&Pdag@ hteo paalbll em ari ses when consi der.
product compared to the the availability of
EP1686& biitmnder f or mul ati on for the confor mal CC

i's 16ltons/ aeeded t awidyhntshendilae grmprpedudtes.



Hereafter we have a screen shot of t he SDS o

EANMM s an undiluted isocyanate aliphatic functional urethane
acrylate designed for use in UV/EB coatings and in two component dual
cure systems for coatings on wood, plastic and metal.

SPECIFICATIONS
Color, Apha max. 150
MCO content, % 7.0-8.0
Viscosity, 23°C, mPa.s 12000 - 20000

TYPICAL PHYSICAL PROPERTIES

Density, g/cm? at 20°C 1.10
Flash paoint, °C > 100
Functionality, acrylate groups 1
Functionality, NCO groups 2.2

Fi guwrkeP 168t ebatad Sheet .

Since this product has two ,thpgsdepicuerdngn
physical (pgn gftlee 6N€Oacarnyd atthee gr oupsesnd uaappioma
this is the number average group®erofmotl lecsé ec
EP10ANn -FRGPCH-NMR!ENMRanal ysis has bboanadioari z
mater i al

. I & / N ¥ o
o \I 1
ED1T NN © f
P { 1
% 3 A/ AN
\ f \
8 | ‘e BRIk
| S 21 |
i g n | LU
80! y s 1 /) A 8 ‘ i
{ l \ g J | 2 !
N - | WL 3
i g Y . il 5 8 g
= s g [ & g I=
70+ w 9 | .
g | L \ \
2 65+ 5 3 =
- 3 2
g : k. 2 \ 2 8
= eoi 8 g =
£ { b9 X
{ S | |
ss! g\ |3
i o g \| 3
s0! ) 2 & -
! s {
{ ]
4 a €'
{ J o S
g 2
i 3 2
40+ % - -
{ =
35+ -
30+
w000 30 see 20 200  we w0 s

Wellenzahlen (cm-1)

Figuerell R analysis of EP10O0.



The stretching vibration of the carbonyl (C=
1 Additionalvliybr athiebOs boofe ttchhei hdgi n t he HEMA es
an absorpti2om! B thaek chtarlalcg eri sti NCODbgooppi wa s

det ect ed LR™T h2e2H6NIs tcrnet ¢ h i

ng rliefgitome soef usrhest hsaprea
sin3y3e3'bam™® n order to undestrand the distri
analysis has been done.
Agilent GPC/SEC Software Agilent Technologies
Sample GPC Analysis Report
Distribution Plot
i EANMM
|"‘ “
.
“ I' 50
H (
f “ 5
g I
\
0 | \
[
A 1R Z
1
] | :
iR .
| | 15
(|
Molecular Weight Averages
Peak Mp (gimol) | Mnigimol) [ Mw(g/mel) | Mzgimol) | Mz+1 (g/mol) | Mv (g/mol) PD
Paak 1 2452 2285 4495 BEAT 16771 TE90) 1.967
Fi gdraePC analysis of EP10O0.
NMRCharact eEPXZ@®i on

'H NMR (500

tripl gts),,

MHIH I, 8U. 0RO |,

6 -64.38,81)6,.-64631 M% , -55 .BR5
bdr.07a0d() ) 4;4 14.406 t r i-3p.18edn)),,- 3B.7BIJ
NZT



3.302wm) 498).,1 -2.283&) ,-11%é7 ,-11489,-1182),- 1. 27
1.6, triplet).

1€ENMR(12 MHz, £W®&ECIE73. 70, 173. 68, 173. 54, 156. 8
131. 32, 131. 03, 122.07, 43. 73, 43. 02, 43. 00,
31.30, 31.28, 31.21, 30.05, 29.94, 29.61, 29
26. ®9 502 26.44, 26.42, 26.37, 26.36, 26. 27,

24.60.

To get a PUA it i-Bsoepgdedt ¢ owirtelacad hBygopoodoyy -
presence of aa cragaacltyisvte (sDoBITvL,elnt t haritdoi sh awsee d
a homogeneoSuisncseo |SUtR otne.st s camhgeoak e i sp ttoo sty
di f fetrremdt ures and analyze them together, al
siFmxonth per  Wheénabhead.atch number i's red, it

undergo SIR testing.

Pheno x
Et hyl .
DEMSODUHECL A ME CATALY SCOsAppI i
N3300 acr | H T on Ba
N o (mol ) ( %) ( %) ( %) 23AC
0, 2 0,0 0, 03 1671 EP31,
EP22 0, 2 30 35 DBTL mP s EP32

Tab2l.&mol ar content and results of EP22

The reagent used in this synthesis are repor



DESMODUR N33®HBCLA (Hydroxycaprolactone

%\I/M\f%o HO O o
OCN——(CHJ; \\\H/// \(CHZkTNCO \(}v///\\\\///’\\\v///ﬂ£>\O///\\\\/// \\\H///§§§b
o} 3 o}

Phenoxyethyl AMEBEHQ#étehoxyphenol)

L(o
. T

DBTL (Dibutyltin dilaureate)

acryl

Schedme Chemicadf sEPUZT uaerd EP32 reactants.



Pheno>
Et hyl
BASONATHECLA ME CATALYViscos
HA 300 acr | H T
Bat ct (mol ) v Q mPas &
N o ( mol ) ( %) ( %) ( %) 23AC
0, 0 0, 03
EPQ 0, 2 0, 2 30 5 DBTL 62mPs

Tab2.&Mol ar content and results of EP20.

T BASONAT HA3000

0] N 0
0 0
OCN<\/\/\A /\/\/\/N N\/\/\/\ MNCO
N N N N
y b )
0 y
0 0 0] 0
Py —~

<Lt VN

Sche&®e | deBA ASSZNeAdT HA30.00 structure

Since-ltRhnespreTct rum of thi sEPURAOti ke VEREASONATNIH Aa

has been selected as starting polyisocianate

NOM



m“‘ ““m\“/-wr"— = R p
f. EANMM \/ g

I]L\i N
Eﬁi

2600

Figuwrrl R Comparison in red EP100 in purple

The reason for using HEMA (hydroxyethyl met I
used hydroxy acrGlaéeprstbat tthlRe mpreeirwaums oF T t
synt hesi zed with FBAQONAT eHA 300sOe mbl ed t hat o
t o ftoheetorts onHobWwesesynabeshswn in the tabl
be -neproduci bl e andl hemdedrowent wgelraetviean.ed t o

wi HBPlI whil e reviewing the |iterature for a p

NON



Bason Phenoxye Vi scos
HA300 acryl at CATALY
Batct HEMA y ME H mPas
No (mol ) ( mol ( %) ( %) % 23AC

EP24 | 0, 25 0, 24" 30 0,03!'0,03 DI GEL

EP26 | 0, 25 0, 24" 30 0,070, 03 DI GEL

EP27 | 0, 25 0, 24" 30 0,140, 03 DI GEL

EP29 | 0, 25 0, 24" 30 0,140,011 DI GEL

EP30| 0, 25 0, 24" 30 0, 14 0 GEL

0,1
EP33 0, 2 0, 2 30 0,14 DABCO GEL
0,05
EP34 0, 2 0, 2 30 0, 35 DABCO GEL
Tab2B.Basonat HA300 tests.
Phenoxy :
Vi scoc:

HDI TMP HECLA acryl a CATALYS .
Batclt ME HQ mPas Applic
N o (mol ( mol ( mol ( %) ( %) ( %) 23AC Batch

7204
ERB5 0,9 0,3 0,3 38,7 0,06 0,015 D mPas ER 2
TabXM&ol ar content and results of EP35.

NO=



1) 1h @ 50°C
2) 1h @ 70°C

Ny 0O

HN o
0 P
H
N O (0] N
TQC \
(6]

Trifunctional Urethane prepolymer

NCO
3 OCN/\/\/\/ +HO OH
HO

NCO

OCN

HECLA (1 mol)

OCN

0

o

H OQC NW<O\/\/\)‘> AP

N o) o) N o) A
\L( ; 0 3 I(\

SchetmeP35 reaction scheme.

OCN

Hexamet hyl ene dii soTMRNn@ttrei miHtDh Yyl ol pr opane

HO OH

/\/\/\/NCO
OCN HO

Scheéeméhemi cal FtPrOoBcStosr e ® acft ant s .

Af t er conducting bibliographic research, S e\
chl orgaleyphosphoric acid as stabil %®ehressdor
stabilizers help mitigate i1issues caused by
interact with the i1 socyanatre a(cNGQ)n sf,u npcottieonntai

to gelationTwofewdleuastyesttelmese <c¢cl aims experim

NOO



synthesis. While the product remained in its

To one of these, two drops of pure benzoyl ¢
Basonat H Phenoxyet hyl MEHQ CATALYST
HECLA
Bat ch ( mol) (mol) ( %) ( %) %
ER 6 0, 2 0,2 30 0, 35 0,05 DAB(

Tabb®&oPRar content and results of EP36.

(0]
R
(] 0/
+ R——OH > + HCI

Fi g@r&Gel ation results on 3@&aBdmgZdy | rChglhari de ( nc

Reproducing the prevai odHA3GY0OthhER3I4) usl nmgo dBiafs
by ¢ hanpgh ontgo tithmeh iTEaMPdDri nt r odaasi ndheZrc@@atl )y st .
to scientificis$itenastderedZa(@Webker catalyst
conversion efficiency. Despite (tFiigdyr & h7e bat

NOTn



0,1
1 1 31, 8 0,04 Zn(o0oct309 mP ERMRS3

Tabb®&oPRar content and results of EP37.

H3C I}I CHs

O.
T TEMPO (Ze2r &méthybplyperidine 1

Sche8ne Chemical TEMPOct ures of

4000 3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wellenzahlen (cm-1)

Fi gdrFkel R overl ay of EP37 and EP100O0.

To create a prbdobmaeercioalporat pngmi sing mol

identi fied. Ricinolein, the primary aomgonen
(Fi gus).€hirfs mol ecule is particularly notable
hydroxyl groups and three unsaturations. The

NOP



for both wurethane synthesis and UV curing,

bi obapeldi cati ons

FigwreChlHemical structure of Ricinolein.

0,015
3 1 1 30,4 0,06 DBTL 1332 EHRS5

Tabl.8oRar content and results of EP40.

0,015
3 1 38, 7 0,04 DBTL 1522 3/0

TabB®&oPRar content and results of EP52.
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2071 LF9935
EB 3 2.5 0,5 38, 23 mP s 2,5/ 0, 53

Tabb#&MoPar content and results of EP53.

LF99-35
SR 52 HECLAPhenoxyet h» Applica
No (mol ) (mol ( %) Resul (NCO/ AC Batch
2809
EB 4 2.0 1.0 38,23 mP s 2.0/1.LF99880

Tabl3 oMol ar content and results of EP54.

The final NCO/ acrylate ratio can be adjuste
curability or improved moisture curability.

changes in (tthxe6®PNCOababd observed. Specifica
in intensity (red/ Apryxhatuen) cdmparae®:tlo NiClOe b

2.5: 0/AcNg@at ® . This demonstrates how varyi
reactive groups and, cdrsegggquwentl y, the curin

2 S A Y A
\ \ |/ A
| | mn
I\ | e W oA
\[ N ANITdI NS
\ \ ) Wiy | sl Wi \
0 '.j l‘ { | \ \/\ 1.:' ] V
| | I \J \ r!m ‘J 1
" \ o |
b v',{ I‘|
«{ l%
|

FigdrFel R overlay of EP53 and EP54.
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Il tds i mportant to clarify that t htea pspylnitcheetsiiar
batches. This means that the synthesized po
compounds to produce the final product. At
formul ations for each prodmpgdritdhery bBetl Wweemdom
and the standard one, | (&c¢geatae dcédrmhme rf oiranu |
made by El antas HamlEPIL1®.0 el nmattheirs afl o rl s unteseedd ot n

as the Dbinder.

8. £xoncl 4LCsoindmr ma l Codting ¢pr

The results of the SIR test are summari zed
devel oped prodaitcamdadrud parl scbucttwso t hat t he <col

standard products represent diff efrhentdafta@r milo

SIR Test according IPC TM 650 2.6.3.3
(85°C/85% rel. Humidity) Average Results

1,D0E+DS

LO0E+DR

Widerstand in Ohm

100E:07 &

E A3

E A3

E A#2

E As3

— E Aus
—+—Bectron® PT 4600
——PT4700

Ft bt

1D0E+DE
1 51 101 151 2 51 30 351 401 451 301

Stunden

Fi gdirsel R analysis of EP31,32,42,43,45 and the
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SIR Test according IPC TM 650 2.6.3.3
(85°C/85% rel. Humidity) Average Results

1,D0E+09

100E+08

—i— EfKSCI
~  E A5S
E A

=+ Bectron® PT 4600

Widerstand in Ohm

100E+07

-5 PT4700

100E+06
1 51 101 151 01 51 500 351 401 451 501

Stunden

t hat modkev eolfoptende sampl es fall within the sam
(SI R) as the two standard products. Not ably
i nsul ation resistance compared to the two

peformance (RFRi7Tg&irs aspect.

Fi gursel R analbyOs,ibsb btahnedE Pow6o st andard materi al s.

The conclusions for thi8y/. project are include
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8. Resul t s an dCoifsocrunsasl P oCoopga2t ci tn g#

I n thipraejeewinal focus i s on synthesizing a poc
technol ogy with properties compar albdtebés or @fhe
to the commeERI2.AOAckriorddmga sheon ttahtei on, EP200
based urethi@mechlamnaclyé¢nitecbeghie ADEFORH d,
NMR, and GPICh ea ncahl ayrsaecst.er i zat inBh FEJdfISREPWeE0rOe st al
bel ow: QFigure 7

— — = 7 ~

A 2 r
al N \ / \ Al
1 4 \ / f
{ = | / | o S ;
90+ 3 ‘( 2 1 AN /
{ | { \
8 | )
i { 9
80+ ‘
0 l ‘
60 ’
s \
; |
451 |
|l
401 \\
| |
| I
3% y
* 1
w! g
%
3800 3600 30 3200 3000 2800 2600 20 2200 2000 20 000 300 00

Fi gwWreAfrRIR spectra of EP200.

In F79gshow the absorption e eadkrsylod 8 &303(8R0EAx)m p o
( NH, h yodornadgeedn2 .8 e2®(7GHa nd ) GH4L ™MZ C=0) , 2 &md 15

'
\ Mn (g/mol) | Mw (g/mol)
1760 5170
A6IRUY+! Dqd! G lWe #I !
1




( NH) , reagpaeict i wmedl Rl ys, psehcsitschasE Tabsor pti ont! peaks
(C=C), M&EWGH cand!(&ICH)gmwhictim the doubl e bon
f unct il B™Na IGiRt@ya | wassi sc o nod ucchteecdk tt he mol ecul ar w
was done using 10mg odf sRmphex pe(iFiydidiraezey!| an

Fig8beGPC analysis of EP200O0.

NMR Char actBEPr2i0z0at i on:

IH NMR (500 MHiH=6 E@)®.396 (M)8F™H., -4.356 (M, 3.8
singl €).,002. $2 n2g.18el)),, -121. 63664 , -1 1 0 b ,-00 B &Y .

To start the synthesi s, it is needed to syn
pol yester I t0s been wused the CAPA2043 that
pol ymerization in presence of ethylene glyco

0
Q ROP
OH —_— /\/\/O H
R Y N\ Ho o = HO-R-OH
n
)

CAPA2043

NCO
o Q NCO
OH-R-OH ) EEEE—— )J\ R )k =OCN-R'-NCO
PN
N o o N
NCO OCN H H

EAPY
Sche%e EX3ter and ester urethane prepol ymer

The product of (tOGCRINCOE® /B @ trheea cutrieccnhane prepo
charact®NMR:d by

13C NMR: (125 MHz, CDCk) C=1173.70, 167.30, 156.67, 156.0836.10, 126.16, 66.53,

64.61, 64.24, 63.92, 63.05, 62.77, 61.44,54.99, 47.14, 46.46, 44.65, 41.94, 36.50, 35.16, 34.27,
34.24, 34.20, 31.97, 31.91, 29.77, 28.85, 28.45, 27.73, 25.80, 25.64, 25.42, 24.74, 24.69, 24.67,
23.34, 18.45, 18.43.
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From!'!€®KNMRspectra is it possible to verify t
CAPA2043 and presentERSBANtilse irse at-bhees emo | pyreestit bear
prepolymer from which we are going to start
di fferent PUAs:

o) o)
i o N_ RN_ o
1) 1h at 50°C o
O )mhaoc o NS R "
, 0 —_—
OCN-R'-NCO +2
DBTL 0,1%wt o 0

o]

O\/\ M\/O\)
ONC-R'-NCO * 2 /\[( © 2|s—3|

[¢]

1) 1h at 50°C

DBTL 0,1%wt
2) That 70°C

o o o o
QONOWO%N/R\N)%OMO\/\O)&
28 H H 28
0 0

EA M

% o
O MO OH
OCN-R-NCO 4+ A( o Hot o
S .

1) 1h at 50°C

DBTL 0,1%wt
2) 1h at 70°C

[0} 0] (o}
B T P
2.8
O

(e}

Sche&mMme EEPHSDODR6 1 reaEc'giN)ns.

T EBFP9 s -ecaapped with 2 mol of HEMA.
T EBO s -caagpped with 2 mol of HECLA.
T EB1Is -caagpped with 1 mol of HEMA and 1 mol

HEMA: hydroxyethyl methacryl ate

HECL A: hydroxyet hyl caprolactone acryl ate

NIM=



A GPC'&aNMMIR characterization hasS$Sclhédémr Weoare ,

confir med

Mn (g/mol)

Mw (g/mol)

1665

2791

10 12 14 16 18 20 22

Figure 8L. GPC analysis of EP59.

EPS59

Mn (g/mol)

Mw (g/mol)

1889

3475

Figure 82. GPC analysis of EP60.
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y Mn (g/mol) | Mw (g/mol)
1844 3258

EPG61

—

Figure 8. GPC analysis of EP61.

1 EP59: 3C NMR: (125 MHz, CDCk) C41173.70, 167.30, 156.67, 156.06, 136.10,
126.16, 66.5364.61, 64.24, 63.92, 63.05, 62.77, 61.44, 54.99, 47.14, 46.46, 44.65,
41.94, 36.50, 35.16, 34.27, 34.24, 34.20, 31.97, 31.91, 29.77, 28.85, 28.45, 27.73, 25.80,
25.64, 25.42, 24.74, 24.69, 24.67, 23.34, 18.45, 18.43.

 EP60: 1*C NMR: (125 MHz, CDCk) C4#1173.70, 173.37, 166.00, 156.07, 131.55,
131.51, 128.16, 128.08, 66.32, 64.26, 64.23, 63.92, 62.73, 62.38, 62.11, 61.32, 54.97,
44.66, 42.01, 36.50, 35.17, 34.34, 34.23, 34.20, 34.02, 32.43, 31.97, 28.85, 28.45, 28.43,
27.74, 25.64, 25.58, 25.42, 24.75,681.24.58, 23.34.

1 EP61: 3C NMR: (125 MHz, CDCk) C4#1173.74, 173.68, 173.36, 165.99, 157.22,
156.66, 156.05, 136.08, 131.54, 128.17, 128.07, 126.14, 66.51, 64.81, 64.57, 64.25,
64.22,63.91, 63.04, 62.76, 62.70, 62.37, 62.10, 61.40, 54.98, 47.13, 46.45, 44.63, 41.99,
36.49, 35.15, 34.26, 34.22, 34.19, 3431.96, 31.90, 28.84, 28.44, 28.42, 27.73, 25.79,
25.63, 25.56, 25.44, 25.41, 24.73, 24.67, 24.65, 24.57, 23.33, 18.42.

It is needed to say that at the end of the synthesis the material made is very similar to EP200 in

terms of Mn, color and viscosity. This is hot much but is a clear indication that we are taking
NI



the right way. To check if those prepolymers has the same properties of the EP200 we must
create an application batch for every polymer developed. The commercial product where the
EP200 is present is call&kctron BC1226This commercial product has in it the EP200 as

binder and various additives and solvent to reach that specific characteristic.

ER® 7U0HgDYN==>x dGaqlll U
EAM 7U0Hql YOW79N=Z=Z>x 0
EAN 70Hql YUW79NZ=ZZx 0

Table31. Application batch assignation and corresponding bisder

It is noticeable from the tabl e artehapplicaioor ev e
batch for example the EP59 has 2 application batches:

A Bectron BC1226_ AlternativeTl
A Bectron BC1226_ Alternative 2

The difference between these two is just the presence (marked By dhéhe absence of the
Microtalc IT extra.This was done in order to verify if the presence of this talc can give
thixotropy behaviourAll batches undergo material dispersion and are vaeweated to
eliminate any bubble formatioAfter curingthe materiafor 5 min in a UV lamp, we start with

the physical test to check the polymer properties. We start with the wipe test; this test is done
to check if the cured material resists toveolt mechanical attadhe wipe test assesses
adhesion and curing quality by rubbing the coated surface with a sehaked material,
ensuring proper bonding, coverage, and resistance to chemical interéoé®ulvent that are

going to be tested aeeeton,iso-propanol, metil ethyl ketone and butyl acetate.

NP



WI PE TEST

CA Auive 3 gy,

Standard material Bectron Bectron Bectron
(Bectron BC1226-T) BC1226_Alternative 1T BC1226_Alternative 2 BC1226 Alternative 3T

Standard material Bectron Bectron Bectron
(Bectron BC1226-T) BC1226_Alternative 4 BC1226_Alternative 5T BC1226_Alternative 6
Fi gu4vi .pe8 test, standardl matpepatalVébseft) vs v

Al ternative 5T and 6 are the ones that behav

NIMZ



CROSS CUT TEST

On a surface of at least 10 I 10 c¢m, use a ¢
that reach down to the suillt rmant ea.pa3pgagc & ottthe F
and vertically to form a hdhesceepatper mven

area, press firmly, and thenExemowne itthewistuh

evaluateEEmeresults

Standard material Bectron I Bectron
(Bectron BC1226-T) BC1226_Alternative 1T BC1226_Alternative 2 BC1226_Alternative 3T

Y Y Y Y

Bectron Bectron Bectron Standard material
BC1226_Alternative 4 BC1226_Alternative 5T BC1226_Alternative 6 (Bectron BC1226-T)
FiguwureCBoss cut test, on theallegfetr nadtivredard mat

NIOT



FLEXI BI LI B®Y TEST

The flexibility test in conformal coatings e
def or mati on without cracking or peeling, €
mechanical stress or dylhsaommidclbogtndyde m @binmgeg ntt tad a |
foil, where tha&nopodyoedr iss Zapgpnd ead mm (examp

b ¥

As it is noticeable from the pictudenet htehet
more the flexibility we are evaluating. We
breaks.

NITY



Figuwre6Bm wide . flexibility test
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