Development of graphene-based and-olie sensors for fine-pratective fabrics
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Introduction
The protectioe cothing indusiry and workers ai risk of exposune 1o beat and fame can ety on some hegh
periormarce materials devilopsd over e |2t iy years 10 provide e prolecion reeded while allowing
somie v of comion. This inchades & series of iy Feermial- and Tire il fibres ssch a8 para- and
meta-aramids. However, if these maierials exhibit exceplional perfomuance wien M, the vanoss condBons
thery ane exposed o during the Heime of te dothing wil reduce thiir perfomance oser time (1) 0 addBon,
these lange losses in perfomuance may coour befone any sign of damage is visible io the naked oye (2).
Firuaily, hmmtmlnhlmwwnmmm resulting from the dscovery
hat smoks pariickes aned can perairale frelghiers” proeoive
clofing {3}, will mmm:mﬂm-ﬂmﬂm

To lacke this critical issue, @ graphene-based lexie end-of-lfe sensor has been deveioped 1o allow
moniloring the condiion of B fre-profecive clothing over s leime. The sensor will be stiched af & few
sirategic locations on the fie-prolective chothing. The residual corductvity of the sensor will be measuned
using & simpée mulimeter &5 part of e regular assessment that Srefighters and ciher workens at risk of heat
and Mame exposune ane requirsd i do of Seir poecive equipment. Based on the vakes measured, ey wil
ot wiarmaesd [ Shoer protective clothing has experienced a level of exposure 1o ging condilions thal may hawe
decreased s pefmano: balcw the salie range and thus reeds v be eplaced.
Weathods
The sirafeqgy wsed for T development of this end-od-ie sensor rolies on polymens that ane sensiive io the
same aging condibions as high performance Sbres, Le. heat, LY, ard mostune [4). These polymers ane
combired wih 8 gaphens-based conductive track. Upon reaching 8 ceriain kel of exposns o one of ese
aging agents sufficient Io cause the fire-protective fabric o enter an unsate range, the sacrficid pakmes

, & disrupSon in the graphene conducive track and a change in s slecirical conductiviy. As

Il.ll'h'ﬂdl:ﬂFm1 ez L, higarl- and moisiune-sensihe comporents of the end-ol-ile sensor are seouned on
a fabic subrsirate thal wil be sSiched as a paich al a few siralegic loiations on T fnefighter protecive

Figura 1. End-addile sensss with the UV, Saiml - ssd Figura 2. Pietura of & tharmal
moisbors-Senstive compenests on S labrie subsirae sEnsoe prolotype

Resulis and disc ussion

A picture of a thermal sensor prolotype i shown in Figure 2. The sacificial palsmes selscied for the themal
sensor is poiyethedmide [PET) as B actvation energy upon thermal aging based on witimate fensie srengh
data was shown to malch that of fire-protectie fabrics used s outer shel in fieelighier protecive ciothing (5).
In addiion, the fomation of cracks was obeorved al the surface of the PEI Tim & a sl of aging, which
would create a disruption of the graphene keyer on e PED i This graphens ayer was suocessiuly
prepared on PEI using laser engraving (4). The thermal sensor (Figune 2 ) also indudes contacts so that the

_uam



graphens residual ehectrical conductivity can be measuned using & mulimeter. The sensor i covired by an
encagpsulaton ke L has been shiven 1o resist leandening. repsatad berdng, and abresion (B

In the oase of e MOEIPG-SESWE NS0T componenl, pohimide was seocted as the sacrifidal polymar
s acwation snergy upon ydrothermal aging based on ulimaie tensike siengih dafa b smilar bo that of fiee-
profectie fabrics wed as culer shel in frelighier protecive clothing (7). In addiSon, i becomes beitile upon
e immersion in hol water. E also alows $e fomation of the grapbene kayer by laser engraving.

In berms of the LPY-Sensiive SERsOr omy & 2-pack potyurethare expcsed to UV aging displayed the
same Fend in the waraSon of e lensiks Iughress retention 25 a function of aging IMe as re-protecive
fabrics used as cuter shel in frefighier protective clothing that were exposed o the same conditions (B, In

addition, blisters were chserved io fom at the surface of the 2-pack polyurethane upon UV aging.

An appropriate fber conben for e end-of-lfe sersor fabric subsiale has also been identified 5o thal the
fabric subsirate does not inderfers with the operation of the sensor (3). A Blend of 53% mela-aramid, 5% para-
aramid, and 7% carbon Thers [Nomes® [1L4] was shown o nesist themial and hydeothermal aging as wel as
laundering much betier han e fabrics fepically used as cuter shell in feelghier prolective clothing. On the
other hand, | has a larger sersfvity of 'Y aging, which will be comecied with a LU-projective finish.

"With all the difierent malerials and manuaciunng lechnokogies now Kdentified for the graphene-based end-
ol sensor o fine-proiective Tabrics. the nert sep s he scale-up io RdusTy-soake production. This work i
underway in partnership wit the comparny Davey Tesie Solutions, which has taken on i Eringing the end-o-
e sensor b the market [10). This company, which manuleciures high wiskdity relective trims, inclading for
fine-proinctive clothing, has e production capaity i manutaciune the graphene based end-of-Jie sensors for
ihe different sieps of weaving. nkshing, laser engraving, lamination, and product assem biy.

Consclusions

Firalighiers risk their fves every day io protect ours. Their profective dofhing s critical i allow them
periorming el duties whie remaining sate. Yat, the perfcemance of their profective cothing degrades over
fime as i is exposed io high heat, UV ight, moistune, laundering, e5c., which raises Serious concems for feir
salety. A graphene-based end-ct-He sensor for fe-proweciive fabrics has been devsioped 1o sobe This issue.
I i reow Mowing towartds commerdalizaton with the company Davey Textle Sculions.
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