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MpuMeHeHne 30Nb-renb TEXHONMOMNKU ANA CO3[aHNA TEKCTU/IbHbIX MaTepuanos
C NMOHMXXEHHbIM NponycKkaHnuem 6nmKHero MHdpakKpacHoro ceeTa

MenaHu fiky6uk HuxkHepeiHCkas BbICLLAs LLUKOa MPUKIaAHBIX HaYK,
Bopuc ManTtur aKybTeT TEKCTUbHBIX U LIBEHBIX TEXHONOMM, [epMaHus

AHHoTaums. 3011b-TeNb TEXHONOrUS ABMSETCS YHMBEPCAbHbIM METOA0M BYHKLIMOHaNN3aLMK TEKCTUbHBIX MaTepuanos. [laHHas
paboTa NOCBALLEHa MCNONb30BaHMI0 NPOMBILLIIEHHOO 30M1b-refb NPOAyKTa B coYeTaHuu ¢ UK-nornotutenem ang cosnaHus
TEKCTUNS C MOHUKEHHbIM NPOMyCcKaHneM BankHero nHdpakpacHoro caeta (BUK-cBeT). 301b-renb NOKPLITUS C NOBbILLIEHHbIM
conepxanuem nornotutens UK-usnydeHns HaHOCSTCS Ha XNon4yaTobyMaXxHble 1 NoNn3dupHble TkaHu. [locTuraeTcs paBHoMep-
HOe pacnpefeneHne NOKPbIBAIOLLMX BELLECTB Ha TEKCTUIbHBIX TKaHSIX. ICN0Nb3yeMble aHannTMYeckne MeTofpl: CKaHMpYHoLLLas
3NeKTPOHHas MUKpockonua (CIM), anekTpoHHO-aucnepcnonHas cnektpockonus (3/C), onTuyeckas TPaHCMUCCHOHHAS Crek-
TPOCKONUS B AU OY3MOHHbIX YCTPOMCTBAX W M3MEPEHUS TEMNA C NOMOLLbK MHGPAKPACHOK TennoBoil kaMmepbl. HaHeCEeHHbIe
MNOKPbITWS NPUBOAST K 3HAUUTENBHOMY CHUXEHWUIO NPONYCKaHUs B ONTUYECKOM [nanasoHe 6auKHEero MHGpaKpacHoro ceeta
(o1 700 no 1400 HM). Kpome TOro, yNyuLLAIoTCs CBOWCTBA TEMIONOIOLLEHNA NPOU3BENEHHOTO TEKCTUNS, @ TAKXe CBOWCTBA
coxpaHeHus Tenna. TaknM 06pa3oM, MOXHO KOHCTAaTUPOBATh, YTO Peann3oBaHHble MaTepuanbl MoryT 06ecnednTb onpeaeneH-
HY0 3aLUMTY OT MHGPAKPACHOro cBeTa. KpoMe TOro, UX MOXHO Takxe NPUMEHSTb B KQUECTBE MaTepuancs s akkyMynupo-
BaHWs Tenna. Takol TEKCTUNb IBOMHOMO Ha3HaYeHUst MOXET HalTW NPUMEHEHWE B BEPXHEN ONEXAE AN 3UMHUX YCNOBUIA, rae
XenatenbHo codetaHue 3awwuTbl oT YO- 1 UK-uanydeHns, koTopoe uaeanbHo A0NOAHSETCS CorpeBatoLLmM ahdeKkToM 3a cueT
HaKonneHus Tenna ot nornoweHns UK-nanyyeHns.
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A sol-gel approach for realization of textiles with reduced transmission for NIR light
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Abstract. Sol-gel technology is a versatile method for the functionalization of textiles. This study reports on the use of
an industrial sol-gel product in combination with an IR absorber to create textiles with a reduced transmission for near
infrared light (NIR light). Sol-gel coatings with increasing content of IR absorber are applied on cotton and polyester fabrics.
Aregular distribution of the coating agents on the textile fabrics is reached. Analytical methods used are scanning electron
microscopy (SEM), electron dispersive spectroscopy (EDS), optical transmission spectroscopy in diffusive arrangements and
heat measurements by infrared heat camera. The applied coatings lead to a significant decrease of transmission in optical
range of near infrared light (700 nm to 1400 nm). Further, heat up-take properties of the produced textiles are improved
as well as the heat keeping properties. Finally, it can be stated that the realized materials can support a certain protection
against infrared light. Additionally, they can be also applied as heat collecting materials. Such dual functional textiles could
lead to applications in out-door clothes for winter situation there the combination of protection against UV and IR light is
wished and ideally combined with a warming effect by heat collections from absorbing of IR light.
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The article was prepared based on the report of the International Scientific and Technical Conference "International

Conference on Textile and Apparel Innovation ICTAI-2023".

Textiles are excellent materials to support radiation
protection and light management functions. In most
applications this is related to the protection against UV
light or to manipulate the interaction with visible light
(Sayed, U, Tiwari R. and Dabhi, P, 2015; Maity, S., Singha,
K. Debnath, P and Singha, M., 2013). In contrast the
interaction of textiles with infrared light (IR light) are less
considered. In this field special camouflage materials
are reported (RubeZiené V., Padleckiené I, Baltusnikaité
J. and Varnaité, S, 2008). Further, heat collecting textiles
and textiles with lower transmission against IR light are
reported, which are supporting a certain protection
against IR light (Viola, W, Zhao, P and Andrew, TL., 2023;
Mahltig, B., Zhang, J., Wu, L, Darko, D., Wendt, M., Lempa,
E, Rabe, M. and Haase, H., 2017). It should be reminded
that additional to the well-known negative effects of UV
light for the human health also the exposure of human
skin by IR light can lead to disadvantageous effects as
accelerated skin ageing (Barolet, D., Christiaens, F and
Hamblin, M.R,, 2016: McDaniel, D., Farris, P. and Valacchi,
G. 2018). With this background the current study is
reporting on a sol-gel approach for realization of textiles
with reduced transmission for near infrared light (NIR

light). By this sol-gel approach silica based coatings are
applied which are modified by an inorganic IR absorber.
Applications are done on two different types of fabrics -
cotton or polyester. The used sol-gel chemical is isysHPX
supplied by the German company CHT (Tibingen). IsysHPX
is an uncolored liquid. As inorganic IR absorber the
chemical Calorsil is used which is also supplied by CHT
(Thbingen, Germany). Colorsil exhibit a dark blue coloration
and on microscopic scale is has a fine powder structure
(Figure 1). By electron dispersive spectroscopy (EDS
spectroscopy), the main chemical components for Calorsil
found are oxygen and tin. This IR absorber is mainly built
up by tin oxide components. Additional indium oxide may
be part of this product but indium is difficult to detect
by EDS methods, if samples also contain the chemical
element tin. Further, around 1 % carbon is determined
on Calorsil which could be part of an organic compound
added to the recipe to improve recipe properties. For
application of both compounds it is important, that the
component isysHPX exhibit an acidic pH and Colorsil
has an alkaline pH. To combine them the pH of isysHPX
is increased by adding sodium hydroxide solution drop
wise. Doing this the liquid isysHPX starts to gel and the
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Figure 1- Microscopic image (left) and EDS-spectrum (right) of Colorsil material.
In the EDS-spectrum the chemical elements related to the signals are indicated
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Colorsil can be homogeneously distributed into the gel.
The Colarsil concentration is set in the range from Twt-%
to 15wt-%. This gel is used as coating agent on the textiles.
Drying and fixation is done at 120°C. Analytical methods
used for the investigation of the coated textiles are
scanning electron microscopy (SEM), electron dispersive
spectroscopy (EDS), optical transmission spectroscopy

in diffusive arrangements and heat measurements by
infrared heat camera.

The applied sol-gel materials are regularly distributed
on the textile surfaces as shown by SEM images recorded
in different magnifications (Figures 2 and 3). Due to the
rougher structure of the cotton fabric, the used cotton
materials take up more of the applied sol-gel recipe.
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Figure 2 — Microscopic images of cotton fabric untreated and after different coatings.
Images with low magnification are shown on the left side and with high magnification on right side
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Figure 3 — Microscopic images of polyester fabric untreated and after different coatings.
Images with low magnification are shown on the left side and with high magnification on right side

The optical transmission of realized textile samples
is recorded for the spectral range from 220 to 1400 nm
(Figure 4). Here the diffusive transmission is determined
using an integrating sphere. Also, for UV light (range
220 to 400 nm) and visible light (range 400 to 700 nm)
a decrease in optical transmission can be determined
after the sol-gel coating with the IR absorber are applied.
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A significant decrease in transmission for near infrared
light in the spectral range from 700 to 1400 nm can be
also determined. However, for a significant decrease in
transmission the content of IR absorber has to be 10 % or
more in the coating recipe. The effect is stronger for the
application on cotton fabrics (compared to the polyester
fabrics), probable because of the higher up-take of the
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Figure 4 - Optical spectra of diffusive transmission shown for fabrics coated with increasing amount of IR absorber.
Cotton fabrics (left) and polyester fabrics (right)

recipe by the rougher cotton fabric.

As additional property the heat up-take capability is
determined for the realized samples. Infrared radiation
is also known as heat radiation and their up-take by
an IR absorber should lead to an enhanced warming
of the samples. Such a warming can be determined as
increased temperature in case of exposition to a source
for IR light (as an IR lamp). In current investigations
such a temperature increase in case of IR illumination
is determined with a heat camera over a duration of six
minutes. The starting temperature is set to around 26 °C
and the temperature increase is presented as difference
to this starting temperature as function of the content
of IR absorber in the applied coating (Figure 5). The heat
up-take increases as function of IR absorber content in
the coating. For the coatings on the cotton fabrics, this
effect can be even determined for the lowest investigated
content of IR-absorber of 1 wt-%. Figure 5 shows the
temperature increase of the samples after two minutes
and six minutes of heating by IR lamp. For most samples,
the temperature increase is for both durations nearly
similar, so the equilibrium of heat up-take and cooling
process is almost reached after the short duration of two
minutes.

Additional to the heat up-take capability, also the
heat keeping properties are determined by recording the
duration which is necessary to cool down the samples
to the original temperature of around 26 °C. For this, the
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Figure 5 — Heat up-take shown for fabrics coated with
increasing amount of IR absorber. The heat up-take is
presented as temperature increase after placement
under a heat lamp for two or six minutes

cooling duration is measured after heating of the samples
for six minutes with the IR lamp. This cooling duration
increases directly as function of IR absorber contentin the
coating recipe (Figure 6). Significant effects are gained if
the IR absorber content is 5 % or higher. For this, it is clear
not only the heat up-take capability can be enhanced by
the applied coating - also the capability to hold the once
up-taken heat is improved.
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Figure 6 — Cooling duration after deposition of
samples under a heat lamp for six minutes

Finally, it can be stated that the used sol-gel recipes
can be used as coating agents on textile fabrics to realize
materials with offer a certain protection against infrared
light. Additionally, these coated textiles can be also applied
as heat collecting materials. Such dual functional textiles
could lead to applications in out-door clothes for winter
situation there the combination of protection against UV
and IR light is wished and ideally combined with a warming
effect by heat collections from absorbing of IR light. These
are interesting approaches for possible application.
To make the next steps, further fastness properties of
the coating and an evaluation according to eventual
environmental issues have to be done.
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