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� Sputter deposited MoO3/Pd on

polyester were explored for gaso-

chromic hydrogen sensing.

� RGB color sensor module was used

for acquiring color changes.

� RGB data showed a linear behavior

with respect to hydrogen concen-

tration (250e10,000 ppm).

� Significant correlation was found

between RGB readout and absorp-

tion spectra.

� Coloration time, reversibility and

reproducibility were also evalu-

ated by RGB data.
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a b s t r a c t

Recently, colorimetric sensors capable of detecting explosive and toxic molecules have

attracted much attention for applications in health and environmental monitoring. Here,

we demonstrate the detection of hydrogen gas using gasochromic fabrics and evaluate

their performance with a commercial RGB color sensor module. For this purpose, first a

thin Pd film was sputter deposited onto the polyester fabric and then amorphous MoO3

films (several microns) were deposited by RF reactive magnetrons in various O2/Ar ratios

(from 2.5 to 12.5 O2). Field emission scanning electron microscope (FESEM) identified the

morphological changes of the surface at each coating step and showed that the fibrous

structure of the fabrics was preserved after coating of the films, which is suitable for better

gas adsorption. Exposure to hydrogen caused the obtained MoO3/Pd/polyester samples to

turn blue-gray at room temperature and the UVeVis spectra showed an increase in optical

absorption. Their sensitivity was evaluated in the presence of different H2 concentrations

from 250 to 10,000 ppm by recording the time variation of color difference (RGB Euclidean

distance). A significant correlation was found between absorption spectrum and RGB

analysis with respect to oxygen content. The color variation showed a linear behavior with

respect to hydrogen concentration for all samples. Response and recovery times,
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reversibility and reproducibility in the presence of hydrogen gas were also evaluated using

the RGB readout data. Overall, the RGB module optimally depicts the sensing character-

istics of the gasochromic fabrics in terms of reversibility, sensitivity and reproducibility,

which may contribute to their commercial development.

© 2021 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.
Introduction
In recent years, hydrogen has attracted much attention as a

renewable and clean energy source [1]. It is also known as a

cooling gas in power plants [2] and as an effective reducing

agent in various industries such as semiconductor processing

[3], fossil fuel decarbonization [4] andmetallurgy [5]. However,

hydrogen is a colorless, tasteless and odorless gas. Due to its

low explosion threshold but high combustion energy, if the

concentration of hydrogen exceeds the explosion limit of 4%

molar fraction in air, it can have an explosive manner leading

to huge damage especially when it is excessively accumulated

indoors. Therefore, rapid and safe detection of hydrogen

leakage at low concentrations in an explosion hazard envi-

ronment is crucial.

So far, the research on the hydrogen detecting topic fo-

cuses mainly on the electrical and electrochemical [6e9]

sensing platforms, many of which require high temperatures

for good performance but have been successfully developed in

electronic devices. In addition, the optical read-out hydrogen

sensors based on optical fibers [10,11], colorimetric [12] and

plasmonic nanomaterials [13] can provide desirable reliability

and are explosion-proof due to low power electrical con-

sumption. However, commercialization of these techniques

are limited by the high cost of and difficulties in miniaturi-

zation of fiber-optics equipment, spectrophotometers and

image processing devices. Fortunately, advances in the low-

cost optoelectronic components promises the development

and commercialization of chromic processes. RGB color

sensor modules like TCS3200 are small, cost-effective options

in which light is divided into a set of colors: primarily red (R),

green (G), and blue (B). RGB color sensors are vastly used in

different area such as agriculture, medicine and robotics

[14,15]. In particular, RGB data can also be recorded and

analyzed by mobile applications. There are also reports on

RGB color sensors usage for chemical- and bio-sensing which

has recently received more attention. For example, Lee. et al.

[16] used commercial RGB sensors for rapid (~10 s) detection of

low ppm concentration of hydrogen cyanide gas by using

immobilized monocyanocobinamide. Fatoni et al. [17]. Suc-

cessfully used RGB color sensor for colorimetric detection of

hydrogen peroxide by color change as a result of reaction with

titanium oxysulfate. Despite many reports on hydrogen

colorimetric sensing, as far as we know, no report exists on

hydrogen sensing by RGB module or analysis.

Transition metal oxides, as a major colorimetric and

hydrogen sensitive martial class, can change their optical
properties over a wide range of wavelengths when exposed to

dilute hydrogen gas, known as gasochromic effect [18e20]

because it has good reversibility. According to literature,

tungsten oxide has often had better gasochromic properties

than molybdenum oxide in terms of reversibility. However,

molybdenum oxide gives more color depth, but its main

problem so far has been its irreversibility compared to tung-

sten oxide. Themain factor that hasmademolybdenum oxide

less noticeable for gas chromic applications is perhaps its poor

reversibility. Recently, efforts have been made to make this

oxide reversible. For example, in the presence of the Pt/Ni/Pt

catalyst layer, reversibility has been shown to improve [21].

MoO3 provides more color depth and at the same time it has

more color stability, and has been recently studied for eye-

readable hydrogen sensor [22e24]. The molybdenum oxide

absorption band in the reduced state after the gasochromic

process is located at shorter wavelengths close to the visible

area compared to WO3, which makes it a better candidate for

naked eye sensors in terms of sensitivity [25].

Although there are many reports on the gasochromic

properties of transition metal oxides, most have studied the

existing principles using optical transmission or reflection

spectra and have relied less on the development of inexpen-

sive measurement methods. In addition, RGB optical sensing

techniques are based on reflection mode and are better

compatible with wearable technologies [26,27], which essen-

tially require extensive research on yarns and fabrics acti-

vated with gas-sensitive coatings. Fabrics, in addition to

providing a sufficient surface to absorb gas, are flexible, fold-

able, and lightweight, and are available in a variety of mate-

rials, textures, colors, and transparency and have recently

been used as colorimetric sensors [12,28]. Therefore, the

development of flexible gasochromic fabrics can be a good

candidate for integration with low-cost RGB sensors.

To date, MoO3 films have been deposited by different

methods on different substrates [29e34], which have divers

properties and capabilities. Among them, magnetron sput-

tering provides fast deposition, good film and substrate

adhesion, high film purity and uniformity, repeatability and

easy to industrialize for large scales [35].

Palladium is commonly used as a selective hydrogen

catalyst to promote gas dissociation in hydrogenation pro-

cesses are extremely important in terms of excellent and

stable catalytic properties at room temperature, which is

doped into or deposited as a top layer on a hydrogen-sensitive

material [36e39]. Hydrogen dissolves well at room tempera-

ture in palladium and diffuses into and reactwith the adjacent

materials via a spillover process. In recent years, we have
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prepared and studied hydrogen sensors based on gasochromic

MoO3 and WO3 [40e44]. For example, we have fabricated

flexible tungsten oxide nanofabrics by electrospining and

studied their gasochromic properties to detect hydrogen. In

the electrospinning method, controlling the composition of

the solution as well as strengthening the fabrics was chal-

lenging [44]. On the other hand, we have shown that flexible

and sensitive resistive hydrogen sensors can be produced via

sputtering of palladium layers on filtration paper [45] or elec-

trospan fabrics [46]. Therefore, one objective of this new work

is to develop gasochromic fabrics with sputtered Pd and MoO3

layers on polyester as a flexible substrate. By this way, the

fibrous nature of the substrate allows gas to penetrate from

both sides. Another objective is to use RGB data to track

changes in the appearance of samples by coupling the fabrics

into the commercial RGB color sensor. We observed that if the

molybdenum oxide is deposited prior to palladium (Pd/MoO3/

polyester), the sputtering plasma from the palladium target

leads to deep darkening of molybdenum oxide layer. There-

fore, we choose the MoO3/Pd/polyester configuration and

fortunately observed the desired sensing properties. Forma-

tion of a thin PdO layer is possible in sputtering deposition due

presence of partial oxygen pressure in the post-deposition of

MoO3 layer. But this oxide layer can be reduced in the pres-

ence of hydrogen gas and affect the catalytic efficiency of

palladium. In addition, we believe that due to the layered

nature of MoO3 crystal structure, hydrogen molecules can

penetrate easily and riches the Pd layer through the van der

Waals layers. Then the dissociated ions diffuse into the

gasochromic layer. For gasochromic hydrogen sensing in-

vestigations, the created layers were exposed to various

hydrogen concentrations at room temperature. This study

also examines the role of oxygen percent in sputtering.
Experimental

Deposition of Pd and MoO3 films

In this paper, the untreated polyester fabrics with a density of

5% were used as the substrate. Firstly, a thin layer of palla-

dium with 10 nm thickness was pre-deposited on fabrics by

DC magnetron sputtering using a palladium target (99.99%

purity) In the deposition of Pd layer, a 40 W DC power was

applied. The chamber base pressure was 5 � 10�5 mbar and

the working pressure was set to 6 � 10�2 mbar. The target to

substrate distance was 10 cm and deposition time was 20 s.

Thereafter, MoO3 thin films were deposited by RF reactive

magnetron sputtering using aMoO3 target (purity 99.99%)with

100 W RF power. The O2/Ar ratio was considered as the vari-

able parameter in the deposition of gasochromic layers. The

chamber evacuated to base pressure of 5 � 10�5 mbar before

deposition process, then increased to 5 � 10�2 mbar by

insertion of O2/Ar mixture. Argon and oxygen gases were

regulated separately by different mass flow controllers

(MFCs). Considering different oxygen percent, five different

samples were prepared, which were named as S2.5, S5, S7.5, S10
and S12.5 where the subscript shows the oxygen percentage.

The total deposition time for MoO3 was 30 min, and the target

to substrate distance was 7.5 cm.
Characterizations

The surface morphology of the samples was investigated by

field emission scanning electronmicroscopesmodel QUANTA

FEG450. An Asenware AW-XDM300 GIXRD system (CuKa

l ¼ 1.5405 �A) was used to study the crystallinity of fabricated

layers. To quantitatively compare the color variation of the

samples, the reflectance spectra of the samples acquired in

the visible wavelength range (400e700 nm) by Spectra Flash

600 datacolor spectrophotometer.

For investigating the dynamic gasochromic coloration,

samples were mounted inside a small test chamber with inlet

and outlet valves (Fig. 1(a)). Different concentrations hydrogen

(250e10000 ppm) were prepared by mixing H2 and Ar using

MFCs with total flow rate of 2 l/min. The coloration of coated

fabrics samples was quantitatively measured using RGB

analysis by a TCS3200 RGB color sensormodule equippedwith

four white LEDs, and recorded into a PC by an Ardunio Uno

microcontroller platform. The coloration process was per-

formed by 5 min hydrogen exposure and the bleaching pro-

cess was performed by introduction of the ambient air.
Result and discussion

In order to investigate the optical hydrogen sensing properties

of the gasochromic fabrics using RGBmodule in this study, the

samples were mounted in the sample holder of the sensing

box (Fig. 1(a)) and theywere exposed alternatively to hydrogen

gas or air. We turned-on the white LED light source of the

module to obtain reflection RGB data. All the hydrogenation

processes were performed at room temperature. The initial

gray color of the gasochromic fabrics turns blue-gray when

exposed to hydrogen gas and the values of DR, DG and DB

gradually decrease with hydrogen exposing time as shown

typically in Fig. 1(b) for sample S7.5 in the presence of 3000 ppm

H2. The decrease in R, G and B data is in agreement with

appearance of the blue-gray color. K. You et al. [25] have re-

ported color change from white to blue-gray color in their

investigation on Pd-modified MoO3 nanofibers. Ref [22] re-

ported similar observation of Pd-modified MoO3 nanowire la-

bels. From Fig. 1(b), after the replacement of hydrogen by air,

all RGB data return to their original values over a longer period

of time.

FESEM and X-ray diffraction

The surface morphology of the blank polyester fabric and

polyesters fabrics coated with gasochromic films including

samples S2.5 to S12.5 were observed under FESEM (Fig. S1). Fig. 2

left panel shows some selective images at different magnifi-

cation scales of a polyester coated with Pd layer only and a

representative gasochromic sample (S10). The fibrous struc-

ture of the blank fabric is woven of warp and weft with

monofibers of about 10 mm thick (see arrows). They have no

interconnected morphology due of gaps between the indi-

vidual fabrics. The fabrics show also no significant change in

diameter due to the Pd layer coating, but they show a distinct

deformation of diameter from 10 up to approximately 20 mm

due to themolybdenumoxide coating, estimating thickness of

https://doi.org/10.1016/j.ijhydene.2021.09.195
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Fig. 1 e (a) Schematic representation of the experimental setup used to investigate the gasochromic performance of MoO3/

Pd/Polyester samples with RGB color sensor module. (b) DR, DG and DB values after exposing sample S7.5e3000 ppm H2. All

of the RGB values decrease gradually with exposure time and recover to the initial background when hydrogen is replaced

with air. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this

article.)
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MoO3 layers in order of several micrometers. As the FESEM

images of higher magnifications show, the single fabrics of

blank polyester have relatively rough surfaces and palladium

coating makes their surfaces much smoother. However, due

to the deposition of the MoO3 layer, the surface of the indi-

vidual fabrics has become significantly rougher than that of

the blank polyester, and the formation of the MoO3 layer can

be understandable from the formation of cracks along the

connection of fabrics (shown by arrows in the FESEM image).

Formation of cracks in the MoO3 films can be related to

stretching of the surface during or after the coating process. In

addition, the fabrics do not stick tightly together thus the

deposited layers do not completely fill their spacing gaps,
which preserves the open structure of the fabrics, allowing

high absorption of hydrogen and desirable sensing.

Fig. 2 right panel shows grazing incidence X-ray diffraction

(GIXRD) patterns of all S2.5-S12.5 samples. The three observed

peaks in the range of 15e30� refer to diffractions along the

(100), (002) and (101) directions of the quasi-crystalline poly-

ester phase [47]. There are no visible diffraction peaks related

to MoO3 or Pd, suggesting that MoO3 is amorphous and the

palladium layer is very thin. Although crystalline MoO3 films

have been vastly reported in resistive-type gas sensors they

often operate at high working temperature [48]. Amorphous

MoO3, however, is desirable for gasochromic switching even

at room temperature [49,50].

https://doi.org/10.1016/j.ijhydene.2021.09.195
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Fig. 2 e Left panel: FESEM images of different samples: blank polyester (the inside shows the overall texture), Pd-coated

polyester fabric and after MoO3 coating (sample S10). Right panel: GIXRD pattern of different MoO3 thin films on polyester

fabrics which shows the amorphous nature of the layers.
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Gasochromic properties

RGB investigations
This section provides a quantitative evaluation of the results

of gasochromic investigation by the RGB module. RGB data

were measured over time for each sample at different con-

centrations of hydrogen in the range of 250e10000 ppm (Fig. 3

left panel). The performance of hydrogen sensing can be

described by total color differences (DC) equation defined ac-

cording to the Euclidean distance [16]:

DC¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDRÞ2 þ ðDGÞ2 þ ðDBÞ2

q
(1)

where DR, DG and DB are changes in R, G and B data from the

initial values, respectively (see Fig. 1(b)). For all the samples,

DC increases rapidlywith hydrogen exposure until it reaches a

maximum value as hydrogen is replaced with air, then it de-

creases toward the background. The peak values of DC vary

depending upon the hydrogen concentration. The maximum

amount of DC values measured in each cycle are plotted as a

function of hydrogen concentration in Fig. 3 right panel. All

the plots appear to be well compatible with a linear function,

which demonstrates the capability of the RGB module for

gasochromic sensing of hydrogen in a wide concentration

range and with a reliable process of calibration. Previous

studies on gasochromic molybdenum oxide mainly focused

on the optical properties change and, to our best knowledge,

less attempts to provide a linear calibration curves have been

reported for gas sensing applications. Interestingly, the slopes

of the linear plots are almost the same for all samples, indi-

cating a proper reproducibility of the sample responses
regardless of the oxygen fraction in the deposition process of

the RF sputtering. It is also worth noting that compared to the

color difference (Eq. (1)), other values like the changes inmean

values of RGB led to nonlinear calibration curves (not shown

here). M. H. Yaacob et al. obtained a nonlinear concentration

dependence (in the range of less than 0.06e1%) for the gaso-

chromic molybdenum oxide layer deposited on quartz sub-

strates. They did not show sufficient sensitivity at

concentrations above 0.5% [51]. This could be due to the effect

of the substrate type on the sensitivity.

UVevis spectra
In this study, UVeVis reflectance spectra were recorded to

compare the RGB readout and optical spectral variations.

Fig. 4(a) shows the reflection spectra of the gasochromic fab-

rics before and after hydrogenation with 10%H2. The shoulder

visible at about 400 nm could be related to the optical ab-

sorption edge of MoO3. The spectra show uniform absorption

for wavelengths above 450 nm. The total reflectance of the

deposited samples before hydrogenation is calculated by

integration in the range of 400e700 nm and plotted in terms of

oxygen percentage (Fig. 4(b)), indicating a maximum at 7.5%

O2. Compared to the high magnification FESEM images taken

from the surface of the coatedmonofibers (shown in the same

figure), the higher reflectance may be due to the fact that

sample S7.5 has a smoother microstructure surface than the

others. After hydrogenation, the reflectance decreases in all

wavelength ranges, while the spectral shape remains almost

identical to that before gas exposure, indicating a relatively

neutral optical change. Fig. 4(c) shows the difference in the

reflectance spectra before and after the gasochromic process.

https://doi.org/10.1016/j.ijhydene.2021.09.195
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Fig. 3 e Left: Time variations of the total coloration differences (DCs) collected at different concentrations of hydrogen from

250-10000 ppm for samples S2.5-S12.5. The concentration of exposed hydrogen gas is the same for the same cycles in each

sample. Right: corresponding plots of maximum DC vs. hydrogen concentration, which fit well to linear function.
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The uniform decrease in reflectance over the entire

400e700 nm range is consistent with the relatively uniform

changes in the RGB data (Fig. 3).

To compare the RGB and optical absorption data, the total

absorption change (integration over 400e700 nm) was ob-

tained. Fig. 4(d) shows DC (at 10,000 ppm) and total reflectance

changes with respect to sputtering oxygen content. Although
no specific trend is observed with increasing oxygen content,

it behaves similarly for both quantities, indicating a correla-

tion between RGB and optical reflectance data.

Another point to note is the increase in both at 12.5% O2,

whichmay be related to the role of oxygen in the formation of

new oxygen vacancies in the molybdenum oxide layers. The

oxygen concentration in the layers deposited by sputtering

https://doi.org/10.1016/j.ijhydene.2021.09.195
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Fig. 4 e (a) UVevis reflection of samples before and after 10% H2 exposure at room temperature. (b) Total reflectance of as-

prepared samples before hydrogen exposure. (c) Difference reflection (DR) and (d) DC at 10,000 ppm (from Fig. 3) and total

reflectance change integral in terms of O2 percent. (e) Schematic representation of water formation and highly desorption.
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strongly depends on the fraction of reactive O2 [52]. As a result

of hydrogen diffusion in the gasochromic process, the gener-

ated Hþ species tend to combine with the bound oxygen in the

oxide layer and form oxygen vacancies. The initial doping

level of vacancies in oxygen-rich Mo oxide films (prepared in

an oxygen-rich environment) is negligible, which increases

rapidly with hydrogenation, and enhanced optical change is

observed. Using XPS analyses, we have previously shown that

a higher W5þ/W6þ ratio is associated with oxygen vacancies,

which can lead to poor gasochromic performance in tungsten

vanadium oxide films [53].

The color change ofMoO3might be related to the formation

of Mo5þ as suggested by previous studies [54]. The general

colorationmechanism is related to hydrogen dissociation by a

catalyst layer, more commonly Pd. The hydrogen donates its

electrons to the conduction band and produces oxygen va-

cancy andMo5þ states. The underlyingmechanism is believed

to be as follows:

H2����!Pd
2Hþ þ 2e�

Mo6þ þ e�/Mo5þ

2Hþ þ O2�/H2O

(2)

as a result of hydrogen intercalation into the molybdenum

oxide lattice, the intervalence-charge transfer from Mo5þ to

Mo6þ state occurs and a blue color is obtained by optical ab-

sorption in the NIR region. It is assumed that the optical ab-

sorption achieved is proportional to the Mo5þ concentration

[55]. This suggests that DC is proportional to the concentration

of Mo5þ and thus to the doped hydrogen. This is probably why

the calibration curves show a linear behavior. Oxide gaso-

chromic materials often suffer from irreversibility and

repeatability [22,56]. It is believed that proton diffusion also

gives rise to water molecules, which can slow down the

coloration through blocking the pores [57]. The interaction of

hydrogen with molybdenum oxide is reversible, but the
unwanted formation of water slows this reversibility. This is

also true to some extent for tungsten oxide [58]. This could be

due to the entrapment of water molecules between the van

der Waals layers of molybdenum oxide. Because compared to

tungsten oxide, molybdenum oxide has a great tendency to

layer structure due to the presence of van der Waals bonds

between the crystallographic layers. However, this may be

useful for interaction of small hydrogen molecules through

diffusion across the layer. The open structure of polyester

fabrics in addition to its hydrophobicity provide a large sur-

face area andmany open pathways for water desorption from

the back uncoated surface (Fig. 4(e)), resulting in the revers-

ibility and sensitivity of our samples. The MoO3/Pd configu-

ration does not decrease the reactivity due to limited exposure

of Pd to H2. A possibility for this system is that since hydrogen

can penetrate the polymers, it is possible for hydrogen to

reach the palladium layer from the polymer and enter the

molybdenumoxide layer after decomposition.We do not have

enough experimental evidence for this, but since many arti-

cles have shown that hydrogen can penetrate the polymer,

this can be considered as a potential cause [25].

Coloration times
The gasochromic response time can be defined as the time

required for the samples to reach 90% of the maximum

changes. Similarly, the recovery time is the time required to

return to 10% of background during recovery. However, this

measurement is only useful when the sensor is saturated,

which is not measurable in our case. However, if we use the

maximum values of DCs, we can predict the effect of gas

concentration on coloration rate. Inside Fig. 5(a), one can see

how response and recovery times are measured for a typical

sample.

Fig. 5(a and b) show the response time (tres) and recovery

time (trec), respectively, as a function of hydrogen concen-
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Fig. 5 e (a) Response and (b) recovery time plots as a function of hydrogen concentration. Inside part (a) shows how response

and recovery times are obtained.

Fig. 6 e (a) The stability test of sample S2.5 with 2500 ppm

hydrogen gas. (b) The reproducibility test of this sample

with 1000 and 2000 ppm hydrogen concentrations.
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tration for all samples. From the figure, it can be seen that the

response time for all samples and at all hydrogen concentra-

tions is about 4 min. Although the recovery time depends on

the hydrogen concentration, the same trend is observed for all

deposition oxygen percentages. The recovery time at 250 ppm

is about 1e3 min for most samples, which increases to about

14 min as the hydrogen concentration increases. However, a

comparison of the recovery times in samples S2.5 and S12.5
indicates that it takes longer for the higher oxygen content

(sample S12.5) to compensate for the amount of oxygen lost

during the gasochromic process. It should be noted that the

response times should be better in the seconds range to

approach the existing standards for a sensor. We have dis-

cussed this problem with filtration paper based sensors [59],

but this case needs further investigation and optimization.

This values are better compared to other reported gasochro-

mic MoO3 films. Ch. Ch. Chang et al. have exposed molybde-

num oxide films prepared by pulsed laser deposition on glass

substrates with a thickness of about 1 mm to 100% hydrogen

gas concentration and obtained coloration times of 12 min

[60]. The shorter response times in our work can be attributed

to the nature and porosity of the polyester substrates. How-

ever, they also reported a revocert time of about 17 min. Z.

Zhang et al. [61] have shown that in Pd-doped sol-gel derived

WO3eMoO3 composite films with a high ratios of WO3, the

sensor response is less than 1 min, but with increasing the

percentage of MoO3 by about 50% or more, the response and

recovery time increases considerably to about 1000 s. This

predicta that molybdenum oxide and tungsten oxide com-

posite films on polyester fabrics can even improve its

response and reversibility, which will be considered in our

future studies. However, MoO3 room temperature optical

hydrogen sensors still have slower response speed comparing

to resistive based MoO3 sensors [62]. This may be due to the

fact that the electrical resistance has a linear relation to

thickness but the optical properties have an exponential

dependence.
Stability
Fig. 6(a) shows the stability test of a typical sample (S2.5) for 17

consecutive cycles. The sample was exposed to 2500 ppm

hydrogen gas for 180 s per cycle followed by 600 s of air expo-

sure. These results show that the sensor has good stability

during cyclic gas measurement operation. Fig. 6(b) shows the

coloring reproductive ability for this sample, which was
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performed at two different concentrations of 1000 and

2000 ppmand at similar times to the stability test. The results of

the measurements show the ability of the sensor to reliably

reproduce the response to different concentrations of hydrogen

gas. We tested stability at room temperature and constant

humidity. During our tests, we found that over long time, the

performance of the sensors may be somewhat reduced.
Conclusion

In summary, gasochromic polyester fabrics with linear

sensitivity to hydrogen concentration and good reversibility

and reproducibility were presented. Using DC and RF

magnetron sputtering methods, Pd and MoO3 layers (at

different O2/Ar ratio) were deposited on polyester fabrics. In

the presence of hydrogen gas, the color of MoO3/Pd/polyester

changed, which could be well detected by an RGB color sensor

module. The porous morphology of polyester fabrics

remained after coating, which may allow increased hydrogen

adsorption. It was found that although the oxygen content

affects the optical/color change and response speed and re-

covery during RF sputtering of MoO3, the linear sensitivity to

hydrogen concentration is maintained, indicating that the

sputtering method is desirable for the preparation of reliable

samples. The desirable reversibility in the samples was

attributed to the fibrous nature of the polyester substrate,

which can repel the generated water molecules faster. The

RGB data also showed good correlation with the optical data,

promising the commercialization of flexible colorimetric

hydrogen sensors.
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