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Abstract. Nanocellulose crystals (NCC) were isolated from the palm fronds by sonication and
hydrolyzed processes and modification of them by the prepared ZnO nanoparticles (ZNPs)
utilizes pulsed laser ablation in water. NCC:ZNPs layers were fabricated using the spin coating
technique. The morphological properties of NCCs and NCC: ZNPs layers were investigated by
atomic force microscopy (AFM), scanning electron microscopy and field-effect scanning
electron microscope (FESEM) respectively. NCC fibers have been shown a long fibrous shape
with layer fibrous sheets about 60 nm of thickness consist of nano tapes between 30 nm to 70
nm of width and thickness sequentially. ZNPs clusters appeared clearly in FE-SEM image as
individual growths between 20 nm to 240 nm of size and around NCC fibers. The structural
properties of prepared layers have been characterized by X-ray diffraction (XRD) technique, the
domain peak of cellulose is found at 22.54° mostly. There is increasing in the crystallinity
indices with the number of layers were increased in both NCC and NCC: ZNPs films. The
sensing of N,, H, and NHj gases were measured, generally the sensitivity of gases increased with
adding of ZNPs expect N».

Keywords. Nanocellulose crystals, ZnO nanoparticles, spin coating, Gas sensors.

1. Introduction

Cellulose is one of major, wide spread, and affordable biopolymer on Earth and global economic
importance [1]. Recently, several studies have addressed different applications of different inorganic
composites are formed based on cellulose fibers(NCCs) [2], new field emerges to use this promising
material in electronics applications such as solar cells, gas sensing, biosensing, photodetecting, energy
devices [3], and electrodes [4]. Cellulose fibers are found in nature as nano fibril-network with diameters
from 100nm to one micrometer [5]. NCC depend on the used synthesis method. Due to their
surface/volume ratio of cylindrical shape, asymmetric structure, high strength, low thermal expansion,
and stiffness make the cellulose nanofibers (CNF) thin films are suitable for use in the sensing devices|2,
4]. Enhancement of the chemical sensing and performance gas sensing of cellulose has been confirmed
by add several materials such as zinc oxide (ZnO)[6], titanium dioxide (TiO») [7], iron(Ill) oxide
(Fe203)[8], Zirconium oxide (ZrO;), cupric oxides (Cu,0O and CuO )[9], and graphen oxide (GO) [10].
Among the healthy metal oxide and stable in to harsh conditions is ZnO[11]. ZnO is a semiconductor
with bandgap (3.37-3.47) eV, e-h binding energy (60 meV) [12, 13]. There have been many attempts to
wrap cellulose fibers which are based on the curing process or the ultrasonic irradiation [14]. Polymer
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unit of cellulose is f — (1 => 4) — D — glucopyranose [15], which is likely to help bind
zinc ions and consider them as nuclei for 'E).i‘nding to fibers, as illustrated in figure (1)

C"I'zo"' CHOH
|
H ,c—0O H c—O
./ H AN 1/ f NN\
N ('ZH_'-*/T °L_ 3 \lc\-”_*.'/‘f °
fn P fom

Figure 1. Likely correlation zinc with cellulose

Several metal oxide n-type semiconductors was reported for gas sensing include ZnO nanoparticles.
These materials usually have a high operation temperature (100 — 400) °C, but at the structural
complication expense[§].

Toxic gases such as nitrogen (N)[16], hydrogen (H,) and ammonia (NH3)[17] are different in their
toxic effects on human, when increase of their ratio. Nitrogen is a component of the breathed air. High
increase of its ratio is not caused death due to oxygen displacement in the atmosphere[16]. But in general,
its lack causes temporary ill-health if it continues beyond the normal time [18]. Therefore, it is necessary
to have sensors in industrial areas where this type of gas is likely to leak abnormally. Flammable and
explosive of hydrogen make it so dangerous[19]. Also ammonia is highly toxic gas with 50 ppm of
concentration, it uses in wide industrial fields such as, foodstuffs, freezing, paper product[20]. Due to
the danger of these gases, should be monitored in the places expected to be present using a affordable,
reliable, low power consuming, highly sensitive, and small size gas sensor is the most candidate to work
under unexpected conditions caused by toxic and explosive gases[21].

Generally, ZnO nanostructures or microstructures rarely used individually as gas sensors for N>, H»
and NHj;. Especially for N, due to the stability of N that has a triple bond[22], and the weak adsorption
for a chemically inert[23], except for the modification cases by adding ZnO structures to inorganic or
organic combinations to impart some chemical and physical improvements. Among these biopolymers
is cellulose Adsorption of these gases by cellulose can be demonstrate based on the dangling bond
model[24].

Many studies are reported based on cellulose fibers, ZnO nanostructure, and their modification as
gas sensors. Mani et al.[8] (2013) reported a sensor fabricated of ZnO thin films by spray pyrolysis
technique. The observed film has a good selectivity to NH3 and short the response and recovery times
(20 and 25) s. Hsia and Siaugluo[25] (2014) have been deposited pour ZnO by a rapid process of aerosol
technique to detect CO gas at 110°C to 180°C of the operating temperature, with 100 ppm to 1000 ppm
of concentration. They pointed to increase of sensitivity and decrease of response time with increase of
the concentration and the operating temperature. Ebrahimials and Zakaria [24] (2016) synthesized
Ppy/CS/ZnO nanospheres as a gas sensor for CO,, N, and H». They found the sensitivity of H» was better
than both CO; and N,. Patil et al. (2016) [17] prepared PANI/ZnO thin films as a gas sensor for H2 and
NH3, they confirmed that the sensitivity of films depended on thickness, grain size and surface
morphology. Hang et al. [10](2018) prepared collections of sensors based on ZnO for sensing group of
gases include NH3 and N, with 100 ppm, the sensitivity of NH; and N, was less compere with selectivity
of H»S, also ZnO/SnO4 films showed a better performance compere ZnO films. Also, cellulose/ZnO
nanocomposites were synthesized and studied for biosensing and antibacterial applications.
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1.1. Sensing Mechanisms
The most common thesis to explain the sensing of gases depends on adsorption of atmospheric oxygen
which is adsorbed by surface of ZnO with two modes;
0, 4+ 2e™ =2 20 (ads.)
0, +e~ = 0, (ads.)

Generally, all reducing gases are involved, depending on the surface adsorption of atmospheric
oxygen and are adsorbed by it. Molecules of H; are adsorbed on the ZnO surface as protons and desorbed
as water vapour as shown in following[22].

H, = 2H* + 2e~
Same mechanism occurs with NH3 depending on the probability of indirect adsorption [7];
4NH; + 0, = 2H,0 + e,
or NH3(gas) + 0, = NHz(ads)

The electron extracts from the conduction band which leads to increase the electrical resistance of
the semiconductor. Another scenario can be found with cellulose fibers, during the polymerization
between ZNPs and cellulose fibers, P-N hetrojuncton may be generated. Therefore, the gases adsorbed
effects on the thickness of the depletion zone which lead to change in the electrical resistance of
layers[26].

2. Experimental Part

2.1. Materials and reagents
Nanocellulose fibers have been synthesized by sonication and hydrolyzed processes as described in
previous work[27]. Palm fronds were collected cut to small pieces with lengths 1-2 c¢m, dried and
crushed to fine powder passing through a sieve 25 micron. The fine powder was treated with 1% sodium
hydroxide, bleached with Sodium hypochlorite, washed and dried. The sample has been hydrolyzed with
sulfuric acid at a concentration of 45% using strong stirring. The acidity was neutralized by washing the
sample with distilled water several times. The suspension was filtered and treated with an ultrasonic
device (Sono-plus HD 2070) for /20 minutes. Nanocellulose was collected, filtered, dried and converted
to a fine powder.

The prepared cellulose fibers and ZnO powder (supplied by sigma-Aldrich-205532, < 5um, 99.9%

purity) were compressed by 10 % each separately for 24h to pellet.

ZnO nanoparticles were prepared by pulsed laser ablation technique using Nd-Y AG pulsed laser (A =
1064 nm, 100m]J, 10ns, 6Hz) as wavelength, power, width, and duration of pulse respectively. ZnO
pellet was immersed in double deionized water (DDDW) at depth 8mm. The concentration of the
resulted colloid was 1530 ppm. Cellulose pellet was crushed using sandpaper ((JB-5) AA180 Aluminum
oxide) and sift using sieve Vibratory Sieve Shaker (with mesh50um ). Two grams of CF powder have
been mixed with 20 ml of DDDW using magnetic stirrer for 1h and continues heat at 100°C. The
prepared solution was divided to two parts each one was 10ml. Then 10% Vol. of ZnONPs colloid was
added in the same conditions to one of these. After that the mixes have been left for 72h in room
temperature.

Before films preparation, 0.001 g of poly (vinyl alcohol (PVA) was added to each mix. Thin films of
CF: PVA and NCC:ZNPs: PVA have been prepared using spin coating method. At speed of
500 ram/min drop of 300ul was dropped on the rotated glass sub substrate (25 x 25)mm for (1, 2,
and 3) layers, after each layer, the prepared films were heated at 100 °C for 1h.

Structural properties were characterized by XRD instrument, at a scan speed of 4 degree per minute
with Cu Kal radiation (A=1.54060 A) operating at 30 kV and 10 mA. Morphological properties were
achieved by analysis of field emission scanning electron microscope (FESEM) and atomic force
microscope (AFM). FTIR was characterized to examine changes in the structures of the prepared layers.
Gas sensing characterization has been indicated using homemade system by measure the electrical



1st International Conference on Pure Science (ISCPS-2020) IOP Publishing
Journal of Physics: Conference Series 1660 (2020) 012089  doi:10.1088/1742-6596/1660/1/012089

resistance of the prepared films with nitrogen (N»), hydrogen (H,) and ammonia (NH3) gases exposure
by concentrations of (135) ppm with air, as shown in figure (2).
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Figure 2. The schematic of the sensing test system used

Gas concentration was obtained with the aid of an equation as follows [28]:
Flow rate gas parent

Conc(ppm) = Conc gas parent( ppm) Total flow rate

(D)

3. Results and Discussion

3.1. SEM and FE- SEM analysis
The prepared CFs made up from palm fronds have been shown a long fibrous shape. These filaments
are made of fibers with layer fibrous sheets about 60 nm of thickness consist of nano tapes between 30
nm to 70 nm of width and thickness sequentially, as shown in SEM images, figure (3 A, B and C).
ZNPs clusters appeared clearly in FE-SEM image as individual growths between 20 nm to 240 nm
of size, as shown in figure (4-A). Also, figure (4-B) illustrated the aggregation of ZnNPs clusters around
NCCs when it was deposited as layers, while, Cellulose fibers (CFs) net has been a as a main structure
of the prepared layers, they consist on collections of CFs as rods about 4.5 pm of length and individual
ZnONPs , as shown in figure (4-C).
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Figure 3. SEM images of the prepared CFs made up from palm fronds
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Figure 4. FESEM images of (a) individual growths of ZnONPs, (b)
ZnONPs aggregated around CFs and (c) CFs net.

3.2. AFM analysis

The morphological characteristics of NCC layers have been checked using atomic force microscopy
(AFM) to observe the superficial shapes. Figure (5) shows images present three- dimensional view of
the deposited layers' surface of CFs and NCC:ZNPs. Size and roughness increase with increasing of
number of layers. For NCC, the change of size were 56, 94 and 100 nm, while for NCC:ZNPs were 65,

95 and 125 nm. Also roughness changed by 5 nm to 12.2 nm for CF layers, while were 6 nm to 17 nm
for NCC:ZNPs.

Figure 5. AFM images (a, b, and ¢) for NCC layers and (d, e,
and f) for NCC: ZNPs sequentially.
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3.3. XRD analysis

XRD patterns of the prepared layers of CF shown in figure (6). Peaks of [110], [110], [200], and [004]
plans of CF crystals shown clearly, in accordance with results of Ismail K. et al.[27] and Mazhar Ul-
Islam et al.[29] . Intensities of peaks increased with increasing of the number of layers. In addition, there
is shaft and change in the location of peaks due to change in the aggregation of fibers.

Adding of the ZNPs nanoparticles lead to emerge peaks of ZnO for [100], [210], and [200] plans,
moreover to peak of bio(2, 4, 6-trimethylphenyl) zinc(I) with [060] plan, while, the spectrum of 3L
sample which did not heat has not this peak, as shown in figure (7), this is likely to have occurred due
to heating as clear comparing spectra of 3L and 3L without heating, this confirms to bound Zn" with
NCC to restrict bonds due to heating.

Cellulose
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Figure 6. XRD patterns of the prepared films of CF for (1, 2 and 3) layers.
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Figure 7. XRD patterns of the prepared films of CF: ZnO for (1, 2 and 3) layers.
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The crystallinity indices (X ;)of prepared layers have been calculated using Herman's equation[30];

A
cryst X 100% .. .......(2)

Xc1 =
! Z Acryst + Z Aamrph
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where Acpyse and Agmypn are the crystalline area and the amorphous area under the spectrum of XRD
respectively. The crystallinity indices of CF ranged from about (59.2 to 82.5) %, whereas were from
about (42.3 to 69) % for CF:ZNPs layers. Generally, there is increasing in X ; with the number of layers
were increased in both NCC and NCC:ZNPs films as shown in figure (8). That is contrary to what Han

et al reported[31].
85

80 [—=— CF:PVA
—e— CF:ZnO:PVA

75
70

65

crystallinity indix (%)

40 T v T T T T v T
1.0 1.5 2.0 25 3.0
No.of Layer

Figure 8. Crystallinity indices of the prepared films of NCC and NCC: ZNPs for (1, 2 and 3) layers.

Whereas the content of the amorphous phase can be given by[32];
Y == 1 - XC.I ...... (3)

3.4. FTIR analysis

Fourier transforms infrared spectra of NCC and NCC: ZNPs were recorded from 400 cm™ to 4000 cm-
!, as shown in figure (9). For CF, the stretching characteristic of O-H band shown to 3340 cm! related
carboxylic amine group persons[33]. The peak at 2929 cm™' attributed to the stretching vibration C-H
or CH2 related with the methyl hydrogen ring[34], which is shifted to 2876 cm™ after adding of ZNPs.
Two peaks at 2376 cm™ and 2321 ¢cm™! respectively have been emerged after add of ZNPs also. The
disappearance of C=H which was indicated at 1712 ¢m™ in the NCC:ZNPs spectrum support the
conjugating of ZnO with CF structure. The small peak at 1638 cm™ attributed to the C=0 stretching.
While, peaks between (1450 and 1260) cm™! indicated to (C=0[14], C-C[34], C-H, and CH>X (wag))
stretching respectively, which weaken when ZnONPs added lastly, three small peaks shown clearly
between 590 cm™ and 452 cm™! in ZNPs spectra attributed to S-S bands which are may be related to the
last treatment processes.
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Figure 9. FTIR of the prepared films of CF and CF: ZnONPs.

3.5. Sensing application
Figure 10 illustrated the sensitivity of NCC and NCC: ZNPs sensitivity of N», H», and NH; gases at RT
with 135ppm. Both layers showed as good responsive for all gases. Adding of ZNPs leads to
enhancement of the sensing of H> and NH3 due to the adsorption of ZNPs of them which leads to increase
of the electrical resistance of layer surface. The sensitivity of NCC layers be found at around (21.25, 26
and 68.7) % for NH3, H> and N respectively, whilst, their sensitivity increase with adding of ZNPs by
around (40, 26 and 1.4) % for NHs, H, and N, respectively. The decreased negligible value in the
sensitivity of NCC:ZNPs layers due to N, chemical nature as a chemically non-reactive gas[22], that
ZnONPs did not enhance the sensory performance for N>. So, ZNPs did enhance the sensory
performance for NH3 and Ha. Table 1 includes the sensitivity, response and recovery times of CF and
NCC:ZNPs sensitivity of N», Ha, and NH3 gases at RT with 135ppm.
90 ' I L | I ¥ I I I
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Figure 10. The sensitivity of CF and NCC:ZNPs sensitivity of N2, H2,

and NH3 gases at RT with 135ppm.
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Table 1. Table 1 includes the sensitivity, response and recovery times of CF and NCC:ZNPs

sensitivity of N2, H2, and NH3 gases at RT with 135ppm.

Layer Type Gas S% Res. Time Rec. Time
NH3 21.34+0.10 0.40 £ 0.02 0.57 £ 0.01

NCC H2 25.97 £ 0.08 0.40 £ 0.04 0.70 £ 0.02
N2 68.68 + 0.06 2.10 £ 0.06 6.90 + 0.03

NH3 35.54 + 0.09 0.75 £ 0.01 0.70 £ 0.00

NCC:ZNPs H2 35.18+0.11 0.40 £ 0.07 0.50 £ 0.05
N2 69.58 + 0.02 69.58+ 0.01 69.58 + 0.08

4. Conclusion

Cellulose is most widespread in nature, safe, and has global economic importance. It can use in wide
applications including gas sensors. CFs had the ability to adsorb ZnONPs, and showed nanocrystalline
structural. Sensing measurements of proved good devices gas sensitivity for NH3, H2, and N2. Adding
of ZnONPs to CF did not effect on the sensitivity of NCC:ZNPs layers because of chemical non activity
of N2.
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