. &Tech.Journal, Vol. 32,Part (B), No.4, 2014

The 4™ International scientific Conference on Nanotechnology& Advanced Materials
&Their Applications (ICNAMA 2013)3-4 Nov, 2013

Fabrication of Polyaniline-Carbonnanofibers for Hydrochloric
Acid and Ammonia Sensing at Room Temperature

Dr. Thamir A. A. Hassan

Science College, University of Baghdad/ Baghdad
Email: Thamir_h@yahoo.com

Dr. Izzat M. Al-Essa

Science College, University of Baghdad/ Baghdad
Dr. Ekram A.Al-Ajaj

Science College, University of Baghdad/ Baghdad
Dr. Abdul Kareem M. Ali

Science College, University of Baghdad/ Baghdad

ABSTRACT

The multiwall Carbon nanotubes(CNTSs) of 0.25wt %,0.5wt % and 1wt% was
added to 0.1 M distilled aniline under reflex procedure with 0.3 H,SO, for fabricating
PANI/CNTSs nanofibers. A cyclic potential ranged from -100 mV to 1500 mV was
applied with six repetition on working electrodes stainless steel (SUS 304) which
were dipped in these solutions at scan rate of 30mV s™ at room temperature. Scanning
Electron Microscope (SEM) images showed that the PANI-CNTSs nanofibers structure
with diameters range (50nm-70 nm). In the liquid type sensing, it was found that
with the increase of HCI concentrations, the value of current density (J) could be
raised and found pronounced at 3000 ppm and 4000ppm concentration along with
PANI/0.5 wt %CNTs and PANI/1 wt% CNTSs sensors out of the four corresponding
four solutions and for sensors. The reason behind that may be the enhancement of
more efficient transfer of charges. On the other hand a reduction in current density (J)
was obtained with increasing concentration of NH3 and clearly observed at 1000 ppm
and 2000 ppm for PANI/0.5 wt %CNTs and PANI/1 wt% CNTSs sensors.
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INTRODUCTION

olyaniline (PANI) is one of the most widely studied conducting polymers

because of its good conductivity that can be influenced both by the charging

level and degree of protonation, its well defined electrochemical (redox)
response, easy preparation and possible applications in rechargeable batteries,
corrosion protection, light emitting diodes, molecular sensors, electrochromic devices
and microwave screening [1]. Carbon nanotubes are unique nanostructured materials
with remarkable physical and mechanical properties [2]. These properties have
inspired interest in using CNTSs as the nano-fillers in polymer composite systems to
obtain composite structural materials with enhanced electrical, mechanical and
optical characteristics [3]. Recent studies have shown that carbon Nanotubes can be
dissolved in aniline via formation of donor-acceptor complex [4]. In this work, we
have prepared Polyaniline/multi-walled carbon nanotubes (PANI/MWNT) composite
by electro-polymerization of aniline containing well-dissolved MWNTS.

Hydrochloric acid is corrosive to the eyes, skin, and mucous membranes. Acute
inhalation exposure may cause coughing, hoarseness, inflammation and ulceration of
the respiratory tract, chest pain, and pulmonary edema in humans ®'Acute oral
exposure may cause corrosion of the mucous membranes, esophagus, and stomach,
with nausea, vomiting, and diarrhea reported in humans. Dermal contact may
produce severe burns, ulceration, and scarring [5].Ammonia is a toxic in liquid as a
gas that is naturally present in the atmosphere in sub part per million (ppm) levels.
However, much large concentrations can be detected near farms with domestic
animals.

A large amount of ammonia is produced by the chemical industry for production
of fertilizers or for used in refrigeration system .Increase of amount of ammonia
contained in exhaled air can be connected with certain disease, including kidney
disorders [6]. In this work, we have prepared Polyaniline/multi-walled carbon
nanotubes (PANI/MWNT) composite by electro-polymerization of aniline containing
well-dissolved MWNTSs for Hydrochloric acid and ammonia.

EXPERMINTAL

Aniline (Sigma Aldrich purity 90%) was purified by distilled under reduced
prassure of 0.05 MPa and stored in darkness before use. CNTs purity 95% were
produced via the chemical vapor depositon method(CVD) ,average outer diameter 20-
30nm and the length 10-30 um purchased from Cheap Tubes Inc. USA. CNTs of
0.25wt%,0.5wt% and 1wt% were added to aniline and the mixture was heated at
reflux for 3 h in dark.Dissolution of CNTSs in aniline can be observed by color change
of the solution with continuous heating .The original colorless aniline solution first
become brownish and then turned dark red. After has been cooled to room
temperature and settled 24 h , a small quantity of undesolved CNTs were precipitated
from CNTs- aniline solution. Electrochemical experiments were performed on
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Wenking M Lab Bank Electronik-Intelligent controls GmbH. A stainless steel (SUS
304)sheet geomatric surface area 1cm® was used as subtrate -working electrode. A
platinum rod and sturated calomel electrode (SCE)were used as counter and reference
electrode, respectively. The two electrode (SUS 304 and platinum rod )cleaned by
potential cycling between -100mV and 1500 mV at 30mV/s in 0.3 M H,SO, (GCC)
U.K until astable cyclic voltammogram was obtained. The potential was varied
between -100mV and 1500mV for depositing PANI and PANI/CNTSs with scan rate
30 mV/s with six repetitions. The Fourier Transformation Infrared (FT-IR) spectra
measurements of PANI /CNTs composite were used Shimadzu spectrophotometer
model 8300, Japan. The scanning electron microscopy (SEM) examinations were
carried out for PANI/MWNTSs composite thin films were analyzed for structure
morphology and nanostructure using Hitachi FE-SEM model S-4160. The cyclic
potential mode from -1000 mV to 1000 mV at scan rate 20mV/s was applied on the
electrode surface of PANI and PANI/CNTs composite films (thickness about 204
nm).These films had been deposited on SUS304 stainless steel and dipped in to an
aqueous of two types’ hydrochloric acid (HCI) and ammonia (NH3).

RESULT AND DISCUSSION
Fabrication of PANI and PANI-CNTSs nanofibers

Figures (1) shows the cyclic voltammograms of PANI films recorded at 0.1 M
distilled aniline in concentration 0.3 M H,SO, at scan rate 30mV/s with six
repetitions The polymerization takes place by oxidation at (700-1300) mV while
potential is increasing followed by a de-protonation at (200-100) mV in the reverse
direction of potential . Figures (2, 3, and 4) show cyclic voltammogram with
potential range -100mV to 1500mV and scan rate 30 mV/s for six repetition of
PANI(0.1 aniline+0.3M H,SO )/0.25 wt% CNTs ,PANI/0.5 wt% CNTs and PANI/1
wt% CNTs composite respectively on SUS(304).
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Figure (1) Cyclic voltammograms of SUS (304) electrode in PANI electrolyte
(0.1M aniline +0.3M H,SO4)(PH=4.0) (From -100 to 1500mV) scan
Rate 30 mV/s at room temperature.
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Figure (2) PANI+0.25 wt% CNTs composite
Fabricated at scan rate 30mV/s with six.
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30 mV/S
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Figure (3) PANI+0. 5 wt% CNTs composite
Fabricated at scan rate 30mV/s with six.
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Figure (4) PANI+1 wt% CNTs composite fabricated

at scan rate 30mV/s with six repetition.
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Fourier Transformation Infrared (FT-IR) spectra of PANI/CNTs Composite
synthesis

Figure (5) gives a typical Infrared spectra of the PANI/1wt%CNTs composite
product where the main absorption peaks shows 3448 cm™ it is possible assign
asymmetric stretching vibration of NH,. The N-H stretching in benzoid-NH-benzoid
( B-NH-B) ,the broad band at 3232 cm™ to hydrogen stretching bonded NH and
3163 cm™ to terminal quinoid =NH (Q=NH). The 2954 cm™ represented C-H
stretching region. The absorption peak observed at 1643.35 cm™ were attributed to
C=C stretching in aromatic nuclei Absorption bands .the bonds situated 1482.04 cm™
and 1585.49 cm™ are attributed to benzoid and quinoid ring vibration
respectively.its commonly observed for PANI that the quinoid band at 1585 cm™ s
less intense than that benzenoid band at 1482 cm™ .As shown in spectrum of
PANI/CNTSs composite, an inverse 1585/1482 cm™ intensity ratios was exhibited
.These data reveal that PANI in composite is richer in quinoid units than the pure
PANI. This fact may suggest that PANI-CNTS . The polymer shows a interaction
promote and stabilize the quinoid ring structure .this interaction between PANI and
CNTs may result in "charge transfer"'®l. The n- bonded surface of carbon Nanotubes
might interact strongly with conjugated structure of poly aniline, especially through
the quinoid ring[8].The strong band at 1149 cm™ s considered to be a measure of
the degree of delocalization of electrons and thus it is characteristics peak of PANI
conductivity [7].The increase of the signal at 1149 cm™ s in good agreement with
conductivity measurements result given by S. Quillard et al. [7]. It appears that the
interaction between PANI and CNTs increase the effective degree of electron
delocalization, and thus enhances the conductivity of polymer chains.
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Figure (5) FT-IR spectra for PANI/ 1wt% CNTSs.

Morphology of PANI/CNTs composite

Figures (6,7,8) showed SEM images of PANI (0.1 M aniline+0.3 M
H,S0,)/0.25wt% CNTs, PANI/0.5 wt % CNTs, and PANI/1wt% CNTSs respectively.
This all images appear that the  well -formed CNT inside PANI. This result can be
considering that agreement with the schematic of Chuizhou Meng et al [9] Figure (9).
SEM revealed a uniform deposition of PANI onto the CNTs, whereby the diameter of
the PANI-coated CNTs was estimated to be in the range (55-80) nm.
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Figure (6) SEM image of PANI/0.25 wt% CNT
Composite magnified 30000 times.
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Figure (7) SEM image of PANI/0.5 wt% CNT
Composite magnified 60000 times.
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Figure (8) SEM image of PANI/1 wt% CNT
Composite magnified 60000 times.

CNT

Figure (9) Schematic illustration the well-formed
CNTs network inside PANI [9].
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Sensors in aqueous solution of HCI

The surface electrode of PANI and PANI/(0.25, 0.5, and 1)wt %CNTSs composite
electrochemically deposited  on SUS 304 stainless steel in aqueous solution of
1000, 2000, 3000, and 4000ppm concentrations of HCI acid . Figure (10) shows the
maximum current density of the sensors obtained at varying HCI concentrations.
Table (1) lists all different values of maximum current densities for the all fabricated
Sensors.
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Figure (10) Maximum current density of the Sensors
obtained at the varying HCI concentrations.

Table (1) Maximum current density of the sensors obtained
at the varying HCI concentrations.

Sensor Jq Js Js3 Ja
PANI 6.67 5.65 25.9 38.1
PANI/0.25wt% CNTSs 4,18 4.54 13.95 20
PANI/0.5 wt% CNTSs 2.04 3.83 31.22 104
PANI/1 wt% CNTs 18.5 142.6 353.8 855

J1: Max. Current Density J (mA/cm?) 1000 ppm HCI conc. J,: Max. Current Density
J (mA/cm?) 2000 ppm HCI conc. J;: Max. Current Density J (mA/cm?) 3000 ppm
HCI conc. J,: Max. Current Density J (mA/cm?) 4000 ppm HCI conc.

A highest increase in the current density is recorded of PANI/1wt% CNTSs sensor
in aqueous of 1000, 2000, 3000, and 4000 ppm concentration of HCI when compared
with all other conditions specially at 3000 and 4000ppm conc. Often, the desired
redox reaction at the bare electrode involves slow electron transfer kinetics and
therefore occurs at an appreciable rate only at potentials substantially higher than
thermodynamic redox potential. such reaction can be catalyzed by attaching to the
surface a suitable electron transfer mediator [10].Since this does not respond to the
required reaction , a modifying material was added to the bare electrode (mediator)
.the function of the mediator(PANI and PANI/CNTs composite) is to facilitate charge
transfer between analyte HCI and electrode. In most cases the mediated reaction
sequence (e.g., for an oxidation process) is described in equations (1) and (2) [11].

M [eq @ My + ne (1)
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Mox + Ared - M red + on (2)

Where M represents the mediator (or modifier) on the electrode surface and A is
analyte[11]. Hence, the electron transfer takes place between the electrode and
mediator and not directly between the electrode and analyte .the active process
produced by a catalyst is being electrochemically regenerated .The net results of the
electron shutting are a lowering of the overvoltage of analyte oxidation to be the
formal of the mediator and increase in current density [see figure (10)] . The PANI/1
wt %CNTSs have a high electron transfer rate constant because this modifier in the
absence of HCI analyte exhibit a well-behaved redox reaction in cyclic voltammetry
technique. But in the presence of analyte the anodic peak current in cyclic
voltammogram increased drastically and cathodic peak eliminated at suitable
potential scan rate[10].

Sensors in aqueous solution of NH;

In order to detecting ammonia ,the surface electrode of PANI and PANI/(0.25,
0.5, and 1)wt %CNTs composite films(sensors) deposition electrochemically on SUS
304 stainless steel in aqueous of (1000, 2000, 3000, and 4000)ppm concentration of
ammonia (NHj3) .Figure (11) and table (2) demonstrates the maximum current
density of the PANI, PANI/(0.25, 0.5, and 1)wt% CNTs sensors at varying NH;
concentrations .

Max. Current Density of the

e Sensors as a fun. Of NH; Conc.

‘_4‘2 ——PANI
30 ——PANI+0.25 wt % CNTs
PANI+0.5 wt% CNTs

25
20 ——PANI+1wt %CNTs

15
10

0 1000 2000 3000 4000 5000
Concentration of NH3 (ppm)

Max. current density J(mAfem?)

Figure (11) Maximum current density of the sensors
obtained at the varying NH; concentrations.

Table (2) Maximum current density of the sensor obtained
at the varying NH; concentrations.

Sensor Ja Jp Je Jg
PANI 0.357 0.275 0.195 0.168
PANI/0.25wt% CNTSs 0.555 0.257 0.132 0.1006
PANI/0.5 wt% CNTs 19.26 15.61 1.9 2.04
PANI/1 wt% CNTs 42.8 17.74 7.13 0.927

Ja: Max. Current Density J (mA/cm?) 1000 ppm NHj3 conc. J,: Max. Current Density
J (mA/cm?) 2000 ppm NH; conc. J.: Max. Current Density J (mA/cm?) 3000 ppm
NH; conc. Jg: Max. Current Density J (mA/cm?) 4000 ppm NH; conc.
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In general, its concluded that as the concentrations of NH; is reduced there is a
corresponding reduction in the resistance of the sensors. When exposed in ammonia,
PANI undergo dedoping by deprotonation ™2 Figure (3.12).

NH; NH;
| -
X X
X X 1+
. . NH, NH,
N P N o, - AN o
H | H | H H . H
R AR T NF T

Figure (12) Shown the protons on -NH- groups transferred
to NH3 molecules to form ammonium ions [13].

The protons on —NH- groups were transferred to NH; molecules to form
ammonium ions while PANI itself turned into its base form. This process is
reversible, and in fact, when ammonia atmosphere is removed, the ammonium ion
can be decomposed to ammonia gas and proton ™.

The existence of CNTSs contributes to the enhancement of electrons transfer .this
may justify the reduction of the resistance at a concentration of 1000 ppm with
increasing proportions of carbon nano tubes . Addition of CNTs in the process
provides a subsequent explanation for the reasons behind the improvement of the
response of PANI sensors. All above characteristic behaviour of the sensors are
provided by the nature of the I-V characteristics which are experienced by the
operational sensor ™.

CONCLUSIONS

Addition of CNTs to PANI for the formation of PANI/CNTSs composite resulted in
an upgrade in the electrical conductivity indicated by an increase in J . This reveals a
well formed CNTSs network inside PANI. In the liquid type sensing, it was found that
with the increase of HCI concentrations, the value of J could be raised and found
pronounced at 3000 ppm and 4000ppm concentration along with PANI/0.5 wt
%CNTs and PANI/1 wt% CNTs sensors. The reason behind that may be the
enhancement of more efficient transfer of charges.Upon using different
concentrations of NHs;, results showed a reduction in J with increasing concentration
and found apparent with 1000 ppm and 2000 ppm concentrations along with
PANI/0.5wt %CNTs and PANI/Iwt % CNTs sensors. The enhancement of the
deprotonation process could have been the governing factor in this process.
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