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Abstract: Plant-derived biopolymers, also known as natural polymers, have been extensively studied for sustainable and 
eco-friendly technologies. This research paper explores the extraction, characterization, and application of biopolymer 
carrageenan in screen-printed conductive ink formulation. Carrageenan was extracted from red algae (Rhodophysea). 
Conductive inks fabricated from graphite as a conductive agent and carrageenan with carboxymethyl cellulose as 
adhesives.  The use of carrageenan enhances the conductivity of the produced ink with respect to carboxymethyl cellulose. 
The high conductivity of carrageenan based conductive ink is due to the amorphous structure of carrageenan and the 
presence of sulfate groups in its chain structure.  
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INTRODUCTION 
In the rapidly evolving landscape of electronic 

devices and printed electronics, the development of 
sustainable and environmentally friendly conductive inks 
has emerged as a critical area of research and innovation 
(Bixler, Johndro et al. 2001, Ohfuji, Sato et al. 2004).  
Traditional conductive inks, often based on metallic 
nanoparticles, pose environmental concerns due to their 
non-biodegradable nature and energy-intensive 
manufacturing processes. In response to these 
challenges, researchers have been exploring alternative 
materials derived from renewable sources, such as 
biopolymers, to create conductive inks that are both eco-
friendly and high-performing (Matsuura, Yamawaki et 
al. 2013). A wide range of polysaccharides, such as 
alginic acid and alginates, carrageenans and agar, 
laminarans, fucoidans, ulvans, and derivatives, make up 
the cell walls of algae. These polysaccharides may serve 
as the structure and the storage components in green, 
brown, and red seaweed (Arunkumar 2017). 
Additionally, oligosaccharides obtained by 
depolymerizing seaweed polysaccharides also induce 
protection against viral, fungal, and bacterial infections 
in plants (Boulho, Marty et al. 2017). Alginic acids have 
linear molecules built up of different blocks of two 
monomeric units, whereas some algal polysaccharides, 
such as sulfated galactans of red algae or ulvans of green 
algae, have linear backbones containing disaccharides 
repeating units. Sulfated polysaccharides include 
carrageenan and agar from red algae, alginate, fucan, and 
laminarinan from brown algae  and cellulose and ulvan 
from green algae (Borlongan, Terada et al. 2020) . Red 
seaweed cell walls mostly consist of a group of molecules 
called carrageenan, which are linear polysaccharide 
chains with sulfate half-esters connected to their sugar 
unit. According to the level of sulfation, there are three 
general forms: kappa, lambda, and iota. While lambda 
carrageenan has three sulfate groups per disaccharide 
unit, kappa and iota carrageenan only have one or two 
sulfate groups per disaccharide unit and 
anhydrogalactose residue, respectively (Stortz and 
Cerezo 1993).  

In the current paper, carrageenan was extracted 
from red algae (Rhodophysea) and used for the 

formulation of conductive inks for screen-printed 
electrodes. The extracted carrageenan biopolymer was 
elucidated with Fourier transform infrared (FTIR). This 
investigation study contributes to the ongoing discourse 
surrounding sustainable materials in the electronics 
industry, paving the way for a greener and more eco-
conscious future. 

 

MATERIALS AND METHODS 
1.Extraction of carrageenan: Red algae, Rhodophysea, 
were collected from Hurgada, Red Sea, Egypt. The algae 
were cleaned with clean sea water to remove any 
impurities. Following delivery to lab, the algae soaked in 
tap water for 2 hours. A sample of 10g of previously dried 
algae was pulverized in a blender after being soaked in 
(800 mL) of deionized water for an hour. This mixture 
was then added to 1 L of deionized water, heated between 
80 and 85°C for 2 hours, and coarser filtration was done 
using cotton clothes that had been washed several times 
in ethanol. The concentrated extract that resulted from 
this process was then precipitated with 95% ethanol (1:3 
v/v) and filtered once more using filter paper. As seen in 
Fig. (1), the extracted carrageenan gel and the freeze-
dried sample. 

Fig. (1):  Extracted carrageenan gel and freeze-dried sample 
 
2.Preparation of carrageenan-based carbon inks:  
Carrageenan was employed as the polymeric base in the 
formulation procedure. To find the best ink formulation, 
we systematically varied the graphite/carrageenan ratios. 
We found that ink with graphite: carrageenan (80:20) is 
the best one with respect to low resistivity. 
Carboxymethyl cellulose is commonly used in the 
formulation of commercial conductive inks. Thus, 
carrageenan ink was compared to carboxymethyl 
cellulose based ink.
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3. Fabrication of screen-printed electrode: Using a 
piece of plastic with dimensions of 3 to 4 cm in height 
and 1 cm in diameter for the working electrode stamp, a 
hand-made stamp was created for the working electrode 
to produce the screen-printed electrode on glass slide, as 
shown in Fig. (2). 
  

 
 

Fig. (2): Fabrication of screen-printed electrode 
 
4. Characterization: Sheet resistance of the carbon ink 
was measured using the four-point method, as shown in 
Fig. 3. The 4-point probe with tip distance of 1.2 mm 
was used with a digital multimeter. Sheet resistances are 
shown as measured and, to better indicate the relative 
performance of the inks, resistivities were calculated as 
the product of sheet resistance and ink film thickness. A 
total of 5 measurements were taken for each ink type. 
Calculate the electrical resistivity (𝜌) of the carbon ink 
using the following formula: 

𝜌 = 2𝜋𝑠
𝑉
𝐼 	(ῼ. 𝑐𝑚) 

where V is the measured voltage drop between the two 
inner probes, I is the current flowing through the outer 
pair of probes and s is the probe spacing between the two 
probes. 
 

 
Fig. (3): The 4-point probe with tip 

 
ATR- FTIR measurements were carried out using 
attenuated total reflection Fourier transform infrared 
(ATR-FTIR) Spectrometer (Bruker, Germany, Alpha-
P). Each of the spectra was collected in the range 4,000-
400 cm-1 at 2 cm-1 resolution. 
 

RESULTS AND DISCUSSION 

1. Carrageenan extraction characterization: The 
quantity of carrageenan extract and the carrageenan 
yields (%) were determined according to the formula: 
(Yield = (Wc/Wds).100 ) Where, Wc is the carrageenan 
extract weight in grams and Wds is dry algae weight (g) 
used for extraction. The carrageenan yield from 
Rhodophysea species was 26% of the total weight of the 
algae.   The extraction process involves the separation 

of carrageenan from other components of seaweed, such 
as cellulose, proteins, and salts. We notice that water 
extracted carrageenan has higher gel strength and better 
than alkaline extracted carrageenan in paste formation 
and smoother. So based on carrageenan yield and gel 
strength, water extracted carrageenan was selected for 
carbon paste formulations.  
 

 
Fig. (4): FTIR spectra of carrageenan 

 
FTIR spectroscopy is a valuable tool for biopolymer 
analysis elucidating the function groups.  The FTIR 
spectra of water extracted carrageenan is shown in Fig. 
4. The peaks observed at 840  to 850 cm-1 indicated that 
the carrageenan is k-type [8], which is assigned to d-
galactose-4-sulfphate. A broad absorption peak showed 
at 3283 cm-1, indicating the OH stretching mode. 
Absorption peaks observed at 1223 cm-1 at all types of 
carrageenan indicated the presence of sulfate ester.  The 
broad band around 3375 cm-1 is attributed to the 
stretching vibration of hydroxyl (OH) groups, which are 
abundant in Carrageenan due to its polysaccharide 
structure. The band around 2921 and 2863 cm-1 is 
attributed to the stretching vibration of aliphatic CH 
groups, which are primarily found in the galactose and 
3,6-anhydrogalactose components of Carrageenan. The 
bands around 1632-1614 cm-1 are attributed to the 
stretching vibration of carbonyl (C=O) groups, which 
are present in the galactose and 3,6-anhydrogalactose 
rings. The band around 1420 – 1413 cm-1 is attributed to 
the bending vibration of CH2 groups, which are found in 
the galactose and 3,6-anhydrogalactose components. 
The band around 1223 cm-1 is attributed to the stretching 
vibration of C-O-C groups. Fig. (5) shows SEM 
microstructure of water extracted carrageenan and 
calcium hydroxide extracted carrageenan. The 
microstructure of water extracted carrageenan shows 
fibers with cotton-like shape and high porosity.  
 

 
 

Fig. (5): SEM micrographs of lyophilized extracted 
carrageenan 
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2.Conductive inks formulation: Table (1) shows 
various inks with 80% graphite and 20% biopolymers 
(carboxymethyl cellulose or carrageenan). According to 
Table 1, when carrageenan content increased, the 
adhesion to the glass substrate increases. Ink prepared 
with carboxymethyl cellulose as biopolymer (Ink1) 
shows electrical resistivity of 0.052 Ω.cm. The electrical 
resistivity decreases to 0.034 Ω.cm by replacing half the 
carboxymethyl cellulose with carrageenan (Ink2) and 
decreases to 0.012 Ω.cm with complete replacement of 
carboxymethyl cellulose with carrageenan (Ink3).  The 

high conductivity of carrageenan conductive ink is due 
to the amorphous structure of carrageenan and the 
presence of sulfate groups in its chain structure (Raman, 
Gurikov et al. 2017)]. These results demonstrated that 
the third ink (Ink3), which included 80:20 ratio of 
graphite to carrageenan, was the best for printing since 
it had the best conductivity, the highest adherence, and 
the best distribution on the glass slide. Therefore, 
screen-printed electrodes were successively printed 
using Ink3 as shown Fig. (6). 

 
Table (1): Physical properties of inks based on carrageenan and carboxymethyl cellulose 
 

Ink  Formulation % 
 

Adhesion Spread Resistivity.  

 Graphite CMC CAR   (Ω cm) 
Ink1 80 20 0 Weak good  0.052 
Ink2 80 10 10 Good  good  0.034 
Ink3 80 0 20 Best Best  0.012 

*CMC; carboxymethyl cellulose, CAR; carrageenan 
 

 
Fig. (6): Different screen-printed electrode based on carrageenan biopolymer 

  
CONCLUSION 

In this work, we have demonstrated the potential use of 
carrageenan to produce water-based conductive inks 
with a low electrical resistivity (0.012 Ω.cm). This ink 
is useful for the fabrication of screen-printed electrodes. 
Conductive inks fabricated from graphite as a 
conductive agent and Carrageenan with carboxymethyl 
cellulose as adhesives.  The use of Carrageenan 
enhances the conductivity of the produced ink with 
respect to carboxymethyl cellulose. The high 
conductivity of Carrageenan based conductive ink is due 
to the amorphous structure of Carrageenan and the 
presence of sulfate groups in its chain structure. 
Conductive ink fabricated using Carrageenan can open 
new opportunities to develop the future generation of 
green materials for printed electronics and sensors.  
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 ھیویح تارمیلوب ىلع دمتعم عوبطم لصوم ربح ریوطت

 
 رونلا وبا دولخ 1 و ىفطصم رصان 1*  ,زيزعلا دبع.أ رمس 1

 رصم , هيليعامسلاا ,سيوسلا هانق هعماج ,مولعلا هيلك ,ءايميكلا مسق 1
 

 ،صلاختسا ھسارد مت ثحبلا اذھ ىف , ھئیبلل ھقیدصلا ایجولونكتلل مھم ردصم تاتابنلا نم ھقتشملا ھیویحلا تارمیلوبلا ربتعت
 ربحلا لمعلو , ءارمحلا بلاحطلا نم نانیجراكلا صلاختسا مت . عوبطم لصوم ربح لمع ىف نانیجراكلا تاقیبطتو صئاصخ لیلحت
 تاعومجم دوجوو رولبتم ریغلا ھلكیھ ببسب ھیلاعلا ھیلیصوتلا وذ نانیجراكلا مادختساو لصوم لماعك تیفارجلا مادختسا مت لصوملا
 تلادعمب رابحأ لمع مت ,  ھقیرط نم رثكأب ءارمحلا بلاحطلا نم نانیجراكلا هدام صلاختسا دعب .ىئایمیكلا ھبیكرت ىف تاتیربكلا
 نانیجراكلا نم ربحلا لمعل لدعم لضفا ھفرعم دعب . ىدح ىلع ربح لك صئاصخ ھنراقمو تیفارجلاو نانیجراكلا نم ھفلتخم
 دورتكلا ھعابطل ربحلا اذھ مادختسا مت ، ھیلیصوت لضفاو ھمواقم لقأب زیمتی ناك ىذلاو ىلاوتلا ىلع 80:20 وھ ىذلاو تیفارجلاو
 بطقلا ىف مس 1 رطقو مس 4 ىلا 3 نم عافتراب  ایودی ربحلا ھعابط ىف كیتسلابلا نم ھقرو مادختسا مت .كیتسلابلا حطس ىلع لماع
 مت اھللاخ نم ىتلاو ءارمحلا تحت ھعشلاا مادختساب عوبطملا ربحلا صئاصخ ھسارد مت كیتسلابلا ىلع ربحلا ھعابط دعب .لماعلا
 بیكرتلا حضوا ىذلاو حساملا ىنورتكللاا رھجملا مادختسا مت اضیا ، اباك عونلا نم ناك ىذلاو مدختسملا نانیجراكلا عون ھفرعم
 . نانیجراكلل نطقلاب ھیبشلا ىذافنلا

 
 صلاختسلاا، ھیبرھكلا ھمواقملا ، نانیجراك ، لصوم ربح :ةیحاتفملا تاملكلا
 
 

 


