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Abstract: 

Electrical conducting property of naturally  

extracted edible red seaweeds kappa Carrageenan with 

ammonium iodide (NH4I) has been prepared 

by solution casting technique using distilled water 

(H2O) as a solvent. Carrageenan is water soluble 

polysaccharides. From the AC impedance studies 

the conducting property was studied. The highest ionic 

conductivity value for red algae extracted kappa 

Carrageenan (1gm): NH4I (400 mg) have 

been found to be 5.88× 10-5 S/cm at ambient  

temperature. 

Keywords: Biopolymer, kappa Carrageenan,  
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1. Introduction 

In recent years, extensive work has been 

focused on biopolymers due to their low - cost,  

availability, biocompatibility, abundance, 

biodegradability, environmental friendly, good  

mechanical and electrical properties [1, 2]. Many 

researchers have already studied biopolymers such 

as cellulose acetate [3], starch [4], pectin [5],  

carboxy methylcellulose [6], agar - agar [7],  

chitosan [8 -10] and also kappa carrageenan with  

ammonium bromide [11] for obtaining new 

biopolymer electrolytes for their applications in 

various electrochemical devices. Biopolymer kappa 

carrageenan and salt ammonium Iodide have been 

selected for the present work. 

Algae are in the plant kingdom. Algae are 

in single celled to complex organisms that rival large 

plants. These organisms may look like true plants but 

do not have rots or true stems and leaves 

[12]. Generally, carrageenan is water soluble  

polysaccharides extracted from red algae. It  

consists of alternating 1,3 - linked α - D - galacto 

pyranose and 1,4 - linked β - (3,6 - anhydro) D - 

galacto pyranose. The varieties of carrageenans are 
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kappa carrageenan (k - carrageenan - C2H36O25S2 

2 ), iota carragennan (i - carrageenan - C24H34O31S4 

4 ) and lambda carragennan (λ - carrageenan - 

C12H19O20S3-3). The carrageenan differ in their  

number and position of sulfate groups on the  

repeating galacto pyranose units [2].The maximum  

ionic conductivity of biopolymer electrolyte based  

on kappa carrageenan NH4SCN has been reported  

by Perumal et al. in the order of10-4 S/cm [1].The  

ionic conductivity of pure kappa carrageenan has  

been reported by Joy Wei Yi Liew et al in the order  

of 10-6 S/cm [11]. 

Studies on proton conducting solid  

biopolymer electrolyte kappa carrageenan with  

ammonium salts are rare in the literature. The main  

purpose of this present work is to prepare the novel  

proton conducting biopolymer electrolytes based  

on kappa carrageenan with different concentration  

of ammonium Iodide (NH4I) salt. Their electrical  

properties were investigated by using AC - 

impedance technique. 

2. Experimental Techniques 

In the present work, the biopolymer  

electrolytes have been prepared by solution casting 

technique using distilled water as solvent. The  

amount of k - carrageenan is fixed (1g) for all  

membranes. The fixed amount of K- carrageenan (1g) 

has been dissolved in hot water. After the  

dissolution of K- carrageenan, different 

concentrations of NH4I (mg) have been added to K-  

carrageenan solution and stirred well by using  

magnetic stirrer to obtain a homogeneous mixture.  

Then the resulting homogeneous solution has been  

poured into Petri dishes and kept in oven at 50°C  

and dried to obtain free standing films.  

Conductivity measurements for various 

concentrated biopolymer membrane have been  

carried out by using computer controlled HIOKI - 
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3532 - 50 LCR HI - Tester in the frequency range 

between 42 Hz - 1MHz. 

3. Results and Discussion 

3.1. Impedance Analysis 

 

The conductivity value for algae kappa 

carrageenan with ammonium salts were studied by 

drawing the graph between Z cosθ and Z sinθ.  

Graph connecting Zcosθ and Zsinθ is known as Cole - 

Cole plots. Cole - Cole plots of pure kappa 

carrageenan and NH4I doped kappa carrageenan 

polymer electrolytes are shown in figure 1. The ionic 

conductivity of the biopolymer electrolyte is 

calculated by using the formula given below, 

 

σ = t/ARb (S/cm) 

Where t and A are the thickness and area 

of the polymer electrolyte film respectively. Rb is the 

bulk resistance of the polymer membrane. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Cole - Cole plot of prepared 

electrolyte. 

 

Figure 1, shows the Cole - Cole plot of 

pure kappa carrageenan, it shows a spike of kappa 

carrageenan and different concentration of  

ammonium iodide salt (NH4I) added to kappa 

carrageenan. It shows a low frequency spike for  

prepared biopolymer membrane, which may be due  

to the polarization effect at the electrode - 

electrolyte interface region [23]. 

 

In this present case, the ionic conductivity of 

pure k - carrageenan has been found to be 5.88× 10-5 

S/cm.The conductivity of 100, 200, 300 mg NH4I 

doped membranes is found to be in the order of 

1.15×10-5 S/cm, 1.62× 10-5 S/cm. whereas the 400 mg 

NH4I doped polymer membrane shows the  

conductivity in the order of 10-5 S/cm. which is one 

order of magnitude higher compared to the pure  

membrane. The calculated ionic conductivity values of 

all prepared membranes are given in Table I. 
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Table I. The Ionic Conductivity Value of the 

Prepared Polymer Electrolyte 

Compositions  Ionic conductivity 

(S/cm) 

1gm k- Carrageenan  9.16×10-6 

1gm k- Carrageenan: 200              1.62×10-5 
mg (NH4I) 
 
1gm k- Carrageenan: 300               1.80×10-5 
mg (NH4I) 
 
1gm k- Carrageenan: 400               5.80×10-5 
mg (NH4I) 

1gm k- Carrageenan: 500              4.41×10-5 
mg (NH4I) 

The increase in concentration of the doped  

membrane shows the increase in ionic conductivity  

values up to 400 mg of the NH4I sample. As the  

ammonium chloride salt concentration increases, the  

number of charge carriers increases leading to high  

ionic conductivity [24]. With further addition of 400  

mg NH4I salt, conductivity decreases which may be  

due to the aggregation of ions [25]. The maximum  

ionic conductivity of 5.88× 10-5 S/cm is observed for  

red algae extracted kappa carrageenan with 400 mg  

NH4I. 

Conclusion 

The conducting property of algae kappa 

carrageenan based biopolymer electrolyte with  

different concentrations of NH4I has been studied and 

reported. This Conducting property is a very important 

character of electronics. The study of conductivity of 

red algae extracted kappa  

carrageenan is a useful tool for the researcher in the field 

of electronics appliances. This Conducting bio polymer 

material is mainly used in energy saving devices like 

battery, fuel cell, solar cell. 

References 

1.  Christopher  Selvin  P,  Perumal P, 

Selvasekarapandian S, Monisha S, Boopathi  G,  

Leena Chandra M V (2018) Study of proton 

conducting polymer electrolyte based on K - 

carrageenan and NH4SCN for electrochemical  

devices. Ionics doi.org/10.1007/S11581-018 

2521-7. 

2. Moniha V, Alagar M, Selvasekarapandian S, 

Sundaresan B, Hemalatha R, Boopathi G (2018) 

Synthesis and characterization of bio-polymer  

electrolyte based on iota-carrageenan with 

Page No:152  



 

Vol 11, Issue 3 , March/ 2020 

ISSN NO: 0377-9254 
 

ammonium thiocyanate and its applications. 

Journal of solid state electrochemistry. 22(10):1-15 3. 

Selvakumar M, Bhat DK (2008) LiClO4 doped 

cellulose acetate as biodegradable polymer 

electrolyte for supercapacitors. J Appl Polym Sci 

110:594-602 

4. Ramasamy P (2012) A dielectric relaxation study of 

starch-water and starch-glycerol films. Ionics 18:413-

423 

5. Pasini Cabello SD, Ochoa NA, Takara EA,  

Molla S, Compan V (2017) Influence of pectin as a 

green polymer electrolyte on the transport 

properties  of  chitosan-pectin  membranes. 

Carbohydr Polym 157:1759-1768 

6. Samsudin AS (2012) Structural and Ionic  

Transport study on CMC doped NH4Br: A New 

Types of Biopolymer electrolytes. J Appl Sci 12 

(2): 174 -179 

7. Koh JCH, Ahmad ZA, Mohamad AA (2012) Bacto 

agar-based gel polymer electrolyte. Ionics 18:359-364 

8. Vijayalekshmi V, Khastgir D (2017) Eco 

friendly methane sulfonic acid and sodium salt of 

dodecyl benzene sulfonic acid doped cross-linked 

chitosan based green polymer electrolyte  

membranes for fuel cell applications. J Membr Sci 

523:45-59 

9. Bakar N Y, Isa MIN (2014) Potential of Ionic  

Conductivity and Transport Propertie Solid  

Biopolymer Electrolytes Based Carboxy 

Methylcellulose /Chitosan Polymer Blend Doped with 

Dodecyltrimethyl Ammonium Bromide.  

Res.J.Recent Sci. 3(10), 69-74, October (2014) 

10. Khiar ASA, Puteh R, Arof AK (2006)  

Conductivity studies of a chitosan -based polymer 

electrolyte. Physica B 373:23-27 

11. M.Nithya, M. Alagar, B. Sundaresan. Eco 

friendly Biopolymer kappa Carrageenan with  

NH4Br Application in Energy Saving Battery 

10.1016/j.matlet.2019.127295. 

12.  plants.ifas.ulf.edu/manage/why-manage 

plants/aquatic-and-wetland-plants-in-florida/algae/ 13. 

Liew JWY, Loh KS, Ahmad A, Lim KL, Wan Daud 

WR 

(2017) Synthesis and characterization of modified  

k-carrageenan for enhanced proton conductivity as  

polymer  electrolyte  membrane. 

journal.pone.0185313 

14. Sanchis MJ, Carsi M, Culebras M, Gomez CM, 

Rodriguez S, Torres FG (2017) Molecular  

dynamics of carrageenan composites reinforced 

 

 

 

www.jespublication.com 

with Cloisite Na+ montmorillonite nanoclay. 

176:117-126 j.carbpol.2017.08.012 

15. Rajeswari N, Selvasekarapandian S,  

Karthikeyan S, Prabu M, Hirankumar 

G, Nithya H, Sanjeeviraja C (2011) Conductivity and 

dielectric properties 

of polyvinyl alcohol-polyvinyl pyrrolidone poly blend 

film using non- 

aqueous medium. J Non-Cryst Solids357:3751 

3756 

16. Hashmi SA, Kumar A, Maurya KK, Chandra S 

(1990) Proton conducting 

polymer electrolyte IN: the polyethylene oxide + 

NH4CIO4 system. J Phys 

D Appl Phys 23:1307-1314 

17. Pascalau V, Popescu V, Popescu GL, Dudescu 

MC, Borodi G, Dinescu A, Perhait¸ I, Paul M  

(2012) The alginate/k-carrageenan ratio’s influence 

on the properties of the cross-linked composite  

films. J Alloy Compd 536(Supplement1):418-423 18. 

Martins JT, Cerqueira MA, Bourbon AI,  

Pinheiro AC, Bartolomeu Souza WS, Antonio A 

(2012) Vicente synergistic effects between K 

carrageenan and locust bean gum on  

physicochemical properties of edible films made 

thereof. Food Hydrocoll 29:280-289 

19. Karthikeyan S, Selvasekarapandian S,  

Premalatha M, Monisha S, Boopathi G, Aristatil G, 

Arun A, Madeswaran S (2016) Proton 

conducting-carrageenan-based  biopolymer 

electrolyte for fuel cell application. Ionics  

23:2775-2780 

20. Feng W, Feng S, Tang K, He X, Jing A, Liang  

G (2017) A novel composite of collagen -  

hydroxyapatite/kappa-carrageenan. J Alloy Compd  

693:482-489 

21. Daniel-da-Silva A, Lopes A, Gil A, Correia R 

(2007) Synthesis and characterization of porous 

kcarrageenan/calcium phosphate nanocomposite 

scaffolds. J Mater Sci 42:8581-8591 

22. Lima PH, Pereira SV, Rabello RB, 

RodriguezCastellon E, Beppu MM, Chevallier P 

(2013)  

Blood protein adsorption on sulfonated chitosan and 

kappa-carrageenan films. Colloids Surf B  

Biointerfaces 111:719-725 

23. PradoFernandez J, Rodrıguez JA, azquez V,  

Tojo E, Andrade JM (2003) Quantitation of k, i  

and l-carrageenans by mid-infrared spectroscopy  

and PLS regression. Anal Chim Acta 480:23-37  

24. Boukamp BA (1986) A package for  

impedance/admittance analysis. Solid State Ionics  

18-19:136-140 

Page No:153  



 

Vol 11, Issue 3 , March/ 2020 

ISSN NO: 0377-9254  

 

25. Woo HJ, Majid SR, Arof AK  (2011)  

Conduction and thermal properties of a proton  

conducting polymer electrolyte based on poly (ε -  

caprolactone). Solid State Ionics 199-200:14-20  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.jespublication.com  Page No:154  

 


