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 Abstract 
 

In this study, alkali cellulose-6-phosphate (A-CP) was prepared by the treatment of cellulose-6-

phosphate (CP) with an aqueous solution of sodium hydroxide. X-Ray Diffraction (XRD), 

Fourier Transform Infrared (FTIR), 13C, 31P, and 23Na Nuclear Magnetic Resonance (NMR) 

spectroscopies were used to characterize the studied polymers. The CP and A-CP crystallize in 

the monoclinic system of the P21 space group (cellulose Iβ). CP and A-CP, with relative densities 

of 70 % and 77 %, respectively, were shaped into cylindrical pellets by uniaxial pressing and 

sintering at 423 K of the A-CP. Electrical conductivity measurements of CP and A-CP were 

carried out using complex impedance spectroscopy between 298 K and 433 K in the frequency 

range of 13 MHz - 5 Hz. The influence of aqueous NaOH on the structure, thermal stability, and 

electrical conductivity of cellulose phosphate was observed. In contrast to CP, A-CP was stable 

up to temperatures exceeding 433 K and showed fast ionic conductivity σ393 K = 2.03×10-6 S.cm-1 

with an activation energy (Ea) of 0.73 eV. 

Keywords: Cellulose-6-phosphate; Mercerization; Electrical property; Na-ion batteries, Thermal 

stability  

1. Introduction 

Ionic conductor composites have attracted increasing attention for their applicability in sensors, smart 

textiles, energy storage, supercapacitors, solar cells and shielding of electromagnetic radiation [1-8]. 

Since the discovery of sodium super ionic conductor materials (NaSICON), new sodium-based 

conductors have witnessed an increase in research interest, especially in materials chemistry [9]. 

Indeed, in terms of the physical properties of sodium-based conductors, especially ionic conduction 

and ion exchange these sodium-based conductors have various interesting applications, such as 

cathode and anode materials in Na-ion batteries [10,11]. Some cellulose-based materials also show 



interesting electrical properties. For example, AC conductivity measurements of polyethylene 

oxide/carboxymethyl cellulose blends have revealed that for PEO/CMC with 30/70 wt.%, an electrical 

conductivity of 5.19 ×10-5 S.cm-1 has been achieved [12-14]. Furthermore, alkali-cellulose, 

(C6H10O5* NaOH) prepared by a treatment of cellulose fibers with aqueous solution of sodium 

hydroxide (mercerization) yielded an increase in the inter-chains distance of cellulose due to the 

breakage of some intermolecular hydrogen bonds [15-17]. The effects of inserting sodium cation 

by mercerization of cellulose on the crystalline structure and electrical conductivity of cellulose 

are significant [18-21]. Indeed, alkali-cellulose has been classified as a fast-ionic conductor with 

a conductivity value of σ473 K = 3.22×10-6 S.cm-1 and activation energy of Ea1 (393-458K) = 0.49 

eV and Ea2 (459-500K) = 0.68 eV [19]. Ethyl cellulose (EC) exhibits preeminent film-forming 

and mechanical properties, and the incorporation of the phosphates of Ni (II), Sn, or Mg (II) in 

its structure enhances EC’s electrochemical conductivity. These electrochemical performances 

can be exploited for advanced applications related to biosensor and pharmaceutical products. EC 

manganese (2+) hydrogen phosphate can be prepared by the sol-gel route using several 1:1 

electrolyte with diverse concentrations and different temperatures [13]. Generally, for a 1:1 

electrolyte solution, the conductivity value of the composite increases in the order Na+ > K+ 

owing to an increase in the cation size [22,23]. Furthermore, a maximum protonic conductivity σ 

= 3×10-2 S.cm−1 was detected for the 1:1 composite at 353 K and 98% relative humidity. 

Cellulose-6-phosphate (CP) is an interesting biomedical material and its composite with 

magnetic nanoparticles is an excellent fire retardant. The main purpose of the present work are 

studies about electrically evaluated of cellulose-6-phosphate and alkali cellulose-6-phosphate, 

which was obtained by mercerization of cellulose-6-phosphate. In order to interpret the 



experimental results of the electrical properties, structural studies and thermal analysis of the 

polymers are carried out. 

2. Experimental section 

2.1. Synthesis of mercerized cellulose-6-phosphate 

0.5 g of Cellulose-6-phosphate (CP) (Sigma-Aldrich©) [23, 24] was immersed for 3 h in 100 mL 

aqueous solution NaOH (20 %) at room temperature. The resultant polymer was recuperated by 

simple filtration (without additional washing) and dried at 298 K. The obtained sample was 

labelled alkali cellulose-6-phosphate C6H10O5O-P(ONa)2* NaOH(A-CP). This method to prepare 

alkali-cellulose has been described previously [19]. 

The phosphorus content of CP was determined by spectrophotometer using the ammonium 

vanadate-molybdate technique. The phosphorus content in cellulose phosphate was found to be 

12.25% [24]. 

2.2. Characterization 

The FT-IR spectra of cellulose-6-phosphate and mercerized cellulose-6-phosphate samples 

were recorded using a Bruker FT-IR IFS 66 spectrophotometer over the range 500-4000 cm-1 at 

room temperature. KBr was added to each sample, which were shaped into cylindrical pellets.  

The XRD patterns were recorded at room temperature in the 2θ interval [5°-80°], using a 

Shimadzu Lab XRD-6000 diffractometer (CuKα = 1.54 Å) equipped with a secondary 

monochromator. The polymers were treated as compacted capsules.  

The NMR spectra were recorded using a Bruker AVANACIII NMR 400 MHz spectrometer 

equipped with a 4 mm Bruker MAS probe (BrukerBioSpin, Rheinstetten, Germany). 13C-cross-



polarization/magic angle spinning NMR (CP/MAS NMR) spectrometry was executed at room 

temperature with 100 MHz of frequency and 0.011 s acquisition time. A total of 32000 scans 

were accumulated. 31P-spectra were collected with a 14 kHz spinning rate via one pulse program 

with a 30-degree tilted angel recycle delay time of 30 s, while the 23Na-spectra were recorded 

with a one pule program with a 2 sec delay time. A Bruker Topspin 3.5p l7 program (Bruker Bio 

Spin, Rheinstetten, Germany) was used for both spectral measurements and data treatment.  

Surface topography was automatically recorded using SEM, Model JSM–6360, operated at 

20 kV. Before going to measure the SEM, all samples were sputter coated with Au target to 

avoid any charging during the measurement.  

The thermal stabilities of CP and A-CP polymers were controlled by the thermogravimetric 

analysis (TGA) technique using Shimadzu TGA60 in a nitrogen atmosphere. Each sample was 

placed in a platinum crucible and exposed to temperatures from 273 K to 823 K at a rate of 5° 

min-1. 

Resistance and capacitance properties were performed using a Hewlett-Packard 4192-A 

programmed bridge supervised with a HP workstation. The impedance spectra were recorded 

with 0.5 V AC-signal in the 5 Hz - 13 MHz frequency range. The shaping of the cylindrical 

pellets was carried out using a uniaxial press. The CP pellet was not subjected to any heat 

treatment, whereas A-CP was sintered in air for 2 hours at 433 K with 5 K min-1 heating and 

cooling rates. The thickness and surface area of the pellets were around 2.5 mm and 0.85 cm2, 

respectively. The platinum electrodes were plated with a silver paste on each face of the pellets 

to ensure proper electrical contact. The impedance measurements were recorded in air, after 

temperature equilibration of 30 minutes in a tubular furnace. A workstation was used for data 

acquisition. 



3. Results and Discussion 

3.1. Effects of mercerization on bond vibrations of cellulose-6-phosphate  

Two distinctive bands can be seen for HO–P=O stretching at 1647 and 1710 cm−1 in the FTIR 

spectrum of CP, while two sharp bands for P=O stretching emerged at 1375 cm−1 and 1165 cm−1 

(Fig. 1). The weak bands for P–O–C stretching manifested at 661cm−1, 557 cm−1 and 517 cm-1 

[19]. The stretching for secondary hydroxyl group was seen at 3283 cm–1 (Fig. 1) [24]. 

 

Figure 1.  FTIR spectrum of (a) cellulose phosphate and (b) alkali cellulose phosphate 
                    
 
Vibrations of OH moieties from bending of the secondary hydroxyl appeared at 1427 cm–1 and 

the C–O–C stretching vibration of the β−(1→4)-glycosidic bond manifested at 1159 cm–1.The 

FT-IR spectrum of A-CP (C6H10O5 PO3H2* NaOH) revealed a fracturing of intermolecular 

hydrogen bonds representative of the OH group and showed another flatted band at 3300-3500 

cm-1 related to OH stretching, which was a result of intramolecular hydrogen bonds (Fig. 1) [19]. 

The activated hydroxyl group in C6H10O5PO3Na2*NaOH appeared as a flat band in the region of 

1017-1030 cm-1, which demonstrated a remarkable change from the C-O band of CP (1027-1052 

cm-1) and confirmed the breaking of intermolecular hydrogen bonds in A-CP. The alteration of 



the hydrogen atom of the secondary OH group in CP by the sodium ion in C6H10O5 

PO3Na2*NaOH created an increase in polarity. The C-OH bond in CP was less polar than C-

OH*NaOH in A-CP; thus, there was a change in the dipole moment during the stretching, which 

prompted a blue shift (1017-1030 cm-1). Furthermore, the two characteristic bands of O=P-O-Na 

stretching appeared at 1653 and 1720 cm−1 in A-CP. Another significant difference between A-

CP and CP was the appearance of weak broad bands of P=O stretching (1400 cm-1&1200 cm-1) 

instead of the two sharp bands that appeared at 1375 cm−1 and 1165 cm−1 in CP. This difference 

may be attributed to the transformation of the two OH of the phosphate moieties moiety into the 

corresponding sodium salt because of the mercerization [24]. 

3.2. Effects of mercerization on cellulose phosphate structure 

The CP/MAS 13C solid-state NMR spectrum of CP is characteristic for the (1-4)-β-D-glucan 

(Fig. 2). Resonance peaks at 66.1 (C-6), 72.8, 74.1, 75.3 (C-2,3,5), 89.5 (C-4) and 105.8 (C-1) 

ppm can be seen (Fig. 2), as described previously [25]. Its chemical shift was recorded at 62.7 

(C-6), 75.5, 76.2 (C-2,3,5), 86.3 (C-4) and 106.7 (C-1) ppm (Fig. 2). The chemical shift of C6 at 

62 ppm is a typical indication of a gt confirmation for the hydroxymethyl group of Na-cellulose 

phosphate [25].  

 

Figure 2. CP/MAS 13C NMR spectra of (a) cellulose phosphate (b) alkali cellulose phosphate 



 

In the spectrum of A-CP, all features of the initial CP disappeared, and the new weak signals 

started to appear only, yielding a broad four-singlet spectrum (Fig. 2). As shown in Figure (2), 

the resonance of C-6 in CP, which initially consisted of a broad peak at 66.1 ppm and a shoulder 

peak at 63.6 ppm, yielded a broad shoulder peak at 62.7 ppm in A-CP. The chemical shift of C6 

was shifted to a high-shielded signal in A-CP due to the high concentration of sodium hydroxide 

that was used (20%) and the formation of sodium-cellulose phosphate. Furthermore, the signal 

intensity of A-CP decreases due to crystallinity of A-CP decreases (as shown in the XRD). It 

may be attributed to the breakdown of the inter and intramolecular hydrogen bonds of CP.  

These breaks must occur by the ionic exchange of H+ from CP to Na+ from NaOH. Authors 

should explain this better. 

Magnetic resonance in the solid-state for the phosphorous nucleus in CP (Cel-O-P-(OH)2) 

was recorded at σ = 0.74 ppm (high field shielded). The resonance observed in the region 

matched those of monosubstituted phosphorous acid esters, whereas in A-CP (Cel-O-P-

(ONa)2*NaOH), two signals associated with phosphorous bonded to cellulose were recorded at 

σ = 6.03 and 8.04 ppm (Fig. 3) [26]. These two shielded signals may be attributed to two 

different bonds represented by Cel-O-P-(ONa)2 and (Cel-O-P-(ONa)2 *NaOH.  



 

Figure 3. 1D 31P NMR spectra of (a) cellulose phosphate (b) alkali cellulose phosphate (c)  
23Na NMR spectrum of alkali cellulose phosphate  

 
23Na solid-state NMR spectroscopy was employed to investigate the presence of sodium 

in A-CP (Fig. 3). The chemical shift of the sodium ion in CP to high-field shift at σ = -5.1ppm 

was due to the chemical environment of the oxygen atoms coordinated with the sodium ion [27]. 

Furthermore, an increase in linewidth was observed owing to the high concentration of sodium 

hydroxide (20%) in the steeping lye, the high amount of sodium ions bonded with cellulose, and 

the sodium counter ions of the phosphate group, as observed in 31P NMR of A-CP (Fig. 3) [28]. 

The X-ray diffractograms of both CP and A-CP are shown in Figure (4). The 

diffractogram of cellulose phosphate (CP) displayed well-defined peaks at 2θ = 15.32°, 16.35°, 

and 23.35°, corresponding to the merged peaks of the (1–10) and (110) reflections, and (200) 

planes characteristics of the cellulose Iβ structure [24]. In the presence of phosphates, more 

intense peaks were observed at 2θ = 43.97° and 2θ = 51.08°, which corresponded to (400) and 

(024) plans, respectively (Fig. 4). However, the peaks deviation at low 2θ values compared to CP 

showed an increase of lattice parameters after mercerization, which confirms the intercalation of 

sodium ions in the interlayer of the CP. Moreover, by comparing A-CP by CP and the allotropic 



forms of cellulose diffractograms (cellulose Iβ and cellulose II), it is obvious that A-CP has also 

alkali-cellulose Iβ structure with monoclinic system of the P21 space group (Table 1) [29, 30]. 

Table 1. Unit cell parameters of cellulose Iβ; cellulose II, cellulose phosphate; and alkali 
cellulose phosphate 

 

 

Cellulose Iβ  Cellulose II  CP            
(current work) 

A-CP        
(current work) 

System 
 Space Group 

Monoclinic 
P21 

Monoclinic 
P21 

Monoclinic    P21 Monoclinic P21 

a (Å) 8.201 (8) 9.05 (7) 8.260(6) 8.49(2) 
b (Å) 10.380 (10) 10.36 (3) 10.412(8) 10.80(3) 
c (Å) 7.784 (8) 8.00 (4) 7.666(4) 7.86(2) 

β (º) 96.5 116.8 (8) 94.20(4) 93.69(1) 
V (Å 3) 658.1 (1) 669 (7) 657.5(8) 719(4) 

d (-1 0 1) - - 6.6916 5.4807 
d (200) - - 4.5712 3.5298 

 

 



 
Figure 4.  XRD patterns of (a) cellulose phosphate (b) alkali cellulose phosphate and (c) profile 

matching refinement patterns of CP and ACP 

 

A-CP presented the characteristic diffraction peaks of the cellulose Iβ crystalline structure at                

2θ = 14.80°, 15.76°, and 22.49° corresponding to the (1–10), (110), and (200) reflections, 

respectively (Fig. 4). It is obvious that alkali-cellulose (pervious work) has similar diffraction 

peaks than the cellulose type II, which shows that alkali-cellulose has the structure of cellulose II 

(Monoclinic system; Space Group=P21) [19]. While X-ray diffraction shows that the alkali 

cellulose phosphate has the structure of cellulose I. In fact, the insertion of sodium ions due to 

mercerization has caused the increase of the unit cell parameters of cellulose phosphate while 



preserving the same crystalline structure. Furthermore, comparing peak intensities between CP 

and A-CP, the A-CP peaks were less intense, which reveals the decrease of crystallinity after 

mercerization. These results confirm the FT-IR results about C6H10O5 PO3Na2*NaOH formation 

and the fracture of the intermolecular hydrogen bonds. 

 In Table (1), the lattice parameters of cellulose Iβ & II and CP and A-CP are summarized 

[29,30]. Comparing peak intensities between CP and A-CP, the A-CP peaks are less intense, 

which reveals the decrease of crystallinity after mercerization. An amorphous portion was 

observed in the range of 2θ = 25°- 50°. The powder diffraction patterns of CP and A-CP were 

indexed with dicvol software [31]. A profile matching was performed in the 2θ interval [2–80°] 

(Fig.4) using the crystallographic data of cellulose Iβ operate JANA2006 program. The final 

agreement factors of CP are Rp = 0.049, Rwp = 0.065, GOF=1.26 and for ACP sample are Rp = 

0.058, Rwp = 0.077, GOF=1.21 [31]. 

The microstructures of both CP and A-CP were analyzed by SEM (Fig. 5). The CP 

sample possessed a smoother morphological structure with a more fibrous appearance than that 

of A-CP. In addition, the fibres of cellulose phosphate are relatively with similar size which is 

about 10 -12 μm. While for A-CP the fibres are of different sizes ranging from 10 to 20 μm 

approximately. Furthermore, the elemental analysis conducted by EDX confirmed the presence 

of phosphorous and sodium in alkali cellulose phosphate. 



 

Figure 5. SEM micrographs of different magnifications for (a) cellulose phosphate                            
(b) alkali cellulose phosphate 

The elemental analysis conducted by EDX confirmed the presence of phosphorous and sodium 

in alkali cellulose phosphate (Fig. 6). 

 

Figure 6.  EDX of (a) cellulose phosphate (b) alkali cellulose phosphate 
 
 

3.3. Effects of mercerization on thermal stability 

Thermogravimetric analyses (N2 atmosphere) were carried out to study the thermal stability of 

the CP and A-CP (Fig. 7). The TGA curve of CP revealed that weight loss took place in two 



stages. The first weight loss, in the range of 428-493 K, resulted from the desorption of water 

associated with the thermal degradation of CP.  

 
Figure 7. Thermogravimetric analysis curves of (a) cellulose phosphate (b) alkali                    

cellulose phosphate 
   

 

The TGA curve of A-CP was similar to the CP curve with a shift towards high temperatures 

regarding the second weight loss. The first weight loss of water took place at 447 K. The second 

weight loss of A-CP sample corresponded to thermal degradation, which took place in the 

temperature range 696-788 K. Comparing the CP and A-CP weight losses, the mercerization of 

CP led to a more thermally stable structure (A-CP) owing to the insertion of sodium ions in CP 

that increased the C-OH*NaOH bond strength and the neutralization of acidic phosphate group 

(PO3H2) in A-CP. 

3.4. Effects of mercerization on electrical properties 

Following the thermal studies described above, the complex impedance spectroscopy 

measurements of the polymers were carried out at room temperature for CP, and from room 

temperature to 433 K for A-CP. Within these temperature domains, the studied materials are 

thermally stable without any risk of decomposition. Thus, no significant response was observed 



for CP at room temperature (298 K). Note that, even when increasing the temperature up to 363 

K, no significant response was recorded for the CP sample. Moreover, a disappearance cleavage 

of the signal at 373 K was detected due to the poor contact between the pellet faces and the 

platinum conductive filaments. This poor contact was due to the shrinking of the CP pellet at 373 

K temperature, which caused decomposition of the cellulose phosphate. Thus, the CP polymer 

can be classified as an electrical insulator at room temperature. The impedance diagrams of the 

A-CP sample show two semicircle arcs within the 393 to 433 K temperature range (Fig. 8).  

 

Figure 8. Normalized impedance spectra recorded on alkali cellulose phosphate                
at 393 K-433: Nyquist planes 

 

Z-View software was used to simulate the Nyquist plots, which fitted as an equivalent circuit 

consisting of Rb // CPEb, and Rgb // CPEgb elements connected in series to account for 

intragranular (bulk) and intergranular (grain boundary) in ionic conducting compound, 

respectively. Rb and Rgb were the resistances, and CPEb and CPEgb represent an empirical 

impedance function described in equation (2): 



Z(ω)CPE = 1
C × (jω) p

)    2                                                              (  
 

 

where C is the true capacitance, ω is the frequency, p is the parameter (-1 ≤ p ≤ 1). The values of 

electrical parameters achieved from the equivalent circuit at 393-433 K are summarized in Table 

(2).  

Table 2. Electrical values of the equivalent circuit parameters calculated for alkali cellulose 
phosphate from 393K to 433K. 

T 
(K) 

ρ1=R1/k 
 (×105 

Ω.cm) 
± 0.01 

C1 
(×10-11 

F) 
± 0.02 

P1 
± 

0.02 

ρ2=R2/k 
(×105 

Ω.cm) 
± 0.01 

C2 (F) 
± 0.02 

P2 
± 

0.02 

ρ total = ρ1+ ρ2 
(×105 Ω.cm) 

± 0.01 

σ 
(×10-7 

S.cm-1) 
± 0.01 

393 10.36 0.6 0.9 8.74 1.42×10-10 0.8 1.91 3.01 

403 8.02 1.32 0.9 2.21 4.45×10-9 0.7 1.02 5.62 

413 4.93 1.64 0.9 1.09 3.20×10-8 0.6 6.01 9.56 

423 3.15 1.59 0.9 0.48 3.00×10-8 0.7 3.62 15.9 

433 2.79 2.56 0.8 0.0442 2.30×10-12 0.9 2.83 20.3 

     ρtotal; k=0.3176 cm-1 

The resistivity, ρ=R/k, was extracted from the refinement of each contribution with the 

geometric factor of pellet k (cm-1) = e/S (e = thickness; S= surface). The Arrhenius plot of the 

total electrical conductivity, log (σT (S. Kcm-1)) as a function of 1000/T (K-1), in the temperature 

interval 393K-433K, is illustrated in Figure (9).  
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Figure 9. Conductivity Arrhenius plot of alkali cellulose phosphate 

 

As a single linear plot and following the Arrhenius law, the activation energy (Ea) of the A-CP 

sample determined by linear fit is 0.73 eV. Compared to previous works, particularly alkali-

cellulose, A-CP shows an activation energy value of 0.73 eV, while the alkali-cellulose possesses 

two activation energy values of 0.68 eV and 0.49 eV in the temperature intervals 393-459 K and 

459-493 K, respectively [19]. The variation of Ea value was explained by the crystallization of 

an amorphous part of cellulose. This transformation did not occur in our A-CP material as the 

investigated temperature range 393-433 K was lower than the crystallization onset temperature 

of amorphous phase of cellulose, Tc = 459 K. On the other hand, A-CP shows better electrical 

performance than A-C. In fact, the conductivity value σ393K = 3.01×10-7 S.cm-1 of the A-CP is 

almost 13 times higher than σ393K = 2.38×10-8 S.cm-1 of the A-C, at T=393 K. This higher 

conductivity may result probably from three factors other than from samples composition. 



Firstly, the A-C has the crystalline structure of cellulose II, which differs from the cellulose I of 

A-CP. Secondly, the A-CP shows a remarkable amorphous portion greater than that of A-C, 

which increases the mobility of Na+ ions following the created disorder. This amorphous part is 

distinguishable by examining the domain of 2θ = 25-50° of the A-CP diffractogram (Fig.4). 

Thirdly, the number of charged (Na+ ions) carriers in A-CP is greater than that of A-C. 

Compared to other sodium based materials such as Na2Co2(MoO4)3 (Ea= 1.2 eV), 

(Na2CoP1.5As0.5O7 (Ea=0.56 eV) [32], Na2CuP1.5As0.5O7 (Ea=0.60 eV) [33], 

Na7Li0.8K0.2Co5(As3O10)2(As2O7)2 (Ea=0.83 eV) [34], Na1.14K0.86CoP2O7 (Ea=1.34 eV) [35], and 

other monovalent ion materials such as TlFeHP3O10 (Ea=0.664 eV) [36] and Ag3.68Co2(P2O7)2 

(Ea=1.70 eV) [8], alkali cellulose phosphate shows a fast electric conductivity at low 

temperature in the range of 393-459 K with values of Ea=0.73 eV; σ393K = 3.01×10-7 S.cm-1 [32-

34]. A-CP can be tested in future work as a cathode for rechargeable batteries which is an area of 

intense activity in the field of manufacturing batteries based on degradable polymer. On the other 

hand, the presence of phosphates in cellulose used, until now, in the manufacture of cathodes (in 

particular LiFePO4 and NaFePO4) caused the stability of the structure during the insertion and 

the extraction of the Li + and Na + ions.  

4. Conclusions  

Alkali cellulose phosphate was obtained by a facile step, namely, by treatment of cellulose-6-

phosphate with aqueous NaOH (mercerization). X-ray diffraction shows that the alkali cellulose 

phosphate crystallized in the monoclinic system, P21 space group, with the unit cell parameters 

a = 8.49 (2) Å; b = 10.80 (3) Å; c = 7.86 (2) Å and β = 93.69 (1) Å. IR and NMR spectroscopies 

was also confirmed the mercerization effects on bond vibrations of the parent sample. The 

insertion of sodium ion due to mercerization and the salt formation have caused the increase of 



the unit cell parameters of cellulose phosphate while preserving the same crystalline structure. 

Thermal analysis showed that mercerization stabilized cellulose phosphate thermally; the 

temperature of decomposition of sample increases from 323 K to 447 K. In addition, electrical 

measurements have shown that unlike cellulose phosphate, alkali cellulose phosphate shows 

interesting electrical performances with conductivity value of σ393K = 3.01×10-7 S.cm-1 and 

activation energy Ea = 0.73 eV in the temperature interval of 393-433 K. Alkali cellulose 

phosphate can be tested as bio-cathodes of Na-ion batteries in posterior works. 
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