
Karlstads universitet 651 88 Karlstad 
Tfn 054-700 10 00 Fax 054-700 14 60 

Information@kau.se www.kau.se 

 

 

Faculty of technology and science 
Department of chemistry and biomedical sciences 

 
 
 
 
 

ARIF HUSSAIN 

 

 

Adsorption of Polyvinyl 

Alcohol on Nano-Cellulose 

Fibers 

 
Physical chemistry 

Bachelor thesis 

 
 

 

 

Supervisor: Kristýna Hlisnikovská 

Examiner: Gunilla Carlsson 

 

http://www.kau.se/om-universitetet/organisation/personal/detalj/3301


2 | P a g e  
 

Table of Contents 

1 INTRODUCTION ..................................................................................................................................... 4 

2 BACKGROUND ....................................................................................................................................... 7 

3 EXPERIMENTAL ..................................................................................................................................... 8 

3.1 Materials ....................................................................................................................................... 8 

3.2 Methods ........................................................................................................................................ 8 

4 RESULTS AND DISCUSSION .................................................................................................................. 11 

4.1 Prevent flocs formation .............................................................................................................. 11 

4.2 Spectrophometer studies ........................................................................................................... 12 

4.3 Standard calibration curve .......................................................................................................... 12 

4.4 Separation technique .................................................................................................................. 14 

4.5 Adsorption Isotherms ................................................................................................................. 14 

5 CONCLUSIONS ..................................................................................................................................... 18 

6 REFERENCES ........................................................................................................................................ 18 

7 APPENDIX ............................................................................................................................................ 19 

 

  



3 | P a g e  
 

List of Figures/Tables 

FIGURE 1 ADSORBED POLYMERS CHAINS ARE COMPRISED OF TAILS, LOOPS AND TRAINS. 
[3] .......................................... 5 

FIGURE 2 NANO-CELLULOSE ADSORBED ON A SILICA SURFACE. 
[5] .................................................................................. 6 

FIGURE 3 HIGHLY VISCOUS NFC SUSPENSION. 
[6] ........................................................................................................... 6 

FIGURE 4 BLUE COMPLEX SOLUTIONS UNDER GENTLE STIRRING BEFORE ABSORBANCE MEASUREMENTS. ..................... 9 
FIGURE 5 MEASURED ABSORBANCE FOR SAMPLES WITH 0.01 % PVA CONCENTRATION BUT DIFFERENT BORIC ACID 

CONCENTRATIONS AT AROUND 10OC AND PH OF 5-6. ......................................................................................... 11 

FIGURE 6 ABSORBANCE AS A FUNCTION OF WAVELENGTH OF SAMPLES WITH KNOWN PVA CONCENTRATION. ........... 12 

FIGURE 7 STANDARD CALIBRATION CURVE ................................................................................................................. 13 
FIGURE 8 ADSORPTION ISOTHERM RECORDED FOR CONCENTRATION LINE A (0.001-0.01) AT AROUND 10

O
C AND PH 

(5-6) .................................................................................................................................................................... 15 

FIGURE 9 ADSORPTION ISOTHERMS RECORDED FOR LINE B1. B2 AND B3 AT 10
0
C AND PH (5-6). ................................ 16 

 

TABLE 1 TWELVE BLUE COMPLEX SOLUTIONS RECIPE FOR OBTAINING STANDARD CALIBRATION CURVE. ................... 13 

TABLE 2 COMPARISON OF THREE DIFFERENT SEPARATION TECHNIQUES. ..................................................................... 14 

TABLE 3 AMOUNT OF PVA ADSORBED MG/G NFC FOR ALL THE CONCENTRATION LINES. ........................................... 15 

TABLE 4 DIFFERENCE IN % ADSORBED FROM INITIAL CONCENTRATION WITH DIFFERENT NFC CONCENTRATIONS. ..... 17 

TABLE 5 PREPARATION RECIPES FOR COMPONENTS TO MAKE BLUE COMPLEX SOLUTIONS. .......................................... 19 
TABLE 6 PVA/NFC SUSPENSION FOR DIFFERENT PVA CONCENTRATION RANGES PREPARED FOR ALLOWING PVA TO 

MIX WITH NFC. ................................................................................................................................................... 20 

TABLE 7 WEIGHTS TAKEN FOR SAMPLES TO BE CENTRIFUGED AT 4000 AND 10000 RPM FOR 30 MINUTES. .................. 20 
TABLE 8 CONCENTRATION OF PVA ALONG WITH COMPONENTS IN (ML) AS ADDED IN THE EXPERIMENTS FOR MAKING 

DIFFERENT BLUE COMPLEX SOLUTION LINES. ....................................................................................................... 21 

TABLE 9 PVA ADSORBED ON NFC FOR ALL SAMPLES IN DIFFERENT CONCENTRATION LINES. ..................................... 22 
TABLE 10 ABSORBANCE. DILUTION FACTOR AND PVA CONCENTRATION LEFT IN EXTRACTED SOLVENT FOR ALL 

CONCENTRATION LINES. ...................................................................................................................................... 23 

TABLE 11 PH OF BLUE COMPLEX SOLUTIONS. ............................................................................................................... 24 

  



4 | P a g e  
 

ADSORPTION OF POLYVINYL 

ALCOHOL ON NANOCELLULOSE 

FIBERS 

ABSTRACT 

ano-cellulose fibers/suspension has very high viscosity, its 

viscosity has to be lower before it can be applied in the paper 

coating recipe. For this purpose the adsorption behaviour of 

polyvinyl alcohol on nano-cellulose fibers were investigated using 

method developed by Zwick in 1960, based on the formation of PVA-

iodide blue complex in the presence of boric acid. The experiments 

showed that the maximum adsorbed amount i.e. 0.13 g PVA/g NFC 

was obtained in a dispersion with 0.2 % PVA concentration. It should 

be possible to further increase the PVA adsorption as the adsorbed 

amount didn’t reach a saturation point where the PVA adsorption 

attained a constant value. It was also found that adsorption of PVA on 

NFC is time dependent. The absorbance measurement after four days 

of mixing PVA/NFC suspension showed only partially adsorption of 

PVA on nano-cellulose surface.  An equilibrium time of 10-13 days 

was needed for PVA to fully adsorb on nano-cellulose fibers surface. 

Another important observation was that PVA adsorption also depends 

on the concentration of nano-cellulose fibers. A lower concentration 

of NFC easily allows PVA to adsorb on its surface, as compared to 

higher NFC concentration. An important finding during the 

methodology development was the method to get rid of formation of 

flocs in the blue iodide complex solution; by slowly addition of 

reactants, especially the KI/I2 solution under continuous stirring 

around 60
o
C the tendency to flocs formation was suppressed.  

Keywords; Poly (vinyl alcohol), nano-cellulose fibers, adsorption 

isotherms.

1 INTRODUCTION 

Technically, the dispersion of particles, flocculation processes, treatment of surfaces are different 

applications in which adsorption of polymers is utilized. Interaction between polymers and 

particles surfaces are widespread and of great industrial and technological significance. The 

purpose of polymer adsorption is to modify interaction between surfaces. Adsorption of 

polymers at the solid-liquid interface has profound effects on the flocculation and stabilization 

behaviour of colloidal suspensions. From a thermodynamic point of view, the main driving force 

is an effective interaction between polymer segments and the surface, such as the adsorption of a 

cationic polymer at an anionic surface.
 [1]

 For charged polymer-absorbent systems, mainly strong 

electrostatic interaction works and influences adsorption according to their charges. For 
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uncharged polymers, only H-bonding and solvation forces are important. In practice, however, 

most polymer systems are found to adsorb in a coil configuration. The first requirement for 

stabilization by polymers is that the polymer adsorb at the solid-liquid interface since it is the 

resulting “fringe” in the solid particles that produces the desired results. In general, the adsorbed 

polymer is considered to reside partially at surface sites and partially in loops or tails in the 

adjoining solution. [2] Adsorbing polymers are important to commercial applications such as inks, 

paints, and coatings and to novel technologies involving surface treatments for proteomics and 

DNA separations. For instance, water soluble polymers, acting as colloidal stabilizers and 

rheological modifiers, are the enabling component in the development of environmentally-

friendly water-based coatings that replace older formulations employing organic solvents. 

Likewise, high molecular weight cationic flocculants lie at the heart of papermaking processes. 

Using polymer chemistry and architecture to tune the dynamics of these flocculants relative to 

process timescales will enable process improvements in the papermaking industry with 

substantial reduction of waste streams. Likewise, high molecular weight cationic flocculants lie 

at the heart of papermaking processes.[3] Figure 1 below shows adsorbed polymer chains 

comprised of tails, loops and trains on blue solid surface. 

 

Figure 1 Adsorbed polymers chains are comprised of tails, loops and trains.
[3]

 

Small scale particles of cellulose fibers are called nanocellulose fibers. They have great 

importance for use in number of applications. They were also called functional based materials 

because they can easy be modified to obtain specific functions. Recently several research 

projects addressed to nano-cellulose fibers have been started. SUNPAP stands for scaling up 

nano particles in modern paper making. Sunpap is a European project aims at producing high 

quality functional paper using flexible, energy efficient and environmental friendly processes. 

Sunpap is working to use these nano-cellulose fibers (functional based materials) in modern 

paper making instead of synthetic petroleum based material to get rid of high oil prices. The 

result from this experimental work may be used by a doctoral candidates working in the 

SUNPAP project is to study the amount of PVA adsorbed to nano-cellulose fibers. This 

information will be obtained from adsorption isotherms. As an analytical tool, a method based on 
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a study by Zwick in 1960 was developed
. [4]

 The method is based on ability of PVA to create a 

blue complex together with iodine in presence of boric acid. 

 

 
 

Figure 2 Nano-cellulose adsorb on a silica surface. 
1
 

 
 

Figure 3 Highly viscous nano-cellulose suspension.
2
 

The aim of this project was to study the adsorption behaviour of polyvinyl alcohol on 

nanocellulose fibers, by the PVA boric acid iodide complex method. For this purpose nano-

cellulose fibers were mixed with polyvinyl alcohol (PVA). 

  

                                                           
1
http://en.wikipedia.org/wiki/File:AFM_Innventia_nanocellulose.JPG (Dated: 07-12-2010) 

2
“From Nanocellulose Science towards Applications”. Hans-Peter Hentze, VTT –Technical Research Centre of 

Finland. Pulp Paper 2010 -June 2nd ’10 –Helsinki 
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2 BACKGROUND 

In recent years sophisticated theories of polymer adsorption have been developed. The major 

complicating factor when studying polymer adsorption is that the confirmation of a particular 

macromolecule at a given interface is different from its conformation in bulk solution, and 

moreover, varies with degree of adsorption. The adsorbed polymer is likely to unfold into a flat 

conformation with a certain fraction of its segments in contact with the surface, the unattached 

segments remaining as loops extending into the bulk solution. The polyvinyl alcohol-iodine blue 

complex method developed as early as 1927, by Herrmann and Haehnel, who were the first to 

synthesize polyvinyl alcohol, and by Staudinger and co-workers, was used to get the information 

about the amount of polymer adsorbed on nanocellulose fibers. This method was based on the 

ability of polymer to form blue complex together with iodine and in the presence of boric acid.A 

blue-green colour is due to helical envelopment of iodine molecules by PVA chains stiffened by 

scattered cyclic groups. Abu Jamil Fedous, in 1995[5], measured the amount of PVA adsorbed on 

the oil globules in liquid paraffin oil-water suspension prepared by the polymer. He found that 

adsorption was dependent on the concentration of the polymer in the continuous phase of the 

suspension until it reached a saturation point. M.J. Garvey, et-al [6], measured the adsorption of 

narrow molecular weight fractions of polyvinyl alcohol at the polystyrene/ water interface. They 

found that adsorbed amount at the plateau, Γ, and the adsorbed layer thickness, δ, calculated 

from ultracentrifugation, both increased linearly with Mw. The adsorption behaviour of polyvinyl 

alcohol (PVA) on the CaCO3/solution interface under the influence of sodium oleate (SOl) 

interaction was investigated by N.S. Labidi and A. Djebaili [2], they observed increase of the PVA 

adsorption in presence of the sodium oleate resulted from a polymer-surfactant complex 

formation. The aim of this project was to study the adsorption behaviour of polyvinyl alcohol on 

nano-cellulose fibers, using a method for estimating polyvinyl alcohol (PVA) in solution based 

on the principle of formation of PVA-iodine blue complex method. [4] 
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3 EXPERIMENTAL 

3.1 Materials 

Polyvinyl alcohol (Alcotex), with degree of hydrolysis 72.5 having molecular weight of 37500[7], 

supplied by Synthomer limited, Essex was used. Nano-cellulose fiber was supplied by partners in 

SUNPAP project. Boric acid (pro analysi), Mw 61.83 g/mol, supplied by MERCK, Germany, 

Iodine I2 with Mw 253.81 g/mol, supplied by PROLABO, and Sodium chloride (NaCl) of puris, 

Mw 58.44 g/mol, supplied by Sigma-Aldrich Gmbh were used in the experiments,0.2 M boric 

acid concentration was used; KI/I2 solution was used as (4:1) i.e. 0.08 M KI and 0.02 M I2 

solution in water. Since this reaction is depended on the concentration of electrolytes (e.g.NaCl), 

a weak background concentration of 0.01 M NaCl was used. The order for addition of reactants 

adopted throughout the experiments was; PVA, NaCl solution, boric acid and finally the KI/I2 

solution. The deionised water with a conductivity of 1.5µS/cm
3
 was used for the dilution and to 

prepare solutions. 

3.2 Methods 

Three different PVA/NFC suspensions lines, having different initial PVA concentration in each 

were prepared. 2.28 % (w/w) NFC suspension was used for adsorbing PVA on it. For this 

purpose, stock solutions were prepared. First of all approximately 0.2-g of PVA (Alcotex) was 

accurately weighted into stoppered bottle, followed by adding 19.8 ml of distilled water under 

continuous stirring temperature of 110
o
C to make 1 % PVA stock solution for all three different 

concentration lines. The 1 % PVA solution was kept under continuous stirring for 45 minutes. 

After 15 minutes foam occurred and temperature was turned off and solution was allowed to cool 

down under stirring and the foam disappeared. 50 ml of KI/I2 solution in the ratio (KI/I2=4:1) 

was prepared by adding calculated grams of 0.08 M potassium iodide (KI) and 0.02 M Iodine (I2) 

in distilled water. Since dissolution of KI/I2 takes quiet long time, KI/I2 solution was kept under 

continuous stirring for about 45-50 minutes. Similarly stock solutions of 0.2 M boric acid, 0.01 

M NaCl were prepared.  Preparation recipes for all stock solutions are shown in Table 3 in the 

Appendix. The adsorption isotherms were recorded at three different concentration regimes of 

PVA and/or different concentrations of nano cellulose, denoted as A, B and C. For line A 10 

samples were prepared by weighing 16.4 grams of 2.28 wt. % NFC suspension to obtain final 

concentration of 1.5 wt. % NFC and placing them into stoppered bottle, followed by adding 

distilled water and finally the drop wise addition of 1 % PVA solution so that we meet our desire 

initial PVA concentration line A i.e. (0.001 %-0.01 %) and total PVA/NFC suspension of 25 

grams. Similarly by weighing approximately 26.30 grams of 2.28 wt. % NFC suspension to 

obtain final concentration of 1.5 wt. % and 1 wt. %NFC were taken and placing them into 

stoppered bottles, followed by adding distilled water and finally the drop wise addition of 1 % 

PVA solution prepare PVA/NFC suspension of approximately 40 g and 60 g for Line B(0.01 %-

0.1 %), and line C(0.11 %-0.2 %) respectively. A detail of adding different components for 

making Line A, B, and C of PVA/NFC suspension are shown in Table 6 in the Appendix. All 

three PVA/NFC suspensions having different ranges of initial PVA concentration were kept 
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under stirring for 4 to 13 days, to allow PVA to adsorb on NFC. After allowing PVA to adsorb 

on NFC in all different lines, the supernatant was separated from PVA/NFC suspension. For this 

purpose approximately 6-6.5 grams from each sample of concentration lines A and B (PVA/NFC 

suspension) were transferred into centrifuge tubes of SORVAL ultra pro 80 centrifuge tube. 

Similarly approximately 9 grams from each sample of line C were transferred into centrifuge 

tubes of the RC Z6 plus centrifuge machine. The PVA/NFC suspensions were centrifuged at 

4000 rpm for 30 minutes. The separated aqueous phase from each sample were collected and 

centrifuged again for 30 minutes at 10000 rpm to remove any trace of globules. The clear 

aqueous phase was then kept in water bath for 15 minutes at 90
0
C before making blue complex 

solution in order to dissolve PVA aggregates, which otherwise could be formed when PVA is 

kept in solution for longer time. Different weights taken for centrifuging at 4000 rpm and 10000 

rpm for each sample in different concentration lines are shown in Table 7 in the appendix. The 

quantitative analysis of PVA left in the supernatant was done by reacting the aqueous phase with 

KI/I2 solution in the presence of boric acid, which forms a blue complex and gives characteristic 

absorption maxima; (Zwick)
 [3]

. For making blue complex solutions for different concentration 

lines, for each samples calculated volumes of extracted aqueous phase were taken into stoppered 

bottles and were kept under continuous stirring for about 30 minutes to reach equilibrium. 

Similarly calculated volume of 0.01 M NaCl solution was then added into each samples having 

different initial PVA concentration, followed by very slowly addition of 13 ml of 0.2 M Boric 

acid and 1.58 ml of KI/I2 (4:1) solution respectively to make total blue complex solution of 25 

ml. The concentration of the various reactants required to produce the PVA-iodine blue complex 

solutions for all initial PVA concentration lines are summarized in Table 8 in the appendix. It is 

important to mention that for concentration line B, three blue complex solutions were prepared 

after allowing mixing of PVA/NFC suspension for four, ten and thirteen days. The blue complex 

solutions were then kept under continuous stirring for about 2 hours as shown in the Figure 4. 

 
Figure 4 Blue complex solutions under gentle stirring before absorbance measurements. 
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The 25 ml of blue complex solutions of each sample for all concentration lines were then 

transferred into 15 ml screw cap tubes and stored at 8
0
C over night. This was necessary for 

development of maximum colour intensity after which the absorbance was measured at a specific 

wavelength. At a certain concentration range, PVA shows linear relationship between 

absorbance and concentration which forms a straight line (Beer plot). On next day absorbance at 

650nm was analysed by UV-VIS spectrophotometer and unknown PVA concentration left in the 

supernatants were estimated by already obtained standard calibration curve, followed by 

estimating PVA concentration adsorbed on NFC by separating the PVA concentration left in 

supernatant from initial PVA concentration. The amount of PVA adsorbed on NFC and PVA left 

in supernatant for all samples are summarized in Table 9 and Table 10 respectively in the 

Appendix. The remaining blue complex solutions were then transferred into others screw cap 

tubes for pH measurements. The pH comes in the range of 5-6. Table 11 in the Appendix shows 

the pH of each sample for all concentration lines. 
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4 RESULTS AND DISCUSSION 

Before this reaction could get satisfactory under control; a preliminary qualitative study of 

parameters that might influence the PVA-iodine blue colour reaction was carried out, particularly 

in cases where colour intensities were measured after 24 hours.  

4.1 Prevent flocs formation 

Flocs were observed in the PVA-iodine blue complex solution; therefore a preliminary study was 

carried out, to prevent flocs formation in the blue complex solution. For this purpose two blue 

complex solutions having PVA concentration of 0.014 mg/ml and 0.007 mg/ml were prepared. 

Before started measuring absorbance by spectrophometer, the blue complex solutions were 

diluted with water 10 times to get rid of flocs, but solutions turns into strange pink like colour, 

which seems to be not suitable for absorbance measurements. Another plan was made to get rid 

of flocs, by preparing blue complex solutions with different PVA concentration i.e. (0.0001, 

0.0005, 0.001, 0.005, 0.007, 0.01 and 0.014) %, and kept all these blue complex solutions in 

water bath having temperature of 110
o
C for more than 10 minutes. It was observed that flocs 

disappeared in water bath but blue colour also disappear, and when the samples were again put in 

the fridge the blue colour  reformed, but it was seen that flocs again appears while blue colour 

reformed. It was also our perception that it might be the boric acid which is responsible for the 

flocs formation when added to blue complex solution. So two new blue complex solutions 

having low concentration of boric acid i.e. 0.15 M and 0.1 M were also prepared and compare it 

with 0.2 M boric acid. Although, by lowering the concentration of boric acid flocs are still there, 

but it was found that absorbance of blue complex solution with higher boric acid concentration 

comes higher and with lower boric acid concentration absorbance comes lower. Figure 6 shows 

the measured absorbance of different blue complex solution having different boric acid 

concentration. Later on it was observed that, one way to get rid of flocs formation in the blue 

complex solution is by slowly addition of reactants, specially the KI/I2 solution under continuous 

stirring around 60
o
C. 

 

 

Figure 5 Measured absorbance for samples with 0.01 % PVA concentration but different 

boric acid concentrations at around 10
o
C and pH of 5-6. 
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4.2 Spectrophometer studies 

Before measuring the absorbance of blue complex solutions having known and unknown PVA 

concentrations, a preliminary study of light absorption as a function of wavelength of light was 

carried out.  For this purpose a total of 48 ml reference solution which gives characteristics 

yellow colour, containing 42 % of 0.01 M NaCl solution, 52 % of 0.2 M boric acid solution and 

6.2 % of KI/I2 solution but without PVA was prepared. The purpose to prepare this reference 

sample was to get rid of yellow colour; because we were interested in the absorbance 

measurement of blue colour in the solution. The absorbance of a reference samples is set as base 

line value in the spectrum mode of spectrophotometer, then spectrophotometer programming 

subtract the yellow-green colour and measures absorbance of only blue colour. We started 

measuring the absorbance of samples having PVA concentration i.e. (0.0001, 0.0005, 0.001, 

0.005, 0.007, 0.01 and 0.014), by placing 1.25 ml of two reference samples in spectrophotometer 

cuvettes. Since spectrophotometer measures absorbance over a specific portion of 

electromagnetic spectrum, our purpose is to figure out the position of the absorption maximum 

of the PVA-iodine complex in the visible region, we have found that the absorption maximum of 

the PVA-iodine complex appear round 650nm.  

 

Figure 6 Absorbance as a function of wavelength of samples with known PVA 

concentration. 

We found out during quantitative analysis that the value of absorbance for all blue complex 

solutions with different PVA concentration appears to be higher at 650nm wavelength, so we 

decided to use exact 650nm in spectrum mode to measure the absorbance.  

4.3 Standard calibration curve 

A standard calibration curve line graph was obtained after measuring the absorbance of samples 

with known PVA concentration in each. For this purpose twelve blue complex solutions were 

prepared as shown in Table 1. 

Figure 7 shows the standard calibration curve. The purpose to get this standard calibration line 

graph was to be able to analyze samples with unknown concentration of PVA, after the 

separation of liquid phase from NFC suspension. When looking into the graph obtained, it can be 
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seen that we get a nice straight calibration line. The regression value which is R
2
= 0.994 is close 

to 1.0, which means that the line passes close to all the different concentration samples. It can 

also be seen that by increasing the PVA concentrations i.e. from (0. 0001-0. 02), we get an 

increase in the absorbance value. From the standard calibration curve graph, we also get a line 

equation i.e. y = 98.073x. We can easily calculate x = (PVA concentration), when measuring y = 

(absorbance) of samples with unknown PVA concentration by spectrophotometer. 

Table 1 Twelve Blue complex solutions recipe for obtaining standard calibration curve. 

Sample 

No 

PVA 

Conc. 

0.1 % 

PVA 

Solution 

0.01 M NaCl 

solution 

0.2 M Boric 

acid 

KI/I2 

Solution 

1 0.0001 30µl 12.48 15.62 1.87 

2 0.0005 150µl 12.36 15.62 1.87 

3 0.001 300µl 12.21 15.62 1.87 

4 0.005 1.5 ml 11.01 15.62 1.87 

5 0.007 2.1 ml 10.41 15.62 1.87 

6 0.009 2.7 ml 9.81 15.62 1.87 

7 0.0098 2.94 ml 9.57 15.62 1.87 

8 0.01 3 ml 9.51 15.62 1.87 

9 0.012 3.6 ml 8.91 15.62 1.87 

10 0.014 4.2 ml 8.31 15.62 1.87 

11 0.016 4.8 ml 7.71 15.62 1.87 

12 0.02 6 ml 6.51 15.62 1.87 
 

 

Figure 7 Standard Calibration Curve 
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4.4 Separation technique 

For the purpose of separating the supernatant from NFC, a preliminary study was carried out to 

figure out which separation technique we will use to separate the supernatant from nanocellulose 

fiber and then estimating the PVA concentration left in the supernatant. We started separating the 

PVA by three different separation techniques; paper filtration, glass filtration and centrifugation. 

A PVA/NFC suspension with initial concentration of 0.06 % PVA already mixed with 1.5 % 

NFC was used for separation. For glass filtration 7 ml of this suspension was taken and allowed 

for filtration using vacuum, about 5 ml of supernatant was collected in test tube. For paper 

filtration, filter paper (Quality 4) 110 mm Ф was used to filter 6 ml of 1.5 % NFC/PVA 

suspension, about 4 ml of supernatant was collected in the test tube, and finally about 5 grams of 

1.5 % NFC/PVA suspension was taken into specific test tube and centrifuged at 10000 rpm for 

30 minutes, and then again for 30 minutes at 4000 rpm. 3.125 ml of extracted PVA in the 

supernatant from glass filtration, paper filtration and the centrifugation were taken into three 

different bottles and were kept under gentle stirring for 30 minutes at 120
o
C. For total blue 

complex solutions of 30 ml for each separation technique, 9.375 ml of 0.01 M NaCl solution, 

followed by addition of 15.62 ml and 1.87 ml of boric acid and KI/I2 solution respectively. Three 

30 ml total blue complex solutions were allowed for uniform mixing for about 45 minutes 

followed by transferring into 15 ml test tubes, to the rim and covered with caps, so that no air 

became occluded and remaining blue complex solutions were filled in three others test tube for 

pH measurement. The test tubes were stored in refrigerator for two days at 8
o
C in the dark before 

they were allowed to return to room temperature for spectrophotometric measurements. During 

next day absorbance was analysed by spectrophotometer and PVA concentration left in the 

supernatant was estimated by standard calibration curve, followed by calculation of PVA 

concentration adsorbed on NFC by subtracting the PVA concentration left in supernatant from 

initial PVA concentration. It can be seen in Table 2 that the paper filtration has lower value of 

absorbance which means that this method is not best for separating as some PVA was left on the 

filter paper. Absorbance value of glass filtration and centrifugation has almost the same result. 

Also in the case of glass filtration there are still chances of PVA to be left during filtration. Since 

centrifugation was the most discussed separation technique used by different researches, in 

previous studies, and also due to its scientific approach, we decided to continue with this 

separation technique. Table 2 below shows the results from three different separation techniques. 
 

Table 2 Comparison of three different separation techniques. 
 

 

 

 

 

4.5 Adsorption Isotherms 

The adsorption behaviour of the PVA concentration line A i.e. (0.001-0.01) is shown in Figure 8 

below. 

Separation Technique Absorbance Value Measured pH 

Paper Filtration 0.400 5.92 

Glass Filtration 0.507 6.03 

Centrifugation 0.485 6.02 
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Figure 8 Adsorption Isotherm recorded for concentration line A (0.001-0.01) at around 

10
o
C and pH (5-6) 

The maximum adsorbed amount of PVA on nanocellulose fibers which is 2.36 mg PVA/g NFC 

was of sample with initial concentration of 0.01 %. The results obtained from concentration line 

A has variations in the results, that might be due to the reason that initial PVA concentration was 

too low to adsorbed or might be due to reason that some samples even under gentle stirring did 

not reached the condition where PVA fully adsorbed on NFC; they still require some more 

agitation to reach equilibrium.  

Table 3 Amount of PVA adsorbed mg/g NFC for all the concentration lines. 

Line A Line B1 Line B2 Line B3 Line C 

PVA Concentration 

Range (0.0001-0.01) 

PVA Concentration 

Range (0.01-0.1) 

PVA Concentration 

Range (0.11-0.2) 

Target NFC Concentration 

1.5 % 
Target NFC Concentration 1.5 % 

Target NFC Concentration 

1 % 

Adsorbed amount mg/g 

NFC 

mixing PVA/NFC 

suspension 

Adsorbed amount mg/g NFC 

mixing PVA/NFC suspension 

Adsorbed amount mg/g 

NFC 

mixing PVA/NFC 

suspension 

After 6 Days After 4 days 
After 10 

days 

After 13 

days 
After 6 Days 

0.28 1.77 4.54 4.60 56.55 

0.68 1.53 7.75 7.81 66.89 

1.28 0.10 9.44 10.53 67.72 

0.97 -0.21 11.74 12.77 78.65 

0.72 0.13 17.25 16.16 86.10 

1.06 -1.49 19.06 23.23 93.72 

1.60 4.98 20.39 25.93 102.09 

1.35 -0.55 25.48 28.41 92.11 

1.04 -1.97 30.32 28.84 86.40 

2.36 -2.88 47.18 38.68 130.05 
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Since the results obtained from PVA concentration line A has variations, we prepare two new 

concentration lines and increase the PVA initial concentration to be mixed with NFC i.e. from 

(0.01-0.2) to see the adsorption behaviour at higher PVA concentration and also at longer 

PVA/NFC suspension mixing time. Table 3 above shows the adsorbed amount PVA mg/ g NFC 

for all the concentration lines. 

It can be seen in Table 3, that the adsorbed amount of PVA mg/g NFC increase as the initial 

PVA concentration increase. It was found that concentration line A i.e. (0.001-0.01) has very 

little amount of PVA adsorbed on NFC, as already shown clearly in Figure 8 above.  The 

maximum adsorbed amount i.e. 0.13 g PVA/g NFC was obtained in a dispersion with 0.2 % 

PVA concentration It should be possible to further increase the PVA adsorption as the adsorbed 

amount didn’t reach a saturation point where the PVA adsorption attained a constant value. 

Nano-cellulose fibers have highly porous web structure.[8] Since it was evident from the literature 

study[1], in measuring adsorption isotherms of polymer solutions it is important to realize that the 

polymer needs time to reach equilibrium. Normally an equilibrium time of ca, 24 h under gentle 

stirring is sufficient, but sometimes even longer times are needed, especially when a porous 

substrate is used and the polymer needs to diffuse into the pores in order to find a free surface to 

adsorb at.[1] To see this effect physically, line B PVA/NFC suspension samples were kept under 

continuous stirring after measuring absorbance of line B-1 for 10 and 13 days, after ten and 

thirteen days each sample with different initial PVA concentration was again centrifuged and 

aqueous phase were separated to prepare blue complex solutions. Figure 9 shows the difference 

in amount of PVA adsorbed after mixing PVA/NFC suspension under continuous stirring for 

four, ten and thirteen days. 

 

Figure 9 Adsorption isotherms recorded for line B1, B2 and B3 at 100˚C and pH (5-6). 
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From the results obtained from concentration line B, it was found that adsorption of PVA on 

NFC is time dependent. The adsorbed amount measured after four days of PVA/NFC suspension 

was very low, even for some samples PVA found to be not fully adsorbed on the surface on 

NFC. The same PVA/NFC suspension was when again centrifuged after 10 and 13 days, the 

adsorbed amount comes higher, there is no big difference in the amount of PVA adsorbed after 

10 and 13 days, the adsorbed values slightly varies. The possible reason for time dependent 

behaviour might be the multilayer adsorption. In which the adsorption space accommodates 

more than one layer of molecules, and not all adsorbed molecules are in contact with the surface 

layer of the adsorbent. Another possible reason for time dependent adsorption behaviour of PVA 

on NFC was that, NFC has very complex structure and their flow was reported high viscous in 

literature.[8]It was also observed that PVA adsorption also dependent on the concentration of 

nano-cellulose fibers. Since it can be seen in the Table 4 below that the percentage of amount 

adsorbed from initial PVA concentration are higher for PVA concentration line C i.e. with 1 % 

NFC concentration as compared to line A with 1.5 % NFC concentration. A lower concentration 

of NFC easily allows PVA to adsorb on its surface, as compared to higher NFC concentration. 

The explanation is that since polymer needs to diffuse into the pores in order to find a free 

surface to adsorb. At low NFC concentration, the available porous surface for polymer is small 

that can easily enter pores.  

Table 4 Difference in % adsorbed from initial concentration with different NFC 

concentrations. 

 

 

  

Line A Line C 

PVA Concentration 

Range (0.0001-0.01) 

PVA Concentration 

Range (0.11-0.2) 

Target NFC Concentration 

1.5 % 

Target NFC Concentration  

1 % 

% Adsorbed amount after 

6 days of mixing 

PVA/NFC suspension 

% Adsorbed amount after 

6 days of mixing 

PVA/NFC suspension 

27.5 51.4 

34.0 55.7 

42.7 52.1 

24.3 56.2 

14.5 57.4 

17.7 58.6 

22.9 60.1 

16.9 51.2 

11.6 45.5 

23.6 65.0 
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5 CONCLUSIONS 

Nano-cellulose fibers/suspension has very high viscosity, if lowering the viscosity it can be 

applied in the paper coating recipe. PVA with varying concentrations were mixed on NFC. The 

adsorption behaviour of polyvinyl alcohol on nano-cellulose fibers were investigated using 

method developed by Zwick in 1960, based on the formation of PVA-iodine blue complex 

solution in the presence of boric acid. The experiments showed that the maximum adsorbed 

amount i.e. 0.13 g PVA/g NFC was obtained in a dispersion with 0.2 % PVA concentration. It 

should be possible to further increase the PVA adsorption as the adsorbed amount didn’t reach a 

saturation point where the PVA adsorption attained a constant value. It was also found that 

adsorption of PVA on NFC is time dependent. The absorbance measurement after four days of 

mixing PVA/NFC suspension showed only partially adsorption of PVA on nano-cellulose 

surface.  An equilibrium time of 10-13 days was needed for PVA to fully adsorb on nano-

cellulose fibers surface. Another important observation was that PVA adsorption also depends on 

the concentration of nano-cellulose fibers. A lower concentration of NFC easily allows PVA to 

adsorb on its surface, as compared to higher NFC concentration. An important finding during the 

methodology development was the method to get rid of formation of flocs in the blue iodide 

complex solution; by slowly addition of reactants, especially the KI/I2 solution under continuous 

stirring around 60
o
C the tendency to flocs formation was suppressed. 
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7 APPENDIX 

Table 5 Preparation recipes for components to make blue complex solutions. 

Preparation of 60 ml 0.2 M Boric Acid Solution 

Molecular Weight Of Boric Acid = 62 g/mol 

For 1 M Boric Acid Solution 62 g/mol = 1000 ml 

For 0.2 M Boric acid solution = 1000 ml 

  

         

= 0.2   

  

         

= 5000 ml 

To make 60 ml Total solution of 0.2 M Boric acid = 5000 ml 

  

          

60   

  

         

= 83.3 ml 

Weight In grams H3BO3 needed 

   

= 62   

  

          

83.3   

Weight In grams H3BO3 needed 

   

= 0.744 g 

Preparation Of 0.2 MBoric Acid Solution 

 

60 ml   

Weight of Boric Acid 

     

= 0.7502 g 

Weight of water added 

     

= 59.2694 g 

Preparation Of 50 ml KI (0.08 M) & I2 (0.02 M)         

Measured weight of KI 

     

= 0.6646 g 

Measured weight of I2 

     

= 0.2548 g 

Deionised water added 

     

= 49.1029 g 

Preparation Of 20 ml 1 % PVA Solution 

Measured PVA (Alcotex)  

    

= 0.2 g 

Deionised water 

(added) 

     

= 19.8 ml 

Preparation Of 30 ml 0.01 M NaCl Solution           

Weight of NaCl 

      

= 0.0175 g 

Weight of water 

(added) 

     

= 29.851 g 

Components added to prepare 48 ml Blue complex solution     

Weight of 1 % PVA Solution 

    

= 3.3836 g 

Weight of 0.1 M NaCl solution 

   

= 4.8648 g 

Weight of water added 

     

= 11.7684 g 

Total weight  

       

= 20.0168 g 

0.2 M boric Acid 

      

= 25 ml 

KI (0.08 M) & I2 (0.02 M) (KI/I2) solution 

 

= 3 ml 

Total Blue Complex solution         = 48.0168 ml 
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Table 6 PVA/NFC suspension for different PVA concentration ranges prepared for 

allowing PVA to mix with NFC. 

Target PVA  
Concentration 

1 % PVA  
solution added  

Target NFC  
Concentration 

Water Added 
 in the  

solution 

Total PVA/NFC 
Dispersion 

(%) (ml) (g) (g) (g) 

Line Line 1.5 % 1.5 % 1 % Line Line 

A B C A B C A B C A B C A B C 

0.001 0.01 0.11 0.025 0.4 6.6 16.53 26.43 26.64 8.41 13.19 27.18 24.97 40.02 60.42 

0.002 0.02 0.12 0.05 0.8 7.2 16.49 26.50 26.35 8.42 13.17 26.87 24.96 40.47 60.42 

0.003 0.03 0.13 0.075 1.2 7.8 16.44 26.42 26.71 8.50 12.71 25.91 25.02 40.34 60.41 

0.004 0.04 0.14 0.1 1.6 8.4 16.47 26.59 26.62 8.53 11.97 25.09 25.10 40.15 60.11 

0.005 0.05 0.15 0.125 2 9 16.60 26.64 26.80 8.60 11.54 24.30 25.33 40.18 60.10 

0.006 0.06 0.16 0.15 2.4 9.6 16.51 26.64 26.90 8.34 11.20 23.64 25.00 40.24 60.15 

0.007 0.07 0.17 0.175 2.8 10.2 16.65 26.59 26.51 8.25 10.62 23.29 25.08 40.00 60.00 

0.008 0.08 0.18 0.2 3.2 10.8 16.59 26.59 26.48 8.31 10.25 23.31 25.10 40.04 60.59 

0.009 0.09 0.19 0.225 3.6 11.4 16.53 26.62 26.60 8.40 9.94 22.15 25.16 40.16 60.15 

0.01 0.1 0.2 0.25 4 12 16.45 26.78 26.55 8.40 9.36 21.63 25.10 40.15 60.18 

 

Table 7 Weights taken for samples to be centrifuged at 4000 and 10000 rpm for 30 minutes. 

Centrifugation at 4000 rpm 

for 30 minutes 

Centrifugation at 10000 rpm 

for 30 minutes 

Line A Line B Line C Line A Line B Line C 

(grams) (ml) 

6.0275 6.6008 9.006 3.5 3.5 7 

6.0636 6.5824 9.0043 3.5 3.4 7 

6.0426 6.6194 9.0029 3.5 3.4 7 

6.0587 6.7017 9.0211 3.5 3.5 7 

7.0763 6.6876 9.042 4 3.5 7 

6.0534 6.6049 9.006 3.5 3.5 7 

6.0725 6.9869 9.0013 3.5 3.2 7 

6.0243 6.9911 9.0288 3.5 3 7 

6.0377 6.9382 9.0096 3.5 3.5 7 

6.0529 6.8556 9.0339 3.5 3.4 7 

7.0247 

 

  4.5 

 

  

6.0247     3.5     

. 
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Table 8 Concentration of PVA along with components in (ml) as added in the experiments 

for making different blue complex solution lines. 

PVA  

Concentration 

Extracted 

PVA  

Solution from 

Centrifugation 

10 mM 

NaCl 

Solution 

0.2 M Boric 

Acid 

Solution 

KI/I2 

Solution 

Total BC 

Solution 

(%) (ml) (ml) (ml) (ml) (ml) 

Line A 

PVA Conc. (0.0001-

0.01) 

2.605 7.815 13 1.58 25 

Line B1 

PVA Conc. (0.01-0.1) 
2.605 7.815 13 1.58 25 

Line B2 

PVA Conc. (0.01-0.1) 
2.8 7.62 13 1.58 25 

L
in

e 
B

3
 

P
V

A
 C

o
n
c.

 (
0
.0

1
-0

.1
) 

(0.01-0.05) 2.8 7.62 

13 1.58 

25 

(0.06-0.1) 1.5 8.92 25 

L
in

e 
C

 

P
V

A
 C

o
n
c.

 (
0
.1

1
-0

.2
) 

(0.11-0.15) 3 7.42 

13 1.58 

25 

(0.16-0.2) 2.5 7.92 25 
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Table 9PVA adsorbed on NFC for all samples in different concentration lines. 

Initial 
PVA 

Concentration 
Ci 

Absorbed Amount mgPVA/g NFC  Average 
Amount 

Absorbed 
mgPVA/ g NFC 1 2 3 4 

          
Li

n
e 

A
 

0.001 0.28       0.28 

0.002 0.68       0.68 

0.003 1.28       1.28 

0.004 0.97       0.97 

0.005 0.72       0.72 

0.006 1.06       1.06 

0.007 1.60       1.60 

0.008 1.35       1.35 

0.009 1.04       1.04 

0.01 2.36       2.36 

Li
n

e 
B

1
. B

2
. B

3 

0.01 1.77 4.54 4.60   3.64 

0.02 1.53 7.75 7.81   5.70 

0.03 0.10 9.44 10.53   6.69 

0.04 -0.21 11.74 12.77   8.10 

0.05 0.13 17.25 16.16   11.18 

0.06 -1.49 19.06 23.23   13.60 

0.07 4.98 20.39 25.93   17.10 

0.08 -0.55 25.48 28.41   17.78 

0.09 -1.97 30.32 28.84   19.06 

0.1 -2.88 47.18 38.68   27.66 

Li
n

e 
C

 

0.11 56.55       56.55 

0.12 66.89       66.89 

0.13 67.72       67.72 

0.14 78.65       78.65 

0.15 86.10       86.10 

0.16 93.72       93.72 

0.17 102.09       102.09 

0.18 92.11       92.11 

0.19 86.40       86.40 

0.2 130.05       130.05 
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Table 10Absorbance.dilution factor and PVA Concentration left in extracted solvent for all 

concentration lines. 

Initial PVA 

Concentration 

Absorbance by 

Spectrophotometer 

Line 

Eqat 

y = 

mx 

PVA Concentration 

Spectrophotometric 

PVA Concentration 

diluted to get 

25 ml T.Solution 

PVA Concentration left In 

Extr Solvent CR 

  (%) (-)        

L
in

e
 A

 

0.001 0.006 
x 

0.0001 9.60 0.001 

0.002 0.01 0.0001 9.60 0.001 

0.003 0.011 

9
8
.0

7
3
 0.0001 9.60 0.001 

0.004 0.026 0.0003 9.60 0.003 

0.005 0.04 0.0004 9.60 0.004 

0.006 0.045 0.0005 9.60 0.004 

0.007 0.047 
=

 0.0005 9.60 0.005 

0.008 0.061 0.0006 9.60 0.006 

0.009 0.076 

y
 0.0008 9.60 0.007 

0.01 0.066 0.0007 9.60 0.006 

L
in

e
 B

1
 

0.01 0.075 

x 

0.0008 9.60 0.007 

0.02 0.181 0.0018 9.60 0.018 

0.03 0.305 

9
8
.0

7
3
 0.0031 9.60 0.030 

0.04 0.412 0.0042 9.60 0.040 

0.05 0.509 0.0052 9.60 0.050 

0.06 0.636 0.0065 9.60 0.062 

0.07 0.639 

=
 0.0065 9.60 0.063 

0.08 0.826 0.0084 9.60 0.081 

0.09 0.95 

y
 0.0097 9.60 0.093 

0.1 1.066 0.0109 9.60 0.104 

L
in

e
 B

2
 

0.01 0.035 

x 

0.0004 8.93 0.003 

0.02 0.092 0.0009 8.93 0.008 

0.03 0.174 

9
8
.0

7
3
 0.0018 8.93 0.016 

0.04 0.246 0.0025 8.93 0.022 

0.05 0.265 0.0027 8.93 0.024 

0.06 0.345 0.0035 8.93 0.031 

0.07 0.433 

=
 0.0044 8.93 0.039 

0.08 0.459 0.0047 8.93 0.042 

0.09 0.489 

y
 0.0050 8.93 0.045 

0.1 0.321 0.0033 8.93 0.029 

L
in

e
 B

3
 

0.01 0.034 

x 

0.0003 8.93 0.003 

0.02 0.091 0.0009 8.93 0.008 

0.03 0.156 

9
8
.0

7
3
 0.0016 8.93 0.014 

0.04 0.229 0.0023 8.93 0.021 

0.05 0.283 0.0029 8.93 0.026 

0.06 0.148 0.0015 16.67 0.025 

0.07 0.183 

=
 0.0019 16.67 0.031 

0.08 0.22 0.0022 16.67 0.037 

0.09 0.275 

y
 0.0028 16.67 0.047 

0.1 0.247 0.0025 16.67 0.042 

L
in

e
 D

 

0.11 0.629 

x 

0.006 8.33 0.053 

0.12 0.625 0.006 8.33 0.053 

0.13 0.733 

9
8
.0

7
3
 0.007 8.33 0.062 

0.14 0.722 0.007 8.33 0.061 

0.15 0.752 0.008 8.33 0.064 

0.16 0.65 0.007 10.00 0.066 

0.17 0.666 

=
 0.007 10.00 0.068 

0.18 0.862 0.009 10.00 0.088 

0.19 1.016 

y
 0.010 10.00 0.104 

0.2 0.686 0.007 10.00 0.070 
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Table 11 pH of blue complex solutions. 

Line A pH 
Line 

B 
pH 

Line 
C 

pH 

0.001 5.66 0.01 5.8 0.11 5.51 

0.002 5.4 0.02 5.09 0.12 5.57 

0.003 5.63 0.03 5.21 0.13 5.46 

0.004 5.79 0.04 5.15 0.14 5.37 

0.005 5.29 0.05 5.1 0.15 5.67 

0.006 5.55 0.06 5.39 0.16 5.19 

0.007 5.52 0.07 5.19 0.17 5.3 

0.008 5.61 0.08 4.95 0.18 5.28 

0.009 5.21 0.09 5.11 0.19 5.54 

0.01 5.34 0.1 5.72 0.2 5.2 
 


