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1. Introduction 

      Polymer blend may be defined as a combination of 

two or more polymers to produce a single material. 

Polymers are blended in order to achieve properties that 

cannot be achieved from a homo polymer [1, 2]. 

Viscometric method of studying compatibility is 

achieved much attention in the recent years because the 

method provides simple and an accurate means of 

studying polymer blends [3, 4]. In this study the use of 

viscometric method is highlighted. More importantly, 

the viscometric method was choosen because it is simple 

and required no expensive equipment’s, yet offer the 

compatibility of the polymer blends constituents into 

compatible or incompatible. 

However, there is a need to find simple and quicker 

methods for determining compatibility [5, 6]. Several 

blending procedures are available, and method 

commonly employed are; melting method, dry method 

and solution method of blending [7]. Polyacrylamide 

formed from acrylamide subunits. It can be synthesis by 

a simple linear-chain structure or cross- inked, typically 

using N, N’-methylene biacyrlamide [8-10]. 

Nigeria produces different grades of exudates and is  

ranked as second largest world producer after Sudan, 

together they produce about 45,000 tons of gum Arabic 

to the market each year [11]. Gary and Ryan (2002) 

reported that the trees grow more in Borno, Yobe, 

Sokoto, and Bauchi states of Nigeria. The trees are used 

as potent weapon in the fight against land desertification 

and soil degradation in sahelian belt of the country 

without industrial uses [12-14]. 

The aim of the above work is to investigate 

compatibility of gum Arabic with Polyacrylamide blend 

so as to serve the work as a study for improving 

properties of the blend and compare this property with 

that of Individual polymer present in the blend. 

         Viscometric method is based on the study of 

interaction in dilute solution of two polymers in 

common solvent [15].  

 

2. Methodology 

2.1. Purification of Gum Arabic 

The presence of impurities in the gum Arabic reduces 

the quality of the gum, as such; the need to remove these 

impurities arises in order to improve the gum Arabic 

quality to an acceptable standard [16]. The steps 
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 involved in the purification include;   

2.1.1. Sample collection 

     The raw Gum Arabic sample was purchased from 

Sabon Gari Market, Zaria, Kaduna State. The sample is 

relatively pure, however impurities such as pieces’ wood 

and broken leaves were carefully removed by hand and 

then air dried until it became sufficiently brittle. Then 

the raw Gum Arabic was reduced to smaller particle size 

using mortar and pistel to fine powder. 

 

2.1.2. Gum Arabic solution preparation 

     500g of gum Arabic powder was dissolved in 300ml 

of distilled water and allowed to stand for 48 hours with 

intermittent stirring to ensure complete dissolution of the 

gum. The gum mucilage was then strained through a 

filter cloth into a basin to remove impurities in order to 

obtain particle-free slurry which was allowed to 

sediment. Thereafter, the gum supernatant was 

precipitated from the slurry by addition of 550 ml of 

96% ethanol. 

 

2.1.3 Filtration process 

    The precipitated Gum Arabic prepared, was poured 

into the Buchner funnel contain filter paper and this was 

done in such a way that the Buchner funnel was filled to 

the top (brim) in order to exert enough pressure to push 

down the solution through the Buchner funnel. The 

solution that passed through was then collected in a 

Buchner flask and discarded. The purified residue was 

collected and put into basin. Finally, the residue was air 

dried and crushed as refined Gum Arabic ready for the 

work. 

2.2. Preparation of Polymer Blend  

The blends were prepared by solution. Different blend 

composition of PAM/GUM ARABIC, with total 

composition of 100% was prepared in the fallowing 

composition (%) of gum Arabic/PAM as: 10/90, 30/70, 

50/50, 70/30, 90/20, 0/100, 100/0. Each of the 

composition above was later weight as: 0.1g, 0.5g, 1.0g, 

1.5g, 2.0g, 2.5g, and 3.0g and dissolved in 1000ml of 

distilled water as a different concentration. 

2.3. Determination of Viscosity 

About 10ml of distilled water was pipetted into a 

Ostwald viscometer through a large opening. The 

viscometer was mounted to a retort stand and inserted 

into suitable temperature control water bath in a vertical 

position. And the temperatures were kept at ±250C, and 

the viscometer is allowed to stay for about 30sec to 

attained equilibrium [17]. The solvent was then suck 

using hand pump to upper 

 level and then allowed to drain to the lower level. The  

times of flow from upper to lower level was recorded by 

starting a stopwatch immediately and stop as it reached 

the lower level. Two times of the above procedure was 

repeated and the averages were computed as flow time 

(viscosity) of the solvent. The above procedure was 

repeated for each concentration of the above 

composition.  

 

2.4. Determination of Relative and specific viscosity 

The intrinsic viscosity [ ] is a measure of the 

hydrodynamic volume occupied by a macromolecule, 

which is closely related to the size and conformation of 

the macromolecular chains in a particular solvent [18]. 

The intrinsic viscosity [ ] is determined experimentally 

from measurements of the viscosity of very-low-

concentration (C) solutions. Denoting solution and 

solvent viscosity as, respectively, solution and solvent, [ ] 

is defined by the following relationships: 

Relative viscosity: …(1) 

Specific viscosity:                              …..(2) 

Intrinsic viscosity:                                ….(3) 

 

The intrinsic viscosity can be obtained by measuring 

specific viscosities at different concentrations at the 

same shear-rate, and extrapolating the course of specific 

viscosity to infinite dilution [19]. The intrinsic viscosity 

[ ] is, therefore, obtained by extrapolating data to zero 

concentration by using a linear regression, which will be 

called the graphic double-extrapolation procedure 

(GDEP) in this study. McMillan (1974) showed that  

also called reduced viscosity, could be written in the 

form of a Huggins equation (Huggins, 1942) 

                               ………….(4) 

where  is the Huggins constant. The determination of 

the intrinsic viscosity is, therefore, the extrapolation of 

reduced viscosity to the value at zero solute 

concentration.  The extrapolations are usually done in 

very dilute regimes (C C*) with relative viscosity 

values between 1.2 and 2.0, the corresponding specific 

viscosities being between 0.2 and 1.0 [20, 21]. C* is 

defined as the overlap concentration, the transition from 

the dilute to the semi-dilute region which mark the onset 

of polymer entanglement [22]. In the present work, gum 

solutions were therefore diluted to be within the 

described range. In addition, McMillan (1974) reported 

that the intrinsic viscosity could be obtained from the 

Kraemer equation [23] by extrapolation to zero 

concentration (C) 

  ………………………… (5) 

where  is the Kraemer constant. For very dilute 

solutions, however, Eq. (5) can be shortened by 

retaining only the first-order term, and  can be 
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determined from the slope of a plot of C against ln  

[24]. McMillan (1974) showed that methods of 

determination of the intrinsic viscosity that were based 

on slopes of plots had higher correlation coefficients and 

lower standard errors, compared with those based on 

intercepts of plots. On the basis of such findings, 

Tanglertpaibul and Rao (1987) [25] used the following 

equations to obtain the intrinsic viscosity of tomato 

serum: 

     …………………………..(6) 

The intrinsic viscosity [ ] is the slope obtained by 

plotting 

 
) 

The intrinsic viscosity [ ] is the slope obtained by 

plotting 

ln  vs. C 

……………………………….(8) 

The intrinsic viscosity is the slope obtained by plotting 

vs. C. 

The intrinsic viscosity [ ] was estimated based on the 

slope of  vs. C for polyelectrolytes, as suggested by 

Chou and Kokini (1987) [26]; this is similar to the 

method discussed in Eq. (6). Chou and Kokini (1987) 

reported that when there is essentially no molecular 

interaction, as in dilute solutions, the second term of the 

Huggins equation (Eq. 4) is negligible, and a plot of 

against concentration is linear. In this study, the 

intrinsic viscosity in the dilute domain was estimated on 

the basis of Eqs. (5), (6), (7), and (8), and the four 

methods were statistically compared for a better fit. 

The intrinsic viscosity of the gum samples was 

determined in distilled water. The gum solutions were 

prepared by dispersing 50 mg of each of the gum sample 

(db, dry basis) separately in 100 ml of the distilled water 

at room temperature and mixing with magnetic stirring 

overnight. 2 ml of solution was transferred into an 

Ostwald viscometer which was immersed in a precision 

water bath to maintain the temperature at 25.0±0.1 oC 

and after equilibration for 10 minutes, the flow time was 

determined between the two etched marks. Serial 

dilution was performed in situ and three readings were 

taken for each dilution and averaged. The relative 

viscosity ( ) would be calculated using the equation 

 
Where  is the flow time of gum solution in seconds, 

is the flow time of solvent (water) in seconds. 

 

3. Results and Discussions 

3.1 Relative viscosity against concentration was plotted 

over an extended range of the blend solution. 

Flow time of water (solvent) = 9.5sec 

Thermodynamic and transport properties of polymer  

blend, help in understanding the nature of molecular 

interaction taking place in solution, this further help in 

improving on the quality grade of polymer blend both in 

food and pharmaceutical industries. 

Fig 1 and 2 show a plot of relative viscosity Vs. 

concentration at different temperature (i.e. 250C and 

500C). it was observed from that fig 1 and 2, that the 

plot is linear at both temperatures of 250C and at that of 

500C, hence, indicate compatible polymer blend. 

 

TABLE 1: Viscosity measurement of gum Arabic/PAM blend 

at 250C 

Concentration 

g/ml 

Composition 

(10/90 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 17 2.7 1.7 

0.5 G.A/PAM 10.2 6.1 5.1 

1.0 G.A/PAM 6.5 7.5 6.5 

1.5 G.A/PAM 7.1 11.7 10.7 

2.0 G.A/PAM 6.0 12.9 11.9 

2.5 G.A/PAM 8.1 21.1 20.1 

3.0 G.A/PAM 9.6 29.7 28.7 

 

It was also observed the same situation from fig 3 and 4, 

but in fig.3 at a temperature of 250C there is small 

decrease in viscosity at a concentration of 2.5 Ns/m2-3.0 

Ns/m2. 
 

TABLE 2 Viscosity measurement of gum Arabic/PAM blend 

at 250C 

Concentration 

g/ml 

Composition 

(30/70 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 17.0 2.7 1.7 

0.5 G.A/PAM 11.0 6.5 5.5 

1.0 G.A/PAM 6.0 7.0 6.0 

1.5 G.A/PAM 5.8 9.7 8.7 

2.0 G.A/PAM 7.5 16.0 15.0 

2.5 G.A/PAM 9.3 24.3 23.3 

3.0 G.A/PAM 9.2 28.5 27.5 

 

TABLE 3 Viscosity measurement of gum Arabic/PAM blend 

at 250C 
Concentration 

g/ml 

Composition 

(50/50 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -2.0 0.8 -0.2 

0.5 G.A/PAM 4.8 3.4 2.4 

1.0 G.A/PAM 3.9 4.9 3.9 

1.5 G.A/PAM 4.4 7.6 6.6 

2.0 G.A/PAM 2.2 9.8 8.8 

2.5 G.A/PAM 7.1 18.7 17.7 

3.0 G.A/PAM 8.8 27.5 26.5 
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TABLE 4: Viscosity measurement of gum Arabic/PAM blend 

at 250C 
Concentration 

g/ml 

Composition 

(70/30 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -3.0 0.7 -0.3 

0.5 G.A/PAM 4.4 3.2 2.2 

1.0 G.A/PAM 3.1 4.1 3.1 

1.5 G.A/PAM 4.0 7.0 6.0 

2.0 G.A/PAM 4.3 9.5 8.5 

2.5 G.A/PAM 6.1 16.1 15.1 

3.0 G.A/PAM 6.4 20.2 19.2 

 

 

TABLE 5: Viscosity measurement of gum Arabic/PAM blend 

at 250C 
Concentration 

g/ml 

Composition 

(90/10 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -6.0 0.4 -0.6 

0.5 G.A/PAM 2.0 2.0 1.0 

1.0 G.A/PAM 1.8 2.8 1.8 

1.5 G.A/PAM 3.3 6.0 5.0 

2.0 G.A/PAM 3.3 7.5 6.5 

2.5 G.A/PAM 5.2 13.9 12.9 

3.0 G.A/PAM 9.6 29.7 28.7 

 

TABLE 6: Viscosity measurement of 100% gum Arabic at 

250C 

Concentration 

g/ml 

Composition 

100 % 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 10 0.03 -1.0 

0.5 G.A/PAM -1.2 0.4 -0.6 

1.0 G.A/PAM -0.6 0.4 -0.6 

1.5 G.A/PAM 0.2 0.7 0.3 

2.0 G.A/PAM 0.1 1.1 0.1 

2.5 G.A/PAM 0.2 1.4 0.4 

3.0 G.A/PAM 0.6 2.8 1.8 

 

TABLE 7: Viscosity measurement of 100% PAM at 250C 

Concentration 

g/ml 

Composition 

100% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 18.0 2.8 1.8 

0.5 G.A/PAM 16.6 9.3 8.3 

1.0 G.A/PAM 15.0 16.0 15.0 

1.5 G.A/PAM 15.7 24.6 23.6 

2.0 G.A/PAM 13.5 28.0 27.0 

2.5 G.A/PAM 12.7 32.7 31.7 

3.0 G.A/PAM 13.4 41.1 40.1 

TABLE 8: Viscosity measurement of gum Arabic/PAM blend 

at 500C 
Concentration 

g/ml 

Composition 

(10/90 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 1.0 1.1 0.1 

0.5 G.A/PAM 5.0 3.5 2.5 

1.0 G.A/PAM 5.3 6.3 5.3 

1.5 G.A/PAM 5.5 9.3 8.3 

2.0 G.A/PAM 4.4 9.7 8.7 

2.5 G.A/PAM 4.8 12.9 11.9 

3.0 G.A/PAM 3.7 12.0 11.0 

 

TABLE 9: Viscosity measurement of gum Arabic/PAM blend 

at 500C 
Concentration 

g/ml 

Composition 

(30/70 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -2.0 0.8 -0.2 

0.5 G.A/PAM 4.4 3.2 2.2 

1.0 G.A/PAM 2.4 3.4 2.4 

1.5 G.A/PAM 3.1 5.6 4.6 

2.0 G.A/PAM 4.0 8.9 7.9 

2.5 G.A/PAM 3.5 9.8 8.8 

3.0 G.A/PAM 2.8 9.5 8.5 

 

TABLE 10: Viscosity measurement of gum Arabic/PAM 

blend at 500C 
Concentration 

g/ml 

Composition 

(50/50 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 0.0 1.0 0.0 

0.5 G.A/PAM 1.0 1.5 0.5 

1.0 G.A/PAM 2.0 3.0 2.0 

1.5 G.A/PAM 2.1 4.1 3.1 

2.0 G.A/PAM 2.5 6.0 5.0 

2.5 G.A/PAM 4.3 11.7 10.7 

3.0 G.A/PAM 2.7 9.2 8.2 

 

TABLE 11: Viscosity measurement of gum Arabic/PAM 

blend at 500C 

Concentration 

g/ml 

Composition 

(70/30 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -7.0 0.3 -0.7 

0.5 G.A/PAM 2.4 2.2 1.2 

1.0 G.A/PAM 1.4 2.4 1.4 

1.5 G.A/PAM 1.5 3.2 2.2 

2.0 G.A/PAM 1.2 5.3 4.3 

2.5 G.A/PAM 2.4 7.1 6.1 

3.0 G.A/PAM 2.2 7.6 6.6 
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TABLE 12: Viscosity measurement of gum Arabic/PAM 

blend at 500C 
Concentration 

g/ml 

Composition 

(90/10 )% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -10.0 0.02 -1.0 

0.5 G.A/PAM -2.0 0.01 -1.0 

1.0 G.A/PAM -0.9 0.1 -0.9 

1.5 G.A/PAM -0.5 0.2 -0.8 

2.0 G.A/PAM -0.4 0.3 -0.7 

2.5 G.A/PAM -0.2 0.5 -0.5 

3.0 G.A/PAM 0.0 1.0 -0.0 

 

TABLE 13: Viscosity measurement of 100% PAM at 500C 
Concentration 

g/ml 

Composition 

100% 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM 4.0 1.4 0.4 

0.5 G.A/PAM 9.0 5.5 4.5 

1.0 G.A/PAM 8.2 9.2 8.2 

1.5 G.A/PAM 7.7 12.5 11.5 

2.0 G.A/PAM 9.6 20.2 19.2 

2.5 G.A/PAM 10.7 27.7 26.7 

3.0 G.A/PAM 7.1 22.3 21.3 

 
From fig.5 the difference in viscosity at a temperature of 

250C and 500C is more pronounced, since the increase in 

viscosity at temperature of 500C, is the same with that of 

the previous figure (i.e. fig.1-4). 

 But at a temperature of 250C there is very low flow rate 

of blend solution, which indicated that as the 

concentration of gum Arabic is increasing, there is 

decrease in viscosity of the blend. And this effect is 

more pronounced at low temperature.       

 
Fig.1 Relative viscosity Vs. concentration plots for Gum 

Arabic/PAM at 250C and 500C Composition of Gum 

Arabic/PAM: 10%/90% relative viscosity 

 

 

 
Fig.2 Relative viscosity Vs. concentration plots for Gum 

Arabic/PAM at 250C and 500C Composition of Gum 

Arabic/PAM: 30%/70% 

 
TABLE 14: Viscosity measurement of 100% gum Arabic at 

500C 
Concentration 

g/ml 

Composition 

100 % 

Intrinsic 

Viscosity 

(Ns/m2) 

Relative 

viscosity 

(Ns/m2) 

Specific 

viscosity 

(Ns/m2) 

0.1 G.A/PAM -10.0 0.01 -1.0 

0.5 G.A/PAM -20.0 0.02 -1.0 

1.0 G.A/PAM -0.9 0.1 -0.9 

1.5 G.A/PAM -0.5 0.3 -0.7 

2.0 G.A/PAM 0.3 0.4 -0.6 

2.5 G.A/PAM 0.0 1.0 0.0 

3.0 G.A/PAM 0.1 1.3 0.3 



Chem Rev Lett 2 (2019) 157-164 

162 

 

 
 

Fig.3 Relative viscosity Vs. concentration plots for Gum 

Arabic/PAM at 250C and 500C Composition of Gum 

Arabic/PAM: 50%/50% 

 

 
 

Fig.4 Relative viscosity Vs. concentration plots for Gum 

Arabic/PAM at 250C and 500C Composition of Gum 

Arabic/PAM: 70%/30% 

 
 
Fig.5 Relative viscosity Vs. concentration plots for Gum 

Arabic/PAM at 250C and 500C Composition of Gum 

Arabic/PAM: 90%/10% 

 

 
 
Fig.6 Relative viscosity Vs. concentration plots for 100% 

Gum Arabic at 250C and 500C Composition of Gum Arabic: 

100% 
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Fig.7 Relative viscosity Vs. concentration plots for 100% 

PAM at 250C and 500C Composition of PAM: 100% 

 

                                                    
In case of the observation, from fig.6 and 7 the same 

phenomenon is observed as from that of fig. 1-4 but the 

only difference is that; in fig.7, at a temperature of 

250C, there is small decreased in in flow rate of blend at 

concentration of 2.5 Ns/m2-3.0 Ns/m2 

In the case of the purification of gum Arabic it was 

founded that the colour of refined gum Arabic is dark-

brown while that of raw gum Arabic to be orange-

brown, and this change in colour is attributed to the 

types of solvent use for the purification of the gum 

Arabic. And it also confirmed that the solubility of the 

refine gum Arabic is higher than that of raw gum Arabic 

which is due to the presence of impurities in the former 

than that of the later. 

It was also observed that, there is decrease in the flow 

rate of the polymer blend as the concentration of gum 

Arabic is increasing in all the composition, which 

indicated that the PAM is more viscous than gum 

Arabic. And also it was observed that as the temperature 

is increasing the flow rate of the blend is decreasing 

At the end of the experiment, when the relative viscosity 

was ploted against concentration, straight line was 

obtained. And it is well known that from the previous 

knowledge (literature review) that when the viscosity of 

a solution is plot against concentration, if a straight line 

were obtained it indicated that the blend is compatible, 

but if the plot gives an S-type, it indicated incompatible 

polymer blend.  

4. Conclusion 

 

From the finding of the present study, the conclusion 

made are; 

Blend of gum Arabic/PAM is compatible and the 

viscosity of each blend tend to increase with decrease in 

concentration of gum Arabic. And also the viscosity of 

the blend decrease with increase in temperature. It was 

discovered that the properties of gum Arabic like 

viscosity, clarity, solubility etc. can be improved. 

It was also found that blend with composition of gum 

Arabic/PAM (10%/90%) to have a higher viscosity 

similar to that of individual PAM, and hence it is 

advised that the blend (gum Arabic/PAM (10%/90%) 

could be used in place of PAM, like in the field of; soil 

conditioner, water treatment, due to it lower cost than 

that of PAM. 

The blend of gum Arabic/PAM (90%/10%) to have both 

solubility and viscosity almost the same with that of 

gum Arabic/PAM, for this reason it is advised to used 

blend of gum Arabic/PAM in placed of gum Arabic 

(100%), since the blend appear to possess properties 

closely related to that of gum Arabic used 

pharmaceutical and food industries.  
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