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Abstract: The miscibility of Hydroxy propyl methyl cellulose / Acacia gum blends in water has been 

studied by viscosity, density, refractive index and ultrasonic velocity techniques at laboratory temperature. 

Using viscosity data, the interaction parameters B, µ and    were calculated. These values were revealed 

that HPMC/Acacia gum blends are immiscible at all compositions except 60/40 composition at laboratory 

temperature. Hence, the blend system HPMC/Acacia gum is found to be partially miscible. In addition, 

adiabatic compressibility  

( ad), acoustical impedance (Z ) and intermolecular free length  (Lf)  were also computed. 
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Introduction: The term Polymer derives from the ancient Greek word polus, (meaning “many, much” and 

meros (meaning parts) and refers to a molecule whose structure is composed of multiple repeating units, 

from which originates a characteristic of high relative molecular mass and attendant properties [1]. The units 

composing polymers derive actually or conceptually, from molecules of low relative molecular mass [2]. 

The term was coined in 1833 by Jons Jacob Berzelius though with a definition distinct from the modern 

IUPAC definition [3] [4]. Polymers are studied in the field of biophysics, macromolecular science, polymer 

science (which includes polymer chemistry and polymer Physics), engineering and technology, biomedical 

sciences, pharmaceutical, tissue engineering, electrical and electronic industries, automotives, space 

engineering and research, agriculture, packaging industries, 

Semiconductor industries, textiles, paints, constructive materials, material sciences, various fields of 

industries, research and academic interests.    Polymer blends have attracted much interest because of 

improved properties and the simplicity of physical blending [5-6]. The properties of physical blends are 

strongly dependent upon the degree of compatibility/miscibility of the components. The term compatibility 

refers to degree of macroscopic heterogeneity of a polymer mixture, while miscibility is related to the 

formation of a homogeneous system at a molecular level. Polymer blends are often exhibiting  properties 
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that are superior to those of any one of the component polymer. However, the manifestation of superior 

properties often depends on the miscibility of the homo polymers on the molecular scale. Miscible blend 

systems will give better properties compared to immiscible. The best method of enhancing the miscibility 

of poly blend is to introduce specific interactions. Miscibility almost always occurs when a strong specific 

interaction exists[7]. The study of the miscibility of polymer blends be simple, low cost, and rapid 

techniques are of great importance in recent time to study the miscibility of polymer blends. Chee [8], Sun 

et al [9], and Singh and Singh [9][10]  suggested  viscosity and ultrasonic velocity measurements for 

investigating polymer -  polymer miscibility. Recently Varada rajulu[11] studied miscibility by ultrasonic 

and refractive index methods. 

As part of our research work, we have carried out miscibility studies of (HPMC) and acacia gum. 

Chemically, HPMC is a modified cellulose polymer that is off – white in colour and considered safe for 

human consumption. It is most commonly used as an alternative to gelatins and gluten in vegan- friendly 

products. It acts as a thickening agent, coating, binder and bio- adhesive in pharmaceutical food and 

industrial manufacturing. Gum Arabic also known as acacia gum, is a natural gum made of the hardened 

sap of various species of the acacia tree. Originally gum Arabic was collected from Acacia nilotica which 

was called the “Gum Arabic tree”. Gum Arabic is a complex mixture of glyco proteins and 

polysaccharides. It is the original source of the sugars arabinose and ribose, both of which were first 

discovered and isolated from it, and are name after it. Gum Arabic is used in printing, paint production, 

glue, cosmetics and various industrial applications, including viscosity control in inks and in textile 

industries, though less expensive materials compete with it for many of these roles. 

Experimental  

Materials  

Hydroxy Propyl methyl cellulose- E 15LV premium,  a white powder, soluble in 1% water and  viscosity 

(2% in water at 250C) 4000 maps, mfd : Jan. 2010 Batch No – 20610, CAS No-9004-62-0 central Drug 

house (P) Ltd New Delhi – 110002 (India).  Acacia, CAS No – 9000-01-5 Batch No -230614 central Drug 

house (P) Ltd., New Delhi – 110002 (India)  

Preparation of Blend Solutions  

The 1% polymer solutions of HPMC/Acacia gum in water has been prepared. The blends of different 

compositions (10/90, 20/80, 30/70, 40/60, 50/50, 60/40, 70/30, 80/20 & 90/10) of different concentrations 

(0.02%, 0.04%, 0.06%, 0.08% and 0.1%). 

Techniques 

i) The ultrasonic velocities of blend solutions with different compositions were measured at laboratory 

temperature using ultrasonic interferometer. 

ii) The refractive indices were measured using Abbe’s refractometer 

iii) The density measurements were done by specific gravity bottle and  
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iv) Viscosity measurements were made using Ubbelohde suspended level viscometer. The  

Chee’s interaction parameters B, µ and Sun et.al interaction parameter  (Eqs,1,2 & 3)  

shown below are the evidences for the miscibility of polymer blends (Table- 1) 

212 ww

bb
=B


  ……………(1) 

Where b- = w1b11+w2b22 in which b11 and b22 are the slopes of the viscosity curves for the pure components. 

w1 and w2 are the weights of the pure polymers. b= w1
2 b11+w2

2 b22+2w1w2 b12. Where b12 is the slope for 

the blends solution  

 2
12  

 B
=μ ...............(2) 

Where[n]1 and [n]2 are the intrinsic viscosities for the pure component solutions.  

Recently, sum et al (1992) has suggested a new formula for the determination of polymer miscibility as 

follows  

.................. (3) 

Where K1, K2 and Km are the Huggin’s constants for individual components 1, 2 and their blends 

respectively. If B, µ and   are > 0, the blend is miscible if B, µ and   are <0, the blend is immiscible. 

The adiabatic compressibility (ad)11 of different blend composition was evaluated using the equation  ad = 

1/v2 where  and v are the density and ultrasonic velocity of composition of blends respectively. The 

intermolecular free length (Lf) was calculated using the formula Lf= K1/2 where K=1.98x10-6, the 

Jacobson constant the acoustical impendence (Z) was evaluated by using the formula Z=U  where ‘’ is 

the density  of the mixture and ‘U’ is its ultrasonic velocity.   

 

Table 1:  Data ofB, µ,,  ad,   Lfand Z for HPMC / Acacia gum blends of different compositions. 

 

Composition A 
– HPMC 
B-Acacia gum 
A/B 

B µ 
 

 
 

ad  X 10
-10

 

(Kg/ms2) 

Lfx 10-11 Z x 106 

10/90 -206.042 -3.45 -1.17285 4.400 4.153 1.515 

20/80 -137.813 -2.324 -0.076 4.366 4.137 1.522 
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Fig.01. Huggins’s Plot Hydroxypropyl Methylcellulose/Acacia Gum Blends 

 

 

                             

Fig.02. Sun et.al; Interaction Parameter alpha(α) 

 
Fig.03. Density, Refractive Index, Adiabatic Compressbility, Intermolecular free length & 
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30/70 -128.482 -2.167 -0.0345 4.370 4.139 1.521 

40/60 -130.729 -2.205 -0.0115 4.284 4.098 1.536 

50/50 -129.375 -2.182 -0.0124 4.251 4.082 1.543 

60/40 -169.375 -2.860 +0.002788 4.275 4.093 1.528 

70/30 -179.732 -3.0314 -0.00516 4.335 4.122 1.526 

80/20 -292.968 -4.941 -0.003539 4.340 4.125 1.527 

90/10 -566.875 -9.5610 -0.00427 4.337 4.123 1.527 
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Acoustic impedance 

 

 

Fig. 04. Ultrasonic velocity of hydroxy propyl Methylcellulose/Acacia gum Blends 

Results and Discussion  

Viscosity studies  

The reduced viscosity v/s concentration (Huggin’s Plots) curves for the blends of HPMC/Acacia gum of 

different compositions at Laboratory temperature in water are as shown in fig 1. The viscosity data reports 

that the polymer blends of  HPMC/Acacia gum are found to be immiscible at all compositions except 

60/40% of mixture (Fig-2) the density and RI studies revealed that the blend is miscible at all compositions 

(Fig-3) whereas the ultrasonic velocity is found to be non-linear (Fig -4).  Hence the blend is immiscible at 

all compositions at laboratory temperature, in addition adiabatic compressibility (ad) intermolecular free 

length (Lf) and acoustical impedance (Z) have not affected on HPMC/Acacia gum concentration and 

compositions at laboratory temperature (table1&fig-3). 

Conclusion :  

The miscibility of HPMC/Acacia gum blends in water has been studied by solution methods such as 

viscosity, density, refractive index, and ultrasonic velocity techniques at laboratory temperature. Using 

viscosity data interaction parameter (Chee) B, Chee modified interaction parameter µ and Sun et.al 

interaction parameter  were computed. These values revealed that the blend is immiscible at all 

compositions except 60% of HPMC content at  laboratory temperature. 
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