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ABSTRACT 

 

 Shell waste produced by the seafood industry is one of the most important 

problems contributing significant environmental and health hazards. The most 

frequent method employed for its disposal is burning, which becomes 

environmentally costly due to the low burning capacity of shells. In such a 

scenario, conversion of  shrimp shell waste to chitosan a commercially valuable 

product with a myriad of uses, could serve as an effective mode of shell 

remediation. Chitosan was extracted by biological method using Bacillus 

subtilis employing  solid state anaerobic fermentation. Obtained chitosan was 

tested for its purity by dissolving it in 1% acetic acid. Characterizations like FT-

IR, molecular weight, degree of deacetylation, pH, viscosity were performed. 

Prepared chitosan was used for water treatment to improve water quality  and 

for food packaging to enhance nutritional quality on storage.  
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  Environmental pollution is a natural consequence of human activities. It is also 

the result of natural processes. Volcanoes erupt and discharge gases; rains erode and 

transport silts and dissolved compounds; winds move dirt particles, salt particles and a 

wide variety of other gaseous and solid materials. In the course of human development, 

industrialization has made possible higher standards of living in our modern society. 

Such "progress" has created increased problems with wastes from processing operations 

and their ultimate disposal creating water pollution, air pollution and land pollution. 

         The nature of wastes is wide and varied, being broadly classified into: agricultural, 

municipal and industrial. The latter source tends to produce waste of the most polluting 

types the majority being chemicals (37.6% of the total) and metals (29.1%). The 

remainder of the industrial wastes includes such diverse materials as paper (4.6%), 

petroleum (2.4%), stone, rubber, leather and textiles. Of this wide range of industrial 

waste, some 3% is generated by the food processing industries. Such waste is, however, 

amenable to forms of treatment because of its organic nature. Organic food waste 

contains proteins, vitamins, carbohydrates and fat and such components are highly 

polluting due to what is termed their high BOD (Biochemical Oxygen Demand). They 

are also, however, extremely valuable components which can be recovered. 

          The shell fish industry is operative among all the costal countries and contributes 

hugely to the food delicacies. During the processing of prawns, shrimps and lobsters 

mostly the meat is taken, while the shell and head portions are generated as wastes. This 

results in the generation of a huge amount of waste throughout the world.  

 It is estimated that the shell-fish industry produces about 60,000-80,000 tons of 

waste. The disposal of such an enormous amount of waste has become a serious 

environmental concern. Although these wastes are biodegradable but the rate of 

degradation of a large amount of waste generated per processing operation is 

comparatively slow. This results in accumulation over time and the ads to environmental 

concerns as they not only produce obnoxious smell but also attract pathogenic insects, 

flies and rodents, thus creating an unhygienic atmosphere. The immediate solution to this 

problem seems to be quick recycling of the crustacean shells generated and extraction of 

commercially viable substances to be further used in other applications. 
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           As we know the shell and head wastes of crustaceans contain chitin, proteins and 

minerals. So by demineralizing and deproteinizing the wastes chitin can be obtained. 

chitin can be used for various economical applications. Moreover the chitin can be 

further deacetylated to produce chitosan, a valuable chemical substance having a wide 

range of viable uses. Various derivatives of chitin and chitosan can also be manufactured 

which diversify the fields of application of these two chemicals. Sea food, a delicacy for 

many are seen in market in a wide variety of products. The sea food industries process 

and package the harvested products. During the processing, the meat is only taken, while 

the head and shells of shell fish are generated as waste. This results in generation of large 

amount of shell waste globally.  

           Chitin was first named by Albert Hofmann. Chitin is the second most abundant 

polysaccharide next to the cellulose. And its derivatives like chitosan are widely 

recognized to have immense applications in many fields. They are widely used in food 

industry, medical fields, chemical industry, textile, waste water treatment plant etc. the 

main sources of raw materials for production of chitin are cuticles of various crustaceans 

principally Crab, shrimp, and prawns. Chitin, a β-1,4-linked homopolymer of N-acetyl 

glucosamine is the second most abundant polysaccharide in nature. It is insoluble in 

water, dilute and concentrated alkalis, alcohol and other organic solvents. It forms the 

major structural component in the shells and cuticles of arthropods, crustaceans and 

insects and in cell walls of fungi. The major contribution of chitin to nature is in the form 

of animal biomass. Chitinase, belonging to the family of glycosyl hydrolases, are the 

enzymes responsible for biological conversion of chitin. Crustacean shell waste is used 

about 40-50% of total mass, in that about 40% of shell waste is chitin. 

1.1 Structure of chitin and chitosan  
 Chitin is now well established that the difficulty in solubalization of chitin results 

mainly from the highly extended hydrogen bonded semi-crystalline structure of chitin. 

Chitin is a structural biopolymer, which has a role analogous to that of the collagen in the 

higher animals and cellulose in terrestrial plants. Plant produce cellulose in their cell 

walls and insects and crustaceans produce chitin in their shells. cellulose and chitin are, 

thus, two important and structurally related polysaccharides that provide structural 

integrity and protection to plants and animals, respectively chitin occurs in nature as 

ordered crystalline micro fibrils forming structural components in the exoskeleton of 
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arthropods or in the cell walls of fungi and yeast In crustaceans, chitin is found to occur 

as fibrous material embedded in a six stranded protein helix.  

         

 
     Fig.1.1: Structure of chitin 

          
Fig.1.2 : Structure of chitosan 

 

            It is the single largest waste resource for the fish processing industry. chemically 

chitin is the natural carbohydrate polymer. It is a long-chain polymer of N-acetyl D-

glucosamine and derivative of glucose. Chitin is poly-β-(1-4)-N-acetyl-D-glucosamine; 

whereas chitosan is poly-β-(1-4)-D-glucosamine. Chitin is a stable compound and 

generally biodegradable by some organisms including humans. The average head and 

shell waste yield from the shrimp is around 60 % by weight of the whole shrimp. The 

shells contain 15–40% chitin and its amount in the whole marine environment has been 
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estimated around 1560 million tons. In India its availability is estimated to be 1,00,000 

tons annually. The shrimp processing industry has been rapidly growing with the 

significant increase in cultured shrimp production in the South-East Asian region. A 

huge amount of bio-waste such as carapace (head shells) and abdominal (tail) shells are 

produced from the industries because shrimps are normally sold as headless or peeled or 

both. Therefore, chitin producers are attracted to the shrimp wastes. 

               The main commercial process for chitin extraction from shrimp and prawn 

waste is based upon demineralization by acid treatment and deproteinization by alkali 

treatment. In recent years, several enzymatic deproteinization processes have been 

introduced as an alternative treatment for alkali digestion to reduce quality loss of chitin 

due to depolymerization of its chain and also to produce protein hydrolysate with a well-

balanced amino acid composition. A new method for extraction of chitin by using 

proteolytic microorganisms or fungi or purified enzymes has been introduced which is a 

low cost technology and eco-friendly. It is an advanced application for extraction of bio-

polymer from crustacean shell.    

1.2 Properties of chitin and chitosan 

 Most of the naturally occurring polysaccharides viz. Cellulose, dextrin, pectin, 

alginic acid, agar, agarose and carrageenan are naturally acidic in nature, whereas chitin 

and chitosan are examples of highly basic polysaccharides. They have several properties 

such as solubility in various media, solution, viscosity, metal chelating, and structural 

characteristics. The chemical properties of chitosan are due to the presence of linear 

polyamine and reactive amino groups which can chelate many transitional metal ions.  

 Chitin also has biological properties like biocompatibility, accelerate the 

formation of osteoblast which is responsible for bone formation, haemostatic, fungistatic, 

spermicidal, antitumor anticholesteremic, and accelerate bone formation.   

1.3 Applications of chitosan 

1.3.1 Chitosan application in rice production 

  Chitosan regulates the immune system of plants and induces the excretion of resistant 

enzymes. Moreover, chitosan not only activates the cells, but also improves its disease and insect 

resistant ability. Chitosan has strong effects on agriculture such as acting as the carbon source for 
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microbes in the soil, accelerating of transformation the process of organic matter into inorganic 

matter and assisting the root system of plants to absorb more nutrient from the soil. Chitosan is 

absorbed to the root after being decomposed by bacteria in the soil.  

 Application of chitosan in agriculture, even without chemical fertilizer, can increase the 

microbial population by large numbers, and transforms organic nutrient into inorganic nutrient, 

which is easily absorbed by the plant roots. 

1.3.2 Chitosan applications in drug delivery system 

  To provide anticancer chemotherapy, chitosan is attracting increasing attention as drug 

and gene carriers due to its excellent biocompatibility, biodegradability, and non toxicity . 

Chitosan has an important role in delivery of drugs, with the potential to improve drug absorption 

and stabilize drug components to increase drug targeting. In addition, as a potential gene 

deliverer, chitosan can protect DNA and increase the expression period of genes.  

 Chitin or chitosan derivatives, which were conjugated with some kinds of anticancer 

agents, can execute better anticancer effects with a decrease of side effects and gradual release of 

free drug in the cancer tissues. Furthermore, chitosan nano-particles were synthesized and 

applied for in vivo antitumor activity. On the other hand, for ocular drug delivery, liposomes 

coated with low-molecular weight chitosan may be potentially applicable to clinic uses. 

1.3.3 Chitosan applications in wastewater treatment 

 Heavy metals are one of the most toxic materials to the environment. Adsorption 

is the process which is used for the removal of heavy metals from wastewater. Many 

researchers  have been conducted to remove heavy metals using different materials. 

Various adsorbents have been used to remove different type of heavy metal ions from 

wastewater especially those that are harmful to mankind. Activated carbons, plant or 

lignocellulosic wastes, clays and biopolymers are the most common adsorbents used. For 

this research, chitosan was used as a adsorbent to remove copper and zinc from 

wastewater. Chitosan, a type of biopolymer, is a good adsorbent to remove the heavy 

metal ions from wastewater. The synthetic wastewater was prepared in the laboratory to 

conduct the experiments. Batch experiments were conducted to obtain the optimum 

conditions for copper and zinc. Effect of parameter like pH, adsorbent dose, contact time, 

temperature and initial metal ion concentration were also determined.  

The optimum conditions obtained were 360 min contact time, 200 mg adsorbent dose 

and pH 5 for copper and 180 min contact time, 200 mg adsorbent dose and pH 7 for zinc.  
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 Adsorption behavior could be described using the Langmuir, Freundlich and 

Temkin isotherm model. Adsorption data was well fitted in Langmuir isotherm model for 

both metals. The maximum adsorption capacity was found to be 89% for copper and 

96.97% for zinc. The kinetics of adsorption could describe using pseudo first order and 

pseudo second order kinetic model. In all cases the kinetics follows the pseudo second 

order rate equation. The negative values of ∆Gº and ∆Hº indicate that the process was 

thermodynamically spontaneous and exothermic in nature. 

1.3.4 Chitosan applications in pharmaceutical industry 

  Chitosan has been investigated as an excipient in the pharmaceutical industry, to 

be used in direct tablet compression, as a tablet disintegrant, for the production of 

controlled release solid dosage forms or for the improvement of drug dissolution. 

Chitosan has, compared to traditional excipients, been shown to have superior 

characteristics and especially flexibility in its use. Furthermore, chitosan has been used 

for production of controlled release implant systems for delivery of hormones over 

extended periods of time. Lately, the transmucosal absorption promoting characteristics 

of chitosan has been exploited especially for nasal and oral delivery of polar drugs to 

include peptides and proteins and for vaccine delivery. These properties, together with 

the very safe toxicity profile, makes chitosan an exciting and promising excipient for the 

pharmaceutical industry for present and future applications. 

1.3.5 Chitosan applications in food packaging 

 Antimicrobial packaging is one of the most promising active packaging systems. 

Antimicrobial packaging is the packaging system that is able to kill or inhibit spoilage 

and pathogenic microorganisms that are contaminating foods. A tremendous effort has 

been made over the last decade to develop and test films with antimicrobial properties to 

improve food safety and shelf life. For food preservation, chitosan films are very 

effective. Chitosan has widely been used in antimicrobial films, to provide edible 

protective coating, dipping and spraying for the food products due to its antimicrobial 

properties. Chitosan can be formed into fibers, films, gels, sponges, beads or nano-

particles. Chitosan films have been used as a packaging material for the quality 

preservation of a variety of food.  
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 Theruvathil K. et al. studied extraction of chitin from shrimp shells using Bacillus 

subtilis in jiggery media. The pH, proteolytic activity, extent of demineralization and 

deproteinization were studied during fermentation.. Chitin was converted to chitosan 

by N-deacetylation and the properties of chitin and chitosan were studied. FTIR 

spectral analysis of chitin and chitosan prepared by the process was carried out and 

compared with spectra of commercially available samples. 

  Pillai C.K.S et al. studied extraction of chitin, preparation of chitosan and its 

properties. It was noted that Chitin and CS were biopolymers having immense 

structural possibilities for chemical and mechanical modifications to generate novel 

properties, functions and applications especially in the biomedical area. 

 Ruth Hagen Rodde et al. studied on extraction oh chitin from shrimp by biological 

method. The average dry matter content of the samples of shrimp shells was 22 ± 

2%, with no significant seasonal variation. The protein content was found to vary 

between 33% and 40% of the dry weight, the chitin content varied between 17% and 

20% and the ash content of dried shrimp shells was found to be relatively constant 

with an average value of 34 ± 2% of the dry weight and consisting mainly of calcium 

carbonate (CaCO3). 

 F.A. Al Sagheer et al. studied on chitin extraction and observed that  contents of the 

various exoskeletons have been analyzed and the percent of the inorganic salt 

(including the various elements present), protein and the chitin was determined. 

Deacetylation of the different chitin produced was conducted by the conventional 

thermal heating and by microwave heating methods.. The chitin and the obtained 

chitosan were characterized by elemental analysis, XRD, NMR, FTIR and 

thermogravimetric measurements. XRD analysis showed that chitosan has lower 

crystallinity than its corresponding chitin; meanwhile its thermal stability is also 

lower than chitin. 

 Entsar S. Abdou et al. Chitin has been extracted from six different local sources in 

Egypt. The obtained chitin was converted into the more useful soluble chitosan by 

steeping into solutions of NaOH of various concentrations and for extended periods 

of time, then the alkali chitin was heated in an auto clave which dramatically reduced 

the time of deacetylation.  
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Sl. 

No. 

Title Author Year Remarks 

1. Chitosan amphiphilic 

derivatives. Chemistry and 

applications 

Inmaculada 

Aranaz et al. 

2010 Properties of  the chitosan was 

studied thoroughly 

2. Extraction, physicochemical 

characterization and in vitro 

antioxidative potential of 

chitosan in shrimp shell 

waste from beni saf sea  

 

Fatma Youcefi, 

and Ali Riazi  

 

2012 By employing FTIR 

spectroscopy, all functional 

groups in chitosan 

macromolecules are elucidated 

characterization of the prepared 

chitosan showed that it can be 

used commercially 

3. Extraction of chitosan from 

prawn shell wastes and 

examination  of its viable 

commercial applications  

 

Abhrajyoti 

Tarafdar and 

Gargi Biswas  

 

 

 

2013 Chitosan yield found to be 

35.49% and analyzed for its 

physiochemical parameters.  

 

4. A simple and effective 

method for extraction of high 

purity  chitosan from shrimp 

shell waste  

 

Divya K et al. 2014 Chitosan yield 40- 46%, 5%  

moisture content  

 

5. Preparation and application 

of chitin and its derivatives: 

a review  

 

Mehdi  

Barikani et al. 

2014 Crystalline Chitin,  Pure 

chitosan 

6. Chitin extraction from 

shrimp waste an eco-friendly 

low cost technology and its 

advanced application  

Jag Pal et al. 2015 Chitosan seems to be the 

biopolymer for the development 

of new derivatives Chitosan. 

Table No. 2.1 : Work carried out by researchers on chitosan extraction by biological method 
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7. Progress in bioextraction 

processes of chitin from 

crustacean biowastes 

Youngju Kim 

and  Ro-Dong 

Park 

 

2015 Chitin 44.4%, protein 0.81 %, 

ash Content(.85%)  

8. Flocculation of river silt 

using chitosan 

Ravi 

Divakaran, and 

Sivasankara 

Pillai 

2001 Flocculation was faster at higher 

concentrations of silt and the 

flocks were large and fibrous. 

9. 

 

Influence of the nature of the 

metal ions on the 

complexation with chitosan. 

Application to the treatment 

of liquid waste 

M. Rhazi et al. 2002 Removal of many dissolved 

solids were achieve d using 

Chitosan. 

10. Extraction of chitosan, 

characterization and its use 

for water purification. 

Alaa Jabbar Al-

Manhel et al. 

2016 Chitosan was successfully 

extracted. It is used to decrease 

the TDS in water.  

11. Quality of cold-stored 

strawberries as affected by 

chitosan–oleic acid edible 

coatings 

M. Vargas et al. 2006 Optimum amount that has to be 

employed for fruit was 

detrmined 

12. Orange Juices Enriched with 

Chitosan: Optimisation for 

Extending the Shelf-life 

Catherine Barry 

et al. 

2009 Shelf life of the fruit was 

increased comparatively.  

13.  Determination of degree of 

deacetylation of chitosan - 

comparison of methods 

Renata 

Czechowska-

Biskup et al. 

2012 Various methods to determine 

degree of deacetylation was 

studied 

14. Chitosan films and blends 

for packaging material 

Material 

Lambertus A. 

M. et al. 

2014 Chitosan film preparation was 

discussed with it application. 



CHITOSAN FROM WASTE PRAWN SHELLS AND ITS APPLICATIONS 
 

DEPARTMENT OF CHEMICAL ENGINEERING, SDMCET, DHARWAD                           12 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER 3 : MATERIALS  

 

 

 

 

 

 



CHITOSAN FROM WASTE PRAWN SHELLS AND ITS APPLICATIONS 
 

DEPARTMENT OF CHEMICAL ENGINEERING, SDMCET, DHARWAD  13 
 

3.1 Waste prawn shells 

 The waste shells of the prawns was collected from local fish market of  Dharwad. 

The species of prawn was Penaeus monodon locally known as giant tiger prawn or Asian 

tiger shrimp. Usually they will be in white to pale orange in color.  

 

Fig. 3.1 : Waste prawn shells 

 These shells are dumped once they are separated from the prawn. They are very 

slow in degradation and source of unpleasant smell which creates nuisance in the 

environment.  Extraction of chitin would be a waste disposal alternative and product 

recovery method from waste.  

3.2 Bacteria : Bacillus subtilis 

 Bacillus subtilis,  also known as the hay bacillus or grass bacillus, is a gram-

positive, catalase-positive bacterium, found in soil and the gastrointestinal tract 

of ruminants and humans. A member of the genus Bacillus, B. subtilis is rod-shaped, and 

can form a tough, protective endospore, allowing it to tolerate extreme environmental 

conditions. B. subtilis has historically been classified as an obligate aerobe, though 

evidence exists that it is a facultative aerobe. 
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Fig. 3.2 : Bacillus subtilis culture 

 B. subtilis is considered the best studied Gram-positive bacterium and a model 

organism to study bacterial chromosome replication and cell differentiation. It is one of 

the bacterial champions in secreted enzyme production and used on an industrial scale by 

biotechnology companies. 

3.3 Facilities used 

3.3.1 Autoclave 

 An autoclave is essentially just a large steel vessel through which steam or 

another gas is circulated to sterilize things, perform scientific experiments, or carry out 

industrial processes. Typically the chambers in autoclaves are cylindrical, because 

cylinders are better able to withstand extreme pressures than boxes, whose edges become 

points of weakness that can break. The high-pressure makes them self-sealing, though 

for safety reasons most are also sealed manually from outside. Just like on a pressure 

cooker, a safety valve ensures that the steam pressure cannot build up to a dangerous 

level. 
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 The principle of the autoclave or steam sterilizers is that water boils when its 

vapour pressure equals that of the surrounding atmosphere. When pressure is inside the 

closed vessel increases, the temperature at which water boils also increases. it is a better 

sterilizing agent than dry heat because the saturated steam has penetrative power. Steam 

condensed to water and gives up to latent heat to that surface when it comes in to contact 

with the cooler surface. The energy available from this latent heat is considerable. 

  The water of the condensation is ensures moister conditions for killing of the 

exposed microorganisms. Bacteria is more susceptible to moist heat as bacterial proteins 

coagulates rapidly and condensed water ensures moist conditions for killing the microbes 

present. 

                                            

 

Fig. 3.3 : Autoclave 

Sterilization autoclaves are widely used in microbiology, medicine, podiatry, veterinary 

medicine, mycology, funeral homes, dentistry, and prosthetics fabrication. They vary in 

size and function depending on the media to be sterilized. 
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3.3.2 Laminar air flow (LAF) chamber 

 A laminar flow cabinet is a carefully enclosed bench designed to prevent 

contamination of semiconductor wafers, biological samples, or any particle sensitive 

device. Air is drawn through a HEPA filter and blown in a very smooth, laminar 

flow towards the user. The cabinet is usually made of stainless steel with no gaps or 

joints where spores might collect. Such hoods exist in both horizontal and vertical 

configurations, and there are many different types of cabinets with a variety of airflow 

patterns and acceptable uses. NSF49 is the commonly accepted regulatory standard for 

these cabinets. Laminar flow cabinets may have a UV-C germicidal lamp to sterilize the 

shell and contents when not in use.  

 

Fig. 3.4 : Laminar air flow chamber 

 A variety of horizontal (cross flow) and vertical (down flow) laminar airflow 

cabinets are commercially available. The general areas of application of such units 

comprise (i) product protection, i.e., use of laminar airflow cabinets for operations 

involving manipulations of materials that must be kept sterile or free from unwanted 

ecological agents, and (ii) agent containment, i.e., use of laminar airflow cabinets for 
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manipulations involving etiological agents, materials, or procedures requiring personnel 

protection. The item(s) in use must be confined within the working area and must not be 

allowed to escape from the cabinet. The horizontal laminar airflow cabinet is best suited 

for maximal product protection. However, when agent containment is required, the 

vertical laminar airflow cabinet is more applicable. Airhandling-system modifications 

have led to the development of downflow units that have been reported to provide 

product protection and agent containment. In such units, a larger volume of moving air is 

exhausted from the cabinet than the volume of air supplied through the filter. This 

creates a negative pressure at the face of the cabinet, thereby drawing room air into the 

face or front opening of the cabinet. Theoretically, a protective air curtain is established 

at the cabinet face to provide both product protection and agent containment. 

3.3.3 Spectrophotometer 

 U-2810 Spectrophotometer was used for absorbance measurement. 

Spectrophotometry uses photometers, known as spectrophotometers, that can measure a 

light beam's intensity as a function of its color (wavelength). Important features of 

spectrophotometers are spectral bandwidth (the range of colors it can transmit through 

the test sample), the percentage of sample-transmission, the logarithmic range of sample-

absorption, and sometimes a percentage of reflectance measurement. 

 

Fig. 3.5: Spectrophotometer 
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 A spectrophotometer is commonly used for the measurement of transmittance or 

reflectance of solutions, transparent or opaque solids, such as polished glass, or gases. 

Although many biochemical's are colored, as in, they absorb visible light and therefore 

can be measured by colorimetric procedures, even colorless biochemicals can often be 

converted to colored compounds suitable for chromo-genic color-forming reactions to 

yield compounds suitable for colorimetric analysis. However they can also be designed 

to measure the diffusivity on any of the listed light ranges that usually cover around 

200 nm - 2500 nm using different controls and calibrations. Within these ranges of light, 

calibrations are needed on the machine using standards that vary in type depending on 

the wavelength of the photometric determination.  

 At first the calibration curve should be plotted using the  standard solutions then 

unknown samples has to be measured for their absorbance at appropriate wavelength. 

from the standard curve one can determine the concentration of unknown samples. 

3.3.4 Fourier Transform Infrared Spectroscopy (FT-IR) 

 Fourier transform infrared spectroscopy (FTIR) is a technique which is used to 

obtain an infrared spectrum of absorption or emission of a solid, liquid or gas. An FTIR 

spectrometer simultaneously collects high spectral resolution data over a wide spectral 

range. This confers a significant advantage over a dispersive spectrometer which 

measures intensity over a narrow range of wavelengths at a time. 

 

Fig. 3.6 : FT-IR equipment 
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 The term Fourier transform infrared spectroscopy originates from the fact that 

a Fourier transform (a mathematical process) is required to convert the raw data into the 

actual spectrum. For other uses of this kind of technique, see Fourier transform 

spectroscopy. 

The Spectra of the sample was measured in the spectral range 500 cm-1  to 4000 cm-1 

using Nicolet Impact-410, USA FT-IR in transmittance mode with a resolution of 4cm. 

Spectra were sometimes measured using a deuterated tri glycine sulphate detector 

(DTGS) with a specific detectivity of 1*109 cm Hz1/2 w -1 or on films using an 

attenuated total refraction (ATR) method in an IR spectrometer. Diffuse Reflectance 

Infrared Fourier Transform (DRIFT) spectroscopic analysis was also applied. 

3.3.5 Ostwald's viscometer 

 These devices are also known as glass capillary viscometers or Ostwald 

viscometers, named after Wilhelm Ostwald. Another version is the Ubbelohde 

viscometer, which consists of a U-shaped glass tube held vertically in a controlled 

temperature bath. In one arm of the U is a vertical section of precise narrow bore. Above 

there is a bulb, with it is another bulb lower down on the other arm. 

  In use, liquid is drawn into the upper bulb by suction, then allowed to flow down 

through the capillary into the lower bulb. Two marks indicate a known volume. The time 

taken for the level of the liquid to pass between these marks is proportional to the 

kinematic viscosity. Most commercial units are provided with a conversion factor, or can 

be calibrated by a fluid of known properties. The time required for the test liquid to flow 

through a capillary of a known diameter of a certain factor between two marked points is 

measured. By multiplying the time taken by the factor of the viscometer, the kinematic 

viscosity is obtained. 

 Such viscometers can be classified as direct flow or reverse flow. Reverse flow 

viscometers have the reservoir above the markings and direct flow are those with the 

reservoir below the markings. Such classifications exist so that the level can be 

determined even when opaque or staining liquids are measured, otherwise the liquid will 

cover the markings and make it impossible to gauge the time the level passes the mark. 

This also allows the viscometer to have more than 1 set of marks to allow for an 

immediate timing of the time it takes to reach the 3rd mark, therefore yielding 2 timings 

and allowing for subsequent calculation of Determinability to ensure accurate results.  
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Fig. 3.7 : Ostwald's viscometer 

 The use of two timings in one viscometer in a single run is only possible if the 

sample being measured has Newtonian properties. Otherwise the change in driving head 

which in turn changes the shear rate will produce a different viscosity for the two bulbs. 

3.3.6 pH meter 

 A pH meter is a scientific instrument that measures the hydrogen-

ion activity in water-based solutions, indicating its acidity or alkalinity expressed 

as pH. The pH meter measures the d A pH meter measures essentially the electro-

chemical potential between a known liquid inside the glass electrode and an unknown 

liquid outside. Because the thin glass bulb allows mainly the agile and small hydrogen 

ions to interact with the glass, the glass electrode measures the electro-chemical potential 

of hydrogen ions or the potential of hydrogen. difference in electrical potential between a 

pH electrode and a reference electrode 
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