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ABSTRACT 

This work was based on the production and characterisation or tannin adhesive 

from the bark of mangrm-c. In attempt to e\tract tannin. about X.70kg or rresh 

Mangrove bark \vas gathered I,'om J:ederal t."linistry or hH·L'stry. lVlinna. Nigeria. 

The fresh bark was oven dried at -lOoe until constant weight was attained bcl'ore 

crushing it into smaller particle si/.e or 250pm. ;\bout 25.00g each of the crushed 

Mangrove bark \\'as soaked in 200.00ml of" ethanol and distilled water using direct 

and indirect (soxhlet extraction) methods to leach out the tannin. The operation 

was performed repeatedly until substantial amount of" tannin \vas recm-cred. 

40.00g of tannin was reacted with 5g paraf"ormaldehyde to produce tannin 

adhesive as a result of poly-condensation reaction at a pI I range or 6.5-7 and 

operating temperature or -lOilC at atmospheric preSSllrL'. 

The formulated adhesive \\'as sub,iected to various tests and analysis such as 

viscosity, density. rel,'active index (RI). pI 1 and molecular \\-cight measurement as 

well as infrared analysis OR). 

The results of the tests sho\\' that the tannin adhesi\'e has a viscosity or 2R.59cp. 

density of I.OI3g/cnr', reli'active index of 1.34. pi I (L52 and molecular weight 

2254.06, respectively. Also. the results of the I R analysis sho\\" that there was 

strong absorption at 3500-3600cm· 1 and 1300cll1· 1 indicating the presence or 

phenol and methylene linkages due to the presence or C-II bond. respectively. 
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NOMENCLATURE 

C = Viscometer constant 

t = time for a fixed volume of /iquiLl to flow 

V = kinematic viscosity 

Jl = viscosity of liquid 

p = density 

M \ = mass of density bottle 

M2 = mass of tannin adhesive 

M3 = M\ + M2 = mass of density bottle + adhesive sample 

V = Volume of sample 

Jli = Viscosity of the polymer solution 

~ = Viscosity of solvent 

[J.l;] = Limiting viscosity number 

k and a = parameters that depend on solvent and polymer 

T.A = Tannin adhesive fortified with Para fonnaIdehyde 
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· ("'"APTER ONE 

INTRODUCTION 

1.0 Background 

An adhesive is a non-metallic matcrial that is capablc of joining bodies together by 

surface tension and internal strength (adhesion and Cohesion) without the structure 

of the bodies undergoing signi ficant changes. It could be regarded as a social 

material in that it is capable of bringing two bodies together. Adhesive is a generic 

term and covers other tenns like glue, paste, gums and binding agents. 

The origin of adhesive could be traced back to ancient Egypt. The advancement in 

modem technology necessitated the use of adhesive in construction works, 

automotive, manufacturing plants, paints medical and laboratory equipment, 

pharmaceuticals, furniture, shoes and book binding industries, textile products and 

general industries. 

The most prominent wood adhesives used for the past forty and fifty years have 

been amino plastics types. Polyhenolic adhesive continue to be the most used for 

weather resistant wood products. These adhesives are largely derived from 

petroleum however/petroleum and its by products) a finite natural recourses whose 

supply and price are subject to international political climate as witnessed by 

sudden price upsurge after 1973 oil crisis is of increasing demand in a variety of 

ways such as in petrochemical, processing, pharmaceutical, manufacturing and a 

host of all other allied industries. 

Therefore, the need for forest product industry to look for alternative sources of 

raw materials from non-petroleum based and renewable resources for its 

production cannot be overemphasised. There have been several attempts to replace 

part of petroleum derived phenolic compounds in wood adhesive with phenolic 

type compound obtained from renewable resources. Principal among these efforts 

I 
I 
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IS the developlm:nt or adhesin: rrom tannill which rL'prL'sellts such potential 

substitute and or supplement rur synthl'liL' adllcsi\ ( ..... 

Tannin adhesive is a resinous product or poly condensatioll reactioll or tannin 

extract with formaldehyde, The usc or tannin- formaldehyde resin as an adhesive 

was suggested after the Second World War due to the energy crisis and high cost 

of petroleum derivatives. Various sources or tannin are mangro\'c bark. M<U1grovc 

bark; Oak bark etc. Tannin is polyphcnolic in nature and l'Cne\\abk resources as 

compared to phenol rrom petrokum dcri\'ative which is a !illite resolll'ce. This 

makes Tannin- rortnaldehnk adhesive a !;\\,ourabk subs! itute to phenol-

formaldehyde. 

1.1 Aims and Objcctivcs 

. The main objective of this thesis is to producc tannin adhcsh-c 11'0111 Mangrove 

bark using hoth dircct and soxhlct cxtraction for \\"(lOd based products and therc 

after determine the propcrtics or the adhesi\'l;. 

1.2 Scope of Work 

The scope of this project includes thc roI\O\\"ing, 

(i) Extraction of Tannin from Mangrovc bark. 

(ii) Production of Tannin adhesivc. 

(iii) Analysis or thc Tannin adhcsivc. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Historical Background 

An appropriate chronology of early adhesive has been compiled, in which the 

use of natural resins and bitumen went back 4000BC when the Egyptians used 

starch and casein during the reign of the pharaohs. A glued cedar-wood chest 

and other glued objects were also found in the tomb of Tutankhamen in 

1365BC. 

In another development, a partly synthetic adhesive was developed from 

cellulose nitrate at the end of the 19th century that provides a plastic with an 

adhesive usc. Thus the first wholly synthetic adhesive was accepted to phenol-

formaldehyde resin resulting from the work of Baekeland in the U.S.A. during 

1905 to 1910. Similarly, another adhesive known as "Urea formaldehyde" 

resin was developed at the end of 1920, in Gennany. It came into usc as a 

wood adhesive in the early 1930s. Another outstanding landmark in the 

adhesive Technology was the development of epoxy in 1946 by CIBA in 

Switzerland and also by Shell in U.S.A. This was found to be versatile in all 

applications. For the past twenty-five years, another pressure adhesive tape was 

developed to meet the needs of variety of applications, which have their origin 

in surgical plaster. 

The most prominent wood adhesive used in the past 40 to 50 years have been 

aminoplastic and. Polyphenolic types. Polyphenolic adhesive continue to be 

the most used for weather resistant wood products. These adhesives are derived 

largely from petroleum. Apart from the disruptive influence of international 

politics in the supply and price of this commodity, as demonstrated in 1937 

following the Arab-Israeli war, and also during the Gulf war, it is also a finite 
3 



natural resource. Therefore the need for the forest products industry to look for 

alternative sources of raw materials for its production processes cannot be over 

emphasised. In the past, some research efforts were made into obtaining 

substitute phenolics of equal quantity and performance, but based on cheaper 

raw materials from natural and renewable resources, such as tannins, lignin and 

furans. However, it was the energy crisis of the 70s and the consequent high 

cost of phenolics that forced wood product industry to look inward for phenol-

type adhesives. 

Tannins extracted form wood bark and other natural resources represent 

potential substitutes and/ or supplement for phenolics derived fonn petroleum. 

Attempts are being made world wide to utilize these tannins as major 

components in wood adhesives (Pizzi and his group, 1977) have successfully 

developed tannin- formaldehyde adhesive for use in plywood and particles 

board using tannins from wattle (Acacia mearnsil). 

2.2 Adhesive 

Adhesive can be defined as a substance capable of holding materials together 

by surface attachment, that is to say any thin layer of liquid that completely 

wets two flat solids, can serves as an adhesive. TIle first adhesive was found to 

be resinous exudates from a tree or coagulated blood of which the use is known 

to date back to ancient times. I f the contact angle of a liquid adhesive with each 

adherent is not large a prompt adhesive action is obtained upon pressing them 

together, even though imperfectly fitted, until they are separated by only a thin 

liquid layer. 

Adhesive are generally furnished to the job in liquid or paste form. Some 

physical or chemical changes are necessary to convert the adhesive to a solid. 

One of these changes may be hydration, as in a paste of Portland cement and 
4 



water, it may be polymerisation, as with the epoxy and polyester resins; or it 

may be simple evaporation of volatile materials. as in the solvent-based rubber 

adhesives. Other method of curing, such as vulcanization, oxidation, gelation, 

and pressure reduction, are also used in various applications. Since curing 

method vary so widely, some understanding of the properties of adhesives is 

necessary to ensure that proper curing method will be used on the job. 

In essence, an adhesive should have the following requirement. 

Wetting 

Solidification 

Sufficient deformability to reduce the build-up of clastic stresses in the 

formation of the joint. 

The typical adhesive joint consists of two pieces to be bonded (substrate and 

adherents), a layer of adhesive, and two interface where the adhesive comes in 

contact with the substrate. Because of the nature of specific adhesion, many 

substances have a natural affinity towards adhesion. I f two thin sheets of glass, 

such as microscope slides were rubbed together, it will require some degree of 

tensile force to separate them. 

It is often helpful to consider an adhesive bonded joint being analogous to a 

chain of at latest five links. These links include the cohesive strength of one 

adherent, the interfacial bond strength of the adhesives to this adherent, the 

cohesive strength of the adhesive layer itself, the interfacial bond strength of 

the opposite adherent, and finally the cohesive strength of the opposite 

adherent. In any type of bonded joint, some degree of pressure is usually 

required to keep the parts in intimate contact until the adhesive has cured. This 

may vary from simple and hand pressure to that exerted by the large presses 

used in fabricating glued- laminated wood members. Bonding pressure 

depends on the flatness of the surface, the type of substrate, the viscosity of the 
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adhesive and the temperature. Therefore. to obtain the best bond with 

particular adhesive. it is best to follow the adhesive manufacturer's 

recommendations. 

2.2.1 Adhesion and bonding theory 

Adhesion is the phenomenon in which surfaces are held together by interfacial 

forces. The total adhesive force holding two materials together is the sum of 

two factors namely, specific adhesion and mechanical adhesion. Specific 

adhesion is chemical, it is the molecular materials between two material. The 

actual bond may be a chemical union such as sulphur linkages in rubber to 

metal bonding or the silicon bond to oxygen on the surface of material or it 

may be simply an electrical attraction between electrons of two substances. 

Mechanical adhesion is the bonding force provided by the interlocking action. 

Specific adhesion can be considered as an active force holding the materials 

together. It is effective under tensile, shear, and peel-type loadings, whereas 

mechanical adhesion is passive and not very effective until aeted upon by an 

outside force. Mechanical adhesion is most effective shear-type loading and 

contributes little to the tensile strength of a joint. 

The total force holding two materials together is proportional to the bond area. 

It is a common misconception that roughening the surface of a joint increases 

the strength of the bond because it provides mechanical interlocking. Current 

research indicates that surface roughening increases the bond area for specific 

adhesion, and that the effect of mechanical interlocking is minimal in many 

cases. However, a roughened surface is more difficult to wet with the adhesive, 

and this may result in discontinuities in the adhesive film. Consequently, best 

results are generally obtained with surfaces that are smooth but not polished. 
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Most surfaces are contaminated. Even so-called clean surfaces are generally 

coated with a thin layer of foreign materials. such as an absorbed film of water 

or a thin oxide film. Clean dry glass may onen contain a thin film of water. 

These films onen interfere with specific adhesion and should be removed with 

a solvent wipe or other chemical wash. Xylene or toluene will remove most 

greasy or oily films. Acetone will also give good results. but is a little difficult 

to handle at the constmction site since it evaporates so rapidly. For metallic 

surface such as steel and aluminium, a light sanding with fine sand paper will 

remove the oxide film, then a quick wipe with a clean rag and acetone will 

remove the sanding dust, and the surface is ready for bonding. For porous 

substrates such as wood, a fine sanding and a wipe with a clean dry rag will 

produce a satisfactory substrate. Therefore. a strong adhesion occur between 

carefully polished containing surfaces as a results of surface tension effeet 

caused by the presence of a thin layer of liquid between them. 

2.2.2 Adhesive composition 

Regardless of the basic type of adhesive involved a number of general 

component are commonly incorporated for various purposes. The components 

are highlighted below. 

Extenders:- Extenders are substances that have some adhesive action. They 

are usually added to an adhesive to reduce the amount of primary binder, 

required per unit area and thus reduce the cost of the action joint. Example 

of extenders are wheat flour commonly added to urea- fonnaldehyde wood 

adhesive to reduce glue- line costs onen flour is added on the ration of 1: t 

on a solid basis by physical mixing and additional dilution with water to a 

desired viscosity. 
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Solvents:- This is needed in most adhesives to disperse the binder to a 

spread able liquid film- water is the solvent in wood and paper binding 

adhesives while organic solvents are used for synthetic resins, rubber etc. 

Stabilizers:- These arc used to increase the adhesive resistance to adverse 

service conditions such as light, heat radiation etc. stabilizer also promote 

interfacial contact between adhesive and adherent. 

Fillers:- These are relatively non adhesive substances added to an adhesive 

to improve its working properties, permanence, or other qualities. Some of 

these fillers like walnut shell, flour are added to improve the spreading 

properties into certain porous woods. They can also alter the thermal 

expansion coefficient of the cured adhesive film in other to reduced stresses 

between the adherent and film due to excessively different thermal 

expansion and contraction. 

Binders:- These are components of adhesive which provide primarily the 

adhesion forces that holds the two bodies together. They are primarily 

polymers with optimal strength properties. The binder is generally the 

component from which the name of the adhesive is derived using a 

classification based on composition. 

Catalyst and hardener:- These are eurmg agent for adhesive system. 

Hardeners affect curing by chemically combining with the binders. The 

ratio of the hardeners to the binder determines the physical properties of the 

adhesive. Example of hardeners are urea, Para formaldehyde, hexamine 

(Hexamethylene Tetra amine) etc. Catalysts are used as curing agents for 

thermosetting resins to reduce curing time and increase the cross linking of 

the synthetic polymer. 

Preservatives:- These are agents added to adhesive in order to prevent 

micro-organisms growth or decomposition while the adhesive is being 
8 



stored or applied. These are usually important in formulation containing 

carbohydrates or proteins t11at are readily attacked by mold. fungi or 

bacteria examples are copper or mercury salts organic mercury and the 

various chlorinated phenols. 

Fortifiers:- 'These components Improve the durability of the adhesive if 

added to the binder. They may be binders or have some distinct adhesive 

characteristics. e.g. addition of formaldehyde to improve the resistance of 

the resultant joints. TIle adhesive formed as a result is of greater durability 

than the initial one. 

2.2.3 Classification of adhesives 

Adhesives may be classified on the basis of chemical composition, setting 

mechanism and adhesion mechanism in pressure sensitive, adhesion and 

diffusion adhesives. H. Licke (II) proposed a flexible classification in which 

each adhesive was supposed to be characterized and classified according to 

various characteristics features, such as chemical basis, form of application, 

application temperature, thennal behaviour, uses. 

The following summarise the classification of adhesive based on the setting 

mechanism as their uses. 

Setting without a chemical reaction:- The high molecular weight bonding 

substance is present before bonding. 

Application without volatile solvent:- The adhesive film is obtained by the 

action of heat. Example, hot melt adhesives use for paper, fibre boar~ 

plastics, textiles, leather (assembly bond). 

Application of solution, solvent escape before bonding:- Adhesive layer is 

heated before or during bonding e.g. heat scaling adhesive and high 
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frequency welding auxiliaries use in paper. plastic, packaging metal foil 

lamination etc. 

Application of solution solvent evaporated during bonding:- Solution of 

polymeric, natural and or synthetic substances in organic solvents e.g. 

polymeric vinyl compounds, natural rubber, synthetic rubbers of low 

polarity. Adhesive may be classified based on the principal components 

into: 

Naturally occurring materials e.g. starch, dextrin, vegetable matter 

(Tannin), protein from both vegetable and animal sources, asphalt, shellac, 

natural rubber etc. 

Synthetic Material; 

Thermo plastic resin e.g. cellulose, ester, and ether, alkyd and acrylic ester, 

polyamide, polystyrene, polyvinyl alcohol etc 

Thermosetting resins e.g urea formaldehyde, melamine formaldehyde, 

phenol- formaldehyde etc. 

Another classification is based on the main types of uscs. According to this 

adhesives are classified into 

a) Structural Adhesives: Which primary function is to hold two adherents 

(bodies held together by adhesive) together and produced high strength 

in shear and tension. Structural adhesives are commonly used in wood 

and metal bonding in the fabrication of building components such as 

trusses and structural sard with panels. 

b) Holding Adhesives:- Which are intended primarily for mere attaching 

c) 

one adherent to another and holding it in place without significant 

resistance to external stress. 

Sealing adhesives:- Which primary function is to close a joint between 

two adherents to provide a seal against moisture, gases or vapours 
10 



without necessarily providing any signi ficant strength. Sealing 

adhesives are used in close packaging for food and drug items in 

chemical processing industries. 

2.2.4 Advantages of adhesives bond 

Adhesive bonding has many advantages to otTer the construction industry. 

These include. 

1) It makes optically transparent joints possible. 

2) It eliminates corrosion due to metal fasteners. 

3) It makes joints resistant to low temperature. 

4) It produces joint resistant to high temperature. 

5) It makes thin films and small particles that could not be joined by other 

techniques to be readily bonded. Typical of such products are label, 

abrasive wheels, sand paper and emery cloth. 

6) Simplifies disassembly where required. 

7) It makes joints nearly impermeable to liquid and gases. 

8) Stresses are distributed over wide areas. 

2.2.5 Characteristics properties of adhesives 

The following are some ofthe properties used in characterising adhesives. 

Shelf life: This is the period of time an adhesive retains its end use 

properties under suitable, specific conditions. Appropriate storage generally 

is underspecified conditions. Appropriate storage generally is understood to 

mean that adhesives are stored in clean, hermetically scaled containers and 

cool, dry well-ventilated rooms. Shelf life is largely dependent upon 

temperature. 

Bond strength:- The bond strength is a term synonymous with adherence. It 

is the force required to break an adhesive assembly with failure occurring 
11 



ncar, or at the interface. Bonds may be stressed in shear, tension or 

compression, peel, or any combination of these stresses through most 

adhesives display optimum strength or properties in tension or 

compression. Tensile strength is measured hy pulling a cured adhesive joint 

I apart at right angle to the adhesive line. Shear strength may also be 

detennined by compression loading, peel strength is detennined by 

measuring the pulling force needed to separate adherence when force is 

applied to the adhesive at an angle of 180°, if one adherent is flexible and 

the other is rigid. 

Tack: Tack is the adhesion that can be felt when an adhesive layer comes 

into contact with an adherent in the virtual absence of pressure. High tack 

is particularly important in the case of pressure sensitive adhesive (tapes, 

labels) where it even measured. Tack is generally difficult to measure in 

setting adhesives. 

Glass Transition Temperature (Tg): All amorphous polymers assume at 

sufficiently low temperature the characteristic of glasses, including 

hardness, stiffness and brittleness. Tg is in fact the temperature of onset of 

extensive molecular motion. 

Viscosity:- Viscosity is the resistance to the flow of fluids. It is extremely 

important as characteristic of adhesives and as an expression of their 

rheological behaviour. Adhesive generally show non-Newtonian behaviour. 

Pot life and application time:- The application time is the maximum time 

interval that may pass between mixing of the components of a two 

component system and application of the adhesive mixture. Normally, it is 

referred to more briefly as the "pot life" which is characterised by a drastic 

increase in the viscosity of the mixture or by gelation of the mixture. 

12 



2.3 Tannin 

Tannins are large class of amorphous substances present in plants. They are found 

mostly in the bark of pine, the wattle of mimosa and Hemlock and in the wood of 

certain trees such as quebracho and summach. They have an astringent taste, give 

/ a blue or green colour with iron salts and arc precipitated from water solution by 

proteins and by alkaniods. Tannins are phenolic based natural products i.e 

condensation products of various phenols. 

Table 2.1 below gives the principal sources of tannins 

Table 2.1: Principal sources of Tannin 

Barks Woods Fruits Leaves Roots 

$ Wattle Quebracho Myobalans Sumach Canaigre 

Mangrove Chest nut Volonia Gambier Palmetto 

Oak Oak Dividivi 

Hemlock Urunday Tara 

Eucalyptus 

Pine Algarrobilo 

Larche 

Willow 

2.3.1 Chemistry ortannin 

The word "Tannin" has been used loosely to define two different classes of 

chemical compounds of mainly phenolic nature. These are: 

1) Hydrolyzable Tannins:- lbese are yellowish powder with an astringent taste, 

soluble in water, and alcohol, insoluble in acetone and ether, derived from nut 

gall, chestnut, myobalans and dividivi. They are mixtures of simple phenol that 

lacks macro-molecular structure in their natural state, low phenol substitution 
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level, they allow their low nucleophilicity and limited world wide production 

some what decrease their chemical and economic interest. It has molecular 

2) Condensed Tannins:- These are yellowish- white to light brown amorphous 

I~ powder or flakes, decomposes at 210° -2IS()C, vel)' soluble in alcohol and 

acetone, they constitute more than 90 percent of the total worlds production of 

commercial tannins (±350,000 tons per year), are both chemically and 

economically more interesting for the preparation of adhesives and resins. 

This class of tannins yield in soluble brick red precipitate on treatment with hot 

dilute mineral acids. The extraction of these substances lead to a mixture of oligo-

and poly- flavonoids which are known as condensed tannins, with number average 

molecular weight ranging from 1000 to 4000 depending on the species which 

generated them. The poly- flavonoid tannin essentially consists of several mono-

flavonoids units ranging from 5 to II which includes flavon -3,4- diols, flavon -3-

01, etc. There are two typical structures of flavoniod units from mimosa and pine 

namely 4-6 flavonoid and 4-8 flavonoid tannins respectively. (OH) 

OH 

HO 
o 

H 

OH 

Structure of 4-6 flavoniod tannins 
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I 

(011) 

OH 

1I0 
o 

H 

011 

Structure of 4-8 flavonoid tannins 

Tannin molecules can also from an oligomeric compound possibly through 

hydrogen bonding in solution, extensive hydrogen bond between molecules like 

tannin- carbohydrates, tannin-tannin and tannin-gums could lead to the formation 

of insoluble materials (oligomers) which would be precipitated from the solution 

in the form of particles or gels. 

2.3.2 Thermal hydrolysis of tannin 

Thermal hydrolysis of tannin involves the use of heat to break bonds present in 

tannin molecules. The tenn bond dissociation energy is used to describe the 

energy required to break a specific bond in molecules. For a particular bond, the 

magnitude of a Standard bond dissociation energy depends on the local 

environment and the presence or absence of nearly eJectrophiJic groups. Table 2.2 

shows the types of bonds present in tannin molecules and their corresponding 

average bond dissociation energies. 
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Table 2.2 bond types and their dissociation energies in a tannin molecule 

Bond typc 

C-I1 

C-O 

0-11 

C-C 

c=c 
C-O-C 

C-O-I-I 

*- not available in the literature used. 

2.3.3 Reactivity of tannin 

Bond strength (Kllmol 

413 

351 

463 

348 

682 

* 
* 

Fonnaldehyde reacts with tannins in a condensation reaction to produce 

polymerisation through methylene bridge linkage at relative positions on the 

flavonoid molecules mainly the A- ring of the tannin stmcture. The relative 

positions of the A-ring are thc position "6" of the tcnninal flavonoid units and the 

position 6 and 8 of the upper tcrminal flavonoid unit 
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I 

HO 
'" () 

'" 

011 

HO 
8 

7 

6 

OH 

OH 

I 
o 

4 

OH 

H 

(all) 

OH 

'" highly reactive points 

Relative Positions ofPhloroglucinoJic A- Ring of Tannin Structure 

OH 

H 

For Phloroglucinolic tannin, the position 8 is more reactive than 6. This is perhaps 

due to the steric hindrance as a result of the presence of a hydroxyl group on either 

side'ofthe '6' position as demonstrated by Pizzi (1977) who, using resorcinol as a 

simple model compound showed that di-tri-and tetramers formed by the acid or 

alkaline catalysed reaction of resorcinol with formaldehyde do not favour the 

position ortho to both hydroxyl group formaldehyde attacks. The catecholic and 

pyrogallic '8'- rings do not take part in the reaction with formaldehyde to any 

noticeable extent within the pH range for adhesive preparation because of their 
17 
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low nucleophilic character. At pH 10 and ahove, at which the '13'- ring is so high 

that the tannin formaldehyde adhesive prepared have unacceptably short pot lives 

metal acetate have been found to induce the '8'- ring of tannin to participate in 

tannin formaldehyde reactions at lower pH values. TIlis finding implies that, in the 

presence of soluble metal acetate, further cross linking of the tannin formaldehyde 

network could be achieved through '8'- ring participation in the reaction. 

Unlike most synthetic phenol compounds, on heating tannin degrades rather than 

melts. TIlerefore, during the condensation reaction of tannin with fonnaldehyde 

especially at high temperature, tannin molecules become immobile due to 

evaporation of water and low level of condensation with formaldehyde so that the 

reactive sites are two far apart for further methylene bridge formation. This leads 

to incomplete polymcrisation and cross linking and therefore weak adhesive 

properties. It therefore appears that the size and the non-melting nature of tannin 

and not just the reactivity of the' A' -ring are most probably responsible for poor 

adhesives properties. 

OH 
OH 

OH 

HO ---•• 10 

+H,O r 
HCHO+ 

Tannin-formaldehyde reaction 
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When dry strength increases are required from tannin adhesives in the production 

of interior grade panels, it is definitely possible to increase the strength of the 

panel by favouring the auto condensation reaction. This enables a decrease in use 

of fonnaldehyde emission by the panel. When water resistance of the panel needs 

I to be improved that depends on the level of poly condensation between the tannin 

and formaldehyde yielding hardeners, other techniques have to be used to decrease 

formaldehyde emission without loosing strength, such options include addition of 

urea or use of hexamine as hardener. It should be noted that urea gives greater 

strength than when fonnaldehyde is used alone, as it also participates in cross 

linking and hence urea docs not only work as a formaldehyde emission reducer 

2.3.4 Physico-chemical properties of tannin adhesive 

Table 2.3 Physico-chemical properties of tannin adhesive 

Properties Value 

Molecular weight 

Density 

IOOO-4000glgmol 

1.40glcmJ 

pH 6.5-7 

Refractive Index 1.3-1.6 

2.3.5 Uses of tannin 

Tannin has found wide range of application after the second world war when its 

traditional market (leather tanning) declined progressively coupled with increased 

prices and decrease availability of synthetic phenolics materials due to the advent 

of energy crisis. Some of the uses of tannin are as below. 

Manufacture of Adhesive 
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Condensed tannins arc phenolic raw materials which can he used for the 

manufacture of synthetic resins, for in contrast to hydrolysahle tannin. they readily 

react with formaldehyde. Among tannins. the ability to undergo with 

formaldehyde condensation is a reliable diagnostic test for condensed tannins. 

Protection of Metals 

Recent archaeological excavation have revealed that tannins in the solid preserve 

iron objects by exerting bacteriostatic action against the sulphate-reducing vibrio, 

V. disulfuricans. Mild oxidation increases the toxicity of tannins toward sulphate­

reducing bacteria. 

Leather Tanning: 

Leather tanning forms the traditional use of tanning in ancient times. It turns the 

gelation hides into insoluble non-putrefying clement. 

2.3.6 Uses! application of tannin adhesive 

It is used in bonding of wood together as in furniture. 

It is also used in the production of ion exchange resin. 
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. 3.1 Materials and Equipment 

The tables given belo\\' sho" the materials anti equipment used in conducting thl' 

; present experi men t. 

Table 3.1 List of Materials uSl'd for the experiment. 

SINo Materials Chemical Illl'll1ular 
1 Tannin l'7(,11,)() 1(, .-.. 
2 Para formaldehnle (I ICI 10)11 

3 Distilled water 11 20 

4 Ethanol C211s011 

5 Sodium hydroxide NaOl1 

6 Monosodium dihydrogen phosphate NaI12PO, 
--_._- --~--

Table 3.2 List of Equipment used for the experimellt. 

SINo Equipment Model 

1. Weighing balance Ohausct 120() .... 
2. Magnetic stirrer Jouans 502 

3. Retort stand Clamp 45 

4. Electric oven. Prolabo 2kR2R 

5. Measuring cylinder Jay tee BS 1792 

6. Thermometer .len Way 3071 

7. pH meter/ Electrode .kn Way 3071 

8. Double jacketed reactor Corning S- 4X 
. , 

9. IR Spectrometer Perkin Elmer 13 10 

.~. 
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3.2 Equipment Set-up 

3.2.1 Soxhlet extractor 
Soxhlet apparatus! extractor is (In cquipmcnt that is \\orking hascd on continuous 

extraction or soluhle componcnts from sol ids by mcans ur \ubl i k suhcnts. 

The diagram helow (Fig 3.1) is a typical Soxhlet apparatus uscd ror cxtracting 

tannin thm1 thc Mangrovc bark. Thc \'t)latile solvcnt placcd in thc round bottom 

flask upon heating to boiling vaporilcd. thc \'apour rosc throll~h thc vcrtical tubc 

at thc right arm into thc condcnser at thc top, Thc liquid condcnscd at the thimble 

in the centre. which contained thc solid sample to be extracted (Mangro\'l~ rushed 

bark). The extracts sccped through the pores or the thimble and c\cntually lilled 

the siphon tube at the lelt. \\'herc it could Ilo\\' back dO\\'!1 intn the round bottom 

flask. In the Soxhlct, the siphoning was done intcrmittently, No liquid would Ilow 

through the siphon until the liquid in the thimble reachcd the top or the tubes at the 

point almost all the liquid in the siphon and the thimble drain out and the cycle of 

filling and drainingstartcd again. 

Clamp 
retort 
stand 

'--_______ r-
---.-----. ---L 

I ~ - '-'. : 
I .. \ I 
, ,..... ./ I 

~ --~ ) ------
--~------r 
rfl'---

.--~ ttl -- .-, t -" 
./' 

~j---, _-----_-_J 
Fig 3.1 Soxhlct Apparatus 
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:T cmpcraturc 
i ------------~ 
JRcgulator "hcrIllOllleler 

Hot 
water 

--- ---------.-

// -- ------------............ 

/ 
/ //1 //~ 

"II eicctrOlJc 

water 

Sti rrer 

Fig. 3.2 Tannin Adhesive Production Set-up 

3.2.2 Water bath reactor system 

Fig 3.2 shows the system comprising of di ffcrellt apparatus llsed in the 

preparation of tannin- paraforrnaldehyde adhesive. The \yater hath was used to 

maintain a constant temperature or the reactioll at <lO"e. Tallnin and para-

f<'H'Inaldehyde were charged into the reactor at once. The piece or bar magnet in 

the reactor aided in mixing through stirring actioll induced by magnetic field of the 

magnetic stirrer. The pH meter and thermometer were also inserted into the reactor 

to monitor the pH and temperature values or reaction mixture. respecti\'Cly. 
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3.3 Bark Collection ... 
Mangrove barks (1lTsh harks) \\'l:re collcted I'r\llll FeliLT;ti 0.1illistr: or Forestry, 

Minna Niger state, Nigeria. Tile harks were ohtailll'd I'rom till' lllilllgrmT tree with 

the aid or cutlass 11'0111 the trunk. When CLit nl'\\'. thc inncr part or the barks was 

initially yeIlO\\'ish-\\'hite, \\hich later turned rcddisll-hn)\\n as the cut surl~lces -
were exposed to air. The samples were packed in a hag and subsequently were 

transported to the Chemical E,ngineering laboratory. It was m:ighed and dried in 

the electric oven at temperature of 40oC-RO°C. The \\'eight or the sample was taken 
... 

on a daily basis until it reached a constant \\Tight implying that the sample was 

moisture free. The weight was taken and recorded and the moisture content was 

eventually calculated. 

-
3.4 Crushing of the Dried Bark 

The bark samples were crushed in a mortar with pestle to 250pm particle size so 

as to increase the surface area of the dried bark. 

... 
3.5 Extraction of Tannin from the Bark 

Extraction of tannin /I'om the ground bark was carried out uSIng the following 

solvents based on direct and indirect methods: 

Ethanol (Anhydrous) 

Distilled water 

Toluene 

Hexane 

24 



3.5.1 Direct method of extraction 

Extraction tannin with ethanol 

25.00g of the crushed bark was \\Tighcd on a \\'cighing balancl' and thcn poured 

into 250.00ml conical flask. 200.00ml Fthanol \\as Illcasurcd usin!! IOOU.nOml 

measuring cylinder and thcn pourcd into thc conical !lask containing the hark. The 

mixture was tightlv closed and krt asidc \\'ith shaking at inkr"al (5.00 minutes) 
~ . ~ 

for 1.00 hr. The conical flask \\ith thc contcnt \\as \\ci!!hcd and rccordcd. The 

mixture was then filtered. filtratc which is rcddish-hrmm in colour \\as \\Tighed 

and the extract collected was evaporatcd to [TI1l0\'C the ethanol. at 60°C-70°C. The 

resulting solution was weighed and the solution is tack\' ",hen kit with the linger 
'- '- ,. '-

due to loss of moisture. This resulting solution is tannin extract. The 

corresponding weight of insoluble was taken and recorded. The experiment was 

repeated for S times with time variation from (2.3.-L5.() hours) rcspectiH:ly. 

Extraction of tannin with distilled water 

2S.00g of crushed bark \\'as \\'I:ighcd and poured into 250 ml conical !lask. 200m I 

distilled water was poured into the solid and the mixturc \\'as weighed. The 

mixture was closed, and left for I hr. The procedure continucs as in the case of 

ethanol. The product is also tannin extract. 

Extraction of tannin with tolucnc and hcxanc 

25.00g of the crushed bark each was weighed and each pourcd into 250ml conical 

flask (2 flask labelled i\ and U). 200m I of toluene was taken and poured into 

conical flask A and 200ml of Hexane was also taken, then poured into flask B. 

each flask with the contents was weighed and recorded. The mixture \\'ere tightly 

closed and left for I hr. with regular interval of shaken (S minutes). The mixture 
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were than filtercd into two dillLTcnt beakLTs ;\ and H, I Ill' liltrate which is 

yellowish with hcxanc and tolucnc \\as m:ighed each and l'\aporatcd tn remove 

hexane and toluene at '+0
11

- )O"C ror hexane and I ()O-I I (l"(' I'llr toluenc. No 

solution of tannin is obtained in cach casc. Thc experiment \\ as repeatcd for 2. 

I 
~ 3,4,5.6 hrs) respectively, 

i 

3.5.2 Indirect method of extraction (Soxhkt cxtractinn) 

25.00g of crushed bark was wrapped in a filter paper \vhich replaced thimble. and 

placcd in the soxhlet apparatus, Ethanol was poured into the round bottom flask 

and hcated to boiling, The vapour in contact with the solid upon condcnsing 

leached out the Tannin. a light-brown solution. Thc experimcnt \\as earricd out 

under I hr and the resulting solution \\'as weighed and evaporated to give tannin 

extract, thc insolublc was also weighed and both werc recorded. The experiment 

was rcpcated for (2. 3.4.5.6 hrs) respectively. 

Thc wholc cxpcriment \Vas repeated for distilled \Vater. I \cxane and Toluene. 

Hexane and tolucne did not yield any Tannin cxtract. but \\'ater yielded some 

tannin extract. 

3.6 Adhesive Formulation 

In formulating theadhcsivc (tannin adhcsive) about 40.part of tannin extract was 

charged into the reactor allcr stabilising the pi I at about X with ll1onosodium 

dihydrogen phosphate (NaII2PO,d. The whole system was clamped with a retort 

stand above a magnetic stirrer. The water bath supplied hot \vater \\'hidl heats the 

reaction mixture to the required temperature or 401le. Para rOl'lllaldchyde was 

intermittcntly charged into the reactor to avoid gelling of the mixture, The reaction 

was allowed to produce for 30 minutes. The resulting solution is tannin adhesive 



hardened Para formaldehyde. The pi I \\as measured \\itll pi I ll1eter and the 

temperature was read from the thermometer. 

3.7 Characterisation of Tannin Adhcsin'. 

3.7.1 Viscosity measurement 

Thc standard mcthod for \'iscosity determination \"as employed lISll1g the 

viscometer bath and lJ-tuhe \'iscoll1eter \\"ith capillary inscrted into the viscometer 

,/ bath. 

A known quantity of sample \yas poured into l J-tuhe viscometer bath containing 

water. and the temperature of the hath was Jill'. The cork was ITIl1()\Td and the 

time taken for the content to run up. starting from the top mark to the middle mark 

was taken using a stop watch. The result obtained was used to calculate the 

viscosity of the sample. 

3.7.2 Density measurement 

The empty density bottle was weighed and its \"eight \\'as recorded the same 

density bottle was tilled with adhesive sample and weighed. and its weight was 

recorded. The difference in weight between the bottle filled with the adhesive and 

empty density bottle gives the weight of the adhesive added. The density was 

obtained by dividing the weight of the adhesive with the volume or capacity of the 

density bottlc. 

3.7.3 Refractive index measurement 

The surface of the refractometer was cleaned with 95(X) ethanol and suhsequently 

was dried. The liquid sample was then placed on the lower prism so that the entire 

width of the prism plate was covered. This was done using dropper to come into 

direct contact with the prism as this might scratch the prism surl~lce. The upper 

prism was then brought into contact with the lower prism so that the liquid forms 
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an unbroken layer between the t\\o. The control \\·as manipulated t(l hring the light 

and dark fields into focus \\ith the cross hairs in order to obtain the rcading. 

3.7.4 pH measurement 

A pH meter/ electrode was used to measure the pi 1 of the resin produced. This was 

done by inserting the pH meter into a baker containing tannin adhesive. The value 

of the pH of the resin was then read fwm the instrument after a couple ofl1linutes. 

.. 
3.7.5 Infrared (IR) analysis 

0.5ml ofthc adhesivc sample was spread on a cell and placed on a light path of the 

perkin Elmcr-130 infrared spectrophotometer. The absorption of radiation was 

detected as shown in the Fig 4.3. 
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CIIAPTER F<)lJR 

RESlILTS AND DISCUSSION 

4.1 Results 
4.1.1 Drying of Mangrove hark. 

The results ot" drying 01" thl: Illangrml: hark I"m eight da: S arc presl:nted in 
Table 4.1 . 
Table 4.1: Drying Rate of Mangrove Bark in the Oven at 40°C 

Day Time started Time I )uratioll Starting Stopped M ()i stlll"C 

(a.m) stopped II r. Weight Wcight I.osc 

(p.m.) Kg kg Ko 
t:" 

------ ------- ---------_.. -- .------.. -_.- .. -------

1. 8.30 4.30 8.00 8.700 8.093 0.607 

2. 8.30 4.30 8.00 8.0Y3 7.4X() 0.607 

3. 8.30 4.30 8.00 7.486 (1.879 0.607 

4. 8.30 4.30 8.00 (L87Y (1.069 0.810 

5. 8.30 4.30 8.00 6.0()Y 5.259 0.810 

6. 8.30 4.30 X.OO 5.259 el.855 ().,W5 

7. 8.30 4.30 8.00 4J~55 4.450 OAOS 

8. 8.30 4.30 8.00 4.450 4.450 0.00 
---_.- -------------_. 

4.1.2 Extraction or tannin using ethanol (Direct mcthod) 

The results of extracting tannin (j'0I11 the mangrove bark llsing anhydrous 

ethanol by direct leaching method are presented in Table 4.2. 

Table 4.2: Extraction of Tannin from thc Mangrovc Bark l Jsing Dhanol (Direct 

Method) 
-,,_.-- --------- ------._-- ------- . - ------- - _ .. - ----

Weight Volume of Weight o\" Filtrate Yield (~) yield Rartinate Insoluble 

of solid solvcnt(ml) solution + g g g 

(g) insoluble g 1111 g 
-------- ... _-----_. _ ... ------

25.00 200.00 188.60 108 109 2.7 10.8 117.00 22.3 

25.00 200.00 188.0 110 112 3.20 12.8 115.00 21.8 

25.00 200.00 188.40 115 118 3.80 15.2 110.00 21.2 

25.00 200.00 188.20 118 123 4.70 18.8 107.00 20.3 

25.00 200.00 188.35 120 125 4.80 19.2 105.00 20.2 

25.00 200.00 188.35 120 125 5.03 20.12 los.on IY.Y7 
--- ---_ .. _- .. ---------
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4.1.3 Extraction of tal1llin llsing distilled water (Direct method) 

Table 4.3: Extraction of Tannin li'om the ~lal1gr(l\L' Bark lIsillg distilled \\'ater 

(Direct method). 

,~ -----_ .. _---pme Weight Volume of \\'eight or 'y'ield o() \'ield Ra f'fi nate Insoluble 
, 
\~ 

of solid solvent solution; Fi Itrate ; hI' g g g , 

(g) (ml) insoluhk 

g 1111 (l 
::-

--_ ... --- ... _---
25.00 200 225.00 105 107 ~.J() t),~ II X,O 22.70 

25.00 200 225.00 lOX 110 2.XO II.~ 115.0 22.20 

25.00 200 224.50 106 lOR 3.50 14.00 116.50 21.50 
t 25.00 200 225.00 lOt) 112 4.30 17.20 113.0 20.70 * 

25.00 200 224.00 115 117 4A() 17.60 107.0 20.60 
1 

~ 25.00 200 225.20 116 117 4.60 I XAO IOX.20 20.40 
5 ----------_. - --.-----"-- -.---'" - - ._-_. __ . __ ._--_ .. _-----

4.1.4 Extraction of tannin using ethanol (Indirect mclhod) .... 

Table 4.4: Soxhlct Extraction Using Ethanol 

. __ .. _-------_._-_.--- .. _ .. ---- -- - -------I Time Weight 01 Volume of Filtrate Yield (~() yield Rartinate insoluble 

HI' solid (g) solvent g g g 

(ml) MI g 

-----_ .. _------ -- -_.- -- .---- ------------
25 200 110.50 112.20 3.10 12.40 I 14.5 21.9 

2 25 200 112.00 116.00 3.70 14.RO 113.0 21.30 

3 25 200 117.00 12.70 4.50 I R.OO 10R.OO 20.50 

4 25 200 118.00 123 6.02 24.0R 107.00 18.98 

5 25 200 122.00 126.00 6.05 24.20 103.00 18.95 

6 ,25 200 125.00 129.00 6.20 24.80 100.00 18.80 
-_._----- ~---.----- - --" ---_._-----
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4.1.5 Extraction of tannin using distilled \\ater (Indirect Illethod) 

Table 4.5: Soxhlet extraction llsing distilled water 
-.------- ------,--- . -- ... __ ... _--------- _ ... _ .. _----. ._--------

- Time Weight Volume of Fi Itrat<: Yield 'Yo vickI Raflinatc Insoluhlc 

hr ofso[id so[vcnt(ml) (g) (l (g) c 

(g) 1111 II c 

-----.--~---.. --. - .... _------<_.----_ .. - ----- ._-------
25.00 200 [07 110 2.XO [ [ .20 [ I X.OO 22.2 

2 25.00 200 110 [ [2.00 3.40 [3.60 [ [5.00 21.6 

3 25.00 200 115 117 4.40 [ 7.60 [ [0.00 20.6 

4 25.00 200 [ [7.50 122.90 4.XO [9.20 [07.50 20.20 

5 25.00 200 I [9.00 124.0 5.10 20AO 106.00 [9.90 

6 25.00 200 [ 20.00 [25.20 5. [0 20.40 [05.00 [ 9.90 
---------_._---_ ... _._---.----- - _ .. _----------

4.1.6 Results of physico-chemical properties 

Table 4.6: Results of physico-chemical properties 

Properties 

------- -- ------------- ----------- - ------- -----

pH 

Density 

Refractive index 

Viscosity 

Molecular weight 

4.2 Discussion of Results 

4.2.1 Extraction of tannin from mangrove bark 

Values 

1.0 [3g/cnr' 

1.34 

2X.59cp 

2254.06 

Tables 4.2 and 4.3 arc the results obtained li'OI11 direct extraction (leaching) 

method using different solvents i.e ethanol and distilled water o\'er a time interval 
~ 

of 1.00 hr. 

In Table 4.2, the highest yield obtained was 5.03g at the end or 6.00hr, while in 

Table 4.3, the highest yield obtained was 4.60g at the end or 6.00 hr. These results 

show that tannin is more soluble in ethanol than water. This solubility is a function 
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of time. The plot of % yield versus time of extraction shows an optimum yield of 

20.12% at the 6.00 hr of extraction. The results in the tables and the plot show that 

ethanol is better than distilled water in the extraction of tannin. 

Table 4.4,and table 4.5 show the results of indirect method of extraction (soxhlet 

extraction) using ethanol and distilled water over the time interval of I hr. 

In table 4.4, the highest yield obtained was 6.20g at the end of 6.00 hr. while in 

table 4.5 the highest yield was 5.10g at the end of 6.00 hr. the plot of % yield 

versus time of extraction for ethanol and distilled water show optimum yield of 

24.8% and 20.40% respectively at the 6.00 hr of extraction. From this, ethanol is 

better than distilled water in the soxhlet extraction in the sense that the solvent is 

not making direct contact with the solid. 

The results of the experiment also shows that tannin is not soluble in toluene and 

Hexane, therefore no yield of tannin is obtained using the two solvents. 

4.2.2 Characterization of tannin adhesive 

The characterisation of tannin adhesive carried out shows that the pH of the 

tannin adhesive produced is 6.52 which is still within the standard, 6.5-7. Also the 

refractive index of the tannin adhesive was 1.34 which is within the range 

available in the literature i.e 1.3-1.6. The lower range is for alcohols and ketones 

while the upper range i.e 1.6 is for heavy hydrocarbon liquid. Therefore, since the 

refractive index was 1.34 this shows that it falls within the alcohol group. The 

density of tannin adhesive is found to be 1.013 g/ cm3
. The viscosity and 

molecular weight are found to be 28.59cp and 2254.06 respectively. 

Infrared spectrum is one of the most important properties of an organic compound 

that gives information about the compound's structure using the standard 

characteristic; infrared absorption frequencies, the infrared frequency of tannin 

adhesive (fig4.3) indicated the presence of phenol at a broad frequency of 3500-
32 



3600cm-1 and a sharp peak at 2500cm-1,a characteristics feature of tannin 

flavonoid molecules (polyphenols). The presence of aromatics at 1710-690cm-1 

contains polycondesation reaction of tlavoined molccules(tannin) with para 

formaldehyde by C-H bond at 1300cn,-J which is a clear indication of methylene 

linkages (-CH2-) , a special feature of phenolic resins. 

Plot of % Yield venus Time Using Direct Method 

.!o 

20 

~ 15 --Ethanol Q) 

>= 10 -Water ~ 0 

5 

0 --j 

1 2 3 4 5 6 

Time 

Fig. 4.1 plot of% yield versus Time using direct method 

... -.- -_. - -

The plot of % yield versus Time ! 
using soxhlet extraction I 

! ;~ r-~---t-~:::rOI o~+ ~ lu 
1 2 3 4 5 6 

Time 

Fig. 4.2 plot of% yield versus Time using Soxhlet Extraction 
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CIIAPTF,R FIVE 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 
The extraction of tannin li'olll IYlangron~ bark and synthesis: characterisation or 

tannin adhesive produced by polycondensation reactiun or tannin \\'ith para 

formaldehyde were carried out. Tannin extracted by direct and indirect method 

from the bark was formulated into adhesives at a I'll range or 6.5-7. operating 

temperature of 40°C and at atmospheric pressure over a period or 30 minutes. 

The result of the physico-chemical properties and IR analysis depict that tannin 

adhesive was developed by polycondensation reaction or tannin and para 

formaldehyde based on the above stated thermodynamic conditions. 

The adhesive produced was not subjected to mechano-chemical tests due to time 

constrain, but the physico chemical properties like pi I. RL molecular weight 

determined are in conformity with the literature standard. except density that 

slightly varied. In view of this, tannin from agricultural product can be substituted 

to phenol in the production of adhesive for ply wood and particle board bonding. 

5.2 Recommendations 

The source of Mangrove bark tannin adhesive arc renewable in naturc. This 

makes them potential substitutes to phenol-formaldehyde (PF) wood bonding 

adhesives. However, the inherent shortcomings which the adhesive exhibit e.g " 

j 

, poor, wet strength brittleness and gel formation etc can be physically and 

chemically solved insitu or during production \11 industries. The following 

recommendations are therefore made. 
.' : 
. , 

Standard buffer solution such as borax should be used in place of 

monosodium dihydrogen phosphate so as to stabilise the mixture to proceed 

to completion. 

34 



The extraction Illust be subjected to acid or alkaline hydrolysis pnor to 

synthesis to avoid gel formation even at room temperature. This \\"ill open 

the heterocyclic ring of tannin molecules. 

Tannin adhesive formulation at di ffcrent temperatures should be 

investigated. 

• 

. ~ 

." "j 

• 

'. ~, 

~. 
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APPENDIX 

CALCULATION OF DRYIN(; RATE OF i\IAN(;RO\,E BARK 

Moisture content = Initial \\~ight- final \\'~ight. 

Day 1. 

Me = 8.7 - 8.093 ::= O'()07kg 

Day 2. 

Me = 8.093 - 7.486 = 0.607kg 

Day 3. 

Me::= 7.486 - 6.879 c-cO'()07kg 

Day 4, 

Me = 6.879 - 6.069 = 0.81 kg 

Day 5. 

Me ::= 6.069 - 5.259 :co 0.81 kg 

Day 6, 

Me ::= 5.259 - 4.855 ::= 0.404kg 

Day 7, 

Me ::= 4.855 - 4.45 ::= 0.405kg 

Day 8, 

Me ::= 4.45 - 4.45 = O.OOkg 

CALCULATION OF % YEILD OF TANNIN (DIRECT METHOD) USING 

ETHANOL AND DISTILLED WATER. 

% yield of tannin using ethanol. 

% yield = Extract Weight x 100 

Total Solid Weight 

When time (t) ::= I hr, 

% yield = 2.7 x 100::= 10.80% 

25 

when t::= 2hl', 

%yield= 3.2 x 100= 12.1W% 

25 

when t::= 3hr, 

% yield = il x 100 = 15.20% 

25 

when t::= 4hr, 
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% yield = 4.7 x 100 = UUW'% 

25 

when t = 5hr. 

% yield == 4.8 x 1 ()() -=, 19.~()1I (' 

25 

when t = 6hr. 

'Yo yield = 5.03 x I O()-- ~().I ~'~ II 

25 

% yield of tannin using distilled water. 

% yield = Extract Weight x 100 

Total Solid Weight 

When time (t) = 1 hr. 

% yield = 2.3 x 100 = 9.20'/;) 

25 

when t = 2hr. 

% yield = 2.8x 100 = 11.2% 

25 

when t = 3hr, 

% yield = 3.5 x 100 = 14.0% 

25 

when t = 4hl', 

% yield = 4.3 x 100 = 17.20% 

25 

when t = 5hr, 

% yield = 4.4 x 100 = 17.60% 

25 

when t = 6hr, 

% yield = 4.6 x 100 = 18.4% 

25 

CALCULATION OF % VEILD OF TANNIN I SOHLET EXTRACTIONIUSING 

ETHANOL AND DISTILLED WATER 

% yield of tannin lIsing ethanol. 

% yield = Extract Weight x 100 

Total Solid Weight 
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When time (t) = 1 hr. 

% yield = 3.10 x 100 = 12.40% 

25 

when t = 2hr, 

% yield = 3.7 x 100 = 14.80% 

25 

when t = 3hr, 

% yield = 4.5 x 100 = 18.00% 

25 

when t = 4hr, 

% yield = 6.02 x 100 = 24.08% 

25 

when t = 5hr, 

% yield = 6.05 x 100 = 24.20% 

25 

when t = 6hr, 

% yield = 6.2 x 100 = 24.8% 

25 

% yield of tannin using distilled water. 

% yield = Extract Weight x 100 

Total Solid Weight 

When time (t) = lhr, 

% yield = 2.8 x 100 = 11.20% 

25 

when t = 2hr, 

% yield = 3.40 x 100 = 13.6% 

25 

when t = 3hr, 

% yield = 4.40 x 100 = 17.60% 

25 

when t = 4hr, 

% yield = 4.8 x 100 = 19.20% 

25 

when t = 5hr, 

% yield = 5.10 x 100 = 20.4% 

25 
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when t = 6hr, 

% yield = S.IO x 100 = 20.4% 

2S 

CALCULATION OF DENSITY AND VISCOSITY AND MILECULAR WEIGHT 

DENSITY 

Mass of density bottle (MJ) = 26.21 g 

Mass of density bottle (M 1) + sample (M2) = 76.86g 

Mass of sample (M2) = 76.86-26.21 

= SO.6Sg 

Volume of the density bottle = SO.00cm3 

Therefore, density of tannin adhesive = mass of sample (M2) 

Volume of sample 

= 50.6Sg = 1.013g/cm3 

50.00cm3 

Viscosity 

Viscosity = Kinematic viscosity (v) x density (p) 

=vxp 

but v = C x t 

where C = viscosity constant = 0.0882 

t = time taken for the sample to flow through the capillary ofthe viscometer tube. 

And t = 320sec. 

v = 0.0882 x 320sec 

= 28.224sec. 

therefore, Jli = 28.22 x 1.013 

= 28.59cp 

Hence, [JlJ= ~ 

Jl oi 

= 28.17 

0.294 

Molecular weight, 

= 28.59 - 0.42 

0.42 x 0.7 

= 95.82 

Using the calculation of [Jl] and molecular weight. 

i.e [JlJ = KM8 
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where K = 9.2 x I 0.2, a = 0.9 

therefore M = [Jl / K ] 1/8 

= [95.82 /9.2 x I 0-2 ] 110.9 

= 2254.06 
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