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Abstract
Glue produced from tannery waste (pelt) have long history with respect to its applications. It used in
structural adhesives, sizes and consolidates not only in furniture making but also in the preparation and
conservation of the most varied materials such as those found in natural history collections. Ethiopia has one
of the largest livestock populations in the world providing a strong raw material base for the leather industry.
Due to improper disposal of the solid wastes from different production of leather processing, there is loss of
byproducts which resulted environmental pollution. Therefore, this research aimed at characterizing the lime
pelt, optimizing the process parameter for glue production and quality characterization of the glue. Standard
methods such as ASTM was used. The samples were processed/soaked with lime (2-10%) for several weeks
(2-5 weeks) and boiled for about 4 hrs. at 60 °C to 90 °C for glue extraction. Further, the extract was analyzed
for its pH, viscosity, ash content, and moisture content. The pelt characterization showed higher mineral
contents which ranges (5.9- 4285 mg/kg). Soaking of the pelt, in 10% lime solution, for 2 weeks and boiling
at 90°C were found to be the optimum conditions for glue extraction. At this optimum process parameters,
the viscosity, yield, moisture content and Ash content were 201 mP, 0.17g / g of pelt, 14.2% and 6.54%
respectively. From the mechanical test results, it can be concluded as the glue produced at the optimum

conditions can be used as a wood adhesive.

Key words: Glue, Mechanical test, Protein, Pelt, Tannery solid waste, Viscosity, Yield
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1. Introduction
1.1 Background

Adhesion is the state in which two surfaces are held together by interfacial forces, which may be valence
forces, interlocking action, or both while an adherent is a substrate held to another substrate by an adhesive
[47]. Adhesive is any non-metallic material that is capable of joining bodies together by surface adhesion
and internal strength without the structure of the bodies undergoing significant changes [48]. Adhesives are
gluing materials which are directly extracted either from natural sources such as bone, gums and starches or

synthetically derived from chemicals like urea formaldehyde [49].

Proteins have been used since many years as wood adhesives, mainly bio-based protein [50]. Protein wood
adhesive can be divided into plant protein adhesive and animal protein adhesive [51]. In this research the
animal protein adhesive from leather waste (lime pelt) had been studied for the application of wood binding.
Different researchers reported the potential of animal-based glue in the adhesion industry. J. S. Siak et al.,
2000 prepared the animal-based glue, which was successfully applied in the production of wood composite
materials [52]. Jing-yu Shi et al., 2012 used an animal glue as a core sand binder, and made a systematic

study on the application of different wood products [53].

Leather industry is among the largest industries in the world producing a wide range of products. The
industry recycles an organic waste originated from the meat industry into leather. Raw hide/skin is
transformed into leather by means of a series of chemical and mechanical operations. The series of operation
involved in leather making generates substantial quantities of solid, liquid, and gaseous wastes [1]. Tannery
solid wastes have different characteristics. Some tannery solid wastes made of organic collagen protein will
rot away after being placed for a period of time in nature environment. These tannery solid wastes contain
collagen protein, which is a valuable resource. Collagen proteins have application for making gelatin,
additive component for cosmetics, biomaterial for medical products, for animal feed staff, nutrition

component for health care products, and as raw material for protein based industrial products [2].

However, insufficient management of these solid waste creates a variety of problems that endanger public

health and the environment in general. These wastes are disposed in ways that have been reported to cause
1



the pollution of surface and underground waters and air quality [53]; affect the health of residents living
within the vicinity of the abattoirs, destroy affected water bodies, [54]; discharge of these solid waste to

environment causes outbreak of water borne diseases and other respiratory and chest diseases [55].

Therefore, it is important to reuse the byproduct of tanneries obtained so as to reduce the pollution and to
have better value addition to these wastes. Effective reutilization of this resource is crucial to prevent
economic losses and environmental pollution. This study aimed at determining the optimum conditions for
the production of wood adhesives from tannery waste protein (i.e. trimmed and flesh hide/skin) and

characterization of the animal glue obtained at optimized processing conditions.

1.2 Statement of the problem

Ethiopia has one of the largest livestock populations in the world providing a strong raw material base for
the leather industry. Currently, Ethiopian leather industry is in the forefront of the leather sector development
within the Eastern and Southern Africa region. However, the series of operation involved in leather making
discharging and dumping their wastes and effluents without treatment into nearby water bodies. Out of 1000
kg of rawhide, nearly 850 kg is generated as solid wastes in leather processing. Only 150 kg of the raw
material is converted into leather. Tannery generates a huge amount of solid waste as follows: fleshing, 50—
60; chrome shaving, chrome splits and buffing dust 35-40%; skin trimmings, 5-7; and hair, 2-5% [6]. Due
to improper disposal of the solid wastes from different production of leather processing, there is
environmental pollution. This research tried to alleviate challenges regarding the proper utilization of the
byproducts.

Furthermore, most wood processing industries in Ethiopia uses synthetic wood adhesive imported from
abroad, this costs a lot of hard currency for the country. This research is intended to maximize import

substitute of wood adhesive which has wide applications in different areas.

Numerous researches have been conducted to produce wood adhesives from tannery wastes. However, some
challenges still exist because protein wastes from tanneries are potentially difficult from other categories of
solid wastes due to the presence of different chemicals and variety of hides which are generally used in
leather manufacturing. Besides, due to poor production process under extreme conditions, adhesives
typically lack durability. Therefore, process parameters to produce wood adhesive form tannery waste
2



protein should be optimized. In this research, we have attempted to study and optimize various parameters

for the production of wood adhesive form tannery waste protein.
1.3 Objective of the study

1.3.1 General objective
The general objective of this research was to determine the optimum condition for the

production of wood adhesives from tannery waste protein (i.e. trimmed and flesh hide/skin).

1.3.2 Specific objectives

The specific objectives of this study were to: -

» Characterize tannery solid waste (i.e. trimmed and flesh hide/skin) from leather factory.
Extract protein from tannery solid waste (i.e. trimmed and flesh hide/skin).
Convert protein into wood adhesive.

Optimize the effect of boiling temperature, concentration of the reagent and soaking time.

YV V VYV V

Analyze the quality of the wood adhesive.



2. Literature review
2.1 Wood adhesive

According to Adhesive Sealant Council in America, adhesive is a material used for bonding that exhibits
flow at the time of application. There is no simple theory of adhesion, and the truth for any one system is
probably a combination of adsorption, electrostatic attraction and diffusion. Adhesives are substances that
are able to make things adhere or stick together without deformation or failure through a process called
adhesion [7]. Wood adhesives are polymeric materials that are capable of interacting physically or
chemically, or both, with the surface of wood in such a manner that stresses are transferred between bonded
members. Adhesives and the physicochemical phenomenon of adhesion play an important role in more than
70% of all wood-based materials in use today. This includes not only bonded wood products but paper
products, paints, and finishes. By far, the largest amount of adhesive is used to manufacture building
materials such as plywood and other laminated veneer products, particleboard, oriented strand board,
fiberboard, laminated beams and timbers, edge- and end jointed products, windows and frames, architectural
doors, and fiberglass insulation. Adhesives are used in lesser amounts to assemble building materials in
residential and industrial construction, particularly in panelized floor and wall systems. Significant amounts
are also used in nonstructural applications such as furniture, overlays, floor coverings, countertops, ceiling

and wall tiles, trim, and accessories [8].
2.2 Classification of wood adhesives

Wood adhesives are categorized as either natural or synthetic. Synthetic adhesives consist of either
prepolymers (oligomers) or polymers that are synthesized from petrochemically derived raw materials.
Adhesives must be applied in liquid form to disperse over and wet the surface of wood. Adhesive
prepolymers can be applied directly if they are liquids or can be applied as solutions, usually water solutions.
Adhesive prepolymers cure by further reaction of the oligomers to form polymers in situ. Often the curing
reactions are facilitated by the addition of a crosslinking agent or catalyst and by the application of heat.
Synthetic polymers, when used as adhesives, are melted, dissolved in a solvent, or emulsified in a solvent
prior to application. The solvent is usually water. After application, polymer-based adhesives set by
solidification of the melted polymer by cooling or by removal of the solvent via either evaporation or

adsorption or both [9].



Natural adhesives that have been used by the forest products industry include adhesives derived from starch,
soybeans, animal waste and by-products of the meat processing adhesives derived from starch, soybeans,
animal waste and by-products of the meat processing and tanning industries, and casein from skim milk. Of
these, protein-based adhesives (soy, blood, and casein) were most commonly used. However, adhesives
derived from natural sources were limited to dry interior applications. Natural adhesives are generally
dispersed in water prior to application and cure primarily by solvent removal, although some are formulated
with the addition of cross-linking agents. The early wood composite products industry was founded on the
use of this type of adhesive for plywood production [9].

2.3 Sustainable resources for wood adhesives production
2.3.1 Lignin

Lignin is composed of cross-linked phenolic C6C3 units. The major chemical functional groups in lignin
include hydroxyl, methoxyl, carbonyl and carboxyl groups. Most of the available lignin comes as a by-
product of the pulping process. These lignin derived fragments have low value and usually serve as fuel for
the recovery boiler of pulp and paper mills. They are very heterogeneous in their structure with structural
units that range from almost native to highly degraded. The structure of lignin plays a key role in the required
modifications and crosslinking to allow for better adhesive properties of the derived adhesive. Commercial
lignin types from different processes are divided into two main categories. Sulfur containing lignin (mainly
kraft lignin found in the black liquor of kraft pulping process and lignosulfonate lignin in the sulphite liquor
of sulfate pulping process) and non-sulfur biorefinery lignin (soda, organ solve, steam explosion, hydrolysis,

diluted acid, pyrolytic, high-pressure refining, ammonia-fiber-expansion lignin, etc.) [10].

Lignin-based adhesive systems have been the subject of several researcher. Self-bonding properties of wood
particles and improvement of those by enzyme treatment has been well researched. Lignin has been primarily
used as partial replacement of phenol in phenol-formaldehyde (PF) resins for plywood production. The
chemical structure of lignin lowers the reactivity of the resin, which is a disadvantage in applications where
fast curing times are desired. Danielson and Simonson reported that although 50% of kraft lignin as a
replacement for PF resin could give good results regarding resin viscosity, storage stability and bonding

ability, the pressing time had to be raised by 30%. Although no difference in plywood bonding is detected



between commercially mixed lignin from black liquor and lignin from other wood species (bamboo,

eucalyptus), only 15% phenol can be replaced by lignin without affecting bond properties [11].
2.3.2 Tannins

Tannins occur naturally in bark, wood, leaves and fruits of plants. Tannins are used in various industrial
applications, mainly in the manufacturing of inks, textile dyes and as a corrosion inhibitor. Although tannin
occurs in many plant species, only a few have high enough concentration to make its extraction worthwhile.
Tannin can, for example, be extracted from pine, quebracho, oak, chestnut, wattle, eucalyptus, myrtle, maple,
birch and willow. Different extraction methods are used, the most common ones being maceration, Soxhlet
extraction supercritical CO2 and percolation. Other rare techniques such as microwave and ultrasound
assisted extraction has also been studied to increase tannin yield. The extraction method affects adhesive

properties of tannin extracts [12].

Commercial tannin-formaldehyde applications already exist and several reviews on the use of tannin as a
wood adhesive can be found in literature. Currently, tannins are not available in large enough quantities to
compete with synthetic adhesives in most parts of the world. It should be noted that tannin-based adhesives
typically give particleboards with better water and moisture tolerance compared to those given by UF resins.
Although most commercial applications and studies focus on condensed tannins due to their higher
reactivity, some studies have been done on the use of hydrolysable tannins as wood adhesives. They react
through their low reactivity meta-sites, but it is still possible to substitute a large amount of phenol in PF
resins by hydrolysable tannins. Tannin adhesives due to their phenolic nature have very low formaldehyde
emissions. The emissions have been even further reduced by using non-emitting hardeners or by using
tannins that are cured by auto condensation in the absence of aldehydes. The autocatalytic hardening can

occur in highly reactive tannins, such as in procyanidins, without the need of an external catalyst [13].
2.3.3 Starch

Starch is a polysaccharide derived from the seeds, roots and leaves of plants. It acts mainly as the energy
storage unit of plants and can be found in large quantities in corn, wheat, potato, rice, tapioca and sago. In
pure form, it is insoluble in cold water. Starches can be dry roasted in the presence of an acid catalyst to form
dextrins. Depending on roasting time, dextrins can be divided into white dextrins, canary (yellow) dextrins



and British gums. Unlike starches, dextrins are soluble in water, and the viscosity of dextrin solution is easier
to adjust than that of starches [14].

The adhesive bonding strength of natural starch is not strong enough to glue wood, and the amount of
research done is not as great as for some of the other bio-based adhesives. Most recent starch adhesive
research focuses on replacement or extender for solid wood dispersion adhesives to reduce material cost and
increase viscosity. The studies on the use of starch as a wood adhesive have focused on corn starch in
starch/polyvinyl alcohol, starch/isocyanates and starch/tannin adhesives. Also, rice, rye, wheat and potato
starch have been evaluated for use in particleboards. The adhesive properties of starch vary greatly depending
on where it is derived from. Starch adhesives rely on hydrogen bonding forces, which are much weaker than
chemical bonds. They also easily form hydrogen bonds with water molecules, leading to poor water
resistance. Higher bonding strength and better water resistance can be achieved by crosslinking starch using
crosslinking agents such as sodium borate, epoxy chloropropane, hexamethoxymethylmelamine,

formaldehyde, and isocyanates [15].
2.3.4 Protein

Proteins are complex macromolecules consisting of amino acid monomers, which are chemically linked
together to form polypeptide chains. The chemical links are mainly amide bonds that are stable but can be
degraded using strong acids. The most common source of proteins is the mechanical or solvent extraction of
oils, soy, palm, canola, cottonseed and sunflower oils making up the biggest markets. Soy flour is the
cheapest option but also the one with the lowest protein content. The most commonly produced isolates have
a protein content of 80-90%. Protein content greatly affects the properties of the final adhesive. The adhesive
performance of soybean proteins is also affected by particle size, nature of the surface, structure of the
protein, viscosity and pH [16].

A detailed review on the use of soy protein as wood adhesive can be found in literature. Soy protein adhesives
were used for wood and paper and as binders in coatings and paints. The soy proteins used as plywood
adhesives were typically denaturized by caustic treatment. The products had typically short pot lives, poor
biological stability, low solid content, slow pressing times and very poor water resistance, which limited
them to mainly interior applications. As a wood adhesive, soy protein is inexpensive, easy to handle, has low

pressing temperatures and can bond wood with relatively high moisture content. However, soy protein
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adhesives have high viscosities and short pot lives and the wood composites bound with them have relatively
low strength, low water tolerance, and are sensitive to biological degradation. Protein adhesives are also
quite sensitive to changes in temperature, pH, ionic strength and pressing conditions. The adhesive properties
highly depend on protein content. The high viscosity of soy adhesives can be lowered by using low solids'
content or by hydrolysis of the protein. Hydrolysis breaks the protein macromolecules into small fragments,
which also leads to inferior bond strengths [17].

2.4 Production of wood adhesive from tannery waste protein
2.4.1 Tannery waste protein

Protein-based adhesives can be derived from animal and agricultural sources. These were widely used in the
past as wood adhesives. Animal gelatin is obtained from waste and by-products of the meat-processing and
tanning industries. The most common starting materials are hides, trimmings from the leather industry,

sinews, and bones of cattle and other animals [3].

Leather industry has been categorized as one of the highly polluting industries and there are concerns that
leather-making activity can have adverse impact on the environment. The global production of about 24
billion m? of leather by 2005 presents a considerable challenge to the industry considering the harmful nature
of some of the chemicals used in leather processing. The tannery effluents are characterized by high contents
of dissolved, suspended organic and inorganic solids giving rise to high oxygen demand and potentially toxic
metal salts and chromium metal ion. The disagreeable odor emanating from the decomposition of proteinous
waste material and the presence of sulphide, ammonia and other volatile organic compounds are also
associated with tanning activities. Solid wastes generated in leather industries contribute mainly skin
trimmings, keratin wastes, fleshing wastes, chrome shaving wastes and buffing wastes. It constitutes protein
as the main component. If these protein and other chemicals, which are present in the chemical treated

protein, are not utilized properly it will pose hazardous pollution problem to the environment [2].

From the wet salted hide purchased by the tannery only 30-35% is theoretically convertible in to leather and
of this amount, only some 30% is eventually converted in to high quality leather with further 10% yielding
lower grade material. The remaining part of the hide with excess processing chemicals and large volumes of
water employed from the solid and liquid residues. A variety of chemicals are used in the tanning industry,

including lime, sodium chloride, sodium carbonate, ammonium chloride, sulfuric acid, tannins and dyes. All
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tanneries need large amount of water for processing leather. High amount of reusable wastes is generated in
the leather industry. Leather industries emit all the three type of waste in the form of waste water, solid waste

and air emission [19].

The major solid wastes in tannery consist of dusted curing salt, wet trimmings, dry trimmings, wet shaving,
buffing, non proteinous waste; non collagenous protein wastes, untanned collagen and tanned collagen.
These wastes are generally separated at the source. During handling of raw skins, adhered dusted salt, which
is contaminated with blood, hair, dirt and certain type of bacteria is removed and dumped. Trimmings are
cuttings of edges of raw skins. Fleshing is the flesh material of the limed skins generated during fleshing
operation. Chrome wet shaving is produced when skins are shaved for proper thickness after chrome tanning
[20].

Except dusted salt, most of the solid wastes have a potential to generate valuable product due to its protein
content. The main problem with these wastes is their high chromium content. The chrome tanned waste
contains chromium in trivalent form but it was found that when the solid wastes are used in making poultry
feed the chromium is converted to hexavalent form which is carcinogenic. The mixing of this metal in poultry
feed could produce serious human health problems. It is estimated that for a tannery producing on an average
10,000 kilograms of skins per day, a total of about 5,500 kilograms of solid waste would be produced per
day. Some of this solid waste or by-product is used in gelatin, glue, textile and artificial leather industries. It
is estimated that 33% of the original protein material leaves the tannery in the form of effluent sludge,

fleshing, trimmings, shavings etc., of which the greater part would appear as solid wastes [20].

About 35% of all tannery solid waste is trimming and shaving of various types. 2% of tannery solid waste
account for finished waste. Waste water screenings and sludge account for about 60% of tannery solid waste.
3% of tannery solid waste is floor sweeping. Historically, shavings, trimmings and splits from the chromium
tanning of hides and skins have been disposed off in landfills. However, increasing local restrictions on land

disposal and the high cost of incineration have stimulated the search for alternative treatments [21].
2.4.2 Wood adhesive production process from tannery waste protein

Wood adhesives are derived by the hydrolysis of the protein constituent collagen of animal hides. Collagen
in its natural state is water insoluble and must be conditioned to solubilize the protein. Collagen molecules

are triple helices of amino acid sequences and contain both nonpolar and charged acidic and basic side chains.
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The conversion of collagen to the soluble protein of animal glue (gelatin) involves breaking the intra- and
intermolecular polypeptide bonds through the use of acid or alkali and heat.

Basic production process for wood adhesive generally involve alkaline pretreatment. The raw materials for
hide glues include salted, limed, or pickled hide trimmings or splits, and chrome-tanned leather scrap.
Tanned leather scrap requires special processing because of the chrome tannage. Hide glues from hide trim
and splits are prepared by initial washing with water. The stock is then soaked in lime (calcium hydroxide)
and water for a period of weeks, which dissolves and removes extraneous protein-related materials, as well
as conditioning the collagen for subsequent glue extraction by hydrolysis. The conditioned collagen is then
washed with water, followed by acidulation with dilute acid such as sulfuric, hydrochloric, or sulfurous, for

pH adjustment, followed by a final water rinse.

Chrome-tanned leather scrap for hide glues may be treated initially with lime or caustic, followed by a strong
acid bath to remove the tannage. The stock is then soaked in magnesium hydroxide and rinsed prior to
extraction. Alternatively, the chrome stock may be treated with a magnesium hydroxide soak only, prior to
extraction, in which case the chromium tanning salts remain in the residue after extraction. The treated
collagen is transferred to extraction kettles or tanks, where it is heated with water to convert the collagen and
extract the glue. Several hot water extractions at progressively higher temperatures are made under carefully
controlled conditions. Separate, successive dilute glue solutions are removed from the stock until the glue is

completely extracted, usually in four extractions.

The dilute glue extractions, ranging from 2 to 9% glue solids, are filtered and concentrated by vacuum
evaporation to 20 to 50% concentration prior to drying. In some plants the glue is chilled until it will gel,
then dried in tunnel dryers which circulate heated air over gelled sheets stacked on wire nets with air space
between, taking up to 48 h to dry. In newer installations, the concentrated glue solutions are cooled to the
gelling point and are extruded in noodle form into a continuous dryer which completes the drying in 2 to 2
and 1/2 h by circulating conditioned, filtered, heated air. The dried product, at 10 to 15% moisture content,
is then ground to the desired particle size [21].
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2.5 Factors influencing the quality of wood adhesive
2.5.1 Effects of humidity and water

Frank S. et al, 2013 [23] have been calculated percentage reduction of elastic properties from dry to wet to
compare the results from various experiments. Form the result, the humidity is not only significantly
affecting the performance of the adherent wood, but also of adhesives typically used in wood bonding
themselves. Most wood adhesives are significantly softened by water contact or elevated humidity. Probably
significantly influenced by the amount of humidity, results show increased variability. A very distinct
softening effect was observed for phenol-based adhesives with a reduction of modulus between 20% and
100% compared to the dry state. Modulus reduction of 75% for a structural UF adhesive, other UFs, which
were designed for particle board or MDF production, showed only moderate modulus reduction in the range
of 10-30% in wet state compared to the dry condition. After re-drying most of the adhesives regained their

original performance [24].
2.5.2 Effects of temperature

The percentage reduction of elastic properties of cured adhesives is based on a temperature increase from
room temperature (around 20 °C) up to 70 °C, which reasonably corresponds to temperature conditions
potentially occurring in bond service, e.g. in sun-heated roof constructions. The storage modulus (DMA),
the reduction of indentation modulus (NI), and the reduction of tensile modulus of adhesive films were taken
into consideration. The formaldehyde-based adhesives UF and PRF/PF, which are highly cross linked
thermosets, showed only minor changes of mechanical performance at elevated temperature. UF and amine
modified UF remained relatively stable with a low reduction of modulus in the range of only 10%. The same
stands for PRF with a reduction of app. 25%. In case of PRF one study showed even slightly increased
modulus (but also hardness) values in the temperature range up to 70 °C. A similar effect of increased
modulus was observed under isothermal conditions at elevated temperature (90 °C and 150 °C, respectively)
where an increase in storage modulus for PRF up to 27% was recorded. This effect is most likely due to post

curing of unreacted domains within the adhesive [25].
2.5.3 Effects of post curing, ageing and creep

During their service life, adhesives in wood products undergo some alterations in properties depending on

ambient mostly climatic conditions. Such changes may result in improved bond performance due to adhesive
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post-cure or relaxation of bond line regions or in a degradation of bond performance due to chemical
deterioration of the adhesive but also the wood phase, local crack initiation or delamination and extended
creep. Post curing leading to improved mechanical properties was reported for different adhesive types.
Under favorable conditions a range of reaction-curing adhesives showed a further increase of e.g. storage
modulus indicating a higher cross link density. Also, reorganization processes within cross-linked polymers
such as the re-arrangement of methylene-ether-bridges towards more stable methylene-bridges in amino
resin adhesives potentially take place. Improved bonding performance after controlled post curing was
observed by a number of studies. In particle board or fiber board production it is common sense to not
completely cool down panels after hot-pressing, but to stack them at elevated temperatures, which results in
a significant increase in internal bond strength and decreased thickness swelling. Especially for phenolic
adhesives this mechanism is extremely important for bond quality. In contrast, UF bonded panels need to be

cooled down to temperatures less than 70 °C to avoid possible hydrolysis of the adhesive [26].
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3. Material and Methods

3.1 Sample collection

The lime pelt was collected from Batu Tannery Sh. Co. The collected sample was stored at 4°c until the

analysis.
3.2 Raw material characterization
3.2.1 Sulphate content

Sulfide is produced by decomposition of organic matter and bacterial reduction of sulfate. It is sometimes

found in industrial or municipal wastewater. The sulfide content was analyzed using APHA 4500-S method.
3.2.2 Chloride

The sodium chloride content was analyzed using Argentometry method.

3.2.3 Total nitrogen

The Kjeldahl method of nitrogen analysis is the worldwide standard for calculating the protein content in a
wide variety of materials. The total nitrogen content was determined according to Kjeldahl distillation
method (27).

3.2.4 Crude fiber

Crude fiber is loss on ignition of dried residue remaining after digestion of sample with 1.25% HCL and
1.25% NaOH solutions under specific conditions. Method is applicable from which fat can be extracted to
leave workable residue. The crude fiber content was analyzed according to AOAC official method 962.09
(28).

3.25 pH value

pH is a measure of the acidity or alkalinity of a solution or material. The pH scale measures this value on a
logarithmic scale from 0-14, with 0 being the most acidic and 14 the most alkaline. The test method used to
analyze the pH was Modified SLTC/IULTCS1996 method (29).

3.2.6  Water soluble matter

The water soluble matter was determined using the IUC; BS1309:5 test methods. The level of water
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soluble present was determined by shaking the degreased leather in water. This resulting solution was filtered
and a portion was evaporated, thus allowing the soluble to be quantified. The ratio of organic to inorganic
substances can also be calculated by adding sulphuric acid to the dried extract (thereby converting any

inorganic salts to the stable sulphate form and then ashing to remove the organic portion.
3.2.7 Calcium content

The calcium content was analyzed using APHA 3111C method (30).

3.3 Glue preparation

The sample, which has been taken from Batu tannery, was prepared for extraction by washing and soaking
it with different concentration of lime (2-10%). The amount of sample was 500 g and the amount of water
used for washing and soaking and neutralization was 1.5 L and 1 L respectively. The time taken for soaking
was different for each reagent concentration because of their effect on the pelt. The pelt was soaked for 2 to
5 weeks in lime solution. During soaking the amount of pelt was increased from the original weight. Then
boiling of the pelt in pure water was followed after washing it with several rounds of tap water and
neutralization. Nevertheless, it was necessary to boil the pelt in order to achieve the entire extraction of the
glue. The extraction was by using 1:2 ratio of tap water. RSM was applied to the experimental data using a
commercial statistical package: Design-Expert version 7.0 (Stat-Ease Inc., Minneapolis, U.S.A). Finally, the

product was dried in tray dryer prior to collection of the final product.
3.4 Analysis of Physico-chemical properties

3.4.1 Fourier Transform Infrared Spectroscopy (FTIR) analysis
The FTIR analysis was according to Park et al., 2015 [56]. Room temperature single-photon emission from

individual perovskite quantum dots. Acs Nano, 9(10): 10386-10393). A Perkin Elmer IR SUBTECH
Spectrum ASCII PEDS spectrophotometer from 4000 to 400 cm™ range, by Fourier Transformed and KBr

pellets was used to obtain the absorption spectra in infrared region for the glue.

342 pH

pH of the glue solution was determined according to Modified SLTC/IULTCS1996 method (31). The sample
dissolved in distilled water. After being dissolved, pH of the glue solution was determined using digital pH

meter (Jenwey, model 3510).
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Figure 1. pH measurement. (Arrow points to the sample)
3.4.3 Viscosity
Viscosity is defined as the resistance of a liquid material to flow. It is usually measured in fundamental units

of poise or centipoise. The measurement of viscosity of glue is important to determine the quality of the

product.
Procedure

First, 50 ml of 12.5% glue solution was prepared. The solution was heated to a temperature of 60°C. Finally,
the sample was measured using viscometer (VK 2000, Spain) for subsequent measurement following the

manufacturer user guide manual.

—
Y
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v 2000
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Figure 2. Sample in the viscometer for viscosity measurement (Arrow points to the sample).

15



3.4.4 Moisture content

Moisture content value is the amount of total water found in the sample. In this study, a standard method
AOAC (32) was used in the determination of moisture content. In short, it was estimated from the weight

loss of the glue upon evaporation at 110°C for 16 hr in an oven.
% moisture content = Original weight - Dry weight / Original weight * 100
3.4.5 Ash content

Ash refers to any inorganic material, such as minerals, present in a sample. It's called ash because it's residue

that remains after heating which removes water and organic materials.
Procedure

Ash content was estimated from weight loss upon ignition at 600°C for 2 h in a muffle furnace according to
AOAC (2000) method. The 10 g sample was weighed in aluminum foil. The sample was dried in an oven at
110°C for 16 h in order to evaporate the moisture. The remaining sample weight was measured. After that,
the dry sample was added to the crucible and then ignited in the furnace for 2 h at 600°C. Finally, the ash
was placed in a dissector for dry cooling and the amount of ash was measured.

3.5 Mechanical strength test

3.5.1 Tensile strength test

Wood was prepared according to ASTM D 903-49 method for mechanical tests. Wood specimens with
dimensions of 25mm (Width), 100mm (Length) and 4mm (thickness) were cut and then coated with
aluminum foil to prevent them from dust. These wood pieces were polished using sand paper, and then a
constant amount of the prepared glue (30 mg/cm?) was applied on to 3 cm by 2.5 cm area of one end of the
wood pieces using brush. Then, two brushed wood pieces were left at room conditions for 5 min then
assembled and pressed in a hydraulic press (Model No- 3890 Auto M; Carver, Inc., Wabash, IN, USA) at 2
MPa for 10 min. The tensile strength test was done according to ASTM D 903-49 method. Before testing,
the wood specimens were conditioned for 3 days at room temperature to attain its strength. Finally, tensile
strength (N) of the assembly was measured by a shear strength test using universal tester machine (model
no-DIN 50106) at crosshead speed of 1 mm/min for each joint. Then, readings were taken from computer

display.
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Figure 3. Universal testing machine (Arrow points to the wood sample).

3.5.2 Water Resistance

Water resistance of the wood assemblies was measured following ASTM Standard Methods D1183-96 and
D1151 00 (33). The preconditioned specimens were soaked in tap water at 23 °C for 48 h, and wet strength

was tested immediately after soaking.
3.6 Experimental design and Data analysis

A statistical software package (Design- Expert ®, version 7.0, Stat-Ease, Inc., Minneapolis, MN) was used
for the glue extraction experiment. Response Surface Method (RSM) was used to optimize the conditions
for the extraction of glue. Three factors were considered in this study. These were boiling temperature,
soaking time and concentration of lime. Each factors were evaluated with two levels. Response variable of
glue were assessed in terms of yield, moisture content, ash content, pH and viscosity to sort out optimum
soaking time, boiling time and concentration of lime for the production of quality glue. The statistical
analyses were done using analysis of variance (ANOVA), Duncan’s post-hoc test with a significant level of
p<0.05.
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4. Results and Discussions

4.1 Raw material characterization results

The raw material for the production of wood adhesive, which is trimmed and flesh hide/skin, is characterized

for the following parameters.

Table 1: Raw material characterization results

pH Sulphate | Calcium | Chloride | Total nitrogen | Crude Water soluble
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) fiber matter (mg/kg)
(mg/kg)
10.34+0.8| 2134 +9 | 4285+11 | 2342413 | 25.83+2.3 8.6+1.5 5.9+1.2

Values were means + standard deviation for three samples (n=3)

4.1.1 pH

The result obtained from pH measurement for the lime pelt was 10.34 +0.8. The reason for high value of P"
was excessive use of lime and sodium sulphide in the production of lime pelt. The P™ of this pelt was far
above the standard limits (IS1 2000) (34) which is set to be 7.8. A large fluctuation in P™ value exerts stress
on aquatic environment and may adversely affect some sensitive species of aquatic flora and fauna. The
analysis made by Chowdhury et al., (35) also showed higher value of P" which was 12.5+0.5.

4.1.2. Sulphate content

The mean sulphate concentrations in the lime pelt was 2134 +9 mg/kg. The result revealed that the effluents
of liming and unhairing stage contained very high concentration of sulphate. This was due to the use of
significant amount of sodium sulphide salts. The high concentrations of sulphate in the tannery effluent may
also result from many auxiliary chemicals used in the industries. This result was in agreement with the result

reported by Chowdhury et al., (35).

4.1.3. Chloride content

The chloride content of the lime pelt was 2342+13 mg/kg. The mean chloride value of the pelt was much
higher than the ISW-BDS-ECR (36) standard (600 mg/L) for tannery effluents into rivers and surroundings
areas. The high values of chloride in the pelt might be due to the chloride salts used in hide and skin

preservation, and also in the pickling process. Thus, it remains as a burden in the environment. The value
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was very high compared to the standard limits, indicating chloride pollution. Chloride is essential for cell
functions in plant and animal life, but high level of chloride (>1000 mg/L) in water can cause human illness

and can affect plant growth.
4.1.4. Calcium content

The calcium content in the lime pelt was 4285+11 mg/L. This result was significantly higher than the analysis
made by S. Sivasubramanian et al, 2007(37). The higher value of calcium content indicated that the use of
high amount of calcium salt usage during lime processing. Since surplus calcium salt content in lime pelt
has negative effect on leather quality such as uneven reaction with dyes and fat liquor in tanned hides, it

will be necessary to use the lime pelt split with other products such as glue processing.
4.1.5. Nitrogen Compounds

The concentration of total nitrogen was 25.83+£2.3 which highly deviates from the standard limit (36).
Significant nitrogen loads and resulting discharge of ammonia nitrogen are typically associated with tanning
processes. The use of ammonium salts in the process is a main source of ammonia nitrogen in tannery
effluents (up to 40 percent). Other sources of ammonia nitrogen are dyeing and animal proteins generated
from beam house operations. The majority of total nitrogen matter (measured as Total Kjeldahl Nitrogen,
TKN) is discharged from the liming process in the beam house operations, which, as a whole, account for
approximately 85 percent of TKN load from a tanning facility. About 75% of the organic waste from a
tannery was from pre-tanning processes and 70% of this waste was from hair rich in nitrogen Kamini et al.,
(38).

4.1.6. Water soluble matter

The water soluble matter of lime pelt was 5.9+1.2%. The level of water-soluble matter present in leather can
indicate the degree of unbound tans and non-tans, salts and other substances present. The tanning process
and chemicals/substances used resulted in a proportion of the tannins being bound to the skin collagen
structure via hydrogen bonding. This quantification revealed that there was a proportion that will remain
unbound and these, along with water soluble salts and unfixed dyes. The result obtained in this research had

some variation with the report made by S. Sivasubramanian et al, (37).
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4.1.7. Crude fiber

In the conventional fiber opening process, lime increases the pH from 7-8 to 12-13 and causes osmotic
swelling due to ionic imbalances built up in the matrix. The hydrostatic pressure built up would enhance the
splitting up of fiber bundles, separation of unwanted interfibrillary materials such as proteoglycans, globular
proteins, reticulin, etc., and easy removal of flesh. However, in the case of R-amylase-based fiber opening,
at least two different mechanisms can be proposed. Allen TH et al., (39) suggested that the R- amylase breaks
the O-linkage between the protein and carbohydrate moiety. The conventional liming method removes all
the inter fibrous materials, especially proteoglycans, and produces a system of fibers and fibrils of collagen

that are clean.
4.2 Optimization of glue Production

Optimization is the act of obtaining the best result under given circumstances. In design, construction, and
maintenance of any engineering system, engineers have to take many technological and managerial decisions
at several stages. The ultimate goal of all such decisions is either to minimize the effort required or to
maximize the desired benefit. Since the effort required or the benefit desired in any practical situation can
be expressed as a function of certain decision variables, optimization can be defined as the process of finding

the conditions that give the maximum or minimum value of a function.

Glues with different parameters that affect its quality were produced. The parameters were screened based

on their high impact on glue quality and yield.
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Table 2: Optimization of glue processing

run | Factord Factor 2 | Factor 3 Respons | Respon Response Resaonse
Boiling Soaking | Conc. of Respons ¢ 2 se3 4
Temperatur time reagent YieGI dl(g) I\élg,ftg,rte coﬁznt Viscosity
e (week) (%) pH (mP)
) (%) (%)
1 60.00 2.00 10.00 54 13.4 7.21 8.21 209
2 60.00 5.00 10.00 72 11.6 3.12 7.1 190
3 100.23 3.50 6.00 65 13.0 3.21 55 183
4 60.00 5.00 2.00 58 13.6 4.56 4.0 153
5 75.00 6.02 6.00 53 115 3.10 6.9 215
6 75.00 3.50 6.00 67 13.9 2.14 7.2 195
7 90.00 5.00 2.00 61 16.4 6.21 6.6 243
8 75.00 3.50 6.00 68 10.1 1.24 9.2 154
9 49.77 3.50 6.00 56 12.0 2.10 6.2 147
10 75.00 3.50 6.00 73 19.7 1.43 7.5 250
11 90.00 2.00 2.00 65 141 3.14 8.1 201
12 75.00 3.50 6.00 62 13.2 3.12 9.0 229
13 75.00 0.98 6.00 54 14.5 5.21 6.7 193
14 60.00 2.00 2.00 48.9 16.1 3.21 7.2 175
15 90.00 2.00 10.00 88.4 14.2 6.54 8.2 201
16 75.00 3.50 12.73 74 15.2 3.47 9.5 234
17 75.00 3.50 -0.73 65 14.0 3.19 6.2 191
18 75.00 3.50 6.00 68 12.9 2.45 7.3 176
19 90.00 5.00 10.00 78 12.5 1.58 8.2 217
20 75.00 3.50 6.00 73 135 3.47 9.8 167
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421 Yield

Final Equation in Terms of Actual Factors:

Yield =
-73.22499
+2.09559 * Boiling temp.
+30.77254 * soaking time
-3.19126 * conc. of reagent
-0.23056
+0.044375
+0.052083
-7.93700E-003
-1.89364 * soaking time2
+0.087260 * conc. of reagent2
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Figure 4. Effect of soaking time and boiling temperature
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As it can be seen from the graph, when the soaking time and boiling temperature increases the yield shows

increment up to some level. The interaction effect from the result showed that the boiling
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temperature has more effect on the yield than the soaking time. The highest yield approximately 69% was

obtained at the boiling temperature of 75% and concentration of reagent at approximately 3.5.

Design-Expert® Softw are
Yeild
88.4
48.9
X1 = A: Boiling temp.
X2 = C: conc. of reagent

Actual Factor
B: soaking time = 3.50

Yeild

C: conc. of reagent*® 67.50 A: Boiling temp.
2.00 60.00

Figure 5. Effect of concentration of reagent and boiling temperature
From the above figure, it can be observed that as the concentration of reagent increases the yield increases
too. As the boiling temperature increases the yield increased slightly. The interaction effect of both boiling
temperature and concentration of reagent showed significant influence on the yield.
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The above figure shows the interaction effect of soaking time and concentration of reagents on yield. It can
be observed from the graph that as the concentration of reagent increase the yield increases too. And as
soaking time increased up to some level the yield increases. But after the soaking time of 3.5 week the yield
decreased significantly. From the interaction effect, the maximum yield was obtained at higher concentration

of reagents and lower soaking time.
4.2.2 \Viscosity

Higher value of viscosity was shown in the glue which was soaked in 6% lime for 3.5 week then boiled at a
temperature of 75 °C. The value was 250 +13 mP. Glue which was soaked in 6% lime and then boiled at 77
9C was shown lower viscosity. The value was 147+ 2.15 mP. Akpa Jackson Gunorubon and Uku Misel [40]

reported lower values of viscosity of glue from waste cattle bone which was 83.25 cp.

The viscosity increment at low temperature is probably due to linking of glue molecule to form aggregate.
In other word, at high temperature denatures the protein molecule resulted in decreasing the viscosity [57].

423 pH

Higher value of pH was shown in the glue which was soaked in 3.5% lime for 3.5 week then boiled at a
temperature of 75°C. The value was 9.8. Glue which was soaked in 2% lime and then boiled at 60°C showed

lower pH value which was 4.
4.2.4 Ash content

Higher value of Ash content was shown in the glue which was soaked in 10% lime for 2 week then boiled
at a temperature of 60 °C. The value was 7.21 +13. Glue which was soaked in 3.50% lime and then boiled
at 75 °C was shown lower ash content. The value was 1.24 +23. The standard value for ash content is 2% -
5% [36]. However, Abuarra A et al., [41] reported higher values of ash content for animal-based wood bio-

adhesive.
4.25 Moisture content

Higher value of moisture content was shown in the glue which was soaked in 6% lime for 3.5 week then
boiled at a temperature of 75°C. The value was 15.7. Glue which was soaked in 6 % lime and then boiled at

75°C was shown lower moisture content. The value was 10.1 +2.3.
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Moisture content is the amount of water in the glue. The high amount of water in the glue makes the glue
easily putrefied. The glue will be brittle in little amount of moisture. The standard value for moisture content
of the glue is 8% - 16% [35]. Abuarra A [41] reported the moisture content for animal-based wood bio-
adhesive to be 8.72 %.

4.3 FTIR analysis

The absorption band of the wavelength represents the functional group. The interpretation of marked FTIR
spectrum used to determine the chemical bond in a molecule [58]. The Fourier transform infrared (FTIR)
spectrum of the animal glue is shown in figure 6. The FTIR spectrum is used to identify the component
responsible for sticky nature of the glue. The absorption band at 2957 cm™ wave number represents CH.
asymmetrical stretch bond [59]. The absorption peaks in the range of 2838- 2590 revealed the presence of
carboxyl group [59]. The wavelength at 1923 cm™ is mainly associated with the C=0 stretching vibration
and is directly related to the backbone conformation which is used to verify the secondary structure of protein
[58]. Besides, it is the proof of the existence of carboxylic acid ester, indicating that an esterification reaction
happens between the -COOH of the animal glue. The alkali-based hydrolysis of amide produces primary
amine which is supported by the N-H bending vibration combined with C-N stretching vibration in the
presences of small amount percent of C-C stretching vibrations and normally occurs in between 1550 —
1600cm™ [59]. Functional groups of amine group confirmed that the existences of proteins in the latex. This

proteins contribute for sticky nature of the animal glue.
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Figure 6. FTIR spectrum of the animal glue

4.4 Mechanical strength test

4.4.1 Tensile strength Strength

The Mechanical strength tests were performed for the glue produced at optimum condition from the design
experiment which is Run 15 (10 % lime concentration, 2 weeks of soaking time and 90 °C Boiling point)
and other two samples (Run 19 and Run 16).The three samples are selected based on the results of responses

as per the experimental design.
Tensile strength at rupture is calculated by the following equation:

Rm = max. tensile force /stress area [N/mm?]
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Table 3. Tensile Strength Rm for the prepared glue

Run | Conc. Of Soaking time Boiling temperature | Tensile Strength Rm (N/mm?)
reagent (%) | (weeks) (°C)

15 |10 2 90 15.98

19 10 5 90 13.21

16 12.73 3.5 75 5.65

Bonding shear strength of the protein glue depends on its ability to disperse in water and on the interaction

between a polar and polar groups of the protein with those of the substrate. In the native protein, most of the

polar and a polar groups are unavailable due to internal bonds resulting from van der Waals forces, hydrogen

bonds, and hydrophobic interactions. These interactions can lead to increased adhesive strength of modified

blood protein with wood. H. Lin, S. Gunasekaran, (43) reported lower values of shear strength for cow blood

adhesive.

The Force-elongation-diagram (stress—strain curve) for a material gives the relationship between stress and

strain. It is obtained by gradually applying load to a test coupon and measuring the deformation, from which

the stress and strain can be determined. The Force-elongation-diagram for tensile test specimen for the three

samples is shown in the figure below.
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Figure 7. Force-elongation-diagram for tensile test specimen for the glue at optimized condition
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Figure 8. Force-elongation-diagram for tensile test specimen for the glue at run 19
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Figure 9. Force-elongation-diagram for tensile test specimen for the glue at run 16



The stress-elongation diagram for the three tensile specimen which shows the relationship between the stress

applied and the percentage elongation for the glue at optimized condition is shown in the figure below.
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Figure 10. Stress-elongation-diagram for tensile specimen for the glue at optimized condition
From the mechanical test results, it can be concluded as the glue produced at the optimum conditions can be

used as a wood adhesive.

4.4.3 Water resistance

Table 4. Water resistance of prepared glue (PG) and commercial glue (WF)

Adhesives Water resistance (MPa)
Prepared glue 0.73+0.08
Commercial glue 1.29 +0.45

The water resistance for the prepared glue was 0.73 Mpa. This value was lower as compared to the test result
for commercial glue which was 1.29 MPa. The lower value of water resistance for prepared glue might be

due to the inferior ability of bio based adhesives as compared to the petroleum based adhesives. Guangyan
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Qi and Xiuzhi Susan Sun (44) reported higher values for water resistance value of synthetic as well as bio

based adhesives.

Considering that gelatinous glues are a chemical derivative of collagen, they can generally be considered a
suitable type of adhesive for skins and other collagen-based products, as they are able to develop good
chemical adhesion to the substrate. Gelatin-based glues containing long protein chains (i.e. having high gel
strength such as hide glue) also show very strong cohesion and would thus be an appropriate choice (Nanke
Schellmann, (45). Thus, animal based glue can be considered good quality in terms of bonding strength for
dry (indoor) applications but somewhat inferior for wet (outdoor) uses.
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5. Conclusions and Recommendations
5.1 Conclusions

Results of optimization by response surface method (RSM) showed that extraction conditions
significantly changed the extraction yield and viscosity of the extract. Numerical optimization
determined the optimum extraction conditions to be soaking of the pelt in 10% lime solution, for 2
weeks and boiling at temperature of 90°C. The glue characterization results indicated as the glue can be

a good alternative for commercialization. Besides, the mechanical property tests confirmed the

comparative shear strength with the commercial one.

5.2 Recommendations

From the aforementioned outputs obtained from the study on the optimization of glue production,

the following points are recommended:

The present study only utilizes fleshing wastes and trimmings to recycle and produce glue.
However, in this study, it is highly recommended that studies in the future should consider
all other leather wastes in the reutilization process.

Other chemicals need to be considered for soaking purpose of the glue.

It is recommended to test enzymatic hydrolysis and compare with the hydrolysis
method.

Further characterization of the glue using UV spectrum, TGA, DSC, and SEM

32



References

1.

10.

11.

12.

13.

14.

Pati, Anupama, Rubina Chaudhary, and Saravanabhavan Subramani. "A review on management of
chrome-tanned leather shavings: a holistic paradigm to combat the environmental issues.”
Environmental Science and Pollution Research 21.19 (2014): 11266-11282.

Kanagaraj, J., et al. "Solid wastes generation in the leather industry and its utilization for cleaner
environment-A review." (2006).

Marra, G. G. The Role of Adhesion and Adhesives in the Wood Products Industry. Masonite research
center St Charles 11, 1980.

Tadele Negash, G. B., et al. "Production and Characterization of Glue from Tannery Hide Trimming
Waste." Advances of Science and Technology: 7th EAI International Conference, ICAST 2019,
Bahir Dar, Ethiopia, August 2—-4, 2019, Proceedings. Vol. 308. Springer Nature, 2020.

Frihart, Charles R. "Introduction to special issue: wood adhesives: past, present, and future." Forest
Products Journal 65.1-2 (2015): 4-8.

Shaikh, Md Aftab Ali, et al. "Resource addition to leather industry: adhesive from chrome shaving
dust.” Journal of Scientific and Innovative Research 6.4 (2017): 138-141.

Gunorubon, Akpa Jackson. "Production of cassava starch-based adhesive." Research journal in
engineering and applied sciences 1.4 (2012): 219-214.

Mansouri, N- E. El, Antonio Pizzi, and J. Salvado. "Lignin- based polycondensation resins for
wood adhesives."” Journal of Applied Polymer Science 103.3 (2007): 1690-1699.

Pizzi, Antonio, and Kash L. Mittal, eds. Wood adhesives. CRC Press, 2011.

Watkins, Dereca, et al. "Extraction and characterization of lignin from different biomass resources."
Journal of Materials Research and Technology 4.1 (2015): 26-32.

Widsten, Petri, and Andreas Kandelbauer. "Adhesion improvement of lignocellulosic products by
enzymatic pre-treatment.” Biotechnology Advances 26.4 (2008): 379-386.

Bisanda, E. T. N., W. O. Ogola, and J. V. Tesha. "Characterisation of tannin resin blends for particle
board applications.” Cement and Concrete Composites 25.6 (2003): 593-598.

Spina, S., et al. "Phenolic resin wood panel adhesives based on chestnut (Castanea sativa)
hydrolysable tannins.” International Wood Products Journal 4.2 (2013): 95-100.

Hemmild, Venla, et al. "Development of sustainable bio-adhesives for engineered wood panels—A
Review." Rsc Advances 7.61 (2017): 38604-38630.

33



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

Zheng, Xianyu, et al. "Effects of heat pretreatment of starch on graft copolymerization reaction and
performance of resulting starch-based wood adhesive.” International journal of biological
macromolecules 96 (2017): 11-18.

Nordgvist, Petra, et al. "Plant proteins as wood adhesives: Bonding performance at the macro-and
nanoscale.” Industrial crops and products 44 (2013): 246-252.

Skog, Kenneth E., et al. "Desirable properties of wood for sustainable development in the twenty-
first century.” Annals of Forest Science 72.6 (2015): 671-678.

Kanagaraj, J., et al. "Solid wastes generation in the leather industry and its utilization for cleaner
environment-A review." (2006).

Aftab, Muhammad Nauman, Abdul Hameed, and C. H. E. N. Ikram-ul-Hag. "Biodegradation of
leather waste by enzymatic treatment. (2006): 462-465.

Wang, Lawrence K., et al., eds. Environmental bioengineering. Vol. 11. Springer Science & Business
Media, 2010.

Anbalagan, K., G. Karthikeyan, and N. Narayanasamy. "Assessing pollution from tannery effluents
in a South Indian village." PLA notes 30 (1997): 3-6.

Pizzi, Antonio, and Kashmiri L. Mittal. Handbook of adhesive technology, revised and expanded.
CRC press, 2003.

Stoeckel, Frank, Johannes Konnerth, and Wolfgang Gindl-Altmutter. "Mechanical properties of
adhesives for bonding wood—A review." International Journal of Adhesion and Adhesives 45
(2013): 32-41.

ClauR3, Sebastian, et al. "Influence of the adhesive formulation on the mechanical properties and
bonding performance of polyurethane prepolymers.” Holzforschung 65.6 (2011): 835-844.

Singha, Amar Singh, and Vijay Kumar Thakur. "Study of mechanical properties of urea-
formaldehyde thermosets reinforced by pine needle powder." BioResources 4.1 (2009): 292-308.
Custddio, Jodo, James Broughton, and Helena Cruz. "A review of factors influencing the durability
of structural bonded timber joints.” International journal of adhesion and adhesives 29.2 (2009): 173-
185.

Bradstreet, R. B. (1954). Kjeldahl method for organic nitrogen. Analytical Chemistry, 26(1), 185-
187.

[AOAC] Assn. of Official Analytical Chemists. Method 962.09. Official methods of analysis. 2002.
Sundar VJ, Muralidharan C, Sadulla S. Research Note: Ozonation—An Emerging Inevitable Option

for Chamois Making. Ozone: Science and Engineering. 2007 Oct 5;29(5):405-9.
34



30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.
41.

42.

43.

44,

. APHA, 1998 APHA (American Public Health Association), AWWA (American Water Works
Association), WEF (Water Environment Federation), 1998. Standard methods for the examination of
water and wastewater. 20th ed., Washington, DC.

Sundar VJ, Muralidharan C, Sadulla S. Research Note: Ozonation—An Emerging Inevitable Option
for Chamois Making. Ozone: Science and Engineering. 2007 Oct 5;29(5):405-9.

Qi G, Sun XS. Soy protein adhesive blends with synthetic latex on wood veneer. Journal of the
American Oil Chemists' Society. 2011 Feb 1;88(2):271-81.

ASTM, 2002a Annual Book of ASTM StandardsD2339-98, ASTM International West
Conshohocken, PA (2002) Vol. 15.06, pp 158-16

ISI (2000) Guide for Treatment and Disposal of Effluents of Tanning Industry. Indian Standards

Institution, New Delhi, India.

Chowdhury SP, Hartmann A, Gao X, Borriss R. Biocontrol mechanism by root-associated Bacillus
amyloliquefaciens FZB42-a review. Frontiers in microbiology. 2015 Jul 28;6:780.

ISW-BDS-ECR. 1997. Ministry of Environment and Forest, Inland Surface Water in Bangladesh,
Gazette notification 27, Aug.

Sivasubramanian S, Pierre G, Van Steen M, Alonso G. Analysis of caching and replication strategies
for web applications. IEEE Internet Computing. 2007 Jan 15;11(1):60-6.

Kamini NR, Hemachander C, Mala JG, Puvanakrishnan R. Microbial enzyme technology as an
alternative to conventional chemicals in leather industry. Current Science. 1999 Jul 10:80-6.

Allen TH, Steven IM. Prolonged endotracheal intubation in infants and children. BJA: British Journal
of Anaesthesia. 1965 Aug 1;37(8):566-73.

Gunorubon, Akpa Jackson, and Uku Misel. "Production of glues from animal bones."” (2006).
Abuarra A, Hashim R, Bauk S, Kandaiya S, Tousi ET. Fabrication and characterization of gum
Arabic bonded Rhizophora spp. particleboards. Materials & Design. 2014 Aug 1;60:108-15.

Zhong Z, Sun XS, Wang D. Isoelectric pH of polyamide—epichlorohydrin modified soy protein
improved water resistance and adhesion properties. Journal of applied polymer science. 2007 Feb
15;103(4):2261-70.

Lin H, Gunasekaran S. Cow blood adhesive: Characterization of physicochemical and adhesion
properties. International journal of adhesion and adhesives. 2010 Apr 1;30(3):139-44.

Qi G, Sun XS. Soy protein adhesive blends with synthetic latex on wood veneer. Journal of the
American Oil Chemists' Society. 2011 Feb 1;88(2):271-81.

35



45.

46.

47.

48.

49.
50.

o1,

52.

53.

54,

55.

56.

S57.

58.
59.

60.

Schellmann N. Animal glues—their adhesive properties, longevity and suggested use for repairing
taxidermy specimens. Natur. Sci. Collect. Assoc. News. 2009;7:36-40.

Chemical engineering design, Coulson and Richardson’s engineering series. 4th ed. 2005. Sinnott,
R. K., Elsevier publisher. V6. PP

Thuraisingam;, J., Gupta;, A., & Malini Subramaniam; (2016). Natural Rubber Latex ( NRL ) and
rice starch as an alternative binder in wood composite industry . Australian Journal of Basic and
Applied Sciences, 10(17).

Ulmann"s. (1985). Encyclopedia of Industrial Chemistry (5th ed.). Canada: VCH Varlagsgese
Publishers

Packham, D. E. (2005). Handbook of Adhesion (second edi, Vol. 1). john wiley & sons

Anon, World Agricultural Production, 2009. Available from: http;www.thebioenergysite.com/article
s/432/world agricultural productionseptember-2009

Alan L Lambuth, Protein Adhesive for Wood, Hand Book of Adhesive Technology. Second Edition,
Revised and Expanded, Taylor and Francis Group LLC, 2003

Shi Jing-yu, He Zhen-ming, Wang giang, Making foundry mould and core binders by animal glue.
Foundry Equipment and Technology, 2000(02): 20-22

Liu Wei-hua, Zhang Yi-lin, Li Ying-min, Optimization of a new animal glue binder system cured by
CO for foundry use. China Foundry, 2012, 9(4): 356-359

Odoemelan S. A. and Ajunwa O. 2008. Heavy Metal Status and Physicochemical Properties of
Agricultural Soil Amended by Short term Application of Animal Manure. J. Chem. Soc. Niger. 20:
60-63

Aina E. O. A. and Adedipe N. O. 1991. Water Quality Monitoring and Environmental status in
Nigeria, FEPA Monograph, Lagos. pp. 12-59

Mohammed S and Musa J. J. 2012. Impact of Abattoir Effluent on River Landzu, Bida, Nigeria. J.
Chem. Biol. Phys. Sci. 2(1): 132-136

Park, Y.-S., Guo, S., Makarov, N.S. and Klimov, V.1, 2015

Encyclopedia of chemical technology. Thomas, R. K. John Wiley and Sons. Inc. V12.Pp 436-440

Liengprayoon, S., & Vaysse, L. (2015). Investigating natural rubber composition with Fourier
Transform Infrared ( FT-IR ) spectroscopy : A rapid and non-destructive method to determine both
protein and lipid contents simultaneously. 43. https://doi.org/10.1016/j.polymertesting.2015.02.011

Stuart, B., 2000. Infrared spectroscopy. Kirk- Othmer Encyclopedia of Chemical Technology

36


http://www.thebioenergysite.com/article
http://www.thebioenergysite.com/article
http://www.thebioenergysite.com/article

Annex

Appendix 1- Supplementary data of Experimental design
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1. ANOVA for Response Surface Quadratic Model
Analysis of variance table [Partial sum of squares - Type III]

Model

A-Boiling temp.
B-soaking time
C-conc. of reagent 407.89

AB
AC
BC
A
B
C:
Residual
Lack of Fit
significant
Pure Error
Cor Total

Sum of

Source Squares

144146 9
407.89
8.89

215.28
56.71
0.78
45.96
261.62
28.09 !
354.77
269.27

1
1
I
!
/
1
1
1

85.50
1796.23

df
160.16
407.89
8.89
407.89
215.28
56.71
0.78
45.96
261.62
28.09
10

Mean

Square
451
11.50
0.25
11.50
6.07
1.60
0.022
1.30
7.37
0.79
35.48
53.85

17.10

F
Value
0.0138
0.0069
0.6275
0.0069
0.0335
0.0486
0.0450
0.2816
0.0217
0.3945

3.15

p-value
Prob > F
significant

0.1168

not
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Appendix 2- Photos during laboratory activities.
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