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CHAPTER-1
INTRODUCTION

1.1 Introduction

In recent years, different approaches have beaustied to tackle man
made environmental hazards. Clean technology, eo-and green chemistry
are some of the most highlighted practices in prgrg and or reducing the
adverse effect on our surroundings.Among many eeging disciplines — Civil
Engineering, Mechanical Engineering, Electrical iBegring etc.,Textile
Engineering has a direct connection with environtalesspects to be explicitly
and abundantlyconsidered. The main reason is likateitile industry plays an
important role in the economy of the country likedib and it accounts for
around one third of total export. Out of varioustiaties in textile
industry,chemical processing contributes about 7@%pollution. It is well
known that cotton mills consume large volume ofexdor various processes
such as sizing, desizing, scouring, bleaching, emeration, dyeing,printing,
finishing and ultimately washing. Due to the natwk various chemical
processing of textiles, largevolumes of waste watigh numerous pollutants
are discharged. Since these streams of water affecaquatic eco-system in
number of ways such as depleting the dissolved exygntent or settlement of
suspended substances in anaerobic condition, dabgéention needs to be
paid. Thus a study on different measures which lmaradopted to treat the
waste water discharged from textile chemical prsiogsindustries to protect
and safeguard our surroundings from possible potiuproblem has been the
focus point of many recent investigations.

In this study comparative adsorption studies ofviiemetal ions (Pb2+,

Zn2+) on banana fibre were performed to investitfateuptake performances.
1

CHAPTER-2
LITERATURE REVIEW

2.1Statement of Pollution Problem

The greatest demand for metal sequestration todmes from the need
to immobilize the metals released to the envirortn@mmobilized by and
partially lost through human technological actasti It has been established that
dissolved metals (particularly heavy metals) eswgpito the environment pose
a serious health hazard. They accumulate in livisgues throughout the food
chain, which has humans at its top, multiplying dla@ger. Thus, it is necessary
to control emissions of heavy metals into the emvinent.

Due to increase in the world population and dgwelent of industrial
applications, environmental pollution problem beeamportant. Communities
produce both liquid and solid wastes. The liquid siwavastewater- is
essentially the water supply of the community aittéias been used in a variety
of applications. In recent years, heavy metal commaéons, besides other
pollutants, have increased to reach dangeroussldeelliving environment in
many regions.

The presence of toxic and polluting heavy metalsvastewaters from
industrial effluents, water supplies and mine watend their removal has
received much attention in recent years. The amatirteavy metals that
industrial wastewaters often contain is considerand would endanger public
health and the environment if discharged withoetcpehte treatment.

Heavy metals are elements such as Cu (Copper)({Gadmium), Ni
(Nickel), Pb (Lead), Zn (Zinc), Ag (Silver), Cr (I (Chromium), Hg
(Mercury), Fe (Iron), Co (Cobalt), As (Arsenic) whiare usually associated

1.2 Objectives
The main objectives of this study are

« To extract the banana fiber from banana stem faalnn absorption.

» To softening the extracted fibre for further prees

* To develop needle punched non-woven fabric usinggBa / Cotton
(75/25) blended fibre.

* To analyze the adsorption of selected metal ion@+ZPb2+) in an

aqueous solution using developed fabric.

with toxicity and natural components of the Eartbsst. They cannot be
degraded or destroyed. To a small extent they emterbodies via food,
drinking water and air. As trace elements, somevhearetals (e.g. copper,
selenium, zinc) are essential to maintain the nodsh of the human body.
However, at higher concentrations they can leagdisoning. Heavy metal
poisoning could result, for instance, from drinkiwgter contamination (e.g.
leadpipes), high ambient air concentrations neasgam sources, or intake via
the food chain. Among them only Cu, Pb, Cd, andweie studied in this
thesis.
Table: 2.1 Ranking of risks

Ranking of risks associated Environmental Risk

High Cd

Pt

Cr

Medium Co

Cu

Low Al

Fe

Copper is widely distributed in nature as the freetal and more
commonly, as compounds in various ores such astey@u20), chalcopyrite
(CuS-FeS), azurite (Cu (OH) 2-2CuC03) and mala€u@CO3 (OH) 2. There
are also deposits of cupric chloride and cupriemide.

Copper is used mainly in the production of alleyith zinc, nickel and
tin, as a catalyst in the chemical industry, inélectrochemical industry where
it is used in wires, generators, transformers arat Bxchangers, and of course
in the production of piping for water supply. Coppalts are used as pigments
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and fungicides, and also biocides for controlliime and in human and animal
waste.

Copper can exist in four valence states — thevealement Cu0 and the
ions 1+, 2+, and 3+. The most common form is a&.Qlu+ salts exist but are
rapidly oxidized to CH. In water, most cupric CGtisalts readily dissolve to
form an aqua complex Cu(H23j4 and the water molecules can then be
replaced by a variety of ligands to form differaumplexes. Some of these
organic complexes are essential to life, principaliaemocyanin. Copper
complexes found in Wat%ucog(aq)]o‘[CU(COS)ZF‘, [CUOHT', [Cu(OH)3] and
[Cu(OH)4F forms.

Lead is rarely found as the free metal in natung,jttis present in several
minerals, principally in galena (PBS) the main seufor lead production. It is
also found as anglesite (PbS0O4) and cerrusite (BpSO

Lead is one of the most commonly used non-ferroetals. It has many
applications; its largest use is in making storhgtteries, most of which are
recycled. As a result of its resistance to cormosiad its malleability, it finds
use in building constructions, storage tank liniagd corrosive liquid
containers. Other uses of the metal are for ramiashielding, ammunition,
solder, cable sheathing and pipework. Lead compoanel used as pigments in
paints and ceramics, catalysers, antibacterial tambss and wood
preservatives. A major use is the production ofi-lambck compounds for
addition to petrol, particularly tetraethyl leady -C2H5)4. The exhausts from
vehicles are a major source of the environmentaiarnination by lead. Lead is
present in exhaust gases mainly as lead halidesoaidgs, but incomplete
combustion results in about 10% of alkyl lead commis also being present.

Other source of lead emissions are copper and Insckelters, iron and steel

Table 2.2 Properties ofWaste Water fromTextile Cherical Processing

Property Standard Cotton Synthetic Wool

pH 5.5-9.0 8-12 7-9 3-10

BOD mg/1 5 30-350 150-750 150-200 5000-8000
days

COD mg/1 day | 250 200-2400 400-650 10,000-20,¢
TDS mg/l 2100 2100-7700 1060-1080 10,000-13,0

2.3Categorization of Waste Generated in Textile Indstry

Textile waste is broadly classified into four caiegs, each of having
characteristics that demand differentpollution prdgion and treatment
approaches. Such categories are discussed inltbwifiy sections.

2.3.1 Hard to Treat Wastes

This category of waste includes those that areigiers, resist treatment, or
interfere with the operation ofwaste treatment litées. Non-biodegradable
organic or inorganic materials are the chief saairof wastes,which contain
color, metals, phenols, certain surfactants, toxganic compounds, pesticides
andphosphates. The chief sources are:

* Color& metal —dyeing operation

« Phosphates —preparatory processes and dyeing

« Non-biodegradable organic materialssurfactants

Since these types of textile wastes are diffiauliréat, the identification and
elimination of their sources arethe best possibdgrsmo tackle the problem.
Some of the methods of prevention are chemical@egsssubstitution, process

control and optimization, recycle/reuse and betterk practices.

00
00

production. Estimates vary as to the importancevaificle emissions as the
source of the lead contamination.

Lead exist in the oxidation states’Plnd P8, with the divalent form
being the more stable in most aquatic environmefite speciation of lead
compounds in water is complicated and depends @poomber of factors,
principally pH, dissolved oxygen and the concerdgrabf other organic and
inorganic compounds. In surface waters, lead isgms as hydrated Pbor
Pbcos agpoin the pH range 7-9. At pH 6, Pband Pb(OH) are in equal
concentration, whereas at higher pH values theae isicrease in Pb in form of
Pb(CO3)2", Pb(OHJ and concentration of lead in waters is usuallyitéch by
the solubility of PbCO3, and by its adsorption opéoticulate matter.

2.2 Sources and Causes of Generation of Textile Efént

Textile industry involves wide range of raw matksjanachineries and
processes to engineer the required shape and pespef the final product.
Waste stream generated in this industry is esdgnbased on water-based
effluent generated in the various activities of webcessing of textiles. The
main cause ofgeneration of this effluent is the abéuge volume of water
either in the actual chemical processing ordurignocessing in preparatory,
dyeing, printing and finishing. In fact, in a priaed estimate, it has beenfound
that 45% material in preparatory processing, 33%lyieing and 22% are re-
processed in finishing.

But where is the real problem? The fact is thatefflient generated in
different steps is well beyond thestandard and thus highly polluted and

dangerous. This is demonstrated in Table 2.2

2.3.2Hazardous or Toxic Wastes
These wastes are a subgroup of hard to treat w&atesowing to their
substantial impact on then vironment, they aretécc@s a separate class. In
textiles, hazardous or toxic wastes include metalstinated solvents, non-
biodegradable or volatile organic materials. Sorhéhese materials often are
usedfor non-process applications such as machémiclg.
2.3.3High Volume Wastes
Large volume of wastes is sometimes a problemHertéxtile processing
units. Most common large volumewastes include:
* High volume of waste water.
*« Wash water from preparation and continuous dyeingcgsses and
alkaline wastes from preparatoryprocesses.
« Batch dye waste containing large amounts of seilt, @ alkali.
* These wastes sometimes can be reduced by recyes® as well as by

process and equipmentModification.

2.3.4 Dispersible Wastes
The following operations in textile industry gerterhighly dispersible waste:
e Waste stream from continuous operation (e.g. petpar, dyeing,
printing and finishing).
 Print paste (printing screen, squeeze and drunmicigh
 Lint (preparatory, dyeing and washing operations).
» Foam from coating operations.
* Solvents from machine cleaning.
« Still bottoms from solvent recovery (dry cleaningeeoation).

» Batch dumps of unused processing (finishing mixes).

8



2.4List of Toxic Heavy Metals
e Aluminum
e Cadmium
e zinc

e Lead

e Chromium
« Copper

* Mercury

e Thallium

* Vanadium
* Nickel

e lron

2.4.1 Lead

In the environment, Lead (Pb) is one of the majthapants is mainly
discharged from exhaust gases of automobile tar@mvient. In addition, lead
can enter to the water and environment throughueffis from lead smelters,
battery manufactures, painting, paper and ammunitihustries. The
concentration of lead ions in the industrial wastgers is in the range of 200-
500 mg.dm-3 where very high level concentratiothi®standard is and should
be reduced to a range of 0.1-0.05 mg.dm-3 bef@ehdrge to then vironment.
Several methods have evolved over the years onethevalof this metal ion
present in industrial waste water such as chenpicadipitations, coagulation,
reverse osmosis, ion exchange and adsorption. Anafnthese methods,
adsorption appears to be the most widely usedéorémoval of heavy metals.

- Declined fertility of men through sperm damage

- Diminished learning abilities of children

- Behavioral disruptions of children, such as agsgian, impulsive behavior and
hyperactivity.

2.4.3 Zinc

Zinc manufacturing and other industries releasgelauantities of metals, mail
Cd and Zn, during production. Thimcreasing demand for alkaline z
manganese batteries, instead of mercury based briegs serious probler
when those batteries are not disposedpafperly. Yet, another source
contamination can be due to the flooding of oregwimto the envinoment. Sinc
heavy metals have toxic effects on the environmemd public life, man
researchers suggest a ceffective process, such as ion exchange, for remg
dissolved heavy metals from wastewaters by usirigraldy occurring material
In the lder years, utilization of natural zeolites to cohthe pollution due to tt
effluents polluted with heavy metal ions has insegh Natural zeolites have
exchange capability to remove unwanted metal iam$ this property mak

zeolites favorable for wastewater treatment.
2.4.4 Effect of Zinc

Zinc is a trace element that is essential for hutreaith. When people absorb
little zinc they can experience a loss of etife, decreased sense of taste
smell. Although humans can hangieoportionally large concentrations of zi
too much zinc can still cause eminent health prablesuch as stomach cran
skin irritations, vomiting. Very high levels of zircan damage the pancreas
disturb.The protein metabolism, and cause artdaossisExtensive exposure
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Many adsorbents have been tested to remove itfroprecus solutions
including bentonite, peat and zeolite. Howeverjnprove the efficiency of
adsorptionprocess, it is necessary to develop sorbent that is cheaperbut has
high adsorption capacity such as Ligno cellulo#ioef

2.4.2Effect of Lead

Lead is a soft metal that has known many applioatmver the years. It has been
used widely since 5000 BC for application in m@t@ducts, cables and
pipelines, but also in paints and pesticides. Lisahe out of four metals that
have the most damaging effects on human healtanlenter the human body
through uptake of food (65%), water (20%) and Bi%).Foods such as fruit,
vegetables, meats, grains, seafood, soft drinksxamel may contain significant
amounts of lead. Cigarette smoke also containsl smimalunts of lead. Lead can
enter (drinking) water through corrosion of pip€kis is more likely to happen
when the water is slightly acidic. That is why poblater treatment systems are
now required to carry out pH-adjustment in watext thill serve drinking
purposes. For as far as we know, lead fulfils reeesal function in the human
body, it can merely do harm after uptake from fagidpr water.

Lead can cause several unwanted defects, such as:

- Disruption of the biosynthesis of hemoglobin ame&mia

- Arise in blood pressure

- Kidney damage

- Miscarriages and subtle abortions

- Disruption of nervous systems

- Brain damage

zinc chloride can cause respiratory disorders. Zart be a danger to unborn

newborn children. When their mothers have absoldeg concentrations of zi
the children may be exposed to it through bloochidk of their mothersWater it
polluted with zinc, due to the presence of largeantiies of zinc in th
wastewater of industrial plants. This wastewaterisOne of the consequence
that rivers are depositing zimwlluted sludge on their banks. Zinc may

increase the acidity of waters. Some fish can ackatmzinc in their bodie
when they live in zincontaminated waterways. When zinc enters the baxf
these fish it is able to bio magnify up the foodich Large quantities of zinc ¢
be found in sds. When the soils of farmland are polluted withczianimals wil
absorb concentrations that are damaging to theitthéNVatersoluble zinc that
located in soils can contaminate groundwater. @g+ach soils only a limite
number of plants has @&ance of survival. That is why there is not muchn|
diversity near zinalisposing factories. Due to the effects upon plaits is ¢
serious threat to the productions of farmlands.pResof this zinceontaining
manures are still applied. Finally, zircan interrupt the activity in soils, a¢
negatively influences the activity of microorganssnand earthworms. T

breakdown of organic matter may seriously slow déwecause of this.
2.5Advantages of Adsorption

* More effective.

* Less expensive.

« Ease to handle high volume.

¢ Capacity to handle even low metal concentration.

» Feasible alternative for removing heavy metal fiefftuents.



2.6 BANANA FIBRE
2.6.1 Introduction

After India and Ecuador, Brazil is the third largesoducer of banana.

The country has studied this fiberextensively frearious standpoints. The
most cultivatedspecies in Brazil is Musa cavendiShanica™” variety. In
Brazil, the banana plant has a 3-9 m long stemavdtameter between 200 and
370 mm. This stem (Fig. 1a)consists of differepeta containing longitudinal
fibers(of about 24% pseudo stem).Fig. 1b showdeahksheaths, taken out of
these layers,from which the fibers are extractéu: fiseudo stem isthrown after
harvest and is used for solid mulchingit is useardy by the artisans but also

as energy source and other industrial uses.

Fig: 2.1Banana Stem
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2.6.2.1 Banana fiber extracting machine:

SQUEEING ROLLER

PLANE ROLLER

SCRAPPER ROLLER

Fig 2.2Banana fiber extracting machine

2.6.3Fibre Chemical Treatment:

Banana fibers were immersed in 6% NaOH solutionZch at room
temperature. After the alkaline treatment, therBbgere thoroughly washed by
immersion in water tanks, followed by running wat&he material is then
filtered and dried at 80°C for 24 h.

Hence,there is a great opportunity for extending tise of thislarge
source in the country. Ninety-five thousand(9.®4)1tons of fiber per annum
are produced by the state of Sa’o Paulo, the maidluper in Brazil,
comparedto an yield of about 3 - 105 tons of fihet.5 million acresof land in
India. During the last five years or so, thebanenkture has disseminated to
other parts of the country. This is attributed he teffort of researchers in
theNortheast and Southeast towards the developofieedv technologies based
on renewable resources in the automotive sectoaBarfibers are extracted
manually from the pseudo stems using a low cost féxtraction process; the
averagefiber yield is 1-2% only on dry basis. Inerg times, a mechanical
decorticator has been developed for the extractiibers such as curaua’. By
this method, the fiber yield reported is about 1kg5on dry weight basis per
man-hour,which would put cost of the fiber at US§30per kg.

2.6.2Extraction of Banana Fibre

Banana fibers were extracted from the stems of rmnalant.
Longitudinal slices were prepared from stems amdl te fiber extracting
machine.

The fiber extracting machine, also known as a meichhdecorticator,
consists of a pair of feed rollers and a beater.

The slices were fed to the beater between the smgeeoller and the
scrapper roller, following which the pulp gets sgped and fibers are extracted
and air dried in shade.

2.6.4Banana Fiber Properties:

Table 2.3:Physical-Chemicaland MechanicalPropertiesffour
varietiesBananaFiber

A6

S.No. Properties Poovan Kadhali Mondhan Rasthali
Physical:
a)Moistureregain (%) 9.59 10.15 9.89 11.25
b)Density(gmit) 0.67 0.39 0.5 0.44
c)Linear 10.15 11.61 11.61 7.39
Chemical(%):
a) Cellulose 59.55 63 62 55.31
b)HemiCellulose 28.09 22.6 26 34.04
c)Lignin 12.36 13 11 10.63
Mechanical:
a)Modulus (gf/den) 1554.56 1917.46 1918.13 1903.
b)Stress(MPa) 0.21 0.3 0.2 0.3
c)Strain (%) 2.32 184 | 151 2.2
d)Tenacity(gf/den) 20.46 26.77 | 21.19 41.89




Table 2.4:Physical-chemicaland Mechanicalpropertiexffour
Bananavarietiesafter Softening treatment

S.No. | Properties Poovan Kadhali Mondhan| Rasthal

1 Physical:
a)Moistureregain (%) 11.11 11.54 11.11 13.21
b)Density(gmid) 0.83 1.04 1.00 0.69
c)LinearDensity(den) | 9.4 6.7 9.54 54

2 Chemical(%):
a) Cellulose 80 72.92 75.51 83.02
b)HemiCellulose 10 14.58 14.28 7.54]
c)Lignin 10 12 10 9.43

3 Mechanical:
a)Modulus (gf/den) 2484.4 240551 2129.06 329316
b)Stress(MPa) 0.31 0.39 0.38 0.26
c)Strain (%) 2.88 2.22 1.78 2.62
d)Tenacity(gf/den) 31.38 28.23 33.16 48.66
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2.8.2 Fiber Preparation

Staple fibers are shipped to the manufacturer éenfthhm of bales and
fiber preparation consists of mechanical and pnéignpeocesses of handling
from the bale to the point where the fiber is idtroed into the web-forming
machine. The following processes are included iypacal fiber preparation

line.
2.8.3 Web Forming Process:

The main objective of carding is to separate smlb into individual
fibers, to begin the process of parallelization @amdieliver the fibers in the
form of a web. The principle of carding is the magical action in which the
fibers are held by one surface while the otheramarfcombs the fibers causing
individual fiber separation. At its center is agerrotating metallic cylinder
covered with card clothing. The card clothing isnpuised of needles, wires, or
fine metallic teeth embedded in a heavy cloth oa imetallic foundation. The
cylinder is partly surrounded by an endless bela dérge number of narrow,
cast iron flats positioned along the top of thermér. The top of the cylinder

may be covered by alternating rollers and strippls in a roller-top card.

STRIPPER ROLLS WORKER ROLLS

\r;mrrm FEED
6

FEED MAT —
FEED ROLL
LICKERIN

WEB TAKE—OFF
(COMB BOX)

DOFFER Ro‘;k

[ mamn cyumper
FIBER WEB OUT

Fig. 2.3:
Basic construction of a card and its parts
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2.7Material Preparation:

Banana fibers in the form of short non-woven fib@<® mm) were used
in this work. The fibers are separated mechanidedi;n banana stalks and then
dried in hot air. Then banana fibre which is in rsHength is combined with
cotton to form web using web forming device. As vealmnot be formed using
banana fibre alone so cotton is used.

2.8Web Formation:
2.8.1 Introduction

All nonwoven fabrics are based on a fibrous webe Tharacteristics of
the web determine the physical properties of thealfiproduct. These
characteristics depend largely on the web geometrich is determined by the
mode of web formation. Web geometry includes thedpminant fiber
direction, whether oriented or random, fiber shégteaight, hooked or curled),
the extent of inter-fiber engagement or entanglémermp and z-direction
compaction. Web characteristics are also influerimethe fiber diameter, fiber

length, and web weight, chemical and mechanicgigntes of the polymer.

The choice of methods for forming webs is deterwhibg fiber length.
Initially, the methods for the forming of webs frostaple-length fibers were
based on the textile carding process, whereas amhafion from short fibers
was based on papermaking technologies. Though thekaologies are still in
use, newer methods have been developed.

The fibers are fed by a chute or hopper and cormkeingo the form of a
lap or batting. This is initially opened into smailfts by a licker-in, which
feeds the fibers to the cylinder. The needles ettt opposing surfaces of the
cylinder and flats or the rollers are inclined pposite directions and move at
different speeds. The main cylinder moves fasten the flats and, due to the
opposing needles and difference in speeds, thedlbmps are pulled and
teased apart. In the roller-top card the separaticnrs between the worker
roller and the cylinder. The stripping roller siithe larger tufts and deposits
them back on the cylinder. The fibers are aligmethé machine direction and

form a coherent web below the surface of the neeafighe main cylinder.

The web is doffed from the surface of cylinder bylatfer roller and
deposited on a moving belt. The orientation rafithe web at the doffer of a
conventional card is approximately 5:1.

2.8.4 Specification of Web:

Banana and Cotton Blend

Length —0.75 mts
Width — 0.3 mts
Thickness — 8fhmm

Blend ratio % (banana and cotton) —75:25
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2.9 Needle Punching
2.9.1Introduction:

Worldwide, the needle punching nonwoven, one ofgtleatest successes
of any textile related process. The needle puncimdgstry around the world is
a very exciting and diverse trade involving eitimatural or both natural and

synthetic fibers.
2.9.2 Process:

The needle punch process is illustrated in fig. Needle punched
nonwovens are created by mechanically orientingiatedlocking the fibers of
a spun bonded or carded web. This mechanical aaidrlg is achieved with

thousands of barbed felting needles repeatedlynmasgo and out of the web.

ROLLS LOOM FEED ROLLS

Fig. 2.4: Needle punching process
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2.9.4 The Felting Needle

The correct felting needle can make or break tkeelleepunched product.
The proper selection of gauge, barb, point type lalade shape (pinch blade,
star blade, conical) can often give the needle peinthe added edge needed in

this competitive industry.

The gauge of the needles is defined as the nunfberenlles that can be
fitted in a square inch area. Thus finer the nexediégher the gauge of the
needles. Coarse fibers and crude products usewer bauge needles, and fine
fibers and delicate fibers use the higher gaugellaseFor example, a banana
fiber product may use a 12 to 16 gauge needleiandsynthetics may use 25 to

40 gauge needle.

Fig. 2.6: Types of needles
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2.9.3 The Needle Loom

The needle board: The needle board is the baseintnitwhich the
needles are inserted and held. The needle boandfiteénto the needle
beam that holds the needle board into place.

The feed roll and exit roll. These are typicallyivén rolls and they
facilitate the web motion as it passes throughtele loom.

The bed plate and stripper plate. The web passesgh two plates, a
bed plate on the bottom and a stripper plate ortdpe Corresponding
holes are located in each plate and it is throbgise holes the needles
pass in and out.

The bed plate is the surface the fabric passeswiieh the web passes
through the loom. The needles carry bundles ofrftheough the bed
plate holes. The stripper plate does what the niampéies; it strips the
fibers from the needle so the material can advahmeugh the needle
loom.

<=_ NCCODLE BEAM
e

NEEDLE BOARD

FEED

STRIPPER PLATE BED PLATE

Fig. 2.5: Needle loom
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The major components of the basic felting needdeaarfollows:

The crank: The crank is the 90 degree bend onapet the needle. It

seats the needle when inserted into the needlel boar

The shank: The shank is the thickest part of tiegliee The shank is that
part of the needle that fits directly in the nedufiard itself.

The intermediate blade: The intermediate bladeus gn fine gauge
needles to make them more flexible and somewhagreasput inside the
needle board. This is typically put on 32 gaugedie=eand finer.

The blade: The blade is the working part of thedieeThe blade is what
passes into the web and is where the all-impoHlariis are placed.

The barbs: The barbs are the most important patieoheedle. It is the
barb that carries and interlocks the fibers thepstend sized of the barbs

can dramatically affect the needled product.
2.9.5Needle Penetration:

STRIPPER _~NEEDLE

PLATE\ 2

BED PLATE
POINT

Fig. 2.7: Needle Action — Schematic
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As the needle loom beam moves up and down the dlafithe needles
penetrate the fiber batting. Barbs on the bladthefneedle pick up fibers on
the downward movement and carry these fibers tipehdef the penetration.
The draw roll pulls the butt through the needlentoas the needles reorient the
fibers from a predominately horizontal to almosteatical position. The more
needles penetrate the web denser and strong théewelnes generally see fig.
3 beyond some point, fiber damage results fromssiee penetration. Thus the
principle and mechanism used to produce a needhehgd non-woven in
banana materials.

2.9.6 Specification of Non-Woven

Needles per depth — W80
Thickness to8.0 mm

2.10AdsorptionMethods

The adsorption of metal ions by banana fibre wigdh web form is

experimented in two methods.
2.10.1 Method -1

One gram of sample material is weighed (Wid dipped in 100ml of
deionized water that contains 100mg of metal idosad§ and Zinc). Then
continuously stirred the material in deionized watith metal ions for 30 and
60 minutes.

After time reaches, absorbed material isddite hot air woven. Now the
sample material is weighed (W2) again and SS tlwmsparing W1 and W2
absorption percentage is calculated.
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The resulting solution is usually colorless and reets with slippery feeling

upon contact in common with other alkalis.

2.11.1.2 Chemical properties

Sodium hydroxide reacts with protic acids to pragweater and the
corresponding salts. For example, when sodium hydeo reacts with
hydrochloric acid, sodium chloride is formed:

NaOH (aq) + HCI (ag)> NaCl (aq) + HO(l)

In general, such neutralization reactions are sgied by one simple
net ionic equation:

OH (aq) + H(ag)— H0())

This type of reaction with a strong acid releaseathand hence is
exothermic. Such acid-base reactions can also & fos titrations. However,
sodium hydroxide is not used as a primary stantlechuse it is hygroscopic

and absorbs carbon dioxide from air.
2.11.2 Hydrochloric Acid (Hcl)

Hydrochloric Acid(Hcl) is a monoprotic acid, whicmeans it can
dissociate (i.e., ionize) only once to give up diieion (a single proton). In
aqueous hydrochloric acid, the fbins a water molecule to form a hydronium
ion, H0".0

HCI + H,O — H;0" + CT
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2.10.2 Method -2

One gram of sample material is weighed and dipped.d0 ml of
deionized water that contains 500mg and 700mg ¢&lnens (Lead and Zinc).
The pH of deionized water is varies from 4, 7 anfdr9different experiments.
Then material is continuously stirred in deionizegter with metal ions for 30
and 60 minutes.

After the time reaches, absorbed material is taenfrom deionized
water with metal ions. Now the deionized water withtal ions is tested using
Atomic absorption spectroscopy for calculating @@ount of metal ions

remains in deionized water after dipped with barfidyex.
2.11 Chemicals Used for maintaining pH

¢ Sodium hydroxide
« Hydrogen chloride

2.11.1 Sodium Hydroxide (NaOH)

2.11.1.1 Physical properties

Pure sodium hydroxide is a whitish solid, sold illgts, flakes, and
granular form, as well as in solution. It is higlsigluble in water, with a lower
solubility in ethanol and methanol, but is insokiii ether and other non-polar

solvents.

Similar to the hydration of sulfuric acid, dissadut of solid sodium
hydroxide in water is a highly exothermic reactinrwhich a large amount of

heat is liberated, posing a threat to safety thnoihg possibility of splashing.
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The other ion formed is Clthe chloride ion. Hydrochloric acid can
therefore be used to prepare salts called chlgrisigsh as sodium chloride.
Hydrochloric acid is a strong acid, since it isezgmlly completely dissociated
in water.

Monoprotic acids have one acid dissociation consta, which
indicates the level of dissociation in water. Fatmng acid like HCI, the Kis
large. Theoretical attempts to assign at& HCI| have been made. When
chloride salts such as NaCl are added to aqueouishe¢ have practically no
effect on pH, indicating that Cis an exceedingly weak conjugate base and that
HCI is fully dissociated in aqueous solution. Faitermediate to strong
solutions of hydrochloric acid, the assumption thimolarity (a unit of
concentration) equals HCI molarity is excellentresing to four significant
digits. Of the six common strong mineral acids femistry, hydrochloric acid
is the monoprotic acid least likely to undergo rteiifering oxidation-reduction
reaction.

It is one of the least hazardous strong acids talleadespite its acidity,
it consists of the non-reactive and non-toxic duleiion. Intermediate-strength
hydrochloric acid solutions are quite stable uptoragie, maintaining their
concentrations over time. These attributes, plesfdct that it is available as a

pure reagent, make hydrochloric acid an excelleidifging reagent.

Hydrochloric acid is the preferred acid in titratifor determining the
amount of bases. Strong acid titrants give moreigeeresults due to a more
distinct endpoint. Azeotropic or "constant-boilinigyydrochloric acid (roughly
20.2%) can be used as a primary standard in qatwéitanalysis, although its

exact concentration depends on the atmospherisyneshen it is prepared.
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Hydrochloric acid is frequently used in chemicalalysis to prepare
("digest") samples for analysis. Concentrated hghlaric acid dissolves many
metals and forms oxidized metal chlorides and hgeinogas, and it reacts with
basic compounds such as calcium carbonate or c¢fperxide, forming the

dissolved chlorides that can be analyzed.

2.12 Calculation

(co-c1yx Vi1

W
Where,
Q1 — Adsorption capacity mg/g

CO0 — Critical concentration
C1 - Residual concentration
V1 — Volume of solution (L)

W — Weight of material before adsorption
2.13 Atomic Adsorption Spectroscopy

2.13.1 Basic Principle:

Atomic Absorption Spectroscopy (AAS) is ananalytitechnique that
measures the concentrations ofelements. It malesfuhe absorption of light
by these elements in order to measure theircoratemr

Atomic-absorption spectroscopy quantifies the gitsam of ground state
atomsinthe gaseous state.The atoms absorb uleawaiolisible light and make
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careful selection of wavelength allow the spedifimntitative determination of
individual elements in the presenceof others.

The atom cloud required for atomic absorption messents is
produced by supplying enough thermal energy tosdraple to dissociate the
chemical compoundsinto free atoms.

Aspirating a solution of the sample into a flamgrd in the lightboeam
serves this purpose. Under the proper flame camditimost of the atomwill
remain in the ground state form and are capablabsbrbing light at the
analytical wavelength from a source lamp.

The ease and speed at which precise andaccuratendedtions can be
made with this technique have made atomic absarptie of the most popular
methods for the determination of metals.

A third field in atomic spectroscopy is atomic fteecence. This
technique incorporates aspects of both atomic phearand atomic emission.
Like atomic absorption, ground state atoms createal flame are excited by
focusing a beam of light into the atomic vaportéasl of looking at the amount
of light absorbed in the process, however, the sionisresulting from the decay
of the atoms excited by the source light is meakulide intensity of this
fluorescenceincreases with increasing atom coretonty;, providing the basis

for quantitative determination.
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transitions to higher electronic energy levels. Tdmalytic concentration is
determined from the amount of absorption

Concentration measurements are usually determinem & working
curve after calibrating the instrument with stam$aof known concentration
Atomic absorption is a very common technique fotedéng metals and

metalloids in environmental samples.

Fig 2.8 Elements detectable by atomic absorption arhighlighted in pink in

this periodic table

2.13.2 Atomic Absorption Process

The quantity of interest in atomic absorption measents is the amount
of lightat the resonant wavelength which is absdrée the light passes through
a cloud of atoms. As the number of atoms in thétligath increases, the
amount of light absorbed increases in a predictal@lg. By measuring the
amount of light absorbed, a quantitative deternmmatof the amount of
analyzes element present canbe made. The use dhlspght sources and
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2.13.3 Atomic Absorption Spectrophotometer

Fig 2.9 Atomic absorption spectrophotometer

2.13.4 Light Source

The light source is usually a hollow cathode larhphe element that is
being measured. It contains a tungsten anode dudlew cylindrical cathode
made of the element to be determined. These atedsina glass tube filled
with an inert gas (neon or argon). Each elemeniteasvn unique lamp which

must be used for that analysis.
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CHAPTER 3
MATERIALS AND METHODS
3.1 Materials:

22 denier banana fibre and 5 denier cotton, banatian (75/25)
blended fibre where used for the preparation ofdleepunched fabrics. The

properties of the fibers are given in table

Table 3.1: Properties of fibers

Properties
Actual
Diameter | Length linear Tenacity | Elongation
Fibre (u) (Cm) | density | (grtex) (%)
(denier)
BANANA FIBRE 25.28 3 22 54.92 3.33
COTTON FIBRE 6.20 2 5 8.3 4.1

3.1.1 Chemicals

Sodium hydroxide is purchased from m/s The PreciSoientific Co.,
Coimbatore. Hydrochloric acid, Zinc oxide and Legldbsphate is obtained
from Ranbaxy. All chemicals are of laboratory gramtel there is no need of

further purification
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The tenacity and elongation were measured in mactirection using
instron tester for testing tenacity, breaking eltign the sample size and rate
of straining were chosen according to ASTM standaddl 17-80.

The air permeability was tested on the texto sraift permeability tester
and the testing was carried out as per ASTM stahBar37-75. The test area
was 5 .07crhas 1 inch diameter circle was exposed. When theirsge
wasclamped in the holder. The 10 inch * 10 inchcspen was clamped on the
holder in such a way that the area exposed toatastsufficiently away from
the edges in order to avoid the edge leakage. ddings were taken for each
sample and the average calculated.

Shirley stiffness tester was used for measuringotheling length as per
BS: 3356.Specimens was cut to the size of the &mph both machine and
cross direction and then both template and specinere transferred to the
plate form with the fabric under neath. Both welevy pushed forwarded.
The strip of the fabric will commence to drop otlee edge of the platform and
the movement of the template and fabric was coatnuntil the tip of the
specimen viewed in the mirror cuts both index linBlse bending length was
read from the scale. Four specimens were testecedoh sample in both
machine and cross directions each, and each speciuae tested four times at
both ends alternatively top and bottom. The averagees of bending length
for machine direction and the cross direction veetdeulated.

Martindale abrasion tester was used rheasuring the abrasion
resistance. (Weight loss in milligram) as per AS$tdndard D 4886-88. The
pore sizes of the fabric were measured by hydranme&thod, which is based
on stokés equation for velocity of a free falling sphere.
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3.2 Methods
3.2.1 Softening:

Banana fiber is stiff and rigid by nature becausthe cellulosic structure
and arrangement of that fiber. Because of thisomedke applications of the
banana fiber should be restricted. So to make nasuf flexible fiber is the

important process for use this in various applosti

For softening the fibers were taken in a bath doimtg 10% of NaOH. It
was heated at 40°C to 50°C for 60 min. Finally fiteers were washed
thoroughly with hot water followed by cold watethén sprayed (treated) with
mixing of batching oil (1 lit) and water (9 lit) iloom temperature for 24 hrs in
easy processing.

3.2.2 Sample Preparation

Needle —punched fabrics were made from paralldl l&bs, the parallel
laid webs were produced using a laboratory cardigghine. Then the webs
were punched on DILO needle loom, od-11 /6, chdi6 model machine using
15*18*32*3.5 cb needle board with the following sfization

1. Number of needles/Imts working width = 8000 t60aMm
2. Stoke frequency = max 1200/min
3. Production speed = max 10 m/min

3.2.3 Fabric Testing:
The needle-punched fabric was tested for tenaglityygation at break air
permeability, abrasion resistance bending lengthte&ts were carried out in

the standard atmosphere of 65 - 2% RH and 20 -2°C.
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3.2.4 Adsorption Experiment

1g banana fiber needle felted fabric was immenseb0ml of deionized
water containing 500 and 700 mg/L of Pb2+, Zn2+eamnom temperature.
The solution was stirred for 5 minutes and thentKep 1 hour. Finally, the
solution was filtered and the residual Pb2+ and+Z@@ncentration of the
filtrate was measured by using atomic adsorptioecpmetry (AAS). The
Pb2+ and Zn2+ adsorption capacity of the matesiaalculated according to
equation 1.

(CO = C1)xV

max =
q m

Where

OmaxiS Pb2+ or Zn2+ adsorption capacity of the falmg/g),

CO is the initial Pb2+ or Zn2+ concentration (mg/L)

C1 is the residual Pb2+ or Zn2+ concentration aftlsorption (mg/L),
V is the volume of solution (L),

m is the weight of fabric before adsorption (g)
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CHAPTER 4

RESULT AND DISCUSSION

4.1 Fabric Properties

The developed 75:25 Banana/Cotton fiber blended woven fabric has the

following property

1. Tenacity - 0.98 gm/tex
2. Breaking elongation -35.1 %
3. Air permeability -107.2 ciicn/sec
4. Bending length
Machine direction -4 .2 cm
Cross direction -5.1cm
5. Thickness -7.8 mm
6. Fabric weight - 400gms/sgq mts
7. Abrasion resistance -66 mg (weight loss)
8. Pore size -30 microns
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Table 4.2: Zinc Adsorption

S.NO MEAN SD RSD e
(ppm) mg/gm
1 21.003 0.1586 0.8 47.89
2 22722 0.2103 0.9 67.72
3 22.429 0.1908 0.9 47.75
4 22,063 0.1925 0.9 67.79
5 22.787 0.3583 16 4172
6 23.395 0.2176 0.9 67.66
7 23.009 0.5869 2.6 47.69
8 23.611 0.2422 1.0 67.63
9 22.256 0.2616 1.2 4777
10 19.746 0.2115 1.1 68.02
11 20.38 0.2625 1.3 47.96
12 19.906 0.4302 22 68.01
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4.2Atomic Absorption Spectrometer Analysis Result

Table 4.1: Lead Adsorption

S.NO MEAN sD RSD s
(ppm) mg/gm
1 10.975 0.0478 04 489
2 7.648 0.0462 06 69.23
3 10.661 1.960 184 48.93
4 0.998 0.1371 137 69.90
5 4525 0.0552 12 49.54
6 18.865 0.686 0.4 68.11
7 31.689 0.4789 15 46.83
8 27.480 0.1986 07 67.252
9 38.776 5.27 143 46.122
10 21.990 2.786 127 47.80
1 28.801 0.1237 0.4 47.12
12 27.758 0.1736 06 47.224
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4 3Effect of pH on Adsorption Capacity

Lead Concentration-500, 700, Time-30mins:

EFFECT OF pH ON LEAD ADSORBTION
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Lead Concentration-500, 700, Time-60mins

EFFECT OF pH ON LEAD ADSORBTION
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Zinc Cc-500, 700, Time-30mins

EFFECT OF pH ON ZINC ADSORBTION
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Zinc Cc-500, 700, Time-60mins

EFFECT OF pH ON ZINC ADSORBTION
68 S N
66
S e
E R —8-500
% 56
£ 4 —6=700
E 3
50
48 >+
46
4 7 9
pH

Batch studies were conducted by contacting banitme material with
approximately 500 and 700 mg/L lead solution withidl pH values of 4.0, 7.0
and 9.0. After 30 min the pH was measured and & foand that the variation

between the initial pH and final pH for the studiess less than 5 percent.

The adsorption of lead to banana fibre can beaéx@dl on the basis of
the constituent of banana fibre. The major cornstitwf banana fibre are lignin
and cellulose which have polar functional groupat #ire particularly effective
in bonding trace elements such as lead and zingnirkiis a polymeric
substance which has hydroxyl groups that can eremlsive force on the

approaching anion thereby aiding adsorption of tedohnana fibre.

The effect of pH on metal ion adsorption by banfibee needle felted
fabric was investigated and the results are predeint Figures A. and B. The
initial pH of the metal ion solutions were changesl4,7 and 9. Adsorption of
metal ions increases with an increase in pH whbee dharge of surface
decreases also within the studied pH range, thiedolserption was obtained at

pH values close to 7.
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Lead Ph-9

EFFECT OF TIME ON LEAD ADSORBTION
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Zinc pH-4
EFFECT OF TIME ON ZINC ADSORBTION
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Zinc pH-7
EFFECT OF TIME ON ZINC ADSORBTION
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Zinc pH-9
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At low pH values adsorption is low where surfabase strong positive
charge similar to that of the ions. However therstill adsorption even though
there is an repulsion between surfaces and matal iBhis might indicate a
limited contribution of chemical adsorption that éaused by the unpaired
electrons of nitrogen at functional groups of banfibore

4.4Effect of Contact Time

Lead pH-4

EFFECT OF TIME ON LEAD ADSORBTION

70
60
50 ——500 mg/|

2
< 40
g 30 —36=700 mg/!|
E 2
10
0
30 60 90
Time
Lead pH-7

EFFECT OF TIME ON LEAD ADSORBTION

70 X

3 60
E 50 ——_l
< 40 ~—-500 mg/|
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E_ %3 ==700 mg/!
0
30 60 90
Time
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EFFECT ON TIME ON ZINC ADSORBTION

- 70 — e
< 60

£ 50 o——0

= 40 ~@-500 mg/|
3 30

E 2 =>¢=700 mg/|

Time

Contact time is an important parameter becausdabier determines the
adsorption kinetics of an adsorbate at a givenalnitoncentration of the
adsorbate. The effect of contact time on the heaeyal ions adsorption by
banana fibre needle felted fabric was investigdoed0, 60 and 90 min. The
kinetic studies were carried out for different imitconcentrations 500 and 700

mg/L for Pb2+ and Zn2+ ions on banana fibre netsdted fabric at 298.15 K.
4.4.1 Lead (Pb2+) and Zinc (Zn2+)

Figures A show the effect of contact time, concitn on adsorption of
Pb2+ and Zn2+ ions on banana fibre needle feltbddfaln Figures A it was
observed that Pb2+ ions is gradually adsorbed eadyn60 and 90 minutes are
enough to reach equilibrium for banana fibre neéelted fabric at 298.15. The
uptake of Pb2+ is increasing with temperature amtl gf the solution.
Increasing the uptake amount of Pb2+ with tempegashow the endothermic
nature of adsorption process.
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CHAPTER-5

CONCLUSION

Adsorption studies were performed to investigageatisorption capacity
of banana fibre needle felted fabric toward heaetanions (Pb2+, and
Zn2+) under different conditions such as pH, cortiate, concentration.
The amount of Pb2+, and Zn2+ adsorbed was founeatg with the
initial solution pH, adsorbent dosage, contact tiarel concentration.
The amount of Pb2+, and Zn2+ ions uptake (mg/g)faasd to increase
in solution pH, concentration and contact time.

The maximum amount of Pb2+, and Zn2+ ions uptakz98t15 K were
69.9 and 68.02 (mg/g) banana fibre needle feltedda

By experiment we have found that adsorption of lead zinc is high at
pH 7 irrelevant of time and concentration.

The addition of chemicals (NaOH, HCI) to change @Hthe aqueous
solution is the reason for low adsorption at offitérevels.

The adsorption method of extracting metal ions famuoeous solution is
the best when we compare the parameters of cofitjeety and
pollution with conventional methods like Reversenosis, carbonization
and Dumping.
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CHAPTER-6
SCOPE OF STUDY

« To modify the fibre surfaces with chemicals for anhancing the
adsorption characteristics.
« To investigate the metal ion adsorption in indaseffluent load.

« To study the disposal of used sorbent in metahasorption.
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