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ABSTRACT

Lead concentration in watewatefs discharges by
various industries generally varies from 0.4 mg/l to 400 mg/l.
OQut of various removal methodoligists, adsarption operation has
been seen as a suitable method of treatment of such
wastewaters. Therefore, the efficiency of wood charcoal,
available locally at Roorkee, in removing lead from wastewaters
in a continuous operating adsorption system is studied in thig
investigation; Locally available charcoal offers advantages
over the commerciaily used adsorbents, which are costly and
requires periodic regeneration.

The present investigation has deait with the
adsorptive response of the charcoal particles for lead ions to
the changes in operating parameters; the charcoal mass flow
rate, the lead ions concentration and the flow rate of influent
stream into the reactor. The charécal mass flow rate ranges
from 12.5 g/min to 26.1 g/min, the lepad ions concentratioﬁ in
influent stream from 5 mg/l to 15 mg/l and the flow rate .of
influent stream from 0.25 1/min to 1.00 1/min. ~ Moving media
adsorption syste@ using charcoal_as adsorbent has succeeded in
fhe removal aof lead ions from wastewaters. The percent
removal efficiency of leéd is found to be 78% tno 99% depending
upon the values of the above operating parameters.

Based on - the experimental data obtained 1in the
present investigation, the correlation relating equilibrium
concentration of effluent stream, Ce to the operating
parameters, the charcoal mass flow rate, W,the influent flow
rate, Q, and fhe lead ions concentration of influent stream,

c has been recommended as hereunder @

09



C, = 1.3469 W 0-3665 11303 oy (0.0087 c %

The above correlation is a hest fit for most of the
data points within 3 maximum deviation of 220% .

Similarly, the correlation relating the lead remaval
capacity of charcoal, q, to charcoal mass flow rvate, influent
flow rate and lead ions concentration of influent stream has
been . recommended as given below :

q = 935.9 Q=6.ﬁ4§6 Q6.¢S73'Coi.0173

This correlation is in excellent agreement with the
data points within a maximum deviation of 210%.

The dynamic system of moving media adsorption has
, been found tégfcllow the Freundlich isotherm and is given by

the following equation :

g = 441.842 c 0-652°

All the data boints are well correlated to the above
madel within a maximum deviation“of +3S5% .

However, it 1s important to mention that the above
recommended correlations are valid only for the ranges of

operating parameters mentioned earlier.
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CHAPTER 1
: INTRODUCTION

1.1 INTRODUCTION

Public concern over heivy metal pollution has grown
consistantly since the rehorted morbidity caused by the mercury
in Japan. Man’'s awareness of the heavy metal hazard now covers
a wide spectrum of metals such as lead, cadmium, chromium,
silver, copper and zinc. Trace amounts of these heavy metals
might be beneficial to microorganisms and plants, but the
presence of heavy metals at relativefy high concentrations in
the environment is detrimental to all living systems. This is
further augmented by the fact that wmost wmetals are widely
dispersed inta.environment throQgh river water, winds and can
persist in the environment for a long time.

Lead is one of the most widely used non-ferrous
metals in industry. It is used 35 a raw material for storage
battery manufacture, television tube manufacture, printing,
pigments, fuels, slectroplating,‘ dying, paints, photographic
materials, matches and explosivés manufacturing and other
processing units. Manufacturing procesées in all of these
industries produce lead-bearing effluent streams that must be
disposed off safely. Normal values of lead in the wastewaters
range between 0.40 mg/lyto 400 mg/1. Values upto 15 mg/l are
available from wastewakers such as i
i. Battery manufacture
2. Plating .

3. Glass manufacture



4. Point manufacture
S. Pigment manufacture

-IN Textile dying

The removal of lead from efflueﬁt streams has been a
subject of investigation for the last few decades as its
presence in high concentrations is harmful and toxic to the
human beings, acgquatic life and others. It has beenn found
that small children playing with toys covered with lead~based

paints are prone to suffer from lead poisening: Excess amount

i

of lead can cause acute abdominal colic syndrome, acute

encephalopathy, ‘mental deterioration and other dreadful
diseases. Various physical and Chemical methods such as
precipitation, coagulation, flocculation, ion exchange,

adsorption, cementation etc. have been recommended by various
investigators to‘ reduce ‘lead concentration i1n wastewater.
However, recently much interest has been exhibited in the use
of Adsorption Technique. This method involves the use of
either a sorption media with its recovery and reuse or a low
cost adsorption media followed by its destruction. It 1is
interesting to mention here that fixed-bed and fluidised-bed
- reactors have been employed by various investigators to
determine their applicability. to remove heavy metals from
wastewaters.

However, recent developments have led to a new type
of reactor, viz. "Moving Media Reactor". in this type of
reactor the solution to be treated flows upward through a
downward moving bed of fine adsarbent particles. This is

advantageous over others as high adsorption rates are achieved



in it due to small particle size and more efficient use of the
adsorbent is obtained.

Literature survey clearly indicates that very few
investigations are available Qsing the design data for
estabilishing the operating and geometrical parameters on the
remaval capacity of lead through the moving .media‘ reactors

prior to the application of this type of reactor for the
'effluent treatment. However, these investigations are
inconclusive and need further research work. Keeping the above
in view the present investigation has been undertaken for the
removal of lead from wastewater in a moving media reactor

charcoal as the adsorbent with tﬁe following objectives.

1. To carry out experiments for the removal of lead from
synthetically prepared wastewater of various initial
concentrations of lead in a charcoal adsorbent downword
moving bed reactor.

2 To iﬁvestigate the parametric effects of initial
concentration of lead in the wastewater, flow rate of
@agtewater, and rate of charcoal on the ‘effect of .iead
remaoval and thus to develop a correlationd amongst these
parameters. ’

3. To determine the lead removal capacity of chorcoal as a
function of charcoal mass flowrate, initial concentration
of lead in wastewater and the flowrate of wastewater.

4. To develop adsorption isotherm equation for the above

situation.



CHAPTER 2

LITERATURE REVIEW

In the field of environmental pollution there are few
" subjects that, during'recent years, have developed as rapidly
as the sutdy of toxic metals. A considerable amount of work
‘has been carried out by various investigators to find out on
economical and acceptable gsolution oﬁ the treatment of
industrial Qaste‘effluents, consisting of toxic metals which
differ widely in their naature, 1in order to wminimise their
ﬁarmful and hazardous ef?etts before discharging them to soil
and water bodies. |

Pallutants, 1in general, Ean be in the form of
inorganic or biodegradable as well as non-biodegradable organic
compounds and metal ions. |

In this literature review, lead in particular, bhas
received a great deal of attention related to removal. In
fact, acute problems have been due to the presencé of lead,
paréicularly, and other toxic elements, in general in
wastewaters.

Elevated environmental levels of lead may arise fraom
a variety of sources such as manufacture‘ of photographic
materials, storage batteries, pigments, matches, explosives;
leaded glass fuels etc. It is one of the most widely used
non—-ferrous metals in the indqury. It s also extensively
used in pr{nting, waterpipes, pottery and soldering operations.
Besides, it is used as an antiknock agent in gasoline. The

major industries which use lead as a raw material in abundance



are the storage battery manufacture and the petroleum industry.
tead is also being used as a protective coating on nuts, bolts,
bearings and on storage battery parts.

Most lead wastes are in the inorganic form. However,
wastewaters of the tetraethyl lead industry contains organic
lead compounds.

Table 2.1 Summarizes reported Tlead levels in

industrial wastewaters {83].

Table 2.1 Reperted Lead Levels In Indugtrial Wastewaters (81
S.No | Industry lead (mg/1)
1 Battery Manufacture
i. Particulate Lead 9 - 48
ii. Soluble Lead 0.5 - 25
2 Plating 2 - 140
3 Television Tube Manufacture IB0 - 400
4 Printed Circuit Board Manufacture 1.465
5 Glass Manufacture 0.4% - 100
6 Porcelain Enameling 2.9
7 Mining Process Water . 0.018 - 0.098
a Tetraethyle Lead Manufacture ' 45.00
Q? Paint Manufacture 1.1 - 10.0
10 Pigment Manufacture 1 - 200
i1 Textile Dysing 8.4
12 Rubber Hose Manufacture, Lead Sheath 6
Process
13 Foundry 29 - 170 N
14 Piston Ring Manufacture - 94.6

The sources of lead in a water supply may come from
industrial, mine or smelter discharges or from dissolution . of
oiled lead plumbing. Tap waters that are soft, acidic may‘

contain lead entering from the lead service pipes.



For lead, tolerance.limits.forb industrial effluents
discharged into inland surface waterf111 is 0.1 mg/l and the
same when discharged into public service [12] is 1.0 mg/l. The
permissible 1lead concentration in irrigation water for
continuous use is 5.0 mg/1 and for short term wuse in fine
textured soil is 20.0 mg/l.

Much interest has been exhibted in the use of
numerous techniques for the removal of metal ions from aqueous

solutions. These include :

1. Chemical precipitation as insoluble salts
2. Reverse osmosis
3. Solvent extraction

4. Foam flotation
S. Biological purification
&. lon—-Exchange

7. Adsorptiaon

2.1 CHEMICAL PRECIPITATION :

The most widely used method is the lime addition -
hydroxide precipitation which have been proved ta be effectiQé.
Yet this method had several limitations as some of the metals
hydroxide are amphoteric over a relatively narrow pH range;
The op t imum pH differ for oinimum solubility for different
metals. Also, the so;ubility is affected by the presence of
other constituenté in the wastewater particularly complexing
agents which inhibit hydroxide precipitation [(3,4,14,311. Soda
ash precipitétion has received very little attention.
Carbonate-precipitation has been studied both from theoretical
as well as laboratory point’ of view £231. Sulphide

precipitation has been investigated in recent years, (2,25,281,



although it has not yet been widely applied.

2.2. REVERSE 0OSMOSIS :

This is a technique wused by applying sufficient
pressure on a concentrated fluid to overcome osmotic pressure
and thus force water through a semipermeable membrane. New
modifications of cellulose-acetate membranes have gre#tly
increased the efficiency of this process. Same investigatars
héve tried to modify the costing material as well as technique
to achieve a high‘flux density for water {15,20,21,321.

The principal use of reverse osmosis is for
purification of brackish water. Research . is under way ¢to
extend its capability to treat sea water and was@e streams
having high organic loadings.

In general this technique is applicable for :

i} a reduction in the volume of waste,
i) re:overy of valuable or reusable material,
ii1) water treatment for boiler feed and caooling tower, and

iv) getting water of zero hardness.

2.3 SOLVENT EXTRACTION ¢

It is also knowa as liguid ~ liguid extraction. It
is“considered to be the most versatile and popular' methdd of
separation. The wmain reason for its wusefulness is that
separation can be carried out on macro level as well asl on
micro level. One does not need any sophisticated apparatus or
instrumentation excepting a separatory funnel. >It is based on
the principle that a solution distributes itself in a certain
ratio between two immiscible solvents. In limiting cases the

solute can be more or less transferred.into the organic phase.



This technigue can be used for the purpose of preparation,
purification, enrichment, separation and analysis at all scales

of working.

2.4 FOAM FLOTATION :

vFoam separation relies upon a surfactant that causes
a non-surface-active material to be come ' surface—active,
forming a product that is then remaved by bubbling a gas
through the bulk solution to form a foam. This technique is
~well documented {7,16,29.301. Karger et a3l. [17] and Pinfold
{241 have proposed nomenclature for the entire field of
absorptive and bubble separation techniques. Huang and Wilson
{101 studied precipitate flotation and ‘absorbing colloid
flotation of .mercury (II) and’ cadmium (II) from agueous
systems. Ferguson et al. [4] investigated the foam separation
techniques such as ion flotation, precipitate flotation and
absorbing collloid flotation to determine if these procedures
would be feasible for removing lead (II} and cadmium (II} from
highly contaminated wastewaters. Zeitlin et al. (19,271
in@estigaked a host of collioid flotation sgparations from sea

water.

2.5 BTDLOBICAL PURIFICATION : )
V.I. Romanenko et al. [241 developed a biological
purification p}ocess to treat industrial effluents from
chromates and dichromates. The efflluents are mixed . with
domestic sewagé and then the chromates ‘ and dichromates
contained herein are biachemically reduced under anaercbic

conditions.



2.6 I0ON-EXCHANGE :

Ioﬁ—exchange 1 a separation pracess in which ions,
held by electrostatic forces to charged functional groups on
the surface of an insoluble solid, are replaced by ions of
similar charge in a solution in contact with the solids. In
lon exchange every ion removed from solution is replaced by an
equivalent amount of another ionic species of the same sign.

Ion-exchange is wused extensively for water and
wastewater treatment primarily for the removal of hardness. It
is alsn vused fer the treatment of a variety of industrial
wastes to allow for the recovery of valuable waste materials
rand by-products. In addition the ”recovery and removal of
radicactive waste material from nuclear reactor, hospital and
the laboratory waste is quite wéll documented. '

Historical reviews indicate the early use of clay and
other natural materials for demineralization of drinking water.
Further work in this direction led to the synthesis and
development of a large variety of cross linked organic resins
which are commercially available wunder various ¢trade names.
Later on, the specific need of thermally and radiation stable
compounds léd to the development of inorganic ion‘exchangers..

[on exchangers, these days find extttensive wuse in

demirieralization of water and treatment of municipal wastes.

2.7 ADSORPTION :

This is the most common widely wused method in
practice after the precipitation method. Adsorption  i1nvolves
the interphase accumulation of subétanceg at a surface or
interphase. This phenomenon takes place when such a surface is

placed in contact with a salution. In fact, three steps " are



involved on the adsorption of solutes from solution by porous
adsorbents. The first step is the transport of the adsaorbent
(film diffusion step); the second is the diffusion of the
adgorbate inteo the pores of the adsorbent (pare diffusion or
interparticle transport step) and the last step is the
adsorption of solute on the interior surface of the adsorhent
{attachment step).

Adsorption by using activated carbon as adsorbent
have been tried and results appear to be bromising while other
adsorbents have also been undertaken in separate studies,
Various adsorbents tried for the removal of lead ions are soil,
sand, fly ash, hydrous oxides of alumgnium and iron, cellulose
and activated carbon. In all the investigations carried out in
this area, a single theory which can satisfactoriiy explain
even a majority of the observations and the discussion ther?iﬂ
not available. Following section review some of the important
investigations on the adsorption of heavy meﬁals from

wastewater Nehfink and Etzel [33] used socil as adsorbent for

the removal of copper, chromium and zinc.  They found the
process to follow a true ion-exchange mechanism, Regeneration
of soil was also possilbe. Complete removal of chrome was
possible upto concenfrations of 300 mg/l with soil. Removal of

zinc at application rates as high as 300 mg/l can be
accomplished with an efficiencey of no less than 99.7%.
Removal of copper was tomple?e after an initial conditioning
period. _

Netzer et al. [22] studied the adsorption of lead and
other heavy metals using activated carbon as a sorbent in é

batch studies. The removal efficiency of lead obtained. was

10



about 99%. The initial concentration of 1lead was 8.0 mg/l.
They also studied the effect of interferenée of other heavy
metals with lead.

Edward et al. €151 carried out a study for 'the
removal of lead by adsorbing colloid flotation in preliminary
batch studies, continuous - flow studies and a pilot - plant
studies. In their preliminary batch studies, the initial
concentration af lead in influent was 35S0 wmg/l. In these
studies the removal efficiency of lead was observed to vary
from 62% to 100% at different pH - values and sodium nitrate
ionic strength. In the continuous - flow studies, the results.
obtained were similar to those acbtained from the batch studies.
In the pilot - plant studies, the removal efficiency of lead
was noted to‘vary from B6Y% to 99% for pH - values ranging from

5.6 to 7.2.

Iéofherm for movidg media reactor had been proéosed
by Bhargava et zal. 11 fér the remaval of phenol from
wastewater éffluénts. The phenol removal efficiency was found
to be 40% to 70%. The influent flow rate was varying between
0.25 1/min and 0.75 l1/min, the chorcoal mass input rate was
varying between 2.00 g/min to 21.646 g/min and the geometric
mean diameter of charcoal particles varied between 177 aicron
to 421 micron with an initial concentration of phenol of 10
mg/l. The study showed that the dynaﬁic system of moving media
adsorption has nat been found to follow the conventional

isotherms. Therefore, they developed the followed correlation

.
-

qe' = 0.2t C° - 0.27 ' (2.1}

1



where,

qe' is the phenal removal per unit surface area' of
charcoal mass input rate per . unit time,
moles/minute/sguare meterand

c’ is the equilibrium effluent concentration by sorbate,
méies per liter.

Gupta [8) has studied the removal of cadmium and lead
from effluents in a moving media reactor with residual sawdust
as adsarbent. The investigation showed a3 removal efficiency of
lead in the range of 74% to 96%. The. various ranges of
parameters used in this study were the influent flow rate from
0.25 1l/min to 0.625 1/min, the sawdust mass input rate from
11.0 g/min to 23.5 g/min and the initial concentration of le;d
from 1 mg/1 to 50 mg/l at different pH-values and temperatures.
He hag recommended correlatién between the remaval capacity of
sawdust and sawdust mass inﬁut rate, the influent flow rate and

the initial concentration of lead as hereunder :

q, = 637.6 w_0-%07 g0.%01 0783

(2.2)
Where,
qé is the removal capacity bf sawdust, microgam/gram,
W is the sawdust mass input rate, gram/minute,
Q is the influent flow rate, litre/minute
and C_ is the initial concentration of. lead ion in the
influent, milligram/litre.
He has also developed a correlation between the exit
concentration and the sawdust mass input rate, tﬁe influent

flow rate and the initial caoncentration of lead in the influent

as hereunder :



a 2.5}

where,
c is the exit effluent concentration, milligram/litre
Inspite of a significant amount of research 1in this
direction, the data appearing in literature is quite incoherent.
This is mainly due ta the different methaods used for the
preparation of adsorbents and different conditions set for
experimentation.
Table 2.2 inditates the main characteristics of sume

important technigques used for removal of heavy metals.
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TABLE 2.2 Characteristics of Important Techniques Used For

Heavy
Metals Remaval
Technique _ Characteristics

1.|Precipitation Precipitation from dilute solution is difficult
unless a flocculating agent 1is used, in
‘case a8 bulky, very wet sludge must be disposed
of.

2.| lon-Exchange It is expensive and requires recharge
resin and‘disposal of a3 substantial
spent and contaminated regeneration solution.

J.| Foam Flotation It appears to have some distinct advantages over

4.} Adsorption

the other methods when dealing with large volume
of waste that are quite dilute in the ions to be
removed. | |

Adsorption on activated carbon requires periodic
regeneration of the carbon and, like ion~ exchange,
is rather expensive because. capacity of the
carbon to remove heavy metals 1is very iimited.
However, this can be overcome by using low cost

adsorping materials.

2.8 TYPES OF REACTORS :

There are three common type of reactors used viz.

‘batch, fluidised and moving media reactors. -

3 batch type operation, the concentration of

adsorbate in contact with a specific quantity of adsorbent

decreases gteadly as adsorption proceeds and the effectiveness

of adsorbent decreases. For a fixed bed_‘continuous flow

operation, the adsorbent is continuously in. contact with the
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fresh adsorbate, consequently the concentration in solution 1in
contact with given layer of adsorbent in column is relatively
constant. For small particle sizes, expanded bed can be used
without the associated problems of excessive head—-loss, air
binding and fouling with particulate matter.

Many investigators have been worked with fixed bed
reactor. Hiester and Vermeulen (9] presented a model for
safturation performance of ion-exchange and adsaorption columns
assuming second arder kinetics and using wmaterial balance
relationship. Keinath e% al: [18] presented a predictivée modeél
for the design of fluidized bed adsorbers based on Heister et
al. £?1 suggestion. |

The  limitations of these reactors farced
investigators to develop a reactaor having better utilization of
adsarbent capécity. Bhargava et-al. [131 have attémpted the
removal of phenollfrom the effuent in moving media reactor with
charcoal as adsorbent. In moving media reactor, the operation
is carried out in strictly continuous, steady - state fashion.
Steady state conditions reguire continuous movement of
adsorbent and adsorbate throughout the column of constant rate.
There shﬁuld be no change in composition at any  point in the
system with passage of time.

Investigations related to the application of mosxing
media reactor for the removal of .pollutants from their
effluents are scafce. Removal of cadmiom and lead from
effluents has been tried by Bupta [8} in moving media  reactor

with residual saw dust as adsorbent.

2.9 ADSORPTION ISOTHERMS :
Positive adsorption in a solid-ligquid system results

in the removal of solutes from solution and their concentration

15



at the surface of the solid, to such time as the concentration
of the solute remaining in solution is in a dynamic egquilibrium.
with that at the surface. At this position of eguilibrium,
there is a defined distribution of solute between the liquid
and solid phases. The distribution ratio is a measure of the
position of equilibrium in the adsorption process; it may be a
function of the concentration of the solute, the concentration
and nature of competing solutes, the nature of the solution,
and so on. The preferred form for depicting this distribution
is to express the guantity g as a function of Ce at fixed
temperature, the guantity g being the amount of solute adsorbed
per unit weight of solid adsovrbent, and Ce the concentration of
solute remaining in solution at equilibrium. An expression of
this fype is termed an adsorption isotheram. The- adsarption
isotherm 1s a functional expression  foar: the variation of
adsorption with concentration of adsorbate in bulk solution’.ét
constant teaperature. Commonly, the amount of adsorbed
material per unit weight of adsorbent incrases with increasing
concentration, but not in direct proportion.

Several types of isothermal adsorption relatiéns may

OoCcCcur.

2.9.1. LANGMUIR ISOTHERM :
- The Léngmuir adsarptiaon model is valid for
single-layer adsorﬁtion. This 1is the most often used

adsorption isotherm, being giving by the relationship :

Kb C, '
q = a : (2.4)
1+ KC,

Where K and b are empirical constants
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Equation (2.4) is rewritten in linear form by taking the

reciprocal of both members

b ) )

From Equation (2.5) a plot of 1/g versus 1/Ce yields

a straight line, which permits determination of parameters K

and b from its slope and ordiante intercept, respectively.

2.9.2 FREUNDLICH ISOTHERM :

The Freundlich isotherm is expressed by the equation
q=kc, /" ' (2.6)

Where k and n  are constanis dependent on several
environmental factors. Egq. (2.6) is rewritten in linear form

by taking logarithms of both members :

log g = (1/n) log C, + log k (2.7)

Equation (2:7) reveals that a logarithmic plot of q
versus Ce yields a straight line which permits.determination of
parameters n and k from its siope and ordinate intercept at Ce
= 1. The intercept is roughly an indicator of sorption
capacity and the slope, t/n, of adsorption intensity.

The Freundlich equation generally agreés quite well
with the Langmuir eduation and experimental data over moderate
ranges of concentration, Ce' However, the Freundlich isotherm

differs from Langmuir’'s in that it does not approach a limiting

value at high concentration, Ce.



2.9.3 BET ADSORPTION ISOTHERM :
The BET model represents’ i1sotherms feflecting
apparent multilayer adsorption. Each layer adsorbs according
to the tLangmuir model. The BET isogtherm is expressed by the
equation.
_ b KL, (2.8)
(C-C.y L1 + (K-1) CE/CG]

The constant b has the same wmeaning as in the
Langmuir isotherm, and k is a constant related ta energy of
adsorption. Co is the concentration of solute at saturation of

‘all layers.
Equations (2.8) can be rewritten in a linear form as
below :

e | K - 1 e
L) () () e
Cq - Coleq Kb Kb C

Equation (2.9) indicates that 3 plot of Ce/q(CO.Ce)
Vversus CE/CQ should yield a straight line. Constants K and b
ﬁan be estimated from the slope and ordiante intercept of this

line.

2.10 DETERMINATION OF CONCENTRATION OF Pb’7 IN LIQUID SOLUTION :
vLead wpt) is a serious cumulative body poison.
Natufal waters seldom contain more than 20 ug/l, although
values as high as 40ug/l have been reported [341. Lead in &
water supply may come from industrial, mine, and smelter

discharges or from the dissolution of old lead plumbing. Tap
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waters that dre soft, acid, and not suitably treated may
contain lead resulting froﬁ an attack on lead service pipes.
The methods wused for the determination of lead

concentration as prescribed in Standard Methods are as follows

3
.
»,

i) Atomic Absorption Spectrometric, and

ii) Dithizone method.

2.10.1 ATOMIC ABSORPTION SPECTROMETRIC METHOD :

Atomic 2bsorption spectrophotometry makes use of the
fact that neutral or ground state atoms of an element can
absorb electromagnetic radiation over 3 series of very >narrow,
sharply defined wavelenths. The sampfe, in solution, is
aspirated, as a fine mist into a flame, where, it is converted
to an atomic vapour. Most of the atoms remain in the ground
gtate and are therefore capable of absorbing radiation of >a
suitable wavelength., This discrets radiation {5 usually
supplied by a hollow ﬁathod lamp, which is a sharp line source
consisting of a cathod containing an element to be determined
along with an anode (usually tungstenl.

When a sufficient voltage isv impressed across 'thei
electrodes, the filter gas 1is 1onised and the ions are
accelerated towards the cathod. As these ions bombard the
cathod, they cause the cathod material to sputter and form an
atomic vapour in which atoms exist in an excited electronic
state. In rethning to the ground state, the lines
characteristics of the elements are emitted and pass through
the flame where they may be absorbed by an atomic vapour.
Since, gemerally, only the test element can absorbs this
radiation, the method becomes very specific in addition to

being very sensitive.
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In atomic absarption spectrophotometry, the metal is
excited from the enerqy imparted to it thermally by the flame
and then as it returns ta the ground state, it emits radiation
at a characteristic wavelength. This radiation is when
isloated by a monochomator and subsequently its intensity is
directly proportional to the concentration of the element
present.

| The atomic absorption spectrometric method is subject
to interference in the flame mode and requires an extraction
procedure for the low concentrations common in patable watér;
the electrothermal atomic absorption method does not reqguire

extraction.

2.10.2 DITHIZONE METHOD :

The dithizone method is sensitive and is preferred Sy
some-anAIysts for low concentrations.

The principle of this metﬁod is that an acidified
sample containing microgram gquantities of'léad is mixed with
ammoniacal citrate-cyanide reducing solution and extracfed with
dithizone in chloroform (CHCIS) to form a cherry—-red lead
dithizonate. The colour of the mixed colour solution is
measured photometrically. Sample volume taken for analysis may
be 21 when digestion is used.

In a3 weakly ammoniacal ﬁyanide solution (pH B.5 to
?.5) dithizone forms coloured complekes with bismuth, stannous
tin, and monovalent thallium. In strongly ammoniacal
citrate-cyanide solution (pH 10 to 11.5) the dithizonates of
these ions are unstable and are extracted only partially. This
method wuse a high pH, mixed colour, single dithizone
extraction. Interference from stannous tin and monovalent

thallium is reduced further when these ions ate oxidized during
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preliminary digestion. A4 modification of the wmethod allows
detaction and elimination of bismuth interfe;ence. Excessive
gquantities of bismuth, thallium, and tin may be remaved.
Dithizone in CHC13 absoprbs at 510 nm; coontral its
interference by using nearly equal concentrations of excess
dithizone in samples, standards, and blank.
This method can be used for the determination of

Pb?” content upto I0 pg in the presence of 20 ug T1+, 100 ug

sn?*, 200 pg In~',and 1000 pg each of Ba', cd?*, co?*, cu?*,

M92+, Mn

v, PO, 7, and S0,%7. Alkali metals do not interfere.

I+

2+ 5t za?t) a1t st astt, ot Fest

y Hg ’ ’ ’

The method employed for the determination of
concentration of lead 1in this study is as given in
thebpérational Manual Mcdeli IL 751 Atomic Absorption/Atomic
Emission Spectrophotometer of  University Service and

Instrumentation Centre, University of Roorkee, Roorkee.
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CHAPTER 3

EXPERIMENTAL INVESTIGATION

To meet the objectives of the present ‘investigation
an- experimental set—up was designed, fabricated and

commissioned. It has been shown estimatically in Figure 3.1.

13

3.1 DES}BN CONSIDERATIONS :
The following impartant dasign considerations were
taken intd account while erecting thea\experimental set—-up so

that the experimental data are reliable and reproducible 3

al Replacement of exhausted charcoal with fresh material is -
of paramount importance. For this purpoée, an  inlet
nozzle for the influent was provided at a height of 150 mm
from the bottom of the reactor. Besides, it is necessary'
that the upward velocity af the influent in the reactor is
equal to the terminal settling velocity of the charcoal
particles. Ta realise this, the terminal settling
velocity of charcoal was theorétically calculated and
accordingly the range of the velocity of the influent was
selected.

b) Complete exhaustion of charcoal partic}es 15 necessary sa
that the whole surface area is utilized for adsorption
during their ‘residence time. This condition in the
present investigation has been obtained by éelecting
appropriate values of mass flow rate of the charcoal,
ligquid flow rate and the initial concentration of lead.
It may be mentioned at this junction that laboratory bench

scale experiments were carried out to determine the range
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of the above parameters.

c) Possibility of arch formation of charcoal particles in the
hopper was eliminated by installing a wvibrator near the
hopper. This was essential to maintain the free flow of

solid particles in the reactors.

3.2 EXPERIMENTAL SET-UP :

The experimental set-up for a continuous operating
moving media adsorption system includes an averhead reservoir
-(1), a constant head tank (2), a column of perspex @aterial

~{moving media reactor) (7), a charcoal feeding conveyor and

other measuring instruments.

3.2.1 OVERHEAD RESERVOIR :

The overhead reservoir (1) was a mild steel
cylindrical basin having dimensions of 520 mm x 1100 mm. The
basin had a lid at the top and conical at the batttom for the
discharge of influent in a‘ constant head tank (2). The
possibility of rust  formation  during the course of
experimentation was eliminated by appiying an anticorraosive

synthetic enamel paint on the inner surface of the basin.

J.2.2 CONSTANT HEAD TANK :

It is a rectangular vessel having an apening at one
of its sides so that the influent may flow to the reactor from
it. An overflow pipe (LO) was pravided near the top of the
tank (2} so that the level of the influent in the tank
maintained at a constant head. The ogverflow liquid was

collected in an overflow tank (&) from where it was drained.
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J3.2.3 MOVING MEDIA REACTOR :

The reactor involved a cylindrical column of 100 am
inside diameter, 114 mm outside diameter and 1150 mm height.
The bottom of it had a conical socket which in turn was
connected to a collection chamber (4) for the collection of
exhausted charcaol from the column. The periodical removal of
the charcoal from the column was carried cut with the help of a‘
gate valve (3) provided at the end of the collection chamber.
At a height of 150 mm from the top of the collection chamber an
inlet nozzle (3) of about 15 mm diamster was provided. Fasie
of perspex powder and araldite was used to m#ke the joint
leakproof. The top of the column had an arrangement for the
installation of a3 stirrer (8) and a hopper (13} through. which
charcoal particles flow downward into the column (7). At a
distance of about 150 mm a nézzle (10) similar ta the inlet
nozzle was provided for the flow of treated water from the
reactor. The possibility pf any charcoal particle passing into
the inlet and the outlet pipelines was elimianted by installing
copper wire mesh (9) at the aouth of botﬁ the inlet and outlet
nozzles. The size of wire mesh was selected to be less than
the finest particle in the charcoal bed. In the present
investigation the wire mesh size was loo”khicron. : The
mechanical stirrer (8) was used for the_udifor@A dispersion of
charcoal particles in the reactor. It was rotated by an A.C.
electric motaor (12) of 0.05 H.P. and its speed was controlled

by means of virial.

J.2.4 CHARCOAL FEEDING CONVEYOR ¢
The details of charcoal feed conveyor system is shown

in Figure 3.2. 1Its main parts were screw conveyor (11), feed
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hopper (13) and a vibrator (20). Screw conveyor had a barrel
(22) in which a screw was laid axially (23). Both the ends of
the barrel were closed. However, it had provision for their
openings for maintenance and operational difficulties. Twa
rectangular slots at the two ends of the barrel were used as
the inlet and outlet of the screw conveyor. Vibratar (203
eliminated the possibility of  any arch formation of the
charcoal particles in the hopger. The screw in the barrel was

rotated by a D.C. motor (14) whose speed was reguiated by an

electronic timer (15).

3.3 TESTING OF EXPERIMENTAL SET-UP :

Befare conducting the series of experimental runs the
experimental set-up was tested against any wmechanical and
electrical leakage. For this purpose, water was circulated in
the unit for a prolonged period at different intervals of
. times. The mechanical leakaggs were detected and plugged there
off. Similarly, the unit was examined for electrical short

circuiting and made trouble-free.

3.4 OPERATING PROCEDURE :

In order to conduct the experimental runs, it was
necessary to consider the important points related to the
salection af adsorbent and its characteristics, preparation of
synthetically wastewater solution, calibration of charcoal
feeding conveyor at different speeds of the electronic speed
régulator, and the determination of concentration of lead in

the influent and effluent atreams. These are discussed iIn

details hereunder : /
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J.4.1 SELECTION OF ADSORBENT :

Wood charcoal was selected as the adsorbent in the
present investigation. It was procured from the local market
at Roorkee. It was washed by tap water in order to remove any
dirt, dust or any foreign solvent materials present in it.
Then, it was sun dried for about aone day and finally' in  an
electrical aoven at a femperature of 110 9C for about 48 hours.
This treatment made the charc&al free from any mositure.

Washing is likely to affect charcoal characteristics
considerably. Therefore, experihsnt% were carried aut te
determine its adsorption capacity. For this purpose, a 5 gm of
charcoal sample was washed and dispersed in t litre of
synthetically prepared solution of lead having a concentration
of 1 mg/l. It was stirred on 2 magnetic stirrer for 3 hours to
determine lead concentration in the resulting solution.
Experiments were repeated same as in the above manner by taking
5 gm of unwashed charcoal sample. The adsorption of'the washed
and wunwashed charcoal was observed 98f92% . and ?8.946%
respectively indicating no effect of washing on charcoal
particles. The details procedure to determine the equilibrium
concentration of lead on charcoal particles has been given 1in

Appendix A,

3.4.2 CHARACTERISTICS OF CHARCOAL :

Characteristics of charcoal include sieve anlaysis,
proximate analysis, density and porosity. To carry out sieve
analysis a sample of the dried charcoal paréicles was taken and
kept on the top most sieve of the deck of screens in a sieve
shaker. The detailed method and results are given in Appendix

B. The solid fraction, passing through 0.70 mm mesh and
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retained on 0.15 mm mesh was selected for experiments. Its
mean size is 425 micron, )

Proximate an#lysis (moisture content; volatile
matter, ash content, and fixed carbon),  density vand porosity
have been determined in accordance with the method described by
I.8. The method of anlaysis is given in Appendix C. The

results of analysis are tabulated in Table I.1.

Table 3.1 Characteristics of Chorcoal particles

1. Moisture content 1.461

2. Volatile 13.467 Y%

3. Ash content 14.013 %

4. Fixed carbaon 71.087%

S Density 0.8384 g/cc
&.] Porosity 49.860 %

J3.4.3 CALIBRATION OF CHARCOAL FEEDING CONVEYOR :
The charcoal feeding conveyor was calibrated against
the electronic speed regulator. The results of calibration are

shown in Appendix D.

3.4.4 PREPARATION OF SYNTHETICALLY WASTEWATER SOLUTION OF
LEAD:

Wastewater solution of lead-ions Pb*") was prepared
synthetically in accordance to the method described in Appendix

EI

J3.4.5 DETERMINATION OF THE CONCENTRATION OF LEAD ION IN
WASTEWATER SOLUTION :

The method used for the determination of lead

concentration was as described in the Operational Manual IL 751
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Atomic Absorption/Atomic Emission Spectrophotometer Centre,
University of Roorkee, Roorkee. It is given in Chapter 2,

Sbusection 2.16.1.

3.5  EXPERIMENTATION :

Initially, the overhead regervoir (1) was filled with
the wastewater solution having the desired concentration of
lead. Samples at different depths of the tank were collected
and concentration of lead was measured. The concentration of
lead was found to be the same throughout the depth of the tank.
Ligquid was then allowed to pass from the bottom of the overhead
reservoir through a control valwve (V4) into the constant head
tank (2). .It then passed tao the column (7) through the inlet
nozzle (3). The flow rate of solution to the column was
maintained at a pre-determined rate.  The level of solution-
into column graduafly increased and wultimately it passed
through the outlet nozzle (10). Samples were drawn to
determine lead content in ocutgoing stream. It may be mentioned
that no differencebin the lead content in inlet- and outlet -
streams was detected at any time. Charcoal particles were
introduced in a hopper (13) placed at the top of the column (7}
and was allowed to fall freely and continuously through the
inlet of the screw conveyor (24) at a pre-set constant rate.
The mechanical stirrer (B) was driven at a speed of 100 r.p.m.
to achieve uninterrupted flow of charcoal particles from the
hopper and uniform dispersion of the charcoal particles at the
top of the column. The stirrer was extended élightly into the
water surface to ensure wetting and subsequent free fall of the
charcoal particles. Thus, solid and liquid passed

counter—currently to each aother in the reactor. Samples of the
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treated wastewater were drawn from the outlet nozzle (10) and
analaysed for Pb*” concentration. The exhausted charcoal was
collected in the collection chamber (16).

Experimenﬁs were repeated for the removal of lead
from wastewater by charcoal particls using various influent
flow rate, Q, initial concentration of Pp’ in wastewater, Ca’
and charcoal mass input rate, W. -

The influent flow rate of wastewater solution wvaried
from 0.25 1/min to 1.00 1/min, the initial conceﬁtration of
Pb*" in the watewater solution fro@ 5.0 mg/1 to 15.0 wmg/1 and

the charcoal flow rate from 12.5 g/min to 26.1 g/min.

The range of operating variables 1is given in Table 3I.2.

Table 3.2 Range of Operating Parameters

S. Operating Parameters Values

No.

1. Lead ions concentration in 5.0,7.5,10.0,12.5 and 15.0

‘ influent stream (mg/l)}

2. Flow rate of influent 0.25, 0.50,0.75 and 1.00
stream (1/min) ' '

3. Charcoal mass flow rate 12.5, 16.0,20.3 and 26.1
(g/min}

The experimental runs were discontinued at the end of
each run to allow discharging of exhausted charcoal particles
from the collected chamber (4) in the reactor.

The experimental data of the various sets of runs are

tabulated in Appendix F.
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3.6 RE#RDDUCIBILITY AND CONSISTENCY OF EXPERIMENTAL DATA :
The‘ reproducibility and consitency of the
experimental data is an important feature of the present
investigation. Therefore, experiments :under identical
conditions were conducted at different times. The results

obtained were found to be reproducible and not to be erratic in

nature.
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CHAPTER - 4

RESULTS AND DISCUSSION

‘This chapter discusses the results of the experiments
conducted to carry out the removal of lead ions from wastewater
by adsorption on charcaoal particles. Basically, it deals with
the determination of equilibrium time, the quilibrium
concentration, and the percent removal of lead ions and
charcoal adsorption capacity far the wastewater at various
influent flow rates, initial Po*"  concentrations and with
varying mass flow rates of charcoal particles in a2 moving media

reactar. Ffollowing sections deal with these aspects:

4.1 EQUILIBRIUM CONCENTRATION OF LEAD IONS IN INFLUENT STREAM :
The experimentally-determined values of effluent lead

ion concentration, tabulated in Tables F.1 through F.20 of

Appendix F have been plotted as a function of contact time for

various values of operating variables of this investigation.

Figqures 4.1 thfough 4.4 show some of the typicai plots between

effluent lead ion concentration, C,and contact time, &, with

effluent flow rate, {, as a parameter, Each of these plots is

for a given value of effluent Pb”” concentration and cﬁarcoaf
mass flow rate. An ingpection of these plots reveals the

tollowing important features :

(a) For a given influent flpw rate, an increase in
contact time leads to decrease the concentration of Po*Y  in
ettiuent stream. This trend continues till the effluent
concentration becomes constant irrespective of contact time.
lhis constant value of concentration is called equilibrium
cancentration and the time equilibriuim time.

(b} At a given contact time, the value of effluent putt
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concentration rises with the increase in influent flow rate.

The above features have also been found 1in ather
plots. These features can be attributed to the following =

At a glven flow rate of influent as time passes in
the reactor, more and more surface area of charcbal comes into
contact with the influent and therefore adsorption of pa’”
increases continuously. Thus, Pb™? concentration in effluent
stream is found to decrease with the contact time. Haowever, at
a certain point ofltime whaole of the surface gets exhausted and
now no more adsorption of lead ion is paossible. Thus,
quilibrium concentration is attained.

Increase 1n intiuent fiow rate leads to increase
adsarption aqft ro?? on charcoal. Thié, in turn, causes the
effluent Pb" " conceéntration to increase with rise in ‘influent
flow rate. |

The values of squilibrium time, & and equilibrium

e’
concentration, Ce’ for all the systems of this investigation

are tabulated in Table 4.1.

4.2 IEAD REMOVAL EQUILIBRIUM CONCENTRATION:

An inspection of the aforesaid Table 4.1 clearly éhows
that equitibrium concentration of lead ilons in effluent streams
15 a strong function of influent concentration, influent
flow rate and the mass flow rate of charcoal in the reactaor.
Therefore, 1i't is essential to determine the functional
relationship between the equilibrium effulent T
cancentration and other variables.

Following subsection discusses the effect of influent
po* cancentration, influent flow rate and charcoal mass flow,

rate oan the equilibrium concentration of ¥t in the reactor

and thereby a carrelation amangst them.
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TABLE 4.1 EQUILIBRIUM CONCENTRATION, TVIME, PERCENT REMOVAL OF Py**

CAPALITY IN THE MOVING MEDIA REACTOR

AN LEAD REMINAL

S.No.| [Influent | Charcoal | Equilibrius | Equilibrius Pb**{ Percent remaval| Lead Removal
flow rate | aass flow tise concentration of Pb*° capacity
rate of
q u 0 e Py charcaal
1/sin 9/sin ain wg/l ) pg?g
Initial concentration of lead , C = 5.0 ag/l
1 0.25 12.9 55 0.102 97.96 97.9%
2 0.5 6.0 © 0.105 97.90 76.48
3 0.25 20.3 0.053 98.94 60.92
L 0.5 261 0.041 99.18 47.50
5 - 0.50 12.5 30 0.302 93.96 187.92
b 0.50 6.0 45 0.248 9%5.04 148.50
7 0.50 20.3 50 0.182 9.36 118.67
8 0.50 26.1 4 0.17t 96.98 0%2.3t
9 0.75 12,5 L5} 0.493 90.14 270.42
10 0.7% 6.0 40 0.38 92.04 13.72
i 0.75 2.3 50 0.350 93.00 171.80
12 8.75 261 5 0.306 93.88 134.89
13 1.00 12.5 @ 0.665 86.70 346.80
14 1.00 16.0 » 0.595 88.10 275,31
15 .00 2.3 LY 0.477 90,46 222.81
14 1.00 2.1 4 0.461 %0.78 173.91
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8, Ce P, g
Initial concentration of lead , C.= 7.5 m/1
{ 0.5 2.5 50 0.145 9.067 | 147.10
2 0.5 16,0 &0 0.135 98,200 115.08
3 0.25 20.3 55 0.112 98.507 90,99
' 0.5 2%, 50 0.069 98.810 70.99
5 0.50 12.5 50 0.314 %.810 | 267.44
5 0.50 16,0 55 0.261 9%.520 | 226,22
7 0.50 20.3 55 0.224 9.013 | 179.2:
8 0.50 2%.1 45 0.21t 97487 | 13%.44
9 0.75 12.5 55 0.524 93.013 | 418,52
10 0.75 16.0 55 0.480 93.600 | 329.06
1 0.75 %.3 55 0.375. (95.000 | 263.26
12 0.7 2%.1 55 0.351 95120 205.43
13 1.00 12.5 55 0.72 90.320 | S541.92
1 1.00 1.0 55 0.66b .20 | 527.13
15 1.00 20.3 50 0.561 92,520 | 3I4.®2
6 1.00 2%.1 55 0.452 a.o7s | 270.08
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S.No.

0, C, P, 9
Initial concentration of lead , € = 10.0 g/t

1 0.25 12.5 55 0.185 98.150 1§s.3o :
2 0.5 16,0 55 0.159 98,410 155.77
3 0.5 2.3 55 0.143 98450 | 12139
e 2%.1 0 0.118 98.820 94,66
5 0.50 12.5 55 0.381 9.190 384.%
6 | 050 16,0 55 0.32 %740 | 302.31
7 8.50 20.3 55 0.292 97.080 | 0.1
8 0.50 2.1 45 0.255 97.650 | 187.07

9 0.75 12.5 55 0.655 93450 | 560.70
10 0.75 16.0 55 0.582 4,180 | 441,47
i 0.75 20.3 55 0.540 94.600 | 349.51
i 0.75 2.1 55 0.449 %510 | 274.45
13 1.00 12.5 55 0.959 90.290 | 723.28
" £.00 16.0 55 0.808 .90 | 574.50
15 1,00 20.3 50 0.684 93180 | 458.92
16 1.00 2%.1 55 0.566 U140 | 360.69




TABLE 4.1 Contd.

SMo. | @ H 8, g, P, 9

Initial concentration of lead , C = 12.5 a9/l

t 0.25 12,5 s | o 97.432 243.58
2 | o 16.0 55 0.307 97.54 190.52
3 0.5 | 2.3 50 0.250 9%.000 | 150.86
4 0.25 2.1 55 0.223 9. 152 117.60
5 0.50 12.5 55 LN 94.520 472.60
b 0.50 16.0 55 0820 95.032 N2
7 | 050 | 23 KU 0.525 95.800 | 204.%5
8 0.50 2%.1 55 0.4% 96.048 230.00
9 0.75 12.5 55 1.215 90.280 677.10
10 0.75 6.0 & 1047 O 9Len 541,34
i 0.75 0.3 50 0.951 R 421.02
12 0.75 2.1 55 0.793 93.656 33%.41
13 1.00 12.5 55 1.5% 87,392 873.92
T 1.00 16.0 55 1.3%5 89.000 495.31
{5 1.00 2.3 55 £.261 89.616 553,65
16 1.00 2.1 4 1.201 90,392 432,91
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TABLE 4.t Contd.

Initial concentration of lead , C, = 15.0 ag/l

! 0.5 12.5 55 0.664 ®.573 | .72
2 0.3 16.0 55 0.5% wow | war
3| o 2.3 50 0.541 9%.393 | 178.07
¢ o %1 55 0.482 %.787 | 139.08
5 0.50 12.5 55 1.3%5 9.467 | 547.00
6 | o0s0 6.0 50 1,254 9640 | 42956
7 0.50 2.3 50 1,106 ne7 | W
8 0.50 2.1 s 1014 w0 | 2.3
9 0.75 12.5 0 2.159 85.607 | 770.4
0 | o7 6.0 s 1,962 86787 | 610.22
| 0w 2.3 50 1,797 88.020 | 487.80
2 | on %.1 50 1,510 8993 | 367.64
5| 1.00 2.5 5 1.248 8547 | 9425
| 100 16.0 " 2831 BL.127 | 76056
5 | 1.00 2.3 50 2.762 BILSET | 40286
% | 100 2.1 50 2.3% 8033 | 48295
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4.2.1 VARIATION OF CHARCOAL FLOW RATE WITH EQUILIBRIUM
CONCENTRATION OF LEAD IONS :

Figure 4.5 represents a plot to demonstrate the
variation of equilibrium pp* concentration with charcoal mass
flow rate, keeping influent flow rate as a parameter. This
plot is for a given value of lead ion concentration in influent
stream. from this plot the following noteworthy features
emerge out:

(a) The equilibrium TR concentration dgcreases
continuously with the increase in charcoal mass flow rate for a

specified influent flow rate. The variation between the two

can be represented by a power law, given below :

- -0.4663 (4.1}

Where K1 is a constant whase valuye depenas upon the influent
flow rate and its lead ion concentration. The values of Kl for
various influent flow rates are given in Table 4.2.

(b) Value of equilibrium Pb” concentration rises with the
increase in flow rate of influent stream for a given mass flow
rate of charcoal in the reactor.These features are consistent
and can be explained as below :

An increase in mass flow rate of charegsal in-° the
reactor augments the availability of surface area for
adsorption. Cansequently, larger amount of lead ions are faound
to be removed from the influent stream. Therefore, the
equilibrium concentration of lead ions in effluent stream is
found to decrease with the increase in mass flow rate of

charcoal.
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As regards the wvariation of equilibrium pa*”

concentration with 1nfluent flow rate, the explanation for

above-noted behaviour has already been discussed 1in Section

e

fable 4.2 Values of Klwhen Pb++concentration of influent

stream ,C0 is 15.0 mg/1

@, /nin K1
0.25 2.13
.50 4.41

" 0.75 1 7.05
1.00 ' 11.50

From Table 4.2, it is noted that the value of Ky
increases with the rise in influent flow rate. Similarly the
values of the constant K1 were calculated for other lvalues af
influent Pb™" concentration, and they were also found to dépend
on influent flow rate.

In arder to represent the varitation of constant KL
of Eq.(4.1) with influent flow rate, @, quantitatively, plots
of K‘(=ce/w'°'4663) against O were drawn on a log-log graph
paper. Such a plot is shown in Figure 4.6. This plot has
~influent lead ion concentration as a parameter. An examination
of this plot indicates that all the data points are well
represented by straight lines, each representing a particular

value of influent lead ian concentration. The equation of this

line is as follows:

Ce . gl-1303
=OT4EES 2
i ~0.4663 1.1303 (4.2)
or Ce = Ky W a
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Where KZ is a constant whose value differs <from one set ¢to
another depending upon the Pb™" concentration in influent
stream. The values of constant, K2 for influent stream having
different lead ion concentration are listed in Table 4.3,
fibove discussion clearly shows that wvalue of K2
increases with the rise in flow rate of inf;uenf stream for a
specified Pot?  concentration of influent stream. This
observation is understandable in view of the fact that as the
flow rate of influent stream 1is increased, opportunity for
adsorption of Po** on charcoal surface becomes less and thereby
the equilibrium concentration of lead ians in the effluent
stream increases. This, as a matter of fact, is responsible to

~0.4663

increase the value'bf ce/w with Q.

Table 4.3 values of K2 at various Pb++ concentration of

influent stream, Co‘

C,» mg/1 K
5.00 1.98
7.50 2.25
10.00 2.69
12.50 5.00
15.00 9.83

Values of Table 4.3 clearly point-out that K, differs
with the lead ion concentration in influent stream. Therefore,

it is necessary to know the functional relationship between K2

QI.ISOS)

which is equal to Ce/(bfo"qéb3 and the influent lead

ion concentration, Co‘ For this purpose, plots between

Cp/(w-0.46b3 Q1.1303)

and Cc were drawn on log-log scale as
well as semi-log scale. ‘But such plots always had a wide

scattering of data points. In other words, the plots did not
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represent the Besired relationship between the two. Then it

was thought intuitively to draw a plot between Ce/(w_o‘4663

Q1.1303) and 802 on a semi-log graph paper. Fortunately, the

plot correlated all the data points with less scattrering. Such
a plot is shown in Figure 4.7, As can be seen from this plot,
all the data points are correlated by the straight line whase

eaquation is as follows :

€

. 2
e = 1.,3469 exp(0.0087C )
-0.4663 1.1303
W Q
— 2
or €, =1.3469 W 0-4663 gl-1303 o 5 (6. 0087c7) (4.3)

The maximum deviation of Eq. (4.3) from most af the
data points 1s +204%4. |

Eq(4.3) is a correlation of equilibrium concentration
for removal of lead ions from wastewater in moving media
~reactor'wiéh charcoal mass flow rate, influent flow rate and
the Pb'’ concentration in influent stream. Therefore, one can
determine the equilibrium Ph*" concentration by use of Eg. (4.3}
from the knowledge of charcoal mass feed rate, pu’ T
concentration and flow rate of influent stream.

At this Jjunction 1t is important to mention that the
correlation, Eq.(4.3} has been developed on the bases of
experimental data obtained in the presgsent investigation. 1t¢,
therefore, means that the present correlation is valid on the
range of operating parameters given in Table 3.2. Hence no

attempt should be made to extend the applicability of Eq.(4.3)

beyond the operating parameters of this investigation.

4.3 LEAD REMOVAL CAPACITY OF CHARCOAL :

’ Nt
One of the important objectives of this investigation

- ’ 4
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1s to determine the adsorption capacity of charcoal for the
removal! of lead 1ons from wastewater and 1tsfunctional
retatiaonship with the opérating parameters. The 1lead removal
capacity of charcoal is de fined as the ratio  of
experimentally4determined lead ions removed during the
residence time in the reactor to the amount of Pb’’ adsorbed by
charceal. Mathematically, is defined as

lead removal U;f'cg) Q &

= e
capacity of .charcoal, q - W o (4.4)
2

Eq.(4.4) assumes that entire surface area of charcoal 1is
available tor adsorption, Using Eg.(4.4), value of lead
removal capacity of charcoal have been computed for all the
operating parameters. The values, so obtained, are listed
in Table 4.3.

A persuatl of Table 4.3 brings aut the fact that lead
removal capacity of <charcoal 1is a strong function of the
Pb” Tconcentration in influent stream, flow rate of influent
stream and charcoal mass flow rate to the reactar. S0 it 1s
essential to find out the functional relationship between these
variables and lead removal capacity of cbharcoal. Such an
exercise has been attempted in the follaowing paragraphs :

#igure 4.8 1s a plot to demonstrate the variation of
lead removal capacity of charcoal with charcoal mass flow rate.
In this plot the influen flow rate is a parameter. This plot
is for a given value of lead ions concentration in the influent
stream. Fram the plot .the following salient features are
noted:

(a8} At a ngén tiow rate of influent, the lead removal
cabacity aof charcoal decreases with the increase in charcoal

mass flow rate 1n the reactor. The variation between q and W
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can be repersented by a straight line of the following equation

- . —0.9490
9 = KW (4.5)

where'Kl’is a constant., The value of constant Kl’ depends upon
the tlow rate and Po” 7 concentration of influent stream passing

to the reactor. The values of Kl' have been calculated for all

the experimental data and are listed in Table (4.4).

(b The lLead removal capacity of charcoal‘rises.with thé
increase in the flow rate influent for a given mass flow rate
of cnarcoalxxn the reactbr.

These abservations have been found with all the bsets
of this investigation. Therefore, they are COnéisfent and can
be explained as given hereunder:

An increase 1n the flow rate of charcoal decreases
the lead removal capacity of charcoal due to the fact that rise
in  the flow ‘rate of charcoal to reactor decreases | the
equilibruim concentration of lead ions in influent stream. The
reason for this feature has already been explained in detailes
in Section 4.2; As a result of it, the removal of lead per
unit volume expressed by (C,-C,) ncreases. However,
increasein (CQ-Ce) is compratively smaller then that in the
tilow rate of charcoal. All ¢this couses the lead removal
capcity of charcoal to decrease.

An 1ncrease 1n the tiow rate.of influent stream, for
a given charcoal feed rate, raises the equilibrium
concentration uf Po” "in effluent stream. This, in turn, causes
the value of (C_-C_) to decrease. However, the amount of lead
removed 1N .the reactor increases due to rise in the flow rate

of influent stream. All this causes the lead removal capacity
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of charcoal to be higher when the reactor is fed with larger

fiow rate ot i1ntluent stream.

Table 4.4 values of K, ‘when Po”? concentration of influent
stream Co’ is 15.0 mg/1l.

Q , l/min Ky
0.25 3150
0.50 , 6015
- 0.75 8445
1.00 . 10350

Values of Table 4.4 make it amply clear that the lead
ion concentration and the flow rate of influent stream strongly
atfect the value of constant, Ki‘. In order to estaplish the
functional relationship between Kl'and other variables, plots
are drawn between Kl'(=—a:U$qanJ and the flow rate of influent
stream, (.

Une such a'typlcal plot is shown in Figure. 4.9. The
cancentratiaon of lead ions in influent stream is a parameter in
this plot. The plot clearly indicates a family of parallel
straight lines, each representing a given value of IO

concentratiaon 1n i1nfluent stream. The equation of straight

line 13 as follows:

q
g = K T (4.6)
w - - . .
Where Kz'is a constant whase value depends upon the

Pb++cancencratzcn ot influent stream. Values of Kz'for various

po*? concentration of influent stream are given in table (4.5).
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The above observation can also be expressed by
stating that (q/w"°'949°) varies directly with Q. This 1is an

expected behaviour in the light of above discussion.

Table 4.5 Values of Kz'at various Pb++concentration of influent

stream, C_.

s}

C» mg/l | | Ky x 107
5.00 - 38.40
7.50 | 59.60
10.00 79.70
12.50 96.10
15.00 111.00

It is seen from Table 4.5 that the value of K
increases with the rise in C_. To obtain the relationship
between K,° and the Pb++ concentration of influent stream, a
plot between .these twc'quantities is drawn. This glot is shown
in Figure 4.10. The érdinate of this plot represeng Kz'[= g/ (W
-0.94%90 Q0.9573)]

all the data points to be wéll correlated by the following

and the abscissa CQ. The plot clearly shows

equation within a maximum deviation of +10% .

9 .
= 935.9 ci-O173
AR - (o]
W ,
ar  q = 935.9 W0:7490  0.9573 (1.0173 , 4.7

Eq.(4.7) is a simple and convenient correlation to
datermine lead removal capacity of charcoal from the known
values of charcoal feed rate, Ph¥¥concentration and flow rate
of influent stream. Eq. (4.7) holds true only for the range of
operating parameters given in Table .(3.2). Therefore, the

above correlation should not be used far those situations which
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deviateion from the present investigation.

4.4 ADSORPTION ISOTHERM :

Adsarption isotherm is simple and convenient means of
expressing the behaviour of the reactor for the removal of
solids from effluent stream. As mentioned in Chapter 2,
Section 2.9, there are generally three measure types of
adsorptipn isotherms-the Freundlich, the Langmuir and the
Bnaunaﬁer—ﬁmmett—Tailer (BET) isotherms. The type of isotherm
depends upon the adsorbent concentration, its characteristics,
and the adsorbate. Therefore, each of them is represented by
different relationship between the solid removal capacity of
adsorbate and equilibrium concentration of adsorbent. As a
matter of fact, the determination of adsorption isotherm
reve#ls the underlying principle involved in adsorption process
and also helps in the design of multi-stage adsorption columns.
Keeping this in view, the present investigation has been
extended for the determination of isotherm.

Figﬁre 4.11 is a plot to show the adsorption isotherm
far moving media reaétor. In this plot, lead ion removal.
capacity of charcoal is on ordinate whereas, the equilibrium
lead ion concentration on abscissa. The plot clearly reveals
that all the data points are well correlated by the 'following

equation within a maximum deviation of +35%

0.6623

q = 441.842 Ce (4.8)

Equation (4.8) represents the Freundlich isotherm.
Thus, it can be said that wmoving wmedia reactor follows the
Freundlich isotherm when lead ions are removed from effluent

stream by using charcoal as an adsorbate.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The locally available charcoal is found to be an
excellent low cost absorbent for the removal of lead ions from
wastewaters in the present moving media reactor. For the
ranges of operating parameters of the present investigatién,
the lead removai efficiency is found to be 78% to 9% depending
upoa the values of the aperating p;rameters. The
counter—current operation of the adopted moving media’'s dynamic
system provides maximum opportunity far saorbate-sorbent
contact. Thg capaéity of the sorbent material is wutilized ¢to
‘its fullest possible extent.

From the various results of this investiéafion, for
the removal of lead ions from influent steam by charcoal
particles for varying influent flowrate, Q, and lead ions
concentration of influent stream, Co in a given media reactor,

the following note-worthy conclusions'emerge out:

1. For the range of charcoal mass flow rate, - W, from 12.5
g/min to 26.1 g/min to the moving media reactor, the
charcoal particles remain in their individual entities.
This is implied from the fact that with increase 1in the
value of W, there 'is a proportional increase 1in the
effective survace area of the particles which is amply
supported by the proportional increase of lead ions
adsorbed on the charcoal particles. Both the values 6f
lead removal capacity of chartoal, q, and the equilibrium

lead ion concentration of effluent stream, C decreases

et
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consistently with the increase in the charcoal mass flow
rate, W, for the specified values of influent flow rate,
Q, and lead ion concentration of influent stream, CO.

As the flow rate of influent <stream, @, increased, the
opportunity for adsorption of Pb** on charcoal surface
area becomes less and, in turn, resulting in increase  in
the equilibrium lead ion concentration of effluent streaa,

Ee-

]
for

The correildtion reiaﬁing. the equilibrium lead ion

cancentration of effluent stream, C ta charcoal mass

e)
flow rate, W, influent . flow rate, @, and lead ions
concentration of influent stream, Co’ is recommended as

follows :

2
a exp (0.0087 Co } most

af the experimental data are correlated within a ‘max imum
deviation of + 20%

The correlation relating the lead removal capacity of
charcoal, g, to charcoal mass flow rate, influent flow
rate, and lead ions concentration of influent stream 1is

recommended as given below :

Q0.9573 C_1.0173

a
This correlation is in excellent agreement with the
experimental data of the present investigation within a

maximum deviatian of 110 Y

. The adsorption isotherm for the wmoving media adsorption
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system has been found to follow the Freundlich isotherm

and its equation is recommended as given hereunder.

g = 441,842  0-66%°

- all data points are correlated within a maximum deviation

of +3I5 Y.

At this junction, it is important to wmention that the
above récommended "equations are only valid for the
operating parameters given in fthis investigation.

However, this investigation has much to offer as scope

for future work.

1‘

A detailed study of adsorption in the pores of charcoal
particles by diffusional mass transfer is important and
conseduently a dimensionle;s carrelation for all ﬁperating
parameters of this investigatioh seems to be of paramount
importance to generalize the problem.

The determination of the effect of coalesceﬁce on the
adsorption of lead 1ions on charcoal pérticles is
impaortant. In view of this, it 1s felt that the
experiments could be plénned to find out the wvalue of
charcoal mass flow rate at which the charcoal particiles
coalesce and thus impair the performance of the reactor.
Consequently, it is recommended also to carry outf
experiments for the adsorption of lead ions by char;oal
particles in columns of reactors having lesser diameters
than the adopted one in this inhvestigation.

Regeneration and disposal of the charcoal inc?uding the

adsorbed media may be examined because of dangers of

leaching if land disposal is planned.
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APPENDIX A

CHARCOAL ADSORBTIVE BEHAVIOUR ON LEAD
SOLUTION IN A BATCH STUDY

The adsorption of lead on charcoal was studied by
preparing a3 synthetic wastewater containing leadions. _ Dried
charcoal in its natural form having size particles of 425
micron i.e. passing 700 micron mesh size screen and retaining
on 150 micron mesh size screen was dsed 35 a sorbent material.
10.0 gm of charcoal was added to a beaker cdntaining 1 litre of
wastewafer having lead concentration of 5 mg/kl. The wmixture
was stirred at a speed of 50 r.p.m. in the breaker for about
six hours continuously. Samples were drawn at an interval of 5
minutes, 30 minutes, 1 hour, 4 hours and & hours duration. The
concentration of lead in the sample was deterdined on the
atomic absorption spectrophotometer, as per .procedure, laid
down in the Operational Manual Model IL 751. pH of the samble
was measured before and after the experiment, which are listed
in Tabie A.l.

The experimental data, so obtained, were analysed to
find out adsorptive capacity of charcoal on wastewater
behaviour containing Pu*. Figure A.1 s a plot between
percent removal of lead from the solution versus contact time
wﬁen charcoal is allowed to contéct wastewater having initial
lead concentration of S mg/l. From the plot, it 1is observed
that as the contact time increases, percent removal is found to
increase and after a maximum value it decreases. However, the
change in percent removal 1is marginal only. The percent

removal is 94,12 for a contact time of 4 hours. The above
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observation is due to the fact that as time passes, more and
more surface area of charcoal particles becomes available for
adsorption and thus percent removal of lead 1is found to
increase with time. But after a3 period, when whole of the
surface area has been completely exhausted, no more adsorption
occurs. Thus in the presgent investigation:the optimum contact
time is 4 hours and the removal of lead corresponding to this
periond 15 94.,12%

Further, it is also seen from Table A-1 that the

value of pH does not undergo alteration during the course of

sxpecimentation.

TABLE &1 EXPERIMENTAL DATA FOR THE STIDY OF CHARCON ADSDRPTIVE CAPACITY ON LEAD TON

laitiat Pb**  concentration =5 mg/l
Charcoal added for 2 batch = 10 ga

Residual concentration of Pb*Y|Percent removel of lead on charco
in solution al

ms/8 %

Adsorption on charcod
al pH

eg/g ¥

3 13 | 4 b 5 30 t 4 6 5 (3¢ N 4 &

. . Befare | After
ain  |ain  |hr hr he fin nin hr . |he hr win  |sin |he hr hr

0.577]0.437(0.425 10.294] 0,363 88.46 [91.22 1 91.4894,12/88,30 |44.23145.61[45.74]47.66/ 44,15 £.23 | 6.28
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APPENDIX B

SIEVE ANALYSIS

The particle size of the adsorbent (carcoal) strongly

affects the adsorption phenomena, therefore it s very

important to have a knowledge about the particle size

distribution of the charcoal. The method of analysis is

clearly described as follows:

Before undertaking sieve analysis of the material

under investigation, screens are arranged 1n their increasing

mesh number or decreasing screen openings to form 3 deck of

screens. The bottom most screen is kept on pén and thg top

most screen is covered with a lid. Now, a sample of charcoal

was weighed and kept on the top most screen in a deck of

screens. The deck was transferred to a Rotap Sieve Shaker
machine. The time was adjusted for about I0 minutes and the

machine was started.. At the end of 30 minutes, the deck was

removed from the shaker and the materials retained on various

STreens was weighed to determine its size. The results are

given 1in Table B.1.

The average diameter of the charcoal as shown in the

Sample Calculations (Appendix 5) was 425 micron.

Table B.1 Sieve Analysis of Charcoal

S . No. Screen aperture Mean diameter Mass fractions
o of the particle reftained on
o screen
i -700 700.00 - 0.0000
2 -700 + 600 : &£50.,00 0.11195
2 -600 + 425 512.05 - 0.3838
a ~-425 + 355 390.00 ' 6.1972
o) -355 + 250 302.50 0.1701
é -250 + 150 , 200.00 0.1374
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APPENDIX C

ANALYSIS OF CHARCOAL

This Appendix describes the following methods used
for the analysis of charcoal i.e. for the determination of
moisture content, volatile content, ash content and fixed
carbon and also the determination of density and porosity of

charcoal particles.

C.1 MOISTURE CONTENT [13] :

A measured weight of charcoal was kept‘in an oven for
one hour at a temperature of about 100 + 59C. The loss in its
weight was detefmined. It represents the moisture present 1in
the sample. Following are the results:

1. Weight of watch glass = 32.645 g

2. Weight of watch glass + charcoal = 43.5446 g
3. Weight of charcoal = J3.901 g
&. Weight of watch glass + charcoal = 43.489 g

{after one hour, kept at 100 + 59C)
S. Weight of dried charcoal = 3.844 g
&. Total loss in weight of charcoal = 0.057 g

0.057 x 100 ,
Moisture content = = 1.461%
2.901

C.2 VOLATILE MATTER (131

A measured weight of charcoal was kept in an oven for
seven minutes at 200 + 25 ce. The loss in weight was
determined. It represented the wvolatile wmatter and moisture

content in the sample. Following are the results :
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1. Weight of crucible = 39.318 g

2. Weight of crucible + charcoal

#

43.719 g
3. Weight of charcoal = 4.401 g

Weight of crucible + charcoal = 43.062 g
(Kept for 7 minutes at 900 +25°9C)

S. Total loss in charcoal = 0.657 g

U

(Volatile matter + moisture} of charcoal 0.657 x 100

4.401
= 14.928%
Moisture content = 1.461%
Volatile matter = (14.928 - 1.4&61) %
= 13.4867%

C.3 ASH CONTENT {131 :
A‘ﬁeasured weight of charcoal was kept in an oven for
one hour at 700 +50°C. The loss in its weight was datermined.

It represented the ash content of the sample. Following are

the results :

1. Weight of ash dish = 39.326 g

2. Weight aof ash dish + charcoal = 44,6064 g
3. Weight of charcoal = 5.28 g '

4. Weight of ash dish + charcoal = 43.864 g

(kept far 1 hr at 700 +50°C)

5. Total loss in weight of charcoal = 0.74 g

Q.74%x100 ’
Ash content of charcoal = = 14.015Y%
5.28
C.4 FIXED CARBON [131 :
Fixed carbon of charcoal was calculated = by

subtracting the summation of percent of moisture, volatile
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matter, and ash content from 100.
Fixed carbon of charcoal = 100 - (Moisture content +

volatile matter + Ash content)
100 - (1.461 + 13.467 + 14.013)
71.057 %

€.9 DENSITY [131 :

A calibrated container of volume 1000 ¢c was weighed.
It was filled with charcbal, loosely wupto the brim. ‘The
container filled with charcoal was measured. The difference in
the two wéights provided the weight of loose charcoal in  the
container. From this the density of loose charcoal was
determinedr' Now, the calibrated container was again filled
with charcoal, compact as much as possible upto its brim. The
weight of cohpact mass of charcoal was calculated. This
provided the density af compact mass. Avérage of these two
densities represented the true density of charcoal. $The
rasults of this test are as follows

a. When Filled With Loose Charcoal :

1. Weight of calibrated container = 262.0 g
2. Weight of container + loose charcoal = 1070.8 g
I. Weight of loose charcoal = BOB.8 g

Mass 808.8

Density of loose charcoal = UsTome— = 000 = 0,8098 g/cc

b. When Filled With Compact Charcoal :

1. Weight of calibrated‘container = 262.0 g
2. Weight of container + compact charcoal =1130.4 g

3. Weight of compact charcoal = 868.4 g
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_868.4_
1000
0.8088+0.8684

Density of compact charcoal 0.8684 g/cc

Average density of charcoal=

2

= 0.8386 g/cc
C.& POROSITY [13] :

A known amount of charcoal was taken and kept in a
beaker. The beaker was then filled with water. It was kept
about 15 minutes so that the pores present in charcoal
particles were filled with water. The wet charcoal was
transferred to a filter paper to remove extra water, without
applying any pressure. The wet charcoal was then dried in an
oven at a temperature of &60°C for about an hour. The
difference in the weights of wet and dry charcoal gives the
amount of water absorbed. The porosity of charcoal was
determined by using the density calculated in Section C.35.
Following are the results obtained :

1. Weight of watch glass = 39.645 g

2. Weight of watch glass + dry charcoal = 48.201 g
3. Weight of dry charcoal = 11.416 g
4. Weight of watch glass + wet charcoal = 57.849 g
5. Weight of wet charcaol = 18,204 g
6. teight of water in voids = 6.788 g

_ Mass . 1i1.416 _
7. MVolume of charcoal = Density = . B%5e 13.613 cc
8. Porosity of charcoal = 22788 __ + 100 = 49.86%

13.613 ’
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APPENDIX D

CALIBRATION OF ELECTRONIC SPEED REGULATOR.
CHARCOAL FEEDING CONVEYOR

The dried charcoal was introduced in the hopper and

allowed to fall freely via screw conveyor af pre-determined

speeds of 10, 15, 20, 25 and 30 rep.m. for 1,5 and 10 minutes.

Charcoal, thus dropped, was then collected and weighed. Three

sets of rgadings were taken to ensure the regular dropping of

charcoal through the screw conveyor. The readings are

tabulated in Table D.1.

TABLE D-1 (HARCOAL MASS FLOM RATE FOR DIFFEREMT R.P.H. OF THE
ELECTRONIC SPEED REBRATOR

R.P.M - Charcoal aass flow rate (grae) for different tise interval”

of Far 1 min For 5 min Faor 10 wmin ' Average | Adopted

E.S.RY I il 1 I tl 1§11 I It 1 L]

10.0 12,176 [11.921 [13.406 | 61,215 [43.210 |63.081 [125.361 | 124.013 | 123.634 12.501 12,9
15.0 {16,121 |15.141 [17.231 [B1.211 {77,214 |83.712 162,130 | 158.301 | 161.426] 16.09 16.0
20.0 [19.231 [20.317 |22.513 | 101.294{98.731 [104,216[201.314 | 203,363 | 199,371 20,348 20.3

5.0 |23.267 |21.962 |20.913 {116,217 [11I. 713 (118,013 {231,377 [228.441 | 230.073) 22.747 2.7

30.0 [27.316 [26.308 |25.016 | 131.2141128.022|134.261 261, 114 | 258,201 | 260.334| 26.145 2.t
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APPENDIX E

PREPARATION OF WASTEWATER SOLUTION OF LEAD IONS (Pb*™)

Lead nitrate Pb (NOE)Z was used as solute material
for preparing synthetic solution of lead as described in the
Standard Methods [341.

1.598 gm Lead Nitrate was dissolved in approximately
200 ml of triple distilled water. 1.5 ml of concentrated
nitric acid was added to it and the reéultingv solution was
diluted to 1 litre with triple distilled water to give a
concentration of 1000 g of 1ead per mwl. A polyethylene

container was used to store stock solution of lead.
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APPENDIX F

EXPERIMENTAL DATA

Initial Pb”" concentration, C_ = 5.0

Table F.1 mg/1
Charcoal mass flow rate, W = 12.3 g/min
S. |Time interval|Cumulative time| Effluent Pb” " Percent removal
No. <] a8 Concentration P
‘ c C, mg/l )
min min v M9 Y
Influent flow rate, @ = 0.25 1l/min
1 S 035 0.501 89.98
2 5 10 0.363 92,74
3 5 iS5 0.322 93.56
4 5 20 0.264 94,72
5 5 25 0.212 ?5.76°
b 5 30 0.180 Q&.40
7 S 35 0.1546 ?6.88
8 S 40 7 0.155 96.90
? S 45 0.117 ?7.64
10 S 50 0.118 ?7.64
11 S 55 0.102 R7.26
12 S 60 0,106 ?7.88
13 S 65 0.107 ?7.86
14 S 70 0.101 ?7.98
Influent flow rate, { = 0.50 1l/min

1 5 05 . 0.802 BI.%?4
2 S 10 - 0.679 B&. 42
3 5 15 0.586 B8.28
4 5 20 0.464 20.72
S S 25 0.43B ?1.24
6 5 X0 0.371 92.58
7 5 35 0.336 23.28
8 5 40 0.301 23.98
q S 435 0.298 ?4.04
10 5 S0 0.302 93.96
11 S 55 0.280 23.98
12 5 &0 0.275 ?%.70
13 3 65 0.300 ?4.00
14 5 70 0.295 ?4.10
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Table F.1 contd.
NG e - r
Influent flow rate, @ = 0.75 1l/min
1 5 05 0.976& 80.48
2 S 10 0.827 83.446
3 S5 15 0.734 85.32
4 "5 20 0.623 87.54
) S 25 0.550 8%2.00
& S 30 0.512 82.7&
7 S "35 0.420 20.20
8 5 40 0.492 ?0.16
Q S 435 0.493 ?0.14
10 S 50 '0.480 ?0.40
11 5 53 0.488 ?0.24
12 S &G 0.501 '89.98
13 S 465 0.481 20.38
14 S 70 0.484 ?0.32
Influent flow rate, @ = 1.00 1l/min
1 5 05 1.069 78.62
2 S 10 - 0.910 81.80
I S 15 0.802 83.%6&
4 5 20 0.721 85.58
5 ) 25 0.655 86.%0
6 ) 30 0.665 86.70
7 S 35 0.646 B86.68
8 S 40 0.665 86.70
Q 5 435 0.666 86.78
10 S S50 0.664 86.72
11 S 55 0.665 86.70
12 5 &0 0.663 Bé&.74
13 S 65 0.664 B6.72
14 S 70 0.666 Bé&.68
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EXPERIMENTAL DATA

Table F.2 Initial Pb”" concentration, G, = 5.0 mg/l
Charcoal mass flaow rate, W = 16.0 g/min
S. |Time interval}lumulative time}] Effluent pot? Percent removal
No. 8 8 Concentration P
) c C, mg/1 )
min ain y Mg v
Influent flow rate, @ = 0.25 1/min
1 S 05 0.460 ?0.80
2 S 10 0.301 ?3.98
3 S 13 0.235 ?4.90
4 S 20 0.22¢6 35.48
5 5 25 0.169 96.62
b 5 iV 0,138 97.24
7 5 35 0.127 97 .46
B 5] 40 0.105 27.90
2 5} 43 0.0%92 9B.1é6
10 3 50 0.102 Q7.9&
11 5 55 0.099 98.02
12 5 60 0.096 .98.08
13 5 &3 0.098 98.04
14 5 70 0.095 98.10
Influent flow rate, § = 0.50 l/min
1 5 05 0.735 85.30
2 S 10 0.602 B7.96
3 o] 15 0.524 89.52
4 S 20 0.427 ?1.46
S S 25 0.379 92.42
& 3 30 0.342 23,16
7 5 35 0.286 24 .28
8 5 40 0.264 94,72
q 5 45 0.248 95.04
10 5 - 50 0.252 ?4.96
11 S5 k) 0.251 24,98
12 5 &0 0.253 24,924
13 5 63 0.258 ?4.84
14 -5 70 0.250 ?5.00
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Table F.2 contd.

S. g e ' C P

Influent flow rate, G = 0,73 1/min

1 S 05 0.895 82.10
2 S 10 0.778 B84.44
RS 5 15 0.655 86.9C
4 S 20 0.564 88,72
5 S 25 0.505 89.90
é S 30 0.457 80.86
7 S 35 C.424 91.52
8 S 40 0.398 Q2.04
? 5 45 0.406 : ?1.88
10 S 50 0.403% 91.94
11 S 55 0.409 91.82
12 5 60 0.405 ?1.90
13 o} 65 0.407 ?1.86
14 5 70 0.402 91.96 .
Influent flow rate, @ = 1.00 1/min
1 5 05 0.975 80.50
2 S 10 0.877 B82.46
3 S 15 0.751 84.98
4 5 20 0.652 B6.96
5 S 25 0.5%1 88.18
b S 20 0.595 88.10
7 ) 35 0.601 87.98
8 3 40 0.596 B88.08
Q S 45 0.594 88.12
10 5 S0 0.593 - B88.14
11 S 55 0.596 88.08
12 S 60 0.599 88.02
13 S 65 0.4600 88,00
14 S. - 70 0.595 88. 10
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EXPERIMENTAL DATA

Table F.3 Initial Pb”" concentration, C, = 5.0 mg/l
Charcoal -mass flow rate, W = 20.3 g/min
S. |Time interval{Cumulative time| Effluent Pb’ Percent removal
No. o 9c Concentration Pr
min min C, mg/l y
Influent flow rate, {0 = 0.25 1l/min
1 ! 05 0.402 ?1.9&
2 5 10 - 0.258 24.84
K S 15 0.229 @5.42
4 5 20 0.187 R6.26
5 5 25 0.132 97.3&
b 5 30 0.116 ?7.68
7 S IS 0.084 98,32
8 5 40 0.053 ?8.94
Q 3 45 0.054 ?8.92
10 o) 50 0.052 28.76
11 5} 55 0,053 28.24 -
12 5 &0 0.067 ?8.46
13 3 65 = 0.0863 ?8.74
14 ) 70 0.062 28.7&
Influent flow rate, G = 0.50 l/min
i ) 05 G.673 B&.54
2 S 10 0.559 88.82
3 3 13 0.450 21.00
4 S 20 0.361 ?2.78
5 S 25 0.336 93.28
6 S 30 0.280 ?4.40
7 S 35 0.272 24.56
8 S 40 0,20e R5.84
Q S 45 0.201 95.98
10 s} 20 0.182 6.36
i1 S 55 0.192 96.16
12 ) 60 0.198 96.04
13 S b5 0.189 86.22
14 S 70 0.1°0 96.20
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Table F.J contd.
§5~ 2] ec C Pr
Influent flow rate, @ = 0.75 1/min
1 5 03 0.78%9 84.22
2 5 i0 0.731 85.38
R iv) 15 o F7eE 8/5._84
q 5 20 0.559 88.82
S S 25 0.5950 89.00
6 S 30 0.441 g1.18
7 ] 35 0.438 ?1.24
8 5 40 0.395 22.10
9 S 45 0.372 ?2.36
10 ) 50 0.350 23.00
11 5 55 0.354 92.92
12 5 60 0.357 82.86
13 5 65 0.345 23.08
i4 S 70 0.347 23.06
Influent flow rate, @ = 1.00 1/min
1 S 03 0.862 82.36
2 5 10 0.829 83.42
3 5 13 0.705 85.90
4 S 20 0.616 87.68
S S 23 0.575 88.50
) S 30 0.506 89.88
7 s) 35 0.511 89.78 .
8 5 40 0.477 90.46
2 S 43 0.481 ?0.38
10 S 50 0.512 8R.7¢&
11 S 59 0.4%90 20.20
12 5 60 0.4464 ?0.72
13 S 65 0.491 ?0.18
14 S 70 0.4%94 ?0.12
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EXPERIMENTAL DATA

Table F.4 Initial Pb*”* concentration, C, = 5.0 mg/l
Charcoal mass flow rate, W = 26,1 g/min

S. |Time interval|Cumulative time| Effluent Pb~ ' | Percent removal
No. =] a8 Concentration P

' < C, mg/l .

min min v M9 %
Influent flow rate, @ = 0.25 1/min
1 S Qs 0.347 G3.06
2 S 10 0.229 @5.42
3 S 15 0.199 26.02
4 5 20 0.148 ?7.04
5 S 25 0.098 ?8.04
& S 30 0.087 ?8. 26
7 S 5 0.079 ?8.42
8 5 40 0.041 33.18
? S 45 0.051 ?8.98
10 5 50 0,030 ?9.00
i1 S 55 0.041 99.18
12 5 &0 0.051 98.98
13 ) 63 0.049 ?9.02
14 5 70 0.051 98.98
Influent flow rate, @ = 0.50 1/min

| S 05 0.626 83.96
2 5 10 - 0.524 Bb.42
3 5 15 0.418 88.28
4 5 20 0.279 ?0.72
S5 5 25 0.234 ?1.24.
&6 S 30 0.215 G2.58
7 3 35 0.201 23.28
8 ) 40 0.171 93.98
9 5 43 0.176 94.04
10 5 50 0.172 ?3.96
11 5 55 0.171 23.98
12 5 60 0.162 ?3.70
13 5 &5 0,152 ?4.00
14 5 70 0.150 ?4.10




Table F.4 caontd.

S. g a c P

t
!
i
{

Influent flow rate, @ = 0.79 1/min

T SR— S —
1 ) (85] 0.742 - 85.16
2 S 10 0.4648 87.04
3 5 15 0.53% 89.22
4 5] 20 0.439 91.22
S S 25 0.404 ?1.88
6 5] 30 0.376 92.48
7 S 35 0.334 . 93.32
8 S 40 0.350 23.00
Q S 45 0.306 93.88
10 5 50 0.335 93.3D
11 S 55 0.310 ?3.80
12 5 &0 0.311 - B3.78
13 S 65 0.288 . 94,24
14 5 70 0.3046 23.88
Influent flow rate, @ = 1,00 1l/min

1 S " 08 0.841 87.48
2 5 10 . 0.750 - B89.52
3 S 15 0.671 ?1.464
4 5 20 0.576 ' 24.42
5 ) 25 0.511 95.2

b6 S X0 0.454 . ?5.70
7 5 35 0.451 ?5.98
8 S 40 0.461 36.58
9 S 45 0.419 96.48
10 S 50 0.415 ?6.56
11 S 595 0.460 G6.58
12 S 60 0.452 Fb.74
13 5 65 0.448 R6.926
14 5 70 0.447 97.00
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EXPERIMENTAL DATA

Table F.S Initial Pe’7 concentration, CO = 7.5 wmg/l
Charcoal mass flow rate, W = 12.5 g/min
S. {Time interval|Cumulative time| Effluent Pb++ Percent removal
No. 4 f. Concentration L P
min min C, mg/l v
Influent flow rate, 3 = 0.25 1l/min
i ) 05 0.551 92.653
2 5 10 0.4462 23.840
3 3 15 0.372 ?5.040
4 S 20 0.307 95.907
3 5 25 0.271 946.387
6 5 30 0.234 96.880
7 5 35 0.17%" R7.693
8 5 40 0.165 87.800
q ) 45 Q.174 ?7.480
10 S 50 0.145 ?8.070
it S 55 0,144 28.080
12 5 &0 0.156 87.920
13 S 65 0.138 ?8.160
14 5 70 0.151 ' 97.987
Influent flow rate, @ = 0.50 1/min

1 S 05 0.851 88.653
2 S 10 0.702 90.640
3 S 15 0.604 91.947
4 5 20 0.545 92.733
) 5 25 0.519 ?3.080
& 5 I0 - 0.488 93.4%93
7 5 35 0.443 24,093
8 S 40 0.3%0 94,800
] 5 45 0.382 ?4.907
10 5 50 0.314 95.810
11 S 55 0.317 95.773
12 3 &0 0.350 95.333
13 S 63 0.341 95.453
14 S 70 0.344 95.413

81




Table F.S contd.
Influent flow rate, @ = 0.79 1/min
i 5] 05 1.001 86.653
2 5 10 0.842 88.773
I 3 15 0.748 ®0.027
4 S 20 0.693 0.760
) 3 25 0.642 ,21.440
& S 3I0 0.610 ?1.86&7
7 S 35 0.612 21.840
8 S 40 0.581 92.253
Q- S 45 0.533 R2.627
10 S S0 0.547 Q2.707
it ) 55 0.524 ?3.013
12 S &0 0.53% 92.813
13 3 65 0.530 2.933
14 S 70 0.531 92.920
Influent flow rate, @ = 1.00 l/min
i 3 05 1.094 85.413
2 S 10 0.974 86.987
X ) 15 0.838 88.827
q S 20 0.784 89.547
S S 25 C.786 82.52¢
& S 30 0.761 89.853
7 S 35 0,760 89.847
8 3 40 0.750 20.000
Q S 45 0.741 ?0.120
10 S S0 0.732 20.240
it 3 55 0.726 F0.320
12 S &0 0.719 ?0.413
13 3 63 0.73S 0.200
14 S 70 0.733 20.227
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Table F.6

EXPERIMENTAL DATA

Initial Pb™" concentration, C, = 7.5 mg/l
Charcoal mass flow rate, W = 16.0 g/min
S. |Time interval|Cumulative time| Effluent Po*" Percent removal
No. 8 éc Concentration -
min min C’ mg/l Y,
Influent flow rate, @ = 0.25 l/min
1 5] 05 0.508 D%, 267
2 ) 10 0.421 94,387
3 5 15 . 0.324 ?5.680
4 S 20 0.272 ?6.373
5 5 25 0.246 96.720
& 5] 30 0.212 F7.1460
7 ) 35 0,144 ?7.813
8 5 40 0.170 97.73%
% 5 43 0,153 G7.960
10 5 50 0.114 %8.480
11 S5 55 0.131 88.147
12 5 60 0.135 98,200
13 5 45 0.124 98.347
14 5 70 0.141 98.120
Influent flow rate, O = 0.50 1/min

1 3 05 0.748 90.027
2 -5 10 0,645 21,133
3 3 15 0.564 92.480
4 S 20 0.514 ?3.147
5 5 25 0.458 ?%.893%
& 5 30 0.444 24,080
7 5 35 0.402 24,4640
8 5 40 0,334 ?5.520
Q 5 45 0,324 25,4680
10 5 30 0.283 96.227
11 5 53 0.261 26.520
12 5 &0 0.271 ?6.387
13 S &5 0.273 ?6.360
14 5 70 0.262 86,507
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Table F.6 contd.
ﬁé, 2] ec C Pr
Influent flow rate, @ = 0.75 1/min
.1._ . § 43§ Q a 7 B > 1 3
2 3 10 0. 801 89.320
3 S 15 0.705 ?0.600
4 S 20 0.656 ?1.253
S S 25 0.609 21.880
) 3 30 0.568 R2.427
7 - 35 0.550 R2.667
B S 40 0.524 23.013
9 S 45 0.51¢6 23.120
10 S S50 0.4%1 23.453%
11 3 55 0.480 23.4600.
12 3 60 0.461 93.853
13 S 635 0.487 23.307
14 S 70 0.486 93.516
Influent flow rate, @ = 1.00 l/min
i S 05 0.966 87.120
2 S 10 0.865 B8B.467
3 S 15 0.821 89.053
4 S 20 0.777 89.640
S S 25 0.769 82.747
6 S 30 0.731 ?0.253
7 ] 33 0.680 90.933
8 S 40 0.4688 20.827
q 5 45 0.686 20.853
10 S 50 0.6462 21.173
11 S SN} 0.6b66 ?1.120
12 S &0 0.658 91.227
13 3 63 0.654 ?1.147
14 S 70 0.648 ?1.360
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EXPERIMENTAL DATA

Table F.7 Initial Pb’" concentration, G = 7.5 mg/1
' Charcoal mass flow rate, W = 20.3 g/min
8. |Time interval |{Cumulative time| Effluent T Percent removal
No. 2. 9C Concentration Pr
min min C, mg/l Y,
Influent flow rate, § = 0.25 1/min
1 5 03 ¢.418 94,427
2 S 10 0.364 ?5.147
3 S 15 0.305 F5.933
4 5 20 0.257 26.373
5 ) 25 0.221 97.053
b 5 0 0.177 97.640
7 5 35 0.142 ?8.107
8 5 40 - 0.150 ?8.000
9 S 45 0.147 2B8.040
10 S 50 ¢.101 78.653
11 3 59 0.112 98.507
12 ) 60 0.102 98.649
13 S &5 0.107 ?8.573
14 5 70 ¢.095 98.733
Influent flow rate, @ = 0.50 1/min
1 S 0s 0.623 ?1.693
2 5 10 0.580 Q2.2&7
3 ) 15 0.527 2.973
q ) 20 0.455 ?3.933
S 5 23 0.3%98 ?4.693
6 S 30 0.356 R5.253
7 5 35 0.305 25.933
8 5 40 0.268 96,247
Q@ S 45 0.26%9 6,413
10 5 50 0.241 94.787
11 S 58 0.224 ?7.013
12 S &0 0.235 Q6.687
13 5 &5 0.236 ?6.853
14 S 70 0,239 96.813
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Table F.7 contd.
No. % - i
Influent flow rate, @ = 0.75 1/min
1 5 05 0.738 ?0.160
2 5 10 0.676 20.987
3 S 15 0.570 ?2.400
4 S 20 0.536 22.853
S S 25 0.4%1 F3.543
é S 30 0.472 ?3.707
7 3 35 0.410 - 94 333
8 S 40 0.386 ?4.853
? S 45 0.411 . 24,520
10 S 50 0.392 94,773
11 S 55 0.375 25.000
12 5 &0 0.35° 95.213
13 5 65 . 0.331 ?5.587
14 S 70 0.351 25.320
Influent flow rate, @ = 1.00 1/min
1 S 05 0.7%8 89.360
2 3 i0 0.734 ?0.213
2 S 15 . 0.718 20.427
4 S 20 0.660 ?1.200
5 S 25 C.612 91.840
& S X0 0.604 91.947
7 S 35 0.607 92.907
8 S 40 0.584 2.21%
? 5 45 0.576 22.320
10 S 50 0.5¢61 92.520
11 S 55 0.553 R2.627
12 S &0 0.577 2.307
13 S &5 0.561 ?2.3520
14 3 70 © 0.532 22.640
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Table F.B

EXPERIMENTAL DATA

Initial Pb’’ concentration, C, = 7.5 mg/1
Charcoal mass flow rate, W = 26.1 g/min
5. {Time interval|Cumulative time} Effluent potT Percent removal
No. 8 ec Concentration Fr
min min C, mg/l "
Influent flow rate, @ = 0.2%5 1l/min
1 S 05 0.361 ?5.187
2 5 10 0.276 RE.320
3 S 15 0.174 ?7.468B0
4 S 20 0.185 97.533
5 S 25 0.136 ?8.187
b 3 30 S 0,110 ?28.533
7 S 335 0.107 ?B.573
a S 40 0.101 98.653
9 S 45 0.099 98.680
10 ) 50 0.089 ?8.810
11 S 55 0.0%4 ?8.720
12 ] 60 0.071 99.053%
13 S . 65 0.072 ?9.040
14 S 70 0.085 78.8467
Influent flow rate, @ = 0.50 1/min
1 S 05 0.5564 92.587
2 S 10 0.488 ?3.49%
3 5 15 0.3464 ?5.080
4 3 20 0.338 ?5.492
5 S 25 0.2%6 ?6.053
& S 30 0.240 96.800
7 S KH 0.261 26,520
8 =} 40 0.241 ?&.787
9 5 45 0.211 ?7.187
10 S 30 0.208 Q7 .227
11 5 35 0.205 ?7.267
12 5 &0 0.219 ?7.080
13 5 65 0.216 ?7.120
14 ) 70 0.214 ?7.147

87




Tatle F.8 contd.
o s - v
Influent flow rate, @ = 0.75 1l/ain
1 S 05 0.659 ?1.213
2 S 10 0.531 22.920
3 S 15 0.4%0 93.467
4 ) 20 0.412 ?4.507
S S 29 0,385 ?4.867
& S 30 0.401 P4,653
7 5 35 0.376 ?4.987
8 S 40 0.359 R5.213
9 S 45 0.361 ?5.187
10 S 50 0.360 ?5.200
i1 S 55 0.351 25.320
12 S &0 0.349 ?5.347
13 S 63 0.338 95.493
14 5 70 0.350 ?5.333
Influent flow rate, @ = 1.00 l/min
1 S 05 0.745 ?0.067
2 S 10 0.638 ?1.493%
3 S 15 - 0.632 91.573
4 S 20 0.355 22.600
3 3 25 0.541 22.787
6 S 30 0.524 23.013%
7 5 35 0.4%97 23.373
8 S 40 0.46% R3.747
q S 45 0.478 93.627
10 S 50 0.440 ?3.867
11 5 55 © 0.452 ?3.973%
12 5 60 0.453 23.9460
13 5 &5 0.4b64 ?3.813
14 S 70 0.457 23.907
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EXPERIMENTAL DATA

Table F.® Initial Po”7 concentration, Cg = 10.0 mg/1
Charcoal mass flow rate, W = 12.5 g/min
§. {Time interval{Cumulative time| Effluent Po’7 Percent removal
No. 8 ec Concentration -
min min C, mg/1l "
Influent flow rate, @ = 0.25 1/min
1 3 05 0.765 ?2.35
2 S 10 0.635 R3.65
3 S 1S 0.535 ?4.65
4 ] 20 0.470 ?5.30
5 S 25 0.435 95.468
& S 30 0.34% 26.31
7 5 35 0.337 T R6.63
8 5 40 Q.286 97.14
9 ) 45 0.265 97.35
10 S 90 0.21% ?7.81
11 5 55 0.185 ?8.15
12 5 60 0.192 28.08
13 5 65 0.195 ?8.0S
14 5 70 - 0.191 28.09
Influent flow rate, @ = 0.50 1/min

1 S 05 1.20%9 B7.91
P 5 10 1.052 B89.48
I 5 15 0.884 Q1.1é
4 5 . 20 0.796 Q2.04
5 S 25 0.731 R2.69
& 5 30 0.607 23.93
7 5 35 0.543 ?4.57
B S 40 0.4%8 25.02
Q 5 45 0.450 ?5.50
10 5 50 0.411 ?5.89
11 5 55 C.381 256.19
12 S 40 0,392 ?6.08
13, 3 63 0.384 96.16
14 s} 70 0.384 .14
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Table F.9 contd.
Influent flow rate, @ = 0.75 1/min
1 5] 03 1.422 85.78
2 5 i0 1.221 B7.79
3 ) 15 1.102 88.92
4 S 20 1.004 82.%6
] S 25 0.926 ?0.74
6 S 30 0.853 ?1.47
7 S 35 0.782 92.18
8 5 40 0.734 R2.44
= 5} 45 0.46%90 23.10
10 ) 50 0.695 23.05
i1 5 55 0.655 33.45
12 ) &0 0.658 R3.42
13 ) &5 0.659 3.41
14 5 70 0.651 93.49
Influent flow rate, @ = 1.00 1/min
1 S 05 1.564 84.36
2 S i0 1.338 86,62
I S 135 1.281 87.19
4 S - 20 1.187 88.13
S 3 25 1.150 88,50
6 5 30 1.051 89.49
7 5 35 1.042 89.58
8 S 40 1.002 89.98
Q S 45 0.965 20,35
10 ] S50 0.971 ?0.2%9
11 S 55 0.959 20.41
12 o) &0 0.960 20.40
13 5 65 0.953 ?0.47
i4 S 70 0.948 20.52
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EXPERIMENTAL DATA

Table F.10 Initial Pp’7 concentration, CD = 10.0 mg/1
Charcoal mass flow rate, W = 16.0 g/min
S. |Time interval|Cumulative time| Effluent pp* Percent removal
No. & éc Concentration Pr
min min Cy, mg/l "
Influent flow rate, @ = 0.25 1l/min
1 S 05 0.709 2.1
2 S 10 0.615 ?3.85
3 S 15 0.477 95.23
4 S 20 0.421 ?5.79
) 5 25 0.325 ?6.75
1S S 30 0.327 6.73
7 5 35 0.266 ?7.34
g S 40 0.247 ?7.53
Q S 45 0.202 ?7.98
10 S 50 0.173 ?8.27
i1 3 55 0.159 . 98.41
12 ) &0 0.158 2B8.42
13 S &3 0.164 28.36
14 5] 70 0.166 ?8.34
Influent flow rate, @ = 0.50 1l/min

1 5] 0% 0.904 0.96
2 S 10 0.801 ?1.99
3 5 ~ 15 0.731 22.4%
4 S 20 0.601 3.99
5 5 - 29 0.366 24,34
& S Z0 0.495 ?5.05
7 ) 35 0.473 ?5.27
8 S 40 ©.420 ?5.80
9 5 ' 45 0.398 26.02
10 S 50 0.344 R6.56
11 5] 55 0.326 6.74
12 5 60 0.334 R6.66
13 S 65 0.325 ?6.75
14 S 70 0.328 R6.72
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Table F.10 contd.

36 e | QC C Pr

Influent flow rate, Q@ = 0.75 1/min

1 S 0S 0.981 Q0.19
2 S 10 0.904 Q0.96
3 5 15 0.871 ?1.29
4 S 20 0.744 §2.36
S 5 25 0.735 Q2.65
6 S 30 0.682 23.18
7 ) 35 0.481 ?3.19
8 5 40 0.640 23.60
Q S 45 : 0.408 3.92
10 S S0 0.5%94 ?4.06
11 S 55 0.582 ?4.18
12 S &0 0.521 ?4.09
13 S 65 0.590 ?4.10
14 S 70 0.585 ?4.15
Influent flow rate, @ = 1.00 1/min
1 3 05 1.169 88.31
2 35 10 1.104 88.%&6
3 S~ 15 1.032 B?.468
4 S 20 0.974. . ?0.26
S S 25 0.916 ?0.84
& S 30 0.880 ?1.20
7 5 33 0.874 91.26
8 S 40 0.84&% ?1.31
9 S 45 0.844 ?1.56
10 -5 50 0.827 1.73
i1 5 955 0.808 91,92
12 5 60 0.837 ?1.63
13 S 65 ' 0.827 ?1.73
14 5 70 . 0.832 ?1.68
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"EXPERIMENTAL DATA

Table F.11 Initial Pb’’ concentration, C, = 10.0 mg/l
Charcoal mass flow rate, W = 20.3 g/min
S. |Time interval|Cumulative time| Effluent T Percent removal
No. Qc Concentration P
min nin C, mg/l v
Influent flow rate, @ = 0.25 1l/min
1 5 05 0.397 94.0%
2 3 10 0.521 ?4.79
3 5 15 0.388 Q6. 12
4 5 20 0.356 96.44
3 =] 25 ©.290 ?97.10
13 5 30 0.241 97.59
7 5 35 0.256 97 .44
B8 5 40 0.239 Q7 .61
9 5 45 0.1%94 ?8.046
10 5 50 0.1%91 28.0%9
11 5 55 0.143 98.57
12 5 &0 0.155 28.45
13 5 &S 0.144 98.56
14 S 70 0.152 28.48
Influent flow rate, @ = 0.50 l/min

1 S 05 0.735 ?2.65
2 S 10 0.618 _93.82
3 5 15 0.585 24,15
4 S 20 0.539 Q4.61
S ] 25 C.441 ?5.59
6 S 30 0.373 Q6.25
7 S 35 0.388 96.12
8 S .40 0.335 ?6.63
9 S 45 0.312 26 .88
10 5 50 0.304 G674
11 5 55 0.292 97.08
12 S 60 0.304 26.96
13 S &5 0.296 ?7.04
14 S 70 0.29% 97.035
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Table F.11 contd.
No e - r
Influent flow rate, @ = 0.75 l/min

1 S 05 0.814 ?1.86
2 5] 10 0.752 ?2.48
3 ) i5 0.6%90 ?3.10

! S 20 0.634 23.66
5 S 25 0.995 24.05
6 S 30 0.962 94,38
7 S 35 0.574 24,26
8 5] 40 0.573 Q4,27
9 S 45 0.539 24,61
10 S 30 0.542 24.58
11 S 55 0.540 ?4.60

.12 ) 60 - 0.533 4.67
13 S &5 0.541 ?4.59
14 S 70 0.532 24,68

Influent flow rate, @ = 1.00 1/min

1 5 03 0.997 20.03
2 ) 10 0.931 F0.69
3 S 15 0.868 91.32
4 ) 20 0.794 22,06
S S 25 L 0.736 ?2.64
& 5 30 0.701 92.99
7 ) 35 0.710 92.90
8 5 40 0.702 92.98
9 5 43 0.708 R2.92
10 5 50 0.684 23.16
11 5 55 0.691 ?3.09
12 3 60 0.687 23.13
13 5 65 0.687 ?3.13
14 S 70 0.4686 ?3.14
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EXPERIMENTAL DATA

Table F.12 Initial Pp*? concentration, CO = 10.0 mg/1
Charcoal mass flow rate, W = 2&6.1 g/min
S. |Time interval|{Cumulative time| Effluent Pb" Percent removal
No. =] ec Concentration Pr
min min €, mg/1l v
Influent flow rate, Q = 0.25 l/min
i S 0S 0.487 ?5.13
2 ] 10 0.39°9 ?26.01
3 ) 15 0.326 ?5.74
4 ) 20 0.220 ?7.80
S S 25 0.189 98.11
b S 30 0.177 98.23
7 S 35 0.1746 ?8.24
8 S 40 0.151 ?8.4%
9 5- 45 0.138 ?8.62
10 S 50 0.121 98.79
i1 ) 55 0.124 ?B.746
12 5 60 . 0.118 98.82
13 S 65 0.114 IB.8&
14 ) 70 0.116 ?8.84
Influent flow rate, @ = 0.50 l/min .

1 S 05 0.651 ?3.49
2 S 10 0.505 ?4.95
3 S 15 0.458 ?5.42
4 5 20 0.341 6.39
S S 25 0.315 ?6.85
) S 30 0.280 97.20
7 S 35 0.272 ?7.28
8 ) 40 0.251 Q7 .49
9 ) 45 0.235 ?7.65
i0 S 50 0.247 ?7.59%
11 ) 55 0.246 ?7.84
12 3 &80 0.218 ?7.82
13 ) &5 0.244 ?7.96
14 o} 70 0.233 R7.67
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Table F.12 contd.

gé =] QC c ' Pr

Influent flow rate, Q = 0.75 l/min

1 5 05 0.732 ?2.68
2 S 10 0.677 R3.23
3 5 15 0.590 ?4.10
4 ) 20 0.548 ?4.52
S 5 23 0.531 94,69
6 5 30 0.473 ?5.27
7 5 . 35 0.452 - 95.48
8 5 40 0.450 ‘ 25.50
e 5 45 . 0.4464 95.36
10 s) 50 0.451 ?5.49
11 5 55 0.449 25.51
12 3 60 0.440 ?5.460
13 5 65 0.445 . 95.55
14 5 70 : 0.451 ?5.49
Influent flow rate, @ = 1.00 1l/min -
1 5 05 0.902 ?0.98
2 ) 10 0.798 Q2.02
3 5 15 0.722 92.78
4 5 20 0.6467 23.33
5 5 25 0.681 23.19
6 5 30 : 0.672 Q3.28
7 5 35 0.604 - 23.96
8 ) 40 0.636 ?3.64
9 5 45 0.614 93.86
10 S 50 0.618 ?3.82
11 S 55 0.586& ?4.14
12 5 &0 0.611 ?3.89
13 S5 65 0.601 - 23.99
14 5 70 0.604 R3.96
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ECPERIMENTAL DATA

Table F.13 Initial pp’? concentration, Co = 12.5 mg/1
Charcoal mass flow rate, W = 12.5 g/min
S. |Time interval{Cumulative time| Effluent Pb’ " Percent removal
No. 8 Gc Concentration Pr
min min C, mg/l Y

’ Influent flow rate, Q@ = 0.25 l/min

1 5 05 1.001 21.992
2 5 10 0.855 33.160
3 5 15 0.764 ?%.888
4 5 20 0.6%91 94,472
S S 25 0.623 ?5.014
o 3 30 0.540 25.520
.7 5 35 0.497 96.024
8 ] 40 0.428 26.576
Q" 5 45 0.41% R46.648
10 5 50 0.371 . R97.032
i1 S 33 0.321 ?7.432
12 3 60 0.334 - 97,312
13 S 63 0.320 ?7.440
14 5 70 0.324 97.408

Influent flow rate, @ = 0.50 1/min

1 S 03 1.301 89,592
2 5 10 1.142 ?0.864
3 5 15 1.036 ?1.712
4 5} 20 0.994 22.048
5 5 23 0.946 ?2.432
6 5 J0 0.877 ?2.984
7 5 33 0.840 ?3.280
8 5 40 0.802 93.584
? S 45 0.756 ?3.952
10 5 50 0.724 ?4.208
11 5 55 0.685- ?4.520
12 S &0 0.6%4 ?4.448
i3 S 63 0.6%1 Q4,472
14 S 70 0.68%9 94,488

97




Table F.13 contd.
ﬁé. 8 9C C Pr
Influent flow rate, @ = 0.75 1/min
1 S - 05 1.886 B84.912
2 S 10 1.651 86.792
I S 13 1.502 87.984
4 S 20 1.454 88.3468
S S5 - 25 1.382 88.944
6 S 30 1.33S 89.320
7 S 335 1.269 89.848
8 S 40 1.258 B?.936
? S 45 1.231 90.152
10 ) 50 1.224 ?0.208
11 5 55 1.215 ?0.280
12 5 60 1.221 ?0.232
13 5 63 1.217 ?0.264
14 S 70 1.208 @0.336
Influent flow rate, @ = 1.00 1/min
1 5 05 2.060 83.520
2 S5 - 10 1.923 B84.5616
3 S . 15 1.801 85.592
4 S 20 1.695 86.440
5 5 25 1.64% B86.808
) S 30. 1.618 87.056
7 5 35 1.572 87.424
8 S 40 1.612 87.104 -
9 5. 45 1.604 87.148
10 S 50 1.603 87.176
i1 S 55 1.576 87.392
12 S 60 1.580 87.360
13 35 65 1.577 87.384
14 ) 70 1.579 87.368

98




EXPERIMENTAL DATA

Table F.14 Initial Pb”" concentration, C_ = 12.5 mg/1
Charcoal mass flow rate, W = 16.0 g/min
S. {Time interval{Cumulative time| Effluent Pb” " Percent removal
Na. 124 ec Concentration Pr
min ain C, mg/l v
Influent flow rate, @ = 0.25 1/min
1 5 (0N} 0.951 R2.392
2 S 10 0.798 3.616
3 3 15 0.696 94,432
4 5 20 0,657 ?4.,744
5 5 25 0.582 ?4.344
& ) 30 0.501 95.992
7 5 .35 0.453 PR6.376
8 S 40 0.388 ?6.896
9 S 45 , 0.364 ?7.088
i0 3 50 0.333 27.336
11 S 55 0.307 ?7.544
12 o] &0 0.312 ?7.504
13 ) &5 0.314 ?7.488
14 5 70 0.308 - 97.536
Influent flow rate, @@ = 0.50 1/min
1 5 05 1.199 ?0.408
2 5 10 1.116 ?1.072
3 5 15 0.966 92.272
4 S 20 0.887 ?2.904
S S 25 0.846 93.232
b ] 30 0.775 ?%.800
7 S 35 0.73% ?4.088
8 5 40 0.6%95 ?4.440
@ ] 45 0.663 4,696
i0 5 50 0.641 ?4.872
11 5 55 0.621 95.032
12 ) &0 0.630 24,960
13 ) 65 0.631 24,952
14 S 70 0.623 85.016
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Table F.14 contd,
S. é 8 C P
No. € r
Influent flow rate, @ = 0.75 1/min
1 S 05 1.360 89.120
2 S 10 1.236 Q112
3 S 15 1.210 ?0.320
4 S 20 1.142 0.864
5 S 25 1.096 ?1.232
6 S 30 1.081 ?1.352
7. 5 35 1.062 ?1.496
8 S 40 1.061 ?1.512
? 5 45 1.047 ?1.624
10 5 30 1.058 ?1.536
11 5 S3 1.051 ?1.592
12 S 60 1.052 ?1.584
13 5 &5 1.054 ?1.568
14 9 70 1.053 ?1.576
Influent flow rate, @ = 1.00 1/min

1 o] 05 1.829 85.368
2 5 10 1.716 B6.272
3 S 15 1.652 Bb.784
4 5 20 1.588 87.296
5 5 25 1.498 88.016
& o) 30 1.486 88.112
7 5 35 1.424 88.4608
8 5 40 1.406 88.752
9 ) 45 1.387 88.904
10 5 S50 1.380 88.960
11 S 55 1.375 8%.000
12 S &0 1,381 88.952
13 S 65 1.377 B88.984
14 5 70 1.382 88.944




EXPERIMENTAL DATA

Table F.15 Initial Pb”" concentration, CQ 12.5 mg/lL
Charcoal mass flow rate, W = 20.3 g/min

S. |Time interval |Cumulative time| Effluent Pb++ Percent removal
No. 9 Qc Concentration Pr
min C min c, mg/l v

Influent flow rate, @ = 0.25 1/min

1 S 05 0.754 %.928
2 S 10 0.613 25.0%96&
3 S 15 0.542 ?5.6464
4 S 20 - 0.476 26,192
S S 25 0.385 R6.920
6 5 30 0.329 ?7.368
7 S 35 C.304 : ?7.568:
8 S 40 0.261 7.912
2 S 45 0.257 ?7.%944
10 3 30 _ 0.250 28.000
i1 S 55 - 0.247 28.024
12 S &0 0.24%9 28.008
13 5 635 . ) 0.238 : 28.0%6
14 5 70 0.245 28.040
Influent flow rate, @ = 0.50 1/min
1 5 05 0.984 92.128
2, 5 10 ' 0.874 ?3.008
3 3 15 0.83%9 23.288
4 S 20 ‘ 0.738 ?4.0%9%
5 S 25 0.702 ?4.384
6 ] 30 : 0.636 ?4.912
7 5 35 0.624 25.008
8 S 40 . 0.577 25.384
2 S 45 0.574 95.408
10 ) 50 0.501 ?5.992
11 S 55 0.525 25.800
12 S &0 ¢.540 ?5.680
13 3 65 0.536 ?5.712
14 S 70 0.526 ?5.792
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Table F.15 contd.
ﬁé, 24 QC C Pr
Influent flow rate, @ = 0.75 1/min
i S5 05 1.244 89.648
2 5 10 1:171 50,632
3. 5 15 1.126 ?0.992
4 5 20 1.058 G1.536
S S 25 1.010 ?1.920
5 5 30 0.9835 ?2.120
7 S 35 ©.983 R2.136
8 5 40 0.933 ?2.376
? S 45 0.958 22.336
10 5 50 0.951 22.392
11 3 o5 0.942 P2.464
12 ) &0 0.945 ?2.440
13 S 65 0.941 92.472
14 S 70 0.940 ?2.480
Influent flow rate, @ = 1.00 l/min
1 5] 0S 1.6%90 86.480
2 S 10 1.574 87.408
3 S 15 1.461 88.312
4 5 20 1.401 B8B.792
5 5 25 1.391 88.872
6 S 30 1.347 89.224
7 S 33 1.321 B?.432
8 S 40 1.294 8%9.648
9 S 45 1.290 B86.680
10 S 50 1.298 B?.616
11 5 55 1.261 B?.912
12 S &0 1.261 82.912
13 S 65 1.26%9 89.848
14 5 70 1.266 83.872
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EXPERIMENTAL DATA

Table F.16 Initial Pb’" concentration, C_ = 12.5 mg/1

Charcoal mass flow rate, W = 26.1 g/min

8. }Time interval|Cumulative time] Effluent Pb++ Percent removal
No. 8 & Concentration P

: c , r
min Mmin C, mg/l %

Influent flow rate, @ = 0.25 1/min

1 S 05 0.4644 24,4688
2 5 10 0.5472 95. 664
3 S 195 0.516 ?5.872 .
4 S 20 0.433% 26.536
) 5 23 0.367 Q7. 064
& 5 30 0.348 ?7.216
7 5 35 0.283 27.734
8 S 40 0.259 Q7 .928
Q 5 45 0.247 ?8.024
10 S5 50 0.241 . 28.072
11 S 55 0.223 ?28.214
12 5 60 0.231 28.152
13 S 63 0.229 , ?8.168
14 3 70 0.226 28.192
Influent flow rate, § = 0.50 l/min
1 5 05 0.996 92.0372
2 5 10 0.871 93.032
3 S 15 0.832 33.344
4 S 20 0.736 : Q4.112
5. 5 25 0.4645 ?4.840
& S 30 0.4619 95.048
7 5 35 0.552 95,984
8 5 40 0.538 25.696
9 S 45 0.527 95.784
10 S 50 0.904 95.%68
11 S 59 0.494 . 26.048
12 S &0 0.506 : R5.952
13 5] 65 - 0.498 96£.016
14 5 70 -0.493 26,040
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Table F.16 contd.

Na. i e - i
Influent flow rate, @ = 0.75 1l/min
1 5 Q5 1.205 23.3560
2 S 10 1.092 ?1.264
3 S5 i5 1.031 1.752
4 5 20 0.950 22.400
S 5 23 0.924 22.608
b S 30 0.868 22.8%964
7 S 35 0.864 23.088
8 "5 40 0.834 23.328
g 5 45 0.B0OS 23.5952
10 5 SO 0.802 2X.584
i1 ] 35 0.793 ?3.656
12. 3 &0 0.801 ?T.592
13 5 65 0.803 ?3.574
14 5 70 0.796 23.632
Influent flow rate, @ = 1.00 1l/min
1 5 05 1.579 87.368
2 S 10 1.402 88.784
3 S 15 1.331 89.352
q =) 20 1.329 B89.368
S S 25 1.285 89.720
b 3 30 1.255 89.960
7 ) 35 1.234 0.128
8 5 40 1.239 90.088
9 S 45 1.201 ?0.392
10 ) 50 ' 1.222 20.224
11 S 55 1.221 ?0.232
12 3 60 1.227 2?0.184
13 S 65 1.206 ?0.352
14 ) 70 = 1.229. 20.168
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EXPERIMENTAL DATA

Table F.17 Initial Pb”~ concentration, CO = 15.0 mg/1
Charcoal mass flow rate, W = 12.5 g/min
S. |Time interval{Cumulative time] Effluent pptY Percent removal
No e 8. Concentration P
min @in €y mg/l Y,
Influent flow rate, " @@ = 0.25 l/ain
1 ) 05 1.280 P1.4467
2 S 10 1.103 P2.647
3 3 19 1.018 93.213
4 S 20 0.963 ?3.580
5 ) 25 0.875 @4.167
& S 30 0.818 ?4.547
7 S 33 0.774 ?4.840
8 S 40 0.719 95.207
9 ] 435 0.703 95.313
10 5 30 0.678 95.480
i1 S 53 0.664 95.573%
12 S &0 0.672 ?5.520
13 S 65 0.663 25.580
14 5 70 0.673 35.513
Influent flow rate, O = 0.50 1/min

1 S 05 1.895 87.367
2 S 10 1.681 88.793
3 S 15 1.634 89.107
4 S 20 1.53%9 8%9.740
S S 25 1.472 ?0.187
6 S 30 1.379 20,807
7 5 - 35 1.377 20,820
8 5} 40 -1.342 21.053
9 S 45 1.345 21.033
10 5 50 1.351 ?0.993
it 'S 55 1.325 ?1.167
12 5 &0 1.349 ?1.007
13 S 65 1.348 ?1.013
14 S 70 1.346 91.027
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Table F.17 contd.

Influent flow rate, @ = 0.75 I/min

1 5 05 2.945 80.3&7
2 S 10 | 2,669 |  .82.207
I S 15 2.564 82.907
4 S 20 2.375 84.1&67
5 S 25 2.288 84.747
b 5 30 2.221 85.193
7 ) 35 2.167 85.553
8 3 40 2.159 85.607
] 5 45 2.166 85.560
10 S 30 2.167 85.552
11 S 55 2.162 85.587
i2 S 60 2.163 85.580
13 ] 65 2.174 85.507
14 5 70 2.169 85.540
Influent flow rate, @ = 1.00 1/min

1 ) 05 3,796 74.693
2 5 10 3.611 75.927
3 5 15 3.435 77.100
4 ] 20 3.324 77.373%
5 5 25 3.328 77.813
6 3 30 3.314 77 .907
7 S 35 3.2&64 78.240
B S 40 3.268 78.212%
Q 5 45 : 3.218 78.547
10 S, 50 - 3.230 78.467
i1 5 55 3.214 78.573
12 ) &0 J.231 78.460
13 5 &5 3.219 78.54

14 5 70 3.217 78.553




EXPERIMENTAL DATA

Table F.18 Initial Pb’” concentration, €, = 15.0 mg/1
Charcoal mass flow rate, W' = 16.0 g/min

S. {Time interval{Clumulative time| Effluent Pb++ Percent remaval
No. 8 g Concentration P

! C
min @in €, mg/1}

v
Y

Influent flow rate, @ = 0.25 1/min

1 5 05 1.219 21.873
2 5 10 1.014 T 93.227
3 ) 15 0.347 ?3.687
4 S 20 0.834 ?4.440
5 5 25 0.749 ) 95.007
6 5 30 0.733 35.113
7 5 35 0.488 ?5.413
8 S} 40 0.674 35.507
9 5 45 0.640 ?5.733%
10 3 50 0.601 95.99%
1t S 53 0.5%3 T, 96.047
12 ) &0 0.5%98 86.013
13 S 65 0.597 ?6.020
14 5 70 0.594 96.040
Influent flow rate, @ = 0.50 l/min
1 S 05 1.041 86.393
2 S 10 1.772 88.187
3 5 15 1.661 88.927
4 S 20 1.560 89.600
5 S 25 1.387 20.753
) 5 0 1.359 ?0.940
7 ) 35 1.247 ?1.553
8 5 40 1.273 ?1.513
9 ) 45 1.260 ?1.600
10 3 S0 1.254 ' 21.640
11 S 35 1.246 91.69%
12 5 &0 "1.251 ?1.4660
13 3 &5 1.259 21,8607
14 S 70 1.254 21.627
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Table F.18 contd.
Influent flow rate, @ = 0.75 l/min
1 5 05 2.753 81.647
2 5 10 2.495 B83.367
3 3 is 2.352 84.32¢
4 5 20 2.165 85.567
] 5 25 2.101 85.993
6 S 30 2.064 B846.240
7 S 35 1.980 84.800
8 S 40 1.991 86,727
9 5 45 1.982 B84.787
10 5 50 1.977 846£.82
11 ) 55 1.972 86.853
12 5 &0 1.969 86.873
13 5 &5 1.980 846.800
14 5 70 1.989 86.740
Influent flow rate, @ = 1.00 1/min
1 5} 05 3.697 75.35%
2 5 10 J.448 77.013
I 5 15 I.294 78.040
5 S 20 3.112 79.253
S ) 25 2.901 80.6460
6 3 30 2.875 80.832
7 5 35 2.884 80.773
8 5 40 2.831 . B81.127
? 5 45 2.865 80.900
10 5 50 2.854 80.973
11 S 55 2.883 80.780
12 ] &0 2.8464 80.907
13 S 65 2.891 80.727
14 S 70 2.888 B8X3.747




EXPERIMENTAL DATA

Table F.19 Initial Pb”” concentration, C, = 15.0 mg/1
Charcoal mass flow rate, W = 20.3 g/min
S. |Time interval|Cumulative time| Effluent Pb++ Percent removal
No. & ac Concentration Pr
min ain C, mg/l Y,
Influent flow rate, @ = 0.23 1l/min
1 5 05 0.981 23.460
2 S 10 0.854 24,307
KS ) 1S Q.7746 ?4.827
4 3 20 0.728 5.167
S 3 25 Q.474 ?5.507
& S I0 0.631 ?5.793
7 S x5 0.612 95 .920
8 S 40 .575 26,167
Q S 45 0.536 26.293
10 S 50 0.541 $6.393
11 S 55 0.537 96.420
12 5 &0 0.542 96.387
13 S &5 0.551 ?6.327
14 5 70 0.548 046.347
Influent flow rate, @ = 0.50 l/min

i S 05 1.745 88.3&7
2 5 10 1.491 Q0.060
3 5 18 1.369 ?0.873
4 5 20 1.296 ?1.360
3 ) 25 1.192 92.047
b 5 30 1.177 22.153
7 5 35 1.175 22.167
8 5 40 1.153 92.313
9 5 45 1.108 2.613
10 S5 50 1.106 R2.627
11 ! 55 1.102 P2.657

12 5 &0 1.105 292.633
13 S 65 1.106 92.627
14 5 70 1.103 Q2.647
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Table F.19 contd.

Influent flow rate, @ = 0.75 1l/min

1 S 05 Z2.347 - B4.353
2 S 10 2.357 84.287
3 S iS5 2.135 85.7&67
4 S 20 1.976 86.827
S S 25 1.939 B87.073
() 3 30 ) 1.893 87.380
7 S 35 1.834 87.773
8 S 40 1.816 87.893
4 S 45 1.824 87.840
10 S 50 1.797 88.020
11 S 55 1.802 87.987
12 S 60 1.804 87.973
13 S 65 1.784 88.107
i4 3 70 1.806 87 .960
Influent flow rate, @ = 1.00 1/min
1 S 0% 3.395 77 .365
2 S 10 . I3.129 79.140
3 3 15 2.954 , 80.307
4 S 20 2.910 80.600
3 S 25 2.841 81.0&0
&6 S IO 2.812 81.253
7 S 35 2.813 81.247
8 3 40 2.774 81.507
9 S 45 2.781 81.460
10 3 50 2.762 81.587
11 S S5 2.751 B1.660C
12V S &0 2.762 81.587
13° S &5 2.754 81.640
14 S 70 , 2.73595 81.633
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Table F.20

EXPERIMENTAL DATA

Initial Pb"7 concentration, C, = 15.0 mg/1
Charcoal mass flow rate, W = 26.1 g/min .
S. {Time interval|Cumulative time| Effluent T Percent removal
No. a8 ec Concentration Pr
min min C, mg/1 v
Influent flow rate, §} = 0.25 1l/min
1 S 05 1.145. 92.347
2 5 10 0.961 23.593
3 S 15 0.857 94,287
4 S 20 0.734 ?5.107
5 5 25 0.694 95.373
6 S 30 0.595 26.033
7 5 35 0.573 96.180
8 S - 40 0.551 96.237
4 S 45 0.550 ?6.333
10 S 30 0.506 96.627
i1 . 5 535 0.482 96.787
12 S 60 0.484 26.773
13 5 65 0.506 R6.627
14 ] 70 0.488 96.747
“Influent flow rate, @ = 0.30 1l/min
{ ! 05 1.820 87 .8B&4
2 5 10 1.584 89.440
3 5 15 1.308 ?1.280
4 5 20 1.191 22.060
5 5 25 1.143 92.380
& S 30 1.079 22.807
7 3 35 1.071 ?2.860
8 3 40 1.032 93.120
? 5 45 1.014 33,240
10 5 50 1.00%9 83.273
11 5 55 1.023 93.180
12 3 &0 1.027 93.153
13 3 63 1.994 93.373
14 ] 70 1.013 93.247




Table F.20 contd.

Influent flow rate, @ = 0.75 l/min

1 S 05 2.363 84.247
2 3 i0 2.074 86.173%
R S iS5 1.954 86.973
4 S 20 1.775 88.167
5 S 25 1.695 88.700
é S 30 1.521 89.393
7 S 33 1.973 89.513%
8 5 40 © 1,552 89.653
? S 45 1.505 89.967
10 S S0 1.910 85.933
11 3 55 1.485 ?0.100
12 S 60 1.508 89.947
13 S &5 1.511 82.927
14 5 70 1.506 _ 89.960
Influent flow rate, @ = 1.00 1/min
1 3 05 I3.545 76.367
2 S 10 3.104 79.307
X S 15 2.902 80.653
4 S 20 2.751 B81.660
5 5 25 2.960 82.9233
& S 30 2.866 83.540
7 3 35 2.451 83.660
8 S 40 2.410 83.933
9 5 45 2.428 83.813%
10 S 50 2.395 84.033
11 ) 55 2.403 83.980
12 S 60 2.406 83.960
13 3 &5 2.399 84.007
14 | S 70 2.401 83.993
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APPENDIX G

SAMPLE CALCULATIONS

Rua no. 1 of Tablg F.1 has been gselected to
demonstrate the calculation procedure used in this
investigation., The data corresponding to this run number are
as follows : |

Initial concentration of Pt in influent, Co = 5 mg/1
Charcoal mass flow rate, W = 12.5 g/min.

Influent flow rate, @ = 0.25 1/min

Cumulative contact time, éc = 5 min.

Effluent leadion concentration, C = 0.501 mg/1

G-1 PERCENT REMOVAL OF pb*t IN THE REACTOR

CG - € ‘
Percent removal = e——m—————n x 100 "
Co
5.0 -0.501 KIIOO-
5.0
= B89.98 %

G.2 LEAD REMOVAL CAPACITY OF CHARCOAL :

For run no. 1 of Table 4.1.

. (€m0 @8y
9 = WA,

(5-0.102) x 0.25 x 35

75 %55 = 0.097%946 mg/g

13



SIZE OF CHARCOAL PARTICLE

Average diameter of particle

mass fractions retained x mean size of particles retained

S «.D. Tatal mass
i 11

(650 x 0.1115) + (512.5 x 0.3IBIB) + (IF0 x 0.1972) +
(302.5 x 0.170i) + (200 x ©0.1374)
1.00

[RIA
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