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ABSTRACT

The report is prepared to provide readers information regarding the experiment of
adsorption of zinc by usiig combusted palifi oil kerticl. The presence of hicavy mietals in
water causes harm since they are classified as toxic. The objective of the experiment is to
establish the optimum adsorbent dosage, the optimuii adsorption period for the
adsorption of zinc and the best adsorption isotherm model. The size of adsorbent was
R425ptn. Zinc hiad been used doring the experiment as heavy iiietals to be adsorbed by
the adsorbent. The adsorbent dosages used were 253, 50, 100, and 200 mg, 25, 50, 75, and
100 mg, 4nd 1000, 2000, 3000, and 4000 mg. The combusted palim oil kernels were
suppiied to every aqueous zinc solution sample. The concentrations were divided into
two which were 10 and 100 ppm. All samples were shaken by otbital shaker with four
different durations 1, 3, 6, and 24 hours. Only after the shaking processes completed, the
final concentrations of aqueous zific soliition were meéasured by using HACH DR2800
Spectrophotometer. In the first trial of phase 1 with initial concentration of 11.45 mg/L,
the optitnum adsorbent dosage was 2000mig/L and the optimum adsorption period was 24
hours. In the second trial of phase 1 with initial concentration of 240mg/L, the optimum
adsotbent dosage was 2000 mg/L and the optifiiui Eﬂstif;iﬁéﬁ period was 24 houts. In
the second trial of phase 1 with initial concentration of 141.33 mg/L, the optimum
adsorbent dosage was 1000 mg/L 4and the optiitium adsorption period was 6 hours, In the
first trial of phase 2 with initial concentration of 10 mg/L, the optimum adsorbent dosage
was 2000 tiig/L anid the optimiuin adsorption panod wais 3 hours. In the first trial of phase
2 with the initial concentration of 110 mg/L, the optimum adsorbent dosage was 2000
mig/L atid the optimum adsotption period was 24 hours. In the second trial of phase 2
with the initial concentration of 10 mg/L, the optimum adsorption period was 6 hours and
the optimum adsorbent dosage was 40000 mg/L. In conclusion, the higher the adsorbent
dosage was used, the higher the percentage removal. A good plot of the éﬁsorption
isotherm depended ofi the degree of consistency of the adsorption model

ii
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDY

Adsorption is the process of accumulating substances that are in solution on a suitable
interface (Metealf and Eddy, 2004). The adsorption of hiedvy mietal is widely studied
throughout the globe in order to enhance the treatment process of wastewater. In a
cottinuing search for the adsorbent, various lignocellilosic materials or agricultural
waste such as coconut shell, rice husks, saw dust, and wheat straw were used (Srivastasa
et al., 1987). These materials were pyrolysed or carbonized in an inert atmiosphere in
order to remove volatile organic constituents, leaving behind a highly porous
carbonaceous residiie, followed by either chemical, steam of gas activation for removal of
the pollutant. The presence of heavy metals in the wastewater is due to the industrial
processes such as coating of fictal surfaces ifi the electroplating mdustry and leather
tanning. Natural resources that are available in the form of waste from agricultural
operations tight be used as low cost adsorbent. A nuiiber of adsorbent materials have
been studied for their capacity to remove heavy metals including activated carbon,
activated aluminag, ion exchange resins, crushed coals etc. (Muharamad et al., 1998)
Adsorption by activated carbon which obtained from the combustion of palm oil kernel is
identified as one of techniques for removing heavy metal from wastewater. The

adsorption capability is due to the surface complex formation between the metal ions and

have a high affinity for metal ions. Activated carbon is very effective in removing heavy
mietals, however it is readily soluble under extreine pH conditions (Huang et al., 1989).
Numerous attempts have been done to correlate the adsorption capacity with the surface
area of the activated carbor. However, very limited conclusion could be made. Hence,

the adsorption might be correlated with the chemical nature of the carbon surface.



1.2 PROBLEM STATEMENT

The presence of heavy metals in wastewater causes harm when released to the
atmosphere since they are classified as toxic. The wastewater which contaminated with
heavy metal could seep through the groundwater sources and contaminating stream flow.
According to the World Health Organiization, the metals of most imitricdiate coneern afe

cadmium, chromium, cobalt copper, lead, nickel, mercury and zinc. Since stream flow is |
4 pritie water source in Maldysia, hence it will affect human’s health duting water
consumption especially drinking. The abundance of agricultural of biomass also creates

problenis of disposinig it.

1.3 OBJECTIVE AND SCOPE OF ST.UDY

The objective of this research is to study the influence of modified adsorbent dosage in
removing zinc. Different dosages would affect different adsorption capacity. The dosages
would be varied after several adsorption processes. Different concentration of zine might
need different dosages.

The reseatch is meant to establish the relationship between percentage removal and
adsorbent dosage. Theoretically, the higher the adsorbent dosage applied the higher the

adsorption capacity. Hence, the correlation is very important in this research.

Adsorption isotherm also is very important. This research would analyze adsorption -

isotherms for every adsorption model. Henicg, the adsorption capacity of palm oil kernel . '

would be identified clearly from the derived variables in the isotherm.



CHAPTER 2
LITERATURE REVIEW

2.1 ZINC

Zinc is a chemical element in the periodic table that has the symbol Zn and atomic
number 30. In some historical and sculptural contexts, it is known as spelter. Zinc is a
moderately-reactive bluish-white metal that tarnishes in moist air and burns in air with a
bright greenish flame, giving off plumes of zinc oxide. It reacts with acids, alkalis and
other non-metals. If not completely pure, zinc reacts with dilute acids to release
hiydrogen. The one common oxidation state of zing is +2. From 100 °C to 210 °C zing
metal is malleable and can easily be beaten info various shapes. Above 210 °C, fhe metal
becomes brittle and will be pulverized by beating, (Wikipedia)

2.1.1 Heavy Metals Contamination

Heavy metals contamination is one of the major issues in wastewater treatment process.
Since several types of heavy metal are classified as toxic, hence the removal of heavy
metal shall be a must in any wastewater treatment process. Generally, the contamination
of heavy metals in wastewater is from industrial activity. According to Zeljka (2000), the
effluent from metal finishing process'méy contain up to 10 mg/L of copper chromium

nickel and zinc.

Electroplating, leather tanning, cement dyeing, metal processing, and wood preservatives
contribute to the contamination of heavy metals in sireams and miajor drainis (Nomanbhay
et al, 2004). Even worst, it can penetrate into the ground and seep through the ground
water sources. This, the hazard of toxicity is exposed fo the hutfian since the streamiflow

is the prime source of water supply in Malaysia.

There are several applications of heavy metal removal in wastewater treatment process

(Huang ¢ al., 1989). Somie might be expensive and some might create drawbacks. The



applications are precipitation, ion exchange, Reverse Osmosis (RO), electrodialysis, and
adsorptiort.

Precipitation causes problem due to the sludge production. The precipitation is basically
donie by coagulation process. Disposal of sludge tieeds a good planning which will
consume an expensive budget. fon exchange is also an expensive method. It is classified
a8 tertiary treatrmient. Modern facilitics meant for removal of heavy mietals in ion
exchange need to be instalied.

Furthermore, ion exchange is site specific. Adsorption process is found as a very
practical approach to remiove heavy metals. There is a wide range of adsorbent that can
be found applied in wastewater treatment process. Heavy metal adsorption by using
activated catbon is one of those. The existerice of soine fufictional groups might be
associated with the capability of carbon to adsorb heavy metals. However, it is only a part
of adsorption theory,

2.1.2 Impact of Heavy Metals

Many metallic elements play important roles in the function of living organisms. Living
organism require trace amount of some heavy metals, including cobalt, copper, iron
manganese, molybdenum, vanadium, strontium, and zinc. They not only constitute a
ritritioial requiremment, but also a physiological role. However, overabundatice of the
essential clements and their substitution by nonessential ones can cause toxicity
symptorits (Kenish, 1992). Non-essential heavy metals of particular conicern to surface
water systems are cadmium, chromium, mercury, lead, arsenic and antimony.
Assimilation of metals takes place in the microbial world as well and in plants, these
elements tend to get concentrated as they progress through the food chain. Excessive
amounts of a metal species along this route lead to toxicity symiptoms, to disorders i
cellular functions and death (Volesky, 1990).



2.2 WHAT IS CARBON?

Carbon is recognized as non-metallic element that available in all living things (organic)
and also available largely in inorganic compounds. The word carbon was originated from
Latin, carbo, while French named it as charbon which both mean charcoal. In german
and Dutch, carbon is called as kohlenstoff and koolstaf respectively, both connote the as
“coal-stuff”, In the early age, carbon was found by burning organic material in
inisufficient oxygen. The comriion kinowii ¢arbori is ifi the forim of charcoal. It has been
known since ancient times and it has a variety of applications. Carbon is a basic element
ini the organic chemistry afid its ability to bifid with otlier element has foritied a million of
compounds, (Wikipedia)

2.2.1 Carbon Surface Chemistry

Most of the researchers believe that the ability of carbon to adsorb organic and inorganic
matters is due to the presence of sonie functional on its surfuce. Smith (1863)
hypothesized that a chemical change will occur when carbon react with oxygen. While
Reed and Wheeler (1912, 1913) explaitied that some oxygeti-carbont complex(s) was
formed when oxygen contacts carbon surfaces. Steenberg in 1944 proposed that the
capability of catbon adsorb stforig base is called L-type (acidic carbons) and those
capable of adsorbing a strong acid be called H-type (basic carbons). L-type is treated
unider exposed oxygen with temiperature 200°C o 300°C or solution oxidants during the
activation process. H-type carbons are formed using activation methods that remove
indigenous surface oxide groups. It can be obtaitied by heating the carbon by the presence

of inert gas or vacuum and cooling to low temperature in the same environment,



2.2.2 Removal Mechanism

Heavy metal removal could only happen under several phenomenons which are physical
adsorption, chemisorption, hydrogen bonding, ion exchange, surface precipitation and
filtration. Physical adsorption is the most common application in removing heavy metals

and it is recognized as primary removal mechanism for organic adsorbates.

Chemisorption behaves more specific by involving the formation of covalent bond
(electron shatirig) betweeti adsorbite atid the carbor surface. Chieiitisorption is considered
to be irreversible while physical adsorption id reversible. A long-range attractive force
between the hydrogeti atom of hydrated metal ions and 4 specific catbon surface site
enable the adsorption to be happened. Hydrogen bond can be classified under
chemisoiption. However, covalent bonding is much stronger than hydrogen bond.
Covalent bond is responsible to form a much stronger inner-shape complex while
hydrogen bonding will form outer-shape complex. Ion exchange oceurs when adsorbent
and adsorbate posses opposite charges. Precipitation of metals on a surface is much easier
thati the foritiation of the samme solid ifi solution. High concentration of metals and OH- in

carbon pore volume can enhance metal removal.
2.3 ADSORPTION

Adsorption process is found as a very practical approach to remove heavy metals. There
is 4 wide range of adsorbent that can be found applied in wastewater treatmerit process.
Heavy metal adsorption by using activated carbon is one of those. The existence of some
functional groups might be adssociated with the capability of carbon to adsorb heavy
metals, However, it is only a part of adsorption theory.

Adsorption is defined as a process of collecting substances in water onto a surface of
solid. Another exteided definition of adsorption is the process of accurulating
substances that are in solution on a suitable interface (Metcalf and Eddy, 2004). When a
liquid mixture is in contact with a miicroporous solid, adsorption of certaini cotfiporierits iti



the mixture takes place on the internal surface of the solid. There are several factors that
affect the efficiency of adsorptiofi.

There are two major processes happen during adsorption. Firstly is physiosorption and
secondly is chemisorptioni. The functional group which hias high affinity to mietals will
adsorb the metal during physiosorption. The physiosorption will last until the equilibrium
state. Time taken uitil the equilibrium state is cilled equilibtium timie () and the
concentration at t. is called equilibrium concentration (c.). The residual metal
concentration which is not adsorbed during physiosorption will be adsorbed by
chemiéorption process. The chemisorption process can be described as the intrapore
diffusion of heavy metals into carbon molecule. This process is tiffié consusing sirice its

adsorption rate is relatively small.

There are some modification methods applicable in activating the carbon surface. The
modificationn method cani be physically and chemically. Typically, in physical
modification, the carbon will be heated up until 750°C However with an insufficient
siupply of oxygen to sustain combustion. Then it 18 exposed 1o oxidizing gas such as
steam and CO; at high temperature in the range from 800 to 900°C. Second method of
activation is by using cheriicals. Formaldshyde, nitric acid (HNOs), and pH costrolled
solution which is combination of sulphuric acid (H,80,) and sodium hydroxide (NaOH)
are always used in chemiical activation treatient. Typically, strong acid will be used in

chemical treatment of carbon activation.

2.3.1 Adsorption Isotherm

In developing the adsorption isotherm, the quantity of adsorbate that can be taken up by
an adsorbent is a function of both the characteristics and concentration of adsorbate and
the temperature. Generally, the amount of material absorbed is determined as a function
of the concentration at a constant temperature, and the resulting function is called an
adsorption isotherm (Metcalf and Eddy, 2004).



Exquation that are often used to describe the experimental isotherm data were developed
by Freundlich, Langmuir, and Brunaugt, Emimet, and Teller (BET isotherni) (Shaw,
1966). Of the three, the Freundlich isotherm is used most commonly to describe the
adsorption characteristics of the activated carbon used in water and wastewater treatiment.

Derived empirically in 1912, the Freundlich isotherm is defined as below:
xim = KC," {eq. 1)
where x/m= mass of adsorbate adsorbed per unit mass of adsorbent, mg adsorbate/g
activated carbon
K= Freundlich capacity factor, (mg adsorbate/g activated carbon) (L water/mg
adsorbate)'”
Ce= equilibrium concentration of adsorbate in solution after adsorption, mg/L
1/n= Freundlich intensity parammeter
The constant can be written as:
Log (x/m) = log Ky+ 1/nlog C, {eq. 2)
Derived from rational consideration, the Langmuir adsorption isotherm is defined as:
x/m=abC, /(1+ bCe)
where x/m= mass of adsorbate adsorbed per unit mass of adsorbent, mg adsorbate/g

activated carbon

a,b = empirical constant
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The most common used method to remeve soluble metal ions from solution is to
precipitate the ion as a metal hydroxide. The process is readily automated and controlled
by a simple pH controller. By raising the pH value of a solution with a common alkaline
material such as lime, or sodium hydroxide the corresponding metallic hydroxide
compounds become insoluble and precipitate from solution. Below is a metal hydroxide
solubility ciirve showing the solubility of the commion heavy metal ions and their

respective solubility versus pH.

100

Figure 1 Solubility Curve of Vatious Heavy Metal lons

Precipitation is unfavourable in this project. Hence, pH measurement is crucial to ensure
precipitation would not happen. Specifically for zitic, pH 10 is &4 minimuin pH for it (0 be
precipitated.



CHAPTER 3
METHOD & PROCEDURE

3.1 PREPARATION OF ADSORBENT

Adsorbent used in this experiment was obtained from combusted palm oil kerpel. It was
grounded and sieved based on sevetal sizes. The size used in this experiment was
R425um. R425um is the size of combusted palm oil kernel particles that retained on

difficult to handle in term of weighing and transferring. Hence, the most practical sized
used was R425um.

~ 3.1.1 Preparation of Aqueous Zinc Solution (Refer Appendix 1)

Zinc Chloride (ZnCly) was used for the preparation of aqueous zinc solution. Zinc
chloride was the only source of zinc that available in the lab. In order to prepare 1000
mg/L of aqueous zinc solution, 2.084 gm of zinc chloride was diluted in 1000 mi of
distilled water. 1000 mg/L of aqueous zine solution was the stock solutiofi. The stock
solution was diluted to desired concentrations which were 100 mg/L and 10 mg/L. On the
basis of 1000 ml, 10 ml of stock solution was diluted with 990 ml of distilled water in
order to obtain 10 mg/L of zinc solution. While, 100 ml of stock solution was added with
900 il of distilled water in order to obtain 100 mg/L of zinc solution,

During preparation of agueous zine solution, same apparatus would be used repetitively.

Herce, every apparatus should be washed anid rinsed carefully to avoid any influences of

residual zinc to the desired concentration of new aqueous zinc solution.
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3.2 ZINC ADSORPTION PROCESS

3.2.1 First Phase

During the first phase of project, two trials had been done. Both trials differed by their
adsorbent dosages. The adsorbent dosages in the first trial were 23, 50, 100, and 200 mg.
The adsorbent dosages used in the second trial were 25, 50, 75, and 100 mg.

Same adsorption period, (t} were used for both trials, The adsorption periods were varied
at 1, 3, 6, and 24 hours. Initial concentrations T, were also varied in this experiment. The

initial concentrations C, used in this experiment were 100 and 10 mg/L.

In the adsorption process, 100 ml of aqueous zinc solution was pipette into BOD bottle.
The concentrationi of aquesus zitc solution was ot 100 or 10 mig/L basis. Every bottle
was dosed with adsorbent based on its trial (first or second trial). Fach dosage was

prepared with three same satiples which mieant for average reading.

Next, all the samples were put onto the orbital shaker. The speed of the orbital shaker was
150 rpm. The speed of the orbital shaker should be monitored. Increase in speed would
lead to inefficiency of adsorption. The adsorbent would tend to flocculate at the upper

surface of the aqueous zinic solutiot,
After the adsorption period elapsed, the samples were ready to be filtered out from

dqueous zine solution. Vacuum filter was used in this process. The presence of adsorbent

during zinc content test would influent the readings.
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3.2.2 Second Phase

In the second phase of project, the adsorbent dosages were modified to 1000 mg, 2000
mg, 3000 mg and 4000 mg. This was due to insufficient dosages in zinc adsorption
process during the first stage. The rest of the steps were same as the first phase of project,

33 MEASUREMENT OF ZINC CONCENTRATION

| Throughout the experiment, the only equipment used for zinc content test was
spectrophotometer HACH DR 2800. All the procedures of zinc test were based on the
supplied manual by vendor. Prior to performing the zinc test, the sample had to be diluted
to the specific range (0.01 to 3.00 mg/L). In this experiment, the sample was diluted to 1

mg/L from the original zinc aqueous solution.

Initially, 20 ml of diluted zinc solution was pipette into sample cell. Normal pipette was
used for the accuracy of -iwﬁe.'zisiii*ftzfma‘tit.ii The samiple supposedly pipette into 25 ml
graduated mixing cylinder. However, sample cell was used due to the unavailability of
graduated mixing cylinder. After poufmg the zine solution into sample cell, the sample
was added with ZincoVer 5 Reagent Pownjier and was shaken until the sample turned blue
(based on zitic concentration). 10 il of the shaken sample was poured into a squate

sample cell. This sample was meant for blifmk solution.

The next step was the remaining sample was added with 0.5 ml of cyclohexanone and
was shakeii for 30 seconds, The eyclohexanonie was dropped by using prepared plastic
dropper. Right after the addition of cyciohexanone, the sample was undergone for 3
minutes of reaction time. During this period, the sample cell for the first 10 mil sample
was wiped and inserted into spectrophotometer with the filling line facing reader light.
After 3 minutes of reaction time elapsed, ZERO button was pressed and the
spectrophotometer would read blank solution and gave 0.00 mg/L reading.

12



Finally, the prepared sample was wiped and inserted into spectrophotometer and reading
was taken. The samiple cell was wiped by using special tissue mieant for delicate works.
Every cell sample was washed and rinsed carefully in order to avoid any inconsistencies

of zine concentration was multiplied by dilution factor

during result reading. The reading

in order to obtain the actual concentration of the sample.
3.4 RESULT ANALYSIS

After obtaining the result from zinc adsorption process, equilibrium concentrations C,
were calculated. Based on the equilibrium concentration, several graphs should be plotted
which were residual zinc vs. adsorbent dosage, residual zinc vs. adsorption time,
percentage feoval vs, adsotbent dosage, and percentage removal vs, time, The plotted
graphs provided the effective adsorbent dosage and adsorption period in the adsorption of

Instead of plotting graphs, the most important adsorption isotherms which were
Freundlich and Latigmuir were determined. In Freundlich Isotherm, graph Log x/m vs.
Log Ce was plotted and three important parameters were identified. The parameters were
. ts for the effectiveness of the

Rz, 1/n atid Ky Those paraieters were core determingis

adsorbent used.

In Langmuir, graph 1/(x/m) vs. 1/Ce was plotted. Mole fraction of zinc in zinc chloride, x
were compared with R? value from the graph.

13



CHAPTER 4
RESULTS & DISCUSSIONS

41 PHASE1

During the first phase of project, two trials of zinc adsorption had been done. Both trials
were differed in adsorbent dosages. Adsorbent dosages on the first trial were 25, 50, 100
and 200 mg. On the second trial, the dosages were modified to 25, 50, 75, and 100 mg.
The results of the trials will be elaborated further in this chapter.

4.1.1 First Trial

Adsorption of Zinc (C,= 240 mglL)
(Residual Zinc vs Adsorbent Dosage)

Residual Zinc (mg/l.)
3

0 500 1000 1500 2000 2500
Adsorbent Dosage (mg/l.)

Figure 2: Graph Residual Zinc vs. Adsorbent Dosage {C.= 240 mgfl)

Based on Figure 1, the 1 hour period showed a good adsorption curve, The adsorptions
were higher at 25 and 50 mg of adsorhent dosage and about constant from 50 to 200 mg
of adsorbent dosage. In 3 hour of adsorption, the curve was fluctuated. The residual zinc
at 50iig of adsorberit dosage was 39.5 mg/L and the residual zine at 100 mg of adsorbent
dosage was 48.67 mg/L. The residual zinc for the next 100 mg of adsorbent dosage was
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33.5 mg/L. The adsorption curve for 6-hour period showed a good trend. The amount of
residual zitic was constantly decreased. In 24-hour curve, the ddsorption between 50 to
100 mg of adsorbent dosage was not much changed. Residual zinc at 50 mg and 100 mg
of adsorbent wias 94.5 g/l 4nd 87 mig/L respectively. The lowest residual zinic obtained
was at 24-hour of adsorption which was 18 mg/L.

Actually, the intended initial concentration for aqueous zinc solution was 100mg/L.
However, dug {0 several errors during the preparation of the solution, the concentration
had changed to 240 mg/1.. The etrror was caused by the dilution process of stock solution.
The concentration of stock solution was 1000 mig/L. Duting the zinc content test, the
diluted solution was diluted again directly to 1 mg/L. There were no transitions (100 to
10 to 1 mg/L of zine solution) durifig the dilution process.

The fluctuating of adsorption curve was due to the disturbance during shaking process.
The orbital shaker was stopped to load & urload of other adsorption bottles (B.O.D
bottle). This action had retarded the adsorption of zinc and caused the improper readings.

Adsorption of Zinc (C.= 240 mg/L)
(Percentage Removal vs Adsorbent Dosage)

1 00 e TRt ksl ITRRAE

w0
==

60

(%)

Percentage Removal

0 500 1000 1500 2000 2500
Adsorbent Dosage (mgiL)

Figure 3 Geaph Percentazge Removal vs, Adsorbent Dosage (.= 240 mg/L}
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The graph shown is to indicate the effect of adsorbent dosage to the percentage of
ifying theri to the period of adsofption. Generally, wias cofistant after 25

mg dosage and after 100 mg of adsorbent dosage, 3-hour curve decreased from 80% to

. ¥

retrioval by class

61%. Medanwhile, for the 24-hout curve, the percentage iticreased from 64% to 93%.

Other curves experienced less significant increment.

Table 1 Percentage Removal Based on Adsorption Period (Co= 240 mglL)

24 83

Adsorption of Zinc {C,= 240 mg/L)

{Percentage Removal vs Time)

100
]
g &
é €0 - ——250 g/l
g, g —u— 500 mgiL
S 40
E —A— 1000 oA
®
g 20 ——2000 mgit
o

D4 ‘ ‘
0 5 10 15 20 25 30
Time (hr)

Figure 4 Graph Percantage Removal va. Time (C,= 240 mgil)
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The graph above indicates the effect of time to the percentage removal. The highest
percentage femoval was 93% it 24 hours with the adsorbent dosape of 200 mg. The

lowest percentage removal was 29% at 1 hour of adsorption with 25 mg of adsorbent

mg curve. Table below simplify the percentage removal based on its adsorbent dosage.

Table 2 Percentage Removal based oh Adsorbent Dosage (C.= 240 mg/l.)

500 58
1000 64
2000 93

Adsorption of Zinc (C,= 240 mg/L)
(Residuat Zinc vs Time)

300

5
Er 250 |
o 200 ——250 mgiL
i% 180 ——500 mgiL
& 100 —a—1000 mgh
2 50 | 2000 mgi
§ 0 :

0 5 10 15 20 25 30

Time (hr)

Figure 5 Graph Residual Zinc vs. Time (Co= 240 mgiL)

Based on the figure above, there was a trend where after 3-hour of adsorption, the
testdual zine would tend to iticréase, It wis very clear when all four adsorbent dosdge
curves (25, 50, 100 and 200 mg} were increased to 114.5 mg/L, 94 mg/L, 73.5 mg/L, and
. 63.67 mg/L respectively. Only 200 mg adsorbetit dosage wis decreased to 18 mg/L of
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residual zine after increment at 6-hour of adsorption. The supposed curve trend should be
drastically decreased within 3 1o 6 hour of adsorption and consistent thtoughout uritil 24
hours. The data in the graph above was tabulated from the graph of Residual Zinc vs.
Adsorbent Dosage. Herice, it can be coticlude that the fictors contributed to the

nonconformance were the same.

Freundlich isotherm
Zinc Adsorption 1’_‘1 Trial {C,=240 myil)

¢1hr

o 3hrs
ABhrs
X24 hrs

" Figure 6 Freundlich Model of Zinc Adsorption C,= 240 mg/L

Based on above Freundlich model, 1 and 6-hour lines were considered as the best fit
lines: R? values for both lines were 0.7527 and 0.9944. Duting zinc adsorption, 1 and 6-
hour adsorption showed the smooth trend curve. This would influence a good fit in
Freundlich. 3 and 24-hour line were not so good due to the fluctuation during zinc
adsorption (refer Figure 1).
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Langmuir Isotherm
Zne Adsorption 1% Trial (C,=240ppin)
06.0200
0.0160
o1hr
£.0%120
‘g #3hrs
g ABhrs
5.0080 o4 h
* 24 hrs
0.0040 e
' ‘“%@' -
0.0000 -pasi
0.0000
1C,

Figure 7 Langmuir Model of Zinc Adsorption Co= 240 mgll

Figure above shows Langmuir model for zinc adsorption with initial concentration, C=
240 mg/L.. Same result as Freundlich was expected in Langmuir model. 1 and 6-hour

lines were considered as best fitted lines.

Adsorption of Zinc (C,= 11.45 mg/L)
(Residual Zinc vs Adsorbent Dosage)
14 :

12

10

Residual Zinc {mgft.)

1] 500 1000 1500 2000 2500
Adsorbent Dogage {mgiL)

Figure 8 Graph Residual Zinc va. Adsorbent Dosage (C.= 11.45 mgiL)
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Based on Figure 7, the 1-hour adsorption was only until 100 mg of adsorbent dosage. The
reading 4t 100 mg adsotbent dosage was 1.55 mg/L. The readings for 3-hour adsorption
were also until 100 mg of adsorbent dosage. The final reading at 100 mg adsorbent
dosdge was safiie 48 1-hour petiod of adsorption which was 1.55 mig/L. The lowest
reading at 6-hour curve was 2.3 mg/L of residual zinc at 100 mg of adsorbent dosage.
The reading was increased to 2.6 mg/L of adsorbent dosage at 200 g of adsorbent
dosage. At 24-hour of adsorption, the curve was fluctuated and unstable, At 25 mg of
adsotbent, the curve experienced decremerit until 1.8 mg/L and it was the lowest readitig,
The reading was drastically changed at 50 mg of adsorbent when the residual zinc was
increased until 7.83 mg/L.

Some of the readings were not consistent due to the errors done during the experiment.
The major errors were dorie during the zine content test. The dilution process was held

with improper procedure. There were no transitions of concentration during the dilution

solution) directly to 10 mg/L and 1 mg/L. Hence, the desired initial concentration C, was
hard to be obtdined. The actual C, might be less or exceed the desired C,.

—
Adsorption of Zine (C,=11.45 mg/L)

{Percentage Removal vs Adsorbent Dosage)

100 TR oo S s

[——1 hr

!—=—3 hrs
—&— 6 hrs
~— 24 hrg

Percentage Removal (%)
3

0 500 1000 1500 2000 2500
Adsorbent Dosage (mglL)

Figure 9 Graph Percentage Removal vs. Adsorbent Dosage (C.= 11.45 mgiL)
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The graphs in Figure 9 indicate the percentage removal for every adsorbent dosage. There
wers several sighificant drops of perceiitage removal which were 32% at 50 mig of
adsorbent dosage for 24-hour curve and 30% at 200 mg of adsorbent dosage for 1 and 3-
hour curve. The percentige of removal was based on the graph of Residual Zitic vs.
Adsorbent Dosage. Table below shows percentage removal for every adsorption period.

Table 3 Percentage Removal Based on Adsorption Period {C,= 11.45 mg/L)

24 81

Adsorption of Zinc (Co= 11.45 mgllL)
{Percentage Removal vs Time)
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Time (hr)

Figure 10 Graph Percentage Removal vs, Time (C.= 11.45 mg/l)

Based on Figure 10, it shows the effect of time to the percentage removal of zine. The

highest percentage removal was af 1 hour of adsorptioti with the percetitage of 86% anid
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the adsorbent dosage was 100 mg. The lowest percentage was at 1 and 3-hour of
adsorption with the percentage of 30%. The adsorbent dosage used was 200 mg. In 50 mg
curve, after 6 hours the percentage of removal was dropped from 74% until 32%. In 100

was 86%. After 3 hours, the percentage removal was dropped until 72% at 24 hours.
Table 4 shows percentage removal for every adsorbenit dosage

Table 4 Percentage Removal based on Adsorbent Dosage (Co= 11.45 mgil)

500 59
1000 - 64
2000 ' 93
i Adsorption of Zine (Co= 11.45 mgiL)
(Residual Zinc vs Time)
14 TR et
pry 12
o
.§. 10 | —e— 250 mg/L
g 8 !| —8— 500 mgiL
ﬁ —— n’gf
E 6 —a— 1000 mg/L.
s§ 4 —%e 2000 mgiL
r 2
0

Figure 11 Graph Residual Zine v8. Time (Co= 240 myg/L)
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The graph above indicates the effect of time in the zinc adsorption. The effect of time can
be seen within 3 to 6 hours. The adsorption fate is higher at that period of timie because
the residual zinc was dropped drastically. The lowest reading was at 3 hour which was

constantly decreased until 2.15 mg/I. after 24 hours. Reading at 24 hours for 50 mg
adsorbeitt dosage was highest atfiong others which was 7.83 mg/L.

All the inconsistencies of the readings might be contributed by the way of the experiment
weere done. Durinig zine contefit tests, the apparatus used {eg beaker, measuting eylinder,
pipette, etc.) might not be washed properly by using special detergent for apparatus.
Hence, somie of the residual zinie from previous tésts might stick on the apparatus that

contributed to the inconsistencies of the readings.

Freundlich lsotherm

- _ 2 Adsorpton 1 Tt (Co=11.45 ppm)

1.60 '

1.40

120 ethr
-§ 1.00 m3hrs
§ 0.80 ABhrs

0.60 ¥24 hrs

0.40

0.20

0.00 0.10 020 030 040 Lg.:g' 0860 0.70 0680 099 100

Figure 12 Freundlich Model of Zinc Adsorption {C.= 11.45 mg/L)

The above figure shows Freundlich isotherm for zinc adsorption with C, = 11.45 mg/L.
Only 6-hour followed the trend of Freundlich isotherm. The other 1, 3, and 24-hour line
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were not following the trend. The slopes for all the lines were negative. However, the 6-

Langmuir Isotherm
Zni Adsorption 1% Tral (C,511.45pptn)

elhr

x3hrs
abhrs
+24 hrs

Figure 13 Langmuir Modei of Zinc Adsorption C.= 11.45 mg/L

Figure 12 shows Langmuir isotherm for zinc adsorption C,= 11.45 mg/L. Only 6-hour
followed the trend for Langmuir isotherm. The other three adsorption periods gave
negative results. All the slopes were negative. It can be said that the zinc adsorption for
Cy= 11.45 mg/L. was not work.
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4.1.2 Second Trial

The difference between first and second trial is the adsorbent dosages applied. In the
second trial the dosages used were 25, 50, 75 and 100 mg for every 100 mL of aqueous

zine solution, The shaking time (t) was same as the first trial.

Adsorption of Zinc (Co= 141.33 mgiL)

160
-
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L]
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o
+4
80 . : b
0 200 400 600 800 1000 1200
Adsorbent Dosage (mg/l)

Figure 14: Graph Residual Zine vs. Adsorbent Dosage {C.= 141.33 mg/L)

Based on figure 13, the initial concentration was 141.33 mg/1.. All the adsorption shows

increased from 96.33 to 114.5 mg/L and it was decreased to 85.5 mg/L. at dosage of
1000mg/L. The lowest residual zine was 83 tig/l. at 24 hours of adsorption. The highest
residual zine was 104.3 mg/L after 3 hour of adsorption.

Fluctuation of reading happened due to several factors. The most likely factor was error

of dilution during tmeasuretietit of zinc.
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Adsorption of Zinc (C,= 141.32 mg/L)
{Percentage Removal vs. Adsorbent Dosage)
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Figure 15: Graph Residual Zine va. Time (2™ Trial)

Based on the graph above, the optimum adsorption time was at 6-hour. The residual zine
for 75 mg and 25 mg curve weie the highest, 125 mig/L and 114.5 mig/L respectively. All

the curves were fluctuated. The curves were fluctuated at 3 hours and 24 bours. The

- expected curve should decrease as the contdct time increase. The lowest residual zine
- obtained was 83 mg/L with 6-hour adsorption period.
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Adsorption of Zinc (C,= 141.33 mg/L})
(Percentage Removal vs. Adsorbent Dosage)
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Figure 18: Percentage Removal va. Adsorbent Dosage (C.= 141.33 mgil)

Based on the figure above, the highest percentage removal was 41% at 6 hours of
adsorption. The lowest percentage removal was 26% at 3 hours of adsorption.

Percentage removal at 24-hour adsorption was fluctuated from 31.84 to 19% at 500 and
750 mig/L of adsorbent dosage respectively. Table below shows percentage removal
based on adsorption period. '

Table § Percentage Removat Based on Adsorption Period (C.= 141,33 molL)

24 40
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Adsorption of Zinc (C,= 141.33 mg/L} ]
(Percentage Removal vs. Time)
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Figure 17: Graph Percentage Remaval vs, Tinte (Co= 141.33 mgiL)

Based on Figure 12, the highest percentage removal was at 6 hours with adsorbent dosage
of 1000 mg/L. The lowest percentage removal was 12% with adsorbent dosage of 250
‘mg/L. The table below summarizes the percentage removal based on adsorption period.
The figure indicates that all the highest percentages removal were at §-hour of adsorption.

Table 6 Percentage Removal based on Adsorbent Dosage (Co= 141,33 mg/L)

31
500 34
750 38
1000 41
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Adsorption of Zinc (C,= 141.33 mp/L)

(Residual Zinc vs. Time)
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Figure 18 Graph Residual Zine ve. Time (C.= 141.33 mgiL}

The figure above shows residual zinc over time. Based on the graph trend, the lowest
residual zinc obtained at 6 hours of adsorption. The lowest residual zinc was 83 mg/L at
adsorbent dosage of 1000 mg/L. The residual zinc readings were increased after 6 hours.
The inconsistencies were due to the errors during the experiment. During zinc content
tests, the apparatus used (e.g. beaker, measuring cylinder, pipette, etc.) might not be
washed properly by using special detergent for apparatus. Hence, some of the residual
zine from previous. tests might stick on the apparatus that contributed to the
mconsistencies of the readings. '
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Freundlich Isotherm
Zine Adsorption 2" Triat (C,= 141.33 mg/L)
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Figure 19 Freundi_ich Madet of Zinc Adsorpﬂon {Co= 14_1 33 mgiL)

Based on the figure 18, only 1 and 6-hour shows good fitted lines. The other 3 and 24-
hour lines weie not following normal trend. The slopes were negative. Ke values for 1 and
6-hour were 2.81x10™ and 5.27x10" respectively. Hence, 6-hour adsorpﬁon possessed
the higher adsorption capacity if were compared to 1-hour,

The negative slope happened due to the inconsistencies during the adsorption process.

Other than that, the Freundlich isotherm wis proved by usitig mathematical analysis,

Thus, the performance of adsorbent could be varied in real condition.
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Langmuir Isotherm
Zinc Adsorption 2™ Trial (C,~141.33 mp/t)
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Figure 20 Langmuir isotherm for Zinc Adsorption (Co~= 141.33 mg/L)

Figure above shows Langmuir isotherm for zinc adsorption C;= 141.33 mg/L. There
were three fitted lines that suit to the normal trend which were 1, 3, and 6-hour. However,
in Freundlich isotherm, 6-hour was justified as the higher adsorption capacity compared

to 1-honr adsorption.
There was inconsistency for 3-hour adsorption. It slope was negative in Freundlich

isotherm However positive in Langmuir isotherm. Further study is needed in order to

justify this situation.
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42 PHASE?

During phase 2, two trials were conducted. The 1% trial was done in two initial
concentrations which were 10 mg/L and 110 mg/L. The adsorbent dosages used were 25,
50, 100, and 200 mg.

In the 2™ trial, experiment of adsorption of zinc with initial concentration of 10 mg/L was
done, However, the adsorbent dosages were changed to 1000, 2000, 3000, and 4000

4.2.1 First Trial

B - Adsorption of Zinc Co= 10 my/l
(Residual Zinc vs. Adsorbent Dosage)
11 : ey o ,-_‘:mé ,ﬁ.‘. ﬁ T e e e
:i- . 3 A
= 10
5 —e—1hr
g2 9 —&— 3hrs
b
% 8 —a—Ghrs
:5 —— 24 hrs
§ 7
0 500 1000 1500 2000 2500
Adsorbent Dosage (mg/L)
' J

Figure 21 Graph Residual Zinc vs. Adsorbent Dosage {C.= 10 mg/L)

The graph above shows the relationship of residual zinc over time. The initial
concentration of zinc was 10 mg/L. The lowest residual zinc was 7.2 mg/L. with
adsorbent of 2000mg/L at 3 hours. 24-hour curve shows a weird trend where it held the
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highest value of residual zinc if were compared to others. The other two residuals zinc
were 8.6mg/L at 1 hour and 7.5mg/L at 6 hours,

Adsorption of Zinc C.= 10 mg/L
{Percentage Removal v Adsorbent Dosage)
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Figure 22 Graph Percentage Removal vs. Adsorbent Dosage (C:= 10 mg/L)

- Figure 21 indicates the percentage removal over the adsorbent dosage. The highest
petcentage removal was 28% at 3 ks of adsorption with adsorbeiit dosage of 2000 mg/L.
The lowest percentage of removal was 8% at 24 hours of adsorption with the same
adsorbent dosage of 2000 mg/L. Table below summarizes the percentage removal based

on its adsorption period.

Table 7 Percentage Removal based on Adsorption Period (Cg= 10 mgiL)
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Adsorption of Zinc (C,= 10 mg/l)
Percentage Removal vs. Time

—e— 250 mg/L
—a— 500 mgh
—a— 1000 mg/L
—— 2000 mgh.

Figure 23 Graph Percentage Removal vs. Time (C.= 10 mg/L)

The graph above shows percentage removal vs. time. The highest percentage removal
was 21% at 6 hours of adsorption with adsorbent dosage of 1000 and 2000 mg/L. The
lowest percentage removal after the 24 hours of adsorption was 3% at 250 mg/L of
adsorbent dosage. Percentages removal at 6-hour were the highest if were compared to

other adsorption period. The table below shows the percentage removal based time.

Tabie 8 Percentage Removal of Zine bagsed on Adsorbent Dosage (Co= 10 myiL)

1000
2000

21
21
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Freundiich Isotherm

Figure 24 Freundlich isothenm for Zinc Adsorption (Cc= 10 mgiL)

Figure above shows Freundlich isotherm of zinc adsorption model with initial
concentiation 10 mg/L. Only 3-hour linig followed the right trend (refer Figure 20). This
is due to consistent readings during the adsorption process. Ky value for 3-hour was

2.99x10°3,

Langmuir Isotherm
Zinc Adsorption 1 Trial C,=

EAEey

4.000

{le1hr

E w3 hrs

% 2000 :
=3 AGhrs
X 24 hrs

0.000 i i :

0.100 0110 0.120 0.130 0.140 0.150
11C,

Figure 25 Langmuir lsotherm for Zine Adsorption (Co= 10 mg/L)
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The figure shows Langmuir isotherm for zinc adsorption with initial concentration of 10
mg/L. It was a bit different than previous Freundlich isothierm. 3 and 6-hour line were the

best if were compared to rest

Adsorption of Zinc C,= 110 mg/L
{Residual Zinc vs. Adsorbent Dosage)

120
i
% 110
£ :
S0ty
: S %ﬁﬁzﬁ mﬁ:‘iﬁsuﬁ i
5 oo lin B ER
S &0
D
& 70
©
80 2 ke
0 500 1000 1500 2000 2500
Adsorbent Dosage (mg/L)

Figure 26 Graph Residual Zinc vs. Adsorbent Dosage C.= 110 mgiL

Figure above shows graph residual zinc vs. adsorbent dosage with initial concentration of
110 mg/L. The lowest residual zinc obtained was 88 mg/L at 3 hours. 1-hour curve shows
a weird trend. The residual zinc experienced a drop from 106 mg/L to 94 mg/L with 500
mg/L and 1000 mg/L of adsorbert dosage respectively. Reading would be constant 6 and
24-hour curve after the supply of 250 mg/L adsorbent dosage. The adsorption curves in
this figure were not congistent. It did not match with the theory that the higher the
adsorption time, the higher the percentage of adsorption. The 24 hour should have the
highest pefcentage.
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Adsorption of Zinc (Co= 110 mg/L)
(Parcenifage Removal vs. Adsorbent Dosage)
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Figure 27 Graph Percentage Removal vs. Adsorbent Dosage {Co= 110 mgiL)

The highest percentage of zinc adsorption in the figure was 20% at 3 hour. The initial
concentration was 110 mg/l. 4nd its final concentration was 88 mg/L. The lowest
percentage of zinc adsorption was 15.45% at 1 hour. The initial concentration was 110

adsorption was 17.27% at 24 hours. ‘The adsorption curves in this figure were not
consistent, It did not match with the theory that the higher the adsorption time, the higher
thé percentage of adsorption. The 24 hour should have the highest percentage. The
inconsistericy was also due to the shaking process. Table below indicates percentage

* removal based on adsorption period.

Table 8 Parcenﬁage Removal of Zinc based on Adsorption Petiod (Ca= 110 mgiL)

16
24 17
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Adsorption of Zinc (C,= 110 mg/L)
{Percentage Removal vs. Time)
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Figure 28 Graph Percentage Removal vs, Time (C,= 110 mgiL)

The figure above shows percentage removal over time. The highest percentage was 20%
at 3 hours with adsorbent dosage of 2000 mg/L. It can be said that the percentage
removal achieved its highest reading at 3 hours of adsorption. The table below shows
percentage removal based on adsorbent dosage,

Table 10 Percentage Remaoval of Zine based on Adsorbent Dosage (Co= 110 mgil)

260 16
500 8
1000 21
2000 21
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Freundlich lsothanmn
Zinc Adsorption 1* Trial (C,= 110 mg/L)

T
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Log C,

Figure 29 Freundlich lsotherm for Zine Adsorption (C.= 110 mg/L)

Figure above shows Freundlich isotherm for zinc adsorption with initial concentration of
110 mglL Only 24-hour line had a good fit if were compared to others. The other
adsorption periods were not following the trend for Freundlich isotherm. K value for 24-
hour was 1.26x10™,
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Langmuir Isotherm
Zinc Adsorption 1 Trial (C,= 110 mg/L)
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Figure 30 Langmuir 1sotherm for Zinc Adsorption (Co= 110 mgiL)

Figure above shows Langmuir isotherm for zinc adsorption with initial concentration of
110 mg/L. As same as previous Freundlich isotherm, only 24 hour line was a good fitted

line with R* was 0.9742.The other adsorption period had poor fittings with low R? value.
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4.2.2 Second Trial

Adsorption of Zinc C,= 10 mg/L. |
0 Residual Zinc vs. Adsorbent Dosage)
gLy SIS P e U T
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Figure 31 Graph Residual Zine vs. Adsorbent Dosage (Co= 10 mg/L)

The figure above shows adsorption of zinc with initial concentration of 10 mg/L. The
lowest residual ﬁnc obtained was 0.25 mg/L. All the final concentrations in this
adsorption model were below 1. All of adsorption curves did follow the right trend. The
adsorption was active before 20000 mg/L of adsorbent dosage and getting slower and
constant after 20000 mg/L of adsorbént dosage
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Adsorption _of_ﬁné C,= 10 mg/L
Percentage Removal vs. Adsorbent Dosage

Percentage Removal (%)
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Figure 32 Graph Percentage Removal vs. Adsorbent Dosage {C.= 10 mg/L}

Figure above shows percentage removal over adsorbent dosage of zinc adsorption with
initial concentration of 10 mg/L. The highest percentdge remioval was 97.5% at 6-hours
of adsorption. All of the percentages removal were 90 mg/l. and above. Table below
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Adsorption of Zinc (C,= 10 mg/L)
Percentage Removal vs. Time

—e— 10000mgiL

Percentage Removal {%)

Figure 33 Graph Percentage Removal va. Time {(C.= 10 mgil)

Figure 32 shows percentage removal of zinc over time. As the time increased, the
percentage removal increased. However, for IOOGO'mg/L and 20000 mg/L of adsorbent
dosage, the reading decrease after 1 hour of adsorption and gradually increase after 6

hours. Table below shows percentage removal of zinc based on adsotbent dosage.

Table 12 Percentage Removal of Zinc based on Adsorbent Dosage {C.= 10 mgil)
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Freundlich isotherm
Zinc Adsorption 2™ Trial C= 10 mgiL

3

Flgiire 34 Freiindtich 12otherm Mode! for Zinc Adsorption (C.= 10 mg/L)

The figure above shows Freundlich isotherm model for zinc adsorption with initial
concentration of 10 mg/L. Only 1 and 6-hour lines were the best fitted line. K¢ values for
1 and 6-hour were 3.2x107 and 3.3x107, Log x/m values were negative based on
calcufation by using Freundlich isotherm formulae.
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Langmuir isotherm
| Zine Adsorption 2" Trial C,= 10 mg/L.
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Figure 35 Langmuir isotherm Model for Zinc Adsorption (C,= 10 mglL)

Based on the above Langmuir isotherm model, all of the fitted lines were following good
trend. The R® values were tanged from 0.69 to 0.95. The best fit was 1-hour with R
value of 0.9538.
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CHAPTERS

CONCLUSION
5.1 PHASE1

There were two irials were done during 1% phase of the project. The 1% trial was using
adsorbent dosage of 25, 50, 100 and 200 mg. While for the 2™ frial, the adsorbent dosage
used were 25, 50, 75, and 100 mg.

During the first trial, for initial concentration (C,) of 11.45 mg/L, the highest percentage
removal was 92.56% with adsorbent dosage of 2000mg/L. The optimign adsorption
period (t) was 24 hours with removal capacity of 81.22%. If were compared to Freundlich
isotherm, the highest K¢ value was 39.31 at 3 Liours of adsorptioi.

Thus, there was nsﬁ-conformance between adsorption isotherm and percentage removal
for zine adsorptiont with C, of 11.45 mg/L.

In the 1* trial of zinc adsorption with C, of 240 mg/1L, the highest percentage removal of
zinc was 92.56%. The optimum adsorption period (t) was 24 hours with removal capacity
of 92.56%. Based on Freundlich isotherm, the highest Kf value was 17.08 at 24 hours,
Herige it can be said that 24 hours was the optimum adsorption period and 2000mg/L was
 the optimum adsorbent dosage.

" In the 2™ trial of phasé 1, for C, of 141.33, the highest percentage removal of zinc was
41.27% at 6 hours of adsorption. The optimum adsorbent dosage was 1000mg/L with the
highest percentage removal of 41.27%. The highest K¢ value in Freundlich isotherm was
5.27x10" at 6 houts of adsorptioti.
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52 PHASE2

* There were two trials had been done in the 2™ phase of the project. The first trial was
using 25, 50, 100 and 200 mg of adsorbent dosage. The adsorbent dosages used for the
2" trial were 1000, 2000, 3000, and 4000 mg,

During the first trial, for zinc adsorption with initial concentration (C,) of 10 mg/L, the
highest percentage removal was 28% at 3 hours of adsorption. The optimuimn dosage for
~ zinc adsorption was 2000 mg/L with the highest percentage removal of 21%. Based on
Freundlich i‘sbtherm, otily 3-hour linie was accepted withi K value of 2.99x107,

In the 1* irial of zinc adsorption with C, of 110 mg/L, the highest percentage removal
was 20% at 3 hours. The highest adsorbent dosage was 2000 mg/L with percentage

removal of 21%. However, in Freundlich isotherm, only 24-hour line was acceptable with

Duting the 2™ trial in 2™ phase of the project, the highest percentage removal was 97.5%
at 6 hours of adsorption. The optimum dosage was 40000 mg/l, with the highest
percentage removal of 93%. Based on Freundlich isotherm, the 6-hour line was
aceeptable with K¢ value of 3.3x10™.

In conclusion, the higher the adsorbent dosage was used, the higher the percentage

removal. A good plot of the adsorption isothierm depended on the degree of consistenicy
of the adsorption model. |
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CHAPTER 6
RECOMMENDATION

6.1 METHODOLOGY

Towards the improvement of the study, there are several recommendations need to be
made on the methodology. The methodology shall be prepared prior to performing the

experiment, This will minimize errors and inconsistencies.

Every used apparatus shall be washed properly with soap. This is important in order to
get rid the residual particles or any residual zitic on the apparatus that will affect the
readings. Every itrelevant reading shall be repeated in order to get a consistent reading.

Every dilution process shall take plaée in several transitions. For example, in order to
dilute from 1000 mg/L to 10 mg/L, the dilution shall undergo dilution concentration from
1000 mg/L to 100 mg/L to 10 mg/L. Direct dilution will deviate the result from desired
concentration. Normal pipette shall be used in otder to measure volume of solution.

Based on the result, the experiment shall be repeated with new adsorbent dosages. Those
dosages are 100, 200, 300, 400, and 500 mg. The contact time shall be reduced from 1 to

6 hours.
Activation of carbon will improve its adsorption capacity and eshance the result of this

experiment. The method of activation that will be applied shall be discussed with

supervisor.
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In this experiment, dilution will be performed oftenly. Since zinc will be tested as heavy
iietals, the dilution theory as below:
Theoretically
In the lab, the oiily zitic {Zni(II)] available is in the form of zine chloride
(ZnCh). |
Molecular weight of ZnCly: 65.409 + 2(35.453) = 136.315
Thus, 136.315 gm of ZnCl; contains 65.409 gram of zine
Using binary equation method,
65.409 gm of Zn = 136.315 gm of ZnCl,
- 1 gini of Zni = 136,315 grii of ZnCly/ 65.409 gm of Za
1 gm of Zn = 2.084 gm of ZnCh |
Convert into milligram 1000 mg of Zn = 2084 mg of ZnCl,
If dissolved in 1L of solution
1000mg/L of Zn = 2084mg/L. of ZuCl
Or 1000ppm of Za = 2084 mg of ZnCl, in 1L of distilled water
- To miake various solution from stock solution of 1000ppm
MV= Mz_Vz where M; = Molarity of known solution concentration
' M, = Molarity of desired concentration
V1 = Volume of known concentration

V2 = Volume of desitred coricentration

To prepare 100ppm solution from 1000ppm stock solution,
| 1000 mg/L x V; = 160mgy/L x 1000mL
Vi=100mL
It means that 100m], taken from 1000mg/L of stock solution shall be topped up
with 900mL of distilled water. Hence its final concentration will be 100mg/L.
Same miethod is applied to the preparation of 10ppri solution. |

Appendix 1 Detailed Caleulation of Dilution Process
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i 25 190 0 150 170
2 50 130 | 140 0 135
3 100 0 112 | 143 127.5
4 200 0 130 | 110 120

Table 13 Equilibrinm Concentration; C.=11.45 mg/L; t=1 hr

100

200

1

2 50 96 g2 0 94
3 100 ] 68 78 73.5
4 200 0 62 47 54.5

Table 15 Equilibrium Concentration; C= 11.45 mg/L; {= 6 hrs

o i

105

3 25 0 98

2 50 0 | 95 |96 945
3 100 85 | 0 | 89 87
4 200 81 17 ] 0 18

Table 16 Equilibrium Concentration; C,= 11.45 mg/L; t= 24 hrs
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i 25 38 27 | 42 3.57
2 50 3 0 3.1 3.05
3 100 0 14 1.7 1.55
4 200 8.2 8 8 8.07

Table 17 Equilibrium Concentration; C~=245mg/L; =1 br

1 25 2.1 28 | 22 :

2 50 0 1.5 0 1.5
3 100 0 1.4 1.7 1.58
4 200 8.2 8 8 8.07

Table 18 Equilibrium Concentration; C.= 245 mg/L; t=3 hrs

s

1 25 28 1 0 | 0 28
5 50 37 | 0 | 32 595
3 100 0 2.3 Q 2.3
4 200 24 2.8 g 2.6

Table 19 Equilibrium Coneentration; C.= 245 mg/L; t=6 hrs

1 1.8 14 1.8
2 . 8.1 8.9 7.83
3 100 0 44 | 49 3.16
4 200 0 2.1 2.2 2.15
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Table 20 Equilibrium Concentration; C,= 245 mg/L; t=24 hrs




‘ 94 101 91 9533
1 25 112 141 106 109.33
2 50 112 103 110 108.33
3 75 113 116 D 105
4 100 101 0 108 1#03.5
‘Table 21 Equilibrium Concentration; 2* Trial; t= 1hr

1 113 102 :
2 50 114 103 119 112
3 75 119 113 85 108
4 100 0 102 107 104.5
Tabile 22 Equilibvitm Concentration; 2" Triali 1= 3 hrs
- 103 9 | 95 99
1 25 100 86 o7 97.67
2 50 83 95 | 93 93.67
3 75 85 80 | 87 87
4 100 87 82 | 80 83
e
e 138 141 145 141.33
1 25 123 127 125 125
2 50 105 92 92 96.33
3 75 0 117 112 1145
4 100 0 99 72 85.5
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Table 24 Eqiiilib'r'n”ﬁm Concentration, 2" Trial; t= 24 hrs




R o g e e T = AT s m%k G s az_,' Sy : SEed ik Gl
‘I‘ e SHE L el B o ol G e T ] R Ravabatien s
25 180 o 5 170 7.00 280.00 2.45 2.23
50 130 140 0 135 10.50 210.00 232 2.13
100 0 112 143 127.5 11.25 112.50 2.05 2.1
200 0 130 110 120 12.00 60.00 1.78 2.08

Table 25 Freundlich Model Calculation; 1* Trial; C,= 2406 mg/L; t= 1hr

25 102 0 104 103 13.70 548.00 2.74 2.01
50 46 33 0 38.5 20.05 401.00 2.60 1.6(
100 49 43 54 48.67 19.13 - __191.33 2.28 1.6%
200 34 0 33 335 20.65 _103.25 2.01 1.5¢

Table 26 Freundlich Model Caleulation; 1% Trial; C,=240 mg/L; t= 3hrs

%‘!ﬁ% oL

iefthe

166.50

92.75

Table 27 Freund{ich Model Calculation; 1% Trial; C,= 240 mg/L; t= 6 brs

540,00

25 ¢ 112 98 108 13,50 2.73

50 0 83 96 g4.5 14.55 281.00 2.46 1.9
100 85 0 89 87 15.30 153.00 2.18 1.8
200 19 17 0 18 22.20 111.00 2.05 1.2
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Table 28 Freundlich Model Caleulation; 1* Trial; C,= 240 mg/L; t= 24 hrs



25 190 0 150 170 7.00 280.00 0.0059 0.003
20 130 140 0 136 10.50 210.00 0.0074 0.004
100 0 112 143 127.5 11.25 112.50 0.0078 0.008
200 0 130 110 120 12.00 60.00 0.0083 0.016

25 102 0 104 103 13.70 548.00 0.0097

50 46 33 0 39.5 20.05 401.00 0.0263 0.0¢

160 49 43 54 48.67 19.13 191.33 0.0205 0.0

200 34 0 33 33.5 20.65 103.25 0.0299 0.01

Table 30 Langmuir Model Caiculation; 1* Trial; C,= 246 mg/L; t=3hrs

; g e S ;n; S e LR S e R S
25 0 102 127 1145 12.55 502.00 0.0087 0.0(

o0 96 92 0 94 14,60 292,00 0.0106 0.0(

100 0 68 79 73.5 16.65 166.50 0.0136 0.0

200 0 62 47 54.5 18.565 92,75 0.0183 0.0

Table 31 Langmuir Modet Calculation; 1 Trial; C,= 240 mg/L; t= 6hirs

ST

fw“v’g?'ﬁr:wﬁ.h S AHA; h & AU LERi
4 2y

EAR:
i

13.50

540.00

25 98 105 0.0095

50 0 83 96 94.5 14.55 201.00 0.0108 0.00
100 85 0 89 87 156.30 153.00 0.0115 0.01
200 19 17 0 18 22,20 111.00 0.0556 0.01

Table 32 Langmuir Model Caleulation; 1* Trial; C,= 240 mg/L; t=24 hrs
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0.79

25 | 38 27 | 42 | 357 _ 3153 | 150 | 055
50 3 0 31 3,05 0.84 16,80 | 123 | 048
100 0 14 17 155 0.99 900 | 100 | 049
200 8.2 8 8 8.07 0.34 169 | 023 | 0.01
Table 33 Freundlich Model Caleulation; 1% Trial;' C=11.45 nigfL; t=1hr

e ! R S
Y e B Al oot it 2 e (ot HE: e = Clpr! I 'a' _:—_ =
25 2.1 23 22 2.3 0.02 3660 | 156 | 0.3
50 0 15 0 15 1.07 2140 | 133 | 04
100 0 14 17 155 0.99 900 | 100 | 01¢
200 82 8 8 8.07 0.34 169 | 023 | 091

R

Table 34 Freundtich Model Cakeulation; 1* Trial; C,= 11.45 mg/L; t= 3hrs

0.45

25 2.8 0 0 28 0.87 34.60 1.54

50 2.7 0 3.2 2.85 0.85 17.00 1.23 0.47
100 0 2.3 0 2.3 0.92 8.15 0.96 0.3¢
200 24 2.8 0 286 0.89 443 0.65 0.41

‘Fable 35 Freundlich Model Calculation; 1* Trial; C=11.45 mg/L; t= 6hrs

25 2.2 1.8 1.4 1.8 0.97 38.60 1.59 Y
50 6.5 8.1 8.9 7.83 0.38 7.23 0.86 0.¢
100 0 4.4 4.9 3.16 0.68 6.80 0.83 0.4
200 g 2.1 2.2 2.15 0.83 4.65 0.67 o
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Table 36 Freundlich Model Caleulation; 1* Trial; C~11.45 mg/L; t=24hrs



38 . 2 ) . .

50 3 0 3.1 3.05 0.84 16,80 0.33 0.08
100 0 1.4 1.7 1.55 0.99 9.90 0.65 0.10
200 8.2 8 8 8.07 0.34 1.69 0:12 0.59

Table 37 Langmuir Model Calcnlation; 1% Trial: C,= 11.45 mg/L; t=1hr
25 2.1 26 2.2 23 0 36.60 0.43 0.03
50 0 1.5 0 1.5 1.07 21.40 0.87 0.08
100 0 14 1.7 1.55 0.99 9.90 0.65 0.1¢
200 8.2 8 8 8.07 0.34 1.69 0.12 0.5¢
Table 38 Langmuir Mode! Caleulation; 1 Trial; Cy= 11.45 mg/L; t=3hrs
N ol s L/ '.l;. i Ao Y s i s M) i i .’
25 2.8 0 0 2.8 0.87 34.6 0.36 0.0
50 27 o 32 2.95 0.85 17.00 0.34 0.0i
100 0 2.3 0 2.3 0.92 9.15 0.43 0.1
200 24 2.8 0 2.6 0.89 4,43 0,38 0.2

Table 39 Langmuir Model Caleulation; 1% Trial; C,= 11.45 mg/L; t= 6hrs

25 2.2 1.8 1.4 1.8 0.97 38.60 0.56 0.0
50 8.5 8.1 8.9 7.83 0,36 7,23 0.13 0.1
100 0 4.4 4.9 3.15 0.68 6.80 0.32 0.1
200 0 2.1 2.2 2.156 0.93 4.65 0.47 0.2

Table 40 Langmuir Model Cakeulation; 1" Trial; C,= 11.45 mg/L; t= 24hrs
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100

Table 41 Freundlich Model Calculation; 2°¢ Trial; t= 1h¢

it

— 065 | 2600 | 141 | 20
0.20 4.00 0.60 2.0
0.50 6.67 0.82 2.0
0.95 9.50 0.98 2.0
Table 42 Freundlich Model _Caiéﬁlatian; g Triak t=3hrs
i .i:_:'!'L:.!I‘ g? : 0 —‘l %L' e
0.13 533 073 | 1.99
.53 10.67 1031 1.97
1.20 16.00 1201 1.04
82 1.60 16.00 120 192
Table 43 Freundlich Model Caleulation; 2" Trial; t= 6hirs
1,63 6532 | 182 | 2.
4,50 89.99 1.85 i,
75 0 117 112 114.6 268 35.77 1.55 2.
100 0 29 72 85.5 5.58 55.83 1.75 1,

Table 44 Freundlich Model Calculation; 2* Trial; t= 24hrs

61



111
50 112 103 110 108.323
75 113 116 0 105
100 101 0 108 103.5

75 02 |0 107.5 0.65 2600 | 0.00930
50 103 | 119 112 0.20 400 | 0,00893
75 13 | 9 100 0.50 567 | 0.00917
160 105 | 107 164.5 0.05 850 | 0.00057
043 0.01024 | 0.4
053 001068 | 00
1.20 16.00 | 001149 | 00
1.60 16.00 | 001205 | 00
Table 47 Langmuir Model Calcﬁl_atiﬁ‘n; nd _Tﬁﬁl: t= 6hrs

! ) K il
1.63 65.32 0.00800
92 02 96.33 4.50 0.01038
117 112 114.5 2.88 35.77 0.00873
100 0 29 72 85.5 5.68 55.83 0.01170

Table 48 Langn

i

¥

Model Caleulation: 2°¢ Trial; t=24hrs
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“\ .. -‘ i '* ; ~'_u:;»‘."':. o g'.f_j. '}‘ ‘.2 -_ E,
0.3751 | 0.6605 | 0.2003 | 0.1683 | 0.7527 | 0.5333 | 0.9944 | 05543
13823 | 02903 | 05895 | 3.9079 | 11056 | 226 | 06252
3931 | 047 | 1898 16.3x10° | 3.35 001 | 17.08

Table 49 Freundlich Isotherm’s Important Parameters; 1" Trial

] 0324 | 08314 | 00671
15538 | -6.4740 | 2.0434
48x10% | 5x10" | 877.81
Table 50 Freiiiit!lieﬁ Isotherin’s Tiportant Paraieters; 2 T’r‘ial
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Neight of

\dsorbent

mg) 1

i P
25 9.8 9.80 0.003 0.12 | -0.821 | 0.9912 | 0.102041 | 8,333333
50 9.2 8.2 0.063 1.26 0.100 | 0.0638 | 0.108696 | 0.793651
100 9 9 0.083 0.83 | -0.081 | 0.9542 | 0.111111 | 1.204818
200 8.6 8.6 0.123 0615 | -0211]0.8345] 0.116279 | 1.626016
Table 51 Phase 2 1* Trial C;= 10 ppm (t= 1 br)

feight of Concentratlc;r:n ;Ztisr Adsorption

dsorbant

ng) 1 2 3 Average i
26 8.1 8.10 0.083 3.32 |0.5211 | 0.8590 0.110 0.301
50 8.9 8.9 0.103 208 103138 | 0.9494 0.112 0.485
100 8.2 8.1 8.15 _0.178 1.78 | 0.2504 | 0.9112 0.123 0.562
200 7.2 7.2 0.273 1.365 | 0.1351 | 0.8573 0.139 0.733

Table 52 Phase 2 1* Trial C,= 10 ppm (t= 3 hrs)

Concentration After Adsorption |
lht of (m IL, rpti s“
srbent _

1 2 3 Average .
25 8.5 8.5 8.50 0.09 3.6 0.5563 ; 0.9294 0.117647 0.277778
50 8.3 8.3 .11 2.2 0.3424 | 0.91N 0.120482 | (.45454F
00 7.8 7.9 0.15 1.5 0.1761 | 0.8876 0.126582 | 0.666667
00 7.5 7.5 0.19 095 | -0.022 | 0.8751 0.133333 1.052632
Table 53 Phase 2 1 Trial C,= 10 ppm (t= 6 hrs)

nt of Concentration After - : Sl
srbent Adsorption (mg/t) k= ool el iy : o
| 1 2| 3 Average : e : e : 7
25 97| 87! 970 0.-635 14 0.1461 | 09868 | 0103 | 0.714
50 941 D4 9.4 0.065 1.3 0.1138 |- 0.9731 { 0.106 0.769
00 8.3 9.3 0.075 0.75 -0.1249 | 0.9685 | 0.108 1.333
100 92| 92 0.085 0425 | -0.3718 ) 09638 | 0109 | 2363

Tabie 54 Phase 2 1* Trial C;= 10 ppm (t= 24 hrs)
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Neight of T;s‘:f“".‘“:’" After

Adsorbent

m 1 2 3 | Average : e
1000 44 1 42 1411423 0.57 0.57 -0.247 | 0.6267 1.765 |
2000 22123116 {203 0.79 0.39 -0.405 | 0.3082 2,542
3000 05 {09 1 [ 080 0.91 0.30 -0.518 | -0.0069 3.207
4000 03106|04! 043 0.95 0.24 -0.626 | -0.3832 4,225

Table 55 Phase 2 2* Trial Cy= 10 ppim (t=1 k)

ght of Concentration After

srbent Adsorption {(mag/L)

} 1 2 3 | Average

000 | 42| 4| 42| 443 051 051 | -02010 | 0.6163 0242 | 1.954

000 23] 1.6 1.95 0.73 0.37 | -0.4377 | 0.2900 0.513 | 2.740

000 1.9 141 15 0.78 0.5 -0.3010 | 0.1761 0.667 | 2.000

Q00 0.9 11 1.1 1 0.83 0.21 | -0.6856 | 0.0000 1.000 | 4.848

Table 56 Phase 2 2™ Trial C,= 10 ppm (t=3 hrs)

sight of Concentration After

lsorbent Adsorption {mg

g) 1 121 3 | Average

1000 48|55 54) 523 0.46 046 | -0.3376 | 0.7188 | 0191 | 2175

2000 241234 211 227 0.76 0.38 -0,4223 | 0.3564 | (.44 2,644

3000 09|11 11| 1.03 0.88 020 | -0.5328 | 0.0142 | 0988 | 3.410

4000 0302 0.25 0.96 024 | -0.6207 | -0.6021 ] 4000 | 4.175

Table 57 Phase 2 2" Trial C;= 10 ppm (t=6 hrs)
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Conecentration After e o
it of Adsorption {ma/L :
stbant : ki) .
' 1 2 3 |Average B ot o il F i R
000 31 29| 38 327 0.610333333 0.61 -0.2144 | 0.5141 0.306 1.638
000 0.8 1] 1.2{ 1.00 0.837 0.42 -0.3783 | 0.0000 | 1.000 2.388
000 1 11 0.8 097 0.840333333 0.32 -0.4918 | -0.0147 | 1.034 3.103
600 07] 06 08 0.7 0.867 §.22 06640 | 0.1549 | 1.428 4.614

Table 58 Phase 2 2" Trial C,= 10 ppin (:=24 his)
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