
DESIGN, FABRICATION AND INITIAL EVALUATION OF AN UPFLOW FIXED-BED

ADSORPTION COLUMN FOR LEAD (Pb2+) USING CAR1CA PAPAYA SEEDS

A Thesis

Presented to the

Faculty of Engineering

University of Santo Tomas

In Partial

Fulfillment of the

Requirements for the Degree of

Bachelor of Science in Chemical Engineering

by

RONALD E. PIQUERO

March 2005



APPROVAL SHEET

In partial fulfillment of the requirements for the Degree of Bachelor of Science in

Chemical Engineering, this thesis entitled,"Design, Fabrication and Characterization of

an Upflow Fixed-bed Adsorption Column for Pb2+ using Carica papaya Seeds", prepared

and submitted by Ronald E. Piquero, is hereby recommended for approval.

Engr/ Carol Ma^ongsong

Thesis Adviser

Accepted as partial fulfillment of the requirements for the Degree of Bachelor of

Science in Chemical Engineering.

Thesis Defense Panelists

Engr. Voltaire Acosta
Science Research Specialist
Environmental Division
Department of Science and Technology

Asst Prof. Virgilio Agbayani
Chemical Engineering Department
Faculty of Engineering
University of Santo Tomas

Engr. Michael Francis Benjamin
Chemical Engineering Department
Faculty of Engineering
University of Santo Tomas

Signature

Assoc. Prof. Lani B. Pestatto
Chairman, ChE Department
University of Santo Tomas



ABSTRACT

The study is about the adsorption of lead (Pb2+) using Carica Papaya as

biosorbent in an upflow continuous fixed-bed adsorption column. A column was

designed and fabricated which was used in the experiment. It aimed to determine the

effect of flowrates in the adsorption mechanism of the biosorbent. Three ftowrates were

used in the experiment: 100 mL/min, 150 mL/min, and 200 mL/min. A solution of 100

ppm of unbuffered lead was allowed to pass through a bed of biosorbent that has a

length of 15 cm and the amount of lead ions was measured using Flame Atomic

Absorption Spectroscopy in terms of residual concentration of lead in the outlet stream.

The result showed that the 100 mL/min flowrate had the lowest amount of residual

concentration measured compared to the 150 mL/min and 200 mL/min. This means that

the 100 mL/min had the most lead ions adsorbed. Statistical test like the One-Factor

Anova and t-Test were also done in the research. Anova result showed that the flowrate

has significant effect in the adsorption of lead ions of the biosorbent while the t-Test

results showed that the 100 mL/min is the most effective flowrate wherein the bed had

adsorbed the most amounts of ions.
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CHAPTER 1

INTRODUCTION

Industrialization has become a big issue in our environment today. The improper

disposal of heavy metals from metal industries, mine drainage, domestic effluents, and

landfill leachate has posed a threat to our environment and to our health. Lead can affect

the normal production of the red blood cell and nerve and brain tissues which leads to

the deterioration of the functions of the nervous system.

Several techniques can be used in removing heavy metals such as chemical

precipitation, ion-exchange and reverse osmosis. Recently, biosorption was recognized

as an alternative technology for wastewater treatment due to its effectiveness and low

cost of operations. Biosorption utilizes the ability of biological materials to accumulate

heavy metals from wastewater.

1.1 Statement of the Problem

Different types of biosorbent are proven to be effective in the

sequestration of heavy metals. Batch equilibrium is the most common process

used in determining the operating parameters of a biosorption process.

Continuous process however is the method usually utilized in wastewater

treatment in actual industrial practice.

Carica papaya is considered as one of the most promising biosorbent

today. Effects of fiowrate in a downflow fluidized bed showed that at less

flowrate, the amount of ions absorbed is greater but several problems occurred



such as channeling and flooding which resulted in an uneven saturation of the

bed (De Guzman, 2004).

1.2 Objective of the Study

The main objective of the study is to perform an upflow continuous

biosorption of lead using Carica papaya seeds. The group intends to design a

column that will facilitate an upflow continuous run of the biosorption process

Specifically, the study seeks to maximize the contact of the sorbent with the fluid,

characterize the flow of fluid across the bed and to determine the flowrate, which

has the greatest effect on the sorption capacity of Carica papaya in a continuous

run.

1.3 Significance of the Study

The biosorption technology is a good alternative in treating contaminated

water. Advances in technology of wastewater treatment have not been applied in

less developed countries, such as the Philippines. This is due to the high

operational cost involved but biosorption offers the advantage of its effectivfty

and low cost.

The biosorption technology will help in reducing the discharge of toxic

substances from the industries and reduce environmental threats to human life.

Industrial plants that produce heavy metals, specifically lead, as their waste are

the direct beneficiaries of the study.



1.4 Limitation of the Study

The study is limited only on the adsorption mechanism of lead (Pb2+) in an

upflow fixed bed continuous process. Fabrication and design of the column for

the experiment was also included in the study. Unbuffered lead solution with 100

ppm concentration was used in the experiment. The amount of biosorbent is 50

grams with a bed length of 15 cm. Parameters, such as pH, temperature and

pressure drop was not considered in the experiment.

Other parameters, such as pH, porosity and pressure drop was not

considered in the study as well as the regeneration of the biosorbent.



CHAPTER 2

REVIEW OF RELATED LITERATURE

This chapter contains the information about the lead, its properties and its effect

mostly on the human body. Characteristics of Carica papaya, chemical composition,

uses and its cultivation are also included. Also in this chapter, biosorption its mechanism

and its advantages are discussed. This information is based on the available literature

on the mentioned topics.

2.1 Lead

Lead is a metallic chemical element. The symbol for lead, Pb, is derived from the

Latin word for the metal, plumbum, it is a member of the carbon family, it is widely

distributed in nature, but is rarely found in the native, or uncomtrined, state.

2.1.1 Properties

Lead is the bottommost element in Group IVA of the periodic

table. Pure lead is silvery white, but upon exposure to air it becomes

bluish gray. It is soft, dense, and readily fusible. At temperature above

300°C, it is plastic.



Table 2.1 Properties of Lead

Atomic Number
Atomic Weight
Isotopes, stable

Isotopes, unstable

Melting point (°C)
Boiling point (°C)
Density (gram per cc)
Hardness (Moh's Scale)
Abundance in Lithosphere (%)
Oxidation states

82
207.19

204, 206, 207, 208
198, 199, 200, 201, 202, 203, 204,
205, 207, 209, 210, 211, 212, 214

327.5
1740
11.34

1.5
0.0016
+2,+4

Pb

(a) "Catena" (b) Lead metal

Figure 2.1 Lead Metal and its ore "Galena"

Lead is somewhat malleable, but has a low tensile strength so that it is

only slightly ductile. Oxidation in air causes a compact and adherent film

effectively protecting the metal from further reaction. Although lead does not

dissolve in pure water at ordinary temperatures, it is quite soluble tn water

containing dissolved oxygen.

2.1.2 Uses

Lead is commonly used in its pure state because of its softness.

Thus, commercial lead generally contains from 0.05 to 0.1 percent

impurities when shipped from the refinery. The largest single use of

metals is in the plates of electrical storage batteries. Lead is also use as

sheathing on electrical cables, as a lining for storage tanks, as a coating



for copper plate in roofing materials, and as a construction material

particularly in chemical industry, where it is almost irreplaceable for the

manufacture and the storage of sulfuric acid. Another use of metaflic is as

a radiation shielding, it has been used for this purpose around X-ray

equipments and nuclear reactors (Fiores, 2002).

2.1.3 Effects

Lead in the environment may pose a health threat to people who

are exposed to it. This threat can exist at active and inactive ranges

where lead is left to accumulate. Lead dissolves in groundwater and

surface water that people and wildlife drink, and dust particles from lead

shot may be inhaled. Low lead levels can affect learning and

development. At higher levels, A can damage kidneys, nerves, blood, and

the digestive system.

2.2 Carica Papaya

Carica papaya, commonly known as papaya, is believed to be native to southern

Mexico and neighboring Central America. Presently it is grown worldwide in every

tropical and subtropical country such as the Philippines. Papaya is a short-lived, fast-

growing, woody large herb. It generally branches only when injured. AH parts contain

latex. The hollow green trunk is straight and cylindrical with prominent leaf scars.

i

(a) papaya fruit (b) papayac

Figure 2.2 Papaya fruit and its seeds



2.2.1 Chemical Composition

Carica papaya is mostly composed of complex organic

compounds. These complex compounds are active and are used as an

alternative medicine and as herbal medicine, it also helps the digestive

system in performing its function. The chemical composition of the seeds,

leaves and fruit of papaya are summarized in Table 2 2.

Table 2.2 Chemical Composition

of Carica papaya

Seeds Leaves Fruits
Carpaine Alkaloids Butanoic acids

Benzyl thiourea Dehydrocarpaine Methyl utanoate
Caxpasemin Pseduocarpaine Linaooi

A 8 l * o n Havonois

Benzylglucosinolate Benzylglucosinolate oc-Hnotetc acids
Tannins Terpinolene

Source: Floras, 2002

2.2.2 Cultivation

Papaya is grown from seeds. Seedling may be initiated in planting

beds, in peat pots, or in plastic bags, the plant grows rapidly to small tree

size, but lacks woody tissue. Papaya prefers humid tropical climates. It is

not frost-tolerant and requires frost protection in subtropical

environments. Papayas are shallow-rooted plants; they are vulnerable to

wind damage and may require shefterbelt protection. Papayas have high

water demands. However, papayas are sensitive to even short periods of

flooding and recover slowly from flooded conditions. The flowers are

yellowish, sweet smelling, opening at night, and moth-poBinated.

Normally, papaya plants are unisexual; some plants having only

staminate (male) flowers; other plants only pistiiiate (female) flowers.



8

2.2.3 Uses

The ripened papaya fruits are eaten fresh, often with lemon or

lime juice and sugar, or used to make jams, jellies, and ice creams. The

unripe fruit may be pickled or cooked as a vegetable like summer squash.

The leaves may also be eaten cooked as a vegetable. Leaves have been

used as a substitute for soap to wash delicate fabrics.

2.3 Biosorption

Biosorption is the use of dead biomass for sequestering chemicals usually metal

ions from water (De Guzman, 2004). Biomass exhibits this property, acting just as a

chemical substance, as an ion exchanger of biological origin, it is particularly the cell

wall structure of certain algae, fungi and bacteria which was found responsible for this

phenomenon (Volesky, 1999).

Most separation and purification process that employ the sorption technology use

continuous-flow columns. This operating mode ensures the highest possible

concentration difference driving force. The record of the breakthrough gives usually a

typical s-shaped breakthrough curve whose shape and slope is the result of the

equilibrium sorption isotherm relationship, the mass transfer throughout the sorbent in

the column and operation macroscopic fluid-flow parameter such as axial mixing,

affecting the deviation from the ideal plug flow (Volesky, 1999).

2.3.1 Mechanism of Biosorption

Several sequestering mechanisms, such as adsorption, chelation.

complexation, ion-exchange and microprecipitation, are attributed in the

metal binding in biosorption (Volesky, 1990). It is a fact that combination

of several mechanisms, each functioning independently, can contribute to

the overall metal uptake (Volesky and Schiewer, 1999).



2.3.1.1 Adsorption

Adsorption is the formation of a layer of gas, liquid, or solid on the

surface of a solid. The process of adsorption involves separation of a

substance from fluid phase (gas or liquid) by accumulation or

concentration onto the surface of solid phase. The adsorbing phase is the

adsorbent, and the material concentrated or adsorbed at the surface of

that phase is the adsorbate. When the bed is almost saturated, the flow in

this bed is stopped and the bed is regenerated thermally or by other

methods, so desorption occurs. The adsorbed material (adsorbate) is

thus recovered and the solid adsorbent is ready for another cycle of

adsorption (Geankopiis, 1995, page 697). According to Foust (1980, page

14), "Desorption or Stripping is the reverse process of absorption. In this

case, the soluble gas is transferred from the liquid to the gas phase,

because the concentration in the liquid is greater than that in equilibrium

with gas".

Adsorption at a surface is the result of binding forces between the

individual atoms, ions, or molecules of an adsorbate and the surface of

adsorbent. The fundamental of adsorption is useful to distinguish between

physical adsorption, involving only relatively weak intermolecular forces,

and chemisorption which involves the formation of a chemical bond

between the adsorbate molecule and the surface of the adsorbent.

Although this distinction is conceptually useful, there are many

intermediate cases and it is not always possible to categorize a particular

system unequivocally (McKay, 1996).

2.3.1.2 Chelation

Chelation is a term derived from the Greek chefe, meaning "daw."

Chelation is a naturally occurring biological process. It is the process in

which chemicals bind with minerals. A chelation agent, like ethytene-

diamine-tetra-acetic acid (EDTA), is a chemical agent that, like a claw,

grabs and chemically bonds with metals or other minerals and towns.
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2.3.1.3 Comptexation

Complexation is the formation of a complex polyatomic molecule

that consists of one or more central atoms which can be positively,

negatively and neutrally charged (Volesky and Schiewer, 1999). These ft

is a fundamental chemical process in waters. The complexes modify

metal species in solution that that reduces activity of the free ion and

change the solubility, mobility and toxicity (Flores. 2002).

2.3.1.4 Ion-Exchange

Ion-exchange process is a chemical reaction between ions in

solution and ions m 'msotubte solid phase. In ion-exchange certain ions

are removed by the ion-exchange solid. Since etectroneutrafity must be

maintained, the sofid releases replacement ions to the solution. Most

present-day ion-exchange solids are synthetic resins or polymers. Certain

synthetic polymeric resins contains sulfonic, carboxylic or phenofic group.

These anionic groups can exchange cations.

The rate of ion-exchange depends on the mass transfer of ions

from bulk solution to the particle surface, diffusion of the ions the pores of

the solid to the surface, and diffusion of exchange ions back to the bulk

solution (Geankopfis etal., 1995).

2.3.1.5 Microprecipitation

Microprecipitation is the deposition of neutral materials such as

salts at the surface of the sorbent. it does not involve bonding of the

sorbate. It is based on contacts between the dissolved solid and the

solvent and happens when the solubility is exceeded (Flores, 2002).

2.3.2 Types of Biosorption Process

The biosorption process has two main types: batch equilibrium

process and continuous fixed-bed process. In batch equilibrium process,

the biosorbent and the heavy metal containing liquid is aMowed to react

with constant agitation until equilibrium between them is achieved. In



11

continuous fixed-bed process, the metal is removed form the fluid by

passing through a bed of biosorbent usually contained in column.

2.3.2.1 Batch Equilibrium Process

Batch equilibrium process is facilitated by allowing the sorbent to

have contact with the solution and let it establish equilibrium which means

the concentration of the sorbate on the sottoent is equal to the

concentration of the sorbate in the fluid. At the point of saturation, the

sorbent is saturated with the sorbate. This process is usually done with

constant agitation and is considered as the most effective for single-

sorbate system.

2.3J2.2 Continuous Fixed-Bed Process

For industries, continuous fixed-bed process is usually applied.

Typically it is done in a fixed-bed column where the porous biosorbent is

unmovable while the sorbate flows through it. Sorpfon equilibrium,

sorption particle mass transfer and flow pattern through the fix bed are

the factors that affect the overall function of a column (De Guzman,

2004).

2.3.3 Advantages

Heavy metals need to be removed at the source in a specifically

designed "pre-treatmerrt* step which has to feature low costs to be

feasible. The search is on for efficient and particularly cost-effective

remedies. Biosorption promises to fulfill the requirements. It uses biomass

raw materials which are either abundant or wastes from their industrial

operations. The metal-sorbing performance of certain types of biomass

can be more or less selective for heavy metals.
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2A Breakthrough Curve

As seen in Figure 2.1, the major part of the adsorption at anytime takes place in

a relatively narrow adsorption. As the solution continues to flow, the mass-transfer zone

which is S-shaped, moves down the column. When almost half of the bed is saturated

with solute, the outlet concentration is still approximately zero until the mass-transfer

zone start to reach the tower outlet. Then the outlet concentration starts to rise which is

called the break point. After break point is reached, the concentration rise rapidly which

indicates the end of the break through curve and the bed is already ineffective

(GeankopTts et a/., 1995).

BREAKTHROUGH CURVE

1.0

i

a.o

Time

Figure 2.3 Typical Breakthrough Curve

2.5 Related Studies

Several studies have been conducted regarding the biosorption of heavy metate.

Recent studies in biosorption of toxic metals by algae are focused on toxicotogtcal

aspects, metal accumulation, and pollution indicators by living biomass. The study of

Cossich et al. (2001), on the potential of chromium uptake of inactive biomass of marine

alga Sargassum sp. was determined. Gonzates, J. H. et al. study on biosorption of lead

(II) using African alfalfa proves that in binding lead (II) to the African alfalfa, the removal

of metal ions is pH dependent. In addition, metal ion binding remained constant through

out loner period of time. They also suggested that most of the bindings occur in the cett

wall of their btosorbent.
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Among the huge diversity of biomass available, marine algae have already

proved to be promising for heavy metal removal/recovery (Lee, 1996). The brown

seaweed of the genus Sargassum has been studied for its capacity to selectively bind

gold at low pH (Kuyucak and Votesky, 1989) and chemically modified ceRs of Undaria

pinnatifida showed the sorption capacity of 350mg lead/g biomass.

In addition to that, studies on the kinetics of biosorption by Tavares et a/., 2002

demonstrated that equilibrium time is a function of many factors, such as type of

biomass, size and form of biomass, physiological state of btomass, as weH as the metal

involved in the biosorption of chromium by Sargassum sp. Biomass. Reported values for

equilibrium time are in the range from 15 minutes (Aksu and Kutsal, 1991) to ten days

(Nourbakhsh etal., 1994).



CHAPTER 3

METHODOLOGY

This chapter contains a discussion on the preparation of materials, preliminary

studies, design and fabrication and the actual experimental run. The biosorption,

analysis and testing are likewise discussed in this chapter.

3.1 Preparation of Materials

Preparation of materials includes collection of the biosorbent, physical and

chemical treatment of the seeds, pretreatment of glasswares and the preparation of

solutions.

3.1.1 Biosorbent

The biosorbent used was Carica papaya seeds. Preparation of biosorbent

includes seed collection, physical treatment and chemical treatment. Physical

and chemical treatments were done to enhance the adsorption properties of the

biosorbent. The procedure used was based on the study conducted by De

Guzman et al. 2004.

3.1.1.1 Seed Collection

The biosorbent used, Carica papaya seeds were collected from a

fruit dealer in Quiapo Public Market. The seeds were brought to the

Bureau of Plants Crop Research Division in Malate for the identification of

their specie. Refer to Appendix E for the copy of Plant Identification and

Certification form.
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3.1.1.2 Physical Pretreatmerrt

The collected seeds were sun-dried for 48 hours to eliminate their

moisture content. The particle size of the seeds was reduced using

Thomas Wiley Mill Model 4 to increase adsorbing area. A smaller size of

the particle will increase the contact area exposed for adsorption thus

improving its ability to adsorb metals. To obtain uniform particle diameter

the Automatic Sieve Shaker D403 and US Tyler Standard Screens,

(Mesh 20 and 35) were used. The ground seeds were screened for 20

minutes. The particles retained on mesh 35 with particle diameter

ranging from 0.41656 to 0.83312 mm were collected for chemical

treatment

3.1.1.3 Chemical Treatment

Collected ground seeds were washed with tap water foBowed by

de-ionized water on a filter cloth until the filtrate becomes dear. This was

done to remove the pigment of the seeds that could affect the Flame

Atomic Absorption Spectroscopy (FAAS) results. The functional groups

present on the seeds were activated by washing it twice with

standardized solution of 0.1 M hydrochloric acid. The seeds were

neutralized to a pH range of 6.8 - 7.0 by rinsing it with de-ionized water.

The seeds were dried for 24 hours at 50°C in the Proctor and Schwartz

Oven Drier to remove the water content of the seeds.

3.1.2. Glasswares

Pretreatment of glasswares was done each time they were used in the

experiment to prevent contamination. The glasswares were treated to remove aH

traces of dirt and chemicals that may have an adverse effect on the results of the

experiment. Detergent and tap water were used to wash the glasswares, which

were then immersed in a 4.0 M HNO3 solution for 24 hours. These were then

washed with deionized water to remove traces of acidity. The glasswares were

oven dried using Proctor and Schwartz oven drier at a constant temperature of

60°C. These were the glasswares used in the experiment.
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• 50-mL beaker

• 1000-mL beaker

• 10OO-mL volumetric flask

• 10O-mL graduated cylinder

• 10-mL pipette

• 7-mm stirring rod

• 16x150mm test tubes with screw caps

3.1.3 Preparation of Solutions

The chemicals used in the research were of analytical grade of Merck

Chemical Company and were as follows.

• Lead Nitrate, PtKNo^ - 99%

• Nitric Acid, HNO3-I6M

• Hydrochloric Acid. HCI-12M

• Sodium Carbonate, Na2C03

• Deionized Water

3.1.3.1 Nitric Acid Solution

Ten mL of 5.0 M nitric acid solution was prepared to acidify the

deionized water to a pH range of 4.4 - 4.6. Since the heavy metal

precipitates at pH 6.0, adjustments on pH were done to avoid the

precipitation of lead.

3.1.3.2 Lead Nitrate Stock Solution

A simulation of wastewater was used for the research. The

preparation of lead nitrate solution was done by dissolving 99% pure lead

nitrate in deionized water. An amount of 45.21g of lead nitrate was

dissolved in 7 liters of deionized water forming 4000 mg/L lead

concentration. To avoid precipitation of the lead solution, the deionized

water was acidified using 5.0 M nitric acid to a pH range of 4.4 - 4.6 prior

to the addition of lead nitrate powder. The stock solution was then kept in

an amber bottle.
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3.2 Preliminary Studies

Prior to the actual experimental run, the use of Carica papaya in a

flukjized bed using an up-flow continuous biosorption was evaluated. The group

used the available ion-exchange column in the laboratory where several trials

were conducted to determine the maximum and minimum fluidization velocity of

the sorbent. In the first trial, Carica papaya seeds were placed inside the ion

exchange column and water with a minimum ftowrate of 60 mL/min was allowed

to pass through the bed. Results showed that the bed of Carica papaya seeds

was too light for the solution to pass through it, which prevented fluidization to

take place. On the second trial, packings were added to a fixed-bed of Carica

papaya to increase the weight of the bed and prevent it from flowing with the

solution. In this trial, the pressure drop was observed to be too high which

caused the bed to flow with the fluid. The bed flowed upward and was stacked at

the top of the column. These difficulties prompted the group to design and

fabricate a column that will facilitate an up-flow continuous biosorption process

with minimal problems.

3.3 Design and Fabrication of Column

A column was designed and fabricated to be able to perform up-flow

continuous fixed-bed adsorption. The column is made of glass with a height of

102 cm and a diameter of 5 cm. Taps were placed alternately on the sides of the

column with a distance of 5 cm from each other on the right side and 10 cm apart

on the left side. Several taps were placed so that collection of samples can be

made in different location depending on the height of the bed and the entry

length. The entry length varies for every flowrate and this affects the position of

the bed. Computations for the entry length of each flowrate are shown in

Appendix B. The column was attached to the original components of the ion-

exchange apparatus in the laboratory. The apparatus was composed a solution

supply tank, March "Orbital" Magnetic Drive Pump, K74 Low Flow Panel Mount

flow meter and tubings. A diagram of the fabricated column was shown in Figure

3.1.
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10cm

15cm
105.6 cm

Flowmeter
Solution Supply Tank

Figure 3.1 Schematic Diagram of
Fabricated Column

The biosorbent was placed between two perforated plastics attached to a plastic

rod and then loaded into the column. The plastics were glued with rubber pads on the

edge to help secure it in the column. These plastics held the Carica papaya seeds as a

fixed-bed. The plastic rod and the perforated plastics were movable so that height of the

bed could be adjusted depending on the length of the bed and the calculated entry

length. A diagram of the plastic rod with perforated plastic discs was shown in Figure

3.2.

Figure 3.2 Plastic Rod with
Perforated Plastic Discs

The apparatus was washed by pumping deionized water from the solution supply

tank filling the tubes and column. This was done to remove dirt that has accumulated on

the apparatus.
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3.4 Actual Experimental Runs

Continuous upflow fixed-bed process was used in the experiment. A bed length

of 15 cm was maintained by loading 50 g of treated bbsorbent in the column. The

solution supply tank was filled with unbuffered 100 mg/L lead solution. Flow rates of 100

mL/min, 150 mL/min, and 200 mL/min were evaluated in the study. The three flowrates

were run with their respective run time. The run time was increased three times the

calculated value to ensure the saturation of the bed. Three trials were performed for

each fiowrate. Lead solution was pumped from the solution supply tank to the bed

allowing it to attain saturation. The initial feed concentration of the solution was taken

from the solution supply tank. Sample effluents were taken for every 30 minutes.

3.5 Analysis and Testing

Lead concentrations of the feed and samples were determined using the Flame

Atomic Absorption Spectroscopy (FAAS). The Perkin - Elmer Model 2380 Atomic

Absorption Spectrophotometer found in the Philippine Nuclear Research Institute was

utilized. The concentrations of the samples were determined using a calibration curve

generated during the calibration the instrument. Data were treated using Microsoft Excel

Regression Tool.

Determination of the parameters such as fiowrate and time was done using

analysis of variance. The most effective among the flowrates was determined using one-

tailed t-test (left tail test). Statistical treatment of data was done using Microsoft Excel

Data Analysis Tool.



CHAPTER4

RESULTS AND DISCUSSION

The chapter includes the analysis and interpretation of data gathered from the

experiment. Discussion of the behavior of the breakthrough curves that were generated

from the data is also included in this chapter.

4.1 Data and Results

The residual concentration ratio, C/Co, where C is the concentration of the

sample effluent and Co is the initial concentration of the lead nitrate solution, was plotted

against time to determine the behavior of the bed during biosorption.

Table 4.1 includes the average residual concentration for the three trials made

for 100 mL/min flowrate. The values were plotted against time to show the adsorption

mechanism of the 100 mL/min flowrate.
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Table 4.1 Average Residual Concentration Ratio
for 100 mL/min Flowrate

.. . Average Residual Concentration
time(hrs) ^

Ratio, C/Co
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5
8.0
8.5

0.130030740
0.372946185
0.466595308
0.648148561
0.690860326
0.830952055
0.856308090
0.946522770
0.999132558
0.952267752
0.909466955
0.920404504
0.937956293
0.826790672
0.619816489
1.079409187
1.080850859

At the 100 mL/min, the residence time was about 2.95 minutes. Detailed

calculations of residence time were shown in Appendix B. In Figure 4.1 rapid increase in

residual concentration was observed from the start until the 4th hour. The increase in

residual concentration may be attributed to the fact that the bed from bottom to top was

adsorbing the lead ions. Initially, the bed is free from any metal ions thus contact with a

metal laden solution will result to rapid uptake of the metal. Half an hour later, it was

observed that the bed reached its saturation point wherein C/Co is equal to 1. At this

point, part of the bed may already be saturated with lead. In 5 hours to 7 hours,

fluctuations in the concentration ratio occurred due to the contact of the fluid with the

unsaturated part of the bed. Another increase was observed from 7.5 hours to 8.5 hours

exceeding the value of 1. This signifies that desorption took place.
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Figure 4.1 Breakthrough Curve for 100 mL/min flowrate

Table 4.2 includes the average residual concentration for the three trials made

for 150 mL/min flowrate. The values were plotted against time to show the adsorption

mechanism of the 150 mL/min flowrate.

Table 4.2 Average Residual Concentration Ratio
for 150 mL/min Fiowrate

T . „ . Average Residual Concentration
• (me (nrsi

1 ' Ratio, C/Co
0.5 0.178275094
1.0 0.365475122
1.5 0.686681568
2.0 0.799232486
2.5 0.881505023
3.0 0.885712971
3.5 0.864422955
4.0 0.894298594
4.5 0.850370811
5.0 0.795746312
5.5 0.912242963
6.0 0.981294014
6.5 0.960928151
7.0 1.005667892
7.5 1.042202819
8.0 1.018535539
8.5 0.969362745
9.0 0.986825980
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The residence time for the 150 mL/min was approximately 1.96 minutes. Detailed

calculations of residence time are shown in Appendix B. As seen in Figure 4.2, at the

start until 2.5 hours, increase in residual concentration ratio was fast. This showed that

metal uptake was high at the beginning of the biosorption process. This rapid increase

maybe accounted for the same reason mentioned at 100 mL/min. A fluctuation of

residual concentration ratio was observed from 3rd hour until the 5th hour. This fluctuation

was due to the change in path of the fluid. On the 6th hour saturation of the bed was

attained. This was followed by desorption wherein C/Co is greater than 1.

I
V

vI

4 5 6
tfm* (hours)

1O

Figure 4.2 Breakthrough Curve for 150 mL/rran flowrate
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Table 4.3 includes the average residual concentration for the three trials made

for 200 mL/min flowrate. The values were plotted against time to show the adsorption

mechanism of the 200 mL/min flowrate.

Table 4.3 Average Residual Concentration Ratio
for 200 mL/min Flowrate

•m- *•- v Average Residual Concentration
T ,m , (h r e ) R a t i o , C ) C o

0.5 0.426335767
1.0 0.622273851
1.5 0.729094847
2.0 0.830371699
2.5 0.836470375
3.0 0.846884002
3.5 0.892347750
4.0 0.883892550
4.5 0.947408905
5.0 0.944317131
5.5 0.943837297
6.0 0.906524963
6.5 0.931539781
7.0 0.984520719
7.5 0.980962388
8.0 0.887525036
8.5 0.976600985
9.0 0.929802956

With a flowrate of 200 mL/min, the solution passed through the bed with a

residence time of approximately 1.47 minutes. Refer to Appendix B for the computations

of the residence time. In Figure 4.3, the residual concentration ratio increased rapidly

from 0.5 hour to 2 hours followed by a gradual increase in the concentration ratio from

2.5 hours to 5 5 hours. As mentioned earlier, this rapid increase in residual concentration

ratio is due to the fact at the start of the run, the biosorbent is not yet saturated with the

metal. On the 6th hour a decrease in concentration ratio could be observed. At this time,

the fluid may have passed through the portion of the bed that has not yet been

saturated. The bed reached its highest saturation point in 7.5 hours. A sudden decrease

in concentration was observed after 8th hour followed by gradual increase of

concentration in 8.5 hours. Again this may be due to the contact of the fluid with the

unsaturated part of the bed.
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Figure 4.3 Breakthrough Curve for 200 mL/min flowrate

In Figure 4.4, the breakthrough curves of the three flowrates were plotted to

compare their adsorption mechanism. The curves showed that the residual

concentration ratio at the beginning of the run increased rapidly for the three flowrates.

This means that metal uptake at the start was very high because the bed was not yet

saturated with the metal. The fastest saturation time was attained in 4.5 hours using the

100 mL/min flowrate. This was followed by the 150 mL/min, which attained the saturation

in 7 hours and the 200 mL/min which attained the saturation in 7.5 hours. Desorption

was also observed for the 100 mL/min and 150 mL/min flowrates wherein the curves

exceeded the value of 1 for the residual concentration ratio, C/Co.

0

o
i
1

I
I i s a

time (houti )

• 100 mL/min • 150 mL/rnin -200 mL/mln

Figure 4.4 Comparison of Breakthrough Curves
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4.2 Percentage Removal

Percentage removal was determined based on the actual concentration

adsorbed. The data for the actual concentration adsorbed are shown in Table 4.4 by

calculating the area under the curve of each of the generated plots as seen in Figure 4.5

and comparing it to the whole area of their respective run time.

Table 4.4 Actual Concentration Adsorbed

Time
(hours)
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0

100
mUmin
86.99693
62.70538
53.34047
35.18514
30.91397
16.90479
14.36919
5.34772
0.08674

150
mUmin
82.16188
63.45249
31.33184
20.07675
12.37998
11.42870
13.54806
10.55085
14.94363
20.42730
8.76606
1.85131

200
mL/min
57.36642
37,77261
27.09052
16.96283
16.35296
15.31160
10.76523
12.27575
5.25911
5.56829
5.61627
9.34750
6.84602
1.54793

The computations of the areas were done using MathSoft Apps MathCAD

Professional. Please refer to Appendix D for the calculations. The largest percentage

removal occurs at 100 mL/min flowrate having a value of 32.846%. The flowrates 150

mL/min and 200 mL/min adsorbed 24.523% and 15.60% respectively.
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Figure 4.5 Actual Concentration Adsorbed versus Time

4.3 Statistical Analysis

The residua) concentration ratio was treated to determine the effect of the

parameters using statistical method such as One- factor Anova without replication and t-

Test for paired two-sample with means.

4.3.1 Analysis of Variance

A statistical analysis was performed to compare the different flowrates

used in the experiment. Specifically, the one-way Anova was applied to test if

there is a significant difference among the three flowrates used which were 100

mL/min, 150 mL/min and 200 mL/min. The test showed a significant F value of

2.633289 that is less than the F critical value of 3.164399. This implies that no

significant difference was exhibited by the three flowrates and therefore their

effect on the adsorption capacity of the bed was more or less the same. The

Anova table generated using Microsoft Excel was shown in Appendix D.

4.3.2 Hypothesis Testing

The three flowrates were compared with each other using a t-Test for

paired two sample means to determine the most effective flowrate for the

biosorption of lead ions. The 100 mL/min was compared with 150 mL/min and

200 mL/min. t-Test results showed t values of -4.65793 and -3.89554 for the 150
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mL/min and 200 mL/min respectively which were less than the critical value of -

1.734063. This implies that when the 100 mL/min flowrate was compared with

150 mL/min and 200 mL/min, there is a significant difference in their effect on the

adsorption capacity of the biosorbent. This means that 100 mL/min adsorbed

more ions than 150 mL/min and the 200 mL/min flowrates. Likewise, similar

results were noticed when the 150 mL/min was compared with 200 mL/min

wherein the t value of 2.59881 was greater than the t- critical value of 1.734063

which is still in the rejection zone. This means that the 150 mL/min adsorbed

more lead ions than 200 mL/min. These test proved that the 100 mL/min is more

effective than the other flowrates. The t-Test results generated were shown in

Appendix D.



CHAPTER 5

CONCLUSION AND RECOMMENDATION

The chapter contains formulated conclusions that are found in the research.

Discussions whether the objectives are met are included in the chapter. The

recommendations for the follow-up researches are also included in the chapter.

5.1 Conclusions

Carica papaya seeds were used as a biosorbent in a continuous upflow

adsorption process. 100 mL/min, 150 mL/min and 200 mUmin flowrates were evaluated

in the research. The result showed that flowrate has a significant effect on continuous

adsorption of lead. Based from the experiment, all three flowrates were effective in

adsorbing lead ions.

Among the flowrates, 100 mL/min showed the most lead metal ions adsorbed. It

has the lowest residual concentration ratio with respect to time. This is because at this

flowrate, the bed has a longer contact time with the lead solution. Based on the

computed percentage removal, 100 mL/min resulted to 32.846 % of lead ions adsorbed

for 4.5 hours. Percentage removals of the other two flowrates are 24.523 % for 6.0 hours

and 15.60% for 7.0 hours run respectively.

Based on the statistical analysis, t-test resulted to t-statiscaJ values of -4.65793

and -3.89554 at flowrates 100 mL/min and 150 mL/min respectively. As shown in the

left tailed test with a t-critical of 1.734063, t-statistical values are in accepted region.
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5.2 Recommendations

Preliminary study on the compressibility and permeability of the material may be

added using the fabricated column. This will help in characterizing the flow of fluid

through it.

Characterization of the mass transfer zone can also be done using the fabricated

column. Samples of the lead solution can be taken from taps that are located directly

beside the bed of biosorbent. This is to determine the rate of absorption of the metal per

length of the bed. This is also to determine the saturation rate of the bed.

Determination of the optimum height of the bed could be studied. Volume of the

biosorbent could be varied to determine the smallest amount of seeds that could be

used. Other flowrates may also be evaluated for upftow biosorption.

Most studies on biosorption using Carica papaya seeds focus on a single metal

which is lead. Other toxic heavy metals such as mercury, chromium, and zinc could be

studied. The use of actual wastewater is also recommended to determine if the

biosorbent could be used to treat industrial effluents.
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Procedure of
Hydrochloric Acid
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Standardization of Hydrochloric Acid

Hydrochloric Acid used in the research was standardized using a primary
standard which is sodium carbonate.

Procedure:

1. Weigh three samples of Na2CO3 between 0.15 to 0.2 grams each. Record the
weights and label the flasks as trial 1,2 and 3.

2. Dissolve Na2CO3 in each flask about 50 mL of de-ionized water.

3. Add four drops of methyl red indicator to Na2CO3 solution.

4. Rinse the burette with tap water and detergent. Then, rinse it with prepared HCI
solution. Fill the burette with prepared HCI solutions. Take initial readings.

5. Titrate Na2CO3 solution with HCI solution until a bright pink color is observed.
Record the final reading.

Data

Trial 1 Trial 2 Trial 3

Weight of
Na2CO3

V initial reading

V final reading

AV

Mol Wt. Na2CO3

0.1674 g

0.0000 L

0.0348 L

0.0348 L

0.1782 g

0.0000 L

0.0318 L

0.0318 L

105.9795 g/mol

0.1734 g

0.0000 L

0.0302 L

0.0302 L

(M
HCI

NxV=NxV
f HCI = 1 fNa2CO3 = 2

Wt

= 2 (MW)

Calculations

(MHCl) (V
wt

= 2 ( M W ) Na2CO3

M HCI = mol/L

Results
Molarity, mol/L

Trial 1
Trial 2
Trial 3

0.0908 mol/L
0.1058 mol/L
0.1084 mol/L
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Preparation of Solutions and Other
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B.1 Molecular Weight

Table B.1: Molecular Weights of compounds

Chemical Compounds Molecular Weights

Lead Nitrate (Pb(NO3)2)

Nitric Acid (HNO3) 63

Hydrochloric Acid ( H C I ) 3 6 . 4 5

B.2 Computation for 100 ppm lead nitrate sample solution

f(ppmofPb(NQ),sol.)(liter8ofPb(NQ)s sol.)] (MWPb(NQ),
Weightof leadpowder=

0.995 Purityoflead(ll) MWPb

Sample calculation

IA/ • u*~*i ^ ^ ({4000ppm)(7liters)V 331.2^
Weight of tead powder = - r K / v ^

I, 0.995 J ̂  207.2 J

Weight of lead powder = 44981.67 mg or 44.98 grams

B.3 Preparation of nitric acid solution

(Molarity * Volume)HNO3 = (Molarity *

(16.0 M) (VHNOS) = (5.0 M) (1 l_W*on

VolumeHNo3 = 0.3125 L = 312.5 mL
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B.4 Computation for the residence time for each flowrate

volume of sorbent
Residence time (minutes) =

flowrate

. . . 3.1416 ,c v> 4* ILrter 1000 mL
Volume of sorbent = x (5 cm)2 x 15 cm x x

4 1000cm3 Ilrter

Volume of sorbent = 294.525 mL

a. residence time for 100 mL/min:

_ 294.525 mL
100 mL/min

= 2.95 min
b. residence time for 150 mL/min:

_ 294.525 mL

150 mL/min

= 1.96 min

c. residence time for 200 mL/min:

, 294.525 mL
200 mL/min

« 1.47 min

B. 5 Computation of run time

Qmax in pH 4 and pH 5 from the study of Dayate and Cabrera were obtained. The
Qmax in pH 4.6 was determined by interpolation.

Qmax = 32.8103 lead/g sorbent

a. run time for 100 mL/min
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mg lead L 50gsorbent minute 1hr
— •iZ.Ol 0 3 X X X X •

mgsorbent 90 mg lead run 0.10 L 60min

= 3.0473 « 3 hrs

run time for 100 mL/min = 3 hrs x 3 = 9 hrs

b. run time for 150 mL/min

= 32.8103 " — x *= x 50 9 sortent x jriinute x

mgsorbent 90 mg lead run 0.15 L 60min

= 2.0253 » 2 hrs

run time for 150 mL/min = 2 hrs x 3 = 6 hrs

c. run time for 200 mL/min

- 3 2 8103 m 9 l e a d
 x

 L
 x 50 gsorbentx minute^ 1hr

mgsorbent 90 mg lead run 0.20 L 60min

= 1.5190 « 2 hrs

run time for 200 mL/min = 2 hrs x 3 = 6 hrs

B.6 Computation of entry length

a. 100 mL/min

Urt = (0.37 exp [-0.148NRe] + 0.055NRe + 0.26) * D

NP. = D v 0
M

NR. = 0.05 m *100cm3/min * (1 min / 60 s) * (1 m /100 cm)3 * 997.045 kg/m:

IL(0.05 m)2

4

0.95 * 0.001 kg / m-s

NR. = 44.54305689

= (0.37 exp [-0.148* 44.54305689] + [0.055 * 44.54305689] + 0.26) * 5



38

Unt= 13.5518766 cm

b. 150mUmin

NR. = 0.05 m *150cm3/min * (1 min / 60 s) * (1 m /100 cm)3 * 997.045 kg/m3

IL(0.05 m)2

4

0.95 * 0.001 kg / m-s

NRe = 67.01260762

Unt = (0.37 exp [-0.148* 67.01260762] I0.055 * 67.01260762] + 0.26) * 5

Unt =19.72855828 cm

c. 200mL/min

NRe = 0.05 m * 200 cnrrVmin * (1 min / 60 s) * (1 m /100 cm)3 * 997.045 kg/m3

]L(0.05 m)2

4

0.95 * 0.001 kg / m-s

NRe = 89.35014349

Unt = (0.37 exp [-0.148*89.35014349] + [0.055 *89.35014349] + 0.26) * 5

= 25.8712928 cm
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Raw Data
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Raw Data

100 mL/min

Feed 89.5 88.8 87.9

Time(hours)

0.5

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5

7.0

Trial 1

9.0
33.3
54.9
66.3
72.9
82.2
72.7
70.9
88.5
85.9
90.1
74.9
75.9

63.4

Trial 2

14.8
35.4
47.1
59.0
51.0

69.9
88.0
92.2
93.4
84.0
95.0
83.9
89.2

73.2

Trial 3

10.8
30.6
22.5
47.4
60.1
69.2
67.3
88.7
84.1
83.6
57.3
86.1
84.5

83.3

C/Co

0.10056
0.37207
0.61341
0.74078
0.81453
0.91844
0.81229
0.79218
0.98883
0.95978
1.00670
0.83687
0.84804

0.70838

C/Co

0.16667
0.39865
0.53041
0.66441

0.57432
0.78716
0.99099
1.03829
1.05180
0.94595
1.06982
0.94482
1.00450

0.82432

C/Co

0.12287
0.34812
0.25597
0.53925
0.68373
0.78726
0.76564
1.00910
0.95677
0.95108
0.65188
0.97952
0.96132

0.94767

Ave C/Co

0.13003
0.37295
0.46660
0.64815
0.69086
0.83095
0.85631
0.94652
0.99913
0.95227
0.90947
0.92040
0.93796

0.82679

150 mL/min

Feed 85.2 86.4 81.6
Time(hours)

0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5

Trial 1

16.2
39.8
71.6
74.5
76.8
75.2
74.0
79.3
71.1
78.9
84.5
85.3
89.1

Trial 2

14.0
29.7
58.1
70.2
87.1
81.0
76.3
77.0
71.6
46.3
68.2
85.1
75.6

Trial 3

14.9
23.3
44.7
58.0
60.0
68.3
68.7
70.3
72.5
75.5
78.0
78.2
78.5

C/Co

0.19014
0.46714
0.84038
0.87441
0.90141
0.88263
0.86854
0.93075
0.83451
0.92606
0.99178
1.00117

1.04577

C/Co

0.16204
0.34375
0.67188
0.81250
1.00810
0.93750
0.88310
0.89120
0.82870
0.53588
0.78935
0.98495
0.87500

C/Co

0.18297
0.28554
0.54779
0.71078
0.73529
0.83701
0.84191
0.86152
0.88848
0.92525
0.95588
0.95833

0.96201

Ave C/Co

0.17838
0.36548
0.68668
0.79923
0.88160
0.88571
0.86452
0.89449
0.85056
0.79573
0.91234
0.98149
0.96093



200 mL/min
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Feed 89.6 802 81.2
Time(hours)

0.5

1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5
6.0
6.5
7.0
7.5

8.0

Trial 1

59.6
59.2
59.1
73.1
73.2
73.3
83.3
68.2
85.2
89.1
80.8
70.7
73.5
87.7
82.8

80.1

Trial 2

27.5
51.0
60.0
66.7
66.3
70.0
71.0
81.0
78.3
79.3
79.7
76.8
81.3
84.3
82.2

65.0

Trial 3

22.0
46.3
63.3
68.5
70.3
69.0
70.0
71.5

74.3
69.0
76.0
79.0

78.0
75.0
80.7
77.8

C/Co

0.66518
0.66071
0.65960
0.81585
0.81696
0.81808
0.92969
0.76116
0.95089
0.99442
0.90179
0.78906
0.82031
0.97879
0.92411

0.89397

C/Co

0.34289
0.63591
0.74813
0.83167

0.82668
0.87282
0.88529
1.00998
0.97631
0.98878
0.99377
0.95761

1.01372
1.05112
1.02494

0.81047

C/Co

0.27094
0.57020
0.77956
0.84360
0.86576
0.84975
0.86207
0.88054
0.91502
0.84975
0.93596
0.97291
0.96059
0.92365
0.99384
0.95813

Ave C/Co

0.42634
0.62227
0.72909
0.83037

0.83647
0.84688
0.89235
0.88389
0.94741
0.94432
0.94384
0.90652
0.93154
0.98452
0.98096

0.88753
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Analysis of Variance

Anova: Single Factor

SUMMARY
Groups

100 mL/min
150mL/min
200 mL/min

ANOVA
Source of Variation

Between Groups
Within Groups

Total

Count
20
19
19

SS
0.434948
4.542259

4.977207

Sum
13.80079
17.0918
15.50071

df
2
55

57

Average
0.690039
0.899568
0.815827

MS
0.217474
0.082587

Variance
0.074598
0.115501
0.058105

F P-value F crit
2.633289 0.080885 3.164999

Hypothesis Testing (t-Test)

100 mL/min vs 150 mL/min

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
Df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

100 mL/min

0.694822
0.078259

19
0.825932

0
18

-4.65793
9.78E-05
1.734063
0.000196
2.100924

150 mL/min

0.899568
0.115501

19
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100 mL/min vs 200 mL/min

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
Df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

700 mL/min
0.694822
0.078259

19
0.875172

0
18

-3.89554
0.00053

1.734063
0.00106

2.100924

200 mL/min
0.815827
0.058105

19

150 mL/min vs 200 mL/min

Mean
Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df
tStat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail

150 mL/min
0.899568
0.115501

19
0.939176

0
18

2.59881
0.009072
1.734063
0.018145
2.100924

200 mL/min
0.815827
0.058105

19



Percentage Removal Data

100 mUmin
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i := 0.. 8
cioa :=

86 99693
62.70538
53.34047
35.18514
30.91397
16.90479
14.36919
5.34772

0.08674

T100. :=

i = 1

ArealOO = 131.154

FeedlOO := 88.7333

0.5
1.0
1.5
2.0
2.5
3.0
3.5

4.0

4.5

x. =
i

86.997
62.705

53.34

35.185

30.914

18.905

14.369

5.348

0.087

ClOOj 50 -

%removall00 := ( A r e a I O ° 1.100
V. FeedlOO -4.5

%removall00 = 32.846
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150 mUmin

i := 0.. 11

C150-

82.16188
63.45249
31.33184
20.07675
11.83985
11.42870
13.54806
10.55085
14.94363
20.42730
8.76606
1.85131

Feed 150:= 84.4

50
1 '

Yx i

82.162
63.452

31.332

20.077

11.84

11.429

13.548
10.551
14944

20.427

8.766

1.851

11

Areal 50 =124.186

%removall50:= ( j( j
VFeedl 506.07

lCX

%removall50= 24.523



200 mL/min

47

:=0.. 13
Feed200 := 83.6667

C200. :=
i

57.36642
37.77261
27.09052
16.35296
15.3116
10.76523
11.61075
5.25911

5.568287
5.61627
9.347504
6.846022
1.547928
1.903761
11.2475

X.
i

:= C200.
i

X =
1

57.366
37.773

27.091

16.353

15.312

10.765

11.611

5.259

5.566

5.616
9.348

6.846

1.548
1.904

n r(x.+ x. ,n
Area200

i = 1

Area200 = 91.362

%removal200 :=
A r e a 2 0 0

VFeed200

%removal200 = 15.6

— \
•7.0)
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Certification
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Equipment
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Tomas Wttey Mil!

Automatic Sieve Shaker

Oven Dryer
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Flame Atomic Absorption
Spectroscopy

Fabricated Column


