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ABSTRACT

Nowadays, heavy metals are widely utilizedas a main material to producecatalyst in

petrochemical industryand they are also very harmful chemical substancethat needs

to be treated before can be discharged. The objective of this research is to investigate

the separation behavior of heavy metal using membrane process. In this study, three

commercial membranes; AFC 99 (Reverse Osmosis-RO), AFC40 (Nanofiltration-

NF) and CA 202 (Ultrafiltration-UF) membranes were tested to determine the flux

and salt rejection in aqueous solution. Zinc chloride (ZnCy was used in the

experiments to prepare the aqueous solution. Effects of cross flow velocity, pressure,

types of membranes and feed concentration towards the flux and salt rejection of

those membranes were investigated. Experiments showed that the cross flow

velocities had a significant effect on permeate flux values. In addition, the permeate

flux increases almost in linear form as the cross flow velocity increased. Similarly,

permeate flux increased as operating pressure was increased. Other parameters that

affect the flux are types of membrane. From the result, the CA 202 membrane

produced the highest flux followed by AFC 40 and AFC 99 respectively. For

concentration effect, the flux decreased with increasing of ZnCfe concentration.

Variations in pressure and cross flow velocity also affected the salt rejection, which

decreased with increasing of feed concentration. Salt rejection at low cross flow

velocities was lower than those conducted at high cross flow velocities and

independent of the pressure. From the experiment, the AFC 99 has the highest

rejection recorded which was 98% followed by AFC 40 (84%) and CA 202 (58%)

membranes respectively. This work shows that the membrane separation processes,

particularly AFC 99 (RO), can be used to selectively remove ZnCl2 from

wastewater.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND OF STUDY

Natural gas and crude distillates such as naphtha from petroleum refining are used as

feedstock to manufacture a wide variety of petrochemicals that are in turn used in the

manufacture of consumer goods. The basic petrochemicals manufactured by

cracking, reforming, and other processes include olefins (such as ethylene,

propylene, butylenes, and butadiene) and aromatics (such as benzene, toluene, and

xylene). Thus, much of the present day, catalytic process is widely used and become

the backbone in petrochemical manufactured mainly to increase the production rate

of reaction. Indeed, heavy metals like Ni, Mo, Co, Rh, Pt, Pd, etc., are widely

utilizedas a catalyst in petrochemical industries. The reason heavy metal is used as a

catalyst is due to the characteristic of the heavy metal catalyst itself which is very

active for catalyzing various reactions (Farrauto and Bartholomew, 1997).

However, after a periodical time use of catalyst, it will become inactive due to the

poisoning effect of foreign material and impurities, which deposit on the surface of

the catalyst. Poisoning effect involves strong chemical interaction of a component of

the feed or products with active sites on the catalyst surface. Catalysts are also

deactivated by sintering which causes loss of active surface area and therefore

lowers catalytic activity (B. Singh, 2009). In general, catalysts deactivated by

thermal degradation, phase separation or phase transformations, cannot be

reactivated easily and therefore replacement of the catalyst is necessary. In such

cases, fresh catalysts have to be substituted and the spentcatalyst will be carryaway

to the wastewater facilities.

Heavy metals are natural components of the Earth's crust. Most of Heavymetals are

very harmful and dangerous to people and environment. Theycannot be degraded or
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destroyed. Some heavy metals (e.g. copper, selenium, zinc) are essential to maintain

the metabolism of the human body. Nevertheless, at higher concentrations they can

lead to poisoning. Due to its dangerous and hazardous, the heavy metal treatment in

industry must be taken into consideration before can be discharge to environment.

Environmental pollution decrease is a major concern in modern petrochemical

industry. Nowadays, it is strictlyprohibited to discharge the contaminants with high

concentration to environment freely. In response to the growing problems, the

International Petroleum Industry Environment Conservation Association (IPIECA)

and state government which is Environmental Quality Act 1974 (EQA 1974) have

instituted environmental regulations to protect the quality of surface and ground

water from heavy metal pollutants.

1.2 PROBLEM STATEMENT

Nowadays, catalyst is widely use in petrochemical industrial mainly to enhance the

production rate of the process. Most catalyst used is heavy metals. After a period of

time, the catalyst will become inactive and need to be substituted. The inactive

catalyst will be carry away to the wastewater treatment. Dueto heavy metal's ability

to increase chemical oxygen demand (COD) level of the effluent, the separation of

heavy metals in wastewater is compulsory and must meet the regulatory

requirement.

The conventional method of heavy metals separation is by using precipitation.

However, this method needs neutralization of the solution. The disadvantages of this

method are it consumes amounts of reagents for neutralization of the acid and

precipitation of metals, as well as generation of large amounts of valueless liquid

wastes (Zielinski, Buca and Famulski, 1998). In order to avoid higher negative

impact to environment, researchers have been conducted on various methods and

possibilities of separation as an alternatives approach. One of them is by using

membrane process.



Final Year Project II

t.3 OBJECTIVES AND SCOPE OF THE STUDY

The objectives of the research project are:

• To investigate the separation behavior ofheavy metals using membrane

process.

• To investigate the factors affecting the separation of heavy metals.

• To evaluate the parameters of membrane performance to reach the optimum

separation ofwastewater containing heavy metals

• To compare the performance ofdifferent type ofmembrane used

The scope of study for the research is to study on the characteristic and behavior of

the membrane as well as the effects of applied pressure, cross flow velocity, feed

concentration and types of membrane that suite to separate the selected heavy

metals.
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CHAPTER 2: LITERATURE REVIEW

2.1 INDUSTRIAL WASTEWATER

Wastewater can be defined as a combination of the liquid or water-carried wastes

removed from residence, institutions and commercial and industrial establishment,

together with such groundwater, surface water, and storm water (Metcalf and Eddy,

2004). Wastewater that accumulates in the stream will decompose andthis will lead

to nuisance condition including the production of malodorous gases. Wastewater

also contains several nutrients, which can stimulate the growth of aquatic plant.

However, high concentration of contaminant will cause mutagenic and carcinogenic

to living things.

2.1.1 Wastewater Characteristics

Industrial wastewater is characterized in term of physical, chemical and

biological constituent. The important of physical constituents are color,

temperature, density and conductivity content. The chemical constituents of

wastewater are divided into two classes which are inorganic and organic. For

organic chemical classes, the characteristic that been considered are chemical

oxygen demand (COD), nitrogenous oxygen demand (NOD), total organic

compound (TOC) and etc. For inorganic chemical classes, the characteristic that

been considered are pH, alkalinity, chloride, metals, various gases and etc.

Lastly, the biological constituent may contain of coli form organism, specific

microorganisms andtoxicity (MetcalfandEddy, 2004).

Wastewater treatment was developed to treat and remove the physical, chemical

and biological contaminants from water to ensure protection ofpublic health and

environment. The effluent that discharged into any inland waters shall be
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analyzed and have parameter limits based on Environmental Quality (Sewage

and Industrial Effluent) Regulation, 1979 - Regulation 8. Parameter limits of

effluent to be discharged into inland waters (see appendix A).

(1) Nopersonshalldischarge effluent, analyzed in accordance with regulation 7,

which contains substances in concentrations greater than those specified as

parameter limits of-

(a) Standard A, as shown in the third column ofthe Third Schedule, into

any inland waters within the catchment areas specified in the Fourth

Schedule; or

(b) Standard B, as shown in thefourth column ofthe Third Schedule, into

any other inland waters.

2.1.1.1 Temperature

The temperature of wastewater is commonly higher compare to the local water

supply, because of the addition of warm water from households and industrial

activities. The temperature of water is very important parameter because of its

effect on chemical reactions and reaction rates, aquatic life, and thesuitability of

the water for beneficial uses (Metcalf and Eddy, 2004). The optimum

temperatures for wastewater to be discharge are in the range from 25°C to 35°C

which is suitable for bacterial activity.

2.1.1.2 pH Value

The typical ranges ofpHthatsuitable for theexistence of most biological life are

6 to 9 which has minimum impact to environment. Wastewater with an extreme

concentration of hydrogen ion is difficult to treat by biological means and if the

concentration is not altered before discharge, the wastewater effluent may alter

theconcentration in thenatural water (MetcalfandEddy, 2004).

pH=-logio[H+]
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2.1.1.3 Biochemical Oxygen Demand (BOD)

Biological Oxygen Demand (BOD) is one of the most common measures of

pollutant organic material in water. BOD indicates the amount of organic matter

present in water. Therefore, a low BOD is an indicator of good quality water,

while a high BOD indicates polluted water. This determination involves the

measurement of the dissolved oxygenused by microorganism in the biochemical

oxidation of organic matter. If the oxygen available is sufficient, the aerobic

biological decomposition of an organic waste will continue until all of the waste

is consumed (Metcalf and Eddy, 2004).

2.1.1.4 Chemical Oxygen Demand (COD)

The COD test isused to measure the oxygen equivalent ofthe organic material in

wastewater that can be oxidized chemically using dichromate in an acid solution

(Metcalf and Eddy, 2004). COD measurements are commonly made on samples

of wastewaters or natural waters contaminated by domestic or industrial wastes.

Chemical oxygen demand is measured as a standardized laboratory assay in

which a closed water sample is incubated with a strong chemical oxidant under

specific conditions of temperature andfora particular period of time.

2.2 HEAVY METALS

Heavy metals are the metals of relatively high density or of high relative atomic

weight. The specific gravity of the heavy metals is normally greater than five. Some

of the metals are essential for many biological systems including humans at certain

concentrations. However, they can exert toxic effects at high concentration. The

examples of heavy metals are lead (Pb), zinc (Zn), copper (Cu), chromium (Cr),

mercury (Hg) and nickel (Ni). These heavy metals cannot be degraded ordestroyed.
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2.2.1 Effects of Heavy Metals to Humans

Heavy metals are considered as one of the serious environmental contaminants

because of their high toxicity. Heavy metals normally enter a water supply by

industrial waste, or even from acidic rain breaking down soils and releasing

heavy metals into streams, lakes, rivers and seas. They affect human health

because the body cannot break it down upon ingestion or inhalation. Thus, they

can lead to poisoningand harmfulto humanbody.

Table 2-1: Effect ofHeavy Metals to Humans

:-V^^r-.,^ jggg;;5^^;g|;p -4t^:^iln^Sv';::;1^^SW^^tt^15-i'' '-S- ;̂5vl'' îv•

Chromium

Metal alloys and

pigments for paints,

cement, paper, rubber,

and other materials.

Low-level exposure can irritate the skin and

cause ulceration. Long-termexposure can

causekidney and liverdamage, and damage

too circulatory and nerve tissue.

Copper

Drinking water from

copper pipes, as well

as from additives

designed to control

alga growth.

Anemia, liverand kidney damage, stomach

and intestinal irritation

Lead
Batteries, radiators for

cars and trucks, paint

Problems in the synthesisofhemoglobin,

effects on the kidneys, gastrointestinal tract,

joints and reproductive system, and acute or

chronic damageto the nervous system

(M. Stoeppler, 1992)

2.2.2 Heavy Metals in Wastewater

Catalyst technology can be classified into three areas of important activity in the

world which are petroleum refining, chemical production and environmental

cleanup. Catalyst usage is a very important in petrochemical manufactured
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generally to increase and enhance the production rate of reaction and selectivity

of a chemical reaction. Indeed, most of heavy metals like Ni, Mo, Co, Rh, Pt, Pd,

etc., are widely utilized as a catalyst in petrochemical industries. This is due to

the characteristic of the heavy metal catalyst itself which has active phases

(metals, metal oxides and metal sulfides). These active phases are typically

dispersed in the pores of supports in the form of microcrystallites of 1-50 nm

diameter; the surfaces of these crystallites contain sites active for catalyzing

several of reactions (Farrauto and Bartholomew, 1997).

However, after a periodical time use of catalyst, it will become inactive due to

the poisoning effect of foreign material and impurities, which deposit on the

surface of the catalyst. Poisoning effect involves strong chemical interaction ofa

component of the feed or products with active sites on the catalyst surface.

Catalysts are also deactivated by sintering which causes loss of active surface

area and therefore lowers catalyticactivity (B. Singh, 2009). In general, catalysts

deactivated by thermal degradation, phase separation or phase transformations,

cannot be reactivated easily and therefore replacement of the catalyst is

necessary. In such cases, fresh catalysts have to be substituted and the spent

catalyst will be carry away directly to the wastewater facilities.

2.23 Technology Used to Treat Heavy Metals from Wastewater

Heavy metals are among the most harmful constituents of industrial wastes and

effluents. Basically the treatment process of heavy metals from industrial

wastewater is a must due to their toxicity to many living things. On the other

hand, heavy metals are valuable materials and should be recovered. Nowadays,

there are many treatment processes for heavy metal removal from industrial

wastewater which are chemical precipitation, coagulation, solvent extraction,

electrolysis, membrane separation, ion-exchange and adsorption (Oboh, Aluyor

and Audu, 2009).
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The effluent that discharged into any inlandwaters in Malaysiashall be analyzed

and have parameter limits based on Environmental Quality (Sewage and

Industrial Effluent) Regulation, 1979 - Regulation 8. Parameter limits of effluent

to be discharged into inland waters (see appendix A). AH companies in Malaysia

that has chemical operation and wants to discharge their waste must comply with

the guidelines provided by EQA.

2.2.3.1 Chemical precipitation

Chemical precipitation is the most commonly used method for the treatment of

industrial wastewater containing heavy metals. However, this process requires a

large amount of treatment chemicals to decrease the heavy metals to levels

imposed bythe regulations. A major disadvantage with precipitation process is it

will produce a lot of sludge (Hilal, Nidal and Al-Abril, 2006). In addition, the

sludge produced from the precipitation process has to besubjected to dewatering

and disposal into landfills, which adds an additional cost a lot to the treatment

process.

2.2.3.2 Adsorption by using Activated Carbon (CAC)

Besides that, studies on the treatment of effluent behavior of heavy metal have

revealed that the adsorption method is to be a highly effective technique for the

removal of heavy metal from wastewater and activated carbon (CAC) has been

widely used as an adsorbent (Saifuddin & Kumaran, 2005). However, due to its

extensive use in wastewater treatment industries CAC remains an expensive

material for heavy metal removal

2.2.33 Ion-Exchange

Ion-exchange is another conventional method to treat heavy metals in

wastewater. Ion-exchange resins are polymers that are capable of exchanging
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particular ions within the polymer with ions in a solution that is passed through

them. The use of ion-exchange results in highly successful metal recovery from

pre-treated waste. However, these ion exchangers are not sufficiently selective to

remove certain metals from large volumes of accompanying metals and thus

metal-selective resins are being developed (Cortina et al., 1998). Unfortunately,

these methods are relatively expensive, requiring elaborate equipment with high

operation costs, such as the regeneration or disposal of the regeneration liquid

and the spent resin, and large energy requirements. Resin usage causes a large

environmental burden in terms ofdisposal (Lee et al., 1998).

2.3 MEMBRANE PROCESS

Membrane or semi-permeable membrane is a thin of material that is capable of

separating materials as a function of their physical and chemical properties when

driving force is applied across the membrane (Mallevialle, Odendaal, Wiesner,

1996). In separation applications, the role of the membrane is to serve as a selective

barrier that will allow the passage of certain constituents found in the liquid

(Cheryan, 1998). In membrane separation, the range of particle sizes is extended to

include dissolved constituents typically 0.0001 to 0.1 urn. For certain substances can

pass through the membrane, while other substances are caught. The substance that

pass through is called as permeatewhile and retentate is a substance that cannot pass

through the membrane.

Membrane Processing

Semi-permeable
membrane v. PrBisam

applle*

FIGURE 2-1: separation ofa mixture by using membrane

10
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2.3.1 Membrane Process Classification.

Membrane classes can be classified in a number of different ways including the

type of material from which the membrane is made, the nature of the driving

force, the separation mechanism and the nominal size of the separation achieved.

Membrane process includes as follows:

• Reverse osmosis (RO)

• Microfiltration (MF)

• Ultrafiltration (UF)

• Nanofiltration (NF)

• Electrodialysis (ED)

The following table gives an overview and classification of membrane

separation:

Table 2-2: General characteristics of membrane processes

Membrane

process

Membrane

driving force

Qperating
structure

(pore size)

Typical
operating

range,

urn

Permeate

description
Typical constituents

removed

Microfiltration

Hydrostatic
pressure

difference or

vacuum in open
vessels

Macrospores
(>50nm)

0.08-2.0

Water +

dissolved

solutes

TSS, turbidity,
protozoan and oocysts

and cysts, some
bacteria and viruses

Ultrafiltration

Hydrostatic
pressure

difference

Mesopores (2-
50nm)

0.005-0.2

Water +

small

molecules

Macromolecules,
colloids, most bacteria,
some viruses, proteins

Nanofiltration

Hydrostatic
pressure

difference

Micropores
(<2nm)

0.001-

0.01

Water + very
small

molecules,
ionic solutes

Small molecules, some
hardness, viruses

Reverse

osmosis

Hydrostatic
pressure

difference

Dense (<2nm)
0.0001-

0.001

Water, very
small

molecules

ionic solutes

Very small molecules,
color, hardness,
sulfates, nitrate,

sodium, other ions

Dialysis
Concentration

difference

Mesopores (2-
50nm)

-

Water +

small

molecules

Macromolecules,
colloids, most bacteria,
some viruses, proteins

Electrodialysis
Electromotive

force

Micropores
(<2nm)

-

Water + ionic

solutes
Ionized salt ions

(Metcalf and Eddy, 2004).

11
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Based from the book entitled 'Transport Processes and Separation Process

Principles', these are the classification of the membrane processes.

I. Gas diffusion in porous solid

In this type a gas phase is present on both sides of membranes, which is

micro porous solid. The rates of molecular diffusion of the various gas

molecules depend on the pore sizes and the molecular weights

II. Liquid permeation or dialysis

In this case, the small solutes in one liquid phase diffuse readily because of

concentration differences through a porous membrane to the second liquid

(or vapor) phase. Passage of large molecules through the membrane is

more difficult.

III. Gas permeation in membrane

The membrane in this process is usually polymer such as rubber,

polyamide and so on, and is not a porous solid. The solute gas first

dissolves in the membrane and then diffuses in the solid to the other gas

phase. Examplesofmembrane separations are helium being separatedfrom

natural gas and nitrogen from air. Separation of gas mixture occurs because

each type ofmolecules diffuses at different rate through the membrane.

IV. Reverse osmosis

Reverse Osmosis is a water treatment process whereby dissolved salts,

such as sodium, chloride, calcium carbonate, and calcium sulphatemay be

separated from water by forcing the water through a semi-permeable

membrane under high pressure. The water diffuses through the membrane

and the dissolved salts remain behind on the surface of the membrane

(Aqua Pure, 2009).

12
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V. Ultra filtration membrane process

In this process, pressure is used to obtain a separation of molecules by

means of a semi permeable polymeric membrane. The membrane

discriminates on the basis of molecular size, shape, or chemical structure

and separates relatively high molecular weight solutes.

VI. Microfiltration membrane process

In microfiltration, pressure driven flow through membrane is used to

separate micron size particles from fluids.

VII. Gel permeation chromatography

The porous gel holds back diffusion of the high molecular weight solutes.

The driving force is concentration.

2.3.2 Good Membrane Properties

Below are the key properties in determining membrane performance:

• Good permeability and high selectivity

• Cost effective and free from any defects

• Good mechanical, chemical and thermal stability under operating

conditions

• Low fouling tendencies and good compatibility with the operating

environment

2.3.3 Theory of Membrane Process

When two adjacent volume elements with slightly different level of

concentration are separated by an interface, due to the difference in the number

of molecules in each volume element, more molecules will move from the

concentrated side to the less concentrated side of the interface which is the

13
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opposite direction. This concept was first recognized by Fick theoretically and

experimentally in 1855 (Baker,2000).Accordingto Fick's law ofdiffusion,

;i- -DiC
dQii/RT)

ax
(2.1)

Where Ji is the mass of component i transported or flux, kmol/m2.s, Di is

diffusivity of component /, m2/s, C is concentration, kmol/m3, ui is chemical

potential of the substance diffusing, J/kmoLK, and x is distance, m. In most

cases, activity coefficients are close to one, and Fick's first law is written as:

dci

Ii='Di Ix- (2.2)

Assuming Di is constant, and in particular that it is independent of C/, and that

the concentrations in the fluid phases are in equilibrium with the membrane.

Fick's law may be written:

/(=: _£)j - Dl
z z

Applied Pressure

ia.<

(2.3)

FIGURE 2-2: Typical dependence ofmembrane flux, (a) Applied pressure difference,

(b) Solute concentration, (c) Cross-flow velocity

14
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Solution containing macromolecular gel-forming solute will form a gel on the

surface of the membrane. The gel formation will contribute to formation of

dynamic membrane. Due to convective flux through the membrane a

concentration of the solute at the surface Cw increases and eventually reaches a

gel formation concentration Cg (FIGURE 2.2(a)). The flux, J through the

membrane depends on a concentration according to the relationship;

/= fc.lnf (2.4)

Combining equation (2.1) and (2.4),

Cw AP
ln = „^ ^^ (2.5)

Cb v(Rm + Rp)k K }

As long as concentration Cw is less than Cg, Cw, will increase with pressure, but

the moment Cw, equals Cg, an increase in APbrings about an increase of the layer

resistance Rp, and the flux will no longervary with pressure

Assuming no fouling effect, the membrane resistance, Rm can be calculated from

the flux equation below;

AP

The slope obtained from the plot of flux, J versus AP is equal to .

The retention ofany solute can be expressed by the rejectioncoefficient, R.

R~ \n(VW (2J)
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Where C/= final mecrosolute concentration in the retentate

C0 = initial macrosolute concentration

V0 = initial volume

Vf= final retentate volume

Thisexpression assumes complete mixing of retentate seldom accomplished due

to concentration polarization. The apparent rejection coefficient depends on

factors affecting polarization including UF rate andmixing. For material entirely

rejected, the rejection coefficient is 1 (100%), for freely permeable material it is

zero.

Thepercentage rejection coefficient, Ralso can be expressed as follow;

R= -£-£ x100% (2.8)

2.3.4 Factors Affecting Membrane Performance

Concentration Polarization (CP)

The concentration polarization reduces the permeating component's

concentration difference across the membrane, as a result the flux and membrane

selectivity will be decrease. CP can significantly affect membrane performance

in RO but it is usually controlled. Unlike in UF and electro dialysis process

whereby the membrane performance is seriously affects. This is because, in RO,

the solutes are dissolved salts whereas in UF, the solutes are colloids and

macromolecules. The diffusion coefficients of these high-molecular-weight

components are about 100times smallerthan those salts.

Pressure

Feed water pressure affects both water flux and salt rejection of membrane.

Water flux across membrane has direct relationship increasing feed water

pressure. Increased feed water pressure also results in increased salt rejection but

the relationship is less direct than water flux. However, there is an upper limit to
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the amount of salt that can be excluded increasing feed water pressure. Above a

certain pressure level, salt rejection no longer increases and some salt flow

remains coupled with water flowing through the membrane.

Salt Concentration

Osmotic pressure is a function of the type and concentration of salts or organics

contained in water. As a salt concentration increases, the osmotic pressure will

increase too. If the feed pressure remains constant, higher salt concentration

results in lower membrane flux. The increasing osmotic pressure offsets the feed

water driving pressure and as the water flux declines, salt rejection also decrease.

Temperature

As water temperature increases, water flux increase almost linearly due primarily

to the higher diffusion rate of water through the membrane. Increased feed water

temperature also results in lower salt rejection or higher salt passage. This is due

to a higher diffusion rate for salt through the membrane.

2.3.5 Membrane Application

Membrane technologies have seen a significant growth and increase in

application in the last two decades. Membrane systems are now available in

several different forms and sizes, each uniquely fitting a particular need and

application. The increased use of membrane is expected to continue well into the

future. Typical applications ofmembrane separation are discussed.

Nowadays, most of the RO systems installed in industry are desalinating

brackish water or seawater. The typical salinity of brackish water is between

2000 and 10000 mg/L. the recommendation from World Health Organization

(WHO) for potable water is 500 mg/L. Early cellulose acetate membranes could

achieve this removal easily, so treatment of brackish water was one of the first

successful applications of RO (Baker, 2000). Besides that, other applications of
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RO process are seawater desalination, ultrapure water and wastewater treatment.

In the 1960s and early 190s, it was thought that ultra filtration (UF) would be

widely used in tertiary treatment of municipal wastewater. This application did

not materialize. Ultra filtration is too expensive to be used for this application,

but it is used to treat small, concentrated waste streams before they mixed with

drain stream. Some UF membranes with small pore sizes have been used to

remove dissolved compounds with high molecular weight such as colloids,

protein, and carbohydrates. Normally, UF is used for production of high-purity

process rinsewaterin industrial application (Metcalfand Eddy, 2004).

Microfiltration membranes are the most plentiful on the market, much cheaper,

and commonly made of poly-propylene, acrylonitrile, nylon and

polytetrafluoroethylene. In advance treatment application, microfiltration has

been used as a replacement for depth filtration to reduce turbidity, remove

residual suspended solids, and reduce bacterial effective disinfection.

Membrane Bioreactor (MBR) and tertiary treatment systems are the best

available technologies for communities that are concerned about protecting the

environment and preserving potable water supplies. MBRs provide cost-effective

solutions that will meet or exceed discharge standards for years to come. Effluent

from these systems is of such high quality that it can be safely discharged into

the most sensitive aquatic environments or reused in irrigation, industrial

processes, or groundwater recharge.

18



Final Year Project II

CHAPTER 3: MATERIALS AND METHODS

3.1 RESEARCH PLANNING

In this chapter, the writer will focus on the project planning throughout the semester.

Below is the flow chart of methodology mat will be implemented throughout this

research study.

Perform literature review on the subject matters from books and online journal

I) Consult with thesupervisor, AP Dr. Hilmi Mukhtar regarding the research study.
I

ssaEasBjEESKSMiSffiiii »=s^^^."?a-™j<!e^ESiia'-,,y;^saa Kskbsslsss

i

Doresearch on several types ofmembranes available andproven bythe industry as
well as academic researchers.

Searchchemicalsand equipments availablein the UTP laboratory.

1 Assemble all the chemicals, equipment and apparatus atlab.
I
| Start conducting the experiment andcollect dataforanalysis.
I

&V/-.^^lft^^E&__jJ^i2^_ftfii^

jj Collect all the data and perform further discussion and conclusion onthe findings.
§[ „ , __ .„. ^ ,„,. „__r
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3.2 MATERIALS

3.2.1 Membrane

The membrane Test Unit is specially designed to carry out the membrane

processes that are widelyusedin biotechnology andprocess industries suchas RO,

UF and NF. The process diagram is illustrated in APPENDIX D. UF membranes

are usually specified in terms of their molecular-weight-cut-off, MWCO, whereas

the NF and RO membranes are specified in terms of their percentage rejection of

salts. The membranes that are supplied with the Membrane Test Unit is classified

as tubular type, which is widely used and have turbulent flow conditions. The

system is in a cross flow configuration where the feed solution is pumped parallel

to the membrane at a velocity in the range of 1- 8ms"1 with a pressure difference

of 0.1 - 0.5 MPa across the membrane. Liquid permeates through the membrane

and feed emerges in more concentrated form on the exit module. TABLE 3-1

shows the properties of membrane used in the project. Detailed information for

membrane was shown in APPENDIX C.

Table 3-1: Specification ofmembrane materials used

Membrane
Membrane

Material

Max

pH

range

Recommended

maxpressure,

bar

Max

Temperature,

°C

Apparent

Retention

Character1

Pore

Size,

nm

Membrane

1

AFC99

Polyamide

Film

1.5-12 64* 80 99%NaCl <0.6

Membrane

2

AFC40

Polyamide

Film

1.5-9.5 60 60
60%

CaCl2
0.6-5

Membrane

3

CA202

Cellulose

Acetate

2-7.25 25 30 2000 MW 5-50
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Retention character depends on several parameters, including nature ofthe

testsolution. This information shouldtherefore be usedas a guide only.

21 low; 5 high

3+ low; +++high

3 Maximum pressure limited by module

3.2.2 Equipments and Chemicals Used

In this experiment, the separation is done by using Membrane Test Unit. The

equipment has the operation capability which is the pressure must not operate

more than 25 bar, otherwise it will leaks. After the experiment, samples were taken

for result analysis. The conductivity meters were used to determine the final

concentration of the sample. Theequipment andapparatus used for the experiment

were summarized in the table 3-2.

Table 3-2: Equipmentand apparatus

No Equipment/Others Function
1 Membrane Test Unit To separate the solutions
2 Conductivity Meter To determine the concentration of sample
3 Beaker To place chemicals/solution
4 Pipette To transfer small amount ofchemical

FIGURE 3-1: The membrane test unit equipment
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>v

FIGURE 3-2: Conductivity meter

Table 3-3: Chemicals used

No Chemicals Quantity
1 zinc chloride (salt) 500S

The detail physical properties ofzinc chloride canberefer inAppendix B

3.3 METHODOLOGY

In order to obtain accurate result forheavy metal separation using membrane, several

parameters need to be identified and the parameters that will affect the separation

process are as follows; working pressure, flow velocity, types of membrane, types of

chemical and concentration of solution.

3.3.1 Parameter

A study has been conducted to observe the removal of heavy metals by using

membrane by varying the parameters of concentration, pressure, velocity,

chemicals and membranes.
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a) Concentration

From information gathered, the typical concentration of heavy metals in

wastewater is around 500 - 1000 ppm. Thus, the concentrations of

solution used in this study were 1000 ppm, 600 ppm, 300 ppm and 100

ppm,

b) Pressure

From the manual, it stated that the Membrane Test Unit can operateup to

60 barbut from the manual also the recommended maximum pressure for

CA202 Cellulose Acetate is at 25 bar. The membranes will break down if

operate above the recommended pressure. Furthermore, after running the

equipment by using tap water, the equipment leaks and can only be

operated below than 25 bar. The pressure used were 20 bar, 15 bar, 10

bar and 5 bar.

c) Velocity

From previous experiment, the flow velocity in membrane separation

affects the process obviously. This is because as we increase the velocity,

wewill obtain higher flux. In thisexperiment, the velocity used were 8

LPM, 6 LPM, 4 LPM, and 2 LPM

d) Chemical

Inthis process, thechemical used are zinc chloride, (see APPENDIX B)

e) Type of membrane

The types of membranes used in this experiment were Polyamide Film

for reverse osmosis (AFC99), nanofiltration (AFC40) and Cellulose

Acetate (CA202) for ultrafiltration. The details of membranes

specifications are shown in table 3-1.
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3.3.2 Experimental Procedure

Preparation of metal solution

1. Exactly salt powder was weighed using electronic balance.

2. The salt was added into a beaker containing 100 ml of distilled water. The

mixture was stirred to dissolve all the metal powder.

3. The solutionwas then pouredcarefullyinto the 2 L volumetric flask.

4. The beaker was washed and rinsed several times with distilled water from

the wash bottle. All the washing was run into the volumetric flask to

make sure no metal solutionremains in any of the apparatus used.

5. The volumetric flask was stirred gently so that the distilled water and salt

was mixed thoroughly.

6. Distilled water was added slowly until the 2 L calibration mark in the

volumetric flask is reached.

7. Repeat step 1- 6 for twenty times to get 20 L ofconcentration needed.

Experimental Procedure

1. The salt solution was prepared as explain in above section. All valves

were closed except V2, V5, V8, V10, V12 and V14.

2. The feed tank was filled up with the solution prepared in Step 1. The feed

shall always be maintained at room temperature.

3. Themaximum working pressure was set up at 25 bars.

Note: For working pressure setting, valve, V5 was closed. A proper

wrench was used to turn the adjusting screw at the pressure

regulator by turning clockwise to increase and counter-clockwise

to reduce the pressure.

4. The plunger pump, PI was started. The membrane maximum inlet

pressure was set to 2.5 barsby adjusting the retentate control valve (VI5).

5. The system was allowed to run for 30 minutes. The collecting sample is

started from permeate sampling port. The weight of permeate is recorded

every 5 minute for 30 minutes.
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Note: The sample was collected by open valves V7, V9, VI1 and VI3,

simultaneously closed valves V8, V10, V12 and V14.

6. The plunger pump, P2 was stopped and valve, V2 was closed.

7. Graph fluxversus concentration andpressure was plotted.

8. The procedure was repeated for different concentration of metal solution

and feed water pressure.

9. Sample of each membrane was taken to be tested by using conductivity

meter.

The experiments were repeated by using different pressures, different velocities.

After that, 600 ppm ofconcentration was used followed by 300 ppm and 100 ppm.

Then, sample for each of membrane was taken for COD test by using COD Test

Unit. Sample was mix with 2ml of COD reagent before being tested by the test
unit as follows;

Preparation of calibration curve

In analytical chemistry, a calibration curve isa general method for determining the

concentration ofa substance in an unknown sample bycomparing the unknown to

a set of standard samples of known concentration. A calibration curve is one

approach to the problem of instrument calibration; other approaches may mix the

standard into the unknown, giving an internal standard. The calibration curve is a

plot ofhow the instrumental response, the so-called analytical signal, changes with

the concentration of theanalyte (the substance to be measured). Below is the

procedure to prepare the calibration curve for zinc chloride.

1. A series of standard was prepared solution for zinc chloride in a beaker

with concentration between 50 ppmto 1000 ppm.

2. The concentration was measured byusing conductivity meter.

3. The reading was recorded inthetable and graph is plotted as well.
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Analyzing each ofthese standards using the chosen technique will produce a series

of measurements. For most analyses a plot of instrument response vs. zinc chloride

concentration will show a linear relationship. From the graph generated, the writer

can measure the response of the unknown and, using the calibration curve,

can interpolate to find the concentration of zinc chloride. Graph of calibration

curve can be referring in APPENDIX E.

3.3.3 Result Analysis

The data obtained was analyzed as follows. For 10 minutes, the volume of

permeate for each membrane was taken in time interval. The volume will be

different forthemembranes andthe datawas analyzed for flux andrejection.

Table 3-4: Table for collectingdata

Copper sulphate, Concentration = 1000 ppm, Pressure = 4 bar, Velocity - 2 LPM

Membrane Type
Time, s

60 120 180 240 300 360 420 480 540 600

AFC99

AFC40

CA202

After separation, the concentration changed. Conductivity meter was used to

determine the after-concentration of heavy metals solution. Thedatawasanalyzed

by calculating the flux, J by using correlation 3.1;

:';Gzh)=Flux
Volume

Area. Time
(3.1)

= Weight,g xl/Density,L / g x 1 / [Area,m2 x Time.h)
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The area of membrane is;

Area, m2 - 27trL (3.2)

= 2ti (0.00625m) x (1.2 m)

= 0.047 m2

Graph of flux versus parameter; concentration, velocity and pressure for three

types of membrane will be plotted. Rejection of separation is calculated by using

below correlation;

Rejection, R = 1-^ (3.3)

Rejection is ratio of concentration of afterseparation, Cb with initial concentration,

Cp of solution. Percent of rejection determines the percentage of how much

molecules of mertal has not passed the membrane pores. Higher percent rejection

shows good separation where more chemicals is separated. The conductivity meter

was used to measure the final concentration. The calibration curve for zinc

chloride was developed to measure the concentration (APPENDIX E).
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CHAPTER 4: RESULT AND DISCUSSION

This chapter contains all experimental results which were based on data obtained

from experimental work using distilled water and zinc chloride and discussion base

on the graph generated.

4.1 Water Permeability

In the first part of study, the experiment was conducted to investigate the effectof

parameters used on flux. The parameters that been studied in this experiment are

cross flow velocity, operating pressure and type of membranes (AFC 99, AFC 40

and CA 202). The data were recorded and plotted into graph. The results are as

follows;

35

30

jh 25

-i 20

i 15-
to 10

5

0

Water Permeability at 8LPM

10

Pressure, bar

15 20

•AFC99

IAFC40

CA202

FIGURE 4-1: WaterPermeability Graph at ConstantVelocity 8 LPM for

Different Membrane
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FIGURE 4-2: Water Permeability Graph at Constant Velocity 2 LPM with

Different Membrane
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FIGURE 4-3: Water Permeability Graph at Velocity 2 and 8 LPM at Membrane

AFC 99

29



Final Year Project II

25

20 H

ll 15
•J

i io

5

0

Water Permeability for Membrane AFC40

5 10

Pressure, bar

15 20

♦2LPM

B8LPM

FIGURE 4-4: Water Permeability Graph at Velocity 2 and 8 LPM for Membrane
AFC 40
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FIGURE 4-5: Water Permeability Graph at Velocity 2 and 8 LPM for Membrane
CA202
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From the result obtained, the permeate flux is affected by several factors such as

feed pressure and cross flow velocity. Increase in flux can be observed at high

cross flow velocities due to the decrease in concentration polarization.

From the experiment conducted, the result from Figure 4-1 and 4-2 shows the

effect of working pressure towards the membrane. As the pressure increase, the

water flux across the membrane increase. In these studies, the highest fluxes were

recorded at high pressure which was at 20 bar. This is in line with the theory, as

the driving force (pressure) increase, more water flux was achieved.

Type of membrane also plays role in contributing the performance of the

membrane. Membrane that has large size of pore will produce greater flux. Thus

CA 202 has greater flux compare to the AFC 40 and AFC 99 respectively.

For the next experiment, the rejection study was done using Zinc Chloride, the

same parameter with addition of feed concentration variables are studied. The

results obtained in term ofpermeate flux by comparing highest and lowest value of

parameter for pressure, velocity and concentration. The following graph shows

comparison of flux at different membrane material and velocity variable with

constant concentrations, which were at 1000 ppm and 100 ppm.
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4.2 Study of Flux

Figures 4-9,4-10, 4-14 and 4-15 show the permeate flux of difference membranes

versus operating pressure. These figures show that the permeate flux increases

almost in linear form as the operating pressure increased. From the result also, the

AFC 99 membrane has the lowest permeate flux followed by AFC 40 and CA 202

membranes, respectively. As the solution goes through the membrane,

concentration polarization is expected to occur at the surface of the membrane.

Due to the rejection ofheavy metal salt at all membrane (AFC 99, AFC 40 and CA

202) used, it can be seen that the permeate flux at those membranes decreases as

the concentration increased.

4.2.1 Zinc Chloride Separation in Term of Flux

a) Concentration at 1000 ppm

£

>?
3
u.

Membrane AFC 99 at concentration 1000 ppm

♦ 2 LPM

• 6 LPM

8 LPM

FIGURE 4-6: Flux vs. Pressure at Membrane AFC 99 with Constant

Concentration 1000 ppm at Different Velocity
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Membrane AFC 40 at concentration 1000 ppm

10 15

Pressure, bar

20 25

♦ 2 LPM

• 6 LPM

8 LPM

FIGURE 4-7: Flux vs. Pressure at Membrane AFC 40 with Constant

Concentration 1000 ppm at Different Velocity

Membrane CA 202, at concentration 1000 ppm
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FIGURE 4-8: Flux vs. Pressure at Membrane CA 202 with Constant

Concentration 1000 ppm at Different Velocity
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E
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Velocity 2 LPM at Concentration lOOOppm
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Pressure, bar

♦ AFC 99

• AFC 40

CA202

FIGURE 4-9: Flux vs. Pressure at Velocity 2 LPM with Constant Concentration
1000 ppm at Different Membrane

Velocity 8 LPM at Concentration lOOOppm

10 15 20 25

Pressure, bar

♦ AFC 99

• AFC 40

CA202

FIGURE 4-10: Flux vs. Pressure at Velocity 8 LPM with Constant Concentration

1000 ppm at Different Membrane
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b) Concentration at 100 ppm

E

Membrane AFC 99 at concentration 100 ppm

10 15 20 25

Pressure, bar

♦ 2 LPM

• 6 LPM

8 LPM

FIGURE 4-11: Flux vs. Pressure at Membrane AFC 99 with Constant

Concentration 100 ppm at Different Velocity

Membrane AFC 40 at concentration 100 ppm

10 15 20 25

Pressure, bar

♦ 2 LPM

• 6 LPM

8 LPM

FIGURE 4-12: Flux vs. Pressure at Membrane AFC 40 with Constant

Concentration 100 ppm at Different Velocity
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Membrane CA 202, at concentration 100 ppm
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FIGURE 4-13: Flux vs. Pressure at Membrane CA 202 with Constant

Concentration 100 ppm at Different Velocity
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FIGURE 4-14: Flux vs. Pressure at Velocity 2 LPM with Constant Concentration

100 ppm at Different Membrane

36



Final Year Project II

110.00

100.00

90.00

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

Velocity 8 LPM at Concentration lOOppm

10 15 20

Pressure, bar

25

♦ AFC 99

• AFC 40

CA202

FIGURE 4-15: Flux vs. Pressure at Velocity 8 LPM with Constant Concentration

100 ppm at Different Membrane

4.2.1.1 Effect of Cross Flow Velocity

From the graph, it can be seen that greater flux can be achieved at high cross

velocities due to the decrease in concentration polarization (Koyuncu et al,

2003). The flow velocity in membrane separation is obviously affects the

process. In FIGURE 4-6,4-7 and 4-8 shows that higher cross flow velocity tends

to result in higher flux where the flow will push down the molecule to pass the

membrane pores at different type of membranes which are AFC 99, AFC 40 and

CA 202.

As the velocity increased, the flux will be increased. By comparing between the

three graphs (FIGURE 4-6, 4-7 and 4-8) which the velocity are variables from 2

to 8 LPM, flux at membrane CA 202 shows highest flux, followed by AFC 40

and AFC 99. This is because of membrane porosity. The AFC 99, which is

reverse osmosis process, has very small pore size (<0.6nm). Compare to AFC 40,
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the nanofiltration process, the pore size is in range 0.6-5 nm, while CA 202 has

the highest pore size which is 5-50 nm.

4.2.1.2 Effects of Pressure

From all figures provided it can be concluded that the feed pressure contribute

significant effect to the membrane process. As the pressure been increased (from

4 to 20 bar), the flux is increased as well. This is due to the increase of the

pressure difference across the membrane (increasing the net pressure) as well as

increasing the driving force for the process. In addition, the increase in water

permeability as a function of pressure is caused by the increase in the driving

force. Hence, increasing the operating pressure, has enhanced the separation of

zinc chloride.

4.3 Study of Salt Rejection

Salt rejection was also evaluated at different operating conditions such as pressure,

feed concentration, cross flow velocity and types of membrane. Rejection

increased with increasing pressure (Koyuncu et al., 2003). From the experiment

conducted, the highest rejection was obtained at highest pressure which is at 20 bar

and lowest concentration which is at 100 ppm. The result of rejection

measurement at different cross flow velocities and salt concentrations are shown in

FIGURE 4-19,4-20, 4-24 and 4-25.

From the experiment, the result show that the AFC 99 membrane has the highest

rejection (98.8%) compare to AFC 40 (84%) and CA 202 (58%) at the highest

cross flow velocity (8 LPM) and at lowest concentration (100 ppm). This is due to

reduction ofconcentrations polarization on membrane surface.
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However, due to the concentration polarization effect on the membrane surface,

the rejection of heavy metal salt decreased as the heavy metal salt concentration

increased. As can be observed in Figure 4-20 and Figure 4-25, as the feed

concentration of the salt increases from 100 ppm to 1000 ppm, the observed

rejection was reduced from 99% to 90%.

4.3.1 Zinc Chloride Separation in Term of Rejection

a) At feed concentration 1000 ppm

Membrane AFC99, Concentration 1000 ppm

1.00

10 15

Pressure, bar

20 25

2 LPM

8 LPM

FIGURE 4-16: Rejection vs. Pressure at Variable Velocity with Constant
Concentration 1000 ppm and Membrane AFC 99
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Membrane AFC 40, Concentration 1000 ppm
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10 15
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20 25
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FIGURE 4-17: Rejection vs. Pressure at Variable Velocity with Constant
Concentration 1000 ppm and Membrane AFC 40

Membrane CA 202, Concentration 1000 ppm
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FIGURE 4-18: Rejection vs. Pressure at Variable Velocity with Constant
Concentration 1000 ppm and Membrane CA 202
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Concentration 1000 ppm at 2 LPM
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FIGURE 4-19: Rejection vs. Pressure at Velocity 2 LPM with Constant
Concentration 1000 ppm and Different Membranes

Concentration 1000 ppm at 8 LPM
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FIGURE 4-20: Rejection vs. Pressure at Velocity 8 LPM with Constant
Concentration 1000 ppm and Different Membranes
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b) At concentration 100 ppm

Membrane AFC 99, Concentration 100 ppm

25

•2 LPM

•8 LPM

FIGURE 4-21: Rejection vs. Pressure at Variable Velocity wim Constant
Concentration 100 ppm and Membrane AFC 99
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Membrane AFC40, Concentration 100 ppm
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FIGURE 4-22: Rejection vs. Pressure at Variable Velocity with Constant
Concentration 100 ppm and Membrane AFC 40
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Membrane CA 202, Concentration 100 ppm
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FIGURE 4-23: Rejection vs. Pressure at Variable Velocity with Constant
Concentration 100 ppm and Membrane CA 202
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FIGURE 4-24: Rejection vs. Pressure at Velocity 2 LPM with Constant
Concentration 100 ppm and Different Membranes
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Concentration 100 ppm at 8 LPM

10 15 20 25

Pressure, bar

•AFC 99

•AFC 40

CA202

FIGURE4-25: Rejectionvs. Pressureat Velocity8 LPM with Constant
Concentration 100 ppm and Different Membranes
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

From the experiment data, it was observed that parameters like operating pressure,

cross flow velocity, feed concentration and membrane type are important factors in

membrane separation and play important role in the membrane performance. From

the experimental work, the permeate flux is very dependent to operating pressure,

cross flow velocity, membrane type and feed concentration. The flux increases as the

operating pressure increases. Similarly, flux increases as the cross flow velocity

increases. Highest flux was observed for membrane CA202 (100 L/m2.h) at feed
concentration 100ppm, pressure 20 bar and cross flow velocity, 8 LPM. Lowest flux

was observed for membrane AFC 99 (3.5L/m2.h) at feed concentration 1000 ppm,

pressure 4 bar and cross flow velocity 2 LPM. At high feed concentration, flux

decreases and this was due to concentration polarization at the membrane surface.

The lower feed concentration would give the better performance, compare to higher

concentration which lead to lower flux. The highest flux recorded was membrane CA

202, whichhas highest pore size, followed by AFC 40 and AFC 99 respectively.

It was found that the membrane was able to separate ZnC12 and the separation

efficiency depends on operating pressure, cross flow velocity, membrane type and

feed concentration. Membrane AFC 99 was found to be best membrane separation,

followed by AFC 40 and CA 202, respectively. The separation efficiency of AFC 99

was up to 99%, followed by AFC40 (86%) and CA202 (50%). The AFC 99 has the

highest rejection due to smaller size of pore it has compare to the AFC 40 and CA

202 membranes. The rejection increased as the operating pressure is increased.

Similarly, the rejection increased as the cross flow velocity is increased. This is

because of high concentration polarization on the membrane surface. From the study

conducted, it can be concluded that membrane type AFC 99 would give better

performance in term of rejection followed by AFC 40 and CA 202. The study of

heavy metals salt separation in membrane need to be explored in detail because the
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use of membrane is very effective in wastewater treatment plant. By revising the

result in above section, membrane method is very useful to understand and study the

behavior of liquid separation and performance of membrane types.

Few improvements are recommended for this project for better observation and

evaluations where further research should be carried out.

• Development of inherently fouling-resistant membranes by changing the

membrane surface absorption characteristics.

• By reducing adhesion of the deposited gel layer to the surface, the scrubbing

action of the feed solution can be enhanced

• To develop essentially more fouling-resistant modules
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APPENDIXA

Local Malaysian Standardfor Industrial Wastewater Discharge

L.j
jVme* Q

s'jrej Lniiitimi<-iT,

THIRD SCHEDULE

ENVIRONMENTAL QUALITY ACT 1974

ENVIRONMENTAL QUALITY *SEWAGE AND INDUSTRIAL EFFLUENTS)
REGULATIONS 1979

(REGULATIONS 6(1), 8(2),8(3)

PARAMETER LIMITS OF EFFLUENTS OF STANDARDS A AND B

Parameter Unil Standard

ft B

(ii Temperature *C 40 40

(ii> pH vaiie 6.0 - 9.0 5.5 - 9.0

W B3Dal20=C mg/ 20 SO

(ivj COD mg, 50 100

fvj Suspended Solids mg, S3 100

Jv») Mercury mg/ 0.005 0.05

fvnj Cadmium mg/ 0.01 0.02

fvm} Chromium, t-texavatent mg/ 0.05 G.05

fix.''

jxii)

f>r: ii/

Arsenic

Cyan icte

Lead

Chromium Invabrt

Copper

Wianganese

Nickel

mg/

mg,

mg,

mg:

mg,

mg/

mg/

0.05

0.05

0.10

0.20

0.20

0.20

0.20

0.10

0.10

0.5

1.0

1.0

1.0

1.0

Zinc limit

standard of

effluent in

inland water

/ /
fxvtj Tin mg/ 0.20 1.0

y| fxvri) Zinc mg. 2.0 2.0

fxviii) Baton mg, 1.0 4.0

[xui.) Iron fFeJ "V 1.0 5.0

fxxj Phenol mg/ 0.001 1.0

(XXiJ Free Ctibr ins mg,' 1.0 2.0

fXKtiJ Suptide mg/ 0.50 0.S3

(XKiilJ 3il and Grease mg, No) Detectable 10.0

fh| SCIA urte ftxfiosedai Raft PS?
^J ;rrPi DeveKfiniara:Be>(:aWawi&i

CK/LVi03-3KI,Qi r«-es Maageniai: Area KdaijaHa

mEun;OPPlaret tndus-,na\ TintPtatiatan
w\1aid Baisi Vvtunaswi 1C Ya/assn SzLar,
rimdGuting Raa Teres: tfciovta Tcw.au,
Satoft

.AmeA Q1.7 -1

49



Final Year Project II

APPENDIXB

PHYSICAL AND CHEMICAL PROPERTIES

Properties ZnCl2

Appearance:
Odor: Odorless

Molecular Weight: 136.28g/moe

Colour: White

Solubility: Easily soluble in cold water
Specific Gravity: 2.907 (water = 1)

pH: Not available

% Volatiles by volume @ 21C (70F): Not available

Boiling Point: 732°C (1349.6°F)
Melting Point: 290°C (554°F)
Vapor Density (Air=l): Not available

Vapor Pressure (mm Hg): Not available

Evaporation Rate (BuAc=l): Not available
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In Membrane Test Unit, below are the equipments consist in it. Two pumps are

providedwith the Membrane Test Unit:

Specification Lowara Centrifugal Pump
CAT Triple Plunger

Pump

Max flow rate (LPM) 80 13

Max head 22 -

Max working pressure

(bar)
8 7-5

Max liquid temperature

(°C)
110 71

Speed (RPM) 2800 1725

Power (HP) 0.5 3.0

TABLE C-2: Membrane Test Unit Pump Specification

A pressure regulator is installed to regulate the operating pressure of the feed

system.

Specifications:

Pressure regulated : 7-70 bar

Allowable flowrates : 3.8-38 L/min

1. Tanks and Heating System

The Membrane Test unit is supplied with a feed tank and a product tank, both

having maximum capacity of 15 L. The feed and the product tanks are made

of stainless steel for corrosion and chemical resistance. The retentate line is

equippedwith a unit of shell and tube heat exchanger.

2. Water Flow Meter

The Membrane Test unit is supplied with a CT Platon water flow meter.
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