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ABSTRACT

Carbon dioxide, heavy hydrocarbon, hydrogen sulfide, water vapor and toluene are the

common impurities found in raw natural gas that can bring detrimental effects on the

performanceof membrane. The heavy hydrocarbon contamination can cause the loss of

flux and membrane performance and thus it is imperative for pretreatment of the natural

gas feed stream to remove the contaminants. This project is to study the effect of heavy

hydrocarbon on the polyimide membrane performance in separating gas CO2 from

natural gas feed stream at designed operating parameters, i.e. feed pressure, temperature

and C02 concentration in feed. Liquid Pentane (C5H12) is used as a basis to simulate the

presence of heavy hydrocarbon in the experiments. Gas permeation experiments have

been conducted in laboratory to study the effect of pentane on Polyimide membrane

performance. It is proven that permeance of C02 and CH4will decrease with an increase

in operating pressure at feed side in both dry and wet condition. The CO2/CH4

selectivity increases with an increase in feed pressure. Higher operating temperatures

increased C02 and CH4 permeance but decreased CO2/CH4 selectivity of polyimide

membrane. An increasein CO2 concentrationin feed composition increasesthe losses of

hydrocarbon but reduced C02, CH4 permeance and C02/CH4 selectivity. The decrease of

membrane permeance and selectivity with an increase in C02 concentration in the feed

compositionis due to the plasticization and coupling effect. The pentane presence in the

feed gas caused swelling or plasticization of polyimide membrane and lead to the

reduction in membrane selectivity. It was concluded that the presence of pentane as

heavy hydrocarbon in natural gas stream contributed to the loss of membraneselectivity

and caused the separationperformance of the membranesystem become less efficient.
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CHAPTER 1

INTRODUCTION

1.1 RESEARCH BACKGROUND

Natural gas is a fuel that burns cleaner and more environmentally attractive than

other traditional fossil fuels as it emits lower quantities of greenhouse gases during

combustion. Raw natural gas contains typically 75% to 90% of methane from the total

composition and significant amounts of ethane, propane, butane, and 1% to 3% of other

higher hydrocarbons (Baker & Lokhandwala, 2008). In addition, the raw natural gas

contains undesirable impurities, such as water, carbon dioxide, nitrogen, and hydrogen

sulfide. The composition of Carbon dioxide, C02 found in the natural gas streams can

reach as high as 80% from the total composition. Carbon dioxide, a type of acid gases,

is highly corrosive when mixed with water and it will rapidly destroy pipelines and

equipment (Dortmundt &Doshi, 1999). In addition, carbon dioxide reduces the heating

value of natural gas and freezes at a relatively high temperature, forming blocks of dry

ice that can clog equipment lines and damage pumps (Bernardo, Drioli, & Golemme,

2009). Therefore, it is very important to control the composition of gas delivered to the

pipeline grids although the composition of raw gas varies widely (Baker &

Lokhandwala, 2008).

Carbon dioxide removal from natural gas, also known as natural gas sweetening,

is mandatory to meet pipeline specifications limit the C02 concentration to 2 mole

percent, the H2S concentration to 4 ppm and water vapour concentration to 0.1 g/m3

(Lee et al., 1995). There are many types of acid gas removal technologies are available

for natural gas sweetening in the market. Each process has its own advantages and



disadvantages. Acid gas removal technologies include absorptionprocesses, such as the

Benfield™ process (hot potassium carbonate solutions) and Amine Guard-FS™ process

(formulated solvents); cryogenic processes; adsorption processes, such as pressure

swing adsorption (PSA), thermal swing adsorption (TSA) and membranes processes

(Dortmundt & Doshi, 1999). Conventional natural gas processing has included

absorption type processes, using either chemical or physical type solvents (amines or

glycol-based systems) to remove CO2, H2S and H2O (Lee, et al., 1995). Cryogenic

distillation is essentially a fractional distillation of gaseous mixture by exploiting the

difference of relative volatilities of CO2 and CH4 (Rahman, Aizan, & Ismail, 2005).

Adsorption processes operate as an equilibrium or kinetic process depending on the

desire product and adsorbent (Y. Yampolskii, 2012).

Membrane gas separation is a pressure-driven process that consists of thin

barriers that allow selective permeation of certain gases. A synthetic membrane is a thin

barrier between two phases through which differential transport can occur under a

variety of driving forces including pressure, concentration and electrical potential across

the membranes (Koros, Ma, & Shimidzu, 1996). Membrane gas separation does not

require a phase change and presents significant advantages for remote application such

as offshore gas-processing platform (Bernardo, et al., 2009). With the flexible design,

the compactness and the efficiency of membrane units, membrane gas separation by

polymer membranes is a proven technology that is more attractive compared to

conventional gas separation methods like cryogenic distillation, absorption or adsorption.

(Staudt-Bickel & J Koros, 1999). Membrane plants are generally preferred when

processing small gas flows and able to treat high-concentration gas streams much more

efficiently than low concentration gas streams. Membrane plant is less complex than

amine (Baker & Lokhandwala, 2008). Membranes are predominately based on

polymeric materials (Wong & Bioletti, 2002). In an industrial process, the purification

of natural gas can be accomplished with membrane systems where it requires a

membrane with high selectivity for carbon dioxide to methane (White, Blinka,

Kloczewski, & Wang, 1995). Polyimides have been identified as materials with high

selectivity for C02/CH4 (White, et al., 1995).



1.2 PROBLEM STATEMENT

One of the most important emerging applications of membrane technology is the

usage of membrane systems in the natural gas sweetening processes. Membrane

technology for separating gases helps in reducing the environmental impact and costs of

industrial processes. Natural gas contains a wide variety of contaminants that can reduce

the membrane effectiveness and force premature replacement of the elements. The

membrane performance can be easily affected by the presence of heavy hydrocarbon

and impurities such as CO2. Membrane may undergo plasticization or swelling effects

when exposed to heavy hydrocarbons or CO2 with high partial pressure, even in low

concentration. Polymeric asymmetric membrane performance can be dramatically

reduced by the presence of heavy and condensable hydrocarbons in natural gas streams

(Vu, Koros, & Miller, 2003a). Therefore, it is very important to perform pretreatment of

the natural gas in feed stream to remove the contaminants such as CO2, liquids, heavy

hydrocarbons and particulate material. There are two situations where liquid

hydrocarbons can form within the membrane surface and cause loss of flux and

selectivity of membrane. The first one is Joule-Thomson effect results in the gas cools

down and the formation of heavy hydrocarbon within the membrane. The second case is

when the CO2 permeates and the gas becomes heavier in hydrocarbons and its dew point

therefore increases through the membrane (Paul, Lloyd, & Eldridge, 2004).

Generally, polymeric membranes cannot withstand high temperatures and

aggressive chemical environments. The presence of heavy hydrocarbon in feed gas

streams can bring detrimental effects to the membrane, particularly in polyimide flat

sheet membrane, when applied in petrochemical plants, refineries, off-shore gas

processing platform, and natural gas treatment plants. As a result, it is important to

evaluate separation performance of membrane material under adverse conditions. The

study of the effect of heavy hydrocarbon in natural gas sweetening processes is

important to evaluate the performance of membrane systems. The present research

works only demonstrated limited studies on this potential problem for the polyimide

membrane material. Due to the complexity ofheavy hydrocarbon and other impurities in

natural gas, the impact of these components on the membrane system has remained



poorly understood until today. Also, previous research works showed that it is difficult

to characterize the effects of heavy hydrocarbon and impurities experimentally. It is
often a challenge to truly simulate the real working environment of a membrane in the

laboratory due to the difficulties in identifying the environmental conditions and

constraints. Generally, the membrane device in the field has to be robust enough to
withstand deterioration due to the wet conditions found with natural gas streams.

In addition, the conventional membrane separation research works for the natural

gas sweetening are mainly focused on low feed C02 composition and low feed pressure.

There are scarce works on the performance ofmembrane materials in high concentration
ofcarbon dioxide and high pressure operating conditions. It is important to study the
maximum limit pressure and feed C02 composition for the membrane elements to

achieve a cheaper and more effective membrane system. Experimental works in

laboratory that simulates field conditions assist in the study of limitations to the polymer
and membrane in natural gas sweetening process. Therefore, it is imperative to conduct

researches on adverse conditions, particularly on high C02 composition in feed stream

and high feed pressure, and to study the polymeric membrane performance.

There is a significant interest in research ofthe effects ofheavy hydrocarbons on

the membrane performance since these components contribute to loss in permeability
and selectivity. Also, it is important to evaluate separation performance of polyimide
membrane material in natural gas sweetening under adverse conditions for membrane

development in the future.



1.3 OBJECTIVE AND SCOPE OF STUDY

1.3.1 Objective

The main objective of this work is to study the effect of heavy hydrocarbon on the

polyimide membrane performance in removing gas CO2 from natural gas feed stream at

designed operating parameters, i.e. feed pressure, operating temperature and CO2

concentration in feed. Liquid Pentane, CsHi2, is usedas a basis to simulate the presence

of heavyhydrocarbonin the experiments.

1.3.2 Scope ofWorks

In order to achieve the objective stated above, the following scope of works has to be

conducted:

> To perform preliminary literature research on the commercial membrane,

particularlyon polyimidemembrane.

> To conduct parametric studies for polyimide membrane separation under

different operating parameters and conditions in experimental lab for two

consecutive semesters. Feed pressure, operating temperature and feed

composition (%C02 concentration) are the important parameters to be studied in

the project.

> To compare the performance of the polyimide membrane in separating CO2 from

natural gas in two different conditions, namely Dry Condition (Without the

presence of Pentane as hydrocarbon impurities) and Wet Conditions (with

Pentane).

> To discuss and analyze the possible effect of heavy hydrocarbon on the

performance ofpolyimide membrane.



CHAPTER 2

LITERATURE REVIEW

2.1 MEMBRANE TECHNOLOGY

Membranes which are thin semipermeable barriers between feed and permeate

gas streams have been used to selectively separate some compounds from others

(Dortmundt & Doshi, 1999). The widest application for gas separation membranes is the

removal of acidic gases, CO2 and H2S from raw natural gas. For natural gas sweetening,

CO2 is collected in the low pressure permeate stream whereas CH4 is enriched in the

high pressure retentate stream. The advantages of membranes are cost effectiveness, low

capital investment, ease of operation, low energy consumption, space efficiency, good

weight and suitable to be used in remote locations, particularly offshore gas processing

platform (Dortmundt & Doshi, 1999).

CO -rich gases

Figure 2.1: Membrane unit for natural gas sweetening. Adapted from (Schmeling,
Konietzny, Sieffert, Rolling, & Staudt, 2010)



2.2 MEMBRANE PERMEATION

In petrochemical processing polymer membranes are used commercially to

separate air, to remove carbon dioxide from natural gas and to remove hydrogen from

mixtures with nitrogen or hydrocarbons. The fundamental parameters characterizing

membrane separation performance are the permeability coefficient, Pa, and the

selectivity,^^. Inone-dimensional diffusion through a flat membrane, the local flux, N

of a penetrant can be described by Fick's law as shown in the following equation:

N = -D
dC

dx 0)

where the diffusion coefficient, D, may be a function of local concentration, C

(Fick, 1995).

The permeability coefficient, P is generally defined as the flux, N normalized by

pressure and membrane thickness.

N
P =

(Pz - Pi)/* P)

Thereby, p2and Pi^re upstream and downstream pressures of the penetrants and

/ is the membrane thickness. Permeation is a solution-diffusion process. Permeability is

the rate at which any compound permeates through a membrane; it depends upon a

thermodynamic factor and kinetic factor (Bernardo, et al., 2009). Therefore, the

permeability coefficient can be expressed as a product of an average diffusion

coefficient, D and a solubility coefficient, S (Koros, Flemming, Jordan, Kim, & Hoehn,

1988).

P = S.D (3)

The solubility coefficient is determined by the condensability of the penetrants,

by the polymer-penetrant interactions and by the amount of excess volume existing in

the glassy polymer. The diffusion coefficient, D, is a measure of mobility of the

penetrants between the upstream and downstream conditions of the membrane (Staudt-

Bickel& J Koros, 1999).

7



The permselectivity of a membrane for gas separations is characterized by a

separation factor, <x.AfB defined in terms of the downstream (y) and upstream (x) mole

fractions of two components A and B is given in the following equation:

K..„=me«

In cases where the downstream pressure isnegligible, the separation factor oc^ is equal

to the ratio of permeabilities of the two gases A and B under mixed gas feed conditions

as show in the following equation:

The ideal separation factor, oc^B is a measure of the intrinsic permselectivity of

a membrane material for mixtures of A and B.

The ideal separation factor can be split into two parts:

n c

where — is the diffusivityselectivityand — is the solubilityselectivity.
Db Sb

Membranes used for CO2 removal operate on the principle of solution-diffusion

through a nonporous membrane. Gas separation membrane processes are mostly based

on the sorption of the permeant into the membrane, permeation by diffusion through the

membrane, desorption at the low pressure side of the membrane (Bernardo, et al, 2009).

Polymeric membranes are further classified as glassy or rubbery dependent on

the value of their glass transition temperature relative to ambient (Scholes, Stevens, &

Kentish). Glassy polymers (mainly cellulose acetate and polyimides) dominate

industrial carbon dioxide separation applications such as the separation of carbon

dioxide from methane, carbon monoxide, nitrogen or other hydrocarbons (Morisato &

Pinnau, 1996). Glassy polymeric membranes are based on diffusivity selectivity

(Scholes, et al.). The gas CO2 first dissolves into the membrane and then diffuses

through it. The membrane separates based on how well different compounds dissolve



into the membrane and then diffuse through it. Fast gases are gases that permeate

quickly such as carbon dioxide, hydrogen, helium, hydrogen sulfide and water vapor.

Slow gases are the gases that permeate less quickly, for example, carbon monoxide,

nitrogen, methane, ethane and other hydrocarbons. The membranes allow selective

removal of fast gases from slowgases (Dortmundt & Doshi, 1999).

LowPermeability High Permeability
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Figure 2.2: Glassy polymersseparategases principallyby size.

Adapted from Baker & Lokhandwala (2008).

Rubbery polymeric membranes are the focus due to their ability to separate

based on gas condensability. Heavy hydrocarbons are able to permeate at a greater flux

than methane (Scholes, et al.). Rubbery polymers have attracted greater interest for the

separation of carbon dioxide from hydrogen due to higher flux rates andhighselectivity.
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Figure 2.3: Rubbery polymers separate gases principally by condensability.

Adapted from Baker & Lokhandwala (2008).

Rubbery and glassy polymers can also separate carbon dioxide and hydrogen

sulfide from natural gas. However, in practice, C02 is best separated by glassy polymer

membranes that maximizing size selectivity whereas H2S is best separated by rubbery

polymer membranes that maximizing sorption selectivity (Baker& Lokhandwala, 2008).



Despite of the large number of polymeric materials investigated and developed

for gas separation applications, the number of polymers used in commercial system is

still limited. The main rubbery and glassy polymers employed for gas separation

membranes are listed in Table 2.1 (Bernardo, et al., 2009).

Table 2.1: Most Important Glassy and Rubbery Polymers Used in Industrial Membrane

Gas Separation. Adapted from Bernardo, et al. (2009).

Rubbery Polymer Glassy Polymers

Poly(dimethlsiloxane) Cellulose acetate

Ethylene oxide/propylene oxide - amide Polyperfluorodioxoles

Copolymers Polycarbonates

Polyimides

Poly(phenylene oxide)

Polysulfone

2.3 POLYIMIDES

Polyimides are rigid, high-melting point, and thermally stable polymers obtained

by polycondensation reactions of dianhydrides with diamines (Bernardo, et al, 2009).

Polyimides are a class of polymer that display high permeabilityfor carbon dioxide and

good selectivity again methane. They are easy to prepare as asymmetric membranes

while demonstrating good thermal and chemical stability and they are viewed as an

alternative to cellulose acetate (Tanaka, Taguchi, Hao, Kita, & Okamoto, 1996).

Polyimides exhibit an exceptional combination of thermal stability (>500 °C),

mechanical toughness and chemical resistance (Rahman, et al., 2005). In addition to

high selectivities, polyimide possess high glass transition temperatures, (Tg> 200°C). A

polyimide that is available in the market is Matrimid® 5218. Its permeation properties,

combined with its process ability make it an attractive candidate for gas separation

application. Furthermore, its mechamcal strength and high glass transition temperature,

better suit it for more rigorous working environments than other non-cellulosics such as

polysulfone (Al-Juaied & Koros, 2006).

10



2.4 MEMBRANE STRUCTURE

For industrial applications, polymeric membranes can be classified broadly into

three classes based on flux density and selectivity: porous, non-porous and asymmetric

(Pandey & Chauhan, 2001). According to Pandey & Chauhan (2001), a porous

membrane is a rigid, highly voided structure with randomly distributed inter-connected

pores whereas non-porous or dense membranes provide high selectivity or separationof

gases from their mixtures but the rate of transport of the gases are usually slow.

Asymmetric membranes consist of two structurally distinct layers, one of which

is an extremely thin nonporous layer mounted on a much thicker and highly porous

layer of the same material as shown in Figure 2.4. The nonporous layer is highly

selective and thin whereas the porous layer provides mechanical support and allows the

free flow of compounds that permeate through the nonporous layer. The drawback for

asymmetric membranes are they are costly to make out of exotic, highly customized

polymers, which often can be produced only in small amounts (Dortmundt & Doshi,

1999).
.,: T ,» - -J r . •• '

Figure 2.4: Asymmetric membrane structure.

Adapted from Dortmundt & Doshi (1999).

11



2.5 MEMBRANE ELEMENTS

There are three main types of membranes commercially available for CO2

removal: cellulose acetate, polyimides and perfluoropolymers (Sridhar, Smitha, &

Aminabhavi, 2007). In addition to their gas permeation properties, these polymers are

all easy to process through to membrane modules, are mechanically strong and have

thermal and chemical resistance to ensure long term viability (Sridhar, et al., 2007). The

first membrane systems to separate carbon dioxide from natural gas were introduced by

Grace Membrane Systems, Separex, and Cynara. These companies used anisotropic

cellulose acetate membrane that was produced using the Loeb-Sourirajan technique

(Kohl & Nielsen, 1997).

Cellulose acetate membranes are still widely used. In the last 10 years, they have

begun to be challenged by newer membranes, such as the polyimide membranes (made

by Medal a division of Air Liquide) (Simmons, Kulkarni, & Ekiner, 2006) and

perfluoropolymer membranes (made by ABB/MTR) (Y. P. Yampolskii, Pinnau, &

Freeman, 2006).

Figure 2.5: Cellulose Acetate Figure 2.6: Polyimides Figure 2.7: Perfluoropolymers

Good membrane module designs consist of the following attributes: high

packing density, cost-effective manufacturing, low pressure drops on feed and permeate

sides, minimal concentration polarization and have good flow pattern and flow

distribution (Rahman, et al., 2005). There are six type of membrane module available

and used today on a large industrial scale such as plate and frame module, spiral wound

module, capillary membrane module, hollow fiber module and tubular membrane

module (Paul, et al., 2004). Gas separation membranes are manufactured in one of two

forms: flat sheet or hollow fiber (Dortmundt & Doshi, 1999).

12



Membranes for gas separation are usually formed as hollow fibers arranged in

the tube-and-shell configuration and the flat sheets are typically packaged as spiral-

wound modules (Wong & Bioletti, 2002). Two flat sheets of membrane with a permeate

spacer in between are glued along three of their sides to form an envelope that is open at

one end in the spiral wound module arrangement (Dortmundt & Doshi, 1999).

Feed solution

Permeate
out

Permeate collection holes

Peed flow across
feed channel spacer

Permeate
collection material

Membrane Feed
channel spacer

Concentrate

Permeate
out

Permeate
flow

after oassage through
membrane into pre meats

collision material)

Netouterwrap(Sanitary)

Figure 2.8: Spiral wound membrane element. Adapted from Paul, et al. (2004).

Most of the gas separation membranes today are formed into hollow-fiber

modules, with perhaps fewer than 20% being formed into spiral-wound modules (Baker,

2002). In hollow-fiber elements, very fine hollow fibers are wrapped around a central

tube in a highly dense pattern. Feed gas flows over and between the fibers and some

components permeate into them. The permeated gas travels within the fibers until it

reaches the permeate pot and exits the element through a permeate pipe (Dortmundt &

Doshi, 1999).

Low C02
Product

fet

Hn"% Feed
High CO, NG

IfjjB > Membrane

K" Wa

J

Figure 2.9: Hollow-fiber

membrane element. Adapted

jSLJA from Dortmundt & Doshi

»
(1999).

Permeate
CO, Rich Gas
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2.6 EFFECT OF IMPURITIES ON THE MEMBRANES PERFORMANCE

The presence ofheavy hydrocarbons in the natural gas feed streams can lead to a

great impact to the membrane systems. The membrane systems may loss in performance

or failure due to the present of very heavy hydrocarbons in the natural gas streams. Loss

of flux and/or selectivity due to heavy hydrocarbon exposure can be detrimental to

membrane performancein the field. Therefore, it is very important to carefully consider

the required pretreatment requirements for membrane systems. Previous work on

membrane formation has led to successful formation and modeling of reliable

membrane structures for CO2 removal from natural gas feeds (Clausi & Koros, 2000).

According to Staudt-Bickel and J. Koros (1999), the gaseous feed stream can be

composed of over 50% CO2 at elevated temperature and up to a feed pressure of 60 atm

in extreme cases. The CO2 present in the feed stream can result in the swelling and

plasticization of most membrane materials under extreme operation conditions. In

enhanced oil recovery applications (EOR), fractured wells and in landfill gas recovery

processes are some of the interest areas of CO2/CH4 separation with the use of

polymeric membrane. The membranes are exposed to high CO2 concentrations in the

feed stream in some ofthese applications (Staudt-Bickel & J Koros, 1999).

There have been limited studies on evaluating the performance of polymeric

membrane and hollow fibers due to the effects ofheavy hydrocarbon vapor impurities in

natural gas feed streams. Most of the research works have shown that the presence of

heavy hydrocarbon vapor impurities contributed to detrimental effect on the polymeric

membranes performance (Vu, et al., 2003a). Cellulose acetate membranes tend to show

relatively low intrinsic CO2/CH4 selectivity, with no loss in flux or CO2/CH4 selectivity

for contaminants such as benzene, toluene and xylene in natural gas streams (Schell et

al., 1989). Polyimides have been identified as materials with high selectivities for

CO2/CH4 (Tanaka, et al., 1996). For glassy polymeric membranes, particularly

polyimide, with intrinsically high selectivity, one study cites harsh performance decline

in the range of 50% reduction in CO2/CH4 selectivity accompanied with plasticization

due to saturated concentrations of toluene or hexane in mixed gas feeds of CO2/CH4
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(White, et al., 1995). Similar research has been done with 100 ppm and 300 ppm of
toluene and n-heptane in 10% CO2/90% CH4 gas feeds showed similar selectivity losses
(about 30-50%) for asymmetric polyimide hollow fibers membrane module (Djoekita,
2000). In addition to selectivity losses, reductions in flux (30 - 60%) were also observed
and were attributed to competition effects and possible compaction of the transition
layer in the asymmetric hollow fiber structure (Djoekita, 2000). High selectivity
polyimide membrane materials may be susceptible to heavy hydrocarbon exposure
because of their greater reliance on diffusivity selectivity (White, et al., 1995).
Therefore, disruption of polymer chain mobility possibly caused by condensable
penetrants can play a more detrimental role in diffusivity-selectivity polymers. As a
result, heavy and condensable hydrocarbons have been suspected of causing membrane
performance declines in the fields. Mixed matrix membranes, a new class of hybrid
membrane materials, have attractive C02/CH4 separation properties comprising highly
selective carbon molecular sieve (CMS) particles dispersed within glassy polymer
matrices (Vu, Koros, & Miller, 2003b)

For glassy polymeric membranes, the effect ofheavy hydrocarbons or impurities
in pure carbon molecular sieve (CMS) membranes is an important concern. Toluene and
n-heptane were separately used as representative aromatic and paraffinic impurities,
respectively, in 10% CO2/90% CH* gas feeds streams containing up to 300 ppm of these
impurities at shell-side feed pressures of up to 900 psia and temperatures of 35 and
50 °C (Vu, et al, 2003a). In this work, Vu et al. show that the CMS membranes

maintained C02/CH4 selectivity with only 7-20% reduction in C02 permeance during
exposure to gas feeds containing these impurities, in comparison to natural gas feeds
without these impurities. The results demonstrated that the impurity penetrants are only
effective in entering and blocking non-selective micropores and are not able to enter the
smaller and selective ultra-micropores.
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2.7 MEMBRANE POTENTIAL DETERIORATION FACTORS

The difference between the membrane permeability and selectivity under the

influence of heavy hydrocarbon can be caused by the following possible non-ideal

effects: (i) competition (ii) plasticization (iii) compaction (iv) conditioning and (v)

concentration polarization. (Al-Juaied & Koros, 2006; Paul, et al., 2004).

(i) Competition Effect

The presence of a penetrant that inhibits the transport of the other components

contributed to this effect. According to Chern et al, the competition effect should be

most apparent for highly condensable feed components, like toluene as suggested by the

dual mode sorption theory. If this effect is present and depresses the CO2/CH4

selectivity, the selectivity should return to the original value upon removal of the

preferentially sorbing penetrant. During exposure to such "C" components, sorption and

transport (permeation) pathways are precluded to A and B, thereby reducing their

ternary gas permeation in comparison to binary feeds.

exposure

^ V *•* ,F

'After Exposure'
A B

Figure 2.10: Depiction of competition effect caused by a third component, C, in a

membrane system. Adapted from Al-Juaied & Koros (2006).
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(ii) Plasticization

This effect happens when the presence of a given component in a polymermatrixcauses

the diffusion, and hence permeation of other components to increase compared to the

case without that component present due to a swelling-induced facilitation of a local

segmental motion. C02 or toluene, a strongly sorbing component, can cause

plasticization even in the absence of other penetrants (Al-Juaied & Koros, 2006). The

most important plasticizing component in natural gas is carbon dioxide. Membrane

materials absorb 30-50 cm3(STP) ofC02/(cm3 polymer) at the high pressure ofnatural

gas operations, and this is equivalent to 5-10 wt% of C02 in the polymer and thus, the

membranematerials become plasticized (Baker & Lokhandwala, 2008). Plasticizationis

apparent as non-constant, upwardly inflecting permeability or permeance as a function

of C02or toluene feed pressure (Jordan, Fleming, & Koros, 1990).

(iii) Compaction Effect

Plasticized glassy structures exposed to high trans membrane pressure can have reduced

moduli and undergo significant rearrangements of the super-molecular morphology

leading to a denser microstructure (Djoekita, 2000). The compaction can lead to subtle

densification of the finely porous transition region between the more or less dense skin

region and the highly porous support layer in an asymmetric hollow-fiber membrane.

This results in added mass transfer resistance to the membrane. Such a change tends to

reduce permeance and selectivity of all components. Hence, the effect of compaction

will be a decrease in the flux and decrease in the selectivity (Paul, et al., 2004).

* Skin (SekcliveLayer)

¥ Transition Layer

Porous Support

'Before Exposure" 'During Exposure" "After Exposure"

** ni •••••*•••••• ii^ •• • •*•• •

f.f.a.....K.....n.... JK.,

Figure 2.11: Depiction ofCompaction Effect. Adapted from Al-Juaied & Koros (2006).
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(iv) Swelling Induced Conditioning Effect

The exposure to a highlysorbing gas like CO2 at highpressures will cause an increase in

sorption and dilation levels as compared to levels in an as-received or unconditioned

sample (Jordan, et al., 1990). This phenomena has been explained in part by attributing

the increase in subsequent sorption and dilation levels to an increased number of subtle

packing disruptions in the non-equilibrium polymermatrix, which makes it energetically

easier for penetrant molecules to be sorbed and to diffuse (Al-Juaied & Koros, 2006).

The swelling induced conditioning effect (SICE) is more pronounced if the secondary

penetrant is introducedwhile the sample is still exposedto the conditioning agent. Upon

exposing a glassy sample to a highly sorbingpenetrant at a pre-determined pressure and

then evacuating completely before exposure to the second penetrant, less dramatic

effects are apparent. Toluene, an aromatic substance, is suspected to act as potent SICE

agents due to its high condensability (Paul, et al., 2004).

v) Concentration Polarization

The feed mixture components permeate the membrane at different rate in membrane

separation processes and cause a gradual build-up in the concentration of non-

permeating or slowly permeating components in the feed. A layer is formed near the

surface of the membrane, whereby the solution immediately adjacent to the membrane

surface becomes depleted in the permeating solute on the feed side of the membrane,

and its concentration is lower than that in the bulk fluid. The concentration of the non-

permeating component increases at the membrane surface. Concentration polarization is

the polarization component that is caused by the concentration changes in the

environment adjacent to the membrane surface, it serves to reduce the permeating

components' concentration difference across the membrane and thus reduce flux and

selectivity. Concentration polarization can be minimized by increasing turbulent mixing

at membrane surface to reduce the film thickness (Wind, Paul, & Koros, 2004).

18



CHAPTER 3

METHODOLOGY

3.1 RESEARCH METHODOLOGY

In this project, polyimide membrane is used to study the effect of heavy
hydrocarbon on the membrane performance in removing gas carbon dioxide from
natural gas under different operating parameters. The performance of a membrane is

characterized by the selectivity and permeance for asymmetric membrane. The

permeance, P/t, is the pressure normalized flux and is the preferred productivity
measure for asymmetric membranes where the actual thickness of the selective skin

layer is not clearly measurable. Using these parameters, the performance of the
membrane can be examined based on determination of C02/CH4 selectivity and
permeance. The experiments were completed by evaluating the performance of

membrane in two different conditions: the first is the feed gas stream without any
hydrocarbon, namely Dry Condition and the second is the feed gas stream with heavy
hydrocarbon (pentane) as Wet Condition.

The investigated operating parameters for the performance ofmembranes system
are as follow:

> Feed Pressure = 10, 20, 40 and 50 bar

> Operating Temperature - 30, 40and 50 °C

> Concentration ofC02 infeed gas =25,40, 55 and 70 %ofC02
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Prior to the experiments, the flat sheet polyimide membrane is cut into a round

shape by using a sharp razor blade and put into a membrane test cell holder. For the

permeation tests, the manipulated variables of the experiments are feed pressure,

temperature and carbon dioxide concentration in natural gas feed stream. Pentane is

used to simulate the presence ofheavy hydrocarbon innatural gas stream. The total feed

stream flow rate is 50 SLPM (Standard Liter per Minute). The first set of experiment

was started with 25% C02/75% CH4 feed stream without any hydrocarbon at 30 °C and

10 bar. The same experiments were repeated in dry condition vary according to the
specified feed pressure, temperature and C02 concentration in feed stream. A total of 48

set of experiments with different combination of feed pressure, temperature and CO2

concentration in feed stream were completed to evaluate the performance of polyimide

membrane in dry condition. Similarly, for wet condition, the experiments were repeated

with different combination of feed pressure, temperature and C02 concentration in feed

streamin the presenceof heavy hydrocarbon.

In order to study the effect of heavy hydrocarbon in the feed stream, the

selectivity and permeance of the membrane from the same module are compared.
Subsequently, the effect of pentane on C02 permeance, CH4 permeance and C02/CH4

selectivity were studied. Testing with the same module minimizes the processing
variability that could occur between modules and to avoid any hysteresis effect on the

membrane performance.

Figure 3.1: Polyimide membrane is
cut using sharp razor blade
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with polyimide membrane



3.2 PROJECT ACTIVITIES
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Figure 3.4: Flow Chart of final year project activities.
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3.2.1 Material

The polyimidemembrane used in this experimental works is Matrimid® 5218, a

commercially available polyimide made from the monomers 3,3',4,4'-benzophenone

tetracarboxylic dianhydride and diaminophenylindane (Vu, et al., 2003a). The chemical

structure and physical properties of the Matrimid® 5218 membrane was shown in Table

3.1. Matrimid® 5218 membrane possess high glass transition temperatures, Tg=302°C

and density 1.24 g/cm3. The Matrimid® 5218 membrane used in this study was

purchased from Alpha Membrane Hi-Tech Pte. Ltd., Singapore.

Table 3.1: Chemical structureand physical propertiesof Matrimid® 5218.

Adapted from White et al., (1995).

Polymer

Matrimid®

5218

Chemical Structure

H.C CH,

Density Tg
(g/cm3) (°C)

1.24 302

The properties of the polyimide membrane used in the experiments are

summarized in the table below:

Table 3.2: Polyimide Membrane Specification

Membrane Type Polyimide Flat Sheet Membrane

Membrane Configuration Asymmetric Membrane

Membrane Diameter 4.35 cm

Membrane Area 14.86 m2

Membrane Thickness 200 micrometer

Condition Dry State

Supplier Alpha Membrane Hi-Tech Pte. Ltd., Singapore
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3.2.2 Gas Permeation Experiments

Experimental laboratory works were conducted to evaluate the performance of the

membrane in separating carbondioxide from natural gas. The equipment set used for the

experiment is Carbon Dioxide Separation Membrane Unit (C02SMU). Polyimide

membrane in flat module is inserted into a membrane test cell where natural gas and gas

carbon dioxidewill pass through it for the permeation tests. Carbon Dioxide Separation

Membrane Unit (C02SMU) consists ofdifferent unit operations as follows:

i. Gas Feeding System (Automatic mass flow controller)

ii. Heating System (Oven)

iii. Compression System (Compressor)

iv. Back Pressure Regulator, Pressure Gauges and Transmitters System

v. Saturation System (Saturation Vessel)

vi. Separation System (Membrane Test Cell, Mixed Gas Flow Meter, Infrared (IR)

Gas Analyzer)

vii. Post Treatment System (Toxicap Fume Hood)

Figure 3.5: Carbon Dioxide Separation Membrane Unit (C02SMU) at BlockN, UTP
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3.2.3 Experimental Setup of Carbon Dioxide Separation Membrane Unit

The experimental set-up for the full-scale module of Carbon Dioxide Separation

Membrane Unit (C02SMU) is illustrated in Figure 3.6.

Thermal Moss

Flow

Controller

GoriofisFlaMr

Meter

FeedVessel rpi-j
Permeate Stream

Compressor

Auto Back

Haemie

Stream

Figure 3.6: Flow Diagram of Experimental Setup for Carbon Dioxide Separation

Membrane Unit (C02SMU)

C02SMU is equipped with a heating system or an oven (represented by the red

boxes in Figure 3.6) where all the major equipment and process piping are stored in the

oven. The gas feeding line and the membrane module were leak tested using nitrogen

prior to the gas separation experiments. The gas feeding line consists of Natural Gas

(NG), Methane (CH4), Carbon Dioxide (C02), Nitrogen (N2), and an additional point for

other gases. Gas feeding system in C02SMU consists of automatic mass flow

controller serves as mass air flow sensor, controller and flow meter. The digital mass

flow controller can be used to adjust and measure the flow rate of the gases before

sending to feed vessel. The feed gases from gas tanks were admitted to feed vessel and

static mixer to mix multiple gas streams homogeneously before entering gas

compressor or saturation vessel. The feed pressurewas automatically set with a pressure

controller (use either Equilibar or Bronkhorst) in this experiment.
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For experiments in dry condition (without heavy hydrocarbon), the feed gases

bypass the saturation vessel. C02SMU is a one-stage flow scheme where a feed gas is

separated into a permeate stream rich in CO2 and a retentate stream rich in methane.

Polyimide membrane is placed in a membrane test cell which contains milipore

pressure filter holder (XX45 047 00). It is equipped with a pressure relief valve. The

feed and residue flow rates were measured with mixed gas flow meter (Coriolis Digital

Flow Controller) and the permeate flow rate was measured with a Rotameter. The

membrane module was flushed with pure nitrogen after each experiment to avoid the

accumulation of any remaining hydrocarbon on membrane test cell.

For temperature control, the entire set-up of COSMU (except compressor, gas

analyzer, gas feeding and gas storage system) are stored in the oven. The temperature

inside the oven can be controlled from ambient temperature to 100 °C. The temperatures

and pressures of all the gas streams (namely, feed, permeate and retentate) were

monitored by thermocouples and pressure transducers, respectively. The measured gas

flow rate, temperature and pressure were all logged onto a computer using data logger.

All experimental data were continuously monitored. The gas composition was analyzed

by an Infra-red (IR) Gas Analyzer that was equipped with a thermal conductivity

detector. At least three samples were collected and analyzed to determine the gas

composition and the concentrations were measured in terms of mol% or vol%. The

C02SMU is equipped with a Toxicap Fume Hood as a post treatment system to filter

the impurities prior to vent the gases to atmosphere.
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3.2.4 Experiment Procedures

The start-up procedures of the experiment are as the following:

1. The main breaker/isolator (MEM/EATON) in the main panel board is switched

on.

2. The MCB breakers in control panel board are switched on.

i) ControlPanel 1: On switches for Compressor 1 and Compressor 2. All

MCB breakers are switched on except MCB 3.

ii) Control Panel 2: All MCB breakers are switched on except MCB 1.

3. Analyzer switch, Hot Box switch and computer are switched on.

4. The valves of the three gas tubes for Natural gas, carbon dioxide and nitrogen

tanks are opened.

5. The heater regulator for carbon dioxide is switched on.

6. The value of the mass flow controller (SIERRA digital mass flow controller) is

set based on the desired value in standard liter per minute (SLPM).

7. The valves for gas inlet of CO2 and CH4 and the outlet valve of mass flow

controller are opened.

8. The heater regulator for CH4 and CO2 are set to 7 bars and lOOpsi, respectively.

9. The temperature of the oven is set from the control panel.

10. Polyimide membrane is prepared with diameter of 4.5 cm and put in the

membrane test cell.

11. For experiments in dry conditions (without heavy hydrocarbon), the system will

bypass the saturation vessel. Saturation vessel is only used for experiments in

wet conditions (with heavy hydrocarbon) to saturate mixed gases with heavy

hydrocarbon (pentane as a basis).

12. The valve of equilibar is opened, the valve of Bronkhorst and by-pass valve of

Flow Meter 2, FM 02 are closed.

13. The valve of membrane test cell is opened to allow the mixed gases pass through

the membrane. The total feed flow rate ofmixed gases is set at 50 SLPM.
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14. The mixture of methane and carbon dioxide gases pass through the membrane

test cell. The feed and residue flow rates were measured with mixed gas flow

meter (Coriolis Digital Flow Controller) and the permeate flow rate was

measured with a Rotameter.

15. The temperatures and pressures of feed, permeate and retentate streams were

monitored by thermocouples and pressure transducers, respectively and the raw

data were all logged onto a computerusing data logger.

16. The gas composition was analyzed by an Infra-red (IR) Gas Analyzer that was

equipped with a thermal conductivity detector.

17. The same experiments are repeated for pressure of 10 bar, 20 bar, 40 bar and 50

bar while the temperature maintain at 30 °C with 25 % concentration of carbon

dioxide in feed gas.

18.The same experiments are repeated for the following operatingconditions:

a. Feed Pressure = 10, 20, 40 and 50 bar

b. Operating Temperature = 30, 40 and 50 °C

c. Concentration ofcarbon dioxide in feed gas = 25, 40, 55 and 70 %

19. In dry condition, 48 set of experiments with different combination of feed

pressure, temperature and C02 concentration in feed stream were completed to

evaluate the performance ofpolyimide membrane.

20. Procedures 1 to 18 are repeated to evaluate the performance of polyimide

membrane with the presence of hydrocarbon (in wet condition). Liquid Pentane

will be filled into saturation vessel to allow the mixed gases in feed stream

saturated with heavy hydrocarbonbefore sending to membrane test cell.
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3.3 TOOLS AND EQUIPMENT

Table 3.3: Equipment or tools of Carbon Dioxide Separation Membrane Unit

No. Equipment / tools

1 Feed Gas Unit

Descriptions

Gas Feeding line consists of Methane (CH4), Carbon
Dioxide (C02),Nitrogen (N2), Natural Gas (NG), and
an additional point for other gases.
Gas CH4 Tank = 1 x 50L

Gas C02 Tanks = 3 x 25kg
Gas N2 Tank = 1 x 50L

Gas NG Tanks = 3x50L

Pressure To regulate the outletpressure from gas tank before
RegulatingSystem reachingthe mass flow controller.

Inlet Pressure = Max. 200 barg.
Outlet Pressure = 10 - 80 barg.

3 Automatic Mass

Flow Controller

(SIERRA)

4 Feed Vessel

5 Static Mixer

6 Gas Compressor

7 Mixed Gas Flow

Meter

To measure the mass ofgas volume in the range of 10
to 100 SLPM under standardconditionsof pressure
and temperature.

To mix multiple gas streams before feed into the static

mixer. Maximumoperating pressure = 80 bar.

To mix multiple gas streamshomogeneouslybefore
entering gas compressor or saturation vessel or

membrane test cell.

Maximum operating pressure - 80 bar.

To increase the pressure ofmixed gas stream and to
ensure smooth and continuous flow of outlet gas.
Range of flow rate =10-100 SLPM

Maximum operating pressure = 80 bar.

Maximum C02 concentration = 70 %.

Coriolis type flow meter is used to measure and

indicate the flowrate of the mixedgas before entering
and after pass through the membrane test cell.
Range of flow rate = 10-100 SLPM
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No. Equipment / tools

8 Saturation Vessel

9 Membrane Test

Cell

10 BackPressure

Regulator (BPR)

11 Steam Trap

12 Infrared (IR) Gas

Analyzer

13 Oven

14 Toxicap Fume
Hood

15 Control Panel

Descriptions

To saturate mixed gases with heavy hydrocarbon
(pentane as a basis) or water. It is equipped with heated
which is able to heat the process fluid up to 100 °C.

Maximum operating pressure = 80 bar.

To place the membranein the milipore pressure filter
holder (XX45 047 00). It is equipped with pressure
relief valve.

Maximum operating pressure = 80 bar.
Maximum operating temperature = 70 °C.

To maintain the pressure within the system at a
particular set point.

Two BPR: Automatic BPR and Manual BPR.

Maximum operating pressure = 80 bar.
Maximum operating temperature = 70 °C.

To collect any gases/liquid carries over from the
membrane test cell.

To measure concentration of CO2 and CH4.

Detectionrange: C02: 0-100 %, CH4:0-100 % and C02
- CH4 mixture at any combination between 0-100 %.

To control the temperature in the system which
accommodates all the process piping and major
equipment except compressor, IR gas analyzer, gas
feeding line and gas storage system.

Consists of two levels ofmolecular filters to separate

the impurities before release the gas to the atmosphere.
It equippedwith fan failure alarm system in case of
ventilation failure.

To display and control the measurement of
instruments: pressure, temperature, flow rate or
concentration.
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3.4 GANTT CHARTS AND KEY MILESTONE

Table 3.4: Project Activities and Planning for FYP I January 2012 semester

NO

———-_______^ Week
Details —-——________^

1 2 3 4 5 6 7

u

tt
u

a

E
u

5fl

8 9 1

0

1

1

1

2

1

3

1

4

1 Selection of Project Topic

2 Preliminary Research Work

3 Submission of Extended Proposal Defense
4 Proposal Defense •

5 Project Work Continues

6 Prepare Interim Draft Report

7 Submission ofInterim Report

Table 3.5: Project Activities and Planning for FYP II May 2012 semester

NO
"""—' —~~-_ Week

Details —______^
1 2 3 4 5 6 7 8 9 1

0

1

1

1

2

1

3

1

4

1 Project Work Continues

2 Submission ofProgress Report
V

3 Project Work Continues

4 Pre-EDX 4

5 Submission of Draft Report 4)

6 Submission of Dissertation (Soft bound) •

7 Submission of Technical Paper 2

8 Oral Presentation

9 Submission of Project Dissertation

Planned Activities of FYP Completed Activities of FYP Key Milestone
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 DATA GATHERING

In this report, polyimide flat sheet membrane was used in the experiments to

study the effect of pentane on the membrane performance. For the gas permeation tests,

the manipulated variables of the experiments are feed pressure, temperature and carbon

dioxide concentration in natural gas feed stream. Since heavy hydrocarbons and

aromatics compound can bring significant effect to the performance of polyimide

membrane, pentane is used to simulate the presence of heavy hydrocarbon in the

working environment in laboratory. A flat sheet polyimide membrane with an area of

14.86 cm was tested with both mixed gas measurements in both Dry (without pentane)

and Wet (with pentane) conditions, and the C02/CH4 permeance and selectivity of the

membrane are calculated to evaluate the performance of the membrane. The permeance

is expressed as a thickness normalized permeability and is given in gas permeation units,

GPU (1 GPU = 10"6 cm3 (STP) cm"2 s"1 cm Hg"1). The selectivity of the mixed gas was

calculated as the ratio of the respective gas permeance obtained in the experiments.

In order to calculate the permeance of CO2 and CH4, the membrane system is

treated as a complete-mixing model for gas separation. According to Weller and Steiner,

the permeate flow rate is a small fraction of the entering feed rate when a membrane

system is operated at a low recovery, and thus, there is a minimal change in composition.

With the use of complete-mixing model, the permeance of CO2 and CH4 and selectivity

can be calculated.
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Complete-Mixing Model for gasseparation by polyimide membranes

A detailed process flow diagram is shown for complete mixing for gas separation by

polyimide membrane in Figure 4.1 (Geankoplis, 2003). The section below will explain

the steps of calculations and theories involved in the project in order to channel the

results obtained to graphical form.

Lf9xf High-pressure side ph Xq l0 = (i - e)Lf

Feed In Reject Out^J^^ip^^^;
Low-pressure side Pt, yp

Xq

Vp = Qlt
yv

Permeate Out

Figure 4.1: Process flow for complete mixing case. Adapted from Geankoplis (2003).

Using the feed and non-permeate flow rate as L and composition x (in mole fraction)

and the permeate flow rate as V and composition y (in mole fraction), the overall

material balance is as follows:

Lf=L0+Vp

where I/is total feed flow rate, cm3 (STP)/s; Z0is outlet reject flow rate, cm3 (STP)/s;

Vp is outlet permeate flow rate, cm3 (STP)/s

The stage cut or fraction of feed permeated,

The rate ofdiffusion or permeationofspeciesA (in a binary ofA and B) is given below:

£=^?=(?)<**-**>
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Where PA is permeability of A in the membrane, cm (STP) • cm/(s cm cm Hg); VA is

flow rate of A in permeate, cm (STP)/s; Am is membrane area, cm ; t is

membrane thickness, cm; p^is total pressure in the high-pressure (feed) side, cm

Hg; pi is the total pressure in the low pressure or permeate side, cm Hg; x0 is

mole fraction of A in reject side; %j is mole fraction of A in feed; and yv is mole

fraction ofA in permeate.

A similar equation can be written for component B.

VB Vp(l-yp) (P\
l\m n m

=(j\\ph(l-x0)-p,(.l-yp)]
where PB is permeability of B in the membrane, cm (STP) • cm/(s -cm -cm Hg).

(Note: phX0 is the partial pressure of A in the reject gas phase and ptyv is the partial

pressure in the permeate side. Component A = CO2and Component B = CH4)

The ideal selectivity, a*

where PA is permeability ofA in the membrane, cm3 (STP) •cm/(s • cm2 • cm Hg) and

PB is permeability ofBinthe membrane, cm3 (STP) •cm/(s -cm2 •cm Hg).

Thegas-mixed (real) selectivity (separation factor), aA/B

where xA is mole fraction of A in feed, yA is mole fraction of A in permeate,

xB is mole fraction of B in feed, yB is mole fraction of B in permeate.

All the results of experiments are summarized in table form (for both dry and wet

conditions) as shown in appendices.
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4.2 DATA ANALYSIS

4.2.1 Effect of Operating Pressure

Feed pressure contributes to significant effects of the membrane performance. It

serves as one of the main driving forces with feed concentration and temperature for

membrane separation (Hwang et al., 2011). By using a compressor at the feed side, the

pressure difference across the polyimide membrane was controlled in the experiments.

The dry condition is a situation where there is no existence of pentane in the feed gas

stream whereas the wet condition is the feed gas stream with pentane to simulate heavy

hydrocarbon as aforementioned. To study the effects of pentane on operating pressure

on the performance of membrane, CO2 permeance and C02/CH4 selectivity are plotted

versus the feed pressure in both dry and wet condition as shown in Figure 4.2.
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Figure 4.2: CO2 permeance and C02/CH4 selectivity as a function ofoperating feed

pressure. Temperature: 50 °C and Feed Composition: 40% of CO2 concentration.

The effects of the operating pressures with 40% of CO2 concentration in mixed

gas feed stream at 50 °C is showed in Figure 4.2. The feed pressure was varied in 10 bar

steps from 10 to 50 bara with 40% of CO2 concentration in mixed gas feed stream at

50 °C. It was speculated that the presence of pentane in the feed might influence the
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membrane performance. Experimental results were shownin Figure 4.2 with the plot of

CO2 permeance and C02/CH4 selectivity as a function of operating feed pressure.

Higher operating pressures at the feed side demonstrated decreased permeance of CO2

in both dry and wet conditions. It is obvious that the CO2 permeance decreases with the

increased of feed pressure whereas the C02/CH4 selectivity increased with higher

operating pressures in both dry and wet conditions. An increased operating pressure

resulted in low permeation flux but high CO2/CH4 selectivity.

Similarly, the CH4 permeance displayed an inverse relationship with the

increased of operating pressures as shown in Figure 4.3. The higher the operating feed

pressure, the lower the CH4 permeance on the membrane performance. The C02/CH4

selectivity in Wet Condition is higher than CO2/CH4 selectivity in Dry Condition.
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Figure 4.3: CH4 permeance as a function of operatingfeed pressure. Temperature: 50 °C

and Feed Composition: 40% of C02 concentration.

Initially, the experimental results were suspected as experimental inaccuracies.

Therefore, several set of experiments were conducted to verify the consistency and

reproducibility of the experimental results. The experimental results are further

corroborated in Figure 4.4 and 4.5 where the permeance of CO2, CH4 and CO2/CH4

selectivity are plotted as a function of operating pressure.

35



In Figure 4.4 and 4.5, the operating temperature of the experiment is 30 °C with

55% of CO2 concentration in mixed gas feed stream. The results showed that both CO2

and CH4 permeance varied instantaneously with the change in feed pressure.
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Figure 4.4: C02 Permeance and C02/CH4 Selectivity as a function ofoperating feed

pressure. Temperature: 30 °C, Feed Composition: 55% of CO2 concentration.
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Figure 4.5: CH4 Permeance as a function of operating feed pressure. Temperature:

30 °C, Feed Composition: 55% of CO2 concentration.

Since the trend of graphs is similar in the previous case, it is confirmed that the

results on the effects of operating pressures are valid.
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A major problem that always encountered for gas separation in glassy polymer,

especially for separation of CO2/CH4 is plasticization (Liu, Wang, & Chung, 2001).

Plasticization pressure of polyimides is normally above 10 bar (Bos, Punt, Wessling, &

Strathmann, 1999). From the gas permeance versus pressure plot, the minimum pressure

noticed is called the plasticization pressure. At Figure 4.2 and 4.4, the minimum

permeance of CO2 was observed at the pressure of 50 bar for the CO2permeance versus

pressure plot. This indicates that the polyimide membrane was undergoing the

plasticization phenomenon at that particular pressure. For glassy polymer, the CO2

permeance decreases with increasing feed pressure can be explained by the dual

sorption model. An increase of operating pressure will diminish the rate of the

permeation flux (Shi, Kong, Yu, Wang, & Yang, 2006). Plasticization is highly

undesired since it will cause a drastic decrease in selectivity when mixed gas

experiments are performed. To overcome this problem, cross-linking modification can

be applied when it can enhance the transport properties of polymeric membrane and

reduce the plasticization effect.

The ratio of the permeate flux to the feed flux is known as Stage cut. As shown

in Figure 4.6, the increasing feed pressure decreased the stage cut. There is a slight

increase of stage cut with the presence of pentane, indicating a plasticization effect,

where more permeate flow through the membrane at Wet condition compare to Dry

condition.
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Figure 4.6: Stage Cut as a function of feed pressure. Temperature: 30 °C, Feed

Composition: 55% of CO2 concentration.
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An increase in feed pressure resulted in CO2 permeance decreases but CO2/CH4

selectivity increases in polyimide membrane. A greater driving force across the

membrane can be created with the increase in operating pressure and thus, the

membrane selectivity increases and less membrane area requirement for the system.

Generally, the designers of the membrane system will attempt to utilize the

maximum operating pressure possible to obtain a cheaper, smaller and effective system

as the membrane area requirement is highly affected by the feed pressure (Dortmundt &

Doshi, 1999). Also, the designers have to take into consideration of the cost and weight

of equipment at a higher pressure rating and the maximum pressure limit for the

membrane elements to withstand in equipment detailed design.
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4.2.2 Effect of Operating Temperature

Operating temperature plays an important role on the performance of polyimide

membrane. The permeability of membrane increases with an increase in feed

temperature but membrane selectivity decreases. An increase in feed temperature also

results in decrease of membrane area requirement and causes the increases of

hydrocarbon losses (Dortmundt & Doshi, 1999).

The effects of pentane on operating temperature can be observed from the plot of

CO2 permeance and CO2/CH4 selectivity versus temperature as shown in Figure 4.7.

According to Hogsett & Mazur (1983), the permeability of most polymers increases

with the increased of operating temperature but contributes to a slight decreases in

selectivity. The operating temperature is chosen to be above the dew point of the residue

gas in the range of 30 to 50 °C. Based on Figure 4.7, it is shown that higher temperature

produced higher CO2 permeance whereas CO2/CH4 selectivity decreased with the

increase of operating temperature in both dry and wet condition. Figure 4.7 also

depicted the CO2 permeance in dry condition is higher than wet condition at 30 °C but

CO2permeance in dry condition is lower than CO2 permeance in wet condition at 40 and

50 °C.
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Figure 4.7: The effects of operating temperature on the CO2 permeance and C02/CH4

selectivity. Pressure: 50 bar and Feed composition: 55% CO2 concentration.
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The C02/CH4 selectivity is about 0.961 and 0.948 for polyimide membrane at 50

°C and 50 bar in dry and wet condition, respectively as shown in Figure 4.7. The

C02/CH4 selectivity for both dry and wet conditions is quite similar and close to unity,

this indicates there is less separation of CO2 from the mixed gas experiments. At high

CO2 partial pressures, there is considerable CO2 absorbed in the membrane. The

plasticization effect of CO2 increases the effective diffusion coefficients for all gases

and makes the selectivity less than that based on pure-gas data (Hogsett & Mazur, 1983).

Similarly, CH4 permeance is higher at Wet condition compare to Dry condition

versus operating temperature plot as shown in Figure 4.8.
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Figure 4.8: The effects of operating temperature on the CH4 permeance. Pressure: 50

bar and Feed composition: 55% CO2 concentration.

The decreasing selectivity of C02/CH4 can be explained in terms of a difference

in permeation activation energy between gases. Equation of activation energy, Q = A

exp [-E/RT], contributes to the change in permeability where the activation energies, E

that range from 1 to 5 kcal/mol (Hwang, et al., 2011). The CO2 and CH4 permeance

through the membrane layer increased with an increase in the operating temperature due

to the increase in activation energy of permeate gases but the selectivity of gas pairs

decreased.
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In industrial applications, natural gas stream is often heated to prevent

condensation of heavy hydrocarbons in feed stream. Generally, the gas permeability of

membranes can be improved by high temperature. However, high operating temperature

can often degrade the membrane performance at the same time.

The stage cut is determined as the ratio of the permeate flow rate (kg/h) to the

feed flow rate (kg/h). The increasing operating temperature increased the stage cut as

shown in Figure 4.9.
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Figure 4.9: Stage Cut as a function of operating temperature. Pressure: 50 bar, Feed

Composition: 55% of CO2 concentration.
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Based on Figure 4.9, it is indicated that more permeate flow through the

membrane system as the temperature increases. At 30 °C, we noticed that the stage cut

for both Dry and Wet Conditions are similar, this shows that the separation performance

has no vast different at room temperature (about 30 °C) compare to high temperature (40

to 50 °C). The graphs also showed that the stage cut is higher in Wet Condition with the

influence of pentane than the stage cut in Dry Condition as a function of operating

temperature. The effect of pentane caused more permeates flow through the membrane

and thus contributed to higher stage cut value.
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High gas productivity can be achieved at higher operating temperatures;

however, the gas purity will be affected due to the decrease of selectivity at high

temperature. From Figure 4.10, the selectivity at dry condition is higher than selectivity

at wet condition with an increase in operating temperature. Without the presence of

pentane, higher gas productivity was obtained in the mixed gas experiment. Generally, a

minimum selectivity of 4 is needed for a good membrane separation. Low CO2/CH4

selectivity obtained in this project can be related to the defect ofpolyimide membrane or

the presence of pentane. Further studies have to be conducted to investigate on these

matters.
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Figure 4.10: CO2/CH4 selectivity as a function of Temperature (T). Pressure: 50 bar and

Feed composition: 55% CO2 concentration.

For most polymeric membrane, the permeability of membrane increases with

temperature due to the increase of diffusivity more than offsets any decrease in

solubility. Since the membrane selectivity is inversely proportional to the operating

temperature, an increase in temperature often decreases the selectivity of membrane.

Therefore, the operating temperature is usually determined based on the trade-off

between high temperature and high selectivity. Also, the existence of pentane decreased

the membrane selectivity but increased permeability at high operating temperature in the

mixed gas experiments.
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4.2.3 Effect of Feed Composition

The effects of pentane on feed composition can be observed from the plot of

CO2permeance and CH4permeance versus CO2 concentration in feed stream as shown

in Figure 4.11 and 4.12.
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Figure 4.11: CO2 Permeance as a function of feed composition. Pressure: 50 bar and
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The CO2 mole fraction has a significant impact on the bulk contribution of CO2

and CH4. The CO2and CH4 permeance decreases with an increase in CO2 concentration

in feed composition due to the plasticization and compaction effect. Generally, an

increase in CO2 concentration in feed stream increases the losses of hydrocarbon and

membrane area. This is because the more CO2 permeate; the more hydrocarbons

permeate through the membrane (Dortmundt & Doshi, 1999). Based on Figure 4.11, it

is shown that the CO2 permeance decrease with an increase in CO2 concentration in the

feed stream. Similarly, the CH4 permeance decreased with an increase in CO2

concentration in feed composition as shown in Figure 4.12.

This phenomenon can be explained by a coupling effect which is often due to the

presence of other gas, such as pentane or methane in the mixed gas stream. The coupling

effect on permeation is strongly related to deviations in the solubility coefficient, while

the diffusivity coefficient is not affected by the presence of other gas (Hwang, et al.,

2011). As CO2 concentration in the feed increases, the solubility coefficient increases

while the diffusivity coefficient is remained constant and thus, resulting in an increase in

CO2 permeance and concentration in permeate.

Asymmetric polyimide membranes with high C02/CH4 selectivity are highly

sensitive to the presence of heavy hydrocarbons in the feed. As shown in Figure 4.13,

The C02/CH4 selectivity decreases with the increase in CO2 concentration in the feed

stream. 4
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Figure 4.13: C02/CH4 selectivity as a function of feed composition. Pressure: 50 bar

and Temperature: 30 °C.
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Based on Figure 4.13, it can be observed that the C02/CH4 selectivity at Dry

condition is lower than C02/CH4 selectivity at Wet condition due to coupling effect on

permeation. Upon exposure of the mixed gas to the liquid pentane in saturation vessel,

the results from experiments showed that both have an immediate negative impact on

membrane selectivity. It was postulated that pentane sorbed caused plasticization of the

active skin layer on the polyimide membrane and thus contributing to the loss of

membrane selectivity. The presence of pentane is a significant contaminant in most raw

natural gas streams. The ability of pentane to permeate through this polyimide

membrane indicates plasticization of the polymer membrane (White, et al., 1995).

Heavy hydrocarbons and aromatics compound can bring significant effect to the

performance of polyimide membrane as the presence of these components causes

swelling or plasticization of glassy membranes. Thus, the selectivity of membrane will

be reduced (Chenar, Savoji, Soltanieh, Matsuura, & Tabe, 2010). Also, the loss of loss

of flux and membrane performance in the experiment can be related to the effect of

pentane as the heavy hydrocarbon contamination even at low mass fractions (Al-Juaied

& Koros, 2006).

The results presented in Figure 4.14 shows the changes of stage cut as a function

of CO2 concentration in feed stream.
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The increase of CO2 concentration in feed stream decreases the stage cut of the

membrane. The results indicated the stage cut is higher at Wet Condition with the

influence of pentane than the stage cut at Dry Condition as a function of CO2

concentration. The effect of pentane caused plasticization of the membrane; resulting

more permeates flow through the membrane and thus contributed to higher stage cut

value compare to Dry condition.

The results from the feed composition effect on the membrane performance

indicate that impurities and heavy hydrocarboncan bring significant effect on separation

efficiency. In order to have good membrane performance, CO2 enrichmentin feed gas is

necessary to decrease the CO2 permeance and later increase the CO2/CH4 selectivity.

Also, the condensation of hydrocarbons in feed stream must also be avoided. Any form

of liquid presence in the membrane system can increase the membrane resistance and

also damage the membrane by swelling or softening.

Both permeability and selectivity are important considerations when selecting a

commercial membrane. Higher permeability decreases the amount of membrane area

required to treat a given amount of gas, thereby reducing the capital cost of membrane

units. Higher selectivity results in higher purity product gas (Freeman, 1999). However,

high CO2 permeability does not correspond to high selectivity, instead the membrane

scientists have to settle for a high selective or permeable membrane or somewhere in-

between on both parameters (Dortmundt & Doshi, 1999).

Generally, polymeric membranes undergo a trade-off limitation between

permeability and selectivity. As selectivity increases, the gas permeability will decrease

and vice versa (Freeman, 1999). According to Dortmundt and Doshi (1999), the usual

choice of membrane in industrial applications is to use a highly selective material and

then make it as thin as possible to increase the permeability. However, this reduced

thickness makes the membrane extremely fragile and therefore unusable.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 CONCLUSION

In summary, the objective to study the effect on heavy hydrocarbon on

polyimide membrane performance in natural gas sweetening process is successfully

achieved. Parametric analyses through experimental works have been conducted to

evaluate the polyimide membrane performance at different operating parameters, i.e.

feed pressure, temperature and CO2 concentration in feed. Higher operating pressures at

the feed side demonstrated decreased permeance of CO2 and CH4in both dry and wet

conditions. An increased operating pressure resulted in low permeation flux but high

C02/CH4 selectivity. The permeability of membrane increases with an increase in feed

temperature but membrane selectivity decreases. The existence of pentane decreased the

membrane selectivity due to plasticization effect but increased permeability at high

operating temperature in the mixed gas experiments. Plasticization phenomenon

happened at the pressure of 50 bars in the experiments. The CO2 permeance decreases

with an increase in CO2 concentration in the feed stream due to coupling effect. An

increase in CO2 concentration in feed composition increases the losses of hydrocarbon

and membrane area, and thus reduces the C02/CH4 selectivity. The presence of pentane

as heavy hydrocarbon in natural gas stream contributed to the loss of membrane

selectivity due to swelling, compaction or plasticization effect of glassy membrane. It

can be concluded that the presence of heavy hydrocarbon reduced the separation

performance ofpolyimide membrane.
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5.2 RECOMMENDATIONS

Experimental works in the laboratory have to be conducted based on standard

procedures and must adhere to the rules and regulations to ensure personal safety.

Personal Protective Equipment (PPE) has to be worn in the laboratory at all times,

particularly when handling with liquid Pentane and Toluene for mixed gas experiments

in Wet Conditions.

Process Optimization should be included in C02SMU system to prevent losses

of methane and other costly gases to the atmosphere. The system should be integrated

with high efficiency equipment to maximize the utilities consumptions and to minimize

hydrocarbon loss. Also, a vacuum pump should be installed in the C02SMU system to

ensure the membrane test cell is free from any impurities before conducting the

experiment. Instead of an Infra-red (IR) Gas analyzer, a Gas Chromatography (GC)

analyzer should be equipped in the membrane system since GC analyzer is more

accurate and precise compare to IR Gas analyzer.

In addition, complete understanding of the observed phenomena is important for

further developments and improvements of polyimide membrane. In order to fully

evaluate the performance and robustness of polyimide membrane, further study of

asymmetric polyimidemembraneunder mixed gas feeds in the presence of condensable

vapor impurities is mandatory to improve the separation efficiency. The future research

work should focus on the investigation of different types of impurities besides carbon

dioxide and pentane, such as toluene, ethane and steadystateperformance of membrane.

In addition, the performance of membrane should be examined under the presence of

watervapor in feed streams due to the detrimental effects of condensate water vapor to

polymeric membrane materials. Once the potential effects of the impurities can be

identified, a more comprehensive and thorough preventive measures, particularly on the

pre-treatment of process streams, pre-treatment of membrane materials, or post-

treatment steps of membrane can be developed and thus contributing to the betterment

of the membranetechnologydevelopment in the future.

48



REFERENCES

Al-Juaied, M., & Koros,W. J. (2006). Performance of natural gas membranes in the presence of
heavy hydrocarbons. Journal ofmembrane science, 274(1-2), 227-243.

Baker, R. W. (2002). Future directions of membrane gas separation technology. Industrial &
Engineering Chemistry Research, 41(6), 1393-1411.

Baker, R. W., & Lokhandwala, K. (2008). Natural gas processing with membranes: an overview.
Industrial &Engineering Chemistry Research, 47(1), 2109-2121.

Bernardo,P., Drioli, E., & Golemme, G. (2009). Membrane gas separation: a review/state of the
art. Industrial &Engineering Chemistry Research, 48(\Q), 4638-4663.

Bos, A., Punt, I., Wessling, M., & Strathmann, H. (1999). C02-induced plasticization
phenomena in glassypolymers. Journal ofmembrane science, 155(1), 67-78.

Chenar, M. P., Savoji, H., Soltanieh,M., Matsuura, T., & Tabe, S. (2010). The effect of ethane
on the performance of commercial polyphenylene oxide and Cardo-type polyimide
hollow fiber membranes in C02/CH4 separation applications. Korean Journal of
Chemical Engineering, 27(6), 1876-1881.

Clausi, D. T., & Koros, W. J. (2000). Formation of defect-free polyimide hollow fiber
membranes for gas separations. Journal ofmembrane science, 167(\), 79-89.

Djoekita, G. (2000). Characterization andanalysis of asymmetric hollow fiber membranes for
natural gas purification in the presenceofhydrocarbons. University ofTexas at Austin.

Dortmundt, D., & Doshi, K. (1999). Recent developments in C02 removal membrane
technology. UOP LLC.

Fick, A. (1995). On liquid diffusion. Journal ofmembrane science, 100(1), 33-38.
Freeman, B. D. (1999). Basis of permeability/selectivity tradeoff relations in polymeric gas

separation membranes. Macromolecules, 32(2), 375-380.
Geankoplis, C. (2003). Transport processes and separation process principles (includes unit

operations): Prentice Hall Press.
Hogsett, J., & Mazur, W. (1983). Estimate membrane system area. Hydrocarbon processing,

62(H), 52-54.
Hwang, H. Y, Nam, S. Y., Koh, H. C, Ha, S. Y, Barbieri, G., & Drioli, E. (2011). The Effect

of Operating Conditions on the Performance of Hollow Fiber Membrane Modules for
C02,N2 Separation. Journal ofIndustrial and Engineering Chemistry.

Jordan, S., Fleming, G., & Koros, W. (1990). Permeability of carbon dioxide at elevated
pressures in substituted polycarbonates. Journal of Polymer Science Part B: Polymer
Physics, 28(12), 2305-2327.

Kohl, A. L., & Nielsen, R. B. (1997). Gaspurification: Gulf ProfessionalPublishing.
Koros, W., Flemming, G., Jordan, S., Kim, T., & Hoehn, H. (1988). Polymeric membrane

materials for solution-diffusion based permeation separations. Progress in polymer
science, 13(4), 339-401.

Koros, W., Ma, Y., & Shimidzu, T. (1996). Terminology for membranes and membrane
processes (IUPAC Recommendations 1996). Journal of membrane science, 120(2),
149-159.

Lee, A. L., Feldkirchner, H. L., Stern, S. A., Houde, A. Y., Gamez, J. P., & Meyer, H. S. (1995).
Field tests of membrane modules for the separation of carbon dioxide from low-quality
natural gas. Gas separation &purification, 9(1), 35-43.

Liu, Y., Wang, R., & Chung, T. S. (2001). Chemical cross-linking modification of polyimide
membranes for gas separation. Journalofmembrane science, 189(2), 231-239.

Morisato, A., & Pinnau, I. (1996). Synthesisand gas permeationproperties of poly (4-methyl-2-
pentyne). Journalofmembrane science, 121(2), 243-250.

49



Pandey, P., & Chauhan, R. (2001). Membranes for gas separation. Progress inpolymer science,
26(6), 853-893.

Paul, D. R., Lloyd, D. R, & Eldridge, R. B. (2004). Carbon dioxide removal from natural gas by
membranes in the presence of heavy hydrocarbons and by aqueous
diglycolamine®/morpholine.

Rahman, W. A., Aizan, W., & Ismail, A. F. (2005). Formation and characterization of mixed
matrix composite materials for efficient energy gas separation.

Schell, W. J., Wensley, C. G., Chen, M. S. K., Venugopal, K. G., Miller, B. D., & Stuart, J. A.
(1989). Recent advances in cellulosic membranes for gas separation and pervaporation.
Gas separation &purification, 3(4), 162-169.

Schmeling, N., Konietzny, R, Sieffert, D., Rolling, P., & Staudt, C. (2010). Functionalized
copolyimide membranes for the separation of gaseous and liquid mixtures. Beilstein
Journal ofOrganic Chemistry, 6, 789.

Scholes, C. A., Stevens, G. W., & Kentish, S. E. Membrane gas separation applications in
natural gas processing. Fuel.

Shi, D., Kong, Y., Yu, J., Wang, Y., & Yang, J. (2006). Separation performance of polyimide
nanofiltration membranes for concentrating spiramycin extract. Desalination, 191(1),
309-317.

Simmons, J. W., Kulkarni, S., & Ekiner, O. M. (2006). Method for separating hydrocarbon-
containing gas mixtures using hydrocarbon-resistant membranes: Google Patents.

Sridhar, S., Smitha, B., & Aminabhavi, T. M. (2007). Separation of carbon dioxide from natural
gas mixtures through polymeric membranes review. Separation & Purification Reviews,
36(2), 113-174.

Staudt-Bickel, C, & J Koros, W. (1999). Improvement of C02/CH4 separation characteristics
of polyimides by chemical crosslinking. Journalofmembrane science, 155(1), 145-154.

Tanaka, K., Taguchi, A., Hao, J., Kita, H., & Okamoto, K. (1996). Permeation and separation
properties of polyimide membranes to olefins and paraffins. Journal of membrane
science, 121(2), 197-207.

Vu, D. Q., Koros, W. J., & Miller, S. J. (2003a). Effect of condensable impurity in C02/CH4
gas feeds on performance of mixed matrix membranes using carbon molecular sieves.
Journal ofmembrane science, 221(1), 233-239.

Vu, D. Q., Koros, W. J., & Miller, S. J. (2003b). Mixed matrix membranes using carbon
molecular sieves: I. Preparation and experimental results. Journalofmembrane science,
211(2), 311-334.

White, L. S., Blinka, T. A., Kloczewski, H. A., & Wang, I. (1995). Properties of a polyimide gas
separation membrane in natural gas streams. Journal of membrane science, 103(1-2),
73-82.

Wind, J. D., Paul, D. R., & Koros, W. J. (2004). Natural gas permeation in polyimide
membranes. Journal ofmembrane science, 228(2), 227-236.

Wong, S., & Bioletti, R. (2002). Carbon dioxide separation technologies. Alberta Research
Council.

Yampolskii, Y. (2012). Polymeric Gas Separation Membranes.
Yampolskii, Y. P., Pinnau, I., & Freeman, B. D. (2006). Materials science ofmembranesfor gas

and vapor separation: Wiley Online Library.

50



APPENDICES

51



-
R

o
ta

m
e
te

r

*
g

a
s

a
n

a
ly

z
e
*

N
a
tu

ra
l

G
a
s

n f r
M

e
th

a
n

e

r
C

a
rb

o
n

D
io

x
id

e

r
N

itr
og

en

IN
S

ID
E

O
V

E
N

F
e
e
d

V
e
s
s
e
l S
—

>

K
g

©
1

S
ta

ti
c

M
ix

e
r

V
>

IN
S

ID
E

F
U

M
E

H
O

O
D

S
a
tu

ra
ti

o
n

V
e
s
s
e
l

S
af

et
y

R
el

ie
f

M
em

br
an

e
T

es
t

C
el

l

•V
al

ve
j®

&
JS

1

A
l^

Jj
L

.
C

om
pr

es
so

r

C
o

ri
o

li
s

F
lo

w
m

e
te

r

/

S
te

am
T

ra
p

F
ig

ur
e

A
l:

P
ro

ce
ss

F
lo

w
D

ia
gr

am
o

fC
ar

bo
n

D
io

xi
de

S
ep

ar
at

io
n

M
em

br
an

e
U

ni
t

(C
0

2
S

M
U

)

5
2

B
a
c
k

P
re

ss
u

re

R
eg

u
la

to
r



A
2-

E
xp

<
jr

im
en

ts
d

a
ta

o
f

P
o

ly
im

id
e

m
e
m

b
ra

n
e

a
t

D
ry

C
o

n
d

it
io

n
s

(W
it

h
o

u
t

P
e
n

ta
n

e
)

T
a
b

le
t

o
f

2

F
e
e
d

C
O

N
C

E
N

T
R

A
T

IO
N

p
e
rm

e
a
te

C
O

N
C

E
N

T
R

A
T

IO
N

re
te

n
ta

te
C

O
N

C
E

N
T

R
A

T
IO

N
A

re
a

F
e
e
d

P
R

E
S

S
U

R
E

re
te

n
ta

te
P

R
E

S
S

U
R

E
p

e
rm

e
a
te

PR
E

SS
U

R
E

N
o

.
c
o

n
d

it
io

n
C

0
2

C
H

4
C

02
|

C
H

4
C

0
2

C
H

4
C

02
f

C
H

4
C

0
2

C
H

4
C

02
|

C
H

4
C

o
n

e
T

©
P

(b
ar

)
fe

e
d

c
o

n
e

fe
e
d

fr
c
ti

o
n

p
e
rm

c
o

n
e

p
er

m
fr

ct
io

n
r
e
t

c
o

n
e

re
t

fr
c
ti

o
n

c
m

2
b

a
r

C
m

H
g

b
a
r

cm
H

g
b

a
r

cm
H

g

1
2

5
3

0
1

0
2

3
.3

7
7

.4
0

.2
3

1
3

8
0

.7
6

8
6

2
2

3
.3

3
7

6
.9

0
.2

3
2

7
6

5
0

.7
6

7
2

3
5

2
3

.1
7

7
.6

0
.2

2
9

3
9

4
0

.7
7

0
6

0
6

1
4

.8
6

1
1

.6
3

4
8

7
2

.6
2

4
5

9
.5

5
1

7
1

6
.3

8
6

1
1

.0
4

9
7

8
.6

8
1

7
1

X
2

5
3

0
2

0
2

3
.1

7
7

.6
0

.2
2

9
3

9
4

0
.7

7
0

6
0

6
2

3
.6

5
7

6
.4

8
0

.2
3

6
1

9
3

0
,7

6
3

8
0

7
2

3
7

7
.7

0
.2

2
8

4
0

1
0

.7
7

1
5

9
9

1
4

.8
6

2
3

.6
4

9
1

7
7

3
.8

2
6

2
3

,5
2

7
1

7
6

4
.6

7
6

1
.0

4
9

7
8

.6
8

1
7

1

3
2

5
3

0
4

0
2

3
.4

7
6

,9
0

.2
3

3
3

0
.7

6
6

7
2

3
.4

7
6

,3
0

,2
3

4
7

0
4

0
.7

6
5

2
9

6
2

3
.3

7
6

.8
0

.2
3

2
7

6
7

0
.7

6
7

2
3

3
1

4
.8

6
4

1
-1

7
8

3
0

8
8

.6
1

4
4

0
,3

9
2

3
0

2
9

,6
5

9
1

,0
4

8
7

8
.6

0
6

7
1

4
2

5
3

0
5

0
2

3
.1

7
7

.4
0

.2
2

9
8

5
1

0
,7

7
0

1
4

9
2

3
.5

7
6

.6
1

0
.2

3
4

7
4

2
0

,7
6

5
2

5
8

2
3

.1
7

7
.2

0
.2

3
0

3
0

9
0

.7
6

9
6

9
1

1
4

.8
6

5
2

.4
1

3
3

9
3

1
.3

1
5

1
,5

8
5

3
8

6
9

.2
0

5
1

.0
5

7
8

.7
5

6
7

2

5
2

S
4

0
1

0
2

3
.3

7
7

.5
0

.2
3

1
1

5
1

0
.7

6
8

8
4

9
2

3
7

5
.8

0
.2

3
2

7
9

4
0

.7
6

7
2

0
6

2
3

.2
7

7
.4

0
.2

3
0

6
1

6
0

.7
6

9
3

8
4

1
4

.8
6

1
2

.3
9

9
2

9
.3

2
9

3
1

0
.2

3
5

7
6

7
.6

9
0

5
1

.0
5

1
7

8
.8

3
1

7
3

6
2

5
4

0
2

0
2

3
.3

7
7

.4
0

.2
3

1
3

8
0

.7
6

8
6

2
2

3
.5

7
5

0
.2

3
8

5
7

9
0

.7
6

1
4

2
1

2
3

.1
7

7
.3

0
.2

3
0

0
8

0
.7

6
9

9
2

1
4

.8
6

2
3

.8
5

1
1

7
8

8
.9

7
8

2
2

.6
5

4
1

6
9

9
.1

9
5

1
.0

4
8

7
8

.6
0

6
7

1

7
2

5
4

0
4

0
2

3
.3

7
7

.4
0

.2
3

1
3

8
0

.7
6

8
6

2
2

4
.1

7
5

.4
0

.2
4

2
2

1
1

0
.7

5
7

7
8

9
2

3
.2

7
7

.4
0

.2
3

0
6

1
6

0
.7

6
9

3
8

4
1

4
.8

6
4

3
.1

8
9

3
2

3
9

.4
5

1
4

2
.3

7
4

3
1

7
8

.3
2

1
1

.0
4

5
7

8
.3

8
1

6
9

8
2

5
4

0
5

0
2

3
.3

7
7

.6
0

.2
3

0
9

2
2

0
.7

6
9

0
7

8
2

3
.8

5
7

7
.1

7
5

0
.2

3
6

0
8

0
.7

6
3

9
2

2
3

.2
7

7
.4

0
.2

3
0

6
1

6
0

.7
6

9
3

8
4

1
4

.8
6

5
2

.9
8

7
3

9
7

4
.3

6
4

5
2

.3
2

1
3

9
2

4
.4

1
1

.0
4

8
7

8
.6

0
6

7
1

9
2

5
5

0
1

0
2

3
.1

7
7

.7
0

.2
2

9
1

6
7

Q
.7

7
0

8
3

3
2

3
.0

8
8

7
6

.1
0

5
0

.2
3

2
7

5
8

0
.7

6
7

2
4

2
2

3
.4

7
4

.4
0

.2
3

9
2

6
4

0
.7

6
0

7
3

6
1

4
.8

6
1

2
.4

7
9

3
5

,3
2

9
8

9
.9

3
8

7
4

5
.4

1
3

6
1

.0
1

5
7

6
.1

3
1

5

1
0

2
5

5
0

2
0

2
3

.2
7

8
0

.2
2

9
2

4
9

0
.7

7
0

7
5

1
•

2
3

.S
7

0
.8

0
.2

4
9

2
0

5
0

.7
5

0
7

9
5

2
3

.4
7

7
.4

0
.2

3
2

1
4

3
0

,7
6

7
8

5
7

1
4

.8
6

2
2

.0
4

5
1

6
5

3
.5

1
6

2
0

.8
8

1
5

6
6

.1
3

4
1

.0
5

6
7

9
.2

0
6

7
6

1
1

2
5

5
0

4
0

2
3

,4
7

7
.7

0.
23

14
54

0
.7

6
8

5
4

6
2

3
.5

7
6

.7
0

.2
3

4
5

3
1

0
:7

6
5

4
'6

9
2

3
.3

7
7

.5
0

.2
3

1
1

5
1

0
.7

6
8

8
4

9
1

4
.8

6
4

1
.4

3
1

3
1

0
7

.5
9

4
0

.4
8

2
3

0
3

6
.4

0
9

1
.0

5
1

7
8

.8
3

1
7

3

1
2

2
5

5
0

5
0

2
3

.6
9

8
7

7
.4

5
7

0
.2

3
4

2
7

4
0

.7
6

S
7

2
6

2
4

.2
9

4
7

6
.0

3
7

0
.2

4
2

1
3

9
0

.7
S

7
8

6
1

2
3

.6
1

8
7

7
.6

0
2

0
.2

3
3

3
3

3
0

.7
6

6
6

6
7

1
4

.8
6

5
1

3
8

2
5

.3
2

6
5

0
.1

2
5

3
7

5
9

,6
9

6
1

.0
5

2
7

8
.9

0
6

7
3

1
3

4
0

3
0

1
0

3
8

.1
6

3
.5

0
.3

7
5

0
.6

2
5

3
8

.5
1

6
2

.5
9

0
.3

8
0

9
1

0
.6

1
9

0
9

3
8

6
3

.4
0

.3
7

4
7

5
3

0
.6

2
5

2
4

7
1

4
.8

6
1

3
.5

4
3

1
0

1
5

.8
1

2
1

0
.9

2
1

8
1

9
.1

4
4

9
1

.0
6

1
7

9
.5

8
1

7
9

1
4

4
0

3
0

2
0

3
8

.1
6

3
.3

0
.3

7
5

7
4

0
.6

2
4

2
6

3
8

.3
7

6
2

.5
0

.3
8

0
3

9
1

0
.6

1
9

6
0

9
3

7
.6

6
4

.1
0

.3
6

9
7

1
5

0
.6

3
0

2
8

5
1

4
.8

6
2

4
.0

5
3

1
8

0
4

.1
2

9
2

2
.6

2
6

1
6

9
7

.0
9

5
1

.0
5

8
7

9
.3

5
6

7
7

1
5

4
0

3
0

4
0

3
7

.7
6

3
.7

0
.3

7
1

7
9

5
0

.6
2

8
2

0
5

3
8

.9
8

6
2

.2
6

0
.3

8
5

0
2

6
0

.6
1

4
9

7
4

3
7

.5
6

3
.8

0
.3

7
0

1
8

8
0

.6
2

9
8

1
2

1
4

.8
6

4
1

.3
2

6
3

0
9

9
.7

1
4

4
0

.3
8

5
3

0
2

9
.1

3
3

1
.0

S
5

7
9

.1
3

1
7

5

1
6

4
0

3
0

5
0

3
7

.5
6

3
.5

0
.3

7
1

2
8

7
0

.6
2

8
7

1
3

4
1

.3
5

8
.3

0
.4

1
4

6
5

9
0

.5
8

5
3

4
1

3
7

.5
6

3
.9

0
.3

6
9

8
2

2
0

.6
3

0
1

7
8

1
4

.8
6

4
9

.8
7

6
3

7
4

1
.0

1
9

4
8

.8
8

5
3

6
6

6
.6

8
8

1
.0

2
7

7
7

.0
3

1
5

7

1
7

4
0

4
0

1
0

3
7

.4
6

3
.5

0
.3

7
0

6
6

4
0

:6
2

9
3

3
6

3
7

.3
6

2
.8

0
.3

7
2

6
2

7
0

.6
2

7
3

7
3

3
8

.2
6

2
.8

0
.3

7
8

2
1

8
0

.6
2

1
7

8
2

1
4

.8
6

1
3

.0
0

2
9

7
5

.2
3

3
2

1
0

.5
5

7
'7

9
1

.8
4

2
6

1
.0

5
4

7
9

.0
5

6
7

5

•
!
.:

«
'•

'.
.:

4
0

••
:'

;
.4

0
-

'
•

"2
0

--
.V

3
7

.3
6

3
.7

0
.3

6
9

3
0

7
0

.6
3

0
6

9
3

"
3

7
.3

-
=

••
6

3
'

0
.3

7
1

8
8

4
0

.6
2

8
1

1
6

3
7

,9
•

-6
3

,i
;.

0
.3

7
5

2
4

8
0

.6
2

4
7

5
2

1
4

.8
6

.
2

1
.S

5
6

1
6

1
6

.8
3

8
'

2
0

.1
1

9
:1

5
0

9
.0

5
4

1
.0

5
5

7
9

.1
3

1
7

5

1
9

4
0

4
0

4
0

3
7

.5
6

4
0

.3
6

9
4

S
8

0
,6

3
0

5
4

2
3

8
6

2
.5

0
.3

7
8

1
0

9
0

,6
2

1
8

9
1

3
7

.5
6

3
.6

0
.3

7
0

9
2

0
.6

2
9

0
8

1
4

.8
6

4
0

.3
2

3
3

0
2

4
.4

8
3

3
9

.4
1

9
2

9
5

6
.6

7
7

1
.0

5
5

7
9

.1
3

1
7

5

2
0

4
0

4
0

5
0

•
3

7
.3

6
3

.8
0

.3
6

8
9

4
2

0
.6

3
1

0
5

8
3

9
.3

6
0

.3
0

.3
9

4
5

7
8

0
.6

0
5

4
2

2
3

7
.7

6
3

.2
0

.3
7

3
6

3
7

0
.6

2
6

3
6

3
1

4
.8

6
4

9
.9

9
8

3
7

5
0

,1
7

4
9

.1
2

5
3

6
8

4
.6

8
9

1
.0

4
4

7
8

.3
0

6
6

8

2
1

4
0

5
0

1
0

3
7

.3
6

3
.5

0
.3

7
O

0
4

0
.6

2
9

9
6

3
9

.3
6

2
.9

0
.3

8
4

5
4

0
.6

1
5

4
6

3
7

.8
6

2
.9

0
.3

7
5

3
7

2
0

.6
2

4
6

2
8

1
4

.8
6

1
3

.0
9

9
9

8
2

.5
0

8
8

1
0

.5
6

4
7

9
2

.3
6

7
6

1
.0

5
4

7
9

.0
5

6
7

5

2
2

4
0

5
0

2
0

3
7

.4
6

3
.6

0
.3

7
0

2
9

7
0

.6
2

9
7

0
3

3
7

.3
6

2
.9

0
.3

7
2

2
5

5
0

.6
2

7
7

4
5

3
6

.9
6

3
.8

0
.3

6
6

4
3

5
0

.6
3

3
5

6
5

1
4

.8
6

2
4

.2
1

1
1

8
1

5
.9

8
2

2
.7

8
1

1
7

0
8

.7
2

1
1

.0
5

4
7

9
.0

5
6

7
5

2
3

4
0

5
0

4
0

3
7

.1
6

3
.6

0
.3

6
8

4
2

1
0

.6
3

1
5

7
9

3
7

.6
6

2
.4

0
.3

7
6

0
.6

2
4

3
6

.8
6

3
.6

0
.3

6
6

5
3

4
0

.6
3

3
4

6
6

1
4

.8
6

4
2

.3
0

8
3

1
7

3
.3

7
1

4
1

.4
0

6
3

1
0

5
.7

1
5

1
.0

5
3

7
8

.9
8

1
7

4

2
4

4
0

5
0

5
0

3
7

.1
6

3
.5

0
.3

6
8

7
8

7
0

.6
3

1
2

1
3

3
7

.5
6

2
.7

0
.3

7
4

2
5

1
0

.6
2

5
7

4
9

3
7

6
3

.5
0

.3
6

8
1

5
9

0
.6

3
1

8
4

1
.

1
4

.8
6

4
9

.2
1

7
3

6
9

1
.5

9
4

8
.4

8
6

3
6

3
6

.7
6

1
.0

5
3

7
8

.9
8

1
7

4

2
5

5
5

3
0

1
0

5
6

.5
4

3
0

.5
6

7
8

3
9

0
.4

3
2

1
6

1
5

1
.8

4
7

,4
0

.5
2

2
1

7
7

0
.4

7
7

8
2

3
5

2
.4

4
7

,3
0

.5
2

S
S

7
7

0
.4

7
4

4
2

3
1

4
.8

6
1

1
.5

4
8

6
5

.5
7

3
9

1
0

.3
2

7
7

7
4

.5
9

1
1

1
.0

5
2

7
8

.9
0

6
7

3

2
6

5
5

3
D

2
0

5
1

.1
4

8
.6

0
.5

1
2

5
3

8
0

.4
8

7
4

6
2

5
1

.2
4

8
.1

0
.5

1
5

6
0

9
0

.4
8

4
3

9
1

5
1

.8
4

8
0

.5
1

9
0

3
8

0
.4

8
0

9
6

2
1

4
.8

6
2

4
.7

8
9

1
8

5
9

.3
3

4
2

3
.4

4
2

1
7

5
8

.3
1

.0
5

7
7

9
.2

8
1

7
6

2
7

5
5

3
0

4
0

S
I

4
8

.3
0

.5
1

3
5

9
5

0
.4

8
6

4
0

5
5

1
.8

4
7

.5
0

.5
2

1
6

5
2

0
.4

7
8

3
4

8
5

0
.7

4
8

.8
0

.5
0

9
5

4
8

0
.4

9
0

4
S

2
1

4
.8

6
4

3
.0

8
9

3
2

3
1

.9
5

1
4

2
.2

3
4

3
1

6
7

.8
2

1
.0

5
4

7
9

.0
5

6
7

5

2
8

5
5

3
0

S
O

5
1

.1
4

8
.4

0
.5

1
3

5
6

8
0

.4
8

6
4

3
2

5
1

.4
4

8
.2

0
.5

1
6

0
6

4
0

.4
8

3
9

3
6

5
0

.9
4

8
,6

0
.5

1
1

5
5

8
0

.4
8

8
4

4
2

1
4

.8
6

5
2

.5
2

8
3

9
3

9
.9

3
6

5
1

.7
1

9
3

8
7

9
.2

5
6

1
.0

5
6

7
9

.2
0

6
7

6

2
9

5
5

4
0

1
0

5
3

4
8

.5
0

.5
2

2
1

6
7

0
.4

7
7

8
3

3
5

2
.8

4
8

0
.5

2
3

8
1

0
.4

7
6

1
9

5
3

.2
4

3
.1

0
.5

2
5

1
7

3
0

.4
7

4
8

2
7

1
4

.8
6

1
4

.5
1

9
1

0
8

9
.0

1
8

1
1

.0
3

6
8

2
7

.7
7

0
6

1
.0

7
3

8
0

.4
8

1
8

7

3
0

5
5

4
0

2
0

5
2

.9
4

8
.7

0
.5

2
0

6
6

9
0

.4
7

9
3

3
1

5
2

.8
4

8
.2

0
.5

2
2

7
7

2
0

.4
7

7
2

2
8

5
3

4
8

.8
0

.5
2

0
6

2
9

0
.4

7
9

3
7

1
1

4
.8

6
2

4
.0

2
3

1
8

0
1

.8
7

9
2

2
.8

6
3

1
7

1
4

.8
7

1
1

.0
5

2
7

8
.9

0
6

7
3

3
1

5
5

4
0

4
0

5
0

.8
4

9
.2

0
.5

0
8

0
.4

9
2

5
0

.8
4

8
.8

0
.5

1
0

0
4

0
.4

8
9

9
6

5
0

.6
4

9
.5

0
.5

0
5

4
9

5
0

.4
9

4
5

0
5

1
4

.8
6

4
1

.3
4

3
3

1
0

0
.9

9
4

0
.5

5
2

3
0

4
1

.6
6

1
.0

5
1

7
8

.8
3

1
7

3

3
2

5
5

4
0

5
0

5
0

.7
4

9
.7

0
.5

0
4

9
8

0
.4

9
5

0
2

5
1

.8
4

7
.7

0
.5

2
0

6
0

3
0

.4
7

9
3

9
7

5
0

.9
4

8
.9

0
.5

1
0

0
2

0
.4

8
9

9
8

1
4

.8
6

5
2

.8
7

5
3

9
6

5
.9

6
3

5
2

.1
2

3
3

9
0

9
.5

5
9

1
.0

5
2

7
8

.9
0

6
7

3

3
3

5
5

5
0

1
0

S
1

.7
4

8
.9

0
.5

1
3

9
1

7
0

.4
8

6
0

8
3

5
2

'
4

8
.2

0
.5

1
8

9
6

2
0

.4
8

1
0

3
8

.
5

1
.5

4
9

.4
0

.5
1

0
4

0
6

0
.4

8
9

5
9

4
1

4
.8

6
••

1
3

.0
9

9
•

9
8

2
,5

0
8

8
1

0
.3

5
S

7
7

6
.6

9
1

3
.1

.0
5

8
7

9
.3

5
6

7
7

3
4

5
5

5
0

2
0

S
2

.1
4

8
.3

0
.5

1
8

9
2

4
0

.4
8

1
0

7
6

5
2

.2
4

7
.8

0
.5

2
2

0
.4

7
8

5
1

.3
4

9
.2

0
.5

1
0

4
4

8
0

.4
8

9
5

5
2

.
1

4
.8

6
2

2
.4

7
7

1
6

8
5

.9
1

9
2

0
.9

6
7

1
5

7
2

.6
5

9
L

O
S

S
7

9
.1

3
1

7
5

3
5

5
5

5
0

4
0

5
1

.7
4

8
.5

0
.5

1
5

9
6

8
0

.4
8

4
0

3
2

5
1

.6
4

8
.3

0
.5

1
6

5
1

7
0

.4
8

3
4

8
3

5
1

,9
4

8
.3

0
.5

1
7

9
6

4
0

.4
8

2
0

3
6

1
4

.8
6

4
0

.4
3

7
3

0
3

3
.0

3
4

3
9

.4
5

5
2

9
5

9
.3

7
8

1
.0

S
7

7
9

.2
8

1
7

6

3
6

5
5

5
0

5
0

S
1

.7
4

8
.7

0
.5

1
4

9
4

0
.4

8
5

0
6

5
4

'
4

5
.2

•
0

.5
4

4
3

5
5

0
.4

5
5

6
4

5
5

1
.8

:
4

8
.9

0
.5

1
4

3
9

9
0

.4
8

5
6

0
1

,
1

4
,8

6
5

0
.7

4
9

3
8

0
6

.5
5

0
.0

5
2

3
7

5
4

.2
2

i:
0

3
5

.
7

7
.6

3
1

6
2

3
7

7
0

3
0

1
0

7
1

2
7

,5
0

.7
2

0
8

1
2

0
.2

7
9

1
8

8
7

3
.7

1
7

.2
0

.8
1

0
7

8
1

0
.1

8
9

2
1

9
7

0
.9

2
7

.6
0

.7
1

9
7

9
7

0
.2

8
0

2
0

3
1

4
.8

6
1

1
.8

8
3

8
9

1
.3

0
1

1
9

.4
8

9
7

1
1

.7
3

5
7

1
.0

1
8

7
6

.3
5

6
5

2

3
8

7
0

3
0

2
0

7
0

.8
2

7
.6

0
.7

1
9

S
1

2
0

.2
8

0
4

8
8

8
0

.3
1

4
.1

0
.8

5
0

6
3

6
0

.1
4

9
3

6
4

7
0

.8
2

7
.6

0
.7

1
9

5
1

2
0

.2
8

0
4

8
8

1
4

.8
6

2
2

.1
8

7
1

6
6

4
.1

6
7

2
0

.5
4

8
1

S
4

1
.2

3
2

1
.0

2
4

7
6

.8
0

6
5

5

3
9

7
0

3
0

4
0

7
0

.9
2

7
.6

0
.7

1
9

7
9

7
0

.2
8

0
2

0
3

7
2

.4
2

5
.9

0
.7

3
6

5
2

1
0

.2
6

3
4

7
9

7
0

.7
2

7
.4

0
.7

2
0

6
9

3
0

.2
7

9
3

0
7

1
4

.8
6

4
2

.3
4

9
3

1
7

6
.4

4
6

4
1

.5
3

3
3

1
1

5
.2

4
1

1
.0

6
4

7
9

.8
0

6
8

1

4
0

7
0

3
0

5
0

7
1

.4
2

7
.1

0
.7

2
4

8
7

3
0

.2
7

5
1

2
7

7
5

.1
2

2
.8

0
.7

6
7

1
0

9
0

.2
3

2
8

9
1

7
1

.8
2

6
.7

0
.7

2
8

9
3

4
0

.2
7

1
0

6
6

1
4

.8
6

4
1

.8
6

9
3

1
4

0
.4

4
3

4
1

.6
4

5
3

1
2

3
.6

4
2

1
.0

5
2

7
8

.9
0

6
7

3

4
1

7
0

4
0

1
0

7
0

.8
2

8
.5

0
.7

1
2

9
9

1
0

.2
8

7
0

0
9

7
0

.8
2

7
.9

0
.7

1
7

3
2

5
0

.2
8

2
6

7
5

7
1

.6
2

7
.6

0
.7

2
1

7
7

4
0

.2
7

8
2

2
6

1
4

.8
6

1
4

:3
9

4
1

0
7

9
.6

4
2

1
1

.4
2

4
8

5
6

.8
7

3
1

1
.0

7
8

8
0

.8
5

6
9

4
2

7
0

4
0

2
0

7
1

.3
2

7
.8

0
.7

1
9

4
7

5
0

.2
8

0
5

2
5

7
1

.8
2

7
.8

0
.7

2
0

8
8

4
0

.2
7

9
1

1
6

7
1

.6
2

7
.6

0
.7

2
1

7
7

4
0

.2
7

8
2

2
6

1
4

.8
6

2
2

.6
9

6
1

7
0

2
.3

4
5

2
0

.9
7

1
5

7
2

.8
8

4
1

.0
7

2
8

0
.4

0
6

8
6

4
3

7
0

4
0

4
0

7
1

2
8

0
.7

1
7

1
7

2
0

,2
8

2
8

2
8

7
2

.7
2

5
.8

0
.7

3
8

0
7

1
0

.2
6

1
9

2
9

7
1

.4
2

7
.9

0
.7

1
9

0
3

3
0

.2
8

0
9

6
7

1
4

.8
6

4
1

.2
1

9
3

0
9

1
.6

8
9

4
0

.3
2

7
3

0
2

4
.7

8
3

1
.0

5
9

7
9

.4
3

1
7

8

4
4

7
0

4
0

5
0

7
1

.2
2

7
.6

0
.7

2
0

6
4

8
0

.2
7

9
3

5
2

8
3

.1
1

3
.9

0
.8

5
6

7
0

1
0

.1
4

3
2

9
9

7
1

.5
2

7
.6

0
.7

2
1

4
9

3
0

,2
7

8
5

0
7

1
4

.8
6

5
2

.9
4

6
3

9
7

1
.2

8
9

5
1

.9
6

3
3

8
9

7
.5

5
8

1
,0

4
1

7
8

.0
8

1
6

6

4
5

7
0

5
0

1
0

6
6

,1
3

4
0

.6
6

0
3

4
0

.3
3

9
6

6
6

7
3

2
.4

0
.6

7
4

O
4

4
0

.3
2

5
9

5
6

6
6

.7
3

3
.3

0
.6

6
7

0
.3

3
3

1
4

.8
6

1
4

.1
1

2
1

0
5

8
.4

9
1

0
.6

6
8

8
0

0
.1

6
8

3
1

.0
7

7
8

0
.7

8
1

8
9

4
6

7
0

5
0

2
0

6
7

.1
3

2
.9

0
.6

7
1

0
.3

2
9

7
0

.7
2

2
.1

0
.7

6
1

8
5

3
0

.2
3

8
1

4
7

6
6

.2
3

4
0

.6
6

0
6

7
9

0
.3

3
9

3
2

1
1

4
.8

6
2

3
.4

1
7

5
5

.1
5

2
1

.4
6

1
1

6
0

9
.7

1
2

1
.0

1
9

7
6

.4
3

1
5

2

4
7

7
0

5
0

4
0

6
6

.4
3

3
,6

0
.6

6
4

0
.3

3
6

7
6

.6
2

0
.6

0
.7

8
8

0
6

6
0

.2
1

1
9

3
4

6
6

.8
3

3
0

,6
6

9
3

3
9

0
.3

3
0

6
6

1
1

4
.8

6
4

1
.2

4
1

3
0

9
3

.3
3

9
4

0
.1

4
3

3
0

1
0

.9
8

2
1

.0
2

4
7

6
.8

0
6

5
5

4
8

7
0

SO
5

0
6

6
.8

3
3

0
.6

6
9

3
3

9
0

.3
3

0
6

6
1

7
9

.3
1

8
.2

0
.8

1
3

3
3

3
0

.1
8

6
6

6
7

6
6

.9
3

2
.7

0
.6

7
1

6
8

7
0

.3
2

8
3

1
3

1
4

.8
6

5
4

.0
0

4
4

0
5

0
.6

4
6

5
3

.1
5

2
3

9
8

6
.7

4
1

.0
2

9
7

7
.1

8
1

5
9



A2
-E
\p
er
im
er
it
s
da
ta

o
f
Po
ly
im
id

e
m
e
m
h
r
a
n
e
at
D
r
y
Co
nd
it
io
ns

(
W
i
t
h
o
u
t
Pe
nt
an
e)

T
a
b
l
e
2
o
f
2

S
T
A
G
E
C
U
T

P
E
R
M
E
A
N
C
E

|
S
E
L
E
C
T
I
V
I
T
Y

N
o
.

c
o
n
d
i
t
i
o
n

M
E
B

R
O
T
A
M
E
T
E
R

M
E
B

R
O
T
A
M
E
T
E
R

M
E
B

R
O
T
A
M
E
T
E
R

I
d
e
a
l

R
e
a
l

C
o
n
e

T
f
f
i

P
(b
ar
)

kg
/h
r

c
m
3
ST
P/
s

kg
/h
r

c
m
3
/
s

C
0
2

C
0
2

C
0
2

C
0
2

C
H
4

C
H
4

C
H
4

C
H
4

M
E
B

R
O
T
A

M
E
B

G
P

U
G

P
U

G
P

U
G

P
U

C
02

/C
H

4
C

02
/C

H
4

C
02

/C
H

4
1

2
5

3
0

1
0

0
.
0
0
6
9
8
6

4
.
8
E
-
0
6

1
8
.
6
3
9
4
6

0
.
0
1
4
4
1
7

1
.
4
8
E
-
0
6

1
.
4
8
0
4
1
3

0
.
0
0
4
4
4
6

4
4
4
5
.
7
5
9

4
.
4
E
-
0
7

0
.
4
3
9
8
5
8

0
.
0
0
1
3
2
1

1
3
2
0
.
9
1
6

3
.
3
6
5
6
6
4

3
.
3
6
5
6
6
4

1
.
0
0
7
7
9
8

.•
.
2

2
5

3
0

2
0

-.
0,
00
14
4

9
.
5
6
E
-
0
7

1
3
.
5
3
8
5
1

0
,
0
1
0
1
0
4

1
.
3
9
E
-
0
7

0
.
1
3
8
7
0
5

0
.
0
0
1
4
6
6

1
4
6
5
.
8
6
2

4
.
1
E
-
0
8

0
.
0
4
0
9
7
4

0
.
0
0
0
4
3
3

4
3
3
.
0
2
0
2

3
.
3
8
5
2
0
5

3
.
3
8
5
2
0
5

1
.
0
3
8
8
0
3

•
"
3

2
5

<
3
0

4
0

0
.
0
0
8
6
0
8

5
.
7
5
E
-
0
6

1
3
.
4
3
8
2
3

0
.
0
1
0
1

4
.
6
1
E
-
0
7

0
.
4
6
0
5
5
3

0
.
0
0
0
8
0
9

8
0
8
.
6
1
1
2

1
.
4
E
-
0
7

0
.
1
3
9
6
8
5

0
.
0
0
0
2
4
5

2
4
5
.
2
5
1
4

3
.
2
9
7
0
7
1

3
.
2
9
7
0
7
1

1
.
0
0
7
8
6
4

-
•

4
2
5

3
0

5
0

0
,
0
1
1
3
9

7
.
9
7
E
-
Q
6

1
4
.
6
3
8
1
3

0
.
0
1
1
5
3
5

5
.
0
4
E
-
0
7

0
.
5
0
4
2
0
2

0
.
0
0
0
7
2
9

7
2
9
.
3
3
9
5

1
.
S
1
E
-
0
7

0
.
1
5
0
7
9
2

0
.
0
0
0
2
1
8

2
1
8
.
1
2
3
5

3
.
3
4
3
7

3
.
3
4
3
7

1
.
0
2
7
8
0
7

5
2
5

4
0

1
0

0
.
0
0
2
3
3
2

1
.
6
E
-
0
6

1
4
.
1
3
0
4
9

0
.
0
1
1
2
0
9

4
.
5
7
E
-
0
7

0
.
4
5
7
0
6
2

0
.
0
0
3
2
0
8

3
2
0
7
.
6
2
7

1
.
3
7
E
-
0
7

0
.
1
3
6
8
4
5

0
.
0
0
0
9
6

9
6
0
.
3
6
6
1

3
.
3
4
0
0
0
5

3
.
3
4
0
0
0
5

1
.
0
0
9
2
6
3

6
2
5

4
0

2
0

0
.
0
0
3
7
3
8

2
.
5
4
E
-
0
6

8
.
8
9
8
3
5
9

0
.
0
0
7
0
1

3
.
6
3
E
-
0
7

0
.
3
6
3
2
3
2

0
.
0
0
1
0
0
1

1
0
0
0
.
7
2
7

1
.
0
8
E
-
O
7

0
.
1
0
8
3
0
8

0
.
0
0
0
2
9
8

2
9
8
.
3
9
3
8

3
.
3
5
3
7
1
2

3
.
3
5
3
7
1
2

1
.
0
4
0
8
5
8

7
2
5

4
0

4
0

0
.
0
1
8
3
4
9

1
.
2
7
E
-
0
5

0
.
7
6
9
6
1
3

0
.
0
0
0
6
1
7

9
.
7
8
E
-
0
7

0
.
9
7
8
3
8
5

4
.
7
5
E
-
0
5

4
7
.
5
0
7
4
1

2
.
9
3
E
-
0
7

0
.
2
9
2
7
8
8

1
.
4
2
E
-
0
5

1
4
.
2
1
6
8
8

3
.
3
4
1
6
1
9

3
.
3
4
1
6
1
9

1
.
0
6
1
7
7
1

8
2
5

4
0

5
0

0
.
0
8
7
3
0
S

5
.
9
E
-
0
5

8
.
9
6
5
9
9

0
.
0
0
7
0
1
3

3
.
6
9
E
-
0
6

3
.
6
8
6
0
4
3

0
.
0
0
0
4
3
8

4
3
7
.
9
6
9
3

1
.
1
E
-
0
6

1
.
1
0
4
1
7
4

0
.
0
0
0
1
3
1

1
3
1
.
1
9
6
1

3
.
3
3
8
2
8
1

3
.
3
3
8
2
8
1

1
.
0
2
9
2
4
2

9
2
5

5
0

1
0

0
.
0
8
2
9
2
1

6
.
6
5
E
-
0
5

1
4
.
6
2
5
1
4

0
,
0
1
3
7
9
5

1
.
8
1
E
-
0
5

1
8
.
0
9
3
5
6

0
.
0
0
3
7
5
4

3
7
5
4
.
1
3
1

5
.
7
1
E
-
0
6

5
.
7
0
8
7
5
2

6.
00
11
84

1
1
8
4
.
4
7
7

3
.
1
6
9
4
4
2

3
.
1
6
9
4
4
2

1
.
0
2
0
4
2
8

1
0

2
5

5
0

2
0

0
.
0
0
4
3
2
9

2
.
8
E
-
0
6

1
2
.
4
2
2
7
8

0
.
0
0
9
5
6
1

4
.
3
2
E
-
0
7

0
.
4
3
1
9
0
1

0
.
0
0
1
4
7
3

1
4
7
2
,
5
6
6

1.
3E
-0
7

0
.
1
2
9
9
4
6

0
,
0
0
0
4
4
3

4
4
3
.
0
5
2
9

3
.
3
2
3
6
8

3
.
3
2
3
6
8

1
.
1
1
5
9
4
1

1
1

2
5

S
O

4
0

0
.
0
0
2
6
8
6

1
.
9
1
E
-
C
6
.

1
1
.
3
5
3
1
5

0
.
0
0
9
5
8
3

i.
53
E-
67

0
.
1
5
3
2
5
3

0
.
0
0
0
7
6
8

7
6
7
.
9
2
2
6

•i
si
E-
bg

0
.
0
4
6
0
5
2

0
.
0
0
0
2
3
1

2
3
0
.
7
5
7
9

3
,
3
2
7
8
2
7

3
.
3
2
7
8
2
7

1
.
0
1
7
3
6
7

1
2

2
5

s
o

5
0

0
.
0
0
5
7
4

4
.
1
E
-
0
6

1
1
.
3
2
2
5
9

0
.
0
0
9
5
8
7

2
.
6
3
E
-
{
I
7
1

0
.
2
6
3
3
1

0
.
0
0
0
6
1
6

6
1
5
.
5
0
3
6

8
.
0
1
E
-
0
8

0
.
0
8
0
0
5
5

0
.
0
0
0
1
8
7

1
8
7
.
1
3
3

3
.
2
8
9
1
2
3

3
.
2
8
9
1
2
3

1
.
0
4
4
2
9
5

1
3

4
0

3
0

1
0

0
.
0
1
5
3
9
6

1
.
1
5
E
-
0
5

2
1
.
4
4
9
4
8

0
.
0
1
7
6
6

1
.
8
4
E
-
0
6

1
.
8
3
9
9
0
5

0
.
0
0
2
8
2
7

2
8
2
6
.
6
6
3

1
.
1
E
-
0
6

1
.
1
0
0
3
2
1

0
.
0
0
1
6
9

1
6
9
0
.
4
3
4

1
.
6
7
2
1
5
3

1
.
6
7
2
1
5
3

1
.
0
2
5
4
5
7

1
4

4
0

3
0

2
0

0
.
0
0
2
2
3
2

1
.
6
1
E
-
0
6

1
4
.
6
S
9
2
5

0
.
0
1
1
7
1
4

1
.
4
2
E
-
0
7

0
.
1
4
1
7
2
4

0
.
0
0
1
0
3
2

1
0
3
1
.
5
4
5

8
.
3
E
-
0
8

0
.
0
8
2
9
5
8

0
.
0
0
0
6
0
4

6
0
3
.
8
1
2
7

1
.
7
0
8
3
8
6

1
.
7
0
8
3
8
6

1
.
0
1
9
9
7
7

I
S

4
0

3
0

4
0

0
.
0
0
2
2
3
5

1
.
6
1
E
-
0
6

7
.
2
9
0
7
0
4

0
.
0
0
5
8
3
1

8
.
0
6
E
-
0
8

0
.
0
8
0
6
3
8

0
.
0
0
0
2
9
3

2
9
2
.
7
5
7
4

4
.
7
3
E
-
0
8

0
.
0
4
7
3
1
8

0
.
0
0
0
1
7
2

1
7
1
,
7
8
8
5

1
.
7
0
4
1
7
3

1
.
7
0
4
1
7
3

1
.
0
5
7
8
6
6

1
6

4
0

3
0

5
0

0
.
0
0
4
0
2
3

2
.
9
3
E
-
0
6

0
.
7
8
4
6
3

0
.
0
0
0
6
3
9

1
.
2
2
E
-
0
7

0
.
1
2
1
7
4
7

2
.
6
5
E
-
0
5

2
6
.
5
2
2
1

7
.
1
2
E
-
0
8

0
.
0
7
1
1
5
9

1
.
S
5
E
-
0
5

1
5
.
5
0
1
7
5

1
.
7
1
0
9
1

1
.
7
1
0
9
1

1
.
1
9
9
5
6
5

1
7

4
0

4
0

1
0

0
.
0
0
9
8
7

6
-
7
9
E
-
0
6

2
1
,
1
6
5
6
2

0
,
0
1
6
8
3
5

1
.
1
2
E
-
0
6

1
.
1
2
1
3
6
3

0
.
0
0
2
7
8
2

2
7
8
1
.
7
1
7

6
.
8
4
E
-
0
7

0
.
6
8
3
5
3
4

0
.
0
0
1
6
9
6

1
6
9
5
.
6
1
5

1
.
6
4
0
5
3
6

1
.
6
4
0
5
3
6

1
,
0
0
8
4
4
3

1
8

4
0

4
0

2
0

0
.
0
0
0
7
8
9

5
.
4
3
E
-
0
7

1
7
.
6
7
5
7
2

O
.
0
1
4
0
4
9

5
.
2
7
E
t
0
8

0
.
0
5
2
7
3
2

0
.
0
0
1
3
6
5

1
3
6
4
.
7
1
3

3
.
1
7
E
-
G
8

0
.
0
3
1
6
9
6

0
.
0
0
0
8
2

8
2
0
.
2
9
8
2

1
.
6
6
3
6
7
9

1
.
6
6
3
6
7
9

1
.
0
1
1
1
1
1

1
9

4
0

=.:
4
0

•
4
0
-
-

0
.
0
0
0
3
9
5

2
.
7
E
-
0
7

1
7
.
8
5
8
8
7

0
.
0
1
4
0
6
7

1
.
S
8
E
-
0
8

0
.
Q
1
3
8
4
8

O
.
0
0
O
7
2
2

7
2
2
.
4
3
4
1

8
.
1
6
E
-
0
9

0
.
0
0
8
1
5
9

0
.
0
0
0
4
2
6

4
2
5
.
6
1
1

1
.
6
9
7
4
0
5

1
.
6
9
7
4
0
5

1
.
0
3
7
6
5
3

2
0

4
0

4
0

5
0

0
.
0
0
4
1
2
9

2
.
9
5
E
-
0
6

0
.
7
5
3
7
9
2

0
.
0
0
0
6
2

1
.
2
1
E
-
0
7

0
.
1
2
0
5
7
7

2
.
5
4
E
-
O
S

2
5
.
3
6
1
9
8

7
.
1
8
E
-
0
8

0
.
0
7
1
7
8
9

1
.
5
1
E
-
O
S

1
5
.
1
0
0
0
5

1
.
6
7
9
5
9
5

1
.
6
7
9
5
9
5

1
.
1
1
4
7
7
5

2
1

4
0

5
0

1
0

0
.
0
1
4
3
2
6

9
.
6
5
E
-
0
6

2
3
.
7
5
2
9
7

0
.
0
1
9
0
6
7

1
.
6
E
-
0
6

1
.
5
9
9
3
3
2

0
.
0
0
3
1
6

3
1
5
9
.
7
6
6

9
.
5
8
E
-
0
7

0
.
9
5
7
8
4
1

0
.
0
0
1
8
9
2

1
8
9
2
.
3
8
5

1
.
6
6
9
7
2
7

1
.
6
6
9
7
2
7

1
.
0
6
3
6
7

2
2

4
0

5
0

2
0

0
.
0
0
9
5
0
1

6
.
5
2
E
-
0
6

2
0
.
0
0
2
8
5

0
.
0
1
6
3
4
7

5
.
7
5
E
-
0
7

0
.
5
7
4
6
8

0
.
0
0
1
4
4
1

1
4
4
1
.
3
3
8

3
.
3
2
E
-
0
7

0
.
3
3
1
9
9
8

0
.
0
0
0
8
3
3

8
3
2
.
6
7
5
5

1
.
7
3
0
9
7
2

1
.
7
3
0
9
7
2

1
.
0
0
8
4
2
5

2
3

4
0

5
0

4
0

0
.
0
0
7
1
5
4

4
.
8
7
E
-
0
6

1
6
.
7
5
6
7
5

0
.
0
1
3
6
1

2
.
4
1
E
-
0
7

0
.
2
4
1
1
2
6

0
.
0
0
0
6
7
3

6
7
3
.
3
9
7
9

1
.
3
9
E
-
0
7

0
.
1
3
9
3
7
4

0
.
O
0
O
3
8
9

3
8
9
.
2
3
3
7

1
.
7
3
0
0
6

1
.
7
3
0
0
6

1
.
0
3
2
9
6
7

2
4

4
0

5
0

5
0

0
.
0
0
5
6
7
5

3
.
8
E
-
0
6

2
0
.
4
5
8
0
5

0
.
0
1
6
3
2
8

1
.
6
E
-
0
7

0
.
1
6
0
1
7
8

0
.
0
0
0
6
8
9

6
8
8
.
7
0
3
5

9
.
3
3
E
-
0
8

0
.
0
9
3
2
7
9

0
.
0
0
0
4
0
1

4
0
1
.
0
6
2
1

1
.
7
1
7
1
9
9

1
.
7
1
7
1
9
9

1
.
0
2
3
6
7
8

2
5

5
5

3
0

1
0

0
.
0
1
6
6
5
9

8
.
6
9
E
-
0
6

•1
9.
39
95
5.

0
.
0
1
1
4
6
2

1
.
1
8
E
-
0
6

1
.
1
7
7
8
8
6

o
:
o
o
i
5
S
4

1
5
5
3
.
6
3
3

1.
3I
E-
Q6
'

i.
30
'6
67
4

0
,
0
0
1
7
2
4

1
7
2
3
.
5
0
4

0
.
9
0
1
4
3
8

0
.
9
0
1
4
3
8

0
.
8
3
1
7
0
9

2
6

5
5

3
0

2
0

0
.
0
0
6
4
0
1

4
.
2
3
E
-
0
6

2
8
.
6
2
9
4

0
.
0
2
1
4
6
7

2
.
5
7
E
-
0
7

0
.
2
5
6
8
4
7

0
.
0
0
1
3
0
3

1
3
0
2
.
6
1
9

2
.
7
7
E
-
0
7

0
.
2
7
7
3
5
1

0
.
0
0
1
4
0
7

1
4
0
6
.
6
0
4

0
.
9
2
6
0
7
4

0
.
9
2
6
0
7
4

1
.
0
1
2
3
7
2

2
7

5
5

3
0

4
0

0
.
0
0
6
5
9
8

4
.
2
2
E
-
0
6

2
3
.
6
4
3
9
3
.

0
.
0
1
7
1
6
3

1
.
4
7
E
-
0
7

0
.
1
4
7
4
4
5

0
.
0
0
0
5
9
9

5
9
9
.
4
7
4
9

1
.
5
3
E
-
0
7

0
.
1
5
3

0
,
0
0
0
6
2
2

6
2
2
.
0
5
9
2

0
.
9
6
3
6
9
4

0
,
9
6
3
6
9
4

1
.
0
3
2
7
9
3

2
8

5
5

3
0

5
0

0
.
0
0
1
4
6
4

9
.
4
1
E
-
0
7

2
3
.
5
2
4
8
4

0
.
0
1
7
1
6
3

&
6
7
E
-
Q
8

0
.
0
2
6
7
2
8

0
.
0
0
0
4
8
7

4
8
7
.
4
3
9
7

2
.
8
E
-
0
8

0
.
0
2
7
9
8
3

0
.
0
0
0
5
1

5
1
0
.
3
1
9

0
.
9
5
5
1
6
7

0
.
9
5
5
1
6
7

1
.
0
1
0
0
4
5

2
9

5
5

4
0

1
0

0
.
0
1
3
5
0
6

1
.
0
8
E
-
0
5

2
5
.
0
2
5
2
9

0
.
0
2
2
8
0
2

1
.
1
4
E
-
0
6

1
.
1
4
3
9
1
7

0
.
0
0
2
4
1
4

2
4
1
3
.
6
9
5

1
.
2
7
E
-
0
6

1
.
2
6
5
7
5
7

0
.
0
0
2
6
7
1

2
6
7
0
.
7
8
2

0
.
9
0
3
7
4
1

0
.
9
0
3
7
4
1

1
.
0
0
6
6
0
4

3
0

5
5

4
0

2
0

0
.
0
1
1
8
1
6

7
.
O
4
E
-
0
6

2
0
.
9
0
1
3
1

0
.
0
1
4
2
1
8

4
.
4
E
-
0
7

0
.
4
4
0
3
2
3

0
.
0
0
0
8
8
9

8
8
9
.
0
4
3
6

4
.
7
S
E
-
0
7

0
.
4
7
8
0
3
2

0
.
0
0
0
9
6
5

9
6
5
.
1
7
9
9

0
.
9
2
1
1
1
7

0
.
9
2
1
1
1
7

1
.
0
0
8
4
6
3

3
1

5
5

4
0

4
0

0
.
0
0
0
7
8
9

4
.
7
5
E
-
0
7

1
9
.
8
7
8
2
6

0
.
0
1
3
9
4
5

1
.
7
5
E
-
0
8

0
.
0
1
7
4
5
7

0
.
0
0
0
5
1
2

5
1
2
.
0
3
4
3

1
.
7
8
E
-
0
8

0
.
0
1
7
8
3
6

0
.
0
0
0
5
2
3

5
2
3
.
1
6
4
6

0
.
9
7
8
7
2
5

0
.
9
7
8
7
2
5

1
.
0
0
8
1
9
7

3
2

5
5

4
0

5
0

0
.
0
0
2
2
9
2

1
.
4
1
E
-
0
6

2
3
.
2
3
S
7
6

0
.
0
1
6
6
9
2

3
.
9
9
E
-
0
8

0
.
0
3
9
9
3
5

0
.
0
0
0
4
7
2

4
7
2
.
3
7
0
7

4
.
1
5
E
-
0
8

0
.
0
4
1
5
3
3

0
.
0
0
0
4
9
1

4
9
1
,
2
6
8

0
.
9
6
1
5
3
4

0
.
9
6
1
S
3
4

1
.
0
6
4
5
3
5

3
3

5
5

5
0

1
0

0
,
0
1
9
5
6
6

1
.
2
9
E
-
Q
5

2
0
,
8
9
3
3
4

0
.
0
1
6
3
6
7

1
.
5
7
E
-
0
6

1
.
5
6
9
4
3
2

0
.
0
0
1
9
9
4

1
9
9
4
.
0
3
7

1
.
6
3
E
-
0
6

i
:
6
3
1
2
3
4

0
.
0
0
2
0
7
3

2
0
7
2
,
5
6
-

0
.
9
6
2
1
1
3

0
.
9
6
2
1
1
3

1
.
0
2
0
4
1

3
4

5
S

5
0

2
0

0
.
0
0
3
6
5
4

2
.
3
4
E
-
0
6

2
1
,
4
1
9
9
5

0
,
0
1
6
3
5
3

1
.
6
E
-
0
7

0
.
1
6
0
3
3
1

0
.
0
0
1
1
1
9

1
1
1
9
.
3
6
2

1
.
6
7
E
-
0
7

0
.
1
6
6
7
9
5

0
.
0
0
1
1
6
4

1
1
6
4
,
4
8
6

0
.
9
6
1
2
5

0
.
9
6
1
2
5

1
.
0
1
2
4

3
5

5
5

5
0

4
0

0
.
0
0
3
5
7

2
.
3
5
E
-
0
6

2
0
.
8
2
5
2
9

0
.
0
1
6
3
3
7

8
.
6
1
E
-
0
8

0
.
0
8
6
1
1
8

0
.
0
0
0
5
9
9

5
9
8
.
7
8
8
5

9
.
2
6
E
-
0
8

0
.
0
9
2
5
5
1

0
.
0
0
0
6
4
4

6
4
3
.
5
1
8
8

0
.
9
3
0
4
9
1

0
.
9
3
0
4
9
1

1
.
0
0
2
1
9
9

3
6

5
5

5
0

5
0

0
,
0
0
3
2
6
1

2
.
1
1
E
-
0
6

2
1
.
2
0
3
0
1

0
.
0
1
6
3
2
9

6
.
1
6
E
-
0
8

0
.
0
6
1
6
4
2

0
.
0
0
0
4
7
8

4
7
7
.
9
9
4
1

6
,
5
1
6
-
0
8

0
.
0
6
5
1
3
5

0
-
0
0
0
5
0
5

5
0
5
.
0
7
8
8

0
.
9
4
6
3
7
5

'0
.
9
4
6
3
7
5

1
.
1
2
5
3
6
6

3
7

7
0

3
0

1
0

0
.
0
0
2
8
0
3

1
.
7
3
E
-
0
6

0
.
9
0
8
2
5
9

0
.
0
0
0
6
3
3

1
.
6
7
E
-
0
7

0
.
1
6
7
2
7
5

6
.
1
2
E
-
0
5

6
1
.
1
9
2
7
5

4
.
1
2
E
-
0
7

0
.
4
1
2
0
7
6

0
.
0
0
0
1
5
1

1
5
0
.
7
4
6
5

0
.
4
0
5
9
3
2

0
.
4
0
5
9
3
2

1
.
6
5
9
6
3
8

3
8

7
0

3
0

2
0

0
.
0
0
7
1
6
2

4
.
4
6
E
-
0
6

0
.
9
0
2
1

0
.
0
0
0
6
3
3

2
.
2
1
E
-
0
7

0
.
2
2
0
7
0
8

3
.
1
4
E
-
0
5

3
1
.
3
5
7
9
4

S
.
4
9
E
-
0
7

0
.
5
4
8
7
5
8

7
.
8
E
-
0
5

7
7
.
9
6
7
0
2

0
.
4
0
2
1
9
5

0
.
4
0
2
1
9
5

2
.
2
2
0
0
9
9

3
9

7
0

3
0

4
0

0
.
0
0
1
8
5
9

1
.
1
7
E
-
0
6

2
2
.
4
4
7
7
9

0
.
0
1
5
8
4
8

2
.
9
3
E
-
0
8

0
.
0
2
9
2
9
9

0
.
0
0
0
3
9
8

3
9
8
.
4
5
0
6

7
.
5
4
E
-
0
8

0
.
0
7
5
4
4
8

0
.
0
0
1
0
2
6

1
0
2
6
.
0
3
9

0
.
3
8
8
3
3
9

0
.
3
8
8
3
3
9

1
.
0
8
8
1
8
2

4
0

7
0

3
0

5
0

0
.
0
0
0
5
9
2

3
.
8
4
E
-
0
7

7
.
8
9
7
3
6
6

0
.
0
0
5
7
6
8

9
.
6
6
E
-
0
9

0
.
0
0
9
6
6

0
.
0
0
0
1
4
5

1
4
5
.
1
4
1
4

2
.
5
8
E
-
0
8

0
.
0
2
5
8
4
9

0
.
0
0
0
3
8
8

3
8
8
.
3
6
8
9

0
.
3
7
3
7
2
1

0
.
3
7
3
7
2
1

1
.
2
5
0
1
9

4
1

7
0

4
0

1
0

0
.
0
1
0
S
9
2

7
.
5
9
E
-
0
6

2
3
.
8
7
6
8
1

0
.
0
1
9
7
1
3

5
.
9
E
-
0
7

0
.
5
8
9
9
4

0
.
0
0
1
5
3
3

1
5
3
2
.
7
0
1

1
.
5
3
E
-
0
6

1
.
5
3
3
1
7
2

0
.
0
0
3
9
8
3

3
9
8
3
.
2
7
7

0
.
3
8
4
7
8
4

0
.
3
8
4
7
8
4

1
.
0
2
1
5
0
5

4
2

7
0

4
0

2
0

0
.
0
0
9
1
3
8

6
.
2
4
E
-
0
6

2
8
.
6
6
5
9
1

0
.
0
2
2
5
5
1

2
.
9
9
E
-
0
7

0
.
2
9
9
0
5
4

O
.
O
0
1
0
8

1
0
8
0
.
2
0
5

7
.
7
6
E
-
0
7

0
.
7
7
5
9
7
7

0
.
0
0
2
8
0
3

2
8
0
2
.
8
8
8

0
.
3
8
5
3
9

0
.
3
8
5
3
9

1
.
0
O
7
0
1
3

4
3

7
0

4
0

4
0

0
.
0
0
5
2
0
2

3
.
1
2
E
-
0
6

1
6
.
2
9
2
1

0
.
0
1
1
2
6
1

s'
-o
ie
^b
s

0
.
0
8
0
8
0
1

0
.
0
0
0
2
9
2

2
9
1
.
7
7
1

2
.
0
6
E
-
Q
7

0
.
2
0
6
2
6
7

0
.
0
0
0
7
4
5

7
4
4
.
8
3
0
6

0
.
3
9
1
7
2
8

0
.
3
9
1
7
2
8

1
.
1
1
1
2
5
7

4
4

7
0

4
0

5
0

0
.
0
5
8
7
5

3
.
4
2
E
-
0
5

0
.
9
2
1
8
1
7

0
.
0
0
0
6
1
9

6
.
8
5
E
-
0
7

0
.
6
8
5
0
6
3

1
.
2
4
E
-
0
5

1
2
.
4
0
2
0
8

1
.
7
5
E
-
0
6

1
.
7
5
0
9
9
2

3
.
1
7
E
-
0
5

3
1
.
6
9
9
1
9

0
.
3
9
1
2
4
3

0
.
3
9
1
2
4
3

2
.
3
1
7
4
7
6

4
5

7
0

5
0

1
0

0
.
0
1
5
5
6
6

1
.
1
7
E
-
0
S

6
.
1
3
3
4
9
6

0
.
0
0
5
4
6
7

1
.
0
1
E
-
0
6

1
.
0
0
5
8
1
4

0
.
0
0
0
4
7
1

4
7
0
.
5
5
3
5

2
.
0
1
E
-
0
6

2
.
0
0
9
3
7
8

0
.
0
0
0
9
4

9
4
0
.
0
5
4
7

0
.
5
0
0
5
6

0
.
5
0
0
5
6

1
.
0
6
3
6
7
1

4
6

7
0

5
0

2
0

0
.
0
0
4
3
8
6

3
.
1
8
E
-
0
6

0
.
6
9
8
2
8
5

0
.
0
0
0
6
0
2

1
.
6
2
E
-
0
7

0
.
1
6
2
0
8
5

3
.
0
6
E
-
0
5

3
0
.
6
3
0
4
2

3
.
0
9
E
-
0
7

0
.
3
0
9
1
9

5
.
8
4
E
-
0
5

5
8
.
4
3
0
1
8

0
.
5
2
4
2
2
3

0
.
5
2
4
2
2
3

1
.
5
6
8
5
5
8

4
7

7
0

5
0

4
0

0
.
0
0
4
0
6

2
.
7
2
E
-
0
6

0
.
7
6
4
0
1

0
.
0
0
0
6
0
4

7
.
5
8
E
-
0
8

0
.
0
7
5
8
4
4

1
.
6
9
E
-
0
S

1
6
.
8
6
1
6
5

1
.
5
1
E
-
0
7

0
.
1
5
1
4
5

3
.
3
7
E
-
0
5

3
3
.
6
7
0
1

0
.
5
0
0
7
9

0
.
5
0
0
7
9

1
.
8
8
1
6
2
4

4
8

7
0

5
0

5
0

0
.
0
0
1
5
0
7

9
.
4
9
E
-
0
7

0
.
8
0
6
5
9
4

0
.
0
0
0
6
0
2

2
E
-
0
8

0
.
0
2
0
0
1
2

1
.
2
7
E
-
0
S

1
2
.
7
0
1
4
1

4
.
0
4
E
-
0
8

0
.
0
4
0
4
3
6

2
.
5
7
E
-
0
5

2
5
.
6
6
3
9
3

0
.
4
9
4
9
1
3

0
.
4
9
4
9
1
3

2
.
1
5
2
4
8
1



A
3-

E
xp

«"
ri

m
e
n

ts
d

a
ta

o
f

P
o

ly
im

id
;

m
em

b
ra

n
e

at
W

et
C

o
n

d
it

io
n

s
(P

en
ta

n
e)

T
a
b

le
1

o
f

2

F
e
e
d

C
O

N
C

E
N

T
R

A
T

IO
N

p
e
rm

e
a
te

C
O

N
C

E
N

T
R

A
T

IO
N

re
te

n
ta

te
C

O
N

C
E

N
T

R
A

T
IO

N
A

re
a

F
e
e
d

P
R

E
S

S
U

R
E

re
te

n
ta

te
P

R
E

S
S

U
R

E
p

e
rm

e
a
te

PR
E

SS
U

R
E

N
o

.
c
o

n
d

it
io

n
C

0
2

C
H

4
C

02
|

C
H

4
C

0
2

C
H

4
C

02
|

C
H

4
C

0
2

C
H

4
C

02
|

C
H

4
C

o
n

e
T

ff
l

P
(b

ar
)

fe
e
d

c
o

n
e

fe
e
d

fr
c
ti

o
n

p
e
rm

c
o

n
e

p
er

m
fr

ct
io

n
r
e
t

c
o

n
e

re
t

fr
c
ti

o
n

c
m

2
b

a
r

c
m

H
g

b
a
r

c
m

H
g

b
a
r

c
m

H
g

1
.

2
5

3
0

1
0

2
3

.1
8

6
.7

0
.2

1
0

3
8

3
0

.7
8

9
6

1
7

2
3

.8
9

8
6

.4
3

0
.2

1
6

S
S

2
0

.7
8

3
4

4
8

2
2

.9
8

6
.8

0
.2

0
8

7
5

1
0

.7
9

1
2

4
9

1
4

.8
6

1
2

.5
2

1
9

3
9

.1
5

5
1

1
0

.5
6

4
7

9
2

.3
6

7
6

1
.0

5
1

7
8

.8
3

1
7

3

2
,

25
'

3
0

2
0

'.
.

2
3

.5
8

4
\

0
.2

1
8

6
0

5
0

.7
8

1
3

9
5

2
3

9
7

8
3

.1
9

0
.2

2
3

6
8

4
0

.7
7

6
3

1
6

2
3

.6
8

4
.1

0
.2

1
9

1
2

7
0

.7
8

0
8

7
3

1
4

.8
6

2
1

.4
3

1
6

0
7

.3
8

7
2

0
.5

6
2

1
5

4
2

.2
8

2
1

.0
3

9
7

7
.9

3
1

6
5

.'
3

/
2

5
'

.
3

0
'

4
0

2
3

.2
8

3
1

2
:'

0
.2

1
8

0
4

5
0

,7
8

1
9

5
5

.
2

4
.2

'
8

1
.6

4
:•

o
;2

2
8

6
4

7
0

.7
7

1
3

5
3

2
3

-2
8

3
.5

0
.2

1
7

4
3

2
0

,7
8

2
5

6
8

1
4

.8
6

4
0

.8
3

5
3

0
6

2
.8

8
6

'
4

0
.2

5
9

3
0

1
9

.6
8

3
1

,0
1

5
'7

6
,1

3
1

5

.
4

2
5

3
0

5
0

2
3

.5
8

2
.6

0
.2

2
1

4
8

9
0

.7
7

8
5

1
1

2
4

.8
8

0
,3

0
.2

3
5

9
6

6
0

.7
6

4
0

3
4

2
3

.3
8

3
0

.2
1

9
1

9
1

0
.7

8
0

8
0

9
1

4
.8

6
5

0
.8

9
2

3
8

1
7

.2
2

6
5

0
.3

6
2

3
7

7
7

.4
7

2
1

.0
3

2
7

7
.4

0
6

6

5
2

5
4

0
1

0
1

8
.6

8
9

.9
0

.1
7

1
4

2
9

0
.8

2
8

5
7

1
1

9
.2

8
6

0
.1

8
2

5
1

0
.8

1
7

4
9

1
8

.8
9

2
.2

0
.1

6
9

3
6

9
0

.8
3

0
6

3
1

1
4

.8
6

1
0

.8
6

4
8

1
4

.8
6

9
5

1
0

.3
7

9
7

7
8

.4
9

1
4

1
.0

2
2

7
6

.6
5

6
5

4

6
2

5
4

0
2

0
2

1
.9

8
5

0
.2

0
4

8
6

4
0

.7
9

5
1

3
6

1
9

.9
7

8
.9

0
.2

0
1

4
1

7
0

.7
9

8
5

8
3

2
2

.3
8

5
.6

0
.2

0
6

6
7

3
0

.7
9

3
3

2
7

1
4

.8
6

2
0

.5
9

1
1

5
4

4
.4

5
7

2
0

.2
S

7
1

5
1

9
.4

0
5

1
.0

2
1

7
6

.5
8

1
5

3

7
2

5
4

0
4

0
2

0
.3

8
4

.8
0

.1
9

3
1

4
9

0
.8

0
6

8
5

1
2

5
.1

7
0

.1
0

.2
6

3
6

5
5

0
.7

3
6

3
4

5
1

9
.9

8
4

.1
0

.1
9

1
3

4
6

0
.8

0
8

6
5

4
1

4
.8

6
4

0
.6

6
8

3
0

5
0

.3
6

4
0

.3
1

5
3

0
2

3
.8

8
3

1
.0

2
7

6
.5

0
6

5
3

S
2

5
4

0
5

0
3

4
.7

6
8

.5
0

.3
3

6
2

4
0

.6
6

3
7

6
4

9
.7

4
6

.9
0

.5
1

4
4

9
3

0
.4

8
5

5
0

7
3

4
.7

6
8

.3
0

.3
3

6
8

9
3

0
.6

6
3

1
0

7
1

4
.8

6
5

0
.8

0
6

3
8

1
0

.7
7

5
5

0
.3

0
8

3
7

7
3

.4
2

2
1

.0
2

2
7

6
.6

5
6

5
4

9
2

5
.

SO
1

0
2

6
8

0
.2

0
.2

4
4

8
2

1
0

.7
5

5
1

7
9

2
5

,4
7

6
.3

0
.2

4
9

7
5

4
0

.7
5

0
2

4
6

2
5

.5
8

1
.2

0
.2

3
8

9
8

8
0

.7
6

1
0

1
2

1
4

.8
6

1
1

.0
5

9
8

2
9

.4
9

5
8

1
0

.4
5

5
7

8
4

.1
9

1
9

1
.0

2
4

7
6

.8
0

6
5

5

1
0

:•
2

5
.;

•.
'

5
0

.-
2

0
.

2
2

-6
.

8
1

.4
0

.2
1

7
3

0
8

0
.7

8
2

6
9

2
2

1
.4

;
7

6
.5

.:•
0

.2
1

8
5

9
0

.7
8

1
4

1
2

2
.6

'8
1

.2
;;

0
-2

1
7

7
2

6
0

.7
8

2
2

7
4

1
4

,8
6

2
3

.8
2

9
.

1
7

8
7

.3
2

8
2

1
.7

2
1

1
6

2
9

.2
1

4
1

.0
7

9
..

8
0

.9
3

1
9

1

1
1

2
5

'
5

0
'

4
0

:2
3'

.i
8

1
.9

0
.2

2
0

.7
8

•
2

2
,5

7
7

,1
••

0
.2

2
5

9
0

4
0

.7
7

4
0

9
6

2
3

.3
8

2
.3

0
.2

2
0

6
4

4
0

.7
7

9
3

5
6

1
4

.8
6

4
2

.4
1

4
3

1
8

1
.3

2
1

4
1

.1
3

7
3

0
8

5
,5

3
8

•
1

.0
8

5
"

8
1

.3
8

1
9

4

1
2

2
5

5
0

5
0

2
1

.2
7

7
.4

0
.2

1
5

0
1

0
.7

8
4

9
9

2
2

,3
7

6
.8

0
.2

2
5

0
2

5
0

.7
7

4
9

7
5

2
1

.2
7

7
.5

0
.2

1
4

7
9

2
0

.7
8

5
2

0
8

1
4

.8
6

5
2

.1
3

4
3

9
1

0
.3

8
4

5
1

.0
4

4
3

8
2

8
.6

2
7

1
.0

9
5

8
2

.1
3

2
0

1

1
3

4
0

3
0

1
0

3
7

.3
6

9
.8

0
.3

4
8

2
7

3
0

.6
5

1
7

2
7

3
7

.4
6

9
.2

0
.3

5
0

8
4

4
0

.6
4

9
1

5
6

3
7

.6
6

9
.5

0
.3

5
1

0
7

4
0

.6
4

8
9

2
6

1
4

.8
6

1
3

.6
1

1
0

2
0

.8
3

7
1

1
.5

5
8

8
6

6
.9

2
4

1
.0

5
5

7
9

.1
3

1
7

5

1
4

4
0

3
0

2
0

3
7

.9
6

7
.8

0
.3

5
8

5
6

2
0

.6
4

1
4

3
8

3
8

.2
6

6
.7

0
.3

6
4

1
5

6
0

.6
3

5
8

4
4

3
7

.9
6

7
.7

0
.3

5
8

9
0

2
0

.6
4

1
0

9
8

1
4

.8
6

2
1

.6
7

9
1

6
2

6
.0

6
4

2
0

.6
8

4
1

5
5

1
.4

3
2

1
.0

4
6

7
8

.4
5

6
6

9

1
5

4
0

3
0

4
0

3
7

.6
6

5
.7

0
.3

6
3

9
8

8
0

.6
3

6
0

1
2

4
4

.6
5

7
.9

0
.4

3
5

1
2

2
0

.5
6

4
8

7
8

3
7

.6
6

5
.6

0
.3

6
4

3
4

1
0

.6
3

5
6

5
9

1
4

.8
6

4
1

.0
3

1
3

0
7

7
.5

8
8

4
0

.4
0

1
3

0
3

0
.3

3
4

1
.0

3
2

7
7

.4
0

6
6

1
6

4
0

3
0

5
0

3
7

.8
6

5
.2

0
.3

6
6

9
9

0
.6

3
3

0
1

4
7

.8
5

3
.6

0
.4

7
1

4
0

.5
2

8
6

3
7

.8
6

5
.1

0
.3

6
7

3
4

7
0

.6
3

2
6

5
3

1
4

.8
6

5
0

.9
8

6
3

8
2

4
.2

7
6

5
0

.4
3

7
3

7
8

3
.0

9
8

1
.0

2
8

7
7

.1
0

6
5

8

1
7

4
0

•.
4

0
i

1
0

'3
6

.3
7

0
.5

0
.3

3
9

8
8

8
0

.6
6

0
1

1
2

3
4

.8
6

6
.7

0
.3

4
2

8
5

7
0

.6
5

7
1

4
3

3
6

.6
7

1
.3

.
0

.3
3

9
2

0
3

0
.6

6
0

7
9

7
1

4
.8

6
1

1
.0

6
6

8
3

0
.0

2
0

8
1

0
.5

4
7

9
0

.5
6

7
5

1
.0

2
5

7
6

.8
8

1
5

6

;-
;

18
-;

••
•4

0
";

•
•'

4
0

'
••••

"2
0

':
'

';:
=

37
,3

'
6

9
.7

'-
0

.3
4

8
5

9
3

0
.6

5
1

4
0

2
=
3

6
.1

6
3

.4
''
'

0
.3

6
2

8
1

4
0

.6
3

7
1

8
6

'
-
3

7
•'

'
'

6
9

.1
-

;•
•

0
.3

4
8

7
2

8
0

:6
5

1
2

7
2

1
4

.8
6

'
2

0
.7

0
9

1
5

5
3

.3
0

8
2

0
.3

3
1

1
5

2
4

,9
5

5
1

.0
2

3
;

7
6

.7
3

1
5

5

1
9

4
0

4
0

4
0

3
6

.6
6

7
.4

0
.3

5
1

9
2

3
0

.6
4

8
0

7
7

4
0

.2
5

6
0

.4
0

9
3

6
9

0
.5

9
0

6
3

1
3

7
.2

6
8

.3
0

.3
5

2
6

0
7

0
:6

4
7

3
9

3
1

4
.8

6
4

0
.7

0
3

3
0

5
2

.9
8

5
4

0
.3

1
5

3
0

2
3

.8
8

3
1

.0
2

1
7

6
.5

8
1

5
3

2
0

4
0

4
0

5
0

4
5

5
8

.4
0

.4
3

5
2

0
3

0
.5

6
4

7
9

7
5

8
.2

3
7

.9
0

.6
0

5
6

1
9

0
.3

9
4

3
8

1
4

5
.1

5
8

0
.4

3
7

4
3

9
0

.5
6

2
5

6
1

1
4

.8
6

5
0

.8
4

9
3

8
1

4
5

0
.2

6
5

3
7

7
0

.1
9

7
1

.0
1

6
7

6
.2

0
6

5

2
1

4
0

5
0

1
0

3
7

.4
6

9
.2

0
.3

5
0

8
4

4
0

.6
4

9
1

5
6

4
0

.5
5

1
.6

0
.4

3
9

7
3

9
0

.5
6

0
2

6
1

3
7

6
8

.5
0

.3
5

0
7

1
1

0
.6

4
9

2
8

9
1

4
.8

6
1

1
.4

8
8

6
1

.0
7

3
5

1
0

.5
7

7
9

2
.8

1
7

6
1

.0
2

5
7

6
.8

8
1

5
6

2
2

4
0

5
0

2
0

3
7

.8
6

7
.8

0
.3

5
7

9
5

5
0

.6
4

2
0

4
5

3
6

.3
5

8
.8

0
.3

8
1

7
0

3
0

.6
1

8
2

9
7

3
7

.4
6

6
.7

0
.3

5
9

2
7

0
.6

4
0

7
3

1
4

.8
6

2
0

.8
8

1
5

6
6

.1
3

4
2

0
.4

4
2

1
5

3
3

.2
8

1
1

.0
2

3
7

6
.7

3
1

5
5

2
3

4
0

5
0

4
0

3
8

.9
6

3
.3

0
.3

8
0

6
2

6
0

.6
1

9
3

7
4

2
9

.6
2

5
4

.3
3

0
.3

5
2

8
2

9
0

.6
4

7
1

7
1

3
8

.8
6

3
.2

0
.3

8
0

3
9

2
0

.6
1

9
6

0
8

1
4

.8
6

4
0

.2
3

3
0

1
7

.5
0

7
4

0
.1

1
3

0
0

8
.5

0
7

1
.0

2
1

7
6

.5
8

1
5

3

2
4

4
0

5
0

5
0

3
8

.8
6

3
.1

0
.3

8
0

7
6

5
0

.6
1

9
2

3
5

2
6

.4
4

7
.5

0
.3

5
7

2
4

0
.6

4
2

7
6

3
8

:7
6

2
.7

0
.3

8
1

6
5

7
0

.6
1

8
3

4
3

1
4

.8
6

5
0

.6
9

3
8

0
2

.0
7

4
5

0
.3

2
7

3
7

7
4

.8
4

7
1

.0
2

2
7

6
.6

5
6

5
4

2
5

s
s

3
0

1
0

S
1

.9
S

1
.7

0
,5

0
0

9
6

5
0

.4
9

9
0

3
5

3
7

.4
.

6
1

0
,3

8
0

0
8

1
0

.6
1

9
9

1
9

.
'

5
2

-.
;

5
1

.6
"

.
0

,5
0

1
9

3
1

0
.4

9
8

0
6

9
1

4
,8

6
1

4
,3

4
2

1
0

7
5

.7
4

2
1

2
.2

0
9

9
1

5
.7

5
3

1
.

1
,0

1
8

'
7

6
,3

5
6

5
2

2
6

5
5

3
0

2
0

5
2

.9
5

1
.3

0
.5

0
7

6
7

8
0

,4
9

2
3

2
2

5
2

.5
4

6
0

.S
3

2
9

9
5

0
.4

6
7

0
0

5
5

2
'

5
1

.3
'

0
.5

0
3

3
8

8
0

.4
9

6
6

1
2

1
4

.8
6

2
2

.0
0

3
1

6
5

0
.3

6
6

2
0

,7
5

9
1

5
5

7
.0

5
8

1
.0

1
9

7
6

.4
3

1
5

2

2
7

5
5

3
0

4
0

6
3

.3
4

7
.9

0
.5

6
9

2
4

5
0

.4
3

0
7

5
5

6
7

,4
3

1
.9

0
.6

7
8

7
5

1
0

.3
2

1
2

4
9

5
3

.4
4

7
,7

0
.5

2
8

1
9

0
.4

7
1

8
1

1
4

.8
6

4
1

.0
9

6
3

0
8

2
.4

6
3

4
0

.4
2

5
3

0
3

2
.1

3
4

1
.0

2
4

7
6

.8
0

6
5

5

2
8

5
5

3
0

5
0

5
2

.7
4

8
.8

0
.S

1
9

2
1

2
0

.4
8

0
7

8
8

7
4

.5
2

3
.4

0
.7

6
0

9
8

1
0

;2
3

9
O

1
9

5
2

.3
4

8
.6

0
.5

1
8

3
3

5
0

.4
8

1
6

6
5

1
4

.8
6

5
1

.0
2

6
3

8
2

7
,2

7
7

5
0

.4
2

5
3

7
8

2
.1

9
8

1
.0

3
2

7
7

.4
0

6
6

2
9

5
5

4
0

1
0

4
9

.2
5

7
.4

0
.4

6
1

5
3

8
0

.5
3

8
4

6
2

4
5

.7
5

4
.6

0
.4

5
5

6
3

3
0

.S
4

4
3

6
7

4
8

.3
5

8
.8

0
.4

5
0

9
8

0
.5

4
9

0
2

1
4

,8
6

1
1

.1
9

8
8

3
9

.9
2

1
7

1
0

.5
7

4
7

9
3

.1
1

7
7

1
.0

2
6

7
6

.9
5

6
5

7

3
0

5
5

4
0

2
0

S
3

.7
4

8
.6

0
.5

2
4

9
2

7
0

.4
7

5
0

7
3

5
5

.2
4

6
.4

0
.5

4
3

3
0

7
0

.4
5

6
6

9
3

5
3

.7
4

8
.6

0
.5

2
4

9
2

7
0

.4
7

5
0

7
3

1
4

.8
6

2
1

.0
1

2
1

5
7

6
.0

3
4

2
0

.6
7

5
1

5
5

0
.7

5
7

1
.0

1
2

7
5

.9
0

6
4

8

3
1

5
5

4
0

4
0

4
1

6
2

.4
0

.3
9

6
5

1
8

0
.6

0
3

4
8

2
4

2
.1

5
6

0
.4

2
9

1
5

4
0

.5
7

0
8

4
6

3
9

.8
6

5
0

.3
7

9
7

7
1

0
.6

2
0

2
2

9
1

4
.8

6
4

0
.7

3
5

3
0

5
5

.3
8

6
4

0
.3

2
3

0
2

4
.2

5
8

1
.0

1
6

7
6

.2
0

6
5

3
2

5
5

4
0

5
0

4
9

.6
5

2
.3

0
.4

8
6

7
5

2
0

.5
1

3
2

4
8

6
0

.7
3

5
.5

0
.6

3
0

9
7

7
0

.3
6

9
0

2
3

5
0

.5
5

2
.6

0
.4

8
9

8
1

6
0

.5
1

0
1

8
4

1
4

.8
6

5
0

.8
2

4
3

8
1

2
.1

2
5

5
0

.2
4

5
3

7
6

8
.6

9
7

1
.0

2
3

7
6

.7
3

1
5

5

3
3

5
5

5
0

1
0

4
6

5
1

.7
0

.4
7

0
8

2
9

0
.5

2
9

1
7

1
4

7
5

•
5

0
"

0
.4

8
7

1
7

9
.0

.5
1

2
8

2
1

•
4

7
.7

5
0

-
-

0
.4

8
8

2
2

9
0

.5
1

1
7

7
1

1
4

.8
6

1
2

.9
0

4
9

6
7

.8
8

2
6

1
0

.3
8

4
7

7
8

.8
6

6
5

1
.0

8
8

8
1

.6
0

6
9

6

3
4

5
5

SO
2

0
4

7
.5

4
9

.7
0

.4
8

8
6

B
3

0
,5

1
1

3
1

7
4

7
.5

4
9

.5
0

.4
8

9
6

9
1

0
.5

1
0

3
0

9
4

7
.5

-
s
o

0
.4

8
7

1
7

9
0

.5
1

2
8

2
1

1
4

.8
6

2
4

.1
2

2
1

8
0

9
.3

0
4

2
1

.9
3

8
1

6
4

5
.4

9
1

.0
9

8
8

2
.3

5
7

0
3

3
5

5
5

5
0

4
0

4
8

.3
4

6
.5

0
.5

0
9

4
9

4
0

.4
9

0
5

0
6

4
8

.7
4

6
0

.5
1

4
2

5
6

0
.4

8
5

7
4

4
4

8
.4

4
6

.7
0

.5
0

8
9

3
8

0
.4

9
1

0
6

2
1

4
.8

6
4

2
.2

6
2

3
1

6
9

.9
2

4
1

.0
5

4
3

0
7

9
.3

1
3

1
.0

8
4

8
1

.3
0

6
9

4

3
6

5
5

5
0

5
0

4
8

,8
4

6
.1

0
.5

1
4

2
2

6
0

.4
8

S
7

7
4

5
0

.1
4

4
.3

•
0

.5
3

0
7

2
0

.4
6

9
2

8
4

8
.9

4
6

.3
0

.5
1

3
6

5
5

0
.4

8
6

3
4

5
1

4
.8

6
5

2
.1

1
9

3
9

0
9

.2
5

9
5

1
.0

3
1

.
3

8
2

7
.6

5
2

1
.0

9
5

8
2

.1
3

2
0

1

3
7

7
0

3
0

1
0

6
5

4
0

0
.6

1
9

0
4

8
0

.3
8

0
9

5
2

6
5

3
9

.6
0

.6
2

1
4

1
5

0
.3

7
8

5
8

5
6

4
.6

4
0

.5
0

.6
1

4
6

5
3

0
.3

8
5

3
4

7
1

4
.8

6
1

6
.0

1
1

2
0

0
.8

5
2

1
4

.0
8

7
1

0
5

6
.6

1
5

1
.0

6
7

9
.5

0
6

7
8

3
8

7
0

3
0

2
0

6
6

.1
3

7
.9

0
.6

3
5

5
7

7
0

.3
6

4
4

2
3

6
6

.5
3

7
.5

3
0

.6
3

9
2

3
9

0
.3

6
0

7
6

1
6

6
.1

3
8

.6
0

.6
3

1
3

2
8

0
.3

6
8

6
7

2
1

4
.8

6
2

2
.2

4
1

6
6

8
.1

4
2

2
0

.8
8

6
1

5
6

6
.5

8
4

1
.0

6
7

9
.5

0
6

7
8

3
9

7
0

3
0

4
0

6
6

.2
3

7
.1

0
.6

4
0

8
5

2
0

.3
5

9
1

4
8

6
7

.4
3

5
.3

0
.6

5
6

2
8

0
.3

4
3

7
2

6
6

.1
3

7
.5

0
.6

3
8

0
3

1
0

.3
6

1
9

6
9

1
4

.8
6

4
1

.2
1

1
3

0
9

1
.0

8
9

4
0

.4
8

1
3

0
3

6
.3

3
4

1
.0

4
9

7
8

.6
8

1
7

1

4
0

7
0

3
0

5
0

6
6

3
7

.3
0

.6
3

8
9

1
6

0
.3

6
1

0
8

4
7

4
.6

2
6

.7
0

.7
3

5
4

2
6

0
.2

6
3

5
7

4
6

6
.1

3
7

.3
0

.6
3

9
2

6
5

0
.3

6
0

7
3

5
1

4
.8

6
5

1
.1

0
8

3
8

3
3

.4
2

7
5

0
.4

6
7

3
7

8
5

.3
4

8
1

.0
4

5
7

8
.3

8
1

6
9

4
1

7
0

4
0

1
0

6
4

.5
3

7
.6

0
.6

3
1

7
3

4
0

.3
6

8
2

6
6

6
0

.5
3

7
.2

0
.6

1
9

2
4

3
0

.3
8

0
7

5
7

6
4

.5
3

8
.9

-
0

.6
2

3
7

9
1

0
.3

7
6

2
0

9
1

4
.8

6
1

1
.2

5
8

8
4

4
.4

2
2

1
1

0
.5

9
7

7
9

4
.8

4
2

8
1

.0
2

8
7

7
.1

0
6

5
8

4
2

7
0

4
0

2
0

6
7

3
5

.9
0

,6
5

1
1

1
8

0
.3

4
8

8
8

2
'6

7
.5

3
5

.2
0

.6
5

7
2

5
4

0
.3

4
2

7
4

6
6

7
.3

3
5

.8
0

.6
5

2
7

6
4

0
.3

4
7

2
3

6
1

4
,8

6
2

2
,2

4
6

1
6

6
8

.5
9

2
2

0
.9

9
1

1
5

7
4

.4
5

9
1

,0
5

6
7

9
.2

0
6

7
6

4
3

7
0

4
0

4
0

6
7

.3
3

5
0

.6
5

7
8

6
9

0
,3

4
2

1
3

1
6

9
.3

3
2

.2
0

,6
8

2
7

5
9

0
.3

1
7

2
4

1
6

7
.3

3
5

0
.6

5
7

8
6

9
0

.3
4

2
1

3
1

1
4

.8
6

4
1

,3
5

6
3

1
0

1
.9

6
5

4
0

.9
0

9
3

0
6

8
.4

3
7

1
.0

4
9

7
8

.6
8

1
7

1

4
4

7
0

4
0

5
0

6
7

.2
3

5
.6

0
.6

S
3

6
9

6
0

.3
4

6
3

0
4

6
9

,9
3

1
.7

-
0

.6
8

7
9

9
2

0
.3

1
2

0
0

8
6

7
.1

•
<
3

5
.5

0
.6

5
3

9
9

6
0

.3
4

6
0

0
4

1
4

.8
6

5
1

.1
4

3
.:

3
8

3
6

.0
5

2
5

0
.5

1
4

3
7

8
8

.8
7

3
1

.0
3

3
7

7
.4

8
1

6
1

4
5

7
0

5
0

1
0

6
2

.6
3

1
.4

0
.6

6
5

9
5

7
0

.3
3

4
0

4
3

6
2

.7
3

1
.2

0
.6

6
7

7
3

2
0

.3
3

2
2

6
8

6
2

.8
3

1
.5

0
.6

6
5

9
6

0
.3

3
4

0
4

1
4

.8
6

1
5

.6
7

8
1

1
7

5
.9

5
1

3
.5

4
8

1
0

1
6

.1
8

7
1

.0
8

9
8

1
.6

8
1

9
7

4
6

7
0

5
0

2
0

6
2

.6
3

1
.6

0
.6

6
4

5
4

4
0

.3
3

5
4

5
6

6
3

3
1

0
.6

7
0

2
1

3
0

.3
2

9
7

8
7

6
2

.6
3

1
.5

0
.6

6
5

2
5

0
.3

3
4

7
5

1
4

.8
6

2
7

.0
9

6
2

0
3

2
.3

7
3

2
5

.2
4

2
1

8
9

3
.3

1
2

1
.0

9
8

1
.7

5
6

9
8

4
7

7
0

5
0

4
0

6
2

.6
3

1
.7

0
.6

6
3

8
3

9
0

.3
3

6
1

6
1

6
3

.1
3

1
0

.6
7

0
5

6
3

0
.3

2
9

4
3

7
6

2
.8

3
1

.7
0

.6
6

4
5

5
0

.3
3

5
4

5
1

4
.8

6
4

2
.8

4
6

3
2

1
3

.7
2

4
4

1
.2

5
6

3
0

9
4

.4
6

4
1

.0
9

7
8

2
.2

8
2

0
2

4
8

7
0

5
0

5
0

6
5

.5
2

8
.5

0
.6

9
6

8
0

9
0

.3
0

3
1

9
1

6
7

.4
2

6
.4

0
.7

1
8

5
5

0
.2

8
1

4
5

6
5

.9
2

8
.2

0
.7

0
0

3
1

9
0

.2
9

9
6

8
1

1
4

.8
6

5
2

.4
3

8
3

9
3

3
.1

8
6

5
1

.1
9

8
3

8
4

0
.1

7
8

1
.0

9
8

8
2

.3
5

7
0

3



*»

s
m
q

rH m ID

o

q

00 CO CO
„ ^r ID m m CO m ei m rH rH

3 m m Ul fl- ev s a in
rH
CO

3

ID rH rH ID p- rH ** H Ph

cn
Ul
rH

q

m CO p. P~ CO Ul
tH

s
.rt

CO s CO rH

I
8

m on it rH in ID o p- ro 10 pi en O P- •j- O in p- Ul OI r~. CO CO r4 1 tn O m 01 m rt T ID
a en o

IS en r^ en m ID rH m m en IN m
8 IN m w CO Ph p.

3
tD rH en P« IN (Q rH o •» CN O CO S. CO

£
en

3
q

M m rH p- 3
o

s
q

HP m CO n> ID IN P- Ph HI © ID ID

3
CN P- en O en PH cn CO ul Q O

CM 5 IN
o

CO
q

p-
01 ? s PI

9
o
o

rH

q q 3 in a O
p.
IN

OI
01

m o CO
CO

a
en ID

O
rH Ul

p-
en

PH
O

a
CO

L0
O q o o

rH
O

p.
in °* 3 rt

rt
O
O

IN
O

m
a

O
t

"*
T-i

*"*
rH

rH d
ri

ri
rt

•H <-i ^ rH rH T-i rn ri -i •H •H rA T-i d d d .T-t ri PI d ri i-i TH ri ** ri T-i ri T-i
rt ri d ri rH

rt ri rH rt T-i

M ^h IN H

IO

CO *r CO «r

5
1/1 P- «• 9

01 p. PH m p- PI in U) Ul
T-t

5
T-t
ID

00 CO rH Oi ri en ^~ (N m ID P> 01 m CO Ti m p. IN
—

:rt ri
ts

Ul Ph

CD £

s 1
a

01 O m p. CO M « 3 S CO m ID rt 01
§ rH CM PI m P- • o m •I m rt rH o Ul en p« IN p- o en cn rt

rH rj rH *r p. s O PH rH rt> CO CO rH OI
s PI rH o Ph

3
cn Ph CO rt IN en 3

pi 01 3 p. CO 10 ri Ph

3
at

in

in f^. o fO

m

CO CO CO CO rH p. P- TJ PI ro IN Ph CO 01 t-i CO P HI CO CO 3
m

01 St tH Q rH CO
O
CO

m

ni s 01 CO
i*^
(N s s £ ID

1-
CO

CO
Ph

m
PH

(0
01 tH 3 ffi

tN
o.

en
p. 3 £ 3! 8 3 H

PI
o
en 3 q 3 3 S en

r5
ID

ID
in

ID
in 8 (O

Ul
CN
tn Ul

o o
Ul

a
HI

Pi
1-

H To
01

a cti cri rn ^i m >r pi en en eri eri ^ J J rH r4 *H
•*

i-i T-i ri rH d d d d ri d T-i r4 rH rt d d d d d d d d d d d d d d

t fM m r; CO fl- CO ^, 00 3 p- *r CO en p- IN

1
PH PI in in in

rH
P.
10
rH
ID

CO CO rH en rH 01 ^• IN IO 10 |H- en Ul CO
3

ul Pv CN CO rt rH Ul Ul p-

8

in en o m en p. n pt *r «r o CO 10 (H CN o rH (N CN in r-. o o -* tH fO rt tH © in p- Pt p. in O en ID m rH
a

8 rt « i- p. rn o IN (O m H 00 T» en 3 *H o K 3 en fi CO rH CN pi Ol 3 IN cn •t m Ph CO 10 rH P.
in PK o) m

•St
m

CO CO CO CO rH p. r* T IN CO P- CO en rH m P- en CO CO 3
in

cn s rH O 3 10 CO

E o
CO

in

cri S in Ul CO
Ph g s in ID

1-
CO

CO
p.

m
p.

en
Ph 01

CO

T-i 3 s en
en
p- 3 & 8

o
en 3

rH

pi
o
en 3

Ul
a 3 3 cn 3 IN

ID
•O
m

ID
in I cn

Ul
CN
U!

CO
Ul

o
Ul

O
Ul

o
ul

CN
TT

ni ci m ^ iri fl- pi oi ni m rri --i T-i rH ri
rt ^

•-i T-i T-i ri rH d d •d d ri d tH »-i rt T-i d d d d d d d d d O d d d d

CO

3.

p. >t p- CO tN pi (N P- rH

§
(N 3 in CO CO PI Ph

100
CO

rH
en P~

10

PI m ID CO Ul
^

00 en OI ID IN m Tt Tf PH CO 3
m

3 cn ui Ph Ph
CO ID M 10 in CO ro PI Tp en CO o p- 10 P- tt 01 p- lH m

3 ob OI S CN rH Ul
3 CO in 00 cri rH •

3 3

s
01 w T-f rH CO rH CO PH m CO rH <o p- p- rH P-

CN
CO

en
m

PI m 10 m pi
ID

d
CO
CN

m (-. Itl (N rH tH Ol rH (N rH Ul rH rp Ph

a: p*

en 3 to

10"
p. 10

pc
m
m

o p-
m

p-

in

CN

pi pT
en

d Pi
Hf

in

ID
1

nl
CO

LO (li
.rH

PH

CO
o

oi
P.

rH
PI

O
CO

ro

pi
*r js H

T»
Si
ID s m

pi
TH

d t-t
rt

«H

pi
<N

oi
rH
rH

CO

IS
PH

s>
rt

tn

ni i ul

m

pi CN

rH CO m

r— •* o • r* K It p^ m rH pi T in 9 CO >t oi ID p. q- to p- ui ^ a P~ CO o S in 3> ID rH oi p- o m Ul ID

1

«h in
rt

w ID «• rH r< rH r4 rH rH rH ID m rH i-» rH ^ CN m ri •* rt (N ri Ul Ul CN pi m cn 10 cn i- TP

CO „ to in m m m ID P. P. H 00
in
rH
O
o

m m m m m in m en m in Ul m Ul Ul tn in H Lfl m g •»• CN <fi
^ CO CO m it a B CN IN ID 3

3

m

•»• A
o

rH
rH

q q Q CO
rH ri

rJ
rH

•t
rH

CO a q 9 9 q 9
1
T-I

a o O o 9 2 3
o

PH
a 3 rt Ul IO

(N
rH
ID

in
ID

rt
tn

o

1 g a m
m

m
IO

ID
cn

ID
TT

as X T-t o o m Q O LU uu o Ul LU LU LU U4 UI Ul O LU o O IN T-I o LU (N o • a o O
u 8 8 g °. g en

p- g g s g o
o

m
CO

CO CO
en IO

en
P> s a

a
CO
en

P-
rH

CO
ID E3 •H

Ul
00

OI
ID
Ph

o
o

P.
00

a
a o 8 8 8 O

O
o
o

a
a

m
en g § 8 8 a

a
o
Q

o
o

O
O

O Ci d o d 1D rH ^p d d d d d d i-i r-i ID ni T-f ID d eri e«i rH P- ^ CN rH ni d rH d d d d d d d d ui d d d d d d d d

CO rH m cs in in •* m

in

m CO tM
m
en
o
m
q

CO m 01 OI (N

q

pi
in
Ph
CO
TT
q

in IN R rH m PI rH

HP

CN CN 01 ** (fl p. Ul m CO 10 m
_

ni IN CN PH ID CO
rH
rH
ID
IO

3 3 s * s CO PI
p.
p. s 3 p.

to
CO
rH s 8 %% ft

m
UY
m s p- 3

P.
rH s •D en

Ul
l-t

3
p-
m

IN rt
ID

trt
rt 3

(H
P-

p- 10
Ul s § S

cn
01 a p-

Ul
rH

IN
P-
*H

z

S
in r- r* p- Z ID in en o rl rH rH rH r* pi pi rH s rH en rH Tp ri rH CO m m Ol cn ri CO rt (N S3 rH rp CN

u rt •* 3
m IN n> p- es m p^ (0 rn ID P- to CO o rH

3
o OI PI Ph 01 Pt IN Ph 1D rt rt ca

3
H Ul 01 CO

in cn o •H o o en IN rH o O o tH o d m o rH ro O O u> •hP CN o o CN CN to Pt ^ rH PI m o fl1 rH Si Ul

09
ci d d d d d d d d d d d d d d d d d o d d d d ,d d d o d d d d ri d d d ci d d d d o a d d d d d

Ph p-

?
m fv p«. CO 00 p. P- p- p-

CO
o

CO

?
00 p- CO

9
LU

PH
o

CO
o

00 a) Ph Ph

9
CO Ph Ph Ph CO ID PH p. i". LO PH IH. Ph p-

9 9
p. p. PH Ph P-

9 o a 9 9 9 o 9 9 o o q 9 9 9 9
o q 9 9 9 q q a o 9 9 9 9 O a 9 9 9 9 9 o o o

s *H 4. UI lii 1U UJ LU LU til
in
en
q

Ul UI til
to
H
rH

iii
Ul
P-
ca

Ul uj lil LU 111 iii Ul LU IU ui III 111 iii
id 10 in

a
£?

ID •* nt p. •» in P; CO 1 en CN Ul Ul CO p. CO CN 01 Ph rH CN CO ri m m P- CO 10 cn 01 cn Ph CO CO

u $ 3 s to
rH PH

p-
p-

in
in en

o
o

10
rJ

00
rH s pi rt

m
in
tn

p.
(N s §

rH
en

OI
o

CD
rH

Ul
3

Ph
Ul

cn
p.

ID
en

rt
01 a rt

P« HI •& 10
rt 3 g m

o>
Ul
en

CN
TJ- (N

rH
tH

rt «• r> r- rJ HI ^ 1D pi in vi ID rH rH rH u> (N ri Ul »H o rH •hP Ul Ul m CO o cn pi pi (N 10 rt °i pi 00 tH in en CO 10

U

z

£
a:

CN ™ ^» m rH f-i >t pi rH en ci t-i in ni 10 Ph
**

00) rH m "T ni •»
w

eri oi oi ID -r pi ni A CN pi ni CN ** rH PI (0 •41 CO "T T-t ni Ul ni

K

IN

O
3

5

01
rt

o

«r

5

1
5

s
g

m

s
ID

cS
en

m

o

•H

10

rH
m
o
CO

m m
en

3
m
en

9 ID

8.
eri
rH
01

3 CO

3
ID

en
(0
CO
p«

ui
IN

cS
(T)

pi
ID

b

Ph
in
(I)

OI
m
L0
IN

to

CO i
s 3

3
g
CO
Ul i5

3
!
IN
IN

s en

3
10 ro

i
d

rH
Ul

il,m

S
id
CM

ni

3 1
cn

rt

en
rt

Ol
m

m IN l IS ID
cn
o

ID
ID
O

en
(N

3
ID
tn

(N 10

01
m

m
fN

PH
•P

ID

s

S
o

U
5 Vi rH

CO
m

p- in
m

rH
IN

d
in

ID
rH s

« U>
OI

PH

p; ni
PI

p-

ID
CO
IN

m

ri
PI

ui
rH

Ph oi od
00
ui

TJ CO
o

d
pt

ui
Ul 3 eri

IO en

P-

3 oi
a

s P^
rH 3 eri CO

en
UI
a.

in *H Ph m ID
(M

>» *r ^ m PI CO CO rt ID- •o co P. ni & tH * ri 3 pi CN ^ en pi (1) rH 3 rt en rH pj rt

PI 1
tN

1 en
(N

ID

CO

9 s m
rH
(N 3

ID
rH
m

en
rH

01
2
CO s s

at
nv
T-t s q ! CO

m
q

Ul
q

Ul
9

in

9 3 9 9
Ul
o

Ul
Ul
CN

ui
a

CO
o
tH

3
o
o
O

8
IN ph

Ul

CN
3

Ph
Ol
Q
O
O

3
CN

Ul
9

Ul
10

ID
ID
O rH

ID
Ph
rt

PH
rH

IO
3
rt

en
CN

en
en
ri

IB 8 s
2
o
o

o
o
a

o
o
Q

a

g g S CO
"J- o

3
o q g

PI
O
o

s m
IN

LU
CO
in

p. ui
m

oi

CN
P-

O
o
o

ui
3

m
in

U!
PI
P- en s

Ul
Ul
IN

Ul

CO

LU
en
Ul

O
O
O

iii
p.
o

o
o
o

s o
o o

a

Ul
p«
en

g
g

g O
O
O

o
o
o

o
o
o

O
O
o

d d ci d d d ID eri d d d d d d ni pi d <B CO d rn! ni ri ID' « pi ri rp d eri d d d d d d d d ni d d d d d d d d

r-\

ft

CN

C-J

T-t

r4 en

a
in
o
m

rn m m

I
10

3
PH

s
rH

in CO en PI
PI

3

en Ul rH rH 3
pi

01

3
to
m
T-J

en in CO P. Ul IN

i
CO 10 Ol m m p. IN CO tH LO m pi ID ^~ 00 3

COH 3

13

Q
en a 3 en s

Ph
PI

a
p-
p-

p-
rv| m

(N
rH

£ 3 3
ID
m

CO
m

ft
PI

CD
r-r ts g s rH

rH CN 3
rH

PI
o
CN

cn 3 Ol
en s o

Ul 3 (N
m s in

e^
P-
O Ul

p.
o

O in m en PI rH rH I m P- 10 en p- P- P- <N CN HP O m o
S
rH

s to p- o pi o IN CO P- CO 3
CN

1
u

C0
m m

ID
CO
rH

m
¥

OI
PI 2 in

OI
o

m
o

o
rH m 3

IN
o

en
m

CO
o

Ul
o

10
o S g O

en
P.

CO
ni 3 a rn

rN
1-

p~
(N

IO
o

(N
rH

m
CN

(N
O g ^rt

IN
PH

o
en
tH

Ul
tH

5

d d d d d d d d o
•"*

d d d d d d d d d d d d d d d d d d d d d d J d d d H d d d d d d d d d d d

P. p> p-. i*. >- p- T~- p- p. LO fH. p. CO 00 P- p. P- p- CO CO CO 03

9
PH p- CO CO p. P-

o

p.

9
10 p. Ph c»- ID p-

9
p- Ph CO CO P- CO p. p. P-

'3?
s

cn 9 9 9 9 o o O o 9 q q 9 o o o o o O 9 9 p- o Q 9 q 9 9 9 9 a q 9 o Q 9 o O 9 9 o Q o o Q

o
Hi Ul lb iii 111 LU UI Ul ui uii LU LU LU 111 til ui iii 9 til Ul til LU til LU

rH

iii Ul iii til Ul 111 tii tit iii til
pn ID <N T m en a CN en m PH CN CO P- ^P p.

3
ir 3 I m III m p- <D en Ul m

3
CN en rt Pv rH rJ rH CO m 3 CO rH S 3« i-i P- r> m m o CO O pt w en ^• in O 3 rt n> ID s. p. p- in o CN pi cn CO rt o PI © •W P- Ph IN to IN rH P- Ul

w
a.

CO CO --H t4 ID in rH i-i 1* »4 p. in oi iri
-1

•H eri rt ** pi CO ui 10 T-i eri ca" c-i r^ •hT rri •I rt ni Pi cri rH ri 10 T-t pi oi •CP oi S t-i pi rH

rH (0 CO p- CO CO in m en pi p- CO (N m OI 01 in m fH at Ul
en
10
o

S

CO
ID
o

8

rH IN CN tH m Ph rf on Ph rt m Ul ID 10

3
a
q

P- Ph
q

IN rp 10 en

3!Sr
Ph <2 s r4

m
en
m

rH

ID
o

ro
en
Ph

co
Hi

m
m

rH
CN

en
in

10

g
q

PI
10

ID
Q

s
10

IN
m

p.
to

Ph
ID g

m
10

m
ID

m
IO s

Ph rH
ID

rH Ol
CO s CN 3 1 (rt

ret o
D
T»

rH
PH S

IN
p.

Pt
rt

ID
IN

o

at cc en Ph T-t s rH f-i o IN rt pi m PH P- CO o P4 o a o a m o m cn m o P- D rH cn Ul 1*.
3
o

3
CO

CO en
e

.2
s
s

§ o o
a g g o s S

a
o

Q a
a

rH
O s s g 5 g O

o g o
o g g 8 a

o
o
a

o
CI

o
CO g 8 S 8 o

tH

o
rH a

o
rt
O 8 8 o

o
o

d d a d d d d d d d d o d d o d d o d d d d d o O o d d d d d o d d d d d d d o d d a d d d d d

^ in r-. (H Vi !H CO en to trt IN rn CO ID p. rl CO rv p.
m
o

rH

2

in

CN ID

a)
en

m 01 to
T*f

In
rH

01

d

3 en 3
P-
co

CO •* rtl °2 M
—

•X •»

1
W s

en
(N

s
IN

P; to TJ" p- ol CN in

e
o 1 i

in

1
r4

3 2 1 R1

in
en
rH i L3

pf g 3
m

ID en

3
rH

CO

3 1
en
en
Ph

s
00

to

3 R i 01
Ul

rH
HP
rH
CO IT

s
rt

01
o
•J-
p«

P-
CO
p~ rH rH

cn
CO
CO

rt
o
o

ID
LO
O

ID
•hP

U
3

p-

d
en

ici o

r-
cn

en m rH
O

r< ID
CO

o
o

rH «! P.
PI

TH
P- CO

CO
s 3 S 2 p-

ri
01

q
ni

rt
rt

Pt
Pt

CO
rt

o
cn ui TJ ui

PH

Ul
CN
en

s
m
ro

PI

cri D s m d
41

1

1-4 ^4 oi "*' IN OS eo
r* •» pC PI rH rn rH rH rH in Ul ni

^
IN IN d rn T-i d ui 1-i rH ni m r~ oi rH e-i ni eri rt •T TP CO rH

w ID ID ID ID
ID
O

ID ID
o

IO u) I L0
s

P- P- ID ID

$
10 PH r*- ID P- ID ID IO

s 9
p- ID ID ID ID to

9 ID

I
Ul in ID ID ID LO P-. 10 10 ID in ID

a.

to
en

9 2
• O q

2 9 9 q q q q 9 9 9 q q O 9 9 9 o q q q 9 9 9 9 9 q 9 9 9 9 LO q q q

4>

5 Ui
t-t
ID

m
pi 8 3

III

pt
iii
en

rH CO
<N

m
m s B in

(N
in

00
o o 3 rH en

o

UI
CO
I-.

Ph

CO
rH
m

^P
rH

rH
P;

OI
m

C~i
(O

ul
IN
(0

ID
CO

til
Ph

CO
Ul
Ph

rH
P-

uj
cn

00
IO

UI

3
Ph
O p- 3 m

^>
LU
01
en

p-
rH 3 ID

Ul

O

01
in o 3

B
a

s

E pi in
w

c-i rH c>i rH ni •-• CO eri CO in iri pi ni tH «-i CO ID IN CO ri rH rH ^ pi pC -P ui pC ri CO V u> T-i A tf pi iri
**

rf rH. oi T* ri p^

LO
m

io
3 | s s 3 p>

m

I
in
CO

rH
p.

rH

3
o

en
ri
ID

T-f
en

m
m

rH
rH

OI
in

ri
P.

rH

g
PI

3
CO
rH K Ph

R
o
q

tc S ID IS T-t
CN

3
9

TS
UI a

Ph
to s 3 cn

a rt

O
cn CN

ID

3 s
en
cn

in
rH

CN
ID

rt
IO p.

E
5

£ 3 <D g p-
CO

en
ID

o S p.
o 3

q

OI
ID 5 p.

CO
en
(N

CO
CO 3 r-t

01 a.
iH

Ph a
o s

u> IN
Ul R

rt
m

o
m p- o

PH

m s IN
tH U!

ID
CN cn

s
CU

s g g s 3
rH

o g o g 5 g g o
o

o
o g g g s g o

o
o
o 8 o

o 8 g 8 o o
o
o 8 3 S

rt

o o 8 g a 8 5 g
rt

3 8 O
o

d d d d d d d d d d d d o d d d d d d d d d d d d O d d d d d d d d d d d d d d a d o d d d d d

13

J
a.

o o ?
a O o O o o o a o o o o o o o

3 o o o o o a O o • O o o a o o
§ o O o

§
O e> o § o O o o o

I
O

« "

•a

th cn in t-i w m rH rt m rH pi «r in m rH PI >r in v-f IN IT Ul ri IN *r m ri IN Ul tH PJ m T-t (N Ul ri "4- Ul

§

c
o

@
1-

a
cn

o
m cS s a o o

1- § o O
in

o
in

o
m

o
CO

o
to

a
(0 s 3 3 § O

Ul
o
Ul

o
Ul

o
Ul s s s s O

1
O

?
o S R S s S s 3 S

o
•*

o o
Ul

a
Ul

O
Ul

o

a ',

S
c
a

u
SQ cn s s

m m
ri a a CN s o a

Hf
o
TI

o 3 § 3 9 O
T4"

o o
TJ

o
•J

Ul
Ul 8

m
in

Ul
Ul

Ul
Ul

m
u>

in
Ul

Ul
Ul 3 If!

Ul
Ul ffi o

Ph (H.
o
p«

o
R s R s o

Ph
o
p-.

O o
Ph

a

3

a
z

iH pi c« « Ul ID p- 00 en a >H lH 3 3 in ID p> OB
rH 3 S

rH
PH

PI
PI s 3

Ul
IN p.

pi CO
CN

cn
CN s •H

m
PI

m 3 rn % P-
m

CO
m

cn
m 3 3

N
•*

tn 3 s i? 5 3


