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EXECUTIVE SUMMARY 

This design was carried out to design a plant to produce 3tonnes/day of caustic potash 

! 

using cocoa pod hus~. The plant for the production of caustic potash will actually need a 

dryer, furnace, leaching tank, filter, evaporator and storage tank where the product will be 

stored. The material palances were carried out with the aid of Microsoft excel while the 

I 

energy balance were carried out using MathCAD 2000 professional whereas the design of 

equipment was done1with HYSYS. From the calculation of the design, it was discovered 

that 73777.77kg/day of cocoa pod husk will be required as the starting mass of the husk 

for production of the required capacity. The results of the economic analysis showed that 

the plant needs W509080073.l5 as the total capital investment to set up the plant. Finally, 

the plant was found to be economically viable with the rate of return of 25.39% and pay 

back period of 3.94 years. 



CHAPTER ONE 

1.0 INTRODUCTION 

t.l General Introduction 

The shells of the cocoa arc called pod husk. The husk alter being burnt to ashes and 

leached can also give some chemical compounds such as potassium hydroxide. which 

has high concentration and can be used in the manufacture of soap. Its ashes can also 

be mixed with animal feed but <:t minimum quantity is used because the Thcn 

bromine it contains is toxic to anil11als when accul11ulatL:d in their hodies. The husk 

can be used in making fibre. board lllanUf~lcture because of its high cellulose content 

(about 45%) but is of low quality because of its high protein and low fibre content. It 

is also contains nitrogen and phosphorous thereforc can be used as a source of 

manure for growing plants (Jeremiah, 1991). 

Potassium hydroxide (KOH), commonly known as caustic potash. is the largest 

volul11e potassium chemical for non-lCrtili/.er lise. It is produced hy thc e\cctroly<;is or 

potassium chloride using membrane or mercury cell technology. The co-products arc 

chlorine and hydrogen. 

(www.oxy.com/OXYCHEM/Products/causticpotash/causticpotash.htm) 

Some uses of KOH include acrylate ester copolymer coating, defoaming agents used 

in the manufacture of papcr, formulation aid for food, pH control agent, polyethylene 

resins, textile processing. (http://cn.wikipedia.org/wiki/Caustic potash) 

Cocoa, comll1on name for a powder deri ved li'OIl1 1 he f'1'1i i 1 seeds () f' 1 he cac\() ll'ee and 

for ihe bcverage prepared by mixing the powder with mille When cocoa is prepared, 

most of the cocoa butter is removed in the manufacturing process. After thc fat is 



separated and the residue is ground, small percentages of various substances may be 

added, such as starch to prevent caking, or potassium bicarbonate to neutralize the 

natural acids and astringents and make the cocoa easy to dissolve in liquids. Cocoa 

has a high food value, containing as much as 20 percent protein, 40 percent 

carbohydrate, and 40 percent I~lt. It is also mildly stimulating because or the presence 

or theobromine, an alkaloid that is closely related to cai'lcine (I ':ncarta, 2(06). 

1.2 Aim and objectives of the study 

This project is aimed at designing a plant for the production or caustic potash from 

cocoa pod husk. This aim will be achieved via the realization of the following 

objectives: 

(I) Preparation of a flow diagram of the plant. 

(2) Calculation of the material balances or the components across the 

individual units. 

(3) Calculation of the energy balances of the components across the individual 

units. 

(4) Carry out the detail design of all the units of the plant. 

(5) Preparation of the cost estimation of the plant. 

(6) Others 

1.3 Design Data 

The process data required in this design project were sourced i"r(\1ll literlltllres (past 

projects and textbooks) and internet. In a situation where particular pieces or 

information were not available, reasonable assumptions were made. 
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Further, all operating conditions specified in the process were ohtained from 

literatures (past projcds and textbooks) and the internet. 

1.4 Need for the study 

Cocoa pod just has hitherto been regarded as waste. However recent research results 

. show that it can be commercially used in the production of caustic potash. 

1.5 - Problem Statement 

Design a plant to produce 3 tonnes/day or caustic potash rrom cocoa pod husk. 

1.5.1 Service available 

a. Cooling water at 100 Ib/in2 at a maximum temperature of 3S(lC. 

b. Dry saturated steam at 10 atmospheres. 

1.5.2 Product specification 

The purity of caustic potash should not be less than 99% (99 percent). 

1.5.3 Other requirements 

1. All the cquipments must be designed. 

2. In addition to the hard copies, electronic copy of the report must be submitted 

in a diskette. 

1.5.4 Bonus marks 

Extra marks will be given ror use or process simulator package in: 

a. preparing flow diagramltlow sheet. 

b. the design of the equipment. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Caustic potash 

" A caustic white solid, KOH, used as bleach and in the manufacture of soaps, dyes, 

alkaline batteries, and many potassium compounds. Also called caustic potash, lye; 

Also' cal Jed potash. (~~ww .an~!VcrJi.comll~~I2i~1j1<JJ~~~<;iLJm:: hy~lr~n:i ell.:) 

The chemical compound potassium hydroxide, (KOlI) sometimes known as caustic 

pota~h, potassa, potash lye, and potassium hydrate, is a metallic base. It is a very 

alkaline compound used in agriculture to correct the pH of acidic soils. It can also be 

used as a fungicide or even an herbicide. 

(www.oxy.com/OXYCHEM/Products/causticpotash/causticpotash.htm) 

Potassium hydroxide (KOH), commonly known as caustic potash. is the largest 

volume potassium chemical for non-fertilizer use. It is produced by the electrolysis of 

potassium chloride using membrane or mercury cell technology. The co-products are 

chlorine and hydrogen. 

(www.oxy.com/OXYCHEM/Products/causticpotash/causticpotash.htm) 

Caustic potash is a strong base and is available in liquid and dry forms. It has 

universal applications in soaps and detergents, ICrtili/,ers. and industrial operations. It 

is also used in molten salts, dyes, pharmaceuticals, and photographic chemicals. 

(www.oxy.com/OXYCIIEM/Products/causticpotash/causticpotash.htm) 

4 



2.1.1 Properties of caustic potash 

Table 1.1: Properties of caustic potash 

Properties Description 

Other names Potash lye 

Molecular formula KOlI 

-Molar mass 56.1 g/mol 

Appear.ance white solid, 

deliquescent 

Density and phase 2.04 g/cm3, solid 

Solubility in water 110 g/IOO ml (25°C) 

Melting point 380 °C 

Boiling point 1324°C 

Phase behaviour Solid, liquid, gas 

Spectral data UV, IR, NMR, MS 

Other anions Potassium oxide 

Potassium peroxide 

Potassium superoxide 

Other cations I ,ithium hydroxide 

Sodium hydroxide 

Rubidium hydroxide 

Caesium hydroxide 

--------
Source: http://en.wikipedia.org/wikilCaustic potash 

2.1.2 pses of caustic potash 

Potassium Hydroxide is used In chemical manuf~lcturing including potassium 

carhonate and other potassium chemicals, fertilizers, phosphates, agroehemicals, 
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alkaline batteries and dyes. It is also widely used in soap and bleaching industry. 

(www:chemicalland21.com/arokorhi/indllstrialchem/inorganic/KOI J .htm) 

It is a major industrial chemical used as a base in a wide variety of chemical 

processes. It is used as a catalyst in reactions like the production of biodiesel, the 

advantage of using potassium hydroxide (KOH) and not sodium hydroxide (NaOH) 

is that NaOI 1 "clumps" and KOI I docs not. 

Some uses of KOB include acrylate ester copolymer coating, defoaming agents used 

ih the manufacture of paper, formulation aid for food, pH control agent, polyethylene 

resins, textile processing. (http://en.wikipedia.org/wiki/Caustic potash) 

Other uses include in veterinary medicine in disbudding calves horns and to dissolve 

scales and hair; manufacture of cleansers; in wart removal and as a cuticle solvent. 

This type of compound is also used in washing powders, some denture cleaners, 110n­

phosphate detergents, and drain or pipe cleaners. 

A very significant use of KOB in terms of signi ficance to the average home 

consumer is that alkaline batteries use an aqueous solution of KOI I as an electrolyte. 

Thus, potassium hydroxide helps to power flashlights, smoke detectors. and other 

battery powered household items. (http://en.wikipedia.org/wiki/Caustic potash) 

2.1.3 Caustic potash in food preparation 

Food uses of lye include washing or chemical peeling or fruits and vegetahles, 

chocolate and cocoa processing, caramel color production, poultry scalding, soft 

drink processing, and thickening ice cream. Olives are often soaked in lye to soften 
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them, while pretzels and German lye rolls are glazed with a lye solution before 

baking to make them crisp. (http://en.wikipedia.org/wiki/Caustic potash) 

Lye is used to make the SC{l\1(.Iinavian dcJicacy known as lutc!isk (from lutfisk, "lye 

fish"). Cod is soaked in lye to a jclly-likc consistency, thcn served with bacon fat, 

potatoes, brunost sauce and mushy peas. Ilominy is dried mai/.e (corn) kernels 

reconstituted by soaking in lye-water. (http://cn.wikipcdia.org/wiki/Caustic potash) 

2.2 Cocoa 

Cocoa, common name for a powder derived from the fruit seeds of the cacao tree and 

for the beverage prepared by mixing the powder with milk. (Encarta, 2004) 

2.2.1 Qiscovery and Development of cocoa 

The cocoa tree (Thcohroma Cacao) is a native or the dense tropical Amazon forests. 

First cultivated by the Mayas of Yucatan and the Aztecs of Mexico, the crop bas 

increased in commercial value since Montezuma began consUl11tng a cocoa bean 

preparation called "chocolatl" regularly. 

(www.hawaiianchocolate.coml.growing chocolate histol)z.html) 

Fig. 1.1: Cocoa plant 
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Although Columbus initially brought the cocoa bean to I':urope, it was his fellow 

countryman, Don Cortes, who recognized its commercial value as a drink and sent 

back to Spain cocoa beans and recipes ('()r the preparation oj' chocolate. Ilowever, it 

was the Swedish botanist, Linnaeus, who, probably drawing on the Aztec belief that 

the cocoa tree had divine origins, gave the genus the name "Theobroma" or Food of 

the Gods. (www.hawaiianchocolate.com/growingchocolatehistory.html) 

The Spaniards jealously guarded this increasingly popular drink, to which they added 

sugar as a sweetener. Cultivation of the cocoa tree by the Spaniards in their isolated 

.. co.1ony in Trinidad was part of the ellort to keep secret the cultivation and preparation 

of the cocoa bean. Eventually, the Spaniards sought to grow cocoa elsewhere 

including other West Indian Islands and the Philippines. 

( www.hawaiianchocolate.com/growingchocolatehistory.html) 

The popularity of the chocolate drink spread to Italy, Holland and France and finally 

in the middle 1600s to England, but it remained a drink for the wealthy because or its 

high cost. By the early eighteenth century, however, prices began to drop and the 

commercial manufacture of chocolate began in Bristol, Englan(L where the firm or 

J.S. Fry founded the first chocolate factory in 1728. 

( www.hawaiianchocolate.com/growing chocolate history .h1m I) 

2.2.2 Botany and Propagation of cocoa 

The term cacao, essentially a botanical name, refers to the tree; the pods and the 

unfermented beans found in the pods. The word cocoa, by contrast, re!l:rs to the 

fermented cocoa beans in bulk, and also to the manuf~lctured powdered product used 

for drinks and in food manufacturing. 
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(WVv'W ,hawaiianchocolate.com/growing chocolate history .html) 

The cocoa beans are the seeds of the cacao tree species Theobroma cacao L., and the 

genus Theobroma. Thcobroma cacao is the only species of commercial valuc and is 

divided into four distinct varieties: Ilawaiian, Criollo, Trinitario, (llld hmlstero. 

""Except for in-Hawaii, the growin'g conditions requircd hy the cacao trcc are fairly 

precise with the usual areas of cultivation lying within 20 degrees latitude of the 

equator. Within these latitudes a temperature range of 21 to 32 degrees Centigrade 

(70 to 90 degrees Fahrenheit) is required. Soil conditions can vary considerably, but a 

firm rQothold and moisture retention are necessary. 

(www.hawaiianchocolate.com/growingchocolatehistory.html) 

Traditionally, cacao trees are grown under shade trees to resemhle their natural 

hahitat, however, high yields have heen ohtained from trees growing in non-shaded 

areas when sufficient moisture and nutrients are made available to the trees. Cocoa 

trees, which begin bearing fruits after the age of five, generally live up to 100 years 

and are in their prime 30 to 40 years after maturity. 

From the time the seedlings reach a height of 3 to ::; fCet, they throw out 3 to ::; 

branches, and later, vertical "chupons" or suckers from points below "jorquette:.;" 

where branches fork. This pattern of growth is repeated until the height or maturity is 

reached. 

Flowers, less than a half in~h in diameter, are formed in small groups on the trunk 

and lower main branches of the trees. They are bisexual and produce pollen that is 
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too sticky to bc dispersed by the wind. In its natural habitat, pollination occurs 

primarily through small midge: a tiny fly. Mature trees produce approximately 

10,000 flowers per year of which 1000 become pollinated, and of which 100 develop 

into mature pods. These pods mature in 5 to 7 months during which time many wilt 

and drop off in a natural thinning process. The pod attains a length or 6 to 10 inches 

and a diameter of 3 to 4 inches. A pod normally contains 20 to 40 seeds surrounded 

by a muscilaginous pulp when the pdd is ripe. 

(,:vww.hawaiianchocolate.com/growing chocolate history.htm!) 

The pods are harvested regularly, for the trees bear mature II'uit, flowers, and 

growing pods all at the same time. After removal from the branches by hand-cutting, 

t~e pods are taken to a central location for opening and removal of the beans and 

adhering. pulp. The beans with pulp are then taken to the fermentary for fermenting 

and drying. 

2.2.3 Varieties of Cocoa 

The different varieties or cocoa are Criollo cocoa, which is the old Venezuelan 

criollo population, which include also the native or long, establish cocoa of Mexico 

and Central America. The pods are either red or yellow in color, narrow and long, 

when ripe usually deeply ten-furrowed, very warty and conspicuously pointed. The 

pod wall is relatively thin and easy to cut; seed plump almost round in section, fresh 

cotyledons ej~!ler white or pale violets in color. The whole group is variable and 

occasionally trees may have smooth or scarcely pointed pods. 
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2.2.3.1 Amelonado 

The Amelonado is the commonest type grown in West Africa. Amenolonado cocoa 

pods are slightly rounded, smooth and green when unripe and turn yellow when ripe. 

It is not a very high yielding type but an advantage it has is that the pods are 

generally formed during the dry season, which reduces damages due to hlack pod 

diseases. 

2.2.3.2 A-mazonian Frostcrous 

The Amazonian coeoa comprises the ordinary cocoa of Brazil and West Africa. They 

are all called Amazonians because they are apparently distributed naturally 

throughout the basis of that river and its tributaries. The pods are yellow when ripe 

and are better known representation in cultivation. They are inconspicuously ridged 

and furrowed, smooth and round-ended or very blunt pointcd. The pod wall is thick 

~nd.often is a woody layer difficult to cut. The seeds are more or less Oattened and 

fresh c~tyledons are dark violet in color sometimes almost hlack seeds arc the most 

important and more constant than the pod shape but they arc not invariable. 

2.2.4 Uses of cocoa 

The cocoa pod is composed of about 42% beans, 2% sweetener (mucilage) and 56% 

husk. The cocoa bean is main product of the plant and it contains protein and fat and 

has a highly concentrated food value in relation to their bulk and weight. /\lso the 

carhohydrate present makes it an excellent high energy /"ood. The processing or 

cocoa heans during manufacturing is mainly directed towards the production or 

eating chocolate, drinking cocoa and cocoa butter and a lesser extent manufacture of 

Theo bromine. Cocoa butter is used in manufacture or cosmetics and pharmaceutical 

preparation, soap, ointment and food. 
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The cocoa tree too has its own lIscrlllness they (Ire grown in tropical regions or the 

world and they provide shading and resting place for the farmers also the trees after 

ageing can be used for firewood and logs for sawmill to be used in building and 

construction for private purposes and industrially. 

2.3 Cocoa pod husk 

The shells of th'c cocoa are called pod husk. 

2.3.1 Chemical composition of cocoa pod husk 

Table 2.2: Showing the chemical composition of Cocoa Pod II usk 

Constituent 

Water 

Total dry matter 

Glucose 

Crude protein 

Fatty substance 

Crude fibre 

Nitrogen -free extracts 

Sucrose 

Pectin 

Theobromine 

12 

Percentage by Weight (%) 

57.79 

42.29 

l.16 

9.69 

0.15 

33.90 

42.21 

0.18 

5.30 

0.20 
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J 
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2.3.2Chemical composition of ashed cocoa pod husk 

Table 2.3: Showing the chemical composition of ashed cocoa pod husk. 

Constituent Percentage by Weight CYo) 

CaO 0.22-0.59 

MgO 0.40-0.52 

K20 2.XS-S.X7 

P20s 0.30-0.49 

~i02 0.06-0.14 

PH 6.10-7.00 

2.3.3 Uses of Cocoa Pod Husk 

The shells of the cocoa are called pod husk. The shells can be sacked for mulch used 

for the extraction of Theobromine to yield cocoa hutter. Extractcd Thco bromine is 

converted to caffeine that suhscqucntly addcd to hcvcrages and tm:dicinc. Thc husk 

after. being hurnt to ashcs and leached can also givc some chcmical compounds such 

as potas.sium hydroxide, which has high concentration and can he used in the 

manufacture of soap. It ashes can also be mixed with animal feed but a minimum 

quantity is used because the Theo bromine it contains is toxic to animals when 

accumulated in their bodies. The husk can be used in making fibre. hoard 

manufacture because of its high cellulose content (about 45%) but is of low quality 

hecause of its high protcin and low fibrc content. It is also contains nitrogcn and 

phosphorous therefore can he used as a source of manurc for growing plants 

(Jer'emiah, 1991). 

Figure 1 illustrates a mature cocoa pod as it appears on the tree, often growing from 

the trunk. This variety is of an elongated cylindrical shape with ten furrows. In size. 
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the fully grown pod is about six to ten inches long and three to four inches in 

diameter. Removal of a portion of the thick husk reveals the seeds inside which are 

covered with a pulp. (Figures 2 and 3) The oval-shaped cocoa beans are about one 

and a quarter inches long and vary in color Irom white to purple. hgures 4 to 8 are 

views of a seed and its cross-sections. 

(www.hawaiianchocolate.com/growing chocolate thccocoap()(LblmD 

Dried and fermented cocoa beans usually weigh from one-twentieth to one-thirtieth 

of an ounce. (www.hawaiianchocolate.com/growing chocolate thecocoapod.html) 

Fig. 2.2: Cocoa pod husk 

Source: (www.hawaiianchocolatc.com/growing chocolate thcco-';~i!pod.htll1D 

2.3.4 Uses of cocoa pod husks 

Cocoa pod husks can be used in several different ways: 

As pelletised 100% cocoa pod husk it can be used as a substitute for corn and wheat 

bran in feed formulations for chickens, pigs and sheep. To produce the Iced the Iresh 
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cocoa pod husks arc sliccd into !lakes. The !lakes arc partially dried to 60'Yr) moisture 

content, they are then minced or pelleted and dried. 

(www.icco.org/questions/animalfeed.htm) 

It can be used as wet feed for pigs, mixed with corn and other ingredients. 

Wet cocoa pod-husk can be mixed.with grass, cassava and other farm wastcs as feed 

for rabbits, sheep, horses etc. (www.icco.org/qll(stions/~\Ili1l1(l11l:c~LlII11JJ 

2.4 Leaching 

Leaching is the removal of a soluble fraction in the form of a solution from an 

insoluble permeable solid phase with which it is associated. The separation usually 

involves selective dissolution with or without diffusion but in the extreme case of 

simple washing it consist of the displacement with some mixing of one interstial 

liquid by another which is immiscible. The soluble constituent may be solid or liquid 

and it may be incorporated of the insoluble material. The insoluble cellular with 

selectivity permeable cell walls or surface activated. This process may be used either 

Jor.the production of a concentrated solution of a valuable solid material or in order 

to remove an insoluble solid from a soluble material with which it is contaminated. 

Leaching is also known as solid-liquid extraction lixiviation, percolation, infusion, 

washing and decanting settling in Chemical Engineering practice. It is an industrial 

separation operation based on mass transfer (Jeremiah, 1991). 

The proportion of soluble constituent present, its distribution throughout the solid the 

nature of the solid and particle size determine the method used for the extraction. 

Generally, the process can be considered in three parts: 
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I) The change of phase of the solute as it dissolves in the solvent. 

2) Its diffusion through the solvent in the pores of the solid to the outside of the 

particles. 

3) The transfer of solute from the solution to in contact with the particles to the 

main bulk of the solution. 

In some cases,' the soluble materials are distributed in' small isolated pockets in a 

material, which is impermeable to the solvent, and the material is crushed so that all 

the soluble material is exposed to the solvent. 

2.4.1 General principles of leaching operation 

Leaching is concerned with the extraction of soluble constituent from a solid by 

means of a solvent. The process may be used either for the production or a 

concentrated solution of a valuable solid material, or in order to remove an insoluble 

solid, such as a pigment from a soluble material with which it is contaminated. The 

proportion of soluble constituents present determines the method used for extraction. 

Its distribution throughout the solid the nature of the solid and the particle size. r f the 

solute is uniformly dispersed in the solid, the material ncar the surface will be 

dis~olved first. Leaving a porous structure in the solid residue. The solvent will then 

have to penetrate this outer layer before it can reach further solutes and the process 

will become progressively more difficult and the extraction rate will f~dl. lethe solute 

forms a very high proportion of the solid, the porous structure may breakdown almost 

immediately to give a fine deposit of insoluble residue, and access of solvent to the 

. 
solute will not impeded. Generally, the process can be considered in the three parts. 

1) The change of phase of the solute as it dissolves in the solvent. 
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2) - Its diffusion through the solvent in the pores or the outside or the particle, 

and 

3) The transfer of the solute rrom the solution in contact with thc particles to 

the main bulk orthe solution (Ojoh, 1992) 

2.4.2 Processes of leaching 

Leaching processes fall into two principal classes; those in which the leaching is 

accomplished by percolation (seeping or solvent through (\ bed or solids) and 

extracting liquid and subsequently separated from it. 

Leaching operations are carried out under batch, semi-batch (unsteady statc) as wcll 

as under completely continuous (steady state) conditions. The unsteady-state 

operations include those where the solids and liquids are contacted in purely batch 

wise fashion and also those where a batch of the solids contacted with a continually 

. 
flowing stream of liquid (semi-batch method). The continuous steady statc operation 

can be broadly classified into two major categories, according to whcthcr it opcratcs 

in stage wise or in a continuous contact fashion, viz, singlc-stagc and counter-current 

multiple contact. 

2.4.3 Mass transfer in leaching operation 

Mass transfer rates within the porous residue are difficult to assess because it is 

impossible to define the shapes of the channels through which transfer must take 

place. It is possible however, to obtain an approximate indication or the rate or 

transfer from the particles to the bulk ofthc liquid, using the concept ora thin film as 

providing the resistance to transrcr the equation ror mass transfer may be written as 

dm KA(CS - C) . - = .................................................. (/) 
dl b 
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The diffusion coefficient approximately equal to the liquid phase diffusivity. D2 and 

it usually assumed constant for a batch process in which V, the total volume of 

solution, is assumed to remain constant, then: 

£1111 = Vdc. ........................................................... (ii) 

The time t taken for the concentration or the solution to rise from initial value to a 

.. 
value is found by integration on the assumption that both b and A remain constant 

, ~ Rearranging equation (iii) 

J de = f (KAdt) ............................................. (iv) 
(() Cs - C Cs-(' Vb 

Cs -Co KA 
In ·=-1 ........................................................ (v) 

('s Vh 

1-(' = e-(KA/I'h)1 ........................................................ (vi) 
Cs 

(' = es(1 _. e-(/..··l/lh)l) 

wher~ A= area of the solid-liquid interface 

b= effective thickness of the liquid film surrounding the particles. 

c= concentration of the solute in the bulk of the solution at time t. 

Cs= concentration of the saturated solution in the contact of the particle 

M= mass of the solid transferred in time t. 

.. 2:4.4 Factors influencing rate of extraction 

There are four main factors that influence the rate of extraction. (Fgberonghc, 1998) 

i) Solvent 

ii) Particle size. 

iii.) Agitation of the fluid 

iv) Temperature 

18 



2.4.4.1 Solvent 

The liquid chosen should be a good selective solvent and its viscosity should he 

sufficiently low for it to circulate freely. Generally, a relatively pure solvent will be 

used initially but as some extraction process the concentration of solute will increase 

and the rate of extraction will progressively increase because the concentration 

gradient will be reduced, and also, because the solution will generally become more 

viscous. (Egberongbe, 1998) 

2.4.4.12 Particle size 

Particle size influences the extraction rate in a number of ways. The greater is the 

inter-facial areas between the solid and liquid and therefore the higher the rate of 

transfer of material and the smaller is the distance the solute must diffuse within the 

solid, on the other hand, the surface may not be so effectively used with a very fine 

material if circulation of the liquid is impede and separation of the particles from the 

liquid and drainage of the solid residue are more difficult. It is generally desirable 

that. the range of particle size should be small so that each particle requires 

approximately the same time for extraction and in particular the production or a large 

.am~unt of the material should be avoided as this Illay wedge in the interstices of the 

large particles and impede the flow of solvents. (Egberongbe, 1998) 

2.4.4.3 Agitation of the fluid 

Agitation of the solvent is important because these increase the eddy di f'fusion and 

therefore the transfer of material from the surface of the particle to the bulk of the 

solution. Further agitation of sllspensioll of line particle prevents sedimentatioll and 

more effectively used is made of the interfacial surface. (Egbernngbe, 199R) 

19 



2.4.4.4 Temperature 

The solubility of the material which is being extracted will increase with temperature 

to give a higher rate of extraction. Further, the diffusion coefficient will be expected 

to increase with rise in temperature and this will also increase the rate of extraction in 

some cases. The limit temperature is determined by secondary consideration, as ror 

example the necessity to avoid enzyme action during the extraction or sugar. 

(Egheronghe, 1'(98) 

2.5 Processing Technologies 

2.5.1 Description of Various Processing Technologies of Cocoa Pod Husks 

Cocoa pod husk is one of the by-products of cocoa constituents ahout 56% of the 

pod. The ash from the cocoa pod husk consists of oxides of calcium, magnesium, 

potassium, phosphorous and silicon. Potassium oxide, which is ahout 2.85(VrJ to 

5.87%, is the only soluhle oxide present in the cocoa pod husk ash and so leaching or 

caustic potash (KOH) can he easily achieved. Caustic potash is on high demand in 

the laboratory and industries, so there is need to produce it and since cocoa pod husk 

contains high percentage of K20, it can be the extraction of K20 from cocoa pod 

husk. 

The process used for this extraction IS leaching and there arc three operational 

methods available that is batch, semi-batch and continllolls method. 

2.5.1.1 Batch method 

In this method, all the phases are stationary from a point of view outside the 

apparatus, which is no flow in or out through there may be relative motion within. 

This method is used in small scale industries where the raw materials is not much or 
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when the yields and quality of products cannot he achieved hy continucs method 

hecause of parameters such as very low rates and long residence time in thc process 

equipment. 

2.5.1.2 Semi batch 

This method is similar to batch but the extraction process is repeated for more times 

with specific volume of water for each process. It gives morc yield than batch 

method though more expensive because of th(~ repeated processes and are usually 

used in the ahsence or continucs and batch method. 

2.5.1.3 Continuous method 

There is constant flow of raw materials into the apparatus. It is processed by 

continuous passage of process water and removed continuously; there is continuous 

flow within the apparatus, constant concentration of the feed stream and unchanging 

conditions of temperature and pressure. This method makes it possible to obtain a 

high yield and uniform product quality. This method is used in this project work 

using soxhlet apparatus. There are four main steps involved in the production or 

KOB from cocoa pod husk. 

1. Preparation of the solid for leaching by drying, grinding, ashing and weighing 

of the cocoa pod husk. 

11. Contact of liquid solvent with the solid to effect transfer of solvent from the 

solid back to the solvent this is leaching and a soxhlet apparatus is used. 

iii. Filtration involves the removal of impurities from the obtained solution. 

iv. Evaporation or the solution results in recovery or a residue that is the KOII 

product. 
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~.S .. 2 Detail description of the selected technology 

The de~criptions of the various processes involved Jl1 the continuous method of 

production of caustic potash from cocoa pod husk are as discussed below. 

2.5.2.1 Drying of the fresh cocoa pod htls)\. 

Aller removing the seeds from the cocoa plant, the cocoa pod husk was passcd to the 

dryer where if was dried so that· it could be very easy to crush thL: husk. ThL: 

temperature of the dyer was set to 130°C. All the moisture present evaporated at this 

temperature leaving the husk with very little or no moisture. 

2.5.2.2 Ashing process 

The ashing process took place inside the furnace where the chemical material was 

burnt leaving the non-combustible ash. The operating temperature or the rurnace 

used for the ashing process was 600°C. 

2.5.2.3 Leaching of the potash 

Leaching is the removal of a soluble material from an insoluble permeable solid. The 

leaching process of this design work was carried out to dissolve the soluble part of 

the non-combustible ash leaving the other components undissolved in the mixture to 

be filtrated out later. 

2.5.2.4 Filtration of the mixture 

The insoluble-in-water materials were separated from the soluble one by passing the 

mixture through a filter where the extract remained on the screen whi Ie the filtrate 

.. passed down so that it could be collected. 
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2.5.2.5 EV~lporation of potash solution 

This is the last operation of the production of caustic potash from cocoa pod husk. It 

is obviolls that the caustic potash is in aqueous form alter thc liltration. So, in order 

to obtain a high concentration of the caustic potash, it was necessary to remove the 

water contained in it. This was achieved by using a single effect evaporator where 

the water was evaporated leaving the highly-concentrated caustic potash af the final 

product. 

2.5.2.6 Storag(' of callstic potash 

The callstic potash produced is stored in a tank where it is taken for use anytime. The 

storage tank is made of stainless steel so the corrosive nature of the potash can be 

resisted. 

Combustible M<'Itter 
Wa'~r 

----- --II Cor.OA rod husk 

,---------------------------------

Water 

Insoluble Mailers Product Tank 

Fig. 2.1: Flow sheet for the production of caustic potash from cocoa pod husk 
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2.5.3 Justification of the selected technology 

The selected technology of the production of caustic potash from cocoa pod husk in 

this project is the continuous method of leaching. This is based on the fact that it is 

the method used for large scale production. 
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CHAPTER THREE 

i I 

~ATERIAL BALANCES 

I 

100.0000 . kg/day of cocoa pod husk 

'31: Composition of cocoa pod husk 

~ 

j:Jry matter 
'!se 
1. protein 
,substance 

wt% 
28.3743 
20.7640 
0.5695 
4.7577 
0.0736 

" 5.3027 
.e fibre ; 16.6446 
ben-free extract!: 20.7247 
"se 0.0884 
in 2.6022 
):,romine 0.0982-
j 100.0000 
te: Egberongbe.1998 
, i 
f: I 

'Tanle 3.1 above, ash is taken to be the non-combustible material while the remaining components apart from water are grouped to 
~ combustible materials. 

3.2: Cocoa pod composition after grouping of the components 

p. 
:~r 
lbustilbe , 

wt% 
28.3743 
66.3230 
5.3027 

100.0000 

.;, Egberongbe (1998), the composition of a~h is as shov.:n in Table 3.3 below: 
i . , ' I ' 

fa 3.3: Ash composition 
~p . wt% 
l 7.7530 
~ 6.8331 

77.1353 
15 6.4389 
:z 1.8397 
.1 100.0000 

I 

I 

+"y. the composition of the coc~a pod husk is taken as given below: : 
it- • I I ' 
i I 

~position of coco~ pod husk 
~p wt% 
b 28.3743 
J,bustilbe 66.3230 
p 0.4111 
i:> 0.3623 
P 4.0903 
b5 0.3414 , 
'2 0.0976 
~I 100.0000 

I 

kg/kmol 
180000 
12.0000 
56.0000 
40.0000 
94.0000 
1420000 
60.0000 

r I i I 
ferial balances across the dryer: : 

kg/m3 . 
1000.0000 ! 
2260.0000 : 
2620.0000 ! 
3650.0000 . 
2320.0000 : 
2387.0000 : 
2250.0000 I 

Fration: Removal of water: i 
;umption: .! 100.0000 I water removal • . ! 

p-np. 

~bustilbe 
)0 
~O 
~O 
~05 
P2 
ital 

Input 
kg/day I 

28.3743 
66.3230 
0.4111 
0.3623 
4.0903 
0.3414 
0.0976 

100.0000 

IN 

wt% 
28.3743 
66.3230 
0.4111 
0.3623 
4.0903 
0.3414 
0.0976 

100.0000 

T 

I 
wt% 

#DIVIOI 
#DIV/O! 

Addition 
kg/day , 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

#DIV/O' 
#DIV/O! 
#DIV/O' 
#DIV/O' 
#DIV/O' 
#DIV/O! 

25 

OUT 
Loss Output 

kg/day wt% kg/day wt% 
28.3743 100.0000 00000 0.0000 
O.GOOO 0.0000 6n 3230 92.5967 
0.0000 0.0000 0.4111 0.5740 
00000 0.0000 0.3623 0.5059 
00000 00000 40903 57106 
0.0000 00000 0.3414 0.4767 
00000 00000 00976 0.1362 

28.3743 100.0000 71.6257 100.0000 



I I 

; I. . I' 
lal balances across the furnace 
Ition Combustion of the cocoa pod husk 
.. ~lPtion: 100.0000 lithe combustible materials 
; I I 

IN 
Input Addition 

b. kg/day I wt% kg/day 

I 
wt% 

~ustilbe 0.0000 0.0000 0.0000 #DIV/O! 
66.3230 92.5967 0.0000 #DIV/O! 
0.4111 0.5740 0.0000 #DIV/OI 

~ 0.3623 0.5059 0.0000 #DIV/O! , 40903 5.7106 0.0000 #DIV/O! 
'6 0.3414 0.'4767- 0.0000 #DIV/O! 
! 0.0976 0.1362 0.0000 . #DIV/O! 

71.6257 100.0000 0.0000 #biv/O! 

trial balances across the leaching tank.. I .... 
ration: Dissolution of the potassiurn oxide using water 

rmption: rater addes is):: ... ... ..1150.0000 I entering 

: IN ; I Input 

~p I kg/day 
• 0.0000 
~bustilbe I 0.0000 
~ I 0.4111 
b I 0.3G23 
~ i 4.0903 
b5 I 0.3414 

... F, 0.0976 
" 5.3027 

I 

wt% . 
0.660b 
0.0000 
7.7530 
6.8331 
77.1353 
6.4389 
1.8397 

100.0000 

wt% 
Addition 

kg/day 
7.9540 
0.0000 
0.0000 
0.0000 

100.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
7.9540 100.0000 

~erial balances across the filter .. _ ..... . .. 
tration: Separation of the insoluble_mat~rialsfrom the caustic potash 
I. umption: 100.0000 tble materials are removed 
i '. '.1 I" .. 

IN 
Input Addition 

jnp kg/day wt% kg/day wt% 
p 7.9540 60.0000 0.0000 tiblv/O! 
~bustilbe 0.0000 0.0006 . 0.0000 #DIV/O! 

0.4111 3.1012 0.0000 #oiv/O! 
b 0.3623 - 2.7332 0.0000 #DIV/O! 
}J 40903 30.8541 0.0000 #DIV/O! 
p5 0.3414 2.5756 00000 #DIV/O! 
D2 0.0976 0.7359 0.0000 #DIV/O! 
~al 13.2567 100.0000 .0.0000 #DIV/O! 

jterial balances across the evaporator I 
$eratlon Removal of water 
~sumption: I 99 4806 water is removed 
, I I . I IN 

I Input I Addition 
bmp. i kg/day I wt% kg/day wt% 

#DIV/O! ~O I' 7.9540 '66.0399 0.0000 
hrnbustilbe I 0.0000 0.0000 0.0000 
~O I 0.0000 0.0000 0.0000 
~O I 00000 0.0000 0.0000 
~O I 4.0903 33.9601 0.0000 
~05 0.0000 0.0006 00000 

#DIV/O! 
#DIV/OI 
#DIV/O! 
#DIV/OI 
itDIV/O! 

Loss 
kg/day 
0.0000 
66.3230 
0.0000 
00000 
0.0000 
0.0000 
0.0000 

66.3230 

tank 

Loss 
kg/day 
00000 
0.0000 
0.0000 
0.0000 
0.0000 
OflOOO 
0.0000 
0.0000 

Loss 
kg/day 
0.0000 
0.0000 
0.4111 
0.3623 
0.0000 
0.3414 
0.0976 
1.2124 

Loss 
kg/day 
7.9127 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

OUT 

wt% 
0.0000 i 

100.0000 i 
0.0000 i 
0.0000 I 
0.0000 I' 

0.0000 
00000 I 

100.0000 i 
I 

, 

! 
OUT 

wt% 
#DIV/O! 
#DIV/OI 
#DIV/O! 
#DIV/OI 
#DIV/O! 
ItDIV/OI 
ItDIV/O! 
#DIV/O! 

i 
I 

OUT 
i 

wt% 
0.0000 
0.0000 
33.9080 
29.8851 
0.0000 
28.1609 
8.0460 

100.0000 

OUT 

wt% 
100.0000 
0.0000 
00000 
(l0000 
0.0000 
00000 
0.0000 

Output 
kg/day wt% 
0.0('" -, 00000 
0.0; 0.0000 

7."1530 
6.8331 

77.1353 
6.4389 
1.8397 

0.4: ' 
0.31.;,.0 
4.0903 
0.3414 
0.0976 
5.3027 100.0000 

Output 
kg/day I wif'/o I 

I 

7.9540 60.0000 
0.0000 0.0000 
0.4111 3.1012 
0.3623 2.7332 
40903 I 30.8541 
0.3414 2.5756 
0.0976 0.7359 
13.2567 100.0000 

Output 
kg/day wt% 
7.9540 66.0309 
0.0000 0.0000 
0.0000 O.COOO 
O.W.<)O 

I 
0.0000 

4.O,,)3 33.9601 
a , .;0 0.0000 
0.SU00 0.0000 
12.0443 100.0000 

Output 
kg/day wt% 
0.0413 1.00eO 
0.0000 O.OO~)O 

0.0000 o JOOO 
0.0000 0.0000 
40903 99.0000 
0.0000 0.0000 
0.0000 0.0000 ,02 I 0.0000 0.0006 0.0000 #DIV/O! 

~.~I ________ ~i.~1~2~.O~4~4~3~_1~0;0~.0~0~00~~0~.~00~0~0~~#~D~IV~/;O~!~ ______ L-~~~ __ ~~~~~~~~~~~~~ 7.9127 100.0000 4.1316 100.0000 
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, 

I I 
r. i -
pi balances across the storag~ t~nk ... _ J . 

,ion: Reduction of temperature of the product 
~ption: material recovery l 
) I 

IN 
Input 

kg/day wt% 
0.0413 1.0000 

pustilbe 0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
40903 99.0000 
0.0000 0.0000 
0.0000 -O.O()OO 

----- "--------

4.1316 100.0000 

1 - - -
lJlation of scale up factor .' 
rersion> ! 1.0000. ton/day::: 
lucton rate of caustic potash = '3:0000' 
ttic potash obtained from the basis= 

I 

~fore, the scale-~p factor is givenequal to = 
. I 
. I 
€.dJJjJ Material Balances 

: I 
~rial balances across the dryer 
htion: Removal of water 

Addition 
kg/day 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

1016.0600 
ton/ctay 
4.1316 

I wtD/o 
#DIV/O! 
#DIV/O! 
#DIV/O' 
#DIV/O! 
#DIV/O! 
#DIV/O! 
#DIV/O! 
ilblv/O! 

_ . kg/day 
ich is equal 

kg/day 
737.7777 

Lmption: 100.0000 water removal 
1 I I 

wt% 
28.3743 

Input 
kg/day 

20933.9475 
48931.6080 

303.3120 
267.3258 
3017.6970 
251.9032 
71.9723 

'66.3230 
0.4111 
0.3623 
4.0903 
0.3414 . 
0.o9i6 

73777.7658 1 00. ()O()O 

IN 

I Addition 
kg/day 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

wt% 
#DIV/O! 
#DIV/O! 
#blv/O! 
#DIV/O! 
#DIV/O! 
#DtV/O! 
#DIV/O! 
#Ol\l/O! 

.jerial balances across the furnace 
~ration: Combustion of the cocoa pod husk 

iumption: 100.0000 I.the com. bU.s.tible materials 
l . . I I 

IN 
Input I Addition 

mp. kg/day I wt% kg/day wt% 
b 0.0000 0.0000 0.0000 #DIV/O! 
.~nbuslilbe 48931.6080 92.5967 0.0000 #DIV/O! 
b 303.3120 0.5740 0.0000 #DIV/O! 
~ 267.3258 0.5059 0.0000 #blv/O! 
b 3017.6970 5.7106 0.0000 #DIV/O! 
05 251.9032 0.4767 0.0000 #DIV/O! 

OUT 
Loss OUlP,llt 

kq/day wt% kg/day wl% 
0.0000 #DIV/O! 0.0413 10000 
0.0000 #DIV/O! 0.0000 0.0000 
0.0000 #DIV/O! 0.0000 0.0000 
0.0000 #DIV/O' 0.0000 0.0000 
0.0000 #DIV/O! 4.0903 99.0000 
0.0000 #DIV/O! 0.0000 . O.COCO 
0.0000 tiOIV/O! 0.0000 O.COOO 
0.0000 #DIV/O! 4.1316 100.0000 

3048.1800 kg/day 

OUT 
Loss Outpyt 

kg/day wt% kg/day I wt% I 
20933.9475 100.0000 0.0000 I 0.0000 

0.0000 0.0000 48931.6080 92.5967 
0.0000 0.0000 303.3120 0.5740 
0.0000 0.0000 267.3258 0.5059 
0.0000 0.0000 3017.6970 5.7106 
0.0000 0:0000 251.9032 0.4767 
0.0000 0.0000 71.9723 0.1362 

20933.9475 100.0000 52843.8183 100.0000 

Loss Output 
kg/day wt% kg. -'J' wt% 
0.0000 0.0000 O.f', 'J 0.0000 

48931.G080 100.0000 0.O(X)0 0.0000 
0.0000 00000 303.3120 7.7530 
0.0000 0.0000 267.3258 6.8331 
0.0000 0.0000 3017.6970 77.1353 
0.0000 0.0000 251.9032 6.4389 
0.0000 0.0000 71.9723 1.8397 P2 71.97230.1362 0.0000 #DIV/O! 

~ ______ ~5~2~8~4~3.~8~18~3~~10~0~.0~0~0~0~~0~.0~0~00~~#~D~I~V~/O~!~ ______ ~~~~~~~~~~~~~~~~~~ 48931.6080 3912.2103 100.0000 
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i I 
i'ial balances across the 18aching tank. 
ptiorr Dissolution of the potassium oxide using water 
)nptrpn: Vater addes IS = 1150.0000 
, I I I entering the leaching tank 

Ip. 

~bustilbe 
'~ 

') 

b 
Os 
l2 
lal 

I 
I 

IN 
Input 

kg/day 
00000 
0.0000 

wt% 
6.6000' .. 

0.0000 
303.3120 
267.3258 

3017.6970 
251.9032 
71.9723 

3912.2103 

.. 7.7530 
6.8331 

f1.f353 . 
6.4389 
1.8397 

100.0000 

wt% 
Addition 

.. kg/day. 
5868.3154 

0.0000 
0.0060 
0.0000 
0.0000 
0.0000 
0.0000 

100.0000 
0.0000 
0.6000 
0.0000 
00000 
0.0000 
0.0000 

5868.3154 100.0000 

~erial balances across the filter 
tratian: Separation of iheinsolublematerlals from the caustic potash 

turnption: . 100.0000 r~[e m?t~ri~i[ are remover_.. .. 

IN 

,np. 
b 
~1bu5tilbe 
n 
;0 p 
05 
»2 
tal 

Input 
kg/day 

5868.3154 
00000 

303.3120 
267.325B 

3017.6970 
251.9032 
71.9723 

wt% 
60.0000 
0.0000 
3.~012 

2.7332 
30:8541' 
2.5756 
0.7359 

9780.5257' 106.0066 

',terial balances across evaporator 
~eration: Removal of water ' . I 

Addition 
kg/day 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0006" 
6.0066 

wt% 
#OIV/O! 
#DIV/OI 
#DIV/O! 
#DIV/O! 
#DIV/O! 
#OIV/O! 
#DIV/O! 
#OIV/O! 

lSLJrnption: 99.4806 water is removed 

I .. 

~rnp. 
fa 
A 

pmbLJstilbe 
~O 

~O 
!O 
;}05 
it 
(O2 
~tal 

wtoti, 
66.0399 
0.0000 
0.0066 
6:6060 

33.9601 
0.0000 
0.0000 

100.0000 

, . . J_ 

I 
IN 

Addition 
kg/day Vv't% 
0.0000 #DIV/O! 
0.0000 #DIV/O! 
0.0000 #DIV/O! 
0.6660 .. ti:DIV/O! 

0.6666 #OIV/O! 
0.0000 #OIV/O! 
0.0000 #OIV/O! 
0.0000 .. #DIV/O! 

~aterial balances across the storage tank 
~eratian: Reduction of ternperature 'of the product 

'Ssurnption: material recovery .1 
' [ . 

··IN 

Input Addition 
jOrnp. kg/day wt% kg/day wt% 
j20 30.4830 1.0000 0.0000 #DIV/Ol 
Jombustilbe 0.0000 0.6000 0.0000 #DIV/O! 
~aO 0.0000 0.0000 O.OOO() #OIV/O! 
;gO 0.0000 0.00()6 0.0000 #DIV/O! 
l20 3017.6970 99.0006 . 0.0000 #OiV/OI 
;205 00000 0.0000 0.0000 #DIV/O! 
li02 0.0000 0.0000 0.0000 #OIV/OI 
)01<1_1_ 304B.1800 100.0000 0.0000 #DIV/O! 
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• 

Loss 
kg/day 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

Loss 
kg/day 
0.0000 
0.0000 

303.3120 
267.3258 
00000 

251.9032 
71.9723 

894.5133 

Loss 
kg/day 

5837.8325 
00000 
0.0000 .. 

0.0000 
0.0000 
0.0000 
0.0000 

5837.8325 

Loss 
kg/day 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

I 
I 

OUT 

wt% 
tIDIV/O! 
#OIV/O! 
#OIV/O! 
#OIV/O! 
#OIV/OI 
#DIV/O! 
#DIV/Ol 
#OIV/O! 

wt% 
0.0000 
0.0000 

33.9080 
29.8851 
0.0000 

28.1609 I 
8.0460 ' 

1000000 I 

I 
I 
I 
I 
I 

Output 
kg/c1ily 

58Ge j: 54 
OJ'C(J'J 

303~,. 20 
267.3258 
3017.6970 
251.9032 
71.9723 

wt% 
60.0000 
0.0000 
3.1012 
2.7332 

30.8541 
2.5756 
0.7359 

9780.5257 100.0000 

Output 
kg/day. I wt% 

5868.3154 

i 
660399 

0.0000 0.0000 
0.0000 

I 
0.0000 

0.0000 I 0.0000 
3017.6970 

I 
33.9601 I 

0.0000 
I 

0.0000 I 

0.0000 I 0.0000 
I 8886.0125 100.0000 

1 I 

OUT 
Output 

wt% kg/day wt% 
100.0000 30.4830 1.0000 
0.0000 00000 0.0000 
0.0000 0.c)00 0.0000 
0.0000 o OUlO 0.0000 
0.0000 301'1.3970 99.0000 
0.0000 0.0000 0.0000 
0.0000 00000 0.0000 

100.0000 3048.1800 100.0000 

OUT 
Output 

wt% kg/day wt% 
#DIV/O! 30.4830 1.0000 
#OIV/O! 0.0000 0.0000 
#OIV/O! 00000 0.0000 
#OIV/OI 00000 0.0000 
#DIV/O! 3017.6970 99.0000 
#OIV/OI 0.0000 0.0000 
#OIV/OI 0.0000 0.0000 
#DIV/O! 3048.1800 100.0000 



CHAPTER FOUR 

4.0 ENERGY BALANCES 

Components and their molecular weights: 

H2 O 
18.0000 

Combustible 12.0000 
CaO S().()OOO 

MgO 40.0000 
kg 

mw:= .- kmol K2 0 94.0000 

P2 Os 142.0000 

Si02 
60.0000 

Themodynamic Properties: 

18.2964 0.47212 -0.0013388 1.3142.10-6 -285.84 40.65 H2 0 

11.18 0.01095 -489100 0 o 0 Combustible 

41.84 0.0203 -452000 0 -635.6 0 eao 

coeff := 45.44 0.005008 -873200 0 -601.83 0 

37.4332 0.001077 -0.00000035 3.9. 10- 11 
-436.68 0 

-9.928 0.9S0497 -0.00 I 07424 4.4992()· 10-7 
. IS()(' o 1'2 0<; 

Si( )2 36.07 0.0397 -0.0000288 7.87· 10'1 

--~ 

coeff (1) kJ 
a:=----· 

coeff (2) 
h:=----

mw kmol· K mw 

~ 

coeff (31 kJ coeff (4) 
c:= d := 

mw kmol. K3 IllW 

~ 

coeff (51 1 k.l If (6) 1\:= ·10·-- coe 
IllW kllloi Ily: 

IllW 

Reference temperature: Tr := 298 . K 

29 

-liS I o 

kJ 

kmol . K2 

kJ 

kmoi . K4 

kJ 

kllllli 

(Perry, 199X) 

(Ilimmclblau, 
1998) 



4.1 Energy Balances on Dryer 

Material flows of the dryer 

20933.9475 

-lS931.60S0 

303.3120 

m':= 267.3258 

3017.6970 

251.9032 

71.9723 

~ . m'. '= In' (I) 
I' 

T j = 303 K 

Energy In 

Energy of input 

t-.llj := 111' j . 
. I 

0.0000 20933.9475 

0.0000 (l (lOOO 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

T = OK a 

0.0000 

4X9.11.WSO 

303.3120 

267.3258 

3017.6970 

251.9032 

71.9723 

T 

+ m'i . f 1(<17 + 11 7 , T + C7' T2 + d7 · T3
) dT 

7 'Ir 

Total energy in: t-.Hjn:= Ml j 

30 

kg 

day 

Temperature 

'Ii 

Ta 

TI 

To 

[0] 1~.1 . K 
... 

37:\ 

111' '= 111' (4) 
o' 

To = 373 K 

11 kJ 
Alii .. " .... 9.042 '" 10 -

day 

14 kJ 
Allin = -9.042 x 10 -

day 



Energy Out 

Energy of Loss 

TI = 373 K 

fT

I 

( I 'I' "'" CI,I . '1,3) cl'" 'I 111'1 . a1·j ) l' + C1' ,t-
o Tr ,I 

T 

+ lll'l . f I (as + b5 . 'I' + Cs' '1'" + d, . '1'1) dT 
s Tr 

T 

+ Ill' I . f I (a7 + b7 . 'I' + C7 . T" + d7 . T
3

) dT 
7 Tr 

Energy of Output 

Total energy out: ~Hollt:= ~HI + ~Ho 

Heat load: QI:= Allollt - Allin 

31 

fT

I 

(a'l I h,l'!' I C,I , "," j d,I·T
1
)dT 

0 1 , 

:1
1 

.IT (af> + h(, ' '1'1 C(, . '1'" + d(, ' '1'1) dT 

, 

(, kJ 
AHI = 6,596 x 10 -

day 

16 kJ 
/\1 '0 = -1.698 x 10 -

day 

16 kJ 
t.Holit = -1,698 x 10 -

day 

1(, k.l 
IJ,07/ 10 -

day 



4.2 Energy Balances on Furnace 

Material flows of the furnace 

0.0000 

4S()3 1.60S0 

30.U 120 

111' := 267.3258 

3017.6970 

251.903,2 

71.9723 

Energy In 

Energy of input 

~lIj := Ill' i 
1 

0.0000 (l.OOOO 

0.0000 4S9.\ I .60S0 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

0.0000 0.0000 

m' '= m' (2) 
a' 

0.0000 

o 0000 

.lO.U 120 

267.3258 
kg 

day 
3017.6970 

251.9032 

71.9723 

m'] := Ill' (3) 

T] = 500 K 

T 

+ m' i . f 1 (a7 + b7 . T + C7 . T2 + d7 . TJ) dT 
7 Tr 

Total energy in: ~Hin:= ~Hi 

32 

Temperature 

Tj 

'I a 

TI 

To 
C] 5~0 . K 

500 

To = 500K 

;\11 
1 

II, k.l 
I.mx" 10 -

day 

16 k.l 
;\lIin = -1.698 x 10 -

day 



Energy Out 

Energy of Loss 

T
J 
= 500K 

"H, ,. m \ . U ;' (a, + b, . T + " T' + d, 1"') d~ + m \ . u;' (" + b, . T + " . T' + d, TJ) dj ... 

+ m \. [' ('3 + h, . T + '3 . T' ; d, . 1"') dT + m \. f: ('4 + h 4 . T + '4 .. ," + d4 . TJ) dT 
, I 

f'(',+b"T' ".T' ,d,.T')dT '"" ('(",+b"'I' 0,,1', d"I')dT ... 
_ r (, . I, 

. Energy of Output 

To = 500 K 

;\111 = -6.551 x I 0
16 ~ 

day 

"Ho ,. m'o, f (" + b, . T + " . T' + d, . 1") d~ + "'0, . U~' (a, + b,· T + " . T' + d,· Tl) d~ ... 

+ In' 0, 1,''' ('J + b, . T + 'J . T' + d, . T') dT + m' "., f' ('J ' h.,· I , '" T' + d" T 'J dT 
r I 

Total energy out: Ll.Hout := Ll.H
J 
+ Ll.Ho 

Heat load: 01:= AIIOU! - ;\1 lin 

33 

I~ kJ 
All = -2.721 x 10 -

o day 

16 kJ 
AI J

OlIt 
= -6.578 x 10 -

day 

1(, k.I 
·/,XX / 10 -

day 



, 
H 

4.3 Energy Balances on Leaching Tank 

Material flows of the leaching tank 

0.0000 

0.0000 

:W:U 120 

111' :'" 267 . .1258 

3017.6970 

251.9032 

71.9723 

m'. '= 111' (I) 
I' 

T j = 500K 

,Energy In 

Energy of input 

5868.3154 0.0000 5868.3154 

0.0000 0.0000 0.0000 

O.O()OO 0.0000 :10.1 .. 1120 

O. (lOOO 0.0000 267 . .1258 

0.0000 0.0000 .1017.6970 

0.0000 0.0000 251.<)0.12 

0.0000 0.0000 71.972.1 . 

Ta = 303 K 

Temperature 

kg 

Jay 

T j 

("If') '1 
.10:1 a 

·K 
TI () 

T :170 
() 

T 

+ m'j . f I (as + bs ' T + C5' T2 + ds ' T3) dT 
s Tr 

T 

J. I (a(, + b l) . 'I' -+- c(, . T2 -+- J() . T1) dT ... 

r 
T· 

+ m' j . f I (a7 + b7 . T + c7 ' T2 + d7 . T
3) dT 

7 Tr 

Energy of addition 

kJ 
Ml j = -2.721 x 10 14

_ 
day 

L\Ha:= Ill'a,' J'"1' .. (al + hi . 'I' + ci . '1'2 + d l ,'1'1) J'~ + Ill'a . [ITa (a21 h2 · T , C2' T2 + J 2 . '1 1) J'~ ... 

Tr J 2 T, J 
T I 

+m'a f "(a3+b3·T+C3·T2+d3,T3)dT +m'a' f "(a4+b4·T+C,I·T2+d4·TJ)dT ... 
3 ~ 4 ~ 

~ ~ 

5 T 6 T 
r r 

34 

s kJ 
/\lla =0 1.222 X 10 --

day 



Total energy in: L\ll jn := All j + Alia 

Energy Out 

Energy of Output 

To = 370K 

14 k.l 
All jn - 2.721,,10-

day 

~Ho '" ~'o" U,? (,' + b" T + '" T' + d" ,,3)d~ + m'O,' U:" (,' + b, T +', T' + d, TJ)d~ '" 

Totar energy out: ~Hout:= ~Ho 

4.5 Energy Balances on Filter 

Material flows of the filter 

5868.3154 0.0000 0.0000 5868.3154 

0.0000 0.0000 0.0000 0.0000 

303.3120 0.0000 303.3120 0.0000 

m':= 267.3258 0.0000 267.3258 0.0000 

3017.6970 0.0000 0.0000 3017.6970 

251.9032 0.0000 2'; 1.9032 0.0000 

71.9723 0.0000 71.9723 0.0000 

111', '=~ 111' (I) 
1 • 

Ill' '= 111' (2) 
a' 

Tj =370K Ta = 0 K 

+0'0,,' f"(", h"." "".,',0.".,')01 
I 

kg 

day 

111'1 := 111' (l) 

TI = 300K 

35 

61-1
0

=-6.679 x 10'J~ 
day 

11 k.l 
A1lollt = -G.G7<) x 10 . -

day 

14 kJ 04 = 2.053 x 10 -
day 

Tempcnlturc 

Tj 

=[~]., Ta 

TI JOO 

To 
J50 

111 () . 
(,I) 

111' \ 



Energy In 

Energy of input 
, 

t.Hj := m'j . [JOT; (a, + b, . T + c, . T2 + d, . T
3
) dJ + m'j . [f,' (a2 + b2 . T -t C2' T2 + d2 . rl) d'~ ... 

, Tr J 2 '1", J 
, on";. f' (,,' , h,· T , c,· T', d,. T ') ,II 'on \ .C ("., , h., T , c, T' , d,· T') ,II 

, I 

.+ 111\ rr, (a<; + h, . '1'1 C<;' '1'2 j' d, . '1") dT 1 Ill\, J,"I",'(<I(, I h(,' '[" 1 CI,' '["2 1 dl,' '["1) d,[" 
''I", , 
T 

+ m'j 'J ' (a7 + b7 . T + C7' T2 + d7 · T
3

) dT 
7 Tr 

Total energy in: t.Hjn:= Ml j 

Energy Out 

Energy of Loss 

TI = '300 K 

'3 kJ 
t.llj = -6.679 x 10 -

day 

'3 kJ Ml jn = -6.679 x 10 -
day 

MI,:= m', . [J'I"' (a, + b,· T + c,· T2 + d,· T3)d'~ + Ill', . [J" (a2 + h2 · 'I' + C2' '1'2 +'h· T})d'~ ... 
, Tr J 2 Tr J 

T T 

+ m', . f' (a3 + b3 · T + c3' T2 + d3 . T
3
) dT + 111\' f' (a4 + b4 . T -t c4 . T2 + d4 . T

3) dT ... 
3 Tr Tr 

T T 

+ m\. J,' ('5 + b,· T + "'1" + d,· 1J) dT + m\ .{' ('" + b", T + c,.· T', do' TJ) dT ... 
r r 

(I 
+111\'.J'I" (a7+b7·T+C7·T2+d7·TJ)dT 

, 

36 

/\111 '" Id 14XI" 10--
day 



Energy of Output 

Total energy out: ~Hollt:= AI-II + ~llo 

Heat load: 05:= M-Iollt - ""in 

4.6 Energy Balances on Evaporator 

Material flows of the evaporator 

5861L1154 (l.O(lOO 5837.1i:l25 30A8.1() 

0.0000 0.0000 0.0000 0.0000 

0.0000 o.O()O() O. ()O()() 0.0000 

ml:= 0.0000 0.0000 0.0000 0.0000 
kg 

3017.6970 0.0000 0.0000 3017.6970 
day 

0.0000 

0.0000 

m'. '= m' (I) 
1 • 

T j = 350 K 

0.0000 

0.0000 

0.0000 0.0000 

0.0000 0.0000 

TI = 317K 

37 

1.141 /, I{t~ 
day 

p kJ 
Allollt = -I A81 x 10 -­

day 

05 = 6S,1 x IOI3~ 
day 

Temperature 

Ti 

C") 
'I a 0 

:= . K 
TI ~17 

~I() 
To 

To = 310 K 



i 
,/ 

Energy In 

Energy of input 

'Hi 0= m\' U:,' (a, + h" T +',' T' + d,r')d~ + n'i; U:" (a, + b, T +', 1" + d" TJ)d~ '" 

,m';. f'(", h"T, c,T" d"T')"'1 ,m'i,' f("", h,T, ,,'I" d,T'l,n 
, , 

.T j 

+ Ill'j . J (as + h, . 'I' t- c, . T~ + d, . '1'1) dT 
5 • T, 

T 

+ m\ . I I (a7 + b7 · T + C7' T2 + d7 · T
3

) dT 

Tr 

Total energy in: ~Hjn:= ~Hi 

Energy Out 

Energy of Loss 

(, kJ 
Allj cc 1.341 x 10 -

day 

6 kJ 
L'lHin = 1.341 x 10 -

day 

~1-I1:= m'l . [I

TI 

(al + b l . T + CI . T2 + d l . T
3
) dT + m'l . [III (a2 + b2 · 'I' + c2' '1'2 + d2 · T

3
) d'~ ... 

• I T, 2 'I, J 
T T 

+m'I' I l(a3+b3·T+Cj.T2+dj.T3)dT +111'1 II(a4+b4.T+c4.Tc+d4.T3)dT 
3 Tr 4 Tr 

38 

T f I (a6 + be, . T + C6 . T2 + de, . TJ) dT ... 
Tr 

;\1'1 = 4.027 x 1 0
5 ~ 

d<lY 



Energy of Output 

T = 310 K o . 

Total energy out: 1\1 lOll! := Alii + Allo 

Heat load: 06:= ABout - Allin 

39 

,I kJ 
I.(i()(i,/ I() -

day 

'; kJ 
AI lOU! .CO 4. ns x I () -

day 

'; kJ 
06 = -8.626 x 10 -

day 



ClL\P1TR FI\T 

5.0 FLOW SHHT/OIAGRA:\1 

5.1 FLO\\ SHHTI:\G 

GROt'P BI PL\\T DESIG\ 
Title: Production of Caustic Potash Ora" n By: Group I\lembers 
Client: Chemical Engineering Department. ~TT. \Iinna Checked By: Professor. K. R. Onifadc 

Combustible Maner 
Water 

4 

• I 6 

2 
Water 

II ( 
II 

5 

Cc-coa poc "·_S", 3 I nF !-------
.-~ ~ 

I 
, l' 

. 
Dryer Fumace Leaching Tank 

7 

10 
Water 

j - I~ 

~11 ~ 9 11 

J Evaporator = i 
, 

~ 
8 j 

I i 
I 

Residue 
I Storage Tank 

I 
, 

~ 

Flow:\o I 2 3 4 5 6 7 8 9 10 II 
Component flows (kg/dav) 

H2O 20933.95 20933.95 000 000 000 5868.32 58~832 000 5868.32 5837.83 30.48 
Combustilbe 48931.61 000 48931.61 48931.6 I 000 000 0.00 0.00 000 000 0.00 
CaO 303.31 0.00 303.31 000 303.3 I 000 303.31 303.3 I 0.00 0.00 0.00 
MgO 267.33 0.00 267.33 000 267.33 000 267.33 267.33 000 0.\)0 000 
](20 3017.70 000 3017.70 0.00 3017.70 000 3017.70 0.00 3017.70 000 3017.70 
P205 251.90 0.00 251.90 0.00 251.90 000 251.90 25190 0.00 0.00 0.00 
Si02 71.97 0.00 71.97 000 71.97 000 71.97 71.97 0.00 0.00 0.00 
Total 73777.77 20933.95 52843.82 48931.61 3912.21 5868.32 9780.53 894.51 8886.01 5837.83 3048.18 

'" .'~'-""'--~"~'''"'''-""''''''-''''''''~'~_~''''~~ .. '!IIi~''''~~''''''~"''''I'"'''Q.,''~r~~~'''~~'_. ,_,;~"., •. ~"~""~~~,,,-~_.~~,",>'';;''<'~''A''r'':!liY~'''~~'''i<;'''fY''!''~~""'! 



Case Name: D:IProgram FileslHYJ1rotechlHYSYS :1 llCaseslf)ryer hsc 

TEAM LND 

Calgary, Alberta 

CANADA 

~------------------- ------------- -----

Unit Set: SI 
1-------------------------- -----

Datemme: Sun Oct 29 09:43:26 2006 

G 
c--

r-:- Heater: Dryer 
~ ------------------------------------------------------ ""--

~ CONNEL"f iONS 
~f-------------------------------------------------------- "" --- -----

r!-!- Inlet Stream 
r!2 --------------------r--------------------------------------- - -----
~ _______ ~S~T~R=EA~M~N_~A2M~E~ _____ t====-------- mOM UNIT or-'-E_:.:.-R::.A:.:,T.:::IO:::N _________________________ _ 

: ~~ r"r:d '-.i ___________________ .1..__________________________________ __ _ 
- Outlet Stream 
16 _______________ ""_____ _ __ 

" 

2.:? 

~ ~ =-______ S2:!"'~:;,I\~ft--'N_::A_cMc:=E'__ ______ +-I _____________ ---'-T~O_ UNIT OrLRATION 

!~ Prod::.u:::c:::I..:.1 ________________ -1 ___________________________________ -------

I!J 
i- Energy Stream /o ___________ --,-____________________________________________ _ 

S~ ___ -_-~~~~====S=T=_R:.::E::..A~M~N:::..A:::M~E=__ _____ _t_I-------____ --'-F-'-'Rr_::.:Al UNIT OPERATION 
~ Q1 _________________ -L ____________________________________ _ 

23 - PARAMETERS 
/1 

~ _ ~~;;;;~:'-n:;:.e-!:D::.:ro::tp:.:..: --------N-O::.::~:.:;·~:::I~:...;::.:.:t:...::::....·-II-.::::.~.:::~n:.Lt~:...·s-: ________ 4.:..:.,::o.0:::0::,;;e:.....+004 kJ/I~=_ ___ ~_=~~~~=-~~_ -() Too(; ~_~ 
/I - User Variables 

l ~ -----------------S-I-M-P-L-E-~-'E-A-T-L-O-SS-PA-R-A-M-E-T-E-R-S------------·-·--- - ._-
30 

~ __ .(~~~~_-~ (kJ/h-m2-cj- -54,00 I Ambient Temperature (C) 25.00 I Overall Heilt Transler Area (m2i~rHe~1 IOl'li-kj/ll)- - =--_______ _ 
32 
--< PROPERTIES 
33 ---_.- ------------------------------_._----------.. -----"" - - ----""-

:1-1 -- Feed 1 E. __ .. _ --___________ --,-______ -, _______ ,.-______ -,--________ ----- --- ------
~ __ . ________________ +--__ O-=-.:..ve::.:r.::.a::..11 __ +----'L::;.iQ""lu:::id::....:...P""ha::.:s:..::e'___+__--'.A=-Qlu-:.::.eo:::u::.:s:..:P...;h.:,::a:,::s:::..e--,f-----'S"-'o:.::li.::.d_'__P.:..:h:::..as:::.:e'----l ________ ""_ 

2!..~_~s>ur/Phase Fraction ______ + ____ ~0...::.0:..::0:.::0:::..0__l__----:::..0.:.::0:::..02::.:5::....- 0_2273 onp..! ___ ________ _ 
~ lem~~~~ _____ . ____ ---'~~C~)~----3:::0:::.0:::0~·---.-~3~0~0~0~----~3~0~0~O~-_--~-~~~~---__ -- __ 
22. __ I'r~ss"rQ~_ (kPa) 101.0' _____ ~1.::0_'__1~.0-+ ____ _.:..10~1.:..:.:;:.0+ ______ .!.Ql.Q. ________ ___ _ 
~ __ M9~ari::Q.W (kqmole/h) 7.170 1.811 e-002 1.630 5.?22 _ __ _____ _____ _ 

. ~ __ ~~s~~ow ___ ~(lkc:t:.:.:Qllh'L-)~----1.:...:0:..::0"'.0"----j· ___ _ 9362L__ 33.,::3,:.1 -1-_____ ...:6_6 _32 ______________ _ 

.~ __ ~_~~_I~cal Li9..y:11 Flow (m3/h) 7,1 03e-002 10G:le-Ou4 3.054e-OD2 I 1.0J_~;£ 'Ju2__ _______ _ 

~ I-~olar Enthalpy (kJ/kgmole) -5.436e+004 -3 6~_e:.:+.:::0~04.:.._~-~-2::.:.3:::.:8::.::9:.:::e...:+.::::00:::.:5:.:-I--_--_4:~7 0:c.1'--l _________ "" ______ _ 

~ Mass Enthalpy (kJ/kq) -3897 -1825 -1_16ge+004 39.~ ____ . _____ _ 

1~ Molar Entropy (kJ/kgmole-C) -3806 -81 _34 -1 ,676e+004 522_~~ _________ _ 
.>-- -, 
~J:'1§1~:; !='2!~_ -.-1.:.::kJ::.:./k::;kgL--C::::'y) ____ ~-2:..:.7.::2~.9~ _____ -..:.4~0~6,:.7__1__------8.::::2:..:.0:.::0~-II--___ -.::.0_..:.4_'::.:3:-.:::::)~ _____________ _ 

~ I leat f iow (KJih) :1.897e+005 -661.1 -3893e+005 25~~ __________ _ 

~ _~~ar Density jgr:lole/m3) 1012 170.5 53.74 136.7 _ ___ __ nm 

~~ ___ ~i!!~~_l?ensity __ (kg1m31 1412 ___ 3~4 __ 1:-=0_+_-------'1-=0.::.g.::.8-l------~1~6-"42::.- ____________ _ __ _ 

~ S~~eaIL~Mass_~~_JK~n~h~n~3~) _____ ~14-'-'0~8~ ____ ~3:..:4~1~0_~----~10~g~I_+__----_---~1~~--_-_-_- ____ _ 

~-Li~ass Density@StdCond(kg/m3) 1423 3410_t-____ ~I..:.I..:.II, _ _t-------.c:H::..i4-2-- _________________ "" __ _ 

.~_ MolarHeatC~(~;L-'::.;:!:9mole-C) --- 5.318 -403Q ________ ~~~ _____________ . _______ _ 

~ _ Mass H_eat CapaCity (kJ/kg-C) -- 0.2659 __ -~1'-".9_"7~6 _ _t_-----=0-"-.7-=2~1::.2--t-------- ________ _ 

~ _ Thermal Conductivity (W/m-Kl --- 5_939 _ .--:0:.:_'-'.::::r.9=-4.:.::2'-+ __ . _____ -_-_-__ ~ _______ .. _ 

1·_"'+-V_'__i"'-S=.co::..::sc.:.ity'--_______ ---'(c:::(C'-Pyl ______ -_--_--+ ____ ~0_,__,1:..:9:.:::6~3__1__-- ____ ~0:.:..:.7:.:..:4.::2..:.4_+_--------------- ___________ "" __ _ 

.~ Surlace Tension (dyne/cm) m -0.4148 70.15 __ -~ ____ ._____ _ _ ___ _ 

J::!. Molecular Weight 13 95 ____ ~2:::..0~.0-"-0-+, ____ --!::20'_'-_"44.:.._f---_______ .:.l:2::..0.:::1:.... __________________ ""_ 

~ L Factor ._- 2.~.3~5:.::0:;:.e-.:::0~0_"4_l_ __ -.:..7.:..:4~5:..:7e::.:-2:.00.'_'4: _____ ~} __ ~~~~~~_ . __ . _____ ._ _ __ . 
~, :) 

t-
1fHl 

Product 1 

~~-"" ____________ -f ___ o.:::..:.:ve::.:r:::..al::..I __ -+_--.:L:.::lq:1:U::.:.id:::...:...P:.:'ha~s~e'___I--.:Agueous Phase ---~~~S~O-lid P-I;~~-=-~ ~:~==- _____ =~~_ 
-,2 Vapour/Phase Fraction 0.0000 0.0025 0.2273 _0 77q~I-. ______ "'""" n __ 

~ ...!~~~3ture: (Cl 100,0 100.0 1000 100.0 _ 

,1 PreSSU-.1: (kPa) 86,00 86,00 86.00 86_0<:>.__________ _ ____ _ 

_ ,5 Molar Flow (kqmole/hl 7.170 1.811e-002 1.630 5.522 
H·--'C..=~::..:.:....----..L.llc.:.:.::.:.::::.:..:l._j-------'--'-~~---.:.;.:::..:..:..::::....::c:=-_l_----~~-I-----~~=-- ___ .__ _ _ __ _ 
~6 Mass Fbw (kq/hl 100.0 0.3623 3:::.;3 . ..::.3.;..1_ -+-____ .~6c::6:.:::.3.::.2_+----.----------
fl7 Std Ideal Lig Vol Flow (m3/h) 7_ 103e-002 1.062e-004 3.054e-002 4.03ge-002 _ _ __ 

~~ Molar Enthalpy (kJ/kgmole) -4,7f6e+004 -3.595e+004 -2118e + 005 _-l--_____ 7~4~~_9 __ j-_-_-__ -_-___ -_-__ -__ -_-__ -----

t~ Mass Enthalpy ~k-"'(gtL-)I--____ -~3_'_4..:...17'-l _____ -.:..17._'9:..:.7_+_-----'-I.:.::0:::..36:::.;e'-"~0~04_+ _____ 6:::~2.:::.0:2-'-
110 Molar Entropy (kJ/k~:c._' C:::.;:ILf ____ ____'-3:::.:7~8:..:.7-+ _____ -,:.79:::.;,,:.73~1--__ -l:..:.:.6:::.:6:.:BC'::e.:..+o::Oo~4~------'-7:.::. 2~8::.9 -1----- __ , _____ _ !:: __ ~~ss Entropy (kJ/kg-C) -271,5 -3,986 -816_L 

~ "eat Flow (kJ/h) -3.417e+005651;' 1 __ ~-3:.:.4.:..:5~2:.:::e.:..+.::::00:::.:5::...-~ _______ 4:..:1~1~3-l-___ . ____________ _ 

~-!-'1olar ')ensity (kgmole/m3) 98.79 170.5 50.80 136.7 ____ . _________ _ 

l!! _~ass D~nsity _____ .-'(I"'k-"'gll.:..:m.:..:3"--)I--____ ..:.l~37.;.;8'--l~ ____ ~3 ~.;.;l~U~ _____ i:..:.l'...:,_~tl_+_' ______ :..:::: S~2 ___ .. _______ .. _______ . 
lr7755~~S~td~l..::.de:::.;a~I~Li~iq -'-M~a=s.::.s~D~e""ns~it~y~(I~kg~ll~m~3~)~-----..:.1-'--40:::8:.:_f------------'3'-'4:..:1.::0-+ _______ ~1~~0~91_+ _________ ,1~6~4:.::2 ______ _ 

i'6 LiqMassDensitv@StdCond(kQ/m31 1423 3410 1111 16~2 

0.6069 

~/I HyprotechLtd. HYSYSv3,1(Build48151 P I ~~~~~~~~ __________________________ ~~~~~~~~~~ ______________________________ ~n:Cle 1_~ 

l.lcensed to: ll:.i\M LNO . SpCClht:d by 1,',1'1 



~ C<tse Name: D:IProgram FileslHyprolechlHYSYS 3 1lCaseslOryer.hsc 

~ @.,~9.!~~~ 
TEAM LNO --_._---. 

~ Calgary, Alberta Unit Set: 81 

~ 
CANADA 

DalefTIme: Sun Oel 29 09:43:26 2006 
b -
~ 

Heater: Dryer (continued) 2-
~ -.----

~ PROPERTIES 
~ ---- -----

~ Product 1 
~- --. __ .. 

1:l Overall Liquid Phase Aqueous Phase Solid Phase -_._-
~ _f0..9~ar -,-leal Capaclly (kJ/kgmoie-C) 194.4 10.28 817 1 [ 1122 --------
~ Mass! leal Capacilv (kJ/kQ-C) 13.94 0.5142 3998 0.9344 -------.--.--

16 fherrlal Conduclivily (W/m-K) --- 5.703 0.6534 ---
.-- ----_.- ... -_ .. -

i~ Viscoslly . (cP) --- .·P.:-~!_~L' 0.~5GO t---- --_. ._._. . .. ---'-' '- - ._-- .. _--

\~ Surface Tension (dyne/em) --- -OA070 57.71 ---
.---.-- - ---.--

19 Molecular Weighl 13.95 20.00 20.44 1201 -_._---

~ Z Factor --- 1.626e-004 5.456e-004 2028e-004 - --.------

l.!. PERFORMANCE PROFILES elJ ---- ... --.:..:.. 

:J E!- Zone Pressure Temperature Vapour Fraction Enthalpy 
24 (kPa) (C) (kJ/kgmolc) 

25 101.00 3000 00000 54;1!ifj 15 

~- __ !1.._L 8600 100.00 0'0000 476r,160 --._--.. -. _._- - .-

~ PERFORMANCE PLOT 
~ 

Hj 

f.:-
~:;!!. 

-' 

~ 4 700e,r)(H 1-------- - - ------- ._- -- -- --- -- - - r 
.. -. . -.-- ... -.. 

r - - , 

/ ~ I ~ 
-4 800e'OO~ ----- -------- -~-- -----~ ------ .-._ .. _-... _ .. -_ ... -- . ... __ ._"_._. t--· - .";~~-'-

i .. 
. ~ .. .. 

;E- ·1 ~nne' 00·1 -------~. -.~ ------~-.--- ~----.-" -.----~-- . ------... --~-- .. ~- -- ~---.- --- _. -- -- --" -

IV 
.~ 0 

I ;2!. E -S.000e+004 . --~-------.- ---~--,--. ~--.-----.-- .. - --_.------- _._-
~. 

(J) I -' 
f l~ ~ 

"' ~ ~ -S 100e+004 '. -----_._-----_ ... _---_. ---~.--- ---'--_ .. - - --- _.- ---~. I , 
~ 

C!2 >. I 
0.. 

f.: m -S 200e'004 ---~--. ---------~.- .--.~--.-.---- - - -'_._-. "-"'" .----- + ---- _. ---
.~ £; .- / 

C /" 

~ W -S.300e+004· .. ._-----.. - ------~::~--- ----_ .. - - -_ .. ---_._------- ---- .- - _.,_. - .. 

i! /"~~ 

~ 
~5 ----:::::::----;..:- -S.400e+004 • -- - "_._-----------. ---.------~.~ " ----- ----_ .. _- ---- ---- ------- --_ . .- - _._-- J -----
~ (r 

/ 

I I ;1 
.~ -S.SOOe+004 ... 
r- 30.00 40.00 50.00 60.00 7000 80 UO 9000 1000 
2-
£ TelnperaturE:: ,C) 
~ - -i> --------
Co 

PERFORMANCE TABLE ~ 

~----
---~--"--

i~ 
Temperature Pressure Heat Flow Enthalpy Vapour Fraction 

(C) (kPa) (kJ/h) (kJ/kgrnole) 
.. _-----

30.00 I 101.00 0.00 -5435615 00(100 

f 100.cn I - 86.00 47999.72 -4766160 a anoo ----
~ 
i DYNAMICS 

---- "--_ .. .. ---
Model Details: Supplied Duty 

---

I 
- . --- .- --lone 1 Delta P (kPa~ 1 ~ 00 ' 

(m3) 
.- ----.--- - --Volume 0.1000 • Overall K 07118 . -- a/hr/sgrt(kPa -kg/rn3) 

.. -._._----
Duty (kJ/h) 4.800e+004 • 

-.-~-

Holdup Details 

Phase Accumulation Moles Volurne 
(kgmole/h) (k~rnole) (m3) 

Vapour 0.0000 0.0000 00000 
Liquid , 0.0000 0.0000 00000 

Aaueous 00000 0.0000 00000 
. -- - Total 0.0000 0.0000 0.0000 ____ 

----.... -

Individual Zone Holdups: Zone 0 
-

--- -- .. -~ --
Delta P Specs and Duties 

t Hvorotech Ltd. HYSYS v3.1 (Build 4815) Pa(Jt~ ;1 of J il ic sed 10 1\ en lE M lND 
SpeCified by U<:;N 



Jr~--------------------------------------~--------------------------------------------------' 

6 -
1 

I­
o 

TEAM LND 
Calgary. Alberta 
CANADA 

Case Name: D:\Program Flles\Hyprotech\HYSYS 3.1\Cases\Dryer h~c 
f-- -'- --".---"- o· -. ---- •• ---------- .... -

Unit Set: SI 
1---------------------------------

DalefTlme: Sun Oct 29 094326 2006 

Heater: Dryer (continued) 
~ Zone dP Value Duty 

~1~O~----------__ -------~-----------(~k~p~a)~--------~-----------------------r_--------~(k~J_/h~l ________ ~ 
dP Option 

~~11~------....:0~---.--"--------'-15:::.: . .::.00=------.....J...-----'n....:o::.t.::.s~ecified 4800e +004 

~ 
13 

Zone Conductance Specifications 

Zone k Specification 
(kg/hrlsqrl(kPa-kg/m3 l2. __ . ____ -t _____________________ -i 

16 0 0.7118 Disabled t- _________ =--________ --'-______ --'-'-'-.c..::... _______ '--_______ --=.;..:c.:===-__ ....... __ ---...... ----

~ 
~8 
t-
r22. 
~ 
71 
t-
~ 

·23 r-
.~ 
2 
76 r-
.~ 

7U 
t-
~ 
~ 
~ 
37 

r 
~ 
;\34 

t­
.~ 
~ 
131 
;-
;.:::: 

~ 
.r'-
~ 
~ ~3 
t--

~ 
f2 
~ 
~ 

E 
to 
T-
t!. 
~ 
~ 
"4 

17 Hypro\ech Ltd. 
! I .ccnscd 10 1 EAM tNL 

o'" ___ . _________ -.:..:H:..:.,Y.:;:.S,.:.y.;::.S..:,v:::.;3.:..:.,1.J.! (IB~u:!!!iI.!!d~4~81.!..::5:.1-) __________________ .JP~a:!.SlQ~le23~()~f~3-.l 

• Sper.ificd by II!'wr 



Case Name: D:\Program F':~s\Hyprol£:.~h\HYSYS 3 l\Cases\Furnace hsc 

Unit Set: SI 
TEAM LND 
Calgary. Alberta 
CANADA 1-------- ~'" --.----------------/ 

DalerTime: Sun Ocl 29 09:56:37 2006 

Heater: Furnace 

CONNECTIONS 

Inlet Stream 

STREAM NAME FROM UNIT OPERATION 

Feed 1 

Outlet Stream 

STREAM NAME· TO UNIT OPERATION 

Product 1 ... 
Energy Stream 

STREAM NAME FROM UNIT OPERA,:ON 

lOl -=--'---- ----- .. -~ 
PARAMETERS 

. Pressure-=Dccr0::.I:pc:..: _______ ---'2::.,:0:..:,. 0::.;0::..k;.:,:P....:a::..·-+--=-=.:.<.:-________ 2::.; . ..::.3c..;70::.,:e::..'..::.0.::.06::...;.:.kJ::;,/:..:.h _. ~V:...:o:..:.lu:::.rn:..:.e::.::----------.::0-l-00-0-rn 1... r runclion: Nol Selecled 1 ~~~~~~~~~ ______________________ ~J-___________________________ _ 

User Variables 

SIMPLE HEAT LOSS PARAMETERS 

.~ Overall U (kJll1012-C) -=-:;~ .. J.YIA-~~~01peralure (C) 25.00 1::0;rall H~al Transfer Area (012)·u Heal Flow (kJ/h) 

PROPERTIES 
------_._.- ---

Feed 1 
F----· .. ---,---------. 
'----_. Overall liquid Phase A~'e_"!.':~ Phase Solid Phase --
1 Vapour/Ph"se Fraclion 0.0000 0.0025 02273 0.7701 -----

(C) il T ernperature: 100.0 • 100.0 100.0 1000 _. 
! Pressure: (kPa) 101.0 • 101.0 101.0 101.0 
r--- --

(kg~_ole/h) ~Molar Flow 7.170 1.811e-002 1.630 5.522 ---- -_. 
i Mass FloVi (kq/h) 1000 • 0.3623 33.31 66.32 --_.-
j Std Ideallig Vol Flow (013/h) 7.103e-002 1.062e-004 3.054e-002 403ge-002 - --
Molar Enlhalpy (kJ/kqrnole) -4.766e+004 -3.595e'004 -2.118e+005 744.9 --
Mass Enlh"'p~ (kJ/kg) -3417 -1797 -1.036e+004 62.02 

,!v1olar_ Enlr( l'Y (kJ/kg01ole-C) -3787 -79.73 -1.668e+004 7.289 

\Mass Entropy (kJ/ilq-C) -271.5 -3.986 -816.2 0.6069 .----
lHeat Flow (kJ/h) -3.417e+005 -651.2 ·3.452e+005 4113 .-,-----
\Molar Densi ~ (kq01ole/O13) 98.79 170.5 50.80 136.7 1-.------_ .. ---- .. 
'M D . l ass ensrl~ ---.-i!:~ 1.078 3410 1038 1642 

!sId Ideallig Mass Density~g/013) 1408 3410 1091 1642 

~iMass Densily@Sld Cond(kq/01:'-' 1423 3410 1111 1642 
.. --

. olar Heal !:;apacil~ (kJ/kgrnole-C) 194.4 10.28 817.1 11.22 

)v1ass Heal Capacily (kJ/kg-C) 13.94 0.51 .. 2 39.98 0.9344 

therrnal Cllnduclivil~ 
.. 

(W/01-K) --- 5.703 0.6534 ---

f/iscosily . ___ (CP) --- {J.2iZ~ ~.2!"C0 
, 

(d~ne/c01) 

I 

--

Furface Tension --- ·OA070 57.71 u_ 

,.",olecular Weighl 13.95 ·;2J.OJ 20.44 1201 

~ Faclor -_. 1.90ge·004 6.408e-004 2.381e-004 

Product 1 

-+ __ ....:o::..:v:.::e::.:ra:::.II'--_-+_.:...:::J=::...:..~~_Ic--=Solid Ph:..:.:a~s~e __ +-_______ -I-

¥apour/Phase Fraction 0.2299 0.7701 

r ernperalure: 505.1 505.1 505.1 

freSsure: 81.00 81.00 81.00 

~larE!.o_w 7.170 1.648 +-_____ 5:.522 

-F'~as~s~F~lo~w~ ________ ~~~+-______ ~1..::.0~0.~0_+ ________ ~33~.~68~Jr-. ____ ~66~32~~- __________ ~-------

=:::.-=::.:l-:...::..:..:....:.::.:.:...... ___ =~'_'__~---.:...7:....:.1..::.0.::.3e=--..::.00.:.:2"---1'-------'3~ . .::.06=-4"'e:...:.0:..::.02 4 .039(,.00.:.:2"---1 _____ . ___ +-_____ __ 
~ ____ ~~~~~ ___ ~2~.8~2~9~e~+0~0~5~ ___ ~1~.2~0~6e~+~0~0~6_~---- ~73~7~2'-4 _________ + ______ _ 

1-__ 2::.:.~0::.:28~e~+~0~04.!.....Jf-. _ _...::5~.9~0:.::2'"'e~+O~0::.:4~ ______ .....::6~1:::..3.~8-+ _______ -1--_______ _ 
--+ ______ -...::-3::::2~5~8 + __ .1.424e+004 1893 

----~----------

-233.6 ·696.7 1.576 

2.028e+006 1.988e+006 4.071e+004 

~~~~L----~~~~~4-----....:6=-.7c..;1:....:8::::e....:-0~0::::3-+-.. --~1~.5~4~4~e.~0..::.:03+ _______ ~13~6~.7~f_.----------4_---__ __ 

~~~~L-------~~~4--....::.9.:::.3~6~ge::.:-~OO~2'__l_---....::.3:..:.1::.5~5e::.:.~00~2'__l_ _____ .-:1~64::.:.2=-4 ________ __1:------.. -. ___ _ 

1408 1099 1642 

1423 1127 1642 

Pa e 1 of 3 HYSYS ~.~ 1 (BUild 4815) _________ . 
'-"-"-~-- ,;,;;.;.---_._---_ .. -

~ r'11<;eif 10: T E/\M LND 



-
1 Case Name: D:\Prrr],am FileslHyprolechlHYSYS 3 1\Caseslrllrna~e "~,, r-

@~9.!~~.~ ~ TEAM LND ---- -
3 Calgary, Alberta UnilSel: S, r-
4 CANADA 

_. 

r- DalefTIme: Sun Ocl 29 09:56:372006 
5 

~ 
Heater: Furnace (continued) 7 -

B 
-----

9 -10 
PROPERTIES 

- ----- .. ------. 
11 

Product 1 -
E. --- --- --- - -. __ .. 

..!:!. Overall Vapour Phase Solid Phase --- -- .- "----_. -- - --
14 Mala! Heal Capacity (kJ/~,gmole-C) 1419 6107 1962 _ ... -- -.-
15 Mass Heat Capacity (kJ/kg-C) 101.7 298.9 1.634 -----_._-_. 
16 Thermal Conduclivil~ (W/m-K) --- 4.306 ---

.-----~ --
(cP) 17 Viscosity --- 4.297e-004 ---

>-- --~----

~ Surface Tension _ «(jyne/cm) --- --- --- ----
19 Molt~GUlar Weighl 13.95 20.43 1201 

20 Z Faclor --- 8_107 9.156e-005 

~ PERFORMANCE PROFilES 
22 . 
23 Zone Pressure Teinperalure Vapour Fraclion Enlhalpy -24 (kPa) (C) (kJlknmole) - --
25 Inlel 101.00 10000 00000 -47f)(il 7R 

~ ...Q~,--- 8100 50512 0.2299 287M1I 25 ---- .. -. 
27 

PERFORMANCE PLOT -
~ 
l'1 
~ 
.10 -- 3 00ue+005 -r----- --------. -~----- -_._-------- .. - ._- .----
31 

_.- .---------- .. _---- -_. -1 -- l - --- --._. 

1 r-
~ 
33 ~ SOOe+005 -_ ----- -~------ -_._----_ .. _- -- ----_._--.- --_._ ... _---- ---_._------ ---_. _. ! 
~ 

~ I I :,~) .-

'-- (J) 2000e+005 ---- -._--_. ------.- -- -- _.- ... ------- --_ .... ----_.- .. ------- ! ./ 

~ (5 

I 37 E / 

~ OJ i 
~ ~ 1 500e+005 --'-- - _. ------- -- -- -

1 
, , 

39 ~ I ! ~ ~ 

40 >. 
/ 

I r- 1.000e+005 .- .. -~---- ._--_._- ----"------ -- -.--~--- --_ .. _--- -a. .-
41 - _/--

, 
I r- ro I i 

~ :5 / 

I c 5000e+004 --.------- ------- ----~~- - - -------- -------_ .. I 
~ W .-"~/"' 

--- - -,.- -

44 /-// 

.-

. -L_-J r-
F 00000 ---~--- ~~---- .. ------- - -.-----~- --------- - ----- --

.~ /-/'/ 

147 

t; -5.000e+004 I· ~' 

r- lDO.O 150.0 2000 2500 300.0 3500 4000 4500 5000 '1SO 0 

~ 
Temperature (C) l~O ;r-

'lSI - - - -------
~ PERFORMANCE TABLE t;3 - ~.---

l I : _._--_. 

~ Temperature Pressure Heal How E:nlhalpy Vapolll FI<1Li;on 

~~ (C) (kPa) JkJ/h) (kJ/kgmole) 
----t 

~ 100.00 101.00 0.00 -4766378 o ODOr) 

f;7 505.12 81.00 2370000.00 282881.25 02200 -F- ---.... -

~ DYNAMICS 
~.- ----.---
k r 
~1 

Model Details: Supplied Duty 
-

2 Zone 1 • LJella P (kPa) 2000 . -_.- --- -- --
_3 Volume (m3) 0.1000 • Overall K _J/hrlsqrt(kPa -kglm3 )) 06227 . 

. _----_.-. 
'.4 Duly (kJ/h) 2.370e+006 • '---._-_ .. -_. 

t Holdup Details 
-' 

f!. Phase Accumulalion '/!Jles Volume 

iB (kgmole/h) (kgmole) (1113) 

b Vapour 0.0000 00000 00000 f r, Liquid 0.0000 00000 0.0000 ., Aqueous 0.0000 00000 00000 

2 Total 0,0000 0,0000 O.QOOO ___ ~ ___ -
b .j;; Individual Zone Holdups: Zone 0 
'(1 - - . --. ----_. _ . 

]5 
F- Delta P Specs and Duties 
~ . 
i7 Hyprotech ltd. HYSYS v3.1 (Build 4815) Page 2 of 3 

Licensed 10 TEAM LND .. Specified by llser 



.~----------------------------------~----------------------- -----------------------. 
TEAM LND 
Calgary, Alberta 
CANAD~. 

Case Name: D:\Progrnm Files\HYrrot~cl1\HYSYS l l\Cases\FlIrnilCf~ hsc 
1---------------------_._--.- -'---

Unii ...:::~: 
1-------------------_._----------

Sun Oct 29 09'56:37 2006 

Heater: Furnace (continued) 
dP Value 

(kPa) 

20.00 

dP Option 

not specified 

[)lIly 

(kJ/h) 

2 370e' OOG ~ _______ .--'o=_. _. ___ . __ ._ 

~ Zone Conductance Specifications 
·~~.~I~ _____________ ----------------_r--------------------------------T------------------------___ ~ 
~ Zone k 
1I~ (kgllu/sqrt(kPa-kg/m3)) 

SpecIfication 

~i-" 6
4
, _______ --'O'--__ ~ _____ -L-_______ _"_O__'C6_.::.22::...7 _________ -'--_______ ~)isablE.:_d _ ___ _ ____ _ 

E 
f! 
~ 
~ 
~ 
b­
E 
~ 
,~ 

f.? 
FI. 
~ 
~ 
f2 

~ 
! 
~ 
~ 
f 
~ 
{ 
.~ 
; 
\ 

t 
I H-------------.,. --'----------:-:'~~--____ ----------------____ --I 
~ Hvprotech Ltd. HYSYS v3.1 (Build 4815) J'aqe 3 of 3 
( Licensed to. 1 EI\M LND 



, 
I ..... " -
~ Case Name: O:\Prograrn FlIes\Hyprotech\HYSYS 3.1\Cases\Caustic Potash 7.hs 
t 

@.~9.r.~~~ 
TEAM LND ---_. 

t Calgary, Alberta Unit Set: SI 

CANADA 
_.-

~ Oatemme: Tue 0<., 2416:14:322006 
b 
l.. 
F!- Mixer: MIX-100 ~ il 

~ CONNECTIONS 
10 .. 

fz Inlet Stream 
. 

it3 STREAM NAME FROM UNIT OPERATION 

~ Product 2 Heat Exchanger E-l0l 

'5 Water . 

~ 
'17 

Outlet Stream 

:!I 8 STREAM NAME I TO UNIT OPERATION 

:\19 ProduGt3 3 Phase Sel2arator - V·l00 

?, PARAr."ETERS 
- --

.~ User V:>rj"bles !23 -.-.- -. .-.- -,' _.--. 

~ 
125 

PRC'PFRTIES 

~ Outlet Stream Properties 

~ f-- .. _-.. _--
28 P'"duct3 

129 Vapour Fraction 0.0000 ._-

120 Temperature -.JC) 64.92 -- -
, 31 Pressure (kPa) 61.00 

32 Molar Flow ·---·(kgmole/h) 10.06 
, 33 MassFlow (kg/h) 152.0 ."--
. 34 Std Ideal Uq Vol r-IOW (m3/hj .0.1231 

35 Enthalpy (kJ/kgmole) -1.14ge+005 -
36 Mass Enthalpy (kJ/kcll -7604 --
37 Entrol?~ (kJ/kgmole-C) -2693 
38 Mass Entropy' JkJ/k9.:-Cj -176.2 
39 HeatFlow (kJ/h) -1.156e+006 
40 Molar Densgr. .(l19m ole/m 3) 79.80 
41 Std Idetll Liq Mass Density (kg/m3) 1234 -

. 42 liQ Mass Density @Std Cond(kg/m3) 1251 
43 Molar Heat Capacity (kJ/kgmole·C) 134.0 
44 Mas~_ Heat Ca~acit~ (kJ/kg·C) 8.864 1 
45 Ther'~lal Conductivit): (W/m·K) -.-
46 Visc(03it~ (c~) ---
47 SurfCir;e Tension (dyne/cm) ---
48 Molecular Weight 15.11 

49 Z Factor ---

~ Inlet Stream Properties 
51 

52 Product 2 Water .. -
53 VapJur Fraction 0.0000 0.0000 -- .. 
54 Tenlperalure (e) 105.9 30.00 • -

(kPa) 55 Preu,ure 61.00 10!cQ,' __ .- - .. 
56 Molar Flow (kgmole/.h) 7.170 "'.d86 -- -.-... ---. 
57 MassFlow (kg/il) 1000 52.00 • ,---
58 Std Idealliq Vol Flow .lm3/h) 7.103e·002 5.210e·002 
59 Enthalpy (kJ/kgmole) -4.645e+004 -2.650e+005 

$!. i,~:,:~ Entha:;:z ... --- (kJ/kg) -3331 -1.582e+004 

~ .-E.~ .l~J/Klinlule-C) -3783 55.00 

62 Mass Entropy ---1~Jlkg·C) -271.3 3.053 

63 HeatFlow _ ... ___ .. ~.~:!!L -3.331 e+005 ___ -6.2/7~+005 
f--. 

64 Molar Density -. .1<:''l.ole/m3) 96.56 55.71 

~ _§.!d Ideal Liq M~s Density (kg/m3) 1406 9980 
6G Liq Mass Den<it~~':).i2 Gond(kg/m3) 1423 1015 

67 Molar Heal Capacity (kJ/kgmole-C) 211.3 77.71 ---_. 
68 Mass Heat Capacity (kJ/kg-C) 15.15 4.313 -

. (W/m·KI 69 Th(:~mal Conductivity. -_. 0.6182 +-- -
70 Viscosity (cP) --- 0.7972 

71 Surface Tension (dyne/cm) -- 71 ~3 

72 Molecular Weight 1395 16.02 

73 Z Factor -- 7.193e-004 

~ DYNAMICS 
75 .. 
76 Pressure Specification: Set Outlet to Lowesl Inlet 
1-1--' ~-

.!!.~prolech ltd. HYSYS v3.1 (Build 4815) Page 1 of 2 
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! Case Name: O:\Program F,ps\Hyprolech\HYSYS 3 1\Cases\Causlic Polil<;h 7.hs 

~~9.r.~~~ 
TEAM LNO -
Calgary, Alberta Unit Set: 51 
CANADA 

) Oalemme: Tl!~ Oct 2418:14:322006 , 
, 

Mixer: MIX-100 (continued) 
, 

NOTES 
! -

-

. 

. ~ 

i 

t 

I 
~ 

~ 
f Hvprotech ltd. HYSYS v3.1 (Build 4815) Page 2 of 2 . 
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j -"-- D:\Program Files\Hypn\ech\HYSYS 3.1\Cases\Caustir. Potash 7.hs 

Irl- Case Name: 

r ~~~~!~~l~ 
TEAM lND 

Unit Set: 51 
Calgary. Alberta -2- CANADA 

Da!:,,:~I~~: T'IE' t1r.t 24 18:15:092006 

~ 
.!. 3 Phase Separator: V-100 1 7 
~~ 
! 8 

CONNECTIONS L2. 
, 10 

i~ Inlet Stream 
I 12 

From Unit O!!eralion t Strea r11_ Name I 13 ~1)(·100 . 
1 14 Product 3 Mixer 
I 
j 15 Outlet Stream " r-
j16 

Stream Name To Unit Operalion 
1 17 -

18 V --
19 LL 

Hydrocyclone' X·l00 
20 HL 

~ Energy Stream 
22 

23 Stream Name - From Unit Operation 

24 

~ PARAMETERS 
26 -

2.500 m3 -I level SP: 5000 % I liquid Volume: 1.250 m3 27 Vessel Volume: 

28 Vessel Pressure: 61.00 kPa I Pressure Drop: 0.0000 kPa -j Duty: 00000 kJlh I Heat Transfer Mode: He~ 

E. User Variables 
30 

21 RATING 
32 

33 
Sizing -34 -. 

I I Separator has a Boot: 35 Cylinder VE'rtical No 

36 Volu':!le 2.500 m3 -I Diameter 1.285 m I Htight 1.928 

£ Level Taps: Levei Tap Sj),~;.;~;::;}ti(':-: 
38 ----- .. _. ---
39 level Tap I PVHigh I PV low I OP High I OP low 

~ Level Taps: Calculated Level Tap Values 
41 

~ f-Lcve1 Tae _. J Liquid Level J Aqueous Level 

~ Options 
44 

45 PV Work Term Contribution (%) I 100.00'1 I 
~ PROPERTIES 47 

-

~ Product 3 49 

50 Overall liquid Phase Aqli:,!(JUS Phase Solid Phase 
51 VapC!urlPhase Fraction 0.0000 0.1011 ! 0.3497 0.5491 
52 Temflerature: tc) 84.92 84.92 84.92 84.92 
53 Pressure: (kPa) 61.00 61.08 61.00 61.00 
54 Molar Flow (kgmole/h) 10.06 1.017 3.517 5.522 
55 Mass Flow (kg/h) 152.0 22.31 63.36 66.33 
56 Std Ideal Liq Vol Flow (m3/hl 0.1231 1.926e-002 6.34ge·002 4.03ge·002 
57 Molar Enthalpy . (kJ/kgmole) -1.14ge+005 . -1.687e+005 -2.807e+005 579.6 
58 Mass Enthalpy (kJI~g) -7604 -7690 -1.558e +004 48.26 
59 Mol.!~ Entropy (kJlkgmole-C) -2693 -2.690e+004 67.65 6.837 

~ ._Mas~. Entroe~ tkJ/kg-C) -178.2 -1226 3.755 0.5693 
61 Heat Flow (kJlh) -1.156e+006 -1.716e+005 -9.874e+005 3201 
62 Molar Densit~ (kgmole/m3) 79.80 51.76 53.31 136.7 
63 Mass Density. (kQ/m:3l 1206 1135 960.4 1642 
64 Std Ideal LiQ Mass Density (kg/m3) 1234 1159 998.0 1642 

65 Liq Mass Density @Std Cond(kglm3) 1251 1194 1015 1642 

66 Molar Heat Capacity (kJ/kgmole-C) 134.0 994.4 78.66 1070 

67 Mass Heal Capacity (kJ/kg-C) 8.864 45.34 4.360 0.8908 

68 Thermal Conductivity (Wlm-K) --- 0.6652 0.6729 ---
69 Vis~osity reP) --- 02586 0.3304 --- .-
70 Surface Tension lcJyne/cm)_ --- "~.8~· <:1 ~'l, ---_ . __ . _ . . J.' '.~ ___ 1--.----.. -. 
71 Molecular Weight 15.11 2193 18.02 1201 

72 Z Factor --- ~.95ge·004 3.843e·004 1.49ge·004 -_ .. 
~ 
~I----

V 

75 Overall Liquid Phase Aqueous Phase Solid Phase Val'0ur..E'hase --
76 Vapour/Phase Frac:ll2!! 1.0000 0.0000 00000 0.0000 1.0000 

77 Hypro1ech Ltd. HYSYS v3.1 (Build 4815) Page 1 of 3 
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~ 
Case Name: 

D:\Program Ftles\HyprotechlHYSYS 3 l\CasesICaw>lic Polash 7.hs 

.~ 

@~9!~~.~ 
TEAM LND 
Calgary. Alberta Unit Set: 81 

-
CANADA 

OalefTime: Tue Ocl24 18:15'092006 
.1 

~ 7 3 Phase Separator: V-100 (continued) 
18 .....• -

19 V 
to 

liquid Phase Aqueous Phase Solid Phase Vapour Phase .-
~11 

Overall 
_~4 9~. 8492 8492 8492 

12 Temperature: (C) 84.92 
6100 6100 61.00 

113 (kPa) 61.00 6100 
Pressure: 0.0000 QOOO() 

(kgmole/h) 0.0000 00000 00000 
;1,·1 Molar Flow 

00000 00000 00000 
j15 Mass Flow -~ 0.0000 00000 -

0.0000 00000 00000 

1'6 Std !~Ieal Uq Vol Flow (m31h) 0.0000 0.0000 ----
(kJ/kgmole) -1.687e t 005 -2 .807e+ 005 579.6 2.254e+006 

i17 Molar Enthal~): 2.254e+006 
48.26 1.127e+005 

. (kJ/kg) 1.127e+005 -rfj90 , -1 :;58e' 004 ." iota Mass Entha!py .. 
(kJ/kgmole-C) -546.6 -2.690e+004 67.65 6.837 -546.6 --

'19 Molar Entropy 
(kJlkg-C) -27.33 -1226 3.755 0.5693 ·27.33 

.. -
20 Mass Entropy 

(kJ/h) 0.0000 0.0000 0.0000 0.0000 00000 
, 21 Heat Flow 

~~~rDensi~ . (kgmole/m3) 1.912e-005 51.76 53.31 136.7 1.912e-005 

~ ikg/m3) 3.824e-004 1135 960.4 1642 3.824e-004 
23 Mass Density 

Sid Ideal Uq Mass D(;n,iIY (kg/m3) 3410 1159 998.0 1642 3410 
24 

UQ Mass Density @5id Cond(kg/m3) 3410 1194 1015 1642 3410 -25 

Molar Heal CapfJcily:. j.:~}~mole-e) 2699 994.4 78.66 10.70 2699 
." 26 

27 Mass Heat Capacity (kJ/kg-e) 13.50 45.34 4.366 08908 1:1 5(1 
~- .-- .. ----.. ~-

28 Thermal Condu:,liyi!L._ (W/m-K) 2.888e-004 0.6652 0.6729 --- 2.8flPf! OO·~ __ 

29 Viscosity (cP) -3.826e+006 0.2586 0.3304 --- ·3.826e+006 
-

30 Surface Tension (dyne/cm) --- 58.83 61.43 --- ---

~ _ Molecular Weight 20.00 21.93 18.02 1201 20.00 
r-- ---

32 Z Factor 1072 3.95ge-004 i 3.843e-004 1.49ge-004 1072 

~ LL 
34 

35 Overall LIquid Phase Aqueous Phase . Solid Phase Va [lour Ptlase 

36 Vapour/Phase Fraction 0.0000 1.0000 0.0000 00000 00000 --
37 TemQerature: (C) 84.92 84.92 84.92 84.92 84.92 _. - -

38 Pressure: (kPa) 61.00 61.00 61.00 61.00 6100 

39 Molar Flow jl<gmole/h) 1.017 1.017 0.0000 0.0000 00000 

40 MaSH Flow (kg/h) 22.31 22.31 0.0000 0.0000 00000 

41 Std Ideal Liq Vol Flow (m3/h) 1.926e-002 1.926e-002 00000 00000 0.0000 

42 Molar Enthalpy (kJ/kgmole) -1.687e+005 -1.687e+005 -2.807e+005 579.6 2.254e+006 

43 Mass Enthal[l~ JkJ/kg) -7690 -7690 -1.558e+004 48.26 1.127e+005 -. 
44 Molar Entropv (kJ/kgmole-C) -2.690e+004 -2.690e+004 67.65 6.837 -5466 

45 Mass Entropy lkJ/kg-C) -1226 -1226 3.755 0.5693 -27.33 

46 Heal Flow (kJ/h) -1.716e+005 -1.716e+005 00000 0.0000 0.0000 

47 Molar Density (kg;;;ole/m3) 5176 5176 53.31 136.7 1.912e-005 
48 Mass Density (kg/m3) 1135 1135 960.4 1642 3824e-004 
49 SId Ideal Liq Mass Density . (kg/m3) 1159 1159 998.0 1642 341.Q_ 
50 Liq Mass DensiIY@,:C:!.d Cond(kg/m3) 1194 1194 1015 1642 3410 

_~._ .... "_0-
51 Molar Heat Capacity (kJ/kgmole:C) 994.4 994.4 78.6G 10.70 2699 
52 Mass Heal Capacity (kJ/kg-C) 45.34 --- 4534 4.366 0.8908 135Q_ 
53 Thermal Conductivity (W/m-K) 0.6652 0.6652 0.6729 --- 2888e-0o.i... 
54 Viscosity (cP) 0.2586 0.2586 03304 --- -3826e+006 

~ _ S':!.'~ace Ten~:on __ ~ne/Cm) 58.83 58.83 61.43 --- ---
56 Molecular Weight 21.93 21.93 18.02 1201 20.00 
57 Z Factor 3.95ge-004 3.95ge-004 3.843e-004 1.49ge-004 107L -
~ ~t.. 
59 -- -.-
BO ... - . 

Overall liquid Phase Aqueous Phase Solid Phase Vapour Phase 
61 Vapour/Phasf' !:~?ctjs:: I 0.0000 0.0000 0.3891 06109 00000 
62 Temperature: ee) 84.92 84.92 84.92 84.92 84.92 -
~ Pre~sure: (kPa) 61.00 6100 61.00 61.00 61.00 .-
64 Molar Flow (kgmole/h) 9039 0.0000-+_ 3.517 5.522 0.0000 --- -
65 Mass Flow (kg/h) 129.7 0.0000 63.36 66.33 0.0000 
66 Std IdealliQ Vol Flow (m3/h) 0.1039 0.00:)0 6.34ge-002 403ge-002 0.0000 
67 Molar Enthalpy (kJ/kgmo!e) -1_08ge+005 -1.687e+005 -2.807e+005 579.6 2.254e+006 
68 Mass Enthalpy (kJlkg) -7589 -7690 -1.558e+004 48.26 1.127e+00!"~ 

69 Molar Entropy (kJ/kgmole-C) 30.50 -2.690e+004 67.65 6.837 -546.6 
70 Mass Enlrq!'y l kJ/kg-C} 2.126 -1226 3.755 0.5693 -2711 
71 Heat Flow (i<J/h) -9.842e+005 0.0000 -9.874e+OC5 3201 00000 - . --

(kgmole/m3) E. ~~ar Density 84.98 51.76 53.31 136.7 1912e005 ---.- .. -
73 Mass Density (kglm3) 1219 1135 960.4 1642 3.824e·004 -------
74 SId Ideal Liq Mass Density (kg/m3) 1248 1159 998.0 1642 3410 .---

liq Mass Density @Sld eond(kg/m3) 75 1261 1194 1015 1642 3410 
--,,"--

76 Molar Heal Capacity ekJ/kgmole-C) 37.14 994.4 78.66 10.70 2699 

77 HYPfotech Ltd. HYSYS v3.UBuild 4815) Page 2 of:} 
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Case Name: D:\Program r'ies\Hyprotech\HYSYS 3.1\Ca!;es\Causlic Potash 7.hs 

@.p!9.r.~~~ 
TEAM um ---
Calgary. Alberta Unit Sel: SI 

CANADA -
Dalerflme: Tue Oct 24 18:15:092006 

3 Phase Separator: V-100 (continued) 

t HL 

-
Overall Liquid Phase Aqueous Phase Solid Phase Vapour Phase ._ 

Mass Heat Capacity (kJ/kQ-C) 2.589 45.34 4.366 0.8908 1350 
'-

Thermal Co~ductivity (W/m-K) .. , 0.6652 0.6729 .- . 2.8880-004 
.'--

Viscosity (cP) ... 0.2586 03304 -" ·3.826e' 006 

Surtace Tension (dyne/cm) '-' 58.83 61.43 ." ---
--:;C." 

"""olecular WeiQht 14.35 21.93 18.02 1201 20.00 
._. 

Z Factor ... 3.95ge-004 3.843e-004 1.4990·00.4 1072 ------
t Inlet Stre:1.n 
~ ,-4 - I Product 3 

Vallour Fraction 0.0000 I : --------- -
Temperature (C) 84.92 

Pressure (kPa) 61.00 

Molar Flow (kamole/h) 1006 

MassFlow Ika/hl 152.0 

f-
Std Ideal Liq Vol Flow {m3/h) 0.1231 --
HeatFlow (kJ/h) ·1.156e+006 .-

~ Outlet Stream 

t ---. 
II V Hl --

i Vapour Fraction 0.0000 1 0000 00000 ---_.--- --

~ 
Temperature (e) 84.92 84.92 84.92 

(kPa) 
. 

Pressure 61.00 61.00 61.00 .-
Molar Flow (kgmole/h) 1.017 000f)() 9039 

MassFlow (kQ/h) 22.31 O.OOJO 129.7 --
Std Ideal Llq Vol Flow (m3/h) 1.926e·002 00000 0.1039 

HeatFlow (kJ/h) -1.716e+005 0.0000 ·9.842e+005 

i DYNAMICS 
~ . .-
'I 
t Vessel Parameters: Initialize from Product 

-
} 

Vessel Volu_me (m3/ 2.500· level Calculator Vertical c ~ind.~ 

Vesset Dialileter (m) 1.285 Fraction Calculator Use levels and nozzle~_ 

Vessel Hei~"t {ml 1.928 Feed Della P (kPa) 0000') • ,-
t liquid Level Percent (%) 50.00 Vessel Pressure (kPa) 61.0P 

----"-
4 
I Holdup: Vessel Levels : 

~ Phase Level Percent Volume 

~ . (m) (%) (m3) 

l Vapour ... -.. 00000 
~ , 

Liquid '-' '-' .L 00000 

l - Agueous ... '-' 0.0000 

f Holdup: :-)~'~~;i~ 

; Phase Accumulation Moles Volume 
" , (kgmole/h) (kg mole) (m3) 

~ Vapour 00000 00000 00000 

Liquid 0.0000 00000 0.0000 
j Aqueous 0.0000 00000 00000 

Total 0.0000 0.0000 0.0000 

l 
[ 

f 

} 
t 
~ 

J 

l 
I 

tl Hyprotech.ltd. HYSYS v3.1 (Build 4815) Paqe 3 013 
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r.l.. Case Name: D:\Program Files\Hyprotech\HYSYS 3 I\Cases\Ev~pOf~tor Iw~ 

@~9.r.~~-~ 
, 

r2- TEAM lND 

J Calgary. Alberta Unit Set SI 
- CN~ADA 
~ Daterflme: Sun Oct 29 100443 2006 

5 

6 
r Heater: Evaporator l-

0 

~ CONNECTIONS 
10 ... . _ . -_ . 
~ Inlet Stream 
17 --
~. STREAM NAME I 

FROM UNIT OPERATION 

1~ HEF . __ ._- - - --------

~;s 
r Outlet Stream 

16 ._ ... __ . 
17 STREAM NAME I 

TO UNIT OPERATION 

18 HEP --_. 
19 

Energy Stream I-
20 

---~ 

21 STREAM NAME I 
FROM UNIT OPERATION -------. r 

22 Q .. __ . 
~ PARAMETERS 
24 .. 
2!'> Pressure Drop~ 20.00 kPa·/ Duty: 2.370e+007 kJlh .\ Volume: 01000 m3 - --_. -.-- - -_. 

1 I 26 Function: Not Selected \ Zones: .---. r 
~ User Variables 
70 

r ---- --- -_ .. ----
)f! 

PROPERTIES r 
~ --.-.-~-. .. -------_ .. --.- -- - -- . .. ----
~ 
32 

rlt:~ 
._.-

33 Overall Vapo~lr Phase Aqueous Phase 
....... --~.--. 

34 VapourIPh~s" , rnction 0.1537 0.1537 0.8463 
35 TemeeratUie lC) 76.85· 76.85 76.85 
:\6 Prf;Sf}Ure: .. _ .. ___ (kPa) 100.0· 100.0 100.0 r -- -.--- --- ---_. ---- --
~ Molar Flow (kgmoielh) 357.8 5501 3028 

.. -.---.-. 

:IS Mass Flow (kglh) 8886· 3430 5456 ----.-- ----.--
39 Std Ideallig Vol Flow (m3Ih) 7.181 1 714 5467 -_ .. - _. 
40 Molar Enth~ __ ._. _iI.'Jlkgmole} -2.521e+005 -9.092e+004 -2.814e+005 ._ .. -
41 ~_ass Enthalp'y (kJlkg) -1.015e+004 -1458 -1.562e+004 - ---- .. 

42 Molar En~ __ _.._J~,~!kqmole-C) -3.416e+004 -2.226e+005 6577 ------ ._-----
43 Mass Entropy (kJ/kg-C) -1376 -3570 3.651 ._-
44 Heat Flow lkJlh] -9.021 e+007 -5.001 e+006 -~ 521e>007 --. 
~5 Molar Densit~ (kgmole/m3) 0.2252 3.475e·002 53.68 -- ._--
46 Mass Density (kglm3) 5.593 2.167 967.0 

"--~-

~7 Std Ideal lig Mass Density (kg/m3) 1237 200 1 998.0 .----- ---
~B ..l!.~Mass Densit~ @Std Cond(kglm3) 1261 2029 1015 - ------~--

~9 Molar Heat Capacity (kJlkgmole-C) 1028 6257 7841 ._ .. 
50 Mass Heat Capacity (kJ/kg-C) 41.41 100.3 4.352 .--. 
51 Thermal Conductivity (Wlm-19 --- 0.8942 0.6676 .. -"--
52 Viscosity (cP) --- 1.181e-002 0.3654 -. 
53 Surface Tension (dyne/cm) --- --- 6291 --_ ... 
54 Mole~ular Weight 24.83 62.36 1802 .--
55 Z Factor --- 0.9890 6.402e·004 -----
~ HEP 
"f 

~)O 
...;..;.. ... Overall Vapour Phase .._-
59 _~a'p'our/Phase Fraction 1.0000 1.0000 
I- --"-- .. -----
60 I emperature: JC) 100.7 100.7 ------- ----. 

!!. I'res$ure: (kPa) 80.00 80.00 ------ -"-----" 

(kgmolelh) 62 Molal Flow 357.8 357.8 --~-.-- .. --.-
63 Mas,; Flow (kq/h) 8886 8886 

--~.---

6~ Std Idcalliq Vol Flov' (m3/h) 7.181 7. ;81 , - - ----.. -- .-. - ----- .. -~--

r,5 Molar Enthalpy (kJlkgmole) -1.85ge+005 -1.85ge+005 

~ Mass Enthaley lkJlkgJ -7485 -7485 ... --. 

67 Molar Entropy (kJlkgmole-C) -3.398e+004 -3.398e+004 
--~-- --

~ •. f\:IflSS Entroey (kJ/kg-C) -1368 -1368 _._--_.-

~i9 : ieal i'low (kJlh) 6.651e+007 -6.651e+007 ,-_. ,------ --
.10 Molar Density j1cgmolelm3) 2591e-002 2.591 e-002 _. --_._. 

11 Mass Density (~glm~) 0.6433 0.6433 .- .----~ 

117 Std Idealliq Mar.s l~~nsily (kglm3) 1237 ·,237 
--- -,r ---. 

f3 liq Mass Density '1DSld Cond(kglm3) 1261 126t 
r - .. --.--_ .. 
f4 Molar Heat Cap3\;ilv_ j~.J'kgmole-C) 1581 1581 
r· 

I 
15 Mass Heat Capacity (kJlkg-C) 63.69 6369 -------
·/6 Thermal Conductivity (W/m-K) 0.3362 0.3362 -

HYSYS v3.1 (Build 48..).22.. 11 Hyprotech Ltd. Pagp I of 3 
-
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r--- Case Name: 
O:\Program Files\Hyprotech\HYSYS 3 I\Cases\Evapor~lor ~,~,r:_ 

..:... 

~1.~9.r.~~.~ 
TE.I\M LND 2-
Calgary, Alberta Unit Set: 5t ----

3 
~ CANADA Sun Oct 2910:04:432006 
~ OatefTIl'!'e: 

:) 

~ Heater: Evaporator (continued) 1 - .----- -.------
B -
!l PROPERTIES 
~ --- -- - -_.-
~ 

J2 HEP -------
12 

Overall Vapour Phase --'-' ---.--
13 

Viscosil}/ (cP) 9481e-003 9481e-003 ----14 

~5 Surface Tension (dy-ne/cm) --- ---
16 Molecular Weight 24_83 24_83 I ------

.22- _? Far.\or 0_9936 0.9936 r --------

18 PERFORMANCE PROFilES r-
19 

70 lone Pressure Temperature Vapour Fraction Enthalpy 

- (kPa) (C) (kJ/kgmole) 
22-

Inlet 100.00 7685 o 1537 2520'11 9:\ 
22 

0 80.00 100.68 10000 -18511G757 
E. .------. -- '---

24 PERFORMANCE PLOT -
~ 
~ 
27 
c-

-1 800e+005

1
---------------,- ----- -- ---r - ------1 --- -' ... __ .. _-

r ~ I : , ;.,r1 ! I-

~ 
-1 900e+005 i 

i 
1-/ ~ :! I i 

~ ill -2.000e+005 : ._-----_._------- -_. - - ----- .- ._-- --- -- - -------_._- ---------- --- .---_. -- -.--- - -

, 
-- I 

~ 0 - I 34 E :' 1 00e+005 .- - -----------"-"- "---- ---_ .. -----.---" .. -- - -- -----.-._-_.- -- -- .-- -- _. - -- - -- , 
I- 01 

I ~ 
.Y 

J /" 

~ .::t::. -2 200e+005 - ._---.--- -_._.- .. ."_.-----_.-.--- --_ ... .----::::~-: -_. .. _.- -
~ I 

31 >- I 
l- n. I 
~ ro -2 300e+005 -- -- -_ .. -.- .--_.- --- -- I 

I 
]9 L: i 
~ C /- I 

~ llJ -2.400e+005 - -- --- -- -- .. _---_ .. -- --...,/,---:.- .. ~------- - -- . -- -- ! -
41 

.// 
I - I 

E -2.500e+005 ~ .------~-- - -------.-~-.--.--- ------ -------_. --.--- - -------- .. ---- .-- ·-0- j ---------- ---- ; 
43 C( I 

r - i 44 - -2.600e+005 I 
45 7500 80.00 8500 90.00 9500 1000 l()~i [) 
~ 

~ 
~ Temperature (C) 
2. ___ -
49 - PERFORMANCE TABLE 
50 -----
~ Temperature Pressure Heat rlo"./t t:'l~thalpy Vapour Frar.lioll 
!,2 (C) (kPa) (kJ/h) (kJ/kgmole) 

53 
I-

76_85 100.00 0.00 -252091.93 01537 
54 100_68 80.00 23700000.00 -185862.57 10000 ---

~ DYNAMICS 56 
- ----

~ Model Details; Supplied Duty 
58 

59 lone 1 • Jella P (kP~ I iO 00 • --- ---~--

!~ Volume (m3) 0.1000 • Overall K ~/llr/5gI1(kPa-kglm3 It j ,q~ig 5 . 
-.----- . ----

fll Dut}/ (kJ/h) 2.370e+007 • _. --- -----"---". -----

!!. Holdup Details 
63 -
~ Phase Accumulation ;violes Vol\lme 

\i 
65 (kgmole/h) (kgmole) (m3) 

~ Vapour 0_0000 0.0000 00000 

~ Liquid 0_0000 00000 0.0000 

68 Aqueous 0.0000 00000 00000 

.,69 Total 0.0000 0.0000 O_OO_QQ _ .. ___ ----_.-

p. 
.11 

Individual Zone HoldUps: Zone a 
;- -- ----- ---

i7 

/ 
I- Delta P Specs and Duties 
IJ . 
74 lOlle dP Value dP Option Duty -
7S (kPa) (kJlh) 

16 0 20.00 not specified 2.370e -007 
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CHAPTER SEVEN 

7.0 EQUIPMENT OPTIMIZATION 

7.1 Optimization of furnace 

In optimizing, the first step is clearly to define the objective; that is, the criterion to be 

used to judge the performance of the system. In engineering design, the objective of optimizing 

any equipment m\}st be an economical one. This is because for any chemical plant set 

up, the primary objective is to maximize the profit.This can be approached based on the 

(~ict that, in order to Illillillli/,c cost or cOllstrllctioll, the diJlH';IlSiollS (VOllllllC ;llId Are;t) or tile 

equipment must be kept at minimum. For the furnace, the total surface area is given as 

Afurnace == 2 . 11: . Rfurnace ~ + 2 ' 11: ' Rfurnace . I 'furnace 

d Dfurnacc 
an Rfurnace == --_ 

2 

where Rfurnace =: "radius of the furnace tube" 

Dfurnace :=: "diameter of the furnace" 

Hfurnace:= "height of the furnace" 

1t == "pic, a constant" 

So, the formula becomcs 

(Dti.lrnac~ 2 Dfurnace 
Afurnace := 2 . 11: . \- 2 J + 211: . 2 . Hfurnace 

1 

Dfurnacc - Dfurnace 
Afurnace == 2 . 7t . + 2 . 7t • . H~ 

4 2 lurnace 

7 

Dfurnace-
i\furnacc '" 1t . + 11: . Of' . 1'/. 2 lIrnacc lIrnacc 

At this point. it is clear that area or the equipment is a function or the diallldcr and length 
of the 

equipment. Mathematically, 
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where the objective function is 

1 

Drllrnacc- I 
Arllrnacc = 7t . :2 + 7t . Drllrnace . I fllrnace 

. and the constraints are 

D :: Dminimulll and H:= Hminimllm 

so that the equation of Afurnace becomes 

2 
Dfurnace 

f( Dfurnace' Hfurnace) :: 7t . 2 + 7t . Dfurnace . Hfurnace 

Noting that the volume of the equiupment is given as 

1 

V furnace == 7t . R furnace - . (.~ furnace 

Dfllrnacc 
with Rfurnacc:: ---

2 

furnace t ~
2 

V furnace == 7t . 2 . Hfurnace 

? 

Dfurnace~ 
V furnace -= 7t • . Hfurnace 

4 

Making the height of the equipment the subject of the formula in the abo\"c equation, 

4· V furnace 
I-ifurnace := , 

7t . Dfurnacc-

So" 
, 

Dfllrnacc - 4 . V furnace 
f(Dfurnacc' (Ifurnace) == 7t . 2 + 1\ . Drurnacc' -----

Simplifying, 

2 
Dfurnace 

f(dfurnace,hfurnace) == 7t . --2-- + 1\ . 

1\ . Drurnacc:2 

4· V furnace 

Tt . Dfurnace 
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It can now be observed from the ahove equation that the area is a !'ullctioll of the diameter 

irthe volume is kept constant. 

11: • ()rurn<l':c 

Differentiating the above equation yields, 

d "() ,4 
d(D ) f Dfurnace 0= T( • Dfurnace - ~ . V furnace 

furnace D furnace ~ 

At optimum point, the derivative is equated to zero. That is, 

d f(Dfurnacc) '" T( . Drurnace - __ 4 __ , . Vrurnace ~c 0 
del f'llrllac" I) -. ~ furnace 

Taking the last two expressions, 

4 
11: • Dfurnace - o . V furnace == 0 

Dfurnace-

4 
11: • Dfurnace := ) . V furnace 

Dfurnace -

1 '-I . V furnace 
Dfurnacc - . Dfllrnacc == 

D 3 4 . V furnace 
furnace := 

T( 

3r------
4 . V furnace 

Dfurnace = 
T( 

11: 

The above expression is now the optimized diameter of the equipment. 

From, 

4· Vrllrnacc 
Ilrurnacc 

) 

;r . Dfurnace-

Substituting for Drurnacc in this expression yields 
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4· V furnace 

Hfurnace = ,f .-____ "'\ 2 

n· 

Simplifying, 

V furnace 
o 

Hfurnace = 

Numerically,'with 

3 
111 

V furnace := 2.272· day 

Dfurnace := 

llfurnacc := 

3,.-------,--
4 . V furnace· day 

n 
Dfurnacc = 1.425111 

Ilfurnacc 1.425 m 

It, therefore, means that the optimum diameter and height of the equi pmcnt arc 
Dfurnace =" 1.425 m and Hfurnace = 1.425 m . 
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CHAPTER EIGHT 

8.0 SAFETY AND QUALITY CONTROL 

8.1 Safety 

Safety is an area of engineering and public health that deals with the protection of 

workers' health, through control of the work environment to reduce or eliminate 

hazards. Industrial accidents and unsafe working conditions can result in temporary 

or permanent injury, illness, or even death. They also take a toll in reduced efficiency 

and loss of productivity. (Encarta, 2004) 

8.1.1 General Safety Rules 

Follow relevant instructions 

a) Before attempting to operate the plant, all relevant manufacturers' instructions 

and local regulations should be understood and implemented. 

b) It is irresponsible and dangerous to misuse equipment or ignore instructions, 

regulations or warnings. 

c) The specified maximum operating conditions must not he exceeded. (Odigure, 

1998) 

Operation 

a) It must be ensured that all staff must be fully aware of the potential hazards 

when the plant is being operated. 

b) Serious injury can result from touching apparently stationary equipment or 

rotating helt. 

c) _ No metallic object should be allowed into the plant. Otherwisc, thc gear 

motor of the affected conveyor must be set in thc rc'!crsc dircction and thc 

entrained materials should be discharged, (Odigurc, 1998) 

63 



l\1.aintenance 

a) A badly maintained plant is a potential hazard. It must be ensured thal 

competent members or staff is responsible for organizing maintenance and 

repairs on a planned basis. 

b) FauHy equipment must be permitted to be operated. Repairs must bc carried 

out competently and the operation must be checked. (Odigurc, 1998) 

Using electricity 

a) At least oncc a month, the electrical cables should bc chccked to ensure that . 
they are opei·ating normally. 

b) J.:Icctricity is the comllloncst causc of accidents III the l~lctory, it must be 

respected. 

c) It must be ensured that electricity supply has been disconnected from the 

equipment before attempting repairs or adjustment. 

d) It must be known that water and electricity are not compatible and can cause 

serious injury if they come into contact. 

c) The plant must always be disconnected from electricity when not 1I1 usc. 

(Odigure, 1998) 

Avoiding nrc or explosioll 

a) 1t l1Iust be ensured that the factory is provided with adequate lire 

extinguishers appropriate to the potential dangers. 

b) It must be known that empty vessels having inf1ammable liquids can contain 

vapours and explode if ignited. 
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Handling poisons 01· toxic materials 

a) Food must not be allowed to be brought il1to or consumed in the llictory. 

b) Smoking should not be allowed in the faelory premises. Notices should be so 

displayed and enforced. (Odigure, 1998) 

Avoiding cuts and burns 

a) Care must be taken when handling sharp edged components. Undue force 

must not be exerted on glass or fragile items. 

b) Hot surfaces cannot, in most cases, be totally shielded and can produce severe 

" burns even when not "visibly hot". Common sense must be used ;\: '.-,'ays! 

Eye protection 

a) Facilities for eye irritation should always be available 

Ear protection 

a) Ear protectors must he worn when operating the plant. 

Guard and safety devices 

a) Guards and safety devices must he installed on the plant to protect the 

operators. The equipment must not be operated with such devices removed. 

b) Safety gauges, cut-out and other safety devices must beset to protect the 

equipment. Interference with these devices may create a potential hlzard. 

c) It is impossible to guard the operator against all contingencies. Commotl 

sense muse be used. 
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d) BcCore starting a machine, it mllst be ensured that the members or stall arc 

aware of how it (the machine) should be stopped in an emergency. (Odigure, 

1998) 

First aid 

a) It is essential that first aid equipment IS available and that the supervIsor 

knows how to use it. 

b) !\ notice giving details of a proficient first aider should be prominently 

displayed. (Odigure, 1998) 

8.2 Quality Control 

Quality simply means "fitness f'or use". But, according to the International Standarcl 

Organisation (ISO), quality is defined as the totality of the characteristics of an entity 

that bear on its ability to satisfy statcd and intended needs. It is more costly to 

exceed a specification than to meet it. Therefore, there is the need to get quality goal 

or target for effective quality control. 

Maintaining product quality in accordance with acceptable standard has been a Im~jor 

role f(Jr industrial instrumentation since its inception decades ago. Wi:'j lhc eVCi"­

increasing inlcrcst in speeding up production, one becomes aware or the 1~ICl thal 

rc:iectablc as well as acceptable products can be produced at high rates. 

8.2.1 Quality assurance 

Quality assurance is defined by ISO as all the planned and systematic activities 

implemented within the quality system and demonstration is needed to provide 

adequate confidence on entity wiII fulfil requirement for quality. 
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8.2.1.1 Principles of quality assurance 

The principles of quality assurance include the following: 

1. Management involvements and objective (management) involvement is 

very essential to ensure quality. 

11. Programming and planning. 

lIl. Application of quality control principles. 

IV. Design and specification control. 

v. Purchasing control and vendor appraisal. 

VI. Production control. 

~ 

VII. Marketing and service quality functions. 

VIII. Proper documentation. 

IX. Non-conformance control. 

X. Remcdial action. 

XI. Defect and failure analysis. 

8.2.1.2 Quality management 

Quality management involvcs all activities of the overall management functions that 

determine the quality policy, objective and responsibilities and implement then by 

mcans, such as quality planning control assurance and improvcment within the 

quality sysklll. Responsibility or quality lies at all level or all. To sllccessflllly 

implcment quality management, the organisation structure, procedure process and 

resources arc requisite. 
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CHAPTER NIN E 

9.0 PROCESS CONTROL AND INSTRUMENTATION 

It is proposed that most of the plant equipments in this plant arc to be operated 

using automatic control with the indicating instruments being located in a control 

room. This is the general practice for a plant of this type which is not labour 

intensive. With the exception of the reactor system, the plant operates at 

atmospheric pressure and therefore the process control and instrumentation will bc 

based upon temperature, now and level measurements. Measurements of these 

parameters will be made using thermocouples, orifice plates and float type 

indicators respectively. (Austin & Jeffrey, 199 J) 

9.1 Types of control instruments 

The control instruments arc of four major categories 

a) Temperature controllers (TC) 

b) Pressure controller (PC) 

c) Flow controller (FC) 

d) Level controller (LC) 

9.2 Control Mechanism 

The pncumatic control hardware IS recommended for this process it will be 

powered by instrument air supplies. 

The control mechanism for this process consist of a sensor to ddt'- the process 

variables; a transmitter to convert the sensor into an equivalent "signal" a 
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controller that compares this process signal 'with a desired set point value <tnd 

produces an appropriate controller output signal and a final control clement 

(pneLlll1ntic activator) tat changes the manipulated variable with thc LIse of 11 

mechanical action. 

9.3 Control Sensors 

The devices to be used for thc on-line measurement of thc proccss variables arc: 

1) Flow sensor: The orifice meter can be cmployed in the proccss since it IS 

simple and of low cost. 

2) Temperature sensor: The recommended temperature sensors arc resistance 

thermometer detectors (RTDS) and Thermocouplcs. The lOOv pt (-2000C to 

850C) and type N (0-13000) are both sufficient for RTDS and thermocouples 

rcspcctively. 

3) Pressure sensors: Bourdon- Tube pressure gauge can be used. 

4) Level sensor: float activated devices are sufficicnt. 

Alarms are to be employed to alert the process operator to a process lhat requires 

immcdiate actio)) and attention. Instead of individually issuing point alarms, all 

alarms associated with a certain aspect of the process arc to be simply wired to 

give a single trouble alarm. 

9.4 Tnlllsmitters, Controllers and Control Valves 

The transmitter is the inter-phase between the process and it's control system. Th~ 

transmitter converts the sensors signal into a control signal. The pilot -- acting 
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conlrollers should be employed in the process. The pilot _. acting controllers arc 

capable of greater degree of sensitivity since they eliminate of the lags which 

would be inherent in scI - acting mechanism activated by the force of a IJrgc 

volume of fluid. The fluid control clement is an automatic control which throttles 

the flow of the manipulated variable. 
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CHAPTER TEN 

10.0 ENVIRONMENTAL ACCEPTABILITY 

t n.t Identification of possible pollutants 

The main atmospheric pollution problem cncollntered in caustic potash lro<.iuctioll 

plant is from the combustibles when discharged into the air. 

Another source of pollution is from the tanks if they are leaking. This is because 

caustic potash, if allowed to flow into the river body, can harm the aquatic animals in 

the water. 

. 

10.2 Suggestions on treatment of such pollutants 

The method suggested for the treatment and control of the pollution encountered in 

the caustic potash production plant are: 

a. all the combustible material suspected to be harmful should be converted to 

harmless substances before discharged into the atmosphere. 

b. all the tanks should be well tight. 

c. efflucnt from the plant should also bc treated before discharge into water 

body. 
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CHAPTER ELEVEN 

11.0 START UP AND SHUT DOWN PROCEDURE 

Start up time may be defined as the time span between end of construction and the 

beginning of normal operations. Start up and shut down procedure must proceed 

safely and be flexible enough to be carried out in various ways. In other words, the 

start up and shut down of the caustic potash plant should be such that it can be easily 

and safely operated. The operating limits of the plant should not be exceeded and 

dangerous mixtures must not be formed as a result of abnormal states of 

concentration, composition, temperature, phase, pressure, reactants and products. 

It should be noted that some items of actions must be completed before even the start 

up of the plant in order to prepare the plant for the start up operation. The items of 

actions are: 

1. All scaffolds and temporary piping and supports should be removed. 

11. Lines and equipment should be flushed out. 

111. Pumps, motors/turbines and compressors should be run. 

IV. Hydrostatic or pneumatic lines and equipment should be tested. 

v. Laboratory and sampling schedule should be prepared. 

VI. All instruments should be inspected and tested. 

11.1 Start Up Procedures 

For the caustic potash plant designed, the following are the start up procedures: 

1. The dryer should be started up. 

11. The furnace should be heated up and maintained at their operating 

temperatures and pressures. 

111. The inlet and out!, valves of the units should be opened up. 
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IV. T'he compressor valve to supply alI' at a regulated pressure should be 

opened. 

v. All the inlet and outlet valves to the furnace should be shut as soon as the 

feed enters the furnace in order to achieve maximum conversion. 

VI. The outlet value of the furnace should be opened for the evacuation of the 

reactor contents. 

Vll. The outlet valve of the illrnace should be locked before opening the inlet 

valve before further entering of the feed into the reactor. 

11.2 Shut Down Procedures 

The shut down procedures [or the caustic potash plant are as outlined below 

I. The supply of cocoa pod husk into the dryer should be stopped 

II. The supply of the hot air to the dryer should he cut off. 

Ill. The water supply into the leaching tank should also be terminated. 
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12.1.2 Raw materials 

The availability and price of suitable raw materials will often determine the site 

location. Plants producing bulk chemical as the formaldehyde plant arc best located 

close to the source of the major raw materials (which is methanol); where this is also 

. 
close to the marketing area. 

12.1.3 Transport 

The transport of materials and products to and from the plant will be an overriding 

considcnltion for site selection. 

I r practicable, a site should be selected that is close to at least tow major forms or 

transport: road, rail, waterway (canal or river), or a sea port. Road transport is being 

increasingly used, and is suitable for local distribution from a central \varchousc. 

Rail transport will be cheapcr for the long-distance transport of bulk chelL ;,;als. 

Air transport is convenient and efficient for the movement of personnel and essential 

equipment and supplies, and the proximity of the site to a major airport should be 

considered. 

12.1.4 Availability oflahour 

Labour will be needed ror construction or the plant and its operation. Skilled 

construction workers wiIJ usually be brought in from outside the site area, but there 

should be an adequate pool of unskilled labour available locally; and labour suitable 

for training to operate the plant. Skilled tradesmen will be needed [or plant 

maintenance. Local trade union customs and restrictive practices will have 10 be 

considered when assessing the availability and suitability of the local labour for 

recruitment and training. 
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12.1.5 U tilities (Services) 

Chemical processes invariably reqmrc large quantities of watcr for cooling and 

general proccss usc, and the plant must be located near a source of water of suitable 

quality. Process watcr may he drawn from a river, fro111 wclls, or purchased from a 

local authority. 

At some: sites, the cooling watcr required can be taken from a river or lake, or hom 

the sea; at other locations cooling towers will be nceded. Elcctrical power \vill bc 

need cd at all sitcs. 

12.1.6 Environmental impact and effluent disposal 

All industrial proccsses produce waste products, and full consideration must be given 

to the difficulties and coat of their disposal. The disposal of toxic and harmLtI 

effluents will be covered by local regulations, and the appropriate authoritics must bc 

consulted during the initial site survey to determine the standards that must be met. 

12.1.7 Local community considerations 

The proposed plant must be tit in with and be acccptabic to thc local community. Full 

considcration must be givcn to the safe location of the plant so that it docs not impose 

a signi ficant additional risk to the community. 

On a new site, the local community must bc ablc to provide adequatc facilities for the 

plant persollncl: schools, banks, housing, and recreational and cultural f~lcilities. 

12.1.8 Availability of suitable land 

Sufficient suitable land must he available [or the proposed plant and for filtufe 

cxpansion. The land should be ideally flat, well drained and have suitable load 
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bearing capacity. A full site cvaluation should be made to determine the need for 

pining or other special foundations. It should also be available at low cost. 

12. J.9 Climate 

Adverse climatic conditions at a site will increase costs. Abnormally low 

temperatures will require the provision of additional insulation & special heating for 

equipment & pipe runs. Stronger structures will be needed at locations subj,~ct to high 

winds or earthquakes . 

. 
12.1.10 Political and strategic consideration 

Capitnl grants, tax concessions and other incentives provided by governments to 

direct new investment to preferred locations, sllch as areas of high lIn-employmellt 

should be the overriding considerations in the site selection. 

J 2.2 Selection of Site 

Careful consideration of the factors [or the site selection outlined above reveals 1hat 

the best site for this project is Akure in Ondo State, Nigeria. 

12.3 .J ustificatioJl of the Selected Site 

Actually, the site selected based on the fact that it satisfied more thai 'J5% or the 

factors considered. For instance, it is close to the source and market apart from 

having good road network. 
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CHAPTER THIRTEEN 

13.0 ECONOMIC ANALYSIS 

J 3.1 Purchased Equipment Cost 

The purchased equipment cost can be obtained from the cost of existing plant using the 
relationship 

which is given as: 

(Sinnot, 1999) 

where C2 = capital cost of the project with capacity S2 

C I = capital cost of the project with capacity SI 

C 1 := 238718475.34· Naira 

tonne 
S,:= 10·-­

day 

tonne 
S2:= 3·-­

day 

n:= 0.6 (Sinnot, 1999) 

Cost index in the year 2005, 112005:= 250.5 

Cost index in the year 2006, 112006:= 270.9 

Estimation of Total Capital Investment 

1. Direct Costs 

PECcurrcnt == 1.254 x I OH N<lira 

A. Equipment + installation + instrumentation + piping + electrical + insulation + painting 

1. Pm"chased equipment cost (PEC), 15-40% of fixed capital investment 

As calculated, 
PEC := PECcurrent 

PEC == 1.254 x ' 'Naira 
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2. Instnllation, including insulation and painHng, 25-55% or purchased 

cquipment cost 

Assuming Insla:== 40'% . PEe Insla==5.014x I07 Naira 

3. Instrumentation nnd controls, installed, 6-30% of purchased equipment cost 

Assume !nstr:-= 11%· PEC (nstr"" 1.379 x I07Naira 

4. Piping installed, 10-80% of purchased equipmcnt cost 

Assume Pip :=0 30% . PEC Pip == 3.761 x I07Naira 

5. Electrical, installed, 10-40% of purchased equipment cost 

Assume Elect:= 15%· PEC Elect=: 1.88 x 107Naira 

So, the cost of equipment, installation, instrumentation, piping, electrical, insulation 
and painting is given as 

CA:== PEC + Insla + Instr + Pip + Elect s . 
CA == 2.457 x 10 Naira 

n. Buildings, process and auxiliary, J 0-70(Yo of purchased equipment cost 

Assume Build :== 20% . PEC 
Build '7 2.507 x 107 Naira 

c.. Service facilities and yard improvements, 40-100% of purchased 
equipment cost 

Assuming Servi := 50% •. PEC 
Scrvi = 6.268 x 107 Naira 

D. Land, 1-2% or fixed capital investment or 4-8% of purchased equipmcntqst) 

Assuming 
Lan :"'- 5%· PEe 

Lan =: 6.2GB x 101> Naira 

Thus, the direct cost is equal to 

Direct Cost:= CA -I- Build + Servi + Lan 
Direct Cost == 3.397 x 10

8 
Naira 

II. Indirect costs: expenses which are not directly involved with material and 
labour of 

actual installation of complete facility (15-30% of fixed capital investment) 

A. Engineering and supervision, 5-30% of direct cost 

J\ SSlIlll i Ilg Engin:'" 13%· Direct Cos I Engin C~ 4.t116 x (0
7 

Naira 

80 



n. Construction expense and contractor's fcc, 6-30% of direct cost 

AsslIming Const:o= 15% . Direct_Cost Const == 5.096 x 10
7 

Naira 

C. Contingency, 5-15% of direct cost 

Assuming 7N . Conti == 2.178)( 10 ,\Ira 

Thus, indirect cost is equal to 

lndirect_ Cost:= Engin + Const + Conti Indirect Cost", 1.189 x I 08 Naira 

III. Fixed Capital Investmcnt: 

Fixed capital investment = Direct cost + Indirect cost 

Fixed_ Cl :== Direct_Cost + lndirect_ Cost fixed CI == 4.586 x lOR ... ra 

IV. Working Capital, 11-20% of fixed capital investment 

ASsullling 
Working.C:= 11%· Fixcd CI Working_C == 5.045 x 10

7 
Naira 

13.1 V. Total Capital Investment (Tel): 

Total capital investment to be fixed capital investment + Working carital 

Assuming 
TCI == 5.091 x 10

8 Naira 

Estimation of Totall'roduct Cost: 

I. Manufacturing Cost = Direct production cost + Fixcd charges + Plant overhead cost 

A. I~'ixcd Charges, 10-20% of total product cost) 

i. »cprcciation, This depends on life period, salvage valuc and method or 
calculation 

.- about 13% ofFCI for machinery and equiupmcnt and 2-3% of building value 
fiJr 

Depre:= 10%· fixed_CI + 3%· Build 
Dcpre ::: 4.662 x I:; t~aira 

ii. Local Taxes, 1-4% of fixed capital investnlent 

Assuming Tax := 3.5% . Fixed CI 
Tax = 1.605 x I (/ Naira 

iii. Insurancc, 0.4-1 % of fixed capital investment) 

J\ss1.!ming Instlr:= 0.6% . fixed CI 
Illsur = 2.752 x 1 d' Naira 
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iv. Rent, 8-12% of value of fixed capital investment 

Assuming Ren:= 10%· Fixed_CI . 07 N · Ren "" 4.586 x I <Ilia 

Thus, fixed charges is given as 

Fixed __ Charges:= Depre + Tax + Instlr + Ren HN . Fixed_Charges'" I.) 13 x 10 alra 

13.2 B. Hircct Production Cost (Operating Cost): 

Fixed charges is 10-20% of total product cost 

Assuming Fixed_Charges = 15%· TPC 

making total product cost, TPC, the subject of the formula, 

FC 
TI'C=--

.15% 

Fixed Charges 
TPC := ----'=----''''-

15% TI'C = 7.419 x 10RNaira 

i. Raw materials, 10-50(1<) of total product cost) 

Assuming 

R<1W 111<11:= 15%· TPC 
Raw matcc 1.113 x 108 Nnira 

ii. Operating Labour (OL), 10-20% of tot a! product cost 

Assuming 
OperL:= 10%· TPC OperL = 7.419x 107 Naira 

iii. Direct Supcrvisory and Clerical Labour (DS & CL), 10-25% of OL 

Assuming DireS:= 15%· OpcrL 
DireS = 1.113 x 107Naira 

iv. Utilities, 10-20% of total product cost 

Assuming 
Util:= 12.5%· TPC 

v, Maintenance and repairs (M & R), 2-10% of fixed capital investment 

Assuming Maint:= 3.7'% . Fixed CI 
Maint == 1.697 x 10

7 
Naira 

"i. Operating Supplies, 10-20% of M & R or 0.5-1 % of Fel 

Assuming OpcrS:= 17%· Maint 
OpcrS ::= 2.885 x 106 Naira 
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vii. Laboratory Cha."gcs, 10-20% of OL 

Assuming Lab:= 15%· OperS Lab == 4.327 x 10) Naira 

viii. Patcnt and Royalties, 0-6% of total product cost 

Assuming Palcn := 4.5% . TPC 
Paten = 3.338 x I07Naira 

Tbus, direct production cost is 

OPC:= Raw_mat + OperL + OireS + U(il .,. Maint + Opel'S + Lab + Patcn 

DPC "" 3.43 x lOR Naira 

C. Plant Overhead Costs, 50-70% of operating labour, supervision, and maintenance or 

5-15% of total product cost); includes for the following: general plant upkc.\ .. , and ovu'l;cad, 

.' 
payroll overhead; packaging, medical services, safety and protection, restaurants, salvage, 

lahoratories, and storage facilities. 

Considering the plant overhead cost to be 55% ofOL, DS & CL and M & R 

Tllcrcfore, 

Plant_Overhead:= 55%· (Opcrl~ + DircS + Maint) Plant Overhead = 5.626 x 107 
Naira 

Manufacture cost = Direct production cost + Fixed charges + Plant overhead cost 

Manuf := DPe + Fixed_Charges + Plant_Overhead Manu!" 0= 5.105 x log Naira 

II. Gcncntl Expcnscs = Administrative costs -I- distribution and selling costs + 
research 

and development costs 

A. Administrative costs, 2-6% of total product cost 

Assuming Admin :-= 3% . TPC 
Adillillc Z.22o x 10

7 
N"ira 

n. Distribution nlld Selling Costs, 2-20% of total product cost; includes C,".S for 

sales offices, salesmen, shipping, and advertising. 

Assuming 
Dislr:= 11%· TPC 

Distr:=:8.161x l07Naira 

C. Rcsenrch and Development Costs, about 5% of total product cost 

Assuming 
Rcsca :'" 5%· TPC 

Rcsca '" :I.70() x 10
7 

N"ira 
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0. Ii'inancing (Interest), () - 10% of total capital investment 

Assuming 
Interest:= 5% . Tel Interest == 2.545 x 107N~ira 

Thus, general expenses, 

Gellcr:= Admin + Distr + Resea + Intcrest Gener == 1.664 x 10
8 Naira 

III. Total Product Cost = Manufacture Cost General Expenses 

TProdC:== Manuf + Gener 
TProdC == 6.77 x 10RNaira 

13.3 V. (;ros8 Earnings/Income (Revenue Expectations): 

The selling price of the product is 

Naira 
Selling price:~ 716· --

- kg 

kg 
Quantity Produced:= 3048.1800 . -

- d~ 

Assuming that the attainment is Attainment:== 341 . day 

Total income = Selling price x quantity of product manufactured 

Asslime TotaUncomc:== Selling_price· Quantity_Produced· Attainment 

Total incomc == 7.442 x 10RNaira 

Gross income = Total income - Total Product Cost 

That is, Gross income:== Tolal income - TPC - -. 

Tax rate = 45% of gross income, Tax rate:= 45% 

Taxcs := 45% . Gross incomc 
Taxcs =: 1.058 x 106 Naira 

Net profit = Gross income - Taxes 

Nct_profit:= Gross_income - Taxes 

Calculation of Rate of Rctum: 

Net profit 
Rate of return == - . 100 

- - Total CI 

Therefore, 

Rale of return =: 25.393 % 
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13.4 Cash Flow 

Cash now is the difference between the amount earned and the amount expended. 

Cash_f<'low:= TotaUncomc - TProdC Cash f<'low,=6.728x I07 Naira 

13.5 Pay-Back Period 

The pay-back period is calculated as the reciprocal of the rate of return. 

Therefore, 

I 
Pay_back_period:= . yr 

Rate of rcturn 

13.6 Discounted Cash Flow Rate or Heturn 

The discounted cash flow is the interest rate that will make the condition given as 

11 

" Cash Flow J)cr = L.J -- = 0 
i=1 (I+r)" 

Using trial-and-error calculations as suggested by Sinnot R. K. (Coulson and 
Richardson's 

Chemical Engineering, 3rd Edition, pg 277, 

r:= 53· % 

n 

" Cash Flow DCF:oo L.. 
iool (I+r)" 

n:= 61 DCFRR:= r 

DCF = 0 

Therefore, the Discounted Cash Flow Rate of Return (DCFRR) is equal to DCFRR = 53 % . 

13.7 RcCurn on Investment 

This is calculated as given thus. 

Return on investment (ROI) is given by the expression, 

Tolal profit less dcpreciation 
R 01 := ---""----"'=---=--'----

TotaUnvestmcnt 

That is, 

T()(al incomc - DCl1l'C 
ROt:oo -- ·100% 

Total income 
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13.8 Jlro.iect Income and Expenses Statement for 20()6-2009 

Jt is expected that the performance oUhe plant should increase every year. The projected 
II1comc 

and expenses for four consecutive years are as shown below. 

Table 13.] : Projected income and expenses statement for the year 2006 to 2009 

Yf<ARS 
DJ;:<';CRIPTJON 2006 2007 2008 2009 

kg/day 3048.18 3483.63 3919.09 4354.54 
Capacity (%) 70 80 90 100 

REV EJ'Il JE AMOUNT IN NAIRA 
Net sales 744231416.08 850550212.66 956868989.25 \063187765.83 

EXPENDITURE 
Raw material 111282159.73 127179611.12 143077062.51 158974513.90 
Fadory labour ~ 74188106.49 84786407.42 95384708.34 I05()83009.27 

Depreciation 46615231.52 53274550.31 59933869.10 66593187.89 
Overhead 56257112.03 64293842.32 72330572.61 80367302.90 
TOTAL 288342609.77 329534411.17 370726212.56 411(1))013.96 

PROFIT I 
!. 

Reforc tax 455888826.31 521015801.50 586142776.68 651269751.87 
Tax 1057667.05 1208762.34 1359857.64 1510952.93 

H ' ~ 

Net prolit 
, 

454831159.26 519807039.15 584782919.05 , 649758798.94 

13.9 Conclusion on the Economic Vi:lbility of the Pro.iect 

The tolal capital investment of the plant which is TCI = 5.091 x 10RNaira and a net profit of 

Net.profit == 1.293 x 106 Naira have revealed that the project is economically viable with a pay 

back period of Pay_back_pcriod = 3.938yr. 
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CHAPTER FOURTEEN 

14.0 RECOMMENDATIONS TO THE INDUSTRIALIST 

14.1 General Recommendations 

Based 011 the design work carried out, the following recommendations arc made to 

the industrialists to be noted during the construction, start-up and opcrating phases of 

the work: 

1. Personnel should undergo routine training about new work ethic and 

equipments to improve their knowledge of the plant operation R:l I ll1crease 

overall plant productivity. 

II. The sarety of workers, equipments and infi'astrllclures should be highly 

evaluated during the design implementation stage of the design. 

111. Adequate data and technological parameters should be at the possession of the 

IV. 

v. 

plant operations at all time to forestall any unwanted accident. 

Routine turn around plant maintenance should be of paramount importance in 

the design. An articulate and organised maintcnance team should safeguard 

quick plant shut down and ensure equipment salvage valuc. 
This will also 

take care of schedule, slippage, cost over-fun and possible re-work. 

Procurement of r ,.' 
aw I1ldtcnals and cqui1J11]ClltS h 1 

s ou d be b,'I.t'ed . ,) Oil sine! 
regulation ofspe'Ii ( 

Cl lea lOn and maximum qualitj'. 

The implementation of this design work 
vi. 

must be adequat 1 . 
experts. e y sUpervIsed by lhe 

viii. 

vii. 
AlLCl'l1ativc SOurces f 

o energy should be aviJabl. 
f . e at 'Ill t' . 
allure and possibl ( lInes lo avo'd I 

e sources of failure. 1 p anl 
n1e Wat er and ' 

aIr arOUnd the plant should 
eOl11pIi /J] 

ance With the En . ODt!Ote 
~ vlronmentaJ PJ'ote t' ~ l'efhd 

C IO!, of.l1fir!J 
el}cy if 10 

r JtqQrI f/;&Ir. 
vfI/'.J lilt 

(J~ 
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