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ABSTRACT

A mathematical model was developed for predicting the yield (Y) of caustic potash from
cocoa pod husk as a function of temperature of Ashing Xy weight of sample X2 and Time of
lcaching X;.

The model developed was obtained from application M factorial design method . the model
is:Y = 49.621 -2.031 Xy + 12908 X; + 6.703X;3 + 15220 X; X; -3.505 X1 X5 + 1.138 X, Xz

X3

The model showed that X, X;. X, X, and X, X, X; have positive cffect on the yield. This
implies that as the time of leaching as well as weight of sample are increased the output yield of
caustic potash increases.  On the other hand. X, and X, Xi showed negative cffects on the yield.

Various tests were carried out on the model to verify its adequacy such as T-test. F-test and G-test.

These tests were found to be adequate with the conditions of the tests. The model was then

optimized using two different techniques. namely differential approach and one at a time method.

The results o‘f'oplimi/,ution for differential approach are: X;=0. X5 = 3.079. X3 = 48852 and
Y = 32754432, Tor one at a time X, = 9.6405 x 1, X.=3.0803 and X3 = }117642.895 and Y =
5465597.828. Difference in their yield might be due to approximation made while carrying out the

Iterations in onc at a time.
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CHAPTER ONE

1.0 INTRODUCTION

1.1  COCOA TREE

The cocoa tree also called "Theobroma cocoa™ (botanical name) is a native to the tropical
America, It belongs to the family, sterculiaceae, and the centre of origin is Amazon basin. Cocoa is
produced almost exclusively by developing nations in the tropics. It is also grown in other warm
parts of the world generally between 15°N and 15°S of the equator where mean annual temperature
vary from 23 to 26°. It is generally accepted that the lower limits for successful growth are a mean

monthly minimum temperature of 15° and on absolute minimum of 10°c (Salawudeen 1995).

1.1.1 CULTIVATION

Seeds are grown on nursery beds at the beginning of the rains. Cuttings may also be propagated
in the nursery (JOY 1970). They may be cut from the ends of matured shoots and treated with a
hormone solution to stimulate rooting. Seeds or cuttings are best planted in separate baskets for easy
carryihg to site the nursery must be the shade and well watered especially in the dry seasons.

Most of the world, cocoa is grown on small farms two or five acres in size. Plantings from
seeds, seedling or cuttings are spaced at intervals anywhere from S to 1S feet. The tree begins
bearin‘.g satisfactory fruits between its third and eighth year depending on the strain. The cultivation
is limited to provide for shade from high tree canopies and a small amount of pruning vor weeding

with modest application of improved cultivation practices it can produce crops 2to 4 times greater

than p'resently produced.

FLOWERING

Theobroma cocoa is cauliflorous. which means that the flowers and fruit are produced on the
older leafless part of the trunk and branches. The flowers although produced on old wood arised
cushions which were originally leaf axils. The flowers which can be present at all times appear in

abundance twice a year growing reaches about 0.25in. in height and breadth, have no aroma and
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depend on the species. The species can be white, rosy coloured. pink. yellow or bright red. The fruit
which is botanically a berry is melon-shaped pod, which are 6-14inldong and 205in in diameter,
contains from 20 to 40 sceds but sometimes as many as S0, These sceds are in 5 rows containing
about 10 seeds in each row. (Iabib 1997). Lach seed is surrounded by mass of sweetish pulp which
is developed from the other integument of the ovule. The outer layer of cells of this integument
becomes prismatic in shape during the growth of the scedling their contents become highly

mucilageous. At {ull ripeness, they breakdown and released the mucilage.

HARVESTING

When the canopies of cacao begin to touch, the trees are ready for harvesting. Before this
time, the buds are broken oftf and pods are allowed to mature. Maximum harvest is obtained in about
12 years.
Ripen pod harvcstcci are cut open with long knives and the seeds are scraped out into pans or trays
where they are allowed to go through three to nine days period of fermentation. This loosens the
pulp and causcs the seed to undergo a colour change to a decp brown. After scparation from the

pulp, the seeds are washed and dried in the sun.

VARIETIES . /
The different varieties of cocoa are:
1. Criolfo cocoa which is the old benezuclan Criollo type which include also the native or long

established cocoa of Maxico and central America. The pods are either red or yellowish in
colour, narrow and long. When ripe, they are usually deeply ten furrowed,‘very warty and
conspicuous pointed. The pod wall m relatively thin and casy white or pale violets in colour.
The work group is variable and occasionally trees may have smooth or scarcely pointed pods.
2. Amazons forasterous:- The Amazonians cocoa comprises of the ordinary cocoa of Brazil and
West Africa. They are called Amazonians because they are apparently distributed naturally

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




better known representation in cultivation. They are inconspicuously ridged and furrowed,
smooth and round-cnded or very blunt pointed. The pod wall 1s thick and often has a woody
layer difficult to cut. The sceds are more or less flattened and fresh cotyledons are dark violet
in colour. Sometimes almost black seeds are the most important constant than the pod shape
but are not invariable.

3. The Amelonado is the commonest type grown in West Africa. Amelonado cocoa pods are
slightly rounded, smooth and green when unripe and turn yellow when ripe. It is not a very
yielding type but an advantage it has is that the pods are generally formed during the dry

season reduces damages due to black discascs.

COCOA PESTS, DISEASES AND PREVENTIONS
- )

Cocoa trees grown on large scale m the tropies arc subjected to a number of pest and
diseases, the incidence of which has at times given cause for alarm. It must be emphaised that cocoa
is prone to those two specics which often causc damage to it.

(Uguru 1981) They are sahlbergella singularise. which is about half and inch long and
speckled, brown in colour, and distanticlla thecobroma, which is the same size but considerably
darker in colour. During the crop scasdns when there are many pods on the tree, the capsicks feed on
the and pods becomes speckled with black spots.  Spraying machines are used to spray the
insecticides on the plant.

Bombacacea. sterculiaceac and swollen shoot are all virus. diseases of cocoa. They are
controlled by eliminating infected trees and with them the reservoir of virus, eliminating or severely
limiting the vectors and conferring immunity by breeding or by cross inoculation.

There is high incidence of black pod in water parts of Nigeria coca zones and is caused by
phytophora palmivora and similar fungi when the rainfall is greater and varies with temperature and
humidity. It is controlled by carbided bordeous being sprayed once a month for cight months.

Also. infected trees must be detected carlv. cut down and burnt (Wibberly 1979).

‘o)




1.1.2  ECONOMIC USES

The shells of the cocoa are called pod cocoa husk. The shells can be sucked for mulch, used
for extraction of theobromine or processed to yield cocoa butter.

Extracted theobromine i1s converted to caffeine that subscquently added to beverages and
medicine. The husk after being burnt to ashes and leached can also give some chemical compounds
such as potassium hydroxide which can be used in the manufacture of soap.

Its ashes can also be mixed with animal feed but a minimum quantity is used because of the
theobromine it contains which is toxic to animals when accumulated in their bodies.

Husk can also be used in making paper {ibre, broad manufacture because of its content (about
45%). The cocoa tree provides shading and resting place for farmers. Also after ageing, it can be

used for firewood and logs for construction purposcs.

1.2 AIM AND OBJECTIVES
This work is aimed at optimizing the operating parameters in the production of caustic potash
from cocoa pod husk. Some of these parameters are temperature of ashing X, time of leaching X,

weight of sample X°.




CHAPTER TWO

2.0 - LITERATURE REVIEW
2.1  NATURAL SOURCES OF KOH

Potassium hydroxide (KOH) can be broduced from a number of sources which include the
mineral deposit (rocks and soils), (Wilkinson 1921), Agricultural products (sca wed, potato stem, |
maize cobs. rice, husk, sugar bect, palm inflorescence, wood ash, saw dust, sunflower, banana,
cotton pod, groundnut shell, corn stalks, cocoa pod husk) and industrial waste (Castner-Kellner, cell)

etc.

Potassium is a chemical element with symbol K. It is an alkali metal and has a valency
electron 1, atomic weight 39.102 and is also known as kalium (K), its hydroxide is KOH and
potassium is relatively abundant in earth’s crust, the seventh most abundant element (John 1932).

. The word alkali is a basic hydroxide which is soluble in water e.g. KOH, NaOH, Ca(OH),,

LiOH and Bac(OH), Basically only a few alkalis are known with those listed above being the
common ones.

Caustic potash (KOH) is also called potassium hydroxide or potassium hydrate or iye. It isa
white crystalline solid when pure, soluble in cbld, hot water and alcohol.

KOH becomes deliquescent on exposure to the atmosphere at room temperature.

The total potassium content of the earth’s crust is about 2.3 to 2.5% but only a small
proportion of it is availablc to plants (cotton 1937).

In modern intensive agriculture, the natural supply of potassium from soil is not adequate to
sustain high yields. For this reason. soil supplies have to be supplemented by potash fertilization
which increases the amount of potassium ‘readily availabie for uptéke soluble crops. (Yagodin 1984);
As a source of potassium (KNO;), it is especially valuable for crops sensitive to chlorine.

2.2 INDUSTRIAL MANUFACTURE OF K(')H .
In this process. a saturated solutionprconccntraled potassium chloride (KCL) flows towards

the Castner Kelner cell in the same direction as a shallow stream of mercury of a number of titanium

on electrolysis chloride (cly) is discharged at the anode and potassium (k) at the cathode, where it is
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dissolved in the mercury and removed {rom the cell. The potassium amalzam is passed through water
‘where the potassium reacts with water to form 50% potassium hydroxide solution (KOH) of high
purity. the rcaction being catalised by the presence of non-grids. The mercury is then returned to the

cell. The products are potassium hydroxide (KOH), chlorine (¢l>) and hydrogen (H,). The reactions

that take place are:

At the cathode

K™ discharged

KT 122K () (2.1)
HaO =—= - Oll............... (2.2)
Killg » kg (23)

2KHge, 21O = 2K O+ Ha+ 2 Hg (24

At the anode
CI" discharged
2CL = 2CT+2¢° (2.5)

Cl, discharged

Potassium is discharged in preference to hydrogen in the cell since hydrogen has a higher
voltage than the voltage at mercury electrode.
! , 7
2.3 PROPERTIES OF KOH

2.3.1 PHYSICAL PROPERTIES

1) It is toxic and corrosive
2) It is water soluble to torm strongly alkaline caustic solution,




3)

4)
5)
6)

)

2.3.2

(titration or qualitative analysis).

2)

3)

4)

5)

. . . . (4 e . . . .
ICs melting point is 380"C. boiling point 1320°C. molecular weight 56.1g. and specific
gravity is 2.04g"™".

It becomes deliquescent on exposure to atmosphere at room temperature.
It turns red litmus blue and has bitter taste

Whitish i colour when ripe

It attacks glass, clav and clay dissolve the skin tissue.

CHEMICAL PROPERTIES

It undergoes neutralization reaction with a strong acid especially when used in acid-base

K™+ OH (aq) + H'Clyg = K Clgt Clgg + THO (2.0

It undcrg{ocs saponification reaction with cthyla/ccmlc.

CH; COO CHLCH;™ + K7 O - CH;CO0 K’ w: CHCHL+ O .27

It displaces volatile ammonia from ammonium salts when alkali e.g. KOH is warned with
ammonium salt in the presence of water, ammonia is liberated.

The essential reaction

NIH;" + (aq) + O (aq) — Nllzeg) + 1O (1) ... (2.8)

Expressed in molecular torm -
KOH (aq) + NHyCl iy = KClg w10 g+ NHy, ... (2.9)

It dissociates completely in water to give a strong base. Dissolution occurs when the crystal

lattice structure of ionic compounds s broken down by water molecules and ions are

released. The dissociation is represented by

KOH K "+ OH a0 (2.10)

KOH increases the O concentration in water and in orrhenius base.

Gaseous acidic oxides or compounds react with KO to form acidic salt such as Bicarbonate

KOH (8) + COzp = KHCOs0, oo (2.11)
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2.4.1

A solution of KOH absorb CO» and it expose 1o air. it solidities as carbonate. This explains

why rubber stoppers are used instead ot gas to cork up the bottle, which contain solution of

KOH.
The reaction is:
IROHs) » CO2 = KoCO g, 1RO gy (212)
It reduces oxygen The product formed 1s used as a source of oxygen in emergency breathing
apparatus. The so-called “oxygen masks™ are designed so that the CO» and water vapour in
the exhaled breath of the wearer reacts with superoxide to provide oxygen
K(s) + O, = KOoyoo o (2.13)
KOxS)+ 4C0:,, = 21150 (2) »4KHC O3, + 302, (2.14)
Colourless alkyls of potassium is obtain.
Le. Heg(ClHy, + 2k - 2CHK + He,
The compounds are extremely reactive, insoluble in most organic solvents and when stable

enough with respect to thermal decomposition, have tairly high melting points (Sharpe 1981).

USES OF POTASSIUM HYDROXIDE
ANCIENT USES OF POTTASIUM HYDROXIDE

Because of its deliguescent nature and its presence in the ashes of plants, farmers in the

ancient time used it as fertilizer by sprayving the ashes on the soil, rain water of any form dissolved

the potassium hydroxide present in the ashed plant husk into the soil and consequently improve the

yield and total production.

2.4.2 LABORATORY USES OF CAUSTIC POTASH KOH

1)

Potassium hydroxide is used principatly during expernmental research development carried
out in the laboratories tor test analyvsis (Analytical reagents, chemicals intermediaries) and
also in acid base titration.  In the last use. it neutralizes acid to produce a salt that is

electrically neutral tor example.




3)

4)

243

)]

2)

3)

4)

5)

2.5

HCL + KO, = KCly ~1LO........ (2.15)

itis uscd.for escarification of very hard seeds, meant for planting and quick germination for
example’, KOIH dissolves lignin pnlysucclmridc/prm/:in (hgnopolypeptides) in palm nut seed.
It is used in dehorning of cattles.

It is used in treating grains meant for the production of life stock feed. For example in the

production of alkali treated Soyu beans chicken diet.

INDUSTRIAL USES

It can be utilized as raw materials in chemical processing industries for the production of
soaps and detergent. matches. explosives. tertilizers, gun powder and shampoos.

It 1s used in textile industries for bleaching, dyeing and in giving cotton a sitky sheen.

It can be used in the production of ammonia gas which is in high demand for manufacture of
coolants. The reaction involved is as follows:

NHiNO; + KOH — KNO; + 10 + Nz ... (2.16)

it can also be used in manutacture of paper.

It is applied in the CO; plant to test for CO; purity used in the production of soft drink.

PRODUCTION OF CAUSTIC POTASH FROM COCOA POD HUSK

(Iweha 1988) cocoa pod husk which is one of the by-products of cocoa constitutes about 50%

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

phosphorous and silicon, potassium oxides. which is about 2.85% to 5.87% is the only soluble oxide

present in the cocoa pod husk ash and so leaching of caustic potash (KOIHH) can be achieved casily.

The leaching may be achieved using batch, semi-batch and continuous methods.

9




1) Batch mcﬁmd

In this method, all the phases are stationary from a point of view outside the apparatus, that
is, there is no flow in or out, though there may be relative motion within, This method is used in
small-scale industries where the raw materials are not much or when the yields and quality of
products cannot be achieved by continuous method because of parameters such as very low rates and

long residence time in the process equipment.

10




2)

Semi-batch method

This method is similar to batch but the leaching process is repeated more times with a

specific volume of water for each process. It gives more yield than batch method though more

expensive because of the repeated process and are usually used in the absence of continuous and

batch methods.

3)

Continuous method

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

and removal of process water. There is 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 quality.

K0

0))

&)
@
)

2.6

/

i

* Also, there are five steps involved in obtaining KOH from cocoa pod.

Preparation of the solid for leaching by drying, grinding, ashing and weighing of the cocoa
pod husk.

Contact of solute from the solid back to solvent. This is leaching and soxhlet apparatus is
used.

Filtration which involves the removal of impurities trom the solution.

Equation of the solution which results in recovery of a residue. that is, the KOH product.
/ , /

-

Carrying out volumetric analysis of the product.

THEORY OF 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 scparation usually involves selective

dissolution with or without diffusion. but in extreme case of simple washing, it consists merely of the

displacement (with some mixing) of one interstitial liquid by another with which it is miscible.

e



st

The soluble constituent may be solid or liquid or solid and it may be incorporated within,

chemically combined with adsorbed upon. or held mechanically in the pure structure of the invisible
/ , 7

-~

material.

Leaching is also known as solid - hquid extraction. percolation. infusion. washing, and
decantation settling in chemical engineering practice.

The method used for the extraction by the proportion of soluble present, its distribution
throughout the solid. the nature of the solid and practice size.

Generally, the process can be considered in three parts:

1. The change of phasce of the solute as it disvsolves in the solution.
12. Its diftusion through the solvent in the pores of the solid to the outside of the particles.
3. The transfer of solute trom the solution in contact with the particles to the main bulk of the
solution.

In some cases, the soluble material is distributed in small isolated pockets in a material which

is impermeable to the solvent and the material is crushed so that all the soluble materials exposed to

the solvent.

1) Particle size

The finer the particle size. then chemical reactivity is greater. It influences the extraction
rate, the smaller the size, the greater the interfacial area between the solid and liquid.

Interfacial arca leads to rate of transfer of material and smaller distance the solute mut diffuse
within the solid.

It also helps each particle to have approximately the same time for extraction and to separate

two constituents when one is dispersed in small quantities.

2) Solvent
The liquid chosen should be a good selective solvent and should have low toxicity,

flammability. density. surface tension and its viscosity and vapour should be sufficiently low for it to




~

circulate freely. Generally a relatively pure solvent will be used intially, but as extraction proceeds
the concentration of solute will increase and the rate of extraction will progressively decrease, first

because of the viscous concentrate.

3) Temperature
The solubility of the material which 1s being extracted will increase with temperature to give
a higher rate of extraction. Also the diffusion coefficient will increase with rise in temperature and

this will also improve the rate of extraction.

4) Agitation of fluid
Agitation ot solvent is important because 1t increases the eddy diffusion and therefore
increases the transfer of material from the surface of the particles to the bulk of solution.

Furthermore, agitation of suspension of fine particles prevent sedimentation.

A’2.5.1 MASS TRANSFER IN LEACHING OPERATION
Since leaching is the removal of soluble constituents from a so-lid by means of solvent, the
mass transfer takes place because a quantity of the soluble constituent is transferred into the solvent.
(Coulson 1981) Mass transfer rate within the porous residue are difficult to assess because it
is impossible 10 define the shape of the channels through which transfer must tuke place. But it is
possible to obtain an approximate indication of the rate of transfer from the particle, so the equation

for mass transfer may be written as tollows:

dM = K'ACS-Cy (2.17)
FEE
Where A = Arca ot solid - hiquid imertace (m’)
| b = the effective thickness tilm surrounding the particles (m).
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Cs = the concentration of saturated solution in contact with the particles (kglm?)
M = Mass of solute transferred in time t (kg)
= the concentration of the solute in the bulk of the solution at time t (kgim?).
K! = the diffusion coeflicient (constant me/s)

For a batch process in which V. the total volume of solution is assumed to remain constant,

then
M = Vde ... (2.18)
anddc/dt=  K'C(C-C) (2.19)
bv
f The time t taken for the concentration of the solution to rise from its initial value Co to a

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

Rearranging:
Cdc_ = kfA(s-C) dU (2.20)
Cs-C vb
Co
= InC,-Co = K'A (2.21)
C,~Co vb
, L

If pure solvent is used initially, Co = O

Therefore 1 -C = e (2.22)
Cs
OrC = Cs Clm¢ oo (2.23)

This shows that the solution approaches a saturated condition exponentially. In most cases
the interfacial area will tend to increase during extraction and when the soluble material forms a very
high proportion of the total solid. complete distingeration of the particles may occur.  Although this
result in an increase in the interfacial arca. the rate of extraction will be probably reduced because the

free flow of the solvent will be impeded and the effective value of' b will be increased.

14




CHAPTER THREE

3.0 - METHODOLOGY

3.1 = MATHEMATICAL MODEL FOR FORMULATION OF OBJECTIVE FUNCTION
3.1.1'; MATHEMATICAL MODELLING

| This is the general characterisation of a process or concepts in mathematical terms, thus
enabfing the relatively simple manipulation of variables to be accomplished in order to determine
how :different process concepts would behave in different situations. It attempts to describe the

functional relationship of the variables and parameters by a set of equations, thus showing more

cleariy the cause and effect relationship of the variables.

Priné:iples of model formulation

The grinciples involved in the formation of mathematical model are stated below:

a) Basis

The l;asis for mathematical model are the fundamental physical and chemical laws, such as the laws

of meliss, energy and momentum conservation stated in their time derivative forms. Others include
|

p’ararﬁeters such as mass transfer cocfficient. diffusibility constant, reaction rates which are either

obtaiﬁed experimentally or from operating data bank.

b. | Assumption

Theré: is need to make simplifying but reasonable assumptions about the system while modeling.

The éutcome of the model on the assumptions and yield an approximate result quickly, whereas, a

morefcomplicated model (of the same system) need fewer advanced mathematical techniques. This

assumptions must be carefully considered when evaluating result.

E
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MATHEMATICAL CONSISTENCY OF MODEL

Care must be taken not 1o under-specify or over-specify the numbers of variables or equation
describing the system because in order to obtain the solution, the numper of variables must be equal
to number of equation i.c. the “degree of freedom™ of the system must equal to one (1).

There must also be consistency in unit of terms of equations. Consistency checks are

essential as they save many hours of frustration, confusion, and wasted computer time.

SOLUTION OF MODEL EQUATION

Available solution technique and toast must be kept in mind as the model is being developed.
as a model that contains unknown and immeasurable parameter is insoluble and amount, to a waste
of time and encrgy. In the scarch for a method of solution, possible approximations for defining

equations boundary and initial conditions and an acceptable final solution are considered.

3.12 2X FACTORIAL DESIGN

The 2* design is particularly useful in the early stages of experimental work, when there are
/likely to be many factors to be investigated. It provides the smallest number of treatment
combinations with which K factors can be studied in a complete factorial arrangement. As there are
many two levels tor cach factor, we must assume that the response is approximately linear over the
range of the factor levels chosen. (John 1938).
Factorial experiment provides an opportunity to study not only the individual effect of each
factor but also their inlﬁruclions.

When experiments are conducted factor by factor, changing the level of one factor at a time

and keeping the other factor at constant level, the effect of interraction cannot be investigated.
I , 7/

”
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Table 3.1

Treatment Factorial (Main) effects and interractions

Combination X, X, X Xs X): X X X1
i XU - - - - v’—- + - -

X, / ! ! - T + +

X> ? - + - - - +

XJ * T+ - t - -

Xlz : - - + + - +

X + - + - + - .

XZ] t - I [ - 1 -

f i
XIZJ + o ‘—" T T - ;: 4 + +

Table 3.1 presents the design metre for a 27 full factorial model

The main effects matrix X,

5

obtained exactly as in 27 factorial, that is the minus (-)

with X, level of X, and positive (+) sign against the rest for getting the contrast of X,. Similarly, for

,,,Xz and Xz X}.

The X, X, interaction has been obtained as the difference between two contrast, one

representing the effect of X, at X, level and other representing the same but at X, level. Levels of X;

Xo, Xao X0 Xo, XaX;, X5 X5 and interraction X;X3X3 have been

has been ignored while getting X, X, contrast.

In the technology of experimental design. the (input) parameters and particulars structural
assumptions composing of a model are called FACTORS and (output). measure of performance is
called RESPONSE. Factor can be cither quantitative or qualitative. QUANTITATIVE factors are

those which naturally assume numerical values, while qualitative factors typically represents

sign has been put against the combinations

structural assumption in model which do not have a natural numerical meaning.




. . 3 . . . .
Table 3.2 Design Matrix for a 27 factortal design with response.

Treatment Factors Response
B RO I

Combination ! ! 2 3

1 - - - R,

2 o ; - - R,

|

3 ] - - R‘

1 : R R,

3 - . ; R
6 o . : R,
:7"7—'7 T I - ) ’ * . I{7

! SO SUS SO U SUUS SN S
8 ' ' : Ry

2" factorial design requires us to choose just two levels for each factor and then calls for
simulation runs at cach of the minus sign with one level of a factor and a plus sign with other level;
which sign is associated with which level is quite arbitrary, although for quantitative factors it is less
confusing if we associate the minus sign with lower numerical values (John 1958). No general
prescription can bt given on how one should specify the fevel.

The form of experiment can be compactly represented in tabular form, as exemplified in table 3.2 for
K=3.

The variables R, for i = 1.2.34.5,0.7 and 8 are the values of response whcn‘running the
simulation with the combination of factor levels.

The main effect of factor i is the average change in the respond due to moving factor I from
its negative level to its positive level while holding all the other factors f'lx:cci.

For table 3.2, the main effect of factor 1 is thus;

€ = (R~ Ry)+ (Ry - R3) + (R~ Rs) + (Rg = Ry) 3)

4




It is necessary to note that in combinations 1 and 2, factors 2 and 3 remain fixed, as they do in

combinations 3 and 4. 3 and 6 and 7 and 8.

Therefore, er = (Ry-— R]) +(Ry - R:) + (R, + R\) + (Rx +Re) oo, 32)
4 -
€3 = (Rs =R+ (Re-Ra)+ (R + Ry)+(Rg+ Ry) .o 3.3)
4

For the interractions;

Ez = % [Ry-Ry)+(Rg-Ry) - (Ra+Ry)+(Re+Rs).........34)
> s

Eizs = “%[(Re=Rs)+(Rg-R3) - (Ry+R)+(Ry+Ry) oo, 3.5)
2 2

Exzs = “[Ri-Rs)+(Rg-Ry) - (Ry+R)+(Ry+Ra) oo, 3.6)
2 2

(and,

Eiz = “[(Rg=Ry)-(Ro-Rs) - (Ry-3)-(Ra-Ryp) oo, 3.7)
2 2

3.2 OPTIMIZATION

Optimization in general sense involves determination of a highest or lowest value over some
range which is desired is a matter statement.  Thus a problem can be maximized for profit or
minimized for loss. Optimization will be used as a general term for cither case.

Mathematical optimal occurs in the case of one independent variables when the slope of the
curve isrhorizomal or Zero. S
This is necessary but not sufticient coordination, as the point may be an inflection point.
Maximum and minimum point which are not the highest and lowest value are referred to as

local optimum points.
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3.2.1 DIFFERENTIAL APPROACH (OR ANALYTICAL METHOD)

This method involves determine the maxima or minima of an cquation containing one
dependent variable and a number independent variable. The procedure is to differentiate dependent
variable with respect to independent variable and equating the derivative to obtain the maximum and
minimum.

General equation for four variables: M =} (x,v,2)

3.2.2. OPTIMIZATION OF OPERATING PARAMETERS (ONE AT A TIME APPROACH)

One at a time 1s one of the approaches used in multi variable optimization problem.
In this case. all variables except one are kept constant and that one is varied to obtain an
" improvement in objective function. The operation continues until there is no further improvement

results. -
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CHAPTER FOUR
40 RESULT AND DISCUSSION
4.1.1 2" FACTORIAL DESIGN RESULTS
The following experimental data were used for the development of the model.

Table 4.1 Leaching result for the period of lhour, and 2hours at constant temperature of

extractions (100°C) and (400°C) of Ashing temperature

S/mo. | Temperature ashing VOlume of water | Weight of sample Time of % vyield
oC vy(mh) w(g) leaching(hrs)

1 400 250 10 1 43.655
1 400 250 10 | 42.070
] 400 250 10 2 64.184
1 400 250 10 2 65.971
1 400 1000 50 1 40.05
1 ‘ 400 1000 50 1 40.0

1 400 1000 50 2 58.799
1 | 400 1000 50 2 58.50

S/no. | Temperature ashing °C VOlume of water vi(ml) | Weight  of [ Time  of | % yield
sample w(g) | leaching(hr
s)

1 700 250 10 1 17.765
1 700 250 10 1 17.50
1 | 700 250 10 2 21.547
l: 700 250 10 2 21.00
l[ 700 1000 50 1 71.30
1 700 1000 1 50 [ 71.00
] 700 1000 50 2 80.40
1 700 IO‘(')O 50 2 80.20
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important results are summarised in table 4.5 10 4.7,

The data of 1able 4.3 and 4.4 were used for deriving the model.

Table 4.5:- results for G-Test

Table 4.6:- result for T-Test

Table 4.7:- result for I'-test

Y

From the above tables, the model equation is:

Table 4.5 table of description and Replicate observation

ii)

See appendixes.

=49.62]1 - 2.031X, + 12.909X> + 6.703X; + 13.226X,X> - 3.505X; X5+ 1.1375X,X12X3

SNo | Y, Y, ] Ye Yy Vel Yo oYyt SU*
|
1 4366 | 42.07 42.865 0.793 -0.795 0.632025 1.26405
2 17771750 17eas T 0ass T 035 0018225 0.03645
3 30.05 | 400 | 40025 T 0025 | 0025 | 0.000623 0.00125
4 7130 | 710 7115 0.13 -0.15 0.0225 0.450
5 64.18 | 65.97 65.075 -0.895 0.893 0.801025 1.60205
6 2055 21000 20275 027 -0.275 0.0075623 0.15125
7 58.79 | 3330 | 38645 ¢ 0145 | 0045 | 0.021023 0.04203
8 8040 | 80.20 80.30 0.10 -0.10 0.01000 0.02000
396.97 3.1621
"
Mean Y,v = X Yoo = 12(396.97) = 128485
il
Here r/ 2 =» numbecr of replicates
You Yy = Replicate observation (average of vields).

The dispersion of the replicated observations is given by

12

Su? e

It

2 Yyy- Y)?

[
i

SU?

hi

31621

) e . . . .
SU= max = The maximum dispersion for the table

e I/

The




i) The homogencity of the dispersion was determined using Cochran criterion
Caleulated G - value is given by
Gea = SU e 1.60205 0.50664

/ ySu” 31621,

-

The G-Test was used to cheek it the output factor of replication have maximum accuracy of
the replication, it ascertains the possibility of carrying out regression analysis.

The condition of homogencity is G(u, (r - DN} > G

Where N = Number of experiments
r = Number or Replicates
« = [Level of significant

Gla, (r= DN} > Geg=  G(0.05. 1. 8)
Foru = 0.03
Since G(o. (r— )N} is greater than G . then the statistical analysis can be carried out.
iv) The mean squared error was determined by

3

S(Y) = 'N Si”

I SIS

The experimental error was given as
122 . - - . - -
500 =S (Y) = V(03932623 0.628699053
to calculate for T - values. Regression cocfficient are first calculated.
N

bo= "N v (XiYw) ="8(396.97)= 49.62125
=1

N
by = N ¢ Xy Yuv) = 18]-42.805 + 17.035 - 40.025Y = 11.15

T
- 05.075-21.275 - 58.645 +80.30

~ 1/8] -16.25] = -2.03125
N
ba="/N 'y (2Yw) - 18(-42.805  17.635 140.025 1 71.15 -65.075

=21.275 - 58.045 + 80.30) - 1/8(103.27) =12.90875

=]
‘d




. _
by N (iYoo) = 1 80428065 =17.635 -40.025 —71.15 +65.075

+ 21.275 +538.645 +80.30) = 1/8(53.62) = 6.7025

bia="/N . (N12Yw) = H8 (42865 -17.655 —40.025 +71.15 +65.075
U1
221275 258,645 ¢ 8O30) = 18 (121.81)
15.22025
N

bi; =N v (NG Yw) o 8 (42,865 -17.635 + 40.025-71.15 - 65.075

+21.275 - 38.045 + 80.30) = '/8 (-28.04)

= 3505
N
by =N Y (N Yo - 8(42.865 + 17.635 - 40.025 - 71.15 - 63.075
(D
-21.2735 + 38.645 + 80.30) = /8 (1.92)
= ()24
N
bis ='/N v (XinYa) 8 (42805 #[17.635 + 40.025 - 71.15 + 65.075
L

S21275 0 538.645 + 80.30) = 8 (9.0)
=1.375
The co-efficient of interaction X Niis insignificant. hence it is not included in the model
The fitted model is given as
Y =bg + byx; + by X2+ by X3+ b2 XiXa o+ bsXix Ny + basxa Xa by X XX
Therefore, Y = 49.62125 - 203125 x;- 1290875 x>

+6.7025 X3+ 15322625 Xy Xa- 3505 x xy - L1375 X X2 X

Value of the estimate of co-cfficient S, = S(Y)
Vo T ./
VN
Sby - absolute value of the estimate of coetticient

Confidence interval Abi = ttable S S,

Sh = $(Y) = 0.628699033
VN.r V8 X2
= 0.62899053 .
4




= 0.1572
Confidence interval Abi = 1.860 x 0.1372 =0.2924
Statistical significant (T cal) is calculated using various regression co-efficient and value of

the estimate of co-efticient.

to = bo. = 49.62123 = 313.00
Se 0.1572
ty = 2.03125= 12.92
0.1572
tp = 12.03125 = 82.12
/
0.1572 -
3 = 6.7025 = 42.64
0.1572
tip =  15.22625 = 96.86
0.1572
t;3 =  3.3505 = 22.296
0.1572
tiy = 11375 = 7.236
0.1572

1o
‘A



The result of all these calculations are tabulated in 4.06

Regression coefficient | Estimated :l_’l'ccl o Confidence interval T-values
Bo 4‘).()5;—- 0.292 315.66
B, -2.03 l~—_ﬂ—u_. 0.292 12.92

1 B, oy 0.292 82.12
B; “(»7()“» - ‘-‘ 0.292 42.64
Biy Sl e | 0 1 9686
Bz 3.505 0.292 22.29
B 0.240 0.292 1.53
B3 R 1138 ‘ ’[ - ().i;)j. o ”“7—2_1—-

From statistical table. T {w. N(r-1)} = T (0.05, 8. 1) 1s found to be 1.860. Also for an
adequate fitted model. T, must be greater than t (o, N(r-1)} fe. Ty > t(a. N(r-1). Hence. the
model is adequate exeept Xo; interaction,

The practical value of various Y's are calculated as follows:

From the developed model: Yo = 49.621 - 2.031 X, t12.908X> + 6.703 X5 +15.226X,X> -
3.505 X X5 + 1138 X4 Xo X
Therefore;

Y1=49.621 —-2.031 (-1) +12.908 (-1) + 6.703 (-1) + 15226 (+1) -3.505(+1)+ 1.138 (-1)
=42.624.
Y2=49.621 - 2.031 (+1) + 12908 (-1) + 6.703 (-1) + 13226 (-1 ) -3.505(-1) + 1.138 (+1)
=17.396.
Y3=49.621 - 2.031 (-1) + 12908 (+1) + 6.703 (-1) + 15226 (-1 ) -3.505(+1) + 1.138 (+1)
=40.264.
Y =49.621 - 2.031 (+1) + 12908 (+1) » 6.703 (--1) /153220 (1) -3.505 (-1) + 1138 (-1)

=71.388.

Ys=49.621 —2.031 (-1) + 12908 (-1) + 6.703 (1) + 15226 (+1) -3.505(-1)+ 1.138 (+1)
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=65.316.
Ye=49.621 —2.031 (+1) + 12908 (-1) + 6.703 (+1) + 15226 (-1 ) -3.505(+1) + 1.138 (-1)
=21.516.
Y7=49.621 -2.031 (-1) +12.908 (+1) + 6.703 (+1) + 15226 (-1 ) -3.505(-1)+ 1.138 (-1)
= 58.404.

Ys=49.621 —2.031 (+1) + 12908 (+1) + 6.703 (+1) + 13226 (+1) -3.505 (+1)+ 1.138 (+1)

/ ./

-

= 80.06.

The replicate observation. practical values, residual and square of residual are tabulated below in

table 4.7

Run No. Yur Yu2 e = (Yur- Yu2) el = (Yur- Yuo)?

1 42.865 42.624 0.241 0.058081

2 17635 | 17.39 04 0.0580

3 w0 40286 | 024 0.0580

o nis | 71388 o 0.0580

5 65.075 65.316 0.241 0.058081

6 21.275 2516 0241 0.058081

7 58.645 | 15404 | 0241 0.058081

8 8030 80.06 0.240 0.0580

The regression sum of square for any eftect is:-
. Al B .~
a) SSR =1/N (contrast)” and has a single degree of freedom
N

And contrast = v (XiYu)

u -

oSSR = /N [X(NiYu)'

SSB, =2/8(-16.25)° = 066.010
SSB, = 2:8 (103.27)> = 2666.17
SSB; = 2/8(-33.062)° = 718.776

SSBy» =8 (121.81)° = 3709.42




SSBy; = 2/8 (-28.04)° = 196.56

SSBay = 2/8 (9.1 =20.7025

2SSk =66.016 + 26066.17 + 718" + 776 +3709.42 + 196.56 +20.7088 = 7377 .648

sum of square error = SSp = 85, - S8,

N ,
and SS, = v Y~ v (Ya)
u- | “""I
N.R
N
Zovat o= 43607417770 4005 + 7130 + 64.18 +21.55% +58.79° +
80.40° + 42.07° + 17.50 +40.0° +71.0° +65.97° + 58.5% + 20’
= 16778.03
N
T (Yal) = (43.60 + 17.77 +40.05 + 71.30 + 6418 +21.55° +58.79 +
u=1
80.40 +42.07 + 17.50 +40.0 +71.0 +65.97 +21.0 +58.5 + 80.2)°
/ = (793.94)° =630340.72,
SSr 46778.03 - 630340.72
gx2
= 46778.03 - 630340.72
16
= 16778.03 - 39396.29
SSr = 737.65
SS;: = 7381.74 -7377.57
SSQ; = 4.47

The F-ratio were calculated using:
FCal = SSrAdER dEFR ]
SS[{/N(I’-] )

66.0106

it

For F cal, = b, = 66.01611

4.17/8(2-1) 4.1718
28

126.649




F cals = 26606.17
4.17/8

F cal; = 718.776

- 0 5212?_

F cal» = 3709.42 =
0.52125

F cal>; = 196.56
0.52125

F calyas = 207025
0.52125

From statistical table Fla. r-1)N ) | =F[0.0
= 53177

The dispersion of adequate for the replicate ¢

2666.17 =

0.

(4

2125

1378.940

7116.393

377.094

30717

5.1.8]

Nperiment is

Qlad = ‘N -7 N (YU-YU): pdFad N (Yu-\'u)z
v ¥
u o e |
N N
Slad = ¥ ewr = X (Yu-Yu)’
u -l u -l
/ /
S’ad = 0.058081 + 0.0580 ¢+ 0.0580 + 0.0580 : 00581

0.464324
Number of inadequate coefficient 2 =0
the degree of (df) of adequate experiment

dFad =8-0 =38

29

t

ST14.954

).0381]

4

0.0581

t

0.0580




/ .,/

Applying the Fisher's criteria (F-test)
F cal - s - 0.11608 = 0.2936
SHy) 0.3952625

Since Fcal <F (0.05.1.8) from
Hence. the model is adequate.
Also F {a. N-r. N(r-1)} = F (0,05, 6. 8) =4.1468 =4.15
From statistical table
Still F cal < F(0.05. 6.8) . This implies the fitted model 1s adequate.
ie.Y =49.621 -2.031 X, + 12908 X5 +6.703 X5 + 15.220 X, X> - 3.505 X, X;

+ 1138 X X2 X;

4.1.2 OPTIMIZATION RESULTS

In optimizing the model equation. two methods were used; namely the differential approach
and one at a time approach.
- DIFFERENTIAL APPROACH

The result obtained are:

X = 0

X2 = 3.079

X3 = 48852

Y = 327544.52 l‘

One at a time approach

- The results are:

X, = 9.6405 x 107

X, = 3.0803

X; = 117642.893

Y = $465597.828 S
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The difterence in the result might be, due to approximation made in carrying out iterations in

one at a time method. Sce appendix for details.

4.2 DISCUSSION OF RESULTS

The result of the regression model obtained from the application of 2" full factorial design for
the experiment result is

/ .
Y = 49.621 - 2.031 X; + 12,909 Xa + 6.703 X3 +15.226 X, X,
3505 X Xa+ L1388 Xy Xa X

The regression model gave a negative coetficient of X, showing in the caustic potash with
decrease in the temperature of Ashing. X» cocfticient was positive showing an increase in the weight
of sample gives a corresponding increase in the yield of caustic potash. And X5 showed a positive
coefficient implying any slight increase in time ot leaching leads to a corresponding increase in the
yield. The latter deduction is confirmed by the vields in tables. In both tables. when the sample
weight was increased from 10 to 50gmm the yield obtained was increased. X; X, showed a high
positive coefficient. This is because both X and Xs have positive effect on the vield. Interaction
X1 X3 showed a negative eftect due to Ny involved . Xy N> N has a positive effect. However, the
coefficient is small compared to that of Xz and X;. This was brought about by the negative eftect of
X, which although small but has a higher effect when all the three factors interact.

Optimization of the fitted model was carried out using two methods; differential and one at a
time methods.

The results somehow correspond except for X; with the difference of 209901.426 and yield
are 327544.321 and 117642.895 respectively.

For difterential approach Xy - 0. Xo - 3,079, X; = 48832 and for one at a time method

X1 =9.6405 x 107 . X5 =3.0803. N, 117642.321



CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION
5.1  CONCLUSION

2% Factorial design was used in developing a mathematical model to predict the yield of
caustic potash from cocoa pod husk. The factors considered were temperature of ashing X;, sample
weight X, and Time of leaching X;.

The fitted model obtained was;

Y =49.621 - 2.031X|.+ 12.909X, +6.703X3 + 15.226X;X; -3.505X, X3 + 1.138 X1 X;3X;
In the developed model X; . X, X Xz and X,X; X; showed positive effects, and X;and X; X

showed negative effects. Three statistical analysis were carried out to establish the validity of the

model, which was found reasonable.
Optimization of the operating parameter were done using two different approaches,
differential and one at a time.

The output yield was:

Y =327544.321 for X; =0. X, =3.079 and X; = 48852 and Y = 5465597.828

for X; = 9.6405 x 10, X, = 3.0803 and X; = 117642.89.

5.2 | RECOMMENDATION
I suggest that MS-Excel should also be used to determine/develop the model. This reduces
the ti;ne and energy required when using manual calculation.
Also, it may give more accurate result than manual calculation. More methods should be
employed in carrying out the optimization. This enablecs one to justiafiably discuss the variation in

the output and the susceptible causes.
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APPENDIXES

1) Table 4.3 presents tabular representation of three operating parameters and replicate yield

using matrix design

Smo. | X, S Xa X3 Y, Y 1
l 400 10 | 43.66 42.07
2 700 10 | 17.77 17.50
3 400 o 150 R 40.05 40.00
5 400 10 2 [o6d418 65.97
6 700 —*" 10 2 2155 21.00
' 7 100 150 2 58.79 58.50
8 700 R 2 80.40 80.20

Where X, is the temperature of Ashing
X3 i1s the weight of sample

and X; is the time of leaching

2) Table 4.4 presents the factors and their coded sigh for the 2° factorial design on the

parameters for the regression analysis.

Level of factor. Code Factor | X, Factor | Factor 3 X;
2 X,

High level N T T o0 30 2

Low level 1 B ) 00 10 1

3)  CALCULATION FOR THE OPTINIZATION

/
1) Using differential approach:

Y = 49.621 -2.031 X; +12.908 Xa + 06.703X;5 + 15226 X; X5 -3.505 X1 X; + 1138 X, X, X3

dy

dX]

=-2.031 + 15226 X - 3.503 N+ 1.138 X5X5 =0
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dy

dX2

12908 + 13226 X, + L1388 XoX; =

Rearranging:

15.226X>--3.505 X3 + 1138 No N~ 2.031 ... (1

/
15.226X, + 1.138 X; X3 = -12.908

3505 X, - 1138 X, X> = 6703
from equation (1)

15.226X2-3.305 X5 + 1138 Xo X; = 2.031
X3(-3.505+ 1.138 X5) = 2.031 - 13.220X;

Xy = 2.031 = 15.2206X;

3.505 + 1.158Xs
from equation (ii)
15.226X, + 1.138 X; Xz = -12.908
X, (15.226 + 1.138 X3) = 12.909

Xi = 12.909

15.226 + 1.138.X;

from equation (iii)
3.505X; - 1.138X,X> = 6.703

3.505X, - 6.703 = 1.138N; X

X> 3.505 X, - 6.703

1.138X,
substituting X, into (vi). we hinve
X, = 3.079 - 5.89X,

Xi = -12.909

15226 + 1.138X;

0

(1v)

(vi)




X; =3.079 - 5.89 (-12.909)

15226 + 1.138X;

X> = 3.079 + 176.028

15.226 + 1.138X;

I

3.079 (15226 + 1.138X:) + 76.028

15226 + 1138\

= 46.88 + 3.505X; + 76.028

15226 + 1.138X;

= 3.50X; +122.908 = 3.505N5 122908
15226 +1.138X; 138N+ 13.226
substituting X» ih X5 in (iv) SR

X3=2.031-15226) 3.50X; +122.908

1.138X; + 13.220

X3=2.031 -53.291X;-1871.39

1.138X3 +15.226

-3.505 +3.983X, - 13987

1.138X;3 + 15226

= 2.031(1.138X3 + 15.220) - 53.291X;3 + 871.39

LS8N + 15220

-3.505 (1.138X;3 + 153.226) + 3.983N, + 13987

LI38N, + 15220

X3 = 23531X3 #3092 -53.291N; - 1871.39
-3088N; + 5357 « 3.983X ¢ 139.87
X3 = 50.98N; - 190251 - S0.981XN,

< 190231

-0.0053X; +193.24 0.009X; -193.24
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X3 (0.005X; - 193.24) = 50.981X; + 100231
0.005N:7 — 193.24X, - S0.981N; + 190231
0.005X37 = 193.24X: = 50.981X; - 190231 =0
0.005X;° —244.221X; - 1902.31 =0

Using guadratic formula

X; = bt b -dac

2a

a=0.005, b =-244.221. ¢ =1902.31

X; = 244221 £339043.89 + 38.05
0.010
Xy = 244221 + Y 59081.94
0.010
X3 = 48832

Substituting for X; in (1v). we have

X3 = 2,031 - 15226\

23,505 + 1.138\s

il

48852 2.031 - 15.226X-

-3.505 + 1.138Xs
48852 (-3.503 + 1.138X5) = 2031 - 13220\
-171226.26 + 55593.58X, = 2.031 - 15.2206X5
55608.806X~ = 171228.226
X = 171228.26 - 3.079
3972743
substituting for X> in (1v), we have:
X> = 3.079 - 589X,
3079 =3.079 - 5.89X,

0.000 = -5.89X,




FERT. E LTSI VU S

substituting the values of N Xs and X; into the model equation, Y =49.621 - 2.031X, + 12.909X,
+6.703N; + 15.226N,Xs - 2.505X,X; + 1138 X1 XoX,
Y =49.621 - 2.031(0) + 12.909(3.079) + 6.703(48832) + 15.22(0) (3.079) - 3.505(0) (48852)

Y =327544.321

/ o
i) Using one at a ume
“Number of iteration | X, X X;
0 0 0 0
| o 2776 x 107 [3.079 40864.081
2 8200 1 107 173.0806 ~ 1620083.564
3 o -3.8879x 107 | 3.0801 2911723017
3 T 220055 107 [ 3.0792 51331479
S T T o603 10T 30803 | 117642895
6 _" 9.6405x 107 13.0803 | 117642895

Y =49.621 - 2.031X, + 12.909X, + 6.703X3 + 15.220XX> - 3.505X,X;5 + 1.138 X1 X5X;
Y =49.621 — 2.031(9.640 x 107) + 12.909(3.0803) + 6.703(117642.895) + 15.226(9.6405 x 10°™)
(3.0803) - 3.505(9.6405 x 107) (117042.895) + 1.138 (9.6405 x 107) (3.0803) (117642.895)

Y =5465597.828




