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OBJECTIVE

' The project objective is to investigate the eftect of size distribution on the amount of
CNSL cashew nut shell liquid oil extracted using benzene as a solvent
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solventon a soxhlet apparatus. The effect of particle size distribution and time on

the yield of oil extracted was studied. ‘ ,

in the experime_nt ona 2.59 sample and 500m! of benzene and a time period of

S

il obtained were 0.6459, O’.622.g.O.5289, 0.525g,and

3 hours the average extract of o

The corresponding percentage yield are 25.8%, 24.88%, 23.28%, 21 .00%.

“These are all}extra‘cted from the average size range of 0.925mm,1.200mm, 1.700mm,

2.400mm,

At the end of the experiment it was observed that the extract of oil and percentage

extract varies inversely propombnal to particle size. The results pbtained agrees with FE

| the known postulate that the particle size is inversely proportional to the yield. o

' The colour of the oil extracted was black.
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CHAPTER ONE

INTRODUCTION

BOTANICAL NAME:- Aﬁacardium Occidentale
'FAMILY - Anzicardiacx;ac
OTHER NAMES - Cashew (French)
Caja  (Portuguese)

Merci  (Spanish)

4

Cashew nut shell liquid is a visible industrial Raw-material obtained from cashew nut,
it constitutes about 25% (1)of the whole cashew nut. It was formerly regarded as a waste
by PO =

product but now its use as an industrial taw—materi.zg.l is on the increase because it
contains considerable aino_uin of alkyl substituted phenols from which many industrial

’p_roducts can be prepared.

Cashew nut shell liquid contains M-Pentcideca dienyl (Cardanol), 5-Penta dccédienyl

resiranol (Cardol) and 2-Hydroxy-6-Penta deca dienyl benzoic acid {Anacordic acid) as

major constituents.(2)




CULTIVATION AND MANAGEMENT OF
CASHEW

There are many varieties produced small, medium, and large nuts, the trees are

spaced7-10m apart. Planting holes are given during ashed and rock phosphate (120kg

per hole).
Complete Fertilizers are appliéd in the first 2 years, Prunning is necessary for the first

3 years to shape the tree. The tree starts bearing fruits in the third year. Maximum yield

are b’btained at about 10 years, and life span exceeds 20 years.

CARE

The leaf can be attacked by leaf eating caterpillaré eg Ahacus? Euthalié agonthea and
urthaga incarusalis. These are ,comrollegl by the use of insecticides. The steam.boring
Rhytidoderal is also ;:ontrol,léd by prunning and treatment with dichlorobenzene.

" The production of c;1511ew requires an annual rainfall of 20-150inches and it is best
grown on sandy soil with good drainage. Though it is often grown on hill sides whicfi are
too dry and too high for other crops.

Cashew is grown largely in India, Tanzania and Mozambique. Presently Nigeria is
gfadually becoming a producer of this crop. Cashew plantagon were initially used for

erossion control. Because of the strong nut structure of this trees and to the fact that the

tree is hard and draught resistant. It strives under a variety of climate and soil condition,

it can be grown from sea level 1-4001t but it is best suited to lower elevations.




1.111 2 USES

r’.'

The shell of the cashew nut contains an irritant skin poison that produce blisters and
dermatitis, care should be taken soas to avoid contact with the skin. Its versatile uses are
hqwever in its converted form as rééins, it caﬁ be used in the preparationbf cements,
making of mouldings, acid resistant paints, v@ishes, foundry resins, friction modifying
mateial in brake and clutch liﬁm‘ng. (3) It is used zis wbod ﬁréservatiye because.of its
geﬁnicidal and antimicrobial ptop,erties, it is used as blaék. lacqﬁers for décora_ting vVases.
It can also be used in the produce photographic dcvqloping réagents, drugs, dyes, and

quartenary Nitrogen compounds which have germicidal or bacterial diuretics. '

1112 METHOD OF EXTRACTING (CNSL)

There are three different methods generally used in extracting céshevy nut seed liquid '
(CNSL) from cashew nuts. They are :- )
[11 Mechénical expression. Lo
[2] Roasting method.
: {3] 3y solvent extraction.
Due to t‘ime’ and equipmeht‘limita‘.‘iifon only solvent extraction is used in ﬂ\iS study.

Two types of equipments methods can be used in solvent exiraction they are soxhlet

extractor and the direct contact method. For the same reason enly the soxhlet extractor is

used.




‘:.CHAPTER 2

2.0.0 LITERATURE REVIEW
2.0 CASHEW PLANT

Cashew tree (Anacardium Occidentale) is one of the proprising tropic,al‘ cash crops. It
is a native of North Brazil and was broug,ht to other tropical countries by the portuguese
as early as 400 years ago. The tree has alway_s been appreciated for it’s “table frmt” The
“swollen pendicle of hydroc@ cailed cashew apple. The “real” p&rt thek‘idney—shaped
nut is attached to the ;ippex of the apple. The apple and its juice can be eaten in its raw |
but ripe form can be processed iht_o syrup, jams, juices, beaverages or candied fruits.(4)
The main products however is the nut.
Cashew can thrive on soils which are too poor and too dry for other crops The tree
grows well at PH of 4 5-6.5. The trec is hard and draught resxstant and grows best on
well drained sandy soils with an annual ramfall of at least 900mm Below SOOmm
rainfall the tree ceases to functionas a f:uit tree. |
Cashew plant was believed not to bé fme from serious pests and diseases. Anthi‘acrose
(Geomenella 119) is one of the most harmful pest and has a close correlation between
innocullum climatic ccm,ditions and stages of development of the inﬂéreécenpe, was
formed |
The nut is made of an outer skin or testa (from which tenms can be extracted ). 'fhe

nut shell and the kennel. The nuts aré about 2.5-4.0cm in length, the edible kennel

constitutes approximately 25—30 of the whoie nut. The kenr;ek is the edible part of the nut




which started coming to the market under the name “Cashew nuts”. The shell consists of

two compact layers separated by a honey comb like structure that contain cashew nut

v

liquid (CNSL) (1)

The percentage composmon were reported to be as follows; Protein 20%, CNSL
45% Carbohydrate 26% (5) The CNSL is a pale brown viscous oil made up of anacardlc
acid phenol) in various proportions according to the method of extraction. (5)

The CNSL was reported to constitute about 25% of the whole cashew nut. In
studying the components of CNSL, by chromatographic method, it was found thg
compositions were as follows; Anacardic acid (71.7%), Cardol (18.7%); Unknown miinor
ingredients (2.2%).

Hydrogenation of anacardic acid gave 2-carboxy—3‘penta decyl pheno (1) Cardol

gave 5-penta decyl resorcinol and Cardanol gave 3-penta decy phenol.(5)

2.1.0 2.1 WORLD PRODUCTION

The annual production of CNSL for export has varied considerably. But it has always
been an upward trend. Estimate for the consumption of CNSL with producing countries

are unchangeable but the figure given are in the region of 1x10° tonnes. For Brazil 2x10°

tonnes for India with 5x10® tonnes (3) seems to be used for Africa.




2.2.0 METHODS OF EXTRACTION
There are three different methods gen;:rally used In extracting CNSL from cashew
nuts. They are;
(1) Mechanical Exprcssion
(2) Roasting Method

(3) By solvent extraction .

However the most common method for commercial extraction of CNSL are

Roasting and solvent extraction method methods.

2.2.1 ROASTING METHOD

Under Roasting method, we have the; @ Hot-oil-bath roasting and (b) open fire
roasting method.

@ HOT-OIL-BATH ROASTING *

In this method, the nuts are roasted in a bath filled CNSL at 170-190°C. The nuts are
dropped in th@ bath in wire traps.or passed through it in-a Screw conveyor orona
special conveydr belt. As the nuts are roﬁstcd, the ;:e_lls in the skin bu‘rsgi, releasing the |

liquid into the bath. The excess liqu}d over flows out of the bath and is collected. The |

'CNSL is persumed to be expelled by the rapid volatalization of the water in the shell.

About 90% of the CNSL is recovered in this way.

~'(b) OPEN-FIRE ROASTING \

,

The roasting is done over an open- fire in an open perforated pans of earthen ware or




sheet metal at 180-204°C or with perforated rotary cylinders suspended on an inclined

- position over a furnace. The nuts are‘bsing constantly stirred to prevent scorching and
to ensure uniform roasting. The CNSL is caught in receptacles though much of it is

lost.
Another ‘Hot method’ is the treatment of the nuts in vertical tanks through

which super heated steam of upto270°C is passed. About 90% of CNSL’is collected
in ' : : :

a receptacle placed under the nuts, The liquid obtained by this way is considered to be

of better quality than that obtained by other hot methods.

2.2.2 SOLVENT EXTRACTION METHOD

In the Laboratory there are two types of solvent extraction available. These extraction

methods are direct and indirect methods. In the Direct method we use the batch
extractor. - ' : ' B

For the Indirect method Soxhlet extractor is used.For the purpose of this experiment

Soxhlet extractor is used.

.

}
The extraction of a soluble constituents from a solid by the use of liquid solvent is

generally referred to as leaching. The mechanism of leachiig,g may involve simple

physical solution or dissolution made possible by chemigial xeacti,o’q. ' - R R

: . *

Leaching is primarily concerned with the recovery of oils from a nut pg seed structure

~ which has been prepared to facilitate it’s penetration by solvent. That is the size

.

reduction followed by diffusion of the oil-solvent mixture _té the surf,éce of the solid. 4

VTVhe rate of iféinspoyt of solvent into the mass to be leached, or of soluble fraction into

v

the solvent, or of extract solution out of the insoluble material, or some combination of

S
b




224 FACTORS INFLUENCING SELECTIVITY
OF THE SOLVENT -

In many leaching opcratidns, the suitability qf the right solvent influences the
type of solvent to be used. Theée charateristics are as follows:- '
(1) PURITY:- The solvent shou,ld be free from any impurities. So as to not interfere
with extraction |
2 ‘RE}LATIVE VOLATILITY:~ The ability af a liquid to change to vapour or gaseous
| form is termed volatility. It is required that the relative volubility of the
solute to the solvent _bc‘ favourable. |
(3) RECOVERBILITY:- After extragt:ion it is expedient to \recovy‘er the solVeﬁt for {euée.
And this is done with thc aid 6f distillation. Thefcfére i.t is required that
the solvent should not form azeotrope with,tl.le extracted solute and the -
mixture should show high rélat‘ive, ‘vvalabili‘t)rl fof low temperature

'

recovery.

(4) VISCOSITY AND FREEZING POINT:- Viscosity is defined as the resistance to

H

flow. It decréases with evaboraﬁon and vapour pressure. The greater the

vapour pressure the lower the ?iscoéity. I‘he solvent c’hoos;en‘should be

abl/e to circulate freely to enable it reach cifery po,fe a{xd surface area, for
-—gxtraction to take place. Thé?efore the solvent choosen should have 5

sufficient low Vigcosity and low freezing pioint to circulate freely.




(5) INFLAMMABILITY:- For safety reasons it is very‘ necessary that the solvent should
) : havé a high flash point above 32.2%C. Generally @ll"lviquids with flash
: 'poiuts below 32.2°C are flammable. -

(6) TOXICITY - Gcnérélly for extraction of edible oils m)ﬁ, toxic solvents are used,
hexane ¢.1.c. But since the uses of CNSL are non edible. There is no
problem in using Benzene because benzene is considered toxic and
moreover cancerous, (6,7)

~ (7) CHEMICAL REACTIVITY:~- The spl’vent choosgn should be chemically stable and
iner; not only with the solute but with the component of the system and -
common materials of construction. |

(8) COLOUR:- Colour of solvent should be distinet from that of the solute.

“(9) AVAILABILITY:- The solvent should be easily available.

(10) LESS COSTLY:- The solvent shold not be expensive.

10 _




CHAPTER 3 \~

300 LEACHING

The extraction of a soluble constituent from a solid by the use of liquid solvent i is
generally referred to as leaching, The mechamsm of leaching may involve simple physical
solution or dissolution made possible by chemical reaction.

The rate of transport of solvent into the mass to be leached or of a soluble fractlon into the
so}vent or of extract solution out of the insoluble material or of the solute from the
solution in contact with particle to the main bulk of solution or some comb,ination. of these
rates may be involved and a chemical reaction rate may also affect the rate of leaching,

Leachmg is primarily concerned with the recovuy of oﬂs from a nut or seed structure |
~ which has been prepared to facxhtate it’s penetration by salve:nt an& dtffussmn of the oils

solvent mixture to the surface of the sol;d

(

13

The structure of cashew nut shell (CNSL) is quite comphcatad The 011 18 con51dered
as Bemg mamtamc,d in small tough cell walls. The CN.S. ﬂakes are porous and in the
cause of extraction the solvent migrate to the pores in order to extract o1l. -

‘The design of large scale solvent extraction apparatus must be determined by the rate at
Wthh equilibrium is attained between a lean miscella outside the shcll partlclcs and 011-
solvent mmture thhm the particles. The design is also affected by the partxcle size
distribution that would allow optimum extraction of oil. .

Based on the porous nature of the flakes a mechanism has been postulated for

| explaining the leaching of oils. This is called the molecular diffussion theory.

11
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110 UNIT OPERATIONINVOIVEDIT
 CNSL EXTRACTION .

Extraction of oil from cashew nut shell is basically 2 physical change but chemical ;

conversion may be required in refining and further processing of such oils. The unit
operation involved in' the extraction of CNSL are -

4] M#teﬁal handling

2) Drying (sun) | )

(3) Size reduction

(4) Extraction

(5) Stripping

(6) Filtration and flow of fluids. See fig (3.1.1). \

32.0 PHYSICAL CHARACTERISTICS
OF A SOLID B

A knowledge of physical characteristics of the carrier solid is very important to '

determine wheather a prior treatment is necessary to make the solute more accessible

10 the solvent.

These prior treatment may involve the following unit operations .
(1) Crushing '
(2) Grinding

(3) Cutting into pieces or reforming into special shapes such as flakes.

Solute paricle may exist in the solid in a variety of ways. 1t may exist on the

12




surface of the solid, may be surroundéd. by a nature of hard material. May be
chemically combined or mi;y exist inside célls or as in thé case of many vegetéble and
- animal bodies. Solute adhering to the solid body is readily remisciblg/by the solvent.
When solute consists in pores surrounded by a ma,tﬁx of hard material the
solvent has to diffuse to the interior of the solid to capture solute and then diffuse out
before a separation can result in such case, sub-division of the solid by grinding or |
cutﬁng décreases the surface exposed to the solvent that is the solvent ﬁas 1o t{ail a
shorter distance to remove the oil. However size reduction into fine particles i}as it’s
problems. Insure instead, the ammount of solute to be removed is small in relation to the

‘ammount of material to be treated so that grinding becomes ungconoinical.

" Too-fine division may result in packing of solids during extraction. Pr,evénting free'
ﬂf)wof solvent through the solid bed. In such a case extraction is much more di‘i?ﬁcu].f
espepially whezi finely divided solids are treated in an unagitated state.

Dispe_rsioh of the particles in liquid solvent by agitation permits thorough
contacting of the solid with the solvent.(10) Agitagién, while giving good extraction may
cause suspension of fine particles in outﬂowiﬁg solute, which may subsequently reqfxire
a difficult filtration of clarification at a step. |

In the case of mateﬁals with ce}l.ulaf structure, if the cell walls remain intact, the -
leaching action involves osmotic passage of the solute through cell walls. Itis howcvér
impracti(:al and undesirable to grind matenals to rﬁpture cell wal]s,l since this may result
in addition to the desired solute, creating a purification pro‘blem. |

Therefore instead of restoring to excessive subdivision many solid of porous

structure are cut into wedge shaped slices called “cossetles”, crushed and reshaped into

13




5

flakes, as in the case of vegetable seeds to obtain in‘c;gc%ﬂtd‘surf@% which permits free

flow ;)f solvent through the solid and allows a more selective ext:actiﬁn.(S)

g

330 MOLECULAR DIFFUSION THEORY

: PRNETUDTIIEE THNNE S SEPUE MRt S S A o Pt s PR -
When a porous solid contamng a }aqa:é i3 DTOUEIT g vasiiane witl @ SUIVCIIL, 1ITE
Iy 4

diffussion of the molecles of the liquid and solvent, follows. T he theory gnderlining
the inter diffussion is that, if asolution containing subs.tancﬂs f,o),f:~ different molecular
weight is kept separated from a more dilute solution of these substances by means of
a semi-permeable membrane, the concentration gradient thus established cause the

wster, In ibe case of

substance to diffuse through a membrane at varying 1aigs of 7
cashew nut shell, the shells act as a semi-permeable membrane.

The resistance to diffussion from the interface into the bulk of the solution is small in
comparission with that of diffussion in the solid itself and cor;centration at the surface

can be assumed equal to that of the bulk of the liquid.
Under certain idealized condition, the stage efficiency in extracting oils from cellular

materials can be estimated based on FICK’S LAW OF DIFFUSSION.

The Fick’s law of diffussion is givenas dx =of) i G — ) '
‘ o d 48 - >

where x =  Concentration of solute in solution with solid
00 = Diffussion constant
b =  Distance, measured in direction of diffussion.

R Time of diffussion.

The above equation (1) is based on the fbllowiné assumptions.

14




(a)
(b)

©)
(d)

The diffusivity (o) is constant = | - “
The solid can be considered to be made up of very thin slabs of constant density,

size and shape. : : »
The concentration X, of the oil.in contact with the solid is constant
The initial concentration in the solid is uniform through out the solid.

Based on the above assumptions, when equation (1) is integratéd and the boudry

conditions can be applied, the result can be written as

P

X.-X1 =8 (€ aib 41 e-9° By p Bl = e m——— )]
X - Xi n’ 9 25
Equation (i) can be written as '
B__.. 1 e-(ZnH)cxlis = Q(B)
n? Qo+l
Where n = 1,2,3,4 |
p=0ot , x =1 2
‘ r 2 | |
y
Where' | |
X = Average concetration of solute in solid at time t.
Xo = Uniform concentration of solute in solid at zero time
X1 . = (;onstant concentration of solute in bulk: of soiutibn at all
“times . :
t = Time of contact |
2 = Thickness of particle.

T )
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3.4.0 EFFICIENCY OF LEACHING .

The efﬁciency of leaching can be determined by Murpee stage efficiency
equations this is given by '

n = QOil extracted..
Extractable oil

=
it

Xo-X = Xo-X; - (Xo-X))
Xo - X, Xo-X; (Xo-X)

=
It

L e (X = X1 Deomeermmmiensrsnesssenenn(iV) | | o
Xo -Xi

Putting equation (2) into (4) we have

n=1-g@B)=1-0¢ Dvt S———

rp’p
In order to obtain (B) a graph of equation (ii) X - X, VsA(B) for
. o ‘ v L Xo - X

- different particle shape is used. This graph!is available in most Chemical
Engineering texis. g9 .

3.3.0 FACTORS AFFECTING EXTRACTION | |

Ceowaa

Several parameters affect the extraction process '

(1) TIME:- In the extraction of most vegetable seeds and nuts, the rate of extraction
initially increases rapidly for the first hour’s but later decreases.

(2) SOLVENT:- solvent affects the rate of extraction since some of its properties thét

affects the rate of extraction' like viscosity, boiling poin, density, surface tension and
vapour pressure differe from solvent to solvent. ' o



the size, the greater the interficial area between the solid and the solvent

hence the higher the rate of transfer of material. Smaller size also means

that the solvent has to travel smalier distance within the solid thereby

increasing the rate of extraction.

(4) FLAKE THICKNESS :- Like particle size, thickness is also indirectly proportional

to the rate of extraction. This is because as flake thickness

decreases the cell walls. Thickness also decreases, resulting in

. higher diffussion. ‘

(5) TEMPERATURE This has the effect of decreasing the viscosity of oil and the

solvent thereby increasing the diffussion coﬁfﬁmﬁnt However care

most be insured s0 as to pr

%

with flammable solvent.
(6) MOISTURE CONTENT:- This is expressed as the ammount of water contained in

lh sh .. As the moisture content of shull decreases, thc rate of
extraction increases. Dectease i moisture contem, lead to decrecase

\

in the water in the tissue which encircles the oil from which it ié

not easy to extract the oil. '

17

event explossion of solvent when dealing -




CHAPTER 4

LABORATORY METHOD

4.0.0

.

In the Laboratory, there are two kinds of solvent exﬁfaction methods. These extraction

methods are the indirect method using the Soxhlet extractor and the direct method.

4.1.0

The direct met

THE DIRECT METHOD
’ nl round bottpmed

hod apparatus as shown in fig 4.1 consist of a 500r

flask and a condenser fitted into it.

411  METHOD

The feed that is Cashew nut shell (CNS) are placed in the 500mi round bottomed SREEN

ether with 1t And the resulting mixture is cooked using a

flask and the solvcnt is added tog

“heating mantle. As the flask containing the sample is heated the solvent evaporates and 1S

the liquid to extract the required solute. This cycleis repeated several -
, o .

then condensed into

¥

times, durmg the extraction. , :

After extraction, the content of the flask is fitted using & filter paper of glass wool 15

preferable The miscella is then evaporated to recover the solvent,

412 . THEINDIRECT METHOD
cvyed (_lg 4. 2) The soxhiet apparams

1n the direct method, ﬂie soxhlet épparatus em.pi

consist of.

- @ Soxhlet flask (500ml). . «

(b) Soxhlet tube (500ml).

18




(c) Water cooled condenser. .

(d) Heating mantle.
(¢) Filter paper. : <
() Solvent.

(2) Thimble.

420  MODEOE OPERATION OF
SOXHLET EXTRACTOR

nthe heatmg mantle is he

ated. As heat is

The complete soxhiet extractor mounted 0
applied 1o the apparatus, the solvent evaporates'and passesthxgug,h the tube * b into

the main soxhlet tube. The vapours are then condensed by the water cooling
condenser. The condensed solvent flows under gtavity and percolates tﬁmugh the bed |
process continues the levei of

of the sample 10 extract the oil. As the condensate
nses umﬂl is level reaches the point

cella over flows back to the soxhlet ﬂask Whan thxs

mlsc la in the soxhiet tube as well as tube “a

in the 1ube whlch the mis
oxhlet tube is emptied into the soxhlet flask. .

cellainthe s
S qontinously treated

occurs, the volume of mis
sly. In this way, the sample 1

The process 18 repeated continou:
le is temoved from the

with freshly condensed solvent. After extractmg, the samp

electric oven and thun re—welg,hed

soxhlet extractor and dned using an

The solvent 18 then recovered using a rotary evaporator.




i

4;3.0EW_XPERIMENTAL PROCEDURE

1n the direct method, the soxhlet apparatus is employed.
A mass of 2.5g of sample of a particular gize range is put in the thi;g,ble of the soxhlet
apparatus. As shown in fig 4.2) and 590ml of benzene 18 droped 1n the round bottom
flask of the soxhlet?apparatus, and tﬁe apparatus mounted as shown in the figure. And
neat is applied at @ constaﬁt temperature 80°C. As‘hem is applied to the apparatus; the
solvent ¢vaporates and passes through the tbe «y” into the main soxhlet tube. The
vapours are then condensed by the watet cooling condenser. The condensed solvent
flows under gravity and percolates through the bed of the sample to extract the oil.
As the COndensaté process continyes the level of miscella in the soxmet‘tube as well
as tube “a” rises, untill its level reaches the point in the tube “q” w}}ich the miscella

'

over flows back to th.eb soxhlet flask.

20
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5.0.0

RESULT |

In this experiment, the size of CNSL was varied while other parameters like

temperature, duration of extracti

on, time and mass of sample 80°C, 3 hours and 2.5

respectively was kept constant.

 TABLE AA.
SIZERANGE | AVERAGE |MASS OF CNSL (). AVERAGE MASS <
(mm) PARTICLE OF CNSL
SIZE (mm) |RUN()  RUN@) | EXTRACTED (2)

(A) 0.850 - 1.000 0.925 0.660 | 0.640 0.65
(B) 1.000 — 1.400 1.200 0.610 | 0.59 .60
1.400 — 2.000 1.700 1 0.58 0.58 0.58

(D)  2.000 - 2.800 2,400 0.53 0.51 0.52

' 21 A




510 CORRELATION AND REGRESSIOR

5.1 APPENDIX A

The value for the yield has to be plotted against particle siz¢ on a graph. The graph

may be either a curve ora straight line, t0 determine this, ganelation method is

jation could be used

employed. If it gives + 1 or a value very close to 1 i.¢ linear re

for the regression analysis.

.. REGRESSION ANALYSIS ¥ OR 3 HOU
TABLEBB i ‘ |
A__ X Xi . Vi x| vt
1 0.850-1.0 | 09250 0.8560 0.4225‘ | :
2 1.0-1.40 | 1200 1.44 0.3600
3 1.40-2.00 | 1700 2800 | 0.3364
. b ’ .
4 2.00 -2.800] 2.400 5.7600 02704
6225 |i0-946 Tizeq .
Correlation factor - | ‘
* = n ZXiy
- [Tnext - (exf (rzd— e’
Putting in the values in thg: formula. In eéxuation (A) '
o 2 .




4 (3.555) - (6.225) (2.35)

4(10.946) - (6.225) x 4(1.3893)- (2.35)

14.22 - 14.629

(4W3.784 _38.75) x (5.5572 - 5.22)
- -0.409
(5.034) (0.034) 8
R _ -0.409 = -0.979
0418 '

Linear equation can now be used since correlation factor is - 0.979 where is

approximately -1
Assuming equation of a straight line is

7 = Y+ BX

Our equation becomes

Z=Y - BX —-(B) . -

B == x coefficient |
B = nsxiyi — £XigY o ®

Substituting in the value in the equation

B = 4x3.555-6225x 2.35

4 (10.946) - (6.225)

i

14.22-14629 o

 43.784- 38751 s




. B = -0.409 = - (.0813
503 o
7= Y- BX
Where
Y = Average or mean value of Yi
X = Average or mean value of Xi ‘ ,

¥ = 0925+ 1200+ 1700+ 2.400 A '

Z =072

N
il

4
= 1.56 :
X = 1356
Y = 0.65 + 0.60 + 0.58 +0.52 |
' = 0.59 | 4 "

Therefore substituting in the values in equation (B) we have

7 = 0.59—(- 00813)(156)
‘7 = 0.59 + (0.1268) |

7 = 0.59+0.13

The regression values of Y was obtained from the equation (B)

Y - BX

24
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i

Z+BX ' o '

il

Y

Where x = particle size

0.72 - 0.0813 X =emmem D)
Substituting in the values of x (0.925, }.200, 1.700, 2.400‘) to obtain cotrcSp()nding

values of Y.

Y = 0.72-0.0813 (0.925)

Y = 0.645 - -
Y = 072 -0.0813(1.200) | |
Y = 0.622

Y = 0.72-00813 (1.7‘(')0) | |

Y = 0.582 : (

i

Y = 0.72 - 0.0813 (2.400) | o

Y =052 | | | ‘

: x‘lo.azs ‘1.200 '|1..7uo |2 400 S R

Y | 0.645 | 0.622 | 0.582 | 0.525 -

The percentage yield is calculated as follows

Y1% = 0645 x 100 = 25.8% | R =

ottt

25

Y2% = x 100 = 24.88%

Y3%

i
‘.O
A
oo
&

x 100 = 23.28% .

25
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vav = 0325 x 100 = 21.00% o
| s ,
x [0.925 2,400 ' |
Y | 0.645 0.525 s |
, Y%| 25.8 |

Plotting the value of X (particle size) Versus the cpr;rcsponding y\ggl\;xe bf Y (yield)

- and plbtting the value of Y% (percentage extract) Versus the éqgespondipg 'valﬁc of X

| (particle size). Is shown on the graph. ‘ R . :
Graph 1 shows Y versus X where Y is on the y- axis and X on the x- axis. ‘ |
Graph 2 shows plot of the percentage yield Y% versus particle size (x-axi s).
' 26 o
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5.2.0 DISCUSSION OF RESULT .
The graph mass of oil extracted againstv size shows that, mass of oil extracted varies
inversely proportional to the size particle. This is because, decrease in :z, resulls o

" gfeater interficial area between the rate of transfer of the oil. Small size also means

that the solvent has to travei smaller distance within the solid thereby increasing rate of
extraction. The great difference in yield of the experimental size range is because the

major resistance to diffussion of cashew nut shell liquid lies in fhe sﬁé]l of the nut. This
results conforms with Rnown theories of ‘Ieaching. Also the graph of pércentage yield

against particlé size shows that yield varies inversely proportional to size.

27




6.0.0 APPENDIX A

PROPERTIES OF BENZENE (SOLVENT)

i

Molecular weight = 78.11g

Colour = Colourless
Specific gravity = 0879
Melting point = 55 C
Boilingpoint = 79-8¢°C

Solubility in water = 0.07

-

13

i

in alcohol = soluble

« ingther = ¢@

6.1.0 APPENDIX B

fi

Molecular mass of CN§L

2

l

M(‘)lar’volume of CNSL

i

Denéity of CNSL

7

1272¢
1240.2cn1 g mo

0.945g/cm”

Viscosity of pure benzene at 303k us;:ing Eyring theory the equation is written

Where

!

h = planck constant
Tb = boiling point temperature

N = avogardos number




N

6.20 CONCLUSION AND RECOMMENDATION
It is shown ftozﬁ the resﬁl,ts ébtained that the particle size affeéts the ammount of
CNSL oil extracted and it can be gonciuded that fbr,larger quqx;t{ityﬂ;f oil to bé
obtained from a given CNSL. There is need to reduce the CNSL to acceptible size as
has been shown in the project.

The maximum average size used was 2.40mm while the minimum was 0.925mm.
From table B the highest percentage of il extracted wh'i,ch was 25.8% was from the
miniQO size While the minimum‘ percentagc of oil which was 2100% Was from the
maximum size. |

The ammount of cashew nut shell ﬂ]viquidextracted from cashew nut using benzene is

. .

found to vary inYersely‘pmpqrtiogaﬂy to shell size. For _avg:iage sheﬂk size of

Y

© 0.9250mm, 1.200mm, 1.700mm, 2.400mm, the ammount of CNSL (éxft'ré“é‘ted u}as

0.65g,0.600g, 0.580g, and 0.520g respectively.

29




S 624 RECOMMENDATION -
More work should be carried oyt io determine the three major constituents (Cardol, ;
Cardanol and anacardic acid) in the CNSL. This will enable the researcher to know
“ the percentage constituents 6f the CNSL at each stage of extraction.
30 .
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