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THE T.P.I. CALLww DKLCKICI T Ul ELART

The cashew mut (Anarcadium occiuentile) i6 o trae fruit which - TOW8 in couctal
areas roughly wituin the tropics of Cencer and vepricorn. Plute 1 shows the rut
hanpging from the cechew apple, ani j,'t ie harvested when the a;,p]:e and nut fall from
the iree¢ from Marcn to July. In some areas there is & wecond small crop frowm October
to December. Tﬁc shell of the nut 123 ¢ellular and containe cauhew nut spoll liquid.
(200 - a5 by weight). Cashow rut shell liguid (known ae CNSL) is toxic, 10K of {t
cousibts of spmenrdic acid and it.can be polymerised by heating, ‘he shell is soft
®ucush to be diffiocult to reicove from the raw nut - igy other words it will net cruck
in the ruw condition, rurtiermore the cashew nut snell liguid within the shell ie
more toxic when the nut is raw thup if it has Lean heated,

'"he kernels have tuen gaten for many years and the accepted methou of removing
the xornel hus been to re:2ot the sut until the gield becomes crisp and to g ject it
to three or four taps delivervd by « piece of wood in the plane of cleavazs. This
sriits the sheil and enavles the ker.el to be taxen out, Uracking by this means is
unhy.enic wnd tihe Jeople wio ¢arry oui the cperution often uuffer coneidernuly because
the Chil even sftar the rousting proceuss tenus €o attock tho aiin of the operator's
fingery,

Uver revent yeurs there has been an inercasing demmnu for cas.ew kersels ana they
have becoxe g very lucrative uxport to the more sophistioated countries. 1his has
caused the conntries ablie to crow cusiew to increage theip vroduction, but in many
ca-e8 the increm.e has beer limited Ly the mugber of skiiled cperators required to
carry out the decortication oarocess,

A machine operated method of decortication has been in existence for some tinme,
It is quite efficlent but expeusive bolh in capital cost nnd in tiue use of labour,
Tris ic bucause sach aut, after roasting, it cut individually around the shell, thus
reisasing the kernel, Factories using this tyve of equipuent Lave been quite large,
Broasssing 10 to 15,0 tons ot Tuw cashew ,6r year una huve usually been situated in

a larye town or ¢ity. There are “Wny seoole who consider tiat devolopmonp should start
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in the villages and that a cmall, essily operatou, Mechanical plunt should be
availuble to allow vula[rea in the cashew oroducim. areas to process their own nuts
on & larger scale tuan before.,

About gix YOAPS Ugo the "l"ropical P*oducts Inatituto were ackaed to investisate
various means of docorticating cashow nuts uninp macmne operatiw methous and to
. devise a simnle and’ u:.n.y operated ‘system. The nethod of opening or crackinz the
nut wus the first thing to be Fiven consideration und various aysteas were tried and
dizoarded on the srounds of cost.

40 decided tuat the sitmlest rowiblo riethod was to use iuwnuct force to oreak the
shell open and tnnat the best way to aprly that force wass to drop the nuts on to o
rotating dise Titted with vuges, so Gesi- ned that centrifu’al force ejected the nut on
to target plates arran; *cd arouny tivg mrxpnery of the craokor. ihe velocity required
at inpact was founa by cxxwriment. to be 19. w/eec. for an uvemgo nut weighing 6 /g,
Hd"vix'x;;'r"o'i‘md this terninal velocity, we thon ueaimed & rotor, and found the uptisum
>oaltxon for the target vlates, settin: thas in a circulnr confiruration around tho
rotor, nad overlapving ¢ach plute to ensure that wiuses did ot occur, axperiucntal
work ahdv)ed thut these turget olutes were uost offéctive when inclined at an cngle,
and tdat tais reduced 'the average nuuber oi cydea ruguired to docortzcatc a mt, digh
speed cinvoatogmnby wua used to aswrtnin the uuth of the qu_t a8 it luft the rotor,
the way in \mich it atmck tne to.rgot nlate ana tho trajectory of nut snell und errel
following this iupact., Thig work ensnbled tho cme, fitted below the uecorticstor to
be doaigmd 4o thut koﬁc'l dunage was avoided, |

this eurly wopk m carried out using an elcctrically heated .roesting buth to

inake 'tﬁ'e"ashouo of fho mte crisp enou,ch to shatter after Geveral impacts. 'fhe bath
vas fitted with & convoyor belt whxch oa:ried the mits seneath tm surface of the
90 1itres of Civsl, held in the bath wmch could be thermostatically c_o_ntronod to
temperatures rtnging fron 170°c to 410 C. e deciisd tnat the roapter phould be

constructed of rd.lu ateol anu that atunleus ateel would be used, whero this ves
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impracticable shesthed Lieating elements 61 cms long were fitted to supply the
eessary 12 kilowatts of heating.

During tuis experimental stage thers was a decided temdensy. to soak the nute too
wech and this mupnt tiat after 24 hours of humidification (when the sosked muts vere
kept in an ambient atacephere of 1008 R.ii, and 30°C), the moisture content of the
shell and kernel was 24,66 and 18.9x respectively. Later work showed thut eceking
tises from & minutes to 12 minutes were all that vas normally necessary for Keayas
mite which vere one year or less in stors, and that it vas essential o keep the
ssisture content of the kernel down to approximately 8% to obtain a good white kernel
after roasting and to aveid the "bluing” whieh ocours due to tamnin in the testa of a
weist ketnel. Of courme there is a coasidermble need to obtain the correct meisture
eontent of both shell and kermel if an impact method of crecking is used, It is
oasential to cbtain & brittle ehell vhich will bresk in the miniswn number of cysles
u.mmmm.nm-uuunammmmt needed to dreak the shell
opea and will resain whole. |

A crest deal of time was spent in determining optimus moisture content of shell
and kernel, the best reasting tempersture for those meisture contents, and the sorrect
oracker speed. Each trial was aimed at establishing process oonditions whioh weuld
Give the maximua suaber of white, uascorched kernels froa a batch of 100 mts, the
mts heving prpﬁmly beea graded so that they were all of 13-15 ms girth.

Ve had tﬂ‘d.tht soisture contents of 10K to 12% ia the shell and &% to 10N
in the kernel gave She best results vith roasting tesperatures of 180-195°C and
roasting times of 1.4 to 1,8 minutes. Whilst these tests were proceediag, seversl
oﬁum results were produced decause the roaster did not appear to be roasting

properly. e fousd that becsuse we were only “oasting relatively amall batches of
mts, vith consequent small cashew nmt shell liquid make up, and relatively loag
heating up, and sscling down times, the viscosity of the cashew mut shell liquid ia
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the roaster tank had increased very conziderably from.234 N./na to .85 h',/mz. There
Wes very poor ciroulation, and very high temperature differentiule which meant that
the outs were not roasting properly,

e had noy reached the sta;e which required the design and construction of the
first decortication pllet plant. After some consideration we decided that it should
consist of a couveyor feedin; roasted nuis to the top of the centrifugal cracker, the
uncrecked nuts, kernels and shell being taken from the cone at the bottom of the
cracker, by a further conveyor to a screen, whole nuts passed over the top of the
tcreen, shell and kernel passed throush the screen and were sepnarated by meane of an
air elutriator. The whole muts le’t the top of the screen and were guided on to the
feed conveyor, whers they Joined the new feed to the cracker and were recycled (see
Flate 2). Some difficulty wus experienced in Gelecting the acreen to be usei for the
Separation of whole nuts from kernels and shells. Ve had thousht that a vidratiog
screon would be the beat thing to “wse and collaborated with a firm to have one made for
our planty This screen did mot function at mll well. In the first instance only the
middle third of the screening was vibrated sufficiently to prevent blinuing. To ensure
thut the outer sections were vibrated properly it was necessary to remove the cover
{rom the top of the screen. This incrcased the noise level in the immediate vicinity
to 93 d.b., and it was atill noted that some kernels and ahell Possed over the tap of
the vibrating element. The manufacturers were called in, and they modified the
vibrators by sdding wdditional out-of-balance weights to the motors. This increased
the noise level, but the screen diq work very efficiently. However, the vibration was
too intense for the fremevork, and, after Bome fifteen nours of running, we had to
shut down because 16 cracks had appeared in welds and parent metal of the supporting
structure. In view of the programse, no more time could be spent in sodifying this
plece of equipment and & second hand 8imon Barron reciprocating screen wus purchased,
A variety of different SCreens and screen wire shapes were tried, but it was found

eventually that a woven mesh of 1.6 m/nn dianeter mild stoel vire with openings of




FLATE 2: Tirst decortication unit erected in temporary laboratories prior to move to
Culham.
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1.91 cm by 1.27cm was by far the most effective. It was aiso hecessary to modity
the suspension of the mesh frame to kive a small flick &t the top of the return
stroke. This was done by mounting; aisall rubber blooks betweeh the main screen
support structurc and.the leaf sugpension springa. s series of triuls curried out
using thius t,ypo of screen showed that queuing and blinding did not occur, and it was
considered that this was the simple and economic device which we required for this
part of the plant. Our method of deciding upon the dimensions of Gcreen to be used
was mainly exiiricul and experimental. we knew that each nut required anpproximately
7 cycles before the kernel wus released, und we were designing for througnput of
2?< kgs of raw nuts per hour or 4¢5% ky8 of raw nuts per mirute, To allow for |
recyciing or.rmts the cracker was designed to handle a throughput of .5 kgs per
minuto.' and tuking residence time in the cracker, and on the screen into account,
togither with practical couveyor speeds und sives, we folt that the time for one cycle
snould be balf of  minute, The quuntity of shell, kernel and whole ruts in the
system when the plant reached oquilibriun would be approxinatoly 38 kgs when 272 kgs
per hour of raw nute was being processed. Conveyor widths and lengths were estimatod
and it was found that there would be 8.16 kgs of vroduct on the screen at any instant.
txperimental work showed that « screen of 1.52 metres x 6,08 metres would handle thie

quantity uhﬁn iociprocating at 370 strokea/minute.

Having vetablished the two main pleces of equipment in the decortication unit,
the centrifugal cracker and the #creen, it wus then neccasary to decide on the means
of tmnspdrt between them. We now knew the hei ht of the crucking unit, and of the
screen, und decided that themd two iteums could be fed most sconomioally by means of
ctundard skid plate conveyors. The conveyof connecting the discharge from the cracker
to the top of the reciprocating screen was 3,65 metres in length and inolined at 18°
to the horisontal plune and the feed conveyor from the diaoharm side of the screen to
the top of the conveyor was inclined at 20° + and 4,56 metres long, the belts being

nade of PVC coated terylens, because this material was food quality and sasy to clean,
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The speed of these conveyors wus at 2/t.6m per winute, to give a fairly thin belt

layer and no slip, and to keep the resmidence time of any one nut in the system down

to the design specification of 3 minute per cycle., Separation of kernels and shell,

ufter passing through the screen wos by means .f an air elutriat.on aystem, the
kernels dAropping through an air stream because of their preuter mess, and the shell
being blown up and away.

Plate 3 shows the first decortication unit when it wus erected. A sories of

trials were oarried out using various rnut moisture contents, ronﬂ_',ing times, cracker

speeds and raw nut feed,

wWhen we hnd started on this project it had always been considered that the

e e SRR

decortication unit was all thut was required, und that this would be part of a

L

conventional hnpd-cracking factory, using nuts which were pre-proceussed, and roasted by
the neans previously in existence in that factory, The work which we had done made it
quite clear that it was very necessary to obtain raw nuts of the correct loiotuﬁ
cortent prior to roasting, and that the actual rossting operation wus quite critical,
We, therefore, decided that our plant could not be successful unless it had its own

sonking, humidifying and rowsting process. It would them of course be completely

independent, and could be installed in any cashew producing ares as long as operatives
could be trained to carry out hand peeling and irading of the kernels,

As it was our intention to muke the plant «s simple and as cheap as poasible we
decided that the soaking and humidifying should be carried out as s batoh process,
using standard 456 n5 water cisterns to contain the nuts. These tanks were fitted
vith a perforated plate 5.2% cas above the botiom of the tank, and in the fires
instance we considered that the wethod to be adopted was to put muts into the tank up
to a given level 136 kgs, fill the tank up with water and after a predetermined
sosking time (4 20 minutes), drain the water off to the level of the perforated
vlate and then leave them to humidify for 24 hours. At this .snp we alwo comsidered

i1t necessary to simulate tropical conditions by keeping the water at a temuerature of




PLATE 3: First centrifugal Cashew nut cracker,
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3000 by ieans of electricnl heuting =iements. daen the nute were re.ay to be
roauted the remsinder of the water wnn Lo be drained off, snd the tank hoisted above
the feed hopjer of the roaster :nd its conten.s tipped ine In fuct we subsequently
found this ispractical and uneconomic in regard to water usesse, and cnanzed our
method of churging the nuts intc the tanis, 2nd into the rouster, we required 32
tanks to contain sufficient nutg for =ight hours rumning, these tanks being filled
in sequence, and obviously had to be used in the right order to ensure that all nuts
had the same humidifying period (Plate 4).

Exaninatien of methods of roausting the cushow hzd been carried out when the
psroject was 1n its early stages and we hac alrcady decided that the must controllable
vrocens was to use anc oil bath £ilied with cachew nut shell liguide We had by now
decided trai where possille we snould make the urocess contirmious, nand therefore
desi med a jas fired rouster with an oil capacity of 364 litres. The cashew nute were
put into a hogper of 136 kB capacity, .nd were fed o to »n chain mesh belt fitted witl
flirhte at 9 inclies intervals. The feed consisted of u votating drum wiaich when
fiiled contrined 1.59 kg of nute, wnich wes fitted with o speed controller and could
be rotated between | to 1% revolutions »er wirute, This made it noseible to coatzrol
very accurautely tie quantity of nutr fed into the roaster, Twenty four 7.7 cm o/D
heating tubes passed transversely throupgh the GoCl filled nortion of the tarnk, each
tube having a jus burrer fitted at one end, the other end being; connected to a stack
throu,sh which the producte of coubusiion nassed to atmosphere. It wus realised that
;a8 would be an expansive metucd of heatine, but it was felt that we should start in
this way, and prove the system., %e could t.en convert to cashew tnell tiring when we

nad a iittle more time. The conveyor first carriecd the nuts over the surface of the

|

heated l.sL, and preheated tnem, it then took them Lelow the surrace. They were then }
!
retained by the flisghts und woved alony; a perforated plate situated in the CNSL ]

immediately above the heatiny tubess. & withdrawable sheet of mild stcel was placed

vbeneath the heating tubes to facilitate cleaning of the tank, and a 2 P pump was
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PLATE &3

Soaking and humidifying tanks as used during plant trials in Kenya.
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provided for recirculation, the oil being taken from the ovurflow tank fitted at
the discharge end of the roaster, and discharging through sparge pipes laid along
the length of the bath and bencath the heating tubes. The soead of the conveyor
was controlled between O metres/min to 3 metres/min by a Carter wear sna this pcve
velow the surface rossting times of down to .35 minutes.

Our previocus work with the small electrically hoated roaster haud shown how
essential it was to control the temperature rccurately, and also to keep the
temperature of the heating surfaces as low aa possible, while s&till attaining correct
roasting conditions of 180°C, We, therefors, fitted thertccouplea on selected
heating tubes in three positions, in the oil bath, in the stack and alsc in the fume
extract from the surface of the bath. These thermocouples were connected to two, six
voint Kent recorders. By adjustments carricd out on the helical retarders fitted at
the discharge end of the heatin,; tubes and by thickening up the tubes at the burner
end we wers able to keep the tube surface temperatures between 220 - P.)O°C, and this
of course is very helpful in preventing the CNSL irom becoming too viscous due to
overheating.

CNSL overflowed over a weir at ths nut discharge end of the rosster and through
a filter into a lagged overflow tank, and as previously mentioned was then recirculated
oy means of a gear pump., It was found necessary to pay a great aeal of attention to
ventilating the space avove the 0il to ensure that fumes were properly drawn away, with
minimum heat and vapour loss, and an acid resisting axial flow fan was used for thie
purpose.

There is betwesn 20% and 25% of CHSL by weight, in the shell of a cashey mut and
our method of roasting releused 8% of the oil, leaving approximately 12% in the shell.
The 0il thus produced was tapped from a point near the surface of the liquid at the
forvard end of the tank, using two needle valves (in case one was bloocked). (See

Plate 5) .

It had been very ouvious that an effective and cheap method of cleaning the

L




PLATE 5:

Roaster installed in TPI laboratories at Culham, Urited Kin
first installed was gas fired but was
to be used as a fuel,

f;dom. when
later modified to allow cushew shell
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roasted nutas after they left the rouster was essential. Yo were aluo aware of the
need to cool the nuts for a few 1imtes before dacortication. Je decided, therefors,
to combine these two processes and desipned a rotating drum (15 {PM) fitted with two
internal helical ;uides which fed tie nuts throush tne drum in 7 minutes. Throwers
weres fitted on the cuter edges nf tie helices and an auger was arranged to fuved saw-
cust in with the rousted nuts at 3.65kg of sawduct per hour. The nuts were thus
runbled with the sawdust end the ChSL adhering to cheir shells after roasting wes
asbsorbed, whilst a certain apount of cooling took place.

We realiscd that a certain amount of CHSL was lost using this method, but it was
considered to be cheap:r and certainly :2ve a cleuner surface than could be produced
by the uze of a continuous centrifure,

(ur test for cleaning efficiency wus to rub o series of selected nuts against
# picce of white naper and if a negliible stuin waa left we considered that the
cleaner was workin, satiafactorily. we found that less tuan 1% of the CNSL eriginally
cn the shell, remained ofter the roasted nuts hnd teen vussed throu,;h the coantinuous
cluaner. 7Tests were carriaed out with cther materials such us rice nulls, and coffee
purchment and these were found to be eifective as a substitute for sawdust if this
wngte product was difficult to obtain in any : ea.

By Augnst 196¢ we had com:leted the whole of the desirn and manufacturing work
and nad installed the cunmplete processing and decortication unit in our vrocess
leboratory at Culham (ice i-lute 6). It had heen arrun;sed that the equipment should go
to Kilifi in Kenya in June 1969 and be instelled in the factory of Kenya Cashews Ltd
where it would be given ,roper field trixzls under production conditions, and the
kerneis would be murketed in thue ueual way. In the meuntime a series of plant proving
runs were carried out to ensure that it operatcd efficiently, and to allow us to meke
such wodifications ns were sean to be necessary prior to testing in the field, In
Brituin we hud been using propane ..ag as the fuel for the roaster, but it was

renlised that the jets aund pressure relief vulves wou.ld nave to be chanied when we

roasted using butane gzar in henya. Une of the difficulties which we encountered was




PLATE 6:

SRECTED AT CULMAM, PRIDR TO BEING SMIPPED TO KILM,
NENVA. FOR OVERBRAS TRUALS.
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GRADER Raw cashew nuts are graded to sises from 1.3 ",

1.5 mm, 1.7 mm and 1.9 sm

The oorrect soreen sise fitted to reciprocating screen
HUNIDIFIER

The rew nuts are scaked in water for 10 minutes, the
water is drained off and the nuts are left for 12 hours
to humidify, They are then sprayed for 3 minutes with
water and left for a further 12 hours humidifying.
Each container holds 100 1bs. of raw cashew nuts.

ROASTER LOADING Containers are
lifting hoist

emptied direoctly inte roaster using

ROASTER Raw nuts are then roasted for 24 to 3 minutes at 180° ¢
in C.N.8.L. extracted from the oashew nuts.

ROTARY CLBANER

Roasted nuts are cleaned of eurface C.8.N.L.
sawdust as thy cleaning agent.

DECORTICATOR Nuts break on impact againet target plates after being

oentrifugally accelerated by & 21 inch diameter
impeller.

RECIPROCATING SCREEN Kernels and shell debris pass through soreen to

the air separator. Whole nuts pass over soreen
and are reciroulated.

using

AIR SEPARATOR The air separator removes all shell and debris from kernels.
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in obtaining exact figures of the ‘breakaga rate of kernels in the plant. We had in~
sufliciant mtaff to carry out large ncale sorting operations and hud to rely on
snatch ramples of kernels being tuxen from the koernel aischarge of the sir eslutriator,
counting these to eatimate our whole kernel efficiency. e used thin olate chromato-
cravhy to determine the degree of CNSL contamination of the kernsls and found this to
vary between 9 to 11 ppm es long us the plunt was kept clean. It could rise to

25 ppm if the cune of the decorticator was not chamynd and cleaned every four hours
(this takes five mimutes). Contamination rate also rose considerably if the nuts were
not correctly rousted. 1In the event the roaster was extremely easy to control and we
goci: found that we could establish plant equilibrium conditions in 25 minutes frol
viart up. While operating in the United Kingdom we used the grader (plate 7) to ;;rade
cur casnew nuts into under 13mm, 13 - 15mm, 15 -~ 17mm, 17 - 19mm, or above 19mm girth.
At this time we considered it necessary to ulwuys roaut particular sizes, particularly
c8 wa were corrying out experimental work on the equipment. With this arrangement and
iy setting up esmbiiahed goaking and huridifying procedures we were able to obtain
uch whiter kernels than hefore anrd our perdentuayge of whole kerncls was approximately
(%% at the discharge of the air elutriator. We used some 9,100 kgs of cushew nuts
wring this period and carried out seven rune of three hours or more to get a better
rppreciction of the way in which the macrinery would react under groductiom conditions.
L general, however, we had to carry out short runs of one hour or less (sverage nateh
@2 Y9, and this causcd some difficulty in that we had quite lengthy heating up, and
cooling cycleo f.o which the CilSL was subjected, but we only made a relatively small
amcuny of new product bocause of the sumall quantity of nuts processed ,becavuse of this
we found that we were ronsting very badly, although the cushew nut shell liquid ves
apparently at the correct tempersture. A check of the viwcosity of the CNSL showed
tnat it had increased from .230 N ‘/ma to 710 N '/ua. The oil was changed and the
roagt carried out po:foctly wells Table 1 gives an indication of socaking and

humidification and roasting times, shell and kernel moisture content obtained and

condition of kernels duriny the Culham trials,




PLATE 7: Raw cashew nut grader in TPI laboratories,




. Table 1: Typieul wcesults fron finol
in 1968 (1)
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oxperimental irials cuzried out at Culham

dadght
.aw Tatas
Proceas

Soazing amd
Panidifying

olature
Content ai'ter
ianldif sing

..2013 iure

Content afor

sonnting

e

.

1100 kgn

5 mimate soak and 25
hour haeidifying

Shell | 2rmal

P R X X L XY

1249,- | 109%

warnnl

.hole
Kemnel

(2)

Joanting
"Tonp

Ce Z/U'

14.4;5

180/165°C

1016 k»

10 mimate soal: 12 hoar
wumddifying and 3 minute
soak and furthex 12 houx
humidify

110&,-' 9. ,"u

(A

73,6

180/10%°C

907 kes

10 mimute coak 12 hour
hunldify and 3 nimate
scal: and fusrthar 12 hour
hunidify

9.8% 1 6.7

.

14405

4=

180/185°¢

224U kn

10 ainmuic soak 12 hour
hueidify und 3 minute
soek and furthexr i2 hour
huweidify -

'10&- 9.2,..

542

609‘&‘;

73405

180/185°C

68 kge

5 iimuito soak

24 howxr hHmidify and §
amte godls g further
17} hour humidifrins

149§ 10,8

5¢9;-

Cov

81.0

180/188°C

1136 ks

5. uinuta
humldify
soalk and
huniidfy

foak 8 hoar
1l 5 nimate
fuxther 40 hour

el

M| 116950

4.6,

79

78,05

160/185°C

8

Using ionyan Cachow Muts
Paroentare of oll kemela produoed

It should porbaps bave boun mentioned carlior in this papsr that we usod Dean

and Stark apparatun to detexmine tho moisture content of the #w1l (heating the shell
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in toluons and condensin: and separating the vapour so prodused). ‘he oven drying
sothod of moistium detexaination wa: used for the kornels, fixat outting taem up to
rieces of upproximately ymm x Jxm, or to obtain a quick rosult the infru testcr was
used on kornels. In this mothod thc small pleces of lernel of 3,5 A8 woight are
pluced on a suzll soale and are heatad by an infra red lmp above. ‘hen the aocisture
ic drivon off, alter about 30' mimtes, the moisture contont can be resd off ac a
pcrcantage, from « soale adjacant to the pan.
To obtain a rusonebly acour.te irpressio: of the effiolonoy of cur ;lrnt we found
it omzential to detorving the ouality of the nuts with w:ioh we had beon provided.
«¢ took enatoh aamrlec of 20 mats at n time frog the oonveyor altor the cleaner,
weished them, oponed taom up nd found the pexventare of aupty bad nuts. e found
that thic varied from 8.2:: to 19,7 bad mito, and this obviously hus a very uig effect
on the aypt;mut oifiolency of tho ulunt in recad to total outiurn und wiole kemel
3’ficlency,
~hile the UK trials wero in PO Toss, wrrangeuents wore fin:liced with the

Government of Kenya to saip the nlant to Lkilifi. .'e hud comploted our work by .ipril
1969 and had the »lunt at Kenya Cashews Lid by June 1969 (nee plute 8). 111 of the
equipaent was inctalled and tected within two woekB, and we then besan a series of
tralnding 2une to faniliavise the african staff with the oporations) teoaniques re:ilved.
~e ned cdocided thut u man with natucal machianioal ability olicuil Ve seleoted to contrel
the roastor in the ﬁi‘st instance and that his duties would afte;wards Le extended to
oover the whole of the process. hen Properly trafued it would be ais job to start
up tho plant md oontrol roaster temporature and timen, in conjunotion with kexmel
quality. He would not comtrol the staff, but would be knom as the Process Superviser,
The operutors would be comtrollud By a working chargehard or Staff Supexviser, who
Yould move the men and oopirol then to the imetrustion of the Procees Supervisor, It

| Vag also o;reed thot soakinr and humidifying would be controlled as a separite operae
tioa in the oarly stosen of Plant vunndng. In the event thic oystom worked axtreusly

| ¥ell wnd in two weelss the African ataff were mnnin:; the nl:nt proparly,’ and in four
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PLATE 8: Rouaster, cleaner and decorticator instzlled in Kenys.




veaks the I'rocecs Supocvisor wus conirullin : the whiola »lant, Lut 3till of courne

umior "PI ovarall supervieion. It was not long Lefore we cowld aotuuldly lanve the
oliut to b runy und our presence was not essontial: this of course uus the 503l
which wo hud hoped to aonieve (See plute 9). Yurins this sertod we careiod out o
larze nuaber ol éxparigq,ntal mang,, varying soisture contenis of hs 8, roasting
tines and ‘comp.smturos, and cheokiny the whoie ksrmel effioiency and outtumn,
Table 2 nivas some fiea in'rc.;:urd to the rosults wi:ich weun obtained.

“able 21 “yprical lesults Iro.a .xporimenial Trials cored s out at 1101 in 1909

’fi;::nr: ioisture
. v Con'ent aftor
ed Joaking und bafo: antent altor|
:;: a:?-.‘tn:: : ‘u?y' 4 Izwndzi:;in(’ Thuadiddifying stine | 4% whole
~roocesaed Timee ’ Teap kornels

!

Kernol | Shell | Zornel | Shell

1910 kilos 34";2:: ;::i"di"}‘;‘im 660 |87 | 9095 | 11aT | 160/185% | 7002

. 4 minute suak and . : . L) ~
2180 Idloe 24 nouss mueddifyins 79» 340y De3% | 10.T:| 180/185°C ] T71.1.

6 minuie noak nnd - : . | : ° :
610 kilos 24 hours haddifying Te6i» 1748 | 94 ]11.2.] t80/185% 710

- : 8 minute sork and’ 1. s g 3 I .
1210 kilos 4 h hweids fying TeTio 5620 1Wet5. 12,75+ ] 18C; 185°C ] 75.%.

Y 8 ainute soak and e : 1 . o
1910 Hlos | 5 cure humddifying | C+%- |88 | 10,0 112,00 | 180/105% | 7443

. 8 mimutoe soak and a . P °
L1*910 &u:f“ o tamddd fyd DeTic |35 | 9eTw J10.95% | 100/188% | 78.2

L

-0 found that with the ruts in their oundition at that time of de%~ wo. shall and

3050 o, kormel, o soukcing tine of eisht ulmules, with hwiidifying time of 24 iours,
{followed by roasting for 1.5 nimatsc at 180% Juva the bent reuults. In'thaea carly
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PLATE 9: Cashew plant being operated by African staff in Kenyg.




days va h.d some diffioulty in obtaining the actual outturn fiar:s, because the
kermele from tiie TPI plant and from Kenya Cashaws iid wexre pecled by the suse team

of operatlvos, and a certain mﬁmt of confusion resulted from this, Indecd, it was
not until we went back to Kilifi for the second time and nfter the plant hod been
running for 14 months Yaut we manated to jot a couplote piciure of 4he outtumn of the
vinnt. Tablz 3 shows the resulis we obtained durinz the finel wacks of pl.nt oporas
tion in Konya before we retuimecd to the United idnpdom. By this time it hud bean
sleoxly cst.bliched thot the karneis were white and of axtrensly ;ood quality, furtbore
wore the mumber of scorv.ies kernels wac swall and lower than the rroportion obtaincd

in the conventioual processing.

Tatle 3: Typioal vesults fras finel .xporimentai Runs carvied out at
141411 in 1970
(ernel.count after decorticetion und bLefore drying,peslin; and grading taes

. place)
' ey | sototun
~eitht of Soal: and Lefore sontent after
How Nate |Do8king : . \ flumidifving | Roacting | .hole
“roceused %g{m Hunidifying Temo Kornels
kes
Zhell | kornel | shell | Kernel
K90 ks " WIL 8.3 | C.2 180/185°%c | 835
1090 kze LIL e85 | 9.0 160/165°% | 83
1360 kgs KIL 10,055 | 9.5 180/135% | ez
109G kas - KL 9.25 | G.T5 180/185% | @1,
476 kon KL 9.2 | 845 160/185°% | 82
1090 krs ML 9.45:| 8.5% 180/185°C | 61»
wonfenn

% .o those muts had buen in store lacs than 3 montha and the raw moisture
oontents wera fairly hi.i tiey were nut 30aked and hwddiffed
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We could now turn to the necessary oxploratory work on cashew snell firiag for
the roaster. we checked the calorific vsine of shell from Ki%iﬂ and found that it
was 2040 x 103 Joules/kg and this of course .ennt that it wes quite a high quality
fuel. A nmau fire box .61 metres qubod was constructed of mild steel and fitted witl
a fire grate, & olower was provided to pu.s air through the tire bed, and thermo-
gounles were provided to measure the temperature obtained. This piece of equiprent
wus set up out of doars and no staclk was provided - the puseous products of combustion
were allowed to discharse strmight out of the back of the fire box at the top. Ve
found that we obtained temperatures in excese of 7950°C st the exhauat gaa outlet from
the firebox, and that the quentity of ash which remained after co.bustion was extremely
ssall. Our pilet plant fire box was made of mild steel and lined with refrectory
brick - and the duct wes made of mild steel with no lining, We made this prototype to
see that the methed we had in mind would give temperature differentimls across the
rouster heating tubes which were similar to those obtained in the Kilifi plant,

A mechanical otoker cupsble of feediny from 9.0 kg to 61 kg of cashew ahell per .
hour, with an air blower attached was fitted to the fire box and o damper was
provided to limit the amsount of combustion A1r as necessary. we had thought that it
might be nacessary to fit orifice ylates over mome of the tubes neerer to the [ire
box, but found that this was not required. Lven in ita firet form this aystes workec
extremely wéll and that we vere mble to obtain a very straight line from the
temparature recorder chart, when we were controlling s ruast st 180"0. or 185°C.

Vork was iomediately started on a cashew firing systes suitable for Kilifi and we
decided thot both fire box and duct should be angle framed and made of refrastory

fire bricks. This unit was menufactured by December 1969 and was given trials at
Culham. These proved guite sucoessful and we found that it wac even easier te cemtioi
the roasting tempersture using the cashew firing device than it had been when we had
gas heating. A series of test runs showad the following times ior raising temperature

and rate of fuel useage, both while tenperature wase being reached and when the plant
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wus actually proceussing. The averuse awount of fuel ugsed ouriar “light up" was

77 kg/he and the amount of fuel used dqurin; v roust wag %4 ki/ur. ™is indicated
Liat during un ciht nour process run with e two hour li ht .o }€riod we should uue
1% kgs of fuel for ligut uy und 2048 wke of fuel whi'e running, « total of 456 ks,
“e weuld norwally exuect to produce 130 .5 of sheil per hcur or L 4G ke of shell
during an eight Lour run »nd wouid, thorefore, use only 37% of our totul shell
rroduced for roasting. It followed thul we sho.l2 have 79 kes per hcur to use for
cther purposes, cuch as drying the cashew rernels Avoawratory to esling,

The cashow tusldl firing equipment was shi.ped to %iiifi in April 1970 .nd took
five dsys to instal. wWe found during the first lony trisl runs (hut insufficient
allowsnce had becn made for the very centiaerable thermal coeti’ieient of expansion
of the refri.ctory. hedificaticns were, therefore, m:de 10 tre duct at the point of
ontry into the fire box (cee plete JU und Ll), (huse proved quite cuccessful and
contrel was cervainly ns ewsy ac 2t ulham,  The /fricor opecators very ravicly
losrued to sight up aud coutrol the roaster sicing this method, and preicrred icv to the
veizinnl gus Jiring system. Turle 4 indicatee tie sheil made and sheil vsed during
n series of runs, and 1 nave . lso indicateuw the woi ni of sermcls, ercestace of all
wholes, vercent:;ie of wuite weoles wnd wots! ouiturn wurin: euwch run.

Table 4t Typical iesulle of Shell made anu useu during ~iperimental Runs carriad

out at Kiliti 1y70 . ..
(Kernel count aft:r decortication and befure drving, peeling and grading turkes nlace)

welght of ' Ghell usced Overnll
dow Nuts |Shell wede| Shell used naring douriy rate| Roasting | i wholes
krocesced [ kges kgo ten ersture | of whell Temp
kis | redsing k. | useuie ke
1090 ke 502 )13 19 i 140/145°C e |
oo w08 et g e o = e ........-......* s e o et 2 s > o e e L e o oy« ao——- n — -———
1090 kga W62 76) J 170 57 180/185°%C 83,
[ P — ......{ b v - vane evim aroma il s B vh i o mdleen . e s e I om—— -
1090 kgs ] oo -1 376 148 pL 130,/) hSOC 83.
SRS TSROV SRS S
1560 kgs 600 L 571 153 56 L 180/185°% EPH
I = e el e i e e e ek e reniae e v b caa o el e e e e —
1090 kge Y4 | 346 164 60 180/155°% 815
SRS [N ST SUSNUURUURIUEY SIS NEUIDRPPIUNN SRPUPOUNN
1090 kes | 505 % 116 58 180/265° 7%

[y

Theae results ure aufter 4 hour duration trials. osee text anove for resuits from
b hour trialiu.
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Table 5 indicates tha ra0uls orf Trins a typieal Tour houxr output from the
TPY plant at 0 Ltd.

Tabdle 2: Tynicald Gruding rasulis from sxverdnental ung serried cut ot Rilirg 1970

(Kernel count impediately urior to canning)
ot , ‘ , . . ¢ Sradnd karmels
ngi':p:at:f - all 1o wmite] R e “onmal) fuﬁ? 0. peraentae
Proge.ced | V0168 | tholes | butts Ploc2s | 5p11ts | Pieces | B . of
: ~erne -nw il Jed-ht
. - A sy
A3 kg 5001 | 1,45 9.5, 90 1 26 | 19,00 [ 1.5, 2345;.
“ .1M-m~
1090 ks | 54.5;. G702 FGet | 1005, PS5l 210G | 1.k 23.5,
1‘\"9C 1:;':3 ) Sb'j;' 4‘)0‘7' '0'01 100‘:, 1QU,~ :-'10(" ‘05',-' .’4.4:
r ) » : .....-r-..‘...-...-.--
1360 kns |32, 4.4 FRLL RN I TOOR Te 5. 23.35. 140, 23T
W20 ke 151.3. | 5.0, Sedic 12,00 | 2,35 el | tedl 2.0,
1096 I:m S8 50,4y 7.%. 11,0 240 18.05; 2.0 2} 2.
[

~ifference netwoen 100, w-:n—d- the yiercenta:foa above when totn)led i3 cnused by bad muts.

Tue kemiclo, alter Jo win: the ~lint wita apurekitetely S5C. of the tcita romoved
auerin: tha dacortication frocers ace 't in bankety ¢q0: holding 4,05 ke of Xemncls
ABC L8 Aried Sven wooul 6.3, ey deen to 3.9 me, in & pavallfin he.tod delex, "hoce
e drdod ot 70%C for 6 houps and then the drfor 13 wmut down. The vernels are
ranovel a!’t:'p._.-'s HOwm 0 ame tom pevsl by hund, »padad ara wealed in tinm, aach
tin Loldtn: 10,1 £ of Lrenels,

“ho nnd [aaless i the toula fion the 2T ren:tod Lurnelg musit eaaior to
reQove, ullaey dryin:, taes tie X3rnals which have bdbensn Jrocuueed in the normal way
by K0 Lia.

Poliowiny ine suciesolul irjal poriod of twe years i ionyz arranganents wepe
mde for the Sturtevant dgdneoxring Company Ltd, Hamiyn ilouse, dthyute 11, Londan a9
to manufacture the £l at wnder licarce, The vritor assisted in the comiusianing of
tis fivet two units at the frctory of Sacoor Tavarcs in iourenco Laryues,

The results obteinod were very alzilur to thoue from the uniis 3¢ Oulham and
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A14cd, It wos found possibla to prolucé 80w of whole kewnals after decorticationm,
if the rew mi fo2d waa limitod to 216 Koa/liour, with the feod increased to 272 Ko/
ilour the whole kerncls dropped to 70 ~ 73%. (8¢e Mable 6 below). The dasxes of
ChSL contamination of the kenﬁels after peelin: was 11.9 pme usinz the thin plute
chron: tosraph metiiod,

Table 6: Typical Nesults of ¥ esimenta) duns cacciod out at Lourenso larques 1971
(These resulta are from commiassioning trials and ‘should imvrove fMirtcer uhonﬂprodugtigq

’

“olsture

B e o

woisture
veliaht of Tourly T'eed | .. &?tent Cortont ~fter !
daw Muts | " tg | imole Soaking and at a:;“mg midifying |
Procossed | - Kernels | Humidifying Times | ¥ |
in Igs .
Siicll | Roxrnel | Shell | Kcrnel
1 hour spray 2 nour
humidify + 1 hour
. . | spray 2 hour _ : : . y
spray 48 hour
hnmidify

1 aour apray 2 hour
hamidify + 1 hour

. . sprny 2 hour : -
2150 kes 240 T2 | puntdicy + 1 hoar | 13:5+| 8:0- [1745] 9.0,
spray 48 hour
h'.midify

1 howr spray 2 hour
hunidify + 1 hour
2150 kom [ ze7 T5et | omtaify o 1 tour | 80| 6e0% | 14eds | 12008
Joray 49 houxr
hunddify

1 hour sproy 2 hour
humidify + 1 hour

snray 2 hour : .
408 kae 240 82,1 ‘.1tmi§ify + 1 hour 15eTie| 9405

spray 48 hour ‘
nuddify |

Une vary inlexrdsting point emorsed during thoce trials. It waa fognd that there
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ia 2 cansideradla 34 ference botwesn the soniing nnd roustin: cuarnotariotiies of tae
douyan :nd the tozambique cashcw mats. To groduos themaxiuum cuantity of wholo w.ite
#ornels after decortic.tion, it wag found thut it was necausuxry to procandition the
Zaw mts 10 give a 3hell moisturo content of 14 to 16 and a‘komnel modnture ountent
of 9% to 12 vefore Tousting, The soaking and humidifying tochnigues used for Kenyan
mto wore not 'nppropriato. The nmethod which proved satisfactory and whilch vac adopted
was o spray ihe mats for uno hour, leuvs for 2 hours then spry sradin £or one hour.
Jith throe aprayin;a of this typc followed by a 40 houxr humidifioation poriod tne
moistuca eontant of the kemels could be increased from 7.« to the 1. requircd. ith
tacae incieased molslure oonlents it was nceessary to roast ot 195°0 insteow! of the
180 - 105°C roasting toaperotures ucod in ilifi,

LYY
(] 4

1 Unly ono supervisor and 8 won rquired to operute a 500,000 X; por year unit,

2 low capital cost.

3 Unitc ocan either be used individuully in s villare or oo~oporutive, or colleoiively
in a factory.

5 Operation iu onsy to leam und te carry out,

6 Lo fuel for roasting (or drving) 1o wvequirsl und mwnning costs are thorefore low,

7 ‘e ploat takes up a small smount of spaoe yer unity ond buildin; costs ure kept
down,

8 .dthmgh_m sophisticated decortication syatoms oan obtaln a highexr porcentage
of vhole korqoll aftor decortication, the Lreska~e rate durin: peeling is oomsider=
ably hizher than wit: the nlint umior disoussion. This is bocause the cntlex
method of reucving the kexrmel in the former proceas produces a lurge number of
apparently whola karnels, already soparsted at the cotylodan, and thoue beocome splits
when the toute ia removed. Thoge kemels wonld uperr au splits after docortiontia}.
with the TPI plant, uand by ucing the ocorrvet proconditioning and roasting technique
up to 60fv of waole kernels may be available for canning.

9 The rousting system in very easily and accurntely controllod and by using cocxractly

praconditioned muts cun produce 94 unscorched kornels.
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Rr.¥.J.D. Jown, Ohief .Xxcoutive, and tho dosirn and mamufosturing steff of
Stuctevant inzincaring, Ltd, Hamlyn lMowso, Mzhrate 7idll, londun I19 are clso taanked
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nodel,

it

B O N i R e
S A R G BN 8 e




Digtr LINITED

ID/16.8%,/16/5nwany
12 August 1971

United Nations Industrial Development Organization ORIGIJAL: ENGLIS:

Expert group mecting on mrocensine
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SUMIARY
/ )
FXPERTITENTAL {0RX AI'D OVERSEAS TRIALS OF 4 &
CASHEY NUT PROCESSING PLANT DESIGNED 4ND
SUILT BY THE TROPTCAL PRODUCTS IWSTITUTE

oy
L.G. Coward
Principal Scientific Officer
Tropical Products Institute
Culham, abingdon
s3erkshire, England

The cashew nut has a spongy shell enclosiag a :ernel covered in testa or
peel. The shell contains cashew nut shell liquid (20-25 per cent by weight) wirin..
is toxic and can be polymerized by heating. It has been established that one
method of removing the shell, and keoping kericl damage to a minimum, is to roast
the nut until the relatively eoft shell becomes crisp, three or four taps from &

piece of wood, delivered on the plane of cleavage of the nut, will then relcasec
the kerncl.

The increasing demand for cashew nut kernels by the more sophisticated countric
has brought a demand for mochanization, and somc quite complex and expensive
decortication plants have been produced. 'ith a view toward encouraging villagc

i devolopment, the Tropical Products Institute was asked, six years ago, to develop

2 small, inexpensive and simple decortication unit.

i/ The views and opinions cxpressed in this paper are those of the author and
do not necessarily reflect tho views of thc secretariat of UNIDO.
This paper has beenrrcproduced without formal editing.

id.71-6361




2100 poview ol wny Possible methods we decided that jt would be best to us
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Yoo the dotormy, Pl pr he: Loistpe tomtient o1 the shell,
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ifter the machincs had been run by the factory operatives for a fow months we
added n cashewshell firing device to the roaster, This consisted of a fire box fed
with cashew shcll by means of a mechanical stoker with forced draught. The hot
gascous products of combustion passed through 2 duct from the fircbox through the
24 transversc heating tubes in the roast.r ond via a stack to the atmospherc. ‘e
gave this couipment trials in the United Kingdom before shipping it to Kenya. The
trials in Wngland and in ¥onya were very satisfactory and the African operatives

found this roaster casicr to control than when it was gas-fired.

“he grading results from the Yenyan kernels showed that from 51.3 to 59.1 per
cent whele kernels were canned, and this was considered to be very satisfactory.
Peeling of the product aftcr drying down to 3.9 per cent m.c. was found to be

slightly casicr than the kernels which were produced by hand cracking.

The successful trisls in Kenya were followed by trials of two production plants
in Lourengo Marques, Mozambique., The machinery was manufactured by !lessrs. Sturtevant
Engineering Co. Ltd. (J¥) and very satiefactory results werc obtained. “hole
kernels produced ranged from 73 to 20 per cent of the total produce from the decort-
icator, depending on the rate of raw nut throughput. Tt was noted that difforent
soaking and humidifying tochnimice were required for Mozambique as opposed to

cashow grown in Kenya,

Having described the work carricd out to date, the report is concluded by

listing the advantages of thc TPT/Sturtevant plant.









