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INTRODUCTION

UNIDO eoncluded Contract No. 7)/) - Project No. DP/GAM/72/004 -
for a Feasidility Study for the Commercial Exploitstion of
Kaolin Deposite in Gamdia with Polytechm.

All the field activities, teeting of rew materials, technical
ant tarhnological evaluation, es well as market and sconomic
study were implem: ‘ted by the Institute for Ceramics, Refrac-
toriee snd Raw Materials as subcontractor to Polytschna.

The mein duty of the contract was to svaluate a sscondary

ksolin in order to improve the poesibilitiee of industriali-
sation of The Gambia. However, the tesam of experts in the

field found that no kaolin but kaolinitic claystone was avail-
able in the upper part of the country, In respect to this s»i-
tuation it was necessary to accommodats the technical psrt of the
contract in such a way thst lsrge scsls trials connscted with
the utilisation of kaolin wers sliminated, Because ths main
utilisation of kaolinitic claystone was in the field of ceramics,
the above mentioned trials wers replsced by trials of firs bdricks,
fagade tiles and cement production which were not included in
the Contract.

The preesented Tinal Report discusses the prodleme according to
the Contrect with regard do the above mentioned changes in the
following chapters.
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Conclusions and recoamnendations

UNIDO Contrsct No. 73/) was fulfilled as described in details
in this report. As result sre the following conclusions and
recommendations:

1.

2.

5.

It has been found that keolin is not suitable for paper,
rubber snd cosmetic induetry. It is actually keolinitic
~1nvatone which is euitabla in combination with other raw
materials for ceoramic industry.

Other raw materials sampled in The Gambia such ss clay Fatoto,
clay Besse, sea shells, quertz sand end laterite are eleo
suitable for the production of different cersmic items.

Only laterits is too rich in iron end may be used only for
the production of dark coloured products.

Gemhian raw materials were found suitable nemely for the pro-
ductlon of wall tiles, floor tiles (mozaics), sewsrage pipee
and refractorias,

The body composition consists of the above mentionsd raw ma-
terials in various ratios. The reserves of kaolinitic claystone
were stated in a quantity of 576 000 tons what mesns they are
sufficient for more than 20 years. However, the reserves of
the other ceramic raw matsrials are not perfectly known and
ahould bs stated before sny industrial activity is aterted,
For at least twenty years production of items mentioned in
this report the following quantities of rew materisls ahould
be geologically and technologicelly teated:

Clsy Fatoto 30 000 ¢
Clsy Basse 24 000 ¢
Sesshells 1% 000 ¢
Quarzsand 18 000 ¢

Befors any decision to build a factory is taken it would be
necessary to make large scele trials in e quantity of about
100 - 200 a? or tw tons of every ites. It ia to be mentioned
that the remaining atock of kasolinitic claystone ia depoaited
in Csechoslovakis and will be sufficient for the above mentio-
ned large scale triales.



6.

te

9.

-‘-

The Gambia has no expsrisnce with any industrial cersmic pro-
duction and therefore it is sdvisable to build in the first
step a ceramic pilot plant. Algso sconomic and market views
support this asauaption. After a possible erection of a facto-
ry for production of mosaics and wall tiles, this pilot plant
mey be used ss a factory shop producing gift items.

Lue uurket atul - shows that wall tiles and mozaics in quanti-
ties of 1000 tons each end gift items in quantity of 50 tone
per ysar are saleable in The Cambia and the naighbouring
countriea provided that 75 % can be exported.

The economic study confirms acceptable production rentability
of the ahove assortment. However the total economic effect ie
based predominantly on the profitability of gift items.

With regard to points 1. - 8. it is recommendable to stert
the ceremic production in The Gambia by erection of & pilot
plant which would be the first step towerds industrisl appli-

cation of the local ceramic raw materials, UNIDO should support

this activity with experienced experts and in this way promote
the industriel development of the country.
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1) Tield activity

The following team of experts left Csechoslovakia for The
Gembie on 8 March 1973 to fulfill the tssks in the field.

Ing. Jan Dlfevo team leader (economist)
Dr. Jif{ Bablrek geologist
Ing. Josef Frante mining engineer
Bofivo] Haték technologist

Duration of the trip: R,3.1973 - 7.4.197)

Officers contacted during the field trip:

Senegal: Mr. Tilot, Senior UNDP Field Adviser for West Africe
UNDP Office, Dakar
Mr. '. Myslil, UNDP expert, hydrogeologist in Senegal

¥r. Pattinson, Tnstitut de Technologie Alimentaire,
Dnkar

Mr. Schwob, Institut de Technologie Alimentaire, Dakar
Mr. Depuylort, Director of the firm Prochimat, Dakar

Gambia: Mr.%.F.Harper, Resident Representative UINDP in Bathurst
Mr.John Jonas, Administrative Officer UNDP, Bathurst
Mr.Xlumm, Officer for technical projects, UNDP Bathurst
Mr.A.A.N’Jai, Lands Commissioner
Mr. Ireton, Development Secretary, President Office
Mr. Bol, Planning Officer, Ministry of Local Government

Mr. N’Sowe, Permanent Secretary, Ministry of Local
Government

Mr. N’Dow, Permanent Secretary, Ministry of Finance,
Industry

Mr. Blaine, Division Commissioner, Basse

Mr. Abus Suud, Development Bank

Mr. T.B.Foon, Commissioner of Labour, Bathurst

Mr. Ignacio de Guzman Noguers, Development Bank

Mr. Gibril, Centrel Statistics Division

Mr. Roberts, Central Statistics Division

¥Mr. Chelleram, Chief of Chellerams Company

Mr. Jobe, Customs Office

Mr. Van De Poll, Ministry of Agriculture

¥r. Christensen, Permsnent Secretary, Presdident Office
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The experts errived at the Dakar Airport Yoff on 9 March 197)

st 07.30 GMT. The same day, few hours later, the team of experts
contacted !'r, Tilot, Senjor Industrial Development Field Alviser
and discnssed with him the taaks to be fulfillei in the field.
During that day Mr. Tilot arranged slso the necesary Gambian visas
for the experts,

™o firet officisl meeting with Mr, W, F, Hnrper, UNDP Resident
Representntive 1ok i1nce on Sunday 11.7.1973 becsuse lMr., Harper
had to leave on Nor: y 12.3.1973 the Grmbia for 3enegal. During
this meeting the experts e:plained their llens for implementation
of the project tasks.

Monday morning on 12,3.1973 the experts visitel the UNDP Office

and had & meetinc with Mr, J. Jonas and Mr, Klumm, Later on the
same day they visited the Lands Office and had a dirscussion with
Mr. A. A, N'Jai, Lanis Commissioner, who was responsible as e Gam-
bian representntive for the project. Such problems as room for ad-
ministrative work of experts, room for 1naboratory and samples, pro-
enrine cars anl trucks, tranarort ot enllect~l samples etc. were
succesfully solveld durine this meetin; and durins meetine on
17.3.1973.

Mr. Rabirek and Mr. Franle left Pathurst for Basse on 14.3.1973
morning while Mr. DPevo and lr. Hatsk continuei in the official
discussions., Together with Mr. N'Jai they have visited Mr. N’Dow,
Permanent Secretary, Ministry of Finance, Industry, Commerce,

Mr. Sehou N°Jie accompanied !Mr, Bablrek and Mr. FranZe to Basse in
order to help them with the organization in the field namely with
hiring of labourers.

Immediately after srrival to the minig area it was started with
cleaning of previous geologicsl test pits and test trenches that
had been opened by Mr. Veltheim.

In order to cover completely the field of kaolin few more pits snd
trenches were recommended and dug. Tbgothcr 20 pits and trenches
were cleaned and dug but only 16 were used for sampling because the
remaining four were negative on kaolin., All the pits were dug down
to the base - red sendstone,
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The depth of the pits was from cca #O0 cm to 6 m according to the

composition of the kaolin depcsit, Two main areas were eampled:

Kundem area (Kusa Burey, Kundem Demba, Tiri Konko and Kebe Konko)

= 14 sanples and Mane Kunda area - 2 senplas, '

All samples were prepared in such a way that the raw material was
collected through the whole depth as well as through the diesmeter
of the plt. Orisi~ ~f 2171 1A samples was marked on simple maps

(gee Fig, o 1, 2. ™),

Except knolin nther raw materials auitahle for the ceramic produc-
tion availahle locally were also sampled,

A1l 1% samples were preparel in a quantity of 60 - 120 kg each, [
Every suample was carefnlly packed anl inserte? into steel drum and '
go preorapr> for shipment tn Barope, The total weieht of 16 samples

of kaolinitic clny i3 approxim tely 1200 kg,

To sceod nn testine of the elav and sther sampled raw-materials,
1t was 4~ ta 3end by air via Lalinr averaye samples to Prame,

The tatal wei~it of a1l samples sng 50 ke

“Mile Mr, AahYrel) Yp, at4k and "'r. Frande oreganized the activity
with Hir~in~,sarplire sand travepart of sanplee of kaolinitic clay
and nsther e4110cted raw mnterinls inclndine packing and putting
anida to the atesl AdArums, Mr. DFevo continued the 1iscussions with

1henl nanthinrities,

A liarissinn with “r, Christensen, Permanent Secretary, President
Office, with ¥r, 3ibril and Roberts from Central Statistics Division
of the Presidents Office, with Mr, I, B, !, Jobe, Customs officer

ete, tonk nlnce,

o0 2.4.1773 a meeting with Mr, Tilot whn came from Daknr to Bathurat
wag errancel, Mr., Tilot was informed by the team of experts about
the stituatinn in the field activity as well as about the future pro-
errmme in shipment of sa~plea, testing of collected raw meterials
in J35R. “'r. Tilnt evaluated prsitively the activity of the team
and recommended utilization of raw materials namely for a cersmic

productinn.,
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The ssme day afternoon a meeting with the Resident Representative
Mr. W. F. Harper was arrangei. That was actually the conclusion

and recepitulation of the field activity in Gembia. Mr. Harper
stressed his satisfaction with the job of all members of the team
and expressed his hope to help the Government of Cambia with utili-
sation of local raw materials.

Becsuse the ship to ... mburg was delayed it was necessary to arrange
loading sfter experts’ departure from Gembia, The Lands Office,
namely Mr. N °Jai, Lands Commissioner, promissed to be in contact
with Elder Dampster Lines and to ensure the shipment of 13 steel
drums. The team leader already received his ceble indicating 12
drnms having been shipped from Bathurst on 24 April via iiamburg.

The last meeting in Gembia was with Mr, N‘Sowe, Permanent Secretary,
Ministry of Local Government, This meeting was actually the official
conclussion with 1local authorities of the field activity in Gembia.

On 3.4.1973 at 21,00 GMT the team of experts left The Jambis for
Daker. The team returned to Prague on 6.4,1973 at 21,30 GET.
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11) Geology, mineralogy and petrogrephy of the Gambisn ceramic
raw materials

1/ Summary of the_results and recommendation of fur'ier

rocngpiregiinpong=y 49 PR T R Prorragiigheiigheaimiy - R L R R il

In spite of the fact that previous rasearch done by 1. ¥
heim in this area indicated kaolin, it has been fourn' '
these layers are actually layers of kanlinitic clayatone with
a relatively high content of fine silica. In the surrauniic -«

of Basad and Fatoto on the river Cembia & number of Zdeposite of
thiis raw meterial has veen found. Only deposits af =nke I,
. Sanka Bari II, Tlri Konko and ¥ebe Konko are of intusi i} s,

ficenca. In this erea the kasolinitic claystone is minab.e from
the surface because the ratio overburden: raw materici f& - riro-
vimately 2:1. It means, that on 1 'on of minel v poate ey
may be countai with less thnn one cuhic meter o»f 1lle vl
which s built almost from rk rel 1 torites and ron.o s
containing iron.The expected exient of lreolinitic ¢ cut as it
deposits in hundreis ofmillions tons was not confirmei. Tn sur-
roundinrs of Kundem and in t':2 Bassé area geological ressrves
of 1ittle more then 520 090 tons were found, According 1o the
research made in the field and in conformity with the ldhoratary
testing it wes certified that horizontal as well as veglcql VIari-
ability of chemic2l end mineralogical composition of kunlindtic
. claystone is not too hich enl therefore homogenization off the
minel raw materiel will be rather easy. The raw mateyisl may de
used not only in the body mix of different ceramic prolucts tat
also in the production of refractories (fireclay bricks).

Except the kaolinitic claystone deposits of othar lwo hishly
plastic clays have been found in the Basse and Fatoto nreu,

foth of them are kaolinitic clays with a higher content ;onunria.
In spite of the fact that it was not possible to verify thc quan-
tity of the clays, it wes possible to test their qualitv for tue
production of various ceramic items. One of them, cley Jas:-, 18
also suitable for the production of cement as correction cluy.
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In the delta of the river Gembia there are deposits ef quality
quarts sand and sea shells built of aragonite, which mey be sui-
table for the production of various ceramic items as well as for
the cement production.

All rew materials are minable from the surface with a relatively
low expenses. Minig may be done either by labourers only or by
~nin~ machines such as scrapers, buldosers etc. A short distance of
the clay deposite “rom the river Gambia assumes 8180 low transport

costs of mined cla;s to the factory.

Before any final decision about industrial exploitation of the

kaolinitic claystone deposit for local ceremic production is

taken it is recommendable to ascertain geological reserves of
other two plastic clays in Bassé and Fatoto area as well as

of white or off white quartz sands and aragonite sea shells.

For such an assessment it will be necessary to dig e certain

number of pits snd trenches, take samples which will be evaluasted

on their technnlogical and minerslopical properties; according

to the obtained results it will be necessary to calculate geolo-

gical reserves of the above mentioned raw materiasls. Further it

mey be recommend2d to find the primary rocks from which our keoli-

nitic claystone was developed by erosion and sedimentation. Here

{8 the hope to find the primary kasolins somewhere in the upcountry.

2/ General geological situation

The researched area is as far as geological situation is
concerned a parﬂof Senegal-Mauretanian basin. The basic rocks
which do not appear in Cambia on the surface are actually diffe-
rent types of granites and gabbers with other metamorphic rocks
of Paleozoic and Gamlan age.

The thickness of overburden Proterozoic and Tertiary Rocks

is not perfectly known. The search for crude oil and gas in The
Gambis has shown that their thickness is more than 4000 meters.
T™he territory of The Gambia is built by sedimentary rocks of Ter-
tiary and Quartarnary ages.
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The Maestrichtian - (the end of the Upper Oretaceous) is developed
on s rather big territory of Senegal and The Gambia and is built
from layers of sands, sandy clays and clays. In some places har-
dened sandstones (with calcareous or clnyey cementation) are de-
veloped. The petrographic variation of the sediments is in hori-
gontal as well as in vertical direction very high. The thickness
*f ~Atmenta dnnresses from east to west.

The Plaeocene - iz daveloped predominantly in the form of lime-
stones and transitions into marlstones. The thickness of these
layers is approximately 50 to 20 metres. These rocks represent
the main water bearines horizon in this area,

The Lower Focene (Lutetian) - appears namely in the west part
of Senegal and is built almost entirely from clay sediments.

The Middle %ocene - i3 compogel of two stnges:
I) the Lower J.utetian - marls and limestones
11) the Upper Lutetian - mostly limestones

The Olignhcene-Miocene - sediments are represented by marls and
clayey limestone. These sediments are known namely from Casa-
mance area. In the upper part of river Cambia this formation is
developel as sands, sandy clays and clays of various colours,

The latest Tertiary sedimentary cycle is represented by so -
called Terminal continental series resting discordantly on the
preceding sediments. This cyclus of seiimentation was accompanied
by tectonic processes. The Terminal continental series is deve-
loped in a whole range of facies from sands to sandy clays. The
series is developed almost on the whole territory of Senegal and
on a considerable part of gambien territory. In the alluvial
plain of the Gambia River these beds are mostly denuded. In the
direoction towards the interior of the country a higher thickness
of the Terminal continental series can be observed. The basal
detrital kaolinite has been known in major thickness (up to 10 m)
from the Kundam area near Basse,
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The Quaternary - is developed in ssversl facies.
In the alluvial plain of the Gambia River and its tributaries,

these facies are grey mud clays or variously coloured clayey
sands to sandy clsys. On the Atlantic coast, they are mostly
blown sande of different ages. At the lower course of the river
Qambia, near Cape Mary, rether extensive layers of lacustrine
laterite occur; these are accumulations of material coming :
trom ¢roled lateritic soils and laterites,

In the area of brackish development next to the mouth of the
river Cambia, layers of shells occur along the whole coast,

3/ KXaolinitic clays in the Bassé ares

3.1, Geglogy of_the_deposits

As mentioned above, in the Continental Terminal series also
layers of kaolinitic clays snd sands have developed. After sub-
sequent chemical processes during lateritic weathering the de-
position of d2trital kaolinite 1s regarded as the beginning of
the sedimentation of the Terminal continental series which was
deposited discordantly on the preceding Iliocene sediments. The
layer of detrital kaolinite filled the unevenessea of the ground
and, therefore, the total thickness of the originally deposited
detrital kaolinite may vary considerably as well s its areal
distribution in which especially filling of earlier water courses
etc, can be expected. The layers of the kaolinitic raw materials
were exposed to the lateritic weathering., Namely in the upper
parts of these layers it is possible to find a higher content
of iron compounds and therefore a characteristic rel calour,

In the Kundam area the following lateritic development can be

observed:

I) On the surface there are visible parts with characteristic
red colour indicating enrichment in iron compounds; there
are abundant iron breckties, and sandstones with a spongy

texturs,
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II) A duff - coloure! horison, purple, orsnge, violet ete., sruluanlly
passing, froa above downwarde into a sandy kaolinitic claystone,
with 1irony coatings on joint planes. The total thickneas »f this
layer varies between ahbout 4 - 8 m.

III) Compact "kaolin" (kesolinitic clsyaton?) of white or aligshtly
purple tint with purple coatinge on joint planes, Its thickness
variss around 2 - ) m,

In the course of erssion caused dy the developm2nt of the valley of
the GCambia River s very dissected margin of the beds of the Terminal
Continental series developel, and the border of the "koolin” layers
was shiftel by several metres downwnrds Jue to the solifiuction
processes. These shifted layers usuelly display s geolovical settins
favourable for exploitation.

In the large surrsudings of Bassé rll up to now known and economi-
eally sicnificant deposits of kaolinitic claystones are concentrated,
specified by Mr. Veltheim as "sedinentary kanlin”, For this territo-
ry Mr, J. Fran‘e made s geolozieal map 1:5070 which is also enclo-
sed, Denosits of kaolinitic claystone were found very clnsc to Based,
Sanka Bari and Sanka 3»ri II, Xebe Konko and Tirl Konko.

A characteristic geolozical profile through the deposit in this

area is as follows:

- the underlayins beds - red, weakly consolidated sandstones

- the lower layer of the kaolin claystone - compect claystone
disintegrating into cocree lumps, coatinz of iron compounis
on joint planes. The kaolinitiec clayetone is toush, non-sandy,
whitish, 11isht gray or slightly purplish; it cannot be worn
away by water; it can be iressed into e plastic toush by fine
grinding only. The richness of this lower lsyer 1s 1-3mnm,
usually 1,8-2 m,

- the upper layer of the kaolin claystons - transition from the
lower layer is unconspicious, manifeseting iteelf by an increased
content of fine quarts and & higher amount of iron compounds;
in the upward direction it looses the liadbility to disintegrate
into lumps and paeses gradually into the buff-coloured horizon.
The workable thicknese of the sanly clayetone ie about 1,5 - J m.
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= the everlying beds - buff eoloured horisen of veriabls thickness
9 - 8 8, bearing on its surface & layer of irony sandstone of
sbout 1 m thickness is developed.

OGeological reeerves of kaolinitic claystone in the large surroun- ,
dings aree of Bessd are acoording to our existing knowledge sppro-
zisately ae folowe!

Kebe Konko  ....s 68 200 ¢
Senka Bari cosee 403 000 ¢t
Sanks Bari II ceoe 16 m t

Tiri Xonko secvse ,’ 200 ¢

Totsel 522 900 ¢

The occurrence of kaolinitic claystone wae also tested in the l
close surroundings of Bassé. This raw materisl is slso hsre de-

veloped in thin layers of 0,) to 0,6 m thickness snd 1s strongly
pigmented with iron compounds.

Therefors this part was not celculated as geologicel reserves.

3.2, Yiperejogigel and getrparephicel_cgegogitign of kegljnitie_
0 claystones_

Froa industrisl exploitation point of view of every rew material
1t 1s very important to know except its geologicel reservss 8lso
sinerelogical composition indicating useful compounds end impuri- |
ties. Purther it 1s very importent to know its varisbility 1in
quelity in verticsl snd horisontal direction of the deposit.
Por this reeson the ksolinitic claystone was sespled in short
distances in the pit No 8 snd trench No 4. These seaples were
tested by chemical snd mineralogical anslysis.
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Chemical composition of samples of kaolinmitic claystone from trench No 4

Table Yo 1b

] LB i ||
] [1] "
[} n n
] W WK © © v I v o n v "
: © "o o0 oo cCc o oo 1]
C' “ iy - L 3 - - - - - - ||

s aul N O O 0 0 00 O 0O e o |:
] n 1
] " "
' fl "
] n 1]
] " "
) (-] n N N 9 &N N N v N 1]
] & N OO0 0O & OO0 o000 1]
] ' " - L] 3 L) - - - L] - 3 "
: | J n © ©@ 0 O 29 o O 00 u‘
n 1

] (1] 1]
] " "
] "n ¢ ™o o 3 v ¢ - €0 n
] Q n o & o O O C O 0O O "
] [} " - - L] - - - - - - - "
! (5] n © o O O o O O 0 "
[} n ]
[} " "
] ] "
! (] "
[} (1} [ ; Vo IR TR BN T "o BN o B, .. 4 1]
] [} n o 0O 0 00O O 0 © O "
] b " - - - - - - - - - "
: | n o O O oo o O O "
1] "

] 1] "
] 1] 1
] - " o . ° h
] o) || [ I ] [ 1] [ 1
! Q N e ) W OO 8 8 - O "
] ot 1] “ o & @& & a & & o @ "
} [l " a1 &) O A e 0O "
[ 1} 1]
] " 3
] I 1]
1 " "
| " 1]
[ ™ "
[} Q [T A :g O - 8 @ © e~ o 1]
[ [0 2 TR W - w - - O O 1]
} Q 1] - “ - - - [ LY LY LY - n
'l ' % TR o) I o) B ot S o | - 0, e~ N 0 1}
n "

[} " "
| " n
] " "
] e 1 e~ w C} ~ - ¢ O N |
: Q TGRS BT e I« T~ T =R g e B o2 "
(&) ] " - - - N - - - - - - 1]

) -t n o - 0O O ™o D n
! -t (I e IS o TR oY B oY B of BN A BN 1l
] " il
| i "
! 1l "
| M9 O QO Dy "
[} (o} "N t= 0} &>~ >~ - PR S I e B 7o B o "
] o 1] - . - - L3 . - - A - "
] wd 1l Ol » - O i) = = =~ ] 1]
[) n N IN © © O NN 1]
[ 1] "
] 1 ]
} It il
| - i "
| -] "N W M O - Q I e g "
[ noow o g AN cr G ¢ T ]
I 2 ¢ .Q H - - - - - 'Y - - [ - It
' = O " - O R o o ;M O O "
] a—t I - - 1]
[} " n
() 1} "
] " "
[} . ]
] n ]
! 1l n
: *; e« # § 4 7 8 a2 & 0 "
[ "

] ] N O Y O oS 1]
] ™ I - e wdt i = O "
! [ 1] L}
] - " ’ ¢ . (] ] ] ] ] HI
] © " [}
] %) H o €3 -+ O gn @ N ¥ © @ 1]
] " el e e "
[} 1] n
] W H
[ . M e e e s - i




Table No 1la shows chemical composition of keodinitic claystone from
test pit No 8, which was locsted clnae to Kundam, spproximately

1% km far from Bassé. The contont of A1,0, (A\lumina) varies in ver-
tical direction very little and irrepulnrly in depenience on the
deepncass of the pit. The same is valid for varintion of iron

oxide and 1'102. The content nf alkalls 15 very low. It may be
aniA that chemical composition does not show any dependence on

the daepneas of the tegted pit aa far ns vertical direction is
concarned,

Slishitly Aifferent {s the ~ituartinn with the trench No 4 (approxi-
mately 300 m to the s nth from the pit No 8), Contant of ailica
increna~~ nndY content Af alominn afmltoneously decreases o the
base of the lennsit,

Also {rn oxile Jecreases {1 thia direction, The varintion of alu-
minn eontont {a vialble alsn maeconeaplecily, it menns that contant
of very fine mnartz aand {nerrcrnea in vertical diveetinn,

Tha DTA (D1 forencinl Therm:1 Annlysiaz) curves show only characte-
riatienl rnlo- and avothermic renstionas (ma-Pmm with 610 °% and
995 1) and do not ahowy any nther perke iniienting presence of
miner:il . Alao the base of the lepaait »hieh ia dbuilt from red
ealymr>l anniatanes contnins A amnll amount of clay wvhich has
the anv2 mineralyrical composition,

T™e X-ray Aifraction annlyais does not show presence of other mi-
ner~ls except kanlinlt4 nnd quartz in spite of the fact that other
minorals sach as alumina hydrates may be expedted there,

Micrascopie stndy of thin sections of those rocks (kaolinitic clay-
stons anl red eolnurel sandstone from the base) has shown that
particles of present quarts are milky colnured, sometimes also
pellucid and round,., The particles of knolinite are of submicrosco-
pic size and build irrepgular agregates, The claystone 1is very com-
pact, lowever, presence of amorphous silica which may explain such
a ~0nd compactibility has not heen found.
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4/ Deposits of clay Basse and Fntoto

e PR e L L L L L L L L LY L T

“hen proapected the area of the upper purt of the rivur
Cambia a gray plastic clay has been found very close to Daasnd
on the left side of river Gembia, 4 very simillar type of cl .y,
slightly darker, was found also on other places very closu to
the river. The layer of this clay 13 0,% - 1,5 m thick and is
coverad with 1 m talck over bu: icn ‘hich is built from sundy
elay. Bacause of limited time for thc field work it was not
possible t> muke further acarch of this clay.

In surroundings of Fatoto (villags with higher sea level than
Bassé in the upper part of the river Cumbiu) compuct kaoolinitie
claystones appnear a fow metres sbove the water level of the
river. Thoy ars covercl with a rather thick layer of red coloured
lataritic horizon. "ining of these cluyastones does not veom in
such conditions economical,

In the Iutato areca o dark grouy clay probably of quarternary age
has baen founi, The layer of the e¢lay comes up to the surfuaco

in the immediate proximity of Fatoto clos2 to the roed to Busaé.
This loyer is approximately 1 m thick., This clay is hishly plustie
and suitahle not only for the production of red brick. und tiles
but also for the cerzmic production.

Geological reserves of both types of clays which seom to be very
hopeful for the ceraumic production muat be teated and verified by
further geolavical investisution., . wltaneounly total geologsi-
cal rescrves of both ¢lnys shiould be caleul-.ted, Also dueision
for the best minig method should be made of!r having good know-
ledge abnut geological situation of “oth ru.. materials,
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S/ Dsposits of iea shells and qunrtz sand

- > - > W WD D D WD D D D D w = wwww--

The stalls from the seiiments of the bhrackish facles in the
mouth of the river Gambia are commonly worked and further dres:sed
by crushing and sorting into fractiona of an auphalt mixtura for
roads. Their chemical composition (a hirh content of calclum oxido
and a low content of impurities) shows that they are suitadble {nr
the ceramic production and ¢ 130 for the cement production.

Along the middle part of the river Gambia and namely in its delta
(near the Cape MMary) lay:rs of light and white quartz sand uppear.
This qunrtz sand is relatively pure and may serve ns ona of the
components of the cramic bollen, A simple geolosicul res2arch
which will verify geolngicnl rencrves and mining conditions is
recommcnded.

6/ 1ining conditions_for particular raw materinls

All teatsd raw materianls, in spite of the fact that further
geolnprical rescarch will be necenicry in ordar toascertaln goo-
loeicol rescrves, ars minable from the surface, whnt means in the
open mine,

a) ¥Knglinitic_clnystone_ - the most suitable place for thae opon-
in7 of the mine according to tho existing knowlcdge se~ms to
ba the 1neality Snonka Bari, Ratio idle earti:raw materiul
will be approximntzly 2 : 1 what meana that to extract 1 ton
of mined kanlinitic claystone approximntely 1 m3 of idle earth
maat be removel (eorroct firsure is 0,908 m’). This idle earth
is possible to be usel for building of roads and ways. The
overburdan layer of iron sandstone may be disintoprated by
exploaives and removed cither with scr.per or by labourcrs
using shovels and trucks. The deposit of knolinitic claystone
may he also discharged by explosives (partly homogenization
will luke place during this operation) and 1oaded by lsbourers
with the use of a conveyor. when machine w~ill be used then
feoders of the type Caterpillar (USA), Alpine (Austria), Volvo
(Swoden) with the tweket 1 - 2 m”, These machines are suitable
olno for diTicult climatic conditions,
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quarts sanis better minig conditions in comparison with
ths ksolinitic claystone. The ratio overburden: raw ma-
terial will be most probably 1 : 1 to 5 : 1 sccording to
the point where the deposit will bs opsn. In this case
1¢ ie not necessary to disintegrate ths raw materials by
explogive..

¢) Sea shells_in the deits of the rivsr_ appear in thin
layers very often covered with sand, Further geological re-
search ns mentioned above will be necessary. However, sccor-
ding to the existing knowledge enllected during preliminary
visits in the fleld, it seems that the minig conditions will
also be simple. The upper layer of the sand may be removsed

by scraper and sea 3heils loaded to e trucks.

It 1s en acceptable presumption that in the first stage
after conitruction of the factory the consumption of all raw
saterials will be about 3000 tons/year and the amount of each
particular raw material will not be higher than 1000 tons per
ysar. From this point of view two possible ways how to solvs
ths rew material problem may be recommended,

1. Recommendation with the use of machines

This recommendation presumes minig of particular raw mete-
risls in such amounts which will cover ths fsctory consumption
for one whole eventually for two shole yesrs. In this cass light
etorags buildings for a large amount of raw patsrials should
also be built.

Por this wy the following machines will bs necessary:

- One scraper. Thies machine will be necessary for epproximately
3 months. In this time also time mecessary for moving of the
machine from one deposit to the another is calculstsd.
Tendsr: 2 people.
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- One drilling machine to prepare bores up to the deepness
2,9 m whio. ace necessary for stockblastine,
Tender: 2 people,.

- One digrer loeder to excavate the lisintegratel materinl
and load it on a lorry.
Tender: 1 man.

Except theas = eg 2 workers for Flnstine and 5 1nbourers -

helpers for mining and 1onding wili be necessary.

2. Recommendation withiout use of machines

This recommendation pressumes mining of all neceasary raw
materials simultaneously each on its deposit throuch the whole
yenr (except rainy scason} and transporting them to the stora-
ge buildinpgs of the factory. In this cnse factory storage
buildinrs may be smaller.

As mentinned  above 3000 tons of raw materials will be necessa-
ry for the first stage of production., 200 working dnys may be
counted per yeor. It means that 15 tons of raw meterials must
be mined dnily. Recause overburden is approximatcly twice 8o
thick then nlso 30 tons of idle earth must be removeli. However,
in this recommendotion the overburden layer of iron sanjstone
may be discharged by blasting es well as useful raw materials.
In such a case only further discharging and loading of 45 tons
on trucks will be necessary. For this operation 22 - 30 labou-
rers and 2 - 3 trucks may be used.

This recommendation is without any mechanisation and seems to
pe sufficient for the first stoge. If the first recommendation
is acceptel the following process (procedure) should be used:

On the deposit Sanka Bari the overburden will be gshooted and
removed by scraper when overburden on the deposits Fatoto and
Basse was already removed. Than the scraper ~#111 be transported
(e.g. on the ehip) to the deposite of quartz sand and sea shells
where also upper layers of idle earth will be removed.



Immeiiately after scraper and londrwill load 1aw materials

on the F.toto, Basse, Sanka Bari deposits on trucks or streight
on a ship. Than it will be also trans@rred on the ship to sand
rnd ses shells deposits in order to 1Had them on trucks.

The raw materials will bhe loented in atores with a 1light roof.

A good homogenization of the raw materials will be reached by

this recommendation while the other recommendation does not
gurrantes such a mixing of the raw materials.

- as @ ————-—--——-—---——--—-———..—---—-- - s e - -

For the cernmic production such na production of floor tiles,
wall tiles, fagade tiles, snnitary wore, sewerage pipes and

cement the raw materisls necd not he dressed.
it
In the deposit of kaolinitic clanyastone from Kundam will probably

be necasanry to remove by hand pieces which are strongly pig-
mentel with iron compounds.

It may alaso be necessnry to wnah sea shells in order to remove
present eand and clay. [Iisher purity of sea shells will be rea-
ched by using of vibrating screen,

The reaserves of kaolinitic claystone which is expected to be
used for the ceramic production in The Gambie seem to be suffici-
ent. By further detailed geolozical prospection in Upper River
Division probably other deposits of this raw materi:i may be found.
However it is sure, that the ratio overburden : raw material will
not be so rdvantageous, as it is on the Sanka Bari, Tiri Konko and
Kebe Konko deposits. On the other hand if the deposit 1is sufficient-
ly large it may serve as the base for the production of refractory
grog. From geological point of view it will be useful to find the
deposit of kaolinitic claystones ‘mother rock because then also
deposits of primsry keolins may be found and genesis of secondary
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deposits of clays and claystones would be perfectly explained.

Further geological research of the deposits of clays at Basse and
Fatoto, quartz sands and sea shells in the delte of the river
Gembia should be done before any steps in decisione to build

a factory are made., Such a research is necessary in order to find
sufficient raserves of these raw materials for the event of the
csramic production or cement production.




111) Testing and evaluation of sampled rsw materials

The geolosical part shows that actually three different clays
are interesting from industrial point of view, These are:

a) kaolinitic claystone which wams declsred by Mr. Veltheim
b) plastic clay of gray colour from the Fatoto area
¢) plastic clay of yellow-puff colour from the Basse area.

Except these three clays also qusrtz, sea shells and laterite
were sampled. All samples were testel and the results are riven
below.

- - an o o U - -

16 samples (1 - 9 and 11 - 17) from trenches and pits were
tested for chemical nnalysis, each separately. Sample No 10 was
lost during the sea tranaport, Fortunntely this semple is not
very important for the complete evalnation of the kaolinitic
claystone. The chemical rnnlyses nre riven in table No 2a and 2b.
The varintion of the Si0,, A1203, 1n3s on Ignition, F8203 and
T1i0, in specific samples is shown on the dirgram No 1,

It 1s evident thst semnle No 13 is auite different in compr~i-
son with other fifteen snmples ani that it contains more silica.
Alsn Loss in Ienition is lo v, The remaining fifteen samples
are more or less similar nnd were mixed therefora together to
one everage sample which was testel neain end the fonllowing pro-

perties have been founi,
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Keaolinttiec claystone T ble N
- techno]ogica{ properties s °J

—— vra e v e+ -

fired to the temperature

green ”i616“36 {iE§§ii?gW 1250 °c

b e e e st e o e At Ar et P - - e e e —v———— e

l.oss on drying 25,3 % - - -
Loss on Ignition - 11,0 %, 11,4 % 11, %
Waterabsorption L 27,0 % . 26,0 % 7,8 %
Wet-dry ahrinkage 5, % i - -
Dry-fired shrinkege - 1,7 %] 2,2% | 11, %

Wet-fire] shrinkage | - 1,5 a i 7,8 % 16,8 %

Brightness (Mz0 standard) 50,78, - | = - |

RNE. et . , o e e
pits Neo trench No

1 ) 8 12 15

b o -

Content of Mn in HNO) solution [0,0002 X 0,0002 X 0,0002 X 0,0002 X 0,0002 X
Content of Cu in HC1 solution [0,0002 X 00,7002 ¥ 0,0008 X 0,0008 £ 0,0008 %
Content of Ts in NC1 snlutiem 0,002 X 0,029% 0,052 % 0,017%X 0,085 %

Also 3ifferencial thermal analysis (DTA) and X-ray difraction
analysis wns testel,

They show that the rew materisl is actually kaolinitemixed
with quartz. The curves of DTA and X-ray analyslis are shown on
diagrems No 2 and 3. It resulte that this raw materisl is sui-
table for the ceramic production including production of re-
fractories,

from the Fatoto

This clay is of gray colour and has a high content (65 % and
more) of particles below 1 micron. The residue on the screen
10 000 op/cm2 is nearly 6 % and it is built by firedquarts

sand without higher content of impurities. X-ray difraction
analysis indicates the presence of kaolinite, quartz and small
amount of micaceous clay mineral. The diagrams No 4 and 5 show
the curves of DUTA and X-ray difraction snalysis. The chemical
compositinn 1s given in table No 2b.The following table No 4
indicates some technological properties.
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Plastic clay Fat to

- technoloricel ; roperties

oo e e e i e -

Table No «

c)

L . farad to __ﬂ.ls_z_@mpm&;f;
grean | 1090 % | 1120 % | 1250 Oc
Loss on drying 2,8 % - -
Loss on firing - 9,5 % 10,1 % 10,0 %
Waterabsorption - 19,1 % 19,1 % 12,2 %
Wet-dry shrinkage T,1 & - -
Dry-fired shrinkage - . 2,0 14 2,5 % 5,1 %
Wet-fired shrinkage - ) | 8,9 4 9,4 & 11,9 %
Strength of rupture 2,07 kp»é# . - -
Mdryed) 1. | BN

As far as physicel, chemicel and technological properties piven
above nre concerned it may be seid that the clay from Fatoto is
suitable for the industrial usz,especially for the cersmic in-
dustry.

- em o v e o W - - e v e - e -

Plastic clsy from the Basse has yellow-puff colour with lower
nlasticity in comparison vith the clay from the Fatoto. The con-
tent of particles below 1 micron is about 50 w. Clastic impuri-
ties are present in a small amount end are built irom round
grains of quartz. The X-ray difraction analysis indicates except
kaolinite a higher amount of fine quartz. Diagram No 6 and 7
show the curves of DTA and X-ray difraction anelysis, Chemicel
analysis of this clay is given in Table No 2b, The technological
properties are given in tsble No 5.

Plaatic clay Rasse
- technolorical properties

Table No §

firedoto the tempesuture

green 11100 °C 1250 °C
Loss on drying 22;i % - -
Loss on firing - 8,02 % 8,16 %
Waterabsorption - 10,2 ® 7,0%
Wet-dry shrinkage 6,95 % - -
Dry-fired shrinkage - 5,6 % 6,5 %
Vet-fired shrinkaeze - 12,2 % 13,0 %
Strength of rupture 5,25 kp.Eﬁ

(dryed) .
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d)

e)
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Ths physicsl, chsmical and tachnological propérties indicata

that clay from tha Basss will ba sui.able for industrial use

namely for the csramic industry aa wall aa additive in cement
production. '

Quarts_ssnd_fros_the Ssrre Kunds
------------------ SesSsmsosse=s the

This raw-patarial is of white colour andTSnly impurities which
are present ars piacss of wood and leaves. Therefore also lLoss
on Ignition 1a 0,46 %, Tha chemical composition of quartz sand
ia given in Table No 2 and the particle sizes of quartz sand
ars as follows.

sbovs 1 mm 0,12 %
0,5mom~-1mm 2,63 %
0,345 mn - 0,5 mm 7,36 %
0,2ma = 0,345 mm 14,66 %
0,09 mm - 0,2 mm 39,45 %
0,063 om - 0,9 mm 11,57 %
below 0,063 mm 24,21 %

Total 100,00 %

In spite of the fact that the Alzo3 content i3 nearly 1 %,

content of F0203 is only 0,17 % and therefore the sand is

suitable for ths ceramic production and mey be also used as
additﬂhs for the cement production.

The Sea shalls were sampled as a source of CaCO, which is neceesa-
ry for some of the ceramic productions, The chemical composition
is given again in Table No2d and indicates that thia raw material
1s pura enough to be suitable for industrial uss.
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f) Laterite

The laterite waa ssmpled in Basse area close to a water tank
and shows the following properties:

Chemical ccmpoaitions

Loss on Ignition ....... 6,39 %

8102 68,82 %
1'102 1,01 %
Feo 0, 9,10 %
Ce0 0,52 %
Mg0 0,81 %
K,0 0,16 %
Nazo 0,04 %
Total 100,31 %

The raw material is not plestic and seems to 0e auitable. only
for the production of red floor tiles because it contains nearly
10 % of Fozoa. On the other hand content of 'I':lO2 is rather low
to reach a strong red colour.
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iv) Technological eveluation of Gimhien raw n terials

1/ Evaluation of kaolin for uce in paper industry

From the genlogical part it is evident that there is
actunlly nnt a deposit of knnlin in the “nmbia but the d -
posit of kuolinitic claystone -liich is vrather hard and non-
plastic, The layer of thies raw moterioi in the depocit has
many finer or coarser fractures which were fullfilled with
ferritic components. Therefare also the white colour changes

' after fine rrinding to » lirht pink one.

The main properties for a filler in paper industry are the
brishtness and residue on the screen 10 000 op/cm_z. The
bfi@qtness of the kaonliritic claystone in only 50,7 % (M0
stondard) and as mentisrel above, the material is avnilable
only in lumps,

¥For these rensons the kaolinitic claystone cannot bhe recom-
mended for use in the paper industry.

- —h P - W - - . WP I W W -

" For & filler in the rubber industry namely the content
of Mn, Cu and Fe is important ani of course srainsize (resi-
due on the screen 4700 op.cm'z). The content of the above
mentioned metals shoull nnot he higher thon:

Mn maximum 2,002 % |
9 maximum 0,001 @
Fe maximum 0,05 %

The kaolinitic claystone is from this point of view accep-
tahle only in the content »f "n and Cu, The content of Te
13 in some cases above the limit of 0,05 «.

For this reason the Faolinitic claystons cannot he rocommended

far the rubher industry.
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The phyaical, chemiecal and technol yzical properties of
kanlinitic clay indlicate that this vaw mnterial is built on
kaolinite slightly mixed with fine ailic~ sand. Tt is alsn non 4
plostic but after fine millins it shous 1it*)e plusticity. The
content of Fe203, T10, and other coloured impurities is from
ceramic point nf view reasonable, A1l thegs facts indiecato that
this raw materinl mnoy be recammended for testins tn the produc-
tion of wall tlles, fagnd: tiles, floor tiles, gonitary w=re,
utility ware, stoneware and ret'ractoriec us a part of their
boly compositions.

As mentioned above the knHlinitic stona-clay is non-plaztiec

and 1t will not definitely cover all tae reqnirements expected

from the cersmic body. To increnne the plasticity of the ceramic

body a3 well na to increnasa its enld crushing strencth and l
strencth of rupture it will be nereanury to ndd other types of

pleatie eleys. Therefore setanlly the term of experts sampled

Aurine their stay in Gambin ather two plootic clays which shoull

a)an he usal for the comnosition of jifforeont ceramic bodies.

According to the Contract apeeificatinon the main dnty of the team
of experts in the field wos {nvestisntion of Cambian keolin end
therafare samplini. of othepr raw matoricsla os plestic clays, sen
ghells, quartz ote wes done anly in nmell auentities,

Floor tiles are ceramic products with low pornsity used
for covering floors of corridars, bathrooms, kitchens,
department stores and othar places like halls, terraces ete.

The following table showa the properties prescribed for
flror tiles in different countries:
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T
German Fedoral | Great Britain Auaty i CouR l
Rapuhl ie Chod -
DIN 1315 |B3 1286-1745 R 1232 | _GsN 12 4820 )
. A 1 . MR M T . ——— . b b s - R . }u
e 1,5-25% [0,3-50% 2,5-60% | 2,0 -4,5%
Acid regiatan- ] w#ith 7C & o - with 10 ¥ HC) 92 %
e BT - 20°¢C
- 28 days - 7 Aays
no churyaa no Caangzos
_ -2 iy 1 -2 -2
Strenath of 250 hp/em £ 250 kpsem indivitual 200 kp/cm
TUP*"Y"" 1"(‘i'l.i'hlﬂ] . " "'2 p
' 200 “",‘.".m"2 20 kp.com
Tolersnen In
8203y
Tensth & widd $1 X ¢+t 4 0,5~ 1 ¥4 ¢+ 0,5 mm
Thicknnaa + 10 % 0% + 5 - +10% + 10 %
T e e ST it e ’ - T _:i

The table shows ti:at the main problem is wator absorption, strength
of rupture and slzea,
From this point of view 28 various body compositions were prepared.
Because the body of floor tiles should be vitrified and because

’ the Gambian raw materials (clay) give high poroaity after firing
to the tempearature of 1250 % (ususl temperature for the production
of flror tiles) feldspar should be added to the body composition.
In spite of the fact that Gambia is rich in clays of different quali-
ties, feldspar or similar raw meterials like pezmatite or fonolite
are not available. Therefore feldspar of the following composition
(Czechosiovac provenance) was usel.

Feldspar from CSSR: LOSS on ignition: 0,28 %
S10 66,71 %
Al 53 18,24 %
Ti%z traces
Fes0 0,12 %
Ca O.g‘; :

0 0
X30 9,20 %
. NagO 4,00 %

Total 98,92 %
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Of ~onrae sny other feldgpar ar peenntite may be used for the

nrodact ion. The quention is onlv to recalenlnte the body compo-

aition in eage thot the chemleral compocition of the feldspar

ot ~uftable from ecnnomic point of view will be different !
in ite peonertios,

Trovortioe Al farther Sambinan rop materialas usel for the pro-
Aurtina Hf flaor tiles are siven 4n pore 141) of this report.
Accordine to theoe propertiea the most mitable local rew mate-
ric1 Far flyor tilea prodnntinn aeoma to he "Clay Basee” which
cives o sinre vitrified body b athere Tnamblan clays. It means
thet the holy neels very 1ow nitition of feldapar (10 - 15 %)
wifelr wi11 he probably tmparted ta the factory. Unfortunately
this ~lay piven aftor firiae tn 31250 P2 dark brown colour and
mry ba usel only for tae oroduction of brown, red and black
flror tiles,

“rothe athapr hand "y Fitnta" dnes nnt vitrify so much as
"1y mane” andl therefare peeds hicer addition of feldspar

125 - 1) ;). dJowever bndy composition with "Clay Fatoto® gives
aftar “irine 111t vellow brown coloar which meay be used for the
pradnction of yellaw anl blue floor tiles as well as for the pro-
Auctisn of i fferant corfyr floor tiles,

Tnrel quartz wae ngsad in syme cases tn decresse firing shrinkage
in the prolaction end to lecrense therefore the tolerances of
Flavr tilea,

In three hody compositiorna "Iatarite” wns used to reach red
rolour of floor tiles bheecauge {ts chemical eompositinon shows

n Mich eantent nf FezoB. After firing of these bodies only dark
rel-hrasn snloar wog reached and the colour of flqor tiles wes

nyt aifHarm.

A3 mantisned balare, 28 different bndy compositions were prepa-
rad frar loeal raw materials snd from feldspar from Czechoslove-
v1., To re-ch & wide scnlz of colours Aifferent stains were added.
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All 28 dody compositions were prepared on laborstory ecale

only and the specimens were tested on their properties.

Proa all 28 compositions only T wers reconmended foi1 large
scale trial. Theae are compositions prepered on a larger scale
No %a, Ta, 20e, 228, 2)a, 2%5a and 27a. Detsils about sll 28 body
compositions are given in I1I. Interim report.

-

. <+ ~wve mentioned seven selected compositions about 20 kgs
msixture of each v ~o prepared for large scale tests. It is true
that 20 kga mixtures is not too much for large scale production
but the sempled quentities of plast ic clays from Gambia were 1i-
mited. These trisls wers preesed and fired in factory conditions
and pesaed through the f£loor tiles production line.

The following table shows body composition and properties of
fired products of above mentionsd large acsle trisls.




Clay Besee
Clay Mtoto
1eiuupul

Quarte

laterite
Black-staln
Blue-atain

Amatas uo,
Red-stain
Cobalt-green-stain

Moisture defore
pressing

Vet-dry shrinkage
Dry-fired shrinkage
Total-shrinksge
Water absorption
Strength of rupture
Acid resistance

Colour

-“-

%
]
] 6,-
% -
) -
) -
% -
] 7,9
] 0,2
% 8,2
s 8,4
% 0,27
kp.c-z 413
] 97,1

black

48)

blue

1’11
b2
97,1

1,69
U7
97,2

3
3

1,57
479
97,)

1ight
blue
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The body compor 'lons were prepared by milling in ball mill

with the retio : raw meteriels : pebbles : water = 1 : 1 : 1
Laboratory filter prees wes used ‘o remove excess water. The
pressing powder was prepered on @ small scale roller mill witnh
openings of 2 mm. The moisture before pressing was 7 - 8 % and
i1t is precisely marked in the above table for esch body composi-

t ¢ .

The products fro: ... 7 large scale Li.81» were pressed cn hydre: -
1lic press with the pressure o 300 kp/cm2 and drie'l in factory

dryer with ordinary production. The floor tiles were fir 1 in she
tunnel kiln to the temperature of 1250 % with the generstor gas.

Except seven different basic colours testad in large scale triale
fov samples of floor tiles were prepared with porfyr design.

It {s evident that number of different combinations of colour
my be extended snd also marble design may be prepared.

The finel decision cf different ccmbinations should be done after
discussions with Gembian authortitiea.

When comparing properties in different national standards with
properties of floor tiles of seven basic colours we may say that
all of them are sultable for the industrial production. The water
ebsorption varies from 0,12 & in blue floor tilea to s maximum
of 1,69 % 1n light yellow tiles. Strength of rupture is suitadble
in all cases @ well es acid reaistance.

Froa some of produced floor tiles two sample charts were pre-
pured. These sample charts were handed over to UNIDO representa-
tivy during the discussion of the II. Interim report.

A fotocopy of one of them is shown for the documentation on the

following page.
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It seese te de unlegicel that the title o? the contract 1s
Commereinl utilisatien of "Kaolin of Cesbin® end that for the
predustion of floer tiles kaolin was not uved. The reason 1is in
the fact that eelin 1s after firing to 1250 °C very porous (21,3 »)
ond will therefore need a very high addition of feldsper which
sainld e iaperted froa sdroeed, Usumelly kaolin is used as a pert
of 1i0.4 L.i€. caposition to increass the whiteness
\brightness) of t . ly. Howaver ir 1.,y -1 the gambian
kaolin 1tself givaa @ sustard yellow tc pink enlour and there-
fore it will not increse the brighiness sfter being edded, Ve

. slso understand that every rercentase in imported feldaper will
sske the ecnnomy of the production woree,
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3o/ Wall) __t.ile.s_
Wall tiles are ceramic products with higher porosity and
glazed surface used for lining of interior walls which are not

exposed to the variations of weather. They are spplied in bath-
rooms, kitchens, corridors, stores etc.

™~ £~110wing table gives the properties prescribed for wall
tiles in different countries.

. German Federal Oreat Britaim g-trh CasR
Ropudblic - ORM can

DIN 18155 B8 1281-1966 | B J2)1 72 4812
‘Watsr absorption nax. 18 % max. 18 X 14 - 22 %
Strength of e . -2 . -2

rupture 6 200 kp.cm ®in.120 kp.om [6100 kp.om
Harkort test 10000 + 5 % - 160 °¢  [white 150 ¢
colour 125°C
Autoclave tant Tkp.cat 2H

After testing of all Gambian rew materials we understood that
the following raw materials are suitable for the production of
wall tiles:

Keolin Kundam

Clay FPatoto

Quarte

Sea shells
We have calculated according to our experience the composition
of three wall tiles bodies which were prepared for the first
orientation in thie probleam on laboratory scale. '
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After firing and testing of these three bodies we come to the
conclusion that either firing shrinkage or coefficient of
thermal expansion (CTE) 1s too high, what means that the produc-
tion of wall tiles will pertly be out of tolerances, partly
werped after glazing with ordinary glaze.

Having this knowlelge we have prepared other three body com-
. . ...nge on labaratory scale in order to improve the quality
of tested wall .'es,

The conclusions about these resulting three bodies may be sum-
marized as follows: Coefficient of thermal expansion decrsased
in comparison with the previous bodies but it is still tno
high and the wall tiles show slight warpage. It indicates that
the Sio2 content is still very high and Ca0 which should react
with SiO2 still too low.

According to our experience with these results we have prepared
on laboratory scele other two mixtures which should remove all
above mentioned problems. ie understood that addition of quartz
should be lower and percentage of sea shells in the body compo-
sitions should be higher.

Therefore the following body compositions were prepared.
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Body composition No 7 8
"ny Matoto ] 30,-~ 28,~
Keolin Kundam ® 18, -~ 20,-
Sea schells % 19, - 21,-
Quarts 2 25,~ 23 -
Pitches % 8,- 8,-
Chemical composition: S10, % 61,79 65,31
A1,04 » 14,99 15,42
Fe,0, ] 1,7 1,54
T40, % 1,29 1,29
MgO % 0,21 0,21
Ce0 % 12,55 14,05
Na 0 % 0,46 | 0,50
K0 % 0,34 0,53
Total % 99,36 99,35
Residue on sieve with 10 000 op/ch % 1,3 1,5
Noisture befors pressing » 6,0 5,9
Strength of rupture after kp.cm~ 15,1 14,1
pressing
Wet-dry shrinkage % o,- 0,-
Dry-fired shrinkage % 0,6 0,6
Total shrinkage l 0,6 0,6
Water abeorption % 15,1 16,1
Strength of rupture kp.cm 194,- 202,-
OTE 4 20 -.%00 °C . 1077 18,9 | 76,2
Harkort test white glase » 200 200
Harkort test coloured glase » 200 200
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Both of testel body compositione gave good reaulte. Body No 8
ssess to be slightly better in comperison with used glasee.
CTB correeponde and firing shrinkage is acceptable. Aleo Her-
kort test ie good.

Beoause the laboratory test of bodies No 7 end 8 gsve good re-
sulta, we have prepared the same bodies in large scale triale.
=t -~-Popre we have prepared about 50 kg of theee body compoei-
tions in e ball r:111 where the ratio raw materials : pebbles @

{ water was 1 : 1 : 1. The residue oh the screen 10 000 op/cm2
wae between 1 - 2 %. Laboratory filter press was ueed to re-
move excess water, The cakes were dried in the electric dryer
and were milled on a small scale roller mill with openings of

2 mm. The moisture of the pressing powder was & -?6; % and ie
marked in the sbove table for each body composition.

The products from both body mixtures were pressed on a friction
press (80 tons). Both sizes - 100 x 100 mm and 150 x 150 mm were
pressed. The pressed tiles were dried in factory drier and fi-
red with ordinary products in a factory tunnel kiln. The bis-
cuit was fired to the temperature of 1100 Oc, The biscuit firing
414 not show any rejections from cracks or warpage point of
view, *

The biscuit bodies were slazed in the factory glese machine
with factory glsz es which were those days used in the factory.
Few different plain colour and some marble desighs were elso
prepared.’

The glost firing was done by 1000 °C in 3 hours time in a elec-
tric gloet kiln.

It 1s to be mentioned that body compositions No 1 - 6 are dis-
cuesséd in details in II. Interim Report. From some of produced
wall tiles two sample charts were prepared.

A fotocopy of one of them is shown bellow for the documentation.
The two mentioned sample charts were given to UNIDO repreaenta-
tives during the discussions ebout the II. Interim Report.
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Tha bodiea used for large scale production are composel only

from Gambian raw meterials and gave good results, Of course

ordinary glazes were used for the large scale production and

we 40 not axpect that Gembia will in future produce its own )
glasas. Tha production of glazes is technically very intrica-

ted and therefore it is recommendad to import glazes for the

~radirtian, For informetion wa may give faw names of world

known producers of 7lazes:

Farro-ensmels, Rotterdeam Netherlands
Degussa, Frankfurt/Mein, German Federal Republic

. Reimbolt-Stricke, K3ln/Rhein, German Federal Republic
Johnston-Mathews, Stoke-on Trent, (reat Britain
Hommel 0., Pittsburg, USA

|
1
|
\
Caechoslovakia also produces its own glazes in "CGlazura” l
Roudnica which were actuslly used for large scele production.

It is not necessary to stress that the colour or design of wall

tiles may be changed according to a final decision and analyaes

of ma~kating and economic situation in the Gembia.

It ia evidunt that the production of wall tiles from Gambian |
raw materials is possible. The analysis of merketing and aconomic |
situation in the Gambia will give ihe final answer to this quastion. 4
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3/ Tagads

tiles
Fagads tiles sre cersmic products vhich are very dense,
oftsn also vitreous with white or other coloured body which )
is very hard in order to resist the weather conditions and
mechanical abrasion, They ars used for exterior lining of any

kind of buildings.

The following table gives the properties prescribed for faga-
de tiles in different countries.

- v . A ' e N v v ey
Corzun Felorad United States Czochozloviicia
Ranublle of Jmarice
DN I8 1%H Usis 4 1374 CIN 72 4813
i Tater =trorunilon mR%e O e - 1,9 -6
Stren;inh of rurture mnin. 200 }-;/n':a nin, 50 poi 100 - 180 .k.p/mz
Trozt realrtonces sithout domn e - ~25 % 3D eoys.m.
! Telayrn oz dn wizens
¢
©otanzth end o dth +2 5 + 1/16% 4+0,5% = 12,5 &
. Thisknocs +£10 % + 1/10" l + 10 Je
. Because the main property is waterabsorption it was necessary

to add feldspar to the body compoaition in order to decrease
its porosity. Having in mind the properties of Gembian raw me-
tsrisls the following body mixture was recommended for the first
orientation:

Clay Basse ....e00 10 %

Kaolin Kundem ... 20 %

Fsldspar eeseses 109

With this body composition a laboratory triasl was done and the
samples showed the following properties:
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Residue on the sieve 10 00O op/cmz cese 4,8 %
Moisture before pressing .ceseeeeecss 6,9 %
Vet-dry shrinkage teresecccesssssssee 0,3 %
Dry-fired shrinkage ...ccececeeoscescane 8,3 %
Wot-fired ahirinkage (.o ceescecercrons 2,6 %
Water ahsorption Ceitreeaveseteseren 4,15 %
Strengtih Af FUPLULE vereesceennrioncenns 295 kp.ciﬁ2

The bndy mixture was milled in a small scale laboratory ball-
miil and the samples were nressed on a hydraulic press with the
pressure 300 kp.cﬁ2 and fired in a {rctory tunnel kiln to the
temperature of 1220 ¢,

In apite of the fact that waterabsorption, strength of rupture
and other properties correspond to the requirments of the above
given standerds, the pressed samples of this body were sensiti-
ve for cracking during the drying and firing period. The reason
of it is in the content of pla-tic clays and ther-fore their
percentepe wns decreasel in body mixture No 2 and the difference
to 100 % was covered with non plastic quartz.

Body mixture o 2 was composed as follows:

Mlay RBasse 65 %

Kundam kaolin 15 %

Feldspar 10 %

Quartz 10 %
This hody mixture was prepared in a semi-large scale (20 kg)
in a laboratory ball-mill. The ratio rew meterials : pebbles :

. water in the ball mill was 1 ¢ 1 : 1. To remove excess water
from milled slurry, filterpress was used. The rasidue of milled

powder on sieve 10 000 op/cm2 was 4,2 %, Moisture of the pressing
powder hes been found 6,5 %4, The tiles of slizes 65 x 250 mm were
pressed on a hydraulic press with the pressure of 300 kp.cm'z.
After drying one part of the tiles waes fired without any decoration
or glazing in the factory tunnel kiln to the temperature of

1220 °C, It was evident that the sensitivity to cracking disappea-
red. Rody mixture No 2 showe! the following properties:
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Residue on sieve 10 000 op/cl2 4,2 9%
Moisture bifore preesing 6,69%
Wet-dry shrinkage 0,2 %
Dry-fired shrinkege 8,0%
Wet-fired shrinkage 8,2 %
Waterabsorption (fired to 1220 °C) 3,5 %
Strength of rupturse 318 kp. okt

To increase the prin.te of fagade tiles namely as far as porosity
1» concerned sewerags pipes body (body No 3) was also used. This
bdody ie composed from 85 % cley Baee and therefore ite colour
will be darker and ita porosity will be lower, Because this body
is enough plastic the tiles may be produced through the pugzing
in & pug mill. The tiles prepared in this wey end dried were
fired in the factory tunnel kiln to the temperature of 1220 °C.
Of course the surfacewas covered during the firing period with

s salt glaze in the same way as ordinary goods fired in the seme

kiln.

The fagade tiles show the following properties: .

Moisture before pugzing 18,1 %
Waterabsorption 0,75 %
Wet-Adry shrinkaze T,1%
Dry-fired shrinkege 4,6 %
Wet-fired shrinkage 11,4 9%
Strength of rupture 523 kp/ca

Prom the products of Body llo 2 and ) sample charts were prepered
end handed over during the discussion of II. Interim Report to
the UNIDO repressntative in Vienna. A fotocopy of one of thea

is shown below for the documentation.
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Af: - comunrison of the arauerties of bady mixture Mo 2 aa o
wit aspe above mentionei standards nf 4ifferent countries Lt .9
aviient that the quality of fagsde riles 19 excellent, Froaw re-
ajstnnce wea not tested because the wenther in The Gambia na-?
not such a test and hecause tnis teat is ‘ime consuming. In 20w
opirinn the excellzni gual {tv of fagnde tiles is supportea witn
s1on -nl4ty of Basse clays. This clay is very plastic ani acrepts
ancurl wa e ang vea after o Lo ey Tlie gnonth anrfoce.
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From all shove mentionel iechnl al ~nints of view 1% may bhe
mended to producte the fagnile tiles In The ~onhin, The Pisadvsrteg
of this recommendation {3 thai thie hody mixture is comnosed 1ot
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only from local raw materiais, pat 3180 15 a ot feldapur slonilio o

added to reach tho low porayfivy.
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Ja/ Sgnitery_vwer?

Three types of sanitary ware are known ae far as its quali-
ty is concerned.

1. Poroua sanitary ware

2. Semivitreous sanitary ware

3. Vitreous senitary ware

The following properties correspond to the above mentioned
aualitiea:

Porous anni-| Semisitreous Vitreous sani-
Properties tary wars | sanit. ware tary ware

Tater sbsorption % 10 - 12 ) -5 0,2 - 1,0
Specific gravity g/cmJ 1,92 - 1,96 | 2,00 - 2,20 2,25 - 2,30
"old arushing strenjth \-(p/f.:m2 1000 - 2000 3000 -~ 5000

Jtrength of rupture kp/‘c'nz 150 - 3CO 380 ~ 450 600 - 900
7

CrE 20 - 760 °C l &o,sa.lu'T - . 10

e —

In the world mostly vitreous quality has been produced for last

few years. Only in such cases when the raw materials for vitrenus
quality are not aveilable 1ocally, pnrous nr semivitreoua quality
is produced but only for local use, This is actually mlso the situ-

ation in GCembia.

Clay Fatoto, Kundam kanlin and quartz wera used from local raw
materials for +tne body compositiona. To decrease the porosity of
the body after firing, Tellspar of Czechoslovak provenience wes
used. The quality of added feldspar was dascribed in part Je/.
Floor tiles of this Report.

Two Adifferent body mixtures wera prepared on laboratory acale.
T™he first one using clay Fatoto and Kundem kanlin was recounmended
in order to smend utilization of local kaolin. The second one

was prepared only with clay Fatoto in order to improve brightness
of the fired body and eventually to improve i*s porasity.
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The composition of two above mentioned Dody wmixtures e .l
their quality efter drying and firing is given in tauvle celoa,

Body mixture No

S Wadadn
Kaolin Kundam
Fellapnr
Quartz

Total

Soda ash

Natrium pyrophosphate
water

Speeific gravity

Teccenture of solid in slurry i

wat-iry shprinkace

Dry-fired shrinkace
et-fired (tntal) shrinkare
Yiatar ahsorptinn

-

From the vitreous body point »f view body mixture No 2 g.vas
better results. It shows watsrabsorptinn only 0,7 a while body
mixture No 1 gives rather high norssity (6,1 a). No difference
in colour has been found between these two ovodies. 'lnwaver, it
i{s necessary to strass that body mixture No 2 hal not acceptab-
le casting properties. It was hbecause *he Loly was very plestic
and showed thixotrophy and therefore period of <ryins was un-
~nntrollstle and tie produced snapes defrrmed or cracked,

As result of these two laboratory tria’a waa the concluaion
that Xundam kanlin should be incluled in the holy mixture,
However *he percentage of its additinn shoulld be la:er in com-
paris>n with body mixture No 1.




]
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According to hie knowledge body aixture No ) wes prepared on
leboretory ec' le. The composition of dody mixture No ) was
ee followe:

Body aixture No

Cley Fatoto
Kaolin Kundam
Feldsp -
Quart:

Total

Netrium pyrophoaphate

Water

| Specific gravity

Percentage of solid in slurry

Wet-dry shrinkage
Dry-fired shrinkage
Wet-fired (totsl) shrinkage
Water adb-orption L

It seemed theat this dody mixture fulfilled all propertiece ea-
pected from a senitery ware quality ezcept colour. The eclewr
after firing waa lihgt yellow-brown, A1l other properties like
watersbeorption drying and firing shrinkage as well as oceeting
propertiee are in agreement with the vitreous quslity ef seni-
tary ware.

Becouse of the fact, thet properties of body aixture No ) were
suitable, the seme body mixture was prepered on s large scale.
Tifty kilegreme of body composition in the seme retio as ®en-
tioned above were prepared in a dall mill with eddition of 0,) 8
of natrium pyrophoephate and 40 § (20 1itree) of water ealcule-
ted on 4dry weight of rew materials. The rew materisle were
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~11led to the sieve resiiue of 0,85 % on sieve with 10 a0
openings/cmz. The siurr, preparel 1 such a way was used for
asting 11t .2 shepas cf commodes and washbeaina,

It is. »f course, alsc pnssible to mil! ti.e raw matarina « 'n
the ball mill without additisn of matrium pyrophosphate w..h
rstio raw materials : peebbles : water = 1 : 1 3 1. In *his
~an the fine milled slip should be filterpressed snd the cakes
abnall ha treme soed g the rcecti s a3l o tn oa mixer with
addition of w r sl 3,3 % oo natean oy yayamhgte e ooon)

4

amount »f water in t . slurvy will re aguin 4J » whea o
content is calculated an the weight of dry raw meteria . 1.3
way has tne advantage Laal tuz cnating slucry mey ba creparses
orly in .uch a qusntlty which 13 nezaessary for tha nroduct or.
The atnprasa nf cakes 12 8'ac enslar If compared with etorage
of caating alarry.

The ~nsted samples of waih bhnasina and commodes were dried *o
the hody motature of 1 % and mlaze i with the ™mw glaze of the

follawin - Serar formuln:

N,2 a0 K0
& -

0,3 Ca0 2,325 A]zo] . 6,88

0,1 MO

2,4 Zn0

2

Lo whizh 8 % of Jr 3104 wvare alled t) improve the opacity
ard colour of the glaze, Also the same glaze with additlor
Af 3 % vanmdium re'low stain wns tested.

Afier glezing the sampies ware dried and fir~ed together wi'l
ordinary factory products 4o *he temperature »* 1250 °C in the
fectory tunnel kiln fired witn zenerator 97,

Few products wece tested and gave following properties:

Res.due »nn sive 10 000 op/cnz 0,89 %

Wet-dry shrinkege ),3
Dry-fired shrinkage 7,1
Wet-fired ohir iikege 10,1
Weter absorption 0,8
S.rangth of rupture 630 <>, cid

* ¢rastiing strength 31520 ko.ciz
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The utility ware are ceramic producrts of various gualities
as porcelain, semivitreouvs gnods or crockery. Usually in
Europe under this term is meant body fired to higher porc-
sity (waterebsorntion & - le % which 18 as biscuit body
fired to higher temperature (1220 - 1280 °C) in comparison
with the glost firing (1050 - 1150 °C). Fritted glezes are

s .a [0V O S ST PE U & BN

The propertie. .ipulatec in aifferent naticai atgder o are
aimed to the aesthetis quality of' the goods. From physicel
preperties cnly weter nermeablility and atreact of fired
biscuit are very important.

For the firat orientation &and heving in mind the chemicel
and physical properties »f Camoian raw materiaels the followi~g
body composition waz recommended:

Clay Fatotc 36 %
Kundam kaolinitic clay-stn-2 24 %
Fei‘apar (7SSR provenienne) 20 %
Quar+z sasnd 2C %

This body mixture was prepared in a quantity of 20 kg in

a2 laeboratory ball mill. The ratio raw materinls : pebbles

: water was 1 ¢ 1 : 1 . The excess water was removed through
filterpressing and the cakes were pugged on a laboratory pnug
mill., An automatiec shaping machine was used for shaping cf
cups and saucers. No sultable products were reached because
the body mixture was not enocugh plastic., Therefore a par’

ot plastic body mixture wes used for hand shaping on a 'igger
head. In such 8 way few little vases, jars and bowles were
produced. These products were after drying filred to the tempe-
rature of 800 °C, glazed with the earthenglaze end fired again
in a glost kiln tn the temperature of 1300 °c.

A few products produced in such a way are shown on the pilcture.
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BDecause the body wes not suitabdle for shaping body mixture
No 2 wee prepared. Its compositior 1s ss followss

Clay Basss 13,9 %
Clay Fatoto 6,9 %
Kundas keolin 20,0 %
Quartssend %,09%
Peldspear 5,0 %
Piltches 7,0%
Dolom.te (CSSR) 3.0%
Cheaical compositions
Loss on Ignition 6,19 %
810, 1,9 %
nzo, W, e
ro,o, 1,00 9%
1'10a 3,209
| 7 0,08 §
Cel 1,98 %
Alkealies .22 %

Totel 99,33 %

This body aixture wee prepared in & quentity of 20 kg in the
lsboreatory tall sill, £11terpressed snd pugged. Part of e
body wes used for shaping of cups and saucers. Shaping of oupe
was done without sny problems end difficulties while sheping
of ssucers on the sutomatic shaping sachine was not pessidle.
The body eeems %o bde not enough plastic end in cese if mere
water edded it was mudy while {f 1ittle water removed the

body does not paste sufficiently to the plaster of Parie mould.

Part of body mixture No 2 wes trensferred to the ceeting e0lip
through addition of watsr end 0,03 8 of Sodiuvapyrephesphate.

The casting elip contains 70,0 % of solids. Teapots and milkjlare
were cested, Casting of theee shapes passed witheut any é1ffioul-
ties.
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The products were after drying fired in e factory tunnel kiln
to the temperature of 1250 °C to the biscuit body and after gl
sing with the factory fritted glazes they were fired to the &
perature 1100 °C. After glost firing all the goode cracked to
seall piecee.It is necessary to ssy that the used glazes had
their CTE 68,0 . 1077,

The resson for cracking of the goods 1s enormoue difference in
the thermal expaneion of the body in comparieon with the used
glaze. To overcome this problem it means either to chenge again
the body composition or to change the glaze. Both ways are poszi-
ble.

Unfortunately we have had no more claye (eepecially clay Funtoto)
in the Institute and therefore we may only recommend body com-
poeition No ) which should have lower content of SiO2 and highv
plasticity. Probedly it will be also ussful to e¢dd to the hody
compoeition another good cley of type like English bell clay,
e.g. BiS or AK or any other sultable clay. However, the body
aixture No J ehould be composed approximately ss follows:

Clay Basse 15 %
Clay Matoto ¥ %
Kundea kaolin raw 20%
cslcined 5 %
Quarts eend 19 %
Feldeper 5 %
Pitchee T%
Dolomite %
Totsl 100 %

Chemicel composition:

Lose on Ignitien 7,91 %
8103 6,63 %
Al P, 16,90 %
Ye 09 1,97 %
Ti02 1,4 %
g0 0,95 %
Ce0 2,02 %
Alkeliee 1,26 %

Total 99,58 %
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It ie evident that the Body mixture No ) has only 65 % of 8102

in green o> T1 % 8102 in fired stage. In such a way it may be

expected to decrease the CTE of the body to be suitable for the
glases used for Body mixture No 2. Unfortunately it is not po-

ssible to csrtify prectically thie recommendation becauee clays
Basee and Fatoto were out of stock.

Products from body composition No 1 were handed over to the
UNIDO representative during the discussion about II Intecim
Repcrt. The following picture showe these products.

ol ‘ m“q = ‘

_Coming to the conclusions in this part we may say that few

more laboratory tests will be necessary to certify clearly

the possibility to produce emoothly utility ware in the Osabdia
only from local raw materials. Body composition No 3 seeme to

be promiseing but was not tested practically. Because both plaa-
tic clays (Basse and Fatoto) contain too much Si0, and Kundem
keolin is not enough plastic, it may be also useful to start the
production of utility ware in the Gemdis with imported ball clays
which will definitely give a good result and than slowly accomoda-
te the Body comnosition to the local raw materials.
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The sewerage pipes are ceramic products produced of stoneware
quality in different lengths which are covered with salt,
esrthen or feldspar glaze. Also fittings of different shapes are
produced, The following table shows the properties stipulated

for sewerage pipes in some countries:

United 3t- Gary an Fgderal Oreat Britain Czechoalovakin_‘-‘
of Americ: Republic BS 65 &
AST™ €261-60T DIN 12)0-62 540 / 1966 C8N 72 5110
Asterabsorptio] below 8 X - - 9 X
Crushing 100-3300 1b per 2400-30C0 kp/m 13501450 1500~-2000 kp/bm
strength sq It 1b per ft
Tolsrances in
aizecs
length 1/4-3/8 in per ¢ 24 4+ 1/8 in per +2,5%
ft of length
inside - ~ 2% * 5% 1/8 ~1,01in | £2,5¢3 %
L diametr
DS, . Wre ety . - B nlﬂd

According to the properties of plastic clays stipulated in
Chapter No 1 clay Basse was usel for the production. Because
this clay itself had the waterabsorption of 7 % after firing
to the temperature 1250 °C, feldspar was added to the body
mixture to reach a low porosity as stipulated in other national
standards, Therefore the first body composition was as follows:
clay Basse ..eeovere 85 %
feldspar (CSSR) ... 15 %
This body composition was mixed in a quentity of 30 kg in the
laboratory pan mixer and pugged in a laboratory pug mill. Small
pipes of inner diameter of 20 mm and fittings of inner diemeter
of 20 mm were produced., After drying all the products were fired
in the factory tunnel kiln to the temperature of 1250 °C and
tested, The salt glaze was applied to the body during the firing
process in the same way as in ordinary production. The following
table shows the properties in green and fired stage:
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wet-dry ehrinkage 7,1 %
dry-fired shrinkage 4,6 %
wet-fired shrinkage 11,4 %
watersbeorption 0,75 %

It is evident that the waterabsorption is very low and was so
decressed becsuse 15 % feldspar was added. Addition of feldspar
means increase problems with production in The Jambia because
feldspar should be imported. The porosity of 0,75 % is really too
low and therefore other two body compositions were recommended in
order to decrease the percentage of feldspar and simultaneously
to incresse slighly the porosity of the body.

The body mixtures No 2 and 3 were composed from this point of
view as follows:

body mixture No 2 No )
clay Basse 85 % 8% %
feldspar 5 % -
quarts 10 % 5 %
pitchee - 10 %

Both above mentioned body mixtures were prepsred in the same

way and quantity as body mixture No 1 and also the same shap e
were produced, Firing was also done in a factory tunnel kiln with
ordinary pipes and therefore the pipes were glazed with salt gleze
during the firing process, The properties in green and fired stage
of body mixtures No 2 and 3 are given in the table:

wet-dry ahrinkage 7,0 % 6,9 %
dry-fired shrinkage 445 4,5 %
wet-fired shrinkage 11,1 % 11,1 %
water absorption 4,7 % 7,3 %

Local quartz used in Body mixtures No 2 and ) was added without
any dressing. Pitches were milled on a pan mill under 2 aa.




Ta comparison with different mention 1 national standards it
ray be seil tha* all three mixturas zive siuitsble resultas.
Some af the proliucei ssmples wer? handed over t>y the U 1.0
repregantative Juring the discuseion about II Intarir Repoct
and tue fsllowing pict re shoss these pinducts,
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Genorsfiy speaki;z the prodiaction of sewerage pipes seems to‘
oe poasible eitiier with a smail addition of feldspar nr slao
only from the Cambian raw-materials. The final decision will

. zive & large trial production of about 300 kg when pipes of
3iameter at lemst 170 mm will He produced and tested on ‘he
crushing strength and leakase under pressure. Also the market
staly s oull certify if sewereze pipes should be producec in
The SCambis.

I+ {s evidaent that & laboratory trial of 30 kg cariot give any

finel decision. However, physical properties of laboratory pro-
Aucts arg very promissing in spite of the fact that crushing
strength wes not possible to be tested.




® -69 -

J/ Tirebricke

FPiredbricke are products of differant shapes which withatand

the temperature of minimua SK 26 and sare wed for building of

different furnacee and kilns 1in the steel and metalurgical !
industry as well es in the cemwent, glass end ceramic industry.

Many different quelities are known in the world. The following

table shows the propertles of hi,h quality firebricks produced

in some cowmitrien,

T . ] '
. B T TS VO L N A v ortle Czuchouul el )
2t T T30 oo 72 €156 ~
' oY TEERRE N

] rr } el 31 =N
P.C.% SO i3 23,34 22/33 ' [
A1201 ront ‘ PRI IR - nine U i @ine 37 0
F‘e-.aoj zont.nt . ) - belov 2.4 | boler 4,80
Tateahs et ~ - - bWilo: 10 % | belew 13 X
Poeoal 25~ ¢~} - - -
A frescortn antoe M aset e vy el as3n i) [0 % 1270 %

o VG, (¢,3 %)

Codd i 7 Tws T el P R T m'n 307 kp [ min 100kp

. Jpeeifie e ife f/cr':3 Y,8-2,0 7,82, 0 - -in 2,C0 ein 1,90

>

R

It is evident that one of the mal properties of firedricks
is thelr refrectoriness (Pyrometric Cone Equivalent). There-
fore only kaolin Kundam and clay Fal ‘o were used.

Three different body mixtures were prepared. The table below
shows the conmpositions: No 1 2 3

Xeolin Kundem fired to 1400 °C 0-0,5 mn 5% R 45%
Keolin Knndem fired to 1400 °C 1- 4 =m 5% 435% 5%
Keolin Kundsm green, finely milled 20% - 10 %
Clay Fatoto - 20% 10%
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Every mixture w:. : prepared in a quantity of approx. 20 kg in

e semilarpe scal : equipment in such a way that fired grog vius

crushed in a jaw crusher and milled in a pan mil", Plastic psnrt

was prepared thr>ugh fine milling in a pan mill and Kunian kaolin

was 8dded as fine milled slip. The molsture of he body mixtur2: '
fluctuated in range of 6 - 7 % and the mixtures were prepsrad in

a pen mixer and further pressed on & hydraulic press witl. the

pressure of 400 kp/cmz. The pressed t.lcks were fired after dry.ny

in the factory tunnel kiln to the tomperature of 1400 °c, uen

testad the following properties have been foundi

No 1 2 )

P.C.B, ... oK 3 32 32/3)
Specific gravity g/cn’ 2,002 2,041 2,784
liaterabsorption 12,5 11,2 10,)
Porosity app. 25,1 22,8 21,5
Refractoriness under load (RUL) t, - - 1465
ty - - 157%

Cold crushing strength (CCS) 137 147 241
A1203 contaent 33,20 31,54 32,9
!‘0203 content 2,89 2,717 2,8

According to the above given rersults each body mixture may be

evaluatael aa follows:

a) Body Wo 1 shows pood PCE and the highest porosity becauae
only Kundnm kaolin was usad, It shows £1lso the lowest CcCs
and the lowest apecific gravity. This all indicetes that the
firing temperature of 1400 %c 1s not enough high for this
raw materisl. Bacause the plasticity of Kundem kaolin is not
sufficient this body mixture will not be suitable for hand
moulded shapes and in spite of the fact that the technologi-
cal properties are very good it must not be recommended for
the ordinary production.

b) Body No 2 uses clay Fainto &s the plastic part. Clay Fototo
{tself has a low PCE and therefore the PCE of this body mix-
ture is lower. The body is olso enough plastic for hand moul-
ding. This body seems to be suitable for ordinary production
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end prodadbly it msay be improved throush the combination of
clay Fatoto with Kundem kaolin as the plastic part of the
body. This wes actuelly tested in body mixture No ).

Body sixture No ) uses combinetion of clay Fetoto and Kundea

Esolin as @ pleatic part. It wes also slightly changed in the
grainsise of grog. The properties of this body lie between the
properties of bodies No 1 and 2 except CCS and porosity which

are higher or lower. This boly es the final body wes elso tes-
ted on RUL and the result was excellent.

It is evident that the firing temperature 1400 °C is suitsble
for this body. Also plasticity of the body ia suafficient:
Terefore Body No ) may be recormmended slso for the ordinary
production.

The following nicture shows the fired bricks of Body No 2 and ).
This ssmples were handed over ts tne UNIDO representative during
the discuassions of II. Interim Report.




- 72 -

Coming to the conclusione in this part we mey say thest elso
firebricke may be produced in The aarbia from locsal raw mete-
rials. It is only question {f the lncal markey will indicate
sufficient eonsumption of these products. Comparing the pro-
pertiss of body No 2 and 3 with the properties of different
national standards given ir the atnve table it is evident that
the quality of firebricks producel from Jambian raw materials
uay be compered st least with the Juslity A II of Jerman Feder 1
Republic Standard or with grade ) of A5 1758:61 or with .he
quality S TII of Csechoelovak standard except A1203 content,
Some properties correspond to the quality Al and ST. Of course
large scale trial ghould be recommended to prove this eveluation.

——
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™e s tacical testing ~f 3at-ian raw materials for the
cement prodiuctisn was don2 like a lam:ratory trial for ine
farmatisn except infrar2l spectral nanelvals, The following
rew materiale were used:

Thewi-al  cooroamitieng Tem ehells Tlay Rasse

3,09 &
7,57 %
60,36 8
21,57 %
3,60 8
1,60 §
0,73 %
0,70 %

hanl ity 3,7

Lyre o Teonitin 42,76
5132 4
AIIO’ W1
Fezﬁj Dy ia
TiDz 0,02
o Yo) 53,78
1g0 0,2%
KIO 0,09 1,01 %
2,0 0,47 0,17 %
SOJ 0,42 % 0,09 %

A — e T ——

W e Yy v W e

b

Totel 99,75 & 100,48 %

dualitative spectral enalysis:

The qualitetive spectral enal.eis wne tosted on the spectire-
graph of ihe lompeny "Arpliteld Research Laboratories”,
The enal, /sis gave the foll-owirg results:

Sr

0,1 %

traces under 0,01%
0,01% ' 8?8{;
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¢) Struetursl analyeis

T™he raw materiales were teatel with the RT3 type Miller
Milire 111. Dilference ¢osl thermel and differentisl gre-
visetric analysis was sleo perforn. 1 with the Deaivatograph
of Orion-Pawlik Compnny.

- - -

Rasse clay heas a kanlinitic buse with a content of higher
smotit of quartzs, Fxcept quartz & small amount of 11lite,
montmorilinnite and prohebly slso hewntlite 1ls present,

Aceording to the chemical analysis of both rew materials {
the body composition was calculated to ireach suitable modulus ‘
for firins in the laboratory rotary kiln, Two body compositions

were calculated; the first nne with the modulus SLP 95,00,

¥ 2,50 and My 2,00 ani the secnnd one with the modulus

& 96,00, M, <,70 and v, 2,20, For the calculation other

two raw materials had to be sdded: quartz sand and calcined

pyrites in order to increase Fozoj. The composition preperad

only from ebove mentionel Gambiun raw materials waa not suitabla
because the composition had hisher aluminae modulus than silica
modulus, Sip 95,00 W 2,32 and M, 4,71,

For this reason it was necessary to add the above correction

rew saterials in order to reach the above cslculated modulus.

The following correction rew materials have been used:

Quartz sand Calcined pyrites
Loss on Ignition 1,52 4 4,09 %
3102 91,41 % 14,08 %
A1204 2,00 % 5,4, %
Fe0y 2,70 % 62,4) %
CaC 0,35 % 2,87 %
RgO 0,89 % 4,74 %
80y 0,02 % ), 22 %
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To reach the above required moduli the following mixing

ratios of the raw materials must be applied:

sea shells

clay Basse
queartz sand
calcined pyrites

mixture Mo 1

78,55 %
15,65 %
4,23 %
1,57 %

mixtute No 2

79,02 %
14,99 %
4,79 %
1,20 %

These two body mixtures have the following propertiess

Loss on Ignition
S103

A1203

Fozo3

Cal

MgO

S04

Ste

M

M,

Clinkir fired from these compositions

35,092
14,03
3,74
1,87
42,66
0,42
0,23
95,00
2,50
2,00 %

® W W

b’)

[

w ¥

36,07 &
14,07 %
3,58 %
1,63 %
42,91 %
0,40 %
0,22 %
96,00 %
2,70 %
2,20 %

has the following

properties:
Sioz 21,84 % 21,96 %
A120, 5,82 % 5,99 %
Fon, 2,91 %« 2,54 %
Cal 66,43 % 66,96 %
g0 0,65 % 0,6 %
SO, 0,36 % 0,35 %
luinornlogicll composition by Bogne is followings:
c,s ‘ 60 6)
czs n 13
C,A 11 11
9 8

C4A?




o)

f)
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Regctivity of :he body mixtura tested according to Jirku test:
reactivity: 6,7 ml/g 6,9 ml/g

These figures show that both compositions are of good reactivity.

High temperature thermal anelysis:
High temperature thermal analysis was tested with the Netzsch

spparatus.

The curve, which has been found for both body compositions 1is
practically identical. In the area of low temperature there are
two endothermic peaks indicating loosing of wster and the presen-
ce of clay minerals. The decomposition of CaCO3 starts with the
temperature of endothermic peak equalling 935 °C. The ractions
in solid phase show only one exothermic peak with the tempera-
ture 1240 °C and higher this exothermic reaction changes slowly
to the endothermic one which indicates building of liquid.

This reaction ends with 1360 °C, 1t has a minimua with 1310 °c
for body composition No 1 and 1305 °C for body composition No 2.

Fir.ng in gradient laboratory kiln

The testing slabs are sfter firing in both compositione practi-
cslly the same.

In range of temperatures 1000 °C - 1160 °C ths fired slsbs sre
without any destructions, the light puff colour slowly changes

to s darker one.

In renge of temperatures 1160 °C - 1240 Oc sets out the decompo-
sition of this psrt of the testing slab due to the development

of gsma CZS modification from dicalciumsilicate during its
cooling in exicator.

In renge of temperatures 1240 - 129% °C the testing slab is agsin
without sny destruction with darker gray-puff colour.

The temperature 1295 °C - "I" - changes the light colour of body
composition to dsrk colour of clinker. Ths clinker ie dsrk grey,
dense with vieible shrinkage. From the temperature 1400 °C starts
building of liquid phase. The temperature - "T" - for body com-
position No 2 1s 12% °C.
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Test specimens after firing in a gradient laboratory kila
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Both body mixtures acoording to their »T* temperature may be
evaluated ae being good reactive snd may bde filed to the 11
Catsgory of reactivity.

Ths Gemdian raw ssterials - seas shelle and clay Basse - pay be
evalusted as euitadble for ths cement production. Both of them
are without any hermful eubstances. In both ceses it is necasse-
'ry to add correction raw materiels with 510, and hzo, ocontent
to obtain the required pody composition.

The body composition prepared from approx 178 % of eea shells and
15 % of clay Besse, when eand and Fe 0y rich correction rew ma-
terisls sdded, s poesidle to be cleesified within the II Cate-
gory of resctivity. It means that in the production of Portland
clinker good firing process snd good output of the rotary kiln
18 to be expscted.



4/ BEvaluation of ksolin for use in agriculture

In sgriculture ksolins of lowsr whitensas and quality or
differemt types of clasys are used as base for inescticides
and pesticides in order to protect the fields agninst verious
pests and to increass the production in ouch a wsy.

The basic materisl should be very finely ground in order to
jncrenss the covering capacity in use.

Also kaolinitic clave=atone mey be 1=>1 for this purpose and

of course it should be finely grouni. Because this raw saterial
18 non plastic and does not give with water a plastic mass, in-
gacticides and pesticides soluble in water mey be used,

The non-plastic raw material will sbsorb soluble chemicale and
efter drying may be used a3 pouler for powdering of fields.
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%/ Evalnation of knolin for use in cosmetic industry

Ksolin for the cosmetic industry hus in ita specification ,
a low content of F3203 (nuxinoum O,7 w), a high brightnass

(70 = 79 % Mg0) and should be very fine (percentage of grali

under 1 micron should be at lenst 80 ).

The Kundam kaolin from the Gumbia shows the contant of E‘6203
2,57 %, brightnass of 50,7 % to the !0 standard and 1. minel
in lumps and should be ground to rcach the expected finess.
From all these pointa of view lhe Kundam keolin from the Qan-
bia cannot “e racomn<nded for use in the coamatie industry.
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v) Conclusions f technical part of the Report

The technical results described in detuils in parasrephs

iv)1-5 mny be summarized in taie followins points:

1.

The Cuimbian kaolin vhich was the subject of the Contirnet
with UNIDO s actunlly not a kanlin according to Buropwin
clasaification but a knolintitic claystone shiich ias very
hard, nonplastic and witlihut bierer quartz erains,

The clays chich were sampled according to the Contract

in smc1l quantites to reeczive o broader view on cernuic
raw materials in the Cambia are built on the kaolinjtic
base “hich is mixed with fine quartz. They are enourh pluns-
tic but they have unfrrtunatelly a hicher content of iron
ox1d:s. ThareFfore their colonr after firins is yullov to
dark hrowun,

The quartz sand waich vng sempled close to Serre Kunida is
of 1 mond quality and may be used for the cersmic produc-
tion, Tt vaa armplel #1000 in A small quantity from the

sam? reason a3 aentisued under pnea 2,

The sca shells anmple ’ on the aso2o shore ere actually a pure
araronite and the contont of Ca0 shows that the saa shallg
are a rood merteorinl and ennurh pure for the cevamie produc-
tion as well as for the cement production,

The laterite which wns also somple’ in sanll quantity shovis
a very low plasticity, The puercentnse of Fezo3 is about 8 %
and thernfore it may be useld only in a small quantity for
the productisn of floor tiles of dark colours. Therefore 1n-
torite is not recommended for the ceramic production in the
Gamb in,

6. Aa far as flror tiles ara concerned it may be said thnt

rood rcsults were reachel, Different plain colour floor

til's aa wsll as different marble and porphyr desironz wer?
successfully produced, The production of floor Lil-n sooms
to be the mrst promissing one with regard to the abiwn v
moterials., T™e only disadvanta~e ia that foldspre ~hiien 0 oorhy




be imported to the Gaabis must be added to the body compoai-

tion in e quantity of epnroximately 10 - 30 %. White coloured
floor tilee ware not possible to be produced hecauee the con-
tent of impuritiee in local Gambian raw materials ie too high,

Body compositione of wall tilee were composed fully from
Armhien raw materiels. Quartz-lime bodiss with low shrinkage
were recommended end especially boly No 7 and 8 give g00d re-
eults. CTE of boly No 8 corresponds with CTE of the us:1 glaze
and the eurface of wnll tiles is very smooth and aesthe*ic.
It’s possidble to say that wall tiles may be produced smoothly
from local Cembian raw materials,

fagade tilee were elso tested to he produced from Gambian
rew materials. The production ie poesible with eddition of
feldspar, it meens, with the same disadvantage ss mentioned
under para No 6.

T~ spite of the fact that the physical properties of the pro-
duced ~anitary ware were excellent the ecolour of the sanita-

ry ware body vas not enonsh white because of coloured impu-
rities in the raw materials. However, the aesthetic quality mey
be improved by using coloured raw plazes, Production may be re-
commended for local use only.

The utility were was not tested with a full succees. The reaeon
is probably in the quality of plastic clays from GCambia.

Sewerege pipes did not show eny problems during the laboratory
triels. The physical properties of produced samples correspord
to the world production. Mechanicel properties of the samples

ss crushing strength end leakape under pressure were not tes-

ted beceuse of the size of samples.

Also cement production from sea ehells and correection nltgrials
1s promiesing. Clay Baese snd quarts eend should be used in
small quantities to resch suitable silicate and alumina modulus.
Thie testing wae done on the wishes of the Gambian representa-
tives end is not mentioned in the Contract specificstion with

UNIDO.
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1. Keolin respectively kaolinitic clay-stone seems to be suitable
for use in agriculture after absorption of chemicals anl fine
milling.

14. The Gambian kaolin 1s not suitable for the use in cosmetir in-
dustry because of very high content of Fezo3 and a very low

br.g'n!nnn.%.

From the 14 above mentioned pointa it is evident that from techni-
cal point of view the fnllowing ceramic products may be reconmmzniel
for the production in the Gambia:

flonr tiles

wall tiles

facnia tiles
sayerara pipes and
fireclay bricks

Sanitary were anl utility ware does not rive such a good reanlts

and the products cannot compete with the world production. Speci-
ficly tha cnlour of sanitary ware and difficulties in shaping of

vtility wnre are the ressons for this d=cision,

The propartics of kaolin which 1is actinlly kaolinitic claystone

show that taiis raw material may serve from the point af comnercial
exploitntion only in the ceramic industry as a part af various body
compositions., However for succesafull productions elso plastic clrwvs
from Pnase and Fatoto, sea shells and quartz sand should be used.

This situation was not known in the very becinnine ani therefore
the UNIDO Contract stresse? its interest mainly on the kaolin.

In this new situation it will be very recommeniasble to make the
technnlorical and geologicel investigation of the remaining raw
materials in ord:r to find meological reserves and varistinn pro-
perties of these raw materials. Only with this knowledre a complete
viaw on the possibility to start the ceramlc industry in the Gamblia
may be known.
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114) Economic atudy

1/ Main_charscteristice

The Techno-sconomis Feasibiliiy Analysis 1is besed both on
the conclusions of Fhase A of the Contract - Collection and
Testing of Keolin Samplee - and cn the conclusions of the
second part of Fhase B of the Contract - the Market Study.

The tecnnical report ascartsn’ned *he ausen:e of kaoiin in the
investigated area and etated e noseibility of successful
utilization of other iavestigated raw materials in the produo=-
tion of wall tilee floor tilee (mozaics), fscade tiles, sewerage
pipes aad firecloey bricks. '

The market report restricted the euuve range of products with
regard to potintial home consumption snd export possibilitiee
to vall tiles end mozsics and recommended the production of
gift items (eouvenirs). The recomnended production of earthen-
ware cannot be tcken into account at present because of unsatis~
fectory rcaulto of technological trinls. The production of se-
varnge pipes could be recormended in later years in dependence
on the fensibility of setvicrose programne in The Gambia. The
production of a ¢mall quantity of firebricks can be recommended
for 1nter conatderation too.

In prclinmicnry chlculetion the raximum production programme
of 10C) t v—11 tiles and 1000 t mozaics was calculated and
found unprofitnble. To achieve accepteble profitabality thie
progrora vog extend~d by 50 tons of gift items (moximum pro-
duction sccording to market study without potentiel export

to Europe) and it is precented in this study as industrial
scnle production.

As elternntive a oilot plant scale production programme 1s
submittel corprising the menufacture of 25 tons of gift iteme
per yerr and expericentel production of 10 tons of wall tiles
snl TG tone of moznics.

An i~r-rtont problem to be decided wos the location of the
plent either in Benlul in the centre of local market, within
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easy reach of the port or st Basse in the sres of main raw
materials 4. 0sits, A eimple calculation has decided in favour
of Banjul as it appeared that only 1700 tona of clays psr year
will be delivered from the Upper River Division for ..e ceramic
plant. In case of location of the plant at Basse some 800 tons
par yeer of quorzeand, Geushells, feldspar, glezes and steins
4n sddition to operating supplies would have to be transported
up the river and 2000tons of products would be transported
back to Benjul. In case of pilot plant the situntion would be

eimilar.

All calculations in this study ere mnde in local currency
(Dalncis). For conversion the following ratea of exchon:d
appliad in The Gombia in Novcuber 1973 v.ore vsed. The main

cheractcristics ere given in US dollnrs too.
1 U3/ =1,6 Dalncds

The rocults of the presented sudy give the follouiinz rin

clinracteristicos ‘
Tr Avstriol plentPllot plont
Annual productions tona tona
Vall tiles 10CO 10
Voznicn 1000 10
Gift 4tcos 50 25
cMD ocyU™/ ¢tan oW
Total inveotnont 2390 1494 302 244
Credito 13C2 o14 - -
Annval ocoles 1326 €29 210 131
e &
Roturn to totol capitel 11 12,5
Return to equity copital 24 12,%
Breok even point 48 49,5
000D 000 USZ 000D 000 BZ
Direct value edded 464 290 136 85
Active belance of payments
Annuel average lst-4th yeesr 500 ) 129 8
Annual aversge in further years 1067 667 147 92
CEisyes Beriogea
Lebhour opportunitest in the plent 84 n
miners and domestic workers 47 20
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2/  Indusgrial plant

2.1. Investment_ 000 D

Buildings and other 1ivil engineering 188
works

Technological equipment 1 473

Fixtures, furniture, transportation 10

Fixed assets - total 1 731

Preinvestnent costs 181
Start-up expenses 152
Other inveatment - total 22332

Wbrking gap;}a}

Inventories 181
Accounts receivable 143
--228_
Summary
Pixed assets 1M
Other investment 333
Working capital 226
Total investment 2 39

NX3I3IT8
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2.8. Data Cor avaluation

LR S R Y Y

Avarhme nat profit Return ty totnl  ltetumto equity
capital enpital
Iat-5th yenr 214 £,90 % 12,70 &
1at-Ath yapr 297 10,75 » 23,00 &
1at-10th yenr 267 11,17 &

Int-14th vyenr 2T)

Nrenk —ovan podnt

48,3 ~. - 991 tons (see table TV)

Direct value niied and employment effects

Direct value <ided consistirg of + 1 and salaries, averare
profit durins first six yesrs of production and avarage interast
for the same period amount to 409 000 Dnlosis per yenr, If we
e1d the waces of workers mining raw matarinls anl the wages of
domeatic workers knittine straw hoxes for oift itema the direct
value ndded would reach 464 000 Dalnsia.

The total of emplovecs of the plant would be 84, eventually 131
emploees inclusive miners and domeatic workers.

Balance of payment effect

The total sales - 1 326 00C Dalasis would provide for The Gambie
861 000 Dalasis in currencies of Yest African countrias and would
save 464 000 Dalrsis paid mainly in Buropesn currencies for impor-
ted ceramics. From these sums 259 000 Dalasis are to be subtrac-
ted for imported feldspar, stains, glazes, fuel 0il, opernting
supplies and spare parts so that the active balance 1 067 000
Dalnsis is left for purchases in African and Zuropenn countries.
In the first four years of production this balance would be

500 000 Dalasis per annum only due to repayment and interest

of supplier’s credit.

Social marginal productivity of capital

Tach 100 Dalasis of capital investment would crente 19,4 Dalusis
of direct value added,
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2.9. E.t“ﬂ of the induetrial &t

The production pregreass consieting of 100 000 |' of mall
tiles, 100 000 n? of wosaice and O tons of gift items 1
givea by 1imi tations of markst and does not represent the
optimm solution from the -tewpoint :f raticnal sxploitetion
of machinery, such production liues being usually dimensioned
for 300 000 -2 of wall tilss or floor tiles, Even 1f sffort
hee besn made to eliminate this disadvantage by utilising
ene production line for both wall ti)es and mozeice manufec-
ture and to mpply the prepared wall tiles body for moulding
of gift iteme se well, gome problems arose dus to this com-
bination that sre reflected in the .onomy.

The anslytical part shows that the total profit of 347 000 D
in the first yesr of "ull production (compare annuel seles
and annusl opereting costs) consists of 269 000 D produced
by gift items, 108 000 D from mozaice and e loss of 30 000 D
shown by wall tiles. It means thaet the profitability and
rentability rests predominantly on gift items production.
Although this production 1is being recommendsd by shrewed
businssemen, the risk connected with introduction of a new
article cannot be neglected. Another unfavourable fect is
that the psrcentage of exports in total sales is 65 % by
value and 79 % by weight (see analytical psrt - sales of
industrisl plant). This phenomenon being perhaps advantageous
for promotion of intersfrican business is - snother risk for
time of possible economic depression. Further on it should
be etressed thet the presented economy is besed on booming
prices of ceramic products as well as of investment. In this
situation no reliable forscssts concerning future trende
could be made and the economic -uu%omnt has consequently
a static character based on relastions as they were in Noves-
ber 1973.
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e (ot for svn. tien gives ia the presceling Gepter

thouw e reatedility which would cever repagusnt of e,
m-mzmmmmom.um
twee deta (Netional prio ity te: t) sno'v the rensfits breought
W inveetuoent to the courtry.

Vith regard ic this anslysie the eetavlishasat of the eremd
iadustrial plant s 2ot recoumended st preseat.
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9.4. Deta for eveluation of the pilet plent

- o B B e W e " e e > e wm W e ow ¥ e

gverage net rrofic Re.a'n w equity capitel
1t - 6th year 49 000 D 12,9 %

Bregk-even point
49,5 % - 2,25 tony (eee t:ble IV b,

Direct value added and employment e’fecis

Direct value added cenaisting of wagea, se'aries snd sverage
profit amounts to 119 G/ Delasis per vear, eventually

196 000 D in:lusive wages of lcm <*!c workers ‘knitters of
straw boxas) ard *he wages of workers amining raw materiels,
The iotal of employees of tha pilct plant would be 31, the
totel number of emloyees employed in connection with thie
investment would raeesch the number 51.

Balance of payment effact

It 1s presumed that 20 tons of cift iters worth 160 000 D

can be 3014 to tourists visiting Gembia, S tons worth 40 000 D
to neighbourirg countries. The imports included in the produec-
tion costa (felspar, glezes, rtains, spare perts) amount to
13 000 D only so that the active balance of 147 000 D is left
“ore purchases in Furopean and African countrier,

Social margiral productivity of capital

Each 100 Dalasis of investment would ocreste 34,6 Dalasis of
direct value added.

Evelustion of the pilot plant

The pilot plent should be evaluated with regerd to ites objecti-

ves to be fullfilled:

1. Training of local workers in the manufacture of cereaic
products
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8. Tveining of future covanic teshniciane

9. Treining of leeal gifted students in spplicetien of metive
art ia msaufecture of gift iteas (eouwvenire)

¢. Preduction of 25 %ens of gift items por year

$. Smperimental production of wall tiles, sesaics, oveatually
of other ocoremic products.

6. Market testing

In this way Whe foundatiens for local artistic ceremic mane-

fatture would be laid and preaises for potential future pre=
Guetion of ceremics on industrial scale would be oreated,
The eoconoamic results of the plant should be eufficient %o
ensure its functioning without subsidies.

T™he invested cepital of 392 000 D ocould be repeid in 8 yeare,
the dependence on direst exports 1s 19 § only, the risk of
introducing & new article (gift iteme) is analogous &8 ia Whe
oase of industrial plant. The other parsmeters ere eelf-
explanatory,

With re-"rd to the above fucts it is reccamended to estadlich
the oersaic pilet plant in Bangul.
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4.2.
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Conelunions

- m e e o = .

~.e economic staly examined the fcesibility of expleitetioa

of 1ocal ceramiz raw materisle in two alterratives - ea in~

dust.ig: a0 .la productinon °nd 1n pilo‘ plant conditious. The
erection =t the pilot plan. is recommended as the firet step
2n axploitation of local ceremic rew m-teriesls.

in this ennnection the uwther recommendations are given:

The U.70 should spsure the evaluation of ressrve. of local

cersmic raw naterials {corireacting of Amendment ie in pre-

gress already).

The Government of e Gembia should provide in the freme-

work of Development Act:

- dutyfree import of machinery for the pilot plaat

- dutyfres import of imported materials, spare parts and
other supplies for the first six years of productioa

- exemption from profit tax for the firet siz years of pro-
duction

The Governmant of the Gambia should request UNIDO for tedhaissl,

marketing and artistic aseistance in the firet yeare of pre-
duction,

Implemontation

- W aa W et = »

The implementation consists of the fimal stage prejests, the
eraction stage and the production start-up peried.

Time scheduls:

Evaluation of raw materiale 1974
Final projects 1919
Contracting 1979
Erection 1916
Start-up production 177

Tull production e
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6.5 PMfRpny _of peprioreont rP iy Pt PR,

2 coaforaity with Rospensibtilijtice «f the ORANRSr,
Tase B, pare 1 Vwreugh -1 the Baraet obuly Ws arvied
out, the cotablishmeat of o soresic pilet plast @0 reSOmDH»ied
e0tinnten of operating esete, seles pfefits. Lavestast esis
ond capital roguirensnts of the progased pilst slam eare o
sitted, tine schedule for pilst plant erestian ond s\t @
profuction was recoamvaded.
Approgriate ehanges in tafrastr wtwre are plonned Wy Sovelep
asat pregramste of The Jeubia ea! ~> ant anceapary for e
firet step of industrial Aevelapusnt (Whe ilut slamt),

. Ne chengee in hendl ing pert foolill:tee are requusied e W
mmmcrowmnm-umq—-
ols) leading oquipment.
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9/ assipriee) et

WA S GER S8 s &8 B9

9 .1. CGapestity of the prepeced iadustriel plont

Wil oife

Total tiles NWossies {Vems

oas ‘o ‘om0 tone

1ot rone of . ‘eetien 1 089 90O 00 ;)
Snd ond furtiher yoare 2 0% 1000 1000 %

Mo vlection of M0se Mree coraniec producsts to ¥ prefused
h0e boon olrcedy onploined. A0 Mar 00 the quantitics ore conseransd
WMo earuetl stuldy pregessd o achiove e full capacity preduction
ofver four yoars fres the otart of predustion. Sush o leag poried
10 planned ceing to the feet that the predesinant part of selee
oli]l Gpon! an cspert ond here (0 no ofganisstion ia Whe cowntry
ol oeporionce and csentacte ia oupert of coreaiee.

On WMo ather hand ae invester ean offerd te ospleit the eapetity
of 0 now=Bullt plant s sppresimately 30 § in overage for fowr
ond Walf » goar, Yo ofill RAve te got the staff enperioncsed ia
craniee »eintes and ¢ reccumsndstion for an eupert to orgeaiI®®
WMo supert »f the Puture plant will b0 insluted ia thie otudy.
I regard 15 this conalderation o SV0sper grew of predustien
oap eotabliohed (1),

(1) See Wwhiee I, 11, It
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5.4,
$.2.1. Technolrey (1)

“{th rerard to the manuficture 7 three Jifferent cer.mic
praducts in one factory the techmlary and the e mnipmant
hnl tn be applied in smuch n wny as tn achieve the miximum explnita-
t1wn of the t:chnolaricnl eipment. Therefore the followine princip-
1ao cops noreed before Jetailed apecification of the equipment:

a) The production lina from the prepacation of row miterinla shonld be
nasd rlternately far o1l three prolucts, the bods for well tiles
anl ~1ft {tema beine identical,

h) The preasine af #nl11 tiles and mozaics ahionld be done alternately
an thc aame nreaa with exchencenble dien, The shapins of oift

ftema stold bhe dane aepnratoely,

¢) For the firin: of a1l three products one flexible kiln ahould

be npnlind,

™e raw mnteriala nre delivered to the plant by inrriea from the
port or lirectly from the minesn. dnw materials delivered in lumps
will pass throurh tha crusher and crushed materirl will be tranapor-
ted hv menne of elev-tor and conveyors to atore boxes, In the boxes
the raw moteriala will be londed manunlly on travalling balance and
wil)l he daliver:d by the skip elevator on the platform over the boll
mills, which will be charred monnlly. lere alan the wnter will be
matarad. The hody ia finely milled to nchiave the acroven reasidue

2 - 1% (apeninea 0,06) mm), After milling the slurry is discherged,
passed through a viheating screan into a ciatern provided with a pro-
peller mixer, ‘om Lhe cistern the slurry is pumped throush a vibra-
tine screan and over a ma-netic separator intnh a storace cistern fr..
which the atomiser drier is fecedel,

T™he pressines powdar prepared in ..o ntomizer driar hus & humidity
of & 4. It is transportei by conveyora to the storire pper of the

pressing powder from “hich it is discharged by turnslate feeders int.
the hoppsr over tha press. By the described methed the pressine
powder for both mosaice and wall tiles will be processed periodicnl!y

(1) Tables V, VI
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With regard to the pressed semiproducts the press is provided
with corresponding dies end either wall tiles 150x150x6 mm or
mosaice sre preseed.

The well tiles are stacked, the etacks loaded on kiln cars,

dried in the channel drier and fired in the kiln to the tempera-
ture of 1100 °C. After biscuit firing the dumaged semiproducts
are .ejected and the sorted biscuits are inserted onto the feeder
of the glazing machine, The glazed walltiles are inserted into
saggers on the kiln cers and fired to the temperature of 1000 .
e fired ware is sorted, packed into crates and transported to the
store,

The pressed mozaice are laid down on slabs, these are stacked on
kiln ocars, dried in the channel iryer and fired to 1250 °¢. The
fired mozaice are filled in bags and transported to the stora.

For the moulding of gift items the wall tiles slurry is taken
from the blunger and stored in a storace container provided with
propeller mixer. The mould ing methods are described in the para 6.
Supplement - Pilot plant.
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5.2.2, Technolopical equipment (1)

mnterinls are inciaded in the specification of

Ttom pcs Dennmination
01 - Rew materials store and preparation
01-1 1 Box type feseder
01-2 1l onvl clay crusher
01-3 1 Aucket elevitor; Lencth 8 m
01-4 7 Nelt conveyor; Lensth 4 m
01-5 10 Concrete boxreawith 1irht roofing
Mote: The investments onat of concrete boxes for raw
buildines snd civil engineering works.
02 - Raw materiels weishing and charging
02-1 1 Travelling bnlance
02-2 1 Skip elevator
Uzaful capacity 0,5 cu.m.
02-3 1 Charging pletform above the ball mille
02-4 1 Volumetric flow meter
03 - Body preparation
03-1 2 Nall mill for wet grinding
Capacity: 4600 kg of charge
03-2 1 Vibrating screen
236 meshes/cmé
03-3 1 Propeller mixer
03-4 1 Diaphragm pump
03-5 1 Vibrating screen
2500 meshes/cm2
03-6 1 Electromagnetic seperator
03-7 1 Propeller mixer

(1) Teble V

SRR S e
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-E::ﬂ-.—-ﬂﬁik- Denomination
e e ——————————— e A T . e e T e RN
9& - Dressing of pressing material A
04-1 1 Complete atomizer drier
Capacity 1000 ke of dried powder per hour
04-2 1 belt conveynr
Wwidth 400 mm
Langth 8 m
04-) 1 Bucket elevator
Length 10 o
04-4 1 Shuttle be’t converor
width 400 mm
Lensth 7 m
04-5 1 Steel hopper
Useful capucity: 10 cum.
04-6 1 Turnstile feeder ¢ 200 mm
04-7 1 Vibrating screen
04-8 1 Belt conveyor
width 400 mm
Length 8 m
05 - Pressing shop
05-1 1 Press feeding hopper
05=-2 1 Complete fully automatic hydrsulic press,
including drive, press control system,
stacking and edge cleaning attachment
0%-3 2 Pressing tools for wall tiles
05-4 2 Pressing tools for mozaics
05-5 Auxiliary structures

Weight approx. 800 kg
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Ttem pcs Denomination .
06 - Channel Drier

06-1 1 Fan, output 2,4 mj/sec
06-2 1 Fan for exhaust of air from the dJdrier I
06-3 )| Circulation fan type

06-4 1set Circulation air diatribution piping

06-=5 2 Insul~ting door for closing of drier

J6-6 2 Thermometer o
Kanpe 0 - 207 °C for meas ring of inlet and

. outlet tanmperature

06-1 1 1ot air distributing piping from the tunnel Liln
into the drier

0h-8 Inanlation of piping with cement overcoat

06-9 1 I7iranlic  pusher incl. base frame and driving
station

06-10 1 Chain convoevor conniatine of puth truck and

ecornectine materinl

07 - Glaze preparation shop,

07-1 1 Low 1ift truck
. 07-2 1 Travelling pulley block
o7-3 1 Bnll mill for wet grinding
07-4 1 Flectromngnetic reparntor
07-5 1 Vibrating scrcen
07-6 1 Propeller mixer
o7-1 1 Diaphragm pump - two chombers s;stem
07-8 Tubinz for glaze 300 kg

08 - Firing

08-1 1 Completa shuttle kiln incl. kiln cars, steel accesso-
ries, air conditioning, 011 heating syatem, measuring
and control aystem, electric installation

® o
083

land operated crossing transfer table
Hydraulic Jncks

N W




09-1
09-2

09-3

10-1
10-2
10-3

10-4

11-1

11-2

12-2
12-2
12-)

13-1
13-2

13-)

o’

09 - Glazing

Fedder incl. disintagrating equipment

Travaelling container for pitches
Capacity 2,25 cu. m,

Glazing 1ine - waterfall system

10 - Gorting and preki

Portable sorting conveyor belt
Table for packing

Travelling container for pitches
Copncity 0,25 cu.m.

Plntform truck on bantam wheels for carrying

erntas with wnll tiles and bags with mozaice
into store room

11 - Rnil tronsoportntion system f

Tracka-e for tae handline of trucks in the
works, complete, conaisting of the followingt
Rails, supportings sleepers, anchoring and
connecting material

Hend operated pusher

12 - Kiln car repair shop

Hydroulic jack
Wooden table with a vice on awivel base
Mortar mixer

13 - 01l handling
011 storase tank incl. accessories

Working pump For pumping of oil from the storage
tanks into working tanks

Working tank of 1 cum.
capacity




Item pcs

13-4
13-5
13-6

14-1
14-2
14-3
14-4
14-9
14-6
14-5

15-1
15-2
15-3
15-4
19-5
15-6
13-7
15-8
15-9
13-10
135-11
15-12

N Y
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Denomi ntion

n - o
Lt K g el

Horisontal gear pump
Supporting structures
Fuel o1l distribution system consisting of

piping, flttlngg, float-type equipment
slide valves, flanges and measuring fiittnsl

14 - Water house

Submersible pump
Pregsure pumping station
Hand operated wing pump
Air compressor

Deoller

Pressure tank

Piping and fittings

15 - Machine workshop

Universal lathe including standard accessories

Pillar drilling machine
Electric hand drilling machine

Doudble wheel grinding and polishing mochine

Frame saw

Kneetype universal milling machine
Hand grinder with flexible shaft
Rotary welding machine

Ges welding eset

Stationary forge hearth

Anvil

Vice on swivel dase
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. ml Illl-hpe, M\OﬂthiOﬂ a - < SRR

1641 1
16-2 1
16-3 1
16-4 1
16-5 1
16-6 1

® 16-7 1
16-8 1

16-9 1
16-9a 1l
16-10a 1
1611 1
1612 1
1613 1
1614 1
1615 2
16-16 1
16-17
1618 5
16-18a

16 - Leboratory

Technical balance including set of weighte
Technical halance

Autoclave for the testing of tile crack incidence
Apparatus for tensile bending stress testing

Electric water bath withoautomatic control to
the temperature of 100 C

Automatic sisving apparatus
set of screens for the sieving apparatus

Electric crucible furnace
Input: 700 W o
Working temperature: 1200 “C

Brabec electric furnace
Max. consumption 25 kW o
Max. temperature 1750 C

Transformer
Analytical balance

Electric sand bath o
Max. temperature: 600 ~C

Laboratory oven
Input: 2 k¥ o
Temperature range: 60 - 200 “C

Pot mill
Input: 0,75 k¥
Excicator

Platinum crucible with cap
dia. 30 mm,h = 40 mm

Platinum dish, dia. 30
Chemicals

sets of glassware, porcelain ware
and small equipment



Ttem Eca Denomination

17-13
17-14
17-15
17-16
17-17

18
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17 - Gift items mould.ng

Filter press
Belt conveyor

Horizontal vacuum prees
Manual moulding
Natural drying

18 - Electric wiring system

Comprising main panel and sub-switch boards,
traneition, terminal and deblocking boxes,
control racks and desks, socket boxes, power
cables from the sub-switch board to the
appliances,
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b ) o’o ;n!O_a_tga_ t_
$.3.1, Fixed as:ets Dalas
Site development and buildings (1)

Site development $ 000
Production hall 2000 m® st 60 D/m? 120 000
Concrete bins (10 boxes at 60 cu.m of useful

capacity) 110 m} of concrete at 75 D/m) incl.

light roofing 8 250
Cisterns for blungers and mixers 1n.}he production
hall - 20 mJ of concrete at 60 D/m 1 200
QGround floor buildings for °f51?° laboratory and
. social conveniences - 400 m¢ at 50 D/ 12 000
Standard septics incl. piping - 4 pcs at 360 D/pe 1 440
Fencing 420 ruining metres at 6 D/r.m 2 520
Water supply connection 590
Transformer and power line connection 20 000
171 000
Unforseen 17 000
Site development and builiings - total 188 000
Machinery and ejquipment (2)
. (specified in the preceding chapter) - FOB prices 1 030 000
Freight, insurence, wharfage, handling,
transport costs - 15 % 154 500
Erection coats - 15 % 154 500
1 339 000
Unforseen 134 000
Machinery and equipment - total 1 473 000
Fixtures and furniture - total _50_000_
Tranaportation (1 lorry, 1 car) - total .20 _000_
Fixed assets - total 1 731 020
i+ 32 +4-253 % %
. (1) Prices see references 43,44,76,57,61,63,64
(2) Pricer references 12,14,15,56,57
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Other investment
Pre-investment costs

5.3.2.

Preliminary expenditure and projects
Interest during conatruction
Engineering during construction

Totnal

Start up 8xpenses
Consultants feas
Coats of trisl run

Total

Other inveatment - total

5.3.3., Working capital

Inventories

Clays (4 months)

The other rmy materials, gle es, stains
(1,5 months)

Fuel nil (1.8 d»ys)

Auxilinry matarinls and apare perts (1,5 months)
Work-in-process incl. pitches

Finishe? products (1 month)

Pncking mnterinl (1 month)

Totel

_Accnunts receivable
Domestic customers (15 doys)
Foreisn customers (18 dnrya)

Total

Working capitnl - totsl

145 000

‘_----_----

326 000

BEINTEZTINII
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%.3.4, Suunsrys

1. Fixed snsseéte 1 731 000
2. Other investment 33 000
3. Working capital 326 000
Total investment 2 390 000

BEESEEZIZR-ERS

The prices applied for appreciation of investment were quoted
in November and December 1973 in a period of steady grow of

prices. Also the prices refsrring to production cosats end the
prices of products were collected during the sawe period so

that a certain retio between production coets and investaent
coats resnlting from this study should be preserved for future
projactas.




3.4, Jrowal Produ tlon

Anmuel seles 1ot yeor of full |roduetion

- Total —=2T7 Tee TR "W il
Commod it iee

Domest ic_20}ee}

te wnll tilee 210 ¢
et 1a) 2L

Coloured ' ~'1 til
90 t mt 8D n/t

Mos: lea 1N t at 510 /¢
GiLft items )0 ¢ at 6000 Wt

Totel

topeion_Jnlegl

“hite »1! tiles
47 ¢t at )30 Wt

Celournd ~11 tilee
210 t ot 460 WA

Mesater ") ¢ ot 476 Wt
G1ft tiome 20 ¢t ot 8000 Wt
Total

Donmestie and fereisn
sales total

Averape priee per toa
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A1l pricen ere wied Bx Plamt.

™o prices of ¢ asetie seles ore atete! on the level of C.i. .0,
Banjul orfiees plus Lapert duty.

™e pricos of foreign seles will net after edding the trenspert
oeete reash the Cif prices f competition in rvepective countriee.
™e everage trenspert coets including pert charpges in Mandul,
freight end insurence aaks )3 ,40 B/tea for mal) tilee and 77,36
een for mestice.

™e anseice for both doarstic ond fereign market are éolivered
ond qunted unsh- '\, packed in sisal hage. The wall tiles ere
delivered and qu . ' i in crates, The gift itewn are packed in
strow bones of Jifferent shares knitte!l froa lecel material.
T™heee peck ing coets @0 included in the price too,

Annus) ?ﬂl’ swsete

Anmml predu.tion csote - 10t year of full preduetion

Total W11 tiles Wesnies 0ift iteme

Reow materiale, steine, glasee 17 999 109 424 209 OOR %19

nergy 104 412 @ ¢06) 4. 01 1 9%
Operating ond generel supi'lise 04 804 42 62 2 %10 17 a8
Depreciation 121 90 6y 1 3 470 2@ 0
. Tages 3 90 8 ) 19 201 12 %%
Saleries 0 410 »Mm 12100 11 1%
Aduinistret ive coste Ly N 4 9 009 «§ M 4 000
Interest 09 0% % 69 26 20 1177
Seles coste 3¢ 000 oé 700 11 000 &8¢ %00
Tetal 7 %0 19 600 Y70 977 10 M)
Tone 8 0% 1 000 1 000 %
Coste IV Von o, 79,68 70,94 2619,08

Perther on the opeeificntion of partioular esets {0 given,
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9.9.1, Rew mteriels, gleses and stainu, eonsumption
. (10¢ yoor of 811 production)

Unit Total Wall tiles Mosmafice Qift iteas

A

Clay Patoto ton 818,80 4317 360 21,80
Clay Basse ton 960,00 - 560 -
Claystone Kundea ton 126,60 n - 15,60
Rwanhells ton 342,30 326 - 16,30
Juarssesnd ton 421,90 357 %0 17,80
Pitches wno 129,00 119 - 6,00
laterite ton 60,00 - 60 -
Pelsper ton 270,00 - 70 -
. Jlm o0 ton 109,00 100 - $,00
Staine ton 30,000 - 30 -
Total ton 3062,50 1650 1130 e2,50

Raw materiels, stoins and pluvcs conts
(1st year of full production)

——

Totnl 'all tiles Mosaice Gift iteme

D/'-‘"‘ ~ Dolusis  Dulusis Delasis Dalasis
. Clay Pstoto 29,08 23 816 12 113 10 469 634
Clay Busse 26,08 14 609 - 14 605 -
Claystone Kundea 28,2) 9 220 8 780 - 440
Seashells (1) 12,71 4 3N 4 16) - 208
Junrssand (1) 21,76 9 24) T 768 1 088 Jar
Pitches - - - - -
Laterite ), 198 - 198 -
Pelepar 143,12 )8 642 - 38 642 -
Gle ses 700,00 T 500 70 000 - 3 500
Staine 4800,00 M4 000 - 144 000 -
Total a7 399 103 424 209002 3 169
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Prices of loca: raw materials and other direat materisls

The technical part of this report recommends both mechenized and
manual methods of mining raw materials. The recommendation 1is
based on the supposition that 3000 tons of materials have to be
mined.

After collecting all necessary information regarding the rsw ma-
terials it must be stated that felspar will be imported, seashells,
anarzsand and laterite are extracted and delivered by Public Vorks
Depacuusnt at e cable proces (1) ond on?y £20 tons of clay Fa-

toto, 560 tona o .iuy Rasse and ' a0 i00 Coos of cleystone Kun-
dam have to be extracted Ly the factory.

The calculation for these small quantites of raw materials is
established on the following application .f manpower and equip-
ment. The machine work-removing of the overburden and piling of
the disintegrated raw material onto piles prepared for loading
-will he done by a dozer. Also the disinteprating of the overbur-
den and of the raw materiel will be performed by the dozer pro-
vided with a ripper. Only very hard materials should be discharged
by means o' ecxplosives., The work of the dozer will be ordered and
paid 80 Dalasis per day (8 hours). Tt should be done within two
nonths.,

A1l three deposits (Kundam, Basse, Fatoto) will be serviced by

8 lahourers and 1 technician (forman) who will be skilled also

in handlineg explosives, Tha labourers will mainly load the lorries
or ships and drill the holes for e plosives. Their equipment will
consist of shovels, hammers, hoes, two transportable motorcon-
veyops, one motor drilling machine and a few chutes throug which
the meterial will be skipped from lorries into ships. The lorries
will be hired., The distance between the deposits being 8 miles
(Basse-Kundam) and 42 miles Kundam-Fatoto will enable economic cie-
culation of machinary, manpower and equipment between the mines,

This arrangement has been proposed for purpose of calculation of
raw materials and current rates of costs applied in the country

were taken into calculation. The investor in asreement with govern-
ment will have to decide whether the mining in this Upper river area
should be run by Public Work Department or by himself in future.

(1) Reference No. 65
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9.9.8, M! »

Inergy consumption (lst year of full producuon)

_ “Unit  Totel tiles " Mozatcs 1t 8
Blectricity KW 548 000 385 000 155 000 8 000
Tuel oil ton 72% 390 320 15 4
Water cur 2 430 1 2%0 1100 80
Consumption of electricity:

wall tiles 385 KWH per fon of net products
mosaice 155 KVH per ton of net products
gift items 160 KWH per ton of net products
Consumption of fuel oil:
wall tiles 0,39 t per ton of net products
mosaics 0,32 ¢ per ton of net products
gift items 0,30 t per ton of net products
Water consumption:
wall tiles 1,25 m3 per ton of net producte
mozaics 1,10 m3 per ton of net products
gift items 1,60 m3 per ton of net products
Energy costs (lst year of full production)
- Price Wwall ‘ Gitt
per Total tiles Mozaics items
unit
D Dalasis Dalasis Dalasis Dal.sis
N
Electricity (1) 0,07 138 360 26 950 10 850 560
Tuel o4l (2) % 90,- 65 250 35 100 28 800 1 350
_Water (3 0,33 802 43 36 26
104 412 62 463 40 OL) 1936 .

. Only Diesel oil is imported and distributed with roprd to

undeveloped industry.

Reference No, 9
; i Reference MNo.60
Reference Nol49
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. 3.5.. Operating and general eupplies (lst yesr o full production)

WaIT 554 S
Total tiles Mozaics ftems

Dalasis Dalasis Dalaeis Dalasis

Operating supplies:
Linings for ball mills 3000 kg 5832 2845 2845
Pebbles 20 ¢ 2880 1400 1400
Kiln furniture:sapggars 2000 kg 2304 2304 -
pilntes  B00 kg 346 346
containers 13000 kg 2592 -

Plaster of Paris 10 t 1470
Petrol 9000 1 3000

Total 18 424

Maintenance incl. spere parts

Buildings 2% of 171 000 D

Production equipment 4%
of 1 339 000 D inecl,
spare parts

Maintenance of 2 cars

Total

Office supplies -~ total

Miscellaneous - total

Grand total
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$.5.4. Depreciation

Depreciation = let year of full production

Dalasie
Buildings 6 800
Machinery and eQuipment 88 380
Pixtures and furniture 3 000
Transportation 3 750
“ther 1-vastment 19 980
Totel 121 910

Depreciation allowances ore regulated by the Income Tax Act (1).
Decreasing dspreciation is applied. Below the ennual wear end
tesr rates applied are pivent

Initial Susequent
allowance yoars
Buildinass, structures, furnises 10 % 4 %
Plent equipment machinery 40 % 1089
Fixtures snd furniture 40 % 10 %
Transportation 2% % 8%

Other investment 40 % 109%



9.5.5. ‘iages

1st 2nd 3rd 4th
Workers - manning table shift shift shift shifrt Total

L e ——

Raw materials atore 2 2
Chrrging of ball mills 1
Attendance of mixers and 1

atomizer

Press regulation and lubriention

Attendnnce ot ;. 9

Pressed piecea ..nding on kiln
cars

Car delivery to drier snd kiln
Attendance of kiln

Unloading and sorting of
bisque fired ware

Stncking end cleaning of
kiln furniture

Attendence,remlntion of glazing
machines

Insertion of glazed ware 1into
angoar

Delivery of loaded cars to kiln

Glazed ware sorting

Vare pncking

VWere transport into store
Products store

Kiln car repair shop

Machine workshop and .cintenance
011 handling plant

Off-site transport

Cuards, cleaners, etc,

W NN~ NN
AN NN DN

LD~
O O

gift items shop
(constant workers)

W
[« .3

Total
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Wages (1) (1st yesr of full production)

Total Well M e$EL)
. tiles Mozaics {iems

Dalasis Dalasis Dalesis Delasis

Raw materials store 1 300 676 585 39
Charging of ball mills 650 338 293 19

Attendance of mixers and 950 015 816 59
atomizer

Trtian onA lubrication 948 779 169
Attendance of pres: 300 520 780
Loeding on kiln cars 300 650 520
Car delivery to drier and kiln 600 300 040
Attendance of kiln 896 340 170
Unloading of biasque 650 325 260

Stacking and cleaning kiln 650 325 260
furniture

Attendence of glazing machine 974 974
Insertion into saggars 500 500
Delivery of loaded cars to kilns 300 300
Glazed ware sorting 250 250
Ware packing 300 780
Ware transport into atore 650 325
Products store 974 487
Kiln cor repair shop 974 487
Machine workshop and maint. 844 922
011 handling plant 844 422
off site transport 1 948 974 195
Guards, cleaners, etc. 3 408 T04 341

Gift items shop constant workers 9 T40 9 740

Total 53 950 28 393 13 201 12 356

The wages ars calculated on 280 working days (300 working days per
year minus holiday and ilness days). On this basis 16 % are added
including paid holiday, pald public holidays, sick-pay and medical
treatment,

(1) References Nos. 7,8
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5.5.6. Salaries (1) (local personnel)

Dalasis

1 Assi tant manager 8 000
1 Laboratory technician 3 000
4 Foremsn 14 000
1 Bookkeeper 4 000
2 Assistont and typist 6 000
4 Sales staff 12 000
4T 000

+ 3% ame . 1 treatment 1 410
Total 48 410

Besides the Covernment will request a director and
a sales expert in the framework of the United Nations
Davelopment programme,

B

5.5.7T. Administrative costs Dalasis
Insurapce (2)
Buildings 0,3 % of 171 000 D= 513
Production equigment 0,5 %

of 1 440 000D = 7 200

1 Lorry 400
1 Tar 300
Total 8412

Logal rateg (31

Commercial rate 4,8 % of acq.
value of buildings i.e of

132 000D = 6 336
Water rate 10
Service charge 200
Total 6 ‘46
Renta for gite 5_.D/100_m> (4)

(10 400 m2) --320-
Miscellansous (5) (mining lease,

compensation for damages etc) _ 2 000
Administative cost - total 17 479

B=ENET=IRIN
(1) Reference No. 40,41
(2) Refsrence No. 59 (4) Reference No. 36
(3) Reference No. 39 (%) Reference No. 5



§.5.8, Interast - 1lst year of full production

dalasis Mlonis

Tnterest on creiit crantel by
supplier »f machinery

1st yenr of production - G% 117 1€0
of 1302007D

2nl year of Eroduction - 9% 105 030
of 1167 002D

(full proaduction)

5.5.9. Soles costa - 1st year of full produthing

_ 3B - TITE
Totnl £ Voznics 1toms
Jnlanis Drl nin  Dnlonsis Dnlnals
%
Crates for woll tiles , ‘
65 070 pra nt 1,25 Dpe. 2 00 033
. .- x

20 000 pes 1t 0,5 J/pe.

Straw boxes for aift
i1tens 25 020 25 00
50 000 pes at 0,5 D/pe.

Travel expenses and -
publicity 4 000 1 530 1 000 1 500
Total 124 000 86 500 11 000 26 500

Peraonnel costs of sales are incluied in the item "Salaries”,

1 crate contrins 72 wall tiles
1 bag contains 50 kg of moznics
1 knitted strowbox contains 1 kg of 7ift items in  averoce
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%.6. Finencing

The supplier’s credit should be 80 4% of Cif value of
delivered machinery, the remeining 10 ¥ should he paid
after signing the order & 10 % upon delivery

Rate of interest: 9 % per year
Repayment: over five years

Cif value of delivered machinery: 1 302 000 D

Granted credit 80 % . 1042000 D
1st advance 10 % 130 000 D
2nd sdvance 10 % 130 000 D

During the field investigation in Sumbin the potential sources
of capital could not be discussed. Only this report is expected
to ~ive the first estimates of required cnpital to the Jovern-
ment of Cambia,

The total volume of loans and credits proposed in this stuiy

is ebout 1 300 000 D (54 % of total investment). As with regard
to information received from the Development Bank (1) 1in Gamhio
the intcrest on lonn within the Development programme would be
9 % as well, the financing in the study is calculated in such

n way as if the whole Cif value of machinery - 1 302 000 D -
were credited,

Capital requirement: 2 390 000 D
Cepital distribution in the study

Total investment 2 390 000 D
—Sugglior'o credit (70-80 % of

Cif value of machinery) 1 042 000 D
Loan or equity capital ‘ 260 000 D
Equity capital ‘ 1 088 000 D

(1) Reference No. 34
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5.7. Pilot plant

5.7.1. Objectives of the pilot plant

1. Training of loewl workers in the mounut. . cture
of ceramic produrts
2. Trainine of Future ceramic tachnicians
3, Training of local students endowad with srtistic
pift in applieation of local art in the industrial art

Pt et teq Af 5 tana of pift 1tema per year

5. lxpeii Popendanttan of b

6. Fxperimental proluction of mornica

T, Market teating

5.7.2. Technnlopy (1)

Raw materials are delivered ta the pilot plant by lorries,

Small prain-sized r matariale are discharged directly
into roofed hoxes., Raw materials delivered in lumps are tipped
in front of the jnw crusher which i{s feeded mnnually. The crushed
raw miterinl is traraported by n conveyor inta n box, According
to recipe the partiecnlar row materisis are charoad into the hopper
of the travellinge tol-reo, The hopoer is tronssneted by mesns of
the travelling pulley lock onto the plalform over the ball mill.
The sturry ia diachnpes1 feom the mild throuch vibrating screens
into a prapellar mixer from . re 1t is punped  either for casting
intn plaster manlda »nr 4t ia numped into the “il1terpress, (for
plastic mouliin=), frem wiieh the holy §8 pasaed throueh the pug
mil]’mnnnn]]v shaped and tornel on the patter’s wheel,

The aemiproducts are dried patnrelly ani fireil in the electrical
chamber kiln. vith recsrd to the charncter of products thene may

be rlazed after firin~ and ~lost fired in the e nme kiln,

The gluze is delivered fn the plant pewdy mil2 snd pecked in smcks.
Tt is hoisted hy the travslline pnlley block on the platform over
the ball mill ints whish it is charged tocethier with wnter, The
blunred rlnze ia liacharised from the bnll mill throush the v'' ra=-
ting screena nnd the elactromamnetic  separotor into the propeller

mixer. The products ar~ -lazedl v wontly,

(1) Tables VIT, VITT
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Experimental production of wnll tiles and moznica:

Tha filterpresaal cnkes are cut to piecea,niturnlly Adried and
rround in the pan mill. Thae presaing powder is chinread into the
hopper of th2 pross, The proased waltiles  are fred4-) in stacks
notopally, fied An the plectrie kiln, rlnzed ant pioatfired in
tha name kiln,

They mozniea npen ;\1'”]1”'(‘11 in n atmilapr voy,

$.7.3. Tochnoloarienl equipment

Ttem pea Dennminnt fon
- =4 e — oL

[—

1 Jaw crurher

Pucket eleyntor

Pt convryary

Navay for proo meteriala

Traygoelline halence

PP R, S R

Trovolline halrnen

Py mind

ChHeopeine plat Marm

Viheatine seroou 230 on/cm2
Vibeatin- ceroon 2500 op./cm2
Frapoallor mixew

Dy ophesom pamp

Filtoerpreas

Relt ennvaeyor

]
|
1
]
1
1
1
1
1

Horizontnl vacnum press
Manl mond Hne

Matural dryine

Meectric chnmbar kiln
Flow vater meter

1 Pal1l mill

1 Chargins platform

1 Vibratine aecreen

1 nlectrimisnetic seperator

(1) Table VII




Propeller miver
Olazing
Natural drying

Pan miid

Preass with axchanseable preasine dina

9.7.4. Investment eoats
1/ Tixed pasets

Site develnpment

Production hall 500 m
Standard septice 2 pee
Unter supply conncction

2

Pranaformer and pover line eonnect ion

Unforaeon
Total

Mnechinery and squipment as per specifiention
Transport anicrection

Infarseen
Total

Pixtures and furniture - tatnl

Transportation (1 lerr/, 1 enp)

Pixed asoetes t o t ol

%) 000
120
0

299
61 000

£000
61 00

TEZREEY

144 000

42999
1/ 000

LI B
203 000

FEREEE Y 1 2

[ 1 3 A0 A4 &3

0090,
302 000




e A

&7 Other inv- staent
Preinvestrent costin

Prel latrary eupln iiture and proteets
Enginesringe luring constrietion

Start- ap enpensen
“onsal t nt Cacp

Other {nvestment - totel

Dalsste

19 000
% 07

3/ oveing capital 19 5 of sales 09
. = & ¢ 8 @
Sumenry
- Pixed renets 302 000
2/ Other investseat &0 000
3/ ork 'n- cnpitel 3O 000
Tnveatment cheta - t o5 t ol Jo2 X0
3.7.%. Praluction ceate, salsg, pefite
Fro tuetion conate 18t year and yeap
Dalnets Dulanis
Rrw mitertnin, stoina, rinses 4 %0 9 900
Enersy 10 OO0 KM,/ year 4 0O 6 000
Operating and pen, supplies 8 000 1% 000
Deprecintion 101 700 22 7100
‘agee 20 00 20 000
Salaries A¢ 000 30 000
Administmiive cests 4 000 2 000
Sales coste 420 A
Total 189 000 139 000
Salee 300 000 200 000
Profit <85 000 +§1 000
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Datn an which the production costs are lnaed:
Tontumption of raw meyterinle, staina, rle zen

Mlny Fatnto 20 t
Muy anme 6 t
Mlnyetone "undam 11t '
Sennshiells 1 ¢
Juar~annd 14 ¢t
Pitehoa 4 t
futarite 1t
F-1 \napnr J ¢
Tngaa 4 t
Steine 0,4t
TA,4 ¢

These tarinls nre needed for the production of 25 tons of

gift ftams and Tovr experimentnl aroduction of 1000 m2 of woll
tilas and 107 n® ~f moznics.

Deerenatns tonr ' otion te nnnpiied,

Japas for 25 oo a4 qra ~alentatad, In the firat yenr of pro-
duction only anlorias of local personnel are caleulatel, Fees

of foreirn experts are includal in the start-up costs.

Tn the sccond veer af proluction aninrinn of twn foreisn experts

are culeulnted,

Sales are cnlculated far 12 500 kg of ~ift ftems in the first
yenr of production nt 8 D/ke and for 25 000 ke of ~ift {tema in
the sacond yenr. Eventual asles of 10170 me of experimantal pro-
duction of well tilaes and 1070 mz of mozaica are not included.

Tha loas in the firat yeur of productinn is lue to lecreasing
depcecintion with a rrant nllawnnce in the first y-ar applied
{n the country (40 a sctiinery, 10 &« buildinrs).

If the linear depr~ri Linn were applied the cnsts in the first
yo- of production would cual the sales.




YA EEEERYK

Gafesensics, tebies, BN '



- 185 -

List of Referencies

1.

3.

4.

5.

6.

T.

9.

10.

11.

13.

14.

15.

The Third Development Programme 1971 - 1974
Gessaional Paper No 2 of 1971.

Sevanth Qunrterly Report iasued by Ministry of Local
Government, Planning Office, 15/3/1973.

Officinl Statistics: Gambin, Nigeria, Ghana, Liberia,
3ierra Leons
Dircct' n de 1a statlistique - Commerce spécial
- République du Sénégnl

The Republic ~ " The Tamhia - Country programme proposal
for UNDP Assictinee far the period 1974 - 1776 (Issued
10/10/1973).

Minerals Act. The revisel clition of the Laws Act,
1965 (No. 25 of 1965).

Annunl woar & tear ratrs on plant etc. for 1973 and
subs>quent nascsarcment ycoors,
File No., ITR/9C/73 (1) Income Tox Office, Bathurat
The Gambia, 25th Janunry 1973.

Torms ond Conditions of Tmployment for Commercial
Yorkers. The Cambin Cuzetts, No 13, Vol, 81, 24th April 1964.

Minimum “nges - Conversion Table. Joint Industriel Council
for Coamerce. 1972.

The Combin Utilitiecs Corporntion Act (Electricity Regulations),
1072, Supplamcnt "A" to The Cambia Gazette No. 57 of 29th
L .cember, 1972.

Port (Driecs nnd Rates) Rogulations 1972.
Gambia Ports Authority.
Customs Act - Chapter No-69.

Pracoinvest, Foreign Trade Corporntion for the Export and
Import of Equipment and Complete Plants, Ceskomoravekd 23,
Proha 9, Czechosl ovakin

Bickley G/BH, Hochtemperatur - Brennéfen, Postfach 2,
475 UNNA/VESTF., Yiest Germany

GIBBONS BROTHERS LTD, P.0.B. 20, Lenches Bridge,
Brierley Hill/Staffordshirs, England

SACNI, Via Provincinle Selice, 17a
40 026 - TMOLA , Italia



2.
2,
2.
23.
26,

as.

29.

n.
p

.
M.
3.
6.
n.
39,
».
40,
41.
42,
4.
M.
".

IR

3

- 186 -

TH8 11T OF AUTHORITINS AND CQILROTAL ONGANICATION

VISIT'D AND INTERVICLED IM GA'DIIA IN NOVITTUR 197)

N € IITOTION WITH UNINO COLTMACT 7)/) PRAILCT

President’s Office
Prosident’s Offiee
President’s Offi0e
Feccitmt®s Offdce
President’s Office
Preoident’s Office
Prosident’ s Office

Ninistry for Local

Oeverunent
[ " [
[ ] " [

Miniatry of Tinance
ltinistry of Finnuce

Ninirtry of Finonce
Inoczo Tox Office
Lands Office

Landa Office
Custong Offioce
Custons Olfine
Danjul City Couneil
Labour Dopartmont
Labour Department

Peblie orks Deportment

ha Ganbia Usilitiee
Cerparation

0. DP GA’1/72/004

Mr. N. Mo Socaeh
¥r. 8. 4. B. Tye
Mr. Amotrong
Mr. D. Dol

e Be Ko Somin
Nre Mo Ao Odbril
Mr. Do Noborts

r. No Dodalbhal

Mpe Be € Joro
oo Ao Jenrch

iir'e Do Ae B’ Doy
Hre Mo Le Aubor

I're !le Be Xo Jobe
Nre e KXo Bodr
re Ae Ae X304
re 5. 30 N'J4e
I're 1o Be He Jobe
Mre Ao Bavage
"re Co 1o Ju 10
"z7¢ To B. Poon
Mre Do Fo Qo Owons
Ire Jo Moran

Mre O Jonmoch
My, Hyrea

Mr. Ao Oarred
itre Mgh

r. Ae Batehilly

Mr. 7. Datly

Wr. 0. Duvodn

Doputy Beorotery Genernl

Senlor Econonist

Ohiof Eooncuist

Fhysdoadl Plenning Offieer

Toononiot

Gove iowent Duiosraphor

Govornacnt Stotisticdan

Finonedn: fdviser (%70 Dxpert)
Soucze projeet

Perr usat foorotoxry

Th: ‘eal Plaming Officer

Pcr ~momt Doorotary

Aotin~ Doouty Perranent
Lonvgbrvy

Chiof Prioco Ceantroller

Cc dzdenar of Incone Tax
Lt Offdenr

Psputy 1onda Offlcer

Dzputy Coutroller of Custous
Loai-trut Colloctor of Custens
To:n Clcrk

Oc-nignion~r of Labowr
Lnbour Innpootor

Dircotor

Arohitoot

(’:u-zfxtuy Surveyor

Ti-ancpcrt Managor

Stors Consultand

Chiof Duilding Contreld
Offionr

Hannging Dtr«ic

Water Supply Usrager
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90, Oamdia Ports Authority W Be Y. Jallab Monae®

81. Coatral Bank Ure Ae Ae Fand Ohief Aeciuntant

32, Contral Bank Mre Ronay Chiof Neonciisd

83, O-idia Co. reial and Mr, Ao Mo M WJad  Monuging Divestow
Davelopmont Dank

84, Ocdia Comnoreinl and Mr. Su’ud Ui'ID0 Tixpors /
Dovelopacat Nank

$3. Tranoport River Divioiea Mr. King I aagor

e iy Troduen ¥ ortetirg Yre Vo Drevam goorotary Acseuntantd
Pord

%7, Q-7bin Produce 'ilioting I've Popo Chiof I'n~4noor
Nord

% Tldor D:=poter Linos I're Joincp 1 nagor

39, lorthern Incuraacs Coe Mre Fo Clhurry Y sop

60. Tcx-oo tinmited re Mo Do Ae Sonchore I ojep

61. "iticinl Controotors Ltd. I're Ae Jncoba Dircetor

€2, Minirtiry of f-riculture 1're Fo Teor Terant Of24cor Ywadun
Ter-at Dlvicion 4

3. Tuildir: Contrcotor I're Mo Nitt-vo

64, B¢~ ~-7, Ccrrtruotion I'te Te JOv 17 70M Mirger

Co, Ltde

16, XY 1979

The U™? Paaddcnt Nopresentative 4m T-njul confirma heroby thnt tha mames and
cuthoritics in the 14st nrs elensly carecrrod cbaut knolin projoet 4n Cambia and
hive beon dntorvd 1 by i'r. Provo nnd I're Matnj duriv: thoir sbny in Panjul te
eonlote market and econcnie ronors of tho above nentionnd projoet.

Seen and confirmed

i
Williaxd F. Harper
Resident Rep.esentative

16 Noverher 1973

Supplement:

6%. PWD Mr. H. Seng Senior Txesutive
: Enzineer
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