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IWTHODUOTIOlf 

UMBO concluded Contract No. 73/3 - Projeot No. DP/OAM/72/004 - 
for • Ft»«lb 11 Itj Study for the Coaaercial Exploitation   of 
Kaolin Deposits in Oaabia   with Polyteehna. 
All tht fitld activities, testing of row aateriale, technical 
«** technological evaluation, •• wall aa aarket and aconomie 
study war« implemMtad by tha Institute for Ceramics, Refrac- 
toriaa and Raw Mataríais aa subcontractor to Polyteehna. 

The min duty of the contract waa to evaluate • aecondary 
kaolin in order to laprove the possibilities of Industriali- 
sation of The Oaabia. However, the tesa of experte in the 
field found that no kaolin but kaollnitic clayatone was avail- 
able in the upper part of the country. In respect to this si- 
tuation it waa necessary to accoaaodate the technical part of the 
contract in such a way thst large ecale tríala connected with 
the utilisation of kaolin were eliminated. Because the nain 
utilisation of kaollnltio clayatone waa in the field of cereales, 
the above aentioned triala were replaced by tríale of firebricke, 
faeade tilea and eeaent production which were not included    in 
the Contract. 

The preeentad Pinal Report diacuseea the probies>a according to 
the Contract with regard do the above aentioned changea in the 
following ehaptere. 
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Concluront and reooepandatlone 

UNIDO Contr«et No. 7VJ wae fulfill* •• de«erib«d in datali« 
In this report. Aa result ara the following eonolueions and 
recommendation»! 

1. It has bean found that kaolin ia not suitable for paper, 
rubber and co ame tic industry. It ia actually kaolin i tic 
«lnv*t,one which is suitabl« In combination with othar raw 
materials for coramic industry. 

2. Other rew materials sampled  in The Gambia auch as clay Fatoto, 
clay Basse, sea shells, quartz sand and laterite are    alao 
euitnble for the production of different ceramic items. 
Only laterite la too rich in iron and may be used only for 
the production of dark coloured products. 

3. Oembian raw materials were found suitable namely for the pro- 
duction of wall tiles, floor tiles (mosaics), eewerage pipes 
and refractories. 

4. The body composition consista of the above mentioned raw ma- 
terials in various ratios. The reaervea of k«olinltic clayatone 
were stated in a quantity of 576 000 tons what aeana they are 
aufficient for more than 20 yeare. However, the reaervea    of 
the other ceramic raw materials are not perfectly known «nd 
•hould be stated before any induatrial activity is started, 
for at least twenty yeara production of ite«« «entioned in 
this report the following quantities of raw «ateríale ahould 
be geologically and technologically teatedi 

Clay Fatoto 30 000 t 
Clay Baaae 24 000 t 
Seashella 15 000 t 
Querwand IB 000 t 

5. Before any deciaion to build a factory la t«k«n it would be 
necessary to sake larga acede trials in « quantity of about 
100 - 200 •* or two ton« of every ite«. It ia to b« «entioned 
that the remaining atock of kaollnitie clayatone la deposited 
in C*echoalov«kla and will be aufficient for the above «antio- 
ned large ecala triala. 
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6. The Gambia has no emparlance with any lnduetrial ceramic pro- 

duction and therefore it it adviaable to build in the first 

step a ceramic pilot plant. Alao econoaic and market views 

support this aeeuaption. After a possible erection of a facto- 

ry for production of aotaica and wall tiles, this pilot plant 

aay be ueed aa a factory shop producing gift items. 

/. m« market atuV shows that wall tilea and mozaica in quanti- 

ties of 1000 tona ench and gift items in quantity of 50 tons 

per year are ealeable in The Gambia and the neighbouring 

countriea provided that 75 * can be exported. 

8. The economic study confirms acceptable production rentobility 

of the above assortment. However the total economic effect is 

based predominantly on the profitebility of gift items. 

9. With regard to points 1. - 8. it is recommendable to start 

the ceramic production in The Gambie by erection of a pilot 

plant which would be the first step towards industrial appli- 

cation of the local csramic raw materials. UNIDO should support 

this activity with experienced experta and in this way promote 

the industrial development of the country. 
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i) Field activity 

The following team of experte left Caechoelovakia for The 

Oemble on 8 March 1973 to fulfill the taeke In the field. 

Ing. Jen Dfevo       team leader (economist) 

Dr. JIM Babûrek     geologist 

Ing. Josef Franöe     mining engineer 

BofivoJ Haták        technologist 

Duration of the trip;. P. ?.1073 - 7.4.1973 

Officers contacted duri nß the field trip: 

Senegal: Mr. Tilot, Senior UNDP Field Adviser for West Africa 

UNDP Office, Dnkar 

Br. T-T. Myslll, UNDP export, hydrogeologist in Senegal 

Mr. Pattinson, Institut de Technologie Alimentaire, 
Dnkar 

Mr. Schwob, Institut de Technologie Alimentaire, Dakar 

Mr. Depuylort, Director of the firm Prochimat, Dakar 

Gambia:  Mr.V.'.F.Harper, Fesident Representotive UNDP in Bathurst 

Mr. John Jonas, Administrative Officer UNDP, Bathurst 

Mr.Kluram, Officer for technical projects, UNDP Bathurst 

Mr.A.A.N'Jai, Lands Commissioner 

Mr. Ireton, Development Secretary, Presidpnt 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 Noguera, Development Bank 

Mr. Oibril, Central Statistics Division 

Mr. Roberts, Central Statistica Division 

Mr. Chelieram, Chief of Chelleraas Company 

Mr. Jobs, Customs Office 

Mr. Van De Poll, Ministry of Agriculture 
Mr. Christenaen, Permanent Secretary, Preadident Office 
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The experts arrived at the Dakar Airport Yoff on 9 March 1973 
at 07.30 ÖMT. The earn« day,  few hours later,  the team of experts 
contacted Tir. Tilot, Senior Industrial Development Field Adviser 
and discussed with him the tasks to be fulfills! in the field. 
During that day Mr. Tilot arranged elso the necesary Qambian viens 
for the experts. 

The fivnt official meeting with Mr.  »V. F. Harper, UNDP Resident 
Representative  to >k-    inca on Sunday 11.1.1973  because Mr. Harper 
had to leave on Mop: y  I?.3.1973  fie Oombia  for Senegal. During 
this m<?etinc the experts e-plained  their  ideas for implementation 

of the project tasks. 

Monday morning on 12.1.1973   the experts visited the IHJDP Office 
and had a meeting with Mr. J. Joma and T.'r.  Klumm.  Later on the 
same day they visited  the Lands Office and had a discussion with 
Mr. A. A.  N'Jni,  Lands Commissioner, who WAS responsible BS a Gam- 
binn representative for the project. Such problems as room for ad- 
ministrative work of experts,  room for Inborntory and samples,  pro- 
curing CTT3 mil  trucks,  transport  of collectai  samples etc.  were 
succesfully solved during this meetitv; and during   meeting on 

13.3.1973. 

Mr. Eabarek and Mr.  Franíe left Pathurst for Basse on 14.1.1973 
morning while Mr.  Dfevo and Mr. Hatnk continued  in the official 
discussions. Together with Mr. N'Jni they have visited Mr. N'DOW, 

Permanent Secretary, Ministry of Finance,  Industry, Commerce. 
Mr. Sehou N'Jie accompanied Mr. Babnrek end Mr.  FrnnSe to Basse in 
order to help them with the organization in the field namely with 

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

In order to cover completely the field of kaolin few more pits and 

trenches wwre recommended and dug. Together 20 pits and trenches 
were cleaned and dug but only 16 were used for sampling because tha 

remaining four were negative on keolin. All the pits were dug down 

to the base - red ssndstone. 
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The depth of the pits was from cca 80 cm to 6 m according to the 

composition of the kaolin dspcsit. Two main areas were sampled: 

Kundam area  (Kusa Burey, Kundem Demba, Tiri Konito and Kebe Konko) 
- 14 samples and Mane Kunda area - 2  samples. 

All samples were prepared in such a way that the raw material was 

collected  through the whole depth as well as through the diamettr 

of ih* OLt- >^'" «+ «n  lfi samples    was marked on simple maps 
(see Flii.   lío  1,2»,.      M. 

Except bolín other raw materials suitable for the ceramic produc- 
tion avaliable locally were also sampled. 

All 1<5 samples were prepare!  in a quantity  of fO - 120 kg each. 

Every sample  was carefully racked ani   inserte1 into steel drum and 

so pr-'narM   for shipment  to Kirop^.  The  total weight of 16 samples 

of knol Initio  clay   in approximately  1^00 kg. 

To fr">r> 1  no  tentirv oT the  CITV ari-1 other sampled raw-materials, 

it wns ']  "1.1"!   to  iend by nir vii U'ikar average  samples  to Prämie. 

The  to toi   we i-'it  of all   sampler   .VMS   VJ  kf. 

".Tí 11 ^ !"r.   nnb'rek,  "r.  ilat*k and "r.   France organized the activity 

with   1iT'Tin'-,snr'pl ir <\ «ml   transport r.f samples of kaolinitic clay 

and oth^r collected ra-« materials  including packing and putting 

nr?i le to  the  steel   Irurm,  Mr.  Dr>vo continued   the   discussions with 

local authorities. 

A   \ 1 sens Ion with "r.  Chris tensen,  Permanent Secretary, President 

OfHcf»,  vlth Vr.   fibril and Roberts  from Central Statistics Division 

of the Presidents Of Ice,  with Mr.   I.  B. M. Jobe, Customs officer 

etc.  took  olace. 

On ?.I.T">7 3  a meeting with Mr. Tilot who came from Daknr to Bathurst 

ws3 arrandei.  Mr.  Tilot was  informed by  the  team of experts about 

the situation in the field activity as well as about the future pro- 

gramme in shipment of samples,  testing of collected raw materials 

in ?3GR. "r.  Tilot evaluated positively the activity of the team 

and recommended utilization of raw materials namely for a ceramic 

production. 
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The sao« day aftarnoon • meeting with the Resident Representative 

Mr. W. P. Harper wee arranged. That waa actually the conclusion 

and recapitulation of the field activity in Gambia. Mr. Harper 

atreaaed hia aatiafaction with the job of all membere of the team 

and expreaaed hia hope to help the Government of Gambia with utili- 

sation of local raw materiali. 

Becauee the ahip to  nburg was delayed it wos neceaaaryto arrange 

loading after experta' departure from Gambia. The Lands Office, 

namely Mr. N'Jai, Landa Commies ioner, prom i aaad to be in contact 

with Elder Dampater Linea and to ensure the shipment of 13 steel 

drums. The team leader already received hia cable indicating 12 

ammo having been shipped from Bathurat on 24 April via Hamburg. 

The last meeting in Gambia waa with Mr. N'Sowe, Permanent Secretary, 

Ministry of Local Government, This meeting was actually the official 

eoneluseion with local authorities of the field activity in Gambia. 

On 3.4.1973 at 21,00 GMT the team of experts'left The Gambia for 

Dakar. The team returned to Prague on 6.4.1973 at 21.30 GET. 
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ii) Otology, mineralogy and pstrogrephy of the Qambian ceramic 

raw materials 

.-.•*" 

;-.ro~ 
i t 

1/ Summary_of_the_resultg_ana_recomraendation 

arrangements 

In spite of the fact that previous research done by "r. 
heim in this area    indicated kaolin,  it has been fou tv' 
these layers are actually layers of kaolinitic clays to ne wUh 
a relatively high content of fine silica.   In the surrouulii; -•* 
of Bassa and Fa to to on the river Gambia a number of Sefvs '. u> 
this raw material has ueen found.  Only deposits at   :-ak& P-vc-i, 
Sanka Bari II, Tiri Konko and Kebe Konko are of in tuet  ;   !   a.--- 
ficance.  In this area the kaolinitic claystone  is    mtnab;« from 
the surrace because the ratio overburden:  raw miter i ^1  U- 
rimatel.y 2:1.  It means,  that on 1   ton of minei  rv • r.tj    - 
may be    counted with lena thnn one cubic meter ;>f i-.U«        !-tv 
which is built almost   from     rk rei v turites and :--^ ..<v, v:-v* 
containing iron.The expected extent of kaolinitic ci ...it    i,   viv,. 
deposits in hundreis of mill Ions tons was not confirme).   Tn sur- 
round in^s of Kundera and in t'io Basse oren geological  re^-v*-: 
of little more than 500 000 tons were found. According to  i.bo 
research made in the field and  in conformity with the laboratory 
testing it was certified that horizontal as well as vericol vari- 
ability of chemical  and mineralogical composition of kaolinitic 
claystone is not too hl.Hi ani therefore homoßenizut.ion of th* 
minei raw material will be rather easy.  The raw mat-rif,l muy be 
used not only in the body mix of different ceramic promts tut 
also in the production of refractories (fireclay bricks). 

Except the kaolinitic claystone deposits of     oth-r  u-o highly 
plastic clays have been found in the Basse and Fa to to "r«j. 
Both of them are kaolinitic clays with a higher content    ;   4u«rU. 
In spite of the fact that it was not posoible to verify tiro quan- 
tity of the clays,  it was possible to test their quality for O« 
production of various ceramic items. One of them,  clí.y  lo.i - ,  is 
also suitable for the production of cement as correction ciny. 
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In the dtltt of tht river Gambia there art depoatte ef quality 
quarts aand and eta ehelle built of aragonite, which may be sui- 
table for tht production of various caramic itama aa wall aa for 

tha eaaant production. 

All raw mataríais ara minable from the surface with a relatively 
low expenses. Minig may be done either by labourera only or by 
,.„«„„ mohines auch aa ecrapers, buldoaers etc. A ahort distance of 
the clay deposit--  l>om the river Gambia assumes also low transport 

costa of mined cla/s  to the factory. 

Before any final decision    about industrial exploitation of the 
kaolinitic claystone    deposit for local ceramic production is 
taken it is recommendable to ascertain geological reserves of 

other two plastic clays in Basse 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 a certain 
number of pita  ^nd trenches,  take samples which will be  evaluated 
on their technological  and minernloRical properties;  according 
to  the obtained results  it will be necessary to calculate geolo- 
gical reserves of the above mentioned raw materials.  Further it 
may be recommended to find  the primary rocks from which our kaoli- 
nitic    claystone was developed by erosion and sedimentation. Here 
is   the hope to  find the primary kaolins somewhere in the upcountry. 

2/    General_geologiçal_situation 

The researched area is as far aa geological situation is 
concerned a part¡of Senegal-Mauretanlan baain. The basic rocks 
which do not appear in Gambia on the aurface are actually diffe- 
rent types of granites and gabberà with other   metamorphic rocke 

of Paleozoic   and GamlÄan age. 

The thickness of overburden Proterosoic and Tertiary Rocks 
is not perfectly known. The search for crude oil and gaa in The 
Gambia has shown that their thickness is more than 4000 meters. 
The territory of The Gambia is built by sedimentary rocks of Ter- 

tiary and Quart arnary agea. 
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Tht Mssstrlchtian - (ths and of the Upper Orttactoua) la developed 
on a rather big territory of Senegal and The Gambia and ia built 
from layera of sands, eandy clays and clays. In some places har- 
dened sandstones (with calcareous or clayey cementation) are de- 
veloped. The pétrographie variation of the sedimenta is in hori- 
zontal «a well aa in vertical direction very high. The thickness 
,r   ,.,*i,^nn+n increases from east to west. 

The   Plaeocene -  is -tevelopod  predominantly  in the form of lime- 
atones and transitions into marlatones.  The thickness of these 
layers is approximately 50  to BO metres. These rocks represent 
the main water bearinp horizon in this area. 

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

The Middle Eocene - is composed of two stages: 
I)  the Lower Lutetian - marls and limestones 

II) the Upper Lutetian - mostly limestones 

The Oligocene-Miocene - sediments are represented by marls and 
clayey limestone. These sediments are known namely from Casa- 
mance area.  In the upper    part of river Gambia this formation ia 
developed 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 fades from sanda to sandy claya. The 
aeries ia developed almost on the whole territory of Senegal and 
on a considerable part    of gambian territory. In the alluvial 
plain of thé Gambia Fiver these beds are mostly denuded.  In the 
direction 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 •) 
fron the Kundam area near Basse. 
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ternary - la davalopad in •••trai facies. 

In the alluvial plain of tha Gambia River and ita tributarita, 

thaaa fa citi ara gray mud claya or variously eolourad clayey 

aanda to sandy claya. On tha Atlantic coast, they ara mostly 

blown aanda of d if far ant agaa. At the lower courae of the river 

Gambia, near Capa Mary, rathar extensive layara of lacustrine 

laterita occur; these ara accumulations of material coning 

Li-'jm  ero Jed lateritic so ila end latérites. 

In the area of brackish development next to the mouth of tha 

river Gambia, layers of shells occur along the whole coast. 

3/  Kaolinitic claya in thajja8aé_ar«a_ 

3.1. Geology 20£eJ32P28it§ 

As mentioned above, in the Continental Terminal series also 

layers of kaolinitic clays and sands have developed. After sub- 

sequent chemical procesaos during lateritic weathering the da- 

position of d3trital kaolinite Í3 regarded as the beginning of 

the sedimentation of the Terminal continental series which was 

deposited discordantly on the preceding Miocene sedimenta. Tha 

layer of detrital kaolinite filled the uneveneasea of the ground 

and, therefore, the total thickness of the originally deposited 

detrital kaolinite may vary considerably aa .veil aa ita araal 

distribution in which especially filling of earlier water couraea 

ate. can be expected. The layers of the kaolinitic raw materiala 

were exposed to the lateritic weathering. Namely in the upper 

parta of these leyera it is poaeible to find a higher contant 

of iron compounds and therefore a characteristic reJ calour. 

In tha Kundam area the following lateritic development can be 

observad : 

I)      On the surface there are viaibla parta with characteristic 
rad colour indicating enrichment in iron compounds; there 
ara abundant iron brecktiea, and sandstones with a apongy 
taxture. 
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II) A buff - colourtl horlton, purplt, or»ng«, violet etc., gralunli.v 
paealng,  fro« «bo?« downward* into H eemdy kaolinitic clayatone, 
with irony coating» on Joint pianos. Th« total thickness of thl* 
layer variée batwatn about 4 - 8 a. 

III) Compact "kaolin" (kaolinitic clayatone) of white or ali^htly 
purpl» tint with purpla coatings on Joint planes. Its thickness 

•»rit» around 2 - 3 m. 

In the course of erosion causea bv the devetopmsnt of the valley of 
the Gambia River a very dissected merlin of the beds of the Terminal 
Continental series developed, and the border of the "koolin" leyer9 
was    shift« ! by several metres downwnrds due to the solittuction 
processes. These shifted layers usually display a geological setting 
favourable for exploitation. 

In the large surroudings of Basse nil up to now known snd economi- 
cally significant deposits of kaolinitic claystone» are concentrated, 
specified by Tir. Voltheim as "sedimentary kaolin". For this territo- 
ry T.îr. J. Fran e made a geological map 1:5000 which is also enclo- 
sed. Deposits of kaolinitic claystone were found very cliso to Basse, 
Sanka Beri and Sanka 3«ri II, Kebe Konko nnd Tiri Konko. 

A characteristic geological profile through the depoait In thla 

area is as follows: 
- the underlay ine: bada - rad, weakly consolidated sandstones 
- the lower layer of the kaolin claystone - compact claystone 

disintegrating into corree lumps, coating of iron conpounds 
on Joint planea. The kaolinitic clayatone  ia tough, non-aandy, 
whitish, litfht ¿ray or alightly purplish;   it cannot be worn 
away by water;  it can ba dreaaed into a plaatic tou#i by fin* 
grinding only. The   richness of thi» lower layer ia 1 - 3 «, 
usually   1,8-2 m. 

- tha upper layar of th» kaolin clayatone - tranaition from th* 
lower layar la uneonapicioua, •anifaatlng itaelf by an increa««d 
content of fin« quarti «nd a higher «jsount of iron compound«; 
in tha upward direction it loo««« th« lUbility to di«intégrât« 
into luatpe «nd paeae» gradually into tha buff-coloured horiwm. 
Tha workabla thickn««« of the eandy elayaton« 1« «bout 1,5 - 3 •• 
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- tha «rarlylng ooit - buff oolourod horlaon of variatola thleknaaa 
3 - • a, boorlog on ita aurfooa a layar of irony aandatona of 
•bout 1 • thleknaaa to dtrolopod. 

Ooologleal raaarvaa of tool Initie oloyatona in tha largo aurroun- 
lingo oroo of Boaoa oro o«cord in« to our axlatlng knowladga appro- 
ilantaly M folowai 

Kobo Konko        66 200 t 
Sank« Bori        403 Ü00 t 

Sank« Bori II .... 1« 500 t 
TirlKonko        39 200 t 

Totol 922  900t 

Iho oeeurronca of kaollnitle clayatono «• olao taatod in tho 
elooo aurrotvtdlnga of Ba«»é. Thio row M tor loi io olao hora da- 
rtlopad In thin laytra of 0,3 to 0,6 • thleknaaa and la atrongly 
plgoanttd with iron coapounda. 
Thorofort thla port aoa not coleulotod aa gaologieal raaarraa. 

3.2.   Miemlogle^ and. B«ir8grnph|ctl_eoa*2©a>Ì*»B.«f kosU*****. 
£layotoi»a_ 

Proa induatrial oxploitation point of flaw of mry raw notorial 
it ia vary important to know axcapt iti goologicol f»rf olao 
nlnaralofical composition indicating uaaful eoapounda and iopurl- 
tlaa. Furthor it It vary important to know ita Tar lability     in 
quality in Tortleol and horl tonta 1 dir« et ion of th« dopoait. 
for thla raoaon tha kaollnitle oloyotona waa aoaplad in ahort 
dittane«« in tha pit No 8 and troneh No 4. Thaoo aaaplat «oro 
tootod by chaoieal and alnarologlcal anolyait. 
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Tibi« fio i« ahowa ehtmleal ooapoaition of kaollnitic clnyatooe from 
teat pit Ho 8,  which waa located cloae to Kundam,  approximately 

15 Ir« far  fro« Qaaaé. Tha content of Al-O» (Aiutiina)  Tories in ver- 

tical direct ion very little and    irraditi »rly in dependence on tha 

deepness of tha pit. Tha «ama  ia    valid for variation of iron ' 

oxide and TiO.. The contant of alalia is very low. It msy be 

ssld that che«ieal compoait.ion does not show any dependence on 

tha 'J«dpii'!ns of tli-1 tested pit ng for ns vert leni direction is 

concambi. 

SliHitly différent le the ni tuition  ,vKh  the trench No 4 (approxi- 

«ntely 300 m to the s^uth fron  the pit No fl). Content of etlica 

^P incrpofl""» .'ml eontont. of n]nninn nimnltnneour.ly  decreaaea to tha 

bene of the  leoosit. 

Aloo inn o*i]a decrease»  In   this direction.  The variation of alu- 

sión  content   Is visible also mor> o^eoplr,' 11 /,   it »oanH that content 

of very fine   jinrtr. ssnd  InerbiT^S  In vrrti'^l direction. 

The DT\  (Dif T^IPM Th*rm>1   Anni/sii)  curves »how only chnraete- 

rlstic-'il  "n lo-  nn1 ero therm 1"  rr->ôtl"ns  (rm 'lwum with  610    C   and 

905    w) ond do not sho-.v any other penfca iniic^tin^ presence of 

«inerni '.   Also the b'iso of thf*   loponlt rhich  la bull t fro» red 

colour1! mnlstones contains .o  smnll  amount of cloy      which    hop 

the afri rnlnernligieni  composition. 

A Tie X-roy difrsetlon analysis does  not ahow presane« of other «i- 

• nereis except kaollnltn ond qu/irtz in spit« of tha fact that other 

alnorols s'ich sa alun ina hydrot^s mny be expedted  there. 

Microscopie rtudy of thin sections of those rocks (kaolinitlc clay- 

atone and rad coloured aandstone fro« tha base) has ahown that 

perticlea of present qusrti ara Milky coloured, «omeMmes alao 

pellucid and round. The particles of knollnite «re of aubmicroaco- 

plc aita and build trraflular açre^atea. Tha clayatona is very com- 

pact. Howarar, presence of auorphoua aille« which »ay explain auch 

a ^ood compact lb il i t,y haa not baan found. 
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4/ Deposita of clay Basât and Fntoto 

'..hen pro3poct«d the aron of tho upper part of the rivur 

Qaabla a ^ray plastic clay has been found very close to Basati 

on the left side of river Gambia. A very similar type of cl y, 

•lightly darker, was found ciao on other placos vary cloau to 

the river. The layer of this clay is 0,5 - 1,5 • thick and is 

covered with 1 a thick over bu. K;n hich is built fro« sandy 

clay. Decause of limited timo for tho field work it was not 

possible to make further search of this cluy. 

In surroundings of Fatoto (villnga with highar sea level than 

Basse in the upper part of tho river Cambili) compact kaol Initie 

claystoncs appear a few mutria abovj the wator levol of the 

river. Thoy ara coverei with a rathor thick layer of red coloured 

loterltic horiion. Mining of theao cluyatonos doea not uoom in 

such conditions economical. 

In the 1';it ito area a dark ni'ay clay probably of quartern..ry age 

has boon found. The layer of tho cloy comas up to the aurfuco 

in the immédiat« proximity of Fatoto CIOSJ to the road to ßasso. 

This layer ia approximately 1 n thick. Thio clny is highly plastic 

and auitablo not only for tho production of rad brick-; and tiles 

but also for the ceramic production. 

Geological resorves of both types of clnya which seom to be very 

hopeful for the ceramic production must bo tested and verified by 

further ßeolo.-'icol investigation. I    mltaneouily total geologi- 

cal resorves of both cln.ya ohould bo calcul1 tod. Also decision 

for the best mlnig method should bo made of* ^r having good know- 

ledge about geological situation of both ra.. naterlals. 
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5/   Deponits of   íe«_shell»_and_gunrt«-5ond 

The shells f?om the se límente of the brackish fncies in t.l 
mouth of the river Onmbia are commonly worked and further dresjod 
by crushing and sorting into fractions of on nnphnlt mixtur-i for 
ronda. Their chemical composition (a hif*h content of calciun ox id 
and a low content of impurities) shows that the,/ nro suitnblo for 
tha ceramic production and Mao  for the    cement production. 

Along the middle part of *he river Gambia and namely  in its delta 
(near the Cope îîary)  layara of light and white quartz sand uppear. 
This qunrtz sand  is relatively  puro and may sorvo 03 one of the 
componente of the cromie bollón.  A simple gaologicul research 
which will verify geological renorves and mining conditions is 

racommended. 

6/    Mining conditiona_for_]Dar;ticulnr_r«w_m2 tarlala 

All teat od raw materials,   in opito of the fact that further 
Keologicnl research will, bo nocen .ary in ordar toaaeprtain geo- 
logical réserves,  are m Ina bla from the 3urfoco, what moons in the 

open mine. 
a)    Kaolinitic_clo^3tone_ - the most suitable pince for tho open- 

ing of tho mino according to  tho e>ci3ting knowledge s^ms to 
bo the locality S^nkn Bari.  Ratio  idle earUtraw material 
will be approximately 2  :  1 what means that to extract 1 ton 
of mined kaolinitie elaystono approximately 1 m    of idle oarth 
must be remove 1   (corroct figuro is 0,908 nr). This  idle earth 
is possible to be usai for building of roads and ways.  The 
overburden layer of iron sandstone mey be disintegrated by 
explosives and removed either with scrip er or by labourers 
using shovels ond trucks.  Tho deposit of koolinitic clnystone 
may be also discharged by explosives (partly homogeniiotion 
will  Lake place during thia operation) and loaded by labourers 
with the use of a conveyor.   ¿hen machine -vili be used then 
feeders of the type Caterpillar    (US/O, Alpino (Austrio), Volvo 
(Sweden) with  the birket 1 - 2 m . These machines ore suitable 
elso for difficult climatic conditions. 
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b) FUetlc ri îya frç^Baefé^end^îetfctg heve eimllarly •• 
quart« «ani« better minig condition« in comparison with 
tha kaolinitio elayeton«. The ratio overburden: raw ma- 
terial will b« aoet probably 1 : 1 to 3 t 1 according to 
tha point where th« deposit will ba opan. In thia caa« 
it ie not n«c««aery to dieintegrete tha raw aateriale by 

explosive... 

e) Se«  shellsjn the delta £Í,.the_riV8r_    appear  in thin 
layers   very often covered with send. Further geological re- 
search as mentioned above will be necessary. However, accor- 
ding to the existing knowledge collected during preliminary 
visits in the field,   it aeema that th« mini« conditiona will 
also be simple.  The upper layer of the «and may b« removed 
by scraper and sea 3hells loaded to  the trucka. 

It is an acceptable presumption that in the first stage 
after construction of the factory the consumption of all raw 
•ataríais will be about 3000 tonr./year and the amount of each 
particul-ir raw material will not be higher than 1000 tons per 
year.  From this point of view two possible ways how to solve 

tha raw material problem may be recommended. 

1. Recommendation with the use of machines 

Thia recommendation presumes minig of particular rew a»ta- 
risi e in such amounts which will cover the factory coneuaption 
for one whole eventually for two whole yeare. In thia caee light 
etorage buildings for a large amount of raw materiale ahould 

•leo be built. 

For this way th« following machinée will be neceeaary* 
- One ecraper. This machine will be nec«eeary for approxiaately 

3 aonths.  In this time aleo tia« accessary for    aoving of the 
Bachine from one deposit to th« another ia calculated. 

Tendert 2 people. 
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- On« drilling machine  to prepare bores up to the deepness 

2,5 n whici. fii-t necessary  for stockblnotinp. 

Tenders  2  people. 

- One diirier loader to excavate the .3 la Integra tel material 

and load  it on a lorry. 
Tender:  1 man. 

Except  then** -*• «a 2 work°rr.  f^r HMîîMP" and 5 lnbourera - 
helpers  for mining and  londini; will   be necessary. 

2.  Recommendation without uso of machinas 

This recommendotion prfîsnume3 mining of nil  neceasary raw 
materials simultaneously each on itn deposit through  the whole 
year (except rainy season) and  transporting them to the stora- 
ge buildings of tho factory.   In this cnao factory storna« 

buildings mny be smaller. 

An montWied    above 3000 tons of raw materials will   be necessa- 
ry  for tho  first  stage of production.  200 working do.ya mny  be 
counted per year.   It means that 15  ton3  of raw materials must 
be mined dnily.  Because overburden is approximately twice so 
thick th€n also 30 tonn of idle earth must be remove i. However, 
in this recommendotion the overburden layer of iron sandstone 
may be discharged by blasting 83 well as useful raw materials. 
In such a case only further discharging and loading of 45 tona 
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 seema to 
be sufficient for the first atoge. If the first recommendation 
is accepted the following process (procedure)  should be used: 

On the deposit Sanka Bart the overburden will be ahooted and 
removed by scraper when overburden on the deposits Fatoto and 
Basse was already removed. Than the scraper will be transported 
(e*g. on the ehip) to the deposita of quartz aand and sea shells 
where alao upper layers of Idle earth will be removed. 
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Immediately after scraper and louder will load i aw mataríais 
on tha Fatoto, Baas», Snnkn Bari deposits on trucks or straight 
on a  ship.  Than it will be alao trnns»ri«d on tha ship to sand 
und sa» shells deposita in order to load them on trucke. 

Tha  raw matériels will be located  in stores with a light roof. 
A good homo^enization of the  row materials will be reached by 
thia recommendation while the other recommendation does not 

gu^rontee such n mixing of the row mnterials. 

7/ The possibilities of drenninç of  t.he rrw mnterials 

For the cernraic production such no production of floor tilas, 
wall tiles, façade tilos, 3nnitnry wore,  sewersge pipes and 

cement the row mnterials need  not be drc3oed. 
it 

In the deposit of kaolinitic clnyaton«? from Kundom will  probably 

be necosanry  to remove by hand pieco3 which are strongly    pig- 
mente! with  iron Compounds. 

It may      also be neceosnry to wnah sen shells in order to remove 
present snnd and clay. Higher purity of sen  shells will bt rea- 
ched by usinß of vibratins screen. 

8/ Recommendation_for_further_nctivit2; 

The reserves of kaolinitic clnystone which is expected to be 
used for the ceramic production in The Gambie seajn to be suffici- 
ent. By further detailed geological prospection in Upper River 
Division probably other deposits of this raw ma tar ir i may ba found. 
However it is    sure, that the ratio overburden :  raw material will 
not be so advantageous, as it is on the Sanka Bari, Tiri Konko and 
Kebe Konko deposits. On the other hand if the deposit is eufficiant- 
ly lor/^e it may serve as the base for the production of refractory 
grog. From geological point of view it will be useful to find tha 
deposit of kaolinitic claystones'mother rock because then also 
deposits of primary kaolins may be found and genesis of secondary 
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deposits of clay» and clayatonea would bt perfectly e*plained. 

Furthtr geological reeearch of tha deposita of claya at Baese and 

Fatoto, quarta aanda and sea ahells In the dalta of tha rivar 

Gambia ehould ba dona bafore any ateps in decisione to build 

a factory ara made. Such a research is necessary in order to find 

•ufficiant reeerrea of these raw materials for the event of tha 

ceramic production or cement production. 
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lit) Testing and evaluation of sampled raw materials 

The geological part 9hows    that actually three different clays 
are  Interesting from    Industrial  point of view.  These are: 

a) teaolinitic claystone which WRS declared by Mr.  Veltheim 
b) plastic  clay of Rray  colour  from the Fatoto ore« 
c) plastic  clny of yellow-puff colour from  the Basse area. 

Except these three clays also quartz,  sen shells and laterite 
were sampled.  All samples were teste I  *nd the  results are riven 

below. 

8) Caolini* xç_çlay.stone 

16 samples  (1-9 and 11-17)   from trenches and pits were 

tested for chemical nnnIvsis,  each separately.  Sample No 10 was 
lost during the sea transport.   Fortunately this sample is not 
very importent for the  complete evaluation of the kaolinitic 
claystone.  The chemical  rnlyses  nre riven in table   No 2a and 2b. 
The varintion of the S10-,, A1,03,   Inss on Ignition,  Fe?03 and 
TiO,     in specific samples  is shown on  the diagram No 1. 

It  is evident that semole Mo 11   Is quite different   in compr-l- 
son with other fifteen  snmpl^s nni  that it contains more allien. 
Also Loss in Ignition  is lo"or.  The remaining fifteen samples 
are more or less similar and were mlxffd therefore  together to 
one everage sample which was teat»;! *<*nln and the  following pro- 

perties have been found. 
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Kaolinitie  cluyateme 
- technological  properties 

Tmble No 3 

Loaa on drying 

Lots on Ignition 

Waterabsorption 

Wet-dry shrinkage 

Dry-fired shrinkage 

Wet-firel shrinkage    j 

Brightness  (HgO standard)  50,7% 

green 

25,3 » 

5," * 

Caatant of an in HNO- aoluti.» 

Contant of Cu la HCl solution 

Caatant of Fa in HCl anlutloa 

firad to tha t ampara tura 

1040 °C 

11,0 % 

27,0 % 

1,7 % 

7,5  * 

1080    C 

11,4 % 
26,0 % 

2é2 % 

7,8 % 

rit« Ho 

3 8 12 

1250 ÖC 

11,5 * 
7,8 % 

11,3 % 
16,1 % 

tranca No 

15 

0,0002 % 0,0002 % 0,0002 % 0,0002 % 0,0002 X 

0,0002 % 0,0002 % 0,0001 % 0,0001 X 0,000t % 

0,022 *     0,029 *     0,092 %      0,017 X     0,085 * 

Also Üfferencial thermal analysis (DTA)  and X-r»y dlfraction 

analysis wns teste!. 
They sho-v that the raw material is actually  kmolinitsmixedl 

with quartz.  The  curveo of DTA and X-ray anolysie are shown on 

diagrams No 2 and 3.   It resulte that this raw material  la sui- 

table for tha ceramic production including production of re- 

fractories . 

This clay is of gray colour and haa a high content (65 * mnd 

•ore) of particle» below 1 micron. The residue on the screen 

10 000 op/ cm2 is nearly 6 % and it is built by fired quarti 

sand without higher content of Impurities. X-ray difraction 

analysis indicates the presence of kaolinit«,  quart* and small 

•mount of micaceous    clsy mineral. The diagrams No 4 and 5 ehow 

the curves of DTA ana X-ray difrmction analysis. The chemical 

composition is given in table No 2b.The following tsble No 4 

indicatea some technological propertiea. 
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Plastic clay  Fst   to 
- technological  ¡ ¡-operi tien Table No * 

green 
k_     f*r?d 

1090 °C 

to the temperature 

1120 °C 1   1250 °C 

Lots on drying 22,P % .. - - 

Loss on firing - 9,5 % 10,1 % 10,3 % 
Waterabsorption - iv,l * 19,1 % 12,2 % 

Wet-dry shrinkage 7,"1   * - - - 

Dry-fireJ shrinkage 2,0 * 2,5 % 5,1 % 
Wet-fired shrinkage 8,9 1 9,4 % 11,9 % 
Strength of rupture 

(dryed) 
2,97 kp.cm - - 

' 

As far as physical,  chemical   end technological properties riven 
above pre concerned  it may be said that the clay fro« Fatoto  is 
suitable for the industrial us-?;especially for the  ceramic in- 
dustry. 

Plastic cl^y from the Basse has yellow-puff colour with lower 
elasticity in comparison v.ith the  cloy from the Fatoto. The con- 
tent of particles below 1 micron is about. 50 *>. Clastic impuri- 
ties ©re present in a  email amount and are built xrom round 
grains of quartz.  The X-ray difractlon analysis indicates except 
koolinite a higher amount of fine quartz.  Diagram No 6 and 7 
show the  curves of DTA and X-ray difraction analysis.  Chemical 
analysis of this clay  is given in Table No 2b. The technological 
properties are given in table No 5. 
Plastic  clay Bosse Table No 5 
- technological  properties 

green 
fired to th 
1100   C 

i temperature 
1250 °C 

Loss on drying 22,1 % - - 

Loss on firing - 8,02 % 8,16 » 
Water^bsorption - 10,2 % 7,0 * 

Wet-dry shrinkage 6,95 % - - 

Dry-fired shrinkage - 5,6 % 6,5 % 
^et-fired shrinkage - 12,2 % 13,0 % 
Strength of rupture 

(dryed) 
5,25 kp.cm 
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Tht phyeical, «hemical and technological propértiee Indicati 
that clay fro« the Baase will be euilabia for Industrial usa 
namely   for tha ceramic Induetry aa wall aa additiva in cement 

production. 

Thia raw-material ia of whita colour and1 only  impurities which 
ara praaant ara piacaa of wood and laavaa. Therefore aleo Loas 
on Ignition la 0,46 *. Tha chemical compoaiUon of quarta sand 
ia given in Table No 2 and tha particle aizes of quartz sand 

are aa follows. 

above 1 mm 0|12 % 
0,5 an- Inn 2,63 % 
0,345 am - 0,5 ••» 7,36 % 
0,2 am     - 0,345 no 14,66 % 
0,09 no   - 0,2 mm 39,45 % 
0,063 mm - 0,$ mm 11,57 * 
below 0,063 n» 24,21 % 

Total 100,00 % 

In apite of the fact that the AljO^ content i3 nearly 1 %, 

content of FSjOj ia only 0,17 % and therefore the sand ia 

auitable for the ceramic production and may be also used aa 

additila for the cement production. 

a) Sea_ahella 
Tha Sea ahalla ware sampled aa a aourca of CaC03 which is necessa- 
ry for soma of tha ceramic productiona. Tha chemical composition 
la given again in Tabla No 2b and indicatee that thia raw material 

ia pure enough to be auitable for induatrlal uae. 
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f) Uteritt 

Tht laterite waa ••mplti in Bass« area cloee to • water tank 
and ehows tht following propartlee: 

Chemical ccapoaitiont 

Lose on Ignition 
sio2 

A120, 
T102 

ra2o5 

CaO 
MgO 

K20 
Na20 

6,39 % 
66,82 % 
13,46 * 
1,01 % 
9,10 % 
0,52 » 
0,81 % 
0,16 % 
0,04 % 

Total 100,31 % 

The raw material la not plastic and seems to be suitable only 
for the production of rad floor tilea bacauae it containa nearly 
10 % of Fe-0-. On the other hand content of Ti02 la rather low 
to reach a etrong red    colour. 
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iv) Technological evaluation of G-mhirn  raw n-,  tortala 

1/    Evaluation    of kaolin_for_us^_1n_papor_lnJustry 

From the geological port It is evident that there is 

actually not a deposit of knolin in tlie 'Jnmbtu but the de- 

posit of kaolinitic clays tone \hich i~ rather hard ani non* 

plastic. The layer of this row mnt^ri-L in the rie posit, has 

mnny finer or coarser fractures which were full filler! with 

ferritic components. Therefore also the vhite colour changes 

after fine «rinding to f. lirht oink one. 

The main properties  for a  filler  In paper  industry are  the 

brightness and residue on  the screen 10 000 op/cm    . The 

brightness of the kaolir.ltic claystone in only 50,7 % (MgO 

standard)  and as mentioned above,   the material  is available 

only in lumps. 

For  these reasons the kaolinitic claystone  cannot be recom- 

raended for use  in the paper  industry. 

2/   Evaluation of kaolin for U9e_in_rubber_industry 

For a  filler in the  rubber industry namely the content 

of Wn, Cu and Fe is  important and of course  grainslze  (resi- 

due on the screen 4900 op.cm"2).  The content oT the above 

mentioned metals should  not be higher thin: 

?!n maximum 0,002 % 
Cu maximum 0,001 % 

Fe maximum 0,05    fr 

The kaolinitic claystone  is  from this point  of view accep- 

table only in the  content of Tin and Cu.  The  content of Fe 

is  in some cases above  the limit of 0,05 ¿. 

For this reason the kaolinitic claystone  cannot be recommended 

for the rubber industry. 
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3/    Evaluation of kaolin_for_uao_in_cer^uiic_ln>üa3try 

The physical,   chemical and  technol»gical  properties of 
koolinitic  clay  indicate  that this raw interini  is built on 
ksolinite slightly mixe 1 with fine nllir-   nani.   It. is also non 
plastic hut after fine mill in;: it shows  UUle plasticity.  The 
content of Fe203,  TiO^ and other coloured  impurities  is     from 
cerami c  point of view'roasonaide.  All   the »e   facta   indicato   that 
this rw material may he recommended  for   testina In  the  produc- 
tion of wall  tiles,   fnçnd.j   tiles,   floor  tiles,  sanitary w*re, 
utility wore,  stoneware and  refractories, as a  part of their 

holy compositions. 

As mentioned  ahove  the km! initio  nt>ne-olay  is non-plasHc 
'and  It will  not definitiv  cover all  t'.in   requirements expected 

from the ceramic body.  To  Inóreme  the  plasticity of the  ceramic 
body as well an  to increpe   its cold  crushing strength and 
strength of rupture   it will  bo  nece.no- : ry  to add other types of 
pVntic  clayr,.  ThsrefTre   .-ctif.il/  the  torm of experts sampled 
during their stay  in fV.mbla   other tv/o  pi .— tic clays which  should 
o].?o he usel  for the  comnonition of different ceramic bodies. 

According to the Contract  specification the main duty of the  team 
of experts in the  Held  van   investigation of Oarabinn kßolin end 
therefore sampling .>f other r.o*- materico    an pV-stie  clays,   sea 
shells,  quart« etc was done onlv  in o-n^ll quantities. 

>/    Floor      tiles 

Floor tiles are ceramic products with low porosity used 
for covering floors of corridors,   bathrooms, kitchens, 
department stores and other places like halls,   terraces etc. 

The following table shows the properties prescribed  for 

floor tiles  in different countries: 
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Xa t fir 
tUr« 

Ac il reuintan- 
00 

Strength  of 
nipt «ir« 

Tol'^rpri'"» in 
* LZP3I 

length * »il»' 

Thickn^a.i 

German F e Jural Great Britain 
Rapublic 

DIN    J.-Î 135 BS 1286-1945 

1,5  - 2,5 % 0,3 - 5,0 % 

with 7C % 
H,^    -20°C 
-  20 ilaya 

no cli«n/."S3 

¿50 V. i«/tnf " t>  2bO l^/or"2 

ind iv.i'íiirxl     ? 
2-"" 'T.-ni 

•  1  % 1   1   * 

i 10 3 i 'io * 
 _•_. .___ - _„ .     .   ,,.,..., 

I      .\uutrii. 

H   3232 C3N   72 4620 

,5 - 6,0 £ 2,0    - 4,5 X 

with   1.0 % HCl 

- 7   'lay« 
no   -narvcoa 

Imi i vi lualj 
¿OÜ  kp.cm 

1 0,3   -   •  1  % 

•    5    -   • 10 % 

92 X 

200 kp/cra" 

< 0,5 mm 

• 10 x 

The table  shows that the main problem is wator absorption, strength 
of rupture and sizes. 
From this point of view 28 variou3 body compositions were prepared. 
Because  the body of floor tiles should be vitrified and because 
the Oambian raw materials  (clay) give high porosity after firing 
to the temperature of 1250 °C  (usual temperature for the production 
of floor  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 materials like pegmatite or fonolita 
are not available. Therefore feldspar of the following composition 

(Czechosiovac provenance) was used. 
Feldspar from CSSR: LOSS on ignit ion: 0,28 % 

Si02 

AlpO- 

T1Ö2 

66,71 % 
18,24 % 
traces 

Fe20 
CaO 

0,12 % 
0,27 % 

MgO 0,07 % 
K20 9,20 » 
Na20 4,03 % 

Total 96,92 % 
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Of o,,,,,.nr> fiiiy other felispnr or pop-mot, ite mn.y be used for tha 

nr ilirM ion.   The-   pient'on  if)  only  to  ro-CMlrulnte the body  coapo- 

nitinn   in  rosi?   Vnot   the  chemical   comí 'os i t, ion of the feldspar 

ii'V  -ni tab! *   from economic point of   view    will be different 

i n   i M  propo rt i.,\q. 

r-'-i. ':•*'!• ;•••   of   further Tomb t.'tn   rn ;i rm tMr;.sl p  ,jr5e ]   f.-)r  fYi9  pro- 

rtii'-ii >i   >f floor  tilea nre riv^n   in pr-rn  HI)  of this report. 

Ar'iiflin^  t.o th":'.u properties the mont  ¡"iltable locul raw mote- 

ri'      for   flior  t'1'3  proluoHon   or .'"'M   to   be  "Clay Basae"  which 

"1v •• •  • -mi"! vitrified body   tvn ot'iT   In^hian cloys.  It meona 
ih- I,   t.'ip  in]/  needs  very low o id It ion of feldspnr  (10 -  15 %) 

'.»'lio'i  vili   he  probobly   l^ort^1   t/o  the  factory.  Unfortunately 

thio OIMV  r^lvpii n ft'-M- flri-i" to  l-ioO    C dark brown colour and 

m^y be uoei  only  for tin? nroduc.Hon of brown,  red and black 

floor   til'-ir.. 

n"   the other hmd "'ll'iv Fit.oto"  'loen  not vitrify   so much    aa 

"T'V 'V'nne"  o rid  therefore n"eda higher addition of feldspar 

( ?ri  -   n /).  However body  composition vith "Clay Fatoto" gire« 

nft'T   rir1nr li"'it yellow brown  colour which may be used for tha 

production of yellow on! blue  floor ttle3 as well as for tha pro- 

duction of different oorTyr  floor  tiles. 

Too''!   ni'irt? wo«? used in so-re canos to decrease firing ahrinkaga 

in  the  production and  to   iecreose  therefore the  tolerancaa of 

floor   til OP<. 

Tn   three body   compositions "laterite"  was used to reach red 

colour of floor tilfia because its chemiCGl  composition ehowa 

n hi *h  content, of Fe^O,. After firing of these bodies only dark 

rp'-hrr-n coloir vag reached and  the  colour of floor tiles w*a 

not  u-iiform. 

A3 mentioned before, 29 different body compositions war« prepa- 

red pv->r  locnl raw materials end from feldspar from Czechoslova- 

»•.;..'. To re/eh o wide scia of colours different stains war* add ad. 
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All 20 body roapoeltiona were prtpiwa on l*boratory ec«le 
only and tht epeei«ene ware teeted on their propertiee. 
from «11 28 eo«poeitiona only T were recommended toi large 
teal« trial. Theee are compositions prepared on • Urger scale 
•o 5«, 7a, 10«, 22«, 23*, 25» and 27«. Details about «11 28 body 
compoaitions art gIran in II. Interi« report. 

-     , ,, ,„, *,ention«)d aeren selected compositions «bout 20 legs 
•ixture of each v.-.-o prepared for lar^e seal« testa.  It   Is true 
that 20 k«e Bixture» is not too much for large scala production 
but tha sampled quantities of plastic elaye fro« Oambim were li- 
fted. Theaa trial, wara pressed and firad in factory conditions 
and passed through tha floor tilas production lina. 
Tha following tabla shows body composition and proparties of 
firad producta of »bove mentioned large acale tríala. 



- 44 - 

Body No 

cuy 
Cloy Io.toto 

Quart« 
Utorlto 
Blook-otaln 
Bluo-otoln 
Anotoo TlOj 
fttd-otain 
Cobo lt-froon-ot«in 
Moioturo bo foro 

proooinf 
Wot-dry ohrinkogo 
Dry-firod ohrinkogo 
Totol-ohrinkogo 

litor absorption 
Strength of rupturo 
A e id rttlitinot 

Colour 

5« 

•4,- 

10,- 

6,- 

,_   -a kp.oa 

7,9 

0,1 
8,2 
8,4 

0,27 
473 

97,1 

! 

7t 

64,- 
30,- 

«,- 

20o 

65,- 

15,- 

20,- 

7,4 

0,1 
9,6 
9,7 

0,12 

403 
98,0 

22o 

30,- 
25,- 
15,- 

23o   23« 

55,- 
25,- 
17,- 

P4,- 

12,- 

7,7 

0,1 
8,1 
B,2 

1,11 
391 

97,1 

10,- 

7,0 

0,1 

7,1 
7,2 

0,83 
425 

97,9 

3,- 

27o 

53,- 
25,- 
16,- 

4,- 

8,0 

0,2 
8,1 
8,3 

1,57 
479 

97,2|97,3 

7,2 

0,1 
7,5 
7,6 

1,69 
347 

S 
1 

4,- 
6,- 

7,3 

0,1 
8,5 
8,6 

0,9« 
442 

97,5 
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The body compOF Mon« were prepared by milling in bal 1 «ill 
with the ratio   :  raw meterle la   *,   pebbles : water  «  1   t  1   :  1 
Laboratory filter pre«* wes  used  to remove excess  water.  The 
pressing powder we» prepared on a  small scale rollar «ill with 
Opening« of 2 mm. The moiatur« bafore pressing wa« 7 - 8 % and 
it Is precieely marked in the above table for «ach body  compoai- 
• > 

The products fro- .^i 7 Urge ecal^  ti i8is ware pressed en Hydrau- 
lic praas with the pressure of 300 kp/cm2 «nd drie i   in factory 
dryer with ordinary production.   The floor tiles were fir   3  ii the 
tunnel kiln to the temperatura of 1250 °C with tha generatoi gas. 

Ixcept aeren different basic colours tested in larg*  acal» tríale 
few ••«pies of floor tilea were  prepared with porfyr design. 
It ia evident  that number of different combination« of colour 
•ay b« extended end also «arble  design may be prepared. 
The final decision of different combinations should be done after 
discussions with Oenbian authorities. 

then coaparlng properties in different national atandarda with 
proparties of floor tilea of ««van basic colours we may say that 
•11 of them are suitable for the  industrial production.  The water 
absorption varies from 0,12 % In blue floor tilea  to a maximum 
of 1,69 % in light yellow tilea.  Strength of rupture ia auitabla 

In all cassa as «ell as acid reeietance. 

Froa aoae of produced floor tilea two eample Charta were pre- 
parad.  Theee aaaple charts ware    handed over to UNIDO repreeenta- 
tivi during tha discussion of tha II. Intarla report. 
A fotoeopy of one of the» la ahown for the docuawmtation on tha 

following p*g*. 
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It «fas ta %• «nltflMl «** **• tiu* of xh9 contr*ct *• 
Caaawrtial utillaatia« »f "taolin of Qaabi«- and that for th« 
»raétrttUA •# floar til«« l»oll» «•• not used.  Th« r««aon i« in 
tu« faet that »«lift It «ft«r firm« to 1290 °C Y«ry porous (21,) %) 
Mi »ill tfcarafare naad a wy h Hi» sddition of f«ld«par which 
«Mull ba laearted fra« taw**. U.utlly kaolin li und •• • P«t 
oí no,i   i.!*.-   * .'.»apositl.>n to laceas* the whiteneaa 
^brightness)  of t       . . V/.  Howler  lr  I.I'H  ."^ •   the gembian 
kaolin itself |1TM    • «ustard yellow te  pink  colorar and there- 
far« it «111 not ineraae th« brighine»« aftar being «dried. tfe 
•leo underetand that erery percenter in i«ported faldapar will 

aak« the economy of th« production worse. 

"4 
m 
i 

t 

m 

(ÎIIUIII! S\ RM li '»  "¿* h  il»    b«' 
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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 applied in bath- 
rooas, kitchens, corridors, stores etc. 

r*-* fp.ilowing table gives the properties prescribed for wall 
tiles in different  countries. 

W»t»r »baorptlon 

Strangth    of 
ruptura 

Karkort tust 

Autoclave t»ot 

0«nun F«d«r»l 
Republic 

DIN 18 155 

¿ 200 kp.sa 

10x00 • 5   C 

Oro»t Britai» Austria 
CROMI 

casR 
cm 

BS 1201-1966 

nax. 18 % 

B nil 

aax. 18 % 

72 4812 

14 - 22 * 

-2 
•in.120 kp.oa 4100 kp.oi2 

- 160 °C »hit« 150 °C 
colour 125 C 

Tkp.os8   2H 

After testing of all Qaabian raw sa tarlala we understood that 
the following raw Materiale are suitable for the production of 
wall tilest 

Kaolin Kundaa 
Clay Fatoto 
Quarts 
Sea sheila 

We have calculated according to our expérience the coapoaltlon 
of three wall tilee bodlea which were prepared for the   first 
orientation in this problea 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)  is too high, what means that the produc- 
tion of wall tiles will partly be out of tolerances,partly 
warped after glazing with ordinary glaze. 

Having thla knowledge we have prepared other three body com- 
. Lis on laMratory scale in order to improve the quality 

of tested wall  \ , 'es. 

The conclusions about these resulting three bodies may be sum- 
marised as follows: Coefficient of thermal expansion decreased 
in eomperiaon with the previous bodies but it is still too 
high and the wall tiles show slight warpage. It indicates that 
the Si02 content is still very high and CaO which should react 

with Si02  still  too low. 

According to our experience with these results we have prepared 

on laboratory scole other two mixtures which should remove all 
above mentioned problems. We 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 

*«i»v ffctoto % 30,- 28,- 

Kaolin Kundam % 18,- 20,- 

Sta «challa % 19,- 21,- 

% 25,- 23.- 
Quarta 

% 8,- 8,- 
Pitohaa 

Chaaioal coaçoaitioni Si02 
% 67,79 65,31 

A120, 
Fa20? 

Ti02 

M«0 

% 14,99 15,42 

% 1,73 1,54 

% 1,29 1,29 

% 0,21 0,21 

CaO % 12,55 14,05 

Na20 
KjO 
Total 

% 0,46 0,50 

% 0,34 0,53    1 
% 99,36 99,35 

Btaldu« on aia*« with 10 000 op/c m   % 1,3 1,5 
5,9 

14,1 
Molatura bafora prtsaing % 

-2 
6,0 

Strangth of ruptur« aftar kp.cn 15,1 

praaalng 
I«t-dry ahrinkaga 
Dry-firad «hrinkagi 

Total thrinkaga 

% 

% 

% 

o,- 
0,6 
0,6 

0,- 
0,6 
0,6 

latar abaorption 
Strangth of rupturt 
CTI i 20 - 500 °C . IO"7 

% 

kp.ci 
15,1 

194,- 
78,9 

16,1 
202,- 
76,2 

Harkort ta at whltt   ¿lata > 200 200 

Harkort taat colourad glaaa 

_   

>200 200 
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Beth of tóete J body   coapoeitlono geve good reeultt. Body Ho 8 
eeeae to bo «Lightly bottor in coaperieon with uotd gleet«. 
CTI eorreeponde tnd firing ehrinkege i§ «eceptable. Aleo Her- 

kort toot lo good. 

Because tho loborotory toot of bodies No 7 ond 8 geve good re- 
eulte, wo hove prepared tho ooao bodioo in     lorgo ocelo triólo. 
-i --foro wo hf\v? prepared obout 50 kg of thooo body eoapoel- 
tlono in o boll r¡3U where the ratio raw materials J pobbloo i 
t water woo   1 :  1 : 1. The residue oh the scroon 10 000 op/cm 
woo botwoon   1 - 2 %. Laboratory filter prooo woo uood to ro- 
solo oxcooo water. The cakes were dried in the electric dryor 
and wore allied on a amali acale roller mill with opening© of 
2 am. The aoiature of the pressing powder waa 60 - 6p % and io 
aarkod in the above table for each body composition. 

Tho products from both body mixtures were preoood on a friction 
prosa (80 tona). Both sizes - 100 x 100 mm and 150 x 150 am wore 
preoood. The pressed tiles were dried in factory drier and fi- 
red with ordinary products in a factory tunnel kiln. Tho bio- 
cuit was fired to the temperature of 1100 °C. Tho biocuit firing 
did not show any rejections from cracks or warpago point of 

•low. 

The biocuit bodies were glazed in the factory   gleoe «achino 
with factory glazes which were those days used in the factory. 
Few different plain colour ond some marble deeigho wore alao 

properod. 

Tho glost firing waa done by 1000 °C    in 3 hours tie» In a elec- 

tric gloot kiln. 

It io to bo mentioned that body compositions No 1 - 6 are 6io- 
cuooOd In details in II. Interim Report. Proa eoa« of produced 
wall tilee two sample charts were prepared. 
A fotocopy of one of them lo shown bellow for tho documentation. 
The two mentioned sample charts were i?ivon to UNIDO repreeente- 
tires during the discuooiono obout the II. ínterin Report. 
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The bodiee used for large seal« production are composed only 
fro« Oambian raw mataríais and gava good rtaults. Of couraa 
ordinary glasea were uaed for the larga acala production and 
we do not expect that Gambia will in future produce its own 
flaiee. The production of glasea ia technically very intrica- 
ttd and therefore it ia recommended to import glazea for the 
"-«'WHcm. For information we say give few nanea of world 
known producers of glazes: 

Ferro-anamela, Rotterdam Netherlands 
Degusaa, Frankfurt/Main,  German Federal Republic 
Reiibolt-Stricke, Köln/Rhein,  German Federal Republic 
John«ton-Mathews, Stoke-on Trent, Great Britain 
Hommel 0., Pittsburg, USA 

Chechoslovakia    also produces its own glazea in "Olatura" 
Roudnice which were actually used for large acale production. 
It ia not necessary to stress that the colour or deaign of wall 
tilaa nay be changed according to 3 final decision and analyses 
of ma-keting and economic situation in the Gambia. 
It ia evident that the production of wall tiles from Oambian 
raw materials ia possible. The analysis of marketing and economic 
aituation in the Gambia will give the final answer to thia queation. 
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je/   '•}•*•. îliîï 
Façade tilas srs esrsmlo products which art vary dansa, 

often alao vitreoue with white or othar colourad body which 
is vary hard In ordar to ras 1st tha waathar conditions and 
mechanical abrasion. They ara used for exterior lining of any 
kind of buildings. 

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

"Tatar T.b'jr;'vlon 

Streng h of rupture* 

Fro r.t r c n 1 r t :.r\co 

Tc^-:r': ..'.'•cs  in •:lzcz¡ 

toirjMi ".nil •.I'M 

GovxrM Fc''.:r¿\l 
Sapjbi :•-. 

SET 3Q   131'» 

United States 
of /marie* 

USAS A 137.1 

Cs9cha"lov.'< is, 

CSS 72 4913 

nn::. ó /. - 1,5 - G ••; 

•n*n. 2C0 :-r/m2 min.  50 pot ICO - 160 kpA-ci* 

.vithout dr.T'ijo - -25 °C 30 eye.-. 

• 2;; t 1/15" ¿0,5* - ¿2,5 % 

• 10 ','. • 1/1C" • io >» 

...   .   ...... •-    •. ~ \        . •- -  .—~ 

Because tha main property la woterabsorption it was naceasary 
to add feldspar to the body composition in order to decrease 
ita porosity. Having in mind the properties of Osmbian raw ma- 
tériels the following body mixtura waa racommended for the first 
orientation: 

Clay Basas          70 % 
Kaolin Kunden»    ....20% 
Paldspsr             10 % 

With this body composition a lsboratory trial was dons and the 
saaplss ahowad tha following propartiaat 
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Residue on the  sieve 10 000 op/cm    .... 4,8 % 
Moisture before pressing         6,9 % 
-Vet-dry shrinkage         0,3 fc 
Dry-fired shrinkage    8,3 % 
'u<--t-fire:i shrinkage  8,6 % 
Water absorption        4,15 % 

-2 Strength of ^ipture ,       295 kp.cm 

The body mixture was milled  in e   small  scale  laboratory ball- 
mill and  the .samples were prespod  on a hydraulic press  with  the 
pressure  300 kp.cm    end  fired   in a  factory tunnel kiln to the 
temperature of 1220 °C. 

In spite of the fact that wsterabsorption,   strength of rupture 
and other properties  correspond   to the requirments of the above 
given standards,  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 pia-'tic clays and  therefore  their 
percentile was decrease \  in body  mixture No 2 and the difference 
to 100 % was  covered  with non plastic quartz. 

Body mixture ?Io 2 was composed as follows: 
Clay Infisse 65 % 
Kundera kaolin 15 % 
Feldspar 10 % 
Quartz 10 % 

This body mixture was prepared   in a semi-large scale  (20 kg) 

in a laboratory ball-mill. The  ratio raw materials  :   pebbles  : 
:  water in the ball mill was 1   : 1  : 1. To remove excess water 
from milled slurry,  filterprass  was used.  The residue of milled 
powder on sieve 10 000 op/cm    was 4,2 %. Moisture of the pressing 
powder has been found 6,6 *. The tiles of sizes 65 x 250 mm were 
pressed on a hydraulic press with the pressure of 300 kp.cm    . 
After drying one part of the tiles was 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.  Body mixture No 2  showed the following properties: 



4,2 ft 
6,6 » 
0,2 ft 
8,0 ft 

8,2 ft 

3,5 » 
318 kp.ea2 
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a 
Reaidue on 9 lev« 10 000 op/cm 
Moi«tort bifore pressing 
Wet-dry ehrinkage 
Dry-fired shrinkage 
Wet-fired shrink«ge 
Waterabaorption (fired to 1220 °C) 
Strength of rupture 

To increase the pr tette of façade tiles namely •• far aa porosity 
1* concerned sewerage pipes'body ( body No 3) was also used. Thia 
body Is composed from 85 % clay Baa« and tharafor« ita colour 
will ba darkar and its porosity will ba lower. Btcauae thia body 
la enough plaatic tha tiles may ba producad through tha pugging 
In a pug mill. Tht tilas prepared in thla way and dried vara 
fired in the factory tunnel kiln to the temperatura of 1220 °C. 
Of oouraa tha aurfacawas covered during the firing pariod with 
a aalt glase in the same way as ordinary good« fired In tha ama» 

kiln. 

Tha façade tiles show the following properties: 

Moisture before pugging 18,1 ft 
faterabaorption 0,75 ft 
Wet-dry ahrinka.^e 7,1 ft 
Dry-fired shrinkage 4,6 ft 
fet-flred shrinkage 11,4 ft 
Strength of rupture 523 kp/ea 

fro« tha products of Body No 2 and 3 sample charts wm preparad 
and handed over during the discusaion of II. Intarlai Kaport to 
tha UNIDO representative in Vienna. A fotocopy of one of the» 
la shown below for the documentation. 
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Atr--  crvr^riaon of the pi-Dirtier,  of V.dy   fixture  No ¿  e..-  - •    • 
wit'    -»orne abov»  catione i standards of different, countries  it.  i* 

evi^nt  that  the quality of  façade  tiles   is  excellent.   Frost  -e- 

alstance «ft«  not  tested because   the weather  in The  Gambia n^ ' 

not  such a  teat and because  tnia test  is   Mme consuming.   In on 

opir.ion the excellent, qua Ht*  of façade   tiles  la supporte i wítr-. 

,,.,,  -,.n-Mtv of Basât clays.  This eia./  is very plastic and accept 

• noiHi wa-*r ano       ^s after  p-j*- W '',<-v   ^M- smooth  nurffc^ 

lt   ,    V(li.,   ,in»»r:ii      ..   »I'   ~!¡r.í,i -  -.r, !.,-'.. ).>.   .v.'.'.r-   tut   <    o 

tri*   i.::;i,y   i3 not   importan   , 

Fron ^i   ,<bnve  mentioned   lecunl-d   -oints   of view   it may  be  -ace-:~ 

mended to produce  the feçnie  tiles in   TMc   -anhlo.  ?h« .Usadlo te ^ 

of tiiii recommendation  la   thai,   tie body mixture  is  -omnosed not 

only   'Vom local   raw materials,  hut olso  15  *> of feldspar  s>t 

added  to  r-*«ch  tho low por or it,-. 

F. 
ft 
» 

» 

Ì * 
# 

4 

tylKllU mollili *.»/-.» •"I    fin; 
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3a/   § I 2 i i ! H . ï ! S ! 
Thraa typas of sanitary ware ara known •• far aa its quali- 

ty i« concerned. 
1. Poroue sanitary war« 

2. Samlvltreoua aanitary vwr« 

3. Vitraoua aanltary war« 

The following propartiaa correspond to tha abova mentioned 

vm litiasi   

Prop*rtiaa 

Porou-T «v-ni- 
tarv wíii'-í 

S«"ni/ltroou» 
samt,  war« 

*»t«r absorption 

Specific gravity K/cm 

Cold «runMn^ itren^th    kp/sm" 

3tren,rth of ruptur« 

CTK 20 ~ 760  JC 

10 -  12 

.1,92 -  1,96 

1000 

Vp/CTl 

 I  4" 
150 - J00 

,Î>d.lO~ 

Vitreoua í«ni- 
tary ware 

y - 5 

2,00 - 2,20 

1500 - 2000 

380 - 450 

0,2 -  1,0 

2,25 - 2,jK) 

3000 - 5000 

600-900 

•J 
In th. world mostly vitraoua quality has been produced for last 
few years.  Only  in such cases when the raw materials for vitreous 
quality are not available locally,   porous or semivitreou. quality 
!• produced but only for local use. This i. actually UN th. Ht»- 

ation in 3aabia. 

Clay ratoto, Rutilara kaolin and quartz were used fro« local raw 
«ateríais for the body compositiva. To decrease tha poro.lty of 
the body after firing, feldspar of Czechoslovak provenience was 
used. Tha quality of added feldspar was describad  in part 3./. 

Floor tiles of this Report. 
Two different body mixtures were prepared on laboratory scala. 
Th. firat one using clay Fatoto and Kunda« kaolin was reco—ndad 
in ordar to .«end utilisation of local kaolin. Tha a.cond ona 
was praprad only with clay Fatoto in order to improve bribes* 
of tha fired body and eventually to improve its porosity. 
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Hit compoaition of two tbovt mentioned  body mixturaa «...i 

their quality  after drying and firing is given in taoln noli*. 

Body mixture Mo 

Kaolin KuivJam 

Fellapor 

Quartz 

Total 

Soda aah 

Natrium p./rophosphate 

'.Va tar 

Specific gravity 

rfirc9ntH'7P of  solid  in »lurry 

"'pf-dry shrLnka^e 

Dry-fire<1  shrinkage 

v>t-fired  (totwl)  shrinkage 

'.Vat-îf absorption 

-3 

20,- 

30,- 
jr 

25,- 

100,- 

«• 0,6 

26,- 

1,76 

?:,2 

3.1 

7,1 
10, ¿ 

"1 
^>2,- 

IOC', 

¿•*1 

I 7ï> 

7'. I 

4 S 
•;> 9 

10 i 
0 -7 

Fro« the vitreoua body point of view body mixture No 2  r;;.ves 

better results.   It shows waturabsorption only 0,7 '* while  body 

mixture No 1 gives rather high porasity (6,1 i).  No difference 

in colour has  been found between these two  bodies. However,   it 

is necessary to strass that body mixt-ore Wo ¿ had  not acceptab- 

le casting properties.  It ws3 because the  body *as very   plrstic 

and showed  thixotrophy and  therefore! period  of -ryln»; was  un- 

controllable  and t.ie produced a fio pes  deforced or cracked. 

As reeult of  these two laboratory trial3  .wis  the  conclusion 

that Kundam kaolin should be Included  ^n the bo"y mixture. 

However the percentage of it» addition should be lo-,er  In  com- 

parison with body nixturt No 1. 
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A e cori Inf to   hl« knowlodg» body alitor« No J «M prepared en 
laboratory icli. Th« ooapoaltlon of body ai«tor« No 3 »a« 
aa follow«! 

Body ali turo No '"  " "7 J 

Clay fato to ft 36,4 

Kaolin Kundaa ft 11,6 

F«U.V»-- ft *•,- 

Quarts ft w,- 
Total 100,- 

Natrium pyrophoaphat« ft 0,3 

«•tor ft • 40,- 

Spoclflc gravity f.c«" UT 
Farcontaft of »olid In slurry ft 71,J 

Wat-dry shrink»«« ft ),a 
Dry-flrod «hrinkag« ft M 
Wat-fir«d (total) ahrlnkaga ft 10,0 

Wator absorption ft o,t 

It aaaaad that this body alxtura fulflllad all proportiao a» 
poetad fro« a aanltary war« quality oieopt colour. Th« oolour 
aft«r firing «aa lihgt yallow-brown. All othor propartida 11a» 
aatarabaorptlon drying and firing «fcrlnkaga aa wall aa oaatlng 
proporli«« aro    In agrooaant with tho vltrooua quality of aani« 
tary »aro. 

Boeauaa of tho fact, ttiat proporli«! of body alxturo No 3 aora 
«ultaal«, tha aoaw body a 1«turo «a« proparo* on a larga aaal«. 
Fifty Ellagraa» of body eoapooltlon In tha aaa» ratio aa a#n- 
t lo nod abara war« proparod In a ball alll with addition of 0,) ft 
of notrlua pyrophoophat« and 40 ft (JO litro«) of aatar aaleul«- 
t«d on dry walgM of raw aat«rlal«. Tho raw «Urlala «aro 
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•a il ltd  to the sieve reaiiue of 0,85 i on aleve with 10  ^U 

openings/cut2.  The slurry  preparei  ii. such m *a.y  «as used for 

-.astiaß lit-..a shtpes cf  commodes and washbesinsi. 

It is.  of cours«, also possible M mill   the raw aateri* .«   *i 

ths boll mill without addition of mntrium  pyrophosphate  #i.:.h 

ratio raw (seteria!*  :  peabblaa   :  water » 1   :  1   :  1. In this 

 *ha fin« milled slip should be filterpreaaad and the cake« 

nhoui i  he  trn-       "'ed to  »he   CP^
M

.-'   ^ '    . -'   ' n "  tiixer wi*h 

addition of w*      r  üi1  •),)  'A   ot   n-.inoin pv       • . —nha'e     "-    '-    *< 

•mount of    water  in  t>   slurry will te a*» in 40 * *ie>     t. 

content  is calcila ted on  the  weight   of dry  ra« materi*:./..   ">-¿ 

way ha3 tae advantage  List  tua  cnattng slurry sie y be orepar-sí* 

only  in^uch a quantity which   is ne-oesaary  for  the product or, 
y>Y¡9 ,tor«^e of c*k*«»     I"  a1 so   ensler if compered with storag« 

of ewfUing slurry. 
The  "Rated samples of w*.ih h*»rj in* and conmodee  wert dried *,r» 

th* hody moistj-e  of 1 % *nd  /rlwl with the mw g!a*a of tha 

follow in-' 3e?er  formulo: 

0,3 CaO " O.W A1¿03   .  ¿,3 Si:l¿ 

0,1 MgO 

0,4 ZnO 

;o whicn 8 * of Zv 310    w«re  aided tí improve the   opacity 

ari    clour of the glase.  Also  the saae glaze with additior 

of J % vanadium ye1low stain wo s tested. 

After glazing the  samples ware dried and  f i «ed  toother wl*.h 

ordinary factory producta to  the  tampers ture o«"  1250 °C  in  the 

factory tunnel kiln fired with generator  srn?. 

Few producta were tested and gave  following properties: 

Residue  on sive  10 000 op/ca2        0t3b % 

Wet-dry shrinkage 3,3 

Dry-fired shrinkage 7,1 

Wet-fi rad »hriakage 10, i. 

Water absorption 0,8 

S.Pingch of rupture 6K> <5.c« 
• • •'  crying strength 3620 ko.cf 



: i • M n' -.   v v¿   han.l'îJ 
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•   '!     1 3     :VI'v,vn 

s accepta- 
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„.,,, . .,   -, ., ,j-. >;      , ..-.   ,   ,    -ni   -<)1 1  crushing strength 
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.. •,!,,.•   >,  ,.,.,,,-.   ,v!*i   ''i^  n'.'t-    if  t.io    roiucta.   Of course, 

iii   it i»r ninl^nry  WT8 proiucts 

. i-   ..   n:.-  .v!,;ill   •-ipl-.?n.  To overcome 

>ì    p i»r v,lli.'. ir nin'*   colour of the 

, i.-,   if,,;   ir  t.:- •>  Ji^t'c'cnt  colours wbat ha»  be- 

• i -, t   f-nv VîT;'.    In such  cnriea   th03e   two 
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The utility ware are ceramic producta of various qualities 
as porcelain,  semivitreous goods or crockery.  Usually in 
Europe under this term Is meant body fired to higher poro- 
sity (waterebsorption 6 - 1¿ %) which is as biscuit body 
fired to higher  temperature  (1220 - 1280 °C)  in comparison 

with the gloat firing (1050 - 1150 °C).  Fritted glazes ar* 

U;f,u   ÍOV   f.    • . ..r:  -u " '..io.'.. 

The propertití;.,     ,.i\,ulster   ir. •-liffyrvnt natii, 'ai   r^.a vjr-"' -   -v.-- 

aimed to the aesthetic quality of the goods.  From physical 

properties only  wttev   perrceoMli ty ano  stren^t^  of fi^ed 

biscuit are very   impr.rt.int. 

For the first orientation    and having in mind the chemical 

and physical properties if Gamoian raw materials the follow:', ig 
body composition was recom-nended: 

Clay Fatote 36 % 

Kundam kaolinitie  cloy-sto-e 24 % 
Fol'qper  (CSSR provenience) 20 % 

Quar-7 sp.ncî 2C % 

This body mixture was prepared  in a quantity of 20 leg in 
a laboratory ball mill.  The ratio raw materials  :  pebbles 

:  water was 1  î   1  : 1  .  The excess water was removed through 

filterpressing and the calces were purged on a laboratory pug 
mill. An automatic shaping machine was used for shaping of 
cup« and saucers. No suitable products were reached because 

the body mixture was not enough    plastic.  Therefore a parJ„ 
oí  plastic body mixture w83  used for hand shaping on a Jigger 
head.  In such a way few little vases,  jars and bowlea were 
produced.  These products were after drying fired to the tempe- 

rature of 800 °C,  glazed with  the earthenglaze and fired again 

in a glost kiln  to the temperature of 1300 °C. 

A few products produced in such a way are shown on the picture. 
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mmwm  tht body «M not suitable for sharing boóy aiïture 
Ko 2 veo prepared. Iti ooapositiori la •• follows 

13,5 * 
16,5 * 
20,0 ft 
35,0 ft 
5,0 ft 
7,0 ft 
3,0 ft 

6,19 ft 
71,55 ft 
14,71 ft 
1,60 ft 
*,W ft 
0,M ft 
1,9« ft 

Clay Baeae 
Clay Fatoto 
Kundea kaolin 
Quartsaand 
Feldspar 
Pitch«« 
Doloaite (CSS*) 

Chaaleal ooapoaltlont 
Lose on Ignition 
sio2 

A12°3 
Faa0, 
TiOj 
KaO 
CaO 
Alkali«« 

Total        W.33 » 

Thi. body aixtura aae prapared in a quantity of 20 kg i» *• 
laboratory ball »ill, filtarprttaa« tnd pu««d. Fart af ma 
body «aa uead for thaping of cupa and eauoare. She ping af suaa 
«a dona without any problaae and difficulté, till« *«»Uf 
of aaucore on the «uteaatic ehapln< »china wa. not eaaaiala. 
The body aae«* to bo not anoufh pla.tic and in eaaa if aar. 
«atar addeí» it we. audy «nil« if littta wattr raawrad «Ha 
body doe. not paete eufficiently to the plaefr af Farta aauU. 

Fart of body aixture Mo 2 «a. timneftrrad to the noting .Up 

through addition of aat.r and 0,03 » of ^l^"*»#?*"- 
Tha eaatia« .Up contain. 70,0 ft of aolida. Teaaata aaé *lk>r. 
•era .MUd. Caeting of theea ^ P—•< aithaat any .iff iaul- 

tlaa. 
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The product« were after drying fired in a factory tunnal kiln 
to the tenparature of 1250 °C to tha biacuit body and after gl J 

sin* with tha factory fritted glazaa they ware fired to the t<:< 
parature 1100 °C. After gloat firing all tha gooda cracked to 
••all piacaa.lt ia necaaaary to say that the used glazes had 

thair CTE 68,0 . IO"7. 

Tha reaaon for cracking of tha gooda ia enormoua difference in 
tha thermal expaneion of the body in compariaon with tha used 
glasa. To overcome taie problem it aaane either to change again 
tha body eompoeition or to change tha glaaa. Both waye are posai - 

ble. 

Unfortunately we have had no «ore claya (eapecially clay FhtotoJ 
in tha Inatitute and tharefore we may only recommend body con- 
poaition No 3 which ahould have lower contant of Si02 and high- - 
plaaticity. Probably it will be alao ueeful to add to the body 
eompoeition another good clay of type like Engliah ball clay, 
a.«. B'.VS or AK or any other auitable clay. However, the body 
mixture No 3 ahould be compoeed approximately aa follow»: 

Clay Baeee 15 % 
Clay Fato to 30 * 

Kundam kaolin raw 20 % 
calcined 5 % 

Quarti aand 15 % 
Faldapar 5 % 
Pitches 7 % 
Dolomita 3 % 

Total 100 % 

Chaaiioal compoeltiont 

Looa on Ignition 7,51 * 
Si02 •5,63 % 

klfj 18,90 * 

*•*>) 1,97 ft 
TiOj 1,34 * 

MaO 0,95 » 
CaO 2,02 ft 

Altai loa 1.2« ft 

Total 99,56 % 
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It is evident that the Body mixture No 3 haa only 65 % of SiOa 
in green or 71 % SiOa in fired stage. In such a way It may be 

expected to decrease tht CTÏ of the body to be suitable for the 

«lasts used for Body mixture No 2. Unfortunataly it is not po- 

ssible to certify practically this recommandation becauss clays 

Basse and Fatoto ware out of stock. 

Products from body compoeition No 1 were handed over to the 

UNIDO representative during the discussion about II Intfcx'im 

Report. The following pioture shows these products. 

Coming to the conclusions in this part wa may say that few 

more laboratory tests will bs necessary to certify claarly 

the possibility to produca smoothly utility ware in the Gambia 

only from local raw materials. Body composition No 3 seeme to 

be promissing but was not tsstsd practically. Becauaa both plas- 

tic clays (Basse and Fatoto) contain too much SiOj «nd Kundaa 

kaolin is not enough plastic, it may be alao useful to start the 

production of utility ware in the Gambia with imported ball clays 

which will definitely give a good reault and than alowly accomoda- 

te the Body composition to the local raw materials. 



ft? 

ill * •**>\-%f--l 

** 

^IHPPfc 



- 66 - 

3f/ S e w a r a g e _ D i g e s 

The sewerage pipe« are ceramic products produced of stoneware 

quality in different lengths which are covered with salt, 

earthen or feldspar glaze. Also fittings of different shapes are 

produced. The following table shows the properties stipulated 

for sewerage pipes in some countries: 

Wsterabsorptior 

Crushing 
strength 

Tolerances in 
»ÌJ59EI 

length 

Inaid© 
dinrmtr 

United 3t< 
of Amerie' 
ASTM C261-60T 

bolo* 8 % 

100-3900 lb p«r 
•q ft 

1/4-3/8 in psr 

Gera *n FedP-"Ml 
Republic 

DIM 1230-62 

2400-3000 kp/nt 

Great Britain |  Czechoslovakia 
BS 65 * 

2ti 

- 2% * 5% 

540 / 1966 

1350-1450 : 
lb par ft 

• 1/8 in per 
~ ft of length 

1/8 - 1,0 in 

C3N 72 5110 

9 % 

1500-2000 kp/bm 

•2,5 % 

• 2,5 « 3 X 

According to the propertioa of plastic clays stipulated in 
Chapter No 1 clay Basse was used for the production. Because 
this clay itself hed the waterabaorption of 7 % after firing 
to the temperature 1250 °C, feldspar was added to the body 
mixture to reach a low porosity aa stipulated in other national 
standards. Therefore the first body composition was as followe: 

clay Basse         85 % 
feldspar (CS3R) ...   15 % 

This body composition was mixed in a quantity of 30 kg in the 

laboratory pan mixer and pugged in a laboratory pug mill. Small 

pipes of inner diameter of 20 ram and fittings of inner diameter 

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. Tha following 

table ahows the properties in green and fired atages 
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wet-dry shrinkage 7,1 % 
dry-fired shrinkage 4,6 % 
wet-fired shrinkage 11,4 % 
watersbeorption 0,75 * 

It 1» evident that the waterabeorption is very low and was so 
decreased because 15 % feldspar was added. Addition of feldspar 
Beans Increase problems with production in The Gambia 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 increaae slighly the porosity of the body. 

The body mixtures No 2 and 3 were composed from thia point of 
•lew as follows: 

body mixture    No 2 

clay Basse 
feldspar 
quarts 
pitchea 

Both above mentioned body mixtures were prepared in the 
way and quantity as body mixture No 1 and also the same shapes 
were produced. Firing was also done in a factory tunnel kiln with 
ordinary pipes and therefore the pipes were glased with salt glase 
during the firing process. The properties in green and fired atage 
of body mixtures No 2 and 3 are given in the table: 

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

Local quartz used in Body mixtures No 2 and 3 was added without 

tny dressing. Pitches ware allied on a pan sill under 2 s.a. 

o 2 No 3 

85 % 85 % 
5 % - 

10  * 5 % 
• 10 % 
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Tn comparison with different aent ion- i national standards  it 
v.my b« said that all  three aixturee giva suitable results. 

Son« of the produca.i aamplaa war» handed over to  the UM'JO 
representative during tha discussion «bout II Interim Report 

and t:iM following plc +  r« aho*s  these products. 

Generally speaking the prediction of  sewerage pipas seen»  to 

o«  possible altliar with n  small addition of feldsoar or also 
only from the Oambian raw-materials. The final dacision will 

ci ve a  large  trial  production of about 300 leg whan pipes of 
diameter at least 100 mm will be produced and  tested on the 
crushing strength and leakage under pressure. Also tha market 

study s.ouli certify  if sewerage pipes should be produced  In 

The Gambia. 

It  is evident  that a laboratory trial of 30 kß canot give any 

final decision. However, physical proparties of laboratory pro- 

iucts are v*ry promissing in spite of tha fact  that  crushing 

strength was not possible to ba tested. 
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>e/  Î i l i 5 l % S k I 

Firebricks ars producta of différant »hapa« which withstand 
th« tatnparatura of minimum SK ¿6 and ara usad for building of 
different furivi cea and kilns    in tne atael and metallurgical 
Industry aa well as in the cedent,  glaao and ceramic Industry. 
Many different qualitiea are known  In the world. The following 
table shown the properties of hlrfi quality firebricks produced 
In eo»e eouritri^. 

p.c.i;. 

Al-0^ ron». 

Fe^O. ont: 

".*-il.<?.-?>::   ", 

Pc -;'••! 

R  te- y er'-: 

COL'   .-:•'.; 

„ ' 1 ..n 
...   ,1 • • •- 

." ! 

•/v'T 

:. J 

1,6-2,0 

i •.- - 

„••-it, 

-,  ~\ 

n 

. Cztiöhwi* ijvtkiiv            j 
r.:ij 72 6106 

rjM, uV 
.1   1 .TU 

;3/04 u/n 
mtn. 4u ;! »in. i7 ;; 

b"!o.- ¿>,<!,i bola:- 2,CK 

>.'.;•> ÍV   30  % Ulor; 13 X 

- - 

:) 
ic,3 ;:) 

i;70 *c 

r.'!n 2 CO kp »in 100k? 

Mn 2,C0 •In 1,90 

It Is evident Miot on* of the mai    propertlea of firebricks 
is their refractoriness (Pyrometric Cone Equivalent). There- 
fore only kaolin Kundnm and clay Fai  to v.-«re used. 
Three different body mixtures wer« prepared. The table below 
shows the compos it Ions i No 

Ksolin Kunden   fired to 1400 °C 0-0,5 m 
Kaolin Kimdam   fir tri to 1400 °C 1- 4   an 
Kaolin Kundam green, finely •111*1 
Clay Fatoto 

35 » 35 * 45% 
45 * 45 % 35 * 
20 % - 10 % 

m 20% 10 * 
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Every mixture w- t prepared In a quantity of approx. 20 k$ in 

a eemilsrfe seal » equipment in     auch a way that  fired grog v/;i3 

crushed in a jaw cruahar and «Iliad in « pHn mil'. Plastic pfirt 

was praparad through fina milling In a pan oill and Kundam kaolin 

waa addad as fine milled Blip. Tha moisture of    he body nix ture » 

fluctuate«]  in ranga of 6 - 7 % end th« mixtures wore prepared in 
a pan mixer and  further pressed on a hydraulic press with the 

preasure of 400 kp/cia .    The pressed thicks were fired after drying 
in tha factory tunnel kiln to  the tomperaturo of 1400 °C.   ,/uen 

tested the following properties have been found i 

P.C. E.      • • •      oK 

Specific gravity f/c"> 

Y.'aterabsorption 

Porosi t.v app. 
Refractor ineRs under load (KUL) t 

Cold crushing strength (CCS) 

À1-0.J  content 

Fe^O^  content 

According to the above given resulta each body mixture may be 

evaluotol na follows : 
a) Body Tío 1 shoY/3 ^ood PCE and the highest porosity because 

only Kundnm kaolin was used.  It shows riso the lowest CCS 
and the lowe3t specific gravity.  This all  lndicetaa that the 

firing temperature of 1400 °C is not enough high for this 

raw material.   Decause the plasticity of Kundam kaolin ia 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 auat n^t be recommended for 

the ordinary production. 

b) Body No 2 use» clay Fetoto as the plastic part. Clay Fototo 
itaelf has a low PCE and therefore th« PCE of this body mix- 

tur« is lower J Tha body ia olso enough plaatic for hand moul- 

ding. Thia body seems to ba suitable for ordinary production 

No      1 2 3 

33 32 32/33 

2,002 2,041 2,0B4 

12,5 11,2 10,3 

25,1 22,8 21,5 

*.          * 
- 1465 

». - 1575 

137 147 241 

33,20 31,54 32,39 

2,89 2,77 2,83 
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and probably it aay ba improved through the eo«bination of 
clay Fatoto with Kundaa kaolin »» the plastic part of the 

body. Thi» wee actually teeted in body «mur« «o 3. 

c) Body «ixture No 3 usee combination of clay Fatoto and Kunde« 
kaolin aa a plaetic part.  It was alao «liajitly changed in th« 

grainsiie of ¿TO«. Th« propartiaa of this  body 11« between tha 
propartlaa of bodies No 1 and 2 except CC3 and porosity »hich 
ar« higher or lower. This bo ly •» th« final body «aa also tas- 

ted on HUL and tha reeult was excellent. 
It  is evidant that the firing temperatura  1400    C  is suitable 

for this body. Also plasticity of th« body   ia efficient! 
Therefore Body No 3 may be reeonuended also  for th« ordinary 

production. 

Th« following picture shows the fired bricks of Body No 2 and 3. 

Thi« «amples »era handed over to the UMIDO representative during 

tha discussions of II.   Interim Report. 
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CMln«    to th. concision. In thU part w« my H| th.t «l«o 
firebrick« »y b. produe«d la Th. 0-rcbL from loci r.w ••!•- 
rial«.  It  i» only quMtion If th. loci »»rk«i will indict« 
•uffici.nt eon.umptlon of th... producta.  Coprini? th« pro- 
p«rti*. of bod, No 2 «nd 1 with th. prop«rtl.ii of diff«r«nt 
ntloMl «t.nd.rd. giT.n ir,  the •»»*• fbl«  It 1« .»ld.nt th.t 
th« quality of flr.brlck. product! from 3«bi»n raw m«t«rl«l« 
«, b. comp.r.d «t l.»t wUh   t.n. 5u.lUy A  II of ^m«n F.d.r, 1 
«..public St.nd.rd or with gr*i. > o- PS 1758:61 or with   >• 
anniity    S  II of Citcho«lov«k  «Undiird e*c«pt Al20.j content. 
So«* prop.rtl.« corr..pond  to  th. q.»Ut, AI and ST. Of cour,. 
l.rg« «c.l. trial «ho-ild b« recom^nd.d to prov. thi. •••lu»tIon. 
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fi« t-^n-»logical + # » t in-; -f <l-i-ui<m raw »steriale for tha 

ctnent pr*»3'ictivi wae don® lik* n la^ritsry trial far in- 
formât im »xc#pt iifrarsl spectral -»nplysis. Tha following 

raw aa tarlale were ueed; 

1) 

hurjiU\v 
Lj.-s     r, 
SiC2 

A120, 
r*2°3 
TiD2 

3»0 

K¿0 

îh20 

30, 

1*1 'ti: 

'-nlUì'i 

'se fhel1s Clay Baust 

0,r?  *> Î.09 ft 

43,76 % 7,57 * 

0,24 1 60,36 ft 

0,11  % 21,57 • 

0,i4 i J,63 ft 

0,?2 i 1,60 ft 

51,78 * 0,7J ft 

0,25 i 0,70 ft 

0,09 * 1,01 ft 

0,47 W 0,17 ft 

0,¿2 i 0,05 ft 

TotRl 99,75 % 100,4ft ft 

b) 3ualitotiva spectral analysis: 

Tha qualitativa apactral anal/sis we tested on tha apectra- 

graph of  the  ¿onpcny "Applitad Research Laboratoriee". 
The anal/aia gave the foil-»wir/? resultai 

B Pb Zu Sr Cu 

Sta 
ahella 

Clay 
Batea 

0,1 ft        0,01 ft 

tra cae     lindar 0,01ft 
0,01» #B 

Ml 

undar      tract« 
0,01ft 
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e) Structural ana lys la 

T*e raw a»terielr w*re tested with the HTG type Müller 
•Mitre 111. Dirference eoel therm*! and differential gra- 
vimetrie enalyaie «•• also perfora.  ì with the Desivatograph 

of Orion-Pawl Ik Cowpnny. 

Se« ahelî; nre built practically   f.-on pur« aragonite. 
Basse clay hum  a kaoljnitic  \wse with n  content of higher 
araouit of rjLM*rtz.   Rxcept o,u*rtz a  smoll  amount of  illite, 
montmorlll onite and  probably elso hematite  Ì3 present. 

i)    The calculation of the componitjç-n: 

According  to   the chemical anal.yai« of  both  raw materiale 
the body composi*ion WRS  oalculnted  to  reach suitable modulile 

for firing in the laboratory rotary kiln. Two body  coapoaitiona 
were calculated;  the first  one with the modulus S,p    95,00, 
IU J,50 and M,  2,00 ani the second one with the aodulua 

t,p 96,00, W^ ¿,70 and V^ 2,20.   For the calculation other 
two raw materials had to be added:  quartz aand and  calcined 
pyritea in order to  increase Fe-0-.  The composition prepared 

only from above mentions! Gambian raw materials waa not suitable 
because the composition had higher alumina modulus  than ailica 

•odulua,  SLp  95,00 1^ 2,M and M;   4,"1. 
For thia reaaon it was necessary to add the above  correction 
raw «ateríala  in order to reach  the above calculated modulus. 

The following correction raw Materials have been used! 

Quartz aand Calcined pyrites 

Lote en Ignition 1,52 % 4,09 » 
SiOf 91,41 % 14,06 % 
AljOj 2,00 % 5,4x % 

rejO, 2,70 % 62,43 * 
CaC 0,35 % 2,87 * 
•gO 0,69 % 4,34 % 
SO) 0,02 % 3,22 % 
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Glqr IMN -   X-raj «nalyalt 
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To  reach the above required moduli  the following mixing 

ratios of the raw mataríais must be applied: 
mixtura No 1 mixtuta No 2 

sta shells 78,55 <*•• 79,02 ft 

clay Bassa 15,65 S» 14,99 ft 

quartz sand 4,23 * 4,79 % 

calcined pyrites 1,57 * 1,20 % 

These two body mixtures have  the following properties! 

Loss on Ignitlou 35,92 % 36,07 ft 

SiOi 14,03 C
A 14,07 ft 

A12°3 3,74 % 3,58 % 

F,2°3 
CaO 

1,87 % 1,63 % 

42,66 % 42,91 ft 

MgO 0,42 % 0,40 ft 

so3 0,23 * 0,22 ft 

h? 95,00 % 96,00 % 

% 
2,50 % 2,70 ft 

K. 2,00 % 2,20 ft 

Clinker fired from these compositions has the following 

properties: 

sio2 

Al20j 

ra2o3 

CaO 

MgO 

SO, 

21,84 % 

5,82 * 

2,91 W 
66,43 % 

0,65 % 
0,36 % 

Minaralogical co«poeition by Bogna ia following: 
60 

17 

CjA 11 

C,S 
c2s 

C4AJ 

21,96 ft 

5,39 ft 
2,54 ft 

66,96 ft 
0,63 ft 

0,35 ft 

63 

15 
11 
8 
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•) »fctwitj of ;"• b0¿>y al*ture tested according to Jirku teat: 
reactivity: 6,7 ml/g 6,9 ml/g 

These figurée show that both compositions are of good reactivity. 

f) Hjjth temperature thermal analysis: 
High temperature thermal analysis waa tested with the Netzsch 

apparatus. 
The curve,  which has been found for both body compositions ia 
practically identical.  In the area of low temperature there are 
two andothermic peaks indicating loosing of water and the preaen- 
ca of clay minerals. The decomposition of CaCOj starts with the 
temperature of endothermic peak equalling 935    °C The ractiona 
in eolid phaae show only one exothermic peak with the tempera- 
ture 1240 °C and higher this exothermic reaction changea alowly 
to the andothermic one which indicatea building of liquid.    ^ 
Thia raaction ends with 1360 °C, it has a minimum with 1310   C 
for body composition No 1 and 1305 °C for body compoaition No 2. 

Tfrr.ryt in gradient laboratory kiln 

The taating alaba are after firing in both compoaitiona practi- 

cally the same. 
In ranga of temperature 1000 °C - 1160 °C the fired elaba are 
without any destructions, the light puff colour alowly chant«» 

to a darker one. 
In range of temperatures 1160 °C - 1240 °C sets out the decompo- 
•ition of thia part of the testing slab due to the davalopaiant 
of gwna C2S modification from dicalciumsilicate during ita 

cooling in axicator. 
In renga of temperatures 1240 - 1295 °C the teating alab ia ag»in 
without any destruction with darker gray-puff colour. 
Tha temperatura 1295 °C - "T" - changea the light colour of body 
coapoeition to dark colour of clinker. Tha clinker ü dark gray, 
denae with visible ahrinkage.  From the temperature 1400   C atarte 
building of liquid phase. The temperature - "T- - for body co«- 

poaition No 2 ia 1290 °C 
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Competition Ho 1 

iiOO   ileo     4J00     141« 
i i l l . 
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Teat apociatna aftor firing in a gradient laboratory kiln 
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Both body «ixt JTOO oooordinf to thoir •T* tooporoturo My bo 
•folti» tod oo btiof food roootivo ond omy bo filod to tho II 
Ootofory of rooetlvlty. 

Conclusion 

Tho Ooabion row Mtoriolo - MO ohtllo ond cloy Boooo - My bo 
ovoluotod oo oultoblo for ths cootnt production. Both of thoo 
oro without ony horoiful oubotoncoo. In both ooooo it io noeoaoo- 
ry to odd corroction row Mttriolo with SiOa ond FojOj oontont 
to ob to in tho roqulrod body composition. 

Tho body oooposition proporta fro« opprox 78 * of ooo ohtllo ond 
15 * of cloy Boooo, whon oond ond Fo^rich corroction row «o- 
toriolo oddod, io poooiblo to bo cloooifiod within tho II Coto- 
gory of rooetiTity.  It aoone that in tho production of Portlond 
ellnkor good firing procooo ond good output of tho r o tory kiln 
lo to bo oxpocttd. 
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4/   Evaluation of kaolin for use In agricultura 

In agricultor« kaolins of lower whiteno3s and quality or 
different typae of olaye ara uaed aa baaa for insecticides 
and pesticides in order to protact the fields against various 
pasta and to lnersaaa the production in ouch A way. 

Tha baaie M tarlai should ba vary finaly ground in order to 
Inrrêfiao tha covering capacity in uao. 

Also kaolinitic ulny-stone mny be <ir,-> I fir this purpose and 
of couroe it sViould bo finely ground. Bocauno  this row mot eri al 
Is non plastic and doea not give with water a plastic naas,  ln- 
secticidea and pesticides soluble in water mcy be used. 
The non-plastic raw motori al will absorb soluble cheaicala and 
after drying may be use^ a3 po'.vdcr for powdering of fie Ida. 
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5/   Evaluation of kaolin for use lu cosmetic industry 

Kaolin for the cosmetic industry haa  in ita apa elf icût.t:>n 

e low content of Fe¿Oj  (tnnximim 0,7 '*), a hi#i brightner.o 

(70 - 79 % lîgO) «nd ahoulil be very fina (percentage of ^raLu.i 

urvier 1 micron should be nt lonat SO '*.). 

The Kundam kaolin from the rïumbln sho-vj the contant of Fe^O^ 

2,57 %,  brightness of 50,7 '* to the U^O otandard and i- mined 

in lumps and should bo ground to reach the expected finaos. 
Froa «11 these pointa of viev/  :.he Kundam kaolin frora the Oam- 

bia cannot he racoorvandad for U3*J  in the coametic  industry. 
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v)    Conclusions   )f technical  part of the Report 

The technical results described  in detuils  in para ^r^pha 

iv)l-5    may be summarized in tits following points: 

1. The Cambian kaolin v/hieh was  the subject of the Oontrvl 

with trilDO la actually not o  kaolin according to  i'iurop'jan 

classification but a knollnltlc elevatone  .vhich  is very 

hard,  nonplastic and without bl<r '«r quartz trains. 

2. The  clays 'vhich worn  sampled  accord in/.; to  the Contract 

in amo! I quantités to receive a broader view on ceramic 
rav materials  in the Clamhia oro bui] t on the kaolin J tic 

base which is mixed with fine quartz. They are enourh pJ.i.a- 

tic but they have unf-rtnnatell y a higher content of iron 

oxid.a.  Th.!m for«  t.hnir colour after fii-tw;  is y ;ll.ov  to 

dark  brown. 

3. Tho quart* sand  which van sample*]  clone  to   -Ierre Kun.la   is 

of a  rrood quality  and may bo  used   for the ceramic produc- 

tion.   It  ran sf'Tiplel  .'-l.".o  in a  small   quantity   from  the 

samo   roa o on as  mentioned undor para 2. 

4. The  son  shells  sample'  an the  soa  shore are actual!/  a  pure 
ammonito and  tho  content of OaO  shows      that  the  sea  sheila 

are a rood material and enough pur«  for the coramic produc- 

tion no well as   for  tho cement production. 

5. The  laterite which van al 30  aarnplol  in email  quantity  alio vs 

a  very low plasticity.  The  porcentaje of Fe¿0^  Í3 about 8 > 

and therefore  it may be used only  in a small quantity for 

the production of floor tiles of dark colours.  Therefore la- 

terite  is not recommended for the ceramic production in the 

Gambia. 

6. As far as floor tiles are concerned  it may be said that 

/rood roaults were reachel.  Different plain colour floor 
til :s as well as different ranrble and porphyr design wore 

successfully produced.  'Ria production of floor   til   a  -.JúüI.I 

to be  the most promissing one with regard to  th<;    : n-bi m  r 

materials. The only disadvantage   is tint  fcldspr-r ''ik-a    '   >r 



too imported to th« Oambi» luitb« added to the body composi- 
tion in a quantity of apnro*imately 10 - 30 *. Whit« coloured 
floor til«« were not po««lbl« to b« product! b«c«u«« th« con- 
tint of impuritiee in local Oambian raw materials 1« too hl«h. 

7. Body eompoaitione of wall til«« war« composed fulljr fro« 
n**M«n raw materials. QuarU-llm« bodi«s with low «hrinka*« 
«ere Mcoamiended and especially body No 7 and 8 «ive «ood re- 
multe. GTE of holy No 8 corresponds with CTS of th« US'1 glaze 
and th« «urfac« of wall ttles la very smooth and ••sthenic. 
It'« possible to any that wall  tilas may b« produced smoothly 
fro« local Oambian raw materiala. 

8. facade tilaa w«r« also t«st«d to ha produced fro« Oambian 
row materiale. Th« production 1« poaalbl« with addition of 
feldspar,  it means, with th« aame diaadvanta*e a« aentioned 

undar para No 6. 

9. Tn aplte of tha fact that the ph/sical propartlaa of th« pro- 
"  dueed unitary war« war« «xc«ll«nt th« colour of th« sanita- 

ry war« body ms not «non* whit« because of coloured impu- 
rities In th« rav» materials. However, th« aesthetic quality may 
be improved by uainR coloured raw glass». Production may be re- 

eonwended for local ua« only. 

10. Th« utility war« w*s not tested with a full WCNH, The reason 
lo probably in the quality of plaatlc clays fro« Gambia. 

11. Sewerage plpea did not ahow any problems during the laboratory 
trial«. The physicsl properties of produced aa.ples correamond 
to the world production. Mechanical prop«rti«a of th« aaeplea 
aa crushing strength and leakage undar preasure war« not tes- 

ted b«caua« of the SìA« of sampl««. 

11. Also eoaent production from aaa ahalls «nd corr«etiou «at.riale 
1« proaiasln*. Clay Baas« and quarta sand ahould be used    in 
•Mil quantities to reach sultabl« allicate and alumina aodulus. 
Thla teatina waa done on the wlahaa of th« Oambian r«pr««enta- 
tlvt« and la not mentioned In th« Contract apeciflcatlon with 

UNIDO. 
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13. Kaolin respectively kaolinitic clay-stone seems  to be suitable 
for use in agriculture after absorption of chemîoola «ni fine 

milling. 

14. The Gambian kaolin is not suiti»bis for the use   in cosmetic  in- 

dustry becsuse of very high content of Fe203 and n very low 

br tgn*' i«n .i. 

Prom the 14 above mentioned pointa it   is evident that from t.enhnt- 
cal  point of view the  following ceramic products mny be racommen le ì 

for the production in the Gambia: 

floor  tiles 

wall   tiles 
facade tiles 

se/verace pipes and 

fireclay bricks 

Sanitär/  ware and utility ware does not pive such n pood results 

and the products cnnnot  compete with  the world production.  Specl- 

flcly the colour of sanitary ware and difficulties   in shaping of 

utility ware are the reasons for this  decision. 

The properties o? kaolin which is actually kaolinitic claystone 

show that  this raw material muy serve  from the point of comrrercinl 
exploitation only in the ceramic industry as a oort of various body 
compositions. However  for successful!  productions also plastic  el-.va 

from   Bnnse and Fatoto,  sea shells and quartz aand  suonici be ufied. 

This situation was not known in the very beginnLnf end therefore 

the ITIIDO Contract stresse1, its  interest mainly on the kaolin. 
In this new situation it will be very recommenduble to make the 
technological and geological investigation of the remaining raw 
materials  in ordbr to find geological reserves and variation pro- 

perties of these raw materials. Only with this knowledge a complete 
view on the possibility to start the  ceramic industry in the Gambia 

may be known. 



ITI.   HIASK  B: 

i)        I-un !   u 

it)       ì'ì.-ì    » 

'31 

J9 

A'.: VLL-:3: 

Re fé re ne i'»r,,    t.  ti] 



•   139 - 

ill) Economic study 

1/ Ms^n_chsrsctsrlstlcs 

Ths Techno-seonomic FsssibllUy Analisi« ia bassd both on 
the conclusions of Riss« A of ths Contract - Collection and 
Testing of Kaolin Ssmplss - snd on ths conclusions of ths 
sscond part of Fhass B of ths Contract - ths Market Study. 

The technical report sscartrt'ried ths abaen-.-s of kaorin in ths 
investigated area and stated  uis possibility of successful 
utilization of other 1-ivsstigated raw materials in the produc- 
tion of wall tilee.   floor ti?.es (mozaics), fscads tiles, sswsrsfS 

pipes and fireclay bricks. 

The market report restricted  -he sbovo rangs of producta with 
regard to pots ntiol homo conounption end export possibilitlss 
to wall tiles and mozaics and rscommended ths production of 
gift items (eouvenirs). The recommended production of earthsn- 
ware cannot be tcken into account at present becauss of unsatis- 
factory rcoulto of technolocicnl trials. Ths production of ss- 
rarnço pipes could be recommended in later years in dependence 
on the feoalbility of sewerage programme in. Ths Gambis. Ths 
production of a finali quantity of firebricks can bs recommends* 

for lotor conoideration too» 

In prclimirnry calculation ths raxiraum production programas 
of 1000 t v .11 tilee and 1000 t mozaics iras calculated and 
found unprofitable. To achieve acceptabla profitabality this 
progreso vna extend-d by 50 tons of gift items (maximum pro- 
duction according to market study without potential export 
to Europe) and it is presented in this study as industrial 

scnle production, 
Aa alternative a pilot plant seals production programme la 
submitted comprising the manufacture of 25 tons of gift items 
per year end experimental production of 10 tons of wall tilM 

and "0 ton« of mozaics. 

An i-r-rrtant problem to be dscided tns ths location of ths 
plant either in Banjul in the centre of local market, within 
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tafy pt.ch of the port or at Bat»« in tha area of ««in raw 

•storiale d, poeite. A simple calculation has decided in favour 

of Banjul aa it appaarad that only 1700 tona of clay« par yeBr 
will ba delivered fro« tha Uppar River Divieion for . .a cerami© 

plant. In caaa of looation of tha plant at Baaaa »orna 800 tona 
por year of quarzeand, eeuahelle, feldspar, glazoa and ataina 

in addition to operating auppliea would hove to be transportad 

up tha river and 2000tona of producta would bo tronoportod 

back to Benjuí. In cosa of pilot plant the situation would be 

similar. 

All calculations in this study ore iride in local currency 
(Dolr.nio). For conversion the following roteo of axehensa 
applied in The Qorabia in November 1973 v.ore used. Tha main 

choractcrioticn oro given in U3 dollars too. 

1 U3 fi  • 1,6 Brune, io 

The resulta of the preocntca oudy give the follouins r.-iin 

chnroctcrioticot 

Annual productioni 

Wall tiloo 

Lîosnico 

Gift itcaa 

Total inveotraont 

Credito 

Annuii oaloa 

Rotura to total capitel 

Rotura to equity capital 

Break aven point 

Direct valúa added 
Active belane« of payments 
Annual average let-4th year 
Annual average in further yeara 

Labour opportunité« in tha plant 
miners and domestic workers 

1 

Ii-'.n.intri al plant Pilot plont 

tonn tona 

loco 10 

1000 10 

50 25 

cm D oco \r;'/ <rt B 00010/f 

23 S3 1491 392 244 

13C2 014 - - 

1326 C29 210 131 

# f> 

11 12,5 

24 12,5 

48 49,5 

000 D 000 US if 

290 

000 D 000 ts# 

464 136 85 

900 313 129 ai 
1067 667 147 92 

perrons. 
cmployod 

persona, 
employed 

;     64 31 
47 20 
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2/  lD3H2$£i2i-Bl2íi$ 

3.1* Imree taant 000 D 

Fixed assets 

Bulldings and other ivll engineering 
works 

Technological equipment 

Fixtures, furniture, transportation 

Fixed nssets - total 

188 

1 473 

 22 
1 731 

Other investment^ 

Preinvestment coats 

Start-up expensea 

Other investment - total 

181 

192 

-222. 

Working capital 

Inventoriée 

Accounts receivable 

181 

143 

-225. 

Summary. 

Fixed assets 

Other investment 

Working capital 

1 731 

333 

_J3! 

Total investment 2 390 
«S33ZI 
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i.e. Dut*   for «vi Initio« 

Avérer« n**t   profit 

lst-r>th  y*>nr ¿14 

lst-Hh yonr 2T7 

lst-10th year 26? 

I*t-I4th  yeir 273 

»••.urn to iotnî 
capital 

R.90 * 

10,7 r) * 

11,17 >• 

Mu tum to ejuity 
cnji tul 

V>,70 *• 

2.1,60 > 

nrorii'-'W'Ti point 

40,1 >..    - 9T1 tins    (see  tabi« TV) 

DJ^i'c» _ct__ va lue n<1 cl «idi and employiwnt effect? 

Direct value  -tiled  consistine of \     on and »alarles,  avérarr« 

profit during first six years of production and overage  Interest 

for the same  period amount    to  409 000 Dnlosia per year.   If we 

nid the wa<res of worker.«» min in/» raw mo tarin] s and   the wages of 

domestic workers knitting straw    boxea for gift  items  the direct 

value nlded   would  reach 4 64 000 ito In.sin. 

The total of employees of the plant  would be 84,   eventually 131 

emploees inclusive miners and domestic workers. 

§5i2HÇ® o.t Payment effect 

The total sales - 1 326 00C Dalnsis would provide   for The Gambia 

861 000 Dalnsis in  currencies of .Vest African countries and would 

save 464 000  Dalnsis paid mainly  in European currencies  for impor- 

ted ceramics.   From these sums 259 000 Oalasis are  to be subtrac- 

ted for imported feldspar, stains,  glazes,    fuel  oil,  operating 

supplies and  spare  parts so that the active balance 1 067 000 

Dalnsis  is left for purchases in African and  european countries. 

In the first  four years of production this balance would be 

500 000 Dalnsis per annum only due to repayment and  interest 

of supplier's credit. 

Social marginal productivity of capital 

^ach 100 Dalnsis of capital investment would create 19,4 Dalasis 

of direct value added. 
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1.1. mitt*» •* *» iaâmtrUX pUftt 

m« pro***tlon r •'!'•••' eoMUtia« of 100 000 «T «f «all 
til««, 100 000 a1 «f B©««le« «id ;0 ton« of flft ltam« U 
-j,^ ^ liai tattoo« of aark«t and do«» not r«pr«««at th» 
opti*» »olutlon fro« th«    ttwpoint   .f rational «xploit«ti«a 
•f aaehinsry, «uoh production liiae« being u»u«lly di«on»ioa«i 
for 300 000 a2 of wall til»s or floor til«», iron    If «ffort 
ha« b««n »Ad« to «liainat« thi« di«*.dv«ntag« by   utilising 
•M production lin« foi both wll ti) se aud moz«ice ««nuf«c- 
tur« «nd to apply th« prepared wall tilo« body   for «oulding 
of gift it««« •• w«ll, «omo problem« «rose Aue to thi« co«- 
bin«tion th«t «r« r«fl«ct«d in th«    ;onomy. 
TU« «n«lytio«l part »how that th« tot«! profit of 347 000 D 
In th« first y««r of *ull production <coap«r« «nnu«l ««l«« 
•od annusi operating costs) con«i«t« of 269 000 D produce 
by gift it«*«, 106 000 D from moa»ic« «nd • lo«« of 30 000 9 
shown by wall til««. It m««n« that tfa« profitability «nd 
ratability r««t« prodominantly on gift it«ma production. 
Although thi« production is b«ing r«coam«nd«d by «hr«wod 
bu»in»»«aen, th« ri«k connected with introduction of • n«w 
artici» cannot b« n«gl«ct«d. Another    unfavourable fact 1« 
th«t th« p«rc«nt«g« of export» in total MIM i« 65 % by 
relu« «nd 79 % by weight (••• analytical part - «al«« of 
Industrial plant). Thi« phenomenon b«ing p«rhap« «dy«nt«g«ou« 
for promotion of inter«frican bu«in«««   i« - «noth.r ri.k for 
tlM of po««ibl« «conoBic d«pr«««ion. Purth«r on it «hould 
b« «tr«a««d th«t th« pr««ent«d »conomy   1« b«««d on booming 
prie«« of o«r«Bic products a« well a« of invsstB«nt. In thi. 
•ituation no Mliabls for»c««t« concerning futur« tr«nd« 
oould b« »ad« and th« ««onoaic a»»»»«««»nt h«« con««qu«ntly 
a static flharact«r bm««d on relation» a« th«y w«r« in HOV«B- 

b«r 1973. 

1 
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UM TCOtttUttf *l* m*àê m*** 
U.*Um m pwtfU Ut IM la»M««r ne § 
thr«« data (ItattdMl prîo ity i». %ì •*!**> ti»«* t»mti%* 
tf lavMtsMiit  to th« eourtry 

Witti r^H4 te tali ftüftlyti« tut aatftbllattattt »f «a* 
tairtrlil  pi*«* « .iet rtoevaaaéaa •% »r«#t»t. 
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1.4» ••%• for «TOliMtloci of the pilot plant 

^fwm net profit Br.j.'n  u> equity (Multai 
lit - 8th year 49 000 fi 12,5 » 

[-even point 
49,5 % - ¿«,¿r> to ru (eee tabi« IV t. 

Direct valu» adda«! »rid eaployaont a»feuto 

Direct valu« added conaiati.ng of wagea, aa'ariee and •••raga 
profit aaounta to 119 Ou' Dalasla per year, eventually 
1)6 000 D inclusive wn^es of dcm*s+Jo  «orkere (knittere of 
atraw boxes) ard *.he wages of workers mining raw sa tarlala, 
îha votai of eaployees of th« pilct plant would be 31, tht 
total number of amloyees employed in connection with this 
inveetaent woold reach the nuaber 51. 

Balance of payment effect 

It la presumed that 20 tons of ¿1ft lteira worth 160 000 D 
can be aold to touriste visiting Oambiû, 5 tona worth 40 000 0 
to nelghbourlr.g countriea. The Importa included in the produc- 
tion coata (felspar, glezea, e taina,  apare parta) aaount to 
13 000 D only ao that the active balance of 147 000 D la left 
fore purchnsea in European and African countrler. 

Social marginal productivity of oapital 

lach 100 Dalasia of investment would    oréate 34,6 Dala«is of 

direct value added. 

|.5. '••lïïa*i2n.°? ihî B1!0^ E1*11* 

The pilot plant ahould be evaluated with regard to ita objecti- 

vée to be funfilled t 
1. Training of local workers in the manufacture of oaraalo 

products 
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•• «MUÍ* t* fttOOWO  00—lO t#0h«*Ul0«0 

I. trolnlnf of lt«l flftod otudonto im oppilootlo« of notlvo 
ort ta oaoufooturo «f flft ltoao (iw»wlw) 

4. Produotlon of 29 %•»» of gift ltoao por yoor 
f. laaarloaatol production of »all tlloo, aoaoloo, oooa Wally 

of othor ooraalo producto. 
*• HortOt toatiOf 

to tala «or Ifeo foundation* for loeol ortUtlo ewMli 
fatturo would bo UM m* proalooo for pot ontloi futuro 
éaotlon of oaraaloa on lnduotriol ooolo would bo orootod. 
Uto oooaoale rooulto of tho plant ohould bo auffiolont to 
amaro ito functionin« without ouboidloo. 
Ifeo lnvootoA oopltol of 392 000 0 oould bo ropold In • 
UM dopondonoo on dir tot   oxporto lo 19 %   only, tho rlak of 
Introducir^ o no« artlelo (gift ltoo») to analogouo no la «M 
oaoo of lnduotriol plant. Tho othor paraaataro oro oolf- 
aaalaoatory. 
With ro^rd to tho abovo footo It lo roooaawidod to oatebiia* 
tho oaraaie pilot plont in Baajul. 
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4/     Coneiunion* 

4.1« leeoflMumdatloti« 

The economic etady ««Mint« th« fc«îlbllity of t)»x«lot%ntUn 
of local ceramic raw ajterlolo In two altornati*«« - MI la* 
duaUla'i   i** «J« production «nA m pi!of plant condition«. la* 
erection of the rilo* plan, 1» reeoaaendod a« th« first «t«a 
ft» exploitation of local carnale raw a tarlali. 
in this onmectlon th* fu'th«r recommandation« «r« giw«nt 
The ij.iTlQ should «naore th« «•»luation of r«««rw«b of loeal 
ceramic raw ra«ter\«l«  'contracting of Aaend-ent    1« la pro- 

gresa alrewciy). 

Tht» Oovernment of .Ph« Gambia ahoulá provide la th« froao- 

work of Developmant Actt 
- dutyfree Import of machinery for th« pilot plant 
- dutyfreo import of import«« »«tarlali, «paro »art« ana 

other supplies   for the f5jat «ix y««r« of production 
- exemption fro» profit tax for th« flr«t «lx jwmn of pro- 

duction 

The Government of the GaabU should requoot WIDO f«* f«h«to«l, 

marketing and artiatie «««latan«« in th« flrot yaar» of 

auction. 

4.2. Implementation 

The implementation con«let« of tho final 
•raction «tag« and tho production 

Time schedule! 
Evaluation of row aaterial« 

Final project« 
Contracting 
Sreotlon 
Start-up produotion 
Tuli production 

lfT4 
Ifff 
Ifff 
lfTi 
itrr 



  M» 

111 

•.i. M*|*l»ri JÎ iWlMi|.|WMi *• WPl1. 
* tMrftfwtty «I« fcifiptmmt— «f **• 

1, papa I   !»»••# ~i   **• Wmmmi 
*» •• Irti!•»••• 1 •* * HTMi* Ml** ***•* PM mi— i*<** 

•f tp—tl^ •••%•,  ••**• p»»f*u.  tataHai 
•Mi fa? I tal   MartWnH »f Mw pttpaPPÉ p*l»%  JilaM 
att%«i»   *tP*  MlM^ttl«  f*#  ptl#*   ptAftt  •"•»!•«  ME  •Uri   «9 

Ifpr ipriti' PUPIíJII &• luff»«!*.*»*•** PJTP #)< 
»—t  p|||llMl  #f IH«   iMÜl* «a*     <*•  «Pi   —PPT   •*#   IMP 

flrpt ttap «f tai—triai *«*«t-<'*p»»*«t («** • »» •* ¿4*»II« 
In tanilifif par* f—llitt«« •»• r»**—••* *t •*• 

p*«kl*j Pf ta>trtai p#pa—%• 
1%. 
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• /     iflrtfttttt mr% 

§ .t.   innati«» af m» pr«nannS InJnitrtal pin*« 

*u oirt 
f*«ftl    «Ha»      naanta*       1 

M  f«if if ,     t*t«tnB      t Off      MO MO 19 
• 010    1090 1000 10 

Va» HUMIM  af «MM  <M— MVMtt K»<mu I« M 
M* MtR  atfaaaf aapMtfMi.     àl   nr N UM a»»fttttta» •*• 
«M nnmat atait pff nuit ta aantara «M fall «apatiti pranutta» 
»f%ar fanr taara fra» tna atar« af aratoti tan. tua* • la«« aarlaa 
la il annal aal** ta tn» f»tt tnat ma prPliataant part af aalaa 
•lit ianan-f m anaart ani «nam la aa argnittiatta« la ma aaantry 
•Un a «par tarn* ani tanta« ta la appari af taran taa. 

«a ma «tttar na»4 «• |ma»fr «M affari la atplatt Hit anaatttp 
af • ann»n*ltt »!•«* l« anaravtnatalr 10 t la ararana far    faar 
ani naïf • #aa*. la «lit naaa «a fil UM ttaff appartieni la 
aaraatra antaaa» n*4 a riianaawtMta» far aa «apart la arnnnia» 
«•a aaparl *t ina futura plant «tu aa Intinta* In tala atoa*. 
fit* rn«nr4 ta «nia »*•*• térra t tan a ntiipif fpna af 

¡1». 

Ut   tna tania* 1, If, Iff 
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J,.*.      Technology  end t«ehnolo''teal_a-juirm<nit_ 

1 .¿.1.   Ttehnol ^y    (1) 

-, 1 tti  r«r-»rl  to th« manufacture   •r  three  different  ceramic 

producta  In on« factory  the tadmolory «nd the anMntiant 

nel to be applied   In auch a wny a» to achieve  the ivtximum exploita- 

tion of the  I »chnolorlcal   epiip«nent.  Therefore  the following princip- 

le,   ..,.r,. M-reed  before detailed apaclflrntlon of the equipment: 

n)  The  production  Hn? frotr  the  préemption of r-)w nnterlnla  should be 

unaj nltemitely  for nil   three  proluda,   the  hoi/   for  wrll  tiles 

ani  ."lft   Items  hetnr identirnl . 

b)  TI»o  presainT of vail   tiles and modica    ahould he ione alternately 

nn   the  sumo  nrwa with exchangeable (Han.   'Hie  shnplm' of *m 

Herns  should  ho don« «epnratoly. 

f)  For  the  flHn- of nil  throe  producta one  flexible kiln should 

be  nnplled. 

The raw materials are delivered to  the plant  h.-  Torrida  from the 

port or    lireetl.y  fro« the minen.   ¡tow nnterlnls delivered  In lumps 

will  pn»a throui*h the eruaher and  crushed materiel will be transpor- 

tad bv mean» of    elevator and conveyors to store boxea.  In the boxes 

the row -interini a  will  be loaded  manually on  travel line balones and 

win   he dellver-d by the skip elevtor on the  platform over the bull 

«111a,  which will   be charged manunlly.   1ère also the water will  be 

matered.  The body  la finely milled  to neh lav«  the screen residue 

2 -  1 V.  (opening 0,063 m).   After milling the slurry ia discharged, 

passed through * v^ratln* screen  into 0  cistern provided with o pro 

pallar elxer.      cm tha cistern the slurry la pumped thron* a vlbrn- 
tin* aereen and ovar a agnatic senator into « atora*«  cistern fr•-., 

which the stomiier drlar la feedod. 

Tha praaaln* powder pr«par«d  In     ,0 n tomi aar drier lina    a humidity 

af 4 *.  It  la transportai by  convoy ors to the storce      pper of the 

oraaain* powdor fro«   Men it la diochar«ed by turnalnte feadara  Into 

tha hoppar ovar tha preaa.    By tha daacribad method the presalo* 

powdar for both •osalo« and wall   tllaa will ba proeeasad periodical !.v 

1)     Pablas V,  VT 
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fitti regard to tht pressed ssmlproducts the presa is provided 
with correspond ing dies end either wall tiles 1)0x150x6 «m or 

•onici ere pressed. 

Ths well tiles are stacked,  the stacks loaded on kiln cars, 
dried in the channel drier and fired In the kiln to tho tempera- 
ture of   1100 °C. After biscuit firing the damaged semiproducts 
ere .ejected snd the sorted biscuits are inserted onto the feeder 
of the glazing »achine. The glsied wallt il es are inserted  into 
Mggsrs on the kiln cars and fired to  the  temperature of 1000   C. 
The fired ware  is sorted,  packed into crates and transported to the 

stors. 

Ths presssd aosales are laid down on slsbs,  these are stacked on 
kiln osrs, drlsd in ths channel dryer and fired to 1250    C. The 
ftrsd «ossics «re filled in begs and transported to ths store. 

For the moulding of gift items the wall  tiles slurry is  taken 
fro« the blungsr end stored in s storage container provided with 
propeller «ixsr. The moulding methods are dsscribed in the pars 6. 

Suppls«snt - Pilot plant. 
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Ç.2.2. Technological equipment (1) 

Ttom  pea  Donami nation 

01 - RGW materials store and préparation 

01-1   1   r^ox type fea dor 

01-2        1        «jn'.V  clay crusher 
01-3        1        Bucket elevator;  Length fi m 

01-4        7 Belt  conveyor;  Length 4 m 

01-5      10        Concrete boxeos with light roofing 
Mote: The Investments coat of concrete boxes for raw 

mnterinln oro ine': urtaci in the specification of 
buildings und civil engineering works. 

02 - Raw mnterioln weithin/; and charging 

02-1        1        Travelling bolinee 

02-2   1   Skip elevntor 
Useful capacity 0,5 cu.m. 

02-3   l   Charging platform obove the ball milla 

02-4   1   Volumetric flow meter 

03 - Body préparation 

03-1   2   Roll mill for wet grinding 
Cppocity: 4600 kg of charge 

03-2   1   Vibrating screen 
236 meshe8/cm2 

Propeller mixer 

Diaphragm pump 

Vibrating screen 
2500 meshes/cm2 

Electron»gnetic atperator 

Propeller mixer 

03-3 1 

03-4 1 

03-5 1 

03-6 1 

03-7 1 

(1) Table 7 
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Item pes Denomination 

04 - Dressing of pressing material 

04-1 1 Complete atomizer drier 
Capacity 1000 kg of dried powder per 

04-2 1 Belt conveyor 
Width 400 mm 
Length    8 m 

04-3 1 Bucket elevntv>r 
Length 10 ir 

04-4 1 Shuttle be": t conveyor 
Width 400 mm 
Length    7  m 

04-5 1 Steel hopper 
Useful  capacity:  10 cum. 

04-6 1 Turnstile feeder i 200 mm 

04-7 1 Vibrating screen 

04-8 1 Belt conveyor 
Width 400 mm 
Length    3 m 

05-1 1 

05-2 1 

05-3 2 

05-4 2 

05-5 

05 - Tresslng shop 

Press feeding hopper 

Complete fully automatic hydraulic press, 
including drive, press control system, 
stacking and edge cleaning attachment 

Pressing tools for wall tiles 

Pressing tools for moza ics 

Auxiliary structures 
Weight approx. 800 kg 
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Item pcs^^Denominatlon — 

06 - Channel Drier 

Fan,  output 2,4 nr/sec 

Fan for exhaust of air from the dri^r ' 

Circulation fan typo 

Circulation air distribution piping 

Insulating door for closing of drier 

Thermometer 
Uonge 0 - 200   C   for measuring of Inlet and 
outlet temperature 

06-7 1 ¡lot air distributing   piping from tlie tunnel  kiln 
into the drier 

Oó-fl Insulation of piping with cement overcoat 

Q(;_9 i Hyirnulic    puttier incl.  bnae  frame and driving 
Statili! 

06-10 1 Chain conveyor confit in*? of puth truck and 
cornectlnr: unter i<il 

06-1 1 

06-2 1 

06-3 1 

06-4 Isat 

06-5 2 

0(>- 6 2 

07-1 1 

07-2 1 

07-3 1 

07-4 1 

07-5 1 

07-6 1 

07-7 1 

07-8 

07 - Glaze preparation shop 

Low lift  truck 

Travelling pulley block 

Roll mill   for wot grinding 

fileotromngnetic repars tor 

Vibratine screen 

Propeller mixer 

Diaphragm pump - two chambers system 

Tub in,» for glase 300 kg 

08 - Firing 

08-1 1 Complete shuttle kiln incl.  kiln cars, steel accesso- 
üö l nés, air conditioning, oil heating system, measuring 

and control system, electric  installation 

08-2 5 Hand operated crossing transfer table 

0P-3 2 Hydraulic jocks 
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13-1 

13-2 
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tea pen^minntiQil  

10-1 1 

10-2 6 

10-3 4 

09 - Olazing 

09-1 2 Feeder itici,  disintegrating equipment 

0g_2 4 Travelling container for pitches 
Capacity 0,¿5 eu. m. 

09_3    2      Olaaing line - waterfall system 

10 - Sort ln?ljm5jp_!*K» L'iL 

Por tab lo sorting  conveyor belt 

Table   for parking 

Tro voll i ng container for pitches 
Capacity    0,23  cu.m. 

nn A 2 pintform truck on bantam vrtieels forcarrying 
AU * era ton with wall  tiles and bags with mosaics 

into atore room 

11 - Rail  tranroortatlon system. 

,,  , Tnoka-fî  ("or trie hand!.im» of trucks in the 
11-1 worka,  complete,  consis tin« of the following: 

Roils,  supporting sleepers, anchoring ana 
co nne n t ing ma t e r io 1 

Hand operato-!  puahor 

12 - Kiln car repair shop 

12-2 1 Hydraulic jack 

12_2 1 Wooden table with a vice on swivel beet 

12-3 1 Mortar mixer 

13 - Oil handling 
1 Oil storage tank    incl. accessories 
2 Working pump for pumping of oil fro« the stor«gt 

tanks into working tanks 

I3.3 2 Working tank of 1 cum. 
capacity 
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It— 

13-4 

13-5 

13-6 

joci Denomi  »ti m 

14-1 

14-2 

14-3 

14-4 

14-5 

14-6 

14-5 

15-1 

15-2 
15-3 
15-4 

15-5 
15-6 
15-î 
15-8 
15-9 
15-10 
15-11 
15-12 

Horizontal gear pimp 

Supporting structurel 

Puai oll distribution syst« consisting of 
piping, fittings, float-typt equipment, 
slid« valves, flanges and measuring fitting» 

14 - Water nous« 

Submersible pump 

Preoaure pumping station 

Hand operated wing pump 

Air compressor 

Deo 11 er 

Pressure tank 

Piping and fittings 

15 - Machine workshop 

Universal lathe including standard aooesaorlaa 

Pillar drilling machina 
Electric hand drilling »achina 
Doubla wheel grinding and pollening M oh ina 

Prema saw 
Kneetype universal milling machina 
Hand grinder with flexible abaft 
Rotary welding machina 
Gee walding set 
Stationary forga hearth 
Anril 
Vice on swivel base 
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16-9 

16-12 

16-13 

m 
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Dr lonlnation 

16*1 1 

16-2 1 

16-3 1 

16-4 1 

16-5 1 

16-6 1 

16-T 1 

16-8 1 

16-9« 1 

16-10« 1 

16-11 i 

16-14 1 

16-15 2 

16-16 1 

16-17 
16-18 5 
16-18« 

16 - Laboratory 

Technical balança including aat of weights 

Technical balança 

Autoclava for the teating of tile crack incidine« 

Apparatue for tenaile bending etreaa taating 

Electric water bath with0automatic control to 
the temperature of 100 C 

Automatic sieving apparatua 

•et of acreena for the sieving apparatus 

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

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

Tranaformer 

Analytical balance 

Electric sand bath 
Max. temperature: 600 C 

Laboratory oven 
Input: 2 kï/ 0 
Temperature range: 60 - 200 C 

Pot mill 
Input: 0,75 kW 

Excicator 

Platinum crucible with cap 
dia.  30 mm,h * 40 ram 

Platinum   diah, dia. 30 

Chemicals 
seta of glassware, porcelain w«r« 

and small equipment 
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Item pea Denomination 

17 - Gift ltema moul1  ng 

17-13 l Filter prase 

17-14 1 Bait conveyor 

17.15 1 Horizontal vacuum preaa 

17-K Manual moulding 

17-17 Natural drying 

IS - Electric wiring ayatern 

18 Comprising main panel and sub-awitch boaria, 
transition, terminal and deblocking boxea, 
control racks and desks, socket bo«aa, powar 
cables fron the sub-switch board to the 
appliances. 
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5.3.     IiiY«atm*^ t_ 

5.3.1. Fixed as eta _J> •_!_•__• 

Sit« developaent and buildings (1) 

Sit« development 
Production hall 2000 m2 »t  60 D/m2 

Concrete bins (10 boxea at 60 eu.m of useful 
capacity)  110 a) of concrete at 75 D/m3 incl. 
light roofing 

Cisterns for blungers and mixera in the production 
htll - ¿0 m3 of concrete at 60 D/m3 

Oround floor buildings for offiasa, laboratory and 
social conveniences - 400 tar at 30 D/nr 

Standard septics incl.  piping - 4 pea at 360 D/pe 

Fencing 420 running metres at 6 D/r.m 

Water supply connection 

Transformer and power line connsction 

Unforseen 

Site development and buildings - total 

Machinery and equipment    (2) 
(specified in the preceding chapter) - FOB prices      1 030 000 

Freight,   insurance,   wharfage, handling, 
transport costs - 15 % 154 500 
Erection costs - 15 % 154 500 

Unforseen 

Machinery and equipment - total 

Fixtures and furniture    - total 
Transportation (1 lorry,  1 car) - total 
Fixed assets - total 1 731 000 

5 000 

120 000 

8 250 

1 200 

12 000 

1 440 

2 520 

590 

20 000 

171 000 

17 000 

188 000 

1 339 

134 

000 

000 

1 473 000 

.50 QOO 
~2Ö~ÖÖÖ 

111323X113 

(1) Pricea see references 43,44,*>6,57,61,63,64 
(2) Price- references 12,14,15,56,57 
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5.3.2.    Other investment 
Pr«-invü3tmeiit  costa 

Preliminary expenditure» and projects 
Interest during construction 
Engineering during construction 

Total 

Start up expenses 

Consultante fees 

Costs of trial run 

Total 

Other investment - total 553 00° 

90 440 

106 560 

24 000 

181 000 

100 000 

52 000 

152 000 

5.3.3.     Working capital 

Inventories 

Cl'vys (4 months) 
The other rev   materials, glazes,  stains 

(1,5 months) 
Fuel   oil  (18 d-\vs) 
Auxilinry materials end spire prrta (1,5 months) 
'A'ork-in-procoss incl. pitches 

Finishel products (1 month) 

Pneking mnterinl (1 month) 

Totnl 

Accounts receiveble 

Domestic customers (15 dnys) 

Forain customers (18 drys) 

Total 

Working capital - total ?26 00° 

16 000 

33 000 

2 000 
8 000 
30 000 

80 000 

12 000 

—ISk 000 

20 000 

}25 000 

145 000 



- 166 - 

5.3.4.    Summury: 

1. Flxacì asseti 
2. Othor invtstwsmt 
3. Working o*plt»l 

Total lnviatiwnt 

331 000 
326 000 

2 390 000 

Th. prices applied for .pprsei.tion of in*.st~nt wr. quot.* 
in Nov.ft.bor nnd D.ce.b.r WÎ In • V*** of .U«dy grow of 
pries. Also th« prie«. r.ftrrtng to production coat, «nd tft. 
pricss of products mv collsctsd during tlM •••• I**»* *> 
thiit * certain rot lo bstwssn production eo.t. und lnwtwmt 
costo resultine fro. this study should to pr—nrtd for fut« 

projets. 
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Colours!    *M  tU« ' 
90 t »t 8>3 D/t 

7i VW »é wo 

T%if lea 100 t ftt 510 ¡1/t 

nti>t   «•_•   V»   t   At  iOllO ft •10 OHO 

T©iil 

ft 

ini      U K»   100        fI 0»        WO 00» 

LurîlJS.iïlfil 
•.•am«   »li til«* tté t-\>      lì* «oo 

400 t »I MO tVt 
0#lour««S      11   tilt» *•*  •*<> t» «O 

i.10 t f»l 4«0 ft/t 
»•Mler *•» % •% 4fi Vt 

Olft ii«M 10 % •* §000 W%        %& 000 

ToUl 

110 000 

Mi 400     m o»   ê* "•    w« « 

ftfMwattt »«* tM+%m                  IIMIOO        444 10t     «tf •••       #00009 
WlM  t»t#ll   

»^,prt^^rw. «».»        «*•»        "••*     "00<O> 



1 
ill prit** •*•   m%9ê 9m fiant. 
UM prit«« of I «Mil« Ml*» trt «latti ta DM t«*«l #f C.t.f. 

n#i,1yl     ari** »!«• 1—irt eut*. 
DM prit«« «f fnrttpi «il»» «111 IMI «fur aléln* UM tran «part 

«••%• rtattt th* Ctf priori  «f eaapMtttto« In n «o*cttM tatMtrt««. 
th* «rtr«*« tNMMpart «att* tiMluit«* port ohar**« In ftniijul v 

fraljpM M4 IMUIMM ««•• 11,40 8/t*a for «all   tilt* UM IT.H 
•/%•« fer MMiei. 

•*• MM1«I fer Mtn ««•»•*tt tni fwttfp «fitt «r« étltwftJ 

•na  i<*nt«<J  uri«'.  '     \,   paefctd   In itMl **m> T*M «»11  ttlM «r« 
t«11v*r*<l and qu' -1  in erat*«. Th« *tft   lt»** «r« paetral I« 

*tr«v M««« »f <ftfftra»tt iDtrti knltui fro« l«««l «a Urial. 
UMM paoki«g t««t«««l l«el«4at in UM prie* te*». 

9.9. AfMJttl »p«r«tt«t *att« 

«HH^Vll   pNWMPIi* » 1WR  V^PW^W 1«« ftm •f Nil pfiiiiU— 

TnUl ••11 tu«« ••«•I*« 01 ft ti««« 
_AàMll_ 

«•« «at«rlal«, rt*liM, gl««*« 117 1f9 101 424 109 OOf 1 11« 
Wmrm 104 411 «f 461 4,    Oli 1 0)1 

Optratt«* MM fneral «tipN*It*] o* «M a m M 910 17 Ut 
Dapr>etat ton ni no Il J91 10 471 M 019 

M«««« Il 990 io m 11 Ml It 19« 
Salari*« It 410 19 171 li 109 u m 
A««lni«tr«t t** «af 17 ITt 9 0O9 4 170 i oto 
!«%«*•% 109 010 94 119 M i9t Ì4 197 
ftalaa *««t» IM OOO M )00 11 000 M 900 

f«lal ff7 HO 479 «09 ITO 91T 110 999 

T«4M f 090 1 000 1 000 90 

C«t*t W%m m.ft 479,« 170,94 1119,0« 

M UM «p««lft«Btt«« «f «arttaular «««ta !• «I«««. 
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t,f.I*   A*» »UrUli, fi«««« «ml ataIn», eonatMpUon 
(Ut f—r »fall production) 

Unit Totti »»n tiiea Monte« 01ft   ltOM 

CU y Moto ton 818,80 437 360 21,80 

Clay IMM ton 560,00 - 560 - 

Clayatona KIMIOM ton 326,60 311 - 15,60 

«.«Mfthflla ton 342,30 326 - 16,30 

WUHI'Mlind ton •U'1,«0 357 50 17,80 

Pitch«« lull 1J0.OO 1 19 - 6,00 

LaUrlt« ton 60,0-1 - 60 - 

Falapar ton «¿70,00 - 170 - 

ai« «e ton 10% 00 100 - 5,00 

Stali« ton 30,000 - 30 - 

Total ton 30(,2,r50 1650 1330 02,50 

ite« Mtorwlo, sto in« nnd pi a OB conto 
(lit y«*r of full production) 

Tot» I Vail  tll«B Mo sa lea 01ft it««» 
D/ton 

29,08 

D¿. 1« ni a 

¿3 816 

Dri las la 

12 713 

Dola a la Dalaais 

Clay Fatoto 10 469 634 

Clay Baae« ¿6,08 14 605 - 14 605 - 

Clay«torn KundM 28,23 9 220 8 780 - 440 

3«o«h«Ui (1) 12,77 4 371 4 163 - 208 

auarMMAd (1) 21,76 9 243 7 768 1 088 387 

Pitch«« - - - - 
— 

Uterlte 3,30 19« - 198 — 

Falaear 143,12 38 642 - 18 642 - 

Olaaaa 700,00 7"< 500 70 000 - 3 500 

Stain« 

«»tal 

4900,00 144 000 

»7 595 103 424 

144 000 

209002 5 169 
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Pricee of local  raw «ateríala and othar direat mataríais 

The technical part of this report recommenda both mechanized and 

•anual methods of mining raw materials. The recommendation is 

baaed on the supposition that  3000 tons of materials have to be 

mined. 

After collecting all necessary information regarding the raw ma- 

terials it must be stated that felspar will be imported, seashells, 

nnwrzaand and laterite are extracted and delivered by Public Works 

l*á pa i* tiiu-: 11 ai ìv nable prices ("lì "ni on" y P20 tons of clay Fa- 

toto, 560 tona o .:u.y Basse on.i <.'.,.¡t. ¡.' .' ..a-i of cleystone Kun- 

dam have to be extracted by  the factory. 

The calculation for these small quantités 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 be done by a dozer. Also the disintegrating of the overbur- 

den and    of the rnw material will  be performed by the dozer pro- 

vided with a ripper. Only very hard materials should be discharged 

by means o    explosives.  The work of the dozer will be ordered and 

paid PO Daloni8    per day  (8 hours).   It should be done within two 

months. 

All three deposits  (Kundam,  Basa-?,   Fatoto)  will  be serviced by 

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

in handling explosives.  The labourers »/.ill mainly load the    lorrits 

or ships and drill the holes for e plosives.  Their equipment will 

consist of shovels, hammers,  hoes,   two transportable raotorcon- 

veyops, one motor drilling machine and a few chutes through which 

the material 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 cir- 

culation of machinery,  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 agreement 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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lutrgy oonauaptlo» (lit y tar of full produotion) 

Ilectricity 

Fuel oil 

later 

Unit Total "HUT 
tllaa Mo sa loa 

KW     548 000   389 000       155 000 

ton        725 390 320 

oaa    2 430       1 250 1 100 

8 000 

15 

80 

Coneuaption of alactricity: 
wall tllaa     385 KWH par fon of net producta 
•osaios 155 KV/H par ton of nat producta 
gift items      160 OH par ton of net producta 

Consumption of fual oil: 
wall tllaa      0,39 t per ton of net producta 
mosaics 0,32 t per ton of net producta 
gift itema      0,30 t per ton of net products 

litar consumption: 
wall tiles 
mo za ice 
gift itema 

3 
1,25 m   per ton of net producto 
1,10 nr per ton of net products 
1,60 m   por ton of net products 

Energy coats (1st year of full production) 

"Sift 
itern3 

Dallais 

Price 
per 

unit 
D 

Total 
Dalas is 

\ïull 
tiles 

Dala3ia 
Moza ics 
Dalasia 

Ilectricity (1) 0,07 
Fual oil (2) * 90,- 

JfclSE Í21 SU21 

38 360 

65 250 
802 

26 950 

35 100 

_H3L 

10 850 

28 800 
363 

104 412       62 463      40 OU 

560 

1 350 

1 936 

*  Only Dieael oil la importad and dia tributad with regard to 
undeveloped industry. 

1) Référença No. 9 
2) Ref arance No.60 
3) Ref aranca No 149 
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9.9.3.   Operating and ganara! suppliti (1st year o' full production) 

Total WIT 
tllea Mosaics items 

Dalasls Dalaaia Dalasls Dalasls 

Operating supplies: 
Linings for ball mills 3000 kg 5832 2845 2845 142 
Psbblts 20 t 2880 1400 1400 80 
Kiln furniturt: s sugars 2000 kg 2304 2304 - - 

pint««» ROO kg 346 346 
containers 3000 kg 2592 - 2470 122 

Piastsr of Parla 10 t 1470 1470 
Patrol 9000 1 3000 1200 1200 600 

Total 18 424 8 095 7 915 2 414 

Maintenance lncl«  apara parta 

Buildings 2% of 171 000 D 
Production equipment 4% 
of 1 339 000 D incl. 
spare parts 

Maintenance of 2 cara 

3420 1778 855 787 
53560       27851        13390 12319 

2400 1248 600 552 

Total 59 380     30 877      14 845       13 658 

Office supplies - total 

Miscellaneous - total 

3 OOO       1 560 750 

4 000       2 080        1 000 

690 

920 

Grand     total 84 804  42 612  24 510   17 682 
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9.9,4»  JDfpr«elaUon, 

Depreciation - lat yaar of full production 

Da la a la 
Buildin«« 6 800 
Machinery and équipaient 88 980 
flxturaa and furnltura 3 000 
Tranaportatlon 3 750 
""Iher ^vestment 19 980 

Total 121 910 

Depreciation allowancaa era ragulatad by tha Incoa* Tax Aet (1)« 
Da crap sing depreciation la appllad.    Below th« annual waar and 
taar ratta appllad ara /Mvent 

Initial 
allowanea 

Sufeaaquant 
yaara 

Building, atrueturaa, furnlaaa       10 % 4 % 
Plant equipment machinery                  40 ft 10 ft 

Flxturaa and furniture                       40 % 10 ft 
Transportation                                     25 ft 25 ft 
Other lnvaatawnt                                40 ft 10 ft 
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9.5.5.    '.Vflgee 

Worker« - winning tabi« 
1st 

•hift 
2nd 

shift 
3rd 

shift 
4th 
shift Total 

Haw mnterinls store 2 2 

Chrrgin«; of ball mills 1 1 

Attendance of mixers and 
atomizer 

1 1 1 3 

Prest regulation and lubrication 1 1 2 

Attendnnce  of }..    ì«I 1 .1 2 

Pressed pieces  wmUn/> on kiln 
cars 

1 1 2 

Car delivery to drier nnd kiln 1 1 1 1 4 

Attendnnce of kiln 1 1 1 1 4 

Unloading and sorting of 1 1 
bisque fired were 

Stocking find  denning of 1 
kiln furniture 

Attendancefrequintion of glazing 1 
machines 

Insertion of glazed ware into 10 
nngcnr 

Delivery of loaded  cnrs to kiln 1 

Glazed ware sotting 5 
7/are pneking 2 
"»pre transport into store 1 
Products store 2 
Kiln car repair shop 1 
Machine workshop and ¡aintenanc« 6 

Oil handling plant 1 
Off-site transport 2 
Guards, cl«oners,  etc. 3 

Gift items shop 
(constant workers) 

46 

10 

10 

2 

5 
2 
1 
2 
1 
6 
1 
2 
6 

61 

10 

Total 56 71 
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Vfcges (1) (1st year of full produetion) 

Total 
tiles Mo Mica Gift 

items 
Dalaais Dalas is Dalesia Dalasis 

Raw material« atora 1 300 676 585 39 

Charging of ball rallia 650 338 293 19 

Attendane« of mixers end 1 950 1 015 876 59 
atomizer 

vtl^n <-"T1 lubrication 1 948 779 1 169 - 

Attendance of pre»-, 1 300 520 780 - ' 

Loading on kiln enrs 1 300 650 520 130 

Car delivery to drier and kiln 2 600 1 300 1 040 260 

Attendance of kiln 3 896 2 340 1 170 386 

Unloading of biaque 650 325 260 65 

Stacking ami cleaning kiln 650 325 260 65 
furniture 

Attendance of glazing machine 974 974 - — 

Insertion into saggars 6 500 6 500 - — 

Delivery of loaded enrs to kilns 1 300 1  300 - •- 

Glazed ware sorting 3 250 3 250 - — 

Ware packing 1 300 780 390 130 

Ware transport into store 650 325 260 65 

Products store 974 487 390 97 

Kiln car repair shop 974 487 390 97 

Machine workshop and maint. 5 844 2 922 2 338 584 

Oil handling plant 844 422 338 84 

Off site transport 1 948 974 779 195 

Guards, cleaners,   etc. 3 408 1 704 1 363 341 

Oift items shop constant workers 9 740 9 740 

Total 53 950 28 393 13 201 12 356 

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

treatment. 

(1) References Nos. 7,8 



Dalasla 

8 000 

3 000 

14 000 

4 000 

6 000 

12 000 

47 000 

] 410 
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5.5.6.    Salaries (l)    (local personnel) 

1 Assi   tant manager 
1 Laboratory technician 

4 Foremen 

1 Bookkeeper 
2 Assistant and typist 
4 Sales staff 

+ 3% mo   ,.    1 treatment   

Total 48 410 

Besides the Government will request a director and 
a sales expert in th« framework of the United Nation« 

Development programa«. 

5.5.7.    Administrative cost« Dalosi« 

Insurance (2) 

Buildings 0,3 % of 171 000 D» 513 
Production equipment 0,5 * 

of 1 440 000 D • 7 200 

1 Lorry 400 

1 par 300 

Total -fi-ál2— 

Locol ralea Í3) 
Commercial rate 4,8 % of acq. 

value of buildings  i.e of 
132 000 D    - 6 336 

Water rate 10 
Service charge 200 
Total 6 5,46 

Rents for 2ite_5J)£LOjO_«? ¿41 
(10 400 m2) .-52Q- 

Miacellanaoua (.5)  (mining l««a«; 
compensation for damages etc)      _„2_00O_ 

Administative cost - total 17 479 
ssiscssass» 

(1) Reference No.  40,41 
(2) Reference No. 59 (4) R«ferenc« No. 36 
(3) Reference No. 39 (5) R«f«r«nc« No.    5 
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3.5,8. Interest    - let yaar of full production 

Dnlnsis        Dalo a Is 

Interest on cr?3it «rranted  by 
supplier of machinery 

1st yer\v of production - 9* H? l6a 

of 1 302 000 D 
2nd v«ar of production - 9% 

of 1 167 030 D 
(full  production) 

5.5.9. 3nl«9  cont^ - l*t yenr of  full   pr-.-luctl.^n 

105 0)0 

 7-n z—\       sift " Totnl tv\        ,oznics Ucm9 

Dalnnin Drl^H      D.nlnsis       Dnl.nnis 

Cntes for   wMl   til?* ¡35 0X) g<j oO'O 
68 000 peg  p.t 1,25 D/pc- 

Bnts for nannies ^ 000 10 00° 
20 000 pea   -it 0,5 >'pc. 

Straw boxos   for ji«   , ^ QCQ 25 Q00 

50 000 pes  at 0,5 D/pc. 

Travel expenses end 4 000 1 500 1 000        1 500 
publicity  

Total 124 000        86 500       11 OOP      26 500 

Personnel  costs of salea are included  in the item "Salaries". 

•     1 crate contains 72 wall tiles 
1 bai? eontninn 50 ktf of moznics 
1 knitted  atïowbox contains 1 kg of /?ift items in    averne 



- 17P - 

3.6.    Financing 

The supplier'« credit should he 80 % of Cif velue of 
delivered machinery,  the remaining 10 % should be paid 

of ter signing the order a 10 % upon delivery 

Rate of interest:    9 % per year 
Repayment!    over five yenrs 

Cif value of delivered machinery: 
Granted credit 80 % 
1st advance       10 % 
2nd advance       10 % 

1 302 000 D 
1 042 000 D 

130 000 D 
130 000 D 

During the field investigation in Oambir»  the potential souruas 
of capital could not be discussed. Only this report  is expecte:1 

to <*ive the first estimates of required cnpital  to  the Govern- 

ment of Gambia. 

The total volume of loans and eredita proposed in this stu.i.y 
is about 1 300 000 D (54 fc of total investment).  As with regard 
to information received  from the Development Bank (1)    in Gnmbit» 
the interest on loan within the  Development programme would be 
9 % a» well,  the financing in the study is calculated in s'jch 
a way as if the whole Cif value of machinery    - 1 302 000 D - 

were credited. 

Capital requirement: 2 390 000 D 

Capital distribution in the study 

Total investment 
Supplier's credit (70-80 % of 
Cif valus of machinery) 

Loan or tquity capital 

Bquity Capital 

2 390 OOP D 

1 042 000 D 

260 000 D 

1 088 000 D 

(1) Rsftrtnea Ho. 54 
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5.7.       Pilot plant 

5.^.1. Objectivas of the  pilot plant 

1. Training of loc<,l  worker»  in the rn'inul.'. eture 
of ceramic product.« 

2. Trainine of  future  ceramic  teehnleifina 

3. Trolninp: of  local  students endowed  with artistic 
/rift In application  of local   art  in  the  industrial art 

rv       •' '-•-! ^f   »s  t.om  of rift  items per year 

5. Wxperi '    p.-o l'i'': •, ':  in   n f   •        I    ¡I 

6. lixperimentol   pi > lu ^ t ion of molaica 

7. Wnrket   ten tin/-!; 

5.7.2.  Technology  (1) 

RHW mnterlMls aro del ivered  to   trie pilot pl.nnt by lorrie3. 

Smp\ I  frrain-slzed  r      <IIM terinls nre discharged directly 

into roofed boxo»,   [invi nrnteri ils delivered   in  lumps    nre tipped 

in  front of the  ,jmv crusher which  is  fended manually.  The crushed 

raw imterlnl   in   transported  b-/   .•->,  conveyor  into ft  box.  accordine 

to   recipe   the  particular   rmv un teri>j.l s  ere  eh;ir'Tod   into   the hopper 

of  the  travelling bpi-"'OH.   The  hopper   in  tr-m:v>ort"d by me^ns of 

the   trfivell in;T pulb-y        lock  onto   the  pint form over  the  ball mill. 

The  slurry  in di«churned   from  the mill   through  vibrati•» screens 

into a propel lor mixer   from \.     re   it   is  pumped    either for  cos tin/» 

into  plnster moulds oc   i+   H  r>ump"d   into  the   r1lterpress.     (for 

plastic  moni i In O,   from  which   the  holy  1"»  pn-sseri   through  the  pu/» 

m ill.rnrnunlly shaped nrii   turnt-; 1  on the  potter s wheel 

The semiproducts nre dried rature 11 y on 1 fired in the electrical 

chamber kiln. V.'ith rec-.rd to the chnroetcr of products th'^e mny 

be  /»1Mzed nfter firing find  r^lo-it  fired   in   the  s- no  kiln. 

The  /rlnze   is delivered   ^o  the  pl-n't  re"iy m t le r.nd  packed   in snekn. 

Tt   is hoisted by   the   trMv;»nin<» pulley  block  on  the  pint form over 

the  ball mill   Into '.vhich   it   is   chnr/red  together with wnter.     The 

blunged flnze  Js   lisehfir^od  from the  bnll   mill   through the v" ra- 

ting screen* nnd  the ei^otromnrrnetic    ncpor.'<tor   into  the  propeller 

mixer.  The products i\v~>     la^el   ¡,   nunlly. 

(1)   Tnblen VTT,  VITI 
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ExpTlmpnt.il   prn.lnnt.1on of wnll   tllci nnd moanic*: 

Th« fllterprfiW'vl  •ke* nro cut to P lo rea, rv< turni!y dried and 

rround  in tho pnn mill.  Th« Pres«iin^ powder  in clmr^d  Into th» 

hopper of  tlio  pivrm.   TTir» pr-^-1  alitile«    nro   tri-J  In stack« 

nM.imlW,   Hr-1   In  th--.  ,*i«rtrir  Hin,   rMnr.rd *nl  rlostflrod   in 

tho  nnm"  k11n. 
Th* motilón  MTO   proloood   In     o   -tlmilMf < "»y. 

5.7.3.     Tochnolo'Tifnl   equipment 

J torn        pes Denomination _._., ~ 

Jnw crunhor 

Hunkft, olr-vntor 

P--lt conveyor 
now.  for rr:- '"'-tort"!!« 

Tivvoll ior; hol-'iioo 

'TV  vol ! lir: b'il> noo 

P    "M    "111 1 

Hh   r"ln" pl'.l firm 
2 

VlhTvitln"  :".cr     u  ¿)(>  op/era 

Vihf.Mn'  • rr >   ri  .''/DO  op./eni 

lT'ip^l 1   T   ni :<"!* 

1)1 'p!vr'"'Ti  pump 

Fil ti'i-pv.-:vi 

IWt cotiv"','or 

Horizont')!   vacuum prersn 

T'-i!\iv)l   moni linf; 

ri'ituril   dry in" 

Sloctric chnmbor kiln 

Flow witor metor 

1 1 

2 1 

3 1 

4 P 

5 1 

6 2 

7 1 

R 1 

9 1 

10 1 

11 1 

1? 1 

13 1 

14 1 

15 1 

16 

17 
IB 1 

19 2 

20 

21 

22 1 

'3 1 

24 1 

25 L 

2 

Poll mill 

Clnrflln.'-* platform 

Vibratine aeraon 

Rlectromnwnettc  «operator 

(1) Tfible VII 
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i« 
IT 

?9 
*> 

Profilar atx»r 

Qlnsin* 
N«turni dry in« 

Pan IMI 
pr«»* with «*rnnn>*»«M« pr»9sin* il«» 

§.7.4.    Investment costa 

1/ ?l*«i asseti 

Sit«  cl^T«lopwent 
production holl 500 m 
Standard »eptie« 2 pe« 
Y'nter »apply connection 
Trnnnform^r nm! pòwor li«« eon«*»etion 

Utifors#cn 

Tot*l 

Hnchtn«ry »ni «e|uip**»nt mn p«r »»«elfientlofi 

Trnn»port »nWcction 

llnfnr»»*« 
Total 

Vi«tur«» »ni fur«itur» - t«t*1 

Transportation (l Urr» , 1 c«r) 

Daln«i» 

5 OW 

Yì  000 
720 

f>\  030 

IE. 
IltttH 

144 000 

\m ooo 
Jp QQA. 
toì ooo 

10 ooo 

Fini ••••t»   total wt 000 
« • • • « 



r 
1/ o«h*r luv» %tMftt 

»r«lnv««t!><«nt #«•%•! 

Sn*tt**»rifv l*irin<r <****•• r*i«% It« 

'ondili t .ut  f>«* 

tetattt 

it ooo 
* ono 

10 000 
*   •   «   *   •   I 

'.nr Mit« Mrttm ti * «f Ml«« io o« 
• » » • » 

% u « • » r f 

1 Ft*<>1  'tutti KM 000 

i/ Other twvtttwwt ftO 000 

1/ of* nr e#»ptti*l >0 000 

Triiri»««»«i#fil  cult I *  t • I m ooo 

$.7.1.  rrwJwtUn e*»tt,  Ml«Ot  |»ft%« 

fp« til«tin« nwrtt 

«f»w *M»rtr<U,   ••«In»,  ri»••a 

li%ar**t »0 fv>n |ft»l/v»«r 

Opamitln« «»vi #••«.  a«f»filt«a 

»ein»tan 

tal*ru* 
âéatntatmtta« ««•%• 
Sal*« eNii 

>laa 
pp»rti 

lit y«*r 
Saintit 

lud »««r 
Pel»«It 

4 WO <? 900 

4 00'» 6 000 

a ooo » 000 

»i too II 700 

10 000 10 000 

IP 000 50 000 

à ooo 1 000 

1 3*0 13 400 

Iff 000 1)9 000 

100 000 too 000 

•Ü 000 •431 000 
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Diiin on which thP production cotta nr<» t.nwedi 

?onsui»ption of row m%tt*ri«la,  atsina,   ^f ^cn 

Cloy   FfttotO 20  t 

n\'iV   r*S«*»» 6 t. 

ni*yi*tone runda« 11   t 

Sansh^l la 11   t 

4uar*.e»<nd 14  t 

Pitches 4   t 

laterite 1   1 

F"llapnr 1  t 
din«»»« 4  t 

HM na 0,4  t 

74,4  t 

that*    íterinln nre n««€«d for tha production of ¿5 ton« of 
*lft  item* «n«l  for ©»perlawntnl  production of 1000 m    of WPII 

til «a rod 1000 m2  ^f »osMca. 
D«er«»oslnr*   !>nr     '   tion   in nnniifd. 
•,;«ir*a  for ¿*> •• oi       \s 'v •>»  cM.cui -tod.   In  th* first  yenr of pro- 
duction on!/  nnl  rtfli of locol r^rnonnol «re calculate. Fee» 

of for«iirn experts or*»  Inclinici   in  the stnrt-up costo. 
Tn tHa second  vo»r of proluctlon. s-O orlos of two foreign ixpartn 

are cnleul'«tod. 

Ssles ore col cul a tod  for  Y¿ ">00 k^ of H ft 1 taras  In  the flrat 
yenr of production nt fl D/kr? and  for ¿r> 000 k* of  «rift  Ittmt   in 
tha socond yonr.   Evantunl  solos  of 1000 m* of experimental pro- 
duction of w*ll   tilos and 10)0 «-'  of moiwica are not  included. 

Tha loas in tha first y«r»r of production is due to   lecrenaing 
dep.'telntlon with «  rre«t nllownnna   in the  first  y >ar applied 

In tha country  (40 * weh i nary,  10 *  building). 
Tf    tha linear depr^i   Hon wara applied the costs  in the firat 

ye-     of production would ojual the anlea. 
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UT (P Aumoftmra AND cai OCIAì O.-ìOAITICATIOTTI 

rrerr P AITO gWEWfiE'jsa iw PìCCIA IH »ovng^R 197? 
ai e rrrnsoTiOT wm oupo CCITHACT 73/3  PHOJI:CT 

no. DP ori/72/004 

•1. hMitarti OfflM 
ft. Fr—Hot'« Otti» 

23. fmlto/i Otti«« 
^ .. rvtci''mt'ci Offla« 
25. Pr««i««nt*e Off io« 
26* fraoidont'a Offio« 
ST. Pre«id«ni*• Of fio« 

28* Ministry for Local 
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Mr. V. U. Seoaoh 

Hr. t. ». B. Fy« 
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?»r. D. Bolt 
IV. 8. K. Ca»nia 
I'r. II. A. Olbril 

Mr. 9. rtöbort« 
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32. Ministry of Fincnio« ffr. M. L. Aubor 
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3«. Lnnía Off io« T'r. 3. 3. n'ji« 

97. Ouotcno Offio« I!r. I. B. If. Job« 

95. Caatoma Off io« Mr. A. Saraf* 

99. Pmjul City Counoil ?Tr. C. I. Jsrjn« 

40. labour Department IV. T. B. Pooa 

41. Labour Dapartaent T!r. P. F. Q. Oaroaa 
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Foyeloal Planning Offiaar 
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Qovr/iiri^nt PviOiiraphur 
Govoru.Mi.nt Statistioioa 

Finnnoinj /.<Maor ('..ÛO Export) 
Dowt-^9 projeet 

Pern- lient floorotary 
Tir   'oal Plnmii>i3 Of floor 
Per   'n?'\t P/oorotary 

Aotln'j r-jputy Perranent 
f ''vol' vy 

Chief Frioo Controller 
Cc   .1;;:iCTior of Xnoono Ta* 

Lrvla Ofíicor 
Deputy travio Offiowr 
Deputy Controller of Cuatoaa 
A-nir.trnt Collootor of Cuateaa 
To..-n Clerk 

Cc--.-ilcnievnr of Labour 
Libour Inrjpootor 
Dirootor 

Arehltoot 
O'ntity Surveyor 

Trancport ranagor 
•tor« Consultant 
Chief Building Control 
Ûfftoor 

ttaaaciag Blr««t«r 

Water tapely 
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?<r. F. CVrry ?':.n--or 
:*r. W. n. A. ßerjioro      f'^ y;er 

I'r. A. Jncoba Mrcotor 
f*r. F. T~cr rcr:::t üfíicor Tundí« 

r'r. r. ritt-7« 
!"r. T\ JoVn-ien J'ir''Rflr 

16. rev 107J 

The in? P^ldcnt Popreoentativo in r-njul conf ima hereby that Via   acmes and 
authorities in t!>o lint uro elonsly coroernd ptout kiel lit projoet in Gambia and 
Ime b«n intorrl     i by ?Tr. Provo nni I'r. IhtnJ durili;: thr>ir ntny in Bonsai te> 

ecnnlote mirket and eeonoaie roport of tho nbove ncntiomd projoot. 

Soon and confirmad 

Suppleiaan^ : 

65.    PWD 

Villiard 7. Harpor 
Keaident Rap.vaentative 

16 Horetbar 1973 

Mr. H. Sani» Senior ïîxeautiv* 
Engineer 
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