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I. ABS'tR.AC'f I 

' --~ 
The evalue.tion of two clay Sa.Lzl))lea from Zaire wa:i 

presented. 'the clay samples were submitted by Ur. nooutr. 
Spurlin6, Project 1!.aiuit:;er on Proj. ZAI/71/003 tlrrou~:1 
U'!:IDO Vie!lnae The q\tantiV of the supplied s~.iplcs ·n2s 

suffic~ent for preliminary tests. While all la~orato::::-J 
a.'ld teclmolo~ical tet3ts were carried out in ti.1e ltescarc~1 
Institute for Ceramics, itefractories and n.aw Materials 

at I!orni Driza their (?valttation wa:s made in the 

r,o-op~:;..·ation wi. th the UlHDO/CJSU Joint Pro1;r<".Iilf:lC fo:.· 

L1tcrnatio:ial Co.opcra·i;io:i1 in the Field of Cei'ai.1ic;:, 

Duilding l!aterials and }"'.'on-metallic l.1ine:..--als :08.scd 

Industries in ~ilaen. 

Apart from the c:1eaical an~lysia t!.1(; ot:1cr preli­

minary tests have ".lee;:i ca~·:..~ied OP .. t ri th the ej .. m i;o Ii:.1C: 

out the riost appropr".at~ .•:,::Lliza.ticn of tl1c clc:i:'s foi~ 
t~1c r.11111ufactu1·e of ';)r'icl-:s, :10110\7 b~icks, d~cai:.\~_;c ui pcs ~-

a.:1d. r.Jo .?i111_, tiles. 

BoJi;h t~1~ clays i-toy be? applied in the cia.r.ufacturc 

of the articles lilention.ed above as a. decisive cor.r~lone~t 
provid.:?d that they a.::-e subjc,~ted ·~o furthei· t:..·eatr:io:1·~ 
to increase t~~cir plasticity ei·~hcr by aGeint; or 
stea.nin-:; or by an addition of a plastic raw r.1atcrial. 

'£he teat resul ~s have proved ·;;hat t:ic tcstcO. clo~.'S 
ce•:..1 be utilized' in ·;;:1e p:.. .. 01.1otion of. the builJin, 

ma·;;erial industry ia Zalre. 
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III. DTTRODUCTIOir 

The ~lay sau"lples from Zaire uerE delivcrc>d to 

the tniIDO/OSSU Joint Pro.=,ramme by Ur. G. c. Verkerk, 

ffiiIDO fienna Liaison Officer of -~he Joiffi; P:::u.::;:;:::·ar1ii1e, 

on 24 HoYember l9GO personally on t::.1e occasion ol' ~iis 

working visit to the Joiat Pro;;ra:!lt1c in Pilsm1. 

?he prQl1.Jil;ln~-Y testinc of the claJt samples in 

question was :"equeatcd by UUIBO-Polytechna c·ont:cact 

~fo. 00/lJO. 

'lhe clay sar.iples vrer~ identified in ti1e r.ienorru1du:,1 

lient to the Ul!IDO/CSSH Joint Pro(;ramme as for tl1e uae 

in ma.ki:;.18 of bricks, hollow bricks, draina.c;e pipes 

and roofing tiles. 

A sui'ficie11t quai1tity of the salllples ~about 5 k:_; 

&ac-;.i) has been received to cari .. y out the prclimina:7 

testiag the results of which are beil'l{; presented. 

The colour of the two clay Saiilplcs did not 

differ much. 
Ono was dark red~·bromi and th<? other was' dark red 

in colour. The raw rnaterials were rather unnor.10.:;enous 

with apparfmt admixtures (lii;ht a:.1d darl:: cra::.ns). 

T1'e raw materials ai"e of clayey 01--igin con,~aininc; 

a lar~c amount oZ free silica. and developed ma(_;nctito 

crystals. The prepai"'ed body ia easily workable but 

it cra.ckn after d.ryin..:;. 

' _ _] 
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1 • .According to the respective Czechoslova!:: Sta."'ldards 
for ordinary bricks the t~nsile strength is to be 
17 kp.cm-2 an-a lldnimwil 15~;; water absorption. In 

view of these twt> criteria both the raw mate~ials 
have been found suitable as a decisive coi,1poncn·:; 

~f the blend to be used in the manufacture of . 
bricks, hollow bricks, draiaat,;e- p.ipea &'"ld roof i11G 

tiles. 

2. ~he plasticity of the raw material is to be 
increased ei·~her by at;ein& or s·Geaminc a.11d by 
the addition of a plas~i;ic raw material \the op·tifilWJ. 

prciportion is to be deterr11ined by varifica:Gion 
tests). If these raw '11\ateria.ls are uacd in tlfo 
manufacture of bricks a coneide::1ible attentim1 
should b~ paid to their dressing,. ~he dressinc; 
of the clays rilUst not be done superficially only 

i. e. without such basic opera:tions lil'e pi lint,; 

and wetting, .a;:;eing :Lor moi .. e ·i;han a week, 
p~rr.ect c.;r-indin.g Jln; optimum ad.di tion of c;1~g 
com~nents. I-t 1,.h,0"1.11 »0-SuJ.t in a homoge:1ous 

plastic body which will not be B~i~ivo to 

drying, will be well workable and wil.l ~bt.~in 
optimwn strength ai.,d i~sule.tion prGpert5,es 

after firinr; •. 
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1. It is recDmmended to carry out GeoloGical 
prospection to fina ~ plastic rdw material 
of low vitrification point as a coapositive 
material to be added to these clays. 

2. The plastic clay resultinG from tr.c GeoloGical 
pi·ospection should be subjected to prelir.1inary 

tests, too. 

J. Laboratory tests of supplied clays, inclt~ding 

that one resul ... .;ed froiil the ceolocical prospectio:i, 
a1'"e recollDllended to be conduc·~ed in ol. .. der ·~o 

find out the optirnUfil blends for 

- the manafactura cf brick&, hollow bricks, 
drainac;e pipes a...!d roofin~ tilcsi 

- tl1e l!lElllufactu:t.~e of Glazed wall J.:iles b~rned 

on the red body. 
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V. •_.:_, :S'l'IiG ;"-" .il l:V,\LU'A'_.!IO. _- 01=' CL-Y S.1EPL.;S 

~he two clay sar,1pL~::; :laV:-> tli:L'i'2red ·J~1l~r l::.t·~lc 

in colour. One clay saj:.lplc ·.;ac c:al·k :..·ed--J::...'o\r.1 a::.t:-l 

-~:1c other was a.ark r;~d. '-e~1e l'avr r.iate:.·iGls Yrc::e :10·~ 

:1ouo~caous bu-~ s~1mJcd o~Jparc11·~ adr,1i:~tu:;_·cs - li:)1·i; 

a;.1d. dack ::;raL1s. 'L1e da:;.·b~r raw cht~· r:a· .. ql.:s ·;·;a.s 

i:1ar1:cc1 A a,.J.d t:1~ l:i.;_;htc:;_· oae :;:;. ·~~1c clay £'a: .. ;lcs 

:iavc been sul:Jjcc·~c(l -~o c~1cr.1i..:!al o-:ial:,rscz ~ nc ~ 

a) Sit1nle firi::.1-.. ·i;cst 
---~-~------~-----

At firs·i; ~he cla~, sadplcs had bee:i. d:.:icd a:i; 

a. room teupcratui•e l'or sevc:·al days, th~n crusi.1ccl 

to maximum 1 nun ~;rain size and bodies v1erc !">rc­

pared by addi·do::t.1 oz water. Durin:..:. thio process 
the woi·kability was obscrvec1 anJ 'Gl1e f'o1-i-.1u.·cio;.1 

water dc·i;crr.1ined. 

The shaping of laboratol""J bricks wan 
I 

performed by me<?110 o:i~ a labora·i;o:..'Y ~10Gr e:::~t.cuu.::r-

providin:_;; briclw o:Z 75::39:~15 r:u11 overall di111cnsioac. 
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·t:ie labor3·;o:ry bricks ¥1ere dried a~~ a rooiJ 

teHp_cratw.·c ~or three dayo at first, then ~n G 

labcrai:ory drier a·~ 110°C temperatul'e £01· 24· 

;--iours. Subsequcntl:t, the dryint..; s~i1:u:a.c:;0 Ymc 

neasured and detei~i.1ined. 

The dryin::; and firiil[; shrinka[;e, water 

absorption and bemlL"lG strellG'ch were ,,1casured 

and evaluated depc:aclin::; on different firinG 

temperatures • 

b) ll~~~!~!!2-~~iz~£~ 
'the clay samples }lave been wa3lled and 

. screened on the 0.09 ma aesll sieve. The reot 

on the screen has been rlricd, deterr.ri.ned ru1d 

sui>jec~i;ecl to mic~·oscope nnalysis. 

c) llL~2~!!!2!:!~L~£~~-:1!£~~ 
The cla~1 sa-:.1plcs have been Sltbjccte'' -~o -~:1c 

hydrochloric acid J~est. 'fhe acid ~as been dila·~c .. ~ 

in J. : l ratio· • 

:.rtcl· a worl:able pas·~e lie.d been p:i.. .. cpo.red 

and ntatui·ccl tcs·~ bricks were ritade. 'their r.1oisturc 

co:i:r~c:y~ \7'.lS cletcrmi:1ed by wc·~tint.,; a;1r· (~l'Yin;_;. 
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;) Dc·i;crr.iiaa·~ion of o. nla.sticitv :Jo. accordi:n~ ....... -.... -- ·---.... ----------.. --~--.. .. ---~--~ .. ----~-----
to Pf'ef'fcrl-:orn ....... ___ ... _ ... _ .. __ _ 

Small rolls ttadc of a paste ui th difl"eren:~ 

IllOi:JtUl4 e cou.ten-~ we:re deformed in l\n. i11S~~r\ll!lcn·~ 
according to I'fc::?icrkorn. 'the plasti•i·cy !To. 

coi~~~poudillb to the d~fon~ation ratio J.3 
was cal.Jula·i;ed from the defo:...,.:tation ratios 

and the respective relative moistures. 

b
, .• ) Drvi n.-r shrinka ··e •• :;.•==tii·--.......... _ ... ,.._ 

As soon ns the tea>.; bricks had bec::.1 moulded . . 
each \7a8 racasured ~~ means ot a slide callipe~ 
at 2 marked poi..."l:~s. 1.rhey were measured afte.­
dryinG acain EU1d t:1e shrinkace calculated. 

~he f1rin(:; l:i~U'illk.a.Ge was dcterr'1.i:1cd. sin.ilarly 

as that oz the dryin..:; but the ·i;es~i: b:..~~.ck was ~le<.i:ted 
'~o a specified. -t~r.1pcrature an.d. the l'irinG a:u·inka:..;c 

vtas calculated :..?l·o1u the racasui•cmen·ts Hade befol
4

e 

Gtd ai'ter ·i;hc f il4 i~'l.C,e 

Water abso1 .. p·~ion was de'.;armincd Oi1 .Zircd 

test pieces wliich w~i .. c dried i'irst at io5°c 
·i;eutperaturc, then iuu~1ersed in a distilled wate;,.·, 
boilod f'or 2 hours and weichcd o.ftel1\mrds. 

1

.i!he 

amount of absorbed watei· was cali;ule.ted. 
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3. i~esults a..1d discussion a---.---·----• __ _....... ___ ,. ____ • 

'l'he compl~te surv~y of ·i;:.ie mea.su ·ed a:;.1d 

evaluated properties of the tw~ clay aa;~~lcs is 

shown ii.! Table ~~·os. 1 and 2 .. 

~he .;wo clays have 3hown :tei the1· carbonates 

:10~· ca:cbonate conc:;.'cti".lns (e;;~loiilc1·ati:?s of lii11cst0i1c 

of diffe:&.·ent sila.pesJ acco1·din~:,; to the hydrocl1loric :::.cicl. 

tes·~s. It is very favourable to use t:'.J.nae clayD ::·or 

ti1c r,1anufacture of briclma1·c • 

·-~he SL:lall lal>orato:;.-y b:;.·icks after fir:i.11:.; tests 

:iave bceu da:k brown-red wj_th a. .onsitierable aaoun'i; of 

crack::. 'fhe Clilour oi' t:1c Jody was 1..>r0\-7i:.-rea. '.i.'hc 

appearance ol ·chc small laboratory bricks u.fter fi:rint:. 

is sho1."!n :i.11 the o.tJcaci1ed pictures. '.fhe colou:;.· of the 

tc~s·~ pieces was l10111ot;enous without rm-u'linc;.s a;1G 

coloured specklinr;s. 

1l'he plast:i.city ~fos. of A and n clay sar:1IJlc3 ar8 

27 .)6 and 24.99 reopucti\Ycly tJ.1c water of pla:Jtici·cy 

bcins 25.4~·' &1d 2).6~. respectively. 'the silica sand 
con·cained 111 JchC; tested specimens ac,~ed as a sufficicn·i; 

admi:: .. l;ure of c;ro_g. Hence, no more (.;I'Oi,; was added. '11:1ouc..;h 

there was enout;h [.;roe the products auffc~ed from cracli.:i:i,:, 

durii1g dryint;. It is ~cor.uaendcd to ma!cc further ;·.iinc­

ralogical ana:.ysis to neterminc the type and 

content or clay minerals. 'l'he reapccti vc tes·i;s 
• 

coulc 11c·~ be made on ·cl1e supp ... ied specimens 
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because they were of insuZfi.cient qu.a...1"\ii t:r. 

1rhc plasticity o2 t~1e ·.:~isti:1~ cla.::/ iio.;r l;_e 
improved by ma:curi:l6 o: the raw r.1aterial, IJ~r 
its steaninc and pe:-fect millinc. f.Zte;.· the raw 

ma.tel""ial has beE>~:.. ........ .rcfully dr~ascd this way 

the tests are to be repeated wi-~~1 the use of 

,various types of ;:;roe;. 

The drcssinG vf clays described ~bove and ~1 
add:ltion of anothe:&. .. plastic clay may help to i:ral-:c 

a hotooGenous plastic body which will not be so 

sensitive to dryinc a.ad will obtain optii-.1w:1 

strength and insula,doa properties altci· ::.·ir.inL• 

'the ivest on the o.09 mm meoh sieve i.s ?G.45· 
and 6J.95~.i rela·i;ir:.g to se.nplcs A and ·:) resp0cti·:cly. 

The rcsidtte on ·i;uc screen o~ clay sa.r.iplo .c .. 

consists of quar"'.;z Gre.ins of different si:,cs bot:1 

clca.J."
1 

trenspare:n~c ru-:d colourad to bro\tn s:.1.a:ic. 

Apa;;:'i; from these quartz sTains the rest ~.;1clL:dcs 
atao qui-(;e a considera"ule q'lall'~:tty ol nicel~ 
developed i:~rains of nla[,nc·~i te. 

c1) '..:he ma[)-notitc jil.'Csenee in ;che fi:.. .. cd specii:1ens 

did not result in aa:t runain:..;s ~r ~1unrcc1 
spcc1clings. 

sam~ 1·~.n11\!S~~s no found :J:t sar:tplo A apply ·(;o cla.y 
DGl'lple B only less i.mt;nct:t ~t.! e~cstal~ u.1.·c.: ti:i,..l:• 

41sy<>red therein and '.;he sample con·cains also 

o;i:c;anic matters (dry grass, recd). 
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'£he dryin:.:. slu,iilku[.:;C is :J.4~~ a~1d 9.1~~ respectively 

a::1d the fi::..1 in;; shrL11:2.(.;e a:~ 920 to lOGo0c teapera·~u:ro 
~ias accn ran(,in.:; fror.1 o. 6 to 5.0~~. ·.fl1.c di-::,•i11[ .. s~1r:.!1knu~ 

of the tested clays corresponds with tl13:i; of stone­

l'rare clays.However, i·i; ir; ·coo hiG:1. :i:'o::.., a b:..,icl~ 

IJ...J."1.Ufac·i;ure and may cause c:A.1 G.ckint, by dryilJ.C• '.t'ile 

.li:rini .. shrL"'lkage is very low and it is favourable 

::q:;., the brick manufac·ture • 

• 

• 
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Both the clays frou Zair-c arc sui·cabl.:? fo:;,.'" 

i;~lC U~"'l.Ufacture Of bric~s t hollow bricl:s, i,00; 

tiles and drain pipes as well as ;::.la.zed wall tiles 

provided tllat specific ·i;echnoloc;y is adhered 'i;o a:1C.. 

ano~i;her plas~ic clay aclclcd into . the body. 

In view of' the fact tha·~ t~1ere arc rcse::..~ves 

of clays of sedimentary Ol'"iCill i.:."1. Zaire 5-t uill r.ot 

cause an:r pro blern to find a clay suitable as a 

suppleo.eut to the c.:~ays lmvb1(; been tested. • 
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2. m:ruo letter ~of. 6G2/l ~9) of 27 :t~; 19o(i 
with an attached nedo!.·andUI:i sent to the 

UirIOO/CSSH Joint Procrarrtr:lC, P5.lSCi1 

3. Research L-isti tutl! fo:;.· Ceranics, ~~cfractoJ.:ies 

and !law Mntcriola r l.>ilscn - ·res·i; n.cport on 

Clay Sa.uplE.?s from Zaire i;o. 51007/113 

vrr. APPi=~EDICES 

Ta"olc ::o. l rrc l:Lrilinary '~ests, Clay 3a.nplc 

Zail•e 

'.Cable Iro. 2 'Prclir.ii:na;.--y · 'fus·ts, Clay ;Ja.nplc 

Zail"C 

'table lfos. 

3, 4 e.nd 5 Pictu1"cs o:Z Firin(; '2ests 

Clay 3ai1ples Zaire 

,/\.' 

n, 
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'.fable ~~o. l .l!_rclif!in.~x xe_s_t~ 

J. 

4. 

.9l8:.)'_ .s .. ~dP.!.c. i~ .J!.a.:iJ::<t + 

R~ .. i!.-s_~e __ Ef!l!!.13 . .!3 . ..i.E! i~.J1 

2.5 Iiliil 

2.0 l.lril 

1.0 mm 
o.n mr.i 
0.4 

\ 

mr.t 

!3JE.i_1~~ 

at 

2.7 
1.6 
3.0· 

:, . i 
I iii/ 

9~°C/24 hrs 
940°C/17 hrs 
970°Ci24 hrs 

1060°C/56 m_ .. s 

\Tater abaorption /~~,' 

at 940°C/l7 hrs 
920°1J/24 hrs 

0.315· 'Oil _, 

0.2 DID 

0.09 Clhl 

auiallcr tha;.1 
o.c9 mlil 

. 

25.4S~ 

27.JG accordinc ~o 
PI c :L' Z c:;: :::o :o.""J..1 

3.5 
J.l 
7.7 

7G.4 

J.6 
o.6 
1 •. 2 

5.0 

22.9 
22.5 

. -................. ...__ ....... -- __ ..., _____ ,""'_ --. ..-- ........ -... -- -···· -·· .. -·- ·- ..... ---- .. 
+ Ucference ;.ro. J 

'. 

" -
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A~H~ii~ __ s_-tr_em·~_l! /k9. cm -
2 I 

at 940°Cil 7 hJ: l3 

920°c/~.'.4 hrs 

970°C/24 hrs 
1 600 ' . 0 C; 5:.) hrs 

1260°C/120 llrS 

Ch2_q~al COJ@Si t_:iS_I! 

Loss o·n iGIIition 

Si02 53.82 
Al20.3 19.37 
Fc2o3 

11.50 
~iO 

2 
2. 7~~ 

/~~/ 

10.15 

?.igO 

Cao 
::j·a

2
o 

K20 

19.0 
. 16.J 
15.1 

24.2 

32.1 
J2.0 

0.57 
0.53 
0.15 
1.17 

- Ca.;.·bonate concretions wci..~c no·~ found. 

G. !P.Jte~:<¥1~.--o.L.JJ1...Lo~ t_e_"'"~~a:,l_ .. a_f_t_c.:~: j'~r_:i:]l...l,i 
Colour of the small bl·icks - tlai·k bro\m-11 ed, 

considerably cracked, colour ol frac·~urc - b:row~1-red. 

9. Classification -..._ ... ·-----..-....... ----
llc c ommcnd e d firing ter.1pe:ra'.;urc of 106o0c 10:· the 

manufacture of brickn, hollow bricks, drainace pipes 

1111d rooting til~s. 

' ___ J 
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Glazinu test l~s proved tlklt Gla~cd uall tiles 
may also be conElidered to be ra&1li.factqred l'-j.~i1 

the clay uhen an appropriate plastic clay is 

a~dcd to the body. 

-
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'table :ro. 2 ~1)8.~W:! .. J .. c_!.i~ 
£.l.AY-S~.Rl..e __ B_, ___ ¥-_i~e. + 

24.99 accordinc 
to Pfc ff erl~oi ..... ..-.t 

2.5 iiliil 0.1 0.315 nm 6.95 
2.0 iilill 0.1 0.2 Ell.l 6.6 
1.0 rar,1 s.a ~ 0.09 Elt;J. 10.2 

O. G Llril 2.3 m!laller th£.:.1 

0. 4 miil J.4 

Drvin: slll'h'l-ar·e /"),/ ·- ~--":i:'~--- .... ~ .. ~ .. 

F" . . "nk /~/ _.-\r_~~}_._ :~ 

a"'.; 920°Ci24 hrs 

940°C/17 hrs 
970°C/24 hrs 

1060°C/56 hrs 

0.09 Ii111l 

5. J?F..Y.~i .. c..§.l _p_r.o .2.~.JJ..~ __ aJ:c_o.1: j)._r_;_n;_i 

RB:. t_e_~_!!1JP_O_r.P-t.i..O.P. /~~,: 

a·~ 940°C/l 7 lu~s 
920°C/24 hrs 
970°C/24 h.ra 

1060°C/56 hrs 

1260°C/120 hrs 

+ H.e:fcrc:mcc :i:lo. J 

6J.95 

2.6 
0,.7 
c.1 
J.9 

22.6 
24.2 
19.6 
17.5 
16.2 

I 



Loss 

Si02 

at 940°Cil7 hrs 
920°C/24 lu·s 
970°C/24 hrs 

1060°C/56 hrs 
1260°C/120 :u·s 

on i;:_,nition 

61.20 

.Al203 18.93 
6.51 Fe

2
o

3 
'tiO 2 l.57 

- 18 -

7.57 

JJ(,'() 

Cao 
}·;·a.~O 

c.. 
K

2
o 

19.l 
17.7 
2G.o 
21.2 

24.2 

0.62 

0.44 
0.26 

2.vo 

C~rbonate concretions wcr~ not found. 

Colour of the aimll bricks - ~k bl.'O'v-7n .... l'"Cd, considerably 

cracked, colour of fracture - bro\<r.a-rcd. 

9. .C..lAs .. s_if . ..i .. c_S:_ t . .i.~l'.! 

Ilecor:li'1C11dcd firin;_; tcu1pcrature of lOGo
0

c for tlle 

i:lru1.ufacturc of bricks, hollow bricks, draina(_;e 

pipCD ~kd roofing tiles! 

Glazinc tcsJ~ has proved ·i;!iat clazcd wall tiles may 

also- l>c considered to be r.1ru1ufactu:;.:ed from the do.y 

when an appi .. opriatc plas·cic clay is added to the 

boJy. 
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'iable l!o.. J. Pictures of Firin··· 'tests -- -- ·-........... -----~~---· ~---·----· 

at 920°C/24 i:u·::; • 

'ltOC./ !It \iod. 

0 . 
a·~ 940 C117 lu·s 

-····jj" ii""~ I 



• 
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Table Ho• 4 Pictures ol F5.4•iJ.1..-.. Tests 
_._._ -. --- --··--·--·-··~---- ...... 

Small labo~ato17 bricks 

A 

Sr;ia.11 laboratory pipes 

A 

at 970°C/24 tU'S 

• ~. 

at 940°C/l7 :u·a 
at 970°C/24 hrs 



1-----
~ 

- 21 -

Pict~rc.s of Firin'.·· •rests .......,.__ ____ ......_. __ _..__ ... ---k ...... -4 .. __ .. 

Si,iall laboratory bricks ' "'060°C ·5,. . a·i; .L I u iu..~s 

• 

Small laboratory bric~a a·~ 1260°C/120 ~u·s 

v 

A • 

I 
---- -~---,.,.... - •' - - -- - ' 

I. - ·-·. 
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